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Safety Considerations

HP 8970A

SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation.

This product is a Safety Class I instrument (pro-
vided with a protective earth terminal.

BEFORE APPLYING POWER

Verify that the produet is set to match the availa-
ble line voltage and the correct fuse is installed,

SAFETY EARTH GROUND

An uninterruptible safety earth ground must be
provided from the main power source to the pro-
duct input wiring terminals, power cord, or sup-
plied power cord set.

Any interruption of the protective {grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal will
cause a potential shock hazard that could resultin
personal injury, (Grounding one conductor of a
two conductor outlet is not sufficient protection).
In addition, verify that a common ground exists
between the unit under test and this instrument
prior to energizing either unit.

Whenever it is likely that the protection has been
impared, the ingtrument must be made inoperative
and be secured against any unintended operation.

If this instrument is to be energized via an auto-
transformer (for voltage reduction), make sure the
common terminal is connected to neutral (that is,
the grounded side of the mains supply).

Servicing instructions are for use by service-trained
personnel only. To avoid dangerous electric shock,
donot perform any servicing unless qualified to do
80.

Adjustments described in the manual are per-
formed with power supplied to the instrument

i

while protective covers areremoved. Energy avail-
able at many points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

For continued protection against fire hazard, re-
place the line fuse(s) only with 250V fuse(s) of the
same currentrating and type (for example, normal
blow, time delay, etc.). Do not userepaired fuses or
short circuited fuseholders.

SAFETY SYMBOLS

A Instruction manual symbol: the product
will be marked with this symbol when it is
necessary for the usertorefer to theinstrue-
tion manual (see Table of Contents for

page references),

é Indicates hazardous voltages.
e

Indicates earth (ground) terminal,

The WARNING sign denotes a
w hazard. It calls attention to a
' procedure, practice, or the like,
which if not correctly performed
or adhered to, could result in
personal injury. Do not proceed
beyond a WARNING sign until
theindicated conditions are fully
understood and met.

vEAUTiOI\! The CAUTION sign denotes a

hazard. It cails attention to an
operating procedure, practice, or
the like, which, if not correctly
performed or adhered to, could
result in damage to or destruc-
tion of part or all of the product.
Do not proceed beyond a CAU-
TION sign until the indicated
conditions are fully understood
and met.
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MODEL 8970A

OPTION 907
FRONT HANDLE KIT

OPTION 908 OPTION 909
RACK FLANGE KIiT RACK FLANGE AND FRONT
HANDLE COMBINATION KIT

Figure 1-1. HP Model 8370A Accessories Supplied, and Options 967, 808, and 809
1-0







HP 8970A

General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

This manual contains information required to
install, operate, test, adjust, and service the
Hewlett-Packard Model 8970A Noise Figure
Meter, Figure 1-1 shows the Noise Figure Meter
with all of its externally supplied accessories.

The 8970A Operating and Service manual has
eight major sections. They are:

Section I, General Information
Section 11, Installation

Section III, Operation

Section IV, Performance Tests
Section V, Adjustments
Section VI, Replaceable Parts
Section VII, Manual Changes
Section VIII, Service

Two copies of the operating information are sup-
plied with the Noise Figure Meter. One copy is
in the form of an Operating Manual. The Oper-
ating Manual is a copy of the first three sections
of the Operating and Service Manual. The Oper-
ating Manual should stay with the instrument
for use by the operator. Additional copies of the
Operating Manual can be ordered separately
through your nearest Hewlett-Packard office.
The part number is listed on the fitle page of
this manual.

Also listed on the title page of this manual, be-
low the manual part number, is a microfiche
part number. This number may be used to order
100 x 150 millimetre (4 x 6 inch) microfilm trans-
parencies of this manual. Each microfiche con-
tains up to 96 photo-duplicates of the manual
pages. The microfiche package also includes the
latest Manual Changes supplement, as well as
all pertinent Service notes.

1-2. SPECIFICATIONS

Instrument specifications are listed in Table 1-1.
These specifications are the performance stand-
ards or limits against which the instrument is
tested. Supplemental characteristics are listed in
Table 1-2. Supplemental characteristics are not
warranted specifications, but are typical charac-
teristics included as additional information for
the user.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class 1 instrument,
(that is, provided with a protective earth termi-
nal). The Noise Figure Meter and all related
documenatation should be reviewed for familiar-
ization with safety markings and instructions
hefore operation. Refer to the Safety Considera-
tions page found al the beginning of this man-
ual for a summary of the safety information.
Safety information for installation, operation,
performance testing, adjustment, or service is
found in appropriate places throughout this
manual.

1-4. INSTRUMENTS COVERED BY
MANUAL

Attached to the rear panel of the instrament is
a serial number plate. The serial number is in
the form: 0000A00000. The first four digits and
the letter are the serial number prefix. The last
five digits are the suffix. The prefix is the same
for identical instruments; it changes only when
a configuration change is made to the instra-
ment. The suffix however, is assigned sequen-
tially and is different for each instrument. The
contents of this manual apply directly to instru-
ments having serial number prefix(es) as listed
under SERIAL NUMBERS on the title page.

1-5. MANUAL CHANGES SUPPLEMENT

An instrument manufactured after the printing
of this manual may have a serial number pre-
fix that is not listed on the title page. This un-
listed serial number prefix indicates that the
instrument is different from those documented
in this manual. The manual for this newer instru-
ment is accompanied by a Manual Changes
supplement. The supplement contains change
instructions that explain how to adapt the man-
ual to the newer instrument.

In addition to change information, the supple-
ment may contain information for correcting
errors in the manual. To keep the manual as
current and as accurate as possible, Hewlett-
Packard recommends that you periodically re-
quest the latest Manual Changes supplement.
The supplement is identified with the manual

1-1



General Information

MANUAL CHANGES SUPPLEMENT (cont'd)

print date and part number, both of which appear
on the manual title page. Complimentary copies
of the supplement are available from Hewlett-
Packard.

For information concerning & serial number prefix
that is not listed on the title page or in the Man-
val Changes supplement, contact your nearest
Hewleti-Packard office.

1-6. DESCRIPTION

The Hewlett-Packard Model §970A Noise Figure
Meter, together with an appropriate noise source,
automatically measures the noise figure and gain
of the device to which it 1s attached. The Noise
Figure Meter can be tuned between 10 and 1500
MHz. It can also be swept over all or any part of
that range. To measure the noise figure of devices
with output frequencies greater than 1500 MHz,
an external mixer and local oscillator can be used
to convert the frequency to the 10-~1500 MHz
range. Measured noise can be displayed as noise
figure, equivalent input noise temperature or Y-
Factor. Gain is displayed in dB.

Once calibrated, a single keystroke of the Noise
Figure Meter can automatically remove the mea-
surement system noise and gain contribution
(called second stage correction). The Noise Figure
Meter then displays only the noise figure and
gain of the device under test (DUT).

The Excess Noise Ratio (ENR) of the noise source
can be entered into the Noise Figure Meter for up
to 27 frequencies. The Noise Figure Meter uses
this data to correct for ENR versus frequency
variations. For measurements made between cali-
bration points, ENR data is interpolated. When
the Instrument is turned off, the ENR table is
stored in continuous memory.

X- and Y-Axis outputs on the rear panel allow for
noise figure and gain versus frequency to be dis-
played on a storage or nonstorage oscilloscope, or
output to a recorder. On an oscilloscope, gain can
be displayed at a lower intensity than noise figure,
to distinguish between the two traces. The Z-Axis
output blanks an oscilloscope or lifts a recorder
pen. A storage oscilloscope can also be used, but
the differences in trace intensity are obscured.

Most functions can be remotely programmed via
the Hewlett-Packard Interface Bus (HP-IB) and
all measurement data is available to the HP-IB.

12
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In addition, the Noise Figure Meter has sufficient
HP-IB controller capability to set the output level
and to tune a local oscillator across a frequency
band.

1-7. OPTIONS
1-8. Electrical Option 001

This option provides a rear panel (instead of front
panel} connection for the INPUT jack.

1-8. Mechanical Options

The following options may have been ordered and
received with the Noise Figure Meter. If they were
not ordered with the original shipment, they can
be ordered from the nearest Hewlett-Packard office
using the part number included in each of the
following paragraphs.

Front Handle Kit (Option 907). Ease of handling is
increased with the front panel handles. Order HP
part number 5061-9689.

Rack Flange Kit (Option $08). The Noise Figure
Meter can be solidly mounted to the instrument
rack using the flange kit. Order HP part number
5061-9677.

Rack Flange and Front Handle Combination Kit
(Option 208). This is not a front handle kit and a
rack flange kit packaged together; it is composed
of a unique part which combines both functions.
Order HP part number 5061-9683.

1-10. HEWLETT-PACKARD INTERFACE
BUS £

1-11. Compatlbsilty

The Noise Figure Meter is compatible with HP-IB
to the extent indicated by the following code: SHI,
AH1, T5, L4, SR1, RL1, PPO, DC1, DT1, C1, C3,
(28, and E1. The Noise Figure Meter interfaces
with the bus via open collector TTL circuitry, An
explanation of the compatibility code can be found
in IEEE Standard 488 (1978), “IEEE Standard
Digital Interface for Programmable Instrumenta-
tion” or the identical ANSI Standard MC1.1. For
more detailed information relating to program-
mable control of the Noise Figure Meter, refer to
Remote Operation, Hewlett-Packard Interface Bus
in Section III of this manual.

1-12. Selecting the HP-IB Address

The Noise Figure Meter uses two HP-IB addresses.
One is the address of the Noise Figure Meter. The
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Selecting the HP-IB Address (cont'd)

second is the HP-IB address of an external local
oscillator when the Noise Figure Meter is used as
a controller. Refer to HP-IB Addresses in the De-
tailed Operating Instructions in Section III for
additional information.

1-13. ACCESSORIES SUPPLIED

The accessories supplied with the Noise Figure
Meter are shown in Figure 1-1.

a. The line power may be supplied in several
configurations, depending on the destination of

the original shipment. Refer to paragraph Power -

Cables in Section I1 of this manual.

b. Fuses with a 1.5A rating for 100/120 Vac
operation and a 1.0A for 220/240 Vac operation
are supplied. One fuse is factory installed accord-
ing to the voltage available in the country of orig-
inal destination. Refer to paragraph Line Voltage
and Fuse Selection in Section II of this manual.

In addition, a product note titled *Applications
and Operation of the 8370A Noise Figure Meter”
is supplied with each instrument. Order HP part
number 5952-8254 for additional copies.

1-14. EQUIPMENT REQUIRED BUT NOT
SUPPLIED

To form a noise figure measurement system, a
noise source such as HFP Model 3468 (346A or
346C), must be used with the Noise Figure Meter.
The Noise Figure Meter supplies +28.0V pulses to
drive the noise source on and off.

1-15. ELECTRICAL EQUIPMENT AVAILABLE
1-16. Performance Test Tape

This tape contains automated versions of all the
Performance Tests in Sections IV of this manual.
The tape significantly reduces the time normally
required to perform the tests, An HP-85B Personal
Computer with HP 82936 A ROM Drawer, 00085-
15005 Advanced Programming ROM, and HP
82937A HP-IB Interface are required to run the
programs on the tape. Order HP part number
09870-10001. :

1-17. HP-1B Controllers €s2=p
The Noise Figure Meter has an HP-IB interface
and can be used with any HP-1B compatible com-
puting controller or computer for automatic sys-
tems applications.

General Information

1-18. External Mixers and Local Oscillators

An external local escillator and balanced mixer
can be used to extend the frequency range of the
Noise Figure Meter. Suitable 10 s include the HP
8672A or HP 8673B Synthesized Signal Generator
and the HP 8350A Sweep Oscillator. A suitable
mixer is the HP HMXR-5001,

1-18. Waveguide/Coax Adapters

The HP 346B/C Noise Scurce combined with the
HP X281C or P281C Waveguide/Coax Adapter
makes a very accurate, calibrated waveguide noise
source.

1-20. Front-to-Rear-Panel Connector
Retrofit Kit

This kit contains all the necessary components
and full instructions for converting instruments
with a front panel INPUT connector to a rear panel
connector. Order HP part number 08970-60100.
After installation and calibration, performance
will be identical to 8970A Option 001.

1-21. Rear-to-Front-Panel Conneclor

Retrofit Kit

This kit contains all the necessary components
and full instructions for converting instruments
with a rear panel INPUT connector to a front
panel connector. Order HP part number 08970-
60101. After installation and calibration, perform-
ance will be identical to the standard 8970A.

1-22,. MECHANICAL EQUIPMENT
AVAILABLE

1-23. Chassis Slide Mount Kit

This kit is extremely useful when the Noise Figure
Meter is rack mounted. Access to internal circuits
and components or the rear panel is possible with-
out removing the instrument from the rack. Order
HP part number 1494-0060 for 430 mm (17 inch)
fixed sides and part number 1494-0061 for the
correct adapters for non-HP rack ernclosures.

i-24. Chassis Tilt Slide Mount Kit

This kit is the same as the Chasis Slide Mount Kit
above except that it also allows the tilting of the
instrument up or down 90 degrees. Order HP part
number 1494-0062 for 430 mm (17 inch) tilting
slides and part number 1484-0061 for the correct
adapters for non-HP rack enclosures.

1-25. RECOMMENDED TEST EQUIPMENT

Table 1-3 lists the test equipment recommended
for use in testing, adjusting, and servicing the

1-3
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RECOMMENDED TEST EQUIPMENT (cont’d)

Noise Figure Meter. The Critical Specification col-
umn describes the essential requirements for each
piece of test equipment. Other equipment can be
substituted, if it meets or exceeds these critical

HP 8970A

The Recommended Model column may suggest
more than one model. The first model shown is
usually the least expensive, single-purpose model.
Alternate models are suggested for additional fea-
tures that would make them a better choice in

specifications.

some applications.

Table 1-1. Specifications {1 of 2)

publication 11, and Messem-
pfaenger Postverfuegung
5268/527/79

Characteristics Performance Limits Eonditions
MOISE FIGURE MEASUREMENT
Range 0te30dB
Resolution 0.01d8B
Instrumentation +0.1dB For a noise source in a 0 to 55°C
Uncertainty environment with an ENR of 14 to
16 dB.
BAIN MEASUREMENT
Range —20 to at least +40 dB For total noise figures <30 dB.
Resolution 0.01dB Gain >~9.99 dB
0.1dB Gain <-9,99dB
Instrumentation +0.2dB
Uncertainty
iNPUT
Frequency Range Tunable from 10 to
1500 MHz
Frequency 1 MHz=
Resolution
Tuning Accuracy +{1 MHz + 1% of frequency), From -+10 to +40°
+6 MHz maximum
Noise Figure <7dB +0.003 dB/MHz For input power levels below
—60 dBm.
Input SWR
(Reflection Coefficient) <1.7(0.26) 10 to 1500 MHz (500 reference
impedance).
Maximum Operating —-10dBm
Input Power
Maximum Net =>65dB Between noise source and 8970A
External Gain RF Input.
ELECTROMAGNETIC COMPATIBILITY
EMI MIL STD 461 A CISPR Conducted and radiated

interference is in compliance with
MIL STD 461 A Methods CE03 and
RE02, CISPR publication 11
{19758), and Messempfaenger-
Postverfuegung 526/527/79
(Kennzeichnung Mit F-Nummer/
Funkschutzzeichen).
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Table 1-1. Specifications {2 of 2)

General Information

Characteristics

Performance Limits

Eonditisns

ELECTROMAGNETIC COMPATIBILITY

Noise Source Drive

Power Requirements
Line Voltage:
100, 120, 220, or 240V

Power Dissipation

Temperature:
Operating
Storage

Remote Operation (HP-1B}

Dimensions:
Height
Width
Depth
Net Weight

fcent'd]
Conducted and Radiated
Susceptibility MIL STD 461A-1968 Conducted and radiated suscepti-

bility meets the requirements of
methods CS01, CS02, C806, and
CS03 (1 volt/metre) of MIL. STD
461 A dated 1968,

GENERAL

28.04+0.1V

<V

+5, —10%

150 VA maximum

0 to 55°C
B8 to 7T5°C

IEEE STD) 488-1978
Compatibility Code:

H1, AH1,°F5, 14, SR1, RL1,
PPO, DC1, DTE, C1, C3, C28,
El

146 mm (5.75in.)
425 mm (16.81in.)
462 mm (18.2in.)
15.5 kg (34 1bs)

Noise source ON atup to 60 mA
peak.
Noise source OFF.

48 to 66 Hz, single phase.

The Hewlett-Packard Interface
Bus (HP-1B) is Hewlett-Packard’s
implementation of IEEE Std
488-1978, “Digital Interface for
Programmable Instrumentation.”
Most functions are remotely
programmable.

Note: For ordering cabinet
accessories, the module sizes are
B'4H, 1 MW {module width, and
171,

1-5
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Table 1-2. Supplementiai Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrament by
giving typical, but non-warranted, performance parameters.

All parameters describe performance in automatic operation or properly set manual conditions.
Sensitivily: no external gain required; —100 dBm; able to measure its own noise figure.
Measurament Speed: about 3 to b measurements per second.

Maximum Safe Input Levek +20 Vdc; +20 dBm at RF.

FUMCTIONAL PROPERTIES

Noise Figure Display Units: noise figure in dB or as a ratio, or uncorrected Y-Factor in dB or as a ratio, or
effective input noise temperature in kelvins. ‘

Exfernai LB Control: frequency control over HP-IB from 10 to 60000 MHz.

Hoise Figure Display Jitter: <{0.01 dP with appropriate smoothing.

Eold Noise Source Bata Range: O to 9999K.

Het Noise Source Data Range; stored table — ENR from —7 to +17 dB; spot frequency — from 0 to 14824K.

Storage Capacity of Hot Noise Source Tahle: ENR at 27 frequencies.

Smeothing: exponential averaging of gain and noise figure before display according to D=P (F—1)/F+M/F
where D is the display result, M is the latest measurement, and F is the averaging factor (1, 2, 4, 8, 16,

32, 64, 128, 256, or 512). Straight averaging is used during swept operation.

Rear Pane! Qutputs: X-Axis and Y-Axis from 0 to 8V. Z-Axis is TTL for pen lift (on an X-Y recorder) and
blanking (on an oscilloscope).

1-6
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General Information

Table 1-3. Recommended Test Equipment [1 of 2}

Timing Analysis: 16 lines

instrument Spesifications Recommended Model Use*
Attenuator, 1 dB Steps: 1 dB from 0to 11 dB HP?P8494A P A
Steps Frequency Range: 10 to 1500 MHz Option 001
Attenuator, 10dB Steps: 10 dB from 0 to 70 dB HP 8495A P
Steps Frequency Range: 10 to 1500 MHz Option 001
Attenuator, Fixed Attenuation: 6 dB HP 8491 A P A
6dB Frequency Range: 10 to 1500 MHz Option 006
Attenuator, Fixed Attenuation: 10 dB HP 8491A P
10 dB (2 required) Frequency Range: 10 to 1500 MHz Option 010
Attenuator, Attenuation: 20 dB HP 8491A P
Fixed 20 dB Frequency Range: 10 to 1500 MHz Option 020
Calculator Functions: Divide, multiply, square root HP 41C P A
Programmable
Controller, HP-IB HP.IB compatibility as defined by IEEE Standard HP 85B/82936A cC,pT
488 and the identical ANSI Standard MC1.1: SH1, {ROM Drawer)/00085-15005
AH1,7T2 TEQ, L2, LEO, SRO, RLO, PPPO, DCO, DTO, (Advanced Programming
C1,2,3,4,5 ROM)
or
HP 9835A/98332A/98034A
or
HP 9826 A Option 011 (Basic
2.0 ROM based system)
(builtin interface)
Digital Volimeter DC Voltage Range: Up to 100V HP 3455A P,AT
Resolution (in high resolution mode): 1 uV on or
1 Vdcrange HP 3456A
Accuracy (in high resolution mode): +0.003% of (Systems DVM)
reading +4 counts
Filter, Low-Pass Insertion Loss: <1 dB below 0.9 times cut-off HP 36018 P A
frequency
Cut-Off Frequency: 1200 MHz
Rejection: >50 dB at 1.26 times cut-off frequency
Frequency Range: 10 to 4000 MHz HP 5340A P A
Counter Resolution: 1 kHz or
HP 5343A
Frequency Input Frequency Range: 10 to 760 MHz HP11721A P
Doubler Conversion Loss: <15 dB at +13 dBm input
Interface HP-1B Required for HP 85B only HP 82937A C. Pt
Logic Analyzer Input Lines: 43 HP 1630A or HP 1630D T

#(3 = Qperator’s Checks; P = Performance Tests; A = Adjustments; T =Troubleshooting.
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Table 1-3. Recommended Test Equipment [2 of 2)
Instrument Spacifications Recommended Model Use*
Noise Source Power Required: +-28V HP 3468 Option 001 C,PT
ENR:15.2dB N
Connector: Type N {male) ;-H'P 34_6A or HP 346C
Oscilloscope Inputs: Two Channel (Avs Bor X vs Y) and Z-Axis HP i74OA or HP 1980A CAT
{Oscilloscope
Measuring System)
or
HP 19808
Power Meter Uncertainty: £0.02 dB Instrumentation: dB HP 436A PAT
Relative
Power Sensor Frequency Range: 10 to 4000 MHz or Power Range: HP 8484 A or HP 8482A PAT
0.1 nWto 10 uW 8WR 30 to 4000 MHz: 1.15 or
HP 8485A
Power Spiitter Frequency Range: 10 to 1500 MHz HP 11667A PA
Signal Generator Frequency Range: 10 to 760 MHz HP 8656A or HP 3335A CT
(External LO) Frequency Accuracy: +1 kHz (Frequency Synthesizer) PA,
Output Level: +13dBm or
HP 8672A (Synthesizer
Signal Generator)
or
HP 8673B
Signature Because the signatures documented are unique to HP 5005A or HP 500518 T
Multimeter a given signature analyzer, no substitution is oy
{(Analyzer) recommended HP 5006A
Spectrum Frequency Range: 10 to 1500 MHz HP 8565A or HP 8566A A
Analyzer
Sweep Oscillator Frequency Range: 20 to 2400 MHz HP 8620C/862228 P,AC
Attenuation: 70 dB in 10 dB steps Option 002 or HP 8340A
oF
HP 83508
SWR Bridge Frequency Range: 10 to 1500 MHz Wiltron 60NB0 P
Directivity: 40 dB
Wideband Frequency Range: 0.1 to 1300 MHz HP 8447D Option 010 P
Amplifier I Gairn: 26 dB Output Power for 1 dB-Gain
Compression: +7 dBm
Wideband Frequency Bange: 0.1 to HP 8447F P
Amplifier I1 1300 Mz Option 010
Gain: 48 dB
Output Power for 1 dB Gain
Compression: >+15dBm

*C = Operator’s Checks; P = Performance Tests; A = Adjusiments; T = Troubleshooting.
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Instaliation

SECTION I
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to
install the Noise Figure Meter. Included is infor-
mation pertinent to initial inspection, power re-
guirements, line voltage selection, power cables,
interconnection, environment, instrument mount-
ing, storage, and shipment.

2-2. INITIAL INSPECTION

To avoid hazardous elecirical shock, do
not perform electrical tests when there
are signs of shipping damage to any
portion of the outer enclosure {covers,
panels, meters).

Inspect the shipping container for damage. [f the
shipping container or cushioning material is dam-
aged, it should be kept until the contents of the
shipment have been checked for completeness and
the instrument has been checked mechanically
and electrically. The contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container is damaged or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE
2-4. Power Requirements

The Noise Figure Meter requires a power source of
100, 120, 220 or 240 Vac, +5% to —10%, 48 to 66 Hz
single phase. Power consumption is 150 VA
maximum,.

 WARNINGS |
This is a Safety Class I product (that is,
provided with a protective earth termi-

nal). An uninterruptible safety earth

ground must be provided from the main
power source tothe product input wiring
terminals, power cord or supplied power
cord sef., Whenever it is likely that the
protection has been impaired, the pro-
duct must be made inoperative and be
secured against any unintended
operation.

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer’s common terminal
is connected to the neutral (that is, the
grounded side of the Mains supply).

2-5. Line Voltage and Fuse Selection

CAUTION

BEFORE PLUGGING THIS INSTRU-
MENT into the Mains (line) voltage, be
sure the correct voltage and fuse have
been selected.

Verify that the line voltage selection card and the
fuse are matched to the power source. Refer to
Figure 2-1, Line Voltage and Fuse Selection.

Fuses may be ordered under HP part numbers
2110-0043, 1.5A (250V, normal blow) for 100/120
Vac operation and 2110-0001, 1.0A (250V, normal
blow) for 220/240 Vac operation.

2-6. Power Cables
BEFORECONNECTING THISINSTRU-
MENT, the protective earth terminals of
this instrument must be connected to
the protective conductor of the (Mains)
power cord. The Mains plug shall only
be inserted in a socket outlet provided
with a protective earth contact. The pro-
tective action must not be negated by
the use of an extension cord (power

cable) without a protective conductor
{grounding).

2-1



Installation

Operating voltage is shown
in module window.

SELECTION OF OPERATING VOLTAGE

1. Open gover door, puii the FUSE PULL lever and rotate ta
left, Remove the fuse.

2. Remove the Line Voltage Selection Card. Position the card
so the line voltage appears at top-left coraer, Push the card
firmly into the sfot,

3. Rotate the FUSE PULL lever to its normal pesition. nsert
a fuse of the correct value in the holder. Close the cover
door,

WARNING |
To avoid the possibility of hazardous eleciri-
cal shock, do not operate this instrument at
line voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz (leakage cur-

rents at these [ine settings may exceed
3.5 mA).

Figure 2-1. Line Voltage and Fuse Selection

HP 8970A

This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation. Refer to Figure 2-2 for the part numbers of
the power cables available.

2-7. HP-IB Address Selection €IEAED

The Noise Figure Meter uses two HP-IB addresses.
One is the address of the Noise Figure Meter. The
second is the HP-IB address for an external local
oscillator when the Noise Figure Meterisused as a
controller. Both addresses are selectable by Spe-
cial Function from the front panel. Refer to HP-IB
Addresses in the Detailed Operating Instructions
in Section III for additional information.

When shipped from the factory, the two addresses
are:

a. The Noise Figure Meter HP-IB address is 8
(decimal).

b. The external local oscillator HP-IB address
for use when the Noise Figure Meter is the con-
troller is 19 (decimal).

220/240V
OPERATION

PLUG*: NZS§ 198/A5 C112
CABLE*: HP 8120-1389

220/248V
OPERATION

PLUG*: SEV 1011.1959-24507
TYPE 12
CABLE*: HP 8120-2104

100/120v
OPERATION

220/240V
OPERATION

=
PLUG*: NEMA 5-15P
CABLE*: 8120-1378

PLUG*: NEMA 6-15P
CABLE*: HP 812(-0698

220/240V
OPERATION

PLUG™: CEET-VII PLUG*: CEE22-V1

CABLE*: HP 8120-1689

CABLE*: HP 8120-1860

220/240V
OPERATION

220/240V

o OPERATION

E /
PLUG™: BS 1363A
CABLE: HP 8120-1351

*The number shown for the plug is the industry identifier for the plug only.
The rumber shown for the cable is an HP part number for a complele cable including the plug.

Figure 2-2. Power Gable and Mains Plug Part Numbers
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HP 8970A

Valid HP-IB addresses are 0 through 30. Refer to
Table 2-1 for decimal equivalents of the ASCII
Talk and Listen address codes.

Tahle 2-1. ASCH Address Codes to Decimal Equivalents

ASCI Address Codes .
Decimal

Equivalents

LISTEN TALK

00
01
02
03
04
05
06
07

@
A
B
4 C
D
E
F
G

09
10
11
12
13
14
1B
16
17
18

HOWO AT TR e

DD e S -

20
21
22
23
24
25
26
27
28
29
30

W oo -1 Gy Tt o

Vo s NS SO

Vol A e

Decimal 08 is the factory set HP 89704 address.
Decimal 19 is the factory set address for an externa]l LO

2-8. Interconnections

Interconnection data for the Hewlett-Packard Inter-
face Bus is provided in Figure 2-3.

2-9. Mating Connectlors

Interface Connector, The HP-IB mating connector
is shown in Figure 2-3. Note that two securing
screws are metric.

Installation

Coaxial Connectors. Coaxial mating connectors
used with the Noise Figure Meter should be 50 ohm
BNC, or type N male connectors.

2-10. Operating Environment

The operating environment should be within the
following limitations:

Temperature .......covvvvvvinrens.nn 0 to +55°C
Humidity ......... S <95% relative
Altitude.. .............. <4570 metres (15 000 feet)

2-11. Bench Operation

The instrument cabinet has plastic feet and fold-away
tilt stands for convenience in bench operation. (The
plastic feet are shaped to ensure self-aligning of the
instruments when stacked.) Thetilt stands raise the
front of the instrument for easier viewing of the
front panel.

2-12. Rack Mounting

WARNING I

The Noise Figure Meter weighs 15.5 kg
(34 Ib), therefore, care must be exercised
when lifting to avoid personal injury.
Use equipment slides when rack
mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewlett-Packard
office. Refer to the paragraph entitled Mechanical
Options in Section L,

2.13. STORAGE AND SHIPMENT
2-14. Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperattre ......coovvvueiennss -55°C to +75°C
Humidity ...ovvvereeenrieinanns <05% relative
Altitude...... e <15 300 metres (50 000 feet)

2-15. Packaging

Tagging for Service. If the instrument is being
returned to Hewlett-Packard for service, please
complete one of the blue repair tags located at
the back of this manual and attach it to the
instrument.

2-3



Installation HP 8970A

SIGNAL GROUND SHIELD = CONNECT TO
PO TWISTED PAIR WITH 11 ATH B
PO TWISTED PAIR WITH 10 SRQ
SHOULD BE GROUNDED | P/ TWISTED PAIR WITH 9 IFC
NEAR TERMINATION 1 P/O TWISTED PAIRWITH 8 NDAC
TWISTED PAIR PIO TWISTED PAIR WITH 7 NRFD
PO TWISTED PAIR WITH 6 DAV
REN £OI
DIOS DI04
DIOT DIO3
DICS DIO2
DIOS pIO1
150 METRIC ——— | A
THREAD M3.5 X 0, 6 szm MICRO-R | BBON
(SERIES 57) CONNECTOR

Logic Levels
The Hewlett-Packard Interface Bus Logic Levels are TTL compatible,
ie., the true (1) state 1s 0.0 Vdc to +0.4 Vde and the false (0) state is
+2.5 Vde to +5.0 Vde.

Programming and Output Data Format
Refer to Section I, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Avallable
HP 10833A, 1 metre (3.3 ft}, HP 108338, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 ft3, HP 10833D, 0.5 metres (1.6 ft)

Gabling Resirictions
1. A Hewlett-Packard Interface Bus system may contain no more than 2
metres (6.6 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any
Hewlett-Packard Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard interface Bus Connections
2-4



HP 8970A

Packaging (cont'd)

Original Packaging. Containers and materials
identical to those used in factory packaging are
available through Hewlett-Packard offices. Mark
the container “FRAGILE” to assure careful
handling. In any correspondence, refer to the
instrument by model number and full serial
number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or serv-

Installation

ice center, complete one of the blue tags and attach
it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

¢. Use enough shock-absorbing material (75 to
100 mm layer; 3 to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movement in the container. Protect the front panel
with cardboard.

d. Seal the shipping container securely.

e, Mark the shipping container “FRAGILE” fo
assure careful handling.

2-5/2-6
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Operation

SECTION I
OPERATION

3-1. INTRODUCTION

This section provides complete operating infor-
mation for the Noise Figure Meter. Included in
this section are both general and detailed operat-
ing instructions, detailed descriptions of the front
and rear panel, local and remote operator’s checks,
and operator’s maintenance procedures.

3-2. Operating Characteristics

Table 3-1 briefly summarizes the major operating
characteristics of the Noise Figure Meter. This
tableis notintended to be an in-depth listing of all
operations and ranges but gives a rough idea of
the instrument’s capabilities. For more informa-
tion on the Noise Figure Meter’s capabilities, refer
to Table 1-1, Specifications and Table 1-2, Sup-
plemental Characteristics. For information on
HP-IB capabilities, refer to the summary con-
tained in Table 3-3, Message Reference Table.

3-3. Local Operation

Information covering front panel operation of the
Noise Figure Meter is given in the sections des-
cribed below. To rapidly learn the operation of the
instrument, begin with Simplified Operation and
Operator’s Checks. Once familiar with the gerieral
operation of the instrument, use the Detailed
Operating Instructions for in-depth and complete
information in operating the Noise Figure Meter,

General Operating Information. instructions relat-
ing to the Noise Figure Meter turn-on. procedure
and various keystroke sequences are presented to
acquaintthe user with the general operation of the
ingtrument.

Simplified Gperation. The instructions located on

the inside of this fold provide a quick introduction -

to front panel operation of the Noise Figure Meter.
These instructions are designed to rapidly ac-
guaint the new user with basic operating proce-
dures and therefore are not an exhaustive listing
of all Noise Higure Meter functions. However, an
index to the Detailed Operating Instructions ap-
pears opposite the fold to direct the operator to the
more complete discussion of the topic of interest.

Panel Features. Front and rear panel features are
described in detail in Figures 3-1 through 3-7.

Detailed Operating Instructions. The Detailed Oper-
ating Instructions provide the complete operating
reference for the Noise Figure Meter user. The
instructions are organized alphabetically by sub-
ject and are placed at the end of this section for

easy reference. They are indexed by function in
Table 3-2.

QOperating Information Pull-Qut Cards. The Operat-
ing Information pull-out cards are three flexible
plastic reference sheets located in a tray below the
front panel. They contain a listing of user special
functions, HP-IB output formats, error codes, and
measurement modes.

3-4. Remote Operation €I2E[)

The Noise Figure Meter is capable of remote oper-
ation via the Hewlett-Packard Interface Bus (HP-
IB). In remote operation, the Noise Figure Meter
operates in one of three modes: normal talker lis-
tener mode, talk only mode, or controller mode
{where the Noise Iigure Meter controls an exter-
nal LO). The remote operation instructions pro-
vide information pertinent to HP-IB operation
when the Noise Figure Meter is in the normal
talker/listener mode or the talk only mode. In-
cluded are discussions on capabilities, addressing,
input and output formats, the status byte and ser-
vice requests. At the end of the discussion is a
complete summary of all codes and formats.

In addition to the section described above, infor-
mation concerning remote operation appears in
several other locations. The controller capability
of the Noise Figure Meter is described in the
Detailed Operating Instructions. A summary of
HP-1B codes and output formais appear on one of
the Operating Information pull-out cards. Numer-
ous examples of program strings appear through-
out the Detailed Operating Instructions.

3-5. Operaior’s Checks

Operator's Check’s are procedures designed to
verify the proper operation of the Noige Figure
Meter’s main functions. Two procedures are des-
cribed below. :

Basic Functional Checks. This procedure requires
only a noise source, an oscillescope, and intercon-

3-1
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HP 8970A

SWEEP FUNCTIONS

Sweep parameters are selected in a Function-Data-ENTER format. For example, to set the start frequency to
1000 MHz, the stop frequency to 1500 MHz and the step size to 100 MHz:

~BWEEP . DATA
{MHz}

s () () (3] (o) (o) ()
B O® e 6@
% (0@

The Noise Figure Meter can sweep the selected frequency range once (SINGLE) or repetitively (AUTO). The
sweep can be terminated by pressing the same key again.

MEASUREMENT
Connect a noise source to the Noise Figure Meter as shown: 8970A NOISE FIGURE METER
@ UNCORRECTED [ l

Uncorractad Noise Figure - ooo o ooan @

. NISE FIGURE o .o BEEE 0 2O
To measure uncorrected noise figure: press gooananss @ o i:_
The Noise Figure Meter is measuring its own noise figure. N Pu?

NOISE SOURCE

Calibrate }

Calibrate measures and stores the measurement system noise characteristic at each frequency for correction
of later measurements. Set START FREQ, STOP FREQ and STEP SIZE parameters. To initiate a
calibration: .

press | CALIBRATE

Corrected Noise Figure and Gain

The Noige Figure Meter must be calibrated before a corrected noise figure and gain measurement can be
made. . @ LORRBECTED

. . . . HOISE FIGURE |
After calibration, to measure corrected noise figure and gain:  press ANG GAIN

Note that the Noise Figure Meter removes its own noise figure from the measurement results.

Smoothing

To change the number of measurements avefaged to optimize speed of response and reduce jitter in the
INSERTION GAIN and NOISE FIGURE dispiays:  press (,NCREASE ) or { nisﬁEASEJ

SPECIAL FUNCTIONS

Special Functions access capabilities of the Noise Figure Meter beyond those available with dedicated front
panel keys. Special Functions are selected in a Code-SPECIAL FUNCTION format.

CODE
For example, to display the ENR entry currently being used: press [ s } [ ] ( P J @

SPEGIAL
FUNGTION

Refer to the Special Functions Detailed Operating Instruction at the end of this section for more information.
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Table 3-2. Betailed Operating Instructions Table of Cantents (Funciional]

Section Page Section Page
Attenuation Preset Conditions and Power Up
IF Attenuation Selection .................. 3-74 Sequence ... ... it 3-106
RF Attenuation Selection ................. 3119 Sequence . ... e 3121
Storeand Recall ....... ... oo il 3-142
Calibration
Calibrate ... ... . e iirraaanns 341 Programs
Calibration, Frequency ................. ... 3-44 Programming an External LO ............ 3-110
Calibration, {F Attenuators ................ 3-46 Programs Available to Control an
Calibration, Input Gain Selection .......... 347 External LO ... ... ... it 3117
Displays Special Functions
Display Resolution ........................ 3-54 Calibration, Frequency .................... 3-44
Display Units Selection ................... 3-56 Calibration, IF Attenuators ................ d3-46
Smoothing (Averaging) ................... 3125 galibrﬁﬁﬂa Inpgtl Gainf fgiecﬁon ---------- 347
: : 0 ontroller Capability of the
Temperature Units Seleetion .............. 3-146 Noise Figare Metor . ....ovvvrnveeeeos, 448
ENR Data Output to Oscilloscopes and
ENRTableEntry ... ... 3-8 Recorders . .ovuviiiniinn i nnaaaans 3-50
Loss Compensation ..........occvvvvvnenn. 3-76 Display Resolution ........................ 3-54
Spot ENR, Thot and Teold v cvvvvevnnnn 3-140 Display Units Selection ................... 3-56
Temperature Units Selection .............. 3.146 Fixed IF or LO Frequency Selection ........ 3-70
HP-IB Addresses, Noise Figure Meter
HP-IB and External LO .......... ... .. ... we. 372
Controller Capability of the TF Attenuation Selection .................. 3-14
Noise Figure Meter ...................... 3-48 Loss Compensation ....................... 376
HP-IB Addresses, Noise Figure Meter Manual Measurement Functions ........... 3.78
and External LO oo oo 379 Measurement Mode 1.0 .. ... ... oL 3-86
Measurement Mode 1.1 .................... 3-88
Measurement Mode 1.2 ... ... .o oilL 3-92
Measurement Modes Measurement Mode 1.3 .................... 395
Fixed IF or LO Frequency Selection ........ 3-70 Measurement Mode 1.4 .. ................. 3-99
Loss Compensation ...........c..cooooennn 376 Power Measurements .............oooinaun 3104
Measurement Modes ...................... 3-81 p T
‘ Preset Conditions and Power Up
Measurement Mode 1.0 .................... 3-86 SEQUETICE « v v e evs e s ersee e e e 2.106
Measurement Mode 1.1 .................... 3-88 Programming an External LO ............ 3110
Measurement Mode 1.2 .................... 392 Programs Available to Control an
Measurement Mode 1.3 .................... 3-956 External O ... 3-117
Sidoband Seecton -1 gl RF Atlenuation Selecton ovovvvoeic 3119
SeqUEnCE . i e e 3121
Sideband Selection .................. ... 3123
Measurements Smoothing (Averaging) .............ooven 3-125
Manual Measurement Functions ........... 3-78 Special Function Catalog ................. 3-128
Noise Figure (Uncorrected) and Noise Special Functions ........ ... 3130
Figure and Gain (Corrected) ............ 3-102
Power Measurements ...............oc..0s 3-104 Spot ENR, Thot and Teold «-v-vvnvvvvvei 3-140
Trigger Selection ......................... 3-148 Te.mperature Unlts Selection .............. 3-146
Trigger Selection ..... ... .. ... 3-148
Miscellaneous Tuning
Data Qutput to Oscillosecopes and Fixed Fregquency Increment ................ 3-66
Recorders .. ... 3-50 Fixed Frequency Tuning .................. 3-68
Error Messages and Recovery ............. 361 7t 5 3-143
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o LOGAL Key. Returns the Noise Figure Meter to local
operation (front panel control} from remote HP-IB
control provided that the instrument is not in Local
Lockout.

0 HP-IB Annunciators. Display the HP-IB status. The
REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed to
talk, is in Talk Only mode, or is controlling an exter-
pal LO. The LISTEN annunctator lights when the
Noise Figure Meter is addressed o listen. The SRQ
annunciator lights when the Noise Figure Meter is
sending a Require Service message to the con-
trotler.

@ Left Display. Depending upon the setected functions,
the following information is displayed:

Frequency parameters — always displayed in MHz;
1 MHz reseclution; 10 to 1500 MHz measurement
range without external equipment, displays mea-
surement frequency of up to 80 GHz when an external
L0 and a mixer are used to extend the frequency
range of the Noise Figure Meter,

Special Function codes as they are entered.

Spot ENR — displayed in dB.

Temperature of the noise source — displayed in °C,
°F, or K.

Sequence order.
Smoothing factor.

All data as it is being entered (except ENR in the
“ENR versus Frequency” table).

EXT MIX (external mixer) annunciator — lights
when Measurement Mode 1.1, 1.2, 13 or 14 is
active.

@ INSERTION GAIN Display. Displays (in dB) the gain

of the device under test (DUT) to two decimal places.
This display also shows ENR in dB when entering
the ENR table.

€) NOISE FIGURE Display. Displays measured noise.
Five annunciators (F dB, Y dB, F, Te K, and Y)
indicate the noise figure display units. This display
is also used for power measurements (displayed in
dB) and error codes.

3-4

Figure 3-2. Display and Remote Fealures




HP 8970A

Operation

0 PRESET Key. Returns the instrument to a known
state. Refer to the Preset Conditions and Power-Up
Sequence Detailed Operating Instruction for alistof
preset conditions and default values.

o LINE Switch. Applies power to the Noise Figure
Meter when set to the ON position,

@ ENR Key. Used to display and enable entry of the
excess noise ratio (ENR) versus frequency table.
ENR data for up to 27 frequencies can be stored.
Frequency is shown in the left display and the cor-
responding ENR is shown in the INSERTION GAIN
display.

@) NOISE SOURCE DRIVE OUTPUT. This BNC connec-

tor provides the output to drive a noise source on
ang off with +28 volt puises.

Figure 3-3. LINE Switch, PRESET and SOURCE Features
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0 Freguency Function Keys. In addition to the func-
tions described below, the following keys are used
to prefix numeric entries for the specified functions:
START FREQ, STOP FREQ, STEP SIZE, FREQ, and
FREQ INCR. Frequency is entered in MHz from the
front panel. Frequency parameters are entered in a
Function — Data — ENTER format.

FIXED FREQUENCY Keys

@ FREQUENCY Key. Causes the tuned frequency to
appear in the left display. This key also acts as a
“clear” key when anerror is made during entry; that
is, it returns the instrument to the measurement
frequency. (Also see Frequency Function Keys.)

€) FREQINCR Key. Causes the programmed frequency
increment to appear in the left display while the key
is depressed. (Also see Frequency Function Keys.)

o <™y 0r > keys. Increase or decrease the tuned
fixed frequency by the programmed frequency
increment. Holding either of these keys down causes
the tuning to step continuously up or down.

SWEEP Keys

6 SINGLE Key. Starts one sweep from START FREQto
STOP FREQ in increments determined by STEP SIZE.
At the end of one sweep the instrument remains
tuned to the stop frequency. Single sweep can be
terminated by pressing the SINGLE key a second
time.

@) AUTO Key. Starts a sweep from the current fre-
quency. The sweep repeats from START FREQ to
STOP FREG in increments determined by STEP SIZE
until terminated. Auto sweep is terminated by press-
ing the AUTO key a second time.

o STEP SIZE Key. Causes the programmed fre-
quency step size of the sweep to appear in the
left display while the key is depressed. (Also see
Frequency Function Keys.)

0 STOP FREQ Key. Tunes the Noise Figure Meter to
the programmed stop freguency and causes that
frequency to appear in the feft display. (Also see
Frequency Function Keys.)

€ START FREQ Key. Tunes the Noise Figure Meter to
the programmed start frequency and causes that
frequency t¢ appear in the left display. {Also see
Frequency Function Keys.)

3-6

Figure 3-4. SWEEP and FIXED FHEQ Feafures



HP 8970A

Operation

o BATA Keys. Enter data or Special Function codes.
Entries are completed by the ENTER key or the SPE-
CIALFUNCTION key (except for STORE and RECALL).

0 ENTER Key. Completes keyboard entries other than
Special Function codes.

o SPECIAL FUNCTION Key. Completes the keyboard
entry of a Special Function code. Special Functions
are instrument operations in addition to those
accessible from dedicated front panel keys. Refer to
Special Functions in the Detailed Operating Instruc-
tions for a complete listing of user special functions.

Q STORE and RECALL Keys. Store and recall upto ten
instrument configurations in storage registers 0
through 9. Front panel features that cannot be
stored and later recalled are CALIBRATE, SMOOTH-
ING, AUTO or SINGLE SWEEP, UNCORRECTED NOISE
FGURE and CORRECTED NOISE FIGURE AND GAIN.

When the STORE key is used as a prefix for a
numeric key (a single digit 0 — 9 1o identify the
register), the current instrument configuration is
stored in that internal storage register.

When the RECALL key is used as a prefix to a
numeric key (a singie digit 0 — 9 to identify the
register), the contents stored in that register are
recalled and the tnstrument configurationis changed
to the recalled parameter values.

@ SEQ Key. Recalls storage registers 1 through 9ina

preset sequence. Pressing the SEQkey momentarily
displays the current storage register number. SEQis
used in conjunction with Special Function 35,

@) - (Minus) Key. Can be used as a prefix for loss, ENR,

or temperature. Although the minus key can be used
any time before an entry is completed, the minus
sign is always inserted to the left of the entered
digits. If the minus sign is used incorrectly an error
message is displayed when ENTER is pressed.

Figure 3-5. DATA and SPECIAL FUNCTION Features

3-7
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0- CALIBRATE Key. Initiates the calibration process
which measures and stores the measurerment sys-
tem noise figure and gain. This data is used for
second stage correction and gain measurements.
Calibration is done from START FREQ to STOP FREQ
in steps of STEP SIZE (see Figure 3-4}. Buring cali-
bration alt front panel keys except PRESET, CALI-
BRAIE and LOCAL are disabled. Pressing CALk
BRATE asecond time befora calibration is complete
terminates the calibration.

6 CORBECTED NOISE FIGURE AND GAIN Key. Config-
ures the Noise Figure Meter to measure noise figure
and gain with second stage correction (that is, only
the noise figure and gain of the device under test is
displayed). A calibration must be completed priorto
making corrected neise figure and gain measure-
ments.

€) INPUT. This female type-N INPUT connector is used
to connect the device under test to the Noise Figure
Meter. The nominal input impedance is 50 ohms.
Specified operaiing input level is less than —10
dBm. The freguency range at the INPUT connector is
16 to 1500 MHz.

CAUTION

Damage to the instrument can be
caused by connecting signals to IN-
PUT that exceed +20 dBm or +20
Vde.

€D SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged (smoothing fac-
tor) when dispfaying measurement results. When
pressed, these keys cause the smosthing factor to
appear in the left display. The smoothing factor
ranges from 1 to 512 and changes in factors of 2.
Pressing INCREASE doubles the smaothing factor.
Pressing DECREASE halves the smoothing factor.
Both INSERTION GAIN and NOISE FIGURE displays
are smoothed. Increasing the smoothing reduces
the jitter in the display.

6 UNCORRECTED NOISE FIGURE Key. Configures the

Noise Figure Meter to measure noise figure without
second stage correction (thatis, the noise contribu-
tion of the measurement system is included in the
reading in the NOISE FIGURE display).

3-8

Figure 3-6. MEASUREMENT and INPUT Features
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Operation

GAIN TRAGE adjusts the intensity of the gain trace
{on an oscilloscope) relative to the noise figure

INPUT is arear panefinput for coupling the output
signal from the device under test into the instri-
ment. This input is supplied on Option 001 instru-
ments instead of the standard froni panel conngc-
tion.

CAUTION

Damage to the instrument can be
caused by connecting signals to IN-
PUT that exceed +20 dBm or +20
Vde.

NOISE SOURBCE DRIVE QUTPUT drives a noise

source on and off with +28V pufses and is in parallel

te the front panel NOISE SOURCE DRIVE QUTPUT.

(Only one noise source ¢an be connected at a time.)

Line Power Module permits operation from 100,
129, 220 or 240 Vae. The number visible in the win-
dow inticates nominal line voltage to which the
instrument must be connected (see Figure 2-13. Cen-
ter conductor is a chassis connection for safety
garth ground.

Fuse. 1.5A {250V, Norma! Blow) for 100/120 Vac. 1.0
(250V, Normal Blow) for 220/240 Vac.

KP-1B Gannactor connects the Noise Figure-Meter
to the Hewlett-Packard Interface Bus for HP-IB

operation.

frace.

iF provides a rear panel eutput for the Noise Figure
Meter's last IF (20 MHz) immediately prior to the
detector. The power ievel is ~50 to -30 dBm nominal.
Output impedance is 500 nominal.

DET provides an ocutput from the noise power
detector. Level is 0.1 to 1.9 Vd¢ nominal, fioating.

ROTE

DET is a direct connection to the
instrument’s detector. Loading or
injecting a signal may cause inac-
curate readings. Only connect this
output to instrumentation with float-
ing inputs. Output impedance is 10
kO nominal.

A o o0

X-AXIS. 0 to +8V output proportional to the mea-
surement frequency when driving an oscilloscope
or X-Y recorder. This output can be made propor-
tionai to noise figure for driving a strip chart
recorder, Qutput impedance is 1000.

Y-AXIS. 0to +6V output proportional to noise figure
when driving an oscilloscepe or X-Y recorder. This
output can be made proportional to gain when driv-
ing a strip chart recorder. Qutput impedance is
1000,

Z-AXIS/PEN LIFT. TTL compatible output. When
used with an oscilloscope, the Z-AXIS provides a
TTL high signal for retrace blanking. When used
with a recorder, the PEN LIFT provides a TTL high
signa! to lift the pen. Output impedance is 1000.

Figure 3-7. Rear Panel Features
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OPERATOR'S CHECKS

3-10. OPERATOR’S CHECKS
3-11. Basic Functional Checks

DESCRIPTION Theoverall operation of the Noise Figure Meter is checked using a noise source and an
oscilloscope. If the Noise Figure Meter is to be used to control an external LO, the
optional External LO Check at the end of this procedure verifies that capability. This
check should be performed sequentially.

EXTERNAL LO HP 8970A NOISE FIGURE METER 2. AXIS OSCILLOSCOPE
. ; -
SoEREE, o8 []
© ¢ oo oo HHER =
SOURCE INPUT
Y.AXIS }
' } X-AX1S
UISE SOURCE

Figure 3-8. Basic Functional Checks Setup

EQUIPMENT NoiseSource .........ccovvvveaneann.. HPF 3468 Option 001
Oscilloscope ..., HP 1740A
External LO ........................ HP 8672A
PROCEDURE  Preliminary Check

1. Removeany cables from the Noise Figure Meter’s INPUT and SOURCE. Set the LINE
switch to OFF, and then back to ON. Verify the front panel LED annunciators,
display segments, decimal points, and key lights turn on for approximately two
seconds. Then, verify that the NOISE FIGURE display shows © — — — — " for
approximately five seconds.

2. Press PRESET. After “ — — — — " disappears from the NOISE FIGURE display,
verify th_e following conditions:
a. Left display shows 30 MHz.
b. INSERTION GAIN display is blank.
c. NOISE FIGURE display shows “ — — FdB".
d. UNCORRECTED NOISE FIGURE annunciator is on.

3. Connect the noise source between the Noise Figure Meter’'s SOURCE and INPUT
(See Figure 3-8). Verify the NOISE FIGURE display shows approximately 5 dB.

4. Connect the oscilloscope to the X- Y-, and Z-AXIS connectors on the rear panel of
the Noise Figure Meter. Use the X-AXIS for the horizontal input and the Y-AXIS for
the vertical input.

5. On the Noise Figure Meter, press 7. 1 SPECIAL FUNCTION. Verify that a test

pattern is digplayed on the oscilloscope. It may be necessary to adjust rear panel
GAIN TRACE control to obtain the test pattern. Adjust the oscilloscope until the
test pattern fills the grid area (see Figure 3-9). Press 7. 0 SPECIAL FUNCTION to
enable the Noise Figure Meter to output the noise figure and gain data o the
oscilloscope.

3-10
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OPERATOR’S CHECKS

Basic Functional Checks {cont’d)

Figure 3-9. Test Pattern on Oscilloscope

Calibration and SWEEP Check

6.

10.

Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display shows an error message.
NOTE

In step 6, error code E20 (not calibrated) is normally displayed. If
error code E26 (IF attenuators not calibrated) is displayed during
this check, press 33.0 SPECIAL FUNCTION (IF attenuator calibra-
tion). Continue with this check after the IF attenuators are cali-
brated (approximately & seconds).

Press UNCORRECTED NOISE FIGURE. Verify that the NOISE FIGURE display
shows approximately 5 FdB indicating that the Noise Figure Meter can make
uncorrected noise figure measurements prior to being calibrated.

Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display again shows an error message.

NOTE
All frequency data must be entered in MHz.

Press the following keys to enter the SWEEP calibration parameters:

a. STARTFREQ 123 ENTER.
b. STOP FREQ 789 ENTER.
¢. STEP SIZE 4 0 ENTER.

Press CALIBRATE. Verify the following conditions:
a. CALIBRATE annunciator lights.

3-11
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OPERATOR’S CHECKS

Basic Functional Checks {cont’d)

b. The frequency is swept from the start frequency (123 MHz) to the stop fre-
quency (789 MHz) in 40 MHz steps. This sweep is performed three times.

¢. After calibration is complete, the CALIBRATE annunciator turns off and the
CORRECTED NOISE FIGURE AND GAIN annunciator lights.

d. The INSERTION GAIN display shows approximately 0 dB and the NOISE
FIGURE display shows approximately 0 FdB.

11. Press SWEEP SINGLE. Verify that the key’s LED lights. The established fre-
quency rangeis swept once, After the sweep is completed, the LED turns off and the
left display shows 789 MHz.

12. Press SWEEP AUTO. Verify that the key’s LED lights and the frequency range is
swept repetitively. Press SWEEP AUTO again. Verify the sweep stops at the
current frequency and the LED goes off.

13. Press SMOOTHING INCREASE four times to set the smoothing (averaging)
factor to 16. Press SWEEP SINGLE. Verify that the INSERTION GAIN and
NOISE FIGURE displays are more stable and the time required for each measure-
ment is longer. Press SMOOTHING DECREASE four times to return the smoo-
thing factor to 1.

FIXED FREQUENCY Tuning Check
14, Pressthefollowing keys to establish the tuned FIXED FREQUENCY parameters:

a. FREQUENCY 500 ENTER.
b. FREQINCR 30 0ENTER.

15. Press 4 . Verify that the left display shows 800 MHz and the NOISE FIGURE
display show error code E21 (current frequency is out of calibrated range).

16. Press @ . Verify theleft display shows 500 MHz and the INSERTION GAIN and
NOISE FIGURE displays show approximately 0.

ENR Table Entry Check

NOTE

This check verifies the capability of the ENR and ENTER keys to
inttiate and sequence through the ENR table. If it is necessary to
change the ENR table, refer to the ENR Table Entry Detailed
Operating Instruction.

17. Press ENR. Verify the MHz annunciator in the left display is flashing.

18. Press ENTER. Verify that the MHz annunciator remains on and the dB annuncia-
tor in the INSERTION GAIN display is flashing.

3-12
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OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

19. Press and hold ENTER. Verify the two displays sequence through the ENR table
entries. Release ENTER.

NOTE

If ENTER is held down until all 27 frequency vs. ENR pairs have
been displayed, both annunciators light and remain lit. When
ENTER is relased, the Noise Figure Meter returns to the measure-
ment configuration it was in prior to pressing ENR. If ENTER is
released prior to displaying all pairs, press FREQUENCY to return
to the previous measurement configuration.

20. Verify that the CORRECTED NOISE FIGURE AND GAIN annunciator lights.

STORE, RECALL, and SEQ Check
21. Press PRESET. Verify the left display shows 30 MHz.
NOTE

During the STORE and RECALL checks the complete instrument
configuration is stored and recalled. The frequency change is merely
a convenient indication that different setups have been stored and
recalled.

22. Press STORE 1.
23. Press 4 . Verify the left display shows 50 MHz. Press STORE 2.

24, Press RECALL 1. Verify the left display shows 30 MHz. Press RECALL 2. Verify the
left display shows 50 MHz.

25. Press and hold SEQ. Verify the left display shows 1. Release SEQ. Verify the left
display shows 30 MHz.

26. Press and hold SEQ. Verify the left display shows 2. Release SEQ. Verify the left
display shows 50 MHz.

Minus Check
27. Press — . Verify the left display shows —.

External LO Check {Optional)

NOTE

The following steps check the Noise Figure Meter’s capability to
control an external LO. It is not necessary to perform this check
unless the Noise Figure Meter is used for this purpose and a suitable
external LO is available. It is assumed in the following check that
the HP-IB addresses used by the Noise Figure Meter and the exter-
nal LO are compatible.

28. Connect the HP-IB cable between the Noise Figure Meter and the external LO (see
Figure 3-8).

3-13
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OPERATOR’S CHECKS

Basic Functional Checks {cont’d)

29. Press1.1SPECIALFUNCTION. Verify the left display shows 10000 MHz and the
EXT MIX annunciator lights.

30. Pressoneofthe following sequences of keys depending upon the external LO used:
a. For an HP 83508, press 41.0 SPECIAL FUNCTION.
b. For an HP 8672A, press 41.2 SPECIAL FUNCTION.
c. For an HP 8673B, press 41.3 SPECIAL FUNCTION.

31, Press 4 . 1 SPECIAL FUNCTION. Verify the TALK annunciator on the Noise
Figure Meter and the remote annunciator on the external LO lights.

32. On the Noise Figure Meter, press SWEEP START FREQ. Verify the left display
shows 8000 MHz and the external LO is tuned to the same frequency.

33. On the Noise Figure Meter, press SWEEP STOP FREQ. Verify the left display
shows 12000 MHz and the external LO is tuned to the same frequency.

3-14
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OPERATOR’S CHECKS

3-12. HP-IB Functional Checks €3ls2]:®

DESCRIPTION The following procedures check the instrument’s ability to perform the following

INITIAL
SETUP

EQUIPMENT

functions:

a. Process or send all of the applicable HP-IB messages described in Table 3-3.
b. Recognize its own HP-IB address.

c. Setall of the bus data, handshake, and control lines (except DIO8) to both their
true and false states. DIO81s the most significant data line and is not used by the Noise
Figure Meter.

These procedures do not check if all Noise Figure Meter program codes are being
properly interpreted and executed by the instrument. However, if the power-up
sequence (including the memory checks) and the front panel operation is good, the
program codes, in all likelihood, will be correctly executed.

The validity of these checks is based on the following assumptions:

a. The Noise Figure Meter performs properly when operated via the front panel

- keys {that is, in local mode). This can be verified with the Basic Functional Checks.

b. The bus controller properly executes HP-IB operations.

c. The bus controller’s HP-IB interface properly executes the HP-IB operations.

If the Noise Figure Meter appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controlier’s HP-IB interface is assumed to be 7. The address of the
Noise Figure Meter is assumed to be 8 (its address as set at the factory). This select code
address combination (that is, 708) is not necessary for these checks to be valid. How-
ever, the program lines presented here have to be modified for any other combination.

These checks are intended to be as independent of each other as possible. Nevertheless,
the first four checks should be performed in order before other checks are selected. Any
special initialization or requirements for a check are described at its beginning.

The test setup is the same for all of the checks. Connect the Noise Figure Meter to the
bus controller via the HP-IB interface. Do not connect any equipment, other than the
noise source, to the Noise Figure Meter’s INPUT,

HPIB Controller .......covvrvnionen. HP 85B/82936A (ROM
Drawer)/00085-15005
(Advanced Programming ROM)

) G HP 9826 A Option 011
(Basie 2.0 ROM based system)
HP-IB Interface ................. ... HP 82937A (HP 85B only)
Noise Source .............ccoviiaann. HP 3468 (Option 001)
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OPERATOR’S CHECKS

HP-IB Functional Checks (cont'd)

Address Recognition

NOTE

OPERATOR’S
RESPONSE

OPERATOR’S
RESPONSE

This check determines if the Noise Figure Meter recognizes when it is being addressed
and when it is not. This check assumes only that the Noise Figure Meter can prop-
erly handshake on the bus. Before beginning this check, set the Noise Figure Meter’s
LINE switch to ON, press PRESET, and then 4. 0 SPECIAL FUNCTION.

Description HP 85B {BASIC) HP 08264 {BASIC)
Set the Remote Enable LOCAL"7 LOCALT
(REN) bus control line
falge.
Send the Noise Figure Meter's listen QUTPUT 708 OUTPUT 708
address.

Check that the Noise Figure Meter's REMOTE annunciator is off and that its LISTEN
annunciator is on.

Unaddress the Noise Figure Meter OuUTPUT 715 OUTPUT 715

by sending a different address.

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are off.

Remote and Local Messages and the LOCAL Key

NOTE

OPERATOR’S
RESPONSE

OPERATOR’S
RESPONSE

This check determines if the Noise Figure Meter properly switches from local to
remote control, from remote to local control, and if the LOCAL key returns the
instrument to local control. This check assumes that the Noise Figure Meter is able
to both handshake and recognize its own address, Before beginning this check, press
the Noise Figure Meter’'s PRESET key. Then press 4 . 0 SPECIAL FUNCTION.

Descriptien HP 858 [BASIC) HP 98264 (BASIC)

Send the Remote message (by setting REMOTE 708 REMOTE 708
Remote Enable, REN, true and addressing

the Noise Figure Meter to listen).

Check that the Noise Figure Meter's REMOTE and LISTEN annunciators are on.

Send the Local message to the Noise Figure LOCAL 708 LOCAL 708

Meter

Check that the Noise Figure Meter's REMOTE annunciator is off but its LISTEN
annunciator is on.

Send the Remote message to the Noise REMOTE 708 REMOTE 708

Figure Meter.
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OPERATOR’S CHECKS

HP-IB Functional Checks {cont'd)
Remotle and Local Messages and the LOCAL Key {cont’d)

OPERATOR’S  Check that both the Noise Figure Meter’'s RESPONSE and LISTEN annunciators are
RESPONSE on. Press the LOCAL key on the Noise Figure Meter. Check that the Noise Figure
' Meter's REMOTE annunciator is now off, but that its LISTEN annunciator remains

on.

Sending the Data Message

NOTE This check determines if the Noise Figure Meter properly issues Data messages when
addressed to talk. This check assumes that the Noise Figure Meter is able to handshake
and recognize its own address. Before beginning this check, press the Noise Figure
Meter's LINE switch twice (OFF then ON). Then, after the power-up sequence is
completed, press CORRECTED NOISE FIGURE AND GAIN and 4. 0 SPECIAL
FUNCTION. (If an HP 9826A controller is used, a short program is required to perform

this check.)
fescription HP 858 {BASIC} HP 98264 [BASIC)
Address the Noise Figure Meter to talk and ENTER 708V 10V=0
store its output in variable V. (The output 20 ENTER 708,V
is £20 since the Noise Figure Meter is not 30 DISPV
calibrated.) 40 END
Display the value of V. DISPV DISPV

OPERATOR’S  Check that the Noise Figure Meter’s REMOTE annunciator is off but that its TALK

RESPONSE  annunciator is on. The controller’s display should read 90020000000 (HP 85B) or
9.002E-+1 (HP 9826A). The 90020 portion of the display corresponds to the data out-
put for the error code E20 (not calibrated) shown in the Noise Figure Meter’'s NOISE
FIGURE display.

Receiving the Data Message

NOTE This check determines if the Noise Figure Meter properly receives Data messages. The
Data messages sent cause the 7 least significant HP-IB data lines to be placed in both
their true and false states. This check assumes the Noise Figure Meter is able to
handshake, recognize its own address and properly make the remote/local transitions.
Before beginning this check, press the Noise Figure Meter’s PRESET key. Then press
4.0 SPECIAL FUNCTION.

Description HP 85B [BASIC) HP 98264 [BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
{enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen QUTPUT 708; OUTPUT 708;
(completing the Remote message), then “FR15MZ” “FR15MZ”

send a Data message.

OPERATOR’S  Check that both the Noise Figure Meter's REMOTE and RESPONSE LISTEN annun-
RESPONSE ciators are on and that the left display shows 15 MHz.
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OPERATOR'S CHECKS

HP-IB Functional Checks (cont'd)
Local Lockout and Clear Lockout/Set Local Messages

NOTE

OPERATOR’S
RESPONSE

OPERATOR’S
RESPONSE

Clear Message
NOTE

This check determines if the Noise Figure Meter properly receives the Local Lockout
message, disabling the LOCAL key. The check also determines if the Clear Lock-
out/Set Local message is properly received and executed by the Noise Figure Meter.
This check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, and properly make the remote/local transitions. Before beginning this check,
press the Noise Figure Meter’s LINE switch OFF then ON and then press the PRESET
key. Then press 4 . 0 SPECIAL FUNCTION.

Description HP 85B (BASIC) HP 0826A (BASIE)

Send the first part of the Remote message REMOTE 7 REMOTE 7
(enabling the Noise Figure Meter to remote).

LOCAL N ‘ .,
Send the Local Lockout message. LOCKOUT 7 LOCAL LOCKOUT7

Address the Noise Figure Meter to listen OUTPUT 708 OUTPUT 708
{completing the Remote message).

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.
Press the Noise Figure Meter’'s LOCALkey. Both its REMOTE and LISTEN annuncia-
tors should remain on.

Send the Clear Lockout/Set ILOCAL7 LOCALT7
Local message.

Check that the Noise Figure Meier’'s REMOTE annunciator is off but its LISTEN
annunciator is on.

This check determines if the Noise Figure Meter properly responds to the Clear mes-
sage. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, make the remote/local changes and receive Data messages. Before
beginning this check press the Noise Figure Meter's PRESET key. When “- - - -7
disappears from the NOISE FIGURE display, press CALIBRATE. Once the LED
above the CALIBRATE key turns off, press 4 . 0 SPECIAL FUNCTION.

Description HP 858 (BASIC) HP 98264 (BASIE)
Send the first part of the Remote message REMOTE 7 REMOTE 7
{enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OUTPUT 708; OUTPUT 708;
(completing the Remote message), “M2” “M27

then send a Data message that selects the
CORRECTED NOISE FIGURE AND
GAIN measurement.
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OPERATOR'S CHECKS

HP-IB Functional Checks (cont’d)
Clear Message (cont'd)

OPERATOR’S  Check that both the Noise Figure Meter's REMOTE and LISTEN annunciators are on
RESPONSE and that the CORRECTED NOISE FIGURE AND GAIN key light is on.

Send the Clear message (setting the Noise CLEAR 708 CLEAR 708
Figure Meter's measurement to UNCOR-
RECTED NOISE FIGURE),

OPERATOR’S  Check that both the Noise Figure Meter's REMOTE and LISTEN annunciators are on
RESPONSE - and that the UNCORRECTED NOISE FIGURE key light is on.

Abort Message
NOTE This check determines if the Noise Figure Meter becomes unaddressed when it receives

the Abort message. Before beginning this check, enter LOCAL 708 and press the Noise
Figure Meter’s PRESET key. Then press 4 . 0 SPECIAL FUNCTION.

Description HP 85B [BASIC) HP 98264 {BASIC)

Send the Remote message to the Noise REMOTE 708 REMOTE 708
Figure Meter.

OPERATOR’S  Checkthatboth the Noise Figure Meter’s REMOTE and LISTEN annunciators are on.
RESPONSE

Send the Abort message, unaddressing the ABORTIO7 ABORT 7
Noise Figure Meter from listening.

OPERATOR’S  Check that the Noise Figure Meter's LISTEN annunciator is off.
RESPONSE

Status Byte Message

NOTE This check determines if the Noise Figure Meter sends the Status Byte message. Before
beginning this check, press the Noise Figure Meter’'s PRESET key. Then press 4 . 0
SPECIAL FUNCTION.

Hescription HP 85B (BASIC) HP QBZEA'{BASIEI

Place the Noise Figure Meter in serial-poll SPOLL (708) SPOLL (708}
mode and address it to talk (causing it to
send the Status Byte message). '

OPERATOR’S  Check that the controller’s display reads 0.
RESPONSE
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OPERATOR'S CHECKS

Require Service Message

NOTE This check determines if the Noise Figure Meter can issue the Require Service message
(set the SRQ bus control line true). This check assumes that the Noise Figure Meter is
able to handshake, recognize its own address, make the remote/local changes, and
receive Data messages. Before beginning this check, press the Noise Figure Meter’s
PRESET key. Then press 4 . 0 SPECIAL FUNCTION. (If an HP 9826A controller is
usged, a short program is required to perform the last half of this check.)

Bescription HP 85B [BASIC) HP OB26A [BASIC)
Send the first part of the Remote message REMOTE 7 REMOTE 7
{enabling the Noise Figure Meter to
remote).
Address the Noise Figure Meter to listen OUTPUT 708; | OUTPUT 708; “<”
(completing the Remote message), then s

gsend a Data message containing an invalid
HP-IB code. This enables a Require Service
message to be sent,

Make controller wait two seconds to allow WAIT 2000 WAIT 2000
time for the Noise Figure Meter to send the
Require Service message. (This step is not
necessary if sufficient time is allowed.)

Read the binary status of the controller’s STATUS7,2; VI 10V =0

HP-IB interface and store the data in vari- 20 8TATUS 7,1,V
able V (in this step, 7 is the interface’s
select code).

Display the value of the SRQ bit (in this DISP“SRQ="; | 30 DISP“SRQ=";
step 6 (FHP 85B) and 10 (HP 9826) are the BIT(V,8) BIT(V,10)
SRQ bits for the controller, numbered 40 END

from 0.

OPERATOR’S  Check that the SRQ value is 1, indicating the Noise Figure Meter issued the Require
RESPONSE Service message.
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OPERATOR’S CHECKS

Trigger Message

NOTE This check determines if the Noise Figure Meter responds to the Trigger message. This
check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, make the remote/local changes, and send and receive Data messages. Before
beginning this check, enter LOCAL 708 and press the Noise Figure Meter's PRESET
key. Then press 4.0 SPECIAL FUNCTION (If an HP 9826 A controller is used, a short
program is reguired to perform this check.)

Descriptien HP 858 (BASIC) HP 98264 [BASIC)
Send the first part of the Remote message REMOTE 7 10 REMOTE 7
(enabling the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen OQUTPUT 708, | 20 OUTPUT 708; “T1”
{completing the Remote message), then “TE”

send a Data message placing the Noise
Figure Meter in the Trigger Hold mode).

Send the Trigger message. TRIGGER 708 | 30 TRIGGER 708
40V=20

Address the Noise Figure Meter to talk and ENTER 708,V . S50 ENTERT08; V
store the data in variable V.

Display the value of V. DISPV 60 DISP V
70 END

OPERATOR’S  Check that both the Noise Figure Meter's REMOTE and TALK annunciators are on.
RESPONSE The controller’s display should read the same as the NOISE FIGURE display.
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3-13. REMOTE OPERATION, HEWLETT-
PACKARD INTERFACE BUS

The Noise Figure Meter can be operated through
the Hewlett-Packard Interface Bus (HP-IB). Bus
compatibility, programming and data formats are
described in the following paragraphs.

The Noise Figure Meter can operate in three
mutually exelusive modes on the HP-IB:

1. Normal Talker/Listener Mode. This mode is
used when the Noise Figure Meter is under the
control of an HP-IB compatible computer or
controller.

2. External 1.O Control Mode. This mode is used
when the Noise Figure Meter controls the
operation of an external L.O.

3. Talk Only Mode. This mode is used to output
data to a device that is operating in the Listen
Only Mode.

Most front panel functions, special functions and
remote-only functions are programmable via HP-
IB. Table 3-4 lists the functions that cannot be
programmed via HP-1B.

A quick test of the Noise Figure Meter’s HP-IB
interface is described earlier in this section under
Remote Operator’s Checks. These checks verify
thatthe Noise Figure Meter can respond to or send

each of the applicable bus messages described in
Table 3-3.

3-14, HP-IB Compatibility

The Noise Figure Meter has an open-collector,
TTL, HP-IB interface which can be used with any
HP-IB computing controller or computer for auto-
matic system applications. The Noise Figure Meter
is programmable via the HP Interface Bus. Its
programming capability is described by the twelve
HP-IB messages listed in Table 3-3. The Noise
Figure Meter's compatibility with HP-1B is further
defined by the following list of interface functions:
SH1, AH1, T5, L4, SR1, RIL.1, PP, DC1, DT1, C1,
C3, C28 and E1. A more detailed explanation of
these compatibility codes can be found in IEEE
Standard 488-1978 (and theidentical ANSI Stand-
ard MC1.1). For more information about HP-IB,
refer to the Hewlett-Packard Electonic Instru-
ments and Systems catalog and the booklet titled
“Improving Measurements in Engineering and
Manufacturing” (HP part number 5952-0058).
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3-15. Remote Mode

Remote Capability. The Noise Figure Meter com-
municates on the bus in both remote and local
modes. In remote, most of the Noise Figure Meter’s
front panel controls are disabled (except for the
LINE switch and LOCAL key). However, front
panel displays remain active and valid. In remote,
the Noise Figure Meter can be addressed to talk or
listen. When addressed to listen, the Noise Figure
Meter can issue the Data and Status Byte mes-
sages, Whether addressed or not, the Noise Figure
Meter responds to the Clear (DCL), Local Lockout,
Clear Lockout/Set Local, and Abort messages. In
addition, the Noise Figure Meter can issue the
Require Service Message.

Local-to-Remote Mode Changes. The Noise Figure
Meter switches to remote operation upon receipt of
the Remote message. The Remote message has
two parts. They are:

a. Remote enable bus control line {REN) set
true.

b. Device listen address recetved once {while
REN is true).

When the Noise Figure Meter switches to remote,
the REMOTE annunciator on the front panel
turns on.

3-16. Local Mode

Local Capability. In local, the Noise Figure Meter’s
front panel controls are fully operational and the
instrument responds to the Remaote message.
Whether addressed or not, the Noise Figure Meter
also responds to the Clear, Local Lockout, Clear
Lockout/Set Local, and the Abort messages. When
addressed to talk, the Noise Figure Meter can issue
Data messages and the Status Byte message, and
whether addressed or not, it can 1ssue the Require
Service message.

Remote-to-Local Mode Changes. The Noise Figure
Meter always switches to local from remote when-
ever it receives the lLocal message (GTL) or the
Clear Lockout/Set Local message. (The Clear
Lockout/Set Local message sets the Remote En-
able control line [REN| false.) The Noise Figure
Meter can also be switched to local by pressing the
front panel LOCAL key {assuming Local Lockout
is not in effect).
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3-17. Addressing

The Noise Figure Meter interprets the byte on the
eight HP-IB data lines as an address or a bus
command if the bus is in the command mode. The
command mode is defined as attention control line
{ATN) true and interface clear control line (IFC)
faise. Whenever the Noise Figure Meter is being
addressed (if in local or remote), either the TALK
or LISTEN annunciator on the front panel turns
on.

The Noise Figure Meter's HP-IB address is selected
by special function. To change the HP-1B address
or to determine the present address setting, refer to
the discussion titled HP-IB Addresses in the De-
tailed Operating Instructions at the end of this
section.

Local Lockout. When a data transmission is inter-
rupted, which can happen by pressing the LOCAL
key to return the Noise Figure Meter to local mode,
the data could be lost. This would leave the Noise
Figure Mefer in an unknown state. To prevent
this, alocallockoutisrecommended. Locallockout
disables the LOCAL key and allows return-to-
local only under program control.

NOTE

Return-to-localcan also be accomplished
by turning the Noise Figure Meter’s
LINE switch to OFF, then back to ON.
However, this technique has some dis-
advantages:

a. It defeats the purpose and advan-
tage of local lockout (that is, the system
controller will lose control of a svstem
element).

b. There areseveral HP-IB conditions
that reset to default states at turn-on.

EXAMPLE 1: Typical Program String

Operation

3-18. Data Messages

The Noise Figure Meter communicates on the
interface bus primarily with data messages. Data
messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data
meode (attention control line |ATN] false). Unless
it is set to Talk Only or External LO Control, the
Noise Figure Meter receives data messages when
addressed to listen. Virtually all instrument oper-
ations availablein local mode can be performedin
remote mode via data messages. The major excep-
tions are changing the LINE switch setting, using
the Talk Only capability, using the instrument’s
capability to control an external .LO and changing
the HP-IB address ofthe Noise Figure Meter (refer
to Table 3-4).

3-19. Receiving the Data Message

Depending on the status of Special Function 4, the
Noise Figure Meter can either talk only, control an
external L.O, or talk and listen both (normal opera-
tion). The instrument responds to Data messages
when 1t is enabled to remote (REN control line
true) and it is addressed to listen. The instrument
remains addressed to listen until it receives an
Abort message or until its talk address or a uni-
versal unlisten command is sent by the controller.

Data input Formai. The Data message string, or
program string, consists of a series of ASCII
codes. Each code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given
operation, the program string syntax in remote
mode is the same as the keystroke sequence in
local mode. Example 1 shows a typical program
string.

Program Codes. All of the HP-IB codes normally
used by the operator to control the Noise Figure
Meter are given in Tables 3-8, 3-9, and 3-10. Table

FA100MZFB150MZSSTMZCA

Controller Talk
Noise Figure Mater
Start

Frequency set to 100 MHz

Stop

Frequency set to 150 MHz

—[————— Calibrate

Step Size set to 1 MHz
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Tabie 3-3. Message Reference Table (1 of 2]

HP-1B Applicable Response Related Commands | interfzce
Message and Gontrois Functions™
Data Yes Most Noise Figure Meter operations are bus program- AH1
mable. All measurement results, special displays, and SH1
error outputs are available to the bus. Th
14
Trigger Yes Ifin remote and addressed to listen, the Noise Figure GET DT1

Meter makes a measurement according to previously
programmed setup. It responds equally to bus com-
mand GET and program code T2, Trigger Execute (a
Data message).

Clear Yes The Noise Figure Meter is set to the same conditions DCL DC1
established by pressing PRESET. Refer to Table 3-6. SDC
Remote Yes Remote mode is enabled when the REN bus eontrol REN RL1

line is true. However, remote mode is not entered until
the first time the Noise Figure Meter is addressed to
listen. The front panel REMOTE annunciator lights
when the instrument is actually in the remote mode.
When entering the remote mode, no instrument set-
tings or functions are changed, but all front panel
keys except LOCAL are disabled.

Local Yes The Noise Figure Meter returns to local mode (front GTL RI.1
panel control). It responds equally to the GTL bus
command and the front panel LOCAL key. When
entering the local mode, no instrument settings or
functions are changed.

Local Yes Disables all front panel keys including LOCAL. Only LLG RL1
Lockout the controller can return the Noise Figure Meter to
local {front panel control).

Clear Yes The Noise Figure Meter returns to local {front panel REN RL1
Lockout/ control) and local lockout is cleared when the REN
Set Local bus control line goes false. When entering local mode,

noe instrument settings or functions are changed.

Pass No The Noise Figure Meter cannot pass or take control of C1, 3,28
Control/ HP-1B. However, it does have limited control

Take capability as indicated in the last column.

Controil

*Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not he necessary if your

controlier’s manual describes programming in terms of the twelve HP-IB Messages shown in fhe left column.
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Table 3-3. Message Reference Table (2 of 2]

HP-1B Applicable Response Refated Commands | Interface
Message ' and Gonirols Functions*®
Require Yes The Noise Figure Meter sets the SRQ bus control line SRQ SR1
Service true if an invalid program code is received (unless

disabled). The following conditions also set SRQ true
when they occur if they are enabled by the operator
to do so: Data Ready, Instrument Error, or Calibra-
tion Complete.
Status Byte Yes The Noise Figure Meter responds to a Serial Poll SPE T5
Enable (SPE} bus command by sending an 8-bit SPD
byte when addressed to talk. If the instrument is
holding the SRQ control line true {issuing the
Require Service message) bit 7 (RQS bit} in the Sta-
tus Byte and the bit representing the condition caus-
ing the Require Service message to be issued will
both be true. The bits in the Status Byte are latched
but can be cleared by:
1. removing the causing condition, and
2. reading the Status Byte.
Status Bit No The Noise Figure Meter does not respond to a FPO
parallel poll.
Abort Yes The Noise Figure Meter stops talking and listening. IFC T5
*Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controiler’s manual describes programming in terme of the twelve HP-IB Messages shown in the left column.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1 is: SHI, AH1, T5, 14, SR1, RL1,
PPo, DC1, DT1, C1, 3, 28, and E1.

Table 3-4. Functions Not Pregrammable Via HP-1B

Function

Description

Control Function Selection (Special Function 4)

Talk Only

Normal Talker and Listener
Enable External 1.O Control

HP-IB Addresses (Special Function 40.0)

Display and Enter Noise Figure Meter Address

LINE Switch

Turns instrument ON and OFF,
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Receiving the Data Message (cont'd)

3-8 provides an HP-IB code to parameter sum-
mary. Table 3-8 provides a special function to HP-
IB code summary. Table 3-10 provides a front
panel key to HP-IB code summary. All front panel
keys except LOCAL have corresponding program
codes. Some functions have an additional code
which terminates the numeric data entry in Hz

rather than MHz as indicated on the front panel.
Where more than one code is given for a function,
either code will serve equally. However, the mne-
monic code given is recommended since it is shor-
ter and more closely represents the function se-
lected. Also, the mnemonic code will make deci-
phering program code strings easier. The first
codes given are the codes usedin all programming
examples in this manual.

The Noise Figure Meter’s response to the ASCII
character set is as follows:

a. The ASCII characters used for the program
codes are the alphabet (A through Z, except O), the
numbers 0 through 9, the period (1), and the minus
().

b. Lower case letters are treated the same as
upper case letters.

¢. Theletter Oistreated thesame asthenumber
(.

d. All other characters are ignoved (however,
they can not be used as the second character of a
two-character HP-IB program code). If any of
these other characters are used as a second char-
acter or if an undefined combination of valid
characters is seni, SRQ is set if the HP-1B error
condition has been enabled.

Turning Off Functions. When operating in local
mode, CALIBRATE, and SINGLE and AUTO
Sweep toggle on and off with successive key-
strokes. In remote mode, these functions do not
toggle on and off, Instead, both require that the
HP-IB code W0 be used to turn off the function.

Precgramming Numeric Data. When programming
tuned freguency or issuing any numeric data
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(other than specific HP-IB codes) to the Noise Fig-
ure Meter, certain precautions should be observed.
Numeric data may consist of up to five digits, one
decimal point, and a one-digit signed exponent.

Triggering Measurements with the Data Message. A
feature that is available from both the front panel
and via remote programming is the selection of
free run, standby, or triggered operation of the
Noise Figure Meter. The HP-IB codes and related
Special Functions are discussed in detail in the
Trigger Selection Detailed Operating Instruction
later in this section.

3-20. Sending The Data Message

Depending on how the control functions are set,
the Noise Figure Meter can either talk only, con-
trol an external LO, or talk and listen both (nor-
mal operation). If set to both talk and listen, the
instrument sends Data messages when addressed
to talk. The instrument then remains configured
to talk until it is unaddressed to talk by the con-
troller. To unaddress the Noise Figure Meter, the
controller must send either an Abort message, a
new talk address, or a universal untalk command.

Talk Only Mode. If the Noise Figure Meter’s Talk
address is valid and Special Function 4.2 is se-
lected, the Noise Figure Meter is placed in the Talk
Only mode, In this mode the instrument is config-
ured to send Data messages whenever the busisin
the data mode. Each time the measurement is
completed, the measurement result will be output
to the bus unless the listening device is not ready
for data. If the listener is not ready for data,
another measurement cycle is executed.

Data Quiput Format. As shown below, the output
data is always formatted as a real constant: first
the sign, then five digits {Jeading zeros not sup-
pressed) followed by the letter K and a signed
power-of-ten multiplier. The string is terminated
by a carriage return (CR) and a line feed (LF),
string positions 11 and 12. Data is always output
in fundamental units (thatis Hz, dB, etc.), and the
decimal point (not sent) is assumed to be to the
right of the fifth digit of the mantissa. Data values
never exceed 1 x 10°. The one exception to this
format is the voltmeter mode as shown in Table
3-5, HP-IB Data Output Summary.

The general data output format is as follows:
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Sending the Data Message (cont’d)
+DDDDDENNCRLF

Signed Mantissa :j J -[. Line Feed
tndicates Exponent Foliows Carriage Return
Exponent Sign Exponent Magnitude

A summary of the different data outputs is listed
in Table 3-5.

Table 3-5. HP-IB Data Oulput Summary

Front Panel HP-IB Output

Display' Format Conditions
Left Display +DDDDDE+06 | Frequency
FDDDDDELNN | Data other than
frequency
+30000E+06 Bisplay is blank
INSERTION | #DDDDDE+NN | Gain is displayed
2
GAIN +90000E+06 | Display is blank
NOISE *DDDDDEANN | Normal display
)
FIGURE +DDDDDDE-05 | Voltmeter mode
+800DDE+06 | Error codes
where DD is the
error code}
+9000018+06 Data not ready.
Sent when the
instrument

receives & read
command while
“oo- -7 ig dis-
plaved in Trigger
Hold mode. Also
sent when dis-
play is blank.

"The HPIB data output for mode HQ is NOISE FIGURE CR/LF,
The HP-IB data output for mode H1 is Lefi Display, INSERTION
GAIN, NOISE FIGURE CR/LF. EO! is set each time LF is sent.

“The HP-IB cutput has one more digit of resolution than the front
panetl display (except for the voltmeter mode which has two more
digits of resclution than the front panel NOISE FIGURE display).

When an error is output to the bus, it follows
the same 12-byte format described above except
most of the numeric digits have predetermined
values as shown below. Error outputs always
exceed 90 000 000 000. The two-digit error code is
represented by the last two digits of the five-digit
mantissa. The error code can be derived from the
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string by subtracting 9 x 1010, then dividing the
result by 1 600 000.

Error Qutput Format

+800DDE+OGCRLF
:}- [ Line Feed
Error Code

Carriage Return
3-21. Receiving the Clear Message

The Noise Figure Meter responds to the Clear mes-
sage by assuming the settings detailed in Table 3-6.
The Noise Figure Meter responds equally to the
Selected Device Clear (SDC) bus command when
addressed to listen, and the Device Clear (DCL) bus
command whether addressed or not. The Clear
message clears any pending Require Service mes-
sage and resets the Service Request Condition (Spe-
cial Function 44) such that the Require Service
message will be issued on HP-IB code errors only
{Special Function 44.3).

Referto Table 3-14 in the Special Functions Detailed
Operating Instruction for a list of the Special Fune-
tions that are turned off or not affected by the Clear
Message.

3-22. Receiving the Trigger Message

When in remote and addressed to listen, the Noise
Figure Meter responds to a Trigger message by
executing one measurement cycle. The Noise Fig-
ure Meter responds equally to a Trigger message
{the Group Execute Trigger bus command [GET))
and a Data message, program code T2 (execute a
measurement).

3-23. Receiving the Remote Message

The Remote message has two parts. First, the
remote enable bus control line (REN) is held true;
second, the device listen address is sent by the con-
troller. These two actions combine to place the
Noise Figure Meter in remote mode. Thus, the Noise
Figure Meter is enabled to go into remote when the
controller begins the Remote message, but it does
not actually switch to remote until addressed to
listen the first time. No instrument settings are
changed by the transition from local to remote.
When actually in remote, the Noise Figure Meter's
front panel REMOTE annunciator lights. When
the Noise Figure Meter is being addressed (whether
in remote or loeal}, its front panel LISTEN or TALK
annunciator turns on.
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Table 3-6. Response to a Clear Message [or Pressing PRESET)

Parameter

IF (8pecial Function 3.0
L0 Frequency (Special Function 3.1}

Smoothing Factor (Spectal Function
13.2)

Spot ENR (Special Function 5.3)
Thot (Special Function 5.4)
Teg1d (Special Function 6)

Oscilloscope Limits (Special
Function 8)
Noise Figure Lower Limit
Noise Figure Upper Limit
Gain Lower Limit
Gain Upper Limit

Loss Compensation (Special Function
34}

Before DUT

TFemperature of Losses

After DUT

Set Sequence (Special Function 35.2)

Condition
START FREQ 10 MHz
STOP FREQ 1500 MHz
STEP SIZE 20 MHz
SWEEP Off
FREQUENCY 30 MHz
FREQ INCR 20 MHz
SMOOTHING 1
CALIBRATE Off
MEASUREMENT UNCORRECTED NOISE FIGURE
SPECTIAL FUNCTION ROTE

Most Special Functions are sef to their zero suffix state (for exam:
ple, Measurement Mode Selection is set to 1.0). Some are turned off
(for example, Power Measurements). The following four Special
Functioris are not affected by either the Clear message or by press-
ing PRESET.

a. Control Function Selection (Special Function 4.

b. HP-B Addresses (Special Function 40).

c. External LO Programs (Special Funtion 41).

d. External LO Commiands (Special Function 42).
In addition, Service Request (Special Function 44) is set to enable
HP:IB Code Error (Special Function 44.3).
The following Specidl Punetions are set to the indicated default
values:
30 MHz
10000 MHz

1

152dB
9893K
296.6K

e O 00 O

0dB

0K

0dB

1 through 9
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3-24. Receiving the Local Message

The Local message is the means by which the
controller sends the Go To Local (GTL) bus com-
mand. If addressed to listen, the Noise Figure
Meter returns to front panel control when it re-
ceives the Local message. Iftheinstrument wasin
local lockout when the Local message was re-
ceived, front panel control is returned, but lockout
is not eleared. Unless it receives the Clear Lock-
out/Set Local message, the Noise Figure Meter
will return to local lockout the next time it goes to
remote. No instrument settings are changed by
the transition from remote to local.

When the Noise Figure Meter goes to local mode,
the front panel REMOTE annunciator turns off.
However, when the Noise Figure Meter is being
addressed (whether in remote or local), its front
panel LISTEN or TALK annunciator lights.

If the Noise Figure Meter is not in local lockout
mode, pressing the front panel LOCAL key might
interrupt a Data message being sent to the instru-
ment, leaving the instrument in a state unknown
to the controller. This can be prevented by dis-
abling the Noise Figure Meter's front panel keys
entirely, using the Local Lockout message.

3-25. Receiving the Local Lockout Message

The Local Lockout messageis the means by which
the controller sends the Loecal Lockout (LLO) bus
command. If in remote, the Noise Figure Meier
responds to the Local Lockout Message by dis-
abling the front panel LOCALkey. Thelocallock-
out mode prevents loss of data or system control
due to someone accidentally pressing front panel
keys. If, while in local, the Noise Figure Meter is
enabled to remote (that is, REN is set true) and it
receives the Local Lockout message, it will switch
toremote mode with local lockout the first timeitis
addressed to listen. When in local lockout, the
Noise Figure Meter can be returned to local only
by the controller (using the Local or Clear Lock-
out/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the
bus cable.

3-26. Receiving the Clear L.ockout/Set Local
Message

The Clear Lockout/Set Local messageisthe means
by which the controller sets the Remote Enable
(REN) bus control line false. The Noise Figure
Meter returns to local mode (full front panel con-
trol) when it receives the Clear Lockout/Set Local
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message. No instrument settings are changed by
the transition from remote with local lockout to
local. When the Noise Figure Meter goes to local
mode, the front panel REMOTE annunciator turns
off,

3-27. Receiving the Pass Conirof Message

The Noise Figure Meter does not respond to the
Pass Controi message because it does not have
this control capability.

3-28. Sending the Require Service Message

The Noise Figure Meter sends the Require Service
message by setting the Service Hequest (SR@Q) bus
control line true. The instrument can send the
Require Service message in either local or remote
mode. The Require Service message is cleared
when a serial pollis executed by the controller orif
a Clear message 1s received by the Noise Figure
Meter. (During serial poll, the Kequire Service
message is cleared immediately before the Noise
Figure Meter places the Status Byte message on
the bus.) There are four conditions that can be
enabled to cause the Require Service message to be
sent when they occur. All four conditions are de-
scribed below.

1. Data Ready: When the Noise Figure Meter is
ready to send any information except error
codes.

2. HP-IB Code Error: When the Noise Figure
Meter receives an invalid Data message. (Un-
less specifically disabled, this condition causes
a Require Service message to be sent.)

3. Instrument Error: When any operator error
(E10through E49, and E99)is displayed by the
Noise Figure Meter.

4. Calibration Complete: When a calibration
cycle is complete.

3-29. Enabling the Service Request Condition

Use Special Function 44 (or the related Service
Request Condition HP-IB codes) to enable the
Noise Figure Meter to issue the Regquire Service
message on any of the conditions above. The Ser-
vice Request Condition Special Functionis entered
from either the front panel or via the HP-IB. A
description of the Service Request Condition Spe-
cial Function and the procedure for enabling the
various conditions are given on the following
page:
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Enabling the Service Request Condition

(contd) NOTE HP-IB Code | SPecial
Fach condition must be enabled separ- Functian
ately. If the enabled conditions are Qo 44.0
changed, it is a good practice to first
disable the SRQ capability and then ’Qi 441
enter the required enabled conditions.

Q2 44.2
a. Send the HP-1IB Code QO to clear all enabled

conditions.

Q3 44.3 .
b. Send the applicable HP-IB Codes from Table Q6 446
3-7 to establish the required enabled conditions.

Table 3-7. Service Request Enabled Conditions Summary

HP 8970A

Description

Disables the SRQ) capability
{clears all enabled conditions)
Enable Data Ready

Enable RF Calibration
Complete (not for Zero
Frequency or IF Calibration)

Enable HP-IB Code Error

Enable Instrument Error

" START 8970A

SET TRIGGER
SELECTION TO HOLD
{HP-1B CODE T1)

!

ENABLE SRQ ON
DATA READY
(HP-IB CODE Q1)

'

CONFIGURE
MEASUREMENT

'

TRIGGER MEASUREMENY
: (HP-1B CODE T2)

'

PROCESS OTHER
ROUTINES UNTIL
SRQ CAUSES INFERRUPT

( INTERRUFT ON SH(})
T

'

READ STATUS BYTE
FROM 8970A

TO OTHER INSTRUMENT
SERVICE ROUTINES

TEST OTHER 8870A
SRO CONDIFIONS

SRO FROM
897GA?

BA70A SRQ "\
DUE TC BATA
“READY?

YES

READ DATA
FROM 837CA

(  RETURN

Figure 3.10 Exampie Flow Chart for Driving the Noise Figure Meter Using the Require Service Message [SRQ)
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Enabling the Service Request Condition

(cont’d) :
Normally, device subroutines for the Noise Figure
Meter can be implemented simply by triggering
measurements and then reading the output data.
In certain applications, the controller must per-
form other tasks while controlling the Noise Fig-
ure Meter. Figure 3-10 illustrates a flow chart for
developing device subroutines using the instru-
ment’s ability to issue the Require Service mes-
sage when data is ready. This subroutine structure
frees the controller to process other routines until
the Noise Figure Meter is ready with data.

3-30. Sending the Status Byte Message

The Status Byte message consists of one 8-bit byte
in which 4 of the bits are set according to the
enabled conditions described above under Send-
ing the Require Service Message. If one or more of
the four conditions are enabled and present, all the
bits corresponding to the conditions and also bit 7,
the RQS bit, will be set true (and the Require Ser-
viee message is sent). If one of the above condi-
tions occurs but has not been enabled by Special
Function 44 or the HP-IB codes, neither the bit
corresponding to the condition nor the RQS bit
will be set (and the Require Service message will
not be sent). The bit patten of the Status Byte is
shown in the HP-IB Syntax and Characteristics
Summary.

Once the Noise Figure Meter receives the Serial
Poll Enable bus command (SPE), it is no longer
allowed to clear the Status Byte. However, it can

Operation

add additional bits to the status byte if the bit has
been enabled and the condition occurs. When
addressed to talk (following SPE), the Noise Fig-
ure Meter sends the Status Byte message.

After the Status Byte message has been sent it will
be cleared if the Serial Poll Disable (SPD) bus
command is received, if the Abort message is
received, or if the Noise Figure Meter is unad-
dressed to talk. Nonvolatile error messages are
also cleared when the Status Bvte messageis sent.
Thus, some error messages which may have
caused the Require Service Message to be issued
disappear when a serial poll is performed. Refer to
the Error Messages and Recovery Detailed Oper-
ating Instruction for a listing of volatile and non-
volatile errors. Regardless of whether or not the
Status Byte message has been sent, the Status
Byte and any Require Service message pending
will be cleared if a Clear message is received.

3-31. Sending the Status Bit Message

The Noise Figure Meter does not respond to a
Parallel Poll Enable (PPE) bus command and thus
cannot send the Status Bit message.

3-32. Receiving the Abort Message

The Abort message is the means by which the
controller sets the Interface Clear (IFC) bus con-
trol line true. When the Abort messageisreceived,
the Noise Figure Meter becomes unaddressed and
stops talking or listening.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY o
‘Address: :

Selected and displayed on front panel using Special Function 44.0, Noise Figure Meter HP-IB Address.
Factory set to 8 decimal.

Numeric Data input Format: (Except in Voltmeter mode).®
+DDDDDE+NN

5-Digit Signed Mantissa _..:i—— IL Exponent Magnitude

{leading decimal not allowed) Exponert Sign
[ndicates Exponent Follows

Qutput Formats: (Except in Voltmeter mode).*

HP-IB code HG (43.0 8P): + DDDDDE: NNCRLF
HP-1B code H1 (43.1 8P): + DDDDDE+ NN, + DDDDDE=: NN, + DDDDDE= NNCRLF

Signed Mantissa I '
Indicates Exponent Follows

Exponant Sign
Exponent Magnitude

Carriage Return
Line Feed

Errors; +900DDE+OG6CRLFE

Error Code __._.—_]- 1 L Line Feed

Carriage Return

Reserved Number (used for the “— — — — special display or a blank display):
+90000E+06CRLF

Reiurn to Local:
Front panel LOCAL key if not locked out.

Status Byte:

Bi 8 7 6 5 4 3 2 1
Weight 128 64 32 16 8 4 2 1
Service RQS Bit [Instrument HP-IB |Calibration Data
Request 0 Require Error 0 0 Code Complete Ready
Eandition (always) Service {always) | (always) Error
Notes: 1. The condition indicated in bits 1, 2, 3 and 6 must be enabled to cause a Service Request by Special Function 44. Each
condition must be enabled separately.
2. The RQS bit {bit 7) is set true whenever any of the conditions of bits 1, 2, 3 or § are enabled and occurr,

Compiete HP-IB Capability (as described in IEEE Std 488-1978, and ANSI Std MC1.13:
SHI1, AHI, T5, 1.4, SR1, RL1, PP, DC1, DT1, C1, C3, C28, E1..

*For information on the Voltmeter mode refer to Section VI, Service.
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Table 3-8. MNoise Figure Meter HP-IB Code to Parameter Summary {1 of 2}

ﬂgﬁ;im Parameler Prg{?;zm Parameter
AC External LO Auxiliary Commands F7 Smoothing Factor = 128
AF Enable Smoothing Factor 8 Smoothing Factor = 256
Cutput to Oscilloscope F9 Smoothing Factor = 512
AD Noise Figure and Gain GL Gain Lower Limit (for Oscilloscope)
Al Test Pattern GU Gain Upper Limit (for Oscilloscope}
A2 Noise Figure Only Special Function Catalog
A3 Gain Only ‘ GO Scan Catalog Lines
A4 Plot Noise Figure (for X-Y Recorder) Gl Line 1 Statug
Ab Plot Gain (for X-Y Recorder) G2 Line 2 Status
Ag X Axisis Noise Figure and Y Axis is Gain G3 Line 3 Status
{Strip Chart Mode) G4 Line 4 Status
BO Double Sideband Gh Line 5 Status
B1 Lower Single Sideband G6 Line 6 Status
B2 Upper Single Sideband HZ Hz
CA CALIBRATE HP-IB Data Output
CC Cold Calibration (Manual Measurement) HO NOISE FIGURE Display Only
CH Hot Calibration (Manual Measurement) H1 Left, INSERTION GAIN, and NOISE
CSs Initialize Special Functions FIGURE Displays
Input Gain Calibration IC Calibrate IF Attenuators
Co +20, +10, and 0 dB IF IF (for Modes 1.1 and 1.3)
C1 +10, 0, and ~10 dB IH IF Attenuator Hold
C2 0, —10, and —20 IN INCREASE Smoothing
C3 —10, —20, and —30 dB IF Attenuation Selection
DB dB 10 Auto
GE DECREASE Smoothing I1 0dB
DN { (Step down) 12 5dB
Noise Source Temperature Units for Data 13 1048
Input i4 15dB
DO K i5 20 dB
31} °C 16 25 dB
D2 °R 17 30dB
EA Display and Enter Ext LO HP-1B Address I8 35 dB
EN ENTER External LO Programs
Measurement Modes Jo HP 83508 Sweep Oscillator
E¢ Mode 1.0 J2 HP 8672A Syn. Signal Generator
El Mode 1.1 43 HP 86738 Syn. Signal Generator
12 Mode 1.2 LA Loss Compensation before DUT
E3 Mode 1.3 LB Logs Compensation after DUT
E4 Mode 1.4 L¥ LO Freguency {for Modes 1.2 and 1.4)
FA START FREQ LI Go to Lower Left (for X-Y Recorder)
B STOP FREQ LT Temperature of Losses
FN FREQ INCE Lo Loss Compensation Off
FN FREQUENCY Ia Loss Compensation On
FO Smoothing Factor =1 MC Cold Manual Measurement
F1 Smoothing Factor = 2 MH Hot Manual Measurement
F2 Smoothing Factor = 4 MN External LO Minimum Frequency in MHz
¥3 Smoothing Factor = & MX External LO Maximum Frequency in MHz
F4 Smoothing Factor = 16 MZ MHz
F5 Smoothing Factor = 32 M1 UNCORRECTED NOISE FIGURE
F6 Smoothing Factor = 64 M2 CORRECTED NOISE FIGURE AND GAIN
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Table 3-8. Neise Figure Meter HP-IB Code to Parameter Summary (2 of 2}

Prggg;m Parameter Prgf&‘:m Parameter
NE Enter and Use ENR SE Display Current ENR
NL Noise Figure Lower Limit {for Oscilloscope) SI Display IF Attenuator Setting
NR Enter ENR Table SN Enter Noise Source Identifier
NU Noise Figure Upper Limit (for Oscilloscope) SP SPECIAL FUNCTION
Noise Figure Display Units 5Q SEQ
NO FdB SR Display RF Attenuator Setting
Ni K 88 STEP SIZE
N2 Y dB ST STORE
N3 Y S50 Use ENR Table
N4 Te K 51 Use Spot ENR
Power Measurements TC Teold
N5 SOURCE OGff (Uncal) TH Thot
N6 SOURCE On (Uncal} ™ External LO Settling Time
N7 SOURCE Off (Cal) Trigger Selection
N8 SOURCE On (Cal) TO Free Run
PR PRESET T Hold
PS External LO CW Prefix and Suffix T2 Execute
PO Normal Display (to return from display- up t (Step up}
ing manual measurement resuits) UR Go to Upper Right (for X-Y Recorder}
P1 Display Manual Measurement Results Vo Exponential Smoothing
Seguence Functions Vi1 Arithmetic Smoothing
QA Automatic WO Sweep off
QC Clear Wi AUTO Sweep
QM Manual W2 SINGLE Sweep
QS Set Display Resolution
Service Request X0 Maximum Resolution
Qo Disabie SRQ Capability X1 Less Resolution on Noise Figure
Q1 Enable Data Ready to Cause SRQ X2 Less Resolution on Gain
Q2 Enable Cal Complete to Cause SRQ Frequency Calibration
Q3 Enable HP-IB Code Error to Cause SRQ YO Automatie
Q6 Enable Instrument Error to cause SRQ Y1 Disable Frequency Cal
RC RECALL Y2 Perform 1 Frequency Cal
RH RF Attenuator Hold Individual RF Attenuator Selection
RF Attenuation Selection Z0 Select RF Thru Path
RO Auto Z1 Select 10 dB Pad No. I
Ri +20 dB Z2 Select 20 dB Input Amplifier
R2 +10dB 24 Select 10 dB Pad No. 2
R3 0dB 5 Select 10 dB Pad No. 3
R4 ~-10dB
R5 -20dB
R6 -304dB
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Tahle 3-G. Special Function to HP-IB Code {1 of 5)

Special Function HP-iB
Code Descriptien
Name Code* -
Initialize Special Functions 0.0 Cs Initializes many Special Functions
Measurement Mode Selection 1.0 KO Mode 1.0 (10—1500 MHz measurement;
1.1 E1l Mode 1.1 (fixed IF; variable freq. ext LO)
1.2 E2 Mode 1.2 (variable IF; fixed freq. ext LO; SSB}
1.3 K3 Mode 1.3 {fixed IF; variable freq. ext L.LO; mixer
is DUT)
1.4 E4 Mode 1.4 (variable IF; fixed freq. ext LO; mixer
is DUT)
Sideband Frequency Offset 2.0 BO Double Sideband (no offset)
2.1 B1 Lower Single Sideband (Fg,., < Fg)
2.2 B2 Upper Single Sideband (K, > Fr )
Enter IF and LO Frequencies 3.0 Ir IF {for Modes 1.1 and 1.3)
3.1 LF LO (for Modes 1.2 and 1.4}
Control Function Selection 4.0 none Normal Talker and Listener
4.1 none Enable Ext LO Control
4.2 none Taik Only
ENR and Ty, 54 Settings 5.0 S50 Use ENR Table
5.1 51 Use Spot ENR
5.2 SE Bisplay Current ENR in dB
5.3 NE Enter and Use Spot ENR
5.4 TH Enter and Use T
5.5 SN Enter Noise Source Identifier
Tepld Setting 6.0 TC Enter Too1a
Output to Oscilloscope 7.0 AD Noise Figure and Gain
7.1 Al Test Pattern
7.2 A2 Noise Figure Only
7.3 A3 Gain Only
Enter Oscilloscope Limits 8.1 NL Noise Figure Lower Limit
8.2 NU Noise Figure Upper Limit
8.3 GL Gain Lower Limit
8.4 QU Gain Upper Limit

*Most Special Functions can be programmed using either the code number followed by 8P or the HP-IBE Code.
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Table 3-9, Special Function to HP-1B Code (2 of 5)

Special Function HF-iB
— e Code Description
Kame Code™ |4 ¥
Power Measurements 9.1 SOURCE Off (uncal)
9,2 SOURCE On (uncal}
9.3 SOURCE Off (cal)
9.4 SOURCE On {cal)
Noise Figure Display Units 10.0 NO FdB
10.1 N1 F
10.2 N2 Y dB
10.3 N3 Y
10.4 N4 Te K
Select Noise Source Temperature 11.0 Do K
Units for Data Input 11.1 D1 o(!
11.2 D2 °F
Display Resolution 12.0 X0 Maximum Resclution
12.1 X1 1ess Resolution on Noise Figure
12.2 X2 Less Resolution on Gain
Smoothing (Averaging) 13.0 Vi Exponential Smoothing
13.1 V1 Arithmetic Smoothing
13.2 AF Smoothing Factor
Manual Measurement Functions 14.1 MC Cold Measurement (SOURCE-off)

14.2 MH Hot Measurement (SOURCE-on)
14.3 cC Cold Calibration (SOURCE-off}

14.4 CH Hot Calibration (SOURCE-on}

15.0 PO Display Current Measurement

15.1 Pl Display Manual Measurement Results
Recorder Functions 20.0 LL Go to Lower Left

21.0 UR Go to Upper Right

22.0 Ad Plot Noise Figure

23.0 Ab Plot Gain

24.0 AB X-AXIS Output is Noise Figure and Y-AXIS

Output is Gain (Strip Chart mode)

*Most Special Functions can be programmed using either the code number followed by SF or the HP-IB Code.
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Table 3-8. Special Funciion {c HP-IB Code (3 of 5}

Special Function HP-1B
Code Description
Name Code™
Trigger Selection 30,0 T0 Free Run
30.1 Tl Hold
30.2 T2 Execute
Frequency Calibration 31.0 YO Automatic
311 Y1 Disable Frequency Cal
31.2 Y2 Perform 1 Frequency Cal
Input Gain Calibration 32.0 Co +20, +10 and 0 dB
32.1 C1 +10, 0 and —10 dB
32.2 C2 0, —10 and —20 dB
32.3 C3 -10, ~20 and —30 dB
IF Attenuators Calibration 33.0 IC Calibrate IF Attenuators
Loss Compensation 34.0 1.0 Off
34.1 L1 On
34.2 LA Enter Loss before DUT in dB
34.3 LT Enter Temperature of Losses
34.4 LB Enter Loss after DUT in dB
Sequence Functions 35.0 QM Manual
351 QA Automatie
35.2 QS8 Set
35.3 QC Clear
HP-IB Addresses 40.0 none Display and Enter 8970A Address
40.1 EA Display and Enter Ext 1O Address
External LO Programs 41.0 Jo HF 83508 Sweep Oscillator
41.2 J2 HP 8672A Syn. Signal Generator
41.3 J3 HP 86738 Syn. Signal Generator
External LO Commands 42.0 AC Auxiliary Commands
42.1 Ps CW Prefix and Suffix
42.2 ™ Settling Time in ms
42.3 MN Minimum Frequency in MHz
42.4 MX Maximum Frequency in MHz
HP-IB Data Output Selection 43.0 Ho NOISE FIGURE Only
43.1 H1 Frequency (left display), INSERTION GAIN,
NOISE FIGURE
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Funetion to HP-IB Code [4 of 5] .

Special Function HP-1B
Code Bescription
Hame Code* |4 .
Service Request 44,0 Qo Disable SRQ) Capability {clears all enabled
conditions)
44,1 Q1 Enable Data Ready to cause an SRQ}
44,2 Q2 Emnable Cal Complete to cause an SRG
44.3 Q3 Enable HP-ID Code Error to cause an SRGQ
44.6 Q6 Enable Instrument Error to cause an SREQ
Special Function Catalog 50?0 GO Scan Special Function Catalog Lines
50.1 Gl Line 1 Status
50.2 G2 Line 2 Status
50.3 G3 Line 3 Status
b0.4 G4 Line 4 Status
50.5 G5 Line 5 Status
50.6 6 Line 6 Status
RF Attenuation Selection 60.0 RO Auto
60.1 RI +20 dB
60.2 R2 +10dB
60.3 R3 0dB
60.4 R4 ~10 dB
60.5 R5 20 dB
60.6 R6 ~30 dB
Display RF Attenuator Settings 61.0 SR Display R Attenuators
RF Attenuator Hold 62.0 RH RF Attenuators are held in the configuration that
exists when Special Function 62.0 is activated.
Individual RF Attenuator Selection 63.0 Z0 Select RF Thru Path
63.1 Z1 Select 10 dB Pad No. 1
63.2 22 Select 20 dB Input Amplifier
63.4 Z4 Select 10 dB Pad No. 2
63.5 Z5 Seleet 10 dB Pad No. 3
IF Attenuation Selection 706.0 Io Auto
70.1 [§| 0dB
70.2 I2 5dB
70.3 I3 10 dB

*Most Special Functions can be programmed using either the code number followed by 8P or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (5 of 5]

Operation

Special Functien

HP-B

Description
Name Code™
IF Attenuation Selection (cont'd) 70.4 14 15 4B
70.5 I5 20 dB
70.6 16 25 dB
70.7 I7 30 dB
70.8 I8 35 dB
Display IF Attenuator Settings 71.0 SI Display IF Attenuators
IF Attenuator Hold 72.0 IH IF Attenuators are held in the configuration that

exists when Special Function 72.0 is activated.

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

Table 3-10. Front Panel Keys fo HP-1B Code Summary

ront Panef Key I:}zd': Front Panet Key }[{:I:ajs

AUTO Wi PRESET PR
CALIBRATE CA RECALL RC
DECREASE DE SEQ 5Q
ENR NR SINGLE W2
ENTER EN SPECIAL FUNCTION sSP
FREQ INCR FN START FREQ FA

o DN STEP SIZE S8

i UP STOP FREQ FB
FREQUENCY FR STORE ST
INCREASE IN Sweep and Calibrate Off (must be used to WO
NOISE FIGURE (UNCORRECTED) M1 turn these functions off over the HP-IB)
NOISE FIGURE AND GAIN M2
{CORRECTED)
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Tabie 3-11.. Commonly Used Code Conversions

Hexa-

ASCII Binary Qctal | Daclmal | decimal
NUL 90 000 800 000 i} 0c
SOH 80 000 g0t 0ot 1 01
5TX 60 000 410 002 ? 02
ETX 00 000 011 003 3 03
EQT 09 000 100 004 4 04
ENQ 00 600 101 305 5 05
ACK 00 000 110 006 6 06
BEL 06 000 111 007 7 07
BS 00 801 000 010 8 08
HT 00 801 001 2R 9 09
LF 00 601010 012 16 CA
VT 00001011 013 11 0B
FF G0 601 100 014 12 oc
CR 40 001101 015 13 oD
S0 00 001 110 016 14 OE
Sl 00 001 111 017 15 OF
DLE 00 010 800 020 16 10
bC1 00 010 0G1 021 17 11
pe2 os oo e 022 18 12
bC3 00 010011 023 19 13
DC4 00 010 08 024 20 14
NAK | 00010101 025 pal 15
SYN 00 610 110 {26 22 16
£TB 00610113 027 23 17
CAN 00 611 000 030 24 18
EM 00 011 001 031 25 18
SUB 40011010 032 26 1A
ESC 00011011 033 a7 1B
FS 00 011 160 034 28 1C
GS 00 011 101 035 29 10
RS 00 011 110 036 30 1E
us 00 011 111 037 kY iF
Sp 00 100 000 040 32 20
! 04 100 001 041 33 21
" 04100 010 (42 34 22
# 00 100 011 (43 35 23
$ 00 1GG 100 044 36 24
% 00 106101 045 37 25
& 00 100 110 048 38 26
! 00 100 111 047 39 27
{ 30 101 0600 050 40 28
) 60 101 01 051 41 29
* 86 101 010 (52 42 2A
* 0G 101 041 353 43 28
00 101300 054 44 26
— 00 101 101 055 45 2D
) 00 101 110 056 48 2E
/ 00 101 111 057 47 2F
H 00 113 000 066 48 ki
1 00 116 001 061 43 3
2 00 113010 062 50 32
3 00 113 011 063 51 33
4 00 110100 064 52 kL
5 80 11011 065 53 35
8 o0 110 110 (66 54 36
7 0o 110 111 067 55 37
B 00 111000 070 56 38
9 00 111 001 G71 57 39
: 00 111010 072 58 3A
; 0o 1o 073 58 38
< 00 111100 074 60 3C
= 00 111101 078 61 3B
= 00 118110 078 62 3E
7 00 311111 077 63 3F

HP 8970A
Hexa-
ASCH Blnary Betal Decimal | dacimal

@ 01 000 000 00 64 40
A 01 600 001 101 65 41
B 01600 010 102 66 42
¢ 01600011 103 67 43
i} 01600 100 104 68 44
E 010600101 105 69 45
F 01600 10 106 76 48
G 01 000 111 107 71 47
H (1001 00C 110 72 48
i 61001 001 111 73 49
J {1001 010 112 74 4A
K 01001 011 13 75 4B
i 01001100 114 76 4C
M 01001101 115 77 4D
N 01001110 116 78 4E
0 01001111 17 79 4F
P 01 010 000 120 80 50
Q 01610 001 121 81 51
R 01610010 122 82 52
5 01610011 123 83 83
T 01810 100 124 84 54
U 01310 101 125 85 55
v 01910 410 126 86 56
W 01616 111 127 87 57
X 01011000 130 88 58
Y {1011 001 131 89 58
z 01011010 132 S0 SA
i 01011011 133 # 5B
5 01 011100 134 g2 5C
| 01011101 135 92 5D
~ 01011110 136 94 5E
— 01011 111 137 95 5F
N 01 100 000 140 96 60
a 01 100 001 141 97 81
b 01 100 010 142 98 62
[ 01100011 143 99 63
d 01100 100 144 100 64
& 01100 101 145 101 51
i 01100 110 146 102 66
g 01160111 147 103 67
h {1 11 000 150 104 68
i £1191 001 181 105 84
j 01101010 152 106 BA
K 01101 0114 153 107 68
| 01 101 100 154 108 8C
m 01101 11 155 108 80
n 01101 110 156 110 6E
o 01101111 157 111 BF
p 01110 000 180 112 70
] 01110 001 161 113 71
r 01 1040 162 114 72
s g1 110011 163 115 73
t 01110100 164 118 74
u 01 110101 165 117 78
v 01 110 110 166 118 78
w 0111011 167 119 77
X 01111000 170 120 78
y 01111001 17 121 79
z 01111010 172 122 TA
{ 0t 111 013 173 123 7B
01111100 174 124 70
0111110 175 125 7D

~ 01111110 176 126 TE
DFL 01 111 111 177 127 TF
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Description

Procedure

Example

Program
Codes

Indications

Operation

Calibrate

Pressing the CALIBRATE key initiates a calibration of the instrument and any equip-
ment that is currently connected to the INPUT. First a frequency calibration is per-
formed and then the noise figure 18 measured at each selected calibyation point. The
calibration data obtained is used to measure gain and to perform the “second stage
correction” computations needed to make a CORRECTED NOISE FIGURE AND GAIN
measurement. The calibration points are the START FREQ setting, the STOP FREQ
setting, and the frequency steps determined by the setting of STEP SIZE. Refer {6 the
Sweep Detailed Operating Instruction for additional infermation on these keys. During
calibration, each specified frequency in the selected r¥ange is calibrated at three input
gain settings as selected by Special Function 32. The default gain settirigs are +20, +10
and 0 dB. The calibration data is interpolated between the measured points when it is
used for a gain measurernent and second stage correction. Therefore, it is riot necessary
to calibrate at every frequency that is to be measured. However, the data is not extrapo-
lated. If a corrected measurement is attempted at a frequency less than the START
FREQ setting or more than the STOP FREQ setting of the calibration run, error code
E21 (Frequency Out of Calibrated Range) is displayed.

Specific calibration setups and procedures are contained in the Detailed Operating
Instructions for Measurement Modes 1.0 through 1.4.

Toinitiate a calibration sequence, press CALIBRATE. To terminate calibration beforeit
is complete, press CALIBRATE again. The CALIBRATE key toggles the calibration
function on and off. Pressing PRESET also terminates the calibration sequence.

Program Stored in {an Be Preset [and
_ Code Continuous Stored and HP-1B Clear)
Frani Fanel Key TSR, Mamory Recalled Conditions
CALIBRATE CA N N Off

Table categories are described in the Preset Conditions arid Power-Up Sequence Detailed Operating

Instruction,

To initiate calibration at the existing SWEEP function settiigs:

LOCAL o FUNGHON s
{keystrokes) &

CALIBRATE

CA

(program codes]

CA is the program code for the CALIBRATE key. The calibration sequence can not be
toggled on and off over the HP-IB. Instead, successive CA codes cause the calibration to
berestarted. To terminate calibration prior to completion, use the Sweep Stop command

(WO0).

The CALIBRATE LED lights and remains lit until the calibration is complete. Durmg
frequency calibration, the NOISE FIGURE display shows four dashes © —
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(cont’d)

Comments
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Calibrate (cont’d)

During second stage calibration, the left display indicates each tuned frequency and
the NOISE FIGURE display indicates the noise figure at that frequency. The fre-
quency range and step size are controled by the SWEEP keys.

When calibration is completed, the instrument resumes making the measurement that
was active when CALIBRATE was pressed. However, if the instrument was sweeping
(either in AUTO or SINGLE) it does not resume sweeping. Instead, it performs the
previously selected measurement at the frequency it was tuned to when CALIBRATE
was pressed.

The maximum number of frequency points that can be calibrated is 81 (thatis, approx-
imately 19 MHz steps for the full frequency range of 10 MHz to 1500 MHz).

During calibration, all of the front panel keys except LOCAL, PRESET, and CALI-
BRATE are disabled.

If LOCAL is pressed during calibration, the instrument returns to local control (if it
was in remote, and the Local Lockout command was not in effect). Calibration is not
interrupied by the LOCAL command.

Pressing PRESET or CALIBRATE terminates the calibration function. However,

PRESET also resets the entire instrument to a specified set of conditions (refer to the '

Preset Conditions and Power-Up Sequence Detailed Operating Instruction). If either of
these keys are pressed during the frequency calibration portion of the sequence (that is,
the NOISE FIGURE display is  — ~= = — " calibration is not terminated. These
commands cannot be used until the frequency calibration is completed.

The calibration data cannot be stored using the STORE key and itisnot retained when
theinstrument is turned off. Therefore, it is necessary to calibrate the instrument each
time power is turned on,

If smoothing (averaging) is used during calibration, the arithmetic averaging algo-
rithmis used. Refer to the Smoothing (Averaging) Detailed Operating Instruction fora
detailed discussion of the averaging technigues used by the instrument. Note that once
calibration is initiated, the SMOOTHING keys are disabled and the averaging factor
cannot be changed during the calibration sequence.

If an external controller is used to control both the Noise Figure Meter and the external
LO, the calibration sequence must be stepped using the HP-IB command T2 after the
LO has been moved to each new frequency. Once the HP-IB command for calibration
(CA) is issued, the T2 mnemonic for trigger execute must be used. The Noise Figure
Meter will ignore the alternate HP-IB code of 30.25P. Refer to the Trigger Selection
Detailed Operating Instruction for additional triggering information.

It is assumed that the triggered calibration is being performed as a part of the proce-
durein the Comments section of the Detailed Operating Instructions for Measurement
Modes 1.1 and 1.3. Step d of both these procedures requires a triggered calibration
sequence. Therefore, the preliminary steps such as selecting Special Function 4.0 will
have already been performed. The following general conditions must be observed when
using an external controller to perform a triggered calibration:

a. Remove the device under test (DUT) from the measurement system.

b. Set the Noise Figure Meter’s calibrate function on (HP-1B code is CA).
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Commenis
(cont’'d)

Related
Sections

Operaﬁion

Calibrate (cont’d)

c. Bet the external LO to the appropriate frequency. Refer to the L(OVs operating
manual for the required HP-IB codes. Allow sufficient settling time for the output of the
external LO to stabilize.

d. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.28P for it will be ignored.

e. To determine when to step to a new frequency, read the noise figure results. This
read operation cannot be completed until the new data is ready. Itis also possible to write
an SRQ interrupt routine on the Data Ready status bit. Refer to Enabling the Service
Reguest Condition, paragraph 3-29.

f. Continue to loop through steps ¢, d, and e. A method for determining when the
calibration is complete must be programmed into the external controller. One method is
to compare the frequency that is sent to the exernal LO with the stop frequency pro-
grammed into the Noise Figure Meter and terminate the program after the third mea-
surement in which they are equal. Itis also possible to write an SRQ interrupt routine on
the Calibration Complete SRQ. Refer to Enabling the Service Request Condition, para-
graph 3-29.

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. If any of these Special Functions
are inadvertently left active the calibration sequence will not cover the expected gain
range.

The calibration sequence always uses the 10 to 15600 MHz portion of the ENR table.

Any loss compensation entered by Special Function 34isignored during the calibration
sequence,

Calibration, Frequency

Calibration, Input Gain Selection

Measurement Modes 1.0 through 1.4 _

Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Sweep

Trigger Selection
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Calibration, Frequency
{Special Funtion 31}

Frequency Calibration is performed to ensure the accuracy of the displayed tuned
frequency. During frequency calibration, the instrument’s first local oscillator (the YIG
oscillator) is tuned to the first IF (2050 MHz). Since the first mixer is not perfectly
balanced, some of the first local oscillator power is fed through to the first IF. This
signal is mixed down to the third IF. It is then detected by a special narrow-band
detector (approximately 100 kHz wide).

The YIG oscillator is then stepped through the narrow-band detectors’s pass band
using a special fine tune digital-to-analog converter (DAC). When the peak output is
detected, the YIG oscillator is tuned to 2050 MHz (first IF). This IF corresponds to 0
MHz on the front-panel frequency display. The fine tune DAC is held at this value. This
correction valueis then used when the YIG oscillator is tuned in response to subsequent
tuning changes.

Frequency calibration is initiated by the following:

a. The LINE switch is pressed to apply power to the instrument.
b. Either the PRESET or the CALIBRATE key is pressed.

c. Special Function 31 is used to initiate and control frequency calibration.

Completion of Frequency Calibration does not set the CALIBRATION COMPLETE
bit of the HP-IB statue byte. That bit is used only for RF calibration.

Special Function 31 is defined as follows:

a. 31.0—Selects the automatic frequency calibration mode. In addition to the initial
frequency calibration described previously, a frequency calibration is automatically
initiated 15 minutes after power on, 30 minutes later, 1 hour later, 2 hours later, and
then every 2 hours until the instrumentis turned off or a different 31 Special IFunction is
entered. This mode is the default condition.

b. 81.1—Disables the frequency calibration. In this mode, frequency calibration is
still done if the PRESET or CALIBRATE keys are pressed. However, frequency cali-
bration is not initiated periodically as described int 31.0.

¢. 31.2-Initiatesa ffequency calibration immediately. After that frequency calibra-
tion, the operation returns to the mode active when 31.2 was entered. I£ 31.1 was active,
it remains active after the frequency calibration is done.

Frequency calibration is performed as a part of the PRESET and CALIBRATE func-
tions. In addition, the frequency calibration can be performed or disabled by keying in
the corresponding Special Function code and then pressing the SPECIALFUNCTION
key.
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Calibration Frequency (cont’d)
(Special Function 31)

Procedure
{cont'd)
o
L Z E, TE
EZ| 5 | Bw EBE |XTE
g% |88 |52 EZ |:E
. . = =
Speeial Function Program &g |E % wg =E =28
Code 2% |88 | 2= |28 | g%
- e N (=] =} = @
Description Code  HP-IB | SE | HE 88 5‘:'; £5
Automatic Frequency Calibration 31.0 | YOor31.08P N N On On
Disable Frequency Calibration 31.1 Y1 or 31.18P N Off Off
Perform One Frequency 31.2 Y2 or 31.25P N N N Off Off
Calibration
Table categories are explained in the Special Functions Detailed Operation Instruction.
Exampie To select the Disable Frequency Calibration Mode:
LOCAL Code e FUNCHTON w

(keystrokes) m m m m EE?E&[S%N

(program codes) v

Program For HP-IB codes, refer to Procedure above.
Codes

indications The INSERTION GAIN and NOISE FIGURE displays are not affected by 31.0 and 31.1.
If 31.2 is entered, the Noise Figure Display shows © — — — — " until the frequency
calibration is completed.

Related Calibrate
Sections Preset Conditions and Power-Up Sequence
Special Functions
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Calibration, IF Attenuators
(Special Function 33)

Special Function 33 1s used to calibrate the IF Attenuators. This calibration should be
performed approximately every six moenths or if there are wide changes in the ambient
temperature. The noise source MUST be connected to the instrument. The Noise Figure
Meter turns on the noise source and uses its own internal noise power detector to measure
each IF attenuator. This data is used to correct the gain readings during gain measure-
ment. After the IF attenuation calibration is completed, this data is stored in the
instrument’s continuous memory and is retained when power is removed. Completion of
IF calibration does not set the CALIBRATION COMPLETE bit of the HP-IB status
byte.

To calibrate the IF Attenuators, connect the noise source to the instrument’s INPUT
connector, enter 33.0, and then press SPECIAL FUNCTION.

~r »
e 8 -+ 5
_— i o = [ - .
8885 |z |Es it
= | 25 i =
Special Functien Pragram 'g'é _z* @ @ § "‘_;_; E :‘%3
Code bescripton | £ 8 | £5 | =5 |82 %%
Name Code SE  HE |SE | &= £5
IF Attenuators 33.0 iC Calibrate I¥ N Y N Off Off
Calibration Attenuators
Table categories are expiained in the Special Functions Detailed Operating Instruction.
LOCAL - Code - s FUNCEiON =
(keystrokes)
O 0C) (o],
(program codes) IC
The HP-IB code for IF Attenuator Calibration is IC (or 33.05P).
During ealibration, the NOISE FIGURE display shows four dashes “ — — — — " IF

Attenuator Calibration takes only a few seconds. If for any reason the IF Attenuator
Calibration is not successfully completed, error E13 (IF Attenuator Calibration failed) is
displayed,

Error code E26 is displayed if the IF Attenuator calibration data is not stored in the
continuous memory. Error £26 always occurs after an error E80 (continuous memory
failure). Therefore, an IF Attenuator cahbratlon must aiways be performed after an

' ‘he HP 346A will work only Wlfh the addltmn of approx1
imately 10 dB of gain between the Noise Scurce and the HP 8970A INPUT connector.

Error Messages and Recovery
Special Functions
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Description

Procedure

Example

Program
Codes

Comments

Related
Sections

Operation

Calibration, Input Gain Selection
(Special Function 32}

The gain setting for calibration can be selected using Special Function 32. Calibration is
performed from the start frequency to the stop frequency in steps of the specified step
gize. At each frequency, calibration is done at the three most sensitive RF attenuator
gain settings (thatis, -+20,+10, and 0 dB). These settings are the default value for Special
Function 32. Three other sets of gain settings can be selected using the spectal functions
shown below. Selection of the gain settings to be calibrated depends upon the specific
application. Selecting a calibration gain setting does not initiate a calibration sequence.

To select an alternate gain setting for calibration, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

. g £, |8

BT § E ?, - ] g = 2

gx| o8 82 | 58 2E

Special Function Program 55| E2 |28 | =8 | 85

aE| B8 | B B8 | o

Code =ze| g s | @y

P K] S = e ) o QO

Description Gode 4 ! Er  RE | S &S £

+20, +10, and 0 dB 32.0 C0 or 32.08P N N N On On

+10, 0, and ~10 dB 321 | Clor3218P Y N N Cff Off

0, ~10, and 20 dB 32.2 | C2Zor3228P Y N N Off Off

~10, —20, and -30 dB 323 | C3or32.38P Y N N Off Off
Table categories are explained in the Special Function Detailed Operation Instruction.
To select +10, 0 and ~10 dB as the gain settings for calibration:

LOGAL - Code - o ELNCH O s,
(keystrokes)
CEO O (o e

HP-B 2
fprogram codes)

For HP-IB codes, refer to Procedure above.

The gain settings, other than the default values, are used primarily when the instrument
is calibrated for use with a high gain device under test (DUT).

DUTs in the specified range of 20 to +40 dB can be measured using Special Function
32.0.

Calibrate
Special Functions
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Controller Capability of the Noise Figure Meter

Description

Procedure

Exampie

Indications

Comments

3-48

{Special Function 4)

The Noise Figure Meter can be used as a limited controller for an external device. This
capability is limited to acting as a controller for an external L.O or operating in the Talk
Only Mode (outputting data to a recording device). The Noise Figure Meter can also be
controlled by an external controller when Special Function 4.0 is active. Only one of the
three capabilities can be active at any one time,

If the Controller Mode is selected, one of the stored programs described in the Programs
Available To Control an External LO Detailed Operating Instruction can be selected.
Stored programs are available for the HP 8350A Sweep Oscillator and the HP 8672A
Synthesized Signal Generator. In addition to the stored programs, the capability to
modify and generate programs for unspecified local oscillators is available. Refer to the
Programming an External LO Detailed Operating Instruction for additicnal informa-

{ion.

To select an HP-IB control capability, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

Special Funciion Program
Code

Lighis Special
Function Key
Stored in Con-
tinuous Memory
{:an be Stored
and Recalled
Special Function
0.9 Conditions
Preset (and HP-IB
{iear) Conditions

{lescription Code

!
2
=z
)
2
aQ

Normal Talker and Listener Mode 4.0

Controller Mode (for External LO) 4.1 None

z =z =
=G
z
Z
!
Z
»!

Y N

Z
!
Z
!

Talk Only Mode 4.2 None

Table categories are explained in the Special Functions etailed Operation Instruction.

To select the Controller Mode (for an external LO).

LGCAL - Data - o FUNCH O s,

k
eystrokes D0 (o),

Cannot be selected via HP-IB

(pragram codes]

When Special Function 4.2 is active, the HP-1B TALK annunciator lights.

In the Talk Only Mode, the instrument continuously outputs data to a recording device
that is in the Listen Only Mode. The data cutput format and content is controlled by
Special Function 43. Refer to the HP-IB portion of this section for additional information
on this Spectal Function.
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Controller Capability of the Noise Figure Meter (cont’d)

{Special Function 4)

Comments In the Controller Mode, the instrument is used to control the frequency and level of the

{cont'd) external local oscillator. Note that the instrument does not have full controller capabil-
ity. For example, it cannot pass or receive control of the HP-IB. The instrument’s
controller capabilities are defined as C1, C3, and C28. These capabilities are explained in
the HP-IB portion of this section.

An external controller cannot be used when Special Function 4.1 or 4.2 is active.

The active function of Special Function 4 is not affected by PRESET, Special Function
0.0, or the LINE switch.

Related Programming an External LO

Sections Programs Available to Control an External LO
Special Functions
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Data Output to Oscilloscopes and Recorders

Description

Procedure

Example

(Special Functions 7, 8, and 20 through 24)

The Noise Figure Meter can output analog data to an oscilloscope, an X-Y recorder, or a
strip chart recorder. However, only one of these devices can be used at a time. Since the
setup procedures and operation are similar for all three devices, the operating
information for all are covered in this operating instruction.

Normally it is simpler to perform a setup procedure using the oscilloscope and then
switch to a recorder mode (or use an oscilloscope camera) if a permanent record is
required. In the example following the general procedure, this type of setup will be
shown.

To select one of the oscilloscope or recorder output functions, key in the corresponding
Special Funetion code and then press the SPECIAL FUNCTION key.

B ow
.= 8., | 75§
3| 58 Bw| BE =E
g¥| o8 82 58| 28
Special Furction Program @& EL | A8 | =8 38
Code 28 88| 2=z £&| 5%
. ——_— = = S = £ D ooy 23
Oescription Code 4 S BE| SE ES £S5
Gutput to Oscilloscope )
Noise Figure and Gain 7.0 A0 or 7.0SP N Y N On On
Test Pattern 7.1 Al or7.15P N Y N Off Off
Noise Figure Only 7.2 A2 or 7.25P N Y N Off Off
Gain Only 7.3 A3 or 7.38P N Y N Off Off
Enter Oscilloscops Limits
Noise Figure Lower Limit| 8.1 NL or 8.18P N Y Y NC 0
Noise Figure Upper Limit| 8.2 NU or 8.25P N Y Y NC 8
Gain Lower Limit 8.3 GL or 8.35P N Y Y NC 0
Gain Upper Limit 8.4 G1J or 8.45P N Y Y NC 40
Recorder Functions
Go to Lower Left 20.0 LE or 20.0S8P N N N Off Off
Go to Upper Right 21.0 UR or 21.08P N N N Off Off
Plot Noise Figure 22.0 Ad or 22.08P N Y N Off Off
Plot Gain 23.0 A5 or 23.08P N Y N Off Off
Strip Chart Mode 24.0 A6 or 24.08P N Y N Off Off
(X = Noise Figure;
Y = Gain)
Table categories are explained in the Special Functions Detailed Operating Instruction.

The following example shows how to set up the Noise Figure Meter to ouput a swept
CORRECTED NOISE FIGURE AND GAIN measurement result to an oscilloscope and
then to plot noise figure and gain results independently. It is assumed that the Noise Figure
Meter is already making this type of measurement in one of the Measurement Modes. It is
also assumed that the oscilloscope has A vs B (or X/Y) capability.
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Data Output to Oscilloscopes and Recorders (cont'd)
{Special Functions 7, 8, and 20 through 24)

Example Data Output to an Oscilloscope
{cont'd) a. Connect the X-AXIS, Y-AXIS, and Z-AXIS outputs on the rear panel of the Noise

Figure Meter to the A, B, and Z (or horizontal, vertical, and Z) inputs of the oscilloscope
as appropriate. Select the DC mode for all oscilloscope inputs.

b. To display the test pattern on the oscilloscope screen press 7. 1 SPECIAL FUNC-
TION (or send HP-IB code Al).

NOTE

In the following step, first adjust the position controls on the oscilloscope to
place the test pattern on the left side and the bottom. Then, adjust the gain
controls to position the right side and top.

c. Adjust the oscilloscope controls until the test pattern just fills the screen (touching
the outer lines on all four sides). See figure below. Verify that the diagonal lines cross
near the center of the screen.

Tast Pattern on Oscllloscope

NOTE

In the following steps it is assumed that the DUT has a noise figure range of
0.5 to 4 dB and a gain range of 0 to 25 dB over the specified frequency range.

d. To display the noise figure and gain traces on the oscilloscope screen, press 7. 0
SPECIAL FUNCTION (or send HP-1B code AQ).

e. To display the noise figure lower limit in the left display, press 8 . 1 SPECIAL
FUNCTION (or send HP-1B code NL). Ifthe left display shows the default value of 0.000
dB, continue with the next step. If the display shows a different value, press 0 and
ENTER (or send HP-IB codes 0EIN),

f. To display the noise figure upper limit in the left display, press 8 . 2 SPECIAL
FUNCTION {or send HP-IB code NU). The default value is 8.000 dB. To change the
upper limit to 4 dB, press 4 and ENTER (or send HP-IB codes 4EN).
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Data Output to Oscilloscopes and Recorders (cont’d)
(Special Functions 7, 8, and 20 through 24)

Example g. In asimilar manner, use Special Functions 8.3 and 8.4 (HP-IB codes GL and GU to
{cont'd) display and change the lower and upper limits of the gain trace. The default values of
0.000 and 40.00 are satisfactory for this example.

h. To display the corrected swept measurement, press CORRECTED NOISE FIG-
URE AND GAIN (or send HP-IB code M2).

i. For arepetitive swept measurement beginning at the start frequency, press START
FREQand then AUTO (or send HP-IB codes FAW1). Verify the display is similar to that
shown below,

Swept Measurement on Oscilloscope

NOTE

If desired, the intensity of the gain trace can be adjusted relative to the noise
figure trace. This can bedone by turning the GAIN TRACE adustment on the
rear panel of the Noise Figure Meter (see Figure 3-7).

j. Tostopthesweep press AUTO again (or send HP-1B code W0}. Note that a different
HP-IB codeis required to turn off the sweep since this function cannot be toggled over the
HP-IB.

NOTE

Step j completes the procedure for setting up the Noise Figure Meter for an
oscilloscope display. If a permanent record of the measurement results is
required, use an oscilloscope camera or perform the remaining steps, which
provide a typical procedure for plotting the data on an X-Y recorder.

Plotting Data on an X-Y Recorder

k. Connect the X-AXIS, Y-AXIS, and Z-AXIS outputs from the Noise Figure Meter to
the X, Y, and pen lift inputs of the X-Y recorder. Select DC mode on all recoder inputs.
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Operation

Data Output to Oscilloscopes and Recorders {(cont’'d)

Example
(cont'd)

Program
Codes

Commenis

Helated
Sections

{Special Functions 7, 8, and 20 through 24)

1. To adjustthelowerleft point on therecorder, press 20.0 SPECIALFUNCTION (or
send HP-IB code LL) and adjust the X and Y zero-set controls on the recorder.

m. Toadjust the upperright point ontherecorder, press 21 .0 SPECIALFUNCTION
{or send HP-IB code UR} and adjust the X and Y vernier controls on the recorder.

NOTE

The X-AXIS and Y-AXIS output voltages from the Noise Figure Meter vary
from 0 to 6V. Therefore, it may be necessary to adjust the recorder to accom-
modate this range of voltages.

n. Check both the upper and lower limits on the recorder and readjust as required.

o. Toplot asinglesweep of the noise figure results, press 22 . 0 SPECIAL FUNCTION
and then SINGLE (or send HP-IB codes A4W2). When the single sweep is complete, the
Notise Figure Meter remains tuned to the stop frequency.

p. To plot a single sweep of the gain results, press 23. 0 SPECIAL FUNCTION and
then SINGLE (or send HP-IB codes ABW2). When the single sweep is complete, the Noise
Figure Meter remains tuned to the stop frequency.

q. The plotted traces should be similar to the traces that were displayed on the
oscilloscope.

For HP-IB codes, refer to Procedure above.

For the oseilloscope and recorder modes, whatever is displayed in the NOISE FIGURE
display is treated as a noise figure trace. For example, if Special Function is active, the
power measurement information displayed is cutput to the oscilloscope or recorder as if
it were noise figure information. Noise figure is displayed in the units selected by Special
Function 10 and gain is displayed in dB.

Special Function 8 is used to set both noise figure and gain limits.

Special Function 24 selects the strip chart mode. This mode is useful in plotting noise
figure and gain versus time. For example, it can be used to plot noise figure versus
emitter current on an X-Y recorder or fo drive an external meter. The X-AXIS output is
the noise figure information and the Y-AXIS output is the gain information.

Display Units Selection

Measurement Modes 1.0 through 1.4
Special Functions
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Display Resolution

{Special Function 12)
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The Noise Figure Meter can vary the resolution of the INSERTION GAIN and NOISE

FIGURE displays.

The table below shows the maximum resolution (to the right of the decimal point)
allowed by Special Function 12.

12.08P Maximum 12.18P Less Resolution | 12.2SP Less Resolution
Display Resniution on NOISE FIGURE ont GAIN
NOISE FIGURE
FdB dd.dd dd.d
F d.ddd d.dd
YdB dd.dd dd.d
Y d.ddd d.dd
TeK ddd.d ddd
INSERTION GAIN
dB dd.dd dd.d
Procedure To select the desired display resolution, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.
= mo@a
-l e |s |Sw |25
28 cSE | 2w ©E | xTE
B o a2 = =5
l:% o = = o © é: i =5
Special Function Program @ g | 58 @ ;:-‘3 - B -E- o
Cole | 55 E5 5= 85 | 88
Description Code ’ dk | HE SE | &c | £8
Maximum resolution for both INSERTION 12.0 | X0 or 12.08P Y N On On
GAIN and NOISE FIGURE displays
{.ess resolution on NOISE FIGURE display 121 Xlori21 8P N Y N Off Off
Less resolution on INSERTION GAIN display| 122 | X2or 12.25FP N Y N Off Off
Table categories are explained in the Special Functions Detailed Operating Instruction.

3-54



HP 8970A

Example

Program
Codes

Indications

Commentis

Related
Sections

Operation

Display Resolution (cont’'d)
{Special Function 12)

To have less resolution in the NOISE FIGURE display:

LBCAL - Code "~ == FUnction me.,
fkeystrokes}
DEOO (e
L HP-18

) 1
fprogram codes)

For HP-IB program codes, refer to Procedure above.

The NOISE FIGURE and INSERTION GAIN displays reflect the resolution corres-
ponding to the selected Special Function.

Special Function 12 also affects the resolution of the HP-IB output. The HP-1B output
always has one digit more of resolution than the front panel displays.

Display Units Selection
Special Functions
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Display Units Selection
{Special Function 10)

Noise measurements can he output in the following display units:
a. noise figure in dB (I dB)
bh. noise figure as a ratio (F)
c. Y factor in dB (Y dB)
d. Y factor as a ratio (Y)
e. equivalent input noise temperature in kelvins (Te K}

To select a NOISE FIGURE display unit, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

T §.| FE
B3| EB Bw | SE| %S
g¥| @2 52 S5 | &
Special Functien Program wE| EL, | » § ol ..5; S
&8 B2 Bx s e e
Code =2 22 SO | g
- B S = = D ey 28
Bescription Code - i wi. | 25 | SE| &s | £5
FdB 10.0 NO or 10.0SP N Y Y On On
F 101 N1or 10.1SP N Y Y Off Off
Y dB 10.2 N2 or 10.28P N Y Y Off Off
Y 10.3 N3 or 10.38P N Y Y Off Off
TeK 104 N4 or 10.4SP N Y Y Off Gff
Table format is explained in the Special Functions Detailed Operating Instructions.
To have measured noise displayed as Y factor-in dB:
LOCAL P Code _y Function
fkeystrokes) (
CO IGO0 ],

(program codes) N2

For HP-IB program codes, refer to Procedure above.

The selected display unit appears on the right side of the NOISE FIGURE display.
Special Function 10 has no effect on the INSERTION GAIN display.

32 dB is the maximum value that can be displayed in units of F dB. Readings above this
value cause the NOISE FIGURE display to show two dashes ¢ -~ — . The smoothed
number is the value that is checked against 32 dB. Therefore, if the display is flashing
between approximately 30 dB and “ — — 7, increasing the smoothing may provide a
stable display if the noise figure is less than 32 dE.

The maximum value allowable for Te K is 999K (noise figure of 15.5 dB).
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Display Units Selection (cont'd)

{Special Function 10)

Commentis The maximum value allowable for F is 9999 (noise figure of approximately 40 dB).
{cont'd)
Equations for the display units are as follows:

R noise power added by DUT + noise power out due to source
noise power out due to source

(when the source is at 280K)
F(dB)=10log F

_ power measured with noise source On
power measured with noise source Off

Y(dB)=10log Y

Te = Lhot ~ Y X Teold

Y-~1
where: T, 5t 18 the equivalent temperature of the noise source when it is On
and
Tcold 18 the equivalent temperature of the noise source when it is Off.
Related Display Resolution
Sections Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Smoothing

Special Functions
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ENR Table Entry

The ENR key allows display and entry of the noise source’s calibration factors. This
information is used to improve the accuracy of the noise figure and gain calculations
made by the Noise Figure Meter. The information entered is the actual Excess Noise
Ratio (ENR} value at the specified frequency. All ENR noise sources have this cali-
bration information available. In the case of the HP 346A, B and C Noise Sources, a
separate printout is supplied, and a graph or table is printed on its side showing the
ENR versus Frequency data. The frequency points shown on the printout and graph
are the default frequency values displayed when the table is entered. The ENR table
can hold a maximum of 27 frequency points. The valid frequency range for entries is
from 10 MHz to 60 GHz. The valid power range for the ENR entries is from ~—6 to +17
dB,

Exampie of Printout of ENR versus Frequency Data

o 0 OO RE%)
5,0

0

Example of ENR Versus Freguency Data on HP 3468 Noise Source

The instrument uses the noise source’s calibration information starting at the first
stored pair {frequency and ENR) and uses subsequent pairs until a lower frequency entry
is encountered. When power is initially applied to the instrument, the ENR table con-
tains the default value of 15,20 dB at all frequency points. After an ENR tableis entered
for a specific noise source, this information is retained in the continuous memory and
need not be re-entered each time power is turned off and on.
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Procedure

Operation

ENR Table Entry (cont’d)

To enter a specific set of values into the ENR table perform the following steps:

NOTE

Entering the ENR table values is simply a matter of pressing the ENR key
and entering the required data. The flashing annunciators indicate the type
of data required. The following detailed procedure is only necessary if thisis
the first time the procedure has been performed.

a. Press the ENR key and verify that the MHz indicator in the left display is
flashing.

NOTE

If an error is made while entering numeric data and the error is noted before
ENTER is pressed the entry can be cleared by pressing the UNCORRECTED
NOISE FIGURE key. However, once ENTER is pressed, the number cannot
readily be changed. Therefore, be very careful when making entries. If an
incorrect entry is made and ENTER has been pressed, two possible recovery
procedures are recommended:

1. Ifitis early in the entry procedure, press FREQUENCY to terminate the
ENR table entry mode and start over.

2. Ifseveralentries have been made, ignore the incorrect input and continue
with the entry procedure. After all entries have been made, use the ENTER
key to sequence to the incorrect entry and make the required change. Step h.
explains the use of ENTER for this purpose.

b. The frequency displayed is either the first calibrated frequency for the HP 346B
(default value) or the last entered frequency for this point. If this is the frequency at
which ENR calibration data is to be entered, just press ENTER. To change the fre-
guency, use the numeric keyboard to enter the desired value in MHz. Note that all
frequency entries must be made in MHz. If a non-interger value is entered, the instru-
ment converts the number to the nearest MHz.

¢. After ENTER is pressed for the frequency entry, verify that the MHz indicator is
on and not flashing and the indicated frequency value is correct. Verify the dB indica-
tor in the INSERTION GAIN display is flashing.

d. The dB value displayed is either the default value (15.20 dB) or the last entered
value for this point. If this is the value to be entered, just press ENTER. To change this
value, use the numeric keyboard to enter the new value and then press ENTER. Up to
two significant digits after the decimal point can be entered.

e. After ENTER is pressed for the dB value entry, verify that the dB indicator is on

. and not flashing and that the indicated dB value is correct. Verify the MHz indicator is

flashing.

f. Repeat steps a through e until all of the required calibration information is
entered,

NOTE

Ifless than a full table is entered, the frequency following the last entry to be
used must be lower than that entry. When the ENR table is used by the
instrument, only the values that are in ascending frequency order are used.
The first descending frequency value terminates the table.
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ENR Table Entry (cont’d)

g. After all required entries are complete, press FREQUENCY. The instrument exits
the ENR table entry mode and returns to the measurement that was active when the
ENR key was pressed.

h. Press the ENR key to reinitiate the ENR table entry mode. Verify that the calibra-
tion data is correct by pressing the ENTER key to cycle through the ENR table. Each
time the ENTER key is pressed, the table is alternately stepped to the following fre-
guency or dB pointin the table. Holding the ENTER key down causes thetable entries to
be automatically displayed in sequential order, With the ENTER key held down, each
frequency and dB entry is displayed for approximately one second. Releasing the key
stops the table at the displayed point. If required, changes can be made to the displayed
data. Note that the displays cannot be sequenced back. Therefore, if a known error
exists, release the ENTER key one or two entries prior to the one that must be changed.
Then, single step the table using the ENTER key until the incorrect information is
displayed. Make the necessary correction and then check the rest of the table as
explained previously.

The HP«i{B code to enable ENR table entry is NR.

The ENR table is used during both UNCORRECTED NOISE FIGURE measurements
and CORRECTED NOISE FIGURE AND GAIN measurements.

The specific ENR vs. frequency data thatis used is determined by the stimulus frequency
and the measurement mode that has been selected. Refer to Measurement Modes 1.0
through 1.4 Detailed Operating Instructions for additional information.

PRESET has no effect on data stored in the ENR table.

Measurement Modes 1.0 through 1.4
Spot ENR, Ty, and Teg1d
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Error Messages and Recovery

The instrument generates error messages to indicate operating problems, incorrect
keyboard entries, or service-related problems. The error message is cleared when the
error condition is removed. The error messages are grouped by error code as follows:

Error 10 through Error 49. These are operating and entry errors which indicate that
not all conditions have been met to assure a calibrated measurement, or that an
invalid keyvhoard or HP-IB entry has been made. Operating errors can usually be
cleared by using the front panel controls, changing the eguipment setup, or correct-
ing the HP-IB code. Entry errors require that a new keyboard entry or function
selection be made. A number of errors in this group may represent instrument mal-
functions. The operator should try to clear the error condition using the corrective
actions shown in the table below before referring the unit for service.

Error 50 through Error 80. These are service errors which provide service-related
information. Service errors are discussed in the Service Section (VIII).

Errors may also be classified as volatile or nonvolatile.

Nonvolatile errors typically occur when the instrument has received conflicting
commands from the operator. The instrument stops making measurements and
waits for the conflict to be resolved by the operator. An example of this type of con-
flict is selecting a corrected measurement when a calibration has not been per
formed. All hardware errors are also nonvolatile.

Volatile errors typically represent invalid entries of either frequency, special func-
tion codes, numerical data, or HP-IB characters. Volatile errors are cleared when a
front panel key is pressed or when a serial poll is performed over the HP-IB. Unlike
nonvolatile errors, after a serial poll has been performed, it is not possible to deter-
mine the error code of a volatile error that may have generated the Require Service
message. Upon clearing a volatile error, the invalid entry is ignored by the instru-
ment and measurements resume as if the entry was never received.

The HP-IB cutput format for errors is: +900DDE+06CRLF

Fixed Data j ] ! _[._Line Feed

Error Code Carriage Return
Fixed Exponent

For example, Error 10 is output to the HP-IB as +90010E+06CRLE. This format
differs from normal data outputs since normal data outputs will never exceed 1 x
105. Once an error has been input to the computing controller, the error code is
simply derived by subtracting 9 x 1019 from the input number, and then dividing the
result by 1 000 000,

There are three types of error displays. All three use the format shown above to cut-
put the error message to the HP-IB. The following examples illustrate each type:

The display above shows the general error display format. E means error while the
number is the error code.
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Error Messages and Recovery (cont’d)

This display indicates that a measurement overflow has occurred or that the measured
noise figure exceeds 32 dB. This display is output to the HP-IB as E99 using the HP-IB
output format above.

The display above indicates that the data is not ready. For example, this display occurs
during afrequency calibration of the instrument. This display is output to the HP-IB as a
special reserved number (90000E-+06CRLI).

The table below describes all operating and entry errors. The error code, message, and
the action typically required to remove the error-causing condition are given. Additional
information pertaining to particular errors is also given.

Error
Code

Valatile (V) or
Nonvaoiatile (NV)

Massage

Recommended Action/Comments

kardware Errer

General Remedy: Press PRESET and check that input signal is within the specified ampli-
tude and frequency range.

10

11

12

13

14

18

NV

NV

NV

NV

NV

NV

A/D conversion
failed.

A/D converter
overflow.

Input overflow.

TF attenuator
calibration
failed.

Proper IF or RF
attenuators can-
not be selected.

Frequency cali-
bration failed.

Refer to Service-Related Errors in Seetion VIII,
Service.

Set IF and RF attenuators to autorange (Special
Functions 70.0 and 60.0), If error persists, refer to
Service-Related Errors in Section VIII, Service.
Also check for proper operation of the Noise Source.

Set RF attenuators to autorange (Special Function
60.0). If error persists, refer to Service-Related
Errors in Section VII, Service.

Check that IF attenuator calibration (Special Fune-
tion 33.0) was properly executed by operator. If error

persists, refer to Service-Related Errors in Section
VIII, Service,

Refer to Service-Related Errors in Section VIII,

Service.

Refer to Service-Related Errors in Section VIII,
Service.
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Error Messages and Recovery (cont’d)

Error
Messages
{conft'd)

Error
Code

Yolatile (V) or
Nonvolatile (KW

Message

Recommended Action/Coemments

Not Properly Calibrated For Corrected Measurement

General Remedy: Repeat calibration.

20

21

22

23

24

26

27

NV

NV

NV

NV

NV

NV

NV

NV

Not calibrated.

Current frequency is out of
calibrated range.

Current RF attenuation
not calibrated.

Not calibrated in the current
measurement and sideband
modes.

Not calibrated for the current
IF (Measurement Modes 1.1
and 1.3).

Not calibrated for the current

LG frequency {Measurement
Mode 1.2).

Internal IF attenuators not
calibrated.

Overflow while calibrating.

Perform calibration prior to selecting
CORRECTED NOISE FIGURE AND
GAIN measurement.

Select frequency within calibrated
range or calibrate over a new fre-
quency range.

Select appropriate input gain calibra-
fion range (Special Function 32).

Perform calibration in current meas-
urement and sideband modes.

Perform calibration. (Changing the
IF requires recalibration.)

Perform calibration. (Changing the
1.0 frequency requires recalibration)

Perform IF attenuator calibration
{Special Function 33.0). Refer to the
Calibration, IF Attenuators Detailed
Operating Instruction.

Too much loss in calibration system.
Check input gain calibration setting
(Special Function 32). Check for proper
Noise Source operation. Refer to
comments.,

Invalid Frequency Error

Gieneral Remedy: Change frequency parameter and repeat measurement.

30

31

v

Start frequency is greater
than stop frequency during
calibration or plot. Or, the
lower limit is greater than the
upper limit (neise or gain) dur-
ing sweep.

Number of calibration points
exceeds 81.

Set start frequency (or lower limit) to
a value less than the stop frequency
{or upper limit).

Reduce the number of calibration
points. {(Reduce calibration range or
inecrease step size.)
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Error Messages and Recovery (cont’d)

Error Error | Volatile V) or
Messages Code | Nonvolatile (NV Message Recommended Action/Comments
(contd) ode | Nonvolatile (NV)

Invalid Frequency Error [cont'd)

32 vV LO frequency will be out Change IF, START FREQ),
range. STOP FREQ, or sideband
selection go that LO does not
tune through 0 MHz.
33 Vv IF will be out of range. Change START FREQ, STOP

FREQ, or LO frequency so that the
difference between the LO frequency
and the start or stop frequency is
greater than 10 MHz and less than

1500 MHz.
34 NV Double sideband is not Use single sideband (Special
allowed in Measurement Function 2.1 or 2.2) with Meas-
Mode 1.2 urement Mode 1.2.

Entry Error

General Remedy: Check and repeat entry.

35 Vv Entered value is out of range. Re-enter new value.

36 V Undefined special function. Check, then re-enter correct special
function code,

37 vV Cannot enter specified Select proper function that
parameter. allows entry of this parameter.

HP-IB Errors

General Remedy: Check and repeat entry,

40 \% Undefined HP-IB.code. Check, then re-enter correct
: HP-IB code.
41 Vv Invalid HP-IB characters. Check, then re-enter valid HP-IB
characters.

42 NV No external 1O is connected Connect an external LO or select
when in controller mode another control function (Special
(4.1SP. Funection 4).

43 A% Codes received while in Talk Only send codes when the
Only Mode (4.25P). ingstrument is addressed to listen.
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Error Messages and Recovery (cont’d)
Error | Volatile [V) or .
Code | Nonvolatile (NV] Message Recommended Action/Comments
Service Errors
50- NV Service-related errors. Refer to Service-Related Eryrors
79 in Section VIII, Service.
80 NV Continuous memory failure. Refer to Comments below,

Error code E27 usually occurs because the noise figure of the measurement system istoo
high during the calibration of the third input gain setting. Consider the error code as
only a warning, and that the ability of the instrument to make valid measurements is
most likely not impaired. But, if error code E22 occurs during the actual measurement, do
one of the following:

1. Decrease the instrument’s smoothing factor and try to recalibrate.

2. The DUT probably has 30 dB or more of gain, causing the Noise Figure Meter to use
the attenuator setting of the third calibration setting. Attach a 10 dB attenuator to
the output of the DUT and use special functions 34.3, 34.4, and 34.1 to correct for the
loss.

3. Add a preamp to the measurement system and recalibrate,

Error code E80 indicates a continuous memory failure, The instrument may not retain
data when powered down. However, the ability of the instrument to make valid mea-
surements may not be impaired. If E80 occurs, press PRESET and proceed. The occur-
rence of 80 implies that stored information such as the IF attenuator calibration was
notretained. Therefore, error code E26 will appear. Perform an IF attenuator calibration
(refer to the Calibration, [F Attenuators Detailed Operating Instruction). If K80 persists,
service should be performed on the internal battery and related circuits. Refer to Service-
Related Errors in Section VIII, Service.

Calibrate

Calibration, IF Attenuators
Calibration, Input Gain Selection
IF Attenuation Selection
Measurement Modes 1.1 through 1.4
Remote Operation, HP-1B

RF Attenuation Selection
Service-Related Errors, Section VIII
Special Functions
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Fixed Frequency Increment

The tuned frequency of the instrument can be changed by using a combination of the
FREQINCR, 4% and % keys. The FREQ INCR key is used to set the fixed increment
size. The 4i¢ and WP keys step the fixed frequency up or down by the value of the
current frequency increment. These keys provide a convenient method of controlling the
fixed frequency of the instrument for applications such as locating the minimum noise
figure of an amplifier.

The allowable range of values for a frequency increment is 1 to 1490 MHz for
Measurement Modes 1.0 and 1.4, and 1 MHz to 60 GHz for Measurement Modes 1.1, 1.2,
and 1.3. If an attempt is made to enter an illegal frequency increment, error code E35 is
displayed and the entry is not made,

To change the size of the frequency increment, press the FREQ INCR key, enter a value
for frequency in MHz, and then press the ENTER key.

Use i+ or 9P to step the frequency up or down by the current frequency increment.

Program Stored in Can be Presst
Cede Continuous | Stored and | fand HP-1B Clear]
Front Panel Key Memory | Recalled Conditions
FREQ INCR FN Y Y 20 MHz
= Up — _ _—
. DN —_ —_ —

Table categories are explained in the Preset Conditions and Power-Up Sequence
Detailed Operating Instruction.

To set the frequency increment to 50 MHz:

oz )13 e, Function

[m%guﬂw\r) [ 5 ] { o ]

FN50MZ
Code J T T—-——- Function

Data

Function

.OCAL
[keystrokes]

{program codes)

To decrease the tuned frequency by the current frequency increment:

Function

LOCAL

{keystrokes)

DN
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Fixed Frequency Increment (cont’d)

Holding either the 4 or 4 key down causes the frequency to step continuously.
However, the frequency is slower to change when stepped downward,

In addition to the HP-IB program codes given in Procedure above, HZ and MZ are the
program codes for Hz and MHz, respectively.

The currently programmed frequency increment is displayed in the left display for as
long as the FREQ INCR key is depressed. After FREQ INCR is pressed, the new
frequency increment data can be entered. This data is displayed in the left display unti]
the ENTER key is pressed. The function is then implemented and the instrumentreturns
to the last selected measurement.

When either - or 4 is pressed, the tuned frequency is changed in the selected
direction. The new tuned frequency is displayed in the left display and the instrument
continues with the selected measurement.

Front panel frequency increment values should be entered in integer MHz units. If a
decimal MHz entry is made, the instrument rounds the entry to the nearest integer (0.5
MHz and above is rounded up). '

The Hz unit, provided for HP-IB, is for programmer convenience, The instrument rounds
all HP-IB tuned frequency inputs to the nearest MHz.

If 4 or 4g-is pressed rapidly in succession, the left display updates the frequency each
time the key is pressed. The noise measurement may be delayed { — — — — will appear
in the NOISE FIGURE display), especially if smocthing is used.

Fixed Frequency Tuning

Measurement Modes 1.0 through 1.4
Preset Conditions and Power-Up Sequence
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Fixed Frequency Tuning

The FREQUENCY key is used to display the frequency to which the instrument is tuned
and to enter a new fixed frequency value. The allowable frequency range is 10 to 1510
MHz in Measurement Modes 1.0 and 1.4, and 1 MHz to 60 GHz in Measurement Modes
1.1,1.2, and 1.3,

The tuned fixed frequency of the instrument can also be changed by using a combination
of the FREQ INCR key to set the increment size, and the 4 and 4 keys to step the
fixed frequency in the selected direction.

The FREQUENCY key acts as a “clear entry” key. It clears entries in progress, returns
the instrument to the last selected measurement with the left display showing the
current tuned frequency, and halts the sweep if it is in progress.

To display the current tuned frequency and enter a new tuned frequency, press FRE-
QUENCY, enter the value of the new frequency in MHz, and press ENTER.

Program | Stored in Can be Praset
Cods Bontinuous | Stored and | [and HP-1B Clear}
Front Panel Key Qalal=® | Memory | Recalled Cenditions
FREQUENCY FR Y Y 30 MHz

Table categories are explained in the Preset Conditions and Power-Up Sequence
Detailed Operating Instruction.

To tune the instrument to a new frequency of 100 MHz:

LOCAL Function P Data - Function
{keystrokes) (mmmuﬂ [ p } [ 5 J ( o }
; EF_%?OOB_/_}_;
{program godes) Code D—al:a Function

The HP-IB program code for FREQUENCY is FR. The program codes for Hz and MHz
are HZ and MZ.

Pressing the FREQUENCY key clears an incomplete entry, displays the current tuned
frequency, and enables the entry of a new tuned frequency. As the entry numbers are
pressed, the specific numbers appear in the left display. When ENTER is pressed, the
instrument is tuned to the specified frequency and theinstrument continues to make the
the last selected measurement.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and above
is rounded up).
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Fixed Frequency Tuning (cont’d)

Comments The Hz unit, provided for HP-1B, is for programmer conventience. The instrument rounds
{cont'd) all HP-1B tuned frequency inputs to the nearest MHz,

If no other prefix key has been pressed, any digits entered followed by ENTER will be
interpreted as if the FREQUENCY key were the prefix.

Related Fixed Frequency Increment
Sections Measurement Modes 1.0 through 1.4
Preset Conditions and Power-Up Sequence
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Fixed IF or LO Frequency Selection

(Special Function 3)

Special Function 3 displays and allows entry of the fixed IF and L.LO frequencies for the
external mixer measurement modes.

Special Function 3.0 is used to display and enter the fixed I¥F for Measurement Modes 1.1
and 1.3. Ifno entry is made, the Noise Figure Meter uses the last entered value. The fixed
IF value is ignored when the instrument is operated in Measurement Modes 1.0, 1.2,0r
1.4. The allowable range of values for IF entries is 10 to 1510 MHz.

Special Function 3.1 is used to display and enter the fixed LO frequency for Measure-
ment Modes 1.2 and 1.4. If no entry is made, the Noise Figure Meter uses the last entered
value. If the instrument is operated in Measurement Modes 1.0, 1.1, or 1.3, the fixed LO

frequency is ignored. The allowable range of values for LO frequency entries is 0 to 60 .
GHz.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and above
are rounded up), '

Toselect a fixed IF or LO frequency, key in the corresponding Special Function code and
then press the SPECIAL FUNCTION key. Next, enter the appropriate value using the
DATA keys and press ENTER.

e [

. B 2 - 5

T3 §2 | Bw BE E:2

8 wa | 52 55 | o g

\ , £ pE | W | MF E &

Special Functien Program Ll og |l ad WE | =0

8L 88 |2 88 | g%

Cade L] by = 20 ]

; ‘ s 8 =g | 8o g8

ilascription Code L HP-1R wihe | a8 O& | e |40

Fixed IF 3.0 IF or 3.08P N Y Y NC 30
{for modes 1.1 and 1.3) MHz
Fixed 1.0 Frequency 3.1 LF or 3.15P N Y Y NC {10000
{for modes 1.2 and 1.4) MHEz

Table categories are explained in the Special Functions Detailed Operating Instruction.
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Fixed IF or LO Frequency Selection (cont’d)

{Special Function 3)

Exampie To select a fixed IF of 70 MHz:

LOCAL - Code - Function s D21 e, Function

et | GGG (o),
IF70MZ

- TTT ‘
{program codes) Function D;Ea Function

Program The HP-IB codes for Hz and MHz are HZ and MZ, respectively. For Special Function 3
program codes, refer to Procedure.

indications When Special Function 3.0 or 3.1 is selected, the left display shows the carrent IF or L.O
frequency. When a new frequency value is entered, it appears in the left display only for
as long as the ENTER key is depressed. When the ENTER key is released, the left
display returns to the display that was present when the special function was entered.

Comments Iferror code E321s displayed when attempting to enter a fixed LO frequency, the entered
frequency is outside therange specified for the external 1O, If the entered frequency was
incorrect, re-enter the correct frequency. If the external LO frequencies are incorrect,
they can be changed using either Special Function 42.3 or 42.4 (refer to the Programming
an External LO Detailed Operating Instruction).

The Hz unit, provided for HP-IB, is for programmer convenience, The instrument rounds
all HP-1B tuned frequency inputs to the nearest MHz.

Related Error Messages and Recovery

Sections Measurement Modes 1.1 through 1.4
Programming an External O
Special Functions
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HP-IB Addresses

Noise Figure Meter and External LO
(Special Function 40)

The Noise Figure Meter has two HP-IB addresses. Oneis the address of the Noise Figure
Meter when it is being used over the HP-IB. The second is the HP-IB address of an
external local oscillator (LO) for use when the LO is being controlled by the Noise Figure
Meter (thatis, Special Function 4.1 is active and Measurement Mode 1.1,1.2, 1.3, or 1.41s
selected),

The HP-IB addresses for the Noise Figure Meter and an external LO can be displayed
and changed by Special Function 40. The selected address is displayed in decimal in the
left display. The decimal value of the factory set addresses are:

a. Noise Figure Meter = 8
b. External LO =19

A list of allowable addresses for the Noise Figure Meter and an external 1.O is given
below.

ASCHl Address Codes Degimal

Equivalents

LISTEN TALK

SP @ 00

! A 01

” B 02

# C 03
04
05
06
07
08
09
10
11
12
i3
i4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

S 0D = @ T b QO DD P D T

VolE A e e

YN R EAOR N ROVOZB DR NI QT E D
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Procedure

Example

Program
Codes
y HP-1B _

Indications

Comments

Related
Sections

Operation

HP-IB Addresses (cont'd)

Noise Figure Meter and External LO
{Special Function 40)

To display the current HP-IB address of either the the Noise Figure Meter or an external
LO, key in the corresponding Special Function code and then press the SPECIAL
FUNCTION key.

To change an HP-IB address, first display the current address. Then, enter a decimal
number frem 0 to 30 for the new address and press the ENTER key.

B E,. 158
T3 | EE| Bw | BE |2
§¥ | @2 | 52 | SE|=we
Special Function Program &5 | ES @8 uwE &8
2% | B8 | 82 | B8 | %%
n = = n O
Descripion Code 25| 88 S = %2 Be
Noise Figure Meter 40.0 None N Y NC NC
HP-IBE Address
External LO HP-IB 40.1 EA or 40.18P N Y N NC NC
Address '
Table categories are explained in the Special Functions Detailed Operating Instruction.
To display the external LO address and change it to 20:
LOCAL - Code —_ Function ot DALE wowm, Function
(keystrokes)
CNCEER
EAZOEN
(program codes| Coc%e--:l D-La Function

The program code to display the HP-IB address of the external LO is KA. The external
LO address can be changed by entering a decimal number from 0 to 30 and then EN (the
program code for ENTER). The HP-IB address of the Noise Figure Meter cannot be read
or changed over the HP-IB.

The HP-IB address of the corresponding special function appears in the left display
when either Special Function 40.0 or 40.1 is selected. When an HP-IB address is changed,
the new address appears in the left display for as long as the ENTER key is depressed.
When the ENTER key is released, the instrument returns to the last selected measure-
ment.

Do not set the Noise Figure Meter HP-IB address equal to the external LO HP-IB
address.

Controller Capability of the Noise Figure Meter
Remote Operation, HP-IB
Special Functions
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IF Attenuation Selection
{Special Functions 70, 71, and 72)

IF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 72.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific IF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functionsis contained
in Section VIII, Service.

To select a specific [F attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

s, | T8
Ez| 5 |Bw EBE|ZZ
gx | o S22 58 | ==
Special Function Program #KE E,|wE =B |88
oo o= @ @ W B —
Code ﬁ w | pe | =BE  E2g | BE
escription ode HE-IB. S HE|SE | &3 | £5
IF Attenuation Ssisction
Auto 70.0 10 or 70.08P N N N On On
0dB 70.1 I1 or 70.18P Y N N Off Off
bdB 70.2 12 or 70.25P Y N N Off Off
10dB 70.3 13 or 70.35P Y N N Off Off
15dB 70.4 14 or 70.48P Y N N Off Off
20dB 70.5 I5 or 70.58P Y N N Off Off
25 dB 70.6 16 or 70.65P Y N N Off Off
30 dB 70,7 I7 or 70.7SP Y N N Off Off
35dB 70.8 18 or 70.85P Y N N Off Off
Bispiay IF Atienuator Settings
Display IF Attenuator 71.0 SI or 71.05P N N N Off Off
IF Aftenuator Hald

IF Attenuator Hold 72.0 IH or 72.08P Y N N Off Off

Table categories are explained in the Special Functions Detailed Operating Instruction.
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______ IF Attenuation Selection (cont’d)
} (Special Functions 70, 71, and 72)

Example To select the IF attenuator hold function:
LOCAL s GOUR exsormmmcmmtinn, Function
keystrokes;
el I [o)mem,
{program codes)

Program For HP-IB codes, refer to Procedure.
Codes

indications When Special Function 71 is implemented, three digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding
attenuator is switched into the 20 MHz IF Assembly circuits (see Service Sheets 3 and 4
in Section VIII, Service). The first (most significant) digit represents 20 dB. The second
digit represents 10 dB. The third (least significant) digit represents 5 dB. To obtain the IF
attenuator setting, add the attenuation that is represented by each digit. For example, a
display of “1 0 17 indicates an IF attenuator setting of 25 dB.

Comments If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Related Calibrate

Sections Manual Measurements
RF Attenuation Selection
Special Functions

3-75



Operation

Loss Compensation

{Special Function 34)

HP 8970A

Description Special Function 34 corrects for loss between the noise source and the device under test
{(DUT), and the DUT and the Noise Figure Meter. The loss in dB and the temperature of
the loss must be entered prior to enabling loss compensation (Special Function 34.1) or
else the default values of 0 dB and 0K are used.

The temperature of the Joss is the ambient temperature. Therefore, both the loss before
the DUT and theloss after the DUT are assumed to be at the same temperature. Only one
temperature can be entered for both losses. The temperature of the loss can be entered in
Kelvins, degrees Fahrenheit, or degrees Celsius. Temperature units are selected by

Special Function 11.

The allowable range of loss in Kelvins is 0 to 9999, The allowable range of loss in dB is

=100 to +160.

Procedure

tion code and then press the SPECIAL FUNCTION key.

To display, enter, or enable loss compensation, key in the corresponding Special Func-

DUT and the Noise Figure Meter in dB.

= E - @ e
T2 8|3 | BE %S
e S § 52| ES o8
ki =
Special Function Program @5 = 2| 28| 3 E =8
Code g 28 |2 |89 87
. @5 SE|S2| 8= |88
Deseription Code Sh SE I SE | e b S
Turn loss compensation off. 34.0 L0 or 34.05P N Y N On | On
Turn loss compensation on. 34.1 1.1 or 34,15P Y Y N Off | Off
Display and enter the amount of loss between the 34.2 LA or 34.25P N Y N NC | 0dB
noise source and the DUT in dB.
Display and enter the temperature of losses (units 34.3 1T or 34.35P N Y N NC | 0K
are determined by Special Funetion 11,
Display and enter the amount of loss between the 34.4 LB or 34.38P N Y N NC | 0dB

Table categories are expiained in the Special Functions Detailed Operating Instruction.
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Example

Program
Codes

Indications

Comments

Related
Sections

Operation

Loss Compensation (cont’d)
(Special Function 34)
To compensate for a loss of 3 dB between the noise source and the DUT at a temperature

of 290K (assume Special Function 11.0 is active — temperature in K) and to enable the
loss compensation function:

pommemes (0185 mevesmmn, Function s DAt e, Function
O E) [o)um
LOCAL — _
lepsteoes] G (o),
| S—
LI (o)
LASENLTZQOENM
Code Code
{program codes) !}ata Function
Function Data
Code

For HP-IB codes, refer to Procedure above.

If Special Function 34.0 or 34.1 is selected, the left display returns to the previously
selected display. The INSERTION GAIN and NOISE FIGURE displays arenot affected
by this funetion.

When a loss compensation entry is madein dB, the temperature of the loss should also be
entered.

The Noise Figure Meter assumes that the loss was not present during calibration.

Special Functions
Temperature Units Selection

3717
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Manual Measurement Functions
{Special Functions 14 and 15)

The manual measurement functions calibrate and measure noise figure using a thermal
{hot/cold) noise source. They also can be used to display either the current measurement
or the result of the manual measurement. Manual measurement functions are used for
fixed frequency measurements only.

Three general requirements must be understood when performing manual measure-
ments:

1.

A stable reading must be stored in the Noise Figure Meter’s memory prior to discon-
necting the noise source, This stablereading can be obtained by either activating the
nextmanual measurement special funetion or by using the Trigger Selection Special
Function {30). Since activating the next special function requires fewer keystrokes,
that is the method used in the example shown in this instruction.

The device under test (DUT) must first be connected to the measurement system and
the proper RF attenuation level determined. The RF attenuators must then be held
fixed (Special Function 62) for the entire manual measurement.

The IF attenuators must be held fixed {Special Function 72) during the two mea-
surement readings (noise source off and on) and again during the two calibration
readings (noise source off and on). However, the IF attenuators must be allowed to
autorange when switching between calibration and measurements, and vice versa.

To measure, calibrate, or display manual measurements, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

- s |28
=z 28w S22
g2 § 5| E2 |22 |58

Special Funetion Program #S| EG @8 |+“F | =8

. 29 w3 28 88 | To

Gode =g 28 SO ey

i . B e = s T em & o

Description Code L E5 1 88 | s | &0

Make cold measurements| 14.1 MC or 14.15P N Y Y Off Off
{source off).

Make hot measurements | 14.2 MH or 14.28P N Y Y Off Off
(source on),

Perform cold calibration | 14.3 CC or 14.38P N Y Y Off Off
{source off).

Perform hot calibration 14.4 CH or 14.48P N Y Y Off Off
{source on).

Normal display mode. 15.0 PO or 15.08P N N Y On On

Display manual 15.1 Pl or 15.18P Y N Y Off Off

measurement results

Table categories are explained in the Specia! Functions Detailed Operating Instruction.
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Example

Operation

Manual Measurement Functions (cont’d)

(Special Functions 14 and 15)

The following example is a general procedure for making manual measurements. It may
be necessary to determine the requirements of a specific application and make the
necessary changes to obtain the best measurement results. For example, it is possible to
make manual measurements using an external controiler. Additional information on
this method is contained in the Comments section of this instruction.

Find and Hold the RF Attenuation
a. Enter the required parameters for the Measurement Mode that is going to be used.

b. Connect the hot noise source to the DUT input. Connect the DUT output to the
measurement system setup.

e. Press 1 4.2 SPECIAL FUNCTION to obtain the noise power.

d. Press 8 2. 0 SPECIAL FUNCTION to hold the RF attenuation setting. The RF
attenuation is held at this setting for the entire measurement.
Calibrate

e. Remove the DUT and connect the hot noise source to the measurement system

setup,

f. Press14.4SPECIALFUNCTION to calibrate the measurement system for the hot
noise source.

g. Press 72 .0 SPECIAL FUNCTION to hold the IF attenuation setting.

h. Press 14.3SPECIALFUNCTION to store the hot noise source calibration reading
and to select the cold noise source calibration. Note that while the cold noise source
calibration is selected, the results are not stored until after the cold noise source is
connected and Special Function 14.2 is activated in step j.

i. Remove the hot noise source and connect the cold noise source to the measurement
system setup.

j. Press 14 .2SPECIAL FUNCTION to select the hot noise source measurement and
to store the cold noise source calibration reading.

Measure, then Calculate and Display Noise Figure

k. Connect the hot noise source to the DUT and the DUT to the measurement system
setup.

. Press 70.0 SPECIAL FUNCTION to allow the IF attenuators to autorange.

m. Press 7 2.0 SPECIAL FUNCTION to hold the IF attenuation fixed at the new
value.

n. Press14.1SPRECIAL FUNCTION to select the cold noise source meagurement and
to store the hof noise measurement reading.

o. Disconnect the hot noise source from the DUT and connect the cold noise source to
the DUT.
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Manual Measurement Functions (cont'd)
(Special Functions 14 and 15)

Example p. Press 1 5.1 SPECIAL FUNCTION to calculate and display the manual measure-

{cont'd) ment noise figure result. Verify that the LED in the SPECIAL FUNCTION key lights
when this special function is activated. The Noise Figure Meter continues to make cold
noise source measurements and update the display.

NOTE

The calibration data remains stored. Therefore, if another DUT is to be tested
immediately, it is only necessary to press 1 4.2 SPECIAL FUNCTION and
repeat steps k through p. To exit manual measurements and return to Lhe
normal display, press 1 5.0 SPECIAL FUNCTION and then press UNCOR-

RECTED NOISE FIGURE.
Program For HP-1IB codes, refer to Procedure above.
Codes
Indications When Special Functions 15.0 and any 14.N are selected, no unit annunciators are lit in
the NOISE FIGURE display. The number displayed is the power into the detector in

mW.

Commenis When Special Function 15.1 is selected, UNCORRECTED NOISE FIGURE, COR-
RECTED NOISE FIGURE AND GAIN, or any noise figure display unit (Special Func-
tion 10} can be selected.

Another way to ensure that stable readings are stored in the Noise Figure Meter's
memory during Manual Measurements is to use the Trigger Hold Special Function (30.1)
and Trigger Execute Special Function (30.2). In this type of operation only one mea-
surement is taken and stored. Therefore, itis not eritical if the equipment is disconnected
prior to switching Manual Measurement Special Functions.

Felated IF Attenuation Selection

Sections RF Attenuation Selection
Special Functions
Trigger Selection
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Description

Ovperation

Measurement Modes

{Special Function 1)

The Noise Figure Meter has five Measurement Modes available. Bach Measurement
Mode, 1.0 through 1.4, is described individually in a separate Detailed Operating
Instruction. This discussion covers the capabilities and differences of the individual
modes. The following table lists the modes and shows their status in different
instrument operations,

Y-
3|55 |5 SEIZE
_ ‘ .\ §¥X |0E|s2| EE (s
Special Function Program | 55 | E= |[» BI%-E |83
Code | £33 |8c| 83 |3
Oescription Code =5 &E; E|8 ”g %g g2
Measurement Mode 1.0—10 to 1500 MHz 1.0 EO N Y Y On | On
Measurement Mode 1.1--variable fre- 1.1 1 N Y Y Off | Off
quency external LO; fixed IF
Measurement Mode 1.2—fixed frequency 1.2 Ez N Y Y Off ; Off
external LO; variable IF
Measurement Mode 1.3—variable fre- 1.3 E3 N Y Y Off | Off
quency external 1LO; fixed IF;
mixer in DU
Measurement Mode 1.4—fixed frequency 1.4 E4 N Y Y Off | Off
external LO; variable IF; mixer
n DUT

Table categories are explained in the Special Functions Detailed Operating Instruction.

The five Measurement Modes can be divided into the following three subsets:

a. Measurement Mode 1.0 is a stand alone mode with no external mixer or LO required

and no frequency conversion in the device under test. The frequency range in thismodeis 10
to 1500 MHz.

b. Measurement Modes 1.1 and 1.3 both require a variable frequency LO and an external
mixer. In either of these modes the Noise Figure Meter can be used to control the external LO
and vary the LO frequency as directed by the external LO program (Special Function 41 or
42). Both modes down convert the measurement frequency to the 10 to 1500 MHz range of
the Noise Figure Meter. Measurement Mode 1.1 has no down conversion in the DUT (for
example, an amplifier or transistor). Measurement Mode 1.3 does down convertin the DUT
{for example, a mixer or receiver).

c. Measurement Modes 1.2 and 1.4 both require a fixed frequency LO and a variable [F.
As stated for the previous subset, Measurement Mode 1.2 has frequency conversion in the
measurement system but not in the DUT and Measurement Mode 1.4 has fre-
quency conversion in the DUT. Mode 1.2 must be a single sideband measurement.
Additional information on sideband selection is covered later in this instruction and in the
Sideband Selection Detailed Operating Instruction.

The calibration and measurement setups and procedures are illustrated and specific

examples are provided in the Detailed Operating Instructions for Measurement Modes 1.0
through 1.4,
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Measurement Modes (cont’d)

{Special Function 1)

In the following discussion, signals present at different points in the measurement
system are compared for the different measurement modes. The following signal points
are covered:

a. The output of the noise source (for example the HP 346B).
b. The output of the external 1.O.

¢. The measurement bandwidth of the Noise Figure Meter as seen looking back into
the mixer (translated to the frequency range of the external LO).

d. The input to the Noise Figure Meter.

The noise source output is the same for all modes. For a noise source with a nominal
Excess Noise Ratio (ENR) of 15.2 dB, the output is breadband random noise varying
between approximately —158.8 dBm/Hz when on (hot) and —174 dBm/Hz when off
(cold). The ENR of the noise source varies slightly over the frequency range of 10 to
18000 MHz. This variation in power level is compensated for in the Noise Figure Meter
using the specific information entered into the ENR table. Refer to the ENR Table
Entry Detailed Operating Instruction for additional information on the ENR table.

Thereisno external LO used in Measurement Mode 1.0. In Measurement Modes 1.1 and
1.3, the external LO can be swept over any range in the 2 to 18 GHz range using the
existing external LO programs. The Noise Figure Meter’s programs can be modified to
sweep the LO up to 60 GHz. In Measurement Modes 1.2 and 1.4, the fixed LO frequency
can be set to any point within the 10 MHz to 60 GHz range. The limiting factors within
this range are the frequency ranges of the external 1O and the noise source.

There is no mixer used in Measurement Mode 1.0. Looking back into the mixer in
Measurement Modes 1.1 and 1.3, the Noise Figure Meter passband translates into two
sidebands. Each sideband is separated from the LO frequency by a fixed IF (the
receiving frequency of the Noise Figure Meter). As the LO frequency sweeps, the
sidebands move with it. The frequency can be increased or decreased within the
allowable frequency range. In Measurement Modes 1.2 and 1.4 the LO frequency is
held fixed. As the variable IF sweeps, the sidebands move away from the LO frequency
in opposite directions for an increasing IF sweep and toward the LO frequency for a
decreasing [F sweep. Examples of both a fixed IF and a variable LO, and a variable IF
and fixed LO are shown in the Noise Figure Meter Measurement Passband figure.

The Noise Figure Meter’s input frequency range is 10 to 1500 MHz. In Measurement
Mode 1.0 a swept measurement can sweep the Noise Figure Meter’'s 4 MHz passband
over the 10 to 1500 MHz range. In Modes 1.1 and 1.3, the IF is fixed and the LO
frequency is swept within the frequency ranges previously explained. In Modes 1.2 and
1.4, the LO frequency is fixed and the IF is swept across the 10 to 1500 MHz range. In
Modes 1.1,1.3, and 1.4 (because of the frequency conversion) either upper, lower, or both
sidebands can be accepted by the Noise Figure Meter. However, in Mode 1.2, a double
sideband measurement cannot be made (the Noise Figure Meter will display error E34).
In this mode, a double sideband measurement is meaningless because the average
measurement frequency is the LO frequency and it does not change as the IF is swept.
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For Measurement Modes 1.1 and 1.3:
ENTIRE SPECTRUM MOVES WITH SWEEPING LO

o
-~ T,

FIXED IF { FIXED IF

S

POWER

NOISE SOURGE ENR =

J A /.,

e
2000 Fig—IF Flo FLgtIF 18000
FREQUENCY (MHz}

NOISE POWER FROM NOISE SOURCE WHEN ON

For Measurement Modes 1.2 and 1.4:
FIXED F| g

|
SWEEPING IF |

|
| =
| |

SWEEPING IF I

E Lt |
|
;

| A

POWER

; |
2000 FLg-1500 Fi g —~E§=/FLO\ Flo+!F Flg+i500 18000
Flg=10 F g+10

FREQUENCY (MHz)
NOISE POWER FROM NOISE SOURCE WHEN ON
VARIABLE INTERMEDIATE FREQUENCY TUNING RANGE

Koise Figure Meter Measurement Passhand
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Measurement Modes (cont’d)

{(Special Function 1)

The frequencies displayed in the left display for varicus measurement conditions are
shown in the following table. The displayed frequency depends upon the measurement
mode used and the sideband selected (Special Function 2}, In Measurement Mode 1.0, no
external conversion is performed so the left display represents the measurement signal
(Fgignal) In Measurement Modes 1.1, 1.2, 1.3, and 1.4 conversion is performed, thus
crea%ing an external IF, The Noise Figure Meter is tuned to this IF while the external
local oscillator is tuned to Fy (3.

Neise Figure Meter Leit Display

Measurement Made

Selected Sideband
1.0 11 1.2 1.3 1.4
Double Sideband (2.08P) Fsignai 1o not allowed Fro IF
Lower Single Sideband (2.18P) Fsignai Fio~1F| Fr g~ IF |Fy o —IF IF
Upper Single Sideband (2.25P) F signal FrotIF| Fio+IF [Fro+IF IF

Priorto making any measurement, the Measurement Mode and sideband operation that
are best suited to that specific measurement must be chosen.

The Measurement Mode and Sideband Selection Flowchart provides a means of
determining which Measurement Mode will best suit a specific application and which
type of sideband operation will give the best results.

Each of the Detailed Operating Instructions for Measurement Modes 1.0 through 1.4 has
valid examples of the type of measurements that are made in each mode. Apply the
flowchart instructions to each Measurement Mode example to illustrate the decision-
making process for selecting that mode.

Calibrate

ENR Table Entry

Fixed IF or LO Frequency Selection
Measurement Modes 1.0 through 1.4
Sideband Selection
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Measurement Mode 1.0
{Speciai Function 1.0)

Measurement Mode 1.0 provides direct noise figure and gain measurements in the
frequency range of 10 to 1500 MHz. No external mixer or LO is required. All of the
Measurement Modes can be set up to use many of the other capabilities of the Noise
Figure Meter. For example, each mode can'make either UNCORRECTED NOISE FIG-
URE or CORRECTED NOISE FIGURE AND GAIN measurements. In addition, the
measurement results for each mode can be displayed on an oscilloscope. For an explana-
tion and comparison of the five Measurement Modes and instructions on how to choose
the appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Set frequency parameters,

b. Calibrate in Mode 1.0 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

c. Insert DUT and measure.

-,

Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurementin the 100 to
150 MHz range in 1 MHz steps:

a. Press PRESET (or send HP-1B eode PR) to establish initial conditions. This sets the
the Noise Figure Meter to Measurement Mode 1.0.

b. Set the frequency parameters for both the calibration and measurement.

c. Enter actual ENR for the Noise Source, if this has not previously been done.

Function o Data - Function
. @ O
(keystrokes) (ﬁ;ﬁé} ( 1 ] [ 5 ] [ o J

STEP
ST (1) EwTen

FAT00MZFB150MZSSTMZ
Code ————-——-r I I —r—-— Function
Data Data
(program codes) Eunction Code
Code Data Function
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Example
{cont'd)

Program
Codes

Indications

Comments

Related
Sections

Operation

Measurement Mode 1.0 (cont’d)
{Special Function 1.0)

d. To calibrate the Noise Figure Meter, set up the equipment as shown below,

8970A NOISE FIGURE METER

L NCISE SOURCE J
| PR §

J
e. Calibrate the equipment in Measurement Mode 1.0 by pressing CALIBRATE (or
send HP-IB code CA). The Noise Figure Meter was set to Measurement Mode 1.0 when
PRESET was pressed.

f. To make the measurement, set up the equipment as shown below.

8970A NOISE FIGURE METER
i

O oOoo el Daon fani
= mmm ;g%ggg ‘:mj{&:n] ]
101580 MHz
INPUT r"gym{w!
| IS |
NOISE SOURCE
grem—

b

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
100 MHz to 150 MHz in 1 MHz steps and halt.

The HP-IB code for Measurement Mode 1.0 is E0 {or 1.08P).

The left display shows each frequency at which a measurement is made. The INSER-
TION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE display shows the noise figure of the DUT at the displayed frequency.

Measurement Mode 1.0 is offen referred to as an RF measurement. The other four
Measurement Modes are often referred to as microwave measurements,

Calibrate

Measurement Modes
Special Functions
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Measurement Mode 1.1
(Special Function 1.1)

Measurement Mode 1.1 provides a means of controlling an external LO to obtain a
measurement frequency higher than 1500 MHz. This mode allows for down conversion
in the measurement system but not in the device under test (DUT). Although the signal
measured at the Noise Figure Meter INPUT is always in the range of 10 to 1500 MHz, the
Noise Figure Meter uses the Excess Noise Ratio (ENR) of the noise source at the
measurement frequency. A typical DUT is an amplifier or transistor. An external LO
and a mixer are required. All of the Measurement Modes can be setup to use many of the
other capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act as
a controller in Measurement Mode 1.1:

a. HP-IB cable connected between the Noise Figure Meter and the external L.O,

b. Special Function 4.1 (external LO control) active. If Special Function 4.1 is selected,
no other controller can communicate with the Noise Figure Meter. However, it is possible
to perform this function usirg an external controller to control both the Noise Figure
Meter and the external LO. For additional information refer to Comments at the end of
this instruction.

¢. The HP-IB address of the external LO must match the external LO address that is
stored in the Noise Figure Meter. Use Special Function 40.1 (external LO HP-IB address)
to display and change this address if necessary.

d. The correct external LO program must be active if the Noise Figure Meter is going
to control the external LO. Use Special Function 41.0 for the HP 83508 Sweep Oscillator
or Special Function 41.2 for the HP 8672A Synthesized Signal Generator or Special
Function 41.3 for the HP 8673B Synthesized Signal Generator. Use Special Function 42
to define a new program for other external LOs.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Verify that the minimum requirements specified in the description are satigfied.

b, Press 1.1 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.1.

¢. Set frequency parameters (including the fixed IF, Special Function 3.0).
d. Calibrate in Mode 1.1.
e. Insert DUT and measure.

To make a swept double sideband CORRECTED NOISE FIGURE AND GAIN mea-
surement in the 6 to 12 GHz range in 200 MHz steps with a fixed IF of 70 MHz:
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Measurement Modes (cont’d)
{Special Function 1.1) '

Example NOTE

{cont'd) This example assumes that the Noise Figure Meter is acting as a controller
and the minimum requirements specified in the desecription are satisfied.
Since no external controller can be be used, no HP-IB codes are given in the
example. Refer to Comments for a brief description of using an external
controller when in Measurement Mode 1.1.

a. Press PRESET to establish initial conditions.
NOTE

Measurement Mode 1.1 must be activated prior to entering the frequency
parameters to avoid error E35 {entered value is out of range).

b. Press 1.1 SPECIAL FUNCTION tfo activate Measurement Mode 1.1.

c. Set the frequency parameters for both the calibration and measurement.

d. Enter actual EINR for the Noise Source, if this has not previously been done.

T Code ., Function Data w,  Function

m OO0 @
LOCAL Ge) (2] le)(o] (=m)
{keystrokes)

B
) e,

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

8970A NOISE FIGURE METER LOCAL OSCILLATOR

L0
| QUTPUT

| SOURCE

f. Calibrate the equipment in Measurement Mode 1.1 by pressing CALIBRATE.
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Measurement Mode 1.1 (cont’d)
{Special Function 1.1)

g. To make the measurement, set up the equipment as shown below.

8970A NOISE FIGURE METER LOCAL OSCILLATOR
°oeP B HEes ) LE
° soncoB08E " B |
. 10—-1500 MHz LO
QUTPUT

INPUT

NOISE

(_SQUREE —— ':‘

h. Press CORRECTED NOISE FIGURE AND GAIN.

i. Press SINGLE. The Noise Figure Meter will sweep the external LO from 6 GHz to
12 GHz in 200 MHz steps and halt.

The HP-IB code for Measurement Mode 1.1 is E1 (or 1.18P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.1.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external coniroller can be used in place of the Noise Figure Meter to control the
external L.O and the Noise Figure Meter in Measurement Mode 1.1. The following
general conditions must be observed when using an external controller:

a. Special Function 4.0 (normal talker and listener) must be active. Note that there is
no HP-IB code for this special function.

b. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

¢. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, eftc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

d. Perform a triggered calibration with the DUT out of the measurement system
{refer to the Calibrate Detailed Operating Instruction)

e. Insert the DUT into the measurement system.

f. Setthe Noise Figure Meter’s SINGLE sweep on (HP-1B code is W2) or AUTO sweep
on (HP-IB code is W1).
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Comments
{cont'd)

Related
Sections

Operation

Measurement Mode 1.1 (cont'd)
{Special Function 1.1)

g. Set the external LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the external
LO to stabilize.

h. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB code
30.25P for Special Function 30.2 as it will reset the sweep.

1. To determine when to step to a new frequency, read the noise figure results. This read
operation cannct be completed until the new data is ready. It is also possible to write an
SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-29.

j. Continue to loop through steps g, h, and i. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency thatis sent to the exernal LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the measure-
ment in which they are equal.

Calibrate :
Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.2
(Special Function 1.2)

Measurement Mode 1.2 provides a means of using a fixed-frequency external L.O with a
variable IF in order to measure over a band of frequencies less than 1500 MHz wide. This
mode allows for down conversion in the measurement sytem but not in the device under
test (DUT). Single sideband operation and external filtering of the unwanted sideband
arerequired. A typical DUT is an amplifier with a bandwidth of less than 1500 MHz. An
external 1.0, an external filter and a mixer are required. Although the signal measured
at the Noige Figure Meter INPUT is always in the range of 10 to 1500 MHeg, the Noise
Figure Meter uses the Excess Noise Ratio (ENR) of the noise source at the measurement
frequency. All of the Measurement Modes can be set up to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Select single sideband offset {use either Special Function 2.1 or 2.2}

b. Press 1.2 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.2.

c. Set frequency parameters (including the fixed frequency for the external LLO, Spe-
cial Funetion 3.1).

d. Calibrate in Mode 1.2 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). External filtering is required during both the calibration
and the measurement.

e. Insert DUT and measure.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a wide-
band amplifier in the 3.5 to 4.5 GHz range in 20 MHz steps:

a. Press PRESET {(or send HP-IB code PR} to establish initial conditions.
b. Press 2.1 (or send HP-IB code B1) to select a lower sideband measurement.

NOTE

Measurement Mode 1.2 must be activated prior to entering the frequency
parameters to avoid error £35 {entered value is out of range).

¢. Press 1.2 SPECIAL FUNCTION {or send HP-IB code E2) to activate Mode 1.2,
Note that error £33 (IF will be out of range) is displayed. This error is cleared when the
correct frequency parameters are entered in step d.

d. Set the frequency parameters for both the calibration and measurement.
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Exampie
{cont'd)

Measurement Mode 1.2 (cont’'d)
{Special Function 1.2}

Operation

LOCAL

Code

S

Function
START
FREQ
STOP
FAEG

Data

o]

BN

s ) (

oJ(e]
J eI

)

EXTER

[¢] J ENTER

{keystrokes)
@ ENTER
GO [ OEEE (=

-1
I
=
o
fcd
=
3

FA?_@@MZfBﬁ%I’:{@S?ZOMZLFEOGOMZ

Code T _Ew—-- Function

Data ] s At

(program codes} Function Code
Code Function

Data L Data

Function Code

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.
8370A NOISE FIGURE METER LOCAL OSCILLATOR

0o os O OO0
[ S oo I w [ Y 0 ) ) n
= § 00 00 SE5H _
101500 MHz | {LO
OUTPUT
NOISE
SOURCE

MIXER
f. Calibrate the equipment in Measurement Mode 1.2 by pressing CALIBRATE (or

sending HP-IB code CA}.

g. To make the measurement, set up the equipment as shown below.

8970A NOISE FIGURE METER LOCAL OSCILLATOR

S ERD 2 BEER , o Jo-
”izmamgggg = o f
| 10— 1500 Mz L0
LINPUT OUTPUT
NOISE FILTER
SOURCE DQET
| I—
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Measurement Mode 1.2 (cont’d)
{Speciai Function 1.2)

Example NOTE

(cont'd) This example assumes that the external LO is tuned to the specified frequency
(5 GHz). If the Noise Figure Meter is controlling the LO, the LO tunes to 5 GHz
when entered with Special Function 8.1 in step d. If the external LO is not
controlled by the Noise Figure Meter, the LO must be separately tuned to 5
GHz. If the Enable External LO Control Special Function (4.1) is active, an
external controller cannot be used with the Noise Figure Meter.

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

1. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
1500 to 500 MHz in 20 MHz steps but will display the microwave measurement frequency
of 3500 to 4500 MHz. After the single sweep is completed, the instrument halts.

Program The HP-IB code for Measurement Mode 1.2 is E2 (or 1.28P).
Codes

Indications The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes
Sideband Selection
Special Functions
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Description

Procedure

Example

Operation

Measurement Mode 1.3
(Special Function 1.3)

Measurement Mode 1.3 provides a means of controlling an external LO to measure a
frequency conversion device. This mode uses a fixed IF and allows for frequency conver-
sion in the device under test (DUT). Although the signal measured at the Noise Figure
Meter INPUT is always in the range of 10 to 1500 MHz, the Noise Figure Meter uses the
Excess Noise Ratio (ENR) of the noise source at the measurement frequency. However,
the correct 10 to 1500 MHz ENR is used during calibration. A typical DUT is a mixer or
receiver. All of the Measurement Modes can be set to use many of the other capabilities of
the Noise Figure Meter. For example, each mode can make either UNCORRECTED
NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN measurements. Or, the
measurement results for each mode can be displayed on an oscilloscope. For an explana-
tion and comparison of the five Measurement Modes and instructions on how to choose
the appropriate Measurement Mode and sideband operation, refer to the Measurement
Modes Detailed Operating Instruction.

The following minimum requirements are necessary for the Noise Figure Meter to act as
a controller in Measurement Mode 1.3:

a. HP-IB cable connected between the Noise Figure Meter and the external LO.

b. Special Function 4.1 (external LO control) active. If Special Function 4.1 is selected,
no other controller can communicate with the Noise Figure Meter. Therefore, the HP-IB
codes shown in the example cannot be used. However, it is possible to perform this
function using an external controller to control both the Noise Figure Meter and the
external LO. For additional information refer to Comments at the end of this instruction.

¢. The HP-IB address of the external LO must match the external LO address thatis
stored in the Noise Figure Meter. Use Special Function 40.1 to display and change this
address if necessary.

d. The correct external LO program must be active if the Noise Figure Meter is going
to control the external LO. Use Special Function 41.0 for the HP 8350B Sweep Oscillator
or Special Function 41.2 for the HP 8672A Synthesized Signal Generator or Special

Function 41.2 for the HP 8673B Synthesized Signal Generator. Use Special Function 42
to define a new program for other external LOs.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Verify that the minimum requirements specified in the description are satisfied.

b. Press 1.3 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.3.

¢. Set frequency parameters (including the fixed IF, Special Function 3.0).
d. Calibrate in Mode 1.3.

e. Insert DUT and initiate sweep.

Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurementin the 3.0to
4,5 GHz range in 20 MHz steps with a fixed IF of 70 MHz:
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Operation
Measurement Mode 1.3 (ccnt’d)
(Special Function 1.3)
Example NOTE
(cont'd) This example assumes that the Noise Figure Meter is acting as a controller

and the minimum requirements specified in the description are satisfied.
Since no external controller can be be used, no HP-IB codes are given in the

example. Refer to Comments for a brief description of using an external
controller when in Measurement Mode 1.3.

a. Press PRESET (or send HP-IB code PR} to establish initial conditions.

NOTE

Measurement Mode 1.3 must be activated prior to entering the frequency
parameters o avoid error K38 (entered value is out of range;.

b. Press 1.3 SPECIAL FUNCTION to activate Measurement Mode 1.3.

¢. Set the frequency parameters for both the calibration and measurement.

P [ [ Function JUUSHENNEREUE) |- {- [ —— Function
N ® ODOE @

)
CICICD (o],

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
8970A NOISE FIGURE METER

oo an

i

I NOISE SOURCE J
2 SVL
Toverrmnd

e. Calibrate the equipment in Measurement Mode 1.3 by pressing CALIBRATE.

f. To make the measurement, set up the equipment as shown below.
8970A NOISE FIGURE METER LOCAL OSCILLATOR

10—1500 MHz LO
INPUT QUTPUT

SOURCE wfF

{MIXER OR RECEIVER)
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Exampie
{cont'd)

Program

Indications

Commenis

Operation

Measurement Mode 1.3 (cont’d)
(Special Function 1.3}

g. Press CORRECTED NOISE FIGURE AND GAIN.

h. Press SINGLE. The Noise Figure Meter will sweep the external LO from 3 GHz to
4.5 GHz in 20 MHz steps and halt.

The HP-IB code for Measurement Mode 1.3 is E3 {or 1.38P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.3

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controlier can be used in place of the Noise Figure Meter to control the
external LO and the Noise Figure Meter in Measurement Mode 1.3. The following
general conditions must be observed when using an external controller:

a. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

b. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

c¢. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

d. Perform a triggered calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction).

e. Insert the DUT into the measurement system.

f. Setthe Noise Figure Meter's SINGLE sweep on (HP-IB codeis W2)or AUTO sweep
on (HP-IB code is W1).

g. Set the external LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the external
LO to stabilize.

h. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.28P for Special Funetion 30.2 as it will reset the sweep.

i. To determine when to step to a new frequency, read the noise figure results. This
read operation cannot be completed until the new data is ready. Itis also possible to write
an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-29.
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Measurement Mode 1.3 (cont’d)
(Special Function 1.3)

Comments j. Continue to loop through steps g, h, and i. A method for determining when the

{cont'd) measurements are complete must be programmed info the external controller. One
method is to compare the frequency thatis sent to the exernal LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the measure-
ment in which they are equal.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LLO Frequency Selection
HP-IB Addresses
Sideband Selection

Special Funetions
Trigger Selection
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Description

Procedure

Example

Operation

Measurement Mode 1.4
{Special Function 1.4}

Measurement Mode 1.4 provides a means of using a fixed-frequency external LO and
testing over a variable IF range. This mode allows for down conversion in the device
under test {DEIT). Although the signal measured at the Noise Figure Meter INPUT is -
always in the range of 10 to 1500 MHz, the Noise Figure Meter uses the Excess Noise
Ratio (ENR) of the noise source at the measurement frequency. However, the correct 10
to 1500 MHz ENR is used during calibration. A typical DUT is a mixer or receiver. An
external LO is required. All of the Measurement Modes can be set up to use many of the
other capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements. Or, the measurement results for each mode can be displayed on an
oscilloscope. For an explanation and comparison of the five Measurement Modes and
instructions on how to choose the appropriate Measurement Mode and sideband opera-
tion, refer to the Measurement Modes Detailed Operating Instruction.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

a. Set frequency parameters (including the fixed frequency for the external LO, Spe-
eial Function 3.1).

b. Press 1.4 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.4,

c. Calibrate in Mode 1.4 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN_measurement).

d. Insert DUT and measure.

e. The left display shows the swept IF.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement over an [F
of 10 MHz to 1 GHz using 20 MHz steps with a fixed external L.O frequency of 10 GHz:

a. Press PRESET (or send HP-IB code PR} to establish initial conditions.

b. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.4 (cont’d)
(Special Function 1.4)

Example
(cont'd) o (e ——— Function e Data m,  FURCEON

)
feysiotes
BOO (G DEEEE @

FATOMZFB1000MZSS20MZLF 10000MZ
o —n - e

Code J i -E— Function
Data rrmese————— Data
Function Code

g

{program codes)

Code ————’ Function
Data Data
Function Code

¢. Press 1.4 SPECIAL FUNCTION (or send HP-1B code E4) to activate Measurement
Mode 1.4.

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
B8970A NOISE FIGURE METER

e. Calibrate the equipment in Measurement Mode 1.4 by pressing CALIBRATE (or
sending HP-IB code CA).

f. To make the measurement, set up the equipment as shown below.

BA70A NOISE FIGURE METER LOCAL OSCILLATOR

101500 MHz
1 inPUT

Lo
louTPUT

(MIXER OR RECEIVER)

3-100



HP 8970A Operation

Measurement Mode 1.4 {(cont'd)
(Special Function 1.4)

Example NOTE

(cent'd) This example assumes that the external LO is tuned to the specified frequency
(10 GHz). If the Noise Figure Meter is controlling the LO, the LO tunes to 10
G Hz when Special Function 3.1 is entered in step b. If the external LO is not
controlled by the Noise Figure Meter, the 1.O must be separately tuned to 10
GHz. If the Enable External LO Control Special Function (4.1) is active, an
external controller cannot be used with the Noise Figure Meter.

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from 10
to 1000 MHz in 20 MHz steps. After the single sweep is completed, the instrument halts.

Program The HP-IB code for Measurement Mode 1.4 is E4 (or 1.4SP).

Indications The left display shows each I F frequency at which a measurementis made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the dispiayed frequency.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Sideband Selection

Special Functions
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Noise Figure (Uncorrected) and Noise Figure —~
and Gain (Corrected)

Bescription UNCORRECTED NOISE FIGURE measures the combined noise figure of the device
under test and the measurement system (including the effect of the local oscillator,
mixer, cables, connectors and adapters).

CORRECTED NOISE FIGURE AND GAIN removes the measurement system noise
contribution and allows only the noise figure and gain of the device under test to be
displayed. The Noise Figure Meter must be calibrated in the measurement frequency
range and measurement mode before a corrected noise figure and gain measurement can
be made.

Procedure To measure uncorrected noise figure, press the NOISE FIGURE key.

To measure corrected noise figure and gain, press the NOISE FIGURE AND GAIN key.
If the Noise Figure Meter is not correctly calibrated, error code E20 will be displayed.

T =z
EE B T2
e s 2 ]
= HE £a&
- (7] w e U
L= @ T
Program Code ] = gy
Front Panel Ke 3 Y S E &5 E g8
y ' &E SE & o
NOISE FIGURE M1 N Active
{UNCORRECTED;
NOISE FIGURE AND GAIN M2 N N Off
(CORRECTED)
Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Cperating Instruction.

Example To measure corrected noise figure and gain:
Measurement
LOCAL @ CORRECTED
(keystrokes) HOISE FIGURE
AKD BN
M2
{pragram codes]
Program For HP-IB program codes, refer to Procedure above,
Codes
Indications When the instrument is making uncorrected noise figure measurements, the UNCOR-

RECTED LED above the NOISE FIGURE key is illuminated. The measurement result
is displayed in the NOISE FIGURE display. In addition, the INSERTION GAIN dis-
play is blank,
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Noise Figure (Uncorrected) and Noise Figure
and Gain (Corrected) (cont’d)

Indications When theinstrument is making noise figure and gain measurements, the CORRECTED

{cont'd) LED above the NOISE FIGURE AND GAIN key is illuminated. The gain of the device
under test (DUT) appears in the INSERTION GAIN display and the noise figure of the
DUT appears in the NOISE FIGURE display.

Comments For CORRECTED NOISE FIGURE AND GAIN measurements, it is necessary to
calibrate the instrument each time thereis a change in measurement modes, equipment
(except the DUT), or frequency parameters (if the new frequency parameters are outside
of the calibrated range),

UNCORRECTED NOISE FIGURE and CORRECTED NOISE FIGURE AND GAIN
measurements are always corrected for T,1q and ENR.

Measured noise can be expressed in a variety of units: F, FdB, Y, Y dB, and Te K. Referto
the Display Units Selection Detailed Operating Instruction for additional information.

The noise figure measurement range is ¢ to 30 dB. The gain measurement range (for total
noise figures less than 30 dB) is -20 to at least +40 dB,

Related Calibrate
Sections Display Units Selection
Preset Conditions and Power-Up Sequence
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Exampie
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Power Measurements

(Speciai Function 9)

Special Function 9 measures noise power density in dB relative to ~174 dBm/Hz with the
noise source onor off. Either an approximate or a calibrated measurement can be made.
The value-174 dBm/Hz was chosen because this is the thermal noise at 290K in a 1 Hz
bandwidth. This special funetion can be used to make absolute power density measure-
ments or simply to verify that the measurement system setup is operating and the signal
path is complete. T'o exit from Special Function 9, press either UNCORRECTED NOISE
FIGURE or CORRECTED NOISE FIGURE AND GAIN.

Toselect a power density measurement, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

Special Functions 9.3 and 9.4 require that a calibration be performed prior to activating
the special function. If the ealibration has not been performed, error E20 (not calibrated)
is displaved and the special function is not activated.

Since the power measurements can be performed from any Measurement Mode, refer to
the applicable Detailed Operating Instruction for the correct calibration procedures.

="« 7
= = g. = E g § 2
o = gt =
§2| 35| 53|35 &8
a === | & =
Special Function Program w8 | EG | w8 | 85 | EE
8w o= £ e -
Code =2 s e 2R aw
L _ . 25| 82| EE 2 B
Deseription Code =i e | O A5 &a
SOURCE Off 91 | N5or9.ISP N Y Y | off | of
funcalibrated)
SOURCE On 9.2 N6 or 9.25P N Y Y Off Off
{uncalibrated)
SOURCE Off 9.3 N7 or 9.35P N Y Y Off Off
(ealibrated)
SOURCE On 9.4 N8 or 9.48P N Y Y Off Off
{calibrated} '
Table categories are explained in the Special Functions Detailed Operating Instruction.

To select an uncalibrated power measurement with the noise source on:

LOCAL s GO00 s, Fuaction

keystrokes) _
v DCIE) [o)mm,

- & N6
 {program codes}
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Program

indications

Commenis

Related
Sections

Operation

Power Measurements (cont’d)

(Special Function 9)

For HP-1B codes, refer to Procedure above.

The NOISE FIGURE display shows the selected power measurement resulf in dB.

Special Functions 9.3 and 9.4 measure the power density delivered from the DUT. The
rest of the measurement system setup is corrected for by the calibration (second stage
correction).

The units shown in the NOISE FIGURE display are dB referenced to 290K (-174
dBm/Hz). The equation is:

unknown power density dB
280

Power displayed = 10 log

Special Functions 9.1 and 9.2 are similar to 9.3 and 9.4 execpt that they are not calibrated
and they usenominal values for noise figure. These Special Functions are primarily used
to verify that the measurement system is operating,

Calibrate
Measurement Modes 1.1 through 1.4
Special Functions
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Preset Conditions and Power-Up Sequence

Description

3-106

(Includes Special Function 0.0)

Power-Up. When first turned on, the Noise Figure Meter performs a sequence of internal
checks after which the instrumentis ready to make measurements. During the power-up
sequence, all front panel indicators light for approximately two seconds to allow the
operator to determine if any are defective. Next, four dashes { — — — — } appear in the
NOISE FIGURE display for approximately five seconds while the Noise Figure Meter
performs a frequency calibration. When the frequency calibration is completed, the
Noise Figure Meter restores the same configuration it had before the power was
removed. Except that:

a. Sweep is always off.

b. The measurement is always UNCORRECTED NOISE FIGURE.

c. The instrument always turns on in local mode (instead of HP-IB remote).
d. Calibration data is not retained when power is removed. -

e. Special Functions 30 through 32, 35.1, 43, 44, and 60 through 72 are not remembered
when power is removed.

Preset. The PRESET key sets the Noise Figure Meter to a known state. The front panel is
set to the conditions listed in the “Preset and HP-IB Clear Conditions” column in Table
3-12, Front Panel Summary. Table 3-13 lists the default data values that are set for some
special functions. Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction provides a complete list of preset conditions for special
functions.

Inthe“Program Code” column in Table 3-12, program codes that are equivalent to front
panel keystrokes are listed. HP-1B codes control the Noise Figure Meter's functions over
the HP-IB.

The “Stored in Continuous Memory’ column in Table 3-12 indicates whether or not the
status of a front panel key is retained when the Noise Figure Meter is turned off.

The “Can Be Stored and Recalled” column in Table 3-12 indicates whether or not the
status of a front panel key can be stored in aninternal storage register for recall at a later
time.
Special Functions are off or set to their zero-suffix mode. Exceptions are:

a. Control Function Selection (Special Function 4)

b. HP-IB Addresses (Special Function 40)

¢. External LO Programs (Special Function 41)

d. External LO Commands (Special Function 42)

PRESET has no effect on the four special functions listed above.
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Preset Conditions and Power-Up Sequence (cont’d)

{Includes Special Function 0.0)

Table 3-12. Front Panel Summary

W
SEIEE| 3%
== 58 | £8
Program | S 2| o8 | =%
Front Panel Key 22125 | % References and Comments
o B2 o 22
Ny | D a &,
AUTO Sweep W1 N N Off | Sweep
CAIIBRATE CA N N Off | Calibrate
DECREASE DE Y N 1 Smeothing
ENTER EN — — - General Operating Instructions
ENER NR Y N NC | ENR Table Entry
FREQ INCR FN Y Y | 20 MHz! Fixed Frequency Increment
A 4 DN — — — I Fixed Frequency Increment
< Up - - — Fixed Frequency Increment
FREQUENCY FR Y Y |30 MHz! Fixed Frequency Tuning
INCREASE IN Y N 1 Smoothing
NOISE FIGURE (UNCORRECTED) M1 N N Active | Noise Figure (Uncorrected) and
' Noise Figure and Gain {Corrected)
NOISE FIGURE AND GAIN M2 N N Off | Noise Figure (Uncorrected) and
(CORRECTED: Noise Figure and Gain {Corrected)
PRESET PR — — - Preset Conditions and Power-Up
Sequence
RECALL RC — — — Store and Recall
SEQ 85Q — — —— Sequence
SINGLE Sweep W2 N N Off | Sweep
SPECIAL FUNCTION SP — — - Special Functions
START FREQ FA Y Y | 10MHz Sweep
STEP SIZE 88 Y Y | 20MHz| Sweep
STOP FREQ FB Y Y 1500 | Sweep
MHz
STORE ST — — — Store and Recall
Sweep and Calibrate Off (must be Wo — - - Sweep
(must be used to turn these functions
_|-off over the HP-IB}
Y = Yes, N = No, NC = No Change, — = Not Applicable
Description Another exception is Service Request, which is set to enable an HP-IB code error to cause
{cont'd) an SRQ (Special Function 44.3). In addition, default data values are set for the special

functions listed in T'able 3-13.

Special Function 0.0, Special Function 0.0 initializes selected special functions. It is
similar to PRESET except that default data values are not set. Existing values do not
change. Refer to Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction for a complete list of Special Function 0.0 conditions.
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Preset Conditions and Power-Up Sequence (cont’d)

(Includes Special Function 0.0}

Tahle 3-13. Praset Default Values for Special Functions

Special Function
' Default
Description Code Vaiue
I¥ 3.0 30 MHz
LO Frequency 3.1 10000 MHz
Loss Compensation
Before DUT ) 34.2 0dB
Temperature of Losses 34.3 0K
After DUT 34.4 0dB
Measurement Mode 1.1, 1.1
Measurement Mode 1.2, and 1.2
Measurement Mode 1.3 1.8
Start Frequency 8000 MHz
Stop Frequency 12000 MHz
Step Size 200 MHz
Oscitloscope Limits
Noise Figure Lower Limit 8.1 0
Noise Figure Upper Limit 8.2 8
Gain Lower Limit 8.3 0
Gain Upper Limit 8.4 40
Set Sequence 35.2 19
Smoothing Factor 13.2 1
Spot ENR 5.3 15.248B
Tcold 6.0 296.5K
Spot Tyt 5.4 9893K
Procedure To set the Noise Figure Meter to a known state, press the PRESET key.
Toinitialize selected special functions, key in 0.0, then press the SPECIAL FUNCTION
key.
Exampie To initialize selected special functions:
LOCAL s COOE  wowztia, Function
{keystrokes
pes LGl (o],
- HP:IB
HP-B, cs
(program codes)
Program
Codes Program Code
Parameter
PRESET PR
Special Function 0.0 Cs
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Operation

Preset Conditions and Power-Up Sequence (cont’d)

indications

Comments

Related
Sections

(inciudes Special Function 0.0)

After pressing PRESET, the NOISE FIGURE display shows four dashes ( — — — — )
while a frequency calibration is performed. After approximately five seconds, the left
display shows 30 MHz, the INSERTION GAIN display is blank, and the NOISE FIG-
URE display shows noise figure in units of F dB. Also, the UNCORRECTED NOISE
FIGURE LED is illuminated.

When Special Function 0.0 is executed, the SPECIAL FUNCTION key LED turns off
if it was on. ‘

Special Function 0.0 does not affect any data entered by special functions or front panel
keys.

PRESET is identical to the Device Clear command over the HP-IE,

PRESET does not effect calibration data or information in the ENR table.

PRESET and Special Function 0.0 do not modify any data in the internal storage
registers.

Calibration, Frequency
Special Functions
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HP 8370A

Programming an External LO
{Special Function 42)

Special Function 42 can be used to modify the predefined external LO programs for the
HP 8350B Sweep Oscillator (Special Function 41.0) or the HP 8672A Synthesized Signal
Generator (Special Function 41.2). It can also be used to define a new program for other
external LOs provided the LO is HP-IB compatible. However, a thorough understanding
of the HP-IB program reguirements and restrictions thal apply to the external LO is
required.

The two predefined external LLO programs are stored in permanent memory (ROM).
Activating Special Function 41.0 or 41.2 loads the corresponding predefined program
from permanent memory into temporary memory (RAM). The programs stored in the
permanent memory are never changed; only the program in temporary memory can be
modified. Special Function 42 can change the program data thatis stored in the tempor-
ary memory. One of the predefined programs or the last modified program is always
present in the temporary memory. And, only the program in temporary memory can
control an external 1.O.

Detailed examples will be used to explain the use of Special Function 42, However, a brief
definition of the purpose of the individual parts of the program that can be changed
using Special Function 42 will make the programs easier to understand:

a. Special Function 42.0 is used to display and change the auxiliary commands. The
purpose of the auxiliary commands is to set the external LO to continuous wave (CW)
operation and to set the cutput signal level of the external LO (if it is variable via HP-IB).

b. Special Function 42.1 is used to display and change the CW prefix and suffix. The
purpose of the prefix and suffix is to correctly format the frequency commands from the
Noise Figure Meter to the external 1.0. The format is different for different LOs. Fre-
guency data of up to five digits is located between the prefix and suffix, The frequency
information is determined by the frequency parameters entered into the Noise Figure
Meter during the measurement setup and by the measurement mode in which the
instrument is operating.

¢. Special Function 42.2 is used to display and change the settling time (Gin ms). The
purpose of the settling time is to ensure that the Noise Figure Meter waits a sufficlent
amount of time after issuing the frequency command and the auxiliary commands to
allow the external L.O output to stabilize.

d. Special Functions 42.3 and 42.4 are used to display and change the minimum and
maximum frequencies that the program will accept. These enfries are in MHz. In most
cases, they will represent the frequency capability of the external LO. However, they do
not affect the external LO but are only used by the Noise Figure Meter to determine if a
requested frequency parameter will be accepted. If an attempt to enfer an out-of-range
frequency is made, the Noise Figure Meter displays one of the invalid frequency entry
error messages.

The listings for the two predefined programs are shown below. Each listing shows the
data that is stored in permanent memory. Also shown are the External 1O Commands
{Special Functions 42.0 through 42.4) and the data that can be modified by each special
function.
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Predefined
Program
Listings
(cont’'d)

Operation

Programming an External LO (cont'd)
(Special Function 42)

External LO Predefined Program Listings

Exiernal LO Commands [Special Function 42}

HP 8350A Program (41.0)

HP 8672A Program (41.2)

42.0 Auxiliary Commands

42.1 Prefix

Suffix

42.2 Settling Time

(@
0
{0
o
o
()
(0
)]
(0)
(0

C(e7)
W(87)
M(77
Z{90)

60 ms

K(75)
({48}
176)
6(b4)
M(77
0(48)

}
N(’?S)}
}

} () dB atten.
} -3dB
U AM off

755) f T Off

TR
3051) +10dBm
P(80)

{255)
Z(90)
(48}

20 ms

42.3 Minimum Frequency 2000 MHz 2000 MHz

42.4 Maximum Frequency 18000 MHz 18000 MHz

The following conventions are used in the program listings:

a. All HP-IB program codes consist of ASCII characters. The numbers and letters
shown before the parentheses (in Special Functions 42.0 and 42.1) are the ASCII charac-
ters that make up valid HP-IB program codes.

b. The numbers shown within parentheses are the decimal equivalent of the required
ASCII character. (It is this decimal value that is entered into the Noise Figure Meter for
Special Functions 42.0 and 42.1.) For example, in the first line of the listing for the HP
8672A program, the entry is K(75). The K is the first ASCII character of a valid HP-IB
program code for the HP 8672A. The 75 is the decimal equivalent of the letter K.

The two exceptions to this rule are (0) in the HP 8350B program and (255) in the HP
8672A program. The (0) entry is used as a placeholder. It is ignored by the Noise Figure
Meter and is not transmitted on the HP-IB. In the HP 8350B program (Special Function
41.0), there are no preset auxiliary commands. This area contains zeros because no
single program can control all possible HP 8350B configurations. This portion of the
program must be correctly entered by the user to match the configuration of the HP
8350B used with the Noise Figure Meter. The (255) in the HP 8672A program is used by
the Noise Figure Meter to establish that, when controlling the HP 8672A, leading zeros
must be sent if they are required to complete five digits of frequency data.

¢. The numbers shown without parentheses (in Special Functions 42.2,42.3, and 42.4)
are the actual values used for that function. For example, the “60 ms” shown as the
settling time for the HP 8350B program is the actual settling time allowed by that
program.
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Programming an External LO (cont’d)

(Special Function 42)

d. The comments following the brackets in the HP 8672A program are the functions
performed by each two-character HP-IB code. Note that many two-character HP-IB
codes use the first character to establish the instrument function and the second charac-
ter to establish the setting of that function.

In both programs, a maximum five digits of frequency information are sent between the
prefix and the suffix. This information is generated by the front panel settings of
frequency parameters on the Noise Figure Meter.

To activate a specific programming function, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

g o
= 28 |le |Ee|X8
= & 5= =
g2 | SE | 5E | 88|35

N . b1 bined =

Special Fungtion Program w8  E< |»#g %T |53

8= = = @ 9 © S e

Code =g 28 | =X | 3o | BT

- 55 | 52 | z= |80 | 3%

Description Code Ju | BE | SE | 85 a5

Auxiliary Commands 42.0 | AC or 42.08P N Y Y NC NC

CW Prefix and Suffix 42.1 | PSor42.15P N Y N NC NC

Settling Time in ms 42.2 | TM or 42.28PF N Y N NC NC

Minimum Frequency in MHz | 42.3 | MN or 42.38P N Y N NC NC

Maximum Frequeney in MHz | 424 | MX or 42.48P N Y N NC NC
Table categories are explained in the Special Functions Detailed Operating Instruction.

Entering Data

Special Function 42.0 allows for modification of the auxiliary commands of the program
stored in temporary memory. If one of the two predefined external LO programs is to be
modified, Special Function 41.0 or 41.2 should be activated first to ensure that the correct
program is in the temporary memory.

:® Anauxiliary command is simply an HP-IB program code required to control one function of

the external LO. Each program code consists of one or more ASCII character. The decimal
equivalent of each ASCII character is stored in one of the ten data locations available for
auxiliary commands.

The general procedure for entering data using Special Function 42.0 is as follows:
a. Determine what external LO functions are to be controlied by the Noise Figure Meter.

b. Use the external 1.O’s manual to look up the HP-IB program codes for the above
functions,

¢. UseTable 3-11, located in Remote Operation near the front of this section, to look up the
decimal equivalent for each of the ASCII characters used for the program codes.

d. On the Noise Figure Meter, press 4.2. 0 SPECIAL FUNCTION to display the current
number stored in the first of the ten data locations. Enter the decimal equivalent of the
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Procedure
(cont’d)

Operation

Programming an External LO (cont’d)

{Special Function 42)

desired ASCII character from the front panel of the Noise Figure Meter. The allowable
range of decimal values is 0 to 205,

e. Press the ENTER key on the Noise Figure Meter's front panel. The next data
location available for modification will appear in the Noise Figure Meter’s left display. If
no change to the existing data is desired, press ENTER to advance to the nex{ data
location.

£, Continue stepping through the data locations until all ten have been filled. If all of
the auxiliary command data locations are not used in a specific application, always -
enter zeros in the remaining locations to aveid possible HP-IB command errors.

After all ten locations are displayed, the Noise Figure Meter returns to the previous front
panel setup the next time ENTER is pressed. It is also possible to exit Special Function
42.0 at any time by pressing FREQUENCY (and still retain the data).

Special Funetion 42.1 allows for modification of the CW prefix and suffix commands for
the external LO program. The prefix is the external 1.O's HP-IB program code for CW.
The suffix is the external LO’s program code for MHz. The CW prefix and suffix
commands are entered in a manner similar to the auxiliary commands (that is, the
decimal equivalent of each ASCII character is entered into the Noise Figure Meter).
However, the prefix and suffix HP-IB program codes must each be two ASCII characters
or less because only four data locations are available for this Special Function. Enter
zeros in any data locations that ave not used. The allowable range of decimal valuesis 0
to 255.

For Special Functions 42,2, 42.3, and 42.4, the decimal value is entered directly into the
Noise Figure Meter. The settling time is entered in ms. The allowable range is 0 to 60000
ms. Frequency is entered in MHz. The allowable range is 0 to 60000 MHz.

Modified data can be entered in any order. For example, the settling time can be meodified
prior to changing the frequency prefix and suffix.

Running the External LO Program
Before the program can be run, several conditions must be met:

a. An HP-IB cable should be connected between the Noise Figure Meter and the
external L.O.

b. On the Noise Figure Meter, Measurement Mode 1.1 or 1.3 (fixed IF and variable-
frequency LO) should be selected. External LLO programs can be run in Measurement
Modes 1.2 and 1.4 (variable IF and fixed-frequency L.O) but the Noise Figure Meter will
send out the fixed LO frequency that was selected by Special Function 3.1.

c. The parameters associated with the selected Measurement Mode (such as fre-

quency, fixed IF, and sideband selection) should be set.

d. Special Function 4.1 should be active to enable the Noise Figure Meter to control an
external 1O,

e. The HP-IB address of the external LO must match the external LO address that is
stored in the Noise Figure Meter (use Special Function 40.1).
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Programming an External LO (cont'd)
{Special Function 42)

f. The internal sweep of the external LO {if one exists) should be off.

Once the above conditions are met, the external LO program stored in the Noise Figure
Meter’s temporary memory runs whenever a frequency value is entered from the front
panel of the Noise Figure Meter. The program is also triggered each time an auxiliary
command is changed when an external LO is connected.

When the program is running the following sequence occurs:
a. A frequency command and the auxiliary commands are sent to the external LO.
b. The Noise Figure Meter waits for the programmed settling time and then makes a

measurement.

This sequence is repeated until all of the frequencies required by the measurement setup
have been sent and the measurement results obtained.

432 2%» Each time the frequency is changed the Noise Figure Meter issues an HP-IB command

string. The Noise Figure Meter sends the following HP-IB commands to the external LO
in the order indicated:

a. REN and ATN are both set true.

b. the LO’s listen address is sent.

e. ATN is released (that is, set false),

d. the frequency command is sent.

e. the auxiliary commands are sent.

f. carriage return (CR) and line feed (LF) are sent.

Because the frequency command preceeds the auxiliary commands, a Preset or Initialize
command cannot be used in the auxiliary commands. These type of commands will
prevent the external L.O from tuning to the required frequencies because after the LO
tunes to the requested frequency, it will be reset to its original frequency.

Example 1-Modifying and Saving a Predefined Program

Inexample 1, the HP 8672A program is modified for three different output levels and the
modified programs are stored. Modifying the output level will probably be the most
frequent change made to this predefined program.

a. On the Noise Figure Meter, press 4 1 . 2 SPECIAL FUNCTION to load the HP
8672A program from permanent memory to temporary memory.

NOTE

A convenient relationship exists that can be used when modifying the output
level on the HP 8672A. This relationship only holds true for changing the
output level to a value between 0 and 13 dBm. If any other changes are
required, the HP 8672A manual must be used to determine the correct HP-IB
program codes. To obtain any output level between 0 and 13 dBm, change the
fourth auxiliary command entry to 61 minus the desired dBm level. The
standard program entry {54} results in a 7 dBm output (61 ~7 = 54).

b. Press 4 2. 0 SPECIAL FUNCTION to allow modification of the auxiliary com-
mands. Verify that the left display shows 75.
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Programming an External LO (cont'd)

(Special Function 42)

c. Press ENTER three times. Verify the left display shows 48, 76, then 54. Pressing
ENTER repetitively without entering any data does not change the stored data.

d. Change the output level to 3 dBm by pressing 5 8 ENTER {using the relationship
61—3=>58).

e. To store the modified auxiliary commands in storage register 1, press STORE 1.
This step stores only the auxiliary commands. The rest of the program information
remains in the temporary memory and only needs to be changed when the external LO
changes. This information is retained if the instrument is turned off or if PRESET is
pressed.

NOTE

It is a good programming practice to step through the remaining auxiliary
command data locations to verify that they contain the correct information as
shown in the listed program.

f. To modify the output level to 5 dBm and store the modified program in storage
register 2, repeat steps b through e. In this sequence, the fourth auxiliary command
location is now 58. Change it to 56 and press STORE 2.

NOTE

There are now three HP 86724 programs available to control the external LO.
These programs will remain stored in the instrument unless storage registers
1 or 2 are modified using the STORE key. The standard program is always
available whenever Special Function 41.2 is activated.

g. To run the program at the 7 dBm level, press 4 1 . 2 SPECIAL FUNCTION and
perform the measurement using the appropriate Measurement Mode procedure.

h. To run the program at the 5 dBm level, press RECALL 2 and perform the measure-
ment using the appropriate Measurement Mode procedure.

i. To run the program at the 3 dBm level, press RECALL 1 and perform the measure-
ment using the appropriate Measurement Mode procedure.

NOTE

When modifying and storing a series of different programs, the capability to
sequence these programs in a specific order can be useful. For information on
sequencing the stored programs, refer to the Sequence Detailed Operating
Instruction.

Example 2 — Writing a Program for an External LO Other Than the HP 83508 or
HP 8672A.

The second example shows how to write a program for an external L.O other than the HP
8350B and HP 8672A. The instrument chosen for this example is the HP 8672A Synthe-
sized Signal Generator. This instrument was chosen becauseit has a low noise level and
could be used to test low frequency mixers. A program listing is provided first and then a
brief explanation of the chosen parameters is presented.
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Programming an External LO (cont'd)

{Special Function 42)

HP 8662A Program Listing

Externat LO Eommands {Special Function 42)

KP 8662A Program

42.0 Auxiliary Commands

42.1 Prefix
Suffix
42.2 Settling Time

42.3 Minimum Frequency

42.3 Maximum Frequency

M7
0070)
A(65)
P80
7(65) 7
E(é%)) }+ dBm units

oy

(0}

)

F(70)
R(82)
M(77)
Z(80)

40 ms
20 MHz
1279 MHz

} Modulation Off

}amplitude function

HP 8970A

In an external LO program the auxiliary commands are most often used to program the
LO to a CW output at a specific level. This is done in the HP 8672A program in the
following way:

a. Thefirsttwo locations are used to send a Modulation Off command. This command
gets the HP 8672A to the CW mode.

b. The next five locations set the LO to an output level of +7 dBm.

c. The last three locations are set to decimal zero and used as placeholders to avoid
inadvertent HP-IB command outputs.

The prefix and suffix commands are those required by the HP 8672A.
The settling time is chosen to assure that the [LO output is stable.

The minimum and maximum frequencies are chosen to be within the range of the LO
and to satisfy the requirements of anticipated applications.

For HP-IB codes, refer to Procedure above.

When the Noise Figure Meter is in AUTO sweep, it waits for twice the entered settling
time during the retrace from stop to start frequencies.

HP-IB Addresses

Programs Available to Control an External 1O
Sequence

Special Functions
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Programs Available to Control an External LO

Description

Procedure

Example

Program
Codes
 HP-1B 2

(Special Function 41)

Cperation

Special Function 41 selects one of two predefined programs to control an external LO.
Special Function 41.0 selects the program for the HP 83508 Sweep Oscillator, Special
Function 41.2 selects the program for the HP 8672A Synthesized Signal Generator, and
Special Function 41.3 selects the program for the HP 86738 Synthesized Signal Genera-
tor. A listing of these programs is contained in the Comments section of thisinstruction.

The programs are activated when Special Function 4.1 (Enable External LO Control), a
Measurement Mode (1.1, 1.2, 1.3, or 1.4), and the correct predefined program have been
selected. Either program can be modified using Special Function 42 (External 1L.O
Commands). Refer to the Programming an External LO Detailed Gperating Instuction
for additional information on how to modify these programs,

To select one of the predefined programs key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

[
= 5 - £
x| 8 B,  BE| 22
s |88l g2 g8 |
2 |z2 |85 | L8| B8
Special Function Program BT B | = B
Code £8 |88 | =z | BS | g
. BE| S22 | 52| 2 | 2 8
Description Code ' S| BE|CE | & | &5
HP 8350B Sweep 41.0 J0 or 41.05P N Y N NC NC
Oscillator Program
HFP 8672A Synthesized 41.2 J2 or 41.25P N Y N NC NC
Signal Generator
Program
HP 8673B Synthesized 41.3 J3 or 41.35P N Y N NC NC
Signal Generator
Program
Table categories are explained in the Special Functions Detailed Operating Instruction.
To select the predefined program to control the HP 8672A:
LOCAL - Cade - Function
{keystrokes)
CJCICIE) (o],

{pragram codes)

42

For HP-IB codes, refer to Procedure above.
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Programs Available to Control an External LO (cont’d)
(Special Function 41)

Comments A listing of the two predefined programs is provided here for a guick reference. A
complete explanation of these programs and instructions on how to modify them are
contained in the Programming an External LO Detailed Operating Instruction.

External LO Predefined Programs Listing
External LG Commands HP 8350A Pragram #P 8672A Program
(Special Function 42) B 1 R {41.2}
42.0 Auxiliary Commands ) K(75)
©) 0(48) } 0 dB atten.
0) L(76) } )
() 660 3dB
(0; M(TT)
o) 0(48) } AM off
(0) N(78) }
() 7{ 55) FM off
Q) O(79)
() 351) } +10 dBm
42.1 Prefix C67) P(80)
W(RT) (255)
Suffix M(77) Z(90}
290} ((48)
42.2 Settling Time 60 ms 20 ms
42.3 Minimum Frequency 2000 MHz 2000 MHz
42 4 Maximum Frequency 18000 MHz 18000 MHz
Reiated Controller Capability of the Noise Figure Meter
Sections Measurement Modes 1.1 through 1.4
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Description

Procedure

Operation

RF Attenuation Selection
{(Special Functions 60, 61, and 62)

BF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 62.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific RF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them, It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functionsis contained
in Section VIII, Service.

To select a specific RF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

= -g =1 i g—“‘
=z | 8| = S g ig
§2 (85 |F |25 %%
Special Function Program a §_ £ Eg t§ s | % "g &8
Description Code SE|BE S8 | &3 &5
RF Attenuation Selection

Auto 60.0 RO or 60.05P N N N On On
+20 dB 60.1 R1 or 60.15P Y N N Off Off
+10dB 60.2 R2 or 60.25P Y N N Off Off
0dB 60.3 R3 or 60.35P Y N N Off Off
-10dR 60.4 R4 or 60.4SP Y N N Off Off
-20 dB 60.5 R5 or 60.558P Y N N Off Off
-30 dB 60.6 R6 or 60.65P Y N N Off Off

Display RF Attenuator Seitings
Display IF Attenuator 61.0 SR or 61.0SP N N N Off Off

RF Attenuator Hold

RF Attenuator Hold 62.0 RH or 62.058P Y N N Off Off

Table categuries are explained in the Special Functions Detailed Operating Instruetion.
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RF Attenuation Selection (cont’'d)
(Special Functions 60, 61, and 62)

To select the RF attenuator hold function:

LOCAL Code Function

fkeystrokes) @ E:) FokoTion

HP- RH
{program cades)

For HP-IB codes, refer to Procedure.

When Special Function 61 is implemented, four digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding 10 dB
pads and 20 dB amplifier are switched into the Input Assembly circuits (see Service
Sheet 1 in Section VIII, Service). The first, third, and fourth digits each represent -10dB
(10 dB Pad No. 1,10 dB Pad No. 2, and 10 dB Pad No. 3, respectively). The second digit
represents +20 dB (20 dB Input Gain Amplifier). To obtain the RF attenuator setting, add
the attenuation that is represented by each digitin the display. For example, a display of
“1110”indicates an RF attenuation setting of 0 dB.

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

IF Attenuation Selection
Manual Measurements
Special Functions
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Description

Procedure

Operation

Sequence

(Includes Special Function 35)

The sequence feature allows the user to predetermine the recall order of the storage
registers. Manual sequence (recall of registers one at a time) or automatic sequence
{continuous recall of registers) can be selected.

Nine digits are used in a sequence. Any combination of registers 1 through 9 is allowed.
Zeros used within a sequence are ignored.

To set the sequence (that is, the recall order), key in 35.2 SPECIAL FUNCTION. The
register to be recalled at each step of the sequenceis displayed in turn in the left display.
If a change is desired, enter the new register number and press ENTER. If no changeis’
desired, press ENTER to advance to the next step of the sequence. After all nine registers
have been displayed, the Noise Figure Meter returns to normal measurement. Pressing
the FREQUENCY key at any time terminates setting the sequence,

To select the manual sequence mode, keyin 35.0SPECIAL FUNCTION. The instrument
steps through the defined sequence one step at a time each time the SEQ key is pressed.
When the end of a sequence is reached, it starts over.

To select the automatic sequence mode, key in 35,1 SPECIAL FUNCTION. Press the
SEQ key to start automatic sequencing. The instrument starts a continuous recall of
registers in the predetermined sequence. To stop an automatic sequence, press the SEQ
key again.

To clear the sequence (that is, set the sequence to 000 000 000}, key in 35.3 SPECIAL
FUNCTION.

To set the sequence to 1 through 9 in order, press PRESET.

= E,.|FE

Fr|E28 | = S8 | &8

g2 |35 | EE |28 |3¢%

Special Function _ Program wE|E, w8 |+8 |85
8E | T | 82 | B2 |2

£ E5|EZ |82 8%

Description Cade e | &8E | SE | 88 &8
Manual Sequence 3501 QMor35.08P 1 N N N On On
Automatic Sequence | 35.1 | QA or 35.1 8P N N* N Off | Off
Set Sequence 35.2 | QS or 35.25P N Y N NC 15
Clear Sequence 353 | QCor 35.35P N N N Off Off

*Enables Special Function key LED to light when SEQ is pressed.

Table categories are explained in the Special Functions Detailed Operating Instruction.
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3
Sequence (cont'd)
(Includes Special Function 35)
To set the register recall sequence to 1, 2,7, 2 and 5:
Code Function Data Funeticn

ENTER

3 5 |{ . }@ SPECIAL
FUMCTION
ENTER

ENTER

ENFER

LOCAL

{keystrokes] ENTER

ENTER
ENTER
ENTER

ENTER

LEEEREEHME
HEEEHEEERE

@)

S1ENZEN7EN2ENSENOCENOENOE

TITITITITITIT

=

E

=

ion
Data

Funct
Funet
Funct

ion
ion
ion
Data
Function —j

Code ——]

4] i)
= u
[ o

Data
Data
Data

Finction

{program codes]

Datg —— O
Function —-]

Funct
Function

The program code for the SEQ key is SQ. The program code for the ENTER key is EN.
Refer to Procedure, above, for HP-IB program codes for Special Function 35.

When the Noise Figure Meter is in the manual sequence mode, pressing the SEQ key
causes the storage register being recalled to appear in the left display while the key is
depressed.

When the Noise Figure Meter is in the automatic sequence mode, the SPECIAL FUNC-
TION key LED lights. Register numbers are not displayed during automatic sequencing.

Register numbers can be vepeated in a sequence string.

If fewer than nine register numbers are used for a sequence string, zeros should be
entered so that the sequence always has nine digits in it.

For a list of front panel functions that can or cannot be stored and recalled {therefore,
can or cannot be used in a sequence), refer to Table 3-12, Front Panel Summary, in the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction. For a list of
special functions that can and cannot be stored and recalled, refer to Table 3-14, Special
Function Summary, in the Special Functions Detailed Operating Instruction.

Preset Conditions and Power-Up Sequence
Special Functions
Store and Recall
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Description

Procedure

Operation

Sideband Selection

(Special Function 2)

The measurement system setup dictates the sideband operation to be selected. Special
Function 2 tells the Noise Figure Meter which type of sideband operation the measure-
ment system is using. A discussion of measurement modes and sideband selection is
contained in the Measurement Modes Detailed Operating Instruction. After the mea-
surement setup is established, use Special Function 2 to convey this information to the
Noise Figure Meter. Double sideband, upper single sideband, or lower single sideband
can be selected.

In Measurement Mode 1.2, one of the single sideband special functions must be selected
or else an error code (F34) is displayed. The reason a double sideband measurement
cannot be made in Mode 1.2 is that the frequency at which the measurement is being
made is ambiguous. Therefore, one of the two single sideband special functions must be
selected and the other sideband must be filtered out after the DUT for a meaningful
sweep. This eliminates any noise thatis added by the DUT thatmay fall in the undesired
sideband.

It is in Measurement Modes 1.1, 1.3, and 1.4 that the choice between single or double
sideband becomes necessary. The following brief description will help clarify the choices
available:

a. Special Function 2.0 selects a double sideband measurement. The measured result
is an average of the noise figure at two frequencies; the LO frequency plus the IF and the
LO frequency minus the IF.

b. Special Function 2.1 offsets the measurement frequency to the LO frequency minus
theIF. The Noise Figure Meter uses the ENR value of the offset measurement frequency.

¢. Special Function 2.2 offsets the measurement frequency to the LO frequency plus
the IF. The Noise Figure Meter uses the ENR value of the offset measurement frequency.

To select a specific sideband offset, key in the corresponding Special Function code and
then press the SPECIAL FUNCTION key.
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Sideband Selection (cont’'d)

{Special Function 2}

Procedure
{cont'd)
o oW
Bl o |E2|28
o = =3 e B
IS
Special Function Pragram ASEE % «» § e o8 et
e | £21Eg| <5 ES |83
" Pa— EY
Description Gode - 25 g E| Sg | & ; & e
Double Sideband (no 2.0 B0 or 2.08P N Y Y On On
frequency offset) '
Lower Single Sideband 21 Blor2.18P Y Y Y Off Off
(measurement frequency
less than LO frequency)
Upper Single Sideband 2.2 B2 or 2.28P Y Y Y Off Off
{measurement frequency
greater than LO
frequency)
Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select lower single sideband frequency offset:
LOCAL o GOUE oo, Functien
{keystrokes)
CICIGD o],
B1
{program codes)
Program For HP-IB codes, refer to Procedure above.
Codes
UHP-IB |
Indications For indications, refer to the “Lights Special Function Key” column in the table in

Procedure above.
Related Measurement Modes

Sections Measurement Modes 1.1 through 1.4
Special Functions
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Description

Procedure

Operation

Smoothing (Averaging)

{Includes Special Function 13)

The purpose of smoothing is to reduce jitter in both the NOISE FIGURE and INSER-
TION GAIN displays. Numbers that are sent to both of these displays are averaged
before being displaved.

The Noise Figure Meter has two modes of smoothing: exponential and arithmetic
(straight averaging). The equation for exponential smoothing is:
new measurement n-1

new display = +— {previous display)
n n

where n is the smoothing factor.

The equation for arithmetic smoothing is:

n measurements
n

new display =

where n is the smoothing factor.

The smoothing factor can range from 1 to 512 in factors of two. Each time the
INCREASE key is pressed, the smoothing factor is doubled (until the smoothing factor
is 512). Each time the DECREASE key is pressed, the smoothing factor is halved (until
the smoothing factor is 1). A stable display can usually be obtained by increasing the
smoothing factor.

When exponential smoothing is used for a fixed frequency measurement, the display is
updated approximately five times per second for all smoothing factors. However, when a
large smoothing factor is used, the Noise Figure Meter is slow to respond to changes in
the noise measurement when tuning from one fixed frequency to another.

Arithmetic smoothing makes the number of measurements indicated by the smoothing
factor and averages them before theresult is displayed. The display is updated each time
nmeasurements are made, where n is the smoothing factor, With a smoothing factor of I,
three to five measurement updates are made each second. With a smoothing factor of
512, the measurement update interval is typically fifty seconds to one minute.

Calibration and swept measurements always use arithmetic smoothing automatically.
Either exponential or arithmetic smoothing can be selected for fixed frequency
measurements.

To display the smoothing factor, key in 13.2 SPECIAL FUNCTION. If a change is
desired, key in the new smoothing factor and then press the ENTER key.

The smoothing factor can also be changed from the front panel. Press INCREASE for
more smoothing or press DECREASE for less smoothing. Each time one of these keysis
pressed the smoothing factor changes by a factor of two.

To select exponential or arithmetic smoothing for fixed frequency measurements only,

key in the corresponding Special Function code and then press the SPECIAL FUNC-
TION key.
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Smoothing (Averaging)(cont’d)

{Includes Special Function 13)

Procedure
(cont’d)
P )
2 s T 5
=] 28 - 2 2 &y
S |85 | 82|82 5%
Special Function Program S5 | &= AE|-E|SS
Gode _gg gg a2 | B8 BT
_— o =] o S vy [~ o a
Description Gade HP-IB EE|EE |35 |82 |£8
Exponential smoothing mode for fixed 13.0 V0 or 13.08P N Y N On On
frequency measurements
Arithmetic smoothing mode for fixed 13.1 Vior13.1 SP N Y N Off Off
frequency measurements
Displays and allows entry of smoothing 13.2 AF or 13.28P N Y N NC 1
factor
Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select exponential smoothing and a smoothing factor of 4:
Code Function Data Function

SPECIAL

LOLAL U‘J Laj [ > ] [ O] Bruusrim&
{keystrokes)
DEOE (o]

(program codes)

Program
Codes Program Code
Parameter m

INCREASE IN
DECREASE DE
Smoothing Factor =1 Fo or AF1EN
Smoothing Factor =2 F1 or AF2EN
Smoothing Factor = 4 F2 or AF4EN
Smoothing Facter =8 3 or AFSEN
Smoothing Factor = 16 F4 or AF16EN
Smoothing Factor = 32 F5 or AF32EN
Smoothing Factor = 64 F6 or A¥64EN
Smoothing Factor = 128 F7 or AF128EN
Smoothing Factor = 256 F8 or AF256EN
Smoothing Factor = 512 F9 or AF512EN

For HP-IB codes for Special Function 13, refer to Procedure above.
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Indications

Comments

Related
Sections

Operation

Smoothing (Averaging) (cont’'d)

(Includes Special Function 13)

The current smoothing factor is displayed in the left display whenever the INCREASE
key or the DECREASE key is depressed.

The smoothing factor can be changed while swept measurements are in progress.
However, the smoothing factor cannot be changed during calibration.

For fixed frequency measurements, arithmetic smoothing is mainly useful in HP-IB
systems. Exponential smoothing is best for reading measurement results on the front
panel display or on an oscilloscope.

When using exponential smoothing, any time the fixed frequency changes, a number of
measurements equal to the smoothing factor is made before any results are displayed.
During this time the NOISE FIGURE display shows four dashes { — — — — ),

In exponential smoothing, to reduce the settling time after a large measurementchange,
press the FREQUENCY key to reset the display to the current measurement value.

Calibrate

Fixed Frequency Tuning
Special Functions
Sweep
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Special Function Catalog
{Special Function 50)

Special Function 50 displays the contents of the six-line special function catalog either
sequentially or by individual line. The catalog c¢an be used to quickly determine the
present status of many of the special functions. For a concise explanation of the special
function catalog, refer to the Special Function Catalog Summary shown below. With the
exception of the information added for line six, this same information appears on the
pullout card in the tray at the bottom of the Noise Figure Meter.

Speclal Function 50.N displays the Special Function Cataleg. 50.0 SP sequences thru all 6
catalog lines. 50.1 thru 50.5 SP dispiay the specified catajog line. For exampie:

@ @ CD B Displays the N = 1 line.

The first displayed digit {N) is the cataiog line number. Each of the other digits is the suffix cfa
specific Special Function as shown in the tabie below.

8P Code suffixes

This display ingicates the
following special functions:

14,2241, 50
N 1 2 3 4 e it positions
LINE
NO. | SPECIAL FUNCTION PREFIXES
1 1 2 4 5 s 3P code prefixes N =
10/97 | 11 127 13

2
3 N/A 14 15 8
4 30 3t 32 34
5
8

35 | 41% | 43 N/A
608 70 e g2

Qg == 10.0 thru 10.45P; 5 = 9.1SP; 6 = 9.28P; 7 = 8.38P; 8 = 9.45P,
23 =12.1SP and 12.25P selected,
"3 Indicates selected analog output:
03 = 7.0 thru 7.3SP; 4 = 22.08P; 5 = 23.0SP; § = 24.0SP; 7 = 82.0SP.
“ Indicates sefected Ext L.O program:
0=41.08P (83508); 2 = 41.25P (8672A); 3 = 41.35P {86738); & = Custom Exi LO Program.

"5 06 = 60,0 thru 60.6SF; § = 63.0 thru 63 55P.
8 5 = Normal dispiay; 1 = 80.0SP !Voltmeter Mode, Nolse Source Oft): 2 = 81.0SP
{Voltmeter Mode, Noise Source On).

Special Function Catalog Summary
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Procedure
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Operation

Special Function Catalog (cont’d)
(Special Function 50}

To select a specific special function catalog display, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key

sz m 2

. B Ewlas

TZ|E5E| Bz |28 |25

g% o3 | 82|52 |28

Specia Function Program s |22 |0E 8|88

e I

Code 2% 2 § S o 2SI 8E

Deseription Code ‘ f_jé 2E| & Bla2 |28

Sequence through all 50.0 GO or 50.0SP N N N Off Off

six lines at once

Display Line 1 50.1 G1 or 50.15P N N N Off Off

Display Line 2 50.2 G2 or B0.25P N N N Off Off

Disgplay Line 3 50.3 (3 or 50.35P N N N Off Off

Display Line 4 50.4 G4 or 50.45F N N N Off Off

Display Line 5 50.5 G5 or 50.55P N N N Off Off

Display Line 6 50.6 6 or 50.65P N N N Off Off

Tahle categories are explained in the Special Functions Detailed Operating Instruction.
To display line 2 of the special function catalog:

(keystrokes)

(e ) Jl2) gﬂﬁﬁ'ﬁhu

G2
[program codas)

For HP-IB codes, refer to Procedure above.

When Special Function 50.01s selected, the Noise Figure Meter automatically sequences
through all six lines, showing the status of each line for approximately one second in the
left display.

When Special Functions 50.1 through 50.6 are selected, the status of the corresponding
line is displayed in the left display until another function is selected.

Under the left display are reference characters N, 1, 2, 3, and 4. N refers to the line
number and 1, 2, 3, and 4 refer to digit positions in the display.

To read the special function catalog information via HP-IB, use Special Functions 50.1
through 50.6 andread oneline at a time. The HP-IB output format must be set to output
all three displays (HP-IB code H1 or 43.1SP).

Special Functions
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Special Functions

General Information. Special Functions extend user control of the instrument beyond
that normally available from dedicated front panel keys. They are accessed via key-
board entry of the appropriate numeric code terminated by the SPECIAL FUNCTION
key. The codes consist of a prefix, decimal, and suffix. Special Functions are grouped by
their prefixes into five categories as follows:

Prefix ¢

This initializes selected Special Functions. Refer to Table 3-14, Special Func-
tion Summary, for a complete listing of initialized Special Function
conditions,

Prefixes 1 0 49

These are User Special Functions which are used during normal instrument
operation when a special configuration, a special measurement, or special
information is required. These Special Functions are described in the Special
Function Summary, Table 3-14.

Prefixes 50 to 59

These are Catalog Special Functions and are used to display the status of
Special Function settings. Refer to the Special Function Catalog Detailed
Operating Instruction for additional information.

Prefixes 60 {10 79

These are Auxiliary Special Functions which are normally used for servicing
the Noise Figure Meter. However, some of these Special Functions must be
used for manual measurements (HOT and COLD). Refer to Section VIII
(Service), and the IF Attenuation Selection and RF Attenuation Selection
Detailed Operating Instructions for additional information.

Prefixes 80 to 9%

These are the Service Special Functions used to assist in troubleshooting an
instrument fault. The functions available are guite diverse — special internal
measurements, software control, and special service tests and configurations.
These Special Functions are discussed in detail in Section VIII, Service.

Special Function Summary Table. A summary of the Special Functions is given in Table
3-14. Most of the Special Functions are explained in more detail in other operating
instructions.

The “Lights Special Function Key” column indicates which Special Functions, when
active, light the SPECIAL FUNCTION key LED on the front panel.

The “Stored in Continuous Memory”’ column indicates whether or not the status of a
Special Function can be retained when power is removed from the Noise Figure Meter.

The “Can Be Stored and Recalled” column indicates whether or not the status of a
Special Function can be stored in an internal storage register for recall at a later time.

The “Special Function 0.0 Conditions” column indicates the status of each Special
Function (that is, on, off, or no change) when Special Function 0.0 is selected.
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Description
{Cont'd)
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Related
Sections

Operation

Special Functions (cont’d)

The “Preset (and HP-1B Clear) Conditions” column indicates the status of each Special
Function when the front panel PRESET key is pressed (or HP-IB code PR is sent). In
addition, this column indicates default data values that are set for some Special
Functions.

To use a Special Funetion, key in the corresponding code, then press the SPECIAL
FUNCTION key.

To select Measurement Mode 1.1 {Special Function 1.1):

LUCAL e GOge e, Function
{keystrokes]
O (o),
 HP-1B E1
{program codes}

The numeric code appears in the left display as it is being entered, Pressing the SPE-
CIAL FUNCTION key activates the selected Special Function. Refer to the “Lights
Special Function Key” column in Table 3-14 for a list of Special Functions thatlight the
key LED.

Calibration, Frequency

Calibration, IF Attenuators

Calibration, Input Gain Selection

Controller Capability of the Noise Figure Meter
Data Output to Oseilloscopes and Recorders
Display Resolution

Display Units Selection

Fixed IF or LO Frequency Selection

HP-IB Addresses, Noise Figure Meter and External LO
IF Attenuation Selection

Loss Compensation

Manual Measurement Functions

Measurement Mode 1.0

Measurement Mode 1.1

Measurement Mode 1.2

Measurement Mode 1.3

Measurement Mode 1.4

Power Measurements

Preset Conditions and Power-Up Sequence
Programming an External LO

Programs Available to Control an External LO
RF Attenuation Selection

Sequence

Sideband Selection

Smoothing

Special Function Catalog

Spot ENR, Thet, and Tegld

Temperature Units Selection

Trigger Selection
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Tabie 3-14. Special Function Summary (1 of B}

2E =128
EIE IS |E | £
S 3|8 | &
SIS 12 |8g Beg
Special Function Program SIExvg =2 =28
2SR B SE BE Relerences and
Code Description ES EE=S|8E| g% Comments
Name Code* SHElBE SEad a6
Initialize 0.0 Cs Initializes many N|—]—~] - Preset Condi-
Special Special Functions tions and Power
Functions Up Sequence
Measurement 1.0 EQ Mode 1.0 (10—1500MHz | N | Y Y {On| On Measurement
Mode Selection measurement) Mode 1.0
1.1 E1 Mode 1.1 (fixed IF; N | Y | Y |Gif] Off Measurement
variable freq. ext LO) Mode 1.1
1.2 E2 Mode 1.2 {(variable IF; N |Y | Y |Offf Off | Measurement
fixed freq. ext L.O; SSB) Mode 1.2
1.3 E3 Mode 1.3 (fixed IF:vari- | N | Y | Y | Off] Off Measurement
able freg. ext LO; Mode 1.3
mixer is DUT}
1.4 E4 Mode 1.4 {variable IF; N | Y |Y |Offf Off | Measurement
fixed freq. ext LO; ' Mode 1.4
mixer is DUT}
Sideband 2.0 BO Double Sideband NIY Y On| On Sideband
Frequency {no offset) Selection
Offset 21 | B1 Lower Single Sideband | Y | Y | Y | off| off
(Fsignai < FLO)
2.2 B2 Upper Single Sideband | Y 1Y 1 Y | Off] Off
{Fsigna! > FLO)
Enter IF and 3.0 IF IF (for Modes 1.1 & 1.83) | N | Y ¢ Y | NC |30 MHz | Fixed IF or
I 31 | LF LO (for Modes 1.2& 1.4) | N | Y | Y | NC| 10000 | LO Frequency
requencies Selection
MHz
Control 4.0 none Normal Talker and N | Y | N INC| NC Controller
Function Listener Capability
Selection 41 | none | EnableExtLOContrdl |N | Y | N |NC| ng | oftheNoise
Figure Meter
4.2 none Talk Only N 1Y I N NC| NC
*Most Special Functions can be programmed using either the code nwmber followed by 8P or the HP-IR Code.
N =No; Y =Yes; NC =No Change; — = Not Applicable
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Table 3-14. Special Function Summary (2 of 8]

Operation

55|, 2|2
g2 |E |8 | §
S1E8 |E B2
. . . R = oo 'g w
8pecial Function Program . e L CE 1; § 8g References and
Code Descriptien az|8 S|2% |85 BE ¢
Name Code” &2|5S 58|88 28 omments
Tien |AE |LooT [ ¢R6] Aol
ENR and 5. S50 Use ENR Table Nl Y| Y iOn| On ENR
gf?'i“ 51 | 81 Use Spot ENR v | v | v off| ofr | TableEntry
ettings
g SE Display Current ENR | N | N | N |off | off
in dB [
5.3 NR Enter and Use Spot N1 Y| Y | NCi152dB
ENR
5.4 TH Enter and Use THOT NI Y Y | NC | 9893K
5.5 SN fnter Noise Source N| Y| N {NC| NC
Identifier
TCOLD 6.0 TC Enter TCOLD N| Y| Y [NC .296.5}{ ENR
Setting Table Entry
Qutput to 7.0 A0 Noise Figure and Gain N| YN {On| On Data Output to
Oscilloscope | 7, | 4y Test Pattern N| Y| N |off| off |Oscilloscopes.
7.2 A2 Noise Figure ()n}y N Y N Off Off Recorders
7.3 Al Gain Only N | Y| N | Off]| Off
Enter 8.1 NL Noise Figure Lower NI Y| Y |NC ] Data Qutput to
-Oscilloscope Timit Oscilloscopes
Limits 82 | NU | Noise Figure Upper Nlv!y|Nnc| s |and
Limi Recorders
mit
8.3 GL Gain Lower Limit NI Y Y [NC 0
R4 GU Gain Upper Limit Nl Y| Y INC| 40
Power 9.1 N5 SOURCE Off {uncal) N} Y! Y |Off Off Power
Measurements | oo | Ng SOURCEOn (ancal) | N | Y | Y |off| off | Measurements
9.3 N7 SOURCE Off {cal} NI Y| Y |Off| Off
9.4 N8§ SOURCE On (cal) N Y! Y |Off} Off
Noise Figure 10,01 NO FdB NI Y Y | On| On Display Units
Display Units 101 N1 0 Nyl y |log| o Selection
102 N2 Y dB N| Y| Y offf Off
10.3 N3 Y N} Y| Y |Off] Off
| 10.4 N4 TeK N Y Y [ Off | Off

N =No; Y = Yes; NC = No Change; — = Not Applicable

*Most Special Functions ¢an be programmed using either the code number followed by S or the HP-IB -Code.
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Table 3-14. Special Function Summary {3 of 8]

HP 8970A

2 o | 8
gl EIS |E | =
= 1B B =
Special Function P 2| 88 |Ez| B2
p rgg;:m escripton 2% |3 3 E@ =2| =2 References and
B o e T ST wB
Name Code* 2|8 S| 52128 £8 Comments
Select Noise 11.0 Do K Nl Y| Y {On}| On Temperature
Source Temp. o N £ Off Units Selection
Units for Data e OC YivY o {Also see Special
Input 11.2 D2 F N Y Y Off] Off Functions 5.4, 6.0
and 34.3)
Display 12.0 X0 Maximum Resolution N{ Y| N|On!| On Display
Resolution 21 | X1 Less Res. on Noise N| Y| N |of| off | Resolution
Figure
12.2 X2 Less Res. on Gain Y Off | Off
Smoothing 13.8 VO Exponential N |{On]| On Smoothing
{(Averaging) Smoothing {(Averaging)
13.1 V1 Arithmetic Averaging NI Y | N (0Off| Off
13.2 AF Smoothing Factor N| Y| N |[NC 1
Manual 14.1 MC Cold Measurement N|Y Off | Off Manual
Measurement (SOURCE-off) - Measurement
Functions 14.2 MH Hot Measurement N| Y| Y [Off] Off Funetions
{SOURCE-on)
14.3 CC Cold Calibration NI Y Y |Off] Off
(SOURCE-off)
14.4 CH Hot Calibration N| Y | Y |Off| Off
(SOURCE-on}
15.0 PO Display Current NI N|]Y |On| On
Measurement
15.1 P1 Display Manual Y| N|Y [Off ] Off
Measurement Resulis
Recorder 20.0 LL Go to Lower Left N: NI NI|Off] Off Data Output to
Functions 910 | UR | Goto Upper Right N| N| N off| of gjgﬂh’s‘“’?es'
22.0 A4 Plot Noise Figure N| Y| N |Of| Of Recorders
23.0 A5 Plot Gain NI Y | N |Off| Off
24.0 AB X-AXIS Qutput is N | Y| N |Off} Off Data Output to
Noise Figure and Oscilloscopes
Y-AXIS Qutput is Gain and
(Strip Chart mode) Recorders

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

N =No; Y =Yes; NC = No Change; --= Not Applicable
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Table 3-14. Special Function Summary 4 of 8)

Operation

g | |2 |5
EE S ig |2
BIE B IE | &
. . .E (7] (Y |=d
Special Functien Program N wE o De E =S| S8 References and
Cade Description ES|PE|IS= 88| B8
* BEle= 8 85 &£ Comments
Name Code DA BESEGS &8
Trigger Selec- 30.0 TO Free Run NI NI N{Oni On Trigger Selection
tion 3.1 | T Hold N|N|Nlot| off
30.2 T2 Execute N | N| N|Of| Off
Frequency 31.0 Yo Automatic N| N|N|On! On Calibration,
Calibration 31.1 Y1 Disable Frequeney Cal | N | N | N | off| off | Frequency
31.2 Y2 Perform 1 Frequency NI N | N|Of Off
Cal
Input Gain 32.0 Co 20, 10 and ¢ dB NI N|N|On| On Calibration,
Calibration | 49, | ¢y 10,0 and -10 dB Y| N| N|oft| of f;i;“* Gain Selec
32.2 C2 (0, -10 and 20 dB Y| N| N|Off| Off
32.3 C3 -10, 20 and -30 dB Y N N | Off | Off
IF Attenuators| 33.0 iC Calibrate IF Attenua- N Y | N |Off| Off Calibration, IF
Calibration tors Attenuators
Loss 34.0 Lo Off N Y I NiOn! On Loss
Compensation 34.1 L1 On viv ! Nlogl o Compensation
34.2 LA Enter Loss before DUT | N Y NC | 0dB
in dB
34.3 1T Enter Temperature N| Y| N NC| 0K
of Losses
4.4 1.B Enter Loss after DUT N Y| N[NC| 0dB
indB
Sequence 35.0 QM Manual NI N|N|On! On Sequence
Functions 31 | QA Automatic Nt| N | N|o# of
. . 1Enables Special
35.2 Qs Set N Y| N|NC| 19 Function Key
353 | QC Clear N | N | NJOff| Off | LED tolight
when SEQ is
pressed.
HP-IB 40,0 none Display and Enter N| Y| N|NC| NC HP-IB Addresses
Addresses 8970A Address
40.1 EA Display and Enter Ext NIl Y| N|INC|] NC
LO Address
*Most Special Funetions can be programmed using either the code number followed by SP or the HP-IR Code.
N=Ng; ¥ =Yes; NC = No Change, — = Not Applicable
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Table 3-14. Special Function Summary [5 of 7}

HP 8970A

| o e |8
| E2 1% |=
8| =g | £
E 28 Sw By
Special Function Program = |ES|®g =5 | S5 _
Code Description £5|BE 23| S5 | 88 ﬁei:erences and
w2 | ‘e )

Name Code* SEES 88 28 &8 omments
External LO 41.0 J0 HP 83508 Sweep N:Y | N|NC|NC Programs
Programs Oscillator Available to

: : : . ‘ Control an
41.2 J2 (EIP 8672A Syn, Signal N:Y | N|NC]|NC External LO
enerator
41.3 J3 HP 86738 Syn. Nj¥Y¥Y | N|NC|NC
Signal Generator
External LO 42.0 AC Auxilliary Commands N | Y Y | NC | NC Programming
Commands | 4o, | pg CW Prefixand Suffix | N | Y | N |NC | Ng | a0 BxternalLO
42.2 TM Settling Time in ms N Y N | NC | NC
42.3 MN Min Frequeney in MHz NI Y N | NC ;| NC
42.4 MX Max Frequency N Y | N|NCINC
in MHz
HP-IB Data 43.0 HO NOISE FIGURE Only NI N[ N:iOn | On Refer to Remote
Quiput ‘ ‘ Operation,
Selection 43.1 H1 Fr eauency (left N | N * Off | Off Hewlett-Packard
display), INSERTION Tnter: B
GAIN, NOISE pieriace bus
FIGURE
Service 44.0 Q0 Bisable SRQ Capabil- N{ NI N|O | Of Refer to Remote
Request ity (elears all enabled Operations,
conditions) Hewlett-Packard
a1 | Q1 Enable DataReadyto | N | N | N | off | og | Interface Bus
cause an SRQ
44.2 Q2 Enable Cal Complete NI N | N|Of | Off
to cause an SRQ
44.3 Q3 Enable HP-IB Code N N N ! On On
Error to cause an SRQ
44.6 Q6 Enable Instrument N | N | NiOf | Off
’ Error to cause an SRQ

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-14. Special Function Summary [6 of 8)

Operation

g g3 |2
s| E|§ |5 | ®
B =8 |E | &
Special Function Program El-8|8 |5e| B2
P g - == S|%8l <8 == References and
Code Bescription L2EBE|BE| SE| sE
N Code” _ EE8|5E|cS 88| 28 Camments
ame oda R | B3 SEES | £S
Special 50.0 GO Scan Special Function N | N| N|Off| Off Special Function
Function Catalog Lines Catalog
Catalog 501 | Gi Line 1 Status N|N|N|of| of
50.2 G2 Line 2 Status N | N| N|Off| Off
50.3 G3 Line 3 Status N | N| N|Of| Off
50.4 G4 Line 4 Status N|N|N|Ofi Off
50.5 G5 Line 5 Status N | N|N|Of Off
50.6 G6 Line 6 Status NI NI N|Off! Off
RF 60.0 RO Auto N NI NiOn| On RF Attenuation
Attenuation | 50, | p; +20 dB Y | N| N|of]| of | Selection
Selection
60.2 R2 +10 4B Y N N Off| Off
60.3 R3 0 dB Y | N| N Off| Off
60.4 R4 -10 dB Y | N| N| Off | Off
60.5 R& -20dB Y | N| N|Off| Off
60.6 R8 ~-30 dB Y | N| N | Off i Off
Display RF 61.0 SR Display RF Attenua- N | N| N Of Off RF Attenuation
Attenuator tors Selection
Settings
RF Attenuator | 62.0 RH RF Attenuators are Y | N N|Off] Off RF
Hold held in the configura- AttenuationSe-
tion that exists when lection
Special Function 62.0
is activated
Individual RF | 63.0 Z0 Select RF through Y| NI NiOffi{i Off RF Attenuation
Attenuator Path Selection
Selection 63.1 71 Select 10 dB Pad Y | N| N|off! off | RefertoSection
Number 1 VIII, Service
£3.2 Y Select 20 dB Input Y | N| N| Off | Off
Amplifier
63.4 74 Select 10 dB Pad Y | N| N | Off i Off
Number 2
63.5 Z5 Select 10 4B Pad Yi N|] NJ|Off| Off
Number 3
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y = Yes; NC = No¢ Change; — = Not Applicable
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Table 3-14. Special Function Summary (7 of 8)

HP 8970A

o 3
2 Ble |3 |2
E| E|F |E | =
Bl =B |8 | =
. , g wiE Eul Be
Special Function Program LleBiog|TE S
- wE eE el BEl == References and
Eode Desgription 2Z BE|laz 38 BE
N EmlcE|(leB 8| 8 Comments
Name Code S| B EE S8 &8
IF 70.0 10 Auto N NI N|Onl On IF Attenuation
Aftenuation | 46, | 0dB v | N | N | o] o | Selection
Selection
70.2 12 5dB Y | N | N|Offi Off
70.3 13 10 dB Y I N | NIOff| Off
70.4 14 15 dB Y| N NJOff| Off
70.5 15 20dB Y| NI N Off Off
70.6 18 25dB Y | NI N | Offf Off
70.7 17 30dB Y | N | N|Off| Off
70.8 I8 35 dB Y| N | N|Off] Off
Display IF 71.0 S1 Bisplay IF Attenuators N | N | N|Off] Off IF Attenuation
Attenuator Selection
Settings
IF Attenuator | 72.0 H IF Attenuators are Y N | N:Off| Off IF Attenuation
Hold held in the Selection
configuration that
exists when Special
Function 72.0
is activated
Voltmeter 80.0 vC Noise Source Off NI Y Y | Off . Off Refer to Section
Med VIII, Servic
ode 81.0 | VH Noise Source On N| Y| v]|oml off erviee
Recorder Test 82.0 A7 Enabie Recorder Test NI| N | N|Offi Off Refer to Section
i VIII, Servi
Functions 821 | XV X-Axis Test N|{N|N| O] NC ; Service
82.2 YV Y- Axis Test NI  N{N| O NC
Keyhoard Test | 90.0 KY Display Key Codes N | N| N|Of]| Of Refer to Section
VIII, Servi
90.: | Ki Key Test—Row 1 N | N| N|off| off ervice
90.2 K2 Key Test—Row 2 N | N | N|Off] Off
90.3 K3 Key Test—Row 3 N | N | NI|Of}| Off
90.4 K4 Key Test-—Row 4 N | N | N Off Off
90.5 K5 Key Test—Row & N | N | NiOff| Off
90.6 Ké Key Test—Row 6 N | N | NjOff| Off
90.7 K7 Key Test—Row 7 NI{ N | N|Offf Off
90.8 K8 Key Test—Row 8 N | Ni N|JOff] Off

*Most Special Functions can be programmed using either the eode number followed by SP or the HP-IB Code,
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Table 3-14. Special Function Summary (8 of 8]
£ g | Fg
ExExBg 8| =5
22128185 25 BE
pecial Function rogram Eo|En2% 50| 2%
Code Description 25 B8 22| £2 References and
. DL & BD Comments
Hame Code
Display Test 91.0 DT Enable Display Test N | N | N:Oif| Off Refer to Section
VIII, Service
0 M1z Held 92.0 ue Off NIiN|N|On| On Refer to Section
VI, Servi
921 | U1 On v | ~N|n~|om| o | VI Service
Default ENR 95.6 ND Sets all ENR values to N | N | N|Off| Off Refer to Section
15.20 dB and Noise VIII, Service
Source ID No. to 00000
Software Date | 99.9 SD Display Software Date N | N | N|Off| Off Refer to Section
VIII, Service

*Most Special Functions can be programmed using either the code number followed by 8P or the HP-IB Code.

N =Na; Y = Yes; NC = No Change; — = Not Applicable
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Spot ENR, Thot, and Teold

{(Special Functions 5 and 6)

Special Functions 5 and 6 perform the following functions:

a. Special Function 5.0 enables use of the ENR (Excess Noise Ratio} table data that
was previously entered (refer to the ENR Table Entry Detailed Operating Instruction).
This function disables spot ENR. (Spot ENR can be re-enabled using Special Function
5.1).

b. Special Function 5.1 enables use of the previously entered spot ENR value (refer to
Special Function 5.3). The ENR table is disabled and the single spot ENR value will be
used at all frequencies. (The ENR table can be re-enabled using Special Function 5.0).

¢. Special Function 5.2 enables the current value of ENR being used by the instru-
ment to be displayed.

d. Special Function 5.3 enables entry and use of a spot ENR value. The allowable
values for spot ENR range from -7 to +17 dB.

e. Special Function 5.4 enables entry and use of T} t. Some noise sources are speci-
fied in terms of Th 4 instead of ENR. The allowable values for Tt (in kelvins) range
from 0 to 14824. The equation to convert T}t (in kelvins) to ENR is:

ENR = 10 log (T},04/290 -1)

f. Special Function 5.5 enables display and entry of the noise source identifier. Up to
five digits, within the range of 0 to 60000 can be used to identify the noise source. For
example, the serial number of the noise source for which the ENR table data was entered
can be used.

g. Special Function 6.0 enables entry of a value for T¢g1d. Thot @and Teold are used for
hot/cold manual measurements. The allowable values for T} (in kelvins) range from
0 to 9999.

To enable use of the ENR table data or spot ENR data, or to display the current ENR, key
in the corresponding Special Function code and then press the SPECIAL FUNCTION
key.

Todisplay and enable entry of spot ENR, T, 01, Teold, OF the noise source identifier, key
in the corresponding Special Function code and then press the SPECIAL FUNCTION
key. Next, enter the appropriate value using the DATA keys and press ENTER.



HP 8970A

Procedure
{cont'd)

Example

Program
Codes

Indications

Related
Sections

QOperation

Spot ENR, Thot, and T¢old (cont’d)

(Special Functions 5 and 6)

B W
2l | 8.|28
o e = o -
sS85 (83| 2813%
Special Funetion Program SE| & % HE | g 88
Code 281385 |2« |83 5
. o= p=4 P
Beseription Code 2 S g E § “g vg:_ = s
Use ENR Table Data 5.0 S0 or 5.08P N Y Y On On
Use Spot ENR Data 5.1 81or5.1 8P Y Y Y Off Off
Display Current ENR 5.2 SE or 5.25P N N N Off Off
in dB
Enter and Use Spot ENR | 5.3 NE or 5.38P N Y Y NC |152dB
Enter and Use T 5.4 TH or 5.45P N Y Y NC | 9893K
Enter Noise Source 5.5 SN or 5.58P N Y N NC NC
Identifier
Enter Tyl 6.0 TC or 6.05P N Y Y NC ]296.5K
Table categories are explained in the Special Functions Detailed Operating Enstruction.

To enter and use a value of 9800K for T}t (assuming Special Function 11.0 is active).

LOCAL - Code - Function P Data - Function
[keystrokes) @ B?Ei‘?%'au [_?J[ 8 J { p J [ o J
THO800EN
(program cedes) Code —— “D};“ T Function

For HP-IB codes for Special Functions 5 and 6, refer to Procedure above. The program
code for ENTER is EN.

When Special Function 5.2 or 5.3 18 active, the current ENR or spot ENR is shown in the
left display in units of dB. If a new spot ENR value is entered, it appears in the left
display for as long as the ENTER key is depressed.

When Special Function 5.4 or 6.0 is active, Tt or Tegld 18 shown in the left display in
the temperature unit selected by Special Function 11. If a new value is entered for either
Thot 0r Teolds it appears in the left display for as long as the ENTER key is depressed.

When Special Function 5.5 is active, the left display shows five digits. No units are
displayed.

ENR Table Entry

Manual Measurement Functions
Special Functions

Temperature Units Selection
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Store and Recall

Up to ten instrument configurations can be stored in the Noise Figure Meter’s storage
registers. Front panel settings that are stored and recalled are FREQUENCY, FREQ
INCR, START FREQ, STOP FREQ, and STEP SIZE. Table 3-14, Special Function
Summary, in the Special Functions Detailed Operating Instruction has a complete
listing of special functions that can and cannot be stored and recalled.

Press STORE and a Data key {a single digit 0-9 to identify the storage register).
Press RECALL and a Data key (a single digit (-9 to identify the storage register).

To recall an instrument configuration that has been stored in register 2:

LOCAL Function Data
(keystrokes] @
L HP-B 4 RC2
(program codes} Code —— [ pata
Program Code
Key
STORE ST
RECALL RC

When the stored contents of a register are recalled, the instrument configuration
changes to the recalled parameter values.

Hany key otherthan a digit is pressed after STORE or RECALL, the store orrecall entry
will be rejected.

The data in the storage registers is not affected by PRESET or Special Funetion 0.0.
When the Noise Figure Meter is turned off, data stored in the registers is retained.
Preset Conditions and Power-Up Sequence

Sequence
Special Functions
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Description

Procedure

Operation

Sweep

The Noise Figure Meter can sweep the measurement frequency from START FREQ to
STOP FREQ. The frequency changes in discrete steps {(as set by STEP SIZE) rather than
in a continuous analog manner. '

The allowable sweep range depends on the measurement mode selected.

Measurement Mode Rzngs of Sweep Gonditiens
1.0 10 to 1500 MHz
1.1 1 MHz to 60 GHz Depends on the frequency range of the external

LO and the noise source.

1.2 >10 to <1500 MHz External 1.0 must be set up so that variable IF
sweeps 10 to 1500 MHz.

1.3 1 MHz to 60 GHz Depends on the frequency range of the external
1.0 and the noise source. '

1.4 10 to 1500 MHz IF port response of mixer is being measured. Left
display shows IF.

The minimum step size is 1 MHz, The maximum number of frequency points allowable
in one sweep is

STOP FREQ - START FREQ i1
STEP SIZE

However, the maximum number of frequency points that should be used when the sweep
is displayed on an oscilloscope is 256. If more points are swept, multiple readings could
occur at some points. Other limitations may be caused by the external LO.

Two sweep modes are available: Auto and Single. Each mode uses the sweep parameters
that were previously set. Auto mode executes a repetitive sweep, restarting at the end of
each sweep. Single mode executes one sweep only. At the end of a single sweep, the
instrument remains tuned to the stop frequency.

Sweep Range Selection. The START FREQ and STOP FREQ keys set the starting and
stopping points of the frequency sweep. STEP SIZE sets the frequency increment. Sweep
parameters are selected in a Function - Data - ENTER format. Note that all frequency
inputs from the front panel are in MHz.

Sweep Mode Selection. Press the desired mode key (AUTO or SINGLE) to initiate a
sweep. To turn a sweep off, press the active sweep mode key a second time.
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Sweep (cont’d)

Procedure
{cont'd)
 Z zE
= @ - ]
S E S - =
[ T} s 2 -
2 | 3% | 88
Program Code I B e
Front Panel Key ;% E 5 g £ 8
AUTO N N Off
SINGLE N N Off
START FREQ Y Y 10 MHz
STEP SIZE Y Y 20 MHz
STOP FREQ Y Y 1500 MHz
Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
Example To sweep from 100 MHz to 400 MHz in 50 MHz steps once only:
Function pemmn [ata  emssmsom, Function
HEE)
STOF
LOCAL (e j(e] (o]
keystrokes
bapskes )
SINGLE
FA100MZFB400MZSS50M2ZW2
_ Codes —J ’ T— Coce
' Data *J _l_————-— Function
fprogram codes) Function Data
Code Code
Data Function
Program
Codes Program Cods
Parameter .
Hz HZ
MHz MZ
Sweep Off WO

For additional HP-IB program codes, refer to Procedure above.

indications When the START FREQ or STOP FREQ key is pressed, the left display shows the
currently programmed start or stop frequency. The instrument tunes to that frequency
and continues measuring there. As a new start or stop frequency is entered, it appearsin
the left display. When the STEP SIZE key is pressed, the left display shows the step size

only for as long as the key is held down. A newly entered valueis displayed for aslong as
the ENTER key is held down.
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Indications
{contd)

Comments

Related
Sections

Operation

Sweep (cont’d)

When the AUTO or SINGLE key is pressed, the LED within the corresponding key lights
to indicate that the instrument is in the sweep mode.

If the stop frequency is less than the start frequency, the instrament sweeps downward,
The sweep is slower when it operates in this manner. However, calibration and plotting
must be performed in ascending frequency order only.

Pressing the AUTO key starts a sweep at the current frequency if the current frequency
is not outside the start-stop range. If the current frequency is outside the start-stop range,
the auto sweep starts at the programmed start frequency. To assure that an auto sweep
starts at the programmed start frequency, press START FREQ, then AUTO.

AUITO and SINGLE are toggle keys, and they stop the sweep when pressed a second
time. However, program codes W1 and W2 do not toggle over the HP-IB. Use program
code WO to stop a sweep over the HP-IB.

Any front panel key except LOCAL, DECREASE, INCREASE, SPECIAL FUNCTION,
NOISE FIGURE, and NOISE FIGURE AND GAIN stop the sweep when pressed.

START FREQ, STOP FREQ, and STEP SIZE set the calibration parameters. During
calibration, the maximum number of frequency points allowed in a sweep is 81.

Ifthe last step of a sweep causes the frequency to exceed the programmed stop frequency,
the Noise Figure Meter tunes a partial step to reach the programmed stop frequency.

Calibrate
Measurement Modes 1.0 through 1.4
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Temperature Units Selection
(Special Function 11}

Temperature units are used when loss temperature, Ty ¢, or Toglg data is entered into
the instrument. The instrument can accept temperature data entries in three different
measurement units: Kelvins (K), Fahrenheit (°F), or Celsius (°C).

To select a temperture unit, key in the corresponding Special Function code and then
press the SPECTAL FUNCTION key.

o ow

— ' E. -g [ Z %

A

X [ 5 E2 |5  Be

Speciai Function Program s5| = | S |=E | ES

vy - 4 8| o m—

EEIES |25 |82 |88

Description Code S | EE | Se |&c L6

K 11.6 DO or 11.08P N Y Y On On

°C 11.1 D1 or11.18P N Y Y Off Off

°op 11.2 D2 or 11.28P N Y Y Off Off
Table categories are explained in the Special Functions Detailed Operating Instruction.

It is not necessary to select temperature units each time temperature data is entered.
Once a temperature unit has been selected, all temperature data are entered and dis-
played in the same unit until that unit is changed (either by PRESET, Special Function
0.0, or by another temperature unit selection).

After a temperature unit has been selected, one of the special functions listed below must
be active before temperature data can be entered.

Special Range of Values
Description Function
Code K °C °F
Enter and Use Thot 5.4 Oto 14824 -273.2 to 14651 |-459.7 to 26224
Enter Tog)g 6.0 010 9599 ~273.2 to 9725.9 [-459.7 to 17539
Enter Temperature 34.3 0 to 9999 ~273.2 to 9725.9 | -459.7 to 17539
of Losses

Next, key in a value for temperature (within the specified range) and press the ENTER
key. Up to five digits are allowed for temperature entries. If a minus sign is used, only
four digits are allowed. The maximum resolution is to three places to the right of the
decimal point.
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- Temperature Units Selection (cont’d)

(Special Function 11}

Example To enter a value of 75 °F for Tg14:

= ‘: Code -~ Function oo ()13 s, Function
oo | OEICEE (o),
{keysirokes) [ P )[ - ] [ o } E]fﬁig?éu @ @

D2TC75EN
Code —m-> T Function
[program codes) Code T T Data
Program For HP-IB codes, refer to Procedure above.
Codes
' HP-IB _
indications When temperature data has been entered correctly, the selected unit appears in the left
display.
Comments The equations used to convert from one temperature unit to another are;

K =°C + 273.15
OF = (9/5)°C + 32

Related ENR Table Entry
Sections Loss Compensation
Special Functions
Spot ENR, Ty, and Tegld

3-147



Operation HP 8970A

Trigger Selection
(Special Function 30}

Description Special Function 30.0 selects free run triggering for continuous measurements.

Special Function 30.1 selects trigger hold to prevent continuous measurements. When
trigger hold is active, the frequency and results of the last measurement are held and
displayed. No additional measurements are made and the displayed data can be read
over the HP-IB as many times as required. Trigger hold is useful when the measurement
setup must be reconfigured before making the next measurement.

Special Function 30.2 triggers one measurement and then returns to the previocusly
selected trigger mode. Normally, this trigger execute command is used in conjunction
with the trigger hold mode. Once the measurement is complete, the results are displayed
and are available via the HP-IB. The measurement results are also output to an oscillo-
scope or recorder if one is connected to the rear panel. If a smoothing factor other than
one has been selected, the Noise Figure Meter makes the number of measurements
required by the selected smoothing factor before the smoothed measurementis displayed
or available via the HP-IB.

Procedure To select a specific friggering mode, key in the corresponding Special Function code and
then press the SPECIAL FUNCTION key.
o
Pind g e S
= > Lo = s |la.s
§2 |SE |52 | Es5|Z5
Special Function Program sE| &2 |48 w8 |58
Code £5 |88 | S | ES | g%
. \ [ = & h o
Description Code HP-IB. S |28 | 3% | a2 | Eg
Free Run 30.0 TO or 30.08P N N N On On
Hold 30.1 T1 or 30.1 8P N N N Off Off
Execute 30.2 T2 or 30.28P N N N Off Off
Table categories are explained in the Special Functions Detailed Operating Instruction.

Example To select trigger hold and then execute a single measurement and return to trigger
hold:

Code - Function
LOCAL € IFOJ JIED §g:g'¢,g,,
{keystrokes)

EICJCIC) (o),

TiT2
{program codes)
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Program

Indications

Comments

Related
Sections

Operation

Trigger Selection (cont'd)
{Special Function 30)

For HP-IB codes, refer to Procedure.

When Special Function 30.0 is active, the front panel displays update continuously.
When Special Function 30.1 is active, the front panel displays do not change. When
Special Function 30.2 is active, the Noise Figure Meter makes one measurement and
then returns to the last selected trigger mode.

When performing a triggered calibration, only the HP-IB mnemonic code T2 can be used.
The Noise Figure Meter does not respond to the alternate 30.25PF code.

Calibrate

Measurement Modes 1.0 through 1.4
Smoothing

Special Functions
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