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HP 8712B and HP 8714B
RF Network Analyzers

The HP 87128 and 87148 are easy-to-use RIF network analyzers optimized for
production measurements of reflection and fransmission pararmeters. The
ingtrument integrates an RF synthesized source, transmission/reflection test
set, multi-mode receivers, and display in one compact box.

The source features 1 Hz resolution, 50 ms {or faster) sweep time, and up
to +16 dBm output power.

The three-channel, dual mode receivers provide dynamic range of greater
than 100 dB in narrowband measurement mode. For measurements of
frequency-translating devices, the network analyzer features broadband
internal and externai detector inputs. The receivers incorporate digital signal =
processing and microprocessor control to speed operation and measurement
throughput.

Two independent measurement channels and a large CRT display the
measured results of one or two receiver channels in several user-selectable
formats.

Measurement functions are selected with front panel hardkeys and softkey
menus. Measurements can be printed or plotied directly with a compatible
peripheral. Instrument states can be saved to the internal floppy disk,
internal non-volatile memory, internal volatile memory, or to a compatible
external disk drive. Built-in service diagnostics are available to simplify
troubleshooting procedures,

Measurement calibrations and data averaging provide performance
improvement and flexibility. Measurement calibrations consist of normalizing
data, utilizing the internal factory calibration, or calibrating with external
standards. Measurement calibration reduces errors associated with directivity,
freqguency response, and source match, Directivity is corrected to 40 dB and
source match to 20 dB for improved reflection measurements,




How to Use This Guide

The first 7 chapters of this guide exolain how to perform measurements,
calibrate the instrument, and use the most common instruznent functions.

Chapters 8 through 14 are reference material. Use these chapters to look
up information such as front panel features, specific key functions and
specifications.
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Installing the Analyzer




Installing the Analyzer

This chapter will guide you through the four steps needed to correctly and
safely install your network analyzer. The four steps are:

1. Check the Shipment

2. Meet Elecirical and Environmental Requirements
3. Check the Analyzer Operation

4. Configure the Analyzer
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Step 1. Check the Shipment

After you have unpacked vour instrument, it is recommended that you keep
the packaging materials so they may be used if your instrument should need
to be returned for maintenance or repair.

Cheek the items received against the Product Checklist to make sure that you
received everything.

Ingpect the analyzer ang all accessories for any signs of damage that may
have occurred during shipment. If your analyzer or any accessories appear
to be damaged or missing, call your nearest Hewlett-Packard Sales or Service
office, Refer to Table 11-1 in Chapter 11 for the nearest office,
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Step 2. Meet Electrical and Environmental
Requirements

1. Set the line voltage selector to the position that corresponds to the ac
power source you will be using.

CAUTION Before switching on this instrument, make sure that the line voltage selector
switch is set to the voltage of the power supply and the correct fuse
(T BA 250 V) is installed. Assure the supply voltage is in the specified range.

ROTE

The working fuse and a spare are located in the power cable receptacle. See Figure 8-11.
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Figure 1-1. Voltage Selector Switch Location




Installing the Analyzer
Step 2. Meet Electrical and Environmental Requirements

2. Ensure the available ac power source meets the following requirements:

Nominal AC Line Power
Setting

10y 80 1o 132 Vac 147 10 63 Ha
20V 188 10 754 Vac 147 10 B3 HZ

If the ac line voltage does not fall within these ranges, an autotransformer
that provides third wire continuity to ground should be used.

3. Ensure the operating environment meets the following requirements for
safety:

o indoor use
s altitude up to 15,000 feet (4,572 meters)
« temperature 0 °C to 55 °C

o maximum relative hurmidity 80% for temperatures uwp to 31 °C
decreasing Hnearly to 50% relative humidity at 40 °C

« mains supply voltage fluctuations not to exceed the specified range

& transient overvoltages according to INSTALLATHON CATEGORY 11,
according to IEC 1010

o POLLUTION DEGREE 2 according to IEC 664

NOTE

The above requirements are for safety only Separate conditions that must be met for specified
performance are noted in Chapter 11.




WARNING

Installing the Analyzar
Step 2. Meet Electrical and Environmental Regquirements

4. Verify that the power cable is not damaged, and that the power source
outiet provides a protective earth ground contact. Note that the following
itlustration depicts only one type of power source gutiet. Refer to
Figure 8-10 {0 see the different types of power cord plugs that can be used
with your analyzer.

PROTECT IVE
EARTH GROUND

patih

Figure 1-2. Protective Earth Sround

This is a Safety Class I product (provided with a protective earthing
ground incorporated in the power cord). The mains plug shall only be
inserted in a socket outlet provided with a protective earth contact. Any
interruption of the protective conductor, inside or outside the instrument,
is Iikely to make the instrument dangerous. Intentional interruption is
prohibited.
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Instaliing the Analyrer
Step 2. Meet Electrical and Environmental Requirements

If this instrument is to be energized via an external autotransformer for
voltage reduction, make sure that its common terminal is connected fo a
neutral (earthed pole) of the power supply.

WARNING

5. Ensure there are af least two inches of clearance arcund the sides and
back of either the stand-alone analyzer or the system cabinet.

TWO INCH CLEARANCE "< —\
SIDES AND REAR

RACK

TWO INCH CLEARANCE
SIDES AND REAR

ANALYZER /

= e

EDGE OF BENCH

poB4b

Figure 1-3. Ventilation Elearance Requirements
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Installing the Analyzer

Step 2. Meet Electrical and Environmental Requirements

6. Set up a static-safe workstation. Electrostatic discharge (ESD) can damage
or destroy components.

1 MegOhm
Resistor
e

Bullding
Qrouhd

=
Table Met
Pl

£

Building
Ground

# tsbie mat with sarth ground wire:
HP part number 8300-6797
« wriststrap cord with 1 Meg Chm resistor:
HP part number 8300-0880
o wrist-strap:
HP part number 8300-1367
® hesl straps;
HP part number 8300-1308
# floor mat:
part number 18648




Step 3. Check the Analyzer Operation

1. Turn on the line switch of the analyzer After approximately 30 seconds, a
display box should appear on the screen with the following information:

The model number of vour analyzer (either HP? 87123 or HP 8714B)

The firmnware revision

L

The serial number of your analyzer

Installed options

2. Verify that the serial number and options displayed on the scréen match
the information on the rear panel serial label.

3. The operator’s check should be perfermed on the analyzer to provide a
high degree of confidence that the analyzer is working properly. Refer to
Chapter 2 for instructions on how to perform the operator’s check.
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Step 4. Configure the Analyzer

You can begin making measurements by simply connecting your analyzer

£0 an appropriate power source and turning it on. This section, however,
will explain how to connect common peripherals and controllers, and how to
msiall your analyzer into a rack system.
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Instafling the Analyzer
Step 4. Configure the Analyzer

Connecting Peripherals and Controllers

CONTROL PORTS
A

4 :
HP— 1B PARALLEL SERIAL KEYBCARD VIDEO

(| . N \ \ AT
806 e ey O ®
° @ i@ o o o
(©) i@ .
o @
AR
;m> o
i P " 1)
\. // \\ .
EXTERNAL L INE VOLTAQGE VYOLTAGE SELECTOR
DETECTORS SWiTCH ose

Figure 1.4, Network Analyzer Rear Panel Line Module and Selected Connectors

Refer to Figure 1-4. The HP-IB port is for use with computers and peripherals
(printers, plotters, etc.) The parallel and RS-232 (serial) ports are also for
peripherals. The parallel and sertal ports can also be programrned via IBASIC
for general I/0 control.




HP.IB Connections

Instalfing the Analyzer
Step 4. Configure the Analyzer

An HP-IB system may be connected in any configuration as long as the
following rules are observed:

e The total number of devices is Iess than or equal to 15.

s« The total length of all the cables used is iess than or egual to 2 meters
times the number of devices connected together up to an absolute
maximum of 20 meters. For example, the maximum cable length is
4 meters if only 2 devices are involved. The length between adjacent
devices is not critical as long as the overall restriction is met.

See Figure 1-5 for different connection configurations.

STAR L INEAR
NE TWORK NETWORK
ANALYZER ANALYZER

HP- | B

L]

pobB7hb

Figure 1-5. HP-iB Connection Configurations

Table 1-1. Maximum HP-B Cahle Lengths

Instruments/Peripherals | Maximum HP-1B Cable Length
in System Between Each Pair
of Devices
Two 4m
Hteen maxt 20 m {total]
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Paraliel and Serial
Comnections

Other Connectians

installing the Analyzer
Step 4. Configure the Analyzer

Paratiel and serial devices often require specific cables—check thelr manuals
for details. Parallel cable iength should not exceed 25 feet. The analyzer may
experience problems talking to the printer if this length is exceeded. Connect
the required control cables and secure them. (Tighten the knurled screws or
coraparable fasteners.) :

If you plan to use a keyboard, external video monitor, or external detectors,
connect them to the appropriate rear panel connectors. See Figure 1-4.

NOTE

Tarning on the netwark analyzer at the same time a system controfler is addressing the analyzer will
result in the foliowing message:

Error: Unabie to power up while
being addressed via HP-IB.

Ensure that the analyzer is not
being addressed, or disconnect HP-IB.

Cycle analyzer power to continue.

To remedy this problem, follow the instructions in the message.

1-13




Tn Set HP-IB Addressses

Installing the Analyzer
Step 4. Gonfigure the Analyzer

To commumicate via HP-IB, each external device must have a unique address
and the network analyzer must recognize each address. o check or set each
external device’s actual address, refer to the device’s manual {most addresses
are set with switches).

The following are examples of how to check or set the device’s recognized
address on the network analyzer:

® External Disk Drive: press (SAVE RECALL <

isk The default setting is 0
(zero). To select another address, enter the number and press

* Printer: press . Use the front panel knob

to highlight the line that reads HP PRINTER PCL HP-IB. Press |
The second line of the screen displays settings: in this case the address.

The defawlt address is 5, however most printers are factory set to address
1 {one). To change the recognized address, press

® Plotter: press . Use the front panel knob

to highlight the line that reads HP Plotter HPGL HP-IB. Press S
The second line of the screen displays settings: in this case the addr
The default address is 5 and most plotters are factory set to address 5
(five), so changing the address is probably not necessary. To change the

recognized address, press

NOTE

Orly one hardcopy address cen be set st a time. Changing the printar address, for example, changes
the plotter 10 the same address,




Insiafling the Analyzer
Step 4. Configure the Anaiyzer

o HP 8712B or HP 8714B: press (SYSTEM OPTIONS)

The network analyzer’s
ddéress W111 appear (the defanlt is 16). To change the address, press

(Gaben)

To Configure Peripheral  If vour system uses serial or parailel peripherals, follow the guidelines below

Settings to configure the system. Refer to the peripheral’s manual for correct cables
and settings. The parallel and serial ports have standard Centronics DB-25
and RS232 pinouts respectively as explained in Chapter 8, “Front/Hear Panel
Features.”

s Serial Devices: press (HARDCCPY

controls to highlight yvour type of printer or plotter and press
the baud rate or handshake at the top of the screen are incorrect, use the
softkeys to change them.

® Parallel Devices: press (HARDCOPY) .
controls to highlight vour type of printer or plotter and press

is selected, the first two lines in the box that appears at the top
of the display screen show the current settings for your convenience.
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instailing the Analyzer

CAUTION

CAUTION

Installing the Analyzer In a Rack

Use only the recoramended rack mount kit (Option 1CM when ordered with
the analyzer or HP part number 08711-60058 when ordered separately) with
this instrument; it needs side support rails. Do not attempt to mount it by

the front panel (handles) ondy. This rack mount kit allows you te mount the

-analyzer with or without handles.

To install the network analyzer in an HP 85043D rack, foliow the instructions
in the rack manual.

To install the network analyzer in other racks, note that they may promote
shock hazards, overheating, dust contamination, and inferior system
performance. Consult your HP customer engineer about installation,

. warranty, and support defails,

When installing the instrument in a cabinet, the convection into and ouf of
the imstrument must not be restricted. The ambient temperature (outside
the cabinet) must be less than the maximum operating temperature of the
instrument by 4 °C for every 100 watts dissipated in the cabinet. If the
total power dissipated in the cabinet is greater than 800 watts, then forced
convection must be used. '

Place other system instruments (computer, printer, plotter, external disk
drive) where convenient, within the HP-IB cable length limits (see Table 1-1)
or other interface cabling limits.
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Getting Started

The HP §712B and HP 8714B are essy-to-use fully integrated RF component
test systems. Hach instrument includes a synthesized source, a wide dynamic
range receiver and a built-in test set. Features are grouped by functional
block and displayed on the instrument CRT. This section familiarizes

new users with the layout of the front panel and the process of entering
measurement parameters into the analyzer.

o)

gooo oooo

Q(FE

\
O
P —
O
o

nob4sh

Figure 2-1. Network Analyzer Frent Panel Features
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Front Panel Tour

1 The CRT Display

The analyzer's large CRT displays data, markers, limit lines, Instrument BASIC {1BASIC)
programming cods, softkey menus and measurement parameters guickly and elearly. Refor to
“Display” in Chapter 8 for mors information,

2 (BECT)

The key simpiifies measurement setups. The begin key alows quick end eesy
selection of basic measuremsant parameters for a user-specifiad class of davicss leg., fiters,
amplifiers, or mixers]. For exsmple, when making a transmission measursment, selesting
FITER as your device type puts the analyzer into narrowband detection meds, maximizing
meastrement dynamic range. In comparison, selecting MIXER as your device type puts the
analyzer inte broadband detection mode, enabling frequenty translation messurements. This
capability ellows new users to start making measurements with as faw as four keystrokes,

3 MEAS

The measure Keys selsct the measuraments for each channel. The analyzer's measuremant
capahilities include transmissior, reflection, power, conversion loss, end AM delay [options
10A and 108 onlyl.

4 SOURCE

The source kays select the desired source output signel to the device under test, for
sxample, selscting source freguency range or output powar. The source keys also control
sweep tims, number of points, and sweeg triggering.

b CONFIGURE

The configure keys control recaiver ent display parameters. Thess paramsters include
receiver bandwitth and averaging, display scaling and format, marker functions, and
instrument calibration.

6 SYSTEM

The system keys control system lavel functiens. These include instrument preset, savefrecel,
and haerdcapy output. HP-IB parameters and 1BASIC ere also controlied with these system
Kevs.

7 The Numeric Keypad

Usa the number keys to enter a specic numeric vaiue for & chosen parameter. Uss the
key or the softkeys to terminate the numeric sntry with the appropriate units.
You can also use the front panel knob for making continuous adjustments to paramater
values, while the @ and @D keys allow you to change velues in steps.

8 (HARDKEYS)

Hardkeys are front panel keys physically lecated on the instrument front panel. 1n 1,
these keys will be representad by the key name with a box arsund it

such 8s: [PRESET}

Softkeys are keys whose labels are determined by the anelyzer's firmware, The labels are
displayed on the streen next 1o the § blank kays next to the display scresn on the analyzer.
In taxt, these keys will be represented by the key name with shading bshind it such as:
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Entering Measurement Parameters

This section describes how 0 input measurement parameter information into
the network analyzer. '

NOTE

Whan entering paramaters, you can use the numeric key pad, es daseribed in each axample or you
can use the (T1) (1) keys or the front panel knob to enter data.

- NOGTE

When you are instructed to enter numeric values in this manual, it often ean get cluttered and
confusing to depict each key stroke. So in this manual, numbers {ne matter how many characters
are depicted inside one keycap For exampls, if you arg instructed 1o enter the number —425, it will
be depicted inside one keycap like this: (=42.5). To enter this number, the following keys need to

pressed in succession: (=) Q6

You can follow along with these examples by connecting the filter and cable
that were supplied with your instrument as shown in Figure 2-2.




Getting Started
Entering Measurement Parameters

NETWORK ANALYZER

e

poddTh

Figure 2-2. Connect the Filter to the Analyzer




Getting Started
Entering Measurement Parameters

Presetting the Analyzer Press the key. When the analyzer is preset with the key,
it reverts to a known operating condition. When this key is pressed, the
following major default conditions apply:

Fraguancy rangel
Frequency Fangaz
Power level

Channel 1 measuremant
Channel 2 measurement
Formaz

Number of poits
Sweep time

Seale

Reference

System Bandwidth

0.3 w 1300 MHz
.3 10 3000 MHz
0 dBm
Trensmissian
0if
log Magnitude
201
Auto
10 dB/di
g dB

Medium

1 HP 87128 only
2 HP 87148 only

e S
NOYTE

The measurement parameters that you enter will be retained in the analvzer's memory when the
power i turned off, and will be restorad when the power is turned back on.

T
See Also

Refer to Chapter 14, "Preset State and Memory Allocation,” for & comarehensive table of preset
gonditions.




Entering Frequency
Range

- To change the high end of the frequency range to 900 MHz, press

- You can also set the frequency range by using the

Getting Started
Entering Measurement Parameters

Press the key to access the frequency softkey menu.

To change the low end of the frequency range to 10 MIHz, press

: and .
softkeys. For instance if you set the center frequency 0 ME the
span to 300 MHz, the resulting frequency range would be 10 to 310 MHz.

[T e

NOTE

When entering frequancies, be sure to terminate your numeric entry with the appropriate softkey to
obtain the correct unfts. if you use the (ENTER) key to terminate a frequency entry, the units
default 1o Hz.

The default displaved frequency resolution is kHz. You can change the resolution by pressing

nd then selacting & new resolution.

2-7




Getting Started
Entering Measurement Parameters

Entering Source Power 1. Press the key to access the power level softkey menu.

Level ¢ R
2. To change the power level to 3 dBm, press

(ENTER).

3. To change the power level to —1.6 dBm, press
(ENTER).

NOTE

Your analyzer's power level {depending upon fts aption cenfigurationt may net he settable fo balow
0 dBm.




Scaling the
Mseasurement Trace

- To change the reference level to 0 dB, press

Getting Started
Entering Measurement Parameters

. Press the [SCALE) key fo access the scale menu.

. 'To view the complete measurement trace on the display, press

reference position designates.

—
o

h . 4

v vy

b

b4

wh NG s F N W
h

<
y

poBBzb o

Figure 2.3. Reference Positions
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Getting Started
Entering Measurement Paramsters

Entering the Active The (CHAN 1) and {CHAN 2]} keys allow you to choose which channel is active,
Changel and Type of and measurement parameters for that channel. You can select many of the
Measurement measurement and display fanctions independenily for each channel.

1. To measure transmission on channel 1 and reflection on channel 2, press
the following keys:

{PRESET ) (CHAN 1)

3. Both channels measurements are now visible on the analyzer's display
screen. Note that the active channel’s (channel 2) measurernent trace is
brighter than the other channel’s trace.

Pi: Transmission l.og Mag 10.0 dB/ Ref 0.00 dB
B2 Reflection Log Mag 10.0 dB/ Ref 0.00 dB

aB
4G

20

10

=10

i

Ol

!
|
|
\
|
|

| 1

Start 0.300 MHz Stop 3 000.000 MHz
Figure 2-4. Both Channeis Active

i

—40

ADS
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Getting Started
Entering Measurement Parameters

Viewing Measurement 1. 'K
Channels :

nly the channel 2 reflection measurement press (CHAN 1

2. To view both channels again, press [CHAN 1).
3. To view both channels separately on a split screen, press (DISPLAY

B1 Transmission Log Mag 10.0 dB/ Ref 0.00 dB
a8
30
20
10
oL
~-20 { 1\
-30 j 7
Abs | ‘\
i
SItart 0.300 MHzZ Stap 3 000,000 MHz
PeoReflection l.og Mag  410.0 dB/ Ref 0.00 dB
a8
30
20
10
[ W 2
10—
o
~30 ¥
A
Start C.300 MHz Stop 3 CC00.CO0 Mz

Figure 2.5. Split Display

You have now learned how to enter common measurement parameters and
how to manipulate the display for optimum viewing of your measurernent.
You can now proceed on to performing the operator’s check, or refer to
Chapter 3 for detailed information on making specific types of measurements.




Performing the Operator’s Check

The operator’s check should be performed when you receive your instrument,
and any time you wish to have confidence that the analyzer is working
properly. The operator’s check does not verify performance to specifications,
but should give you a high degree of confidence that the Instrument is
performing properly if it passes,

The operator’s check consists of making a transmission measurement with the
cable that was supplied with your analyzer, and a reflection measurement
with the cable and again with a 50 @ or 75 Q termination (Joad).
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Getting Started
Performing the Dperater's Check

Equipment List

To perform the operator’s check vou will need the following:

e A known good cable such as the one that was supplied with your analvzer,
The cable vou use should have <{0.5 dB of insertion loss up to 1.3 GHz
and <0.75 dB of insertion loss from 1.3 to 3.0 GHz.

s A known good load (> 40 dB return loss) that matches the test
port impedance of your analyzer such as one from calibration kit
HP 85032B/E (50 ) or HP 85036B/E (75 Q).
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Getting Started
Performing the Operator's Check

Make a Transmission Measurement

1. Connect the equipment as shown in Figure 2-6. Use a known good cable
such as the one that was supplied with your analyzer.

NETWORK ANALYZER

H
: e
=T
§ = ;Eiﬁomg
% — ooo [n el
o o0o =
Ho o oo s
i S R ]
I = o P
T
RF OUT RF N

nnnnnn

Figure 2-6. Equipment Setup far Transmission Measurement

2. Press (PRESET) (SCALE) -

3. Verify that the data trace falls within 0.5 dB of 0 dB. See Figure 2.7 for a
typical resuit.
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Getting Started
Performing the Operator’s Check

P4 Transmission {0g Mag G.1 dB/ Ref D.00 8
B2, pft
dB
4
.2
c
=05 M
-1 Bt sV
- W W W
] A
/\/\/ \/\f\/\_/,\,\_1
-.2
-3
-4
v Alis
Start C¢.300 MHz Stop 3 000.000 MH7
p0d83b ¢

Figure 2.7, Verify Transmission Measurement

NOTE

The quality of the cable will affest this measurement; make sure you use a cable with the
characteristics described in “Equipment Reguired.”
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Getting Started
Performing the Operator's Check

Make a Reflection Measurement

1. Leave the cable connected to the analyzer.

2. Press (CHAN 1)

Verify that the data trace falls completely below 16 dB. See Figure 2-8 for
a typical result.

Lo

»i: Reflection Log Mag 10.0 dB/ Ref (.00 dB
D2: 0ff
48
45
30
20
HResults 10
must fail
below

this line —_ Chlbk
\

b

ic A OAAAIN AN nvf\uf\f\‘/\v AL
A B

Start 0.300 MHz Stop 3 000.000 MHz
poebs4b_c

Figure 2-8. Verify Reflection Measurement

4, Disconnect the cable and connect a3 known good load to the RF OUT port
as shown in Figure 2-9.
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Gatting Started
Performing the Operator's Cheek

NETWORK ANALYZER

gLt o

2O
9
1
O

LOAD

poB4st

Figure 2-8. Connect the Load

30 dB. If the data trace is off the
and the ({[J key untii the trace

5. Verily that the data trace falls below —
screen, press

moves up onto the screen.
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Getting Started

If the Analyzer Fails the Operator’s Check

If your analyzer does not meet the criteria in the operator’s check, your
analyzer may need adjustment or servicing. Have a qualified service
technician check the instrument or contact any Hewlett-Packard Sales or
Service Office for assistance. Refer to Table 11-1 in Chapter 11 for the nearest
office.

2-18




Making Measurements




Making Measurements

This chapter provides an overview of basic network analyzer measurement
theory, a section explaining the typical measurement sequence, a segment
describing the use of the key, and detailed examples of the following
measurements:

o Measuring Transmission Response

¢ Measuring Refiection Response

¢ Making a Broadband Power Measurement

s Measuring Conversion Loss

s Measuring AM Detay (Option 1DA or iDB)

s Making Measurements with the Auxiliary Input
s Measyring Group Delay

¢ Measuring Impedance Using the Smith Chart

¢ Measuring Impedance Magnitude
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Measuring Devices with Your Network
Analyzer

This section provides a basic overview of how the network analyzer measures
devices. The analyzer has an RF signal source that produces an mcident
signal that is used as a stimulus to the device under test. Your device
responds by reflecting a portion of the incident signal and transmitting the
remaining signal. Figure 3-1 shows how a device under test (DUT} responds
to an RF source stimulus,

Source INCEDENT

O %7>E DUT [ F——)

REFLECTED TRANSMITTED

ad620s

Figure 3-1. DUT Response to an BF Signal
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Making Measuraments
Measuring Bevices with Your Network Analyzer

Refer to Figure 3-2 for the following discussion regarding detection schemes
and modes. The transmitted signal (routed to input B) and the reflected
signal (input A) are measured by comparison fo the incident signal. The
network analyzer couples off a small portion of the incident signal to use as
a reference signal (routed to input R). The network analyzer sweeps the
source frequencies, resulting in a measured and displayed response of your
test device. Figure 3-2 shows the transmitted, reflected, and reference signal
inputs.
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Making Measurements
Measuring Devices with Your Network Analyzer

B
|
RE Out { RF in

i\ Device J
— lUnder |——

Test

poaBhb

Figure 3.2. Simplified Block Diagram




Making Meassuraments
Measuring Bevices with Your Netwerk Analyzer

Refer to Figure 3-3 for the following discussion. The network analyzer
receiver has two signal detection modes:

e hroadband detection mode
« narrgwband detection mode

There are two internal broadband detector inputs: B and R", and two
external broadband detectors: X and Y. When the network analyzer is in

the broadband detection mode, it measures the total power of all signals
present at these measurement ports, independent of signal frequency. This
enables the characterization of frequency transiation devices such as mixers,
receivers, and tuners, where the RF inpul and output frequencies are not the
same. Figure 3-3 labels the fransmitted signal for broadband detection input
as B", and the reference signal as R".

When the network analyzer is in the narrowband detection mode, the
receiver is tuned to the source frequency. This technique provides greater
dynamic range by decreasing the receiver’'s bandwidth, Figure 3-3 shows the
transmitted signal for narrowband detection input as B, and the reference
signal as R,
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Making Measurements

Measuring Devices with Your Netwwork Analyzer

External Deteciors
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Figure 3-3. Biock Diagram
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Making Measuremenis
Measuring Devices with Your Network Analyzer

The following table shows the correlation between different types of
measurements, input channels and signais.

Measurement Detection Mode Input Channels inpui Signals
Transmissian Marrowband B/R transmitted/ncident
Reflection Marrowbend AR reflacted/incident
Power Broadband B ransmitted
Conversion loss Broadband g transmitted/incident




Making Measuramants
Measuring Devices with Your Network Analyzer

When to Use
Attenuation

CAUTION

When to Use
Amplification

When to Use Attenuation and Amplification
in a Measurement Setup

o For accurate measurements use attenunation on the RF IN port to avoid
exceeding the receiver’s specifled maximum input level. See “Receiver
Specifications” in Chapter 11 for the maximum input level for your
analyzer.

Always use attenyation on the TRANSMISSION RF IN port if your test,
device’s output power exceeds the receiver damage limit of +20 dBm or
=25 Vde.

+ [se attennation on the RF IN port to reduce mismatch errors. See
“Reducing Mismatch Errors” in Chapter 5 for more information.

e [n an AM delay measurement (options 1DA and 1DB only), use attenuation
dirvectly before the DUT if the device’s input power must be less than
the — 10 dBm minimum specified detector level. (If you reduce the input
power to the DUT by lowering the analyzer’s source power, the reference
detector, X, will be below its specified range.)

Use attenuation directly after the DUT if the device’s output power is
greater than the +13 dBm maximurn specified detector level,

e [or accurate measurements, amplification may be needed on the analyzer’s
RF OUT port. Use amplification when vour test device requires input
power that exceeds the analyzer’'s maximum specified output power.

The maximum specified cutput power is highly dependent upon the model
and option configuration of your analyzer as well as the frequency range of
your test setup.

See “Source Specifications” in Chapter 11 to determine the maximuam
specified output power of your analyzer.

o In an AM delay measurement (options 1DA and 1DB only), use
amplification directly before the DUT if the device’s input power must be
greater than the maximum power available at the power splitter output.
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Measuring Devices with Your Network Analyzer

Use amplification directly after the DUT it the device’s output power is less
than the —10 dBm minimum specified level needed by the test detector (V).
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Making Measurements
Measuring Devices with Your Network Analyzer

Step 1. Enter the
Measurement
Paramaters

Step 2. Galibrate the
Analyzer

Step 3. Connect the
Equipment

Step 4. View and
Interpret the
Measurement

The Typical Measurement Sequence
A typical measurement consists of performing four major steps:

The easiest way to set up the analyzer’s parameters for a simple
measurement is to use the key. (See “Using the BEGIN Key to Make
Measurements,” next, I: this chapter.)

For some measurements you may wish o enter your own specific
measurement parameters. Use the instrument’s keys {0 input vour
parameters,

This step may be omitted under certain conditions. Your analyzer can
provide highiy accurate measurements without performing any additional
user-calibrations if certain conditions are met. Chapter 6 explains when
additional calibration is necessary.

Connect the DUT and any other required test equipment. See the
measurement examples later in this chapter for typical equipment setup
configurations.

Use the (SCALE), (DISPLAY), and [FORMAT) functions o optimize viewing of the
measurement results.

Markers, limnit lines, and hard copies of the display are common means of
interpreting measurement results.

See Chapter 4 for detailed information on using imstrument functions to view
and interpret your measurements.
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Using the BEGIN Key to Make Measurements

BEGIN

gou gopu

T

' o

NETWORK ANALYZER

o8 105

Figure 3-4. The Key
The key allows you to quickly and easily configure the analyzer (from
the condition) to measure the following devices:
e amplifiers
e filters

broadband passive devices

HEXETs

cabies (option 100 only)

Configuring basic measurements from the key kelps you ensure
correct instrument set up. The analyzer guides you through the initial steps
and configures itselfl for the device type you select.
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Key Overview

The key sets up a generic instrument state for the testing of various
types of devices.

The key has two different behaviors, depending on whether you are
selecting a new device type, or a new measurertent type.

Selecting a New Device When you use the (ReGIn] key to select a new device fype and measurement,

Selecting a New
Maasurament

the analyzer does the following:

e presets the analyzer (excepl for external reference parameters, and trigger
mode)

e takes a sweep
s autoscales the measurement

e places a marker on the maximum or minimum point (depending on the
type of measurement)

s Tnakes the marker active

o displays the AM delay connection diagram (when AM delay measurement is
chosen; option 1DA or 1DB only)

s modifies the sweep time (option 100 only)

See Table 3-1 for a table of parameters for each measurement type.

Once vou have selected your device, you can use the softkeys to select the
measurement you wish to make. When vou select a new measurement, a
preset is not done, I is assumed that you are simply changing measurement
types and that you may have changed some of the analyzer’s parameters
(such as frequency, power, etc.) for your DUT, and that you would not want
these parameters changed for subsequent measurements.
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Using the BEGIN Key to Make Measuremsnts

R A S SR SR AT,
NOTE

If the new meesurement selested is a broadhand measurement such &s power, conversion loss, or Ai
defay, the start frequency is limited to at least 10 MHz. Thersfors, if your customized setup containg

a start frequency befow 10 MHz and you choose power, conversion loss, or AM delay, the start
fraguency will be changed to 10 MHz. The stop frequency will remain unchanged, unless is was set 1o
below 10 MHz

The Keyand  The key is designed to work when channel 1 is active. However, it
Measerement Channeis  does change the measurement mode of channel 2 as well.

i channel 2 is active when the key is used to select a new device
type, channel 2 is turned off, and channel 1 is made active.

If channel 2 is active when the key is used to select a new
measurement type, channel will be left on and active, However, the analyzer
then proceeds to setup chanmnel 1 for the requested measurement type, even
though channel two is the active channel.
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Using the Key To Configure Measurements

This procedure shows you how to configure the network analyzer for
meastirements,

1.

Press (PRESET). Presetting the instruments puts it into a known state with
predefined parameters,

. Press and then use a softkey to select the type of device that you

wili be measuring (amplifier, filter, broadband passive device or mixer),

. Connect your test device to the network analyzer.

. Use the softkeys to select the fype of measuremeni you want o make:

® Pr if you want to measure the fransmission

selection is under the

- (option 1DA or 1DB only) if you want to measure the

option 100 only) if you want to measure the

cable fault location.
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Using the BEGIN Key to Make Measurements

Depending on your selection, the analyzer is set to one of the following
configurations:

Tahle 3-1. Measurement Configurations from the Key

Transmission

Reflaction

Pawer

Gonversion Loss

AM Delay!

Frequency Range2

0.300 MHz-1300 MHz

0.300 MHz-1300 MHz

10 MHz~1300 MHz

10 MHz-1300 MHz

10 MHz—1300 MRz

Frequency Bange3

0.300 MHz—3000 MHz

0.308 #Hz--3000 MHz

10 MHz—3000 MH:z

10 MHz--3660 MHz

10 MHz—3000 MHz

Power Level @ dBm 0 dBm g oBm 0 dBm maximum sper:’rféad‘Ii
Channel 1 Transmissian Refiaction Power Conversion loss AM Delay
Channef 2 Off off 0f off aff

Fermat log Mag log Mag log Mag lag Mag NiA
Mumber of Paints i 201 201 201 201

Sweep Time Mede Autg Auty Auto Auta Auto
Swaeep Triggering Continuous Continuous Continuous Continuaus Continuous
Detection Mode Narrowhand Nerrowhand Broadband Broadband intemal { Broadband External
Measurement Paths B/ MR B* B R Y/X
Averaging O# 0% off off off
System Bandwidth Medium Medium Madium Medium Narrow

1 Opticas 104 and 108 anly
2 HP 81128
3 HP 8714B

4 Maximam power is dependent upen the option configurstion of your analyzer, Sen Chagter 11 to determine the maximum specified power for your

znalyzar.
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ising the BEGIN Key to Make Measurements

The User BEGIN Function (Option 1C2 only)

The softkey gives you the capability to redefine the key

meny and install user-defined macro functions. The 1
available if your analyzer has the IBASIC option (1C
to define macros such as:

- key is only
. Use this key

e Softkeys to implement fast save/recall
o Softkeys to implement most used functions or features

s Softkeys to impiement often-used features that involve a number of steps

Macros must be defined within an IBASIC program. If no U.se
program is currently installed (efther by AUTOET o :
analyzer will automatically create a defauit program,

elects the (BEGIN) key menu to “user” mode when
ON and to normal operation when OFF.

Once vou have changed the node to ON, the same menu will

be dispiayed for subsequent key presses of the (BEGIN) (BEGIN) hardkey. (This is not
ASIC program has changed. If the program has {:h&nged the
mode is reset to OFT)

Use of the | G function does not restrict access ﬁo aﬁy normally
available in t feature such as marker functions, etc., nor does this key
affect sweep updaie rates.

Refer to example programs provided on the IBASIC programs disk for
implementation requirements. Keystroke recording may be used to modify or

- See Chapter 7, “Using Automation,” for more information.,
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Measuring Transmission Response

This section uses an example measurement to describe how to calibrate for
and make a basic transmission response measurement, In this example, a
bandpass filier like the one that was supplied with your network analyzer is
used.

Enter the Measurement Parameters

Press on the analyzer to set the analyzer to the defauit mode which
inciudes measuring transmission on channel 1,

NOTE

This example measurement uses the default instrument parameters for a transmission measurement. H
your particilar transmission measurement reguires spesific parameters (such as frequency range, source
power level, number of data points, and sweeptime} enter them now
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Measuring Transmission Responsa

Calibrate For a Transmission Response Measurement

Your analyzer can provide highly accurate measurements without performing
any additional user-calibrations if certain conditions are met. This example
describes how to perform a transmission response calibration. When you
perform a transmission response caltbration, the anatyzer performs correction
at the selected number of data points across the selected frequency band.
Interpolation recalcuiates the error correction array for reduced frequency
spans.

Chapter 6 provides detatl about when additional calibration is necessary, and
information about other calibrations available for transmission measurements.
If you wish to calibrate your instrument for a transmission response
measurement, perform the following steps:

l. Press

2, The instrument prompts you to connect a through cable. See Figure 3-5.

NETWORK ANALYZER

é [mEREW] — [vow]

& ooolk S

— oo )

e e T IO oY
© 1000 N s N o e

3
] P P
T ]

RE CUT RE N

podiib

Figure 3-5. Equipment Setup For a Transmission Response Celibration
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Measuring Transmission Hesponse

4. The analyzer will measure the standard (the through cable) and calculate
the new calibration coefficients. The message “Calibration complete.”
will appear for a few seconds when the analyzer is done calculating the
new error correction array.

o. The calibration may be saved in memory or on a disk for later use if you
wish. However, the current calibration for each channel is always saved
in nonvolatile (battery-backed) memory and will be used the next time
the analyzer is preset (see note below) or turned on. See Chapter 6 for
information on saving calibrations to the analyzer’s internal mermory, the
analyzer’s random access memory (RAM), or to a floppy disk.

NOTE

Chenging sweep frequencies {and other source parameters) may affect vour calibration, See Chepter 6,
“Cafibrating For Increased Messurement Ascuracy” for more infarmation.
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Connect the DUT

NETWORK ANALYZER

e}

PPELEN

Figure 3-6. Equipment Setup For a Transmission Response Measurement
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Measuring Transmission Response

View and Interpret the Transmission Measurement
Results

1. To view the entire

easurement trace on the display, press

2. To interpret the transmission measurement, refer to Figure 3-7 or
your analyzer’s display if you are making this measurement on your
mstrument.

a.

3.

The values shown on the horizontal axis are the frequency in MHz.
The values shown on the vertical axis are the power ratio in decibels
(dB) of the transmitted signal through the device divided by the
incident power. To display the result in logarithimic magnitude format
(designated by “Log Mag” at the fop of the measurement screen}, the
analyzer computes the measurement trace using the following formula:

PTGﬂS
Transmission (dB) = 10 log (M)
Pz‘nc
where Pyans = the power transmitted through the device and
where . = the incident power.

Alevel of 0 dB would indicate a perfect through cable or device (no
loss or gain). Values greater than 0 dB indicate that the DUT has gain.
Values less than 0 dB indicate ioss.

T e

ertion loss, press (MARKER

4. Note the marker readout in Figure 3-7 provides the frequency and
amplitude of the minirnum insertion loss point.
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Mag R20.0 dB/ Ref -80 .00 dB C

Bt Transmission Log
Do gf f
i Chil: Mgrl 169,261 MHz
aB -2 .22 dB
20
1
oA
A
-20 [
I
-40 ! i
ﬂ e,
. | L
I T !
[ //1
—-an F /\H\’\"‘“ M
’ {] ﬁx—w-”/
—ﬂOOf
—120
—=140
Abg

Start 0.2300 MHZ Stop 3 000 .000 MHZ

Figure 3-7. Example of a Transmission Measurement Display

5. See “Using Markers” in Chapter 4 for more detailed information on using
markers to interpret measurements.

NOTE

For the measurement 1o be valid, input signals must fall within the dynamic range of the analyzer. See
Chapter & for technigues to increase the dynamic range of the analyzer.
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Measuring Reflection Response

This section uses an example measurement to describe how to calibrate

for and make a basic refiection response messurement. In this example, a
bandpass fiiter ke the one that was supplied with vour network analyzer is
used.

Enter the Measurement Parameters

Press the following keys on the analyzer:

NGTE

This example measuremant uses the default instrument parameters for a reflection response
measurement. If your particular reflection measurement reguires specific parameters (such as frequensy
range, source power level, number of data points, and sweep timel, enter them now
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Calibrate For a Reflection Response Measurement

Your analyzer can provide highly accurate measurements without performing
any additional user-calibrations if certain conditions are met. This example
describes how {o perform a reflection one-port calibration. A one port
calibration uses known standards to correct for directivity, source match, and
frequency response errors in narrowband measurements.

To perform a reflection one-port calibration you will need one of the following
calibration kits depending on the nominal impedance of your analyzer:

HP 85032E for 50 @ type-N female connector calibrations
HP §5032B for type-N fermale or type-N male 50 @ connector calibrations
HP 85036E for 75 @ type-N famale connector calibrations
HP 850368 for type-N female or type-N male 75 @ connector calibrations
HP 85033D for 3.5 ram female or 3.5 mm male 50 @ connector
catibrations

HP §5038A for Type-F 75 @ connector calibrations

NOTE

type.

if you are going o be using calibration standards othe
selest the type of connecter type hy pressing

fault [female type-N), vou must
and then selecting the appropriate
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Chapter 6 provides detail about when this calibration is necessary. ¥ you
wish to calibrate vour instrument for a reflection gne-port measurement,
performn the following steps:

1. Press

2. The instrument will prompt you to connect three standards (open, short
and load) and measure ther:. See Figure 3-8.

NETWORK ANALYZER

(e
@) =
(i}

—————

0 0 O

OPEN SHORT LOAD

EoB13

Figure 3-8. Equipment Setup For a Reflection Response Calibration

3. Press after connecting each standard.

4. The analyzer will measure each standard and then calculate new
catibration coefficients. The message “Calibration complete.” will
appear for a few seconds when the analyzer is done calculating the new
eTrOT COITection array.

5. The calibration may be saved in memory for later use if you wish, See
Chapter 6 for information on saving calibrations.
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Connect the DUT

NETWORK ANALYZER NETWORK ANALYZER

DEVICE
UNDER

TEST

poBE0L

Figure 3-9. Equipment Setup For a Reflection Measurement of a Twva-Port Device

NETWORK ANALYZER

anng noan

DEVICE UNDER TESY

PoBssy

Figure 3-10. Equipment Setup For a Refiection Measurement of 2 One-Port Bevice
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Measuring Reflection Response

View and Interpret the Reflection Measurement
Results

e _entire measurement irace on the display, press (SCALE

2. o interpret the reflection measurement, refer to Figure 3-11 or
your analyzer’s display if you are making this measurement on your
instrument.

a. The values shown on the horizontal axis are the freguency in MHz. The
values shown on the vertical axis are the power ratio in decibels (dB) of

the reflected signal divided by the incident power. 'To display the result
in logarithrnic magnitude format {designated by Log Mag at the top of
the measurement screen), the analyzer computes the measurement
frace using the following formula:

P‘re
Reflection (dB) = 10 JOg(P_ﬂ)

e

where Po.q = the power of the signal reflected from the device and
where Pj,. = the incident power,

A level of 0 dB indicates that all of the power applied to the DUT
is reflected back, and that none of it passes through the DIIT or is
absorbed by the DUT.

Values less than O dB indicate that power is either absorbed or
fransmitted by the DUT. Although they are not typically seen, values
greater than O dB do cccur under certain circumstances such as when
the measurement needs to be enhanced by calibration, or when the
device is active {an amplifier for instance) and perhaps oscillating.
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L.0g Mag 5.0 dB/ Hef ~15.00 dB G

Chi: Mkt 480, 184 MHz
-22 3f dB

=

Start 0.300 MHz

Ston 2 000000 MHz

Figure 3-11. Example of a Beflection Measurement Display

. To quickly determine the filter’s return loss, press and then use
the front panel knob, the () (@) keys, or the numeric keypad to read the
value of return loss at the desired frequency.

. See “Using Markers” in Chapter 4 for detailed information on using
markers to interpret measurements.
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Making a Broadband Power Measurement

There are two kinds of power measurements: broadband and narrowband.
The example in this section is of a broadband power measurement. (If you
are only interested in the output power of your devi t th frequency
as the analyzer’'s source, you can select

larroyband intes , for a narrowband power measurement. A
narrowband power mernt only measures the power within the tuned
receiver’s bandwidth centered at the source frequency.)

When you measure a device for absolute output power, the network analyzer
uses the broadband detection mode and measures the transmitted signal (B*)
at all frequencies. This signal may contain frequencies cther than the source
frequency such as when the DUT is a mixer,

This section uses an example measurement {o describe how to normalize the
mstrument and measure the total output power of an amplifier,

NOTE

Broadband pewer measurements are only specified for measurements with a start frequengy
of >10 MHz.

3-30




Making Measurements
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Enter the Measurement Parameters

Press the following keys on the analyzer:

HETE

This example measurement uses the default instrument paremeters for a power measurement. If your
particular power measurement requires specific parameters (such as frequency range, source pewer
level, number of data points, and sweep timel enter them now

CAUTION Damage to your analyzer will occur if the receiver input power exceeds

+20 dBm or 25 Vdc. The analyzer’s source cannot significantly exceed this
level, however If your DUT has gain, then attenuation on the RF IN port may
be necessary. See “When to Use Attenuation and Amplification” earlier in
this chapter for more information.
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Connect the DUT

NETWORK ANALYZER

oo oooa

|

q

DEV I CE [] RF N
UNDER
TEST

poB1zb

Figure 3-12. Equipment Setup For a Power Measurement
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View and Interpret the Power Measurement Results

L. To view the measurement trace, press SCALE

2. Figure 3-13 shows the results of an example power measurement.

3. To interpret the power measurement, refer to Figure 3-13 or your
analyzer's display if you are making this measurement on your
instrument.

a. When making a power measurement, the display shows the cutput
power measured at the analyvzer’s RF IN connector. This power is
absolute power, as opposed to a power ratio.

b. Note that when making a power messurement, the values associated
with the vertical axis are in units of dBm, which is the power measured
in reference to 1 mw.

0dBm = 1 mW
=16 dBra = 100 uW
+10 dBr = 10 mW

3-33




Making Measuremants
Making a Broadband Power Measurement

»1: Powar Lag Mag 0.5 B/ Hef 5.00 dBEm
Parart

dBm

Abg

Start 10.000 MHz Stop 4 300.000 MMz
Figure 3-13. Example of a Power Measurement

if the analyzer's RF output power level is set to higher than the specified
output power for your analyzer, the source could go unieveled. See
Chapter 11 for source and receiver specifications. If your device requires
input power greater than your analyzer’s specified output power, you may
need to use a preamplifier in your measurement setup. However, remember
to not exceed the receiver damage limit of +20 dBm.

CAUTION
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Measuring Conversion Loss

Conversion loss is the ratio of [ output power to RF input power expressed
in dB. This section uses an example measurement to describe how to measure
the conversion loss of a broadband mixer.

When characterizing a device’s conversion loss, the analyzer uses broadband
detection to compare the transmiited signal {(8*) to the reference signal

(R*). This is because the inpat and vutput signals of a frequency-iranslating -
device may be different. Since broadband detection measures signals at all
frequencies, you may want to use a filter to remove unwanted signals such as-
LO feedthrough when performing this measurement.

For example, an RF signal at 900 MHz mixed with an LO signal at 200 MHz,
resulfs in mixing product signals at 700 MHz and 1100 MHz, as well as the
original 900 Milz and 200 MHz RF and LO signals.
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700 Mitz
Bandpass Filter

Boer T Mixer A /T\ A A
RF—>®9 e

800 PWT oag 700 800 1100
MHz Miz MHz MMz MMz
T 1LO) {RF-LO} {(RF) (RF+LO)
Lo
Lo
Py T
200
MMz
pOBECE o

Figure 3-14. Filtering Out the Unwanted Mixing Product

Inserting a 700 MHz bandpass filter in the measurement setup removes the
unwanted signals at 200 Mz, 900 MHz and 1100 Mz, providing an accurate

measurement of fhe desired IF signal at 700 MHz,
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Enter the Measurement Parameters

Press the following keys on the analyzer:

NOTE

This example measurameant uses the default instrument parameters for & conversion loss maasurament.
if your particular conversion ioss messurement requires specific parameters {such es frecuency range,
source power level, number of data points, and sweeptime) enter them now
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Perform a Normalization Calibration

Normalization is the simplest type of calibration. The analyzer stores
normalized data into mermory and divides subsequent measurements by the
stored data to remove unwanted freguency response errors. This calibration
is used for this measurement to remove the insertion loss error of the IF
filter. Changing frequency range or the number of measurement points will
invalidate a normalization calibration.
1. Connect the equipment as shown in Figure 3-15, except replace the DUT
with a through cable.

2. Press :
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Connect the DUT

NETWORK ANALYZER
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Filter at |IF freguency
remoeves unwanted
mixing products.

Figure 3-15. Equipment Setup For a Conversio

208165,

n Loss Measurement

3-39




Making Measurements
Measuring Conversien Loss

View and Interpret the Conversion Loss Results

L1t necessary to view the measurement {race, press {SCALE

2. To interpret the conversion loss measurement, refer to Figure 3-16 or
your analyzer’s display if you are making this measurement on your
instrument.

a.

3. If you wish, you can quickly

loss by pressing (MARKER

The values shown on the horizontal axis represent the source RF
output. The values shown on the vertical axis are the power ratio in
decibels (dB) of the transmitted signal through the device divided by
the incident power. To display the result in logarithmic magnitude
format (designated by Log Mag at the top of the measurement screen),
the analyzer computes the measurement trace using the following
formula:

PTG”E
Conversion Loss (dB) = 10 log (—-fa""m)

e

where Pi..,s = the power measured at the IF output of the mixer and
where Py, = the incident power at the RF input.

Alevel of 0 dB would indicate a perfect device (no loss or gain}. Values
greater than ¢ dB indicate that the mixer has gain. Values less than
0 dB indicate mixer conversion loss.
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Figure 3-16. Example of a Conversion Loss Measurement

NBTE

For the measurement to be valid, input signale must fall within the dynamic range and freguency range
of the analyzer. See Chapter b for teshnigues 10 increase the dynamic rangs of the analyzer.
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Measuring AM Delay (Option 1DA or 1DB)

An AM delay measurement characterizes the group delay (or envelope delay)
of & device. To perform this measurement you must have ordered either
option 1DA (AM Delay, 50 ohm) or option 1DB (AM Delay, 75 ohm). These
options include internal instrument hardware and firmnware, two external
scalar detectors and a power splitter.

Group delay flatniess can be a key specification for many components and
systerns. Distortionless transmission of a signal requires constant amplitude
and group delay response over the frequency bandwidth. Group delay is the
measurement of signal fransmission time through a device. It is defined as the
derivative of the phase characteristic with respect to frequency.

If the device under test is a frequency transiator, the device nput and
cutput frequencies will by definition be different. This generally makes the
measurement of the device phase response (and therefore group delay) very
difficult.

The AM Delay option overcomes this difficuity by using an amplitude
modulation technigue to measure group delay. In this fechnique, a small
amount of amplitude modulation is applied to the RF output of the analyzer.
Scalar detectors are used to detect this modulation both before and after
the device under test. The group delay can then be calculated from the
phase difference between {hese two signals (modulation envelopes). Since
broadband detection is used, the option 1DA/IDB analyzer can measure delay
through nearly any device, including frequency transiators.

There are several important considerations in an AM delay measurement. If
the device is a limiter or has AGC (automatic gain control), this will tend to
distort or remove the amplitude modulation used for the measurement, Any
limiting or AGC in the device should be disabled before making an AM delay
measurement. The broadband detection used for AM delay is susceptible fo
spurious signals and noise. High-level spurious signals should be removed
with filtering. The signal levels af both the reference and test detectors
should be kept as high as possible. The specified incident power range for
both detectors in an AM delay measurement is —10 to + 13 dBm. If the
device input power must be outside this range, amplification or attenuation
must be used directly before the device. ¥ the device output power is outside
the —10 to +13 dBm range, attenuation or amplification must be used directly
after the device.
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Measuring AM Delay {Optian 1DA or 1DB)

Enter the Measurement Parameters

Connect the detectors and power splitter to the analyzer as shown in
Figure 3-17 and then press the fellowing keys on the analyzer:

You may also press the following keys to access AM delay. Pressing these
keyvs wiil result in a connection diagram being displayed on the screen of the
analyzer.

PRESET,

NOTE

This example measurement uses the default instrument perameters for an AM delay measurement. #
your particular AM dalay measurement requires specific parameters (sush as frequency range, source
power lavel, number of data peints, and sweeptimel enter them now
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Measuring AM Delay {Option 1DA or 1D8)

Calibrate For an AM Delay Measurement

1. Connect the equipment as shown;

NETWORK | (.
ANALYZER el ViR UT
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|
=
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" h___ &
POWER 5&;}5(}:;3 DU;;E with
Arpucgh cohig or
SPLITTER coimest datestor directly

to pewer splitier for
catibration

h
s

DETECTORS

S

pogiTh

Figure 3-17. Eguipment Setup For an AM Delay Response Calibration

2. Press
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Measuring AM Dalay (Option 1BA or 1DB}

Connect the DUT

NETWORK
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Figure 3-18. Equipment Setup For an AM Belay Measurement
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Measuring AM Delay {Bption 1DA or 188}

View and Interpret the AM Delay Results

This example is an AM delay measurement of a frequency converter.

1. To view the measurement trace, press {SCALE

2. To interpret the AM delay measurement, refer o Figure 3-19.

a.

Note that the vertical axis is dispiaying time rather than power as
in previous exampie measurements, The AM delay measurement
measures the time required for power to travel through the DUT at
various frequencies. The measurement trace will be noisier as the
power level is attenuated by the DUT.

Since delay is proportional to the derivative of phase, flat (constant)
delay indicates linear phase. Delay measurements are typically
performed to measure the deviation from linear phase. Deviation from
linear phase (flat delay) would indicate that the DUT is distorting the
signal.
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Figure 3-18, Example of an AM Delay Measurement

3. Use the marker delta function to determine the maximum deviation. See
Chapter 4 for how to use the marker functions.
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Making Measurements with the Auxiliary Input

The auxiliary input (AUX INPUT) is Iocated on the rear panel of your
analyzer. This input is designed to monitor sweep related de control signals of
devices generally used in conjunction with the analyzer, such as a dc-biased
amplifier, or a Voltage Controlled Oscillator (VCO).

The AUX INPUT is not recornmended for use as an oscilloscope, for several
reasons. This input is sampled only once per data point regardless of sweep
speed, bandwidth, or number of points per sweep, and sampled data points
may not oceur at evenly spaced intervals unless the analyzer is in CW mode.

The AUX INPUT sampling rate depends upon the inst
In CW mode with the fastest possible sweep time (5
AUTO), system bandwidth has the most significant effect on this timing. Data
points are typically taken at about 0.2, 0.6, 7.2, and 70 ms in wide, medium,
narrow, and fine bandwidths, respectively. This effect must be taken into
account if attempting to view signals that are unrelated to the sweep ramp.
For best accuracy, input signal slew rate should be less than 700 volts per
second,

Even though the AUX INPUT is not recommended for use as an oscitloscope,
it is possible to view sine wave signals up to about 400 Hz with reasonable
accuracy by placing the analyzer in CW mode with wide system bandwidth.

Auxiliary Input Characteristics

Nominal impedance 10 kO

Acguracy =+{3% of reading + 20 mV}
Calibrated range  £10 V
Usskle range +15 Y
Max input 15 Y
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Measuring Group Delay

The phase linearity of many devices is specified in terms of group or envelope
delay. Thisg is especially true of telecommunications componenis and systems
where phase distortion is critical.

Group delay is a measure of transit time through the DUT as a function of
frequency. It is approximated by:

—~Ad
(AF)(360)

where Ad is the phase difference between two adjacent frequencies Af.

The guantify Afis comumonly referred to as the aperture. The minimum
aperture is equal to the analyzer's frequency span divided by the number of
points minus one, and can be entered as 3 freguency or a percent of span. To
measure group delay correctly, the phase difference at a specific aperture
must be less than 180 degrees, satisfying the following relationship:

number of points — 1
2( frequency span)
If this relationship is not satisfied, incorrect measurements will oceur,

since the measurement of the phase difference at adjacent points will be
undersampled,

approxvimate DUT delay <

This section uses an example measurement to describe how to calibrate
and make a basic phase-derived delay (group delay) measurement. In this
example, a bandpass filter like the one that was shipped with your network
analvzer is used.

NOTE

Phase-darived delay cannot be used to measure fraquency translating devices. Use AM delay {option
1DA or 10B) to measure frequency iranslating devices.
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Making Measurements
Measuring Group Delay

Enter the Measurement Parameters

1. Press the following keys on the analyzer:

2. Choose an aperture. When choosing an aperture, there is a tradeof
between minimum apertures (giving more resolution but noisier respenses)
and maximum apertures (giving less resolution but smoother responses).
For this example, choose an aperture of 4% by pressing:

AVG
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Making Measurements
Measuring Group Delay

Calibrate For a Transmission Response Measurement

. Press

. Since we gre measuring the transmission group delay, a transmission

calibration can be performed t0 Bnprove accuracy.

The instrument prompts you to connect a through cable. See Figure 3-20.

NE TWORK ANALYZER

O = =

= g : ]

= nnog o O

— [BLE] \H//D 3

™ [EpE | [
0 S s N v o S s v v

) .
) PP
TN——

RFE QUT RE N

pofilll

Figure 3-20. Equipment Setup For a Transmission Resgonse Calibration

The analyzer will measure the standard (the through cable) and calculate
the new calibration coefficients. The message “Calibration complete.”
will appear for a few seconds when the analyzer is done calculating the
new error correction array.

. The calibration may be saved in memory for later use if you wish. See

Chapter 6 for information on saving calibrations.
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Making Measuremants
Measuring Group Delay

Connect the DUT

NETWORK ANALYZER

| u o
- 0 ) e
& (e N o e [ o e
[ = o
L O 1’_)
4 i

DEVICE
UNDER
TEST

pof12b

Figure 3-21, Eguipment Setup For a Group Deiay Measurement
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Making Measuraments
Measuring Group Belay

View and Interpret the Group Delay Measurement
Results

ire measurement trace on the display, press

CED

2. To interpret the group delay measurement, refer to Figure 3-22 or
your analyzer’s display ¥ you are making this measurement on your
mstrument.

a. The measurement trace depicts the amount of time it takes for each
frequency to travel through the DUT.

3. To quickly determine the filter’s maximurm delay point, press

4. Note the marker readout in Figure 3-22 provides the fregquency and delay
(in nanoseconds) of the maximum delay point.




Making Measurements

Measuring Group Delay
Bl Transmission Nelay 5ons/s Ref -0 ng C
P off
: Cnis Mxrl 450,009 MHz
nes 30.37 ns
35
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s [ \
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20 7 ¢
/ \
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10 /
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Center. 175.000 MHz Span 20G.000 MAz

Figure 3-22. Example of a Phase-Derived Delay Measurement Display

5. Bee “Using Markers” in Chapter 4 for more detailed information on using
markers {0 interpret measurements.

NOTE

Phase-derived delay meassurements can benefit from the noise reduction techniques discussed in
Chapter 5.
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Measuring Impedance Using the Smith Chart

The amount of power reflected from a device is directly related to the
impedances of both the device and the measuring system. Each value of the
compiex reflection coefficient p uniquely defines a device impedance; for
exampie, p = 0 only when the device impedance and the system impedance
are exactly the same.

The Smith chart is a tool used o map the complex reflection coefficient ¢ to
the DUT's impedance. In a Smith chare, the complex impedance plane is
reshaped to form a circular grid, from which the resistance and reactance
can be read. (See Figure 3-25 for more information on the Smith chart.)
Marker featurss on the analyzer display the resistance and reactance in units
of ohms, and the equivalent capacitance or inductance in units of farads or
henrys.

This section uses an example measurement to describe how to measure the
input impedance of a filter.
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Making Msasurements
Measuring Impedance Using the Smith Chart

Enter the Measurement Parameters

Press the following keys on the analyzer:

NOTE

This example measurement yses the default instrument parameters for a reflection measurament, If
your particular measurement reguires spesific perameters {such as freguency range, source power level,
number of data points, and sweeptime) enter them now

Calibrate For a Reflection Response Measurement

Since impedance is a reflection measurement, you can perform a reflection
calibration to improve accuracy. Refer to “Calibrate For a Reflection Response
Measurement,” earlier in this chapter,




Making Measurements
Measuring Impedance Using the Smith Chart

Connect the DUT
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Figure 3-23. Equipment Setup For a Refiection Measurement of a Two-Port Device
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Figure 3-24. Equipment Setup For a Reflection Measurement of a Ong-Port Davice
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Making Measurements
Measuring Impedance Using the Smith Chart

View and Interpret the Results

L. Press (FORMAT) ;

2. 1p necessary to view the measurement trace, press (SCALE

3. To interpret the impedance measurement, refer to Figure 3-25 for the
following discussion:

a. The horizontal axis {the solid line) is the real portion of the
mpedance — the resistance. The center of the horizontal axis always
represents the system impedance (60 @ in this example).

b. The dashed circles that intersect the horizontal axis represent constant
resistance. The dashed arcs that are tangent to the horizontal axis
represent constant reactance.

¢. The upper half of the Smith Chart is the area where the reactive
component is positive and is therefore inductive. The lower half is
the area where the reactive component is negative and is therefore
capacitive.
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Constant
Reactarnce

Constant
Resistance

Capacitive

g

100 System
impedance

po848b ©
Figure 3-25. Interpreting the Smith Chart

d. The magnitude and phase of the reflection coeflicient, p, can be
determined by reading the Smith chart as follows:

|pl = the distance from the measurement poing to the center point on
the chart. See Figure 3-20.

L p = = the angle between the horizontal axis of the Smith chart
and a line from the center point to the measurement point.

See Figure 3-26.
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Making Measuremants
Measuring impedance Using the Smith Chart

Measurement
Point

Measurement
Point

Center
Point

Center
Point

0

pesdin ¢

Figure 3-26. Determining the Magnitude and Phase of the Refiection Coefficient

4. Figure 3-27 on the next page, shows an exampie of an actual
measurement. Note the marker readout in the upper right corner of the
display. The marker values are frequency, resistance, reactance, and the
equivalent capacitance or inductance, respectively.
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Measuring Impedance Using the Smith Chart

»1: Reflection Smith 1 U Fs
D2y OfF
Chi: Mkr 1 175.000 MHz
73.33 2
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16.93 nH

-1 400

Center 175.000 MHz Span Z200.000 MHz
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Figure 3-27. Example of an Impedance Measurement
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Measuring Impedance Magnitude

The impedance (Z) of a DUT can be calculated from the measured reflection
or transmission coefficient. The impedance magnitude format allows
measurement of impedance versus frequency or power. This measurement,
can be useful for many types of devices, inciuding resonators and discrete
passive components.

The analyzer measures the reflection or transmission response of the DUT,
converts it to the equivalent complex impedance, and displays the magnitude.
Two simple conversions are available, depending on the measurement
configuration.

The impedance measurement is highly dependent on the reflection coefficient,
making it important to perform a good calibration. The accuracy of the
impedance measurement is best near the analyzer’'s system impedance

(60 or 75 ohms). The resolution is limited (by internal math calculations) to
approximately b to 10 miiliohms.

To use the impedance magnitude format, press (FORMAT
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Measuring Impedance Magnitude

How the Reflection Measurement Works

A reflection trace can be converted to equivalent parailel impedance using

the model and equaticns shown in Figure 3-28. In the formula shown in
Figure 3-28, T is the complex reflection coefficient. The complex impedance,
Zres, 18 computed based on P and Z0. The analyzer displays the magnitude of
Zren. THIS measurement assumes a two-terminal device, connected across the
anaiyzer’s REFLECTION port.

— -

. T4+
Rafiection () ZReti et Zpaft = £0 4 -

epEiTh

Figure 3-28. Impedance Calcuiation for Befiection Measurements
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Measuring Impedance Magnitude

How the Transmission Measurement Works

In a transmission measurement, the data can be converted to ifs equivalent
mathematical series impedance using the model and equations shown in
Figure 3-29.

Transmission {T)

o LTrans feme i ZTrans It g™ Z0 .

ppB18n

Figure 3-29. Impedance Galculation for Transmission Measurements

In the formula shown above, T is the complex transmission response. The
complex impedance, Zovans. 18 computed based on T and Z0. The analyzer
displays the magnitude of Zrpans. This is not the same as a two-pori Z
parameter conversion, as only the measured parameter is used in the
eqguations.

Since the transmission response calibration cannot correct for source and load
match errors, the results of the transmission transform are less accurate than
the reflection transform. To minimize these errors, a good source match and
load mateh are required. One way to achieve this is to use pads on both sides
of the device. Be sure to connect the pads before performing the calibration.

When interpreting the resulting impedance measurement, remember that
the analyzer is computing a transform and displaying the equivalent series
impedance. I yvour device has significant shunt mpedance, the results may
differ significantly from the expected series impedance.
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Making Measurements

Using a Fixture

Devices such as discrete components generatly do not have RF connectors.

To measure such devices, a fixture must be used. When using a fixture, the
calibration should be performed at the point where the device connects to the
fixture, in order to remove the response of the cables and fixture.
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Using Instrument Functions

This chapter explains some common anatyzer functions that can help you to
examine, store, and print measurement data.

The following functions are explained in this chapter:
e 1Jsing Markers

s sing Limif Lines

s Saving and Recalling Measurement Results

o Connecting and Configuring Printers and Plotters

» Printing and Plotting Measurement Results

= 1sing a Keyboard
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Using Markers

The markers provide numerical readout of trace data. Markers have a3
stimulus value (the x-axis value in a Cartesian format) and a response value
(the y-axis value in a Cartesian forreat). In Smith chart format, markers have
g stimulus value, a resistive value, a reactive value and a complex impedance
value. In polar format, markers have a stimulus value, a magnitude value and
a phase vaiue.

When you switch on a marker, and no other function is active, the analyzer
shows the marker stimalus value In the active entry area.

You can control markers with the front panel knob, the step keys, or the front
panel numeric keypad. The markers are activated by pressing the
key. See Figure 4-1.

MARKER

oooo ooog

£10
O

- — A&

NE TWORK ANALYZER

£0818b

Figure 4-1, The Key
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Using Instrument Functions
Using Markers

If a marker is or, two or three lines of numbers foliow the marker annoiation:

Cartesian{ Polar |Smith Chart

tfrequency t frequency | fraouency
response | magnitude | resistive value

phase ragclive value

The examples in this section are shown with a transmission response
measurement of a filter. To follow along with these examples, use the filter
that was shipped with your analyzer, connect the equipment as shown, and
set up the analyzer by pressing the keys shown below the equipment setup.

NETWORK ANALYZER

e

o A N
= soo o
- DGO falfiet
= dcob =
= aoco e}

c £ P

D paas

T

FILTER

2B4TY

Figure 4-2, Connsct the Filter to the Analyzer
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Using fnstrument Functions
Using Markers

NOTE

When vou make a hardcopy of your measurement results that contain displeved markers, you can
choose 1o have & marker table aopesr on the hardcopy Refer to “To Print and Plot Measurement
Results” Iater in this chapter.




Using tngtrumant Functions
Using Markers

To Activate Markers

1. Press the key to activate marker 1,

2. To activate markers 2 through 4, use the softkeys. For example, press
softkey 31 to activate marker 3. To activate markers 5 through 8, first

and then the softkey that corresponds to the marker

3. Each marker, when activated, is either placed at its previous x-axis value,
or at the center of the x-axis.

e
Active Marker Definition

Although there may be up to eight markers on the display scresn st one time, only one marker can
be “active” at any given time. The active marker is designated by a triangle pointing down 571 with
the marker number above it, Any other markers on the display are inactive and are designated by

a triangie pointing up (A with the marker number below it. Any marker can be made active by
selecting its corresponding softkey The active marker’s values are always displayed in the upper right
corner of the dispiay screen, and you cen modify the stimulus value of the active marker using the
frant pansl knoh, the step keys, or the numeric keypad.
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Using Instrument Functions
Using Markars

To Turn Markers Off

1. All markers can be turned off by pressing

2. To turn off an individual marker, make it the active marker by pressing its
corresponding softkey, and then press (accessed by

pressing
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Using Instrument Functions
Using Markers

CAUTION

To Use Marker Search Functions

Markers can be used to:

e search a measurement trace for maximum or minimum points

s search for a target value

¢ automatically calculate bandwidth or notch parameters of filters

» automatically search for multipie maximums or minimums

NOTE

Marker tracking can be useful for tuning DUTs when eombined with the marker search functions.
When tracking is turned on, the marker search is appl i s updated with

each sweep. To turn tragking on, press (MARKER

It is possibie to select marker search types on channe! 1 that are incompatible
with those on channel 2, and vice versa. Doing so can cause the markers on
the inactive channel to be moved. Be careful to ensure you are uging the
correct markers for the channel you are currenily measuring, especially when
marker tracking is turned on,

4-8




Using instrumanmt Functions
Using Markers

To Search For a 1. Press :_ to place
Maximum or Minimum marker 1 at the minirnum value on the trace.
Value

2. Press Erio
place marker 2 at the maximum value on the trace.

3. Figure 4-3 shows markers 1 and 2 at the maximum and minimugm points,

respectively,
¥ Tranamission Lag Mag 20.0 dB/ Ref -60.00 dB
Pz Qff
Chi: Mkr2 28.252 MHz
a8 4121.0% dB
Z0
8]
—
~-20
i
- 40
Chi <

~80 // .
-100

NPy
-120

- 140
ADS

Center 173,000 MHz Span 349400 MHz
Figure 4-3. Markers at Minimum and Maximum Values




To Search for Target
Values

Using Instrument Functions
lising Markers

- Press

Press

to choose the target level and enter the target
value. (The default vaiue is —3 dB.)

and notice the marker moves to the first occeurrence

of the t get value to the right, The target value is in reference to 0 dB,

Press nd notice the marker moves to the first occurrence
of the target value to the left.

Fach time you press the marker moves
to the next occurrence of the target level, If no occurrence is found the
message, “Target not found.” appears momentarily on the display.
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Te Search for
Banrdwidth Values

Using Instrumant Functions
Using Markers

NOTE

The bandwidth search function is intanded for transmission or power measurements in log mag format
only

1. Press B . The bandwidth search
feature analyzes es the bandwidih, center
frequency, and @ (see note below) for the specified bandwidth level. (The
default bandwidth search level is —3 dB.} The bandwidth information is
displayed in the upper-right corner of the network analyzer screen. The

bandwidth feature puts marker 1 in delta marker mode. (Deita marker
made is explained later in this chapter.)

NOGTE

Q stands for “guality factor,” defined as the ratio of a circuit’s resonant frequency to its bandwidth.
Your analyzer caloulates 0 as the center frequency divided by the bandwidth,

2. Press to change the —3 dB bandwidth target level to —6 dB.

3. If you want to change the marker frequency resclution, press
_and enter a different resolution value.

Each marker’s dedicated use is listed in the following table. Figure 4-4 shows
a —6 dB bandwidth marker search.
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Using Markers

Dedicated Use of Markers in Bandwidth Search Maode

Dedicated Use Channef 1 Channel 2

mexmum power vehse marker T | marker 2

center frequency of pass band® | marker 3 | marker 4

bandwidth cutsff point Hleft) marker & | marker 7

bandwidth cuteff point {right} markar & 1 marker 8

1 The centar frequsnsy is defined by the anatyrer as the mudpoint
betvesn the two bandwidth cutell points

2 Transmission Laog Mag 20.0 4B/ Ref ~80.00 B
Dz aff
B 59.373844 MHz
daee CF: 174.,76836249 MMz
¢ Qa: 2.82
\vi Loss: ~-1178 db
? W
ﬂﬁ A h

-40

cht

-80

RO AT
o L

~140
Als

Cernter 417%.000 000 MMz Span 349.000 000 MHz
Figure 4-4. —EB dB Bandwidth Marker Search
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To Search for Notch
Values

Using Instrumant Functions
Using Markers

NGTE

The notch search function is intended for transmission or power measuremants in log mag format only

1. To follow along with this example you will need.to connect a notch filter to
the analyzer in place of the bandpass filter shown in Figare 4-2.

Press (MARKER] &

3. The notch search feature analvzes a notch filier and calculates the
bandwidth, center frequency, and Q (see note below) for the specified
notch level, (The default notch search level is —6 dB.) The resulting
information is displayed in the upper-right corner of the network analyzer
screen. The notch feature puts marker I in delta marker mode. {Delta
marker mode is explained later in this chapter.)

bo

NOTE

{ stands for "guality factor,” defined a5 the ratio of & cirouit’s ressnant frequency to its bandwidth,
Your analyzer calculstes 0 as the center frequency divided by the bandwidth.

Each marker's dedicated use is listed in the following table. Figure 4-5 shows
a channel 1 -6 dB notch marker search.
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Using instrument Functions

Using Markers
Dedicated Use of Markers in Notch Search Mede
Dedicated Use Channel 1 | Channel 7
meximum power value marker 1 | marker 2
center fraquency of stap band®| merker 3 | marker 4
notch —-n dB pnimz tieft merker 5 | marker 7
naich —n dB paimz iright} marker B | marker 8§
1 The center frequency is dafined by the anabyzer as the midpoint
between the left and right notch points
2 Whare n is the targst valug, and the —n dB point is relative to
the maximum responss Imarker 1)
B Transmission Lag Mag 10.0 dB/ RBef -20.00 dB C
B2 OfFF
=N 13,883 MHZ
dﬂw CF.  $998.209 MHz
a: 144.04 ;
LokEs: -0, 23]dB  §
0 i
-0 5 / 3
Chib® \
\ //
-30
|
-40 \
=50 \
~ &0 T
|
-70 & ;g
Abs
Center 2 000.000 MHz Span 850,000 MMz

Figure 4-b. —6 4B Notch Marker Search
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To Use Multi-Peak or
Mult-Notch Search

Using Instrument Funciions
Using Markers

Multi-peak and multi-notch searches are designed for use when measuring
multi-pole fitters, Both searches automatically search the measurement trace
from left to right, and position a marker at each local maximoum or mininuem.
Up to eight maximums or minimums will be found. Searches are limited to

respenses above —60 dB. With marker tracking ON, the multi-peak/notch
search will be performed after each sweep.

Connect a multi-pole filter and press 3

if measuring a multi-pole bandpass filter or Mu
measuring a multi-pole notch filter.

See Figure 4-6 and Figure 4-7 for examples of a multi-peak and a mmiti-notch
search, respectively.

P Reflection

Log Mag 2.0 d8/ Ref -5.00 dB
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RSN LN I R O P AT

o LT A PR,
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L
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.
1NN
} |
|

Stop 500.000 MHz
Figure 4-6. Muiti-Peak Search Mode
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Using Markers
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Figure 4-7. Multi-Notch Search Mode




Using Instrument Fenctions
Using Markers

To Use Marker
Statistics

To Use Marker Math Functions

The three marker math functions: statistics, flatness, and RF filter stats,
perform certain mathematical calculations on the amplitude data of
user-defined trace segments.

For channel 1 measurements, the trace segment is defined with markers 1
and 2; for channel 2 measurements the irace segment is defined with markers
3 and 4, The marker math parameters are updated after each sweep, as well
as any thme a marker is moved. Regular marker fracking is not available with
the marker math functions.

NOTE

You cannct have marker math functions active at the same time as marker search functicns.

The marker statistics function measures a user-defined segment of the
measurement trace and calculates the following:

» freguency span
o mean and standard deviation of the amplitude response
e peak-to-peak ripple

Limit testing may be performed on the statistical mean and peak-to-peak
ripple. See “To Use Marker Limit Functions,” later in this chapter for
information,

1. On channel 1 press and set markers 1 and 2 to define the
beginning and end of the trace segment that you want to measure, {When
using channel 2, use markers 3 and 4 to define the trace segment.)

2. Press

3. Figure 4-8 shows a defined trace segment. Notice the marker readout in
the apper right corner of the display.
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P4 Trarnsmission Log Mag 0.5 cB/  Aef 0.00 B | cHan 1 1
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Figure 4-8. Marker Statistics Function
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Using Instrumem Functions
Using Markers

Ta Use Marker Flatness The marker flatness search function measures a user-defined segment of the
measurement trace and calculates the following:

« frequency span
s gain

e slope

e flatness

The analyzer calculates flatness by drawing a straight line between the
markers. A maximum vertical deviation from this line is computed for each
measurement point. Flatness is the magnitude difference of the maximum
and minimum calculated deviations from the straight line.

Limit testing may be performed on the flatness parameter. See “To Use
Marker Limit Functions,” later in this chapter for information.

1. On channel 1 press and set markers 1 and 2 to define the
beginning and end of the trace segment that you want {0 measure. (When
using channel 2, use markers 3 and 4 to define the trace segment.)

3. Figure 4-9 shows a defined trace segment. Notice the marker readout in
the upper right corner of the display.
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Figure 4-9. Marker Flatness Function
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To Use BF Filter
Statistics

Using Instrument Functions
Using Markers

The RF filter statistics function measures both the passband and the stopband
{reject-band) of a filter with a single sweep.

1. On channel 1 press and place marker 1 at the beginning of the
passhand and marker 2 at the end of the passband. Place markers 3 and
4 at the beginning and end of the stopband. (When using channel 2, use
markers 5 through 8 to define the passband and stopband.)

2. Press

3. At the end of each sweep, this feature calculates the insertion loss and
peak-to-peak ripple of the passband, as weil as the maximum signal
amplitude in the stopband. The insertion loss is defined as the minimum
point between markers 1 and 2 with respect to 0 ¢dB. The peak-to-peak
ripple of the passband is defined as the difference between the maximum
and minimwm points in the passband {as defined by markers 1 and 2). The
reject parameter is defined as the difference petween the minimum point
in the passband and the maximuym point in the stopband.

4, See Figure 4-10 for an example of an RF fiiter stats search.
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Using Markers
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Figure 4-10. RF Filter Statistics Function
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To Use Delta (A) Marker Mode

In marker delta mode, a reference marker is placed at the active marker
position. All marker values are then displayed in reference to this delta
marker. When the amplitude of the measurement trace changes, the
reference marker value also changes. The delta marker is represented by
a triangle pointing up (A) with a delta symbol (A) below it rather than a
number.

To follow along with this example, set up the instrument for a transmission
measurerent of the bandpass filter that was shipped with yvour instrument.

L. Press
I (the active marker) o the maximum value on the trace.

to move marker

to place a

place marker 1 to the minimun point on the frace.

4. The difference between the markers’ frequency and amplitude value is
shown in the upper-right corner of the analyzer screen,

Use the front panel knob to move marker 2
towards the right-hand side of the dispiay screen. Note that the marker 2
values are also in reference t¢ the delta marker
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Figure 4.11. Delta Marker Mode
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To Use Marker to
Center Frequency

To Use Marker to
Reference

Te Use Marker to
Electrical Delay

To Use Other Marker Functions

This function changes the analyzer’s center frequency to that of the active
marker and limits the span if necessary. If the markers are all off, and this
function is selected, it first turns on marker 1 at its previous setting or, if no
previous setting, at the center frequency (default).

1. Press and then use the front panel knob or the nuwmeric keypad
to move the marker to 200 MHz

2. Press and note that the trace
has now shifted and that the center frequency of the analyzer is now
200 MHz.

This function changes the vatue of the analyzer’s reference level to the
amplitude value of the active marker. This function does not change the
reference position. If the markers are all off, and this function is selected, it
first turns on marker 1 at its previous setting or, if no previous setting, at the
center frequency (default).

1. Press and then use the front panel knob or the nureric keypad
to raove the marker to about —10 dB.

2. Press
trace
level.

2. and note that the
ctly on the reference

to add or subtract
enough line length to the receiver input to compensate for the phase slope at
the active marker position. This effectively flattens the phase trace around
the active marker. You can use this to measure the electrical length or
deviation from linear phase. See : in Chapter 10 for more
information.

See “Compensating for Phase Shift in Measurement Setups” in Chapter 5 for
more information on electrical delay.
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To Use Polar Format Markers

The analyzer displays the polar marker values as magnitude and phase. You
can use these markers only when you are viewing & polar display format

(The polar format is accessed by pressing

To Use Sinith Chart Markers

In Smith chart format, markers have a resistive value, a reactive value and
a complex impedance value. For information on interpreting Smith chm
values, see “Measuring Impedance Using the Smith Chart” in Chapter 3.
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Using Limit Lines

Limit testing is a measurement technique that compares measurement data to
constraints that you define. Depending on the results of this comparison, the
analyzer can indicate if your device either passes or fails the test,

Limit testing is useful for real-time tuning of devices to specifications. When
Hmit-line testing is turned on, pass/ail results are cutpus to the display and
also to the LIMIT TEST TTL IN/OUT connector on the rear panel. See “BNC
Connectors,” in Chapter 8 for more information.

Limit testing is implemented by creating individual flat, sloping, or single
point limits on the analyzer display. These types of lines may be used
individually or combined o represent the performance parameters for your
device under test. Also available are limit testing capabitities for three tyvpes
of marker searches: statistical mean, peak-to-peak ripple, and flatness.

NOTE

Limit testing s only performed on the measurement date trace. |t cannot be performed on s memary
trace.

NOTE

Limit lina testing is not available when the analyzer is in Smith shart or polar format, if limit lines are
on and you change to Smith chart or polar format the analyzer will automatically turs off the fimit
linets].
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Using Limit Lines

The following examples are performed using a transmission measurement of
the bandpass filter shipped with vour instrument. To follow along with these
examples, connect your filter to the analyzer and press:

2060
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To Create a Flat Limit Line

In this example, you will create a minimurn limdt line from 155 MHz to
195 MHz at a level of —3 dB.

16.

1L

12.
13.

. To access the limit line menu press {DISPLAY

- To create a new minimum limit line press

- Press

- Press

, and enter
, and enter
and press (=3}

and press

Notice that the analyzer has generated a limit line at about the center of
the display.

Press

Press

. To get a less distracting view of the limit line, press (DiSPLAY)

To see if your filter meets the minimum limit you have just set up, press

The display wili now indicate on the right-hand side of the display
whether the DUT has passed or failed when compared to the current
limits. If vou are using the filter that was shipped with your instrument,
vou should see a PASS indicator.

To edit a current limnit line and to see what a fail indicator looks like,
press and set the and ! to 0 dB.

Notice the display now shows the FAIL indicator.

Before continuing to the next section, edif the limit line to change it back
to having a begin and end limit of 3 dB.
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To Create a Sloping Limit Line

A sloping Hmit line has different values for its begin and end limits. For
example, create a sloping limit line between 130 MHz and 155 MHz with a
beginning level of —35 dB and an ending level of -3 dB.

1. Press
130

2. Press

3. Press

4. Press

NOTE

When cregting limit fines, you can enter frequency and limit values using the front panel knob or the
(1) (L) keys as well as the numeric keypad.

Figure 4-12 shows limit lines created that dictate the specified shape of a
bandpass filter. In this example, a filter was connected, and tuned to fall
within the created limit lines. The pass/fail indicator gives constant feedback
regarding status.
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Figure 4-12, Limit Lines
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CAUTION

To Create a Single Point Limit

Sometimes you may only be interested in the level at one particular
frequency. In this case, you may wish to use a single point limit. Using the
setup from the previous examples and bullding on them, let's assume that
when testing your bandpass filter, i is specified that the insertion loss at

174 MHz must be less than 3 dB. The following example creates a single point
Hinit at —3 dB at 174 MHz.

Limit tests are only performed on actual data points, not the interpolated
values between. When setting a singie point limit, the Hmit is actually
applied to the closest data point to the frequency of the set limit, See

“ Additional Notes on Lirnit Testing,” later in this chapter for more
information.
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To Use Marker Limit Functions

You can use pass/fail limit testing on three of the marker search functions:
statistical mean, peak-tg-peak ripple, and flatness. (See “To Use Marker
Statistics” and “To Use Marker Flatness” earlier in this chapter for more
information on these types of searches.) These special marker limit functions
can pe used in conjunction with regular lirait line testing,

To use limit testing on these functions:

1. These searches require that you define a segment of the measurement
trace using markers 1 and 2 (for channel 1 measurements) or 3 and 4 (for
channel 2 measurements).

2. Press (DISPLAY) |

3. Use the front panel knob or the M D) keys to select limit testing
; an, peak-to-peak ripple, or flatness. Then press

- so that the word “on” is now in capital letters.

4. . and enter the maximum limit using the front panel
rminating the entry with the (ENTER) key.
B,

Hin Limit and enter the minimum limit using the front panel
keypad and terminating the entry with the key.

6. If Bmit testing has not been turned on, furn it on by pressing

NOTE

Note that there are no visible limit fines or indicators on the display with these functions. Therefors
functien has na effect when using marker limits.
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To Turn Limit Lines On
and Off

To Delete Limit Lines

{ising a Marker Buring
Limit Entry

Other Limit Line Functions

Using the Limit softkey toggles any created limit lines
on and offt it does . You can still use the limit test function
{pass/fail} without the limit lines appearing on the display screen,

1. To select a limit line or point to delete, you must be in the main lmit line
MEeny.

2. To easily ensure you are in the main limit line menu, press (DISPLAY

3. Use the front panel knob or the () (J) keys to select the limit you wish to
delete,

The selected limit will appear in inverse video in the limit table.

.. The analyzer then gives you the option to cancel
ad with the individual deletion, or delete all the

Pressing the softkey while entering a limit line will activate a
marker. The marker can be used to determine a frequency or level of interest
on the device response.
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Stimulus and Amplitude
Vaiues

CAUTION

Limit Testing and
Nieasurement Points

Additional Notes on Limit Testing

In frequency sweep mode, the stimulus values are interpreted as frequencies:
in power sweep mode, the stimulus values are interpreted as output power
levels.

The values entered for stimulus and amglitude are unitless. If the
measurement format is changed after limit lines are set, the amplitude values
do net automatically change. Therefore, you should select the format you
want to use before entering your limits.

Limit testing is only performed on actual data points, not interpolated values
between them. The limit lines or points that you enter are converted

to values at each measurement point. Most of the time, this has little or

ne effect on the validity of the limit festing. However, note the following
exampies of problems that could arise when using limit lines;
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Example 1.

When using a small number of measurement, points, Hmit lines must be sef
carefully, or the results may be confusing, because the analyzer connects
the measurement points with straight lines. The following iiustration shows
a data trace with three measurement points: A, B, ang C, along with a
minimury 1imit line,

TRACE SHOWING
THREE MEASURED POINTS

poga3t

Figure 4.13. Limit Lines Example 1

Note that the beginning of the limit line falls between points A and B along
the horizontal frequency axis. The end of the limit line falls between points B
and C along the frequency axis. Therefore, only one measurement point is
encountered between the beginning and end of the limif line. This particular
example would result in a limit test result of “PASS” when it appears

that it could fail. More measurement points are needed to evaluate this
measurement.
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Example 2.

Using Instrument Funciions
Using Limit Lines

In this example, the analyzer has been sef up with the following parameters;

Start frequency = 90 MHz

Stop frequency = 210 MHz

Number of points = 11

Maximum limit line begin freguency = 90 MHz
Maximum limit line end frequency = 200 MHz

Refer to the llustration below for the discussion. Here, the data trace passes
through the limit line, and is above it, but this test passes because the last
point fested is at 198 MHz. The last point (210 MHz} does not cause the limit
test to fail because it is past the limit line stop frequency of 200 MHz. But
there is an area on the data trace hetween 198 MHz and 200 MHz that is

above the displayed Hmit line.

END L iMIT
ot 200 MHz
MAX | MUM DATA le
LIl T LINE IN QUEST ION ¥ -
2 NE X T
7 DATA POINT
S at 210 MH:z
"
/‘.”
o—-——a———&——_—o———o———o————t———w’/

90 W‘O2 114 128 138 150 162 174 186 198
DATA POINTS
{ ik z

!
5

/

Figure 4-14. Limit Lines Example 2

oo6B4h
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Saving and Recalling Measurement Results

The network analyzer aliows you to save the following information:

Instrument,
State

Cal

Data

Instrument state settings consist of all the stimulus and
response parameters that set up the analyzer to make 3
specific measurement including markers, limit lines, memory
traces, and user-defined calibrations. Instrument state
information is saved and recalled for both channels.

The measurement calibration information is the
meagsurement correction data that the analyzer creates
when you make a calibration. Measurement calibration
information is saved and recalled for both channels.

The measurement data consists of the actual measurement
data trace.

You can save any combination of the above three and recall them to be
displayed on the network analyzer. You can also dump the measurement
channel data to an ASCI format file that you can use for graphing and
manipulation in spreadsheets.

NOTE

When saving calibration information, the instrument state settings will also be sutomatically saved.
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Saving Instrument Data

When you save data to a file, the analyzer automatically selects a file name
for you. Since these names may not be as descriptive as degirable, you may
change the name of the file after it has b aved, or you can save 1t fo a file
name of your choice by using the : function. See “Other File
Utilities” later in this chapter for ow to change a file name.
When saving a file using the | function, enter the file name
in one of the following ways:

e Use an external DIN kevboard connected to the network analyzer rear
panel and type in the filename. (For information on using a keyboard, see
“Using a Keyboard” later in this chapter.)

* Use the front panel knob and - key to point and select

each character of the new filename. Then press |

NOTE

Retfer to Chapter 14 &t the end of this guide for information on the analyzer's instrument state
memery aliccation.
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Select the Bisk

Using Instrument Functions
Saving and Recalling Measurement Results

1. I you are using a floppy disk, place a formatted disk in the disk drive
vou are using. If your disk is not formatted, refer to the procedure in
“Formatting a Floppy Disk” located later in this section,

2. Press and press the key that corresponds to

the disk where you are going to save data:

to save to the analyzer’s internal

non-volatile memory. (Nonvolatile means that the informagion wiil be
retained in memory when the power to the analyzer is turned off.) This
is the defaulf selection.

- if you are saving to the analyzer’s internal
volatile memory {Volatile means that the information will be lost if
power to the analyzer is turned off)

< If you have the IBASIC Optien 1C2 installed in your analyzer

you can configure the volatile RAM disk by pressing the

oftkey. (This softkey will not do anything on
- IBASIC.)

o When this key is pressed, a message appears, displaying the current
percentage allocation between RAM disk and IBASIC memory. The
default allocation is 10% to IBASIC and 90% to volatile RAM,

¢ To change the memory allocation, press
the new RAM disk allocation.

¢ The power must be cycied on the analyzer for the changes in
memory allocation to take effect.

ruments wit

- if you are saving to the 3.5 inch disk in the
e (Both MS-DOS and LIF format, disks can be
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* Press 1f you are saving to a disk in an external HP-IB
disk drive (this could be a hard disk or a Hloppy disk drive).

< If you are conﬁgurmg the network analyzer for the external disk
drive, press ure - and then the following keys:

and enter the disk drive HP-IB address

and entfer the disk unit number

Define and Save Bata 1. Press

* Press ¥ you DO NOT want the instrument state

saved.

e Press if you want to save the active measurement calibration.

* Press if you want to save the measurement data that is

displayed on the network analyzer screen,

NOTE
Mote that the

oggle s ausomaticelly turned

2. Press to save the instrument state file.

The filename appears on the screen as STATE#.STA (where # is a number
the analyzer selects from 0 to 999). The type of file appears on the screen
as DOS if you are using a disk formatted in MS-DOS, or as BDAT if you are
using a disk formatted in LIF.
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Te Save Measurement
Data in ASCIl Fermat

Using Instrument Functions
Saving and Recalling Measurement Results

Your measurement data can be saved in an ASCII format that is compagible
with many personal computer software packages such as Lotus®1-2-3® . The
file is saved in a two column format, where coluron 1 is the frequency and
column 2 is the measured valae at that point.

To save the measurement trace as as ASCH file:

1. Press and select the softkey that corresponds
to where you want to save your file. (See “Select the Disk,” earler in this
section.)

and either

depending on which measurement

channel data ﬁz:ou want to save.

3. The filename appears on the network analyzer screen as TRACE# ,PRE
{where # is a number the analyzer seleets from { to 999).

(R R R PR
NOTE

Your analyzer can store files on floppy disks that are formatited in either MS-DOS or LIE The table
below shows the relaticnships betwsen the disk format, type of save and the file name and type.

Disk Format | Type of Save!  File Name Type

MS-BOS Date STATE#.8TA| DOS

ASEI TRACE#.PRN| DOS

ur Dats STATE# BDAT

ASEH TRACE# ASCIT
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To Recall from a Disk or Internal Memory

The network analyzer allows you to recall and display measurement

results that you saved as STATE files. You can then compare the recalled
measurements to subsequent measurements. The analyzer can display both a
data and memory frace for each channel. The data trace is saved when you

meniu. The memory trace is saved as

when you recall the file from a disk or internal memory.

Calibration sets are linked o the instrument state and measurement
parameter for which the calibration was done. Therefore a saved calibration
can be used for multiple instrument states as long as the measurement
parsmeter, frequency range, and number of points are the same.

L. Press - and press the key that corresponds to
the location where your desired file exists.

2. I necessary, change directories to the directory that containg the desired
file as described in “To Use Directory Utilities” in the next section.

3. Press and turn the front panel knob to move
the highlighted bar to the file you want to recall,

4. Press to recall the desired file to the network analyzer,

NOTE

Refar to “Measurement Setup and Control with Fast Recall” in Chapter 7 for information on using the
analyzer’s fast recall feature to quickly recsll often-used instrument states.
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To Bename a File

Other File Utilities

. Press (SAVE RECALL) |

- and press the key that corresponds to
ocated.

the disk where the d

. Use the front panel knob to move the highlighted bar to the file you want

to rename.

Press

Use th - key repeatedly, or press to erase the

current filename from the analyzer screen,

Enter the new filenaze in one of the following ways:

e Use an external DIN keyboard connected to the network analyzer
rear panel and type in the new filename. (For information on using a
keyboard, see “Using a Keyboard” later in this chapter.)

* Use the front panel knob and Select Chara key to point and
select each character of the new filenarme, Then pres
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To Delete a File

To Copy & File

CAUTIGN

3.

- Press

* To delete all files within the current directory, press D

. Press

Using Instrument Functions
Saving and Recalling Measurement Results

. Highlight the file to be deleted by using the front panel knob or the () @)

keys.

. Highlight the file to be éopied by using the front panel knob or the () @D

keys,

and then select the destination disk for the file to be
copied. You will then be given the opportunity to edit the destination file
name if you wish.

1ise 2 keyboard {if connected) or the front panel knob and the softkeys fo
enter the destination filename.

There will be no warning from the analyzer if the destination file already
exists. It will be overwritten without warning. For instance, STATE1.STA
on the internal memory disk and STATEL.STA on a floppy disk in the
built-in disk drive may contain completely different sets of data. If you copy
one of those files to the other without editing the file name, the file will be
overwritten with the source file.

To copy the file press §

To copy all the files in the current directory, press Lopy
then select the destination disk for the files to be copied.

You will then be prompted to tell the analyzer where on the destination
disk to put the files o be copied.

' if you want the files to go into the main, or root, directory of
on disk. Use a keyboard (if connected) or the front panel knob
‘_ to enter a subdirectory on the destination disk before

pressing




To Access Files From
SCP! or IBASIC

Using Instrument Functions

Saving and Recalling Measurement Results

Files on each disk can be accessed via HP-IB using SCPI commands, as well as
directly from IBASIC. The table below shows the names used for each disk.
You will notice that when using the file utilities, the analyzer displays the
SCPI name in the disk catalog window and in the filename entry windows.

Table 4-1. Disk Access

Disk SCPI name IBASIC name
Non-Volatile BAM Disk MEH : fil fie: MEMORY, 0,0
Volatile RAM Disk RAM: 7k fiie: MEMORY, 0,1
Internal 3.57 Disk INT:fik file: INTERNAL
External Disk EXT: ik fie:, Txx,unit’

1 wiers "x" = the HP4B address of the exerpal disk drive and uni is the disk unit number,

For more details on HP-IB programming, refer to the Programmer’s Guide.
For more details on IBASIC disk access, refer to the IBASIC “MASS STORAGE
1S” keyword in the HP 8711B/12B/13B/14B HP Istrument Basic User’s

Handbook.
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Make a Directary

CAUTION

To Use Directory Utilities

This section describes how to make directories so you can store files into
categories, how to change between the various existing directories, and how
to remove an unwanted directory. You can make directories for floppy disks
and the analyzer’s internal memory, and RAM disk.

NOTE

Disks formatied in LIF do not support direstories.

1. If you are going to use a floppy disk, place an MS-DOS formatted disk in
the drive you are using for data storage. I your disk is not formatted, refer
to the procedure in “To Format a Floppy Disk” located later in this section.

2. Press (SAVE RECALL) |

3. Choose the location of the disk you want to make the directory on:
internal non-volatile RAM disk, internal volatile RAM disk, internal 3.57
disk (the analyzer’s built-in disk drive), or external disk.

Remember that volatile RAM disk memory will be lost if the power to the
instrument is turned off.

4, Press

Think of 3 logical name to call a directory. Standard MS-DOS naming
conventions apply to the name of the directory (maximum of eight
characters plus a three character exfension).

5. Enter the name of the new directory in one of the following ways:

» Use an external DIN kevboard connected to the network analtyzer
rear panel and type in the new filename. (For information on using a
keyboard, see “Using a Keyboard” later in this chapter.)
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Change to a Directory

Remeve a Birectary
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*® Use the front panel knob and § key to point to and

select, each character of the new directory name. Then press

6. Press to create the directory.

NOTE

You can alsc change to a directory and use ] . to create 8 subdirectory. The
number of charasters in a directory and su sed the MS-DOS fimitation of 83,

pum—y

. Press the () (1) keys to highlight the directory you want to change to.
Then pres . After changing directories, the current
directory name appears in the top box of the displayed table,

2. To change to the previous directory, highlight .. <PARENT> and press
- to return o the disk’s previous directory.

3. To change to the disk’s main or root directory, continue highlighting and
changing to the . .<PARENT> directory until the current directory name in
the top box is simply a backslash “\.”

1. A directory must be empty before it can be removed. If there are files in
the directory that you want to move elsewhere and delete, refer to “Other
File Utilities,” later in this chapter for information on how to copy and
delete files,

2. Highlight the directory to be removed by using the front panel knob or the

@) (@) keys.
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CAUTION

To Format a Disk in the
Internai Drive with
MS-BOS Format

Formatting a Floppy Disk

You must format unformatted Boppy disks before you can save data on them,
The analyzer internal memory and RAM disk memory do not need to be
formatted.

A# information on the disk will be erased during the formatting process.

if you are saving files to recall on an MS-DOS computer, follow the
procedure in “To Format a Disk in the Internal Drive with MS-DOS
Format” or “To Format a Disk in an External Drive with MS-DOS Format,”
depending on your storage device,

if you are saving files to recall on an instrument controller that requires LIF
formatted disks, follow the procedure in *To Initialize a Disk in the nternal
Drive with LIF Format.”

. Make sure the disk is not write protected by ensuring the write protect tab

is in the proper position,

. Insert the disk into the arnalyzer’s disk drive.
- Press

. It will take approximately 2.5 minutes for the disk to be formatted.

4-49




To Format a Bisk in an
External Drive with
MS-DOS Format
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1. Make sure the disk is not write protected by ensuring the write protect tab
is in the proper position (floppy disks only).

2. Insert the disk into the anatyzer’'s disk drive (floppy disks only).

3. Disconnect any systern controller from the network analyzer.

4. Press (SYSTEM OPTIONS) to make the

anatyzer the HP-IB controller

5. Press (SAVE RECALL

6. Press the following keys to configure the network analyzer for an external
disk drive:

and enter the address (the default is ()

and enter the disk unit number

(the default is 0)

Press s
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To Initialize a Disk in
the lnternal Drive with

LIF Farmat
NOTE

To perfarm this pracedure, you must have the I1BASIC option (Dption 102} installed in your instrument.

1. Make sure the disk is not write protected by ensuring the write protect tab
is in the proper position.

2. Insert the disk into the analyzer's disk drive and then perform step 3 if
yvou have a keyboard connected to vour analyzer, or step 4 if you do not
have a keyboard connected.

3. (with exiernal keyboard)

a. Press on an external keyboard to display an IBASIC command line
at the bottom of the screen.

b. Type INITIALIZE "LIF:INTERNAL" to begin initialization.
c. Press to turn off the cormand line.
4. (without external keyboard)

a. Press {SYSTEM OPTIONS)

b. Uge the front panel knob and press
character in the following commands.

10 INITIALIZE "LIF:INTERNAL" (press

20 END (pres

C. Press o initialize the disk.




Connecting and Configuring Printers and
Plotters

The analyzer is capable of plotting or printing displayed measurement results
directly (without the use of an external computer) to a compatibie peripheral.
The analyzer supports HP-IB, serial, and paraliel peripherals.

These plotters are
compatible

These printers are
compatihle

Select a Compatible Printer or Plotter

Most Hewlett-Packard desktop prinfers and plotters are compatible with the
analyzer. Some common compatible peripherals are listed here (some are no
longer available for purchase but are listed here for your reference):

e HP 7440A ColorPro Eight-Pen Color Graphics Plotter
HP 7470A Two-Pen Graphics Plotter '
HP 7475A Six-Pen Graphics Plotter

HP 7550A/B High-Speed Eight-Pen Graphics Plotter

o All HP Desklets (HP Desklet 1200C can also be used to plot)
o All HP LaserJets (LaserJet Il and 4 can aiso be used to plot)
e HP Desklet Portable

o IIP Paintlet 3630A

Epson printers which are compatible with the FX-86e/FX-800 printer
control language

4-52




Using Instrument Functions
Cenaecting and Cenfiguring Printers and Plotters

Select an Appropriate Interface Cable

If your peripheral is 1o be connected to HP-IB, choose one of the foliowing
cables: .

e IIP 10833A HP-IB Cable, 1.0m (3.3 ft.)

e [P 108338 HP-IB Cable, 2.0 m (6.6 ft.)

e HP 10833D HP-IB Cable, 0.5m (1.6 1t.)

If vour peripheral is to be connected via the serial or parallel port on the
analyzer, choose from the following recommended cables:

HP C2912B Centronics (Parallel) Interface Cable, 3.0 m (9.9 ft.)
HP C2813A RS-232C {Serial) Interface Cable, 1.2 m (3.9 1)

e HP C2514A Serial Interface Cable, 1.2 m (3.9 ft.)

HP 24542( Serial Interface Cable, 3 m (9.9 it.)

o HP 24542D Parallel Interface Cable, 2 m (6 ft.)

HP $2284A Parallel Interface Cable, 2 m (6 ft.)

-

®
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Connect the Printer or Plotter

1. Turn off the analyzer and the peripheral.

2. Connect as shown in Figure 4-15.

HP- 1B PARALLEL
PERIPHERALS PERIPHERAL

PERIPHERAL

Figure 4-15. Peripheral Connections
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Configure the Hardcopy Port

You will only have to do this setup once if you make all your hardcopies with
the same printing of plotting device. You can configure the analyzer for any of

the peripherals listed below:

DEVICE TYPE : LANGUAGE | HARDCOPY PORT
HP Plotter HPGL Parallel Port
HP Plotter HPGL RS232 Serial
HP Pluttar HPGL HP-I8
HP Printar PCL Parallsl Port
HP Printar PCL 8232 Serial
HP Printer PCL HPIB
Epson Compatible | Epson Parailel Port
Ensen Compatible | Epson 35232 Seria
File HPGL Internal Disk
Fila FCX fnternal Disk

The analyzer can send print commands in either HPGL, PCL, or Epson

modes. The commands the analyzer uses are cormmon to early versions of
each language. For exampie, PCL comymands that the network analyzer sends
will work with PCL3 devices as well as PCLS devices. The analyzer also uses
commands that are common to IBM mode devices and FX-86e/FX-800 mode

Epson compatible devices.
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Selecting a Device

Configuring the
Analyzer for EP.IB
Devices

Configuring the
Analyzer for R§-232
Devices

Using Instrument Funstions
Connecting and Configuring Printers and Plotters

Press and turn the front panel knob to
e highlighted bar to your printing or plotting device, then press

e different address than the
analyzer default of (b, press - and enter the address of
your printing/plotting device (factory defaults: printer = 01, plotter = (5).
Use the front panel numeric key pad to make your entry.

1. If the baud rate of your printing/plotting device is different than the
defauit (192003, press and enter the baud rate of your
printing/plotting device. (Refer to your prinfer or plotter manual for the
baud rate of your device.) You can set the baud rate to 1200, 2400, 4800,
9600, or 19240 baud. If vou are sending graphics to the hardcopy device,
9600 or 19200 baud is recommended.

2. Choose between Xon/Xoff (the default: specifies a software handshake)
and DTR/DSR (specifies a hardware handshake).
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Defining a Printer

Define the Printer or Plotter Settings

You will only have 1o do this setup once ¥ you make all your hardcopies with
the same printing or plotting device.

Press and then either |
depending on which device you are using. Note that only one of these
choices is selectable at a time,

Two procedures follow. Use “Defining & Printer” if you are using a printer.
Otherwise, go to “Defining a Plotter.”

Make the following selections in the analyzer menus:

1. Press
The defaults are:

1o restore the default parameters for a printer.

Printar Resolution

Parameter Defauit
Monochrome/Color Monochrome
Orientation Portrait
Auto Faed DN

96 Dots Per Inch

Top Margin 0.08 mm
ieft Margin 0.00 mm
Print Width 150 mm {5.91 il

2. Select the type of printer you have: either

orientati

4. ¥ you do not want auto feed active, press

f the paper {o the information printed, either
o1 .. The portrait choice orientates the printout
v, the landscape orientates the prinfout horizontally.
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to change the printer resolution, margins, and print
width:

a.

- Hefer to the following table for some specific
g}}"mters and their valid print resolutions,

Printer Valid Resolutions (in DPI)
HP ThinkJet 58
HP PaintJet 80, 180
HP laserJet 75, 100, 150, 300, 600
HP DeskJat® 75, 160, 150, 300, 600
HP QuietJet 88, 182
Epson 60, 120, 240, 380

1 HP Desklet 548 should not e used at 0 dpi.

Sets the top margin (non-printing space) of the printout
in mm. Mininur setting is 0.00 mm; maximum setting is 200.00 mm.

Sets the left margin (non-printing space) of the

prmiouf in mm. Minimum setting is .00 mm; maximuam setting is
200.00 rom.

Sets print width (printing space) of printout in mm.
Mmunum setting is 80 mm; maximum is 500 mm. Width is defined
relative to the printer. It is the dimension at right angle to the travel
of the paper. Landscape mode is rotated one-gquarter turn relative fo
portrait mode. Thus, in landscape mode, print width actually defines
the height of the prinfed image.
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Using Instrument Functions
Connecting and Configuring Printers and Plotters

Make the following selections in the analyzer menus:

Hesgtore 0 restore the default parameters for a plotter
The defaults are: :

Parameter Befauit
tonochrome/Celor Moncchrome
Auta Feed b
Color Plotter Pen Numbers Trace ¥ = Pen 1

Trace 2 = Pen 2
Memory 1 = Pend
Memory 2 = Pen 4
Graticule = Pen §
Graphics = Pen &

2. Select the type of plotter you have: either monochrome or color.

to select the pen nwmber(s) for the data traces,

memory traces, graticule, and graphics. Press
selecting pens.

when done

4. If you do not want auto feed active, press
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Printing and Plotting Measurement Results

To print or plot measurement resulis, perform the following steps:
1. Select the appropriate copy port:
s Printer or
+ Plotter or
» Internal 3.5 in floppy disk
2. Define the output
3. Generate the cutput:
s Hardcopy or
o Plot to 3.5 in disk

To Select the Copy Port

Press Use the front panel knob to
highlight a prmter plot . or PCX file (dumped to the analyzer’s
built-in disk drive). Files %aved in HPGL or PCX format can be imported

to many personal compuier (PC) applications such as word processors and
drawing programs. This allows a simpie method for screen dumps to be used
in reports, memos, or other corumunications.

NOTE

If you are dumping to an external device {printer or pletter) you should have already sonfigured the
analyzer for use with the printer or plotter. Ses the previous section, “Connecting and Configuring
Printers and Plotters,” for more information.
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Define the Output

1. The first step in defining the output is deciding which hardcopy
components you want in vour printout, plot, or file. Refer to Figure 4-16
and Figure 4-17 to see the available hardeopy components and formats.

[ SRR R SRR SER———
NOTE

Figure 4-17 shows the trace list values for a transmission measurement in log mag format. Trace
values for poler format will be fraguency, magnitude, and phase; while trace values for Smith chart
format will be freguency, resistance, and somplex impedancs.
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Printing and Plotting Measurement Results

*1: Transmission Log Mag 10.0 B/ Ref -38.50 dB
b OFf
HW, 60 . 9P0 MHZ
CF: 178 . 620 MHz
O 2. 80
1 Loss,; 413.06| dB
i3
/ - 5
/ !
Center 175.000 MHz Span 200.000 MHz
i Mk A{MHZ) o] 2 Mkr  (MHZ]) dB
1> G.80 G 00
3: 7.62 -G .08
£ -22.83 ~2 .89
e 38 .07 -3.01

Figure 4-18. Hardcepy Components and Formats Available
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Trace Vaiues

e

CHANNEL 1:Transmission

FREQ{MHz Y a8 Mkrd
2.300 -47.8%
2.947 ~58.92
3.7494 -71.87
5.541 ~76.94
7.288 -g8z.18
8,035 -§9.23

10.782 ~77.77
12.528 ~BZ.85
14.276 -89.84
15.0823 ~B%.48
17.77% -78.88
18,517 -88.87
21.264 80,75
23,914 -83.83
24,758 -87,51
26.505 ~B4, 91
28,2%2 -83.%1
29,9958 ~B6 .01

Figure 4-17. Trace List Values

2. To select your choice of format, press
then one of the foliowing:

cutputs only the graph. (This selection allows
printing of the limit-line table as weli.)

outputs only the marker table. (This selection
allows printing of the limit-lire table as well.)

outputs a list of the data trace point values. (This
selection is only available for output to a printer.)
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NOTE

You may notice a decrease in measurement spaed when the network analyzer is outputting to 8 printer
or plotiar that doesn't have 3 buiitin buffar. For the fastest possibie hardcopy dump to such devices,

press sfore beginning the print or plot. Refer to the table below for
some typical pri
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Tahle 4-2. Typical Print Times

Number of Printer Resclution Partrait Fermat (min:sec) Landscaps Fermat {min:sec)
Measurement {dpil
Points
Deskdet | DeskJet | Desklet | Laserdet | Deskdet | Deskdet | Deskdet | Laserdet
saoc’ | s60c> | 1208c® | 4t | saoct | semc? | 12000 | 4t
MOND
201 100* 0:36 0:35 0:24 0:45 852 0:57 0:32 0:58
0 300 0:48 0:48 045 1:06 114 117 1.08 1:28
1601 100* 0:42 0:41 &3 0:51 .00 1:08 03 057
1601 300 0:54 0:55 &51 113 122 1:25 1:18 1:35
1601 HpoL® N/A. NfA 013 0:43 NA N/A &2 044
COLOR
201 100% 1:45 1:43 0:44 N/A 242 3:42 1:15 NiA
21 300 5:04 5:24 304 NfA 828 8:08 514 N/A
1601 100% 1:52 1:50 051 NfA 252 2:53 122 N/A
1601 300 51 5:31 an /A 8:35 8:15 5:21 N/A
1601 HPGLS N/A NIA 0:24 NTA NiA NiA 0:48 N/A

1 {Jo not use a celar cartridge for mone priat en the Deskdet H4CC.

2 Thesa times were messured with the HP Deskdst 580C in EconoMode

3 Thesa times were maasured with the HP Deskder 12060 in "paper-fast” mode
4 Use 150 dpi for the Deskdet 540

5 HPGL dumps roquire an 1BASIC progeam to initialize the printer,
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Using a Keyboard

You can use an IBM PC-AT compatible keyboard with your analyzer. A
keyboard is useful when entering and editing names for files and directories.
It is aiso useful for creating and editing IBASIC programs (Option 1C2).

All of the analyzer front parel hardkey and softkey functions can be activated
from a keyboard also. See “Keyboard Front Panel Equivalents,” later in this
section,

To Connect the Keyboard

To connect a keyboard, first turn off the analyzer. Then connect a compatible
keyboard with a DIN connector to the rear panel DIN connector. See

Figure 1-4 in Chapter 1 for the location of the keyboard connector. Turn

the analyzer back on after the keyboard connector is fully inserted into the
connector.

NGTE

I your keybeard has a mini-DiN connecter, you will need 1o use & mink-DIN to DIN adapter to connect
the keyboard to the analyzar. One of these adapters (HP part no. C1405-80015) & shipped with the
anglyzer if you ordered the keyboard option [1CL).
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To Use the Keyboard to Edit

sing a keyboard makes editing of fite and directory names, or program

lines gquick and easy. You can edit these items from the froni panel of the
instrument using the front panel knob and the softkeys, however this process
is very tedious.

Foliowing is an example procedure to use a keyboard and the Re-Save State
function to save an instrument state that you want to call “mixer”,

1. Set up the instrument with the measurement parameters that you want
to save, See “Saving and Recalling Measurement Results,” earlier in this
chapter, for more information.

2. Press (SAVE RECALL)

instrument state.

and choose where to store the

3. Press

4. Use the keyboard to backspace over the existing file name (don’t worry,
the existing file will not be written over), and then use the keyboard to
type in mixer,

5. Press or the keyboard (or the analyzer) and the current
instrument state will be saved to a file titled “mixer.”
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Keyboard Front Panel Equivalents

A kevboard template was supplied with your shipment. If you place the
- template on your keyboard you will always have the following information on
hand. Should vou misplace your keyboard template, you can reorder with

HP part number 08712-80004,

You can use the key combinations below with a DIN keyboard to activate the
indicated front panel hardkeys and softkeys. Softkeys are the eight unlabeied
keys to the right of the display. They are numbered from one (top) through

eight {bottom).

Keybeard Front Panel Key Equivalents

Keyboard
Function Key

Front Panel Equivalents

Shift

Cird

Softkey 1

CHAN 1

SAVE RECALL

2

Softkey 2

CHAN 2

HARD COPY

f3

Softkey 3

FREQ

SYSTEM DPTIONS

4

Softkey 4

PGWER

PRESET

Softkey b

SWEEP

BEGIN

jie

Softksy 6

MENU

7

Softkey 7

SCALE

i

Softkey 8

MARKER

®

DISPLAY

f10

FORMAT

11

CAL

12

Y
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For example, to select channel 1 as the active channel, on the keyboard press
with (f2). To preset the network analyzer with the keyboard, press
with (). In each case hold down the first key as you press the second key.

. press alone, In case of difficulty, make sare that
the keyboard is connected to the DIN KEYBOARD connector on the rear -
paniel, The keyboard must be IBM PC/AT compatibie.

Print capabilities:

Press (Shift) (Print Screen) ont the keyboard to dump graph with softkey menus,

When you use the analyzer function to dump a graph, you den’t
get the softkey menu that appears on the right-hand side of the analyzer
dispiay.

Pressing (Shift ) (Print Screen) on a keyboard wifl dump the current graph along
with the current sofikey menu.
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Optimizing Measurements

This chapter describes techniques and analyzer functions that help you
achieve the best measurement results, The following sections are included in
this chapter:

» [ncreasing Sweep Speed

s Increasing Network Analyzer Dynamic Range

s Reducing Trace Noise

¢ Reducing Mismatch Frrors

e Compensating for Phase 5Shift in Measurement Setups

e Measuring Devices with Long Electrical Delay




Increasing Sweep Speed

You can increase the analyzer sweep speed by avoiding the use of some
features that require computational time for implementation and updating,
such as bandwidth marker tracking.

You can also increase the sweep speed by making adjustments to the
measurement settings. Listed below are some of the things that can be done
to increase sweep speed. e

increase the start freguency

sweep time in AUTO mode

widen the system bandwidth

reduce the amount of averaging

reduce the number of measurement points

onty view a single channel

turn off alternate sweep

turn off markers and marker tracking

turn off spur avoidance

minimize frequency span to avoid bandcrossings (HP 87148 only)

@& ¢ & ¢ & & 0 & »

To Increase the Start Frequency

Since the analyzer sweeps frequencies below approximately 20 MHz at a
slower rate, vou can increase the start frequency to speed up the sweep.

1. Press

2. Enter the highest start frequency possible for your measurement.
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To Set the Sweep Time to AUTO Mode

Auto sweep time mode (the preset instrument mode), maintains the fastest
sweep speed possible for any particular measurement settings.

1. Press and look at the softkey label.
When AUTO is all capital letters, it indicates that fhe analyzer is in aufo
sweep tione mode. f MAN is all capital letters, the analyzer is in manual
sweep time mode.

2. ¥ necessary, press
AUTO.

- to toggie the time mode to

To Widen the System Bandwidth

Wide system bandwidth is recommended for some broadband detection
measurernents.

Press to widen the IF bandwidth. As the
bandwidth increases the sweep time decreases:

Tahle 5-1. Refationship Between System Bandwidth and Sweep Speed

System Bandwidth Sweep Speed
Wide fastest
Medium fast
Marrow slow
Fire slowest




Optirizing Measuramants
Increasing Sweep Speed

To Reduce the Amount of Averaging

If averaging has heen turned on, (it is off in the preset condition) reducing
the averaging factor (or turning it off altogether) will increase the analyzer's
measurement speed. Averaging requires multiple sweeps which increases
measurement fime. Turning off averaging and using a narrower system
bandwidth may produce faster results.

L. Press actor and enter an averaging factor that is less than
the value displayed on the analyzer screen and press (ENTER).

2. I you want to turn the averaging off, press

To Reduce the Number of Measurement Points

To reduce the number of measurement points, press
and use the front panel knob, the () () keys, or the
nurneric keypad to enter the reduced number.

Generally, as the number of points is decreased, so is the sweep time. -
However, other factors will affect the sweep time such as:

e using frequency bands that contain very low frequencies (below
approximately 20 MHz)

¢ the number of band crossing points encountered in a sweep (at
approximately 1900 MHz, 2310 MHz, and 2620 MHz) (HP 87148 only)

e if the MHz/msec rate is above the maximum rate at which the source can
be swept

The foliowing graph shows an example of the relationship between the
number of points, frequency span, and sweep time. This graph wag created
with data from a setup on an HP 8714B using a cenier frequency of

1500 MHz, and a system bandwidth setting of medium.
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£0Y pis I

200.00

TO0.00

SWEEP TIME

CW 1GHe 206Hz AGHz
FREQUENCY SPAN ——

anB3hn

Figure 5-1. Relationship Between Freguency Span, Sweep Time, and Number of Points

Note the following in the graph above:
# Asg the frequency span decreases, the sweep time generalty decreases,

+ As the number of points decreases, the sweep time decreases.

To View a Single Measurement Channel

If you are viewing both measurement channels but only need one, you can
decrease measurement time by turning one of the channels off.

Select the channe! you wish fo turn off with either the (CHAN 1) or (CHAN 2)
button. Then select 3
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To Turn Off Alternate Sweep

Alternate sweep is turned off when the analyzer is presst, but is
automaticaliy activated with some dual channel measurements. The alternate
sweep feature sweeps and measures one channel at a time. By disengaging
this feature, you increase the sweep speed by 50 percent.

1. Press and look at the -

2. If ON is in capital letters, toggle the softkey to disengage the alternate
sweep feature (the softkey should appear .

To Turn Off Markers and Marker Tracking

When markers are on, time is required to update the marker readouts.
Tarning off markers can reduce sweep cycle time by up to 30 ms. When the
marker softkey meny is active, it too must be updated, adding up to 10 ms to
the sweep cycle time.

Press
When marker tracking :;s on, the analyzer performs a search after each sweep.
Simple searches like Mk can take 10 to 20 ms per sweep. Lengthy

calculations like can add over 160 ms to each sweep.

I Press
softkey.

2. If the word “ON” is in capital letters, toggle the softkey to the OFF
position.
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To Turn Off Spur Avoidance

When spur avoidance is on (preset default is off), the analyzer breaks each
sweep into segments. Befween sweep segments, the analyzer stops and
changes internal frequencies to move mixing products. Since the analyzer
sweep is not interrupted when this feature is off, turn off spur avoidance to
increase sweep speed.

1. Press (MENU

and look at the

key 1s highlighted with a box around it, press the

NOTE

 Spur Aveid must be used in your measurerment, set the start frequency as high as possible to obtain
the fastest possible sweeps.
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To Avoid Frequency Bandcrossings by Minimizing the
Span (HP 8714B only)

Sweep time is increased when the analyzer encounters a bandcrossing point.
The frequency bandcrossing points are approximately:

1900 MHz
2310 MHz
2620 MHz

Press and then change the start frequency, stop freguency, or span to
avoid these band crossing points when possible,




Increasing Network Analyzer Dynamic Range

Recelver dynamic range is the difference between the analyzer’s maximum
allowable input level and its noise floor. For a measurement to be valid, input
signals must be within these boundaries. The dynamic range is affected by
two factors:

s input power to the device under test (DUT)
e receiver noise floor

CAUTION

To Increase the Receiver Input Power

You should maximize the receiver input power to achieve the highest ¢dynamic
range. You can increase the analyzer’s source output power so that the test
device output power is within the measurement range of the analyzer.

Press (POWER] :

If your test device cutpud power siays within the maximum input limits
shown below, the receiver compression will be minimized.

and enter the new source power level.

Maximum Recommended input Power Levels

Maximum lnput Level

Narrowhand Mode +18 dBm

Broadband Made + 16 dBm

Remember to not exceed the receiver input damage limit of + 20 dBm.
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To Reduce the Receiver Noise Floor

Receiver dynamic range is the difference between the analyzer's maximuam
allowable input level and its noise floor.

Changing System Reducing the system bandwidth lowers the noise floor by digitally reducing

Bandwidth the receiver input bandwidth. As system bandwidth is reduced, more
receiver measurenents are used per freguency point, increasing the sweep
time. However with systere bandwidth reduction, unlike averaging, only one
sweep is reguired for the reduced noise fioor effect.

The analyzer offers a choice of four system bandwidths: medinm (default
setting), wide, narrow, and fine.

1. Press

2. Press the key that corresponds to the bandwidth you want,

NOTE

it is recommended that wide system bandwidth only be used for broadband detection measurements
dus to trace noise sffects.
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Changing Measurement
Averaging

Optimizing Measurements
Inereasing Network Analyzer Dynamic Range

In averaging mode, the analyzer measures each frequency point once per
sweep and averages the current and previous trace up to the averaging factor
specified by the user. The instrument computes each data point based on an
exponential average of consecutive sweeps weighted by the user-specified
averaging factor.

As the averaging factor is increased:

e signal-to-noise ratio increases

¢ time for each individual sweep remains the same, but
e total time to ypdate the trace increases.

Averaging is better than system bandwidih reduction at minimizing very low
frequency noise.

1. Press (AVG)

2. Press




Reducing Trace Noise

You can use three analyzer functions to help reduce the effect of z‘;bise on the
data trace:

s activate measurement averaging
» reduce system bandwidth
s climinate spurious responses

To Activate Averaging for Reducing Trace Noise
The analyzer uses a weighted running average for averaging. The noise is
reduced with each new sweep as the effective averaging factor increments,

1. Press (&VG)
2. Enter a value followed by (ENTER).

Averaging is explained more fully in the previous section.
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To Change System Bandwidth for Reducing Trace
Noise

By reducing the system bandwidth you reduce the noise that is measured
during the sweep, However, the bandwidth may slow down the sweep. While
averaging reguires multiple sweeps to reduce noise, narrowing the system
bandwidth reduces the noise on each sweep. See the previous section for a
more detailed explanation of system bandwidth.

Press _

Narrower system bandwidths cause longer sweep times, When in auto sweep
time mode, the analyzer uses the fastest sweep time possible for any selected
system bandwidth. Auto sweep time mode is the default analvzer setting.

To Eliminate Receiver Spurious Responses

Spurious responses are undesirable signals that result from various different
internal mixing products.

The analyzer has two features to eliminate spurious responses. Both features
shift the frequency of the spur without changing the RF output frequency.
They shift the spur by changing freguencies internal to the analyzer that mix
to produce the RF frequency. The features are;

s dither
s spur avoid
Dither is usually most effective for narrow frequency span megsurements

{generally <15 MHz) as explained below. If dither does not eliminate visible
spurs, use spur avoid instead.
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Dithering to Shift Spurs Dither shifts all spurs by a small amount once, thus it imposes no sweep time

CAUTION

penalty. But some spurs occurring within the measured frequency band
may not be shifted out of band, and others may be shifted in. Therefors
dither is most effective for narrowband measurements with a user defined
measurement calibration. To activate dithering:

L. Press (MENU

2. Make a user-defined measurement calibration. Refer to Chapter 6
“(Galibrating for Increased Measurement Accuracy,” for calibration
procedures.

The measurement calibration must be performed with the same dither mode
used in the measurernent or your resulis may be invalid.
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Activating Spur
Avoidance

CAUTION

CAUTION

Optimizing Measuraments
Reducing Trace Noise

When you activate spur avoidance the analyzer sweeps to a point before a
spur, stops the sweep, shifts the spur, sweeps through the spur location, then
shifts the spur back and continues the sweep. The analyzer determines which
spurs need to be avoided with an algorithm based on frequencies, number of
points, sweep time, and system bandwidth.

To activate spur avoidance:
1. Press (MENU

2. Make a user-defined measurement calibration. Refer to Chapter 6
“Calibrating for Increased Measurement Accuracy,” for calibration
procedures.

NOTE

Using spur avoid increases sweep time Since there arg mare spurs at the lower frequencies, the time
“penalty can be reduced by setting the start frequency of the measurement as high as possible.

The measurement calibration must be performed with the same spur avoid
mode used in the measuremeni or your results may be invalid.

You will invalidate the measurement calibration if you turn spur aveid off,




Reducing Mismatch Errors

Mismatch errors result from differences between the DUT’s port impedance
and the analyzer's port impedance. Source match errors are preduced on

the source (analyzer RF OUT) side of the DUT; load match errors on the

load (analyzer RF IN) side. ¥ the DUT is not connected directly to the port,
the mismatch errors dus to cables, adapters, etc. are considered part of the
source or load maich errors. Source match and load match error terms can be
reduced by using the methods described in this section.

Reducing Mismatch Errorsin a
Reflection Measurement

ion measurement is to

directly at the DUT
you will be using for

The best way to reduce mismatch errors i
perform a reflection calibration (
connector, using the exact frequency par
the measurement.
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Reducing Mismateh Errors

Reducing Mismatch Errors in a
Transmission Measurement

The best way to reduce mismatch errors in a transmission measurement, is to
put attenuators directly on both the input and output ports of the DUT. Doing
this will reduce both source match and load match error terms.

NOTE

Alweys use high quality attenuators. Six to ten dB of artenuation should be sufficient 1o significantly
- reduce mismatch errors.

Reducing Mismatch Errors When Measuring Both
Reflection and Transmission

When you want to measure reflection and transmission simultaneously, or
without changing the test setup, perform a reflection calibration using the
exact frequency parameters that you will be using for the megasurement, and
put a 6 to 10 dB pad directly on the output of the DUT.

NOTE

Using an attenuator on the output of the DUT will reduce the system dynamic range
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Compensating for Phase Shift in Measurement
Setups

Port Extensions

The port extension feature is used to compensate for the phase shift caused
by the insertion of cables, adapters, and fixtures into the measurement path.

Port extension is particularly useful if you are unable to perform a calibration
directly at your DUT. See Figure b-2 for this discussion. For example, you
might have a test fixture with type-N connectors, where you can easily
perform an accurate calibration. However, calibrating at this connector does
not remove the electrical length within the fixture. The desired calibration
reference plane is on the other side of the test fixture where you may have
device specific connectors. Port extension lets you compensate for this delay
within vour fixture, thereby removing the phase shift that it causes.

CESIRED DUT
REFERENCE
PLANE DEVICE—
‘...l_l.......‘...l—-lm. SEECIFIC :
P > CONNECTORS NETWORK ANALYZER

TEST FIXTURE

o
[l
TYPE-N TYPE-N REFLECT I ON TRANSH IS5 10N
CUTPUT NPT RE QUT RF 1N

po87bh

[EERDAEN

Figure 5-2. Compensating for Test Fixture Delay
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To use the port extension feature, press

When port extension is turned on, you can add delay
independently to both the reflection port and the transmission port.

1o add delay between the REFLECTION RF OUT port and your DU, press
, and enter the delay value.

TRANSMISSION RF IN port and vour DUT, press
ang enter the delay value.

The delay values that you enter will be automatically applied appropriately to
both fransmission and reflection measurements. When measuring reflection,
the reflection port extension delay is applied twice. When measuring
transmission, the reflection port extension delay and the transmission port
extension delay are each applied once,

Electrical Delay

Another type of reference plane extension is 4
accessible from the key. Electrical delay lets you a
your current measuretient to compensate for phase shi
phase response at a certain frequency, use
This automatically adjusts the electrical delay to
compensate for the phase slope at the active marker position.

Unlike port extension, electrical delay does not automatically adjust the
applied delay when you switch between transmission and reflection
measurements. For this reason, port extensions are preferred over electrical
delay,

NOTE

Referance plane extension only affects narrowband measurements,




Measuring Devices with Long Electrical Delay

When making a narrowband measurement of a device with long electrical
delay, measured levels can be affected by the rate at which the source is
changing freguency. This sensilivity is related to the time required for

the source signal to travel through cables or devices which are connected
between the RF OUT and RF IN ports. Since the source frequency is changing
rapidly during a sweep, a long distance or delay between RF OUT and RF IN
wili mean that the signal arriving at the BF IN port will be of slightly lower
frequency than the RF OUT signal at the same moment in time. This effect is
referred to as *frequency shift.” The amount of frequency shift is given by
the following equation:

frequency shift = transit time x feduency sean

sweep fime

The narrowband receiver at the RF' IN port is tuned to the exact frequency
being emitted at the RF OUT port, with an tnput bandwidth determined by
the System Bandwidth selection. If the RF IN signal is lower than the RF
OUT signal, the measurement of RF IN will be attenuated by the receiver’s
frequency response. The amount of attenuation increases as the amount of
freguency shift increases. The amount of attenuation also increases as the
System Bandwidih decreases.

The analyzer has been designed to minimize the effect of frequency shift
when a short cable is connected between RF OUT and RF IN. When a long
cable (or a device with long electrical delay) is connected, however, it is
possible for the measurement to be affected, especially at the analyzer’s
fastest sweep rates. If frequency shift is suspected, use the following
technigues to reduce its effect:

# increase sweep time

s decrease frequency span

e select g wider systern bandwidth

e use shorter cables {o connect the DUT to the analyzer

¢ use broadband detection to completely eliminate the effect of frequency
shift
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Calibrating for Increased Measurement
Accuracy

This chapter first explaing measurement calibration in the section titled,
“Measurement Calibration Overview.” The sections following the overview
provide instructions for choosing, performing, and saving measurement
catibrations.

Each example measurement in Chapter 3 provides an example calibration for
the particudar type of measurement.
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Measurement Calibration Overview

Measurement calibration is a process thas improves measurenent accuracy
by using error correction arrays to cormpensate for systematic reeasurement
errors. Measurement calibration is also called cal, accuracy enhancement,
and error correction. Measurement errors are classified as random, driff, and
systematic errors, Random errgrs, such as noise and connector repeatabitity,
are non-repeatable and not correctable by measurement calibration. Drift
errors, such as frequency and temperature drift, are also non-repeatable and
not correctable by a cal.

Systematic errors, such as fracking and crosstatk, are the most significant
errors in most RF measurements. Fortunately systematic errors are
repeatable and for the most part correctable, though small residual errors may
remain. In brief, the systermatic errors are correctable.

Repeatable systematic errors are due to system frequency response, isolation
between the signal paths, and mismasch and leakage in the test setup.

/?Kw DUT 7

APPLIED TRANSMISSICN

¥, ERRORS
RF SOURCE . ><
- e AN
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/ \ INCIDENT NG
TN /%Bo "2
NIV

A 4

\ \ \

REFERENCE REFLECTED TRANSMITTED
poB4ib

Figure £-1. Sources of Errors




Calibrating for Ingreased Maasuremant
Accuracy
Measurement Calibration Dverview

Frequency response errors (fransmission and reflection tracking) are errors
that are a function of frequency.
Isolation errors result from energy leakage between signal paths. In

transmission measurements, this leakage is due to crosstaik. In reflection
measurements, it is due to imperfect directivity.

Mismatch errors result from differences between the DUTs port impedance
and the analyzer’'s port impedance. Source match errors are produced on the
source {network analyzer RF OUT) side of the DUT; load match errcrs on the
load (network analyzer RF IN) side. If the DUT is not connected directly to
the port, the mismatch errors due to cables, adapters, ete. are considered
part. of the source or load match errors.

NETWORK ANALYZER

RE CUT

pobB4Zh

Figare 6-2. Mismatch Errors

When a user-defined calibration is performed, the analyzer compares the
measurement data of known calibration standards to ideal measurement
data. The network analyzer then calculates the difference between the
measurerment data and the calibration standard models to create error
correction arrays. the network anatyzer uses the error correction array data
to correct subseguent measurement data.
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Calibrating for Inoreased Measurement-
Accuracy
Measurement Calithration Overview

To perform a quality calibration:
+ Use the highest guality standards available and fake care of them,
® Be sure to select the correct cal kit by pressing

» Make consistent connections {use a torque wrench with 3.5 rm connectors
if possible) of the standards and DUTs.

& Minimize temperature variations.

¢ Minimize movement of cables,




Determine if a Calibration is Necessary

This section shows you how to determine if your measurement system
requires a user-defined calibration.

When a Calibration Is Not Necessary

s Your test doesn’t reguire the best accuracy possible,

e Your test device is connected directly to the reflection port with no adapters
or intervening cables.

e Your test device impedance matches the impedance of the analyzer.

If your test setup meets these conditions, you do not need to perform any

additional calibrations, however the analyzer is not guaranteed to meet its
published specifications.

When a Calibration Is Necessary

¢ You want the best accuracy possibte,
+ You are adapting to a different connector type or inpedance.

o You are connecting a cable between the test device and the analyzer fest
ports.

e You are measuring a narrowband or electrically long device.

s You are connecting any atfenuator or other such device on the input or
output of the test device,
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Choose an Appropriate Calibration Method

Once you have decided that it is necessary to perform a calibration; vou will
need to choose the catibration method suited to the type of measurement you
will be performing. After you have selected the type of measurement under
the (CHAN 1) or {CHAN 2] kev, press the key. The types of calibrations
available for that type of measurement will be in bright text in the softkey
area. Cals that ave not available for that type of measurement will be dimmed
and will not be selectabie.

The network analyzer has several methods of measuring and compensating
for these test system errors. Each method removes one or more of the
systermatic errors using an equation called sn error model. Measurement

of high quality standards (short, open, load, through) allows the network
analyzer to solve for the error terms in the error rnodel. The accuracy of the
calibrated measurements is dependent on the quality of the standards used
for calibrating. Since calibration standards are very precise, great accuracy is
achieved.

The types of calibration available are:

normalization

fransmission

reflection

AM Delay (option 1DA or 1DB only)

NOTE

The sctive calibration will be retained in the analyzer's memory when power is turned off, and will be
restored when power is turned back on.
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Choose an Appropriate Calibration Method

CAUTION

To Perform a Normalization Calibration

Normalization is the simplest type of calibration. The analyzer stores data
into memory and divides subsequent measurements by the stored data to
remove Irequency response errors,

Follow these general steps when performing a normalization calibration:
1. Setup the analyzer for your measurement:

select the type of measurement

enter operating parameters other than the default

2. Connect your equipment as vou wowld for an actual measurement, but
omit the DUT

3. Press |

4. Notice that the top of the display on the analyzer now shows the type
of measurement followed by “/M” to indicate that the displayed data is
actually the measurement divided by memory.

The normalization cal will be invalidated if any frequency settings are
changed after calibration. There is no correction interpolation with a
normalization cal.
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Chegse an Appropriate Calibration Method

To Perform a Transmission Calibration

Transrission calibrations measure narrowband response, or response and
isolation to correct for frequency response tracking errors and crosstalk
errors. This type of calibration is for narrowband measurements ¢nly.

For an example of performing z response calibration for a transmission
measurement refer to “Measuring Transreission Response” in Chapter 3.

Otherwise, follow these general steps when performing a transmission
calibration:

1. Setup the analyzer for your measurement:

¢ sclect (CHAN 1)} or [CHAN 2}

s enter operating parameters other than the defauyit

2. Press

Restore Defaults Restoring the default calibration recalls error
correction arrays that the network analyzer
previously generated by an adjustment test and
permanently stored in memory. This calibration
was performed at the factory or during servicing
using full band (entire frequency span) and 401
frequency points. 1t is quick and convenient
but not as accurate al narrow frequency spans.
This calibration is also known as the default
calibration.

, and then one of the following sofikeys:

" Response A response calibration prompts you to connect
a through cable as the calibration standard, and
then measures it across the frequency band you
have defined, using the number of peints you
have defined. Widening the frequency span
after performing this calibration will invalidate
it, and restore the default calibration. You may
narrow the span and the analyzer will interpolate
correction for the narrower span.
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Response & Isolation

Note that after vou have calibrated, a “C”
appears in the upper right hand corner of the
display. This “C” indicates that a user-defined
cal is in use. H you change to a narrower span,
note that the “C” changes to “C?”, indicating the
analyzer is now interpolating between calibrated
measurement points. The “C?” notation also
appears when other system parameters, such as
power, number of points, or sweep time, have
changed.

This method of calibration is only necessary
when trying to achieve maximum dynamic range
(>100 dB). A response and isolation calibration
prompts you to connect loads to both ports

and then to connect a through cable. This cal

is measured across the frequency band you

have defined, using the number of points you
have defined. Widening the frequency span
after performing this calibration will invalidate
it, and restore the default calibration. You may
narrow the span and the analyzer will interpolate
correction for the narrower span.

Note that after you have calibrated, a “C”
appears in the upper right hand corner of the
display. This “C” indicates that a user-defined
cal is n wse. U you change to a narrgwer span,
note that the “C” changes to “C?”, indicating the
anatyzer is now interpolating between calibrated
measurement points. The “C?” notation also
appears when cther svstem parameters, such as
power, number of points, or sweep time, have
changed.
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To Perform a Reflection Calibration

Reflection calibrations measure directivity, source match, and tracking to
correct for directivity, source match and frequency response errors. This type
of calibration is also for narrowhand measurements only.

For an example of performing a reflection calibration for a transmission
measuremerst refer to “Measuring Reflection Response” in Chapter 3.

Otherwise, follow these general steps when performing a transmission
calibration:

1. Setup the analyzer for your measurement:

* select (CHAN 1) o7 (CHAN 2)

e enter operating parameters other than the default
2. Press

Restore Defaults Restoring the default calibration recalls error
correction arrays that the network analyzer
previously generated by an adjustment test and
stored permanently in memory. This calibration
was performed at the factory or during servicing
using full band (entire frequency span) and 401
frequency points. It 1s quick and convenient
but not as accurate at narrow frequency spans.
This calibration is also known as the default
calibration.

, and then one of the following softkeys:

One Port A one-port calibration prompts you fo connect
three measurement standards: an open, a short,
and a load. The analyzer measures each standard
across the frequency band you have defined,
using the number of points you have defined.
Widening the freguency span after performing
this calibration will invalidate it, and restore the
default calibration. You may narrow the span and
the analvzer will interpolate correction for the
narrower span,
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Note that after you have calibrated, a “C”
appears in the upper right hand corner of the
display. This “C” indicates that a user-defined
cal (ot the default) is in use. If you change to

a narrower span, note that the “C” changes to
“C?7, ingicating the analyzer is now interpolating
between calibrated measurement points. The
“C?” notation aiso appears when other system
parameters, such as power, nurnber of points, or
sweep time, have changed.
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To Perform an AM Delay Calibration
(option 1DA or 1DB only)

For an exampie of performing an AM delay calibration refer to “Measuring AM
Delay” in Chapter 3.

Otherwise, follow these general steps when performing an AM delay
calibration:

1. Setup the analyzer for an AM delay measurement:

® select (CHAN 1)} or (CHAN 2)

« cnter operating parameters other than the default
2. Press

Restore Defaults This selection removes all frequency response
correction. Absolute group delay measurements
will be uncalibrated. The accuracy of relative
group delay (group delay flatness) measurements
will not be degraded as long as the delay of the
cables and adapters connected to the DUT 1is
negligible,

Response A response calibration prompts you to connect
a through cable in place of the DUT as the
calibration standard, and then measures it
across the frequency band you have defined,
using the number of points you have defined.
Widening the frequency span after performing
this calibration will invalidate it, and restore the
default calibration. You may harrow the span and
the analyzer will interpolate correction for the
Narrower span.

, and then one of the foliowing softkeys:

Refer to “Measuring AM Delay” in Chapter 3 for more information about AM
delay measurements.
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To Perform a Calibration With Non-Standard
Connectors

When using a calibration kit other than one that is compatible with the
standard type-N female connectors (cal kit model number HP 85032B/E for
50 2 analyzers or HP §5038B/E for 75 @ analyzers), you can either select

a connector type that is stored in the analyzer or Iapuat your own cal kit
definitions.

The following table shows the connector types that are stored in the analyzer
along with the appropriate cal kit model number.

Type-N (m} 150 Q) | HP 85032B/%
Type-N (m] {75 Q) | HP BBOSBB/E
TyneF {4 HP 850304
35 mm HP 850330

and then the

To select the connector type by pressing
connector type applicable o yvour measurement.

If you are calibrating with type-F connectors, vou must foilow the procedure
in the HP 850394 Calibration Kit User Information.

For other connector types, the easy way to enter definitions is to download
them from a file on disk. Use the template program on the Example Programs
disk as a starting point. The format of a cal kit file is explained in the next
section.
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Hows to Downlead 1. Insert the disk with the cal standard definitions into the analyzer's built-in
Standards disk drive,

2. Press and note the first word of the second line on the
g If it is not “INT:\" (for internal disk), press

3. Highlight the file (CALKIT, in the case of the Example Programs disk).
4. Press and wait for the prompt:

Loaded cal kit information for 4 calibration standards
Recall of cal kit from CALKIT complete

- Press (D) €

jo

NOTE
Cal kit coefficients are dispiayed in the cal kit block of the operating perametars screen;

oress fSYSTEM OPTIONS)
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Step 1: Determine the
Standard
Characteristics

Writing or Editing Your Own Cal Kit File

There are several situations that may require you to define your own
calibration kit definition. Here are three examples:

e You are using a connector type (TNC or BNC for example) which is not one
of the seiections under the CAL XIT menu,

« You are using a built-in connector type, but your standards (such as a short)
have different characteristics than the built-in kit uses when performing a
calibration.

» You are using a test fixiure.

The following steps (explained later in detfail) should be performed when
defining your own cal kit:

1. Determine the standard characteristics for the connector type vou plan to
use. :

2. Create a cal kit ASCI file or edit the one provided on the Example
Programs Disk.

3. Verify performance.

Determine the standard characteristics for the connector type yvou plan to use.
In particular, these are the characteristic impedance (Zo}, the delay, and the
loss. These characteristics are coramon for the four supported types used by
the analyzer. Additionally, the capacitive model parameters, C0, C1, C2, and
C3 are necessary for fully defining the open. These electrical characteristics
can be mathematically derived from the physical dirmensions and material of
sach calibration standard or from its actual measured response.

About Calibration Standards.

A calibration standard is a specific, well-defined, physical device used

to determaine systematic errors. Lach standard has a precisely known or
predictable magnitude and phase response as a function of frequency. The
response of each standard is mathematically defined in the error models used
by the network analyzer.

A standard type is one of four basic types that define the form or structure of
the model to be used with that standard {e.g. short or load).
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Standard characteristics are the numerical, physical characteristics of the
standards used in the mode! selected.

Typical calibration standards are cables (or throughs), opens, shorts, and
loads. They are used singly or in combination, depending on the type of cal.
In essence, for each type of measurement error that is to be corrected, one
standard is measured.

Open

Short

Load

Through

Open defines the standard type of an open circuit used

for calibrating reflection measurements. As a reflection
standard, an cpen circuit offers the advantage of broadband
frequency coverage. At high freguencies, however, an open
rarely has perfect reflection characieristics because the
fringing capacitance effects cause phase shift that varies
with frequency.

These effects are impossible to eliminate, bus the calibration =
calcuiation built into the analyzer includes an open circuit
capacitance model. This capacitance model is a cubic :
polynorial as a function of frequency, where the polynomial

coefficients are user-definable,

The capacitance model equation is:
C =(C0) +(C1*) +(C2*f2} +(C3**)
where f is the measurement frequency.

The terms in the equation are defined when specifying the
open as follows: B

C0 is used to enter the CO term, which is the constant
term of the cubic polynomial and is expressed in Farads.

C1 is used to enter the C1 term, expressed in F/Hz
(Farads/Hz).

C2 is used to enter the C2 term, expressed in F/Hz2.
C3 is used to enter the C3 term, expressed in F/HZ .

Short defines the standard type of a short for calibrating
refiection measgrements.

Load defines the standard type of a load used for calibrating
reflection measurements.

Through defines the standard type as a transmission line of
specified length for transmission calibrations.
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Step 2: Create a Cal Kit
ASCll File

Calibrating for Increased Measurement

Accuracy

Cheose an Appropriate Calibration NMethad

For all four standard types the Z, {characteristic impedance), Delay, and Loss

must be set.

NOTE

in a new cal kit,

When creating a cal kit file, if a standard is not defined, the currently defined values for that standard
will be retainad, The best practice is to defing all of your standards and characteristics when loading

Ly

Delay

Loss

Zy 1s usually set to the systemn characteristic impedance
{usually either 50 or 75 ohms).

Delay is equivalent to a uniform length of transmission

line between the standard being defined and the actual
measurement plane. The DELAY is entered as the one-way
travel time from the measurement plane to the standard in
seconds. Delay can be determined from the precise physical
length of the standard, multiptied by the velocity factor
{reciprocal of the dielectric constant).

Loss 15 used to specify energy loss, due to skin effect, along a
one-way length of coaxial delay. The value of loss is entered
as chms/nanosecond (or Gigohms/second) at 1 GHz. For
many applications, the loss value can be set to zero without
noticeable degradation,

For further information, on calibration kits and standard characteristics
determination, refer to HP Product Note 8510-5A (HP Part No. 5954-1559).

Create a cal kit ASCII file or edit the one provided on the Example Programs
disk. (Remember that these files are compatible with MS-DOS, and thus,
vou could use any [BM Compatible PC and a text edifor that can modify
ASBCII diles. Just be sure fo include the line numbers as if it were an IBASIC
program.) The example file, “CALKIT,” provided on the Example Programs
disk, is listed on the next page.
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Calibrating for Increased Measurement
Accuracy
Choose an Appropriate Calihration Method

When reading the cal kit file, the analyzer recognizes only the information
after the “1” and ignores everything afier a “$”. You can add comments after
a “$”. The first line of a cal kit file yust contain a “!” with a “$” directly
after it. No characters are allowed between the “1” and the “$” on the first
line of a cal kit file.

!$ Standard Definitions for HP 85054B Precizion Type-N Cal Kit.
1
'$ Definitions for 50 Ohm jack (FEMALE center contact) test
'$ ports, plug (MALE center contact) standards.
i
OPEE: § HP 85054-80027 Open Circuit Plug

Z0 50.0 ¢§ Ohms

DELAY 57.993E~-12 $ Sec

LOSS 0.8E+9 § Chms/Sec

C0 88.308E~15 $ Farads

C1 1667.2E~27 $ Farads/Hz

C2 -146.61E-36 $ Farads/Hz™2

€3 9.7531FE-45 § Farads/Hz"3

SHORT: $ HP 85054-60025 Short Circuit Plug
Z0 50.0 $ Ohms
DELAY 63.0785-12 $ Sec
1L0SS 8.E+8 § Ohms/Sec

LOAD: §$ HP 00909-80011 Broadband lLoad Plug
Z0 50.0 $ Ohms '
DELAY 0.0 § Sec
L08S 0.0 $§ Ohms/Sec

THRU: § HP 85054-60038 Plug to Plug Adapter
Z0 50.0 Ohms
DELAY 196.0E-12 $ Sec
LOSS  2.2E+9 $ Ohms/Sec

END
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Step 3: Verify
Performance

CAUTION

Calibrating for Increased Massurement
Aceuracy
Choose an Appropriate Calibration Method

Once a measurement calibration has been generated with a user-defined
calibration kit, its performance should be checked before making device
measurements. To check the accuracy that can be obtained using the new
catibration kit, a device with a well-defined frequency response (preferably
uniike any of the standards used) should be measured. The verification
device must not be one of the calibration standards: measurement of one of
these standards is merely a measure of repeatability.

To achieve more complete verification of a particular measurement
calibration, accurately known verification standards with a diverse magnitude
and phase response should be used. NBS traceable or HP standards are
recomrended to achieve verifiable measurement accuracy.

The published specifications for your analyzer system include accuracy
enhancement with compatible calibration kits. Measurement calibrations
made with user-defined or modified calibration kits are not subject to those
analyzer specifications.
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Save the Calibration

After you have performed your calibration, you wiil probably want to save it
for future use. o save your calibration:

1. Press (SAVE RECALL)

save cal function to “ON.”

which will toggle the

and select where you want the
calibration saved. See “Saving and Recalling Measurement Resuits” in
Chapter 4 for information on the four avatlable selections.

{o save the calibration.

4. The analyzer will save the calibration along with the current mstrument
state 1o a flie on the disk vou have selected.

5, Refer to “Saving and Recalling Measurement Results” in Chapter 4 for
mare information on saving, renaming, and copying files.
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Automating Measurements

NOTE

This chapter assumes thet you are familiar with the informaticn provided in the Programmers Guids
isupplied with your analyzar} and the AP Instrument BASIC User’s Handboak (supplied with Option 1C2
anahyzers).

An automated measurement system is 2 system where a computer performs
some of the tasks that you would normally have to do manually.

The information in this chapter will help you learn about how o automate
your measurement system. Several features of the instrument that are useful
for automation are explained.

Some of the analyzer features that support automation are built-in and
operate solely on the analyzer; limit testing is one example of a built-in
automated feature. Other features can be executed by programs runxing on
[BASIC (Option 1C2) or an external computer. Use of automation improves
the productivity of a measurement system by increasing the system’s
throughpui. For the discussions in this document, throughput is defined as
the swmn of the following factors:

e operator interaction time

e nieasurement speéd

e data transfer speed

s computation speed (when applicable)

Be sure to consider all of these factors when choosing and setting up an
automated syster.

An automated system can perform repetitive tasks quickly and repeatedly.
Automation can be used to direct you through a sequence of tests, to set
instrursent parameters, and to send prompts with helpful directions or
diagrams, Automation is also used to collect data, to monitor production
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Automating Measurements

lne performance, and to archive and analyze data. Automating your
measurements can help ensure consistent quality on a production line,

Using a consistent, documented production process, while monitoring product
quality are importants attributes of modern production standards such as
150-9000. These attributes are best achieved with an automated syster.

NOTE

Hewlati-Packard offers professional consulting services to help incrasse your manufacturing preductiviry
A compieta test process analysis can ba performed by HP system enginesrs, who will work with your
factory management, engineering, and preduction groups to evaluate various automation selutions. For
more information contact the nearest HP sales office. Refer to Chapter 11 for & table of sales and
service offices.

The following sections are included in this chapter:
» Configaring Your Test System

» Operator Interaction

¢ Measurement Setup and Control with Fast Recall
« Automated Measurement Setup and Control

s Controliing Peripherals

» Displaying Measurement Results

o Saving Measurement Results

NOTE

IBASIC {Option 1021, when installed on your network analyzer, acts a5 a complete system controfler
residing inside your analyzer.
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Configuring Your Test System

Measurement System Topology

When configuring your test system, there are many things to consider,
such as:

¢ How many test stations do you need?

o How many test stations will be needed in the fature?

s How much space is available at each test station?

» What type of testing will be done?

¢ How will the measurement be controlled?

e How will the data be analyzed and archived?

e What level of throughput is required?

After answering these questions, you should decide which of the following
configarations best meets your needs.
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Stand-Alene Network
Analyzers

Automating Measurements
Configuring Your Test System

In this configuration, the measurement is controlled directly by the operator,
with very little antomation. No computer or IBASIC control is used,

however the fast recall feature may be used for quickly changing to different
instrument states. This configuration is well suited for simple go/no-go device
testing using the built-in limit testing features. Configure your system as a
stand-atone analyzer if you would like fo:

Simplify test system configuration

Reduce capital expense
¢ Allow for future expansion with minimal effort
¢ Minimize the space required for a system

Figure 7-1 shows a stand-alone network analyzer,
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Figure 7-1. Stand-Alone Network Analyzer




Stand-Alone Analyzers
Running IBASIC

Automating Measuremants
Configuring Your Test System

In this configuration, the measurement is controlled by an IBASIC program
running inside the analyzer. With [BASIC, the measurement setup and control
can be highly automated, reducing the burden on the operator. Since the
measurement is under pregrammatic control, statistics can be coliected in
order to monitor your process and quality, IBASIC's keystroke recording lets
you construct programs guickly, without needing to refer {¢ the programming
documentation. Using AUTOST files, the analyzer will load and ruer your
program when power is tarned on.

Since no external computer is required, there are fewer system components
to purchase, mainiain, connect, and synchronize,

Configure your sysiem as a stand-alone instrument with IBASIC (Option 1C2)
if you would like to:

Sirplify test system configuration

Allow for future expansion

Minimize the space required for a system
Sirnplify programming with keystroke recording
Use key macros

Automate measurement setup and control
Simplify measurements

Coliect data

Run application programs on the analyzer

e 0 & 5 & 5 5 8 8
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NETWORK ANALYZER

Automating Measuraments
Configuring Your Test System

IBASIC PROGRAM
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Figure 7.2, Stand-Alone Network Analyzer Running 1BASIC
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Network Analyzers
Without IBASIC
Controlied hy
Computer(s)

Automating Maasurements
Configuring Your Test System

In this configuration, the measurement is controlied by a computer exiernal
to the analyzer, using the HP-IB interface. The measurement setup and
control can be highly antomated, reducing the burden on the operator, and
statistics can be collected in order to monitor your process and quality. You
can connect one or more analyzers to each computer. Since the computer
can be connected to other computers via Local Area Network (LAN),
measurement statistics can be easily tracked and archived using computer
applications. Configure your system as an analyzer controlled by an external
computer i you would like to:

e Centralize automatior and application programs
¢ Develop a more sophisticated system
¢ Add networking

BASIC PROGRAM
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Figure 7-3. Network Analyzer Without 1BASIC, Controlled by a Computer

7-8




Network Analyzers
With IBASIC Controlled
by Computer{s)

Automating Measurements
Configuring Your Test Systam

In this configuration, the measurement is controlled by an IBASIC program
ronning inside the analyzer. IBASIC can provide high-speed measurement
control and data coliection, and save the results in program memory or on
disk. The external computer then communicates with IBASIC, and collects
the measurement results at some defined interval. This configuration can
result in higher throughput, especially if the measurement setup and control
is complex. Configure your system as an analyzer with BASIC (Option 1CZ2)

and an external computer if you would like to:
¢ Cenfralize automation and gpplication programs

» Develop a more sophisticated system

s Add networking

o Add local automation capability

1BASIC PROGRAM

al

NETWORK ANALYZER

AUTPUT ...

ENTER

N0

BAS |G FROGRAM

1
OUTPUT ..
ENTER

END

C.UT

Figure 7-&. Ketwark Analyzer Bunning |BASIE, Controlled by a Compater

po&72h
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Automating Measursments
Configuring Your Test System

Expandability and Large Systems

When connecting more than one analyzer to one computer using HP-IB, vou
can connect up to 10 analyzers and achieve maximurn HP-IB bus speed. The
TEEE-488 standard states that the bus can achieve a data rate of 500 KB

per second for buses up to 20 meters in length, with up to one device per

2 meters of cable,

IEEE-488 provides for 31 unique addresses (0 through 30), however it
restricts the number of devices on the bus to 15, Due to this restriction,
you may need to add more computers as vou add more analyzers. Set each

analyzer's address via the (SYSTEM OPTIONS)

Throughput Considerations

When considering the throughput of the system configuration, contributing
factors are:

s operator interaction time

e measurerment speed

s data transfer speed

e computation speed (when applicable)

Each systermn should be evaluated for throughput based on the sums of these
four factors.
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Automating Maasursments
Configuring Your Test System

Stand-Alone Operation
using IBASIC

Computer Controlled
Operation

Selecting a Measurement Controller

There are three standard configurations that you can use to control the
analyzer.

IBASIC, in effect, puts a controller inside your analyzer and eliminates the
need for an external controller. IBASIC controls the analyzer by sending SCPI
cornmands to address 800 (OUTPUT 800; "Command'), or by using high speed
built-in subprograms. Since IBASIC shares CPU time with the analyzer, it
may cause some degradation in measurement throughput if yvour program
performs intensive computations. However, for most applications, it provides
excellent performance and convenience. Refer to the HP Mstrument BASIC
User’'s Handbook for more information,

An external controller can be used to control the analyzer. It can be

a personal computer (PC) or an HP BASIC computer. The external
controller sends standaré SCPI commands o address 716 {default) (OUTPUT
716;"Command") to control the analyzer. Refer to the Programmer’s Guide
for more information,

You can use one controller to control several analyzers (see “Expandability
and Large Systems” earlier in this chapter). However, if a large number of
SCPI commands are required per measurement, throughput may be degraded.
Typical limits are 3 to 10 analyzers per computer.
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Operation of an
Analyzer Running
IBASIC Under Computer
Control

Automating Maasuremants
Canfiguring Your Test System

Commands can be sent from an external computer or from [BASIC, or both at
the same time, if certain precautions are observed. Things to consider:

1. If both the analyzer and the computer send SCPI commands at the same
time, the analyzer may not finish the IBASIC command before executing
the computer’s command, or vice-versa. The programmer must ensure
that SCPI commands executed by [BASIC do not overlap with SCPI
commands sent from an external controller, otherwise the system may
deadlock. Synchronization between the analyzer and the controlier must
be ensured. See “Synchronizing the Analyzer and a Controlier” in the
supplement to the HP Insirument BASIC User’s Handbook for additional
information.

2. Both IBASIC (SelectCode 8) and the external controller (SelectCode T)
share the same HP-IB status model (the same analyzer status bits go to
each). Be careful sending commands which affect status reporting, such as
*CLS, STAT:PRES, *RET, etc,
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Automating Measuraments
Configuring Your Test System

HP BASIC

IBASIC

Selecting a Programming Language

HP BASIC has long been a favorite programming language for instrument
control. Tt features an extensive list of keywords, and powerful QUTPUT and
ENTER formatting, making it easy to perform common tasks. This generally
results in very high programming productivity. HP BASIC runs on HP series
700 and 300 workstations.

IBASIC is a version of BASIC that runs inside of the network analyzer. You
may order IBASIC with your analyzer by specifying Option 1C2.

IBASIC is a sub-set of HP's BASIC-UX. It has roughly the same keywords as
HP BASIC 4.0. With very little effort, you can design your program so that it
will run either inside the analyzer or on a computer with no modification.

The IBASIC program runs concurrently with normal instrument measurement
processing. Since IBASIC has direct access to the analyzer's measurement
arrays, it can read them and write to them very quickly, eliminafing the need
to use SCPI commands. Using IBASIC’s keystroke recording, you can write a
large portion of your instrurment control program by pressing the keys on the
analyzer's front panel. IBASIC can be used in 4 stand-alone mstrument, or in
conjunction with an external computer.

For more information on IBASIC, refer to the HP Instrument BASIC User’s
Handbook. -
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HP VEE

Microsoft®
BuickBasicT™

CandC++

Example Programs

Automating Measurements
Configuring Your Test System

HP VEE is a2 powerful application which lets you graphically create programs
to control your instrument. VEE automaticaily handles the programming
details so you can focus on higher level tasks. It also contains statistical
functions which you can use to monitor your production process.

VEE runs on PCs and HP-UX and Sun Workstations.

VEE is used in cénjunction with a VEE instrument driver. The VEE
instraument driver presents the user with a picture of the instrument’s front
panel on the computer display. Using the mouse, the user clicks on the front
panel keys to control the instrument, simdlar to IBASIC keystroke recording.

For information on VEE including literature and preview disks, please call the
HP Test and Measurement Call Center at 1-800-452-4844 extension 9141,
Cutside the U.S,, contact your nearest HP Sales or Service office. Refer to
Chapter 11 for a table of sales and service offices.

GuickBasic has been a popular programming language, since it runs on PCs.
It does not offer a rich keyword sef as does HP BASIC, and is not optimized
for instrament control. To control the analyzer viz HP-IB, an HP-IB card and
driver library must be installed. The driver library will provide subroutines
such as IOOUTPUT and I0OENTER which let you control your analyzer.

H you are using C or C+ +, you will need to link in a driver library to use
yvour HP-IB card. HP offers a library called Standard Instrurment Control
Library (SICL). SICL is available for PCs running Microsoft Windows and
using HP’s HP-IB card. SIKCL is also available on HP series 700 UNIX
workstations.

The Programmer’s Guide contains detailed information: on controlling the
analyzer via the HP-IB, including several example programs written in
HP BASIC.

The HP Instrument BASIC User’s Hondbook contains detailed information and
exammples showing how to control the analyzer using IBASIC.
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Operator Interaction

Many tests are performed by fechnicians or testers, who interact with the
measurement systers. When designing the automation system, it is important
that the system allow operators to perform the measurement tasks quickly
and consistently. The system must also be easy to learn and easy to use,
providing the user with instructions and feedback.

The analyzer provides many features to satisfy these requirements. The
Teatures inciude:

o User-defined pop-ip messages to prompt the operator
» On-screen graphics o create custom diagrams
¢ User-defined channel and frequency annotation

» Ability to define the key mernm with custom softkeys (requires
[BASIC, Option 1C2)

s IBASIC display window: configurable as full or split

s [BASIC “DISP” line and “INPUT” Hne

e Data entrv using a bar code reader

e Data entry using an external keyboard

e Hot keys on external keyboard for common functions

s Operator control of measurements using a foot switch or button box
¢ Beeper with adjustable volume and pitch

e Limit test pass/fail TTL output

¢ User-defined TTL input/output

e Qutput for large screen external monitor

The following sections explain how to use these features, and show several
examples.
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Operator Interaction

Figure 7-5 shows an example test system setup whick utilizes the extensive
connectivity capabilities of the analyzer. Al of the interface ports shown are

standard equipment on your analyzer.

NETWORK ANALYZER
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[ DIN ™ USER TTL PARALLEL
KEY8OQARD EN/OUT PORT
(=
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B =
(3 e et . o =
ma| | ()] |8 =
DEE
BARCODE KEYPAD FOOT PERSONAL LASERJET
READER SWITCH COMPUTER PRINTER
DUT
W/BARCODE
poB88h

Figure 7-b. Example Test System Setup
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Prompting the Operator

You can display a message in the center of the analyzer’s display by using the
following SCPI cornmandd:

DISPlay:ANNotation:MESSage <STRING>

For exampie:

QUTPUT @Rfna;"DISP:ANN:MESS 'Connect device, then press button’"

You can specify how iong you want the message to remain on the screen by
using one of the following fimeout words: SHORt, MEDium, LONG, NOKE, For
example:

OUTPUT @Rfna;"DISP:ANN:MESS 'Test passed.’” ,MEDIUM
To clear the message immediately, use the command:
DISPlay :ANNotation: MESSage:CLEar

The message string can contain a maximum of 25 lines with up to
47 characters per line. However, it cannot be more than 254 characters in
length, including carriage returns and line feeds.

If you are using IBASIC, vou can use the BASIC keyword DISP to display a
small one-line message near the bottom of the screen. For example:.

DISP "Connect device to REFLECTION port®
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Using Graphics to Create On-Screen Diagrams

Diagrams showing how to connect devices or perform measurements can be
a powerful tool. You can draw diagrams cn the analyzer's display using the
following SCP! commands:

DISPlay:WIKDow[1|2]10] : GRAPhics:command

These cormmands let you draw lines, rectangles, circles, and text onto the
screen. The number specified in the WINDow part of the command selects
where the graphics are to be drawn:

WINDowl draws the graphics to the channel 1 measurement window
WINDow?2 draws the graphics to the channel 2 measurement window
WINDowi0 draws the graphics to the IBASIC display window

Using split dispiay, vou can display the measurement in one half of the screen
while displaying a connection diagram in the other half.

For more details on SCPI graphics commands, refer to “Using Graphics™ in the
Programmer’s Guide.

¥ you are using IBASIC, you can use the BASIC graphics keywords such as
MOVE and DRAW to draw diagrams in the IBASIC window.

MOVE X1,V1
DRAW %2,¥2

Since IBASIC’s keywords always draw to the IBASIC window, you cannot
use them to draw in the same windew as your measurement. To draw in
the measurement window, your IBASIC program must use the standard SCPI
commands.

DISP:YWINDL:GRAPHICS: command
and
DISP:WIND2:GRAPHICS:: command

For more details on IBASIC graphics, refer to “Graphics and Display
Techniques” in the manual supplement Using HP Insirument BASIC with
the HP 87118/12B/18B/14B, provided in the HP Instrument BASIC User’s
Handbook.
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User-Defined Key Menu

This feature requires the IBASIC option {1C2). User BEGIN adds the foliowing

capabilities:

+ Redefine softkeys to implement single key press functions; for exampie, frst
Save or Recall

s Redefine softkeys to implement your most used functions/features

» Redefine softkeys to implement new features created with IBASIC, for
example, a gain compression implementation.

¢ Redefine softkeys to implement application support

The feature is designed to provide the fastest possibie sweep speeds while
taking advantage of the flexibility provided by IBASIC. This is the simplest
way for recalling instrument states or configuring most used softkey functions
under a single softkey menu. The menu softkey #8 provides access to
the menus below. Toggle softkey 8 to enable/disable or
You cannot redefine softkey 8.

Amplifier User [abel 1
Hiter User igbel 2
Breadband Passive User Istel 3
Mixar User label 4
Cable {optian 180 oniy} User label B
User febef 8
Usar labef 7
Usar BEGIN on OFF ' — e User BEGIN ON off
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Once you have selected a menu, the same menu will be displayed
for subsequent key presses of the harckey. (This is not true if
your IBASIC program has changed. If your program has changed, the

By selecting (SYSTEM OPTICNS)

(BEGIN) v
rear panel connector. See “Using User-Defined with a Switch,” later
in this chapter for more information.

Selecting the User E
sequence of IBASIC commands
programs to be used fo

10
20
30
40
50
80
70
80
100
110
120
140
150
160
170

200
210

- mode is reset to OFF.)

npiit you can antomatically step through the user-defined
keys by use of a switch connected to the USER TTL IN/CUT

3: softkey will run a macro function defined by a
within an IBASIC program, IBASIC
must have the following structure:

!The following label must be present. DO NOT REMGVE
User.begin: !

! Define softkey labels

OUTPUT @871X;"DISP:MENU2:KEY1 ’Test Setup 1*;*WAI"
OUTPUT @B871X;"DISP:MENU2:KEY2 'Test Setup 27;xWAI"
QUTPUT @871X;"DISP:MENU2:KEY3 ’Save Results’;*WAI"
OUTPUT @871X;"DISP:MENUZ:KEY4 ’Print Results 47 ;xWAIY
User_pause: PAUSE

GOTO User_pause

!The following key labels must be present. DO NOT REMOVE
User_keyl: !Insert code for softkey 1 here

G0TO User_pause

User_key2: !Insert code for softkey 2 here

GOTO User_pause

User_key7: iInsert code for softkey 7 here

G0TO User,_.pause
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The labels required are:
User_begin
User_pause
Lser_keyl
User_key2
User-key3
[ser_key4
User_keyb
{ser_key6

User_key7

: program must contain all of these labels, even if you are
not using ait of the softkeys.

A default 8

program is created automatically when there is no
ratled. In the default program, softkey #3 is defined to
=3 Max function, softkey #4 prompts the user for a title, and
s the clock. The default program is listed next. You may edit
this program to change the functions you need. Once you have edifed the
program, be sure to save the program to memory for later recall.

i ! The following line is required. DO NOT REMOVE! .
2 User_begin: ASSIGN @Hp8714 TO 800 ![User Begin] Program
3 !

4 ! To Modify:

5 t Use [IBASIC]IEDIT] or [IBASIC][Xey Record]

6 !

7 !

8 ! Declare storage for variables.

9 DIM Name$[60],5tri$[60],Str2¢[60],Str3$[60C]

10 !

11 ! Clear the softkey labels

12 OUTPUT @Hp8714;"DISP:MENU2:KEY8 7 *WAL"

13 !

14 ! Re~define softkey labels here.

i5 QUTPUT @Hp8714;"DISP:MENUZ:KEY1 *#7;%WAT"

i6 DUTPUT @Hp8714;"DISP:MENU2:KEY2 ’*’;*WALY
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17 GUTPUT @Hp8714;"DISP:MENU2:KEY3 ’Mkr -> Max’;*WAI"
18 CUTPUT @Hp8714;"DISP:MENUZ2:KEY4 'Title and Clock? ;=WAI"
19 CUTPUT @Hp8714;"DISP:MENU2:KEYS %’ ;%RWAI"

20 CQUTPUT @Hp87:14;"DISP:MENU2:KEYS **’ ;*WAT"

21 QUTPUT QHp8714;"DISP:MENU2:KEY7 ’x’ ;#KAI"

22 !

23 !The following 2 lines are required. DO NOT REMOVE!
24 User_pause:  PAUSE

25 GOTO User_pause

26 !

27 User_keyl: ! Define softkey 1 here.

28 GCSUB Message ! Remove this line.

29 GGTO User_pause

30 !

31 User key2: ! Define softkey 2 here.

32 GOSUB Message ! Remove this line

33 GOTO User.pause

34 !

3b User.key3: ! Example Marker Function

36 CUTPUT @Hp&714;"CALCL:MARK1 ONY

37 OUTPUT @Hp8714;"CALCI:MARK:FUNC MAX"

38 GIT0 User.pause

39 !

40 User.key4: ! Example Title Entry

41 INPUT "Enter Title Line i{. Press [Enter] when done.",Name$
42 OUTPUT @Hp8714;"DISP:ANN:TITL1:DATA ’"g&Name$&"*"
43 QUTPUT €Hp8714;"DISP:ANN:TITL ON"

44 GOTO User pause

45 !

46 User_key5: ! Define softkey 5 here,

47 GOSUB Message ! Remove this line.

48 GOTO0 User_pause

49 !

50 User_key6: ! Define softkey & here.

51 GOSUB Message ! Remove this line.

B2 GGTO User.pause

B3 !

54 User_ keyT: ! Define softkey 7 here.

bb GOSUB Message ! Remove this line.

56 GOTO User_pause

57 !
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58
b2
60
61
62

63
64
65
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MHessage: !

Stri$="This key is programmable."

Str2$="To modify, select"

Str3g="[System Options], [IBASIC], [Edit].

QUTPUT @Hp871i4;"DISP:ANN:MESS ’“&Str1$&CHR$(10)&
Str2$&CHR$(10)&Str3$&"’, MEDIUM"

RETURN

3

END

pregrams, see the /BASIC Exemple Programs Disk and the HP Instrument
pplement. The disk and handbook are shipped with anslyzers with the

{BASIC Dption 162

program can be automatically loaded at power up if the
program is named “AUTOST”, An "AUTOST” program is loaded at power up
from the internai non-volatile memeory or from a 3.5 floppy disk inserted into
the analyzer’'s 3.57 disk drive. When the - key is pressed, the
program will remain idle until it is needed. The program remains idle until a
softkey is pressed and code related to that softkey is executed. After the code
is executed, the program returns zdl Refer to example programs provided
exampie programs. Use of the

N does mot restrict access to any rormally available front panel
does this key affect sweep update rates.
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You can modify the Use program with the built-in editor, an ASCI
file editor on a computer, or with keystroke recording. For example, to modify
the default program to recall a setup:

1. Select (SYSTEM OPTIONS) Move the edit cursor to line:

18 OUTPUT @Hp8714;"DISP:MENUZ:KEVE 7% ;%WAI"

2. Use an external keyboard to replace **’ with *Setup 1°,
3. Move the edit cursor to line 28. Delete the line.

4, Use keystroke recording to create a setup function if you like, or you can
now insert code you have written.

To use keystroke recording to modify the program:

5. Exit the editor by selecting |

6. Enable keystroke recording with

7. Now perform the keystrokes required for setup 1.

8. When the setup is completed, select (SYSTEM OPTIONS)

9. o verify your change, select

16, Select softkey 1 which should be labelled “Setup 17. This should retum
you to your correct setup.

11. You may save this program as an AUTOST file or other file for later recall.

Refer to the mangal supplement, Using HP IBASIC with the

HP 8711B/12B8/18B/14B, provided in the HP Instrument BASIC User’s
Handbook, for more information about editing, saving and recalling program
files.
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Using User-Defined When user-defined is used in conjunction with a switch connected to
(BEGIN) with a Switeh the USER TTL IN/OUT rear panel connector, you can cycle through up to
seven softkeys in sequence by activating the switch.

1. Connect g switch to the USER TTL IN/OUT rear panel connector as shown
in Figure 7-6. '

BNC CASLE

pob9sh

Figure 7-6. Connect a Switch to the USER TTL IN/OUT Connector

2. Make sure the analyzer is configured to use the USER TTL
IN/OUT tor fi ftk neing: ( PTIONS]

3. Press the switch several times while observing the analyzer.

4, Notice that with each press of the switch, the softkey iabels are
highlighted (boxed) in succession, and that after the last available key has
been used, the segquence starts again af the top of the softkey meny.
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Data Entry Using a Bar Code Reader

Devices under test (DUTk) are often labelled with a serial number and part
number. If the DUT is labelled with this information in bar code form, a
bar-code reader can be used to enter the DUT information into the analyzer
or into the computer controlling the analyzer. Doing so provides a simple
and safe link between the device under test and the measurement data.
Information such as the operator’s name or test station number can also be
entered, to allow correlation of the devices tested with the test station.,

Connect a bar code reader, such as the HP KeyWand HBCK-1210, to the
analyzer’s DIN KEYBOARD connector (on the rear panel). Once connected,
the bar code reader will send scanned bar code characters to the analyzer
just as if they were typed on a keyboard. The bar code characters will be
foliowed by a carriage return. The bar code wand and the external keyboard
car be connected simultaneously.

See “Using the Analyzer’'s Title Fealure,” next in this section, for more
nformation on using the title feature with a bar code reader.

In addition to Hewlett-Packard’s bar code wand, other vendors offer products
such as cordless bar code readers, laser scanner readers, bar code label
printers, bar code fonts for Windows®, and bar code labeling software.
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Data Entry Using an External Keyboard

An IBM PC-AT compatible keyboard can be connected to your analyzer's DIN
KEYBOARD connector and used to quickly and conveniently enter file names
for instrument state save/recall, or text for title lines.

NOTE.

if your keyboard hes a mini-DIN connector, yeu will need to use 2 mini-DIN to DIN adapter 1o connect
the keyboard to the analyzer. One of these adapters (HP part no. C1405-680015) is shipped with the
analyzer if you ordered the keyhoard option {1CLI

See “Using the Analyzer’s Title Feature,” next in this section, for more
information.
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Using the Analyzer’s Title Feature

The analyzer has two 30-character title lines which can be entered
using the bar code reader. From the front panel, press (DISPLAY

, or on an external keyboard, press F9.
Then use the bar code reader to scan in the information from the DUT or
use a keyboard to type in the information. Once stored in the title line, the
mformation witt be included on hardcopy dumps. The title lines ¢an also be
set or queried using the following SCP! command:

DISPlay:ANNotation:TITLe[1]2]:DATA <STRING>

For example:

JUTPUT OQHRfna;"DISP:ANN:TITL1:DATS *BPF-177, SN US9BiT70001°"
and

0UTPUT @Rfna; DISPlay:ANNotation:TITLel:DATATY
ENTER @Rfna;Titlel$

Use the command
"DISPlay:ANNotation:TITLe[1|2] ON|OFF"

to display or hide the title. If you are using IBASIC, you can use the INPUT
statement to read in bar code or keybeard characters. For example:

30 INPUT “Scan in the Bar Code now",Dut$

40  QUTPUT 800;"DISP:ANN:TITL1:DATA *";Dut$;"*"
50 QUTPUT 800;"DISP:ANN:TITL1 ON"

80 END
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Hot Keys on External Keyboard
For Common Functions

You can use a keyboard’s keys instead of the analyzer's keys to control the
analyzer. Table 7-1 provides the same information that can be found on a
template that is supplied with each analyzer (HP part number 08712-80004),
Funetion keys F9, ¥10, and F11 are “hot keys” which perform common
operations suck as entering measurement titles and saving measurement,
results to disk,
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Tahle 7-1. Keyhoard Template Definition

Keyhoard Key Bame Analyzer Fenction Keyboard Key Name Analyzer Fanction
Esc Opt IBASIC Command Line On/Off Shift F4

F1 Softkey 1 Shitt F5

F2 Softkey 2 $hift F8

F3 Softkey 3 Shift F7

F4 Sofikey 4 Shift F§

- Softkey & Shift F9

Fg Softkey 6 Shift F10 FORMAT

F Softkey 7 Shift F11

Fg Softkey 8 Shift F12 AVG ]

Fd Titde Keys Line 1 or actt Shift Print Screen Hard Copy Graph and Softkeys
Fi Title Keys Line 2 or Edit* Cul Fl

FH1 Title Keys Clock or Window! Cul F2

Fiz Re-save File or Run? Gt £3 (SYSTEM OPTIONS)
Print Screen Hel Curt 4

Shift F1 Cul P2

Shift F2 Ctrl Print Sereen Hard Copy Keyhoard Template
Shift F3

1 when IBASIC command fine is enabled
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CAUTION

User-Defined TTL Input/Output

The USER TTL signal can be used as either a general-purpose input or
output. Like the LIMIT TEST IN/OUT line, the USER TTL IN/OUT line is an
open collector drive. When used as an input, the state of the USER TTL
IN/OUT line can be read with either the SCPI command

"DIAG:PORT:READ? 15,1"
or with the IBASIC command
I = READIO(15,1)

When used as an output, the state of the USER TTL IN/OUT line can be set
with either the SCPI cornmand

"OTAG:PORT:WRITE 1b,1,value®
or with the IBASIC command
WRITEIO 15,1;value

Be sure to observe static precautions when using this port.
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Using a Foot Switch or Button Box

You can connect a foot switch, button box, or custom keyboard which has a
few function keys that are custom-labeled, and use this in conjunction with
IBASIC to allow consistent, error-free step-by-step measurement control. The
operator presses one key, then the next, in order,

The foot-switch simply connects two wires together, grounding the center pin
of the analyzer’s USER TTL IN/OUT rear panel connector. The status of the
USER TTL IN/OUT can be read using the SCPI commands:

30 QUTPUT 716;"DIAG:PORT:READ? 15,1Y

40 ERTER 716:X
or the IBASIC cormumand:
30 X=READTO(15,1)

When the foot-switch is open, the variable “X” will be set to 1. When it is
closed, the variable “X” will be set to . Switch debounce is generally not a
problem, due to the relatively slow polling rate of the program.

Refer fo the section titled “Analyzer Port Numbers” for tables describing the
various analyzer ports that you can access using SCPI or IBASIC commands.

Below are two exampie programs which shows how fo display a message
and read the foot switch to control your measurements. The first program
uses the SCPE “DIAG:PORT:READ” query, while the second uses the IBASIC
READIO function.

Following is an example program which shows how to dispiay a message and
read the foot switch to control vour measurements. This program is named
TTL.1O on your Example Programs Disk.

For an example which uses the [BASIC READIO command, refer to the
program USER_BIT on your [BASIC Example Programs Disk.

100 Filename: TTL.IO
11¢
120 This program reads the USER TTL I0

140 switch connected to the port is pressed.

I
I
!
13¢ ! port, and counts how many times a
I
150 !

7-32




160
170
180
190
200
210
220
230
240
250
280
270
280
280
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
480
470
480
490
500
510
520
530
540
56O
580
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DIN Msg$[200]
INTEGER X
1
IF POS(SYSTEM$("SYSTEM ID"},"HP 871") THEN
ASSIGN €HpS711 TC 800
ELSE
ASSIGH @Hp8T11 TC 718
ABORT 7
CLEAR 718
END IF
!
Pass_count=0
Start: !
LooP
! Display message
Msg$="?DUTs passed: "&VAL$(Pass_count)&CHR$(10)
Msg$=Msg$&'Press button to measure next DUT.’"
GUTPUT @Hp8711;"DISP:ANN:MESS " ;Msg$
]

! Wait for button to be pressed

REPEAT
QUTPUT @Hp8711;"DIAG:PORT:READ? 15,1"
ENTER @Hp8711;X

UNTIL X = 0

DISP "Button is now pressed.”

OUTPUT @Hp8T71ii;"DISP:ANN:MESS:CLEARY ~

1

! Wait for button to be released
REPEAT
QUTPUT @Hp8711;"DIAG:PORT:READ? 15,1
ENTER @Hp8711;X
UNTIL X = 1
DISP "Button is now released.?
]
QUTPUT @Hp8T11;"DISP:ANN:MESS ’Measuring...’”
! Add code here to take sweep
! and measure DUT.
WAIT 1
Pass_count=Pass_count+l
END LOOP
END
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CAUTION

Limit Test Pass/Fail TTL Input/Output

When limit testing is turned on, the LIMIT TEST IN/OUT rear-panel BNC
connector indicates the status of the limit test. I the LEmit test passes, this
TTL output goes high. If the limit fest fails, this TTL output goes low, This
signal can be used, for exampie, as an input to a materiais handler.

Since the TTL output has limited carrent drive capability, it should be
buffered when controlling high current devices such as mechanical relays.
Otherwise, damage to the instrument may result.

The lirpit, test TTL can also be used as a general-purpose input, since the
analyzer drive to this line is open collector, When used as an input, Hmit
testing should be turned off so the instrument will allow the limit test line

to float high. The line can then bhe connected to an external switch which
should only puil the signal to ground or let it float (an external circuit should
not drive this line). A push button or foot switch can then be attached to the
line to pull the signal to ground,

The state of the signal can be monitored by the automated system to
determine when the operator is ready for some action., The state of the Limit
TTL line can be read with either the SCPI commands

20 INTEGER X
30 OUTPUT 716;"DIAG:PORT:READ? 15,2"
40 ENTER 716;%

or uging the IBASIC
30 X=READICG(15,2)
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Finally, the LIMIT TEST TTL IN/OUT line can be used as a general-purpose
output line. With it testing turned off, the state of the line can be set to
logic high or low with either the SCPI command

"DIAG:PORT :WRITE <port numbar>*
or with the IBASIC command
"WRITEIG <number>,value.

Following is an example of reading the LIMIT TEST TTL IN/OUT line when
used as an input:

30 Limit = READID(15,2)
40 ! The "Limit" variable will be set to 0 if the signal is low,
50 ! and 1 if the signal ie high.
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Analyzer Port Numbers

Writeable Ports .
Table 7-2. Writeahle Ports
Port Number Register Deseription
15 g Dutputs B-bit dete to the Cent_D0 thru D7 lines of the Centronics pert. Cant_D0 is the least
significant bit, Ceni-07 is the most significant bit. Checks Centronics status fines for:
Qut of Paper
Printer Not on Ling
BUSY
ACKNOWLEDGE
15 1 Sets/lesrs the user bit aceording 1o the lesst significant bit of A A least significant bit
equal 1o 1 sets the user bit high. A least significent bit of O clears the user bit.
15 2 Ses/elesrs the fimit passffaif bit according to the least significant bit of A, A least sigafficant
bit equal to 1 sets the pass/fall bit high. A leest significant bit of § clears the passifail bit.
15 3 Outputs 8-bkt date to the Cent.D0 thru 07 lines of the Centranics port. Cent.D0 & the
leest significant bit, Cent.D7 is the most significant hit. Sets the Printer..select signal high
ide-seloeth. Does not check Centronics status fines.
g { Outputs & byte to the seriaf port. The byis it euput serfally according 1o the configuration
for the serigl port.

NOTE

When using the WRITEIO(15,0) or WRITEIO(15,3) command, the Printer—_Select Ling i
set High. However, when the instrument is doing hardcopy, the Printer_Select Line is set low The
Prinzer...Select line may or may not be used by individual printers. Check with your printer manual.
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Readakle Ports
Tabie 7-3. Readahls Ports
Part Number Repister Description
g 0 Reads the serial port.
5 g Reads the 8-bit data port Cent.DO thry D7.
15 1 Reads the user hit.
1% 2 Reads the fimit test passffail bit.
15 10 Reads the §-hit status port.
00--Cant_acknawledge
B1—Cent._busy
2—Cant_outoipaper
P3—Cent..on_line
D4-Lent._printer_ar

Output for Large Screen External Monitor-

You car connect an external moenitor to the VIDEO QUT BNC connector for a
large-screen view of youwr measurement if you wish. See “BNC Connectors”
in Chapter 8§ for information on using an external monitor with your system.
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Measurement Setup and Control with Fast
Recall

The production of RF components often involves several steps, each step
requiring a unique set of instrument settings. Likewise, the different test
configurations at each step may require associated calibrations. Manually
entering these sets of parameters (or “states”) or calibrating at each step in
the manufacturing process is slow, prone to error, and costly. The fast recait
feature allows you to recall an instrument state with just 1 or 2 key presses,
or to cycle through up o severn different instrument states with a foot switch.

Using Fast Recall with the Front Panel or a Keyboard

NOTE

The following explanation assumes that you are familiar with the information presented in “Saving and
Recalling Measurement Results” in Chapter 4.

1. Press (SAVE RECALL).

2. If the measurement display area changes to a listing of files on the
currently selected disk, fast recall is OFF.

If the measurement display area remains unchanged, fast recall is ON. To
follow along with this explanation, turn fast recali OFF by pressing the

3. If necessary, setect the intermal non-volatile RAM disk by pressing

4. If vou have previously saved any files {o this disk they will now be listed
on the display.
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The fast recall feature utilizes only the first seven files listed that contain
instrument state, calibration or measurement data.

. If you have not previously saved any files to this disk, you many wani to

save a few instrument states now, to follow along.

Press . Note that the measurement
display now reappears on the screen and that there are file names next
to the first seven softkeys. (If any of the softkeys are blank, it’s because
vou had less than seven files saved on the disk.)

The files are placed on the soffkeys in the order in which they appear in
the disk’s directory {able.

NOTE

You may want to use ih
“Other File Utilities” in Chepter 4 for

eature 10 give your files more meaningful names. See |
nfermation on renaming filss.

10.

11

. To “fast recall” an instrument state, press the sofikey next to the file that

contains the instrument state.

. The fast recall toggle will remain or (even when the analyzer is (PRESET))

unti manually turmed off.

With the fast recalt feature turned on, you will always be only 1 or 2 key
presses away from recalling an instrument state.

With an external keyboard connected to the rear panet DIN connector,
keys F1 through F7 are equivalent to pressing softkeys 1 through 7 on
the analyzer See “Using a Keyboard” in Chapter 4 for information on
connecting and using an external keyboard.
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Using Fast Recall with a Switch

When fast recall is used in cbnjunction with a switch connected to the
USER TTL IN/OUT rear panel connector, you car cycle through up 1o seven
instrument states in sequence by activating the switch.

I. Connect a switch to the USER TTL IN/OUT rear panel connector as shown
m Figure 7-7,

s

SWITCH,
L

poS22h

Figure 7-7. Connect a Switch to the USER TTL IN/GUT Connectar

2. Make sure the analyzer is configured 1o use the USER TTL
IN/OUT connector for softkey sequencing: press (SYSTEM OPTIONS)

3. With fast recali toggied to ON, press the switch several times while
observing the analyzer.

4. Notice that with each press of the switch, the files are highlighted (boxed)
in succession, and that after the last available fite has been used, the
sequence starts again at the top of the softkey menu.
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The production of RF components often involves several steps, each step
requiring a unique set of instrament settings. Likewise, the different test
configurations at each step may require associated calibrations. Requiring
the operator to manually enter these sets of parameters (or “states”) or to
calibrate at each step in the manufacturing process is slow, prone to error,

and costly.

An automated measurement system can be used to achieve fast and
consistent transitions between measurement, sefups. In an aufomated system,
the instrument parameters are set under program control. The control
program can be an [BASIC programm running inside the analyzer, or be in
another language running on an external computer. The confirol program
sends SCPI and IEEE-488 commands to the analyzer’s HP-IB interface. The
HP-1B commands rapidly change the instrument settings or calibration.

COMPUTER

CONTROLL ING PROGRAM

lLearn String Cormmands
{#LRN?)
{SYST:SET)

NETWORK ANALYZER

FULL INSTRUMENT STATE

ingtrument Stale \\

Singte Paorameter
SCP I Cormmands

Fiie Transfer Corrmands
{MIMEM: TRANS )

COMPUTER DISK
Nt o Lo
Instrument State File
I
I

(STATER. STA)

{Hord Disk or External Floppy)

-

l

f
Single
Ll Pcruraetef i

T wwm w - - —

Dato

Cai

ANALYZER DISK
(RAM or 3.5" Floppy)

insirument State File

(STATEn.STA)

BN

_

\

SAVE/RECALL
(MMER: L OAD : STAT)
(MMEM: STOR STAT)

Figure 7-8. Measurement Control

pob77b

7-41




Autcmating Measuremants
Automated Measurement Setup and Control

The HP-IB interface carn also be used to trigger sweeps, read measurement
values, or signal evenis within the analyzer Most operations that can be
done from the front panel can also be done over the HP-IB interface. See the
Programmer’s Guide for details.

This section describes methods for changing instrument setfings rapidly
under program control. It then briefly discusses how to synchronize the
modification of instrument setiings with the collection of data and how to use
Service Reguests (SRQs) to signal instrument states. Finally, it describes how
to utilize both instrument channels and a feature to automatically start an
IBASIC control program.

For information on technigues that can improve you sweep speed, refer to
Chapter b, *Optimizing Measurements.”
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Recalling |lnstrument
States From Disk

Setting the Instrument State

A DUT will often undergo several different tests while at a single test station.
The analyzer’s parameters (such as sweep frequencies, output power,
markers, and limits) must be set to the desired values before each test is
done. In an automated test system the controlling computer modifies the
instrument settings for the operator. The analyzer offers several techrnigues
for quickly changing the instrument’s measurement parameters:

e Recail of instrument states from disk
¢ The learn string HP-IB command (*LRN)

s SCPI commands that change specific parameters

The analyzer has two built-in memory (RAM) disks, “Non-Vol RAM Disk” and
“Volatile RAM Bisk”. In addition, the analvzer has a built-in 3.5” floppy disk
drive accessible on the front panel, A “BAM Disk” is a block of memory
inside the analyzer which you can access in the same way that you access
files on a floppy disk.

The “Non-Vol RAM Disk” is non-volatile, meaning that its contents are
preserved while the analyzer is turned off. The contents of the “Volatile RAM
D¥isk” are erased when the analyzer is turned off. The Volatile RAM Disk can
be configured to be much larger than the Non-Vol RAM Disk, allowing it to
hold many more instrument states.

For all three types of disk, the instrument settings and calibrations associated
with several tests can be saved to instrument state files. The instrument
states can later be recalled during the test sequence. The advantage of using
RAM disks rather than the 3.5” fioppy disk is that recalling a state from RAM
Disks takes several seconds less than recalling a state from the floppy disk.

For example, suppose the instrument setiings are entered for the third test of
a seguence of tests. The instrument settings can be saved in a file with the
name “TEST3.STA” on the Non-Vol RAM Disk. When the third test must

be performed, the control program can recall the instrument state from the
non-volatile RAM disk with this SCPI command:

MMEM:LOAD:STATe 1, MEM:TEST3.5TA’
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Recalling a state from HAM disk typically takes 4 seconds, but the time is
dependent on setfings such as number of points,

Omne strategy for managing a large set of recall states is to initially store
them on a floppy disk. The files can then be copied from the fAoppy disk to
the volatile RAM disk at the start of each day. For example, to copy the file
"TEST3.STA’ from the floppy to the RAM disk, use this SCPI cormmand:

MMEM:COPY ’INT:TEST3.STA?, *RAM:?
For more details, see the Programmer’s Guide

When controlling the analyzer with a computer, you may want to copy a state
file from your computer’s disk to the analyzer’s built-in RAM disk or floppy
disk. Later, the instrument can be instructed to recal! the state from it’s
internal disk. The file can be sent from the computer to the analyzer's disk
using the SCPI M¥EMory: TRANsfer cormnands. For more details, see the
Programmer’s Guide.

For manualiy controlled test systems, the instrument state files for each
measurement can be stored onto disk by the test systermn designer, During the
test sequence, the operator can press the key and recall the
state corresponding to a particular measurement.
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The IEEE 488 *LAN (“learn”} cormmand can also be used to sef or query a
complete set of Instrurnent parameters. This can be used as a programuning
convenience, eliminating the need for using disk files when saving and
recalling instrument states.

To obtain the learn string containing the instrument state, use the command
*LRN? as follows:

10 DIM Statel1§[4000]
20 QOUTPUT @Rfna;"#LRE?"
30 ENTER @Rfna USING "-K";Statel$

160 ! Put the learn string back
170 OUTPUT @Rfna;Statel$

Since *LBN?, by I[EEE definition, only contains the actual instrument state,
exclusive of data traces and calibration arrays, the network analyzer provides
the command

SYST:SET:LRNLong?

This cormand saves the data nd calibration arrays if they are
enabled under | - or using the MMEM:STOR:STATE
SCPI commands. Using the *LRN command to set the instrument settings
takes about the same amount of time as recalling a file from disk using

MMEM : LOAD : 5TATe.

For more defails on learn strings, refer to “Example Programs” in the
Programmer’s Guide.
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SCPI Commands That Modily a Single Parameter

Tip
If several measurement setups are similar — differing only by 2 few instrument parameters — the

fastest wey to switch between the states is for the control nrogram to send the SCPI commends that
madify those paramaters,

For example, if center frequency and source power are the only parameters
that change in consecutive measurement setups, send the SCPI commands
SENST:FREQ:CENT and SOURL:POW to change these parameters, leaving all
other instrument settings unchanged. This will be faster than either recalling
an instrument state or sending a learn string.
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Fast Iterative Control

You may want to quickly and iteratively change the analyzer’'s parameters
and monitor their effect on your device under test. This section describes
how to quickly change a parameter, take a sweep, and query a marker.

For example, when measuring an amplifier, you may wish to quickly choose
the optimal input power to the amplifier which will result in a maximurm

output of + 10 dBm. To do s¢, yvou can first set the analyzer’s source power
level, then measure the ampiifier’s output, and then change the analyzer's

source power in the direction that will cause the measured signal to approach |, .

the desired value. This process can be repeated uatil the measured amplifier
output is within some specified range of the target value.

When data at only a single freguency is needed, you can achieve the fasfest

possible sweep by selecting a CW freguency and setting the number of points )

to the minirum value of 3. A SCPI marker command can be used to read the
trace value. '

Using this approach, vou can typically achieve 3 to b sweeps per second.
Following is a listing of an example program named “FAST.CW” that can be
found on vour Example Programs [isk.

100  DIM Freq_str$[20]

110 DIM Msg$[100]

120 !

130 IF POS(SYSTEM$("SYSTEM ID"),"HP 871") THEN
140 ASSIGN @Hp87ii TO 800

150  ELSE

160 ASSIGN @Hp8711 TD 716

170 ABORT 7

180 CLEAR 7186

190 END IF

200 !

210 ! PRESET, to ensure known state.

220  QUTPUT @Hp8711;"SYST:PRES;*WAI"

230 CLS

240 !

250 ! Set up the analyzer to measure 3 data points.
260  QUTPUT @Hp8711;"SENS1:SWE:POIN 3;*WAL"

2710 !
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280 ! Select CW display and sweep

280 QUTPUT @Hp8711;"DISP:AKN:FREQL:MODE CW!

300 OUTPUT @Hp8711;"SENSL1:FREQ:SPAN O Hz;*WAI"
310 !

320 ! Take a single sweep, leaving the analyzer
330 ! in trigger hold mode.

340  OQUTPUT @Hp8711;"ABCR; :INITL:CONT OFF;*WAI"
350 i

360 ! Turn on Marker 1

370  QUTPUT @Hp8T11;"CALC:MARK1 OR"
380 !

390 Count=0
400 TO=TIVMEDATE

410 ! Step from 175 MHz 463 MHz by € MH=z

420 FOR Freg=175 TO 463 STEP 6

430 ! Take a sweep

440 Freq.str$=VAL$ (Freq)&" MHz"

450 OUTPUT @Hp&711;"SENS1:FREQ:CERT ”;Freq,str$
460 OUTPUT @HpB8711;"INIT1;+WAL"

470 !

480 ! Set marker to frequency

490 QUTPUT @Hp8711;"CALC:MARK:X ";Freg_str$

500 !

BiG ! Query the marker valus

520 GUTPUT @Hp8714;"CALC:MARK:Y?"

B30 ENTER @Hp8711;Response

540 !

550 ! Display the first three numbers in the array.
560 Msg$="?"gFreq_str$&": "&VAL$(Response)&"’"
570 CUTPUT @Hp8T11;"DISP:ANN:MESS ";Msg$

580 PRINT Msg$

580 Count=Count+1

800 NEXT Fregq

610 Ti=TIMEDATE

620 PRINT "Sweeps per second: ";Count/(T1~TO0)
630  DISP "Sweeps per second: ";Count/{(T1-TO)
640 END
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Responsive Communication using SRQs

Service Requests (SRQs) are a method by which you can instruct the analyzer
to tell your computer program when a condition changes or when an event of
interest oceurs. This comumunication is done via HP-IB signals.

Analyzer SRQ events include:

o Limit test fails

s« A front panel key or external keyboard key is pressed
s Hardcopy in progress or complete

e« Sweep in progress or complete

s Power has been cycled

The analyzer can be set to cause an SRQ on any combination of the above
events. Using SRQs allows your program to be interrupt driven, reducing
the latency and inefficiency of polling. For more details, refer to Chapter 5,
“Using Status Registers” in the Programmer’s Guide.

Using Both of the Analyzer’s Channels

The analyzer s capable of making different measurements on each of iis two
channels. For example, vou can set channel 1 to measure Transmission over
one set of sweep frequencies, while channel 2 is sef to to measure Reflection
from another set of sweep freguencies, Thus, two measurements can be made
by the operator at the same time. Also, the controller can switch between
channei 1 and channel 2, while turning the inactive channel off, to quickly
change the test setup between two test states.
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AUTOST files

When IBASIC is used, the measurement control program can be saved as an
AUTOST file on the analyzer’s non-volatile RAM disk, When the anaivzer’s
power is turned on, it will first check for this file on the non-volatile RAM
disk and then on the 3.5” disk, and if found, lead it and run it. This feature
simpiifies the task of turning or an automated test station at the beginning of
a working day, or test session.
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Controlling Peripherals

The analyzer lets vou access its rear panel interface ports from your
measurement control program. Using this capability, you can communicate
with peripherals such as matertal handlers, custom DUT interface circuits,
external switch boxes, and printers.

Communication with the DIN KEYBOARD inierface, the USER TTL, and LIMIT
TEST TTL connectors is described in detail in the section titled “Operator
Interaction.” This section will focus on use of the Centronics paraliel port and
the RS-232 serial port.

Using the Parallel Port

The anatyzer's parallel port can be used as an 8-bit TTL output port and as a
5-bit T input port. The eight TTL cutputs are for output only, and cannot
be read or used as bi-directional /O lines. The paraliel port does not support
the IEEE-1284-defined Extended Capabilities Port (ECP) Mode or Enhanced
Parallel Port (E£PP) Mode.

The outputs signals are driven by standard TTL drivers. They should be
buffered for heavy duty applications, o avoid damaging the gnalyzer. The
inputs are standard TTL inputs, designed to accept signals In the OV {o 5V
range.

The analyzer provides two ways to access the parallel port. You can use the
SCPI commands

OQUTPUT @Rfna;"DIAG:PORT:WRITE <port>,<register>,<data>
aid

OUTPUT @Rfna;"'DIAG:PCRT:READ? <port>,<register>

ENTER @Hfna;Data

or you can use IBASIC and its READIO and WRITEIO commands. See the
following tables for more information.
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Tahle 7-4. Writeahle Ports

Port Number Register DBeseription
15 0 Outputs B-bit deta to the Cent.D0 thru D7 fines of the Centrenmics port. Cent.D0 is the
least significant bit, Cent..D7 is the most significant bit. Checks Centronics status fines for:
Qut of Paper
Printer Not en Line
BUSY
ACKNOWLEDGE
15 1 Sets/clears the user bit according to the least significant bit of A. A least significant bit
equal 1o 1 sets the user hit high. A least significant bit of O elears the user hbit.
15 2 Setsfciears the limit pass/fail bit according to the least significant bit of A A least signfficent
bit equel to 1 sets the passffad bit high. A ieast significant bit of O clears the pessfial bit.
15 3 Outputs B-bit data to the Cent.D0 thru 07 lines of the Centronics port, Cent.D0 iz the
least significant bit, Cemt_D7 is the most significant bit, Sats the Printer.-select signal high
lde-salect]. Doss net check Canironics stetus fines,
g 0 Butpuis a byte to the serfal port. The byte is sutput serially sccerding to the configuration
for the serial port.
Takle 7-5. Readabie Ports
Port Numher Register Deseription
g ] Resds the serial port.
15 0 Reads the B-bit data port Cent..DO theu D7.
15 1 Reeds the user bit
15 2 Reeds the limit test passfai bit.
15 it Reads the 8-bit stetus port.

B0—Cent.acknowledge
B1—Cent_busy
B2--Lent_oui_oi_peper
D3—Lent..on.line
D4—Cent...printer..err
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L S
NOTE

When using the WRITETO(15,0) or WRITEIO(15,3) command, the Printer..Select Ling s
set High. However, when the instrument is doing hardeopy, the Printer_Selact Line is set low The
Printer..Select line may or may not be used by individual printers. Check with your printer manual,

Writing to the Parallel Port

To write the value B2 decimal (34 hex, 0011 0160 binary) to the parallel
port’s output pins, use one of the following commands:

OUTPUT @Rfna;"DIAG:PORT:WRITE 1b,3,52"
WRITEIO 15,3;52

When the write command is executed, the parallel port’s data-lines (pins 2-9)
will be set to the specified value, and then a pulse of at least 1 ps duration
will occur on the strobe line (pin 1). A data setup and data heid time of at
least 1 ps are guaranteed. See Figure 7-9.
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L}
oo, .. D7 >< data byte n ><

nStrobe

podit

Figure 7-8. Writing to the Parallel Port

Table 7-6 shows the pin numbers, data bus bit nwmbers, and signal names:

Table 7-6. Parallel Port Pins

Pin Bit Name Pin Bit Name
1 N/A | Swobe B D4 Data &

2 0o Data 1 7 05 Data 6

3 m Data 2 g 06 Data 7

4 D2 |Data3 g o7 Data &

] 03 Data 4
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The data will fypically remain valid until the next write to the parallel port,
but you should always latch the data using the strobe. Figure 7-10 shows a
simpie circuit which can be used to write to an 8-bit DAC and a digital latch.
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DFSERZ"; o f TF WRE,NFER
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+5v =g
—
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f— l_ BISITAL GUTRUTS
O —J {BUFFER 1F NECESSARY)
NOTE : ESD PROTECTION, POWER SUPPLIES AND DECOUPIING ARE NOT SHOWN.

Figure 7-10. Digital Latch Cireuit
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Reading from the Parallel Port

The paraliel port has five TTL input signals, normally used for determining
the printer’'s status, which can be read. The signals and the corresponding
data bits and pins are shown in the following table:

Pin Bit Name

10 0g Acknowledge
" 01 Busy

12 b2 Out of Paper
13 n3 On Line

15 D4 Printer Error

Your custom interface circuit can drive these signals, and they can be read
using any of these commands:

SCPI commands:

OUTPUT @Rfna;"DIAG:PORT:READT 15,10V
ENTER @Rfna;Parallel_in

IBASIC command:
Parallel_in = READIO(15,10)
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Hardcopy Considerations

The analyzer's feature can send output to printers:connected
to the parallel port. If you have a custom interface circuit attached to the
paraitel port, you don’t want the hardcopy ocutput to interfere with it.

Toy address this issue, the analyzer uses the parallel port’s Printer-Seiect
signal (pin 17) to differentiate between hardcopy dumps and user-issued
WRITEIC and DIAG:PORT:WRITe commands. During a hardcopy to the
parailel port, the Printer-Select signal is driven low. During WRITEIG and
DIAG:PORT:WRITe cormanands, it is driven high.

Using the Printer-Seiect signal, you can connect both an interface circuit and
a printer to the parallel port, The interface circuit should only respond o the
data strobe {pin 1) when the Printer-Select signal is high. The printer should
only respond to the data strobe when the Printer-Select signal is low. Most
printers require the Printer-Select line to be low, or else they will not print.
Other printers ignore this line. If you are using a printer which ignores this
line you have two choices:

1. Consult the manual for a DIP switch setting that controls how the printer
responds to the Printer-Select signal, or

2. Design your interface circuit so that it gates and inhibits the data strobe
signal (pin 1) going to the printer when Printer-Select is high.

Similar to the outpuf signals, you can use the Printer-Select signal to
multiplex the input signals, selecting either the signals from your interface
circuit or those from the printer.
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Using the Serial Port

Like the parallel port, the RS-232 serial port can also be accessed using SCPI
and [BASIC commands.

To write a byte with a value of 52 decimat (34 hex, 0011 0100 binary) to the
serial port, use one of the following cormmands:

OJUTPUT @Rfna;"DIAG:PORT:WRITE 92,0,52"
WRITEIOQ ©,0;52

To read a byte from the serial port, use the following cormmands:

CUTPUT @Rfna;"DIAG:PORT:READ? o,0"
ENTER @Rfna;Serial_in

If you are using IBASIC, you can simply use the READIO statement:
Serial._in = READIO(9,0)

For general purpose 1/0, the parallel port is much easier to interface to than
the serial port. To interface to the serial port, a Universal Asynchronous
Receiver Transmitter (UART) is typically used to decode the RS-232 signals.
Most UARTs are designed to be used with microprocessors.

The advantage of the serial port is that it can operate over long distances, up
to 30 meters using the RS-232-C standard. Its disadvantage is its slow speed;
limnited to 19200 bits/second.

Before using the serial port, you must select the baud rate and handshake
style using the SCPI commands:

SYSTem:COMMunicate:SERial : TRANsmit : BAUD
SYSTem:COMMunicate:SERial :TRANsmit : HA¥Dshake {X0ON|DTR}

One type of application for the serial port would be to use it for data logging
to & remote computer. After each device is measured, an IBASIC program
could use the WRITEIO command shown above to send a brief summary

of the measurement result, such as a filter's 3 dB bandwidth and its serial
number, to the remote computer. A program on the remote computer would
monitor the serial port and read the incoming data and archive it to hard disk
or the network.
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It is often helpful to eliminate unnecessary information and annotation that
might distract an operator, and only show the information necessary to
perform a particular task.

The analyzer provides several features to let you customize the information
shown on the display as shown in the following figure.

PCrhrannel 1 user annotation nere.
PChannel 2 user annotaticn here.

Title Line 1 here. Chi: Mkri i0.550 S5fx

8540 Jan 14, 1995 1204 3% -43 .85 dB
Cne: Micr 1 11 8550 Bfx

S 10.31 48

' 1 EASS
% 2 PASS

10.500 5fx Freg 1 Label 10.600 &fx
11,5800 5fx Freg 2 Label 11,800 Sfx

Figure 7-11. Custemized Annotation

Custormizing features such as Hmit testing, annotating the X-axis, and using
the title feature are described in this section.
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Graticule On/Off

The graticule is the set of grid lines that designate incremenis of value on the
x-axis and y-axis of the measurement.

iIf the operator is comparing the trace against limit lines or marker vaiues,
turning off the graticuie makes it easier to view the measurement tr: i
lines, and markers. To turn the graticuie off, press

or use this SCPI command:
DISPlay:WINDow(1|2]:TRACe:GRATicule:GRID OFF

where the window number is 1 if in full screen display, and 1 or 2 for the
upper and lower split screen displays.

See Figure 7-11 for an example of a display with the graticule turned off.
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Limit Testing

The measurement trace can be automatically compared to limits which you
define. The limits, entered as lines and points, can be displayed on the screen
or can be hidden, Whether or not the limits are displayed, the analyzer will
display “PASS” if the measurement satisfies the limits and will display the

symbol if the measurement exceeds the lmits. Using limits gives
the operator visual guides when tuning devices, provides standard criteria
for meeting device specifications, and shows an instant indication of the
comparison of data vs. specifications.

To turn limit lines on or off, press
r use these SCPI commands:

CALCI1|2] :LIMit:DISPlay OF
CALC[112]:LIMit:DISPlay OFF

where [1]2] indicates the channel number, either 1 or 2.
For more information on it lines, see “Using Limit Lines” in Chapter 4.

See Figure 7-11 for an example of a measgrement using lomit lines with a
“PASS” test result.
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Customized X-axis Annotation

X-axis annotation consists of one or two lines of information that appear
below the graticule,

By default, the X-axis annotation displays the stimulus frequencies {default
resolution is kHz), or powers if in power sweep. It can be, however,
custormized using SCPI commands to show your own start and stop x-axis
values and units, For example, when measuring mixers whick introduce a
frequency offset, you can annotate the frequencies at the output of the mixer.

To turn on user-defined X-axis annotation, use the command:

DISPlay:ANNotation:FREQuency[1]2] :USER[:STATe] {OFFiO|ON]|1}
For example:

DISPlay:ANNotation:FREQuencyl:USER ON
To specify your start and stop values, use:

DISPlay:ANNotation:FREQuency[1|2]:USER:STARt <num>~
DISPlay:ANNotation:FREQuency[1|2] :USER:STCP <num>~

The value <num> must be between — 10,000 and 14,000. For examnple:

DISPlay:ANNotation:FREQuency1:USER:STAR -100
DISPlay:ANNotation:FREQuencyl:USER:STCP +100

To specify a custom suffix, use;

DISPlay:ANNotation:FREQuency[1|2]:USER:SUFFix[:DATA] <STRIKG>
for example:
DISPlay:ANNotation:FREQuencyi:USER:SUFFix 'u¥’

The suffix can be up to 3 characters long.
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S|
NOTE

When using custom Xeaxis annotation, the SCPI command CALC:MARIKCX and query CALE:MARKCK? will
return the analyzer's stimulus vaiue, not your custom annotation values. [f this is & problem, you can
use the SCPI command CALC:MARK:POIN to specify the Xeaxis point number at which vou wish to
pesition the marker.

For example:
OUTPUT @EP8T71i1;"CALC:MARK1:PCIK 134"
will put the marker at peint number 134,

Custom X-axis annotation has na efect on marker Y values [CALC : MARK Y7}

Note the customized X-axis annotatioﬁ in Figure 7-11,
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Customized Channel Annotation

The analyzer displays channel annotation above the graticule. This
annotatior shows the measurement type, format, scale/div, and reference
level,

You may replace this annotation with your own text or eliminate the channel
annotation completely. To do so, use the following cornmand to enable
user-defined annotation:

DISPlay:ANNotation:CHANnel[1{2] :USER[:STATe] {OFF|O|ON|1}
For example:

DISPlay:ANNotation:CHANnel1:USER ON
To specify the string to be displayed use the command:

DISPlay:ANNotation:CHANnel[1|2] :USER:LABel[:DATA] <STRING>

For example:

DISP:ANN:CHAN1:USER:LABel ’1: SuperNotch filter, test #3°
To restore the default channel annotation, use:
DISPlay:AlNotation:CHANnell:USER OFF
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Markers

The active marker’s value is dispiaved in the upper right area of the graticule.
If marker bandwidth (or notch) search is selected, the bandwidth (or notch)
information is displayed instead. This marker mnformation can be used io
view exact measured data at critical frequency points. Note the customized
channel notation in Figure 7-11. In addition to the active marker’s readout,
four of the marker’s values are displayed in the softkey area during front
panel use. This makes it easy to quickly read the measured data ag several
marker positions.

The triangular marker symbois can also be used to graphically indicate critical
frequency points of the measurement. For example, a marker can be set at
the desired center frequency for a notch filter, and the operator can tune the
filter untii the notch is at the same frequency as the marker.

Marker search types include:
s Inax search

» min search

bhandwidth

# notch

[ 4

e multi peak
e multi notch

When marker tracking is turned on, these searches will be automatically
performed at the end of each sweep. This can be useful in tuning
applications.

Other marker functions that can be useful are the marker math functions:
e stafistics

e flatness

s RF filter stats

These functions perform certain mathematical calculations on the amplitude
data of user-defined trace segments, See “To Use Marker Math Functions” in
Chapter 4 for more information on these features.
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Title and Clock

The analyzer has two 30-character title lines. One of these lines can be
replaced with a reat-time clock readout.

The fitle line can be set to show the serigl number and type of the DUT.
Doing so provides a simple and safe link between the device under test and
the measurement data.

The title and clock lines are, by default, included on hardcopy printouts.
These can be configured using the

Yor more details and a simple example, refer to the “Operator Interaction”
section of this chapter,
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Saving Measurement Resulfs

After measuring a device, you will probably want to save the measurernent
results in order to perform statistical analysis on them. Statistical quality
control (SQC) can be a powerful tool to indicate process drift or variation.

You may also want fo produce a print or plot of the DUT’s response, and ship
this to your customer along with the DUT.

Querying Measurement Data

To save the complete measurement frace, use the SCPI command:
CALC1:DATA?

or
TRACE1:DATA? CH1FDATA

Refer t¢ the chapter titled “Trace Data Transfers” in the Programmer’s Guide
for more details.

From IBASIC, you can also use Read fdata( ), which is faster. Refer to the
chapter titled “Using Subprograms” in the supplement {o the HP mstrument
BASIC User’s Handbook,
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Saving the Measurement to Disk—Save ASCII

The analyzer has a - feature which saves the measurement trace
in a format compatible with many popuiar spreadsheet programs such as
Lotus® 1-2-3® and Microsoft® Excel®. The measurement is saved to a file
on the analyzer's disk.

The Tollowing program segment shows how to save the measurement to a file
on the analyzer’'s non-volatile RAM disk, and then how to transfer that file
into your program and store it as a file on your computer disk.

10 DIM A4$[32000]
15 Dest$="SAV_DUT1.PRN"
20 QUTPUT 716;"MMEM:STOR:TRAC CHIFDATA, ’MEM:DUT1.PRN’

30 DUTPUT 716;"MMEM:TRAN? ’MEM:DUTL.PRN’
40 ENTER 716 USING “"W,-K";Wordl,A$

370 CREATE Dest$,32000

380 ASSIGN @File TO Dest$

390 QUTPUT @File;A$

400 ASSIGN @File TO *

With the feature, you can read the measurements into your
spreadsheet, and perform statistical analysis on the data, such as mean and
standard deviation on groups of DUT.

For information on transferring disk files between the analyzer and yvour
computer, refer to the “Example Programs” chapter of the Programmer’s
Guide,
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Saving the Measurement to Disk—Save Data

the measurement data cnto
and turn Data ON and

Similar to Save ASCII, the anatyzer can also s

disk as an instrument state file, Use |
turn Inst State and Cal OFF,

Tig

A file saved in this manner is smaller than a file saved using

';' uses 6 bytes per point, as opposed to about 20 bytes per point for

. Howaver, the file type is binary, and contains a headsr, making it difficult 1o read,

Querying Marker Searches

The analyzer can measure a filter and compute its center frequency,
bandwidth, @, angd Loss. You can query this information using the SCPI
command

CALC:MARK: FUNC:RES?
For example:
10 OUTPUT @Rfna;"CALC:MARK:BWID -3V ! -3 4B bandwidth

20 OQUTPUT @Rfna;"CALC:MARK:FUNC:RES?Y ! Get result of bandwidth search
30 ENTER @Rfna;Bwidth,Center.freq,(,Loss

For more details, refer to the “Example Programs” chapter of the
Programiner’s Guide.
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Saving Measurement Results to Disk

The analyzer provides two internal RAM disks and one internal 3.5” Boppy
disk to which measurement resulis can be saved.

For the fasfest saves, measuz"ements shouid be saved to RAM disk. From RAM
al floppy disk by pressing (SAVE RECALL)
or using the SCPI command

MMEM:COPY ’MEM:*.%’, ’IKT:’

or
MMEM:COPY ‘*RAM:* %%, *INT:’

The following mass storage specifiers can be used:

Disk SCPl name
Non-Volatile RAM Disk MEM: ke
Yolatile RAM Disk RAM: ik
Internal 3.5° Disk INT:fie
Extarnal Disk EXT:fik

The files can alse be transferred over HP-IB using the SCPI command
MMEM: TRANsfTer, Refer to the “Example Programs” chapter in the
Programmer’s Guide for details.
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Using Hardcopy Features to Print or Plot Results

The analyzer’s feature dumps the measurement display to a
printer or plotter in any one of the following formats:

e measurement graph and marker tabie (defaclt)
e measurement graph only

+ marker table only

e trace values at each point ondy

The feature can also save the measurement display to & floppy
disk in either HP-GL or PCX format. These files can be mported into
various computer applications, such as Microsoft® Word® or Lotus®
AmiPro® . and integrated with other text and graphics. You can use the
SCPI MMEM: TRANsfer command to copy files from the analyzer’s floppy disk
to an external computer. This is described in “Example Programs in the
Programmer’s Guide.

HP-GL format files can also be archived on the analyzer’s floppy disk drive,
and later sent to a printer or plotter. Under program control, the files can be
printed using various page layouts, such as one to a page, two to a page, and
so on, using either portrait or landscape orientation. This is done usmg the
HP-GL IP comrnand, described later.

The analyzer provides an HP-IB interface and a Centronics parallel interface,
both of which are well suited for printing. ¥ vou are controlling the analyzer
via the HP-IB port, you can use the parallel port for hardcopy. Or you can
have your computer collect the measurement results and format them itself
and dump them to its own printer.

If you have a custom interface circuit connected to the analyzer’s parallel

port, you can still connect a printer in addition, and use the Printer-Select
line to select either the printer or your custom interface cireuit. For more
details, refer to the section titled “Controlling Peripherals” in this chapter.
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Printers that support HP PCL-5 can accept HP-GL language printouts, just as
plotters can. Using HP-GL format for high resolution hardcopies can result

in a speed improvement of up to 10 times, compared to using raster formats
such as PCL, Epson-compatible, or PCX. Since the analyzer measurement,
speed decreases while performing hardcopy rasterization, using HP-GL format
will restore your measurements to full speed more quickly.

Some printers that support PCL-5 inciude:
HP LaserJet 4
HP PaintJet 1200 XL

In order to send HP-GL hardcopy output to your PCL-5 printer, you must first
instruct the printer to accept HP-GL commands. On some printers, this can
be dome using the printer’s built-in menu. You can also send the printer a
PCL-5 escape sequence to instruct it to accept HP-GL. This can be done using
IBASIC or SCFI commands. Refer to your printer manual for details. Refer,
also, to the example program titled “FAST_PRT” on the Exumple Programs
Digk. This program configures your PCLS printer to accept HP-GL commands.

Once your printer is set to accept HP-GL commands, you can perform a
hardcopy using the SCPI ECOP ; *WAT command. By default, the printer

will re-size the hardcopy output to fH the entire page. This can result in
stretched images, with circles which appear as ellipses, and squares that are
rectangular. To avoid this problem, you will need to instruct the printer to
use a specific rectangular region on the paper. This is done by sending the
printer the TP HP-GL cormmand.

The 1P command specifies the size and the position of the printed mage on
the paper The units are thousandths of an inch, so 8500 units woud be
8.5 inches. The arguments to the IP command are

1P LowerLefiX LowerLefty, UpperRight X, UpperRightY;

The paper is numbered as shown in Figure 7-12.
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(0, 110000

(B500, 11000}

HARDCOPY

| MAGE

(6.0}

(8500,0)
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A-SIZE

PORTRAIT
CRIENTATION

Figure 7-12. Paper Numbering

{0,8500) (11000, 8550)
HARDCOPY
| MAGE
(0,9 (11660,0)
A-SIZE
L.LANDSCAPE

CRIENTATION

poB7HL

Typically, a raargin around the image of 0.5 to 1.0 inches (500 to 1000 units)

is used.
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Tin

When performing hardcopies of the measurement graph enly (excluding the marker table), the hardeopy
image looks best with an aspect ratio of approximately 1.30:% doyl

For example, to print the hardeopy image on the top of a portrait A-size
sheet of paper, you can use about 7.5 inches of the paper’s 8.5 inch

width, The width of the image would be 7500 units, beginning at the left
margin of 500 units and ending at the right margin of 8300 units. Using an
aspect ratio of 1.30:1, the height should be 7500 / 1.3 = 5769. The top
margin of the paper is at 10000, so the bottom of the image should be at
10000 — 5769 = 4231. Plugging these numbers into the HP-GL. IP commandgd
gives:

IP 500,4231,8000,10000;

Using the same caiculations for an A-size sheet of paper in landscape
orientation gives:

IP 500,7,10500,7700;

The numbers shown in these examples work well on an HP LaserJet 4. Your
printers margins may vary slightly.

7-74




Automating Messurements
Saving Measurement Results

Custom Data Sheets

You car write programs to set the printer font, output text to the printez,
and send hardcopy of measurement test results to the printer to create your
custom data sheet. Refer to the example program called REPORT whieh is
included with IBASIC {Option 1C2) example programs. A data sheet created
by the “REPORT” program is shown in Figure 7-13.

The example program uses hardcopy cutput to generate g report with custom
text. Five different text fonts are used. The fonts are available for HP
LaserJet printers. Refer fo your printer manual to modify the exampie fonts
for your printer.
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COMPANY NAME
CITY, STATE, COUNTRY

BPF-177 Bandpass Filter

PASS BAND Level Bandwidth
-3 dB 60 MHz +/- 3 MHz
-20 dB 95 MHz +/- 5 MHz
~-60 dB 200 MHz +/~ 8 MHz

SWR PASSBAND (typical) 1.5:1

Cost per unit: $24.95

Transmission Characteristics

Bl: Transnigsien Log Mag 28.8 dB/ Hef .88 dB

Ly
HE BY14B RF METWORK ANALYZER Bl 8. BRT MH3z
da}l’ﬁ 1994412140 80 3):42 or: 176, 34 Y MUz
‘ { e 2.91
PR Y Loss; -1.31 dB
A1E N
~2d \
-~y / \\\
-6 7
o /i —
411 /
~ 1 A8 7
1 Y =
“hak \!
—1u@
Ahg
Stars 10.BAR MHz Ssop Y0, 008 MHz

IN STOCK! IMMEDIATE DELIVERY'!

For more information: Call 1-800-Filter

16 po867h_c

Figure 7-13, Example Data Sheet
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Statistical Process Control

If yvou collect data on your production process, yon can use statistics to
control and improve your process., Tools such as histograms, Pareto diagrams,
and scatter plots can help you to guantify your process’s behavicr, and
identify trends, cycles, and other “unnatural® patterns.

You can purchase computer programs such as SAS and SPlus to perform
statistical analvses. HP VEE, which you can use to control your analyzer, also
offers some statistical capability. You can also use add-in macros for popular
spreadsheet programs.

Transferring Files

Two example programs (“GETFILE” and “PUTFILE") demonstrate how to
transfer files from the analyzer’s mass memory to and from mass memory of
an external controller via HP-1B. Instrument states and program files may
he transferred to or from the analyzer’s internal non-velatite memory, MEM,
internal-volatile memory, RAM, and the internal 3.5” floppy disk, INT. This
can be 3 convenient method to archive data and programs (o a.central large
mass storage hard drive.

These exarmple programs are found on the Example Programs Disk that was
shipped with your anatyzer, and are described and hsted in the Progrosmmer’'s
Guide. To run these programs, connect an external controller to the analyzer
with an HP-IB cable,
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Front/Rear Panel

This chapter contains detailed information on various aspects of the analyzer
front and rear panel. Information on the following can be found in this
chapter:

s Connectors

o Display

¢ Knob

¢ Line Power Switch

¢ Display Intensity Contrel
s Disk Drive

e Line Module

The front panel keys are not documented in this chapter. Refer to Chapter 10
for information on a particular front panel key.
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Connectors

NETWORK ANALYZER

-
1
::j
]
"
O -
[| %E]
REFLECTION PROBE TRANSMISSION
REOUT FOWER REOIN
poEZib

Figure 8-1. Analyzer Connectors - Frent Panel




From/Rear Panel
Caennectors

LIMIT TEST
TTL EXT TRIG
IN/OUT I'N/OUT

USER TTL PARALLEL DIN VIDEC
IN/QUT HP—1 B FPORT Rs—232 KEYBOARD OUT
4 A
. . ‘

o o
o]
o (@) o
|
Q (4]
. o
58]
_ y,
EXT Di =XT DET POWER CORD
Yo INPUT X—INPUT RECEPTACLE
AUX
ENPUT

20B51b

Figure B-2. Analyzer Connectors - Rear Panel




Front{Rear Panal
Connectors

BNC Connectors

AUX INPUT

EXT REF IN

EXT TRIG
IN/OUT

LIMIT TEST
TTL IN/OUT

This rear panel female BNC connector is for low freguency
(de to approximately 360 Hz), low voltage measurements.
This input is calibrated for inputs up to 10V, buf will
accept signals up to £15 V. See “Making Measurements with
the Auxitiary Input” in Chapter 3 for more information.

This rear panel female BNC connector accepts a
>—>5 dBrm 10 MHz signal from an external time base
reference. The nominal input impedance is 50 .

This rear panel female BNC connector allows external
triggering of a sweep. When the TTL level is pulled high, a
sweep is triggered. When the TTL level is pulled to ground,
the sweep is inhibited. This is an open-collector signal
which yvou can drive low, but must not drive high, since the
analyzer also drives it.

This rear panel female BNC connector provides a
bi-directionat open-collector TTL high signal. The output
goes high when the limit test passes. The output goes low if
the lirnit test fails. This is an open-collector signal which you
can drive low, but must not drive high, since the analyzer
also drives i,

NOYE

Limit lines can be set indepandently on each of the twio measurement channels. f both chamnels are
being used, and the limit test is ON for bath channels, both channels must pass for the output to go
high. Sea the table below
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USER TTL
IN/OUT

VIDEO OUT

Channel 1 | Channel 2 Limit Test TTL Qutput

Pass Pass High tpass)
Pass Fail Low {fail]
Fail Pass Low Hail)

If limit line testing is turned off on both channels, this
connector also serves as a user-defined TTL input and
output that can be set and read from IBASIC or SCPI
(HP-1B). See Chapter 7, “Automating Measurements,” for
more information.

This rear panel female BNC connector provides a
bidirectional open-collector TTL signai which can be set or
read from IBASIC or SCPI (HP-IB). This is an open-collector
signal which you can drive low, but must not drive

high, since the analyzer also drives it. See Chapter 7,

“ Automating Measurements,” for more information,

This rear panel female BNC connector provides a
signal to drive external multi-syne monitors with these
characteristics:

s BNC video input
s 75 @ input impedance
e analog video with sync on green/monochrome

s 1 voit pp (0.7 volt = white, 0 volt = black,
—0.8 volt = sync)

o 0 Hz vertical refresh rate
o 24 1 kHz horizontal scan rate
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I
NOTE

Most modarn multisyne moniters, including those currently made by HR cannot achieve & horizontal
sean rate of 241 kHz. Most will not synchronize to scan rates below 31 kHz (VGA). The following
HP monitors are compstible but are no longer available:

s HP 35721A
s HP 35731A
e HP 387414

Some external monitors can be damaged if they are driven at frequencies

CAUTION outside their specified range.

The analyzer provides an external CRT adjustment feature
which can be used to get an external monitor to synchronize
properly, and to optimize the display size and shape. To
access and use this feature:

1. Press (SYSTEM OPTIONS])

2. Vary the vertical and horizontal front and back
porch times until the display is optimal. Use
if necessary.

3. These settings are retained when the analyzer is turned
off.

These settings will also affect the internal display.

CAUTION
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HP-1B

Multi-pin Connectors

This connector allows the analyzer to be connected to other instruments or
devices on the interface bus. Details of this cable are shown in Figure 8-3.
H? part numbers for various HP-IB cables that are availabie are shown in the
table following the figure.

TYPE 357
MiCRORIBBON CONNECTOR

) SIGNAL GROUND Za SHaELD-w—%gNENEgH
PO TWISTED FAIR WITH 11 gz |am GROUND
SHOULD BE GROUNDED | P/O TWISTED PAIR WITH 19 : SRQ
HEAR TERWINATION #/0 TWISTED PAIR WITH @ % - IFe
E £ 270 TWISTED PAIR WiTh & o L NDAS
OF TWISTED PAIR 9§0 TWISTED PAIR WITH 7 E? L NRED
PG TWISTED PAIR WITH © Y
REN % Eat
[533+2] i [AREATY
o107 %fg’ D103
oloe 0 Dio2
D108 @' 5161

THE HP—1B LOGIC LEVELS ARE TTL-GOMPATIBLE
t.a. TRUE STATE £ .08 V bC
FALSE STATE Z +20 V DC pessdh
FOR A POWER SOURCE THAT DOES NOT EXOEED
+5.25 V DG AND REFERENGED TO LOGIC GROUND.

Figure 8-3, HP-IB Connector and Cable

HP-iB intertace Cables Available
HPAB Cable |  Length
Part Number
HP 10833A 1mi3s§

HP 108338 2m B8 A

HP 10833C 4m {132 i)
HP 108330 0 m 06




Front/Rear Panel
Connectars

As many as 14 HP-1B instruments can be connected to the analyzer

(15 total instruments in the system). The cables can be interconnected in

a star pattern {one central instrument with the HP-IB cables emanating

from that instrument like spokes on a wheel), or in a linear pattern (like
boxcars on a train), or a combination of the two. See Figure 1-b in Chapter 1.
There are certain restrictions that must be followed when interconnecting
instruments:

L

Each instrument must have a unique HP-IB address, ranging from & to 30.

In a two-instrument system that uses just one HP-IB cable, the cable length
st not exceed 4 meters (13.2 1t).

When more than two instruments are connected on the bus, the cable
length to each instrument must not exceed two meters (6.6 ft).

The total cable length between all instruments must not exceed 20 meters

(66 ft).

Hewlett-Packard manufactures HP-IB extender instruments (Models

HP 37201A and HP 37204A/B} that overcome the range limitations imposed
by the cabling rules. These extenders allow twin pair cable operation up

to 1 km (3,280 ft), and telephone modem operation over any distance.

HP Sales and Service Offices can provide additionai information on the HP-IB

extenders,
Table 8-1. General Bus Management Lines
Name Muemonic Description
Attention AN Controls whether the bus is in Command Mode [ATN TRUE or Date Mods

{ATN FALSE].

Intarface Cleer [1&¥ Initiglizes the intarface w an Hle stats {no activity on the bush
Service Reguest SRQ Merts the Controller 10 a need for communication.
Remats Enable REN Enables devices 1o respond to Remote Progrem Controf when addressed
10 fisten.
Erd Or ldentify EOI indicates lest data byte of @ multibyte seguence; alsc used with ATN 1o parallel

poll devices for their ststus bit.
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PARALLEL PORT

Front/Rear Panal
Connectors

This rear panel connector is used with peripherals with parallel interface
such as printers and plotters. The pin-out is standard IBM PC compatible
Centronics interface, using a female DB-23 connector, as shown in Figure §-4.
All pins are KESD protected, data and strobe pins have 2200 pF capacitors,
voltage levels are TTL compatible, cutput pins can source 15 mA and sink

24 mA. See “Configure the Iardcopy Port,” in Chapter 4 for information on
using this port with a printer or plotter.

OuT oF
PAFER ACKNOWLEDGE

A \ /
GROUND \ \
RES
PR

ET AUTO~FEEDR
INTER
SELERT INTER

PREYNTER ERROR

View looking into connector E

pagZib

Figure 8-4. Parallel Port Pinouts
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RS-232

Front/Rear Panel
Connectars

The RS-232 connector is a rear panel connector used with serial peripherals
such as printers and piotters. The pinout is shown in Figure 8-5. The
connector is a male DB-9. See “Configure the Hardcopy Port,” in.Chapter 4
for information on using this port with a printer or plotter -

PIN SIGNAL SIGNAL
# DESCRIPTION NAME
T | Bete Carrier Detect ] CF
2} Receive Duta =
3 | Transmit Dato BA
4 | Doto Terminol Ready Ch
5 | Ground, OV AB
& | Data Set Ready o
7 | Reauest io Send CA,
8 | Cilear to Send o]
3} Ring Indicator CE

1(1 v 24 34 48 5 )

k e Fe 8w He

View looking into connector ‘
pagih

Figure 8-5. RS-232 Cannector
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DIN KEYBOARD

EXT DET Y-INPUT
EXY DET X-ANPUT

PROBE POWER (FUSED}

Frant/Rear Pangl
Connectors

This rear panel connector can be used with an optional keyboard or bar code
reader. See “Using a Keyboard” in Chapter 4 for more information. Signals
are IBM PC/AT compatible, 5-pin, fused on the CPU board.

These rear panel conrectors power external detectors and accept input from
them for processing and display. Compatible detectors are: '

e HP 86201B
¢ HP 862008

This front panel connector provides fused power for active probes and other
devices. Figure 8-6 shows the pinout of the connector looking into the
connector.

GROUND

—12.6 V
(nominal)

+15 V -

(nominal) \f
=7

i} View looking intc connector

B3l

Figure 8-6. Prohe Power Conntectar

The probe power output specifications are:
+15 V supply: Ly = 200 mA max
—12.6 supply: Ly = 150 mA max

Applying loads that result in current levels beyond these specifications can
result in improper instrument operation, or damage to the analyzer.

Both outputs are fused with 4.75 Amp fuses, which are located on a circuit
board on the inside front panel of the analyzer. The fuses are plastic bi-pin
type. The replacement HP part number for these fuses is 2110-0424,
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Front/Rear Panel
Connectors

REFLECTION
RF OUT

TRANSMISSIGN
RFIN

CAUTION

RF Connectors

The standard front panel RF OUT connector is a female type-N 50 @
connector. When Option 1EC is ordered, this front panel connector is a
female type-N 75 O connector. :

This port outputs the RF signal and also serves as an input for reflection
measyrements,

The standard froni panel Rl IN connector is a female type-N 50 @ connector.
When Option 1EC is ordered, this front panel connector is a female
type-N 75 Q connector.

This port receives the RF signal for internal transmission measurements.

While 50 © and 75 @ Tvpe-N connectors are similar in appearance, they are
not compatible. 75 0 type-N connectors have a smaller center pir. Connector
damage can result if you attach a 50 £ male connector to a 75 @ female
connector.

To adapit from 50 Q to b @, always use a minimum loss pad:

» For adapting from b0 @ female to 75 @ female use an HP 118528, option
004, minimum loss pad.

e For adapting from 75 @ female to 50 Q femeale, use a standard HP 118528
minimum toss pad.
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Display

The analyzer display shows various measurement information. The following
illustration shows several locations where information is provided on the
screen,

6] § p o g

@ dmﬂ’ 1.Transmission Log Mag 200 dB/ Ref BODdB C

> 2'Reflection 4 Mag 200 dB/ Rel 000 dB
B[TTLEAREA | Chdk1 159,201 MHZ
50 | 06 May 1992 10:41:50 21,95 a8~
@ ] L B e =
40}— 3
Pl nlk Sl Bl
@ 20
w——
-20 7 I\ —©®
~40 7 N
-60 RS
f NS Al
-80
Abs
% Start 0.300 MHz Stop1 00000 MHz

pod2sh ¢
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Front/Rear Panel
Display

1 The deta 7 status notation in the upper iaft corner of the display screen inticates that the analyzer source or
receiver parametars have changed since the last complete sweep.

2 The active chennel indicator i designated by & solid triangle [P). The active ehannel’s date trace and other
parameter date is indicated by being brighter than the inactive channels data.

3 The channel paramaters for both channels ahvaeys appear at the top of the display in this area.

3 The type of measurement for esch channel is displayed here. If a charnel is turned off, the displey says ‘0 here

5 This is the display format that is salacted using the {FORMAT ] key.

§ The is the Scale/Div that is selected using the {SCALE]) key, in units appropriete to the current measurement.

) This is the reference faval. This valug is the reference fine in Cartasian formats or the outer circle in polar formats.
The reference level is selected using the (SCALKE) key.

8 A “C" appaars here when a user-defined calibration is in use. If the frequency span hes been narrowed, the
notation hecomes "C? 1o indicats that interpelated error carrection is on.

L] The massage ares is where you will receive messages from the analyzer from time to time. Most messages appear
only for a few moments, before disagpesring.

1 This area indicates whether the scale i absolute (Abs} or relative (Rell.

11 The swesp indicator appears here in the lower left corner of the display at when the anelyzer is swesping 8t 8
rate of less than 1.5 sacond. At swesptimes above 1.5 second the sweep indicator moves across the screen with
the data trace.

12 The reference lavel for the sctive channel is indicated by 8 small tiangle (P adjacent to the graticule on the left,

13 Title and date ares.

14 Active entry arss: used o enter or edjust values for aperating parsmetars.

15 Marker annotation aree.

1 AU Hor uncalibrated] will appesr hers immediately after loading news firmwvare. Instaliing the analyer’s calibration constants from disk will load
the defauli factory cafibration into the analyzer and eliminate the “U” indicater. i a "U" appears here at any other time, your instrument will not
perform accurate measurements and needs servicing. See Table 11-1 in Chapter 11 for a list of Hewlett-Packard sales and service offiess.

§-16




Knob

The front panel knob is used to increase or decrease parameter values. The
front panel knob is used to give an analog feel to the setting of the values,
Any of the values that can be set through the numeric entry pad, or the step
keys, can also be set using the knob. However, the rate at which the active
parameter varies, for a given amount of knob rotation, is dependent on the
parameter that is being conirolled.
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Line Power Switch

NETWORK ANALYZER

|

£

|

Fl|

|

o =

{§ Ea—

LéNF«/“////wwnw

POWER
SW | TCH

pob26h

Figure 8-7. The Analyzer Line Power Switch

The line POWER switch turns power to the analyzer to eitheron (1} or
standby (&)

The analyzer line POWER switch is located at the bottom lefs corner of the
front panel. When set to standby, the analyzer circuitry is powered off, but a
portior of the power supply stays on.

b |
Tig
When not using the analyzer, lsave it plugged in and switched to standby. When in standby, the

arelyzer suppliss power to the non-volatile memaory, therety increasing the life of the internal
non-velatife mamory battery
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Front/Rear Pane
Line Powwer Switch

Before turning the analyzer on, make sure that it is grounded through
the protective conductor of the power cable to a mains power receptacle
provided with protective earth contact. Any interruption of the
protective grounding conductor inside or outside of the analyzer or
disconnection of the protective earth terminal can result in personal
injury.

WARNING
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Display Intensity Control

NE TWORK ANALYZER

L
o
DISPLAY & |-
INTENSITY
CONTROL

potd7b,

Figure 8-8. Display intensity Contral

The intensity controi adjusts the brightness of the display.
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Disk Drive

DI SK
DR I VE
— 0 ===
= EESGO;J =
Emnt S R R | [ —
= c=ono -
o = B 88 B=8
[ S ] [
[] T o 0o
4 h &
NE TWORK ANALYZER
pofZ8l

Figure 8-9. Disk Drive

The built-int 3.5 inch disk drive offers permanent information storage capacity.
You can use the disk drive to save and recal instrument states, and IBASIC
programs. In conjunction with IBASIC (option 1C2), it allows the analyzer to
enter g known state or an automated routine at power-on.

The disk drive recognizes double-sided 3.5 inch disks formatted in DOS or LIF,
and will utilize both high density (HD) disks (1.44 MB) and 720 KB disks.

The aralyzer's firmware and calibration constants can be updated
when necessary, using the appropriate disk in this drive. Refer to the
HP 8711B/12B/18B/14B Service Guide for more information,
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Line Module

The ine module contains:

» the power cable receptacle

» the line fuse (and an extra fuse)
s the volfage selector switch.

WARNING

Power Cables

The line power cable is supplied in cne of several configurations, depending
on the destination of the original shipment.

Fach instrument is equipped with a three-wire power cable. When connected
to an appropriate ac power receptacle, this cable grounds the instrument
chassis. The type of power cable shipped with each instrument depends on
the country of destination. See Figure 8-10, “Power Cable and Line (Mains)
Plug Part Numnbers”, for the part numbers of these power cables. Cables

are available in different lengths, Check with your nearest Hewlett-Packard
service center for descriptions and part numbers of cables other than those
described in Figure 8-10. )

This is a Safety Class I product {provided with a protective earthing
ground incorporated in the power cord). The mains plug shall only be
inserted in a socket outlet provided with a protective earth contact. Any
interruption of the protective conductor, inside or cutside the instrument,
is likely to make the instrument dangerous. Intentional interruption is
prohibited.
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Front/Rear Pane]

Line Module
s | CABLE PLUG CABLE CABLE FOR USE
PLUG TYPE He PART DESCREPT 1 ON LENGTH COLCR IN COUNTRY
NUMBER GM { INGHES)
250v §120—1351 | Stroight™ B313634 228 {90} Mint Groy | Creat Briteln,
8120-1703 | 90 228 (99) Mint Groy | Gyprus, Nigeria,
Singapore,
Zimbabwe
. A tinag,
250V 8120-1368% | Stroight® NZSS198/A5C1120 201 (78) Gray A:gf:a‘:‘s
- B120-0698 | 907 221 (87} Groy New Zealand,
Mointand China
250V 8120-1689 | Stralent* CEE7-Y11 201 {79) Mint Groy |East and West
= [ 1 M ir
§120—-1682 | o0 20t {78) Mint Groy |Surope, Centrol
i@j Africen Republic,
United Arab
Repubiic
fp {unpolarized in
rrany natiens)
125v B170—1348 | Straight™ NEMAS-15F 203 {80} Alack Wrnited Stotes
B120-1538 | 90° 203 (80) Blogk Cenada,
Jasan {100 ¥ or
B:20-1378 | Straight® NEMAS-15P 203 {80) | Jade Gray |200 V), Hrezil,
y e . P R N Colombia, Mexigo,
B120-£753 | Streignt 230 {80) dede Groy |00 Copimes
8120-15621 | 90 203 (80} dade Gray isqudia Arobia,
B 2047 54 B0 230 {90) Jude Groy | Taiwan
B8120-5182 [Streight®™ NEMAS-15P 200 {(78) Jode Groy | lsrcel
g120-5181 |80 200 {78) Jade Gray

% Poart nermber for plug is industry
M Part Mumber for complete cobie,

& F = farth Ground,

identifier

L o= Line; N = Neutral,

for gplug oniy.
including plug.

Number showrn far cable is

FORKMATAG

Figure 8-10. Pewver Cable and Line {Mains) Plug Part Numbers
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Front/Hear Panel
Line Module

WARNING

The Line Fuse

The line fuse (HP part number 2110-0882), and a spare, reside within the line
module. Figure 8-11 iltustrates where the fuses are and how to access them.

INSERT SCREWDR IVER
PRY OPEN

FUSE N USE
SPARE FUSE

FORMATAE
Figure 8-11. Location of Line Fuses
For continued protection against fire hazard replace line fuse only with

same type and rating (T A 250 V). The use of other fuses or material is
prohibited.
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From/Rear Panel

The Voltage Selector Switch

a ) Y
elele) - o i 3 ©)
° e s} © 'a] s
8] © o

@
Blo. o

VOLTAGE
SELECTOR
SWITCH

pof28b

Figure 8-12. Voltage Selector Switch Location

Use 3 screwdriver t0 setf the line voliage selector switch to the proper position
(either 110 V or 220 V).

The power source must meet the following requirements:

Nominai AC Lire Power
Setting

110V | 80 to 132 VAC lat 47 to B3 Hal

220V (198 1o 254 VAC lst 47 10 B3 Hil

If the ac line voltage does not fall within these ranges, an autotransformer
that provides third wire continuity to ground may be used.
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Menu Maps

-BEGIN KEY

Amplifier

Transmissn
Reflection

Power

Amplifier —

Filter

Filter

Broadband

Passive
Mixer ——

T Cable

#User BEGIN
on OFF

| Transmissn

i Reflection

Broadband
Passive

=

L“ﬂ'ansmissn

Reflection

T option 100 only - refer to
*Iiser's Guide Supplement
{or Option 100° far more
information

4 option 102 only

€4 cptions 1DA and t1DB only

Mixer

[ Conversion
] Loss

Refiection
| $#AM Delay

GOBBTD




Manu Maps

~MEAS KEYS

.| Narrowband
T internal
“““ A
R
A/R
I
(CHAN 1) (CHANZ) i B/R
[ Transmissn | hae Dg;?ic;:;n
: M Broadband
Reflection Narrcmlzfr?ac; L Internal
T Power B*
Broadhand
Conversion Internal i R*
Loss |
Broadband B*/R*
*am Delay External L / )
Detection i | Aux input
Options - S
Chan OFF
' Broasdband
External
e X
T aption 100 menu will have A
"Fault Location' and "SRL XY
a5 additional measurement
cheices. Hefer to "liser's YIX
Guide Supplement for Qption 100°
for more information, L YiR*
& option 1DA & 1DB only

[elalalliied




Menu Maps

Start

Stop
Center
Span
Cw

1 FaultLee
Frequency

Disp Freq
Resolution

T option 100 only - refer to
"User's Guide Supplemant
for Dption 100" for more
informatian

4 option 1E1 only —
these power range numbears
will differ depending on the
options installed inyour analyzer.

- SOURCE KEYS

Sweep Time

Sweep Time
AUTO man

Alt Sweep
on OFF
B Frequency

Sweep

Fower
Sweep

.

Trigger
Number of
Points

T Distance

TSRLCable
Scan

Ext Ref
on OFF

Spur Avoid
Options

A

' Bwr Sweep
POWER ~* ¢ Range
; -13 o Max
{dBm}
Level ~23 to-—-8
AE {dBm}
ON off ~33 10 =18
. (dBm}
Start =45 to =28
Power {dBm}
Stop ~53 to~38
Power (dBm}
Pwr Sweep —B0 10 48
Range {dBm}
=GC to-58
(dBm}
Trigger
Continuous
Hold
seale| o Lot
Internat
: ; Externat
Trigger
Source Sweep
' External
Point
Spur Avoid -
Options
None
Dither
Spur Avoid




Meny Maps

-CONFIGURE KEYS —

(1 of 5 pages)

SCALE

Autoscale

Scale/Div

Reference
Lavel

Reference
Position
Phase

Cffset

Electrical
Delay

poB43h ¢
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Menu Maps

~CONFIGURE KEYS

] - it Add Max or
(continued) » Add Limit dd Max c
Add Begin
Max Line Frequency
__Add End
Min Line Freguency
Max Paint i‘;ﬁ-:it
~Add End
Min Point Limit
Limit Marker
! Menu :
Add Limit — 1 Delete —  Max Point
Eimit
Delete Yes Frequency
Lirmit
DISPLAY Limit
Edit Limit No .
Limit Line Delgte Al
Normalize ON oft .
- Marker
Data —>Mem Mkr Limits .
Data Limit Test -
Memory on OFF = Mkr Limits
Max Limit
Data/Mem
ore Min Limit
Data and -
Memory 5 Display
Split Disp Mkr Limit
Limit Menu FULL split On OFF
[ M?re ; Titl cl '
isplay itle an
Clock :
) L [Titeand | | Char Entry |
Y-Axis Ll ] Clock e Char Entry
QN off §
Enter Select
Y.Axis Lbl Line 1 Char
ret ABS
Enter Space
Graticule Line2
ON off Delete
. Show Clock Char
on iine 1
Backspace
{ Show Clock
onLine2 Enter
Clock Off
- e ) Clear
Entry
Title & Cik
ON off Cancel

poBeoh
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-CONFIGURE KEYS

Menu Maps

(continued)
.| Transmissn
- Cal
Restore
Defaulis
Response
Response &
lsolation
CAL
Normalize .| Reflgction
- Cal
Transmissn | Restore
Defaults
T Reflection
One Port
¢ AM Delay .
Cai Kit
Detector
Zero ?(th
tect
More: " Dezgfoor T {}E;Tuit
Cal {7 Autozero ype~N (7
E Manuai Type=N ()
i Zero User
- . Defined
¢4 35mm
= More Cal
Velacity
Factor
Smtith
Chart 20
1 optlon 100 menu may have .
"Fauit Location” or "SRL" here. .
Refer 1o "User's Guide Supplement ch; %x;_;
tor Option 100" for more
information. Reft P‘Oﬂ
& options 104 and 108 only Extension
4 this key label will be Trane Port

*Type F* on option 1EC {75{2}
analyzers.

Extension
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Menu Maps

CONFIGURE KEYS

(continued)

MARKER

¥

1>
a:
3:
4!

More
Markers

Al Off

Marker
Functicns

Marker
Search

Mare
Markers
5.
8:
- Marker
7: o Math
Py Statistics
Active Flatness
Marker Gff RF Filter
) Stats
Math Off
Marker
Functions
Delta Mir
on GFF
Marker —=> e
Center . Max Min
Search Search
Marker ~> Mir —= Max Mkr —> Lbin
Reference
Next Peak Next Min
Markar —> Left Left
Elec Delay
, Next Peak Next Min
Marker Right Right
Math [ : '
Marker
Search
" Max Search
Min Search
Target Target
Search Search
. S - Target
Bandwidth
Mare Value
Noteh
ote Multi Peak Search
L Morg - Multi Notch Search
Trackin i
Search Right
on OF ‘ off ,
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(continuedfend)

-CONFIGURE KEYS

Menu Maps

FORMAT

fog Mag

Ltin Mag
SWR
Dsalay
?hése

Smith
Chart

¢ 750hm | |

Formats |
Maore |
Forrnat

+ aption 1EC only

T aption 100 only - Refer o
"User's Guide Supplement
Tor Option 1006* for more
Iiermation.

75 Ohm
Formats

Mag dBuy
Mag dBrVy
Mag dBvV

More
Farmat

:
!
;
E

Polar
Real

Imaginary

E tmpedance
. Magnitude

AVG

Average
on OFF

Restart
Avearage

Average
Fagstor

System

Bandwidih [

T Fauit
Window

Delay
Aperiure

Y

System
Bandwidth

Wide
8500 Hz

Medium
3700 Hz

Narrow
250 Hz

Fine
15 Mz

Delay
Aperture

Aperture
(Hz)

Aperture
{%}
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Menu Maps

- SYSTEM KEYS

+ option 1C2 only

Y

Co|
All Fj:igs

Copy to
NonVoi RAM

Copy to
Vot RAM

Copy to
3.5" Disk

Copy to
Ext Disk

Format
Disk Menu

Formas
NonVoi RAM

Format
Voi RAM

Format
3.5" Disk

Format
Ext Disk

Directory
Utititios

- Char
o Entry
Define
~ awe Sglct
Inst State
ON off Space
Cal Delete
on OFF Char
Data Backspace
on OFF
. Enter
Save ASCI '
. Clear
SAVE Entry
RECALL
Cancel
Save Programs BT
State Save| ™ ASCH onfigure |
Re-Save ?foggam RAM Disk
State Restore
Re-Save Defaults
Define Program : .
Save | . Save
File Type Chan 1 Modify
Recall kin ASCL Save Size
State Recall Chan 2
Programs - Program . Show
. Size
Select Save > N
Disk ! AUTOST
|
FHe {__ ; [BASIC
Utilities : . Configure
Fast Recall 2 g Ext Diak
ast Rec i Select File t Disk
OnOFF | | "™  "pisk Utilities e,
Non-Vol Rename i
RAM Disk Fite Ext Disk
Unit
Volatile Delete X
RAM Disk Fite Ext Disk
Volume
Internal Delete Al .
3.5 Disk Files
External Copy
Disk flie
Copy |
Configure | | All Files
VOL RAM
Format
Configure | | Disk Menu
Ext Disk
. Directory

Utilities

Change
Diractory

Make
Directory

Remove
Directory

poBo3b
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HARD
copy

Start
Aport
Seiect
Copy Port
Define
Printer

Define
Plotter

Define
Hardcopy

- SYSTEM KEYS

(continued)

Menu Maps

Y

o Setect More
®  Copy Port ™ Printer
- Restore Rastore
Efi::?eer Defaults Detaults
Restare Selest Printer
Defaults ] Resolution
IMonochrome Hardcopy Top
Address Margin
N Color
r Baud Rate Left
i Portrait Margin
i Xon/Xoff
| Landscape Print
PTR/DSR Width
Auto Feed . .
ON off
Mare
Printer Set Pen - Set Pen
: ! Numbers ™ Numbers
. Monochrome Default
E&ft‘{‘; Pen Pen Colors
Restore ) Trace 1
Defauits Pen
Monochrome Trace 2
Pen
Celor
Memory 1
SetPen Pen
Numbers
Memaory 2
Auto Feed Define - Define Pan
ON off Hardeopy Graph
. Restore Restore Graticule
Defauits Defaults : Pen
Giraph and Trace Data -Graphics
w | MkrTable ON off w  Pen
Graph Graticule
Only ON off
hikr Tabie Annotation
Only ON off
List Trace Mkr Symbol
Values ON off
Define Title + Cik
Graph ON off

po63Bh c
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Menu Maps

SYSTEM KEYS

(continued) _
page 1of 2 —  1BASIC - Edit - '“sgrf‘:;ne/
Run | | insert W__i Select
Line Charjword
Centinue
insert; | Space
Step Char
Delate
Edit Delete Char
Line
Key Record Backspace
an OFF Recall
Line Enter
titilities fe— .
. E Detete
IBASIC | Char
Display i
SYSTEM NN Enter
GPTIONS -
L HP-iB
¢ iBASIC |- HPB714B | | i  Utilities -~ Secure
. Address
. Clear Start
HP-B — . Program Lime #
System I Talkea: Stack End
Config E Listener Size Line #
Operating § System Secure — Ferform
Parameters i Controiler . Secure
' HP-1B Echo '
Service |- on QFF
System IBASIC Softke
> _Contig | Display e Antc-Stgp
Set Clogk [ None Off
Beeper Futl User TTL
Volume Input
Upper
External PP )
CRT Adjust Lower
Options :
Setup
Softkey
Auto-Step —
Goto
- - C e on
next page
Ga to
- B IIBII on
A Go to next page
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4 option 102 only K_/ next page
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Menu Maps

“““ SYSTEM KEYS

(continued)
page 2 of 2 —®1 _Setvice B Core Const
* Tests and | Install CC
Adjustmenis | From Disk
|
Instrument 1 Heip;
e tnfo Message
Service s A i Load GO
Update ;
&“‘ Corr Const From Disk
*Sarvice Store GG
Utilities To EPROM
: Store CC
To Disk
» External :
[ CRT Adiust
Restore
Befaulls
Vertical
Back Porch
gﬁ%rnaiwwr\ ‘‘‘‘‘ Vertical
P B Frrt Porch
Adjust .
' Horizontal
Back Porch
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Frnt Porch
Done
Prior Menu
r»&- Set Clock - %?;'a‘t
Set Year YYYYMM-DD
Set Month FiH:MM
MM-DD-YYY
Set Day HH MM
Set V“HWJC\ S Set Hour DD-MM-YYY
Clock A\ j HH MM
- Set Minuie '
Round Numetie
Seconds Alpha
Clock | | Seconds
Format ON off
. . Done X
4 See Service Guide ;
for more details. - Prior Menu

po6esh
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v Reference

(HARDKEY) /

This chapter provides a brief description of each of the analyzer’s hardkeys
and softkeys. This chapter is arranged alphabetically for ease of use,
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umeric Entries

Numeric
Entries

Markers number one through eight in the menu. Pressing any one
of these softkeys makes the marker the active marker and (if previousty off)
turns it on. ">" in front of the marker number means the marker is the

active marker. *:” means the marker is not the active marker, it may be on or
off.

See “Using Markers” in Chapter 4 for an explanation of “active marker,” and
for more information on using markers.

Softkey in cal kit menu of 50 ohim instruments. Selects type of cal kit as
3.5 mm. Coefiicients for male and female test ports are identical and based on
the HP 85033C cal kit standards.

See Chapter 6, “Calibrating for Increased Measurement Accuracy” for more
informaticn,

Access Keys:
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Softkey used to select tuned receiver measurement of inpug A.

See “Measuring Devices With Your Network Analyzer” in Chapter 3 for more
information on input A.

Access keys: (CHANT) or (CHAN 2), D

Softkey in narrowband internal menu. Selects tuned receiver reflection
measurement A/R.

See “Measuring Devices With Your Network Analyzer” in Chapter 3 for more
information on measuring A/R.

Access keys: (CHAN 1) or (CHAN 2}, |

Softkey in menu. Stops sending data from the network analyzer
to the hardcopy device.

NOTE

Hardeopy devices with large buffers may continue to operate for quite a while after this command. To
stop such devices immeadiately turn off power to the hardeopy device
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Softkey in marker menu that furns off the active marker and makes the
lowest numbered marker (if any) the active marker.

See “Using Markers® in Chapter 4 for an explanation of “active marker,” and
for more information on using markers.

Access Keys: (MARKER

Softkey in limit line menu. Displays menu to add limit lines or points to the
limit table.

See “Using Limit Lines” in Chapter 4 for detailed information on using limit
lines.

Access Keys: (DISFLAY) 1

Softkey in add Hmit mena Displays menu to add a maximun Hmit line.

See “Using Limit Lines” in Chapter 4 for detailed information on using Hmit
lines,

Access Keys: (DISPLAY)

: Softkey in add limit menu. Displays menu to add a maximum Himit point.

- See “Using Limit Lines” in Chapter 4 for detailed information on using limit
lines.

Access Keys: (DISPLAY) |

Softkey in add limit meny, Displays menu t¢ add a2 minimum Hmit line.

See “Using Limit Lines” in Chapter 4 for detailed information on using limit
lines,

Access Keys: (DISPLAY])
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: Softkey in add limit meny. Displays menu te add a minimum limit point.
See “Using Limit Lines” in Chapter 4 for detailed information on using limoit
lines.

Access Keys: (DISPLAY

Softkey in the menu that turns off all of the markers, the delta
marker, and marker tracking on the active channel.

See “Using Markers™ in Chapter 4 for detailed information on using markers.

Formats the real-time internal clock to display the first three letters of the
month rather than a number (for example, Mar for March instead of 03).

Access keys: (SYSTEM OPTIONS)

Softkey in ment. When on, alternate sweep allows operation with
different instrument states on its two displaved channels. When on, the
settings of the two channels can differ: frequency span, detection option
type, munber of points, system bandwidth, trigger, sweep time. When off, the
preceding setftings match. Note: some settings, such as power level, always
match.

(Options 1DA and 1DB only) Softkey in mixer menu, meniy, and
fcHawn 1) or (CHAN 2] menus. Used to measuare or calibrate for AM delay.

See “Measuring AM Delay,” in Chapter 3 for more information.

Access Keys: [BEGIN)

or (CAL) or {CHAN 1]} o7 [CHAN 2)

Softkey in (8ecm ) menu. Displays menu of measurements suitable for
amplifier measurements: transmission, refection, and power.
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Softkey in define graph menu. When annotation is on, printed or plotted

- hardeopies will contain screern annotation such as the marker readout that

. appears in the upper right corner of the dispiay. When off, the screen
annotation is suppressed from the hardcopy.

Access Keys: (HARD COPY

Softkey in delay aperture menu.

See “Measuring Group Delay” in Chapter 3 for information on aperture.

NOTE
Delay aperture is fixed st bb.58 kHz whan measuring AM delay

Access Keys:

Softkey in delay aperture meniu.

See “Measuring Group Delay” in Chapter 3 for information on aperture.

Access Keys:

Softkey in define printer and define plotter menus. Toggles paper autofeed
feature on and off. Defaulf is on.

Access Keys: (HARD COPY

Softkey in menu. Scales the data trace vertically to fit within the
graticuie area of the display.
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- Softkey in detector zero menu. Periodically compensates for external detector
- drift due fo changes in temperature. When this feature is selected, the

external detector{s) are automatically zeroed every five minutes.

Do not use with an external source, See ;

Access Keys:

Softkey in detection options menu. Choose this selection to make very low
frequency voltage measurerents.

See “Making Measurements With the Auxiliary Input” in Chapter 3 for more
information.

Access Keys: (CHAN 1) ov [CHAN 2} L

- Softkey in menu. Enters the averaging factor (number) in powers of
. 2. Acceptabie values are: 1, 2, 4, 8, 16, 32, and 64. The default averaging
- factor is 16, the maximurm is 64,

See “To Reduce the Receiver Noise Floor” in Chapter 5 for more information
on how averaging works.

-~ Softkey in menu. Toggles the averaging function on and off . Averaging
- reduces random neise by averaging the measurerent data from sweep to

sweep.

See “To Reduce the Receiver Noise Floor” in Chapter 5 for more information
on how averaging works.

Hardkey in the CONFIGURE area. Displays the menu that allows selection
of averaging parameters as well as system bandwidth and delay aperture
selections,

See “To Reduce the Receiver Noise Floor” in Chapter 5 for more information
on how gveraging works.
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Softkey in the narrowband internal menu. Selects tuned receiver

" transmission measurement of input B (power transmitted to RF IN port).

See "Measuring Devices with Your Network Analyzer” in Chapter 3 for more
information on input B.

Access keys: (CHAN 1) or [CHAN 2), |

Softkey in broadband internal menu, Selects diode detector measurement
of input B* (power transmitted to RF IN port). This is the “power”
measurement detector.

See “Measuring Devices with Your Network Analyzer” in Chapter 3 for more
information on input B*.

Access keys: [CHAN 1) or {CHAN 2) :

Softkey in broadband internal menu. Selects diode detector transmission
measirement; ratio of input B* (broadband transmitted power) to input R*
{broadband reference signal). .

See “Measuring Devices with Your Network Analyzer” in Chapter 3 for more
information on ratioed measurement B*/R¥.

Access Keys: (CHAN 1} or (CHAN 2],

Softkey in narrowband internal menwu. Selects tuned receiver transmission
measurement; ratio of input B (transmitted power) t¢ input R (reference
signal)}.

See “Measuring Devices with Your Network Analyzer” in Chapter 3 for more
information on raticed measurement B/R.

Access keys: [CHAN 1) ov (CHAN 2), -
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Softkey used for editing tifles, file names, directory names, and IBASIC
programs from &he front panel of the analyzer. Deletes the character to left of
CUTSOT.

Softkey in marker search menu. Automatically calculates —3 dB (default) or
other user-specified bandwidth, center frequency, and Q of a bandpass flter.

See *Using Markers” in Chapter 4 for more information.

Access Keys: (MARKER

Softkey in select copy port menu. Sets the transmission baud rate of
the analyzer for serial devices. Make sure the rate you set matches the
requirement of the oufput device (see its manual for details).

Access keys: (HARDCOPY)

Softkey in system configuration menu. Sets the analyzer beeper volume from
- off (0) to high {100}. The default is 90.

 Access keys: (SYSTEM OPTIONS)

Hardkey to left of disk drive, An appropriate place to begin measuring any of
the four types of devices in the begin menu. Recommended for one channel
measurermnents.

See “Using the Key” in Chapter 3 for more information.

Softkey used to define a limit line.

See “Using Limit Lines” in Chapter 4 for more information.

Access Keys: (DISPLAY

10-10




HARDKEY) / !

Refarenca
B

Softkey used to define g limit line,

See “Using Limit Lines” in Chapter 4 for more information,

Access Keys:

Softkey in detection options menu. Displays menu fo select detection modes
- when using external detectors.

Access Keys: (CHAN 1) o7 (CHAN 2] |

Softkey in detection options menu. Displays menu to select measurements
. made with internal broadband detectors: B*, R*, or B*/R*.

Access Keys: {CHAN 1) o7 [CHAN 2

Softkey in (BEGiIN) menu. Used to sef up the analyzer to make transmission or
reflection measurements of passive devices such as cables.
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(Option 100 only)Softkey in ment. Used to perform fault location and
SRL: measurements. See your User’s Guide Supplement for Ontion 100 for
mformation.

CAL } Hardkey in the CONFIGURE area. Displays the calibration menu.

See Chapter 6 for information on calibrating the analyzer.

Softkey in menu. Allows selection of type of cal kit: Type-N female
(defauit), Type-N male, 3.5 mm (standard analyzers only), Type-F female
(75 @ analyzers only), or user-defined.

By convention, cal kits indicate the sex of the port with which they are used.
For example the default cal kit for the analyzer is type-N female because the
front panel RF ports are female (the calibration standards, in turn, are male).
This same convention applies to whatever test “port” the standard is attached
{0, be it an adapter, cable, fixture, etc.

See Chapter 6 for more information on calibrating the analyzer.

Softkey in define save menu. Toggle to ON if you want to save the active
- measurement calibration along with the curvent instrument state.

" See “Saving and Recalling Measurement, Results” in Chapter 4 for information
on saving instrument states and measurement results to files.

Access Keys: (SAVE RECALL)

Softkey available when editing titles, file names, directory names, and IBASIC
- programs from the front panel of the analyzer. Cancels the editing mode and

any changes that were made but not saved by pressing
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Softkey in menu. Sets the center frequency of the internal RF source
and changes screen annotation to center and span, as opposed to start and
stop.

CHAN 1) Hardkey in MEAS area. Turns on channel 1 as the active channel. Default
mode is transmission measurement.

Hardkey in MEAS area. Turmns on channel 2 as the active channel. Default
is channel off; selecting it changes setting to the most recent type of
measurement, or transmission if not been used.

Softkey in {CHAN 1) or (CHAN 2) menu. Turns the active channel off.

f! Softkey in directory utilities menu. Used to change directories on an internal
or external DOS storage device.

" See “To Use Directory Utilities” in Chapter 4 for more information,

Access Keys: (SAVE RECALL

- Softkey available when editing titles, file names, directory narmes, and IBASIC
programs from the front panel of the analyzer. Clears the entire title, name or
Hne if pressed.

(Option 1C2, IBASIC, only) Softkey in IBASIC atilities menu. Clears (erases)
the current IBASIC program from internal mermory.

See the HP Instrument BASIC User’s Haondbook for more information.

Access Keys: {SYSTEM OPTIONS)

10-13




(HARDKEY)/ B
c

Softkey in set clock menu. Determines how the date and time are displayed
when they are turned on.

- Date abbreviations:
YYYY stands for year.
MM stands for month.
BD stands for day.
Time abbreviations:
HH stands for hour, 24 hour mode.
MM stands for minute.

In numeric format, the month is displayed by number (for example, March
is 03). In alpha format, the first three letters of the month are displayed (for
example, Mar),

See and in this chapter for more
information on viewing and setting the internal clock,

Access Keys: (SYSTEM OPTIONS)

Softkey in title and clock menu. Suppresses display of clock in the title area.
Access Keys: 3

Softkey in define printer and define plotter menus. Used to define the printer
or plotter as a multi-color device as opposed to a one color (monochrome)
device.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: (HARD COPY
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Softkey in select disk menu. Displays menu to set the HP-IB address, unit
number, and volume number of an external disk drive. For details, see the
- disk drive manual.

See “Step 4. Configure the Analyzer” in Chapter 1 for more information.

Access Kevs: (SAVE RECALL

: {Option 1C2, IBASIC, only) Softkey in select disk menu. Displays menu to
modify the memory allocation for the internal volatile RAM disk,

- Access Keys: (SAVE RECALL

' (Option 1C2, IBASIC, only) Softkey in IBASIC menu. Restarts a program that
has been paused.

See the HP mstrument BASIC User’'s Handbook for more information on using
IBASIC.

Access Keys: {SYSTEM OPTIONS)

Softkey in trigger menu. Continuous is the default trigger mode; the analyzer
begins its next sweep at the conclusion of the current sweep.

Access Keys: (MENUY)

Softkey in mixer menu and measurement menu, for measuring frequency
translating devices, selects a broadband Infernal transmission measurement.

See “Measuring Conversion Loss” in Chapter 3 for more information.

Access Keys: (BEGINJ 3

or [CHAN 1) or [CHAN 2}

Softkey in file utilities menu. Used fo copy files.
See “Other File Utilities” in Chapter 4 for more information,

Access Keys: (SAVE RECALL
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{ opy Softkey in file utilities menu. Used to copy fles.
File See “Other File Utilities” in Chapter 4 for more information.

Access Keys: (SAVE RECALL)

Softkey in copy file menu. Used to select the analyzer’s built-in disk drive as
the destinaticn drive for copying of files. Displays character entry menuy o
rename file (if desired) prior to copying.

. (SAVE RECALL

© Softkey in copy file menu. Used to select an external disk drive as the
o destination drive for copying of files. Displays character entry menu to
" rename file (if desired) prior to copying.

Access Keys: {SAVE RECALL) !

' Softkey in copy file menu. Useé to select the analyzer’s internal non-volatile
RAM as the destination drive for copying of files. Displays character entry
menu to rename file (if desired) prior to copying.

Access Kevs: (SAVE RECALL

Softkey in copy file menu. Used to select the analyzer’s internal volatile RAM
as the destination drive for copying of files. Displays character entry menu to
rename file (if desired) prior to copying.

Access Keys: (SAVE RECALL

Softkey in (FREQ) menu. Selects CW {continuous wave, single frequency)
source operation.
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Softkey in file utilities menu, Deletes all files in the current directory. Before
the files are deleted you will be asked to confirm this selection. Also deletes
i empty directories on DOS disks,

See “Other File Utilities” in Chapter 4 for more information.

Access Keys: (SAVE RECALL

: Softkey in delete limit menu, Deletes all of the limit lines In the Hmit line
- table. Asks for confirmation before deletion occurs.

© See “Using Limit Lines” in Chapter 4 for more information on using lirnit
lines.

Access Kevs: {DISPLAY

Softkey used for editing titles, file names, directory names, and IBASIC
programs.

Softkey in file utilities menu. Deletes the file that is highlighted.

See “Other File Utilities” in Chapter 4 for more information on file utilities,

Access Keys: [SAVE RECALL

: Softkey in limit line meny. Displays menu 1o delete one segment (df point) of
< a limit line or all limits.

" See “Using Limit Lines” in Chapter 4 for more information on lmit lines.

Access Keys: (DISPLAY)

(Option 1CZ, IBASIC, only) Softkey in edit menu of IBASIC. Allows deletion of
- one line of code at a time.

© Access Keys: (SYSTEM OPTIONS)
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Softkey in marker functions menu. Makes the active marker the delta marker
or reference point.

See “To Use Delta (A) Marker Mode” in Chapter 4 for more information.

Access Keys: {MARKER

Softkey in (CHAN 1) and (CHAN 2) menus. Selects measurement type:
: narrowband or broadband internal, broadband external or aux input.

" See “Measuring Devices with Your Network Analyzer” in Chapter 3 for more
information on detection modes.

Softkey in menu. Displays detector zero menu for selection of type of
detector zeroing {compensating for drift). Default is autozero. Only internal or
external detectors in use are zeroed. In gutozero mode, the network analyzer
zeros on selection and as required (about every five minutes depending on
arbient temperature). In manual zero mode, the analyzer zeros once each

bo
use

weE t0 a detector during zeroing. With an external source,

CAUTION ) ; ;
to coordinate RYF power off with zeroing,

© Softkey in file utilities menu. Displays menu to change, make, or remove
directories on DOS disks.

" See “To Use Directory Utilities” in Chapter 4 for more information.

Access Keys: [SAVE RECALL)

* Softkey in menu. Selects the resolution of the displayed frequency
resolution as MHz, kHz, or Hz. For example, a frequency of 1,234,567 Hz can
be displayed as: I MHz (note rounding down), 1.235 MHz (note rounding up),
or 1.234 567 MHz. Default is kHz.
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© Softkey i menu. Displays the current measurement data trace.

Softkey in menu. Displays both the current data and memory
traces, with identical scaling and format. You must have selected

first for this key to function.

CAUTION Use care in inferpreting memory trace values. The memory trace rmay have
been stored under conditions different from the current measurement trace.

Softkey in the define save menu. Toggle to ON if you want to save the
current measurement data. Data can be saved by itself or with the
instrimment state and current calibration.

Softkey in menu. Divides current trace data by data in memory. For

this key to function, you must first have selected and stored 2
data trace in memory.

Softkey in menu. Stores the active data trace in the memory of the
active channel.

0 Softkey in clock format menu. Formats the real-thme internal dock to display
time as Day-Month-Year Hour:Minute.

See in this chapter for more information on clock format.

Access Keys: (SYSTEM OPTIONS]

Softkey in set pen numbers menu. Resets plofter pen number assignments to
their default values.

See “Define the Printer or Piotier Settings” in Chapter 4 for default values.
Access Keys:
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6 Softkey in define hardcopy menu. Displays menu to define which parts of the
. graph are to be printed or plotted: trace data, graticule, annotation, marker
- symbol, title and clock, or combinations.

See “Printing and Plotting Measurement Resulis” in Chapter 4.

Access Keys: (HARD cOPY) De

. Softkey in (HARDCOPY)) menu. Displays menu to define the hardcopy in terms
. of information to be copled. Default setting i

See “Printing and Plotting Measurement Results” in Chapter 4.

5 Softkey in menu. Displays menu to define the plotter in terms of
. color, pen numbers, and autofeed.

' See *Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

- Softkey in menu. Dispiays menu to define the printer in terms of
. color, orientation, autofeed, resclution, and margins,

 See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

- Softkey in menu. Displays menu to save the instrument state,
measurement calibration, measurement data, or combinagions. Allows choice
- of saving trace data in ASCIH format for output to spreadsheets, ASCIH format
is compatible with Lotus 1-2-3.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.

- Softkey in menu. Sets the aperture in Hz or % for group delay
L measurements.
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Hardkey in CONFIGURE area of front panel. Displays menu with selections
concerning type of data to be displayed, split or full screen, title and Hmit
lines.

(Option 100 only)Softkey available under the key and the add
max point and add min point menus. Used to perform fault location
measurements. See vour User’s Guide Supplement for Option 100 for
information.

Softkey in spur avoid options menu. When selected, shifts spurs which may
" be visible in low level measurements.

See “Reducing Trace Noise” in Chapter b for more information.

Access Keys: (MENUJ

Softkey in select copy | A hardware handshake for some serial

devices. Toggles with
Access Keys: (HARD COPY
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(Option 102, IBASIC, only) Softkey in IBASIC menu, Displays the IBASIC edit
menu and a rudimentary word and character editor.

See the HP Instrument BASIC User’s Handbook for more information.

Access Kevs: (SYSTEM OPTIONS)

- Softkey in limit line menu. Displays menu to change the frequency or
- amplitude of previously entered limits, or add a data trace marker.

Access Keys:

1 Softkey in the menu. Adjusts the electrical delay to balance the

. phase of the DUT. It simualates a variable length lossiess transmission line,

: which can be added to or removed from a receiver input to compensate for
Interconnecting cables, ete. This function is similar to the mechanical or
anaiog “line stretchers” of other network analyzers. Delay is annotated in
units of time with secondary labeling in distance for the current velocity
factor.

Softkey in add max line and add min line menus. Sets the end {or stop)
frequency of a Iimit line,

See “Using Limit Lines” in Chapter 4 for more information on Himit lines.

Access Keys: (DISPLAY

' Softkey in add max line and add min line menus. Sets the end {or stop)
~ amplitude (height) of a limit line.

© See “Using Limit Lines” in Chapter 4 for more information on lirnit lines.

Access Keys: (DISPLAY
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(Option 1C2, IBASIC, only) Softkey in secure menu of instruments with
IBASIC option.

" See the HP nstrument BASIC User’s Hondbook for information on the secure
function. :

Access Keys: (SYSTEM OPTIONS)

Softkey in title and clock menu. Displays menu to edit screen title on
line 1 of display. Maximum number of characters is 36.

 Access Keys: (DISPLAY

Softkey in title and clock menu. Displays menu to edit screen title on
line 2 of display. Maximum number of characters is 36.

~ Access Keys: (DISPLAY

Softkey in configure external disk menu. Sets the HP-IB address of an
external disk drive; default is 0 (zero).

Access Keys: (SAVE RECALL

< Softkey in configure external disk menu. Sets the unit number of the external
disk drive; 0 is left drive, 1 is right drive.

Access Keys: [SAVE RECALL

Softkey in configure external disk menu. Shows the volume number of the
external disk drive. This value is always set to 0 (zero).

Access Keys: {SAVE RECALL
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Softkey in source (MENU). When on, sets network analyzer to use external
14 MHz signal as frequency standard. When on, if signal is not present at
- EXT REF IN connector, network analyzer will not sweep. Defauit is off.

NSTE

External reference should be disconnected fram EXT REF IN or power reduced when not in use

Softkey in system configuration menu. Digplays menu to set external
CRT timing parameters for best image. These settings are not, affected by
presetting the analyzer.

ROTE

These sdjustments also affect the internal CAT of the analyzer.

See “BNC Connectors” in Chapter 8 for more information.

Access Keys: [SYSTEM OPTIONS)

" Softkey in select disk menu. Selects the external disk drive as the location to
- save and recall data from.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.

Access Keys: (SAVE RECALL
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Softkey in trigger source ment. Enables the analyzer to sweep to the next
- (frequency) point when externally triggered through EXT TRIG IN/OUT rear
. panel connector, one point per {rigger.

Access Keys: (MENU) ©

- Softkey in trigger source menu. Enables the analyzer to begin one coraplete
. sweep when externally triggered.

Access Keys:
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 Softkey in the menu. Toggles the fast recall feature on or off.

: See “Measurement Setup and Control with Fast Recall” in Chapter 4 for more
" information.

1t (Option 100 only)Softkey in reflection or cable menu. Sets up the analyzer to
¢ perform fault location measurements. See your User’s Guide Supplement for
© Option 100 for information.

- (Option 100 only)Softkey in menu. Used when making fault location
- measurements. See your User’s Guide Supplernent for Option 100 for
- information.

‘ (Option 100 only)Softkey in menu. Used when making fault location
measurements. See your User's Guide Supplement for Option 100 for
& information.

'_ (Option 1C2, IBASIC, only) Softkey in programs menu. This key is used to
- select how the BASIC program is saved to disk. It can be saved in either
¥ binary or ASCH format.

ASCII Save a program in ASCI format for ease of transportability.
Programs saved in ASCII format can be read by any
HP BASIC computer or instrument running IBASIC,

bin{ary) Binary format is specific to this family of analyzers
(HP 8711B/12B/15B/14B). A program saved in binary format
is not readable by an IBASIC computer or other instruments
running IBASIC,
Binary formaf, however, is required if you are going {o use
the LOADSUB keyword.

See the HP 87115/12B/13B/14B nstrument BASIC User’s Handbook for more
mformation on saving programs,

Access Keys: (SAVE RECALL
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> Softkey in menu. Displays menu to rename, delete, or copy
files; format disk or memory; and change or make directories.

" See “Other File Utilities” in Chapter 4 for more information.

Softkey in menu. This key is used to set up the analyzer for
transmission or reflection measurements of filters.

See “Using the Key to Make Measurements” in Chapter 3 for more
information.

Softkey in system bandwidth menu. This is the nan"owest system bandwidth
available. (Medium is the default system bandwidth.)

See Chapter b, “Optimizing Measurements,” for information on how system
bandwidth can affect yvour measurements.

Access Keys: :

Softkey in marker math menu. Calculates the flatness of a trace segment,

See “To Use Marker Math Functions” in Chapter 4 for more information,

Access Keys: (MARKER

Hardkey in the CONFIGURE area. Pressing this key displays a menu of
choices for the display format of vour measurement.

The choices available are: Log Mag, Lin Mag, SWR, Delay, Phase, Smith
Chart, Polar, Real, Imaginary, and Impedance Magnitude, For more
information on each of these choices, see its entry in this chapter.,

Softkey in format disk reenu. Formats a disk in the internal disk drive in DOS
format.

~ See “Formatting a Floppy Disk” in Chapter 4 for more information.

Access Keys: (SAVE RECALL) -
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Softkey in file utilities menu. Displays format disk menu to select disk. Digk
+ can be internal non-volatile memory, internal velatile memory, built-in 3.5”
© disk, or an external disk,

[ O S,
NGTE

The enalyzer formats disks in DOS only, but can read and save to 00S- and Li-ormatied disks.
To format in LIE use IBASIC loptienall or an external computer and disk drive, For examples, see
“Formatting & Foppy Gisk,” in Chapter 4.

Access Keys: [SAVE RECALL)

. Softkey in format disk menu. Formats a disk in the external disk drive in DOS
format,.

" See “Formatting a Floppy Disk” in Chapter 4 for more information.

Access Keys: [SAVE RECALE

Softkey in format disk menu. Formats the internal non-volatile RAM disk.

Formatting the internal non-volatile RAM disk erases all existing files and

CAUTION directories on the disk.

Access Kevs: {SAVE RECALL
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Softkey in format disk menu. Formats the internal volatile RAM disk.

CAGTION

Formatting the internal volatile RAM disk erases all existing files and
directories on the disk.

Access Keys: (SAVE RECALL

Hardkey in SOURCE area. Displays the frequency menu which allows vou to
enter the frequency range for your measurement. Also allows you to change
the resolution of the displayed frequency.

See “Entering Measurement Parameters” in Chapter 2 for an example of how
to enter frequency range.

Softkey in add max point and add min point menus. Sets the frequency of a
- limit point.

See “To Create a Single Point Lisit” in Chapter 4 for an example of how to
set a limit point.

Kevs: (DISPLAY

Acce

~ Softkey in menu. This key is used to return the analyzer to
: frequency sweep mode, after it has been used in power sweep mode,

(Option 1C2, IBASIC, only) Softkey in the IBASIC display menu. Displays the
IBASIC program on the full screen without measurement data.

Access Keys: {SYSTENM OPTIONS)
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- Softkey in define hardcopy menu. Defines hardcopy to print both graph and
- marker table.

NOTE

The marker table prints only if one or more markers are on,

Bee “Define the Output” in Chapter 4 for more information.

Access Keys: (HARD COPY]

Softkey in define hardcopy menu. Defines hardcopy as the graph.

See “Define the Output” in Chapter 4 for more information.

Access Keys: (HARD COPY]) |

Softkey in set pen numbers menu. Sets pen number assignment (color) for
the annotation on a hardcopy. :

Access Keys: (HARDEOPY

- Softkey available in two different menus: the more display menu and the

= define graph menu. This softkey toggles the display graticule (grid) on and
% off. When pressed in the more display menu, the graticule are suppressed
from showing on the CRT. When pressed in the define graph menu, the
graticule are suppressed from printing or plotting on a hardeopy.

Access Keys: (DISPLAY o7 (HARDCOPY |
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Softkey in set pen numbers menu. Sefs pen mwnber assignment (color or
width) for grid on hardcopy.

Access Keys: [HARDCOPY
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Hardkey in the SYSTEM ares of the front panel. Displays the menu to start
or stop prints or plots, set up the printer or plotter, and determine the
appearance of the copy.

See “Connecting and Configuring Printers and Plotters” and "Printing and
Plotting Measurement Results” in Chapter 4 for more information.

- Softkey in select copy port menu. Sets recognized HP-IB address of hardcopy
device at HP-IB port, for HP-IB printers and plotters only. The default address
+ i3 5. The “recognized HP-IB address” is the address that the network analyzer

uses to communicate with the device, The actual address of the device must

be set independently to match.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: (HARD COPY

Softkey in update correction constants menu. Displays the help message that
describes the actions of the other softkeys in the update correction constants
Ment.

Access Keys: [SYSTEM OPTIONS)

Softkey in trigger menu. Stops the current data trace sweep immediately and
nolds the sweep until is gelected.

Access Keys:

© Softkey in external CRT adjustmment menu. CRT timing adjustment for use
with external monitors, Also affects network analyvzer’s internal CRT. Defzult
setting is 3.6 usec.

See “BNC Connectors” in Chapter 8 for information on using an external
monitor,

Access Keys: {SYSTEM OPTIONS )
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- Softkey in external CRT adjustment menu. CRT timing adjustment for use
¢ with external monitors. Also affects network analyzer’s internal CRT. Defauit
setting is 41.4 usec,

See “BNC Connectors” in Chapter § for information on using an external
monitor.

Access Keys: (SYSTEM OPTIONS)

Softkey in HP-IB menu. Sets actuat HP-IB address of the network analyzer.
- Default HP-IB address is 16. This setting is not affected by or
. power-om.

Access Keys: (SYSTEM OPTIONS)

'5 %ftkey in HP-IB menu. Sets actual HP-IB address of the network analyzer.
Default HP-18 address is 16. This setting is not affected by or
POWETr-01t.

Access Keys: [SYSTEM CPTIONS]

. Softkey in (SYSTEM OPTIONS) menu. Displays menu to set the HP-IB address
of network analyzer, set and change network analyzer HP-IB status, and set
HP-1B echo feature.

Softkey in HP-IB menu., When on, displays HP-IB mnemonics Or Screen as
. keys are pressed, a convenient way to see the mnemonics associated with the
. keys,

NOTE

Not al keys lespecially these that display menus) have mnemaonics.

Access Keys: [SYSTEM OPTIONS)
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Softkey in display frequency resolution menu. Displays frequency to Hz
resolution.,

Access Keys:
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(Option 1C2, IBASIC, only) Softkey in (SYSTEM OPTIONS) mena. IBASIC menu
functions include run, continue, step, edit, key record, angd clear.

See Chapter 7, “Using Automation,” angd the HP Fstrument BASIC User’s
Handbook for more information.

{Option 102, IBASIC, only) Softkey in IBASIC menu. Displays a menu to
allow selection of how to display an IBASIC program.

" See the HP Instriment BASIC User’s Handbook for taore information.

Access Kevs: [SYSTEM OPTIONS)

Softkey in more formaf menu. Displays only fhe imagimary (reactive) portion
of the measured data on a Cartesian format. This Tormat is similar to the
real format except that reactance data is displayed on the trace instead of
impedance data.

Access Keys: (FORMAT)

Softkey in menu. Displays impedance magnitude vs. frequency on a
Cartesian format.

Access Keys: {(FORMAT

{Option 1C2, IBASIC, only) Softkey in IBASIC edif menu. Invokes the insert
character menu for editing IBASIC programs.

See the HP mstrument BASIC User’'s Handbook for more information.

Access Keys: [SYSTEM OPTIONS)

10-35




HARDKEY] / 5
§

" Reference

{(Option 1C2, IBASIC, only) Seftkey in IBASIC edit menu. Invokes the insert
line menu for editing [BASIC programs.

See the HP mstrument BASIC User’s Hondbook for more information,

Access Keys: [SYSTEM CPTIONS)

© Softkey in define save menu. When on, allows save of instrument state.

+ See "Saving and Recalling Measurement Results” in Chapter 4 for more
* information.

Access Keys: (SAVE RECALL

: Softkey in update correction constants menu. Loads a permanent copy of CC
: data from a floppy disk to internal EPROM. This must be done after loading
» new frmware into the analyzer,

See the Service Guide for more information

Access Keys: {SYSTEM OPTIONS)

Softkey in service menu. Displays information about the network analyzer:
firmware revision and date, bootROM version, serial number, options, system
: mpedance, and amount of memory.

Access Keys: (SYSTEM OPTIONS)

Softkey in trigger source menu. Defauit mode, network analyzer is triggered
automatically (in - mode) or as desired (in Single mode).

Access Keys: (MENU] ¢

Softkey in select disk menu. Selects the analyzer’s built-in disk drive as the
location where information is saved, re-saved, or recalled.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.

Access Keys: (SAVE RECALL
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(Option 1CZ, IBASIC, only) Sottkey in IBASIC menu. Transiates front panel
keystrokes into program lines to automatically set up and rur the analyzer.

(PRESET) tO begm

Press (SYSTEM OPTIONS ol

program. Press (SYSTEM OPTIONS
program. Only one program can be 3
can also be stored to internal and external dlSkS

NOTE
When editing an IBASIC program, - should be off,

See the HP mstrurnent BASIC User’s Hondbook for more information,

Access Keys: {SYSTEM OPTIONS

Softkey in display frequency resolution menu. Displays frequency to kiz
resolution. For example, 1.234 567 MHz is displayed as 1.235 MHz {note
rounding up).

Access Keys: ,.
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Softkey in define printer menu. Sets printer to print hardcopy so that paper
is oriented with longer edge at top and shorter edges at sides. Toggles with

Access Keys: (HARD COPY

Softkey in more printer menu. Sets left margin (non-printing space) in mm
(25.4 mm = 1.00 inches). Minimum setting is 0.00 mm (default); maximum
is 200 mm,

Access Keys: {HARD COPY

Softkey in menu. Sets the RF power level of the analyzer’s source.

See Chapter 11, “Specifications and Characteristics,” for the minimum and
maximum power levels for your analyzer.

Softkey in add max point or add min point menus. Sets the amplitude of a
limit point.

See “To Create a Single Point Limit” in Chapter 4 for an exampie of how to
set a Hmit point.

Access Keys: (DISPLAY)

Softkey in menu. Displays Hmit-line menu to display, add, delete,
and edit limit lires, and select limit test.

See “Using Limit Lines” in Chapter 4 for more information.
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1 Softkey in limit line menu. When on, limit lines or points in Iimit table are
& visibie on the CRT.

© See “Using Limit Lines” in Chapter 4 for more information.

Access Keys: (DISPLAY)

Softkey in limit line menu. Sets limif test status. When limit test is on,
“FAIL” or “PASS” notation is displayed on the CRT. The limits need not be
visible (set to ON) for the limit test to be valid.

See “Using Limit Lines” in Chapter 4 for more information.

Access Keys: (DISPLAY) |

Softkey it (FORMAT )} menu. Displays a transmission trace in terms of

transmission coefficient, displays a reflection trace in terms of reflection
coeflicient, displays an aux input trace in voits (from 1 mV/div to 20 V/Adiv).

Softkey in define hardcopy menu. Defines the hardeopy as a list of data trace
values. Trace values for Cartesian format are in two columns: frequency and
araplitude. Trace values for polar format are in three columns: frequency,
magnitude, and phase. Trace values for Smith chart format are also in three
columns: freguency, resistance and complex impedance.

NBTE

Platting fists with many data points can be very time consuming.

See “Printing and Plotting Measurement Results” in Chapter 4 for more
information.

Access Kevs: (HARD COPY
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C Softkey in update correction constants menu. Loads a temporary copy of CC
- data from floppy disk to the analyzer’s internal volatile RAM.

" See the Service Guide for more information.

Access Keys: (SYSTEM OPTIONS

- Softkey in menu. Displays the logarithmic magnitude of the data in
dB. This is the default format.

- (Option 12, IBASIC, only) Softkey in IBASIC display menu. Displays the
IBASIC program on the lewer half of the screen and measurement data on the
upper half,

See the HP Instrument BASIC User’s Handbook for more information.

Access Keys: (SYSTEM OPTIONS]
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(Option 1EC, 75 @ analyzer, only) Softkey in 75 ohum formats menu. In 75 Q
instruments, displays the data scaled in dBmV per division.

Access Keys:

(Option 1EC, 75 Q analyzer, only) Softkey in 75 ohm formats menu. In 75 @
instruments, displays the data scaled in dBpV per division.

Access Keys: (FORMAT

(Option 1EC, 75 @ analyzer, only) Softkey in 75 ohm formats menu. In 75 Q
instrumnents, displays the data scaled in dBV per division.

Access Keys: {(FORMAT

Softkey in the directory utilities menu. Displays character entry menu for
entry of directory name.

See “To Use Directory Utilities” in Chapter 4 for more information.

Access Keys: [SAVE RECALL

Softkey in detector zero menu. Compensates for detector drift ornce when
selected. Recommended setting with external RF source at detectors to
coordinate RF off and zeroing.

Access Keys:

Softkey in add max line, add min line, add max point, and add min point
menus. Adds a marker to the data trace and allows it to be moved fo identify
trace frequencies and amplitudes.

Access Keys: (DISPLAY
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Hardkey in the CONFIGURE area. Displays menu to set markers, use marker
search and delta markers, :

See “Using Markers” in Chapter 4 for more information.

- Softkey in marker functions menu. Changes the center frequency to that of
- the active marker and modifies the frequency span accordingly. If markers
are off, it first turns on marker #1 at its previous setting or at the center
freqguency (default).

Access Keys: (MARKER] |

¢ Softkey in marker functions menu. adjusts the electrical delay to balance

the phase of the DUT. This is performed automatically, regardiess of the
format and the measurement being made. Enough line length is added to or
subtracted from the receiver input to compensate for the phase slope at the
active marker position, This effectively flattens the phase trace around the
active marker, and can be used to measure electrical length or deviation from
linear phase, Additional electrical delay adiustments are required on DUTS
without constant group delay over the measured frequency span. Since this
feature adds phase fo a variation in phase versus frequency, it is applicable
only for ratioced inputs.

Access Keys: (MARKER

- Softkey int marker functions menu. Makes reference level of graticule equal to
marker value; does not change reference position. I markers are off, it first
turns on marker #1 at its previous setting or the center frequency (default).

Access Keys: (MARKER) I

Softkey in menu, Invokes menu to select delta marker mode,
marker to center, marker to reference, marker to electrical delay, and marker
math functions.
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Softkey in marker functions menu. Brings up menu to select statistics,
flatness, and RF fiiter statistics calculations on user-defined trace segments.

See ]

Access Keys: (MARKER) :

ang in this chapter.

Softkey in menu. Displays marker search menu to set active marker
to maximum or minimym point or user defined target value. Also presents
= bandwidth and noteh search functions, as well as the marker tracking mode.

See “Using Markers” in Chapter 4 for more information.

Softkey in marker limits menu. Use this key to set the maximum limit for the
statistical mean in a statistics marker search, or to set the maximum flatness
in a flatness marker search.

See “To Use Marker Limit Functions” in Chapter 4 for more informagion.

Access Keys: (DISPLAY]) |

Softkey in marker search menu. Places the active marker at the Ireguency
point of maximum amplitude. If tracking is off, marker remains at that
frequency. If tracking is on, marker moves to the maximum poict with each
sweep,

See “Using Markers” in Chapter 4 for more information,

Access Keys:

Softkey in the system bandwidth menu. Medium is the default system
bandwidth.

See Chapter 5, *Optimizing Measurements,” for information on how system
handwidth can affect your measurements.

Access Keys:
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Softkey in menu. Displays the trace memory of the active channel,
using the current display format, scale, and reference,

NOTE

Trace data must have been savad in memory previously with

~ Softkey in the set pen numbers menu. Sets pen number assignment (color)
o for memory trace 1 on hardeopy.

- Access Keys: (HARD COPY) |

© Softkey in the set pen numbers menu. Sets pen number assignment (color)
- for memory trace 2 on hardcopy.

* Access Keys: (HARD COPY) I

(MENU} Hardkey in the SOURCE area. Displays menu with source setting selections:
trigger functions, number of points, external reference, and spur avoid
features.

Softkey in display frequency resolution menu. Displays frequency to MHz
resolution. For example, 1.234 567 MHz is displayed as 1 MHz (note rounding
down),

Access Keys: (FREQ
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Softkey in marker limits menu. Use this key to set the mintmum Hmit for the
statistical mean in a statistics marker search, or to set the minimum flatness
in a flatness marker search.

See “To Use Marker Limit Funetions” in Chapter 4 for more information.
Access Keys: 'j

Softkev in marker search menu. Places the active marker at the frequency
point of minimum amplitude. If fracking is off, marker remains at that
frequency. If tracking is on, marker moves ¢ the minimum poing with each
sweep,

See “Using Markers” in Chapter 4 for more information,

Access Keys: (MARKER)

- Softkey in menu. Displays menu with selections suitable for mixer
and frequency converter measurements: conversion loss, reflection, and AM
delay (for analyzers with option 1DA or 1DB).

See “Measuring Conversion Loss” in Chapter 3 for an exampie conversion loss
measurement,
Softkey in marker limits menu. Turns marker limit testing on or off.

- See “To Use Marker Limit Functions” in Chapter 4 for more information.
Access Keys:

Softkey in limit menu. Displays marker limits menu where limit testing can
be placed on statistics or Hatness marker searches.

See “To Use Marker Limit Functions”™ in Chapter 4 for more information,

Access Keys: (DISPLAY)
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1 Softkey in define graph menu. When on (default setting), prints or plots
i contain marker symbols,

must be sslected for marker symbals to print

Access Keys: (HARD COPY

Softkey in define hardcopy menu. Defines the hardcopy output as a table of

marker values (frequency and amplitude},

Softkey.in marker search menu. Places the active marker at the frequency

point of maximum amplitude. If tracking is off, marker remains at that

freguency. If tracking is on, marker moves to the maximum point with each
sweep.

See “Using Markers” in Chapter 4 for more information.,

Access Keys: (MARKER] .

Softkey in marker search menu. Places the active marker at the frequency
peint of minimurm amplitude. If tracking is off, marker remains at that

frequency. I tracking is on, marker moves to the minimum point with each
sweep.

See “Using Markers” in Chapter 4 for more information.

Access Keys:
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. Softkey in clock format menu. Formats the real-time internal clock to display
time as Month-Day-Year Hour:Minute.

~ Access Keys: (SYSTEM OPTIONS)

Softkey in the configure RAM disk menu. Allows you to modify the memory
allocation on the internal non-volatile RAM disk,

" Access Keys: (SAVE RECALL

Softkev in define printer and define plotter menus. Toggles with
define printer or plotter as one color (black and white} or multi-color,

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: (HARD COPY

Softkey in set pen nurnbers menu. Sets pen number assignment for hardcopy
in ronochrome plot mode. '

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: {(HARD COPY

Softkey in marker search more menu. Designed for use when measuring
multi-pole filters. Automatically searches the measurement trace from left to
right and positions up to & markers on consecutive minimum points.

See “To Use Marker Search Functions” in Chapter 4 for more information.

Access Keys: (MARKER] !
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Soltkey in marker search more menyu. Designed for use when meaasuring
multi-pole filters. Automatically searches the measurement trace from left to
right and positions up to 8 markers on consecutive maximum points,

See “To Use Marker Search Functions” in Chapter 4 for more information.
Access Keys:
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Softkey in the system bandwidth menu, The default system bandwidth is
medium,

See Chapter b, “Optimizing Measurements,” for information on how system
bandwidth can affect your measurements.

Access Keys:

Softkey in the detection options menu. Selects tuned receiver type
measurements of inputs A, B, or R or the ratios A/R or B/R.

" See “Measuring Devices with Your Network Analyzer” in Chapter 3 for more
mformation.

Access Kevs: (CHAN 1) o7 (CHAN 2

Softkey in the min search menu. Moves the active marker to the next nearest
minirmum point to the left. The next minimum point must be > —60 dB, and
the current minimum point difference fo the next minimum point difference
must be at least 1/2 of a vertical division. See Figure 10-1,

Access Keys: (MARKER

Softkey in the min search menu. Moves the active marker to the nex{ nearest
minimum point to the right. The next minirum point must be > —60

dB, and the current minimum point difference to the next minirmmn point
difference must be at least 1/2 of a vertical division. See Figure 10-1.

Access Keys: (MARKER

Softkey in the max search menun. Moves the active marker to the next
nearsst peak to the left. The next peak must be > —60 4B, and the current
peak difference to the next peak difference must be at least 1/2 of a vertical
division. See Figure 10-1.

Access Keys: (MARKER
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Softkey in the max search menu. Moves the active marker to the next
nearest peak to the right. The next peak must be > —80 dB, and the current
¢ peak difference to the next peak difference must be at least 1/2 of a vertical
division. See Figure 10-1.

Access Keys: (MARKER

/\ NEXT PEAK
/\\ v mvision |
i

mdfta

Figure 10-1. Naxt Peak

Softkey in the select disk menu. Selects the analyzer’s internal non-volatile
RAM as the location where information is saved, re-saved, or recalled.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information,

Access Keys: (SAVE RECALL

(Option 1C2, IBASIC, only) Softkey in IBASIC display menu. Displays the
measurement data on the full sereen. (Does not show the IBASIC program on
the display at ail.)
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Softkey in (DISPLAY]) and (CAL) menus. Equivalent to selecting D

. Corrects for frequency response errors only. The only type
of measurement “calibration” for power or conversion loss measurements.

NOTE

This type of “calibration” is not interpelatad: changes in frequency or the number of points iwalidate
it.

See “To Perform a Normalization Calibration” in Chapter 6 for more
information.

' Softkey in marker search menu. Auntomafically calculates —6 dB {default} or
other user-specified bandwidth, center freguency, and @ of a nofch filter,

See “Using Markers” in Chapter 4 for more information,

Access Keys: (MARKER

Softkey in the source (MENU). Allows selection of the number of measurement
points in a sweep: 3, 5, 11, 21, 51, 101, 201 (default), 401, 801, or 1601. As
the number of points increases, frequency resolution increases and sweep
speed decreases.

See “To Reduce the Number of Measurement Points” in Chapter 5 for
information on how the number of measurement peints selected can affect
your measurements.

Softkey in clock format menu. Formats the real-time internal clock to display
the number of the month (for example, 03 for March).

Access Kevs: [SYSTEM OPTIONS)
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. Softkey in reflection cal menu for starting a user-defined reflections
" calibration,

See “To Perform A Reflection Calibration” in Chapter 6 for more information.
Access Keys: ]

Softkey in (SYSTEM CPTIONS) menu. Displays five screens of channel settings,
cal kit definitions, instrument settings, and instrument configuration,
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(Option 1C2, IBASIC, only) Softkey in secure menu. Use with caution:
- secured program lines can not be listed, seen, or edited.

" See the HP strument BASIC User’s Handbook for more information,

Access Keys: (SYSTEM OPTIONS)

Soitkey in menu. Displays a Cartesian format of the phase portion
of the data, measured in degrees, This format displays the phase shiff versus
frequency.

-~ Softkey in menu. Adds or subtracts a phase offset that is constant
with frequency (rather than linear).

Softkey in more format menu. Displays a polar format. Each point on the
polar format corresponds to a particular value of both magnitude and phase.
Quantities are read vectorally: the magnitude af any point is determined by
its displacement from the center (which has zero value), and the phase by
the angle counterclockwise from the positive x-axis. Magnitude is scaled in a
linear fashion, with the value of the outer circle usually set to 3 ratio value of
1. Since there is no frequency axis, frequency information is read from the
markers.

S Softkey in more cal menu. Allows compensation of phase shift due to an
extended measurement reference piane.

" See “Reference Plane and Port Extensions” in Chapter 5 for more
information.

Access Keys:
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Softkey in define printer menu. Sets printer to print hardcopy so that paper
is oriented with shorter edge at top and longer edges at sides. Portrait is the
default setting, and toggles with '

Access Keys:

Softkey in amplifier and measurement menus, suitable for power
measurerments.

See “Making a Power Measurement” in Chapter 3 for an example power
measurement.

Access Keys: (BEGIN] &

o {CHAN 1]} o [CHAN 2)

PowkR ) Hardkey in SOURCE area. Sets the power level of the internal RF source and
turns it on and off. Also allows setiing of parameters for power sweep.

Softkey in menu. This softkey turns on a power sweep mode that is
used to characterize power-sensitive circuits. In this mode, power is swept
. at a single freguency. The start- and stop-power values are selectable under
the key. This feature is convenient for such measurements as gain
compression or automatic gain control (AGC) slope.

The span of the swept power is limited to being equal to or within one of the
seven pre-defined power ranges.

Power sweep is independent of level. Use this function with frequency CW
mode only,

Hardkey in SYSTEM area. Pushing this key returns the analyzer to a known
state. See Chapter 14 for a complete list of presetf state default parameters.

can also be used in the event that your analyzer system locks up, or
you receive an “Unrecoverable error.” If this should happen, cyecle the power
on the analyzer, and press the (PRESET) key several times while the analyzer
is booting up. {The (PRESET} key must be pressed at least twice after you hear
the double beep). Then, follow the on-screen instructions,
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Softkey in more printer menu. Sets print width {printing space) in ran.

o See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
" information.

Access Keys: (HARD COPY

Softkev in more printer menu. Sets printer resciution in terms of dots per
inch. Check printer manual for appropriate setting. Default is 96 dots per
- inch.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information on printer resclution.

Access Keys: (HARD COPY] &

{Option 1C2, IBASIC, only) Softkey in menu. Displays menu to
save, re-save, recall programs, or save a program as an autostart {AUTOST)

program:. :

See the HP Instrument BASIC User’s Huondbook for more information.

| Softkey in menu. Leads to the power sweep ranges menu. There are
7 predetermined power ranges to choose from.

entry in this chapter for more information on the power

sweep function.
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Softkey in narrowband internal menu. Selects tuned receiver type of
- measurement of input R (reference signal).

See “Measuring Devices with Your Network Analyzer” in Chapter 3 for
information on receiver inputs.

Access Keys: {CHAR 1) o7 (CHAN 2)

Softkey in broadband internal menu. Selects diode detection type
measurement of input R* (broadband internal reference signal).

See “Measuring Devices with Your Network Analyzer” in Chapter 3 for
information on receiver inputs.

Access Keys: (CHAN 1) or (CHAN 2) 1

':: {(Option 1C2, IBASIC, only) Softkey in programs menu. Displays character
entry menu to re-title program and save it to memory or disk.

See the HP Instrument BASIC User’s Handbook for more information.

Access Kevs: {SAVE RECALL

- Softkey in menu. Displays character entry menu to re-title file
and save it to memory or disk. Also can be used when saving a file for the
first time if you wish to give the file a specific name, rather than having the
analyzer automatically name it

Softkey in more format menu. Displays only the real (resistive) portion of the
measured data on a Cartesian format. This is similar to the linear magnitude
format, but can show both positive and negative values.

Access Keys: (FORMAT
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{Option 1C2, IBASIC, only) Softkey in IBASIC edit menu.

. Access Keys: (SYSTEM OPTIONS)

::3 {Option 1C2, IBASIC, only) Softkey in programs menu. Recalls to the network
- analyzer a program from internal memory, internal disk, or external disk.

See the HP Instrument BASIC User’s Handbook for more information,
Access Keys:

- Softkey in menu. Recalls instrument state files (not plot files)
¢ from internal memory, internal disk, or external disk.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.

- Softkey in menu. Sets the value of the reference line. The reference
: value is noted on the screen as “Ref”.

Softkey in menu. Sets the position of the reference line from the
top of the graticuie {10} to the bottom (0) or in between. Default position is
. middle (5).

See Figure 2-3 in Chapter 2,

Softkey in more cal menu. Allows compensation for phase shift due to an
- extended measurement reference piane on the REFLECTION RF OUT port.

See “Reference Plane and Port Extensions” in Chapter & for more
information,

Access Keys:
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Softkey in amplifier, filter, broadband passive, mixer, measurement, and
calibration menus. Selects forward reflection type of measurement. Power is
outpui from the RF OUT port and also measured there.

See “Measuring Reflection Response” in Chapter 3 and “To Perform a
Reflection Calibration™ in Chapter & for more information.

Access Keys: (CHAM 1) o (CHAN 2) ov [REGIN) 0¥ {CAL)

Softkey in directory utilities menu. First highlight the intended directory,
then press . v-. Deletes empty directories only.

See “To Use Directory Utilities” in Chapter 4 for more information.

Access Kevs: {SAVE RECALL

Softkey in file utilities menu. Displays character entry menu to rename the
highlighted file,

See “Other File Utilities” in Chapter 4 for more information.

Access Keys: (SAVE RECAEL] ¥

Softkey in transmission cal menu. A measurement calibration that corrects
for frequency response errors. Frequency response errors are signal changes
as a function of frequency.

See Chapter 6, “Calibrating for Increased Measurement Accuracy” for more
information,

Access Keys:

This calibration removes the same frequency response errors as the response
calibration. In addition, it effectively removes the isolation errors in
transmissicn measurements. Isolation errors result from leakage between
signal paths (crosstalk).

See Chapter 6, “Calibrating for Increased Measurement Accuracy” for more
information.

Access Keys:
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Softkey in rmenu. Clears the running average and restarts it with the
next sweep.

See “To Reduce the Receiver Noise Flgoor” in Chapier 5 for information on
averaging,

Softkey in several menus such as the calibration menus, the hardcopy menus,
and the external CRT adiust menu.

1. If this key is pressed in the transmission, reflection, and AM delay
calibration menus, the default measurement calibration becomes the
active calibration. This calibration is originally performed and stored in
non-volatile memory at the factory by performing an adjustment test. It
is a full freguency span cal of 401 points. When selected, i erases a user
defined cal, if any.

See Chapter 6 for more information on measurement calibrations,

2, If this key is pressed in the hardcopy menus, it resets parameters such as
addresses, baud rates, handshakes, color, pens, resclution, and margins to
predetermined values.

See “Printing and Plotting Measurement Results” in Chapter 4 for more
information on using the menus.

3. If this key is pressed in the external CRT adjustment meny, it restores the
defauit CRT timing vahues.

' Softkey in marker math menu. Measures both the passband and stopband of
a filter In one sweep.

See “To Use Marker Math Functions” in Chapter 4 for more information.

Access Keys: (MARKER)

Softkey in menu. Tuarns the internal RF source off and on. Default is
ON.
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Softkey in set clock menu. Rounds off seconds to nearest minute. Rounds
down with less than 30 seconds: rounds up {0 next minute with more than
30 seconds,

Access Keys: (SYSTEM OPTIONS}

(Option 1C2, IBASIC, only) Softkey in IBASIC menu that starts a program.
See the HP Instrument BASIC User’s Hondbook for more information.

Access Keys: {SYSTEM OPTIONS])
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HARDKEY) /

- Softkey in define save menu. Selects which channel’s (1 or 2) trace data is to
" be saved in ASCH format for output. Can be used with spreadsheets.

See “Saving and Recalling Measurement Resuits” in Chapter 4 for more
mformation.

Access Keys: (SAVE RECALL

(Option 1C2, IBASIC, only) Softkey in programs menu. Titles the current

program AUTOST and saves it to memory or disk as set by
At power-up, the network analyzer searches the internal non andg
the internat floppy disk for an AUTOST (auto-start) file, loads it, and execuzes
it if present.

Access Keys: [SAVE RECALL

Softkey in Save ASCI menu. Selects channel 1 measurement data to be
- saved as ASCII data. This data can be imported into a spreadsheet or word
© processing program.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
mformation.

Access Keys: (SAVE RECALL

Softkey in Save ASCII menu. Selects channel 1 measurement data to be
saved as ASCH data. This data can be imported into a spreadsheet or word
processing program,

See “Saving and Recalling Measyrement Resuiis” in Chapter 4 for more
mfoermation.

Access Keys: (SAVE RECALL
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(Option 1C2, IBASIC, only) Softkey in programs menu. Saves the current
program to memory or disk.

See the HP Instrument BASIC User’s Hondbook for more information.

Access Keys: {SAVE RECALL

SAVE RECALL ) Hardkey in SYSTEM area of front panel. Displays menus to save, title, define,
and recall states and programs; rename, delete, and copy files; and select,
configure, and format disks.

See “Saving and Recalling Measurement Results” in Chapter 4 for examples,

Softkey in menu. Saves information to memory or disk,
automatically naming the file “STATE#S.”

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.

Hardkey in CONFIGURE area of front panel. Allows changing of scale
per division, and reference level and position for optimum viewing of
measurements.

See “Entering Measurement Parameters” in Chapter 2 for more information

on using the [scaLE) functions.

Softkey in menu. Sets the value of vertical divisions of graticule. For
example, if’ the scale/div is 10 dB, each graticule line is 10 dB higher than the
one below.

Softkey in target search menu. During a target search, moves the active
marker to the left Gower frequency) to the first occurrence on the data trace
where the amplitude eguals the target value. That first occurrence may be an
actual data point or an interpolated value.

See “To Use Marker Search Functions” in Chapter 4 for an example of how to
use the target search function.

Access Keys:
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Softkey in marker search menn. With tracking on, disables searching for
" maximum, minimum, target value, bandwidth, or notch.

See “Using Markers” in Chapter 4 for more information on using marker
search functions.

Access Keys: (MARKER]

Softkey in target search menu. During a target search, moves the active
marker to the right (higher frequency) to the first occurrence on the data
trace where the amplitude eguals the target value, That firsi occurrence may
be an actual data point or an interpolated value.

See “To Use Marker Search Functions” in Chapter 4 for an example of how to
use the target search function,

Access Keys: (MARKER)

. Softkey in clock format menu. Toggles on and off the seconds annotation that
is displayed or printed as part of the clock.

Access Keys: (SYSTEM OPTICNS])

(Option 1C2, IBASIC, only) Softkey in utilities menu. Enables user to define
part or all of a3 program by start and end lines. Once secured, the defined
lines can not be listed, seen, or edited.

See the HP Instrument BASIC User’s Handbook for more information.
Access Keys: [SYSTEM OPTIONS)

Softkey in select copy port menu. Selects the hardcopy port device
highlighted in the select copy port list.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: [HARD COPY
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Softkey in character entry menu. Adds the character selected by the pointer
10 the end of a title or file name.

2 (Option 1C2, IBASIC, only) Softkey in insert line and insert character menus.
- Adds character or word selected by pointer to an IBASIC program.

Access Keys: (SYSTEM OPTIONS)

Softkey in meny. Displays menu to select the hardcopy output
..o device and its operating parameters. Default settings (not affected by preset)

. are HP printer, PCL language, parallel port. Use the front panel knob or
arrow keys to highlight the device, then press

ROTE

“Hardcopy Address” applies anly 1o HP-IB devices; "Baud Rate” “Xun/Xoff,” and “OTR/DSR" apply only
1o serial devices.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information,

Softkey in menu. Displays menu to select type of disk or
memory location to save to or recall from: internal non-volatile memory,
internal volatile memery, huilt-in 3.5 disk, or external disk. Also allows
configuration of external disk and internal non-volatile memory.

See “Saving and Recalling Measurement Results” in Chapter 4 for more
information.
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Softkey in (SYSTEM OPTIONS) menu. Displays menu
Including displaying instrurnent information (see

See the Service Guide for more information.

- Softkey in service menu. Displays menu of service functions.

See the Service Guide for details.

- Softkey in the system configure menu. Displays meru to set real-time
" internal dock of network analyzer and its format,

Access Keys: (SYSTEM OPTIONS)

Softkey in set clock menu. Use this key o set the day of the month,

Access Keys: (SYSTEM OPTIONS) £

Softkey in set clock menu, Use this key to set the hour value on the clock.

Access Keys: (SYSTEM OPTIONS}

Softkey in set clock menu. Use this key to set the minute value on the clock.

Access Keys: (SYSTEM OPTIONS)

Softkey in set clock menu. Use this key to set the month.

NOTE

When selesting the month, you will always input & numbar that corresponds to the month desired.
the clock format is set 10 "elpha,” however, the displayed month wilt be a thres lettar abbreviation
isuch as Mer for Marchl.

Access Keys: (SYSTEM OPTIONS
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¢ Boftkey in define piotter menu. Dispiays set pen numbers meny o assign pen
¢ numnbers to items 1o be plotted (like traces, graticule, etc.). In color setting,

© different items can be plotted with different pens. In monochrome setting, all
iterns agre printed with the same pen,

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
mformasion.

Access Keys: {HARD COPY

Softkey in set clock menu. Use this key to set the year on the clock.

Access Keys: (SYSTEM OPTIONS) BYE

Access Keys: (DISPLAY) |

Softkey in title and clock menu. Displays the clock on the uppermost line of
-~ the title area when is on.

Access Keys: [DISPLAY)

Softkey in the configure RAM disk menu. Displays a message box that shows
the total memory available and the current memory allocation for the internal
. non-volatile RAM disk.

Access Keys: (SAVE RECALL

i Softkey in trigger menu. Immediately stops the current sweep, takes one
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Softkey in the format menu. A reflection measurement display format that
= maps the complex refiection coeflicient p t¢ the DUT’s impedance.

See “Measuring Impedance Using the Smith Chart” in Chapter 3 for more
information.

Sefs the characteristic impedance used by the analyzer in calculating
measured impedance with Smith chart markers and conversion parameters.
Characteristic impedance must be set correctly before calibrating for a Smith
chart measurement. Acceptable values are 1 @ to 1000 Q.

Access Keys: o

Softkey in the system config menu. Displays a pop-up message with a
. description of softkey sequencing and softkeys to enable or disable the
Y auto-step function.

See “Measurement Setup and Control with Fast Recall” in Chapter 7 for more
information.

Access Kevs: (SYSTEM OPTIONS)

Softkey in character entry menu. Adds a blank space to a title or filename,

Softkey in menu. Used in conjunction with Selects
the frequency span of source. When selected, it changes the frequency
annotation from start/stop to center/span,

See “Entering Measurement Parameters” in Chapter 2 for more information.

Softkey in more display menu. Toggles the display mode between split
(channel 1 on top, channel 2 on the bottom) and full (both channels on full
screen).

See “Entering Measurement Parameters” in Chapter 2 for more information.

Access Keys: (DISPLAY
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~ Softkey in spur avoid options menu. If this option is selected, the analyzer
" switches between the default and an alternate configuration during a sweep
to avoid spurs.

ROTE

Sweeptime ususlly increasss when this option is selected.

See “Reducing Trace Noise” in Chapter 5 for more information.

Access Kevs: [MENU)

Softkey in source (MENU). Displays selections for spur avoidance: dither, spur
avoid, or none.

(Option 100 only)Softkey in reflection or cable menu. Sefs up the analyzer to
perform structural return loss (SRL) measurements. See your User’s Guide
Supplement for Option 100 for information.

- (Option 1C2, IBASIC, only) Softkey in utilities menu.

Access Keys: {SYSTEM OPTIONS)

Softkey in two menus: (FREQ) and (HARD COPY]).

1. In menu, sets the start frequency of scurce. Minimum frequency is
300 ¥Hz. When start is selected, the other frequency parameter is stop.

See “Fntering Measurement Parameters” in Chapter 2 for more
information,

2. In meny, starts print or plot as set in select copy port menu.

See “Printing and Plotting Measurement Results” in Chapter 4 for more
information.

16-68




HARDKEY]) /

(Option 1C2, IBASIC, only) Softkey in secure menu.

. See the HP Istrument BASIC User's Handbook for more information.

*t. Softkey in menu, Sets starting point (in dBm) for a power sweep

.. measurement. Power-Sweep in (SWEEP) menu must be selected before
- getting the start and stop power points.

See
sweep fanction.

entry in this chapter for more information on the power

Softkey in marker math menu. Measures a user-defined segmeni of a
measurement trace and calculates the frequency span, mean, and standard
deviation of the amplitude response, and the peak-fo-peak ripple,

See “To Use Marker Math Functions” in Chapter 4 for more information.

Access Keys: [MARKER

{Option 1C2, IBASIC, only) Softkey in IBASIC menu. When a program is
ready to run, this softkey steps through the program one line at a time, Good
de-bugging tool.

See the HP Instrument BASIC User’s Handbook for more information.

Access Keys: (SYSTEM OPTIONS)

Softkey in menu. Sets the stop frequency of source. Maximum
"~ frequency.is 1.3 GHz for HP 8712B and 3.0 GHz for HP 8§714B.

Softkey in menu. Sets stopping point (in dBm) for a power sweep

measurement. Power Swaeb in menu must be selected before
setting the start and stop power points.

See
sweep function,

entry in this chapter for more information on the power
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C Softkey in update correction constants menu. Writes a copy of CC data from
internal volatile RAM to a disk. This function is used to make a backup copy
- of CC data.

See the Service Guide for more information.

Access Keys: {(SYSTEM OFPTIONS)

Softkey in update correction constants menu. Writes a copy of CC data from
internal volatile RAM to EPROM. This function is used so that current CC
data is not lost when power to the analyzer is turned off.

See the Service Guide for more information.

Access Keys: (SYSTEM CPTIONS)

(sweep ) Hardkey in SOURCE area of front panel. Displays menu to select automatic

gweep time (fastest possible), manual sweep, alternate sweeD, or power
sweep.

Softkey in menu. Sets the sweep time from fastest possible to three
days (269.2 ks); overrides auto sweep time. Fastest possible sweeptime
varies, and depends on other analyzer settings.

See Chapter 5, “Optimizing Measurements” for more information on sweep
time,

Softkey in menu. Sets the network analyzer to sweep as fast as
possible (automatic) or at the sweep time of your choice (manual).

See Chapter 5, “Optimizing Measurements” for more information on sweep
time.

Softkey in menu. Displays the data formatted as SWR (standing
wave ratio).
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Softkey in the menu. Displays menu to set bandwidth of IF filters in
receiver section of network analyzer.

See “To Reduce the Receiver Noise Floor” and the table below for more
information on system bandwidth,

System BW | Dynamic Range | Sweep Speed | Approximate BW
Wide low Fastast 6500 Hz
Medium [default) | Medium Fast 3700 Hz
Narrow High Slew 250 Hz
Fing High Slewest 15 Hz

Softkey in [SYSTEM OPTIONS ) menu. Displays menu to adjust clock setting, set
beeper volume, and adjust external CRT settings.

Softkey in HP-1IB menu. Makes the network analyzer the system controller of
the HP instrument bus. Reguired mode for interfacing with HP-IB peripherals
(printers, plotters, and disk drives). Also required by IBASIC to talk to HP-IB
peripherals. This operation mode is not selectable with another active
confrolier on the bus.

See the Programmer’s Guide for more information.

Access Keys: (SYSTEM OQPTIONS)

(sysTEM OPTIONS ] Hardkey in SYSTEM area of front panel.
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¢ Softkey in HP-IB menu. HP-IB mode normally used for remote {(computer)
. control of the network analyzer. The computer can designate the network
© analyzer as talker or listener. The network analyzer cannot talk directly with
other peripherais in this mode uniess the computer establishes a data path for
it.

Access Keys: (SYSTEM GPTIONS)

Softkey in marker search menu. Displays menu to set target search vaiue,
search left, or search right.

See “Using Markers” in Chapter 4 for more information.

Access Keys:

~ Softkey in target search menu. Sets value of target sought by |
Default value is —3 dB.

NOTE

Since markers are continucus but fraquency points are discreie, target values may be interpolated.

See “Using Markers” in Chapter 4 for more information.

Access Keys: (MARKER
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: Softkey in service menu. Displays menu to perform tests, including self-tests,
+ and adjustments,

" See the Service Guide for information on tests and adjustrents.
[k Softkey in title and clock menu. Used to show the title (if any) and date/time
= on the display and/or on a hardcopy output.

 Access Keys: (DISPLAY or (BARD COPY

. Softkey in more display menu. Displays menu to display and edit screen title
: and display clock.

 Access Keys: (DISPLAY

Softkey in more printer menz. Sets top margin of printout (non-printing
: space) in mm. Minimum setting is 0.00 mm (default); maximum setting is
2 200.00 ram,

Access Keys: (HARD COPY) -

Softkey in set pen numbers menu. Sets pen number assignment for data
¢ trace 1 on hardcopy. Different pen numbers can represent different color or
" width pens.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
information.

Access Keys: (HARD COPY) |

5;':. Softkey in set pen numbers menu. Sets pen number assignment for data
s trace 2 on hardcopy. Diflerent pen numbers can represent different color or
- width pens.

See “Connecting and Configuring Printers and Plotters” in Chapter 4 for more
informnation.

Access Keys: (HARD COPY)
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© Softkey in d
- data when |

Access Keys: {HARD COPY

ots measurement trace

Softkey in marker search menu, When tracking is on, the marker-to-max,
marker-to-rain, bandwidth, target search, and notch functions are updated
with each trace. When fracking is off (defauit setting), the functions are
performed only once, when selected,

See “Using Markers” in Chapter 4 for more information,

Access Keys:

Softkey in more cal menu. Allows compensation for phase shift due to an
. extended measurement reference plane on the TRANSMISSION RF IN port.

© See “Reference Plane and Port Extensions” in Chapter 5 for more
information.

Access Keys: i

Softkey in amplifier, filier, broadband passive, measurement, and calibration
menus. Selects ratioed forward transmission type of measurement, or
transmission calibration selections.

See “Measuring Transmission Response” in Chapter 3 and “To Perform a
Transmission Calibration” in Chapter 6 for more information,

Softkey in source (MENU). Displays menu with choices for triggering the
analyzer. The analyzer can be triggered continuously (default setting) or once,
It can be triggered internally (default setting), externally, or externally one
frequency point at a time.

Softkey in trigger menu. Displays menu for choice of internal or external
. triggering.

~ Access Keys:
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Seftkey in service menu. Dispiays a menu to store correction constants to
- ¢isk or memory, or load them from disk,

" See the Service Guide for more information.

{Option 1C2, IMBASIC, only) Softkey in [BASIC display menu. Displays the
IBASIC program on the upper half of the screen and measurement data on the
lower half,

Access Keys: {SYSTEM OPTIONS)

. (Option 102, IBASIC, only) Softkey in menu.

See “The User BEGIN Function” in Chapter 3 for more information.

Softkey in the softkey sequencing menu. Enables the softkey auto-step
capability when a switch is connected to the UUSER TTL IN/OUT rear panel
connector.

See “Measurement Setup and Control with Fast Recall” in Chapter 7 for more
information.

Access Keys: (SYSTEM OPTICNS)

(Option 1C2, IBASIC, only) Softkey in IBASIC menu. Enables user to clear
program, sef memory Size, 0T secure programs.

See the HP Instrument BASIC User’'s Handbook for more information.

Access Keys: (SYSTEM OPTIONS) &
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Softkey in the more cal menu. Enters the velocity factor used by the analyzer
to calculate eguivalent electrical length. Values entered should be less than i,
however the analyzer accepts values from 0.01 to 1.2.

Access Keys:

: Softkey in external CRT adjustment menu. CRT timing adjustment for use
with external monitors. Also affects network analyzer's intermal CRT. Default
o setting is 622.8 psec.

See “BNC Connectors” in Chapter 8 for more information.

Access Keys: (SYSTEM OPTIONS)

Softkey in external CRT adjustment menu. CRT timing adjustment for use
- with external monitors. Also affects network analyzer’s internal CRT. Default
: getting is 16.6 msec.

See “BNC Connectors” in Chapter 8 for more information.

Access Keys: (SYSTEM OPTIONS)

- Softkey in select disk menu. Selects the analyzer’s internal volatile RAM as
. the place where information will be saved to or recalled from.

Any information stored on the volatile RAM disk will be lost if the analyzer’s

CAUTION power is turned off,

See “Saving and Recalling Measurerent Resuits” in Chapter 4 for more
information.

Access Keys: (SAVE RECALL
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Softkey in the system bandwidth meny, This is the widest system bandwidth
. available. (Medium is the default system: bandwidth.)

See Chapter b, “Optimizing Measurements,” for information on how system
bandwidth can affect yvour measurements.

Access Keys:
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Softkey in broadband external menu. Selects diode detection type of
measurement with an external detector connected to the EXT DET X-INPUT
on the rear panel,

Access Keys: (CHAN 1] o7 (CHAN 2) |

Softkey in broadband external menu. Selects measurement of the ratio of
external detectors at inputs X and Y.

Access Keys: (CHAN 1) or (CHAN 2) T

Softkey in select copy port meniu. A software handshake for some serial
devices, Toggles with

Access Keys: (HARD COPY
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- Softkey in broadband external menu. Selects diode detection type of
measurement with an external detector connected to the EXT DET Y-INPUT
on the rear panel.

Aceess Keys: {CHAN 1] 07 [CHAN 2)

Softkey in more display menu. Toggles annotations to left of graticule on and -
off: reference line indicator, graticule values, ete.

NOTE

"

Graticule values are limited to four charaeters including . and “-". If any graticuls value exceads
four charaeters, all values are blanked. For example, 23.45 hlanks the values; it is not truncated as
23.4 or rounded up a5 23.5. Similarly —1.23 blanks ths graticule velues.

Access Keys: (DISPLAY ) :

~ Softkey in more display menu. Toggles graticule value annotation and values:
. in ABS mode, absolute value of each horizontal graticule line is indicated; in

- REL mode, value of each horizontal graticule is indicated relative to the value
of the reference line.

Access Keys: (DISPLAY) -
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Softkey in broadband external menu. Selects measurement of the ratio of the
external detectors at inputs Y and R*,

Access Keys: (CHAN 1) or (CHAN 2)

Softkey in broadband external menu. Selects measurement of the ratio of the
external detectors at inputs Y and X.

Access Keys: [CHAN 1) or {CHAN 2}

Softkey in clock formar menu. Formats the reai-time internal clock to display
time as Year-Month-Day Hour:Minute.

Access Kevs: (SYSTEM OPTIONS)

YYYY-MM-DBD HE:MM

10-80




11

Specifications and
Characteristics




System
Specifications

Specifications and Characteristics

The specifications and characteristics in this section describe the system
performance of the analyzer. The system is defined as the network analyzer
itself (which includes a built-in transmission/reflection test set) and the
following:

A calibration kit — either HP 85032E (50 @) or HP 85036E (75 @)

A test port cable — either HP part number 8120-6469 (50 Q) or
HP part number 8120-6468 (75 @)

Specifications describe the instrument’s warranted performance over the
temperature range of 25° -+ 5 °C, unless otherwise stated.

Supplemental characteristics (indicated by italics) are typical, but

nonwarranted parameters, intended to provide information useful in applying
the instrument.

Dynamic Range

Receiver dynamic range is calculated as the difference between the maximum
receiver input level and the receiver’s noise floor. System dynamic range
applies to transmission narrowband measurements only, since reflection
measurements are limited by directivity.

Noise floor is specified as the mean of the noise trace at specified CW
frequencies. A signal at this level would have a signal/noise power ratio of

3 dB. Noise floor is measured with the test ports terminated in loads, response
and isolation calibration, 15 Hz IF bandwidth, 0 dBm test port power and

no averaging. Dynamic range specifications are listed later in the “Receiver
Specifications” section of this chapter.
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Measurement Port Specifications

The following specifications describe the residual system uncertainties. These
specifications apply after a user calibration has been performed and with an
envirormental ternperature of 26 45° C, with less than 1° C deviation from
the calibration teraperafure.

Measurement Port Specifications

Parameter HF 87128 HP 87148

Dirsctivity 40 dB 43 48
Source Match [Refl 20 4B 20 dB
Source March (Trans)

>1 MHz 1o 1300 MHz 14 gB

200 kHz to 1300 Mtz 2348

1300 MHz to 3600 MHz 20d8
Load March

300 kHz to 1300 MHz 18 d8 20 d8

1300 MHz to 3000 MHz 18 48 18 48
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Instrument Specifications and Characteristics

Specifications describe the instrument’s warranted performance over the
temperature range of 25° + 5 °C, unless otherwise stated.

Supplemental characteristics (indicated by italics) are typical, but
nonwarranted parameters, intended to provide information useful in applying
the instrument.

Source Specifications

Frequency
Range
HP 87128 300 kHz to 1380 MHz
HP 87148 300 kHz 1o 3080 MHz
Resclution
1H
Stability
+-& pom ar 1o 55°C
Ascuracy
45 ppmoat 25 °C 45 °C
<[ Hz at 10% change in fine volage
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Instrument Specifications and Characteristics

Output Power

Resolutien’

0.01 dB

Level Accuracvl

4-1.0 48

+1.5 68 [Option 1EC12
+2.0 68 [Option 1613
3.0 d8 (Options 1EC and 1E7123

1 All nower characteristics Tor HP 87148 anabyzers with option 1EC 175 ohm portsi are typical above 2000 MHz

2 73 obm test ports
3 Attenustor sption

Maximum Specified Test Port Power

Freguency HP 87128 (St} HP 87148 (Std}*
<1000 MHz +18 dBm +10 dBm
> 1000 MHz +13 dBm +10 dBm

1 This value will change depending upon the aptions installed i your enalyrer. See "Detormining Test Port Power” to determine the maximum est pert power

sutput for your particular instrument

Minimum Specified Test Port Power

Analyzer HP 87128 (Std) HP 8714B (Std)
Standard 0 dBm —5 dBmn
Option 1E1 60 dBm B0 dBm
{Attenuetor}

1 This valun wilt change depsnding upon the options instalied in your analyzer. See “Determining Test Port Power” o determing the minimum test port power

ouiput for your particular instrument




Determining Test Port
Power

Specifications and Characteristics
Instrument Specifications and Characteristics

The maximum and minimum test port power ocutput of your analyzer depends
upon the options that are installed. ¥ vou have a standard instrument with
no options nstalied, then the values in the tables preceding this note apply
1o your analyzer. Otherwise, use the following table to determine your
instrument’s maximur and minimum test port power:

Option HP 87128 HPp 87148
1E1 subtract 1 dB | subtract 1 dB
{Attenustor}
1EC subtract 3 dB | subtract 3 dB
{75 ohm)
104 or 108 subtract 2 4B | subtract 4 ¢B
[AM delay)

For each option installed, subtract the indicated amount from the maximum
and minitum powers stated in the standard tables. For exarnple, if you have
an HP 87148 with options 1EC and 1DB instaiied, vou would subtract a total
of 7 dB from the standard values found in the tables to get a final correct
maximum cutput of 3 dB for your analyzer, and —12 dB for the minimum
output power. However, the minimam cutput power for any analyzer with
option 1E1 {attenuator) is —60 dBm, regardless of other options instalied.

hich if

If you are not sur

(SYSTEM OPTIONS )
installed.

alled in your anaiyzer, press
for a display of the options

Source Harmonics {measured at +7 dBm™)

Frequency HP 87178 HP 87148
<1 MHz <20 dBg <30 dBe
>1 MHz < —830 dBe <38 dBe

* The "measured at” vaiue depends on your analyzar's option configuration. Standard instruments are measured at +7dBm. Subtract the
amauntls| shown in "Determining Test Port Power” from +7 dBm to determine the “measured et" value for your particular analyzer,
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Instrument Specifications and Characteristics

Signal Purity
Parameter HP 87128 HP 87148 -
HNonharmonic Spurious '
=50 kHz from carrier
<[ MHz <70 dBe <3G dBe -
>7 MH: <30 dfe < 30 08¢
<50 kHz from carrier <—25 dBe < —24 dfc
Phase nojse® ~ 7 dBeiHz 57 dBetHz
Residval A” <80 dfe <56 dBe
Residus! FM° < 1.5 kHz peak < 1.§ ki peak

1 at 10 kHz offsat
2 in 100 kHz handwidih
3 30 Hz 1o 15 kHz
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Speciications and Characteristics
Instrument Specifications and Characteristics

Receiver Specifications

Frequency Range

Type of Detection HP 87128 HP 8714B
Narrowband 0.3 1w 1300 MH:z 0.3 10 3000 MHz
Broadband 10 10 1300 MHz 10 15 3008 MHz
Dynamic Range
Frequency HP B712B {60 ohm} HP 87128 {75 ohm) HP 87148 (50 chm) HP 87148 {75 ohm)
Narrowhand
<5 MHz >60 481 >57 ¢52 > 100 d8® >97 8%
>5 MHz >100 48° >97 6% >160 dB® =07 ¢p*
Broadband
Al > 66 dg° >63 45 >66 48° > 63 df®
1 +10 1o —50 4Bm
2 +10 1 ~47 dBm
3 +10 1 -0 dBm
4 +10 10 87 dBm
5 +16 t¢ 50 dBm
6 +16 1o ~47 dBm
Maximum Ingut
Type of Detection HP 87128 HP 8714B
narrowbendl +10 dBm +10 dBm
broadband? +16 dBm +18 dBm

1 at 0.5 4B comprassich
2 gt 0.55 d8 comprossion
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Specifications ang Charasteristics
instrument Specifications and Characteristics

Damage Level: +20 dBm or 425 Vdc
Regeiver Dynamic Dynamic Accuracy {(narrowband) at 30 MHz
Agcmacy (narmeand} Reference Power Level: =20 dBm
) /
2.5 !
i
&
).
m - ¥
K2
§ 15 !
& i
" 7
7
0.5 v - f/
s & d
Ea—
G t 3 H 3 1 1 3 1 ) H 3 1 k) 1 E E

5 0 -5 -10 -15 -20 -25 -30 -85 -40 -45 50 -55 -80 -65 -70 -75 -80 -85 -00 -95 100
input Power Level: [dBm)

Legend

HP 87148 smonemammmemnm e e o HP 87128

po68sh ©

Figure 11-1. Receiver Dynamic Accuracy (narrowband)
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Specifizations and Characteristics
Instrument Specifications and Characteristics

Absolute Power Absolute Power Accuracy {broadband) at 30 MHz
Accuracy (hroadband) o 47
15
)
z
g 10
i
554
o5 g, |
+18 10 o A0 -20 80 40 45 80

input Power (dBm)

N X -7 -1, T

50 0him esssocsscensm av & aas s 750hm
{Option 1EC)

poB8ab ¢

Figure 11-2. Absolute Power Accuracy (hroadband)

Freguency Response
{broadhand)
Typical Frequency Bespense {hroadband)

HP 87128 HP §714B

0.5 dB +1.0d8

Total Power Accureey  Thial Power Accuracy = Absolute Power Accuracy + Frequency Response
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Specifications and Characteristics
Instrument Specifications and Characteristics

R 1]

Uncertainty {deg}

Uncertainly (dB)

5

Typical Measurement Uncertainty

The following graphs show the measurement uncertainty for the
HP 87128 and P 8714B. The assumptions made to generate these curved

were:

For transmission uncertainty, the DUT is assumed o be well-matched.
For reflection uncertainty, the DUT is assumed t¢ be lossless.

Power = 0 dBm for reflection measurements

Power = —20 dBm for transmission measurements

Typical Transmission Magnitude Uncertainty

d

8

29

ie -1

Transmission Gainfl.oss

36

-3

-re

po67sb c

Typical Transmission Phase Uncertainty

z
//
3 BT ~38 =5 =
Transmission Gain/Loss
pof7Bb_c

Uncertainty (lin}

Uncertainty (deg)

.18
Li8
L
v ig

.ag
B8
.84
B2

28
I8
H
14
ie
ig

B ohoa N

Typical Reflection Magnitude Uncertainty

] B
Reflection Coefficient

poBBib o

Typical Reflection Phase Uncertainty

IS,

d : €
Reflection Ceefficient

po680h &
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Specifications and Characteristics
Instrument Specifications and Characteristics

Delay Specifications

AM Delay (Optiens 1DA  Aperture: 55,56 kHz

and 108) Resolution: 1 ns/division
Accuracy: £4 ns (specified at 0 dBm:, 16 averages, well-matched device,
calibrated)
Delay Range: 30 psec (8000 m)
Amplitude Range: —10to +183 dBm
Typical AM Delay Accuracy [calibrated at + 10 dBmj
Power Belay
01 +13 4Bm +10 ns
—10 16 § dBm +20 ng
Group Delay Group delay is computed by measuring the phase change within a specified
Characteristics frequency step (determined by the frequency span, and the number of points
per Sweep).
Aperture:

Maximum apertuve: 20% of freqguency span
Mingmum aperture: (frequency spam) / (number of points — 1)
Range:

The maximum delay is limited to measuring no more than 180° of phase
change within the mintmum aperture.

Ronge = 1 /(2 x minimum aperture)
Accuracy:

The following graph shows group delay accuracy at 1300 MHz with
type-N transmission calibration and 15 Hz [F bandwidth. Insertion loss is
assumed to be <2 dB and electrical length to be ten meters.
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Specifications and Characteristics
Instrument Specifications and Characteristics

Giroup Delay Accuracy
Frequency = 1.3 GHz Eiectrical Length = 10 meters

i q
I == =
e
ol ] 1 i 700
Apeariure - Mz
poS83b o
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Instrumsant Specifications and Characteristics

Display Characteristics

Amplitude

Display Resolution

0.01 dBidivision

Marler Reference Level

Range: --500 ¢B
Resalution: 0.01 dB

Phase
Range +188°
Display Resslution B.1° jdivisicn
Marker Resolution 1.01°

Reference tevel

Range: £3B0°
Resclution: 0.1°

Palar Scale Range

imf e 20/division
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General Characteristics

Front Panel Connectors
RF Connectors Connector Type: Type-N female
Nominal Impedance: 50 @ (standard}, 75 € (Option 1EC)

Probe Power +15 V, 200 mA
-12.6 'V, 150 mA

Rear Panel Connectors

External Reference Frequency: 10 MHz
Level: > —5 dBm
Impedance: 50 Q

Auxiliary Input Calibrated range: £10V
Accuracy: (3% of reading + 20 mV)

Damage Level: >15 Vde

External Trigger This rear panel female BNC connector allows external friggering of a sweap.
When the TTL level is pulled high, a sweep is friggered. When the TTL level
is pulled tc ground, the sweep is inhibited.
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Limit Test Output

Videa Qutput

HP.1B

Paralle] Port

RS-232

DIN Keyhoard

Line Power

User TTL input/Quiput

X and ¥ External
Detecter Inputs

Specifications and Characteristics
General Characteristics

This connector outputs a TTEL signal of the limit test results. Pass: T'TL high;
Fait: TTL low.

This connector provides an R5-343A compatible multisyne video signal that is
nof compatible with EGA or VGA monitors.

Vertical rate: 60 Hz

Horizontal rate: 24.1 kHz

Pixel rate: 33.3 MHz

This connector allows communication with compatible devices including
external controllers, printers, ploiters, disk drives, and power meters.

This 25-pin ferale connector is used with parallel (or Centronics interface)
peripherals such as printers and plotters. It can also be used as a general
purpose I/0 port, with control provided by IBASIC and SCP! comrands.

This 9-pin male connector is used with serial peripherals such as printers and
plotters,

This conmector is used for connecting and using an IBM PC-AT compatible
keyboard for title entry, remote front-panel operation, and for IBASIC
programming (Option 1C2).

47 t0 63 Hz

110 V nominal (80 V to 132 V) or 220 V nominal (198 V to 254 V).
230 VA max.

This connecter provides a bi-directional open collector TT'L signal that can be
accessed by IBASIC and SCPI commmands,

These connectors provide for two external scalar detector inputs.
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Specifications and Charasteristics
General Characteristics

Environmental Characteristics

General Conditions RFI and EMI susceptibility: defined by CISPR Publication 11, and FCC
Class B Standazds.

ESD (electrostatic discharge): must be eliminated by use of static-safe work
procedures and an anti-static bench mat (such as HP 921757T).

Dust: The flexible rubber keypad protects key contacts from dust, but the
environment should be as dust-free as possible.

Dperating Environment Indoor use only
Operating temperature: 0° to 55 °C

Maximum relative humidity: 80 percent for temperatures up to 31 °C
decreasing linearly to 50 percent relative humidity at 4G °C.

Altitude: up to 15,000 feet (4,572 meters)

Nen-Operating Storage Temperature: —40°C te +70 °C

Canditions Humidity: 0 to 90 percent relative at +65 °C (non-condensing)
Altitude: 0 to 15,240 meters {50,000 feet)
Weight Net: Approximately 21 kg

Shipping: Approximately 35 kg

Cabinet Dimensions These dimensions exclude front and rear panel protrusions.

O9mmH x 425 mm W x bld mn D
(7.0in x 16.75In x 20.25 in)
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Specifications and Characteristics
General Characteristics

NETWORK ANALYZER

pob/4b

Physical Dimensions

514 mm
e A9 By oy ) e
. e
0= =
= ooo )
=g E za
ocno &7 r
D o0oo =1 1/9mm
o o o N o o O oo o
[ S o ° o
~— -
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Warranty

This Hewlett-Packard imstrament product is warranted against defects in
material and workmanship for a period of one year from date of shipment.
During the warranty period, Hewlett-Packard Company will, at its option,
either repair or replace products which prove to be defective,

Warranty service will be performed at Buyer’s facility at no charge within
Hewlett-Packard service travel areas. Outside Hewlett-Packard service travel
areas, warranty service will be performed at Buyer’s facility only upon
Hewlett-Packard’s prior agreement and Buyer shall pay Hewlett-Packard’s
round trip travel expenses. In all other areas, products must be returned to a
service facility designated by Hewlett-Packard.

For products returned to Hewleti-Packard for warranty service, Buyer shall
prepay shipping charges to Hewlett-Packard and Hewlett-Packard shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to Hewlett-Packard
from another country.

Hewiett-Packard warrants that its software and firmware designated by
Hewtletf-Packard for use with an instrument will execute its programming
instructions when properly installed on that instrument. Hewlett-Packard
does not warrant that the operation of the instrument, or software, or
firmware will be uninterrupted or error-free. -

Limitation of Warranty

The foregoing warranty shall not apply to defects resulting from improper or
inadeguate mainierance by Buver, Buyer-supplied software or interfacing,
unauthorized modification or misuse, operation outside of the environumentat
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-
PACKARD SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE,
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Specifications and Characteristics
Warranty

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
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Hewlett-Packard Sales and Service Offices

If you should need technical assistance, contact the nearest Hewlett-Packard
sales or service office. See Table 11-1 on the next page.
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Specifications and Characteristics

Takle 11-1. Hewlett-Packard Sales and Service Dffices

S FIELD OPERATIONS

Heatquariers
Hewleti-Packard Co.
18320 Pruneridge Ava.
Cuperting, CA 85014
[800) 7520900

Georgia
Hawlett-Packard Co.
2008 Sputh Park Place
Atlanta, GA 30339
{404} 855-1500

Califernia, Northern
Hawlett-Packard Ca.

301 £, Evelyn

Mountein View, CA 94041
{415} 634-2600

IHinois

Hewlett-Packard Co,

5201 Tollview Drive

Rolling Meadows, IL 60008
{708] 285-9800

California, Seuthern
Hewlett-Packard Co.

1421 South Menhattan Ave

Fullerton, CA 92631
{714} 899-6700

New Jersey
Hewlett-Packard Co.
158 Green Pord Rd.
Rockaway, NJ 07868
[201) 586-5400

Colorado
Hewlett-Packard Co.

24 {nverness Placs, Fast
Englawosd, CO 80112
{363 640-8512

Texas
Hewiett-Packerd Co,
830 k. Campbell Rd.
Richardson, TX 75081
1214} 2316101

EUROPEAN FIELD OPERATIONS

Headquarters
Hewler-Packard SA.

150, Route du Nent-d'Awril
1217 Mevrin 2/Genave
Switzerland

141 22 780811

France .
Hewletr-Fackard France

1 Avznue Du Canada

Zona [YActivite De Courtaboeuf
F81847 les Ulis Cedax

France

{33 1] 63 82 50 60

Germany
Hewlett-Packard GmbH
Hewlett-Packard Strasse
1352 Bad Homburg vd H
Garmany

144 8173 180

Great Britain

Hewlett-Packard Ld,

Eskdale Aoad, Winnersh Triangle
Wakingham, Barkshire BG41 502
England

{44 7341 696522

INTERCON FIELD DPERATIONS

Headguarters
Hewlett-Packard Company
3495 Deer Cresk Road
Palo Alto, California, USA
84304-1318

1415} 857-5027

Japan

Hewlett-Packard Jepan, Ltd,

1-27-15 Yabe, Sagamihara
Kenagawa 229, Japan
{81 4271 58-1311

Australia

Hewletr-Packard Australis Ltd.
31-41 Joseph Street
Blackburn, Victoriz 37130

{67 3 895-289%

Singapore

Hewlatt-Packerd Singapere {Pte) Lid.

150 Beach Road
£28-00 Gateway West
Singapors 0718

{65 281-3088

Canada

Hewlett-Packard [Canadal Ltd.

17500 South Service Rosd
Trans- Canada Highway
iKirldand, Quebec H3J 2X8
Canada

{b14} B97-4232

Taiwan

Hewlptt-Packard Talwan
fth Foor, H-P Building
337 Fu Hsing North Road
Teipei, Talwan

{888 2} 7T12-0404

China

China Hewlett-Packard Company
38 Bei Sen Husn X1 Road
Shuang Yu Shu

Hai Dian District

Beiling, China

{85 1} 256-6088
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Giean the CRT

Check the RF Front
Panel Connectors

Preventive Maintenance

Preventive maintenance consists of two tasks, It should be performed at least
every six months—more often if the instrument is used daily on a production
line or ir a harsh enviromment.

Use a soft cloth and, if necessary, a mild cleaning solution.

Visually inspect the front panel connectors. The most important connectors
are those to which the DUT is connected, typically the RF cable end or

the RF IN connector. All connecters should be clean and the center ping
centered. The fingers of female connectors should be unbroken and uniform
in appearance.

If you are unsure whether the connectors are good, gauge the RF IN and
RF OQUT connectors o confirm that their dimensions are correct.

o
Y

Mating piane

—————— Max = 0.207 in.
e Wi = 0,204 N

pofidd b o

Figure 12-1. Maximum and Minimum Protrusion of Center Conductor From Mating Plane
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Safety and Regulatory Information

This chapter contains required safety and regutatory informaticn that is not
inciuded elsewhere in the manual.
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Safety Information

Much of the required safety information is distributed throughout this manual
in appropriate piaces. This section contains all required safety information
that is not inciuded eisewhere in this manual.

Warning Definitien

WARNING

WARNING

WARNINGE

WARNING

Warnings

Warning denotes a hazard. It calls attention to a procedure which, if not
correctly performed or adhered to, could result in injury or loss of life. Do
not proceed beyond a warning note until the indicated conditions are
fully understood and met.

Warnings applicable to this instrument are:

No operator serviceable parts inside. Refer servicing to qualified
personnel. To prevent electrical shock, do not remove covers.

If this instrument is not used as specified, the protection provided by the
equipment could be impaired. This instrument must be used in a normal
condition (in which all means for protection are intact) only.

For continued protection against fire hazard replace line fuse only with
same type and rating (T 5 A/250 V). The use of other fuses or material is
prohibited.

This is a Safety Class I product (provided with a protective earthing
ground incorporated in the power cord). The mains plug shall only be
inserted in a socket outlet provided with a protective earth contact. Any
interruption of the protective conductor, inside or outside the instrument,
is likely to make the instrument dangerous. Intentional interruption is
prohibited.
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Safety and Regulatory Information
Safety Information

Caytien Befinition

CAUTIGN

Cautions

Caution denotes a hazard. It calls attention to a procedure that, if not
correctly performed or adherad to, would resulf in damage to or destruction
of the instrument. Do not proceed beyond a caution sign until the indicated
conditions are fully understood and met.

Cautions applicable to this instrument are:

Always use the three-prong ac power cord supplied with this instrument.
Failure to ensure adequate earth grounding by not using this cord may cause
Instrument damage.

Statement of Compliance

This instrument has been designed and tested in accordance with IEC

Publication 348, Safety Requiremenss for Electronic Measuring Apparatus,
and has been supplied in a safe condition. The instruction docymentation
contains information and warnings which must be followed by the user to
ensure sale operation and to maintain the instrument in a safe condition,

Cleaning Instructions

Clean the cabinet using a damp cloth only.
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Safety end Regulatory Information
Sataty Information

Shipping Instructions

Always transport or ship the instrument wsing the original packaging or
comparable.

Instrument Markings

Q The instruction manual symbol, The product is marked with
this symbol when it is necessary for the user to refer to the
instructions in the manual.

CE The CE mark shows compliance with European Cormmunity.
(I accompanied by a year, it is the year when the design
Was proven.)

CSA The CSA mark is the Canadian Standards Association safefy
mark,
ISM1-A This is a symbol of an Industrial Scientific and Medical

Group 1, Class A product.
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Regulatory Information

Notice for Germany: Noise Declaration

LpA < 70 dB

am Arbeitsplatz (operator position)
normaler Betrieb {normal position)
nach DIN 45635 T. 19 (per ISO 7779)

Declaration of Conformity
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Safety and Regulatory Information

Reguiatory Informatien

DECLARATION CF CONFORMITY

according o ISOAEC Gulde 22 and EN 45014

Manufacturer's Name: Hewlstt-Packard Co.

Manufacturer's Address: Microwave instruments Division
1212 Valley House Drive
Rohnert Park, CA 84928

USA
declares that the product
Product Name: Network Analyzer
Model Number(s}: 87118, 87128, 87138, 8714B
Froduct Option(s): - including all options

conforms to the following Product Specifications:

Safety: IEC 348:1978 / HD 401 S1:1881
CSA-C22.2 No. 231 (Series M-89)

EMC: CISPR 11:1990/EN 55011:1891  Group 1, Class A
IEC 801-2:1984 / EN 50082-1:1992 4 kV AD, BkV AD
IEC 801-3:1984 / EN 50082-1:1992 3 V/m
IEC 801-4:1988 / EN 50082-1:1992 0.5kV Sig. Lines, 1kV Power Lines

Suppiementary information:

The product herewith complies with the requirements of the Low Voltage Directive
73/23/EEC and the EMC Directive 88/336/EEC.

Rohnert Park, CA  A/=/¥~F% &ﬁ«%\

Date Bixon Browder / Quality Manager

European Contact Your local Hewlett-Packard $ales and Servies Offics or Hawlett-Packard GmbH, Department 20 /
Standards Furope, Harrenberger Strafie 130, [-71034 Boeblingen, Germany {FAX +49-7031-14-3143)
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Preset State and Memory Allocation

Preset and
Peripheral
States

Preset State

When the network analyzer is preset with the hardkey or SCPI
command “SYST:PRESET?, it sets itself to the pre-defined conditions shown

below.

NOTE

The HPB command "*RST" is not the same as “SYST : PRESET”.

BEGIN) Hey Settings
BEGIN } key device Mone
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Preset State and Memory Allosation

MEAS Key Settings
Qn/Off On
Measurement Transmission
Cn/Off off
Measurement Trensmission
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Preset State and Memory Allocation

SOURCE Key Settings
Start frequency 0.3 MHz
Stop ?{equencyl 1300 MHz
Stag ?requencyz 3000 MMz

Band pass max spen3’1

1209780 MHz

Band pass max span3’2 2998.700 MHz

Fraquency resslution kHz
SWEEP

Sweep type Fraquency

Alternate sweep o

Swyeep tims Auto {fastast possibie)
POWER

Power level 0 4Bm

RF power On

Power sweep start power 0.0 dBm

Power sweep stop power 1.0 dBm

Trigger source Internal

Trigger mode Continuous

Number of points 201

Start distanca® 0.00 f1 {0.00 m]

Stap distance®

Externa! reference

Spur avoid cptions

100.00 11 [30.48 m)
off

None

1 HP 87128
2 HP B714B
3 Aralyrors with option 10 only
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Praset State and Memory Allocation

CONFIGURE Key Settings
Sealefdiv 10 dB/div
Referance lavel 048
Referance position 5
Eiectrical celay 0.0 ns
Phase offsat 0.G degress
Fullfsplit display Fult
Display trace Deta
Graticule On
Y-axis lehel state n
Y-axis label mode Absolute
Title + Clock off
Clock :ftle fine Clack on line 2
Title line 1 Blank
Tite line 2 Blank
Limit fines off
Marker Hmits o
Limit test Off
Praviously set limits Deleted




Preset State and Memory Allocation

CONFHGURE Key Settings (continued)

(CAL

Active calibration

Last aetive cal if valid; otherwise, default sl

Detector 7ero Autazero

Cat kit Type-N femala

Valoaity factor 1.0 lspeed of fight}

Smith chart Zo 50 ohmst

Part extensions ot

Refl part extensions 0.0 ns

Trans port extensions 0.0 ns

On/oft | Al gff

Dela marker state ot

Search Gff

Bandwidth search lsval -3

Motch ssarch leyal —B

Terget search laval —3

Tracking 0ff

Format typs log mag
AVG

Averaging Gt

Average factor 16

System bandwidth Medium

Fault Window? Medium

Delay Apertura

0.5% Iminimumi

1 75 ohms if your analyzer is option 1E5 (75 ohm test poris)
2 Anslyzors with optien 1080 only
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Preset State and Memary Allocation

SYSTEM Key Settings
Define save Instrument state = On
Cal = Off
Dete = Off
See "Peripherai State”
(SYSTEM QPTIONS)
Beaper volume 80%
IBASIC displey’ None

1 Avalyzers with option 107 only
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Presst State and Memory Allocation

Peripheral State

When you preset the analyzer with the hardkey or the SCPI
command “SYST;PRESET”, or cycle power, the settings below are saved in
non-volatile memory and thus are not affected. The analyzer is shipped from
the factory with the settings in the foliowing table. These sefting will remain
as shown, until changed.

Key Settings

User BEGIN meny Qi

Key Settings

Select Disk Nen-Yol RAM disk
Yolatile RAM disk percentl 10%

External Disk Address ~|o

External Disk Volume 0

External Disk Unit ¢

IBASIC file type’ ASCII

Fast recall hil

1 Optien 102 only

Key Settings

Distance Units® Feat

3 Analyzors with optien 105 only
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Freset State and Memory Allocation

(SYSTEM GP1IONS ) Key Settings

Analyzer HP-B Address 18

Powe: Meter HP-IB Address 13

System Contraller Address 21

User TTL input for softkey autestep On

Clock:
Format YYYY-MM-OD HE:MMSS
Numeric/Alphs Numeric
Saconds On

HP-1B:
Status Telker/Listenar
SRE Register 0
ESE Rapister it
PSC Fiag 1
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Preset State and Memory Allocation

Key Settings

Select Capy Port:
Hardeopy Device HP printer
Printer Language ’ FCL
Hardoopy Port parafiel
Hardeepy HP-IB Address b
Baud Rate 19200
Handshake Xon/Xeff
Define Hardeepy Graph end Marker Tabie
Define Graph:
Trace Data On
Graticule On
Annotation On
Marker Symbaol On
Title + Cloek Cn
Define Printer;
Mono/Color Monachrome
Oriantation Portrait
Aisto Fead On
Resolution g 86 dpi
Top Margin 0 mm
left Margin B mm
Print Width 158 mm B8 inl
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Praset State and Mamary Allocation

Key Settings (continued}

Define Plotter:
Mono/Calor
Auto Feed
Pan Numbers:

Menachrome
Trace 1
Trace 2
Memory 1
Memory 2
Greticule

Braphics

Monochrame

On

Pen 1
Pen §
Pen 2
Pen 3
Pen 4
Pen 5
Pen B
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Save/Recall Memory Allocation

Before reading this section, please refer to “Saving and Recalling
Measurement Results,” in Chapter 4 for an overview of the Save/Recall
fanctions.

This section provides details on the size of Save/Recall instrument state files.
Since disks have limited storage capacities, it is often important to know how
many instrument state files will it on a disk, and how to reduce the size of
each file in order to maximize storage.

Types of Storage Disks

The analyzer is capable of saving complete instrument states for later
retrieval. It can store these instrument states to any one of the following:

Tahle 14-1. Disk Capaeities

Disk Capacity
Imernal non-voletiie RAM disk over 400 KB
Internaf volatile RAM disk® over 200 KB to 2.0 MB
Intarnal 3.5 7 floppy disk 1.44 MB
External HP-B disk drive depands on type of disk; refer to
tha disk drive manual.

1 Expandable by adding SIMM DRAM {See the Serves Guide for details)

The non-volatile RAM disk is powered by a battery, to provide short term
storage of data when the analyzer is not connected to ac power. With
this battery protection, data can typically be retained in memory for
approximately 250 days at 70 °C and for more than 5 vears at 25 °C.

The number of files that can be saved to disk is limited by the space available
on the disk.
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Praset State and Memory Allocation
Save/Recall Mamary Allocation

The number of bytes availabie for storage are displayed in the upper
right-hand portion of the disk catalog window, after the words “Byies Free,”

In addition, each directory can only hold a limited number of files or
directories. The table below shows these limits:

Table 14-2. Maximﬁm Number of Files and Directories

Reot Directory Any Subdirectery
Mon-volatile RAM Disk 128 >1000
Volatile RAM Disk 258 =>1000

If you have more files than will fit in a single directory, use additional
subdirectories. With fewer files in each directory, your disk access time will
be Taster.

The disk catalog window can display at most nine pages of files,
with 21 files or directories per page, for a total of 189, This means that if you
have over 188 files (in addition to the parent directory), you will not be able
to see all of the files. However, even though you cannot see all of the files
using the disk catalog window, you can still access them programmatically
using SCPI or IBASIC.
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Preset State and Memory Allocation
SavejRecall Memary Allocation

Types of Storable Information

The nstrument states can contain the instrument state, calibration data, and

trace data.
Inst State

Cal

Data

Save ASCII

(Instrument state.) Data sufficient to set up the network
analyzer, The amount of memory used is independent of
the number of measuremenst points unless memo
Eunctions are used. Memory trace functions are |

Dats and You shouid save instrument state';
when you want to return to the same instrument setup.

(Calibration data.} Error correction arrays. The amount of
memory used increases with the number of data points.
Reflection cals are larger than transmission cals. The
instrument state is automatically saved with cal data. You
should save calibrations to avoid having to repeat the
calibration procedure.

(Measurement or trace data.) The amount of memory used
increases with the number of When data is
put into memory (by pressing
nemory trace.

Saves trace data in ASCII format for output to spreadsheets.

14-14




Preset State and Memory Allocation
Save(Recall Memory Aliocation

How to Determine the Size of Disk Files

This section explains how to calculate the size of the files that you save to

disk when using (SAVE RECALL).

As mentioned earlier, there are three types of information that can be saved:
s Instrument state

« Cal

e Data

Each of these can be enabled or disabled using
based on your needs.

The following table shows how much space is required to save esch of the
three components of the instrument state. By adding the numbers for the
iterns which you are saving, you can calculate, approximately, the size of the
instrument state file that will be saved to disk.
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Save/Recall Memory Ailecation

Table 14-3. Sizes of Instrument State Components

with 1 memery trace

with 2 memory traces

item Saved Size! (ytes)
Fie header 768
State header 140
instrument siata
off 0
without memory trace 2624

2924 + 1 % B % Npgs®
294 + 7 X B X Nogs?

Bata (per sctive channel]
off
each channe! active

0
178 + B X Npes?

Cal {per active channe]
off
transmission
respense snd isolation
reflection

0
U+ 2 X B X Calpes”
246 + 2 % B X Calpss®
26 + 3 % B x Calpes®

1 Sizes are subject to chenge with future firmyvare revisions

2 Npsa = number of measurement points

3 Calpts = numbar of points over which the calibration was performed

Memory traces are sav
whose digplay is set to

DISPLAY ) menu.

channel
in the
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Totals are rounded up to the next highest multipie of 256, since the disk
sector size is 2566 bytes. Here are some examples:

. state, saving instrument state ordy:
Size = 768 + 140 + 2924 = 3832 (round up o 3840)
« Tlsing 201 points, with Data/Mer on channel 1, channel 2 off:
Size = 768 + 140 + 2924 + 6 x 201 = b038 (round up to 5120)

¢ Using 201 points, with Data/Mern on channel 1, channel 2 off, and saving
both the instrument state and data:

Size = T68 + 140 + 2924 + 6 x 201 + 178 + 6 x 201 = 6422
(round up to 6656)
¢ Same as above, but after performing a transmission calibration and saving
the calibration:

Size = T68 + 140 + 2824 + 6 x 201 + 178 + 6 x 201 + 246 + 2 x
6 x 201 = 9080 (round up to 9216)

Memory Usage Notes

In general, memory usage increases with number of points and complexity of
information saved.

Reflection calibrations use more memory than transmission calibrations
because they use more error arrays.

When multiple types of information are saved together, the total can be less
than indicated above because redundant internal information is eliminated.
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Index

Special
characters

absclute output power
measuring, 3-30
absclute power, 3-33
absclute power accuracy specifications, 11-10
ac line power, 11-16
activating spur avoidance, 5-18
active channei, 2-10

L 10-5

address

plotter, 1-14

printer, 1-14
addresses

HPIB, 1-14
“A” detector, 3-4
allocations

memory:changing, 4-40

.aiternate sweep, 57, 10.6
altitude conditions, 11-17

Index-2




AL 8 5, 10-6
AM delay
theory, 3-42
when to use amplification, 3-8
h se attennation, 3-9
4 ., 10-6
AM delay specifications, 11-12
amplification
when to use in a measurement, 3-9

16-7

atmospheric conditions, 11-17
attenuation

hen t easurement, 3-9

automation, 7-2-
selecting a controller, 7-11

auto-step, 7-25, 7-40
AUTOST files, 7-6, 7-60
UTOSTV‘program, 723
5, 10-8
ary _]_i‘;put, 3-48, 8-5, 11-15
L 10-8
nnector, 3-48, 8-5, 11-16
©10-8

age on OFF, 108
aging changing, 5-12

aver.

averaging, how it works, 5-12

(AVG), 10-8

Index-3




bandwidth changing, 5-11
bar code reader, 7-26
basic functions

front panel, 2-3
battery, 14-12

.

B* detector, 3-6
“B” detector, 3-4

10-10
BEGIN |, 3-12-17, 10-10
customized, 3-17, 7-19
usey, program structure, 7-20
jegin &
BEGIN | key
measurement configurations, 3-12
network analyzer internal configurations, 3-16

ive, 10 11

broadband power measurement
example, 3-3¢

button box, 7-32

C ‘
programiming language, 7-14
C++

prograrming language, 7-14
cabinet dimensions, 11-17
cabinet installation, 1-16

interface, 4-53

fCAL), 10-12

calibration
for a reflection measurement, 3-25, 3-26
for a transmission measurement, 3-19
isclation, 10-68
response, 10-58
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when it is necessary, 6-6
calibration information

to save, 4-88
calibration kit

sex of connectors, 10-12
calibration kits, 3-25
calibration saving, 4-41
cal kit

sex of connectors, 10-12
10-12

cal kit file
to create, 6-18
cal kits
model numbers, 3-25
cal kit standards
downloading, 6-15

10-12

I, 10-12
cattion
receiver input damage level, 5-10
caution definifion, 13-4
CE mark definition, 13-5
2-7,10-13
Centronics interface, 11-16
(CHAN 1), 2-10, 10-13
CHAN 2}, 2-10, 10-13
h directories, 4-48
448, 10-13
changing directories, 4-48
channel
selecting, 2-10
_viewing, 2-11
10-18
characteristics
definition, 11-2
check
operator’s or confidence, 2-12-18
checking the shipment, 1-3
cleaning instructions, 13-4
¢ trys, 10-13
10-13
£, 10-14

£EL, 10-14
al connectors, 8-4-7
s, 10-14
computer
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selecting for automation, 7-11
computer connections, 7-10
conditions for environment, 11-17
confidence check, 2-19-18
configurations

of system for automation, 7-4
Gonfigus Bisk:, 10-15

{ Ipgure-R gk, 10-15
- configure the hardcopy port, 4-55
configuring measturements from the key, 3-12
configuring raemory allocations, 4-40
configuring the analyzer, 1-10
connecting analyzers to a computer, 7-10
coninecting computers, 1.11
connecting controllers, 1-11
connecting peripherals, 1-11
connectors, 8-3
coaxial, 8-4-7
damage levels, 8-4-7
front panel, 8-3
HP-IB, 8.8
impedances, 8-4-7
multi-pin, 8-8-12
rear panel, 8-3
connectors on rear panel, 11-15
contents of shipment, 1-3

intensity, 819
controlier

selecting for sutormation, 7-11
controller connections, 7-10
controliers

connecting, 1-11
conversion loss

formula, 5-40
 measuring, 3-35
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crosstalk, 10-88
CRT adjustment

for external monitor, 8-7
C8A mark definition, 13-5

10-16

data storage, 14-12
date

1 10-17
declaration of conformity, 13-6
default conditions

~ presetting the
De

Define Save , 10-18
defining a printing device, 4-57
defining what you save, 4-41
delay
AM, 3-42
AM specifications, 11-12
slectrical:effect on measurements, 5-21
group, 3-49
group specifications, 11-12
phase-derived, 3-49
delay aperture, 3-49
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: . -, 10-18
deleting files, 4-45

deleting limit segments, 4-34
delta markers, 4-23

delta (A) markers,
description of instrament, iii
detection
broadband, 3-6
narrowband, 3-8
detection modes, 3-4, 3-6
. 10-20

det

detector “B”, 3-4
detector B*, 3-6
detector connectors, 1-11
detector “R”, 3.4
detector R*, 36
detectors

internal, 3-4

10-26
determining test port power, 11-6
device measurement, 3.3
diagrams

on-screen, 7-18
dimensions of analyzer, 11-17
DIN keyboard, 11-16
directory

disk
formatting, 4-49
disk access time, 7-44
disk or memory recall, 4-43
disks
LIF formatted, 4-47
LIF formatting, 4-51
MS-DOS formatting, 4-49
disk selecting, 4-38
disk storage capacity, 14-12

display, 8-14

split, 7-18
(DISPLAY]), 2-11, 10-21
display intensity control, 8-19
dis

clution specifications, 11-14
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b 10-21
dithering, 5-15
DOS formatted disks, 4-49
downleading cal kit standards, 6-15
DRAW
graphics keyword, 7-18
10-21
dual channel measurements, 2-11
dynarnic range
change measurement averaging, 5-12
changing system bandwidth, 5-11
factors, 5-10
increase receiver input power, 5-10
incresasing, 8-10
receiver, 11-8
reduce receiver floor, 5-11
dymnamic range , iii
dynamic range specifications, 11-2

10-22

edit limit example, 4-29
electrical delay, 5-20

10-22
electrical requirements, 1-4
electrostatic

discharge, 1-8, 11-17

precautions, 1-8, 11-17
eliminate receiver spurious responses, 5-14
Eny 1o} 16-22

End Line #, 1023
ent-@ri;qg parameters, 2-4
10-23
2:, 10-23

environmental characteristics, 11-17

environmental requirements, 1-4
&rror

unrecoverable, 10-54
ESD precaut]
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extensions
port, 5-19
extern ili

AUX INPUT), 3-48, 8-5, 11-15
8.7, 10-24

external detector connectors, 1-11
external disk, 4-41

16-24

external disk drive
MS-DOS formatting, 4-50

external keyboard, 7-27, 11-16

external keyboard hot keys, 7-29

external moenitor, 7-37

external monitor connector, 8.6

external trigger input, 8-5, 11-15
external video monitor, 11-16
EXT REFIN, 85, 11-15

EXT TRIG IN/OUT, 8.5, 11-15-

fast recall, 7-38

to delete, 4-45

to rename, 4-44
file renaring, 4-44
file saving, 4-39

P

flat limit lines, 4-29
flatness, 4-33

floppy disk formatting, 4-4%
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{foot switceh, 7-32

FORMAT ), 10-27

Format 3.5% Disk. 109

Freqr L 10-28
frequency change to increase sweep speed, 5-3
frequency range
entering, 2-7
frequency response errors, 10-58
frequency shift
how to minimize, 5-21
frequency shift due o long electrical dalay, 521

connectors, 8-3
front and rear panel features, 8.2-24
front panel display, 8-14

front pane] features, 8-2-24

front panel knob, 8-16

front panel tour, 2-3

, 10-28

fus

line, 1-4, 8-23
part number, 8-23

10-30
graphics, 7-18

10-30

group delay, 3-49
group delay specifications, 11-12
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H hardeopy
faster, 7-72
typical times, 4-65

HARDCOPY ], 10-32

:, 10-32
hardeopy port configuration, 4-55
hardcopy speed, 4-64

harmonics

external keyboard, 7-29
how to
craate fat limit lines, 4-29
create single point limits, 4-32
delete limit segments, 4-34
use delta {A) markers, 4-23
use limit lines, 4-27
use polar format markers, 4-26
use Smith chart markers, 4-26

HP BASIC

programming language, 7-13
HP.1B

addresses, 1-14

10-33
address

plotter, 1-14

printer, 1-14
HP.IB cable length, 1-12
HP-IB cables, 4-53
HP-IB connector, 8-8, 11-16
10-33
HP-IB extender instruments, 8-9
HP-IB interconnections, 1-12, 8-9
HE-IB interface capabilities, 8.9
HP-IB port, 1-11
HP.1B restrictions, 8.9
HP VEE

programming language, 7-14

H

Index-12




hmﬁdity conditions, 11-17
10-34

IBASIC, 7-3
_ pxgqgr_anufmng language, 7-13
5, 10-35

‘ ¢ 10-35
tmpedance matching errers
how to reduce, 5-17
incident signal, 3-3
increase receiver input power, 5-10
increase start frequency, 5-3
increasing dynamic range, 5-10
increasing sweep speed, 5-3
information saved, 4-38
initializing a disk, 4-49
input
auxibiary, 3-48, 8-5, 11-15
external reference, 8-b, 11-15
external trigger, 8-b, 11-15

rack, 1-16
installation category, 1-5

A , 135

instruction manual symbol
defined, 13-5

ingtrument markings and symbols, 13.5
instriment preset state parameters, 14-2
10-36

instrument states
recalling, 4-38, 7-43

instrument state settings
to save, 4-38

intensity control, 8-18
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interface
cables, 4-63
parallel, 11-16
interface capabilities
HP-IB, 8-9
tetual, 10-36

10-36

internal detectors,
internal disk, 4-40
internal disk drive

LIF formatting, 4-51
interneal drive

MS.DOS formatting, 4-49
introduction

front panel, 2-3
IBM1-A mark definition, 13-5
isolation

calibration, 10-588
iterative contrel, 7-47

K keyboard
external, 7-27
keyboard connector, 1-11, 4-66, 8-12
keyboard (DIN), 11-18
keyboard, external
hot keys, T-29
keyheoards
1o connect, 4-66
using, 4-66

calibration, 3-25
knob, 8-16

10-38

language
programming, 7-13

learn strings, 7-45

, 10-38

power, 2-8
reference, 2-9
, 10-38
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LIF formatied disks, 4-47
LIF formatting, 4-51
linit

. edit example, 4-29

Lmit lines
stimulas and armplitude values, 4-35

limit lines testing, 4-27

10-38

Hmib testing, 7-34
creating flat limit lines, 4-29
creating single point limits, 4-32
deleting limit segments, 4-34

, 16-89

limnit test output, 8-5
Timit test port
used as geheral purpose /O, 7-34
LIMIT TEST TTL IN/OUT, 8.5
line fuse
location, 8-23
ratings, 18-3
type, 14
line moedule, 8-21
line power, 11-16
line power requirements, 1-5, 8-24
line power switch, 8-17
line switch, 8-17
line vcliage reguirements, 1-4
line voltage selector, 8.24
line voltage selector switch, 1-4

lock-up
how to fix, 10-84
system, 10-54
lock-up, how ¢o fix, 1-13

10-40

loss

conversion, 3-35
i tion, 3-22
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maz'kéi‘éumt, 4.33
z:narker math, 4-17

marker resolution specifications, 11-14
markers
delta (A}, 4-23
polar format, 4-26
reference, 4-23
relative mode, 4-23
search:bandwidth values, 4-11
search:notch values, 4-13
Smith chart markers, 4-26
use with limit lines, 4-34
markers and sweep thne, 5.7
marker search

48
10-43 .

marker search and sweep tine, 5-7
marker statistics, 4-17

marker tracking and sweep time, 5-7
math, marker, 4-17

mean, 4-17
measire
using limit lines, 4-27
measurement
reflection response, 3-24
steps, 3-11
transmission respense, 3-18
typical sequence, 3-11
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measureinent averaging, 5-12
measurement calibration, i

When it is necessary, 6-6
measurement calibration, theory of, 6-3
measurement channel, 2-16
measurement data

to save, 4-38
measurement detection modes, 3-6
measurement exampie

reflection response, 3-24

transmission response, 3-18
measurement port specifications, 11-3
measirements

explained, 3-3

from the key, 3-12

optimizing, 5-2

When a calibration is necessary, 6-6
measurement speed with hardecopy, 4-64
reasurement theory, 3-3
raeasurement uneertainty, 11-11
measuring absolute output power, 3-30
measuring devices, 3-3
10-43
medium bandwidth, 5-11
memory, 7-43

changing, 4-40
memory or disk recall, 4-43

MENU ), 10-44

inessage string, 7-17
16-44
- 10-45
, 10-45

mismatch errors
how Lo reduce, 5-17

rer, 10-45
fkr Limit on OFF}}, 10-45

10-46

Index-17




;"nomtor; 11-16
external, 7-37, 8-6

graphics keyword, 7-18
M8-DOS formatting, 4-48
) external disk drive, 4-50

10-47

otch marker search, 4-15
10.48

arker search, 4-15

peak

multi-pin connectors, 8-8-12

narrowband power measurement, 3-30
narrow bandwidth, 6-11
networking, 7-10

noise
trace:activate averaging, 5-13
trace:change system bandwidth, 5-14
trace:eliminate recelver spurious responses, b-14
trace: reduction, 5-13

noise floor, 11-2

isp floor reduction, 5-11

; , 10-50

non-cperating storage conditions, 11-17

non-volatile memory
battery powersd, 14-12

non-velatile RAM disk, 7-43

10-80




it
example, 3-26
on-screen diagrams, 7-18
i diti 11417

cperational check, 2-12-18
cperator’s check, 2-12-18
optimizing measurements, 5-2
cutput

video, 11-18
cutput power, iii

absolute, 3-30
output power specifications, 115

P panel
front and rear, 8-2-24

parallel port, 1-11, 4-B5, 4-56, 7-51-56, 11-16
part numbeyr

rack Kdt, 1-16
part numbers

static-safe equipment, 1-8
parts supplied with shipment, 1-3
performance

lay, 3-49
Pha , 10-53
physical dimensions, 11-17
plotter address, 1-14
peint Iamit creation, 4-32
peints reduction, 55
i 10-53
polar format markers, 4-26¢
peollution degree rating, 1-b
port
HPIB, 1-11
parallel, 1-11, 4-b5, 4-56, 7-51-56
R8-232, 1-11
serial, 1-11, 4-55, 4-56
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port configuration for hardcopy, 4-55
port extensions, 5-19

10-53

reference, 2.9

power
absolute, 3-30, 3-33, 11-10
breadband measurement, 3-30
line, 11-18
narrowband measurerment, 3-30
output specifications, 11-6
probe, 8-12, 11-15

‘ ri, 10-54

(POWER), 28, 10-54

power cable configurations, 8-21

power cables, 8-21

power level
entering, 2-8

power module, 8-21

power reguirements, 1-5, 8-24

power switch, 8-17
precautions

electrostatic, 1-8, 11-17
(PRESET). 2-6, 10-54
preset conditions, 2-6, 14-2-7
preset state parameters, 14-2
printer address, 1-14

: and p
baud rate, 4-58

printing device definition, 4-57

printing speed, 4-65

pring ti 65

p

probe power, 812, 11-15
procedire
creating flat Umit lines, 4-29
creating single point limits, 4-32
deleting Bmiting segments, 4-34
increasing dynamic range, 5-10
increasing sweep speed, §-3
set sweep to auto mode, 5-4
test with Hmit lines, 4-27
turn off alternate sweep, 5-7
using delta (A) markers, 4-23
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using polar format markers, 4-26
widen systermn bandwidth, 5-4
ing languages, 7-13
10-55

§r01n;)tmg
~how to display pop-up messages, 7-17

R, 10-66
10-58
rack installation, 1-16
rack kit

part number, 1-16
RAM disks, 7-43
range

frequency, 2-7
R* detector, 3-6
“R" detector, 34
readabie ports, 7-37, 7-52

‘ , 10-56

rear panel connectors, 11-15

rear panel feafures, 8-2-24

recall, fast, 7-38

recall from a disk or memory, 4-43, 7-38
recalling states, 7-38, 7-43

receiver damage level, 11-9
receiver dynamic range, 11-8
receiver input damage level, 5-10
receiver input power Increase, 5-10
receiver inputs, 3-4
raceiver nojse

dithering, 5-14

spur avoidance, 5-16
receiver noise floor reduction, 5-11
receiver specifications, 11-8
recording

keystroke, 7-24
redefining softkeys

with User {BEGIN ), 7-19
reduce number of measurement points, 5-5
reduce receiver noise floor, 5-11
reduce the amount of averaging, 5-5
reducing mismatch errors, 5-17
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reducing trace

2.9, 10-57
reference markers, 4-23
]f_eference plane adjustment, 5-19

2-9, 10-57
reference signal, 3-4

external, 8-5, 11.15
reflection

calibration example, 3-25
_formula, 328

2 , 10-58
reflection measurement

Rename File 10-58
renaming a fle, 4-44
requirements

restrictions

HP-IB, 8-9
return loss, 3-29

RF power ot
setting, 2-8

rpg knob, 8-16
RB-232 (serial) port, 1-11, 4-55, 4-58, 8-11

10-60
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§ safety information, 13-3
safety warnings, 13-3
cave ISCI. 1061

AUTOST, 10-61

saving a calibration, 4-41

saving and recalling measurement results, 4-38
saving data, 4-39

SCALE ), 2-8, 10.62

: B 4-40, 10-64
selecting the disk, 4-39
selector switch

voltage, 8-24
serial port, 1-11, 4-55, 4.56, 7-58, 8-11
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setting HP-IB addresses, 1-14
seztmg the line voitage, 1-4
the analyzer, 1-10

, 10-66

spurs, 5-14
shipment contents, 1-3
shlpmem Weaght 11-17

SICL, 7-14
signal detection, 3-6
szgnal urity specifications, 11-7

softkey auto-step, 7 25, 7-40
Softkey Auto-Step}}, 10-67
softkey redefinition

with User [BEGIN), 7-19
source harmonics, 11-6
SOUrce power

entering, 2-8
souree resolution, it
source specifications, 13-4
Space, 10.67
i, 2-7, 10-67
‘;necﬁkca’smns 11-2-18

definition, 11-2

receiver, }11-8

source, 11-4
speed increase of sweep, 5-8

10-67

16-68

SRQ, 7-49

standard deviation, 4-17
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standby, 8-17

5, 2.7, 10-68
start frequency change tc Increase sweep speed, 5-3
st . 10-69

L 10-69

states
recalling, 7-43
static-safe equipmenst
part numbers, 1-8
istics, 4-33

cs, marker, 4-17
16-69

2-7, 10-69

string
message, 7-17

strings
learn, 7-45

(SWEEF], 10-70

sweep speed
increase start frequency, 5-3
increasing , 53
reduce averaging, 5-B
reduce number of points, 5-5
turn off alternate sweep, 5.7
turn off spur avoidance, 5-8
use auto mode, -4
view single measurement channel, 5-6

ep Time, 10-70

1070

foot, 7-32
line power, 8-17
line voltage selector, 1-4

émﬁois and markings
instrument, 18-5
synchronization
of external monitor, 87
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system

automated, configuration, 7-4
systemaltic errors, 6-3
system bandwidth, 5-11
10-71
system bandwidth change, 5-14
system bandwidth, how it works, 5-11

10-71

L1071

system lock-up
how to recover, 10-54
{SYSTEM OPTIONS ), 10-71
systermn performance, 11-2
system specifications, 11-2

techniques

optimizing measurements, 5-2
temperature conditions, 11-17
template

kevbeard, 7-29
testing with limit Bnes, 4-27

10758
theory
measurement, 3-3-10
throughput
of an auternated systern, 7-10
time

disk access, 7-44
format, 10-14
: , 10-73

16-75

trace noige
activate averaging, 5-13
change system bandwidth, 5-14
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eliminate receiver spurious responses, 5-14
factors, 5-13
reduction, 5-13

tracking, 4-8

marker, 5-7

, 10-74

sion
forrmula, 3-22

transmission measurement
calibration, 3-19

transmission measurements, 3-18-23

16-74
transportmg instructions, 13.5
trigger

external, 8-5
external input, 11-15

BE
TTL signals, 7-
type-F connectors, 6-14

uncertainty

measuremenst, 11-11
unpacking the analyzer, 1-3
unrecoverable error, 10-54

Bpper:, 10-75

5
User BEGIN program structure, 7-20
USER TTL IN/OUT port, 7-31, 8-6
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V VEE
. Programming language, 7-14

Lo

vertical scale, how to set, 10-7
VIDEG OUT connector, 1-11, 8-6, 11-16
view a single measurement channel, 56

voltage requirements, 1-4
voltage selector switch, 8-24

W warning definition, 13-3
warranty, 11-19
ight, 11-17

wide bandwidth, §11
writeable ports, 7-36, 7-52

L 10-79
10-79

16-80
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