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The cover

shows the new
Sweep Generator SWP for 0.1 to
2500 MHz, an R&S precision in-
strument combining three essen-
tial measurement capabil¡ties:
SWEEP GENERATOR, SIGNAL
GENERATOR with modulation
capability and SYNTHESIZER.
Fields of application: general lab-
oratory measurements, automat¡c
measurements, component
measurements, directional radio
links and radar, and satellite tele-
vision lF. The SWP is IEC-bus
compatible and programmable in
all its functions.
More details on page 126.

MEASURING INSTRUMENTS
MEASURING SYSTEMS
from Rohde & Schwarz are the subject of this cataloþ.
The amount of information contained for each unit Qf
equipment or system is approximately the same as in
the separately available data sheets. For instructions
on how to request these and other brochures, etc.
please refer to the reader-service information on page
376.

The company's offices and representatives are always
ready to deal with your enquiries. The experienced
staff at the head office in Munich will gladly advise you
on all measurement problems.

This catalog has a relatively long period of validity, so
please ask for confirmation of all data when ordering or
considering a purchase.

OTHER PRODUCTS

Sound/TV broadcasting

Details of R&S measuring instruments and equipment
for sound and television broadcasting are given in a
separate, 280-page catalog. lf you would like to
receive a copy, please use on of the reader-service
cards (page 376). Examples of equipment from this
division (2F) are presented in Appendix 41.

nclvt

This identifies newly introduced products

This identifies equipment compatible with the IEC bus
(IEEE 488, GPIB, etc.), the worldwide standardized
interface for automated instrumentation. More details
in section 1.

Explanations of the symbols used in the tables and
text and of the ordering information are to be found on
page 375,

Publisher: Rohde & Schwarz GmbH & Co. KG, dept. SZW

Editor: G. Strohbach

Translators: E. Märkl, C. Neumann, U. Renner, G. Koranyi

Printed in the Federal Republ¡c of Germany

Radiocommunications

The R&S line of radio equipment - for shoilwave, air-
traffic control, radiomonitoring and radiocommunica-
tions - is described in system data sheets and
specialized catalogs which will be supplied on request.
For examples of equipment from these divisions (4F
and 4P) see Appendix A1.
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Automated testing
IEC bus . Test systems

AF and RF signal generators

Radiotelephone test assembl ies

4 Sweep generators . Sweep testers
Network analyzers

Standard-frequency and
standard-time systems

Voltmeters
Power meters

Test receivers . Field-strenght meters
Wave analyzers . Modulation analyzers

Recorders

Acoustic test equipment
Sound-level meters . Noise meters

1Çl Terminations
Attenuators
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ROHDE & SCHWARZ

Electronic precision

has been the Rohde & Schwarz haltmark during 50 years of
developing and manufactur¡ng electronic measuring and
communications equipment. R&S is an independent con-
cern, established as a physical and technical development
laboratory in Munich in 1933 by the two physicists Dr. Lothar
Rohde and Dr. Hermann Schwarz. Both are still active in

the management of the company, and were joined in 1971 by
Friedrich Schwarz, Dipl.-lng., representing the second gen-
eration of owners.

The company employs 4000 people worldwide and its sales
network covers a total of 80 countries. R&S has manufactur-
ing plants in Munich, Memmingen and Teisnach and two
subsidiary operations Messgeraetebau GmbH and Rohde &
Schwarz Vertriebs-GmbH. The company group has an
annual turnover of DM 500 million with exports making up
50% ot the total.

Rohde & Schwarz operates with four product- and thus user-
defined divisions:

I measuring equipment and systems
I sound/television broadcasting
I radiomonitoring, radiolocation
I radiocommunications

Each of these financially autonomous divisions is responsible
for its own product planning, development, construction and
sales and is thus able to respond quickly to what is happen-
ing on the market.

Assured quality

Advanced equipment design calls for modern circuit technol-
ogy. R&S develops and manufactures microcircuits inhouse,
using the latest computer aids to generate films for printed
circuit boards to be assembled automatically.

ln all stages of the creation of an R&S product there is close
cooperation with quality assurance, which reports directly to
the company management and is responsible for quality
planning, reliability, environmental testing, component test-

30 ol lhese th¡n{ilm, high-speed pulse amplìfiers from the R&S microeleclronics
deparlment will fly in the NASA space probe Galileo to the planet Jupiter 600
million kilometers from lhe earth

See final pages of
catalog for addres-
ses of sales otfices

and agents

R&S WEFK KÒTN

RES

RES

MESSGERATEBAU MEN/rÀ4h¡eEN

MUHLDoRFSTRASSE TASS]LoFLATZ

Rohde & Schwarz development and product¡on facilities and the R&S Cologne
service centre

ing, incoming inspection and, at production level, for prepro-
duction control, finish control, assembly control, final accept-
ance and manufacturing equipment studies. lf requested,
certificates are issued to document the compliance of equip-
ment with its published technical data.

All phases from incoming inspection through production con-
trol and burn-in to servicing are watched over by a computer-
based fault-acquisition system. The R&S quality-assurance
system is approved by government authorities and civil
organizations and complies with the NATO requirements to
AQAP-1.

Reliable service

Well-equipped facilities in Munich, Cologne and at domestic
and foreign agencies provide the after-sales service for R&S
products: preventive maintenance to keep equipment work-
ing properly and scrupulous repair if anything should go
wrong. Our extensive, central spares depot with high availa-
bility and fast turn-around plus decentralized stocks,
optimized on the basis of equipment statistics, help our
personnel to repair fast and with minimal delay.

The detailed servicing instructions in our equipment manuals
or in the handbooks that our documentation department
produces at customer request in line with national and inter-
national standards provide the basis for successful equip-
ment ma¡ntenance and repair by the user.

The Rohde & Schwarz Cologne works, being the largest
industrial service centre in West Germany for electronic
measuring and communications equipment with a qualified
staff of more than 300 and a useful area of 12,000 m2, offers
a wide range of services:
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ROHDE & SCHWARZ

The conveniently equipped demonstration bus for Europe of the measuring equipmenl and systems division ¡s 1 2 m long and subdivided into a show room ol 17 m2 anda
small conference room accommodating six persons

I maintenance and repair of electronic equipment and sys-
tems

I calibration and inspection on behalf of the Federal German
Calibration Service (DKD)

I training in Germany and abroad

I equipment manuals and illustrated parts catalogs to TDV,
GAF T.O., PANAVIA and customer specifications in Ger-
man and English

I development, design and production of stationary and
mobile electronic workshops and calibration laboratories

I system servicing of radio, radar and sonar

Training is given priorily both in the R&S tra¡ning centre Cologne and in the
Munich divisions: presenlation ol new equipmenl, fundamental technical train-
ing, service courses, system briefing

Continuous flow of information

55,000 copies of the magazine News from Rohde &
Schwarz are published quarterly in English, French and
German and distributed free of charge to qualified readers.
Besides interesting articles on new products, the magazine
contains applications reports, test h¡nts and refresher
courses.

For every item of equipment produced by Rohde & Schwarz
there is of course a data sheet available, in part with large,
poster-like illustrations. Certain test assemblies, test systems
and fields of measurement - and also families of communica-
tions equipment - are additionally dealt with in special
brochures (infos), containing extra information and exam-
ples of applications.

Both R&S Munich and the R&S service cenlre in Cologne
hold regular seminars, training sessions and courses.
These keep people informed about what is new in the com-
pany's equipment range, impart the principles of mainte-
nance and repair and provide instruction in the use of sys-
tems or even basic technical training.

Rohde & Schwarz shows its products annually at some 40 to
50 trade fairs and exhibitions all over the world. These are
opportunities for demonstratirrg the latest developments and
advising users, and also provide a forum for exchanging
ideas and directly comparing one's products with those of the
competition. The company's own specially equipped vans
carry selections of both new and older products for demon-
stration on the customer's door-step.

A continuous flow of information between R&S central sales
and field sales produces highly accurate forecasts for the
development of products that are exactly right for the market,
true to the company's motto of quality rather than quantity.
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ROHDE & SCHWARZ

Measuring equipment and systems

The world-wide reputation of Rohde & Schwarz was estab-
lished in the thirties with the development of measuring
instruments. At a time when there was no such a thing as RF
measurements in Europe, R&S came out with a precision
heterodyne wavemeter, a capacitor sorter and a dissipation-
factor meter for frequencies up to 10 MHz, as well as
frequency standards and time measuring equipment. Other
pioneer etforts were field-strength meters and the first
series-produced power signal generator (1942). A consider-
able proportion (12% on average) of the annual turnover
goes into the development of new promising products such
as logic testers and highly convenient automatic test systems
for components, modules and cables.

The use of microprocessors has become a rout¡ne: the first
microcomputer-based, intelligent radio-set test assembly
with standard IEEE 488/lEC 625 bus interface was already
introduced in 1974. Since then the development of new,
system-compatible measuring ¡nstruments which can þe
combined in computer-controlled test assemblies for the
widest range of applications has been continued. A process
controller specially developed by R&S for measurements
optimizes the product line.

The major product categories of this division are: signal
generators for AF through to microwaves, sweep testers and
network analyzers, radio-set test assemblies, test receivers
for interference and field-strength measurements, wave and
modulation analyzers, logic testers, standard-frequency sys-
tems, voltmeters and power meters, and |EC-bus-compatible

Sound /television broadcasting

The sound/television broadcasting division serves a very
specialized kind of customer who looks for technically ad-
vanced and at the same time economic solutions to his
needs. Here Rohde & Schwarz is able to offer broadcasting
technology and the related measurement engineering
from a single source: from solid-state, "plug-in-and-go"

VHF FM sound broadcasting transmitter system for three VHF programs, 10 kW power each, plus
1 kW standby

Sweeper, signal generator and synthesizer all in one unil: Sweep Generator
SWP for 100 kHz to 2.5 GHz

system components. The measuring equipment division has
great experience in the field of hybrid test systems for auto-
matic testing of all kinds of electronic modules. ln-house
services include suitable adapters and software programs as
well as system engineering, training and maintenance.

VHF transmitters through to turn-key, 20-kW TV transmitting
systems (band lV/V) with standby transmitter, measuring

equipment and antenna - if required, with
customized horizontal and vertical patterns
for optimal coverage of any shape of service
area. Also available are transposers, relay
receivers, combiners and the entire measur-
ing and monitoring equipment needed for
maintaining AF, VF and RF quality in all trans-
mission devices.

Rohde & Schwarz supplied Europe's first
VHF soundbroadcast transm¡tter in 1949,

and in 1980 adapted the world's first TV
transmitter for dual-carrier/dual-sound
operation. The highly precise and internation-
ally successful W demodulator AMF first
appeared in 1955, the first vision-transmitter
test assembly in 1956 and at the beginning of
the 70s the first test-line inserters and analy-
zers were marketed. Today the entire TV-
broadcast network of the Federal German
Postal Authority is automat¡cally monitored by
computer-controlled test equipment of the
type UPKF from Rohde & Schwarz. VHF-UHF
omnidirectional antennas with phase-rotation
feeding were brought out in 1956, and the
multiplex-polarizing VHF FM broadcast an-
tennas introduced in 1975 have made a large
contribution to improving car-radio reception.

4



Radiomonitoring, radiolocation

As early as '194'l Rohde & Schwarz built the radar detection
receiver Samos for AM and, for the first time, FM wilh an
almost unheard-of frequency range extending to 1.6 GHz.
Today the radiomonitoring and radiolocation division pro-
duces automatic receivers that can check a thousand fre-
quency channels for occupancy in the space of one second,
short microcomputer-controlled vehicle antennas, logarith-
mic-periodic short-wave antennas that can transmit up to
1000 kW rms power and remotely controlled triangulation DF
networks with large-scale displays.

Radiomonitoring and radiolocation work concerns the four
areas receivers, d¡rection tinders, antennas and software
plus systems engineering from the design concept through to
turn-key projects. The applications here are those of PTT
radiomonitoring, military communications intelligence and
security services, as well as traffic control and - in as much
as antennas are concerned - radiocommunications and
radiomonitoring from '10 kHz up to 40 GHz.

A DF network from Rohde & Schwarz for military airtraffic
control covers the whole of West Germany, and Doppler
direction finders from R&S are in use at all domestic and
many foreign airports. Radiomonitoring systems from R&S
are working in North and South America, Africa, the Nearand
Middle East, in most countries of Europe and, of course, are
also operated by many civilian and military services in the
Federal Republic of Germany.

Radiocommun¡cations

Over several decades the radiocommunications division can
offer an almost complete line of equipment for radiocom-
munication in the RF, VHF and UHF range for stationary,
land-mobile, shipboard and airborne use.

R&S radio systems are installed at all West German and
innumerable foreign airports. Many airborne weapon sys-

ROHDE & SCHWARZ

VHF-UHF Broadband Doppler Direction Finder PA 005 for radiomonitoring
systems covering 20 lhrough 1000 MHz

tems use communications equipment from Rohde &
Schwarz. Today the number of computer-controlled radio
systems in use is steadily increasing. Multifunction key-
boards simplify the operation and relieve the personnel on
board ship and in aircraft from routine work. High reliability
and microprocessor-controlled test equipment for fault

location ensure a high availability and low life-
cycle costs.

Modern command systems fully depend on a
well-functioning communications system en-
suring full mobility of the forces. The radio
transmission of information therefore remains
absolutely indispensable, but does of course
not exclude any future transmiss¡on methods
as being developed by the radiocommunica-
tions division. This division plans and pro-
duces complete radio systems for use on
board ship, at civil and military airports, as
well as mobile radio equipment and embassy
netvvorks.

The EK070 is an ultra.modern HF receiver
and is furthermore entirely remotely control-
lable. lt is used in high-grade communication
systems, for radio surveillance and in short-
wave DF systems. lt can be found increasing-
ly with computer support even in smaller radio
installations.

5
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1 IEC BUS

The development of favourably priced control computers and
itell¡gent measuring ¡nstruments has opened the way - both
at the control and the measuring ends - for the implementa-
tion of automated measurements on a broad front. The
application of automated instrumentation is no longer
restricted to a few large-scale users - as it was before for
financial reasons - but has become a cosþeffective method
available to all users of measuring ¡nstruments in develop-
ment, production and quality control.

Exploitation of the full potential of this intelligent ¡nstrumenta-
tion is made possible by the IEC bus.

IEC bus or IEEE 488 or GPIB?

The IEC bus is a worldwide standardized data bus for use
in test systems, permitting measuring instruments from
ditferent manufacturers to be combined at will with freely
selectable computers without requiring an instrument-com-
patible interface or special data couplers.

Rohde & Schwarz measuring instruments with IEC-bus
capability are generally designated as IEC-bus-compatible
and marked by the symbol in the catalog, the
term "lEC bus" being þased on the standard IEC 66.22.

ln the USA the corresponding standard is IEEE 488; the
acronym GPIB (general purpose interface bus) is also used.
All these names designate the same bus system except for
the connectors (see right).

Having become the international standard, IEC 625-1 applies
for this bus system all over the world; this results in the
designation: IEC 625 bus.

The IEC bus constitutes a teletype line between the individual
units of a test system, enabling data transfer in either direc-
tion. The controllers both send commands to the measuring
instruments and receive data from them via the IEC þus.

Application of IEC bus: automatic test assembly for s-parameter measurement
(ZPVwith S-parameter Test Adapter, XPC and Process Controller PUC)

aLttc'ñtaËed testing

The IEC bus is designed such that combining the instruments
into a system requires no special knowledge and is
achieved by simply linking up the IEC bus connectors of the
individual units. All other functions, such as monitoring the
usually different data transfer rates of the individual instru-
ments, are performed automatically. The code used for trans-
mitting information via the IEC bus is ASCII (lSO 7-bit code),
which normally also provides the communication between
computers and their peripherals and delivers characters
which can be written and read directly.

Small computing systems such as desktop models and
process controllers featuring a favourable price/performance
ratio are ideal for controlling IEC-bus-compatible equipment.
ln general they are smart enough to meet all usual require-
ments. Computers using standard programming lan-
guages such as BASIC are of special advantage since
changing the computer then presents no problems. Even the
speed of these models is generally sufficient for analog test
systems.

IEC-bus connectors (differences)

The development of the IEC bus has brought about tvvo

different connector systems:

24-way connector (Amphenol), original type, in accordance
with US standard, at present most frequently used;

25-way connector (Cannon), included in the IEC standard.

Rohde & Schwarz instruments basically use the 24-way
connector; they are thus compatible with the majority of the
equipment on the market.

Enn t,

8

I



autclmaËed tesÈing

How does the IEC bus function?

The IEC bus consists of three parts: the data lines, the
control lines for the timing of what occurs and the control
lines necessary for the management of the system.

The actual data transfer is made over eight data lines DIO
(data input/output) which carry all information and also
addresses. The data bus is bidirectional, the data flowing in
both directions.

As mentioned, the characters are in ISO 7-bit code (ASCll
code), one complete character per clock being transferred
over the data bus. The control line ATN (attention) serves for
identifying whether instrument addresses, commands or data
are being transferred.

IEC BUS 1

The other lines for system control are: IFC (interface clear)
for resetting the system to a defined initial state, SRQ (ser-
vice request) for interrupt control, which enables the instru-
ment to request the attention of the control computer for
delivering a test result or signalling an error, REN (remote
enable) for putting the measuring devices into programmed
operation and EOI (end or identify) for identifying the last
character sent.

The timing of data transfer is controlled via the lines DAV
(data valid), NDAC (not data accepted) and NRFD (not ready
for data) by the handshake process, that is to say, the
slowest device determines the speed of operation. Although
this method is not the best from the point of view of speed, it
ensures that the user does not have to worry about timing the
data transfer. Any combination of IEC-bus-compatible
instrumentation can be assembled and automatically adjusts
to its own speed of data flow. ln general the minimum data
flow rate of Rohde & Schwarz instruments is very high, so
that normally no noticeable delay of the programming speed
is entailed. Since, moreover, in analog measurements the
instruments need quite some time to settle to steady state, it
can þe assumed that even desktop-computer control does
not reduce the physically feasible maximum test speed
significantly.

The IEC bus is consequently a self-driving and self-control-
ling data bus enabling measuring instruments and computers
to be put together easily.

How is an IEO-bus-compatible test system set up?

The most important criterion is the selection of suitable
measuring instruments. Thus the configuration of an IEC-
bus-compatible test assembly does not ditfer from that of a
setup consisting of manually operated devices. The measur-
ing instruments are selected for their specific technical
characteristics to meet all the requirements involved. Next
the necessary interconnections are made. Now the user is
able to check in the manual mode whether the test assembly
complies with his idea. All measuring functions and accuracy
specifications are verified.

The step towards automation is taken by linking up the IEC-
bus connectors located on the rear of the instruments and by
connecting them to a control computer. Criteria for selecting
this computer are the programming language, storage
capacity, computing speed and operating convenience. The
test assembly obtained in this way performs all test routines
that are possible in the manual mode in fully automatic
operation.

Thus in the first stage the IEC-bus-compatible test equip-
ment is a configuration of instruments which are operated
from a computer.

Databus
8 signal l¡nes

Handshake or
data-byte-transler
control bus
3 signal lines

Genefal interface
managerent bus
5 s¡gnal lines

)
DAV

NRFD

NDAC

Data transfer
and configuration
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1 IEC BUS

Set up of test system (cont'd)

ln the second stage, efficient use of the computer
capabilities permits optimizing the instrument characteristics.
This can be achieved by suitable programs for error correc-
tion and self-calibration in accordance with standard curves.
ln this way, the accuracy can be increased considerably in
most cases.

ln the third stage, measurement evaluation can be
expanded from simple test result logging to error statist¡cs,
error diagnosis, nominal{o-actual comparison and graphic
display.

ln practice, the configuration of IEO-bus systems is so easy
that the user himself can take care of the assembly. How-
ever, Rohde & Schwarz naturally also offers comprehensive
system consultancy and assistance for any questions or
problems that may arise. Finally, ready{o-use systems are
available on request.

For frequent standard applications, the Rohde & Schwarz
line includes complete IEC-bus systems with data sheet
specìfications. The delivery comprises problem-oriented soft-
ware enabling the user to operate these systems without any
extra programming.

lnstruments used in IEC-bus systems

The configuration of IEO-bus test systems requires not only
measuring instruments but also different system devices
to perform control and auxiliary functions. For the measuring
instruments see the corresponding sections of this catalog;
the system devices (and the temperature-measuring units)
are described on the following pages.

IEO-bus compatible instruments

aLrtorrated testing

Voltmeters

Digital Multimeter UDS 5,3V2,4V2,5/z digits
measurement of V, I (DC and AC) and R

RMS Voltmeter URE; V DG, 10 Hz to 20 MHz
System Voltmeter UDS 6, 6/z digits,

measurement of V DC, V AC and R; 10 programs
Millivoltmeter URV 4, 1 0 k{zlo 2 GHz,

700 ¡rVto 1000 V, -50 to +73 dBm

page

182

202
188

210

Test receivers

Test Receiver ESH 3, 9 kHz to 30 MHz
Test Receiver ESVP, 20 to 1300 MHz
Progr. VHF-UHF Test Equipment MSUP,

25 to 1000 MHz
HF-VHF-UHF test assembly with ESH 3 and MSUP,

9 kHz to 1000 MHz
Modulation Analyzer FAM, 55 kHz to 1360 MHz

Step attenuators

RF Step Attenuator DPSP, 0 to 2700 MHz

Logic instruments

Logic Generator lGA, 32 data channels
Logic Analyzer IMAT, sampling rate 100 MHz
Logic State Analyzer IMAS, 48 data channels

Power supplies

Programmable Power Supplies NGPV,
I V/10 A to 300 V/0.6 A

Programmable Power Supplies NGPU,
70 Vl10 A and 70 Vl20 A

Programmable Voltage Source NGPS,
2x4OV/+1638 V; max. 100 mA

Temperature-measuring and controlling units

Digital Thermometer PTM, -100 to +300"C
Temperature Controller PTC, - 1 00 to +300'C

Matrices, auxiliary devices

Pneumatic lnterface PlF, 16 actuating cylinders
AF Relay Matrix PSN, DC and AF
RF Relay Matrix PSU, DC to 6 GHz

Adaptable via Code Converter PCW

Power Signal Generator SMLU,25 MHz to 1 GHz
Programmable Attenuator Set DPVP,

0 to 1000 MHz
VHF-UHF Test Receiver ESU 2, 25 to 1000 MHz

Signal generators, compact test assemblies

Generator SPN, 1 Hz to 1.3 MHz
SignalGenerator SMS, 0.1 to 520 (0.1 to 1040) MHz
Signal Generator SMK, 1 0 Hz to 140 MHz
Signal Generator SMPC, 5 kHz to 1360 MHz
Synthesizer Generator XPC, 5 kHz to 1360 MHz
Moþile Tester (transceiver test set) SMFP 2,

400 kHz to 1000 MHz
Sweep Generator SWP, 0.1 to 2500 MHz
Polyskop SWOB 5 with
Digital Display Store BDS

lmpedance measuring instruments

VectorAnalyzerZPY,l0 Hz to 2 GHz
S-parameter Test Adapter ZPV-25, 5 MHz to 2 GHz

226
238
248

292

302
308
314

249

256

332

331

330

70
293

242

24
25

22
23
23

page

44
50
46
54
58
80

126
132

System devices

O Process Controller PUC, 32 kbyte
O Universal Printer PUD 2
o Code Converter PCW

IEC-bus:compatible measuring instruments for sound- and
W-broadcasting equipment are described in a separate
catalog; see note on inside front cover.
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aLrtoffratecl testing

Selection of
the right controller
to suit the task

Example of computer
control: automatic VHF-UHF test

assembly for wanled- and unwanted-signal
measuremênts using Process Controller PUC

Desktop computer control

The desktop computer (process controller) provides an
excellent means for controlling IEC-bus systems. lt offers a
particularly economic solution for small, decentralized auto-
matic test systems.

Essential advantages are:

Low price. ln addition to the actual computing system, the
process controller combines in one unit the most important
peripherals such as keyboard, magnetic store and display. ln
this way an especially favourable price/performance ratio is
achieved.

High reliability. lntegrating the computer and the peripher-
als in one cabinet ensures an extremely high reliability.
Putting the system into operation presents no difficulties
since there are no interface problems to be solved. The IEC-
bus connector is fitted as standard.

Easy operation. The process controller is convenient and
easy to operate. Program editing in particular is very easy.

The high storage capacity and computing speed are sutfi-
cient for practically all analog testing applications.

IEC BUS 1

Minicomputer control

lf a higher-capability control computer is required, a minicom-
puter can be used instead of the desktop computer or pro-
cess controller. Any computer with IEC-bus connector is
suitable for this purpose.

The advantages of this configuration are the higher data
processing speed and the shorter access time to larger data
stores such as the magnetic disk. Thus it is convenient to use
minicomputers if, in addition to the actual measurement task,
comprehensive data processing is required, for instance
selection of test-item-dependent measuring parameters and
collection of large amounts of data for statistical evaluation.

Rohde & Schwarz automatic test systems are controlled from
the Process Controller PUC. ln specific cases standard pro-
grams for other types of computers are also available.

Co¡lrol .'<'rcl c,n
olCont

srìcl

IEC bus

fl,leasur¡ng

¡nsùuments

IEC bs

Measur¡ng
¡nstruments

l\4trsutin¡
secliof

T

D
at.

Plotter Printer P@ess
contolls

Floppy
dis k

Floppy
d isk

Printer

À.lagnetic
disk

Coñputs

D¡splay

Dìsplay

Block diagram of aulomatic test assembly

sf¡atton

Block diagram of test assembly wilh computer control
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Programming

The programming effort required for an automatic test system
is an essential criterion for its economic efficiency. Therefore
a complete, technical ATS solution comprises both the reali-
zation of the hardware and the corresponding software.

Iwo different solutions are to be distinguished:

a) for users with higher programming knowledge wishing to
make exhaustive use of their ATS capabilities, and

b) for users who have to change their programs very fre-
quently and are not ready to accept a high programming
effort.

Consequently there are two different modes of programming:

fhe direct mode using a programming language. The
most universal method is to address the instruments directly.
Setting and measuring commands are communicated to the
instruments in a programming language and combined into
test programs using logic functions. The basis is BASIC, the
widely used programming language; it permits IEC-bus-con-
trolled instruments to be directly addressed. \Mth modern
R&S measuring instruments of high intelligence it is even
possible to enter the settings in ordinary language and to
read the test results in the correct mathematical form. This
means: instrument intelligence considerably simplifies indi-
vidual test programs.

Using preprogrammed test routines (basic software).

Programming becomes very easy when preprogrammed test
routines are used. ln this case virtually no programming
knowledge is required and the user is able to realize com-
prehensive test programs within a very short time. For this
purpose, Rohde & Schwarz offers basic software packages
containing ready preprogrammed test routines. These
routines are linked in such a way that wrong programming is
practically impossible.

Programming examples

Transceiver measurement using SMFPZ

ft=f:Gû9ljÊ 9EøÐ- sÌ-¡l r'lit¡n¿
R=48 :GOSUE ?BÊr3---- 1r¡ìs',ìrr1€' rÈs!

Y=e_-
F=É:Gù5¡JEgøaøF'...]¡.l|êt.¡<:ìl".ìF:'|
E=43,Gc19U8 9EÊ;Q-=: l'.rs,,i.!'ì! r.,!¿ i1,.,-r
FR Il'll"HF-FREGUE¡la: " ;'¿ ;"tH¿)Y
R=41:GoSUE 9BBø-_,íj: r.,..,r,...
FRINT"HF-LEISTUI'IG " ; V; "t¡,ll'r
Y=3Éê 3r:,.,..¡ rF .vrr scri,ìij
R=1?:(]OÊUB 9ÐEû=--
R=49 : ÈOSUP 9BBÊ-=---- \!:âsri,.ìì..:,,i!:\ ir,,
PRINT"FOS.I'|ODULÊÌlOtl : ";Y;"tKHZl'"'
INFUT"EÞlPFâI.16SFREGUEN¿ tl'lHZl" ;X(1)
R=É?:GüSUB 9ei8,3-_-=- ì-it ¡ r' 5, ¡r¡' r"

å=åH ;:';lìJl:::;,,,,.,,,,
v= 1-
R=i6:(ìOSUB gøAFIF ÁF ireq(rL'rriit setrlr¡
V=25- r¡¡ û,4a1àr,,-n serr,:rg
F=t?:605U8 2øøÐ-
R=?8:6OSUB 9888---- \!eâsrrù,!-'.I Àr: lver .rlr¡.,r
PRINl"I'IF-PEGEL: "; Y; " Cl'1V1"

autoffrated testing

Basic software packages are available for instance for all test
programs required in RT technology for measuring AM, çM
and FM equipment. Moreover, another software package
available for the Process Controller PUC contains graphics
routines which permit complex diagrams, such as the Smith
chart, to be represented within a very short time. These
software packages have proved valuable in many cases,
their number being constantly extended with the appearance
of new R&S measuring instruments. lt is also of advantage
that the packages can be expanded by individual.test pro-
grams and that no loss in flexibility occurs.

The programming example below to the left shows the proce-
dure executed when measuring a transceiver with the Mobile
Tester SMFP 2, while the example to the right, relating to the
Vector Analyzer ZPV, illustrates the programming required
for graphic display of complex quantities.

F I LfEROâEIIPFUHG

@

tø.
dB /c'tv

-t48.

Measured filter response output by computer

I
9

GOSUS r

ñHz tosg.

Measurement of complex quantities using ZPV

I

tge
tf9
t2ø
130
t4ø
t50
t6ø
t78
189
t9a
204
ila
zzs
?3ø
24ø
25ø
26ø
2?ø
2Aø
29ø
38ø

IN¡T
Y.l
GOSUB
Y= l0
GOSUS
\=9øt

9?
=-290

ø

progfar slarÌ

sweep sta.t f.€oue.cy

sweet slcp f.eqúelcv

svreep slep width

l¡âñsmìss,on facas

Y

cârtesran diêgrâm
w¡th scal ir€

d¡splðy Mgnit¡dÊ

addrtional scalifrg
øø
GR

Y2=4
YÎ="

ENÞ 60SUB
GOSUB
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autoffraËed testing

Example for easy programming with preprogrammed test routines
Code numbers of Basic Sottware ZPV-K 10

Veciof measurement
55 voliage ratio measure-

ment, channel B/A
57 voltage ratio measure-

ment, channel B/A
58 voltage ratio measur+

ment, channel B/A
59 voltage ratio measure-

ment, channel B/A

Parameter measutemenl
62 reflection coefficient

measurement
Â3 refl ection coetlicient

measurement

65 reflection coeflicient
measuremenl

66 VSI^,R measurement

67 impedance measurement
by magnitude and phase

69 impedance measurement
¡n terms of r€sistance
and reactanc€

73 admittance measur€menl
by magnitude and phase

74 admittance measurement
in terms of conductance
and susceptance

75 transmission factor
measurement

7/ transmission factor
measurement

78 transmission factor
measufemenl

Groupdelay measuremenl
82 static group-delay

measurement
83 dynamic group-delay

measurement

DC voltage measurement
84 vollage measurement

at ADC input

Graphic display

Charts
85 Smith charl

86 Sm¡th chart +10 dB

87 Smith chart -10 dB

88 polar diagram

89 add¡t:onal scaling, polar
90 Cartesian diagram,

linear freguency ãxis

91 Cartes¡an diagram,
log frequenry axis

92 add¡tional scaling,
Cartes¡an

linear

linear,
relative
log

relat¡ve

linear by magni-
tude and phase
linear with real
and imaginary
components
fog by magnitude
and phase

IEC BUS 1

Physlcal un¡t
no dimension,
degrees
no dimension,
degrees
dB, degrees

dB, degrees

no dimension,
degrees
no dimension

dB, degrees

no dimension,
degrees
Q, degrees

1 program start

Y= 1 generatorSMPU
Y=2 generatorSMLU
Y=3 generatorSPN

generator SMS
generator XPC/SMPC
generator SWP

lnput data phys¡cal unlt
2 test frequency MHz
3 test level dBm
6 shift of reference plane cm
7 relative dielectr¡c constant Ê,

I sweep start frequency MHz
10 sweep stop frequency MHz
11 sweep step width MHz
'13 number of markers
14 trequency deviation for groupdelay

measuremenl kHz

Operational settlngs
'17 impedance of test setup 50 O
18 impedance of test setup 75 Q
19 parameter measurement using directional coupters
21 parameter measurement withoul directional couplers
22 filter on
23 filter off
25 electdcal length compensation on
26 electrical length compensation otf

Calib¡ation/referenc€ values
27 store magn¡tude (realcomponent) as referencevalue
29 store phase (imaginary component), group delay as reference value
30 calibrate parameter
31 cal¡brate for dynamic group delay measurement

Output of slng¡e€hot measurements
3Íì nominal/actual value H1 : upper limit of

comparison, output on magnitude (real component)
display H2 = upper limit of

phase (imaginary component)
Ll : lower limit of
magnitude (real component)
L2 : lower limit ol
phase (imaginary component)

34 nominal/ac'tual value limit input same
comparison, output as under 38
on printer

Output of swepl-frequency measurements
35 nominal/actual valuê limit input same

comparison, output on as under 33
display

37 nominal/actual value l¡mit input same
comparison, output as under 3iÍl
on printer

Program execut¡on
39 wait loop 1 s
41 wait loop 0.'l s
42 halt
¿tÍl pr¡nt program

lndividual measurements

Vector measuremenl
45 voltage measurement

channel A
46 vollage measurement

channel A
47 voltage measurement

channel A
49 voltage measurement

channel A
50 voltage measurement

channel B
51 voltage measurement

channel B
53 voltage measurement

channel B
54 voltage measurement

channel B

linear
Physical unit
mV, degrees

Graphíc data output
96 in Smith chart or polar coord¡nates
97 magn¡tude (real component) ¡n Cartesian coordinates
98 phase (imaginary component, group delay)

in Cartesian coord¡nates

Y=4
Y:5
Y:6

log,

a

mS, degrees

mS

linear by magni- no dimension,
tude and phase degrees
linear with real no dimension
and imaginary
oomponents
log by magnitude dB, degrees
and phase

T$ = "(tifle, max.
20 characters)"
T$ = "(tirle, max.
20 characters)"
T$ : "(title, max.
20 characters)"
Y = outer circle
ï$ : "(tiile, max.
20 characters)"
Y = outer circle
Y1 = minimum vertical axis
Y2 : maximum verticel ax¡s
S$ =v "(unit, max. 3 characlers)"
Tg = "(title, max. 20 characters)"
input same as under 90

input same âs under 90

Fs

t¡s

linear,
relative
log

log,
relative
linear

linear,
relat¡ve
log

no dimension,
degrees
dBm, degrees

dB, degreees

mV, degrees

no dimension,
degrees
dBm, degrees

log,
relative

dB, degrees
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1 IEC BUS CONTROLLERS

The Process Controller PUC is an economic control compu-
ter for the automatic measurement and control of IEC-bus
operated systems. The PUC possesses numerous interfaces
and functions. Modern measur¡ng techn¡ques make special
demands on process controllers. Compact and reliable
design, powerful interfaces and low RF leakage make the
PUC outstanding for use in RF test systems. The main unit is
accommodated in a l9" cabinet which may easily be fitted
into a 19" rack (see illustration page 15, top).

Equipment conf iguration

Basic unit Even in its basic version (main unit with one
floppy-disk drive, display of characters and symbols, no
keyboard), the PUC fitted with no operating controls finds
application in automatic production cycles, in the test depart-
ment, incoming goods inspection and communications ser-
vices. For the large majority of other applications the PUC
can be supplied with a standard keyboard, user keyboard
and a footswitch. From the simple responses to Yes-No
prompts during program run to the writing of programs, all
problems may thus be solved (see page 17).

Options Based on a series of retrofit options the perform-
ance of the PUC can be enhanced easily and cost-effectively
for the special problem on hand.

The storage capacity can be enlarged with a second floppy-
disk drive whereas a serial interface (RS 232 C) and an l/
O interface are available in addition to the standard IEC and

aLtËolrtated testing

printer interfaces. The Real-time Clock Option allows the
measurement of time, real-time reference and time-related
control. The High-resolution Graphics Option provides the
PUC with every possible graph¡c display. The option is indis-
pensable in reproducing test curves (e.9. Smith charts) and
in many other tasks. More details on options on pp. 17 and
18.

Characteristics

Memory The storage capacity of the PUC is 64 kbytes, half
of which is available to the user as RAM space. The 32-kbyte
memory is large enough even for very long BASIC programs.
To produce machine language programs, the PUC allows
direct addressing of the entire memory range. Program parts
in machine code may easily be inserted into BASIC pro-
grams. There is a further 156-kbyte memory available from
the built-in 5/a" floppy-disk drive. A second floppy drive is
supplied as an option or may be retrofitted. The floppy-disk
drives access programs and data within seconds. The
operating system of the PUC stores and loads programs also
under program control. Wth the directory system, an over-
view of the floppy content can e obtained at any time. The
operating system manages up to four floppy-disk drives
making up a total storage capacity of 624 kbytes.

lEG62SElus

Process Controller PUC
O Compact IEC-bus controller
O Two built-in floppy-d¡sk drives of

156 kbyte capacity each
O Programm¡ng in BASIC
a Standard IEC-bus data and in-

structions

I Efficient RF shielding min¡m¡zes
unwanted interference

a Great flexibility due to different ex-
ternal keyboards

O Direct connection of Universal
Printer PUD 2 (page 20) possible

O Compact 19" design for easy rack-
mounting

PUC

14



aL¡Ëorrrated testing

lirteliererrr;t; irriiirr-lrity Due to the fast logic, computers
generate interfering voltages and RF interference. The latter
not only "pollutes" the environment but also leads to errone-
ous results of measurements. As a result of proper shielding
the PUC has an extremely low interfering effect on power
supply and environment. On the other hand, shielding makes
the PUC also insensitive to strong external fields or interfer-
ence from power lines. To prevent low-frequency interfer-
ence, the monitor screen can be switched on and off within
seconds on the entry of a command.

VDU

The 9" screen serves for the purpose of writing programs as
well as for the display of results of measurements and
calculations. The bright flicker-free display made up of 25
lines with 40 characters in each guarantees a relaxed work-
ing with the PUC. Program lines with more than 40 charac-
ters are displayed in two lines. ln the operating mode GPH,
upper-case characters and, together with the SHIFT key,
graphic symbols are selected, whereas in the LTS mode both
upper and lower case characters are enabled. Cursor shifts
can be made also under program control.

lnstruction set

IEC BIJS CONTROLLEIìS 1

lEL.-,*-

'ftr. ¡1l- t.ti -'

**.¡éå¡ll t,ü?9

t Ð Ð ?'t0 c¡r:Ü '-'. ,l .'
-. -- .- --
ffi.Þl

el'lÐa I

Process Controller PUC with user keyboard in 19" rack

-2 J2Q¡ D2Q2 D2 l¡
l¡ l¡l¡

I

Gt¡
(,

PRINT
SPC

TAB
GPH

LTS HOME
CLEAR HOIVE

cuRSoR 1l
CURSOR - -

For High-resolution Graphics Option see page 17

Accesso¡res to the Process Conlroller PUC: Universal Printer PUD 2, user keyboard, footswitch, IEC-bus cable plus options (plug-¡n cards): RS 232 C lnterface, High-
resolution Graphics and l/O lnterface

,ñ-

': :, ¡8
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N IEC BUS CONTROLLERS autorrated Ëesting

Editor commands Editor commands are designed to help
to wr¡te programs rapidly and easily and to carry out changes
and testing of programs.

NEW Delete program
OFF Delete program with switch-on reset
LIST List program on VDU
SEQ Automatic line numbering
DEL Delete lines
RES Benumber lines
SEA Search text or command
REP Replace text or command

Special cursor keys and keys with delete and insert functions
make way for comfortable change of characters or complete
program lines. All keys of the standard keyboard are pro-
vided with the repeat funciton.

Machine programming

The PUC is directly programmable in machine language.
Simple memory and input/output instructions are executed
by orders of magnitude faster than those in BASIC. The
shortest execution time is 2 ¡rs. Machine programs may be

called up in BASIC and subsequently executed. Hung-up
machine programs can be interrupted with the RESET key
without the BASIC program being deleted. A RAM block is

available for the writing of machine programs; this block is

not being used by BASIC. An efficient memory monitor
facilitates program writing and testing. Machine programs

can also be loaded into the memory from a floppy disk.

Machine commands

PUC BASIC operating system

The program language of the PUC (BASIC) is simple to
learn yet powerfull so that complex test programs can be set
up. The BASIC in use is significantly extended and has a
comprehensive set of editor commands. Program writing is
therefore very much simplified. lmportant aids for program
writing are:

Cursor controlled editing with repeat function
Autonumbering of lines
Renumbering of program lines
Searching and changing of single characters or texts ¡n

BASIC

The PUC can of course calculate directly or under program
control. Execution times for the basic functions are listed in
the following table. The functions contain elements of Boo-
lean algebra so that complex flow charts and conlrol of
individual bits can be realized.

Functions

+

7.

4.6
4.6
5.4
6.8

Execution
time (ms)

Functions Execution
time (ms)

52.7
26.9
27.2
52.1
46.5
22.6
29.2
56.6
3.68

FN

Program run lnstructions to do with the running of the
program are made up of the Start, Stop, and Wait com-
mands. ln addition, the BEEP command generates a tone
signal of variable period.

REM CONT LET STOP WAIT
RUN GOTO END HOLD BEEP

Data The computer is capable of storing or changing pro-
gram data (e.9. limit values or texts) which may be arranged
in data lines or arrays.

DATA READ RESTORE DIM CLR

Jumps and Loops Particular program blocks in frequent
use are easily and clearly brought under a subprogram. The
aids to the writing of subprograms are lhe jump and loop
commands.

GOTO ON GOSUB FOR... TO... STEP
ON GOTO RETURN NEXT
GOSUB IF THEN

String manipulation String commands are used to handle
texts or text variables (e.9. use in IEC-bus transfer).

LEN ASC STR$ MID$
VAL CHR$ RIGHT$ LEFT$

lnput/output commands

OPEN CLOSE PRINT INPUT GET
CMD

Graphics

Numerous graphic characters (see below) which are part of
the basic configuration of the PUC allow clear display. High-
resolution graphics display for the presentation of curves of
measurements (e.9. Smith charts) is possible using the High-
resolution Graphics Option PUC-86 (see page 17) as a
retrofit.

AND
OR
NOT
SGN
INT
ABS

3.2
3.25
0.86
0.45
0.9
0.13

POKE
PEEK
BSE
BPS
BPE
sYs
USR
ÏM

Write in memory
Bead contents of memory
Set limit of memory
Set start of BASIC
Set end of BASIC
Call machine program
Call up with variable transter
Monitor memory

! I ñ t rË
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Keyboards

There are three keyboards available. The standard key-
board (PUC-21) has 75 alphanumeric and special keys for
the input, processing and testing of programs. All characters
and symbols can be entered for normal (bright) or reverse
(dark on bright background) display. All keys have repeat
capability.

The user keyboard (PUC-22) has been designed especially
for automatic test assemblies used in production and in the
test department. The advantage of the keyboard is that
computer experience is not a prerequisite to operate the
system. The user keyboard consists of function keys and a
numeric keypad (0 to 9, decimal point, m¡nus sign plus
DELETE and RETURN). The 20 function keys permit the
assignment of arbitrary functions to programs. The replace-
able overlays can be marked with the function chosen for a
particular key.

The footswitch (PUC-ZO) serves to answer Yes-No program
prompts or to start and stop programs. Hands remain there-
fore free to be used for adjustments and repairs. The foot-
switch can be hooked up together with one of the other
keyboards.

For applications where manual control is unnecessary as in
communications services and fully automatic testing, the
PUC can be operated without a keyboard. The first program
of the floppy disk is in this case loaded and started on switch-
on or on pressing the RESET key. Further programs may be
fetched under program control, if required.

Basic keyboard commands

INPUT Enter via keyboard
GET Read character from keyboard

IEC BUS CONTROLLERS 1

A graphics display may then be stored on a floppy disk and
be fetched when required. For hardcopies of test results, the
Universal Printer PUD 2 outputs the graphics displays.

Graphics commands

Draw dot
Move graphics cursor
Draw line
Draw dotted line
Clear graphics display
lnvert graphics
OFF: dark mode
INVERT: reverse drawing mode
ON: br¡ght mode
Specify range of display coord¡nates
Specify detail of display
ïransfer from display memory to graphics
memory
Print hardcopy
Store graphics display on floppy
Load graphics display from floppy

G, PAGE
G. INVERT
G. S, OFF
G. S, INVERT
G. S, ON
G. WNDOW
G. VIEWPORT
G. TAKE

G. DOT
G, MOVE
G. LINE
G. WDTH

G. G. COPY
G. SAVE
G. LOAD

Options

High-resolution Graphics Option PUC-BO For the clear
presentation of results of automatic measurements, for
mathematical functions and diagrams a resolution which is
higher than that offered by the graphic characters of the basic
model is called for.

The High-resolution Graphics Option has the capability to
drive each of the 320x200 points singly. An easy-to-use set
of commands enaþles the drawing of bright or dark lines, or
the transfer of graphic characters entered via the keyboard to
the display memory of the option. Since this memory is
independent of the graphics memory of the PUC, two ditfe-
rent displays may at the same time be shown on the screen.

Floppy-disk Drive Option PUC-82 The standard built-in
and the retrofit optional floppy drives are identical. The mass
storage medium used is the 51/q" floppy disk which provides
access to data and programs within seconds. The floppies
are of single-density type written on both sides. Each floppy
has a storage capacity of 156 kbytes and is divided into 305
areas/side, 256 bytes/area.

Rohde & Schwarz supplies formatted and tested floppy
disks, although floppies can be formatted by the user with the
supplied motherdisk.

A comprehensive set of instructions enables the control of
the floppy drives.

Floppy commands

Select diive
Set wr¡te/read head
Set write/read head to track 0
Load program
Load new program and delete variables
Call disk d¡rectory
Append program
Add program before anolher one
Load and start secured progrãm
Store program
Corhpare new program with that of floppy
Load data
Store data

Real-time Clock Option PUC-810 The option has a bat-
tery backed-up clock which outputs information on date and
time. The resolution is 100 ms. Accurate time measurements
can therefore þe carried out, and date and time are entered
on test records. Program branching via a command can be
made at a given time of day.

RTC commands

Sinewave function
displayed
on PUC
using graphics adapter
PUC.B6

SEL
SET
INIT
LOAD
CHAIN
DIR
APP
ADD
SECU
SAVE
VERIFY
IN
PR

RTC TO...
RTC SET...
RTC tRO... GOTO

Output date and time
Set date and time
Branching at a given time

17



1 IEC BUS CONTROLLERS autoffraËed testing

programming unit, tape reader, tape punch and printer. ln
addition, the PUC can be hooked up to a computer.

The interface complies with specifications laid down by the
RS 232 C l/O Standards, CCITT Recommendations V.24 as
well as the DIN 66020 Standard. The RS 232 C Option can
be changed to a current-loop interface (20 mA) with the aid of
plug-in links. Data transfer is asynchronous with handshak-
ing. The transfer rate is selectable in steps between 50 and
9600 bauds. Data formats between 5 and I bits as well as
parity and stop bits can be processed.

RS 232 C commands

PUC lnterfaces, Options

IEC-bus lnterface The standardized interface (also con-
forming to IEEE 488) can simultaneously accommodate up to
a maximum of 14 devices (including other controllers). The
IEC bus is used to set up automatic runs in testing and
control optimally and easily. The majority of Rohde &
Schwarz measuring instruments are fitted with the IEC inter-
face. The PUC can drive all commercial instruments compat-
ible with the IEC bus. A set of simple and easy-to-handle
instructions does away with the need to dwell on the details
of the functioning of the IEC-bus system.

IEC-bus commands

Addressed commands

IECOUT
IECIN
IECTERM
IECDEV
IECSDC
IECGTL
IECGXT
IECTCT
IECSRQ GOTO
IECRET SRQ
IECLAD
IECTAD
IECSAD
IECUNL
IECSPL

IECDCL
IECLLO
IECSPE
IECSPD
IECPPE
IECPPL
IECPPU
IECPPD
IECTIME
IECeERR
IECERR
IECREN
IECeREN
IECCLEAR
IECeCLEAR
IECATT
IECeATT
rEcEot
lECeEOl

Send data or instructions
Read in data
Define delimiter
Define symbolic addresses
Selected device clear
Go to local
Group execute trigger
Take control
Jump for SRQ
Return ¡ump out of SRQ
Send listener address
Send talker address
Send secondary address
Send unlisten
Serial poll

V24INIT
V24TERM
OPEN a, 232
PRINT #
lN#
V24ECHO
V24eECHO

lnitialize required data format
Def¡ne delimiter
Open file to operate serial ¡nterface
Output data to external device
lnput data from external device
Switch echo mode on
Switch echo mode off

Universal commands

l/O lnterlace Option PUC-87 (User port) A great variety
of measurement and control tasks, otherwise requiring extra
equipment, can be carried out from the computer with the aid
of the l/O lnterface. The option is made up of a p.c.b. which is
plugged into one of the vacant spaces of the PUC. The
interface consists of

32 TTL lines arranged in groups of I lines programmable
either as output (max. sink current of 24 mA) or as input;
controlling test items and devices without standard inter-
face; also applying and reading of bit patterns,

7 relays for supply voltages of up to 50 V and 5 A as well
as for any DC and AF signals; they can be selected
individually or in groups,

I A/D converter (0 to +2.55 V), for DC and AF measure-
ments with I bit resolution p.a%), referenced to ground
potential; apart from DC measurements, AF signals can be
analyzed with the use of machine language,

1 D/A converter (0 to +2.55 V), DC voltages and func-
tions can be generated with 8 bit resolution corresponding
to Q.4%.

Service Kit PUC-27 Accessory which contains circuit dia-
grams, test boards and disk with test programs for rapid
troubleshooting.

Device clear
Local lockout
Ser¡al poll enable
Serial poll disable
Parallel poll enable
Status word
Parallel poll unconfigure
Parallel poll d¡sable
Set time monitor
Enor disable
Error enable
REN active
REN passive
IFC act¡ve
IFC passive
ATN act¡ve
ATN passive
EOI act¡ve
EOI passive

RS 232 C lnterface Option PUC-85 The serial interface
enables the transfer of data to or the reception of data from
all devices equipped with a serial interface, such as EPROM

Rear connectors

IEC-bus connector

Printer connector
Connector for 2nd keyboard (e.9. footswitch)

: /\.[*-_l¡.rJ
.a

a

a o
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Printer connection A printer can be connected via a Cen-
tronics-compatible interface on the rear of the PUC leaving
the IEC-bus connector free for other equipment. Without any
extra work involved for the user, the printer (e.g. PUD 2 from
R&S) produces printouts of test reports, measurement
results and program listings. Commands for the control of the
printer are part of the operating system of the PUC. A
complete ASCII upper- and lower-case character set for
printing texts and figures is available together with the choice
of four character styles. \Mth the individual pin-control, the

IEC BUS CONTROLLERS 1

PUD 2 (see page 20) reproduces all graphic symbols includ-
ing the graphics display of the highresolution graphics option.

Program lines made up of more than 40 characters and
therefore displayed in two lines on the screen are automati-
cally listed in one line by the printer.

Printer commands:
SHIFT P List on pr¡nter
CMD Transfer output display on printer
SHIFT H Hardcopy (text and graphic symbols)

Specifications

cPU ...
Cloc*. . .

Available RAM space .. .,
Number range .

Programmlng languages

vDu ......
Display....
Cursor.. . . .

Character set

Keyboards......

Standard keyboard

User keyboard

Footswitch

Floppydlsk drlves
M¡ni-floppy drive

Wf¡ting dens¡ty/type
Storagê capacity .

Disk organizat¡on (soft-sectored)

IEC-bus lntertac€
Func'tions

Conneclor

Pr¡nterconnection .........
Numberof datal¡nes.........
Pgrmiss¡bleoutputcunenl . . . .

Requiredlnputlevel .........
Speclllcatlons of optlons

Floppydisk DrlvePUC-82 . . .,

RS 232 C lntêrface (V.24)
PUC.Bs .

Data transfer
Transfer rate
Conneclor

l/OlntelacePUC-B7 ...........
Permissibleoutputcurrent ........
Requiredinputlevel .............
Rolay rating
Converlers
Number of bils
lnput/outpulvoltagorange ... .. ...

Resolution
Limit values for Vn
Otlsel ..
Non-linear¡ty
Conversion l¡me
lnput/loadimpedance ...........
Connector

Hlgh-resolutlon Graphlcs PUGB6
Resolut¡on

horizontal
vertical . .

6502
1 MHz
31 743 bytes
t3 x 10-æ to +1.7 x 10s8

BASIC, with numerous
extensions, machinê language

9¿, non-rellecting, non-f licker
25 lines, 40 characters/line
4 keys plus ind¡rect addressing
upper- and lower-case or
ASCII and graphic symbols
(normal or inverse display)

shielded;
2.5 m long connecting cable
75 keys, full ASCII
character sel w¡th double
funct¡ons, separate numerical pad
and special keys for editor
as well as RETURN and REVERS
20 assigned keys and numerical pad
w¡th DELETE and RETURN
lwo keys (connectable with one of the
keyboards or on its own)

5/¡", slandard
2nd drive as option
single density/double-sided
156 kbytes
305 a¡eas/s¡de, 256 bytês/area

IEC 625-l and IEEE 488
SHl , AH1, T1 , Ll , PPl , DCl , DTI,
Cl to C4, Cl0
shielded 24-pole Amphenol lemale

Centronics-compal¡ble interlacê w¡th
data strobe and busy signal
I
l¡ <16 mA lH >-100 trA
V¡ <0.4 V Vx >2.4 V

see above

bidirecl¡onal w¡lh additional
20-mA cunenl-loop interf ace
asynchronous
50 to 9600 bauds
2s-pole Cannon fêmale

four limes I TTL inputs-outputs,
7 relays
lx >-'15 mA lL <24 mA
Vx >2 V Vr <0.8 V
l*. <0.5 A V'u. <50 V
AIÐ D/A
88
Vn/Voú 0 to +2.55 V
10 mv/dig¡t 10 mv/digit
-0.5 and 3.5 V

Real-time Clock PUC-810
Funct¡ons

Resolut¡on.
Accuracy
Battery back-up operat¡on

General data

Raled temperature range .

Storage lemperaturê range
Relat¡vehumidity .......
Powersupply

Powerrating of basic un¡l .

with options
RF leakage

Unwanlêdvoltage .....

RF interferenc€

output of t¡me and date;
branch¡ng at given time
100 ms
<1 x 10-s
700 hours

0 to +45'C
-40 to +70"Cr)
20 b aoo/"
100 I 120 I 220 I 240 Y + 1 00/o,
47 to 63 Hz; safety class I

88 VA
112 VA

satislies VDE 0875 (RFl-level K) and
requirements ot MIL-STD 4618
regarding no¡se on lines
salisfes VDE 0871.
Meels specificãtions according to
MIL-STD 461 B, over the lotal fre-
quency range w¡th VDU sw¡tched off,
from 1 MHz w¡th VDU on
shock and vibrat¡on tested to parts 7
and I of DIN 40046, conespond¡ng to
IEC Publ. 68-2-27 and 68-2-6)

470 mmx198 mmx491 mm, 19kg

> Process C,onkoller PUC
3¡14.8900. t0
345.201 1.04
345.21 1 1.06
345.2211.02

1 mother disk with programs to formal
and copy lloppies, power cable

345.2711.O2
343.6103.02

345.31 18.02
u5.2A11.02
345.3418.02
345.2611.02
345.2511.02

343.7900.02
292.2013.O5
292.2013.10
292.2013.20
292.2013.40
359.5018.02
079.71 07.00

Mechanical slress capac¡ty . . .

D¡mensions, weight
Basic unit .

Ordering information

Orderlng deslgnation
PUC wilhout keyboard
StandardKeyboard...
UserKeyboard.. . ... .

Footswitch
Accessories supplied .

Optlons
2nd Floppy{isk
Drive .. .

RS232Clnterface...
H:gh-resolution
Graph¡cs
l/O lnlerface
Real-time Cloc-k ... . ..
l9rRackAdapter.....
Service Kit

Recommended exltas
10 formatted
floppy disks
IEC-bus cable 0.5 m . .

1m....
2m....
4m....

Universal Printer .. . . .

Prinl paperfor PUD2

PUGZ1
PUC-22
PUC-23

PUC-82
PUC.85

PUC-86
PUC-87
PUC-B1O
PUC-29
PUC-27

digit
dig¡ls

I
2

f digil
2 dig¡ts

max. 15 Fs
100 kQ 100 rl m¡n
50-polê Amphenol female

64.000 po¡nts
320 points
200 points

1) +5 to +55'C for Floppy-d¡sk PPC-22
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PUD2

nevv

The Unive¡sal Printer PUD 2 is used to output tables, text,
programs, test results and diagrams. lt operates on the
matrix method and allows bidirectional output at high speed.

PUD 2 is a low-priced, cost-effective unit for small and
medium-size computing systems, offering printing
capabilities for text and graphics equalling those of much
more expensive hardcopy units.

Control The PUD 2 can be controlled from different units or
systems; it is optimally adapted to the Process Controller
PUC. Ma its Centronics-compatible 8-bit parallel interface
provided in the standard model it easlly accepts complex
BASIC-like commands from the PUC.

The 2-kbyte character bufler permits outputs of text and
graphics using a minimum of computer time. While the PUD 2
is printing the computer can continue to process. Printing is

bidirectional and route-optimized.

Three character sets (examples on right) permit the printing
of normal texts as well as of various types of graphics.

f . ASCII upper- and lower-case character set for printing
texts and figures; four character styles including condensed
and elongated characters can be selected. A separate line of
dots can be activated for underline.

2. Gharacter set for graphic symbols. lt enables the
printout of graphics identical to the screen display, for exam-
ple, of Process Controller PUC.

3. Single-dot control permits curve printout with a resolution
of 581 dots across the paper width - the printing capacity in
the longitudinal direction is not limited.

al.ttclfftaËed testing

Universal Printer PUD 2

O Universal maf¡x printer

a Complete ASCII character set (upper and lower case)
plus character set for graphic symbols

O Diagrams using single-dot graphics

a 8-bit parallel interface (Centronics compatible)

O IEC-bus compatible with option

The paper feed can be programmed for line and half line,
fon¡vard and reverse and for single dot steps.

Types of paper The tractor drive with friction rollers permits
the use of perforated fan-fold paper as well as roll paper and
single sheets. The drive is continously adjustable over a wide
range, facilitating paper installation and use of different paper
widths.

Paper quality Paper of any quality may be used.

Character styles

Sample program for the R&S Process Controller

29ø oPEN 1, 23ø
3øø PRINT#1, CHR$(27); cHR$(1e)
31ø PRINT# l,,,ABCDEFGHIJKLMNOPQRSTUVWXYZ"
32ø CLOSE 1

I B l:[1.[

f1 Ër ü D Ë: f 
r (ì t.l l..J l{ 1.. M N i.l l'r t:l R Ëi I t.J V l^l X Y Z

ahndellq lr i 'j k.:[ mn c]p qr çi'Lr..rvr^,]i:J?:
:t ?:ì{tjó7t}9 øûì I +ft,z'{t\ ( ) t.: Ia.,:':r ¡ i'l I

-l r--l lül .71* l l Ð--l I ¡. l-l Í ll-- l

¡ t-'¡-.1t*-Xl,/\ ¡r 1---_l I I l.rll I r1 Lr

E0llüOllll+.}+ tËl¡ËUU
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Text-and-f¡gure pr¡ntout (sca¡e . 1:2)

univê¡5¡l Ê¡in¿€¡ FLll)

lll-l_v€ !_:,:.¡_f -L!q-t_ej-_fl l_!l

(hrwrr¿l Priñter Fto lrd RIS

[-Jn i vr:..¡-a:ãf. Fr irlt€'r

PR=PVr(rì11)z

Glaphics pr¡ntout (scale . l;2)

EEF¡E:-THEls'-bC b'is

D¡agram prinlout (scale 1:2)

norñal prlnl,iñq

uôder I rne

ñarrou pr inling

e1on9¿ted printing

hall I iñef!'ed
lor (¿rr d/r ever:i ß

Specifications

Principle .

Prinlingrate......
Printstruc.ture .... -

Charac{erset .....
Characterstyles ...

Character input buffer
Papermovement -..

Paper widths

Noise level
RFt .......
Satety .. . ..

lnterfaces ...

Genercll dala

matrix print
80 charac{ers/s
gxg for chãracters
nxg or nx8 for graphics
200 upper- and lower-case charac-
ters and graphic block
6 printing w¡dths,
¿10 to'132 characters/l¡ne,
24O lo 792 dots/line
2 kbytes
a) lractor drive for endlêss

form w¡th edge perforation
b) fric'tion drive for single

sheets and rolls
a) 124 to 250 mm
b) 100 to 216 mm
<60 dB(A)
dass B of VDE 871 (coresponding lo
N-12) and FCC 79-555 (U.S.A.)
VDE 806 = IEC 380 for oflice
machines and BDE 805 : IEC ¿135

for DP equipment in Europe; UL f f 4
and UL478 (U.S.A.)
8-b¡l parallel (Cêntronics compatible),
36-way Amphenol female conneclor

+5 to +45"C
-25 to +70"C
117 t220 V + 10 I - 15%, 50/60 Hz,
20 VA in standby cond¡tion,
55 VA during opêralion
410 mmx310 mmx140 mm, 7.5 kg

> Universal lmpact Printer PUD2
359.5018.02

> Universal lnk-¡et Printer PUD3
359.5501.O2

$$ 9r¡Phics

Raled lempêrature range .

Storage temperature range
AC supply

D¡mensions, we¡ght

Ordering information
Oderdeslgnatíon.........

Code Converter PCW
O Permits IEC-bus programming of parallel-controlled

equipment

O Usable for all instruments programmed with TTL levels
O Excellent noise immunity thanks to output buffers
O High transmission speed, bipolar logic

The Code Converter PCW is necessary if instruments
designed for parallel remote control are to be programmed
via the IEC bus. The PCW receives serial ASCII signals and
delivers TTL levels at 44 parallel data outputs.

The PCW is addressable; 26 different addresses can be
selected. lnstructions are allocated to the data outputs by
means of an exchangeable code converter board. This
permits the PCW to be adapted to individual instruments.
Besides ready-wired, code converter boards for Rohde &
Schwarz standard instruments, a universal board is available
which can be coded by the user himself for any particular
instrument.

Opllon
IEC-buslnterlacePUD2-84...... gSg.StB.O2
(24-way ¡¡¡p¡s¡.| female connector)

Specifications

lnput . . .

Connector
Transferlime percharacter. . . . .

Oulput (so-pole)
Power supply

Dimensions,weight ..........
Orderdeslgnatlona. .........
19/ cabinel model
1g'rackmount.
Codè Converter Boards for DPVP
SMLU ..
Tesl-ilem control
Nolw¡red.

-3

-4

PCW

lEc 625-1 /IEEE 488
24-way, Amphgnol
approx. 10 Fs

I x 4 bit [rTL level) +12 x 1 bil
1 1 5 t 125 I 220 I 235 V + I 0%,
47 lo 44O Hz (10 VA)
484 mmx6l mmx336 mm, 4.5 kg

> Code Converter PCW
244.AO15.92
244.8015.91
245.2510.O2
245.2610.O2
245.2762.02
245.2910.02

lEG625E!us
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1 IEC BUS DËVICES

PIF

autoffraËed testing

I 16 control functions
O Electropneumatic control unit for

programmed measurement of de-
vices and subassemblies with man-
ually operated switches, keys,
potentiometers, etc.

a Drives actuating cylinders for linear
molion and stepping mechanisms
for rotation

O IEC-bus compatible

Pneumatic I nterface Pl F
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ln fully automatic test systems the Pneumatic lnterface PIF
permits automatic control even of those measurements
which require mechanical setting, such as range switchover,
on the test item.

During final inspection of car radios for instance, programm-
able adapters press the band and mode buttons for mono/
stereo, cassette start and eject. Rationalization can be taken
another step forward if the RF, AF and DC connections
betvveen the test item and the measuring equipment can also
be made fullly automatically.

The Pneumatic lnterface PIF can be programmed to perform
all these functions via compressed-air cylinders.

Description

(.;or¡iir:c,ic.,,. The PIF is connected via a standard quick-
action coupling for one-handed operation to the compressed-
air supply generalty available in industrial plants. The
pressure can be up to B bar.

¡:: ,j,. The air is taken to the actuating cylinders via
electrically controlled solenoid valves (compressed-air
relays). 16 valves of this type are provided; they are control-
led with the aid of the keys on the PIF front panel or from a
calculator via the built-in IEO-bus interface.

The actuating cylinders - connected to the PIF via flexible
compressed-air hoses - are fixed to the test item, see photo
below.

For iiri.r;rr rnc,.,cri.Ìeìitii three standard cylinder types are
available featuring different piston diameters (depending on
the force and pressure required) and lengths of travel. The
working pressure can be set on the internal reducer from 0 to
7 bar.

PIF
with lest ¡tem connected

For rotary movements a stepping mechanism is available;
its hollow shaft with an internal diameter of I mm accepts
axles up to this size. One step covers 30o (please enquire for
other values between 6 and 36').

Specifications

Mechanical settings on
test¡têm . slrokes (push and pull)

and rotary movements v¡a
compressed-air cyl¡nders and
stepping mechan¡sm, controlled
via compressed-air relays

16, response time f 0 ms,
l¡fe 30 x 106 sw¡tching acüons
I bar, reducer and f¡lter built in
0toTbar
50 l/min p€r actualed relay,
total:200 l/min max.

1 6-way compressed-air sockel
plug ¡nserl for quick-aclion coupling
(one-handed operaüon) NW6 on rear

v¡a keyboard on lront panel (16 keys)
v¡a IEC bus (lEC 625-1 /IEEE 488),
24-way Amphenol connector

Flttlngs for varlous motlona (to be ordered separately)

Compressed-air relays .

Wo*ing pressure, max.
Pressure range
Normal räted llow volume

Connector for acluating cylinders
Compressed-airsupply ........
Operatlon
Manual .

Remote€ntrolled

For linear movements

Linediameter.......
Travel length
Pushingforc€at6bar. ...
Pullingforce alobar . . . ..
Forrotarymovements ..
Angle. . .

Torque. .

Diamelerof hollowshaft ..
General data
Bated temperature range .
Storage temperature range
AC supply

Dimens¡ons,weight .....

Ordering information
Orderdeslgnatlon.........

Accessoriessupplied .......

Add¡t¡onal l¡tl¡ngs required for operation (optlonal):
Comprêssed-a¡r cylinder

types of compressed-air cylinder:
singlê single double
(push) (push) (push/pull)
6mm 16mm 16mm
25mm 25 mm 40 mm
12N 120N 120N

90N

stepp¡ng mechan¡sm
30" (6 lo 36', please enqu¡re)
sense: lefl/dght
70Ncm
8mm

+5 to +45"C
-20 lo +75"C
1 1 5 I 125 I 220 I 235 V + 10Vo,
47 to 420 Hz (80 VA)
492 mmx16l mmx392 mm, 11 kg

> Pneumat¡c lntertace PIF
264.9017.O2

1 6-way Comprêssed-air Connector
PIF-25; 20 m compressed-a¡r hose,
3 mm d¡a., plug-¡n socket for qu¡ck-
aclion coupling (one-handed opera-
tion) NWO for 3/s" hose; power cord

> Pneumatic Cyl¡ndêr
PIF-21 265.0813.02
PtF-22 265.0836.02
PtF-23 265.0859.02

> Pneumal¡c Stepping Mechanism
PIF-24 265.0513.02

ü

lEG625Elus
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AF Relay Matrix PSN for IEC-bus programming
I DC and AF
O Six quick-act¡on reed relays and two power relays

O Af and control applications, high loadability
O Easy lo operale, LED indication

PSN

iIF a il¡

cn'.rf

t!t l!3!¡t jl 
I
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aL¡ÈG'ffrated tesËing

The AF Relay Matrix PSN contains eight independent, iso-
lated relays for manual and automatic switchover of control of
supply voltages and AF signals for instance in IEC-bus-
controlled AF test assemblies, for checkpoint selection and in
control engineering. Thus either eight separate switches or
max. two 1-out-of-4 switches with the remaining relays as
individual switches are available.

Six components are quick-action reed relays featuring high-
grade characteristics, while two are power relays which
handle currents up to 5 A. All relays are brought out via
telephone jacks on the rear panel of the PSN.

Pushbuttons are provided for manual operation with LEDs
indicating the switching state. Remote control is performed
via the IEC-bus connector. The combined mode permits
remote-controlled and manual operation of the relays during
program generation and checking.

Six independent, isolated coaxial relays ensure the high
flexibility of the RF Relay Matrix PSUr six separate coaxial
switches or one 1-out-of-4 switch plus three separate
switches or two separate 1-out-of-4 switches are possible.
The main application is manual and automatic high-precision
routing of RF signals in IEC-bus test systems (switching of
generators, cou nters, i ndicators, atten uators, etc.)

Relays 1 to 3 with 50-Q N sockets on the front panel of the
matrix feature excellent RF characteristics for frequencies up
to 6 GHz. Relays 4 to 6 with 50-O BNC sockets on the rear
panel are suitable for frequencies up to 500 MHz. Pushbut-
tons are provided for manual operation, with LEDs indicating
the switching state Remote control is performed via the IEC-
bus connector; the combined mode is the same as for the
PSN.

IEC BUS DEVICES 1

Specifications

Connectors
Contact/¡nsulalion ¡esistancê
Max. power handling capac¡ty

SÌvitch¡ng

General data
Life time .
Ralgdtemperaturerange . . .

AC supply

D¡mensions,weighl .......
Orderdeslgnatlon. . .... ..

Recommended extras
IEC-bus Cable PCK . .

1y-Adaplerzz,A-2
(for incorporation ol

Relays 7 and I

30 VA;20 W
(max.1 A, 110 V)
1ms

>1,000000 operalions;
+10 to +.15"c
I 1 5 I 1 25 I 220 I 235 V + 1 gyo
47 lo 420 Hz (max. 20 VA)
211 mmxl12 mmx346 mm,4.0 kg

Relays 1 to 6
telephone ¡ac*s on
150 mr¡/1d O

v)

rear panel
20 mO/10P o
1 kVA; 100 W
(max. 5 A, 250
5ms

> AF Relay Matrix PSN
290.9210.02

see Page 19
078.8174.00

max. two PSNg ¡nto 19' racks or cabinets)

Specifications

Relays 1 lo 3 Relays 4 to 6
Connectors . .. . . .. 50-O N female 50-O BNC femalê

on lront panel on real panel
Frequencyrange ...DCto6GHz DCtoS00MHz
\6WF . . . <1,22 bis 1 cHz <1.1 up to 100 MHz
Transmission loss . . 0.3 dB up to 1 cHz 0,2 dB up to 100 MHz
Crosstalkattenual¡on .. . . .. . >80 dB up to 1 GHz >¿lodBupto

100 MHz
Max.powerhandlingcapac¡ty. 100 wat 0.1 GHz 1 A al 28 v

Svilching time

Genêral data
L¡fE time .

Raled temperature range
Power supply .

Dimensions,weight. . ..
Orderdælgnat¡on .. ..

Recommended extras
IEC-bus Cable PCK . .
1V AdaplerzzA-z ...

50 Wal 1 GHz
<25 ms <7.5 ms

>1,000 000 operations;
+10 to +45"C
1 1 5 I't25 I 220 I 235 V +1 0%,
47 lo 42O Hz (max. 25 VA)
211 mmx112 mmx346 mm,4.8 kg

> RF Relay Matrix PSU
290.8014.02

s€e pago 19
078.8174.00

lEG625Elus
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RF Relay Matrix PSU for IEC-bus programming
0 DCto6GHz
O Six independent 50-O coaxial relays, low reflection

O RF and pulse applications

O Easy to operate, LED indication

PSU
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1 THERMOMETERS

Characteristics, f unctioning

The Digital Thermometer PTM ist suitable for highest-accu-
racy temperature measurement from -100 to +300'C or
173.2 lo 573.2 K in different media; it has an IEC-bus
connector and can thus be used in automatic test systems.

Temperature is measured via exchangeable test sensors
(depending on the measurement task), two of which can be
connected simultaneously to the two five-pole sockets.

The following three sensor types are available as standard:

1. contact sensors suitable for manual measurements,

2. adhesive sensors suitable for sticking to critical temper-
ature points (in the form of wafers 6 mmx18 mmx1.5
mm),

3. lmmersion sensors for gases and liquids or for incorpo-
ration into solids (dimensions: 4 mm Ø x50 mm).

Accuracy. Using these platinum sensors, the maximum
error is only 0.2'C over the entire temperature measurement
range. The PTM can be used with one or with two sensing
probes (for instance for differential temperature measure-
ment). The resolution is 0.1'C or 0.1 K overthe entire range.

lndication. The PTM displays the temperature (switched
when using two sensors) in oC or K. The proportional DC
voltage is available at the analog voltage output.

Uses

The PTM finds wide use in the electronic industry and in other
fields. Thus the effect of temperature on components or
subassemblies when varying the ambient temperature (for
instance with the Temperature Controller PTC, see next

Automatic measurement ol temperature etfect on subassembly

al.rÈoffraËed Ëesting

page) can be checked automatically via the IEC bus. Troub-
leshooting in case of temperature effects can also be auto-
mated.

-

\

Se nso rs

Specifications

Temperatur€ measurcment range . -99.9 to +299.9'C

rnd¡carion .. . .. f83i'8fiîdi n"
Resorurion . [:T18åib:$"n 

us¡ns two sênso'")

Measuremenl enor
Basic enor
Add¡t¡onal sensor eror (PT 100)

Nonlinoarity
Effect of ambient temperalure

0.1'C over entire range
<0.1"C wilh adiustment
<0.3'C without adiustment at 0"C
(tolerance in accordance
with DIN ¡1{1760)
<0.1'c
<0.1'C at (23 t5) 'C
<0.5'C in rated
temperature Ìange
3.3 mA +5%
28 to 50 measurements/s
platinum resistanc€ Pt 100
in four-wire circu¡l
two 5-way female @nnectors
100 ko
0 to 10 V; 2.49 mV/0.1"C
via lEc.bus connector
(lEC 625-1 /IEEE ¿188),

24-way Amphenol
T6, TE6 talkerlunctionswilh soc.

addr€ss, serial polling
and auto adressing
when receiving listener
address

L4 l¡slene¡funclion
RLl remote/local
DCI device clear

+5 to +45"C
-45 to +70"C
1 1 5 t't25 I 2m I 235 V + 100/0,
47 to 44o Hz (30 VA)
211 mmx112 mmx346 mm, 4 kg

> Digital Thermometer PTM
3rft6.8010.02

power cord

336.7914.02
336.7937.02
3Ít6,7950.02

Tesl cunenl
Rate.....
Sensors ..

lnputforsensors . . . . . .

lnputimpedance .....,
Analog vollage outpul
Prog¡âmm|ng.......

lntelace functions

General dala
Rated temperaturê range .

Storage lemperature rangg
AC supply

Dimensions,we¡ght ... . .

Orderdeslgnatlon.. .. . .

Accessoriessupplied ....
Recommended extras
ConlactsensorPTo-z1 ..
Adhesive Sensor PTC-22 .

lmmension Sensor PTC-Z3

+ ll¿1.ij It 3t

@ orerrrL rtrrnomrrtl . crn

oô

33¡.10r0.
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o
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O Temperature-measuring device of highest precision with
platinum-resistance sensors in four-wire circuit

O Measurement of temperature difference between two
PTM sensors

O lndicalion in degrees Celsius ('C) or indication of ther-
modynamic temperature (K)

O Analog voltage output 0 to 10 V; IEC-bus compalible

PTM Digital Thermometer PTM 0 -100 to +300'C

lEG62SElus
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lEG625Elus

Temperature Controller PTC
0 -100 to +300'C
a Temperature controller driven via IEC bus; rated temper-

ature entered in "C or K via keyboard

O Precision measurement using platinum-resistance ther-
mometer in four-wire circuit

a Temperature ¡ndication in 'C or K; status indication

a 10 41220 V contactor and control relay incorporated

PTC

$ rrurtnlrunr corrñorrr8. ¡rc a36 rorl !4J I

O l.¿ ä
a

+ tbq.3 5ñ

Characteristics, f unctions

The Temperature Controller PTC is used as a precision
measuring and setting device for temperature-control circuits
(also for measurements alone) in the range from -100 to
+300'C or 173.2 to 573.2 K. Thanks to its IEC-bus connec-
tor, it is system-compatible and suitable for use in automatic
test and control systems.

Sensors. Like the PTM, the PTC measures temperature
via a platinum-resistance sensor in a four-wire circuit. The
types of sensor available are the same as for the Digital
Thermometer PTM (see previous page). The connections for
temperature measurement and the procedure itself are also
the same.

Temperature control. The temperature picked up by the
sensor is compared with a set rated value. The control signal
derived is used for switching a load relay (e. g. for controlling
an oven) and a control relay provided for simultaneous
connection of heating and cooling systems. Thus a pro-
grammable temperature control system can be set up with
only a few system components, such as a calculator, an oven
and the PTC.

Accuracy. The platinum sensors used with the PTC ensure
high accuracy. For temperature measurement and rated-
value setting, the resolution is 0.1"C over the entire range
(measurement error < 0.2 " C or K). Entry is possible in " C or
in K with four stepping buttons.

Recording. A voltage porportional to the indication (0 to 10
V) is continuously available at the analog output.

Uses

The programmable Temperature Controller PTC finds a wide
range of application, in particular in the development, produc-

Automat¡c lemperature test on subassemblies using PTC

tion and quality control of electronic equipment but also in

other fields of industry.

The programmability of the PTC permits not only accurate
point-by-point determination of the temperature response but
also automatic sweeping of complete temperature cycles
along with protocolling via the calculator and printer.

Specifications

Tempereture measurement range

lndication

Rêsolulion
Measurement eror

Basic enor
Additional sensor enor (PT 1 00)

Nonlinearity
Efect of ambient temperature . . .

Test cunent
Rate...
Sensors .

lnputs Íor sensors
lnput impedance

TemperatuÞconlrolrangê .... .

Ratedtempêraturesetl¡ng ..... . .

Resolulion
Sì¡/itchingstatusindication .. .... .

Controlcharacterlstics ........

Oulputs
AC supply voltage
(v¡a ¡nt. load relay)

Control relay (switch)

Supplyvollage .....
Analog voltage output
Programmlng.....

lnlerfacefunctions ... -. -

General data
Rated temperalure range .

Storage temperalure range
AC supply

D¡mensions,weighl .....
Orderdeslgnatlon..... .

Accessories suppl¡ed

Contact Sensor PTC-21 . .

Adhesive Sensor PTC-22 .

lmmersion Sênsor PTC-23

-99.9 to +299.9"C
('t73.2 to 573.2 n
"C or K, 4-digil, LED (switchable
when using two sensors)
0.1'C or 0.'t K

0.1'C over ent¡re range
<0.1'c w¡th ad¡ustment
s0.3'c without adtustment at 0'c
(tolerance ¡n accordance w¡th
DtN ¿13760)
<0.1'c
<0.1"C al (23 15) 'C
<0.5'C in rated temperature range
3.3 mA +5%
30 measurements/s
platinum resislance Pl 100
in four-wire circu¡t
two s-way female connectors
100 ko

-99.9 to +299.9'C
w¡th stepp¡ng buttons
(coarse and f¡ne)
0.1 "c
lamps for load relay on,
measured value > or < rated value

two-level controller,
response lhreshold +0.1 5' C about
rated value (hysteresis variable vla
IEC bus wilh 0.1'C resolul¡on)

max. currenl 10 A,
leakage current <20 mA,
4-way Ac-supply female connector
max. sw¡tching cunenl 1 A,
max. switch¡ng voltage 50 V,
max. sw¡tching power 20 W/30 VA
telephone jacks
+ 15 V/100 mA via têlephone iacks
0 to 10 V; 2.49 mV/0.1"C
via IEo-bus connector
(rEc 625-1 /|EEE 488),
24-way Amphenol
same as PTM, see previous page

+5 to +45'C
-45 to +70'C
1't 5 I 125 I 220 I 235 V + 1 0%,
47 to MO Hz (30 VA)
211 mmx112 mmx346 mm,4 kg

> Temperature Controller PTC
3Ít6.7014.02

power cable:
power connector tor heating/cool¡ng

336.7914.02
3É16.7937.02
336.7950.02
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1 TEST SYSTEMS

More efficient measurements
with automatic test systems

R&S offers a choice of automatic test systems for all fields of
electronics: for development laboratories, final test, quality
control and service departments. The system size ranges
from small systems to processor-controlled distributed test
systems.

Examples of computer-controlled test systems with pro-
gramming capabilities and software tailored to BASIC are
presented on the following pages.

The last two pages of this chapter include also digital and
hybrid test systems using the higher programming language
ATLAS.

TRANSCEIVER TEST SYSTEM

Problem

Prebise and cost-effective measurement of FM and AM
transceivers - even of small batches - during production and
for incoming and outgoing inspection in small to medium-size
service workshops.

at.rËorrrated testing

The main fields of application for analog test systems are

Þ transceiver test¡ng for AM, FM, çM and SSB equipment
Þ impedance measurements from 10 Hz to 2 GHz
Þ fieldstrength and EMI/EMC measurements from 9 kHz

to 1 GHz
Þ radio receiver measurements

Each R&S Standard System for these applications is sup-
plied with a sophisticated, modular Basic Software Package
in BASIC, which allows the full use of the system after a very
short familiarization period.

Apart from measurements on the transceiver the test system
should also be able to check radio subassemblies.

Solution

The heart of the system is the highly intelligent Mobile Tester
SMFP 2 which performs all these measurements fully auto-
matically. This is accomplished by using the Process Control-
ler PUC running the sophisticated, modular standard soft-
ware package SMFP 2-K1 .

The results are available as graphics or in alpha-numerical
form from the Universal Printer PUD 2. The Programmable
Power Supply NGPU 70/10 provides for the required volt-
ages at programmable current limits. As the NGPU 70/10 is

equipped with automatically switched shunt resistors, the DC
voltmeter of the SMFP 2 can do current drain measurements
at optimal accuracy within the 3 current ranges.

Furthermore the SMFP 2 can control programmable trans-
ceivers for channel selection (3 d.igits) and for 9 single
functions per program. The test system may be extended by
the Signal Generator SMS for relay measurement or for
intermodulation and blocking measurements according to the
CEPT recommendations. Using a Signal Generator SMPC
as second signal source, other parameters such as adjacent-
channel select¡vity and common-channel rejection can be
measured according to CEPT.

lf required the test system is available built into a 19" rack or
into a test desk completely cabled and checked out.

Automatic test system
for AM, FM and qM transc€ivers

Transmitter tests
RF power and frequency
useful and spurious modul-
ation
modulation distortion
modulation sensitivity
side tone
current drain
options: adjacent channel
power, selective calling

Receiver tests
sensitivity acc. to S/N or
SINAD
S/N and SINAD ratio
bandwidth
mid{requency shift
squelch hysteresis
AF level
AF frequency response
AF distortion
image frequency and lF
rejection
desensitisation
current drain
options: relay measurement,
intermodulation,
dyn. adj. channel selectivity,
selective calling
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autclnrated testing

TEST SYSTEM TO CEPT TIR 17

Problem

All measurements on FM and cpM transceivers for land
mobile and fixed radio services in the frequency range 30 to
500 MHz as required by CEPT Recommendation T/R 17;
also measurements on SSB radio equipment.

nevT,

More information
on page 100

Test system
for transceivers,

in line with CEPT recommendations,
extended for

SSB and
two-signal measurements

TEST SYSTEMS 1
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Solution

The heart of the system is the Mobile Tester SMFP 2; it is
extended by the Modulation Analyzer FAM (also for SINAD
measurements), the Adjacent-channel Power Meter NKS (for
measurements of nonharmonic spurious signals and oscil-
lator reradiation), the Programmable Power Supply NGPU
and many auxiliary devices such as attenuator set, buffer,
relay matrix, etc. The system is controlled from the Process
Controller PUC completed with the Universal Printer PUD 2.

Two-signal measurements are performed using the Signal
Generator SMPC; th¡s also serves as the local oscillator for
the Adjacent-channel Power Meter and the Precision
Sideband Mixer ATS-SM. Sideband analyses on SSB equip-
ment up to 30 MHz are performed by the Programmable Test
Receiver ESH 3.

Basic software developed by Rohde & Schwarz for this test
system relieves the user from the measurements proper
even where the task is complex, e.g. with two-signal meas-
urements.

REFERENCE SYSTEM FOR TRANSCEIVER TEST

Problem

For transceiver measurements affording greater testing
depth and higher accuracy than those offered by the test
systems built up around the Mobile Tester SMFP 2, R&S can
propose a configuration of instruments of highest precision.
The basic equipment of the transceiver test system copes
with the following tasks: all measurements in the useful
channel on simplex and duplex equipment, relay stations
equipment with acknowledgement and data transmission
radio equipment.

Solution

ïhe following instruments from the comprehensive R&S line
are comþined into a high-quality measuring system:

Signal Generator SMPC (Synthesizer); Generator SPN for
the microphone voltage; Modulation Analyzer FAM for modu-
lalion measurement and determination of AF level, d¡stort¡on
factor and SINAD; Millivoltmeter URV 4 with 100-V insertion
unit (for 200 W for RF power measurement ahead of High-
power Attenuator RBU; AF Relay Matrix PSN for switchover
of AF loads and Power Supply NGPU 70l10.

The system is controlled from the Process Controller PUC
equipped with the Selective Call Encoder/Decoder for Data

ne\ t

Transmission PUC-89. The Universal Printer PUD 2 provides

a hardcopy record.

The basic software packet dedicated to this system is com-
patible with Basic Software SMFP 2-K1 , so the system can
easily be used as a reference for one or more SMFP 2 test
systems. By adding further measuring instruments in stages
test system complying with CEPTT/R 17 can be configured.

PUO 2

AF
output

SPN

S[/PC

URV
-z

Rzu

Transce¡ver

irpt¡

FAlvl 4

PSN
AF

load

PUC

NGflJ 7Ol10

Block diagram of reference system for transceiver test
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1 TEST SYSTEMS

STEREO-CAR-RADIO TESTER

Problem

Measurements on stereo car radios for final testing and
goods-inwards inspection, for example:

autoffrated Ëesting

Solution

The test assembly outlined in the block diagram affords a
time saving of about 45% in measurements on stereo car
radios against the measurement times of conventional semi-
automatic systems. The use of a video processor for check-
ing the digital displays, especially the search tuning indicator,
further cuts down on measurement time. The test data for the
display figures, letters and symbols between the process
controller and the video processor is transferred in compres-
sed form.

sensitivity
tuning error
image-frequency rejection

weighted and
unweighted S/N ratio
mono/stereo with FM

distortion mono/stereo
crosstalk attenuation
pilot-tone suppression

weighted and unweighted
S/N ratio: tape

distortion: tape
muting
muting treshold
AM suppression
AF frequency response with

tone control left, centre,
right

Video processor for computer-conlrolled display recognition and evaluation in
car-radio test (example)

S-PARAMETER TEST SYSTEM

Problem

Semicconductor testing and s-parameter measurement on
RF small-signal transistors or other active and passive
twoport networks In the range 5 MHz to 2 GHz..

O Measurement of the four s-parameters
O Testing of bipolar RF transistors, junction FETs and MOS-

FETs

O Measurement of diode RF characteristics

O Frequency-response measurement in range S MHz to
2 GHz

O Determination of s-parameters as functions of transistor
DC operating point

Solution

The Process Controller PUC uses the system software
(dialog mode) to control the Vector Analyzer ZpV with s-
parameter Test Adapter ZPV-25 and Sweep Generator SWp.
The result is output on Universal Printer pUD 2.

lf the test item connected to the ZPV-ZS requires a power
supply, the DC Feed Unit ZPV-26 serves the purpose. Two
Programmable Power supplies of the NGpV series can be
used to set the desired DC operating point (not shown in the
illustration).

ne\^r

mlct*E

l6t¡tø
(car radiol

Block diagram of automatic test system for stereo car radios consisting of
Generalor SPN 1 Hz lo 1.3 MHz, Signal Generator SMS 0.1 to S20 MHz,
Modulation Analyzer FAM, Power Supply NGPU 70/10, Process Controller
PUC and Universal Pr¡nter PUD 2

The system is handed over on a turnkey basis except for test-
item adaption, ready-wired in the rack and checked out,
documentation inclusive. The instruments are built into a test
cabinet or desk as required.

s-parameter tesl system
nevv

FTJC

Pt c€7
RJc.86

PUD 2

cÈ

SPN

w 70/ro

sMs

Mod. 6¡f,

FAM
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AUTOMATIC TEST SYSTEM FOR
USEFUL AND INTERFERING SIGNALS

Problem

Detection, (graphic) display and measurement (recording
with printer) of useful and interfering signals in the frequency
range 9 kHz to 1 GHz:

O Selective voltage measurement in laboratories and test
departments for generator, twoport and linearity meas-
urements

O Field-strength measurement using test antennas for the
determination of radiation patterns, propagation charac-
teristics and coverage

O Radiomonitoring (field-strength and remote frequency
measurements with different types of demodulation for
aural monitoring)

O Radio-interference measurements according to CISPR,
VDE and FCC and EMI measurements to MIL specifica-
tions and VG regulations

O Automatic measurement of directional patterns of ship
antennas

Solution

ln the presence of pulse spectra adequate measurement
accuracy is obtainable only with selective receivers or
measuring equipment because of the wide dynamic range
involved.

l{€,rsurpler'l ùf Êrùadir. lt¡t
¡ri llùrr(r!h.:it

dsuir I t¿rì ur,{ ø

TEST SYSTEMS 1

nc:vìt

IEC bus

-t

MSUP

q
--l

I'r

ø,øt ø .rJ3 ø, 1 çt,3 tO 3gtl}lz

Radio-lnterference measuremênt according to VDE, CISPR and FCC: rapid
peak and average mêasurements permit distinction of wideband and narrow-
band inlerfêrence. Only wideband interference near limit value is measured to
CISPR to reduce overall measurement time (approx. I min lor one phase of
power lead); l¡mit curves to VDE 0875 (grade N) and VDE 0871 (class B)

The VHF-UHF Test Equipment MSUP combining the Test
Receiver ESU 2 with the Frequency Controller EZK, the
Panoramic Adapter EZP and the IEC-bus Adapter ESU 2-24
is augmented by the automatic Test Receiver ESH 3 for 9
kHz to 30 MHz to form an IEC-bus programmable test
system for 9 kHz to 1 GHz. The ESH 3 takes a lot of load off
the IEO-bus controller (Process Controller PUC, on right in

the photo) thanks to ¡ts total automatic calibration, autorang-
ing, and automatic scanning with constant linear or logarith-
mic step size.

Connection ol lesl ¡lems and transd@ers
(probes, BF curr€nt probes,

Absorbing Clamp MDS, anlennas)

Block diagram of automatic HF-VHF-UHF system consisting of Test Beceiver
ESH 3, VHF-UHF TEST Equ¡pment MSUP, Code Converter PCW Artificial
Mains Network (LISN) ESH 2-25, Process Controller PUC and Un¡versal Printer
PIJD 2

Software Applications software is available for the control-
ler; it consists of

a) the MSUP basic software
b) a dialog program for preparing a graphics data set that

can be stored on tape or floppy disk for use in the
individual test programs. One or more graphics data sets
are produced before a test run for each program and
stored in one or more data files.

ne\ t

Automatic lest system
lor select¡ve measurement of

useful and interference voltages
in lhe frequency range

9 kHz to 1 GHz
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1 TEST SYSTEMS autoffrated testing

RF COMPONENT TESTER
ATS-COM

new

Problems

Measurements

on RF coils and RF chokes to determine inductance, self-
resonant frequency, Q at a particular frequency, and
internal capacitance

on capacitors of all types and specifically chip capacitors to
determine capacitance, Q and tanò at high frequencies

on materials to determine dielectric constant e, and relative
permeability ¡r,

Solution

TO CHOKE MEASUREMENT

The measurement philosphy of the RF-choke test system is
based on the analysis of parallel resonant circuits, the induct-
ance and Q of the test item being determined from the
measured resonance frequency and resonance peak. The
test item is connected in prallel with a known capacitance,
which is part of the test adapter. A second test adapter
without a parallel capacitance is necessary for measuring the
seltresonant frequency of the RF choke. The system soft-
ware contains test routines as well as calibration routines for
determining the specific test-adapter constants, including
those of user-made adapter employing the same measure-
ment technique.

RNA/5OrI RNA/5OO
ZPV-22

Block diagram of RF-choke test system

TO CAPACITOR MEASURE[/ENT

The measurement is based on the analysis of series reso-
nant circuits formed by the test adapter and the test item;see
block diagram below. The Q of the unknown capacitor can be
calculated from the circuit Q of the resonant circuit.

Reference path A Test path

zPv-21 zPv-22 zPv-21 adapter
test ¡tem

Block diagram of RF-component tester tor capac¡tors

RF-component testèr wilh tèst adapters lor Q and capac¡tance measurements
on ch¡p capacitors

CAPACTTOR TEST ZPV+XPC Tâ4./93b./a O FACTORss.1 ÊT 358,4 llHZ

t.t
t.{
1.:

t
.a

.¡

.q

.¡
0

+-{ 5

+-B

-45

Ltt0¡0
CâPAC T TANCE A.559 PF

180 ¡00 1000

MHz

Pr¡ntout of chip-capacitor measurement

TO MATERIAL-CHARACTERISTICS MEASUREMENT

The methods described above for capacitor and coil meas-
urements are employed to determine dielectric and magnetic
material constants respectively. The parameters of interest
are calculated from the measured results.

Specifications

(Shortform; typ¡cal values when using test-item optimized t€st adapter)
Frequencyrangeoftestsignal ..... 0.1 to 1000 MHz,

down to 10 Hz w¡lh option
lndudctancerangs . . .. .. 0.1 pH to >1 mH,

up to >1 H with oplion

Measursment range for RF chokes
O ...... .... 10 to 50
Enor^Q .... <10%
SelÊresonanlfrequency .. .. . . . . up to 500 MHz

Capacitancerange ...... 0.5pFto100nF,
up to 10 tF wilh option

Measuremenl rango for chip capacitors
Q(1/tan6) ... upto-10,000
EnorÂQ .... <15% at 10,000
Capacitanceoror^C .......... <1%
Tostfrequencyatc = 1 pF . .... . 800 MHz typ.

lanô measursmênt on tantalum elgctrolyt¡c capacitors and blocking capac¡-
tors (>100 nÐ
Frequencarango . . ..... 1 to 400 MHz

r.ossresisranc. ....... l8i,ii"too1kHzwith 
option

Enor^R . ........... 5%

Chip res¡stor
in identical
test adapter

Ana lyzer

zPv-21

XPC ZPV

30
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aLrÈclffraÈed testing

R&S SYSTEM RESPONSIBILITY

The standard test systems presented on the preceding pages
have been designed for the most frequent applications in the
respective fields.

The scope of delivery and support provided for R&S test
systems is explained below by some important items.

I ì¡r,;;.,,,¡ l:ilattttint;

Additional measurements can be embodied in a standard
system configuration by integration of appropriate instru-
ments or by modification of the software packet. The system
project worked out in close consultation with the customer is
laid down in a binding system proposal.

, ¡,;,lr,,¡1¡r: l¡icr¡l;triltI

Depending on their size, the test systems are built into
castered 19" cabinet racks or 19" desktop cabinets. Each
cabinet rack contains besides the measuring instruments at
least one blower providing adequate ventilation and an EMI
filter suppressing electromagnetic interference from the
power line. High-quality, usually double-shielded, cables are
used for system-related signal cabling.

Drawers for accessories, connector panels and flange-
mounted l9" working tops are available on request.

The photo below shows a system version for mobile use
wherein the inner 19" frame is connected to the outer shell
through shock-absorbing rubber buffers. - Rohde & Schwarz
also equips test vehicles and shelters for mobile use in any
climatic zone of the earth.

l-E.!,1-f 
' 

S YS 
'1"[ 

' lVl F, 1

liol tro¡a re

The software for the standard test systems is always
designed in the form of a modular basic software packet,
which allows fast and reliable preparation of test programs.
On request we develop dialog software packets for particular
measurement tasks and self-test software for a given
system.

i.iocu riier r t¡: i ii, r r

ln addition to the handbooks for the individual system instru-
ments R&S supplies documentation for complete systems
including hardware configuration and software.

: ììr,ì ir:r r ì ! ,:ti i iit rri

On request, R&S provides system training for operating staff.
Courses last one to five days and are conducteci preferably at
the head otfice in Munich. Courses on the maintenance of the
system units are also offered.

;.r.r,:ir,,\,r!)::t¡tì.rit,.,:

Following the system training, the acceptance test is per-
formed on one or more items proposed by the customer and
system performance is documented in a test report. After
delivery and installation of the system, an identical accept-
ance test is made on the same test items and laid down in the
acceptance test report.

'./ ìrr l,ii,,l

The test systems delivered are installed on site by R&S staff
Power line stabilizers can be provided on request.

,,r.i...

The guarantee stipulated in the R&S conditions of sales
normally covers the repair of any defective unit free of charge
in an R&S service shop within the guarantee period.

R&S offers maintenance contracts for support services going
beyond guarantee, such as on-site maintenance at agreed-
upon intervals even within the guarantee period. Contracts
can also be made for system calibration on site or at the R&S
calibration centre in Cologne.

Transceiver
Test System
ATS-TR 3
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1 TEST SYSTEMS

AUTOMATIC TEST SYSTEM TSR 6060

a Functional testing capability

O Diagnosis at component level

O 1o-MHz logic test unit

O Programmable adapter interface

O Universal switch panel up to 25 MHz

O Programming ¡n ATLAS

a Comprehensivesoftware
O Digital s¡mulator

E
nevv

Uses

Today automatic testing of electronic subassemblies and
modules for quality assurance in batch production, perform-
ance checking and fault diagnosis in large repair shops is
indispensable.

The lest system TSR 6060 from Rohde & Schwarz forms a
flexible system family with modular system components tai-
lored to the specific tasks.

Test system selection and functions

Function-oriented systems. The following function-
oriented assemblies can be set up for different fields of
application of main interest:

> Digital Station TSR 6061
Þ Hybrid Station TSR 6062
Þ RF Station TSR 6063

A wide line of hardware and software system components
permits the devices unter test to be given the checks required
accurately yet inexpensively.

Test-item connection. The test items are connected to the
test-item inteface via standardized adapters. The interface is
a junction panel with approximately 400 test-item connec-
tions.

The programming language (test language) for the test
systems is ATLAS (Abbreviated Test Language for All Sys-
tems) which has become the international standard for for-
mulating test instructions.

Hardware configuration of a test system

System elements. The test system hardware comprises
the following groups:
O computer and peripherals
O interfacing
O measuring instruments and signal generators (instrumen-

tation)
O switch panels O adapters

al.ttolrrated testing

Digital Station TSR 6061

¡

Computer and peripherals. The central controller is a
powerful 32-bit processor with 16 registers, a 1-Mbyte central
memory (extensible to 5 Mbytes) and an address capacity of
4 Gbytes.

The standard set of peripherals comprises a VDU (24 lines,
80 characters each or 14 lines, 132 characters each), control
unit (9 user-definable keys), operator console (typewriter
keyboard, separate numeric keys, floppy-disk unit (2 x 0.5
Mbyte), disk drive (fixed disk 121 Mbyte, removeable disk 10
Mbyte) and line printer (132 characters/line; 180 characters/
s).

lnterfacing. The measuring instruments and signal
generators are controlled via the IEC bus (lEG625-1 ;

|EEE488); due to its high data processing speed, the digital
test unit alone has direct access to the central memory via
the DMA version of the IEC bus. The l/O devices are driven
via the peripheral bus.

Measuring instruments and signal generators. Basically
there are three signal groups which require different proces-
sing: digital, hybrid and high-frequency signals. Depending
on the measuring instruments selected, the corresponding
function-oriented type of test system is obtained.

Digital signals are handled by the digital station which can
be extended in steps of 16 bidirectional channels up to a total
of 256. The channels can be switched from transmit to
receive or to tristate mode at full data rate (3 to 10 MHz).
Each channel has five auxiliary stores of 1 kbit each for
manifold functional modes. The digital station meets all
requirements for digital signals in accordance with IEEE 416-
ATLAS. lt generates logic signals with freely programmable
levels (-20 to +20Vl100 mA) and processes signals with
levels between -25 and +25V.

I
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Low-frequency signals are produced by power supplies,
AF signal or waveform generators and measured with the aid
of digital multimeters, distortion meters and analyzers.

Pulse-shaped signals are produced by pulse and waveform
generators and measured with the aid of waveform analy-
zers, timers/counters and spectrum analyzers.

High-frequency signals. The whole line of R&S measur-
ing instruments, including special test assemblies for com-
munication and navigation devices, dealt with in the following
chapters, is available for signal processing.

Switch panels. Three different types of switch panel are
available corresponding to the signals to be handled:

Hybrid switch panel. lt is of modular design and switches
either certain channels of the digital test unit or generators
and instruments to the test-item connectors. Up to 48 instru-
ment connections can be switched as required to 256 test-
item connections. The hybrid switch panel is a 50-O system
handling all AF and pulse signals up to 25 MHz and 1 A.

Power switch panel. lt connects the test item to the power
supplies. Voltages up to 500 V and currents up to 15 A can be
handled. Modular design permits lhe use of up to 9 power
supplies via 9 switching modules.

RF switch panel. This panel consists of four relay matrix
boards each comprising six RF switching relays. The connec-
tors are accessible from the front panel; frequency range 0 to
6 GHz; see also the RF Relay Matrix PSU, page 23,

Adapters. The modules can be connected to the central
system interface through an RF adapter or an AF adapter. All
signals of the test system up to a frequency of 25 MHz are
available - freely programmable - at this junction panel. No
further mechanical adaption is required for digital, analog and
hybrid modules. The shortest way of linking RF signals is
through the RF switch panel.

TEST SYSTEMS 1

Software configuration of a test system

The programming language and the available software are of
great importance for an automatic test system. The R&S test
system uses the internationally standardized test language
ATLAS as defined in IEEE standard 416.

Reaching beyond other programming languages, ATLAS
contains instructions which describe all signals required for
the test in an easily unterstood signal-oriented form.

s
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Programming example
in the têst language
ATLAS

s
001200 VE8¡fl, (FÂÊû ¡{!¡'åosrangsf¡eo'),¡C SIC{À! USr¡6 .fréor.ss-,

Orderdes¡gnallon.... .

D¡gital Stat¡on TSR6061
Hybrid Stalion TSB 6062
RF Station TSR6063

> Automatic Test System
360.01 16.02
360.021 6.02
360.0316.02

The ATLAS test programs are fully checked, also during
entry, through an incremental ATLAS compiler. Alterations
can be made at any time to a test program without renewed
compilation of the whole program.

The display unit of the system shows the number of the
instruction being processed at each moment, the last value
measured and the limit values ¡n the case of a comparison.
Special modes such as repetition of measurement, stop at
fault, stop at each test, printout of all values, manual test, i.e.
direct control by means of instructions entered, are possible
during the program run. A powerful digital simulator system
with automatic test program generation completes the soft-
ware concept.
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? RF GENERATORS

Signal generators

Rohde & Schwarz offers a complete line of signal generators
for the AF to SHF ranges covering 1 Hz to 12.5 GHz. The
line comprises solid-state mechanically tuned signal sources
with synchronization capability, synthesized generators of
finest frequency resolution and highest stability as well as
klystron generators for the highest frequencies.

All R&S signal gerrerators feature

O an easy-to-read and fine frequency adjustment,
o an extremely accurate and easy-to-vary output level and

O versatile modulation characteristics.

R&S signal generators have all the characteristics which are
required for use in development, production (test depart-
ment) and servicing over the entire range of low- and high-
frequency technology, permitting the performance of the
most diversified measurements and simulation of all signals
which are necessary for testing components, circuits, receiv-
ers and instruments of various types. The possibilities
include, for example, receiver tests for sensitivity, selectivity
and adjacent-channel characteristics. The comprehensive
modulation characteristics include stereo of highest quality.
Signal generators with high power output permit special
measurements such as intermodulation and crossmodulation
at high levels, driving of power stages and frequency multi-
pliers, etc.

Characteristics of RF signal

The application of a signal generator depends on criteria
such as

- frequency range and resolution,

- frequency stability,

- level range and resolution,

- harmonic content and

- modulationcharacteristics.

Another essential criterion is the signal quality with respect to
phase noise and
nonharmonic spuria.

A common way of phase noise evaluation is to indicate the
ratio of the SSB noise power per 1-Hz bandwidth to the total
signal power in dBc. A graphical representation of the noise
sideband shows especially well the corresponding charac-
teristic as a function of the spacing from the carrier.

signal gclnel.atons¡

The term nonharmon¡c spuria designates all the discrete
signals which occur at the output in addition to the carrier and
its harmonics. These spurious levels are indicated as relative
levels in dBc, i.e. referred to the carrier level.

The spurious FM yields further informalion on the spectral
purity. The spurious FM, i.e. the frequency deviation meas-
ured at a demodulator with a fixed bandwidth, is directly
related to the phase noise and the nonharmonic spuria. The
lower the phase noise and the spuria level, the lower is the
residual FM.

The requirements on spectral purity are especially stringent
for measuring the adjacent-channel characteristics on
receivers since the noise frequency spectrum falling within
the adjacent channel must not invalidate the measurement.
lf, for instance, an adjacent-channel selectivity (S/N ratio) of
80 dB is to be measured, the SSB phase noise of the noise
source must be below -135 dBc at the channel spacing.

Synthesized generators

These are signal generators whose adjustable output fre-
quency is derived from a single, crystal-referenced control
frequency. Generally, they differ from free-running
generators in their considerably higher frequency accuracy.

Basically synthesized generators can be digitally controlled.
Hence, they are particularly suitable for modems, keyboard-
oriented designs with microprocessor control and for use in
automated test systems, e.g. with IEC-bus control.

Regarding AM/FM modulation characteristics and output-
level adjustment and regulation they do not differ from free-
running signal generators. Several basic techniques of fre-
quency synthesis are possible:

1. Frequency generation by mixing

f1 lr-f2

12

The advantages of this method are the extremely short
frequency switching t¡me and the lack of problems when the
signal is modulated (FM, AM and SSB).

4 Filter
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signal genenaËons

2. Frequency division

The frequency division method stands out as
requiring minimum circuitry in the lower and
medium frequency range. \Mth this method
the spectral purity of the divided signal is
improved by the amount of the division factor
so that in this way particularly low-noise sig-
nals can be generated mainly in medium fre-
quency ranges.

RF GENERATORS 2

Low-noise synthesized generators
5 kHz to 1360 MHz: SMPC and XPC
The SMPC is a high-grade modern synthesized signal
generator featuring high spectral purity, outstanding modula-
tion characteristics and a wide frequency range with a resolu-
tion of 0.1 Hz. The low phase noise (-143 dBc at 100 MHz
and 20 kHz from the carrier) and the low level of discrete
spurious signals (-90 dBc) permit all receiver measure-
ments including exacting adjacent-channel measurements
even with narrow channel spacing.

Signal Generator SMPC

For the first time a synthesized generator with this high
degree of spectral purity features also AM, FM and gM
characteristics of maximum quality. The FM distortion of less
than 0.1% and an adjacent-channel crosstalk which is down
more than 56 dB permit measurements even on high-grade
stereo receivers to be performed.

For frequency response measurements, digital sweeping is
possible in the linear or logarithmic mode. The short fre-
quency setting time of 18 ms enables relatively high sweep
speeds and high test speeds in automatic test assemblies.

SMPC used as interterence source in two-source measuremenls on RT unit

f1

11 lm

3. PLL technique

f1 n'ft

Phase-locked loops have the advantage that they are largely
free from spurious responses since these are filtered out by
an AF filter in the control voltage path. When using suitable
dividers any integral frequencies can be selected, so the PLL
technique is ideal for generating the main frequency range of
synthesizers. \Mth a control response that is fast enough and
a suitable reference frequency particularly low-noise output
signals can be produced. Frequency modulation can be
transferred.

The disadvantages of the phase-locked loop lie in the limita-
tion of its transient response, in its unusability with amplitude
modulation and in the complex circuitry that is required if
frequencies are to þe selected with high resolution.

4. Computer synthesis

f1

\Mth this method a high-speed computer calculates at crys-
tal-referenced time intervals the amplitude the desired output
signal should have at the respective time. The numercial
values are converted into an analog curve via a D/A con-
verter.

The advantages of this method are the extremely fast phase-
coherent frequency switching, the high frequency resolutions
that are possible and the relatively simple circuit design.

For synthesized signal generators a combination of these
methods, depending on the particular application, is used.
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Synthesized generators

The Synthesizer Generator XPC is a high-quality source for
unmodulated RF signals. All the characterist¡cs of the CW
signal as well as the operation and remote control of the
instrument are identical with those of the SMPC. The XPC is
an economy-priced alternative to the SMPC for all the appli-
cations which require an accurate crystal-controlled fre-
quency, high spectral purity and precise level adjustment of
the unmodulated signal. The XPC can be generally used for
instance as a low-noise local oscillator (LO) or as a reference
source in noise test assemblies.

Synthesizer Generator XPC

Economy-priced synthesized generator
0.'1 to 520 MHz (0.1 to 1040 MHz)

The basic model of the Signal Generator SMS uses the
synthesizer principle to produce a signal in the range from
0.1 to 520 or 1040 MHz with 100-Hz resolution. The level-
controlled output signal can be universally modulated and
adjusted between +13 and -137 dBm in o 1-dB steps.

signal geneFatoFs

Program-controlled ÍÍequency measuremenl w¡th Signai Generator SMS, Pro-
cess Controller PUC and Millivoltmeter URV4

short setting time of 40 ms enables comprehensive measure-
ment tasks to be solved quickly by computer control via the
IEC bus.

Signal Generator SMK
10 Hz to 140 MHz

The SMK combines the characteristics of a conventional AM-
FM signal generator of highest quality with the advantages of
a state-of-the-art synthesizer.

The crystal-controlled frequency stability and accuracy with a
resolution ol 1Hz, an extremely small spurious FM (<1 Hz),
low SSB phase noise (-135 dBc aT 20 kH'z from carrier), a
high S/N ratio and excellent RF shielding are characteristics
which qualify the SMK for all the measurements required on
radio direction finders, RTs, shortwave receivers including
SSB equipment and sound broadcasting receivers. The SSB
test input of the SMK is of special advantage for intermodula-
tion measurements on SSB receivers. When applying fixed-
frequency signals, the SMK delivers an SSB spectrum cover-
ing the desired frequency range.

itlllil j _l_.j r¡!
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Signal Generator
SI\,4S

The good signal quality (phase noise -120 dBc al 20 kHz
from carrier with 1-Hz test bandwidth, wideband noise -145
dBc at 1 MHz from carrier) permits all receiver measure-
ments to be performed in the receive channel such as
sensitivity, modulation characteristics, selectivity, overload
capacity, etc. Most out-of-channel measurements, e.g.
desensitization and intermodulation suppression are also
possible with the aid of the SMS. Moreover the SMS is

suitable for a multitude of measurements on components and
modules and for use as a precise signal source in twoport
and impedance measurements. Complex impedance and
group delay can be measured in the frequency range from
0.1 to 1040 MHz in conjunction with the Vector AnalyzerZPY.
The settings are made rapidly and easily through the key
arrays, each setting can be varied quasi-continuously. The

The low FM distortion (0.02%) and stereo crosstalk (down 60

dB) make the SMK ideal for measurements on top-class
stereo receivers. DC coupling for external modulation
sources enables FSK modulation. FM and AM can be
selected independently at the same time. With FM and AM,
two-tone modulation ìs possible for intermodulation measure-
ments. Moreover, the SMK is suitable for swept-frequency
measurements with a sweep widlh of up to 500 kHz (like with
FM).

S¡gnal Generator
SI\4K
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signal genenatons

Mechanically tuned generators

A well-proven universal signal generator from R&S in this
category is the Signal Generator SMDU, covering the fre-
quency range from 15 Hz to 1.05 GHz. Most information
transmissions fall into this range: broadcasting from LW to
VHF, radiotelephony from SW to UHF, air navigation and
communication plus important lF bands for transmissions
above 1 GHz.

S¡gnal Generator SMDU (see page 66)

The SMDU carrier frequency is indicated on a seven-digit
frequency meter with a resolution of 1 Hz or 10 Hz, which
also permits measurement of external signals from 15 Hz to
525 MHz - up to 1 GHz using the frequency range extension.
The synchronizer option makes the instrument a synthesized
signal generator with a stability of 10-8/month. Thanks to the
good control action of the phase-locked loop, the high spec-
tral purity is maintained in addition to the synthesizer stability.

RF GENERATORS 2

This option permits checking of high-quality receivers which
require instruments of outstanding performance for testing
characteristics such as the dynamic adjacent-channel selec-
tivity, desensitization, crossmodulation and intermodulation
rejection. Further advantages are electronic fine tuning and
synchronized frequency settings corresponding to the stand-
ard channel spacings. \Â/hen synchronized, any frequency
can be adjusted and any common channel spacing covered
in steps starting with any frequency.

The level range of the Signal Generator SMDU starts at 0.1
pV EMF - the sensitivity limit of modern receivers - and
reaches up to 2 V EMF - the maximum test voltage for
components or the overdrive limit of receivers. The accuracy
of the RF output voltage, which is +0.5 dB typ. over the full
level and frequency ranges, corresponds virtually to that of a
standard. Any form of modulation (AM, FM or çM) may be
applied to the output signal, the harmonic distortion remain-
ing negligible even at large deviations and modulation
depths. The universal model 04 of this signal generator family
also permits testing of hifi studio and stereo receivers.

The SMDU is no conventional signal generator; it is also a
substitute for a digital frequency meter (15 Hz to 1 .05 GHz),
an AF generator and an AF voltmeter. Several different
models and options permit an optimum solution to be found
for each applicàtion (see overview on page 64).

The Adjacent-channel Power Meter NKScompletes the RT
Test Assemblies SMDU. lt measures the adjacent-channel
radiation of RT transmitters in compliance with national and
international standard specifications.

For measurements on receivers from LF to VHF - in particu-
lar on high-quality sound broadcasting receivers - the AM/
FM Signal Generator SMUV supplies test signals of the
highest precision and spectral purity.

The SMUV covers the frequency range from 10 kHz to 130
MHz and is ideal for measurements on SSB receivers.

Swept-frequency measurement on a bandpass f¡lter using the SMUVwith option
Sweep Oscillator SMUV-B5 and Sweep Unit SMLU-Z5

4C
Hz

500 MHz

100 MHz

MHz 1 MHz -lmkHz l0kHz 1 kHz 
^ 

+1 kHz +10[Hz *100kHz +] MHz +10MH,

Carier

10

-1

Signal-lo-no¡se ratio of SMDU carriers 100 MHz and 500 MHz at 1-Hz test
bandw¡dth
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The SMUV specifications regarding the frequency stability
and accuracy, the spectral purity and the spurious deviation,
the modulation characteristics, the level range and the level
setting accuracy are better than those of even very expen-
sive comparable units. Moreover, the SMUV is very easy to
operate: it offers rapid frequency selection, a single-range
attenuator with tuning knob and a counter that can be used
for external measurements.

Three models and five options permit matching the SMUVto
any specific application. ln addition to the excellent charac-
teristics as a signal generator for receiver measurements, it
also qualifies for a great number of other tasks.

A high-performance sweep tester can be assembled using
the option Sweep Oscillator SMUV-BS and the Sweep Unit
SMLU-Z, which permits swept-frequency measurements
both on narrowband test ¡tems (filters, bandpass filters, etc.)
and on broadband amplifiers.

The 2-W-Amplifier extends the SMUV to form a power signal
generator which is particularly suitable for interference meas-
urements. The Synchronizer SMUV-89 and the Crystal Oscil-
lator SMUV-B1 raise the frequency stability and accuracy of
the SMUV to synthesizer standard.

Klystron s¡gnal generators from UHF to SHF

A family of general-purpose signal generators delivering
high-stability signals is available for the microwave region.
The three instruments SMAI, SMBI, SMCI together span the
frequency range from 0.5 to 12.5 GHz. The output level can
be accurately adjusted from - 1 30 dBm to + 1 0 dBm; it is also
electronically levelled.

Their outstanding pulse-modulation characteristics make
these signal generators well suited for use a radar test

*;l:--T ;.l

' *.o,.li Tl

Signal Generators SMAI, SMBI, SMCI (see page 68)

signal gcrnclFatoFs¡

generators and for checking out DME, ATC and TACAN
equipment. Steep edges and carrier suppression by at least
80 dB ensure accurate simulation of radar pulses. FM and
AM are also possible.

Power signal generators

From VLF to SHF, R&S power signal generators provide

continuous coverage for the range between 10 kHz and 2.7
GHz.

Power Signal Generator SMLU (see page 70) used in test setup for crossmodu-
lation measurement

Together, the SMUV and SMLU cover the range from 10 kHz
to I GHz, delivering a levelled output power of 2 W (1 W).The
SLRD, covering 280 MHz to 2.75 GHz, is a power signal
generator for applications which require high levels and
stable frequencies; its maximum output level is 35 W. Ver-
satile modulation characteristics (AM, FM, pulse modulation)
and sweep operation permit universal use for a large variety
of measurements.

Signal generators for low frequencies

AF generators are used in many fields of instrumentation.
Various designs exist depending on the applications. The
most important criteria are frequency accuracy, output level,
level accuracy, distortion, switching speed and transient
response after frequency changing.

ln þroadcasting - particularly for hifi - signal generators with
low distortion and a relatively high output level are normally
required.
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The new Generator SPN is an optimum combination of
modern synthesizer and time-proven BFO techniques.

Generator SPN

The SPN design guarantees equally good performance in

ditferent respects: high frequency stability, low distortion,
high spectral purity and flat frequency response of the output
signal.

The SPN can be remote-controllgd via the IEC bus; this
makes it especially suitable for use in automatic test systems

- e.g. for AF distortion measurements using the difference-
frequency method.

Pr¡nciple ol Generator SPN

Difference-frequency method

Although distortion measurements can be performed with
low-distortion Wien-bridge oscillators, the difference-fre-
quency method is preferable, since the judging of non-linear
distortion depends on the response of the human ear. The
pitch and masking effects play an important part, besides the
sound pressure. Harmonics are less annoying than non-
harmonic difference and sum tones whicch are preceived
more intensely. Similarly, distortion at the upper end of the
audible frequency range irritates the listener although the
corresponding harmonics are imperceptible. Difference
requency measurements are technically preferable because
the inherent distortion of the two signal generators does not
affect the result, provided the test frequencies are selected
appropriately.

AF GENERATORS 2

AF d¡stort¡on measurement by thê d¡tference{requency method

Example : Difference-f requency measurement
using an LF generator

Due to its linear output impedance, the SPN is ideal for
difference{requency measurements (see above). Distonion
occuring in AF modules can be reliably detected. The method
has the advantage over conventional distortion measure-
ments that the available dynamic range is much greater
when an analyzer is used. The high frequency stability of the
SPN ensures good reproducibility and easy evaluation of the
measurements. The test item, e.g. an amplifier, is fed with
two signal of different frequencies (f1 and f2) and equal
amplitude at a frequency spacing Lf : f2-f1. The non-linear
characteristic of the test item gives rise to additional frequen-
cies at the output. The 2nd- and 3rd-order difference frequen-
cies are generally used for the measurement, the values
being Âf : Í2-n for the former, t2+ Lf : 2'12-f1 and f 1 -Af
:2f1-f2 for the latter.
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Higher-order difference frequencies appear as further spec-
tral lines at distances of Àf.

Second-order intermodulation distortion is

d, : -]/^=, where V¡1 is an rms voltage component and- Vou¡y' 2

Vou¡ the rms value of the total voltage at the output.

Third-order intermodulation distortion is:
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Generator sPN 336.3019.02

Designalion Type Order No.
(complete No.
see text)

2 TABLE

AF generators

Frequency ¡ange

1 Hz to 1.3 MHz

RF generators

Frequency rangg

Synthesized generators

10 Hz to 140 MHz

0.1 to J040 MHz

5 kHz lo 1360 MHz

5 kHz to 1360 MHz

0.1 to 2500 MHz

Mechanically tuned and synchronized generators

signal geneFato.s

X
X

Frequency
error

Frequency
eror

(cryslal;
synthesizer)

(crystal;
synthesize0

(crystal;
synthesizer,
1 x '10-8/day

(cryslal;
synthesizer,
10 MHz; 1 x 10 8/day)

(cryslal)

(1o-MHz crystal
wilh option:
1 x 10 8/monlh

10-MHz crystal:
x 10 8/month)

+o.syo
ext. freq. sync possible
model w¡th ALC

+0.5Yo
exl. freq. sync pÕssible
model w¡th ALC

:10.5%
ext. freq. sync possible
model with ALC

(10-MHz
1 x 10-s/

crystal;
monlh)

+2Yo

+2Vo

ext. freq. sync possible

Frequency Output level
resolulion/ EMF
indicalion

0.1 Hz, S¡ne: 1 mV to 10 V
Square: TTL level
Zour: 600/50/=5 O

0.025 pV to 2 V into 50 O
(-138.9 to +19 dBm)

0.03 pV to 1 V into 50 O
(-137 to +13 dBm)

0.016 pV to 1 V into 50 O
(-143 to +13 dBm)

0.016 pV to I V into 50 O
(-143 to +13 dBm)

0.7 FV to 707 mV
(-110to+10dBm)

0.05 pV to 0.5 V (10 V)
into 50 Q

0.05 ¡V to 2 V EMF
(-138 to +13 dBm)
50()

-130 to +10 dBm
50()
constant level +1 (1.75) dB

-130 to +5 dBm
50()
constant level +1 (2) dB

-130 to 0 dBm
50()

1 0-5/month
0-6/'c

Frequency Ouþut level
resolution/ EMF
indication

1 Hz,
9-digit
display

4-digit
display

1 00 Hz,
8-digit
display

0.1 Hz,
10-digit
d¡splay

0.1 Hz,
10-digit
display

'100 kHzld¡v

'1 MHz/div

1 MHz/div.

1 kHz,
6-dìgit
display

7-digit
d¡splay

7-d¡git
display

0.01 to '130 MHz

0.14 to 1050 MHz

0.5 to 1.8 GHz

1.7 to 5.0 GHz

4.8 to 12.5 GHz

Power signal generators

'r0 kHz ro 130 (40) MHz

25 to 1000 MHz

0.280 to 2.75 GHz

constant level +1 (2.5) dB

1 /10/100 Hz 0.5 to 10 V
(10 kHz to 40 MHz)
into 50 O

0.2 to 5 MHz/div. -13 to +33 dBm
(2 W) const. level;
50o

5 to 50 MHz/d¡v -50 to +45 dBm
(P.", = 35 w)

=1 
Vrms into 75 O;

0.77s1Q.7 Vms
link-selected

Noise generators

20 Hz to 50 MHz

1 lo 1000 MHz 0
0

kTo, 50 Q
kTo, 75 O

swP 339.0010...Sweep
Generator

Synlhesizer
Generator

xPc 337.5014.52

sN4PC 300_1000.52Signal
Generator

s[4s 302.4012...S¡gnal
Generalor

sMK 348.0010.02Signal
Generalor

sMcl 100.4613.13SHF Signal
Generâtor

sMBl 100.4607.13SHF Signal
Generator

UHF Sìgnal
Generalor

sMAl 100.4594.13

SMDU 249.3011...Signal
Generalor

Signal
AM/FM

Generalor

sMUV 301.0120...

SLRD 100.4194.02UHF Power
Signal Generator

SMLU 200.1009.03Power
Signal Generator

SMUVAM/FM
Signal Generator
+ Option SMLH-83

301.0120...

284.4210.50

SKTU 100.4688...Noise
Generator

suF2 282.8819.03Noise
Generator
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signal genclrators TABLE 2

AF generators

Ouþut
level

Remarks Text
on
page

synthesizer, IEC-bus-compatible;
swept-freq. op. possible

44

RF generators

Remarks Text

page

Synthesized generators

AM-FM signal generator,
2-tone AM, 2-tone FM, slereo-
compatible, SSB test signals

46

synthesizer, system-compatible,
IEC-bus-compatible,
extremely low-pricêd

particularly low-noise
synthesizer with excellent
modulation characleristics

synthesizer, IEC-bus-compatible,
digital sweeping, data retent¡on
in case ol AC supply failure

sweep generator with
excellenl narrowband
sweep character¡st¡cs

126

Mechanically tuned and synchronized generators

with opl¡ons: synchron. with 60
1-kHz steps, sweep oscillator,
2 W output power, suitable for stereo

six models available:
general RF measurements,
RT testing, avionics

exlension of frequency and pulse
modulation character¡stics
using modulalion unit

Power signal generators

remote conlrol via IEC bus
using Code Converter PCW;
sweeping possible

Noise generators

generator for white, pink,
lr¡angular noise and program
replacement signal

338
(App.)

on
Ouþul
level

gl7or

+0.2/t0 dB

enor

+1.5 dB

+1.5 dB

+1.7 dB

+ 1.7 dB

+2 dB

+1 dB

11 (2) dB

+(0.1 dB +0.005
dB/1-dB step)

+(0.1 dB +0.01
dB/1-dB step)

+(0.1 dB +0.015
dB/1-dB step)

+t dB

+0.12 dB/s dB

+(1 dB +0.05 dB/dB)

:!0.5 dB

frequenry mod.;9M = phase

50

54

58

64

68

60

70

74

skale calibration
in lerms of noise
figure F and F¿g

(1 Hz to 100 kHz)
(100 kHz to 1.3 MHz)

15 ms>70 dB
>54 dB

Svitching timeHa¡monic
d¡slort¡on

245x154x
349

Dimensions
ín mm
(WxHxD)

AM: 0 to 95%
FM: 0 to 125 kHz
qM: -

20 l1z to 20 k,-1.z

20 Hzlo 2Q kïz
20 Hz to I kHz

400 Hzll k{z
4OO Hzll kqz

AM: 0 to 100%
FM: 0 to 500 kHz

5 lrequencies
5 frequencies
3 lrequencies

20 Hz
20 Hz
DC to

(DC) to 20 kHz
(DC) to 100 kHz
3 kHzSweep: 0 to 500 kHz

AM: 0 to 80%
FM: 0 to 10 MHz
Pulse:

0 to 10 kHz
0 to 100 kHz
10 ps

'1 kHz squarewave

AM: 0 to 99%
FM: 0 to 1600 kHz
qM: 0 to 200 rad

10 Hz to
10 Hz to
10 Hz to

50 kHz
100 kHz
3 kHz

10 Hz (DC)
10 Hz (DC)
10 Hz to I

to 50 kHz
to 125 kHz

kHz

470x162x
483

470x 1 6.ìx
469

470x162x
469

345 x 206 x
370

349x206x
462

pulse: '100%

FM: 0 to >8 NlHz
AM: 0 to 70%

up to 1 MHz
1 Hz to 10 MHz
2 Hz to 100 kHz

1 kHz square-
wave

pulse:100%
FM: 0 to >500 kHz
AM: 0 to 70%

up to 250 kHz
1 Hz to 10 lvlHz
2 Hz to 100 kHz

'1 kHz square-
wâve

pulse: 100%
FM: 0 to >100 kHz
AM: 0 to 70%

1 kHz square- up to 200 kHz
wave '1 Hz to l0 MHz

2 Hz to 100 kHz

rpM: preemph. 50/75 trs

0 to 150 kHz 0 to 150 kHzAM: 0 to 98%
FM: 0lo 1 MHz

AM: 0 to 987o
F¡/1: 0 to 100 kHz

1 kHzl OO Hz 0 to 100 kHz

492x296x
434

492x205x
514

484x283\
512

484x283x
512

484x283x
512

Alt¡l:
FM:

1

1

kqz
kqz

98%
kHz50

30 Hz to 20 kHz
30 Hz to 20 kHz

0to
0to

1 kHz square- 0 to 100 kHzpulse
wave

AM: 0 to 90%
FM: 1 subrange

1 kïz (70%) 10 Hz to I kHz
0toBkHz

484x328x
512

484x 1 94 x
436

492x205x
514

470x 1 95 x
260

210x118x
349

+0.5 dB 75
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An optimum combination of time-proven BFO and modern
synthesizer techniques, the Generator SPN offers at once
high frequency stability, extremely low distortion, high spec-
tral purity and flat frequency response of the output signal.

Applications

The Generator SPN can be operated manually as well as via
the IEC bus, so it finds wide-spread use in many fields such
as

acoustics
hifi technology
development and production
research and training
servicing of AF equipment
automatic test assemblies

There is also a large numþer of other fields in which accurate
frequencies are required, for instance in telemetry and phys-
ics or in mechanical control processes. ln addition, the out-
puts of two SPN generators can be connected in parallel for
measuring non-linear distortions.

Test assembly using SPN
for compuler-conlrolled measurement of components

signal geneFatons

Characteristics

Ease of operalion. The built-in microprocessor makes the
generator an intelligent unit which is easy to operate and to
program. Manual settings are made by pressing the keys first
for the numerical value and then for the unit. Quasi-continu-
ous settings are possible with the rotary knob.
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600 o

Â
Loc lltlz P0vttR

Keyboard of SPN affording great ease of operation

Storage capability. The SPN is able to store five complete
setups (memory addresses: 1 to 5). The RCL key permits
both complete setups and individual frequency or level set-
tings to be recalled.

Frequency, State-of-the-art synthesizer technology
ensures crystal-referenced output frequencies from 1 Hz to
1.3 MHz with a frequency setting time of only 15 ms. The
short setting time is important in computer-controlled test
systems with a high measuring rate or for the generation of
tone sequences such as those required for measurements
on selective calling equipment. The frequency entered via the
keyboard is read out on the display in five digits (smallest
resolution: 0.1 Hz) with a floating decimal point. The fre-
quency can be varied quasi-continuously using a rotary knob.
The SPN otfers another convenient way of frequency varia-
tion by frequency jumps with selectable step size and by
calling up the standard octave and third-octave sequences.
Logarithmic frequency variation is possible by entering a
multiplication or division factor between 1.00 and 2.00.
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a Compact, economy-priced generator with wide frequen-
cy range

O High frequency-accuracy (synthesizer)

O Wide output-voltage range, outputs for sinewave and
squarewave signals

O Low distortion

O Switch-selected output impedance: 600/50/:5 O

O IEO-bus-compatible, swept-frequency operation (lin/log)
possible

O Maximum stability with external reference frequency
(1 MHz)

SPN GeneratorSPN I 1Hz to 1.3 MHz

7 I I

ô

t 2 3

0 c
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Output level (sinewave output). Adjustable between 0.1 mV
and 10 V with smallest resolution of 0.01 mV (depending on
output impedance selected). The output level is read out in
three digits with a floating decimal point on the level display
(in V, mV, dBV or dBm). The output level entered can also be
varied quasi-continuously or in steps and it can be converted
from one unit into another simply at the push of a button. The
maximum output EMF is 10 V,.".

Distortion is as low as 0.03% in the frequency range from 50
Hz to 100 kHz, so that the SPN fulfils the most demanding
requirements of the audio-frequency range.

Output level on/off. The level is switched off by pressing
the illuminated R¡ key and switched on by pressing one of the
dark R¡ keys.

AF GENERATORS ?

Specifications

Fr€quencyrange....
Frequencysetting ....

Display .

Resolution
at I Hz to 1.3 kHz

1.3 to 13 kHz . .

13 to 130 kHz . .

1 30 to 1300 kHz

Oulputs .. .. ..

Sine output
Levelsetting .

Display.....
Resolution .. .

OuÞut EMF, rms

Output impedanc€,
sw¡tch-selected .. .

Conneclor
Levelolf .

Distortion
1to50Hz, 10V.....
50 Hz to 100 kHz, 10 V
0.f to 1.3 MHz, 10 V .

Harmonics
1Hzto100kHz.....
0.1 to1.3MHz......

Enor of output EMF
at300mvto10V ...

10to300mV.....
1to10mV.......

General dala
Ralôdtemperalure range .

Storage lemperature range
AC supply

D¡mensions,weight .....

Ordering information

Orderdeslgnatlon.........

Accessoriessupplied .......
Recommended extras
Opt¡ons:
BalunSPN-ZI .......
1g'AdaplerzzA-z3 ..

1 Hz to 1.3 MHz
keyboard entry
s-digil readout

0.1 Hz
1Hz
10 Hz
100 Hz
15 ms
<1 x 1o-s/month
<1 x 10-6/ "C

separale outputs fors¡ne and square-
wave signals

keyboard entry
3 d¡g¡ts wilh un¡l V, mV, dBV dBm
0.1 dB
1 mv to 10 v (4u : 600 and 50 o)
0.1 mV lo I V (Zd -5 O)

600, 50, =5 O
BNC female
by pressing R¡ keys

<0.05%
<0.03%
<0.2o/o

>70 dB down
>54 dB down

<+2o/o
<+3Yo
1+5o/o

lEc 625-1 /|EEE 488
24-way Amphenol
T6 talker
L4 lislener
RLi remote/local
DC1 device clear
SRI serv¡ce requesl

+5 to +45"C
-40 to +70'C
100 I 120 I 220 I 240 V +'l oyo,
47 lo 63 Hz (55 VA)
245 mmx154 mmx349 mm, 6.5 kg

> Generator SPN
336.3019.02

power cable

265.4319.02
078.8397.00

BNC male with c€axial cable
4 mm knurled terminal
30 Hz lo 100 kHz
3.16:l = -10 dB (+0.f dB)
r5r¡
150 O up lo open circuil
<0.2% (for source voltage 10 Vrcms
and l" = 59 9¡
83 mmx130 mmx105 mm, 1.5 kg

9L

o,2

0,05

0.03

0,001 0,01 0,1 kHz 1

Guaranteed distortion limits for maximum output EMF of 10 V.s (k:d¡slortion)

!1r,,,:1 :'rr r',i;:¡r, . The impedance of the sinewave out-
put can be selected between 600, 50 and approximately 5 O
at the push of a button and thus be matched to the standard
system impedances. The output impedance is linear and
real, allowing the sinewave outputs of two SPN generators to
be connected in parallel.

',i rlr;11,,'.i\_/iì ortlrr.lt. ln addition to the sinewave output, an
output with a squarewave signal of the same frequency is
available for driving digital circuits as well as for other
measuring tasks; output level: TIL, positive.

I .. ir:r¡:¡,i :,\1,/(trr.rl, jrì\1 The generator frequency can be
swept in linear or logarithmic mode over the entire frequency
range or certain subranges - required sweep voltage 0 to
1.3 V. The logarithmic conversion is done internally. The
sweep range is from 1 Hz up to the upper range limit which
can be selected and is indicated on the display.

Range 1 Hz to 1.3000 kHz .t 1 Hz to 130.00 kHz
1 Hz to 13.000 kHz 1 Hz to 1300.0 kHz

i,i:,r,,ir., ,rrrit,;i. All settings of the Generator SpN can be
made remotely. The short programming time makes the SPN
suitable for use in automatic measuring assemblies and test
systems.

i!;;rlrri (option). Used for feeding
balanced line systems or amplifiers
and for eliminating hum pickup in test
setups. Stepdown transformation, so
low internal impedance (=15 O).

Frequency response flalness of output EMF
at1Hzto9,999kHz ........... <+0.5% coresp. to +0.05 dB

10kHztol.3MHz .. . <+0.5% conesp. to +0.05 dB
1 Hzto 1.3 MHz . . . . . <+1o/o coresp. to +0.1 dB

Spurious signals >70 dB down from 1 Hz to 700 kHz
>65 dB down from 700 kHz to
1300 kHz

Squarewavêoutput. . . . . . . . . . . . . . TTL levels, posit¡ve
Fan-out . ............ 10
Connector ... BNcfemale

Ref.output/input . ...... I MHz, Tfl-signal,o.AtoZ V, >S0O O

Sweêpoperatlon ....... w¡thexlernalsignalinlinearor
logar¡thmic mode, switch-selected

Linear sweep range
1Hzto.. ....1.3kH2/13kHz/l3okHz/1.3MHz
Sweepvoltagè ....... 0to1.3V/10kO
Sweepfrequency ..... 0 to 10 kHz

Progremmlng
System .....
Conneclor . ..
lnterlace funclions

Specifications of Balun SPN-21

lnput connector
Oulput conneclor
Frequency range
Open-c¡rcuitlumsrat¡o .. . .

lmpedance
Permiss¡ble load impedancê
Distorlion

Dimensions,woight ......

SPN-21
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Characteristics, uses

The Signal Generator SMK is a fully programmable AM-FM
synthesized generator covering continuously the frequency
range from 10 Hz to 140 MHz. lt contains AF sources for
internal modulation and frequency sweeping.

These features as well as its frequency resolution, signal
quality and modulation capability qualify the Signal
Generator SMK for all measurements on shortwave receiv-
ers - including SSB equipment - and on AM and hif¡ FM

sound broadcasting receivers. Stereo crosstalk for
instance is down 60 dB.

The SMK is extremely convenient to operate and protected
against incorrect settings, see righthand column. Levels can
be set in ¡rV, mV, dB¡rV and dBm as well as in dBf (reference:
femto watt : 1O-1s W). Moreover, a comprehensive self-test
of the synthesizer functions is possible; any errors are read
out on the display.

dBc

-1 10

-120

-1 30

-1 40

-150
0,r 10 100 kHz 1000

Âfs6¡+

Typical valuês of SSB phase noise, f = 120 MHz

signal gclncl.atons¡

Thanks to the programmability of all functions via the IEC
bus (lEC 625-1 and IEEE 488), the SMK can be used in
semi-automatic or fully automatic test assembl¡es.

Ease of operation

O Clear arrangement of the front panel by splitting up the
keyboard and display into sections for frequency, modu-
lation and level.

o Keyboard entries in the normal order - numerical value
plus unit.

o Direct digital readout, high resolution and automatic shift
of decimal point.

o Easy variation of all settings; freguency, 4_odulation and
level can þe varied with the fi and $ keys. The
settings are changed either in single steps or rapidly by
holding the key down.

O Upward or downward change of frequency in steps of any
size using the Àf kHz keys.

O The level can þe read out in any of five units.

a Stored settings: Whenever the modulation, the level (RF
OFF) or the instrument itself is switched otf, the settings
remain stored and are read out automatically upon power
up. lndependently 40 instrument settings can be stored in

the nonvolative memory.

o lncorrect entries are not accepted by the instrument; the
display section involved blinks to signal an erroneous
setting.

a
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I 10 Hz to 140 MHz
a High frequency stabil¡ty and resolution (1 Hz)

O Low spurious FM: <1 Hz in accordance with CCITT
O Output level 0.025 pV to 2 V into 50 Q

O Large variety of modulation modes: 2-tone AM, 2-tone
FM, AM+FM, AC/DC

O Low modulation distortion (0.02% with FM)

a lnput for generat¡ng SSB test signals

O Nonvolatile storage of 40 instrument settings

O IEO-bus-compatible for all functions

SMK SignalGenerator SMK

lEG62SElus
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Technical data

Frequency. The frequency range covers 10 Hz to 140
MHz. The high resolution of 1 Hz permits measurements on
SSB receivers and narrowband test items. lnstead of the
internal frequency standard, an external control frequency of
1, 5 or 10 MHz can þe used.

Level. The output level, which can be set in 0.1-dB steps
from - 138.9 to + 1 I dBm, is read out in four digits in ¡.rV, mV,
dB¡rV, dBm or dBf. The level can be varied in steps of 10 dB,
1 dB and 0.1 dB. The 0.1-dB level variation is carried out
without interruption of the RF level over a range of 20 dB, a
characteristic that is indispensable for squelch measure-
ments.

Spectral purity. The output signal is of high spectral purity.
The nonharmonic spurious signals (including power-related
and microphonic spuria) are typically down more than 75 dB
from the carrier level. The SSB phase noise at 20 kHz from
the carrier is 135 dBc down for a bandwidth ot 1 Hz. Thus the
spurious FM remains extremely low, being <3 Hz for a test
bandwidth of 30 Hz to 20 kHz. Thanks to this high spectral
purity, the SMK can be used for all critical adjacent-channel
measurements and measurements on SSB receivers.

Signal quality close to carr¡er (suppression of hum and microphonic sidebands);
resolulion: 100 Hzid¡v., l0 dB/d¡v.

Modulation. The Signal Generator SMK provides low-dis-
tortion, broadband AM and FM, both modes being adjustable
in fine steps. The versatile modulation capability includes 2-
tone AM, 2-tone FM, simultaneous AM and FM, sweeping
with internal or external deflection signal as well as AC and
DC coupling for all modulation modes.

To connect e)dernal modulation sources, the SMK is fitted
with two inputs for AM and for FM. For 2-tone modulation and
simulteneous AM and FM, either the internal and an external
or two external modulation sources can be used. AM and FM

RF GENERATORS 2
can be adjusted independently even with simulteneous AM
and FM.

Typical FM harmonic distortion at 100 kHz dev¡ation and ffrd:1 kHz; resolution:
500 Hzldiv., 10 dB/div.

(lnternal) modulation generators. The internal SMK mod-
ulation sources are provided by

> a generator producing low-distortion sinewave signals of
150/400 Hz,113115 kHz and

) a generator producing linear triangular sweep signals of
3/30/100 Hz.

External modulation/coupling. One modulation input
each for AM and FM (AM1 and FM1) is equipped with
automatic level control. This level control facility ensures that
the frequency deviation and modulation depth remain within
the specified tolerances over a wide range of the modulation
rms voltage (between 0.5 and 2 V).

The AM modulation input AM2 is DO-coupled, the FM modu-
lation input FM2 can be switched to AC or DC coupling.

Pilot tone input FM3. A separate pilot tone input permits
variation of the stereo signal deviation while holding the pilot
tone constant.

AM DC. The AM DC mode permits voltage-controlled varia-
tion of the signal amplitude. lt is used when the signal
generator is to be operated in an ALC loop with an external
probe.

FM DC. DC coupling is required for FSK modulation. A
further application in conjunction with the Vector Analyzer
ZPV is the determination of crystal resonances in a test
assembly which is self-tuning with the aid of a phase-locked
loop. DC coupling permits sweep operation with an external
triangular or sawtooth voltage. W¡th FM DC an internal fre-
quency counter ensures correct frequency indication; the
frequency can be read out via the IEC bus.
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SMK Signal Generator

1'ì\1eep. Sweeping can be controlled either by the internal
triangular signal source or by an external signal via the FM2
input with DC coupling enabled. ln both cases, the sweep
width (max. +500 kHz) can be selected from the keyboard.

Uses. Thanks to the extremely low spurious FM of the SMK
and its high frequency stability, sweeping of crystal and
ceramic filters with extremely steep skirt selectivity is possi-

ble in addition to sweeping of tuned circuits, FM demod-
ulators, lF amplifiers or lF filters.

l.irri a:rici ;{M r:l¡:iracteristics. Thewide FM range upto100
kHz with small phase rotation permits high-quality stereo
modulation plus transmission of the 57-k{z auxiliary carrier
for traffic radio identification. With an inherent distortion factor
of less than 0. 1 %, the SMK is ideal for all distortion measure-
ments on VHF receivers. Amplitude modulation is possible
without restriction down to the lowest carrier frequency. Thus
measurements in the low-frequency and AM-lF ranges can
albo be performed with full capability. The extremely low AM
distortion of typically only 02% permits measurements on
high-quality AM receivers.

Typical AM distorlion with m = 80% and f,6 : 1 kHz

:;ì: ,t,,i j,rr,r,i A -20-dBm signal of 40 MHz +fnrapplied
to the test ¡nput is converted to the set output level and the
set carrier frequency f""u¡", tf¡¡. lntermodulation measure-
ments on SSB receivers, which normally require two com-
plete signal generators, can be carried out with a single SMK
by applying two signals in the vicinity of 40 MHz to the test
input.

i:ìÊlf-tesl The most ¡mportant functions of the frequency
synthesis are continuously monitored during operation.
Errors are signalled on the display and an error message is
output via the IEC bus.

signal genclFatcrFsi

Specifications

Frequency

Display .

Enor ...

Setting time (atter rece¡v¡ng
lasl character v¡a IEC bus) .

Fìelerencefrequenq .....

lntemal reference oscillator
Crystalaging
Temperatureeffecl ....
Warmup time

Oulput/input for inl./e)d.
referencefrequency .. ...

Output voltage w¡th ¡ntemal
relerence
lnput voltage w¡th êxtémal
refemce .

Oulpul level
Level range for CW and FM

lorAM ......
Levelunitsd¡splayed .. .....
Resolution -

Range ol variation w¡thout
interruplionof RFlevel .. ....
Total error of RF level
(including rrequency response)
Frequency response flatness .

Output impedance
VSWR ..
Levelsw¡tchoff (RFOFF) . ...

LevelatRFoutput2 .........
Speclral purity
Harmon¡cs
Nonharmonicspuria .........
Microphonic and power-related
spuria ..
Noise relened to I -Hz bandwith
(see also diagram on page 46)

SSB phase noise
2okHzlromcarrier ........

5 kHz from canier
Wdeband noise
>2MHzlromcanier .......

Spurious FM (rms)

10 Hz to 140 MHz
from keyboard, smallest step I Hz,
stepw¡se or @ntinuous variat¡on (see
"Ease ol operation", page 4ô)
g-dig¡t readout (LCD),
resolution I Hz
same as rêference frequencl
(+l digit lor FM Dc)

<40 ms (lo w¡thin 100 Hz lrom final
frequency)
from inlernal reference oscillator or
extemal source
standard opÌion SMS-BI
<2 xlo-8lday <2 x lo-s/day
<1 x 10-6/"C <2 x 10-s/"C
30 m¡n 15 m¡n

common female conneclor,
f,"r I MHz/S MHz/10 MHz
(intemally selecled)

TTL level

>100 mV, sinowave or TTL level

-138.9 to +19 dBm
(0.025 pV to 2 V into 50 O)
-138.9 to +13 dBm
(0.025 ÉV to 1 V)
mV, ¡rV, dB¡rV dBm, dBf
0.1 dB

10 dB (20 dB w¡th special function)

<+1.5 dBr)
<1 dB
50 O (BNC female connector)
<1.2 (level <3 dBm)
swilchover to minimum oulput level:
oulput ¡mpedancê remains
unchanged
50 mvt) (for CW and FM)

down >30 dBc, lyp. >36 dBc
down >65 dBc, typ. >75 dBc

down >65 dBc, typ. >75 dBc

down >130 dBc, typ. 135 dBc
down >125 dBc, typ. 130 dBc

dow >140 dBct) (for CW and FM)
<1 Hz
<3 Hz

(cclTr)
(30 Hz ro 20 kHz)

48
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Modulatlon
Modulalion modes

2-toneAM

z-tone FM

AM+FM.....,
lntemal modulation

¡ntemal: AM, FM and sweep
wilh |riangular signal

ext€mal: AM AC/DC, FM AC/DC
AM INT + AM EXT (AM2 connector)
or
2xAMEXT(AM1 andAMz
connectors)
FM INT + FM EXT (FM2 conneclor)
or
2xFMEXT(FM1 andFM2
connêclors)
any combination of AM, FM, exl., inl.
sinewavs I 50 Hz, 400 Hz, I kHz,
3kHz,15kHz;
slfeep 3 H2,30 Hz, 100 Hz
<.0.1o/o
AM 1, FM 1 on lront panel;
EMF: 1 Vsinewave, +5 V sweep;
Zm=600O

AM 1, FM 1 on lronl panel,
AM2, FMz, FM 3 on rear panel;
¡nputs AM 1 and FM I prov¡ded with
ALC
600 o (4M1, FMf ), 10 kO (AM2, FM2,
FM3)
0.5<V<2VforAMl,FMl;
l VforAM2, FM2, FM3

20 Hz lo 100 kHz
DC to 3 kHz

<0.2 dB (20 Hz to 100 kHz)3)
0.05 to 500 kHz
0.05 kHz
0.5 kHz
2kHz
<3% ol sel value or 10 Hz

Sweeplng
lntemal kequenciss
S\reepwidlh ... ..
Resolulion.......
Swepl ouþut signal

lnput for SSB t€t slgnals
Frequency.
Levêl .. -

Thiróordgr inlemodulalion
products with lwo ¡npul signals

d3 in sideband wilh J3E . . . .

d3/^l >30 kHz

Programmlng and data output
System ..
Conneclor
lnterface functions

3/30/100 Hz
0.05 lo 500 kHz
same as for FM
+5 V triangulat
at female connector FMI

40 MHz +Al (Àf <500 kHz)
-ã) dBm for set output level:
lower level values yield conespondingly
lower ouþut level values

down >60 dB
down >60 dB

rEc 625-1 (|EEE 488)
24-way, ¡¡p¡sno¡
T6 basic lalker, serial poll,

unaddress if MLA
L4 basic listener,

unaddress it MTA
SRl seMce requesl func{ion,

complete capability
RL1 remole/local function,

complete capabil¡ty
DCl device clear funcl¡on,

complete capabil¡ty

+5 to +45"C
-40 lo +70"C
1 00 I 120 I 220 I 240 V + 10yo,
47 to 420 Hz (1 10 VA, 95 W),
safety class I to VDE 041 1

¡n accordanc€ wlth VDE 0871
(spurious rad¡at¡on and ¡nlerference
on connecting cables) and VDE 0875
(lim¡t valuês of rãdio ¡nterfêrence
grade K)
shock-lestêd in accordance wilh
DIN 40 046, Part 7 (30 g, 1 1 ms), and
vibralion-tested in accûrdance with
DIN 40046, Parl I (1 1 to 55 Hz, 2 g):
conesponding to IEC Publications
68-2-27 and68-2-6
347 mmx206 mmx462 mm, 20.5 kg

> Signal Generalor SMK
348.00r0.02

power cord

302.891 8.02
3Ír5.0716.02

Þdemal modulation
lnputs

lnpul impedance

lnput level (Vm)2)

Frequency modulatlon
Modulation lrequency range

lor FM EXTAC
lor FM EXT DC

Modulation frequency response
llatness .

Frequencydev¡ation setting . . . .

Resolulion upto 10 kHzdev.
up to 100 kHz dev.
up to 500 kHz dev.

Deviation eror
D¡storlion (dev¡ation = 100 kHz)

forf'6= l kHz ............
forl6 = 1gg ¡1' 1o 2OkHz . . . .

DistoÉ¡on lor stereo
(deviat¡on = 40 kHz) .

Stereo crosstalk
(devialion = 40 kHz) .

Unweighted S/N rat¡o
Steroo (,lO kHz deviation, 50 Fs) ,

Mono (40 kHz deviat¡on, 50 ps) .,

Praemphas¡s (switch-selected). . .,

lncidental AM on FM
(lnø: I kHz, dev. :40 kHz) . . .

Frequenry enor
Ouþuts . ... ..

Ampl¡tude modulat¡on
Modulation f reguency range
forAM EXT ....2OH2 (DC) to ZO kHz
Modulalion frequency response
flahess for20 Hz to l0 kHz . . . . . . . <1 dB, typ. 0.3 dB
Modulationdepthsetting ......... 0.5 to 100%

Resolution ... O.5%
Enoruplom =80%. - ... 15o/o of set valuel)
Distortion for m = 80% and fm = I kHz

up to 2 MHz . . <0.5o/o, F1p. o.2%
above 2 MHz . <1o/o, typ. O.4Y"

SpuriousAM(rms) ...... <0.01% (CClTr)

hc¡dentar qM for m = 30% 
<o'o2o/o (3o Hz to 20 kHz)

andlnod=1 kHz... ..... <0.1 rad

General data

Rated temperature range .

Slorage temperalure range
AC supply

<0.05%, typ. 0.02%3)
<o.2v"

<0.1 % for 1 kHz AFr)

down>45dBat 40Hzto15
down >56 dB at 500 Hz to 10

RF leakage

Shock and vibration resistance

D¡mensions, weighl

Ordering information

Orderdeslgnation.........

Accessoriessuppl¡ed .......

Optlons
Referênce Osc¡llator SMS-Bf . .

Overvoltage Proleclion SMK-83

kHf)
kHf)

>70 dB (CClR, unwe¡ghlôd S/N ratio3)
from 30 Hz to 20 kHz)
>76 dB (CClR, unwe¡ghtod S/N ratio3)
from 30 Hz to 20 kHz)
50 ts;
75 or 750 ps can bo link-selected

<O,2Io al canier lrequency >10 MHz3)

Vvlen level VAR readout ¡s 0 dB.
lnpul lovel required lor specified accuracy
Wlh FM AC.

t)

It)
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2 RF GENERATORS

Characteristics, uses

\Mth its excellent characteristics the Signal Generator SMS
meets all the exacting demands that can þe made on a
general-purpose signal generator of the latest state-of-the-
art. The synthesizer techno¡ogy ensures crystal-controlled
and stable output frequencies with 100-Hz resolution and
negligible spurious modulation. At 20 kHz from the carrier the
signal-to-noise ratio is about 120 dB (1-Hz bandwidth).

The compact SMS is easy to carry and also suitable for
mobile use. Thanks to a number of option, inexpensive
adaptation to various applications is possible.

Stable output signal of high accuracy

Frequency. The wide frequency range from 100 kHz to 520
MHz covers all sound broadcasting ranges from MF up to
VHF as well as the frequencies of the most important RT
bands and radio services up to UHF. The range can be
extended up to 1040 MHz with the aid of the Frequency-
range Extension Option SMS-82.

The frequency is read out with a resolution of 100 Hz. The
Reference Oscillator Option SMS-81 (aging <1 x 1O-6/yea0
further enhances the accuracy. A reference frequency input
is provided on the rear panel of the signal generator. The Àf
keys permit easy channel stepping with any desired step
size. The output signal features low spurious deviation, only 3
Hz (CClTl-) or 15 Hz (30 Hz to 20 kHz). The S/N ra|io20k{z
from the carrier is greater than 120 dB at a test bandwidth of
1 Hz, and typically 145 dB at 1 MHz from the carrier.

Modulation. The SMS features excellent modulation
characteristics. AM up to 95% and FM up to 125 kHz
deviation are possible with the aid of the internal modulation
generator (400 or 1000 Hz) or with an external signal. The
modulation frequency and modulation depth or deviation can
be accurately set from the smaller keyboard and are read out
with a resolution of 0.05/0.5Yo or 5O Hzl5O0 Hzllk{z.

signal gcfnclFaËons¡

The maximum frequency deviation of 125 kHz is available
over the entire frequency range. The high resolution of the
frequency deviation of 50 Hz is helpful when test¡ng trans-
ceivers. ln addition to AM and FM, the SMS offers the
following types of modulation:

a AM+FM together
o phase modulation (çM)
o frequency-shift keying for data transmission (FSK)
o external level control (ALC)
a stereo modulation (with model 26)

The output level is adjustable f rom + 1 3 to - 1 37 dBm with a
resolution of 0.1 dB, the error being typically 0.8 dB. Entry is
in ¡rV, mV, dB¡rV and dBm via keyboards. lts minimum output
voltage of 0.03 ¡rV makes the SMS also suitable for measure-
ments on future, extremely sensitive receivers. Noninterrupt-
ing level variation over 1 0 dB in 0.1 -dB steps is indispensable
for squelch measurements. The output level can switched off
by means of the lÊFoFE button so zero adjustment of
measuring instruments is very convenient. RF leakage of the
SMS is minimal, i.e. even receivers with a sensitivity of 0.2 ¡.rV
(e.9. paging receivers) will not respond at a d¡stance of 10 cm
from the front panel.

t
(j

a.
!

v
d8

u¡roo. tt

Front panel section
w¡th setting controls and

displays for
modulation

and
output level

I

:
!

x 302.4012. 28

ffi F
¿t

.l

aîffii

'î.i* Ë

0 0.1 to 1040 MHz
O Universal, programmable signal generator using syn-

thesizer technology; low-noise ¡nstrumenl with excellent
modulation character¡stics for AM, FM and phase modu-
lation

a Compact, favourably priced instrument for use in de-
velopment, production and servicing

O Ease of operation: keyboard entry, digital readout -
quasi-conlinuous variation of frequency, modulation and
level

O Wide output voltage range, accurate level sett¡ng in
dBm, dB¡rV, pV or mV

lmproved characteristics
a 40 instrument sett¡ngs retainable in nonvolatile memory

O Conversion of level units possible

SMS Signal Generator SMS

lEG625Elus
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signal geneFatons RF GENERATORS 2

IEC-bus programming

The Signal Generator SMS can also be put to use in compu-
ter-controlled test assemblies via the IEC-bus interface. lts
extremely short setting time of only 40 ms makes it capable
of high-speed computer-controlled frequency response
measurements - even with high resolution. The control
instructions are in accordance w¡th IEC standard 625-1. Each
instruction consists of a header, the numerical value and a
comma as the delimiter. The numerical value is entered in
unformatted form with or without sign and with or without
decimal point.

Examples: Device setting Programming
instruction

Frequency: 122.19 MHz A122.19,
Level: -23 dBm S-23,
Modulation: AM, 30% 830,

Options

A number of options permit flexible, low-cost adaptation of
the SMS to various or special requirements. All options listed
below can be included in the SMS pr¡or to delivery or incorpo-
rated later.

Temperature-controlled Reference Oscillator SMS-81
improves the frequency stability of the signal generator. By
means of temperature control the frequency drift of
<+1x10-6/'C is reduced to merely <+1x10-7 over the
operating temperature range, the aging of the crystal is less
than 5x10-8/month.

1.04-GHz Frequency Range Extension SMS-82 doubles
the SMS frequency range (i.e. to 1.04 GHz), the full setting
range of the output level being maintained. The harmonics
and subharmonics (/zf, %Í . . .) are typically 20 dB down. For
applications up to 1000 MHz another version of the option
SMS-82 with the same characteristics but a ditferent order
number is available: see options and recommended extras
on page 53.

SMS
in computer-controlled

test assembly
w¡lh Vector Analyzer ZPV

t

Ease of operation

Sirnplo kr:yboarcl errtry. The function keys and the associ-
ated displays for frequency, modulation and level are
ananged in three sections on the front panel for user-
oriented operation. The parameters are entered in ordinary
notation, first the numerical value and next the unit.

Example: For entry of a frequency of 360 MHz, a level of
-17.9 dBm, and frequency modulation with 125 kH.z fre-
quency deviation and 400 Hz internal modulation frequency
simply press the following keys:

t': I{-;-l t¡-l [-,.,r,|

ô

(JBnì

llT

f-Ll I--a l
TM

iå7 ll0 l lr

Storage of device settings. Up to 40 device settings can
be stored in a nonvolatile memory using the STO key and
recalled with the RCL key.

Example: Storage of complete device setting at memory
location 3:

Keys pressed

Recalling

When switching off the modulation and the level (RF OFF)
and upon powering down, the setup remains stored.

SI L)

RCI

Example: The freq
by means of the key
means of the key

ue modulation setting is switched off
and switched back on again by

.fM

illlz

Easy variation of all settings. Frequency, leyel and mod-
ulation can be varied by means of the keys f l anO {l
which are associated with the various digits of the displairs.
The selected digit is varied in unit steps w¡th automatic carry
to the next digit either by one step per keystroke or (if the key
is held down) continuously. Rapid coarse tuning in 1O-MHz
steps as well as fine tuning in 100-Hz steps is possible.

DJ' I

j

3
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SMS Operation

Keys associated w¡th
lhe var¡ous digits per-
mil stepwise or con-
tinuous varialion of
numerical values en-
tered (e.9. frequency
as here d¡splayed)

Frequency variation with channel stepping. The Äf kHz
keys (see photograph below) permit channel stepping with
any desired channel step size.

Example: For entry of a frequency step of + 12.5 kHz press
the following keys on the large, main keyboard:

signal geneFatoFs

Specification of SMS

Frequency ranse . 
i"i8.?t$Yiz, 

with option sMS-82 up

Frequencysetting ....fromkêyboard
Readout. .8dÌgitdisplay
Resolulion .. .... .. 100 Hz
Enor,dritt . depending on reference frequency

Refer€nceosclllalor ......... slandard optionSMS-BÍ
Crystalaging <t1x10-8/month <t5x10-8/month
Temperatureeffect ..,. <+1xl0-6/"C <11x10-7

within operating
temperature range

Warmupt¡me 15 min
OulpuUinput for ¡nlemal/extemal relerenz frequency, 10 MHz
(single connectoo
Output.. ...TTl.levels
lnput.... ... >0.5V(sinewave)orTïLlevels

^f 
kH¿

t -r i l---- l [' ] L r',1 f,---l

OutpullevelwilhCW/FM . .. .

w¡thAM.......

Sett¡ng ..
Readout .

Resolulion.
Fine adjustment

Erorof outputlevel .........
Frequency response f latness

Level reduction with RF OFF . .

Oulput
Oulputimpedance ...
\6t,R...

Overvollage protectlon

Max. input power
Max. input DC voltage . . . . . .

Spectral purlty
Harmonics
Nonhamonic spurious signals
Spurious dev¡alion, rms

0.31o3kH2.......

0.03to20kHz.....
Spurious AM, fms

0.03to20kHz.....
Single-sideband phase noise
(see also diagram below) . . . .

Singl+sideband broadband
noise ...

-137 to +13 dBm
(0.03 ¡rv ro I v inro 50 o)
-137 to +7 dBm
(0.03 pv ro 0.5 v inro s0 o)
lrom keyboard
372{igil display
in pV mV dBFV or dBm
0.1 dB
0 to -10 dB with 0.1 dB resolution,
w¡thout inlenuplion of RF level
<+1 dB + frequency-response enorr)
<+0.5 dB lrom I to 520 MHz
<+1 dB al <8 MHz
>80 dB

50 O, N female @nnector
<1.2 (lor level <-3 dBm)l)
protects the RF ouþut from exlemally
appl¡ed RF (1 lo 1000 MHz)
or DC voltage
30w
35V

For each additional step in the positive or negative direction
all there is to do is to press the or
key. The selected step size is preserved until it is overwr¡tten
by a new entry.

\; kllz

down 
=30down >60

dBc)
dBC) (=5 kHz from carrier)

.__.Àl tH¿-_

Keys for freely selectable
lrequency steps in pos¡tive or
negative d¡rection

Noninlerrupting fine level adjuslrnent. The keys
and ..] (0.1 dB) permit noninterrupting electronic adjust-
ment of the level in 0.1-dB steps over a range of 10 dB
(indispensable for squelch measurements), the corrected
value being read out on the level display. The state of the
electronic level variation can be seen from an LED array (see
photograph below).

r00

<4 Hz (we¡ghted in accordance with
ccrrf)
<16 Hz

down <70 dBC)

typ. down 120 dBC)
(test bandwidth 1 Hz, 20 kHz from car-
rier)

typ. down 145 dBC) (test bandwidth
I Hz, 2 MHz from canier)

rc2 lO3 kHz lO4
Oftset from carrier +

1

o
.9
c
o

Ga
Þc
o
op
oõ
.=
Ø

-1

l0

1

I

0,t

0J
dB

The 0.1-dB keys are used for noninterrupting electronìc fine level adjustment.
The state of the electronic level variat¡on can be seen at a glance from the LED
atray

Typ¡cal single-sideband phase noise
of Signal Generator SMS (lø*¡ = 360 MHz)

r) W¡th fino lêvel adiustment = 0 dB.
2) OSc = relative level refered to carier ampl¡tude.

l0

\

\
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Optlon: l-GHz Fr€quency Range Exlenslon SMS-82Modulallon
AM intemal

extemaltrom I to 520 MHz
trom 0.1 to I MHz

Modulationdeplh .......
Setting ..
Readout .
Resolut¡on

EnorofAM

Modulalion d¡stortion
atm = 80%
at m = 907o

lnpulrequirement .....
Spurious pM
(peak value at 30% AM)

FM ¡ntemal
€xternal .
Frequency devialion

Settinq ... .. .. . ,

Readoul ......,
Resolution......

Enor of lrequency
devialion
Modulation distortion
(íro 0.4/1 kHz,
deviation 75 kHz)

D¡slortion w¡th stereo mod.
(10.7 and 87 to 108 MHz;
fno¿ 50 Hz to 10 kHz;
deviat¡on 40 kHz)
Stereo crosstalk
(f0.7 and 87 to 108 MHz;
fn'o¿50 H2lf /l0 kHz) . . .. .

S/N ralio, refered to
40 kHz deviation
(filter3f .5to f 6 kHz)......
lnput voltage
requiremenl
Spurious AM (20 kHz devia-
tion, FM lNT.)
Oulput vollage w¡th internal
AM and FM

from keyboard
Sdigil display
0.05% from 0 to 9.957o,
0.5% lrom 10 to 95%
<4% of modulal¡ondeplh sêtlingr)
from I to 520 MHz,
<7% at <8 MHz

<1.5%
<3%
1 Vm +1% ¡nto 600 O

<0.f rad

lñod: 400 Hz or 1 kHz
ln'o¿: 20 Hz to 20 kHz
0 to 125 kHz; <(fø,¡r -100 kHz)
from keyboard
3-dig¡t d¡splay
50 Hz from 0 to 9.95 kHz,
500 Hz lrom 10 to 99.5 kHz,
1 kHz kom 100 to 125 kHz

=5%

<1%

<O.4t", typ. O.2o/o

down typ. 4O145145 dB

typ. 65 dB

1 V ¡nro 600 o (vrc)

model 26

fmod:400 Hz or 1 kHz
f'o¿: 20 Hz to 20 kHz
fn*¿: 20 Hz to 2 kHz
0 to 95%

Frequenryrange ...
All other specif ications
Opt¡on SM$82.

IEC-bus-control

lnterface ¡n accordanco w¡th lËC 625-1
operaling modes and for dala transfer

Slock and vibration
resislance .......

Bated temporalure range .

Storage têmperature range
AC supply

Power consumpt¡on

D¡mensions, weight

Ordering information

Orderdeslgnatlon..........
Model 24 (0.1 lo 520 MHz) . . . .

Model 26 (0.1 lo 520 MHz,
stereo-compat¡ble) ..

Model23 (0.1 to 1040 MHz) . . .

Opllons
Referenceoscillator.........
1.04-GHz Frequency E)dension
1.0-GHz Frequency E)ûension .

Recommended extras
l9" Adapter
(lor rackmounting)

... 0.1 to 1000 MHz
same as lor 1 .04-GHz Frequency Range Extension

lnlertac€ lunct¡ons AH I acceptor handshake
L 2 lislener
RL 1 remote/local
DC 1 device clear
40 ms for all functions
(typ. frequency enor aftêr 40 ms:
<100 Hz)

Setting time

Models

Model24 ..... 0.1 to 520 MHz
Model26 .. . . . 0.1 to 520 MHz

Stereocapability . .. . . . see under "Modulation" (FM),
lefthand column

Model2S ..... 0.1 lo 1040 MHz
All models litted as standard wilh overvollage proleclion

General Data

RFleakage.....

(IEEE 488) for control of âll
in listener opêration

conforms to VDE 0871 and MIL STD
461 A
in accordance wilh melhod CE 03 and
RE 02 conc€ming spur¡ous radiat¡on
and interference on lhe connecting
cables. The SMS also complies w¡th
lhe requirements of VDE 0875 (limit
values of radio interterence grade K)

shock-proofed in accordanc€ wilh
DIN ¿10046, Part 7 (30 g, 11 ms);
vibration-tested in accordance w¡th
DIN 40046, Part I (1 I to 55 Hz, 2 g);
conesponds lo IEC Publications
8-2-27 and 68-2-6
+5 to +45'C
-40 to +70'C
1 1 5 I 125 I 220 I 235 V + 1 0%,
47 to 42OHz:
safety class I to VDE 041 1

60 W (80 W when fitted
with all options)
347 mmx206 mmx370 mm, 14.6 kg

> Signal Generator SMS
302.4012.24

302.4012.26
302.4012.28

<O.1o/"

1 V into 600 O (Vrc)

Addlllonal modulatlon lnpul at rear of SMS for phase modulalion
(eM),20 Hz to 8 kHz;FM,20Hzlo20 kHz (¡nternally selectabte) orALC
(AM), DC to 20 kHz.
Requ¡red ¡nput voltage ¡nto 600 O:

ALC (AM), Dc-coupled . 0 to +2.83 V for 0 ro -40 dB
eM(v*) ....1vfor5rad
FM(Vm) ....1VlortookHzdev¡ation

Data of options

Optlon: Refer€nce Osclllator SMS-BI see page 52

Optlon: 1.04-GHz-Frequency Range Extenslon SMS-82
Frequencyrange ....... 0.1 to t040MHz
Data of SMS with option SMS-82, from 520 to 1040 MHz:

Resolution of the frequency
indicat¡on .....2OOHZ
Hamonics and sub-
harmonics

Non hamonic signals
>2ookHzfromcanier .....
>SkHzfromcanier .......
Spurious deviat¡on, rms

0.3to3kHz ....
0.03lo20kHz ..

S¡nglesideband phase noise
2okHzfromcarriêr ..... ...
1 MHz from carier

Enorof outpullevel. . .. . . . .

Frequêncy response of level .

Eror of mudulation¡eplh
indication w¡th AM (m <90%)
AM distort¡on
(lnø= 0.411 kHz, m = 80%) ...... <5%
Olher specif¡calions same as for basic un¡t.

1) \Mth fine level adjustment = 0 dB.

') ¿gc = relal¡vê lêvel rèfered to carrier amplitude.

typ. 20 dBC) down
(subharmonics t/21, 3ht...l

down >60 dBC)
down >55 dBC)

<8 Hz
(weighted in accordancê with CCIïÍ)
<32 Hz

down typ. 115 dBC)
(test bandwidth 1 Hz)
down typ. f40 dBC)
(test bandwidth I Hz)
<+1 dB + frequency response
errorl)
llat +1 dB

<7lo +1o/o1l of reading

sMs-81
SMS-82
SMS.B2

sMS-21

302.8918.02
3ri15.0016.02
335.001 6.04

302.8860.00
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O High spectral purity

O Frequency resolution 0.1 Hz

O D¡gilal sweep

a Output level -143 to +13 dBm
a AM, FM, qM, stereo-compalible
O Modulalion generator

10 Hz to 100 kHz

a Frequency switching time 18 ms

O Nonvolatile data memory

SMPC SignalGeneratorSMPC I 5 kHz to 1360 MHz

ROHO€ & SCHWARZ MESS S€ND€A S¡GNAt GtNEBATOA 0 05 1360MHz SMPC 300 looo 52
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2 RF GENERATORS

new

Characteristics, uses

The Signal Generator SMPC is outstanding for its charac-
teristics, such as high spectral purity, low spurious FM,
excellent modulation quality and wide frequency range com-
bined with high resolution. For the first time a general-
purpose synthesizer featuring such a wide frequency range
and the specified signal puriÇ offers modulation capabilities
of maximum quality.

The SMPC meets all the requirements specified for receiver
measurements - from critical adjacent-channel measure-
ments through to distortion measurements on high-quality
AM and FM sound broadcasting receivers. The SMPC can be
used both as a low-noise local oscillator and a reference
source in noise test assemblies.

Front panel sect¡on
with setting controls and display for fÌequency

f R tou tft cY

VAR.

signal genel.atclFs¡

Thanks to its excellent frequency stability, high resolution and
the digital sweep capability, the Signal Generator SMPC
can also be used for measurements on narrowband filters
and crystals.

Ease of operation

O The minimum of front panel controls plus optimum layout
ensures an excellent overview and the greal ease of
operation of the SMPC.

O Keyboard entries in the normal order - numerical value
and unit with direct display of the numerical value entered
(above the numerics keyboard).

O Direct readout on separate digital displays with high
resolution and floating decimal point.

o Quasi-continuous variation of the values selected for
frequency, modulation and level using three rotary knobs
leaving no room for operating errors.

a Frequency and level variations possible either in linear or
logarithmic mode.

o All settings can be increased or reduced by any amount.

55.1¿ 3 qq SruHz
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O Level readout can be selected either in V or dBm
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Technical data

Frequency, With a slightly extended level tolerance, fre-
quencies down to 5 kHz can be selected beyond the
specified range from 50 kHz to 1360 MHz. The resolution is
0.1 Hz between 5 kHz and 1000 MHz, and 1 Hz above 1000
MHz. Up to 1360 MHz, the output signal is produced directly
and not by doubling. Thus subharmonics do not exist.

RF GENERATORS 2
Typical values of SSB phase no¡se in dBc (1 Hz)
f:500 MHz

Blue tr¡angles:
guaranleed values

dBc

-1'10

-140

-150

0,01 0,1
tl
1 MHz 10

^l+u,Èter

Modulation (wideband and low-noise). The Signal
Generator SMPC provides AM, FM and qM modulation
capabilities. The modulation modes can be selected sepa-
rately at the same time. The outstanding modulation charac-
teristics (FM distortion 0.1%, AM distortion 0.5%, stereo FM
crosstalk down 56 dB) permit all measurements required on
AM and stereo sound broadcasting receivers. For the fre-
guency range of wideband-modulated radio services, devia-
tions up to 800 kHz can be set on the SMPC. The modulation
generator is an AF synthesizer for 10 Hz to 100 kHz.

0,01 0,r
lt
1 MHz 10

^fcardsr+

Level, The wide output level range from -143 to +13 dBm
plus a resolution of 0.1 dB, the high level accuracy and the
excellent frequency response flatness are especially impor-
tant for measurements on receivers and wideband subas-
semblies. A level variation in 0.1 dB steps over the range of
10 dB without interrupting the RF signal permits also squelch
measurements on radio equipment.

Typical values of SSB phase no¡se in dBc (1 Hz) Blue tr¡angles:
guaranteed valuesl=100 MHz

dBc

-'t20

-1 30

-140

-1 50

0,1
tt
1 MHz 10

Àføør+

Spectral purity. Nonharmonic spurious signals are down
more than 80 dB from 0.05 to 21.25 MHz, more than 90 dB
between 21.25 and 680 MHz and more than 84 dB above
680 MHz. The SSB phase noise 20 k{z from a 500-MHz
carrier at a bandwidth ol 1 Hz is typically down 134 dBc, see
the diagrams. At the lower frequencies these values even
improve until the minimum wideband noise level typically
-'150 dBc is reached. The typical value for residual FM to
CCITT is below 1 Hz at 500 MHz and below 0.2 Hz at 100
MHz. Thanks to its high spectral purity, the SMPC is an ideal
noise source for all two-source measurements on RT equip-
ment to FIZ or CEPT specifications.

-1

Typical values of SSB phase noise in dBc (1 Hz)
f:20 MHz

dBc

Blue triangles:
guaranteed values

-1

-1

-1 40

-1

Typical values of SSB phase noise in dBc (1 Hz)
f:1360 MHz

Blue triangles:
guaranteed values

dBc

-1 00

-1 10

0
I

0,01

-120

-1 30

-140

-1 50

tl
1 MHz 10

^f 

-

Digital sweep. The digital sweep capability facilitates fre-
quency response measurements, Q{actor determination and
similar tasks. The sweep limits, step widths and dwell time
per step can be freely selected.

Storage. Up to 40 device settings can be stored. Even with
the device switched off, the memory contents are retained for
about three weeks.

Remote control. All device functions can be remote-con-
trolled via the IEC-bus interface.

I

0,01

\

\

\

\
\ \

I

\ \ \
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SMPC Signal Generator

IEC-bus commands

i]itirrrJ r-'r-,iirin¡n(l.t consist of data (optional) and of a two-
character combination designating the unit and/or function
and serving also as a delimiter. ::;ioriirje r:¡r¡r¡r.r¡¿;rriis; and
special functions are terminated with numerics.

All characters can be used as separators except numerics,
the decimal point, polarity signs and the letters used in the
commands. Places in the data block which exceed the reso-
lution of the SMPC are ignored.

Functioh Dala Command
Delimiter

Set carrier frequency
up to 10 places,
decimal point

signal geneFatoFs

Specifications

Frequency
Range ...,

Setting/resolution

(Frequency variation)

Frequencyreadoul .......
Eror refened to
relerencefrequency ......
Setting time (after receiving
last character via IEC bus)

Referencefrequency ..

lntemal crystal oscillator
Crystalag¡ng .......
Temperatureeffect ..
Warmupl¡me.......

E)demalconlrol.......

Output level
Range ..

Resolution
Enor (including frequency
response)r)

Frequency response f lalness
up to 600 MHz
up to 1360 MHz

Source impedance
vswRt) .

Outputlevel <-2dBm...
>-2dBm ...

Lêvelswitchof (RF OFÐ . . .

Carr¡er
spacing

SSB phase
no¡se

5 kHz to 1360 MHz,
(specif¡cations for level and
harmonics valid from 50 kHz on)
a) keyboard entry with leasl incre-

ments ol
0.1 Hz for fæ up to 1000 MHz
1 Hz for f-,i- >1000 MHz

b) quas¡-continuous w¡th rolary knob
in steps o!
0.1 Hz ì
0.1 kHz I at fÉ*, slooo MHz
0.1 MHz J

lHzl
I kHz I at f-*, >'19gg y¡.
I MHzJ

10{igit d¡splay

in MHz
in kHz
in Hz

MH
KH
HZ

D8

UV

FO

F1

NK

FK
PR
P1
PO

PI
PE
FA
FD

AP
At
AO
AI
AE
LC

<5 x 10-12 at f€dq >21.25 MHz
<0.8 mHz alt6füÈ <21.25 MHz

<18 ms lo w¡thin 2 x 10-6
at l*¡o >21.25 MHz
to w¡thin 300 Hz
allûet 

=21.25 
MHz

<¿lÍl ms to w¡thin 2 x 10-8
at føq >21.25 MHz
lo w¡thin 3 Hz
at fd6 <21.25 MHz

f rom internal lemperature-controlled
crystal oscillator or elrternal
10 MHz, output: >0.2 V into 50 O
<1 x 10-8/day (atter 100 days of
operat¡on)
<'l x 10-e/'C
15 m¡n
10 MHz +100 Hz,
0.2 lo 2 V Vrc into 500 O,
sine or squarewave signal orTTL
levèl

-143 to +13 dBm
(0.010 pV to 1 V inlo 50 O)
0.1 dB

Set level
in dBm
in mV
in ¡rV

Switch RF output
off
on

Program sweep:
upper limit frequency MHz
lower limit frequency MHz
step width kHz
single sweep upwards

downwards
periodic sweep

Set AF generator
in kHz

Frequency/phase modulation:
set deviation in kHz

in rad
switch on FM/9M
switch off FM/qM
select internal FM/qM
select external FM/çM
FM AC
FM DC

Amplitude modulation:
set modulation index in %
AM on
AM off
internal AM
external AM
external level control

Storage functions
Complete device setup:

store
recall

Frequency setting:
store
recall

Level setting:
store
recall

up to 4 places,
decimal point

up to l0 places,
decimal point

up to 4 places,
decimal point

<+1.7 dB
<+2.2 dB

(løs <600 MHz)
(føs >600 MHz)

FU
FL
SK
SU
SD
SP

<1 dB
<2 dB
50rl

upto4
decimal

places,
point

Sw¡tch¡ng time lor level
varialions <20 ms

Speclral pur¡ty
Harmon¡csforoulput<10dBm .... >30 dBc (typ.35 dBc) down

12dBm .. .. >25 dBc (typ.30 dBc) down
Subharmonics. ......... none
Nonharmon¡c spurious signals
(at >l kHz lrom can¡er)

alf6¡¡5¡521.25 MHz.. .. ....... >80 dBc down
>21.25MH2 . . . >90 dBc (typ. 100 dBc) down
>680MHz .... >84dBcdown

S¡gnal-to-noise ratio, relerred to 1-Hz bandw¡dth

0.05 lo 680 MHz 680 to 1360 MHz
<1.2 <1.35
<1.4 <1.6
sw¡tchover to minimum output level:
source impedance remains
unchanged

frequency
100 500 1360 MHz

Carrier
20

up to 2 places,
decimal point

n: memory location STn
1to5 RCn

>130
>t38

>134
>143

>120
>130

>111
>121

dBc down
dBc down

ST MHn
RC MHn

ST DBn
RC DBn

\itlideband
no¡se

Modulatlon gene¡alor
Frequency range

Rösolutionuþro tor¡rz . .......
abovefokHz.......

Frequency error
Frequency response flatness . . . . . .

Level at rear output . . . . . . . . . . . . . .

D¡slorlion
Harmon¡cs
Nonharmonics
Phaseroherent f requency sw¡tching:
Swilching time (after receiv¡ng
last character v¡a lEC bus) . . . . . . . .

4kHz >140 >145 >145 >145 dBcdown

10 Hz to 100 kHz
1Hz

10 Hz
<f Hz + reterence error
<0.1 dB
I Vrc into 600 O, Zd : 10 O
<0.'lYo
typ. >65 dBc down
typ. >65 dBc down

<10 ms

5 kHz
20kHz
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signal geneFaÈors RF GENERATORS 2

Amplltude modulatlon
ModEs

Modulation frequency, ¡nl€mal .

e)demal
Modulation frequency rosponse
llalnsss

up lo 10 kHz
up lo 50 kHz

Modulal¡on depth
Resolulion
Sett¡ng enor al 1 kqzl=$Oo/o

up to 500 MHz
above500/1000MHz....

lncidontal 9M, peakvalue. . . . .

Modulaliondistortion ...

Fr€quency modulatlon
Modês . .

Modulation frequency, intemal .

extemal
Modulation frequency response
flatness

intemal, 10 Hz to 100 kHz . . .

40Hzto 15kHz...
external, l0 Hzto l25kqz ..

4oHzto 53kHz..
Maximum adjustable deviation .

Dil.
800

400

200

100

50

Phase modulatlon
Modês ..
Modulalion range
Maximum ad.iustable dev¡ation

<3o/o I of set
<6%ol<1Ùo/o I value
<0.1 rad (at 1 kHz and m = 50%)
see diagram for
m = 80%, oulput s6 dBm
(typical values, triangles: guaranteed
values)

intemal, eltemal,
extemal Dc-coupled for levêl
conlrol w¡th e)demal probe
10 Hz to 50 kHz
DC oder 10 Hz to 50 kHz

<0.4 dB
<1.0 dB
0..l to 99%
0.1 lo 10%/1 to 99%

¡ntemal, external, AC, DC;
preemphasis 50 Fs, 75 Fs
10 Hz to 100 kHz
DC or f0 Hz to 125 kHz

<0.2 dB
<0.1 dB
<0.1 dB
<0.2 dB
see diagram

rad

rm

Resolution of dêviation setting
Enorof dev¡ation setting . . . . .

(alfn'o¿:1¡¡1.¡
Frequgncy response llalness .

Modulation distortion at 50 %
ol maxìmum devialion, intemal

el:têmal

Dlgl¡al sweôp
Modes ... . ..

Sweep width .

Stèpw¡dth ...
Dwelltime . . .

Voltage swing at X-output

Programmlng and data oulput
System .

Connector
lnlertace lunclions

0,05 21.25 42,5 85 170 340 6$MH¿ 1360

J

kHz,
kHz

¡rol*
l3
d1

0,3

0.r

a

t0 100 Hz 10 kHz 100

fmod+

0.05 21.25 42.5 85 1m 340 680 MHz 1360
f6oiq.........*

<1 % of set value or 10 Hz
<3% of set value or 20 Hz

<0.f% bei 1 kHz
<O.3o/o al2O kHz

<0.1% al 1 kHz
>45 dB down at 40 Hz to 1 5 kHz
56 dB at 500 Hz to 10 kHz

intemal and extemal
10 Hz to I kHz
see diagram

RF leakagê

Mechanical stress capacity

Dimensions, weight

Ordering information

Orderdeslgnatlon..... ....

Accessoriessuppl¡ed .......

f*"¡r.+

<1 % ot set value or 0.1 rad
<5% ot sel value or 0.02 rad

<0-05 dB up lo 3
<0.1 dB up to 8

<o.2y.
<o.1v"

single swoep up or down,
period¡c tr¡angular sweep
freely seleclable over
enlirg lrequency range
lreely selectable, leasl incrèment
I Hz, log 0.01 lo 50% per slep
normally 18 ms per step, programm-
ablo up to 5 s per step
5 V (BNC female)

rEc 625-1 (|EEE 488)
24-way, Amphenol
T6, L4, SR1, RLI, DCl

+5 to +45'C
-40 to +70"c
1 1 5 I 125 I 220 I 235 V + 1 0%,
47 to 420 Hz, 220 VA, 150 W.
safely class ¡ to VDE 041 1

conforming lo VDE 0871 (spur¡ous
radiation and intelerence on con-
necting cables) and VDE 0875
(lim¡t values of radio ¡nteference
grade K)
shock test lo DIN 40 060,
Part 7 (30 g, l 1 ms) and v¡brat¡on test
to DIN 40046, Part I (1 1 ro 55 Hz, 2
g) conesponding lo IEC Publicat¡ons
68-2-27 and 6a-2-6
470 mmxT62 mmx485 mm, 23 kg

> Signal Gênerator SMPC
300.1000.52

power cable

Optlon Overload P¡otect¡on SMPC-82
Protects the RF output against e)dernally applied RF or DC voltages
Max. perm¡ssibleRFpower ....... 30 W
Max. pem¡ssibleDOvoltage ...... 35 V
Response ind¡cal¡on . . . . . . . . . . . . . LED in RF OFF key, service request

possible via IEC Bus

General Data

Rated temperature range .

Storage temperature rangê
AC supply

Resolulion of deviation setting . .

oeviarioñ enoiiai r.; = 1'krÍ,i . :

Modulation d¡stortion
at 50% maximum dev¡ation . . .

w¡th stereo (40 kHz deviation,
la ¡q <21.25 MHz or 85 to 170
MHz) ...

Stereo crosstalk

Unwsighted signal-to-noise ratio
Stereo (40 kHz deviation, 50 Fs)lm, <21.25 MHz or 85 lo 170
MHz.... >76 dB

Preemphasis (sw¡tch-selected)
Addit¡onal deviation error - .

lnc¡dental AM al lmo¿ = 1 kHz and¿l0kHzdevialion ........ <0.1%
Carier frequency oror when
switchingloFMDC ...... <1 x 10-oforfæ,¡e, >21.ZSMHZ

Recaribrarion occurs each rime rr oãl??lr'å"JJflg"ñ:rtd¡t: ""'
Recommended extras
Option Overload
Protection ..SMPC-Bz...346.1019.02
lg', RackAdaprer . ... SMPC-zg... 346.1219.02
Sêrvice K¡l . . . XPC-21 ... 337.9810.02
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? SYNTHESIZERS

Characteristics, uses

The Synthesizer Generator XPC largely corresponds to the
SMPC described in the preceding pages - this relationship is
not limited to the outer appearance and is evident at the first
glance but it also applies to the characteristics of the XPC,
such as high stability and spectral purity of the signal, wide
frequency and level range together with short setting times,
are identical with those of the SMPC except for the fact that
the XPC cannot be modulated.

The range of applications for a generator which cannot be
modulated is so varied that, due to its considerable price
advantage, the XPC holds an important position as against
generators with modulation capability, in particular when
setting up automatic test assemblies:

o Especially stable and low-noise oscillator (LO)
o Reference source in noise tesl assemblies
O Signal source in RF test assemblies for determining two-

port parameters (e.9. with the ZPV)
o Use in calibration laboratories
O Generator for measurements on steep-edged filters and

on crystals

XPC used as prec¡sion signal source in test assêmbly lor s paramêters

signal gcrncl.atoFs¡

Digilal srveep, The digital sweep capability enables
measurement and display of frequency response charac-
teristics, selectivity curves, etc.

Remote control. All settings can be remote-controlled
via the IEC-bus interface (lEC 625-1) which is fitted as
standard. Thanks to the short setting times (18 ms for
frequency) the XPC is ideally suited for use in automatic
test assemblies.

Design

All RF subassemblies, except for the attenuator and output
amplifier, are designed as plug-in, RF-leakage-proof boards.
The new screening technique used affords easy access of
the PC boards for servicing. The power supply and data bus
lines as well as noncritical signal lines are routed via a
motherboard, thus cable harnesses becoming a thing of the
past.

Example of plug-in RF boards in new technique as used in XPC

J

V' ¡

!

:..,,.'I
&'

tr
v
e

SynthesizerGeneratorXPC I 5 kHz to 1360 MHz
O High spectral purity

O Frequency resolution 0.1 Hz

O Digilal sweep

O Output level +13 to -143 dBm
O Nonvolatile dala storage

O Self-test with error signalling

O IEC-bus-compatible, frequency
setling time 18 ms

XPC

ê) RosDr . !cn;i'¡Ê/ 5r¡jr,ls 1tq cìr!¿cÁ,, ,ì

I tAD q0O OCDnn' 5
,.;

I

lEG625Elus

IffiJ tr
i

t¿05| ¿ao 3so ,¿BAA'
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Specifications

Fnquency
Frequencyrange ..

Dlgllal sweêp
Modos..

SweopwÍdlh

Stsps¡æ

Voltageswíng atX ouþut

Programm¡ng and dda oüput
Systam .
Connector
lnterlacê func-lions

Oil¡on Ovedoad Prctsctlon
stPc82

Max. permiss¡ble RF power
Max. permissible DC
voltage ..
Responssindication ... . . ..

SYNTHESIZERS 2

singls sweêp upwards and down-
wards, porlodlc 6weep (tiangular)
freely selectable over enlire
frequency range
ft€sly sêleciabls, resolution I Hz.
logarlthmic 0.01 to 50% per step
5 V (BNC l€malê)

rEc 62$.1 (|EEE 488)
24-way Amphenol
TO basictalker, serial poll,

unaddre,ss ¡f MLA
L4 basic listener,

unaddress lf MfA
SRI s€rvicê requsst function,

oomplete capabllity
RLI rgmole/localfunction;

completô capab¡l¡ty
DCl devic€ clear tunct¡on,

complete capabilily

protecls the RF oulput agalnst oxter-
nally applied RF and DC voltaqes
30w

35V
LED in RF OFF ksy

+5 to +¡î5.C
-¿lO to +70'C
115112il220tæ5V +1O%
47 lo 42O Hz (12O VA), safoty ctass I
to VDE O41l
confoming to VDE 0871 (spurious
rad¡atlon and intoff€rence
on conngcting cables)
and VDE 0875 (limit values ot radio
inlerfercnos grade K)
shock lesi to DIN 40{X6,
Pa¡|7 (30 g, 1 1 ms) and víbrat¡on test
to DIN 400¿16, Part I (11 to 55 Hz,
2 g); conesponding IEC Publ¡cat¡ons
68-2-27 and 68.2s
470 mmx162 mmx¿185 mm, 2i.S kg

Frequency setting

(Frequenry variation)

Frequenrysteps ....
Frequoncyr€adoul .,..

Resolution
Eror retened
to roference frequ€ncy .

Setting lime (lnd. 15 ms
for oomputer)

f*<21.25MH2. ..

,8is>21.25MH2. ..

Relerencetrsquency ..

Built-¡n crystal oscillator
Crystalaging .......
Temperaluregtfec{ ..,
Warmupperiod .....,

Extemalconfol.. -.....

Resolulion
Rgadoul ...
Enor (incl. frequency response)r)

Frequency responsg fl alness
upto 600MHz

5 kHz to 1360 MHz, (Specifications
forleveland hamonlcs valld from
50 kHz on)
a) kEyboard entrywith least

lncrements ol 0.1 Hz forf*,¡.
<1000 MHz
I Hz for fm >1000 MHz

b) quasiûntinuously w¡th rotary
knob in stgps of
O.l Hz I
0.f kHz I at f@ris <1000 MHz
0.1 MHz J
1Hz ì
I kHz I atfffi=t000MHz
t MHzl
and logarithmic with variable step
size of 0.01 to 50%

slep wídlh p¡ogrammabls,
same as for SWEEP
lodigit display
1HzlO.1 Hz

<0.8 mHz brfø- s21.25 MHz
<5 x 10-12 tor fffi >21.25 MHz

<18 ms to 300 Hz
<¿1,3 ms to 3 Hz
<18 ms to 2 x 10-6
<¿l{¡msto2xfO-8
from buill-in crystal osclllator or
exlemal
10 MHz, oulput
<l x 10-8/day
(after 100 days
<1 x 10-s/"c
15 min

>0.2 vru ¡nlo 50o

of operation)

Gene¡¡l data
Rat€d lemD€falure ranoe .

tr5,ä'üTii::'*:
10 MHz +100 Hz,
0.2 to 2 V G into 500 O,
sine orsquarewave signal, TTL levels
possible

<1 dB
<2dB
50rr
0.051o 680 MHz 680 to 1360 MHz<1.2 <1.35
<1.4 <1.6
sllr¡tchovgr to minimum oulput level:
source impsdancg remains
unchanged
<20 ms

RFleakage

Mgchan¡câl stress capacity

D¡msns¡ons welght

Ordering information

Oldorde¡lgnatlon.........

Accossoriossupplied . . . . . . .

Rocommended oxtrår
Opüons: Overload Protection

SMPG82
RF output at roar
XPGB5 .

S€rvlc€¡0tXPCZl .........
19 RackAdaptersMPc-zg . .

. ) Ðnlhesizer Generator XPC
337.80t4.52

power cable

346.1019.02

3ft8.2010.02
3ft7.9810.02
346.t219.02

-1¡lfl to +13 dBm
(0.016 pV to 1 V into 50 O)
from keyboard in dBm, mV and l¡V
0.1 dB (four d¡g¡ts)
ín dBm, mV and pV,
four digitrs w¡th floatlng decimEl point
<+1.7 dB (fø"rq 56(X) MHz)
<+2.2dtj (la,r >6ffi MHz)

uplo1360MHz.....
Sou¡calmpedance ....
l/Svtß)r) .

Ouþut lev€l <-2 dBm
>-2dBm

Lev€lswitchofi (RFOFF) ......

Swilch¡ng t¡mê lor lwêl variations

Canle¡

SSB phåse noíse

Wdeband
nolso

æ
Carler ftequency

100 500 1360

Sp€ctral pudty of output slgnal
(dBc: relative level rof€ned lo canior amplitude)
lntelering signals:
Hamonics foroutput =10 dBm . . . . >gO dBc (typ. g5 dBc) downSubharmonics. ......... none
Nonharmonic spurious signals
(at 

=1 
kHz from canier) -

alfor¡rS21.25MHz ............ >OOdBc down>21.25MH2 . . . . . >Q0 {þ rtown (ttp. ioo dBc dovyn)>680MH2. ......>S4dBcdown'-'
Signal-to-noise rat¡o (retsned to 1-Hz bandrv¡dh):

MHz
>130
>138

>134
>1¡13

>120 >111
>121

dBc
dBc

>4 MHz >1¡10 >1¡t5 >145 >145 dBc
Typlcal values of SSB phase noise are given ln the dlagrams under SMPC
on Daoo 55.

5 kHz
mkw

t) ,$nlles onty itspeclal func{ion RCL 94 nonlntsrupting levol varlaüon, ¡s
dlsablêd.
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AM/FM SignalGenerator SMUV I 10 kHz to 130 MHz
O High frequency stability and spec-

tral purity ol the output s¡gnal

a Frequency counter with l-Hz reso-
lution

O \Mde level range with negligible at-
tenuator error, single range output-
level setting

O Low AM and FM distortion, stereo-
compatible

O Frequency synchron¡zat¡on in 1-
kHz steps (with option)

SMUV

2 RF GENERATORS

Characteristics, uses

The AMiFM Signal Generator SMUV is an attractively
priced and extremely versatile signal source for use in the
laboratory, production and servicing.

Three models and five options - see page after next - make it
possible to match the SMUV exactly to the application on
hand.

The possibilities of sweep operation up to 130 MHz, of
frequency synchronization with 1-kHz steps and of expañ-
sion into a power s¡gnal generator, together with stereo
compatibility, make the SMUV into a general-purpose signal
generator which meets all requirements up to the VHF range.

Special features such as

high frequency stability and accuracy,
high spectral purity,
extremely low spurious FM,
very low narrowband and broadband noise,
high spurious suppression and
excellent RF shielding

make the SMUV ideal for precise measurements on active
and passive components, subassemblies and equipment of
all types such as direction finders, radiotelephones, short-
wave receivers, including SSB sets, and sound broadcasting
receivers. lts excellent performance data allow its use where
extreme requirements for stability, spurious FM, signal-to-
noise ratio and spuria rejection are to be met. Receiver
measurements, in particular, require - in addition to high-
quality modulat¡on characteristics - a high spectral purity of
the output signal such as that of the SMUV.

Thus it is possible to carry out all measurements such as
dynamic adjacent-channel selectivity, intermodulation and
crossmodulation ratios and blocking without difficulty. Thanks
to the excellent signal{o-noise ratio (narrow and broadband)
both close to and far off from the carrier, and to the high
frequency stability - reaching synthesizer stability when the
synchronizer option is used - the SMUV can be used as the

signal geneFatclFs

interfering source for measurements on receivers of even the
highest selectivity.

S,/N rat¡o

dB

0 6.75 1'1,5 2730 1

20 kHz from carrier

lyp. value

l\4Hz 10
10 f+

Signal-to-noise ral¡o referred to I Hz as a function of carrier frequency and
ofset from carrier

Wìth its high rejection of spurious signals and exhemely low
spurious FM the SMUV is an ideal local oscillator or refer-
ence oscillator and permits signal-to-no¡se ratio measure-
ments to be performed without introducing an error.

aaaaa-aaaaoooaaaaaoa
: ii r:i - t.j:l' l

d
o

-5Ol-Þ+

- -10

-n

-4)

-5¡]

-60

- -ro
I

Quality of SMUV signal:
sideband suppression close to
carrier
(hum suppression)
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signal gena.atons

Frequency setting, frequency counter. Pushbuttons for
the range selection and a tuning knob with coarse/fine drive
without stop provide for rapid and reliable frequency setting,
the electronic fine tuning permitting an accuracy of 1 Hz. The
frequency counter reads out the output frequency of the
SMUV in seven digits with a selectable resolution of 1, 10 or
100 Hz. External frequencies of 10 Hz to 130 MHz can be
measured with the same resolution, the sensitivity being
typically 10 mV.

a aa aaa a aa aaao a aaoaaa aaaa1r..iiÈ-.. EGìsrÈ: Fr.n3 G : r¡¡tr

Quality of SMUV signal at 20 MHz:
short-term carr¡er stabil¡ty (unsynchronized)

Even shortly after switch-on or selection of a new frequency
range the frequency of the SMUV is so stable that measure-
ments can be made on steep-edged filters or receivers with a
narrow channel spacing. The sturdy construction of the oscil-
lators, particularly the solid, cast frame, makes the SMUV
exceptionally insensitive to mechanical vibration or acoustic
interference. The long thermal time constant of the cast
frame ensures that changes in the invironmental temperature
have virtually no efect on the short{erm stability of the
frequency.

Modulation, sweeping: amplitude modulation. The very
low distortion that is almost independent of carrier and modu-
lation frequency permits measurements even on high-grade
AM receivers. The low intermodulation products with mul-
titone AM are very important when testing SSB receivers.

RF GENERATORS 2
Frequency modulation is possible down to 10 kHz carrier
frequency with large. deviation and very little distortion.
Thanks to the very low modulation distortion in the VHF and
VHF-IF (see diagram) the SMUV in conjunction with a
stereocoder can be used for all measurements, even on first-
class stereo receivers.

1O,7 MHz

80

5 6kHz

da

10

50

60
lOHz

5 6kHz

Typical FM d¡stortion al 75 kHz dev¡ation,
lefl: f"",,¡", = 10.7 MHz, r¡ght: fcâ,der = 96 MHz

Narrowband sweeping - e.g. of tuned circuits, lF amplifiers,
FM demodulators and filters with high skirt selectivity - is
enabled by DC coupling with external FM.

Wideband sweeping. The sweep oscillator option covers
the total frequency range from 0.1 to 130 MHz in three
subranges which can be electronically switched over with
TTL levels so that the entire range can be swept. The Sweep
Unit SMLU-Z is tailored to this specific application (see next
page).

0 01231

1dB

v.

0.1

30 100 Hz 1 10 20 kHz

Typical AM distortion of lhe SMUV at modulation depths of g0% and gO%

2s

I MHz 130 MHz

Typical frequency response of Sweep Oscillator SMUV-85

Output level. The outputvoltage of the SMUVof 0.05 pVto
0.5 V into 50 Q is continuously adjustable with a single-range
attenuator, thus permitting sensitivity measurements on
receivers as will as measurements on components. ln con-
junction with the 2-W amplifier option the SMUV delivers up
to 10 V into 50 O in the frequency range 10 kHz to 40 MHz.
The high output voltage makes good decoupling possible
behveen the signal sources in multi-signal measurements,
e.g. of intermodulation and crossmodulation. lt is also indis-
pensable when the immunity to overdriving is to be checked
of amplifiers, receivers or active antennas, as well as in
determining the radiation efficiency and directivity of an-
tennas.

0,3
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SMUV models

SMUVbasic unit. Options may be retrofitted or incorpo-
rated in the factory prior to delivery

SMUV model 55 with standard options
Synchronizer (SMUV-B9) and Crystal Oscillator (tem-
perature-compensated, SMUV-81 )

SMUV model 57 with standard option
2-W Amplif ier (SMLH-83)

Models 55 and 57 can be equipped with additional options at
the factory prior to delivery or retrofitted after delivery.

Options

The options are independent of one another and can be
incorporated at the factory or added later to all models,
following the mounting instructions supplied with them and
without requiring any trimming.

Crystal Oscillator SMUV-81. The temperature-compen-
sated Crystal Oscillator SMUV-B1 improves lhe accuracy of
the built-in frequency counter and moreover - in conjunction
with the Synchronizer - the stability of the signal generator to
5x 10-8/month.

2-W Amplifier SMLH-B3. This amplifier raises the output
power to 2 W (10 V into 50 O) in the frequency range 0.01 to
40 MHz. The maximum permissible modulation depth is
98% up to an output signal of 4 V. For higher output signals it
decreases linearly to 0% at 10 V.

Sweep Oscillator SMUV-85. The sweep Oscillator SMUV-
85 covers the entire frequency range from 0.4 to 130 MHz
in three subranges. These subranges are electronically
switched so that the overall range can be continuously swept
with an appropriate sawtooth generator; for instance, the
Sweep Unit SMLU-Z.

signal geneFatons

Overload Protection SMLH-B7. The overload protection
option protects the RF attenuator and the output stage,
should the external RF or DC voltage applied to the RF
output be too high.

Synchronizer SMUV-89. The synchronizer option brings
the frequency stability of the SMUV up to the level of a
synthesizer. The SMUV combines the capabilities of a high-
stability precision signal generator with that of a free-running
signal generator of extremely low noise and with universal
modulation characteristics.

SMUV as sweep signal generator

ln conjunction with Sweep Oscillator SMUV-BS and Sweep
Unit SMLU-Z, the AM /FM Signal Generator SMUV consti-
tutes a wideband sweep generator for the frequency range
from 400 kHz to '130 MHz.

Free selection of sweep subranges. Through electronic
switching of the three SMUV sweep frequency subranges of
0.4 to 43.5 MHz,43.5 to 87 MHz and 87 to 130 MHz by the
Sweep Unit SMLU-Z, it is possible to sweep the entire
frequency range from 400 kHz to 130 MHz.

Any desired subrange can be swept by setting the correspon-
ding start and stop frequencies with two potentiometers.
Another potentiometer is used to set a marker within the
sweep range, its frequency being read out on the SMUV
frequency counter. The marker can be displayed simultane-
ously as a bright spot on an external VDU. lf the start or stop
button is pressed, the corresponding frequency is displayed
on the SMUV.

Sweep times. The sweep time is adjustable from 10 to
1000 ms; single sweeps of 2to 2OO s or manual scan from
start to stop frequency are also possible.

SMUV
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Any standard oscilloscope with X-y
input as well as ordinary VDUs are suitable for showing the
measured curves. Operation in conjunction with Xy or yT
recorders is also possible; the SMLU-Z is provided with
outputs for the X-deflection voltage and the marker pulse.

The SMLU-Z has an X output and a pulse
output for blanking during flyback of the sawtooth.

SMUV options

C_rystal Osclllator SMUV-BI . . . . . .'t O MHz, temperature-compensated
(fitted as standard in SMUV modet SS)

5 x 1o-8/monlh
5 x 10-8/10 min after 15 m¡n warmup
and at constant ambient temperature

2-W Amplifier SMLH-83
(fitted as standard ¡n SMUV modet b7)

FIé

Cryslal aging .

Frequency drift

Frequency range
Outputvoltage .. .

Setting, resolution
Enorlimits.....

'10 kHz to 40 MHz
0.5 to t0 v into 50 rl
samè as for basic model
+2 dB, typ. t 1 dB + error of bas¡c
unit

Specifications

SMUV basic unit
Frequency range

Readout .

Conlro'crystal

Frequency meter for ext. test
frequencies

lnpul ¡mpedance f <10 MHz . . .

f>10MHz...
Frequency tuning

mechanical
electron¡c.

Frequency drift
unsynchronized at f <40 MHz

at f >40 MHz
synchronized

RF output
Output voltage
Setling .

Error limits

Frequency response flatness . . .

Spectral purity
S/N ratio, referred to 1-Hz
bandwidlh

Harmonics
Spurious signals

Spurious FM acc. to CCITT. . . . .

SpuriousFMacc.loCC|R .....
Suppression of hum sidebands (f

50H2...
>100Hz.

Modulation
AM ¡ntemal

external.

lnput impedance
lndicaling range

Erroratm :8O%......
Envelopedistorlion ......

atm=80%
Suppression ot inter-
modulat¡on, m = 80% ....,
Spur¡ous AM (CCITT/CCtR)

FM internal

external AC 0.01 to 40 MHz .

40 to 130 MHz .

'10to1I.5MHz.
87 to 108 MHz .

external DC 0.01 to 40 MHz
40 to 130 MHz .

10ro11.5MHz
lnput ¡mpedance AC/DC . . .

Voltagerequirement ......
Frequency deviat¡on

0.01 to 40 MHz
40 to 130/10 to 11.5 MHz

Modulat¡on ind¡cating ranges
hd¡cating error (fd >30 Hz)
lncidental AM
(f= 10kHz,f6= 1 kHz) ..
Stereo crosstalk
(10 to.t 1.5; 87 to'108 MHz)
S0HzllkHzl'l'k|-].z...

10 kHz to 130 MHz
¡n 10 subranges
¡n 7 dig¡ts
10 MHz, ag¡ng
option SMUV-B

'l x 10 s/month
1:5x10 8/month

Harmonics
w¡th Vod between 0.5 and 5 V

between5andl0V
S/N ratio referred to 1 Hz
teslbandwidth .....

with Vod between 0.5 and 2 V .

between2andl0V.,
Amplilude modulat¡on depth

w¡th Vod between 0.5 and 4 V .

between 4 and 10 V. .

Envelope distort¡on at m = B0%
fø,¡e' = 30 MHz, Vou <4 V - . .

fq6s,: 40 MHz, V6n <3 V . . .

lnd¡cat¡ng error at m = 80%

Range switching

Sweep lrequency

Frequency error
Frequency steps
Max. FM modulat¡on index

(5x10 8)

2-WAmplifierSMLH-B3 ....
Sweep Osc¡llator SMUV-85,
voltage-controlled
Overload Protection SMLH-87
Synchronization SMUV-Bg ...
Accessory units:
Sweep UnitSMLU-Z -.......
Powêr Spl¡tter/Combiner DVS

>30 dB,
>25 dB,

20o kqz
from carrier
typ. 140 dB
typ. 150 dB

adjustable up to 98%
linear reduction lrom 98% at 4 V to
0%at10v

down
down

typ. a0 dB
typ. 30 dB

10 Hz to 130 MHz,
V" = 30 mV (typ. 10 mV) to 3 V
5 kct
50f)

coarse/fine dr¡ve
ca. 1 00 to 500 Hz, depending on
range
atter '10 min
<1 kHzls min
<2 kHzls min
see option Synchronizer
SMUV.89

4u = 50 O, BNC female
0.05 uV to 0.5 V ¡nto 50 O
cont¡nuous
<+1 dB with Vour <0.2 V
<+2 dB with Vod >0.2 V
<+0.5 dB

140 (135) dB at 20 kHz trom carrier
145 (140) dB at 100 kHz from carr¡er
>30 dB, typ. 36 dB down
>90 dB down at <15 MHz from
carrier
<2 Hz, typ. 0.5 Hz
<7 Hz, typ.3 Hz

after 2 h
<300 Hzls min
<1 kHzls m¡n

) tvoicat to, t >40 MHz

400 kHz to 43.5 MHz
43.5 to 87 MHz
87 to 130 MHz
via 36-pole female connector on rear
panel with TTL levels
0 to 100 Hz,
conlrol vo¡tage 0 to +10 V
>30 dB, typ. 40 dB down
<1 kHz

<+1 dB, typ. 0.5 dB

error of control crystal +5 Hz
1 kHz
approx. 10 (fmd >100 Hz,

^f 
<10 kHz)

+10 to +45'C
-40 to +70"C
1 1 5 I 125 / 220 I 235 V +'t 0%,
47 lo 42OHz (40 to 60 VA depending
on model)
492 mmx205 mmx514 mm, 20 kg

301 .0120.52
301 .0120.55
301 .01 20.57

power cable

301.5809.02
284.4210.50

301.4AO2.02
284.6007.50
301.5609.02

243.3010.92
342.1 01 4.50

20 kHz
from carrier
typ. 135 dB
typ. 140 dB

<2%, typ. 1%
<4%, typ.2%

+ error of
basic un¡t

fene,= 30MHz,Vou<4V . ..... <+1\yo
fø'æ'= 40MHz,Vø<3V ... ... <+1|yo

No guaranleed values for inlermodulal¡on distort¡on w¡th AM

Sweep Oscillator SMUV-Bs
Frequency ranges

Hamonics (1 to 130 MHz) . .

Spurious FM (1 to 130 MHz) .

Frequency response flalness
(1 to 130 MHz)

Overload Protection SMLH-87
Max. perm¡ssible RF power . . . . . . . SO W (max. DC voltage S0 V)

Synchronization SMUV-89 synchronizes the oulput frequency wlth that of
the built-¡n crystal oscittator, disconnectible
(fitted as slandard in SMUV modet 55)

<40 MHz)
.. >50 dB
.. >60 dB

30
30
30

f.o¿:400 Hzlf kHz
modulation depth up to 98%,
adjustable
30 Hz to 20 kHz
voltage requirement 10 mV/%
600 O, BNC female conneclor
10t30t100%
+ (5% of rdg + 1 .5% of lsd)
'100 Hz to 10 kHz 30 Hz to 20 kHz
<1%, typ.03% <2%, ryp. 1%

>40 (46) dB from 100 Hz to t0 kHz
<o.01%t<0.03yo
in subrange
(10 lo 1 1 .5 MHz) typical values

fmd:400 Hzl1 kHz
(distorlion same as with eldernal FM)lm distor-

tion (typ.) 
^fo/o kHz

<1 0.5 <10
<1 0.5 <100
<0.1 0.05 <75

General data

Rated lemoerature ranoe . . .

Storage temperature ra-nee . .

Powersupply.... .. .. .

Dimensions,weight ........

Ordering information

Order.designation.............. >AM/FM Signal GeneratorSMUV
(description of various models sèe preceding page;)

SMUV, basic unit . .

SMUV, model 55 . . .

SMUV, model 57 . . .

Accessories suppl¡ed

Recommended extras and accessor¡es
Options:
Crystal Osc¡llator SMUV-81

Hzlo zlkH'z
Hz to 100 kHz
Hz to 100 kHz

30 Hz to 100 kHz <0.15 0.08 s75
0 to 20 kHz
0 to 100 kHz
0 to 100 kHz

600 O/10 kQ, BNC female connector
'10 mve/kHz

adjustable up to 50 kHz
adjustable up to 100 kHz
fmø >30 Hz
+(5% ol rdg +1.5% of tsd)

<1%, typ.0.2o/o

>40146146 dB, typ. 50 dB down
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Signal generator family SMDU - models and options

general RF measurements

Models*

--:

o l. o4

(34)

signal gctnctnatoFs¡

atrnav

08

(38)

Synchronizer
SMDU-81

Overload Protection
SMDU-82

1.05-GHz Frequency Range Extension
SMDU-83

1-GHz Frequency Meter
SMDU-84

1.05-GHz Frequency Doubler
SMDU.85

Amplitude Modulation 525 to 1050 MHz
SMDU-BB

S/N Ratio lmprovement
SMDU-89

E

j r'a-ì- I t:

I

3

,, r'.1t.

Low-cost signal generator as basic
equipment for laboratories or as sec-
ond source in intermodulation and
similar measurements.

All SMDU models (04 to 09) are particularly suited for use as the interfering
generator ¡n 2- or 3-source test methods.

The ideal test assembly for the laboratory covering wideband measurements and

all receiver tests. Frequency measurements from 15 Hz to 525 MHz (1 GHz); all
AF measurements from 15 Hz to 150 kHz. Specially suited for AF and RF signal
generation in hifi and stereo broadcast applications.

ln combination with the VOR-ILS unit:
Air-navigation measurements of high-
est precision on VOR-ILS receivers
and communications receivers.

AF generator with two fixed frequen-
cies:400 and 1000 Hz

Broadcast FM quality (stereo-compatible; crosstalk 46 dB down). AF generator and
AF voltmeter lor 15 Hz to 150 kHz. Autoranging of modulation and voltage
indication. FM deviation +500 kHz.

Complete test assembly featuring con-
tinuous monitoring of the output values
of the VOR-ILS signals and built-in
self-check of the most important para-

meters.

110page 66

Options Þ

All models of the SMDU can be fitted with the mutually independent options. The options

can be ordered together with the signal generator or - with the exception of options BB and
89 - added later as required.

Common f eatures

I Extremely wide frequency range and high frequency
stability (drift <5x 1 0-8/month)

r High spectral purity in respect of harmonics, spuria
and noise

I Accurate output level (0.05 prV to 2 V EMF) with
single-knob setting

I Precise AM, FM and qM modulation characteristics

.) The numerical designation of the different models (04, etc.) refers to
the last lwo digits of the order number.

'i¡ru
t I.-ã;
e:ã-

9 ?9to ?
é
E

E
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When used with the AM Unit SMDU-Z1 or the Power Test Adapter SMDU-Z2, these models form complete AM/FM
radiotelephone test sets, ideally suited for the full range of transmitter and receiver measurements. At the receiver: S/N or
SINAD sensitivity, squelch performance, bandwidth, AF distortion and (using a second signal generator to feed the main
channel) adjacenÈchannel selectivity and desensitization. At the transmitter: frequency, power, modulation (FM and, with
SMDU-21 , AM), modulation frequency (e.g. call tone) and modulation distortion. High accuracy in both simple and complex
test routines. Ïme savings when testing multichannel units thanks to sem¡-automatic deviation meter and channel-to-channel
tuning.

UN¡\'EFSAL MTSS SËNDER SIGNATGËNÊAATOR

ln combination with VOR-ILS unit: as
for SMDU 08 plus measurements on
AM/FM transmitters.

Frequency stability is improved to that of a synlhesizer while the high spectral purity
of a free-running oscillator is maintained. Operation is greatly simplified by the
possibility of synchronized fine tuning and the channel facility.

The RF output of the SMDU is protected against externally applied power of up to 50
W. This option is fitted as standard in models 06, 07 and 09.

Extends the frequency of the RF generator to 1.05 GHz without affecting the other
characteristics. Digital display of internal frequency up to 1.05 GHz; option SMDU-
84 is not required.

Extends the range of the counter to 1 GHz for external signals (high sensitivity).

Low-cost option for doubling the RF generator range to 1.05 GHz. Subharmonics
and harmonics at least 20 dB below carrier level. Frequency displayed digitally.

Option BB permits AM up to 1050 MHz when the frequency range of the SMDU is
extended beyond 525 MHz (when ordering a new SMDU, BB is already incorpo-
rated).

Option 89 improves the signals-to-noise ratio. e.g. for measuring the adjacent-
channel selectivity far beyond 80 dB.

Testing of mobile hifi and stereo broad-
cast receivers with builþin Citizens'
Band radio.

External semi-automatic deviation meter for wanted and unwanted modulation (5 Hz to 50 kHz), SINAD meter (6 to 46 dB),
CCITT filter, 1-kHz distortion meter (0.5 to 50%), AF generator (30 Hz to 30 kHz and six standard test frequencies), AF rms
voltmeter, autoranging. Automatic switching from receiver to transm¡tter measurements when used with AM Unlts SMDU-Z1 .

Complete test assembly featuring con-
tinuous monitoring of the output values
of the VOR-ILS signals and built-in
self-check of the most important para-
meters.

Compact test assemblies with
SMDU 06 Special FM performance: very low dis-

and option 81+21130 W: (52) tortion (0.15% at 100 kHz deviation)
or +Z1160 W:(53) and good stereo channel separation
or +22130 W: (56) (46 dB)
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2 RF GENERATORS

The SMDU family of signal generators can be used for all
kinds of measurements on active and passive components,
modules and units. These generators are

of precise electrical performance,
economical thanks to available options and
versatile in application.

They comply with all national and international standard
specifications for measurements on receivers and RT equip-
ment (including aeronautical communication). Other user-
oriented features are:

suitable for stereo operat¡on at carrier and intermediate
frequencies (very low modulation distortion even w¡th
multiplex signals),
frequency locking with selectable channel spacing
(radiotelephony channels) using synchronizer option,
DC coupled FM input for narrowband sweeping.

The SMDU family comprises models for

gcttr:ral FìF; tleasttrr.,tlents,
,lir tr.iviqltiirril .ìtìLj (;(Jrrìilìu¡¡iç,1iiolr

[ìT measurements

ln addition to these different models several options can
easily be added, permitting an optimum, user-oriented sys-
tem configuration.

Details on the application of the SMDU for air-navigation and
RT measurements are included in the discription of the
corresponding test assembly.

SMDU model for general RF measurements

Universal model wlth AM/FM capability meeting highest
requirements, internal modulation frequencies 15 Hz to 150
kHz, AF voltmeter with autoranging facility.

The SMDU includes an RF generator 0.14 to 525 MHz and a
frequency meter up to 525 MHz. Any of the options available

signal gclnel.aËor.s

(see pages 64/65) can be incorporated. For power measure-
ments, the power test adapter or the AM unit (which also
measures modulation depth) can be used.

Frequency adjustment by pushbuttons (ranges) and con-
tinuous in-between ranges. Frequency indication: coarse on
analog scale, fine by seven-digit readout. High frequency
stability reached shortly after switching on permits measure-
ments on steep-edged filters and receivers with narrow chan-
nel spacing. The SMDU reaches synthesizer stability using
the synchronizer option. By means of synchronization, fre-
quency locking is possible at the standard channel spacings.
Electronic fine tuning permits the adjustment of intermediate
values to an accuracy of a few hertz. Using option SMDU-83
extends the range up to 1.05 GHz without sacrificing per-
formance. Option SMDU-BS also permits range extension up
to 1.05 GHz, however, with reduced harmonics suppression.
When adding any of the two frequency extension options, it is
recommendable to order also the option SMDU-BB (for AM
up to 1050 MHz); this option is already incorporated when
ordering a new SMDU with frequency extension.

Overview on
pages 64/65
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Signal Generator SMDU I 15 Hz to 525 (1050) MHz
O Extendable signal generator com-

ing in different models, general RF
measurements:
universal model with modulation
unit meeting highesl requirements
and including AF voltmeter

O Extremely high frequency stability
and spectral purity, crystal conlrol
w¡th opt¡on

O Easy to operate, rapid frequency
selection, single-range output at-
tenuator of highest precision

O Output EMF 0.05 ¡rV to 2 V

Overview models and opt¡ons
on pages 64/65.

SMDU
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Modulation (internal and external). For the universal model,
AM up to 98% and FM with maximum deviation 1000 kHz
(also AM+FM) with very low distortion (<0.1S% at 100 kHz
deviation). Switch-selected preemphasis of S0 or 75 ¡-rs for
FM. The typical distortion factor of the modulation generator
(15 Hz to 150 kHz) in the AF range is 0.1%. Automatic range
selection (can be switched off) and automatic selection of
units (kHz, mY, %) for modulation indlcation. The output
voltage of the modulation generator is adjustable between 5
mV and 1 V. Narrowband sweeping via the DC coupled FM
input is possible.

RF output signal, Flat frequency response (output level-
ling) over entire level range and high-accuracy level adjust-
ment. The high output voltage (2 V EMF) can be reduced
accurately to as low as 0.0b ¡rV EMF by means of a single-
range attenuator with large attenuation range. The carrier
can be suppressed without affecting the impedance (push-
button). The high spectral purity of the output signal permits
the SMDU to be used as interfering-signal source in multi-
signal measurements.

Frec¡ueircy nloasll lrnretìt, The seven-digit frequency
meter of the SMDU measures all internally produced and
externally applied signals from 15 Hz To S2S MHz with a
maximum resolution of 1 Hz or 10 Hz. The option SMDU-84
extends the range to 1000 MHz for external signals, the
resolution then being 10 Hz. The measured frequency is
available at a data output in BCD code.

ÂF voltaqe rreiìijrtre¡rt.rnt, The AF voltmeter of the univer-
sal model also measures external AF voltages (average-
responsive rectification) in addition to modulation generator
voltages and forms together with the modulation generator
an AF level measuring assembly.

Overload ¡:rotection. The option SMDU-82 automatically
prevents excessive external RF and DC voltages from affec!
ing the output of the SMDU.

Specifications (options included)

RF GENERATORS 2

RFoutput

OutputEMForlevet ....... -.

Scalecalibration (linear) . .. . . .
Resolution
Min. output-voltage increment

Altênuator eror 0.4 to 525 MHz
down to 140 kHz
anduptol0S0MHz .......

Carñersuppression .........
(vswR)<o.2VEMF ........
RFoulput(onrearpanel) ....

Frequency meter (7 digits)

N female connector (adaptable):
4u=50O
0.05 pV to 2 V EMF/
-139 to +13 dBm
V EMF/dBm/dBV/V into SO O
0.7 mm/dB or 16 mm/dB
0.25 dB
+1 dB

<+2 dB
pushbutlon on front panêl
<525 MHz: <1.2; >525 MHz: <1.4
N female (adaptabte)
>20 mV into 50 O

Resol. (Hz) lnput max. 10 V)

lnt. 15 Hz to 50 MHz 1 t10
50 to 800 MHz 10/100 matched

100/1000
1 t10
10/100

0.45 to 525 MHz: <t(2)Yo
140 to 450 kri.z: <3Vo
3t10t30t100%
0.45 to 525 MHz: <t3%
140 to 450 kHz: <+5%
'15 ¡îVl"/"
intemal and extemal

800 lo 1050 MHz
Ext. 15 Hz to 30 MHz

20 to 1000 MHz

Recorderoulpul ....
Modulatlon .. .. . . .

Mod,Generalor . .. .

lndicat¡on
D¡slorüonfactor ....

vu(4u = 200O) .

lndication ranges . .

Enorlimits.......
Frequency rêsp. . .

AM ....
Modulat¡ondepth ...
Ranges: fde (MHz)

fM(kHz)
Distorlionfactor ....
ldicatingrangos ....

Enor ...
(<r v EMF)

V,forext.AM......

Fr€quency devialion
f@"is(MHz) .....
Dev¡ation (kHz) . .

>10 mv into 10 ko ll 20 pF
>10 (>525 MHz: >30) mV ¡nto 50 O

.... BCD CrTl-tevet)

.... AM, FM, AM + FM

15 Hz to 150 kHz
analog and dig¡tal, resolution i Hz
50 Hz to 53 k|-].z:. <0.2o/o,
olher ranges: <0,5%
5mVto1Vinlo600O
10l30l ... /3000 mV
+(3% of rdg +1.5% ot fsd)
<2o/o, typ. 1o/o

intemal and extemal
for Vd sl V EMF: up lo 98%
lor Vod up to 2 V EMF: decreasing
O.l4lo 0.45 0.45 to I
0.03 to 4 0.03 to 10

Frequency 0..l4 to 50 MHz 50 to 800 MHz 800 to iOSO MHz

D¡slortion factor

Crosstalk
with stereo

Preemphasis. . .

lnd. ranges (kHz)
Enor ..... -.

Vhforext. FM . .

AF-Voltmeter . . ,

lnput . ... ... .. .

lnd¡cating ranges
Enor limits

15 Hz to 53 kHz
53 to 150 kHz

Ove,load protectlon (option)

Max. pem. level
lndication

Genê¡al Deta
AC supply

Dimensionsandweight .....
Orderdeslgnatlon.........
Universal model
Un¡versal modelw¡th ootion Bl
Air-navigationmodel........
Air-nav¡gàtion with option Bj
Accassoriessupplied,......
Opllons

linearly to 30%
I to 525
0.03 to 1 00

fm <4 kHz,
m=80%

fd <4 kHz,
m=80%

249.6340.02
249.7346.02
249.948/..02
250.O012.O2
275.1312.02
295.2'150.o2
æ5.2189.02

Ì

fm

<525 >525
0 to 500 0 ro 1000
(ranges.: 10/1 00/1000)
fS Hz to 150 kHz if Ac-coupted
0 to 150 kHz if Dc-coupled
100-Hz to 150 kHz with synchron¡zer option
<1"/"
broadcasl range: <0.15%

lm 50 Hz: >40 dB down
1 kHz: >46 dB down
15 kHz: >46 dB down

50/75 ps
3/10/30/1 00/300/1 000
+(5% of rdg +t.S% ot fsd)
Af f00 kHz: <50 mv/kHz
(Af >100 kHz: <10 mV)

15 Hz to 150 kHz
1 mvto 3 V
>100 kO ll ro p¡; ANC
l0/30/ ... /3000 mV

+(2o/o ot tdg +1.5% of fsd)
t(5% of rdg +1.s% of tsdi

¡r"glr"ltgy tr.199 . . . . . . . 0.14 ro s25 MHz (g subranges)
with 1.05 GHz frequency

_ rangeextension ...... 0.14 to 1OSO MHz (i1 subranges)lnd¡cation .....7-digitreadoutand'analðãJäareConlrolcrystal .. 10 füHz texfern.¿,-fni-" 
--

Aging... ....<sxtg-à/montn -
Enor lim¡ts and resolution of ¡ndication:

D¡gital
Analog

1or10Hz
+5% +300 kHz

f0 or 100 Hz
+1Vo

locked

0.1 oder 1 kHz
+1lo

Frequency variation (within f 0 min measuring time)
free-running w¡th synchron¡zer oplion

+fine runnin9

15 min

<100 Hz

responds automatically il excessive
RF power or DC voltage is applied to
the RF output
50w50v

Warmup time

0.14 to 200 MHz <1.5 kHz
200 to 525 MHz <3 kHz
525 lo 1050 MHz <6 kHz

LED

<5x 10-7

12.5 I 20 I 25 I 50 I 1O0/ I b0 kHz

with eleclron¡c fine

<5x I 0-8
+f0Hz

Spac¡ng ot locking points
(withsynchronizer) .....
Frequency settability

11 5 I 125 I 220 I 235 V + 1 0%,
gq_to f20 VA (depênding on modet)
492 mmx294 mmx436 mm, 26 kg

) Signal Generator SMDU
249.30r 1.04
249.3011.34
249.30f 1.08
249.3011.38

power cable

0.14 to 64 MHz
& to 525 MHz
525 to 1050 MHz
Harmonics (dB) . .

free-running

) approx.too Hz

approx. 150 Hz

<51 lol<20 Hz
<1Ol lo l<25
<2Ol lo l<5OHz

I depending
I on spacing of
J locking points

Spurious responses, if anv . . .
lncidental AM w¡th fm = i t<Hz

withopt¡onSMDU-Bg .....

0.14 to 50 MHz: >26, typ. gO down
50 to 525 MHz: >35, typ. 40 down
525 to 1050 MHz: >26, typ. gO down
>90 dB, typ. 100 dB down
<1%, typ. 0.5% at 100 kHz deviation
(for f >l MHz)
<3%, typ. 1% at 100 kHz dev¡ation
(for f >20 MHz)

3h 15 min

SMDU-BI: Synchronizer. . . .
SMDU-82: Overload Protection

9ll4P!l-99, 1.05-GHz Frequency Rang6 Extens¡on
SMDU-B4: l-GHz FrequeñcyM-eter ............
SMDU-BS: 1.SGGHz Frequéncy Doubler. . . .... .
SMDU-88: Amptitude Modutatión S2S to t OSO MHz
SMDU-89: S/N Ratio tmprovemont
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Signal generators for UHF and SHF

Types SMAI, SMBI and SMCI form a family of modern signal
generators which span the entire frequency range from 500
MHz to 12.5 GHz.

The signal generators are suitable for applications such as:

signal gclnctnaÈors¡

Advantages of ALC. The ALC also permits amplitude
modulation up to 70%. To obtain the full output power, the
ALC can be switched off.

The ALC facility leads to new applications.

Attenuation measurement and recording is possible using
the signal generators with ALC since the power input to the
two-port network remains constant and the attenuation
characteristic can immediately be seen from the output
power.

Operation

Frequency setting with digital indication on roller counters.
A friction drive with high gear reduction ensures both rapid
tuning and high resolution. A frequency-linear shaft, acces-
sible through the side wall, permits the connection of a
recorder or control unit. Attenuation or selectivity curves can
thus be plotted automatically.

The frequency stability is sufficient even for narrowband
test items. Most stringent requirements - e.g. in the field of
microwave spectroscopy - are met when the signal
generator is synchronized with the harmonic of a crystal
oscillator (second RF output) by means of suitable equip-
ment.

Measurements on
receivers:

Noise figure
Dynamic range
Control characteristics
Selectivity
Conversion loss
lmage rejection

Measurements on
two-port networks:

Reflection coefficient
(using directional coupler
or impedance-match bridge)
Attenuation constant
(passband characteristic,
point-by-point or swept)

Uses in radar systems. Sensitivity measurement, simula-
tion of echo pulses for checking the indication. Due to its high
modulation quality, the SMAI is particularly well suited for
measurements on DME and ATG equipment.

The synchronization facility makes possible measure-
ments requiring extreme frequency stability: on narrowband
AM and FM transmission systems, filters with sharp cutoffs,
Doppler radar systems.
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SMAI
SMBI
SMCI

O Constant output power with all sig-
nal generators

O Sultable for wide range of FM and
pulse modulation applications, AM
up lo 70%

O Frequency-linear shaft for connec-
tion of recorder

UHF-SHF Signal Generators
SMAI I 500 to 1800 MHz
SMBI I 1.7 to 5 GHz
SMCI 0 4.8 to 12.5 GHz
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signal genGl.aÈons RF GENERATORS 2

sMAt sMSt sMcl
0.5 to 1.8 cHz 1.7 to S.O GHz 4.8 to t2.S GHz
t¡gqglcV-¡ine.ar singte-knob tuning in onã ranjJ
on roilEr countors+0.5% +0.5% +O.Soh
100 kHz/div. 1 MHz/div. 1 MHz/div.

<7x 10-s/"c 
=7x 

lO-s/.C
=1.5 kHz <f .S kHz

Versatile modulation characteristics are obtained when
the plug-in modulation unit (to be ordered separately) or a
pulse generator is employed. Simultaneous FM and pulse
modulation are possible.

A P|N-diode modulator in the output circuit generates the
pulse modulation with a carrier suppression of greater than
80 dB. The signal generator is designed for internal and
external pulse modulation. Owing to the built_in modulation
amplifier, an input voltage of 2 V is sufficient for full modula_
tion. The signal for internal pulse modulation is delivered
either by the built-in 1-kHz generator or by the plugged-in
modulation unit. The latter permits adjustment of ihe repeti-
tion frequency, pulse width and delay and can therefore
produce all commonly used radar pulses.

External frequency modulation is possible with all versions. lf
the modulation unit is being used, it delivers a sawtooth
voltage with adjustable repetition frequency for internal FM.

The RF energy is coupled out by a piston attenuator. The
available output power is indicated by the meter (large val-
ues) or can be read from the attenuator (smaller vaiues down
to -130 dBm). Constant output level is achieved by two plN
diodes. At the same time, the diodes are used for the
amplitude modulation of the output signal.

During pulse modulation, an unmodulated signal is available
at the second RF output; it can be applieO to a frequency
meter or used for frequency synchronization in the pulsó
mode.

Fr€guencyrange ..
Frequoncysetting.. .

Frequency indica-tion,
Enorlimils.........
ScalEresolutíon ...

Frgquency drift duê to
cñangeoftemperat. ..
Residual FM

Specifications

Outputlevel....

Adjustnent range

Smallêsl readable
attonualor incrêment
ResidualAM ......
Amplitude variation
due to +10% AC

<4 x 10-s/.C
<1.5 x 10-6

>0 dBm>+10 dBm
(>+8 dBm)
+10 to
-130 dBm

0.1 dB
down >60 dB

>+5 dBm
(>0 dBm)
+5 lo
-130 dBm

0 to -130 dBm

0.1 dB 0.1 dB
down >60 dB down >60 dB

supplychange ..
Ouþut impedanc€
Conneclor
(adaptable) . N fematevswR.. . .. <2.5
Fes¡dual amplitude
varial¡on. ..=+ldB

(= +1.75 dB
_ +att. enor)
Residual AM with ALC <1o/ô

<+1dB
(< 12 dB
+att. enor)
s1o/"

on rear panel lor trequency meter
or synchronizer
>-15 dBm >-20 dBm >-iS dBm50r) 50(t 5oo

<0.02 dB
50r)

1000 Hz
0.5 ms
<100 ns

0 to 200 kHz
min. 0.3 Fs
5100 ns

10 Hz to
500 kHz
30 (50) kHzlv
Zi" = 180 O

o.2s x I o-3
max. 20 V

SMAI.E
f00.46Ít6.02

<0.02 dB
50c)

N female
<2.5

f000 Hz
0.5 ms
<100 ns

0 to 200 kHz
min.0.3 ¡s
<100 ns

10 Hz to
500 kHz
50 kHzlv
4'=f80O
10 Hz to
100 kHz,
o lo >70v"

<0.02 dB
50lt

N lemale
<2.5

<+1dB
(< +2.5 dB
+att. enor)
31Yo

1000 Hz
0.5 ms
<50 ns

otolMHz
100 ns to 5 ms

=50 
ns

l Hzto
10 MHz
for max. dev.:
2Yw

10 Hz to
100 kHz,
O lo >7OYo

Second RFoutput

Ouþutpower ...
Output impedance

Modulatlon

Pulse - inlemal
Repelition frequencv
Pulsewidth . .'. .. .:
Rise/falltime.....

Pulse - extemal
Rspetition frgouencv
Puisewidth . .'. .. . .

Rise/fallümê .....
Fll - extemal

Sensitivity ..

AM-sxtemal
100 kHz,
Olo >7oto

Wth modulatlon unlt
Pulse - intemal
Fepelitionlime ...... O.O2 to

200 ms
Pulsewidth......... 0.3 to

1000 Fs
FM - intemal lsawtoothl
Modulation lreiuency SO Hz to

50 kHz

Tdgger output pos., dglayed pos., dstayed pos., delayed
0.1 to 1000 Fs 0.1 to 100b fs 0.1 to iO0'0 ¡rs

negative negative negative

10 Hz to

Exl.
pul se

Pul se

lllggerlnput .....
Synchronlzaüon

Tun¡ngrange .....
Vollage requirement

General data

Rated temp€rature
rangg ...
Powersupply .....
Dimensions, weight

Modulation Unlt

0.02 to
200 ms
0.3 lo
1000 ¡s

0.25 x 1o-3
max.20 V

SMBI
100.4607.13

SMBI.E
100.4trì6.02

0.02 lo
200 ms
0.1 to
1000 ps

SHzto
50 kHz

0.5 x 10-3
max. 20 V

sMct
100.46r3.03

sMct-E
100.4636.02

50 Hz to
50 kHz

FÀ4

Oulput
Exl.
Flvl

Exl

+10 to +35 9C (storagê temperature
range: -20 to +7S"C)
1 1 5 t 125 t 220 I 235 V i10%.
47 lo 6Íì Hz
484 mmx283 mmxsl2 mm, 3t kg

Ordering information

Orderdeslgnatlons . )signal Generator

SMAI
100-4594.13

RF output 2 RF output

lndi cation
directional

coupler
2

PIN

diode

atler 2

ALC
ampl¡fier

u
\_
ì

PIN-diode
noclul âlor

lndìcation
directiona I

coupler
1

PIN
diodr:
¡lt{rì l

1 kqz
gene
ralor

À,lodu-

I ation
gene'

ratof

Block diagram of the SMAI with modulation un¡t Accoasorles supplled I poÌver cord, 1 shortckcuit N plug
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The Power Signal Generator SMLU offers the perfect solu-
tion to all measurement problems where the output level of
conventional signal generators is insufficient. Thanks to its
wide frequency range, ALC and sweep facility as well as its
capability to be extended to form a system (see page 72),

the SMLU is particularly suitaþle for measurements

on power stages and transistors, frequency multipliers,
of antenna directional patterns and impedances,
of intermodulation and crossmodulation at high levels,
of attenuation, reflection coefficient and transfer
impedance of cables.

The Sweep Unit SMLU-Z extends the SMLU to a wideband
power sweep generator for 25 to 1000 MHz while the
Frequency Controller SMLU-ZS permits measurement of the
SMLU output frequency, synchronization, measurement of
the marker frequency during swept-frequency operation and
frequency programming.

Characteristics and f unction

For each frequency subrange, the SMLU has a separate
voltage-controlled oscillator, operating at the output fre-
quency. A diode network ensures extremely good lineariza-
tion of the tuning characteristic.

The provision of ALC and a well-defined 50-O output open up

a number of new possibilities.

Frequency selection. Pushbutton selection of frequency
range, fine adjustment accurate to <1x10-4 on linear scale

with 0.2 to 5 MHz resolution. Manual tuning, programming

and sweeping possible.

Sweeping. Either single internal sweep of one frequency

subrange lasting 20 s - e.g. when using a chart recorder - or

external sweep with f"* : 0 to 50 Hz and max. sweep width :
1 subrange. The deflection voltage (sawtooth) of any oscillo-

scope is suitable as the sweep voltage. Frequency modula-

tion is possible with manual or programmed adjustment of

the centre frequency.

For wideband sweeping over any subrange or the total range

using the sweep unit see page 72.

IEC-bus compatible
using Code Converter PCW

Modulation characteristics. ln addition to FM (see under

,,Sweeping"), internal and external amplitude modulation of

the SMLU output signal is possible. Amplitude modulation is
performed via the ALC amplifier, ensuring a very linear

modulation characteristic even at large depths of modulation.

lnternal AM: 1 kHz, m : 70%. External AM: 10 Hz to I kHz,

m:90% (6.5 Vpp for 80%).

The output power is extracted via a broadband directional

coupler and kept constant by means of an ALC amplifier. The

output power can be reduced continuously by 10 dB through

variation of the reference level and also attenuated in 5-dB

steps up to a maximum of 35 dB with a variable attenuator.

Panel meter indication of level. An internal protection circuit
prevents overloading of the power stages when the signal
generator is mismatched.

Frequency and output-level programming

Frequency, range and output level can be programmed in

parallel in BCD code, the level in steps of 0.5 dB' Via the

Code Converter PCW, the SMLU can be combined with any

IEC-bus-compatible measuring instruments and computers,

thus forming any desired computer-controlled test assem-

blies.

Programmable test
assembly with Frequency
Controtler SMLU-23,
Code Converter PCW and
card reader
(front left)

xl

a

c o

at

Power Signal Generator SMLU I 25 to 1000 MHz
O Wide frequency range with seven

linear subranges

O Maximum output level 33 dBm
(2 W) with ALC

a External frequency sweep Possi-
ble; frequency, range and Power
programmable

SMLU

For use as a power sweep generator
see page 72
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Applications of SMLU
.l'est 

st-.tu¡r Íor ir arrsrir ission rneasurenlerrts
ln conjunction with a broadband voltmeter (e,g. the URV 4) a
dynamic range of up to 80 dB is obtained. Measurements up
to 130 dB are possible using selective test equipment such
as the MSUP.
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Specifications

Freguency ranEe. .

Subranges ...... .

Enor of froquency indicat¡on . . .

Res¡dual FM (10 Hz to 100 kHz
lesl bandwidlh)
Drift (atter 70 minutes of
operation)
Effect of load

Frequencysynchronization . . .

Oulput power wlth ALC

Frequency subranges
1 to 6 (25 to 595 MHz)
7 (565 to 1000 MHz) .

WthAM:1 to6 ... . .

7 ... . ....
Atlenuation

fine...........
ooarse.........

Attenuatorenor ...
Meler. . .

Reflection c!ef¡cient
Connector
Hamonlcs..--...

d8

ft

RF outpul ll (rear)

Outpul power
Source ¡mpedance; connector

Modulation

AM ¡ntemal

AM extemal

Srueeplng

lntemal ..

Extemal

ExlemalsweepÁf ..

Oulput for trequency-
proport¡onal voltage

25 to 1000 MHz
25 lo 44 I 42.5 lo 7 4 I 7O.5 lo 125 I
119 to 2t01200 to 352/3Kì7 to 595/
570 to 1000 MHz
< +2o/o

0.7 to 15 kHz, depending on range

1oo x to-6/to min
230 x 10-6 (between short- and
open-ckcu¡t)
v¡a 2nd BF oulput and frequency
control oulput

= 
+33 dBm

= 
+30 dBm

> +33 dBm
> +30 dBm

W l0Vinto50n)
WTVinto50O)

PEP

{2
(1

Ì

i¡,r¡;i:rt,iil1r i|i liìiIttrtrrrjril:¡ii¡,Í¡,¡¡¡11 1 ¡,r.r¡;¡1¡rrrjrll,rli,rtr
i{¡{riìr1ii I rì tl,i ri.

-10 dB (progr. in 0.5-dB steps)
-35 dB in s-dB steps
< +0.12 dB per sdB step
+22 to +33 dBm (3 to 10 V)
<15% (VSWR <1.35)
N female, adaptable
range 1: 

=30 
dB down,

for all other ranges see diagram

Typ. characlerislic

30 dB below meler ¡nd¡cat¡on
50 O; BNC female

modulal¡on frequency f kHz,
modulat¡on deplhTOY'
10 Hz to I kHz, max. 80yo;
Vn: 2 to f 2 V for 80% modulation

single sweep of one frequency
subrange w¡thin 20 s
0 to 50 Hz (sawtoolh),
max.1 subrange,
input rêqu¡remenl 0 to +f 0 V
FM with cenlre frequency set by
manual or programmed adjustment;
0toBkHz

0 to +40 V, on rear,
26 = 19 ¡¡¡

The Power Signal Generator SMLU is ideal for this purpose.
Its hight output power of 2 W (1 W) enables good isolation of
the three signal generators, minimizing intermodulation and
crossmodulation products. The wide frequency range from
25 to 1000 MHz covers all TV bands, permitting easy meas-
urements. Programmability makes for further simplification of
the measurement; see photo on page 70.

S¡ILU

Analyzer

DAZ'

Test item

.l\¡alching pad if requirèd

The three SMLUs are connected via the Four-port Junction
Box DVU4 (201.4018.03). The output impedance ist SO Q.
For measurements on 6-Q or 75-Q test items a matching pad
(DAZ) can be used.

Matching pad 50 + 60 O: 242.1013.02
(attenuation 0.79 dB)

Matching pad 50 - 75 O: 242J513.02
(attenuation 1.76 dB)

lnteraction of the three signal generators is precluded by
setting the output attenuator of each signal generator to an
adequate value. A fine control is provided on the SMLU for
fine level adjustment. lf the input level at the test item is to be
varied, it is best to insert an adjustable attenuator (RF Step
Attenuator DPSP 334.6010.02) between the fourport junction
box and the matching pad or test item.

Automatic rest setups for
o intermodulation and crossmodulation measurement
a RF cable measurements
see under RF test asemblies, section 3.

DVU

Remole control (programining)

Logic tuncl¡on of control inputs .

Programminginput ..........

General data

Rated lemperature range .

Storage lemperature range
AC supply

Dimensions,weight .....

negat¡ve log¡c, TTL-cûmpaliblê
BCD code in parallel for frequency,
range and level

Ordering information

O¡derdeslgnatlon.........

Recommended ext¡as
For remote control v¡a IEC bus:
Codo Converter PCW (sect¡on 1 )
Code Converter Board for SMLU
Sweep Unit SMLU-Z(page73l . .

Frequency Controller SMLU-23 .

+10 to +40'C
-20 to +70'C
1 1 5 I 125 I 220 I 235 V + 10%,
47 to 440 Hz (100 VA)
484 mmx l94 mmx436 mm, 18.6 kg

) Power Signal Generator SMLU
200.f009.03

244.8015.92
245.2610.O2
243.3010.92
242.5019.92

N
o

X

URV

MSUP

N
o

æ
o

E
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2 SMLU SYSTEM

SMLU alone and with accessory units (blue): Sweep Un¡t SMLU-Z (centre) and
Frequency Controller SMLU-23 (top)

Fixed f requency

O Wde frequency range

O High output power

FREOUENCY
CONTROLLER

O Very accurate
frequency

O Excellent fre-
quency stability
thanks to
synchronization

Ò Elternal frequency
measurements

O Frequency and
level program-
mable in ASCII

SMLU

signal gclneFaÈons

SMLU System

The Power Signal Generator SMLU - a standard instrument
for a variety of measurement tasks in the range 25 to 1000
MHz (see page 70) - is system-compatible and can be
adapted with great flexibility to the particular task at hand by
simply connecting the accessory units

Sweep Unit SMLU-Z,
Frequency Controller SMLU-23

and/or Code Converter PCW (for serial programming, see
section 1).

This combination constitutes an extremely wideband sweep
generator of high output level which permits very rational and
time-saving execution of all broadband measurements.

The following diagram gives an overall picture of the different
combinations possible and their outstanding features.

Sweep operation

O Subrange sweeping

O Frequency response
flatness +0.5 dB

r((

a

SMLU

PCtt,

SMLU

PCW

SMLU

SYiEEP

UNIT

SWEEP UNIÎ

FREOUÊNCY

EO
o

o

a a a 

- 

a a-

: t-

O Sweep width
25 to 1000 MHz max.

O Automatic
range switchover

O Two continuously
adjustable fre-
quency markers

O Accurate measure-
ment of the
adjustable marker
frequency

SMLU system combinations
and their outstanding features

U

a

a

c

O Frequency pro-
gramming with
high accuracy
and stability

O Setting time
<100 ms

Cf.
ac_

I- FREOUENCY
CONTROLLER

- 0 å'.--=;F----"'* FFr c

O

r---'l a
oo-

E'
a

o_

t-
-. a
C-
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Power Sweep Generator (SMLU +SMLU-Z)
The Power S¡gnal Generator SMLU and the Sweep Unit
SMLU-Z constitute a wideband power sweep generator for
the range 25 to 1000 MHz.

The whole frequency range or any part thereof can be swept
through. Switchover between the seven subranges is made
automatically by the sweep unit during the sweep process.
The start and stop frequencies can be set independently over
the whole frequency range. The sweep is logarithmic so that
the frequencies at the beginning of the range can be adjusted
with the same relative accuracy as those at the end.

The slvee¡r tirne can be varied over a wide range, enabling
optimum conditions for each test item. A lamp signals unsuit-
able settings.

Single sweep for rccorder operatiori and manual scan are
also possible. The necessary contacts for driving the
recorder are provided.

Two electronic f fe rlr.!elrcy ¡¡iai'kelr; can be shifted indepen-
dently over the whole frequency range;they appear as bright
spots on the display, for instance an oscilloscope. The
marker frequency is indicated on the SMLU scale with the
reading accuracy of the SMLU or can be measured with an
external digital frequency counter. A counter output is pro-
vided. The start or stop frequency can also be indicated by
pressing a pushbutton.

The measured curve can be representecl on a simple oscillo-
scope or an inexpensive VDU.

Frequency Controller SMLU-23
I 10 to 1000 MHz

ln addition to the Sweep Unit SMLU-Z another add-on unit to
the Power Signal Generator SMLU for 25 to 1000 MHz is
available in the Frequency Controller SMLU-Z3.

This unit gives a 6-digit frequency readout in the range of 100
Hz to 1000 MHz and is ideal for the following four tasks:

1. Measuring the SMLU output frequency with a resotution
ol 1 k{z or 10 kHz.

2. Synchronization, meaning that any frequency adjusted on
the SMLU can be maintained with crystal stability by
pressing a button.

3. Accurate measurement of the marker frequency in opera-
tion with the sweep unit; sweep width is adjustable from
25 to 1000 MHz.

4. Programming the SMLU frequency rapidly (<100 ms)
and accurately (10 kHz).

External signal frequencies from 100 Hz to 1000 MHz can
also be measured; sensitivity 10 mV, resolution 10 Hz.
The Frequency Controller SMLU-Z3 is driven via the second
RF output of the SMLU; the frequency is indicated on a
6-digit readout.

POWER SWEEP GENERATORS 2

SMLU + sweep unit : power sweep generator

Specifications of SMLU + SMLU-Z

Sì¡/eepable f requency range
Sweepwidth

$

Sweeptime, adjustable ......
oulput power, stability,
harmonics contenl
Froquency markers
Markeroulput
X output voltage
Blanking output, sÌvilch-selected
Switcfiing contacl for
recorder control
AC supply

Ratedlêmperaturerange .. . . .

Dimensions, we¡ght
(SMLU + SMLU-Z)

O¡derdeslgnatlons.........
(order units separately)
SMLU with programming unit
Swêep Un¡tSMLU-Z.......

SMLU-23

Specifications of SMLU-23
Frequency range
lndication.......
Measurêment enor
lnpul L .

Frequency range
Resolution.....

lnputvoltage ...
lnpul 2 . .

Frequency range
Resolution.....

lnputvoltage ...
lntemaltimebase
Synchronization w¡th SMLU

Deviation of cenlre frequency
Captureandholdrange ....

Programming
Ratgdtemperaturerange . ... .

AC supply

Dimensions,weight .........
Orderdesignatlon..........

25 to 10æ MHz or any part thereof
max,: lolâl rânde
m¡n.: 0.75 x 1 O--3 of centre fre-
quency
10 to 1000 ms,
single sweep 2 to 200 s

same as for SMLU, page 71
bright spots or marker pulses
+5 Vo; BNC temale connector
0 to +10 V: BNC lemale connector
+15 Ve; BNC female conneclor

max. 20 V/l A
1 1 5 I 125 I 220 I 235 V +1 0% :

47 to 440 Hz (100 + 12 VA)
+10 to +40'C

484 mmx260 mmx¿136 mm, 24 kg

> Power Sweep Generator
SMLU + SMLU.Z

'200.1009.03 and
243.3010.92

10 to 1000 MHz
6 digits (7-segment LEDS)
al d¡git + erof of timebase
Zm : 100 kO ll 30 pF (BNC)
100 Hz to 30 MHz
'I 0 Hz or 100 Hz, pushbutton-
selected
l0mVto2V
4"=50O(BNC)
10 to 1000 MHz
I kHz or 10 kHz, pushbutton-
selecled
10 mV to 2 V (AGC)
lO MHz, aging I x lo-6/month

+f 0 kHz
>2%; sett¡ng timê <100 (400) ms
TTL level, negalive, BCD
+10 to +40'C
1 1 5 I 125 I 220 I 235 V + 1 0%,
47 to 440 Hz (37 VA)
492 mmx116 mmx392 mm, 7 kg

> Frequoncy Conlroller SMLU-Z3
242.5019.92
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Single-stage UHF Power Signal Generator SLRD using a
disc-seal triode oscillator and tunable coaxial resonantline
circuits for anode and cathode. Both circuits have separate
scales calibrated in MHz. The scale drives can be ganged
(single-knob tuning). The whole frequency range is covered
in two bands.

Single'knob manual tuning permit accurate adjustment of
small frequency increments and rapid tuning through the
whole range.

The SLRD model that issuilahle for syrrr:lrrorriz¿rlic,rr incor-
porates two diode tuning units providing signals of crystal
accuracy and spectral purity. The tuning units may also be
added later.

Modulation characteristics. lnternal 1-kHz squarewave
modulation of high stability; external pulse modulation possi-
ble with rise and fall times of 0.08 to 2 ps and repetition
frequencies up to 100 kHz.

The output power can be adjusted from maximum down to
-50 dBm in accurate intervals, direct reading being provided
by a directional coupler and a meter for levels from +47 to
+9 dBm. A piston attenuator calibrated in dB permits the
adjusiment of low levels.

Specifications

Frequency range
Enorlimitsotindical¡on .......
Frequency change duè lo
temperaturevariation .........
Harmonics
Residual FM
Residual AM

Synchronlzal¡on
Max¡mumtun¡ngrange ........
Conlrolvoltage requirement . . . .

Modulation
Pulse modulalion (squarewave),

Modulation depth
Bepet¡tionlrequency.. ......
Bise/tallt¡me.

Pulse modulation, erfernal
Repelitionlrequency.. ......
Pulse width
H¡se/falltime
Voltagerequ¡rement ........

Oulput powet
1sl RFoutpul(lrontpanel) . . . . .

Max. output power

M¡n.ad¡ustablepower.......
Indical¡on for powers

> +9 dBm
< +9 dBm

Adjustment range of afienuator
Atlenualor eror

2nd RFoutput(rearpanel) .....
Output power

General data
Ratedtemporature range . . . . . .

AC supply

Dimensions,weight ..........

Ordering information

Orderdeslgnatlon8..........

Tun¡ng units required tor
w¡th one or two tuning

Range2Soto 950MHz

Range 850 lo 2750 MHz

280 to 2750 MHz
+20/"

<7 x 1o-s/"C
typ. 20 dB down
1 to I 0 kHz, depending on frequency
>40 dB down

1 x 1 O-4 lor 280 to 950 MHz
2 x 1 O-5 for 850 to 2750 MHz
120 V for max. luning range

intemal
... 100%
... 1 kHz
...0.08to2F^s

. . . 0 lo 10/0 to 100 kHz

...4¡rstolms

... 0.08 to 2 Fs... 3 Vpp into 150 O

be added al
Tun¡ng Un¡t SLRD-Z
100.4207.O2
Tuning Unit SLRD-Z
100.4213.O2

Dezif¡x B, 50 Q; adaptable
35 W dêpond¡ng on frequency,
see diaoram on left
-50 dB-m (1 x 1O-B W)

on panel meter
on meler and dB scale of pislon at-
tenualor
0to70dB
+ (1 dB + 0.05 dB/l dB)
Dêz¡f¡x A, 50 O; adaptable
l0 pWlo 100 mW, dêpend¡ng on
frequency; nol adiustable

SLRD ¡s suppl¡ed
a later dale):

+10 to +35"C
'l 1 5 I 125 I 220 I 235 V + 1 0%
47 to 63 Hz (175 VA)
484 mmx328 mmx512 mm,38 kg

> UHF Power Signal Generator
SLRD
100.41 94.02 (no synchron¡zation)

request, the

30

ì0

20

+ l(GH

Typical values of maximum output power

Uses. Measurement of stopband and passband charac-
teristics of filters and other two- and four-terminal networks of
high attenuation, feeding of impedance meters (slotted lines,
reflectometers), determination of propagation conditions and
of transmission loss.

SLRD UHF Power Signal Generator SLRD I 0.28 lo 2.75 GHz
O Output power up to 35 W adjust-

able down to 1 x 10-8 W

O Model suitable for synchronization
can be supplied

a External pulse modulation, internal
squarewave modulation 1000 Hz

.--.:'IF¡.IE¡-..-. ,-::-i r::. -.:.'.+ !.¡ì:, :. .
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signal genenatons

Noise Generator SKTU
0 1 to 1000 MHz
O Easy determination of noise figure

over a wide frequency range

O Scale calibration in F (noise factor)
and noise figure (Foa)

Noise Generator SUF 2 on page 338
(20 Hz lo 50 kHz - for white,
pink, triangular noise and program
replacement signal

The Noise Generator SKTU supplies a measurable and
adjustable continuous white noise spectrum for the rapid and
easy determination of the noise figure of amplifiers or receiv-
ers. The noise power is generated using a temperature-
limited diode.

The receiver input voltage that gives the signal{o-noise ratio
1 with the measured noise figure and the given receiver
bandwidth can be read in microvolts on the nomogram
engraved on the left side of the front panel.

Theory of noise measurements

The noise figure of four-terminal networks is readily deter-
mined with the help of a generator producing white noise in

the frequency râhge concerned. Such generators perm¡t
rapid measurements to be made without calculation. The
results allow the comparison in sensitivity of ditferent types of
receivers or amplifiers.

Definition of noise factor

The noise factor F is the ratio of the signal-to-noise power
ratio at the input to that at the output of a four-terminal
network.

NOISE GENERATORS 2

SKTU

Specifications

FÊquencyrange .....
Sou¡ceimpedanc€ ....
Noise porer
lndicat¡ngranges .....

Noisêfaclor, f to ....
Noise figurê in dB, 0 to

Enorof indicalion ... ..
ACsupply
Dimensions,weight ...
Orderdeslgndlon. . . .
50-O mod€l
7ff¡modêl

1 to 1000 MHz
50 or 75 O,
dep€nding on order number
conlínuously adjustable5oo 60r¡
6.5/33 8lß
8115 9/16

75r)
6.4t32
9/15

o.s (1) dB
11511251?201235 V
470 mmx195 mmx260 mm, I kg

> Noisa GênerãtÕr SKTU
100.4688.50
100.4688.70

$/Pl P2
F=-

9z/Pz Go Pr

The noise factor is by definition a dimensionless quantity.

Pr : kToÂf is the noise power due to the source impedance
under the assumption that the temperature of the generator
source impedance equals the standard noise temperature Ts.

Then

P2 P2 output noise power in W
k Boltzmann's constant ¡n Ws/K
T6 absolute ambient temperature in

Kelvin
lf effective noise bandwidth in Hz
Go power gain
kTo 4x1o 21 Ws

kTe Af G6

The total noise power at the output is referred to the amplified
reference power of 1 kTo^f. P2 is composed of this amplified

reference power and the component produced by the noisy
four-terminal network. Thus the noise factor can be split up

QP1+P2 Pz
i=.................................._ :1+ 

-:1+Fz

C¡Pr QPI

where Fz represents the contribution of the noisy four{ermi-
nal network.

The definition of the noise factor is based on the assumption
that only the linear transmission range of the four-terminal
network is used in the measurement. Non-linearity would
seriously alter the noise spectrum and thus lead to measure-
ment errors.

The noise figure in dB is obtained as F¿s: 10log F.

Measurement of noise factor

The definition of the noise factor does not specify the way in
which the signal power is generated. lt is possible to compare
the signal power from a signal generator operating on a
discrete frequency with the power of the noise spectrum
which, dependent on the passband, appears at the output. To
calculate this noise power it is necessary to determine the
effective bandwidth. An easier way is to derive the signal
power from a noise source. The signal of this noise source is
subjected to lhe same bandwidths which act upon the noise
spectrum applied to the input. The effect of bandwidth is thus
eliminated. Generators delivering white noise (continuous
spectrum with frequency-independent rms value) are there-
fore used for measurement.

where
S1

Sz: Sl Go
P1

Pz

s¡gnal power at the inPut
at the output

noise power atthe input
at the output
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3 OVERVIEW

Radiotelephone test assemblies

Signal generators play an important role in checking out
receivers during development, production and servicing. By
complementing the signal generator with power, frequency
and modulation meters as well as AF test equipment, a test
assembly for checking transceivers is obtained.

For ten years Rohde & Schwarz has been combining
measuring instruments to form transceiver test assemblies.

The latest generation of test assemblies, consisting of mod-
els SMFS2 and SMFP2, embodies a novel instrument con-
cept for testing transceivers; automatic routines alford par-
ticularly great ease of operation.

Mobile Tester SMFS2 with Analog Display SMFS-89

The tuiobile Tester SMFS 2 is a portable, manually operated
unit with semi-automatic measurement rout¡nes for AM, FM
and cpM transceivers. lt is primarily a maintenance test set for
workshops and field service but thanks to its ease of opera-
tion and semi-automatic measurement routines it is also
suitable for use in laboratories and production departments.
When a transmitter signal is applied, its frequency, power
and modulation are measured and indicated on separate
displays. The test set adjusts the AF signal level at a stand-
ard audio frequency until the transceiver operates at its
nominal modulation. Then the operator switches off the trans-
mitter and the tests are performed on the receiver section.
Again the SMFS2 automatically selects the standard para-
meters and indicates the RF level required to obtain the
desired S/N ratio. The front panel of the tester is divided into
areas for receiver or transmitter tests. Keys are provided for
the selection of special functions such as RF level +6 dB or
RF level off, external modulation and SINAD or S/N ratio.

The frequency of the built-in synthesizer can be varied via the
keyboard in steps of any size, for example to match the
channel spacing or to change between the upper and lower
sidebands. Sensitive counters and deviation meters enable
remote measurements to be performed on radio signals. A
DC voltmeter/ammeter measures the DC voltages and cur-
rents of the transceiver. The SMF2 can be operated from a
car battery.

ËesÈ asis¡errrblies

An adjacentchannel power meter can be incorporated in the
SMFS2 as an option. Also available are a reference oscillator
of high stability, an AF synthesizer, a selective-call encoder,
a selective-call decoder, a 60-W power meter, an RF millivolt-
meter and a control interface.

The Mobile Tester SMFP2 is a programmable model, identi-
cal in operation and measuring capability with the SMFS2
and likewise suitable for all service applications. Pro-
grammability via the IEC bus makes this tester ideal for use
in automatic test systems. A fully automatic transceiver test
assembly for small-batch and large-scale production testing
can be obtained by adding the Process Controller PUC. The
extremely low price - you pay no more for the SMFP2 than
for a conventional manually operated test assembly - makes
it possible to set up value{or-money automatic and semi-
automatic configurations for all repetitive measurements
occurring in laboratories, production and servicing depart-
ments. ln addition to the IEC-bus interface, the SMFP2 has
12 control lines (TTL levels and relays) for the control of the
test item (transceiver) or auxiliary equipment such as relay
matrices and switching units. ln conjunction with an IEC-bus
compatible printer, the SMFP2/PUC combination permits
records of all measurements to be obtained.

ffin
.¿_---

Mobile Tesler SMFP2 with Process Conlroller PUC

ln the Automatic RX/TX Tester SMAT a go/nogo tester for
transceivers is available for the first time with which, by
means of an extremely fast performance test, the major
parameters governing the performance of transceivers can
be checked within seconds, the measured data compared to
stored ratings and adherence to tolerance simply shown by
green and red indicators.
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ÈesË assernblies

The SMAT can store a variety of test programs for as many
as 75 different hansceivers and, in addition to controlling the
entire test sequence, automatically matches the connected
transceiver for the next measurement that is to be carried out
on it.

Automatic RX/TX Tester SMAT

As for manually operated test assemblies, the SMDU mod-
els 06, 07 and 09 in conjunction with the AM Unit SMDU-Z1
or the Power Test Adapter SMDU-Z2, feature obsolescence-
proof design combined with optimum operating convenience.
Compact test assemblies with integrated accessories are
available under the designations SMDU 52, 53 and b6; see
page 109. The SMDU concept meets the requirements of
national and international standards, such as CEPT, FZ,
GPO or ElA, with the same ease with which it permits semi-
automatic operation of the individual measuring instruments
and simultaneous display of the most important test parame-
ters.

The SMDU options permit custom{ailored optimization of the
test assembly. Measurements in the 900-MHz band are also
possible and the requirements existing for measurements on
radio sets equipped for reply call are met.

The Adjacent-channel Power Meter NKS rounds otf the line
of radio test equipment. ln conjunction with the SMDU it
measures the adjacent-channel power of radio transmitters
in line with nat¡onal and international standards (CEPT). The
NKS tunes automatically to the selected adjacent channel
(details on page 115).

RT Test Assembly SMDU with Adiacènt-channel Power Meler NKS

OVERVIEW 3

Air-navigation test assemblies
ln civil aviation, VOR/lLS navigation receivers determine the
position and direction of planes. Amplitude-modulated sig-
nals in the VHF and UHF ranges are required for testing
these receivers. These signals should exhibit a constant
group delay between 9 and 11 kHz, very low distortion at 30
and 9960 Hz and a flat frequency reesponse at the modula-
tion frequencies of 90 and '150 Hz.

Models 07 and 08 of the Signal Generator SMDU meet these
requirements. ln conjunction with the Rohde & Schwarz
VOR/ILS Unit, these versions constitute a complete test
assembly for VOR/lLS receivers of one make. The special
advantages of this combination are the continuous monitor-
ing of the modulated RF signals and the built-in self-check of
the most important operating parameters.

Automatic RF test assemblies
Test assemblies whose routine is controlled from a desktop
computer via the standard IEC þus permit rationalization of
RF measurements up to 1000 MHz. Rohde & Schwarz otfers
two complete test assemblies for different measuring tasks,
together with software for the Rohde & Schwarz Process
Controller PUC.

The automatic test assembly for intermodulation and
crossmodulation measurements determines nonlinear dis-
tortion of antenna and cable-W amplifiers as well as of
semiconductors. Depending on the method used, two or
three Power Signal Generators SMLU are included in the test
setup.

The programmable VHF-UHF Test Receiver ESU 2 permits
selective measurement of interference products. Operator
errors are excluded since the whole test sequence is control-
led from the computer. The intermodulation or crossmodula-
tion suppression is printed out directly in dB.

Automalic test assembly for intermodulation and crossmodulalion measure-
ments (see page 1 1 ô)

The test assembly for RF cables automatically measures
the average characteristic impedance and attenuation of RF
cables in accordance with the specifications of IEC 96-1 or
DIN 47250. lt consists of the programmable Power Signal
Generator SMLU, an RF voltmeter and an analog/digital
converter and can þe extended by the Vector Analyzer ZPY.
The resonance method is used for measuring. ln addition to
controlling the test routine, the desktop computer furnishes
the test results, the characteristic impedance being printed
out in Q or the attenuation in dB.

I 1l¡!.ri
'=Ê !=.!

¡IEEEE!É|IE

!--.:

79



lEC62SElus

Mobile Testers

SMFS

SMFP2
SMFS2

3 RADIO TEST ASSEMBLIES test as¡serrrblies

SMFP2

Successors to the successful Mobile Testers SMFS and SMFP with extended
measurement and setting capabilities and new options

Additional SMFP2 features

Basic unit for the following test systems:

o Self-contained semi-automatic transceiver test set for
servicing in the field as well as in the lab

o Extended test assembly for servicing and batch testing -
fully automatic, flexible and easy to operate thanks to the
Process Controller PUC

a Test system for large-scale production testing, backed by

controller and minicomputer (and data bank)

nevìt

Mobile Testers
SMFP2 and SMFS2
I 0.4 to 1000 MHz

SMFP2/SMFS2 features

O Compact testers for AM, FM and 11 M transceivers

O Manual operation and semi-automatic or fully auto-
matic measurements, depending on type and conlig-
uration

Both test sets contain all measurement capabilities required
for transceiver testing; see next page.

Other common features:

O High measurement accuracy and high test rate

o Use in servicing, production and development

O Easy-to-grasp front-panel configuration and micropro-
cessor-controlled key interlocking
together with

O Semi-automatic measurement routines for easy opera-
tion

o Many automatic settings and test routines - e.g. 6-dB
bandwidth, reply call

o Compact, handy unit requiring little bench space and
suitable for battery operation

o Options available to extend the range of applications

Differences between SMFP2 and SMFS 2

The two test sets embody the same basic design and offer
the same measurement iapabilities; they differ only in

a) measuring convenience
SMFP2: IEC-bus compatible, can be built into fully auto-
matic computer-controlled test assemblies
SMFS2: manual operation with semi-automatic measure-
ment routines

b) modulation generator
SMFP2: continuous tuning from 10 Hz to 25 kHz, crystal
reference, synthesizer; 7 fixed frequencies; built-in selec'
tive-call encoder
SMFS2: 12 lixed frequencies from 0.1 to '10 kHz, with
options same as SMFP2

80
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Characteristics, uses, configurations

\Mth the Mobile Testers SMFP2 and SMFS2, single test
systems for all transceiver measurernents are available for
the first time. Manual and automat¡c operation, mobile and
stationary use, universal measuring capabilities and high
measuring speed together with high technical performance
are just some of the advantages of these versatile systems
for use in development, test departments, final test and
servicing.

Operation, measurement routines, indication

The controls of the SMFP2 and SMFS2 are arranged in

ditferent sections of different colours according to the meas-
urement mode (transmitter or receiver) and the setting or the
parameter to be measured. This logical organization of the
front panel ensures error-free operation without any training
and fast access to the automatic routines. Moreover, illumi-
nated keys for data setting and the readout of measurements
in progress prevent erroneous interpretation of the measured
values. By switching to receiver test or transmitter test the
SMFP2 or SMFS2 is completely preset for the particular
measurement.

RADIO TEST ASSETVBL-IËS 3

Both testers contain all the facilities required for precision
measurements on transceivers (see listing below). While the
SMFS 2 is exclusively designed for manual operation, all te sl
parameters anC meâ-curem4nts can he programnred for
the SMFP2 with the aid of a controller. simple IEO-bus
instructions and basic software ensuring fast programming.

Measurement routines. The possibility of choosing man-
ual operation or calling up automatic measurement routines
makes for versatile use of the test set on the one hand and
speedy and error-free measurement of repetitive standard
values on the other.

lndication. Six LCD's simultaneously read out virtually all
the test results, eliminating read¡ng errors and enabling the
interdependence of individual parameters to be determined.
A quasi-analog readout, which can be assigned to any
desired digit, simplifies adjustments and indicates tenden-
cies.

RF GENERATOR 0.4 to 520 MHz (to ,1000 MHz with option)

MODULATION GENERATOR

- SMFP2: continuous tuning plus 7 fixed frequencies

- SMFS2: 12 fixed frequencies (continuous tuning with option)

RF FREQUENCY METER 1 to 520 MHz (to 1000 MHz with option)

POWER METER up 30 W (to 60 W with option)

SINAD-METER switch-selected CCITT weighting filter
S/N METER switch-selected CCITT weighting filter
MODULATION METER for AM, FM and çM

- Switch selection of positive, negative or average peak value

switch-selected CCITT weighting filter
SPUBIOUS.MODULATION METER

- true rms meter switch-selected CCITT weighting filter
AF VOLTMETER switch-selected CCITT weighting filter
DISTORTION METER switch-selected CCITI weighting (additional)

AF FREQUENCY METER 20 Hz to 1 MHz

BEAT.FREQUENCY METER

- with loudspeaker and connector for headphones

DC VOLTMETER and AMMETER

ADJACENT-CHANNEL POWER METER (option)

SELECTIVE-CALL ENCODER (opt¡on with SMFS2)
SELECTIVE-CALL DECODER (option)

RF MILLIVOLTMETER (option)

CONTROL DEVICE for transceiver (optional with SMFS2)

- 12 TTL control lines and relay matrix

AURAL MONITORING with loudspeaker and headphones

ANALOG DISPLAY (option)

- with oscilloscope and analog indicators

Measuring and

control devices

in SMFP2 and SMFS2
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3 RADIO TESTASSEMBLIES

SMFP2/SMFS2 Function

Parameter setting

Automatic settings and automatic routines in both the
SMFP2 and the SMFS2, assigned to particualr modes for
receiver and transmitter testing, spare the user the repetitive
sett¡ngs which are otherwise needed over and over again in
day-to-day measurements. Special buttons and the keyboard
furthgr permit all the additional measurements required for a
complete check of a transceiver.

Parameters that ditfer from the automatic test routines can
be altered with the keyboard. With the four buttons
arranged to the right of the displays any frequency or level
value of the AF and RF generators as well as the modulation
can also be varied continuously (illustration below). Two
buttons designated with arrows shift a marker beneath the
display until it indicates the digit columen to be varied. The
other two buttons ("+" and "-") then permit this digit to be
varied in steps or, if kept depressed, in a fast sequence.
Since the carry of the digit varied is also considered automat-
ically, the test set otfers the user, besides the digital entry via
the keyboard, quasi-analog tuning with selectable resolution.
It is also possible to vary the frequency of the RF generator in
steps of any desired size (e.9. from channel to channel) with
the two keys "+ Âf" and "-Àf".

Quasi-analog display
Positioning
of marker

¡rrorr o

Marking of digit Variation buttons
to be varied

Butlons on mobile tester for varying any desired dig¡t of level and frequency of
RF and AF generators as well as modulalion section

RF generator

The output voltage of the RF generator is entered in pV, mV,
dB¡rV or dBm. Conversion from one physical unit to another
.is initiated at the push of a button without cutting off or
changing the RF level. The output voltage can also be
reduced by up to 10 dB with an electronic attenuator without
cutting off the level, as is necessary, for example, for an
exact determination of squelch hysteresis. The setting of the
attenuator is read out on the RF-level display and is a reliable
indication of whether the range of variation is likely to be

test as¡siclrnblies

exceeded (see illustration). The keys RF OFF and +6 dB
permit fast variation of the RF level.

SMFP2/SMFS2 oulput-level display
combined w¡th rèadout
of electronic-attenuator setting
plus keys for entry and conversion
of physical units

AF generator

Seven (SMFP2) to twelve (SMFS2) standard frequencies of
the modulation generator can be called up at the push of a
button and varied proceeding in either direction. These cover
all of the important modulation frequencies for transceiver
testing. lt is possible to increase the outputlevel setting by 20
dB with the aid of a special key, thus simplifying overmodula-
tion measurements, which are an absolute necessity when
testing modulation limiters for instance.

Using the SMFP2 - or the SMFS2 with AF synthesizer/
selective-call encoder option - all other frequencies in the AF
range can be set with crystal accuracy and high resolution via
the keyboard or the variation buttons. With extremely short
frequency and amplitude switching times and phase con-
tinuity when changing the frequency all the requirements of
tone sequence generation (selective calling) are met.

Frequency change

The AF Synthesizer/Selective Call Encoder produces tone
sequences with one to eight single tones according to ZVEI
and CCIR standards. The setting of the test set to the
particular standard and the entry of the desired call is key-
board-controlled from the front panel. lf the same code
number is entered successively the repeat tone is sent
automatically. The entered tone sequence can be sent singly
or repeatedly.

\Mth the SMFP2 it is also possible to use simple IEC-bus
instructions to call up tone sequences or to vary the parame-
ters of the tone sequences. For example, the first tone may
be lengthened, pauses may be introduced and thefrequency
of the single tones may be varied for tolerance investigations.
Moreover, completely different tone sequences, such as
European radio-paging signals, can be produced.
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Èest as¡sìclrrblies

Transmitter test/receiver test selection

The two main modes of operation - transmitter test and
receiver test - are engaged automatically according to the
power arriving from the transceiver. The switchover can
moreover be performed or inhibited by pressing a button so
that parts of each test may be combined. For example, the
SINAD ratio of a receiver can be checked during a transmitter
test to determine the useful-signal transfer in duplex opera-
tion.

On switching from transmitter to receiver test, the frequency
of the RF generator is set automatically either

to a frequency entered over the keypad or
to the transmit frequency of the transceiver measured
or
to the duplex pair frequency in the upper or lower band.

When the main mode is switched over, all test parameters
are stored and - provided the operator does not alter them in
the meantime - automatically reset upon recalling. So no
new entries are required even with repeated switchover.

When the transmit frequency of the transceiver is entered via
the keypad and the deviation meter is on, the mobile tester
switches within 70 ms from receiver to transmitter test. This
makes it possible to measure transceivers that send an
acknowledgement signal.

FìADIO TEST ASSEMBLIES 3

Also at the push of a key the test set determines

the modulation distortion

at all frequencies prescribed by CEPT- 300 H2,500 Hz and
1 kHz - or, by switching the modulat¡on voltage cyclically on
and off,

the signal-to-noise ratio

of the transceiver; the result is read out in o/o or dB on the
RESULT display.

The additional AF generator with 1-kHz fixed frequency in
conjunction with the modulation generator permits dou-
bletone modulation of a transceiver. Resulting intermodu-
lation products that lie in the adjacent channel can be meas-
ured directly with the adjacent-channel power meter.

lf the modulation is switched off during transmitter measure-
ment, the tester indicates the spurious modulation of the
transceiver, broadband or CCITT weighting being selectable.
After attenuation by 30 dB the decoupled transmitter signal is
available on the rear panel of the test set for checking by
means of an oscilloscope or a spectrum analyzer.

For measurements on selective calling equipment the test
sets can be preset to ensure quick response of the demod-
ulators. The tone sequence can be applied from a front-panel
output to a selective-call evaluation unit, or, when the selec-
tive call decoder option is fitted, decoded and displayed
directly by the SMFS2/P2.

Selective Call Decoder SMFS286. The SMFS286 Option
permits decoding of tone sequences to ZVEI or CCIR stand-
ard (1 to 7 single tones) demodulated in the basic unit or
applied to the AF voltmeter input. The decoded code num-
bers are read out on the display. Repeat tones are automati-
cally decoded. Excessive pauses or tones that deviate from
the chosen standard can be readily recognized as can be
seen from the examples of displayed decoded tone se-
quences.

Examples of displayed decoded tone sequences

Decoded repeat tone

Excessive pause after first tone

l=0
R¿dio lrånsm¡ls

Aulomõtic svilchover of SMFP/S
Íom receiver lo lransmiller tesl

Dev¡al¡on meler of SMFP/S
in sleady slate

ïming sequence for test¡ng transceivers lhat send an acknowledgement signal

Transmitter test

ln transmitter testing the SMFP2/SMFS2 measures auto-
matically

the transmit frequency of the transceiver with 10 Hz
resolution,
the transmitter power in W or dBm and
the modulation with high resolution (using the self-tuning
demodulators).

At the push of a key the test set increases or decreases the
level of the modulation generator until the modulation
entered over the keypad is reached. lf no modulation has
been entered, the test set adjusts to the modulaton value last
entered for the receiver test. The level of the modulation
generator then represents

the modulation sensitivity

for the given modulation, which is read out as a true meas-
ured value on the MODULATION display.

By simply selecting the modulation-generator frequencies
one after the other,

the modulation frequency response of the transceiver

can be determined rapidly. A relative value in dB - referred to
any measured or keyed-in value - can be displayed in
addition to the absolute value.

@ï!!?
=ul+ì?ti?
?'.!nç
r

Tone sequence to standard

Wrong or missing tone
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SMFP2/SMFS2 Measurement capabilities

Transmitter test

Fitted with the optional

Adjacent-channel Power Meter (SMFP 86)

the SMFP2 or SMFS2 measures the power radiated in the
adjacent channels. For this the nominal transmit frequency of
the transceiver must simply be entered over the keyboard
and the channel in which the adjacent-channel power is to be
measured selected. Readout of the adjacent-channel power
ratio in dB relative to the carrier power or direct readout of the
absolute value of the adjacent-channel power in ¡rW can be
selected.

FiÍst{iñe callup of routine'Ad¡acenl-

or chônge of channel spac¡ng

dB

test asisiernblies

Receiver test

ln receiver testing, the test parameters such as

frequency, RF level, modulation and modulation frequency

are preset and the SMFP2/SMFS2 measures, in addition to
the level of the transceiver AF output signal, either

the SINAD ratio

or, with the modulation cyclically switched on and otf,

the signal-to-noise ratio

with or without CCITI weighting. lf a certain SINAD or S/N
ratio is entered over the keypad, the test set will automatically
increase or decrease the RF level until the entered value is

obtained. The RF level obtained represents

the sensitivity of the transceiver

and is indicated on the LEVEL display; the corresponding
SINAD or S/N ratio appears on the RESULTdisplay as atrue
measured value.

ln addition to the two automatic routines for determining
sensitivity according to the S/N and SINAD method in

receiver testing, the SMFP2/S 2 now otfers a third capability

- quiet¡ng measurement. Furthermore, the averaging time
of the two test assemblies can be extended in automatic S/N
and SINAD measurement, thus narrowing down measure-
ment tolerances in the case of impulse noise and further
enhancing accuracy.

The RF OFF key facilitates rapid testing of the squelch
function and electronic level fine adjustment without interrup-
tion of the level permits an accurate determination of

squelch hysteresis.

The SMFP2/SMFS2 measures

the 6-dB bandwidth

with a single keystroke and indicates either bandwidth or
bandwidth plus frequency offset. By varying the modulation
frequency or selecting several one after the other,

the AF frequency response of the receiver

can readily be determined. As in transmitter measurement, it

is possible to read out the absolute level or the relative value
in dB referred to any measured or keyed-in value.

The built-in distortion meter permits checking

the AF distortion

of the transceiver, as in transmitter measurement, at all

frequencies prescribed by CEPT.

The 1-kHz fixed-frequency oscillator allows simultaneous
frequency and amplitude modulation of the carrier for

checking AM suppression.

lf the 1-kHz singal is used for the FM, the built-in distortion
meter can be used for this test.

yes

Comprehensive automaclic internal test routines offer extreme operating ease
combined wilh high accuracy: simplified flow chart for automatic test routine for
adjacent-channel power measuremenl

External attenuators are automatically taken into
account in all settings and readouts of measured values by
entering their attenuation values. This permits the SMFP/S 2

to be used for error-free testing of transceivers of any trans-
mitting power without sacrificing ease of operation.

Teslcycle counter ¡ = i + I

lnd¡cale resull

Calculate resull kom
ind¡vidual measured values

by microprocessor

Measure

Read out as adjacenfchannet
ratio (dB) or adjacenl-
channel power (!W)?

Measure in adJacenl channel

Measure in ma¡n channel

Teslcyclecounteri=0

Cal¡brâte tester w¡tn
inlernâl RF synthesizer

Sw¡Ich ¡n
l¡ller

Tesl-cycle counler ¡ > n?
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Main automatic settings

Main automatic test routines

Two-signal measurements

For receiver measurements requiring two signal generators,
the SMFP2/SMFS2 has a rear RF input/output isolated by
30 dB from the main RF input/output on the front panel. All
two-signal measurements, e.g. of

adjacent-channel selectivity,
intermodulation and cross-modulation,
desensitization,

can thus be performed without further accessories
(attenuators, prescalers, etc.).

For very exacting two-signal measurements - e.g. for deter-
mining adjacent-channel selectivity - the second signal
source should be an extremely low-noise type. The R&S
model SMPC is very well suited.

To perform measurements on repeaters, a second signal
can again be fed into the RF path via the RF input/output on
the rear to drive the repeater while the test set measures the
transmit signal from the repeater.

RADIO TESTASSEMBLIES 3

znd RF generator

30 dB (input/output)

BF e. g. SMPC

SMFP 2
SMFS 2

AFRF

External
attenuators

Tone sequence

Distortion measurement

SINAD ratio measurement

Acknowledgement
signal test

Fast deviation
measurement

Receiver test frequency

Transmiüer test/receiver
test selection

Receiver test

Transm¡tter test

Setting of parameters and display of results taking into account
external attenuators

Au.tomatic setting and evaluation of repeat tone, tone sequence generation
followed or not by useful modulation

Setting of appropriate AF frequency

Setting of 1-kHz modulation frequency

switchover from receiver to transmitter test within 70 ms (transient time of
deviation meter) after transmitter switch-on

with preset f¡"ns'x -200 kHz output of the demodulated signal immediately upon
transmitter switch-on

Use of the transmitter frequency as receiver test frequency (in the case of duplex
operation with + or - offset)

switchover controlled by arriving/missing radio transmitter power with automatic
setup of the tester

Measurement of AF level

Measurement of freeuency, power and modulation

Adjacent-channel
power ratio

Modulation sensitivity

6-dB bandwidth

Frequency response

Sensitivity,
SINAD or S/N ratio

Routine

Determination or power in upper or lower
adjacent channel

Variation of modulation level until entered
modulation is reached

Determination by variation of RF level and
RF frequency

Measurement with instantaneous
measured value or programmable value
as reference value

Variation of RF level until entered value
is reached

Function

Relative in dB or absolute
value in ¡,lW

Modulation and AF level

Bandwidth
and centre{requency error

*dB or -dB

SINAD or S/N ratio and
corresponding RF level

Display

-:O f,-:o- #r,O
ö

- *-r
o

Transceiver

AF

E

o

Ë
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Test selup for two-signal measurements and measurements on repeaters
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SMFP2/S 2 - Configuration/control

lnterface for Remote Control SMFS-BS (option with
sMFS2)

test asis¡cllrtblies

Fully automatic operation with SMFP2

Extension possibilities

ln conjunction with a controller the SMFP2 forms a fully
automatic transceiver test assembly. The control section
contained in the SMFP2 (see diagram left) takes charge of
setting the transceiver during the test, so no additional inter-
faces are required.

Simple IEC-bus instructions combinable with internal test
routines and an elaborate basic software (SMFP2-K1)
facilitate rapid program writing.

r SMFP2/SMFS2

_]

_ll

ìEc-bus 3x¿ Lines to and
conneclor BoD-coded from relay maÍix

conlrol lines

Basic diagram of SMFP2 and SMFS2 subd¡v¡ded into generator, measur¡ng
and control sections;
blue: standard wilh SMFP2, optional with SMFS2

3x4 programmable BCD-coded control lines and an AF relay
matrix (standard with SMFP2, optional with SMFS2) permit

automatic setting of the transceiver from the computer
(SMFP2 only) or over the keypad both prior to and during the
measurement. For example,

channel selection,
transmitter/ receiver switchover,
loudspeaker on/off,
squelch on/off

and the control of non-lEC-bus-compatible accessory equip-
ment can be programmed. The relay matrix can also be used
as a singal scanner. An additional relay is coupled with the
transmitter/receiver switchover, so the transceiver mode can
þe switched simultaneously when the mode is switched on
the front panel of the test set.

Contro l-sect iorì con rìectors

IEC-bus address

Fully automatic transcêiver test assembly with Mobile Tester SMFP2, Process
Conlroller PUC, Universal Printer PUD2 and Programmable Power Supply
NGPU

Controller. For extending the SMFP2 to form a fully auto-

matic transceiver test assembly (illustration above), use of

the Process Controller PUG with built-in floppy-disk drive is

recommended, permitting program and data output in sec-

onds and providing a large screen for good readability and

neat display of program and measured data.

Printer. The new, low-priced Universal Printer PUD2
available for the PUC, which can be connected to a separate

socket on the PUC without loading the IEC bus, provides

hardcopy program records and test pr¡ntouts.

PUC

IEC bus
PUD 2

NGPU

Power supply

10-lt/Hz
reference

i nput/output
1 -kHz fìxed-frequency

outPut

Rear panel of SMFPz/SMFS2

I EC-bus
connecl0r

Second RF

input/output -30 dB

Conlroller

Generalor seclion

IEC bus
SMFP

Paaallel
hlerfaco

R€lay
malr¡x

l¡easuring secl¡on

t
õ o

oúB oo

È,14É
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Example of display of transceiver adjustment on screên of Process Controller
PUC (power adjustment w¡th tolerance limits and actual value) using basic-
software rouline 86
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SMFP2 Software

Basic Software for SMFP2. The computer-controlled,
automatic transceiver test system SMFP2 facilitates the
rapid and accurate execution of measurement sequences
without any setting errors.

Before operating such a system, however, ¡t is necessary to
prepare a test program, or software, which will cause the
system to execute all the necessary settings and measure-
ments. The preparation of such a program generally calls for
pertinent knowledge and experience on the part of the pro-
grammer and requires a long time. ln contrast, the use of the

Basic software SMFP2-K1,

made available by Rohde & Schwarz in the form of a floppy
disk for the SMFP2, brings many advantages: programming
using the basic software involves nothing more than prepara-
tion of a user program in which the required test routines are
called up, no programming knowledge being required. ln this
way even complex measurement procedures can be pro-
grammed in a very short time.

Test routines. More than 80 routines contain all the steps
necessary for the execution of the measurement: sett¡ng the
measuring instrument, input and output of data, changing of
settings on the test item, computation of final results from
several measured values. Output routines display the result
on the screen of the computer or generate a printout on a
printer connected to the computer. The results are also
compared with preset nominal values and an indication is
given if the tolerance limits are exceeded.

The user can, of course, extend the basic software by the
addition of special routines. This permits non-standard prob-
lems to be solved.

Example of a complete transceiver test program using the
Basic Sottware SMFP2-K1

Black: program
Blue: explanation of settings or measurements executed

:r:j ;j=,1 : i:i.j:-;f F'-:r.lr¡i,- STABT ROUTIIE
li E=4tl :ili-¡:-11-lE'lFjlll-ì XtvlTR TEST
:l-4 i'=i TYPE OF I4ODULATION Flvi
!Ë, ii:-F-, : tji:i:1¡iE',::!-lr:iil SETTING
1¡- Fr=.'ii : i-.i-i:-iUElFúÉü IvI EASUFEN4 Fl.lT RF FREOUENCY
ti,i Ë¡l !iiî',äi:-rFt;_ijiJf i.if : " ; !': " Iiìi,
¿I ¡.=41 . i_.;i,:,ïi_]¡:':]:itir-i I,IEASUREIVIENT RF PO\¡VER
l.i Fi'-:Iliî"!ií-:*ii5TUliij. " ; i; "iiil"
i¡ i=lltl N4OD. GEN LEVEL 120 nrV
Ë::j R=1i : i_;ij:ll_iF-¡'l¡irùr-ì SETTING
:lt:: i;:-ri::;.rì{:':;¡jË':iÈtliE N4ODULATION N/EASUREIvIENT
:l:! FF.: ì ä i " F,i-!Ë . l.ìijx¡¡_llä I ii-rl'{ . " ¡ I . " l lir-il l "
¡l 1i'il'-- r"Ei'il. ' l.]rll-ì¡l Þ.i.lil¡-.!¡:l'lr Ll'li'il ;¡it.i,'
:1Ê R=t,t : i;i:¡::jì-li -li-ì;l!¡ RECETVER TEST
-li: i=i 2 ¡rV RF LEVEL4Ê Ë='_r : i_ii:1:i._!F.-f ';tiÈ SrrlñC RF LEVEL4I \'-I, 1 kHZ AF FREQUENCY44 ,î=in : ijÌ-¡:li_;I.-lilùÈ AF FFEQUENCY SETT||,]G
4Ë ir-i. F, 2.8 kHz Fi\"4 TNTEFNAL
4:j Fr-'1 :.i:ì!:i:l;_i!'_li_isll N/ODULAT|ON sETTlt.tG
ir; ,=t=IF- :i¡,;!,rË9úEtl AF LEVEL N¡EASUREMENT
._1¿ t¡, ¡t'i i Irr --L'¡É: r I . Lt'!i -
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lnput
data

Routine No.

lntêrnal: error

Adjustment with analog display + call
of rouline
Text (instruction on screen)
Print out text on printer
Print out result on prinler
Printêr output with nominal/actual comparison
Screen output with nominal/aclual comparison
Frequency chart
Hardcopy

Receiver test + sig. gen. frèquèncy setting
S/N measurement at I kHz
SINAD measurement at 1 kHz
Sensitivity for given S/N
Sensitivity for given SINAD
Ouieling sensitivity
6-dB bandwidth + cenlre-lrequency offsel
Modulation aÕceptance bandw¡dth
Squelch upper and lower thresholds and
hysteresis
AF frequency responce ref. to 1 kHz
with test-frequenòy input
S¡gnal transfer at diplexer
lmage-frequency reiect¡on

Transmitter test
RF power
RF lrequency error
Pos. modulation
Neg. modulation
Spur¡ous modulation
Mod. sensit¡vity at 1 kHz
Mod. frequency response relèred to
1 kHz with test-frequency input
Mod. distorlion 300 Hz, 500 Hz, 1 k{z
S/N transm¡tter
Freq. meter/RF input selection
Frequency of demod. signal
Beat frequency
Adj.-channel power ratio in dB
Adj.-channel power in pW

AF frequency measurement ext.
AF level measuremenl ext.
Distortion 300 Hz, 500 Hz, 1 kHzin vo

FìF voltage
AF frequency response
Tone-sequence general¡on
Tone-sequence evalualion
DC voltage measurement
DC current measurèment
NGPU current measurement using
SMFP2 vo¡tmeter
Universal adjustment

RF frequency
RF level
RF off/on
RF level contin. variation a0.1 dB
Mod. int. %, kHz or rad
Mod. ext.
Mod. int. off/on
AF frequency sêtting
AF levèl setting
CCITT f¡lter off/on
Tone sequence to ZVEI or CCIR
Conlrol lines off/on
BCD output setting
Radio channel setl¡ng
NGPU currenl-limit level setting
NGPU voltage setting

Start
RF : receive freq.
Channel spacing
Upper band/lower band spacing
lF+
Modulation: AM, FM, qM
Max. modulation

Routine
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SMFP2/SMFS2 Options

Analog Display SMFS-B9. The Analog Display option for
the Mobile Testers SMFP2 and SMFS2 consists of an AF
oscilloscope and two bar displays that can be assigned to
any of the variety of measurements, thus offering additional
checking capabilities and detectors with analog screen dis-
play, designed to match the specific requirements of produc-
tion test¡ng and servicing. \Mth its automatic setting feature
for the oscilloscope and the bar displays and the AUTO
LEVEL button which does away with the need for readjust-
ment during the tests, this option integrates easily with auto-
matic test systems. Vvhen operating in the internal mode,
the oscilloscope displays the signal demodulated by the
SMFP2 or SMFS2 in a transmitter test or the AF singal
delivered by the transceiver in a receiver test, with switch-
selected time and amplitude resolution. The vertical deflec-
tion calibrated in V for AF, in kHz for FM, in %o lor AM and in
rad for qM ensures precise signal evaluation. By pressing a
button, all signals can be displayed with constant amplitude,
i.e. no adjustment on the oscilloscope is then required when
test parameters such as modulation, modulation voltage and
modulation freqency vary. \rVhen operating in the external
mode, the oscilloscope displays the signal that is applied
through the BNC cable or measured by means of a probe,
with switch-selected time and amplitude resolution. At the
push of a button, AC or DC coupling can be selected.

The X-axis signal is available at a rear socket and can be
applied to the MOD. EXT. input of the basic unit for sweep-
ing. lts level matches the input sensitivity so that the sweep
width can þe entered directly in kHz via the keypad.

The frequency response curve is displayed directly on the
screen of the SMFS-B9 with the aid of a demodulator probe.

Swept-frequency
measurement on a
filter with frequency-
response display
and centre-lrequency
marker on screen
of Analog Display

test ass¡ernblies

A marker can be added at the centre frequency at the push of
a button. This cuts off automatic triggering. Using the para-
meter variation keys on the basic unit the centre sweep
frequency can be shifted to find resonance frequencies,
attenuation peaks or cutoff frequencies; the corresponding
frequency can then be read directly on the RF frequency
display on the basic unit. lnput and output stages, lF ampli-
fiers, filters, duplexers and resonant circuits can thus be
measured with the aid of a demodulator probe (available as
an accessory; can be completed with an adapter to form an
insertion unit with or without 50-O termination).

Overall sweeping - from the RF input of the receiver to the
AF output - offers a quick overview of bandwidth, centre
frequency tuning and sensitivity within the receiver range.
The switch-selected CCITT filter built into the basic unit
ensures suppression of build-up or dying out transients in the
transceiver.

Centre-f requency marker

Transceiver correctly tuned

Receiver detuned

Sensitiv¡ty dip

Lower Receiver
bandw¡dth

Upper

Swept-frequency measurement on a transceiver from the RF input to thè AF
output

The superimposed centre{requency marker also permits
points of interest, such as the lower or upper band limit as
well as dips to be checked; the corresponding frequency can
then þe read directly on the RF frequency display on the
basic unit.

The simultaneous display of both band limits simplifies
centre{requency tuning of the receiver. All there is to do is to
see to it that the upper and the lower band limit are at the
same distance from the centre-frequency marker.

SMFS-89
on
SMFP2

limitlimit

¡J Ï3E
EU
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Two analog screen displays are provided in the form of
bars with bright-up scales. The scales, measurement ranges
and time constants of the test points have been designed to
suit the specific requirements of transceiver measurements.

The exact assignment of each scale division to a measured
value, the different scales displayed depending on the meas-
urement to be made, and the full-scale values displayed on
the screen ensure unambiguous determination of the meas-
ured values and make for maximum clarity of presentation.

Analog screen
displays with
br¡ght-up scales
and indication
of full-scale value

lnterdependence of the test parameters is easily discernible
since both displays can be observed at the same time.

The bars automatic.ally display
SINAD ratio and
AF level in receiver testing.
Power and
positive or negative
modulation,
whichever is greater,
with additional
LED display
as an aid for symmetry
adjustment in transmitter testing.

ln addition, the following measured values can be displayed
at the push of a button

Distortion of AF output
signal in receiver testing.

Modulationdistortion intransmittertesting.

RADIO TEST ASSEMBLIES 3

The measurement capabilities can be combined with one
another, for example simultaneous display of measured
power and SINAD ratio when adjusting duplexers.

For adjustment to given nominal values it is also possible to
display tolerances separately for each bar. Maximum and
minimum values can be set by means of potentiometers.

Bars w¡th
displayed
tolerances

Reference Oscillator SMS-81 (SMFP2 only, incorporated
in SMFS2) improves the frequency accuracy of the RF and
AF generators and of the counter (aging =5¡19-8/month,
temperature effect = +'l x10-7).

1-GHz Frequency Extension SMFP-B2 extends the fre-
quency range of the RF generator, the RF counter, the

deviation meter and the adjacent-channel power meter to
1 GHz.

60-W Power Meter SMFP2 83. The SMFP2 83 Option
extends the measurement range of the power meter built into

SMFP2 and SMFS2 from 30 W to 60 W. The measurement
range extension has been achieved by the inclusion of an

internal 3-dB power attenuator.

Adjacent-channel Power Meter SMFP'861) measures the
power components of the transmitter in the adjacent channel.
The channel spacing and nominal transm¡tter frequency are
entered via the keypad. The indication can be either in dB
relative to the power in the main channel or absolute in pW.

Selective Call Decoder SMFS2 86'?) The SMFS2 86
Option permits decoding of tone sequences to ZVEI or CCIR

standard (1 to 7 single tones) demodulated in the basic unit
or applied to the AF voltmeter input. The decoded code
numbers are read out on the display. Repeat tones are

automatically decoded. Excessive pauses or tones that devi-
ate from the chosen standard can be readily recognized as
can be seen from the examples of displayed decoded tone
sequences (see also page 83).

RF Millivoltmeter SMFS2 B. ln conjunction with suitable
probes the SMFS2 BB Option permit RF voltage measure-
ments from 1 mV to 100 V over the range '10 kHz to 1 GHz.
Suitable probes are any of the probes and insertion units
available for the RF Millivoltmeter URV. Operating controls
and display of the measured result are fully integrated into
the RF level section of the Mobile Testers, the original
operational convenience being preserved. ln addition to digi'
tal display in mV, V or dBm the RF signal can also be

displayed on the Analog Display Option SMFS-89, if fitted, in

four selectable ranges. ln the SMFP2, the RF Millivoltmeter
can of course also be used via the lECi IEEE bus.

1) Because of the necessary frequency accuracy it is recommonded to f¡t SMS-
81 together with SMFP-86.

2) For SMFS2 only with SMFS2 87.

ilt I I ilt illl lll lt 1111,."""".................:

ilililliltillililililililllilililttlll'r........-to
ililt fi illililllillllltiilllllillill,........'..:

il il il il ill il ill illllll llllll lllll llll llll l lll l..-

to

Power

Distortion

SINAD ratio

qM

AM

FM

AF

Measurement capabilities
with analog display

50/10/2.5/0.5 W

50t5%

50/25 dB

12.51512.510.5 rad

125l5Ol25l5o/'

25l10l511kH'z

12.5/512.510.5 V

Measurement
ranges

89
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SMFP2/SMFS2 Options

Options for SMFS2

(integrated in SMFP2)

AF Synthesizer/Selective Call Encoder SMFS2 Bz
extends the frequency range of the modulation generator and
permits crystal-referenced frequency setting throughout the
AF range from 10 Hz to 25 kHz with high resolution. lt
produces tone sequences (selective calling) with 1 to I single
tones in accordance with ZVEI and CCIR standards.

lnterface for Remote Control SMFS.BS consists of gx4
BCD-coded programmable control lines and a 9-relay matrix
which permits the transceiver to be set from the front-panel
keypad during the test.

Options for SMFS and SMFP

AF Synthesizer SMFS.BT extends the frequency range of
the modulation generator of the SMFS and permits crystal-
referenced frequency setting throughout the AF range from
10 Hz to 25kH'z with high resolution.

Reference Oscillator SMS-B1, 1-GHz Frequency Extension
SMFP-B2, Adjacent-channel Power Meter SMFP-86, lnter-
face for Remote Control SMFS-BS and Analog Display
SMFS-B9 can also be retrofitted in the SMFS and SMFP (see
tabel below).

Table of opt¡ons and extras

x Option can be fitted - Option cannot be fitted

ËesË assìernblies

Recommended extras for SMFP2 and SMFS2
Protective Covers SMFP-ZB for front and rear panels of the
SMFP2 or SMFS2 without Analog Disptay SMFS-89.

l9" Adapter SMFS 210 permits incorporation of the SMFP2
or SMFS2 together with Analog Display SMFS-B9 into 19,,
systems.

19" Adapter SMFP-Z9 permits incorporation of the SMFp2
or SMFS2 w¡thout Analog Display SMFS-B9 into 19,, sys-
tems.

Oscilloscope Probe SMFS-Z1 . This probe features
switched attenuat¡on (1 :1/10:1/Ground) and may be used
for displaying external AC and DC signals on the Analog
Display SMFS-89.

Demodulator Probe SMFS-Z2. This probe may be used for
displaying frequency response curves in the frequency range
100 kHz to 500 MHz during sweep measurements on duplex-
ers, lF filters, tuned circuits and demodulators. lt may be
used with the Analog Display SMFS-B or with any other
oscilloscope.

RF Probe URV-27 and RF lnsertion Units URV-22 and
URV-24 in conjunction with the RF Millivoltmeter SMFS 2-88
permit the measurement of RF voltages and RF levels in the
wide frequency range 10 kHz to 1 GHz and with the wide
dynamic range 1 mV to 100 V (depending on model).

O Standard equipment 1) Only with SMFS 2 87

Protective Cover
l9" Adapter
1 9" Adapter
For Analog Display SMFS-89:
Oscilloscope Probe
Demodulator Probe
For RF Millivoltmeter SMFS2 BB:
RF Probe
RF lnsertion Unit
RF lnsertion Unit

SMFP-28
SMFP.Zg
SMFS 21O

SMFS-z1
SMFS-22

uqv-27
uqv-22
u\v-24

Extras

Reference Oscillator SMS-81
1-GHz Frequency Extension SMFP-B2
60-Watt Power Meter SMFpzBg
Adjacent-channel Power Meter SMFP-86
Control lnterface SMFS-BS
AF Synthesizer SMFS-B7
AF Synthesizer/Selective Call Encoder SMFS2 87
Selective Call Decoder SMFS2 86
RF Millivoltmeter SMFS2 BB
Analog Display SMFS-B9

Options

X
X

X

X
X

X
X

X

X

X
X
X

o

a
X

X

X

SMFP2

X

X

X

X

X

X
x
X

o
X

X

X
X

X

x1

X

)

SMFS2

X

X

X

X

X

X
X

X

o
o

X

SMFP

i(

X
X

X

X

X
X

X

X

X

X

SMFS
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Specifications of SMFP2 and SMFS2
Receiver measuremenl

- Tel slgnals -
Slgnal-genemtor frequency rangê 0.4 to 520 MHz

(lo 1000 MHz with option)
Frequencysening ....... viakêyboard
F¡equencyind¡cat¡on ... ......... 8{:9¡t d¡splay

Resolution .. . 100 Hz
Accuracyanddrift ... . .. . dependênton referencefrequoncy

(crystal)

Reference oscillato. Standard Optlon SM$BI

RADIO TEST ASSEMBLIES 3

lnpul voltage requirement (rms)
at AM exl.

Frequency modulatlon
Froquency range;
inlemal, extgmal

Frequencydevial¡on .........
lndicalion.
Resolulion 0 to 9.95 kHz . .

10to99.5kHz ..
100 to 125 kHz . . .

Enor ...
Modulation distorlion
(5 kHz deviation)

lnput voltage requiremênt (rms)
at FM ern.

Phasô modulatlon
Frequency rangê;
intsmal, elilemal
Phasô dev¡ation

lndicat¡on.
Resolution
Enor ...

lnput vollagê requirement (rms)
at qM ext.
Double modulal¡on

Receiver measurement

- Slgnal evaluatlon -
Audlo frequency metet
Frequency range
lnpul levol
lndicâtion

Resolutionf <l0kHz ......
<100kHz.....
<1 MH2.......

Enor ...

AF level meler
Frequency rangê
Measurementrange .........
lndical¡on

Resolulion at Vn <100 mV . .

atVn<1V......
alVn>1V......

Erorlim¡ts(f >100H2) .......
(l<100H2) .......

Input impedance

Dlslorllon meler
Measuremenlfrequencies ....
Min¡mum¡nputlevel .........
lndication range

lntrinsic dislorlion, Vn >200 mV
Vn <200 mV

Enor l¡mils
d <10% .
d >10% .

SINAD-ratlo melel
lndicât¡on range

Enor l¡mits .

Min¡muminputlevel ........
S/N metêr

Enor l¡mits .

Transmitter measurement

RF frequency meler
Frêquencyrange ......,
lnput level range

at lransceiver connector
at FREQ. METER input ,

lndication, resolution. .. .,
Enor .. -

lnputimpodance .......

1Y +1o/o (into 600 O)

20 Hz to 20 kHz (3 dB points <5 Hz,
>30 kHz
0 to 125
3 dig¡ts
50 Hz
500 Hz
1 kHz
3íVo

Aging. . .

Effecl ot tempèrature

Oulput level Cwand FM

AM ..... .

Setting .

F¡nelevelsetting .....
lnd¡calion

Resolution
Enorof output level. . . . .

Frequoncy response . .

Output¡mp€danc6 .....

Speelral purlty
Harmonics
Non-harmonics spurious signals

Spurious FM, rms
0.3to3kHz.....

Spurious AM, rms
0.03 to 20 kHz . .

SinglÈsideband phase noise . .

Singlesideband broadband
noise . . .

Modulatlon geneialor.......

Frequency range
Resolutionf< 1 kHz ...

<10kHz...
>10kHz...

Selsctable l¡xed f requencies

lndication....
Frequency eror

Dislorl¡on . .

Output EMF
Rosolution V<100mV

v<lv....
v<5v. . . .

Er¡or ol outpul voltage
V>l mV ....
V<l mV ....

Sourceimpedance ...
Minimum load impedance

V<100 mV . .

V>100 mV . .

Seleclive Call Encoder
Slandard lons sequences

Number ot single tones

Amplltude modulat¡on
Frequency range;
intemal, external .......
Modulat¡ondeplh .... . .

lndication.
Resolulion

AM enor

Modulalion
modulation

<tl x 10-6/ <!5 x t0-8/
monlh month
<11 x 10-6/'c <11 x10-7over

specit¡ed tempera-
lure range atter
15 min warmup

-137 to +13 dBm
(0.032 ¡rV lo I V into 50 O)
-137 to +7 dBm
(0.032 ¡rV to 0.5 V ¡nto 50 O)
via keyboard
0 to -10 dB w¡th 0.1 dB resolulion
withoul interruplion of output s¡gnal
in pV mV dBpV or dBm
3Tzdigit display
0.1 dB
st1 dB + frequency-response
eno/¡
llal +0.5 dB (8 to 520 MHz)
flal +1 dB (0.4 to 8 MHz)
50 Q, VSWR <1.2 (level <-3 dBm)r)
connec'lor: N lemale

>30 dBc downl
>60 dBc downz) (=5 kHz lrom
carrie0

<4 Hz (weighted in accordance with
ccrTr)

>70 dBc down2)
typ. 1 20 dBc downz) (tesl bandwidth
1 Hz, 20 kHz lrom canier)

typ. 1 45 dBc down2) (test bandwidth
1H2,2 MHz lrom canie4

SMFP2 SMFS2
AFsynthesizer withoptionasfor
(cont¡nuous adj. SMFP 2, othèrwise
Seleclive Call f¡xed ftequencies
Encodeo only
10 Hz to 25 kHz -0.1 Hz
1Hz
10 Hz
0.3t0.4t1t o.1to.3to.4to.6l'1.25t2.7t3t 1t1.25t2.7t3t4t
6 kHz 6l8l10kHz
4 digits 4 dig¡ts
asforreference +1Vo
lrequency

=1% =1%
0.1 mV to 4.995 V0.1 mV to 4,995 V
0.1 mV 0.1 mV
lmv 1mV
smv 5mV

+(2%+0.1 mV)
Typ. 2o/o
approx. l O

R¡>1 Q
RL 

=50 
o

+(2%+0.1 mV)
typ.2%
50f)

any
any

tones0tog + repeal
tone in accordance with ZVEI and
ccrB
f lo8

for fnrod =
lor fnod =

31o/o
sSTo

1 V +1oÁ (¡nto 600 O)

tvp.)
kHz

50 Hz to 3 kHz
3 to 20 kHz

100 Hz to 6 kHz
0 to 10 rad
3 d¡g¡ts
0.1 rad
3+s1o

1 V +1% (into 600 l))
possible comb¡nations AM int.+ FM
or qM exl., FM or çM int.+ AM ext.

20 Hz to 999.9 kHz
10mVto10V
4 d¡gils
1Hz
10 Hz
100 Hz
as for reference osc¡llator

50 Hz to 20 kHz
0.1 mV to 10 V
372 digits
0.1 mV
lmV
10 mV

0.3 kHzll kHz
100 mV
0.1 to 50%,
3 digits, resolution 0.1 %
<O.3Vo, O.1Yo tYP.
<0.5%

+ (íVo +1
+1OYo +

digit) + intrinsic distortion
inlrinsic distortion

6to46dB
3 digits, resolulion 0.f dB
+t dB
100 mV

determines the S/N ratio by
switch¡ng the modulation on/ofl
+l dB + residual FM

1 to 520 MHz (to 999.99 MHz wilh
option SMFP-82)

50mWto30W
l0mVtolV
I dig¡ts, t0 Hz
as for reference osc¡llator
50r)

dig¡t)
d¡gil)

+1
+1
ko

50 Hz ro 20 kHz (l >8 MHz)
50 Hz to 5 kHz (f <8 MHz)
0 to 95%

%
%

+1
+1

3 digits
0.05%
O.5o/"
37o/o ol
<4o/o ol

rdsr)
rdgr)

Wlh l¡ne levêl ad¡uslment = 0 dB.
dBc : relative level refened to caniêr amplitude.=1.5% lor fmæ <3 kHzl)

<5% for lmo¿ >3 kHzl)

1)

1
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SMFP 2/SMFS 2 Specifications, continued

test assielrtblies

Power meter
Frequency range
Measurementrange ......
Error limits tor P >f 00 mW

20 to 500 MHz

500 to 1000 MHz

I to 1000 MHz

Enor l¡m¡ts for P <100 mW . . .

Frequency-response tlatness .

Frequency dev¡ation meter .

Frequency range

Deviation measuremenl range
peak we¡ght¡ng
rms weighting

Modulat¡on{requency range
lordisplay

outputfordemod. s¡gnal . . .

lnput level range
attransce¡verconneclor . . .

atFREQ. Meler¡nput .....
lnd¡cat¡on, resolulion........
Eror limits .

Spurious FM up to 500 MHz . .

above 500 MHz .

Phase devlatlon meter
Frequency and ¡nput lêvel . . . .

Phase dêviation measurement
range

peak weighting
imsweig-nting'....... . ... : : :

lnd¡calion,resolution...........
Modulalion-frequencyrange. . . . .

Add¡tional var¡ation w¡th frequency

Modulatlon generator.... .....
Amplltude modulatlon meter
Frequency range
lnput levol
AFfrequencyrange .... .. .....
lndication,resolution.... . ......
Enor lim¡ls
(modulation depth <80%)

300Hz<fn ¿<3kHz .

100 Hz <ld <10 kHz

DC voltmeter
lnput resistance
Voltagerange ....
Flesolut¡on V <0.3 V

v<l v.
V<3 V.
V<10 V
V<3OV

lndicat¡on.......
Erorlimits.......

DC ammeter
Cunent range, resolulion I

lndlcation
Enor lim¡ts .

Ovarvollage protectf on
Responsethresholds ........
Max¡mum permissiblo power . .

Romote control (SMFP2 onty)
lnterface .

Funcl¡ons
Parallel oulputs

1 MHz to 1 GHz
10 mW to 30 W (101o 45 dBm)

+(5% +1 dig¡t) +frequency-
response eror
+(10% +1 d¡g¡t) +frequency-
response eror
I 10% (typ.) + frequency-response
error
as above, but typ.
+ 4o/o

pos¡l¡ve, negative or mean deviation
10 to 520 MHz (to 999.99 MHz w¡lh
option SMFP-82)

100 Hz to 20 kHz
lHzlof00Hz

100 Hz lo I kHz orwith CCITT
we¡ghting
<5 Hz to 10 kHz (3 dB)

100 mW to 30 W
10mVto1V
3 digils, 1 /10i 100 Hz
+ (3o/o ol rdg +1 digit) + res¡dual FM
<5 Hz (CCITT wèighting), typ. 2 Hz
<10 Hz (CCITT weight¡ng), Ìyp.4Hz

as for frequêncy dev¡ation meler

0.1 to 5 rad
0.001 lo 0.'l rad
3 d¡gits, 0.001/0.0f rad
300 Hz to 3 kHz
+2V"

see recè¡ver measurement

10 to 1000 MHz
100 mW to 30 W
100 Hz to 10 kHz
3 digits, 0.1%

Suppression ol subharmonics
and harmon¡cs
Suppression of non-harmonic
spurious signals

Enorofoutputlevel.. .... . .....
Frequency responsê of output
levêl . . .

Ampl¡tudemodulation ..........
Modulation distonion at 60% AM

AM¡ndicationerror ............
Frequency range of

frequency meler
dgviation meter
ad¡acent-channel
powermeter(SMFP-86) ......

typ. 20 dB

>60 dB al >200 kHz from canierl)
>55 dB at >5 kHz from canierr)
<t1 dB + frequency-response
errorr)

fat +1 dB
0 to 90%
É5lo lo¡ l^a 100 Hz to 10 kHzt)
s10% for fno¿ 10 to 20 kHzt)
sTVo ol AM sening +1% AMt)

I lo 999.9 MHz
10lo 999.9 MHz

10 to 999.0 MHz

60-W Power Meter SMFP 2 83
lncreases all RF power lim:ts specified above by 3 dB.
Powermeasurementrange . ......20 mW to 60 W
Additional error

forl<sooMHz ....... +gy"
î<800MHz ....... +SV"
f>800MHz .....-.tyþ.5%

VSWR
torf <500MHz ....... <1.2

f >500MHz ....... <1.3
Output level oI RF signal generator

forcwandFM ....... -137to+10dBm4M..... . -137to+4dBm
Overload protection

Maximumsafeinput ........... 60 W

lnlerface tor Remote Conlrol SMFS-85
(SMFSz only; ¡ncorporated ¡n SMFPZ)
Paralleloutputs

Reference Osclllator SMS-81

AF Syntheslzer SMFS 2 87
(SMFS2 only; incorporated
¡n SMFP2)

AF Syntheslzer SMFS-B7 . .

Specilications

Number ot s¡ngle tones

qM
AM

D6coding probability
P>0.995...,...

P=0,03........

Hesænse time
Tonerecognition.....
Pauserecognil¡on ....
\Mong-tonê recognition

see page 91 (f¡tted as standard in
sMFS2)

+ (5% +1 d¡g¡r)
+(10% +1 dig¡r)

Adlacenl.channel Power Meter SMFP-BO2)
Frequoncy range

Channel spacings
lnput power range
Measurement range f <520 MHz

f >S20 MHz
lndication
Resolut¡on, e¡ror l¡mils

lndicat¡on in dB
inpW,mW'W.....

conlrollable v¡a keypad,
3 decades BCD TTL (open collector)
9 relays 100 Vor 0.5 A (onè relay
coupled w¡th T/R switchover)

10lo 519 MHz (to 999.0 MHz with
option SMFP-82)
10112.5120125 kHz
0.1 to30W
down to 72 dB below canier
down lo 66 dB below canier
dB or pW, mW W 3 digits

0.1 dB, +3 dB
0.001 pW 1(3 dB + relalive enor of
power moter)

s€e page 9l (modulation gênerator)

SMFS only; not for SMFS2
same as SMFS 2 87, but wilhout
select¡ve call encoder and with Z =
50(¡

tones 0 to I + repeat lone ¡n accord-
ance wilh ZVEI and CCIR
1to7

kn
ro30v

+(2% +2dig¡ts)

0.2 to l0 A, l0 mA
I to 200 mA, 0.1 mA/l mA
372 digits
+(3% +3d¡girs)

<l Wat RF, <5 Val DC
30w

Selecllvo Call Decoder SMFS286
(can be f¡ned to SMFS2 only in conjunction w:lh SMFS 2 87)
Slandard tone sequences

rEc 62sn (|EEE 488)
(Amphenol 24-way conneclor)
AH1, SH1, 12, T2, SRl, RLl, DC1
e. g. for test-¡tem control
(via IEC-bus commands)
12 outputs, TTL open-collector
I relays 1 00 V or 0.5 A (ono relay
coupled w¡th transmitter/rsceiver
sw¡tchover)

Options

1-GHz Fr€quency Entenslon SMFP-82
Frequencyrange ....... 0.4 to lO00 MHz
Changes in spec¡ficat¡ons relat¡ve to basic unit for frequency range 520 to
1000 MHz:

Resolution of frequency
Spurious FM

2O0 Hz
<8 Hz (0.3 to 3 kHz,
CCITT we¡ghting)

'100 mV to 10 V
200 Hz to 20 kHz
0.1 to 10 rad
1 to 100%

P for relal¡ve oflset from nominal frequency
+1% (CC|R)
!2% ( tgtl
t3% (CC|R)
!4.5% (?'tgt)

typ. 25 ms
typ. 20 ms
typ. 20 ms

t)

1
l/ith fine levot ad¡ustment at 0 dB.
Fitling SMS-81 together with SMFP-86 is recommended because ol the
requ¡red f requency accuracy.
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test asiscllTrblies

BF Mlll¡voltmeter SMFS2 884)
Frequency range

Mèasurementrange ... ......
Display .

ResolulionV<100mV .......
V<300mV .......
v<1 v..
v<3v..
v <10 v.

Enor ...

RADIO I E:S-f ASSF-[Vt]l-lF.S 3

10 kHz lo 1 GHz
(depends on probe)
1 mV to 10 V/10 mV to 100 v
(depends on probe)
372 digits in mV, V or dBm
0.3 mV
lmV
3mV
l0 mV
30 mV
inherent eror + lrequency
response eror

Accessories/extras

. . . for Analog Display SMFS-B9

Oscllloscope Probe SMFS-ZI
Attenuation/bandwidlh ... .

Max¡mum pemissible voltage .

Ccompensalionrange ......
Conneclor

Demodulator P¡obe SMFS-22
Frequency range
lnput capac¡tance
Maximum permissible voltage .

Polarity .
Connector

for RF Millivoltmeter SMFS2BB

lnherent enor (V >10 mV, V <10 mV typ¡cal values):

Vollage measuremenl Level measurement

10:l/âpprox. 100 MHz
1:1/approx. f0 MHz
Ground
400 ve
up to 60 pF
BNC

100 kHz to 500 MHz
approx. 4 pF
30 vrc 4c,50 v Dc
posilive
BNC

+20 to 25'C
+ 15 to 30'C
+5 to 40'C

X output
Oulpul

3% +6
4o/o I 6
íYo+8

digits
digits
digits

0.2 dB +r
0.3 dB +l
typ. 0.5 dB

digit
digit

Frequency response er.or:
depends on probe; seê URV 3
Probes .

Analog Dlsplay SMFS-B9

Oscilloscope
Screen size
Frequency range

DC coupling
AC cûupling

lnputimpedanco......
ïmebase

Trigger;ng
Y dellect¡on

EXT. mode

lNT. mode

lNT. AUTO LEVEL mode

RF Probe URV.Z7
'10-V lnsert¡on Un¡t URV-22
100-V lnsertion Un¡t URV-24

3x4 cm

DC to 50 kHz
5 Hz to 50 kHz
1MO
0.05 lo 100 ms/div
w¡th 1-2-5 stepp¡ng
aulomalic

0.005 to 10 Vidiv
w¡th 1-2-5 stepping
FM: 10 Hzld¡v to 20kHzldiv
AM: 0.05 lo lOOYoldiv
9M: 0.005 to'10 radldiv
AF:5mv/divtof0v/div
with 1-2-5 stepping
signal display with constant
ampl¡tude over virlually entire level
range

1.41 Ve into 600 O
(matched to MOD. EXT. inpul on
SMFP2/SMFS2)
two bars with 50-division brighÈup
scales and superimposed lull-scalê
values;
6-dB, 12dB and 20-dB points
of 25-dB SINAD ratio range are
brightened

SINAD ralio and AF level
distorlion of AF oulpul level, power

power and posit¡ve or negat¡vê
modulation, whichevêr ¡s greater,
w¡th add¡lional +/- LED d¡splay
modulation d¡slort¡on, SINAD rat¡o
ol demodulated signal

0.512.515112.5 V
115110125 kHz
5125150t125%
0.512.515112.5 rad
25150 dB
5t50%
0.5/2.5/10/50 W
2% ol FS
same as basic unit t resolution
(only tendency indicalion
for power <0.5 W)

+5 to +45'C
-40 to +70"C
shockproof in accordance w¡th DIN
40046, Part 7 (30 g, I 1 ms);
vibrat¡on test in accordance with
DIN 40 046, Part 8 (1 1 to 55 Hz, 2 g);
coresponds to IEC Publ¡cations
68-2-27 añd 68-2-6
115to 125V1220to235V,
+1o% (125 VA\, 47 to 420 Hz,
safety class I
11 to 33 V (95 W)

470 mmx206 mmx485 mm, 24 kg
470 mmx254 mmx485 mm, 28 kg

Accesso¡les supplled
50-O termination, adapter board, power cable

Optlons
Referenceosc¡llator .... SMS-B1 ....... 302.8918.02
1-GHz Frequency

RF Probe URV-Z/
10-V lnsertion Un¡t URV-22 .

100-V lnsertion Un¡t URV-24

Ordering information

Orderdeslgnatlon ... .... .

SMFP2 .

SMFS2 .

Extension
60-WPowêrMeler ...
Adjacenl-channel
Power Meter
Conlrol lnterface .....
AFSynthesizer ......
AF Synthes¡zer/
Selêct¡ve Call Encoder
Selecl¡ve Call Dècoder
RFM¡llivoltmêtêr .....
AnalogD¡splay......
Rêcommended exlras
Basicsoftware ......
ProcessConlroller ...
SlandardKeyboard...
IEC-bus Cable (1 m) . .

Prolecl¡vêCovers ....
19'Adapler

for SMFP2/SMFS2
wilhoutsMFs-Bg ..
for SMFP2/SMFS2
w¡thSMFS-Bg.....

For specil¡cations
see page 207

SMFP.B2
SMFP2 83

> Mob¡le Tester
332.001 s.s3
332.8700.53

332.9706.50
357.8610.02

332.8000.02
332.9106.02
332.9506.02

346.6810.02
346.7000.02
332.9306.02
346.5008.02

358.201 5.02
344.8900.1 0
345.201 1 .04
292.2013.10
332.7890.O2

sMFP-86t)
SMFS.B52)
SMFS.876)

(sar¡/tooth)
voltage . .

SMFS2
SMFS2
SMFS2

sn
863)
884)

Analog d¡splays

Test parameters
¡n receiver tesling . . .

pushbutton-selected
Tesl parameters
in transmitter lesling .

pushbutton-selected

Measurement ranges
AF.....
FM.....
AM .....
9M .....
SlNADrat¡o.......
D¡storlion
Power (Pmd = 30 W)

Resolution
Accuracy

General data

Bated temperalure range .

Slorage tempêrature range
Mechan¡calres¡slance ...

Power supply, AC voltage

batlery ...
Dimensions; weight

SMFPz/SMFS2
with SMFS-Bg . .

SMFP 2 Kf
PUC ....
PUC-21
PCK..-_

SMFS-89

sMFP-Z8s)

SMFP.Zg .

SMFSZlO

332.7978.O2

346.671 0.02
Power attenualors; see page 286

Recommended exlras fo¡ Analog Dlsplay SMFS-B9
OscilloscopeProbe ..... SMFS-zl ..... . 358.0312.02
DemodulatorProbe..... SMFS-Z2 ...... 358.0412.02
Demodulator Probe . . . . . SWOB3-Z . . - . . 241.2116.00
BNoAdaprer ..URV-Z. 24i.111o.o2
Termination ... RMF(BNC) .. -.. 100.2927.50 (50O)

Recommended exlras for RF Mllllvoltmeter SMFS 2Bg
RFProbe ..... URV-27........292.5312.02
1o-Vlnsertion Unit . .... URV-22

5oo/Nconneclor ... 288.8010.55
50n/Dez¡fixBconnector .. ... 288.8010.54

100-Vlnsert¡on Unit .. .. URV-24
soo/Nconnector ... 283.7716.55

For lurther accessories see URV 3 daÌa sheet (302901).
For lerminalions and atlenuators see section 10.

F¡tting SMS-81 togetherwith SMFP-86 is recommended because of the
required frequency accuracy.
Only for SMFS and SMFS2; l¡tled as standard ¡n SMFP and SMFP2.
For SMFS2 only togethêrw¡th AF Synthêsizer/Seleclive Call Encoder
SMFS2 87.
W¡thout probe; for probes see recommended extras.
Not together with Analog D¡splay SMFS-Bg.
For SMFS only, not for SMFS2.
Fitted as siandard ¡n SMFS2.
IMthout SMFS286 P.- : 39 1¡Y.

r)

1
3)

o)

5)

I
7l
8)
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3 RADIO TEST ASSEMBLIES

\Mth the Automatic RX/D( Tester SMAT a go/nogo tester
for transceivers is now available which permits extremely fast
performance testing. Within seconds it

O checks the major transceiver performance parameters
O compares the measured values with the stored limit

values
O indicates the in-tolerance and out-of-tolerance states by

green and red LEDs.

The SMAT can store a variety of test programs for as many
as 75 different transce¡ver types; it controls the test se-
quence and automat¡cally sets the connected transceiver for
the measurement to be carried out.

The SMAT is based on the concept of the worldwide suc-
cessful Mobile Testers SMFP and SMFS (SMFP2 and
sMFS2).

Measuring facilities in the SMAT

Generator sectlon Measurlng sect¡on (* = option)

test as¡s¡elrtblies

nevl,

for routine daily operations or, and especially, for exercises,
in crises, etc.

The different operating levels of the SMAT - fully automatic
test sequence with overall evaluation, calling up of group
measurements with evaluation or individual measurements -
enable, in conjunction with alphanumeric display of the value
measured, systematic searching and location of defective
modules and make the SMAT an ideal testing and measuring
instrument for the various equipement maintenance levels.

Extreme operational convenience, exclusion of operator's
errors and the simplicity of the SMAT permit its use by non-
technical personnel.

Measurement capabilities and parameters

Stored llmit values

Minimum

Minimum/maximum
Maximum
Minimum/maximum
Maximum

Offset in Hz

Minimum/maximum
Maximum

Minimum
Minimum

The Automatic RX/TX Tester SMAT measures and weights
the major performance parameters (see table above) of AM,
FM, qM and SSB transceivers (no distortion and pilot-tone
modulation measurements on SSB equipment). The test
parameters for the individual measurements and the limit
values to be adhered to can be entered separately for each
transceiver type; programming is necessary only once prior
to first-time operation. Later modification or extension is
readily possible.

RF synthesizer
AF synthesizer
Pilot-tone generator
Selective call encoder
(option)

Control section

4 relays
3 control lines

RF frequency meter
AF frequency meter
Demodulators for AM, FM, qM
RF power meter
AF voltmeter
Si N ratio meter
SINAD ratio meter ì

I
Distortion meter I
150-Hz notch filter f 

-

300-Hz high-pass filter J
Selective call decoder

TX

RX

T
E
S
T

T
E
s
T

Applications

The SMAT is used to advantage not only by transceiver
manufacturers (e.9. for final checkout before the transceivers
are packed or for checking subcontracted units) but wherever
the proper functioning of a transceiver is of great significance
and/or where large numbers have to be checked within a
very short time, for example when transceivers are supplied
from stock to users such as the police, disaster missions,
various other kinds of authorities and the armed forces, either

Automatic RX/TX Tester SMAT I 0.4 to 520 MHz (1 GHz)
a Automatic, fast go/noge tester for AM,

FM, qM and SSB transceivers
O Program-controlled performance tester

for military and civilian applicatlons
O Program memory for as many as 75

different types of transceivers
O High level of operating ease through

fully automatic lesl rout¡nes

O Alphanumeric display

O AC supply and battery operat¡on

SMAT

S/N ratio
SINAD ratio
Receiver function at min.
RF level (tight squelch)

AF voltage .

AF distortion

RF frequency

Modulation
Maximum modulation
Pilot-tone modulation
Modulation distortion

RF power

Measurcment
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test as¡s¡clmblies

Transmitter test

The SMAT measures the RF power - up to 30 W or, with
option, up to 60 W - of AM, FM and gM transceivers with an
unmodulated carrier and of SSB transceivers with a 1-kHz-
modulated carrier. Higher powers can be measured using
attenuators, whose attenuation settings are entered together
with the transceiver-type specific test program and automati-
cally taken into account in all measured parameters.

The SMAT measures the modulation of AM, FM and pM
transceivers at the modulation voltage determined by the
program and at 1 kHz modulation frequency; double modula-
tion with 1 kHz and 1.66 kHz is used to measure SSB
transceivers. The filter option is used for transceivers working
w¡th pilot tones, to suppress the pilot tones and to determine
the useful modulation; either a 300-Hz high-pass filter or a
150-Hz notch filter is then automatically connected in the
measurement paths. The pilot-tone modulation is measured
by switching off the useful-modulation voltage; frequency is
determined to within +0.1 Hz. Modulation distortion can also
be determined with the aid of the filter option.

The RF frequency of AM, FM and qM transceivers is meas-
ured on an unmodulated carrier with 10 Hz resolution, that of
SSB transceivers by modulation with a crystal-referenced 1-
kHz signal with 1 Hz resolution, the frequency shift due to
modulation and the selected sideband being taken into
account automatically.

Receiver test

Frequency. The RF test frequency required for the receiver
test can either be stored or be entered through the keypad or
results from the preceding transmitter frequency measure-
ment. The frequency is determined by different methods
depending on the measurement program:

a) calculation from the measured transmitter frequency by
addition or subtraction of a programmable frequency
offset

b) determination of the nearest integral multiple of the pro-
grammable channel spacing.

The receiver measurements are performed at the exact rated
receiver frequency even if the transmitter frequency is otfset.

When measuring AF voltage for receiver testing the operator
is prompted by + and - symbols on the display to set the
volume of the AF output singal to the programmed voltage
range. A choice of four programmable load resistances is
here possible. lf the filter option (SMAT-86) is incorporated,
the distortion of the AF singal is checked at the voltage set.
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Display of measured value: example power measurement

Sensitivity. For checking sensitivity the SMAT measures
signal/noise ratio or, with the filter option incorporated, the
SINAD rat¡o of the programmed RF level. Wth AM, FM and
gM transceivers the S/N ratio is determined switching the
modulation on and off and with SSB transce¡vers by offset-
ting the RF by 1 MHz. SINAD ratio is measured using an
appropriate notch filter.

To check the receiver performance at minimum RF level,
the transceiver output voltage is measured; if it is not more
than 20 dB below the output voltage of the AF measurement,
the receiver function is considered satisfactory.

Setting the transceiver

For setting the transceiver to the particular measurement

4 relays (N/C contact), 1 switching relay and
3 programmable control lines

are provided in the SMAT. Their positions or logic states
during the test are partly given by and partly linked to the
transceiver-specific test program. The following functions, for
example, can be performed: selection fo operating mode, on/
off switching of squelch and loudspeaker, changing of signal
source.

Further applications

For industrial applications that do not involve SSB trans-
ceivers, use of the AF Synthesizer/Selective Call Encoder
option and the Selective Call Decoder option is recom-
mended instead of the incorporated two-tone generator. This
makes it possible to measure and evaluate the following
additional parameters:

Transmitter test: modulation frequency response (3 fre-
guencies),
selective call decoding to ZVEI and CCIR

Receiver test: AF frequency response (3 frequencies),
selective call encoding to CCIR and ZVEI,
generation of any pilot tones.

ln transceivers using a tone sequence, the tone sequence
is started in the transmitter test either automatically via a
relay contact or a programmable control line or through the
user following a prompt given on the display, and is then
decoded by the SMAT. ln the receiver test, the transceiver is
activated either by the call derived from the transmitter test or
by the user entering the call code following the corresponding
prompt.

For checking frequency response in transmitter and
receiver tests, two frequencies with the associated maxima
and minima of modulation or AF voltage can be programmed
for each operating mode, in addition to the values pro-
grammed at 1 kHz.
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3 RADIO TEST ASSEMBLIES

SMAT Operation

Operation and test sequence

The built-in intelligence makes operation of the RX/TX Tester
very simple. After the transceiver has been connected using
only two cables - an RF cable for the transmit and receive
signal and a cable for the modulation voltage, the AF output
signal of the transceiver and the control section of the SMAT

- the measurement can be called up. All other operations are
called up by the SMAT.

During fully automatic testing - started at the push of a
button - all entered individual measurements are automati-
cally performed one after the other. The measured values are
compared with the stored lim¡t values and the result of this
comparison is indicated by coloured LEDs - green for in

tolerance and red for out of tolerance. The transmitter fre-
quency and the receiver test frequency are briefly indicated
after the transmitter and receiver tests have been completed
so that they can be checked if desired. Upon completion of all

measurements, overall evaluation is provided by large-scale
flashing light bars.

Light bars for performance assessmênt of the lransceiver upon completion of
the automatic test

ln addition, all group measurements of the transmitter test
- power, modulation and transmit frequency - and the
receiver test - AF voltage and S/N ratio - can be called up
individually at the push of a button. ln this case all of the
individual measurements programmed for the particular
group measurement are performed and evaluated.

Furthermore, all individual measurements can be called up

by entering their number and pressing the appropriate group
measurement button, e.g. modulation. The measurement
and evaluation are performed continuously and the meas-
ured value is read out on the alphanumeric display, thus
enabling adjustments to be carried out. During individual
measurements the stored limit values can be extended at the
push of a button. this means that transceivers can be
checked for reduced performance.

l-Transmitter measurements-1 ¡ Receiver measurements -ì

Group meas.
Power

1

Group meas
Modulation

to n

Sroup meas
Frequency

1

Group meas.
AF

1o n I

Group meas.
q/Nt

lo n

tesÈ as¡siclrrrblies

Test sequence and operating levels of the SMAT (table
on left)

o Call-up of automatic test sequence with all stored group
and individual measurements and overall evaluation.

3 Call-up of any group measurement with all its individual
measurements and evaluation.

O Call-up of any individual measurement with alphanumeric
display of the measured value.

These ditferent operating levels enable the wide-ranging use
of the SMAT, from a simple{o-operate, fully automatic tester
through to a precise measuring instrument with digital display
of the measured values, in all areas of transceiver testing.
Besides transceiver performance checking within seconds,
the SMAT also permits location of defective modules. The
test sequence being determined by transceiver-specific test
programs the SMAT can be set up for any applications.

ln conjunction with the interface option, a printer with a
Centronics interface (8-bit parallel) connected directly to the
SMAT permits hardcopy output of the measured values
including the stored limit values and furnishes useful informa-
tion as a guide to any repairs that may be called for.

Programming

Programming the SMAT is necessary only once prior to first-
time operation. The stored data may, however, be readily
modified or extended to include new transceiver types.

ln the basic version, the required measurements, test para-

meters and limit values are entered separately for each type
of transceiver directly via the keyboard and are stored in
battery-backed memories. for this purpose, a program sheet
(see next page) is supplied, showing for every entry the
appropriate storage location, the required number of digits to
be entered and the input units. The memory addresses are
automatically advanced and indicated during entry, meaning
that the entry is restricted to the numerical values previously

entered in the program sheet. For corrections, modifications
and additions any storage location can of course be directly
accessed from the keyboard and the memory contents - test
function, test parameter or limit value - altered.

ln conjunction with the interface option, entry is possible in a
similar manner from a computer with a V.24lRS232 inter-
face, e.g. the Process Controller PUC.

As a third means of programming, EPROMs (271 6) previ-

ously loaded by means of a programmer can be fitted instead
of built-in memories which are programmable from the
SMAT.

n indiv
meas.

1 indiv
meas.

n indiv
meas.
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test asselrrblies

Program backup. A switchable programming guard pre-
vents both inadvertent erasure or alteration and manipulation
of loaded test programs. The backup battery incorporated in
the SMAT for the memories has a service life of approx. 5
years. lt can be exchanged while the SMAT is operating on
the power line; new programming is not required.

Example of program writing

(see filled-in program sheet below)

Under program No. 1 an FM transceiver (lines 1 and 2) is to
be tested; band interval between transmit and receive fre-
quencies 8,6 MHz (lines 3. 4¡, channel spacing 25 k{z
(line 5) The frequency of the fictitious zero channel is taken
as 0 MHz (line 6), that is the minimum, indivisible frequency
calculated by repeatedly subtracting the channel spacing
from a random channel frequency: random channel fre-
quency/(n x channel spacing) : zero-channel frequency +
remainder. The receiver measurement is to be performed at
the rated frequency (channel frequency) (lrne 7)

External attenuators are not needed with the transmitter
power here assumed (line B). The control of the transceiver is
fixed under control menu 3 (line 9), contains the position of
the relay and the state of the control lines at any time of the
test sequence). Neither pilot-tone nor selective-calling
techniques are used (line 10).
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Transmitter power must be more than 18 W and less than
25W (lines 11, 12. 13). Modulation voltage should be 12.S
mV (line 14) and the deviation at this level be between 2.8
and 3.5 kHz (lines 15, 16). Maximum modulation must not
exceed 4 kHz deviation (line 17) and maximum modulation
distortion 3% (line 1B). No modulation frequency response
measurement need be performed (line 19). The departure of
the transmit frequency from rating must be less than 500 Hz
(line 20),

Receiver test. Modulation from internal generator (line 21),
deviation setting 2.8 kHz (line 22), loading of transceiver AF
output 100 kQ (line 23). For AF measurement the RF level
should be 500 ¡rV (line 24)and the output voltage be between
2.5 and 3.5 V (lines 25, 26). Distortion must be below 5%
(line 27) No AF frequency response measurement need be
performed (line 28)

Sensitivity or signal/noise ratio is to be measured by the
S/N method (line 29) at an RF level of 'l .5 ¡rV (line 30). The
value measured must be greater than 20 dB (line 31). The
squelch must respond at 0.5 pV (line 32)

Program modif ication. The following slight modification of
a program example shows that programming is simple and
yet extremely flexible.

lf the unit being tested is a receiver only, "1" is to be entered
in line 2 A fixed RF for the receiver measurement is entered
in line 3; if the operator is to be prompted to enter the
frequency via the keypad, zeros are to be entered.

L¡n e

, Storage locat¡on (f¡rst two t¡gures program No.)

Setups. tesl funclions. lest paramelers, tolerance lim¡ls

Numerical values
to be entered

Easy programm¡ng
ol SMAT
basêd on a
completed
program shêet
as example
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SMAT Programming

The menu programs - control function for the transceiver
during testing, code menu for setting and evaluating pilot

tones and selechive calls, modulatron frequency response
menu and AF frequency response menu with statement of
test parameters and tolerances - are in the form of sub-
routines. They are programmed separately and can be sim-
ply called up for integration into the running routine (litres 9.

10, 19, 28). ldentical subroutines for different transceiver
types need be programmed only once and any modification
desired is easy to perform: only one number must be entered
to call another subroutine in the running routine.

Specifications

The Automatic RX/IX Tester is designed for transmitter and
receiver measurements up to 520 MHz; a model with a
frequency range up to 'l GHz can be supplied (on request).

Ëest asis¡elrtblies

Amplitude modulalion
Modulation deplh

Resolution at0to9.9Y. . .. . . .

10to95% .....
AMerroratl=8MHz .........

f <8 MHz
Modulat¡on distort¡on
at80% mod.,lnod: 1 kHz .....
Frequency modulat¡on
Frequencydev¡ation ..........

Resolut¡on at 0 lo 9.9 kHz . . . .

10to99.5kHz..
FMenor .

Modulation distortion
atÀf = SkHz,fmo¿ = 1 kH2.....

Phase modulat¡on
Phase devialion

Resolulion
qMenoral1kHz....

External modulation
lnpul requ¡rement
Modulation frequency range

AM, feme, à8 MHz
<8MHz .

FM .....
çM.....

AF voltmeter
lnput impedance

Frequency rangè
Voltage range

Zn = 4 Q,16 A, 100 kQ (t57o)
4n=600O(+10%).. ...
Resolution

at4o, 16r),100kO ... . . .

at600O.
Eror ...

Max. input power
Limit programming

S/N meter
Measuremenlrange ..........

Resolul¡on
Error . . .

Minimum¡nputlevel ..........
Lim¡t programming

SINAD meter

AF trequency meter
FrequencyÌange ..
Resolution
Error . . .

Limit programming

Seleclive Call Decoder

Transmitter measurements

RF frequency meter
Frequencyrange ...
lnpul power range . . .

Accuracy

lntemal resolution
AM, FM, çM . .

ssB...... ...
RF power meter
Frequency range
lnput power range
ResolutionatP 

=10W 
..... . .

P>10W.......
Eror at P < 1 00 mW I >20 MHz

I <2OMHZ

P>100mW......
Frequency response flatness

01o 95%
o.1%
o.5%
<4% of sett¡ng +1%
<7% of setl¡ng +1%

<1 .5o/o

0 to 99.5 kHz
100 Hz
500 Hz
<5o/o

'l mV to 10 V
5mVto50V

<1y"

0 to 10 rad
0.1 rad
<'vo

1 Y +'lo/o across 600 f)

50 Hz to 20 kHz
50 Hz to 5 kHz
20 H2 lo 20 kHz
100 Hz to 6 kHz

true fms
4 c¡, 16 Q. 600 f), 100 kQ:
programmable, can be changed
50 Hz to 20 kHz

1 mV (Vn <1 V), 10 mV (V" >1 V)
5 mV (V" <s V), 50 mV (V" >5 V)
4+ (57o + resolution)
5W
4 digils, resolution 10 mV

ôto46dB
0.1 d3
<:!1 dB
100 mV
2 digits, resolulion I dB

see opt¡ons

for lransm¡tted p¡lot tones
20.0 to 999.9 Hz
0.1 Hz
same as reference frequency
rated lrequency and otfset in 1 Hz or
0.1 Hz (3 dig¡ts)

see oplions

'I to 520 MHz
50 mW to 30 W (60 W wilh opl¡on)
same as reference oscillator
8 d¡g¡ts
10 Hz

10 Hz
lHz

2 to 52O MHz
100 mW lo 30 W (60 W with option)
'10 mW
'100 mW
<+ (6% + resolut¡on) + lrequency
response error
<+ (10% + resolul¡on) + frequency
response erfor
values as above, bul typ¡cal
<!4Vo

Receiver measurements

RF generator

Frequency range
Resolution.
Enor ...

Reference osc¡llator
Crystalaging.......
Temperatureeffect ..

RF level
For AF and distort¡on measurement

Resolul¡on
For S/N and SINAD measurement

Resolution
Error . . .

Frequencyresponseerror .......
Oulpul . .

Output impedance
vswR .... .... .

Speclral pur¡ly
SpuriousFM...

SpuriousAM ...
SSB phase noisè

Broadband noise

Modulalion generator (standard/
Frequency.
Freguency accuracy . . . . . . . . . . .

Distorl¡on

Pllot-tone generalor
Frequency
F¡equencyerror ....
Dislortion

AF Synthesizer/Select¡ve
Call Encoder

0.4 lo 520 MHz
100 Hz
same as reference oscillator

<t5 x 1o-8/month
<1 x 10-7
over operat¡ng temperalure range
afler 15 min warmup

0.1 mV to 9.9 mV
100 pV
0.1 t¡V to 99.9 ßV
0.1 ¡V
<t1 dB + frequency response error
<10.5 dB (8 to 520 MHz)
<+1 dB (0.4 to I MHz)
N female conneclor
50c)
<1.2

<4 Hz (0.3 to 3 kHz, CCITï
weighling)
<-70 dBc (0.3 to 3 kHz, CCITT
weighting)
typ. -120 dBc (lest bandwidlh 1 Hz,
20 kHz from carier)
ryp. -r45 dBc (test bandwidth 1 Hz,
2 MHz from carrier)

1 kHz
same as reference oscillator
<1Yo

150 Hz (can be changed)
<1o/o
<1o/o

9B

see opt¡ons
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Frequency deviat¡on meter
Frequency range
lnput power range
Measuremenl range

Peak weighling
Bmsweighting
Resolution^f <2kHz . . ... . ..

^f<20kHz 
.......

^f>20kHz 
.......

Modulationfrequency range . . . . .

Enor(fd= 1 kHz)...
Limit programming

Amplitude modulation mete.
Frequency range
lnput power range
Measurementrange ...........

Resolution
Modulationtrequency range . . . . .

Error (mod. <0.8, fm = 1 kHz) . .

L¡m¡t programming

Phase devlaiion meter
Frequency range
lnpul power range
Measurementrange ...........

Resolut¡on
Modulat¡on frequency range . . . . .

Enor(atlkHz)....
Frequencyresponseerror ......
Limil programm¡ng

Modulation generato¡ (standard)

FrequencyAM, FM,çM ........
ssB ...

Frequency error
Output voltage
Resolutionat=100mV..... ....

>f 00mV.......
Enor ...
Oulput impedance

AF Synthesizer

10 to 520 MHz
100 mW lo 30 W (60 W wilh opt¡on)

200 Hz to 40 kHz devial¡on
0 to 200 Hz devialion
2Hz
20 Hz
2OO Hz
50 Hz to I kHz
ç+ (5% + resolution) + res¡dual FM
3 digits, resolution 100 Hz

2 to 520 MHz
100 mW lo 30 W (60 W w¡th option)
0.1 to 95%
0.'t%
100 Hz to 10 MHz
<+ (5% + resolution)
3 digils, resolution O.1Yo.ad

10 to 520 MHz
'100 mW to 30 W (60 W with option)
0.002 to 10 rad
0.002 rad/0.02 rad
300 Hz to 3 kHz
¡+ (5% + resolut¡on)
<2V,
3 digits, resolut¡on 0.1 rad

I kHz
1 kHz + 1.66. . kHz
same as reference oscillalor
0.1 mVtolV
0.1 mV
1mV
<+ (2% + 0.1 mV)
50 O, balanced, lloating

see options

Frequency range
Räsotutionaîf <l tHz ........

f <10kHz.......
Í<25kH2 .......

Frequency error
Output voltage

Resolutionat=100mV.. ... ...
>100 mV

Enor ...
Min¡mum load impedance

al -<100 mV
>100 mV

Oulput ¡mpedance
Selectlve call encoder

Standardtonesequences ......
Numberof singletones .... ....

Selective Call Decoder SMFS2B6
Standardtonesequences... . .. ..

Numberof singletones...... .. ..
Decod¡ng range

Deviat¡on meter
Phasedevialionmeter ........
AM meler.

Decoding probab¡lity
with relative oflset from
rated
+1o/o
+ 3o/o

frequency
(ccrR), 12% (zvEt) .

(CCIR), +a.5"¿ 17Y5¡,
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60-W Power Meter SMFP2B6
Powerrange . . . 20 mW to 60 W
Power-handlingcapacity ......... 60 W
Additional error ......... <+3"/o
3-dB rise of the power range l¡mils of lrequency devialion meter, amplitude
modulation meter, phase dev¡at¡on meter and RF frequency meler

AF Syntheslzer/Select¡ve Call
EncoderSMFP2BT ......... modulalion source for lransm¡tter and

receiver lest and selective call en-
coder (nol for SSB applicat¡ons)
10 Hz to 25 kHz
0.f Hz
'l Hz
'r0 Hz
<a1 x 10-5
0.1 mvtolV
0.1 mV
1mV
<+(2% +0.1 mV)

ZL
Z¡

>1 c)
>50 Q

approx. l Q

lones 0 to 9 + repeat tone to CCIR
and ZVEI
1lo7

tones 0 to 9 + repeat tone to ZVEI
and CCIB
1to7

400 Hz to 40 kHz deviat¡on
0.2 to 10 rad
1 to 99%

Options

lntelace SMAT-84

F¡Iter SMAT-86

Distortion meter
Test lrequency
Minimuminputlevel ........

for rece¡ver test
Measuremenlrange ........

Resolution
Erroratdistortion 

=10o/o 
. . . . .

dislortion >10o/o .....
Limit programming

SINAD meter
Test lrequency
Measurementrange ........

Resolution
Enor ...
Limil programming

150-kHz filter
Frequency response f latness
Attenuat¡on

300-kHz high-pass l¡lter
Frequency response tlatness
at f >300 Hz
Attenuation at f <190 Hz

all <170H2
atl<150H2

General data

Raled temperature range .

Storage lemperature range
Mechanicalresislance ...

>0-995
<0.03

+5 to +45"C
-40 to +70'C
shockproof to DIN 40046,
Parl 7 (30 g, 11 ms);
vibration prool to DIN 40046,
Part I (1 1 to 55 Hz, 2 g);
corresponds lo IEC Publ. 68-2-27
and 68-2-6
115 to 125/220 to 235 V +10%,
47 to 42O Hz (1 25 VA)
1l to 33 V (95 W)
470 mmx206 mmx485 mm, 24 kg

> Automat¡c RX/TX Tester SMAT
355.2014.52

50-O termination, adapter board,
power cable, 1 connector for lrans-
ce¡ver (SMAT-Zl)

V.24- I RS 232 C iîterf ace') f or pro-
gramm¡ng the SMATv¡a external
control computer
Centronics ¡ntelace') for direct
pr¡nter connection for transfêrring and
logging ol measured data
cûnta¡ns f¡lter lor distortion and
SINAD meters and 150-Hz notch fllter
(can be changed) switchable ¡nto all
AF test paths or 300-Hz h¡gh-pass
tilter (link programmable)

1 kHz
100 mV (Zo"' = 4 O, 16 O, 100 kO)
500 mV (zo"' = 600 O)
1 to 50%
o.'t%
<!5o/o
<!1gvo
2 dig¡ts, resolution 1%

'r kHz
6to46dB
0.1 dB
<tl dB
2 digits, resolulion 1 dB

150 Hz
40 dB for 15O Hz +zYo

Powersupply:AC ...
battery

D¡mensions, weighl

Ordering information

Orderdeslgnation..... ....

Accessoriessupplied ... ....

Options

lnterface.
F¡ltêr . . .

oo-WPowerMeter .....
AF Synthes¡zer/Selective
Call Encoder
SelectiveCall Decoder . .

Recommended exlras
Connector
Protectiveoovers ....
ProcessConlroller ...
Standard Keyboard. . .

Universal Pr¡nter . ....
High-power Attenuators

<!20/"
typ. 40 dB
typ. 50 dB
typ. 60 dB

SMAT.84
SMAT.86
SMFP2B3

sMFS2BT')
sMFS2B62)

SMAT-Z1
SMFP-28
PUC ...
PUC-21
PUD2 ..

355.381 0.02
355.3679.02
357.86 t 0.02

346.6810.02
346.7000.02

355.37f0.00
332.7890.02
344.8900.1 0
345.20f 1 .04
359.5018.02

see page 286

Not lor SSB applicat¡ons.
Only in conjunct¡on with AF Synthesizer/Selective Call Encoder
SMFS287.') Connector: 1s-way Cannon female.

t)
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lncreasing crowding of the radio bands requires ever higher
quality of radio equipment, especially in regard of selectivity,
sensitivity and large-signal behaviour.

Manual measurements in this field consume much time and
tie up qualified personnel. Automatic test systems (ATS)

solve simple as well as complex measurement tasks faster,
more accurately, reliably and - in the long run - economi-
cally.

test asisierrrblies

Automatic measurements to CEPT TR 17

Regulations. The CEPT RECOMMENDATION TR17 for
stationary and land mobile radio transceivers used privately

or in public services has been established, for example, in

Europe with a view to unification of quality requirements and
pertiment specifications. At the same time it aims at optimum
utilization of the frequency band available.

Measurement ranges. The nominal area of application of
CEPT TR17 covers FM und çM transceivers for radio ser-
vices operating in the frequency range 30 to 500 MHz with
channel spacings ot 12.5kïz,2Ok1zor 25 kHz. GEPTTRlT
may, however, also be used as a basis for testing other
radiotelephone systems, such as car radios and walkie-
talkies.

Automatic Radio Test System ATS-TR4

The ATS-TR4 System here presented has been designed to
perform the measurenrents specified in CEPT TR17 through
optimum instrument configuration, easy-to-handle modular
system software and cost-effective hardware integration.

Beyond the transceiver tests proposed in CEPT TR17 the
ATS-TR 4 permits testing transceivers with other types of

modulation (AM or SSB). Thanks to the modular structure the
user can extend the system in hardware and software either
on his own or with the assistance of R&S.
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Automatic Radio Test System AïS-TR4
for measurements to CEPT TR17
I 30 to 500 MHz/O .4 to 52O (1000) MHz
O Turnkey automatic test system for AM, FM, 9M and SSB

radio sets

O Made up of standard instruments controlled from process
controller

O Simple operat¡on through system software

a Acceptance-test program supplied as programming example

ATS-TR4
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System hardware

The Automatic Test System ATS-TR4 comprises the follow-
ing units:

1 Mobile Tester
transceiver test set;
central measuring instrument of system

2. Adjacent-channel Power Meter
for spurious-response and
oscillator-reradiation measurements

3. Signal Generator
for use as LO and second signal
generator of high spectral purity
for all two-signal measurements

4. Programmable Power Supply
for powering DUT

5. Mixer Plug-in
for seleclive measurements
(BW 105 Hz) of S/N ratios and for
sideband analysis

RADIO TEST ASSEMBLIES 3

SMFP2
0.4 to 520 MHz

NKS
25 to 950 MHz

SMPC
50 kHz to 1.36 GHz

NGPU 7Ol10
70 v/10 A

ATS.SM
100 kHz to 1 GHz

7. Power Splitter/Combiner
for combining RF signals in
two-signal measurements

8. Video Distribution Amplifier
for distribution of 1o-MHz reference
to all external reference inputs
of the system

9. RF Relay Matrix
for computer-controlled switching
of signal lines

10. Relay Matrix
for selection of load resistance
for the receiver AF outputs

11. Process Controller
with IEC-bus Extender IEC-LTE
for decoupling the IEC bus;
RFI-proof

12. Printer

13. 1O-MHz reference

DVS

AVF

PSU (3x)

PSN

PUC
32 kbytes

1
cf

I

System block diagram of Automatic Radio Test System ATS-TB4

14. Test Receiver

for selective level measurement
with and without input mixer
(ATS-SM) and for sideband analysis
with great operational ease

PUD 2

XSD2+XSRM.Z
<2x1O1o/month

ESH 3

9 kHz to 30 MHz

System description

The configuration shown in the system block diagram repre-
sents the optimum CEPT test system in regard of operational
convenience, measurement capability, accuracy and test
rate.

The CEPT TR17 specifications can be fulfilled without the
Test Receiver ESH 3. More complex software and longer
measuring times may then compensate for the reduction in
operat¡onal convenience and certain measurement limits are
lowered.

'10-MHz reference

.p s.t::: 
" tr' :ag (t

9e:ì;
1i

Mixer Plug-in ATS-SM

6. RF Attenuator
for level matching to mixer
input ATS-SM and NKS

DPSP
0 to 139 dB
'l-dB steps

5n
PSN

Via SMFP2-
V/A meler

PSN

PSU
PUC

XSD 2

AVFMixer ATS-SM
lnput

DVS

30 d8
SMFP 2

O
I

il
DUT

DC

NKS-Z

RF

NKS

LO

RF
FAM

NGRI 70/10

SMPC

PSU

1

PSU
J

IEC.LTE

e. g.
vta
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3 RADIO TEST ASSEMBLIES

CEPT-TRI 7 System ATS-TR4

System software

The test routines specified by CEPT are listed below together
with the reference numbers of the pertinent chapters of CEPT
TR 17 recommendation.

tesË asis¡elrrblies

Receiver measurements

Output power of the receiver
Distortion of AF signal per test frequency
AF frequency response per test frequency
SINAD sensitivity
Co-channel rejection per test frequency
Adjacent-channel selectivity per channel
Spurious response per test frequency
lntermodulation rejection
Blocking per test frequency
Oscillator reradiation per test frequency
Limiting characteristic
Receiver S/N ratio
Squelch threshold

Duplex measurements
Receiver sensitivity in duplex mode
Spurious response in duplex mode per test frequency

(6.1)
(6.2)

Ref. No.

(5.2)
(5.1)
(5.3)
(5.4)
(5.5)
(5.6)
(5.7)
(5.8)

CEPTtest routines
for FM and r¡M transceivers

General measurements

Power supply
Current
Voltage

Transmitter measurements
Frequency error of the transmitter
Carrier power
Frequency deviation per modulation frequency
Maximum deviation
Modulation sensitivity per modulation frequency
AF frequency response of the transmitter
per modulation frequency
Modulation distortion per modulation frequency
Adjacent-channel power per channel
Spurious emissions per test frequency
Residual modulation

The system software for the Process Controller PUC is
written as basic software which does the actual work for the
user even when canying out complex measurements, such
as two-signal measurements or searching for spurious emis-
sions. Customer-tailored test routines that are not expressly
required by CEPT can be readily added to the available test
routines within the scope of the system configuration. This is
a decisive advantage with respect to later augmentation of
the system to include SSB transceiver measurements in the
HF and VHF/UHF ranges.

The software is handed over with complete source listing and
documentation; the test routine for the acceptance test is
included as an example. A selftest package for the system,
consisting of software and cable set is available as an option.

System configuration

The standard model of Test System ATS-TR4 is accommo-
dated in a castered '19" light-metal rack.

An EMI filter built into the rack keeps off interference coming
from the AC supply line. Power distribution strips, earthing
lines for the chassis and IEC-bus address labels for the
integrated instruments are provided.

The signal cable set for the test system is made up of high-
quality double-shielded coaxial cable (RG 400) and low-

reflection connectors, because simple shielding would be
inadequate in two-signal measurements.

Other rack configurations are possible on request, for exam-
ple use of two desktop racks or of a system front panel

carrying all inputs and outputs.

Process Controller PUC and universal printer are placed on

a castered table beside the test system. The DUTs may be
positioned on a separate table beside the test system.

(3)

(4.1)
(4.2)
(4.3)

(4.4)
(4.5t4.6)
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Tesl results: sens¡tivity measuremenl (top) and SSB two-lone measurement
using S¡deband Mixer Plug-in ATS-Sl\,,l (bottom)
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System handover

Each test system is completely installed and tested in our
works and is then available to the customer for 3 to 5 days for
acceptance testing and system training.

R&S personnel installs the system on site and repeats the
acceptance test performed at the factory. Our system
specialists are available for consultation in the initial phase
following the installation. Contracts for on-site maintenance
are offered on request.

Other transceiver test systems

ln addition to the Test System ATS-TR4 for measurements in

accordance with CEPT TR 17 Rohde & Schwarz offers three
more automatic systems for transceiver measurements;
their measurement capabilities are designed to suit the
requirements of authorities as well as of industry.

Test System ATS-TR1 consists of

SMFP2 - Mobile Tester with option as required
NGPU - Programmable Power Supply for DUT
PUC - Process Controller
PUD 2 -Universal Printer

Software package SMFP2-K1 for all single-signal meas-
urements including selective-call and adjacent-channel-
power measurements

Hardware integration in rack

RADIO TEST ASSEMBLIES 3

Test System ATS-TR2

Measuring instruments as for ATS-TR1 plus
SMPC - Synthesizer Signal Generator as low-noise interfer-

ence source for two-signal and duplex measure-
ments, 50 kHz to 1360 MHz

Sottware package SMFP2-K1 with additional routines for
all two-signal and duplex measurements

Hardware integration in castered rack or in two desktop
racks

Test System ATS-TR3

Measuring instruments as for ATS-TR2 plus
ATS-SM - Sideband Mixer '1 MHz to 1 GHz
DPSP - Programmable Attenuator for signal attenuation

ahead of ATS-SM
PSU (2 off)- RF Relay Matrix for switching signal path

Software package SMFP2-K3 (as SMFP2-K2) with addi-
tional routines for spectrum analysis on transmitters and of
oscillator reradiation in receivers - can be extended with
special routines for sideband analysis of SSB transmitters.

Hardware integration. Castered rack or two desktop racks

Condensed data of Test System ATS-TR4
Frequencyrangeto¡usefulsignal . . 0.4 to 520 MHz,

up lo 10ü) MHz with option
Frequency range for spurious s¡gnal measureme¡t

with ESHS . . . I kHz to 1000 MHz
withcÐt ESH 3 10O kHz to 10m MHz

Fleguency range of ¡nlerterencê
sourcs lor lwosignal measuremenls 50 kHz to 1360 MHz
Frequency resolulionAF generator . 10 Hzl 1 Hz

RFgenerators 100 Hzl1 Hz
Counter ..... 10 Hzll Hz

Frequencystabil¡ty ...... +5x10-e
with opt¡on xsD2/xsRM-z . . . . . . 

=2 
x 10-rf

Useful-signal level, variat¡on range . . 0.ff1 pV to I V
stepwidth . . ... 0.1 dB

Transm¡tterpower ....... max. 30/60W RF
wilh Atlenuator RBS . . . max. l(X)o W RF

Typos of modulation
ModolwilhorwithoutESH3 ..... AM, FM, qM
lMth sollware extension . . . . . . . . AM, FM, 9M, SSB

Powe¡ supply for DUT
Operatingvoltage ..... 0to30V(70V)
Cunentdrain . max. l0 A (20 A)

Measurement limÍt to¡ adjacenl-
cñannel power (with useful
signal l W) . .. . <10 nW
Measur€ment limit for spurious
signal ot rec€iver
(osc¡llatorreradialion) .. . .. .. . . ... <10 pW

Automatic
Test System ATS-TR3

illlllllllllll llllllllllllll llllllllllllll llllllllllllll
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3 RADIO TEST ASSEMBLIES

The Radiotelephone Test Assembly SMDU is a test system
of highest precision which contains all measuring instru-
ments necessary for standard checkout of radiotelephone
equipment and meets or even exceeds the requirements of
national and international specifications.

This advanced test assembly combines precise measure-
ment techniques with great operating convenience (e.9.

automatically tuned deviation meter, channel{o-channel
stepping, autoranging facility). The SMDU test setup com-
plies with the most severe stipulations for transceiver meas-
urements, which so far have been met only by specialized
instruments.

Applications

The comprehensive instrumentation permits a standard solu-
tion to be found for all transceiver measurement tasks. The
SMDU test assembly can be used to advantage in
laboratories, servicing shops and production plants.

ln servicing the great operating convenience of the
Radiotelephone Test Assembly considerably reduces the
time required for routine measurements.

Forpublic services and in development laboratories, the
high accuracy of the SMDU test assembly permits reliable
conclusions in type-approval testing.

ln test and production departments, the SMDU can be
used to advantage for batch measurements thanks to its
semi-automatic operation and the possibility of connecting
recording equipment. \&hen determining parameters which
are difficult to measure, the Test Assembly is superior to any
fully automatic test system, especially in regard to spectral
purity.

.) SINAD: signal + noise + distorlion to noise + distortion.

tesË asis¡c'lTtblies

Configuration

The heart of the Test Assembly is the radiotelephone version
of the SMDU (06, 07 or 09); this basic setup is suitable for all
measurements up to 1 GHz.

To obtain a complete test assembly, the following equipment
is required:

a) Power Test Adapter SMDU-Z2 or
b) AM Unit SMDU-Z1 (power meter and modulation depth

meter); see under specifications.

Thus the following configurations are possible (also avail-
able as compact asemblies in common cabinets):

Signal Generator SMDU with

RF generator, 14Q k{z to 525 MHz (expandable up to 1 .05

GHz), FM and AM, automat¡c overvoltage protection in the
case of accidental transmitter keying
AF generator, 30 Hz to 30 kHz
frequency meter, 15 Hz to 525 MHz (1 GHz)
AF voltmeter, 1 mV to 10 V (rms weighting)
distortion meter, 1 to 100% fsd
SINAD.) rat¡o meter, 6 to 46 dB
psophometric weighting filter (in accordance with CCITï)

Power Test Adapter SMDU-Z2 (30 W) with
RF relay switching panel; possibility of connecting analy-
zer and recording equipment - or

AM Unit SMDU-Z1 (30/60 W)with the same facilities as the
power test adapter plus modulation depth meter and auto-
matic mode selection (TX/RX)

For options, e.g. for frequency range extension or for fre-
quency synchronization, see page 106.
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Radiotelephone Test Assembly SMDU t 0.14 to 525 MHz
(1.05 GHz)

a System configuration plus options
permitting optimum solution of the
most diversified measurement
tasks

O Synlhesizer stability using the syn-
chronizer option, frequency setting
accurate to within a few hertz.

O Measurement of desensitization
beyond 95 dB and adiacent-chan-
nel selectivity >80 dB due to high
spectral purity of RF signal

O Testing of hifi and stereo broadcast
receivers with built-in CB radio

SMDU
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Functions (for receiver and transmitter measurements see page after next)

Signal Generator SMDU

The free-running SMDU oscillator covers the range from 140
kHz to 525 MHz. The oscillator stability is such that any
measurement can be started only five minutes after switching
on the Test Assembly.

The 1.05-GHz Frequency Range Extension and the 1.0S-
GHz Frequency Doubler options double the range of the
SMDU, its excellent characteristics being maintained. With
the doubler, subharmonics are down 20 dB.

The Synchronizer option provides for synthesizer stability
without affecting the spectral purity of the signal. ln addition,
this unit permits frequency settings corresponding to the
standard channel spacings of the ditferent radio services
þetween '12.5 and 150 kHz as well as continuous fine tuning
to any frequency.

Thefrequency meter for 30 Hz to 525 MHz has a resolution
of 1Hz below 50 MHz and 10 Hz above 50 MHz. An input
amplifier provides a sensitivity of 10 mV, thereby making
possible measurements of frequency and frequency devia-
tion even with cables of up to about 50 m. The option SMDU-
B 4 extends the measurement range up to 1 GHz.

The modulation unit included in the SMDU meets the most
stringent requirements so that, for instance in receiver meas-
urements with AM and FM, the inherent distortion is negli-
gible (e.9. model 09: 0.2Yo 'for 75 k1z deviation; stereo
crosstalk down 46 dB).

\Mth the Amplitude Modulation 52S to 10S0 MHz option,
AM is possible in this frequency range with a modulation

RADIO TEST ASSEMBLIES 3

depth of about g5% and with constant characteristics even if
the SMDU is operated with the Frequency Range Extension
or the Frequency Doubler option.

The modulation generator delivers six fixed frequencies
between 0.3 and 6 kHz or any other modulation frequency
which can be set at will between 30 Hz and 30 kHz (the set
frequency is indicated on the seven-digit frequency meter,
accurate to within 1 Hz). The AF output voltage, which can be
continuously adjusted between 1 mV and 5 V, is read from
the multimeter which is incorporated in the modulation unit
and can be set for mV, kHz or % indication.

The AF voltmeter (30 Hz to 150 kHz, 1 mV to 10 V), which
uses a true rms-responding detector, automatically switches
to the correct subrange (out of a total of seven). The band-
width of the voltmeter can be limited by connecting the
psophometric CCITT f ilter.

The 1-kHz distortion meter (0.5 to 50%) with its autorang-
ing facility can be used in conjunction with the AF voltmeter
or the deviation meter. An LED lights up if the test level falls
short of the required value.

The SINAD ratio meter (6 to 46 dB) measures the ratio of the
total signal to the noise and distortion components. The
standard SINAD value (6, 12 or 20 dB) of the conesponding
measurement range is marked by LEDs on the scale of the
meter.

Continued (deviation meter, power meter) Þ

l- nøil-"r"oããl

Block diagram of Radiotèlephone Test Assembly SMDU

SMDU radiotelephone model
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Frequency
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SMDU Functions (continued)

Signal Generator SMDU

The deviation meter measures spurious FM between 10

and 300 Hz (rms weighting) and wanted deviations between
300 Hz and 100 kHz (peak weighting). Separate indication of
positive or negative deviation is possible; an LED indicates
that the deviation meter is ready for operation (counter-

display resolution 1 Hz; the CCITI weighting filter or 1-kHz

distortion meter can be connected.)

ln the simplex mode the deviation meter operates on the
receive frequency set on the signal generator whereas it

tunes automatically to a spacing of between 4.2 and 10

MHz from the latter in the duplex mode.

Thus the deviation meter need not be retuned after channel
changeover on multichannel equipment. lt is also suitable for
measurements on transceivers in relay operation. This saves
another deviation meter and a separate tuning operation
which would otherwise be required.

SMDU options and conversion kits

tesË as¡sicllr¡blies

Power Test Adapter and AM Unit

These two instruments, which are both optional, permit con-
nection and adaptation of the transceiver to the test assem-
bly and to additional signal generators (if, for instance, the
multisignal method is used) or an analyzer. They can also be

used for switchover between receiver and transmitter meas-
urements.

Power Test Adapter SMDU-Z2 (1 to 1050 MHz)

The SMDU-Z2 contains a relay switching panel and power

attenuators. lt distributes the RF signal to the frequency and

deviation meters, the power meter and to different test out-
puts (e.9. for analyzer measurements).

Conneclor
for transce¡ver

Modes:
Rece¡ver meas.,
frequency +
power + dev.,
analyzeÍ

Connector for
frequency and
dev¡ation meler;
3rd signal
generalor

Connector for
S¡gnal Generator
S¡¿DU

6rq --

ÀIþç' o

o a

Connector
tor
analyzet,
2nd signal
generator

*

Synchronizer
Standard equipment in the Fìadiotelephone Test
Assembly, improves the long{erm stability to
that of a synthesizer. Simplifies operation by
channel-stepping facility; electronic fine tuning.

Overload Protection
Standard equipment in the Radiotelephone Test
Assembly, protects the RF output against exter-
nally applied power of up to 50 W.

1.05-GHz Frequency Range Extension
Extends the RF-generator range to 1.05 GHz
without sacrificing performance characterist¡cs.

1-GHz Frequency Meter
Extends the range of the counter to 1 GHz for
external signals.

1.05-GHz Frequency Doubler
Low-cost option for doubling the frequency
range. Subharmonics and harmonics are at
least 20 dB below the carrier level.

Amplitude Modulation 525 to 1050 MHz
lncorporated in new deliveries of SMDU + Fre-
quency Range Extension; allows amplitude
modulation of the carrier up to 1050 MHz.

S/N-ratio lmprovement
lmproves the S/N ratio, permitting, for example,
adjacent-channel selectivity of more than 80 dB
to be measured.

Call Acknowledgement Conversion Kit
Enables measurements on transceivers that
send an acknowledgement signal.

Ranges
0.3 to 30 W

Power Test Adapter SMDU-Z2

AM Unit SMDU-Z1 (1 to 1050 MHz)

Compared with the Power Test Adapter, the more convenient

SMDU-Z1 includes an additional modulation depth meter

with ranges of 40 and 100%. lf powers of ì100 mW are

applied, the SMDU-21 automatically switches over to trans-
mitter measurement and selects the correct power measure-
ment range.

The AM Unit comes as 30-W and 60-W models.

Power ¡nd¡cation,
w¡de ind¡cal¡on
range

SMDU-B1

SMDU-82

SMDU-83

SMDU.84

SMDU.B5

SMDU-88

SMDU-89

SMDU-U3

Autorang¡ng,
LED d¡splay N4odulat¡on depth

AF output
(demodulated
¡nput voltage)

I

Automat¡c
TXlRX
sw¡tchover

Measurement
ran9es
40% and 1 00%
modulat¡on

(?"
f,.r

-
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l}

aaa'-æt

-_. o
(Ð)

106

A¡il Unit SMDU-21

Two time constants
for AM ind¡cal¡on



Ëest assclrrblies

Operating convenience and versatility

Setting the Radio Telephone Test Assembly for receiver and
transmitter measurements requires only very little time:

1. RF: The RF end of the radio is connected to the Power
Test Adaper or AM Unit.

2. AF: a) The mike input is taken to the SMDU modulation
generator output and b) the loudspeaker output is con-
nected to the AF voltmeter input.

The measuring instruments are connected via the internal
switching panels; thus all measurements can be performed
without changing any connections.

Receiver measurements

After setting the test frequency, modulation type and fre-
quency on the SMDU, the AF voltmeter indicates the voltage
at the receiver output or the distortion for a modulation
frequency of 1 kHz.

Receiver sensitivity. Convenient measurement is possi-
ble using one of the two conventional methods:

S/N ratio of 20 dB
SINAD ratio using the SINAD ratio meter for 6, 12 or 20 dB

Bandwidth. A marker for a 6-dB level difference (EMF and
Vo,1 cursor lines) on the attenuator simplifies the measure-
ment. Digital display of the cutoff frequencies is provided.

The squelch threshold and the limiter action at the AF
output of the receiver are determined using the attenuator
and the AF voltmeter; the single-range attenuator permits
rapid continuous level adjustment without reversal of direc-
tion (problemfree determination of hysteresis).

Effects of interfering transmitters, such as intermodula-
tion, adjacent-channel modulation, desensitization or reradi-
ation from closeby receivers, can be measured with great
accuracy due to the excellent spectral purity of the generator
signal (S/N ratio at 20 k1z from carrier >135 dB, 1 Hz).

I Extens¡on of test assembly

The Radiotelephone Test Assembly SMDU incorporates all
the instruments required for normal servicing; see also block
diagram on page 105.

ln practical situations, the investigation of poor radio com-
munications involves further measurements for checking the
interference-determining items of the equipment specifica-
tions. Consideration must also be g¡ven to the possibility that
working conditions alone are responsible for disturbed com-
munication. For example, an important parameter such as
adjacent-channel selectivity can only be measured using a
two-source technique. lt is therefore advantageous that test
assemblies, even when used only for servicing, may be
easily extended.

Thanks to the direct connections for a second signal
generator and an analyzer, extension of the SMDU
Radiotelephone Test Assembly is very straightforward.

RADIO TEST ASSEMBLIES 3

Test setup compr¡sing Adjacent-channel Power Meter NKS, Signal Generator
SMDU 06 and AM Unit SMDU-Z1

Transmitter measurements (brief overview)

Parameter: Special features:

Frequency tolerance lmmediate indication on frequency
meter

Power Simultaneous indication of
power, freqeuncy and deviation

Frequency deviation Semi-automatictuning

Deviation limiting Use of maximum permissible devia-
tion thanks to narrow tolerances

Harmonic distortion Direct indication at 1 kHz

Calling frequency Resolution 1 Hz

Modulation depht Power and frequency at the same
(using SMDU-Z1) time

Harmonic distortion lndication of frequency and distor-
tion

Limiting With and without weighting

Out-of-band radiation Direct connection of analyzer

Relay operation ln-service measurement possible
without auxiliary oscillators

I Adjacent-channel power

For assessment of the modulation sidebands or excessive
noise components emitted by the transmitter section of a
transceiver, the postal authorities have now introduced the
definition of adjacent-channel power. Two methods have
been specified: a) Analyzer method, b) method with power
test receiver.

The Adjacent-channel Power Meter NKS from Rohde &
Schwarz works on method b); see pages 108 and 115.

Measurement of adjacent-channel power involves nothing
more than selection of the desired channel spacing (10, 12.b,
20 or 25 kHz) and the upper or lower adjacent channel. An
automat¡c test program determines the power of the transmit-
ter signal and of the interference and provides digital indica-
tion of the ratio of unwanted to carrier signal in dB in
compliance with the specifications. The absolute power con-
tent of the interfering signal is calculated from the carrier-
power indication on the SMDU-zl or -22 and the ratio shown
on the NKS.
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Extension of SMDU Test Assembly
with Adjacent-channel Power Meter NKS

o Power test rece¡ver for 25 to 950 MHz in line with standard
specif ications

O Measurement of all transceiver characteristics including adja-
cent-channel power

O Selective measurement of spurious signals

Connectors

SMDU front panel

Sweeping

X output
oscilloscope

Ext. mod.

o

c
..'.,. î:.. ö'a.',JrrJ '

Transce¡ver Frequency
500 to 1050
3rd signal
generator

RF measurements

ËesË assiernblies

AF measurements

Voltage
d¡stortion

Demodu-

(w¡th/
w¡thout

Frequency CCITTf¡lter)

RF signal
from A¡/
lransce¡ver

c

lated
AF
gen-
erator

+ . -e lT-l-"1 8,. ff-t T-'l--t

o
O:-1¡

Adjacent-channel Power Meter NKS

Full descriplion on page 1'15

Due to overcrowding of the radiotelephone bands, the postal
authorities have introduced the definition of adjacent-channel
power to ensure better-quality communications.

Adjacent-channel power refers to the spectral components
present in the adjacent channels of a transmitter; it may be
due to ineffective deviation limiting or to modulation distortion
in FM transmitters or, with AM, to overmodulation, limiting or
harmonic distortion in the event of overdriving.

To extend the SMDU Radiotelephone Test Assembly for the
rational and accurate measurement of adjacent-channel
power, Rohde & Schwarz offers the

Adjacent-channel Power Meter NKS

The power-test-receiver technique used in the NKS allows
the determination of the carrier and adjacent-channel powers
by means of an rms-responding rectifier. Thus all signals
can be evaluated, the total power in the adjacent channel
being measured continuously. The NKS fully complies with
the relevant specifications for power test receivers.

Configuration of test assembly. ln conjunction with the
SMDU Radiotelephone Test Assembly the Adjacent-channel
Power Meter measures the interference in the adjacent chan-
nel and indicates the ratio of carrier power to unwanted
power in three digits; see block diagram below. Only the
desired channel spacing (10112.5120125 kHz) and the upper
or lower channel need be selected prior to measurement.
Measurement range 0 to 89.9 dB; accuracy + 0.5 dB.

AFC BCD output

NKS in conjunction w¡th Radiotelephone Test Assembly SMDU

SMDU rear panel

External conlrol

Crystal f requency output

BCD output , DC output
Freq. meter ' AF voltmeter

Recording and loggíng

o--aa o

cr:n

tnput
MHz plus for deviation

plus frequency
measurement
(remote)

Analyzer
2nd signal
generator

Beat
measurement
Phones

2nd RF

ç

output
without AM

Detected DC outputs
RFvoltage Carr¡ervoltage

Mod. deplh of
transce¡ver

NKS

Test item
25 to 950 MHz

RF input RF output 2

S¡/DU

G

9MDU-Z1/22

26 .lB
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Ëest ass¡elrtblies

Specifications

Frequency range .

Setling, ¡ndication

Scaleresolution...

RADIO TEST ASSEMBLIES 3

Fine tuning using synchronizer
Steps corresponding to
channel spacing
Tuning range . . . . .. ZO to f6O kHz

Frequency instability after warmup
Free-running osc¡llator . . . . . . . <1 .S to <6 kHz for 0.14 to i 0SO MHz

^ Using.synchronizer....... ... <S x 10-B+10 Hz (forf >52S MHz)
Spec.tral purity

Spurious frequencies . . . . . . . . down >l lO dB (>90 dB lor 0.1 4 to

s/Nratioar zokF,zrrom 
50MHzand392lo525MHz)

carrier,testbandl Hz ....... >13bdB (>130dBbetowS0 and

spurious AM with FM 
>125 dB above 525 MHz)

atfn'o¿:1 kHz .... ... <1y", typ. O.S% with 100 kHz dev¡at¡on

with sMDU.Be tiL:JJ,Ï)1ror r >zo uHz¡
w¡th 100 kHz deviation

RF output I

Outpul EMF and power
Frequency response,
attenualorêrror ... - -

AF conneclot (analyzer, mullisignal measurement)
lnput/outpul attenuator/VswR . . . . 30 +0.8 dB/1.9

Ad¡acent-channel Power Meter (delails on page 1 1 b)

20 to 950 MHz

0.1 to2V
50 to 200 mV
Channel spacing
10 kHz
12.5 kHz
2O kHz
25 kHz

. . 0.'14 to 525 MHz;
0.14 to 1050 MHz using SMDU-&3 or 85

. . on drum scale, 7-digit readout
(crystal l0 MHz, aging 5 x 1o-8/month)

.. up lo 50 MHz: I or 10 Hz
up to 800 MHz: 10 or 100 Hz
above 800 MHz:0.1 or 1 kHz

option

1 2.5 I 20 I 25 I 50 t't O0/ 1 50 kHz

4u : so O; N female
conneclor, adaplable
0.05 ¡V to 2 V, -139 to + 13 dBm

up to 500 MHz <+1 dB
up to 1.05 GHz <+2 dB
<1.2 (above 525 MHz: <1.4)

automatically d¡sconnects RF outputs
50Wor50VDC

o.3to.4t1t2.7 t3t6 kHz
0.03 to 30 kHz
1mVto5Vinto200O
<0.5% lor 100 Hz lo 10 kHz

Hlgh-power attenuator
Attenuation RX/TX measurement

with SMDU-ZI /30 W and
SMDU-22
withSMDU-21/60W.... .... .

0 + 0.6 dB/20 +1.3 dB
0 + 0.6 dB/26 +1.3 dB

0 to 89.9 dB
rms value
+l dB
3 digits

+10 to +45"C
-40 to +70'C
115t 125t220t235 V +10%,
47 lo 42O Hz
( l 00 lo 1 20 VA dêpending on
configurat¡on)

492 mmx4of mmx436 mm, 37 kg

249.3011.09 or

249.30 fi .07

242.4012.52 or

242.2010.52 o¡
242.2010.53

302.2410.O2

249.6340.02

24934A4.02

250.00f2.02

275.1312.O2

295.2150.O2

295.2r89.02

295.2008.02

Frequency range
lnput voltage range

BF input .

LO ¡nput.
Adj.-channel power measuremenl

Measurement range (signal/
interference power) . . . . .

Welghl¡ng
Enor limits .

lndicalion

General data
Raled temperature range . .

Storage tsmperature range
Acsupply ..............

Dimensions and weight ot
complete test assombly . .VSWR

RF overvoltage protectlon
Max. permissible condition

AF generator and modulallon unlt plus measuring lnstruments
Modulalion frequencies

F¡xed .. .

Conlinuous
Outputvoltage ......,
Distortion
Type of modulation

(intemal and eliternal)
Modulalionrange...
Modulation dislortion

Ordering information

Orderdeslgnatlon... ...... > Rad¡otelephone Test Assembly
SMDU

Sinsle lnslruments lor combinatton råF:: 
ñ:"".0't

Signal Generator SMDU
Badiolelephonemodel ......... 249.3011.06 or
Radiolelephone model

Measuremenlranges .....
Characleristics ot model 09
Modulationdistortion .....
Stereo crosstalk

Frequency meter/w¡th option

Sensit¡vity.
Resolution

Oevlatlon meler

Measurementranges.......

Symmotry error

AF voltmeter
Error limits
Deteclor/weighl¡ngfilter ....
Dlstorlion meter
Voltage/devial¡onrange ....
Enor lim¡ts

S|NADratlometer ........
Enor limits

CClTTlilter.

Power Test Adapter

AMUnit.......
TX/RX switchover

<O.zYo al75 kHz devialion
¡n the FM broadcast ranges
>40 dB down at 50 Hz
>46 dB down at 1 kHz and 15 kHz

AM
0 to 98%
<1.5%
80% mod.
10t30t
1000/"

15 Hz to
30 MHz
t0 mV
1 /10 Hz

FM
0 to f00 kHz
<1o/o
f.- 20 kHz
1t3t'tot
30/f00 kHz

20 to
525 MHz
10 mV
10/100 Hz

qM
0 to 100 rad
<1o/o
f.d 6 kHz
't l3/10t
30/100 rad

stereo-compatible
Rad¡otelephonð-
nav¡gation modsl .

Power Têst Adapter
SMDU-Z2 ......

AM Un¡I
SMDU-Z1/30W.
SMDU.ZI160W.

0.5 to
I GHz
30 mV
10/100 Hz

Frequency range
Powêr measurement rango

Modulalion depth meler . . .

RF outpul

for positive and negative lrequency
and phase dev¡ation
10 to 300 Hz (rms weighting)
300 Hz to 100 kHz (peak weighting)
<+1.s\o

1 mV to l0 v, 15 Hz to 30 kHz
+ (3% ot rdg +f .5% of fsd)
rms-responding/CCITT

0.5 to 30% (507o), f kHz
80 mV lo 3 V/l lo 40 kHz
+ (10% ot rdg +1.5% ol fsd) + 0.3%

6to46dB,80mVto3V
+ (10% oÍ rdg + 1 .5% of fsd)
plus inherent noise 0.3% (:50 dB)
complying with CEPT
specifications, usable w¡th
deviation meter and AF vollmeter

SMDU-22

SMDU.Zl
manual automaticabove

0.1 w
1 to 1050 MHz 1 to 1050 MHz
50mWlo30W 50mWto30Wor

f00mWto60W
0 to 40/0 to f00%

for analyzer connecl¡on and
multis¡gnal measuremenls;
attenuation inpul/output 30 dB
(vswR 1.2)

Compact tesl assemblles basod on Signal Generator SMDU 06
SMDU 52 wilh SMDU-B1 option and

AM Unit SMDU-zl/30 W . 249.3011.52
SMDU 53 with

sMDU-21/60 W
insteadof/30W 249.3011.53

SMDU 56 w¡th Power Tost Adapter
SMDU-22
instead ot SMDU-Z1 . . . 249.301 1.56

powêr cable,
1 8NC-BNC connect¡ng
cable (for SMDU-zl, -22)

Accêssorles suppllod

Rocommended extrâs
Adiac€nt-channel Power Meter
NKS ...

Oplions (description on page 106)
SMDU-81:Synchronizer .......

(standard equipment in
test assembly)

SMDU-83: 1.05-GHz FrequenÕy
FìangeExtension....

SMDU-84: 1-GHz
FrequêncyMeter....

SMDU-85: f .05-GHz
Frequency Doubler. . .

SMDU-88: Amplltuds Modulat¡on
525 to 1050 MHz . . . .

SMDU.B9: S/N Ratio
lmprovement . . .....

SMDU-U3: Call Acknowledgêmênt
Modification Kit.... . .
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3 VOR/ ILS TEST ASSEMBLIES

VOR/lLS Test Assembly

r. F Cott 3
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The test assembly can be used for the development, produc-
tion and servicing of airborne communication and VOR/lLS.)
air navigation equipment. lt offers highest reliability due to the
built-in self-testing facility and thanks to the available instru-
ments for absolute measurement of the VOR zero phase
(see page 114). Thus it enables the user to strictly observe
the relevant test specifications for VOR/lLS and communica-
tion equipment (e.9. ARINC 578 and 579).

The system concept allows the user to check the measure-
ment accuracy in a simple way, which can normally be done
only by the manufacturer, and thus meets the requirement of
all institutions responsible for the safety of air traffic.

Moreover, the test assembly features a very favourable
price/performance ratio since it is part of a modular system
within the general measuring-instrument line.

The basic equipment, consisting of

Signal Generator SMDU (page 66),
VOR/lLS Unit and AM Unit,

can be varied with respect to the signal generator used (see
ordering information). The SMDU navigation model (08) is
preferred for the VOR/ILS Test Assembly whereas the
SMDU radiotelephone & navigation model (07) contains in

addition all measuring instruments required for FM transceiv-
ers, permitting, for instance, determination of deviation, dis-
tortion and SINAD ratio.

test asis¡elrìblies

Test Assembly
for Airborne VOR/lLS
and Communication
Equipment
I 0.14 to 1050 MHz

Complete tesl system from a single manu-
facturer; guaranteed data for system as a
whole:

O Signal Generator SMDU in several
models, w¡th spuria{ree and lownoise
outpul, featuring excellent modulation
characteristics

a VOR/lLS Unit with modulation
generator, phase, modulation-depth
and DDM meter as well as self-check
for VOR/lLS oulput signals

O AM Unit with output-power meter, mod-
ulalion-depth meter and automatic TX/
RX switchover

Variants and options optimally combinable
for all applications

Several options are available; they can be incorporated in

the signal generators upon delivery or added later without
any adjustment.

Synchronizer SMDU-81. This module improves the
SMDU frequency stability to that of a synthesizer while
maintaining its high spectral purity. Operation is greatly sim-
plified thanks to the channel-to-channel stepping at the spac-
ings 50, 100 and 150 kHz used by VOR/ILS services and to
synchronized fine tuning with extremely high resolution.

1.05-GHz Frequency Range Extension SMDU-83. This
doubles the RF generator range of the SMDU while maintain-
ing its excellent characteristics.

1-GHz Frequency Meter SMDU-84. This module is
required for external frequency measurements above 525
MHz. The overall range of the seven-digit frequency meter is

then 15 Hz to 1 GHz with a resolution of 10 Hz at 1 GHz.

Overload Proteciton SMDU-82. This module protects the
RF attenuator and the output stage against inadvertent appli-
cation of RF or DC voltages. This option is fitted as standard
in the radiotelephone & navigation model.

.) VOR: VHF Omnidireclional Range. A rad¡o-navigation method employing
phase compar¡son of two 30-Hz signals.

ILS: lnstrument Landing System (bl¡nd approach) with azimuth and glide-
path links, providing a line of intersection belween two directional
lobes at a 90-Hz and a 150-Hz ampl¡tude-modulated carrier fre-
quency.
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test ass¡elrlblies

TheVOR/lLS Unit, which produces all signals required for
VOR/lLS measurements and checks those provided by the
signal generator, is availaþle with and without decade DDM
step switch. ln conjunction with this switch, an extremely fine
adjustment of all DDM values in steps of 0.001 is possible,
permitting precise linearity measurements on ILS systems
(category lll).

Another variation is possible using the AM Unit which meas-
ures power and modulation depth and permits automatic
switchover between transmitter and receiver measurements.
lf only FM transceivers are to be checked out, the simpler
and less expensive Power Test Adapter SMDU-Z2 can be
used.

Calibration instruments

VOR Zero-phase Meter POR with 0.01 . resolut¡on in the
most sensitive range (see page 114)

Modes, modulation signals, indications

Mode Slgnal

voR

Localizer

tLs
Gllde
slope

Marker
signal/
communicat¡on

VOR/ ILS TEST ASSEMBLIES 3

Characteristics of the test assembly
for navigation measurements and modulation

O Suitaþle for all VOR and ILS test programs according to
RTCA and ARINC

O VOR phase adjustable in steps and continuously from 0
to 360 "

O Phase-angle indication in four digits and by indicator lamp
with an accuracy of 0.05'

O DDM values separately adjustable for localizer and glide
slope in standard steps of 0.001 DDM and continuously

a Expanded range for measurements around zero DDM;
discrimination 0.001 /scale division

O Modulation signal generation for measurements on
marker receivers, radiotelephone systems and AF sec-
tions of VOR/lLS receivers (with signal tracing)

O Self-testing facility for the modulation characteristics, for
modulation generator and monitor

tLs

Simultaneous checks

Mi meter Light
C: counter signal

(range)

Signal modil¡calion
.) "On" signalled by

flashing lamps

.) 30 Hz w¡th freq. variation by
+0.50/o and +1.50/0 steps

') + 25olo amplitude variation of
30-Hz and 9960-Hz com-
ponents

Ext. AM (0 to l0 kHz, up to 80%)
of mod. 9960-Hz subcarrier
(interference simulation
DVOR)

Ext. AM (0 to 10 kHz, up to 80%)
for complete VOR signal

Addition of external
interference signals
Fine modulation-depth

adj ustment

.) 90 Hz and 150 Hz w¡th freq.
variation by +0.50/o and
+ 1 .5 o/o steps

') Phase relation of components
switchable: - 12101 + 12o
(refêrred to 30 Hz)

One component cut off (90 Hz
or 150 Hz)

Left/right switch¡ng (in localizer
mode)

Up/down switching (in glide
slope mode)

Addit¡on of external
interference signals
Fine modulation-depth

adj ustment

Al I nrodulation frequencies
continuously adjustable

ln steps: Points DDM dB

1.3 0.0455 0.99
2.6 0.09.1 1.97
5 0.175 3.76

Cont. 0 to 22,8 0 to 0.8
W¡th Decade DDM Srep Switch:
in steps of 0.001 from
0.000 to 0.800 DDM

for up/down\
I

00

90 Hz
150 Hz

ln steps: Points DDM dB

1.5 0.046s 2.0
3 0.093 4.0
5 0.155 6.57
10 0.310 12.39

Cont. 0 to 12.9 0 to 0.4
W¡th Decade DDM Step SwitÖh:
¡n steps of 0.001 from
0.000 to 0.400 DDM

for left/rightì
I

00

90 Hz
150 Hz

VOR signal
Phase setting: 30o steps and

VOR sig. + communication
sig. 1020 Hz

30 Hz (variable phase)

9960 Hz (CW)

180o switch
conl¡nuous

9960 Hz freq. mod. with
30 Hz (480 Hz deviation)

lndication on
modulation unit of
s¡gnal generator

M: o/o dev. from A mod.5o/o
40 o/o mod-

M: DDM

DDM 0.2

DDM 0.2

DDM O.O2

M: DDM

M: DDM

M: DDM

M: DDM

Å mod.5o/o

DDM 0,2

DDM 0.2

DDM O.O2M: DDM

M: o/o dev. from
200/o mod.

M: o/o dev. from Â mod.So/q
30 o/o mod.

+ dev. 5 o/o

bg. q

bg. q

C: phase
of signal

C: phase of
signal

M: o/o dev. of
freq. dev.

M: o/o dev. from
30 o/o mod.

C: frequency

Â mod. 5 o/o

Hz
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3 VOR/ILS TEST ASSEMBLIES

Measurements on air-navigation receivers

For testing VOR/lLS receivers, the RF carrier of the Signal
Generator SMDU is amplitude-modulated with the signals
which have been processed in the VOR/lLS Unit.

VOR signals

Two 30-Hz signals of mutually variable phase are produced
in the generator section of the VOR/lLS Unit - reference
signal (30 Hz) frequency-modulated upon 9960-Hz carrier.

Possibilities of setting the phase: 30" steps, continuously
variable by >30'and phase reversal (180'). The phase shift
of the AF signals demodulated from the RF carrier is indi-
cated by four numerical indicator tubes providing for a resolu-
tion of 0.03'. Controls are provided for adjusting the genera-

tion and output of the individual components allowing simul-
taneous measurement of the modulation depth, its variation
or that of the components of the VOR signal as well as
percentage variation of the modulation frequencies accord-
ing to the requirements of standard specifications. Built-in
modulators and adder inputs are provided for the simulation
of interference.

ILS signals

The 90-Hz and 150-Hz ILS signals are derived in rigid phase
relation from a 1800-Hz squareware signal (see block dia-
gram showing signal processing) by the action of a frequency
divider and a wave converter.

The various depths of modulation are automatically set by
switching the modes of operation between "localizer" or
"glide slope". Standard DDM values can be set in each
mode, intermediate values in position "continuous".

The Decade DDM Step Switch permits accurate adjustment
of DDM values in steps of 0.001, the sum of the modulation
depths of the signals remaining constant.

Separate controls are provided for blanking the individual
components, for phase shift and changing the components in

compliance with the requirements of the standard specifica-
tions.

According to the mode of operation selected, a meter dis-
plays either the modulation depth Ämod. (0.2% per scale
division, 5% fsd), the DDM zero (0.001 per scale division,
0.02 fsd) or the DDM values adjusted (0.01 per scale divi-
sion, 0.2 fsd) of the demodulated RF signal.

The VOR/lLS Unit is equipped with a self-testing facility for
checking its essential subassemblies.

test asiselrrblies

Modulation signal processing

All modulation signals are derived from an oscillator which
can be varied by +o.s% and + 1 .5%. The VOR signals (30-

Hz reference and 30-Hz variable-phase) and the ILS signals
of 90 Hz and 150 Hz are provided by separate frequency
dividers.

1,0aMHz

Test Assembly for Airborne VOR/lLS and Communication Equipment (cont'd from page 111)

^ VOR/ILS Unit with
Decade DDM Slep Sw¡tch

Hz

30 Hz

Ring divider
Ext.

s¡gnal
VOR

Hz 60 Hz

g0 H¿

tLs

Generator section of the VOR/lLS Unit; processing of modulation signals

After conversion from squarewave to sinewave shape, the
30-Hz reference signal modulates the frequency of a 9960-
Hz oscillator, while the variable signal is added to the refer-
ence signal after the squarewave{o-sinewave conversion.

The digitally processed 90-Hz and 150-Hz signals are also
taken through a squarewave/sinewave converter and are
added in resistive network after the DDM divider. An output
amplifier provides the appropriate signal level for the SMDU,
the other AF output (continuous) is for general AF measure-
ments.

Self-testing facility of the VOR/lLS Unit

By means of the built-in self-testing facility, the VOR/lLS Unit
can be adjusted exactly to the rectified voltage of the signal
generator (SMDU) and the measuring systems as well as
their error limits checked.

The VOR phase meter is checked by connecting it to a point
of zero reference phase in the generator section and
adjusted, if required. The free-running 1,08-MHz signal can
be compared with a 1.08-MHz crystal-oscillator frequency
and subsequently adjusted.

90 Hz

150 Hz

112

Self-test¡ng facility of the VOR/lLS Un¡t (lLS sect¡on)



ËesË as¡sietrrblies

The ILS signals can be adjusted as follows. ln switch position
A, the same signal is applied to both measuring channels to
ensure identical gain setting. ln position B, the 90-Hz and the
150-Hz signals are separately applied to the measuring
channels and their amplitudes adjusted with respect to each
other (to DDM zero). ln position C, the insertion loss in the
measuring paths can be checked and the differences com-
pensated for.

V{.J[ì/ it-:; 1"85i ASSEMBLIES 3

ILS modulatlon slgnels
90-Hz and 150-Hz signals

Frequencyaccuracy ......
lncrementaltuning .......
Distortion

Deviation of s¡gnal amplitudes
at DDM 0

Power measurement
Measuremenlranges .....

Modulation measurement
Measuremenlranges .........
lnput power

General data

Raled temperature range .

Storage temperature range
AC supply

D¡mênsions,weight .....
Vibrat¡on test

13x10-4
+0.5% and +1.5%
<o.5%

<5 x10-4

four d¡g¡ts
0.02"
<0.05'
for 30 Hz and 9960 Hz
nominal value 15%
<1%

0.02 and 0.2
<4Yo lrom DDM value + 2o/o ol lsd

SMDU-21 SMDU.ZI

lndlcator sectlon (measuremenl of demodulated generator signal)
VOR signals:
D¡gitalphase

Resolution

Fine tuning using synchronizer
Steps corresponding to
channel spacing
Tuning range

Frequency instability after warmup
Free-runn¡ngoscillator . . . . <1.5 lo <6 kHz for 0.14 to íOSO MHz

Specifications

Frequency range . .

Setting, indication . .

Scaleresolution ...

Usingsynch¡onizer ....
Spectral purity

Spuriousfrequenc¡es ..

S/N rat¡o at 20 kHz from
canier, test band f Hz . .

Spurious AM

RFoulputl ..

Outpul EMF and power
Frequency response,
attenuatorerror ... - _ -

vswR..

RF overvoltege proteclion
Max. permissiblepower . .

RF output ll (rear panel) . . .

D¡stortion......
Vollmeter ranges
Enorlim¡ts.....

Rectilier response/weighting
filter ....
Dev¡ation meter,
distortion meter,
SINAD ratio meter,
CClfifilter

0.14 to 525 MHz;
0.14 to 1050 MHz using option SMDU-B3
on drum scale, 7-digit readout
(crystal 10 MHz, aging 5x10 8/month)
up to 50 MHz: 1 or 10 Hz
up to 800 MHz: l0 or 100 Hz
above 800 MHz: 0.f or 1 kHz
option

12.5 I 20 I 25 I 50 I 1 00/ 1 50 kHz
20 to 160 kHz

<5x10-8 (+10 Hz for I >S25 MHz)

down >110 dB (>90 dB for
0.14 to 50 MHz and 392 to 525 MHz)

>135 dB (>130 dB below 50,
>125 dB above 525 MHz)
down >80 dB

4ú = 50 Q; N female
conneclor, adaptable
0.05 ¡V to 2 V: -139 to +13 dBm

up to 500 MHz <+1 dB
up to 1.05 GHz <+2 dB
<1.2 (above 525 MHz: <1.4)

+5% (lrom nominal value)
<1V.

indication for 90 Hz and 150 Hz
nominal value tsolo
<o.50/"

Range
Enor ...

Analog indication of DDM values
Ranges .

Enor ...
Resolulion ol indication pèr
scaledivision(1.2mm) .. .... 0.001 for zero DDM

0.01 for remaining DDM values

VOR/lLS Unit with Decade DDM Step Switch

Sum of individual depths of
modulation .... constanlErrorofsteps,.........O.1%
Enor of DDM steps v¡a Signal Gènerator SMDU

upto0.175DDM ...... <(2%of DDMvalue+0.0005)
up to 0.310 DDM . . . . . . <3% of DDM value
formax. DDMvalue ....... .... approx. S% of DDM value

O.05 to 0.3/
f/3i 10/30 w

0 to 40/100%
0.1 to 30 W

0.1 to 0.6/
216120t60w

0 lo 4O|1OO%
0.2 to 60 W

aulomatically disconnects RF output
50 W (or 50 V DC)

>20 mV into 50 Q (w¡thout AM)

Resolution

15 Hz to 525 MHz / 0.5 to 1 cHz
10 mV 30 mV
'l Hz (10 Hz, 10 Hz (100 Hz)
above 20 MHz:
10/100 Hz)

Navigation Radiotelephone
Þpeclllcatlons lof modet navigation model

AF generator/modulatlon unlt/measurlng lnslruments
Modulationfrequenc¡es. ..... 15 Hz to 150 kHz,0.3/0.4/1 t2.7t3t6kïz

cont¡nuous 0.03 lo 30 kHz cont.Oulputvoltage .....5mVtotVinto I mvtosVinto
600 f] 200rl

Ordering information

OrdeÌ deslgnat¡ons lor VOR/lLS Test Assemblies
(pleaseorderun¡lsseparately) . . . . . > Order No.

Signal Generalor SMDU
Navigation model
Navigalion model w¡lh
SynchronizeroptionBl ... . . . .

Radiolelephone & nav¡gation
model ..

VOR/ILS Un¡t
with Decadê DDM Slep Sw¡tch .

wilhout Decâde DDM Step
Sw¡tch ..

AMUnitSMDU-z1/30W .......
SMDU-21/60W .. .....

VOB/lLS Têst Assembly SMDU-V
with Decade DDM Step Switch . . .

Optlons
SMDU-B1:Synchronizer .......
SMDU-B2: Overload Protect¡on . .

SMDU-83: 1.05-GHz Frequency
RangeExtonsion ....

SMDU-B4: 1-GHz Frequency
Meter ..

SMDU-85: 1.05-GHz
Frequency Doubler. . .

Recommendsl accessor¡es
Signal Generatot SMDU,
standard vers¡on

VOR Zercphase Melor POR

<0.2(0.5)%
10mVto3V
+ (2% ol rdg+
1.5% of fsd)

average

<0.5% (0.1 to t0 kHz)
10mVto10V
+ (2o/o ol rdg+
1.5% of fsd)

rms/CCITT

+f 0lo +45"C
-40 lo +70"C
115t125t220t235V +10%
(130 lo 160 VA)
492 mmx555 mmx436 mm, 46 kg
in accordance with VDE 0411

249.3011.08

249.301 1.38

249.301 1.07

214.3115.10

214.3115.02
242.2010.52
242.2010.53

249.301 1.80

249.6340.O2
249.7346.O2

249.9484.O2

250.0012.O2

275.1312.O2

249.301 1 .02 (for two-signal
rl:easurements)
242.0017.92 (data on page 1 14)

VOR/lLS modulation
VOR/lLS Unit

VOR modulallon slgnal, cons¡sting ot:
30-Hz signal

Fixed-frequency enor limits
lncremenlalluning .......
Distort¡on
Phasê shift betweên the
30-Hz signals ¡n steps of . . .

conlinuously betwêen sleps
9960-Hz auxiliary carrier

Frequencyaccuracy ..... .

Frequencydeviat¡on ..... .

Distorl¡on
1 020-Hz communication signal

Frequencyaccuracy .. ....
D¡storlion

see Radiotelephone Test Assembly
on page 109

t3x10-1
+O.íY" and +1.s%o
<0.5v"

30"
>30'

l2 x10-3
480 Hz
<1o/"

+1.5y6
<o.5y"
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3 EXTENSION UNITS

POR

Ëest asiselTrblies

O Resolution 0.0f in the most sensitive
range

O Accuracy can be checked directly with
an oscilloscope

a Deviation checking facility (display of
modulation index)

Output at test socket 2.
Left: correctly functioning instrument, the gap in the oscillogram is narrow; right:
with a phase error of 0.017'in the 9960-Hz branch, the width of the gap in the
oscillogram is 10% of lhe entire display width.

VOR Zero-phase Meter POR

È

The POR is a maintenanceJree, high-sensitivity instrument
for measuring the phase difference (up to 10") between the
variable and reference-phase components of a VOR signal
and for checking the deviation of the VOR subcarrier. The
VOR signal consists of the sum of a 30-Hz signal (variable
component) and a 9960-Hz subcarrier which is frequency-
modulated with a 30-Hz signal (reference component); the
standard deviation of the subcarrier is 480 Hz corresponding
to a modulation index of 16.

Uses

The precision zero-phase meter is suitable for use in the
calibration laboratories of

Þ airline companies

> ATC authorities

Þ manufacturers for VOR transmitting and receiving equip-
ment

Þ maintenance companies.

The zero-phase condition of VOR signals from sources such
as VOR generators, ramp testers and VOR ground equip-
ment can be measured with great accuracy. ln addition, the
POR is suitable for tracing signals in the subassemblies of
VOR transmitting and receiving equipment. The phase of the
test signal can be shifted +30" for checking the direction of
phase rotation of resolvers and VOR generators.

ln the deviation mode, the deviation of the VOR subcarrier is
measured and the associated modulation index indicated.

The instrument is outstanding in its ease of operation: it is
only necessary to perform a minimum setting with the input
signal.

Self-testing

Two test sockets (test voltages) on the rear panel permit
checking of the accuracy of the instrument using an oscillo-
scope.

Test socket 1 permits checking the effectiveness of the
phase compensation section in the 30-Hz branch.

ïest socket 2 enables display of the test voltage on an
oscilloscope, the resolution being such that the highest pos-
sible resulting error is less than 0.01 "; see oscillograms
above.

Specifications

Phase indicatlon
Fìanges .

Resolut¡on in 0.3" range . . . .

Ampl¡tude controls
coarse . .

line....
Eror of the zero phase in the
0.3'range
lndicalion ênor
(phase measurement)

0.3" range
l"and10'ranges .......

Dev¡atlon lndlcatlon
lndication range
lndication of standard
modulation index
lndication eror

for m : 16, | : 30 Hz +1yo in
thetemp. range +20to +30"C
otherw¡se for f = 3O Hz + 1o/o

Test input
Level requirement
lnput impedance
Maximum permissible
DC component

General data
Raled temperature range .

Sloragè temperature range
AC supply

Dimensions,weight .....

Ordering information

Orderdesignatlon........

Recommendedextras ....

<100/o of rdo 11.5% of fsd I plus

<5% of rdoif .s% of fsd Ì zero
- J error

0.3"/1"/1 0"
0.01"

len-lurn hel¡pot
potenliomeler

<0.02"

modulalion index 0lo 20

markatm=16

=1V.
<5% olrdg+1.5% of fsd

BNC lemale connector
200 to 700 mV
>10 ko

5V

+10 to +45'C
-45 to +70'C
1 1 5 I 1 25 I 220 I 235 V + 1 gyo

(47 to 44O Hz); 9 VA
484 mmx105 mmx336 mm, I kg

> VOR Zero-phase Meter POR
242.OO17.92

f RFconnecting cable 100.6945.10
(for test input, BNC male connectors,
1 m long)

ô ¡oroe ¿ **ruz voR -preñNurwss¡. yon-Eßo - ptæ €ER - pon
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test as¡s¡elrtblies

Adjacent-channel Power Meter NKS I 25 to 950 MHz

O Power tesl receive¡ complying with stand-
ard specificat¡ons

O Extends the SMDU RT Test Assemblies for
the measurement of all character¡stics in-
cluding adjacent-channel power

NAcHBÀFKÁNAtLÊtsruNcsM€ss€î aoJAcEtlcHAxt€tpow€FMEtEñ ilKs 3o2.2alo.i::, i

* G .--lot-TlTlì
'j,:;i, Í:rfTI: rT:TT] J 9

EXTENSION UNITS 3

NKS

,:^;.I +

25 to 950 MHz

4r :50 O, BNC female connector
0.1 to 2 V (max. perm¡ssible S V)

0.1 to 30 W
0.2 to 60 W
Zn = 50 O, BNC female connector
0.05 to 0.2 V matched to SMDU
BNC female conneclor (rear)
455 kHzl0.z V into 50 O

complies with CEPT and FfZ
specifications
cùannel spacing

+1 and +2 channels
carier-to-unwanted-power ralio in
lhree d¡g¡ts
0 to 89.9 dB ¡n 10dB steps,
eror l¡mils +0.5 dB
ms value (crest factor 10)

+3 dB (typ. t2 dB)

aulomatic ¡esetl¡ng every
2 min approx.
+1 dB dêvialion after 15 min
+1 kHz dev¡ation after 15 min

The Adjacent-channel Power Meter NKS is used in con-
junction with the SMDU RT Test Assembly to measure and
evaluate all unwanted (poweQ spectral components of a
transceiver in the adjacent channel.

Thepower-test-receiver technique used in the NKS deter-
mines the adjacent-channel power by means of an rms
rectifier. This permits the total power to be measured and
evaluated continuously and irrespective of the type of modu-
lation. The NKS complies with all standard specifications
for power test receivers.

Conliguration of test assembly. Combined with the
SMDU Radiotelephone Test Assembly according to the block
diagram on page 108, the Adjacent-channel power Meter
measures the interference in the adjacent channel and indi-
cates the ratio of carrier power to unwanted power in dB in
three digits.

Measurement of adjacent-channel power involves nothing
more than selection of the desired channel spacing (1rOl12.Sl
20 or 25 kHz) and the upper or lower adjacent channel. An
automatic test program provides digital indication of the ratio
of carrier to unwanted signal. The absolute power of the
interfering signal is calculated from the power indication on
the SMDU-Z1 or -22 and the ratio shown on the NKS.

Another use of the NKS is the selective measurement of
spurious signals. ln the mode "store carrier" the level of the
carrier is stored. lf the oscillator of the SMDU is then tuned to
the frequency of the spurious signal, the ratio of carrier to
unwanted signal is indicated in dB. The test assembly thus
does the work of an analyzer.

Measurement of adjacent-channel interference due to
transients - until now performed only roughly with an analy-
zer - is now possible with the NKS. Thanks to the precise
performance of the memory circuit of the NKS, such interfer-
ence can now be measured accurately.

Description

The NKS converts the signal of the test item to an lF of 4S5
kHz + channel spacing. The Signal Generator SMDU, with
its high spectral purity, is used as an auxiliary oscillator. A
control voltage, which permits automatic tuning of the fre-
quency of the SMDU over a range of about 600 kHz, is
derived from the lF of the NKS by a pulse discriminator.

For selection of the adjacent-channel power of a radio set,
high-grade 455-k1z mechanical bandpass filters are used,
ensuring the required carrier suppression and covering the
bandwidths specified for the various channel spacings. ln

conjunction with the SMDU, the lF is adjusted via the control
loop so that the adjacent channel being investigated is within
the passband of the associated filter.

Specifications

Frequencyrange......
RF lnput .

lnpulvollagerange . . . ..
lnput power range

viaSMDU-ZI 52andz2
viaSMDU-Zl 53 .....

LO lnput (rear)
lnputvoltagê range . . ...
lFouþut
FrequEncy/ouþut voltage
Adlacent-channel power
meaauremgnt

Selectable spacing from
usefulchannêl.--..-.
lndlcatlon

Measuremgntrange ...
Weighting
lndication eaor afler
lSminwamupp€riod .

Storage times
Canier reference:

normaloperalion ....
storageoperation ...

'10 kHz
12.5 kHz
20 kHz
25 kHz

Iteasurement ot tlanslent
behavlour .. - -. slart

and
delayed
50 (+5)

by 10 (+2) ms
ms, duration 3 s

General data
Raledtemperaturerange . . .... . . . +10 to +45.C
Storagetemperaturerange ....... -40 to +70.CPowersupply ..115t12St2ZOtZ3SV+10%,

Dimensions,weishr ßynÍå9i;ttfJflo,,, u .n

Ordering information

orderdeslsnatlon.....-. . rî,Tä*JXi.!înnBtpowerMeter

Accessorles supplied
Connecting cables: LO input/SMDU RF output lt

AFC/BCD outputs ot SMDU
BF input/Frequency Meter SMDU_Z

Pow€r cable

Recommended extras
IEC-bus lnterface NK$.Z . . . . . . . . . 195.1475.02
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3 RF IM/CM TEST ASSEMBLIES

IM/CM Test Assembly

Definitions and test procedures for RF distortion

When processing and transmitting RF signals, intermodula-
tion and crossmodulation products occur due to the non-
linearity in the characteristics of active and passive compo-
nents. This distortion is defined as follows:

lntermodulation. lf an input signal consists of several fun-
damental frequencies (e.9. picture carrier fo, sound carrier f",

colour subcarrier f*), unwanted combination frequencies are
produced in the transmission channel (fun*"nt"¿ : fo+f"-f"")
causing a moiré effect in the television picture.

Crossmodulation. Crossmodulation is the modulation of
the useful signal by an interfering transmitter signal.

Test procedures. The procedures for measuring the
receiver characteristics with respect to these two types of
unwanted modulation are practically identical and they are
laid down in standard specifications, such as DIN 45 004 (test
procedures for antenna amplifiers), VDE 0855, or IEC and
ZVEI recommendations.

These standards and the relevant specifications require
measurements using the three-signal method in which a

composite input signal is produced by interconnecting three
signal generators in CW operation.

ln the alternative two-signal method the combination fre-
quencies produced are outside of the W channel so that this
test method is suitable only for evaluating broadband ampli-
fiers.

test as¡s¡clrrtblies

Automatic Test Assembly
for lntermodulation and
Crossmodulation Measurements
0 25 to 1000 MHz
O Standard measurements using the two-

or lhree-signal method

O Computer-controlled test sequence
making for reliable and efficient operation

O High signal level permitt¡ng good
isolalion between signal generators

[4eßobj ekt

Test ¡tem

Principle of test assembly for intermodulalion and crossmodulalion measure-
ments us¡ng the three-signal method

The above-mentioned measurements require numerous,
complicated operations and are time-consuming and expen-
sive in the manual mode. lf, however, modern computer
control is used, these tests can be performed in a few
seconds and a hard-copy test report obtained.

Automatic test assembly

This automatic test assembly is used for standard measure-
ments of intermodulation (DlN 45004, method K) and cross-
modulation (method B) suppression to 75 dB using the three-
signal method. ln addition, intermodulation measurements
according to the two-signal method and gain and frequency-
response measurements are possible.

f1

f2

f3

I

lEC625Elus
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Ëest as¡sclrtblies

Applications. The computer-controlled RF test assembly
permits saving of costs wherever frequent measurements of
nonlinear distortion are to be performed on test items, such
AS

Þ channel amplifiers for centralized antenna systems
Þ wideband amplifiers for cable networks and CATV
Þ semiconductors and modules for amplifiers.

ln addition to intermodulation measurements, other tasks
such as in the production of RF cables, filters, tuners or
antennas can be easily solved using the appropr¡ate instru-
ment configuration.

Ease of measurement due to basic software - versatility,
An automatic test assembly has a very wide range of applica-
tion. The basic software - permitting control of the instru-
ments integrated into the test system - is designed such that
it can be used as the foundation for specific test programs.
Thus, using the appropriate ¡nstruments, individual require-
ments can be met with a minimum of programming.

To measure for instancce intermodulation, it is sufficent to
enter the channel frequency and the desired output level. The
computer takes care of the rest in a few seconds: calculating
and setting the correct frequency spacings and level ratios,
sett¡ng the required output level, measuring the intermodula-
tion product and calculating its relation to the sync peak.

Conf iguration - function. The nucleus of the test assem_
bly for intermodulation and crossmodulation measurements
is three or two (depend¡ng on the method used) power Signal
Generators SMLU covering the wide frequency range 25 to
1000 MHz. The high output power level of up to 2 W permits a
high degree of isolation between the generators so that their
outputs do not interact. For residual intermodulation products
down 80 dB, the level applied to the test item is still 1 1S dBpV
(see diagram below). No external filters are required due to
the good harmonics suppression of the SMLU of 40 dB.

100

RF IM/CM TEST ASSEMBLIES 3

IEC 8us

Block diagram of the Automatic RF Test Assembly for intermodulation and
crossmodulation measurement

Specifications
(for specif¡câtions of the indiv¡dual instruments see the corresponding type
¡n the calalog)

Frequency range
Frequency enor

withfree-runningSMLU .....
Frequency Controller SMLU-23

Frequency resolut¡on
with SMLU-23

SMLU output level

=+zyo
110 kHz

lntermodulation and
crossmodulation
suppression atM and
acM of SMLU as a
funct¡on of ¡so-
lation;
solid line: three-
signal lM suppres-
sion referred to
sync peak;
dashed line: two-
signal lM suppres-
sion referred to
carrier;
chain-dotted line;
CM suppression

Attenuatlon of oulput power
S¡gnalGeneralorSMLU .

UHFAltenuatorSer DPU

Measuremenl range of VHF-UHF
Tesl ReceiverESU 2.. . .....

Measuremenlenor ...........
Frequency instability us¡ng
FrequencyControllerEZK .. .. .,
Frequencyind¡cat¡on ..........

Basic software .

Slorage capacity ol magnetic-
tape carlridge

Print formal
Grafic display

25 to 1000 MHz

1 kHz or 10 kHz
up to 595 MHz: +33 dBm

10 V ¡nto

coarse: 35 dB in sdB steps
fine: 10 dB
0 lo 140 dB in 1-dB steps;
error 10.05 to 1 dB

-10 to +120 dBpV
<+1 dB for Vh >f pV

<100 Hz
7 digits
2 kbyte

256 kbytè
72 characters/line
19 cm x14 cm

> Order No.

(2 w)
50r)

up to 1000 MHz: +30 dBm (1 W)
7.07 V into S0 O

dB

80

60

40

20

20 40 60 80 d8 100

A Frequency Controller SMLU-Z3, which is driven from the
desktop computer, is used for programmed frequency setting
of each signal generator. The Code Converters pCW estab-
lish the connection to the IEC bus and permit level program-
ming. The selective VHF-UHF Test Receiver ESU 2 meas-
ures and Indicates the unwanted products. lts frequency as
well as the sensitivity switchover are programmed by the
computer via the Frequency Controller EZK and an additional
PCW. The DVM converts the ESU 2 output DC voltage,
which is proportional to the measured value, and applies the
digital result to the computer.

Ordering information

Order des¡gnatlons (order units separately)

Quantity Designat¡on

Power Signal Generator
Frequency Conlroller
Code Converter
Coding Boaid for SMLU
Coding Board for EZK
VHF-UHF Test Receiver
Frequency Conlroller
UHF Attenuator Set
Four-Port Junction Box
Three-Port Junction Box
Cable for IEC Bus (24-core)
Process Controller
Digital Voltmeter
Cable for IEC-Bus
(24125{;orc)
Floppy disk (software)

(2)
(2t
(3)
(2)

3
3
4
3
1

f
1

1

1

5
1

1

f

SMLU
SMLU.Z3
PCW
PCW-Z
PCW-Z
ESU 2
EZK
DPU
DVU 4
DVU 3
PCK
PUC
URV 4

200.1 009.03
242.5019.92
244.8015.92
245.2610.O2
291.1113.02
252.0010.55
255.0010.02
1 00.8960.50
201.4018.O2
100.5203.50
see page fg
see page 14
292.5012.03

SMPU.ZS
SMLU-K1

216.0188.02
240.9952.02

Gener¿lr 1

SMLI]

SMLU-23

+

Gener¿tor 2
SMLU

SMLU 23

Generalor 3
SMLTI

SMLU.23

ESU 2

DVM
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3 RF CABLE TEST ASSEMBLIES

CABLE Test Assembly

Automatic Test Assembly for RF Cables
0 25 to 1000 MHz
O Cable mèasuremenls in accordance with

specifications of IEC 96-1 or DIN 47250

O Automatic calculation of results from
measured values

a Computer controlled test sequenc€
excluding operator erors

Definitions and test procedures for cable
characteristics

For distortion{ree singal transmission RF cables should
exhibit certain characteristics whose determination is

specified in IEC recommendation 96-1 and, with almost the
some wording, in standard DIN 47250. The following RF
parameters are to be measured:

'l . mean characteristic impedance
2. uniformity of impedance
3. attenuation.

All these measurements can be performed automatically
using this test assembly. lf the screening efficiency is also to
be determined automatically, a programmable test receiver
(e.9. ESU 2) has to be added. Since, however, this measure-
ment is required only for type approval of braided cables, it
depends on the individual case whether automatic determi-
nation is of advantage.

Test ¡tem

Test assembly for
cable resonance-

Open or

test asis¡cllrrblies

For determination of the mean characteristic impedance a

cable of suitable lenght, with its free end open or shorted, is
loosely coupled to a generator. The value is found from the
frequency spacing of the resonance maxima determined by a
freqeuency response measurement and the total cable
capacitance.

For measuring the uniformity of impedance a reflectometer
is used: the frequency is varied in steps or continuously and
the reflection coefficient plotted as a frequency function on

the connected display unit or recorder; see diagram. This
measurement is used for locating frequency-dependent
reflection which is caused by imperfections distributed
periodically over the full cable lenght.

The attenuation can be determined by a two-port method -
preferable for cables of higher attenuation - or from the width
of the resonance peak. The resonance method is used to
advantage for extremely low-loss cables or for lines whose
far end is not accessible for a two-port measurement. The

required test asembly corresponds to that for determining the
mean characteristic impedance.

Automatic test assembly for RF cables

Control of the test sequence from a desktop computer
replaces the time-consuming manual checkout, permitting an

advantageous combination of automatic measurement and
calculation of results. lt prevents wrong results due to
operator or arithmetic errors and furnishes a neat, reproduc-
ible test report.

lEG623Elus

URV

o

G
SMLU

118

short ciruit

frequency measurement



SMLU

Freq. Controller
Sl\ilLU-23

Code Converter PCW

RF-

Miili-
vo llm.
URV 4.

Desktop
Computer

test as¡sicllrtblies RF CABLE TEST ASSEMBLIES 3
It contains displays which also permit graphic computing and
uses the BASIC language. Thus program preparation and
modification is very easy (see section 1).

The Vector Analyzer ZPV is used for measuring the reflection
coefficient for evaluation of the uniformity of the characteristic
impedance. The reflection coefficient is represented as a
function of frequency on a display or recorder; frequency
variation is in steps or continuous.

Extens¡on of test assembly for BF cables by Vector Analyzer ZpV (e.g. tor
measuring impedance unjformity)

t-
I
I

-l

J
Printer or
Hard-copy Un¡t

lnsertion
probe

B

Open

circuit

Cab Ie

Term i nal ion
Cable

Block diagram of test assembly for RF cables

Versatility of application, basic software

The basic programs required for driving the connected
measuring instruments have been designed to permit other
measuring problems also to be solved. The fundamental
principle in determining cable characteristics is a frequency
response measurement; thus programs for related tasks can
be readily established in a similar way. The basic routines
required for later extension of the test assembly by R&S
instruments are already available so that a variety of different
automatic measurments is possible over the entire frequency
range up to 1000 MHz.

Configuration and function

The RF generator included in the automatic test assembly is
the Power Signal Generator SMLU, which is particularly
suitable for general use thanks to its wide frequency range
(25 to 1000 MHz) and high output level (2 W). A frequency
controller, which is driven from the desktop computer, is used
for programmed setting of the SMLU output frequency. For
cable measurements, the high output power permits use of a
wideband and thus easily operated meter. The RF Millivolt-
meter URV 4 measures the resonance voltage at the cable
end. ïhe proportional output voltage of the millivolltmeter is
applied, after A/D conversion, to the computer.

Control of the instruments and entry of the measured values
into the computer are carried out by way of the international-
standard IEC bus, which enables ready interconnection of all
measuring instruments fitted with this interface. The process
Controller PUC from R&S is available for controlling the test
sequence.

Specifications
(tor spocs ot individual inslruments see corresponding typê in calalog)

Frequency range
Frequencyrèsolution ....... .

Frequency enor

SMluoulpullevel .........
Anenualion m6asuremonl ranoe
Meas. range of RF millivottmeiär
Measuremenlenor..........

Characterl!tlc-lmpedCnce mEasu¡emenl
Measu¡emenl enor . . . . . . . . . . . . . . +0.2Vo + eror ol capac. moas.

Atlonuallon mgasuroment
Measuremonl error . . . . . . . . . . . . . . +0.2 dB

Ordering information
> O¡dsr deslgnallon3 of ¡ndividual instrumonls

Control unlts, sottware
ProcesscontrollerPuo .......... see page f4
Floppy disk (sottware)
toTPUC,SMLU-K3 ...... 240.9952.02
CodeconverterPcw..... ... . ... 244.9015.92
cabre pcKror rEc bus,24-core 

{ZZZBiS:.LB

Slgnal genorato¡!
Pow€rSlgnal GeneratorSMLU . . . . 200.1009.09
Frequency Conlroller SMLU-Z3 . . . . 242.5019.92
Coding Board tor SMLU, PCW-Z . . . 245.2610.02

lndlcators
V€clor Analy¿er ZPV. . . . . . . . . . . . . 251.4012.92TunerZPV-E2 212.OO1O.O2

IEC-busoptionZPV-81 . ........ 292.36f0.02
s-parameleroptlon ZPV-B'2 .. . . . 292.3810.02
lnsortion Adapter ZPV-ZI(2r€q'd). ..,.292.2719.50
FeedUn¡IZPV-Z2 .....292.2913.50
Dkectlonal Couplor ZPV-Z3(2req'd). .... 292.3il0.s0

FFMillivoltmeterUFV4 . .. ....... 292.5012.ß

25 to 1000 MHz
10 kHz or 1 kHz
10 kHz or 1 kHz + limebase eror
up to 595 MHz: + 33 dBm (2 W)
up to 1000 MHz: +30 dBm (1 VÐ
39.5 dB in 0.5{B steps
0.7 mV lo 10 V
1.5% ol rdg + freq.-resp. error
(avêragê: 1To; m*. 15o/ol

(1 m long)
(2 m long)

I

Vector Analyzer
zPv
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4 SWEPT-FREQUENCY MEASUREMENTS sì,veGrp resrens

Rational measurements using sweep testers
The increasing complexity of electronic circuits requires more
accurate measurement results over ever wider frequency
ranges. Swept-frequency measurements are a satisfactory
solution which can also be applied to raüonalized test
methods. At present this is probably the most important and
largest field of RF measuring technology.

The advantages are obvious: automatic curve display con-
siderably reduces the measuring time, i.e. no variation of the
characteristc occurs during the test procedure; as against
point-by-point measurement, rapid variations of the meas-
ured values (dips) are evident. Moreover, the effects of
interventions, such as alignment work, are discernible simul-
taneously and immediately even for several paramenters
over the entire range of interest.

Sweep Generator SWP

Compact sweep assemblies combining the sweep
generator, display and marker generator in one unit like the
SWOB 5, permit particularly economic and easylo-use test
setup configurations; see also page after next under config-
uration of sweep testers.

ln addition to the sweep generators and compact test assem-
blies described on the following pages and to the swept-
frequency test equipment listed in the table, the Rohde &
Schwarz line otfers a number of signal generators and
measuring instruments for various applications which include
or can be equipped with a swept-frequency capability, for
example the Synthesizer Generator XPC on page Sg or the
Vector Analyzer ZPY on page 142.

Polyskop SW0B 5 XY Recorder ZSX 2

lnte.connecling catJle for Recorder

Reflect¡on

Transm¡ss ion

Simultaneous
display of tlvo
parameters

Even if computer-controlled point-by-point measurement is
increasingly otfered as an alternative, this technique cannot
be used for a rapid overview or for continuous display of the
variations occurring during alignment. However, with swept-
frequency measurements, even the advantage of logging the
results need not be sacrificed; see the setup opposite using
Polyskop SWOB 5.

Sweep generators. The Sweep Generator SWp is an RF
generator of the latest state of the art corvering a continuous
frequency range from 0.1 to 25OO MHz. lt can be universally
used since it comþines the functions and characteristics of a
sweeper, a signal generator and a synthesizer in a single
unit; it has memory capacity for complete device settings and
can þe remotely controlled via the IEC bus, which makes it
suitable for use in automatic systems.

Sweep generators and sweep assemblies (overview)

Frequency rango

1 Hz to 1.3 MHz

0.1 to 130 MHz

25 to 1000 MHz

neì l 0.1 to 2500 MHz

0.1 to 1000 MHz

0.1 lo 1300 MHz

Logging of test resulls in single sweep (sweep time about 30 s) using Xy
Recorder ZSK 2

Subranges Sweep w¡dth Sweep frequency
Sw€êp l¡me

Output EMF

èntire rangê 10msto1s
2to200s

10v

3 (1) ent¡re range

7 (1) €ntire range

entire range

10msto'1 s
2to200s

10msto1s
2to200s

20msto2s
and manual control
sawtooth

20msto2s
and manual control
sawtoolh

1v(10v)
-133 to +33 dBm

10 (7) v
into 50 O
-13 to +33 dBm

300 ¡rV to 1 (2) V

10 ms to'100 s -110 to +10 dBm

0.1 to 1000 MHz
5 to 1000 MHz
0.3 to 50 MHz and 0

0.1 to 1300 MHz
7 to 1300 MHz
0.3 to 50 MHz and 0

Wv trl n
üi-F

ELI EE,I
tËA:t ËJ¿l

fLl
ELJ E

X Þt

Test item
lVeasuring

head

a

a

HÃ.l 5 rti jt,'t
-. EI

swoB 5 333.0019.53Polyskop

Poly6kop swoB 5 333.0019 ...

339.001 0SWPSweep
Generator

Power Sweep
Generator

200.1 009SMLU/
SMLU-Z

301.0120 ...Swêep
Generator

SMUV/
SMLU.Z

336.30'19.02Generator SPN/
SMLU-Z

Order No.Designation Type
(complele No.
sêe lexl)
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svìrGrep testens SWEPT-FREQUENCY MEASUREMENTS 4
Applications
of RF swept-frequency measurements

Division into different application groups gives a better over-
view of the wide field in which swept-frequency measure-
ments can be used to advantage. Essentially there are three
groups which are determined by the tasks to be solved and
the parameters to be measured:

> measurement on two- and four-terminal networks to de-
termine the reflection and transmission characteristics by
magnitude (scalar network analyzers)

> measurement on two- and four-terminal networks to de-
termine the reflection and transmission characteristics by
magnitude and phase (network analyzers)

> measurement or examination of generator signals with
the aid of scanning receivers (spectrum analyzers)

The following text deals only with sweep assemblies used for
the first group of measurements (for the second group see
page 14211. and for the third group section 7). The first group
is divided into wideband and narrowband swept-frequency
measurements.

For thedisplay, a high sensitivity and wide dynamic range,
flat frequency response, simultaneous display of several
curves and the largest possible screen - in particular for use
in production - are required. lf the advantages of swept-
frequency measurements are to be fully used, it is essential
to have clear, easy-to d¡scern frequency markers permitting
satisfactory reading even on steep filter edges; moreover,
when examining mixer configurations and tuners, suppres-
sion of an unwanled signal occurring at the test-item output
due to the mixer should be possible during the return sweep.

The present, advanced state of thin{ilm and thick-film tech-
nology permits the construction of amplifiers featuring an
almost flat amplitude-frequency response and good input
and output matching over very wide ranges. Only modern
sweep testers nleeting the above requirements enable
measurements on these modules.

Assembly

Wideband swept-frequency measurements

ln wideband wept-frequency measurements a large band-
width, high spectral purity (harmonics and spuria), excellent
amplitude stability, a low output reflection factor and a pre-

cise output-voltage divider are of primary importance for the
generator. The possibility of switching over different prepro-
grammable generator settings, such as sweep width and
frequency, at the push of a button is a desirable feature for
use of the equipment in production and quality control.

Narrowband swept-f requency measurements

ln narrowband swept-frequency measurements, in particular

the spectral purity of the generator close to the carrier should
be very high since the test items are mainly sharp-cutoff
filters, especially crystal filters. To cover the high stopband
attenuation of such filters, a wide dynamic range is required
for the indicator, necessitating highly selective tracking re-
ceivers.

Configuration of sweep testers

Sweep testers determining by magnitude the quantity to be

measured are used everywhere, however, especially in pro-

duction and test departments since there normally only the
magnitude of reflection coefficients and transmission factors
is of interest. When aligning to minimum or optimum values,
complex evaluation is also not required in most cases.

The simplest type of sweep tester comprises a sweep
generator, a diode detector and, as the display unit, an

oscilloscope whose horizontal deflection is driven from the
generator. Compact sweepers are available for frequencies
up to 1.3 GHz, the sweep generator, indicator and display
secition being combined in one set. Such a compact sweeper
has the following advantages: ease of operation since setting
the sweep separately on the generator and on the display is

not necessary and interconnections between the individual
units are not required; high indication sensitivity since special
amplifiers matched to the measuring head are used.

lntemal frequency
markêrs

D¡mensions
in mm
(WxHxD) page

245x154x349 44

adjustable over
entire range

492x290x51 4

adjustable over
entire range

484x2ô0x436 70

6;1/10/100 MHz 470x 1 62x483 126

1 / 10/ 100 N,lHz 484x328x436 132

132

Texl
on

ô0

lor
RF

600/50/=5 Q 0 to +1.3 V

50l) (0 to +10 V)

50rl

50()

50()
75l)

Voltage required for
lull picture he¡ght

Frequency-response llalness
in sweep operation

:3 dB

<11 dB

< +0.8 dB

V.u: <ì0.5 dB

50() Vour: <10.5 dB 1/10/100 MHz 484x328x436
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4 SWEPT-FREQUENCY MEASUREMENTS sil,veGlp Èestens

Extension of sweep testers

Accessories are required to make full use of the sweptfre-
quency measurement capability. Directional couplers or
VSWR bridges are available for measuring standingwave
ratios or reflection. \lVhile a directional coupler is not to be
recommended for wideband measurements since it has a
frequency-dependent coupling attenuation, the VSWR bridge
with its flat frequency response is especially suitable for this
purpose.

lf the voltage curves at the input and output of a test item are
to be observed simultaneously or the input voltage applied to
the test item ¡s to be displayed along with the reflection
coefficient, insertion heads are required. These units con-
sist of a certain length of coaxial line, the voltage being
measured across the inner conductor.

Another possibility of extending a compact sweep tester is to
use an active demodulator which considerably increases
the measuring sensitivity. Demodulators of this type cons¡st
of a wldeband preamplifier with low input reflection and an
extremely flat frequency response plus a detector circu¡t at
the amplifier output.

The new Digital Display Store BDS offers a number of
additional functions and improves the measurement accu-
racy. Thanks to the constant readout time the display
remains flickerfree even with slow sweeps. Correction or
reference curves can be stored and combined by addition or
subtraction with the sweep curve, so it is possible to compen-
sate for frequency-response errors or to readily align any
item being tested to a given response.

\Mdeband sweep assèmbly: Polyskop SWOB 5 (equipped with Logar¡thmic
Ampl¡fier SWOBS E3), Digilal Display Store BDS and Procêss Controtter PUC
(for data sloragê)

An IEC-bus interface in the BDS opens up the way for
entirely new applications with the sweep tester. The connec-
tion of a desktop computing system makes it possible to read
out, convert and re-enter all memory contents. ln production

and quality tests, for example, the entire amplitude/fre-
quency characteristics of tested items can be transferred to
the computer, checked for adherence to the tolerance limits
and processed for statistical evaluation.

\Mdeband sweep tester

As has been mentioned above, the main application of
sweep testers which measure quantities by magnitude ¡s the
display of the amplitude response and of the VSWR or return
loss as a function of frequency. The test setup used in the
example below consists of a compact Rohde & Schwarz
sweeper - SWOB 5 (frequency range 0.1 to 1300 MHz), a
VSWR bridge and àn active demodulator. The test item is a
bandpass filter.

Polyskop SWOB 5

demodúlator

bridge

Wdeband
sweep tester

0.1 to 1300 MHz Demodulator

The sweep generator voltage is applied to the VSWR bridge.
The item under test is connected to the test output of the
bridge, the test-item output being taken directly to the RF
input of the sweep generator through the measuring head so
that measurement of the voltage after the test item ¡s poss¡-

ble with the correct termination. The voltage reflected at the
filter input is measured via the bridge output with the aid of
the Active Demodulator SWOB5-24.

Since the VSWR bridge has an attenuation of 6 dB between
the test voltage input and the test item connector, a filter
attenuation of more than 63 dB can still be displayed with a
generator output of 0.5 V and a display input sensitivity of
170 pV.

vsu/R

Test alem

c >r<

Þl-

@
d8

@
o o

124



s¡r,vGlGlp testens SWEPT-FREQUENCY MEASUREMENTS 4

-10

Measurement error in wideband sweeping

caused by harmonics and spuria

\Mdeband detectors are almost exclusively used in sweep
testers which measure quantities by magnitude; for this
reason errors may occur especially when.measuring filters if
the suppression of harmonics and spuria in the sweep signal
is lower than the stopband attenuation or return loss to be

measured; see the following examples:

Eandpass filter

1/3 f¡ 1/2 Í¡

Lowpass filter. Here errors may occur when measuring
the return loss. While the test frequency sweeps throgh the
passband of the filter where little reflection occurs (high
return loss), the associated harmonics fall into the stopband,
are heavily reflected and simulate a rising, staircase-like
ref lection characteristic.

Measurement errors of the above-mentioned type can be

neglected to a large extent with a Polyskop test setup since
spurious frequencies are typically 60 dB down (up to 1000
MHz) and harmonics are typically 40 dB down. Other advan-
tages of these sweep test assemblies are the size of the
screen (16 cmx22 cm), the display of vertical frequency
markers covering the full screen height and the possibility of
inserting three different horizontal lines at any position of the
screen. ln this way all details of the display can be easily
recognized and evaluated.

Narrowband sweep tester

The photo below shows an example of a narrowband sweep
tester consisting of the following instruments: Sweep
Generator SWP (0.1 to 2500 MHz), Vector Analyzer ZPV (0.1

to 1000 or 0.3 to 2000 MHz) as selective tracking receiver
and XY Recorder ZSK 2 as output unit. A crystal filter with
very steep cutoff and high stopband attenuat¡on is used as
test item. This test setup enables logarithmic measurement
over a dynamic range of more than 100 dB. The low spurious
FM of the Sweep Generator SWP allows even extremely
steep filter edges to be represented satisfactorily. The SWP
delivers the deflection voltage for the recorder while the
vector analyzer is automatically synchronized to the test
frequency. The greatest possible sweep width is 1 MHz.
Errors normally occurring with wideband sweeping do not
take place, since the measurement is selective and no har-

monics of the test signal fall within the sweep band due to the
relatively small frequency variation with respect to the abso-
lute frequency (for frequencies >1 MHz).

Narrowband sweeper
for 100 kHz to 2 GHz

-30

-40

d8

-1

fo

8aÑlslop filter

Hiqhpass fìlter

Lorrpass filler

d8

-1

1/31ç f9

dBaf

I

fo1 f¡

Bandpass filter. When reaching an integral submultiple of
the passband frequency, the corresponding harmonics are
allowed to pass through the filter and are evaluated. Below
the passband, apparent attenuation dips are produced. The
difference between the peak attenuation of these dips and
the true passband attenuation of the filter corresponds to the
suppression of the related harmonic.

Bandstop filter. Wehen passing through the stopband, all
harmonics are evaluated simultaneously since they fall into
the passband. This simulates too low a stopband attenuation.
The maximum measurable stopband attenuation corres-
ponds to the harmonics suppression at the stop frequency.

Highpass filter. While the fundamental passes through the
stopband, the harmonics consecutively fall into the passband

and are evaluated. A stepped stopband attenuation is dis-
played decrasing in accordance with the harmonics present;
the difference between each point on the step curve and the
amplitude in the passband corresponds to the suppression of
the related harmonic.

I
H;r'dHr.,:H#W
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4 SWEEP SIGNAL GENERATORS srrvclep genclraËC,l.s

Fields of application (examples on page 130)

Measuring magnitude of reflection and transmis-
sion factors

ldeal signal source for impedance, group-delay
and s-parameter measurements using Vector
Analyzer ZPY

Transposer, mixer, tuner and intermodulation
measurements

(AM, FM, pulse modulation)

Use as a universal signal generator

new

Outstanding performance

SWEEPER

\Mde frequency range:
0.4 to 2500 MHz

Low content of harmonics
and spurious signals:
typically 40 and 50 dB down

Six variable frequency
markers - level sweep -
Sweep time 10 ms to 100 s

SIGNAL GENERATOR

Amplitude modulation
with low distortion

Pu.lse and frequency modulation

Calibrated output level
+10 to -110 dB max., resolution 0.1 dB

SYNTHESIZER

Crystal-referenced
frequency setting

Low spurious FM:
< 5 Hz (CCITT weighting)

Frequency resolution 1 kHz

Short settling time,
continuous sweep

Cont¡nous
sweep

Aplitude
lrequency response

Spectral purity

lEG62sElus

,ol.l¡[tl["
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SWP Sweep Generator SWP I 0.1 to 2500 MHz
O Sweeper, signal generator and

synthesizer combined in a single
unit

a All functions are programmable;
settl¡ng time <100 ms

O IEC-bus-compatible
- t ltLtttLt

t-
1

Receiver generalor
Modulation
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User-friendly design

O Keyboard entry for all parameters

O Variation through step key or knob

O Memory capacity for 10 full front-panel setups
(saved in CMOS RAM)

Functional features

The Sweep Generator SWP is a general-purpose signal
generator for use in development, production and servicing.
The output signal can be continuously swept over the fre-
quency range from 0.1 to 1.1 MHz and 0.4 to 2500 MHz.

The Synchronizer option permits CW operation and narrow-
band sweeping with low spurious FM. Frequency resolution
is 1 kHz and settling time <100 ms.

Output level. The output level is calibrated and presents a
very flat frequency response; harmonics and spurious sig-
nals are typically down 40 and 50 dB, respectively - extraor-
dinary values for a sweep generator; level setting is possible

from +10 to 0 dBm with 0.1 dB resolution. Levels down to

-110 dBm can þe set in conjunction with the Attenuator
option.

Level sweep facilitates, for example, the determination of
the compression points of amplifiers and the compensation
for frequency-response roll-off in the test configuration.

Operating convenience

Operation

The clear arrangement of operating controls
and displays and the optimized number of
keys make operation very easy.

Second functions

A separate key (bottom of
row to the right of the key-
pad) is provided to call up

additional and special func-
tions, offering a maximum of capabilities with-
out restraining the ease of operation.

SWEEP SIGNAL GENERATORS 4
Marker section

Six freely selected markers between 0.4 and 2500 MHz

Crystal reference th¡ough Synchronizer option

Additional harmonic markers 100/10/1 MHz (with option)

Programmability

All functions set from IEC bus (fitted as standard)

Listener, talker, learn mode, service request

Access to CMOS RAM in both directions via IEC bus

Short setting times

Modulation. The SWP has been designed for different types

of modulation: squarewave modulation with an internal sig-
nal; AM, FM and pulse modulation with an external signal.
This affords the SWP great versatility as a signal source.

Frequency markers. A total of six variable frequency
markers can be entered, the frequency of any one marker

being indicated on the display. \/Vhen the Synchronizer option
is incorporated the markers are crystal referenced. The Har'
monic Marker option produces additional markers at 100/
10/1-MHz intervals. The marker identifying the displayed
frequency and the 100-MHz or 10-MHz marker are highlight-
ed by wÌdening of the marker pulse.

Storage/recall. Up to nine* full front-panel setups can be
stored and recalled with a single keystroke when needed.

. Ten including the last operating setup, which is stored when the unit is sw¡lchêd
olf.

Data entry through keypad

Second
funct¡on

o

Parameter Numerics
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4 SWEEP SIGNAL GENERATORS

SWP Sweep Generator

Operating convenience

Data entry or modification
through ROTARY KNOB

Frequency and marker setting

sweep gClnet.afons

through STEP KEYS

STTP All settings can be af-
fected in the same way
as with the use of the
rotary knob.

Step size is selectable
through the keypad.

\o,',t

All settings can be varied using the rot
ary knob with the corresponding para-
meter key pressed.

.(-G

fnß0utttf

Marker presentation

One marker

Possibilities of entering frequency:

ii I Centre frequenc! + sweep width
i Start and stop frequencies

@-t Overall range 0.1 to 2500 MHz
(3t Synchronization (option)

Keypad

Markers:

Total of six variable markers

Example

Marker
kJent.
1to6

, eir o'
.ôY"'

Marker
idenl
1to6 Markcr

lreq-prþy Unit

Marker pulse output widened

Three markers (display of markers 2, 3 and 5)

The three markers selected are highlighted by
widened marker pulses.

Three
m ark er
¡dent.

ln this case there is no display of start and
stop frequencies or of centre frequency and
sweep width.

Parameter
Entry or

modification

t

s

e' .,, !,"'rEÞ:li\rtir'r ':

t r l-l t-t t'l t- l t- t't t- t-t t_, t_t :t t:t :t t_t t_,

.,- rri.¡i

-l t- t') l-t t-t 1-¡
' t: :t t) tt ¡i ¡¡

%El

FREO.

IU l.f O*,
r¡itai 5

FREQ

DISP.3 2 3 5
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Programming

IEC-bus interface. The Sweep Generator SWP has an

IEC-bus interface and is therefore particularly suitable for
use in automat¡c test systems. All functions can be remote-
controlled. ln addition, the IEO-bus address can be changed
via the keypad and read out on the display.

IEC-bus address displayed on SWP

Functions. ln addition to the conventional listener func-
tion, the SWP provides for "talker", "learn mode" and "ser-
vice request".

ln the talker mode all SWP settings and the self-test results
can be transferred to the bus.

With the learn mode, manually entered sett¡ngs can be

stored in the external computer (of the test system) and sent
back at any time. This greatly facilitates programming work.

Service request is important when a fault occurs in the
equipment; moreover it is useful, for example, when a sweep
is terminated.

ln designing the IEC-bus conlrol of the SWP particular

importance has been attached to easy programmability.

SWEEP SIGNAL GENERATORS 4
Extensions (options)

Synchronizer SWP-81. ln conjunction with the Synchro-
nizer option the' Sweep Generator SWP offers synthesizer
performance with a lower frequency limit of 100 kHz. All
frequency settings, including the markers, are crystal-
referenced and spurious FM is greatly reduced. This opens
up numerous and novel applications for the sweep generator.

Use of the Synchronizer option is particularly interesting for
narrowband sweeping (Âf<1 MHz) and for CW operation
(^f : 0), permitting measurements on crystal filters to be
performed with the SWP.

Synchronization occurs at 1-kHz intervals. Settling time is
<100 ms. ln the wideband sweep mode the frequency
counter ensures accurate setting of the start frequency and
of the variable frequency markers.

SWP + Synchronizer replaces several instruments.
Wth crystal-referenced frequency setting the SWP performs

tasks which up to now called for several instruments; an

example is shown below.

HF

Mixer

Example of convenlional test assembly

Conventional systems for high frequencies require for the
accurate frequency setting of the sweeper either an external
synthesizer and a synchronizer or a microwave counter and -
in many cases - a controller.

All this accessory equ¡pment is superseded by the Sweep
Generator SWP fitted with the Synchronizer option. This
simplifies the test assembly and cuts down on purchase cost.

Reference Oscillator SWP-81 1. This option improves the
frequency stability of the Synchronizer (reducing the effects
of temperature and crystal aging).

Attenuator SWP-87. Using the Attenuator option the out-
put level can be set in 0.1-dB steps from + 10 dBm to - 1 10

dBm.

Harmonic Marker SWP-89. This option permits the dis-
play of markers with 100/10/1-MHz spacings. The markers
representing the higher value (10 or 100 MHz) are highlight-
ed by broader marker pulses. External marker signals can
also be applied.

IEC-bus
connector

Trigger
input

Output for
blank-out

signal

Output for
f requency-proportional
voltage

lnpul for
external frequency markers

Reference-vollage
input/output

RF monitor¡ng
output

Synthesizer

+4

Controller

Sy nc hronizer

FM-DC

Sweep
generator

Rear panel of SWP
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4 SWEEP SIGNAL GENERATORS

SWP Sweep Generator

Second functions

Additional settings,
activated through key

Parameter Function
Key

Display

FREQUENCY

MK Centre frequency is replaced by
any selected marker frequency

ln operalion without Syn-
chronizer, frequency correclion
up to 10 MHz can be made with
the rotary knob and is preserved
in the case of frequency changes

Start and stop frequencies each
conespond to a freely selectable
marker. Application: sweep mag-
nifier

CW mode can be called up direct-
ly (not only through Àf : 0)

CORR.

It4 Af ìl(i::US

AMK lnstead of the marker frequency i,,.lAillii-lì
the difference between two
selectable markers is displayed.
Application: bandwidth measure-
ments

s¡vveep genel.aÈoFs

Fields of application

Þ General sweep techniques

Clear display of start and stop frequencies, marker fre-
quencies (up to six markers) level and sweep time

All settings variable by rotary knob

Rapid switchover to a maximum of nine front-panel setups

Crystal{ilter measurement, linearity measurement on ac-
tive test items by level sweep (compression measure-
ment)

Þ Network analysis

The SWP is an ideal add-on to the Vector Analyzer ZPV in
the range 100 kHz to 2000 MHz for vector measurements,
impedance measurements, transmission measurements,
group-delay measurements, s-parameter measurements

Þ ivlr-¡ l'iì siq ¡ral ir¡r-.¿isir reri rç¡ ¡i

SWP 1 for automatic sweep
SWP 2 for single sweep triggered by SWP 1

Synchronized sweep of tvvo or more SWPs with frequency
offset (e.9. of lF)

Þ iJr,r.¡ :,:rì i;i,:lit.ll a,r)irrtiiìi'r¡ (/:\i\¡ .ri l-l\tl)

Low spurious FM (with Synchronizer option) and versatile
modulation capabilities open for the Sweep Generator
SWP fields of application reserved formerly to convention-
al signal generators, for example, measurements on re-
ceivers.

Specifications (without options)

Frequency range/sweep range
Frequency/sweep sett¡ng. . . . . .

Frequency display

Rêsolut¡on of sweep-widlh setting
up to 20 MHz
>201o 250 MHz
>250 to 2500 MHz

Enor lim¡ts of
setl¡ng (cwor

frequency
srART) .

Oulput level (with attenuator option see below right)
CW.... ......0to+l0dBmor224to707mV,50O
AM .... ......oto+4dBmor112to353mVinto5oo
Sett¡ng . ...... via keypad or knob
Display. ......4dig¡tsinmV,pvordBm/dB;

ourpur reverenor . . . gi'J:¿"làYitit 'f;'Ti:t 
or 0'1 dB

Frequency-responseflatness ...... <
refered to 100 MHz

Output(Nfemaleconnector) ...... 50 O, VSWB <1.25

Spectral pur¡ty
Spurious FM
(sweepwidth <20 MHz)
Harmonics
Spurioussignals ......

<5 kHz peak (30 Hz to 20 kHz)

CENT MARKER

STANT fo4AFKEfI
STOP MARKER

CW

MK-SWP

EXT

MAN

LINE

i ì;: i l:\/i:l

EXT External ALC

Sweeping through external saw.
tooth

Change of generator frequency
within selected sweep bandwidth
using rotary knob

AC supply-synchronized sweep

,'i, ,,,i ii ,t I i, r',

FM-DC Coupling for external FM-DC sig-
nal. Application: external syn-
chronization

MAN The step size for the data varia-
tion using the STEP keys can be
selected through the keypad

BLK All multiplex displays are
switched off

IEC Display of the set IEC-bus ad-
dress. This address can simul-
taneously be changed through
the keypad

SF Call of special functions

IËST W¡th the second function of the
PRESET key a self-test of the
SWP functions can be triggered.
More than 20 DC, AF and RF
measurements are carried out
and any faulls (tolerances ex-
ceeded) indicated on the display.

li-(i,

Level sweep
Setting .

Setting range
Display/resolut¡on ....
RF mon¡torlng output ,

Level¡ntosoo ......,
with Attenuator opt¡on

0.4 to 2500 MHz
via keypad or rotary knob
a) start and stop frêquencies or
b) cenlre frequency and sweep w¡dth
6 digits in GHz, MHz or kHz;
resolution: 10 kHz

10 kHz
60 kHz
600 kHz

+12 MHz +0.5 MHz/"C

typ. >40 dB down
down al 0.4 to 2000 MHz
down at >2000 lo 2500 MHz

via keypad or knob
0 to 10 dB
4 digits in dB, mV, ¡rV/0.1 dB

N female conneclor on rear panel,
Z-5OQ
-26 dB below RF output level
- -18 dBm CW
- -24 dBm with AM

>30 dB,
>50 dB
>35 dB

-

RCr
SF

$0
rEc

ctR
BLK
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Extemal level control

Connector......
Frequency sweep
lntemalsweep . .

Setl¡ng ........
Extemal sweepl)

Sweep voltage

Frequency markers
Setting .

Display .

Eror limits .

Markeroutput ......
Relerence osc¡llator
Crystalag¡ng.......
Temperaturê effect . .

Outputi ¡nput
(switched intêrnally) .

Ouþutlevel ........
lnpul requiremenl for
exlemalreference...

Amplitude
Modulation

modulalion
frequencies

lntemal, squarewave
Eliternal,AM.-....

Modulation depth
Setting . .

D¡splay .

Besolution for 0 to 9.9% mod.
10 to 80% mod.

Enor ...
Modulation distorlion with
undistortedext. signal........

lnputforext.s¡gnal ..........
lnpul requiremenl

F¡equencymodulatlon ......
Frequency rânge
Frequencydev¡alion .........

Setting . .

Display .

Resolut¡on
Enor ...
Modulation dislortion with
und¡storted mod. signal . . . . .

lnputforexl.signal ..........
lnput requirement

Pulse modulalion
Carrierlrequencyrange ......
Rise and falltimes
Pulse rêpetition
Minimum pulse
On/otfralio .. .

lnput for elit. signal
lnput requ¡remènt

Blanklng oulput
Levêl ...

Oulput for frequency-
proportlonal voltage .

Level ...
Maximumload......
Remolecontrol .....
IEC-bus¡nterlace .. . .

Functions

Data of options

Synchronizer SWP-B1

Frequenry range
Resoluüon

Starl-lrequency setting
Sweepw¡dthoto1 MHz ...

>1 MHz .....
Marker frequency

Sweep width <10 MHz . . . .

>10 to 50 MHz
>50MHz ....

suitable for e)demal deleclors
w¡lh positive detect¡on voltage
BNC female, Z -100 kA

¡nternal or external
0.01 to 100 s
v¡a keypad or knob,
resolulion: 1/10/100 ms
via BNC lemale connector,
Z-f00kO
0to10V
6 adiustable markers
via keypad or knob,
resolut¡on: 10 kHz +0.1 % of sweep
widlh selting
6 dig¡ts ¡n GHz, MHz, kHz;
1 or 3 markers
+12 MHz +0.5 MHz/'C
BNC female conneclor, = 5 V

l0 MHz
< tf x 1o-6/month
< tf x lo-6/"c

BNC female connector on rêar panel
TTL

= 0.5 V rms

intemal and external

1 kHz
carrier freq. mod. keq.
>f 0 to 2500 MHz 0 to 10 kHz
>1 to 10 MHz 0 to 3 kHz
0.4 to 1 MHz 0 to 1 kHz
0 to 80%
via keypad or knob
3 d¡gits
0.1 % steps
'I % steps
s87o of mod. depth

<5% for fno¿: 1 kHz
and 80% modulat¡on
BNC female connector, Z : 600 A
1 V +1Vo or 1.41 V with DC

external
DC to 100 kHz (+1.5 dB)
0 to 10 MHz
via keypad or knob
3 d¡g¡ls ¡n MHz or kHz
<1.z1o ot 125 Hz
<3% + 60 Hz lor fd = .l kHz

slVo lor

^t 
<500

fm: I kHzand
kHz

BNC female connector, Z : 600 O
'l V +lYo or 1.41 V w¡th DC

eliternal
20 to 2500 MHz
<0.1 trs
50 Hz to 50 kHz
10 ¡ts
>80 dB (tesl bandw¡dth <10 kHz)
BNC female conneclor, Z =600 O
>2 V/<0.5 V (for on/ofl), max. 5 V

BNC Temale connector on rear panel
TTL High on foruard sweep

Low on relum sweep

BNC lemale conneclor on rear panel,
Z -100 Q
-10 V tor Íffi : 2500 MHz
>10 ko

for all operating modes and lor data
transfer in listener and talker funct¡ons
in line w¡lh IEC 625-f ,

connector: 24-way Amphenol
SHl, AH1, T6, L4, SRl,
RL1. PP1. DCI. DTf

100 kHz to 2500 MHz, 
^f 

<1 MHz

I kHz
=10 kHz

Frequency(CW).....
Marker-frequency enor

Sweep-w¡dlh resolut¡on
Typical spurious FM
(CW opêration, FM on)

Weighting

Frequency range
0.1 1020MHz......
>20to200MH2....
>200to2500MHz ..

Spurious responses at
>200 kHz lrom cårier

Ampl¡tude modulation . .

Frequency modulat¡on2)
FM frequency range
0.1 1020MHz......
>20 to 2500 MHz . . .

Frequency
Frequency

0_1 to 20

>20 to 100

response flatnèss
deviation
MHz

MHz

as for reference osc¡llator
reference enor 1 t .5 x 1 0-3 of sweep
width set +1 kHz

0.25 to 1.6 kHz (for 
^l 

<1 MHz)

peak CCIR CCITT
(30 Hz to 20 kHz)

25Hz 5 Hz
<100 Hz <15 Hz
<250 Hz <50 Hz

>50 dB/>35 dB down
(0.1 to 2000 MHz/2000 to 2500 MHz)
0 to 50% (extemal only)

0.05 to 50 kHz
0.05 to 20 kHz
< +2 dB refened to f kHz

120 dB ¡n 2¡B steps
< + (0.2 dB +1.3Vo ol attenuation)
1 dB max.
+ (0.1 dB +0.6% ot attenuation),
0.5 dB max.
50r)
<1.2
<1.4

max. 100 kHz

o ro s',"*.fJU!ZI1t n.¡ kHz' loo kHz max'

o,o ,,-l&, kHz, loo kHz max.

l0 to 375 Hz
0.1 to 3.75 kHz
typ. <5% +0.5 x resolution

<0.5% with fm : 1 kHz
not possible w¡lh synchron. sw¡tched on

<+tx1o-:/year
< t1 x l0-' in range 0 to 50 "C

>100to2500MHz .....
Resolut¡on
up lo 10 kHz deviation . . .

100 kHz devial¡on . .

Eror ...
Modulation distortion w¡lh
und¡storted e¡Í. signal . . .

Pulse modulalion

Reference Oscillator SWP-B1 1

Cryslalaging....
Temperalure etfect

Attenuator SWP-87

Attenuat¡on range
Attenuat¡on error .

Typicalenor ..

Character¡stic impedance .

VSWRuplolGHz......
upto2.SGHz ....

Ouþut level of SWP fitted
withattenuator .......
withAM .

Harmonic Marker SWP-893)
Marker spacing selectable
via keypad
Marker output
Frequency error

Extemalmarkerinput ............
Level requirement
Marker-frequencyrange . . . . ....

General data
Rated temperature range .

Slorage temperature range
Power supply

Dimensions,weighl .....

Ordering information
Orderdeslgnation... ..... . ..
SWPforo.4to2500MHz ... . ..
SWP for 0.4 to 1000 MHz . . . . . .

Accessoriessupplied ....... ..
Optlons
Synchronizer ....... SWP-81
Reference Oscillator . . SWP-81 f
RFAttenuator....... SWP-87
HarmonicMarker .... SWP-89

-110 to +10 dBm (0.7 pV to 707
-116 to +4 dBm (0.35 [V to 353
¡nto 50 Q; resolut¡on 0.1 dB

mv)
mv),

1 kHz
10 kHz
50 kHz

l) No marker generat¡on ¡s possible with extemal sweep.
l With FM, spurious frequencies may occur at s300 Hz from lhe canier.
') Wth mismatch (p >0.5) and RF output levels 

=0 
dBm, indiv¡dual markers

may drop oul at sweep t¡mes <50 ms.

f00/10/1 MHz
= 5 V, BNC female connector
<1 x 10-6/month/<1 x 10-6/"C
+0.2o/" ol sweep-width setting a2 kHz
BNC femalê cgnneclor on rear panel
-3 lo +3 dBm
5 to 2500 MHz; 

^f 
>4 MHz

+5 to +45'C
-40 to +70"C
100 I 120 I 220 I 240 V + 1 0%,
47 to 63 Hz (180 VA max.)
470 mmx162 mmx483 mm, 22 kg

> Sweep Generator SWP
339.00f0.02
339.0010.04

Power cable

339.5158.02
339.9618.02
339.9718.02
339.4716.02
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4 POLYSKOP

Characteristics and uses

Polyskop SWOB 5 combines in a compact unit all the
measuring facilities needed in an up{o-date sweep tester:

sweep generator with an output EMF of 1 V (+6 dB if
required), with output attenuator covering 70 dB;

display section with linear or logarithmic amplifiers, with a
dynamic range of 76 dB; large-size screen, marker
generator, calibrated level marker and additional horizon-
tal reference lines.

The display section can be equipped with different amplifiers,
see next page.

SWOB 5 is ideal for use in laboratories, test and production
departments and wherever ease of operation is required
together with large-screen display, high dynamic range and
accurate results for either one-off tests or long series of
measurements.

As the sweep width of SWOB 5 covers the whole frequency
range, the frequency response of very wideband test items
can be easily displayed within and even outside their service
ranges.

Although wideband frequency-response and matching meas-
urements are the most frequent applications, the very small
spurious FM and high frequency stability also permit narrow-
band test items to be measured.

For accessories and test examples see pages 124 and
125

silrveep testens

Description

The Sweep Generator delivers the swept RF in one band
from 0.1 to 1000 MHz or 0.1 to 1300 MHz with model 53.
Four modes can be switch-selected for sweep width:

1000 MHz 1300 MHz
5 to 1000 MHz 7 to 1300 MHz
0.3 to 50 MHz 0.3 to 50 MHz
0 0 (CW mode without sweeping and

return blanking)

The output voltage of 0.5 into 50 Q (for 1 V into 50 O by
switchover on the rear) or 0.35/0.7 V for the 75-O model
ensures an excellent dynamic range for the whole instru-
ment. Even with the doubled output voltage the frequency
response is guaranleed in the range from 5 to 300 MHz
(flatness typically +0.25 dB, plus 0.2 dB with voltage
doubling).

Reflection-coeffi-
ciênt and altenua-
tion curves of 25-

MHz bandpass filter
w¡th pulse frequenecy

markers

The low spurious FM of typically 3 kHz allows a sharp display
of steep filter slopes. Good harmonic suppression is also
important when filters are to be checked without measure-
ment errors (refer to page 125); the typical value for SWOB 5
is 40 dB.

a
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O Compact sweep tester for sing-
lechannel or dual-channel display
with linear or logarilhmic amplifica-
lion (var¡able conf iguration)

O Wde dynamic range (75 dB)
throgh low inherent noise and high
output voltage

a Calibrated level line with logarith-
mic amplification plus two indepen-
dently shiftable level lines

O Pulse or vertical-line frequency
markers with crystal accuracy

SWOB 5 PolyskopSWOB5 0 0.1 to 1300 MHz
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The Display Section consists of two units

measuring head and
deflection amplifier.

Terminating probes and insertion units with different charac-
teristic impedance and high-impedance probes are available
for use as measuring head.

The deflection amplifiers are in the form of plug-in units,
permitting optimum adaptation of the set to different meas-
urement tasks and to the customer's requirements for price

and performance. The following amplifier combinations are
possible for linear and/or logarithmic display.

1. One linear amplifier
(low-priced single-channel version)

2. Two linear amplifiers

3. One linear and one logarithmic amplifier

4. Two logarithmic amplifiers
(high comfort for most exacting requirements).

The linear amplifier boosts the detected voltage from the
measuring head for display. lt may be used wherever a
display range of 20 to 30 dB and a defleciton factor of about
2 mV/cm are adequate.

The logarithmic amplifiers have, in conjunction with a
terminating probe or insertion unit, a noise limit of typically
170 ¡rV, corresponding to a dynamic range of 70 dB with a
sweep-generator output voltage of 0.5 V (even 76 dB is
obtainable if the maximum output voltage of the sweep
generator is changed to 1 V with the rear switch).

Use of the Active Demodulator SWOBSZ  gives a limit
sensitivity of 20 ¡rV. \Mth a permissible driving level of 50 mV
for the Active Demodulator, the dynamic range is then about
70 dB.

Characteristics
of logarithmic ampl¡fier plug-ins

Logarithmic Amplifier SWOB 5 E1

Range. The display range on the screen can be switched to
80160/40l20 or 10 dB and shifted by more than 70 dB with
the aid of a potentiometer. Any part of the display can thus be
spread.

A shiftable calibrated horizontal line facilitates accurate
level measurement. A ten{urn helical potentiometer permits
vertical shifting with 0.1 dB resolution. The zero position can
be varied with a control knob, the detent position of which
corresponds to a reference level of 1 V. A lamp lights when
the knob is not in this calibrated position. A filter can be
switched into circuit for the observation of very small signals
on the screen.

POLYSKOP 4
Compensation of spurious signals. Spurious signals
such as may arise, for example, from the oscillator voltage of
a tuner and which may limit the useful dynamic range are
measured by both the linear and logarithmic amplifiers during
the return sweep - while the RF is blanked - and compen-
sated for.

Logarithmic Amplifies SWOB 5 E3

The Logarithmic Amplifier plug-in SWOB 5 E3 (photo) oper-
ates with the same wideband probes as the Logarithmic
Amplifier SWOB 5 E1, namely: demodulator, insertion unit,
logarithmic probe or active demodulator.

t0G AMPr.tflfR
sw0B 5 t 3 34S 35t2 02 @

fjr

o

0d8

UÌCAI

ryü,,

d8 d8

80 20

t0I
P0s.

J
AUS
OFF

t00

f{¡ af

Front panel
of Logarithm¡c

Amplifier plug-in
SWOB 5 E3

oO

The dynamic characteristics - maximum input voltage 1 V,

typical noise level '170 
¡rV - make for a dynamic range of 76

dB. The display range can be switch-selected for 100, 80,50,
20 or 10 dB. The horizontal graticule of the SWOB 5 screen
thus provides scales of 10, 8, 5, 2 and 1 dB/div. Apositioning
potent¡ometer allows shifting of the display over more than 70

dB, so any detail of the display curve may be spread.

The main advantages of this plug-in are:

O AF input for the connection of test item with a built-in
rectifier,

O digital level indication,

o automatic setting of reference levels,

o signalling of excessive spurious levels,

o gain of active demodulator taken into account in level
measurements.

The characteristics when using the AF input are the same as
for operation with an RF probe: maximum test voltage 1 V,

noise level 170 ¡rV, dynamic range 76 dB, display range 100,

80, 50, 20 or 10 dB and vertical-positioning range greater
than 70 dB. Positive or negative polarity can be selected with
a switch.

133



4 POLYSKOP

Polyskop SWOB 5 - Log. amplifier

Logarithmic Amplifier SWOB 5 E3 (continued)

\Mth the aid of a horizontal line, which is calibrated in level
and can be shifted through about 100 dB with a frontpanel
potentiometer, the level can be accurately measured at any
point of the curve.

Filter character¡stics (transmission/reflection) and level l¡ne on Polyskop
SWOB 5 wilh plug-in E3 and Digital D¡splay Store BDS

Level indications on the log. amplifier is in 3/z digits. The
measured value can be indicated as an absolute value in
dBV or mV or as a relative value in dB.

Autoranging is provided for absolute measurements in mV,
the display ranges being 20, 200 and 2000 mV. The resolu-
tion of the digital display is 10 ¡rV, 100 ¡rV or 1 mV depending
on the voltage range, or 0.1 dB for dBV or dB indication.

The reference level for relative measurements can be set
at any point behveen 0 and -100 dBV. For this purpose the
level switch is set to "d8", the calibrated level line adjusted to
the desired position and the "0 dB" button pressed. The
digital display is thus set automatically to 0 dB and when the
level line is shitted the measured level is indicated in +dB
referred to the reference level. lt is of course possible, by
changing the level-switch position, to display the absolute
level again whilst retaining the reference-level setting.

The automatic setting of the reference-level display is very
expedient in transmission-factor measurements: the level
line is adjusted to the input level of the test item.

The level switch is set to "dBV" and the level line adjusted to
this reference value, then the level switch changed to "dB"
and the "0 dB" button pressed. The level line can now be
adjusted to the point of the displayed curve where the trans-
mission factor is to be determined, for instance the maximum
of a iilter characteristic. The gain or attenuation of the test
item is then read out in dB.

s¡ìJveep fesÈens

It is also possible to set the reference level by removing the
test item and connecting the measuring head directly to the
RF output of the Polyskop. lf the reference line is shifted to
make it coincide with the display line and the "0 dB" button is
pressed, the dispay is caliþrated with reference to the sweep-
generator output level.

To prevent measuring errors being introduced by superposed
spurious signals a pilot lamp is provided on the amplifier
plug-in. A spurious signal is produced when the RF probe
connector is used, for example in tuner measurements,
through the local-oscillator reradiation that is practically
always present; its maximum permissible level is 40 mV (4
mV with an active demodulator). Superposed DC of as much
as + 6 V is permissible at the AF input. The spurious voltage
is measured during the return sweep and the pilot lamp lights
whenever the permissible limits are exceeded.

lf an active demodulator is connected to the amplifier plug-
in, the calibrated level line is automatically lifted by 20 dB
(gain of active demodulatoQ, so in absolute measurements
the level actually present at the input of the active demod-
ulator is displayed. The noise level with the active demod-
ulator is about 20 pV or -94 dBV. Since the calibrated level
line covers a range of about 100 dB (0 to -100 dBV) this
level can be measured accurately.

The display of the results is obtained on a long-persistence
screen. The screen size ol 21 cm x 1 6 cm enables unstrained
working. Four level lines (configuration with two amplifiers)
and crystal-controlled vertical-line markers yield a coordinate
grid of excellent clarity.

Frquency markers. Pulse or vertical-line markers provide
a scale on the frequency axis with the decades identified by
higher intensity; see illustration on page 132. A bright bar at
the lower edge of the screen marks the adjusted sweep
range on a scale.

lF markers option. An lF marker generator is available for
measurements on TV tuners; see specifications under
recommended extras. This option permits lF markers for the
vision and sound carriers to be generated and to be dis-
played in addition to the other markers.

A recorder output with pen-lift contact and the possibility of
triggering a counter connected at the rear by means of a
manually adjustable brightup marker complete the outstand-
ing measuring capabilities of SWOB 5.
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Digital Display Store BDS

The Digital Display Store BDS - described in detail on page
138 - yields a flicker-free display even with slow sweep times
and considerably extends the applications of the sweep
tester thanks to a number of additional functions. The charac-
teristic features of the BDS are:

O display of slow sweeps as a stationary pattern

O four independent memories

O combination of contents of any memory by addition or
subtraclion

O insertion of additional frequency markers

O IEO-bus capability with option

Moreover, an additional option to the Digital Display Store
permits noise suppression by taking the average over sev-
eral sweeps.

The Digital Display Store is an ideal extension for the Polys-
kop SWOB 5 and especially designed for use with this
instrument. The flat, 78-mm high unit as a bottom or top add-
on has the same width and depth as the SWOB 5 and is
connected to the Polyskop via a 36-way female connector
strip.

For operation of the SWOB 5 in conjunction with the BDS, the
Display-store lnterface Option SWOB5B6 is required (Order
No. 333.5410.02). lnstruments from Serial No. 871 551 on
are ready for the interface to be fitted.

Examples

Task. Measurement of noise characteristics of TV tuners.

Polyskop SI4OB 5

arpl¡f¡s AGC Mi¡er arplif¡s

POLYSKOP 4
Task. Measurement of amplitude/frequency response and
matching on active broadband test items, suchc as cable-W
and antenna amplifiers.

Polyskop SWOB 5

VS|/vR

bridge

10 mV

Task, Measurement of amplitude/frequency response and
matching on TV tuners using automatic sweep-width adjust-
ment.

Polyskop SWOB 5

VSWR

bridge

Remote-control
adapter

--1

IFlnput

I

I

I

L

o #-

Probe

#
Test item Probe

?@ @ 19

SKTU Ø Àl-

Lo9

K
-{+

Lcal 6cillatø

T-fL control siqnai

I

I

I

__l

Act ive
Demodulator

#.
Probe

Ðt

Íuner Probe

?" T?

No¡se
generator

Vacc

for fotard and
return sweeps
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Polyskop SWOB 5 Specifications

Specifications of SWOB 5
(Values in parentheses are valid for model 53)

Frequency range

External X deflection

Connector

Amplifier plug-ins

Logarithmic Amplifier SWOBS E1

Measuremenl range
(tull display height)
Noise level
(with Demodulator SWOBs Z1
or FìF lnsertion Unit SWOBS Z3)
Max. test voltage
D¡splayadjustmentrange .... ..
Level l¡ne, calibrated in dB

Reterence level

Adiustment range
Error limits

Lowpass filter
3-dB point

Connector for measuring head . .

Compensation of spurious signals

siìrveep testens

11 V (symmetrical about zero)
for full display w¡dth;
rising edge:

forward 0.02 to 2 s,
lalling edge:

return 0.01 to 0.3 s
7-pole female on rear

Sweepwidth ......
1000(1300).....
5-1000 (7-1300)

0.3-50........
0.............

Spurious FM (NARROW) . ...
Sweep linear¡ty
Unearity ot display
Sweep adiuslment

external .

Scale error ot range ¡nd¡cation

Remole conlrol
Centre{requency adjustment .

Sweêp-w¡dth adjustment
(ext. potent¡ometer-5kO) ..
Sweep time

RFmon¡toring output. . . .. .

Output EMF

Connector
Frequency-response llatness
of output vollage w¡th match-
terminat¡on

with 6-dB increase

Output attenuator
Errorcoarse (10-dBsteps) .... . .

l¡ne (1 -dB steps)
Harmonics (for EMF = f V or 0.7 V)

0.'l to 1 MHz
>1 lo 1000 MHz
(0.5 to 1300 MHz)

Non-harmonic spur¡ous s¡gnals
0.1 to 1000 MHz
up lo 1300 MHz

Frequency sweep
Mode AUTO ..

MAN ..
SINGLE

Sweep time AUTO

0.1 to 1000 MHz (0.1 to 1300 MHz)
(in one band; only c€ntre frequency
and sweep w¡dth need be adjusled)
four ranges
full frequency range
variable:
5 to 1000 MHz (7 to 1300 MHz)
variable:
0.3 lo 50 MHz
no sweep (CW)
5 kHz, typ. 3 kHz
(test bandw¡dth 50 Hz to 10 kHz)
'f : 1.01
better lhan 1 :1.1

^f 
and cenlre frequency

(coarse/tine)
v¡a remote-conlrol input
a3% of fs

v¡a 7-pole lemale connector on rear
-3 to I V

0 C) for Àf.¡n, R.a for 
^f.a0to5Vfor2to0.02s

50 mV into 50O BNC femalecon-
nector on rear

50f) 75Q
1 V +5% 0.7 V +5%
(can be ¡ncreased by 6 dB rear
sw¡tch)
N female

< +0.5 dB (typ. +0.25 dB)
for 0.1 to 1000 MHz
(0.1 to 1300 MHz),
<0.15 dB for 10 MHz sweep
+0.2 dB in addilion
(5 to 300 MHz, otheMise +1 dB)
0 lo 70 dB in 1-dB steps
< +0.5 dB ì ..
< 10.2 dB I overall error

=30 
dB down

>36 dB (typ. 40 dB) down

>70 dB

Logarithmic Amplifier SWOBS E3

'tot20t40t60t80 dB

sh¡ttable by - 1 2 dB; detent position
câ¡ibraledatlV=0dB
0 to < -100 dB, resolulion 0.1 dB
typ. + 1.5 dB (with SWOBS Z1 ot Z3l
switch-selected, ¡ndicaled
=4O Hz
7-pole female
25 mV RF (2.5 mvwith act¡ve demod-
ulator)

typ. 170 ÉV (with f¡lteo
1 V (w¡th SWOBs Z1 or Z3l

lnputs........
Conneclor.....
lnput impedance

Measuremenl using
Demodulator SWOBS Zl or
RF lnsertion Un¡l SWOBS 23
Measuremenlrange ........
D¡splayadjuslmentrange . . . .

Noise level
Enor lim¡ts .

Max. test voltage .

Measurement via AF lnput
Measuremenl range
(lull display height)
D¡splayad¡uslment range . . . .

Noise lêvel
Eror limits .

Max. test voltage .

Max. ærm¡ssible ¡nput vollage

Level llne calibrated ¡n mV,
dBV and dB
Adjustment range,

absolute measurement

Level ind¡cat¡on
Vollage indication range . . . .

Resolut¡on
dBVanddBranges........

Resolulion
lndicat¡on error

Lowpass filter

3-dB point

Compensãlion of spurious
slgnals .

Linear Amplifier SWOB5 E2

lnputs ..

lnput ¡mpedance
Connector

lnpul selector positions . . . . . . . . . . .

Meas. head
7-pole lemale
suitable for
measuring heads
swoBs z1 , 22, 23 24

10/20l50/80/100 dB
>70 dB
typ. 170 pV
typ. +1.5 dB
1 V (measuring-head RF ¡nput)

AF
BNC female
-100 k()

500 ko
BNC female
+l-l+=l-=

Meas. head
connecto¡
500 ko
7-pole lemale

(compensalion
for spurious RF
signals in test ¡tem)

<15 mV
5v(-) or
10 v (-)

=40 
dB down

>30 dB down

forward/return with RF blanked dur-
ing return
manual sweep adjuslment
tr¡ggered by button or external tr¡gger
signal, recorder operation
loMard 0.02 to 2 s,
continuously adjustable;
retum 0.01 to 0.3 s
- 0.02 to 2 s,
conlinuously adjustable
¡n SINGLE mode
= +5 V (at rèar input)

100 MHz; '100/10 MHz; 10/1 MHz;
error < t'l x'10-1
1 to 1300 MHz, -0.2 V (50 O)
pulse and vert¡cal-line markers

marker amplitude or brightness mod-
ulated to highlight the decades
by MAN adjuslment in AUTO mode
TTL H dur¡ng unblanked period
(>10 ms), BNC lemale connector
(TTL L by changing internal connec-
t¡on)

two; separale adjustment of vertical
posit¡on;
common adjuslment of intensity

21 cmx16 cm;
screen type: M 28-12 GM

+2.5 V for max. X defleclion
2.5 V for max. Y deflection
Rou = 5 k:O
6-pole female (1 channel) or BNC
lemale (2 channels)

10/20/s0/80/100 dB
>70 dB
typ. 170 pV
typ. +1 dB (down to -60 dBV)
1V

10 ¡rV to 1 V/-100 lo 0 dBV
0 to 100 dB
372 digits
20 mV 200 mV 2000 mV
10 ¡rV 100 pV I mV
>100 dB
0.1 dB
0.1 dB or 2Y" +1 d¡gil

sw¡tch-selected on basic unit,
indicated

-4O Hz

AF Meas. head+6V 4omVRF
(4 mV w¡th Act¡ve
Demodulator)

A pilol lamp lights when the spurious lêvel exceeds the perm¡ssible lirnit.

14V

SINGLE

id"dr'....
Tr¡gger¡ng
Exl. tr¡gger

Frequèncy markers inlernal¡)

exlernal.
Marker type
Oriented along lrequency ax¡s
(internal) .

Brightup marker
Trigger s¡gnal for counler . . . .

Levelllnes.......

Usetul displây area

Recordefoutput ..

Connector

AF2)

Deflectioncoeff¡cient .......
Voltage requ¡red for full
display he¡ght

w¡lhmax.sensit¡v¡ty ....
Max. permiss¡blè ¡nput voltage

0.2 mv/cm

<3 mV
10v
(: or =)

r) Spurious markers may appear w¡th increased outpul level
(rear swilch on +6 dB setting).
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Measuring heads

Demodulator SWOB5 21 (w¡th bullt-in termination)
lmpedance . . .. 50 O 75 O
Connector .....Nmale Nmale
Frequencyrange .......0.1 lo 1300 MHz 0.1 to1000MHz
vswB .. ..... s|.1 <1.1

up to 1000 MHz

=1.2 
up to 1300 MHz

Frequency-response
llatness0.4to1000MHz ......... < +0.5d8 < +0.5d8

typ. +0.25 dB typ. +0.25 d8
0.1 tof 300MHz ......... <1 dB

Max.testvoltage,rms............ lV
Max. permissible input voltage . . . . . 5 V AC o|l0 V DC
Connect¡on to lin/log amplilier . . . . . via cable (1 m) and 7-pole

male connector

RF lnsertion Unit SWOBS 23
lmpedance ....50O 75Q
Cônnector -.-.-Nmale Nmale

PÜl"YSìKi)ir 4

Demodulator SWOB3-Z (probe with BNC male connector)

Frequencyrange ....... 0.5to400MHz
(rough ind¡cation up to 1300 MHz)

lnpul impedance
at 50MHz . . >30 kO ll 2 to 3 pF
at200MHz .. >10 kQ

lnputvoltage . . . min. 50 mV for full display he¡ght,
max.permissible5VRF,

outpurs¡snar3) . iBi'!fåio'"o83?¿31å: "
for 50 mvms (0.5 to 400 MHz)

Active Demodulator (50 or 75 Q depending on model)

Ordering information

Order designation . . . . . . . . . . . . .

SWOB 5, w¡thoul ampl¡l¡er plug-ins:
50-O model,0.1 lo 1000 MHz . . . . .

50-O model,0.1 lo 1300 MHz . . . . .

75-O model,0.1 to 1000 MHz . . . . .

Amplifier plug-ins:
Log.Ampl¡f¡er ..... SWOBSE1 .

Log.Amplif¡er ...... SWOBsE3.
Lin.Amplifier....... SWOBSE2 .

Measuring heâds:
Demodulalor....... SWOBs Z1

50-O model
75-O model

RF lnsertion Unit SWOBS Zg
50-O model
75-O model

Log.Probe SWOB5Z2.
Demodulator Probe . . SWOB3-Z.
Active Demodulator . SWOBS 24

50-O model
75-O model

Accessoriessupplied ........

> Polyskop SWOBS

Recommended extras and extenslons (opt¡ons)

VSWRBridge ...... SWOB4-Z
50-O model 912.7003.00
75-O model 912.7303.00

lF Markers SWOBS 83/84
lnput ...
Frequency range
lnpul ¡mpedance
vswR ..

w¡th lowpass filter
lnpul vollagè for perfecl marker
display .

Mâx. permissible input voltage .

Number ol markers . . . . . . . . . .

Markerlrequencies..... . . ...
Max.frequencyenor.... . . ...
Dlsplay-store lnterlace
swoBs 86.

Conneclor

General data

Rated tempêrature range .

Storage temperature range
Power supply

Dimensions,weight .....

frequency markers
0.5 to 150 MHz
50r)

=1.15 
in range 5 to 150 MHz

=1.3 
¡n range 5 to'150 MHz

min. 10 mV (1 mV in range
5 to 150 MHz), max. 200 mV
sVACorl0VDC
2, produced by plug-in crystal osc¡l-
lalors
33.4 MHz, 38.9 MHz
2x 10-s

required tor operation of SWOBS with
BDS: units from serial No. 87l 551 on
are prepared for retrolitting
50-pole female,
su¡lable lor connect¡on of BDS

+5 to +40"C
-25 to +60'C
1 10 t 125 I 220 I 235 V + 10yo,
47 to 63 Hz (180 VA)
484mmx294 mmx436 mm, 25 kg

333.001 9.52
333.0019.53
333.0019.72

333.5610.02
349.3512.02
333.501 0.02

333.7513.52
333.7513.72

333.8010.52
333.8010.72

333.901 6.02
241.2116.OO

333.85f0.52
333.8510.72

æwer cable

335.281 9.50

333.9316.52

289.5450.02 (for ZSI(2)

289.5450.03 (for ZSKÏ)

100.7670.10
1 00.7687.1 0

Frequèncyrange .....
VSWR ..

Frequency response
llatness 0.4 to 1000 MHz

0.1 to.1300 MHz . . .

Max. testvoltage, rms. . . . . .

Max. permiss¡ble input voltage
Connection lo lin/log amplifier

Log. Probe SWOBS 22

lmpedance (depending on
lrequency and atlenuator) . .

Frequency range

Frequency response f latness
Attenuation of probe lips . . . .

lnput voltage rangê

lnput circuit

lnpul vollage range
Frequency-response f latness
lnput VS\4/R

Exlernal Conlrol SWOBS 81

Switchover

lnput ...

Voltageadjustment.........

Slow Sweep
X voltage
Y voltage
Sweep time

Connectors

0.1 to 1300 MHz 0.1 to 1000 MHz
< t.15 <1.25
up to 1000 MHz

=1.3 
up to 1300 MHz

< +0.5 dB < +0.5 dB
typ. +0.25 dB typ. +0.25 dB
<1 dB

1V
SVACo|l0VDC
v¡a cable ('l m) and 7-pole
male connector

>3 kQ ro >20 MO ll 0.5 ro 2.5 pF
0.1/10/5 to 500 MHz
(rough indicat¡on up to 1300 MHz)
<+1dB
0/20t40 dB
0.2 mV to 1 V/2 mv to 10 V/
20 mV to 100 V (rms)
unbalanced, non-lloating

20 FV to 50 mV
< +2 dB for 5 to 1300 MHz
<1.3

Specifications of recommended extras

VSWR Brldge

Frequency range
Test-item connector
RF¡nput........
Output to detector .

Directivity.......
lnserlionloss.....

Overvoltage Protection (lor RF input or output)

Responsethreshold ...... .......4 V DC or RF
Switch¡ngtime .........=3ms
Digllal Dlsplay Store . . . . . . . . . . . . see nexl page

Extension (options)

(mounting with electrical connections via ¡rreversible connectors ol basic
un¡t)

Extenslons (options)
External Control
Oplion.. ..SWOB5BÍ .. 333.6700.02
Slow Sweep Option . . S\¡/OB5 82 . . 333.9616.02

lF Markers Opt¡on
Motherboard ..... SWOBsBS .. 333.97f 6.02
addil¡onally required:
CrystalOscillator .. S\^/OB5 84
3Í¡.4MHzand38.9MH2 ........ 333.9916.30

Accessorles
D¡g¡talDisplayStoreBDS ......... 343.8012.02
Display-slore
lnterface. .SWOB5B6.. 333.5410.02
IEc-buslnlerface ... BDS-84 .... 343.9602.02
Average-value
Memory. .. BDS-85 .... 343.9802.02

Basic Softwarê for control
of BDS/S\,úOB5 via
Process Controller
PUC ... .. BDS-K1 .... 358.1919.02

1 f.for,-fi*"r.ign"l characterist¡c: up to -30 mV (Vnr) squarewave,
from =0.5 V (Vnr) linear.

swoB4-z
50or75O
10 to 1000 MHz
N male
N female
N lemale
>40 dB
=6.5 dB

ZRB
50r)
5lo 2000 MHz
N lemale
N female
N lemale
>46 dB
:6.5 dB

VSWRBridge.....
Overvollage
Protection
Recorder Adapter
Cable . .

Recorder Adapter
Cable . .

RF connect¡ng cable
m, 50 O, N male
m,75 Q, N male

2P.3.....

swo85-25

s!1¡oB4-2.

swoB4-z.

(1
(1

conn.)
conn-)

int./ext. via slide switch:
lamp lighls in ext. mode
7-pole lêmale connector for BF lnser-
tion Unil SWOBS Zg
0.1 to 0.5 V, continuous

l2 V lor max. deflect¡on
1 V lor max. dellection
0.02 to 2 s; = 30 s w¡th recorder cable
plugged in
6-pole female (1 channel)
3 BNC fêmalê
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4 DISPLAY STORE

BDS
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Digital Display Store BDS I Stores four curves

-

ol:l r-,ã

O Flicker-free display even with slow
sweep speeds

O Error compensat¡on by storage
and addition or subtraclion of cor-
rect¡on curves

O Memory space for a total of lour
curves

O Noise suppression by taking the
average over several sweeps

O IEC-bus bompatible

ca-
'9I

SP I
I5p'
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Characteristics, uses

ln conjunction with Polyskop SWOB 5, the Digital Display
Store BDS permits simultaneous, flicker-free display of two
curves plus the associated frequency markers, level lines
and frequency range. The 1024-point horizontal and 256-
point vertical resolution of the pattern yields an accurate
representat¡on of the original curve.

Moreover, the Digital Display Store offers a number of func-
tions which considerably extend the applications of the
Polyskop SWOB 5.

Memory space. ln addition to the two curves represented
as a flicker{ree pattern, two further curves can be saved in
additional memories. But data can also be stored in the buffer
memories used for displaying the instantaneous values
measured, so that a total of four curves can be stored.

A built-in baüery ensures that the stored data are maintained
even in the case of AC supply failure or after the Digital
Display Store has been switched off.

Modes. Both channels permit the sum or difference of any
two memory contents to be displayed; thus error correction
and displaying the drift from nominal are possible.

Additional frequency markers. An additional memory
permits markers to be inserted at any position in addition to
the SWOB 5 frequency marker graticule; in this way, frequen-
cles which are of special interest can be highlighted, for
instance.

Recording. The slored curves can be output via a built-in
interface directly to an XY recorder. ln this mode, the sweep
time increases to about 60 seconds.

Noise suppression. To complement the basic version of
the BDS, an option is available permitting the average to be
taken over 4, I or 16 successive sweeps. Thus random
interference on the sweep curve, e.g. no¡se, can be suppres-
sed to a large extent.

Frequency response display: (left) signal with heavy noise component and
(right) after taking the average over successive sweep with the corresponding
BDS option

Computer-aided evaluation
of sweep curves on Polyskop SWOB 5

The IEC-bus lnterface Option BDS.84 enables not only the
transfer of all stored data but also problem-free computer-
aided evaluation of the results on the sweep system SWOB 5
using for instance the R&S Process Controller PUC. The
advantages of using a computer become most evident where
previously lengthy manual settings or calculations were
required. Via the bidirectional data interface (lEC bus) of
the BDS the resulting curves and markers can be directly
displayed on the Polyskop screen.

Measurement examples. The position of any frequency
markers or level lines can be easily and accurately calcu-
lated and output on the PUC; on the other hand markers and
lines can be superimposed on the Polyskop screen at exactly
defined positions.

EEEtrEEI
lEG625Elus
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Computer-aided sweep test assembly with Polyskop SWOB 5'

Digital Display Store BDS and Process Controller PUC

For measurements on amplifiers and filters, criteria like the

3-dB point can automatically be selected from the measured

data, the associated frequencies be recorded and the corre-

sponding markers be superimposed on the screen.

It is not only possible to evaluate individual measuring points

numerically, but to convert complete curves into any other
waveform and output it again, for example if the VSWR is to

be determined from the measured return loss or if a fre-

quency axis with linear scale is to be converted into one with

logarithmic scale.

Measured curve with add¡tionally superimposed frequency markers and level

l¡nes as well as displaying on PUC

BDS software. ln order to relieve the user from lengthy

programming, a BDS software BDS-K1 has been prepared. lt

offers a great number of applications in the form of single

routines which are mostly independent of each other. These

routines can be combined by means of a few program steps

for the evaluation of whole test sequences; this evaluation

can be made very rapidly since most of the subroutines are

written in machine language.

Description

The analog signal corresponding to the test voltage (Y axis)

on the Polyskop is converted in the BDS into digital signals of

8-bit word lenght. 1024 addresses are available on the X axis

for this purpose; they can be processed completely in about

20 ms. Four 8-kbit CMOS memory chips enable the separate

storage of four different curves. Additional CMOS memories
preserve the information on frequency markers, frequency

range and level lines. The low current drain of the CMOS

RAMs permits the data to be stored for extended periods with

the aid of dry cells. The overall function of the unit is control-

led by a clock system with a fundamental frequency of about

600 kHz.

DISPLAY STORE 4

The nucleus of the Average-value Memory Option is a 12-bit

adder and a 12-bit memory, where the intermediate results

and finally the result of a maximum of 16 sweeps aretem-
porarily stored. The function of the IEC-bus lnterface Option

calls for its use as a listener and as a talker.

Specifications

Screen
D¡splay relresh time
M¡nimum sweeptime
ResohJlion: horizontal

vert¡kal ..

lnputs
X inpul

Y inpul

Triggerinput .....
Frequency-marker
and level-line inputs

Outputs
Xouþut
Yoüþut
Trigger output

Frequency-marker
andlevel-lineoulpuls ..........
Recorder outputs
Xoutput .

Y output for levsl relerence line . .

w¡th AF s¡gnal

Pen lifl . .

Curve display and slorage
Number of curves

d¡splayedsimultaneously .....
saved ..
¡nintermediatestorage .. .....
lotal storable

Storage without AC supply voltage

Functlons

wilhopt¡on .. . .. .

IEC-bus conneclor

lntelacefunctions ......
Genoral data
Operaling lemperature range
Storage temperature range
Power supply

Dimensions
Wþight .

Ordering information

Orderdeslgnation ........

Accessoriessupplied ...... ....
Extenslons (opl¡ons)

IEC-buslntelaceBDS-84 ......
Average-valuê Memory BDS-85 .

Display-storo ¡nterface Sì/VOB5-B6
BasicsottwareBDs-Ki ........

approx. 20 ms
approx. 20 ms
1024 po¡nts
256 points

36-way f emale conneclor

z" >100 ko,
delleclion voltage positive€oing;
max. amplitude 10 V
posit¡on of starting Point
can be sel between -10 and 0 V
¿n >100 ko,
Vn: nom¡nal 0 to 2.5 V
max¡mum voltage
ad¡uslable from 2 to 3 V
TTL low triggers forward sweep

SWOB 5 compat¡ble

36-way female connector
Z*n <1 kO ì output coresponds
ad <1 kO f to input voltage
TTL low triggers forward sweeP

SWOB 5 compalible

ad <1 ko
Zd <3 kO
Zd <1 kO

I output
l conesponds to
I input vollage
BNC lemalemnneclors:

@nnector on rear panel

(can bê expanded to 4)
2
2
2
4
max. 6 monlhs depending on charge
rema¡ning in internal dry batteries,
slate-of rharge check prov¡ded

a) addition and subtraction
of contents ol two memories

b) inserlion ol additional
frequency markers

c) slow sweep ¡n chart record¡ng
mode (approx. 60 s)

averaging over 4, I or 16 sweeps to
reduce no¡sè componenl

. ¡nterface in accordance with
tEc 625-1,
24-way Amphenol connector

. AHl, SHr, L4, T8, DC1

+5 to +45'C
-40 to +70'C
1 OO I 1 20 I 22O I 24O V + 1 OV"
47 to æ Hz (20 VA)
492mmx78 mmx383 mm
5ks

Dig¡tal D¡splay
343.8012.02

power cord

34.Íì.9602.02
3¿lÍì.9802.02
333.5410.02
358.19t9.02

Store BDS
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4 NETWORK ANALYSIS

Characteristic features
of a network analysis system

Wth the aid of network analysis the response of a test item
with respect to reflection and transmission (transmission
factor and attenuation ratio) can be investigated. ln the RF
range this is usually made by measurement of complex
voltages, in particular of the s-parameters. At lower frequen-
cies - especially in the AF range - a current-voltage meas-
urement is however also possilbe.

System design

A network analysis system is made up of four components
generator,
receiver,
display unit and
accessories.

ln addition there is often the possibility of controlling all
functions of the network analyzer via a process controller,
e.g. via the IEC-þus data interface. This further component
is not absolutely necessary, but has gained an increasing
importance in the past years since the requirements are for a
greater number of test parameter evaluations with higher
accuracy (see three-point error correction) but shorter
measuring times.

System generator. Depending on the particular applica-
tion, either a sweep generator or a synthesizer/signal
generator is used as generator in the system. The advan-
tage of a sweeper is that a wide frequency range can be
swept through within a short time (e.9. a range of 1 GHz in
100 ms), with continuously varying output signal and the test
item not requiring time for settling upon every change of
frequency. The deviation from the absolute frequency accu-
racy (a few MHz for sweepers operating in the GHz range)
and the relatively high spurious FM of a few kHz do not
however allow measurements on narrowband test items
such as crystal filters. Therefore, synthesizers are used in
such cases which feature very high frequency accuracy and
stability, but a spurious FM in the Hz range. Their disadvan-
tage is however that there is no continuous frequency
change and that they require longer setiling times then the
sweeper. ln automatic systems synthesizers are preferably
used for point-to-point measurement.

Sweeper and synthesizer in one unit. The Sweep
Generator SWP introduced by Rohde & Schwarz in April
1982 combines the advantages of a sweeper and a synthe-
sizer in one unit to the latest standard (frequency range 0.1 to
2500 MHz, see also page '126). Now continuous sweeping of
both narrowband and broadband test items is possible with
just one generator.

neËvvork analyzens

Receiver. Broadband demodulators, which are for instance
used in scalar network analyzers (SWOB S), are not suitable
for measuring the network parameters by magnitude and
phase. Therefore tracking receivers and receivers operat-
ing on the sampling principle are used. Both types of receiver
carry out selective measurements with small bandwidth and
usually have a lower sensitivity limit of 1 ¡V which corre-
sponds to a dynamic range of about 120 dB referred to 1 V.

Display unit. A screen, pointer instrument, LED, recorder,
plotter or slmilar can be used.

The accessories of the system are also significant for the
measurement; they include directional couplers and VSWR
bridges (see page '152) as well as an adapter for the test
item.

Reflections on accuracy

Three-point error correction is employed to eliminate
errors caused by the test setup as far as possible. According
to this method the shortcircuit (Z : 0), matching (Zs) and
opencircuit (æ) are measured at a certain frequency f1 by
the network analyzer (see following diagram) and are trans-
formed in an extèrnal computer into the ideal values plotted
on the horizontal axis of the Smith chart. When connecting
now an unknown test item to the test setup and transforming
the measured value (2, ,""") âs before, the accurate impe-
dance value (2"*,,"r") of the test item is obtained.

Three-point error correction at frequency fr
fl:measured values,

@ :transformed values

The error in measurement is only about 1% referred to the
reflection coefficient even on the outer circle of the Smith
chart. Additional errors caused by inaccurate frequency set-
ting of the generator can be largely avoided by using a
synthesizer. For more than one test frequency calibration
routines must be available for each further frequency.

The advantages of the three-point error correction are
convincing:

O improvement of accuracy (see above),

a error correction referring to complete test setup, including
calibration of adapters and cables between directional
couplers or VSWR bridges and test item,

O measurement even possible in coaxial systems of diffe-
rent standard (e.9. measurement on an item using 75-e
system with a 50-Q network analyzer).

4r .""".

Z"uo
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Reflection measurement without bridges and couplers

Even when using the three-point error correction, the network

analyzer cannot differentiate between impedance values

from 10 kQ to æ due to the residual error of about 1 % on the

outer circle,

The following diagram shows the simplest method of reflec-

tion measurement without VSWR bridge or direction coupler.

As can be seen from the nomogram, a small error in the

measurement of the voltage ratio B/A entails a great error in

the measurement of Z* at high impedances (>Zo). There is
no network analyzer whatsoever on the market which could

employ this method for high impedances.

NËTWORK ANALYSIS 4

Applications

From the great number of possible applications of network

analyzers the measurement on components such as RF

chokes and capacitors is to be dealt with in greater detail'

ln practical operation it is for instance necessary to measure
a capacitor with respect to its C and tanð values at its
intended operating frequency. The VSWR bridges available
on the market only allow a measurement below 10 MHz; this

does not directly give a clue to the RF response of the

capacitor.

A network analyzer system made up of the Synthesizer
Generator XPC (page 5B), the Vector Analyzer ZPV (page

142) and the Process Controller PUC (page 14) enables

measurements of R, L, C, Q and tanô up to .1 GHz. The error

for tanô values of 10 4 is about 15%. The same applies to
measurements on RF chokes with respect to self-inductance,

selÊresonant frequency and quality at a certain test fre-
quency. This measurement is based on an analysis of paral-

lel-resonant circuits.

The measuring system as shown on the photo below can be

supplied by Rohde & Schwarz including the software. The

test assembly is also suitable for measurements on crystals
(to IEC 444) and diodes.

Component
test system ATS-COM

E.

BlAL 7^lzo

,i;
tlt

I

oIoza

Feed unit z

Result from B/A ratio measurement as a functìon of impedance Z" (in reflection

measurement)

lf the network analyzer is however also able to operate on the

voltage division principle (see diagram below) and to convert

the measured values into impedances, measurement in the

MQ range is also possible.

I 9/4 Z x /R¡t

0

I

1

0,5
Z

R

æ

Result from 9/4 rat¡o measurement as a function of ¡mpedance Z' (when using

voltage division principle)
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4 VECTOR ANALYZERS

Characteristics and uses

The Vector Analyzer ZPV implements a novel technique for
the measurement of complex quantities. lts functional princi-
ple is that of a dual-channel vector voltmeter measuring
amplitude and phase. As in conventional vector voltmeters,
the frequency is synchronized in the reference channel, so
that a selective measurement is performed at one frequency.

Combined with a microprocessor, the ZPV decisively sim-
plifies all complex measurement procedures. All functions
are fully automated and the required value is read out directly
on the display. Thus the ZPV surpasses conventional analog
vector voltmeters in operating convenience and display pos-
sibilities. lts typical applications are control engineering, crys-
tal, antenna, amplifier and filter measurements.

The ZPV is equipped for voltage measurements by mag-
nitude and phase. Automated measurement of twoport
parameters and of group delay is additionally possible.

Using different tuners (see next page) and the appropriate
measuring facilities (directional couplers, etc., see recom-
mended extras on page 152) the Vector Analyzer can be fittet
to meet the user's specific requirements with respect to
frequency range and test method.

Display possibilities. The two digital readouts of the ZPV
indicate both components of the measured complex quantity.
The display can be in cartesian or polar coordinates, linear,
logarithmic, absolute or relative.

Autoranging. Range selection is fully automatic due to the
built-in microprocessor so that the measured value can be
read off directly after selecting the mode and physical unit.
For swept-frequency operation and special display modes
the amplitude and frequency autoranging facilities can be
disconnected.

Automatically tuned filter. The ZPV incorporates an auto-
matically tuned filter which provides for stable indication of
noise-corrupted test signals. The microprocessor analyzes

ncltvnonk analyzens

the stab¡lity of the signal and determines the time constant
required for fluctuation{ree display of the result.

Calibration at the push of a button. For complex meas-
urements a reference plane has to be defined. This is done in
the ZPV at the push of a button, determining phase zero,
magnitude : unity and reference characteristic impedance.
These values are stored in the built-in microprocessor and
maintained even when changing the test mode so that new
calibration is required only if the test setup is modified.

Swept-frequency operation, recorder outputs. Control
voltages monitored by the microprocessor ensure that high-
precision signals are always available at the X and Youtputs.
Transient response of the synchronization stage due to
sampling is suppressed. Consequently the Vector Analyzer
ZPV can also be used in swept-frequency operation; how-
ever, the sweep rate of the ZPV, which is slow compared with
sweeper display units, has to be considered. The test results
obtained in swept-frequency checkouts can be plotted on a
recorder or displayed on a storage oscilloscope up to a
dynamic range of 110 dB. For narrowband sweeping, for
instance in crystal testing, additional special outputs are
available.

System compatibility. All functions of the Vector Analyzer
are fully programmable. The IEC bus permits both settig of all
modes on the instrument and outputting of all test results.
Various methods of data transfer ensure optimum data trans-
mission speed. ln addition to the separate output of real and
imaginary components or magnitude and phase, the com-
plete complex quantity can be transmitted as one data word.
The readout is either dependent on the measurement time or
independent of time so that optimum use of the measuremet
speed is made. Manually selected modes can be output via
the IEC bus. Comprehensive software packages are avail-
able for instance for the R&S Process Controller PUC, the
Tektronix Computing System 4051 or the HP Desktop Com-
puter 9835, to facilitate programming of automatic measure-
ments; see page 152.
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O Digital vector voltmeter with direct
reading of s-parameters as well as
y- and z-parameters

O Reflection and impedance meas-
urement with directional couplers,
VSWR bridges or T junction

O Group-delay measurement

a Autorang¡ng; IEc-bus-compatible

Detailed application note on request

zPv Vector AnalyzerZPV I 10 Hz to 2 GHz
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Vector measurement

ln this mode the ZPV measures the voltages in channels A

and B and indicates them in absolute mV or dBm values and

relative to any presettable reference value in dB. Simultane-

ously the phase difference between channels A and B is read

out. The voltage ratio between the two channels can be

indicated linearly and logarithmically - in absolute or relative

values - or with its real and imaginary components.

Two-port measurement

The s-parameters, impedance and admittance values can be

read out on the digital ZPV display either in cartesian or in
polar coordinates. lmpedance and admittance are indicated

both in absolute values and normalized to the characti:ristic
impedance, the reference being either 50 or 75 O. The ZPV
permits impedance calculation for test setups based on the

voltage measuremenl method. High impedances can be

measured by the voltage-divider method with all tuner plug-

ins. The type used is entered with the aid of a pushbutton.

The s-parameters are read out linearly or logarithmically.

Direct indication of the VSWR is also possible. The reference
plane is defined at the push of a button, the reference phase

and amplitude being automatically stored in the ZPV. The s'
parameter accuracy-improvement software available for

the recommended computers permits extremely accurate

transmission and reflection measurements with respect to

reference values; see page 148.

For two-ports in the range <100 MHz the voltage measure-

ment method can be used (see figure below) whereas use of

an impedance-match bridge or directional couplers is to be

preferred at higher frequencies (>100 MHz) because of the

increased accuracy.

VECTOR ANALYZERS 4

Measurement of crystal
equivalent-circuit parameters

Furthermore, the ZPV permits all crystal data to be deter-

mined within seconds. Together with a Z measurement the

resonant impedance can be displayed without the use of an

external computer.

Computer-controF
led crystal test as-
sembly based on

Vector Analyzer
zPv

Test item

Description (modes)

The ZPV is of modular construction; the tuner is therefore

exchangeable.

zPv-E-3
$rurrr'rr

zPv-E2

o

o

a

e

1 i_ì

tL]

o

Exchangeable
tuners for ZPV

o tr¡ ¡ {l-ntÒF
in¡-a;sl'¡r-r'!
i rìi '*''rõ¿¡'
ã: Õ:¡
I ¡ -:;r'¡ a 41'ú¡
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'_l
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Ir¡

f,

lerm i nat ¡on

ferm¡nat¡on
RNA

A
lnsert¡on adapter

Vector
Analyzer
zPv

Two-port measurement based on lhe voltage method

Group-delay measurement

Combined with an FSK generator the ZPV can be used to

mesure group delay with high resolution (typ. 1 ns). From the

phase variation resulting from the frequency shift, the equip-

ment calculates the group delay and gives a direct readout in

nanoseconds. An automatic calibration routine calibrates the

frequency shift of the signal generator.

Tuner ZPV-E1. The ZPV-E1 covers the frequency range

from 10 Hz to 50 MHz. lt has a wide dynamic range and is
suitable for use at low frequencies - e.g. measurements on

control loops and in acoustics - as well as for video measure-

ments, group-delay measurements and impedance meas-

urements from the VLF to the HF range'

The ZPV-E1 has two high-impedance inputs fitted with BNC

female connectors permitting connection of probes or 10:1

attenuator probes (e.g. the R&S 10:1 Attenuator Probe

UTKS). lnsertion adapters enable measurements in systems

using 50-O coax too, for instance impedance measurements

with the VSWR Bridge ZRB.

-9,-^-ç
.#",,
o,{,*t,

/-

-8-
B ca I i brati on )

RNA

¡temTest

Un¡versal
Pr¡nter

Process
controller

Aîalyzd
zPv

-

Control
amplil¡er
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4 VECTOR ANALYZERS

Vector Analyzer ZPV - measuring procedures

Vector Analyzer ZPV l¡tted w¡th Tuner ZPV-E3 used for filter measurement
according to T-iunction method

Tuner ZPV-E2. The ZPV-E2 covers the frequency range of
100 kHz to 1 GHz (typ. 1.2 GHz). lts two associated probes
permit voltages to be measured with high impedance. Inser-
tion units are combined with the probes for measurements in
coaxial systems. Directional couplers can also be connected
through the insertion units.

Tuner ZPV-E3. The ZPV-E3, in conjunction with the basic
unit ZPV, permits vector measurements, two-port measure-
ments and group-delay measurements in coaxial systems
over a wide range of frequency and signal level. lt is thus
possible to take full advantage of the measuring and proces-
sing capabilities offered by the ZPV (see page 142). Ihe
frequency coverage of 300 kHz to 2000 MHz is twice that of
the tuner with probes, ZPV-82, and thereby considerably
extends the range of possible applications of the basic unit.

The input impedance of the test inputs, which are fitted with
female N connectors, is 50 O. This permits simple and
straightforward test setups since the test circuits used can be
connected directly to the ZPV-E3. There is no need for the
insertion unit and associated termination required with the
zPv-82.

Description ol ZPV Tuners

Wth the Tuner ZPV-E1, a frequency counter determines the
precise input frequency and a microprocessor drives the
mixer/oscillator in order to obtain an intermediate frequency
of 20 kHz. Narrowband filters extract the desired frequency
spectrum, the filters being automatically connected depend-
ing on the input frequency and input level.

The Tuners ZPV-E2 and ZPV-E3 convert the input signals of
the channels A and B with the aid of two sampling mixer
stages over a wide frequency range to an intermediate
frequency ot 20 kïz, the fundamental of the input signals
being retained with amplitude and phase fidelity. The shape
of the curve is also more or less retained unless the spectral

netwonk analyzens

components of the input signals exceed 1000 or 2000 MHz.
The lF signals are available at the outputs of the basic unit.
Only the fundamental is used for signal evaluation. The
tuners cover 14 frequency subranges. The required sub-
range is selected either manually or automatically under the
control of the basic unit. Tuning to the fundamental of the
input signal of channel A takes place automatically within the
subranges. Channel B is then tuned to the same receive
frequency.

Measuring methods

Reflection-coefficient and impedance measurements can be
made with directional couplers or VSWR bridges (figure in
the middle) or by the simple T-junction method (top), a new
measuring method that greatly simplifies the test setup and,
as a result, drastically cuts down its costs. After entry of the
type of desired test setup at the push of a button on the basic
unit the parameter of interest can be determined using the
calculating power of the internal microprocessor and is read
out digitally. Whereas the entire frequency range of the Tuner
ZPV-EA is utilized with this T-junction method, directional
couplers or VSWR bridges restrict the frequency range
according to their particular characteristics. The last figure
shows how simple it is to carry out transmission-factor meas-
urements.

Legend

1 : Feed-in
2 : Angle piece
3 = T junction

4 : Pair of measuring cables
5 : Two-way plug
6 = VSWR bridge

lmpedance measurement
by the
T-junclion method
(calibralion: term¡nation
¡n place of test item)

lmpedance measuremenls
with VSWF b¡idge
(calibration: shortcircuil
in place of test item)

Transmission-factor
measurements
(calibration: without
test itèm)

G

ZPV. E3

Test
item

G lest
item

Test
¡tem
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S-parameter Test Adapter ZPV-25
I 5 to 2000 MHz
O Measurement of all four s-parameters without modification to the

test setup

O High directivity: 46 dB

O IEC-bus-compalible

ln conjunction with a suitable network analyzer, e.g. the
Vector Analyzer ZPV, the S-parameter Test Adapter ZPV-
Z5 permits measurement of all four s-parameters without
modification to the test setup.

Characteristics and uses

High directivity, wide frequency range. Thanks to the
high directivity of the VSWR bridges of 46 dB, even items
with very small reflection coefficients can be tested. The Test
Adapter covers almost the entire frequency range of the
Tuner ZPV-E3 due to its wide bandwidth of 5 to 2000 MHz; it

can of course also be used with the Tuner ZPV-E2 in the
range 5 to 1000 MHz.

IEC-bus compatibility. The Test Adapter can be control-
led via the IEC bus and thus combined with an IEC-bus-
compatible signal generator and a desktop computer to form
an attractively priced, automatic network analyzer.

rEc
bus

Basic test setup
for automat¡c
operation

'r,iiri:{ ¡iiìfrrì :li jiifì,{: ,i,i,i: ir!,'rtìrlll!ìi:r:. The TeSt Adap-
ter is connected to the RF generator and to channels A and B
of the Vector Analyzer (see above). The test item input and
output are taken to ports 1 and 2 of the ZPV-25.

ln manual operation the s-parameter to be measured is

selected by pressing the corresponding frontpanel key; in
automatic operation it is set via the IEC bus by a desktop
computer, e.g. the Process Controller PUC or the Tektronix
4051, 4052.

The key labeling and the programming commands corre-
spond to the s-parameters to be measured. To measure for
instance the input reflection coefficient s11, S11 is simply
entered via the computer.

Description

Ihe ZPV-25 is of symmetrical design to permit the measure-
ment of input and output parameters. The reference branch
includes a line for compensating the electrical lengths in the
test branches; tedious length compensation by adding a
suitable line section is thus no longer required. lf a test item
cannot be linked up directly to the test sockets ol TheZPY-25,
the input and output of the test item need simply be con-
nected via identical cable sections and a third section of the

VECTOR ANALYZERS 4
zPv-25

Et:r-tr E

Specif ication s ol ZPV -25

Frequency range
lnputandoutputimpedance ... . ...

lnput loading
D¡reclivity
lnsertion loss

RF input- reference outputA . . . .

ports 1, 2
test output B

Measuremenl enor
Varialion with frequency of
magnitudes ol rellection coeffi-
c¡ent and transmission factor . . . .

Frequency-proporlional
phase error

Measuremenl error due to
¡nherentreflecl¡on .......

Phase error due to inherent
reflection

VSWR
mismatch (ports 1, 2)

Relay swilching t¡me
Programming

Syslem ..

Factory-setaddress ......
lntelâce lunct¡ons

Gêne¡al data
Ratedtemperaturerange . . . .

Opèrat¡ng temperature range .

Storagetemperalure range . .

AC supply

D¡mensions,weight ........

Ordering information

Orderdesignatlon........ .

Becommended extras
IEC-busCablePCK, 1 m ......
Prec¡s¡on Term¡nation RNA, 50 O
Termination RNB, 50 O;
onlyrequiredwilhZPV-E2 ... ..
Shorlc¡rcuit connector 50 O (N)
Pa¡r or Test Cables ZPV-24;
onlyrequiredwithZPV-E3 .....
DCFeedUnitZPV-26 . ........

For computer-conlrolled
operatlon

e

5 to 2000 MHz
50 ç),
N female conneclors
<0.5 w
46 dB

8dB
15 dB
22 dB

< +1.2 dB (dillerenceJrequency
responsê between lest output B and
reterence outpul A)

+6'x I (f in GHz)
(between lesl oulput B and reference
output A)

< +0.05 x lrl2(up to 1000 MHz)

= 
a0.t x lrlz (up to 2000 MHz)

where r ¡s the rellecl¡on coeflicient of
the lest item

rEc 625-1 (IEEE 488)
24-way Amphenol connector
23
AH1, 12, RLl

+18 to +30"C
+10 to +45'C
-45 to +70"C
115t 125t 220t235 V +10%,
47 to 44O Hz (25 VA)
492 mmx116 mmx514 mm,7.7 kg

> S-parametèr Test Adapter
zPv-zs 335.1 1 12.50

292.2013.10
272.4510.50

272.4910.50 (2 unils required)
01 7.8080.00

335.1 012.50
265.351 2.02 (spec¡f ications

see below)

Basic Software and S-parameter
Accuracy-improvement Software see
pages 148 and 152

t6'x lrl2 (up to 2o0o MHz)

r 31Oo/o (uo to 1000 MHz)
t <15o/o (up to^ 2000 MHz)
30 ms (lile: 1 x 10o switching actions)

o

@ 6t (t

same lenght inserted into the reference branch. To provide a
power supply for active components, two DC Feed Units
ZPV-26 can be connected.

I

eô

Spoclflcations of DC Feed Unn ZPV-26
Frequencyrange ....... 5to2000MHz
Voltage/current(max. values) .... . 50 V/200 mA
Connectors: RF 50 O, N female

RF+DC ...Nfemale
DC .... .... telephoneiacks(4mm)

IEG625Elus

AB

IO
fest item

RF 1

zPv-25

Vector Analyzer
zPv

RF sig. gen.
5 to 2000 MHz

Pa¡r of Test Cables ZPV-24

Desktop coflìputer
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4 NETWORK ANALYZERS

ZPV + computer

Computer-controlled Network Analyzer
I 10 Hz to 2000 MHz
O Fully automated measurement of all two-port parameters

O Graphic display

O High measurement rate

O Expandable with IEC-bus-compatible equipment

System configuration, characteristics

When combining the Vector Analyzer ZPY with a program-
mable frequency generator and a controller, a fully automatic
network analyzer system is obtained.

Controller. For controlling the ZPV, the Rohde & Schwarz
Process Controller PUC and the Tektronix Systems 40b1 and
4052 are especially well suited. For details on computers see
section 1. ln addition, the HP 9835 and HP 9g4S computers
can also be employed.

Generator. Various Rohde & Schwarz generators are suit-
able for use with the ZPV. For somewhat less stringent
frequency-accuracy requirements, the Power Signal
Generator SMLU can be used in the range from 25 MHz to 1

GHz. The Synthesizer Generator XPC and the Signal
Generator SMS permit precision measurements in the ZpV
range up to 1 GHz. The Sweep Generator SWp which covers
the entire frequency range of the ZPV Tuner ZpV-E3 is also
suitable. The Generator SPN is available for network analysis
in the AF range.

Software. For this combination of instruments, Rohde &
Schwarz offers easy-to-handle software (see pages 147 and
148) so that a minimum of time is required to get acquainted
with the application of the network analyzer. The preprogram-
med measurement and display modes can be called up with
code numbers. Graphic display in particular shows the effi-
ciency of the basic software: the curves plotted can be made
available directly as hardcopy documentation (for examples
of programming and graphic display see to the right).

The resulting automatic network analyzer system (see figure
above) is superior in many respects to the computer-control-
led systems used hitherto: the high intelligence of the ZpV
makes operation and programming simple and easy to

ncltrrvonk analyzens

understand. The test speed, in particular for impedance and
admittance measurements, is very high since computing and
control are performed to a large extent in the ZPV at optimum
speed.
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Coupl¡ng attenuation of a directional coupler represented in polar
(top) and in cartesian coordinates (bottom); output on hardcopy
rèduced scale)
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Measurement capabilities, operation

The system fully automates all measurements that are possi-
ble with the ZPV, i.e. depending on the ZPV version:

voltage measurements by magnitude and phase,
s-parameter, impedance and admittance measurements,
group-delay measurements.

Comprehensive basic software facilitates not only the opera-
tion of the analyzer system but also programming. The user
need not learn any programming language. Ready-made test
routines can be called up by means of code numbers.

Basic software

The Basic Software (ZPV-K1 , -K4 or -K10 depending on
type of computer) perm¡ts both easy programming of point-
by-point measurements as they are required for final inspec-
tion and graphic display of continuous frequency-dependent
curves (for two examples of such curves output on the
hardcopy unit, see preceding page). There are different ways
of outputting the test result: numerical display on the screen
or by a printer and graphic display on the screen or output on
a hardcopy unit. Comparing of nominal and actual values is

also possible. For the table compiling the setting commands
see below and for an extract of the list of code numbers
associated with the Basic Software see righthand column,
top.

Accuracy-improvement software permitting high-accuracy s-
parameter measurements is available for the recommended
computers (see next page).

Setting commands

amplitude range
frequency range
tendency indication OFF
tendency indication ON
frequency value
recorder output OFF
recorder output ON
phase otfset
high measurement speed
low measurement speed
external triggering
internal triggering
reference value (10 ASCII characters)
device status word (10 ASCII characters)

Computer-conlrolled network analyzer assembly comprising Vector Analyzer
ZPV, Sweep Generator SWP (synthesizer), S-parameter Test Adapter ZPV-25
and Process Controller PUC

NETWORK ANALYZERS 4
Extract of code number list for Basic Software ZPV-KI

As an example only the input data and the graphics output
are listed in detail (for complete list see data sheet 292401).

Program start Y : 1 generator SMPU
Y: 2 generator SMLU
Y: 3 generator SPN
Y:4generatorSMS
Y: 5 generator XPC/SMPC
Y: 6 generator SWP

lnput data

Test frequency
Test level
Shift of reference plane
Belaìrve dieleclric constant
Sweep slaÌ1 irequency
Sweep stop frequency
Sweep slep width
Number of markers
Frequency devialron lor group
delay measuremenl

t9Ø
2Ø¿)
?1¿r
2?us
23Ø
24i)
23Ø
2F,Ç)
27çs
288
29it
3çJFJ
3TE)

Physical unil

lr4Hz

dBm
cm

Code No.

2
3
6
7
I
10
'I 

1

13

N/Hz
t.4Hz

lr/ Hz

kHz

Operational settings
Calibrat¡on/reference values
Output of single-shot measurements
Output of swept-frequency measurements
Program execution

lndividual measurements
Vector measurement
Parameter measurement
Group-delay measurement
DC voltage measuremenl

14

17 lo 26
27 lo 31
33, 34
35, 37
39 to 43

45 to 59
62 to 78
82, 83
s4

øø

AR.
FR.

GO
G1

HZ.
KO
K1

PO
SH
at

TE
TI

TR
tò Lø

?ø
3Ø
4çJ
5ø
6Ø
7çJ
'dçJ

Graphic display

Diagrams

Graphic data output
Smilh charl or polar coord nales
N¡agnitude (rea component)
in carleslan coorclineles
Phase ( maginery componenl. group delay)
in carlesran coordrnates

85 to 92

Example of programming for Tektronix Graphic Computing
System 4051 using Basic Software ZPY-K1

96

97

98

a¡
1

1
t
I

L

1
1

1
1

t

INIT
'/=t
Gogue 1

'(= LØ
GOSUE 9
'l=9Øú
CÛ'JUE 1Ú
'/= 18
Gú'.¡tl? i 1

cú9úú 78
'l I=-6uJ
I 

'-VJ,-,-- ¡l ^ -. ll-ra- !'r
T 9=" ri.u?P ELt)ÉìEt,lP,
¿úi;vú 9ut
Gú::Ut !7
t L -- !P)t)
'í ¿= 4v)ú
'/f = " GR "
GÜSUS 92
Cû!;Ug :,u
EHD

?Ir-HTlt."
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4 VECTOR ANALYZERS

ZPV Software

High-accuracy s-parameter measurement
using accuracy-improvement software lor ZPV

The accuracy-improvement software (see righthand col-
umn and recommended extras) for use with the Network
Analyzer (page 146) permits fully automatic and extremely
accurate s-parameter measurements over the entire fre-
quency range of the tuner plug-ins.

ïhe accuracy-improvement software includes the proven
elements of the basic software (page 147) plus an extension
to enable corrected measurements. For this purpose, the test
setup is measured prior to the test run using calibration
standards. During the actual measurement the readings
obtained from the ZPV are corrected in the desktop computer
using the values specific to the test setup that were deter-
mined during calibration. The high-accuracy test result is
displayed graphically or numerically on the screen of the
computer.

Sources of error, requirements for correction. Basically
measurements of the transmission factor and of the reflection
coefficient have to be distinguished.

ln transmission measurements errors are caused mainly
by the frequency response of cables, test adapters and the
instrument itself. All frequency-response errors can be elimi-
nated by the so-called simple error correction.

ln reflection measurements - using bridges or directional
couplers - there are three main sources of error: a) directiv-
ity, b) mismatch at the test port, c) frequency response or
frequency-dependent coupling attenuation between the test
port and the test output. These errors are eliminated by so-
called three-point error correction (using the accuracy-
improvement software dispenses with the coupler in the
reference channel).

îirnple i:rrr¡r c;orrecti('rir can be used both for transmission
measurements and reflection measurements with insertion
heads or T junctions in the region of lr l: 0. lt is based on
the capability of the ZPV to perform measurements related to
a reference value. For measurements over a wide frequency
range, the reference values are stored in the desktop com-
puter.

îiir er::-1.roiirt i:iior' ùù¡ iectir,r.ì iS employed exclusively for
reflection-coefficient measurements using bridges or direc-
tional couplers. ln this case the ZPV readings are converted
in the desktop computer after the correction factors have
been established in the form of three complex constants by
calibrated measurements (K, for the directivity of the test
bridge, K2 for the frequency response of the test setup and K3

for the reflection coefficient of the bridge test port).

3-POINT ERROR CORRECIION

ß.ll /0¡v
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Example of s-parameter correction software

for the desktop computers

PUC from Rohde & Schwarz,
Tektronix 4051 and 4052,
Hewlett Packard 9835 and 9845 (no graphics)

Measurements Physical unit

45 51 1 or s22 measurement without correction no dimension, degrees
46 51 1 Or S22 measurement with correct¡on no dimension, degrees
47 s1 1 or s22 measuremenl w¡th 3-point correction no dimension, degrees

49 Szl of Srz
50 Szl oI Stz
51 Sur OI Sp
53 Szl OI Slz

measurement without correction
measurement without correct¡on
measurement with correction
measurement w¡th correction

54 B/A measurement w¡thout correction
55 B/A measurement without correction
57 B/A measurement with simpìe correction
58 B/A measurement with simple correction

corresponding to page

Frequency range
Resolulion.
Measurement capab¡l¡ties . . .

146

Dynamic range
(depêndlngontune4 .... -..
Minimum input level with

ZPV-E3 .

zPv-82 .

ZPV-EI .

Display .

T¡me required
lor d¡splay of complete locus

for complex measurement
Programming

no dimension, degrees
dB, degrees
no d¡mensìon, degrees
dB, degrees

no dimension, degrees
dB, degrees
no dimension, degrees
dB, degrees

10 Hz to 2000 MHz
depending on signal generalor
voltage lin or log, veclors in polar or
carlesian coordinates
s parameters; impedance/
admitlance; group delay

-110 to +1 10 dB

5pV
3pV
1¡V
dig¡tal and graphic

10 to 20 s (about 50 measuring
points)
200 ms for levels >100 trv
IEC-bus (lEC 6251), IEEE 488

59 Z-measurement without correction
ô1 Z-measurement with simple correction
62 Z-measurement with 3-point correction

Measurements using S-parameter Test Adapler ZPV-25

70 Sjr measurement 73 S21 measurement
71 S22 measurement 74 s12 measurement

Calibration

33 calibrat¡on for simple correction
35 calibration lor 3-point correclion
63 calibration for simple correction
65 calibration for 3-point correction

only for logarithmic diagram

Numerical output of measurements

37 output on display
38 output on printer

Specifications

Automatic Network Analyzer

r), jo
(), io
(), jo

1,05

t.

l.t

9,95

9,9

','r Tir (lÔRßEC i lrl

OH{E ÍORREXIUR

!t l|ot,Ì conRf:(ì i totl

Beflection
measurement
w¡th and without
three-point
error corrèclion

fø6,

148
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Specifications

ZPV basic unit

Display of measured quantities

Vector measurement

f, Polar-coordinate represenlallon
Magnllude ol voltagê (channel A or B)
Lin indication 

1# [Slll,,:"""lins 
dec¡mal poinr,

Log ¡nd¡cat¡on (absolute) ¡n dBm
(0 dBm conesponding to
1 mwintoSoo) 4 digits, resolution 0.1 dB
Log ¡ndicalion (relativê) in dB . . . . . . 4 digits, resolution 0.1 dB

rnd¡cation of rererence varue for 
(lor values <1 dB: 0'01 dB)

relat¡ve vollage measuremenls
indBm.. ......4digils, resolulion0.l dB

Magn¡tude of rat¡o
L¡n indicat¡on 3 digits w¡th lloaling decimal point,

max. resolut¡on 0.001
4 digils, resolution 0.1 dBtog indication

VECTOR ANALYZERS 4

Group-delay measurement

p Cartesian-coord¡nale representalion
Lin ¡ndicaì¡on

Cal¡bration of reference
phaseandlevel......,

s-parameter measurement

Test method

Calibration of reterence
phase and level
Characteristic ¡mpèdance

Phase
Beadout¡ndegrees .......
Range ..
lndicat¡on of phase relerence
value in degrees

Log indication of magnitude .

lndicat¡on of phase ¡n degrees
VSWR..

4 digits, resolution 0.1'
-180 to +180"

4 digits, resolution 0.f"

3 d¡g¡ts w¡th floal¡ng decimal point,
max. resolulion 0.001

automat¡c by pushbutlon

for frequencies <100 MHz:
direct voltage measurement
lor frequencies >100 MHz:
use of d¡rectional coupler or
VSWR bridge

automatic by pushbutton
50 O/75 O, switch-selêcted

lndication

Frequencyshift . . .

Measured quantities
Modes

Programming

T6, TE6

L4

sRl ....
DCl ....
DTr ....
lìmlng (typical values)

T¡mêrequiredtoraddressing . ..T¡mê 
requ¡red lor data lransfer .

Pêriod between recept¡on
ol lalker address and output
of lirsl data word
Max. data oulput lime/character

Code. . .

Figurerepresentat¡on ........
Dellñlters

Test outputs

X and Y outputs fo¡ reco¡der
Oulput-voltagerangè ........
Output impedance
Conneclor

lF outpuls for channels A and B
Output frequency
Output impedance
Conneclor

DC voltage test lnput
lnpul vollage range
lnput impedance
Connector

r and q output for narrowband sweeping
Ouþut vollage range r
Oulput vollage range g
Outputimpedance ...
Testbandwidlh ......
Connector

3 dig¡ts w¡th floating dec¡mal point,
max. resolution 1 ns
O.4 I 4 I 40 kHz, switch-selected
group delay and group-delay variat¡on
single.shot and continuous
measuremenl

rEc 62s-1 (IEEE 488)
24-way Amphenol

talker capability w¡th secondary
address, series polling and
automatic unaddress¡ng
listener capabil¡ty w¡th aulomal¡c
unaddressing
sery¡ce requesl (switch-selected)
device clear
device trigger

1Fs
0.5 lo 2 ms

0.5 ms
0.5 ms

lso 7-bir
decimal

16 d¡tferent characlers can be sel
(faclory sett¡ng: CR)

0to+1.25VDC
1ko
BNC

0tof VDC
-0.5 to +0.5 V
lko
1 kHz (30 Hz lor channel B voltæes
<100 pV)
BNC

System ..
Conneclor

20 kHz
1kn
BNC

I Polar-coordlnate representallon
L¡n ¡ndicât¡on ol magn¡tude . . 

i*: Hth 
Jloal¡ng decimal point,

0 to +'10 V, resolut¡on 2.5 mV
>100 ko
BNC

4
4
4

digits,
digits,
digits

resolulion 0.1 dB
resolution 0.1'

w¡th floating decimal point

p Carteslan.coordlnate representallon
un indicat¡on 

1*: lse:llL,å"^"åns 
decimal po¡nt,

lmpedance or admittance measurement

Characlerisl¡c impedance . . . . . . . . . 50 O/75 O, sw¡tch-selected

ll Polar-coordinale representallon
Absolute ¡nd¡calion of magnitudeinoorms 

1*:lå#lL''j"""ålìt,iîiü:'å"J'
Normal¡zed indicat¡on of
magnitudê .....4digits,resolution0.01
lndicalion of phase in degrees . . . . . 4 digils, resolution 0.1"

p Carteslan-coordlnate representatlon
Normalizedind¡cat¡on..... 

*:|lî'lseJlthjloatingldecimalpo¡nt,
Absolute indicat¡on ¡n
o'koorms'¡rs "'" å*lE$ilåi1in,Íîiiî'lg"'

For specifications of ZPV plus Tuners ZPV-E1 to E3
see next page

General data (basic unit)

Ratedtemperaturerange ......
Storagetemperaturêrange ....
Power supply

Overall dimensions (WxHxD)
Weight (including options and
Tuner ZPV-E2)

+10 to +45'C
-40 to +75"C
1 1 5 I 125 I 220 I 235 V + 1 00/o,
47 lo42OHz(110 VA), safetyclass 1

(VDE 0411 or IEC 348)
492 mmx161 mmx514 mm

16 kg

For order deslgnatlons see page 152
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4 VECTOR ANALYZERS

Specifications ZPV plus Tuner

zPv-81

neËvvork analyzens

Frequencyrange ..
Frequency subranges

Range overlap
Range sett¡ng
Tuning ......
Hold range

Resolution ol ¡ntemal frequency counter
(frequency output only via IEC bus) . . . .

Swepl operation
Maximum sweep rate. . . . .

lnput impedance

lnput voltage w¡lhout demage
atlenuatlon

10 Hz to 50 MHz
10 Hz to 25 kHz
(no swept operation)
20 to 80 kHz
70 to 170 kHz
150 to 360 kHz
320 to 730 kHz
670 kHz to 1.5 MHz
1.3 to 3.1 MHz
2.8 to 6 MHz
5.6 lo t2 MHz
lf to 25 MHz
22lo 52 MHz

lyp. 10%
automat¡c
automalic lo signal
at SYNC input

0.1 Hz (f <25 kHz)
1 kHz (f >25 kHz)

2MHzls (f >100 kHz)
0.2 MHz/s (25 kHz <f <100 kHz)
A, B, SYNC input:
l Mo ll fTpF

10 V (AC), +30 V (DC)
>100 dB (50 Hz f <5 MHz)
>95 dB (5 MHz <f <40 MHz)
>90 dB (f >40 MHz)

1V,
9.999Vw¡th10:l probe
and Uxl0 buttons pressed
max. 1 V

10Hz 4kHz 25kHz 50MHz
l+

50 mvr):
+0.1 dB (20 Hz <f <1 MHz)
+0.2 dB (1 MHz <f <10 MHz)
+0.3 dB (l >10 MHz)
(see also table on page 151)

-110 to + t 10 dB

+1.5% (Vm >l mV)
+5% (100 ¡rV <V6 <1 mV)
(see also lable on page 151)

+2o/" (l >20 Hz)

see also lable on page 151
and footnote')
-180" to +180"

<0.5" at Va : Ve : 50 mV
see table on page 151

reference lrequency 100 kHz

see table on page 151

<O-1Yo

w¡thin frequency subranges
0.3 to 3 MHz/s
3 to 30 MHz/s

probès:50 kO ll 2 pF
w¡th 100:1 atlenuator
probe: 6 Mo ll 2 pF
3 v (AC), +50 v (DC)
>100 dB (l <500 MHz)
>80 dB (f >500 MHz)
(refered lo signals
at probe t¡ps)

1200 ¡rV, typ. 400 ¡rV (f <1 MHz)
a00 t¡V, typ. 150 ¡rV (f >1 MHz)

3 pV, typ. 1 ¡rV

0.3 V (f <l MHz)
1 V (f >1 MHz)

0,1 MHz 1000
l+

<1 MHz)
>1 MHz)

50c)
VSWR <1 .2 (up to 1.5 GHz)

<1.9 (up to 2 GHz)
5 V*, +15 V (DC)
>100 dB (f <500 MHz)
>80 dB (500 MHz <f <1000 MHz)
>70 dB (f >1000 MHz)

1200 pV, typ. a00 ¡rV ( <1 MHz)
'1000 ¡rV, typ. 300 ¡rV ( >1 MHz)

5 FV, typ. 3 FV

0.3 V (f <1 MHz)
1 V (f >1 MHz)

MHz 2000

100 mV:
+0.2 dB (f <100 MHz)
+0.5 dB (100 MHz <f <500 MHz)
+1.2 dB (500 MHz <f <1500 MHz)
+1.21-2.3d8 (f >1500 MHz)

-9O to +70 dB

1.s% (at f >1000 MHz
for Vñ <0.3 V only)

+3% (f <500 MHz)
+6% (500 MHz <f <1500 MHz)
+12% (1500 MHz <f <2000 MHz)

-180" to +180'

<0.5" at Vr = Ve = 100 mV
< +1" (f <100 MHz)
< +4" (100 MHz <f <500 MHz)
< +6" (500 MHz <f <f500 MHz)
< +12" (1500 MHz <l <2000 MHz)
reference frequency 10 MHz
<0.05"/dB
<3" over entire range
(fefened to 2x 100 mv at bolh test
¡nputs)

<o.t%

zPv-E2 ZPV-E3
(accuracy specif¡calions apply with frequency autorang¡ng switched off)
0.1 to f 000 MHz 0.3 to 2000 MHz
0.1 to 0.3 MHz 0.3 to 1 MHz
0.3 to I MHz 1 to 2 MHz
1 to 2 MHz 2lo 3 MHz
2to3MHz StoOMHz
3 to 6 MHz 610 l0 MHz
6 to l0 MHz 10 to 20 MHz
10lo 20 MHz 20 to 30 MHz
20 to 30 MHz 30 to 60 MHz
30 to 60 MHz 60 to 100 MHz
60 to 100 MHz 100 lo 200 MHz
100 lo 200 MHz 200 lo 30O MHz
200 to 300 MHz 300 lo 600 MHz
300 lo 600 MHz 600 to 1000 MHz
600 to 1000 MHz 1000 to 2000 MHz
nfp.1o% typ.10%
automatic or by hand
automat¡c to s¡gnal ¡n channel A

0.2 lo 0.4 MHz (f <1 MHz)
1 to 3 MHz (f : 1 to 1000 MHz)

(f
(f

Maxlmum
Crosslalk

ChannelB .. -

SYNC channel

Maxlmum measurable lnput voltage
Channels A and B

SYNC channel

Test bandwidlh (selectable as desired
v¡a IEC bus)

Vector measurement

þ Polar-coordinale represenlat¡on

Magnltude of voltage
Measuremenl enor wilh constant
input level of .

Magnltude ot rat¡o B/A
Measurement range within permiss¡ble ¡npul
level range
Readout error at fixed frequency

with calibration button (linearity)

without calibration button
(diference between A and B)

Phase

lnput sens¡tivlty
ChannelA .....

Measuremenlrange ......... -
troniinéariÇ âirxü r'eq"L'"ó'tié"er'áódrùä
lo both tesl inpuls)
Effecl of frequency variation .

5 ¡rV (30 Hz <l <50 kHz)
1 ¡rV (50 kHz <f <25 MHz)
3 ¡rV (l >25 MHz)
same as channel A
20 mV (f <25 kHz)
10 mV, typ. 6 mV (f >25 kHz)

tIr

0.3

100 mV:
+0.4 dB
+0.2 dB
+0.6 dB
+1.5 dB

(f <0.3 MHz)
(0.3 MHz <f <100 MHz)
(100 MHz <f <500 MHz)
(f >500 MHz)

Effect of level variation

p Carteslan-coord¡nãte reprcsentalion
Enorol polar+ carlesianconversion . . . . .

-90 to +70 dB

+1.5% (at f >250 MHz
for Vn <0.3 V only)

+3% (f <100 MHz)
+6% (f >100 MHz)

-180" to +180"

<0.5" at Vr : Ve : 100 mV
< +3" (f <0.3 MHz)
< +l'(0.3 MHz <f <100 MHz)
< +4'(100 MHz <f <500 MHz)
< +6'(500 MHz <f <1000 MHz)
reference frequency 10 MHz
<0.05'/dB
<3o over entire range

<0.1%

1) Add¡tional measurement eror at 20 kHz due to d¡rec{ reception ot ¡nput frequency: 1 % and 0.6"
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ncltvvonk analyzens

s-parameter measurement
Measurement ranges and measurement
erfors . . .

lmpedance/ admittance measurement

Measurementeror .... ..
Measurement range

Zmeasurement.......
HIGH-Z button pressed

Ymeasurement ..... ..
HIGH-Z button pressed

Group-delay measurement

Frequency shltt 40 kHz
Measurementrange .... ..... ...
Measuremenl enor (for V" >30 mV)
Frcquency shift 4 kHz
Measurementrange ..... . ......
Measurement enor (for V" >30 mV)
Frequency shin 400 Hz
Measurementrange ............
Measurement eror (tor V" >30 mV)
Measurement shlfl 

^t 
as des¡red

Measurementrange ............

VECTOR ANALYZERS 4

ZPV plus Tuner

ZPV-EI ZPV.Ez ZPV.E3
(accuracy spec¡lications apply with frequency autoranging switched off)

see veclor measuremenl of magnitude of ratio and phase; in addition, errors and measurement limils of the test setup
used musl be taken into account

0 lo 9999 O
0 to 9999 kO
0.1 to 9999 mS
0.1 pS to 9999 mS

see vector measurement of magn¡tudo of ratio and phase

same as for ZPV-E1 same as for ZPv-El

Resolution of internal frequency counter

Measurement times

ïme required for
synchron¡zation (aulom.)

vector or s-parameler measurement

¡mpedance measurement

group-delay mêasuremenl

I to 10,000 ns, resolution t ns
< +3% +3 ns (f >25 kHz)

10 ns to 100 Fs, resolulion 10 ns
< t3% 130 ns

100 ns Ìo 1 ms, resolution 100 ns
< +37o +300 ns

10 ns to 9999 Fs,
resolulion l0 ns (f >25 kHz)
1 ns to 9999 trs
resolulion 1 ns (t <25 kHz)
0.1 Hz (f <25 kHz)
1 kHz (f >25 kHz)

f <25 kHz: none
25 kHz <f <10 MHz: 15 ms
10 MHz <f <50 MHz:30 ms

(typ. 20 ms)
1 0 Hz <l <25 kHz:
see diagram below
25 kHz <f <50 MHz:
35 ms
(1-kHz bandw¡dth,
normal measurement speed)
70 ms
(1-kHz bandwidth,
high measuremenl speed)
same as for veclor measuremenl
+25 ms
same as for veclor measurement
+120 ms (level >30 mV)
+370 ms (level <30 mV)

1 to 10,000 ns, resolution 1 ns 1

< +3% +3 ns (l = 0.1 to 1000 MHz) <

same as lor ZPV- E1

same as for ZPV-EI

<20 ms

to 10,000 ns, rssolut¡on 1 ns
+3% +3 ns (l >1 MHz)

same as for ZPV-81

same as for ZPV-EI

<20 ms

same âs for ZPV-EI

30 ms (level >100 uV 30 ms (level >100 pV)
80 ms (level <100 pV) 80 ms (level <100 pV)

50 ms (level >100 FV) 50 ms (level >100 FV)
't00 ms (level <100 pg 100 ms (level <100 pV)
150 ms (level >30 mV) 150 ms (level >30 mV)
400 ms (level <30 mV) 400 ms (level <30 mV)

General data (ordering ¡nlormat¡on see ne)d page)

Raledtemperalursrange .. . . ... +18 lo +30"C
Operatingtemperaturerange .... +10to+45"C
Storagetempêraturerange . . . ... -40 to +75"C
OveralldimensionsWxHxD) ... 93 mmx105 mmx440 mm
Weight.. ....2.7k9

Eror of vollage and phase magn¡tude whên using Tuner ZPV-EI
as a tunclion of input voflage and frequency. All lhe values spec¡fied
are t values relened lo 50 mV and 100 kHz.

Ì
2.2

same as for ZPV-E1

kg

IhMH2

kg

.l.¡me 
requ¡red for vector or

s-parameler measuremenl over
the frequency range from 10 Hz
lo 25 kHz using Tuner ZPV-E1

Ì
2.2

ñsi00

30

t0

3

3æ pv

100 pV

30 !v

r [kHz]-

0.5 dB 0.9

0-15 d8 03c

0.t dB 0.70

rd8

0.5 da 20

0.5 da 0-5.

0-15 d8 o2o

0. d8

rr d8 5c' 0-6'- I

o6 dB 2'+06" 1

06 d8 o5o+ 0.063. I

0.25 d Ozc+0.060' I

0.2 dA 0-2o+ 0.06ô. I

0.2 dB 0.f+ 0 06'. I

0.2 dB 0. f. O.OF. f

12 ß ASc+0.06o

07 € 0-5o+O05o. t

O35dA O¡+016'. f

0.3 dB 02o+0.06ô-l

O.3 dg 0.1.+ 0.06". I

0.3 dB 0.lo+ oo€P. I
rGHi rest bdwidrh

Paogrammed mod€: nor@l measulem€nl sP
I

tr
I

lh

2OO+z
lest 

-

10 Hz 50Hu 25 tH¡ ¡w2 10 MHz S MHz 1.6
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4 VECTOR ANALYZERS

Vector Analyzer ZPV

Order designations

netìrvonk analyzens

Photos of important extras for ZPV

Order numbers
see lefthand column

lnserlion Adapter
zPv-21

Feed Unit
zPv-22

Pair of Test Cables
zPv-24
(N syslem)

Easlc unil

ZPV without tuner

Tuners

ZPV-EI 10Hzto50MHz .

ZPV-E2 100kHzto1 GHz
¡ncluding 2 BNC adapters

3 ground term¡nals
2 insulators
2100:1 dividers
1 probe t¡p
1 accessory case

ZPV-E3 300kHzto2GHz

> Vector Analyzer ZPV
291.4012.93

Opt¡ons (for retrofitting)

IEc-busoption.......

S-parameter Opt¡on
GrouÈdelay Oplion

Recommended ext¡as
lnsertion Adapter
(N female/male connectors)

Feed Unit,50 O
(connectors: generator - BNC,
others - N female)
D¡rectionalCoupler,4SdB,50O . . .

(BF input: N male, others N female)

...... 303.0510.02

.... .. 292.0010.02
237.5650.00
237_51 50.00
237.5020.02
237.2550.02
237.5520.00
292.0827.00
...... 301.7018.02

zPv-81

zPv-B.2
ZPV.83

zPv-21

zPv-22

zPv-23

29.2.3610.O2
(¡nclud¡ng 2 m IEc-bus
câblès)
292.3810.02
292.3910.02
(¡ncluding calibration
cable for 50 ns)

292.2713.50
(at leasl two units
required)
292.2913.50

292.31 10.50
(at least two unils
required)
335.1 01 2.50
335.11 t2.50
265.3512.02

VSWR Bridge ZRB
I 5 to 2000 MHz

The ZRB permits accurate
measurement of reflection
coefficient for magnitude and
phase and is particularly suit-
able for use in conjunction
with the Vector Analyzer ZPY
(page 142) or the Polyskop
SWOB 5 (page 132).

Directivity
Characteristic ¡mpedance

Reflection coeff icient
at test-ilem connector . . .

Measurementerror. . . . .

Attenuat¡on
lnput to test-¡tem connector
Test-item conn. to output . . . .

l,4ax. load
Dimens¡ons (without connectors)

Order des¡gnat¡on . . . . . . . . . .

Characterislic impedance

Directivity
Measurementerror . . . . .

Transmission loss
Dimensions (w¡thout conneclors)

Orderdesignalion.. ........
50-O model
75-Q model

*j+;þffi

.g?

ç!@ .. á..?
nùtp'rè

ZRB

Pa¡r ol Test Cables, 50 O, N male
S-paramelerÏestAdapter .. ...
DC Feed Unit

VSWR brldges
VSWR Bridge 50 Q

50Q
75c)

Termination
only)

zPv-24
zPv-25
zPv-26

zRB....
swoB4-z
swoB4-z

PUC-21
PUC-22
PUC-z.3

ZPV-K1O
zPv-K1
zPv-K4 .

zPv-R2
zPv-Ks

272.4510.50
1 72.491 0.50
01 7.8080.00
272.4210.50
1 18.28 t 2.00

see page 295
289.8966.00

344.8900.f0
345.201 t.04
345.21 f 1.06
345.2211.O2

385.2819.50
912.7003.00
91 2.7303.00

291 .8818.02
292.2113.O2
292.2413.O2

>46 dB
50 (),
conneclors: N female

<0.09
o.oo5 + o.og É (r = measured rellec-
tion coefficient)Termlnations, atlenualors, couple¡s etc.

PrecisionTermination . . . . . .

Termination
Shortcircuit N male connector
Attenualor, 10dB .........
Adapler, N male/BNC female
Couplers, angle connectors,
Tjunct¡ons .

Feedlhrough
(wilh ZPV-E1

6.5 dB
6dB
0.5 w
66 mmx50 mmx24 mm

Equipment and accessories to expand the ZPV into
an automatic network analyzer
Conlrollers
Process Conlroller

> VSWR Bridge ZRB
335.2819.50

SWOB 4-Z

VSWR Bridge SWOB 4-Z
I 10 to 1000 MHz

For reflection-coefficient measurements in conjunction with
the Polyskop SWOB 5 (page 132) or the Vector Analyzer
ZPV (page 142). Depending on the indicator used, either the
magnitude alone or the magnitude and phase of the reflec-
tion coefficient can be determined.

S-parameter Accuracy-improvement Software for
Proc€ss Controller PUC . . . . . . . . ZPV-K1 f . . 291.89f 8.02

Pucw¡thoul keyboard. . . .

StandardKeyboard.... ..
User Keyboard
PedalSw¡tch

Soflware
Basic Software for

Process Controllers PUC
TeKronix4051,4052 . .

HP 9835 and 9845 . . . .

Tektronix4051,4052 .......
HP 9835 and 9845

Optlons
SecondFloppyDrive .........
RS-232-C lnterface...........
High-resolulion Graph¡cs Adapter
l/O lnterface

Slgnal generalors
Signal Generalor
Sweep Generator
Synthes¡zerGenerator ........
Generator

Addltlonal ¡temg
IEC-buscable, 1 m ...........

292.2213.02
292.2513.02

PUC-82
PUC-85
PUC-86
PUC.B7

SMS
SWP
XPC
SPN

302.4012.22
3rÍ19.0010.02
337.801 4.52
336.30r 9.02

50 or 75 O, connectors: N male (test
item) N female (input/output)
>40 dB
o.0l +o.l z É (r = measured reflec-
tion coeff¡cient)
6.5 dB
57 mmx35 mmx28 mm

> VSWR Bridge SWOB 4-Z
912.7003.00
912.7303.00

345.27't1.O2
343.61 03.02
345.31 18.02
345.281 1.02
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Directional Coupler ZPV-23 for measuring s-parameters

I 1 to 1000 MHz
O High precision due to directivity >45 dB

o Universal applicat¡on with high and low power levels at
test item

a Robust construction

zPv-23

neturonk analyzens

Principle and characteristics

The measurement of current by magnitude and phase (vector

measurement) remains a difficult problem. lt has therefore
become common practice to evaluate derived quantities, i.e.

forward wave (a) and reflected wave (b) instead of current
and voltage.

Forward wave a :

Reflected wave b :

. ¡/Z
,2
_ t\/4

2

These wave quantities can be measured with good accuracy
in a relatively simple way using directional couplers.

The directional coupler, by definition, combines current and
voltage according to these formulas and delivers at its out-
puts voltages proportional to a and b. lt is mainly charac-
terized by its directivity, which expresses in dB the degree to
which a clear distinction is possible between forward wave
and reflected wave.

The Rohde & Schwarz directional couplers here proposed for
s-parameter measurements feature high directivity; it is >45
dB, affording an error <0.6%.

s-parameter measurement. When the input and output
waves (a1, br;az, bz) are measured instead of currents and
voltages at a two-port (see diagram), the s-parameters are
represented by the following ratios:

bl/â1 : s11 lnput reflection coeflic¡ent at port 1 with port 2
match{erminated

b2lfu: s21 Forward transmission coefficient from port 1

to port 2 with port 2 matchterminated

b2lã2: s22 Output reflection coefficient at port 2 with port

1 match-terminated

b1l?2:s12 Backward transmiss¡on coefficient from pon
2 to port 1 with port 1 match-terminated

DIRECTIONAL COUPLERS 4

2\/zL

2\/Zr

For measuring s-parameters one directional coupler for the

input quantities, one for the output quantities and a third
(reference coupler) for the voltage required to form the ratio
are needed.

Construction

The directional couplers are of symmetrical design. lt is

therefore possible to interchange the connections to the test
item and to the indicator, thereby applying alternatively a high

level (e.9. for power amplifiers) or a low level (e.9. for
antenna amplifiers) to the test item. This opens up a wide
range of applications in RF measurements.

Reflection measurement
and Directional Couplers

using Signal Generator SMS, Vèctor Analyzer ZPV
zPv-23

Specifications

Frequency range
Characteristic impedance
(both ends)
Dkectiv¡ty
C,oupling attenuation al 1 GHz .

Max. p€rmissible forward power
Connectors at input

loinslrument -....
totesl¡tem ....,. .

Dimensions,weight .........
Orderdoslgnatlon. , . . ..... .

Recommênded ênras
Termination RNA
I set ol chafls DIN-4,3 format

'I to 1000 MHz

50()
45 dB
3dB
0.5 w
N male
N temale
precision N female

360 mmx150 mmx100 mm, 2.8 kg

> Directional Coupler ZPV-Z3
292.31 10.50

272.4510.æ
274.1619.00

Explanation
of s-parameters

b¡
lmpedanc€ melers and slgnal generators
Vec,torAnalf¿erzPv...... ....... page 142
PowersignalceneratorsMlu . ... page 70
(For other signal generalors see section 2)

bl

Poil 1 Potl 2

o2
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5 FREQUENCY STANDARDS standand-frequency and

Frequency standards
Frequency standards are the heart of many test and com-
munications sets, governing their frequency accuracy. Sup-
plying at least one signal with a very stable period which is
not affected by environmental conditions and which is always
an integral fraction of a second, frequency standards are also
time standards.

There exist primary and secondary standards as for mechan-
ical measurements.

Primary frequency standards produce the output fre-
quency with a caesium beam atomic clock as defined by the
13th general conference on weights and measures of
October, 1967. Such units are used for scientific purposes,
for navigation and for calibration tasks.

Secondary frequency standards are used to a much
greater extent, particularly in electronic measurements and
communications engineering. Their accuracy and stabil¡ty,
though inferior, still amply fulfil the practical requirements.
Moreover, with the aid of commercially available equipment
(frequency controllers, standard frequency receivers and
phase recorders: XKE 2,XKP) the secondary standards can
be corrected at any time by radio - automatically, if neces-
sary - against primary standards. The advantages of simpler
design make up for the reduced accuracy of the secondary
standards: high reliability and relatively low purchasing and
operating costs. Primary standard frequency transmiss¡ons
can be received all over the world.

Class of accuracy. A secondary frequency standard is
characterized by the aging of its oscillator. This is the mono-
tonic frequency drift which is independent of environmental
influences. All Rohde & Schwarz frequency standards are so
designed that the frequency error due to external effects is of
the same order as the guaranteed daily aging. This value
determines the class of accuracy, which is typical of the
quality of the standard.

Stability is the general term for accurate information about
the frequency drift caused by aging and environmental influ-
ences (long-term and short-term frequency stability and fre-
quency drift).

lnstrument models. Rohde & Schwarz makes frequency
standards of different frequency stability to meet a wide
range of requirements. The sets also differ in other features,
such as automatic frequency correction capability (XSD 2,
XSRM), built-in standby battery, higher or lower setting accu-
racy of the frequency trimmer. A suitable frequency standard
can thus be selected for every application.

The frequency standards of high stability (XSC, XSRM and
XSD 2) are designed for continuous operation because aging
decreases with the operating time. Shortness of warmup time
is less important than low power consumption to save the
built-in or external battery. ln contrast, the oscillator modules
XSRB, XSE and XSF have a particularly short warmup time,
small dimensions and low weight.

I
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Class of accuracy +

Belalion between price and accuracy (stability) of frequency standards

R&S line of standard-frequency and
standard-time modules

The new generation of R&S modular standard-frequency and
standard-time units allows economical, customized stand-
ard{requency and standard-time systems to be made up
(overview on page 160).

The individual modules are compact functional blocks that
can be combined into systems exactly in line with technical
requirements. This flexibility permits adaptation to the user's
needs and, moreover, fitting of additional modules if ditferent
technical needs arise at a later date.

Electrical characteristics

All modules are designed for supply with 22 to 32 V DC.
Connection to all conventionally used AC supply voltages is
possible by means of the Power Supply XSRM-Z laid out for
a maximum permanent output current of 1.6 A. The XSRM-Z
contains a 0.8-Ah NiCd cell battery for buffer operation,
which feeds the units connected (e.9. the XSRM for a max-
imum of one hour) in case of an AC supply failure. The buffer
circuit is also effective when modules are fed direct from an
airborne 28 V DC supply.

\[hen a Rubidium, Frequency Standard XSRM and other
modules have a common power supply, the XSRM automati-
cally has priority during its warmup phase (about 20 minutes)
of higher current drain, meaning that the other modules
connected are not fed via the associated connectors during
this period.

t o-8 lo-lo

xsE
xsF

xsD

xsßB

I

¡
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Once the warmup phase is completed, the current consump-
tion of the XSRM drops to about 0.7 A, so that 0.9 A is
available to feed other modules. Only one XSRM can be

operated at a time from one power supply. The standby
power supply of the Caesium Frequency Standard XSC
functions in a similar way, offering 0.55 A for feeding other
modules only after a warmup period of about 20 minutes.
Here again a NiGd cell battery ensures continuity of opera-
tion in case of an AC supply failure.

Connecting cables. Two-pole connecting cables, both
ends equipped with LEMO connectors, are used to convey
the supply voltage from the Power Supply XSRM-Z or the
Caesium Frequency Standard XSC to the modules.

For the connection of two loads to one DC output of the
Power Supply XSRM-Z it is recommended to use the DC

connecting cable with order number 346.2015.02 (0.5 m

long, fitted with LEMO connectors).

Two-pole cables with one LEMO connector and two banana
plugs are provided for feeding the modules from an exter-
nal battery. One such cable is supplied with each module.
RF and control signals are transmitted via coaxial cables with
BNC male connectors.

Typical current drain after warmup al24Y DC and +25"C
ambient temperaturte:

XSRM 0.7 A- XSRM-Z3 O.1B A
XSC 1.05 A XSRM-Z O.O9 A

XSD 2 0.06 A (freq. conv.)
XKE 2 0.40 A CADM w/o 0.25 A

with LED display 0.30 A

.Dur¡ng warmup approx. 1.8 A.

Overview

Construction, functional blocks

The modules are compact units with a front-panel width of

50 mm (XSRM-Z, XSRM-Z3) or
100 mm (XSRM, XSD 2, XKE 2, CADM, Power Supply

XSRM-Z)or
200 mm (XKP)

and a height of 133 mm, in line with DIN and ANSI recom-
mendations.

lndividual modules can þe combined into stable functional
setups (see also page 160 for possible combinations) in the
following ways:

For 19" racks, 19" cabinets, DIN racks
A 19" frame (237.6840.02\, which may be inserted in 19"

racks or lg" cabinets (237.7317.02) or mounted in DIN racks
with the aid of adapters, accommodates any modules of 50,
100 and 200 mm width up to an overall width of 400 mm.

The standard frame has two 50-mm and two 100-mm wide
blank panels screwed to both its front and rear sides, leaving
space for 100 mm module width.

Smaller module groups (except XKP) of 250 mm maximum
width may be incorporated into a smaller cabinet of 5/8 of 19"

width with a fixed frame (237.6040.02). Blank panels of 100

mm and 50 mm for both the front and rear are included.

The Caesium Frequency Standard XSC is always incorpo-
rated in a special 19" frame and delivered with a cabinet.
lnstead of the blank panel a module of 100 mm width (or two
of 50 mm) can be inserted.

Output
frequencies

Frequency standards

5 MHz

5 MHz

5 MHz

Oscillator modules

5 MHz

1 to 10 MHz

Des¡gnat¡on Type Order No.
error
Frequency Slab¡lity

(aging after f0 days
ol operat¡on)

Output
vollage
EMF

Source
impedancè
o

Text
on
page

Module
syslem:
160

158

162

163

168

170

Crystal
Oscillator

xsD 2 283.6010.02

xsRM 238.4011.02Bubidium
Frequency Standard

299.4011.O2XSCCaesium-
Frequency Standard

7 x10-12

<2x10 lolday

<1 x 10 1r / month
typ. <8x1o-r2/month

<3 x10-r2 for the
whole tube life

1V 50/ 1 00

50/ 1 00

2V 50

1 00.5578.02Crystal Osc¡llator XSF

1 00.7641Crystal Oscillator XSE
(complete No.
see text)

xsRB 216.0213.03Rubidium
Oscillator

<5 x10-ro/day

<3x 10 e/day

<2 x 10 rllmonth

0.5 v 500

0.5 v 500

50

5 MHz 170
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Caesium Frequêncy Standard XSC and Digital Clock CADM

While secondary frequency standards, such as the Rubidium
Frequency Standard XSRM and the Rubidium Oscillator
XSRB (which are dealt with later), require recalibration in
spite of their high frequency stability, this is not necessary for
primary lrequency standards.

The Caesium Frequency Standard XSC is a primary fre-
quency standard whose frequency is basically determined by
the beam tube principle so that it requires no recalibration
during its whole life.

I

aa

Block diagram of Caesium Frequency Standard XSC

Characteristics and uses

The XSC is ideal for all applications in which frequency
recalibrationis not feasible, e.g. in mobile use, or where it is
impossible to receive a standard reference frequency.

The Caesium Frequency Standard XSG features the most
modern design, small dimensions and low power consump-
tion. ln the case of AC supply failures, a standby power
supply automatically takes over and is Techarged when the
AC supply voltage is present again.

Extension units

For extending the XSC, the R&S standard frequency module
line is available (see page 160). ln addition to the standard
frequency of 5 MHz, the Frequency Converter XSRM-Z
delivers output signals at 0.1 MHz, 1 MHz and 10 MHz.

Osc¡ I I ator
fine tuning

5 i¡lHz
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Caesium Frequency Standard XSCXSC lSMHz
O Frequency error <7x10-12
O Modular design

O Standby power supply
O Small dimensions

51

Caes¡ um

beam tube

Preampl ifier

Phase
modulator

i\¡lodulation
generatof

Synchronous
detector

Alarm
circuit

lntegrator

12.5-MHz
synthesi s

Osci llator

lrree-runnino
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The Phase Comparator XSRM-23 perm¡ts easy phase com-
parison between the Caesium Frequency Standard XSC and
external test items at the frequencies 11213 to l0 MHz.

ln conjunction with the Digital Clocl< CADM the XSC consti-
tutes a clock of absolute accuracy which can be used for
control purposes and as a mobile time reference.

Operation

The XSC is extremely easy and convenient to operate. A
number of its functions can be readily checked with the aid of
a front-panel switch,. The frequency-determining elements
are protected by a flap to prevent unauthorized access to the
instrument settings.
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Specifications

Oulputlrequêncy .

OutputEMF......
Oulpul impedance
Conneciors.......
Harmonics.......
S/N rat¡o with oflset
lrom carier

1H2...........
10H2..........
100H2.........
1kHz..........

Frequency slabllity
Erorat0to50"C ..
Reproducib¡l¡ty .. . .

Setlingerror......
Long-lerm drilt
(retened to tube lite)
Sho¡t-term drift
lorr=1s

10s.......
100s ......
1000s .....

General data
Operat¡ng temperature range
Storage lemperature raryle
Humidity .

Vlbralion .

Power supply
AC supply

External battery
lnternal

Dimensions,
alone)

per¡od lor caesium
beam tube

Ordering information

Orderdeslgnallon.........

Accesso¡¡es supplled

Optlons (see page 166)

Frequency Converter XSRM-z
Phase Comparator XSRM-23 .

D¡gilal Clock CADM

5 MHz,
w¡th option XSRM-Z:
O.'ll1l5/10MHz
2V*
50l)
BNC female on tront and rear panel
>40 dB down

lèsl bandwidth
'l Hz

=7x10-12<3 x f 0-12

=2 
x f 0-13

<3 x 10-12

3 x l0-lr
1x10-11
5 x l0-12
2x1O-12
5x10-13
3xl0-13

0 to +50"C
-20 to +50'C
max.95% (lor operaling
lemperature range)
MtL-STD-167-1

1151230V +20Vo,
47 to 44O Hz (70 VA)
22lo 28 V, max. ¿10 W
backup time (standby): 0.5 h

492 mmx161 mmx514 mm, 23 kg

3 years

> Caes¡um Frequency Standard XSC
299.4011.02

SOdB ì
120 dB I
140 dB f
r¿o ¿e J
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Front panel of Caesium Frequency Standard XSC

Description

The Caesium Frequency Standard XSC uses a hyperfine
level transition in the caesium-133 atom as a reference to
keep a S-MHz crystal oscillator in phase lock. The caesium
beam tube used is an ultramodern development meeting
higherst requirements with respect to reliability, long life and
other essential characteristics. The 5-MHz crystal osc¡llator
features extremely low noise and aging.

two-core connecting cable (for external battery)
RF connecl¡ng cable (0.5 m, BNC)
connecting cablè (0.1 m, for standby power supply)
power cable

238.0616.02
278.9314.O2
299.6014.02
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5 STANDARD FREQUENCY
MODULES
Standard-frequency module system

standard-fnequency and

Available standard cabinets for housing the modules:

Cabinet
a) 5/a of 19", with frame and

blank panels Þ Order No. 237.6040.02
b) 19", withoutframe Þ Order No.237.7317.02

(required frame must be ordered separately)

Frame
with blank panels, for insertion into
19" racks and 1 9" cabinets Þ Order No. 237.6840.02

Low-priced
precision crystal standaid,
also for mobile use;
long-term drift: <6x 1 0-e/month

Atomic f requency standard,
also for mobile use;
long-term drift: <1 x 1 0-11/month

Test assembly for crystal
oscillator recalibration,
also for mobile use;
long-term drift: <1 x 1 0-11/month

Controlled crystal standard,
for stationary use only;
long-term drift: -5x10-10/without limit,
depending on local
receiving conditions

Test assembly for crystal
oscillator recalibration ;

with controlled crystal standard
for stationary use only;
long-term drift: -5x10-10/w¡thout limit,
depending on local
receiving conditions

Controlled atomic frequency standard,
for stationary use only;
long-term drift: =2x10-11/without limit,
depending on local
receiving conditions;
using phase comparator: test assembly
for crystal oscillator recalibration

The Rubidium Frequency Standard XSRM and the Crystal
Oscillator XSD 2 (if required in conjunction with the Standard
Frequency Receiver XKE 2) are the basic units of a modular
system which can be extended step by step by a power
supply, frequency converter and phase comparator and also
augmented for time indication and clock control with highest
accuracy.

XSD 2 Power
Supply
XSRM_Z

)goo
CPeõ
90
LIO Cab i net

5/8 of 19rl

2

3

Cabi net
5/B of 1 9"

Cabinet
5/8 of 1 9"

4

Cab
19"

5

Cab
19"

6

Cab
19"

XSRM Power
Supply
XSRM-Z

>L(Jc)
CI
9õ¿>
põ
'i- 

(J

XSRM Power
Supply
XSRM_Z

o
('
L

orF
ct=
FETO

XSD 2 XKE 2 Power
Supply
XSRM-Z

)g(J(l)
CIoõ
¿:9õùO

XSD 2 XKE 2 Power
Supply
XSRM_Z

)'goo

9õ
LTO

o
P
(o

o¡PØ-
e6È()

XSRM XKE 2 Power
Supply
XSRM_Z

o
P
(tr

o¡Fø-
F5
o- (J
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Standard-f requency/ standard'ti me'mod u le system

10

11

FREQUENCY/TIME 5
STANDARDS

I

Cab.
19"

Cab
19"

Cab
1g"

Cab.
19"

Cab.
19"

Free-running crystal clock,
particularly low-priced
and suitable for mobile use

Controlled crystal clock,
normal version for
stationary use

Controlled atomic clock,
maximum possible accuracy;
no recalibration required;
for stationary use only

Free-running atomic clock,
maximum accuracy;
for mobile use;
suitable as mobile time reference

Controlled atomic frequency and time standard,
basic equipment for institutes and
laboratories requiring precise
frequency and time signals

I

Cab
19"

Cab
19"

XSD 2 Power
Supply
XSRM_Z

Digital
Clock
CADM

XSD 2 XKE 2 Power
Supply
XSRM_Z

Digital
Clock
CADM

XKE 2

XSRM

Power
Supply
XSRM_Z

Power
Supply
XSRM-Z

Digital
Clock
CADM

XSRM Power
Supply
XSRM-Z

Digital
Clock
CADM

XKE 2

XSRM

Power
Supply
XSRM.Z

Power
Supp ly
XSRM-Z

Digital
C lock
CADM

Phase Recorder
XKP

)rOO
CIqb
(DÃ
tL (J

o
(U
L

c., Fa=:5o- (J
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Rubidium Frequency Standard XSRM
l5MHz
a Long-lerm dr¡ft <1x10-11/month (typ. 8x1O-12)

O High spectral purity of output signal
(signal-to-noise ratio >125 dB)

O High reliability and long life

O Three years guarantee for speclral lamp
and resonant cell
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The design of this compact Rubidium Frequency Standard
is based on R&S's more than 40 years of experience in

building standard{requency equipment. Uplo-date technol-
ogy has been employed, resulting in a very small and favour-
ably priced instrument. ln addition to the excellent technical
performance, high reliability is of great importance, particu-

larly for controlling W transmitters.

The XSRM is the basic, rtnit oÍ l modulai's'/slenl and can
be expanded by a standby power pack (see power supply)
and a plug-in frequency converter which delivers several
coherent frequencies. These 19" subunits form a modular
system and can be combined according to the requirements
(see page 160).

Output Írequerrcy. :;i¡i¡iliiv. The XSRM delivers a S-MHz
sinusoidal output voltage (1 V EMF) of extremely high spec-
tral purity (S/N ratio =125 dB). The frequency drift due to
aging is less than 1x10-11/month. ln conjunction with the
Frequency Converter XSRM-Z frequencies of 10 MHz, 5
MHz, 1 MHz and 100 kHz can be generated.

Description

The XSRM makes use of one of the atomic resonances of Rb

87, an isotope of the alkali metal rubidium. The Rubidium
Frequency Standard operates on the gas-filled cavity-
resonator principle with optical excitation and optical scan-
ning. A precision crystal oscillator is continuously controlled,
compensating for the drift due to aging.

Power supply. The basic unit is for DC voltage. The builtin
stabilizer handles voltages varying from 22 io 32 V.

The optional power pack enables operation from the AC
supply. Should the AC supply fail, a built-in battery automati-
cally takes over and is recharged when AC power is restored
(see page 166).

Applications

Due to its excellent characteristics, the XSRM opens up a
variety of applications, such as

Þ control of standard-frequency and standard-time systems
Þ mobile and fixed radionavigation systems
Þ satellite communications and time multiplex systems

Þ geodesy, research in natural resources
Þ single-sideband transmission at very high frequencies
Þ control of TV transmitters with precision offset
Þ colour TV - central control of studio sync generators
Þ radar systems, signal encoders
Þ calibration of synthesizers and counters.

With its high short-term stability, the XSRM is suitable for

buffer operation of caesium standards, which feature even
higher frequency accuracy but worse short-term stability.

Specifications

Output frequency .

OulputEMF ......
(rear socket)
(front-panel

Harmonics
S/N ratio (at >100 Hz from carrier) >f 25 dB (1-Hz bandwidth)
Non-harmon¡c spu¡ious
frequencies .... >l20dBdown

h- d{_.,?
,þ

..<i.J

Stabil¡ty
Long-term drift

Short-term drift
(standarddev¡at¡on) .... .

Effectof amb¡enttemperature . ..
Eflectof supplyvoltage. . ... .. ..

Frequency correction
Sêtting range

mechan¡cal, w¡lh potenliometer
Setting error.

èlectrical, viaconkol input. . . . .

Nomlnal conditions
Flatedtempera:urerange .. . . . .,
Storagetemperaturerange . .. .

Warmuptimelor^f/f <10 10 . . .

General data
Power supply
Current drain

Ordering information

Orderdesignat¡on.........

5 MHz (sinusoidal)
1V*" +19o¿

4d=50nt10%
4ur=100Q+10%
socket)
>30 dB down

=1 
x 10-11/month,

typ.8x10-l2/month

53x10 12withr= 1s

=2x10-121"C
=2x10 

111100/o

2x10 s

=5x10 
12

1x10-s=0to+l0VDC

-20 to +45'C
-40 to +70"C
typ. 25 m¡n at 25"C

D¡mens¡ons, we¡ghl

22 to 32 V (DC)
max. 1.8 A during warmup
approx. 0.7 A alter warmup at
24 V and +25'C
100 mmx132 mmx390 mm, 3.7 kg

> Rub¡d¡um Frequency Standard
xsRM 238.401 1.02

Recommended extra modules . . . see pages 1 60 and 1 66

Guaranlee per¡od lor spectral lamp and resonant cell: 3 years

*
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Crystal Oscillator XSD 2
0 5MHz
O Classe of accuracy 10 -10

O High spectral purity of oulput signal
a lnput for frequency-correct¡on voltage

The Crystal Oscillator XSD 2 is a particularly low-priced
frequency source in the R&S standard-frequency module
line. lt features low aging and high short{erm stability, and is
very little affected by temperature variations.

The XSD 2 can be combined with any of the other units of the
modular system (see pages 160/161).

When used with the Power Supply XSRM-Z (see page 166)
the Crystal Oscillator has a backup time of more than 6
hours.

ûutpul Írequency. stabilitv. The Crystal Oscillator deliv-
ers a 5-MHz sinusoidal signal of high spectral purity directly
at two outputs (output EMF 1V). The frequency drift due to
aging is less than 2x1}-1olday.

For different frequencies, the XSD 2 can be used in conjunc-
tion with the Frequency Converter XSRM-Z (see page 166)
so that signals of l0 MHz, 5 MHz, 1 MHz and 100 kHz are
available in phase lock.

Frequency correction. The frequency of the XSD 2 can be
corrected with the aid of a calibrated potentiometer and via a
control-voltage input, for instance with the Standard Fre-
quency Receiver XKE 2.

Power supply, The XSD 2 uses 24 V DC, but the built-in
regulator handles supply fluctuations between 22 and 32V
without affecting the accuracy.

a

ç
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Example of application

The combination of XSD 2 plus XKE 2 is a particularly
lowpriced setup for producing precise frequencies for use in
calibration laboratories - although, if the accuracy require-
ments are more stringent, the combination of the Rubidium
Frequency Standard XSRM and the XKE 2 is to be preferred.

Specifications

Output frequency .

OutpulEMF ......
(rèar sockel)
(fronl-panel

XSD 2

O., ' ,,:.,,,., €)', . ::jsñn¡tr

Lr LJ

Harmonics
S/N ratio (al
canier), 1-Hz
Connectors .

>100 Hz from
test bandw¡dth

Stabil¡ty
Long{erm drift

afler 5 days ol cont. operalion .

after 30 days ol cont. operation
Short-term dr¡ft
(slandarddev¡ation) ..........
Eflect ot ambient lemperature . .

Eflect ot supply voltage variations
Eflect of load (open c¡rcuit/so O)

Frequencycorreclion... . ....
w¡th ten{urn potentiometer
on front panel
by exlemal DC voltage
0to+10v

Nomlnal conditions
Ratedtemperaturerange . .... .

Storagelemperaturerange ....
Warmup timefor^f/l<10-8. . . .

General data
Power supply
Curent drain

Dimensions, weight

Ordering information

O¡der deslgnallon . . . . . . . . . .

Recommended extra modules

6 $ r-rr,.:ruroslr'ror ô

5 MHz
'I V-. +1go¿,

4u:50Q+10Yo
4u: 100O +10%
socket)
>30 dB down

>130 dB
BNC female

<5 x 10-to/day
<2 x 10-10/day

<5x10-12forr:Is
<5 xf0-r1/'c
<1x10-11l10yo
<1 x 10-ro

mechan¡cal and electronic

2x1O-7

+4x1O I

-20 to +50"C
-40 to +70"C
1.5 h (referred to frequency
after 1 2 h)

22to32VDC
max. 300 mA (approx. 60 mA afler
warmup at 24 V and +25 " C)
100 mmx 132 mmx390 mm, 2.5 kg

> crystal oscillator xsD 2
283.60f 0.02

see pages 160 and 166
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XSD 2 used in a setup lor calibratirn laboratories
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Standard Frequency Receiver XKE 2
0 10 kHz to 200 kHz
a Recalibration of crystal and atomic frequency

standards

O Selectable receive frequencies (plug-in boards)

O High sensitivity and excellent protect¡on against
intederence thanks to preselection

O ïme-signal output

O Worldwide reception of OMEGA-navigation
transmitters

XKE2 + FerriteAntenna

€

5 FREQUENCY STATNDARDS standand-freqL¡ency and

Specifications

Receive frequency fl

The XKE2 is a universal standard frequency receiver which
perm¡ts control of crystal and atomic frequency standards. lt
is available for all frequencies in the range 10 to 200 kHz,
including the frequencies of the OMEGA-navigation transmit-
ters in use all over the world.

Characteristics and uses

Thereceiver includes a preselection circuit, thus featuring
excellent characteristics w¡th respect to sensitivity and pro-
tection against interference. ln addition, the Standard Fre-
quency Receiver XKE2 uses ALC so that high reliabiliiy is
ensured even under adverse conditions of reception.

Thecombination of Standard Frequency ReceiverXKE2
and the Crystal OscillatorXSD 2 (see page 163) replaces the
time-proven setup XKE/XSD and is a particularly low-priced
solution to the problem of producing precise standard fre-
quencies.

The accuracy is increased when using the combination
XKE2IXSRM (Rubidium Frequency Standard, see page
162). Thanks to the higher inherent stability of the XSRM, a
considerably longer control time constant can be selected,
enabling improved averaging of the frequency variations of
the received signal caused by propagation fluctuations.

The frequency accuracy of theXKE2/XSRM combination
corresponds to an unlimited long-term drift of 2x10-11. The
receiver is designed for a control time constant which can be
extended up to 148 days.

The broadband, active Ferrite AntennaXKE2-21 (see photo)
is particularly suitable asreceiving antenna. lts 50-O output
impedance matches the receiver. The antenna is weather-
proof and can be installed either indoors or outdoors depend-
ing on the receiving conditions; power supply: 10.5 V DC +
10%, max. 6 mA.

Description

The Standard Frequency Receiver comes as a subunit for a
l9" chassis and can be combined with all other modules of
the R&S standard{requency system.

The XKE 2 is equipped with a time-signal output so that when
receiving time-signal-modulated standard-frequency trans-
mitters the corresponding time information is simultaneously
available.

F¡lter XKE 2-Bl
lot 60,75 and77.skHz .. . . . . . . . 299.3015.02
lor other frequencies
(onrequest) ..299.3015.49

Accessorles supplied
1 two-core connecting cable (for extemal battery)
2 RF connecling cables (BNC)
1 @nnect¡ng cable (for control voltage)
1 two-core connect¡ng cable (for standby power supply)

Recommendedexlras .... . ..... Fenite Anlenna XKE 2-Zf
299.351 5.50
RF connecting cable (BNC) 25 m,

lnput vollage of receive
frequency fl

lnput impedance

Conlrolledfrequency12 ..
lnput voltage ol controlled
frequency f2 .

lnput impedance
Capturê range for controlled
frequèncy l, (^f/f)
Controlt¡meconstant .....

Conlrol ¡npuls
]jme-conslantswitching . . . .

Conlrol slop

Receivèr-sensitiv¡ty switching

Outputs
Conlrolvoltage .

Phase difference

Rece¡ved-signal level

lime signal
Fault signal
1 -MHz standard lrequency

General data
Phase error as funclion of
ambienttemperature .......
Raledtemperature range . . . .

Sloragetemperaturerange ..
Power supply
Curent drain
Dimensions,weight .. . ....
Ordering information
Orderdesignations........

standard model: 60175177.5 k{z:
¡ntemally selectable; other
frequencies possible ¡n the range
10 to 200 kHz

l trv to l0 mV, sw¡tchable to
f00FVto1V
50 f¡ +20%

1l215110 MHz

200mVto2V
>500 Q

>1 x 10-7
I time-conslant lactors internally
selectable: 1 6 / 32 I U I 12A I 256 I 51
1OZ4 I 2O4B x 6.25 * 1 ¡_z (s/V);
f or accelerated control :

1x6.25x10 7s/V
externally sw¡tchable to smallest
lactor

2I

TTL levels or sw¡lch; logic 0 =
smallest conlrol time constant
TTL levels or sw¡tch; log¡c 0 =
contol stop
TTL levels or sw¡tch; logic 0 =
40{B attenuation

0 to +10 V, max. 5 mA;
short-circuil-proot
0 to +10 V, max. 5 mA;
short.circuit-proof ;

0 to 100 Fs phase dilference
0 to + 10 V, max. 5 mA;
short-c¡rcuit-proof;
approximated logarilhmic
indication :4 dekades
TTL levels
TTL levels
200-ns pulse, 1 VÐ
Z-r: 50 Q; Phase{ocked
lo rece¡ve frequency

<1 ¡rs/f 0'C (<5 ¡rs for OMEGA
lrequencies)
0 to +50"C
-40 to +70'C
22lo32V DC
max. 400 mA
'100 mmx132 mmx390 mm, 2.5 kg

> Standard Frequency Receiver
XKE2
291.0017.O2

164

r03.1 238.00



stan da nd -ti lrr G! siys¡tGlrrrs¡ DIGITAL CLOCK 5

CADM
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Digital Clock CADM
0 Years/days/hours/

minutes/seconds
O ïme informalion in BCD code
a Phase adjustment with a resolution

of 0.1 ¡rs
O Control output for slave clocks
a Seconds pulses produced from

5 MHz

O Synchronizationinput

a

I e
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The Digital Clock CADM is an extension of the R&S stand-
ard-frequency module line permitting standard-time systems
to be set up. lt can be combined with the Crystal Oscillator
XSD2, the Rubidium Frequency Standard XSRM and the
Caesium Frequency Standard XSC.

Characteristics, uses

The CADM features interference rejection which meets the
most stringent requirements so that even in the case of
heavy ambient disturbance, for instance in mobile use, no
time error occurs.

ln conjunction w¡th atomic frequency standards the CADM is
a i ì ¡'.l i r-(¡u a l r';t i rir:r,i sror r r)lo'-ì!r complying with the strictest
specifications stipulated for time standards. lt can be used in
time-signal systems, for master clock control, for scientific
purposes and as a mobile time standard.

The :rù,,iriar.'r, of the clock is determined by the frequency
stability of the time interval generator. The R&S product
range includes interval generators accurate to 10 10/day and
the high-accuracy Caesium Frequency Standard XSC
(5x10-12 with no systematic drift).

, jriii. Ll¡sirlit,, l;liti:¡,-j :rÌÌr: ì.r:_ì(1,)ll The time is read out
digitally in hours, minutes and seconds on the CADM front
panel. Calendar display can be selected with the aid of the
DIGIT button, the current number of the day of the year (0 to
364 or 365) being read out plus a year figure. The year figure
is counted in cycles from 0 to 3, with 0 marking a leap year.
The Digital Clock can be advanced and run backwards using
pushbuttons. The time can be set with high accuracy thanks
to a digitally adjustable phase shifter with a resolution of 0.1

Us. The CADM can be started automatically via a synchroni-
zation input, and a key switch prevents unauthorized access
to the instrument settings.

ln addition to the digital time display on the front panel the
time information is also available as a BCD code at the
female multiway connector on the rear panel. The CADM
also supplies a time advance signal whose polarity alternates
every 1 s or 1 min for controlling external time systems (e.g.
slave clock systems from Siemens).

Pulses of 20 prs duration, delayed or undelayed, are available
at two BNC outputs for time comparison measurements and
synchronization purposes.

An automatic monitoring circuit indicates interruptions of
normal operation, detecting even momentary faults.

Dimensions, weight

Ordering information

Orderdes¡gnat¡on.............. >

Accêssories supplied:
Power cable for connection to standby power supply;
battèry cable for connection to an external battery;
RF connecting cable (2 BNC connectors); 37-way Cannon
connector; adapler board for operating ¡ndividual
plug-in cards when withdrawn from the unit

a

6 dig¡ts (LEDS), can be blanked

hours 00 to 23
m¡nules 00 to 59
seconds 00 to 59
day of the year 0 to 364 (365)
year ligure 0 to 3
(0: leap year)

in least increments ol 0.1 ps,
setting error a0.l trs

1l212.5l5110 MHz
0.2 to 2 Vms
>500 O, BNG lemale connector
TTL levels, posit¡ve; BNC female
@nnector
1.5 Fs +0.5 Fs

+2lo +20 V (adiustable)
50 Q, BNC female connector
<20 ns, duration 20ps
identical with undelayed seconds
pulses, except tctr phase position

adiustable from 0 to 0.9999999 s
with phase shifter (0.1-Fs steps)

squarewave of altemat¡ng polarity,
each polarity of 1 s or 1 m¡n duration
(switch-selected)
t12 V or +24 V (int. selectable)
120 mA max.
37-way female (Gannon)
years (year figure), days, hours,
minutes, seconds
TTL (BCD code), negat¡ve or pos¡tive
logic selectable
37-way female (Cannon)

interrupt¡ons of normal operalion are
automatically stored and indicated
by disabling the operating conlrols
w¡lh the exception of the time-of-day/
calendar selector

+5 to +45"C
-20 to +70'C
22to32V DC
0.25 A (LED display switched off)
0.3 A (LED display switched on)
'100 mmx132 mmx375 mm, 2 kg

@
r0if

a

Specifications

Readout ...
D¡splay of

time ol day

calendar

nme setllng

Conlrol, signal ¡nputs
lnput lor timebase signal

lnpullrequencies .....
lnpul level
lnputimpedance ......

Synchronizinginput .....
Synchronizing eror. . . .

Slgnal oulputs
Seconds pulses

undelayed (clock normal)
Output EMF
Output¡mpedance...
R¡se time

delayed(clockdelay) ..

Phase ol delayed seconds
pulse referred to undelayed
seconds pulsê

Control signal for clock systems
Waveform

Oulput voltage . .

Outputcurrent ..
Connector ......Iime 
informal¡on given

Outputlevels ...
Connector

PeÉormance mon¡tor¡ng
Faull monitor¡ng

Tamperproofing the t¡me setling

General data
Raled temperature range .

Storagê lemperature range
Power supply

Cunent drain

I-l I"l Li tr_,

È+¿Ç-,
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Additional units of standard-frequency module system (overview see pages 160 and 161)

Power Supply XSRM-Z
Specifications of Power Supply XSRM-Z

' .f; ¡¡rr¡r ¡:r¡.¡
:"¡r' 

-:J 
E::'i:: -i

AC Supply 1o
supply Ext. DC nrodules lnpul voltage

Powerconsumplion ........
lnpul for extemal batlery
(¡nput vollage)
DC output

Voltagê during AC supply
operation
Vollage during battery
operation
Max.outputcurent .......

lntemal battery
Usetul capacity
Mean backup t¡me (e.9. w¡th
XSRM), battery operation
al25'C.

General data
Ratedtemperature range . . . .

Storagetemperature range . .

Dimensions,weighl ........

Ordering information

Order designation

Oulput
Frequencies.
Oulput vollage
Hamonics
Oulpul ¡mpedance

Oulputs on front panel . ,

Oulputs on rear panel . .

General data
Supply vollage
Curent drain
Ratêd lemperature range
Slorage temperature range
Dimensions,weighl ... . .

Ordering information

Orderdeslgnat¡on ........

230/1 t5 V-s +2O% (47 to 400 Hz)
max.70 VA

24lo28V

'23 V, regulated

22to30V
f .6 A (2 A for max. I 5 min)

0.8 Ah

th

-20 to +45' C
-20 lo +50'C
'100 mmx132 mmx342 mm, 5.2 kg

> Power Supply XSRM-Z
237.8013.02

0.1 MHz, 1 MHz,5 MHz, 10 MHz
1 Vms, sinewave
>30 dB down

100 Q +10% (BNC female connectors)
50 O +10% (BNC female connectors)

22to32VDC
max. 90 mA
-20 lo +45'C
-20 to +60'C
50 mmx132 mmx342 mm, 1 kg

&
-'l

I

I

I

I

I

I

I

I

I

I

I

I

I
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The Power Supply XSRM-Z contains a maintenance-free
NiCd cell battery which feeds the instruments connected
(e.g. XSRM or XSD2) for one to six hours in the case of AC
supply failure. The XSRM-Z delivers a peak current of 1.6 A.

During AC supply operation, the battery is automatically
charged. Switchover from AC-supply to battery operation is

also automatic.

The self-heating effects is only slight since high efficiency is
obtained by a control circuit making use of the angle of
current flow. The XSRM-Z can also be fed from an external
battery. Three front-panel lamps indicate the mode of opera-
tion (AC supply/internal battery/external battery). The inter-
nal-battery lamp starts flashing if the charge falls below a
threshold level.

Frequency Converter XSRM-Z

The Frequency Converter XSRM-Z is
driven with the 5-MHz signal delivered
by the XSRM, XSC or XSD2. Each of
the frequencies - 10 MHz, 5 MHz, 1

MHz and 0.1 MHz - is available at two
parallel outputs on the front and rear
panels. All signals are sinusoidal and
phase-locked to the input signal.

The Frequency Converter can be pow-
ered from the Power Supply XSRM-z.

Accesso¡ies supplled
Power cable
1 two-core connecl¡ng cable (for XSRM)
1 two-core connect¡ng cable (for extemal battery)

Specifications of Frequency Converter XSRM-Z

lnput
5 MHz

0.2 to 2 Vms
>500 r)
BNC female

tt..
'*,. T
T':î,

ï
'::1 J

Þf

rf

Srabi
lizer
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Phase Comparator XSRM-23
Specifications of Phase Comparator XSRM-23

ET
i+ì

The Phase Comparator XSRM-Z3 is

used for checking and recalibrating
control frequencies, derived for in-

stance from crystal oscillators in coun-
ters and synthesizers.

Any S-MHz source of appropriate ac-

curacy (e.9. XSRM, XSD2) can be

used as the reference. Frequency dif-

ferences between 1 x 10-6 to 1 x 10 e

can be determined directly on the
panel meter. The recorder output per-

mits considerably smaller errors to be logged or frequency
and phase deviations to be recorded over a longer period of
time.

Any test item with a frequency of 1 MHz or an integral
multiple of it (up to 10 MHz) can be measured. A rotary switch

on the front panel permits the Phase Comparator to be set to

the corresponding input frequency.

Phase Recorder XKP
for standard frequency comparison

O Frequency and phase recording at 50 Hz to 5 MHz

a Linear indication (sawtooth) 0 to 360"

O Frequency evaluation over one hour to within +2x1O-"
a DC input for YT recording

A simple method of determining the difference between two

almost identical frequencies is to measure the mutual phase

deviation within a set time interval. The Phase Recorder XKP

serves this purpose.

The test result is recorded in the form of a sawtooth voltage
with constant amplitude (corresponding to 360" phase ditfer-

ence). The instantaneous value of this voltage conesponds
to the phase difference between the frequencies being com-
pared. The voltage variation within a set time interval is a
measure of the frequency difference.

The main application of the XKP is the monitoring of stand-
ard{requency and standard-time systems. Due to its wide
frequency range, it is suitable for determining the relative
frequency error of atomic frequency standards (accuracy
10 12 to 10-13) and for measuring at lower frequencies down
to the AC supply frequency. The XKP can also be used as a
YT recorder (DC input voltage: 0 to 5 V/0 to 10 V), e.g.
together with the XKE 2 or XSRM-Z3.

The set is AO-supply and/or battery operated, the battery
taking over only on AC supply failure. The XKP comes as 7z

of a 19" unit and fits in the modular standard{requency
system XSRM-z. Two Phase Recorders XKP can be accom-
modated side by side in a 19" Frame XSRM-Z 237.6840.02.
The XKP can also be inserted into the Cabinet XSRM-Z (% of
19", Order No. 237.6040.02).

Specifications of Phase Recorder XKP

lnpul frequency fr
Input voltage range

lnputfrequencyfx ........
lnpul vollage range
lndication of phase d¡flerence
Recorder output

Oulputimpedance.......

General data
Rated lemperature range .

Slorage lemperature range
Supply voltage
Cunent drain
Dimensions,wèight .....

Ordering information

Orderdeslgnatlon..... ....

XKP

Frequency range
AC ¡npul vollage
lnpul impedance (frequency-
dopendent, mostly inductive)

al50Hz.
above 1 kHz

lnpul conneclors
DC ¡npul voltage
(foruseasYTrecorder) . . . .

lndication
Paper feed

DC oulput voltage

Zero drift
Oulputconnectors ......
GEneral data
Rated temperature rangs .

Storage lemperature range
Power supply

AC supply

Batlery(external) .....

D¡mensions,we¡ght ........

Ordering information

Orderdesignat¡on.........
(% of 19'unit)

Accessoriessupplled .....

5 MHz
0.1 to 2 Vrc

1/ to /10 MHz
0.1to2V
0 to t Ps (= 0 to 360')
0 to S V 1=g 16 1 trs¡,
5 mA max.
>10 r)

-20 lo +45"C
-40 to +70"C
22lo32V DC
180 mA max.
50 mmx132 mmx342 mm, 0.9 kg

> Phase Comparator XSRM-23
278.93',t4.O2

f.i'. a,,,
_'4_-Ç. p
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50 Hz to 5 MHz
0.3 to 10 Vrc

>60 c)
>1 ko
2 BNC female, lloating (on rear panel)

0lo +5 V/0 to +10 V;
¿' : 5 kO/ 10 kO, telephone iacks
(on Tront and rear panel, connected ¡n
parallêl)
wax-paper dol recorder
20 mm/h and '120 mm/h, selectable;
error (w¡th battery operat¡on)
<5 x 10-4/"C
0 to +5 V corresp. to 0 to 360'
phase diference, 5 mA max.
(short-circu¡t-proof), Zd <10 O
<2 x l0 s ol lsd/'C
telephone iacks (front panel)

-101o +50'C
-20 to +70"C

115t 125t 2201 235 v +10/-15%,
50 Hz (6 VA); 60 Hz if requ¡red
I I to 16 V 320 mA, intêmally
selectable
21 lo 32 V (nol to be charged
from XKP)
2O2 mmx132 mmx370 mm, 4.5 kg

> Phase Reclrder XKP
r56.3541.02

power cable,
connecling cable (1 .5 m) lor extemal
battery,
evalualion disk,
1 roll ol recording paper
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XSRB

a Compact module at low cost
O Rapid warmup, wide working-

lemperature range

a High precision and stab¡lity: long-
term drift <2x 10-r1 /month

RubidiumOscillatorXSRB I SMHz

The Rubidium Oscillator XSRB, which features similar
electric characteristics to the Rubidium Frequency Standard
XSRM (see page 162) is available for incorporation into
instruments and systems. This competitively priced module
has been designes as a compact module to þe used by other
manufacturers in their own equipment.

Characteristics and uses

The XSRB is suitable for inclusion in all mobile and stationary
instruments and systems calling for an extremely precise
frequency reference as a control or monitoring signal.

Output signal. The output of the XSRB is a sinusoidal
signal at 5 MHz. The EMF is 'l V and the signal-to-noise ratio
is better than 130 dB. Thorough screening ensures that the
effects of external magnetic fields are kept to a minimum.
Two auxiliary outputs allow the use of an external meter for
continuous monitoring of the oscillator or for checking that
the control voltage remains within the permissible range. A
frequency-correction input is also provided so that the oscil-
lator frequency can be trimmed by comparison with an even
more precise signal such as a standard-frequency broadcast.
lf the oscillator fails, an alarm signal is given at a separate
output.

Frequency stability. The XSRB is over a hundred times
more accurate than conventional crystal oscillators - thereby
guaranteeing an adequate safety margin. The frequency dritt
of the XSRB due to aging is less than 2x1O-11 per month.
The unit can therefore replace precision crystal oscillators - a
substitution which can also be justified on economic grounds
particularly since the long-term stability and precision of the
output signal eliminate the need for costly readjustments.

Applications. High-stability signals (standard frequencies)
are called for in communications and navigation systems;
typical examples are

precision offset operation of W transmitters,
control of standard-frequency systems,
SSB transmission at very high frequencies,
satellite radio and geodesy,
extraterrestrial communications.

Further applications are found in microwave spectroscopy.
More generally the XSRB is ideal for controlling precision
counters, synthesizers and crystal oscillators.

Description

The standard frequency source in the XSRB is a resonant
mode of atoms of rubidium 87, an isotope of the alkali metal
rubidium. By means of a spectral lamp and a resonant cell a
control signal is developed and used to compensate for the
aging of a crystal oscillator.

o,
a.

a

a
A'g
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A typical application of lhe XSRB: precis¡on-offset operation of a TV lransmitter
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SL¡ir¿sst:¡¡l[¡iie. The XSRB consists of four subassemb-
lies:

1. Resonator unit with spectral lamp, resonant cell and their
respective ovens; this unit is electrically and magnetically
screened (see block diagram)

2. HF unit (frequency division and comparison)
3. LF unit (control signal processing)
4. Crystal oscillator unit with oven

O.SCILLATOR IVCDLJLES 5

Specifications

|_ I

Oulput frequency
OuþutEMF(sinusoidal) .......
Connector

Harmonics
Slgnal-to-noise rat¡o
(> 1 O0 Hz from outpul frequency)

Non-harmonicfrequencies . . . . .

Stablllty
Longlerm dritt
Short-term (1 s) drift

(standarddeviation) ........
Effec't ol ambient temperature . .

Efleclof operating voltage .. . . .

Effect of extemal magnetic field .

Effect of atmospheric pressure . .

Frequency correction
Adjustmenl range

us¡ngpotentiometer .....
Setling error.

using extemal control input
Conlrolvoltagerange ..

5 MHz
1 V +10%; Zo, : 50 O
Cannon male connector strip DAM -fiw1P
>30 dB dom

>130 dB (1 -Hz measurement band-
w¡dth)
>120 dB down

=2xfo_rl 
per month

=1 
x 10-11

=4 
x 10-ro across the spècified

temperature range
<2x10-tt llOVo
<4x10-rs/ A

m

=5 
x 10-r3/mbar for all¡tudes

between 0 and 1 0,000 m

Resonator
unit

Magnet¡c co¡l

Spectral lamp Resonant cell

LF

un¡t

Resonator
+5 V

+20 V

22-32 V HF unit

Resonator unit

i :,.,r.'., , The front of the XSRB serves as both mount-
ing plate and heatsink. The temperature measured on this
plate should never be outside the range -25 to +60'C,
which is also the admissible ambient temperature range.

lnput/output
connecÌor
of XSRB

:'¡r',y1., ii- ¡ ¡i¡i:¡:¡,:,¡r Theoscillatorisdesignedforopera-
tion from a DC supply voltage. This may vary within the range
22 lo 32 V thanks to the action of the built-in stabilizer.
Operation from any standard battery supply of the appropri-
ate voltage is therefore feasible.

The XSRB is extremely easy to service. The spectral lamp
can be changed very rapidly.

Accessorles suppl¡ed: tool for chang¡ng spectral lamp, 1 lemale conneclor
slrip w¡th mating male connector.
The spectral lamp and the resonant cell carry a 3-yeü guarantee.

2 x'10-s

=5xfO 
12

1 x 10-e
0to+10VDC

t_ I General data
Alarmsignaloutput...........
Raled temperature range

(temperature of mounting plate)
Storagetemperaturerange ....
Warmup time for frequency enor

lessthanlxl0-s
Supply voltagè requirement

(negative earth)
Curent drain

during warmup
duringnormalope¡ation .....

Dimênsions
Weight. .

changeover contact

-25 to +60'C
-40 to +70"C

approx. 10 min. al +25"C

22to32V DC

2.2 A max.
approx. 0.7 A at 24 V and +25"C
see drawing below
3.3 kg

Ordering information

Orderdeslgnat¡on.........

D¡men3¡ons ln mm

) Rubidium Oscillalor
XSRB
216.0213.03

6 hol¿s M4
iaÞæd deplh: 5

L¡m
âæilur€

4 holes M{
5 5 Dra rs3l tâppd deplh:
rû.rrãdric lppe¡ holes 5
Íd prr!6 lower holes 10

A

l¡tountiq
on bolh sides

't2.1

Osc¡llstù r¡ffi

lnEr/outtr¡
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5 üSC¡LLATOR MÜDULTS

The Crystal Oscillators XSE and XSF are suitable for
incorporation into high-quality frequency counters, standard
frequency generators and decade exciters.

The main differences between the two types are in the
frequency stability, warmup time (see table) and available
output frequency. The XSF is designed for 5 MHz whereas
the XSE is available for 1,5 or 10 MHz; otherfrequencies
between 1 and 10 MHz on request.

standand-fnequency anct

Common specifications and construction

The unusually wide ranges of temperature and operating
voltages permit use of the crystal oscillators under extreme
ambient conditions with negligible effect on frequency accu-
racy.

XSF

Oven

xsE Frequflcy adjustmfit
mechanical - electr¡cal

--t
I

I
I

l

l
I

-l

-l

-1

_l

.,t

!

l

''1

i

l
L

1

!

a'

?

.)

l

Frequency
ad¡ustment

.10

^ff
Eét

I

oulput
I

s-] ro 7

¡l
l

3'1

Warmup response of XSE using 5-MHz crystal (3rd harmonic) referred to values
obtained afler 60 minutes of operat¡on

const. 10- to 30-V input

$V output

Block diagram of Crystal Oscillators XSE and XSF

The crystal frequency can be adiusted with a trimmer
(coarse) and varactor (fine). An external potentiometer musl
be connected to drive the varactor. The required stabilized
reference voltage is available from the crystal oscillator.

Both modules (XSE and XSF) are equipped with an oven. ln
the XSE, only the crystal and the frequency-determining
components are kept at a constant temperature while in the
XSF the oscillator circuit is also accommodated in the oven.

Rapid warmup of the oven is possible by connecting a wire
link between two solder tags. lf a suitable resistor is inserted
instead of the link, any heater current below maximum can be
selected to suit the capacity of the available power supply.
Since high ripple voltage is permissible for warmup, the
operating voltage need not be stabilized in many cases.

I

2

.210'

r-l

¡J

Èlnschalten
Switch on

2
,\ 2 .l 6 I íonrin

Y',1fr
,rrr r-':fl

'aD
4

a ô

Crystal Oscillator XSE 0 1 to 10 MHz
Crystal Oscillator XSF I 5 MHz
O Class of accuracy 10-s for XSE, 10 10 for XSF

O Extremely short warmup period

O Operating range 10 to 30 V, -40 to +65'C

Plug-in Crystal Oscillators XSE (top) for 1 to 10 MHz and
XSF for 5 MHz; shown on larger scale than usual

XSE/XSF

Heater control
mplif¡er

)è
Osci I lâtor

Suppl v
voltage

stab¡ l¡ zer

9V

t+

ç1
¿_:r
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The sudden change from maximum heater current to normal
operating current can be utilized for the delayed connection
of further loads via relays.

The XSE and XSF have identicalpin assignments. The pins
are arranged such that the modules can be connected
directly to a printed circuit board.

78,2

62.5

Elætr. fEuoq
adjüshst
10 to
Cúst. $V ouþut
max. 50 mA

10- þ 3(}'V input

Frequercy odput

Pin assignments of Crystal Osc¡llators XSE and XSF
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E¡ VCLTMETERS

Electronic voltmeters

Rohde & Schwarz makes voltmeters of high sensitivity and
for applications over a very wide frequency range. ln addition
to the indicator section these instruments comprise elec-
tronic circuitry such as broadband and selective amplifiers,
mixers, oscillators, log converter circuits and rectifiers.

All the models presented in this catalog are electronic volþ
meters; they are tabulated in two main groups, each posses-
òing particular common features:

1. DC and broadband voltmeters
2. Selective voltmeters (section 7)

Whereas the selective voltmeters are dealt with separately in
section 7 of this catalog, all DC and broadband voltmeters,
both with analog and digital readout and including system
units, are described in the present sect¡on.

The table on page 178 gives an overview, the broadband
voltmeters being listed according to their use as digital mul-
timeters, DC voltmeters, AC/RF voltmeters.

Following the general description of voltmeter features, the
characteristics typical of each group are briefly outlined.

General characteristics of voltmeters

Meter rectifiers

An AC voltage must be rectified for measurement. Three
types of rectification are distringuished according to the
weighting of the waveform: average, response, rms response
and peak response.

v (t)

Types of rêctification;
dashed line: full-wave rectification,
taking inlo account positive and
negative halfwaves

Function of t¡me

vcrltlTrcttG!ns¡

Average-responding rectif ication (see diagram below left).
The average value (V"u) of an AC voltage is the integral of the
magnitude of the AG voltage over a period of time; this
corresponds to the area between the function of time and the
zero line, averaged over the period of observation T¡. Voltme-
ters with average-responding rectifier are calibrated so that
they indicate the rms value for sinewave voltages. The volt-
meters UDL3 and UDS6 are fittet with an average-respond-
ing rectifier and can be optimally used where sinewave AC
voltages are to be measured; superimposed noise voltages
are not entered into the measurement result as long as they
are sufficiently small against the useful signal and comply
with the following requirement: Vuserur X f¡sels¡ )V¡6¡e X f.r¡r.

(valid for fsç1s¡ (f¡e¡ss)

RMS-responding rectification. The rms value (V,.") is
derived from the squares of the momentary voltages, aver-
aged over the period of observation T¡. The square root is
taken mainly to achieve a linear scale characteristic. The
parabolic curve required for squaring is obtained through a
circuit developed and patented by Rohde & Schwarz, whose
outstanding features are high accuracy, a high crest factor
and a wide frequency range. The Psophometer UPGR and
the RMS Voltmeter URE from R&S operate on this principle.
The URE is also able to measure the true rms value of
AC+DC voltages. Voltmeters using rms-responding rectifica-
tion are: UDL4, UDS5, UPGR, URE and (for low test volt-
ages) URV, URV3, URV4.

Peak-responding rectif ication. Voltmeters with peak-
responding rectifiers measure the peak value of the momen-
tary voltage. They have a storage capacitor which is charged
up to the peak value and discharged slowly so that there is
sufficient time for reading. Distinction is made between posi-
tive (Vo+) and negative (Vo-) peak-responding rectification as
well as peak-to-peak rectification (V*). The psophometer
contains a peak-responding rectifier with defined rise and fall
time constants for weighted noise measurements (quasi-
peak-responding rectifier); the value Vrlt/2is indicated, i.e.
the rms value for sinewaves. For test voltages >1 V the
voltmeters URV, URV3, and URV4 measure the peak-to-
peak value and indicate Vppzl\/2.

Rectification modes

Signal shape Peak value

General

Sinewave 2xVe

Vp: 4- = Vo

Peak value

Average value

Rms value

UDL 3. UDS 6

f

u. r.1 [ sin rut d,rl''- f 
J

0

: vp x 0.638

1î
T,

I
0

| "r,r | "

Average value

UFE. UPGR.
UDLJ, UDS 5,
(uRV 3. .1)

T,

f J'rtuo'
0

: VD x 0.707

1
sin2 o¡t dolX

0

f

Rms value
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Test signal shapes, factors

Crest factor C is the ratio of peak value to rms value of an
AC voltage

¡ _ lpeakvaluel _ l%l- rms value V,r.

and is an essential criterion mainly for measuring non-
sinusoidal AC voltages in which large short{ime amplitudes
alternate with longer intervals, so that high peak values are
prevailing and the rms values are low. The measuring instru-
ment must be able to transfer the peak amplitudes free of
distortion to ensure error-free measurement.

Form factor F is the ratio of rms value to average value

E _ rms value _ V,r"t - averas€ value - V*

This factor is relevant for instruments with average-respond-
ing rectifier. Since the form factor for sinewave signals is

E_0,707_{r{
' - 0.637 - r'rr

The scale of such instruments is usually multiplied by a factor
1.11 so that for sinewave voltages the rms value can be read
off. With different waveforms errors do however occur. A
symmetrical squarewave for instance has the form factor

1

F = i : 1, rms and average value are identical and the

reading error for the rms value is +11%.

AC voltage functions
Si newave/squarewave pulses

Terms and relationships of the two basic AC voltage func-
tions, i.e. sinewave and squarewave pulses:

Term Squarewave pulses

{uî

VOLTIVIETËR*A E¡

lnput impedances

ln electronic voltmeters with amplifier input the input impe-
dance is generally well defined and can be represented by a
resistance and a lossy capacitance in parallel. Broadband
voltmeters normally have an input impedance of about 10

MHz shunted by 30 pF (e.9. URE). This amounts to :50 O at
100 MHz. The parallel capacitance of any connected coaxial
cable (30 to 100 pF) makes the input impedance still lower.
lmprovement of the input conditions is possible using a
voltage divider probe.

Diooe piobes include a capacitively coupled half-wave
rectifier. Their input capacitance of :2 pF can be reduced to
about 0.5 pF by plug-in dividers, but this involves a loss in
sensitivity. Diode probes permit measurements with high
impedance at frequencies up to 1 GHz.

Digital voltmeters for DC voltage measurements usually
have an input impedance of 10 MO, high-grade instruments
with R¡n >10 GO permitting also measurement of voltages up

to 16 V (UDS5) or 14 V (UDS6)without any loading. With a
measurement range of 100,000 digital steps and an input
impedance of 10 MQ, a source impedance of 100 Q causes
an additional error in indication of 1 digit. The extremely high
input impedance of >10 GQ is therefore very important for
measurements on sources with high impedances.

Noise voltages, reference potent¡al

The voltage of a test point to common return (ground, earth)
is to be determined in most measurement.

lf both the test voltage source and the voltmeter are earthed
through the earth conductor of the AC supply, noise pickup
may result in the test circuit. This can often be remedied by
plugging the source and the voltmeter into a twin wall socket.

Measurements using a broadband voltmeter are invalidated
by noise voltages. The erroneous results is not immediately
recognized unless the test voltage can be reduced to 0.

Noise pickup does not occur in a voltmeter with floating input,
a facility required for measurements between two test points
which both have a voltage to earth.

Measurements on balanced audio{requency transmission
systems call for instruments with balanced test input and high
common-mode rejection.

A noise voltage may also originate in the input stages of the
voltmeter and affect the result, especially in the most sensi-
tive ranges. For example, a noise voltage of about 15 ltV
whose spectrum lies mainly below 10 kHz is produced in the
amplifier input of a voltmeter with 1 MO llgO pf. This noise
component is negligible if the voltage source has a low
impedance (e.9. 50 O).

!i.

Reciprocal
duty cycle

Duty cycle

Crest fâctor

Form lactor

Average

'r

= lP-
td

1 td

tp

Îd : pulse duration

to = pulse period

2 x \/g-g'

c=\Ær=l;

2x rr'

%" = V. x 2(g-g?)

Sinewave pulses

v..= %o "+\/T
r
g

n
2

ffiF

X

1

{T
Í

" :\/î=tt;

/ìfl /\i\
ì/ \/Uij

f

t

Rms value V',: Vpp" 
\Æ;

175



E¡ VOLTMETERS

Noise voltages

lMth digital voltmeters the suppression of noise voltages
(e.g. AC hum) is dependent on the type of analog/digital
conversion. With integrating A/D converters and suitable
selection of the integration time, which must be exactly one
or several AC periods, the AC hum suppression can be
optimized.

Broadband voltmeters

DC voltmeters

The test signal (test voltage) passes through a DC amplifier
of selectable gain and is applied to the meter.

A chopper amplifier first changes the test voltage into an
AC voltage, which is amplified and then rectified in a synchro-
nous rectifier. The chopper amplifier is outstanding for its low
zero drift and is therefore used in DC voltmeters of very high
sensitivity (UlG, URV).

Broadband voltmeters with rectifier input

A rectifier which covers a wide voltage range changes the
unknown AC voltage into a DC voltage. This DC voltage is
processed in the basic unit and indicated. The broadband
coverage of this voltmeter type depends on the mechanical
design of the meter rectifier and on the RF characteristics of
the rectifier diodes.

A probe (if necessary, with plug-in divider) incorporating a
capacitively coupled half-ware rectifier is used for measure-
ments on non-coaxial circuits. lt features high input impe-
dance and very low input capacitance. The voltage indication
depends on lhe type of ground connection and on the source
impedance of the test voltage source.

Measurements in coaxial circuits are carried out with the
aid of coaxial RF insertion heads. They incorporate a diode
detector inserted in the inner conductor or connected via a
piston attenuator and permit broadband voltage measure-
ments to þe made up to 2 GHz with low reflection. \Mth
match{ermination, the indicated voltage equals the voltage
of the forward wave. The voltage indication with mismatch
lies behveen twice the voltage of the forward wave and 0.

voltfÌrc!üGrns

Broadband vollmeters with rectifier input measure the rms
value of small test voltages up to 30 mV and the peak or
peak-to-peak value (URV family) of voltages above 1 V. The
meter reads the rms value of a sinewave in the entire
measurement range.

The probes and insertion units of the millivoltmeters of the
URV family have, in addition to the detector circuit for the RF
voltage to be measured, a comparison detector of similar
design to which the comparision voltage produced by a
control loop in the basic unit is applied. The control loop
provides for a voltage-proportional meter scale throughout
the measurement range.

The measuring heads can be freely interchanged; the accu-
racy depends only on the degree of matching of the charac-
terislics of the two diodes used in each measuring head for
the measurement and comparison circuits. Any measuring
head combined with any basic unit therefore complies with
the data-sheet specif ications.

Broadband voltmeters with amplifier input

Sensitive broadband (amplifier) voltmeters are normally
designed according to the following principle:

A ouÞ. DC outp.

DI D2
^2

MR

Simplified d¡agram of an amplifier voltmeter

The high-impedance input divider D1 covers two or three
steps and prevents overloading of the amplifier A1 . This is
followed by the low-impedance main divider D2 (10-dB
steps). Both dividers together with the amplifiers A1 and A2
form a broadband amplifier which can also be used as a
preamplifier (via amplifier output A outp.) for insensitive
meters or recorders. The design of the final stage of the main
amplifier depends on whether low-impedance or high-impe-
dance driving of the meter rectifier MR and which type of
rectification is used. The DC voltage output (DC outp.) per-
mits the connection of a recorder or digital voltmeter.

Broadband voltmeters

with balanced amplifier input

The input section of the Psophometer UPGR consists of a
balanced attenuator and a balanced amplifier which are
accommodated in a shielding can and isolated from the rest
of the circuitry by a broadband transformer and a trans-
former-coupled power supply. A high-impedance balanced
input (100 kO) with very high common-mode rejection is
thereby realized.
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Weighted measurement of noise level

DlN, CCIR and CCITT specify weighted measurements for
determining the noise levels in telephone and electroacoustic
broadband transmission systems.

Simulation of the subjective noise effect is achieved with a
psophometric weighting filter and the dynamic behaviour of
lhe meter rectifier and movement.

The Psophometer UPGR perm¡ts noise voltage to be meas-
ured in compliance with the international standard recom-
mendations.

Digital voltmeters and multimeters

Wth the development of digital multimeters digital measure-
ment techniques have been applied in all fields of electronic
and electrical engineering. LSI circuitry has allowed these

instruments to become more compact and less expensive in

spite of their higher degree of intelligence. Present day range

of equipment encompasses simple pocket multimeters as
well as system voltmeters with builþin memory and data

manipulation f unctions.

Digital voltmeters offer some advantages as compared with

analog-reading meters:

higher accuracy and resolution,
error-free reading,
greater operating convenience (auto-ranging),

system compatibility.

With short-time unstable voltages the purely digital indication

may however be ditficult to read and confusing. The combi-

nation of a digital display with an analog trend indication in a

single unit - like in the Voltmeters URV 4 and URE from R&S

- offers optimum operating convenience in such cases.

RMS Voltmeter
URE: can also convert
the measured values
to different unils

The RMS Voltmeter URE can read out the measured values
in all customary units and can automatically calibrate itself.

Thanks to the built-in, non-volatile memory all calibration
data, the reference value and the reference impedance for
readout in dBm are preserved when the instrument is

switched off. The microprocessor-controlled error correction

VOLTMETERS E¡

of the rms-value rectifier has made it possible to combine
both high measurement speed and accuracy with wide band-
with.

The Digital Multimeter UDS 5 is a universal multimeter of

high precision. Like the RMS Voltmeter URE it can display
the measured values in different units and convert them into

relative values. All measuring functions and ranges are cali-

brated via the built-in microprocessor. \Mth a measuring rate

of up to 80 measurements per second the UDS 5 is particu-

larly suitable for use in systems.

Calculation and manipulation of measured data - a capability
embodied in the intelligent System Voltmeter UDS 6 -
opens up entirely new dimensions for measuring techniques;
10 built-in programs allow user-oriented display and evalua-

tion of measured data, such as linearization of mechanical-
electrical transducers and presentation of measured data in

terms of mechanical quantities.

System voltmeters

The IEC bus, an international standard, makes it readily
possible to set up automatic test assemblies using an IEC-

bus controller, e.g. the Process Controller PUC.

The IEC-bus interfaces IEC 625-1 (IEEE 488) are already
integrated into the latest models, as for instance in the Digital
Multimeter UDS 5. The System Voltmeter UDS 6, the RMS
Voltmeter URE and the RF Millivoltmeter URV4 are available
with IEC-bus interface on request. They cover a wide range

of measurement tasks:

Precision measurement of DC voltage, AC current and
resistance,

rms- or average-value measurements of AC voltages up to
200 k{z,
rms-value measurements of current up to 20 kHz,

true rms-value measurements of AC and AC + DC volt-

ages up to 20 MHz and

broadband measurements of RF voltages or levels up to 2

GHz.

\Mth the Scanner UDS 6-21 the UDS 6 can form a test
system with a maximum of 255 test channels which are

controlled via the IEC-bus interface of the UDS 6.

ln conjunction with other IEC-bus compatible instruments
(overview in section 1) complex test assemblies for multiple

applications and tasks can be set up.

;
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E¡ VOLTMETERS OVERVIEW

Display (dig¡þ)
Measur€d
qyanüties

Digital multimeters

DC voltmeter

DC voltage

AC/RF voltmeters

15 Hz to 100 kHz

10,000 steps
I DC voltage
ll 10 Hz to 20 MHz

I DC voltage
ll 10 kHz to 2 cHz

10 kHz to 2 GHz

4000 steps
V¡c/level
10 kHz lo 2 GHz

voltrnGltG!Fs¡

31h
Voc, V¡c
loc, hc, R

41h
Voc, V¡c
loc, lnc, R

51h
Voc, Vec
loc, l¡c, R

61h
Voc, vec
R

Enor limits

0.1%
0.5%
0.2%

0.03%
0.2%
0.05%

0.003%
0.05%
o.004%

0.001%
0.001 %

+'l.5yo

+2o/o

0.1% +10 digits
AC: see table
page 204

t1%
ll 1.5% of fsd
(¡nherent error)

2% ol lsd
(inherent error)

1%
(inherenl error)

Designalion Type Orde¡ No. Measurement range Besolulion or
fsd of lowest
subrange

System
Voltmeter

UDS 6 346.9210.02

D¡gital
Mult¡meter

UDS 5 349.1510.02

Digital
Mullimeter

UDL 4 346.7800.02

Digital
Multimeter

UDL 3 346.7117.O2

V: 100 nV to 1 100 V
R: 100 trO to 14 MO

100 nV
100 pA

pV

MQ
UU nA

1 FV to 1200 V
100nAto1.6A
1mOto16MO

V: 10 ¡V to 1200 (1000) V
l: 10nAto2A
R: 100 mO to 20 MO

'10 ¡V
10 nA
'100 mQ

V: 100 rrvto 1000 (700) V
l: 1 ¡rAto2A
R: 100 mO to 20 MO

100 pV
1uA
100 mO

DC Microvoltmeter UIG 209.511 1.02 0.2 ¡rV to 320 V (30 kV)
1 pA to 320 mA

10 pV
10 pA

Millivoltmeter URV 4 292.5012

Millivoltmeter URV 3 302.9014.02

URV 216.3612.02RF.DC
Millivoltmeter

RMS Voltmêter URE 342.1214.02

Psophometer UPGR 248j91502

¡rV
to dB

1pV
0.01

U: 700
V: -50

to 1000 V
+73 dBm

0.7 mV to 1050 V 3mV

mV
mV

50 pV to 1050 V
0.5 mV to 10.5 V
(1050 v)

t3
il3

1

1

pV
pV

l0to+300V
ll 50 pV to 300 V

'10 pV1 pVto350V
-110 to +53 dB

¿

ã
tr
l!
(,

=t!o

ã

o

r
¡ü¡lE

:1

<tfft.> tlJlo

StRflcH'rÂiGt fiutl vi'8

Ivl[.Itt,
0¡.tMttrR

-20fi¡.UtV
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average

rms 5

rms 5.5

average

10

Photo left: URV 4
with digital and analog readout
of measured values (e.9. for adjustments)

VOLTMETERS OVERVIEW E¡

Digital multimeters

1 70x
89x
38

180

21 6x
73x

225

181

241x
1 10x
361

182

443x
89x

465

188

DC voltmeter

AC/RF voltmeters

210x
1 84x
263

24'lx
110x
355

l62x
238x
275

206

241x
1 10x
219

241x
I 10x
219

I max. gain I lozr. 19g
I too dB I zgax
I l3o2lt

199

202

5
peak
rms

rms

20a

2'to

peak
rms

peak
rms

peak
rms

150 pF
100 Go
1 MO (Vrc)

40 pF>10 GO
1 MO (Vac)

l0 Mo 75 pF

t0 Mo 100 pF

(with oplion)
scanner available

IEC-bus-comp.

IEC-bus-
compallble

audible
alarm

unbal. 1 MO
bal. 600 O/

10 kQ/l00 kn

40 pF

2.5 to 0.5 pFprobe or
insertion unit

2.5 to 0.5 pFprobe or
insertion unit

un¡t

10 MO
probe or
insertion

10 pF
2.5 to 0.5 pF

10 MO 40 pF

IEC-bus-compal¡ble
log. recorder
output

recorder
output

max. garn
50 dB

IEC-bus-compalible
DC oulpul meas.
value conversion

max. ga¡n
70 dB
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UDL 3 Digital Multimeter UDL 3

vo¡tffteteFsi

Specifications

Voltage/current measuremenls
DC and AC voltage DC and AC current
Nominal range Resolution Nominal range Resolut¡on

I

a

a

a
O

a

Scale 1 :2.5

The Digital Multimeter UDL 3 is an extremely practical,
small, battery-powered unit, which with its basic accuracy
(0.1o/o error on DC) is as good as many a laboratory or bench
instrument, yet which is also ideal for mobile/external appli-
cations ihanks to rts ruggedness, low weight (315 g) and
large, high-contrast LCD display as well as to other advan-
tages.

'l-¡¡¡q¿, ¡'¡¡:1'¡lrl jo1 ïhe UDL 3 has a tOtal Of 29 rangeS, Of

which DC and AC voltage have five each with a maximum
resolution of 100 pV.

DC and AC current have four ranges each, with a maximum
resolution of 1 ¡rA.

Resistance measurements can be made in six ranges up to
20 MQ (19.99) with a high output voltage, or in five ranges
with a low output voltage, with a resolution in the lowest
range of 100 mO. When Hi-V is selected the opencircuit
output voltage is around 2.8 V, and in the Lo-V mode around
250 mV.

!:' r ,rr,i1.r-, li:;rri,l ¡ The UDL 3 has an unusually high
accuracy for an instrument in its price range. The maximum
error ist just +0.1% of reading +1 digit for DC and +0.5o/o

+4 digits for AC at frequencies between 50 and 500 Hz.

The large liquid crystal display (digits 13 mm high) is easyto
read in all lighting conditions - including sunlight. The deci-
mal point is positioned automatically; for negative voltages or
currents a minus sign appears, otherwise the input is posi-
tive. lf the input exceeds the range set then all the digits are
blanked except for MSD, decimal point and sign.

An audible alarm is built into the UDL 3 for ease of use in the
bottom three resistance ranges, to signal overload in the AC
voltage ranges, to warn when AC voltage is applied by
mistake when the unit is in the resistance mode, or when the
input voltage is too negative.

Recommended extras
Carry¡ng case UDL 3-21 . . . . . . . . 3467317 .O2
PowersupplyUDL 3-22 .... . .. . 346.7369.02
Other accessories see under UDL 4 on page I81 and details on page I96.

200 mV
2V

20v
200 v

1000 v (700 v) 1 v
Maximum inpul voltage, DC

AC

lnputimpedance ...
Error limits

Dcvoltage ......
Temperature eflect
ACvoltage......

Temperatureeflect... . . .

DC current
Temperatureeffect... . . .

AC current

Temperatureeflect... . . .

Besistance measuremenls
Nom¡nalrange Resolution

200 O 100 mQ
zko 1r)

20ko 10c)
200 ko 100 c)

2000 ko 1 ko
20 MO 10 kO

Maximum ¡nputvoltage . .

Open-circuit output voltage
Error limils

200-r) range
2 to 2000 kQ ranges . . .

20 MO range
Temperatureeffect .....
Display .

Feading rate

General data
Operaling temperature range
Powersupplybatlery . . . . ..

AC supply
Dlmensions, we¡ght
(withbatter¡es) .......

Ordering information

Orderdesignation ........
Accessoriessupplied.......

2mA 1gA
20 mA 10 ¡A

200 mA 100 FA
2000 mA 1 mA
(Fused:250 V/2 A)

a1000 V on all rangès
700 Vm, 30 to 500 Hz, all ranges
630 Ve6, on 200-mV range
+1 kVoc, on all olher ranges
10 MO, for AC, in parallel with 100 pF

+ (0.1Yø oÍ rdg +1 d¡git)
+ (0.01% of rdg +0.01% ol range)/"C
+ (0.5% of rdg +4 digits) for 50 to
500 Hz
+ (1% ol rdg +6 dig¡ts) al 30 Hz
+ (0.02% of tdg +0.02yo of range)/"C
+ (0.s% of rdg +1 digit)
+ (O.Q2% of rdg +0.01% ol range)/"C
ranges 

=20 
mA

+ (O.75% +4 dig¡ts) for 50 to 500 Hz
+ (Q.03o/o ol rdg +0.02%)/"C

Output current al end of nom¡nal range
H¡-V Lo-V

100 ¡rV
1mV

'10 mv
'100 mV

2mA
1mA

'f 40 uA
14 ¡A

1.4 ¡A
140 nA

500 V DC or AC
2.8 V (Hi-V), 250 mV (Lo-V)
Hi-V Lo-V
+ (0.2% +3 dl
+ (0.1% +1 d) + (o.2% +2 dl
+ (0.3% +1 d) + 11% +2 dl
+ (O.01% /'C to 0.02% t' Ct
372-digit LCD (digits 13 mm high),
1999 maximum count, floating po¡nt;
polar¡ty: minus if indicated, otherwise
plus

2.5 readings/secound

0 to +40'C
slandard 9-V battery IEC 6F22;
battery lite 100 to 200 hours; alarm
signal when battery has run down
via external power supply

170 mmx89 mmx38 mm, 0.315 kq

> D¡g¡tal Mult¡meler UDL 3
346.7117.O2

test cable, terminals, battery

is ¡A
12.5 FA
1.25 pA

125 nA
12.5 nA
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Digital Multimeter UDL4 t 10 ¡"LVto 1000 V/10 nAto 2 A
100 mO to 20 MO

O lnexpensive 41/z-digil multimeter for lab and servìce ap-
plications; high resolution, w¡de range, excellent stability;
CMRR >120 dB at DC

O 25 ranges; rms sensing; basic DC error as small as
0.03%

O AC supply or NiCd battery pack (charger is already
installed)

'JIGITAL MULTIhIETEFS"ì E¡

UDL 4

.! ROHDE t SCHWABZ OIGITALMULfIMEIEF UOL4 346.7800 02
HI o
Ç'

to

rtJrßrtsTùi0n lrttl lr¡ltl
r:r- rtl

1

Scale 1 :2.5

The Digital Multimeter UDL 4 provides laboratory accuracy,
resolution, range and stability at a new low price for an
instrument in this class.

The UDL 4 has circuitry for rms voltage and current measure-
ments (20 Hzlo 20 kHz, crest factors as high as 5). lt can be
powered either from a rechargeable battery pack or from the
built-in AC line power supply, which doubles as battery
charger. Ihe UDL 4, light and easy to carry, is suitable for all
lab and field applications.

:liì¡j'lr . ¡,:rrrrlrrij, rrr 25 ranges fOr DC VOltages Up tO 1200
V and AC voltages up to 1000 V (both with maximum
resolution of 10 pV), as well as DC and AC currents up to 2 A
with up to 10 nA resolution, and resistance up to 20 MO with
maximum resolution of 100 mQ. Overranging up to 100%.

Ar:r:ur;ì,ì\i The basic error limits of just +0.03Y. lor DC
voltage measurements and 0.4% for AC voltage measure-
ments are outstanding for this class of instrument, as is the
accuracy of 0.05% for resistance measurements up to 100
ko (0.1% at 1 Ma).

i)ir¡rlir¡r. 7-segment LED, 11 mm high digits; polarity (+/-)
displayed for all DC measurements. Overload indicated by
blanking of all digits.

i ríir:iì:ritri: rânq{: oi ¿l0CetìSr,t'i{)si, FOf USe in many Othef
applications, the capabilities of the UDL 4 can be expanded
using accessories such as temperature sensors, current
clamps and high-voltage probes: see recommended extras
and details on page 196.

Recommended extras (- also suitable tor use with UDL 3)

Specifications

Voltage/current measurements
DC/AC voltage DC/AC current Full scale

display

100 mV 10 ¡rV 100 uA 10 nA 199.99
1 V 100 ¡V 1 mA 0.1 ¡A 1.9999

10 V 1 mV 10 mA 1 rrA 19.999
100 V 10 mV 100 mA 10 ¡A 199.99

1000 V 100 mV 1000 mA 100 pA see below
(V¡,6: 1200 V; Vrc: 1000 V) (DC, AC: 1999.9 mA)

MaÌimum ¡nputs
DC voltage . . +1200 V momentary, all ranges

Ì1000 Vconl¡nuous
Acvoltage......
DC and AC current

1000 V*s for 30 Hz to 10 kHz
lim¡ted to 2 A by tuse
10 MQ on all ranges; for AC, 75 pF in
parallel

lnput resistance

Error limits and ¡nleference rejection for
VDc loo-mvrange . . . . +(0.03% o, input +2 d)

Ranges=1 V......-...... +(0.03% olinput +1 d)
Temperatureefect ........ +(0.003%of input +0.001%

ol range)/"C
CMRR .. >120 dB at DC, >100 dB at 50 Hz
Normal mode re¡ection ratio 60 dB at 50 Hz

V¡c .... .... Read¡ng error (1) Temp. efiect (+)/'C
50to500H2. ..... O.4% ol input +20 d O.02"/. ol ¡nput +0.02%

of range
2loz0kHz . . . . . . . 1% ol input +20 d 0.1"/" ot ¡nput +0.02%

ol range

loc Up lo 10-mA range 0.'l% of input +1 d 0.01% of input +0.001%
of range

Ranges 
=100 

mA 0.2% ol ¡nput +1 d 0.O2Vo ol inpul +0.001%
of range

lec 50 Hz to 1 kHz . . . . 0.75% of input+2od 0.03% of input +0.02%
of range

5 to 20 kHz . . . . . . . 1.syo of input +20 d O.1"/. ol input +0.02%
ot range

Resistance measurements
Nominal range Full scale display Resolution Max. current

1 kçt 1.9999 kQ 100 mO 1.8 mA
10 kO 19.999 kO 1 O 330 ¡A

100 kO 199.99 kO 10 O 35 sA
1000 ko 1999.9 kn 100 Q 3.5 ú

10 MO 19.999 MC] 1000 O 0.35 FA
Max. inputvoltage ... . . .. 500 V DC or AC
Maximumopenc¡rcuitvoltage .. . . . 3.5 V
Errorl¡mits/temp.effect .......... of inputl+) of input (+)/'C

Range5100kC¡ ...... 0.05%+1d/ 0.005%+0.00'l%of

1000ko . . ... o.l%*t o, å13?3z" +0.001% or

roMo... .... o.2s%.t o, ä1383o +o.oos%or
range

2.5 readings/secound

Nominal
range

Resolul¡on

Read¡ng rate

General data
Operat¡ng lemperature range

Power supply AC supply . . .

þattery .....

D¡mensions,weighl ........

Ordering information

Orderdesignation. ... . .. .

Accèssor¡essupplied ..... .

Nom¡nal Resolution
range

Carrying Case
1o-Acurrentshunf ..........
1 50-A Clamp-on Currenl Probe*
1000-A Clamp-on Current Probe'
1 9'Lrack Adapter
TemperatureProbe' ..........
40-kV High-voltage Probe' . . . . .

NiCd Battery Pack

For deta¡ls see pagê 196

UDL 4-21
UDL 4.22
UDL 4.23
UDL 4.24
UDL 4.25
UDL 4.26
UDL 4-27
UDL 4-28

346.801 3.02
346.8065.02
346.81 13.02
346.81 65.02
346.8213.02
346.8265.02
346.8313.02
346.8365.02

- 10 to +55'C (0 to +40'C using
NiCd battery pack)
210 to 250 V, 47 to 400 Hz (3 VA)
NiCd battery pack, to be ordered se-
paralely,6 hours approx. between
charges
216 mmx73 mmx225 mm,'1.1 kg

> Digital Mult¡meter UDL 4
346.7800.02

test cable, term¡nals, power cable

+t.b 5 ¿ I
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n€!ì ,

The Digital Multimeter UDS 5 is an extremely cost-effective
intelligent and high-speed S%-digit instrument with conve-
nient readout. Wth its integrated IEC-bus interface it is fully
system-compatible. lts compact design makes the UDS S

ideal for use on the bench and in the rack.

Measurement functions

Voc O DC voltage
Vnc O AC voltage, true rms measurement
loc O DC current
Inc O AC current, true rms measurement
R O resistance

These keys are used to select the measurement functions of
the UDS 5. The corresponding unit V, mA or kO and the
mode AC or DC are simultaneously displayed.

Display of measured value. The display panel of the UDS
5 is divided into several sections. A 7-segment LED display
can be selected to read out 3%, 41/z ot 5/z digits (details on
page 184).

The LED array to the left of the display indicates AC or DC
mode or reference. The LED array to the right of the display
indicates the unit: V, mA, kO, ÀV, ÂmA, 

^kO, ^%, 
ÀdB or

X/REF.

voltrneËeFs

Scale 1 :2.5

Blinking of the display shows that the result is invalid, for
example, because the range is exceeded in the functions
Voc, V¡c, lpç and l¡6. When the range of resistance measure-
ment is exceeded, an overflow indication appears.

The outer right LED array indicates the status of IEC-bus
operation:

REM remote
SRO service request
LLO local lockout

(switchover to manual not possible)
READY value in output store valid

Measurement rate and display range. The UDS 5 fea-
tures three different measurement rates, which are coupled
to the integration time of the A/D converter and therefore
involve displays ot 3%,41/z or 5% digits.

The FILTER key is used to switch the lower two measure-
ment rates. The highest rate (3%-digit display) can be
selected via the IEC-bus or using special function 3. Up to 80
measurements/s are possible for Vp6 in this mode. The
shortest measurement duration with triggered operation is 15
ms with functions-dependent transient times being taken into
account internally. The first value triggered and measured is
thus correct. The highest resolution is obtained for S% digits
with a maximum of 160000 steps (5 measurements/s for
Voc).

Digital Multimeter UDS 5 I 1 ¡rV to 1200 V/100 nA to 1.6 A
1mQto16MO

a AC, DC, resistance measurements with selectable read-
oul in 31/2, 41/z or 51/z digils

O Autocalibration for all functions
O Error 0.003% for VDc, O.25yo for V¡ç, 0.004% for R

O B0 measurements/second for Ve6, 3% digits
O Linear, logarithmic or relat¡ve reading w¡th freely select-

able reference

O IEC-bus-compatible

a

UDS 5

uoi
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Measurement process¡ng

^LlN 
O measured value - reference

^dB 
O 20 log meas¡1red value

reference

L% a 1OO , measured value - reference
reference

X/REF a meas-ured value
relerence

These keys permit the measurement to be represented as
different forms of relalive values.

A measured value or a value entered via the keypad (second
key functions) may serve a reference. Three reference val-
ues, one each for voltage, current and resistance, can be
stored. These values can be trañsferred to the non-volatile
memory using special function 2.

The reference values stored in the UDS 5 are read out on the
display through the RCL REF key.

OFFSET a measured value - offset

Using this key the displayed value can be subtracted from all
subsequent measurements, thus suppressing unwanted off-
set voltages (zero correction with freely selected zero level).

Measurement - range selection is possible in three diffe-
rent ways:

1. Automatic range selection

- AUTO key on
2. Locking of the selected measurement range

- AUTO key off
3. Variation of the measurement range ¡n steps

- by pressing the UPJ and DOWN! keys.
When the UPJ or DOWNJ key is pressed, the nominal
value of the new measurement range is momentarily
displayed.

Second key functions. Pressing the SHIFT key activates
the second key functions for numerical data entry and special
functions (SPEC depressed):

0 O Display test'1 O Entry and checking of IEC-bus address
2 O Permanent storage of reference values
3 a gY2-digit measurement display
4 O Calibration date (autocalibration)
5 O Error message
6 O Software check

O Check and test programs

DIGITAL MULTIMETERS E¡

Autocalibration. The calibration consÍsts in the adjustment
of the complete instrument for a total of 20 measurement
ranges from the front panel or via the IEC-bus. lt is only
necessary to call up calibration function, enter nominal value,
apply calibration voltage, current or resistance to the input
terminals and to start calibration.

The calibration can be performed in any sequence or only for
some of the measurement ranges. The calibration factors are
retained in non-volatile memory and protected against inad-
vertent alteration.

ThiS reliable and intelligent autocalibration reduces mainte-
nance times to minutes, affords high stability (no potentiome-
ters) and enhances availability.

Measurement processing. The UDS 5 is a state-of-the-art
multimeter otfering:

O High-impedance DC voltage mesurement >10 GO
up to 16 V, '10 MO up to '1200 v

O True rms weighting of AC voltags and AC currents

O lntegrating pulse-width conversion technique
for high noise rejection

O Three different integrating times:2, 20 and 200 ms

a Analog sect¡on with floating input via optocoupler

The integration times of 20 and 200 ms provide effective
rejection of hum with DC voltage, DC current and resistance
measurements (50 Hz at 20 and 200 ms, 60 Hz at 200 ms).

Construction. The Digital Multimeter UDS 5 is housed in a
compact all-metal casing, which in conjunction with the
shielded IEC-bus connector reduces radio interference. The
welForganized layout on three circuit boards - analog sec-
tion, processor, display/keyboard - together with com-
prehensive test and self-test programs makes servicing par-
ticularly easy.

Onioff sw¡tch
Conneclor for
IEO-bus interface

AC supply connector

Voltagè selector

Rear-panel details

"()p

cÐ

'*.'{:r.,,,", C
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Remote-controlFunction
indication

572-digit readout
of measurement

Callof
reference

Data entry

Unit
indication

Test
input

Zero
correction

Grounded
socket

Sensing
lnput

trtr

Etr
trtr

Switchover to
second function

(blue key
labelling)

Fuse for leç, laç

measurement

Remote/local
switchover
TALK key
for TALK ONLY/
Storage of
input data

Selection
41/2151/z digils
Call of special
functions

E

Selection of
meas. function

Calculation of
relative value

Range
switchover/
Decimal point/
TALK ONLY.
Sign,
Unit of
reference valueBlue: second functions

Operation

Selection of
display length

41/z I51/z digils

31h (41/z) digils

Call of
special function
e.g. LED test

IEC-bus address
Display of
selected address

Entry, e.g. 25

Reference value

lndication of
funtion-dependent
reference

Storage of
reference, e.g. 100 (V, mA,
kO depending on function)

Retaining actual
measurement as reference

ot¡1

5'lz@

tr

Etr
Example: Current measurement acc. to l:

Un¡t R Un¡l V

v
R

-y",å*ll El I t-t ,-t ,-t hrcmenr v

'llJ lgl El -:Tlr,H"i,ffi:",^

ÂdB REf

z

=E
l¡¡
(9

=u
ô

fil

c0it PUTE ßAIGt

sfllrT

locl lAc

Mt.6r

FUSE

@

mar

r.0

% UP

AUTO

t0cAt/TAtK

(9

00wil * H

ç

DIGITAL MULTIM

,
,
n

.Lt
An r,,-, t-tL' U L' t-t

TER UDS 5

v

m

349 15r 0.0 2

OC

AC

Btf

ô

L o/"
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Remote control

The following tables list the functions, instructions and out
puts for remote control of the Digital Multimeter UDS 5 from a
controller via the IEC-bus. Further instructions provide for

autocalibration and for the special functions.

Setting commands

Command Funct¡on

DIGITAL MULTIMETERS E¡

Data entry commands

Command Function

c1

Fø
F1

F2

Nø
N1

oø
o1

outout will 
.alohaheader' w[nout '

Bas¡c setting:
(DCL, SDC after addressing)
Fø, Nø, Oø, Uø, RDUø, W3, Qø, Y1

Readout 572 digits
472 digits
372 digits

offset calculation off
on

DU/datum/
Dl/datum/
DR/datum/

Start commands

Command

Special commands

Command

Delimiters

Symbol

Service Request

lnstrument status

Measured value ready
One of several text lines ready
Calibration value retained

Automatic otset !f
Synlax error
lnput datum error
Controller call for measurement
without trigger
Hardware error
UDS 5 not ready for output
Calibration error

Reference for V¡ç/V¡6 measurement
Reference for leç/la6 measurement
Reference for resistance measurement

Function

Clear command for X3/X4
Trigger command (: GET)
Trigger command + retain¡ng of meas-
urement for reference
Setting command for triggering on call
of measurement
Setting command for continuous
triggering
Trigger command + reta¡ning of meas-
urement as offset + offset calculation on

Oulput of reference accord¡ng to
function (V, I, R)
Output of offset

Funct¡on

LED test
Display of date and condition of calibration
according to function (Voc, V¡c, l¡ç, l¡6, R)
lndication of any hardware malfunction in
coded form

Recommended
use

Separator between
commands

Direct (V, mA, kO)

xø
X1
x2

X3

x4

X5

zø

z5Output

Uø
U3
U4
U5
U6

A LIN
L%
AdB
X/REF

referred to
function-
dependent
reference

unit

Yø
Y1

Y?

Aulo zero off
on

Query whether Auto zero on or off
(SRQ generated with suitable coded
SRa byte)

Auloranging V¡ç
Veç range 0.1 V

1V
'10 v
100 v
1000 v

Vnc
Voc

Autoranging leç
le6 range 10 mA

'1000 mA

Autoranging l¡ç
la6rangef0mA

1000 mA

Autoranging R
R range 0.1 kQ

1ko
10 ko
100 ko
1 000 ko
10,000 ko

Function

RDU, RDUø
RDUl
RDU2
RDU3
RDU4
RDUS

Sø
S4

s5

RAU, RAUø
RAU I to RAU5

RDI, RDIø
RDIl
RDI2

RAI, RAIø
RAIl
RAI2

RR, RRø
RR1
RR2
RR3
RR4
RR5
RR6

CR

NL
ETX

End delimiters

Setting of the EOI line by the last character sent is

also as delimiter
EOt

lnterface commands

Command
Status byte (decimal)

80
85
86

87
8B

96
98

Wø
W1
w2
W3
W4
W5
w6
w7
W8

Qø
Q1

NL
CR
ETX
CR+NL
EOr
NL + EOI
CR + EOI
ETX + EOI
CR+NL+EOl

Delimiters for
str¡ng output

sRo function ![
Auxiliary control character
(PET timeout correction)

Designation

Decimal
point
Carriage
return
New line

ASCII decimal
equivalent

44

13

10
3

H1

99
100
101
113
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d¡gils digits d¡g¡ts

UDS 5 Digital Multimeter
Specifications

DG voltage measurement

Nominal range Resolution
5r2 4t/2 31h

Max¡mum Eror lim¡ts at Tdl), 5% d¡gits
rêid¡ng + (% ofrdg +counts)
(51¿ d¡gits) 24h, +1'C 3 months, t5"C 1'year, +5.C

+2')
Lt
+1
+2
+1

0.010
0.009
0.007
0.012
0.010

+22\
+2
+1
+2
+1

0.012
0.011
0.009
0.016
0.014

+22]
+2
+1
+2
+1

vo¡ÈffteteFs

lnput
resislance

>10 GQ
>10 GQ
>10 GQ
10 t\,40

10 MO

0.1 v

10v
r00 v
1000 v

1rv
10 ¡V
100 pV
1mV
10 mV

0.1 v1V'r0 v
100 v
1000 v

Efl'or limils over 1 year

Range

0.1 v
1to350V
350 to 800 V

Crest factor

DC current measurement

Nominal range

10 pV
100 ¡rV1mV
10 mV
100 mV

.160000 v
1.60000 v
16.0000 v
160.000 v
1200.00 v

Max¡mum

0.004
0.003
0.003
0.004
0.005

100 pV'I mV
10 mV
'100 mV

Maximum input vollage
HitoLo,Hitoground ............ l20OVpeakLotoground ... SOOVþeak

Noise reject¡on DC, 50 (60) Hz !0.05%
in dB with 1 kQ in Lo lead
Normal Common Common
mode AC mode AC mode DC5Tzdigits ... 64 (64) 190 (jOO) >1204l/zdigits ... 64 (14i j30 (80)' >120

372 digits 65 >12O

Temperalure coefficient, + (% or rdg + counl)/'CRange0.1V............... ........0.000s
'1 v..... ...0.0005
10v.... ...0.0004
100v ... ... 0.0007
1000v .. ... 0.0007

+1
+0.1
+0.1
+0.1
+0. t

Measuremenl ratè (without rangê switching)

Manual operat¡on.
Computer conlrol: inte-rval between tr¡gger
and output of first byte') . . . .

Digits 572
... . . 5/s

4Vz
33/s

31/z

80/s

15 ms

AC voltage measurement - true rms

Nominal range Resolulion _
5V2 4t/2 g1/2

digits digits dig¡rs

10 ¡tV
100 pV
1mV
'10 mV
100 mV

20 to 50 Hz 50 to 100 Hz

1 Mo ll40 pF

Eror l¡m:ls at Tcdl) +5"C, 5% digits,
sinewave voltage, + (%

f00 Hzto 10 kHz 10 to 20 kHz

V >1% of nominal range
of rdg + counts)

20 to 50 kHz

'1.2 +300
Q.7, +250
0.9 +250

216 ms 33 ms

50 to 100 kHz 100 to 200 kHz

reading
(5% digits)

lnput
impedance

100 pV'I mV
10 mV
100 mV
1V

'I pV
10 pV
100 pV'1 mV
10 mV

+'t20
+70
+70

0.5 +100
0.5 + 50
0.6 + 50

100
50
50

.160000 v
1.60000 v
16.0000 v
'r60.000 v

800.00 v

2.4 +
1.8 +
2.0 +

For 4Y2 digils: %o number of counts
For 3y2 digits: %oo number of counts +1

Maximum input voltage
Hi to Lo, Hi to ground

Lotoground......

TemperatuÌe coefficient, + lyo ol tdg + counts)/"C
Range20HztozokHz ........ : 0.01s +5Range>2oH2 .......0.040 +.10

Measurement rate (w¡thout range switching)

Manual operation (change of display) . . . .

Computer control: interval
between trigger and outpul of l¡rst byte . . .

max. deviat¡on (counts)a)

0.30
0.25
0.40

0.45
0.35
0.50

+120
+70
+70

Ã

2.5
2.7

+900
+850
+850

20 +3000
10 +3000

1 200 V peak
1000 v Dc
500 V peak

Common mode rejection
DCto60Hz......
with 1 kO in Lo lead

>100 dB
>65 dB

Digits 5Y2
5/s

41/z
30/s

31/z

501

Resolution
5V2 41/þ g1/2

digits digils digits

For 472 digits: %o number of counts
For 3y2 digils: %m number of counts +.1

read¡ng
(5% d¡gits)

¡iA
mA

16.0000 mA
1600.00 mA

0.05 +10
0.07 +10

750 ms 600 ms ô00 ms
505r

0.1 +30

250 V max. (1.6-A fuse)

Digits 5Y2 41/2 31/2
2,41s 18/s 50/s

420 ms 55 ms 20 ms

5.5 at nominal value (1 00 000)
3.5 al FS (160000)

Maximum

- 

Error limits at Tør
I year, t

I <0.5 A

t), *s'c, s% dig¡ts 

-
(% ot rdg + counts)

I >O.5 A

10 mA
IA 1¡A

100 ¡A
nA
¡A

00
0

0

Temperature coeff¡cient, + (% of rdg + counts)/"C
Banges10mA,l 4............ O.OOS ie

Voltagè drop
Range tomA <170 mvRangelA ... <SSOmV

Measuremenl rate (without range switching)

Manual operation
Computer control: inlerval
betweentriggeroutputof firstbyte3) . . . . .

lnput protection

Tet = 20 to 25"C, 23'C on delivery
W¡th offset correclion

åSl:{191^g^"_1!!t.c11nO-9n99ti9n adds 5.ms.on average (1 to 1o ms). The f¡rst measuremènt ¡s correct if tr¡ggering is coincident wirh the lesr-signat enrryFrrst measurement (>10% ol nominal range); tr¡ggering coincident wilh tesþsignal entry

186



voltrneËens¡

AC current measurement - true rms

Nom¡nal range

DIGITAL MULTIMETERS E¡

Error limits at Tø1 ) + 5" C, St/z dig¡ts, I >1 % of nominal range
sinewave vollage, 'l yeat, + (Vo of rdg + counts)

20 to 50 Hz 50 Hz to l0 kHz 10 to 20 kHz

2 +50
2 +50

1 +90
1 +90

Resolution
51h 41/z 3V2
digits digits d¡gits

<170 mV
<550 mV

Voltage drop
Range 1 0 mA
Range1A...

Resistance measurement

Nominal range

0.1 ko
1kQ
10 ko
100 ko
1000 ko
10000 ko

100 nA
10 pA

'I t,A
100 ¡A

reâding
(5Yz digils)

+
+

0
0.5

¡A
mA

Maximum

16.0000 mA
1600.00 mA

Max¡mum
reading
(572 digits)

70
70

10 mA
1A

For 4/z digits: %o number of counls
For 372 digits: %oo number ol counls +1

Temperature coetficient, + (% of rdg + counts)/" C
Banges10mA,1A.... .0.02+5 31/z

50/s

Measurement rate (without range switching)

Manual operation (change of display) . . . .

Compuler control: interval
between trigger and output ol lirst byte . . .

max. dev¡ation (counts)a) . .

Digits 572
.....5/s

Digits 572

41/z

30/s

346.8065.02
346.81 13.02
346.8165.02
346.8265.02
346.831 3.02
o78.A222.OO

Error l¡mits at Tcalr), 572 digits
+ (% of rdg + counts)

24 h, +1'C 3 months, +5'C 1 year, +5'C

750 ms 600 ms 600 ms
5051

Test current/
max. voltage

Resolution
51h 41/z 31h
digits digits digits

'10 mQ
100 mQ
1Q
10()
100 r)
1kc)

0.005
0.004
0.004
0.006
0.006
0.020

0.016
0.015
0.015
0.020
0.025
0.1 40

+22)

+2
+2

1mO
10 mO
100 mO
1c)
10()
100 ()

100 mO
1f)
10f)
100 c)
1ko
10 ko

.160000 ko
1.60000 ko
16.0000 ko
160.000 ko
1 ô00.00 kc)
'16000.0 ko

1 mA/7.5 V
1 mA/7.5 V
100 ¡A/7.5 V
10 ¡A/7.5 V
10 ¡A/23 V
1 ¡A/23 V

+221
+2
+2
+2

0.013
0.012
0.012
0.017
0.020
0.1 30

+221

+2

Maximum ¡nput voltage
HitoLo(l<500H2) .,.......
H¡, Loloearth ... -.... .......:::

Temperature coeffic¡ent, t (% of rdg +
Rangeo.1 kc) .....

1 ko, 10 k()
1 00 ko, 1 000 ko
1 0000 ko

350 V peak, 250 V rms
500 V peak

Measurement rate (without range sw¡tchìng)

Range 0.'1 to 1000 kO
Manual operation
Computer control, interval
between trigger and output of first byte3)

Range 10,000 kO
N¡anual operation
Computer control: interval
betlveen trigger and output of first byte3)

2.41s

420 ms

2.21s

4ô0 ms

4Vz

1 5/s

55 ms

11/s

100 ms

31/z

50/s

20 ms

1lls

100 ms

coun0/" c
0.0010 +1
0.0010 +0.1
0.0023 +0.1
0.0160 +0.1

1)

2)

3r

4)

Tcat = 20 to 25'C, 23"C on delivery
Wlh offset correct¡on

^ 
calculation or offset compensat¡on adds 5 ms on average (1 to 1 0 ms). The f irst measuremenl ìs correct if triggering is coincident with the test-s¡gnal entry

First measurement (>10% of nominal range); tr¡ggering coincident wilh test-signal entry

Additional characteristics

Measuremenl ranges
DC voltage
AC voltage
DC cunent
AC curent .

Res¡stance

Rangesetting . .

Relerence value

Zero correctlon

Autocalibrallon

Second key functions

Bemote control .

lnterface lunct¡ons

DC vollage
AC vollage rms
DC cunent
AC curenl rms
Resistance

1 uVto 1200 V
500 ¡rV to 800 v, 20 Hz to 200 kHz
100 nA lo 1.6 A
10 FA to 1 .6 A, 20 Hz to 20 kHz
1 mO to 16 MO,
automat¡c two-wire/
four-wire switchovèr
aulomatic or manual

key entry or actual measurement

using ottsel key

from front panel or IEC bus for all
measuremenl functions

lor dala enlry, entry and checking of
IEc-bus address, lest programs and
autocalibrat¡on

IEC bus (lEC 625-l/IEEE 488)
SHl. AH1, T5, L4, SRl, RLl, DC1
and DT1

Readout of measured value

Unitsolmeasurement .. . ..

General data

Operating tempèrature range . . .

Storagetemperaturerange ....
Power supply

D¡mensions(WxHxD) .......
Weight. .

Ordering information

Orderdeslgnatlon.... ......

Recommended exlms
lo-AcunenlShunt..........
f 50-A Clamp{n Cunent Probe
'1000-A Clamp{n Cunenl Probe
Temperature Probe.... ... . ..
H¡gh-voltage Probe..........
19'-rack Adapter

linèar, logarithmic or relative to freely
selected referencè
V, mA, kn,

^V, ^mA, ^kn,
^%, ^dB 

or dimensionless
quotiènt (X/REF)

+5 to +45'C, class 1 to lEc 359
(no dew¡ng)
-40 lo +70"C
100 I 120 I 220 I 240 V + 1 0%,
47 to 63 Hz (30 VA)
220 mmx109 mmx340 mm
4.4 kg

> Digital Multimeler UDS 5
349.1 510.02

UDL 4-22
UDL 4-23
UDL 4.24
UDL 4-26
UDL 4-27
z.A-22..
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The System Voltmeter UDS 6 is a microprocessor-control-
led precision instrument with a completely new concept
which offers a degree of versatility never before available.

The UDS 6 is the answer to many complex test problems;
depending on its use, it can þe characterized as a

O precision voltmeter (multimeter) for laboratory applica-
tions and general measurement tasks,

O voltmeter for storing and processing the results,

O system unit for test setups using other interface-compat-
ible instruments (see also page 192).

Measurement, evaluation and storage

Precision measurements. DC voltage, AC voltage and
resistance. For DC voltage: resolution 1 00 nV error 1 x 10-5;
variable integration time.

Measurement processing. A total of ten programs for
multiplication, limit monitoring, statistics, etc. (see page 189),
including time control of test programs lasting up to 96 hours;
checkpoint selector (scanner) on page '1g3.

Data management. Automatically stores measurement
data and results in 50 locations; further 30 locations for
manual entry.

Stored data can be recalled at any time, for instance for
further calculations. All the results can be replaced or entirely
erased.

Outstanding features

Out of its range of excellent characteristics, the following
features of the instrument should be particularly stressed:
resolution 100 nV or 100 pO, extremely high linearity, vari-
able scale length and integration time, input impedance
>100 GO, and common-mode rejection 1S0 dB.

Reading rate. The UDS 6 can easily handle a flood of
measurements - at the push of a button 330 readings per
second can be obtained.

The settling time of the UDS 6 is extremely short: just 1.6
ms.

Filtering. A digital filter can be connected to ensure max-
imum accuracy and to suppress noise. ln this case, the
integration time is increased to 1.28 s and the measurement
cycle is locked to the AC supply frequency.

voltrncltel.s¡

Ease of operation

Despite its many capabilities and functions, the System
Voltmeter is almost as easy to operate as an ordinary pocket
calculator. The panel controls - pushbuttons with built-in
LEDs to confirm the entry - are logically grouped and colour-
coded with corresponding coloured legends to guide the user
effortlessly through the most complex routines. lf an entry
has not been completed, the associated LED flashes to
remind the operator.

The UDS 6 used as a laboratory digital voltmeter

The System Voltmeter can be used like any other precision
DVM in the laboratory. The only difference with respect to
conventional DVMs is the instrument's ability to record fully
automatically 50 consecutive measurements, even in manual
operation. The user can ignore the grey buttons and their
corresponding legends. ln the manual mode the UDS 6 will
measure

DG voltage: the average value of the input signal during the
selected integration time.

AC voltage: the mean value of the AC component of the input
signal; the rms value is displayed if the input signal is
sinusoidal.

Resistance: the average value of the resistance measured
during the selected integration time.

Panel controls for manual measurements. The pushbut-
tons for manual measurements are captioned white on black,
the buttons themselves also being black. lt is easy to see
how to use them: a group of three is used to select the
desired measurement function; the measurement range is
selected by the buttons on the row beneath, autoranging is of
course also possible. The range selected and the autorang-
ing mode are indicated by a corresponding LED.

lndication cycle, The UDS 6 can display measurements
either singly or repetitively, as selected by the SAMPLE or
TRACK buttons. SAMPLE gives a single new reading each
time the button is pressed whereas TRACK causes the
display to be continuously updated for each measurement.

lEG625Elus
frT "rilË"

I 100 nVto 1100 V
100 ¡rQ to 14 MO

O Uses: both as a laboratory DVM
and a system unit, e.g. tor data
storage/processing

O ïme control of test programs over
a maximum of 96 hours

a Versat¡le computational capability

UDS 6 System Voltmeter UDS 6

-l
t.¿ 311581
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Wth the filter connected into circuit, the integration time is
extended; the reading is then updated six times per second
(with 6xg scale length selected: evey| .28 s).

The scale length and the integration time of the A/D
converter can be selected (3T" up to 6% digits) with the (blue)
DISPLAY button in conjunction with the buttons captioned
3xg to 6x9 (white on vlue).

tr";FFr.r.çErr=*

TIqTTEE
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tion: conversion of output signals from flow transducers,
e.g. into litres/min.

2 Percentage deviation referred to nominal value n
Each measurement is compared with the entered nomi-
nal value n, and the percentage deviation is displayed.
Typical application: quality control.

3 Offset by subtracting a constant from each measure-
ment. Using a constant with negative value, addition is
also possible. Application: measuring the output currents
from sensor/transmitter system. ln conjunction with pro-
gram 1, conversion into engineering units is possible.

4 Ratio obtrained by division (measurement/nominal val-
ue). Three different calculations can be selected: linear,
logarithmic (gain, etc. in dB), inverse ratio (e.9. for con-
ductance calculation).

5 Maximum and minimum by storing and updating meas-
urements (peak-to-peak value found by subtracting
minimum from maximum); four ditferent results can be
displayed, see table on the next page.

6 Limit monitoring by entering two constants and compar-
ing the measurement with the limits: an additional symbol
may be displayed, e.g. a high bar if the upper limit is
exceeded. Five different results can be selected; see
table on next page.

7 Statistics by storing each measurement and carrying out
the calculations internally. Application: quality assurance.
The UDS 6 can carry out the following calculations for the
five different results, in the middle of taking measure-
ments (all the results are ready to be recalled at the end
of a run):

0: each measurement 3: updated standard deviation

R=x

1: updated average

Panel controls for manual measurements, e.g. display and scale length (3xg to
6x9) as well as ¡ntegration time

The UDS 6 used as a DVM
for measurement processing

The keyboard includes a (grey) PROGRAM button, which
can help you solve a lot of measurement problems. Measure-
ment data can be processed in accordance with the user's
specifications thus providing more meaningful results than
straightforward voltage or resistance indication.

Measurements are processed as they are made and the
results are directly displayed on the UDS 6 after pressing a
few þuttons. The microprocessor not only controls the DVM
functions but also offers true data processing capability.

Programs for measurement processing. To process the
measurements, nine diffrent programs can be called up (see
righthand column and table on next page), providing a total of
26 individual results. A tenth program using the UDS 6
internal clock as a time reference offers time control over the
following measurement functions: start, stop, preset inter-
vals. Programming to cover a maximum of 96 hours is
possible. Thus the instrument can be left unattended for
instance over the entire weekend, and the complete final
results can be recalled at the beginning of the working week.

The programs can be used separately or consecutively. For
instance, the mean room temperature can be continuously
measured over 24 hours with any required interval between
measurements.

Many of the programs can perform more than one type of
calculation. With some programs the user can choose the
calculation to be performed, with other programs he can
choose the information to be displayed during the measure-
ment and processing.

Below, the ten different programs are described in the right-
hand column, and summarized in tabular form with the
individual calculations on the next page.

The 10 programs of the System Voltmeter UDS 6
'i Multiplication by constant c

Each measurement is multiplied by a constant c (>1 or
<1) which is entered v¡a the keyboard. Typical applica-

I Temperature measurement using thermocouples
The UDS 6 measures the output voltage of a thermocou-
ple, linearizes it and displays the result in'C or "F. The
linearization tables for four types of result are built into the
memories; see taþle.

9 Time control of measurements and processing over a
maximum of 96 hours.

0: program run in modes
SAMPLE: continuous to the end,
TRACK: continuously repeats measurement and displays
latest reading

'1 : start/stop operation, with real time of day if desired

') Polyriomial evaiuation by measurement and linearized
display, for instance outputs from non-linear devices us-
ing the equatiorì R : co*crX*c2x2*cax3. The constants ca

to ca are entered after calling up the program.

^ ltt*?, 
(''t -ï)'

R-- xk
it

k=l
T
I

t

2: updated variance

R=l i tx, -ï)2t k=t' *

4: updated rms

^ Jt"t;
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UDS6 - SystemVoltmeter

Program

1 Multi-
plicalion

2 Yo devialion

3 Offset

4 Ratio

5 Maximum/
minimum

6 Limit
monitor¡ng

7 Statisl¡cs

I Temperaturê
of lhermo-
couple

I ïme

0 Polynomial
evaluation

Display, keyboard and entry

Large/small readings. Depending on the application and
the measurement period, a considerable amount of data has
to be handled and high values must be displayed, as in
program 7. The UDS 6 can process over 1000 million
readings and display both very large and very small values.

lf a number exceeds the display range of +9999999, the
display changes to exponent form. The range is then 10æ to
10-63. A measurement of 3 mV for instance - divided by an
assumed constant of 2000 - yields a reading of 1.5x10-6.

lnteractive display. ln addition to showing voltmeter
measurements and the results of processing, the UDS 6
display is used to set up programs and to recall processing
results. The display and the keyboard constitute an interac-
tive system for the operator: the display presents numbers,

A (a) in "F

(a) Type of timing
otherwise as enlry

co to ca
(constant)

Preliminary information tor
calling up value lrom history file

words, or a mixture (alphanumeric form) to guide the user as
to the steps to be taken.

ln the case of programs with several types of result, the one
selected is displayed in addition to the program number
Constants are displayed as they are keyed in. The display
says FULL if more than three programs are called up.

Due to the limitations of the 7-segment format, special
characters such as H for the entry of the upper limit (or L for
the lower limit) have been selected. During the recall of the
results, the UDS 6 display briefly indicates which result is
about to appear, for example
nH followed by number of measurements "high"
nL followed by number of measurements "low"
nG followed by number of measurements "go"
H followed by upper (high) limit
L followed by lower (low) limit.

The interactive display of the System Voltmeter UDS 6 keeps
the user informed on the steps he has to take next.

voltrnetel.s¡

Program summary

Recall sequence

c Multiplier

n Nominal

Ofiset

H
L
PP

nH
nL
nG
H,

(a)
(b)
(c)
(d)

(a)
(b)
(c)
(d,

(a) Type of result
(b) Reference value

Type of result
Maximum
Minimum
Peak to peak

Number >H
Number <L
Number in lol.
e)

(a) Type of result
n/AV/VA/Sd/rS

(a) Type of function
(b) Room temp.

in "C
A

0
1

0
1

2
J

4lo 7

0to4

0
1

2
3

0
1

2
3

Type ot
resull

Polynomial
solution

'C for N¡Cr/NiAl
'F for each
type above

Cu/Con
PI/PtRh
FelCon

"C for
"C for
'C for

Mêasurement
value

Measurement
value

Each measurem.
Maximum
Minimum
Peak to peak

Meas./ref-
dB
Power
lnversê ratio

Otfset

^% 
from

nominal

Product

Display Calculallon

R=cotclx+c2x2+cax3

Clock: locked to AC supply; time span 96 h
Run time and interval between readings:
max. 95 : 59 :59 h
Resolution 1 s

R=a+bx"+
(ä:', ä: 

j' slored )b', c'

CXo2
a'i

+ dx^3
b'A +'c'42

See pervious page under 7

x > H = Hl H: upper limit
x < L = LO L: lower limit
H>x>L=GO
Comparator fuzz <1 dig¡t

R:x
R: max. X
R=min.x
R: max. x- min. x

B=
R=
R:
R:

xlÍ
29log xlt
x'lr
tlx

r: reference value
x/r musl be posit¡ve
r: resislance
r: reference value

R: x-Ä
^: 

offset

n: nominalR: 100 x- n

n

R=cx c: conslant

H
L

lim¡t
lim¡t

Upper
Lower

Reference value
Reference value
Resistance
Relerence value

Offset

n Nominal

Multiplier

Entry

co to ca
(constant)

tr
t

Progr
ïme,

tb, tc lnterv., stop

: run l¡me
tA Start

A Room temp. "C

A Room temp.'F

n_- -Ll 9
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Keyboard. Easy operation is essential for a user-oriented
test system. \Mth the System Voltmeter UDS 6 this has been
achieved by grouping the keys into logical patterns, the
buttons being colour-coded with the corresponding coloured
legend. ln this way a minimum of keys is required.

EE
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Data management

History file. lt has already been mentioned that the UDS 6
can store 50 consecutive measurement values, automatically
and independently of the mode selected (measurement pro-
cessing or basic DVM function). To read from this memory,
press the STORE button. ln the STORE mode, the grey
captions assume a slightly ditferent significance than they
have in the processing mode: the RECALL button is now
used to read the stored data in sequence; the file can be
accessed either forwards or backwards, as selected with the
+/- button.

Data modification (manipulation). The UDS 6 contains a
further area of memory with 30 locations for manual storage
of any data, such as measuremenl values, programs or
results. These data can þe modified, updated, manipulated
and erased. Stored measurements can be recalled as base
data for further calculations. The STORE button is the key to
a wide range of new possibilities in data management.

Data management v¡a the keyboard. ln the STORE mode
the white-on-grey captions apply for the remaining buttons,
as in the processing mode.

Keyboard otfers wide range oÍ input, output, calculat¡on and slorage functions

Black buttons: for measurement functions and ranges (V,

R)

Blue buttons: for scale length (number of digits)

Program button: this (grey) button causes all the others to
adopt the functions labelled white on grey,
e.g. switchover from simple DVM function
to measurement processing.

Entry. Program numbers, types of result and constants are
keyed in using the buttons on the bottom row marked 0 to g;

the polarity of constants and decimal points are entered via
the buttons on the top row. The entries appear in the display
as they are keyed.

ENTER is used to enter program numbers, etc., into the
memory; a typical sequence could be:
Program 4 ENTER

CLEAR is used to erase the data in the display and in the
memory; if program 9 is cleared, the internal
clock is not reset. Example:
P 7 CLEAR

RECALL is used to recall all the results of a program at the
end of a program run, since during the run only
one result can be shown.

EXECUTE is a heading for the TRACK and SAMpLE but-
tons which are the start þuttons for program
execution (see also under program g); after
pressing these keys, the function of the keys
reverts to the black captions.

COMPUTE is activated while the measurements are being
processed (the built-in LED lights up); pressing
this button stops the processing and the UDS 6
operâtes from then on as a normal DVM. The
results processed so far can be recalled. To
continue processing with the same data, it is
merely necessary to press the COMPUTE button
again.

REMOTE switches the UDS 6 when operated via the RS-
232 interface from manual to remote-controlled
operation and vice versa; when using the IEC-
bus interface, only switchover to manual opera-
tion; the LED lights up in both cases to show the
remote control mode.

Area of keyboard
for data management

functions

The ENTER button is used to write data from the display into
a selected memory location.

The CLEAR button is used to erase the displayed data
(similar to the CE button on a pocket calculator), permitting
operator mistakes while keying-in to be rectified without
erasing stored data.

The RECALL button enables the contents of a specified
memory location to be read out and displayed.

The buttons marked 0 to 9 are used to specify memory
iocations. ln conjunction with +/- and the decimal point, the
number keys can be used to enter constants which are to be
stored.

The keyboard and the display are fully interactive. The
address is displayed when the qpecified memory location is
called up. Constants are built up digit by digit in the display,
thus avoiding entering an incorrect figure.

Conclusion: The operation of the System Voltmeter UDS 6 is
as easy as that of a pocket calculator; its computational
capacity is, however, many times greater.

Vdc Vac kn
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System Voltmeter UDS 6/UDS 6-81

System use

Fitting the System Voltmeter UDS 6 with a system interface
option (ordered separately) extends its range of application
and makes it suitable for use in automatic test systems. ln
conjunction with a printer or a VDU, the instrument can
operate as a simple, inexpensive test system without need-
ing a controller.

System interface. The system interface adds the following
new capabilities:

Comprehensive interactive data transfer between the
user and the System Voltmeter as well as between the
system controller (e.9. Process Controller PUC), the UDS 6
and all the other system components; the option is a combi-
nation of two data interfaces in one unit: the IEC bus, and RS
232 C (V.24).

Full system control using a system-compatible desktop
computer.

Optimum flexibility of application, from use in the laboratory
through to the fully automatic test system with realtime or
preprogrammed operation.

The IEC-bus interface meets IEC 625-1 and IEEE 488; it is
fitted with both a 24-way and a 25-way connector (see photo
below). The following functions can be executed:

SH1 source handshake RL1 remote/local
AH1 acceptor handshake PP2 parallel poll
T5 talker DC1 device clear
L3 listener DT1 device trigger
SR1 service request

RS-232-C interface (CCITT V.24). The interface comprises
eight lines: four handshake and four communication lines,
including protective ground and common.

Baud rate: 1 1 0, 1 50, 300, 600, 1200, 2400,4800 and 9600.

Simple point-to-point communication. Measurements,
processing or data management information in the UDS 6
can be called up via a data terminal which can then be used
to display the results.

Preprogrammeci control. Programming commands for
setting the UDS 6 to different modes of operation can be
transmitted via a data terminal.

RS-232-C (V.241
interface

volËrnc)tc!!.s¡

Automatic control. lf the data terminal has a mass storage
device (magnetic{ape or floppy-disk unit) or the test system
includes a system controller (microcomputer), the UDS 6
(fitted with option UDS 6-81) can operate without operator
intervention.

Program troubleshooting. The UDS 6 permits rapid fault
locatoin when entering the program. ln the case of a dubious
result, each program parameter entered can be recalled by
sending the ASCII character "?". Moreover, sending charac-
ter "E" causes a complete listing of all the program parame-
ters.

Data input. All the functions of the System Voltmeter can
be controlled via the IEC-bus or the RS-232-C interface. All
entries of measurement functions and ranges, programs and
data-manipulation commands are coded in ASC|l, individu-
ally or in strings. The instruction set of the UDS 6 is compat-
ible with the two different types of interface.

Data output. The measurements are output in the form of
an alphanumeric string:

Sp VDC Sp Sp + 1.23456E + 03

The first six characters - the alphanumeric header - can be
suppressed if they cannot be read by the user's terminal.

Additional information is presented to the right of the meas-
urement data, e.g. Hl/LO information from program 6, meas-
urement timing, or the program in use.

System expansion: Scanner UDS 6-21

lf measurements are to þe taken not at a single point but in a
rapid sequence at many different points, the Scanner UDS
6-21 (for detailed description see next page) offers a neat
and cost-effective solution. Neat because the Scanner is

housed in a slim case which matches that of the UDS 6.

Cost-effective because it contains 16 analog channels, and
does not require an interface of its own: it is controlled by the
voltmeter interface, connected via a single socket at the rear.

Conneclof
for scanner

IEC bus,
25'way

Rear panel of System Vollmeter UDS 6 with connectors for Scanner UDS 6-21
plus IEC-625-1 and RS-232-C interfaces

,,'.Llt.-. -tst! r.ii.tr'ti,;,i !:.-Fj.t¿
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Scanner UDS 6-21
0 16 channels
O Checkpoint selector, an ideal DVM

expansion for rapid data acquisition

O Typical scanning speed
'130 channels/s

O Control and programming by the DVM
via IEC bus or RS-232-C interface

O Fourlerminal plus guard scann¡ng

The Scanner UDS 6-21 is an extremely etficient and low-
priced checkpoint selector whose internal and external
design matches the System Voltmeter, expanding the UDS 6
into an automatic large-scale data acquisition system with a
high scanning speed.

Characteristics

Number of checkpoints: terminals used. The Scanner is
able to poll 16 different checkpoints, each input channel
being of the four-terminal-plus-guard type. lt can be used for
either voltage or resistance measurement. The checkpoints
of interest are connected via two screw-terminal blocks, each
of eight channels. The channels are coded hexadecimally
from 0 to F.

The actual scanner assembly has a switching speed of 130
channels per second (typical) with an extremely low inherent
noise voltage.

To match the input terminals of the UDS 6, the analog signals
are brought out at 4-mm rear sockets: there is a total of five
lines, four for the analog signals as required for resistance
measurement using the Kelvin bridge technique, and one as
a guard line.

The control lines and the power supply are connected via
a standard 25-way Cannon cable. The logic required for the
scanner control is included in the System Voltmeter which
also provides for channel selection. Expansion in blocks of
16 channels (up to a total of 255) is possible by the provision
of a second connector socket.

Rear conneclors of Scanner UDS 6-21

Four-terminal output Conneclor lor System VolEneter
and additional scanner

SYSTEM VOLTMETERS C¡

UDS 6-21

ln conjunclion
with UDS 6

Systems use

ln the simplest system configuration, an individual Scanner
UDS 6-21 is controlled from a printing terminal (teletype) or a
VDU with its keyboard. The System Voltmeter to which the
Scanner is connected supplies the results to the data termi-
nal. Thus up to 16 checkpoints can be scanned and the data
and processing results logged.

Moreover, the Scanner can also be used in larger systems
where a desktop computer or the Process Controller is
included for control.

Specifications of Scanner UDS 6-21

Checkpoint swltchover
Channels
Swilching el€ments. . . .

Operat¡ngtime .....
Setllingtime.......
Releasetime
Life .......

O **..i üs."'

Thermal enor

Maxlmum ratlngs
lnpulvollage(H|/LO) .........

LO 1o guard
Vollage between inpul and oarth
Voltage between channel inputs .

Sw¡tchedsignalvoltage .......
lsolatlon between channel inputs

Slgnal connecto¡s

General data
Op€rating tçmperature range
Storage temperalure range
Powersupply

Dimensions,weighl ... -..,

Ordering information

O¡derdeslgnatlon. ..... . . .

Acc€ssoriessupplied ... ....

Recommended extras
5Èway test cable UDS 6

to uDs e.zl
s-way tesl cable UDS 6-21

ro uDs 6-21
Screw-terminal Block UDS 6-22

16 (15 if unit is in block 0)
$pole reed relays
<1 ms
6 ms (as set ¡n DVM)
<1 ms
>5 x 107 operations
(sw¡tch¡ng <10 V)
+5 FV

130 Vm,200 vp
10 ve
200 v
200 v
200 v
10 co ll <so pF
2 screw-terminâl blocks
each wilh I channels

0 to +50"C
-30 to +50"C
from DVM used,
e.g. UDS 6
¡lil3 mmx88 mmx460 mm, 7 kg

> Scanner UDS ôZl
346.9510.02

25-way control cable (connection ol
UDS 6 lo UDS 6-2l), 346.9584.02;
2 handles and 2 sÌde panels lor rack
mount¡ng;
2 Scr€w-term¡nal Blocks UDS 6-22,
each tor I chânnels

346.9384.02

346.9378.02

lEG62SEtus

346.9578.02 (two ¡tems required)
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System Voltmeter UDS 6

Specifications

DC voltage measurement

voltrncltc!l.1s¡

Digital filter selected

1 year, +5 "C
+ (% rdg
+ digi¡s)

lnput
resistancê

Eror l¡m¡ts at +20'C
6 months, !5 "C
+(% rdg+d¡gits)

0.003 40
0.003 40

0.003 4

0.0018 4

0.003 6
0.003 6

0.004

Nominal
rango

Displayed
full scale

0.0140000 v
0.1400000 v
1.400000 v
14.00000 v
140.0000 v
1400.000 v

'100 nV
100 nV

1pV
10 pV

100 ¡rV
1mV

Error lim¡ts (+/-)
wilh reduced scale length

Max. input vollage
lnputcurrent .....
Ovêrload protection

w¡lh autoranging
in manual mode

Reading rate with scalê length
Measurèment/s
(w¡thout filter; otherwise less)

Error limits

AC voltage measurement

Nominal
range

Resolution

Resolulion

1pV
f0¡rV

100 pV

1mV
10 mV

1 year, +5'C
50 Hz to 10 kHz
+ (% rdg + digits)

o.o7
0.07
0.1

0.f
0.1

10 mV
'100 mV

1V
10v

100 v
1000 v

100 mV
1V

10v
100 v

1000 v

24 h, +1 "C
+ (% rdg + digns)

0.001 40

0.001 40

0.0006 4

0.0005 4

0.0008 6
0.0008 6

0.002

0.004
0.004
0.004
0.0025
0.004
0.004

0.006

40
40
4
4
b

6

>100 Go
>100 Go
>100 GQ
>100 Go

10 MO
10 MO

Digital filter selected

40 Hz to 50 kHz
+(yo rdg
+dig¡ts)

.5x9
4x9
3x9

'I +4pV
'l+4pV
1

+4
+4

+4pV
+4pV1

1

2
1

1

pV

¡rV

1100 v (in 1-kV range)
(tvp.)<20 pA

(up lo 10-V range)
(100/1000-V ranges)
sxg 4x9 3x9

43 182 330
valid for 6x9 scale length

Displayed
full scale

Error in the case ol high speed operation:

Wthout dig¡tal filter, an additional erre¡ ef + (25 ¡rV + 1 d¡git) must be added to the
above l¡mits for all scale lengths.

1.1 kV
350 V
1.1 kV

Temperature effect (max. +)
Ranges l0mvto l V ......

10v....
100v,1000v.....

Zerodr¡ft(max. t) ........

6x9
0.0004% of rdg/"C
0.0003% ol rdg/"C
0.0005% of rdg/'C
0.2 ¡rV/"C

Enor l¡mits at +20 "C

. 6 months, ts'C
40 Hz to 50 kHz 50 Hz to 10 kHz
+(% rdg+digits) +(Yo rdg+digits)

24h, +',!"c
50 Hz to 10 kHz
+ (% rdg + d¡gits)

100 mV
1V

10v
100 v

1000 v

0.03
0.03
0.06
0.06
0.06

0.1

0.1

0.2
0.2
o.2

0.05
0.05
0.08
0.08
0.08

0.15
0.15
0.25
0.25
0.25

AC vollage, continued

Nom¡nal
rarge

0.140000 v
1.40000 v
14.0000 v
140.000 v
1400.00 v

Enor limits

40 Hz to 50 kHz
+ (% rdg + d¡gils)

20
20
20
20
20

20
20
20
20
20

20
20
20
20
20

20
20
20
2Q

20

30
30
30
30
30

o.2
o.2
0.3
0.3
0.3

20
20
20
20
20

Errorl¡mits. . . . . for input signals >2% FS;
5xg scale length

Error limits y/ìlh reducecl scale lerìgth
(basic error of rdg same as in table
above, however, different digit error)

Scalelength .........3x9 4x9
50HztolokHz,d¡gits..........2 3
40Hzto5okHz,digils.......... 2 3

Responsetime . w¡thoutDCcomponent,thefirst
reading will reach 99.8% of a step

Read¡ng ¡ate

input voltage
'I MHz, typ. error t1 dB
0-5 measurèmenls/s
1 measurement/s
must be selected for f <400 Hz
il specified accuracy is to be
mâinta¡ned

Filter

Max. input voltage

lnput¡mpedance . .

Overload proteclion

750 Vrms (up to 20 kHz)
200 VG (above 20 kHz)
DC component: 400 V
1 Mo ll <150 pF
250 Vp, ranges <1 V
1.2 kV, ranges 

=10 
V

Temperalure eflect (max. +)
Ranges 1 00 mV, 1 V . . . . . 0.005% of rdg/'C>10V.. .......O.O1% of rdg/'C
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Resistance measurement using four-terminal technique

Nominal
range

SYSTEM VOLTMETERS €¡

Digital filter selected
6x9scalelenglh

10()
100 Q

1ko
10 ko

100 ko
lMO

10 MO

Type of
thermo-
couple

Resolut¡on

100 pA
100 ¡Q

1mO
10 mO

100 mO
'to

10c)

Displayed
full range 1 year, ts'C

+ (Vo rdg
+ digits)

Measuring
cunent

10

1 9i I year
+ (2 digits + 6 mO)

3 9/l year
+ 2 d¡gits

0-0140000 ko
0.1400000 ko
1.400000 ka
14.00000 ko
140.0000 ko
1400.000 kr)
14000.00 ko

25 mW
350 Vp
1 TQ (protects external circu¡ts)
6x9 5x9 4x9 3x9
ô 43 182 330

0.001
0.001

0.001

0.002
0.002
0.005

0.006
0.005
0.005
0.005
0.006
0.006
0.015

24 ¡1, +'l"C
+ (% rdg + digits)

Eror limits at +20"C
6 months, a5'C
+(% rdg+digits)

0.01

0.01

0.007
0.007
0.007
0.008
o.02

0

80
80
I
I
I
ð

I

9

I
9
J

I
I
2
2
2
2
2

90
90
o

9
9
o

90
90
o
o

o

9

0.01

0.006
0.006
0.006
0.007
0.007
0.015

mA
mA
mA
mA
pA
pA

¡A

Error viith re(lirc¡(, scâle lefìgtl
10()

100 ()

lkQ
10 ko

100 ko
1Mc)

1O MQ

Maximum dissipat¡on
in lest resislance
Maximuminputvoltage .......
Source Íesislance
Beading rate

Measurements/s (without f ilter)

Additional characteristics

lnterference reiection

Serles-mode relect¡on
Max. perm¡ssible series-mode
voltagê .

DCvoltage measu.ement. . . .

Scale lenglh 6x9

0.003
0.003
0.003
0.003
0.004
0.01

0.01

0.01

0.01

0.01

0.01

0.01

o.o2

Error in the case ol high-speed operation:
Wlhout digilal filter, an add¡tional error of I (25 mO + 1 digil) must be added
to the above limits for all scale lengths.

Temperature effect (max. +)
Banges 10Oto1 ¡,4O......

10MQ..
Zerodrift (max. 1) ........

5x9
4xg
3xg

ratio in dB of peak interference
to 1 digit read¡ng enor

1.1 kVo with autorang¡ng
1.1 x FS in manual mode
values applicable for series-mode
inteference at 50, 60 and 400 Hz +3%
w¡lhout lilter with filter
lntegr.- lntegr.-

dB
>90
>90
>90
>90

General data
Operating temperature range
Storage temperature ranqe
Power supply

(0.001 % of rdg + 0.2 disits)/'C
(O.OO25% of rdg + 0.2 digits)/'C
200 ¡O/"C

0 to +50'C
-30 to +70'C
1 10 to 264 V (without sw¡tchover)
50, 60 or 4OO Hz +3Vo,
changeover by links;
55 VA
443 mmx89 mmx465 mm, l0 kg

Þ System Voltmeter UDS 6
346.92't0.O2
346.9210.03

1 tesl cable, red
1 test cable, black
2 crocodile clips (coppeo
'I test probe, red
'I tesl probe, black
3 shorling l¡nks
2 handles for rack mount¡ng
2 side panels for rack mounting

Power cord

346.9426.02 (factory-installed only)

346.9510.02

346.9578.02

346.9561.02

346.9378.02

346.9384.02

dB time
>90 't.28 s
>70 160 ms

160 ms
160 ms

time
'160 ms
20 ms
2.5 ms
0.3 ms

0.9
6
3
0.6
0.9

Dimensions, we¡ght

Ordering information

Order designatlon . . . . . . . . . . . .

UDSowithoutlECbus .........
with IEC bus and RS 232 C

Accessoriessupplied ..........

Rocommended ext.as
System lntertace UDS 6-81
(lEC-625-1 and RS-232-C
interfaces)

Scanner UDS 6-Zl

Screw{erminal Block UDS 6-22
for I channels

CoverPlate UDS6-z,3 .......
Connecting Cable UDSGZ4
(scannertoscanner) . ........
Connecling Cable UDS6-Zs
forinpulonrearpanel ........

Common-mode relectlon . . . . . . . . measured with R : 1 kO in

Max. permissibre common-mode 
Lo input l¡ne

vollage . ...... s00 V DC or soo Ve
DC voltage measuremenl

Common-mode rejection for DC . . >150 dB
AC .. >164 dB at S0 and 60 Hz

AC voltage measurement
Common-mode re¡ection for DC . . >1SO dB

AC .. >50 dB at S0 and 60 Hz

The Integration l¡me is locked to the phase of the Ac-supply frequency; fult
series- and common-mode rejection ¡s ensured despile AC-supþly
fluctuations up to t3%.
Temperaluremeasurement . . . . .. program I selected;

lhe cold-junction temperature
must be with¡n 0 to 50"C;
scale length: 3x9

Measurement Resolu- Repeatability
tion over 1 week"c "c

Error limits
over 1 year
"c

range
in "C

T
B

J
K

-100 to +400 0..1

0 to 1000 0.25
1000 to 1750 I
0 to 750 0.1

-120 to +1370 0.1

ï: Cu/Con, R: Pt/PtRh, J: Felcon, K: NiCr/NiAt

+1.5
!7
+4
+f .5
+1.7
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E¡ MULTIMETER ACCESSORIES

Accessories for UDL 3/UDL 4/UDS 5/UDS 6

Carrying cases and a wide range of accessories are availa-
ble for the Digital Multimeters UDL 3 and UDL 4 described on
pages 180 and 181 to extend their range of applications.

Some of these accessories can also be used with the Multi-
meters UDS 5 and UDS 6 and are identified accordingly:

3) 4) 5) 6) below the photo implies that the accessory is

suitable for use with the corresponding instru-
ment, e.g. 3) for UDL 3 or 5) for UDS 5.

voltrneteFs

Overview

Carrying cases

UDL 3.21

10-A Current Shunt

UDL 4-z,2

196

UDL 4-21

Clamp-on Current Probes

UDL 4-23

UDL 4-z4

40.kv
High-voltage
Probe

uoL 4-27

Temperature Probe

UDL 4.26

Rack Adapter

-

3) 4) 5)

3) 4) 5)

3) 4) s) 6)

3) 4) 5) 6)

These two carrying cases protect the multimeters while the
UDI 4-21 also has room for accessories.

Orderdesignation . ..Þ CarryingCase
UDL 3-21 346.7317.02
uDl4-21 346.8012.02

For specifications and ordering information of the follow-
ing accessories see next page

Power Supply

UDL3.Z2

Battery Pack

UDL 4-28

3)

s

.r üütt
I

t̂.,

3) 4) 5) 6)

UDL 4.25
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Characteristics

Power Su¡:ply UDL3-ZZ

It permits the Digital Multimeter UDL 3 to be operated from
the AC supply. When the supply cable is connected to the
voltmeter, the internal battery is automatically switched off.

Battery Pack UDL 4-ZB

The battery pack permits the UDL 4 to be operated indepen-
dently of the AC supply. When the multimeter is connected to
the AC supply, the battery pack is recharged via the internal
power supply (also when the UDL 4 is switched off).

'1 f)-A Current Shunl UDL_ 4-Z')

This shunt extends the current measurement ranges of the
Digital Multimeters UDL 3, UDL 4, UDS 5 and UDS 6 up to 1O

A. lt can also be used with other multimeters.

[--latn¡:-on Current Probes UDL4-Z3lUDL4-24

ln conjunction with the UDL 3, the UDL 4 or the UDS 5 (or
with any other AC ammeter) the current probes permit AC
measurements

up to 150 A with UDL 4-Z,3 and
up to 1000 A with UDL 4-24.

The transformation ratio of 1000:1 yields a readout in A if the
corresponding measurement range has been selected.

40-kV Higir"voltage Probe IJDL 4-27

The high-voltage probe for the UDL 3, UDL 4, UDS S and
UDS 6 can be used for measurements up to max. 40 kV and
is also suitable for use with all multimeters with 10 MQ input
impedance for DC voltage measurements. lf the 100-V range
is selected on the multimeter, it reads out the high voltage in
kv.

Temperature Probe UDL 4-26

Wth the aid of the temperature probe the Digital Multimeters
UDL 3, UDL 4, UDS 5 and UDS 6 or any other voltmeter can
measure temperatures between -65"C and +1S0"C
rapidly and easily.

Rack Adapter UDL 4-25

Up to two Digital Multimeters UDL 4 can be installed in a 19"
rack with the aid of the rack adapter. A blank panel is
supplied with the adapter.

MULTIMETER ACCESSORIES E¡

Specif ications/orderi ng information

Powersupply . 220 V 50 Hz
Outputvoltage ........ 9VDC
Max.outputcuÍent ............ 30 mA
lnsulation .... toVDE055/1

Orderdes¡gnation ........... . >

Operaling lime when fülly
charged .

Charging lime

Orderdès¡gnatlon .....

Measured currenl

Oulputvollage...
Enorlim¡ts ......
Order deslgnatlon

Max.currenlmeasured ......
Transformationralio ........
Frequency range of measured
curent . .

lsolating voltage
Enor l¡mits

Max. d¡ameter of cunent-
carrying w¡re

Orderdeslgnation ....,

Max. vollage measured
Enor limits

Voltagecûefficient ... .

lnputimpedance .....
Temperature coeff ic¡ènt

Orderdeslgnat¡on .. .

approx. 6 hours
max. 16 hours

> Battery Pack UDL4-28
346.8365.02

0to10A,
þrietly up to 20 A
10 mA/A
10.5% from 0 to 400 Hz

> 10-A Current Shunt UDL4-22
346.8065.02

UDL4-23
150 A
1 000:1

30 to 1000 Hz
3000 v
+2Y" al
30 lo 400 Hz

11.5 mm

> 150-A Clamp-on
Cunent Probe
UDL4.Z3
346.8f f3.02

uÐL4-z4
r000 A
f000:1

50 lo 5000 Hz
2000 V at 50 Hz
+2o/o ãl
50 and 60 Hz

54 mm

> 1000-A Clamp-on
Cunent Probe
uDt4-z4
346.8165.02

40 kv
t2% al a voltage of 20 kV and
tm¡ = +25"C
max. -2 x 10-6/V
1GO
max. 1 x 10-4/'C

> 40-kV High-voltage Probe
uDL4-27 346.8313.02

Temperature measurement range -65 to +150'C
Outputvoltage I mV/'C
Errorlimits ... +1'C between -10 and +110'C

beyond this range l¡nearly
¡ncreasing error up to +21+4"C
at -65"C and 0/+3"C at +150'C

Permissible temperature lor
handleandcable ......70"C
Powersupply .9V(built-¡n battery IEC6F22)

Orderdesignat¡on ... . . . ..... . > Temperature Probe UDL4-Z6
346.826s.02

Order des¡gnation Þ 19" Rack Adapter UDL4-25
346.8213.O2
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DC Microvoltmeter UIG
I O.2 ¡"rV to 320 V

(up to 30 kV with probe)
'1 pA to 320 mA

O High sensitivity; floating circuitry

O Amplifier output -50 to +100 dB

O lndependent of Ac supply, battery suffi-
cient for 1 0,000 operating hours

a Use as input adapter, e.g. in conjunc-
tion with digital multimelers or with any
low-sensitrvity DC recorder

following examples are only some of the applications possi-

ble with the UlG.

Measut'ement r¡f lot,r resist¡'¡tir;es such as contact resist-
ances, winding and printed-circuit conductor resistances
(measured with the aid of a power source). Measurement
range with a test current of 1 A: 1 pO to 320 mO;with 1 mA: 1

mO to 320 Q; direct resistance readings.

lnsu latiorr-resistance n'ìeasu rerrrents (by means of current
measurement). Resistance up to 10 TQ can be measured
with a test voltage of 10 V.

Bridge measurerìrents. Null detection and error measure-
ments according to the deflection method can be carried out.

With a bridge supply vollage of 10 V, a resolution of O.2x 10 6

can be achieved.

Measurernent r¡f rectif ieci cliode voliages, An RF voliage
of 0.7 mV produces a rectified voltage of approximately 10 prV

on an ideal diode. This corresponds to full-scale deflection in
the most sensitive range of the UlG.

Semiconcluetor measurements. e.g. pinch-off voltage and
gate current of field-effect transistors, offsel voltage and
offset current of operational amplifiers.

Specifications

Measurement ranges and input
resistances
Minimumreadablevoltage . .. .

Maximum readable voltage . . .

Minimum readablecurrent . ...
Maximum readable cur.enl . . . .

Error limit
Maximum values al lest input

Voltage, posil¡on V
pos¡tionmv.......

Current, positionmA .......
positionFA.......
positionnA .......

lsolation resistance betvveen
common and earth
Ampl¡f¡er output
Power supply
D¡mens¡ons,we¡ght .........
Orderdesignation. ..... ... .

see text on the left
0.2 pV
320 V
<.1 pA
320 mA
1.5%
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The DC Microvoltmeter UIG is a very accurate and sensitive
measuring instrument with an amplifier output. Ihe MOS-
FETs in the chopper and the precision design of the ampli-
fiers keep the power consumption so low that one battery is
sufficient for 10,000 operating hours (battery voltage can be

checked on meter). Since the circuit is isolated from the case,
the UIG can be operated off earth.

Measurement ranges and input resistances. DO-voltage
and DC-current ranges are set by means of two switches,
one for numerical values and the other for units. The fullscale
value is determined by the positions of the two switches.

Switch 2, numerical values: 0.01/0.03/0.1 lO.3l1l3
1 0/30/ 1 00/300

Switch 1, units: mV/V (R, = 10/50 MO)
nA/pA/mA (Rin : 1 MO/1 kO/1 O)

Switch 1 in position mV: the amplifier is dìrectly connected to
the voltage-test terminal; ranges 10 ¡,LV to 300 mV with 10-
MO input resistance. Position V: a 60-dB attenuator is
connected ahead; range 10 mV to 300 V with 50-MO input
resistance. ln the positions nA, ¡A and mA, the amplifier is

shunted by the resistances 1 MO, 1 kO and 1 Q and
connected to the current{est terminals.

Reading. The measured value is indicated on a meter
having a mirror scale of 105'; class of accuracy 0.5. Since
the zero is in the middle of the scale, no polarity reversal is
required. The electrical zero need only be adjusted in the
most sensitive ranges.

Accuracy. ln the temperature range +10 to +35'C the
error is below 2.5Y. in all ranges, at room temperature 1.5%
(without noise and drift). Typical values of voltage and current
drifts: 50 nV/'C and 1 pA/'C; typical values of noise: 0.3

¡rVoo and 0.8 pAro.

Amplifier output. Open-circuit voltage 1 V at full-scale
deflection. Gain adjustable in 1O-dB steps from -50 to +100
dB, error limit 0.5%.

Examples of application

Compared with a classical voltmeter, the UIG offers a far
higher, sensitivity and complete off-earth operation at an

input resistance of 50 MO in the range 1 mV to 320 V. The

shortlime

Accessories supplied

Recommended exlra

't A I response
10 mAJ threshold of luse
5 mA (300 V, short{ime)

>1010 o
'I V; Bd= 1 Kl
6 single cells IEC-R 20
162 mmx238 mmx302 mm, 4 kg

> DC Microvoltmeter UIG
203.5111.02

1 set ot batteries 1.5 v/lEc-R 20

4o-kv DC Probe
(uDL4-27) 346.8313.02
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Psophometer UPGR
I 15Hz to 100 kHz

3 ¡rV to 350 V/ - 1 10 to +53 dB
O Psophometer complying with CCIR (DlN 45405 and

CCITT by means of accessory filter)
O Psophometer complying with CCITT (using telephone

weighting filter)

O High-impedance balanced and unbalanced inputs
a Quasi-peak-responding detector complying with CCIR

and DIN and true rms-responding detector with switch-
selected time constant complying with CCITT

UPGR
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Combined with its two options the Psophometer UPGR
complies with the relevant recommendations of CCIR, CCITT
and DIN 45405. lt is used for

wideband level and voltage measurements in the AF
range from 15 Hz to 100 kHz, and for

measurement of weighted and unweighted noise voltages
and levels in electroacoustic broadband and telephone
transmission systems.

The UPGR has a high-impedance balanced input with excel-
lent common-mode rejection (diagram below). lt can be
switched for balanced measurements with 600 O, 10 kO and
100 kO input impedance, high-impedance measurement of
the voltage to earth of the a- and b-wires, direct measure-
ment of common-mode voltage and - via an isolated BNC
female connector - floating measurement of AF voltages.

PSOPHOMETERS E¡

telephone weigthting filter UPGR-Z1 in line with CCITT
(option; can be attached and connected at the rear of the
set).

+æ-

-m

.:
..

zcosmft2k

I
I

I 13O

l¿e
I

c 12O
I

; lro
p
o
E

5 1o0
E
E
oo90

Hz 1000

quency

Weighted noise measurements can be performed with the
following filters:

broadcast weighting filter in line with CCIR (buitt-in)

broadcast weighting filter UPGR-22 in line with old stand-
ards of CCITT and DIN (option; can be readily substituted
for the CCIR filter)

lol( 20( sok Hz

t_-
Standard characteristics of psophometric f¡lters

Full line: program we¡ght¡ng filler comply¡ng with CCIR Rec. 468 (future DIN
standard)
Dashed l¡ne: program weighting f¡lter complying with DIN 45405 and CCITT
Rec. P. 53 B (old)
Chain-dotted line: telephone weighting f¡lter complying with CCITT Rec. P. SO A

The following unwe¡Ehteci measurements can be made
with the UPGR:

Unweighted noise measurements in the range 31.5 Hz to
16 kHz via the built-in CCIR filter

Unweighted noise measurements in the range 31.5 Hz to
20 k{z in line with DIN via the filter UPGR-Z2 (see above)

Accurate voltage and level measurements in the wideband
range of 15 Hz to 100 kHz, e.g. in stereo channels and on
control and pilot tones.

External Tilters can be connected at the rear for special
measurement tasks. ln conjunction with the Octave Filter
PBO or Third-octave Filter PBT, for example, a rough spec-
tral analysis of the test signal is possible. The Telephone
Weighting Filter UPGR-21 can also be connected here.

VI
zoo I

I

1OO oog
50õ
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ro6
E,Ecô
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Common-mode rejection and common-mode voltage of UpGR versus fre-

;t ]'
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UPGR

Filter UPGR-22 (option)
in accessory case
(broadcast weighting f ilter
lor old standard)

Rear of UPGB
with ïelephone
Weighting Filter UPGR-21
attached

For indication of the test results. the meter of the UPGR
can be switched for peak reading according to DIN and CCIR
or rms reading to CCITT. When the instrument is driven to
full-scale deflection, the crest factor should not be higher
than 10 in rms measurements corresponding to an overdrive
capacity of 17 dB relative to sinewave voltages. ln the case of
peak-responsive measurements the overdrive capacity is 20
dB; this is of special importance for weighting short individual
pulses. A combined overdrive indication for the amplifier and
the rms-responding detector prevents erroneous measure-
ments.

Outputs. DC output: A voltage proportional to the rms or
peak value is available for connection of a recorder or digital
voltmeter. AC output: The UPGR can be used as a balanced
preamplifier for oscilloscopes, headphones output, etc.

The UPGR can be powered from batteries (permitting
floating operation and mobile use) or from the AC supply.

Vvhen the UPGR ¡s operated
in this posit¡on an additional
eïot ol 1Yo of fsd is to be
taken ¡nto account

voltrnetens

Meter rectifiers

CCIR and DIN 45405 specify a peak-responding detector,
the older CCITT standard only an rms-responding mode, for
measuring the noise voltage. The UPGR therefore incorpo-
rates both rectifier types which, in conjunction with the meter,
exhibit the dynamic behaviour required by the standard
specifications.

The peak-responding detector measures the quasi-peak
value, which depends on the duration of the signal pulse (see
diagram). This value is determined such that when measur-
ing a sinewave voltage the rms value is indicated and not the
peak value, which is 3 dB higher. When measuring white
noise with the quasi-peak-responding detector, the readout is
about 4 dB higher than the rms value. With this kind of
indication the annoyance of pulse-type noise voltages is
weighted.

5 50 10O ms2OO

Pulse duration ......*

Peak indication as a funcl¡on of pulse duration in measurements with single
bursts of a 5000-Hz sinewave signal (amplitude corresponds to 1 00% ind¡cation
w¡th continuous signal)

The rms-responding detector is used to measure the true
rms value of noise voltages as well as CC|TÏ-weighted noise
voltage. lt recommends itself for general voltage and level
measurements, including non-sinusoidal waveforms (dis-
torted sinewaves, squarewaves, sinewave bursts). Small
superimposed noise voltages cause only slight errors since
the indicated value is the sum of the squares of test voltage
and noise voltage. Such errors can be taken into account by
calculation.

The high sensitivity of the UPGR (full-scale deflection in the
most sensitive range 30 ¡.rV/-90 dB, approximate indicatìon
down to 10 prV/-100 dB) permits measuring very high S/N
ratios as well as the S/N ratios of equipment handling low
signal levels.

Overdrive capacity

The high overdrive capacity of the set (undistorted amplifi-
cation of amplitudes up to 20 dB aþove fullscale value with
sinewave voltages) guarantees correct weighting and indica-
tion of very short and high noise peaks. A combined over-
drive indication for the amplifiers and detectors precludes
erroneous measurements.
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Specifications

Frequency range, wideband
3-dB cutolf frequencies . . .

We¡ghted/unweighted
measurements

Options

Test inputs, measurement ¡anges
Balancedinput(aandb)..........

Unbalanced input (c)
Chass¡s connecl¡on
lnpul impedance tolerance

Switch
pos.

1 V"o/earth
2 Vo/earth
3 V"/earth

PSOPHOMETERS E¡

4 Va/bs)

5 V"/b5)

6 v"/bs)
7 Vc/chass¡s

For rough ¡nd¡cation only
Connectors, bal. ¡npul. .

unbal. input
lnputprotect¡on .......
Rms-respondlng detectot
Deleclor time constant

FAST. . .

SLOW ..

l5 Hz to 100 kHz
3 Hzl300 kHz

psophometric/f lat f ilter
in line w¡th CCIR
psophomèlric f¡lter (DlN/CCITT)
flat f¡lter (DlN)
telephone weighting l¡lter (CCITT)

shielded two-pole socket to
DtN 41 628
¡solated BNC socket
4-mm knurled lerminal (grey)
+1Yo

10 pV/-100 dB
sh¡elded two-pole female
isolaled BNC female
electronic circuil and luse

max. peak factor = 1 0 (al fsd)

30 ms for psophom. meas.
500 ms

overdr¡ve capacity 20 dB
1 ms/250 ms

moving-coil meter, mirror scale
-20 to +3 dB for level
0 to 1 l/0 to 3.5 V for vollage

100 times or 40 dB (w¡th sinewave
referred to fsd al 1 kHz)
red range of check meter

30 and 100 trv 300 ¡rV/ to /30 V+3 +2
+2 :1
14 :3
typ¡cally same as for 30-FV range
+3% (w¡th peak factor between
3 and 5)
in line with CCIR and DIN
add. enor of i1% ¡f differing from a

lnpul capacitances
Capacilance belween common
and chass¡s

Phones (15 Hz to 20 kHz) . . .

Conneclion of external f¡lter
Compensalion of passband
attenuation

Gene¡al dala
Powersupplybattery ..........

AC supply
D¡mensions
Wèighl w/o batt./w. power supply

40 pF

260 pF

1 V, 1 kO, knurled term¡nals
100 mV, 600 O, isolated BNC,
70 dB max. ga¡n
max. 0 dB, adj.; 600 O

2 isol. BNC female conneclors, 600 O

0to3dB

6 s¡ngle cells 1.5 V; =3 ¡4
approx. 2000 hours per set
100 to 260 V,47 to 420 Hz (1 VA)
210 mmx18l mmx281 mm
4.2 kg/4.8 kg

Footnotes
r¡ Reference for level measuremenl: 0 dB = 0.7746 V (1 mW into 600 n).
') Ïhe differential inpul ¡mpedance is 1 0 kO for direct measurèment ol
- unbalanced voltage component (common mode).
J) Warnlng! \nfren measuring dangerous voltages make sure that the

cabinel is reliably connected to the earth conductor. The UPGR ¡s nol
. intended for use in heavyrurent networks.
a) Multiply scale ¡ndicat¡on by 10 or add 20 dB (20-dB atlenuator ¡s switched

in).
5¡ The balance condit¡ons of CCITT and DIN 45 405 are fulfilled for meas-

^ uremenls in pos¡tions 5 and 6 (in position 4: typical values).
o) Subrange 10 FV/-100 dB is provided lor rough indication only (right-hand

swilch pos¡tion without engrav¡ng).

Levelr)
total rge subrange

as below
+ 20 dB4)

(- 1 oo/)6)

-90i -80/ to /
-10lOl+10l+2Ol
+30d8

Oulputs
DC
AC

Peak-responding
Charge/discharge

detector . . .

time constant

Error limlts ol ¡ndication w¡lh sinewave vollages and rms-respond¡ng
detection; 15 Hz to 100 kHz, L.b= +15 lo +30'C
Frequency-response error in % ol rdg +1 % of fsd

sw¡tchposilionslto3 ... 3/to/30mv 0.1/to/300v15to30Hz .......... a3 lz
3oHzloSkHz ........ !2 115to20Hz ........... t5 !2
20to100kHz ........0/-30 +3
Below 3 mV well-defined measurement ¡s not poss¡bte (inherent no¡se)

lnd¡cation.....
lndication ranges

OveÌdr¡ve capac¡ly ahead of filter

Overdriveind¡cation ...........

Switch pos¡t¡ons 4lo 7 . .

15 to 30 Hz
30Hzto20kHz... -...
20 to 100 kHz
lndikator range 10 trV . .

Add¡lronal error ol deteclor

Swilchposition .....
Max. value in FV, rms

peak

Ordering information

Orderdesignation. . .......
UPGR lor battery operation . .

UPGR lor AC supply operalion

> Psophometer
248.19f 5.02 (¡ncl. battery)
248.19r5.03

Peak-responding detector
Effect ol operating position

normal one

lnherent no¡se (depending on operating mode)

Recommended extras
Telephone Weighl¡ng F¡lter UPGR-21 (CCITT) as exlernal |i|ter248.3718.02
Broadcast Weighting Filter UPGR-22 (CCITT/DlN) 2¿18.3001.02
19" rack adapter 085.5548.00 (tor lwo UPGR units)
Blank panel for rack adapter:085.5677.00 (if only one UPGR is incorp.)
Third-octave Filter PBï 235.3014.02
Octave Filler PBO 201.5520.021to3

180
300

bal., high impedance
bal., high impedance
bal., low impedance
unbal., floating

unbal., common mode
unbal., Vo to earth
unbal., V" to earth

lnput circuit

100 ko
10 ko
600 c)

100 ko

1

1

'| MO')
MO
MO

R,n

AC
DC
DC
AC

AC

Cou-
pling

3 pVto
35V

30 ¡rV to
350 V3)

(10/)6) 30/
100 ¡rV/ to /
3/10/30 V

as below
x 104)

total rge I subrange
Voltage

-90 to
+ 53 dB3)

-110 to
+33 dB

4
19
30

5
12
17

6and7
I
10
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50 pV to 300 V
O True rms-value measurement of AC and AC + DC

voltages

O Small basic error (0.5%) and high measurement rate (30
measuremenls/s)

O Readout of measured values selectable in:V, dBm, dBV,

^v, ^dB, ^%O Entry of reference value and reference ¡mpedance for
dBm measurements

O Built-in lowpass filters, switch-selecledi 4/20/10O kHz
a IEo-bus-compatible with option

URE RMS Voltmeter URE 0 DC, 10 Hz to 20 MHz

$ nus votrutrrB roHr 20rrtH¿ uBI

tnilnü
342 1214 02
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E¡ AC VOLTMETERS

The RMS Voltmeter URE uses an rms-responding rectifier
circuit of new design and permits true rms-value measure-
ment with wide bandwidth and both high measurement
speed and accuracy. A microprocessor provides for error
correction and converts the measured values for readout in
different selectable units. The IEC-bus interface option per-
mits the use of the URE in automatic test assemblies.

Measured quantities. The URE measures DC voltages
and the rms value of AC and AC + DC voltages in the
frequency range from 10 Hz to 20 MHz. For AC + DC voltage
measurements the microprocessor measures alternately the
DC and the AC voltage and determines the total rms value by
square-law addition of the individual components.

Measurement speed. The URE provides three different
measurement speeds: SLOW, FAST and SUPERFAST (1 /3/
30 measurements per second). The FAST button is for
switchover between SLOW and FAST. SUPERFAST can be
selected via the IEC us or with the aid of service function 3.
The lower cutoff frequency of the URE is matched to the
selected measurement rate by automatically selected high-
pass filters in the AC measuring circuit. Hence, lowfrequency
AC voltages can only be measured at a slow rate, and the
suppression of the DC measuring circuit is greater, the lower
the selected measurement rate.

Measuring functions. The AC. DC and AC - DC buttons
permit selection of AC, DC or AC + DC measurement. The
measured values are read out in V or mV and autoranging is
enabled.

DC measurement. ln this switch position the URE meas-
ures the DC voltage component up to a maximum of +300 V
with a resolution of 1 ¡rV in the most sensitive measurement
range. A higher-order lowpass filter automatically selected
with the measurement speed suppresses superimposed AC
voltages.

volËfnc!tG!Fsi

Scale 1 :2.5

AC measurement. ln this mode the RMS Voltmeter meas-
ures the rms value of AC voltages in the range from 50 pV to
300 V at crest factors of up to 5. The frequency range is 10
Hz to 10 MHz (typ. 20 MHz), the lower cutoff frequency as a
function of the measurement rate is 10 Hz, 100 Hz or 1 kHz.
For suppression of unwanted frequenc¡es the upper cutoff
frequency can be limited to 1ó0 kHz, 20 kïz or 4 kHz with the
aid of a built-in lowpass filter. The filter is switched in with the
LOWPASS button, the cutoff frequency of the filter is
selected with the SELECT button.

AC + DC measurement. For AC + DC measurements the
URE carries out alternately an AC and a DC measurement
and reads out the calculated rms value of the AC + DC
voltage. Voltage components whose frequencies are less
than the lower cutoff frequency of the AC measuring circuit
are not fully considered. Measurement range and bandwidth
are as described under DC and AC measurement.

Display of measured value. The display panel of the URE
is subdivided into several sections (see photo on page 203).
The measured value is read out on a 4%-digit 7-segment
LED display and the associated unit by luminous letters
arranged next to it. lf the numerical value is positive the sign
is blanked. Blinking of the display shows that the result is
invalid, e.g. because the range is exceeded. lf the measured
value is below the range, only the last digit blinks.

For quick detection of any changes in the measured value
the URE has a tendency indication which also facilitates
adjustments and maximum/minimum settings. lt consists of
LEDs arranged in a circle, the lighted LED conesponding to
the momentary measured value. lf the measured value
becomes higher or lower this l¡ght dot follows quasianalog-
ously clockwise or counterclockwise. The two illuminated
displays on the right indicate the selected cutoff frequency
of the lowpass filter for AC measurements and the current
remote control mode of the URE.
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Conversion of measured value. The microprocessor of
the URE converts the measured values, if desired, at the
push of a button for readout in different units.

Reference values may be entered from 1 ¡rV to 19999 V,
reference impedances from 0.1 mQ to 19999 O. The meas-
ured value can also directly be used as reference value. The
table on page 204 shows in detail the many ways of display-
ing the results in the RMS Voltmeter URE.

AC VOLTMETERS Eì

The following readouts can be selected

O Voltage
O Level
O Power level (referred to reference

impedance entered)
a Voltage deviation

from reference value
O Relative voltage deviation

from reference value in dB
O Relative voltage deviation

from reference value in %
O Ratio of measured value

to reference value

Also indicated are:

o Stored reference value

O Stored reference impedance
for power level measurement

Unit
VormV
dBV

dBm

VormV

V, mV,
dBV, dBM

Button

dBV

dBm(Z)

AV

^dB
L%

V/REF

RCL
REFA

dB

o//o

Quasi-analog
Unit tendencyindication

Selected cutoff
frequency

o

Remote
control status

RCL Z

Front panel details

Blue: second functions

Test
input

Measurement
mode selector

4%-digit
LED display

Selection
of unit

Relative
indications

Switchover
to second
functions

(blue
labelling)

Lowpass filter
and cutoff
frequency
selection/

Unit of
reference value

Manual
operation,
Output in

TALK ONLY
mode/
Storage
of reference
value and

Measurement ratei reference im-

Unit of Pedance
reference impedance

Recall of
reference

impedance

Recall of
reference value

Range hold/
Erasure of

data entered
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E¡ DIGITAL VOLTMETERS

URE - RMS Voltmeter

Example for flexible display of results

Measured values/ conversion

voltrnc!tel.s¡

Deviations from reference value
relative

L%
Voltage

Button:
V/mV

Level

dBV

absolute

AVdBm (Z)

10.000 v
1.0000 v
0.125 mV

1.0000 v
1.0000 v
1.0000 v
10.000 v
2.400 v

10.000 v
12.57 V
2.236 V

25.00 v

1) Entered value or measured value used; values remain stored until new valuê is entered.

'¿) 
dBpV.

Service functions. The service functions of the URE are
only rarely required and therefore no separate buttons are
provided for them. These functions can be called up by
pressing a certain combination of buttons. The functions
display test, display of IEC-bus address or autocalibration,
for instance, can easily be executed by entering a code
number via the keyboard.

IEC-bus Option URE-81. This option permit all functions
of the voltmeter to be remotely controlled. The maximum
measurement speed of 30 measurement per second makes
the URE an ideal AF system voltmeteer.

^dB
Vi REF

10.000
1.0000

.0001

1 0000
1 0000
1 0000
1 0000

3.097

10.00

1.2570
1.0000
35.36

DC Output Option URE-82. This output supplies a DC
voltage proportional to the indicated numerical value which
perm¡ts logging of the measured values on a recorder.
Thanks to the manifold conversion capabilities of the URE
the scale can be linear or logarithmic. The output voltage
range is -2 V to +2 V with least increments of 1 mV.

The relationship between the analog output voltage and the
measured value is as follows:

Output Readout without Example:
voltage decimal point Readout %u,

10000 +1.150 V
-0.372 V
+0.011 v

Automatic f ilter measurement
with RMS Voltmeter URE,
Process Controller PUC
and Generator SPN

11.500 V

-37.25 dBV
1.13%

20.00 dBV
.00 dBV

-78.06 dBV
.00 dBV
.00 dBV
.00 dBV

20.00 dBV
7.60 dBV

20.00 dBV

21.99 dBV
6.99 dBV

27 96 dBV

33.01 dBnr
13.01 dBm

-65.05 dBm

12.22 d3m
1.1 .25 dBm
6.20 dBm

22.22 dgm
9.81 dBr¡

10.00 dBm

35,00 dBm
20.00 dBm
40.96 dBn'r

60.00 c)
75.00 c)
240.0 c)

600.0 c)

'10000 ()

50.00 n

50.00 c) 1.0000 v

'1000 mV

.0010 mV

.7750 V

1.0000 v
20.00 dBV
20.00 dBm
10.00 dBm

Reference valuesl)
lmpedance ¡ V, dBV, dBm

sro I v¡rv, oev¡
I dBm; STo

9.000 v0.v
-0.999 V

.9999 V

.9999 V

.9999 V
'10.000 v

''t.625 V

9.000 v
2.570 V
0.v
24.29 V

20.00 dB
0. dB

-78,06 dB

80.00 dB
80.00 dB'80.00 

dB

140.00 dBr)
9.81 dB

20.00 dB

1.99 dB
0. dB

30.96 dB

900.0 0,6

0.%
-99.98 %
't9999 %
'19999 %
19999 %
19999 9;
209.7 9a

900.0 9,

25.70 ",i
09.
3436'

ffi|Ir
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Specifications

Basic unit

Measu¡ed paramelers

Frequency range
Measurement w¡thout lowpass
lilter .. . .

Cutoff frequency (-3 dB) of
switch-selected lowpass f ilters

Measurement ranges
DC voltage
AC voltage
Rangesetting.......

Measuredvalue, digital. . . . .

Tendencyindicat¡on ... ....
Resolut¡on ¡n lowest subrange
D¡gitalsteps

10 Hz to 20 MHz

4l20l1OO kHz,
40 dB/decade

0lo +300 V
50 pV to 300 V
automal¡c or manual
when applying the lesl voltage,
with opt¡mum switching speed
with RANGE HOLD button:
prevents autoranging trom
sw¡tching lo a lower range
or
select¡on ol any range via
service function

BNC female, floating
'10 MO shunled by <40 pF
vp=600V,v^=300V
Vp=350V,Vq=200V
Vmsxf=<10uVxHz
<42 V (shock hâzard)

>120 dB up to 100 Hz
>100 dB up to 10 kHz

0.8 (AC + DC: 0.4)
3 (AC + DC: 1.5)
30 (AC+ DC: 15)

1.3 s
270 ms
25 ms

lrue rms-value rectificat¡on
5

entered via keyboard or
directly as measured value
v¡a keyboard,
range 0.0001 to 19999 O

DIGITAL VOLTMETERS Eì

voltage
vohage
+ DC voltage

DC
AC
AC

Readout of measured values
Unlls of measured paramelers
(see also lext)

VormV
dBv
dBm

^V 
or AmV

^dB, ^%ratio (w¡thout unit)
4Y2-digit 7-segment LED display
quasi-analog indication by l¡ght
dol lravell¡ng ¡n a c¡rcle
luv
f0,000

0.1% of rdg +10 digits
see table below
see table below,
plus 10 digits

3% of rdg

(0.01% of rdg + l digit)/"C
0.05% ol rdg/"C
0.15% of rdg/"C

+5 to +45"C, safety class 1 to
lEC359 (no dew accumulation)
-40 to +70'C
1 00 I 120 / 220 I 240 V + 1 00/o,
47 to 63 Hz (35 VA)
compl¡es with VDE 0871/0875 and
MIL-STD 461 B
220 mmx l09 mmx340 mm, 4.4 kg

> RMS Voltmeter URE
342.'1214.O2

342.2910.O2
342.2810.O2

tvp. 109ó
(typ. 1 dBl

10 MHz 20 MHz

aulomalic

manual

lnput connector
lnput impedance
Loading capac¡ly upto 20 kHz

up to 500 kHz
above 500 kHz

Max. common-mode voltage . .

Common-mode re¡eclion . . . .

Measurement rate
(measurementslsecond)

slow (fr :10H2) ......
FAST (fr:100H2)... ...
SUPERFAST (fr=tXHz¡

Settling t¡mes to 0.1% of fsd
(w¡thout changing the range)

SLOW ..
FAST .. .

SUPERFAST

Weightlng
Max. cresl faclor

Reference value

Enîry of reference impedance
(for dBm measurement)

4mV
(0.2 dBl

1mV

50 pV

Error l¡m¡ts (at td +15 to +30'C)
DC.... .

Ac(crestfactor<3) .............
AC+ DC (crestfactor<3) ....... .

Additional error at cresl
factor 3 to 5

DC..._.......
Ac,uplo l MHz

up lo 10 MHz

General data
Operaling temperalure range ,

Storage lemperature range . .

Power supply

Radio ¡nterference

Dimens¡ons,weighl ........

Ordering information
Orderdeslgnation.. .......
Options
IEC-busOption URE-BI ... ..
DC Oulput Opt¡on URE-82 . . .

Recommended extras
19" Rack Adaple. ZZA-22 . . . .

Temperatu¡e effect (at tilb +5 to +15 and +30 to +45'C)

Data of options
IEc-bus Option URE-Bl
lnlerface lo IEC 625-1 standard tor control ot all operating modes
lnlerface functions . . . SH1, AHl, T5, L4, SR1 , RLl, DCI

Conneclor .. - -.24-way, Amphenol

Analog-output Opllon URE-82
Oulputimpedance .. .... 100 O
Outputvoltagerange ..... ....... -2lo +2V
Resolut¡on
Enor lim¡ts

1 mv/l0 digits d¡splayed
<t2mV

lnput-voltage-dependent frequency response error

300 v

200 v

25V

o78.8222.O0

. This add¡tional error is almost negligible when the lowpass lilter ìs switched
into circuit or when cons¡dering the calculated ¡nherent no¡se of the URE.

20 kH.z

1%
(0.11 dBl

0.59',.
(0.07 dB)

SLOW: 10 Hz
FAST:
SUPERFASÏ

20 Hz
100 Hz

1 kHz

205

500 kHz

1.5%
(0.15 dBl

0.7%
(0.09 dBl

(0.3 dBl
3o/o

1.5%
(0.15 dBl

Not perm¡ssible

(0.3 dBl
3%

(0.6s dB)

..,"rV/,/,iii/

40/.
(0.35 dB)

lvp. 15%
ityp. 1,5 dBl

rt/%i/i

0.59ó | o.ty. I

(0.07 dBl (0.09 dBl
plus 1,5/(VmV) dig¡t or 0.015/(V/mV)2 dB'

lt

79'" I typ. lsy¿
(0.65 dB) (typ. 1.5 dB)(0.2 dBl

I

1it" I

(0.1 1 dB)
J,O

(0.3 dBl

50 Hz
20O Hz

2 kHz

'100 kHz .l MHz 3 MHz



E¡ RF.DC MILLIVOLTMETERS

URV RF-DC Millivoltmeter URV I DC, 10 kHz to 2 GHz

vclltffrcltel.s

O High sensit¡vity for DC and AC, lowest subrange 3 mV
fsd

O Basic error 2.5To for RF measurement, 1% for DC
measurement

O Two probe inputs facilitate two-port measurements
O RF voltage measurement in coaxial systems up to 350 V
a Battery operation: floating system

Combined with its various options (see specifications) the
URV offers the following capabilities:

Use of
probe alone (0.5 mVto 10.5 V, C¡n:2.5 pF)

probe +20-dB divider (up to 100 V, C¡n : 1 pF)
+40-dB divider (up to 1000 V, C¡n : 0.5 pF)
+75-O adapter (makes up a termination for

75-Q coaxial systems; 0.1 to 500 MHz, max.
2W)

+coaxial BNC insertion adapter (with or without
divider; for example up to 350 V with 40-dB
divider)

Coaxial insertion heads with low reflection coefficients

10-V insertion head (500 ¡rV to 10.5 V,

50 Q: 10 kïzlo2GHz;75 O: up to 1.6 GHz)
100-V insertion head (5 mV to 105 V,

1 MHz to 2 GHz with 50 O)

Coaxial insertion heads and 75-Q adapters are available for
different connector systems; see spçcifications.

URV w¡th accessor¡es and recommended extras

€fr'- #l

a Q r+ rmtrxtr¡ . ufr . ¡¡suo

c .i: rL¡r:
-ì.

d \rF

"ç''

eI
il-.\ /-.;;#

f

The RF-DC Millivoltmeter URV belongs to the time-proven
URV series which is continuously being adapted to the state
of the art.

The instrument features high sensitivity and accuracy, and a
comprehensive range of accessories, such as probes,
attenuators, insertion heads and adapters, make it suitable
for many applications.

The URV has both V and dB scales (0 dB : 0.7746 V; 1 mW
into 600 O).

Applications

lr4easurements on resonant circuits in oscillators, narrow-
band amplifiers and filters, the extremely low loading causing
only slight damping and detuning.

RF,¡oltage rnèasurenr€rit:i,Jrr llririìíltraricl arlplificr:;.
The slight load capacitance produces no phase shift, say, in
feedback amplifiers.

l'¡1easu relnents cn the ouitruts; of Iovr, pilr,rr:r tr;r rrsnr itterr;
up to 200 W or of power stages.

fulaxinru tn. m in imil n r. ¡ rr¡m inal-r,¿¡l r r€; ir(lj u sÌrrìÉ-.nt Of vOlt-
ages. Measurement of the 3-dB points as a function of
frequency.

F req rr e rrcv res p o n se me¿ì s u rcm e nis on two-port networks
(gain, attenuation) are readily carried out with the URV, one
probe being connected to the input and one to the output of
the test item with switch selection on the URV.

Characteristics

Measurement ranqes ancl input inr¡redanr:es. Measure-
ments are possible direct at the DC input (4 mm knurled)
terminals) from 50 pVto '1050 V into 10 MO.

Two equivalent inputs (three-pole female connectors) permit
the simultaneous connection of two measuring heads for AC
or RF measurements. They can be switch-selected on the
instrument.

;þroï6,
&

,_ì

otl

et
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The measuring heads are instrument-compatible; combined
with any URV basic unit each probe and insertion head
complies with the specified error limits without any adjust-
ment.

At room temperatur the error limits of the URV are 0.5% of
rdg +0.5% of fsd for DC voltage measurements, 1.5% of fsd
plus frequency response of probe and insertion unit for AC
measurements; see table below.

l l! ;Ji i !\riiL_L"i\¡;:-1, 1-r,rjLj:'f"ir r-r:'i E¡

Specifications

DC voltage range .

Subranges.......

AC voltage range
Level, URVw¡th dB scale . . .

Subranges

wrh
probe/10-V¡nsertion unit. . .

probe + divider
20 dB/1 00-V ¡nsert¡on unit
40dB ...

Frequency range
RF probe

with 20-dB div¡der . . .

with ¿10{B d¡vider . . .

wlth7s-Oadapler...
10-V insertion unit, 50 O

75rl
100-V insertion unit, 50 Q

lnput impedance
DC input.
Probe . . .

with 20dB div¡der . . .

with40-dBdiv¡der . . .

lnserlion unils

Loading capacity

DC input.
Probe . . .

with 20dB div¡der
with 40-dB divider (100 MHz)
with 40{B div¡der (500 MHz)

f0-V insertion unit
foo-Vinsertionunit .........
75-O adapter (up to 200 MHz) .

Common l¡ne ref. to châssis . .

Er.or l¡m¡ts
all¿6= 1291o*25'C .....
atl""6: 115¡o +30'C .....
plus frequency response eror
DC oulput
Open{¡rcuitvollage .......
Source impedance
Setll¡ng time

General dala
Rated
Operat¡ng
Storage lemperature range

50 trv to 1050 V
3/f0/30/100/300 mV/
1 l3l 10130t 1001300/1000 v
0.5 mV to 10.5 (f 050) V
-64 to +22.5 (62.5) dB
3/10/30/f00/300 mV/
1l3l10V -50/to/+20 dB

0.2 mV to l0-5 V

2mVto105V
20 mV to 1050 V

100 kHz to 1 GHz
(as ind¡cator 2 GHz)
2 to 500 MHz
1 to 500 MHz
100 kHz to 500 MHz

Frequency response error in % of reading

ll4easuring i0 kHz 100 kHz I tMHz l0 trlHz 100 MHz GHz 2
head Range 25 1.6

-) Probe alone or wilh 20-dB or 40-dB d¡vider in BNC adapter (50-O coax¡al
system).

10 kHz to 2 GHz (3
10 kHz to 1 .6 GHz
1 MHz lo 2 GHz (3

GHz)
(3 GHz)
GHz)

10 MO shunted by l0 pF
>80 kQ (up lo l0 MHz), Cm = 2.5 pF
> l MO (up lo 20 MHz), Cn = 1 pF
>10 MO (up lo 20 MHz), Cin : 0.5 pF
50 O, 75 O, acc. to order;
retlection coeflicient up to 200 MHz:
1 (3)%, see also table on left

Max. values for
Vsc Vms (sinewave)
1200 v 800 v
400 v
1000 v
1000 v
1000 v
50v
1000 v
12V
500 v
Voc
0.57o of rdg
+ 0.5% of fsd
0.5% of rdg
+17o offsd
see table on lêft

f5v
150 V
r050 v
210 V
15V
150 V
12V

Vms (sinewave)
1.5% of fsd

2V" ot lsd

100 MHz
25

GHz

75{ adapter

100'V insedion un¡t

10-V ¡nseil¡on un¡t

75 r!

50 tì

750

500

1.5

,|

3

Rerectron cælf rcrent 
1

3 10

5

2

15

5

2

20

10 15

The URV has a.105" mirror scale which indicates the rms
value for sinusoidal voltages. With non-sinusoidal voltages,
the true rms value is indicated independently of the waveform
in the ranges up to 30 mV (3 V with divider). For voltages of
1 V and higher, the test circuit operates as a full-wave peak-
responding detector for all measuring heads.

Functional description

The RF probe and the insertion units both have two similarly
designed detector circuits, one for the RF voltage to be
measured and the other for the comparison voltage gener-
ated in the instrument. The difference of the two detected
voltages is taken v¡a an attenuator to a chopper amplifier
followed by a filter and a control loop. The squarewave thus
processed is converted to a sinewave and according to the
measurement range drives the comparison detector circuit.
Since matched diode pairs with identical characteristics are
used in the detector circuits, the indicated voltage is propor-
tional to the amplitude of a sinusoidal test voltage.

10 kHz 100 kHz 1 MHz 10 MHz

Operating and slorage lemperalure
rangeformeasuring heads ... . . .

Dimensions,weíght ............

Ordering information

Orderdes¡gnation .... . ...

URVw¡thdBmscale .......
Accessoriessupplied .... .

6batteries, R-20, IEC .

Recommended extras
Accessory Set URV-26

75-O Adapter URV-23
lorRFprobe........

RF lnsertion Units

10-V lnsert¡on Unit URV-22 .

100-V lnserlion Un¡t URV-24
RF Probe URV-27 .

1 V for ¡ndication of 10 or 3.16
1ko

+5 to +40"C
-20 to +60'C
-25 to +75"C
batt.)

(w/o meas. head)
(w/o meas. head and

0 to +45'C
162 mmx238 mmx275 mm,4 kg

> RF-DC Millivoltmeter URV
216.36'12.02
216.3612.03

RF probe wilh earth cable and clip,
earth sleeve, earth strip, hook t¡p,
solder lip, 20-dB divider, 40-dB
divider
017.0015.00

292.5364.02 consisting ol:
20-dB d¡v¡der 241.15.10.00,
40-dB div¡der 241.17 10.0O,
BNC Adapler UBV-Z 241.1f10.02
lor RF probe (includ¡ng matching
sleeve for voltage divider

243.9118.70
¡nclud¡ng adapters from UNI-9 female
to 2.5/6 male 243.9260.00

1.6/5.6 male 243.927 6.00
BNC male 243.92a2.oo

50() 50() 7so
N connector Dezifix B Dezif¡x B
288.80r0.55 288.8010.54 288.8010.74
283.7716.55 -292.53'12.o2 (additionally required for
measurements using two RF probes)

500zo ms
head

RF probe *)

rY¡ lh
20-dB

divider

w ilh
40,d8
d¡v¡der

w¡ri-
75-ft
adapler

100-V insertior
uni t
500

10-V ¡nsert¡on
un ¡t
750

10-V ¡nsert¡on
un¡ t
500

0.7 rol 00 mV

0.1 lo '10 V

7 to1000 mV

1 to 100 V

0.7 to100 nìV

01to10V

0.7 to100 mV

0.1 to 10 V

01to10V

0.07 to10 V

10 1o1000 V

7 lo 1000 mV

1 lo100V

0.7 ro100 nrv

20

20

20

20

5

5

5

5 2

30

20

2

r0

5

r5

I

2

20

?0

3

1

I

6

13

11

3

'|

2

1

1

2

Prozent v.M- 1

5

3

't0

8

15

l3

3

3

2

3

2

3

2

1

5

7

5

7

5

12

10

15

t2

20

16

10

't

15

r8

10

1

10

1

10

1

12

15

15

12

12

20

?0

20

20
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E¡ RF MILLIVOLTMETERS

The Millivoltmeter URV 3, the analog unit of the URV family,
is a highly sensitive and accurate voltage and level meter for
the frequency range from 10 kHz to 2 GHz (up to 3 GHz if
only used as an indicator).

A broad range of accessories, such as probe, dividers,
insertion units and adapters, and battery operation capability
permit versatile mobile and stationary use of voltmeter.

Applications

RF voltage measurement. High-impedance measure-
ments with RF probe in broadband amplifiers, on resonant
circuits of oscillators, narrowband amplifiers and filters;
measurements with impedance-matched RF insertion unit at
the outputs of transmitters and other coaxial systems. True
rms-value measurement possible up to 3 V and peakvalue
measurement from 1 V RF voltage.

.Adjustment to maximum, minimum or nominal val-
ue. Determination of the 3-dB points as a function of fre-
quency.

Gain or attenuation measurement on passive or active
four-terminal networks as a function of frequency (frequency
response).

Level measurement in dBm referred to 0 dBm : 1 mW into
Z : 50 O (0.2236 V), correction of level indication (according
to relation .f e ¡6s 50 ): - 1 .76 dB at Z : 75 Q."z
Characteristics

The URV 3 affords extremely constant indication and zero
setting as well as easy reading of measured values. Low
capacitive and resistive loading by the RF probe minimize
measuring errors introduced by detuning of resonant circuits,
damping and unwanted phase shifts in feedback networks,
etc. Mismatching is megligible thanks to the low reflection
coefficient of the RF insertion units.

Measuring principle, measuring heads. ln accordance
with the well-proven control method used by the URV instru-
ments (see page 207 under functional description), the RF
voltage is converted into a proportional DC voltage with high
linearity so that the accuracy is exclusively determined by the
matching of the characteristics of the diodes incorporated in
the measuring head. This makes the measuring heads
freely interchangeable within the URV family without
degrading the error limits.

volËrnetet.s

Scale Í:2.5

Depending on the order number selected, the RF probe is
supplied with the URV 3; the other accessories are recom-
mended extras.

Connections and measuring possibilities:

Measurement using
probe alone (700 ¡rV to 10.5 V, C'n : 2.5 pF)
probe +20-dB divider (up to 105 V, C¡n : 1 pF)

+40-dB divider (up to 1050 V, C¡n : 0.5 pF)

+coaxial BNC adapter (with or without divider; with
40-dB divider for instance up to 350 V)

+75-Q adapter (RF voltage measurement in
75-Q coaxial systems, 100 kHz to 500 MHz)

coaxial insertion units with low reflection coefficients
10-V insertion unit (700 pV to 10.5 V, 50 Q:
10 kHz to 2 GHz,75 Q: 10 kHz to 1.6 GHz)
'|00-V insertion unit (7 mV to 105 V, 1 MHz to
2 GHz, 50 A)

Appropriately terminated, the 100-V insertion unit is suitable
for measurements on power stages up to 200 W.

URV 3 with measuring heads and insertion un¡ts plus case accomodating small
parts

P
t

Mlr!lV0lIIfIt¡ l0 ¡l¿ - 2 G{¿ . U8v ¡

ô3......- 

-lOO,_ t-{ _""pi:
+' @

(, a

¡0,

eO'"O*

-tô
20

30

o

¡0

20

30

Millivoltmeter URV3 0 10 kHz lo 2 GHzl0.7 mV to 1050 V
O Handy RF millivoltmeter for mobile and stat¡onary use
O High-impedance voltage measurement with RF probe

and dividers;

O Voltage and level measurement using insertion units
with defined characteristic impedance of 50 or 75 Q

O Basic error 2Yo

O Universal powering system - baltery, accumulator, pow-
er supply unit or external source

URV3
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volËfftcrËc!ns¡

lnput lmpedance of RF probe. The input impedance of
the RF probe is given by the input capacitance C¡n (see to the
right) and the parallel input resistance Ro, which is dependent
on the test voltage (100 kO to 1 MO between 1 mV and 10 V)

and, above 3 MHz, also on the frequency.

lndicaticn, waveform weighting. The RF voltage and
level are indicated on a precision moving-coil meter on
separate scales in eight subranges which can be manually
selected. The level indication in dBm is valid for 50-O coaxial
systems but can also be used to advantage for relative
measurements in case of an undefined source impedance.

Rr¡rs-value rneasLrrenlent. The URV 3 measures and
reads the rms value in the three most sensitive measurement
ranges. At voltages above 1 V, it measures the peak-to-peak
value (Voo) but reads out the value Vppl2\/2 corresponding to
the rms value for sinusoidal voltages.

Accuiacy. Ihe operational error consists of the basic error
plus the frequency-response error. At room temperature the
basic error is 2o/o: for the frequency-response error see the
table below.

Frequency response error in % of reading
llleasuring t0 kHz 100 kHz 1 lì,¡Hz 10 t1Hz
head Range

RF probe ')

v¡th
20-dB
divider

wilh
40,d8
divider

w ith
75-rÌ
ad¿pter

1to100V

f) 7 1o1000 mV

10 V ¡nserlion 01r0i0v

75a 0.7 ro 1 00 mV

10-V insert¡on
un¡ t
50Q

0.7 tol00 ñìV

01lo10V

007rol0V

101010útV

7 1o1000 nrv

1 to100V

0.7 ro100 mV

0.1 to 10 V

07to100mV

01lo 10 V

t 20

20

'r:lro

./: zo
t

2

2

Prozent v.i\¡. l

5

5

5

5

3

2

3

2

30

1

20

I

't0

5

2A

l5

3

2

6

20

2

1

13

11

5

3

10

I

t5

5

3

3

2

3

2

3

2

12

10

I5

12

20

16

10

7

7

5

7

5

1

5

15

18

7

10

'l

10

7

12

12

15

15

12

12

20

20

20

20

RF MILLIVOLTMETERS E¡

Connect¡on of measurlng head . three-pole socket (for URV meas. heads)

Recorder output (shorlcircuil-proo0

Outputvollage I Vatl¡nal value 10,
3.3 V at f¡nal value 3.3,
10 V al f¡nal value 10 in range 10 V

Outputimpedance ..... 1 kQ
Polarity. ....positive,relerredtoground
Connectors .. two 4-mm sockets
Settingtime .. approx. l00mslortestvoltages>l0mV

(increasing with decreasing volt.)

RF measuríng heads . . . . .. RF probe w¡th 20-dB and 40-dB
div¡ders as well as BNC adapìer and
75-n adapler
10-V insertion un¡t (50, 75 O)
100-V insertion unit (50 O)

lnput impedance ol RF probè . . . Rp >80 kO (up lo 1 0 MHz), Cm : 2.5 pF
w¡th 20-dB div¡der . . . Ro >1 MO (up to 20 MHz), Cn : 1 pF
w¡th ¿10-dB divider . . . Rp >10 MO (up to 20 MHz), C¡n : 9.5 pp

Voltage rat¡ng
RF probe

w¡lh 20-dBd¡vider. . . . .

w¡th 40-dB d¡vider
uplo100MHz.....
uplo500MHz .....

10-Vinserlionunil ......
100-Vinsertiônunil .. -. -

75-O adapter (P.m: 2 W)

Frequency ranges
RF probe

with 20-dB/40-dB divider .

10-Vinsertion unil, 50 O . . .

10-V inserlion unit,75A . . .

1 00-V insertion unil, 50 Q . .

75-Q adapter

75-Q adapter URV-23

RF insertion units.
(other connectors on request)

10-V lnsêrlion Unit UBV-22 . . .

100-V lnsertion Un¡t URV-24
Power Supply (6 V) EGT-Z
(2201115 V,50/60 Hz), w¡lh con-
necting cable for butfer operation
and charging
Lead-acid Storage Battery (6 V)
EGT.Z ..

Vms (sinew-)Vp
15 V 22V

1000v I50v 220v

VDC
400 v

1000 v
1000 v
50v
1000 v
12V

1050 v
210 V
15V
150 V
12V

1500 v
1500 v
22V
220 V
17V

'100 [¡Hz 1 GHz 2

1.6

Voltage ranges (level ranges Z = 50 O)
RF probe, 10-V inserlion unil
RF probe with 20-dB divider
100-Vinsert¡onun¡t .......
RF probe with 40-dB divider

General data
Ratedtemperaturerange ..
Operating temperature range
Storage lemperature range .

Power supply

Ordering information
Orderdeslgnat¡on ........
URV3 w¡th probe
URv3w¡lhoutprobe .......
Accessor¡es supplied
RF Probe URV-27
(only w¡lh model 02)

4 batteries, R-20, IEC

Recommended extras
Accessories UFìV-26 . . . . ...

100 kHz to 1 GHz (from 20 kHz to
2 GHz if only used as indicator)
1 lo 500 MHz/0.5 lo 500 MHz
10 kHz to 2 GHz (up to 3 GHz il only
used as indicator)
10 kHz to 1.6 GHz
1 MHz to 2 GHz
100 kHz to 500 MHz

700 FV to 10.5 V/-50 lo +33 dBm
7 mV to 105 V/-30 to +53 dBm
7 mV to 105 V/-30 lo +53 dBm
70 mV lo 1050 V/-10 to +73 dBm

-) Probe alone or with 20-dB or 40-dB div¡der in BNC adapter
(50-O coaxial system).

Ref lection coeff icients
10 kHz 100 kHz 1 MHz 10 lllHz

Error limts (sinewave voltages)
Operational error = basic error + frequency response error (see left)

Basic enor al t-¡+20 to+25'C 2% ol lú
tmb+15 to+30'C 2.5Yo ollsd
laÉ + 5 to +40 'C 2.5y. ol lsd +2V' ol tdg

+ 5 to +40"C Measuring heads
-20 lo +60"C 0 to +45'C
-25 to +75"C -15 to +60'C
battery compartment for operalion with:
4 single cells 1 .5 V, R-20, DIN 40 866
and lEC, lead-acid accumulator or AC
supply
5lo I

un¡t: external source
V/35 mA

Service life
Battery (alkali-manganese cells) approx. 200 h
Lead-acidaccumulator ....... approx. 70 h

D¡mensions,we¡ght ....... .....241 mmxl10 mmx219 mm,2.5 kg

head zo

75{l adôprer

100-V ¡nseil¡on unit

10-V ¡nseilion unal

750

50 {t

750

500

1.5

1

3

Ref lection coetf ic¡ent I

3 10

5

2

l5

5

2

20

t0 15

Specifications

lnstrument

Test lnput
Parameters measured

Ffequencyrange ...
Voltage¡ange......
Subranges

Levelrange........
Subranges

Levelreference ...

Range ol indicat¡on

'100 MHz 'l cH" 2
2 5 '1.6

voltage (V, mv)/level (dBm)

10 kHz to 2 GHz
700 FV to 1050 V (with dividers)

3/10/30/100 mV/0.3/1 /3/10 V

-50 to +73 dBm
- 40t-30t-20t - l0tot+101
+20/+30 dBm
0 dBm corresponding to 1 mW into
50 o (0.2236 V)
300 to 700 FV or -57 to -50 dBm

comprising earth cable with clip,
earlh sleeve, earth strip, hook tip,
sotder tlp, case

292.5364.O2 comprising 20{B
divider, 40-dB divider, BNC adapter
URV-Z for RF probe, including
reducing sleeve for dividers
243.91 18.70 comprising adaplers
from UNI-9 socket to 2.5/6 connector,
lo 1.6/5.6 connector and to BNC conn.
50c) 50r¡ 75()
N connecl. Dez¡fix B Dezifix B
288.8010.55 288.8010.54 288.8010.74
283.2/16.55 -

> Millivoltmeter URV 3
302.90r4.02
302.9014.12

20r.5414.00

201.5437.00
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I 10 kHz lo 2 GHz
700 ¡"rVto 1000 V/-50 to +73 dBm

O Model 02 for manual measurement
Model 03 for manual measurement and remote control-
led operat¡on via IEC bus

O Digital readout of voltage and level, resolution 1 pV and
0.01 dB

O Addit¡onal analog level indication for trimming (rapid
tendency indication), resolution 0.5 dB

tl RF voltage measurement in coaxial systems up to 350 V

URV4 Millivoltmeter URV4

C¡ RF MILLIVOLTMETERS

The URV 4 - the first digital meter of the URV series - is a
highly sensitive and accurate millivoltmeter measuring RF
voltages and levels from 10 kHzto2 GHz, up to 3 GHz if only
used as indicator. Both high-impedance measurements
using the probe of low capacitive loading and voltage meas-
urements in any coaxial system (up to 350 V) or systems of
standard characteristic impedance (50 and 75 O) are possi-
ble. To this end a comprehensive range of accessories such
as probes and measuring heads is available.

System compatibility. The URV 4 is available with and
without IEC-þus interface, the characteristics remaining the
same. ln addition to the conventional applications (see also
URV and URV 3), the instrument fitted with the IEC-bus
connector is especially, suitable for use in automatic test
assemblies and systems.

The digital display gives a readout of the voltage or the
level. lts high resolution and accuracy (4000 steps for
measuring voltage; 10,000 steps w¡thout autoranging) is
optimally matched to the overall accuracy of the measuring
head and the meter. The measurement ranges can also be
pushbutton-selected after switching off the auloranging. The
levels are indicated directly in dB relative to 'l mW into 50 Q in
all subranges. \Mren the unknown signal falls out of the
selected subrange, the display of the URV 4 flashes.

Additional analog indication. To facil¡tate trimming (ten-
dency indication) and for coarse measurements an additional
analog indication is provided on the URV 4 in the form of a
row of LEDs. The coverage is 30 dB in steps of 1 dB. Since
two LEDs light between steps, level differences of 0.5 dB are
discernible. The reference value for the anaiog scale can be
taken from the five additional range indications.

Automatic zeroing. The URV 4 features automatic zeroing
for voltage measurements in the most sensitive measure-
ment range. lt sets the electrical zero at the press of a button
doing away with the tedious and error-prone zero setting by
means of a zero adjustment potentiometer.Zero correction is
not required in the higher measuring ranges.

A level-proportional DC voltage (100 mV/dB) is available at
the recorder output provided on the rear panel of the URV4.
Thus with the aid of automatic ranging continuous recording
is possible over a dynamic range of 83 dB.

The URV 4 can be powered from the AC supply or an
external battery (automatic switchover depending on avail-
able AC supply voltage).

Measuring heads (probes, insertion units, adapters)

The measuring heads are freely interchangeable - also with
those of the predecessor type URV. Depending on the order
number selected, the RF probe is supplied with the URV 4,
the other extras are recommended for use with the set.

RF probe alone: 700 ¡rV to 10 V
100 kHz to 1 GHz (indicator up to 2 GHz)

RF probe + 20-dB divider: 7 mV to 100 V/2 to 500 MHz
+ 40-dB divider: 70 mV to 1000 V/ l to 500 MHz
+ BNC adapter (w¡th or without d¡vider): measuremenl in

any coaxial system up to 350 V
(probe +40 dB)

+ 75-O adapter: 700 pV to 1 0 V/ 1 00 kHz to 500 MHz
.lo-V insertion unit; 50 or 75 O: 700 pV to 10 V

10 kHz to 2 GHz (50 A)
100-V insertion unit; 50 Q: 7 mV to 100 V
(for powers up to 200 W) 1 MHz to 2 GHz

Case
contain¡ng
accessoires
and recommendèd
extras

lnput impedance of RF probe. The input impedance of RF
pi'obe is given by the input capacitance C¡n (see to the right)
and the parallel input resistance Ro, which is dependent on
the test voltage (100 kO to 1 MO between 1 mV and 10 V)

and, above 3 MHz, also on the frequency.

voltrneËens
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Waveform we¡ght¡ng. The URV 4 measures and reads out
the rms value in the three most sensitive measurement
ranges. At voltages above 1 V, it measures the peak-to-peak
value (Voo), but reads out the value Vppl2\/2 corresponding to
the rms value for sinusoidal voltages. The following table
gives permissible crest factors for different test voltages
with a weighting error of 2 and 5% (blue for peak-value
measurement).

Probe + 20-dB divider +
100-V ¡nsert¡on
unit

40-dB d¡vider

Error 2t5%

RF MILLIVOLTMETERS E¡

Lðvelrange....
Subranges.....

Level reference

Range ot indication
Rangesetting .....

Aulo ze¡olng

Readout of measured value
Bange ¡nd¡cation, analog

digital
D¡gital d¡splay

Voltage. .

Level ...
Analog level¡ndication . .

lnd¡cationrange .....

Recorder output
Oulputvoltage . .

Dynam¡c range

IEc-bus connector (model 03)

lntêrface functions
Sêtting time

Conneclion of measurlng head

RF measuring heads

lnput lmpedance of RF probe
with 20{B div¡der
with ¿10d8 divider

Volt8ge rallng
RF probe

wilhzodBdivider ......
wilh 40dB d¡v¡der

upto100MHz.......
upto500MHz.......

10-V ¡nsert¡on unlt
loo-Vinsertionunit .......
75-O adapter (P'E = 2 Vr/) .

Frequency ranges
RF probe

with 20-dB/40{B divider . . .

lo-V¡nsertion unit 50O . .. . . .

lo-V¡nsertion un¡175o . . . . . .

loo-Vinserlion unitsoo . . . . .

75-O adapter

Vollage ranges (level ranges)
RF probe, 1 0-V insertion un¡t . .

RF probe wilh 20-dB div¡der,
l0o-Vinsertionun¡t .........
RF probe with 4SdB divider . .

Storage temperature range

Power supply, AC supply . .

ext. battery .

Dimensions,weight ......

. -50 to +73 dBm

. -40t-20tot+20t+40d8

. 0 dBm correspond¡ng lo 0.2236 V
(1 mW ¡nlo 50 O)

. 300 to 700 pV

. autorang¡ng
pushbutlons for manual setting to next
higher/lower subrange

. elektronic zeroing by pushbutlon
control for measur¡ng RF voltages
<4 mV

5 LEDS for subranges
decimal poinl and unit (mV/V/dB)

4 d¡g¡ts (4000 steps, 10,000 steps w¡th-
out autoranging), resolut¡on 1 pV
4 digits plus polarity sign, res. 0.01 dB
row ot 31 LEDS

-25 to +5 dB, step size I dB,
resolut¡on 0.5 dB

1 kO, shortc¡rcuit-proof
posil¡vê or negative level-proportional
DC vollage, 0 V at 0 dBm (223.6 mV),
100 mV per dB input level var¡at¡on
8iiì dB cones. lo -5 to +3.3 V

interlace in accordance with IEC 625-1
for controll¡ng the operating modes
SH1, AHl, T5, L4, SRl, RL1, DCI
leveldependent, up to 30 meas./s

three-polè female connector (for URV
measuring head)

BF probe w¡th 20-dB and 40-dB
dividers as well as BNC adapter and
75-O adapter
f 0-V ¡nserl¡on un¡t (50, 75 O)
100-V ¡nserlion un¡t (50 O)

1 0-v
inserl¡on
unit

2/5% 2t5%
crest factor

10/ 13
3t 4

'1.7 I 2

crest factor crest factor

100 mV
300 mV

10 v
30v
100 v
300 v
1000 v

Accuracy, The operational error consists of the basic error
plus the frequency-response error; see the corresponding
tables.

Basic error in the indicating range 300 to 4000 or -20 to +5
dBm on the analog scale

+20

+'15
t0
to

to

+30

+40

.c

.c
"c5

% of rdg

I %of rdg

ì%ofrdg

- 3aisrtslt
, 3diqits 2

.sdisits]s

%ofrdg +30

%ofrdq + 40

%ofrdg + 50

drortsl
a'iirl
dis itsJ

0.2 dB

0.3 d8
0.5 dB

measurerent .) Level meâsurement

4mVtol0V 0.7 to 4 mV to+33 to-35 dBm -50to-45

0.4 dB
0.6 dB

1dB

0.6 dB
0.8 dB

1.2 dB

') Used only âs ¡ñd¡cator at voltages <0.7 mV or levels <-50 dBm,

Frequency-response error (reflection coefficients as for
URV)

Measuring
head Range 1.6

RF probe')

* irh-
20-dB

divider

w¡th
40-dB

divider

w¡th
75-0
adapter

100-V ¡nsertio¡
rn it
50 tì

l0-V ¡nsertion
un ¡t
75Q

10-V ¡nsertion
un¡ t
500

0.7 ro1 00 mV

0.1to10V

0.07 ro10 V

10 to1000 V

7 to 1000 mV

1 to100V

0.7 t0100 mV

0.1 to 10 V

7 1o1000 mV

1 ro 100 V

0.7 ro100 nìV

01ro10V

0.7 to 1 00 mV

0.1 to 10 V

20

20

20

20

2

2

Prozent v.M. l

5

5

5

2

3

2

30

20

1

1

10

20

'15

3

2

I

6

20

."0

2

1

13

t1

5

3

10

8

l5

13

5

3

3

2

3

2

3

2

12

10

15

12

20

l6

10

1

7

5

7

5

7

5

15

18

7

10

1

10

7

12

t2

't5

t5

t2

l2

20

20

20

') Probe alonê or with 20-dB or 40-dB divider in BNC adapter
(50-O coax¡al system).

Specifications

lnstrument

3mV
10 mV
30 mV

.:" ¡2

10/13

3/ 4
1.7 I 2

10/13
3l 4

1.7 I 2

voltage/level (dBm)

f0kHzto2GHz
700 ¡rV to 1000 V
414014O0 mV/4/10 V

?2 3l
.: t)
ll.0 1 r

10 kHz 100 kHz '1 MHz 10 ÀlHz 100 MHz 't GHz 2

Re >80 kn (up to 10 MHz), Cin = 2.5 pF
Re >1 MO (up to 20 MHz), C¡n = | p¡
Rp>10MO (upto20 MHz),C¡" = 0.5 pF

V6 (sinew.) Vp
15 V 22V

vDc
400 v
f000v 150v 220v

1000 v
1000 v
50v
1000 v
12V

1050 v
210 V
15V
150 V
'l2v

1500 v
1500 v
22V
220 V
7V

100 kHz to 1 GHz (2 GHz)
2 to 500 MHz/1 to 500 MHz
10 kHz to 2 GHz (indicator: 3 GHz)
10 kHz to 1.6 GHz
1 MHz to 2 GHz
1 00 kHz to 500 MHz

7 mV to 100 V/-30 to +53 dBm
70 mV to 1000 V/-10 to +73 dBm

Test lnput
Parameters measured

Frequencyrange ...
Voltagerange......
Subranges

700 ¡rV to 10 V/-50 to +33 dBm

Error limits ..

General data

see lefthand column under accuracy

Rated +5 to +40'C
-20 to+60'C (measuring head:
0 to +4s'C)
-25 to +75'C (measuring head:
-15 to+60'C)
1151220 V +1OYo, 47 to 440 Hz
(4 VA, model 03:6 VA)
11 to 28 V, 300 (450) mA at 12 V
241 mmxl10mmx219mm,
2.6 kg (2.9 kg)

Operating

Ordering information
Orde.deslgnatlon ............ >

w¡th probe w¡thoul probe
URV 4 w¡thoul IEC-bus connector . 292.5012.02 292.5012.12

withlEC-busconnector ... 292.5012.03 292.5012j13
(l0kHzlo1 GHz)........ 292.5012.04

Accessories supplied
RF probe URV-Z/, same as lor URV3 (only for models 02 and 03 of URV4),
RF probe 342.3600.04 (only for model 04 of URV 4),
@nnector for battery; power cable

Recommended exlras
Aæessories URV-26, 75-O adapter and RF ¡nsertion un¡ts as for URV 3 on
page 209

AdaplerzzA-1 for 19'racks ..... 078.80f6.00
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6 POWER METERS

Fower measurement at high frequencies

Active power is defined in electrical engineering as the
product of the magnitudes of current and voltage, taking
account of the phase angle between them:

Pactive : lv,,"l ll,"l "o.r.
This applies, of course, also for RF power.

The frequency range in which a power measurement accord-
ing to this formula is practicable extends from a few Hz to
about 10 kHz. A dynamometer inserted into the current and
voltage paths accomplishes the multiplication with correct
phase.

At higher frequencies the dynamometer can no longer be
used to measure power. Two completely different methods
are employed here represented by the output power meter
(absorption type) and the directional power meter, which also
ditfer in their fields of application.

Power meters and reflectometers

Output power meters

Output power meters practically have a resistive input impe-
dance, the standard values being 50, 60 or 75 A (Zo). They
thus reflect only a small portion of the incident wave energy
while the major part is converted into heat. The power
indication of the output power meter is derived from the
measurement of the heat produced (calorimeter).

The Microwave Power Meter NRS operates according to this
principle.

The power consumed in matched probe is converted into
heat and unbalances a very sensitive bridge. The power of a
standard resistor required to compensate for the unbalance
is a measure of the power applied to the probe.

The principle of the output power meter is shown in the
following diagram.

pot vc!t' firclfcÐ-s

Directional power meters

Diiectional power meters are inserted into a transmission line
and measure the incident and reflected powers according to
a directional-coupler principle. Transmitter output power and
antenna or load matching can be checked simultaneously
with this type of power meter.

The reflection coefficient is obtained as

l.l:
I + 1/P,"¡ttZ,.rø

and a -.lDr rell/r tnclcj

/Æ

VSWR: 1-

!_ -l

__-l

_ilr
I

I

Z¡

\! 4f
{;. ";;l

i ncid

I

I

I

I

I

I

lp
I

L-_________

1P-

Power measurement using temperalure-dependent resistors in a bridge circuit

Power measurement using directional coupler

lnstruments operat¡ng on this princ¡ple are the Power Meters
NAU and NAUS.

Overview

Several instruments with different power and frequency
ranges are available for use in the frequency range of 1 to
1000 MHz; see table on next page.

Type NAN with its power range extending up to 1.2 kW is
suitable for power measurement and matching indication in

the shortwave range.

\Mth a power range of 30 W NAUS 3 is ideal for measure-
ments on RT equipment between 25 and 1000 MHz. All
frequency bands and power classes of the radio sets are
covered without exchanging any measuring heads or inserts.
The AM Unit SMDU-Z1 and the Power Test Adapter SMDU-
Z2 are destined for use in RT and air navigation test assem-
blies, but can also operate on their own.

For higher-power applications, e.g. measurement on
transmitter systems, NAUS 4 (25 to 1000 MHz, 110 W) and
NAUS 5 and 6 (25 to 1000 MHz, 340 W and 1100 W, resp.)
are available.

Adjacent-channel interference components of radio equip-
ment are measured and weighted by the Adjacent-channel
Power Meter NKS in conjunction with the RT Test Assembly
SMDU. The NKS is therefore described in section 3 page 1 15

among the test assemblies.

zL \(\
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Frequency range

1.5 to 30 MHz

25 to 1000 MHz

25 to 1000 MHz

1 to 1050 MHz

'1 to 1050 MHz

0 to 15 GHz

* lf seven-figure designation is given, see text for complete (nine-figure) order No.

1¡ The measurement range can be extended with h¡gh-power attenuators (section 1O).

HF Wattmeter & Matching lndicator NAN
0 1,5 to 30 MHz
O Reflection-coefficient range of 0 to 100%

O Power range up to 1200 W, direct reflection indication with 20 W
incident power

The HF Wattmeter atfords direct power and reflection-coeffi-
cient reading in the shortwave range. The instrument is
suitable for measuring the power of HF transmitters and for
matching antennas, therapeutic equipment and other loads.

The NAN consists of a measur¡ng head and an indicator. The
measuring head is connected into the transmission line. lt
accomodates two directional couplers and is connected to
the indicator section w¡th a cable. The indication of incident or
reflected power as well as reflection can be switch-selected.

The measuring-head connector is an RF female connector
4/13, DIN 47284, that can be adapted to many other con-
nector systems.

POWER METERS E¡

214

Te¡.t
on
page

213

215

106

106

2't7

Specifications

Frequenry range
Four subranges for incident and
reflectedpower(fsd) ..........
Reflectioncoefficientrange . ...
Minimum inc¡dent power requirêd
lor direct retleclion-coeft¡cient
read¡ng .

Maximum power
Characteristicimpedancê.... . .

Refleciion due lo the coupl¡ng
systems .

Eror lim¡ts of indication :ncl.
frequencyresponseenor . . . .. .

Dimensions

1.5 to 30 MHz

36/120/360/1200 w
0 to 100%

20w
f200 w
50r)

<2"/"

+8% of fsd (with temperature
conection curve)
measuring head:
76 mmx76 mmx100 mm
indicator:
130 mmx180 mmx105 mm

> HF-Wattmeter & Matching
lnd¡câtor NAN 140.2727.50

Designation
No.

Type Order

NRSMicrowave
Power Meter
+ Probe

100.2433.92

100.2440. . .

Power Test
Adapter

SMDU-Z2 242.40't2.52

AM Unit SMDU-Z1 242.20',t0

Directional
Power Metêr

NAUS 5
NAUS 6

349.8014.55
349.8314.54

Direclionâl
Power Meter

NAUS 3
NAUS 4

288.8ô1 0
289.9010

Matching lndicator
HF-Wattmeter & 100.2727NAN

0.1 to 330 mW1) +1.5 (?.3)%5

rdg
of fsd)

50mWto30W + (8% ot
+'1.5%

50mWto30W
0.1 to 60 W

rdg
of fsd)

5
5

+ (8% of
+1.5%

5
5

page 2160.2 to 340 W
0.5 to 1100 W

0-2 to 340 W
0.5 to 1 100 W

20mWto34W
50 mW to 110 W5

page 21520 mW to
50 mW to

34W
110 W

+\Yo
incl.
freq. resp.

0 to 1.2 kW 4

lndication
of small refl.
componentrs

Power range Sub-
fanges

Enor
ot fsd

Order deslgnatlon
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E¡ POWER METERS

The Directional Power Meters NAUS are handy, easy to
operate and designed for in-situ servicing of radiotelephone
equipment, radio installations (up to 110 Wwith NAUS 4) and
walkie-talkies of low output. Owing to their wide frequency
and power ranges the NAUS power meters can be used over
the entire radiotelephone bands for the output levels of most
types of radiotelephone equipment.

The power meters of the NAUS series are similar in appear-
ance and design; they differ mainly in their power handling
capacities, see above. The instruments consist of an indi-
cator (case with carrying handle, see photos) and a separate
measuring head. which can be connected in either direction.
The incident and the reflected power are indicated on sepa-
rate meters so that - also due to the wide continuous
frequency range - operating errors are precluded.

Antenna

[4easur¡ng head
Feeder

NAUS

Power measurement on antenna feeder using NAUS

Measurement ranges. The power range of the NAUS
power meters is divided into five subranges; it extends from
20 mW to 34 W, from 50 mW to 1 10 W, from 200 mW to 340
W or from 500 mW to 1 100 W depending on the model; fsd is
obtained with 0.3 W 1 W 3 W or 11 W in the most sensit¡ve
range. The range of the 30-W models can be extended to 68
W by inserting a High-power Attenuator RBU (3 dB, see
section 10).

pclrrvel. lTtcltel.s¡

For powers of 340 W/ 1 100 W: see page 216

lndication and accuracy. The instruments deliver correct
results under all condit¡ons: the indication is highly stable and
insensitive to temperature fluctuations. Since the rectifier
diodes are very lightly driven, both meter scales are linearly
calibrated and the indications can be easily read. True aver-
age power indication is also given of non-sinusoidal signals
(modulated transmitter). The negligible internal losses do not
impair the measurements.

lnput and output. The measuring head is available in the
following models depending on the order number:

NAUS g 50O Dezifix B or N female/male,
all adaptable

NAUS 4 50O N female/male, adaptable.

Suitable screw-in assemblies for conversion to other connec-
tor systems (e.9. UHF or BNC): please enquire.

Since the two measuring channels are alike, the forward
direction is arbitrary.

Design and power supply. The measuring head of the
NAUS consists of a directional coupler. The input power is
fed through to the load with almost no attenuation (electrical
length of line 140 mm). The secondary line is matched at both
ends. Voltages proportional to the incident and reflected
power are coupled into this line and rectified. An RC section
is used to compensate for the frequency response of the
coupler. The rectified signal voltages are fed via the connect-
ing cable to the instrument which includes shielded chopper
amplifiers, and are then displayed separately.

The power supply uses five 1.5-V batteries (R20, acc. to DIN
or IEC). These can be easily replaced after removing the
cabinet cover (voltage check by pressing a pushbutton on the
letthand meter). Owing to the very low current drain, a set of

€

3I 
-rwrow-)'/-^ w

I
I

I

øt

A

J '..,"-*(t";
I

,

¡ttai

[øiø
::l:"'-'^ :t:li:

^ tuto¡ ¡lc{Mil'
@ o,rr,not^tt"tt

O For servicing radio sets and sys-
tems

O Separate measuring head - for-
ward direction arbitrary

O Simultaneous indication of incident
(forward) and reflected power - in-
dependent range selting

a Lowest power reading 20 mW
(NAUS 4: 50 mW); indication of
average power, high accuracy

NAUS 3 and 4

a
ô;oQ

O

+ a

Directional Power Meter NAUS 3 I
NAUS 4 I

25lo 1

25to1
000 MHz/34 W
000 MHz/110 W

fransnr i tter

o o
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commercially available, leakproof batteries has a lifetime of
almost one year with continuous operation (>7000 operating
hours).

'ð

POWER METERS E¡

VSWR=æ

2 3 t, 5 10 20 30 /.050 100

VORLAUF (W /INCID. POWER

Graph to derive VSWFì from incidenl and reflected power (provided on lhe rear
panel ot each instrumenl)

Specifications

Frequenryrange ..

Pom¡ssible incident a¡d
NAUS 4

110 W
1.113.4t11|34|
110 W
g)mW
<3lo ol r@
+2% ollsd

=o.25%f 
cEffectof temperalure ... . ..

Direct¡vity
atandabovê30MHz .... ..
up to 30 MHz

Charac{erisl¡c impedance. . - . .

vswR..
Tfansmlssion loss

up lo 300 MHz .
upto 5(nMHz.
upto Iü)0MHz

Elecùical length of transmiss¡on
drannel.

General dala (all models)

Bated lemperaturerange . . . . .

Storagetemperalurerange ...
Power supply

140 mm 140 mm

-20 to +55"C
-25 to +70"C
5 single cells 1.5 V
R 20 tEC
>7000 hours
230 mmx150 mmx
125 mmx105 mmx
125 mmx105 mmx
4kg

Order
NAUS 3 O),DezilixB..

N connector

RÜCKLAUF W) / REFL. POWER

F-ìÐ
Þ

10

t

t,

J

2.5

2
'1.8

1.6

t.)

1.t-

1.3

1.2

I¡f,

100

50
tu
30

20

10

5
/,

3

2

1.1

0.5
0.t,

o3

0.2

0.t

0.0s

Directional Power Meter NAUS 4 (50 mW to 110 W)

A diagram (right) for determining the VSWR as a function of
the incident andd reflected power is provided on the rear of
the instrument.

Measurement of incident and reflected power in the feeder of an anlenna for air-
lraffic control with the Directional Power Meter

0503

reflsctedpower.....
lndicalionrangæ ...
Iowesl powêr read¡ng
lndicationenor..--.

25 to 1000 MHz

NAUS 3

34W
o.ut1.1t3.4t111
34W
20 mW

=3o/o ol rdg
+2Vo ol lú
=0.25o/of C

>30 dB
>26 dB
5()o
<1-(x|

<0.1 dB
<o.25 dB
<0.75 dB

>30 dB
>26 dB
50r)
<1.trì

0.08 dB
0.15 dB
0.35 dB

'130 mm
45 mm
62 mm

> D¡reciional Power Meter
288.8610.54
288.8610.55
289.90r0.55

1 +
DI rück

VSWR
P

1-
Puo.

/,

7
4

,WA

AW
Wl Vl

I
2

/,
a_

t

L

n

r

(

wl[I
:;'J'=!r=*'û;

II Dt
- -I

-¡

N US4 (50O),Nconneclor
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NAUS 5 and 6

pot vctr. lTtcltctFs¡

Directional Power Meter NAUS 5
NAUS 6

I 25 to 1000 MHz/340 W
0 25 to 1000 MHz/1100 W
O Reflection{ree power and VSWR

measurement; VSWR <1.03

O Lowest power reading 0.2 or 0.5 W
respectively; indication of average
power

a Battery operation with more than
7000 hours service life

Applications: Owing to their higher power-handling capac-
ity the NAUS 5 and NAUS 6 can be used for power and
VSWR measurements on modulated or unmodulated trans-
mitter, radio equipment in general and power stages
(amplifier alignment). Each unit is provided on its rear panel
with a graph enabling the user to read the VSWR from the
incident and the reflected power.

Apart from their higher power rating the Directional Power
Meters NAUS 5 and NAUS 6 are the same in design and
performance as the NAUS 3 and NAUS 4 models described
on pages 214,215. Like these they consist of an indicator
(case with carrying handle) and a separate measuring head
which can be connected in either direction. The incident and
the reflected power are indicated on separate meters in five
subranges.

The power supply uses five 1.5-V cells which are easy to
replace and last for more than 7000 operating hours on
average.

RÜCKLAUF (W) / REFL. POWER
VSWB=æ

1000

500

300

200

100

50
40
30

20

'10

5
4
3

2

0,5
20 304050 100 200300 500 1000

VORLAUF (W) / INCID. POWER

Graph to derive VS\{R from incident and reflected power (provided on the rear
panel of each instrument)

r) Suilablè screw-in assemblies for conversion to
UHF connector: male 017.7384.00, temale 017.52.17.00;
Dezifix B: 01 8.2486.00; please order separately.

2) l/vhen using N connectors for NAUS 6, it should be noted that the max.
power of 1. 1 kW cãn only be measured up to 650 MHz due to the size ol
the connectors.

Specifications

Frequency range

lndlcator
Meter calibration

Subranges

Loweslpowerreading ...... .

Maximum indicent and
reflecled power.
lndication enor

Temperatureieffect ........
Dkectiv¡ty al and above 30 MHz

upto3oMHz ......
Measurlng hêad
Characteristic impedance. . . . .

VSWR.,
Transmission loss

up lo 300 MHz
up lo 500 MHz

Electrical length
Connectors (adaptable)t) . . . . .

General data (bolh types)
Nominal temperature range
Storage temperature range
Power supply

Battery lite
Battery check
Dimensionsof indicalor . . .

measuring head
We¡ght .

Ordering information
Orderdeslgnatlon ........
NAUS s (340 W)
NAUS6 (1r00W)

NAUS 5 NAUS 6
25 to f 000 MHz 25 to f 000 MHz

3.4111 t34
f r0/340
0.2 w

¡n W, linear scale

11 t34t110t
340/1 100
0.5 w

f100 w
=4Yo ol rdg +2V" ol lsd
=0.25o/ol"C>30 dB
>26 dB

10

5
4

3

2.5

340 W

<0.08 dB
<0.15 dB
140 mm
N female/
N male

50r)
<1.032

1.8

1.6

1.5

1.4

1.3

1.2

't.1 5

s0.05 dB
<0.1 dB
f40mm
Dszifix Br)

1.1

-20 to +55'C
-40 to +70'C
5 single cells 1 .5 V, R 20
>7000 hours
indication on lefthand meler
230 mmx150 mmx130 mm
125 mmx105 mmx45 mm
4ks

> D¡rect¡onal Power Mêter

349.8014.55
349.8314.54

3 5 10

t-
,oor1,oo*!ro*

;'ç-'.
o

T-
r-

i

7

4t Irw

r çltfrltt
Y_Þ#W

t,/t,t t,
t/t

-f;-
1+ l/-j-!ç!

vswR=---l- ryst_

P
VOT

1-
DI rück

4 4+

2

4 M
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Microwave Power Meter NRS
0 0.'l to 330 mW
O Wde frequency range

0 to 15 GHz

O Exchangeable probes for
50O,60Oand75Q

a Automatic zero adjustment

o

The NRS makes high-accuracy power measurements on test
items to be terminated with 50 O (coaxial lines). lts wide
frequency range ensures a large field of application, espe-
cially in the RF range.

Power range. The power range of 0,1 to 330 mW is divided
into five subranges 311013011001300 mW, corresponding to
5-dB steps. Continuous range extension up to 60 kW is
possible by means of attenuators of high powerhandling
capacity or load resistors with an output for an accurately
known insertion loss (see section 10).

lndication and accuracy. Only active power is measured
and indicated. AC signals of any waveform, even very short
pulses, are correctly measured. As the NRS has a flat
frequency response from DC to 15 GHz it also provides a
true power indication of frequency spectra. The error limits
are +2o/o of the reading of the mW scale. The accuracy can
be greatly improved through the use of an external indicator.
The rear output of the NRS delivers a DC voltage % which
equals to within +0.2% the original rms voltage V" of the
source. The power is calculated from the voltage Ve read on a
digital voltmeter

POWER METERS E¡

NRS

,l,f oor r *xwmz , rrtRv,ssaR ursr!\Gsu-ss€R ecrcw^E rcffiR MITER.lft rc.&2at4

" 
#;;Ç,

+

Gt .-,

t.r

Test output. A test output for the connection of a DC

recorder or analog/digital converter is provided at the rear of
the NRS. (For output voltage see "lndication and accuracy";
Zout:2 kQ +10%). Moreover, the NRS has an input for
triggering the automatic balancing facility, which makes it

suitable for incorporation into automat¡c test assemblies.

T 2",,

I

H
L I

':+ (+f :E
Simplified diagram of Power Meter NRS

Specifications

Baslc unit
Power ranges (fsd) .

Calibration.......
lndicat¡onenor ....
Freguency range
lnput impedance
Recorder oulput

Temperatureeflect .. -.......
Settling time lor powèrs 

=1 
mW

Probes .

Reflection coefficient
0 to 4.5 GHz
up to 'l 1 GHz
above ..

Connector
D¡mensions,weight ........
Ordering information
Order designations
Basic un¡l

Probes 50 O, 0 to l5 GHz
Accessor¡es supplied

for basic unil

3/10/30/100/300 mW
in mW and dBm

= 
11.5% ât fsd

< +2.3Y" at 31.6% ot fsd
0 to 15 GHz max.
50c)
Zú : 2 l&, Vod proportional
to FIF input voltage
< +0.03%/'c

=10 
s lor l1OYo +2.0o/ô of tdg

50c)
0 to 15 GHz

<1% +z%lc{z
<1Q%
<20yo
Dezilix At)
484 mmx 150 mmx336 mm, 12 kg

> Microwave Power Meter NRS
100.2433.92

> Probe for NRS, 100.2440.50

power cable, connect¡ng cable
(2 m, þasic unit-probe)
1 adapter from Dezilix A to B

The error of power measurement is in this case <+0.4% of
reading.

The settling time of the NRS is short relative to other
calorimetric power meters. lt is less than 10 s at power values
>'l mW.

Conirection (¡rrolie). The unknown is picked up by a
probe. Probes for the NRS are available with 50 O input
impedance (to be ordered separately). They can be used with
any basic unit and are interchangeable. The probes are
equipped with coaxial connectors which can readily be
adapted to the Dezifix A or Dezifix B system (screw-in
assembly supplied with the probe). Adaptations to othei
systems, e.g. to N or APC 7 systems, are possible.

for 50-O probe

1) Adapter lrom Dezifix A to B ¡s delivered w¡th the probe.
Coupling mechanism ll (400.0133.00) permits conneclion to APCT

L
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dB {uA)
dB (pv)
dB (pVrm)
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ll0 d8

100 dB

g0 d8

80 d8

50 dB

0dB

AUS 0tt

50r) <3v

30 dB

40 dB

AUTO

20 d8

l0 dB

0dB

zF .tÍ

NF .AT OEMOOUTATION

s0uELcH o 70 d8

50 d8
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Test Receiver ESV;
combined with test antennas
it forms the Field-strength Meter HUF
Íor 20 MHz to 1 GHz;
details on pages 234 and 254
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7 SELECTIVE VOLTMETERS

Test receivers

Fields of application

Test receivers are used for frequency-selective measure-
ments of voltage and - combined with suitable antennas - of
electrical and magnetic field strength. They have applica-
tions in laboratories and test departments wherever signal
levels, non-linearities, noise and modulation characteristics
of signal generators and ampllfiers are to be measured.
Organisations using radiocommunications (postal, broad-
cast¡ng, military, commercial security, civil) employ test
receivers and field-strength meters for propagation meas-
urements in planning and determining the coverage of com-
munications networks. ln this context the measurement of
horizontal and vertical antenna radiation patterns is an impor-
tant application.

Radiomonitoring services use test receivers to check the
transmissions from the individual stations for compliance with
the technical specifications - an essential condition for simul-
taneous operation of the different communications networks
without mutual interference. These checks involve measure-
ments of level, spurious signals, centre frequency and band-
width.

Frequency range

9 kHz to 30 MHz

I kHz to 30 MHz

25 to 300 MHz

20 to 1000 MHz

new 20 lo tgoo MHz

25 to 1000 MHz

25 to 1000 MHz

9 kHz to 1000 MHz

test rtece¡veFs

Radio-interference measurements open another ¡mportant
field of application for test receivers. ln the civilian sector the
aim is to secure undisturbed broadcast reception, whereas in
the industrial and military fields electromagnetic compatibility
(EMC) plays a more and more important role because of the
increasing complexity of electronic systems. Here test rece¡v-
ers measure the interference in terms of current, voltage or
field strength, depending on the type of transducer (antenna)
connected to the receiver. Weighting curves for the readings
are specified for civilian applications in VDE 0876; EMC is
indicated as peak voltage or as spectral voltage density.

Voltage range Fs ol lowest
subrange

Enor of voltage
indication

-30 to +137 dBtrv -10 dBpV <1 dB

30 to +137 dBÉV -10 dB¡V <1 dB

1 FVto0.1 V 10 pV <2 dB

-10 to +137 dBFV +10 dBpV <1.2 dB

-18 to +137 dB$V 0 dBpV <1 dB

-10 to +120 dBtrv 10 dBpV <1dB

-10 to +120 dB$V 10 dBpV <1 dB

Data same as MSU; IEc-bus compatible, software available

-30 (-10) to
+ 1 37 dBpV

n€lvv

MSLJP +
ESH 3+
PUC

Test Equipment
see p. 248Automalic

253.201 6.55

Progr. VHF-UHF
Test Equipment

MSU

MSUP 253.3512.55

VHF-UHF Select¡ve
Test Equipment

ESU 2 252.QO10VHF-UHF
Test Receivèr

Test Beceiver

Test Receiver ESV 342.4020

ESVP 354.3000

VHF Field-strength
Meter and
Test Rece¡ver

203.601 IHFV

Programmable
Test Receiver

ESH 3 335.8017.52

Test Beceiver ESH 2 303.2020.52

(complete No.:
see text)

Designation Type Order No.

220
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test receiwens

lnstrument features

Test receivers always use superhet circuitry with multiple
conversion. They have filters preceding the first mixer,
providing the wide dynamic range required for radio interfer-
ence measurements. State-of-the-art models produce all the
internal conversion frequencies by frequency synthesis.
The receive frequency which has been set is displayed
digitally. Automatic voltage calibration can be triggered on
command.

Field-strength measurements are usually made with mobile
stations (vehicles, helicopters), especially when propagation
and coverage are to be determined. Portability and battery
operation are thus important criteria in the choice of the test
receiver. On the other hand, computer control is demanded
for radio-interference measurements, radio-monitoring and
test systems. Wth the present state of technology, it is not
efficient to combine both features in one instrument type.
R&S therefore offers two series of test receivers for the
frequency range 9 kHz to 1 GHz: the ESH 2, HFV, ESV and
ESU 2 have built-in batteries for mobile use while the ESH 3,
ESVP and MSUP are equipped with an IEC 625 interface for
computer controlled operation.

Frequency Noise
voltageresponse

automatic
calibration
by pushbutton

<-30 dB¡tV

automatic
calibration

<-30 dB¡rV

calib. possible
at any
lrequency

<0.7 ¡rV

aulomatic
calibration
by pushbutton

<-10 dB¡tV

< -18 dB¡rV

calib. possible
at any
lrequency

<-13 dB¡rV

calib. possible
at any
trequency

<-13 dB¡rV

MSUP: data same as MSU

calib. possible
at any
lrequency

SELECTIVE VOLTMETERS 7

F¡eld-strength Meter HFH 2 lot 9 k{z to 30 MHz

dB

Dimensions
in mm
WxHxD)

347x
206x
484

Text
on
page

222

492x.
205x
514

226

252

234

23A

326x
96x
290

347x
200x
484

492x
205x
514

492x
195 x
556

520x
400x
535

520x
534x
æ5

242

244

248

248,
249

50() >100 dB0.03759 10t2.4t
o.5to.2

50() >100 dB75 I 0.03 1012.41
0.5t0.2

lnlermediatê hequency
MHz

1st lF 2nd lF 3rd lF

lF band
widlh
kHz

lmage
frequency
re¡ection

lnput
¡mpedancs

up to 30 MHz 0.210.512.41
75 9 0.030 10
at higher freq.: same as MSU

>100 dB

>70 dB

50c)

50() >70 dB0.45 15t120t300199.3/ 10.7
339.3

50/60/75 r) >70 dB0.45 15/120/300199.3/ 10.7
339.3

50()

50()

10.7 >80 dB

>80 dB

810.7
310.7

810.7 10.7
3'10.7

7.5t 121
12Ol'l MHz

7 .51121
12011 MHz

s0ç) 120 >80 dB400 10.7

<-30/<-10
dBpV

520x
710 x
635
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Test Receiver ESH 2 I 9 kHz to 30 MHz/-30 to +137 dB¡.rV

a Synthesizer-based lest receiver offering crystal-refer-
enced frequency display, 100 Hz resolution

O Level range >165 dB

a Automatic voltage calibration at the push of a button
a lnterference measurements in line with CISPR, VDE,

MIL and VG

O AC supply and battery operation

ESH 2

7 HF TEST RECEIVERS

The ESH 2 is a manually operated, sensitive and overload-
protected test receiver offering a very wide dynamic range
and maximum ease of operation. Compact construction, the
wide range of power supplies that can be used, and low
power consumption make the receiver suitable for use in

fixed stations as well as for mobile and portable applications.

Thanks to its excellent characteristics and the availability of a
wide range of accessories, the applications of the ESH 2
include interference measurements and field-strength
measurements; for use of ESH 2 as the Field-strength
Meter HFH 2 see page 251.

Covering the frequency range from I kHz to 30 MHz, the
ESH 2 can tune to any signal from LF to the upper shortwave
range, where it overlaps with the ESV (page 234).

Characteristics, uses (ESH 2 alone)

The ESH 2 needs no accessories to operate as a selective
voltmeter (test receiver) with a level range from -30 to
+'137 dB¡lV, for example, for measurements, in 50-O coaxial
systems. The Active Probe ESH 2-Z2is available for measur-
ing high-impedance test items. Relative and absolute selec-
tive voltage measurements are possible even in the pre-
sence of a multitude of signals.

Automatic calibration at the push of a button and excellent
receiver selectivity permit accurate measurements of closely
spaced signals with very different levels, for exan ple: SSB
tlvo-tone measurements, spurious-content and,ideband-
noise measurements on signal generato,i, intermodulation
and distortion measurements, noise figure measurements.

The calibration-generator output can be used for twoport
measurements over an attenuation range of more than 100
dB and a gain range of more than 50 dB; see diagram on the
right.

test FClcc!¡vens¡

Signal ealuation. Four switch-selected lF bandwidths and
numerous test outputs make it easy to carry out a wide range
of measurements:

wideband lF output, 75 MHz,, for the connection of a
panoramic display or a wave analyzer,

narrowþand lF output, 30 kHz, for an oscilloscope,

AM/FM demodulator outputs,

recorder output for level and frequency offset,

output for the connection of a frequency counter.

Overload of the input or of other important circuits is recog-
nized by the test receiver and automatically signalled.

Example of
twoport measurement
using Test Receiver ESH 2;
Test item:
lF amplifier with crystal filtêr

1q75

222
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Auxiliary instruments for additional applications

lnterference measurement. lnterference voltage and
interference current can be measured in accordance with the
relevant standards (CISPR, FCC, MlL, VG, VDE). The follow-
ing accessories are available for this purpose (see specifica-
tions on page 225 and page 230):

Active Probe ESH 2-22
Passive Probe ESH 2-23
Current Probe ESH 2-21
Artificial Mains Network ESH 2-25 and
Pulse Limiter ESH 3-22

ln addition to the overload indication and automatic calibra-
tion which have already been mentioned, the ESH 2 has
other features which are particularly important in interference
measurements:

level indication taking into consideration the conversion
factor of the sensor, e.g. directly in dB¡rA,

frequency-dependent automatic switchover of weighting
and of calibration pulse for CISPR 1 or 3,

peak indication with selectable hold time,

lF bandwidths of 200 Hz and 9 kHz in line with CISPR,

lF bandwidth of 10 kHz in line with MlL.

ln interference measurements the Loop Antenna HFH 2-Z2is
used to measure the magnetic component and the Rod
Antenna HFH 2-21 the electric component.

Radio¡nonitoring. remoie frequerrcy measurement. ln
conjunction with a receiving antenna and a frequency
counter the test receiver can be used in radiomonitoring,
since it features excellent frequency accuracy and stability
and is capable of demodulating A1A, A3E, J3E (formerly Al ,

43, A3J) and FM transmissions. \Mth a frequency counter
connected to the ESH 2 generator output, high-accuracy
remote frequency measurements can be performed. The test
receiver then functions as an active filter of high selectivity.

Field-strengttl measurements. Completed by the follow-
ing antennas the test receiver can be used for field-strength
measurements (see also Field-strength Meter HFH 2 on
page 251):

Active Rod Antenna HFH 2-21 (9 kHz to 30 MHz)
Active Loop Antenna HFH 2-22 (9 kHz to 30 MHz
lnductive Probe HFH 2-24 (100 kHz to 30 MHz)

Another Loop Antenna, HFH 2-23, is available as an acces-
sory for measurements on very weak signals in the frequency
range of 9 to 150 kHz. The Roof-mounting Kit HFH 2-25
permits the HFH 2-22 to be operated on top of test vehicles.

Pro¡:agation measurements and measurements of cover-
age in the radio-monitoring field can also be carried out; with
an YT recorder connected to the corresponding output, field-
strength observation is possible over extended periods of
time.

The digital readout of the reference level in dBpV/m, which
takes into consideration the conversion factor of the antenna
used, is an important asset in field-strength measurements.

HF TEST RECEIVERS 7

Ease of operation, sett¡ng functions

The correction of the level indication taking into account
antenna factors and conversion factor of sensors, the auto-
matic level calibration and many more features affording
ease of operation make it possible to make do with a
minimum of operating controls. Thanks to the clear arrange-
ment of the front panel, even unskilled staff can soon learn to
operate the instrument.

Frequency sett¡ng. The whole range from 9 kHz to 30
MHz is covered without band switching, in 100-Hz/1-kHz or
1O-kHz steps. The 6-digit LCD frequency display in crystal-
controlled. The frequency setting is retained in a memory
even while the instrument is switched otf.

Sensitivity, level switching. The measurement range for
sinewave signals of -30 dB¡,rV to +137 dB¡rV is determined
at the lower limit by the inherent noise at 200 Hz lF bandwidth
and at the upper limit by the maximum dissipation in the RF
attenuator. Sensitivity is set for the RF and lF sections using
attenuators with 10-dB steps, see front panel section.
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Fronl panel sect¡on w¡lh controls for level, bandwidth, weighting and display

ln the AUTO position of the lF attenuator, the lF gain is
automatically controlled as a function of þandwidth and dis-
play mode in such a way that the receiver's internal noise is
always below 0 dB on the display.

Bandwidths. signal weighting, lF bandwidth is switch-
selected at 10 kHz, 2.4 k{z,500 Hz or 200 Hz. The signal
weighting mode can be switched to average or peak with
ditferent hold times (e.9. 3 s) or noise weighting in line with
CISPR.

200 H¿

500 ll¿
2.¡l lH¡
l0 tll¡

Ëårjri
+
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7 HF TEST RECEIVERS

ESH 2 Test receiver

Level indication. The meter has a linear range of 20 dB
and two logarithmic ranges of 40 and 60 dB. The measured
level is obtained from the meter indication and the digital
reference value displayed in the same line, e.g. -20 dBpV in
the photo on page 223.

Overload indication. lf one of the stages in the metering
path of the receiver is overloaded the reference-value display
flashes. This indication operates with sinewave noise as well
as with pulses.

lnternal calibration, battery check. Automatic calibration,
initiated at the push of button or when the bandwidth is
changed, guarantees reproducibility of the measurements
and ease of operation. ln the case of battery operation the
state of charge of the batteries can also be checked at the
push of a button.

tesË l.ece¡vcll-s¡

the right), which can at the same time recharge or trickle-
charge the 12-V battery.

Description

The Test Receiver ESH 2 is a triple heterodyne receiver
covering the receiving range from 9 kHz to 30 MHz by means
of 16 RF filters, the first 14 of which are fixed{uned and the
upper two tracking with the receive frequency via varicaps.
The intermediate frequencies are 75 MHz, 9 MHz and 30
kHz. The signal to be measured passes from the RF
attenuator, which is adjustable in steps of 10 dB and through
which the calibration signal is fed in during calibration, via the
filter group to the first mixer, where it is converted to the first
lF of 75 MHz by a synthesizer.

After passing through a crystal filter of 10 kHz bandwidth the
signal is converted from 75 MHz to 9 MHz. Two further crystal
filters, which can be switch-selected, provide bandwidths of
2.4 kïz and 500 Hz. The following 9-MHz amplifier contains
the control element for the nominal gain of the receiver with
automatic calibration. After conversion to the last intermedi-
ate frequency of 30 kHz the signal is amplified in a 40-dB
amplifier, this range being adjustable in 1O-dB steps. The lF
bandwidth can be decreased to 200 Hz using a mechanical
filter. The signal passes through a logarithmic or a linear
amplifier with an active demodulator or undergoes interfer-
ence weighting according to CISPR Publicatoin 1 or 3,

depending on the selected indicating mode. A second, inde-
pendent 30-kHz IF amplifier with AGC operates in parallel
with the indicating branch into a demodulator for AM, SSB
and FM.

Construction

Even though heavy shielding is provided, this compact
receiver weighs only 20 kg. The modern cassette design,
using primarily plug-in PC boards on a motherboard, makes
the ESH 2 very easy to service, whilst at the same time the
interior space of the receiver is optimally utilized. The use of
high-grade components and the low self-heating as a result
of the moderate power drain (approx. '12 W in battery opera-
tion) further cut down the failure expectancy of the receiver. A
plastic cover may be put on the front or rear panel to protect
the receiver during transport or when it is being operated
outdoors.

Rear view of Test Receiver ESH 2
with battery pack incorporated
and power supply connected
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Front-panel section:
demodulation and AF setlings;
output for cal¡bration signal and
frequency measurèment;
RF input and power supply
connect¡on
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Signal demodulation, outputs. The ESH 2 is designed for
a multitude of signal waveforms including SSB and frequency
modulation: it can be switched to NON, A1A, A1 B, A3E, J3E,
formerly 40, A1 , A3, A3J (upper or lower sideband) and F3E
as well as G3E. Numerous outputs are provided for signal
evaluation, recording or plotting:

O wideband output at 1st lF (75 MHz) for the connection of
a panoramic display

O narrowband output at 30-kHz lF for the connection of an
oscilloscope

O AM and FM demodulator outputs

O outputs for the connection of recorders for level and
frequency offset

The power supply is either direct from a 12-V source, from
the 12-V battery pack (delivered without batteries), lrom a24-
V supply (additional adapter required) or from the local AG
supply via the power supply unit (safety class ll; see photo on

lndication. . . . 6dig¡t LCD, switchablè backlighting
Sening enoralgto 150 kHz . .... 100 Hz

at 150 kHz to 30 MHz <500 Hzr)

I
Ð

Specifications of ESH 2

Frequency range
Frequency setting

Resolulion(slepwìdth) ........
I kHz to 29.9999 MHz
quasiconlinuous with knob
100 Hz, 1 kHz or 10 kHz, s-w¡tch-
selected

224
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RF lnpul .

VSWR w¡th RF attenuation >10 dà
w¡lh RF attenuation 0 dB . .

Maximum input level
wilh RFattenuation 0dB . . . . . .

w¡th RF attenuation >10 dB . . .

Maximum pulse energy (r = 10 ¡rs)
with RFattenuation 

=20d8 
. . . ..

Oscillator rerad¡ation . . . . . . . . . . .

lntemal ¡npul filters
9 to <'150 kHz
f50kHzto<10MH¿.........
10 to <20 MHz
20 to <30 MHz

I-JF TEST RECEIVFRS 7

lnterlerence immunity, nonlinearit¡es
lmage-frequency re¡ection (fst lF) . . >.100 dB, typ. i20 dB
lF rejection . . . . >.100 dB, typ. I 10 dB
Nonlinear¡ties: a) lrequency range 10 to 150 kHz

(signal spac¡ng >40 kHz)
b) Frequency range 150 kHz to 30 MHz

Type Signal S/N lntercept po¡nt

4n = 50 O, BNC female
<1.2
<2

130 dB¡rV
137 dB¡rV

l mws
<0 dBpV

bandpass f¡lters
l3 suboclave filters
tracking filter
lracking filter

Iypesoldemodulation ......
Formsrdes¡gnat¡ons . .......

Outpuls
Sig. generator EMF (ref. voltage,
can be switched otf)

Connector for antenna supply
andantennacoding ..........
AFsignal,ad.iustable .........
lF 75 MHz

Gain(inputatodB) .........
lF 30 kHz .

EMF at fs

AM demodulator
EMF, peak to peak

FM demodulator
EMF ...

Recorder outputs
Frequency offsel
Level 1 in average, peak modes

in CISPR

Level 2 . .

Reference frequency input

General dala
Ratedtemperalure range .

Storage lemperature range

Powêr supply

ACpowersupplyunit ..

Batterypack ...
Baneryinpul ...
Charg¡ng ¡nput. .

D¡mensions, weight

Ordering information

Orderdeslgnation.........

Acc-essoriessuppl¡ed .......

Rod Antenna
Loop Antenna
Loop Antenna
Tripod ..
lnductive Probe.
Roof-mount¡ng K¡l
(for Loop Antenna HFH 2-Z2l .

General:
Headphonês
24-V Adapter .

GV Lead-acid Storage Battery
9.5 Ah (2 required)
19'Adapler
Service Kit.
Protecl¡ve Cover for front or
rear panel (2 recommended)

sinewave genêrator
pulse generator

NON, A-14, AIB, A3E, J3E, F3E, G3E;
40, A1, A3, A3J (LSB, USB), F3

86 dB¡rV +0.5 dB; 50 O,
BNC female cþnnector

l2-pote Tuchel female
up to 3.5 V; 10 O; iack JK 34
50 O; BNC lemale conneclor
<1 2 +3 dB, bandw¡dth corresponds
to RF bandwidth
1 kQ; BNC female connector
2 V, bandwidth conesponds
to lF bandwidth
10 kO: BNC female conneclor
1 Vat 100% mod.
10 kOì BNC female conneclor
+0.5 V for 5 kHz dev¡at¡on
s0-pole Amphenol fêmale conneclor
t5 V for t5 kHz ofset; 10 kO
+5 V for ls
+2 V for fs
10 kO oulput impèdance in all modes
lowpass filler simulal¡ng meter
response acc. to CISPR (f, 3); EMf
and oulpul impedance as for level 1

5/10 MHz, swilch-selected;
EMF 1 V across 50 O, sinewave
(BNC female connector)

-10 to +¿15'c
-25 to +70"C (without batteries)
-10 to +60"C (with battèries)
either v¡a power supply un¡t or from
batlery pack, see photo on the left
1 1 0 I 125 I 2m I 235 V +'l 0 I - 1 5%,
47 to 42O Hz (60 VA);
VDE 041 1 satety class ll (DlN 4741 1)
+12 V, 8.5 to 9.5 Ah,
operaling life -4 h per charge
4-pole special socket
supply: + 10.8 to +f 4.5 V/-1 A
4-pole special socket
347 mmx206 mmx484 mm,
19 kg with powêr supply unit
2l kg with battèry pack

> Test Rece¡ver ESH 2
303.2020.52

Battery pack (without batter¡ès)
batlery
LEMO

conneclor:
F.c 2304 6.7

50-pin Amphenol male connector

level
dB¡rV

aOOHZ2) .

500H2 .

2.4kBz .

10kHz..
lF bandw¡dth (-6 dB) for
measurements acc. to CISPR
(Publ. 1 &3)andVDE0875 ..

lnternal nolse a (lh >50 kHz)

Average 8=200H2 ....
Peak B=200H2....
CISPBl B=9 kHz...
CISPRS B=200H2....
lncrease in noise ¡ndication . .

(with f <50 kHz, B = 200 Hz)

(guaranteed) typical
dBm dBm

=1:5
=1:5
=1 :1.8

-1'.2.4

ratio
dB

a) k2 100 >55 +47 +60
d2 100 >50 +43 +55
d3 90 >65 +15 +20

b) kz 100 >80 +73 +100
d2 100 >60 +53 +75
ft f00 >53 +2O +25

Crossmodulation
An interfering signal w¡lh m : 30% and I = 1 kHz spaced >.100 kHz
away produces 3% modulat¡on of a 20-dBFV signal
alalevelof .. >100 dB¡rV

RF leakage
Variation of ¡nd¡cation at ã field
slrength ol 10 V/m (with f + f.) . . . <1 dB

lnlermediate f f equenc¡es
1stlF... ...... 75 MHz
2ndlF.. ......9MH2
3rdlF... ......30kH2
lF bendwidths (for average and peak)

Nominal 3-dB edB 6:60{8þandwidth bandw. bandw. ralio

^ (+107o)
160 Hl) 2OOHz
550 Hz3i 630 Hz
2.4 kHz 2.6 kHz
I kH/) 9.s kHz

-30 dB¡rV
-22 dBpV
-6 dB¡rV
-28 dB¡rV

dBl a
2ol \- Guaranteedvalues'j,i\-,,-

9 20 30 40 50 kHz

tvp.
tvp.
tvp.
tvp.
see

O.2 kH'z/g kHz
(automat¡c switchover)

see ¡ntemal noise
137 dB
equivalent to <-6 dBpV
moving-coil mèter,
sw¡lchable þack-light¡ng
20 dB
40 dB/60 dB
tolerance marker
averagè
peak
peak w¡th 3 s hold time
CISPR(Publ.f&3)

diagram
Recommended extras
For ¡nteference measurements:

RFcunentProbe ....... ESHZ-Zt
kHz to 30 MHz)

Probe ....
to 30 MHz,

ESH2-22
kHz high impedance)

Probe .. ESH2-23

.. ESH2-25
0876)
.. ESH3-22

kHz to 30

kHz to 150 kHzl3o MHz, VDE
L¡miter

For lield-strenglh measurements (details under HFH 2, page 2Sl)

338.3516.52

299.7210.52

299.78r0.52

338.5219.52

357.8810.52

Voltage range
Lower limil
(3 dB above inlemal noise level)
Upperlimit.
lnherenlspuriousresponses ..
Voltage ind¡cal¡on

Scaleranges,linear .......
logarithmic . . .

batterycheck .

Types of ind¡cation

HFH2-21
HFH2-22
HFH2-z.3
HFU-Z. .

HFH2-z4

ESH 2.26
ESH2-27

335.3215.52
335.4711.52
335.62r4.52
100.1 1 14.02
338.3016.52

338.4012.00
338.4312.O2
338.4r r2.00

HFH2-Z:' . . 3i¡5.5718.02

ESH2-z4
1 10.2959.00
338.451 2.02Vollage indication eror

average lin. 20 dB
Vn >16 dB above inlernal no¡se

Add¡l¡onal error of log. conversion
duetotemperatureeflect . . . . .

<1 dB

<2 dB

ESH2-28 .. 303.206s.00

r) An ¡npul for an exlernal reference lrequency ol 5 MHz or 1O MHz ¡s

^ provided to improve lhe setling accuracy.
') Reduced aæuracy when measur¡ng sinewaves at 200 Hz bandw¡dth

(additional measuring enor 1 .5 dB) due to receiver luning in steps ot
100 Hz.

', *zo%.

Recorders, frequency counters:
XYTRecorderZSKT 30i.9OiO.O2
Frequency counter for remote lrequency measurement,
sensitivity <10 mV into s0 O, e.g. pM 6676/04 from phit¡ps

For operation w¡lh other type of arl¡fic¡al mains networkAttenuator ... ESH2-Z11..g49.7SAO.s2
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7 HF TEST RECEIVERS

The automatic Test Receiver ESH 3 which measures and
demodulates AM double-sideband, single-sideband, pulse-
modulated and FM signals as well as interference in the
range of 9 kHz to 30 MHz is suitable for manual and pro-
grammed use as a

> selective RF voltmeter
(in conjunction with a current probe, it can also measure
RF currents in the range 0.1 to 30 MHz)

¡ field-strength meter in conjunction with the test antennas
of the HFH 2

¡ building block in automatic test systems.

The ESH 3 has the same RF, lF and demodulator c¡rcu¡ts as
the ESH 2 (pages 222 lo 225); it thus features the same
excellent characteristics and covers the same fields of appli-
cation. ln addition, the ESH 3 is equipped with microcompu-
ter circuitry and an evaluation unit, which make it a versatile,
intefligent test receiver with a maximum of operat¡ng con-
ven¡ence.

Extended signal evaluation capabilities and extra features
and functions characterize the ESH 3:

- Digital level indication in selectable units

- Measurement of frequency offset, frequency deviation and
modulation depth

- Automatic ranging (for low noise or low distortion) or pre-
seüing of RF and lF attenuation

- Tuning in programmed steps, e.g. 9-kHz channel pattern or
for harmonic measurements

- Automatic scanning with data output to printers or record-
ers (Xl YT or radiomonitoring recorder)

- Storage of last and nine additional device settings even
when the unit is switched off or the supply interrupted

test FClce¡vcll-s

- Automatic correction after calibration, ensuring full meas-
urement accuracy at all frequencies, lF bandwidths, display
modes and types of demodulation

- IEC-bus interface for computer control

Fufiher characteristics, uses

The ESH 2 is ideal when only manual operation is required
and portability and battery-power capability are wanted; the
ESH 3 comes into its own when automation is needed to
improve efficiency, when computer control is required and
the maximum versatility in terms of measurement functions is
important.

ln conjunction with the Programmable VHF-UHF Test Equip-
ment MSUP (page 249) and the new Test Receiver ESVP
(page 238), signals and interference can be measured auto-
matically in the range 9 kHz to 1 or 1.3 GHz in accordance
with the relevant international regulations.

The antennas, the RF current probe, the probes and the
artificial mains network available for the ESH 2 can also be
used with the ESH 3.

Selective voltage measurement. For use in the laboratory
and test department for measurements on signal generators
(level of fundamental, harmonics and non-harmonic spurious
signals, sideband noise, frequency deviation and modulation
depth); twoport measurements (filter attenuation up to >100
dB, gain up to 57 dB) with automatic recording of frequency
response with an XY recorder; amplifier measurements (fre-
quency response, noise figure, overdrive capacity, inter-
modulation and crossmodulation characteristics).

Field-strength measurement. Propagation and coverage
measurements are possible in conjunction with the rod, loop
and probe antennas of the HFH 2 (page 251).

ln radiomonitoring the ESH 3 can be used to measure:field
strength and range of fluctuation of field strength with max./
min. indication, frequency (remote measurement with add-on
frequency counter), frequency offset, frequency deviation
and modulalion depth.
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I 9 kHz to 30 MHz

-30 to +137 dB¡"r.V

O Frequency setting quasi-continu-
ous in steps of 100 Hz oilf 0 kHz,
or by keyboard entry - steps of any
size

O Measurement of voltage, field
strength, RF current, wideband
noise and twoport attenuat¡on

a Automatic correction after calibra-
tion

O Storage of device setlings
O IEO-bus compatible

ESH 3 Test Receiver
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Ëest neceivens

Data-logging capabilities in radiomonitoring

1. Output of all measured data to a printer via the IEC-bus
interface with the ESH 3 in the talk-only mode.

2. Recording of amplitude spectrum on a XY recorder. The
values entered for start and stop frequencies and
minimum and maximum levels determine the end values
of the scales.

3. Long{erm recording of frequency-band occupancy using
the R&S Radiomonitoring Recorder ZSG 3. One ESH 3
permits up to five different frequency bands with different
recording thresholds to be constantly observed and their
occupancy to be recorded on five ZSG 3 recorders; see
recording below.

HF TEST RECEIVERS 7

Automatic interference-voltage measurement w¡th programmed phase-sw¡tch-
ing:Test Rece¡ver ESH 3, Art¡ficial Mains Network ESH 2-25, process Control-
ler PUC and Code Converter PCW

Use in computer-controlled test systems. Computer
control proves the optimum solution when, for example,
extended data-logging capabilities or special methods of
evaluation are required or when irregularly distributed test
frequencies call for different lF bandwidths, classes of
demodulation, display modes, etc.

Operation, functions

The front-panel controls of the ESH 3 are ananged in an
easy-to-understand way in sp¡te of the multitude of functions,
and logically organized according to frequency, display
mode, lF bandwidth, attenuation (sensitivity) and demodula-
tion.

A 13-digit alphanumeric display facilitates data entry (fre-
quencies, measuring times, limit levels) and reads out the
measured results. ln addition, the analog value of the input
voltage is indicated within the limits of the demodulator
operating range by a row of LEDs. Another LED row indi-
cates the frequency offset, see detail photo below.

Front-panel section wilh frequency display and alphanumeric display, e.g. lor
results of measurements

All active functions are indicated by LEDs. lf serious operat-
ing errors are made, or when a fault occurs in the main
modules, an error message is issued with an error code. The
end of long{erm tests is indicated by abuzzer.

,I
i¡
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::
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¡

I

Recording ol frequency-band occupancy using Test Beceiver ESH 3 and
Radiomonitoring Recorder ZSG 3

Radio-interference measurements in line with CISpR publ.
1 and 3 and VDE 0875 and interference measurements
complying with MIL standards and VG regulations are possi-
ble with the following special weighting modes:

CISPR: The weighting complies with CISPR 3 in the frequen-
cy range 9 to 149.9 kHz and with CISPR I in the
range 150 kHz to 30 MHz.

Combining the receiver with the Artificial Mains Net-
work ESH 2-25 forms a test assembly for radio
interference voltage measurements in line with
CISPR.

MIL: For the measurement of wideband noise according
to MIL standards and VG regulations the MIL mode
applies. The bandwidth correction values are auto-
matically taken into account and the results are
indicated in dB¡rV/MHz or dB¡.rV/m MHz for field
strength and dB¡rA/MHz for current.

When using the (four-wire) Artificial Mains Network ESH 2-25
the Code Converter PCW can be employed for computer-
controlled phase switching.

TEST RECEIVÊR . 10 kHz 3O MHz ESH 3
a¡6Í¡s3tßÍcd optSÀTttG f,atct
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ESH 3 Test Receiver
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Front panel section with conlrols for frequency enlry and recall

Frequency setting or frequency entry can be carried out in

different ways:

1. with tuning knob in steps of 100 Hz or 10 kHz
(quasi-continuous)

2. ala keystroke in steps of any preset size, e.g. in 9-kHz
steps, or ¡n steps of the width of the fundamental frequen-
cy to measure harmonics

3. by keyboard entry

4. by automatic frequency scanning over up to five sub-
ranges, with any desired preset start and stop frequen-
cies and step sizes.

Tuning is facilitated by a calibrated offset indication. The last,

and nine further complete device settings can be stored.

Sensitivity, measurement ranges. The voltage range in

the average mode extends from -30 to +137 dBpV. Fre-
quency offset is indicated - depending on lF bandwidth -
from -5 to +5 kHz, frequency deviation from 0 to 5 kHz;
modulation depth can be measured from 0 to 100% and gain
from -'l 10 to +57 dB.

Calibration. Two different calibration processes are initi-
ated depending on whether the calibration button is pressed
for a shorter or longer period:

1. Check and, if necessary, correction of level and frequen-
cy-offset calibration

2. Measurement of all the calibration correction values that
do not vary with time, for frequency response, lF band-
width, logarithmic amplifier and detector - and storage in
a non-volatile memory.

tesË FCrcc!¡vel.s¡

Output of results. The measured value is converted into a
level with or without logarithmic conversion; RF and lF
attenuat¡on, all correction values and transducer conversion
factors - if applicable - are added and conveyed together
with their physical unit to the alphanumeric display and the
IEC-bus interface.

A 24-pole output permits the connection of three types of
recorders XY, YI and radiomonitoring recorders. The ESH 3
automatically adjusts to the recorder type connected by

selecting the required drive to the A/D converter.

The IEC-bus interface is provided with all the listener and
talker capabilities covered in the standard: the limited
capabilities of the widely commercial available controllers
have, however, also been taken into consideration. For
example, it is also possible to use computers without serial-
and parallel-poll capability.

Computer control of the ESH 3 via the IEC bus provides the
following capabilities:

O Execution of complex test programs

O Automatic evaluation of large quantities of data from
various points of view

O Use of the ESH 3 together with other programmable

measuring instruments.

Front-panel section with operat¡ng controls lor display, lF bandwidth, mode,

attenuation and demodulation
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Specifications of ESH 3

Frequency range
Frequency sening
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lndicalion
Flesolution,

Setting enort)

9 kHz to æ.9999 MHz
'1. quasicontinuous wilh knob

in steps of 100 Hz or 10 kHz
2. kgyboard enlry
3. in steps o, any presel size
4. automat¡c scanning
6 d¡g¡l LED display
100 Hz
1.5 x 1o-5 +50 Hz

Zi" = 5{) O, BNC female connector
<1.2 wilh RF attenuation >f 0 dB
<2 u/ith RF atlenuation 0 dB

RF lnput
VSWR.,
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Èest neceivens

Osc¡llatorrerad¡alion ......
Maximum input voltagè

with RF attenuation 0 dB . .

with RF attenuation >10 dB

<1 pV

HF TES-| RECEIVERS 7

Operal¡ng
lndicat¡ng

range of lF detector
modes. .

20, 40, 60 dB
average, peak
CISPR(Publ. 1&3)

lntelerence immunity, nonlinear¡tles
lmage-frequency rejèction . . . . . . . . >100 dB, typ. 120 dB
lFreiection .. . . >100 dB, typ. 110 dB
Nonl¡nearities: a) Frequency range 10 to 150 kHz

(>40 kHz off carrier)
b) Frequency range 150 kHz to 30 MHz

Type Signal S/N lntercêpt po¡nl
level ratio guaranteed
dB¡rV dB dBm

3V=130dBpV
7V=137dBpV

+30
+25
+15
+75
+55
+20

Frequency offset
digital¡n kHz
analog . .

Frèquêncy deviation in kHz
Modulationdepth in % ...
Gain in dB

Classesof demodulat¡on . . . . .

Formerdesignations.... . ..,

Outputs
Gènerator (ref. voltage,
canbesw¡tchedoff) ..........
Conneclor for antenna
supplyandantennacoding ...
AFsignal,adjustable ........
lFTSMHz

Gain(inputatodB) ...... .

lF 30 kHz
EMF at max. analog indicat¡on

AM demodulator
EMF ,..

FM demodulator
EMF ...

Frequency offsel .

Analoglevêloutputl ........
(averagê, peak, MIL)
CISPR..

Analoglèveloutpula ........
(crsPR)

Recorder output

Refe¡ence frequency input

Remole control

General data
Rated temperature range .

Storage temperature range
Power supply

D¡mensions,we¡ght .....

Ordering information

Orderdesignat¡on ........

Accessoriessupplied .......

Rod Antenna
Loop Anlenna
Loop Anlenna
Tripod ..
lnduct¡ve Probe

General:
Headphones

Recorders:
XYRecorder ZSK2...
XYïRecorder ZSKT ..........
Radiomonitoring Recorder ZSG 3

broadband no¡se acc. to MIL sland.
max./min. levels over preset
period of observation

3 digils, resolut¡on l0 Hz
row of 16 LEDS

resolution 10 Hz
resolution 1 %
resolution 0.1 dB

digils,
digits,
d¡gits,

lncrease in noisê indication . .

(w¡th f <50 kHz, B = 200 Hz)

Measuremenl ranges
Voltage

lower limit
(3 dB above noise level)
upper limit

Measuremenl enof
average,20dB . . .

Frequencyoffset. . . .

Frequency deviation

AM modulation depth
Gain . ..

lndlcatlon of measured value

:31 t- Guaranteed varues

''lo*-*,-
I 20 30 40 50 kHz

NON, A1A, A1B, A3E, J3E,
FM, A0, Ar, A3, A3J (USB,

F3E, G3E
LSB), F3

86 dBpV +0.5 dB; 50 Q,
BNC female connector

f2-pole Tuchel female
up to 3.5 V, 10 O; iack JK 34
50 O, BNC fêmale connector
'12 +3 dB, bandwidth corresponds to
RF bandwidth
1 kO, BNC lemale c-onneclor
2 V, bandwidth conesponds to lF
bandwidlh
10 kO, BNG female conneclor
l Vat10070 modulation
10 kO, BNC female connector
+0.5 V for 5 kHz deviation
i5 V for 5 kHz offset
4u = 10 kO, BNC femalè conneclor
0 to +5 V between boundaries
of analog indical¡on
0to+2v
0to+2V,zd:10ko,
8NC female connector,
includes lowpass network acc. to
CISPR for simulation of meter resp.
24-pole Amphenol female connector
for coding lines to ¡denl¡ty recorder
type, analog X and Youtputs, penlift
control, paper advance lor ZSKT, con-
nect¡on of 5 ZSG 3s

5/10 MHz, sw¡tch-selecled;
required EMF: 1 V across 50 Q

interface accord¡ng to IEC 625-1,
24-pole Amphenol connector;
functions: AH I . L4, SHl, T5, RLI ,

SR1, PP1, DC1, DTl, CO

+5 to +45'C
-25 to +70"C
115112512201235V +10%
47 to 44O Hz (70 VA)
492 mmx205 mmxsl4 mm, 25 kg

> Test Receiver ESH 3
335.8017.52

Power cable

338.351 6.52

299.7210.52

299.7410.52

æ8.5219.52

357.881 0.52

typical
dBm

a) kz 100
d2 100
d3 90

b) kz 100
d2 100
d3 f00

>55
>50
>65
>80
>60
>52

lF bandwidths (for average and peak)

Nom¡nal 3-dB
bandwidth bandw.

zo}Hz2) .

500 Hz .

2.4kïz .

10kHz ..
lF bandw¡dlh (-O dB) for
measuremenls acc. to CISPR
(Publ.1 &3)andVDE0875 . .

+45
+40
+20
+f 00
+75
+25

Crossmodulation
An interference s¡gnal of m = 30% and l. : 1 kHz
spaced >100 kHz away produces 3% modulat¡on ol a 2o-dB¡rV
s¡gnalatalevelof .. ... >100 dB¡rV

lntermediate f requencies
1stlF.... .....75MHz
2ndlF.. ......9MH2
3rdlF.. ......30kH2

6-dB
bandw.
(+10%)
2OO Hz
æ0 Hz
2.6 kHz
9,5 kHz

6 :60-dB
ratio

5
5
1.8
2.4

(+'t0%)
1 60 Hz3)
550 Hz")
2.4 kHz
I kHy')

lnternal nolse a (fh >50 kHz)

O.2kHzl9kH.z
(aulomat¡c switchover)

typ. -30 dB¡rV
typ. -22 dB¡rV
typ. -6 dBpV
typ. -28 dBpV

see diagram

Average
Peak
CISPR 1

CISPR 2

Level
dig¡tal in

in
analog .

B = 200H2
B = 20OHz
B=9 kHz
B=200H2

dBIV etc.
pV, mVetc.

see internal noise
+137 dBuV;
lor pulse spectra:
146 dBpV/lO kHz

<1 dB with V" > 16 dB abovè
intemal no¡so
-5 to +5 kHz, depend¡ng on
lF bandwidth
0 to 5 kHz, depend¡ng on
lF bandwidth
0 to 100%
-110 to +57 dB

l3digil alphanumeric display of nu-
merical value and unit of measure-
ment for level, frequency offsel, devia-
t¡on, modulation depth or gain

4 digits, resolul¡on 0.1 dB
3 digits, resolul¡on 1 LSD
row ol31 LEDS within operat¡ng range
of lF delector, with d¡g¡tal indication of
range boundaries

Recommended extras
For interference measurements

RFcunentProbe .......ESH2-21
(100 kHz lo 30 MHz)
Act¡veProbe ...ESH2-22
(9 kHz to 30 MHz, high impedance)
Pass¡ve Probe . ESH 2-23
(9 kHz to 30 MHz, VDE 0876)
ArlificialMainsNetwork .......... ESH2-25
(9 kHz to 150 kHzi3o MHz, VDE 0876)
Pulse Limiter. . . ESH 3-22

For field-strength measurements (details on pages 230 to 23Íì):

HFH2-Z1
HFH2-22
HFH2-23
HFU-Z . .

HFH2-24

335.3215.52
335.471'1.52
335.62r4.52
100.1 1 14.02
338.3016.52

r) An input for an extemal reference frequency ot 5 or 1 O MHz ¡s provided to

^ ¡mprove the setting accuracy.
') Reduced accuracy when measuring s¡newaves at 200 Hz bandw¡dth

(addlt¡onal measur¡ng error 1 .5 dB) due to receiver tuning in steps of
100 Hz.

3) tzo%.

1 10.2959.00

290.201 6.02 (page 268)
301.9010.02 (page 266)
242.601 5.92 (page 265)
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7 ESH 2IESH 3 ACCESSORIES test neceivetr-s

Measurements (application)

Accessories for the Test Receivers
ESH 2 and ESH 3
for field-strength and radio-interference measurements

Overview

Designation
Page Current

Measuring aids for ESH 2 and ESH 3

Rod Antenna HFH 2-21

Loop Antenna HFH 2-22

Loop Antenna HFH 2-Zg

lnductive Probe HFH 2-24

Clamp-on RF Current Probe ESH 2-21

Active Probe ESH 2-22

Passive Probe ESH 2-23

Artificial Mains Network ESH 2-25

Attenuator ESH 2-21 1

Pulse Limiter ESH 3-22

Tripod HFU-Z

'magneticv
Voltage

high-imp
Field

electric
Radio

interference

a
o
a
o
o
o
o
o
o
a
o

Other accessories

24-V Adapter

Roof-mounting
K¡t

(for Loop Antenna HFH 2-22)

for use with

ESH 2 and ESVESH 2-24

HFH 2-25

Current measurements

Clamp-on RF Current Probe ESH 2-21

Selective or broadband measurements of both very small
and very large RF currents on conductors are easy to per-
form with the aid of the ESH 2-21 . lt is shielded against
electrostatic effects and built to VDE standard.

ESH 2-21

Upperlimil
Transferadmittenco ....
Conversion f actorr) (ÈV)
Enor of convêrs'ron faclor
Max. pe¡missible curent wilh l>10 kHz 10 A

f<ffi Hz 50 A
Max. diamete¡of conductorundertest . . 13.5 mm

Gêneral datã
Ratedlemperaturerange ....
Storage t€mperaturê rarige . . .
RF ænnector.

Tefminalion
L€ngth olconnecäng cablè .

Coding plug (convers¡on lac'tor)
Dimensions (diamet€r/h€ight)
Wbight ..

Orderdêslgnatlon .........

Specifications

Frequencyrange. -,

Moåsurement fang€ using
ESH 2/ESH 3 (lF bandwidh 200 Hz,
average-valug indication)

Lower limil (froqüencydepondent) . -30 dBFA, approx.
137 dBFA
1S
0 dB refened lo I S
<1 dB

-10 to +55"C
-25 to +70'C
BNC mal6
50()
1m
12-pole Tuchel-type
55 mm/20 mm
0.4 kg

> Clamp-on RF Cunent Probe
ESH 2.21
338.3516.52

o.l to 30 MHz
(above I kHz wilh lrequency-
dep€ndent conversion factoO

r) Conversion faclor = logarithm ol tñe ratio betwe€n the ouÞut voltage and
lhe inpul cilrent; automalicalÌy laken i¡lto account in the readout on the
ESH 2 and ESH 3.

233

231

231

232

232

230

231

23'l

233

233

233

233

o
o
o

o

o

o
o
o

230
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Ëest neceivcrs

High-impedance voltage measurements

Active Probe ESH 2-Z2lPassive Probe ESH 2-23

For high-impedance measurements of, say, narrow-band
wanted signals on lines or narrow-band or broadband inter-
ference signals at the receiver input or antenna cabling, use
of shielded probes is recommended. They contain internal
high-pass filter sections to reject supply voltages.

The Active Probe ESH 2-Z2is designed for measuring AC
voltages over the frequency range 9 kHz to 30 MHz on lines
that do not carry AC supply voltage.

ESH 2-22

ESH 2/ ESH 3 ACCESSORIES 7

ESH 2-22
ESH 2-23

The Passive Probe ESH 2-23 (Io VDE 0876 standards) is
particularly suitable for measuring radio interference voltages
on, for example, AC-supply-voltage-carrying lines.

Specifications

Frequency range . .

Atlenuation¡) .....
Allgnualion enor
(Ze*-=569¡..'

Mgasurement range using
ESH 2/ESH 3
(lF bandwidth 200 Hz,
average value indication)

Lower limit
(frequencydep€ndent) .

Upperl¡mit
lnpùt impedancs

Max. ¡nput \roltage
forf <50oHz .......
for f : I kHz ro 30 MHz

OrdeÌ deslgnatlon

supplied
kir

ESH2-Z!2 ESH 2-Zt
I kHz to 30 MHz

10 dB ¿lo dB

<t dB <1 dB for
f : 30 kHz to 30 MHz
<+1/-2 dB for
l=9kHzlo30MHz

250 V
50v

> Passive Probe
ESH 2-23
299.78r0.52

\i¡
ro*.5- O -'l:r: !':' ¡¡+¡æ-:-t.-,...!

+10 dBt¡V, appfox.

154 dB¡rV
2425f)+íVo
shunled by 6 pF
(with 50-O te.mination)

-Ð dBpV,
approx.
120 dB¡rV
118 kO+5%
shunted by I pF

> Active Probe
ÊsH2-22
æ9.7210.52

3V
3Vu

Aclive Probe ESH 2-22 w¡th
accessories; the Passive Probe
ESH 2-23 ¡ncludes an additional
probe tip with hand guard

Field-strength measurements

Rod Antenna HFH 2-21, Loop Antenna HFH 2-22

HFH 2-21

HFH 2-22

O Active Loop Antenna HFH 2-22 for
measuring the magnetic field-strength
component

Accessories
Acces.soñes
Probe tip

R€comme¡ded exlfas
BNCAdaptorURV-Z 241.1110.02

tl eutorn"tolfy t"f* into accounl in the readoul ofl the ESH 2 and ESH 3.

O Broadband active Rod Antenna HFH 2-21 for use as a general-purpose receiving
antenna and for measuring the electrical field-strength component

Dala on
page 232

M¡nimum measurable field-strength level (for S/N = 1)of the antennas HFH 2-
21, -22 and -23 as a function of the frequency (average-value indication and
2O0 Hz lF bandwidth). ln the CISPB lndicating mode the minimum measurable
field-slrength goes up by about 6 dB over the range, 9 kHz to 1 49.9 kHz (CISPR
3) and about 23 dB over the range 150 kHz to 30 MHz (CISPR 1)

HFH 2-21
HFH 2-22

MHz 50

E

dBpV/m

l+

2

I

\'
2-

I

I z

u,
t

1FH2-22\l

,.

t

/t

2
,

Wß¿aruntêedvalßs

0,05 0,1 0,5
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7 ESH 2IESH 3 ACCESSORIES

Field-strength measurei.nents (see also page 231

tesË ¡-ictcc!¡vGÐ-s

Rod Antenna HFH 2-21
Loop Antenna HFH 2-22)

Loop Antenna HFH 2-23,
lnductive Probe HFH 2-24

Loop Anlenna
HFH2-iA¿ (page 231)

I kHz to 30 MHz

20 dB, refened lo l/m
<1 dB

O lnductive Probe HFH 2-24 tor simple approxi-
mate measurements of the magnetic field-
strength component.

HFH 2-24 I
HFH 2.23

Specifications

Frequency range

Convêrsion factor kt) (g- U
Enor ...

Measurement range
(lF bandwidth 200 Hz, average-value ind¡cation)

tower limil (f requencydependenl,
seg diagram on page 231) .

Upperlim¡t

Sourc€ ¡mpedance

Max. outputvoltaggintoS0 o . . . . . .

General data
Ratedtemperaturerangg .........
Sloragetemperaturerange .......
lnputs

RF.....
Supply and cod¡ng (antonna factor)

Lengthofconnec.t¡ng cable . .. . . .

Cunenl consumplion
(+10 V varies withoutput level) . . . .

Weight. .

+151o -10 dBpv/m 9 kHz to 1 MHz:
+40 to +10
1 MHz to 30

Rod Antenna
HFH 2-21 (page 231)

9 kHz to 30 MHz

20 dB, refened to l/m
<1 dB

140 dBpV/m

50fl
1V

-10 to +55'C
-25 to +70'C

BNC female
12-pole Tuchel-type
female connector
l0m

<¿10 mA

ln transporl case,
withoul cables:
8ks
> Rod Antenna

HFH 2.21
3(ì5.3215.52

Coaxial cable (10 m),
Supply/coding cable (10 m),
1z-pole Tuchol-type
female connector

+5 to -5 dBpv/m 50 dB¡rV/m

+101o +5 dBl¡V/m
140 dBpV/m

50(¡

1V

-101o
-25 to

BNC lemale
12-pole Tuchel-typ€
female connoctor
10m

<40 mA

ln transport bag,
w¡lhout cables:
6kg

> Loop Antenna
HFH2-22
335.4711.52

Same as HFH 2-21

Loop Antenna
HFH2.Z3

9 to 150 kHz (1 MHz)2)

l0 dB, refened to 1/m
<l dB

140 dBpV/m

50(¡

3V

-10 to +55'C
-25 to +70'C

BNC female
f2-pole Tuchel-type
female connector
l0m

<50 mA

Vvilhout cables,
with (without) transporl
câse: ¿1Íì (17) kg

> Loop Antenna
HFH2.Z3
335.6214.52

Same as HFH 2-21

lnducllve Probe
HFH2.Z4

100 kHz 1o 30 MHz

80 dB, refened to 1/m
<6 dB

>140 dBpV/m

50r)

-101o +55'C
-25 lo +70'C

BNC malo
12-pole Tucheþtype
male connector
1m

Wth cables:
0.3 kg

dBpV/m;
MHz:

+55"C
+70"c

Order deslgnatlon > lnductive Probè
HFH2-z4
338.3016.52

Acressories suppl¡ed

Recommended extÞs . . . Tripod HFU-Z Same as HFH 2-Zz
(in transport bag):
100.1 1 14.02

t) tr"*"ia. f""t"r = logarithm of the ratio between the outpul voltage anct the ¡nputfield strenglh; automalically laken into account in the readout on the ESH 2 and
ESH 3.

I The antenna can be used up to 1 MHz without any derat¡ng ol perfomance dala.

O Active Loop AntennaHFH2-Z,3 for measur-
ing extremely low field strength over the
frequency range g to 150 kHz (1 MHz).
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I nterÍerence nleasrr rementr;

Artificial Mains Network ESH 2-25
For interference measurements on AC-supply-dependent
loads a circuit must be provided to ensure that the AC supply
voltage is supplied to the test item, on the one hand, and, on
the other hand, that the AC supply represents a defined
source impedance for the test ¡tem, that interference from the
AC supply does not reach the test circu¡t, and that the defined
interference voltage produced by the test item can be con-
nected to a test receiver suitable for radio intederence meas-
urements, such as the ESH 2 or ESH 3.

The Artificial Mains Network ESH 2-25 meets the require-
ments laid down in VDE 0876 and CISPR 3. lt uses aircored
coils and contains an artificial hand and a choke to suppress
interference on the ground line. A built-in blower with a
separate AC supply provides automatically controlled cool¡ng
or continuous cooling, as required.

ESH 2-25

ESH 2IESH 3 ACCESSOR¡ES 7

ESH 2-25
ESH 2-Z11tESH 3-22

Other accessoires for use in radio-interference measure-
ments are listed in the table on page 230,'Íor example

Attenuator ESH 2-211 and
Pulse Limiter ESH 3-22.

They are recommended to protect the receiver's internal
attenuator from excessive AC supply interference when
working with the Aftificial Mains Network (see specifications).

l0 to 150 kHz
(50 ¡rH +5 O)
+2oo/o

4x25 A
4x50 A
built-in blower

Specifications

Frequency range
Equivalent ckcuit (to VDE 087ô)

Enor limits (to VDE 0876) . . .

Continuous-rated output cunent
Max. ¡nstanlaneous output curent
Cool¡ng .

Conneclors
AC supply inputs

4x324.
Blower connector

AC supply oulputs for tesl item
2xt6A.
4x324 .

RF output
Remoteconlrolinput.... .....
Arlificial hand

General data
Ratedlemperaturerange .. ... . .

Storagetemperaturerange . ....
AC supply (blower) . . . . . . . . . . . .

Overalldimensions (Wx Hx D) . . .

Weighl . .

Orderdeslgnallon............

(30 MHz)
shunted by 50 O

Cekon male
male European standard

female w¡th earlh¡ng contact
Cekon female
BNC female
50-way Amphenol female
telephone jacks

- 10 to +45'C
-25 lo +70"C
220 V,20 VA
492mmx294 mmx603 mm
25 kg

> Artilicial Mains Network ESH 2-25
3Í18.5219.52

Q:,

t
t
?',

Acîessories supplied
Power cord, RF connecting cable
50-way Amirhenol male co-nnedol

Recommended exlras (for automatic measurements)
Code Converter PCW .

Process Controller PUC
Attenualor ESH 221 1,
20d8, 10w.
Pulse Limiter ESH 3-22

244.8015.92
see Page 14

For integration in an IEC-bus system the Artificial Mains
Network ESH 2-25 can also be remote controlled using a
code convefter, such as the PCW from Rohde & Schwarz.

Other ¿iccessories

24-V Adapter ESH 2-24
The ESH 2 as well as the ESV can be poweredfrom a24-Y
DG mains supply via the 24-V Adapter ESH 2-24 which may
be mounted at the rear of the receiver in the place of the
power supply or battery pack.

349.751 8.52
357.881 0.52

Specifications

lnpul voltage range
(protecled against reversal of polarity)

lnpul connector (maling connector
is supplied w¡th the ESH 2-24) . . . .

Output voltage range . . . . . . . . . . . . .

Output connector
Maximum oulput curent
(short-circuit-proof)

Ratedtemperaturerange .........
Storagetemperaturerange . .......
Dimensions(WxHxD) ...........
Weight ..

Orderdeslgnatlon ..... .

Ac€essories supplied
Mating connector, female

Tripod HFU-Z
is recommended for supporting the Loop Antennas
HFH 2-22 and -23 (pages 231 /232).

Orderdesignation . .. . . Þ Tripod HFU-Z
1 10.1 1 t4.02

.À

\

ESH 2-24
HFU.Z

ESH 2-24+18 to +32 V

6-way male standard

+12.5 V +0.5 V
4-way female special

1.8 A

-10 to +45"C
-25 to +70"C
205 mmxl72x50 mm
lkg

> 24-V Adapler ESH 2-24
3rÍ18.4512.02

J

o

a

01 8.6946.00
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7 VHF.UHF TEST RECEIVERS test neceivens

Signal evaluation. Four switch-selected lF bandwidths
and numerous test outputs make it easy to carry out a wide
range of measurements:

O wideband lF output ol 10.7 MHz for the connection of a
panoramic display or a wave analyzer

O narrowband lF output of 10.7 MHz for connecting an
oscilloscope

O AM/FM demodulator outputs

O recorder output for level and frequency offset

n€!v\t

The ESV is a manually operated, sensitive and overload-
protected test rece¡ver offering a very wide dynamic range
and maximum ease of operation. Compact construct¡on,
wide range of power supplies and low power consumption
make the receiver suitable for use in fixed stations as well as
for mobile and portable applications. The Test Receiver is

available as model 52 Q0 fo 520 MHz) or as model 53 (20 to
1000 MHz).

Thanks to its excellent characteristics and the availability of a
wide range of accessories, the applications of the ESV
include ¡nterference measurements and field-strength
measurements.

Characteristics, uses (ESV alone)

The ESV needs no accessories to operate as a selective
voltmeter (test receiver) with a level range from -10 to
+ '137 dBpV, for example, for measurements in 50-O coaxial
systems. Relative and absolute selective voltage measure-
ments are possible even in the presence of a multitude of
signals.

Automatic calibration at the push of a button and excellent
receiver selectiv¡ty permit accurate measurements of closely
spaced signals with very different levels, for example: adja-
cent-channel measurements, spurious-content and
sideband-noise measurements on signal generators, inter-
modulation and distortion measurements, noise figure meas-
urements.
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I 20 MHz to 1 GHzl-10 to +137 dB¡rV
O Synthesizer-based test receiver offering crystal-refer-

enced frequency display

O High overload capacily
a High dynamic selectivity

a Automatic level calibration at the push of a button

a Automatic overload deteclion

O General-purpose unit for:
Wanted-signal measurements
Field-strength measurement with test antennas
lnterference measurements to CISPR, VDE, FCC, MIL
and VG

O AC supply and battery operation

Test Receiver ESVESV

I

Bt.5 kHz
I

\
\

\
I

1.12 kHi

!ì=

B-120 kHz,t \u u1"'

\ *
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test receivens

Auxiliary instruments for additional applications

lnterference measurement. lnterference voltage, interfer-
ence current and interference power can be measured in

accordance with the relevant standards (ClSPR, VDE, FCC,
MlL, VG). The following accessories are available for this
purpose:

VHF Current Probe ESV-21 (20 to 300 MHz)
Absorbing Clamp MDS-21 (30 to '1000 MHz; see p. 255).

ln addition to the overload indication and automatic calibra-
tion, which have already been mentioned, the ESV has other
features which are particularly important in interference
measurements:

level indication taking into consideration frequency-inde-
pendent conversion factors of the sensor, e.g. directly in

dBpA,
peak indication with selectable hold time,
lF bandwidth of 120kHz in line with CISPR,
scale range for measurements to CISPR: 10 dB, linear,
lF bandwidths of 12 kHz, 120 k{z and 1 MHz in line with
MIL.

Badiomonitoring. ln conjunction with a receiving antenna
the test receiver can be used in radiomonitoring, since it

features excellent frequency accuracy and stability. lt is

capable of measuring and demodulating A0 (N0N), A3 (A3E)
and F3 (F3E) transmissions and comprises a squelch and a
switchable AF filter.

Field-strength measurements. Completed by the follow-
ing antennas the Test Receiver ESV becomes the Field-
strength Meter HUF:

Broadband Dipole HUF-21 (20 to 80 MHz)

Log-periodic Antenna HL 023 A1 (80 to 1300 MHz), with
mast, tripod and cable set

For radiomonitoring applications the HUF can be used to
measure antennas, propagation and coverage. lt features a
field-strength measurement error of <3 dB complying thus
with the CCIR Recommendation 378-1. Long-term field-
strength variations can be recorded if a YT recorder is

connected to the recorder output.

VHF.UHF TEST RECEIVERS 7

Ease of operation, setting functions

The correction of the level indication taking into account
conversion factors of sensors, the automatic level calibration
and many more logic functions make it possible to make do
with a minimum of operating controls. Thanks to the clear
arrangement of the front panel, even unskilled staff can learn
to operate the instrument.

Frequency setting. The whole range from 20 to 1000 MHz
is covered without band switching, in 1-kHz, 1O-kHz or 100-
kHz steps. The 6-digit LCD display is crystal-referenced. The
frequency setting is retained in a memory even while the
instrument is switched otf.

Sensitivity setting. The measurement range for sinewave
signals of - 1 0 to + 1 37 dBpV is determined at the lower limit
by the inherent noise al 7.5-k{z lF bandwidth and at the
upper limit by the maximum dissipation in the RF attenuator.
Sensitivity is set for the RF and lF sections using attenuators
with 1O-dB steps, see front-panel section.
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Front-panel sect¡on with controls for sensit¡vity, bandwidth, weighting and
d¡splay

ln the AUTO position of the lF attenuator, the lF attenuation is

automatically controlled as a function of bandwidth and dis-
play mode in such a way that the receiver's internal noise is

always below 0 dB on the display.

Bandwidths, signal weighting. lf bandwidth is switch-
selected al7.5kHz, 12k{z, 120k{z and 1 MHz. Thesignal
weitghting mode can be switched to average or peak with
different hold times (1 s, 3 s) or noise weighting in line with
CISPR.
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7 VHF-UHF TEST RECEIVERS

ESV Test Receiver

Level indication. The meter has a linear range of 20 dB
and two logarithmic ranges of 40 and 60 dB. The measured
level is obtained from the meter indication and the digital
reference value displayed in the same line, e.g. 40 dB¡rV in
the photo on page 235.

Overload indicator. lf one of the stages in the metering
path of the receiver is overloaded the reference-value display
flashes. This indication operates with sinewave voltages as
well as with pulses.

lnternal calibration, baltery check. Automaticcalibration,
initiated at the push of a button or when the bandwidth is
changed, guarantees reproducibility of the measurements
and ease of operation. ln the case of battery operation the
state of charge of the batteries can also be checked at the
push of a button.

II¡F .AT DEMOOUTAÏIOÍI

tesË Fece¡vcl-s¡

24-V supply (24-V Adapter ESH 2-24 required) or from the
local Ac supply via the power supply unit (safety class ll; see
photo below), which can at the same time recharge or trickle-
charge the 12-V battery.

Description

The ESV is a double heterodyne receiver with a phase-syn-
chronized tuning oscillator. The input signal passes via an RF
attenuator to one of nine bandpass filters (depending on
input frequency) and then to a high-power ring mixer where it
is converted to the 1st lF of 810.7 MHz (20 to <520 MHz) or
of 310.7 MHz (up to <1000 MHz). The signat is then
amplified and filtered in multi-section filter circults. Another
mixer stage produces the second lF of '10.7 MHz.

Further signal path: After filtering (crystal filters of 7 .5, 12 and
120 k{z and LC filter of 1-MHz bandwidth), lF amplification
(switchable in 1O-dB steps) and rectification, the signal pas-
ses through circuits producing peak and average values and
undergoes weighting to CISPR before it reaches the display.

An amplifier for monitoring AM signals and a limiter amplifier
for FM signals are operative in parallel to this measurement
and display section. Four demodulators permit reception of
AM and FM signals with four different lF bandwidths.

Construction

Even though heavy shielding is provided, this compact
receiver weighs only 20 kg. The modern cassette design,
using primarily plug-in PC boards on a motherboard, makes
the ESV very easy to service, whilst at the same time the
interior space of the receiver is optimally utilized. The use of
high-grade components and the low self-heating as a result
of the low power drain (approx. 20 W in battery operation)
further cut down the failure expectancy of the receiver. A
plastic cover may be put on the front or rear panel to protect
the receiver during transport or when it is being operated
outdoors.

Rear vièw of Test Receiver ESV
with battery pack incorporated
and power supply connected

tê:a-

Specifications

Models 52 and 53 I Model 53

I20to I 52oto
519.999 MHz I SSg.SgS [,il-tz
quasiconl¡nuous with knob
(tuning speed increases with speed
of rolalion)
1, 10 or 100 kHz, switch-selocted

"9O l:l¡_

J,
::H3*
so* ?

Front-panel secl¡on:
demodulation and AF setting;
RF input,
squelch and power supply
for Currênt Probe

Signal demodulation, outputs. The ESV is designed for a
multitude of modulation types: it can be switched to 40, A3
(AF wide or narrow) and F3 (AF wide or narrow). Numerous
outputs are provided for signal evaluation, recording and
plotting:

a wideband lF output of 10.7 MHz for the connection of a
panoramic display or a wave analyzer

a narrowband output of 10.7 MHz for the connection of an
oscilloscope

O AM and FM demodulator outputs

O output for the connection of recorders for level and fre-
quency offset

Thepower supply is either direct from a 12-V source, from
the 12-V battery pack (delivered without batteries), from a

Freguency range

Frequensy setting

Resolution (step widlh)
lndication.

Sett¡ngeûor .......
Max. setling enor
(at 520 or 1000 MHz)

Higil LCD,
switchable bac*lighting
1 x 10-s

236
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test receiwens

RFlnput. .....2¡n=50O, N female connector
VSWR with RFattenuat¡on 

=10dB 
. <1.2

0d8.... <2
Osc¡llatorrerad¡a|ion............. <10dB¡rV I <20dBuVlntêmal¡npulfilters ...... Stracking filters I 4 track¡Àgf¡lters

lnterfeÌence immunity, non-linear¡tles
lmage-f requency rejection
(lstlF).

lF rejection

d3interceptpoint...... .

k2interceptpoinl .. .....

Blocking
(typical, f rêquency-dependent)

An interfering s¡gnal spaced >2 MHz from the recê¡ve frequency
influences lhe display of a signal to be measured by <f di3

_ (RF attenuation 0 dB) at a level of >'t 1O dBtrv
Shield¡ng effectiveness

lndication at a tield strength
of f0V/m(w¡thf + lstlF) ....... <-5 dB¡rV
(adjust f : f6"6. for calibration)

VHF.LJHF TEST RECEIVERS 7

Models 52 and 53 | Model 53
CISPR, linear, 10 dB
(f or impulsive ¡nterf erence)
Additional error due to
lemperature ellect
atlog40dB/log60dB ..

Typesofdemodulatlon ..

<1.5 dB

NON
A3E
F3E
with

(40)
(43) (AF wide or narrow)
(F3) (AF wide or nanow)
and without carrier squelch

Outpuls
Connector for supply and coding
of accessories
AFsignal, EMFadiustable .....
lF 10.7 MHz

wide(approx. 2MHz) .......
Gain (RF attenuation 0 dB) .

narow .. .... s0 o, BNc temale conneclorEMFatfsd,lin. ...... t00 mv
AM demodulator 3Íì0 O, BNC female connector

EMF. .. . . . 1 V* at 50% modulation
3-dB bandwidth >0.3 MHz (depending on lF bandw¡dth)

FM demodulator 330 O, BNC female conneclor
EMF al lF bandwidths

Inte¡medlatè f requenc¡es
lstlF...
2ndlF ..

810.7 MHz
10.7 MHz

310.7 MHz
10.7 MHz

-6 dB
(+10%)
8.3 kHz
13.4 kHz
120 kHz
1 MHz

6:60d8 rat¡o

120 kHz (automatically sw¡tched
on w¡th measurements to CISPR)

300 Hz to 3.3 kHz
<50 Hz to >15 kHz

7.5 kHz and 12kHz . .

120 kHz and 1 MHz . .

Recorderoulputs .... -..
Frequency offset at
lF bandw¡dths
7.5kHzand1zkHz ..
f20 kHz and 1 MHz . .

Level 1 ¡n average,
peak modes, in CISPR
Level2inC|SPR ....

lnput for exl. reference frequency

<1 dB

f2-pole Tuchel female connector
up to 3.5 V, l0 o, iack JK 34

50 O, BNC fêmale connector
7.5 dB

for tl kHz offset
for lf00 kHz oflset
Amphenol female connector

V lor 1 l kHz offset, Zod: 10 K)
V lor 1100 kHz ofset,
:10 k()

+4 V for fsd, Rs: l0 kl)
output with lowpass filler
simulal¡ng meter response,
ro clsPR (2 and 4);
+2 V for fsd
R":10 kQ

5/ 10 MHz, sw¡tchable, EMF 1 V
across 50 O, sinewave,
BNC lemale connector

-10 to +45"C
-25 lo +70'C (w¡thout batteries)
-10 to +60'C (w¡th batter¡es)
e¡ther v¡a power supply unit or lrom
battery pack (see photo on the left)
't't 5t 1251 220 I 235 V + 1 0/-1 5%.
47 to 42O Hz (70 VA)
VDE 0411, safety class ll
(DlN 57411
+12 V,8.5
operating l¡te >3 h per charge
4-pole special sockel (Lemosa)
exl. battery +10.8 to t5 V, typ. r.8 A
347 mmx206 mmx484 mm
18 kg
20 kg

>80 dB
typ. 100 dB
>80 dB
typ. 100 dB
>+13 dBm
typ. +20 dBm
>+40 dBm
typ. +50 dBm

<-10 dB¡rV
typ. -14 dBFV
typ. -4 dBpV
typ. +5 dBßv

>80 dB
typ. 90 dB
>80 dB
typ. 90 dB
>+13 dBm
typ. +20 dBm
>+40 dBm
lyp. +50 dBm

lF bandw¡dlhs (for
Nominal
bandwidth (
7.5kH2.........
l2kHz .........
12OkHz ........
1MHz..........

and peak)average
-3 dB
+20%l
7.5 kHz
12 kqz
110 kHz
0.8 MHz

+1
+1
Zû

-'l:2
-1:2
-'l:3
-1:4

lF bandwidlh (-O dB)
lo. measuremenls to CISPR
(Publ. 2 and 4) and VDE 0875

AF bandw¡dth (-3 dB)
narow . .

wide ...

lnlernal noise (automatic on)
AverageB=7.5kH¿........

PeakB=7.5kHz
ctsPR.....

General data
Ratedtemperaturerange .

Storage temperaturê range

Voltage range
Lower l¡mil
(3 dB above ¡ntemalnoise level)
Upper limit
(RFattenuation 

=10d8) 
.....

lnherenlspurious responses . .

Voltage ¡ndicatlon

Scale ranges
crsPR .....
lineâr -----.
logar¡lhmic . .

battery check
Types ol indicat¡on

Maximum input level
RF

DC

Pulses
RF 10 dB
(no DC separation)

DC voltage
Sinusoidal AC voltage
(al 10dB/>10d8)
Max. permissible pulse voltage
Max. permissible pulse energy

Vollage indlcåt¡on eror
average, linear, 20 dB, for an
unmodulated sinewave signal,
16 dB above noise ind¡cation
B:120kHz, l MHz . . . . . . . .

B=7.5kH2, 12k{z ........
peak, linear, 20 dB

-10 dB¡rV

137 dB¡rV
equivalent to <-5

-8 dB¡rV

mov¡ng-co¡l meter
back-lighting

dBpV
sw¡tchable

10 dB
20 dB
40/60 dB
tolerance range
average
pèak
peak w¡th 3 s hold t¡me
CISPR (Publ. 2 and 4)

7V
120 dB¡rV
96 dBpV/MHz

7V

130 dBpV/f37 dB¡rV
100 v
1 mWs

<1.2 dB
<1.5 dB
same as average, add¡tional toler-
ance for wideband interference meas-
uremenls

| <-a oepv
I typ. -12 dB¡rV
I typ. -2 dB¡rV
I typ. +7 dBFV

Powersupply .......
AC power supply unil

Battery pack

Batlery input

Dimensions
Weight with power supply unit

w¡thbatteries.......

ÈV Lead-acid
19'Adapter.
Service Kit. . .

Proteclive Cover lor fronl or rear
panel(2recommended) . ......
Recorders:
XYT Rec€rder

)
to 9.5 Ah

19 k9
21 kg

Ordering information

Order deslgnation . . . . . . . . . . . . . . > Test Receiver ESV
Test Rece¡ver ESV, 20 to 520 MHz . . 342.4020.52
Tesl Receiver ESV, 20 to 1000 MHz 342.4020.53

Accessor¡es suppl¡ed . . . . . . . . . . Battery pack (w¡lhout batteries)
battery connector LEMO F. c 23046.
50-pin Amphenol male connector

Recommended extras
Options:
Option 0.5 to I GHz (lor model 52) . . ESV-82 . . . . 353.6012.02
For interlerence measurements:
VHF Current Probe (20 lo 300 MHz)
Absorbing Clamp (30 to 1000 MHz)

Adapter (BNC female to N male) . .
For field-strength measurements:
Broadband Dipole (22 to 80 MHz) . .

Log.-periodic Antênna
(80 to 1300 MHz)
Tripod ..
Mast (for tripod)
RF cable (7 m)

General:
Headphones
24-V Adapler.

HUF-21 .... 358.0512.52

7

ESV-21
MDS-21

ÉsH2-z4

HLO23 AI
HFU-Z ..
HFV-Z ..
HFU2.Z5

353.7019.02
194.0100.50
114.2412.OO

577.4017.O2
1 00.r 1 14.02
100.1 1 20.02
252.0055.55

StorageBatlery9.5A h (2 requ¡red)
.. ESH2-26 ...

ESV-22

ESH2.Z8

zsKT ..

1 10.2959.00
338.4512.O2
fft8.4012.00
338.4312.02
353.73r9.02

303.2065.00

301.9010.02

237
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0 20 to 1300 MHz
-10 to +137 dB¡rV

O Programmable lest receiver for selective
voltage measurements and twoport meas-
urements in laborator¡es and test depart-
ments

O Field-strength measurements with test an-
tennas

O RFI measurements to CISPR, VDE and
FCC

O lnlerference measurements to MIL and VG
standards

O Radiomonitoring

O AC supply and battery operation

Test Receiver ESVPESVP

Q noroe&scHwaa¿ MEssEMpraNGËa rEsrREcErv€F 20 354.3000.l30OMn¡ ESVP

a.)

new

The Test Receiver ESVP measures and demodulates AM
double-sideband, single-sideband, pulse-modulated and FM
signals as well as narrowband and wideband interference.
High overload capacity, a wide dynamic range and manifold
evaluation capabilities make the ESVP suitable for

selective voltage and twoport measurements - in automa-
tic test systems too -
and all applications in the field of radiomonitoring and
EMC measurements.

ln its frequency-related characteristics and application
capabilities the ESVP is very similar to the ESV (page 234),
in measurement convenience, intelligence and system com-
patibility to the ESH 3 (page 226); its frequency range
overlaps and extends that of the ESH 3.

Special features of ESVP

O Synthesizer; frequency resolution 1 kHz,
with SSB 100 Hz

O High measurement accuracy - error <1 dB

O \Mde dynamic range:
noise figure typical I dB (preamplifier on)
3rd-order lP typical +20 dBm (preamplifier off)

O Automatic gain correction in the whole frequency range
after calibration

O Measurement of voltage, field strength, current, spectral
density and attenuation constanl with display of physical
unit; conversion and bandwidth correction factors are
automatically taken into account.

O Additional evaluation capabilities for radio-monitoring:
modulation-depth and frequency-deviation measure-
ments, remote frequency and frequency-offset measure-
ments thanks to internal lF counter, connection of
radiomonitoring recorders (maximum of 5 ZSG 3), SSB
demodulator, AF filter, squelch with programmable
threshold, indication of date and time of day.

O Storage of 10 complete devlce settings and of 5 data sets
for automatic frequency scanning

Further characteristics, uses

Selective voltage measurement. With its measurement
range -15 to +137 dB¡rV the ESVP on its own is an
automatic high-precision selective voltmeter for laboratory,
testing and servicing applications. RF currents in the fre-
quency range 20 to 300 MHz can be measured in conjunction
with the VHF Current Probe ESV-21 . Excellent receiver
selectivity permits the measurement of adjacent-channel
power and of nonharmonic spurious signals of generators.
Other important applications are the measurement of inter-
modulation, crossmodulation and distortion and the determi-
nation of noise figures.

Frequency-response/attenuation measurement with cal-
ibration generator. The calibration generator output of g0

dB¡rV across 50 O is ideally suited for frequency-response
measurements on amplifiers and filters; attenuation can be
measured up to 105 dB and gain up to 47 dB. The VHF
Current Probe ESV-21 facilitates the measurement of shield-
ing etfectiveness on cables and a VSWR bridge can be used
for return-loss measurements on two-terminal networks (e.9.
antennas) and twoports.

Signal evaluation capabilities

Four switch-selected lF bandwidths: 7.51 12/ 120 kHzl 1 MHz

Average and peak indication, pulse weighting to CISPR 2
and 4 with programmable measurement times

Demodulation of commonly used FM and AM modes, SSB
(USB, LSB) included

\¡Videband lF output of 10.7 MHz for panoramic display and
spectrum analyzer

Narrowband lF output for oscilloscope

AM and FM demodulator outputs

Recorder outputs for level and frequency offset

Digital readout of modulation depth, frequency otfset and
frequency deviation

Trigger input for level and frequency measurement of short
signals.
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Recording. Harmonic, nonharmonic and sideband noise
spectra, gain and attenuation curves can be readily plotted
on an XY recorder. The start and stop frequencies and the
maximum and minimum levels set on the ESVP define the
recorder writing area. The frequency scale can þe linear or
logarithmic. Chart paper complying with VDE/FTZ/MlL can
be used.

Remote control. The IEC-bus interface possesses all
standard listener and talker capabilities. Commercial control-
lers without parallel poll capability can be used.

Special applications of ESVP

EMI measurements. Programmable automatic frequency
scanning with direct printer/recorder control gives the ESVP
a considerrable advantage over earlier test receivers. Acces-
sories, such as current probes and broadband antennas, are
available for measurements of interference voltages, cur-
rents and field strengths in line with the relevant standards
(CISPR, VDE, MlL, VG); see specifications on page 241 .

Further advantages of ESVP in interference measure-
ments:

- Conversion factors are automatically taken into account

- Bandwidth factors are taken into account in measurements
of spectral density to MIL and VG

- Peak indication with programmable hold time for narrow-
band and wideband inlerference measurements to MIL and
VG

- Average indication with programmable integration time for
narrowband interference measurements

- lndication to CISPR with determination of maximum within
the programmed measurement time

Radiomonitoring, propagation and coverage measure-
ments. Thanks to its outstanding RF characteristics,
switch-selected lF bandwidths and types of demodulation,
the wide range of available test antennas and its programma-
bility, the ESVP is idal for use in radiomonitoring with remote
frequency measurement, determination of frequency-band
occupation and for propagation and coverage measure-
ments. lt offers the following possibilities:

- Graphical representation of field strength in particular fre-
guency bands, in the form of line spectra or segmented
curves, on an XY recorder, with additional output of field-
strength levels and, say, frequency offset on a printer

- Measurement of the variation range of field-strength level
within a preset time (1 to 1000 s)

- Recording of field strength as a function of time for plotting
antenna radiation patterns, for example in helicopters, and
for measurement of channel occupalion

- Recording of frequency-band occupation as a function of
time, using the Radiomonitoring Recorder ZSG 3

- Reduction of data volume in automatic scanning mode:
only signal levels above the preset threshold are taken to
the computer.

VHF.UHF TEST RECEIVERS 7

Where highest operating speed is important and controller
capacity must be saved, the IEC-bus interface of the ESVP
otfers the following possibilities:

The controller instructs each ESVP (and ESH 3) to perma-
nently scan a particular freguency range and to issue SR
when the programmed level is exceeded - whereupon the
conkoller identifies the calling receiver by a serial poll and
accepts the measured data - or to answer a parallel poll of
the controller.

Operation

The operating controls are logically organized in functional
groups on the front panel; all settings are indicated by LEDs.
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FronÈpanel section wilh operating controls for demodulation, attenualion, lF
bandwidth and display

The operating philosophy of the ESVP is basically the same
as that of the Test Receiver ESH 3, which covers the lower
frequency range from 9 kHz to 30 MHz. Operator errors are
signalled by the ESVP: when a logically inhibited key is
pressed, the LED of the inhibiting function blinks; when the
demodulator operating range is exceeded or essential stages
are overloaded (even with pulses), the display blinks; when
illegal data is input or an essential module fails, a coded error
message appears together with a sound signal.

The 1S-digit alphanumeric display of the ESVP outputs the
measured data with physical unit and is used for checking the
formatted input of setting data.

Frequency setting is possible in different ways (quasi-
continuous, via keyboard, etc.; see specifications).

The level measurement range is selected either manually
by separate setting of RF and lF attenuation or by automatic
setting of RF attenuation with the lF attenuation setting being
determined by the selected lF bandwidth and indicating
mode.

Storage. A battery-butfered memory in the ESVP can store
the last and nine more complete device settings. lt also
stores all the correction values obtained from an automatic
calibration process for frequency response, lF bandwidths
and demodulator characteristic.
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ESVP Test receiver

Measuring convenience

The physical unit is selected automatically and conversion
factors are taken into account, so the user need not do any
additional work to perform measurements. Reading errors
are virtually excluded.

The frequency-dependent antenna factors of passive R&S
antennas are also automatically taken into account when a
special function is selected. Conversion factors of other
probes can be permanently stored in the ESVP using a
process controller via the IEO-bus interface.

One of three demodulator operatinç1 rarrges can be
selected to suit the measurement task: 20140160 dB.
Accordingly, the automat¡c attenuation setting is in steps of
10, 20 or 30 dB. The operating range also determines the
range of the analog level indication, which consists of a row
of 31 LEDs. The range limits and RF attenuation are digitally
displayed.

Specifications

test nece¡veFs

Calibratiorr. By a short or long push of the calibration
button, function 1 or 2 is initiated:

1 Adjustment of lF gain and frequency offset to the rated
value at 100 MHz, followed by a check of the level
measurement at the set frequency.

2 Measurement and storage of all calibration correction
values that are constant over a long time: frequency
response, gain ditferences between lF bandwidths and
demodulator linearity.

During operation the lF gain is adjusted each time a new
frequency and lF bandwidth is set, so the rated levels are
obtained at the lF and recorder outputs.

Thanks to this method, calibration of individual functions is
very seldom necessary and automalic measurements take
much less time than would be required if a calibration were
performed at each new frequency.

Construction

Modular design, signature-analysis capability and selftest
routines afford easy serviceability. All modules are indepen-
dently exchangeable; the RF and ¡rP modules are of state-of-
the-art cassette design.

Desensitization (typ¡cal, frequencydependent):
An ¡nterfering signal spaced >2 MHz
from the rece¡ve frequenry influences the
display of the measured signal by <1 dB
(RF attenuation 0 dB) at a
levelof .. .. 110 dBpV

Shielding eff ect¡veness
Voltage indication at
al¡eldstrenglhof 3 V/m . . .. . . . <0 dB¡rV

Radlo lnterfèrence from internal

f00 dBpV

0 dBpV

microcomputer, etc. below VDE 0876 and MIL-Std. 461 A
and B tolerance lim¡ts

Frequency range
Frequency setting

Indicat¡on
Resolul¡on
Setting error (freq. prop.)

RF lnput
VSWR .

Osc¡llator reradiation al RF
input w¡thout pre.amplif¡er
and with RF attenuat¡on 0 dB
(w¡îh pre-amplifier 15 dB less)

Pre-amplif¡er

lnput filtêrs
Maximum input level

DC voltage
Sinêwave AC voltage

Max. pulsevoltage.....
energy (10 Fs)

lnterfer€nce ¡mmunlly,
non-llnea¡llies
lmage lrequency re¡ect¡on

20to<520MHz.......
520to<1020MHz.....,
1.02 to f .3 GHz . . . . . . .

Spurious responses in
range 1.02 to 1.3 GHz
lor2xlb-932.1MH2 ....
lF reiect¡on

d3 ¡ntercept point

k2 intercept point

20 lo (1000) 1300 MHz
f . in 1 kHzi l00 kHz steps w¡th knob;

least incremenl in SSB mode:
100 Hz

2. keyboard enlry
3. in steps ot any preset size
4. aulomatic scanning
8-d¡git LED display
1 kHz/100 Hz (SSB)
q5¡19-e; max. 5 kHzat 1 GHz, ref.-
freq. ¡npul 5/1 0 MHz for accuracy
¡mprovement

ãn = 50 O, N female connector
<1.2 with RF attenuation >f 0 dB
<2 with RF attenuation 0 dB

<10 dB¡tV for f' : 20 to <520 MHz
<20 dBpV for f¡. = 520 to <1020 MHz

ryp.35toa5dB¡rv(f"1), lo¡ta=
iiõ:õs ið iõ ãã[ú Ìäft",r I i.fäfi.
sw¡tch-selected belween RF attenuator
and input f¡lter: =+ 10 dB
10 tracking filters
RF atten.
0 dB >'r0 dB
7V 7V
130 dB¡rV 137 dBpV

(al >10 dB)
150 V
1 mWs

lF bandwldlhs (for average and peak values)

lnlermed¡ale f ¡equencies
lsllFfh<520MH¿......

t¡">520MHz ......
2ndlF . .

Nominal
bandw¡dth
7.5kHz .

12kHz ..
120 kHz .

1 MHz ..
lF bandwidth (-6 dB) for ratio
¡nterference measuremenls lo
CISPR (Publ. 2 and 4)
and VDE 0876
lF bandwidlh (-3 dB) for
SSB demodulation (only
auralmonitor¡ngpath) ......
lnternal nolse lnd¡câllon

AverageB=7.5kHz
20lo<520MH2......

520to1300MHz.....

Peak ...
CISPF 20 to <520 MHz

520 to 1000 MHz
MIL(B¡F:lMHz)....

810.7 MHz
310.7 MHz
10.7 MHz

-3 dB
(!zï%',)
7.5 kHz
12 kHz
1 10 kHz
0,8 MHZ

-6 dB
(+10%)
8.3 kHz
13.4 kHz
't20 kHz
'I MHz

6:60 dB
ratio, typ.
1 :1.8
1 :1.8
'I :2.5
1 :3.5

preamplifier
w¡thout w¡th

>80 dB I typ. >80 dB I typ
>so dB I roo ¿s >so ae I roó oe
75 to 60 dB, typ. 75 to 60 dB, typ.

1 20 kHz

2.4 kHz

w¡thout
pre-amplifier

<-f0 dBpV,
typ. -14 dBpV
<-8 dBt¡V
typ. -12 dB¡rV

with

<-16 dBpV,
typ. -20 dBFV
<-14 dBpV,
typ. -18 dBrrv

down 40 to 80 dB, typ.
>80 dB, >80 dB,
typ.100 dB typ.100 dB
>+13 dBm, >+3 dBm,
typ. +20 dBm typ. +8 dBm
>+45 dBm, >+35 dBm
typ. +55 dBm

average +10 dB, typ.
typ. +! dlpv typ. -1 d9rv
typ. +7 dBpV typ. +1 dB¡rV
typ.+20dBFV/MHZ typ. l4 dBpV/MHz
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Vollage range (with pre-amplil¡er)

Lower limit .

Upper limil .

lnherent spurious responses
Vollage indication

d¡gilalindBpV,dBm ....
inpVmVV......

analog . .

Operal¡ng ranges ol lF dètector

lndlcaling modes

Measuremenl of maximum
andminimumlevels .....

VHF.UHF TEST RECEIVERS 7

Measuring error (level indication)
Average indication for unmodulated
sinewave signal 

= 
1 6 dB above ¡nter-

nal no¡se .

Addilional error in operating
ran9es40und60d8.............
Level cal¡bratlon tac¡l¡ty

Average/peak......
CISPR, MIL in addition

Error of analog level indicat¡on
Operatingrangê20d8 ....

40,60dB .

Frequency offset

Measur¡ng t¡mes

F equency devlatlon (+/-, peak)

Measurementrange .......... .

Measuring enor for S/N >30 dB

Modulat¡on depth

Measurementrange ...........
Measuring error for S/N >40 dB

Galnmeasurement ...........
Measuremèntrange ...........
Enor ...
Demodulat¡onmodes ..........

Squelch .......

Dale, t¡me of day

Remote cont¡ol .

Max. data rale
Talker mode
Listenermode ..............

Setting limes
lnternal frequency, e.g. scan
modeinsteps <100MHz .. .. .

exceedinga 100-MHzdigit ... .

lntemal RFlevelsw¡tch ... ... .

Max. measuring rate with
PUC, measuringtimeSms . .. . ..

Front-panel outputs
Generator oulpul (switch-selected)

EMF ,..
Connector lor supply and coding
of leslantennas,etc. ..........
AF output

EMF ...

3 dB above noise lêvel (see internal
noise)
137 dBpV (RF atlenuation >20 dB)
<-5 dBpV (equivalent ¡nput voltage)

4 digits, max.: resolution 0.1 dB
3 digits
LED row over operaling range of lF
rectif¡er with digitaldisplay ol range
l¡mils
20, 40, 60 dB

average value (progr. averaging time)
peak value (progr. hold time)
spectral dens¡ty measurements to
MlL, CISPR (Publ. 2 and 4);
programmable averaging, hold and
measuring times: 5 ms to 100 s

the maximum and minimum levels are
delerminêd f rom individual measure-
ments of 0.1 s duration each;
programmable measuring time:
l to'1000s

<1 dB

typ. <0.5 dB

tracking generator (sinewave)
pulse generator

indicalion: dig¡tal ¡n kHz,
resolution 0.1 to 100 Hz,
analog wilh LED row
100 ms to 10 s

¡ndication in kHz, 4 digits, resolution
0.1/0.01 kHz
1 to 500 kHz
<5% typ.

indicat¡on in %, 3 dig¡ls,
resolul¡on 1 7o

-1 to 99% (150% pos. peak)
<3 counts, typ.

indication ¡n dB, 4 dig¡ts,
resolution 0.1 dB
-105 to +47 dB
<l dB, <0.5 dB typ.
A3E, J3E, F3E (former des¡gnalions
43, A3J, F3); in addilion: NoN (40) for
zero beat adi.
A1A (41) 1-kHz beat note

caniersquelch, threshold adjustable
-20 to +137 dBFV

internal clock module, permanently ¡n
operat¡on from inlernal batlery

interface to IEC 625-1 (IEEE 488),
24-pole Amphenol connector;
lunctions: AH1, L4, SH1, T5, SR1,
PP.I, DC1, DT1, RL1, CO

approx. 5 kbyte/s
approx. 2 kbyte/s

typ. 10lo 20 ms
typ. 70 ms
25 ms/step

50 ms/measured value

4ur = 50 O, N female connector
96 dBpV +0.3 dB

12-pole Tuchel female connector
Zo¡ = 10 O, telephone iack JK34
adiustable up to 3.5 V

Rear-panel outputs
lF 10.7 MHz

widê (B =2 MHz)
gainret.lo RFinpul -........
(RF attenuation 0 dB)
nanow (B = lF bandwidth) . . .

EMF in analog level indication
operating range2odB . ....

40d8.....
60d8.....

AM demodulator
EMF ...

FM demodulator
EMF al lF bandw¡dlh7.5l12k¡d.z

0.1211MHz
Analog outputs for recording

Frequency oflset
EMF at lF bandw. 7.5l12kïz

0.1211 MHz
Lèvel 1

in AV, PEAK, CISPR,
MIL modes.

Level 2
in CISPR mode

RecÆrder output

Rear-panel ¡npuls
EìÍ.k¡gger ......

Trigger lhreshold

. . . Zú = 50 O, 3NC female conneclor

. . . typ. 7.5 dB (w¡thout pre-amplilieo
typ. 17.5 dB (w¡th pre-amplitier)

. . . Zú = 50 O, BNC female connector
range
...7to70mV

7lo 700 mV
0.7 to 700 mV
Zou = 330 Q, BNC female connector
lVwithm=50%
Z.u = 330 Q, BNC female conneclor
1 V/l kHz deviation
1 V/100 kHz deviation

4u = 10 kn, BNC female connector
'I V/l kHz ofiset
1 V/100 kHz oflset

+4 V for max. analog indication

+2 V for max. analog indicat¡on
(includes LP lilter simulating meter
response, to CISPR 2 and 4)
24-pole Amphenol female connector;
¡ncludes X and Yanalog oulputs for
D/A-converled signal for recording of
scanning process
X = 0 V: slart frequency

1 0 V: slop frequency
Y = 0 V: MlN. level

10 V: MAX. level;
pen lift control: (L = pen up);
formatted pap€r feed for ZSKT
(H pulse, duration 10 ms);

connecting of five Radiomon¡toring
Recordêrs ZSG 3

¿, 
=3 

kO, BNC female connèctor
TTL (H >2 V, L <0.8 V hysleres¡s),
switch-selected posit¡ve or negative
slope
4" = 50 O, BNC female connector
EMF = 1 V from 50 O, sinewave
5/10 MHz (switch-selected)

+5 lo +45"C
-25 to +70'C
100 I 120 I 220 I 240 V + 1 oyo,
47 to 44O Hz (90 VA)
22lo32V,3Aal 24V
492 mmx205 mmx514 mm,27 kg

> Test Receiver ESVP
354.3000.52
354.3000.54

Power cord, battery cable

353.701 9.02

1 94.01 00.50
1 f 8.2812.00

HUF-21 ... 358.0512.52

HL 023 Af . . 577 .8017.02
HFU-Z... .. 100.1114.02

typ. <2 dB
typ. <4 dB

Þd. ref erenc€ f requency
Requiredlevel ......
Frequency

General data

Rated temperature range . .

Storage temperature ranger )
Power supply/AC supply . .

Battery. .

Dimensions,weight ......

Ordering information

Orderdeslgnat¡on. .. . . ....
ESVP2oto 1300 MHz ......
ESVP20ro1000MHz ......
Accessoriessupplied .......
Recommended extras
VHF Cunent Probe
(20lo300MHz) .....
Absorbing Clamp
(30 to 1000 MHz) . . . .

AdapterBNC/N ...
Broadband D¡polê
(20lo80MHz) ......
Log-periodic Eroad-
band Antenna
(80 to 1300 MHz) . . . .

Tr¡pod ..

ESV-21

MDS-z1

Mast(forrr¡pod) ..... HFU-Z..... 100.1120.02
BF connecting
cable (7 m) . HFU?-Z' . . 252.0055.55
Headphones .. 110.2059.00
ServiceKit . ESVP-zl ..358.1019.02
Other accessories
XYT Recorder ZSKT, Radiomonitoring Recorder ZSG 3, Universal Printer
PUD2 (in this catalog).

t) The ESVP contains a L¡ battery lor buffering the CMOS-RAMS. Storage ât
high têmperatures over exlended periods curlails the life of th¡s battery.
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The manually and remotely controllable VHF-UHF Test
Receiver ESU2 is designed for the measurement and
demodulation of AM and FM signals, and for the measure-
ment of TV, pulse-modulated and interference signals in the
range 25 to 1000 MHz. lt is of very versatile use.

By itself, the ESU 2 is a top-class RF voltmeter - add the 25-
to-300-MHz clamp-on probe and it can also measure RF
current from -30 to +100 dB¡rA.

The VHF-UHF Field-strength Meter HFU 2 is a combination
of the ESU2, a 25{o-80-MHz broadband dipole, an 80to-
1300-MHz log-periodic antenna, mast and tripod. The overall
measurement band is 25 to 1000 MHz; see page 254.

As a system component the ESU 2 can easily be used with
a frequency controller, a panoramic adapter, recorders and
test assemblies; see pages 244 and 248.

High RF-input sensitivity and linearity, together with an inter-
nal calibration standard, make for unambiguous and precise
measurements. A close-tolerance attenuator extends the
linear 20-dB meter range to give a measurement range of
-10 to *120 dB¡rV.

Test receiver applications

Laboratories and test departments Versatile selective
voltmeter, offering many ways of evaluating each input;
measurement of RF current from -30 to +100 dBpA using
current probe for 25 to 300 MHz.

The reference voltage output of the ESU 2 permits field-
strength calibration and measurements on twoports with
an overall range (attenuation, gain) of 130 dB; swept meas-
urements over frequency subranges are possible using the
Panoramic Adapter EZP lor display.

Television measurements. The peak-responding indica-
tion permits direct measurement of the sync-peak rms vision-
carrier level independently of the picture content. Using the
average-value indication, the sound carrier and the noise
level can be measured to obtain the signal-to-noise ratio. The
two direct-coupled AM-demodulator outputs are particularly
useful for measuring hum- and cross-modulation on the pilot
carriers in cable TV networks.

Ëest l.Clcc!¡vGl.s¡

lnterference measurements. The ESU2 incorporates a
weighting filter as required for radio interference measure-
ment according to the procedures laid down in VDE 0875 and
by CISPR. lnterference field-strength measurements can be
made with the help of antennas. Radio noise power meas-
urements are also possible using the Absorbing Clamp MDS-
21 . \Mdeband interference can be measured according to
MIL standards (electromagnetic compatibility measure-
ments) on a separate calibrated scale. Measurements of
single pulses or pulse trains with low repetition rates are
possible thanks to a peak response with a hold time of 3s.

Remote frequency measurement. The test receiver can
be switched over to remote frequency measurement via the
rear remote-control inputs, the RF input signal being
stabilized to 20 mV EMF and brought out at the generator
output without frequency shift. The signal is filtered in accord-
ance with the selected lF bandwidth. The signal frequency
can be displayed on a frequency counter connected to the
ESU2.

Auxiliary instruments for diversified applications

Frequency Controller EZK displays the reception frequency
with a resolution of 1 kHz. Wth digital frequency control
(DFC) the set frequency is held to within'100 Hz, meaning
that the ESU 2 is always ready for operation even when
handling intermittent signals.

Panoramic Adapter EZP displays the spectrum of the
received signal with different resolution bandwidths. The
sweep width can either be set to cover up to a full receiver
subrgnge (RF analysis) or up +1 MHz from the receive
frequency (lF analysis). The receiver plus adapter forms an
analyzer with tuned preselection in the subrange for the RF
analysis mode.

An XY recorder, e.g. ZSK 2, can be directly driven from the X
and Y recorder outputs of the ESU 2 to record voltage or field
strength.

Battery Unit. This mounts on the rear panel and renders
the receiver independent of 'an AC supply, for example, in
f ield-strength measurements.
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0 25 to 1000 MHz
-10 to +120 dBpV

O Manually and remotely controllable
test receiver for field-strength
measurements, CISPR and MIL ¡n-
terference measurements, selec-
tive voltage measurements in
laboratories and test departments,
and for radiomon¡toring.

O Error < l dB - automatic voltage
calibration

a lndication modes: average, peak,
VDE and CISPR weighting

ESU 2 VHF-UHF Test Receiver ESU 2
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Programmability. All settings of ESU 2 can be pro-
grammed via two rear-panel inputs, including frequency
selection if the Frequency Controller EZK is used. lt is also
possible to use both manual and programmed operation
simultaneously, as well as to connect several ESU 2s for
master-slave operation.

Specifications

Frequency range . .

Subranges......

VHF.UHF TEST RECEIVERS 7

Frequency setting

Resolul¡on
Sett¡ngerror ......

AFC.. . .

RF lnput .

VSWR ..

Noise figure (typical) . .

Maximum input vollage

lntermodulation attenualíon for

10 V/m at reception lrequency

Suppresslon of spur¡ous responses
within RF passband

Levelswitch at -10d8 . . .

>0dB ...
lmage-trequency reiection
lF re¡ection

lntermedlale f requenc¡es
lstlF...

2nd lFl6-dB bandw¡dths
3rd lF. . .

Measuremenlrange .........
Measurement eror
(after calibrat¡on)
lndicated noise
(lskHzbandw¡dth).... .......
lndication
lnd¡cation range

Lin . ....
Log .. .

For intelerence measurement
lndication modes

Types of demodulatlon)

Outpuls
Reference vollage

10.7-MHzlF ....
,150-kHzlF.....

AF

Squelch
video 0 to 500 kHz

Demodulator outputs
4M............
FM............

(20)t) 2s ro looo MHz
24lo 42MHz 265to 4aOMHZ
40 to 70 MHz 410 lo 605 MHz
67 to 1 10 MHz 595 lo 805 MHz

100 to 175 MHz 800 to .1000 MHz
170lo 27O MHz
range selecl¡on: sl¡de sw¡tch
tuning: cûarse/fine drive for
drum d¡al (2 m long)
100 kHzlmm (1 MHz/mm)
<+(1 x 10-3 f¡n + 100 kHz)
(after calibration)
sw¡lch-selecled

Z" = 50 O2), N female connector,
adaptable
<2 for swilch posit¡ons <+20 dB
<1.5 for switch pos¡lions 

=+20 
dB

I dB up to 400 MHz,
f0 dB up to 1000 MHz
'I Vms for switch positions s+10 dB
3 Vrc for switch pos¡tion +20 dB
5 V-s for sw¡tch posil¡ons >+30 dB

Indicat¡on <10 dB¡rV with level switch
position<+10d8
(RF ¡nput terminated)

>70 dB relened to 0.3 pV
>70 dB relened to 1 ¡rV
>70 dB
>80 dB

Becorderoutputs ... - -..
Xlo¡f¡equency.......
Yforsignallevêl ......

Connectors for Panorâmic
Adapter EZP, Frequsncy
Conlroller EZK and for
remote control

Dimens¡ons, weight

Conneclor......-
Dimensions, weight

Log-perlodic Eroadband Antenna HL 023
Frequency range
Antenna ¡mpedance

Antennafaclork ..

BNC
0lo 10V 10 kO
0 to 5 Vproport¡onalto meter rêad¡ng;
10 ko

mulliway female connêctor strips

25 lo 80 MHz
50 Q, VSWR <2
7.21o 12.2 dB
(frequency dependent -
curve supplied)
N lemale, adaptable
3 m long (0.8 m demounted), 2.5 kg

80 to .1300 MHz
50 O, VSWR <2lrom 80 to 1000
MHz
2.5 to 24 dB
(frequency dependent -
curve supplied)
1.7 m long, 2 m w¡de
(1.7 m x 0.5 m demounled), 6 kg

0 to +40"C
-25 to +70'C
11 5 I 125 I 2n I 235 V + 1 0 I - 1 50/o
(65 vA)

holds 20 NiCd cells IEC KR 33/61,
approx. 3.5 hours operal¡ng time
2l lo 28 V, negative earlh
intemalcharger; charging time for
batlery un¡t f4 hours; charging cur-
renl tor extemal battery 400 mA

492 mmxf95 mmx556 mm'
483 mmxl33 mmx507 mm;

> VHF-UHF Test Rec€iver ESU 2
19"rackmount 19" bench model

Specifications of recommended' extras

for interference measurements :

RF Clamp-on Cu¡rent Probe ESU-Z
Frequencyrange ....... 25to300 MHz
Measuremenl range with
ESU and HFV . . O.t FA to 0.1 A
Max.d¡ameterof linemeasured .... 13.S mm
Permissible DC orAC com@nent . . <50 A
Characler¡st¡c ¡mpedance of cabte . . 60 O (Dezit¡x B)

for field-strength measurements:

Broadband Dlpole HFU 2-21
Frequency range
Antenna ¡mpedance
Antenna lactor k

two signals in RF passband . . . . . . . 70 dB typ¡cal, refeûed to 1 pV (0.3 pV

osciilator rerad¡ation ar RF input 
in level swilch posit¡on -10 dB)

w¡th5o-Otermination ............ <10 FV, <1 FV typ¡cat
RF screening (cab¡net modêl with battery únit)
in battery operalion and wilh

199.3 MHz for subranges 1, 2 and 6
339.3 MHz for other subranges
1 0.7 MHz I 1 5 I 1 2Ol300 kHz
450 kHz (6-dB bandw¡dth 12O kll'zl

General data
Raled tempèrature range .

Storage tempêralure range
AC supply

Battery operation
withbatteryunil .. .....
(bench model only)
from extemal banery . . .

Charging

Dimensions, weight
Cabinel model
(with battery unit empty)
'tg"rackmount .......

Ordering information

Order deslgnallons . . . . . . . . . . .

50-O model wilh N-type connector
(standard version)

Model20to1000MHz .......

27 kg
?2kg

20 dB
60 dB; 40 dB

- f0 to + 1 20 dBpV for linear aver-
age-value ¡nd¡cation; lodB steps

<+1 dB for Vn à1 pV

<-13 dBpV, typ¡cal -16 dB!¡V
analog, ¡lluminated scale

dBpV/MHz at
7dB

log peak
300 kHz

average value, l¡n and log;
peak valuê, lin and log
and l¡n w¡th 3 s hold time
weighted according to VDE 0876 and
CISPR Publ. 2 and 4

AM and FM or AlA, A3E and F3E
(41, A3 and F3)

EMF = 86 dBpV, Zs = 50 O;
N female connector, adaplable
EMF -200 mV, 50 O; BNC
EMF - 15 mV (unmod.), 120 kHz
bandw¡dth, 50 O; BNC

=1.2 W (adjustable) inlo I to 16 O,
JK€4 lack
s,l/ìritch-s€lected, threshold ad¡ustable
EMF = 2 V, adjustable ovêr 70 dB,
75 O; BNC

EMF-1 V75O;BNC
EMF -+1 V lor Âl = +125 kHz,
75 O; BNC

Acc€ssorles suppl¡ed
Power cable, battery cablo, battery unit (wilh bench model)

value ¡n
bandwidlh 50-O model

60-O model
75-n model

(Dez¡lix
(Dezifix
(Dezifix

252.001 0.54
252.00.t 0.58
252.00't 0.51
252.001 0.61
252.OO10.71

252.0010.55
252.0010.59
252.OO10.s2
252.OO10.62
252.OO10.72

B,
B,
B,

adaptable)
adaptable)
adaptable)

Recommended èxlras
For bench model: 20 N:Cd cetls RS 4 as per
IEC KR 3Íì/61 , order designation per ceil .'. . . . . . . . . .
Headphones (w¡th Plug PL-55)
RF Clamp-on Curent Probe(25to300MHz) ESU-2........

RF Cable
AbsorbingClamp ....... MDS-21 ......

BNC lemale - N male adaptsr
Antennas for field-strength measuremenls (see above)

groadband D¡pole . . . . . HFIJ 2-21 . . . . .
Log-periodic Broadband
Antenna. ....HL023.......

252.6001.00
1 1 0.2959.00

r00.1 137.02
2U.1090.02
194.0100.50
118.2A12.OO

253.01 13.55

465.8716.55

t¡ A modol wilh slightly restricted spec¡f¡cations ¡s available for 20 to
1000 MHz.

l OO- an¿ 75-Q models are also available with modif¡ed specifbåtions.
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7 VHF-UHF TEST EQUIPMENT

The VHF-UHF Selective Test Equipment MSU is designed
for the measurement and demodulation of AM and FM sig-
nals, and for the measurement of TV, pulse-modulated and
interference signals. lt is composed of the following instru-
ments:

VHF-UHFTest Receiver ESU 2 (see page 242)
Frequency Controller EZK (see page 245)
Panoramic Adapter EZP (see page 246)

Great ease of operation of the equipment makes for precise
and efficient measurements: internal reference for automatic
voltage calibration, seven-digit display of receiver frequency,
high sensitivity (typical noise figure I dB up to 400 MHz, 10
dB up to 1000 MHz), wide dynamic range and good image-
frequency and lF rejection (precluding measurement ambi-
guities), panoramic display covering up to an ESU2 sub-
range, recorder outputs, TIL logic for remote control and
connection facilities for slave equipment.

Frequency setting and accuracy. The reception range of
25 to'1000 MHz is covered in nine subranges selected by a
slide switch. Frequency can be adjusted continuously by a
coarse/fine drive on the ESU2 drum dial, no change of the
direction of rotation being necessary at the range end (reso-
lution 100 kHz to 1 MHz/mm). The Frequency Controller
displays the set frequency in seven digits with 1 kHz resolu-
tion. Switch-selected AFC and an A1 demodulator further
facilitate the tuning procedure.

With digital frequency control (DFC) of the EZK, the set
frequency remains locked to the crystal frequency (resolution
of display 100 Hz). Quasi-continuous frequency variation in

three speeds is simultaneously possible by means of a
Kellog switch.

Ëest rece¡vens

Sensitivity, voltage calibration, display. As the noise
figure it typically 10 dB up to 1000 MHz, voltages of 0.3 pV
can be measured with the smallest bandwidth. Voltage cali-
bration of the Test Receiver is possible within one second by
the press of a button. The input and calibration signals pass

through a level switch with motor-controlled 10-dB steps,
extending the linear indication range of 20 dB (Test Receiver)
to a measurement range covering -10 to +120 dBpV, and
correspondingly the logarithmic ranges of 60 dB (Test
Receiver) and 70 dB (Panoramic Adapter). Display modes:
average, peak, VDE and CISPR weighting.

Bandwidth. The bandwidths are fixed for the lF wideband
amplifier (1 MHz) and the Panoramic Adapter (2 MHz) and
can be switch-selected (300, 120 or 15 kHz) for the 10.7-MHz
signal via the 2nd-lF amplifier as required for further evalua-
tion.

Panoramic display The EZP displays the spectrum of the
RF input signal across a maximum of an ESU 2 subrange.
Band occupancy, level, frequency (spacing) and modulation
can thereby be assessed. The tuning of the Test Receiver is

facilitated by a position marker produced in the EZP.

The following display modes and widths'are possible:

a) RF analysis covering full subrange (max. 200 MHz with
ESU 2).

b) lF analysis with a maximum display width of 2 MHz. More
information under EZK on page 245.
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O Programmable test assembly for
field-strength measurements (with
calibrated antennas), CISPR and
MIL interference measurements,
selective voltage measurements in
laboratories and test departments,
and radiomonitoring'

O Digital display of receiver frequen-
cy with 100-Hz resolution

O Analog voltage indication (aver-
age, peak and CISPR weighting)

a Spectral display - RF and lF analy-
sis with high resolution

Automatic test assembly (Pro-
grammable VHF-UHF Test Equip-
ment MSUP with desktop computer)
on page 248
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0 90dB --
1sr lF
199.3 or
339.3 lMHz

2nd lF
10 7 MH7 10.1

0rotHz

8F

1

50Q
fa2 Reclilied 2nd ¡F

loz

10 lVHz

10 lt4Hz

2nd tF
8 :2 MHZ Cå1. lin

loJ

Loudsp
10.7 iúHz

Recri

2nd lF

RF ânålysrs

Reclif red lF {intele.eñcel

Ran0e

i\¡anual tunrng

Block diagramm
of VHF-UHF Select¡ve
Test Equ¡pment MSU

Demodulation, outputs, The Test Receiver is designed
for AM, FM and pulse modulation and has a video output for
0 to 500 kHz. The aud¡o section delivers the demodulated
and amplified signal to the loudspeaker or phones outpu. lt
contains a switch-selected squelch. The various outputs (lF,
demodulator, AF and recorder outputs) afford great ver-
sat¡lity.

Operation, programming, slave equipment. All functions
of the receiver front-panel controls can be remotely control-
led via rear connectors. Frequency setting is programmable
in BCD code. lt is also possible to use both manual and
programmed operation simultaneously. Slave units ESU 2 +
EZKcan be connected to the Test Equipment.

lF analysis:
Modulation spec-
trum of one oc-
cupied and three
lree public-land-
mobile-service
channels; display
w¡dth 200 kHz,
resolut¡on 1.5 kHz

Orasr -cont
lunrng I

Eilt

EZK

The Frequency Controller EZK in conjunction with the
Receiver ESU 2 and the Panoramic Adapter EZP performs
the following functions:

1. Measurement of a manually set receive frequency between 25
and 1000 MHz, which is displayed as a frequency marker on the
Panoramic Adapter

2. Crystal-controlled locking to set receive frequency
3. Quasi-continuous digital tuning
4. Digital setting of receiver (range selection and tuning) to a BCD-

programmed frequency
5. Master-slave operation.

To perform function 1, the EZK measures the oscillator
frequency of the receiver and, taking into account the inter-
mediate frequency of the recelver range selected, indicates
the receive frequency (data output available after each
measurement).

For performing functions 2 to 5, the EZK contains, in addition
to the frequency meter, an adjustable up/down counter,
which serves as a nominal-value store, and a comparator
which controls the receiver (range selection and tuning
voltage).
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7 VHF-UHF TEST EQUIPMENT

MSU/EZK+EZP

EZK

Modes. Three modes of operation are possible:
manual, digital frequency control (DFC) and external (remote
control).

After manual operation of the range switch and the tuning
knob, the Frequency Controller gives a 6-digit readout of the
set frequency and outputs the frequency information in BCD.

ln the DFC mode, the EZK keeps the receive frequency
constant with crystal accuracy. With external control, the
frequency information is applied in TTL to the BCD inputs and
entered upon an external command. ln both cases, the
frequency is displayed in seven digits.

Slave operation, e. g. in DF systems. For this purpose, the
EZK control input and data output are wired such that the
output of the master unit simply has to be connected to the
input of the slave unit. Slave units can be operated in series
or in parallel and set to different modes. ln unattended
operation, the receivers of the slave units can deliver the
information content via CORs to magnetic tape recorders.

EZP

The Panoramic Adapter EZP in conjunction with a suitable
receiver, such as the ESU 2 or ESM 2, permits spectral
display within a particular frequency range. The screen dis-
play supplies information on band occupancy, and on the
level, modulation and frequency spacing of the individual
signals.

The panoramic display covers a wider band than the receiver
and thus considerably facilitates receiver tuning, the exakt
tuning frequency being marked on the screen by a light spot.

Ðisplay modes and sweep widths
a) Broadband display - RF analysis - over the full subrange

width (max. 200 MHz for ESU 2 and ESM 2). By setting
start/stop markers, a particular section of this range can
be displayed either alone or together with the latter in the
two-line mode, the receiver tuning frequency remaining
marked.

b) lF analysis with a maximum sweep width of 2 MHz and
automatic setting of optimal sweep time or resolution
bandwidth.

ln both cases, lin or log amplitude display can be selected.
The gain is continuously adjustable in the linear mode.

test nece¡vclr-s

Recording of screen displays. fhe EZP delivers output
signals with TTL and analog levels for driving auxiliary units,
such as recorders and recording systems. ln addition to
semi-automatic recording of screen displays by means of an
XY or a YT recorder, it is possible to perform long-term
recordings of the frequency band occupancy, using for
instance the Radiomonitoring Recorder ZSG 3. Reference
lines for frequency calibration can be set easily and accu-
rately on the EZP. The adjustable recorder threshold can be
inserted on the screen display as a level reference line.

External control. The essential switching functions, e. g.

all pushbutton functions, lin-log switchover, free selection of
sweep times, stopping and triggering the internal sawtooth
generator, can be remote-controlled. lt is also possible to
blank the CRT or to insert additional frequency markers.

The internal graticule of the CRT can be illuminated. The
frame in front of the screen can be folded up to accept a
camera.

Specifications of EZK

Frequency range
Range with Rece¡vers ESU 2,
ESM2 ..

Crystal aging after 30 days ot
operat¡on

Modes

Local operalion
Rece¡vetrequencymeasurement . fronþpanel switch set to MANUAL

Receiverluning ..... bycrank-lype knobon receiver
Measurementrale . .. 10 measurements/s
Display

Receive frequency hold mode

Quasi-conl¡nuous rece¡ver
tun¡ng(DFCint.) .......

Measuremenl rate
D¡sp|ay........

Remote control (DFC) .

Nominal frequency entry

D¡splay. .

Quas¡-conl¡nuous luning
Masler-slave operation

Data oulpul

lnputs, outputs
Conlrol inpul/data outpul

General data
Rated temperature rangê
Storage temperaturè range
AC supply

D¡mensions, weight
19'bench model
19" rackmounl

Ordering information
Orderdeslgnallons ...... -

19" bench model
1g'rackmount

Aæessoriêssupplied. ......

approx. 0 to '1000 MHz

24 (20) to 1 000 MHz, subranges see
under ESU 2, page243

<2 x 1o-s/day

6-d¡g¡l LED d¡splay:
resolulion 1 kHz
fronÈpanel switch set to DFC
(dig¡tal frequency control)

relat¡ve to ¡nstanlaneous f requency:
freely selectable by means ol Kellog
switch on EZK front panel;
tuning rate ¡n pos. and neg. direclion:
1 kHz/s, 1 0 kHz/s, 1 00 kHzls (others:
please enqu¡re)
10 measuremenls/s
7-digit LED display, resolut¡on 100 Hz
(blanked during broadband sweeping ol
rece¡ver)

programmable v¡a control line
BCD parallel, by slore command,
sett¡ng time with Receivers ESU 2 and
ESM 2: typical 0.5 s
7 dig¡ts
same as for local operation
by connecling data output ol master
EZK to conlrol input of slave EZK
atter each measurement; output
released by print command

50-pole female connector (Amphenol),
7 decades BcD-coded, TTL pos.
(adaptation to negalive log¡c poss¡ble)

0lo 40"C
-40 to +70"C
1 1 5t 125t 220/ 235 V +10/-l 5%,
47 to 44O Hz (50 VA)

492 mmx116 mmxsl4 mm, 13.3k9
483 mmx88 mmx508 mm, 12.3 kg

> Frequency Controller EzK
255.0010.02
255.0010.03

cable for connect¡on ot EzK to rec€iver;
power cable

o

ttre .0 9
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Specifications of EZP

Frequency.
Dynamic range (interference-free)
Rangeof ind¡cationlog .. .......

lin .........
Required signal level for
full oulput
Limit sensil¡v¡ty w¡th 1.5-kHz
resolulion

VHF.UHF TEST EQUIPMENT 7

Specifications of Selective Test Equipmenl MSU
(Specifications ol ESU 2, page 2431

Frequency range
Frequency setting

RF analysis (Receiver ESU 2 or ESM 2)
Sweep w¡dth

Maximum

Slart/stop
Max.+siart/stop ......... : :

Resolution (correspond¡ng lo 3dB
formax¡mum sweepw¡dth. . . . .

forstart/stopmode ..........
Shapefactorotlilter .........

Frequency marking

Sweep lime

10.7 MHz l1 MHz
>70 dB
70 dB (10 dB/cm)
gain manually adiuslable over 70 dB

9 to 40 mV, adjustable

s2sV(S+N)/N=2

. range or subrange of recê¡ver
(200 MHz wilh ESU 2, 500 MHz wilh
ESM 500)

. any section of full sweep width

. simuÌtaneous (twoline) display of
range or subrange and section

bandw¡dth)
. '120 kHz (according to CISPB Rec.)
. 50 kHz
. -1lI5
. by shiftable markers,

frequency
40 to 200

ind¡cat¡on on receiver
ms, adjustable

zMHz zookHz 20kHz
200 kHzl cm20 kqz/ cm 2 kqzl cm

15 I 4.5 I 1.5 kHz; shape factor ='1 /6
sweep w¡dth ganged wilh resolul¡on
(minimum sweep time automalically
selected)
40 ms
by crystal-conlrolled f requency
marker

d¡gital programming ol all f unctions,
TTL neg., adaplable to pos. log¡c

sweep width, resolution, l¡n/log, time
control, local oscillalor "otf", lrace
blank¡ng, external marker, stopping
and tr¡gger¡ng of sawtoolh

conlrol sawlooth return sweep,
trigger ready, BF analysis

Z (iniensity) conlrol, paper leed
saMooth voltage, X and Y control for
recorder, general Y control, recorder
drive control

+5 V (100 mA), +'15 V (50 mA)

rectangular CRTw¡th cL (P2) screen;
internal grat¡cule 10 cm x I cm,
0 to -70 dB

0 to +40"C
-40 to +70"C
1 1 5 / 1 25 I 220 I 235 V + 1 0 I -'l syo.
47 to 44O Hz (35 VA)

492 mmx161 mmxs.l4 mm,
483 mmx132 mmx508 mm.

Frequency display

Noise flgure up to 400 MHz . .

upto 1000 MHz . .

RF¡nput .

lmmunity lo ¡nterference
Suppression of spurious
responses within RF passband

with level switch al -f 0/>0 dB
lmage-frequency reieclion . . . . .

lF re¡ection

lntef med¡ale f requency/bandw¡dths
2nd lF ..

HBbandwidth ...
3rd lF ..

o-dBbandwidth ...
Measurement range

Measurementeror ..
Voltage indication lin.

log

log

lndication modes

Demodulat¡on

Panoramic display
wideband (subrange) display

Narrowband display (lF analysis)

Level d:splay
Screen size

25 lo 1000 MHz, 9 subranges
a) continuous w¡th subrange sl¡de

switch and coarse/f¡ne drive; drum
dial 2 m ¡n lenglh, rqsolul¡on 100 kHz
¡n lowest subrange

b) quas¡-clntinuous on EZK in three
speeds w¡th d¡gital display;
steps and resolution 100 Hz

c) exlernal ¡n BCD, setting time
typ.0.5 s ¡ncluding automatlc range
seleclion

>70 dB relened to 0.3/1 pV
>70 dB
>80 dB

10.7 MHz
1511201300 kHz
450 kHz I only for CISPR inter-
120 kHz J fèrence measurements

- 1 0 lo + 1 20 dBpV for l¡near average-
value indication; l0-dB sleps
5 t l dB for ¡nputs 

=1 
pV

20 dB
60 dB, 40 dB log peak value lor MIL
measuremenl of w¡deband interlerence
in dBpV/Hz
7 dB for CISPR ¡nterference measure.
menl
average value, lin and log; peak value,
lin and log, weighted accord¡ng to
VDE 0876 and CISPR Publ. 2 and 4
AM and FM or AlA, A3E and F3E
(A1, A3 and F3)

max. 1 subrange with 120 kHz
resolution or any detail with 50 kHz
resolution
20 kHz lo 2 MHz display widlh with
resolut¡on bandw¡dths 1.5 I 4.5 I 1 5 kHz
>70 dB log or 20 dB lin
10 cm x I cm
(calibrated grat¡cule 10 dB/cm)

6 dig¡ts with manual tun¡ng (ESU 2)
7 digits w¡th tun¡ng through EZK
I dB (typ.)
10 dB (typ.)
50 O, N female connector, adaplable

lF analysis
Sweep width

conespondingto ......
Flesolution (corrêsponding
io3-dBbandw¡dth) ......
Aulomatic mode

Sweep lime
CentreJrequency marking

Remote control

Control ¡nputs for

Outputs ......
Recorder outputs

D¡gital .,....
Analog.-....

Operating voltage for
externalun¡ts.....

D¡splay .

General data
Rated temperalure range .

Storage lemperature range
AC supply

Dimensions, weight
l9" bench model
1 9" rackmount

Ordering lnformation lor EZP

Order designallons

14 kg
12 kg

General data
Rated lemperature range
AC supply

Dimensions, we¡ght .. . .

0 to +40'C
1 1 5 I 125 I 220 I 235 V + 1 0/- 1 5%.
47 to 42O Hz (140 VA)
520 mmx400 mmx535 mm, 60 kg

> VHF-UHF Selective Test
Equipment MSU
253_201 6_5s
253.2216.99

power cable, 2 connecting cables, bat-
tery cable for conneclion lo ESU 2

Ordering information for MSU

Orderdeslgnatlon ....
(complete system)
MSU withoul RF analys¡s

Accessories suppl¡ed. . .

1 9" bench model
1 9" rackmounl . .

with converter for
1 9" bench model
1 9" rackmount . .

Accessor¡es supplled

Recommended extras
Siemens Polaroid Camera

Cameraadapler ...
lntermediatetube . .

or Sleinheil Camera
w¡th Adapler for OKF

> Panoramic
Normal
version
254.0017.02
254.0017.03
ESP
254.001 7.08
254.0017.09

Adapter EZP
lF analysis only
(no remote conlrol)
254.0017.O4
2s4.0017.05
EK O7O
254.0017.10
254.0017.1'l

powêr cable 025.2365.00,
connecling cable 25f .9494.00
for receiver, filter 254.2149.00

Rel. 38952a
(please order direct from Siemens)
110.2571.O2
1 10.2588.02

Recommended extras
RadioMoniloringRecorderZSG3 ......242.60'tS.9Z

Connectingcable(EZP-ZSG3) .......2S1.9489.00
XYRecorderlSK2 ..247.4010.04
Headphones (with rJiug PL 55) . 1 10.2959.00
RFClamp-onCunentProbeESU-Z (25to300MHz) ....... 100.1197.02
RF cable for connection of RF Cunent Probe . . . . . . 204.1 090.02
AbsorbingClampMDs-21 .. .. 194.0100.50
BNc-female to N-male adapters(forRFCurrenlProbeandMDS-21) ... 11g.2Bl2.OO
Antennas lor lield-strenglh measurements see HFU 2 (page 252)
RecorderAdapterEsuz-Z1 . .. 290.6011.92
CodeconverlerPcw ...... ..244.A0ß.92

please order direct lrom Sleinhe¡l
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7 VHF.UHF TEST EQUIPMENT

ESU 2, computer-controlled

Automatic VHF-UHF Test Equipment
I 25 to 1000 MHz/- 10 to + 120 dB¡rV

consisting of

Programmable VHF-UHF Test Equipment
MSUP and Process Controller PUC
O Dialog programs available for various applications

a Control complying with IEC standards; theretore simple exten-
sion with further measur¡ng instruments

The Programmable VHF-UHF Test Equipment MSUP is
composed of the VHF-UHF Selective Test Equipment MSU
described on page 244 and the IEO-bus Adapter ESU 2-Z4.lI
constitutes a compact IEC-bus-compatible test system for
selective measurements of voltage and twoport parameters.
ln conjunction with clamp-on RF current probes and cali-
brated antennas, current and field-strength measurements
are possible. A frequency counter can be inserted into the
IEC-bus Adapter for remote frequency measurement with the
MSUP (photo: top; not supplied). The loudspeaker incorpo-
rated in the ESU 2-24 Íacilitales aural monitoring of the
modulation content for radiomonitoring and acoustic assess-
ment of radio interference measured according to CISPR and
VDE 0875. A button on the ESU 2-24 permits rapid transition
to manual operation.

Control, characteristics. The MSUP Test Equipment is
controlled by the Process Controller PUC. This desktop
computing system gives numerical and graphic display of the
results.

The software available with the test assembly consists of a
basic program containing complete control, self-check, test
and calculating routines, with which the user can compile
individual programs without difficulties, and of prepared
dialog programs for various applications.

tesË rrclce¡vens

The advantage of computer control lies in
shorter test time,
automatic preparation of test reports which are easy to
interpret,
elimination of operating erros.

The dialog programs are so written that even untrained
operators may use the system.

Uses

The system is intended for all situations where a great
number of measurements must be carried out, logged and
evaluated with constant high accuracy and reliability. This
especially applies to measurements of spectral characteris-
tics of useful and unwanted signals.

A search program for radiomonitoring is used to measure
within a specified frequency range the input voltages exceed-
ing a certain value. \Mth the aid of an |EO-bus-compatible
frequency counter in the ESU 2-24, lhe respective frequen-
cies are determined. Another dialog program permits level
and fequency measurements for radiomonitoring on fixed
frequencies which are stored in the computer.

When measuring e-m interference according to MIL specifi-
cations and VG regulations the test system permits separate
detection of sinewave and wideband interference sources.

ln the case of radio-interference measurements according
to CISPR and VDE 0875 this test system is the first to offer
the possibility of automatically recording the test results over
a large dynamic range.

When measuring the harmonics of a signal or the absolute
value of the transfer constant of twoport networks the possi-
bility to obtain derived quantities (voltage ratios) by proces-
sing measured values (voltages) offered by the computing
system is profitably used; during field-strength measure-
ments the computing system automatically considers the
(frequency-dependent) antenny factor (k).

Specifications of MSUP

Froqugncyrangê ....... 25lo l0æMHz
(For dala ot ¡nd¡vidual insùumentrs sêo in lhis calalog:
ESU 2: p. 243, EZK and E¿Pt pp. 245, 2461

RF ¡nput .

IEC-bus conneclor
Oporat¡ng temperature range
AC supply
Dlmensions,w€¡ght .......
Orderdeslgnallon.. .. . .. .

ô

o

Recommendsd extras
Dosklopcomputingsystem ....,

PUc' ....'....:.:.........::
BasicSottwareESU2-K4........
IEC-busCablePCK ............
Fequencycounler.............

lEebus Adapter as ind¡vidual unit
IEo-busconnsctor .............
Connec{orsforESU 2and EZK .. .

ACsupply
Dimensions, weight

l9rbencñmodel (dEs¡gn80) .. .
1Y rackmount

Ordordeslgnatlon.............
lgcabinet model
I 9r rackrnounl

N lemale connector
24-way, f emale (Amphenol)
0 to +40'C
11511251220123s V (180 VA)
520 mmxá34 mmx635 mm, 70 kg

> Programmable VHF-UHF T€st
Equipmont MSUP 253.3512.55

Process Controllor
soe page 14
253.3't12.O2
292.2013.20
Philips PM 6615/04 with PM 9676

24-way, l€male
lhr€6 50-way, female
115t125t2nt235 v (30 VA)

¡192 mmx161 mmx514 mm, 11 kg
48fl mmx13fì mmx506 mm, 10 kg

> lEGbus Adapter ESV2-Z4
253.3012.02
253.3012.03

a
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Èest neceivens

Automatic Test Equipment
0 9 kHz to 1000 MHz

-30 (-10) to +137 dB¡rV

consisting of

Test Receiver ESH 3
VHF-UHF Test Eqpt MSUP
Process Controller PUC
O Ready-made programs available for various applications

O Can be controlled via IEC bus, thus easy to expand if required

For basic configuration see Specifications.

The Automatic Test Equipment is used for selective meas-
urements and demodulation of signal and interference volt-
ages; built-in signal outputs make it suitable for twoport
measurements, and in conjunction with current probes and
calibrated antennas RF current and field-strength can be
measured. ln the remote-frequency-measurement mode,
both the ESH 3 and the ESU 2 perform as active filters
between the RF inputs and the generator output. Afrequency
counter can be inserted in the ESU 2-24 lo measure the
frequency at the generator output. Loudspeakers in the ESH
3 and the ESU 2-24 (for ESU 2) make it possible to monitor
the modulation aurally. Further IEO-bus compatible instru-
ments can be added: Relay Matrix PSU for the connection of
antennas or other transducers to the RF inputs or for switch-
over of the ESH 3 and ESU 2 generator outputs to the
frequency-counter inputs; Control Unit RB 014 with Code
Converter PCW for the control of an antenna rotator to adjust
the azimuth in field-strength measurements; Signal
Generator SMS for measurements on tuners and for genera-
tion of higher field strengths than those obtainable at the
generator outputs of the receivers.

Control, Characteristics

The MSUP includes an IEO-bus interface in the ESU 2-Z4for
driving the ESU 2 and EZK, as well as for the digital voltmeter
in the ESU 2-24 and for an optional frequency counter. The
Software ESH 3-K1 offers applications in radiomonitoring,
radio-interference measurements according to CISPR, EMI
measurements according to MIL specifications and VG regu-
lations as well as laboratory measurements (twoport and
harmonics) in the frequency range from 9 kHz to 1000 MHz.
Thanks to the internal control function of the ESH 3, the
computer can load this receiver with measurement tasks,
which are then performed automatically.

Uses

The frequency range from 9 kHz to 1000 MHz covers all the
broadcasting bands and the most important of the other radio
services. The Test Equipment can be used for determining
frequency-band occupation, for propagation and coverage
measurements and remote frequency measurements for
radiomonitoring purposes. Programs for the measurement
of the relevant field-strength data in a preset frequency range
or for remote level and frequency measurements at fixed
frequencies can easily be prepared. Even without a compu-
ter, the occupation of up to six frequency bands can be

HF-VHF-UHF TEST EQUIPMENT 7

MSUP
+ESH 3

+PUC

determined as the ESH 3 on its own is capable of driving five
Radiomonitoring Recorders ZSG 3.

When measuring EMI according to MIL specifications and
VG regulations, separate detection of sinewave and wide-
band interference is possible. The conversion factors of the
antennas and current probes specified in the MIL standards
are included in the computer software.

ln the case of radio-interference measurements according
to CISPR and VDE 0875, computer control is possible in the
frequency range up to 30 MHz in conjunction with the Artifi-
cial Mains Network ESH 2-25. A Code Converter PGW is
used for programmed phase switching. Radiointerference
power can be measured with the aid of the Absorbing
Clamps MDS (page 255) and radio-interference field strength
with the calibrated antennas of the VHF-UHF Field-strength
Meter HUF.

ln laboratories and test departments the Test Equipment is
ideal for the automatic measurement of twoport gain and
attenuation, reflection coefficient, harmonics and spuria of
transmitters and oscillators and, with add-on signal sources,
for measuring overdrive capacity.

Specifications of the Automatic Test Equipment
For data on ¡ndividual instruments s€e in this catalog:
ESHS page226 EZK pago245 PUC pagel4
ESU2 page242 EZP page246

Fr€quency rango
Frequency setting

RFlnputs ......
9kHzto30MHz.
25 to 1000 MHz . .

9 kHz to 30 MHz
25 to 1000 MHz

M6a3urement rangea
9kHzto30MHz .....
25tolmoMHz......
Remots control inpuls .

Gsneral dalâ
Operating lemperaturo range
Powersupply
Dimens¡ons,weight .......
Oldsrdeslgnatlon........

Recommendêd oxl¡as
Software lor PUC:

ESH3.K1

I kHz ro 1000 MHz
quas¡-conlinuous, resolution 100 Hz

Z¡"=50 O
BNC fsmale connector
N female connector

-30 to +137 dBpV
-10 to +137 dBpV
2 IEC-bus connectors, 24-pole
Amphenol

0 to +¡10'c
115t12il2nt235 V (250 VA)
520 mmx710 mmx635 mm, 90 kg

choic€ ol component units by R&S or
by cuslomeÌ as required; for desig-
nat¡ons ol individual instruments, see
€lsewhere in this catalog

3Kt6.1097.02
Software for other comput¡ng systems: please enquire.
IEC-buscable PCK(2 m long) . .... æz2013.n
FrequEncycounler(Philips) . ... ... PM 6615/04 w¡th PM 9676

-
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7 FIELD-STRENGTH METERS field - stnength rneteFs

Field-strength meters and receivers
Magnetic field strength (A/m) and electric field strength
(V/m) are measured in practice in V/m or ¡rV/m or in
dB¡rV/m. The electric and magnetic fields are related accord-
ing to E : HZo, where 26 : \/lJEo: 120¡0 is the field
characteristic impedance oi' free space.

The measurement of electric or magnetic field strength is
reduced to a voltage or power measurement by means of a
calibrated antenna. The calibrated test receiversl) employed
here can also be used for other measuring and monitoring
purposes.

¡i¡
!tt

VHF-UHF F¡eld-strength Meter HUF for propagat¡on measurements, measure-
ment of radiat¡on patterns and intelerence field strength

r) Special-purpose receivers (HF, VHF and UHF ATC, VHF and TV relay
reception) are described in separate data sheets.

Frequency
lange

0.009 to 30 MHz

0.009 to 30 MHz

25 to 300 MHz

20 to 1000 MHz

20 to 1300 MHz

25 to 1000 MHz

The antennas used at frequencies below 30 MHz are broad-
band. The dimensions are small compared to the
wavelength. The electric field strength is measured with rod
antennas of constant length and the magnetic component
with loop antennas. At higher frequencies (above 25 MHz)
tuned antennas with broadþand characteristics (dipoles or
log-periodic antennas) are used. Probes of small dimensions
are suitable for determining field configurations.

The test receivers are selective heterodyne receivers with
switch-selected bandwidth. The built-in standardizing oscil-
lator allows a voltage calibration of the receiver at any
frequency. Switch-selected attenuators in the lF section and
at the receiver input extend the meter range, which is cali-
brated in dB. Linear indication covering 20 dB or logarithmic
indication over 40 or 60 dB can be switch-selected. Test
receivers meet stringent requirements in regard to ultimate
select¡vity, rejection of spurious responses and stray fields. ln
addition to a recorder output, AF and lF outputs are provided
for the connection of interpreting equipment, such as ana-
lyzers, panoramic units or oscilloscopes.

ln conjuntion with a radio interference indicator, interference
field measurements complying with VDE 0876 or CISPR
recommendations can be carried out.

The Absorbing Clamp MDS (see page 255) in conjunction
with a radio-interference measuring receiver permits radio
interference power issued from the power cable of an inter-
ference source to be measured in the frequency range 30 to
300 (1000) MHz according to VDE 0875.

Monitoring receivers (Part of the Rohde & Schwarz line of
communications equipment; see separate data sheets) need
not provide for accurate measurement of input voltage or
power. The switchable attenuators and the standardizing
oscillator are omitted. On the other hand, the monitoring
receivers feature high setting accuracy for the reception
frequency and excellent stabilization of the AF output voltage
at different input levels. Adequate selectivity and heavy rejec-
tion of spurious responses and intermodulation preclude
errors in observation. lF and AF outputs allow the connection
of accessories for the evaluation of the rece¡ved signal.

See
also
page

25'l

nevv

226
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HFU 2 253.0013.55VHF-UHF Field-
strength Meler

Test Receiver ESVP 354.3000.52

HUF 354.1520.53F¡eld-strength
Meler

HFV 203.6018.02VHF Field-strength
Meter

Test Rece¡ver ESH 3 335.8017.92

F¡eld-strength
Meter
Clamp-on RF
Current Probe

335.301 5.52

338.351 6.52

HFH 2

Ðesignation
No.

Type Order

broadband dipole
log-periodic antenna

-101o +120 dBpV -7.5 to +.143 dBpv/m

-15 to +137 dBFV -12.5 to +140 dBpv/m same as HUF
but to separate order

-10 to +137 dBpV -7.5 to +140 dBpv/m broadband dipole,
log-per. antenna

0 to 100 dBUV
(1 pV to 0.1 V)

<60 MHz sh. d¡pole
>60 MHz tun. d¡pole

3 to 121 dBpv/m

-30 to +137 dB[V -3 to +140 dBÉV/m same as HFH 2,
but to separate order

-30 to +137 dBpV

0.1 frA to 0.1 A

2 loop antennas
1 rod antenna

-3 to + 1 40 dBpv/m

Field-sfength range AntennasVoltage range

n€lvv
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field-stnength rnetens HF FIELD-STRENGTH METERS 7

Field-strength Meter HFH 2
0 9 kHz to 30 MHz
O Uses: propagation measurements,

shielding, select¡ve measurement of
urements of intefering fields in line
VG specifications

O Wde measurement range: 140 dB

O Accuracy complying with CCIR recommendations

a Direct indication of field strength in dB¡V/m,
RF current in dBgA and voltage in dBpV

The Field-strength Meter HFH 2 is used to measure
wanted-signal fields - propagation, coverage, antenna pat-
terns, monitoring - as well as interfering fields in accordance
with MlL, CISPR, VDE and VG specifications in the frequency
range 9 kHz to 30 MHz.

The HFH 2 consists of
Test Receiver ESH 2

Rod Antenna HFH 2-21
Loop Antenna HFH 2-22
Tripod and accessories (see specifications).

The Test Receiver ESH 2 is a synthesizer design (detailed
descriptton on pages 222 Io 225) and is tuned quasicontinu-
ously in steps of 100 Hz, or of 10 k{z for rapid search
operations. Frequency is indicated on a 6-digit LCD using a
crystal reference.

Switch-selection of four bandwidths (200 Hz, 500 Hz, 2.4
kHz, 10 kHz), linear or logarithmic average or peak indication
and calibration at the press of a button, among other fea-
tures, ensure that accurate and reproducible results are
obtained rapidly:

- The conversion factors of the antennas and the current
probe are automatically taken into account so that a cor-
rected display of the measured value and unit of measure-
ment is obtained directly.

- Overloading of the main receiver stages is immediately
recognized and signalled.

- Control of the lF gain as a function of bandwidth and
indication mode ensures that the minimum S/N ratio
required is maintained.

- Pulse calibration with CISPR indication, sinewave calibra-
tion with average and peak-value indication; automat¡c
changeover when the bandwidth is switched.

The AC power supply of the receiver is readily replaced by
the rechargeable battery unit which is provided with the HFH
2. Direct powering from a 12-V or 24-V vehicle supply is also
possible.

Since all receiver settings are maintained during "off"
periods, the receiver can be switched off during measure-
ment intervals in order not to waste the capacity of the
battery.

Antennas. Ihe Field-strength Meter is delivered with an
inductive probe as well as a rod antenna and a loop antenna
for 9 kHz to 30 MHz. A special loop antenna for sensitive
measurements in the range 9 kHz to .1 MHz is available to
separate order; its conversion factor is automatically taken
into account.

HFH 2

Specifications of HFH 2

Measurementrange ....... gkHztolMHz 1 to30MHz
Using Rod Antenna HFH 2-Zl

Lower l¡m¡t . . . . . . 15 to -10 dBpV/m -10 dBpV/m
Upærlimlt ......140d8¡rV/m 140dB¡rV/m

Using Loop Antenna HFH 2-22
Lowerl¡mit ......40to10dBFV/m 10lo-5dBFV/m
Upperlimit ... ... 140dBpV/m 140 dBFVi m

Us¡ng Loop Antenna HFH 2-23
Lowerlimit .. . 5lo -5 dBFV/m
Upperlim¡t ... 140 dBFV/m

Using lnduclive Probe HFH 2-24 (10O kHz to 30 MHz)
lowerlimil ...SodBpV/m
Upperl¡mil ... >140 dB¡rV/m

Measurement eror
(incl. antennas) <2 dB (within 10 dB of lower limit, the

¡nherent noise must be taken into account)

Test Receiver ESH2 ..... . more information on page 225

Frequency range . . . 9 kHz to 29.999 MHz
Antenna input . . . . . ãn = 50 Q; BNC female conneclor;

vswR <1.2 (<2)
Measurement range,

average reading
lnd¡calion ranges. . .

Measurement enor .

Anlennas
RodAntennaHFH2-21 .......... 9 kHzto 30 MHz

Conneclor ... BNC male, Zs = 50 O
Conversiontaclork .... 20dB,length:1 m

Loop Anlenna HFH 2-22 . . . . . . . . . . I kHz to 30 MHz
Connector ... BNC male, Z" = 50 O
Conversionlactork ....20d8
Loopdiameter ....... . 60 cm

Loop Antenna HFH 2-Zg (to be ordered separately)
Frequencyrange ......9kHzto l MHz
Connector ... BNC male,4: 50 O
Conversiontactork . ... 10 dB
Measurement range with ESH 2 . . 5 (-5) to 1 40 dBFVi m
S¡de length of loop, weight . . . . . . 24O cm, 17 kg

(w¡th transporl case 43 kg)

General dala
ESH 2: temperature range, power

supply, dimensions, weight. . see page 225

radiomonitoring, testing BF
very small voltages, meas-
wilh VDE, CISPR, MIL and

-30 to + 137
lin 20 dB, log
<t dB

dBpV
40/60 dB

Ordering information
Orderdesignatlon. ....... . > Field-strength Meter HFH 2

335.301 5.52

Systèm components (itêms can also be oblainèd individually)

TestReceiverESH 2............. 303.2020.52
(incl. battery un¡t w¡thout battery)
Rod Anlenna HFH 2-21,
I kHz to 30 MHz
Loop Anlenna HFH 2-22,
I kHz lo 30 MHz
Tripod HFU-Z (in transport bag) .

lnductiveProbeHFH2-24 .....
Recommendedextras ... -...
Roof-mounting K¡t HFH2-25
(for Loop Antenna HFH2-Z2Ì . . .

3rÍ15.3215.52

see overview on page 230

3Ít5.471 1.52
100.1 1 f4.02
338.3016.52

3Íi5.5718.02
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7 VHF FIELD-STRENGTH METERS field-strengtlr rneÈGlFs¡

:.¡,Ti: _r] ""d"

Ü,å"

ft^"

o
o{

e

.8

Ë

*ì¡nl O

E
i¡r tt5;itPt¡rôtP lt

VHF-Field-strength Meter and Test Receiver HFV I 25 to 300 MHz
O Frequency range covered in one band
O Measurement range 0 to 100 dB¡rV;

indication range log 60 dB, lin 20 dB;
peak- and average-value modes

O lnterference measurement according
to VDE and CISPR (with Pulse Weight-
ing Unit)

HFV

The selective instrument HFV for 25 to 300 MHz is available
in three models to suit different applications (models 02l03
and 05; see ordering information):

Field-strength with rotatable and tiltable dipole, with option-
meter al Pulse Weighting Unit

Test receiver for radiomonitoring and selective laboratory
measurements, 50 Q input, lF bandwidth 36
kHz, squelch

The main characteristics such as frequency range, voltage
range, demodulation, etc. are the same for the two models,
only the application-oriented data for bandwidth and interfer-
ence weighting and the equipment configuration differ.

The VHF Field-strength Meter HFV (models 02 and 03) with
dipole antenna is used for measurements of radiosignal
propagation and of interfering fields existing in the particular
service area. lts high performance makes it also suitable for
laboratory use as a selective microvoltmeter for absolute and
relative measurements. lnput impedance 50 O.

HFV with

A dipole which may be tilted and rotated, with a coaxial
feeder, is used as antenna for field-strength measurements.
It operates as a shortened dipole between 25 and 60 MHz
and as a tunable halfwave dipole from 60 to 300 MHz. Field
strength is determined from the indicated voltage with the aid
of an antenna-factor curve.

The test receiver - a heterodyne receiver with high lF - is
tunable through the whole range without band switching.
Adequate ultimate selectivity is ensured by the selective
input and by a bandpass filter. A crystal filter with a 6-dB
bandwidth of 120 kïz (36 kHz for model 05) is provided in the
second lF stage ot 10.7 MHz. A substantially low-distortion
reproduction of FM broadcasts is thus also possible. A built-
in pulse generator supplies pulses of 100 Hz repetit¡on
frequency with constant amplitude up to 300 MHz, permitting
voltage calibration at any frequency.

Measurement ranges and signal evaluation. The instru-
ment indicates the average and peak values of the lF signal
over a linear range of 20 dB or a logarithmic range of 60 dB.
Wth the 8x10 dB attenuator, the linear indication covers an
overall range of 100 dB. Average-value indication is used to
measure AM and FM signals. Peak-value measurement
allows, for example, the sync-peak rms value of the picture
carrier in TV signals to be indicated independent of the
picture information. Furthermore, signals from pulse-modu-
lated transmitters and interfering signals can be measured.
The 10.7-MHz lF output allows observat¡on on an oscillo-
scope. The AF and recorder outputs provide further pos-
sibilities for the evaluation of AM and FM signals.

Pulse Weighting Unit. The Field-strength Meter is avail-
able with or without Pulse Weighting Unit. ln conjunction with
this accessory, the HFV presents the overdriving capacity
required according to VDE 0876 and CISPR Publ. 2 and
complies with the tolerances admitted for bandwidth and
weighting (attenuation adjustable in S-dB steps). Weighted
measurements of inteference field strength and - with the
Absorbing Clamb MDS (see page 255) - measurements of
radio interference power complying with VDE 0875 are
possible.

RF current measurements from 0.1 ¡rA to 0.1 A can be
carried out in conjunction with the Clamp-on RF Current
Probe at frequencies from 25 to 300 MHz.

E ü a ..-
-é
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Setting error
range +10

(temperature
lo +30'C) .

Specifications

Frequency range. . 25 to 300 MHz

<15 x 10-3 x fin 4500 kHz
300 kHz/mm
swilch-selected

shortened hallwave dipole
tuned halfwave d¡pole

2 (typical)
<'1.25

400 MHz
10.7 MHz
12O kHz +10%
36 kHz +2 kHz

>80 dB
>80 dB
indication <3 pv

<30 pV

0 lo 100 dBpV
3 lo 23 dBFV/m
103 to 123 dBpv/m
0 to 130 dBpV

<+2 dB
<+4 dB

average/ peak, swilch-selected
20 dB
60 dB

AM/FM, switch-selected
only in model 05, sw¡tch-selected

10.7 MHz, Zu = 50 O
0 to 16 kHz, Zøt -100 kO
Ad=15O
built-¡n, switch-selected

1 10 11't 5t125 I 220 t 235 V +'t O I -'t 5%
47 to 63 Hz (10 VA)
l0 N¡Cd cells RS r.8 (lEC KR 26/50)
built-¡n charging circuit,
charg¡ng lime 14 hrs

367 mmxlf 3 mmx270 mm
428 mmx135 mmx294 mm

9.5 kg

> VHF Field-st.êngth Meter HFV
203.601 8.02
203.601 8.03

> VHF Test Rece¡ver HFV
203.601 8.05

dipole antenna, tape measure,
anlenna-faclor curve, lealher casê,
power cable

Scale resolution
AFC...._....

Anlenna
25 to 60 MHz
60 to 300 MHz

lnput ¡mpedance
Models 02, 03

05......
VSWR

Level sw¡lch posit¡on <20 dB
>20 dB

50
50

o
o

¡,4easurement ol signal and ¡nterference f¡elds near the highway

ïest receiver for radiomonitoring. HFV model 0b is used
for reception of AM and FM signals. With an lF bandwidth of
36 kHz it is particularly suitable for operation in particular
channels. Logarithmic indication over 60 dB, a switch-
selected squelch and AFC are ideal features for
radiomonitoring. A built-in calibration oscillator together with
linear indication facilitates the accurate measurement of
received signals. A halfwave dipole is supplied with the set
for accurate determination of field strength.

Laboratory use (applies to all models). ln the laboratory the
HFV is suitable as a selective microvoltmeter. The circuitry is
designed to ensure good suppression of spur¡a and inter-
modulation. RF currents can be measured with the aid of the
RF Current Probe ESU-Z (see recommended extras).

The power supply of the HFV is either from a local AC
supply or from the built-in battery (about 7 hours of operation,
charging time about 14 hours).

lF/bandwidths/interference rgectlon
lst lF ..
znd lF .

6-dB bandwidth models 02,03 . .

05.....
lF re¡ection
lmage rejection
RF leakage with battery op. . . . .

Osc¡llator rerad¡ation at RF inpul
withmatch-term¡nation . . .... ..
Measurement range, ¡ndlcation
Measurement range, linear

Vollage .

F¡eld strength, min.50-O model
max.50-O model

Measurement range, logarithmic .

Measuremenl error
Vollagemeasurement........
F¡eld-slrenglh measurement . . .

lndication
Bange lin.

1o9......
Demodulation
Squelch.

Outpuls
tF......
Video(onlymodel05) ..........
Phones .

Loudspeaker

General data
PowersupplyACsupply. ... . . ..

Dimensions
withoulleathercâse ......
with leather case

Weight (wilh antenna, battery,
leather case)

Ordering information

Order designatlons
Field-strength Meter . .......

w¡thoul Pulse-weighting Unit
w¡th Pulse-weighling Unil . .

Test Receiver
forradiomonitoring ...... .

Accessoriessupplied ...... .

Recommended extras
Headphones HFV-Z ... .. . .

DEAC cell (10 required) . . . .

Clamp-on RF Current
Probe ESU-2.
Cable lor current probe . . .

Probe HFV-Z

Recorder output (not float¡ng)

Battèry .

Charging

204.0220.O0
020.3805.00

100.1 137.02
204.1 090.02
204.1010.02

8.5 V at fsd, required recorder ¡nput
impedance >100 kC¡
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M ETFRS

field - stnength rnetens

l\rìtr,,irr.ìs. Broadband dipole of constant length for the
range 20 to B0 MHz with compensated antenna impedance
and approximately constant antenna factor in the range 25 to
80 MHz. For measurements above 80 MHz: log-periodic
broadband antenna with a gain of 6.5 dB.

The antenna height on the mast can be adjusted from 1 to 5
m. The azimuth and polarization plane are freely adjustable;
the elevation angle can be varied by +30".

l-iielri-strrrire;tfr ¡1rea:;Lr+rìrent, Field strength in dBgV/m is
obtained by adding the antenna factor k (in dB) and the
measured voltage (in dBpV). The antenna factor of the
broadband dìpole is taken into account via the coding input of
the ESV, so field strength can be read in dB¡V/m on the ESV
in the range 25 to 80 MHz.

Programmed field-strength measurements are possible
using the Test Receiver ESVP (20 to 1300 MHz, page 238.

i¡rit:rî¡.ric¡l¡;ar fie:lel rne¡isir¡erncr¡t. ïhe HUF is a standard
instrument for radio interference measurements in line with
national and international (CISPR) specifications.

Accessory units, see under ESV, page 234.

Specifications

Frequency range . .

¡,lleasurement range
lowerlimit ......
upperlìm¡t......

N¡easurement error .

20 to 1000 MHz

HUF

J. å'
9t q,
..t .

-:l;

-r¡l-_

.1.

i'iÐ

'fai !

J

Field-strength Meter HUF
I 20 to 1000 MHz
a Test assembly for measurements of propagation characteristics

and coverage, antenna palterns and radio interference with
CISPR and VDE weighting, rad¡omonitoring

O Two broadband antennas covering the whole frequency range
a Wide measurement range: -7.5 (+13) to 140 dB¡V/m

The Field-strength Meter HUF is equally suitable for signal-
and interfering-field-strength measurements in the range 20
to 1000 MHz and for radiomonitoring.

ïhe HUF consists of

Test Receiver ESV 20 to 1000 MHz (page 234),
Broadband Dipole HUF-21 20 to B0 MHz,
antenna mast and accessories.

The t¡i;i ilcccivi:i ¡,1r:v (for description see page 234)
constituting the heart of the system is ideal for portable use
and manual operation. lt features

O synthesizer technique affording crystal-referenced fre-
quency indication

O high overload capacity and high overall selectivity

O AC-supply and battery operation

Four switch-selected lF bandwidths (7.51121120 kïzl 1

MHz), AM and FM demodulators with switch-selected AF
filter and adjustable squelch, four weighting modes (ClSPR,
peak with 3 s or '1 s hold time, and average) and three ranges
of indication (20l4Ol60 dB) facilitate a great number of
applications for useful-signal and interference measure-
ments.

A built-in loudspeaker, a phone outpu, two lF outputs (one for
connectron of an lF analyzer), DC-coupled AM and FM
demodulator outputs and recorder outputs for frequency
deviation and level permit signal evaluation.

Tripod HFU-Z

Orderdesignat¡on.............. >
354. 1 520.53

System breakdown (del¡very of individual items possible)
Test Fìeceiver ESV . . . . . . 342.4020.53
BroadbandD¡poleHUF-21 ........ 358.0512.52
LP Broadband Antenna HL 023 AL . . 577.9017.02
TripodHFU-Z .. 100-1114,02
Mast with swivel arm and
antennabrackel,HFU-Z.. 100.1120.02
Connect¡ng Cable HFU-25, 7 m ¡ong 252.0055.55
Headphones ...110.2959.00

1) Theoret¡cally, the upper limit ¡s also lrequency dependent. The ESV
sh¡elding is guaranteed up to 140 dBtrv/m (see page 234); the power-
handling capac¡ty of the internal attenuators of the Broadband Dipole
HUF-Zl is also 140 dBtrV/m.

2) On delivery, the HUF-Zì has an antenna lactor higher by 5 dB lor coding
on the ESV. The antenna lactor here specif¡ed can be obtained by
chang¡ng two soldered links.

Testreceiver ....
Antennainput....
Measurement range
Measurement error

Antennas
Broadband Dipole HUF-21

Antennaconnector ...
VSWR ..
Antennafaclork .....

Dimens¡ons, weight

Log-periodic Broadband
Antenna HL 023 AL . . . .

Connector
VSWFì . .

Antennafactork ....
D¡mensions, weight . .

Anlenna mast (epoxy glass)

Adjustment ranges
Antenna height
Polar¡zation
Azimuth .

Elevat¡on
D¡mensions,we¡ght .......

-7.5 to +13 dBtrV/m
140 dBr¡V/m1)
<3 dB including antenna

Test Receiver ESV 20 to 1000 MHz
50 Q; N female connector
-.10 to +137 dBlrv
<1.5 dB

20 to 80 MHz

50 O, N female
<2
22.5 lo 1 4 dB (frequency-depen-
dent)2)
length 1.77 m: in transport bag:
0.9 m long, 0.13 m dia.; 2.5 kg

80 to 1300 MHz
50 O: N female
<2 (up ro 1000 MHz)
2.5 to 23 dB in range 80 to 1000 MHz
frequency-dependent
length 1.7 m, widlh 2 m,
knocked down 1.7 mx0.5 m; 5 kg

1lo5m
any
any
+30'
length 1.65 m (knocked down)ì
36 kg (incl. accessories)

length 0.9 m, dia.0.22 m (knocked
down), 9 kg
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field-stnengËlr rneteFs¡ RADIO-INTERFERENCE METERS 7

Absorbing Clamp
MDS-21 I 30 to 1000 MHz
a Direct measurement of RF interfer-

ence power on power cords and
connecting cables of electrical ap-
pliances

a Meter reading in dBpV on interfer-
ence measuring receiver corre-
sponds to RF interference power in
dBpW

Measurement of interference power
in the VHF range

For perfect reception of radio and television signals, interfer-
ence from electrical appliances must be kept within certain
limits. The amount of interference from an interference
source is expressed in terms of voltage, power, current or
field strength. On account of direct radiation, the interference
in the metric-wave range has up to now been defined as the
field strength prevailing at a certa¡n distance. The reliability of
this rather inconvenient measurement depends on numerous
parameters. The absorbing clamp.) considerably simplifies
measurements on intederence sources whose dimensions
are small compared to the wavelength.

Test setup consist¡ng of VHF Field-strength Meter HFV and Absorbing Clamp for
lhe measurement of interference power

The Absorbing Clamp MDS-21 in conjunction with an inter-
ference measuring receiver according to CISPR, Publ. 2, e.g.
ËSV, permits the interference to be measured directly as the
noise power introduced by the interference source in the
power cord. Measurements with the MDS Absorbing Clamp
are easier and more reliable than field-strength measure-
ments. Moreover, the Absorbing Clamp is insensitive to
external radiation.

Operating priciple and f unctioning. lnterference is
mainly radiated from the power cord of the interference
source. For this reason, a ferrite absorber is provided inside
the MDS Absorbing Clamp, which encircles the power cord
and acts as a resistance to the RF interference power. A
calibrated interference-measuring receiver, connected to the
input, measures the RF current flowing through the absorber
via a current converter. Because, with this arrangement,
there is no matching between the interference source, the
power cable and the absorber, the Absorbing Clamp must be
slid along the power cord to adjust for maximum interference
power. By suitable design of the absorber and choice of the
conversion ratio of the current converter, the reading
obtained on the calibrated interference-measuring receiver in
dBprV corresponds to a power indication in dBpW.

Construction The units consist of a plastic case of two
parts hinged together, each containing a set of ferrite ring
halves. These are fixed in plastic spring holders, thus forming
a duct for the power cord of the interfering appliance. Eccen-
tric catches provide the required contact pressure. Rollers
are provided to facilitate moving the Absorbing Clamp when
searching for interference maxima.

MDS-21 version up to 1000 MHz. Effective shielding and
use of a correction curve make radio-interference measure-
ments on lines and cables possible up to 1000 MHz.

Specifications

Diameter ot appliance power
cable ...
Dimensions,weight .......
Orderdeslgnatlon.... . . ..

Aocessoriessupplied ...,..

up to 20 mm
610 mmxl15 mmx80 mm, 6.3 kg

) Absorbing Clamp MDS-21 (50 O)
194.0r00.50

1 coaxial cable
(MDS + lnterlerence receive0,
5 m long, w¡th BNC male connectors

MDS

n

') aiter Meyer de Stadelhofen (Sw¡tzerland)
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7 MODULATION METERS

FAM

rnoclulation analyzens¡

Modulation Analyzer FAM I 55 kHz to 120 (1360) MHz
O Microprocessor-controlled unit for analyses of modulat-

ed RF signal, with srmultaneous frequency measure-
ment

a Modulation measurement with AM, FM and çM
a Switch-selected highpass and lowpass filters for various

test bandwidths; CCITT and CCIR weighting filters
O Modulating-signal measurement using weighting fillers

(AF voltmeter oÍ psophometer function)

O IEC-bus-compatible
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Characteristics, Uses

The Modulation Analyzer FAM offers a maximum of conveni-
ence for modulation measurements on AM, FM and phase-
modulated signals. All functions being microprocessor-con-
trolled, manual operation is reduced to a minimum. Modula-
tion measurements over a range of canier frequencies from
55 kHz to 1360 MHz are performed more precisely and more
easily with the FAM than with previously available equip-
ment. The IEC-bus interface makes the instrument system-
compatible and suitable for use in automated test assem-
blies.

Types of measurements. The Modulation Analyzer can be
used for measurements otherwise calling for up to five diffe-
rent instruments. lt features the following capabilities:

O Measurement of modulation depth, frequency deviation
and phase deviation

O Simultaneous carrier-frequency measurement with 1 Hz
or 10 Hz resolution

O Measurement of modulation frequency with 1 Hz resolu-
tion

O Distortion measurement down to <0j%,
also SINAD indication in dB

O AF voltage measurement with weighting filters
(psophometer function)

O Evaluation of external AF signals

Unwanted modulation can be measured and weighted accu-
rately on account of switch-selected test bandwidths and
standard welghting filters.

Field of application. The basic model covers a carrier-
frequency range of 55 kHz to 120 MHz and offers a very
economical and high-performance solution for measuring
tasks in FM and AM broadcasting and certain radiotelephony
and other radio services.

The Frequency-range Extension Option - which can be
fitted when the main unit is originally produced, or added later

- extends the frequency range up to 1360 MHz, thus cover-
ing practically all radio services.

Special features. The FAM exhibits negligible inherent
noise and excellent linearity.

Residual FM being less than 1 Hz in the basic frequency
range (proportionally increasing above) with CCITT weight-
ing and 5 Hz with 20 kHz weighting bandwidth, whilst residual
AM is as low as 0.01 %, the FAM permits unwanted modula-
tion to be measured precisely.

The FM stereo noise of FAM model 54, being -72 dB
referred to 40 kHz deviation, CCIR weighting, permits precise
S/N-ratio measurements, say, on FM broadcast transmitters.

The transmission linearity of the FAM fulfils the exacting
demands involved in wideband modulation methods used,
for example, in FM broadcasting. Excellent amplitude and
phase linearity make distortion-free demodulation of multi-
plex signals possible; see application example on page 258.

Distortion of less than 0.1% and crosstalk attenuation of 50
dB guarantee accurate results of measurement.

Demodulated
stereo signal

ava¡lable at
FM output of

Modulation
Analyzer FAM
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Setting, Measurement, Display

The front panel of the FAM is divided into three functional
sections for easy operation and clear presentation of the
results, several parameters being displayed simultaneously:

Left-handsection Carrier-frequencydisplay
and entry (with manual tuning)

Middle section Result display
and setting of operating modes

Right-hand section Modulating-signal display
measuring section for modulating
frequency, distortion, SINAD

MODULATION METERS 7

Modulation measurement, display. The middle section is
used for setting the type of modulation and time constant,
selecting the filter and displaying the modulation measure-
ment result. An additional, analog display in the form of a light
spot moving around a circle greatly facilitates adjustments by
providing trend indication. The user simply selects the type of
modulation - AM, FM or cpM - and, with FM, one of three
deemphasis time constants. The Modulation Analyzer
demodulates signals of any mode of modulation including
simultaneous FM and AM; see photo below.

tm YÜ Ail VULI

0tEilPfl

jtË I
to ..lD .UÌI

Modulation signal
analysis using FAM:

display of an RF

Keyboard and
display for

relative
measurements

signal with
simultaneous

FNI and AM

Weigthing. Three HP and three LP filters provide a great
variety of weighting bandwidths and suppress unwanted
signals. CCITT and CCIR standard filters (perceived loud-
ness) can be inserted or retrofitted as options for standard
S/N measurements.

Display of results (absolute or relative). The measured
modulation can be desplayed as an absolute value or relative
to a key-entered reference value. This is very convenient if
modulation is to be determined as a function of modulation
frequency or carrier frequency.

| 
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200 kH¡EE
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30ll¿

ccrR
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I
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3 kH¿

lcc'n

Front panel sect¡on; display of modulation measurement results and sett¡ng ol
operating modes

Frequency setting. Setting is performed fully automati-
cally under microprocessor control; see description on next
page. When a signal is applied, the FAM tunes automatically
to the input frequency within 3 s and displays this frequency
in the l. h. section with a resolution of 10 Hz.

lf automatic tuning is not desired in specific cases, the
frequency can be set via the keyboard (this is important for
instance when measuring selective calling equipment, with
data transmission and other techniques where no continuous
signal is available).

For such specific measurements, the other automatic func-
tions can also be suppressed. RF atenuator or AF range can
be held at or brought to a particular setting.

The high resolution (<0.25%) and the high accuracy of the
modulation depth indication (1.5%) permit precise measure-
ments without needing recalibration.

Type of detection. The measurement of the AF modulat-
ing-signal amplitude can be performed either with peak
responding detection (most frequently employed for measur-
ing wanted modulation) or with rms responding detection (for
example for measuring unwanted modulation). The CCIR
weighting filter option includes the prescribed quasi-peak
responding detector.

ñcr lo OD utt
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7 MODULATION METERS

Modulation Analyzer FAM, continued

Modulation-frequency/distortion measurement. The
frequency of the modulating signal is displayed in the r. h.

section of the front panel. The 0.1-Hz resolution is required
for measuring frequencies of calling signals or code signals
for squelch switching.

Front-panel section:
display and keyboard
f or modulating-f requency
and distortion measurement

Option FAM-BB is avail-
able for measuring the
distortion of the modulat-
ing signal. Measurements
can be made at 30 fixed
frequencies from 30 Hz to
20kH'z. The measurement
is automatically initiated
by the microprocessor
when the frequency of the
modulating signal lies
within the measurement
range. The FAM displays

either distortion in % or SINAD in dB.

Evaluation of external AF signals, The AF section, com-
prising the weighting filter, frequency counter, detector and
distortion meter, can be used for the evaluation of an external
AF signal via a separate input socket. The Modulation Analy-
zer can thus be used as an automatic AF voltmeter and as a
psophometer.

IEC-bus interface. The Modulation Analyzer has an IEC-
bus interface so it can be controlled by an external computer,
e.g. the R&S Process Controller PUC. The FAM can receive
setting and trigger instructions and can output measured
data to the computer, meaning that it can function as both
listener and talker. Thus it is suitable for use in automatic
measuring systems for testing transmitters and transceivers
in development, production and quality conlrol.

Description

The FAM is made up of RF, lF and AF sections and the
microcomputer circuitry. The RF sect¡on contains a counter
for measuring the frequency of the input signal, an AGC
stage and a mixer. The lF section comprises AM and FM
demodulators and the AF section evaluates the demodulated
signal. The microprocessor handles the sett¡ngs, data
acquisition, and l/O operations of keyboard and display.

Sepcial features of the RF section. The input frequency
range of the FAM basic unit is 55 kHz to 120 MHz divided into
two bands: frequencies up to 3.5 MHz are processed directly
in the lF section, those between 3.5 and 120 MHz undergo a

rnodulation analyzens¡

single frequency conversion. A frequency-range-extension
option adds a third band above 120 MHz with double fre-
quency conversion.

The microprocessor detects the presence of an input signal
by a search process using level detectors in the RF and lF
sections and a frequency counter. From this information it
derives the setting of the first local oscillator and performs the
RF level adjustment.

lnput signals above 120 MHz are converted to the range
below 120 MHz by the second local oscillator when the 'l .36-
MHz Frequency-range Extension option is used. The micro-
processor calculates the input frequency from the frequency
of the second local oscillator. The input frequency is dis-
played.

FAM

MSDC 2

Stereo
MPX

input

Mod.
RF signal

Measurement of stereo mult¡plex signals using Modulation Analyzer FAM

Extensions (options)

The FAM can be delivered or retrofitted with a number of
options to suit different requirements:

1-GHz/1.36-GHz Frequency-range Extensions FAM-82
extend the frequency range of the FAM up to 1 000 or 1 360
MHz (two models with otherwise equal characteristics).

CCITT Weighting Filter FAM-86
for weighted measurement of unwanted modulation using
standard perceived-loudness-characteristic f ilter.

CCIR Weighting Filter FAM-87
for weighted measurement of unwanted modulation using
standard perceived-loudness-characteristic filter. The
required quasi-peak-responding detector is built in.

DIST and SINAD Meter FAM-B8
for automatic measurement of modulation distortion, includ-
ing external signals at 30 fixed frequencies from 30 Hzlo 2O

kHz.

Reference Oscillator SMS-81
temperature controlled, improves the frequency stabil¡ty
(temperature coefficient 1x10-i in the operating tempera-
ture range; crystal aging 5x10-8/month).

Specifications

Frcquoncyrange
lÂ/îh oplion FAM-82 1.36 GHz
\Mlh option FAM-B21 GHz . ,

Frequency setling
Display .
Resolution, f <l(X)0 MHz .,

f >1q)0MHz .,
Frequencyeñoranddrifl . . .,
Referenceoæ¡llator .......,

&ystalaging
TemperatJrecoefficient ...

to 120 MHz
to 1360 MHz
to 10(x) MHz

automalicl) or manual
I dig¡ls
10Hzor1 Hz
100 Hz or 10 Hz
+1 d¡git + enor of r€ferencs freq.
s{andad option SM$BI
<11 x lo-8/monlh <t5x 10:8/monlh
<+1x10-8/"C <11x10-7over

total op. rangg

1¡ Frequenry measuremenl and automal¡c tuning for AM <80%;
fo¡ fn >â50 MHz up ¡o 60%.

RF

L

55 kHz
55 kHz
55 kHz

tÐng¡H¡

[5tfÐ
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rncldlrlaËion analyzelns¡ MODULATION METERS 7

Amplltude modulallon measuremenl
Modulation frequency range . . . . . . . 10 Hz to 200 kHz

10 Hz to 20 kHz for fm <3.5 MHz
Max. measurable modulat¡on depth 100%
Display. ......4digits+analogindication

Unils... ....absolute:y"irclalive'.VootdB

RFlnput.
lnpul level range

55kHzto550MHz......
550 to 1050 MHz
1050to1360MHz.......

RF atlenuator programmable

Resolution
Error (peak-resp. detector)

(plus peak residual AM)
fd30Hzto60kHz...

60to100kH2.....
Residual AM2) weighted w¡th
CCITT filters (rms.-resp.

CCIR we¡ghting
lncidental AM with FM3)
(fd 1 kHz, 50 kHz dev¡ation,
meas. bandwidth 30 Hz to 3 kHz)
AF distortion (at AF output;
fd30 Hzto20kHz) .........

4O%mod.
40to80%mod.....

Modulation lrequency range . . .

Maximum measurable phase
dev¡ation
Display .

Un¡ts . . .

Resolution
Eror with peak-resp. detector

wilh rms.-resp. detector . .

Residual qM al f

4" = 50 A, BNC fèmale connector

f 0 mV to 3 V (-27 to +22.5 dBm)
20 mV to 3 V (-21 to +22.5 dBm)
30 mV to 3 V (-r7 to +22.5 dBm)

0.25% (of reading), max.:0.005% (AM)
mod. <80% mod. >80%

AF doteclor
Peak-respond¡ng detector

Rms-respond¡ng detector

Welghllng filters
High pass (1dB cutoff
frêquency

Low pass (3dB cutotf frequency)
CCITIf¡lter (option FAM-86) . . .

CCIR l¡lter (option FAM-87) . . . .

AF frequency dlsplay
Frequency range
Display.......

Resolut¡on ...
Erroratl>100H2......

f<100H2......
Dlstortion measurement
Test frequenc¡es (total ot 30)

Aulomatic tuning (S/N >30 dB)

Display .

Display range
Eror(ïHD<10%).......

Test lrequency programmable

AF voltmeter
Frequency range
Measuremenlrange ........
Display .

Units . ..
Resolution

Eror with LP 3/20 kHz
wilhout LP

Weighting

lnput

Voltage range programmable

Outputs
AMsignaloutpul(V*) .....
FM stereo signaloutput (Vrc)

For triggered RF and
modulal¡on measuremenl

FM,çM ....
4M........

Gene¡al Data
Operating temperature range
Slorage temperalure range
Power supply

D¡mensions,we¡ght .......

Ordering information
Orderdes¡gnatlon.........
FAM55kHzto 120MHz .....
Accessoriessupplied .......
Optlons
Relerenceosc¡||ator........
1.36-GHz Frequency-range
Eldension
1-GHz Frequency-range
Extension
IEC-625-1 lnterfacel) .. . . ...
CCITT Fllter.
CGIR Filter
DIST/SINAD Meter.........
19'Adaptêr

positive or negative peak of AF or
the¡r arithmetic mean
lrue rms response, ind¡cation as rms
or for sinewave converted to peak;
cresl faclor 1 0

1O Hz (2 Hz at 3 dB by changing
connect¡on),
30 Hz and 300 Hz (12 dB/octave),
3l20l2OO kHz(24 dB/octave m¡n.)
weighting network acc. lo CCITT
Rec. P53
weighting network acc. to cclR
Rec. 468-2 (Bev. 78) combinèd with
quas¡-poak delector

'10 Hz to 200 kHz
4 d¡g¡ts
0.1 Hz up to 1 kHz
+1% al S/N >¿10 dB
+0.1 Hz at S/N >60 dB

with opt¡on FAM-BB
30/40 lo 100 Hz
200/300 to 1000 Hz
2/3 to 10 kHz
12.5115117.512O kHz
tuning range t3%;
automalic sw¡lchoff when lrequency
¡s outside of measurable range
4 dig¡ts, THD in 7o or SINAD ¡n dB
0.1 to 50%, 6 to 60 dB (SINAD)
3 +1oo/o of rdg or s+l dB

10 Hz to >200 kHz
0.1 mVto 3 V(max. 5 V peak)
4 dig¡ts
absolule: mV; relalive: %, dB
0.1 mV
< +1.5% 10.1 mV

= +1.5v" +0.4 mV (30 Hz to 60 kHz)

= +30/o +o.4 mv (60 to 100 kHz)
all AF measuring tac¡liÎ¡es in the FAM
(detectors, we¡ghting networks,
f requency counter, distortion
meter) can also be used in voltage
measuremenls (except LP 200 kHz)
71n>4OOlrtr,t 11300 pF, float¡ng; BNC
female connector

max. 1 V across 2 kn al 100% mod
1.5 V at 40 kHz dev. coresp. to
+ 6 dgm across 600 O (for crosstalk

<0.01%
=0.02y"

=+2yo<+4yo
<550 MHz

<0.057o
<0.05%

0.1%

sl20 MHz
<O.2o/"
<O.4o/"

<+5%
s+10yo
>550 MHz

<0.05%
<0.1Y"

>f 20 MHz
3Q.4o/o
<0.6%

AM modulal¡on range programmable

Frequency modulation measurement (with input frequ. >4.2S MHz)
Modulationlrequencyrange.. ..... 10 Hz to 200 kHz
Max. measurable frequency
devialion ......500 kHz
D¡splay. ......4digits+anatogindication

Units... ....absolute:Hz,kHz;relat¡ve:%,dB
Resolution ...O.25%, max.:0.1 HzEnor dev¡ation s100 kHz I dev. >100 kHz

wilh peak.-resp. deteclor (plus peak residual FM)
f"'od30Hzlo60kHz........=+1.íyo | <+3%

601o100kH2.........s+3% | <!6%
w¡lh rms.-resp. detector (plus peak res¡dual FM)fd30Hzto60kHz........=+3yo I <*3%

60to100kH2.........=+6yo I =toøBesidualFMall <12O 12}lo Ssoto lOSOto
MHz 550MHzf050MHz1360 MHz

Wth CCITT weighting and
rms.-resp.delector ............
We¡ght¡ng bandwidlh 30 Hz
lo 20 kHz, wilh rms.-resp.
detector.
Vì/ith CCIR weighting and
deemphasisandsquelch .......

Stereo S/N ralio (CCIR)
ret. lo 40 kHz deviat¡on
(f¡"=f20MHz, V^>20mV) ...... .

lnc¡denlal FM with AM
(lnþd 1 kHz, m:50%; test
bandw¡dth30 Hzlo3 kHz) ... .. . ..
AF distortion (at AF ourpd;
fnìod 30 Hz to 20 kHz)

75 kHz devialion
500 kHz dêviation

Stereo separalion
at ld 30 Hz to 15 kHz

fd 1 kHz
Deemphasis
FM modulalion range programmable

72 dB, typical

=2O 
Hz

Phase modulation measu¡ement (w¡th inpul frequency >4.25 MHzl

see FM)
AF outpul (Vm) 350 mV to 1 V depend¡ng on

modulation ot AF vollage
IEc-buslnterface ...... ¡naccordancew:lh

tEc 62s-1 (rEEE 488);

Lisrenerandrarkerruncrions Îî.lÏifl9"åil,iËt*"'
Measurement tlme (frequency, RF and AF ranges programmed)

<1 Hz s3 Hz <6 Hz

sSHz<14H2 =25H2
<6 Hz-

<0.006
<o.o2

=12 Hz

<50 Hz

=o.1yo<0.5% (inpul freq. >10 MHz)

>46 (typ. 50) dB at stereo oulput
>50 dB
50 I 7 5 I 7 50 ps, switch-selected

300 Hz to 20 kHz

500 rad (up to 1 kHz mod.{req.)
4 digits + analog indication
absolute: rad; relat¡ve: %, dB
O.25Y",maxj0.001 rad
<+3.5% + peak residual çM

+residual çM

with frequency
10 Hzl100 Hz

s250 ms
s420 ms

resolulion
I lkHz

I

| <zoso ms
| <zgoo ms

120 to 550 to 1050 to
550 MHz 1050 MHzl360MHz

+ 5 to +45"C
-40 to +70'C
1151125t220t235V +10%
47 lo 44O Hz (80 VA), satety class I

347 mm x 206 mm x 370 mm, 12 kg

> Modulation Analyzer FAM
334.2015.54

power cable, adapter (tor PC boards)

Weighled with CCITT filter: . rad s0.002 <0.003
bandwidth 30 Hz to 2O kqz: . rad <0.005 <0.01

AF distorlion (at AF output),
deviation4rad .......<O.1y"
çM modulat¡on range programmable

=o.o12<0.04

sMS-81 ... 302.8918.02

FAM-82 ... 334.4918.02

Wth input level 6 dB above minimum; >250 mV for l¡n <3.6 MHz.
ln frequency range specified for FM measuremenl.
Only lor retrofitting ¡n earlier FAM models.

FAM-82 ... 334.4918.04
FAM-84 ... 334.5914.02
FAM-86 ... 334.5614.02
FAM-87 ... 334.5514.02
FAM-88 ... 334.5714.02
FAM-29 ... 349.7318.02I
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B XY-YT RECORDERS

lntroduction

A quantity recorded as a function of time or of another
variable can be readily interpreted and precisely evaluated.

Principle of potentiometer-type recorders

The self-balancing potentiometer principle is illustrated in the
following diagram:

Ssruomotor

Potênt¡ometer

Speed-proport¡onãl
feedback

Simplified diagram ot potentiometer-type recorder

The input voltage V, is compared with the output voltage of
the balance potentiometer, which is fed from a reference
voltage source. lf there is a difference, the motor acts on the
potentiometer and thereby on the stylus until balance is
restored. The speed-proportional feedback affords optimal
damping of the system.

Dynamic behaviour of the
potentiometer-type recorder

Wtether a quickly varying quantity is represented faithfully
depends on the dynamic characteristics of the recorder. The
step function is most commonly used to test a recorder for
maximum writing speed, time constant of recording system
and overshoot or damping. The typical step function is shown
below:

Stop lunction of a recorder and delinition of terms

t clcc,l-dens

The servomotor has reached its final speed v,o after about
3 r. The asymptote to lhe slewing function with the slope v,*
intersects with the time axis at the point r.

The braking force of the servomotor is greater than the
starting force, since the polarity is reversed at full rpm;
therefore an optimally damped system has a shorter braking
time than starting time, typically about 0.5 r.

The settling time is the sum of starting time ¡, running time at
constant speed v.* and braking time t5, :0.5 t (see dia-
gram). For a step of amplitude A the settling time is obtained
AS

t.e¿1.5t+ A .- Vmu

The time constant of the servosystem can also be deter-
mined from the.starting acceleration "a", which is specified
by many manufacturers, and the final speed v.*

Vmax

": a '

Here it is to be noted that "a" is the starting acceleration from
standstill and not equal to the maximum acceleration a,*
during braking, which is in practice about 1.5 a to 1.8 a.

Some basic concepts

Linearity. The departure of indicalion from linear response
is stated in percent of the calibrated width of the chart as a
function of the input level.

Reproducibility (hysteresis, deadband). Coincidence
obtained with repeated plotting of the same pairs of values or
time functions. (Hysteresis or deadband designates the
departure occuring with repeated plotting of the same value,
referred to the higher or lower values; the deþarture is stated
in percent of the calibrated width of the chart.)

Maximum writing speed v,",. Final speed of the record-
ing carriage produced by the servomotor in response to a
step function on one coordinate axis.

Time constant t. Characteristic quantity of the servo sys-
tem, indicating the time required by the recording carriage to
reach 63% of the maximum writing speed.

Settling time t". Tme the stylus takes with a step function
from the start until it reaches the full amplitude to within +'l
mm without exceeding this tolerance again.

ï
A
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Characteristics and uses

The Radiomonitoring Recorder ZSG 3 records the radio
signals picked up within a selected frequency band by a
receiving system, thus constituting a valuable supplement for
radiomonitoring stations.

The signals are traced on electrosensitive paper in the form
of horizontal lines. The sawtooth voltage which tunes the
receiver is also used to control the stylus over a chart width of
200 mm. The deflection of the recording electrode is thus a
measure of the instantaneous reception frequency. The
recorded trace length depends upon the adjusted threshold,
the receiver bandwidth and the field strength. Recording by
means of the voltage-controlled electrode is only effected
during the forward sweep. A constant paper feed gives an
accurate time scale, which is 30 or 60 s/line when the ZSG 3

is used in conjunction with the Radiomonitoring/Recording
System MFBR.

Orientation and evaluation are facilitated by additionally
recording up to five r, i:i.,, ;:.r i; , The ZSG 3 also
records every full hour on the righthand margin.

Description

The Radiomonitoring Recorder ZSG 3 operates on the pr¡nci-
ple of the self-balancing potentiometer. The r,,¡,"i \r must be
a sawtooth voltage which also tunes the receiver of the

Up to live lrequency bands (with adiustable thresholds) can be rêcorded
simullaneously in conjunction w¡th a single Test Receiver ESH 3 (see also
"Dala-logging capabilìties" on page 227)

RADIOMONITORING RECORDERS a

radiomonitoring/recording system. Recording is electrosen-
sitive, producing a black trace at the point where the record-
ing electrode touches the paper when the electrode voltage
is applied. This so-called Z control is accomplished by the
processed signal of the receiver output.

An additional recording device, controlled by the paper feed
and the hours pulse derived from a clock system, records
every full hour on the righthand margin by way of seven-
segment figures.

Specifications

Recordingpr¡nciple. . ....
Recordingvoltage.. . . . ..
lntens¡tiy conlrol
Becording paper

Sizeof paperroll ......
Paper feed
Advance .

Free running
Paper-advancecontrol . . .

Paper oulput
End{f-papersignal .....
ïme{f-day recording. . . .

Conlrol .

ïme setling al beginning
ol recording

Frequencymarkers......

Zcontrol .

Digital . .

Analog (adj. threshold)
Output . .

Servo clrcu¡l
Deflætion factor
lnput ...
Nonlinearity.
Calibratedcharlw¡dth . . .

Overlow .

Posilion ol zero
Maximum recording speed

General data
Connectors
Rated temperalure range
AC supply

D¡mensions
Weight, cabinet included .

nolincluded ....

Ordering information

Orderdeslgnat¡on...... ..,
19'cabinel model
f9'rackmount

voltage-controlled recording head
<42 V-.
by potentiometer on tront panel
electrosensitive, blanck paper
w¡dth 230 mm, diameler 50 mm,
length 20 m
by stepp¡ng molor, forward only
0.4f mm/step
by pushbutton (approx. 5 mm/s)
by return pulse of sawtooth (TTL)
flow¡ng oul or rolled up
pilot lamp and buzze(
by 7-segment digits (1 to 24)
on righthand margin
by hour pulse lrom a clock system
(TTL or conlact)

by pushbutton and 7-segment
readout on lront panel
by 5 manually adjustable elèctrodes,
indiv¡dually selected by pushbuttons
digital or analog
w¡th TTL signal
0 to +10 V, R¡":259 g1
TTL signal

0.5 V/cm (+10 V for 20 cm)
differential ¡nput, floating; R¡n: 40 KO
+0.1% ol fsd (+0.2 mm)
200 mm
2 mm to the r¡ght and to the lefl
letl, setting range t2 cm
20 cm/s

36-pole female at thê rear
+10 to +35'C
115t125t2201235 V +10%, 100 VA
(3 A)
484 mmx150 mmx436 mm
12.6 kg
1 1.6 kg

> Radiomonitoring Recorder ZSG 3
242.6015.92
242.6015.91

088.31 17.00;
electrodes

Accessor¡es suppl¡ed
1 power cord 025.2365.00; 3 rolls of recording paper
10 eleclrode w¡res 242.7786.00; 2 lrequency-marker
242.7863.00.

Radiomonitoring Recorder ZSG 3 ZSG 3

O Electro-sensitive recording of radio
signals with automatic time-ofday
printout

a Five individually selected frequen-
cy markers

o Vìsible and audible end-of-paper
signals

nc¡g]rlw¡tz. æcr.6zg lætæ. R¡ælþtfKrfit€nÊcocn. zsc3 242û5 9r È.;r.!ìì
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ZSKT

O XY and YT recording

O Excellent dynamic characteristics
O D|N-A4-format paper advance in

XY operat¡on

O DifferenÌial-amplifier inputs for X
and Y signals

a Remote-controllable functions:
paper feed, DIN-A4{ormat ad-
vance and pen lift

XYT RecorderZSKT I 5 mV/cm to 3 V/cm

E¡ XYT RECORDERS

Characteristics and uses

The ZSKT is an extremely fast and accurate two-axis
recorder with outstanding dynamic characteristics. lt permits
XY and YT recording and can be battery-powered and
remotely controlled.

Wth these and many other features the ZSKT can be univer-
sally used, for example for mobile operation, for acoustic
applications thanks to its high writing speed, or for automatic
recording thanks to DIN-A4-format paper advance in the XY
mode.

The dynamic characteristics of the recorder are virtually
the same on þoth axes because of the identical construction.
Events changing simultaneously in both directions at a fast
rate can therefore be recorded practically free of distortion.

With a maximum writing speed of more than 120 cm/s and a
maximum acceleration of more than 6 g, the ZSKT sets new
standards in its price category. Nonlinearity is less than 0.2%
referred to the calibrated writing width; the reproducibility
error is less than 0.5 mm. Overshpot is very small at +1 mm.

The useful writing area of the ZSKT is 180 mmx240 mm in
XY operation. YT recording is possible with 180 mm width for
more than 250 hours without interruption using the minimum
chart speed of 1 mm/min and a paper roll that is 15 m long.
For details on paper advance and recording see under
description.

l-clcot-dens

Remote control is possible for pen lift, paper advance in YT
operation. DIN-A4-format advance in XY operation and start/
stop. The stepping motor for paper advance can be control-
led via a separate input, any paper speed up to 20 mm/s
being adjustable. The remote-control capability makes the
ZSKT ideal for use in automatiê systems.

Description

Operating principle. The ZSKT operates on the principle
of a self-balancing potentiometer. A new design of the
recording system allows reduced driving forces. The lower
current drain makes battery operation possible.

lnput amplifiers. Differential amplifiers are used in lhe
input.stage, which makes connecting the signal sources very
easy. The common-mode voltage may be as high as 100 V
(common-mode rejection 60 dB).

Deflection sensitivity. The deflection factor can be set in
eight calibrated steps from 5 mV/cm to 1 V/cm. Uncalibrated
variation is also possible giving scale factors of x 1 to x3, i.e.
to a maximum of 3 V/cm.

Zero. The zero can be shifted over the whole writing width
and suppressed by up to one full writing width; setting by
means of ten{urn potentiometer.
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Electronic limiting of writing area prevents the recording
system from bouncing against a mechanical stop when the
input amplifier is overdriven. This reduces wear of the
mechanical parts, considerably enhancing the life expect-
ancy and reliability of the recorder.

Recording. Fibre-tipped pens - available in different col-
ours - are used for recording. The pen snaps into the
penholder clip. The recording is made on paper rolls at least
15 m long and preprinted with a millimeter grid, or on indi-
vidual sheets. Different modes of paper feed are used in XY
operation and YT operation:

XY operation. At the push of a button the paper is ad-
vanced by 300 mm. The advance is controlled by a stepping
motor so that the pen shifts to a horizontal grid line at a
distance of exactly 300 mm.

YT operation. The X input amplifier is cut off. lnstead of X
deflection the paper is advanced by the stepping motor. True
YT recording is thus possible without time limitation. The
paper speed can be set in ten steps from 20 mm/s to 1 mm/
min.

Power supply. The ZSKT is normally powered from the
local AC supply, but it can also be used with external DC-
voltage sources (+15 to +20 V and -'15 to -20 V) or
batteries; see photo below. The operating time with battery
supply is at least 20 hours and even longer if the dynamic
characteristics of the recorder are not fully utilized.

XYT Recorder ZSKT
on top of battery pack

Mechanical design. The case of the ZSKI is a one-piece
fibreglass-reinforced moulding. The writing area with the
driving mechanism is protected by a transparent cover. When
the cover is opened the servomotors are switched off.

The battery pack can be fastened with two screws to the
base of the recorder. Recorder and battery pack thus form a
unit that is easy to transport and can be used anywhere.

A rack adapter available as an extra permits easy mounting
of the ZSKT in a standard 19" rack.

XYT RECORDERS A

Specifications

Recordlng syslem
ì/Vl¡ting area in XY operation
Vwit¡ng width ¡n YT operalion
Recording paper

Recording pen
Max.wrilingspeed .......
Acceleration
Mechanical time constant
of servosystem
ÊdB culoff frequency
fortl cmdeflect¡Õn ......
Settling time for lull-scale
deflecl¡oninYd¡rælion. . . .

Xd¡rect¡on....
Nonl¡nearity.
Reproducibilityeror . . . . . .

Overshoot
Pen control

XY lnputs
Test inputs

lnput circu¡ts

Defleclion factor, calibrated .

uncålibrâlèd
lnpul resistance
Zero ofset .

Common-modere¡ection ......
Max. permissible common-mode
voltage .

Papo¡ feed
Drive.....
Start/stop .

Paper advance
XY operal¡on

YT operation, intemal

180 mmx240 mm
180 mm
rolls, w¡dth 220 mm q individual
DIN-A4-format sheets
fibre{ipped pens
not less lhan .120 cm/s in both dkec-
lions
>60 m/s2

=20 ms

=15 Hz

-150 ms
-190 ms
o.2%
0.5 mm
tl mm
by pushbutton or remole conlrol

3 knurled lerminals for
X and Y direct¡ons, designatêd
+l-l-L
different¡al amplifiers for
X and Y defleclion
5 mv/cm to 1 V/cm ¡n I sleps,
max. eßot O.zVo
xl to x3
1MO
t one full wr¡t¡ng w¡dth, using ten-tum
potentiometer
>60 dB

100V(betwèeninputand I )

slepping motor
by switch (canlinuous advance),
by pushbutton (advanc€ in DIN-A-4-
format sleps) or by remole control
(cont¡nuous or in steps)

DIN-44{ormat advance
(exaclly 300 mm) or smaller sleps,
max. duration ol advance 15 s
switch-selected speeds
1,2,5, 10,20 mm/s
1,2,5, 10,20 mm/min

3.5 to 10 V
0 to 420 Hz
vp (mm/s)
=30016272.|p (Hzl

+5 to +45'C
-20 to +70"C
AC supply, batlery or extemal
source
(+15 to +20 V and - 15 to -20 V)
1151220V +10%,
47 to 63 Hz (10 VA)
trom battery pack (with meter),
28 single cells IEC R-20;20 hours of
operation using batlery pack with
alkaline-manganese cells
380 mmx110 mmx320 mm, 5 kg
380 mmx150 mmx3æ mm, 7.5 kg

) XYT Ræorder ZSKT
301.9010.02

f roll of recording chart
1 set of fibre-tipped pens
power cable

302.2010.O2
301 .9291.00

302.1713.O2

YT operalion, e¡ilernal
Requireddrivevollage . . ..
Pulse repetit¡on frequency fp
Charl speed

General dala
Operaling lemperature range
Storage temperature range
Power supply

AC supply op€ralion

Battery operalion . .

Dimens¡ons, we¡9ht
w¡th battery pack

Ordering information

Orderdeslgnatlon.........

Accessoriessupplied . . . -...

Rêcommended extfas
BatteryPackzsKT-z2 ........
Recoritingcnarf lroll ol ls m) . . . . .

Log. Rècording Chart ZSKT-Z9 (for
lmpulss Sound-level Meter EGT) . .

Fibre-tipped pens (set of 4 pens)

Set of l¡bre-tipped pens
(on of each of above colours)
1g' Rack AdaplerZSKT-Z1

red 301.9456.00
blue 301.9479.00

green 301.949t.00
black 301.9¿1Íì3.00

301.95f0.00
302.1813.02
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A XY.YT RECORDERS

Type familiy, characteristics, uses

The ZSK 2 family is a range of high-quality XY and Yï
recorders featuring high writing speed, precision and relia-
bility.

Models of the ZSK-2 recorder system

The ZSK 2 family offers a user-oriented selection of four
models. They differ mainly in the characteristics of the input
section; see data on next page.

List of models:

02 Universal model
04 Standard model
06 Lab model with timebase
08 Laþ model

The wide deflection-factor range of 10 pV/cm to 1'l V/cm,
the timebase generator and an internal DC voltage source for
offset compensation (depending on model) offer a great
variety of applications.

Fecol.dens

The electrostatic paper holddown grips charts of DIN A3
size (297 mmx420 mm) or smaller. Switch-selected limiting
of the writing range to DIN A3 or DIN A4 ensures that the
stylus remains within the selected useful area. Overdriving is
indicated.

Plotting with ballpoint or fibre pen in four selectable collours;
see recommended extras.

The input amplifiers of models 02, 06 and 08 are floating
and isolated from ground for both the X and Y axes. There-
fore the connection of test signals that are referred to diffe-
rent common points for the X and Y axes does not cause any
problem.

A tirnebase generator incorporated in models 02 and 06
permits plotting of quantities varying in time. Model 06
includes in addition an isolated DC voltage source for offset
compensation in the range 1 mV to 10 V.

Remote control is possible for lowering/lifting the recording
stylus, forward and return sweep of the timebase and zero
offset.

Outputs. The connections for remote control and the out-
puts for the deflection-proportional voltage and the timebase
generator are combined in a multiway connector at the rear
of the set.

e K"'.t4rrv¿ñ'¡ ,'¡ì,¡rtnlrn /sr3

()

Iro.zor. .l!¡ O

.'tD
?
3*.
i

a¡
i

a

a

'a

a
c

¿l

.^o
et
l/ I

:A
ç

o-¿rI
/4

o

t.
öö

a
a
a

t-¡-
¡,

x.--
¡'

öðo
I

o-
T
a-

oaÕ

XYRecorderSystem ZSK? I 10 ¡rV/cm to 11 V/cm
O Choice of four models;the right recorder for every appli-

cation

O Electrostatic paper holddown and electronic l¡miting of
wr¡ting area for DIN A3 and DIN A4 s¡zes

O Floaling inputs up to 500 V DC

O Common-mode rejection up to 200 dB

a Writing speed >110 cm/s on both axes

O ïmebase; recording times up to 76 minutes

a
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zsK2

08

06

04

Front views of models 04, 06 and 08, which differ from the
universal model 02 only with regard to the input circuits
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Description

The ZSK 2 operates on the principle of the self-balancing
potentiometer. This affords excellent linearity and accuracy.
The potentiometer circuit is isolated from the test circuit by
buffer amplifiers.

The X and Y amplifiers of the universal model 02 are
floating, guarded ditferential amplifiers and feature excep-
tionally high common-mode rejection.

Specification

XY-YT RECORDERS a

The ditferential amplifiers of the standard model 04 are
referred to ground potential.

The laboratory models 06 and 08 are equipped with floating
differential amplifiers without guard. Both models offer the
possibility of selecting normal or inverted operation.

The ZSK 2 can be mounted in racks with the aid of a 19" rack
adapter (see recommended extras).

Lab model
w¡lh timebase
06

modelLab
08

Spec¡ficalions
ot lnput
seclion

Universal
model
02

Deflectionfactor.......
Sleps ...
Cont¡nuous adjustmenl
Eror....

lnpul circuit

lnput
Max.

res¡stance .

¡nput voltage

Max. common-mode voltagê
Common-mode reiect¡on DC

AC (50 Hz); range:

=1 
mv/cm

10 mv/cm
0.1 and f V/cm .......

Zero offset
.I¡mebase 

generator
Steps .. .

Enor l¡mits
Oulpul ..

Offsetvoltagesourcè. . . . . .

Steps ...
Continuous ad¡ustment . .

Max. vollage to chassis. . .

Temperaturecofficient . . .

System specifications

Calibrated chart area
Electronic limiting

Paperholddown .......
Stylus . .

Lower¡ngof slylus ... ...
Max.writingspeed .. ...
Mechan¡cal time constanl
of servosystem
Max. settl¡ng lime lor lsd

on X axis (380 mm) . . .

on Y axis (280 mm) . . .

Overshool
L¡nearity .

Reproducibilily
Dovoltageoutput ..... .

Zerosetting, ext. . ......
Batio recording

Rated value of
nom¡nalvoltage......
Operating voltage range
Inputres¡stance... ...

General dala
Bated temperature rangê . . .

Operating temperature range
Slorage temperalure range
Power supply

D¡mensions

10 pV/cm lo 1 l V/cm
6
cal.xltoxll
0.2% +0.5 d¡v.

float¡ng dií. ampl.,
guard; X, Y isol.
from ground
10 MO (1 MO)
500 V (<1 V/cm)
150 V
s00 v
>160 dB
w. f¡lter w/o filter
>200 dB >140 dB
>160 dB >t00 dB
>140 dB >80 dB
t1 lull scale

X, Y: 0.2 to 120 Ycm
9
+1Yo
0.1 V/cm

Standard
model
04

5 mv/cm to 3 V/cm
I
xltox3
O.3o/o

difl ampl.,
lor X and Y

rMo
100 v

100 v
>60 dB

100 Fv/cm to 11 v/cm
5
cal.x1lox11
O.2o/" i2.5 div.
lloating impl.,
X, Y ¡sol.
from ground
1MO
'100 V (<1 V/cm)
400 v
200 v
>1ô0 dB
w. lilter w/o filter
>170 dB >110 dB
>130 dB >70 dB
>120 dB >60 dB
ti lull scale

X: 0.1 to 20 Ycm
I
+ 1o/o

0.1 V/cm

1mVtol0V
I
x0.1 tox'l
200 v
<sx io-51'c

100 pV/cm to 11 V/cm
5
cal. x l lo x 11
0.2Vo +2.5 div.
lloat¡ng ampl.,
X, Y ìsol.
lrom ground
1MO
100 V (<1 V/cm)
400 v
200 v
>160 dB
w. l¡ller w/o filter
>170 dB >110 dB
>130 dB >70 dB
>120 dB >60 dB
a1 full scaletf full scale

280 mmx380 mm (D
a) 280 mmx180 mm
b) 380 mmx280 mm
sw¡tch-selected
elêctrostalic
ballpoint pen or
fibrelipped pen (see extras)
by pushbutton or exl. conlrol
>1'10 cm/s on X and Y axes

25 ms

400 ms
310 ms

=1 
mm

0.f% of fsd
0.2 mm
relransm¡tt¡ng potent¡ometer,
<1 O, shortcircuil-proof
0.1 V/cm, max. 10 V
þy external reference voltagê

1.000 v
0.5 to 1.5 V (Vn '*: 50 V)
1 MO (<2 pA)

+5 to +40'C
-10 to +45'C
-20 to +70'C
115112s12201235 V +10t -15Vo
47 lo 42O Hz (50 to 150 VA,
depending on recording mode)
440 mmx490 mmx160 mm

Ordering information

Orderdesignations.. .. ...,
o2un¡versal Model ... .....,
o4standardModel ........,
0ô Lab Modelw¡th timebase . .

08 Lab Model

Accessor¡es supplied

Sel of Ballpo¡nt Pens using
fountain pen ink. (FPl) ZSK2-25

(2x black, lx red,1x green,
1 x blue) .

2 shorl¡ng links 19 mm
2 short¡ng links 25 mm
1 pad of paper, w¡th mm grid. DIN A3
power cable, service kit, dusl cover

Recommended exlras
19"RackAdapterZSK2-Z ........
Transport Cover (aluminium)
zsK2-z .

Adapter for Fibre-tipped Pen
zsK2-23
Sel ot Fibre-t¡pped Pens ZSK 2-24

(2x black, lx red, lx green,
1 x blue) .

Disposable pens (sets of live)

black ...
red.....
blue....

> XY Recorder ZSK 2
290.20't6.O2
290.201 6.04
290.2016.06
290.2016.08

290.4860.00

290.2097.00

290.21 00.00

290.4919.02

247.7855.OO
fibre-lipped
zsK2-24
247.7755.OO
247.7790.OO
247.7774.OO
247.7832.OO
247.7055.OO

rN A3)
(DrN A4),
(DrN A3),

FPI ballpoint
zsK2-25
290.4783.00
290.4825.00
290.4802.00
290.4848.00
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I SOUND-LEVEL MEASU REMENTS acoLrs¡tic instnurnenËs

\lVhy sound-level measurement?

The most frequent objective of sound-level measurement is
noise abatement: the advance of civilization and industriali-
zation is accompanied by an increasing noise exposure
suffered by man, which has reached such a level that coun-
termeasures are urgently called for. Noise surrounds us by
day and night, where we dwell, where we work, where we
travel.

Noise at the place of work is of particular concern, consider-
ing that loss of hearing induced by noise is the No. 1

occupational illness in industrialized nations. Prolonged
exposure to noise levels exceeding 85 dB is injurious to
hearing. Even much lower levels - depending on the physical
and mental condition and the activities of the people con-
cerned - may cause them considerable annoyance, reduce

Sound-level measurêmenl in residential area

their productivity and have adverse effects ont their nervous
systems eventually leading to damage to their health. To
counteract these risks, legislative bodies and unions have
worked out regulations defining appropriate noise limits.

Such ditferentiated noise-limit regulations exist already in
some countries or are under preparation, the regulations
being partly enforced by law and partly laid down in manage-
ment-union agreements. For example, the regulations con-
cerning noise at the place of work issued by the government
of the Federal Republic of Germany in May 1976 give the
following noise level limits averaged over I hours (rating
sound level, see page 272),

55 dB (A) for primarily brainwork

70 dB (A) for simple or to a great extent mechanized office
work or comparable activities

85 dB (A) for any other activities; under certain circum-
stances, which mus be justified, up to 90 dB (A).

Jet plane at take-off (at 30 m)

Pneumatic hammer

Car trumpet horn (at 1 m)

Rotary press
Engine room
lns¡dê of bus

Passenger car

Typewriter (off¡ce)

Average road traff¡c (at 30 m)

L¡ving.oom, footsteps

Wh¡spered speech (at I m)

Bedroom, stud¡o

Footsteps on soft carpet

Environmental noise and average sound levels

dB

' 140

Palnlhreshold 12O

100

80

60

40

20

L

='.!r' -
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acousiüc instnutrrGtnts¡ SOUND-LEVEL MEASUREMENTS I

Some concepts in sound measurements

The physical measure of sound intensity is the rms value of
the (alternating) sound pressure p measured in pascals
(Pa) with 1 Pa : 10 ¡rbar or 1 N/m2. Considering the very

wide dynamic range of human sound perception, extending
over six decades, the logarithmic measure, i.e. sound'
pressure level L, is more convenient, giving easier-to-follow
figures. L is 20 times the logarithm of sound pressure

referrred to the hearing threshold of 2x10-5 Pa and is

measured in dB. The human ear responds to sound-
pressure levels from 0 to 130 dB (see dB scale on preceding
page). A level increase of 10 dB corresponds approximately
to a doubling of the loudness sensation as registered by the

ear.

To take account of the strong frequency dependence of
loudness sensation, sound-level meters must be provided

with frequency weighting netvvorks. Four weighting curves,
A, B, C and D are internationally standardized. The present

tendency toward unification and simplification has led to
curve A now being prescribed for the large majority of meas-
urements. Aircraft noise is measured using curve D, see
diagram below.

Noise measurements, in particular, call for a distinction to

be made between the

inslantaneous sound level L and the
equivalent sound level L"o averaged over a predeter-
mined period of time.

A measurement of instantaneous values permits observa-
tion or recording of sound-level variations with time. Applica-
tions are most diversified, e.g. checking noise-abating meas-
ures on machines or determining sound propagation in

rooms, building or residential areas.

Tme weighting. Almost all instantaneous-value sound-
level meters have analog meter indication since this is best

suited to the visualization of varying levels. Depending on the

complexity and price class of the instrument, the time weight-
ings

fast,
slow,
impulse,
peak and
maximum hold

can be switch-selected.

ln the fast mode the indication follows the varying level as
quickly as permitted by the meter response $':125 ms);with
slow, very unsteady pointer movements are electrically
damped. lfüth impulse weighting a circuit whose time con-

stant is r:3 s holds impulse sound events such that their rms

value can be read. The peak mode measures the peak value
(not rms) of even shorter sound pulses, e.g. shots.

The time weighting is indicated by a second index to the
quantity symbol: F meaning fast, S slow and I impulse. \Mth

frequency weighting A, for example, there are three level

designations: L¡r, L¡s and La¡.

Below: lnstantaneous-value measurement using lmpulse Soundlevel Meter
EGT on large building site

dB

+20

+10

0

-10

-20

-30

-40

-50

-60

-10
/
/

,A

D

-/
I

D

\

ior 2 5 102 2 510325104H2

Relat¡ve atlenuation of weighling nelworks referred to 1 kHz

The measured quantity is denoted weighted sound level - or
simply sound level - if a weighting filter is used for the
measurement (without filter, sound-pressure level is meas-
ured). The weighting curve used is indicated as an index to
the symbol L, for instance L¡, L¡. \rVhen specifying results,
the index letter is often added in parentheses to the unit, e.g.
70 dB (A).
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I SOUND-LEVEL MEASUREMENTS acousüc insËl.urrrenËs

Characteristics of sound-level meters. The requirements
are laid down in IEC and DIN standards. Precision instru-
ments must comply with DIN standard IEC 651. This stand-
ard distinguishes between four classes numþered from 0 to O

each with its own set of specifications defined. Class 1 (Type
1) is identical with the requirements of DIN 45 633, 1 and Z,
and class 2 (Type 2) is in line with DIN 45634. The qualifica-
tion in line with these standards can be certified in Germany
by type-approval through PTB (Federal-German Office of
Standards). Thereby the instrumenls are admitted for official
calibration, which is required in many cases. The user of a
type-approved instrument is always sure that it complies with
the relevant standard specifications.

lntegrating sound-level meters have gained special
importance in the last few years. They evaluate the varying
sound level accurring over a predetermined time, e.g. a work
shift, and form the mean sound level whose annoyance effect
is assumed to be equal to the actual sound etfect. The mean
level is used for comparsion of the different noise levels.

DIN 45641 and 45645 specify two variants of mean level L,,
namely the equivalent continuous sound level L"o and the
rating level L,. The latter rates impulse sound higher than L"o
because of the higher annoyance it causes to man. ln the
Federal Republic of Germany L, is commonly referred to for
noise at places of work, whereas traffic noise, which contains
few impulse components, is generally assessed by L"o. The
present international standards ISO R 1996 and ISO R 1999
refer to L"o only.

The rating level can be obtained by two different methods
leading practically to the same result. Graphs of the different
weighting modes and associated designations are compiled
in the table below, as many users may not yet be familiarwith
these distinctions.

The lnlegrating Soundlevel Meter ELDO 4 gives a direct indication of the mean
sound level for thê selected measuremenl duration

l,-^F*=10t4tilf*l"l

Below: Relationship between time-weigthing modes and mean levels

FAST with
clocked
nnx. hold

IIYIPULSE

FAST
or
SLOW

L¡¡r=L¡g6=L¿q

Time weighting

L ¡rr

Lrr

Lnr

Measured quantity
before averaging

Sound-level integration
(example: impulsive sound)

fr¡lean levels Lm with different t¡me weightings acc. to DIN 45&s L, - 10 lo9 ro IOcJL(a dl1
T

stands for ng to curve A ng of soundsaccord

7=3s

Clock period T¡ 3s or 5s

30s

30!

- Lnlm

L

L

20 25

LArrt

Lm
leYel

eq--- L

rst¡ng
sound
level
Ll

equivalent
continuous level

Designation
of mean level
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acoustic instnurnents

Overview of sound-level meter data

Fr€quericy
range

lnstantaneous-value sound-level meters

16 Hz to 16 kHz

10 Hz to 20 kHz

10 Hz to 20 kHz

10 Hz lo 20 k{z

lntegrating sound-level meters

SOUND.LEVEL METERS 9

All instantaneous-value reading R&S sound-level meters are

type-approved, i.e. they are admiüed for calibration by PTB

(Federal-German Office of Standards).

ï€¡rl
on

Dimensions
(wxHxD)
in mm page

104 x
233 x

43

274

275

276

278

212 x
88x

'158

218 x
88x

't s8

484 x.

105 x
336

tÞsignal¡on Typs- Order No. Sìtandard.MoasllreÍÌE ìt
fange

¡mewþhlifE,
moas. quântily

Efior
limitrs

EZGA2 220.7660.02Precision lmpulse
Sound-level Meter

EGT 220.5174.02Portable lmpulse
Soundlevel Metêr

ELT 3 215.8510.02Sound{evel
Meter

ELMOT 235.4010.02Motor-vehicle
Soundlevel Meter

DtN 45634
tEc 123
IEC 651 Typ 2

1dB25 to 120 dB F/S

F/S
max--value
store

DIN 45633
tEc 179
IEC 651, Typ

55 to 13HB 1dB

1

F/S/ I / Peak
max.-value
store

DtN 45633,
sheets I & 2
IEC 179,651 Typ 1

20 to 160 dB 1dB

F/S/I
max.-valuè
store

DtN 45633,
sheets 1 & 2
IEC 179,651 Typ 1

24 to 160 dB 1dB

16 Hz to 16 kHz

273

ELDO 4 219.4026.02lntegrat¡ng
Sound-level Meter

43 to 100 dB Ler' (: Lq) 1dB
response
tolerance of LEDs

280x
x

104
233

43



9 SOUND.LEVEL METERS

Scale 1:3

The Sound-level Meter ELT 3 is a new and very inexpensive
instrument with measuring characteristics in line with DIN
45634 and IEC 651 Type2. Several features, such as pickup
pattern and sound-volume range, also comply with DIN
45633, IEC 179.

The ELT 3 comes in a flat and compact format at low weight.

Due to the good performance and hanciiness. the Sound-
level Meter ELT 3 is suitable for a wide variety of applications,
e.g. for noise measurements in industry or traffic, in residen-
tial areas or for investigations made by health service. The
wide level range permits measurements of sound events
ranging from the loudest noise to levels that lie below the
values permissible in residential areas at night.

Simple operation renders the ELT 3 suitable for use even by
non{echnical personnel.

Microphone. The capacitor microphone that is used
makes the instrument largely insensitive to structureborne
vibrations, e.g. in applications in vehicles. Pressure compen-
sation in the microphone eliminates the effects of fluctuating
air pressure.

lndication. weightinq. The ELT 3 indicates the rms value
of sound level with A weighting in dB, and can be switched to
fast or slow response.

Calibration. Absolute calibration of the sound-level meter
is possible with the Sound-level Calibrator ELEB, see page
283.

acousiüic instnurnenËs

Output. An AC output (0.8 V." at fsd) enables connection
of a sound-level integrator for example. This combination is
an extremely favourably priced, portable measuring setup for
determining equivalent continuous sound level L"o or mean
level of varying noise, for example.

The 9-V battery of the power supply suffices for over 200
hours of operation.

Specifications

(Characteristics comply w¡th DIN 45634 and IEC 651 Type 2)

Measuring range.

Rangè switching
Errorlim¡ts....

Frequency range
lndication ......

Meter speeds
Scale. . .

Prec¡sionmicrophone.. . . .... .

Main direction of sound incidence

Operating temperature range . . .

Temperature dependence,
referred to 20'C
AC outpul
Power supply

Averagebatterylife . ..... . ..
D¡mensions,weight ..........

Ordering information
Orderdesignâtion.. .... . ..

Accessories supplied')

Recommended extras

For measurements
near ground level
Sound-level Calibrator ELEB

25 lo 12Q dB(A) over po
(po=2x10-¡Pa:0dB)
in 1o-dB sleps
+1 dB
16 Hz to 16 kHz
built-in meler with rms-responding
rect¡ficat¡on
last/slow
-5 to 0 to +.10 dB, batlery check
capacitor m¡crophone,
omnid¡rect¡onal characterist¡c
from front along long¡tudinal axis
of set
-10 to +50'C

<0.5 dB
0.8 Vms at fsd
9-V battery (lEC 6 F 22);
battery check on meter
>200 h
104 mm x 233 mm x 43 mm,0.55 kg

> Sound-level Meter ELT3
215.8510.02

battery, carrying case

\Â/lnd Screen MKPM-Z 100.5810.02
Tr¡pod Bracket ELT-23 215.8940.02
Tripod MKPM-22 1 54.5899.02

Tripod Mounl ELT-Z 215.9469.02
201.54¿t3.90

') lf a calibration certificate is requirêd, the ¡nstrument will be forwarded
to the respective authority for calibration and delivery.

I 16 Hz to 16kHzl25 to '120 dB
O High-performance and inexpensive sound-level meter

with measuring range starting at 25 dB, thus also suit-
able for measuring night-time noise

O Type-approved by PTB; admitted for official calibration
and for measurements good in law

O Measuring characteristics in line with DIN 45634 and
IEC 651 Type 2

O Wth capacilor microphone; insensitive to structureborne
vibrations

O AC output: for connection of Sound-level lntegrator
ELDO 1

O Minimal current drain: >200 h per battery

ELT 3 Sound-level Meter ELT 3
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acc¡Lrsitic instnurnents

lmpulse Sound-level Meter EGT

I '10 Hz lo 20 kHzl24 to 160 dB
O Type-approved by PTB; admìtted for official calibration

and for measurements good in law; precision data in line
with DIN 45633, IEC 651 Type 1, IEC 179

O Noise measurement with weìghting curves A, B, C and
D, with linear response or via external filters

a Recording outputs, AC or battery power supply

The portable lmpulse Sound-level Meter EGT covers the
wide test range of 24 to 160 dB and fulfils the requirements of
the German Standard DIN 45633, sheet 1, for presicion

sound-level meters, and sheet 2 for impulse sound-level
meters, and of IEC 651 Type 1.

Microphone. Ihe Standard Microphone MKPM is used as

an electro-acoustic transducer (capacitor-type microphone
with two-stage impedance transformer), receiving its polariz-

ing and supply voltage from the EGT. lts low-impedance
output makes the use of long connecting cables possible (up

to 100 m). The microphone capsule can be replaced by the
Adapter 100.5803.02 for connection of the Acceleration Pick-
up EBVB. Acceleration measurements can then be per-

formed.

Test range (sensitivity). The total range of 24 to 160 dB is

covered as follows: Switchable in 1O-dB steps from 24 to 130

dB, +10 dB fsd on panel meter, +20 dB by reducing the
polarizing voltage of the microphone.

Weighting. A, B, C, D and linear can be selected as

required. ln addition, external filters can be connected via
BNC sockets, the 3-dB insertion loss being compensated in

the EGT.

lndication. The test result is shown on a moving-coil meter
with rms rectification. Scale calibration -5 to +10 dB with
resolution of 1 dB. Overdriving (e.9. extreme peak factors) is
signalled by a warning lamp. By means of a push/slide
switch it is possible to hold the maximum meter indication of
a transient event.

C¿rlibratiorr r:lrecl< is provided by feeding an internal calibra-
tion voltage to the microphone capsule.

OutpLrts. The weighted AC signal voltage is available at the
AF output, e.g. for recording on tape or for an AC-voltage
recorder.

Porrer supply. lnstead of the usual 1.5-V single cells an

accumulator or a power supply/charger can be employed.

Carrying case. This is supplied with the instrument and
can also hold the microphone and spare batteries. A double
case accommodating the EGT plus an octave or third-octave
filter (see page 282) is available as an extra.

SOUND-LEVEL METERS 9

EGT
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Specifications
Frequency.
Ranges

forweightedsound level . ... . ..
with external filters
lor sound-pressure measuremenl
for acceleration measurement . .

forvollage measuremenl ... . ..
Equ¡valent noise level (w¡th

microphone)
Exlernalfilterconnection ... . ... .

lndicalion

Scala . . .

Errorlimits(normaD ............
Outputs, AC

DC.....
D¡mens¡ons,weight ............

10 Hz to 20 kHz

24 to 160 dB
f5 to 160 dB
0.01 to 20.000 ubar
0.ol ro 20b0 mis2
0.01 to 2000 mV
we¡ghtingABCDlin
dB 't8 18 21 24 27
BNC,Z=600o
rms/f asl/slow/ impulse
stored: discharge <0.5 dB/min
-5 lo 0 to +10 dB
+1 dB
2V,100()
2 V fsd, 200 kQ
212 r m x 88 mm x 158 mm, 2.7 kg

Ordering information
Order deslgnallon . . . . . . . . . . . . . . >

EGT incl. carrying case and bat-
leries, plus Microphone
MKPM, 1.2-m cable
and w¡nd screen . . 220.5174.02

Recommended accessor¡es for lhe EGf)
For airbo¡ne-sound measurements
Standard MiÕrophone MKPM > Order Nos. Page
(second microphone with
1.2-m cable) 2205180.02 283
M¡crophone cable

1.2m... 100.5784.05
5m .... 100.5784.02
10m ... 100.5784.03
20m... 100.5784.04
50m ... 100.5784.06

Tripod MKPM-Z2 1s4.5899.02

For vibration measurements
Accelèration Pickup EBVB

sênsitivetoacceleration ........ 100.5890.02 283
sênsit¡vetolorceand accel. .. ... 100.5884.02 283
EBVBAdapter 100.5803.02
lmpedancetransformer......... 110.0410.02

For selective measurements
Octave Filter PBO 201.5520.02 282
Third-octave Filter PBT . . . . . . . . . . . 235.3014.02
Connecting Cable EGT-Z
(PBO/PBT) 205.3016.02

For voltage measurements
VoltageAdapterEGT-Z .......... 201.5489.02

Power supply
LeadstorageBatteryEGT-Z ...... 201.5437.00
PowerSupply/ChargerEGT-Z..... 201.5414.00

Cal¡bration equipment
SoundlevelCalibralorELEB ...... 201.5443.90 283

RecoÌd¡ng equipment
YTrecorder please enquire
Connect¡ng cable lor tape recorder . . 2O1 .5514.O2

CarryingCaseEGI-Z ........... 201.5508.02
Doublecase(lealher) ............ 201.5337.00

') lf a cal¡brat¡on certificate ¡s required, the ¡nslrumenl w¡ll be forwarded
lo the respective author¡ty for calibrat¡on and delivery.
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9 SOUND-LEVEL METERS

The lmpulse Sound-level Meter EZGA 2 is ideal for use in
test setups or systems for acoustic measurements. it is
particularly suitable for long-term noise monitoring and
recording, for the determination of the noise-exposure index,
and for sound analyses in conjunction with external filters.
The EZGA 2 complies with DIN 45 633, sheets 1 +2, and IEC
651 Type 1. The wide dynamic range of the logarithmic DC
output and the remote-control capability render the EZGA 2
particularly suitable for use in automated test systems ¡ncor
porating data-processing equipment.

lndication and dynamic range. The extremely wide
logarithmic indicating range of 50 dB and the 75-dB dynamic
range of the rms-responding rectifier enable long-term meas-
urements to be made without range switching.

Modes of indication. Any of the four modes, i.e. FAST,
SLOW PULSE and PEAK, can be switched so that either the
instantaneous signal level or the maximum level is indicated.
The maximum level is stored and can be erased with a switch

F¡lter ext.

ft

Recorder

M¡crophone w¡th
impedance transformer

I

ng sw¡tch

Range selector

Cal¡brared attenuator

Block diagram
of lmpulse
Soundlevêl Meter
EZGA2
with microphone

acc'Lts¡tic instFr¡trrents¡

on the front panel or by remote control, an important prere-
quisite for use in automated systems.

Level calibration. The built-in calibration generator can be
adjusted in 1-dB steps between 50 and 130 dB by local or
remote control. Any calibration level can thus be applied as a
reference during long{erm noise recording.

Recording outputs. The EZGA 2 is provided with AC and
DC and DC outputs and with a socket for the connection of a
tape recorder. AC and DC recording outputs with a dynamic
range of aþout 60 dB (crest factor+15 dB) are provided; of
particular importance is the logarithmic DC output which
permits wideband level recording on DC recorders without
great demands on the speed of the recorder.

AC output DC output

Overdr ive
ìnd¡cat¡on

Rect¡f¡er
T-
I

Log. lmpulse store

Reset
e xt.II Meter response ItTI ü II

L-

Cal¡brat¡on
osc¡llator

E

I

___J

rt¡¡Blot¡-rttut¡tcr^tt?t6¡trtti¡r .rtlct:t0¡ trtutt¡ s0ùtD-LtYtr xtrf¡ .¡z61 2

'j*g
_3 0

:"""to"

\
¡

o

¡r!.r¡aa ot ,"Fr¿, -

¡go
o*rlI

o'þ u

QE
a

I 10 Hz lo 20 kHzl
20 to 160 dB

O Type-approved by PTB; admitted
for official calibration and for meas-
urements good in law

O Precision data in line with DIN
45633 and IEC 651 Type 1

O Weighted (A, B, C, D) and linear
response

EZGA2 Precision lmpulse Sound-level Meter EZGA2
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Microphone. The capacitor-type Standard Microphone

MKPM (page 283) can be electrically heated from the EZGA

2 and is thus optimally protected against environmental
influences. For fixed outdoor use, the microphone can also

be supplied with a weather shield. The low output impedance

of the MKPM permits the use of connecting cables up to 100

m long.

Acceleration measurements between 0.003 and 3000

m/s2 can be made in conjunction with an acceleration pickup

and adapter, see under MKPM. Connection is made via the

impedance transformer of the microphone after unscrewing

the microphone capsule.

Description

The signal voltage delivered by lhe microphone first passes

through the impedance converter V0 and the amplifiers V1

and V2 with weighting filters connected in between; see block

diagram on the preceding page. The feedback networks are

coupled to the range selector and determine the sensitivity of

the instrument, which may be between 40 and 1 10 dB for a 0-

dB reading on the meter (fsd : +30 dB). ln addition, the
polarizing voltage (150 V) of the microphone can be reduced

by 20 dB thereby increasing the upper sound-pressure limit

to 160 dB.

The output signal of amplifier V2 is then applied to an rms-

responding rectifier, which can also be switched to peak-

responsive rectification; this is followed by a logarithmic-

function generator. The output of the subsequent holding

circuit for impulse operation or storage is connected to the
panel meter with parallel DC measuring or recording ouput.

The AC amplifiers can be overdriven by 14 dB (crest factor

5). An overdrive indicator with a response time of <1 ms

monitors the amplifiers V1 and V2, which would otherwise be

endangered in the case of excessive overdriving. To check

the calibration, a reference voltage can be applied to the low

end of the microphonel). This voltage can also be used for

checking the voltage divider of the range selector and the

accuracy of the scale.

1) The calibration signal is taken via the capacitance of the microphone so lhat
the elfects of the impedance lransformer and microphone cable are also

taken into account.

Specifications

Frequencyrange ....... l0Hzto20kHz
Frequency response (linear mode)

w¡thout m¡crophone . . . . . . . . . . . . <0.5 dB (20 Hz to 16 kHz)
w¡thMicrophoneMKPM ........ <1.0d8 (20 Hzto 16 kHz)

<3.0 dB (10 Hz to 20 kHz)

Frequencyweighling ........... A, B,C, D, LINEARandFILTER EXT.

Sound-levelrange ...... ....... 20to 160 dB
Equ¡valent sound level and lowèr responsè
threshold (w¡th Microphone MKPM)

equivalent sound lower response
level (max.) dB threshold (max.) dB

SOUND.LEVEL METERS 9

Effect of non-audlo inlerference
Mèchanical vibrations of
t m/s2 lrms¡
in the frequency range
from 20 tol00OHz
Electromagnetic lield ol 80 A/m
(rms) at 50 Hz . . max. 80 dB equivalent sound levèl
iMthihe ¡ndication-mode seleclor set to PEAK, the error limits spec¡fiêd only
apply to the scale rangè lrom -10 to +30 dB.

Callbration ....bybuilt-in1-kHzoscillator:
calibration signal is applied via
microphone capacilor

Attenuator . . . . . for adiuslment of calibrat¡on level in
l-dB steps between 50 and 130 dB

Standardscompliedw¡th........ DIN 45633, sheets 1 and 2'
IEC 179 and 179 A,
IEC Draft Type 1, ANSI TYPe 1

lndlcalion. .. .

Scale engraving

Rectifier.....

Tmeweighling

Overdr¡ve indication

Error limils
Under normal condilions
(acc. to DIN 45633),
¡ncluding microphone .......
Add¡t¡onal error caused by
lemperature variations

betvúeen - l0 and +50"C . .

variat¡on of relative humidity
between l0and90Y. .....
variation of baromelric
prêssurebyl.l0% .......

Connectlons
M¡crophone .

Tape recorder

Acoutpul ....
Dcoutput ....
Remote cûntrol

External filler . .

General data
Slorage temperature range
AC supply

D¡mensions w¡lh cab¡net . .

Weight 19" cabinet model/
rackmount

Ordering information
Orderdesignation....... ..

19" cab¡net modêl
l9" rackmount

Accessoriessupplied ..... .

Recommended extras')
Standard Microphone MKPM
Sound{evel Calibrator ELEB
Vv¡ndScreenlorMKPM . ...

by panel meter wilh logaithmic 50dB
scale; 0-dB point shiftable in 1 o-dB
steps
-20 to 0 to +30 dB,
mêasuring range:0 to +30 dB
range overlap: -20 to 0 dB
rms-responding (calibraled at max.
oulput w¡th test-signal crest factor
ol 5)

FASI SLOW, PULSE,
PEAK (rise lime <200 tts,
fall-otf -1 dB/s)
MAX. HOLD for any of the above lour
modes (fall-ofl <0.2 dB/ m¡n)
by signal lamp;
response time 200 Fs,
minimum on-limo -500 ms

<1 dB

<0.5 dB

<0.3 dB

<0.2 dB

6-pole socket lor Standard
Microphone MKPM
3-pole socket for 200-mV AC output
and for ¡nput (input voltage adiustable
between 0 and 10 V)
2.5 Vm at lsd, 600 o,
4-mm-connector slr¡p on rear panel
+2.5 V at fsd (50 mv/dB), 600 o,
4-mm-conneclor str¡p on rear panel
a) sw¡tchover to calibrat¡on signal
b) erasure of MAX. HOLD store
via rear BNC sockets, 600 Q

*40 to +60'C
110 to 125/220 to 235V +1Ol -15%,
47 to 63 Hz (5 VA)
484 mm x 105 mm x 336 mm

7.1 kgl4.75 kg

> Prec¡s¡on lmpulse Sound-level
Meter EZGA 2
220.7660.O2
22o.7660.o3 (one mating
mullipo¡nt connector for rear inputs
is supplied)

1 power cable

220.5180.O2
201.54¿13.90
220-9005.03

wilh wèighling curve A
B
c
D

LIN
FILTER EXT.

27
29
32
35
35
20

') lf a calibration certificate is required, the ¡nstrumenl will be foMarded to' 
lhe respecl¡ve author¡ty for calibration and delivery'

22
24
27
30
30
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9 SOUND.LEVEL METERS acous¡tic insËrurrrents

Uses

The features of the ELMOT were selected so that it can be
employed by automobile manufacturers in development and
testing, by vehicle-inspect¡on authorities, motor workshops
and, primarily, by the police. ln addition to its mode of
operation with automatic coupling of rpm and sound-level
measurement, this instrument can also be used as an inde-
pendent sound-level meter or revolution counter. With an XY
recorder connected to the DC outputs it is also possible to
display logarithmic sound-level characteristics over 40 dB as
a function of rpm.

Operation

Setting, reference value. The reference value for the
operating conditions of an engine is the engine speed S at
which it produces its maximum horsepower. The standard
g¡ves three versions:

I Stabilization to % S (or % S for motorcycles with
S >5000 rpm).

ll As under I and then sudden release of the throttle; only
the highest sound level that occurs is noted.

lll Sudden increase of rpm (or by pumping) to % S (% S),
and again only the highest sound level is noted.

Measuring procedure. The complete process is as fol-
lows:
1) Set up microphone next to exhaust.
2) Lift engine bonnet and clamp rpm probe to spark-plug

cable.
3) Sit in driver's seat with ELMOT and start engine. Turn

ELMOT rotary switch "automat¡c" to sett¡ng 1 (% S), for
example, and select rpm.

When the throttle is operated, the ELMOT meter indicates the
rpm and a red LED signals when the preselected rpm (+2%)
is reached. At the same time the measured sound level is
electronically stored. lf the rpm figure remains within the
tolerance for at least 1 s, a yellow LED ("level") signals that
the held sound-level value can be read off.

rr¿-scN^$rtGtrrtSsIß I0t0t vtf,tctt soú¡0 rtyat ¡¡tai . ttxot ¡¡5 aat! ¡?

@c* t Ç
lc

ö,,9. .rr**x,

c ,*i,"r., ,.t.i-t'.-ilt'

General remarks on motor-vehicle
noise measurement

Noise measurements on motor vehicles according to the
earlier valid standard ISO R 362 were practically impossible
on a large scale and in vehicle maintenance and traffic
checks because of the test conditions laid down, for instance
the large distance of 7 meters at which the measurement was
to be made.

The measurement of noise in the immediate vicinity ot
stationary vehicles offers a better solution. Relevant stand-
ards - ISO/DlS 5130 and EC guidelines - have already been
introduced. The measuring distance will be reduced to 0.5
meters and the disturbance caused by ambient noises and
reflections thus largely eliminated.

The measuring method provides for the testing of a statio-
nary motor vehicle under certain conditions and with the
microphone located very near: to one side of the exhaust
outlet at a distance of 0.5 meters, and at an angle of 4b'to
the vertical plane of the direction of the exhaust emissions
with the engine runnlng aï 75% of the speed at which
maximum horsepower is developed.

ïo enable efficient measurements under these conditions
(one-man operation) and with optimum setting accuracy,
Rohde & Schwarz developed the

Motor-vehicle Sound-level Meter ELMOT
The combination in this instrument of rpm and sound-level
measurement, plus a logic circuit, simplifies and automates
the measurement of vehicle noise. The measurement
becomes devoid of problems and can be performed by a
single person with no worries about errors in setting or
readout. Rpm is measured by means of a contaciless induc-
tive rpm probe clamped on a spark-plug cable. Apart from
two-stroke and four-stroke engines no further distinction
need be made between engine types as in the case of
capacitive probes. The ELMOT is battery-powered, compact
and complies in precision with DIN 45603; it is type-
approved by PTB and adm¡tted for official calibration.

{l

ELMOT Motor-vehicle Sound-level Meter ELMOT I 10 Hz lo 20 k1zl55 to 130 dB (A)
O Sound-level meter and rpm counter in one instrument,

combined indication

a Characteristics comply with ISO standard, ISO/DlS
5130 and EC guidelines for measurement of noise in
¡mmendiate vicinity of stationary vehicles

O Sound-level measurement according to DIN 45633 and
IEC 179; type-approved by PTB; admitted for official
calibralion and for measurements good in law

O Logic-circuit enables one-man operation in combined
sound-level/rpm measurement

O Rapid readiness for use with contactless rpm probe

278



t
Logic

ll--r
Ç

fæt

--l-

acc'Ltsitic instFr¡trlctntsi SOUND-LEVEL METERS 9

A wêighling AmPlifier

Buffer t/Dc

Rectifier

Comporotor

lnlerlock Mox.'volueslore

RPM probe

Features

With diesel engines the rpm cannot be electrically deter-
mined. This is possible using an optical probe which is

available as an accessory.

lndication of maximum sound level. This device enables
reliable measurement of the noise of moving vehicles. From

the side of the road, for example, it is possible to ascertain
immediately whether a conspicuously noisy vehicle is louder

than prescribed limits and should be stopped for a noise
measurement which could then, if necessary, be used as

legal evidence.

Shortenecl rne¿ìsurernent tinre. The measurement time

can be factory-adjusted to 0.2 s instead of 1 s on customer's
request. This is preferable, for example, for measuring racing
molorcycles of very high rpm, which by present rules have to

be tested before every contest.

ilO o;;ipiri ír:i li,lt¡;ttitlrrt-rii; :,,tit;¡l(i lc,vcl r-:l',atar;ii:ri:;iir :,'. ln
many special investigations it is desirable to plot sound level
versus rpm using an XY recorder. Here logarithmic level

representation offers better evaluation.

l?cbust atrc it;rlto¡r trlp<;ri arrd tnir:ro¡:itc-tti: i:rlìtj:'t The-

se parts are designed to withstand the rough handling
encountered in practice, for example, in motor car repair

shops. The holder is provided with a device for setting
distance and angle.

DC oulput
sound level

RPM
selecl¡on

Sound level

Selecled RPM
reoched

Reod off
sound level

Erose

Specifications

Sound-level mete¡
(all characleristics comply w¡th DIN 45633 and IEC ô51 Type 1' IEC 179)

ffi
Block diagram of MotoÊvehicle
Soundlevel Meter ELMOT

selecl ion
RPM

RPM

DC oulpul
RPM

Frequency rangè
Measurementrange .......
Range selection
lndication

Scale range.
limeweighting
Frequencyweighting ......
Eror limils .

Prec¡sionmicrophone.... ..
lntemalcal¡bration.......

DC oulput

AC output
All oulpuls shortc¡rcuit-prool

Rpm counler
Measuremenlranges ... ...
Enor ...
Rpmmeasurement ........
DC oulpul

Automatlc evalution clrc¡ut

Englne conditions

General dala
Ratedlemperaturerange . .

Power supply

Duration of battery-po\¡vered
operation
Dimensions,weight ......

Ordering information
Orderdesignat¡ons. . ... ...

Accessories
suppliedl):

Recommended extras
Lead Storage Battery EGT-Z
Power Supply/Charger EGT-Z
Optical RPM Probe ELMOT-Z
for diesel engines
Sound-level Calibrator ELEB .

10 Hz to 20 kHz
55 to 130 dB (A)
¡n 10-dB steps
moving-co¡l meter w¡lh
ms-responding recl¡fi cation

-5 to 0lo +10 dB
fast, slow, max. hold
curve A
+1 dB
Type MKPM (DlN 45633)
by stabilized voltage,
f: 1 kHz
log 50 mV/dB
lin2Vatfsd
2 V-s at fsd

2000/4000/8000/16 000 rpm
+3Yo
via spark-plug cables by
means of inductive rpm probe
+2V
holds sound level when preset
rpm are reached
I forn:3/4S
ll lorn=3/4Sdownwards
lll forn=3ÁSupwards

=100 h
218 mmx88 mmx158 mm, 2.6 kg

> Motorvehicle Soundlevel
MEtEr ELMOT
235.4010.02

201.5437.00
201.s414.00

-10 to +50"C
4 single cells IEC R 20
or slorage baltery or Power suPPlY

Standard Microphone MKPM w¡th
5 m microphone cable, tripod with carrying case
and setting-up plate, rpm probe, cable, set
of s¡ngle cells and carry¡ng casses for
ELMOT and tor accessories

23s.5900.02
201.5443.90

r) lf a calibration cerl¡ficate is required, lhe inslrument will be lorwarded
to the respective authority for cal¡þralion and delivery.

279



9 NOISE METERS

ELDO 4

dB

Scale: l:3

Measuring and averaging sound levels

Noise exposure caused by sound events varying in time can
only be determined by averaging the sound level over the
period in question: Mean sound levels cannot be measured
with conventional instantaneous-value soundlevel meters.
The integrating sound-level meters required for this purpose
need more elaborate circuitry and are consequently more
expensive.

The lntegrating Sound-level Meter ELDO 4 from Rohde &
Schwarz, based on a new circuit concept, indicates the
equivalent continuous sound level directly in dB. lt is offered
at an expectionally low price.

To take a measurement with ELDO 4 simply

O select measurement duration
O select level range
O wait until measurement duration has elapsed and
O take reading

Characteristics and uses

Three measurement ranges adapted to the German regula-
tions concerning noise at places of work:

Signalling by LEDs in 3-dB steps:

red if level is above limit,

green if level is below limit.

Hand-held for quick rough measurements,
mounted on tripod for long-term measurements.

Block diagram of ELDO 4

acous¡tic instFLilTtcrnts

lntegrating Sound-level Meter ELDO 4
I 16 Hz to 16 k{zl43 to 100 dB
O For quick noise measurements at places of work and

residential areas - handheld or on tripod
a Direct indication of equivalent continuous sound level L"o

in line w¡th DIN 45641 and 45645
a Choice of six meassurement duralions from '15 s to I h

O lnexpensive

The lntegrating Sound-level Meter makes noise control as
laid down by national and international regulations easy.
Thanks to its light construction intended for mobile use it is
equally suitable for measuring noise at the place of work or
haffic noise and for noise evaluation in residential areas.

Operation is simple: there are only two switches, one for
measurement duration and one for measurement range.

Measurement duration is selected by means of a sliding
switch. lt is factory-adjusted to 15 s and 4 min. Any desired
combination of two of the available times - 15 s, 1 min, 4 min,
15 min, t h, I h - can be taken to the switch by resoldering,
say 15 s and 8 h. A duration of I hours (full work shift) is
required for measurements at places of work with greatly
varying noise levels, while by random measurements of short
duration it is possible to get a rough idea of the noise
environment.

The measurement range extends from 43 to 100 dB and is
divided into three switch-selected, generously overlapping
subranges. The subranges are based on the Federal-Ger-
man regulations for places of work stipulating noise limits for
different types of work:

55 dB(A) for primarily brainwork
70 dB(A) for simple or to a great extent mechanized office

work or comparable activities
85 dB(A) for any other activities; under certain circum-

stances, which must be justified up to 90 dB(A).

O
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accrLrs¡tic insËrurrrents

These limits are the centre values of the ELDO 4 subranges'
A symmetrically ananged LED scale (red for + and green for

-) directly indicates the amount by which the measured

value is above or þelow the selected noise limit. The meas-

ured value is always to the right of the indicated figure. lf, for

example, +6 dB is indicated and the range selected is 70 dB'

the measured value is above 76 dB, more precisely between

76 and 79 dB.

The 3-dB resolution is adequate for coarse measurements.

The response tolerance of the LEDs is +1 dB.

Although not used for traffic-noise measurements, a rating
sound level L, is encountered in the regulations governing

noise at work. This quantity accounts for the higher annoy-

ance effect of impulsive noise and can be computed from

the equivalent noise level L"o by adding 3 or 6 dB as given in

DIN 45645. Some examples:

Add 0 dB for constant or slowly varying noise levels such

as from motors and textile machinery;

Add 3 dB for moderately impulsive noise such as in offices,
workshops and assembly areas;

Add 6 dB for markedly impulsive noise such as encoun-

tered in press shoPs and forges.

Description

The lntegrating Sound-level Meter ELDO 4 consists of an

analog sound measuring section (similar to that of the

Sound-level Meter ELT 3), a digital integrating section and an

indicating section (see block diagram at the bottom of pre-

ceding page).

The sound measuring section is made up of a capacitor
microphone, a switchable amplifier with frequency weighting
filter according to curve A and a square-law rectifier with

FAST time weighting.

The DC signal is applied to the integrator by means of the
measurement duration selector. After several logic functions
have been performed in the integrator the logarithmized
integration value is passed on to the indicating section in 3-
dB steps.

The three measurement ranges are switched over in the
analog section. The eleven indicating LEDs are symmetri-
cally arranged about the reference level values 55/70/85 dB,

i.e. each range covers 27 dB, namely -12 lo 0 to +15 dB.

Moreover, another two LEDs are provided to indicate when

the range is exceeded or not reached.

Still another LED is provided beside the measurement range
selector (position BATI./CAL.) for checking the battery volt-

age and for calibration. Use of CMOS integrated circuits
ensures that very little current is required by the circuit, which

is fed from a commercially available 9-V battery.

The plastic case is very handy and robust. lts shape takes
into consideration the omnidirectional pickup pattern of the
microphone, allowing for any direction of incidence of the
noise. For long-time measurements the meter can be

mounted on a tripod by means of a bracket. A carrying case
is supplied with the meter for protection during transportation.

NOISE METERS 9

Quick rough measurement with hand-held ELDO 4

Specifications

Frcquency rar€e , .

lndicalion
16 Hz to 16 kHz
equivalênt continuous sound level
Lqaccording to DIN 45641
and ¿15645

Mêasurement ranges
(Awe¡ghling) ... . ...

Display of tesl value

Eror of LED response
Eror of range swilching
lnherontnoise,......
Typeotrectifier . . ... .

Cresttaclor
Exchangerate ......
Frsquensy weighl¡ng
Tmeweight¡ng......
Measurem€nl duration,

sr/vitct}selected . . . .
ad¡uslable

Precision microphone

Powersupply ......
Banorylife
Dimensions

Order deslgnaüon . ,

R€commended extras
Wnd Scr€en MKPM-Z

55 dB -12l+ t5 dB
70 dB -12l+15 dB
85 dB -12l+15 dB
by LEDs

<1 dB
<0.5 dB max.
'10 dB below lower range lìmit
rms-responding squarèlaw rect¡lier
T4 dB above +12d8 indication
3dB
A-w€ighting curve
FAST

15 s/4 min (factory-ad¡usted),
to any combination of lwo out ol
15 s, 1 min,4 min, 15 min,
t h, I h by r€soldsring
capacitor m¡crophone with
omnidirectional picl(lJp pattem
9-v battery IEC 6 F æ.
>50 h
104 mmx23Í¡ mmx43 mm

> lntegrat¡rìg Sound-level Meter
ELDO 4
219.40,26.O2

100.5810.02
215.8940.02

154.5899.02

155.03æ.02
201.54¿13.90

Accessories supplied:

Adhesive iabels for other measuremenl durations (in thg meter)
Carrying case

Tripod
Tripod
legs)
Tripod

BracketElT-z3 .......
MKPM-Z2 (wilh lolding

ù'iËù:¿Ê $,¡t";;;;-i;

o

o

?

õã
l¿

! 0
+3
r6
;9
+12

+3
i6
19
.t2
r15
r15

.12 1i
-9 -9,6 -6
-3 -3

less) . ..
Soundlevel Calibrator ELEB
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PBT

acoustic instnurnents
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Third-octave Filter PBT
I 22.4 lo 22400 Hz (t^:25 to 20 000 Hz)
O Auxiliary instrument for acoustic and vibration tests
O High sk¡rt selectivity, passband attenuation 3 dB; performance

complying with DIN 45652
O AC supply or battery operation

Third octave filters are required, for example, in sound-level
and vibration analyses or measurements in the field of
architectural acoustics to select particular frequencies trom
wide spectra or to separate harmonics from fundamentals.

The active Third-octave Filter PBT consists of 30 bandpass
filters which are switch-selected in %-octave steps, Each is
made up of two filter sections which together yield an attenu-
ation characteristic complying with DIN 45652.

Selection of the bandpass
f ilter (midband frequency)
with rotary switches. A Dl-
RECT position is provided to
bypass the filter via an internal
3-dB section.

The active section is f ed
from four 1.5-V single cells (or
a power supply or a 6-V stor-
age battery; to be ordered
separately).

Typical filter response of a PBT

The plastic cabinet is metallized on the inside. lt can be
accommodated together with the EGT (lmpulse Sound-level
Meter) in a double case.

Octave Filter PBO
I 45 to 22400 Hz

(f,:63 to 16000 Hz)
O Auxiliary equipment for acoustic and vibrat¡on tests
O Chebishev filter complying with DIN 45651 ; high skirt selectivity,

passband attenuation 3 dB
O AC supply or battery operation

Octave filters are used for the measurement and analysis of
the sound level or structure-borne sound in architectural
acoustics to separate certain frequency regions from a larger
spectrum or harmonics from the fundamental frequency.

The active Octave Filter PBO contains nine filters electable
in octave steps. The three filter circuits of each octave filter
provide an attenuation characteristic according to DIN
45 651.

Selection of the filter (mid-
band frequency) by means of
a rotary switch. The selected
filter can be bypassed by an
internal 3-dB attenuator with
the help of a toggle switch.

The active sectior-r can be
focj either from four 1.5-V dry
batteries, a 6-V storage bat-
tery or a power supply unit,
which must be ordered sepa-
rately.

The PBO is in a plastic box, metallized on the inside and can
be accommodated together with the EGT (lmpulse Sound-
level Meter) in a double case.

Specifications

Frequency range
Midband-lrequency intervalls
Passband attenuation . . . . .

Max. inpulvoltage. . . . . .

Characteristic impedance
Connectors
D¡mensions
Weight. .

Orde¡ designation . . . . . . . . . . . . . . >
(incl. four single cells) 2O1.552O.O2

Recommended exltas
2 RF patch cords (100 cm, 75 Q) 100.6980.10
1 Connecting Cable EGT-Z 205.3016.02 (PBO - EcT)
1 Storage Battery EGT-Z (6 V) 201.5437.00
1 Power Supply EGT-Z (6 V, weight 0.5 kg) 201.5414.00
1 Carrying case 235.5869.00
1 Double case (leatheo 201.5337.00

ld8ia¡

r l,r I r a l
l'l^

Typ¡cal filter character¡stic of a PBO

Specifications

Frequency range
Midband-f requency intervals
Passbandattênuation . . . . .

Max. input vollage
Characlerist¡cs impedance .

Connectors
Dimensions
Weight. .

Orderdeslgnalion.......
(¡ncl. four single cells)

22.4 lo 22400 Hz (30 steps)
Y3 octave
3dB
4.25 Vms on sinewave
600 ()
BNC and l/3.9 mm coaxial
212 mmx88 mmx158 mm
2.1 kg (w¡th single cells)

> Third-octave Filter PBi
235.3014.02

45 lo 22400 Hz (9 steps)
1 octave
3dB
3.5 Vrms on sinewave
600 c)
BNC and 1/3.9 mm coaxial
212mmx88 mmx158 mm
2.1 kg (w¡th s¡ngle cells)

Recommended exlras
2 RF patch cords (100 cm, 75 O) i00.6980.i0
1 Connecting Cable EGT-Z 205.3016.02 (PBT - EGÐ
1 Slorage Battery EGT-Z (6 V) 201.5432.00
1 Power Supply EGT-Z (6 V, we¡ght 0.5 kg) 201.5414.00
1 Carrying case 235.5869.00
1 Double case (leâtheo 201.5337.00
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MKPM

Standard Microphone MKPM
l SHzlo20kH'z
O Sound-pressure measurement range 28 to 1 50 (1 66) dB rms on a

sinewave; '12 to 150 (166) dB wilh A-weighting curve

O Precision measuremenls ¡n line with IEC 651 Type 0, and noise
analyses with suitable test equipment

a Weather protection for diaphragm and electrical healer for oul-
door use fitted as standard

The capacitor-type Standard Microphone MKPM is a multi-
purpose, electro-acoustic transducer. On account of it's

excellent characteristics it is mainly used for noise measure-

ments requiring the highest accuracy. lt has a low-impe-

dance output so that long connecting cables (up to 100 m)

can be used. Precision measurements according to DIN

45 633 Bl. 1 and 2, and IEC 651 can be made in conjunction
with the lmpulse Sound-level Meters EGT and EZGA 2.

Accurate noise analyses can be carried out with an analyzer.
The MKPM can be electrically heated.

The 150-V polarizing voltage and the supply voltage for the

two-stage impedance transformer (30 V; 1 mA) are derived

from the test equipment connected, or from batteries. \Mth

the polarizing voltage of 150 V it is possible to measure a

peak sound pressure of 150 dB, and with 15 V a pressure of

166 dB.

When used together with the Weather Shield MKPM-Z the

microphone is ideally suited for long{ime measurements in
outdoor stations, e.g. for measuring air-tratfic noise. This

combination is also in line with the requirements of DIN

45643 and of ISO R 3891, R 1761 and R 507.

For acceleration measurements it is merely necessary to

exchange the microphone capsule for the Adapter EBVB-Z

100.5803.02 in order to connect the Acceleration Pickup

EBVB (right).

Specifications

Frequenry range . .

SOUND.LEVEL METER 9
ACCESSORIES

ELEB

(shown on larger scale) J

Sound-level Calibrator ELEB I 1000 Hz

O Acouslic calibrator for sound-level melers

O Sound-pressure level 93.6 dB (94 dB: 1 N/m2: 10 ¡rbar)

a Calibration check independent of weighting

The small, battery-powered Sound'level Calibrator ELEB is

used for accurate calibration of sound-level meters (e.9. ELT

3, EGT, EZGA2 and ELMOTfrom R&S). A 1000-Hz calibra-
tion frequency with a sound level of 93.6 dB (+0.25 dB) is
generated independently of the weighting filters. The effect of
static air pressure is +0.05 dB/100 mbar between 500 and

1 |00 mbar.

Calibration. The microphone of the sound-level meter is
inserted into the coupler opening of the Sound-level Cali-

brator, and by pressing a button the 1000-Hz calibration
signal of 93.6 dB is switched on. The duration of the signal -
approx. 1 min if the 9-V battery is fully charged - ¡nd¡cates the

condition of the battery. The sound pressure is independent
of the microphone's equivalent volume.

The Sound-level Calibrator is supplied in a leather case.

Dimensions of ELEB: dia. 44 mm, length 110 mm; weight
260 g. Þ Order No. 201.5443.90.

EBVB

II
Lett: EBVB 100.5884.02, sensitive to force and acceleration;
right: EBVB 100.5890.02, sens¡tive to acceleration

Acceleration Pickup EBVB I 1 Hz lo 20 Hz

Two different models are available:

1. Acceleration Pickup
sensitive to acceleration onlY
Resonance frequency approx. 60 kHz
Safe upper load limit 1000 m/s2
Attached by built-in permanent magnet or

adhesive wax
Þ Order designation: EBVB 100.5890.02

2. Acceleration Pickup
sensitive to acceleration and force
Resonance frequency approx. 20 k{z
Safe upper load limit 3000 m/s2 or 30 N
Þ Order designation: EBVB 100.5884'02

For attaching the Acceleration Pickups, adhesive wax suit-

able for the temperature range between -10 and +80'C is

available.

Free-f ield vollage response
(rel. to I kHz, 150 V
polarizing voltage)
Outputimpedanc€ .......
lnherenlnoisevoltage . . . .

Rated temperature range

16 Hz to 16 kHz (wilhin +1 dB)
I Hz to 20 kHz (3 dB down)
typ.f8+3mV/Pa
(accurale value shown on
calibralion certif ¡cate)
<150 rl
-9 rVm (Âf 10 Hz to 20 kHz)

-30 to +60'C

Ordering information
> Order deslgnallons
Standard Microphone MKPM . . .

tlncl. casá, cai6rat¡on certificate, i"¡"åäìàå" ãi i
m¡crophone attachment)
Wealher Sh¡eld MKPM-Z (w¡nd and rain prolect¡on) . .
ConneclingcableMKPM-Z 1.2m 5 m l0 m

100.5784.05 .O2 .03
Tripod MKPM-Z2 (withfold¡ng legs)
BoomMKPM-Z3
Tripod MKPM-zs (w¡th screw-in legs)

220.ilao.o2

..... 220.9005.03
20m 50m

.o4 .06
..... 154.5899.02
..... 154.5901.02

.. .... 155.03trì.02
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10 TERMINATIONS

Overview Terminations
Terminat¡ons with a power rating of 100 W to 20 kW are listed in the data
sheet N 3-123.

Power
raling
W

Terminations for measurements
0.3

0.25

0.5

High-power terminations and high-power attenuators

tenrninaËions

Notes: 1¡ adaptable 1 up to 500 MHz 3) up to 300 MHz 4) w¡th catibration
curve :!0.1 dB.

x48

16 d¡a.x23

45 dia.x55
45 dia.x55
45 dia.x55
21 dia.x35

48 dia.x140

mm
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Terminations and high-power attenuators

RMF 2 RMF

RAU, 1OO W
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RNB RBD,3 WRNA RMC

I
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RBU, 1OO W
(can be disassembled: 100/80/30 W)

RBS, lOOOW
(shown on smaller scale)

Designat¡on
No.

Typê Order Charac-
teñstic
imped-
ance O

Attenual¡on Connector
dBrange

GHz

Frequency \ÆWH

RMC

BNB

1 00.2940.50
1 00.2940.60
100.2940.70
272.4910.50

Termination

Termination RMF 100.2927.50
1oo.2927.70

Terminat¡on RMF 2 265.6863.00

Prec¡sion Termination 272.4510.50RNA

50
60
75
50

0
0
0
0

to
to
to
to

5
5
e

4

<1.02
<1.02
<1.03

Dezifix
Dezifix
Dezifix
N male

B')
B')
B1)

(1

(1
.03)
.03)

<1.05 (1.2)

75
0 to 0.03
0 to 0.03

<1.02 (1 .06)
<1.02 (1 .06)

BNC male
BNC male

BNC male75 0 to 0.02 <1-01

0 to 12 <1 .02 (1.07) N male50

High-power Attenuator RBS t000 207.4010.55

200.001 9.02
200.0325.O2
200.001 9.55

ïermination RAU

RBU 30
RBU 80
RBU 1OO

RBU 1OO

100.8654.25
1 00.8654.05
1 00.8654.35
1 00.8654.1 5

H¡gh-power Attenuator

High-power Attênuator 1 00.2962.50RBD

50 0 to 0.4 (1) <1.2 40 +.14) N female

50
60
50

n
0
0

to
to
to

2
2
2

<1.05
<1.05
<1.05

.41
,4\
¿\

Dezifix Bl)
Dezifix B1)
N female

50
50
50
50

0
0
0
n

to
to
to
to

<1.05
<1.05
<1.05
<1.05

20 +o.2
3 +0.2
30 +0.2
10 +0.2

Dezifix
Dezifix
Dezifix
Dezifix

Br)
B')
Br)
B')

50 0 lo 2.4 <1.08r) 10 +0.2 Dezilix Br)
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tenrninations

Characteristics and uses of terminations
and high-power attenuators

Terminations. Understood here are all the components

that are used solely as reflection-free terminations on instru-

ments or cables, i.e. those having no test output. This is

naturally applicable for small RF powers up to a few watts (an

exception is the RAU for 100 W).

High-power attenuators. This category embraces the

application as termination - e.g. as dummy antenna; the

designation was chosen, however, because these termina-

tions have a test output with a uniquely defined attenuation.
They can therefore be used also as attenuators for extending

the measurement range of power meters with lower ranges.

For attenuators with lower power rating see next page.

Terminations for measurements

RNA A precision termination with N connector, featuring
extremely low VSWR over the whole frequency range

from DC lo 12.4 GHz, mainly for use in electronic
measurements.

lyp¡cal
characterist¡c

H IG H.POWER ATTEN UATORS TO

RMC Standard termination for coaxial test selups (21-mm

outer diameter); acts as a termination on slotted lines

and in impedance meters which are being used for
measurements on cables and two-port networks as

well as for adjusting directional couplers.

RNB Termination with N connector for general use in the

frequency range from DC to 4 GHz; use of a stable

metal-film resistor affords a power-handling capacity
of1W.

vstltR BNB 272.4910.s0
1,2

1.15
I Typical

I character¡st¡c

Guaranteed
val ue

Reflection-free termination for instruments and test
setups with BNC connectors. lt has a nonwound re-

sistance element without cap, the inductive reactance

being compensated up to 50 MHz.

One end of the resistance element is connected to the
inner conductor of the connector, the other end to the
outer conductor.

The model with BNC connector can be used as a
reflection-free termination for video transmission lines
(VSWR <1.02 up to 10 MHz).

The Termination FìMF 2 (265.6863.00) with a 75-O
metal{ilm resistor for 0 to 20 MHz is available to meet
the higher requirements of the insertion test signal
technique; its return loss is >50 dB up to 5 MHz.

0

High-power terminations and
high-power attenuators

RBD High-power attenuator, used, e.g. as dummy antenna

and for harmonic measurements on transmitters (via

its test output). This high-power attenuator with ladder

construction is cooled by air convection currents along

the outer surfaces.

RBU The High-power Attenuator RBU 100 for 100 W, air-

cooled (100.8654.35; 50 Q), consists of four series-

connected attenuators wilh 1l31612O dB attenuation

so that a total transmission loss of 30 dB at 100-W
power-handling capacity is available.

The other models of the RBU as separate attenuators

of 30 to 100 W are listed in the table.

RAU UHF termination (dummy antenna), especially for
mobile or stationary transmitters; a low VSWR makes

it also suitable for TV systems.

RBS (1000 W) This high-power atter¡uator is also cooled by

air convection currents. ln addition to functioning as a

dummy antenna, it can be used for determining the

fundamental-wave power and the harmonic suppres-
sion on transmitters as well as for extending the

measurement range of microwave power meters.

4 cHz

VSWR

1 .07

RNA 272.4510.50

Guãrânteed
value

0 2 12.4 GH?

RMF
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10 ATTENUATORS

Characteristics and uses of attenuator pads
and matching pads

Attenuator pads (DSF/DPF/DNF) of different attenuation
are ¡mportant accessories in test setups where the attenua-
tion does not have to be changed over long periods of time.
Their handy design (easy to replace) makes them particularly
valuable for use in mobile test setups.

Matching pads (see next page) create the necessary match
between measurlng instruments and transmission lines of
different characteristic impedances of the standard values 50
and 75 O or (as feed-through termination) match 50-Q lines
to measuring instruments with high input impedance.

Attenuator pads

DSF The DSF Attenuators are low-cost, general-purpose
components suitable for use at frequencies up to 1000
MHz. The attenuator elements are made up of
n-networks of metal-film resistors.

i:g'f$j

Overview Attenuator pads

Frequency
rarìgê

0 to 1000 MHz

0lo 4000 MHz

0 to 12.4 GHz

affenLratol.s¡

DPF These attenuators are designed for a power-handling
capacity of up to 0.5 W. They have a maximum
permissible pulse voltage of 1 kV. Of particular import-
ance is their symmetrical construction enabling fre-
quency-independent attenuation in both directions.
Connectors: Dezifix A or Dezifix B (adaptable).

DNF The DNF attenualors have N connectors and are
mainly intended for lab use, integration into systems
and range extension of power meters. High attenua-
tion accuracy and flatness of frequency response
together with low VSWR guarantee precise measure-
ments. The DNF pads are very robust and immune to
vibration in line with MIL-A-3933 and will withstand
short-time overloading. Models available between 3
and 30 dB (see table below); power-handling capacily
2 W for 3-dB and 6-dB models, 1 W for other models.

'Í.t-'t ..€..tl-.

Ë

lrj
?.!7

"t-,-r
ihû

*'!3€3

Fr

Text

see
above

see
above

272.4010.OO
272.4110.00
272.4210.00
272.43'10.00
272.4410.OO

Attenuator DNF

UHF Attenuator DPF 1 00.1 789.50
100.1 820.50

289.8766.00
289.8814.00
289.8866.00
591.4338.00

Attenualor DSF

Designat¡on Typs Order No-

50c)
50çl
50ç)
50c)
50c)

3dB
6dB

.10 dB
20 dB
30 dB

2

1

1

'I

< 1.1
(up to 4 GHz)

=1.2
(up to 10 GHz)
s1.25
(up ro 12.4 GHz)

0.5 w <1.05
(<1.08)

50()
50()

5dB
20 dB

50
50

(]
o
o

1W
1W
0.5 w
0.5 w

<1.1 (up
to 500 N¡Hz)
<1.2 (up
to 1000 MHz)

10 dB
20 dB

3dB
6dB

rat¡ng
Attenuation Power \6WRCharac-

teristic
impedance

56x21
dia.

100
'125

x36 dia.
x36 dia.

50.5x
36 dia.

Dimêns¡ons
in mm

288
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Matching pads

DAF Matching Pads DAF are unsymmetrical ¡r sections
with differing input and output impedances; they cre-
ate the necessary match between measuring instru-
ments and transmission lines having different charac-
teristic impedances. Their voltage transformation ratio
depends on the direction. The direction is marked by
arrows. Series-opposed connection of two identical
matching pads gives a total attenuation of 10 or 12 dB.

DAZ Matching Pads DAZ enable the characteristic im-
pedance to be matched at one end since they only
have one series resistor. They are used specifically for
matching the output impedance of a signal generator
of 50 O to lines or leads of 60 O o175 Q. A 50-O cable
can be connected here between signal generator and
matching pad. The advantage of these matching pads
lies in their low attenuat¡on.

Overview Matching pads

Frequoncy
range

0 to 1000 MHz

0 to 1000 MHz

MATCHING PADS,TO

Feed-through term ination

RAD The Feed-through Termination RAD is used for
matching 50-O lines to measuring equipment with
high input impedance (e.9. oscilloscope with 1-MQ
input). The RAD contains a metal-film resistor, which
is connected in parallel with the input impedance of
the measuring equipment. The RAD must be plugged

directly into the input socket to ensure optimum
matching.

{HIESI!i

Typical application

When measuring transmission and reflection parameters in

conjunction with the Vector Analyzer ZPV and Tuner ZPV-E1,
Feed-through Terminations RAD are used to match the 50-O
network to the high-impedance inputs (1 MO ll 17 pF) of the
zPv.

2xRAD

Measuremênt ol reflection coeff¡cient and low impedance values

Coaxial lee

Zx

Dimensions
in mm

'165x50
dia.

79x35
dia.

50,5x
14.5 dia.

Signal
nerat

B

C

Feed Unit ZPV-22

Dôsignation T)rps Order No.

RAD 289.8966.00Feed-through
Termination

Matching Pad DM 242.1013.02
242.1513.O2

Malching Pad DAF 100.1872.O2
100.1 889.02
1 00.1 895.02

50:60 O 0.8 <1.04
50:75 O 1.8 <1.04
Connectors: Dezifix B at both ends, adaptable

7W
4.5 W

<1.05r) 0.5 w<1.05r) 0.S W<1.051) 0.5 W
1) up to 300 MHz,

above: 
=1.15Connectors: Dezifix B at both ends, adaplable

75:60 Q
75:50 O
60:50 O

6t4
7 .814.2
5.8t4.2

Poü/gr
ral¡ng

impedancê +l+dB

Voltage
ùanslormation

vswRCharac-
t6ristlc

s1.05 0.5 w
(up ro 100 MHz)
<1.1 (up to 500 MHz)
<1.2 (up to 1000 MHz)

50()

Conneclors: BNC male/f emale

0 to 1000 MHz
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îcl ATTENUATORS

Characteristics and uses of attenuator sets

Attenuator sets are two-port networks with adjustable, cali-
brated attenuation and the same constant characteristic
impedance at both input and output. They are used for gain
and attenuation measurements (Figs 1 and 2), for determin-
ing the noise figure of a receiver (Fig. 3), for linearity meas-
urements (with an attenuator connected before and after the
test item; Fig. 4) or as reference attenuator (e.9. the highly
accurate DPVP; see Fig. 2). ln addition, accurately-known
small voltages are obtainable with the aid of an attenuator set
when a given, exactly determined input voltage is available.
Their special construction has afforded a high degree of
accuracy as well as a very wide frequency range.

Programmable attenuator sets in combination with pro-
grammable signal generators are suitable for setting up fully
or semi-automatic test assenblies (Fig. 5) especially in pro-
duction and test shops. The attenuation settings are made
with electro-magnetic motordriven switches. The setting
times are very short and always of the same duration as all
resistors necessary for obtaining a specific attenuation are
switched at the same time (even when switching between the
extreme attenuation values). Programming is possible in the
ASCII code via the IEC bus (e.9. for DPSP) or with Code
Converter PCW and card reader.

Overview Attenuator sets

Frequency
fange

0 to 2000 MHz

0 to 1000 MHz

0 to 2700 MHz

Fig. 1 Test setup w¡th diode probe and digital voltmeter for gain and attenua-
lion measurements at high test voltages

aÈtenuaËol.s¡

Fig.2 Test setup with reference attenuator for measuring attenuation and
gain with a high degree of accuracy

Fig. 3 Test setup for determining the noise figure of a receiver

Fig. 4 Setup for measuring the linearity of two-port networks

Progr.
attenuator

Fig. 5 Automatic test assembly for atlenuation and gain measuremenls using
programmable RF attenuators

page

Text
on
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Test
¡tem

comp

I lnd¡-
cator

RF Step Attenuator
programmable

DPS
DPSP

334.7217.Q2
334.6010.02

DPVP 2r4.8017.55Programmable
Attenuator
(with N connectors)

(with N connectors)

UHF Attenuator Set DPU 1 00.8960.50
1 00.8960.70
1 00.8960.55

Des¡gnal¡on Typê OrdEr No. Charac- Attènualion
t6rist¡c
impedancô

VISWBSmallest
increment

50
50

o
o

<1.2 (1.3)0lo139dB 1dB

50r) 0 to 139.9 dB 0.1 dB <1.1

50
75
50

0
o (<1.3)

<1.150to140dB 1dB

241x
1 '10 x234

484x
1 50 x336

335x
145x115

D¡mensions
in mm
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UHF Attenuator Set DPU
I 0 to 2 GHzlO to 140 dB
O Precision instrument

for attenuation and gain measurements,
determination of receiver noise figures,
adjustment of very small, accurately-known voltages

O High accuracy - average error <1Y" (0.5%) up to 1.5 GHz

O Small insertion loss - approx. 1 dB up lo 2 GHz

The UHF Attenuator Set DPU is simple and convenient in

use over its frequency range from DC to about 2 GHz. lts
applications include primarily attenuation measurements and
gain measurements as well as accurate adjustment of very
low voltages.

Attenuation settings between 0 and 140 dB are possible in

steps of 1 dB. The excellent shielding also permits the very
high attenuation values to be reliably used. The attenuation
setting is convenient to read so that it is easy to see in which
direction the knob has to be turned for a particular change in
attenuation. This avoids overloading sensitive test items.

Its accuracy makes the DPU a precision instrument. The
electrical length and consequently the delay time are practi-
cally independent of frequency and attenuation, so that the
Attenuator Set can handle very short pulses as well as
sinewave voltages. The reflection at the input and the output
is very low. Mechanical wear, temperature and humidity do
not appreciably affect the characteristics of the instrument.
This makes the DPU also suitable for use under adverse
climatic conditions.

The Attenuator Set is available for the standard characteristic
impedances of 50 Q and 75 Q. lf the test setup calls for
different characteristic impedances at the attenuator input
and output it is possible, up to 1 GHz, to insert matching pads
of the type series DAF and DAZ, enabling impedance trans-
formation from 50 Q to 60 Q, from 50 O to 75 O and from 75

Oto50O.

The DPU has a power-handling capacity of up to 0.4 W
(pulse peak voltages: 300 V). Ihe Dezifix B connectors are
adaptable; model 55 is fitted with an N connector.

ATTENUATORS TO

DPU

;

@

a

I

e

o

30

20

dB

ÚNG UHF ATÍÉNUAfOF
SEf oPU Bd 180433/50

s c|¡vl ARz rJ H Í - Et ctl tÉlr

@ aoror*

Specifications

Frequencyrange ..
Attenualion range . .

Eror limits .

0lo 1.5 GHz
Perstep.
Overallenor ......

1.5 lo 2 GHz
Perslep.
Overallenor ......

lnsertion los6 al 1 GHz . .

Charactèristic impêdance
VSWR

0 to 1.5 GHz
1.5 to 2 GHz

Delay. . .

Power-handling capacity
Permissible input vollage

50-O model
75-Q model

Conneclors

General data
Rated temperalure range
Dimensions,weight ...

Ordering information

Order deslgnatlon . .

50-O model(Dezifix B)
75-O model(Dezif¡x B)
50-Q model (N female)

0to2GHz
0 to 140 dB
sw¡tch-selected ¡n sleps ol 10 dB and
1dB
10-dB steps l-dB steps

+0.1 dB
+0.4 dB

+0.05 dB
+0.15 dB

+0.2 dB
+0.8 dB
<0.6 dB

<1.15
<1.3
1.4 ns
0.4 w
sinewave pulse
4.5 Vffi 300 vpp
5.5 Vms 300 vm
Dezifix B, adaplable;
50-O model also wilh N female
ænneclors

+15 to +45'C
335 mmx 145 mmx 1 15 mm, 4 kg

> UHF Attenuator Set DPU
100.8960.50
100.8960.70
1 00.8960.55

dB
dB

+0.1
+0.2

50 O or 75 O, depending on model
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,l0 PROG RAMMABLE ATTEN UATORS

Characteristics and uses

The RF Step Attenuators DPS and DPSP facilitate the
quick and accurate performance of all tasks of attenuator
sets in the frequency range from DC to 2700 MHz. This
includes in the first place measurements of gain, attenuation
and sensitivity (receiver noise figure) and the reduction of
voltages to very small and uniquely defined values.

Differences between the types. All electrical characteris-
tics are identical for DPS and DPSP, the two types differ only
in the mode of operation (for details see below):

DPS manually operated by decade switches
DPSP can be manually operated by rotary switches with

automatic carry and remotely controlled via IEC bus.

Common characterist¡cs. \Mth both these attenuators,
attenuation values from 0 to 139 dB can be set in steps of 1

dB. Effective shielding guarantees full reliability of the result
at the highest attenuation.

The accuracy complies with the usual requirements for
precision instruments. Very short pulses are handled with the
same precision as sinewave signals.

lnput and output present extremely low reflection. On both
types the RF connectors on the front panel can be rerouted
by the user to the rear panel, no change of cables being
involved.

The carrying handle can also be used as a stand or screwed
off.

aËËenuaËoFs¡

Manually operated Step Attenuator DPS

The attenuation value is set by decade switches. Batteries
are incorporated for mobile applications; they are recharged
during operation from the AC supply.

Programmable Step Attenuator DPSP

Attenuation can be set manually on the DPSP with two rotary
switches, carryover being executed automatically. The
switching functions are controlled by a microprocessor. ln
addition the unit has an IEO-bus interface and can be com-
bined with other IEC-bus-compatible instruments and com-
puters in automatic test systems. The setting time of the
attenuator is 20 ms. With more than 107 switching operations
a long service life is guaranteed even if extremely frequent
switching is required. The DPSP can be incorporated into 19"
racks by means of an adapter.

Specifications

Fr€quencyrange......
Attenuallon range.....
Attenuaton setling DPS .

DPSP

Attenualioneror.......

tnical ..

Residual attenualion at 2ü) MHz
1 GHz ..
2.7 GHz.

Charactsrlsllelmpodanco ....
Prcgrammlng (DPSPonly) ....

Sett¡ng üme .

General d¡t¡
Llls êxp€c'tancy .

Connoc'lors
PowersupplyAC

battery (DPS only):

RatedtEmp€raturorange ... ..,
Storage lemperature rarge OPS

DPSP
Dlmensions, weight

Ordering information
Ordêrdeslgnallon.... . . .....
DPS ...
DPSP ..
Accessodessupplled .........
R€commend€d oxtr8

0 to 2700 MHz

0 to 139 dB, ldB steps
3 decade switdres
2 decads s,witúss wilh automatic
cåtry
<+ (0.2 dB + t.3% ot sening),
max. 1 dB
+ (0.1 dB +0.6% ot seïing),
max. 0.5 dB
<0.4 dB

=0.8 dB; \ISWR 1.2

=1.2 dB; \6WR 1.4

50 O, P't avsrage 1 W

¡nterlaca to IEC 625-1 standard;
confol of all func'tions,
data transmlssion in listener func-
tion: AH1, L1, RL1, DC1

=ã) 
ms

107 swidring operaüons
N iamale on ftont or rear panêl
115112512â1235 V +10%,
47 to 44 Hz (10 VA)
NiCd battery for 50æ switchirE
operations, built-¡n drarger
+5 to ¡15'C

-¡lO to +60"C
-.10 to +70"C
241 mm x 110 mm x 234 mm,3 kg

> RF Step Attenuator
æ4.7217.O2
334.6010.02

pow€r cable

19r Adapter ZZA-1 078.8016.00

292
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I 0 to 2700 MHzlO to 139 dB
O Attenuation steps of 1 dB, low residual attenua-

tion

O Short setting t¡me: less than 20 ms

O Very high life expeclancy: 107 switching opera-
t¡ons

a DPSP is system-compatible via IEC bus

RF Step Attenuators DPS and DPSPDPS
DPSP

lê?¿e
a

@ rr rtcrtrrrurc . nr srrp arrtñualoÂ . r9 dB . opsp r3a 60!0 02

DPSP with stand
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Programmable Attenuator DPVP
0 0 to 1000 MHz/O to 139.9 dB
O Smallest increments of 0.1 dB

O High accuracy, small attenuation
efror

a Programmable in BCD code -
TTL-compatible

O Built-in store - strobe input

Characteristics and uses

The Programmable Attenuator DPVP enables very accu-
rately defined attenuation values of between 0 and 139.9 dB
to be provided for 50-Q networks. lt can be used up to 1000

MHz.

Attenuation settings. The smallest attenuation step that
can be manually set or programmed is 0.1 dB. All setting
procedures are completed within 35 ms, even when switch-
ing from the lowest to the highest attenuation.

Programming, use in test systems. The DPVP is

designed for programming in the BDC code. When using the
Code Converter PCW, the Programmable Attenuator can be

connected to the IEC bus and thus hooked up to automatic
test systems; in this way, several DPVPS can be integrated in

a system.

Programmable Attenuator DPVP plus Code Converter PCW (for programm¡ng
via IEC bus)

Accuracy. The typical error of the individual attenuator
sections (steps) is about 0.02 dB for frequencies <100 MHz
and about 0.07 dB over the entire frequency range; a calibra-
tion table supplied with each instrument contains the refer-
ence values for seven frequencies. According to this table
the error is less than 0.02 dB per attenuator section.

PROGRAMMABLE ATTENUATORS 10

DPVP

Q no"oee *xwæ pRooRÂHrrERBÆ €rclterruro PRoGRÄM*8.E anExualon om

I l¡-g ,^.-I

Description

The Attenuator DPVP consists of 15 attenuator sections in

steps between 0.1 and 20 dB; the sections are switched into
the attenuation path by means of a decoder circuit using
noble-metal swivel contacts.

Switchover between manual and programmed operation is
performed by means of the programming plug.

Programming itself is in positive-logic BCD code with TTL-

compatible programming levels.

öö oJ t ¡,

f

Specifications

Frequency range
Attenuat¡on range .

Anenualion seülng

Programming ....

Sêttinglime....

Attenuator efror

VSWR
setting 0 dB .......

0.1 to9.9dB . .

10to 139.9 dB . .

Residual attenual¡on:
setling 0 dB .......

Characledslic impedance .

Perm¡ssible input power . .

Connectors
Nominal temperalure range
Power supply

Dimensions,weight .....

Ordering information

Orderdeslgnatlon. . ... . ...

0 to 1000 MHz
0 to 139.9 dB in smallest steps
of 0.1 dB
on lour decade switches,
manually or programmed
via 50-p¡n connector at rêar;
positivê logic, TÌL-comPatible,
BCD code, common strob€ ¡npul,
builÈ¡n store
<35 ms

see lext under a@uracy
(typ. total enor al 0.07 dB)

<0.06 dB <0.15 dB <0.6 dB

50r)
1W
N female
+10 to +40"C
1 1 5 I 125 I 220 I 235 V + 1 0%,
47 lo 440 Hz (33 VA max.)
484 mm x 150 mm x 336 mm, 16 kg

<1.085
<1.13

=1.O85

> Programmable Attenualor DPVP
214.8017.55

Accessorles supplled
1 power cable (2 m long); 50-p¡n connector lor programming inpul

Recommended exlras
tue converter Pcw 244.8015.92 with coding Board 245.2510.02
for programming acclrd¡ng to the IEC-bus standârd

0ó4.50n
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,lO JUNCTION BOXES

DVU 3

*Jcn

Three-port Junction Box DVU 3
I 0 to 1000 MHz
O Three-port junction box for splitting up into or combining two

channels with correct impedance matching
a Range of appl¡cation up to and above '1000 MHz
a VSWR with impedance matching <1.15

The Three-port Junction Box is equipped with three adapt-
able Dezifix-B or N female connectors. Matching is achieved
by Zl3 impedances in a star configuration.

Characteristic impedance 50 O, 60 O or 75 Q
Attenuation 6 dB
Max. load per input 1 W
Max. permissible pulse peak voltage 300 V
Dimensions 120 mm dia. x35 mm

Order designation

cc'ax¡al cornponGlnts¡

DVU 4

&

-Z
3

1

50-O model
60-Q model
75-O model
50-Q model,
3x N female, adaptable

Þ Three-port Junction Box
DVU 3
100.5203.50
100.5203.60
100.5203.70

'100.5203.03

Four-port Junction Box DVU 4
I 0 to 1500 MHz
O Four-port junction box for splitting up ¡nto or combining three

channels with correct impedance matching

O Application, e.g. for measurements on radiotelephone equipment
involving three signal generators

a VSWR with impedance matching <1.05 (up to 1 GHz),
< 1.3 (up to 1.5 GHz)

The Junction Box is a coaxial construction of four low-
reflection, precision Dezifix-B or N female connectors. The
matching is achieved by Zl2 impedances in a star conf igura-
tion. The Termination RMC or RNB is recommended for
terminating any outputs which are not used.

Characteristic impedance 50 C)

Attenuation 9.5 dB
Max. load per input 0.25 W
Max. permissible peak voltage 300 V
Dimensions 120 mm x 120 mm x 35 mm

Order designation . Þ Four-port Junction Box
DVU 4

Wth connectors
Dezifix B (adaptable) 201.4018.02
N female (adaptable) 201 .4018.03

DVS

Power Splitter/ Combiner DVS
I 0.1 to 400 MHz
O Distribution or combination of signals

(max. 1 W: 7 V into 50 O)
O High isolation between inputs (20 to 40 dB)

The attenuators used for decoupling when measurements
are made with several signal generators normally require a
high output voltage from the signal generators. This draw-
back can be overcome by using the Power Splitter/Combiner
DVS, which exhibits a low transmission loss (typical value:
3 dB), so that no additional attenuators ane required.

Characteristicimpedance .. . 50 O,
connectors: BNC female

Transmissionloss .. approx.3dB
lsolation between inputs . . . . 20 to 40 dB
Maximumcontinuousload .. 1 W : 7 Vinto 50 O
Dimensions 57 mm x 36 mm x 41 mm
Order designat¡on . Þ Power Splitter/

Combiner DVS
342.1014.50
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Connectors

Rohde & Schwarz measuring equipment is generally equip-
ped with the internationally used standard connectors.
Depending on the requirements (e.9. frequency range,
power-handling capacity, reflection characteristics), either N,

BNC or Dezifix connectors are used.

All older Rohde & Schwarz instruments fitted with adaptable
Dezifix A or B bases or with RF sockets 4/13 DIN 47284 can
be adapted to other connector systems by means of screw-in

Adapters Dezifix B to other systems

CONNECTORS 1o

assemblies or screw-in connectors and without the need for
any modifications to the instrument: this is the best solution,
ensuring minimum mismatch. ln many cases, satisfactory
performance is also achieved using the adapters shown
below as an economical way of connecting Rohde &

Schwarz instruments to those of other manufacturers fitted
with other connector systems.

The following table also shows the most frequently required
couplings, angle junctions and T connectors.

Dezifix A to other systems

ffisH
408.4467.00 408.4644.00

Dez. B/
Dez. A

Dez. Bl
Male N

Dez. Bl
Female N

408.4667.00

Male N/
Female BNC

1 18.2812.00

Dez, B /
Male BNC

431.0006.00

Dez. Bl
Female BNC

430.8503.00

Dez. Al
Male N

408.4521.00

Dez. Al
Female N

408.4538.00

Dez. Al
Female BNC
430.945',1.00

Adaptation of systems of other makes

ry+ g
ut

Screw-in
connector
Female 4/13
Female BNC

0 1 7.5975.00

Female 4/1A
Male BNC
408.4509.00

Male 4/131
Female BNC
408.4480.00

Male BNC/
Knurled
terminal

01 7.6736.00

Male BNC/
Dual knurled
terminal

01 7.6742.00

MM

U

=gM
@

Couplings/

N
Male/male

092.6581.00

Shortcircuits

and T connectors

H
N
Female/female

092.6700.00

Dezifix A

BNC
Female/female

0 1 7.6559.00

N
Male/female

01 8.4495.00

N
Female-f emale/male
01 8.4537.00

BNC
Female/female/
male

01 7.6588,O0

ffiu
Dezifix B N connector

01 7.8080.00

Most common RF connecting elements

408. 5028.00 408.4938.00 Blu€: R&S order¡ng numbers
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11 LCGIC MEASUREMENTS logic tesit equiprnent

Digital generators are required for activating (and, in con-
junction with logic analyzers, for analyzing) the examined
functions, e.g. in the development and testing of subassem-
blies requiring external control to become operative.

Like with analyzers, a difference is made between

O timing word generators and
O logic generators.

Timing word generators are used to examine the sequence of
events in digital circuits as a function of time at the maximum
data rate. Due to the high costs of data channels featuring a
high output rate, the number of channels used in timing word
generators is small. Nevertheless, these instruments are
expensive.

Logic generators are used in conjunction with logic state
analyzers to check logic functions of digital circuits. They
feature a great number of channels at a low price. They are
able to drive bidirectional bus systems and take over data
output functions of microprocessor circuits.

The combination of analyzer and generator forms practically
always the basic configuraiion of a digital test assembly. ln
addition, there are also measuring instruments, such as the
in-circuit emulator, which combine the functions of the analy-
zer and generator. Their use is, however, limited because
they requier to be controlled by a CPU.

Application examples: generator/analyzer

A typical example of the combination of logic generator and
logic analyzer is illustrated in the lefthand column: A test item
driven by a data and address bus is checked. The logic
generator controls the addressing, data entry and clock and
the analyzer records the data obtained from the item under
test.

ln this way, IEC-bus-compatible instruments permit an auto-
matic test system to be configured as an alternative to the
conventional digital test systems.

Digital measuring instruments - in particular logic generators

- are also useful for testing analog functional groups with a
digital interface. The diagram below shows how the analog
testing of a PLL is carried out with the aid of a logic generator
which is also able to supply control signals with a variable
data rate.

Oscil

fo

Logic measurements

The functioning of digital and analog circuits is basically
different.

ln the analog field, physical quanTities such as voltage and
current are handled. Thus analog measuring instruments
have to delect, evaluate and display primarily physical sig-
nals.

A completely different principle is used for digital measure-
ments.

The signal present and processed in the digital circuit is not
an analog quantity but a

logic combination of standardized physical states, for in-
stance 0 and 1.

Thus, irrespective of the function of the digital circuit, the
same electrical signal levels will always be used. For this
reason, digital circuits require special measuring instruments
which, are able to stimulate and analyze logic events.

Use of logic measuring instruments

B bits D0 to D7

Example lor combination of logic generator and logic analyzer (for text see
undêr application examples)

Lerqic measuring intruments can be classified into:

O logic analyzers
O digital generators (logic generators)
O combinations of analyzers and generators

The logic analyzer is at present most frequently used; there
are the two basic types, i.e. logic timing and logic state
analyzer.

The logic timing analyzer is especially suitable for accurate
examination of the timing of digital functions. lts sampling
frequency is high (at least 100 MHz) whereas the numþer of
channels is low. The memory should, however, have a
minimum capacity of 1000 words.

The logic state analyzer is used to detect and display the
sequence of complex digital events. lt has at least 32 chan-
nels and a low operating frequency (15 to 20 MHz) as well as
a wide range of triggering modes. Data can be displayed in
decoded form.

ro Y

Íl

IEC-bus
controller

Logic
Generator
IGA

Clock
driver

T3

T2

T1

lock

IEC bus

RD
WR

bits Data b

US6 bits
DBtoDl3

Data Clock

Logic analyzer

Test item

n.f

T1 f2

Lt

IGA

Clock

Memory

Trigger
pulse
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logic test equiprnent LOGIC ANALYZER SYSTEMS 11

System IMAS/IMAT: 
.modular matching of price

and performance

O Syslem configuration with independent logic
measuring instruments

a Separate use or system configuration for timing,
state or function analysis in pP circuits

a Master-slavetriggering
O IEC-bus-compatible

For details on individual
instruments see pages 302 ff

IMAT +
IMAS (below)

System characteristics

The Logic Analyzer System IMAS/IMAT offers an espe-
cially economical solution to the increasing number of meas-
urement tasks in the field of logic analysis.

Since the IMAS/IMAT assembly consists of independent
instruments, it can be used as an integrated system with
maximum measuring performance or split up yielding
separate test setups for tasks in the field of conventional
timing and ¡rP analysis. This double use enables flexible
adaptation of the instrumentation to the measurement prob-
lems to be solved. A special advantage is the possibility of
using first only one instrument depending on the specific task
on hand and adding the other one as soon as required. ln this
way the investment expenditure can be spread over the
years. The numþer of the two system components (i.e. IMAT
and IMAS) may vary so that the instrumentation pool is
adaptable to the specific applications.

As both separate use and system configuration are possible,
the two instruments are an especially economical solution
when procuring logic analyzers. Another advantage of using
two instruments is offered by the two screens where timing
and logic state display is possible simultaneously.

Measurement and display capabilities of IMAS/IMAT
system

IMAT for timing and logic state analysis
Logic Analyzer Uses: Tming analysis in ¡rP and digital

circuits, glitch detection or function analy-
sis of ¡rP and digital circuits

IMAT-82 (option)
Analog Recorder

IMAS
Logic State
Analyzer

IMAS-B1 (option)
Counter/
Signature
Analyzer

IMAS/IMAT
System
with Analog
Recorder
IMAT.82

for timing analysis of analog and hybrid
circuits

for logic state analysis
Uses: Function analysis of ¡rP and digital
circuits with high trigger intelligence and
excellent selectivity, ¡rP program analysis

for performance analysis of ¡.lP programs,
time measurement of digital functions

for simultenous timing and logic state
analysis
Uses: Simultaneous timing and function
analysis; timing analysis in ¡rP and digital
circuits as well as ¡rP programs with trig-
gering in the state domain; function analy-
sis with triggering by time events and on
glitches; timing analysis of analog and
hybrid circuits with triggering by logic or
program functions
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Synchron¡zing clock

.IMAS

State analys¡s

Data Clock
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11 LOGIC ANALYZER SYSTEMS logic Ëest equiprnent

System IMAS/IMAT
System description

Master
control

- slave
l¡ne F

Master-slave conlrol of timing and function analysis

The Logic Analyzer System IMAS/IMAT is based on the
principle of simultaneous timing and function analysis: Asyn-
chronous timing analysis with internal clock and synchronous
state analysis with external clock are performed separately in

two independent instruments at the same time. This simul-
taneous analysis establishes the relation between the logic
function and the timing of the function itself. The coordination
can be shown by inserting a synchronizing clock into the
timing display. Each clock identifies the point at which the
logic state analyzer has recorded a new logic state (see
righthand column, top). The synchronizing clock is available
at a BNC output on the rear panel of the IMAS and can be
applied to one of the data inputs on the IMAT (see diagram
above).

As the two types of measurement are performed at the same
time, it is possible to separate the analysis proper and
triggering, i.e. the time-domain analysis can be triggered by
logic states and vice versa. To this effect, bidirectional mas-
ter-slave control is used so that each analyzer can act either
as the master or the slave.

Control is performed such that, with its trigger condition
reached, the analyzer acting as the master delivers a control
signal which is processed by the slave analyzer(s). This
signal may either cause a direct start or be linked with
individual selectable trigger conditions of the slave analyzers.

Example of timing analysis with state-domain triggering and disassembler
display
Tming display range 4 Fs (400 sampling points wilh internal clock of 10 ns)
Logic state d¡splay range 16 ps (16 sampling points w¡th mean external clock of
1 us)

Advantages of master-slave operation

The master-slave configuration for timing and logic state
analysis obtainable with the Logic Analyzer System IMAS/
IMAT is considerably more powerful than conventional timing
and logic state analyzers which - although capable of per-
forming both types of analysis - cannot do this simultane-
ously.

Disadvantages of using a general-purpose analyzer for tim-
ing analysis with triggering in the time domain (see next
page, bottom):

- Complicated and lengthy definition of trigger conditions

- Triggering of nested events often impossible

- At high sampling rate only narrow time windows dis-
played

- Consecutive display of long trigger sequences thus not
possible

- Definition of trigger sequence in disassembler display
mode not possible

IMAS-
Takl
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WR
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CLK
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DO

Clock

UUT
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12345trttl
Samole oo¡nts
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logic test equiprnent LOGIC ANALYZER SYSTEMS 11

Disadvantages of using a general-purpose analyzer for logic
state analysis with triggering in the state domain:

- lnformation on test item timing not available

- lnformation on events between clocks not available

- Glitches not detected

- Triggering on time events impossible

These restrictions apply to all the general-purpose analyzers
capable of performing both timing and logic state analysis as
long as these two functions cannot be used simultaneously
and independently. lt is simultaneous timing and logic state
analysis that avoids all the disadvantages listed since the
results from the two domains are available at the same time
supplementing each other in a meaningful way. This holds for
the IMAS/IMAT combination featuring considerable merits:

Þ ïming analysis with extremely easy triggering on logic
states or program steps in the state domain

Þ Display of a wide function range despite the high resolu-
tion of timing analysis

Þ State and program analysis with triggering on glitches or
malfunctions in the time domain

Þ Simultaneous display of timing analysis and trigger se-
quence in the state domain thanks to two screens

Stimulation of test item

To expand the IMAS/ IMAT system, the Logic Generator IGA
is available for stimulation of the test item. lt delivers the data
and control signals required for timing and function analysis.
Moreover, the IGA can be used to control the analyzer
directly, which often simplifies triggering even further.

Example ol trigger¡ng ¡n the time domain with a 25-$s lrigger sequence and an
analyzer display range of 10 Fs (1000 sampling points at '1O-ns spacing)

Logic Generator IGA; for details see page 302

The configuration of IMAS/IMAT plus IGA constitutes a
complete digital test system which meets all the require-
ments of modern digital measurements. lt is an ideal tool for
rationalizing the development and testing of digital systems.

Condensed data of IMAS + IMAT

For the complete specificåt¡ons and ordering ¡nformation see under lhe
indiv¡dual ¡nslruments: IGA on page 302, lMATon page 308, IMAS on
page 314.

Masler-slave operatlon
Master-slavemode .... lMATand IMAS can be used either as master

or slave analy¿er
1

max. 5
any comb¡nat¡on of IMAT and IMAS possible

1 /|EEE 488)
484 mm

25t223t235 V +r0%,
47 to 63 Hz (385 VA)

Numberof channels . . . . . . . 6¿l = 16 timing and log¡c slate channels
(IMAT

48 log¡c state channels (IMAS)
Clockfrequency . . max. 100 MHz,timing analysis (IMAT)

max. 40 MHz,logic slate analysis (lMAÐ
max. 12.5 MHz,logic stale analysis (IMAS)

Memorydepth . .. 1000 words, timing and logic statê
analysis (IMAT)

250 words, log¡c state analysis (IMAS)
Triggerlevels 2 liming and state triggers

(rMAT)
16 slate lriggers (IMAS)

Numberofmaslers ... -

Numberolslaves ......
Combinat¡ons
Delay of master-slave
control ..
Remolecontrcl .......
Dimensions(WxHxD)
Weighl ..
AC supply .

-
I

,,!

Length of lrigger sequence

Width of displayed

CURS: 235 0R6: 206 CURS-0R6: +1.q5r¡5 EHPÊNo FR0H: A06

CLtlCK

60

HÊË: 10[ SCRN IilTU: 5.OOÉ
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11 LOGIC GENERATORS logic Ëest equiprnent

Logic Generator IGA 0 32 channels,
B MHz max. clock fre-
quency

O Programmable logic signal
generator including memory for
1024 words in TTL and CMOS
levels with battery backup

a Bit-serial data output with variable
word length and memory depth up
to'16,384 bits

O Control of bidirectional, bussed
systems

O Microprocessor-compatible due to
multi-clock output

O Large variety of accessories

O Option: cassette drive

O Waveform generation with analog
driver option

O Data storage on magnetic-tape cassettes (option)

O Module-oriented data management with symbolic names
and line numbers, fetching and outputting of bit patterns
simplified by plain-language names, data entry and varia-
tion by way of powerful editor

O Data format either binary, octal, decimal or hexadecimal

O Possibility of linking data sets to form module sequences
(with programmable pauses)

O Separate drivers with low-noise control of test items via
short lines

a 3-wire handshake (lEC bus) and 2-wire handshake

O Programming via IEC bus

O ln conjunction with Serial Data Driver IGA-29 (photos
below and on page 307), generation of bit-serial data,
two-channel operation with marker generation at any
position

IGA with Ser¡al Data Driver IGA-29 for bit-serial data generation (Îwo Serial
Data Dr¡vers can be connected simultaneously)

IGA

The Logic Generator IGA ist both a bit pattern generator
for analyzing logic signals and an information generator for
checking the control and setting capability of digital systems
(analog and engineering systems, too). lt consists of the
generator proper and plug-on drivers. ln contrast to conven-
tional word generators, the IGA is a general-purpose device
on account of the following characteristics and capabilities:

O Large storage capacity o1 1024 words, data retention due
to battery backup

a Tristate words programmable by channel groups for
stimulating bidirectional data lines

O Multi-clock output for four stroþe signals

O Sufficient number of data channels

Log¡c Generator IGA w¡th clock driver (includ¡ng driver adapter, cable and mini-
clips) and data driver

lEG62SElus

/-
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logic üesË equiprnent

Simplified generat¡on of bit patterns. Thanks to its great
ease of operation, the IGA permits bit pattern generation with
considerably less outlay. The editor functions and the cas-
sette drive atford completely new applications especially in

the development of digital circuits with reduced time and cost
factors. The IEC-bus interface makes the IGA system-
compatible.

Testing of bus-controlled functions. The IGA is espe-
cially suitable for stimulating microprocessorized systems in
its multi-clock mode and for functional testing of bussed
systems by programming tristate words in channel groups
(see diagrams below). ln contrast to the conventional data
and word generators, it thus covers all the applications
involved in the stimulation of digital circuits.

LOGIC GENERATORS 11

Technical details

Operation. The sloped keyboard which is divided into edit,
data and run sections permits convenient entry of the desired
bit patterns and activation of the data output. ln the display
section, the module name or line number appears on the left
and the data are read out on the right.

Data management. The IGA uses module-oriented data
management. A module consists of numbered data lines and
is stored under a selectable, symbolic name; a maximum of
25 modules can be stored. By addressing the line numbers or
calling up the module names, the data words or data blocks
(modules) can be easily output (see diagrams below), varied,
erased, duplicated, etc. By linking modules it is possible to
obtain module sequences (with pauses) which are assigned
a name of their own.

Data entry. The data can be entered in the binary, octal,
decimal or hexadecimal numerical system. The format
instruction permits the channels of the IGA to be divided into
a maximum of four groups, each being able to handle a
different numerical system. The kill instruction deletes entire
data words. A cursor enables individual figures to be
changed. To extend the existing data set, additional lines can
be inserted between lines previously entered.

Waveform generation. ln conjunction with the Analog
Driver Option IGA-21 1 , which contains a 12-bit D/A conver-
ter, the IGA can be used for generating any waveforms. lt is
of special advantage that the cassette drive can store these
waveforms. The Analog Driver Option considerably expands
the application range of the IGA: a single instrument is thus
able to produce bit-parallel, bit-serial and analog signals.

IEC bus

D¡gital functional test in multi-clock mode (using lGA, logic analyzer and process
controller)

bus

D0 lo D7

NDAC
, 

lrnìrnll

D¡ la
b u:l

Conl¡ol

*L
I

REN

tot

Tesl of IEC-bus l¡stener

Replacement of rigged-up generators. Thanks to the
programmability of its functions, the IGA can be adapted to
each measurement task without the need to resort to special,
test-item-oriented solutions, thus saving time and reducing
costs. Moreover, the use of a batch-produced instrument
reduces the risk of erroneous measurements (and thus
expensive down times). The risk of erroneous measurements
due to unsatisfactory data retention is high in digital
engineering. Here, in particular the variety of drivers avail-
able for the IGA (see photos on preceding page) offers a high
degree of safety.

Letl: data output of a
s¡ngle module (cycle
mode: single)

Bight: repet¡tive data
output of a sequence with
pauses (cycle mode:
repeat) Eild

PPq

Data
driver

Í'ata
divs

B

uala
driver

c

D¡r¡
Tesl ilenl

frtulr¡-
clæk
divø

IGA
Loqic ânalyzer

D¡rn C lr\ìk
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T4: typ. 105 ns lo 1.5 lß

Ts: lyp 45 ns
T6 nin. 60 ns

Data channels, adaptation. The IGA has 32 data chan-
nels and a storage capacity of 1024 words, thus enabling
long data sequences to be stored. Battery backup ensures
data retention if the IGA is switched off. Separate data drivers
permit the data outputs to be connected in groups of eight
channels to the test item (see righthand column). ln addition
to general-purpose drivers with adjustable levels (lGA-21 )
TTL drivers (lGA-24) are available. The driver adapters with
individual plug-on caþles are connected to the driver case so
that the test items can be easily changed. To permit low-
noise signal application, these cables are only 30 cm long
and can be plugged onto wire-wrap pins (0.8 mm). lC (dual-
in-line) adapters are supplied with the lGA. lC test clips and
mini-clips are available as accessories. The data output can
be clocked, single-stepped, single-shot and repetitive with
programmable, variable pauses (see diagrams above and on
page 303).

Programming of tr¡state words (see diagram below). For
driving bidirectional bussed systems, the data channels can
be switched in groups of eight lines from the active to the
high-impedance state during the output. At the end of the
data output, the channels can also be switched in groups to
high impedance. ln the tristate mode, the IGA can, for
instance, instruct a subassembly to transfer data and then

ïming diagram of data output (single module)

TTL Data Driver lcA-24 (top) and TTL Clock Driver lcA-Zs (botlom)

have its data lines go high impedance whereas the address
lines remain active. The DAV line continues to supply the
clock for the talking subassembly.

Example for ¡r¡e¡¿¡s rn66s (blue)
and multi-clock mode covering
several lines

TTL clock driver DAV

TTL nìult¡ clock driver

(insle¡d of

data díver ¡J)

r. 'Lì,' I - Ì r'

r¡!
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logic test equiprnent

Clock output, The IGA can be used with a built-in or an
external clock generator up to 8 MHz. ln addition, 3-wire
handshake (conesponding to source handshake in accord-
ance with IEC 625-1) and 2-wire handshake up to 1 MHz
(with TTL drivers) can be selected. lt is possible to set the
start and the width of the clock pulse. The Clock Driver IGA-
22has adjustable levels; the Clock Driver IGA-25 delivers
TTL levels. For the connection of the clock drivers see under
data channels. The clock dirvers can be used for frequencies
up to 3.5 MHz.

Generation of serial data. To generate bit-serial data, a
driver (lGA-29) is available (see page 307) serializing up to
16 data channels of the lGA. ln this way bit-serial data with
word lengths freely adjustable between 2 and 16 bits can be
produced. The available memory depth permits up to 16,384
bits to be stored depending on the word length. Data are
output with TIL levels. When using the external clock input,
the data rate can be increased to up to 30 MHz.

Multi-clock output. The stimulation of microprocessorized
systems is possible with the aid of the multi-clock driver (lGA-
26, see below; signal examples on preceding page, bottom)
delivering TTL levels. The driver provides data for four
channels and, in addition to the continuous clock signal, four
separately programmable strobe signals whose polarity can
be selected individually on the driver case. The number of
data channels available is thus reduced to 28. The multi-
clock driver must be used at low clock frequencies whereas

LOGIC GENERATORS 11

t(: (;l Nt ttA I ()tl ,GA 344 0()1t' ()2
4,"¡\

Hr.¡-r¡-¡-.-l- .Éå

Cassette compartment ol Cassette Dr¡ve Option IGA-82

at high clock frequencies (>3 MHz) strobe signals can be
defined directly as data segments. This however reduces the
memory capacity since at least three data words are required
for each strobe signal.

Cassette drive (option; for illustration see above). Two times
seven complete IGA memory contents, corresponding to the
capacity of the cassette, or individual data sets can be stored
on magnetic-tape cassettes (for instance for seüing up a bit
pattern library) and subsequently be read in again. ln this
way, the IGA can be used simultaneously for different tasks
without losing data.

IEC-bus interface. This option makes the IGA programm-
able to IEC 625-1 with the front-panel keys (see photo below)
and permits the logging of bit patterns on a printer. Moreover,
data patterns generated in a desktop computer can be
entered into the IGA via the IEC bus. ln this way, the IGA acts
as an intelligent, high-speed output interface for computers.

TïL Multi-clock Driver IGA-26

Assoc¡ation of program-
ming commands (blue)

w¡th front-panel keys
of IGA
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11 LOGIC GENERATOTS

IGA Specifications

logic test equ¡pffrent

Data memory
Storagecapac¡ly. .... .

Slorage t¡me (at +25 " C)

Data entry
Format .

Dala expansion and variat¡on

Number of storable modules
Display .

Data oulpul
Modes.....

Start and stop

Data drlvers (data signal outputs)
Numberof daladriversconnecled . .

Test-item adaption
General-purpose Dala Driver IGA-21

Channels
Levels ..

Low ....
High....

Fan-out(forhigh = 5V) ........
Capacitive loading

TTL Data Driver IGA-24
Channels
Level ...
Fan-out .

Perm¡ssibleoverloading ......
Conl¡nuousoverload¡ng ......

Rise and fall times

Serial Dala Dr¡ver IGA-29

Channels
Level ...

Wordlength...
Clock frequency

Control inputs
Extemalclock .. .

Ready . ... . ... .

Control oulputs
Bil synchronization

Connectors .. . ....
Tr¡slatewords......

Sw¡tchablechannels... .... ...
Maximum data channels availablå
whenusing tristalewords .......
End tristate

Control ... ..
Clock control
Modes......

lnternal clock .

Setling resolut¡on
Frequency error

Extemalclock
Aclive edge

Handshakê clock
Wait times

lnterval between end of one
cycle and beginning of next .

lntêrval between data blocks

32 channels w¡th 1024 words
approx. 6 months (battêry-butlered)

b¡nary, octal, decimal
or hexadecimal;
can be used simultaneously
¡n one data line
after letching the freêly selectable
symbolic modulê namè or a line
number; edilor-aided
max. 25
dale: 16 d¡g¡ts (7-segment ind¡cators),
module name and line number:
6 digits (LED matrix)

single-step/s¡ngle-shot/ repetit¡ve
with programmable, variable pauses
by keystroke or exlernal TTL level

4
see text on page 304

I
can be set on rear panet of IGA
<0.8 v
3to15V
1 slandard TTL load
<50 pF

I
TTL
1 0 standard TTL loads
-'l V/+6 V
simultaneous overload
on 2 channels max.
typ.30 ns (wilh 10 standard
TTL loads)
can be used ¡nstead of dala drivers A,
BandC,D
1 (2 outputs)
output 1: TTL
output 2: current loop
2 to 16 bits, adjustable
2 Hz lo I MHz for ¡ntemal clock,
0 to 30 MHz for external clock
w¡th the appropriate word length

TTL (negal¡ve log¡c)
TTL (posit¡ve logic)

TTL (negat¡ve logic),
bit association sw¡tchable
BNC

programmable for switching data
channels to high impedance ¡n every
line
8-bit groups

28

switching the data channels to high
impedance at the end of the output
inlernal or external

inlernal/external/2-wire handshake/
s-wire handshake (lEC 625-1 )'l Hz to I MHz
2 d¡gits
<0.1y.
0toBMHz
can be sel on rear panel of IGA
0tol MHz
programmable

0 to 60 s (resolution 1 ms)
'I to 60 s, can be disabled
(resolut¡on 0.1 s)

can be sel on rear panel of IGA
<0.8 v
3to 15V
1 standard TTL load
<50 pF

TTL Clock Dr¡ver IGA-25
Synchronous clock outputs
Level ...
Fan-out .

Asynchronous control lines
(for 2-wire and 3-wire
handshakBs)

TTL Multi-clock Dr¡ver IGA-26

DAvsignaloulpuls ......
Polarity .

Level ...
Fan-out .

Dala
of signal

DAV, inverted DAV
TTL
10 slandard TTL loads

DAV, NDAC, NRFD (resistorwiring as
per IEC 625-l)
can be connected to B and D instead
of a data driver
4; sêparately programmable
can be separately changed over
TTL
10 standard TTL loads
4 (same as on TTL data dr¡ver)

to data
widrh DAV signal

Controllnputsand outputs ... ... TTL lèvel

lnputs:
Start
Starl

Stop
Clock exl.
High Z

150 ns to 2.5 ¡rs I can be sel on
140 ns to 1.5 r¡s I rear panel ol IGA

_r-l_ start ol data oulput
starl ol data output
(¡nverted signal)
stop of data outpul
clock input
tristale

end ol data oulpul

Õn clock driver

on rear panel
ol IGA;
BNC

2 x 7 IGA memory contents

tEc 625-1
24-way (Amphenol)
T5 talker
L4 l¡stener
RLl remote/local
DC1 dev¡ce clear
DT1 device trigger
SRI service requesi

+5 lo +45"C
-20 to +70'C
100 I 120 I 220 I 240 V +'l Qo/o,

47 to 63 Hz (70 VA)
to DIN 5787s (VDE 087s):
RF suppress¡on N -12 dB
325 mm x 110 mm x 420 mm, 5 kg

IGA-82 . . 344.2916.02

Output:
End

Cassette Dríve IGA-82 (option)

Capacityolcassette ..... .....
Programm¡ng
Systom .

Conneclor
lntelace luncl¡ons

General data
Bated temperature range .

Storage temperalure range
AC supply

EMC

D¡mensions, weight

Ordering information

Orderdeslgnatlon.... . .. > Logic Generator IGA
344.001 s.04

Accessorles supplied
Dual-¡n-line adapter'14-way.. ..344.1234.00'16-way.. ..344.1240.00

20-way .. ..344.1257.00
24-way .. .. 344.1263.00
40-way.. ..344.127O.QO

Carry¡ng case, power cord

Oplions
Cassetle Drive
(including 6 cassettes 344.31 1 4.02)

Recommended êxtras
General-purpose Data Dr¡ver
General-purpose Clock Dr¡ver
Adapler .

TTL Data Driver
TTL Clock Dr¡ver
TTLMulti-clockDriver .. . . .

Mini-cassettes
SetolMini-clips(20)t) .. . . .

Serial Data Dr¡ver
lC tesl clips, dua!in-l¡ne, 14-way

16-way . .

zg-way ..
24-way ..
4Gway. .

Process Controller
Analog Driver

Clock drivers (clock signal outputs) for f <3.5 MHz
Test-item adaplation . . . . . . . . . . . . . see text page 304
General-purpose Clock Driver IGA-22

Synchronousclockoutputs . ..... DAV, inverted DAV
Levels ..

Low ....
H¡gh....

Fan-out (for high : 5 V) . .

Capacit¡ve loading
Asynchronous control lines
(for 2-w¡re and 3-w¡re
handshakes)

tGA-21
tGA-22
tGA-23
tGA-z4
tGA-25
tGA-26
tGA-27
rGA-28
rGA-29

344.3414.O2
344.351 4.02
344.3614.02
344.3714.02
344.3814.02
344.3914.02
344.31't4.02
344_1 905.02
344.314s.O2
099.5222.00
099.5239.00
099.5268.00
099.s245.00
099.s251.00
see page 19
356.8700.02

PUC. .

rGA-211
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logic Èest equiprnent'

Serial Data Driver IGA-Z9
O Generation of any bit pattern required
O Bit rate: 1 Hz to 10 MHz with internal clock

0 to 30 MHz with external clock
a Memory depth 16,384 bits o|1024 words
O Two-channel operation using two indepen-

dently programmable data drivers

t.ìel^,

ln conjunction with the Logic Generator lGA, the Serial Data
Driver IGA-29 permlts the generation of bit-serial data. This
considerably extends the application range of the IGA: Using
the same instrument, it is possible to produce bit-parallel data
with a word width of 32 bits and bit-serial data with a
maximum length of 16,384 bits.

Typical applications
O Digital data transmission equipment
o Digital switching systems
o Data terminals
O PCM systems, remote-control systems, data networks

Characteristics

The Serial Data Driver IGA-29 accepts bit-parallel data words
from the lGA, converts them into serial data and makes them
available at the clock frequency set on the IGA (1 to 10 MHz
when using the synthesizer incorporated in the IGA). The
external clock signal input is suitable for frequencies of up to
30 MHz.

The mocje control of the data output makes the data se-
quence available in the repeated or the single mode. For the
repeated output mode, pauses can be inserted.

Ext, clock

lnt. clock

Ready D Marker

- 
Bit-serial data 

-IGA plus Sor¡al Data Dr¡ver

D0 lo D7 DB to D 15 Clock

- 

Bit-parallel data

The data sequence is subdivided into words whose length
can be varied from 2 to 16 bits with a rotary switch. A greater
length can be obtained by combining several words.

A marker pulse available at a BNC output is produced in
parallel with each data word. A rotary switch determines the
bit position at which the marker appears within the word. The
data output can be interrupted at any time via a ready input.

LOGIC GENERATORS 11

IGA-29

Stop ...
ConnectlononlGA ...........

Genêral data
Rated/slorage temperature range
Dimonsions,weight ..........,
Ordsrdeslgnatlon............

16,384 bits or 1024 words
2 to 16 bits, adjustablo
1 Hz to 10 MHz w¡th inlemal clock,
0 to 30 MHz wllh extemal clock
max. 3 MHz x number ol bits per
word or 4 MHz with 2-bit words
and I MHz with 3-bit words

BNC connectors
TTL
drent loop (20 mA, sw¡tchable log¡c)
TTL, bit assignmenl sw¡tch-selectable
TTL

BNC connectors
TTL
TTL
on clock driver of IGA
on rear panel of IGA

instead ol dala drivers A, B and/or
C,D

+5 to +45"C/-20 to +70"C
155 mmx¿l{} mmx85 mm, 0.6 kg

> Serial Dâtâ Driver IGA-Z9
u4.3143.O2

Data output ist performed in parallel via 2 connectors, one
for TTL levels and the other for a 20-mA current loop. ln.
addition a clock output is available delivering a synchroniz-
ing clock for each bit with internal clocking.

Display, storage. Any serial data word can be displayed
on the readout of the IGA with a freely selectable format of up
to 16 parallel bits. Like the bitparallel data, the biþserial data
can be stored in modules. The editor permits modification,
duplication, insertion and erasure of data words or data
modules as well as linkage of several modules to obtain
module sequences.

The cassette drive makes it easy to store and load bit
patterns thus rationalizing considerably data generation and
management, Thus long data sequences can be produced.

Data pattern generation v¡a the IEC bus. The IGA is fitted
as standard with an IEC-bus interface and can thus be
hooked up to the Process Controller PUC (or other control-
lers). ln this way, both the automation of test sequences and
computer-aided data generation are possible.

Two-channel operation. Two Serial Data Drivers can be
connected simultaneously to the lGA. The data patterns of
the two drivers can be programmed independently so that at
the same time two bit-serial data channels with different
contents are available.

Specifications

Memorydgpth
Word length . .
Bitrate .. . ..

Oulpuls

Oata

,låISERIAL DA¡A DRIVER IGA.Z 9 344.3143.O2

S€rial Dala Dr¡ver
Data
driver

Data
driver

Clock
driver

Driv€r conn€ctors 

-

Ext.
clockA B C D Clock

Log¡c Generator IGA
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nclvtt

The IMAT is a general-purpose logic analyzer which stands
out for ease of operation, large-area display of measured
data and comprehensive measuring capabilities. Digital sig-
nals may be evaluated þoth in the timing and in the state
mode and, using the analog recorder option, analog signals
related to digital events can also be analyzed. Thus the Logic
Analyzer IMAT is suitable for use in the wide field of hybrid
systems handling analog and digital signals at the same
time. The counter/s¡gnature analyzer option extends the
Logic Analyzer for additional measurements on digital as well
as on analog circuits.

This makes the IMAT a general-purpose tool for circuit analy-
sis in development, production and servicing.

Operational setup, softkeys

The IMAT is set up with the aid of softkeys, i.e. softwaredri-
ven keys located immediately at the lower screen edge. The
current labelling of these I keys appears on the screen and is
adapted to the selected mode. This reduces the number of
panel controls and shortens the required setup procedure
such that the instrument is ready for use after an extremely
short time. Moreover, this safe method of prompting the
operator ensures that wrong settings are virtually avoided.

There is the special ad-
vantage that, in contrast
to the usual menu dis-
plays, the screen label-
Iing is located immedi-
ately above the key.

Softkey delail

Parallel to the selective softvvare setting, a monitor menu
yields information on the overall instrument setup.

logic test equ¡prrtenÈ

Operation, basic modes

A total of six basic modes can be selected on the IMAT, see
photo and detail below.

Mode select¡on on Logic Analyzer IMAT

For normal measurements on digital circuits,
the 16-channel configuration is used. Wth a
memory depth of 1000 words, this mode per-
mits sampling at an internal clock frequency
of 50 MHz or an external clock frequency of
40 MHz.

For accurate timing analysis, the 8-channel
configuration is used, the sampling rate being
100 MHz with a memory depth of 2000 words.

The 8-channel configuration plus glitch
detection perm¡ts optimum glitch analysis. ln
this case, I channels are sampled at 50 MHz
whereas the memory for the 8 remaining
channels is used as a glitch memory.

The analog recorder mode enables the di-
gitization and display of analog signals.

ln the counter/timer mode, the counter of
the IMAT is enabled.

Finally, the signature analysis mode permits
measurements up to 40 MHz.

I

I
I

lEG625Elus

:a.

I
È_

Fp
È
nt'-
j:

I

vü

t.- fi-l f -lzr¡Er Et wr
g
E
rgE

O Analysis of digital and hybrid cir-
cuits

a ïming and analog display

O 1000-word memory depth

O Link operalion

O Glitch display (down to r:5 ns)

O Analog waveform measurement
O Frequency and time measurement
O Signature analysis

IMAT Logic Analyzer IMAT I Sampling rate 100 MHz
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Setup memory

Another aid for operating the IMAT is the batery-supported
setup memory ensuring that ten complete setups are
retained even after the instrument has been switched off.
This memory proves to be particularly time-saving whenever
different entry modes have to be used in the course of one
measurement.

Adaptation

The Logic Analyzer IMAT is supplied with two timing probes,
each fitted with I inputs. The probes can þe connected to the
test item via exchangeable adapters whose other end is fitted
with push-on sleeves to accommodate R&S mini-clips; see
photo to the right. lf each probe is provided with its own
adapter, a rapid change of the test item is facilitated.

Glitch measurement

Glitch detection is one of the most important tasks when
analyzing digital circuits. The latch mode used by most logic
analyzers for this purpose is suitable only to a limited extent
since a data change between the individual clock edges can
be easily taken for normal data. ln the latch mode, glitches
are not displayed as such but represented as normal addi-
tional data.

ln contrast to this method, the lMAt uses a glitch memory
permitting glitches to be marked clearly and unmistakably in
the timing diagram (see below) in the basic B-channel glitch
measurement mode.

Clock signal

lnput data

LOGIC ANALYZERS 11

Logic Analyzer IMAT
plus tim¡ng probes A
and B, adapter and

push-on sleeves

.l'/-

sampling mo
No glitch dis

S

latch mode

Analysis
using IMAT d

( unambiguous )

Glitch display in latch mode and with IMAT gl¡tch memory

It is obvious at a glance whether the bit pattern measured
contains glitches. ln addition, there is the possibility of using
one channel at a time for glitch triggering.

Reference memory

The IMAT contains a reference (auxiliary) memory of the
same capacity as the main memory. The data from the main
memory can be transferred to the reference memory. For
comparing the two memories, special function sequences
can be recalled; see photo below.

For automatic troubleshooting, the HOLD mode ensures
that the analyzer automatically reads in new data until a
ditference between the main and the reference memory
causes it to stop.

Comparison of reference and setup memor¡es

Link operation

This capability is one of the most important characteristics of
the Logic Analyzer IMAT. ln the link mode, several analyzers
are combined via a link line.

Master-slave synchronization. This mode permits sev-
eral analyzers to be combined in a system. Thus the IMAT
can be hooked up to the Logic State Analyzer IMAS. For
further information see page 300.
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11 LOGIC ANALYZERS

IMAT Logic Analyzer

Timing display

The timing display covers a maximum of I channels; the
resolution can be increased by a magnification factor of up to
20. An additional scale shows the position of the window
(display range) in the main memory.

Various aids are provided to facilitate localizing and position-
ing of the selectable data ranges. Glitches are clearly marked
by vertical lines.

The IMAï features an extremely rapid display generation
permitting the data to be shifted and expanded with excep-
tionally high speed. For comparing the main and the refer-
ence memories, the IMAT calculates a correlation factor thus
marking the coincidence in the timing ranges. A cursor
enables time difference measurements. Ihe complete infor-
mation relevant for evaluation is displayed in text lines
parallel to the data display.

Clock setting Scale

logic Ëest equ¡prnent

Logic state display

To display the logic state data, the data stored in the Logic
Analyzer IMAT can be represented in the binary, decimal,
hexadecimal, octal and ASCII codes.

Logic state display of IMAT memory contents

Various techniques are available for moving the cursor and
the data. When comparing the main and the reference
memories, the difference mode permits deviations to be
rapidly localized.

Moreover, rapid information on the IMAT memory contents is

available since the instrument calculates and displays
characteristic signatures for the complete data contents.

Display range

?CnS CL0CK HÊGr 10li SCRH IllTUr ?,00p5
14 00Cursor

Channel
label

Beginning
of display
range
Window

Reference
position

BEN

CIJRS: 26? t]RE:

Change of
channels
displayed

A?

ltq:

R5

Ê4

R3

A?

ff1

RO

?5?
¡É@

EllPÊND FR0ll¡ 257

Scale
setting

Reference position

Hex dala
al cursor
localion

Binary data
at cursor
location

End
ol display
range

Expander
marker
location

0

0

0

1

0

I
0

0

33?riü lil

255 CURS-0RË: +24OnS

HRIH IIT},IORY

Cur-

Expander
marker
shift

ffiffi
sor

lnterval between
reference and cursor

Hard copy
ol timing display
on IMAT

û0r,,rN ijp

--- 3lROtL --- 5'il;'5ELICT ---
I]IilDII
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Triggering

The IMAT has two trigger levels (ARM and TRIG), which
consist of a data word and the linkage condition.

Setting the trigger linkage

Arming and triggering can be linked in various ways. ln this
way, even complex events can be localized. Moreover, a
programmable filter function is available for both arming
and triggering. The pretrigger function permits continuous
shitting into ranges before and after the triggering instant.
The trigger threshold of the probes can be programmed in
50-mV steps so that the measurement of ECL signals is also
possible. ln addition, a hysteresis can be added. The sample
or latch mode can be selected separately for each input
channel.

Analog /digital measurement
Analog recorder

The analog recorder option is a transient recorder which
accepts analog signals up to '10 MHz via a BNC input. For
this purpose, a 6-bit A/D converter with a maximum sampling
rate of 50 MHz and a 1000-word memory depth is used.

The input sens¡tivity, offset, couping and sampling frequency
are programmable. The test result is displayed as an analog
signal on the screen of the IMAT; see photo in the righthand
column.

The analog recorder can be started if an analog trigger
threshold is exceeded or by the digital trigger facility of the
IMAT. Thus analog measurements related in t¡me to digi-
tal events can be made. The analog recorder function can
also be used in the link mode for instance by way of a
microprocessor analyzer.

LOGIC ANALYZERS 11

Analog recording display on screen of IMAT

The analog recorder augments the IMAT from a pure digital
analyzer to a hybrid analyzing system. lt permits tþe analy-
sis of analog signals driven by digital circuits or micro-
processors as used in control systems and in general in

hybrid circuits. ln particular, transients can thus be measured
in the form of a dynamic response.

Counter/signature analyzer

The counter/timer option is also suitable for use in analyzing
digital and analog circuits. The following modes can be

selected: frequency measurement, period measurement,
event counting and time-interval measurement. The
occurrences counted can be either analog signals applied to
a BNC input or freely defined data words. ln this way, the
frequency and the time spacing of equal and different data
words can be measured with high accuracy. The limit fre-
quency for measuring data words is about 10 MHz whereas
analog signals can be measured up to 100 MHz.

The counter option of the IMAT also contains a signature
analyzerpermitting signature analysis up to a limitfrequency
of 40 MHz. ln addition to the characteristics common to

instruments of this type, lhe IMAT features the capability of

defining the start and stop condition by 16-bit data words.

This simplifies signature analysis of test items which do not

have any special connectors for controlling the signature

analysis.

The signatures are displayed both in the hexadecimal and in
the usual standard formats. The signalures are identified on
the screen by the appearance of the words STABLE or
UNSTABLE. The signatures are collecled by a normal osciF
loscope probe.

:tr-EùT --
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Basic operating modes

logic Ëest equ¡prnent

Mode

16 channels, logic analyzer

I channels, logic analyzer

I channels, glitch memory

Analog recorder

Counter/t¡mer

Signature analyzer

Additional technical data

Operallon.

Capacity of setup memory

lnputs ..

Data capturêd vla

2 timing probes

probe A

probe A

oscilloscope probe,
probes A+B for triggering

osc¡lloscope probe,
probes A+B for data word
measurement

oscilloscope probe,
probes A+B for start/stop

ïmlng Probes IMAT-zl
Numb€r of timing probes required

lnputs per probe

I softkeys
25 function keys
10 inslrument setups

16 dala inputs
(via Im¡ng Probes IMAT-Z1)

2 qualifier ¡npuls
1 link line ¡nput
1 extemal clock signal input

2 (1), depending on mode
I data ¡nputs
I qualifier input
1 clock signal input
each input is separately
connected to ground
100 ko ll 10 pF
+6.4 V
50 mV
+100 v
0.5 vÐ
0 or 200 mV (switcfi-selecled)

10 ms to 10 ns (8 channels)
10 ms lo 20 ns (16 channels)
1, 2, 5 sequence
+O.zYo

0 (DC) to 40 MHz
prob€ A
1

Glltch detectlon
Mode. . .

Min¡mum deteclable glitch
Gl¡tchmemory
Glitcñ d¡splay

Trlgger
Pretrigger

Number of trigger levels
Triggerwordlength...
Trigger logic

latci modê or glitch memory
5 ns with 0.25 V overdrive
1000x8 wilh 1000x8 data words
in "S.channel, gl¡tch-memory"
basic modê by ven¡cal l¡nes in üming
diagram

0 to 900 words (16
0 to 1800 words (8
2 (ARM and TRIG)
16 bits
tdggering on equality or
nonequality
1 to I clock ovents
0 to 999 cloc*s or arm evenls
triggering after n clocks,
b€fore n clocks, at n clocks
or at n events
displayed

a) forcombining with other analyzers
via link connector

b) for driving via extemal trigger
qual¡f¡er connector

c) tor drMng by analog recordêr
(intemal)

selectable for both ùiggêr levels

BNC female on rêar panel
TTL (b¡directional)

c,hannels)
channels)

ïrigger
Trigger
Modes

lilter. .

dêlay .

ot dêlay

lnput impedancô
Threshold setling

Resolul¡on
Max. inputvoltago
Min. input voltago
Hysloresis

Clock control
Sampl¡rE limg wilh intemalcontrol

Resolution of s€tting
Enorolclod(frequency . . . .....
trJtgmddod(lr€quency .......
'.'êmaldod(signalinput ......

ürock qualifier

Ilmlng of lnpüt channels
Skew...
Setupl¡me.
Holdtime.

llernorles
Datamemory ....

Reference memory

<5 ns (asynchronous)
<10 ns (synchronous)
5 ns (sync-hronous)

16x1ü)O word6 (50 MHz)
8x2m0 words (100 MHz)
8x1æO words (g¡¡tch mernory)

con€6ponds to data memory

Triggerstate ..

Llnk operatlon
Unk-up ......

Link conditions

Llnk connector
Lôvel ........

50 MHz asynchronous
40 MHz synchronous

100 MHz (asynchronous)

50 MHz (asynchron. only)

50 MHz
(10 MHz bandwidth)

100 MHz lor external signals
10 MHz for data words

40 MHz

Sampling rate

1000 words

2000 words

1 000 data words
1000 glitch words

1 000 words

Memory depth
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Trlgger qual¡fler (extemat)
Connèctor
lnput lêvel
Qualif¡er condit¡on

Dlsplay
Screen colour
Dimensions
Output for extemal display unit

Conneclor
Oulput voltage .

lmpedance

D¡splay modes

Coding lor dala d¡splay

Datâcompression. ...
ïmingdisplay.......
ïm¡ngcurcor.......

ïm¡ng magnificat¡on
Displayorder......

Analog recorder
Verlicalfofmal .....
Vertical resolul¡on . .

ïming magnification
Cursor..

Analog Recorder Option IMAT-B2

Levelresolut¡on . -.....
Sampling time
Setting .

Numberofchannels ....
lnput .. .

Connector
lnput¡mpedance .......
Mâx.inputlevel........
lnputsens¡tiv¡ty .. . . ... .

Bandwidth
Level measurement enor
Measurementrange ....
Resolutionof setl¡ng . .. .

Dlsplayrange ........
Modes ..
lnpul offsel

BNC femalo on rear panel
TTL
selectable for both trigger levels

green
23 cm d:agonal
composite video s¡gnals
BNC temale
-1 Vpp (EMF)
75Q

timing display,
data display,
analog display (optional)
hexadec¡mal, octal, dec¡mal,
b¡nary, ASCII
signatures lor groups of I channels
max. I channels simultaneously
indicates time, hex and b¡nary
values at the conesponding cursor
locâtion
lx,2x,5x, 10x,20x
selectable on keyboard

level display w¡th automatic scaling
6 bils
1 x, 2x, 5x, 10x, 20x
¡ndicates t¡me and vollage

6 b¡ts
l0 ms to 20 ns
l, 2, 5 sequence
I

osc¡lloscope probe (10x/1 x)
BNC female on rear panel
1 Mn ll30 pF
+200 v Dc
10 mV

Signature analyzer (included in Option IMAT-B1)

Slgnal measutemenl
Log¡c signals

Max. clock frequenry for
dala words

Analog s¡gnals
Frequency measurèmenl

Gaiet¡me
Period measuremenl . .

Measurement range

Measuremenl range
Resolulion .. . ... .

Evenl counting
Max-count.......
Measuringenor...

Algorithm
Display .

Probab¡l¡ty ot conect s¡gnature
Minimuni gate open lime . . . .

Minimum clocks required
for signature display

Tesl input

lmpedanc€
Setup time .

Hold time .

Max. input level

Conlrol ¡nputs
Setuplime.
Hold time .

Max. inpul lêvel
Staf andslopwords ........
Clock frêquency
M¡nimumpulsew¡dth .......
Edge select¡on

Programmlng

lntelace lunclions

General data

Ratedtemperalure range . . . .. .

Power supply

D¡mêns¡ons (W x H x D), weight

Ordering information

Orde¡designatlon.......

Accessories supplied

2 ïming Probes,
8b¡ts ........... IMAT-zl

2 Probe Adaplers,
Sbits ... ........ IMA]¿Z2

Power cable, carrying câse

Options

Analog Recorder
(including probe x 10) IMAT-B2
Counter/Signature Analf¿er
(including probe x10) IMAT-BI

Rgcommended extras
Set ol Mini-clips (20) IGA-28 .

Tðsl Generator
IMAT/|MAS........ IMAT-Z/
Extension Board
IMAT/IMAS. .. . .... |MAS-Z/
LogicGenerator .. . . lGA. ...

10 MHz

100 MHz wilh prescaler
10 MHz without prescaler

0.0fps to 10 s
25 MHz wilh prescalêr
2.5 MHz without prescaler
0-01 Fs to 10 s

0.2 ¡rs lo 10 s
1.00 ns

99.999.999 events
+O.O1Vo

16-bit standard
slandard fomat or
hexadec¡mal format
99.9987o
1 clock cycle

4

osc¡lloscope probe (10x/1 x)
BNC female connector
lMoll 30pF
15 ns with 0.2 V overdrive
0
+200 Vp

analy¿er dala, qualilier and clock
10 ns
5ns
+100 v
1 to 16 bits

0 (DC) to 40 MHz
20 ns
switch-selected

¡nlerface to IEC 6251,
24-way connector (Amphenol)
L4 listener
T5 talker
RLl remole/local
DC1 dev¡ce clear
SRI serv¡ce request

+5 to +45"C
1 1 5 I 1 25 I 220 I 235 V + 1 Oo/o,

47 to 63 Hz (230 VA)
470 mm x 206 mm x 484 mm,
18.5 kg

Logic Analyzer
3/'5.4014.O2

IMAT

3ø,5.7213.02

345.7313.O2

10 MHz (3
+5%; f <1

dB)
MHz

Malnmemorydepth...
Referênce memorydepth

Tr¡gger
Analog .

Digital . .

Sampl¡nglime....
Resolution of setting
Pretrigger.......

Counter/Tmer Option IMAT-B1

Modes

Slgnal appl¡cât¡on

Analog signals
Connector .

Setting ot switching threshold
Probe xl

Probêx1o-

5 mv/dlv to 10 v/d¡v
1, 2, 5 sequencê

I d¡visions
AC, DC, GND
adiustable up to 1 d¡splay range in
each direction

1000 words
1000 words

level and edge adiustable:

frequenry measurement,
period measurement,
time ¡nlerval measuremenl,
evenl cûunting

a) logic signals: via analyzer probes
and intemal word recognizer

b) analog signals: via oscilloscope
probe (1ox/l x)

BNC female on rear panel,
impêdance 1 MO Jl30 pF

-2.56 lo +2.S V,
resolution 20 mV
-25.6 to +25.4 V
résolr¡lion 200 mV

to

345.71 13.02

345.7013.02

344.1905.ü)

%5.7413.02

345.7913.02 (for servic¡ng)
344.0015.04 (32 channels)
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IMAS

nevl,

The Logic State Analyzer IMAS is part of the IMAS/IMAT
logic analyzer system and performs universal logic state
analysis. lt stands out for ease of operation, features a large
number of channels and is suitable both for analyzing micro-
processors and testing bussed systems and generalpurpose
logic circuits. The t6 trigger levels, numerous qualifier condi-
tions and several clock inputs make the IMAS ideal for
localizing complex logic and software functions.

The IMAS is an indispensable add-on for in-circuit emulators
since it makes possible microprocessor program analysis in

the original circuit under absolute real-time conditions. The
IMAS is combined with the 100-MHz Logic Analyzer IMAT
(see page 300) via the link line so that a complete logic
analyzer system is obtained enabling simultaneous timing
and logic state analysis.

This concept otfers all the measuring capabilities of a com-
bined general-purpose system making at the same time full
economical use of the two separate instruments since,

depending on the measurement task, the IMAS and
IMAT can be used as a combined system or indepen-
dent instruments

in ditferent test assemblies.

Softkey control,
monitor menu

The IMAS is mainly set up with the aid of eight softkeys
(sottware-and microprocessor-driven keys) located immedi-
ately at the lower screen edge; the screen labelling of the
sottkeys is automatically adapted to the selected mode. The
softkeys are driven by a microprocessor of their or¡rin simplify-
ing the operation of the IMAS so that the user can perform
complex measurements after a very brief period of familiari-
zation.

The softkeys considerably reduce the number of front-panel
controls and settings required.

Logic State Analyzer IMAS I 48 data channels
12.5-MHz clock

O 3 clock inputs

a l6lrlgger levels

O Reference and setup memories

O Signature analysis, event counting
O Serial data analysis and generation

O Disassemblers for 8- and 16-bit pro-
cessors

O Select¡ve read-in of data and instruc-
tions

a Frequency and time measuremenl

Trlgger sequence setting

Since only the keys required for the current mode are screen-
labelled, wrong settings are virtually eliminated.

Parallel to the selective softkey operating menu, a monitor
menu yields information on the overall instrument setup. ln
this way the settings performed can be permanently
checked.

Setup memory

To define the measurement task to be solved, the large
number of input channels and trigger levels may sometimes
require the entry of large amounts of data. For this purpose,
the battery-supported setup memory of the IMAS is an
essential aid enabling complex instrument setups to be
rapidly changed and retained even with the IMAS switched
otf.
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Basic modes

The IMAS combines the functions of five different instru-
ments and operates in the following basic modes as a

microprocessor analyzer
48-channel logic analyzer
serial data analyzer and generator
frequency counter and timer
signature analyzer

Microprocessor analyzer

The IMAS can be used for analyzing both 8-bit and 16-bit
microprocessors. With a memory depth of 250 words, the
maximum clock frequency is 12.5 MHz so that even the
latest-state-of-the-art microprocessors with high clock fre-
quencies can be tested. When analyzing 8-bit micropro-
cessors, 16 additional channels are available.

Basic menu for microprocsssor analysis

Adaptation

The Logic State Analyzer IMAS is adapted to the micropro-
cessor with the aid of the microprocessor probe (see photo,
righthand column, top) which is connected to the module
under test via a clip, A data probe with 16 data inputs and
exchangeable probe adapter is available for the 16 analyzer
channels. lt is easy to test ditferent types of microprocessor:
merely the dedicated microprocessor probe and a plug-in
ROM accomodating the disassembly program need to be
changed.

Selective read-in of program functions

When reading in the data to be analyzed, data reduction by
preselection is an etficient aid for simplifying the measure-
ment task and rapidly localizing program functions of interest.
For this purpose, the IMAS is fitted with trace selector
switches which, depending on the microprocessor type under
test, permit the selective read-in of program instructions,
storage commands, llO data, stack operations, program
branches, etc. Moreover, the data can be reduces further by
qualification with addresses and analyzer channels. lnput
selection is possible at two ORed levels, ln this way, a variety
of combinations can be used allowing for ample specification
of the selection criteria.

LOGIC ANALYZERS 11

Microprocessor Probe IMAS-86 w¡th selector switches

Triggering

The IMAS has 16 trigger levels so that even program
sections nested in several subroutines can þe traced. A
restart condition causes incorrect trigger sequences to be
terminated. Moreover, it is possible to select or suppress
trigger events using the selector switches on the micropro-
cessor probe, The analyzer channels can also be used for
defining the trigger conditions.

Display of program flow

The collected data can be displayed both as logic states and
as assembly instructions (see photo below).

The logic state can be displayed in hexadecimal, octal,
decimal, binary or ASCII format, When displaying assembler
instructions, the addresses are hexadecimal whereas the
data and analyzer-channel coding can be freely selected, A
search word function as well as numerous cursor positions
facilitate the localization of data within the memory. The
complete memory contents of the instrument are identitied by
three signature numbers so that the equality or nonequality of
data can be recognized at a glance.

Solêctlve assembler dlsplay ol program branchgs

a

ø ,.":i^:î***i,?:::::
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IMAS Logic State Analyzer

48-channel logic analyzer

ln this mode, all the 48 data channels of the IMAS are
available for universal logic analysis. The channels can be
subdivided into six groups with freely selectable length and
coding. Adaptation is performed via three data probes each
provided with '16 data channels, two qualifier inputs and one
clock input. Thus altogether three clock inputs are available
for the analysis of multiphase clock systems. Whereas one of
the clock inputs is used as the master clock for transferring all
the data to the memory, the two remaining clock inputs are
taken to the latch where the data of the associated data
channels are stored until the master clock signal appears.

Basic menu ol 48-channel logic analyzer

Triggering

There are 16 tr¡gger levels, each with a 48-bit data word,
seven qualifier inputs and one link input. ln addition, one of
five delay conditions can be defined for each trigger level. A
restart word enables the trigger sequence to be started
anew.

State display

The data collected by the IMAS on the 48 data channels can
be displayed in the same format (binary, hexadecimal, octal
or ASCII) or in mixed format with a maximum of s¡x groups
corresponding to those previously selected for the input
channels. The search word and the cursor positioning func-
tion are available just as with microprocessor analysis.

Reference memory

The IMAS contains a reference memory of the same size as
the main memory. For comparing the two memories, a differ-
ence function is available. ln the hold mode an automatic
comparison is performed, the IMAS reading in new data until
a difference between the main and the reference memory
causes ¡t to stop.

logic tes¡t equ¡pfftent

Logic state d¡splay

System operation

The LINK connector of the IMAS permits the instrument to be
combined with the Logic Analyzer IMAT via a coaxial cable.
ln the link mode, master-slave synchronization is possible,
the IMAS driving a logic timing analyzer, i.e. the IMAT; for
more information see page 300.

Combined timing and state analysis offers decisive advan-
tages in the performance of measurements:

o Considerably simplified timing analysis since triggering of
the timing analysis is performed in the state domain (e.9.
at pP program steps). The analysis of a ¡rP program step
with triggering in the time domain is often difficult or
impossible.

o Safe location of timing errors in functional and program
flows. Triggering is performed in the time domain to
determine timing errors whereas state-domain analysis
records the function at the moment of the timing error.

Serial data analyzer and generator

When using the optional Serial lnterface Probe IMAS-82, the
IMAS is suitable for analyzing serial data interface systems to
standard RS 232. The IMAS then functions both as a data
analyzer and a data generator. lt is thus able to test all the
functions of this interface and the current-loop interface in

both directions. Selector switches on the IMAS-B2 option
permit all the important parameters, such as the baud rate
(50 to 19,200), parity and word length, to be set. The 48-
channel analyzer function is used for data evaluation. \Mth
the ASCII format selected, the analyzed information can be
displayed in plain text.

A separate generator menu capable of producing a total of
250 data words is used for data generation. Since the IMAS-
82 option uses only 16 analyzer channels, the remaining 32
channels are available for bit-parallel entry of data during the
analysis. This enables the data transfer to be checked simul-
taneously at the bit-parallel end.
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Frequency counter and timer

The optional Counter/Signature Analyzer IMAS-81 permits

the sequence of digital events to be measured in the
frequency and the time domain,

the frequency of data words to be determined (event
counting) and

the time spacing of equal and different digital events to be
measured (time difference measurement).

These characteristics are of special importance for micro-
processor program analysis enabling the timing of programs
to be checked. All the data and qualifier channels can be
used for determining digital events so that a maximum of 56
bits per word is available. The maximum clock frequency is
10 MHz.

The counter can also be used for measuring analog events,
For this purpose, a test input is provided, handling signals up
to 100 MHz.

Screen
labelling

FORMT:

LOGIC ANALYZERS 11

Signature analyzer

The counter option of the IMAS includes the function of a
signature analyzer which can be used up to the limit fre-
quency of 40 MHz. The signatures can be displayed in the
hexadecimal and the usual standard formats. They are iden-
tified on the screen by the appearance of the words STABLE
or UNSTABLE,

The IMAS offers the advantage that the start and stop
conditions can be defined by data words with a maximum
length of 56 bits. Thus signature analysis is possible on
programs under execution which do not feature any defined
start/stop bit.

¡rP
coding

¡P
format

æ
-¡{l{xt{{x xx
-XXXXIIX XX

-xt{xl{xx xx
-NXXI{XX XX

Logic probe
formal

ÊFÏER OOO2 CLOCKS

fioT t}il 0005 cLocKs
0ccuRs 0030 nHEs

Restart
sett¡ng

Pretrigger
setting

Logic probe
coding

Pretr¡gger

Delay
conditions

Link qualifier
Probe qualifier

Selector
switch

Trace mode
specification

Restart
function

]RâCE 1:

0ß 2:
PRT-AI:
RESÏRRT:

IRIÊ6ER:

=-Ea***58æ¡@rE@EEÐ E
0122 8xr{l{ t{8 tX Xf -X}{},|X'{X X

Ð
E loRDs

23?9 ctLL 0N lix Xr{ -l{xxl{,{x xx

@ffi8il
Tr¡gger
sequence

Trigger

Format
setting

Combination with Logic Generator IGA

The combination IMAS/IGA yields a complete logic test
assembly which, with its 32 generator and 48 analyzer chan-
nels, is a convenient tool for performance checking on digital
subassemblies. ln this test assembly, the IGA is the master
controlling the read-in procedure of the IMAS. Since both
instruments are IEO-bus-programmable, a fully automatic
digital test system is obtained when adding the Process
Controller PUC.

pP
pP

¡rP ffiGffiffiffiffiffiffi

t{x l{t{ NX

l{}t )l}t 88

t{x xl{ t{x
llf ltl( xN

12¿X XXXX

tHtlt 8x,{ll }il{NX

liltil 0101 }ixl(x

I}IEil FFFF O1O1

0
1

?
3

address
status
data

Logic
probe
trigger

Trace mode

1 setting 2

Trigger
setting

Programming

The Logic State Analyzer IMAS is fitted with an IEC-bus
connector (24-pole Amphenol) via which all the functions of
the instrument can be set and the analyzed data can be
output. Additional system control commands permit the dis-
play to be modified. Thus the IMAS is ideal for use in

automatic test systems.
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IMAS Basic operating modes

logic test equ¡pfftent

Modê

Microprocessor analyzer

48-channel logic analyzer

Serial dala analyzer
and generator

Frequency counter/limer

Signature analyzer

Additional technical data

Basic operating mode:
Microprocessor analyzer

Datacollectlon/connêcto¡.. .... . via
'I microprocessor probe
(dedicated, so6 oplions),
1') Data Probe IMAS-Z1

Basic operating mode:
48-channel logic analyzer

Dala colloctlon/conneclor

Numberof datachannels . .

Dat¡ Probo IMAS-ZI
Number of inpuls

lnput lmpsdance or cunent
Sðtting rango ol
tr¡gger lhroshold

Edgo ...
Max. inpulvoltage... ....
Min.inputvoltage .......
Clock rlgnal
Numbsr ol clock inputs . . .

Clock lrequency
M¡nimum pulsew¡dth . ...
Number of clock qualil¡or
words . .

Word width
Selup time lor input dala . .

Hold time .

Clock oulput

Memory depth
Mainmomory .......
Rôforsncymemory ...
Trlggar
Protr¡g9er
Number of trigger levels
lrlggerwordwidth .. .

Trigger qualifier inpuls

Tr¡ggor logic

Trigger dolay
Delay modos

comparlson trigger . .

Trigger rostart function

Triggerstale ..... . .

Numbar ot additional
analyzerchannels. . .

Clock qualifier inpuls .

Trigger qualllier inputs

Clockfrôquoncy ....
Sslectlve road-ln
(dopondingon FP) . .

Simultaneously otf ectivê
selectionlevels .......

(see 48-channel logic analyzêr)

16)
2 on dala probô'),
1 on rear panel
2 on data probe'),
2 on rear panel
max. 12.5 MHz

program ¡nslructions,
program branches,
l/O data,
momory data,
stack operations,
undel¡ned program instruclions,
addit¡onal qualificalion by
addrôssos, data and analyzer
channels

2 (OREd)

Data captured via

1 trP probe +1 data probe
1 [P probe

3 data probes

ser¡al interface probe at
B5-232-C intelace
+2 data probes

data probes for log¡c signals;
oscilloscope probe for
analog signals

data probes for data,
qualif¡ers and clock;
oscilloscope probe

via 3 Dâta Probes
IMAS.Zl
48

1ô data channols,
2 qual¡lior inpuls,
1 clock input
44 kO ll 15 pF or 20 !rA")

+6Val44kOor+3V
at 20 uA")
swltch-selectgd on IMAS-Z1
+20 V at 44 kn or +10 V
at 20 FA")
0.5 vep

3
OC to 12.5 MHz
20 ns

2 (ORed)
55 bits
20 ns
0ns
for qual¡f¡êd clock
signals; BNC femalo
connector, TTL level

250 words
250 words

0 to 249 words
16
48 bits
6 on data probes,
2 on rêar panol
triggêring on equality
or nonequality
0 to 9,999 clocks or êvenls
triggering
after n clocks,
not afl€r n clocks,
before n clocks,
at n clocks;
at n evonts
displayed il main
memory not equal to
relorence momory
48-b¡t dala word,
I qual¡fiôr conditlons
display€d

Soloctlvosupprosslon ..... . .... samo as ssloctive
road-¡n, however,
wllhout additional
qualificat¡on by addressês and dala

Numbarof triggerlevels .......... 16
Solêctivôkigger¡ng ...... sameasselectivo

road-in, however,
indôpôndent ol read-in modg

ïmo, tims-dilference mgasure-
monl and evant counling of
pP lunctions . . . using option IMAS-BÍ
Furlher charactôristics corresponding lo 4S.channel logic analyzer

Mlcroprocessor p¡ogram dlsplay
Slate dlsplay . . . seo 4E.channol logic analyzêr
Coding:addressos ...... hexadscimal

othordata ... . .. freely soloctable

Dlsaasomblsd dlsplay
Display of program flows in assembler language depending on micro-
proc€ssor type

') With 8-bìt pPs only.
") 20-FA moda for hlgh-impedance circuits (can ba selected on probô case

for data and qualllier inputs).

12.5 MHz

12.5 MHz

baud rate: 50 to 19,200

12.5 NlHz

10 MHz
100 MHz ext.

Sampling or measu¡ement rale

16 for 8-bit-pP
0 for 16-birpP

48

Add¡tlonal analyzer
channels

'16

16

16

Trigger
levels
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Basic operating mode:
Serial data analyzer and generator

Datå collecllon/conneclor v¡a Serial lnterface Probe
IMAS.82,
inlerlac€s (sw¡lch-selecled) :

a) RS 232 C,
b) 20 mA (cunent loop);
connector: 2s-pole Cannon,

male and female

Serlal data analysls
Baud rate 50 to 19,200;

eliternal clock selectable
5 to I bits, selectable
I to 2 bits, swilch-selecied
evên/odd, switch-selected
250 words
hexadec¡mal, octal, decimal,
b¡nary, ASCII:
can be separately set for dala
and conlrol characle¡s

Sellal data generallon
Dataentryformat ....... hexadec¡maloroctal
Modes . . ...... single-shot or recurrenl
For further data see serial dala analysis

Basic operating mode:
Frequency counter and timer (Option IMAS-B1)

LOGIC ANALYZERS 11

Data character length
Stopcharacter ....
Par¡tychecktor ....
Memorydepth.....
Displayformal .....

Modes

Slgnal collection

Analog signals
Connector

Setting of switching threshold
Probe (l x)

Probe (10x)

Slgnal measurement
Log¡c signals

Max. clock frequency lor
dala words .

Word widlh
Analog signals

Frequency measurement

Gatetime.......
Period measurement

Measurement range

Measurement range
Resolution.......
Event counting

Max.count.....
Measuring error .

Algorilhm
D¡splay .

Probability of
conectsignature.... ...
M¡n¡mum gate open lime
Minimum clocks ¡equired
forsignaturedisplay . . ..
Test lnpul

lmpedance
Setup l¡me .

Hold time .

Max. ¡npul levêl

frequency measurement,
period measurement,
lime-inlerval measurement,
evenl count¡ng

a) log¡c signals: via analyzer probes
and ¡ntemal word recognizer

b) analog signals: v¡a oscilloscope
probe (10x/1 x)

Conlrollnpuls....

Selupt¡me........
Hold t¡me .

Max.inpullevel ....
Start and stop words
Clockfrequency ...
M¡nimum pulsewidth
Edge ...

Display

On IMAS .

Oulput for extemal display un¡l
Conneclor
Output EMF .

lmpêdance

Programming

Syslem .

lnterface functions

General data

Ratedtemperalurerange .... ..
Power supply

D¡mensions (W x H x D), weight

Ordering information

Order deslgnation

Accessor¡es supplied
3 Dala Probes, 16 bits . . . . .

3 ProbeAdapters, 16 bits . . .

Power cord, carying case

Oplions

Counter/Signature Analyzer
Serial lnterfaceProbe .... ..
8080 Microprocessor Probe .

8085 Microprocessor Probe .

808ô M¡croprocessor Probe .

280 M¡croprocessor Probe . .

6800 Microprocessor Probe .

6809e Microprocossor Probe
8088 Microprocessor Probe .

Rscommended exttas
Sêtof m¡n¡-clips(2o) . ... . ..
Têst Generator IMAT/IMAS .

Exlension Board IMAT/IMAS
(lor serv¡cing)

Recommended syslem lnstrumenls
LogicAnalyzerlMAT ......
Logic Generator IGA (32 channels) . . .

Process Controller PUC. . . .

+ Keyboard

analyzer data,
qual¡fier and clock
20 ns
0ns
+20 v
I to 56 b¡ls
0 (DC) to 12.5 MHz
20 ns
switch-selêcted

CRT,
23 cm diagonal
composile v¡deo signal
BNC lemale
1 Vpp
75cl

interface lo IEC 625-l and
|EEE 488,
24-pole connector (Amphenol)
L4 l¡stener
T5 talker
RL1 remole/local
DCI device clear

+5 lo +45"C
100 t 120t 220 I 240 V + 1 0%,
47 to 63 Hz (155 VA)
470 mm x 198 mm x 484 mm,
18.5 kg

> Logic State Analyzer IMAS
345.5510.02

BNC female on rear
impedance 1 MO ll

-2.56 to +2.54 V,
resolution 20 mV

-25.6 to +25.4 V,
resolut¡on 200 mV

panel,
30 pF

Basic operating mode:
Signature analyzer (Option IMAS-81 )

10 MHz
56 bits

100 MHz w¡th prescaler,
10 MHz w¡thout prescaler

0.01 trs to 10 s
25 MHz with prescaler
2.5 MHz w¡thoul prescaler
0.01 trs lo 10 s

0.2 $s to 10 s
'100 ns

99.999.999 events
+0.0't %

1 6-bit standard
slandard or
hexadecimal lormat

IMAS.Zl
IMAS-22

345.7713.O2
345.7813.02

345.7613.O2
356.62 t 3.02
356.6413.02
356.6613.02
356.6813.02
356.71 1 0.02
35ô.731 0.02
35ô.751 0.02
356.761 0.02

344.1 905.00
345.7413.02

IMAS.Bl
IMAS-82
IMAS-83
IMAS-84
IMAS-85
IMAS.B6
IMAS.BT
IMAS-88
IMAS.B9

tGA-28.
IMAT.ZT

|MAS-Z7 ..... 345.7913.02

345.401 4.02
344.001 5.04
344.8900.1 0
s. page 19

99.9980/.
1 clock cycle

4

oscilloscope probe (t0x/1 x),
BNC lemale connoclor
lMoll 30pF
15 ns w¡th 0.2 V overdr¡ve
0ns
+200 Vp
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îE OVERVIEW

Power supplies

The wide Rohde & Schwarz line of power supplies, covering
several hundred different models, comprises the following
main groups:

a) Bench models with output powers up to 350 W - nine
type series with a total of 26 basic models

b) 19" models with output powers up to 2000 W - two
type series with a total of 29 basic models

c) Programmable power supplies (lEC 625-1/IEEE 488)

- two type series with a total of 20 basic models

Beyond these, a programmable voltage source for IEC-

bus systems is available. lt has two independent outputs and
its output voltages can be programmed manually or by a
controller.

This product line is being cont¡nuously expanded and

adapted to the state of the art (please specify requirements
not covered by the program listed).

The table below includes the complete line from which the

appropriate type can be selected to meet the maximum
voltage and current requirements.

Complete line of power supplies

Blue seclion: group a), bench models up to 350 W; lor specifications see page

324.

poìrver suppl¡cls¡

The power supplies of group a) appear in the blue section.
For more details on this group see the table on page 324
where the different types are listed in alphabetical order.

The power supplies of group b) are listed in the white
section. For details see page 327.

The power supplies of group c) and the programmable

voltage source are described in full on their own pages.

Common features

lf higher currents or voltages are required, all power supplies

can be parallel- or series-connected. Protecting diodes

ensure that no hazards are created by such connections'

Most of the models feature overvoltage protection to coun-

teract accidental voltage surges (e.9. in case of malopera-

tion). For exceptions see tables and specifications.

Wh¡te seclion: groups b) and c), high-output power supplies up to 2000 W and
programmable 19" power supplies; for spec¡fications see from page 328 on-
wards.

80

60

40

30

20

15

10

8

4

3

2

1

0.8

trb

0.4

0.3

o.2

o1

Max¡mum
current

NGRE

NGRE

NGRE

NGRE

NGT

6 7,5 I 10 tc

Maximum settable voltage in V

16lrolrtlrolrtltu 40 50 70
| 

,oo I 280 I 300

tl]¡A

l$vl

NreFr'

NGRE

NGRE

NGRE

NGRE

NIGFE

N¡GFE

N¡GFE

NIGflE.

Ì\GA

NIGI(

tw\,,l

I.¡GAS NGP/

NJCP/

tGr
l.¡GT

NÍ3FE

NGfiE

NIGFE

Nffi
NCRE

Ntcffi rwAs

NIGAS

Ì.CC

f\rcRj

f\,GA

I'lG(

NG¡ú/D

Ì{G-lr

NGPV

NGP/

NGFE

NGFE

l.lGÊE

NreFE

NCFE

Ì\ERJ

NNFJ

Nrc
NIGflJ

NEB

NGA ÀrcF/

r€(

NGf\n

IIGFE

fffE
NCFE

NCFE

l.lGF|'J i

¡EP,r

Ì€(
¡\Gf\¡

Ne/

NNP'/
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General features and definitions

All power supplles of the R&S line are electrically designed to
offer essentially the same qualitative features: floating
outputs, permissible test voltage of the outputs to chassis or
ground - or with dual or triple power supplies to one another -
1000 v.

Operating temperature range -10 to +40.C (NGPV:
+50'C). Panel engravings German and English. power
cable is supplied.

All models comply with VDE 041 1, safety class 1, and are
designed for operation Írom 2201110 V AC. Units of type
series NGRE and NGC are supplied for voltages differing
lrom 220 V on request only, but without increase in price.

Setting of voltage and current starts from a threshold near
zero. The rated values of voltage and current are the max-
imum settable levels. Almost all types of this line are con-
stant-voltage/constant-current power supplies, meaning that
they can þe used as current regulators.

open
c ircu it constant-voltage reg¡on

OVERVIEW Te

Vrated

lrated

AV

r l0-3
rated

Trans¡ent
response
time t,
following
step change
¡n load

tr

t+

The series NGA and NGAS and the triple supplies NGT and
NGL incorporate current limiting which can be continuously
adjusted to any value betvyeen zero and the rated current. ln
the NGAS series current limiting can be adjusted to 1,5 times
rating (see page 325).

Mode indication. Pilot lamps or LEDs indicate whether the
unit is operating in the constant-voltage/constant-current
mode or whether current limiting takes place.

Internal impedance is specified in the table to describe the
effect of load variations on the output quantiy. For example,
with constant-current operation of a 100 V/1 A unit, the
specified internal impedance of 30 kQ implies that a load
variation from 0 to 100 O at a nominal current of 1 A causes a
current deviation of 3 mA or 0.3T".

Transient response time t,. The value specified refers to a
sudden change from open circuit to full loading w¡th constant-
voltage operation. After t, the output voltage is again within
tolerance. ln constant-current operation tr strongly depends
on the load (<100 ¡rs to 1 s).

Lead-resistance compensation (remote sensing). Wth the
models of >70 W output power, the voltage drop which
varies with the load current on the lead can be corrected, if
separate sensor leads are connecled to the terminals of the
load. A variation of 0.5 V (1 V with NGPV) on the plus and
minus leads can be compensated for.

Use of
sensing leads
to compensate for
supplylead
voltage drops

Remote control. The NGRE power supplies can be equip-
ped for remote control on request. The NGRU units can be
remote-controlled through external analog voltages. NGRE
page 328, NGRU page 326.

Programming. The power supplies NGPS, NGPV and
NGPU are suitable both for manual operation and for conlrol
via the IEC bus, i.e. for integration in automatic test assem-
blies; for details see page 330 ff.

Gooling. The supplies cannot be damaged by thermal
overloading. The models of..the NGM, NGK, NGMD, NGT,
NGL, NGRU and NGPS seriés-ñave rear-mounted convec-
tional heatsinks. ln the units with higher output power rating,
a two-stage thermostat-controlled cooling fan is used. At low
demands the fan is scarcely noticeable; only when high
output is reguired is it switched fully on. The fans are driven
by quiet, maintenance-free motors.

Overvoltage protection. To provide protection against
undesirably high voltages caused by misuse or faults, the
power supplies are fitted with independent crow-bar circuits
with an adjustable operating thresthold (for exceptions see
table). An external overvoltage protection unit is availabe:
> NG-24, 5 to 100 V/10 A Order No. 100.5109.02

Voltage-currenl
characteristic
for combined
constant-voltage/
constant-current
power supplies

consta nt-
urrent region

shortc ¡rcu¡t

\r

lEC62SElus

323



îE BENCH MODELS UP TO 350 W

Power supplies for up to about 350 W' compact bench models

Units for higher power (up to about 2000 W) on page 328

potvet. suppl¡es

2 3 54

:l-.: llã f
a€: €
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*1:i-.td
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NGM

NGK 15
35
70

280

NGM 7.5
15
35
70

280

NGA, NGAS NGK NGRU NGB

7 I

NGT

: t ,¡¡_tl! r,9l

ú¡lÌ}".- -Ll -1.- t
ú'l€.¿

,. .4.

åe

'.{.:

þ
a ï

NGMD

Type

Single Power Supplies

NGA 7.5
15
35
70

NGAS 16
32

32t10

289.851 4.02
289.8520.02
1 92.0803.04

0.1 to
0.1 to
0.1 to

NGL

to 7.5
to 15
lo 35
to 70
to 280

0.2 to 15
0.1 to I
0.05 to 4
0.025 lo 2

0.01 to 4
0.01 to 2
0.01 to'l
0.002 to 0.2

D¡mên-
s¡ons
wH/D),
we¡ght

mm/kg

129x172
x330/8

7.5
15
35
70

to
to
to
to

0.02 to 1 0
0.01 to 5

to 32
to 70

0.01
0.01

117.7210.90
117.7227.90

32
70

0.01 to 15
0.01 to 35
0.01 to 70
0.01 to 280

0.01
0.01
0.01
0.01

10 (15)
5 (7.5)
10 (15)

'192.0010.02
192.00 1 0.03
192.001 0.04
1 92.001 0.05

1 92.0003.02
'192.0003.03

1 92.0003.04
1 92.0003.05

0.01 to 16
0.01 to 32
0.01 to 32

129x172
x330/8

190x172
x330/ 1 0

190x172
x27818

4NGB

ã

117.7110.12
117 .7110.13
117.7'110.14
117.7110.15
1 1 7.71 10.06

192.0210.03
192.0210.05
192.0210.08

0.01 to 4
0.01 to 2
0.01 to .1

0.01 to 0.5
0.002 to 0.1

0.01
0.01
0.01
0.01
0.01

95x172
x27814

'190x 180
x330/9

190x172
x278lg

4NGRU

't00

35
50

0.01 to 35
0.01 to 50
0.01 to 100

to 10
to5
to3

Dual Power Suppl¡es

NGMD35 '117.7127 .O2 0.01 to35(2x) 0.01 lo 1

Triple Power Supplies

NGL 35 't92.0026.02 0.01to35(3x) 0.01 to 0.6

NGT 20 117.7133.O2 0.01 to 20 (2x)0.01 to 1

0.01 to 6 (1 x) 0.01 lo 5

6

I

I

190x172
x27817

190x172
x27817

190x172
x27al7NGT 25 1 92.0503.02 0.01 to 25 (2x)0.01 to 0.8

0.01 to ô (1 x) 0.01 to 5

NGT 35 0.01to35(2x) 0.01 to 0.6
0.01 to 6 (1 x) 0.01 to 5
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Pho
to
No.

) O¡de¡
No.

V A

Voltage
range

Cunenl
range

Resoluüon

VI
Yo%

Max. dev. of ouþut with

^v 
(Ac

supply) ÂTarr -10+109/0 to +40'C
VIVI
V" lo o/"l"C %

lnt. t
imped-
ance for
forv I V

mO kO Fs

Max. ripple
rms

VI
mV mA

0.02
0.02
0.01
0.01

0.2
o.2
o.2

'I

'1

1

o.o2

0.02 0.o2
0.02 0.o2

2 250 50

10

2
1

I

1

see specificat¡ons page 327

0.02
0.02
o.02
0.01
0.01

o.02

cont.

0.02

0.02

0.02

0.01 0,2
0.01 0.2
0.01 0.2

0.01 0.2 0.01
0.01 0.2 0.01
0.01 0.2 0.01
0.01 0.2 0.01

0.001 0.001 0.01

0.01 0.2 0.1

0.01 0.2 0.01

0.01 0.2 0.01

0.01 0.2 0.01

0.01
0.01
0.01

0.01

0.1

0.1

0.1

0.1

0.01
0.01
0.01
0.01
0.01

0.5
1

10
100

0.2 0.01

0.1 -

0.1 -

0.1 -

0.1 -

0.15 -0.15 -0.15 -0.15 -

0.2 1.5
0.5 1.5

0.02
0.02
0.02

o.02
o.02
o.o2
o.o2

0.001 0.001 0.01
0.001 0.001 0.01

0.01
0.01

0.1
0.1
0.1

0.1
0.1
0.1
0.1

0.01 0.01
0.01 0.01
0.01 0.01
0.01 0.01

-75
-75
-75

-75_75
-75
-75

o.02
0.02
0.o2
o.o2
o.o2

0.02
o.02
0.02
0.02

o.2
0.3
0.5
1

0.5
0.5
0.5

0.2
0.4

0.5
1

5
50

15 50
60 50

250 50
50
50

0.2 0.1
0.2 0.05
0.2 0.01
0.5 0.005
2 0.001

15 50
30 50

30 50
100 50
500 50
500 50

0.2 0.1
0.2 0.o2
0.2 0.01
2 0.002

0.001
0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001
0.001

0.01
0.01
0.01
0.01
0.01

75

75

75

75

0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001

Remote
s€nsing/
overvolþ
age pÍo-
teclion
s/o

SO
SO
SO
SO
SO
S-

-o-o-o
-o
SO
SO
SO

-o

o

o

ù
S
S
S

S
S
c
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Special features
Single power supplies

in order of increasing power; NGRU series on page 326

NGM, NGK - 35/70-W laboratory models
O High-resolution ten-turn potent¡ometers for V and I

O Single switched meter on NGM-series - separale meters on
NGK-series models

The supplies of the NGM series can be used either as
constant-voltage or as constant-current source. The mode of
operation at any time is indicated by a pair of light-emitting
diodes. These power supplies are precision instruments
whose excellent performance will be appreciated in many
applications, especially in the laboratory.

The supplies of the NGK series provdie twice the output
current of the corresponding members of the NGM series.
For this reason they feature remote-sensing sockets to per-
mit compensation of the voltage drop in the leads connecting
the supply to the load.

NGA - compact 120-W models
a High-resolution ten-turn potentiometers for V and I

a Separate meters, remole-sensing sockets

The supplies of the NGA series are for use as constantvol-
tage sources; they incorporate fixed-value current limiting at
a level set by a front-panel potentiometer. The onset of
current limiting is indicated by a light-emitting diode. These
units are particularly suited for supplying assemblies and
subassemblies during testing or development.

NGAS - compact 160-W models,
high surge capability
O High surge capab¡lity - twice the rated current can be supplied for

short periods

O Use as battery eliminators

The supplies of the NGAS type are suitable both for general
use in laboratories and for use with loads characterized by
high-surge or pulse{ype current demands, such as in auto-
mobile electronic test systems or for transceivers powered by
converters.

The current characteristics are shown below. The current
limiting threshold can be set to 1.5 times the rated current.
This limit current may be drawn for up to 5 minutes. With
delayed current limiting, twice the rated current may be
drawn for several milliseconds.

BENCH MODELS UP TO 350 W,Ie

NGB - 350-W bench models
O High-resolution ten-turn potentiometers for V and I

O Surge-current capability - several times rated current may be
drawn for short periods

Constanþvoltage as well as constant-current sources with
automatic transition form voltage to current regulation (indi-
cation by LEDs). Use as battery eliminator with switch-
selected delay for current regulation (higher surge current),
e.g. for incandescent lamps, blinkers, voltage converters.
Additional features: large panel meters for voltage and cur-
rent, voltage compensation on feeders up to 1 V, adjustable
obervoltage protection.

Dual power supplies

NGMD 35 - 2x0 to 35 V/1 A
O lndependent or tracking operation
a Mutually lsolated floating outputs, permanent-shortc¡rcu¡t proof

Two instruments of the type NGM 35 are accommodated in a
single cabinet and can be used separately or in tracking
operation, switch-selected on the front panel. With tracking
operation, unit ll follows unit l; the NGMD supplies, w¡th
respect to a common reference point, a positive and a
negative voltage each of 0 to 35 V that are equal in quality
and can be proportionally varied together (adjustable with
helical potentiometer on unit l). The current limits can be
adjusted independently of each other.

Triple power supplies

NGL 35 - 3x0 to 35 V/0.6 A
O Three voltages at the same time; series or parallel mode possible

O Thermal overload protection with automatic cut-in

The NGL 35 has three separate identical and floating outputs
which are independently adjustable between 0 and 35 V; the
current-limiting threshold can be set from 0 to 0.6 A. Tripling
of the voltage or current limit value is possible by parallel or
series connection.

NGT20-2x0to20V/1 A; 1x0to6V/54
NGT25 -2x0 to 25 V/0.8 A; 1 x0 to 6 V/5 A
NGT35 -2x0 to 35 V/0.6 A; 1 x0 to 6 V/5 A
O lndependent or tracking operation ol 20125135-V supplies
a Permanent-shortcircuit proof, adjustable overvoltage

protection of 6-V supply

The NGT combine three independent constantvoltage
sources in a single instrument. Each output can be monitored
on an individual panel meter (switchable for either voltage or
current) and the onset of current limiting is shown by three
separate light-emitting diodes.

The 20 Vl25 VI35 V supplies are intended primarily for use
with linear integrated circuits. They can be used indepen-
dently, or connected in series or in parallel. A front-panel
switch also permits these two outputs to be operated in the
tracking mode.

The separate 6-V supply has a high output-current capability
of 5 A making it particularly suitable for powering digital
integrated circuits. The built-in overvoltage protection has a
continuously adjustable threshold.

a)
b)
c)

Pe@nent
Short æriods (5 min)
Pulses (ms)

l"
lv

VoltageVolbge

32

0

Vollage

16

0

-l
I

b)b)

16

0
0 10 15 20A 5 7.5 104o 0 57510 15 204

NGÀS 32l10 NGAS 32 NGAS 16

Currenl drain of NGAS as a function of output voltage

Thanks to their compact design the NGAS power supplies
are suitable for mobile use. They can supply 160 W/240 W
for up to 5 minutes. They are also insensitive to RF voltages
radiated by other equipment or a nearby antenna.
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Power Supplies NGRU - compact bench models up to 150 W
O High resolution and repeatability by the use of digital

potentiometers

O Oulput voltage continuously variable with calibraled
potentiometer

O Full power over a wide range of the output voltage
ensured by automatic power matching

O Digitally settable overvoltage protection

a Output voltage can be modulated (simulation of interfer-
ing quantity)

O Remote programming for voltage and current

O Panel meters for voltage and current wilh three ranges
for each

O Large LED displays for overload, excess temperature,
overvoltage and operating mode

O Switch-selected output capacitor
I

a

oe@

new

Power Supplies of the NGRU Series are precision labora-
tory units providing high accuracy of setting and repeatability
of voltage and current through digital potentiometers.

Three models are available

NGRU 35 0 to 35 V/0 to 10 A
NGRU 50 0 to 50 V/0 to 5 A
NGRU 100 0 to 100 V/0 to 3 A

Operation of the NGRU Series is versatile and practical. The
voltage can be set ¡n five digits and continuously varied by
+25Yo o'f the digitally set value by means of a calibrated
potentiometer. The current is set in four digits and has two
ranges. The low ranges is 100 mA for all NGRU models.
Currents even in the ¡rA range can thus be reliably regulated.
The overvoltage protection is also adjustable through a digital
potentiometer. ln addition to the manual operation, remote
programming of the voltage and current can be accom-
plished via analog control signals.

Constant-voltage or constant-current sources. The
NGRU Power Supplies operate as constanfvoltage or con-
stantcurrent sources. The maximum output power consump-
tion is 150 W and remains constant over a wide voltage
range. The current drain depends on the output voltage; with
a low output voltage, a higher current can be drawn.

Output capacitor. The output capacitor can be switch-
selected to match the load: small capacitor with little energy
content for sensitive semiconductor circuits, large capacitor
for dynamic loads.

Facilities. The NGRU Series is equipped with monitoring,
signalling and indicating devices. LEDs indicate operating
points incorrectly set beyond the constant-load characteris-
tic, the response of the overvoltage protection, excessive
temperature due to insufficient cooling and, of course, also
the selected operating mode. An input for analog modulation
signals (simulation of interfering quantities), remotesensing
sockets and large meters are further beneficial features.

Versatile use. Due to compactness, high reliability and
other outstanding features the units of the NGRU Series are
ideal for use in development, research and testing.

a Enn.

r00

50-

NGRU 1 OO

150 w

50

40-

30-

0+.o3

reRU 50

150 W
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Specifications

Power Supply Type

BENCH MODELS 1e

> Order numbe¡

Voltage setling
¡n 5 d¡gits

Resolution
Error at 20"C

analog (continuous)
Resolution

Cunenl setting (2 ranges)
in 4 dig¡ts

High range
Resolulion
Error at 20 "C

Low range
Resolution
Enor at 20'C

Max. constant cunent
(f s0 w)

Common specifications

Modulalion of output voltage
(BNCsocket,floatinS) . ....

Overvoltage protecl¡on
Setting range

Programmlng (extemal analog)
lor output voltage 0 to 100% .

foroutpulcurrent0to t00% .

Setting lime
Connector
lntemal impedance
Beferencepotenl¡al .........

V/l characterist¡c (below)
and ÍÍont panel (r¡ght)
of Power Supply NGRU 35

NGRU 35

20.
r5-

NGRU 35 NGRU 50 NGRU 1OO

192.0210.08

<1mvto35V <1mvlo50V mvto 100 V
fmV

110-4 of set value 120 mV
+25olo with 10.5% setting enor of scale

o.10/o

<1 mAtoloel<t metosA l<t mAtogA
lmA

t2 x l0 3 of set value 110 mA
<10 FAto 100 mA

f0 FA
t2 x f 0-3 of sel value +0.2 mA

up to 15 V: 10Al up to 30V:54 | up t0 50V:34
20V:7.541 z¡0V:44 | 75V:2A
35 V:4.54I 50V:3A I 100V: 1.5A

Power Supply ïype

Specifications for
constant-vollage supply

Deviation of output vollage
with AG supply variat¡ons of t 10%
w¡lh temp. var. from 0 to 45'C
w¡th load var. from 0 to 100%

Superimposed noise voltage (Vm
Transient recovery time

Specif. for constant-current supply
Dev¡at¡on ot outpul curent

with AC supply var. of +10%
wilh
wilh

lemp. var. lrom 0 to 45'C
load var. from 0 to 100%

current

in low

Remole-sensing sockets
Max. voltage compènsat¡on

General data

Meter accuracy
Operating lemperature range
Safety class I

Output terminals

Une vollage

Powerconsumption ..... ..
Dimensions
Weight. .

Orderdeslgnations.. ....

35 NGRU NGRU lOO

<t 10-5
<110-5/K

. <10-4
<0.3 mV l.o.s rv I <1 mV

<40 ¡rs

<a10-s
<a10-4/K
<10 1

<l mA <0.5 mA <0.f mA
<20

<0.5 v <1 V <1.5 V

voo
50

= 10 V lor 10% modulation,
Hz to 1 kHz

+2.5% ol lull scale
0 to 45'C
vDE 041 1

4 mm, float¡ng,
test vollage 1000 V/ground
1 1 0 I 1 27 t 220 I 242 V + 1 0y",
47 to 63 Hz
approx. 440 VA
190 mmx l80 mmx330 mm
9kg

> see above

1 to 99 V (response threshold
approx.5% higher)

0to10v
0to10V
<3 ms
s-way Tuchel sockel
R¡= 10 kO
lo posilivê terminal

Voltage meter
True value

rÆ¡ar¡e 

- 

125s

Current meter
True value

Standby
sw¡tch

{t

e

Digital potentiometer
for voltage setting

Calibrated potentiometer
for voltage variation

Digital potentiometer
for current setting

0-
0 10À

I

Switch for
oulput C

@ *o"o, & scHwARz MUN.HEN

¡
rû

:
t\

V 2i
I '- -{'
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l0

5
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1?19" POWER SUPPLIES UP TC 2000 W povvGl-supplies

19" power supplies 1000 W with high efficiency
Specifications

Voltago .

NGC series Cuñont .

Rgsolution
Voltage stability

wilh AC supply variations
of+10%.

NGC 35
<10 mV to 35 V
<50 mA lo 30 A
<o.ozv"

NGC 70
<10 mVtoT0V
<25 mAto 154
<O.O2V6

a from 0 to 40'C
wilh load variations
trom0to 1ü)%

Cunent stability
wilh AC supply vañalions
ol +10o/o .
with temperalure variatlons
from0to¡lO'C
with load va¡iations
ffom 0 to 100%

Nois€ and ripple
Voltage, rms
Cunent, rms

Transientrespons€time . . . . .

Remole sonsing
Surge capability for 1 ms/0.2 s

GeneÉl data
Raled tempsraturo range . . . .

Meter acciJracy
ACsupply

D¡mensions WxHxD)

Weight..

<50 t¡s
1 V max.

50120 A

-10 to +4O'C
2.5% of full scale
æOV +1O%,50llz,
2.4 kVA
(other values:
please enqu¡re)
¡184 mmx194 mmx
509 mm
,10 kg

<ll0-s
<+10-4/K

<10-1

<tl0-4

<+10-3/K

<10-3

O High efficiency

O Surge-cunent capability - several limes rated current may be
drawn for short periods

The high efficiency of the NGC units is ach¡eved through the
use of continuous preregulation. A subsequent series-pass
regulator provides for excellent static and dynamic charac-
teristics. Careful design allows easy integration into RF sys-
tems.

19" power supplies from about 200 to 2000 W
Un¡ts for lower power on page 324

NGRE series

NGRE models A and B, code numbers 16 and 17

:a

Ordering information
Orderdeslgnatlon.. . ... . ..
NGC 35 .
NGC 70 .

> 1000 W 1Y Power Supply
192.OO32.O2
192.0032.03

Voltage and current are set by means of high-resolution ten-
turn potentiometers and indicated on separate panel meters.
The power supplies are fitted with remote-sensing sockets for
output-lead voltage-drop compensation. A quiet cooling fan
with two-stage thermostat-controlled operation is incorpo-
rated.

Adjustment of cuÌrent ranges. NGRE models 16 and 17
with outputs up to 30 A can be equipped, on request, with
current ranges switchable in decade steps, e.g. a 10-A
supply can be switched to 0.1/1/10 A.

Transient response t¡me tr. The value given in the table
on page 329 applies for operation at constant voltage at a
load varying between no load and full load. With constant-
current operation, t, is between <100 ps and 100 ms and
load-dependent to a great extent.

Remote control. The following functions of the models 12,
13, 16, 17 can be modified for remote control: output voltage,
output current and power switch "on/off/standby" as well as
control of the power regulating element. lnstruments of the
type series NGRE, which are adapted to remote control, are
suitable for

master/slave operation (parallel-connected). This mode of
operation - control of the power output by only one of the
employed instruments - is of great advantage, since, espe-
cially with higher powers, equal loading of all units is en-
sured.

Overvoltage protection. Each instrument of the type
series NGRE is also available as a special model with built-in
overvoltage protection.

Current surge capability. 2 to 3 times the rated current
can be drawn briefly from the NGRE units. An external or
internal (model code number 19) switch is provided for this
purpose.

a

a

<1 mV
<ã) mA

80/60 A

<2 mV
<20 mA

a

þ ßr. -. :u ö.

t "'?
t¡I a

O Protection aga¡nst sustained short circuit, thermal overload pro-
teclion

O Series and parallel conneclion of several units possible

NGRE model C, code number 19

\
'i','

!:!:!:!:i:!:i:i:i:::!:i¡...............#
!;!.itþ31]!.!.!{.pt:.:.:.¡......9.....¡..........#
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povversuppl¡es 19" POWER SUPPLIES UP TO 2000 W 1e

Thetype series NGRE comprises power supplies with high
output power (above approximately 200 W). Extreme ver-
satility is won by the use of standard modules: most of the 2Z
basic types (see table below) come in 5 different models.

The basic types differ only in the maximum adjustable
values of voltage and current and the internal impedance.

The available models of each basic type are equipped
differently - meters, operating controls, connectors - and are
designed as cabinet model or as rackmount.

The power supplies of series NGRE are designed for opera-
tion from 220 V. Other voltages are possible without an
increase in price; please enquire.

Order designations. Because of the great variety of instru-
ments, division into two groups - basic type and model
variations - was necessary. A nine{igure number (combina-
tion from both tables) should always be stated when placing
an order (last two digits marked blue; e.g. 50Vl20 A, model
17: order numþer 100.8231.17).

Voltage Cu¡rênt
rangerange

A

NGBE ser¡es

0to6

0to10

0to15

0to30

Cabinetmodel Rackmount

mm mm

Dimensions

Model A
Model B
Model C

484x194x436
484x194x509
608x394x284

483x177x425
483x177x498

Seated
depth
mm

347

\r'leighl
incl.
cabinet

kg

420

> Code number
ol models
(last two ligures
of Order No.)')

r) Against extra price (please enquire)
masler-slave operat¡on
external analog programming of voltage and current.

Front views

ModelsA andB Modelc

Front panel for
code numbers 12 and 13

Front panel for
code number 19

Front panel lor
code numbers 16 and 17

Model A or B, acc. to lable above.
Model C (waterproof, shock-absorbent alum¡nium housing)

0lo 30
0to40
0to60
0to80

0to20
0to30
0to40
01o 60

a

o
a

13
17
12
16
19

0 to10
0to15
0to20
0to30
0to40
0to60

0to20
0to30
0to40
0to60

'10

15
20
30
40

to
to
to
to
to

0
0
0
0
0

22
22
28
39

19
28
28
37

28
28
37
39

1q

28
28
37
39
50

28
28

39
50

28

39
50

0to50

0 to 100 0to5
0 to 10
0 to 15
0to20

DC Power Supplies NGRE (additional characteristics and completion of Order Nos.)

Large V and I

melers

:Ì

oo

o@o

o o
¡[

-- o

oO @o ooo
nn

1 00.8402
100.8419
1 00.8425
100.843'1

1 00.8354
1 00.8360
1 00.8377
1 00.8383

100.8319
1 00.8325
1 00.8331
1 00.8348

1 00.8254 .

100.8260.
100.8277 .

1 00.8283.
1 00.8290.
1 00.8460.

100.8219.
1 00.8225.
100.8231.
100.8248.
1 00.8454 .

100.8160
100.8183
'100.81 90
1 00.8448

) Orde¡
No.

0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.0 t

0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01

+0,001
+0.001
+0.001
+0.001

+0.001
+0.001
+0.001
+0.001
+0.001

+0.001
+0.001
+0.001
+0.001
+0.001
+0.001

+0.001
+0.001
+0.001
+0.001

+0.001
+0.00'1
+0.001
+0.001

+0.001
+0.001
+0.001
+0.001

0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01

Max. deviat¡on of oulput values

lor^V for Àt "¡AC supply+1go/o (-10 to +40'C)
v, t (o/o) v, I (%)

(1)
(1)
(1)
(1)

(2)
(2)
(2)
(1)

(2)
(2',)

(2',)

(1)

(5)
(5)
(3)
(2')
(21
(2)

(5)
(5)
(5)
(3)
(2)

(1 0)
(1 0)
(5)
(5)

I

1

1

1

0.1

1

1

1

1

0.'1

0.1

1

1

0.1
0.1

1

1

0.1
0.1

1

0.1
0.1
0.1

mo (ko)

lntemal
impedance
const,
VI

<50
<50
<50
<50

<50
<50
<50
<50
<50

<50
<50
<50
<50
<50
<cu

<50
<50
<50
<50

<50
<50
<50
<50

<50
<50
<50
<50

t
lor

Fs

300 I
300 12
300 18
300 24

300 6
300 9
300 12
300 18

300 6
300 I
300 12
300 18

300 3
300 4.5
300 6
300 9
300 12
300 18

300 3
300 4.5
300 6
300 9
300 12

500 1.5
500 3
500 4.5
500 6

¡rV mA

Max. ripple
and no¡se

rms

0.9
'1.8

2.5
3.5

0.9
0.9
0.9
1.8

0.9
1.4
1.8
2.5
3.5

0.9
0.9
'1.8

1.8
2.5
3.5

0.9
1.8
1.8
2.5

0.9
0.9
1.8
'1.8

KVA

Power
consumÊ
tion at
22O VIEO Hz

A,C
A,C
A,C
U

A,C
A,C
A,C
B,C
c

A,C
A,C
A,C
A,C
B,C
U

A,C

B,C
A,C
A,C
B,C

A,C
B,C

Case types
(see
above)

1 9" cabinet2)

'19" rackmounl2)

Alum. housing3)

Form of housing

a

o
a

a

a

Adjusllng

I

Precision
pol. on
lront panel

Vand I

Screw-driver
ad¡ustment on
rear panel

o

a

I range in
three decades
(up lo 30 A)
e)dra price

a

Four extra fixed
voltages,
pushbutton selected

a)
b)
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îE SYSTEM POWER SUPPLIES porrvensupplies

The talker capability of the NGPS enables continuous inter-
rogation of the voltage inputs to channels A and B, functional
checking of the analog section and notification of the
selected trigger states.

Specifications

Outputs . 2 separate float¡ng channels
(A and B) in parallel w¡th rear outputs

a

The Programmable Voltage Source NGPS has two inde-
pendent channels (A and B) and its output voltages can be
programmed manually or by a computer. The unrestricted
combination of the two outputs provides for many applica-
tions.

Setting, resolut¡on. The bipolar voltages can be set or
programmed from -16.3835 V to +16.3835 V in the low
range in 65,536 steps (21ô, resolution 0.5 mV). Resolution in

the high range is 2 mV/step with a maximum output voltage
of +40 V (corresponding to a swing of 80 V).

Maximum permissible current drain is 100 mA. Any
increase beyond this limit is signalled as malfunction of the
analog section of channel A or B.

The six-digit display perm¡ts observation of programmed
test sequences. ln the programming mode (data acceptance)
or listen only (LON) mode of the NGPS the address lamp is
tit.

ln the combined mode (manual and programmed) the digital
voltage setting can be varied manually. The speed of varia-
tion depends on how long the plus or minus button is
pressed.

Output-voltage range coding is possible by selecting the
secondary device address or using the builtin micropro-
cessor, and also by means of special characters.

With up to 31 settable instrument addresses, a listen-only
switch and different assignable end-of-message characters
for programming, the unit constitutes a general-purpose,
flexible listener in IEO-bus systems.

By applying a status byte to the data line of the IEC-bus input
through the parallel-poll or serial-poll function the NGPS can
notify the selected operating mode or a fault, if any, to a
computer.

The trigger facility permits rapid switching of preset volt-
ages and thus defined timing of test sequences.

Automatic voltage sweep can be programmed such that
upon a trigger command the output changes from a start to a
stop value. Step size (n x count) and duration (n x 700 ps) can
be preset. Triggering may be single, cyclic or with different
step size/duration for forward and return sweep.

Remote-sensing sockets offer the possibility of keeping the
voltage at lhe load or test item (or at the controlling equip-
ment) constant even if high currents and long leads are
involved.

Output voltage per channel
Low range
High range

Sett¡ng .

Resolut¡on Low/High range
lndication (w¡th polarity sign)
Oulput curent

Stâb¡l¡ty, ripple and nolse
Voltage deviation

w¡th AC supply variation +10%
w¡th
w¡th

lemperature var¡ation
loadvarial¡on ......

lnslability

Capacilive load
Ripple and noise (rms) up to 3 kHz
Nonlinearity (LoøH¡gh range) . . . .

Response llme

Remole-senslng sockets
Programmlng

Conneclor
Functions

Response time, programm¡ng
Outpul ON/OFF

Dala rale
Programm¡ng t¡me

General data
Rated temperature range . . .

Power supply

D¡mensions,we¡ght .......

Ordering information

Orderdêslgnatlon.........

Recommended extras
IEC-bus Cable PCK . .

RelayMatrixPSN....

-16.3835 to +16.3835 V
-40.00 lo +40.00 V
pushbuttons; var¡al¡on in steps or
continuous wilhin one range or pro-
grammed

0.5 mv/z mV
6 digits for one channel

100 mA max.
limiting threshold approx. 130 mA

<10-5
<8 x 10-6/K +50 pV
<5 x 10-6
<2 x 10-6/hr (low),
<4 x t0-6/hr (high)

=0.1 
[F (80-V step)

<100 pV (low), <200 pV (high)
< +700 FV <13 mv
<700 ps (f00 Us for smallest program
step)

compensation for 0.5 V max.

v¡a IEc-bus (lEC 625-1/IEEE 488) for
ranges and voltage, manual operation
swilch-selected
24-way, floating
SH1, AHI, T2,T82,L1, LEl, SRI,
RLØ, PPl, CØ, DC1, DT1

<1 lrs
1 ps/>62ps
42 kbyte/s max.
>183 Fs

+5 to +40'C
11Ol22OV +10%, 50 to 60 Hz
(120 VA)
492 mmx116 mmx392 mm, 6.2 kg

> Programmable Voltage
Source NGPS 192.0061 .02

lEG625Elus

t5.lq t5 '

o

ö T o

I

' ,

Programmable Voltage Source NGPS for IEc-bus systems

I 2x +40V1+16.38 V, max. 100 mA
O Two separate bipolar sources with

0.5 mV or 2 mV resolut¡on:
65,536 steps in low range
40,000 steps in high range

O IEC-bus programming
and manual operation

a Shortc¡rcu¡t-proof outputs

NGPS

330

lengths 0.5 to 4 m, see page 19
290.9210.O2



porrver suppl¡es

Programmable Power Supplies NGPU

a IEC-bus programming and manual
operation

O Three-digit programming of volt-
age and current (1000 steps), res-
olution: 10 to 100 mV, 1 0 to 20 mA

O Three decade current measure-
ment ranges

The NGPU series of programmable power supplies repre-
sents a valuable extension to the existing R&S range of IEC-
bus-compatible test equipment. Two models are available,
distinguished by their output powers:

NGPU 70l10: 175 W (70 V/max. 10 A),
NGPU 70120: 350 W (70 V/max. 20 A).

Both may be operated either as constanlvoltage or as
constant-current source and are suitable for programmed
operation via the IEC bus or for manual use.

The maximum load current is a function of the output
voltage;the full output power is available over approximately
8O% of the output-voltage range. As the figure shows, the
output characteristics are a combination of three individual
curves: each NGPU combines the performance of three
single power supplies.

NGPU 7Ol10
max- 175 W

NGPU 7Ol20
mx.350 W

SYSTEM POWER SUPPLIES 1E

NGPU

The output voltage and/or current may be set via the IEC
bus interface. The switchover between programmed and
manual control is made on the front panel. The resolution of
the voltage setting may be chosen to be fixed at 1OO mV or to
be variable between 10 and 100 mV.

The power supplies may be programmed from any IEC-
compatible control device. The various input lines are
electrically isolated from each other. By making use of the
settable address it is possible to operate several NGpUs in
parallel.

(J

L

70

Specifications

Outpul ..

Resolution
Manual operalion
IEC bus .

Voltage .

Curenl
3 ranges .

Stab¡lity
wilh AC supply var. ol +1oo/o
with lemp. var. from 0 to 40.C
w¡th load var. from 0 to 100%

No¡se and ripple
Voltage, rms
Cunent, rms
Transientresponset¡me . . . .

Remole sensing
Programming

ad,uslable with len-turn potentiometer
or via IEC bus

o.o2y"
1000 sleps/range; vollage ad¡ustable
10 to 100 mv/step
<10mVto70V

NPGU 70/10
0.1/1/10 A

NPGU 7Ol20
0.212t20 A

35

17,5 11.5

<110-5
<+10-4/K +100 pV
<10-4

<1.5 mV
<2 mA
<50 Fs

1 V max.
lEc 625-1 (|EEE 488),
24way

100 mV at 70 V
100 mV for full scale
adjustable from 4.5 lo 75 V
+10 to +40"C

1101220 V a10%, 50 to 60 H2
600 vA 1250 VA
492x161 x5f4 492x205x514
14 kg 19 k9

00 25 5 10 A

t+
10 20

Load¡ng characteristics of programmable power supplies NGpU as function of
output voltage

Since the current drain of many loads, such as a transceiver,
falls with increasing supply voltage, this stepped loading
characteristic of the power supplies is fully compatible with
practical requirements.

ln continuous operation the shaded area shown in the dia-
gram can be fully utillzed up to the limit-power line. An
auxiliary scale on the panel voltmeter indicates the permis-
sible continuous load current at each voltage setting. The unit
can withstand brief, pulse-type currents which exceed the
limit line. lf, a set voltages above 15 V, a current greater than
the limit value is accidentally drawn for an extended period,
the temperature-monitor circuit within the power supply
causes the instrument to be disconnected from the AC
supply.

Test output
lor voltage
tor current

Overvoltageprotect¡on .....
Operating lemperature rangê

Generel data
AC supply
Powêrconsumption .......
D¡mensions WxHxD) in mm
We¡ght. .

Ordering information

Orderdeslgnatlons...... . .

NGPU 7Ol10.
NGPU70/20...__...

> Programmable Power Supply
192.0049.92
192.0055.92

Recommendod extras
IEc-bus Cable PCK æ2.2013.10

292.2013.20
292.2013.40

lEC625Elus
t
$I

a
4

r* -

5
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a
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1E SYSTEM POWER SUPPLIES

NGPV

'( o

Programmable Power Supplies NGPV
O Digital setting, high resolution
O No discrete output C, true current

source

O IEO-bus-programmed and manual
operation

a Short down response time thanks
to current sink

O Two current ranges - current
monitoring output

O LEDs for operating status and er-
rors

e

a o

o ET a-eccec o

nevv

The NGPV Power Supplies are suitable for both system
applications and general laboratory use. N¡ne models graded
by voltage and current are available in the power range up to
200 w.

*

System use. The system power supply is characterized by
the short settling time of 2 ms (for the rise and, thanks to a
controlled current sink, also for the fall). The NGPVs do not

have a discrete output capacitance so they can regulate very
small currents. Relay contacts will not be damaged by the
switching of current paths. An apprec¡able output capaci-
tance, however, is provided internally and can be connected
manually or via the program as required.

Remote sensing. Remote sensing makes the NGPV par-
ticularly suitable for system applications. lt is performed

automatically, no sensing links are required. The compensa-
tion range is 1 V in each lead. When remote sensing is in
operation the maximum output voltage of the power supply
exceeds the nominal voltage by the amount of the voltage
drop in the leads. The result is that with the NGPV 8/ 10, for
example, the full value of B V is available at the load even if a

voltage drop of up to 1 V exists in each lead. The maximum
voltage increase occurring at the load due to an interruption
of the sensing leads is 1 mV, which is negligible for practical
purposes.

Current regulation. The special capability of the NGPV as
a current regulator is afforded by two current ranges, which
ensure a high resolution of 1 mA and 0.1 mA, respectively.

Laboratory and system use. The NGPV models equipped
with meters and front-panel controls are also versatile labora-
tory power supplies. Output voltage and current can be read
from large analog meters. LEDs indicate the operating mode
and operating status. A digital display shows the values
entered, also those programmed via the IEC bus. Parallel
outputs and sockets for a current monitoring output (referred

to the positive terminal) are located on the front and rear
panels.

Cooling. The blowers are thermostat-regulated and run at
low RPM in the partial-load region.

o

The user has the choice of two versions. The one for system
and laboratory use can be programmed via the IEC-bus (lEC
625-1 or IEEE 488) or operated manually. The units of this
version have the required operating controls, a LED display
for the indication of all input data (including that entered via
the IEC bus) and meters for actual voltage and current. The
pure system version - without operating controls - provides
particularly cost-effective IEC-bus-programmable 19" units
for rackmounting or for use on the bench.

NGPVS/10:
NGPV20/5:
NGPV20/10:
NGPV40/3:
NGPV40/5:
NGPV 1OO/1:

NGPV 1OO/2:

NGPV 300/0.3:
NGPV 300/0.6:

0to BV/0to10A; B0W,
0to 20Vl0to 5A;100W,
0to 20Vl0to 104;200W
0to 40V/0to 3A;120W
0to 40V/0to 5A;200W,
0to 100V/0to 1 A;100W,
0to100V/0to 2A;200W,
0to300V/0to0.34; 90W
0 to 300 V/ 0 to 0.6 A; 180 W.

aa

ca

Power Supply NGPV for system applications

lEG625Elus

!¿-.5E. Ll .99 c.^
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SYSTEM POWER SLJPPLIES 1=l

Specifications

Power Supply Type

> Order deslgnalion
System modelr)
System and laboratory mode¡z)

Vollage sett¡ng
Resolution
Devialion

NGPV 8/f0 NGPV 20/5 NGPV 20/10 NGPV ¡l0 l NGPV 40/5 NGPV 100/1 NGPV 100/2 NGPV NGPV 300/0.6

f 92.0326.30
1 92.0326.31

(mV/steps)
(of lull scale)

Cunent setting (2 ranges)

(mA/steps)
(of lull scale)

(1000 steps)
(of tull scale)

PARd)

Outpur C (OFF/ON)

Overvoltage protection

System model for IEC-bus programming (no operating conlrols and meters) in 19" cab¡net.
Syslem and laboratory model for IEC-bus programmed and manual operation with meters for voltage and cunent.
PARD = periodic and random devialion.

0 to 299.9 V
100 mV/3000

<10 3

in A range
Resolution
Dev¡al¡on

in mA range
Resolut¡on
Dev¡at¡on

0 to 0.299 A
1 mA/300
<3 x 10-3

0to

0lo 0.599 A
I mA/600
<2 x 10-s

ca.500 VA
492x161x420
19 kg

t)

1
t)

Common data

Constant-vollage source
Dev¡at¡on of output voltage

wilh AC supply variations of +107o < t10-5
with temperature variations
fromoto4s'c . <t2x 10-5/K
with load variations from 0 to 100% <10-4

Transienl recovery l¡me
(10to90%/901o tï%l .... <75 Bs (w¡th¡n +10-3)

Constant-current sourcê
Deviation ol oulput cunent

with AC supplyvar¡ations ot a10% . <a10-5
with lemperature varial¡ons
fromolo4s'C . <t5x 10-s/K
with load varial¡ons from 0 to 100% <10-4

Trans¡enl recovery time,
oulputCOFF/ON ...... <50 ps/<Z ms

PARD rms

Cunent monitoring output, Zd : I K)
(referred lo posit¡ve terminal)

in mA range
in A range -

General data

Metersror
Ratedtemperaturerange . . .

Safetyspecilicat¡ons ... . . . .

EMI specifications

Output terminals

AC supply

Order No.

Powerconsumption .......
D¡mensions (WxHxD ¡n mm)
Weight ..

Order deslgnatlons

Nominal current

mA
0.1 mA

<2 x 10-3

<700 pV

750 pFt22 ¡fi

5to330V

'100 mV for full scale
10 mV/A

+2% of full scale
0 to +50'C
comply with VDE 041 1, class 1

comply wilh VDE 0871/6.78
level B
4 mm, floating;
test voltage 1000 V/ground
1 10 I 127 I 220 I 242 V + 1 0%,
47 to 63 Hz

192.03r0... 192.0326...
in mA range
in A range .

Functions

setting time
0to100%/1001o0%...

Remote sensing
max. vollage compensal¡on

Remote-control
display

Switchover to
manual operation

10 FA
100 uA

¡EC 625-1 (rEEE 488)
24-pi¡r
SHø, AH1, TO, TEO, L1, LEø,
SRø, RL1, PP1, DCl, DTl, CO

<2 ms (within +2 x 10-3)

1 V ¡n each lead

ca. 250 VA
492x 1 61 x392
12 kgPÌogrammlng

Connsctor .

Mode:
Constant voltage
or constant current

> see table above

Current range

Overvoltage protection
response signal

Transfer button for
manual setting

Nominal voltage

Switchover of
output C

OFF ENIER

Switch-on
standby

Current-range
switchover mA/AFront-panel section:

key row and LED display

4lo15V

500 pF/220 ¡rF

<200 ¡rV

0 to 9.99 A
10 mA/1000
<10-3
0lo 999 mA
1mA
<10-3

0 to 7.99 V
10 mV/800
<10-3

192.03r0.80
192.03r0.81

500 pF/100 ¡rt

192.0310.20
192.0310.21

4to25V

750 pFt220 pt

<250 ¡rV

I

0to4.994 l0to9.9SA
1o mA/soo I rO metrooo
<2 x 1O-3 | <tO 3

0 to 999 mA
1mA

<1 0_3

0 to 19.99 V
10 mV/2000

<f 0-3

192.0326.20
192.0326.21

500 pF/47 ¡rF

192.0310.40
f92.0310.41

4to50V

750 pFl100 pF

<400 ¡rV

I

0to2.994 l0to4.99A
10 mA/3oO I rO mnlsoo
<3x10-3 l<2xto¡

o to 099 mA
fmA
<10-3

0 to 39.99 V
10 mV/4000

<10-3

192.0326.40
T92.0326.41

500 pF/22 ¡rF

192.0310.10
192.0310.1 1

5lol10V

750 pFt47 pt

<500 ¡rV

I
0 to 0.999 A I 0 to 1.99 A
1 mA/loOO I lO m¡leOO
<10-3 l.n t tO-.

0 to 99.9 mA
0.1 mA

<2 x f0-3

0lo 99.9 V
100 mV/10O0

<10-3

192.0326.10
192.0326.f 1

500 pF/l0 pF

r92.0310.30
f 92.0310.31
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A OTHER R&S FIELDS

Company divisions (special fields)
of Rohde & Schwarz

As already mentioned in the outline of the company's
history on page 2, the product- and user-related
activities of Rohde & Schwarz are distributed amongst
the company divisions

I Measuring lnstruments and Systems

I Sound and TV Broadcasting

I Radiocommunications

I Radiomonitoring, Radiolocation

\Mereas in the introduction to the catalog the activities
of all four divisions are described, the catalog itself
only deals with the measuring instruments and sys-
tems of division 1.

A few products of the other divisions are however
described in detail on the following pages to give an
example of the great variety of products, equipment
and systems which on the whole are relaled to the
,rneasuring instruments and systems.

appctltdix

Divlsion 1

Division 2F

Division 4F

Division 4P
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appendix OTHER SPECIAL FIELDS A

Appendix A1 Other special fields Page

336 to 3532F Sound and W Broadcasting

(A separate, 280-page catalog
is available; if you would
like to receive a copy, please
use one of the reader service
cards.)

4F Radiocommunications 354 to 355

4P Radiomonitoring, Radiolocation . 356 to 363

Appendix Aa Cabinets

Addresses

Type index

Notes on presentation

Reader service cards

364 to 369

370 to 371

3721o374

375 to 376
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A1 AF LEVEL METERS
2F

SUN 2 AF Transmission Measuring Set SUN 2 0 10 Hz to 100 kHz

appc!ndix

O Measures levels, weighted and un-
weighted SNR and harmonic d¡s-
tortion

a Versat¡le thanks to choice of cas-
settes

J
a

Readout characteristics are specified in existing standards
for psophometric measurements. Conventional
psophometers implement the required characteristics
through the rectifier and meter time constants.

The Level Meter SUN 2/U simulates the characteristics of a
moving-coil meter electrically, the digital display indicating
the mean rms value or the maximum peak value during the
display time.

Filters can be inserted in the amplifier path for measuring
unweighted and weighted signal-to-noise ratio and har-
monic distortion. The level generator then operates in the
difference mode: it measures and stores the reference quan-
tity, then measures the unknown via the filters and subtracts
one from the other.

Linear DC and AC outputs permit connection of analog
processing equipment such as recorders.

ç
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The AF Transmission Measuring Set SUN 2 is used for in-
service measurements on broadcasting and television-sound
transm¡tters as well as for routine measurements on AF
studio equipment and in laboratories. Thanks to the instru-
ment's high accuracy, single-knob tuning over the entire
frequency range on the AF Generator and autoranging for
all modes on the Level Meter enable rapid, convenient and
accurate measurements in AF engineering.

The AF Generator and the Level Meter can þe used sepa-
rately; combined they yield a test assembly (photo above)
permitting weighted and unweighted SNR as well as har-
monic distortion to be measured. ln addition, the feature of
being able to select a reference level enables level variations
to be determined.

The AF Generator SUN 2/S is a precision AF generator with
digital frequency setting; large LED digits ensure frequency
and level indication. The SUN 2/S uses frequency synthesis
and single-range tuning. The crystal-controlled frequency is
displayed with a resolution of about 0.3%. The output voltage
can be set in steps of 1 dB and continuously over about 3 dB
and is availaþle with good amplitude stability at a balanced
and an unbalanced output.

The Level Meter SUN 2/U is a precision AF voltmeter with
digital indication. lt has an unbalanced and a transformer-
isolated þalanced input. Range selection is automatic;
switchover to manual operation with 10-dB steps is possible.

A quasi-rms responding rectifier in line with DIN 45633
produces an rms-proportional voltage from signals up to a
peak factor of 5. Quasi-peak responding rectification comply-
ing with DIN 45405 can be switch-selected for weighted
noise measurements.

The DC voltage proportional to the measured value is
digitized and converted into dB by a microprocessor for
display and further processing.

fi tiffi

';:li +D1',- . j'.tqi..:. ¡r:¡' I ca b .l;i: + .-- / .tr .,,':
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appendix

Specifications

AF Generator SUN 2/S

Frequency
lndication
lndicat¡on eror
Resolution

Output level
Range . .

Sett¡ng in range -20 to +9 dBm
Additionalfineadjustment ....
lndication
Setting error(loo0Hz) . ... . . .

Source impedancè

Frequency response flatness
rêlerredto 1000 H2.. .... ..
HaÍmonics

DC component

Outputs
Front panel (switch-selected)

Rear panel (instead ol front-
panel output)

Level Meter SUN 2/U

Frequency range
Operation with filter inserted

10 Hz to 100 kHz, tunable
4 dig¡ts, floating point: Hz, kHz
<1x10-3 +l dig¡t
0.25 to 0.5%

-20 lo +12 dBm (0 dBm : 0.775 Vl
lèast step 1 dB
0 to +3 dB (+0.1 dB)
-20 to r I dBm; 2 digits, polarity s¡gn
<+0.1 dB
approx. 5 O;
Zræd 

=600 
A ll s¿.2 nf

30 Hz to 70 kHz: <+0.1 dB
other lrequencies: <+0.3 dB

=65 
dB down (30 Hz to 30 kHz)

>60 dB down (30 to 100 kHz)

=40 
dB down (10 to 30 Hz)

=i1 mV

unbalanced; BNC female conneclor
balanced: 3-way conneclor
(DrN 41 628)

3-way female chass¡s connector
(similar ro DIN 41 524),
lockable; ¡n paralle¡ with 30-way
male connector (DlN 41 622)

'10 Hz to '100 kHz

see under "filtei'

-84 to +32 dBm (0 dBm = O.775V)
'1O-dB steps (-80 to +20 dBm)
approx- -10 to +12 dBm about m¡d
range
automatic or manual
4 digits, polar¡ty sign; dBm, dB;
readout blinking in the case of over-
rang¡ng and underranging
0.02 dB

Common-mode rejection and ratio
of balanced vollage to voltage
between cênlre tap and earth . . . .

Permissible DC voltage at
unbalanced input

Outputs .

DC voltage
Sourceimpedance, load ....

AC voltagê
Source¡mpedance, load . . . .

Useful dynamic range
(inslrument used as amplifier)

Filters
Unweighted.

Weighted

Distort¡on (d)

D¡slortion
(separately for dz and d¡)

Highpass filters (fo = frequency
of fundamental)

Passband attenuat¡on between
zloand45kïz
Stopband attenuation al fo . . . .

Bandpass l¡lters (lo = passband
frequency)

Passband attenuation at lo . . .

Stopband attenuat¡on at
0.33 le and 0.5 fo
Stopband attenuation at

= 
1 .33 le to 45 kHz

Special t¡lters

lnherent noise ¡ndication with
distorlionmeasurement .......

General data

Bated temperature range . . .

Storage temperature range
AC supply

Powerconsumplion .......
Dimènsions

19"benchmodel...-...
1 9" rackmount
Y2 19" rackmount SUN 2/S
or SUN 2/U

Weight
1 9" bench model
1 9" rackmount
Y2 1 9" rackmount SUN 2/S .

SUN 2/U .

Ordering information

O¡der designations
Test assembly compr¡sing
SUN 2/S and SUN 2lU . . . . .

'f 9" bench model
'19" rackmount

RackmountSUN2/S .......
RackmountSUN2lU .......

Recommended extras
Panelling SUN 2-Z to convert
Y2 19" rackmount for use as
bench model
Cassene Àdapter suÑ e-z roi 

"nvtwo cassettes of lhe SUN 2 system
Panell¡ng SUN 2-Z to convert
Cassette Adapter for use as
bench model

>125 dB (s0 Hz)
>85 dB (1 kHz)
>60 dB (16 kHz)

max. a100 v

telephone iacks on rear panel
+0.1 to +'l V proportional to Vn
Rou =10 O, Ru¿ >1 kO
max. 

=0 
dBm, proporl¡onal to Vn

4u =10 O, Z¡¡a ì1 kQ

>60 dB

bandpass filter 31 .5 Hz to 16 kHz in
accordance w¡th DIN 45 405 (1 981 )
and CCIR Rec. 468-2
psophometric filler in accordance with
DIN 45405 (1981) and CCIR Rec.
468-2 (exchangeable plug-in board)
highpass lilter 80 Hz (for d ræ ¡,r),
highpass filter 2 kHz (for d fl uzr),
highpass filter 9.4 kHz (for d r¡ z xr,l)

bandpass filter 1 80 Hz for d3 ¡6 ¡,¡
and d2 1s s¿¡,
bandpass filter 1.6 kHz for
d3 ¡s p¡ and d2 16¡ s¿¡

<+0.3 dB
>65 dB

<+0.3 dB

A1

Level measurement range
Range stepp¡ng
lnd¡vidual range

Range selecl¡on
lndicat¡on

>65 dB

>40 dB
space and four switch pos¡tions
prov¡ded lor spec¡al f¡lters

>65 dB (>60 dB for d 1a6 ¡z¡ and
balanced ¡nput)

Resolution

E¡ror llmils of ¡ndication
(inherent no¡se level not taken into account)
Enor with sinusoidal
rms-value indication

voltages and
(1000H2) ..... <+0.1 dB

+5 lo +45'C
-20 to +70'C
110t't25/220/235 V +10t -15yo,
47 to 63 Hz
AF Generator: 30 VA
Level Meter: 25 VA

492 mmx161 mmx392 mm
483 mmx132 mmx384 mm

245 mmx154 mmx347 mm

> AF TransmÌssion Measuring
Set SUN 2
190.2750.02
190.?744.02

) AF Generator SUN 2/S
282.2010.03

> Level Meter SUN 2/U
242.42't3.O3

085.6421.00

282.591 0.03

085. t 459.00

Frequency response flatness
with rms-value indicat¡on
(referred to l 000 Hz) . .

Weight¡ng error ot rms-
respond¡ng rectifier. . ..

Error lim¡ts and dynamic range w¡lh
quasi-peak-responding indicat¡on

lnherentno¡selevel(rms) ........
Meler detectors
rms mode

lntegrat¡on time

Measured value ¡ndication

Peak mode

Measured value indication

Distorlion measurement

Beterence measurement

lnputs
Front panel (switch-selected)

30 Hz to 70 kHz: 
=10.1 

dB;
other frequenc¡es: <+0.2 dB

up to crest factor 3: 
=10.5 

dB
up to crest factor 5: =t1 dB
(in accordance wilh DIN 45 633 and
rEc 179)

in accordance w¡th DIN 45 405 (t 981 )
and CCIR Rec. 468-2
s -90 dBm (Zs <20 kO)

quasi-rms-responding rectilier ¡n
accordance with DIN 45 633, sheet 2,
and IEC 179
FAST:35 ms
SLOW: 145 ms
mean value of deteclor voltage
during integration t¡me (145 ms)
quasi-peak-responding rectif ier in
accordance with DIN 45 405 (1 981 )
and CCIR Rec. 468-2
max¡mum value of deteclor voltaoe
dur¡ng ¡ntegrat¡on time (35 ms) -

L2 subtracted from L1 automatically

tdB variation from any selected
reference value

unbalanced: 1 Mç) ll =50 pF,
BNC female connector;
balanced: >20 kQ, 3-way
connector (DlN 41 628)
balanced: >20 kO, 30-way
male connector (DlN 41 622),
in parallel with 3-way female chassis
cûnnector (s¡milar to DIN 41 524),
lockable

Accessor¡es supplied
Power cord, manual, adapter board; one of each ol these for the AF
Generator and for the Level Meter

10.2 kg
8.6 kg
4.9 kg
5.1 kg

Rear panel
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A1 NOISE GENERATORS
2F

SUF 2

2Ll Hz tD

16 kHi

SUF 2 Noise Generator SUF 2

The basic version of the Noise Generator SUF 2 delivers a
noise spectrum with a constant mean energy content which
is uniformly distributed over all frequencies (white noise). A
variety of options permits the SUF 2 to be adapted without
difficulty for virtually all applications in audio and video noise-
voltage and distortion measurements (including digital sys-
tems); it can be remote-controlled for use in automatic test
systems.

Output signals, weighting filters. options

- White noise 20 Hz to 110 kHzl6 MHz/50 MHz (switch-
selected)

- Pink noise 20 Hz to 16 kHz (option);spectral components
decreasing by 3 dB/octave

- Triangular noise 20 Hz to 6 MHz (option)

- Weighting filter in accordance with CCITT Rec. G.227
(option for simulating telephony signal)

- Weighting filter in accordance with CCIR Rec. 559 (option
for simulating an LFlMF/HF signal)

- Weighting filter in accordance with CCIR Rec. 571 (option
for simulating a 1S-k{z program signal)

- Please enquire for other filters.

- Program option in accordance with CCIR Rec. 571

- Bus interface (optional) in accordance with IEC 625-1
(rEEE 488)

i1:rt:s (se€ examples)

Radio engineering: Measurement of crosstalk due to non-
linearity, and intermodulation, using the noise to mimic a
sound-program signal.

Video engineering: Measurement of interference effects on
all the components of transmission systems.

Architectural acoustics: Using a noise signal - because it

is similar to speech/music - for the measurement offers
advantages over the fixed-frequency test methods.

Frequency response measurement: Pink noise permits
rapid and repeatable measurements.

Control engineering: Simulation of noise sources in system
control and general control circuiis.

Research: Analysis of stochastic processes.

appendix

I 20 Hz to 50 MHz
O General-purpose generator for white, pink, triangular

and audio-spectrum noise

O Output level 1 V into 75 C)

O Easy to operate; remote-control option

SUF 2
Bandstúp

frltrr
5.lccl rv¿

ii

t- lnnnlJ2zn I ., -
Harmonic distort¡on measuremenl ¡n a crowded frequency band with simulated
gaps

Specifications

Freqùency range
Outputlevel (whitenoise) .. . . . . .

Frequency responseflatness . . . .

Bandwidths,options ...........
Levelsetting and accuracy . .. . ..

w¡th 20 Hz to 50 MHz bandwidth
w¡th 20 Hz to 110 kHz/6 MHz
bandwidths

Remote control

AC supply
oimeridioîs lwitnout stand), weight

Ordering information

Orderdesignation......... ...

Plug-in options
Controllers (one only):

IEC-625-þus lnterface . .

CCIR Rec.571 Program
Filters (one only):

TriangularNoise ......
Pink Noise
CCIR Rec. 559 - Filter
CCIR Rec.571 Filter . . .

CClfi Rec. G. 227 Filter

CKF

50 MHz
into 75 O (BNC);
7 V. link-selected

<+0.5 dB
see text
1-dB sleps, 10.5 dB continuously
0 to -80 dB +0.5 dB

0 to -100 dB +0.5 dB
attenuation: in BCD code
bandwidths and f¡lter opt¡ons:
2-b¡t binary code
't10t't15t220t235 V +10% (20 VA)
210 mmx110 mmx347 mm, 4 kg

> Noise Generator SUF 2
282.8819.03

suF 2-21 282.9915.00
suF 2-26 282.9673.00

SUF ?
20 Hz tn

6 Mt1,

75 !l

Measurement of noise rejection in video c¡rcuitry (amplifiers, sync separalors,
clampìng circuits, test equipment)

¡¡PX

Measurements on stereo systems and analog frequency-multiplex and tele-
phony transmission systems (60 to 1 08 kHz, internalional)

20 Hz lo

=1 
v-s

o.775/0.

SUN2 U
suF 2-22
SUF 2-23
SUF 2.24
suF 2-25
suF 2-27

282.9715.00
282.9815.00
282.9615.00
2A2.9644.OO
282.8860.00Rap¡d AF frequency response measurement with p¡nk no¡se using one-third-

octave or octave filter and level meter

! ,;_, , ,,r., !:.¡f.rFr \i sr ,,i1i:irrrF !ùf: )¡i ¡s ! ôl

4ffôfi
oÇ
,l

ü

ö',,

e

lEG625Elus

lest 8ln(lprss

A(lrl Srqr

SPF 2 ¡¡
r.rlf

1SPÂt ôr

UPFI

SUF 2
20 Hz to
110 kHz

+

SUN2S N1SC 2

Test
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appendix

FM/AM Demodulator FAB

I Bands l, ll, lll and lV/V
O Tunable oscil¡ator plug-ins for

bands I to V, fixed{requency plug-
in: lF + band ll

a Performance complying with ARD
specjfications 5/3.4 lor FM (AM)
demodulators

O Built-in frequency-deviation stand-
ard and mono/stereo indication

DEMODULATORS A1
2F

FAB
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FM measurement
Source impedance

Perm¡ssible load
Deemphasis (time constant) . . .

Band limilation by lowpass l¡lter
(at 1 I kHz)

2nd order
3rd ordèr

flalness of

Ordering information

O¡derdesignâtion.........
Basic unil without oscillalor
plug-ins

1 9" bench model
1 9" rackmounl

plug-¡n

t; -¡û
Photo: FAB with oscillator plug-in for band lll

The FM/AM Demodulator FAB, which is also suitable for
stereo operation, is designed for testing and permanent
moniloring of FM sound broadcast and W transmitters.
Lamps are provided to signal mono or stereo operation.

Measurements on the transmitter
rrsing FAB alone rvith accessory units
Modulation frequency Frequency response of AF
response amplitude
Centre-frequency error Frequency response of phase
Frequency deviation Distortion
Spurious amplitude modula- lntermodulation distortion
tion lntermodulation products

Weighted and unwerghted
noise voltage (FM and AM)

To select the desired frec¡uency band. the FAB must be
equipped with one of the oscillator plug-ins (see specifica-
tions). The selected reception frequency is indicated on a
drum dial (with the fixed-frequency plug-in, on the push-
buttons). \/Vhen the FAB is to be operated at a fixed fre-
quency, the oscillator can be switched to crystal-controlled
operation (crystals should be ordered separately).

l¡rcJicaliorr. The measured or monitored quantities are read
from a meter calibrated in kHz for the centre-frequency error
and on a switchable multi-purpose meter.

Specifications

Frequencysett¡ng ......withoscillatorplug-ins,tunable
lhrough the corresponding range
(crystal conlrol of lixed frequencies
poss¡ble) or with f¡xed-frequency

Frequency ranges of osc¡ilator orrn-i,ÎJ'g-¡nBandl(FAB-EI) ......48to68MHz
Bandll (FAB-82) ......87.Sto tog MHz
Bandlll (FAB-E3) .. . .. 175 ro 230 MHz
Band|V/V(FAB-E4) ...... ..... 421 to 853 MHz
Fixed frequencies (FAB ES) . . . . . S.S1) I 2.t.4 t 93.4r)/38.9r)/

Band r (orRr) (FAB-E6) .. . .. . . . 3r,u"'9utRu;)."n'
RFinpul . .....sw¡tchable:

Dez¡l¡x B on front panel/self-engaging
plug-and-socket connect¡on on rear

>40 dB (switched >40 dB (fixed)
together with

output tevet w¡rh 4o-kHz deviarion in oxÎåiìp, liln:"À""2 deviation in bands
vilutvtv,
fø=500Hzandspecifiedload ... +6dBm +6dBm

+0.25 dB +0.25 dB

ilonlinear d¡stort¡ons (w¡th frequency dev¡ations up to 175 kHz)
D¡stort¡on in the range
40 Hz lo l 5 kHz . <0.2S% (output i or 2)
lntermodulat¡on distortion

<0.15%
<0.2%

Output 1

<10 c)
(free from DC)
>600O ll s5 ¡P
50 trs (switched)

Output 2
<30 ()

>600 c)
50 lrs (fixed)

40 Hz to 15 kHz
outputs 1 and 2,
'15 kHz to 53 kHz
output 1 only

60ç)
206.941 8.62
206.941 8.61

Dev¡alion indicalion
Ranges . .. .. .. o to sOo Hzlt0/5O/loo kHz
Reading error at f6 = 569 Hz (atter calibration with built-in standard)
Range . . . ..... io/s0/100 kHz s00 Hz 500 Éz

¡nband . .... tto V I, il, ilt tv/v
Free-runningoscillator ........... +3% olfsd <S0Hz notoler-

crystaloscillator +3% of fsd .ru 
". 

1r"å 
".F¡xed-lrequencyplug-in .......... +3%of fsd <2SHz -Frequency-responsè

dev¡al¡on indication . s0.2 dB (40 Hz to 53 kHz)

lndication of amplitude modulat¡on
Ranges (modulation depth) . . . . . . . O to 1 t St 1ïo/o
Reading erroratfd : 500H2 ... . . < +10% of lsd
Frequency-response llatness of AM indication, referred to
indicalionatf^¿= 500H2 .. ...... <5"/.
S/N ratio, unweighted, referred
to 100% AM
S/N ratio, weighted, referred
to 100% AM
Output level at 1 0% AM . . . .

General data
Rated temperature range . . .

AC supply

Dimensions, weight
1 9" bench modêl
'19" rackmount

>56 dB

>66 dB
-.14 dBm +0.25 dB

> FM/AM DemoduIalor FAB

+5 to +35'C
11 5 I 125 I 220 I 235 V +1O / - 1 5%,
47 lo 63 Hz (35 VA)

484 mmx.l50 mmx336 mm, 17 kg
483 mmx133 mmx325 mm, 14 kg

lnpulimpedance . ..
RF input vollage . . .

Oulputs
Test output (output 1 ) stereo mult¡plex oulput (unbalanced);

RF female connector 4/13,
DIN 47284, adaptable
mono output (balanced, float¡ng),
tw¡n panel female conneclor,
DIN 4t 628

Mon¡toring output (output 2)

t) Please enquire for olher frequenc¡es between 4.5 and 6 MHz or 30 and
46 MHz.

z) Operation poss¡ble only w¡th channel crystal (to speciat order).

Recommended extras
Cryslals are to be ordered separately;
order¡ng informat¡on: crystal lor osc¡ilator for FAB, band (1, ll, lll or lV/V) and
channel frequency.

panel
50 O or 60 O, depending on order no.
1 to 5 V (0.1 to 1 V without AM meas-
urement)

rv/v) .....
trequencies)
r,orRï) ...

50f)
206.941 8.52
206.941 8.51

207.6012.02
207.7019.02
207.4O15.02
207.9011.O2
289.6911.02
235.3714.O2

Osc¡llator
FAB-E1
FAB-E2
FAB.E3
FAB.E4
FAB.E5
FAB.E6

(band
(band
(band
(band
(l¡xed
(band

r)
il)
nr)
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FM Monitoring Demodulator FKD/FKDL I 87.5 to 108 MHz

appendix

O Outputs for multiplex, L, R and
mono signals; headphones output

O L and R signal-level or peak-devia-
tion indication

O FKD: Maximum of four demod-
ulalor cassettes in one 19" rack-
mount including the power supply

O FKDL: a single demodulator cas-
sette plus the power supply in a
.l9" rackmount
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Photo, top: Frame FKD-B with four
FM Demodulators FKD-E
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The continuously tunable FM Monitoring Demodulators
FKD and FKDL are used for monitoring carrier signals
modulated w¡th mono or stereo signals in accordance with
the relevant CCIR recommendation. They are connected to
the transmitter output via directional couplers or voltage
dividers and deliver demodulated mono, multiplex, L and R

signals for checking the performance of FM transm¡tters.

r'i':r.i(.1r,:. ln addition to the FKD model principally designed
for central monitoring and accommodating up to four FM
Demodulators FKD-E in one l9" Adapter Frame FKD-B, the
FM Monitoring Demodulator FKDL is available; it consists
only of one demodulator in the form of a 19" rackmount and is
provided for incorporation into transmitters. The FKDL, too, is
available for European paging transmitters.

'¡',ir, ¡ìii,ii Analog displayof the AFvoltages of the Land
R channels is provided by two LED arrays (32 diodes). The
80-mm scale can be read even from a distance of several
meters. The righthand LED array can be switched over at the
front panel to indicate the frequency deviation of the trans-
mitter. Two additional LEDs signal that the stereo mode is

selected and that the RF input voltage is sufficient.

$ rm-ormoo p 3¿3 l(l( 50

fx0-t

Photo, bottom: Successor model FKDL

A low-impedance output on the rear panel deliv-
ers the mono signal for monitoring and measuring pur-
poses. The multiplex signal is available at two parallel, low-
impedance outputs on the front and rear panels. A head-
phones output for the L and R signals is fitted on the front
panel.

,,, li '.t: r; The FM Demodulator FKD-E comes as a
cassette for insertion into an Adapter Frame FKD-B which
provides space for a maximum of four FKD-E cassettes and
contains the power supply unit. lf the FKD-E is used without
this adapter frame, an external +15-V power supply is

required. The RF voltages coming from the transm¡tters are
applied via BNC female connectors on the rear panel. After
changing over the internal cabling, the RF voltage can also
be fed in on the front panel. The FKD is available as a 19"

rackmount or as a bench model with the necessary panelling.

The FM Monitoring Demodulator FKDL comes as a 44-mm
high l9" rackmount with a power supply of its own and is
fitted with connectors on the rear panel.

;,i i : ,ri,,i, The RF section of the FM Monitoring Demod-
ulators includes a variable-frequency oscillator whose fre-
quency can be modulated and which is automatically syn-
chronized to the frequency of the transmitter to be measured.
A five-LED array indicates the tuning with respect to carrier
midpoint. The AC component of the correction voltage is

used after peak-rectification for indication of the FM devia-
tion. The stereo decoder module, working on the time-divi-
sion-multiplex principle, automatically switches over to mono
operation if the pilot tone is absent.

iritt:¡ ,r¡,¡tiLlit:. For the suppression of cross-modulation
products arising from the linking up of several transmitters via
diplexers, a filter module is available.

Specifications

FM Monitoring Demodulators FKD-E and FKDL

87.5 to 108 MHz (tunable)
0.5 to 2 Vms
50 O (unbalanced)
>20 dB
manual
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appendix

Monosígnaloulput..........
outpù-reîer aììiõ iui oeuiar¡ón,
f.ø = 500 Hz
Frequency-response llatness
reterred lo 50-Us deemphasis . . . .

Harmonic d¡stortion at 175 kHz
deviat¡on
UnweightedS/Nratior) ........
WeightedS/Nratiot) ..........
ldent¡fication signal suppression
(f'ø : 500 Hz; with deemphasis) .

Monltorlng outpuls
Stereodecoderoutputs ..... ..
Output EMF w¡th +40 kHz
deviation, fm = 500 Hz
Crosstalk between L/B channels .

Frequency-response flatness
40Hzlo15kHz

Headphonesoutpul ..........
Frequency response flatness
40 Hz to 15 kHz .

Flller module
lnserlion loss .

Seleclivity

<30 Q (unbalanced)
+6 dBm +0.5 dB into 600 O2)

<+0.3 dB
<+1 dB

<0.5%, typ. 0.3% (30 Hz to l5 kHz)
>611 dB
>64 dB

100 Hz to 10 kHz: >40 dB down
40 to 100 Hz: >34 dB down
<30 O (balanced)

+6 dBm +0.5 dB ¡nto 600 r¡2)

+0.5 dB (40 Hz to f 5 kHz)

<0.5% (30 Hz to 15 kHz)
>68 dB
>68 dB

>60 dB

forLandRsignal;
4d <30 O (unbalanced)

+6 dBm +1 dB ¡nto 600 Q
typ. 30 dB (40 Hz to 15 kHz)

<+1.5 dB (deemphasis 50 Fs)

max. +12 dBm (ad¡ustable);
on lronl panel: Zd 530 O

< +1.5 dB (deemphasis 50 us)

to derive max. four carrier signals
6 dB per select¡ve circult
typ. 13 dB + 1.5 MHz off the canier

I I",'ì Li É l'r4 ü D U L AI-û iì _i A1
'+

RF input 87.5 ro 108 MHz /0.5 to 2 V

V¡n lhreshold

Vin indication

Tuning

Block diagram of
FM Demodulator FKD-E

Test outpuls
Multlplexs¡gnaloutput .... . .

outpüt tevelãt t¿bÏftzievtai¡on' .

Frequency response flatness
30 Hz to 53 kHz
53 to 1 00 kHz

Harmonic distort¡on at 175 kHz
doviationr)
Unwe¡ghtedS/Nratior) .........
We¡ghtedS/Nratiol) ...........
Crosstalk measured v¡a stereo-
decoderr) w¡thout preemphasis and
deemphasis

Lefl Õ
APC

Raqhl/dev.
(dBm/kHz) + 6 dBm (40kHz)

ì15 V

15

5 LEDS 32 LEDs

lndicalion

AF level lndÍcat¡on
lndicator ........

-12 to +f 2 dBm
LED anay (2x32 LEDS,
scale lenght 80 mm)

oJirJ

Eulfer
ampliÍier Oulpul

+ 6 dBm (40 kHz)

Stereo ind¡cal¡on
Vin ¡ndication

l5 kHz

MPX output

6 d8m (40 kHz)

Mono oulpul

6 dBm t40 kHz)

Devlation ¡ndicatlon . . . . . . . . . . . . 0 to 77.5 kHz (peak-voltage

Resorurion ... iÊ'?îli"?à, rro"r
lndication eroÉ) <+s% oi fsd (tm : 40 Hz to 60 kHz)
lnd¡calion error after change of channel, without
eÌ:ternalcalibrat¡on . . .... <+1ïo/o (fm = 40 Hz to 60 kHz)

1) Measured w¡th deemphas¡s (at mult¡plex signal output v¡a stereodecoder,
e.g. MSDC 2); noise voltage weighted ¡n ac,cordance w¡th CCIR 468-2,
refened lo nominal outout level.

2) After elemal calibralion in operaling channel.

General data
FM Mon¡tor¡ng Demodulalors FKD-E and FKDL
Raledlemperaturèrange ......... +5to +40'C
Operatingtemperalurerange ...... 0 to +45 "C
Sloragetemperaturerange . - -. -.. -20 to +50 "C
Powersupplyof FKD-E .......... +15V (+2%),300 mA

FKDL .. ,i:,LL,"ristirl::,iiot-1s%,
DimensionsorFKD-E ...... +'"ll,fl |t"(Lïu*tu *

FKDL... . . 483 mmx44 mmx364 mm
Weight of FKD-E/FKDL . . . . . . . . . . 1 .35 kg/3.3 kg

Adapte¡ F¡ame FKD-B w¡th power supply
Connectors (also applicable for FKDL)

RF inputs . . . . BNC female (on front and rear
panels)

L, R, MPX, monooutputs ....... 30-way male
Stalus-signal contacts for RF carr¡er and identif¡cation
signalmon¡loring ...... 30-waymale
Headphones ......... iackACsupply .....115112512201235V+101-15o/o,

47 to 63 Hz (60 VA for four
demodulator cassettes)

Dimensions, we¡ght (without demodulalor cassettes)
19"benchmodel(des¡gn80) .... 492 mmx161 mmx514 mm, 7.5 kg
lg"rackmounl 483 mmx132 mmx506 mm,4.6 kg

Ordering information

Order designatlon (19" rackmounts)
AdapterFramewithcassettes ..... > FM Monitoring Demodulalor FKD

Conn. on also on rear panel;
lronl panel with filter

w¡thldemodulalofcassefle..... 343.2014.51 3¿ti!.20f4.53
w¡th2demodulatorcassetles .... 343.2114.51 3¿tí!.2114.53
w¡thgdemodulatorcassettes .... 343.2214.51 343.2214.53
w¡th4demodulatorcassettes .... 343.2314.51 343.2314.53

S¡ngle-demodulatorrackmount .... > FM Monitor¡ng Demodulator FKDL
338.90f4.51lg"benchmodel 338.9014.52

Adapter Frame FKD-B with MPX outputs and RF ¡nputs on lront panel,
without demodulator cassettes . . . . . 3¿ß.2814.50
FM Demodulalor FKD-E wilh
MPxoutput .. . .343.2414.50
Panelllng for FKD-B . . . . . . . . . . . . . 085.1342.00
F¡lterFKD-B ...343.3210.50
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MSC 2 Precision Stereocoder MSC 2

appendix

;i

o4

The Precision Stereocoder MSC 2 produces the standard
multiplex signal with h¡gh precision.

ln the standardized technique of stereo multiplex broad-
casting, the sound-program signals for the left and right
channels are carried in the frequency range 30 Hz to 53 kHz
logether with a pilot tone. This stereo multiplex signal is
generated in the Precision Stereocoder MSC 2 with high
precision. The excellent data - for example distortion =0.1yo
up to 12.5 dBm, unweighted S/N ratio >80 dB, frequency-
response flatness =+0.15 dB and crosstalk attenuation
between left and right channels >60 dB (see diagram below)

- result from the new coding method employed in the MSC 2.

I 30 Hz to 15 kHz
O High-quality test coder complying

with CCIR, EBU and FCC standard
a AF generator with 6 fixed frequen-

cies

o SCA option can be retrofitted

For its use as a measuring instrument, the stereocoder is
fitted with an /.t[: c]eneralor producing six fixed frequencies
with high amplitude stability and low distortion, with the result
that an external generator will not be required in most cases.
The internal generator is used for the modulation modes:
L

R

L:R(monosignal)
L : -R (difference signal)

The phase and amplitude of the pilot tone (19 kHz) are
adjustable with front-panel controls so that the characteristics
of the decoder under test can be measured in any operating
conditions. The amplitudes of the AF and multiplex signals
can also be adjusted over a wide range. A peak voltmeter
indicates the modulation of the coder.

50

0,6 0,6 1 A 10 15 lH¿

Specifications

lnputs for L and B channels . .

Attenuat¡on (f >19kHz) .....
lnput lèvel at I kHz for oulput
of +6 dBm of M signal or ot S
modulatedontosubcarrier . . .

Preemphasis 50 [s/75 [s/ott
Auxil¡ary-s¡gnal¡nputs.......
Pilot-tonefrequency .... ....
Mult¡plex-signaloulputs .....

Outpul level

M-signal oulput
Pilol-frequencyoutput. . . . .. .

Frequency response f lalness
(ref. 500 Hz) measured after

decoder 40/30 Hz to 1 5 kHz
53 to 75 kHz

CrosstalkbetweenM/S .....
L/R......

S¡gnal/THD
up lo +12.5
Unwoighted

30 Hz to 1 5 kHz; balanced/unbal-
anced, Z¡n >30/20 kQ
>54 dB

+6 dBm (nominal input)

2i >2 Y&, unbal.: 53 to 100 kHz
19 kHz (subcarrier 38 kHz)
2 (shortcircuil-proot), Zod <20 O
+6 d3m/-æto +12 dBm optional
(w¡lhout pilot tone)

1 Vpp (Zd <100 O), squarewave

<+0.15 dB

Stereo separation of the Precision Stereodecoder MSC 2 between the right and
left channels; full line: guaranteed values; dashed line: typical values

The Precision Stereocoder MSC 2 is used as reference unit
for all measurements with stereo multiplex signals, since its
data far exceed the standard specifications of the broadcast-
ing corporations.

ln conjunction with a stereo-signal generator, the MSC 2 is a
useful instrument for the development and production of
radio receivers. A simple measurement of crosstalk between
the two AF channels gives a good idea of the main charac-
teristics of the RF and lF sections of a rece¡ver, without
requiring elaborate frequency-response measurements; it is
also a good test of the performance of the stereodecoder
section. Together with a stereodecoder of similar quality,
such as the MSDC 2 (see page 343), all kinds of measure-
ments can be made on equipment that handles and thereby
possibly deteriorates multiplex signals, for instance FM trans-
mitters, modulators, relay receivers and switchboards. ln
such cases it is particularly important that the inherent error
of the test assembly should not falsify the measurement.

level

:'Y:il

:::

>46 dB down
>60 dB down
>58 dB down

(30 Hz to 15 kHz)
(100 Hz ro 5 kHz)
(30 Hz to 15 kHz)

Waighled S/N ratio

Powersupply ....
Dimensions, weight

19" bènch model
l9rrackmount . .

Order deslgnallon
19'bench model
l9rrackmount . .

SCA Modulalor ..

(to DIN)
(to DIN)
(ccrR 468-2)
+101-15%,

492 mmx116 mmx392 mm, 6.7 kg
483 mmx88 mmx384 mm, 4.5 kg

> Prec¡sion Stereocoder MSC 2
230.9314.04
230.9314.03

230.9014.00

ratio at output levels
dBm....
S/N rât¡o

>60 dB
>80 dB, quasi-poak
>78 dB, quas¡-peak
>76 dB, quasFpeak
115t125t220t235 V
47 to æ Hz (10 VA)
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Precision Stereodecoder MSDC 2
0 30 Hz lo 75 k{z
O High-grade decoding of multiplex

signals

O Very high channel separation: typi-
cally 64 dB

O Extremely low intrinsic distortion

STEREO DECODER A1
2F

MSDC 2

@ aoxoeascrw¡nz slEÊEoMEssoEcoDER srÂroano srEREoo€coDER Msocz 2Í.O5la.

c
?EH{" .} 'lt N ,'ö 't¿,-' ' :Ø
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The Precision Stereodecoder MSDC 2 is used to measure
and monitor stereo multiplex signals. lts performance far
exceeds the requirements set by ARD in all significant points.
Thus the MSDÇ 2 can be employed as a reference standard
in the development and production of stereo coders and
decoders, as well as in transmitter networks to ensure high
transmission quality.

lnput. The input of the MSDC 2 is balanced; common-
mode rejection exceeds 60 dB for the lower frequencies. The
input amplifier handles frequencies from about 0.1 Hz to 1

MHz without introducing distortion. Amplitude and phase
errors thus remain so small that high separation performance
is achieved (same values as for MSC, see diagram on page
342).

The decoder uses a time-division-multiplex decoding techni-
que. ïhe stereo signal is connected alternately at a rate of 38
kHz to the right and left channels. This circuit arrangement
provides a carrier suppression of more than 40 dB.

To obtain the specified channel separation, it is essential that
switching is in exact synchronism with the pilot tone. For
frequency deviations up to +2 Hz and level variations up to
+61 -12 dB the time shift of the squarewave switching
voltage referred to the 19-kHz pilot tone may not exceed 50
ns.

Outputs. The signals of the left and right channels, the
centre signal M: (L+R)/2 and the side information
S: (L-R)/2 are delivered with extremely low distortion at
separate outputs. Apart from the S-signal output they are
balanced. Toroidal core transformers are used, giving distor-
tion of less than 0.1%, even at a frequency of 30 Hz and a
signal level 6 dB above nominal.

lndication. A selector switch allows the levels of the output
signals and of the pilot tone to be indicated on the panel
meter. The measurement range for the output signals (-66
to + 18 dBm) is large enough to permit even the intrinsic error
of the MSDC 2 or a coder working directly into the MSDC 2 to
be measured. The pilot-tone voltage can be measured over a
range of -7.5 to -17 dB relative to the setting of the input
attenuator. This permits exact level adjustment, even with an
unknown stereo multiplex signal.

Ordering information

order dælsnatlon (ls"rackmount) t 
!åiäåli.t#r"odecoder 

MSDG 2

Panell¡ng ...... 085.1313.00

Specifications

Ster€o multiplex lnput
Frequencyrange .....
lnputimpedance ......
Common-mode re¡ection

lnputlevel...

Setling . .. .

Overdrive limil

AF oulputs
L, R, M signal outputs (balanced)
s i¡énåiòip"iiriñbàË;edi . .i . :

Llnear dlstonions
Frequency response flatness at
the oulputs, relative to 500 Hz . . . .

Deemphas¡s

Llnear crosstalk
M/S channels
L/R channels, 100 Hz to 5 kHz . . . .

30Hzto15kHz...

Nonllnear dlstortions
Harmon¡c distortion at 6 and
12.5 dBm
Dilerencef requency inter-
modulat¡on d¡stortion lo DIN ¡15403
at 12.5dBm.

Wêlghted and unweighted nolse
(w¡lh 50"Fs de€mphasis) relative
lo +6 dBm al 1 kHz
Unweighted S/N ratio,
rms measurement
Wbighted S/N ralio,
p€ak-value measuremenl (CCIH) . .

peak-value measurement (DlN) . . .

P¡lol-lone suppression . . . . . . . . . .

SCA suppression (SCA level
-16 dB relalive io multiplox signal)

Meter lndlcation
lndicating enor
P¡lot-loneindication ............
AFindicalion(lodBsleps) ......
Gene¡al data
RaledtemperaturêÌango .... -...
Rear conneclors
Power supply

D¡mens¡ons, weighl
1Y bencñ model
1Y rac*mount

30 Hz to 75 kHz
>40 kO bal., >20 kO unbal.
>58 dB at <150 Hz
>46 dB at 150 Hz to <15 kHz
>36 dB at 15 to <100 kHz
-12 to +12 d8m
(0 dBm = 0.775 V into 600 O)
ÊdB steps, 13 dB conlinuous
>6.5 dB

+6 dBm, Zs <20 O, a >200 O
+6 dBm, Zs <500 O

<+0.15 dB Íor 30 Hz to 15 kHz
5O ¡ts +2o¡o¡75 lts +2o/olofl

>46 dB (typ. 50 dB)
>60 dB (typ. 64 dB)
>58 dB (typ. 60 dB)

<O.1Vo

d2 <0.05%, d3 <0.17o

>80 dB (30 Hz ro 100 kHz)

>78 dB
>80 dB
>90 dB

>76 dB (56 to 96 kHz)

L, R, M, S or pilot-lone level
<0.2 dB of rdg +1.5% ol fsd
-7.5 lo -17 dB
+18 to -66 dBm

+5 to +¿15'C
3o-pole male
1 1 5 I 1 251 2n I zJs V +1 0/ -1 5%,
47 to æ Hz (12 VA)

492 mmxl16 mmx392 mm, 6.7 kg
¿l8rfì mmx88 mmx3{H mm, 4.5 kg
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appendix TV TEST TRANSMITTERS A1
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8[OB00U!^Toi. ïStot i00ut^¡0n . s¡uf .ti hü{¡.¡r¡.1 ¡r.rrr. O ' Pror¡rarri Seiector SBUF-E4. Five stat-

ic programs (no modulation; see specifi-
cations) and the dynamic program (nor-
mal mode) can be pushbutton-selected.
ln the dynamic mode, the modulated vi-
sion and sound carrier signals are avail-
able at the sum outputs in the ratio 10:1.
External program selection is possible
by applying TTL levels.

[-M Sound Mociulator SBl.JF-E5 for TV
dual-sound or stereo measurements (the
specifications are the same as those of
Sound Modulator E2). The TV Dual-sound
Coder E7 is required for operation (see
below).

Video Generator SBtiF-E6. The
SBUF-EO delivers a standard composite
video signal (625 or 525 lines) with a
selectable test signal for rapid checking
and measuring of the transmission
characteristics of TV transmission sys-
tems, in particular receivers and trans-
posers. lt makes the SBUF or SBTF 2 into
a complete W test transmitter. The five
test signals can be selected either by
pushbuttons or by external TTL levels. A
mean grey pedestal can be connected for
application of external signals (e.9. a
sweep signal).
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The carrier frequency is supplied by an internal crystal oscil-
lator or an external signal source. A switch is fitted for
double-sideband modulation (1-dB bandwidth + I MHz) or

- via a group-delay-equalized filter - vestigial-sideband
operation.

The check meter indicates either supply voltages, deviation
(or modulation depth) of the sound carrier or output level of
the Vision or Sound Modulator.

For the CAW mode using adjacent W channels Vision
Modulators with increased selectivity (surface wave filters)
are available for Standards B/G and M.
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f:M Sounci Modulatol SBUF-F2. The
Sound Modulator is designed both for
mono transmission and for modulation
of stereo signals. A low-distortion signal
from an internal sinewave generator
which can be set to O.O4l1/5115 kHz or
an external signal (two parallel balanced
inputs) is used for frequency modulation.
The preemphasis can be disconnected.
The centre frequency is stabilized by fre-
quency and phase control loops. The
FM deviation can be continuously ad-
justed.

SB Generator SBUF-E3. The frequen-
cy of the voltage-controlled oscillator (30
to 48 MHz) can be set by hand or swept at
one of two speeds over a continuously
adjustable sweep width. The triangular
sweep signal is availaþle at a front-panel
output.

The SB Generator enables simple deter-
mination of the intermodulation pro-
ducts and the linearity of amplifiers - in
particular of TV transposers.

AM Sound Modulator SBUF-EZ (for Standards C, L, L,).
The AM Sound Modulator can be used instead of the FM
Sound Modulator. lt is also suitable for internal and external
modulation; the modulation depth ¡s continuously adjustable.
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TV Dual-sound Coder SBUF-E7. The
plug-in permits encoding of the AF signals
for the FM Sound Modulators E2 and E5
and adjustment of amplitude and phase of
the two sound channels. The E7 also de-
livers the frequencies for mode identifica-
tion (for pilot modulation) and the pilot
frequency.
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A1 TV TEST TRANSMITTERS
2F

SBUF W Test Transmitter

Output signal. ïhe combined signals from the Vision Mod-
ulator, Sound Modulator 1, Sideband Generator and Sound
Modulator 2 are brought out to two sum outputs for frequency
conversion in the Transposer Unit. The levels of the signal
components are determined by attenuators in accordance
with the selected program. Adjustment by a further +3 dB is
also possible on each component, or the components can be
switched off.

The nonlinear distortion of the device under test can be
efficiently measured with the aid of these signals by evalua-
tion with an analyzer or selective receiver. The expense of
three continuously variable signal generators with calibrated
attenuators and decoupling networks, the separate tuning to
three frequencies and the setting of three levels can thus be
eliminated (see diagram below).

appendix

Test setup for moiré measurement on a channel amplifier

Transposer Unit SBUF

ln the transposer section the sum lF signal from the mod-
ulator section is up-converted and down-converted to obtain
a carrier frequency anywhere in the range 25 to 1000 MHz.
Unwanted spurious emissions are suppressed by fixed band-
pass filters and a lowpass filter.

Frequency setting. The frequency can be set in one oftwo
ways:

"Unsync." mode. Adjustment with tuning knob ll only;
frequency indication calibrated in MHz (error = +10 MHz),
372 digits (produced by analog/digital conversion of the
tuning voltage).

"Sync." mode. Additional presetting with tuning knob l;

frequency indication calibrated for 0 to 100 MHz to an accu-
racy of +1 kHz via a counter. The channel frequency is set
ignoring the 100-MHz decade, which is derived from the
adjustment of tuning knob ll after phase locking.

It is thus possible to set and read off the desired channel
frequency without an lF signal being applied at the input of
the transposer.

rl

Frequency setting (bottom right) and readout (top) on Transposer Unit SBUF

By way of a counter input with a 10:1 prescaler the refer-
ence-frequency input can be used for measuring external
frequencies in the range 25 to 300 MHz.

Second intermediate f requency. An option (please
enquire) is available to provide the Transposer Unit with a
second input lF, for instance 45.75 MHz in addition to 38.9
MHz (switch-selected on the front panel). This option is also
available with an lF ol 32.7 MHz (Standard L/L') for the lower
sideband. Another application is the conversion of lhe nomi-
nal lF into a second lF.

Output level. The levelled output signal can be continu-
ously adjusted by varying the overall gain and is indicated by
a row of LEDs. A calibrated attenuator further allows the
output level to be set in smallest steps of 1 dB.

To increase the output level to 2 V, the CATV Broadband
Amplifier AKF can be connected after lhe SBUF for 25 to
300 MHz.

F5SENi,IR iv rE t IR^frirt4]l'11ì ',Bi.lf

Õ

r------ l

L_______ _ r

Sign¿l Geærâld

rEc

S3!F

DlA TV Tesl Transiller SBUF

E etj

CATV B'oadband Amplifier AKF

Programmed operation. Channel setting is also possible
by an external frequency for tuning I and by an external
voltage for tuning ll. A signal is delivered in the case of
synchronization.

Block diagram of computer-controlled test
assembly for rapid channel change, the re-
ference lrequency is delivered by the Signal
Generator SMS and the tuning voltage pro-
duced by a D/A converter (e.9. Motorola MC
1 408)

Process Conlroller
PUC
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appendix

Specifications Modulator Unit SBUF/SBTF 2

Vision Modulator SBUF-E1

Video lnput signal

TV TEST TRANSMITTERS A1
2F

Signallevel
DC offset
lnput (sw¡tch-selected)

Betum loss (0 to I MHz)
Front-panelinput....

Rear-panelinput ....
lF output signal
Msion carrier

Frequency enot
Output leve12)

Setting range

Modulatlon characlerlstlcs
Type of modulation

Modes of operation

0.s to 2 Vpp (CVS)
max. t5 V
loop-through f¡lter, BNC connectors;
high-impedance or 75-Q termination;
front or rear panel

>34 dB, e)demal terminat¡on

=26 
dB, internal terminat¡onr)

>20 dB, inlemal tèrminal¡on

38.9 MHz (B/G, D/K, l, M)
32.7 MHz (L')
45.75 MHz (M-CATV)
sal xt0-s
200 mvm, sync peak
(white level with standard L)
approx. t3 dB,
carr¡er can be disabled

C3F (A5C), negative (B/G, D/K, l, M)
C3F (AsC), positive (L)
double sideband,
vestigial s¡deband,
w¡th or without receivèr
group-delay correction t¡lter

to back porch
by peak rectil¡cation to sync level
for symmetrical modulat¡on

tB MHz, ref.: vision carrier

<+0.2 dB, 110 Hz to tO MHz
<+0.5 dB, 16 Hz to t8 MHz
sêe bottom left

additional amplitude response:
+0.2 dB, 10 Hz to 4.8 MHz
+0.2 dB, 10 Hz to 5.5 MHz
+0.2 dB, 10 Hz to 4.8 MHz
0 (no correction)
+0.2 dB, 10 Hz to 3.8 MHz

<10 ns, 110 Hz to aO MHz
add¡tional ripple
(peak-to-peak value):
<40 ns, -4.8 to +0.5 MHz
<70 ns, -4.8 to +0.5 MHz
<40 ns, -5.5 lo +0.5 MHz
<30 ns, -5.2 to + 1 .0 MHz
<40 ns, -1.25 to +6.0 MHz
<40 ns, -4.0 to +0.5 MHz
<70 ns, -4.0 to +0.5 MHz
see bottom right

Nonlinearity of
modulat¡on characteristic .

Diferent¡al gain at
colour subcarrier f requency
Diflerent¡al phase at
colour subcarrier f requency
Signal-to-noise ratio3)

for0.1 tosMHz.......
for0tol kHz

Hum suppression3)
inclampedmode.......

Check metet

Monltoring conneclot
(visioncanier) ... ....

lnternal AF generator
Frequency, switchable lo
Ampl¡tuderesponse ....
Harmonicdistorl¡on. . . . .

lF oulput signal
Sound can¡er frequencfl)

Frequency enor
Centre frequency stabilizat¡on

Oulputlêvel2) SBUF-E2 .... .

SBUF-Es .....
Nominal level for s¡ngle sound

Sound Modulator| SBUF-E2
and Sound Modulator 2 SBUF-Es

AF inpul signal
Signallevel ....
Frequency range
lnput ... ..... .

Conneclor.....

<3%, I to 100% modulat¡on

<2Y", 10 to 85% modulation

<2', 10 to 85% modulation

>64 dB
>60 dB

(rms)
(peak-to-peak)

>57 dB
(with 30% superimposed hum)

for carrier level, modulat¡on
and supply voltages

test outpul: approx. 0.5 V inlo 50 O
oscillator input: 1 to 3 V

+6 dBm for 0 to +80 kHz deviat¡on,
cont¡nuously adjustable
40 Hz to 75 kHz
float¡ng, ¿" approx. 5 kO,
switchable external/intemal
front panèl: 3-way female
rear panèl: 30-way male

O.O4l1l5115 kHz and "ofl"
<+0.3 dB, ref. to 1 kHz
<O.sYo

33.4 MHz (sound 2: 33.158 MHz)
32.4 MHz
32.9 MHz
34.4 MHz (CATV:41.25 MHz)
<+500 Hz
lrequency and phase
ref.: v¡s¡on carrier
s45 to >90 mV* ì

=20 
to >40 mvm f

Mean value

Transm¡sslon characterist¡cs
Transmissionrange(lF) ........
Ampl¡tude response

Double-s¡deband operation. . . .

Vest¡g¡al-sidebandfilter.. .....
Recelver group-delay
corrêclion
Standard B/G

D/K ... .

I (South Africa)
Landl (creatBritain) ......
M ......

Groupdelay response
Doublesidebandoperal¡on. . . .

Vestigial-s¡deband operat¡on

Slandard B/G
B/G-CAry
D/K .. ..
t.......
L.......
M ......
M-CATV

Rece¡ver group{elay correclion

Applies only if no cable is used.
Level al rear-panel lF summing outpuls.

1.5 ilHz
dB

control;

carrier can
be disabled

dual sound

45/63/90 mV correspond¡ng to
vision/sound power ratio
2O:1 l10il l5:1
45mV(20:1)forsound I,
20 mV (100:1) lor sound 2

Modulatlon characlerlstlcs for slandards B/G, D/K, l, M
Typeofmodulation ...... F3E (F3), w¡th preemphasis
Modulation lrequency
responseflalness ....... <+0.3dB,40Hzto53kHz

<+0.5 dB, 53 lo 75 kHz
ref.: 1 kHz, preemphasis d¡sabled

r)
2l

3)
4)

Measured via TV Demodulator AMF 2; ref.: black-to-white trans¡lion.
Please enquiro lor differenl frequencies.

-5.5 -5 0,75 . 1.25
100

I 0.3 dB

Left:
Tolerance mask for
frequency response of lF
sideband spectrum
(standard B/G)

r00

-200

300

400

500

Risht:
Group-delay/frequency

response of v¡deo group-
delay precorrection

-6 -5 4 3 -2 1 0 +1 +2 ¡3À1Hz 4 4.43 5

2

4

-6

-8

-10

,12

14

16

18

-20

LIH z

0
025
l
2
3
3.75
4.43
480

i 10
-10
:10
i 10

10

20
20

0
'5

'53
'90
-15

0
170

400

ñlH
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A1

Stereo crosstalk

Signal{o-no¡se ratio

lnc¡dentalAM

Modulation characteristics for standard L (ditfering characterist¡cs)

appendix

250-kHz squarewave
Ïlt... .. ... <1Yo
Synchronizat¡on ..... Hsignal

V squarewave
ï|t..... ......=1Yo
H squarewave and 2T pulse
Squarewave(duration) ........... approx. 17 or 52 Fsïll/overshoot <1Y"1=2%
2Tpulse,switch-selected . ........ normal/¡nverted posit¡on

Sawtooth with superimposed RF (CCIR signal No.3)
Sawtoolh signal (duration) . . . . . . . . approx. 12 to 64 us after S lead¡ng

edge
Superimposed colour subcarrier . . . 100 mV/32 mV t 1 0% (corresponding

D¡ff.gain/phase

Pedeslal plus external signal
lnput signal

Frequency response f latness
lnput (front panel)
Blanking .

Greypedestal, adjustable. . . ..
Signal select¡on

lo picture componenl 0/ - 1 0 dB)
<o2%t<0.3'

Accessor¡es supplied

TV Dual-sound Coder SBUF-E7

SBUF TV Test Transmitter

Preemphasis (sw¡tched)
Modulat¡on distort¡on . .

Typeof modulation . . ...
AF inpul signal, level . . . .

Frequencyrange.....
lF output signal

Sound carrier frequency

Outputlevel2) .......
Modulat¡on frequency
responsellalness -.....
Modulat¡ondistort¡on ...
Signal-to-no¡se ralio ....

SB Generator SBUF-E3

Frequency range
Frequency setl¡ng
Sweep width
Sweept¡me, sw¡tch-selected . .

Nominaloutpullevel .... .. -..

Setting range

Frequency response f lalness
Harmonics
Output fortriangular signal . .

50 us 15% (M:75 gs)

=0.5%,40 Hz to 15 kHz,
deviat¡on :t75 kHz
(preemphas¡s disabled)
>40 dB down, 0.'1 to 5 kHz
(measured w¡th coder and decoder)
>70 dB (mono), >66 dB (stereo),
weighted and unweighled;
ref.: 140 kHz dev¡ation
>40 dB down; lor l.ø 1 kHz and
deviation +40 kHz;
ref.: 100% modulation

A3E (43), w¡thout preemphasis
+ 12 dBm for 0 to 100% modulat¡on,
cont¡nuously adjustable
30 Hz to 15 kHz

39.21) MHz +500 Hz,
crystal-controlled
<50 to >100 mvms

<+0.5 dB, 30 Hz to 15 kHz;
ref.: 'l kHz
<1% (up to 90% modulat¡on)
>70 dB, we¡ghted and unwe¡ghted;
t el.'. 1 00o/" modulat¡on

30 to 48 MHz
manual or swepl
0 to 18 MHz; ref.:38.9 MHz
1 or '10 s (lriangular)

-16.5 dB (approx. 30 mV); ref.:
v¡sion carrier at summing output
approx. a3 dB,
carrier can be d¡sabled:
can be controlled trom SBUF-E4

=2% 
(automatic control)

=40 
dB down

+5 V +5%; Ad approx. 1 kO

0.7 V lot 10lo 70Yo superimposed RF
<+0.1 dB (50 Hz to 6 MHz)
75 Q; A >34 dB (up to 10 MHz); BNC
3 $s before to 1 2 Fs after S leading
edge
30 to 100% picture component

by pushbuttons or external signal
(TTL levelwhen inserled in compart-
ment 3)

75-O cable, BNC, 0.5 m long

L/R or AF 1 /AF 2
+6 dBm for t30 kHz deviat¡on
+ 12.5 dBm
50 frs +5%
Z¡¡ approx. 5 kC¡; 6-way

+6 dBm
<:!0.5 dB (40 Hz to 15 kHz)
sound channel 1 sound channel 2
AFl AFz
AF1 AF2+pilot
AF1 AF2+pilot
M=0.5 (L+R) R+pilot
>70 dB/>50 dB down
level approx. 40.5 dB
phase approx. +3'(al 15 kHz)

in sound channel 2
- 15.6 dBm, t6 dB adjustable (corre-
sponding to deviation +2.5 kHz)
54.6875 kHz (:3.5 fu)

synchron¡zed w¡th line frequency fH
accurate to within l:5 Hz

pilot carr¡er amplitude-modulated
w¡th idenlification frequency
mono: withoul (unmodulaled)
dual sound: 274.1 Hz (: lnl57\
stereo: 117.5H2 (: fal133)
adjustable kom 40 to 60%

female multipo¡nt conneclor lor use
with Sound Modulators

38.9 MHz :7 lt/Hz I lor standard,
45.75 MHz :6 MHz l see Modula-
32.7 MHz +7 MHz J tor Un¡t
(comþinations poss¡ble,
see ordering ¡nformat¡on)
200 mV +0.5 dB
BNC female connector on rear panel,
Zr = 50 O, return loss 

=20 
dB

25 to 1000 MHz mntinuous luning
range
APC w¡th indicator, sw¡tched
1. w¡th APC v¡a counler, accurale

to 10 kHz 11 kHz
2. wilhout APC via A/D converter and

d¡gital voltmeter, error <a10 MHz
adjustable from -6 to 0 dB

AGC
manual setting

< +0.5 dB, 10.2 dB typ., channel-
dependent

AF input s¡gnals
(Nominal)signallevel .. . . ..
Maximum ¡nputlevel . .... ..
Preemphas¡s, can be disabled
lnput (fronl panel)

AF output signals (coded)
(Nominal) signal level ......
Frequency response llatness
Signaltype

Monowilhoutpilot .. . . .. .

Mono with pilot
Dual sound
Slereo ..

Crosstalk dual sound/stereo
Setting ol deviation symmetry

Nom¡nal ¡nput level
|nput..........

Outpul frequency
lø with f¡n = lF,s¡on

Frequencystabilization . . .

Output lrequency ¡ndical¡on

Gain lrom ¡nput lo oulput . . . .

Frequency-response llatness
olgain ..

within fod l7 MHz ol output
frequency

Program Selector SBUF-E4

Coupling network for vision,
sound and SB signals . . . . . . passive, atlenuators selected with program

butlons or externally
Program types . . . . 5 static programs plus normal operat¡on, see

text
Levels for the ditferent programs

Program

P¡lot carrier
Pilot level

P¡lot lrequency
Frequency stabilizat¡on

w¡lhvision modulation ... . . .

wilhout vision modulat¡on . . .

Operating mode identif icalion

ldent¡ficationlrequenc¡es . ... .

Modulaliondeplh ....
Accessor¡es suppl¡ed

Specifications Transposer Unit SBUF

Frequency and level
lnput frequency range

tM..
IM/K
IM/B
LIN 1

LIN 2
DYN

V¡sion
carrier
0dB
-8 dB
-5.5 dB
-2.5/-8 dB')
-2.5t-2O dB'l
0dB

Sound
carr¡er

-10 dB
-10 dB
-11.5 dB
-10 dB
-10 dB

-10 dB

S¡deband

off
-16.5 dB
-11.5d8
-32 dB
-32 dB
olf

External program selection
') alternat¡ng every 2 s
by TTL level:0 = act¡ve

Sound Modulator SBUF-ES same as E2

Video Generator SBUF-E6

Pulse generator

System ..
Line frequency
Field frequency
Colour subcarr¡er f requency

mode H+V
625 lines 525 ¡ines
15.625 kHz tO.l% '15.750 kqz lO.1o/"
50 Hz 60 Hz
4.433618 MHz 3.579545 MHz
t10 Hz 110 Hz

CVS oulput signal (data common to the signals l¡sted below)
Picture component,
sw¡tch-selected. . .

S component, lixed
Output (front panel)
S¡gnal-to-noise ral¡o

R¡se and falltimes

o.7lo.22v (0/-10 dB)
0.3 v
75 O; A >34 dB (up ro 10 MHz); BNC
>50 dB (peak measurement at grey
pedestal, ref. lo 0.7 V)
200 ns -10/+20 ns

<2 dB w¡th

=6 
dB with

r) Please enqu¡re for d¡fferent frequencies.
2) Separate lF outputs for v¡sion and sound carriers if separate Channel Unit

SBTF 2 is used; lF summing output for Transposer Un¡t SBUF.
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appendix A1

Output level 30 IV to 200 mV ¡nto 50 Q
(106 dB(FV) max.), may be reduced
¡n steps of '1 and 10 dB by calibrated
attenuator
fine <+0.2 dB
coarse <+0.5 dB
N temale conneclor, adaptable;
4u = 50 Q, return loss 

=6 
dB w¡th

oulpul attenuator set to 0 dB, or BNC
female conneclor;Z*r = 75 Q (with
matching pad)

Mon¡tor outputs for local
osc¡llators....-. appfox. 0.l v into 50 o, BNc female

conneclors on rear panel
70.366833 MHzNominal frequency of l¡rst LO

Nominal frequency of second
LO and t¡mebase

Oscillatotrlrequency adjuslment

Effectof crystalaging . . ... . ..
Output-levelmonitor .........
lnpul for tuning signal I . . . . . . .

lnputfortun¡ng signal 11... ....
Transmission characterisl¡cs
Spurious s¡gnals with vision/sound rat¡o of 1O:1 (gain -6 dB)

Spurious emissions . . . . . . . . . . . . >66 dB down, 70 dB typ.,
V¡sion carr¡er -5.5 MHz and
+11 MHz . >56 dB down, 60 dB typ.,

Crossmodulat¡onproducts ...... >70dBdown
Harmonics ... 

=40dBdownSpurious s¡gnals outside
tun¡ng range . 

=40 
dB down

Mdeo signal-to-no¡se ratio al 0 dB gain, referred to blackìo-white transition
0.1 tosMHz(noise) ........... >60 dB (rms)
oto'1 kHz(hum) ...... >56d8 (peak-to-peak)

Audio signal-to-noise rat¡o up to 15 kHz
(w¡lhpre-anddeemphasis) ....... >66 dB, refened to 40-kHz dev¡ation

Frequency counler
Frequency counter for meas-
urement of output frequency . sw¡tched external/internal

25 1o 300 MHz
50 mV*" to 1 Vms inlo 50 Q
50 Q, BNC female connector (front
panel)
100 MHz a5 x l0 7

range for ext. use

Weight ol Modulator Unit
l9"benchmodel...- .17 kg fitted w¡th Ms¡on and Sound

Modulators,
21 kg fully equipped
'15 kg f¡tted with Vision and Sound
Modulators,
'19 kg fully equipped
25 kg

1 9" rackmounl

Weighl of Transposer Un¡t

Ordering information

Modulator Unit SBUF/SBTF 2

The bas¡c vers¡on comprises the Modulator Frame SBUF-B plus the power
supply, fitted w¡th lhe V¡s¡on Modulator SBUF-E1 and the Sound Modulator
SBUF-E2 (sound 1).

100.00000 MHz

=5 
x 10 6 w¡th reaÊpanel potent¡o-

meters

=2 
x10 8/day (manufacturer's data)

row of LEDS
150 to 250 MHz, 0.5 to 1 V-",
BNC female conneclors (rear panel)
0 to 5 V for 0 to 1000 MHz

AKF (option)

25 to 300 MHz
27 +1.5 dB

52 Vms into 50 or 75 O
corresponding to 126 dB(FV)
forV.,,'=1Y 2V

=56 
dB down 

=50 
dB down

=70 
dB down 

=66 
dB down

=30 
dB down

<14 dB
50 or 75 O; BNC
>20 dB
50 or 75 O; BNC
>10 dB
meter, 120 to 126 dB(frv)
115t125/2201235 V (16 VA)
492 mmx'116 mmx514 mm,5.4 kg

Error of output attenuator

Oulput . .

CATV Broadband Amplifier

Frequency range
Gain...

Frequency-responsellatness .. .

Output level

Spur¡ouscomponents...... . ... .

Spur¡ous signals, v¡sion/sound
ratio 1 0:1
lnlermodulation producls
(DrN45004K) .....

Harmon¡cs
Noise f igure
lnput(lronlorrearpanel) .. . .....

Beturn loss
Output(frontorrearpanel) .. . ....

Return loss
Checkingoloulputlevel .... .....
AC supply
Dimensions,weight ............

Order designations
Modulator

Standard
B/G - general
B/G-general-CAry .......
B/G - Noruay
B/G - Sweden (A)
B/G - Denmark .

B/G - Australìa
B/G-Newzealand .........
D/K-CCIB Rep.308 ........
D/K - Czechoslovak¡a/Hungary
l- Great Britain
l- South Africa
L - France
M - 38.9 MHz
M-45.75 MHz-CATV. .,. . . .

Accessor¡es supplied

Mdeo Generalor SBUF-E6
625-line standard (CCIR) . . .

525linestandard (FCC) .. . .

TV Dual-sound Coder SBUF-E7
Adapter cables for seru¡c¡ng

13-way .

21-way .

50-O cable.

> MOdUIAIOT UNiI SBUF/SBTF 2
l9" rackmount 19" bench model
341 .0014. 1 1 341 .OO14j2
341 .0014.41 341 .0014.42
341 .0014.81 341 .0014.82
341.0014.83 341.0014.84
341.0014.85 341.0014.86
341.0014.87 341.0014.88
341.0014.89 341.0014.90
341.0214.11 341.02't4.12
341.0214.15 341.02't4.'t6
341.0414.11 341.04't4.12
341 .0414.13 341 .0414.14
34.t.0814.11 341.Q814.12
341.0614.11 341.Q6't4.12
341.0614.41 341.0614.42

terminat¡on 1 24.0324.OO,
power cord 025.2365.00

Recommended extras
SB Generator SBUF-E3
Program Selector SBUF-E4

294.641 6.00
294.70't2.O0

please specify
sound
cârier lrequency

340.821'1.76
34Q.8211.75

241 .3812.00

341.5274.00
294.'t420.Q0
341.5245.00 (2 cables recom-
mended)

General data

Ratedtemperaturerange ... -... -. +5 to +35'C
Operat¡ngtemperaturerange ...... +5 to +45'C
Storagelemperaturerange ....... 20 to +70'C
Connectors on Modu¡ator Un¡t (rear panel)

lF summ¡ng output (BNC)

Transposer Unit SBUF

Orderdesignations.......,..... >
Transposer section (one lF only):
lF""o. MHz 38.91) 38.9'z) 45.75 3?-721
19" bench model

50l) .... .. 292.8011.52 292,8011.58 293.8215.52 293.8415.5ô
75ç)...... 292.8011.72 292.8011.78 293.8215.72 293.8415.76

l9" rackmount
50l)...... 292.8011.51 292.8011.57 293.8215.51 293.8415.55
75() ...... 292.8011.71 292.8011.77 293.8215.71 293.A415.75

Transposer sect¡on, two-standard vers¡on (lF sw¡tch-selected):
lF¡s6¡1/lFu¡"62 MHz 38.9145.75 38.9/32.7 45.75132.7
19"benchmodel50O....... 292.8011.54 292.8011.56 293.8215.56

75c).... ... 292.8Q11.74 292.8Q11.76 293.8215.76
19"rackmount50Q .292.8011.53 292.8011.55 293.8215.55

75(l.... ..... 292.8011.73 292.8011.75 293.8215.75

Please enquire for lF,"¡on = 38.0 l\4H2.
Can Þe switch-selected to lower or upper sideband.

Please enquire for further standards and special versions.

Accessoriessupplied ..,....... connect¡ng cable (50 O)
292.8970.00,
power cord 025.2365.00

Recommended extras
CATV Broadband Amplifier AKF (for specifications see left)

lnput 50 Q, output 50 o . 262.9010.52
lnput50o,outpul7so ..... .... 262.9010.72
lnput 75Q, outputT5Q . . ... .. . . 262.9010.73

30-wayfemaleconnector ......... 063.9770.00 (with shell)
Three-waymaleconneclor . . . ..... 019.0458.00 (AF line jack)

Return loss . .

Mon¡toring output
V¡deo¡nput....

AF/control/status lines .. . . . .

AC supply

Power consumption Modulator Unit

Transposer Un¡t
Overall dimens¡ons (WxHxD)

1 9" bench mode¡ (des¡9n 80)
1 9" rackmounl

2 for modulator conf¡gurat¡on
'l for channel transmitler conf¡gurat¡on
>18 dB, 30 to 48 MHz
for vision carrier, 50 Q, BNC
loop-through filter, BNC; see SBUF-
E1
30-way male connector io DIN 4'l 622
1 1Q t 1 25 I 220 / 235 V + 10 I -'l 5o/",
47 to 63 Hz
70 VA lor Ms¡on and Sound lvlod-
ulators, 1 25 VA for lully equ¡pped
frame
130 VA

,)
2)

492 mmx161 mmx
483 mmx132 mmx

514 mm
506 mm
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A1 GROUP-DELAY MEASURING SETS
2F

LFM 2 Group-delay Measuring Set LFM 2 I up to +1000 ns

appclndix

0.1 to 60 MHz
(1000 MHz)

O Measurement of group delay up
to +1000 ns
of absolute delay up to 12 ps

O Resolution +1 ns

O Digltal display - curve representa-
tion on external VDU

O Suitable for measurements on TV
links
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The Group-delay Measuring Set LFM2 is used to deter-
mine the group delay and the absolute delay of active and
passlve two-port networks; it is also suitable for measure-
ments on W systems with line sync pulses (measurements
with field-sync pulses are possible if certain restrictions are
acceptable for the DELAY mode) and on TV links. Compen-
sation of absolute delay is automatic. Fitted with the IEO-bus
Option LFM2-B (lEC 625-1; IEEE 488), the LFM2 can be
used in automatic test assemblies.

Configuration. The LFM 2 consists of the

Generator with
a frequency range of 0.1 to 60 MHz (which can be ex-
tended to 1000 MHz by using the W Transcope MUF2,
Mixer MUF2-22 and \Mdeband Demodulator LFM2-21),
digital frequency indication and the

lndicator with
a probe-frequency generator (20 kïz, test and reference
signals),
a phase meter (digital readout, chopper for simultaneous
display of delay and amplitude on external VDU),
demodulator (0.1 to 60 MHz).

Measuring principle, The Group-delay Measuring Set
LFM 2 uses the probe-frequency method. The RF carrier is
amplitude-modulated with the 2Q-kHz probe-frequency sig-
nal. After passing through the item under test, the signal is
demodulated and the phase difference between the demod-
ulated probe frequency and the 2O-kHz reference signal
determined. The LFM 2 uses tvvo different measuring
methods:

D¡g¡lal dlsplay on Generator: Display l: either start, centre, reference or
manually set frequency; display 2: either marker or reference frequency; centre,
top: output level; centre, botlom: selected sweep

I
J-I

Method A. The reference signal is routed via the item
under test. This offers the following advantages:

O Compensation of the absolute delay is not required.
O Measurements on TV links are possible.
o A high measuring accuracy is achieved.

Method B. The reference signal is taken directly to the
phase meter (measurements on TV links are not possible).
This offers the following advantages:

O The absolute delay is indicated and can be compensated.
O Measurements can be performed with separate

generators modulated with the probe frequency.

The TV Transcope MUF2, which is designed for simple
connection to the LFM 2, can be used to extend the operating
frequency range up to 1000 MHz and as a VDU.

Output signals. For display on a VDU, the group-delay
and frequency-response characteristics are available sepa-
rately or in chopped form. The LFM2 supplies a 200-ns
squarewave signal for calibrating the VDU.

TV system measurements. lf the LFM 2 is used for meas-
urements on W systems requiring sync pulses for operation
(e.g. W transmitters), the test signal must be added to a W
sync signal (comprising the sync plus blanking components)
using an external video mixer. Evaluation in the lndicator is
performed with the TV button pressed.

Digital readout. Two displays are provided on the
Generator to permit indication of the frequencies, which are

Digital d¡splay on lnd¡calor: From left: input attenualion of widèband demod-
ulator, absolute or group delay; centre, bottom: set scale of delay s¡gnal output
for d¡splay on CRT
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appendix

freely selectable within the sweep range (see page 350,
bottom left).

When using method A, the group-delay difference between
the reference signal and the selected frequency (point-by-
point measurements) or the marker frequency highlighted on
the display (swept operation) is indicated on the readout.

When using method B, the absolute delay at the selected
frequency in the manual mode or the marker frequency
unblanked on the CRT in the sweep mode is displayed on the
indicator after pressing the DELAY button. The absolute
delay of the test item is determined by subtracting the value
previously measured with the test item shorted across. The
maximum absolute delay that can be measured is 12 ps.

TV link measurements. For measurements on TV trans-
mission links lwo LFM 2 sets are required. All the signals
required for the test sequence at the receiver end are trans-
mitted via the link.

Additional characteristics

An ALC circuit in the Generator ensures that the level value
is maintained at any frequency.

The probe-frequency generator in the lndicator produces the
crystal-controlled probe (20 kHz), reference (20 kHz) and
identification (10 kHz) frequencies.

The phase meter included in the lndicator delivers the refer-
ence signal (20 kïz) with crystal accuracy and keeps it in
phase with the transmitted probe-frequency signal (method
A).

The generator-output and the demodulation signals can be
adjusted via calibrated attenuators. An overload indicator
(LED) permits the signal coming from the item under test to
be kept at the optimum level for driving the demodulator.

Extras

Wideband Demodulator LFM2-21 (10 to 1000 MHz) for AF
and probe-frequency signals

Video Filter LFM2-22 (cutoff frequency 2OO Hz) to eliminate
interference at the delay measuring output (swept-frequency
measurements only with 160 and 320 ms)

Mixer MUF 2-22 for measurements on TV transposers

XY Recorder Adapter LFM2-Z3 (for instance for Xyl
Recorder ZSKT)

lmpedance Transformer SBTF 2-Z for measuring instru-
ments with a characteristic impedance of S0 O

Amplifier MUF 2-Z,3 for boosting the test item output voltage
by 27 dB

IEC-bus Option LFM 2-B (24-pole connector to IEEE 488)

GROUP.DELAY MEASURING SETS A1

Frequency setling
within sweep range . . .

Resolut¡on of readout
Readout accuracy

oupur"oliæã-...' ....... : :. :

Ouþul attenuator
Harmonics
FM noise
Modulalion
Totalsweep times
Controls¡gnalforvDu .........
lndicator

ProbÈf requency generator
Probe frequency
Reference s¡gnal
ldentifcation pulsefrequency . . . .

Output voltage
Output ¡mpedance

Phase meter
Measurementrange ...........
lndicalion

Enor ...
OuþutsignalforvDu ...........
lnput voltage range

Probe frequency
Reference signal
ldentification pulse frequency . . .

Delay enor in Inpul voltage range . .

Compensalion of absolute delay . .

Demodulator
Frequency range
lnput voltage range
Groupdelay error ¡n lhe case of
¡nputvoltagevariationof 10 dB. . . .

20d8....
Groupdelay enor

lnput attenuator

lnput impedance
Retum loss

Extras

Wideband Demodulator LFM 2-21
Max. input voltage

for groupdelay measurement . . .

Groupdelay enor

Connector, RF input .

VldeoFillerLFM2-¿z ..........
Attenuat¡oninpassband .... .....
Connectors, input

output ..
XY RecoÌder Adapter LFM 2-23 . .

X oulput s¡gnal
Signalfor pen litt
Connectors

General data

Ratedlemperaturerange . ..... . .

Operating temperature range . . . . .

Storagetemperaturerange .... . .

AC supply

Dimensions, weight
19'bench model (design80) . . .

l9" rackmount

Ordering information

Orderdesignation............

Linefrequencyl5,625 Hz. . .. ...
15,750H2.......

Recommended exlras
WidebandDemodulator ........
Vldeo F¡lter
Mixer. . .

XYRecorderAdapter ... ...... .

lmpedanceTransformer . ...... .

Amplifier .

IEC-bus Option, for LFM 2 with
Serial Nos. 871 739 and 300 974
forotherLFM zmodels ... ... .

Connecl¡ng Cable (to MUF 2) for
LFM 2 with Serial Nos.
871739and300974 .........
forotherLFM2models ... ... .

slart or centre lrequency, frequency
marker (brightup marker on VDU),
reference frequency, manual
10 kHz (manually: 1 kHz)
<+1.5 kHz +1 d¡gil
'I +0.05 Vpp (stab¡lized)
30 +0.5 dB in steps ot 2 +0.01 dB
>40 dB down
<1 kHz
probe lrequency (approx. 60% mod.)
40/80/160/320 ms
0 to +10 V or -10
adjustable by -10

V (sawlooth),
dB

20 kHz tsx10-6
20 kHz 15 x 1 0-6
10 kHz a5xl0-6
1 V* +5o¡o
75 Q +50/o

+1 to +1000 ns
372 digits with + display

=11% 
t1 ns

10/20l50/200 ns

I mvpp to 0.8 Vm
25 mvpp to 0.8 Vp
25 mvpp lo 0.8 Væ
0.8 lo 0.08 V: t5 ns
80 to 24 mV: + 10 ns
¡n 250-ns sleps

0.f lo 60 MHz
2 Vpp to 50 mvpp

=10 
ns

=20 
ns

100 kHz to 15 MHz: =t2 ns
15 to 60 Mi-lz: <+5 ns
7 dB +0.5 dB
in 1{B sleps +0.1 dB
75r)
100 kHz to 20 MHz: >34 dB
20 lo 60 MHz: >30 dB

10lo 1000 MHz
<5 Vrc, <10 V DC

=1 
Vm

<f0 ns/100 MHz (10 to 1000 MHz)

=50 
ns over total range

N lemale; 50 O

cutoff frequency: 200 Hz
0 dB +0.2 dB
S-pole male; B¡n <100 Q
BNC

detlect¡on lime: approx. 1 min
approx.0toSV
TTL (polarity internally sw¡tchable)
BNC (power supply: 6-pole)

+5 to +40'C
0lo +45'C
-20 to +70'C
1 15 I 125 I 220 I 235 V + 10t -',t 5%
47 to 63 Hz (1 10 VA)

492 mmx205 mmxst4 mm,
483 mmx177 mmx506 mm,

> Group-delay Measuring Set LFM 2
19" bench model 19" rackmount
340.0010.72 340.0010.7f
340.0010.74 340.0010.73

18 kg
14 kg

Specifications

Group-delay measuremenl range
Absolute-delay
measuremenlrange ..........
Resolution.
lnterface (option)

Generator

Frequèncyrange .....
Sweep range.
Sweep w¡dth (ad¡ustable)

up to 11000 ns

up to f2 Fstl ns
rEc 62s-r (rEEE 488)

0.1 to 60 MHz (can be extended up to
1000 MHz by MUF 2)
-101o +60 MHz
O.5 I'l I 2 I 5l'lO I 2Ol 50 170 MHz

lFM2-Z'l
LFM2-22
MUF 2-22
LFM2.Z3
SBTF 2.2
MUF 2.23

LFM 2.81
LFM 2-82

MUF2-Z1
MUF 2.24

340.6302.53
340.6425.O2
349.8820.50
340.5906.02
341.6935.57
353.5816.50

340.3f03.02
340.3103.03

337.7424.OO
387.7830.00
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A1

EU 2OO

EU 201
VHF FM Relay Receivers EU 200 and EU 201

The VHF FM Relay Receivers EU 200 and EU 201 are
designed in accordance with the CCIR standards for the 19-
kHz pilot-tone method. They can receive

(automatic switchover) and
can modulate slave transmitters with accurate level signals.
They can also be used for retransmission of road traffic, SCA
and auxiliary channels. The operating status is indicated by
LEDs; floating contacts are provided for remote signalling.

The EU 200 and the EU 201 only differ in the
RF sections:

EU 200: quasi-continuous frequency setting in crystal-re-
ferenced 1O-kHz steps, frequency memory, 5-digit
LED display,

EU 201 : crystal-referenced channel receiver for fixed{re-
quency-reception (channel can be changed).

The relay receivers have two MPX outputs suit-
able for traffic radio broadcasts and two mono signal outputs
(with an additional output of each type on the front panel) with
common level setting plus a broadband SCA signal output
(level adjustable). Wìth mono broadcasts the mono signal is
switched via a 1S-kHz lowpass filter to one of the MPX signal
outputs. A squelch circuit with adjustable threshold level
suppresses the noise.

Each receiver contains an auto-
matic switchover circuit, which can be turned off for operation
in passive standby mode (the receivers can be set to act as
main or standby).

appc!ndix

0 87.5 to 108 MHz
O Stereo/mono receivers complying

with ARD standard specifications,
with automatic switchover through
1g-kHz pilot

a EU 200: continuously tunable
EU 201: single-channel receiver

O High overload capability

Photo: EU 200 (EU 201 see next page)

Broadband output 40 Hz to 100 kHz
(SCAsignal) ... unbalanced
Sourcèimpedance . .... . <50 O at Zd >600 O
Output level (deviat¡on +40 kHz,
fmø 500 Hz); adiustable . . . . . . . . . . +6 dBm into 600 Q; +3 dB

Linear d¡stortion (dev¡ation +40 kHz, refêrred to 500 Hz)
Frequency response for

40Hzlo15kHz
40 Hz to 43/53/61 l7ol75k\z

Phase response for
40 Hz to 43/53/58/61 kHz . . . .

Stêreo crosstalk
(measured via decoder) for
40Hzto0.l/5/l5kHz ... -... <40/46/43 dB down (without deem-

phasis)

Non linear distortions
Distortion for 40 Hz to 5 kHz with
+75 kHzl+100 kHzdevial¡on . . .

lntermodulation distorlion
(to DIN 45 403), f¿n 'f kHz

t75 kHz deviation

<O.5o/"1<1Vo

kHz 15lo S kHz
d2
d3
d2
d3

Unweighteds/N ralio .... . ....
Wèighted S/N rat¡o

Selectivity
Adjacent-channel +100kHz
seleclivity (rat¡o +200 kHz
of ¡nlerter¡ng to +300 kHz
wanted signal) +600 kHz

+1.2MHz
Common-channel selectivity

Unmodulated interfer¡ng s¡gnal
l¡6 500 Hz, 140 kHz deviat¡on

t 100 kHz deviat¡on

S/N ratios (measured ¡n line with CCIR Rec. 468-2); refer¡ed to:
140 kHz, deviation, fm 500 Hz; uselul EMF: mono 

=200 
pV, stereo 

=2 
mV

(

<+0.5 dB (mono, with deemphasis)
<+O.1 I 0.3 I Q.5 I 1 I 3 dB (stereo)

<+1"/3'l5'l10' (stereo)

51o15
=o.25y.<0.37Yo
<0.5v,
s0.740/o

<o.5"/"
<O.7íYo
<1o/o
<1.5%

d2
d3
d2
d3

>60 dB (typ. >65 dB)
>60 dB (typ. >65 dB)

MPX Mono
>61 dB >4 dB
>11 dB >0 dB
>-15 dB 

=-16 
dB

>-46 dB
>-54 dB

>49 dB >49 dB
>63 dB >44 dB

+75 kli.z
deviation,
l.ø 500 Hz

lmage-lrequency reieclion

lF rèiection

Automatic sw¡tchover (wilh
signall¡ngcontacts)... ..
General data
Panel metet

Ratedtemperaturerange . . . ..
Power supply

Dimensions, l9"rackmount . . .

19" bench model (design 80)
Weight rackmount/bench model

EU 200: s20 mV: ì interfering EMF
EU 201: s1 V Ifor f¡¡¿qs ârìd
(mono: 50.1 V) I f¡ +6 kHz
<2V

response level 20 FV lo 5 mV EMF

for Vn, centre{requency error,
trequency deviation and all outpul
levels
+5 to +40'C
1151125122Q1235 V, 47 to 63 Hz;
30 vA (EU 200), 20 VA (EU 201)
483 mmx88 mmx384 mm
492 mmx116 mmx392 mm
I kg/10 kg

Specifications of EU 200 and EU 201

Frequency range 87.5 to 108 MHz (EU 200 variable,
EU 201 single-channel)

50 O; BNC femAle connector
<10 dB/<9 dB

V-" à10 pV/>6 pV
<+2 kHz (+5 to +40 "C)

<10 ¡rV/<3 pV

2 MPX (unbalanced, ¡solated) and
mono (balanced, isolated), one
parallel output of each type on front
panel
<30 O; ãu >600 O (MPX), >300 O
(mono)

+6 dBm ¡nto 600/300 o; +3 dB

>50 dB/20 dB
50/75 rrs (disconnectiblê)
response threshold at 20 pV EMF

RF input .

Noise f¡gure EU 200lEU 201 . .

Required EMF for constant Vou
(mono) 8U 200/EU 201 . . . . . .

Frequency drifl
Oscillator reradiation at inpul
EU200tEU 201

AF oulputs

Source impedance

Oulput level (deviation +40 kHz,
lñd500Hz);adjustable .......
Stopband attenualion al
19/100 kHz
Deemphasis(mono) ..........
Squelch.

Ordering information

Order deslgnation . . . . . . . . . . . . . . >
19" bench model 19" rackmounl

EU200(continuouslytunable)..... 264.2012.52 264.2012.51
EU201(pleasespecifyfrequency).. 280.0510.52 280.0510.51

Recommended extras
BNC connector (RF input and MPX oulputs) . . 497.71M.0O
3-way male connector (mono output on tront panel) . . . . . 01 9.0458.00
3-way male connector (mono, MPX output on rearpanel)... ...... 018.5340.00
Adapter ra¡l for 1 9" rack . . . 264.3854.00
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VHF FM Relay Receiver EU 201 - description see previous pagê

RELAY RECEIVERS A1
2F

Equipment of divisions 4F>
page 354

4P>
page 356
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A1 RADIOCOMMUNICATIONS
4F

Antenna signal transmission and distribution
using the modular system NV 14lNZ 14

A flexible, maintenanceJree modular system which offers a
solution to nearly all the problems pertaining to the transmis-
sion and distribution of antenna signals in short-, medium-
and longwave receiving systems.

Principle of a system for distribution and lransmission of anlenna signals in
short-, med¡um- and longwave receiving systems

The modular design of the individual units enables the
configuration of distribution systems of any required capacity
with minimum space requirement.

Characteristics of system units

VLF-MF Multicoupler NV'l 2 T

The low-noise broadband amplifier NV 12 T is
the most important system module for multi-
ple utilization of antennas in the medium-
and longwave band. lt enables the opera-
tion of up to 10 receivers from one antenna
and can be cascaded to feed an even far
greater number of receivers. A rack-mounting
adapter with power supply for accommoda-
tion of eight multicouplers is provided for
large systems. The Antenna Selectors NZ 14
51 and NZ 14 52 are available for antenna
switching and antenna signal distribution.

HF Multicoupler NV 14 T

Via the NV 14 T several (with triple cascading
even up to 1000) shortwave receivers can
be operated from one antenna, the full power
received being available to each receiver.
The NV 14 T has 10 outputs, can be cas-
caded and is designed for the following appli-
cations:

a) Feeding of small receiving stations (up to '10 receivers),
e.g. in embassies, police stations, etc.

b) Feeding of large receiving stations (more than 10 receiv-
ers) - using additionally antenna selectors; rack-mount-
ing configuration.

appendix

All switching functions can be remote.controlled manually
or by program control either from the operator's position or
also from a central position. The distribution systems are
mainly accommodated in a rack; system parts and small
systems are also available as bench or wall-mounted mod-
els, see photo.

Examples of conf iguration

below

Ì\ilulticoupler and
power supply in
equipment cab¡net

Back-mounting
adapter, fitted with
eight modules plus
power supply
(hidden behind)

right

(-

(:,

i,.' .l

.)
,i

'l.-t 'l .l--.)

Specifications

NV12T
Frequencyrange ......
lnpul/outpul impedanc€ .

Numbsrofoutputs .....
lsolation between ouþuts
Gain . ..
Noise ligurê .

lnpul/output connectors .

Supplyvoltage(DC) ....

NV14T
Frequency range

lnput/output¡mpedance .

Numberofoutpuls .....
lsolation between outputs

Gain...
Noisê l¡gure .

lnpul/output connectors
Supplyvoltage(DC) ...

10 kHz to 1.6 MHz
50r)
f0
>¿lO dB
0+tdB
<12 dB at 0.1 MHz and above
BNC female
24 V +0.5 V (<500 mA)

1.0 to 30 MHz or
1.6 to 30 MHz
50rl
10
up to 10 MHz: >50 dB
up to 25 MHz: >40 dB
0 +0.5 dB
typicâlly 7 dB
BNC female
24 V +0.5 V (max. 450 mA)

0perotor positions

Aîtemo s.tedim v¡o sitçfi¡ng mqtrix
S¡gml Empl¡fiet¡@ lor lodg trqnsmission l¡nGs

Eqmlizqt¡m of trcquêncy-dcpcndent coble ottGnuotio¡

Electronic signal d¡str¡bution {omplifier orroy)

Signot d¡str¡bution by switching motrix

Remote
controt

equ¡pmentl Test
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appendix

HF Line Booster NV 14 L

Module for distribution systems where anten-
na signals must be passed on with low loss
over greater distances than usual. The volt
age gain is 10 dB; higher losses can be
compensated by using several line boosters.
lnput and output are protected against over-
voltages (induced by lightning).

Antenna Selectors NZ 14 51
and NZ 14 52

Remote-controlled RF switches

NZ 14 51 : two inputs, one output and an
additional pair of sockets for interconnecting
line boosters. ln the case of a power supply
failure these additional sockets are bypassed
and one input is through-connected to the
output.

NZ 14 52: two 1-out-of-s or one 1-out-of 10
selection capability. lnputs and outputs can
be interchanged.

Remote control units for Antenna Selector
NZ 14 52: available as 19" rackmount or
bench model:
NZ14 FB1 with keyboard for two 1-out-of-5

antenna selections,
NZ 14 FB2 with 10 keys for 1-out-ot10

selection.

Noise Generator NZ 14 R

The remote-controlled, broadband noise
generator is the testing unit of the distribution
system. lt supplies a constant noise power.
The Antenna Selector NZ 14 51 is provided
for switching from antenna signal to noise
generator signal.

Cabinet NV 142 K and Power Supply
NV 142 N

Cabinet NV 142 K: offering space for one
unit plus the associated Power Supply NV
142 N. lt is suitable for small systems or
system parts. Available as bench model or for
mounting to the wall (WxHxD: 122 mmx 150
mmx185 mm).

Power Supply NV 142 N: used for feeding
one unit. The power supply is of modular design and accom-
modated in the Cabinet NV 142 K together with the module to
be fed.

Serial Control lnterface NZ 14 P

The NZ 14 P is an accessory module ena-
bling remote control of the Antenna Signal
Distribution System NV 14lNZ 14 via data
bus or program control. lt functions as a
memory and decoder for control information
of antenna selectors with up to 100 contacts.
lf required, it can be switched for manual
control.

RADIOCOMMUNICATIONS A1
4F

lmpedance
lsolation

NV14 L
Frequency range

tnput/outpulimpedance . . ..
Gain . ..
Noise figure .

Suppression of
2nd order mixture producls
3rd order mixtur€ producls

NZ'l¡l 31/14 52
Frequenry range
lnputs and oulpuls

Transm¡ssion loss
Power supply (DC)

NZ14R
Frequencyrange .......
Outputs .

Output¡mpedance ......
lsolation between oulputs .

Noise power at each output

Power supply (DC)

NV 142 N
AC supply voltage
Output voltage . .

Outpulcurrent.. .

NZ14P
Conneclor
Through{onnected oulputs
Other outpuls
Powersupply(DC) ......

1.0 lo 30 MHz or
1.5 lo æ MHz or
1.6 lo 30 MHz
50 O, BNC female conneclors
10 dB +0.5 dB
typ¡câlly 7 dB

>70 dB
>80 dB

NZ t4 Sf
0 to 30 MHz
2 inpuls,
1 oulput,
1 add¡tional pak
of sockets
50ll
>80 dB

<0.5 dB
24 V +0.5 V
(max.65 mA)

NZ 14 52
0 to 30 MH?
2 x 5 inpuls,
2 x 1 output

50(l
>80 dB
>40 dB between
groups of five
<0.25 dB
24 V +0.5 V
(max. 10 mA/
sw¡tch)

1 lo 30 MHz
3, BNC female conneclors
50rl
>10 dB
approx. 66 dB;
( l 00 Fv ¡nto 50 o at 1 0 kHz band-
width)
24 V +0.5 V (75 mA)

1101220 V +1Ol-15Yo (47 to 63 Hz)
24V+0.5V(stabilized)
max.600 mA

64-way lo DIN 41612 (VG 95324)
max.20 mA/l V
open collector, max. 30 v
24 V (15 to 28 V), 30 mA

\

\

G
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A,l VHF-UHF RECEIVERS
4P

appc!ltdix

Specif ied characteristics

Frequency entry and tuning. Quasi-continuous manual
tuning by means of the familiar rotary control together
with digital control and the synthesizer offers exceptional
advantages. The number of frequency steps per rotation
depends on the speed of rotation of the tuning knob, so that
this type of tuning is comparable to a mechanical coarse/
vernier drive with six tuning rates.

The required frequency is entered via a decimal keyboard;
adding the decimal point after the 1-MHz digit reduces errors.
The frequency set is read out on a small display for checking
and is transferred to the tuning circuit and the memory at the
push of a button. Normal operation is not interrupted by
setting a new frequency, loading the frequency into the
memory or scanning the content of the 99 memories.

ln addition to the current receive frequency, additional infor-
mation such as lF bandwidth and type of demodulation can
simultaneously be stored in the memory.

Automatic gain control. The AGC range is 120 dB, 80 dB
being provided by the lF control and 40 dB by an attenuator
which is automatically cut into circuit at high signal levels.

Wideband lF amplifier. lt demodulates wideband signals,
e.g. directional radio signals, and has an independent gated
AGC; lF bandwidths 300 kHzl2 MHz.

SSB demodulator. lt demodulates signals without modula-
tion as well as SSB and ISB emissions. ln the SSB mode,
1O-Hz tuning steps are automatically selected.

lF panoramic display. The built-in lF panoramic display
with a spectral display of +100 kHz about the receive fre-
quency furnishes information on the occupancy of the adja-
cent channels and ¡s an invaluable tuning aid. RF panoramic
display is possible up to a sweep width of 500 MHz when
us¡ng the Panoramic Adapter EZP (page 246).

Squelch. ln addition to the adjustable squelch of the usual
type, the ESM 500 has also an S/N ratio squelch which only
enables the AF channel if the S/N ratio is satisfactory.

Self-testing fac¡lity, The receiver ¡s permanently moni-
tored by the built-in test equipment. A code number displayed
on the occurrence of a fault furnishes information on the type
of fault.

Characteristics

The intelligent, versatile VHF-UHF receivers of the ESM 500
series enable an economical solution of the diversified
radiomonitoring tasks.

ESM 500 A for 20 to 1000 MHz and
ESM 500 B for 20 to 500 MHz.

The receivers featuring high sensitivity, high overload capac-
ity and a tracking preselection filter can be fully remotely
controlled thanks to the microprocessor technique and are
extremely easy to operate. Their common features also
include:

o \Mde dynamic range free from spurious responses (3rd
order intercept point : +10 dBm)

O Scanning of 99 memory locations for receiver status per
frequency

o Built-in test equipment (BITE)

a S/N ratio squelch or adjustable carrier squelch

o Addressing of ten slave receivers

O AC supply operation as well as DC supply 19 to 30 V
without exchanging the power supply

O Automatic control of antenna switching panels

Versatility

When fully equipped the receiver features four selectaþle lF
bandwidths, AM-FM demodulators, an SSB demodulator for
USB and LSB and selectable tuning steps of 10 kHz and 1

kHz. An AM-FM demodulator with separate video outputs
and lF bandwidths of 300 kHz and 2 MHz is provided to
demodulate wideband signals.

An AF filter (300 Hz to 3.3 kHz) can be connected into the AF
monitoring section. A frequency offset meter controlled by a
crystal discriminator is used as a tuning indicator. The sen-
sitivity of the offset meter is matched to the selected lF
bandwidth to facilitate centre{uning. lf the frequency of the
signals is unstable digital AFC can be switched into circuit to
automatically track the input.

lEG625Elus
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0 20 to 1000 MHz
a Compact receivers for radiomonitoring

applications

a High frequency setting accuracy due lo
synthesizer, tunable in 1-kHz steps (10
Hz for SSB)

O Non-volatile memory for 99 frequency
sett¡ngs

O Built-in lF panoramic display

a SSB demodulator

a Remote-control capabilily (lEC bus, RS
232 C)

ESM 5OO VHF-UHF,Receiver Family ESM 500
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appendix

Hand-off Receivers ESM 508 K, 517 K, 540 K

ln radiomonitoring systems a great number of frequency
channels must often be monitored. When using standard
receivers (like the ESM 500 A/B) for this purpose, the
investment costs would be too high. lt is more economical to
use receivers which are tailored to certain frequency bands.
For this reason the Receiver Family ESM 500 offers the so-
called cassette receivers or hand-off receivers which can be
remote-controlled from a central control station. ln most
cases the receiver settings are made by a computer which
also evaluates the information supplied by the receivers.

Each cassette (size:1/a of 19" plug-in, see photo) is a self-
contained receiver with no front panel controls, buth with its
own tuner, synthesizer and lFlAF amplifier, and features an
extremely favourable price/performance ratio.

VHF-UHF RECEIVERS A1

(in
by

SSB mode shiftable
3 digits)

Specifications
Fr€quency range ESM 500 A

ESM 5OO B

ESM 508 K
ESM 517 K
ESM 540 K

Frequency setting

Resolution

Readout

ESM 5OO A, B ESM 5.. K
20 to 1000 MHz
20 to 500 MHz

a) quasi-contin.
with ¡olary knob

b) via keyboard
on front panel

c) entered from

20 to 85 MHz
68 to 174 MHz
220 lo 4OO MHz
by enlry of fre-
quency informa-
tion from control
and power supply
un¡t

int. memory
d) entered lrom

ext. memory

1 kllzl1Do Hzl 1 kHz
10 Hz
6-digit display,
6 digits for auxil¡-
ary d¡splay during
lrequency entry,
2 digits for memory locat¡on
t1 x 10-8 tl x 10-8
50 O, N lemale 50 Q
<1 pV <f FV
tracking filters tracking filters
99 lrequenc¡es,
type of demodul-
ation and lF band-
width
>10 dB with AM >10 dB w¡lh AM
>25 dB w¡th FM >25 dB w¡th FM
typ. 50/12 dBm typ.50/12 dBm

2.3l9l15l30l 8/ 15/30/100 kHz
100/300 kHzl2 MHz
>90 dB >80 dB
>90 dB >90 dB

AM, FM, SSB AM, FM
w¡th opt¡on
S/N ratiosquelch carr¡er squelch
and carrier ad¡ustable from
squelch 0 lo 80 dBFV
ad¡ustable from
0 to 80 dB¡rV
300 Hz to 3.3 kHz300 Hz to 3.3 kHz

100 ms.(can be
switchèd of)

lloat¡ng sw¡tching floating switching
contact contact
lF control for same as ESM 500
Vn <80 dBpV
RF control for
V" 5120 dB¡rV
lF control 80 dB external conlrol
RF:40 dB, same as ESM 500
switch-selected
on meter

200 kHz
4.5 kHz
4cmx3cm
500 MHz,
lF max. 2 MHz

monitoring ol sub- same as ESM 500
assemblies and
loop test
level, offset, AF, level, oftset; AF,
AMvideo,FM AF(delayed),
video, lF 10.7 lF'10.7 (wide/-
(wide/narrow), for narrow), head-
EZP, COR, head- phones, COR
phones, buill-in
loudspeaker
external conlrol, exlernalconîrol
squelch threshold (analog)

IEC bus, RS 232 C same as ESM 500

-10 to +55"C
1101220 V
or
l0 to 30 V DC,
40w
492x161 x514
483x132x506
20118 kg

-10 to +55'C
v¡a control and
power supply unit;
7 W per receiver,
150 VA max.
8-receiver block:
520x445x535
60 kg (3.5 kg per
rec€¡ver)

Order number:

Frequencyenor .....
Anlennainput .......

Oscillalor reradiation
lnputselectivity .... ..
Frequency memory. . .

S/N ratio
(V'=1 pVB=30kHz)
lntercept point 2ndl3rd order
lF bandwidths
(fully equipped)
lmagèfrequencyreiect¡on ..
lF reièction

Demodulat¡on

Squelch.....

AF f ilter (disconnectible)
delay . . .

MGC...

lnd¡cation: level/otlset
Panoramlc dlsplay
lF sweep w¡dth

Resolution
Screen size

RF sweep w¡dth (w¡th EZP)

Built-ln test equipment . .

Outputs

lnputs

ì
a

a

t
r :'.,'
i

*"''"'=,...

'".t.,

Eight hand-off receivers including power supply ¡n a 19" cabinet

Up to eight cassettes can be operated from one Control and
Power Supply Unit GX 500 D1 which contains a micropro-
cessorized control system, a 1o-MHz reference oscillator, a
power supply and an lEC-bus interface for data input and
output to the central control system.

ïhe control system may consist of:

O an ESM A/8, addressing via A0 to 49,
O a process controller with IEC-bus interface, e.g. the PUC

from R&S,

O an Automatic Receiver ESP with computer (e.9. Data
General NOVA 4 or ROLM 1602 B) and IEC-bus inter-
face.

Self-testing facility. Each receiver is fitted with self-testing
facilities which do not only report failures of modules to the
control and power supply unit, but also indicate them on the
front panel of the receiver concerned. ln addition, each
receiver contains the facilities required for the overall loop
test.

I-

Remote conlrol

General data
Operat¡ng temperature range
Power supply

Dimensions, bench model . . .(inmm) rackmounl .....
We¡ght. .

Ordering information
> VHF-UHF Rece¡ver

ESM 500 A, bench model
rackmount ...

ESM 500 B, bènch model
rackmounl ...

570.5012.O2
570.5012.03

570.5012.O4
570.5012.05

Further ¡ntormalion on equ¡pmenl and opt¡ons: see lnfo N 6-01 1
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A,l PREAMPLIFIERS
4P

VE 031 to VE 034

lr

Preamplifiers for radio receiving systems
I 20 to 1000 MHz
O Low noise

O High linearity

O Built-in filter

O High reliability

O Powered via RF cable

appelldix

a

a

Preampl¡liers (with

filter)

VE 03

VE 032

VE 033

20 70 117,5 144 170 220 400 470 tr4Hz 1000

f+

The weather-protected Preamplifiers of the VE 03. series
are used to compensate for the line losses between the
antenna and the receiver, e.g. in radiomonitoring and air
traffic control systems.

The amplifiers VE 031 (20 lo 470 MHz) and VE 032 (70 to
1000 MHz) have been primarily designed for use in

radiomonitoring system's. The VE 033 (220 to 400 MHz) and
VE 034 (1 17.5 to 144 MHz) comply with the special require-
ments of ATC systems. The Multicouplers VE 340 and VE
341 that are suitable for connection to the preamplifiers are
listed on the following page.

Design

The broadband push-pull amplifiers (including input filter
circuits and lightning protect¡on circuits) are mounted on a
central heat sink. The lemperature rise is thus well below the
limit permitted for the semiconductors, ensuring high relia-
bility.

The amplifiers are delivered without a power supply and in a
weatherproof case suitable for various different methods of
attaching it to the antenna mast. The supply voltage is fed to
the amplifier via the coaxial antenna cable.

High reliability. The actual MTBF (mean time between two
failures) is even better than the calculated MTBF of 300,000
hours due to the careful selection of the components and the
pedormed burn-in tests.

dB 12
dB s2
dB <6.5
vms 10

dBm >+701)

dBm

+60

1

Pg

+40 60dBm
+58

2nd and 3rd order
intercept points
(lP, and lP3)
of Preamplifier
VE 031;
Pr = input level,
Po = oulput level

s62.04 1 5.02
562.1 61 1 .02
562.0715.02
562.131 1 .02

Specifications

TYpe
Frequencyrange .......
Gain (midrange,
+1/-0.5 dB)
Frequencyresponse.. . . .

No¡se ligure .

Max. input EMF.
lntercepl poinl

2nd order lP2
3rd order lP3

lnpul/oulput impedance . .

VSWR ..
General dala (tor all types)
Rated/operating
lemperalurerange ......
Humidily .

Power supply

Dimensions,weight ....
Orderdeslgnatlon.....
VE 031, 20 to 470 MHz . .

VE 032, 70 to 1000 MHz .

VE æ3, 3201o ¿100 MHz .

VE 034, f 17.51o 144 MHz

vE 031 VE 033 VE 032 VE 034
sèe above and ordoring informat¡on

12 13.5 20

=2 =2 <1
<6.5 =7.5 <3.5
10210
>+ad¡ >+543) >+zd¡
>+31 >+25 >+33
50 50 50<2 <2 <2

-25 to +55/-40 lo +70'C
class F operal¡on lo DIN 40040,
tested to VG 95332: 95% at +40'C
over 24 hours
+18 V, approx.0.l A;
fed via coaxial cable
140 mmx360 mmx90 mm, 3 kg

> Preamplif¡er

+20

0

-40

-60

.9o

.x9 Noise (b -3 kHz)
-100

-140

+23
+200

358
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Broadband Multicouplers for radio receiving systems
0 20 to 1000 MHz

VE 340, VE 341

O Eight isolated outputs
O High linearity

O Low noise

O Built-in filter, if required

O High reliability

appc!ndix MULTICOUPLERS A1
4P

o

,

¡ -i

o

basic
model

Multi-
couplers

with
filter

20 70 117.5 144 170 220 400 470 [4Hz 1000

f+
The broadband Multicouplers VE 340 (20 Io 470 MHz) and
VE 341 (70 to 1000 MHz) permit up to eight receivers or -
via an inserted DC feed unit - further multicouplers with as
many subsequent receivers to be simultaneously operated
from one antenna. For operation without preceding preampli-
fiers VE 031 to VE 034, these multicouplers are available with
filters for limiting the frequency range (see specifications).

Design

Since the multicouplers, which are designed with push-pull-
circuits are mounted on a solid heat sink, the temperature of
the semiconductors is so low that the actual MTBF (mean
time between two failures) is even better than the calculated
MTBF of 300,000 hours.

The multicouplers and the power supply are designed as
plug-ins (each a quarter of 19" wide). Up to three multicou-
plers and one power supply can þe accommodated in a 19,,
adapter. The caþle connectors of the multicouplers are
located on the rear of the plug-ins. lt is however possible to
modify the multicoupler such that the RF connectors are on
the front panel. The power supply also feeds the preceding
Preamplifiers VE 031 to VE 034 via the RF cables.

Specifications

rYpe
Frequency range
Ga¡n (midrange)
No¡so f¡gurê .

lnpul . ..

Max. input EMF.
lnput impedanc€
vswR..
Oulputs .

OuÞutimpedance .......
vswR..

lnterlerence teJestlon
lsolation bêtween outputs . .

lntercêpt poinl 2nd order lP2

atlllzllæ
3rd order lP3

PowersupplylN0n -.......
AC supply
Battory supply

Genelal data
Rated/storage lemperalure range
ulmensrons
1 9" .ack adapler
lybench modeladapler . . . . ..

Ordering information
Orderdeslgnatlon. . ...... .

VE340,20to470MH2......
VE341,70to1000MHz .....
Wllh filter tor
20 to 470 MHz,
117.5 ro 144 MHz,
220 to 400 MHz,
70 to 1000 MHz,

vE 340 VE 341

see above
I dB +1 dB 1 dB +1.5 dB
<8 dB =8 dB

unbalanced; inner conductor provides
+18 V to feed a preamplifier
10vG 2V*
50 O, N female 50 O, N female<2 <2.5

8, unbalanced, 8, unbalanced,
floaling lloating
50 O, N female 50 O, N female<2 <2

typ. 25 dB typ. 25 dB
> +70dBm > +50dBm
pe¡ outpul per output
70/100/30 MHz 4Ol47Ol7O MHz
> +26 dBm > +20 dBm
por output per output

feeding from AC supply or battery
1 15 I 125 I 220 I 235 V + I 0/- 1 5%
19to32V

-f 0lo +55/-40 to +70.c

483 mmx132 mmx
492 mmx161 mmx

Multicoupler
562.3014.02
562.3514.02

562.2618.02
562.2218.O2
562.2818.02
562.2818.02

384 mm
392 mm

VE 340 Fl
vE 340 F2
VE34O F4
vE 34t F3

Power
max.3

supply for
multicouplers. 570.3010.02
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A,l ACTIVE RECEIVING ANTENNAS
4P

Active receiving antennas offer advantages due to their
dimensions being reduced by almost a factor of four as
against comparable passive antennas with same sensitivity
of the receiving system.

Rohde & Schwarz has developed a system concept, in which
the basic modules

Active HF Rod Antenna HE 001 and
Active HF Dipole Antenna HE 002

(which can also be used individually) can be combined to
form various systems for ditferent requirements.

The Active HF Antenna System HE 005 is one of the
poss¡ble combinations, consisting of HE 001 ,zxHE 002 plus

a 90' coupler. The system is

in line with CCIR Rep. 373-2
and has the following special
features:

O Omnidirectional reception
of ground waves and verti-
cally polarized, low-angle
sky waves

appendix

Specifications

Frequency range
lnput impedance
vswR........
Suppression
distorlion for

Elements

HE OOl HE OO2
(on 6-m mast)(abovê

ducting

5x
5x
5x

con-
earth)

50r¡
<1.5

1.5 to 30 MHz
50c)
<1.5

ol ¡ntermodulation
2nd order mixture
2x0.1 V/m inter-

NE OO]

HE Û02

HE OÛ2

O Omnidirectional reception
of horizontally polarized
waves, even with small
angles of elevation

O Constant sensitivity for
high-angle sky waves with
any position of the E vector

for 3rd order

100 kHz .

f MHz.
l0 MHz .

l00MHz .

General data
Operat¡ng temperature range
Storage temperalure range
Conneclors
Supdy voltage
Dimensions of rod

dipole......

>75 dB >70 dB
>60 dBm

>110 dB >100 dB
>38 dBm

0.4 m 0.7 m

105 v/m
104 V/m
1d V/m

500 V/m
50 V/m

-40 to +80"C
-55 lo +125'C
BNC
18 V +10%/100 mAt)
f 500 mm, 1.6 kg
3000 mm, 2 kg

2.5 x 10s V/m
2.5 x 104 V/m
2.5 x ld V/m
250 V/m
25Vlm

i
I

1

Ordering information

Orde¡ deslgnatlon . . . . . . . . . . . . . . > Act¡ve HF Antenna System
HE OO5
275.5447.50

Recommended extras
Plug-in Mast KM 011
(6 m; including guy ropes and pegs) . 273.9116.02
PowersuppiylN0l4 ............ 235.7610.02

t) fìt"*""" ¡" f"d lrom lhe PowerSupply lN 014 viathecoaxial RF
antenna câble.

HE OO5 Active HF Antenna System HE 005
0 1.5 to 30 MHz
a Extremely small dimensions:

rod height 1.5 m only, dipole length 3 m only

O High sensitivity

O High linearity

a High immunity to nearby lightning strokes

O Performance test without auxiliarry equipment
and emergency operation by means of bypass
circuit

360
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Active Antenna System HE 115
I 20 to 200 MHz
a Adaptation to any receiving conditions due to compact

antenna system

O High sensitivity in spite of small size
O High large-signal handling capability (like that of a pas-

sive antenna with high-grade preamplifier)

O High immunity to nearby lightning strokes

HE 115

appendix

The Active Antenna System HE 115 is made up of the

Active Receiving Dipole HE 101 (2 off) and the
Active Vertical Dipole HE 109 (see illustration on the right).

This antenna system meets any requirement in the fields of
radiomonitoring and radiocommun¡cations. lt features

O omnidirectional reception of vertically and horizontally
polarized waves

and ensures a high detection probability. Due to their very
small dimensions, light weight and low wind load the antenna
elements and also the whole system represent an ideal
solution, especially for mobile use and where space is at a
premium. The output voltages are available at separate
outputs for horizontal and vertical polarization.

The Active Receiving Dipole HE 101 (see illustration on the
right) is mainly designed for horizontal orientation, i.e. for
reception of horizontally polarized waves. The extremely
small dimensions of the HE 101 (dipole length: 0.5 m) make it
easy to orientate it in any direction. The HE 101 is delivered
with a bracket having an arm for fixing the antenna to a
tubular mast (20 to 54 mm diameter).

Omnidirectional reception over the whole frequency range 20
to 200 MHz, however, is achieved with the Active Vert¡cal
Dipole HE 109 (see illustration on the right) which, for
example, is mounted on top of the mast. The centre feed of
the dipole ensures high isolation from currents on the sup-
porting mast.

ACTIVE RECEIVING ANTENNAS A1
4P

I

HE 109

HE 101

HE 101

combining
c¡rcuit

Active
Antenna System

HE 115

Order deslgnatlon

Rscommended eñras
Bracket tor rnounlifig lhg
antsnms on tubula¡ masts
Po¡rêrsupplylN0l4 ....

> Ac{ive Antenna S}rst6m HE 115
530.6718.02

530.6953.00
235.7610.û2

I
I
I
I
I

ll
¡
I
I
I
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A1 RADIO MEASUREMENT
4P

appc!ndix

I 20 to 1000 MHz
O Remote control over any distance

O Programmable control unit

O Clear display of setting and measured data

O Easy extension of control and receiving station thanks to I EC-bus
compatibility

USER-KEYBOAFD-PUC

öËö8ffi"ö"öö
æy/N W -lm ktr '10 kHz -1 kHz { kHz {0 kHz {m kÞOEEEEUUO

sueiu
.¿¡,
mtæ&swÂRz

User keyboard of process controller

Overall concept of a radio receiving and measuring system

Þ Equipment configuration for the measuring station
Þ Equipment configuration for the control station

System conf iguration / f unction

Control station. Process Controller PUC (see also page

14), with two built-in floppy disk drives (156 kbyte capacity
each), enabling a great number of customer-specific operat-
ing, measuring and locating routines to be called up.

Measuring station. The PU 004 receives via a modem the
setting and measuring commands from the central station.
Omnidirectional receiving antennas and one log-periodic
antenna (with crossed dipoles, on rotato| are available.
lnstead of the log-periodic antenna the Doppler Direction
Finder PA 005 can be used for better determination of the
direction.

The ESM 500 (page 356) with SSB option and IEC-bus
interface is used as receiver. The units for antenna selection,
antenna rotation, radio reception, measurements and data
transmission are accommodated in a 19" light-metal cabinet.

Specifications

Rocaptlon ... ....

EA O2O

æ

rfxl¡û0 tr¡

'9 
l_9 lc

t!)

oÊ
tr¡o
o

EI EI E}B @E¡E nctrr Õc
oo (,-

E)EÐoo@E
troooooc]O

o FUNKEI,tPFAN6SHESSANLA6E

8

88 io*
g

I
s

e

@Ë
EEEIo EEEi
EI¡ EdüE! E.aaa

Platz fü¡ Anschlußfeld

Typ ZS 038

The remote-controlled Radio Receiving and Measuring
System EA 020 is suitable for setting up radiomonitoring
networks. From a central station unattended measuring sys-
tems - installed at sites offering favourable receiving condi-
tions - can be controlled over the public telephone network.
Each system, including its antennas, can be controlled in all
necessary operating modes and measuring routines and
immediately provides the measured values, such as receive
frequency, frequency offset, RF signal level, frequency de-
viation, modulation depth, angle of incidence, as well as the
demodulated signal. Switchover between several receiving
stations of one control station is made via lines. Remote
control and return-signalling of the measured values need
not be made via lines, it is also possible via directional radio
links, the transfer rate being usually 1200 bauds.

The system is controlled from the user keyboard (above
right), which can be set up remotely, in the form of a user-
friendly dialog program. The user can also write his own
programs in BASIC or modify existing programs. This offers
then the possibility of extending the system, e.g. for direction
finding and evaluation via IEC-bus-compatible equipment.

The results, equipment settings and additional information
are displayed on the screen of the process controller, for
which a high-resolution graphics option is also available.

The Data Multiplexer PU 004 in the receiving station can be
retrofitted to enable control and data return-signalling of the
Doppler Direction Finder PA 005.

Radio Receiving and
Measuring System EA 020

Frequoncy range
Oemodulation modes .. ...
znd/3rd order intercept point
Noise figure .

lllo¡sufcment

Frequency measur€ment
Besoluüon

Modulation measuremenl
AM.....
FM .... .

Conrol and display . . . . .

Ordorlng lnformal¡on . .

coresponding to the specifications ol
the VHF-UHF Receiv€r ESM 5m,
see pages 356/357
20 to lüD MHz
AM, FM, SSB
typ. +50 dBm/typ. +12 dBm
typ. I dB

coresponding to the spêcil¡calions of
the Modulalion Analy¿er FAM,
see page 256

1 Hzl10 Hz

'10 to 1007o
1 to 5o0 kHz
Procêss Controllêr PUC, page 14

dêpend¡ng on syst€m configurat¡on,
details on request
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appendix RF SPECTRUM OCCUPANCY RECORDING A1
4P

Automatic RF Spectrum Occupancy Recording Equipment EA 110, EA 115 EA 110, 115
I 10 kHz to 30 MHz or

10 kHz to 1300 (2s00)
MHz

a Wde frequency range - up to 2.5
GHz

a High frequency resolution with 25
Hz analyzing bandwidth

O Quasi-parallel recording on up to
six recorders

O Modern, clear operating and dis-
play concept {lxñuñMrtrR'RÐ ûrlmñ ftcmR

zsG 3

00o o o

ooooo

oE o ËEo o E
Oo0

t0 ROLLER 182I.

offi
o

o o

$FEMNZMÞæ¡.RÆ ütffiM €mR
zsc 3

00o o o
oo o oOII

UtRGN¿UW&|&R.RAæ ûtrfrrc ËCffiR
zs6 l

00o o o

ooooOII

EfftuNz&trHftrB€R.Rm trtWrc ÉcmER
zsc l

00o o o
oooooII

úf,ftMNZ8ffiHRErtrR.Rm $rmrc RÊCMR
256 l

00o o oII

srftuNzelwaREtaER, RAm $tum ËcmER
zsc l

00o o o

The Automatic RF Spectrum Occupancy Recording
Equipment EA 110 and EA 115 measure and record the
occupancy of frequency bands over extended periods of
time. The recordings clearly show any unduly high or low
signal density at certa¡n frequencies and times. Wth suitably
adjusted sweep width and resolution, the plotted graph can
also provide information on the frequency stability, type of
modulation and class of emission of the transmitters ob-
served.

Rohde & Schwarz can deliver the following system configura-
tions:

Þ System EA 110 A1, 10 Hz to 30 MHz
1 Receiver EK 070, 1 Controller 1824, 1 Recorder ZSG 3

Þ System EA 110 A2, 10 kHz to 30 MHz
1 Receiver EK 070, 1 Controller 1824, 6 Recorders
ZSG 3

Þ System EA 115, 10 kHz to 1300 (2500) MHz
1 Automatic Receiver ESP (up to 1300 MHz, with Tuner ll
up to 2500 MHz), 1 Controller 1824,6 Recorders ZSG 3

EA 115

Size comparison and
system configuralions

The Controller 1824 used in all systems controls via a
microprocessor the respective receiver in about 1000 steps
between the selected start and stop frequency and calculates
the optimum sweep width and resolution bandwidth.

Triggered by the controller, the receiver searches up to six
frequency bands at maximum speed. All frequencies of the
occupied channels are written into a semiconductor memory
in accordance with the lines on the recording paper. When
reproducing the results, the lines can be linked up - depend-
ing on the selected time - so that no signal will be lost and the
paper feed is matched to the period of observation.

The equipment of the EA 1 10 A1 and EA 1 10 A2 systems is
accommodated in 19" cabinets (one for EA 110 A1 , two for
EA 1 10 A2; 550 mm high), that of the EA 1 15 system ¡n two
light-metal racks (1450 mm high).

Specifications

Frequency rango EA 1 1 0 Al ,

ÊA 11042

84115...

Analysis filter bandwidth
EA 1 IO, A1, A2

EA 115 . ... ..

Dynamicrange....

Recording
Recorded subranges
Analysisranges ...
Frequenrylines ...

Response lhreshold

'lìmema*ing ....
Response reliability

l0 kHz lo 30 MHz
receiver: EK 070
10 kHz to f30O MHz, can bo
extended to 25ü) MHz using Tuner ll
option

25150/100/30o/600 Hzl
1.5/3/6 kHz
25l50llOOl3gO Hzl
117.512511ñ kHzl2 MHz
>60 dB tor bandwidth <1 kHz

=90 
dB tor bandwidlh 

=1 
kHz

on Rediomonitoring Recorder ZSG 3
6 (only 1 with EA 110 A)
I to 6 with selectable start/stop
frequenc-ies
max. 10 vertical lines from I kHz to
100 MHz manually ad¡ustable in
steps ot ten
adjuslable from 0 to 90 dB in 1 -dB
steps
by builþ¡n digital dock
a s¡gnal is recorded if it is 2 dB above
the limit sensilivity ot lhe rêce¡ver at
all analysis bandw¡dths
in battery-butfered m€mory of
contol¡er

--F

." " """" E

l

j.Iii rll,,''
'-l*j::jj]:.;--"irl

l'lI I il. ,:

;¡qÆ

''-.. .,- _1

'E-El
.. lrr l

.illTtÏ,,,.
j'illli:.:::: .

I irll=fii.
:-Ill i-i'=,;,:: ,

EA 110 A2

EA 110 A1

Non-volalile storage
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A^? APPENDIX 2

CABINETS Page 365 to 369

ADDRESSES Page 370,371

INDEX BY INSTRUMENT ïYPE pasel72tos74
with references to other documentation

SUBJECT INDEX lnside back cover

appc!ndix

Two examples of the R&S compact casing system
Details on page 368
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appendix

Dimensions in tables and texts, cabinets

Design B0

Compact casing system

Rack mounting

Dimensions

The dimensions of Rohde & Schwarz instruments are
defined as follows:

a) Overall widthxheightxdepth in mm, looking onto the
front panel (this also holds for pocket-sized instruments).

ln general, the indicated dimensions refer to cabinet
models (bench models).

b) ln addition to a), an abbreviated code form has been
introduced to simplify the specification of dimensions in
tables and texts, see table on next page.

The code has not been used in the present catalog. The
table on the next page gives cross references between
cabinet (bench model) and rackmount dimensions. The
order numbers for matching cabinet covers and rack
adapters are also given in the table.

Cabinet designs

New designs of cabinets and casing systems are lhe result of
the constantly increasing degree of utilization of equipment
volume made possible by ever smaller and more complex
components.

The present Rohde & Schwarz line comprises the following
three design forms:

Design 70 (present design)
Design 80 (see page 366)
Compact casing syslem (see page 368)

Design 70 - also for measuring instruments of mixed design
with conventional subassemblies - will be superseded in
future by design 80 and compact casing system.

Design 80. The width of a bench model (19" rackmount
plus panelling corresponding to the former cabinet model of
W: 484 mm) is 492 mm.

Compact units have widths.) of %, % or % of 19" with
different heights and depths.

') The actual width is slightly less than thê calculated width for construct¡onal
reasons.

Rack mounting

l9" rackmounts of design 70 and design 80 may be inserted
as required into 19" racks or mounted in DIN racks with the
aid of adapters. Compact units can be set up in the same
way after having been fitted with 19" adapters (see table on
page 368; vacant inserts are supplied with the adapters).

CABINETS/DESIGN A?
Mounting in 19" racks (DlN 41 494)

Guide rails are supplied in pairs for KCJ 19" racks (R&S) or
single for other 19" racks (length 740 mm, no drilled holes);
they are suitable for units of design 70 and design 80 (Fig. 1

left).

Brackets are used to secure the appropriate connection
panel (specify equipment type when ordering) for self-engag-
ing connection (Fig. 2).

Mount¡ng in DIN racks (DlN 41 490)

Adapter bars (2 ea, angle section) extend the 19" size to
DIN width (Fig. 1 right and Fig. 3).

Front-panel adapters (three parts) reduce the width and
height of the DIN frame to 19" front-panel size (Fig. 3).

Guide rails for rack mounting (Fig. 1 right) can be made of
commercial angle-profile bars.

Brackets see above.

fl@nrinq in l9" racts hunt¡¡g ¡n DIN racts

Design &

CIPìràn, ¿ ni il,"1.
rârls 4914 nÐ

449 +1 5 n¡ - Our.r edles ol ¡i3prer
b3,s n ¡x.4& n*r

Oesign 70

Fig. I Guide rails, adapter bars and fronfpanel adapter fitted for lelt side of
rackmount

Ernc[¡l

A Fig. 2 Fittlng
lhe connector
panel by
means of
brackets (1 9"
and DIN racks)

bär

485 -

Fig. 3 Fitting
fronl-panel adapter
and adapler bars
(DlN rack)

483

Screv holes ulN 4l 490 Scrcü holes DtN 41 494
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A2 INSTRUMENT DIMENSIONS appclndix

All dimensions are in mm

For details on design 80
see next page >

Front-panel
adaptel
Order Nos.
(DlN racks)
RAL 7OO1

034.0910.00
034.0990.00
034.1 074.00

034.1 1 45.00
034.1222.OO
034.1 300.00

034.1 380.00
034.1 468.00
034.1 545.00

034.1 622.00
034.1 700.00
034.1 768.00

Key to dimension code for use in tables and texts,
order numbers for cabinet covers, guide rails and l9" adapters

Equipment of 19" width

a) present design designated D 70 in the table)
b) design 80 (designated D 80 in the table)

Code

for
(= DIN
41 494
sh. 2)

for deplh

V

V

1

2

3

4
5
6

7
I
9

10

11

12

A
B

c

t)

1
Use commercial angle-profile bars for DIN racks-
S¡ngle guide rails: 740 mm long, no holes dr¡lled.

Dimension d

The dimension given in the table indicates the seated depth of lg" rackmounts
according to the diagram on right. For the overall depth, 79 mm have to be added:
front projection for front panel (4 mm) and handles, including plastic stoppers (51

mm), and rear projection for connecting panel (24 mm).

Overall
deplh

10E
ltE
128

7E
8E
9E

4E
5E
6E

1E
2E
3E

Height
in units
(1 E-
44 mm)

326 384 247 305
426 506 347 427
499 420

Overall
deplh

D70 D80

Depth d
(see drawing)

D70 D80

44
88

133

177
222
266

311

355
400

444
488
533

88
'132

177
221
266

Rackmount
(front-panel w¡dth 483)

Front-panel height
D70 D 80

336
436
509

392
5'14

Overall deplh
w¡thout cover

D70 D 80

194
239
283

328
372
417

461

505
550

205
250
294

61

105
150

116
161

Bench model
(width D 70: 484

D 80: 492)
Overall height
D70 D 80

281.3788.00
281.3794.00
281.3807.00

281.3813.00
281.3820.00

Adapter bars
Order Nos. (for DIN width)

D70 D80

043.5040.00
043.51 10.00
043.5191.00

043.4820.00
043.4908.00
o43.4972.OO

043.4037.00
043.41 14.00
043.4743.00

082.5882.00
043.381 8.00
043.3930.00

085.6580.00
085.6596.00
085.6609.00

085.65s0.00
085.6567.00
085.6573.00

Cover for bench model
Order Nos.

D70 D80
D70

For R&S rack
KCJ (1 pa¡r):

2413742.OO

For other
racks2):
281.3759.00

Gulde ra¡ls
Order Nos.
forl9'racksl)

Please enquire
281.3765.00 281.3842.00
281.3771 .00 281 .3859.00

3 E brackets are used
for heights of 4 E

and more.

Brackets
Order Nos. (for 1 set)

19" racks DIN racks

19" rackmunt
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appclndix

R&S design B0

New Rohde & Schwarz instruments are being produced in

design 80 and the compact casing system, the new style for
the eighties which, in its outward appearance, represents the
third generation of equipment in the company's history of 50
years.

Design 80 is a modern and universal modular system which
meets differing requirements. lt is characterized by exem-
plary styling, optimum utilization of space, high strength and

low weight. The system covers mainframes, panelling, cas-
settes, adapters for rack mounting, plug-in PCBs and inte-
grable small equipment.

Basic mainframe

The mainframe corresponds to the 19" standard in accord-
ance with IEC recommendation 297 and DIN 41 494.

19" basic rackmount in design 80; frame, front and rear panels

Extruded aluminium sections are used which, due to their
mutually engaging design, can þe assembled without any
special equipment, making them suitable for one-offs as well
as standard production. The form of the sections ensures that
the mainframe is true in angle and stable while remaining
light in weight and large in capacity, the latter otfering high
packing density.

Sizes of two to six units in height (1 unit corresponding to
44.45 mm) and two frame depths (305 and 427 mm) have
been standardized.

Panelling

ln contrast with conventional instrument cases, the panelling

of the bench model consists of two metal cover panels with
extruded aluminium side strips (see photos right). \Mth sizes
from three units in height, the side panels are provided with
recessed, fold-out handles.

Due to the use of panelling, it is normally only necessary to
remove the lightweight covers without having to remove the
complete unit when requiring access to the interior.

DESIGN 80 A2

19" bench model in design 80:
mainframe plus panelling (enclosure detached)

lnsertion of PCBs

The insertion of PCBs requires but a few standardized acces-
sories (see photo below). The basic format is the 100

mmx160 mm Eurocard in line with DIN 41 494.

Cassettes

Casseües for self-contained functional groups are likewise
suitable for holding plug-in cards and other subassemblies.

Mainframe with PCBS arrange tor ease of maintenance
19" rackmount with cassettes
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A,2 COMPACT CASING SYSTEM

Compact casing system equipment dimensions

Dimensions

w¡drh

of 19" without
handle

overall

Fack mounting

l9" Adapter

Type Order Nos.

appc-¡ndix

Note on equipment depth

\¡Vhile for designs D 70 and D 80 the
overall depth is uniquely defined by
the handles, these constituting the
largest projections, the depth for com-
pact cases can be given only by the
diagram below, since the operating
controls differ according to equipment
type.Vz 241

245

347

470

2't0

2't0

312

zzA-12
zzA-12
zzA-13

079.0631.00
079.0631.00
o79.0702.OO

3/c

1/t

zzA-4
zzA-5

078.8500.00
078.8645.00

Overal I

depth

435

-) To combine a 2E and a 3E unit side by side ¡n a rack, use 19,,Adapter ZZA-.f9.

R&S compact casing system
Design 80 is rounded otf by a casing system for compact
instruments Vz or Vq or % of 19" wide, which are also suitable
for mobile applications.

This compact casing system copes w¡th the current trend
towards complex modules integrating more and more func-
tions in less and less space and complies with users' require-
ments for economizing space, on benches and in racks.

This easily manufactured system is just as much in line with
the international l9" standard as design 80; it is similar in
layout, but is even more compact and thus particularly suit-
able for space-saving setups on a bench (drawing below and
photo right).

078.8274.00
078.8400.00
078.8439.00
o78.8722.OO

078.8751.00
079.1 1 09.00

The emphasis of this new style is on producing compact,
light-weight and thus easily transported instruments for use
singly and as building blocks in space-saving test setups on
the bench.

Right: compact unils ol 1/2,3/4 and % ol 1 g" width stacked on 19" design-7o unit;
lefl: different compact units adapted fo|l9" rackmounting

The system compatibility of this
packaging style enables simple

bench setups of automatic and applica-
tion-optimized measuring systems, using

compact individual components, e.g. units with
an IEC-bus interface. The compact casing system

zzA-6
zzA-7
zzA-8
zzA-10
zzA-9
zz\41

zl, f .r

3J
4
4

2
3
J

4
4
5251

206

110

154

206

118
162

in units

Height

overall

219
349
349

349
471

349
349
471

349
47'l
471

Depth

overall (with-

out controls)

//
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appendix

ê_

COMPACT CASING SYSTEM A,2

Test assembly made up of compact units, which may be screwed together w¡th
connecling elements

I I
l9" Adapter

Compact cases adapted for l9" rackmounling, with and without cover

Carrying position

Working position Storage
position

neath. lt is also easily removed by undoing two screws, if this
should be desired, for example, in an assembly of several
instruments.

The position of the handle is changed by simultaneously
pressing both axles and swivelling.

Rear panel. The compact cases also have a recessed rear
panel to protect the connectors when the equipment is set
down.

$

q

The compact units can be stacked with 19" design-70 and
design-8O units and can be fitted ¡nto any 19" rack by means
of adapters. The assembly is easy to carry out: first the
panelling, the handle and the side strips are removed. After
fitting a 19" adapter (in the simplest case just four parts) the
unit can be pushed into a 19" rack like a lg" instrument built
to design 80 (see drawing and photo above right). Where
equipment dissipating a large amount of heat is involved, one
unit of height should be left vacant on top and covered by a
blank panel.

The self-supporting construct¡on of the compact cases
complies with standards DIN 40046 (Sheet B), IEC 68-2-6
and VG 95332 (Sheet 24125); it enables sturdy, space-and-
weight-saving equipment forms (see photo on page 364).
Despite compactness there is no lack of servicing ease. Fold-
out or snap-in/snap-out circuit boards make for good acces-
sibility in testing and servicing.

The swivel handle of the new compact units makes them
easier to pick up and put down and also serves as a stand.
When units are stacked, the handle can be tucked under-
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A2 R&S ADDRESSES appendix

ROHDE&SCHWARZ GmbH & Co. KG
D-8000 München 80 . Mühldorlstraße 15 . Postfach 801469
Tel. (089) .4't 29-1
+49 89 41 29 1 . Telex 523703 (rs d)
cables: rohdeschwarz muenchen

$"o=&sGr{wARz

ROHDE & SCHWARZ HAN DELS-GN/BH
Ernst-ReuterPlatz 10
D-1flþ Bedin (West) 10

ROHDE & SCHWARZ VERÍRI EBS-GMBH
Zweigniederlassungen

Steilshooper Allee 47
D.2000 Hamburg 60

Graf-Zeppelin-Straße 18 ' Postfach 9001 49
D.5m0 Köln 90

Technisches Büro Bonn
Meckenheimer Allee .l 

21

D-5300 Bonn 1

Technisches Büro Frankfurt
Herzogstraße 6l
D-6078 Neu-lsenburg

RL¡ppurrer Slraße84 Poslfach 5229
D-7500 Karlsruhe 1

Berg-am-Laim-Straße 47 ' Poslfach 80 14 49
D-80(þ München 80

EXPORT

Tel. (0 30) s 41 40 36
Telex 1 81 636 (rshb d)

Tel. (0 40) 6 30 7046
Telex 2 1 73 748 (rsvh d)

Tel. (02203)210 46
Telex 887 4444 (rsvc d)

Tel.(O228)658027
Telex I 869569 (rsvb d)

Technisches Büro Nürnberg
Münchener Straße 342
D-8500 Nürnberg 50

ROHDE&SCHWARZ
Engineering and Sales GmbH
Graf-Zeppelin-Straße 18 ' Postfach 980260
D.5000 Köln 90

ROHDE &SCHWARZ WERK KÖLN
Graf-Zeppelin-Straße 1 I ' Poslfach 98 02 60
D-5000 Köln 90

ROHDE &SCHWARZ WERK TEISNACH
Kaikenrieder Straße 27
D.8376 Teisnach

MESSGERÄTEBAU GI\¡BH
Riedbachstraße 58' Postfach 1652
D.8940 Memmingen/Allgäu

Tel.(0911)86747
Telex 626 535 (rsvn d)

Tel. (0 22 03) - 49-1
Telex I 873 288 (rse d)

Tel. (02203) -49-1
Telex I 874 525 (rsk d)

Tel. (0 99 23) 592, 593

Tel. (08331) -108-0
Telex54512(mbmgn d)

Tel. Telegr. Telex

(2)91222
oroco

340489 (oroco ck)

(7)2624207
hansealica

44790 (hans co)

(21) 66121
radiovision

2395 (radoviso cy)

(2) 536921

1 21 801

(2) 549233

121988

(0) 538066
orbis

123134 (orbis sf)

(1 ) 6872506
ruselec

204477 (ruselec f)

Tel.
Telex 4

(061 02)31 36
185 641 (rstf d)

ïel. (0721)34951
Telex 7 826 730 (rsvk d)

Tel. (089)403073
Telex 524 960 (sdvm d)

Argentina
Argenlinien

Australia
Auslralien

Austria
Österreich

Bol¡via
Bolivien

B¡azil
Brasilien

Brunei
Brunei

Bulgaria
Bulgar¡en

Canada
Kânada

ROHDE &SCHWARZ (Australia) Pty. Ltd.
13-l5WentworthAve. (Darlinghursl, N.S.W
P.O.B.4274
Sydney South, N.S.W. 2010

Tel. Telegr. Telex

Oton R. Klein S.A (1) 3627770
pioneer baires

18739 (klein ar)
Carlos Calvo 229 (1 102 Buenos A¡res)
Casilla Correo 568
1000 Buenos Aires

(2)2672622
2010)

26372 (randsa)

ROHDE&SCHWARZ ÖSTERRETCH Ges.m.b.H, (222) 6261 41
Sonnleithnergasse 20
4.1100 Wien 1 33933 (rsoe a)

(-) 405920
sony

65632 (bir bj)

(2)7352193
roelectron

Algemene Elektronica P.V.B.A.
Electronique Générale S.P.R.L.
Rue des Aduatiques, 71 -75
8.10/rc Bruxelles

Sislemas Electronicos Hoehne, Ltda.
Calle Teniente Oquendo 141 , Casilla 5075
LaPaz

23241 þ)

(-) 326880

Hoos Máquinas Motores S.A. (11) 2282566
Rua Paula Souza 79-4'and. (01027 São Paulo) maquimolor
Caixa Postal 7500 1 122260 (hoos b0
01000 São Paulo

Logistics Eng. & lr/aint. Serv. Ltd. (-\ 21175
Unit 1 1 2, 1 st Fl.,Bangunan Gadong Kumbang Pasang
P.O.B.298 Mile 2, Jalan Gadong 2309 (lems bu)
Bandar Seri Begawan

ROH DE & SCHWARZ Öslerreich-service:
V.M.E.l. Lenin
Dervenitsa, Bl. 2, Room 2534 (BG-1 156 Sofia)
P.O.8.43
BG-1111 Sof¡a

(-) 66s784

22576

(61 3) 8293944

533662

Chile
Chile

Colombia
Kolumbien

Cyprus
Zypern

Czecho.
slovakia
Tschecho-
slowakei

Denmark
Dänemark

Ecuador
Ecuador

Ethiopia
Athiopien

Finland
Finnland

France
Frankreich

lmportadora Janssen y Cia. Ltda.
Agustinas 2356
P.O.B. 

.13570, Correo 21

Sant¡ago de Chile

Hanseatica Cia. Ltda.
Calle 15 No. 68D-78, Ap. Aérco 14467
Bogolá D.E.1

Chris Radiovision Ltd.
23 Crete St., P.O.B. 1989
Nicosia

ROH DE &SCHWARZ Österreich-Repräsentanl
ZENIT
Holubova 1 1

Cs.lsmo Praha s-Radlice

ROH DE &SCHWARZ Österreich-service:
Kancelsarske Stroje, K.U.O.
Radlicka 2
GS-150¿t6 Praha 5

Orbis Oy
Sorolant¡e 16 (SF-00420 Hels¡nki 42)
P.O.B. 15
SF-00421 Helsinki 42

ROHDE&SCHWARZ France
45/46, Place de la Loire, Silic 190
F.94563 Rungis Cedex

Bangladesh
Bangladesh

Belgium
Belgien

Business lnlernational Ltd.
146/4, New Baily Rd.,P.O.8.727
Dacca 2

Rus¡nt Electronics &Sales Canada Ltd.
25 D, Northside Rd.
Nepean (Ottawa) K2H 8S1

Tage Olsen A/S (2) 6581 1 1

BallerupBytej222 tocopen
DK.2750 Ballerup 35293 (toas dk)

suMrTEc. (-) 396002
Quisquis 1509-1511,P.O,B.4492 sumitec
Guayaquil 43361 (pbcgye ed) ,,para sumitec"

General lndustrial&Commercial h/t. Lld.Co. (-) 41400
Ras Desta Damtew Av. Kidane Beyene Bldg. gicomco
P.O.8.2240 21192 (gic addis)
Add¡s Ababa
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appclndix R&S ADDRESSES Ae,

Tel. Telegr. Telex

Hongkong Schmidt&C,o (H. K.) Ltd., 28 Fl. Wing on Centre
Hongkong 111 Connaught Rd. Centr., G.P.O. 297

Hongkong

ROHDE & SCHWARZ Österreich-service
ROZMARING
Fehérvári ut. 121 , B.O.B. 86
H1525 Budapestll

Toshnìwal Bros. (Delhi) R/t. Lld.
3 E/8, Jhandewalan Extension
New Delhi 1'l(X)55

Great Britain
Großbiitannien

Greece
Griechenland

Hungary
Ungarn

lndia
lndien

lreland
lfand

Italy
Ital¡en

Japân
Japan

Luxembourg
Luxemburg

Malaysia
Malaysia

Mex¡c!
Mexiko

Netherlands
Niederlande

New Zealand
Neuseeland

N¡geria
N¡geria

Nonrvay
Norwegen

Pakistan
Pakistan

Peru
Peru

Poland
Polen

Portugal
Portugal

Roman¡a
Rumänien

Dipl.-lng.
Okamoto

ROHDE&SCHWARZ UK LId.
Roebuck Rd.
Chsss¡nglon, Surrey KTg 1 LP

Iilercury Ltd.
I Sekeri & Kanari St.
Athinal 138

see Greal Brita¡n
siehe Großbritannien

Roje Telecomunicazioni S.P.A.
Via Sant' Anatalone 15
l-æ147 Milano

Adolf Zihler
S-chome 1 1-9 (Kobe 658),

Port P.O.B.586
Kobe 651.01

NiIYASA, Maquinaria y Accesorios, S.A.
Alfonso Reyes 1 5
06170 Mexico 11, D.F.

Elekon (Overseas) Ltd.
222 Lambton Quay, P.O.B. 10161
Wellington

ROHDE &SCHWARZ (Nigeria) Ltd.
73 Tafawa-Balewa Square, P.O.B. 2278
Lagos

Morgenst¡erne&Co. A/S
Konghellegale 3, P. Boks 6688 Rodelökka
N-1010 Oslo 5

Tel. Telegr. Telex

(1) 397877 1

rusco
928479 (rsukco g)

(1) 3633834,

214887 (merc g0

(5)8521222
schmidtco

74766 (schmc hx)

(1) 653187

226863

(1) 523366
vigyantre

312886 (tbpl in)

(2)4154 141,.3
rojetel

332202 (rcje i)

(078) 4318485

5622150 (zihler j)

(5) 5162512
azuma

1774217 (myacme)

(4)721728
elkonlit

(elekon nz) 30102

(1) 635804
lafaks
22517

(02) 3561 1 0
morof

71719(morof n)

(-) 512648
elco

2690 (elco pk)

(-l ¿sssgo
estemac

25385 (pu)

(22) 398423

81 4640

(7) 674081

Singapore
Singapur

South Africa
Sûdafrika

Spain
Spanien

Sweden
Schweden

Switzerland
Schweiz

Turkey
Türkei

u.s.A.
USA

Venezuela
Venezuela

Yugoslavia
Jugoslaw¡en

Assoc. Techn. Services (Pte.) Ltd
11 Keppel Rd, No.03-0ì Keþpel House
Singaporo 0208

S.A. Electro-Medical (Pty.) Ltd.
Stand. Gen. House, 10th Floor,
21 5 Proes Street (Pretoria 0002)
P.O.B. 1784
Pretoria ü)01

FEtvlA Leo Haag S.A.
José Abascal No. 1 8
Madrid 3

Teleinstrument AB
Maltesholmsvägen 1 38, Box 4490
S.16204 Väll¡ngby

Roschi Télécommunication AG.
Giacomettistrasse 1 5/ll I, P.O.B. 63
CH.30æ Bem3l

Electronic Service & Engineer¡ng
Necatibey Caddesi No. 90/2
Karaköy.lstanbul

BOHDE &SCHWARZ Sales Co., lnc.
13 Nevada Drive
Lake Succoss N.Y 11042

EQUILAB C.4., Centro Seguros La Paz
6' Piso, Locales E-61 /N-62
Ava. Francisco de Miranda, Boleita (Caracas 1

Apartado 60497
Caracas 10604

I l\4P-lZlP Ljubljana, Tozd Markeling n.sol.o.
Titova 37
P.O.B. 144
YU.61001 Ljubljana

ROHDE &SCHWARZ-Service:
lMP, - lzlP, Tozd-Tovarna Elektronaprav
Vojkova 58
YU.61001 Ljubljana

(65) 221 1 533
aleas

21 297 (patspor)

(o12)217431
saelmed

30756

(1 ) 4423900
rema

42838 (rema e)

(8) 380370

1 5770 (telinst s)

(31\ 442711

32 1 37 (agbe ch)

(11)441546

23353 (mse tr)

(51 6) 4887300
230960072

(rsa ffld)

(2) 364533
equilab

070)
21860 (equix)

(61) 323788
ìmp

31348 (yu imp)

(61) 34s061

31599 (yu imp pe)

Kenya
Kenia

ROHDE&SCHWARZEng.&SalesCo.Ltd. (2162326
A.B.C. Place Bldg. 2, WaiyakiWay, P.O.B. 46658 engsales
Nairobi 22030(engsales)

see Belgium
siehe Belgien

DagangTekniksDN BHD (-\787628-29
96 N¡ & 98 M, Jalan SS 21l35, Damansara Ulama -PetalingJaya,Selangor ma 37832(danik)

ROHDE&SCHWARZ Nederland B.V. (3465) 60324
Maarssenbroeksed¡jk 6A (NL-3606 AN Maarssen)
Postbus233 70339 (rsned nl)

TELEC, Electronics & Machinery Ltd.
41 5, Mahboob Chambers, Abdullah Haroon Rd.
P.O.8.7430
Saddar-Karachi 0301

Estemac Peruana S.A.
Avda. Petit Thouaß 4620,Casilla 224
Lima 18 (Miraf lores)

ROHDE &SCHWARZ Österreich-Repräsentanl:
T.H.M. Eximpol S.A.
ul. Stawki 2,pielro 28
PL.00.950 Warszawa

ROHDE &SCHWARZ Österreich-service:
lNco
ul. Tarnogajska 1 1/13
PL-50-950 Wroclew 712357

MaltosTavares-Electrónica, Lda. (19)616262
R. Grégór¡o Lopes, Lote 1513-1' Resle¡o (P-1400 Lisboa)
Apartado 2171 ustamante
P-1104 LisboaGodex 12220(malalip)

ROH DE & SCHWARZ Osterreich-service:
r.c.E. (-) 333583
Calea Floreasca Nr.169, Sector 2
R.72321 Bucuresti2 10076
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Type Order No. Documen-
tation*

Page Type Order No.

H

appc!ndix

B

A
ATS-TR4

BDS

C
CADM

D

DAF
DM
DNF
DPF
DPS
DPSP
DPU
DPVP
DSF
DVS
DVU 3
DVU4

HE005,115
HFH2
HFH2_Z
HFU
HFU-Z
HFV
HUF

275.5447...
335.3015.52

253.0013.55

,oa.uo',r...
354.1520.53

344.0015.04
344.3143.02
345.5510.02
345.4014.02

Documen-
tation*

N 72, 76, 78, 98
N89

N 73,77

63

N95
N 100
N 98, 100, 101

N 97, 101

N 79, 80

N75

N66
N75
N75
N 53, 75
N 37, 64
N64
N85
N77
N99
N37
N 100
N68

N89

N91

N47
N 76, 86

N84
N84

N53
N89
N89

100

138

165

289
289
288
288
292
292
291
293
288
294
294
294

362
283
275
280
283
278
274
222
230
226
356
242
248
234
238
352
276
246
246

339
256
340

LFM 2

NRS
NV12, 14
NZ 14

MDS21
MKPM
MSC2
MSDC2
MSU
MSUP
MSUP+
ESH 3

NAN
NAUS3,4
NAUS5, 6
NGA
NGAS
NGB
NGC
NGK
NGL35
NGM
NGMD35
NGPS
NGPU
NGPV
NGRE
NGRU
NGT20
NGT35
NKS

Page

360
251
231
254
233
252
254

302
307
314
308

350

255
283
342
343
244
248

249

213
214
216
324
324
324
326
324
324
324
324
330
331

332
326
328
324
324
115

217
354
354

343.8012.02 N 93

299.6014.02 N82
I 001 103...4

51

98
N

N

IGA
tqA-z:g,211
IMAS
IMAT

100.1872...
242.1013.02
272.4010...
100.1789...
334.7217.02
334.6010.02
100.8960...
214.8017.55
289.8766...
342.1014.50
100.5203...
201.4018...

100.5884.02
220.5174.02
219.4026.02
201.5443.90
235.4010.02
215.8510.02
303.2020.52

335.8017.52
570.5012...
252.0010...
253.3012...
342.4020.52
354.3000...
264.2012...
220.7660...
255.0010...
254.0017...

206.9418...
334.2015.54
343.2014...

L

M

340.00'10.. N94

194.0100.50
220.5180.02
230.9314...
281.0514.03
253.2016.55
253.35'12.55

N 46,72
N 35, 63
N86
N83
N73
N85

E

EAO2O

EBVB
EGT
ELDO4
ELEB
ELMOT
ELT3
ESH2
ESH2-Z
ESHs
ESM5OO
ESU2
ESU2-24
ESV
ESVP
EU200,201
EZGA2
EZK
EZP

N69
N70
N 87, 92
N92
N 89, 94
N 92,96, 101

N 73,77, 78
N85
N98
N 102
N87
N66
N69
N69

100.2727.50
288.8610
349.8014...
192.0010...
289.8514...
117.7210...
192.0032...
192.0003...
192.0026.02
117.7110...
117.2177.02
192.0061.02
192.0049...
't92.03't0...

100.8402...
192.0210...
117.7133.02
191.2019...
302.2410.03

N

F

100.2433.92

N 83, 85
I 001 1't1
N36
N36
N36

FAB
FAM
FKD, FKDL

.N : Article in the specified issue of house journal NEWS FROM ROHDE & SCHWARZ.
I : Detailed information brochure that can be obtained under lhis number in additlon to lhe data sheet availablê for each instrument.
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Type Order No.

P

INDEX BY INSTRUMENT ryPE A=l

Type Order No.Documen-
tation*

N48

Page

344
75
74
68
94
68
68
66
'106

106
80

80

126

Documen-
tat¡on*

N 100

Page

374

'180

181

196
182
188
193
198
199
202
206
208
210

164
167
58
158
163
170
170
168
162
166

T
Test assemblies
TSR 6060 360.01 16..

PBO
PBT
PCK
PCW
PIF
POR
PSN
PSU
PTC
PTM
PUC
PUD 2

R
RAU
RBD
RBS
RBU
RMC
RMF
RNA
RNB

SBUF
SKTU
SLRD
SMAI
SMAT
SMBI
SMCI
SMDU
SMDU-21
SMDU-22
SMFP2

SMK
SMLU
SMLU-Z
SMLU-23
SMPC
SMS
SMUV
SPN
SUF2
SWOB4-Z
SWOBs

201.5520.02
235.3014.02
292.2013...
244.8015...
264.9017.02
242.0017.92
290.9210.02
290.8014.02
336.7014.02
336.8010.02
344.8900...
359.5018.02

200.0019...
100.2962...
207.4010.55
100.8654...
100.2940...
100.2927...
272.4510.50
272.4910.50

341.0014...
100.4688...
100.4194...
100.4594.13
355.2014.52
100.4607.13
100.4613.03
249.3011...
242.2010.53
242.4012.52
332.0015.53

339.0010...

N65
N87
N63
N80
N80
N87
N87
N97
N 102

32

U

282
282
't9

21

22
114
23
23
25
24
14
20

286
286
286
286
286
286
286
286

UDL3
UDL4
uÐL3t4-Z
UDS 5
UDS6
UDS6-21
UIG
UPGR
URE
URV
URV3
URV4

346.7117.02
346.7800.02

349.1510.02
346.9210.02
346.9510.02
203.5111.02
248.1915...
342.1214.02
216.3612...
302.9014.02
252.5012.OO

N90
N90

N 100
N90
N90
N48
N 75, 92
N95
N 60, 74, 75
N83
N 81,85

N80
N 41,46, 56
N91
N80
N80
N41
N 4'l
N73
N 64, 70

V
vE 031 ... 34 562.0415..
vE 340, 341 562.3014..

N87
N87

358
359

S

N98
N 13,27,40, 47
N 29, 31

N 26, 31

N94
N 26, 31

N 26, 31

N 67, 76, 78
N73
N73
N 90, 91, 93, 94,
95, 96, 99
N 90, 93, 94, 96,
99
N 101

N 51, 62,70, 74
N65
N70
N 99, 101

N 84, 90
N 85; I 001 108
N97
N91

N 85, 91, 93, 96,
98
N99

XKE2
XKP
XPC
XSC
XSD2
XSE
XSF
XSRB
XSRM
XSRM-Z

29',t.00't7.02
156.3541.02
337.8014.52
299.4011.02
283.6010.02
100.7641...
100.5578.02
216.0213.03
238.4011.02

X

SMFS 2 332.8700.53

348.0010.02
200.1009...
243.3010.92
242.5019.92
300.1000.52
302.40',12...
301 .0120...
336.3019.52
282.8819.03
912.7003...
333.0019...

48
70
73
73

54
50
60
44
338
152
132

z
zPv

zPv-23
zPv-25
ZRB
ZSG 3
zsK2
ZSKT

292.4012.

292.31 10.50
335.1112.02
335.2819.50
242.6015...
290.2016...
301.9010.02

N 79, 82, 83, 84 142
92, 93, N 94
1001 106

N88

N85
N 65, 79
N 84, 90

153
145
't52

263
266
264SWP

.N : Article ¡n the specilied issue of house journal NEWS FROM ROHDE & SCHWARZ.
I : Detailed inlormalion brochure lhat can be obtained under this number in addit¡on to lhe dala sheet available for each instrument.
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A2 INDEX BY INSTRUMENT TYPE

TEST ASSEMBLIES
Test assemblies are generally not allocated a type designa-
tion code since they are made up of a number of different
instruments.

Although test assemblies can be found by reference to the
subject index inside the back cover (e.9. RT test assembly
under R), a special alphabetical listing by application area is
given here in the interests of clarity and in view of the
increasing importance of these high-efficiency measuring
systems.

Application area Designation

appendix

Cable, RF

Car radio

Components,
Modules (AF, RF)

Field-strength, EMI/ EMc,
EMlfilters

Group delay

lntermodulation/
cross modulation

Logic measurements

Network analysis;
impedances, group delay,
s-parameter

Radio equipment, general

Radiotelephony equipment

Automatic Test Assembly for RF Gables

Stereo-car-radio Tester

RF Component Tester

Automatic Test System TSR 6060
digital, analog, hybrid and
RF test systems

Automatic Test Equipment MSUP
25 to 1000 MHz
Automatic Test Equipment MSUP + ESH 3
9 kHz to 1000 MHz
Automatic Test System for Useful
and lnterfering Signals

Group-delay Measuring Set LFM 2,

see also under "Network analysis"

Automatic Test Assembly for
lntermodulation and Crossmodulation
Measurements

Logic Analyzer System IMAS/IMAT

Computer-controlled Network Analyzer
ZPV+ computer
s-parameter Test System

Automatic Radio Test System ATS-TR4
Test System to CEPT f lR 17
(for AM-, qM-, SSB transceivers)

Reference System for Transceiver Test

Radiotelephone Test Assembly SMDU
Mobile Testers SMFP 2/SMFS 2
Automatic RX/IX Tester SMAT

Documentation*

N98

N 100

N 100

N85

N95

N97

Page

118

248

249

29

350
146

't16

28

30

32

N62,74

N 97, 98

N 79, 82, 83,84
N86;1001 106

N98

N 102

N94
N83

N73
N94
N94

299

146

28

26/100
27

27

104
80
94

132

1't0

Swept-frequency measurements Polyskop SWOB 5 N 85, 89
I 00't 102

VOB-lLS airborne equipment Test Assembly for Airborne
VOR-ILS and Communication Equipment

N 71, 82

-N : Article ¡n the specified issue of housejournal NEWS FROM ROHDE & SCHWARZ.
| : Detailed information brochure that can be obtained under this number in addition to the data sheet available for each instrument.
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appendix

Order numbers

ln handling orders R&S makes use of electronic data proces-
sing and a corresponding system of order numbers. The first
seven digits of these nine-digit numbers identify the equip-
ment and the last two digits specify the model (50-Q or 60-0
impedance, cabinet or rackmount, etc.).

NOTES ON PRESENTATION A2

Symbols

The meaning of the symbols used in the tables and texts is
given below:
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READER SERVICE

g*
&scHwARz Please use the attached reply cards if you would

like to receive more information on the products

described in this catalog, e.g. data sheets, a
detailed quotation or a demonstration.

Any documentation on our products available in

addition to the data sheets is listed in the "lndex
by instrument type".

You will find the address of your nearest R&S

representative on pages 370 and 371.

Contents

R&S addresses
lndex by instrument type
Subject index

page 1

page 370
page 372
page 377
(inside back cover)
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ô
ÐTDE&SctIwARZ

o
RO}DE&SGIIMRZMEASURING INSTRUMENTS

CATALOG
READER SERVICE CARD

Data Sheet

1 984

Quotation Demonstration

1984

Data Sheet Quotation Demonstration

MEASURING INSTRUMENTS
CATALOG
READER SERVICE CARD

I would like to receive more information on the following products

Equipment
(Type/page)

Name/Company:

Address

I would like to receive more information on the following products:

Equipment
(Type/page)

Name/Company:

Telephone Address:

Address

Telephone

o
RÍ}IDE&SGIIMRZ

Date

Address

1984

Demonstration

Date

Name/Company:

MEASURING INSTRUMENTS
CATALOG
READER SERVICE CARD

Data Sheet Quotation

I would like to receive more information on the following products:

Equipment
(Type/page)

1984

Oata Sheet Quotation Demonstration

MEASURING INSTRUMENTS
CATALOG
READER SERVICE CARD

I would like to receive more information on the following products:

Equipment
(Type/page)

Name/Company:

Date:

Telephone

Date:

Telephone



Other enquiries, comments, etc.

Other enquiries, comments, etc.

Affix
postage

here

Other enquiries, comments, etc.:

Other enquiries, comments, etc.

Affix
postage

here

(Please enter the address of your
nearest R&S representative)

(Please enter the address of your
nearest R&S representative)

Affix
postage

here

Affix
postage

here

(Please enter the address of your
nearest R&S representative)

(Please enter the address of your
nearest R&S representative)



sub¡cIct index
Group

A
Accelerationpickups 283
Acousticinstruments 27O
Active antenna systems 360
Addresses of R&S

representatives 370
Adjacent-channel

power meters 1 15
AF generators 44
Aircomms test assembly 1 10
Amplifiers 178
AM unit 106
Analyzers 256
Atomic frequency

standards 158
Attenuators 288,290
Automated testing

(lEC bus) I
Automatic test systems 26

Page Group Page Group Page Group Page

S
Scanner 193
Selective voltmeters 220
Semiconductortesters 28
Signal generators 42
Sound-levelCalibrator 283
Sound-level meters 273
Standard-frequency

receiver 164
Standard-frequency

sources 156
Standard-timesystems 165
Stereo signal

generator 46,54
Sweep signal

generators 62, 126
Swept-frequency

testsets 122
Synthesizer 58
System voltmeter 178

Test demodulators
Tmeasurement
Temperature controller
Terminations
Test assemblies

(table)
Test receivers
Thermometer
Third-octave filter
Transistor testers
Transmission factor

measurement
TVsignal generator
Two-port test sets

Display store
Distortion meters

F
Field-stength meters
Filters
Frequency compara-

tors
Frequency controllers
Frequency deviation

meter
Frequency doubler
Frequency standards
Function generator

N
Network analyzer
Noise generators
Noise meters

Octave filters
Oscillators
Oscilloscopes

P
Panoramic adapter
Phase meters
Pneumatic interface
Polyskops
Power meters
Power signal

generators
Power supplies
Power test adapter
Preamplifiers
Printer
Probes
Process controller
Programming units
Psophometers

138
256

250
282

167
73

256
106
156
44

o

146
75,338

273

282
170
132

246
't42
22

122
212

B

G
Generators (table)
Group-delay

measuring sets

42

122,350
70

322
106
358

20
196,207

14
14

't99

T
Baluns
Broadband voltmeters

c
Cabinets/design
Cable test assembly
Caesium frequency

standard
Calculators and

peripherals
Capacitance meters
Coaxial components
Code converter

(BCD/ASCil)
Coders and

decoders
Component testers
Connecting cables

for IEC bus
Crossmodulation test

assembly
Crystal clock
Crystal oscillators
Gurrent probes

(RF)

D
DC power supplies
DC voltmeters
Decade signal

generators
Desktop calculators
Digitalclock
Digital voltmeters

and multimeters
Dimensions
Directional couplers

H

High-power attenua-
tors

45
178

365
118

158

286

339
144
25

286

142
344
142

374
220

24
282
28IEC-bus control 14

lmpedance meters 142
lnductance meters 30
lnterference measuring

sets 220,255
lntermodulation

test assembly 1 16

J
Junction boxes 294

L
Level measuring set 336
Logic analyzers 299
Logic generators 302

M
Matching indicators 212
Matching pads 289
Microphones 283
Millivoltmeters 178
Modulation meters 256
Motor-vehicle sound-

level meter 278
Multicouplers 354,359

Q meters 30

R
Radiomonitoring

equipment 248
Radiomonitoring

receiver 356
Radiomonitoring

recorder 23
Radiomonitoring

test assembly 249
Radio test assemblies

80 to 109
Receivers 220
Recorders 20,262
Reflectometers 142,212
Relay matrix 23
Relay receivers 352
Resistance

measuremenr 188
RFconnectors 295
RFcurrentprobe 230
RMS voltmeter 202
RTtest assembly 80 to 109
Rubidium frequency

standard 158
Radio receiving and

measuring system 362

V
Vector analyzer
VHF-UHF test

equipment
Vibration pickups
Voltage source
Voltmeters
VOR test equipment
VSWR bridges

o

21

14
30

294

58
14

165

342
30

19

116
165
,17ù

230

322
178

142

244
283
330

174,178
110
152

W
Wattmeter

X
XY recorder
XYT recorder

212

266
264

178
366
153



tJris catalog descnibes
Automated computer-controlled test systems (lEC bus)
Test assemblies for module and component testing
Signal generators and AF, RF and Rï test assemblies
Swept-frequency test equipment and network analyzers
Standard-frequencir and standard-time systems

Voltmeters
Power meters
Recorders
Selektive voltmeters
Test receivers and field-strength meters

Wave and modulation analyzers

Acoustic test equipment, sound-level and noise meters

Terminations, attenuators
Coaxial components

Logic test equipment :

Power supply units t

oÈhen pFoducËs
Test equipment for television
and sound broadcasting

Mobile and fixed transmitters, receivers, antennas
for HF, VHF sound broadcasting and television
of all standards

TV transposers and relay receiving systems

Direction finders, ATC and radiolocation systems
Ground and airborne transceivers
Automated check-out systems

Multicouplers and tuning units
Antenna rotators, remote-control systems

{
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