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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from
the factory. Hewiett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional institute of Standards and Technology (NIST, formerly NBS), to the extent allowed by the Institute’s calibration
facility, and to the calibration facilities of other intemational Standards Organization members.

WARRANTY

This Hewlett-Packard system product is warranted against defects in materials and workmanship for a period corme-
sponding to the individual warranty periods of its component products. Computer and computer peripherals are war-
ranted for a period of 90 days. Instruments are warranted for a period of one year. During the warranty period,
Hewiett-Packard Company will, at its option, either repair or replace products which prove to be defective.

Warranty service for products instalied by HP and certain other products designated by HF will be performed at Buy-
er's facility at no charge within HP service travel areas. Outside HP service travel areas, warranty service will be per-
formed at Buyer's facility only upon HP's prior agreement and Buyer shall pay HP's round trip travel expenses. in
all other areas, products must be returned 10 a service facility designated by HR.

For products reharned 1o HP for waranty service, Buyer shalt prepay shipping charges to HP and HP shall pay ship-
ping charges to retum the product to Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for
products returned to HP from another country.

HP warrarts that its software and firmware designated by HP for use with an instrument will execute its programming
instructions when properly instalied on that instrument. HP does not warrant that the operation of the instrument, or
software, or firmware will be unirterrupted or error free,

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized maodification or misuss, operation outside of the environmerntal
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES
OR MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE Lb
ABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product mairmenancs agreements and other customer assistance agreements are available for Hewiett-Packard
moducts.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the
back of this marual BP24A 2
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Installation

INTRODUCTION

This chapter provides instructions for installing your analyzer. The main topics of this chapter are:

= Unpacking your instrument

= Environmental considerations
« Power considerations

= Checking the HP~1B address
» Static free work station

« Turning on the analyzer

UNPACKING YOUR INSTRUMENT

This instrument has been carefully inspected both electrically and mechanically before being shipped
from the factory. Performing an incoming inspection to check the instrument for signs of physical dam-
age, missing contents, and to check that it passes the electrical performance test. If any discrepancy
is found, notify the carrier and Hewlett—Packard. Your HP Sales Office will arrange for repair and re-
placement without waiting for the claim to be setiled.

1. Inspectthe shipping container for damage, and keep the shipping materials until the inspectionis
completed.

2. Verify that the shipping container contains everything shown in Figure iIN-1,

3. Make sure the serial number on the analyzer's rear panel matches that on the shipping docu-
ments.

4. Inspect the exterior of the analyzer for any signs of damage.
5. Verify that the analyzer is equipped with the options you ordered.

6. To verify the electrical performance, perform the operators test, described in the Verification chap-
ter of the Service Manual.

HP 8719C/8720C/8722A/8722C Installation IN-1
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Figure IN—1. Contents of Shipping Container

IN-2 Installation HYP 8719C/8720C/8722A/8722C



ENVIRONMENTAL CONSIDERATIONS

The analyzer will operate within a wide range of temperatures, aftitudes, and levels of humidity. The
environmental conditions are as follows:

Table IN—1. Environmental Condifions

Temperature
For operation +5°C to +40°C {(41°F to 104°F)
For measurement - +20°C to +26°C (+688°F to +79°F)
calibration
For performance +1°C (£ 1.8°F) of the measurement calibration temperature
verification
For storage ~40°C to +70°C (~40°F to +158°F)

Humidity

For operation

5% 1o 95% at +40°C or less {non—condensing)

For storage

5% to 95% at +65°C or less (non—condensing)

Pressure Altitude

For operation

less than 4,600 meters (15,000 feet)

For storage

less than 4,600 meters (15,000 feet)

NOTE: Accuracy enhancement is dependent, in part, on a stable temperature environment. If your
environment temperature has a tendency to fiuctuate more than =1°C, periodically perform
a verification o ensure that the system has been correctly calibrated.

HP 8719C/8720C/8722A/8722C
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System Heating and Cooling

Install air conditioning and heating, if required.

Air conditioning requirements depend on the amount of heat produced by the instruments. Use the

BTU/hour ratings from the table below

Table IN=2. Maximum VA Ratings and BTU/Hour Ratings of HP Instruments

Instrument VARaing' | Sublotal | BTUmow | Subtotal
Standard Equipment
HP 87XX Neiwork Analyzer 280 952
HP 8340 Synthesized Sweeper or 500 1,700
HP 8360 Synthesized Sweeper or 400 1,380
HP 8350 with Plug—in 378 1,275
Standard System Total
Accessory Equipment
HP 8000 Series 300 250 850
19 inch CRT: HP 98751A, 98752A, 420 1,430
OB753A, 98754A
16 inch CRT: HP 98785A, 98789A 200 580
Typical Hard Disk Drive 65 222
HP Laser Jet |1 170 to 800 58010 2,720
HP PaintJet 20 68
HP 7440A Plotter 100 340
System Totai

1. Values are based on 120 Vac supplied to each instrument at 60 Hz.

SPACE REQUIREMENTS

An area must be provided for the system instruments. The following table lists the space required for

different configurations and includes the additional space for proper ventilation.

Yable IN~3. System Space Requirements

Height Width Depth
HP 850438 System Cabinet 124 cm 80 cm 80 cm
(without work surface) (49 in) {24in) {32 i)
Bench-Top system™ 26.7 cmi 425 cm 81em
{(10.5in} {17 in) {201in)

* Allow 12" of table top in front of the analyzer to provide room for test port cables.

IN—~4 Installation
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POWER CONSIDERATION

This is a safety class 1 product (provided with a protective earth termi-
nal). A non~interruptibie safety earth ground must be provided from the
main power source to the analyzer’s power input terminais, power cord,
or supplied power cord set. Whenever the safety earth ground has been
impaired, the instrument must be made inoperative and secured against
any unintended operation. If this instrument is to be energized via an au-
totransformer (NOT RECOMMENDED) for voltage reduction, make sure
that the common terminal is connected to the earth pole of the power
source.

Confirm that the analyzer voltage selector (shown in Figure IN—2) is set to match the AC line voliage
before plugging in the analyzer.

230V 115\'
[

@@

e

Figure IN-2. Voltage Selector

Tuble IN~4. AC Line Voltage

Nominal Sefting AC Line Power
115V S0V to 132V (at 47 to 66 Hz)
250V 198V to 264V (at 47 to 66 Hz)

To protect operating personnel, the National Electric Manufacturer’s Association (NEMA) recommends
that the instrument panel and cabinet be grounded. The anaiyzer is equipped with a three~conductor
power cord that, when plugged into the appropriate AC power receptacie, grounds the instrument.
The offset pin on the power cord is the safety ground.

To preserve the protection feature when operating the instrument from a fwo prong outlet, use a three—

prong to two-prong adapter and connect the green pigtail on the adapter to the protective earth
connection.

HP 8719C/8720C/8722A/8722C Installation IN-5



The power plug must be plugged into an outlet that provides a protective
earth connection. DO NOT use an extension cord or power cord that
does not have a protective ground.

HP —-1B CONSIDERATIONS

HP-IB enables system instruments to communicate. Connect the system instruments with HP—-IB
cables in any order. The other system instruments have HP--IB connectors (shown beiow) similar to
that of the analyzer. Tighten the knurled screws on each of the HP—IB cables.

Voltage
L Selector

Fuse
\h\h"“ Power
Cable
Figure IN-3. HP 8720 Rear Panel
Table IN~5. HP—=IB Cable Lengths
Instruments in Maximum HP-1B Cable Length
System Cabie Length {Approximate) Part Number
Two 4m 4m (13 feet) HP 108330
Three or more 2m 2 m (6 feet) HP 108338
1 m (3 feet) HP 10833A
0.5 m (1.5 feet) HP 10833D
Fifteen (max) 20 m (Total)
HP -IB Addresses

To communicate via HP—1B, {1) each device must have a unique address and (2) the analyzer must
recognize each address. To check each device’s HP—IB address, refer {o its manual (most addresses
are set with switches). To check the analyzer's address, press the [To¢a ] key and the :
softkeys. The analyzer's address will appear.

HP 8719C/8720C/8722A/8722C
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The HP—IB addresses shown are the factory--set addresses of the devices. They are also the default
addresses recognized by the analyzer.

Table IN—6. HP-IB Addresses

Device Decirsfl A]c?dress
Network Analyzer 16
Printer 5
Plotter 1
Disk (drive) 0
Controller (computer) 21
P Mir (power meter) 13

To change an address (recognized by the analyzer) to match a device address, press the device soft-
key and then enter the address and [x1].

To learn how to use the network analyzer, continue with the next chapter. The analyzer has already
passed its self—test and should be ready to make measurements.

if you need to check the instrument more rigorously (incoming inspection, for instance), refer to the
Service Manual.

Checking HP 1B Addresses

For hard copy output, an HP~IB cable must connect the analyzer {o the printer or plotter.
To communicate by HP—IB, two conditions must be satisfied:

+ The analyzer must have a unique address.
« The analyzer must recognize each address.

To check each device's HP—IB address, refer to its manual {most addresses are set with switches).
To check the analyzer's address press The analyzer's ad-
dress will appear.

Table IN--6 shows the factory—set device addresses. They are also the default addresses recognized
by the analyzer.

To change an HP—IB address (recognized by the analyzer) to match a device address, press the
device softkey and then enter the address and [x}.

HP 8719C/8720C/8722A/8722C Instalfation IN-7



STATIC-FREE WORK STATION

Grounding
Receptocle

Wrist Strop
93000810

A 3-wire fine power
cord with proper
connection to ground

must be used for ESD
protection.

Anti—-Static Mo '
93000797

Figure IN~4

When installing the analyzer for use on a bench, place it on a grounded anti—static work surface to
lessen the chance of ESD damage. The anti—static surface should extend far enough in front of the
analyzer to provide effective protection for the test ports and cable ends. A grounding receptacle is
provided on the analyzer as an alternate grounding point for your anti—static wrist—strap.

IN~8 Installation HP 8719C/8720C/8722A/8722C



Static Symbol

ATTENTION
Static Sensitive
Handle only at Static Safe
Work Stations

The static symbol illustrated above may be found used in the manual set as a reminder that the proce-
dures about to be performed could resuit in ESD damage 1o the analyzer if cerfain cautions are not
followed, Be aware that there are devices in the analyzer that are easily damaged by ESD.

TURNING ON THE ANALYZER

Turn the line switch on. The analyzer should power up with no efror messages displayed, in which
case, the analyzer has passed its internal diagnostics and is functioning properly.

NOTE: If an error message is displayed, or if the instrument does not appear to operate properly, refer
to “Error Messages” in the Reference section of the Operating and Programming Manual

Once the instrument is on and functioning properly:

1. Refer to Chapter 1 of the Operating and Programming Manua/ for information on how the manual
is structured, available options and accessories.

2. Refer to the User's Guide for a quick tutorial on basic network analyzer operation.

In the documentation, front panel keys (hard keys) are represented by print surrounded by a box:
. Display softkeys are shown as print on a half—tone background: i%6¢:

For example, “Press N 0] ” means you should press the
key, then the softkey, followed by the [=], (5], [£] and keys. The
last key, [=1], terminates the command in basic units (dB, dBm, Hz or degrees).

HP 8719C/8720C/8722A/8722C Installation IN-9
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This document is intended to provide an introduction to
the operation of the HP 8719C, HP 8720C, and HP
8722A network anaiyzers. It demonstrates many of the
features and capabilities of the analyzers, providing actual
operating sequences for common network measurements.

How to Use This Guide

To gain the most benefit from this guide, it is suggested
that you proceed sequentially through the chapters. Each
chapter builds upon the information presented in previous
chapters. Once 2 specific measurement is stored in one of
the internal registers (let's say, register 1), feel free try
out some of the other softkeys/features available.
Selecting [RECALL] /[RECALL REGI] will restore the
previous measurement and allow you to continue with the
measurement examples. An appendix is also included to
provide more detailed information on additional topics.

To simplify the execution of the measurements, the keys
to be selected are bracketed, capitaiized and usually
presented flush-right within the column. Front panel
"hardkeys" are in bold and will be followed by one or

* more softkeys in ftalics. For example, [CAL]
[CALIBRATE MENU] [FULL 2-PORT], accesses the two-
port calibration softkey menu. Sets of key sequences will
often be preceded by a paragraph of text describing their
function and providing any special instructions.

The equipment that is used in this guide is listed below.
Notice that the bandpass filter used in almost every
example, is provided with the analyzer to simplify config-
uring the measurements. The HP 87224 analyzer will
also be shipped with two 2.4 to 3.5 mm adapters. When
using 2.4 mm cables, such as the HP 85133E/F test port
cables with the HP 8722A analyzer, use the adapters to
convert the 3.5 mm bandpass filter to a 2.4 mm test
device.

Equipment Used in this Guidel

Description HP Part/Model No.
Bandpass Filter (ncluded with anslyzer) HP PIN 0955-0446
3.5 mm Calibration Kit HP 85052B/D

3.5 mm Test Port Cabies HP 85131E/F

SMA (1 £) Semi-Rigid Cable HP P/N 08340-20123
With HP 8722A:

2.4 to0 3.5 mm Adapters (included with analyzer)

2.4 mm Calibration Kit HP 85056 A/D/K
2.4 mm Test Port Cables HP 85133E/F

3.5 mm Test Port Cables HP B5134E/F

1Other equipment may be substituted, but may require modifying the
procedure.
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Status Notations

* parameter changed

Cor calison

C7 cal is may be invalid
C2 2-port calis on

C2? 2-port cal may be invalid
Hld freeze trace

* fast sweep indicator

Ext waiting for ext. trigger
Avg averaging is on

Smo smoothing is on

Del electrical delay is on
Gat gating is on

PC power meter cal on
tsH test set hold

Settings

Frequency/ Time

Softkey Labels

Stimulus Functions
Defines and controls
SOMITC parameters.

]

©)

Instrument State

This section provides control of channel-

independent system functions.

[SYSTEM] access limit line, service, and
time domain menus.

[LOCAL] define controller modes

[COPY] access printing znd plotting
functions

[SAVE] store or cicar registers

[RECALL] recalt measurement or factory
preset

{USER PRESET] return the analyzer to a
factory-defined or user-defined state



General
Measurement Sequence

Factory preset conditions:

Sweep span 0.05 1o 13.51 GHz {HP 8715C)
0.05 to 20,05 GHz (HP 8720C)
0.05 to 40.05 GHz {HP 8722A)
Power level +10 dBm

-20 dBm (HP 8722A)
No. of trace points 201

Sweep time auto, 100 ms
Channe! 1 §11, On
Channel 2 8§21, Off
Format Log Mag
Scale 10 dB/div
Reference value 04dB

Even with the analyzer’s wide range of capabilities,
common measurements are easily set up with relatively
few front panel selections. This section describes a
general approach for performing network
measurements, The following sequence is used
throughout this documeant to illustrate the use of the
analyzer in its various operating modes.

Preset

The factory preset returns the instrument to a known
state, as shown in the table. The analyzer also has the
capability of storing a user-defined preset. To define a
user-preset condition, set up the desired measurement
parameters and select [SAVE] {S4AVE PRESETS5]. Once
defined, the analyzer will return to the specified
measurement conditions every time [USER PRESET] is
selected; then the factory preset can only be recalled by
selecting [RECALL) [RECALL FAC PRESET].

To eliminate a "user preset,” [SAVE]fCLEAR
REGISTER][CLEAR PRESETS5] mus! be selected.
Then the factory preset will be recalled every time
[USER PRESET] is selected.

Setup

Measurement: Select a measurement parameter.
Format: Choose a display format.

Stimulus: Select the source parameters to meet the test
requirements of the device under test (DUT).

Calibrate and Save

Calibrate the test system and store the data. System
components such as test port cables, adapters, and
components within the instrument itself, introduce
systematic errors that can mask the actual performance
of the DUT. A calibration should be performed at the
measurement plane (the point where the DUT is
connected to the test system). Calibrations use error-
correction algorithms to improve measurement accuracy
by removing the effects of repeatabie systematic errors
in the test system. Refer to Calibration in the appendix
for more information on calibration types and their uses.

Connect and Measure

Connect the DUT with a single cable or cable set (see
page 6), and adjust the display (scale) of the
measurement data as desired.

Store/Output Results

Store the results to a disk or output to a printer/plotter.
See individual examples for different storage formats
and Setting Up External Peripherals in the appendix.
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Chapter Two
Transmission Measurements

This chapter demonstrates how to make common
transmission measurements. Modify the instrument setups
shown to suit your particular needs.

Insertion loss and gain are the logarithmic ratios of
transmitted-to-incident voltage through a two-port test
device. Both measurements can be made with the same
setup and calibration with the exception of gain measure-
ments which may require lower input power levels to the
test device. Select the keys on the right side of the
column to setup the measurement. Notice that when a fac-
tory preset is performed, maximum output power (+10
or -20 dBm with the HP 8722A) is automatically selected.

Preset (factory) [USER PRESET]

Setup

Measurement: [MEASY/Trans: FWD 521}

Format: [FORMATI/LOG MAG]

Stimulus: [CENTER] 10.24 [G/n]
[SPAN] 4 [G/n]

[MENUYPOWERJ[RANGE 1 -10 TO +10j 10 [x1]
[MENU|/NUMBER of POINTS] 401 [x1]

The following information should now be displayed at the
top of your screen.

Calibrate and Save
Since the test device has SMA connectors, the HP
85052B/D 3.5 mm cal kit should be used and selected.

[CALYCAL KIT}f3.5 mm}{RETURN]

To achieve the greatest accuracy, a full two-port calibra-
tion sequence is provided. Make sure that all cables and
adapters included in the measurement are attached to the
test set's measurement ports, so that their associated
errors can be removed. Connect each calibration standard
(open, short, and load), at the point where the DUT is
attached to the test system, in the sequence presented
below. Once a standard is attached, select the appropriate
softkey, and the analyzer will underline it when the
measurement is complete. Repeat this sequence until each
standard has been measured at each test port.

[CALIBRATE MENUJFULL 2-PORT]
[REFLECTION]

Attach each standard to test port 1 and select its
softkey
[S11: OPEN],[SHORT]
[LOADS][BROADBANDJ{DONE: LOADS]
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Attach each standard to test port 2 and select its

softkey
[522: OPEN],[SHORT]
JLOADS]/BROADBANDJfDONE: LOADS]
[REFLECT'N DONE]
Connect thru (attach test ports to each other)
[TRANSMISSION]
[DO BOTH FWD + REV]
Complete and save the calibration
[ISOLATIONJfOMIT ISOLATION]
[DONE 2-PORT CAL]
[SAVE REG 1]

Upon completion of & two-port calibration "C2" will
appear on the left side of your display. If the calibration
is compromised by changing stimulus settings, the
calibration will be tured off ("C2" disappears) or "C22"
may appear cautioning that something has changed that
may affect the calibration data.

Connect and Measure

Following a two-port calibration, connect the test device
(using either configuration) and select [MEAS] or
[MEASURE RESTART] to update the forward and reverse
S-parameter data. To maximize the life of the internal
electro-mechanical switch, it is assumed that the reverse
parameters do not change appreciably, thus only the
forward parameters are measured from sweep-to-sweep.
When a new device is measured, or data changes
significantly, it is recommended to remeasure all four S-
parameters by selecting the [MEAS] key.

Adjust the dispiay (scale) of the measurement data as
desired. Set the marker in the center of the display
(passband) to measure insertion loss. The marker value is
displayed in the upper right corner of the CRT. The front
panel knob may also be used to move the marker along
the trace. The analyzer should now display the complete
transmission response of the bandpass filter, as shown in
the adjacent figure.

Update S-parameter data
[MEAS]
[SCALE REFYAUTO SCALE]
[MER]/MARKER 1] 10.24 {G/n]
Read insertion Joss from marker value

Store/Output Results: Plotting

Before proceseding, make sure the analyzer and plotter are
properly set up (see appendix). Selecting [COPY] then
[PLOT], will plot everything currently displayed, except
for the softkey menu. The fDEFINE PLOT] softkey gives
users the option of plotting only specific parameters (i.e.,
[PLOT DATA] ..). Plots can also be customized by adding
a descriptive title, selecting the plotter pens, or
positioning up to four plots per page.
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Out-of-Band Rejection

The marker search function can quickly locate a specific
amplitude on a trace or & specific bandwidth (i.e., 3 dB or
6 dB). In this example, marker 1 is moved to the highest
point on the trace and established as the reference. Then,
the -3 dB bandwidth, Q, and shape factor are determined
relative to marker 1.

[MKRY/MARKER 1]

[MKR FCTNY/SEARCH: MAX]
{BANDWIDTH MENU]
[BANDWIDTH VALUE] -3 [x1]
[BW MEASURE ON off]

When fintshed, turn the markers off, [MKR]/all OFF].

The foliowing procedure illustrates how to determine
passband ripple using the delta marker and marker
statistics functions. Use the front panel knob to move
marker 1 to the left edge and marker 2 to the right edge
of the passband, respectively.

[MKR]/MARKERI1]

Position marker 1
[oMODE MENUJ[OREF=1][2]

Position marker 2
[MKR FCTNI/MKR MODE MENU}
[STATISTICS ON off]

The statistics function illustrates the DUT's performance
between the active and reference markers (2 and 1, res-
pectively), providing measurement data on mean insertion
loss, standard deviation and peak-to-peak ripple. All this
information is presented in the upper right region of the
display. If reference markers are not set up, statistics are
calculated for the entire trace. Upon completion of the
measurement turn off the statistics function and the
markers, {STATISTICS on OFF], [MKR]/all OFF).

The analyzer's wide dynamic range allows it to measure
stopband rejection over 100 dB below the passband res-
ponse (>70 dB on HP 8722A). Obtaining the maximum
dynamic range requires proper selection of the test port
power level, IF bandwidth, and averaging factor; these
topics are discussed in the Optimizing Dynamic Range
section of the appendix.

Don’t hesitate to try out some of the other marker
functions before moving on. When finished, return to the
original setup by recalling register 1.

[RECALLYRECALL REGl]



Measuring Phase Response

|l g

o
fau ]
=]
D
o g
m
=N
o

> B>

Twit
Pexi2

Insertion Phase

CHZ 527 phase 100+ REF O -

<2

INSEMT 10N PRASE

CENTER 10,240 D0DQ 000 GHz

SPAN 0,400 U0 QOO Ghx

To completely characterize a device, phase performance
must also be determined. The analyzer can provide
information on insertion phase (phase shift), electrical
delay and phase distortion.

Since the phase response of the passband of the filter is
the primary concern, the following measurement requires
a narrower frequency span. The frequency subset feature
is used to reduce the frequency span without invalidating
the two-port calibration performed at the beginning of
this chapter. The feature actually uses the original cali-
bration data points that are within the reduced spax, so
although the system is still calibrated, only 41 of the
original 401 calibration points are used. Note, a higher
resolution phase measurement can be achieved by recali-
brating the system at the narrower span.

Recall Cal [RECALLYRECALL REGI]

Adjust Setup
Measurement: fCH 2]
[MEASY Trans: FWD 821]
Format: [FORMAT)/PHASE]
Stimulus: [CALY/FRQ SUBSET ON off]
[CENTER] 10.24 [G/n]
{SPAN} 400 [M/u]

Save

Save the instrument configuration and calibration in
register 2.

[SAVE] [SAVE REG2]

Connect and Measure
Connect the test device with a single cable or a cable set
and scale the display as desired.

Update S-parameter data
[MEAS]
[SCALE REFIJAUTO SCALE]

The analyzer's display should exhibit a trace similar to
that shown. The analyzer measures and displays phase
over the range of -180° to +180°. As phase changes
beyond these values, a sharp 360° transition occurs in the
display data.

Store/Output Results: Printing

Before proceeding, make sure the analyzer and printer are
properly set up (see appendix). Selecting [COPY] then
[PRINT], will print everything currently displayed,
except for the softkey menu.
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The linearly changing phase seen in the previous figure is
primarily due to the DUT's electrical length. Since the
analyzer can simulate a variable length lossless trans-
mission line, the user can determine the DUT"s electrical
length (delay), by adding electrical length until the phase
shift has been reduced to a flat line.

.Use marker functions to add delay and reduce the phase

shift displayed; make sure the reference value is set to 0°.
Fine-tune the measurement until the best flat line is
achieved, then read the electrical length from the CRT's
active entry area. It represents the electrical length of the
DUT relative to the speed of light in free space. The
physical length of the DUT is related to this value by the
propagation velocity of its medium.

MKR FCEINY/MARKER -> MENU]
Position marker in passhand center
/MARKER -> DELAY]
[SCALE REFI/REFERENCE VALUE] 0 [x1]
[ELECTRICAL DELAY]
Rotate knob until best flat line is achieved; then read
the electrical delay from the active entry area.

For many devices, the amount of insertion phase is not
nearly as important as the linearity of the phase shift over
a range of frequencies. The analyzer can measure this
linearity and express it in two different ways: as deviation
from linear phase or as group delay.

Deviation From Linear Phase

The ripple seen in the electrical length measurement
above, is due to the deviation from linear phase through
the device. It can easily be measured by increasing the
scale resolution and using the markers to directly measure
the maximum deviation from linear phase as shown in the

figure.

[SCALE REFI/AUTO SCALE]
[MKR FCTNY/SEARCH: MAX]
[MIN]

Upon completion of the pbase linearity measurement,
return the electrical delay to 0.

[SCALE REF]
[ELECTRICAL DELAY] 0 [x1]
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Group Delay

The phase linearity of many devices is specified in terms
of group or envelope delay. This is especially true of
telecommunications components 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:
-0 f)(360), where 0¢ is the phase difference between
two adjacent frequencies nf. The quantity Af is common-
ly referred to as the aperture. The minimum aperture is
equal to the analyzer's frequency span divided by the
number of points minus one (4 GHz/400 points). To
measure group delay correctly, the phase differepce ata
specific aperture must be less than 180°, satisfying the
following relationship:

approximate DUT delay < number of points - 1
2(frequency span)

The smoothing function can be used to increase the
effective group delay aperture without changing the
frequency span. It increases the number of points over
which group delay is calculated, allowing variation of
apertures from minimum {no smoothing) to 20% of the
frequency span. Since increasing the aperture removes
fine grain variations from the response (see figures),
group delay apertures must be specified when comparing
measurements.

The following sequence measures the group delay at the
center of the passband. The smoothing aperture will be
displayed in the active entry area and the group delay as a
marker value. Note the trace distortion at high apertures.

[FORMAT)/DELAY]
[SCALE REF)/AUTO SCALE]
[MKR] 10.24 [G/n]
[AVGY/SMOOTHING ON off]
[SMOOTHING APERTURE] 0 [x1]
Rotate front panel knob and note changes

In addition to smoothing, group delay measurements can
also benefit from the noise reduction techniques discussed
in the Optimizing Dynamic Range section of the
appendix.

i1
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Chapter Three
Reflection Measurements

This chapter demonstrates how to make reflection
measurements. Retumn loss, reflection coefficient and
SWR (standing wave ratio) are the different measurement
formats commonly used to exhibit the magnitude of the
signal reflected from the DUT, These measurements are
mathematically defines as:

Reflection coefficient: V ﬁecmlv-,midemmrm/" lo
Return loss (dB): -20log

SWR: (1+/)/(1-7)

Polar and Smith chart display formats are aiso included to
provide information on phase as well as magnitude.
Modify the instrument setups shown to suit your
particular needs.

Since reflection measurements involve only one port of 2
test device, it is critical that all unused ports are properly
terminated, or measurement errors will result. Multiport
devices must be terminated with a 50 ohm load or a 50
ohm test port cable.

Return loss is the logarithmic ratio of reflected-to-
incident voltage for the test device, as shown in the
equation above. A large return loss indicates that only
a small portion of the incident signal is being reflected
from the DUT. Return loss can range from infinity (no
reflection) to 0 dB (complete reflection),

The following sequence sets up reflection measurements
using the two-port calibration performed in chapter 2.
Although the complete setup is presented, only the
"measurement” parameters actually need adjustment.

Recall Cal [RECALLYRECALL REGI]
Adjust Setup

Measurement: [MEAS)fRefl: FWD 511}
Format: [FORMATI/LOG MAG]
Stimulus: [CENTER] 10.24 [G/n]
[SPAN] 4 [G/n]
[MENUYPOWERJIRANGE 1 -10 TO +10] 10 [x1]
(20 dBm with HP 8722A)

Calibrate and Save

Use or perform the two-port calibration provided in
chapter 2. For more information on calibration types and
their uses, refer to the Calibration section of the
appendix. Save the setup in register 3.

[SAVE}/SAVE REG3]
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Connect and Measure

Connect the test device with a single cable or a cable set
and scale the data. Use the marker to determine the retumn
loss of the passband. This filter exhibits the desired
response for a bandpass filter, with high return loss (20 to
30 dB) in the passband indicating good match befween the
filter and the test system, and high reflection (<0.5 dB
return loss) in the reject band.

Update S-parameter data
[MEAS]

[SCALE REF)JAUTO SCALE]

[MKR] 16.24 [G/n]
Move marker where desired with knob

Store Results

When the calibration is active, the following sequence
will inttialize the disk and store everything necessary to
recreate the data displayed (without the DUT). Before
proceeding, make sure the analyzer and disk drive are
properly set up, see Setting Up Externai Peripherals in
the appendix.

[SAVE]/STORE TO DISK]
[DEFINE, INIT, PURGE]
JINITIALIZE DISK]J{INIT DISK? YES]

[RAW ARRAY ON offJRETURN]
{[STORE FILEIJ[RETURN]

Selecting the /LIN MAG] format will display */", the
magnitude of the signal reflected from a test device. A
£ =1 indicates full reflection while a /=0 indicates a
perfect impedance match or no reflection.

[FORMATYLIN MAG]

The Standing Wave Ratio (SWR) is the ratic of maximum
to minimum standing wave voltage. To dispiay the reflec-
tion measurement as SWR, select the [FORMAT]/SWR/.
SWR varies between 1 and infinity, where 1 represents no
reflection and infinity represents 100% reflection.

13
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Magnitude measurements only supply part of the informa-
tion necessary to fully characterize a device. Selecting a
polar format displays the reflection coefficient in terms of
magnitude and phase (¢} simultaneously. The concen-
tric circles are scaled in units of linear magnitude from 0
at the center (no reflection) to 1 at the outer circle (total
reflection). Phase is indicated by radial lines where 0°
corresponds to the right side of the horizontal axis and
+180° corresponds to the left side of the horizontal axis.
Use the markers to obtain accurate measurements of
frequency, magnitude, and phase.

[FORMAT]/POLAR]
{MKR] 10.24 [G/n]

Move marker with knob to measure different points

When a retum loss measurement is desired in a polar
format, the magnitude must be displayed in a logarithmic
form.

[MKR FCTN]/MKR MODE MENU]
[POLAR MKR MENUJ]{LOG MKR]

The amount of power reflected from a device is directly
related to the impedances of both the device and the
measuring system. In fact each value of the reflection
coefficient (/) uniquely defines a device impedance;
/=0 only oceurs when the device and measurement
system impedance are exactly the same. A short circuit
bes a reflection coefficient of /= 1/180°.

Choosing the Smith chart format provides a plot of the
complex impedance of the test device as a function of
frequency; both the resistive (R) and reactive (X)
components (R + jX) are displayed.

[FORMATI/SMITH CHART]
[MKR] 10.24 [G/n]

Move marker with knob to measure different points

Frequency information is available in this format only
with an active marker. Markers are also used to display
the resistance, reactance, and the effective capacitance
or inductance of a specific measurement point (see the
adjacent figure).

‘When admittance information is desired, changing the
markers on a Smith chart to the {G + jB MKR] format
inverts the display and provides admittance data in
Siemens units {(equivalent to mhos).

[MKR FCTNYMKR MODE MENU]
[SMITH MKR MENUJ[G +jB MKR]



Time Domain Reflection
Measurements

Chapter Four
Time Domain Measurements

Time domain (Option 010) analysis uses the inverse
Fourner transform of frequency domain data, to isolate
responses in time and distance. Time and distance are
related by the relative velocity factor of the DUT - the
rate at which a signal propagates through a medium
relative to the speed of light. Time domain analysis is
valuable for identifying:

* the location of transmission path discontinuities (faults)
* the Jocation and nature of impedance changes
* multiple sigpal paths

In addition, the gating feature of time domain analysis
allows users to selectively remove undesirable portions
of the time domain response, and view the resulting
response in the frequency domain. Thus, gating can
significantly reduce the effects of system components
which may be obscuring the frequency response of the
desired device or component. For example, gating can
remove the effects of:

* comnectors and adapters in reflection measurements
* maltiple paths in transmission measurements

The frequency span and the number of points selected,
will determine the resolution and the range (or distance)
that can be measured. Resolution is the minimum
distance between two responses which still aliows them to
be uniquely identified. Higher resolution is achieved as
the frequency span increases. The range on the other
hand, is inversely proportional to the frequency span:
range = (number of points - 1)/(frequency span). '}I'hus
the user has to trade off resolution for range and
determine which is more important for 2 measurement.

There are two primary modes of time domain operation:
low-pass and bandpass. Low-pass mode simulates the
magnitude data provided by TDR (time domain reflecto-
meter) measurements. Low-pass mode provides impe-
dance information (bandpass mode does not) and the
highest resolution, but requires frequency domain data
that is harmonically related and extends to DC. Bandpass
mode is most useful for band-limited devices (i.e.,
waveguide), and can have an arbitrary frequency range
and number of data points,

The following example iilustrates a time domain
measurement of a semi-rigid cable {(.3m), using the low-
pass impulse mode, Since the measurement is performed
at port 1, and a broadband frequency sweep is desired for
gteater resolution, a one-port calibration is required.
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The /SET FREQ LOW PASS] softkey automatically
adjusts the start and stop frequencies, so that the stop
frequency is a harmonic multiple of the start:
Jfrequencygop = (frequencysap) x (number of points).
Notice that the full span of the analyzer has harmonically
related frequencies (i.e., 0.05 GHz x 401 pts. = 20.05
GHz). If you require more information on time domain
analysis and its measurement modes, refer to chapter nine
in the reference section of the manual. Although the
complete setup is provided, only the format and the
pumber of points will have to be set, the rest of the
keystrokes are already set by the factory preset.

Preset (factory) [USER PRESET]
Setup
Measurement: [MEAS]/Refl: FWD 811}
Format: [FORMAT|/LIN MAG]
Stimulus: [START] 50 (M/u]
[STOP] 20.05 {G/n]
[MENUYNUMBER of POINTS] 401 [x1]
Calibrate and Save

In turn, comnect each of the calibration standards {open,
short, and load) at the port 1 connector and select the
appropriate softkey. The standard's softkey label will be
underlined upon completion of the measurement.

[CALYCAL KIT][3.5 mm][RETURN]
[CALIBRATE MENUJ[SET FREQ LOW PASS}
[511 1-PORT]
Connect standards to port 1
{S11: OPEN],[SHORT]
[LOADS][BROADBANDJ[DONE: LOADS]
[DONE 1-PORT CAL}
[SAVE REG 4]

Connect and Measure

Connect the semi-rigid cable to the test system as shown,
with an adapter and a terminating load. Use [SCALE
REFYAUTO SCALE] to adjust the display. The resulting
measurement shows the frequency response of the cable,
in terms of the reflection coefficient. Notice, the complex
ripple pattern from multiple reflections in the DUT.

To determine physical length rather than electrical length
in time domain, the velocity factor must be adjusted to
reflect the relative velocity of the signal through the
medium under test. Polyethylene dielectric cables have a
velocity factor around 0.66, while teflon dielectric cable’s
velocity factor is around 0.7.



CHY $q¢ 1im MAG 5 md/ REF 10 md 1.t 21,98 g

T ire £y ¥ O CABJE 3.438 nad
Cor MARKER 11

H.036 Ny
L
T

LYY | V-

CHl START O Y0P 3.5 na

Gating Time Domain Responses

CH1 Syy 1in MAG 5 omy/ REF —10 wmi
TIME RESPONSE O CABUE WiTh GATES

Wil -

SH1 START O » STOP 3.9 ne

CHI 5y Tim MAG 5 mlf REF -0 wu
FREQENCY RESPORSE OFf CABLE WiTH CAT NG

\/\/‘ b vt ™ fW"‘N‘

START ©.050 000 000 Grx SYOP 20.080 DOD Q00 Ghr

Also, a time span should be established that will display
the entire length of the cable, within the range limitations
[(number of points - 1)/(frequency span)] previously
discussed. Since, reflection measurements measure the
round trip time and distance to and from the test system
components, the analyzer will display twice the actual
time and distance.
Minimum Tround trip =_2 % Leable = _.6m__ = 2.85ns
velocity factor x C .7 x .3m/ns

{CALYMORE]
[VELOCITY FACTOR] .7 [x1]./RETURN]
[ISYSTEMI/TRANSFORM MENU]}
[LOW PASS IMPULSEJ[TRANSFORM ON off]
[START] ¢ [x1],[STOP] 3.5 [G/n]
[SCALE REFYAUTO SCALE]
[MKR] 2.85 [G/n]
Use front pane! knob to move marker to first peak,
read time and distance from active entry area

Store/Output Results
Store the results to a disk or output to a printer/plotter.

Gating is a powerful tool, providing the flexibility to
selectively remove undesirabie responses from time and
frequency domain measurements. Use gating to evaluate
the performance of individual components of the DUT.

To demonstrate the effects of gating, the following
sequence eliminates the responses from the semi-ngid
cable's connectors. Enter the gate's start and stop cursors
by rotating the front panel knob or through direct entry
on the numeric keypad. The start and stop cursors should
be at the end of the input connector’s response and at the
beginning of the connector-load response, respectively
(see figure).

[MKR]/all OFF]
[SYSTEMI/TRANSFORM MENU]
[SPECIFY GATEJfGATE: START]
Pasition cursor with knob
ISTOP]
Position cursor with knob

Turning the gate on and transform off provides a
frequency domain display which represents the response
of the cable without the connectors. As expected, the
measurement exhibits 2 much smoother and lower
magnitude ripple pattern. Now, reflection coefficient and
impedance of just the cable can be determined. When
measuring a cable as shown, reduce measurement
uncertainty by using high-quality connectors.

[GATE ONJ{RETURN]
[TRANSFORM MENU on OFF]
{SCALE REFI/AUTO SCALE]
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Chapter Five

Limit Lines for Device Evaluation

Limit testing is a time-saving feature that compares
meas-urement data to user-defined specifications.
Depending on the results of the comparison, the DUT
will either pass or fail. Limit testing allows you to
objectively evaluate the performance of your device, and
can ensure that all test devices are aligned and tested to
the same specifications at each measurement station.

Limit testing is implemented by creating any
combination of flat, sloping, and single point limit lines
on the CRT. This section describes how to create Hmit
lines for the transmission response of the bandpass filter
provided with the analyzer. If you performed the
transmission measure-ment in chapter one, select
[RECALL]/REG]I] to retrieve the setup and calibration.
I chapter one was skipped, step through the setup and
calibration sequence on pages six and seven.

The following sequence enters the first segment
displayed in the adjacent figure. Each limit line segment
must specify the stimulus value (start frequency), the test
imits (upper and lower), and the limit type. Since only
an upper test limit is desired, the lower Iimit is set to -
200 dB to ensure that it will not impact the
measurement.

[SCALE REF}[AUTO SCALE]

[SYSTEMI/LIMIT MENUJJLIMIT LINE ON off]

. [EDIT LIMIT LINEJ{ADD]
[STIMULUS VALUE] 8 [G/n]

[UPPER LIMIT] -70 [x1],/LOWER LIMIT] -200 [x1]
{DONEJ[LIMIT TYPE][FLAT LINE][RETURN]

A line should now be displayed just above the noise
floor. Notice, that only the start frequency is specified
and the segment continues across the screen. To
terminate a segment, another segment or a single point
must be specified. In the following table the second
segment’s frequency and test limit (9 GHz/-70 dB)
terminates the first segment. The subsequent entries will
complete the limit line entries depicted in the figure.
When [4DD] is selected a replica of the previous
segment will appear as a new segment. Change only the
necessary parameters, then select [DONE] to access the
limit type menu. The table below abbreviates the flat
and sloped line types as FL. and SL respectively.

Stimules Upper Lower Type

2 (ADD]85[G/n] -T0fx1] -200 [x1] [DONE] SL [RETURN]
3 {ADD]10{G/n] Ofx11 -200 [x1] [DONE] FL [RETURN]
4 [ADD] 105{G/n}] 0fx1] -200 [x1] [/DONE] SL /[RETURN]
5 [ADD]12{G/n] -70[x1] -200{xi] [DONE] FL {RETURN]




Appendix

Calibration Tutorial

The calibration step effectively characterizes and removes
the effects of repeatable measurement variations (or
systematic errors) such as:

* Frequency Response (Tracking)
* | eakages (Directivity and Crosstalk) and
* Mismatch (Load Match and Source Match)

The analyzer offers several calibrations techniques that
can compensate for one or more of these test imperfec-
tions. The following table provides & summary of these
techniques and their applications.

Calibration Application Errors Removed Measurement Sequence
FuB 2-Port * Most accurate for 2-port devices Reflection errors [CALYCALIBRATE MENU]
Cal Time: * All measurement applications (ports 1 and 2): [FULL 2-PORTI{REFLECTION]
abour 5 min Directivity Connect each stamdard to port 1
Source Impedance Match [S11JJOPEN]ISHORT], [LOAD]
Frequency Responss [BROADBANDIIDONE: LOADS]
Connect each standard to port 2
Transmission errors [S22JIOPEN]ISHORT], [LOAD]
(forward and reverse): [BROADBANDIDONE: LOADS}
Load impedance Match [TRANSMISSION]
Frequency Response Connect thra
/DO BOTH FWD + REV}
[ISOIAHONJ[OMTT ISOLATION]
The isolation ealibration should be omitted unless it is really necessary - if needed, use the following sequenc
Isolation * May be used when signal is within Leakape EAVG]{AVERAGING FACTOR] 16 ix1]
10 10 20 dB of the noise ficor Crosstalk JAVERAGING ON]
* Useful for high loss/isolation devices, (forward and reverse} Connect 50 ohm loads to ports 1 & 2
such as some filters and switches. [CALYRESUME CAL SEQUENCE]
Try optimizing the dynamic range first [ISOLATION]
[FWD ISOL'N ISOL'N 81D}
IREV ISOL'N ISOL'N S1D}
[AVGYAVERAGING OFF]
[CALYRESUME CAL SEQUENCE}
HSOLATION DONE}
Finish 2-port calibration IDONE 2-PORT CAL].[SAVE REGI]
{MEAS]
Oune-Port * Most accurate for I-port devices. Directivity fCALJ/CALIBRATE MENU]
Reflection * Reflection measurements. Source Impedance Maich [§11 1-PORT] or [S22 1-PORT]
Caf Time: Frequency Response Conpect each standard to the port
abour 2 min ISxxJ{OPEN],[SHORT] [LOADS]
[BROADBANDIIDONE: LOADS]
[DONE 1-PORT CAL}
Frequency * Use when high accuracy is not needed. Frequency Response {CALYCALIBRATE MENU]
Response * ‘Fransmission measurements. [RESPONSE]
Cal Time: * Reflection measurements. Reflection: connect one standard to port
about | min. * Useful for well mawhed, high [OPEN] or [SHORT] - short is preferred

insertion loss devices.

Transmission: connect thru

{THRU]
[DONE RESPONSE]

T ritena for load selection: For greatest accuracy at frequencies <3 GHz choose lowband; at frequencies >3 choose sliding load; for full
span use both. Broadband loads are convenient, have very good accuracy and arc simpler 1o use (have no frequency restrictions).
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Reducing the Noise Floor

Network analyzers are often used to simultaneously
measure two signals that are widely separated in
amplitude. Testing the attenuation of a filter requires
measurement of both its transmitted and rejected
signals, which may differ by 60 dB or more. System
dynamic range is the difference between the
measurement port’s output power and the analyzer’s
noise floor. To optimize system dynamic range:

* choose the optimum input power for the DUT, and
* reduce the analyzer's noise floor

The analyzer is capable of providing +10 to -65 dBm (in
20 dB power ranges) at the output port; the HP 8722A
offers -20 to -65 dBm in 10 dB power ranges. Selecting a
higher port power level provides greater usable dynamic
range. When choosing the appropriate power level the
user must ensure that the test device is not overdriven
(active devices only) and that the resulting output signal
is within the measurement range of the analyzer. The
analyzer can measure signals from +10 to <-100 dBrm.

The accompanying figure illustrates how available
dynamic range is affected by test port power levels. The
input power levels are -10 dBm on trace 1 and +10 dBm
on trace 2. As you can see, the additional 20 dB input
power provides approximately 20 dB of improvement in
dynamic range. Measuring signals below -85 dBm
requires lowering the noise floor.

There are several approaches available to reduce the
noise floor. Each method offers its own contributions
and limi-tations. The following table summarizes these
issues for each method.

Method Contributions { +)/Limitations (-}
Reduce IF + Filters unwanted responses better then averaging
Bandwidth + Generafly faster than averaging
+ Better than averaging for 2-port error corrected
measurements

+ Easiest when programming over HP-IB

+ Better for frequency list or log sweep
measurements

- Sweep time is automatically increased as the
bandwidth is narrowed

- Changing IF bandwidth after calibration may
impact measurement accuracy

Averaging + Filters out very low frequency noisc better than
reducing IF bandwidth
+ Doesn’t impact measurement accuracy if applied
after calibration
- Takes many sweeps to complete the
measurement

Isolation + Removes crosstalk from the measurement
Calibration + Doesn't affect accuracy
- More difficult to implement




IF Bandwidth The receiver IF bandwidth is selectable from 3 kHz to
10 Hz. Each tenfold reduction in IF bandwidth lowers
the noise floor approximately 10 dB. With a 10 Hz band-
width, a noise floor of -100 dBm can be achieved.

[AVGI/IF BW] 30 [x1]

Averaging Averaging reduces random noise, by applying weighted
vector averaging to successive traces. Doubling the
average factor (the number of averages), reduces the
noise floor by approximately 3 dB. When averaging is
on, each successive sweep reduces the noise level until
the sweep count reaches the averaging factor vaiue.
Also, "Avg" is displayed in the status notations area of
the CRT, and the sweep count is displayed directly
below. Users must be careful to make adjustments to the
test device only after averaging has been completed. To
average 64 successive traces, sclect the following keys:

[AVG]/AVERAGING FACTOR] 64 Ix1]
JAVERAGING ON]

Creating a Frequency List The frequency list feature can be used to specify
arbitrary measurement frequencies. By testing only the
points you need, measurement time is reduced and
throughput is maximized. To setup a list the user must
specify sweep segments. These segments may contain a
single point or a frequency span with a fixed number of
points or step size. As many as 1,601 measurement
frequencies may be contained in up to 30 segments.

o1 S;.  log MAG 20 aB/ REF 40 9B The following frequency list, provides some information
UsTng FRecfencr LISt about the filter’s stopband, while focusing on the pass-

band with 101 measurement poiats. Note: the user may
choose to only view a specific segment or the entire list.
This example displays the complete list, as shown in the

/ \ figure.

/| N [MENU1/SWEEP TYPE MENU]
S [EDIT LIST][ADD][CW] 8.5 [G/n}/DONE]
[ADD]{CW] 9.5 [G/n}/DONE]

i [ADD]{START] 10 {G/n],/STOP] 10.5 [G/n]
[NUMBER of POINTS] 101 {x11/DONE]

[ADDJ[CW] 11 [G/n}{DONE]

[ADDJ[CW] 12 [G/n)[DONE][DONE]

[LIST FREQJ[ALL SEGS SWEEP]{RETURN]

As with any other measurement, the system should be
calibrated and saved, as previously shown.
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Setting Up External
Peripherals

Factory-set peripheral addresses

Device Decimal Address
Plotter 1
Printer 5
Disk (drive) 0

Using Dual-Channel Display

Uncoupled Channels
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To store and output measurement results on a plotter,
printer, or disk drive, the analyzer must be the system
controller (when no other controller i.e. computer, is on
the system bus). Also, the appropriate HP-1B addresses
must be-set up on the.peripherals,

[LOCAL}/SYSTEM CONTROLLER]
[SET ADDRESSES [[ADDRESS: device name/

The table displays the factory-set addresses for several
peripherals. Refer to the peripheral’s manual to verify
the setting (most addresses are set with switches). To
change an address, select the device softkey and enter a
new number on the keypad followed by [x1).

In some cases, it is useful to be able to view more than

one measured parameter at a time. For example, simul-
taneous insertion loss and return loss measurements are
useful when adjusting the impedance match of a device
for maximum power transfer, Such measurements are
easily achieved using the dual-channel display feature.

To activate the dual channel feature, select [DISPLAY]
[DUAL CHAN ON off]. You will notice that each
channel is displayed separately on a split screen. To
display the channels on the same graticule, select
[MORE] [SPLIT DISP on OFF].

There are times when a user would like to test and
compare the response of a device at different stimulus
related measurement parameters, such as power or freg-
uency. When dual-channel mode is active, selecting
[MENU] fCOUPLED CH on OFF] causes the analyzer
to alternate between two sets of stimulus values.

The following sequence recalls the transmission
measurement performed in chapter 2, then uncouples
the channels and sets a phase measurement with a
reduced frequency span on channel 2. Now the filter can
be easily tuned for optimal transmission and phase
performance.

[RECALL)/RECALL REGI]

[MENU)/COUPLED CH on OFF]
{DISPLAY1/DUAL CHAN ON off]
[MOREj{SPLIT DISP on OFF]

{CH 2} [SCALE REFI/AUTO SCALE]
[CAL)/FREQ SUBSET ON off],[SPAN] 400 [M/u]
[FORMAT]/PHASE],[MKR] 10.24 {G/n]



Function Index

A

Address, set: [LOCAL}

Adjust colors/intensity: [DISPLAY)/MORE}{ADJUST DISPLAY]

Admittance, measure: [FORMATI/SMITH CHART][MKR
FCTNIJMKR MODE MENU]{G + jB}

Aperture, smoothing: [AVG]

Arbitrary sweep {frequency list): [IMENUYSWEEP TYPE
MENUJEDIT LIST]

ASCII format, storing: SAVE}/STORE TO
DISK}{DEFINE,INIT,PURGE]{DISK FILE FORMAT]

Auto scale: [SCALE REF]

Average sweeps: [AVGIAVERAGING ON off]

Averages, set: [AVG][AVERAGING FACTOR]

B

Bandpass mode {time domain): [SYSTEM]/TRANSFORM MENU]

Bandwidth, 3 dB: [MKR FCTINY/BANDWIDTH MENU}

Bandwidth, 1F: [AVG][IF BW]

Beep done fwarn: [DISPLAYI/MORE]

Binary format, storing: [SAVEY/STORE TO
DISK][DEFINE,INIT,PURGE]}{DISK FILE FORMAT]

Biank, frequency: [DISPLAY]/MORE]

C

Cal kit, modify: {CAL]/CAL KIT}

Calibration, on off: [CAL}/CORRECTION ON OFF]}

Calibration, setup: [CALY CALIBRATE MENU]

Characteristic impedance, set: [CAL]/MORE]

Clear (storage) register: [SAVE]fCLEAR REGISTER]

Color, adjust: [DISPLAY/ADIUST DISPLAY]

Continuous markers: [IMKR FCTNI/MARKER MODE MENU]

Controi system, functions: [LOCAL]

Convert data, Z/Y formats: {MEAS])fCONVERSION]

Coupile channels: [MENU}

Coupte markers: [MKR FCIN]/MARKER MODE MENU]}

Crosstalk, eliminate {w/isolation cal): [CALYfCALIBRATE
MENU}{RESPONSE & ISOL'N] or (FULL 2-PORT]

CW freq, meas. vs time: {MENU]ICW FREQ]

D

Data, display: [DISPLAY]

Define piot: [COPY]/CONFIGURE PLOT]

Define sweep: [MENUI/SWEEP TYPE MENU]

Delay, aperture: [AVG]/SMOOTHING APERTURE]

Delay, electrical: [FORMAT]fPHASE]J[SCALE
REFIELECTRICAL DELAY]

Detay, group: {FORMAT]/DELAY]

Delta markers: [MERI//\ MODE MENU]}

Demodulation (time domain): [SYSTEM]}/TRANSFORM
MENUJWINDOW]

Discrete markers: [MKR FCTNIfMKR MODE MENU}

Disk (drive), address: {LOCALIfSET ADDRESSES]

Disk, load from: [RECALL]

Disk, setup: [SAVE)/STORE TO DISK][DEFINE, INIT, PURGE]

Disk, store to: [SAVE]

Display, adjust: [DISPLAY}/MORE]

Display HP-1B commands: [LOCAL]/HP-IB DIAG ON off]

Display, sctup trace: [DISPLAY]

Display, simuitancous traces: [DISPLAY)/DUAL CHAN ON
offI[MORE]{SPLIT DISP on OFF]

Dual channel display: {[DISPLAY]

E

Eilectrical delay {length): [FORMAT]/PHASE][SCALE
REF)/ELECTRICAL DELAY]

Error correction, applying: [CALYfCALIBRATE MENU]

External Trigger: IMENUI/TRIGGER MENU]

¥

Fixed marker offset: [MKR1//\ MODE MENUJ[FIXED MARKER
POSITION}

Focus: [DISPLAYIfMORE][ADIJUST DISPLAY]

Format disk: [SAVE]/STORE TO DISK]{DEFINE, INIT,
PURGE][INITIALIZE DISK]

Frequency blank: [DISPLAY)/MORE]

Frequency list: [MENUY/SWEEP TYPE MENU]

Frequency subset: {CAL}

Freeze trace: [MENUY TRIGGER MENUJfHOLD}

G

Gate (time domain), setup: [SYSTEM]/TRANSFORM
MENU}SPECIFY GATE]

Group delay: [FORMAT]/DELAY]

H

HP-IB, addresses: [LOCAL}/SET ADDRESSES]

HP-1B, control: [LOCAL)/SYSTEM CONTROLLER]

Hold: [MENU)/TRIGGER MENU]}

1

IF bandwidth: [AVG]

Itpedance, system: {CAL)/MORE]

Impulse mode (time domain): {SYSTEM}/TRANSFORM
MENUJ{LOW PASS IMPULSE]

Initialize disk: {SAVE){STORE TO DISK]{DEFINE, INIT,
PURGE]

Intensity, adjust: {DISPLAYI/MORE]fADJUST DISPLAY]

Invert Smith chart (admittance): [FORMATY/SMITH
CHARTJIMKR FCINIfMKR MODE MENU}[G + jB]

L

Limit lines: {SYSTEMI/LIMIT MENU]J

Line stretcher (simulate): [SCALE REFIJELECTRICAL DELAY]

Linear magnitude format: [FORMAT]

Linear frequency sweep: [MENUI/SWEEP TYPE MENU]

List current operating parameters: [COPYI/OP PARAM]

List frequency: [MENUY/SWEEP T'YPE MENUJ

List (trace) values, display: [COPY]

Log frequency sweep: [MENU)(SWEEP TYPE MENU]

Log magnitude format: [FORMAT]

Low pass frequency, set: [CAL)/CALIBRATE MENU]

Low pass mode (time domain): [SYSTEM}/TRANSFORM MENU]

23



M

Marker, delta: [MKR]

Marker, equais: [MKR FCIN]/MARKER - > MENU]

Marker, offset: IMKR1//\ MODE MENUJ[FIXED MARKER
POSITION]

Marker search functions: [MKR FCTN]

Marker statistics: [MKR FCINI/MKR MODE MENU]

Marker track (search value): [MKR FCIN])/TRACKING ON off]

Marker zero: [MKR]

Match, icad: [FORMATI/SWR]

Max, locate: [MKR FCTN]

Measurement, restart: [MEAS]

Memory, display: [DISPLAY]

Min, locate: [MKR FCTN]

Modify cat kit:{CAL]}fCAL KIT]

Modify colors: [DISPLAY)YMORE][ADIUST DISPLAY]

N

Number of groups (triggered): [MENU}/TRIGGER MENL]

Number of points (per sweep): [MENU]

G

Qperating parameters, display list: [COPYlfOP PARAM]

Operation, set manval/remote: [LOCAL]

Qutput power: [MENU]

P

Pass (system) control: {LOCAL}

Pens, plotter: [COPY]fCONFIGURE PLOT]

Phase, measure: {FORMAT]

Plot: [COPY]

Pilot, configure pens/lines: [COPYY/CONFIGURE PLOT]

Plot, define: [COPY)fDEFINE PLOT]

Piot setup, defauit: [COPY}PRINT/PLOT SETUPS]

Points, set number: [MENU]

Polar markers: {MKR FCTN}/MKR MODE MENU}

Polar, format: [FORMAT]

Port extensions: {CAL]/MORE]

Power, output: [MENU}

Preset, factory (w/active user preset): [RECALLIRECALL FAC
FRESET]

Preset, re-establish factory: [SAVE]/CLEAR REGISTER]{CLEAR
PRESETS]

Preset, store user: [SAVE/SAVE PRESETS]

Print: {COPY

Print, define: [COPYI/PRINT/PLOT SETUPS}

R

Real, format: {FORMAT)

Recall default colors: [DISPLAYI/MORE]fADJUST DISPLAY]

Reference, adjust: [SCALE REF]

Refiection, measure: [MEAS]

Resume cal sequence: {CAL]

8

Search functions {marker): [MKR FCIN]

Secure system, eliminate freq. info.:
[DISPLAY)/MOREJIFREQUENCY BLANK]

Set addresses: [LOCAL]

Set freq. low pass: [CALY/CALIBRATE MENU]

Set Z&: [CAL)/MORE]

Scale data (best fit): {SCALE REF|/AUTO SCALE]
Shape gate: [SYSTEM]/TRANSFORM MENUJ(SPECIFY GATE]
Single sweep: [MENUI/TRIGGER MENU}

Smith chart: [FORMAT]

Smith chart markers: [MKR FCTN)/MER MODE MENU]
Smoothing: [AVG]

Smoothing, percent: [AVGY/SMOOTHING APERTURE]
Split display: [DISPLAY}/DUAL CHAN ON off][MORE]
Statistics: [MKR FCTNIfMKR MODE MENU]

Stimulus, couple: [MENUIfCOUPLED CH ON off]
Sweep functions: [MENU]

SWR: [FORMAT]

System control functions: {LOCAL]

T

Tabie, list sweep: [MENU]/SWEEP TYPE MENU]
Tatker/listener, system control mode: {LOCAL]

Target, scarch value: [MEKR FCTN]

Time domain functions: [SYSTEM}/TRANSFORM MENU]
Title (display): [DISPLAYI/MORE]

Trace functions: [DISPLAY}

Trace markers: [MER FCIN]

Tracking, marker: [MKR FCTN}

Transform, Fourier: [SYSTEM]

Transmission, measure: [MEAS]

Trigger, functions: [MENU]

U

Uncoupled markers: [MKR FCINJ/MKR MODE MENU]
User preset, set: [SAVE}/SAVE PRESETS]

User preset, remove: [SAVE}CLEAR REGISTER][CLEAR

PRESETS]
\J
Velocity factor: [CAL}MORE]
w

Window, set: [SYSTEM]/TRANSFORM MENU]

HP P/N 0872090136
Copyright ® 1991
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Chapter 1. General Information

INTRODUCTION

The Operating Manual is a complete reference for operation of the microwave network analyzer using
either front panel controls or an external controller. This information reference is intehded to supple-
ment the separately bound tutorial documents in this manual with additional details. It is divided into
chapters providing the following information:

L]

Chapter 1 includes a block diagram and functional description of the analyzer system, with dascrip-

" fions of the front panel features and CRT labels, and the rear panel features and connectors.

Chapters 2 through 11 provide detailed information on front panel keys and softkeys, their purpose
and use, HP—IB equivalents in parentheses, and expected indications and results. Specific areas
of operation described in these chapters include calibration procedures for accuracy enhancement,
using markers, limit testing, time domain measurements {option 010}, plotting and printing, and
saving instrument states,

Chapter 12 contains information for operating the system remotely with a controller through HP~18.
HP-IB is Hewlett-Packard’s hardware, software, documentation, and support for IEEE—488.1 and
IEC625, worldwide standards for interfacing instruments. Chapter 13 lists error messages, with
explanations.

An appendix at the end of this Reference provides a compleie listing of the instrument preset siate,
a map of the operating softkey menu structure and Accuracy Enhancement Fundamentals.

Also provided with the network analyzer, in the Operating and Programming Manual binder, are the
following documents that provide operating or programming information:

The User's Guide provides tutorial operating information, showing how the instrument is used for
the majority of network analysis measurements. it demonstrates the features and capabilities of the
system with actual measurement examples.

The BASIC Programming Guide provides tutorial instructions for using the analyzer with a series
300 computer as a controller and HP BASIC programming language. Familiarity with front panel
operation is assumed.

The Quick—C Programming Guide provides tutorial instructions for using the analyzer with a DOS
based personal computer and Quick—C programming language.

The HFP—IB Programming Reference contains a complete list of mnemonics used to program the
analyzer.

ITEMS SUPPLIED WITH THE ANALYZER

Figure 1—5 shows the accessories supplied with the instrument.
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BRIEF DESCRIPTION OF THE ANALYZER

The HP 8719, 8720, and 8722 are high performance microwave network analyzers for measurements
of reflection and transmission parameters. The HP 8719 covers the frequency range of 50 MMz to 13.5
GHz; the HP 8720 goes to 20 GHz; the HP 8722 goes to 40 GHz; the HP 8722C is a high power version
of the HP 8722. Frequency resoiution is 100 kHz (standard) or 1 Hz with option 001. Each integrates
a synthesized source, a switching 8-—parameter test.set, and a.dual channel receiver to measure and
display magnitude, phase, and group delay of transmitted and refilected power. Option 010 provides
the capability of fransforming measured data from the frequency domain to the time domain.

Digital signal processing and microprocessor controls combine to provide easy operation and mea-
surement improvement. Measurement functions are selected with front panel keys and softkey menus,
Two independent display channels and a large screen color CRT display the measurement results of
one or both channels, in logarithmic, linear, or Smith chart display formats,

Trace math, data averaging, trace smoothing, electrical delay, and accuracy enhancement provide
performance improvement and flexibility. Accuracy enhancement reduces the effects of repeatable
measurement variations in the test system.

Displayed measurement results can be printed or plotted directly to a compatible peripheral without
the use of an external computer. Instrument states can be saved in internal memory for at least three
days without line power to the instrument. In addition, each analyzer can control a compatibie disk
drive for external storage capability. Built—in service diagnostics are available to simplify troubleshoot-
ing procedures.

Hewleit—Packard Interface BUS (HP-IB)

The analyzer is factory—equipped with a remote programming interface using the Hewlett--Packard
Interface Bus (HP—IB). HP~IB is Hewlett—Packard’s hardware, software, documentation, and support
for IEEE~488.1 and IEC-625, woridwide standards for interfacing instruments. This provides a re-
mote operator with the same conirol of the insirument available to the local operator, except for control
of the line power switch. Remote control is maintained by a controliing computer that sends com-
mands or instructions to and receives data from the analyzer using the HP-IB. A complete general
description of the HP—IB is available in Condensed Description of the Hewlett~Packard Interface Bus
{(HP part number 59401-90030), and in Tutorial Description of the Hewlett—Packard Interface Bus (HP
literature number 5952-0156).

The analyzer itself can use the HP—IB to output measurement results directly to a compatible printer
or plotter, or to store instrument states to a compatible disk drive, without the use of an external com-
puter.

DESCRIPTION OF THE MANUAL SET

This Operating Manual is a complete guide to operating the analyzer alone or in a system. It is part
of a two manual set; the Service Manual completes the set.

To explore the manuals further, inspect their title pages, tabs, and the “Contents” and “Index” sections.

Analyzers Covered by This Manual

The analyzer you received with this manual is covered by this manual without change. Any other ana-
lyzer with one of the serial number prefixes listed on the titie page is also described by this manual.
(The serial number plate, shown in Figure 1~86, is attached to the rear panel of the analyzer.)
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SERIAL NUMBER
r_.m-u\
PREFIX SUFFIX
i, irer A,

CACTORY ( SER 1234A 12345 W
INSTALLED

pAReBE = HEWLETT - PACKARD
QYR (77 ETT. PAC

Figure 1—6. Typical Serial Number Plate

Other instruments differ from the instruments covered directly by this manual. Those differences are
documented in the “Instrument History” section of this manual. See that section if the serial number
prefix of your instrument is not listed on the title page.

OPTIONS AVAILABLE

Option 001, 1 Hz Frequency Resolution

Devices that have narrow frequency spans (such as crystal or notch filters) require better frequency
resolution than the 100 kHz offered by the standard instrument. Option 001 provides 1 Hz frequency
resolution for finer control of start, stop, and marker frequencies. This option can be instailed after
shipment.

Option 006 Solid State Transfer Switch (HP 8719,8720 only)

Option 006 replaces the mechanical transfer switch with a solid —state switch in the test set. This allows
the instrument to defauit to continious switching as required by two port error correction or dual—chan-
nel operation, but allows softkey selection of “Fast 2—Port” for better measurement speed. Output
power is —7 dBm lower, output power flatness is +/— 4 dB instead of +/_2 dB, and dynamic ranage
is reduced to 96 dB instead of 103 dB (due to lower maximum powet).

Option 010, Time Domain

Option 010 can display the time domain response of a network by computing the inverse Fourier trans-
form of the frequency domain response. This makes it possible to see the response of a test device
as a function of fime or distance. Displaying the refiection coefficient of a network versus time deter-
mines the magnitude and iocation of each discontinuity. Displaying the transmission coefficient deter-
mines the characteristics of individual transmission paths. Time domain operation retains the
calibration that is active in the frequency domain. The time domain capability is useful for designing
and characterizing such devices as SAW filters, SAW delay lines, and RF cables. This option can be
installed after shipment,

Option 011, 3—Channel Direct—Access Receiver

Provides a front panel input to each of the samplers. This option provides a convenient means of cus-
fomizing a test configuration.
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Option 003, High Forward Dynamic Range (HP 8722 only)

Extends the dynamic range for forward transmission measurements (S21). This configuration differs
from the standard instrument in that the main arm of the port 2 coupler is connected (through a 6 dB
aftenuator) to the sampler. Reverse dynamic range (S12) is degraded with this configuration.

Option 802, Add Disk Drive

This adds the HP 9122 dual 3.5" disk drive and the HP 10833A 1m (3.3 ft) HP—IB cable. The disk drive
is covered under one—year return—to—factory warranty agreements,

Option 910, Extra Manuals

The standard instrument is supplied with an Operating Manual and a Service Manual. Option 910 pro-
vides an additional copy of both of these manuals. To order exira manuals after initial shipment, order
by part number, listed on the title page and rear cover of each manual.

Option 813, Rack Mount With Handles

Option 913 is a rack mount kit containing a pair of flanges and the necessary hardware to mount the
instrument, with handles attached, in an equipment rack with 482.6 mm (19 inches) spacing.

Service and Support Products

A variety of on—site and return—to—HP service and support products are available. These products
cover repair, calibration, and verification. Consult your local HP customer enginesr for details.

System On-Site Service. The analyzer includes a one year on—site service warranty (where avail-
able). In the event of failure, an HP customer engineer will provide on—site service for the analyzer,
calibration and verification kits, and super flexible cables. Note that system installation (a straightfor-
ward procedure) is not inciuded.

Three Year Customer Return Repair Coverage (W30) adds to product warranty to provide a total
of three years of customer return repair service from the time of hardware delivery.

Three Year On—Site Repair Coverage (W31) adds to product warranty to provide a total of three
years of next day on—site coverage from the time of hardware delivery.

Three Year Cuistomer Return Calibration Coverage (W32) begins the day of hardware delivery. in-
ciudes scheduled calibration at HP's recommended calibration cycle, as well as calibration after a
required repair performed by HP

Option 1BN adds a MIL-STD 45662A Certificate of Calibration to the instrument. Must be ordered
when the instrument is ordered.

Option 1BP adds a MiL.—STD 45662A Certificate of Calibration and the corresponding calibration data
to the instrument. Must be ordered with the instrument.

Self—Support Tool Kit. A dedicated tool kit is available for troubleshooting the analyzer. it consists
of extender boards and cables, adapters, and fuses, The parts are listed in the “Replaceable Parts”
section of the Service Manual.
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EQUIPMENT REQUIRED

Compatible calibration kits and cables are required for full error—corrected system performance in
accordance with specifications listed in the “Specifications” section of the Service Manual. Additionally,
a verification Kit is required to verify performance.

Calibration Kits

The following calibration kits contain precision standards {and required adapters} of the indicated con-
nector type. The standards (known devices) facilitate measurement calibration, also calied vector error
correction. Refer to the data sheet and ordering guide for additional information. Part numbers for the
standards are in their manuals.

HP 850528 3.5 mm Calibration Kit coniains precision éa&ibration standards used to cafibrate the
network analyzer for making error—corrected measurements of devices with 3.5 mm connectors, up
to 20 GHz. The standards included are:

open circuits (male and female)
short circuits (male and female)
lowband fixed loads (male and female)
sliding loads {male and female)

Also contained in the kit are precision adapters for converting the test ports to a 3.5 mm interface of
either sex, as well as a 3.5 mm connector gage kit and other toois for maintaining and verilying the
integrity of the test port 3.5 mm connector interface.

HP 85052D 3.5 mm Economy Calibration Kit provides the most convenient and economical calibra-
tion for measurement of devices with a 3.5 mm connector interface. The kit contains the following
standards:

opren cireuits (male and female)
short circuits (male and female)
precision broadband fixed loads (male and female)

Also included are precision adapters, a torque wrench, and an open—end wrench. {No connector
gages are included in this kit.)

HP 85050B 7 mm Calibration Kit provides the standards used for calibration up to 18 GHz for error—
corrected measurement of devices with 7 mm connectors. The kit contains the following standards:

open cireuit short cireuit
lowband fixed load

precision broadband fixed load
sliding load

Also included are a connector gage kit and other {ools for maintaining and verifying the integrity of
the test port 7 mm connector interface.

HP 85050D 7 mm Economy Calibration Kit provides convenient and economical calibration for mea-
surement of devices with 7 mm connectors up to 18 GHz. The following standards are included:

open circuit
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short circuit
precision broadband
fixed load

A torque wrench is also provided. {No connector gages are included in this kit.)

HP 85054 B Type—N Calibration Kit contains a set of precision calibration standards used to calibrate
for error—corrected measurement of devices with type—N connectors. The standards included are:

open circuits (male and female)
short circuits (male and female)
fixed loads (male and female)

sliding loads (male and female)

Also contained in the kit are precision 7 mm i type—N (male and femaie) adapters, and tools for
maintaining and verifying the integrity of the type—N interface.

HP 85054D Type—N Economy Calibration Kit provides economical and convenient calibration for
measurement of devices with type-N connectors. It contains:

open circuits {male and female)

short circuits (male and female)

precision broadband fixed loads {male and female)

Also inciuded are precision adapters, a torque wrench, and an cpen—end wrench.

HP 85056A 2.4 mm Calibration Kit contains open and short circuits, fixed and sliding ioads (2), 2.4
mm to 2.4 mm adapters, 2.4 mm connector fools and gauges.

Verification Kits

Accuracy—enhanced performance of the system can be verified by measuring known devices other
than the standards used in calibration, and comparing the results with recorded data. The following
verification kits (with a serial number prefix of 2815A or higher) provide a data disk for specific use
with the HP 8719C, HP 8720C, and HP 8722, Kits ordered prior fo this serial prefix can be upgraded
to include the data disk by recertifying the kit through a local HP Sales and Service office (be sure
to request HP 8719C, HP 8720C, or HP 8722 data). The data disk contains the factory—measured
S-—parameter data for the devices in the kit, and the uncertainty limits used in the system verification
procedure. The data is unigue to each kit.

For the complete procedure to verify the performance of the network analyzer, refer to the Verffication
section of the Service Manual.

P 85057S 2.4 mm Verification Kit contains a precision airline, mismatched airline, 20 and 40 dB
attenuators with NiST (Naticnal Institute of Standards and Technology)} traceable data and uncertain-
fies.

HP 85053B 3.5 mm Verification Kit consists of a set of 3.5 mm measured standards, a data disk,
and printouts of device data. The two device data printouts are for calibrations using a broadband fixed
load and using a sliding load. The following standards are included:

7.5 em 5082 airline
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258 to 5022 stepped impedance aitline
20 dB attenuator 40 dB attenuator

HP 85051B 7 mm Verification Kit consists of a set of 7 mm measured standards, a data disk, and
printouts of device data. The standards included are:

10 cm 5082 beadless airiine

258 to 5012 stepped impedance airline

20 dB attenuator, 50 dB attenuator

HP 85055A Type-N Verification Kit consists of a set of type--N measured standards, a data disk,
and printouts of device data. The standards included are:

50Q airline

25Q to 50Q stepped impedance aitline

20 dB attenuator

50 dB attenuator

Test Port Return Cables

These cables are designed to connect the test ports to the device under test. Cables are available
as single long cables for measurements where one port of the device is connected directly to the test
port, or as cable sets that contain two cables, one for each port. Semi—fiexible cables offer the best
performance and are suitable for applications where the connectors of the device are in—line. Super—
flexible cables are more rugged and have a tighter bending radius, and are appropriate for manufactur- -
ing environments. Semi~flexible cables are warranted for 80 days, and super—fiexible cables for one
year.

For Devices with 2.4 mm Connectors, use the HP 85133 series test port retum cables. These 2.4
mm cables are specified from DC to 50 GHz.

HP Model Description Length Connectors

HP 85133C Semi—fiexible single cable {81 cm (32in) |NMD-24mmto 2.4 mm (f)

HP 851330 Semi—flexible cable set 53em (21in} [NMD-2.4 mmto 2.4 mm {mand
f)

HP 85133E Super—flexible single 84cm (38in) {NMD-24 mmto 2.4 mm {f)

cable

HP 85133F Super-~flexibie cable set 58cm (23in) |NMD-24 mmto 2.4 mm (m and

f

For Devices with 3.5 mm Connectors, use the HP 85131 series test port return cables. These 3.5
mm cables are specified from DC to 26.5 GHz.

HP Model Description Length Connectors
HP 85131C Semi—flexible single cable |81 cm (32in) [|NMD-3.5 mm to 3.5 mm (f)
HP 85131D Semi—fiexibie cable set 53cm (21in) glMD»S.S mm to 3.5 mm (mand
HP 85131E Super—flexible single 94 cm (38in}) [NMD-3.5 mm to 3.5 mm (f)
cable
HP 85131F Super—fiexible cable set 58 em (23 in) f!;iMD-«S.S mm to 3.5 mm (m and

HP 8719C/8720C/8722A/8722C General Information 1-7



For Devices with 7 mm Connectors, use the HP 85132 series test port return cables. These cables
are designed to connect the analyzer's 3.5 mm test ports to a 7 mm device under test. These cables

are specified from DC to 18 GHz. For use with the HP 85132C/E single cables, the HP 85130B 7 mm
special adapter set is also required.

HP Model Description Length Connectors
HP 85132C Semi~—flexible single cable |81 cm (32in) [NMD—3.5 mmto 7 mm
HP 85132D Semi~flexible cable set S3em{21in) [NMD-35mmtoc 7 mm
HP 85132E Super—flexible single 94cm (38in) |[NMD-35mmio 7 mm

cable
HP 85132F Super—fiexible cable set |58 em (23in) |NMD—3.5 mm to 7 mm

For Devices with Type—N Connectors, the HP 85132 series 7 mm cables are recommended. Adapt-
ers from 7 mm to type-—N (male and female) are included in the HP 85054B and HP 85054D type~N
calibration kits. If the type—N device is to be connected directly to the test potts, use the HP 85130C
type—N special adapter set and the HP 85132C/E cables.
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EQUIPMENT AVAILABLE
Adapter Sets

The following compatible adapter sets are recommended for applications where the device under test
is connected directly to the test ports.

HP 85130D 3.5 mm Special Adapter Set consists of 3.5 mm to 3.5 mm (male and female) adapters,
and is recommended for applications which require many direct connections to the test port. The
adapters protect the test ports from damage and wear due to heavy use.

HP 85130E Special 2.4 mm to 7 mm Adapter Set is used to convert the 2.4 mm ports of the test
set to a 7 mm connector interface, male or female.

HP 85130F Special 2. 4 mm to 3.5 mm Adapter Set is used to convert the 2.4 mm ports of the test
set to a 3.5 mm connector interface, male or female.

HP 85130G 2.4 mm special Adapter Set consists of 2.4 mm to 2.4 mm (male and female) adapters,
and is recommended for applications which require many direct connections to the test port, the
adapters protect the test ports from damage and wear due to heavy use.

HMP 851308 7 mm Special Adapter Set converts the test ports to 7 mm.
HP 85130C Type—N Special Adapter Set converts the test ports to type~N (male and female).

System Rack

The recommended system rack for the analyzer is the HP 85043B. This metal cabinet measures 124
em (49 in) high, 60 cm (24 in) wide, and 80 cm (32 in) deep. The rack is equipped with an extendable
work surface, a drawer for calibration kits and other hardware, a bookshelf for system manuals, and
a locking rear door for secured access. The total depth of the rack with the work surface installed is
115 cm (45 in). Lightweight steel rails support the instruments along their depth. Heavy-duty casters
make the cabinet easily movable even with the instruments in place. Screw—down lock feet permit
leveling and semi—permanent installation: the cabinet is extremely stable when the lock feet are down.
Power is supplied to the cabinet through a heavy—duty grounded primary power cable, and to the
individual instruments through special power cables included with the cabinet. Thermal design is such
that no rack fan is needed.

Plotters and Printers

The analyzer is capable of plotting or printing displayed measurement results directly to a compatible
peripheral without the use of an external computer. Plotters tend to be more accurate, but slower and
more expensive than printers. These are compatible:

» HP 7470A Option 002 Two—-Pen Graphics Plotter plots on ISC A4 or 8.5 X 11 inch charts.

« HP 7440A Option 002 ColorPro Eight—Pen Color Graphics Plotter plots on ISO A4 or 8.5 x 11 inch
charts.

« HP 7475A Option 002 Six—Pen Graphics Plotter plots on 1SO A4/A3 or 8.5 x 11 inch or 11 x 17 inch
charts.

{Option 002 for the plotters listed above is HP—IB interface capability.)
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s HP 7550A High—Speed Eighi-Pen Graphics Plotter plois on 1SO A4/A3 or 8.8 x 11 inch or 11 x
17 inch plots,

¢ HP 7080A Measurement Plotting System is a high—performance six—pen programmable digital
plotter. It piots on ISO A4/A3 or 8.5 x 11 inch or 11 x 17 inch paper or overhead fransparency film.

Printers tend to be faster and less expensive, but alsoless accurate, than plotters. These are compat-
ible:

HP 2225A ThinkJet printer

» HP 2227B QuietJet printer

= HP 3630A PaintJet color graphics printer

» HP 2673A thermal graphics printer (Obsolete but compatible)

+ HP 82906A option 002 graphics printer (obsolete but compatibie)

« HP 9876A thermal graphics printer (obsolete but compatible)

Disk Drives

The analyzer has the capability of storing instrument states directly to disk drive without the use of
a computer. Any disk drive that uses CS80 protocol and HP 200/300 series format (LIF, Logical Inter-
change Format) is compatible. The recommended disk drives are:

HP 9122C/D/S dual 3.5 inch disk drive

HP 9153C option 010/011 10 Mbyte Winchester 3.5 inch hard disk drive

HP 9153C option 020/021 20 Mbyte Winchester 3.5 inch hard disk drive

HP 91530 option 040/041 40 Mbyte Winchester 3.5 inch hard disk drive

Computer

The system can be automated with the addition of an HP 200/300 series computer or DOS based
personal computer. (The system verification procedure and automated adjustments do not require an
external computer.) For more information about compatible computers, consult your Hewlett-Packard
customer engineer.

System Software
The software below requires an HP 200/300 series computer with BASIC 3.0 or higher.

HP 85014C Active Device Measurements Pac can make complete automated S—parameter mea-
surements of active devices in—fixture. Use it with the HP 85041A transistor test fixture {o measure
transistors in 0.070 and 0,100 packages. The software includes models for this fixture and can de—
embed fixture responses from the measurement.
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HP 85162A Measurement Automation Software complements the analyzer by providing all catibra-
tion, measurement, and data output capabilities with a minimum of operator interaction.

HP 85165A Rescnator Measurement Sofiware performs complete characterization of crystals,
SAWs, and other resonant devices. The software guides the user through the measurement process
and calculates key parameters of the device under test. The analyzer must have option 001 {1 Hz
resolution). :

Anti-Static Mat

Use of an anti—static mat (such as HP part number 9300-0797), and a wrist strap (such as HP part
number 9300-0810) is highly recommended to prevent elecirostatic damage to the analyzer or test
devices,

REQUIRED TEST EQUIPMENT

The “Service and Equipment Overview” section of the Service Manual lists equipment required to test,
adjust, and service the system.

SAFETY CONSIDERATIONS

Do niot remove the instrument covers. The analyzer should be serviced only by qualified personnel
who are aware of the hazards involved. Safety precautions are detailed in the Service Manual.
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Chapter 2. System Description and Data Processing

SYSTEM DESCRIPTION

Network analyzers measure the reflection and transmission characteristics of devices and networks
by applying a known swept signal and measuring the responses of the test device. The signal trans-
mitted through the device or reflected from its input is compared with the incident signal generated
by a swept RF source. The signals are applied to a receiver for measurement, signal processing, and
display. A network analyzer system consists of a source, signal separation devices, a receiver, and
a dispiay.

This microwave network analyzer integrates a synthesized source, signal separation devices, and a
dual channel receiver to measure and display magnitude, phase, and group delay of transmitted and
reflected power. Analyzer Option 010 provides the additional capability of transforming measured data
from the frequency domain to the time domain.

PHASE LOCK
SYNTHESIZED SIGNAL DISPLAY
SOURCE SEPARATION |58 |
_.........b
s 34 RECEIVER

DIGITAL CONTROL

POWER SUPPLY

> > > >—

Figure 21, Simplified Block Diagram of the Network Analyzer

The built—in synthesized source of the analyzer generates a swept or CW (continuous wave} signal
in the range of 50 MHz to 13.5 GHz (for the HP 8719C) or 20.0 GHz (for the HP 8720C) or 40 GHz
{for the HP 8722), with a frequency resolution of 100 kiHz. Option 001 provides enhanced frequency
resolution of 1 Hz. The source output power is leveled by an internal ALC (automatic leveling control)
circuit. To achieve frequency accuracy and phase measuring capability, the analyzer is phase locked
to a highly stable crystal oscillator, For this purpose, a portion of the transmitted signal is routed to
the R sampler in the receiver, and fed back to the source.
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The signal separation devices in the analyzer include a power splitter, a transfer switch, and two direc-
tional couplers. The power splitter diverts a portion of the incident signal to the R sampier for reference
and phase lock. The transfer switch and the couplers provide the capability for simultaneous transmis-
sion and reflection measurements in both the forward and reverse directions. Power control is in 0.05
dB increments. The ALC range is 20 dB for the HP 8719C/20C and 10 dB for the HP 8722, And, a
step attenuator allows you to set.the ALC range anywhere from +10 to —~85 dBm for the HP 8719C
and 8720C. Two bias tees allow external biasing of active devices connected to the test poris.

The signal transmitted through or reflected from the DUT is applied to the B and/or A samplers and
compared with the incident signhal at R.

The receiver contains three identical samplers and second converters (R, A, and B}, which convert
the input signal to a 4 kHz IF (intermediate frequency), retaining both the magnitude and phase char-
acteristics of the source signal. The three signals are multiplexed into the ADC (analog—to-digital
converter) and converted to digital signals, to be measured and processed for display on the CRT.

A microprocessor takes the raw data and performs all the required error correction, trace math, format-
ting, scaling, and marker operations, according to the instructions from the front panel or controller.
The formatted data is then displayed on the CRT. The data processing sequence is described below.,

in addition to the analyzer itself, a measurement may require calibration standards for vector accuracy
enhancement, and cables for interconnections. Model numbers and details of compatible calibration
kits, cables, and other accessories are provided in the General Information chapter of this Reference
Manual,

A detailed block diagram of the analyzer is provided in the Service Manual, together with complete
theory of system operation.

DATA PROCESSING
Overview

The receiver of the analyzer converts the reflected and transmitted signals from the DUT into useful
measurement information. This conversion occurs in two main steps. First, the swept high frequency
input signals are translated to fixed low frequency IF signals, using harmonic mixing techniques. (Refer
to Theory of Operation in the Service Manual for details.} Second, the IF signals are converied into
digital data by an analog—to--digital—converter (ADC). From this point on, all further signal processing
is performed mathematically by microprocessors in the analyzer. The following paragraphs describe
the sequence of math operations and the resulting data arrays as the information fiows from the ADC
to the display. They provide a good foundation for understanding most of the response functions, and
the order in which they are performed.

Figure 22 is a data processing flow diagram that represents the flow of numerical data from IF detec-
tion to display. The data passes through several math operations, denoted in the figure by single—line
boxes. Most of these operations can be selected and confrolled with the front panel RESPONSE block
menus. The data is also stored in arrays along the way, denoted by double~line boxes. These arrays
are places in the fliow path where data is accessible, usually via HP—IB.
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Figure 2—2. Data Processing Flow Diagram

While only a single flow path is shown, two identical paths are available, corresponding te channel
1 and channel 2. When the channels are uncoupled, each channel can be independently controiled,
so that the data processing operations for one are different from the other.

Two definitions are necessary:

A “data point” or “point” is a single piece of data representing a measurement at a single source stimu-
lus value. Most data processing operations are performed point—by~—point; some involve more than
one point.

A *sweep” is a series of consecutive data point measurements, taken over a sequence of source stimu-
lus values. A few data processing operations require that a full sweep of data is available. The number
of points per sweep can he defined by the user.

Processing Details

The ADC converts the R, A, and B inputs (already down—converted to a fixed 4 kHz IF) into digital
words. (The AUX IN connector on the rear panelis a fourth input.) The ADC switches rapidly between
these inputs, so they are converted nearly simultaneously.

HP 8719C/8720C/8722A/8722C System Description  2--3



The digital filter detects the IF and performs the discrete Fourier transform (DFT) on the digital words.
The samples are converted into complex number pairs (real plus imaginary). The complex numbers
represent both the magnitude and phase of the IF signal. If AUX IN is selected as the input, the imagi-
nary part of the pair is set to zero. The DFT filter shape can be altered by changing the IF bandwidth,
which is a highly effective technigue for noise reduction. (Refer to Key in Chapter 5 for information
on different noise reduction techniques.)

The ratio calculation {a complex divide operation) is performed if the selected measurement is a ratio
of two inputs {as in all S—parameter measurements). If the selected measurement is absolute (AUX
IN or a service measurement), no operation is petformed. The R, A, and B values are also split into
channel data at this point. (Refer to [MEAS] Key in Chapter 4 for more information on S—parameters;
information on service measurements is provided in the Service Manual.

Sweep ~to-—sweep averaging is another noise reduction technique for ratioed measurements. This
caleulation involves taking the complex exponential average of several consecutive sweeps. (Refer to
Key in Chapter 5.)

The raw data arrays store the results of all the preceding data processing operations. (Up to this
point, all processing is performed real—time with the sweep by the IF processor. The remaining opera-
tions are not necessarily synchronized with the sweep, and are performed by the main processor.)
When full 2—port error correction is on, the raw arrays contain all four $—parameter measurements
required for accuracy enhancement. When the channels are uncoupled (coupled channels off), there
may be as many as eight raw arrays. These arrays are directly accessible via HP-IB. Note that the
numbers here are still complex pairs.

Vector error correction (accuracy enhancement) is performed next, if a measurement calibration has
been performed and correction is turned on. Error correction effectively removes repeatable systemat-
ic errors (stored in the error coefficient arrays) from the raw arrays. This can vary from simple vector
normalization to full 12—term error correction. (Refer o Chapter 8, Measurement Calibration, for de-
tails.)

The error coefficient arrays themselves are created during a measurement calibration using data from
the raw arrays. These are subsequently used whenever correction is on, and are accessible via HP—
IB. (Refer to Chapter 11, Saving Instrument States, for information on memory allocation.)

The data arrays store the resulis or error correction as complex number pairs. These arrays are acces-
sible via HP~IB,

if the data—to—memory operation is performed, the data arrays are copied into the memory arrays.
(Refer to Key in Chapter 5.)

The trace math operation selects either the data array, memory array, or both to continue flowing
through the data processing path. In addition, the complex ratio of the two {data/memory) or the differ-
ence (data—memory) can also be selected. If memory is displayed, the data from the memory arrays
goes through exactly the same data processing flow path as the data from the data arrays. (Refer to
Key in Chapter 5 for information on memory math functions.)

Gating is a digital filtering operation associated with time domain transformation (option 010 only).
Its purpose is to mathematically remove unwanted responses isolated in time. In the time domain, this
can be viewed as a time—selective bandpass or band—stop filter. (If both data and memory are dis-
played, galing is applied to the memory trace only if gating was on when data was stored into
memory.} (Refer to Chapter 9.}
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The electrical delay block involves adding or subtracting phase in proportion to frequency. This is
equivalent to “line—stretching” or artificially moving the measurement reference plane. (Refer
to; under Key in Chapter 5.)

Conversion transforms the measured S—parameter data to the equivalent complex impedance (Z)
or admittance (Y) values, or to inverse S—parameters (1/S). (Refer to Conversion Menu under [MEAS]
Key in Chapter 5.)

The transform operation converts frequency domain information into the time domain when transform
is on (option 010 only). The results resemble time domain reflectometry (TDR) or impulse—response
measurements. The transform employs the chirp—Z inverse fast Fourier transform (FFT) algorithm to
accomplish the conversion. The windowing operation is performed on the frequency domain data just
before the transform. Windowing is a digital filtering operation that prepares {enhances) the frequency
domain data for transformation to time domain. A special transform mode s avaitabie to “demodulate”
CW sweep data, with time as the stimulus parameter, and display spectral information with frequency
as the stimulus parameter. (Refer to Chapter 8, Time and Frequency Domain Transforms.)

Formatting converts the complex number pairs into a scalar representation for display, according to
the selected format. This includes group delay calculations. These formats are often easier to interpret
than the compilex number representation. (Polar and Smith chart formats are not affected by the scalar
formatting.) Note that after formatting, the complex data can only be retrieved if the trace is in hold,
{or it can be read by the controller over the HP—IB). (Refer to Key in Chapter 5 for information
on the different formats available and on group delay principles.)

Smoothing is another noise reduction technique, which smoothes noise on the trace. When smooth-
ing is on, each point in a sweep is replaced by the moving average value of several adjacent (for-
matted) points. The number of points included depends on the smoothing aperiure, which can be
selected by the user. (In spectrum analysis, the effect is often called video filttering.) if data and memory
‘are displayed, smoothing is performed on the memory trace only if smoothing was on when the data
was stored into memory. (Refer to Key in Chapter 5 for information about smoothing.)

The format arrays store the current results. It is important to note that marker values and marker
functions are all derived from the format arrays. Limit testing is also performed on the formatied data.
The format arrays are accessible via HP-IB.

The offset and scale operations prepare the formatted data for display on the CRT. This is where
the reference line position, reference line value, and scale calculations are performed, as appropriate
to the format. (Refer to Key in Chapter 5.}

The dispiay memory stores the display image for presentation on the CRT. The information here in-
cludes graticules, annotation, and softkey labels—everything visible on the CRT—in a form similar to
plotter commands. If user display graphics are written, these are also stored in dispiay memory. When
hardcopy records are made, the information sent to the plotter or printer is taken from display memory.
Display memory has limited access—only the user graphics area is available to the user. Further, this
is a write—only address block: data cannot be read out of display memory.

Finally, the display memory data is sent to the CRT display. The display is updated frequently, and
asynchronously with the data processing operations.
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Chapter 3. Front Panel and Softkey Operation

INTRODUCTION

This chapter explains how to operate the analyzer using front panel controls and softkey menus. it
provides illusirations and descriptions of the front panel features, the CRT display and its labels, and
the rear panel features and connectors.

ACTIVE FUNCTION

The functions of the analyzer are activated from the front panel by the operator using front panel keys
or softkeys. (In this manual, all front panel keys are shown as [WENU ] ; sofikey labels are shown as
®..) The function currently activated is called the active function, and is displayed in the active

entry area al the upper left of the CRT. As long as a function is active it can be modified with the enfry
block controls (explained later in this chapter). A function remains active until another function is se-

lected or is pressed.

FRONT PANEL KEYS AND SOFTKEY MENUS

Front panel keys are used to change instrument functions directly or to provide access to additional
functions available in softkey “menus.” These menus are displayed lists of related functions or choices
for a particular function, with each choice corresponding to one of the eight sofikeys located to the
right of the CRT. Pressing one of the softkeys either executes the iabeled function and makes it the
active function, or changes the current status of a function, or presents another set of menu labels.
Generally whenever 2 menu changes, the present active function is cleared, uniess it is an active mark-
er function.

in cases where several possible menu choices are available for a function, they are joined by vertical
lines. When a selection has been made from the listed alternatives, that selection is underlined until
another selection is made.

Some softkey functions can be toggied on or off, and this is indicated in the softkey label. When one
of these functions is turned on, this is indicated by the word ON in capitais in the softkey label. For
example, when averaging is on the label reads and when it is off the label reads

Some softkey iabels show the current selected status of a function. For example, the selected value
of the IF bandwidth is shown in brackets in the softkey label.
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FUNCTION BLOCKS

The front panel keys that provide access to softkey menus are grouped in function blocks.

« The STIMULUS block keys and softkey menus conirol ali the functions of the network analyzer's
source.

« The RESPONSE block keys control the receiver section ofthe network analyzer, providing measure-
ment and display functions specific to the active channel.

» The INSTRUMENT STATE keys control channel—independent system functions including instrument
preset, front panel savefrecall memory, HP-IB piotter and printer control, time domain transform (op-
tion 010}, limit testing, and built—-in diagnostic tests.

REMOTE OPERATION

The functions accessible from the front panel can also be accessed remotely by an external computer/
controller using HP—IB. Equivalent HP—IB commands are available for most of the front panel keys
and sofikey menu selections. In this Reference Manual, the HP ~IB programming command equivalent
to each front panel or softkey function is provided in parentheses after the first reference. Additional
information about HP—!B programming is provided in Chapter 12.

The following chapters provide information about al} instrument functions and softkeys, presented in
function block order. The menus available from each front panel key are iflustrated in "menu maps”
to show the sequence of keys that must be pressed to access each function. Detailed descriptions
of each softkey function are provided with illustrations of the individual menus. Additional background
information is provided on nefwork analysis topics related to the individual instrument functions. A
complete map of the softkey menu structure is provided in Apperidix A at the end of this Reference
Manual, together with an alphabetical index.
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Figure 3—1. Front Panel

Figure 31 illustrates the following features and function biocks of the front panel. These features are
described in more detail in this and subsequent chapters.

3.
4,

10.

LINE Switch controls AC power. 1is on, 0 is off.

CRT Display shows the of data traces, measurement annotation, softkey labels, and otherinforma-
tion. The dispiay is divided into specific information areas (see Figure 3—4).

Softkeys expand the capabilities of the anaiyzer with additional functions beyond these ofthe front
paneif keys. They provide access fo menu selections displayed on the CRT.

STIMULUS Function Block keys controi the signal from the infernal source, and other stimulus
functions.

RESPONSE Function Block keys control the measurement and dispiay functions of the active dis-
play channel.

ACTIVE CHANNEL Keys select the active channel. The analyzer has two independent display
channels. Any functions that are then entered apply to this active channel.

The ENTRY Block includes the knob, the step [#] [¥] keys, and the number pad. These are used
for entering numerical data and controlling the markers.

INSTRUMENT STATE Function Block keys control channel—independent system functions, time
domain transform (option 010), and built—in diagnostics. Also included in this biock are the HP—1B
indicators.
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11.

12.

13.

14,

The green Key can be pressed at any time to return the analyzer to a known condi-
tion, previously defined by the user and saved in internal register 5. This user preset first initializes
the instrument, then recalls the instrument state and calibration from register 5. (See chapter 11 for
details.) It does not initialize the other instruments on the system lows.

A preset to factory default condition is also available using in the recall

menu. This initializes the analyzer and all other instruments on the system bus. A complete listing
of the factory preset conditions is provided in Appendix A at the end of thi¢ reference.

if a known preset conditions is desired, there is ancther type of initialization that can be done,
Factory Preset. This type of preset inititializes all instrument state functions to the default condi-
tions (except for frequency range) and initializes all instruments on the System Bus.

A complete iisting of the instrument preset condition is provided in Appendix A at the end of this
Reference. Most of the conditions can be observed on the CRT or by pressing
on the front panel,

Measurement Ports. The device under testis connected to one or both of these ports. The network
analyzer contains internal signal separation and switching hardware required 1o make simulia-
neous fransmission and reflection measurements in both the forward and reverse directions.

Chassis Ground Connector is a convenient place to attach an anti—static wrist strap cord, Work
static safe. Many advanced devices, including the analyzer, are susceptible to damage from ESD
(electro--static discharge).

S—Parameter Flowgraph shows the four possible S—parameters and the measurement direc-
tions for a two ~port device. An explanation of S—parameters is provided in Chapter 5 under
Key.

ACTIVE CHANNEL KEYS (CHAN1, CHAN2)

The analyzer has two digital channels for independent measurement and display of data. Two different
sets of data can be measured simultaneously, for example the reflection and transmission characteris-
tics of a device, or one measurement with two different frequency spans. The data can be displayed
separately or simultaneously, as described below.

ACTVE CHARNNEL

Figure 3~2. The Active Channel Keys

The [€H1] and [€H2) keys illustrated in Figure 3—2 are used to select one channel 1o be the “active
channel”. This is the channel currently controlled by the front panel keys, and its trace and data anno-
tations are displayed on the CRT. All channei—specific functions selected apply to the active channel.
The current active channel is indicated by an amber LED adjacent to the corresponding channe! key.
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The analyzer has dual frace capabiiity, so that both the active and inactive channel traces can be
displayed, either overiaid or on separate graticules one above the other (spiit display). When both
channel fraces are displayed, the annotations of the active channel are brighter. The dual channel and
split display features are available in the display menus. Refer to Chapter 5 for illustrations and descrip-
tions of the different display capabilities.

Source values can be coupled or uncoupled between the two channels, independent ofthe dual chan-
nel and split display functions. Refer to Stimulus Menu in Chapter 4 for a listing of the source values
that are coupled in stimulus--coupied mode.

Another coupling capability is coupled markers. Measurement markers can have the same stimulus
values for the two channels, or they can be uncoupled for independent control in each channel. Refer
to Chapter 6 for more information about markers.

ENTRY BLOCK

The ENTRY block, illustrated in Figure 33, provides the numeric and units keypad, the kneb, and
the step keys. These are used in combination with other front panel keys and softkeys to modify the
active entry, to enter or change numeric data, and to change the value of the active marker. In general
the keypad, knob, and step keys can be used interchangeably.

Before a function can be modified, it must be made the active function by pressing a front panel key
or softkey. It can then be modified directly with the knob, the step keys, or the digits keys and a termi-
nator, as described below.

AT ENTRY

2101013
UOOE®
= 000®
0181810

Figure 3—3. The Entry Block

The Numeric Keypad is used fo select digits, decimal point, and minus sign for numerical entries.
A units terminator is required, as described below.

The Units Terminator Keys are the four keys in the right—hand column ofthe keypad. These are used
to specify the units for numerical entries from the keypad and at the same time terminate the entries.
A numerical entry is incomplete until 2 terminator is supplied, and this is indicated by the data entry
arrow + pointing at the last entered digit in the active entry area. When the units terminator key is
pressed, the arrow is replaced by the units selected. The units are abbreviated on the terminator keys
as follows:
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G/n (HP—IB G, N) = Giga/nano (10%/10~9)
M/ (M, U) = Mega/micro (105 / 10-5)
k/m (K, M) = kilo/milli (105 / 10™9)
x1 (HZ, 8, DB, V) = basic units: Hz, seconds, dB, dBm, volts, or degrees (also used to terminate
unitless entries such as averaging factor)

The Knob or RPG (rotary pulse generator) is used to make continuous adjustments to current values
for various functions such as frequency, scale, and others. If there is a marker turned on, and no other
function is active, the knob can be used to adjust the marker stimulus values. Values changed by the
knob are effective immediately, and require no units terminator.

The Step Keys [#] (UP} and [¥] (DOWN) are used to step the current value of the active function
up eor down. The steps, for most functions, are predefined by the analyzer in increments of 1, 2, and
5, and cannot be altered. No units terminator is required.

(ENTO) clears and turns off the active entry area, as well as any displayed prompts, error
messages, or warnings. Use this function o clear the display before plotling. Another purpose of this
key is to prevent changing of active vaiues by accidental movement of the knob. The next selected
function turns the active entry area back on.

deletes the last digit entered from the number pad.,

3—6 ¥ront Panel and Softkey Operation HP 8719C/8720C/8722A/8722C



CRT DISPLAY

Non-—Active
Active Reference Marker Stats/
Channel Format Value Bandwidth
Measured Active Marker Softkey
Input(s} Scale/Div Values Labels
/ / / Pass/Fail
by X 1 4 7 ] '/ /
Tite ~~{ ! | J [/
] . ii | 35 | 1 |

Message U R T I I B T y
Area M R I D R T /
Active / [ _l i : -s ) r- : _: ) 1' -I '
EnryArea  FEfF - - - - - s e e e e e e e g

Status / [ «n - ;“ ..' - :“ : -: - ;. -n - n’ ’
Nmﬁon ] 3 t E 1 3 [ 1 #
L A T T S T M T R [:D

/ \ \
4 % ‘\ ——
Stimulus CW Frequency Stimulus
Start Value Stop Value

Figure 3~4. CRT Display (Single Channel, Cartesian Format)

The CRT displays the grid on which the measurement data is plotted, the currently selected measure-
ment fraces, and other information describing the measurement. Figure 3—4 illustrates the locations
of the different CRT information labels, described below.

In addition to the full—screen display shown in Figure 3—4, a split display is available, as described
under Key, Display More Menu in Chapter 5. In this case, information labels are provided for
each half of the display.

Display formats for different measurements are illustrated and described in Chapter 5, under
Key.

Stimulus Start Value is the start frequency of the source in frequency domain measurements, or the
start time in time domain or CW time mode. When the stimulus is in center/span mode, the center
stimulus value is shown in this space.

Stimulus Stop Value is the stop frequency of the source in frequency domain measurements, or the
stop time in time domain or CW time mode. When the stimulus is in center/span mode, the span is
shown in this space. The stimulus values can be blanked, as described under Key, Display
More Menu.
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CW Frequency Value. For CW time measurements, the CW frequency is displayed centered be-
tween the start and stop times.

Status Notations. This area is used to show the current status of various functions for the active chan-
nel. The following notations are used:

* = Measurement parameters changed: measured data in doubt until a complete fresh
sweep
has been taken,
Cor = Error correction (measurement calibration) is on {see Chapter 6).
c? = Error correction is on, but the instrument state is not identical to the state when the
calibration was performed (see [cA] Key in Chapter 6).
c2 = Two—port error correction is on (see Chapter 6).
c27? = Two~—port error correction is on, but the instrument state is not identical to the state
when
the calibration was performed.
Hid = Hold sweep (see Trigger Menu in Chapter 4).
1 = Fast sweep indicator. Displayed here for sweep times <1.0 second; moves along the
trace for sweep times >1.0 second.
Ext = Waiting for an external trigger at the rear panel.
Avg = Sweep —to—sweep averaging is on. The averaging count is shown immediately below
(see _ -
Key in Chapter 5).
Smo = Trace smoothing is on (see Key in Chapter 5).
Del = Electrical delay has been added or subtracted (see ! Key in Chapter 5).
Gat = Gating is on (time domain option only) (see Chapter 9).
tsH = Test set hold. Hold mode to protect transfer switch and attenuator against continuous
switching. Can be overridden with
PC = Power meter calibration is on."
PC? = Power meter calibration is being applied with an instrument state not identical to that
when

the calibration was performed.
Active Entry Area displays the active function and its current value.
Message Area displays prompts or error messages.

Title is a descriptive alpha—numeric string title defined by the user and entered as described under
Key, Title Menu. (in HP-IB, the title block is replaced by HP—IB commands entered from the
external controller, if the special debug mode is on. Refer to Chapter 8.)

Active Channel is the number of the current active channel, selected with the keys.
If dual channel is on with an overlaid display, both channel 1 and channel 2 appear in this area.

Measured Input(s) shows the S—parameter or other input currently measured, as selected using the
key or the service menus, Also indicated in this area is the current display memory status.
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Format is the dispiay format selected using the key.

Scale/Div is the scale selected using the key, in units approptiate to the current measure-
ment.

Reference Level is the value of a reference line in Cartesian formats or the outer circle in polar formats,
selected using the key. The reference position is indicated by a small triangle adjacent to
the graticule, at the left for channel 1 and at the right for channel 2.

Marker Values are the values of the active marker, in units appropriate to the current measurement.
Refer to Chapter 7, Using Markers.

Marker Stats, Bandwidth are statistical marker values determined using the menus accessed with
the key. Refer to Chapter 7.

Softkey Labels are menu labels displayed on the CRT that redefine the function of the softkeys imme-
diately to the right of the CRT.

Pass/Fail displays the pass or fail status of a device compared to specified limits (see Limit Lines and
Limit Testing in Chapter 8).

NOTE: The information provided here applies to Cartesian formats. In polar and Smith chart formats
the labeling may differ.

REAR PANEL FEATURES AND CONNECTORS

Figure 3~5. Rear Panel

HP 8719C/8720C/8722A/8722C Front Panel and Softkey Operation 3-9



Figure 3-5 illustrates the features and connectors of the rear panel, described below. Reguirements
for input signals to the rear panel connectors are provided in the Service Manual, Specifications sec-
tion.

1. BIAS CONNECT. Two ports are provided to connect an external DC voltage, for biasing active
devices through the internal bias tees. Maximum input voltage limits and fuse current values are
shown on the rear panel.

2. Serial Number Plate. Forinformation about serial numbers, refer to Description of the Manual Setin
the General Information section.

3. EXT MON Connectors. The red, green, and biue conneciors will drive a suitable external monitor
(see table 3 in the Specifications section).

4. EXT TRIGGER Connector. This is used to connect an external negative—going TTL—compatible
signal to trigger a measurement sweep or point. The trigger can be set to external through softkey
functions (see Chapter 4, Trigger Menu).

5. EXT AM Connector. Used to connectan external analog signal fo the ALC circuitry ofthe analyzerto
amplitude modulate the source signal.

8. AUXINPUT Connector. Used to connecta DC or AC voltage from an external signal source suchas
a detector or function generator, which can then be displayed and measured using the S—parame-
ter menu (see Key in Chapter 5). (Itis also used as an analog output in service routines, as
described in the Service Manual.)

7. EXT REF INPUT Connector. This is used to input a frequency reference signal to phase lock the
analyzer to an external frequency standard for increased frequency accuracy. The external fre-
quency reference feature is automatically enabled when a signal is connected to this input. When
the signalis removed, the anaiyzer automatically switches back to its internal frequency reference.

8. I/OINTERCONNECT. Provides a standard LS TTL output (active high logic) on pin 17, indicative
of pass/fail status during limit testing. The output remains high until a fail condition occurs, then
remains low until a pass condition occurs.

Supply voltages are present on some of the 1/O INTERCONNECT pins.
Use only pin 17.

9. HP-IB Connector. Connects the analyzer to an external controller and other instruments in an au-
tomated system. Also used when the analyzer itselfis the controller of compatible peripherals. Refer
to HP—IB and Power Considerations in the User's Guide for information and limitations. Information
on different controller modes is provided in chapter 7 of this Reference under HP—IB Menu.

10. Fan Filter. This filter helps to protect the instrument from dust contamination, and should be
cleaned regularly. Instructions for cleaning the filter, and other routine maintenance, are provided in
the Service Manual. A minimum clearance of 15 ¢m (6 inches) should be maintained behind and on
both sides of the instrument or rack to allow for air circulation.
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11, Safety Warnings. Provides warnings to prevent danger to the operator and cautions to prevent
damage 1o the instrument. Also gives replacement fuse values.

12. Line Voltage Selector Switch. For more information refer to HP—IB and Power Considerations in
 the User's Guide.

13. Power Cord Receptacle, with Fuse. For information on replacing the fuse, refer to the User's
Guide.
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Chapter 4. Stimulus Function Block

g STIMULUS I

=
=

Figure 4—1

INTRODUCTION

The stimulus function block keys and associated menus are used 1o define and control the source
signal to the device under test. They set source characteristics such as range, sweep time and resolu-
tion, sweep type, power level, and the number of data points taken during the sweep.

START (STAR) and STOP (STOP) KEYS

These keys are used to define the start and stop frequencies of the stimulus (source) or the start and
stop times in the time domain (option 010). The source signal can be swept over any portion of the
instrument’s frequency range. The range can be expressed as either start/stop or center/span (see
below). When the [37887) or [(£707 ) key is pressed, its function becomes the active function. The value
is displayed in the active entry area and can be changed with the knob, step keys, or number pad.
Current stimulus values for the active channel are also displayed along the bottom of the graticule.
Frequency values can be blanked for security purposes, using the display menus (see Display More
Menu in Chapter 5).

The preset siimulus mode is frequency: the stimulus start value is set to 0.050 GHz. For the HP 8720,
the stop value is 20.050 GHz. For the HP 8719 (standard or with option 001), the stop value is 13.5100
GHz; the stop value for the HP 8722 is 40.050 GHz. Frequencies are resolved to 100 kHz in the stan-
dard instrument, and the frequency span in linear sweep mode is always:

100 kHz x (number of points —1}xn  wheren =1, 2, 3. ..

Therefore when is the active function, the stop frequency is automatically set to conform to this
span rule. When is the active function, the start frequency is appropriately adjusted (except
in instruments with option 001).

For information on setting source values in the time domain, refer to Chapter 9.
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Because the display channels are independent, the stimulus signals for the two channels can be un-
coupled and their values set independently. The values are then displayed separately on the CRT if
the instrument is in dual channel display mode. In the uncoupled mode with dual channel display the
instrument takes alternate sweeps o measure the two sets of data. Channel stimulus coupling is ex-

plained in this chapter, and dual channel display capabilities are explained in Chapter 5 under
Key, Display Menu.

CENTER (CENT) and SPAN (SPAN) KEYS

These keys define the frequency or time range in terms of a center value and a span. When
is the active function, the center frequency is adjusted to conform to the span rule {see page 4—1).
When is the active function, the span is adjusted appropriately (except in instruments with
option 001).

When is the active function, it can be modified with the numeric keypad, the step [#) [¥] keys,
or the knob. Note, however, that while the step keys change the span values in increments of 1, 2,
and 5, the knob adds in increments of the span multiple as in / entry {see above).

The minimum span for a standard instrument in a measurement with 201 points is 20 MHz. Refer to
under Stimulus Menu for a table of minimum frequency spans using different num-
bers of measurement poinis. In the option 001 instrument, the frequency span can be defined with
1 Hz resoiution.

A span of 0 can be specified, which is equivalent to a CW frequency.

MENU KEY

The (MENUSTIM) key provides access to the series of menus illustrated in Figure 4—2, which
are used to define and control afl simulus functions other than start, stop, center, and span. When
the [MEN0] key is pressed, the stimulus menu is displayed. This in turn provides access to the other
iltlustrated softkey menus. The functions available in these menus are described in the following pages.
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Figure 4—2. Softkey Menus Accessed from the [MENU] Key
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Stimulus Menu

The stimulus menu is used to specify the power level, sweep time, number of measurement points
per sweep, and the frequency value for a CW (continuous wave) sweep. It includes the capability to
couple or uncouple the stimulus functions of the two display channels. In addition, it leads to other
softkey menus that define trigger and sweep iype. The individual softkey functions of the stimulus
menu are described below.

POWER

SWEEP TIME
MANUAL

SWEEP TIMé
AUTD

A A AR

TRIGGER
MENU

NUMBER OF
POINTS

COUPLED CH
ON off

CW FREQ

SWEEP TYPE
MENU

g n a0 n

Figure 4—3. Stimulus Menu

R (POWE) makes test port power level the active function, brings up the power range menu,

and sets the output power level of the source from —10 to —65 dBm at the measurement port, by
switching the internal programmable attenuator in 5 dB steps, depending on the range selected.

For the HP 8722 option 003 instruments, power is set from —30 to —85 dBm at port 2.

If an input power overload is detected at one of the test ports, the analyzer displays the message
“TEST PORT OVERLOAD, REDUCE POWER LEVEL.” When this occurs, reset the power at a lower
level. Overioad occurs with about +22 dBm into either port 1 or port 2 of the standard instrument.
Option 003 analyzers overload with about +7 dBm into port 2.

When the channels are uncoupled and a different power level is set for each channel, test set hoid
mode is implemented. In this mode, the attenuator (and transfer switch) are protected against continu-
ous switching, and the status notation “tsH” appears at the left of the screen. This can be overridden
with {see Trigger Menu}.

5 : 4 (SWET) is used to set the sweep time. This refers only to the time that the instru-
ment is sweeptng and 1aking daia, and does not include the time required for internal processing of
the data. A sweep speed indicator . is displayed on the trace for sweep times slower than 1.0 second
(usually). For sweep times typically faster than 1.0 second the - indicator is displayed in the status
notations area at the left of the CRT.
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The sweep time increases automatically if the number of points is increased or the IF bandwidth is
decreased. (However, the reverse is not the case.) Sweep—to—sweep averaging also increases sweep
time in dual channe! display mode. Post—processing activities such as smoothing, limit lines, efror
correction, trace math, marker statistics, and fime domain will increase the sweep repetition rate.

{(SWEA) automatically adjusts to the minimum sweep time available for the set
frequency span, IF bandwidth, and number of points.

Sweep time also varies according to the sweep type selected, as explained in Sweep Type Menu.

i goes to the trigger menu, which is used to select the type and number of the sweep

frigger.

: (POIN) is used to select the number of data points per sweep to be measured and
displayed, Using fewer points allows a faster sweep time but the displayed trace shows less horizontal
detail. Using more points gives improved trace resolution, but slows the sweep and requires more
memory for error correction or saving instrument states.

The possible values that can be entered for number of points are 3, 11, 21, 51, 101, 201, 401, 801,
and 1601. The number of points can be different for the twe channels if the stimulus values are un-
coupled.

In the standard instrument, the smallest increment between points is 100 kHz, therefore increasing
the number of points may increase the measurement span. However, if the number of points is then
decreased, the span will not change. The frequency span in linear sweep mode is always:

100 kHz ¥ {(number of points —1) xn wheren =1, 2,3...

This table shows the minimum frequency span for different numbers of points in a standard instrument
{the option 001 has 1 Hz resolution and therefore allows closer spacing of points).

Number of points
3 11 P4 51 101 201 401 801 1801

Minimum Span 0.2 1 2 5 10 20 40 80 160
{Mhz)

In list frequency sweep, the number of points displayed is the total number of frequency points for
the defined list (see Sweep Type Menu).

{COUCON, COUCOFF) toggles the channel coupling of stimulus vaiues. With
; :  (the factory preset condition), both channels have the same stimulus vaiues (the
mactlve channel defaults to the stimulus values of the active channel).

in the stimulus coupled mode, the following parameters are coupled:

Frequency Number of points
Source power Number of groups
Sweep time IF bandwidth
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Trigger type Tirme domain transform
Sweep type Gating

When the channels are uncoupled and a different power level is set for each channel, test set hold
mode is implemented. in this mode, the attenuator (and transfer switch) are protected against continu-
ous switching, and the status notation “isH” appears at the left of the screen, This can be overridden
. (see Trigger Menu).

Coupling of stimulus values for the two channels is independent of Bi ¥ in the display
menu and & in the marker mode menu. 2 becomes an alternate

sweep function when dual channel display is on: in this mode the analyzer alternates between the two
sets of stimulus values for measurement of data, and both are displayed.

i (CWFREQ) is used fo set a CW {continuous wave) frequency for CW time measurements.

The set frequency defaults to the nearest multiple of 100 kiz in a standard instrument {1 Hz in option
001).

presents the sweep type menu, where one of the available types of stimulus sweep

can be selected.
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Trigger Menu

This menu is used fo select the type and number of the sweep trigger.

Figure 4—4. Trigger Menu

HOLD

SINGLE,

NUMBER of
GROUPS

CONTINUDUS

TRIGGER
on OFF

EXT_TRIG
ON SWEEP

EXT TRIG
ON POINT

MANUAL TRG
ON POINT

0 S O O 1 G 1

OLD) freezes the data trace on the display, and the analyzer étops sweeping and taking data.
The notation “Hid” is displayed at the left of the graticule. If the * indicator is on at the left side of the
CRT, trigger a new sweep with SINGLE!

(SING) takes one sweep of data and returns to the hold mode.

(NUMG) triggers a user—specified number of sweeps, and returns to the hold
mode. This function can be used to override the test set hold mode (indicated by the notation “tsH”
at the left of the screen). In this mode, the electro—mechanical transfer switch and attenuator are NOT
protected against unwanted continuous switching. This cccurs in a full two—port calibration, orina
measurement of two different parameters, or when the channels are uncoupled and a different power
fevel is set for each channel.

if averaging is on, the number of groups should be at jeast equal to the averaging factor selected,
to alfow measurement of a fully averaged trace. Entering a number of groups resets the averaging
counter to 1.

(CONT) is the standard sweep mode, The sweep is triggered automatically and continu-
ously and the trace is updated with each sweep.
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FE ( EXTTOFF) turns off external trigger mode.

? (EXTTON]) is used when the sweep is triggered on an externally generated signal
connected to the rear panet EXT TRIGGER input. The sweep is started with a high—to—low transition
of & TTL signal. If this key is pressed when no external trigger signal is connected, the notation “Ext”
is displayed at the left side of the CRT to indicate that the analyzer is walting for atrigger. When a trigger
signal is connected, the “Ext” notation is replaced by the sweep speed indicator 1 either in the status
notations area or on the trace. External frigger mode is allowed in every sweep mode.

i (EXTTPCIN]) is similar to the trigger on sweep, but triggers on each data point in

a sweep.

this softkey tnggers each measurement. The annotation “man” appears at the left side of the CRT
when the instrument is waiting for the trigger to occur. This feature is useful in a test sequence when
an external device or instrument requires changes at each point.
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Sweep Type Menu

Four basic sweep types are available: linear, logarithmic, and list frequency sweeps, and CW time
sweep. In each sweep type, the instrument is fully synthesized. In the linear frequency sweep mode,
in option 010 instruments, data can be transformed to the time domain using the inverse Fourier trans-
form technique. In the CW time sweep mode, data can be transformed for frequency domain measure-
ments. Refer to Chapter 9 for detailed information about time domain transform with option 010.

LIN FREQ
[SWEPT3

LOG FREQ

LIST FREQ

CW TME

POWER
SWEEP

STEP SWP
on DFF

LIsT

ﬂﬂﬂ[% oA 0 n

RETURN

Figure 4—5. Sweep Type Menu

(LINFREQ) activates a linear frequency sweep displayed on a standard graticule with ten
equal horizontal divisions. This is the default preset sweep type.

For a linear sweep, sweep time is combined with the channel’s frequency span to compute a source
sweep rate:

sweep rate = (frequency span} / (sweep time)

Since the sweep time may be affected by various factors (see Stimulus Menu), the equation provided
here is merely an indication of the ideal (minimum) sweep rate. Narrower IF bandwidths require taking
more data points, therefore sweep time increases as the IF bandwidth decreases. If the sweep time
is greater than 15 ms times the number of points, the sweep changes from a synthesized ramp sweep
to a siepped CW sweep.

(LOGFREQ) activates a logarithmic frequency sweep mode. The source is stepped inloga-
nthmnc increments and the data is displayed on a logarithmic graticule. This is slower than a continu-
ous sweep with the same number of points, and the entered sweep time may therefore be changed
automatically. For frequency spans of less than two octaves, the sweep type automatically reverts to
linear sweep.
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¥ (LISTFREQ) provides a user—definable arbitrary frequency list mode. Up to 30 frequency
subsweeps (or segments) of several different types can be specified, for a maximum total of 1601
points. One list is common to both channels, and different segments cannot be displayed simuita-
neously on both channels. Once a frequency list has been defined and a measurement calibration
performed on the full frequency list, one or all of the frequency segments can be measured and dis-
played without loss of calibration.- Another powerful-calibration -aid is frequency-subset, explained in
chapter 5 (see }

When i is pressed, the segment menu is presented, for selecting segments of the. frequency
list. Refer to Edit List Menu and Edit Subsweep Menu later in this chapter 1o see how to enter or modify
the list frequencies. If no list has been entered, the message “LIST TABLE EMPTY” is displayed.

{CWTIME) turns on a sweep mode similar to an oscilloscope. The analyzer is set to a single
frequency, and the data is displayed versus time. The frequency of the CW time sweep is set with
in the stimulus menu. In this sweep mode, the data is continuously sampied at precise,
uniform time intervals determined by the sweep time and the number of points minus 1. The entered
sweep time may be automatically changed if it is less than the minimum required for the current instru-
ment configuration.

in time domain using option 010, the CW time mode data is translated to frequency domain, and the
x—axis becomes frequency. This can be used like a spectrum analyzer to measure signal purity, or
for low frequency analysis of amplitude or puise modulation signals. For details, refer to Chapter 9,
Time and Frequency Domain Transforms.

> (POWS) turns on a power sweep mode that is used to characterize power—-sensitive
cireuits. In this mode. power is swept at a singie frequency, from a start power value to a stop power
value, selected using the [START] and [S76F ] keys and the entry block. This feature is convenient for
such measurements as gain compression or AGC (automatic gain control) slope. To set the frequency
of the power sweep, use in the stimulus menu. Refer to the User's Guide for an example
of a gain compression measurement.

in power sweep, the entered sweep time may be automatically changed if it is less than the minimum
required for the current configuration (number of points, IF bandwidth, averaging, etc.).

Within a power range, both the reference and the test channels see the same power change. There-
fore, any calibration is valid, and stays on. However, a change from one power range to another is
only seen by the test channel, invalidating and turning off any calibration.

(STEPSWP on OFF) turns on or off the step sweep mode. In step sweep mode,
the frequency is fixed while acquiring data, then ramps to the next data point.

: presents the edit list menu. This is used in conjunction with the edit subsweep menu to
deﬁne or modify the frequency sweep list.

goes back to the stimulus menu.
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Segment Menu

When this menu is presented, the frequency list table is displayed in the center of the CRT. A segment
can then be selected to be measured, and the choice of a full—trace measurement or a single—seg-
ment measurement can be made. Note that the frequency list table is not drawn on a plot.

SINGLE SWEE% -t

S |

=

-

-
mé

—

RETURN | 1

Figure 4—6. Segment Menu

(SSEG) enables a measurement of a single segment of the frequency list, without
f calibration. The segment to be measured is selected using the entry block, after
is pressed.

In single segment mode, beginning a measurement calibration will force the full list sweep before
prompting for calibration standards. The calibration will then be valid for any single segment.

if an instrument state is saved in memory with a single—segment sweep, a recall will re—display that
segment while also recalling the entire list.

(ASEG) retrieves the full frequency list sweep.

i goes back to the sweep type menu.
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Edit List Menu

This menu is used to edit the list of frequency segments (subsweeps) defined with the edit subsweep
menu, described next. The segments do not have to be entered in any particular order: the analyzer
automatically sorts them and lists them on the CRT in increasing order of start frequency. This menu
determines which entry on the list is to be modified, while the edit subsweep menu is used to make
changes in the frequency or number of points of the seiected entry.

:
:

Figure 4—7. Edit List Menu

SEGMENT

EDIT

DELETE

ADD

CLEAR
i34

O 1 A S A 1 A 1

DONE

s used io select which segment on the list is to be modified. Enter the number of a segment

in the list, or use the step keys to scroli the pointer >at the left to the required segment number. The
indicated segment can then be edited or deleted.

EDIE goes to the edit subsweep menu, where the selected segment (indicated by the pointer >at the
left) can be modified.

. deletes the segment indicated by the pointer >.

(CLEL) clears the entire list.

* is used to add a new segment to the frequency list. If the list is empty, a default segment is

added and the edit subsweep menu is displayed so it can be modified. If the list is not empty, the
segment indicated by the pointer >is copied and the edit subsweep menu is displayed.
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: sorts the segments into CW points in order of ascending frequency and returns to the sweep
type menu. (Note that this may change the segment numbers.) If list frequency mode is on, the net-
work analyzer then measures each point and displays a single trace that is a composite of all data
taken. if duplicate frequencies exist, the analyzer makes muitiple measurements on identical points
to maintain the specified number of points for each subsweep. Since the frequency points may not
be distributed evenly across the CRT, the display resoiution may be uneven, and more compressed
in some parts of the frace than in others. However, the stimulus and response readings of the markers
are always accurate. Because the list frequency sweep is a stepped CW sweep, the sweep time is
slower than for a continuous sweep with the same number of points.

Atabular printout of the frequency list data can be obtained using the
menu.

function in the copy

Edit Subsweep Menu

This menu lets you select measurement frequencies arbitrarily. Using this menu it is possible to define
the exact frequencies to be measured on a point—by—point basis. For exampie the sweep couid in-
clude 100 points in a narrow passband, 100 points across a broad stop band, and 50 points across
another frequency range. The total sweep is defined with a list of subsweeps, Up to 30 subsweeps
cah be defined, with a total of up to 1601 data points.

The only lirnitation is that measurement points cannot be closer than 100 kHz in the standard instru-
ment. Therefore, the span of each segment must be selected such that:

segment span =100 kHz x (rumber of points —1) xn  where n =1, 2, 3..,

For exampie, for a 5 MHz segment, do not use more than 51 points, otherwise the segment span will
be readjusted to meet the segment span criteria.

The opticn 001 instrument with 1 Hz frequency resolution does not have this limitation.

Figure 4-8. Edit Subsweep Menu
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The frequency subsweeps, or segments, can be defined in any of the following terms:

start / stop / number of points
start / stop / step

center / span / number of points
center / span / step

CW frequency

The subsweeps can overap, and do not have 1o be entered in any particular order. The analyzer sorts
the segments automatically and lists them on the CRT in order of increasing start frequency, even if
they are entered in center/span format. (Note that this may change the segment numbers.) if dupli-
cate frequencies exist, the analyzer makes multiple measurements on identical points to maintain the
specified number of points for each subsweep. The data is displayed on the CRT as a single trace '
that is a composite of all data taken, whe is selected. The trace may appear uneven
because of the distribution of the data points, but the frequency scale is linear across the total range.

The list frequency sweep mode is selected with the | softkey in the sweep type menu.

sets the start frequency of a subsweep.

sets the stop frequency of a subsweep.

sets the center frequency of a subsweep.

sets the frequency span of a subsweep about a specified center frequency.

sets the number of points for the subsweep. The total number of points for all the
subsweeps cannot exceed 1601. In a standard instrument, where the measurement points are sepa-
rated by increments of 100 kHz, take care not to set a high number of points for a narrow subsweep
frequency span.

used to specify the subsweep in frequency steps instead of number of points. Chang-
ing the start frequency, stop frequency, span, or number of points may change the step size. Changing
the step size may change the number of points and stop frequency in start/stop/step mode; or the
frequency span in center/span/step mode. In each case, the frequency span becomes a muitiple of
the step size. The step size cannot be less than 100 kHz in a standard instrument.

is used to set a subsweep consisting of a single CW frequency point.

¢ returns to the edit list menu.
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Chapter 5. Response Function Block

INTRODUCTION

The keys in the RESPONSE block are used to control the measurement and display functions of the
active channel. They provide access to many different softkey menus that offer selections for the pa-
rameters to be measured, the display mode and format of the data, the control of the display markers,
and a variety of calibration functions.

The current values for the major response functions of the active channel are displayed in specific
locations along the top of the CRT. In addition, certain functions accessed through the keys in this
block are annotated in the status notations area at the left—hand side of the CRT. An illustration of
the CRT showing the locations of these information labels is provided in Chapter 3, together with an
explanation,

The RESPONSE block keys and their associated menus are described briefiy below, and in more detail

in this chapter and Chapters 5 (calibration) and 6 (markers). Measurement sequences using these
menus are described in the User's Guide.

The (MENUMEAS) key leads 1o the menus used fo select the measurement parameters.

The (MENUFORM) key leads to a menu used to select the display format for the data. Various

rectangular and polar formats are available for display of magnitude, phase, impedance, group delay,
real data, and SWR.

The (MENUSCAL) key displays a menu used to modify the vertical axis scale and the refer-
ence line value, as well as to add electrical delay.

The (MENUDISP) key provides access to a series of menus of instrument and active channel
display functions. The first menu defines the displayed active channel frace in terms of the mathemati-
cal relationship between data and trace memory. Other functions include dual channel display (overiay
or split), display focus and intensity, active channel display title, and frequency bianking.
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The (MENUAVG) key is used to access three different noise reduction techniques: sweep—to—
sweep averaging, trace smoothing, and variable IF bandwidth.

The (MENUCAL) key leads to a series of menus to perform measurement calibrations for vector
error correction (accuracy enhancement), and for specifying the calibration standards used. Calibra-
tion procedures are used to improve measurement accuracy by effectively removing systematic errors
prior to making measurements. Several different levels of calibration are available for use in a variety
of different measurement applications. Each calibration procedure features CRT prompts to guide you
through the calibration sequence.

An explanation of vector error cotrection techniques to enhance measurement accuracy is included
with the description of the calibration menus and procedures. Refer to Chapter 6, Measurement Cali-
bration, and to Accuracy Enhancement Fundamentals—Characterizing Microwave Systematic Errors in
the Appendix.

The (MENUMARK) key displays an active marker () on the screen and provides access to a

series of menus to control from one to four display markers for each channel. Markers provide numeri-
cal readout of measured values at any point on the trace.

The menus accessed from the[Mkr] key provide several basic marker operations. These include spe-

cial marker modes for different display formats, and a marker delta mode that displays marker values
relative to a specified value or another marker.

The {MENUMRKF) key provides access to additional marker functions. These use the
markers 1o search the trace for specified information, to analyze the trace statistically, or to quickly
change the stimulus parameters,

Menus accessed from the and keys are explained in Chapter 7, Using Markers.
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MEAS KEY

The (MENUMEAS) key leads to a menu that provides a selection of transmission and reflection
measurements, each corresponding to a specific S—parameter. When these measurements are per-
formed, all of the DUT's ports must be propetly terminated,

When a 2—port correction is on, pressing this key will cause the instrument to cycle the transfer swiich,
updating all four S—parameters to give maximum accuracy before reverting to the fast two—port
mode.

A third menu converts S—parameters to impedance (Z), admittance (Y), or inverse S—parameters
through internal math capabilities,

S~FARMMETER INPUT PURTS CONVERSION
MENU MENY ) MENU
L RefFWD
Trons:FWD y
521 B/R ZReft
Trons:REV a
g12 A/B Z:Trans
Refl:REV
o) A Y:Refl
% B Y:Trons
INFUT
PORTS oo R /8
CONVERSION ANALOG BUS
LOFF) ¥
MEASURE TESTSET
RESTART TFWDI "" RETURN

Figure 5—2. Softhey Menus Accessed from the Key
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S—Parameters

S—parameters (scattering parameters) are a convention used to characterize the way a device modi-
fies signal flow. A brief explanation is provided here of the S—parameters of a two—port device. For
additional details refer to Hewlett—Packard Application Notes AN 951 and AN 154.

S—parameters are ratios of two- complex: (magnitude and phase)-quantities. S—parameter notation
identifies these quantities using the numbering convention:

S out in

where the first number (out) refers to the port where the signal is emerging from the DUT, and the
second number (in) is the port where the signal is incident. For example, the S—parameter S21 identi-
fies the measurement as the complex ratio of the signal emerging at port 2 to the signal incident at
port 1.

Figure 5-3 is a representation of the S—parameters of a two—port device, together with an equivalent
flowgraph indicating signal flow. In the Hlustration, “a” represents the signal entering the device and
“b” represents the signal emerging.

INCIDENT So1
FORWARD TRANSMITTED
NS >
)
511
REFLECTED [ puT :] REFLECTED
Sz
by PORT 1  PORT 2
: < 9
TRANSMITTED INCIDENT
Sy, (REVERSE)
94 S21 by
— —- -
St So2
— — -
by Sz 9y

Figure 5—3. S-—Parameters of a Two—Port Device

The table on the next page shows the refiection and transmission measurement options and their
associated S-—-parameters. The test direction column in the table indicates which measurement port
provides the signal output. For forward (FWD) measurements, the source signal is provided at port
1, and for reverse (REV) measurements, at port 2. The signal path column indicates the ratic measure-
ment made. A, B, and R are the internal receiver/detector inputs.
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Measurement S—Parameter Test Direction Signal Path
input refiection (port 1) S11 FWD AR
Forward gain/fioss

{transmission) s21 ' FWD B/R
Reverse gain/loss

(fransmission) $12 REV AR

OQutput reflection {port 2) 822 REV BR

S—Parameter Menu

The S—parameter menu is presented when the key is pressed. This menu provides a selection
of ransmission and reflection measurements, with each choice cotresponding te a specific S—para-
meter. The analyzer automatically switches the direction of the measurement according to the selec-

tions made in this menu. All four S—parameters can be measured with a single connection, The
S—parameter being measured is labeled at the top left corner of the CRT.

-
:

Figure 5~4. S—Parameter Menu
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(S11) configures the instrument for a measurement of $11, the complex reflection coeffi-
cient (magnitude and phase) of the test device input,

: (S21) configures the instrument for a measurement of 821, the complex forward trans-
mission coefficient (magnitude and phase) of the device under test.

: (812) configures the instrument for a measurement of $12, the complex reverse trans-
mission coefficient (magnitude and phase) of the device under test.

5 (S22) defines the measurement as S22, the complex refiection coefficient {magnitude
and phase) of the output of the device under test.
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brings up the Input Ports menu, which is used to define a ratio or single input measurement.

ANAI} displays a DC or low frequency AC auxiliary voltage on the vertical axis, using
the real format. An external signal source such as a detector or function generator can be connected
to the rear panel AUXILIARY INPUT connector. (For service purposes, one of numerous internal voltage
nodes on the analog bus can be selected for measurement and-display. Applications of this function
are described in the Senvice Manual.)

brings up the conversicn menu which converts the measured data to impedance (Z)
or admittance (Y). When a conversion parameater has been defined, it is shown in brackets under the
softkey label. If no conversion has been defined, the softkey label reads #

'+ (REST) aborts the sweep in progress, then restarts the measurement. This can be
used to update a measurement following an adjustment of the device under test. When a full two—port
calibration is in effect, the ¥ key will initiate another update of both forward and re-
verse S—parameter data.

If the instrument is taking a number of groups {see Trigger Menu in Chapter 4}, the sweep counter
is reset at 1. [f averaging is on resets the sweep —to—sweep averaging and is
effectively the same as If the sweep trigger is in :
executes a single sweep.

Conversion Menu

This menu converts the measured reflection or transmission data to the equivalent complex imped-
ance (Z) or admittance (Y) values. This is not the same as a two—port Y or Z parameter conversion,
as only the measured parameter is used in the equations. Two simple one—~port conversions are avail-
able, depending on the measurement configuration.

For measurements in an environment that is not 50 ohms, a minimum loss pad or maiching transform-
er should be inserted between the device and the measurement port. In addition, the network analyzer
characteristic impedance must be modified using the softkey in the calibrate more menu.

An 811 or 822 trace measured as reflection can be converted to equivalent parallel impedance or
admittance using the model and equations shown in Figure 5-5.

‘l-i-S.H

Z: Refl Z e ———
S LY
11 Z: Refi

it
N
L}

1

R= r—
7R

Y: Refl

Figure 5—5. Reflection Impedance and Admittance Conversions
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in a transmission measurement, the data can be convenried fo its equivalent series impedance or ad-
mittance using the model and equations shown in Figure 5-6.

S

2(1~S s )
21 Z: Trons 2o = Z0 -~ ____M?}___,_
5

21
Z: Trong i

Y: Trons

Figure 5—6. Transmission Impedance and Admittance Conversions

Avoid the use of Smith chart, SWR, and delay formats for display of Z and Y conversions, as these
formats are not easily interpreted.

g
o 0o

Y:Trans

/8

A A A

RETURN

Figure 5—7. Conversion Menu

{CONVOFF) turns off all parameter conversion operations.

CONVZREF) converts reflection data to its equivaient parallel impedance values.
: (CONVZTRA) converts transmission data to ite equivalent series impedance values.
: {CONVYREF) converis reflection data to its equivalent parallel admittance values.
CONVYTRA) converis transmission data to its equivalent series admittance values.

i (CONV1DS) expresses the data in inverse S—parameter values, for use in amplifier and oscillator

design. A convenient way to check for transistor stability is o compare S11 and 1/522 on a Smith chart
using a dual channel overlay display (see Display Menuj.
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returns to the S—parameter menu.

input Ports Menu

The input ports menu is is presented when the [MEas] key is pressed if there is no S—parameter test
set connected and two—port error correction is not on. This menu is used to define the input ports
for power ratio measurements, or a single input for magnitude only measurements of absolute power.
Single inputs cannot be used for phase or group delay measurements, or any measurements with
averaging turned on.

B/R

A/B

ANALOG BUS
F

O O X W VO 1

TESTSEY
LFWD]

Figure 5-8. Input Ports Menu

AR (AR) calculates and displays the complex ratio of the signal at input A to the reference signal at
input R

t (BR) calculates and displays the complex ratio of input B 1o input R.

e (AB) calculates and displays the compiex ratio of input A to input B.

(MEASA) measures the absolute power amplitude at input A.

(MEASB) measures the absolute power amplitude at input B.

# (MEASR) measures the absolute power amplitude at input R. The R input is part of the source
phase locking scheme, and therefore has a limited dynamic range.

— used in conjunction with the SERVICE functions.

STESTSETS — used to switch the transfer switch from Forward (FWD) or Reverse (REV). Only functions
when an S—Parameter is not selected.
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FORMAT KEY

Format Menu

The {(MENUFORM) key presents a menu used to select the appropriate display format for the
measured data. Various rectangular and polar formats are available for display of magnitude, phase,
real data, impedance, group delay, and SWR. The units of measurement are changed automatically
to correspond with the displayed format. Special marker menus are available for the polar and Smith
formats, each providing several different marker types for readout of values (see Chapter 7).

The format defined for display of a particular S—parameter is remembered with that parameter. Thus
if different S—parameters are measured, even if only one channel is used, each parameter is shown
in its selected format each time it is displayed.

The ilustrations in the following pages show measurements of a bandpass filter displayed in each of

the available formats.

Figure 5~9. Format Menu

=

;
A.n . n_no

5
3
n_A A n

i (LOGM) displays the log magnitude format. This is the standard Cartesian format used to

display magnitude—only measurements of insertion loss, return loss, or absolute power in dBm versus
frequency. Figure 5—~10 illustrates the bandpass filter refiection data in a log magnitude format.
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Figure 5—10. Log Magnitude Format

(PHAS) displays the phase shift of the data versus frequency in a Cartesian format, as iillus-
trated in Figure 5—11. A measurement of phase response is described in the User's Guide.

CHY 511 phowe S0~/ REF O * 2z WEDE -
1hzeod thHz
<3 " 4
4 \\ \‘ ™~
™ \

N AN

N AN
CENTER 10.2000 GHzr SPAN 3000 GHz

Figure 5—11. Phase Format

¢ (DELA) selects the group delay format, with marker values given in seconds. Figure 5—12

shows the bandpass filter response formatted as group delay. Group delay principles are described
in the next few pages.

5~10 Response Function Block HP 8719C/8720C/8722A/8722C



CHZ 521 deioy T ns/ REF 5 me

SM G AFERTURE
10.5 iMHz
/\\ f/\
A ZER
/ R W NS R By
Cor
Smo
CENTER 10.2800 GHz SPAN 3000 Ghx

Figure §--12. Group Delay Format

(SMIC) displays a Smith chart format (Figure 5—13a). This is used in reflection measure-
ments to provide a readout of the data in terms of impedance. The intersecting dotted lines on the
Smith chart represent constant resistance and constant reactance values, normalized to the character-
istic impedance, Z0, of the system. Reactance values in the upper half of the Smith chart circle are
positive (inductive) reactance, and in the lower half of the circle are negative (capacitive) reactance.
The-default marker readout is in units of resistance and reactance (R+jX), as well as frequency. Addi-
tional marker types are available in the Smith marker menu (refer to Chapter 7, Using Markers).

The Smith chart is most easily understood with a full scale value of 1.0, if the scale per division is less
than 0.2, the format switches automatically to polar.

For measurements in an environment that is not 50 ohms, modify the impedance value recognized
by the analyzer using the softkey in the calibrate more menu, to set the center value of the
Smith chart. Refer to Chapter 6, Measurement Calibration.

An inverted Smith chart format for admittance measurements (Figure 5-—13b)} is also avaiiable Access

thrs by selecting in this format menu, and pressing [BKRECTN )

The Smith chart is then reversed and marker values are read out in
units of conductance and susceptance (G+jB).

Procedures for measuring impedance and admittance are provided in the User's Guide.
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Figure 5~13. Standard and Inverse Smith Chart Formats

(POLA) displays a polar format {Figure 5—14). Each point on the polar format corresponds to
a particular value of both magnitude and phase. Quantities are read vectorally: the magnitude at 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 a ratio value of 1. Since there is no frequency axis, frequency informa-
tion is read from the markers,

The defauit marker readout for the polar format is in linear magnitude and phase. A log magnitude
. marker and a realfimaginary marker are available in the polar marker menu (refer to Chapter 7, Using
Markers).

1 S11 2 WS % WEZ MY W v
e 102400 CHr

52
N

CENTER  10.24D0 GHz SPAN 10000 GHz

Figure 514, Polar Format
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: (LINM) displays the linear magnitude format (Figure 5--15). This is a Cartesian format used
for unitless measurements such as reflection coefficient magnitude ¢ or transmission coefficient mag-
nitude =, and for linear measurement units. It is used for display of conversion parameters and time
domain transform data. :

CHY 511 fn MAG 100 mi/ REF O U Z: 3N mU
3 \ P2U0H Gzl
cor \ /
\ /

Y /

3/

CENTER 10,400 GHz SFAN 1.0000 GHz

Figure 5—15. Linear Magnitude Format

¢ (REAL) displays only the real part of the measured data on a Cartesian format (Figure 5-18).
This is similar to the linear magnitude format, but can show both positive and negative values. It is
primarily used for analyzing responses in the time domain, or for display of an auxiliary input voltage
signal for service purposes.

CHE S1% Re 500 mds REF U 2: ~B85.42 mu
T 2900 oHz
N //“ AN
AN
_,_// \\.../ N
CENTER 102400 GHz SPAN 3000 GHx

Figure 5—16. Real Format

(SWR) reformats a refiection measurement into its equivalent SWR (standing wave ratio) value

(Figure 5—17). SWR is equivalent to (1+0}/(1—g), where g is the reflection coefficient. Note that the
results are valid only for reflection measurements. If the SWR format is used for measurements of 21
or 812 the results are not valid.
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Figure 5—17. Typical
SWR Display
GROUP DELAY PRINCIPLES

For many networks, the amount of insertion phase is not as important as the linearity of the phase
shift over a range of frequencies. The analyzer can measure this linearity and express it in two different
ways: directly, as deviation from linear phase, or as group delay, a derived value. Refer to
in this chapter for information on deviation from linear phase.

Group delay is the measurement of signal transmission time through a test device. It is defined as the
derivative of the phase characteristic with respect to frequency. Since the derivative is basically the
instantaneous slope (or rate of change of phase with frequency), a perfectly linear phase shift results
in a constant slope, and therefore a constant group delay (Figure 5—18).

Phuse o
A T = Frequency
de
dw
Figure 518

Note, however, that the phase characteristic typically consists of both linear and higher order (devi-
ations from linear) components. The linear component can be attributed to the electrical length of the
test device, and represents the average signal transit time. The higher order components are inter-
preted as variations in transit time for different frequencies, and represent a source of signal distortion
{Figure 5~19).
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The network analyzer computes group delay from the phase slope. Phase data is used to find the
phase change, A¢, over a specified frequency aperture, Af, to obtain an approximation for the rate
of change of phase with frequency (Figure 5-20). This value, 1g, represents the group delay in sec-
onds assuming linear phase change over Af. It is important that A be < 180°, or errors will resuit
in the group delay data. These errors can be significant for long delay devices.

Aperture
Phuse o
A fy f2
& Freguency
af
v, X
2 Fa¥4
2 T I
Figure 520

When deviations from linear phase are present, changing the frequency step can result in different
values for group delay. Note that in this case the computed slope varies as the aperture Afis increased
{Figure 5—21). A wider aperture resulis in loss of the fine grain variations in group delay. This loss of
detail is the reason that in any comparison of group delay data it is important to know the aperiure
used to make the measurement.

Phose B Phase ©
A Frequency A Frequency
= __.[ -
—.IAfL— | i—t Reduce Noise
i + i (Larger S/N)
L A I\
Ag Miss Fine
_.r —_— e variotions In

Phose Linearity

Figure 5-21
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In determining the group delay aperture, there is a tradeoff between resolution of fine detail and the
effects of noise. Noise can be reduced by increasing the aperture, but this will tend to smooth out the
fine detail. More detail will become visible as the aperture is decreased, but the noise will also increase,
possibly to the point of obscuring the detail. A good practice is to use a smaller aperture to assure
that small variations are not missed, then increase the aperiure to smooth the trace.

The default (minimum) group delay aperture is the frequency span divided by the number of points
across the display. To increase the aperture, turn on smoothing in the average menu, and vary the
smoothing aperiure {see Key). The aperture can be varied up to 20% of the span swept.

The maximum delay range is limited to measuring no more than =180°0of phase change within the
minimum aperture. For example, with a minimum aperture of 100 kiz, the maximum delay that can
be measured is 5 microseconds.

Group delay accuracy is a function of the uncertainty in determining the phase change. in general,
the following formula can be used to determine the accuracy, in seconds, of a specific group delay
measurement:

" 0.003 x Phase Accuracy (deg)
Aperiure (Hz)

Group delay measurements can be made on linear frequency, log frequency, or list frequency sweep
types (not in CW). Group delay aperture varies depending on the frequency spacing and point density,
therefore the aperture is not constant in log and list frequency sweep modes. In list frequency mode,
extra frequency points can be defined to ensure the desired aperture.

To obtain a readout of aperture values at different points on the trace, turn on a marker. Then press
£ £ . Smoothing aperture becomes the active function, and as the aperture
is varied its value in MHz is dispiayed in the active entry area.

SCALE REF KEY

Scale Reference Menu

The (MENUSCAL) key makes scale per division the active function. The menu displayed is
used to modiiy the vertical axis scaie and the reference line value and position. In addition this menu
provides electrical delay offset capabilities for adding or subtracting linear phase to maintain phase

linearity.
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Figure 5~22. Scale Reference Menu

! (AUTO) brings the trace data in view on the CRT with one keystroke. Stimulus values
are not affected, only scale and reference values. The analyzer determines the smallest possible scale
factor that will put all displayed data onto the vertical graticule. The reference value is chosen 1o put
the trace in center screen, then rounded to an integer multiple of the scale factor.

(SCAL) changes the response value scale per division of the displayed trace. In polar and

Smith chart formats, this refers to the full scale value at the outer circumference, and is identical to
reference value.

(REFP) sets the position of the reference line on the graticule of a Cartesian dis-
play, with O the bottom line of the graticule and 10 the top fine. it has no effect on a polar or Smith
display. The reference position is indicated with a small triangle just outside the graticule, on the left
side for channel 1 and the right side for channel 2.

R i (REFV) changes the value of the reference line, moving the measurement trace
correspondingly. In polar and Smith chart formats, the reference value is the same as the scale, and
is the value of the cuter circle.

(MARKREF) makes the reference value equal to the active marker’s absolute
value {regardless of the delta marker value}. The marker is effectively moved to the reference line posi-
tion. This softkey also appears in the marker function menu accessed from the key. In palar

and Smith chart formats this function makes the full scale value at the outer circle equal to the active
marker response value.

i (ELED) adjusts the electrical delay to batance the phase of the DUT. It simulates
a variable length lossless transmission line, which can be added to or removed from the analyzer's
internal reference port to compensate for interconnecting cables, etc. This function is similar to the
mechanical or analog “line stretchers” of other network analyzers. Delay is annotated in units of time
with secondary labeling in distance for the current velocity factor. The maximum electrical delay that
can be added is 10 microseconds, in standard instrument, 10 seconds with option 001.
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With this feature, an equivalent length of air is added or subtracted according to the following formula:

Length (metres) = e f 1.20083

Once the linear portion of the DUT's phase has been removed, the equivalent length of air can be read
out in the active marker area. If the average relative permittivity.{¢,).of the DUT is known over the fre-
quency span, the length calculation can be adjusted to indicate the actual length of the DUT more
closely. This can be done by entering the relative velocity factor for the DUT using the calibrate more
menu. The relative velocity factor for a given dielectric can be caleulated by:

Velocity factor = 1//t,
assuming & relative permeability of 1.

A procedure for measuring electrical length or deviation from linear phase using the
: features is provided in the User's Guide.

: (PHAQ) adds or subtracts a phase offset that is constant with frequency (rather than
linear). This is independent of :

{COAD) applies a linear phase compensation to the trace, That is, the eflect is the

same as if a corresponding length of perfect vacuum dielectric coaxial transmission line was added
to the reference signal path.

g (WAVD) applies a non-linear phase shift which follows the standard dispersive
phase equation for rectangular waveguide. When | is pressed the active function

becomes the WAVEGUIDE CUTOFF frequency, which is used in the phase equation. Choosing a Start
frequency less than the Cutoff frequency results in phase errors.
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DISPLAY KEY

The (MENUDISP) key provides access to the memory math functions, and other display func-

tions including dual channel display, active channel display fitle, frequency blanking, and display ad-
justments.

DESPLAY PISPLAY MORE TMLE
MENU MENU MENU
DUAL CHAN SPLIT DISP SELECT
DISPLAY \— ON off DN off LETTER
DISPLAY: BEEP DONE
DATA ON off
BEEP WARN
MEMORY o OFF SPACE
DATA AND ADJUST
MEMORY DISPLAY
BACK
DATA/NEM SPACE
DATA-MEM TITLE i E;I"‘g_g
DATA — FREQUENCY
MEMORY BIANK
MORE - RETURN DONE

Figure 5-23. Softkey Menus Accessed from the Key

Diéptay Menu

This menu provides trace math capabilities for manipulating data, as well as the capability of displaying
both channels simultanecusly, either overlaid or split.

The analyzer has two available memory traces, one per channel. Memory traces are totally channel
dependent: channel 1 cannot access the channel 2 memory trace or vice versa. Memory traces can
be saved with instrument states; one memory trace can be saved per channel per saved instrument
state. Five save/recall registers are available for each channel. The memory data is stored as full preci-
sion, complex data. (Refer to Chapter 11, Saving Instrument Stafes.)

‘Two trace math operations are implemented, data/memory and data—memory. {Note that normaliza-
tion is data/memory not data—memory.) Memory trace save and recall and trace math are doneimme-
diately after error correction. This means that any additional post—processing done after error
correction, including S—parameter conversion, time domain transformation (option 010}, scaling, etc.,
can be performed on the memory trace. (Refer to Data Processing in Chapter 2.) Trace math can also
be used as a simple means of error correction, although that is not its main purpose.

All data processing operations that occur after tfrace math, except smoothing and gating, are identical
for the data trace and the memory trace.

The actual memory for storing a memory trace is allocated only as needed. The memory trace is
cleared on instrument preset, power on, or instrument state recall,
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Note that if sweep mode or sweep range is different between the data and memory traces, trace math
is allowed, and no warning message is given. If the number of points in the two traces is different,
the memory trace is not displayed and the message “CAUTION: NO VALID MEMORY TRACE” ap-
pears. However, if the number of points for the data trace is changed back to the number of points
in the memory, the memory frace can then be displayed.

if trace math or display memory is requested and no memory trace exists, the message “CAUTION:
NO VALID MEMORY TRACE” is displayed.

DUAL CHAN
ON off

DISPLAY:
DATA

MEMORY

DATA and
MEMORY

Lo a0

oA A n

DATA/ MEM

DATA—-MEM

DATA =t
MEMORY

WORE

Figure 5—24. Display Menu

{(DUACON, DUACOFF) toggles between display of both measurement channels or
the act:ve channei only. This is used in conjunction with 8 in the display more menu
to display both channels. With - the two traces are overlaid on a single graticule
{Figure 5-25a); with the measurement daia is displayed ontwo half-screen graticules
one above the othar (Figure 5—25b). Current parameters for the two displays are annotated separate-
ly.

When two different parameters are measured simultaneously, the test set hold mode is implemented.
In this mode, the transfer switch and attenuator are protected against continuous switching, and the
status notation “tsH” appears at the left of the screen. This can be overridden with
{see Trigger Menu in Chapter 4).

The stimulus functions of the two channels can also be conirolled independently using
{ in the stimulus menu (see Chapter 4) In addition, the markers can be controiled

independently for each channel using ! 3 in the marker mode menu (Chapter 7).
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Figure 5—25. Dual Channel Displays

(DISPDATA) displays the current measurement data for the active channel.

: ¥ (DISPMEMO) displays the frace memory for the active channel. This is the only memory
dtspiay mode where the smoothing or gating of the memory trace can be changed. If no data has
been stored in memory for this channel, a warning message is displayed.

(DISPDATM) displays both the current data and memory traces.

. (DISPDDM) divides the data by the memory, normalizing the data to the memory, and
d;sp!ays the result. This is useful for ratioc comparison of two traces, for instance in measurements of
gain or attenuation.

#: (DISPDMM) subtracts the memory from the data. The vector subtraction is performed
on the complex data. This is appropriate for storing a measured vector error, for example directivity,
and later subtracting it from the device measurement.

(DATI) stores the current active measurement data in the memory of the active
channel. It then becomes the memory trace, for use in subsequent math manipulations or display. If
a parameter has just been changed and the * status notation is displayed at the left of the CRT, the
data is not stored in memory until a clean sweep has been executed.

leads to the display more menu.
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Display More Menu

SPUT DISP
ON off
BEEF DONE
ON off

BEEP WARN
on OFF

ADJUST
DISPLAY

FREQUENCY
BLANK

RETURN

o
I Af nAaona
0000 0000

Figure 5-26. Display More Menu

, (SPLDON SPLDOFF) toggles between a full—screen single graticule display of one
or both channels, and a split display with two half-screen graticules one above the other. Both dis-
plays are illustrated in Figure 5-25. The split display can be used in conjunction with £ ¥
in the display menu to show the measured data of each channel! simultaneously on separate grati-
cules. In addition, the stimulus functions of the two channels can be controlled independently using
in the s’umulus menu. The markers can also be controlled independently for each
ED in the marker mode menu.

channel using

(BEEFPDONEON, BEEPDONEOFF) toggles a low—toned beeper that sounds to in-
dicate completion of certain operations such as calibration or instrument state save.

] = (BEEPWARNON, BEEPWARNOFF) toggles the warning beeper When the beeper
is on it sounds a warning when a cautionary message is displayed.

presents a menu which allows varying the intensity and color of different parts of the
CRT display.

£ (TITL) presents the title menu in the softkey labels area and the character set in the active entry
area. These are used to label the active channel display.

g (FREQ) blanks the displayed frequency notation for security purposes. Frequency
Eabeis cannot be restored except by instrument preset or cycling power.

goes back to the display menu.
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Adjust Display Menu

Keys in this menu change the overall intensity and background intensity directly, return the CRT fo
the default colors, and save and recail customized color combinations. ¥ § presents a

menu explained below.

Figure 527, Adjust Display Menu

INTENSITY

BACKGROUND
INTENSITY

MOBIFY
COLORS

DEFAULT
COLORS

opnn_n

SAVE
COLORS

oo o g

RETURN

(INTE) adjusts the overail intensity of the CRT.

(BACH adjusts the background intensity from black (default, 0%) to white
(100%).

§ presents a menu of CRT elements which can be individually modified.
: returns the CRT to the factory—set color scheme.

& saves any modifications made in the modify colors menu. These changes are not af-
fected by preset or cycling power. :

i accesses the previous menu.
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Modify Colors Menu

This menu allows selection of the individual CRT element o be modified by the “tint brightness color”
menu. Selecting any softkey but i presents the “lint brightness color” menu.

:
£

Figure 5—28. Modify Colors Menu

CHT DATA
LIMIT EN
CHT MEM

CHZ DATA
LT LN

Q. Aa.n.n

CHZ MEM
REF LINE

GRATICULE
TEXT
WARNING

TeXT

RETURN

o_n_n n

selects the channel 1 data trace and limit line.

¥ selects the channel 1 memory trace.
selects the channel 2 data trace and limit line.
selects the channel 2 memory trace.

1. selects the graticule and some softkey text.

selects the warning annotation (like error messages).

¢ selects all non—data text (like softkey labels, operating parameters).

presents the previous menu.
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Tint Brightness Color Menu

This menu makes the changes to the CRT element selected in the previous menu.

oy 8 I
BRGHTNESS | ]
coor |1
[
Sem |t
-
o :
RETURN | [}

Figure 5—29. Tint Brightness Color Menu

FINT: can be varied from 0% to 100% to change the CRT element from red to orange, yellow, green,
blue, violet and back to red. If varying fint has no visible effect, increase the color percentage first.

can be varied from 0% (minimum} to 100% (maximumj}.

an be varied from 0% (no tint, all white) to 100% (all tint, no white). For exampie when the

fintis réd, increasing the color will change it from white (no tint) to pale pink, to pink, dark pink, light
red, red, and brifliant red.

. returns the CRT element selected to its default setting.

¥ recalis the modify colors menu.
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Title Menu

Use this menu to specily a title for the active channel. The title identifies the display regardiess of
stimulus or response changes, and is printed or plotted with the data. If the display is saved in a regis-

ter with the instrument state, the title is saved with it

Figure 5-30. Title Menu

SELECT
LETTER

SPACE

A_fA O 0

BACK
SPACE

ERASE
TRE

A AN

DONE

H

. The active entry area displays the ietters of the alphabet, digits O through 9, and
mathematical symbols. To define a title, rotate the knob until the arrow .- points at the first letier, then
press SEEECTLETIER' . Repeat this until the complete title is defined, for a maximum of 50 characters,
As each character is selected, it is appended to the title at the top of the graticule.

inserts a space in the title.
¢ deletes the last character entered.,
: deletes the entire title.

% terminates the title entry, and returns to the display more menu.
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AVG KEY

The (MENUAVG) key is used to access three different noise reduction techniques: sweep—to—
sweep averaging, display smoothing, and variable iF bandwidth. Any or all ofthese can be used simul-
taneously. Averaging and smoothing can be set independently for each channel, and the IF bandwidth
can be set independently if the stimulus is uncoupled.,

Averaging computes each data point based on an exponential average of consecutive sweeps
weighted by a user-—specified averaging factor. Each new sweep is averaged into the trace until the
total number of sweeps is equal to the averaging factor, for a fully averaged trace. Each point on the
trace is the vector sum of the current irace data and the data from the previous sweep. A high averag-
ing factor gives the best signal—to—noise ratio, but siows the trace update fime. Doubling the averag-
ing factor reduces the random noise by 3 dB down to the limit of the receiver. Averaging is used for
ratioed measurements: if it is attempted for a single—input measurement (e.g. A or B), the message
“CAUTION: AVERAGING INVALID ON NON—-RATIO MEASURE” is displayed. Figure 531 illustrates
the effect of averaging on a log magnitude format trace.

Improvement in Noise Floor Due to Averaging

Number of Averages Improvement

1 0dB

2 3dB

4 6dB

8 9dB

16 12dB

32 1548

64 18d8

128 21dB
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il i N
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[ w3 | 1

[ 1\ [ 1\
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it Kot ] .
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Figure 5--31. Effect of Averaging on a Trace
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Smoothing (similar to video filtering) averages the formatted active channel data over a portion ofthe
displayed trace. Smoothing computes each displayed data point based on one sweep only, using a
moving average of several adjacent data points for the current sweep. The smoothing aperture is a
percent of the stimulus span swept, up to 2 maximum of 20%.

Rather than lowering the noise floor, smoothing finds the mid—value of the data. Use it to reduce rela-
tively small peak~to—peak noise values on broadband measured data. Use a sufficiently high number
of display points to avoid misleading results. Do not use smoothing for measurements of high reso-
nance devices or other devices with wide variations in trace, as it will introduce errors into the measure-
ment.

Smoothing is used primarily with Cartesian display formats. It is also the primary way to control the
group delay aperture, given a fixed frequency span (refer to Group Delay Principles eatlier in this chap-
ter). CAUTION: in polar display format, large phase shifts over the smoothing aperture will cause shifts
in amplitude, since a vector average is being computed. Figure 5--32 illustrates the effect of smoothing
on a log magnitude format trace. Smoothing is typically not used with polar and Smith formats.

ca-n#szx jog MAG 10 dB/ REF D dB CHT 521 log WAG 10 dB/ REF 0 doB
7
M il
I \ SMODTHING APERTUEEI \

[ o F il

1 J i\
[ 1 /1A

/ \ / \
/ W / N

A /
i U WK AT ] T

CENTER 10.258 OV6 DOD GHr SPAN 7.000 D00 00O Ch: CENTER 10.235 0756 000 GHz SPAN 7.000 000 000 GHz

Figure 5—32. Effect of Smoothing on a Trace

IF Bandwidth Reduction lowers the noise floor by digitally reducing the receiver input bandwidth. it
has an advantage over averaging in reliably filtering out unwanted responses such as spurs, odd har-
monics, higher frequency spectral noise, and line —related noise. Sweep—to—sweep averaging, how-
ever, is better at filtering out very low frequency noise. A tenfoid reduction in IF bandwidth lowers the
measurement noise fioor by about 10 dB. Bandwidths less than 300 Mz provide better harmonic rejec-
tion than higher bandwidths, Choosing 10 Hz or 30 Hz IF bandwidth will put the analyzer in the stepped
CW mode. This is useful for testing jong electrical delay DUTS.
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improvement in Noise Floor Due to IF Bandwidth

I BW improvement
3000 0dB
1000 6dB
300 10dB
100 13dB
30 20dB
10 23 dB

Ancther difference between sweep—to-—sweep averaging and variable [F bandwidth is the sweep
time. Averaging displays the first complete trace faster but takes several sweeps to reach a fully aver-
aged trace. IF bandwidth reduction lowers the noise fioor in one sweep, but the sweep time may be
slower. Figure 5—33 illustrates the difference in noise floor between a trace measured with a 3000 Hz
IF bandwidth and with a 300 Hz IF bandwidth.
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Figure 5—33. IF Bandwidth Reduction

Ancther capability that can be used for effective noise reduction is the marker statistics function, which
computes the average value of part or all of the formatted trace. Refer to Chapter 7, Using Markers.

Another way of increasing dynamic range is to increase the input power to the device under test. Refer
to the User’s Guide for an example.
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Average Menu

The average menu (Figure 5—34) is used to select the desired noise—reduction technique, and 1o set
the parameters for the technique selected. It is also used to set the aperture for group delay measure-
ments.

. AVERAGING
AVG RESTART

AVERAGING
FACTOR

AVERAGING
o OFF

A0 0 n

SMODTHING
APERTURE

SMODTHING
on OFF

-
£

Figure 5—34. Average Menu

oA A.n

IF BwW
£3000 Hzl

(AVERREST) resets the sweep-to—sweep averaging and restarts the sweep

count at 1 at the beginning of the next sweep. The sweep count for averaging is displayed at the left
of the CRT.

. {AVERFACT) makes averaging factor the active function. Any value up to 999 can
be used. The algorithm used for averaging is:

AM) = S(M)/F +(1—1/F) x Afn—1)

where
A{n) = current average
S(n}) = current measurement
F = sweep count (1, 2, 3 ete. until averaging factor is reached)
n = measurement number

£ (AVERON, AVEROFF) turns the averaging function on or off for the active channel.

‘Avg” is displayed in the status notations area at the left of the CRT, together with the sweep count
for the averaging factor, when averaging is on. The sweep count for averaging is reset to 1 whenever
an instrument state change affecting the measured data is made.

At the start of averaging or following # , averaging starts at 1 and averages each
new sweep into the trace until it reaches the specified averaging factor. The sweep count is displayed
in the status notations area below "Avg” and updated every sweep as it increments. When the specified
averaging factor is reached, the trace data continues to be updated, weighted by that averaging factor.
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£ (SMOOAPER,) lets you change the value of the smoothing aperture as a percent
of the span. When smoothing aperture is the active function, its value in stimulus units is displayed
below its percent value in the active entry area.

Smoothing aperture is also used to set the aperture for group delay measurements (refer to Group
Delay Principles earlier in this chapter). Note that the displayed smoothing aperture is not the group
delay aperture unless smoothing is on.

. (SMOOON, SMOOOFF) turns the smoocthing function on or off for the active chan-
nel. When smoothing is on, the annotation “Smo” is displayed in the status notations area.

i (IFBW) is used to select the bandwidth vaiue for IF bandwidth reduction. Settable values (in

Hz) are 3000, 1000, 300, 100, 30, and 10. Any other value will default to the next lowest allowable value.
A narrow bandwidth slows the sweep speed but provides better signal—to—noise ratio. The selected
bandwidth value is shown in brackets in the softkey label.
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Chapter 6. Measurement Calibration

INTRODUCTION

Measurement calibration is an accuracy enhancement procedure that effectively removes the system
errors that cause uncertainty in measuring a device under test. It measures known standard devices,
and uses the resuits of these measurements to characterize the system.

This chapter explains the theoretical fundamentals of accuracy enhancement and the sources of mea-
surement arrors. It describes the different measurement calfibration procedures available in the analyz-
er, which errors they correct, and the measurements for which each should be used. An appendix
at the end of this reference provides further information on characterizing systematic errors and using
error models to analyze overall measurement performance.

ACCURACY ENHANCEMENT

If it were possible for a perfect measurement system to exist, it would have infinite dynamic range,
isolation, and directivity characteristics, no impedance mismatches in any part of the test setup, and
fiat frequency response. Vector accuracy enhancement, also known as measurement calibration or
error correction, provides the means to simulate a perfect measurement system.

in any high frequency measurement there are certain measurement errors or ambiguities associated
with the system that contribute uncertainty to the results. Parts of the measurement setup such as
interconnecting cables and signal separation devices (as well as the network analyzer itself} all intro-
duce variations in magnitude and phase that can mask the actual performance of the device under
test.

For example, crosstalk due to the channel isolation characteristics of the network analyzer can contrib-
ute an error equal to the fransmission signal of a high—loss test device. Similarly, for reflection mea-
surements, the primary limitation of dynamic range is the directivity of the test setup. The measurement
system cannot distinguish the true value of the signal reflected by the device under test from the signal
arriving at the receiver input due to leakage in the system. For both transmission and reflection mea-
surements, impedance mismatches within the test setup cause measurement unceriainties that ap-
pear as ripples superimposed on the measured data.

Measurement calibration simulates a perfect network analyzer system. it measures the magnitude and
phase responses of known standard devices, and compares the measurement with actual device
data. It uses the resuits to characterize the system and effectively remove the system errors from the
measurement data of a test device, using vector math capabilities internal to the network analyzer.

When measurement calibration is used, the dynamic range and accuracy of the measurement are
iimited only by system noise and stability, connector repeatability, and the accuracy to which the char-
acteristics of the calibration standards are known.

HP 8719C/8720C/8T22A/8722C : Measurement Calibration 6--1



SOURCES OF MEASUREMENT ERRORS

Network analysis measurement errors can be separated into systematic, random, and drift errors.

Correctable systematic errors are the repeatable errors that the system can measure. These are errors
due to mismatch and leakage in the test setup, isolation between the reference and test signal paths,
and system frequency response.

Random and drift errors are the non—repeatable errors that the system itself cannot measure, and
therefore cannot correct for. These errors affect both reflection and transmission measurements. Ran-
dom errors are measurement variations due to noise and connector repeatability. Drift errors include
frequency drift, temperature drift, and other physical changes in the test setup between calibration
and measurement,

The resulting measurement is the vector sum of the device under test response plus all error terms,
The precise effect of each error term depends upon its magnitude and phase relationship to the actual
test device response.

In most high frequency measurements the systematic errors are the most significant source of mea-
surement uncertainty. Since each of these errors can be characterized, their effects can be effectively
removed to obtain a corrected value for the test device response. For the purpose of vector accuracy
enhancement these uncertzinties are quantified as directivity, source match, load match, isolation
(crosstalk), and frequency response (tracking). Each of these systematic errors is described below.

Random and drift errors cannot be precisely quantified, so they must be treated as producing a cumu-
lative ambiguity in the measured data.

Directivity

Normally a device that can separate the reverse from the forward traveling waves (a directional bridge
or coupler) is used to detect the signal reflected from the device under test. Ideally the coupler would
completely separate the incident and refiected signals, and only the reflected signal would appear at
the coupled output, as illustrated in Figure 6—1{a}.

Coupled Coupled
Output Output
Input K % / ™ Main Input K é Mairs
| Coupler @ ] | x | I Coupler
}nr:tdent Output incident Output
- -
Reflected Reflected
(a) Ideal Coupler (b} Real Coupler

Figure 6—1. Directivity
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However, a real coupler is not perfect, as illustrated in Figure 6—1(b). A small amount of the incident
signal appears at the coupled output due io leakage as well as to reflection from the termination in
the coupled arm. Also reflections from the coupler output connector appear at the coupled output,
adding uncertainty to the signal reflected from the device. The figure of merit for how well a coupler
separates forward and reverse waves is directivity. The larger the directivity, the better the separation
of signals. System directivity is the vector sum of all leakage signals appearing at the network analyzer
receiver input due to the inability of the signal separation device to absolutely separate incident and
reflected waves, and to residual reflection effects of test cables and adapters between the signal sepa-
ration device and the measurement plane. The error contributed by directivity is independent of the
characteristics of the test device and it usually produces the major ambiguity in measurements of low
reflection devices.

Source Match

Source match is defined as the vector sum of signals appearing at the network analyzer receiver input
due to the impedance mismatch at the test device looking back into the source, as well as to adapter
and cable mismatches and losses. In a reflection measurement, the source maich error signal is
caused by some of the reflected signal from the DUT being reflected from the source back towards
the DUT, and re—reflected from the DUT (Figure 6—2). In a transmission measurement, the source
match error signal is caused by reflection from the test device that is re—reflected from the source.
Source match is most often given in terms of return loss in dB: thus the larger the number, the smaller
the etror.

Coupled
Output

@Inputi KK-\L-_—% Main

X | Coupler DuY
N

Output
) Re—reflected
Reflected — —
from the .
source T
Reflected

incident

Figure 6—2. Source Match

The error contributed by source match is dependent on the relationship between the actual input im-
pedance of the test device and the equivalent match of the source, and it is a factor in both transmis-
sion and reflection measurements. Source match is particularly a problem in measurements where
there is a large impedance mismatch at the measurement plane.
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Load Match

Load match error results from an imperfect match at the output of the test device. It is caused by
impedance mismaiches between the test device output port and port 2 of the measurement system.
As illustrated in Figure 63, some of the transmitted signal is reflected from port 2 back to the test
device, A portion of this wave may be re—reflected to port 2,-or part-may-be transmitied through the
device in the reverse direction to appear at port 1. If the DUT has low insertion loss (for example a
transmission line), the signal reflected from port 2 and re~refiected from the source causes a signifi-
cant error because the DUT does not attenuate the signal significantly on each reflection, Load malch
is usually given in terms of return loss in dB: thus the larger the number, the smalier the error.

Coupled
Output

NLL—% Port 1 Port 2
Input o

@, T —

AN
Reflected \____C:C‘ -
)

Incident Transmitted

Figure 6~3. Load Maich

The error contributed by load maich is dependent on the relationship between the actual output im-
pedarice of the test device and the effective match of the return port (port 2}, and is a factor in all
fransmission measurements and in reflection measurements of two-—pott devices. Load and source
match are usually ignored when the test device insertion loss is greater than about 6 dB, because
the error signal is greatly attenuated each time it passes through the DUT. However, ioad match effects
produce major fransmission measurement emrors for a test device with a highly reflective output port.

Isolation (Crosstalk)

Leakage of energy between network analyzer signal paths contributes to error in a transmission mea-
surement much like directivity does in a reflection measurement. isolation is the vector sum of signals
appearing at the network analyzer digitizing detectors due to crosstalk between the reference and test
signal paths, inciuding signal leakage in both the RF and IF sections of the receiver.

The error contributed by isolation depends on the characteristics of the device under test. Isolation
is a factor in high—loss transmission measurements, However, system isolation is more than sufficient
for most measurements, and correction for it may be unnecessary. For measuring devices with high
dynamic range, accuracy enhancement can provide improvements in isolation that are limited only
by the noise floor.

64 Measurement Calibration HP 8719C/8720C/8722A/8722C



Frequency Response (Tracking)

This is the vector sum of all test setup variations in which magnitude and phase change as a function
ot frequency. This includes variations contributed by signal separation devices, test cables, and adapt-
ers, and variations between the reference and test signal paths. This error is a factor in both transmis-
sioh and reflection measurements,

For further explanation of systematic error terms and the way they are combined and represented
graphically in error models, refer to Accuracy Enhancement Fundamentals—Characterizing Microwave
Systematic Errors in Appendix B.

CORRECTING FOR MEASUREMENT ERRORS

in all, there are twelve different error terms for a two—port measurement that can be corrected by
accuracy enhancement in the analyzer. These are:

directivity isolation
source match reflection tracking
load maich transmission fracking

each in both the forward and reverse direction. The analyzer has several different measurement cali-
bration routines to characterize one or more of the systematic error terms and remove their effects
from the measured data. The procedures range from a simple frequency response calibration to a
full two—port calibration that effectively removes all twelve error terms.

The Response Calibration effectively removes the frequency response errors of the lest setup for
reflection or transmission measurements. This calibration procedurs may be adequate for measure-
ment of well matched low—ioss devices. This is the simplest error correction to perform, and should
be used when extreme measurement accuracy is not a critical factor.

The Response and Isolation Calibration effectively removes frequency response and crosstalk er-
rors in transmission measurements, or frequency response and directivity efrors in reflection measure-
ments. This procedure may be adequate for measurement of well matched high—loss devices.

The §11 and 822 One—Port Calibration procedures provide directivity, source match, and frequency
response vector error correction for refiection measurements. These procedures provide high accura-
cy reflection measurements of one—port devices or properly terminated two—port devices.

The Full Twe-Port Calibration provides directivily, source match, load match, isolation, and frequen-
cy response vector error correction, in both forward and reverse directions, for transmission and reflec-
tion measurements of two—port devices. This calibration provides the best magnitude and phase
measurement accuracy for both transmission and reflection measurements of two—port devices.

The TRL*/LRM* 2-—Port Calibration performs a complete calibration for measurement of all four S5
parameters, of a two port device. Since the analyzer’s hardware cannot correct for the effects of source
match and load match fully, it is less accurate than the full two—port calibration.

All the calibration procedures described above are accessed from the key and are described
in detail in the following pages.
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The uncorrected performance of the network analyzer is sufficient for many measurements. However,
the vector acecuracy enhancement technigues described in this chapter will provide a much higher
ievel of accuracy. Figure 64, Figure 6-5, and Figure 6—6 illustrate the improvements that can be
made in measurement accuracy by using a more complete calibration routine. Figure 6—~4(a) shows
a measurement in iog magnitude format with a response calibration only. Figure 6—4(b) shows the
improvement in the same measurement using an S11 ohe—port calibration. Figure 6—5(a) shows the
measurement in a Smith chart format with response calibration only, and Figure 6-5(b) shows the
same measurement with an S11 one—port calibration.

CH S11 kg WAG 1 B/ REF O dB CHI 511 dog WAG 1 dB/ REF 0 B
F FFSIF T—RORT TALERETEON
Cor Cor
sy "/"N\." b rf
WYY
START 050 oHz STOP 19.9300 GHz START 050 GHx STOP 195900 GHx
(@) &)

Figure 6-4. Response vs, S11 1-Port Calibration on Log Magnitude Format

CHT ST

CH1 511 1V FS

START 050 GHz START 050 GHz STOP 19.9900 Gz
(a) (B)

Figure 6~5. Response vs, S11 1~ Port Calibration on Smith Chart

Figure 6—6 shows the response of a low—loss device in a log magnitude format, using a response
calibration in Figure 6—8(a} and a full two—port calibration in Figure 8—-6(b}.
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Figure 6—6. Response vs. Full Two—Port Calibration

NOTE At microwave frequencies an open circuit exhibits a change in phase with frequency, caused
by fringing capacitance. When an open circuit is measured after calibration, this appears as
an arc of varying length in the lower right circumierence of the Smith chart. This is normal:
at microwave frequencies, a capacitance reading of 0°would be inaccurate. Accuracy en-
hancement in the analyzer models the open circuit capacitance at all frequencies for the com-
patible calibration kits, and uses it to determine sysiem errors.

A comparable effect may be observed in measuring an offset short. The result appears as an
arc in the upper left circumference of the Smith chart. The short circuits in some of the compat-
ible 3.5 mm and type~N calibration kits are offset shorts: refer to the individual calibration kit
manuals for details. Accuracy enhancement models the offsets for the default calibration kits
and uses the modeis 1o determine system errors.

CAL KEY

The (MENUCAL) key leads to a series of menus that implement the accuracy enhancement
procedures described in the preceding pages (see Figure 6—7). Accuracy enhancement (error correc-
tion) is performed as a calibration step before measurement of a test device, using measurements
of known standard devices o solve for the error terms. The analyzer uses one of several different
procedures to characterize the systematic, repeatable errors of the system and remove their effects
from the measured data. The calibration menus and procedures are described and illustrated in the
following pages. Each procedure compensates for one or more of the systematic errors. They range
from a simple frequency response calibration to a full two—port calibration that removes all twelve error
terms.
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Figure 6—7. Relationship of the Menus Accessed from the Key
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The precision standard devices required for calibration of the system are available in compatible cali-
bration kits with different connector types. The model numbers and contents of these calibration kits
are listed in the General Information section of this manual. Each kit contains at least one short circuit,
one open circuit, and itwo impedance~maiched loads. In kits that require adapters for interface to
the test ports, the adapters are phase—matched for calibration prior to measurement of non—insert-
able and non—reversible devices. The analyzer provides mathematical models of three predefined
calibration kits (see Select Cal Kit Menu). Other standard devices can be used by specifying their char-
acteristics in a user—defined Kit, as described at the end of this chapter under Modifying Calibration
Kits.

The accuracy improvement of the correction is limited by the quality of the standard devices, and by
the connection techniques used. For information about connector care and connection techniques,
refer to the Microwave Connector Care Manual in the Connector Care and Applications section. For
maximum accuracy, use a torque wrench for final connections. The techniques for torquing connec-
tions and the part numbers for torque wrenches recommended for different connector types are pro-
vided in the connector care documents listed above.

s

Measurement calibrations are valid only for a specific stimulus state, which must be set before calibra-
tion is started. The stimulus state consists of the selected frequency range, humber of measurement
points, sweep time, power range, and sweep type. Changing the frequency range, number of points,
power range, or sweep type with correction on invalidates the calibration and turns it off (except as
explained in the next paragraph). Changing the sweep time or IF bandwidth changes the status nota-
tion “Cor” at the left of the screen to “C?”, to indicate that the calibration is in question. There are other
parameters, such as IF bandwidth, that when changed can cause the sweep time o be automatically
adjusted. If correction is turned off or in question after the stimulus changes are made, pressing
34 recalls the original stimulus state for the current calibration.

In frequency subset mode, any part of a calibrated frequency range may be selected without invalidat-
ing the calibration. See , below, for details.

In the frequency list stimulus mode, if a measurement calibration has been performed on the full fre-
quency list, one or all of the frequency segments can be measured and displayed without loss of
calibration. Refer to Sweep Type Menu in Chapter 4 for more information on frequency list mode.

Up to two sets of measurement calibration data can be defined for each instrument state, one for each
channel. if the two channels are stimuius coupled and the input ports are the same for both channels,
they share the same calibration data. If the two channel inputs are different, they can have different
calibration data. If the iwo channeis are stimulus uncoupled, the measurement calibration applies o
only one channel. For information on stimulus coupling, refer to Stimulus Menu in Chapter 4.

Calibration procedures are parameter—specific, rather than channel—specific. When a parameter is
selected, the instrument checks the available calibration data, and uses the data found for that param-
eter. For example, if a transmission response calibration is petformed for 821, and a 1—port calibration
for S11, the analyzer retains both calibration sets and corrects whichever parameter is displayed. Once
a calibration has been performed for a specific parameter, measurements of that parameter remain
calibrated in either channel, as long as stimulus values are coupled. In a frequency response calibra-
tion, the parameter must be selected before calibration: other correction procedures select parameters
automatically. Changing channels during a calibration procedure invalidates the part of the procedure
already performed.
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In procedures that require measurement of several different devices, for example a short, an open,
and a load, the order in which the devices are measured is not critical. Any standard can be re—-mea-
sured, until the : ey is pressed. The change in trace during measurement of a standard is nor-
mal.

A frequency response calibration requires measurement of only one standard device. If more than one
device is measured, only the data for the last device is retained.

isolation calibration can be omitied for most measurements, except where wide dynamic range is a
consideration. Use the following guidelines. When the measurement requires a dynamic range of:

¢ <80 dB:Omit isolation calibration.

= 80 to 90 dB: Isolation calibration is recommended, using an averaging factor = 16 for the isolation
portion of the calibration,

« >90 dB: Averaging shouid be on with an averaging factor =16, both for isolation calibration and for
measurement after calibration.

A calibration that is interrupted fo go to another menu can be continued with the
£ key in the correction menu.

It is recommended that calibration data be saved, either in internal, non—volatile merory or on an
external disk. Refer to Chapter 11, Saving /nstrument States. If a calibration is not saved, it will be lost
if another calibration procedure is selected for the same channel. Instrument preset, power on, and
instrument state recall will also clear the calibration data. If the stimulus values are changed, calibration
is turned off: turning calibration back on will recall the original values.

NOTE: Caution is necessary in storing instrument state files to an external disk from one instrument
and later loading them into another. Measurement calibration compensates for system uncer-
tainties, such as those contributed by interconnecting cables and adapters and the condition
of the calibration standards. A calibration stored from one instrument and recalled by a differ-
ent one will be inaccurate. To ensure maximum accuracy, always recalibrate in these circum-
stances. Listed specifications apply o the instrument on which 2 measurement calibration has
been performed.

Take particular note of the following conditions that may invalidate the calibration data or cause it to
be in doubt:

« Frequencies are incompatible between a standard instrument and an option 001. If an instrument
siate is stored, with correction on, from an option 001 {high resolution) instrument, and later recalled
by a standard instrument, the error correction data is not necessarily valid. It can only be valid if the
minimum frequency span (or segment span in frequency list mode) conforms to the equation:

span = 100 kHz x (number of points —1t) xnwheren = 1, 2, 3...

Ctherwise, correction is turned off and the message “CAUTION: CORR OFF; FREQ INCOMPATIBLE
INST STATE” is displayed.

* Norecerd is kept in memory of the temperature when a calibration set was stored. instrument char-
acteristics change as a function of temperature, and a calibration stored at one temperature may be
inaccurate if recalled and used at a different temperature, Refer to System Specifications in the
Specifications section for allowable temperature ranges for individual specifications.
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Refer to Chapter 11, Saving Instrument States, for more information about direct storage to an external
dise. .
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Correction Menu

The correction menu is the first menu presented by the key, and it provides access fo numerous
menus of additional calibration features,

CORRECTION
on DFF

FRQ SUBSET
on OFF

CALIBRATE
MENU

RESUME CAL
SEQUENCE

A A0 [0

PWR METER
CAL

RECEVER
CAL

CAL. KIT
E35 mm3

0000 0000

HoO A0

MORE

Figure 6—8. Correction Menu

(CORRON, CORROFF} turns error correction on or off. The analyzer uses the
most recent calibration data for the displayed parameter. If the stimulus state has been changed since
calibration, the original state is recalled, and the message "SOURCE PARAMETERS CHANGED” is
displayed.

A calibration must be performed before correction can be turned on. i no valid calibration exists, the
message “CALIBRATION REQUIRED” is displayed on the CRT. At the completion of a cafibration pro-
cedure correction is automatically turned on, and the notation “Cor” or “C2" is displayed at the left
- of the screen.

It is recommended that calibration data be saved, either in internal non-volatile memory or on an
external disc, using capabilities described in Chapter 11, Saving Instrument States.

(FRESON, FRESOFF) tets you select any part of a previously calibrated frequency
range while maintaining all of the accuracy of that measurement calibration. For instance assume you
have just calibrated a 1 to 9 GHz frequency span with 1601 points. To focus in on the 2 to 3 GHz span,
press ; and choose those frequencies with the [57a87) and [576p | keys. The analyzer
will select the points closest to 2 GHz and 3 GHz and display the original data points used in that 1
GHz part of the calibration.

leads to the calibration menu, which provides several accuracy enhancement pro-

cedures rangmg from a simple frequency response calibration to a full two—port calibration for maxi-
mum accuracy.
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2 (RESC) eliminates the need to restart a cafibration sequence that was inter-
rupted to access some other menu. This softkey goes back to the point where the calibration se-
guence was interrupted.

¢ leads to the power meter calibration menu.

IVERICALY leads to a menu which prompts to connect the calibration standard, set the reference
value, and then take the receiver Cal sweep.

leads to the select cal kit menu, which is used to select one of the default compatible calibra-
tion kits available for different connector types. This in turn leads to additional menus used o define
calibration standards other than those in the default kits (refer to Modifying Calibration Kits later in this
chapter). When a calibration kit has been specified, its connector type is displayed in brackets in the
softkey label.

| provides access to the calibrate more menu, which is used to extend the test port reference
plane, to specify the characteristic impedance of the system, and to specify the relative propagation
velocity factor for distance—to~fault measurements using the time domain option.

Select Cal Kit Menu

The select cal kit menu is used to select the calibration kit to be used for a measurement calibration.
Seleciing a cal kit chooses the model that mathematically describes the standard devices actually
used. (Refer to the beginning of this chapter, and the appendix at the end of this chapter, for more
background on measurement calibrations and error correction.)

The analyzer has the capability to calibrate with several predefined cal kit models in different connector
types. The cal kit models cotrespond to the standard cafibration kits available as accessories for the
HP 8720:

7 mm calibration kit

3.5 mm calibration kit

50 ohm type~—N calibration kit
TRL* calibration kit

2.4 mm calibration kit

2.92 mm calibration kit

How closely must the model match the actual device? The answer depends on the accuracy required.
Certainty any calibration provides better accuracy than none at all, yet simple normalization is often
quite adequate for many applications. The errors introduced by using the internal 3.5 mm model with
a Hewlett—Packard 3.5 mm cal kit other than the HP 85052B/D are vanishingly small. Yet for the high-
est accuracy, the more closely the model matches the device, the better.
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CAL KIT:

HP B722 ONLY

SELECT

7mm ] cAL kT 24mm I
3.5mm l 2.82¢ ]
N 500 ] 2.92mun ’
TRE= ’ 7mm i
USER KIT i 3.5mm ’
SAVE SAVE
USER KIF z USER KM N 50r i
MODIFY MODIFY
[3.5 mml ! r24mm3 TRie !
RETURN { RETURN USER KIT —J

Figure 6—9. Select Cal Kit Menu

in addition to the predefined cal kits, a “user kit” may be defined or modified by the user, This is de-
scribed under Modifying Calibration Kits at the end of this chapter.

- (CALK7MM) selects the 7 mm calibration kit model.

. (CALK35MM) selects the 3.5 mm calibration kit model.
i (CAL292MM) selects the 2.92 mm calibration kit model.

Adapter cal. Select this cal and use 2.4 mm devices, then put 2.4 mm fo 2.92 mm
adapter on test port to measure 2.92 mm devices.

. (CAL24MM) selects the 2.4 mm calibration kit model.

—

(CALKNS0) selects the 50 ohm type—N calibration kit model,

NOTE: If i85 is selected, additional menus are provided during calibration procedures to select
the connector sex. (This is the connector sex of the instrument test port, not the actual calibra-
tion standard.)

AHLE (CALKTRLK) selects the TRL* template kit. TRL* calibration is recommended only in fixture mi-
crostnp measurements.

(CALKUSED) selects a cal kit model defined or modified by the user. Refer to Modifying
Calibration Kits at the end of this chapter for information.

4 £! (SAVEUSEK) stores the user-modified or user—defined kit into memory, after it has
been modified.

; ¥ (MODI1) leads to the modify cal kit menu (see the end of this chapter), where a predefined
caE kit can be user—modified.

¥ goes back to the comrection menu.
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Calibrate More Menu

This menu is used to exiend the test port reference plane, to specily the characteristic impedance
of the system, and to specily the relative propagation velocity factor for distance ~to—fault measure-
ments.

OPTION 00% ONLY

of the measureme

PORT PORT
EXTENSIONS | ] pxensions | =
VELOCITY VELOCITY
FacToR | 4 Factor | A
seT zo | SET 70 |

= -
TESTSET SW
= CONT Howp |
ALTERNATE ALTERNATE
A AND B | A ap B |
CHOP CHOP
A anp B | A a5 |
RETURN | RETURN | ]

Table 6~7. Differences between

Figure 6=-10. Calibrate More Menu

i goes to the reference plane menu, which is used to extend the apparent location
nt reference plane.

PORT EXTENSIONS ELECTRICAL DELAY
Main Effect The end of a cable becomes the fest port Compensates for the electrical length of
plane for all S—parameter cable for the current type of
measurements. rneasurernent only.
Heflection = 2 fimes cable's electrical
length
Transmission = 1 imes cable’s electrical
length.
Measurements All S—parameters. Only the currently selected $~parameter.
Affected
Electrical intelligently compensates for 1 fimes or 2 Oniy compensates as necessary for the
Compensation times the cable's electrical delay, de- currenily selected S—parameter.
pending on which S—parameter is com-
puted.
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; (VELOFACT) enters the velocity factor used by the analyzer fo calculate equwalent
e!ectrlcai length in distance—to—fault measurements using the time domain option. Velocity factor is
also used to compute equivalent distance while adjusting electrical delay (explained in chapter 4).
Values entered should be less than 1. For example, the velocity factor of teflon is:

V, = J% = 0.666

: (SETZ) modifies the characteristic impedance vaiue Z, recognized by the analyzer {the
default value is 50Q). This characteristic impedance sets the center value of the Smith chart, and is
used by the network analyzer in calculating impedance measurements. in addition, it is used in calcu-
lating parameter conversions (refer to Conversion Menu in Chapter 5 for more information).

If the characteristic impedance of the calibration standards is not 50 ohms, a minimum loss pad or
matching fransformer should be inserted at the measurement port. The characteristic impedance must
be set correctly before calibration procedures are performed.

D (CSWI ON/OFF) Option 006 Only. This selection toggles the internal solid state
swrtch from a continuously switching mode to a hold mode.

| (ALTAB) measures only one input per frequency sweep, in order to reduce spuri-
ous signals. Thus, this mode optimizes the dynamic range for all four S~parameter measurements,

The disadvantages of this mode are associated with simultaneous transmission/reflection measure-
ments or full two~—port calibrations: this mode fakes twice as long as the chop mode to make these
measurements.

{CHOPAR} measures both inputs A and B during each sweep. Thus, if each channe!
is measuring a different parameter and both channels are displayed, the chop mode offers the fastest
measurement time. This is the preferred measurement mode for full two-—port calibrations because
both inputs remain active. This is the default measurement mode.

The disadvantage of this mode is that in measurements of high rejection devices, such as filters with
a low-loss passband (>400 MHz wide), maximum dynamic range may not be achieved.

goes back 1o the correction menu.

Reference Plane Menu

This menu adds electrical delay in seconds to the measurement ports to extend the apparent location
of the measurement reference plane to the ends of the cabies. This is equivalent to adding a length
of perfect air line, and makes it possible to measure the delay respense of the device only, instead
of the device plus the cabie.

6~16Measurement Calibration HE 8719C/8720C/8722A/8722C



EXTENSIONS
on OFF

EXTENSION
INFUT A

EXTENSION
INFUT .B

EXTENSION
PORT 1

o

1

EXTENSION
PCRT 2

o. .0 a f

RETURN

Figure 6—11. Reference Plane Menu

(POREON, POREOFF) toggles the reference plane extension mode. When this
function is on, the port extensions defined below are enabled.

¢ (PORTT) extends the reference plane at port 1 for measurements of $11, 821,

and Si2.

i (PORT2) extends the reference plane at port 2 for measurements of $22, §12,

and S21.

extends the reference plane at the A input.

extends the reference plane at the B input.

}: goes back to the calibrate more menu.

Calibration Menu

The calibration menu is used to select the appropriate accuracy enhancement procedure for calibra-
tion before a measurement is performed. Five different calibration routines are available, each of which
effectively removes from one to twelve systematic errors from the measurement data. Each procedure
features CRT prompts to guide you through the calibration sequence. The availabie calibrations are
described below, and a comparative summary is provided in Table 6—9. Procedures for petforming
each of the calibrations are provided in the following pages, with illustrations of the corresponding
menus.

Note that all instrument parameters should be established before a calibration procedure is started,

including stimulus values, calibration kit, and system characteristic impedance Z,. (To modify Zo, refer
to Calibrate More Menu, above).
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Measurement calibrations requiring load standards provide additional menus to specify the load(s).
For broadband calibrations, use either a broadband load o, for the highest level of accuracy, a combi-
nation of lowband and sliding loads. For measurements above 3 GHzin 3.5 mm 2 GHz in 7 mmor
type—Nj), the lowband load calibration can be omitted. For measurements below 3 GHz in 3.5 mm
(2 GHz in 7 mm or type—N), the lowband load alone is sufficient (see Table 6—8). If you try to use
only a sliding load or only a lowband load beyond these frequency cutoff points, the message “CAU-
TION: ADDITIONAL STANDARDS NEEDED" will be displayed to indicate that both loads are required.

Table 6—-8. Load Cutoff Frequencies

Connector Type Broadband Load (50 MHz to 20 GHz)
Lowband Load Sliding Load
3.5 mm 50 MHz to 8 GHz 3GHzto 20 GHz
7 mm 50 MHz to 2 GHz 2 GHz to 20 GHz
type—N 50 MHz 1o 2 GHz 2 GHz to 20 GHz
24 mm 50 MHz io 4 GHz 4 GHz to 40 GHz

NOTE: By convention, when the connector sex is provided in parentheses for a calibration standard,
it refers o the sex of the test port connector, not the actual standard. For example, short (m)
indicates that the test port connector, not the short circuit connector, is male.

Fer measurement of {est devices foliowing calibration, refer to the User's Guide.

-
-

Figure 612, Calibration Menu

SET FREQ
LOW PASS

CALIBRATE:
NONE,

[
RESPONSE

A A n

RESPONS|
& ISOL'N

31J
1-FORE

522
1~?0Rn
FULL
2PORT

TRL#/ LRM»
Z PORT

o g . nn

: changes the frequency sweep to harmonic intervals to accommodate time domain
low-—pass operation in option 010 instruments.

NOTE: Iftime domain low—pass mode is to be used, the frequencies must be set before calibration.
Refer to Chapter 8, Time and Frequency Domain Transforms, for more information.
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s underiined if no calibration has been performed or if the calibration data has been
cleared. Unless a calibration is saved in memory, the calibration data is lost on instrument preset,
power on, or instrument state recall. If stimulus values are changed, calibration is turned off: turning
it back on will recall the original values.

{CALIRESP) leads to the frequency response calibration. This is the simplest and fastest
accuracy enhancement procedure, and should be used when extreme accuracy is not a factor. it effec-
tively removes the frequency response errors of the test setup for reflection or transmission measure-
ments,

For transmission-—-only measurements or refiection—only measurements, only a single calibration
standard is required with this procedure. The standard for transmission measurements is a thru, and
for reflection measurements can be either an open or a short. If more than one device is measured,
only the data for the last device is retained. The procedures for response calibration for a reflection
measurement and a transmission measurement are described in the following pages.

| (CALIRAI) ieads 1o the menus used to perform a frequency response and isolation
measurement calibration, for measurement of devices with wide dynamic range. This procedure effec-
tively removes the same frequency response errors as the response calibration. In addition, it effective-
ly removes the isolation (crosstalk) error in fransmission measurements or the directivity error in
reflection measurements. As well as the devices required for a simple response calibration, an isolation
standard is required. The standard normally used to cotrect for isolation in this procedure is a broad-
band impedance~matched load (usually 50 ohms). Response and isolation calibration procedures
for refiection and transmission measurements are provided in the following pages.

(CALIS111) provides a measurement calibration for reflection—only measurements of
onhe—port devices or properly terminated two—port devices at test port 1. This procedure effectively
removes the directivity, source match, and frequency response errors of the test setup, and provides
a higher level of measurement accuracy than the frequency response and isolation calibration. it is
the most accurate calibration procedure for reflection—only measurements. The standard devices re-
quired are a short, an open, and usually either a broadband load or a sliding and a lowband load.
The procedure for performing an S11 1—port calibration is described in the following pages.

1. (CALIS221) is similar to . it is used for reflection—only measurements of
one—port devices or properly terminated two—port devices in the reverse direction: that is, for devices
connected to port 2.

. (CALIFUL2) leads to the series of menus used to perform a complete calibration for mea-
surement of all four S—parameters of a two—port device. This is the most accurate calibration for
measurements of two—port devices. It effectively removes all correctable systematic errors (directivity,
source match, load match, isolation, reflection tracking, and transmission tracking) in both the forward
and reverse directions. [solation correction can be omitted for measurements of devices with limited
dynamic range.

& (CALITRL2) leads to a series of menus used to perform a complete calibration for
measurement of all four S—parameters of a two port device. Since the network analyzer's hardware

cannot correct for the effects of source match and load match fully, it is less accurate than the Full
2-—Port method.
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The standards for this procedure are a short, an open, a thru, and an impedance—matched load {two
loads if isolation correction is required). The Ioad(s) used are usually either a broadband load or a
sliding and a lowband load, depending on the frequency range and the level of accuracy required.

The procedure is described in the following pages.

Table 6—9. Purpose and Use of Different Calibration Procedures

Calibration Corresponding
Procedure Measurement Errors Removed Standard Procedure

Response Transmission or reflection Freq. response Thru for trans., open OR
measurement when the short for reflection
highest accuracy is not
required.

Response & Transmiission of high Freq, response PLUS Same as response PLUS

isclation insertion loss devices or isolation in transmission isolation std {load)
reflection of high retfum or directivity in reflection
loss devices. Not as
accurate as 1—portor
2—port calibration

811 1—port Refiection of any Directivity, source match, Short AND open AND
one—port device or well freq. response load(s)
terminated two-port
device

$22 1—-port Refiection of any Directivity, source maich, Short AND open AND
one--port device or well freq. response ioad(s)
ferminated two—port
device

Full 2—port Transmission or reflection Directivity, source match, Short AND open AND
of highest accuracy for load match, isolation, load(s) AND thru (2 lvads
two—port devices freq. response (forward for isclation)

and reverse)

TRL*LRM* 2—port Transmission or reflection Directivity, isolation, fre- Thru reflect line {See
when highest accuracy is quency resporise {forward Product Note 8720-2)
not required. and reverse)
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Response Calibration for Reflection Measurements

The procedure described here uses the menu illustrated in Figure 6~13 to perform a frequency re-
sponse only calibration for a measurement of S11. it can also be used for S22 by substituting the
corresponding softkey in the S-—parameters menu.

RESPONSE
RESPDNSE

SHORT

OPEN

THRU

DONE
RESPONSE

Figure 613

+ Press
e Press[cAl].

« Select the proper calibration kit. If the connector type or cal kit name shown in the
label is not the same as the calibration kit to be used, refer to Sefect Cal Kit Menu!.

» At port 1, connect either a short OR an open circuit.

« Whenthetrace setlles, press or, depending on the standard used. (If more than one device
is measured, only the data for the last device is retained.)

» The message “WAIT—MEASURING CAL STANDARD?” is displayed while the data is measured. The
softkey label YOEN is then underlined.

PONSE | The calibration coefficients are computed and stored. A corrected trace is
dlsplayed and the notation “Cor” appears at the left side of the screen.

+ The save menu is displayed. (It is recommended that calibration data be saved, either in internal
nonvolatile memeory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more
information.)

+ This completes the frequency response calibration for a reflection measurement. Now the test de-
vice can be connected and measured.
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Response Calibration for Transmission Measurements

The procedure described here uses the menu in Figure 6—13 to perform a frequency response only
calibration for a measurement of S21. To calibrate for a combined transmission and refiection measure-
ment, perform the transmission calibration on one channel and the reflection calibration described
previously on the other channel.

+ Press

« Press .

* Select the proper calibration kit. If the connector type or cal kit name shown in the §
label is not the same as the calibration kit to be used, refer to Sefect Cal Kit Menu.

* Make a thru connection (connect together the points at which the test device will be connected).

» When the trace settles, press ¥

 The message “WAIT—MEASURING CAL STANDARD" is displayed while the $21 data is measured.
The softkey label is then underlined.

E . The calibration coefficients are computed and stored. Corrected S21 data is
dlspiayed and the notation “Cor” appears at the left side of the screen.

= The save menu is displayed. (it is recommended that calibration data be saved, either in internal
nonvolatile memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more
information.)

« This completes the frequency response calibration for a transmission measurement. Now the test
device can be connected and measured.

Response and Isolation Calibration for Reflection Measurements

The procedure described here effectively removes the frequency response and directivity errors for
reflection measurements. The menus illustrated in Figure 6—~14 are used to perform a calibration for
a measurement of 511. The same calibration can be used for $22 by substituting the corresponding
softkey in the S—parameters menu.

NOTE: Corrected directivity is limited to the return loss of the termination. For measurements below
3 GHz in 3.5 mm (2 GHz in 7 mm or type—N), use the lowband load (see Table 6—8). For
measurements above 3 GHz in 3.5 mm (2 GHz in 7 mm or type—Nj}, the best directivity correc-
tion is provided by a sliding load with the slide fixed.
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RESPONSE
RESPONSE & & SOLN
ISOLATION RESPONSE
MENY

MENY
RESPONSE [l SHORT
BOLN $TD OFEN
THRU
DONE RESP DONE
ISOL'N CAL RESPONSE
Figure 6—14
Press
Press .

Select the proper calibration kit. if the connector type or cal kit name shown in the
label is not the same as the calibration kit to be used, refer to Sefect Cal Kit Menu.

At port 1, connect either a short OR an open cireuit.

When the trace settles, press i, depending on the standard used. (If more than one
standard is measured, only the data for the last device is retained.)

The message “WAIT—-—MEASURING CAL STANDARD?” is displayed while the response data is mea-
sured. The softkey label - is then underlined.

B E . The calibration coefficients are computed and stored. The response and iso-
Iatlon menu is dzsp!ayed

Connect the isolation standard (impedance—matched termination) to port 1 (see NOTE above).

Fres

The S11 isolation data is measured. The softkey iabel is underlined.

Press BON :. The directivity error coeffients are computed and stored. A corrected
frace is displayed and the notation “Cor” appears at the left side of the screen.

The save menu is displayed. (It is recommended that calibration data be saved, either in internal
nonvolatile memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more
information.)

This completes the response and isolation calibration for correction of frequency response and di-
rectivity errors for reflection measurements. Now the test device can be connected and measured.
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Response and Isolation Calibration for Transmission Measurements

The procedure described here effectively removes the frequency response and isolation errors for
transmission measurements of devices with wide dynamic range, using the menus illustrated in
Figure 6—14. To calibrate for a combined transmission and reflection measurement, perform the trans-
mission calibration on one channel and the reflection calibration described above on the other chan-
nel.

Press[WEAs]

L]

Press

=] to reduce the IF bandwidth.

+ Press

+ Select the proper calibration kit. If the connector type or cal kit name shown in the ;
label is not the same as the calibration kit to be used, refer to Select Cal Kit Menu.

softkey

¢ Press

» Make a thru connection between port 1 and port 2 (connect together the points at which the test
device will be connected).

» When the trace has sefiled, press
underlined.

i. S21 response data is measured. The softkey iabel

» Press
s Press

« Disconnect the thru and connect impedance~—maiched terminations to port 1 and port 2. Press
.. $21 isolation is measured and averaged over 16 sweeps, and the softkey label is un-
derlined.

« Press[&Va] :

. . The S21 error coefficients are computed and stored. Corrected S21
data is displayed and the notation “Cor” at the left of the screen indicates that correction is on for this
channel.

« The save menu is displayed. (it is recommended that calibration data be saved, either in internal
nonvolatile memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more
information.)

* For maximum dynamic range use an averaging factor of 32.

A similar procedure is used to calibrate for measurement of S12, using the !
the S—parameters menu.

softkey in
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$11 1—-Port Calibration for Reflection Measurements

This procedure uses the $11 1~port menus Hlfusirated in Figure 6—15 to perform a complete vector
error correction for reflection measurements of one—port devices or properly terminated two—port
devices. This is a high—accuracy calibration that effectively removes the directivity, source match, and
frequency response errors from the measured data.

NOTE: For broadband reflection measurements, use either a broadband load or, for the highest level
of accuracy, a combination of lowband and sliding ioads. For measurements above 3 GHz
in 8.5 mm (2 GHz in 7 mm or type—N)}, the lowband load calibration can be omitted. For mea-
surements below 3 GHz in 3.5 mm (2 GHz in 7 mm or type~N), the lowband load alone is
sufficient (see Tabie 6--8). {f you try o use only a sliding load or only a iowband load beyond
these frequency cutoff points, the message “CAUTION: ADDITIONAL STANDARDS NEEDED”
will be displayed to indicate that both loads are required.

* Press .

511 1-PORT
DNE-PORY SLEWG
AL LOADS LOAD
MENU MENU MENY
(s31) OPEN BROADBAND SE R
SHORT SLIDING e
LOADS |——pim LOWBAND
DONE DONE: SLIDING
1—-PORT CAL LOADS LDAD DONE

Figure 6—15. Menus for S11 1—Fort Calibration

+ Select the proper calibration kit. If the connector type or cal kit name shown in the
label is not the same as the calibration kit to be used, refer to Select Cal Kit Menu.

softkey

* Press
meter previously selected.)

.. (811 will now be measured regardless of any other S—para-

» Connect an open circuit to port 1.

* When the trace settles, press (S11) &

« The message "WAIT—MEASURING CAL STANDARD” is displayed while the open circuit data is
measured. The softkey label GBEN is then underlined.
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+ Disconnect the open, and connect a short circuit to port 1.

s When the trace seftles, pres
underlined.

The short circuit data is measured and the softkey label is

¢ Disconnect the short, and connect an impedance—maiched load (see NOTE above) at port 1.

¢ Press The loads menu is displayed. When the trace settles, press the softkey correspond-
ing to the load used. If a sliding load is used, the sliding load menu is displayed. Position the slide
and press . The sliding load must be set and measured five times before
- is pressed. Otherwise, the message "CAUTION: MORE SLIDES NEEDED” is

displayed.

. The load data is

+ When all the appropriate load measurements are complete, press DONE
measured and the softkey iabel is underlined.

o Press 0 (If you press ¢ without measuring all the required standards, the
message “CAUTION: ADDITIONAL STANDARDS NEEDED” will be displayed.) The calibration coef-
ficients are compuied and stored. A corrected S11 trace is displayed, and the notation “Cor” ap-
pears at the left side of the screen.

= The save menu is displayed. (It is recommended that calibration data be saved, either in internal
nonvolatile memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more
information.)

» This compietes the §11 1—port calibration. The test device can now be connected and measured.

$22 1—Port Calibration

This procedure performs a complete vector error correction for a reverse reflection measurement of
a one—port device or a properly terminated two—port device, It is similar to the $11 1 —port calibration
except that 522 is selected automatically.
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Full 2—Port Calibration for Reflection and Transmission Measurements

This procedure uses the menu sequence iliustrated in Figure 6--16 to perform complete vector error
correction for measurement of all four S~parameters. This is the most accurate calibration for mea- -
surements of two—port devices, and effectively removes all correctable systematic errors in both the
forward and reverse directions.

NOTE: For broadband measurements, use either a broadband load or, for the highest level of accura-
cy, a combination of lowband and sliding loads. For measurements above 3 GHz in 3.5 mm
(2 GHz in 7 mm or type—N), the lowband load calibration can be omitted. For measurements
below 3 GHz in 3.5 mm {2 GHz in 7 mm or type—N), the lowband load alone is sufficient (see
Table 6—8). If you fry to use only a sliding load or only a lowband load beyond these frequency
cutoff points, the message “CAUTION: ADDITIONAL STANDARDS NEEDED” will be displayed
1o indicate that both loads are required.

To maximize the lifetime of the electro—mechanical fransfer switch in the network analyzer, switching
occurs only onhee in a measurement sequence using full two—port error correction. On the first sweep
all four S—parameters are measured. On subsequent sweeps, the assumption is made that the re-
verse parameters have not changed, and only the forward parameters are measured. It is possible
to override this protection feature for applications where the data changes significantly with time, for
example with tuning or drift. To perform an override, use | in the S~parameter menu
(see Chapter 5). Aliernatively, for repeated update of all four S—parameters, set an appropriate num-
ber of groups using the trigger menu (see Chapter 4).

isolation calibration can be omitted for most measurements, except where wide dynamic range is a
consideration, Refer to the explanation under Key.

FAL 2-PORT
TWO—PORT ? J—
CAL REFLECTEN LOADS 1D TRANSMESSION FOLATION
MENY MENY MERY MEN MENU MENU
REFLECTN jommemedped  ($11) OPEN BROADEAND Smsg ngokaggj
TRANS—
oot SHORT SUDING |—ii
ISOLATION  pasey LOADE  rovnermere S LOWBAND FWD. TRANS BOLAQTENT
(sz2) OPEN P WD, MATCH ngo&agg
REV. TRANS FWD ISOLN
SHORT ™Ry | ™ SOLN S
LOADS » REV, MATCH REV ISOLN
THRU BOUN 5T
DONE REFLECTN DONE: SUBING TRANS TSOLATION
2--PORT CAL DONE LOADS LOAD DONE DONE DONE

Figure 6—16. Menus for Full 2—FPort Calibration

« Press ' to reduce the IF bandwidth.

» Press [ca],
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= Select the proper calibration kit. [f the connector type or cal kit name shown in the &
label is not the same as the calibration kit 1o be used, refer to Select Cal Kit Menv.

softkey

+ Press

« Connect an open circuit to port 1.

» When the trace seftles, press (S11) ¥
[OPEN] is underiined.

|, The open circuit data is measured, and the softkey label

» Disconnect the open, and connect a short circuit to port 1.

* When the trace setitles, press {511)
is underiined.

. The short circuit data is measured and the softkey label

» Disconnect the short, and connect an impedance-—-matched load (see NOTE above) at port 1.

» Press (S11) . The loads menu is displayed. When the trace settles, press the softkey corre-
sponding to the load used. If a sliding load is used, the sliding load menu is displayed. Position the
slide and press The sliding load must be set and measured five times before

""""" is pressed. Otherwise, the message "CAUTION: MORE SLIDES NEEDED" is

displayed.

« When all the appropriate load measuraments are complete, press |
measured, and the : : softkey label is underiined.

* Repeat the open~short—load measurements described above, connecting the devices in turn to
port 2 and using the (822} softkeys.

= Press without measuring all the required standards, the
message “CAUTION: ADDIT%ONAL STANDARDS NEEDED” is displayed.)

+ The reflection calibration coefﬁclents are computed and stored. The two—port cal menu is dis-

+ Make a thru connection between port 1 and port 2 (connect together the points at which the test
device will be connected).

¢ Press When both are completed the measurement has been made, The sofi-
keys for the individual classes are underlined.

* Press ¥ e, The transmlssmn coefficients are computed and stored. The two-—port cal
menu is displayed, with the | : softkey underlined.

» Disconnect the thru.

« Hf correction for isolation is not required, press
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« |f correction for isolation is required, press

+ Press :

« Connect impedance—~matched loads to port 1 and port 2 (broadband or lowband loads are suffi-
cient).

+ Press to measure both the forward and reverse isclation. When this is com-
plete, the softkeys will be underlined.

£, The isolation error coefficients are stored. The two—port cal menu is dis-
- softkey underlined.

e Press |
played, with th

e Press [AV&] §

s Press :

* Press? . {f you press JDORE! without measuring all the required standards, the
message “CAUTION: ADDITIONAL STANDARDS NEEDED"” will be displayed.) The calibration coef-
ficients are computed and stored. A corrected trace is displayed, and the notation “C2” at the left of
the screen indicates that two—port error correction is on.

The save menu is dispiayed. (It is recommended that calibration data be saved, either in internal non-
volatile memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more informa-
tion.)

* For maximum dynamic range use an averaging factor of 32.

« This completes the full two—port calibration procedure. Now the test device can be connected.
Press the key to measure all four S—parameters.

TRL*/LRM* 2—Port Calibration

This procedure uses the menu sequence illustrated in Figure 6—17 to perform complete vector error
correction for measurement of all four S—parameters of a microsirip package in a fixture. Coaxial
TRL*/L.RM* measurements are not recommended.

To maximize the lifetime of the electro—mechanical fransfer switch in the network analyzer, switching
occurs only once in a measurement sequence using full two—port error correction. On the first sweep,
all four S—parameters are measured. On subsequent sweeps, the assumption is made that the re-
verse parameters have not changed, and only the forward parameters are measured. It is possible
to override this protection feature for applications where the data changes significantly with fime, for
example with tuning or drift. To perform an override, use % in the S—parameter menu
{see Chapter 5). Alternatively, for repeated update of all four S—parameters, set an appropriate num-
ber of groups using the trigger menu (see Chapter 4.}

isolation calibration can be omitted for most measurements, except where wide dynamic range is a
consideration. Refer to the explanation under Key.
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TRLS LR
TRL/LRM ISOLATION LINE MATCH
BERY MENU MENU

THRU
THRU

$11 REFL .
SHORT

522 REFL OMIT
SHORT ISOLATION

ISOLATION  j— ! mmﬁgg

UINE/MATCH. |—mr FWD ISOL'N DO BOTH

ISOUN 3T FWD & REV

REV ISOL'N LN MATCH 1

BOUN STD MATCH

LN MATCH 2

MATCH

DONE TSOLATION DONE
TRLs/LRM» DONE LINE/MATCH

Figure 6—17. Menus for a full 2--Port TRL/LRM Calibration

TRL*/LRM* Procedure

* Press

to reduce the IF bandwidth to the desired level,

» Press [CAL}.

= Select the proper calibration kit. A "template” kit can be selected under
(Refer to Sefect Cal Kit Menu.)

, labeled

s Press

« The following steps assume usage of the “template” kit mentioned above and the HP 85052D cali-
bration kit:

= Make a thru connection between port 1 and port 2 (connect together the points at which the test
device will be connected).

+ Press §

. All four S—parameters are measured, and the softkey label is underfined.
= Connect a short circuit to port 1.

* Press

;. The short circuit data is measured, and the softkey label is underiined,

« Connect a short circuit to port 2.

s Press § .. The shori circuit data is measured, and the softkey label is undetlined.
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= If correction for isolation is not required, press
steps.

and ignore the next 3

= [f correction for isolation is required, press

* Press ¥

individ-

ually with 3
the sofkeys for the individual classes are underllned.

» Pressi

and

i; or select i individually
: when both are compieted The ioads are measured, and the softkeys for
the lndt\nduai classes are underlined.

« Ifyouwant to re—measure any of the classes/standards above, return to the step described above.
The old data only for that ciass/standard will be overwritten with the new measurement.

+ When you are satisfied with the measurement above, proceed by pressing

» The menu is displayed. It is recommended that calibration data be saved, either in nonvolatile
memory or on an external disk. Refer to Chapter 11, Saving Instrument States, for more information.

+ This completes the TRL*/LRM* 2--port calibration procedure. Connect the test device, then press
the [MEAS] key. With a two—port calibration on, the (MEAS] key performs the same function as
: . You can now make measurements.

POWER METER CALIBRATION

An HP-IB compatible power meter can monitor and correct RF source power to achieve leveled power
at the test port. To correct the power going to the DUT, power meter calibration sampies the power
at each measurement point across the frequency band of interest. It then constructs a correction data
table which the instrument uses to correct the power ocutput of the internal source. The correction table
may be saved in an instrument state register with the key.

The correction table is created during a single sweep. In the sample—and~—sweep mode the power
meter is not needed for subsequent sweeps. The correction tabie may be read or modified through
HP—IB. Refer to the MHP—IB Quick Referenice Guide for details.
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- Primary Applications

= When using a test system with significant frequency response errors. For example, a coupler with
significant roll—off, or a long cable with a significant amount of loss.

= When measuring devices that are very sensitive to actual input power for proper operation.

+ To allow measurements where power meter accuracy is required to meet a specification.

Calibrated Power Level

By setting the analyzer calibrated power to the desired value at the power meter, this power leve!l will
be maintained at that port during the entire sweep. it is recommended that the operator first set the
source power such that the power at the DUT is approxrmateiy correct. This reduces residual power
errors when only one number of readings is taken (see i . softkey). When power
meter calibration is on, the annotation “PC” is displayed. This indicates that the source power is being
changed during the sweep. Calibrated power level becomes the active entry when
is selected.

Regardless of the measurement application, the analyzet's source can only supply power within a
power range. (See Power Menii.)

Compatiblie Sweep Types

Power meter calibration may be used in linear, log, list, CW, and power sweep modes. In power sweep,
the power at each point is the true power at the power meter.

Loss of Power Meter Calibration Data

Turning Power Off. Turning off the instrument erases the power meter calibration table unless the
instrument state has been saved in a save/recall register.

Changing Frequency. Power meter calibration data will be lost if the frequency is changed in log
or list mode, but it is retained and interpolated over frequency in linear sweep mode. See “Interpola-
tion,” below.

Pressing . Presetting the instrument will erase power meter calibration data. lf the instrument
state has been saved in a register using the key, the user may recall the instrument state and
the data will be restored.

Interpolation in Power Meter Calibration

if the frequency is changed in linear sweep, or the stari/stop power is changed in power sweep, then
the calibration data is interpolated for the new range.

if calibration power is changed in any of the sweep types, the data array is increased or decreased
to reflect the new power level, Some accuracy is lost when this occurs.
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POWER METER CALIBRATION MODE OPERATION

Sample—and-Sweep Correction [TAKE CAL SWEEP]

Refer to Figure 6—18. Simply remove the DUT and measure the power at that point in the measure-
ment setup. The sample—and—sweep allows you to measure the power characteristics across the
frequency band of interest with a single sweep. The speed of the calibration will be slow while power
meter readings are taken (see the Typical Speed and Accuracy table shown on a following page).
However, once the sample sweep is finished, subsequent sweeps are power—corrected using the data
table, and sweep speed increases significantly.

if the calibrated power level is changed after the initial measurement sweep is done, the entire correc-
tion table is increased or decreased by that amount and the annotation *PC?” appears on the display.
The resulting power will no longer be as accurate as the original calibration.

HP 437B/438A*
NETWORK ANALYZER POWER METER

POWER SENSOR

o]

Connect for initial sweep.

Connect for subsequent sweeps.
* Power meter calibration is only supported by HP 4378 or 438A

00

Figure 6—~18. Typical Test Setup for Sample—and —Sweep Correction

Other Details

Power Meter HP—IB Address. Before using power meter calibration, you must select the power
meter address using the eys and address menu.

System Controlier Mode. The analyzer must be set to the system controller mode using the
keys.

Power Sengor Calibration Factor List. Refer to the - menu explained later in this

chapter.

HP 8719C/8720C/8722A/8722C Measurement Calibration 633



Speed and Accuracy

The speed and accuracy of a power meter calibration vary depending on the test setup and the mea-
surement parameters. When the number of readings = 1, accuracy is improved if the operator sets
the source power such that it is approximately correct at the measurement port. Power meter calibra-
tion should then be turned on.

Table 6—10 shows typical sweep speed and power accuracy. The times given apply only to the test
setup described for the . Several power levels and numbers of readings are shown.

The typical values given in the table were derived under the following conditions:
Test Setup: The test setup used the following insttuments:

¢ Instrument/Test Set: HP 8720C.
+ Power Meter/Power Sensor: HP 437B with HP 8482A.

Stimulus Parameters: The time required fo perform a power meter calibration is greatly affected by
the source power and number of points tested. The parameters used to derive the typical values in
Table 6—10 are as foliows:

« Number of Points: 51.
« Source Power: +10 dBm.

Sweep time is linearly proportional to the number of points measured. For example, a sweep taking
33 seconds at 51 points will take approximately 66 seconds if 101 points are measured.

Table 6~10. Typical Speed and Accuracy

Power Desired Number of Sweep Time Typical
at Test Port (dBm) Readings {seconds) Accuracy (dB)

1 33 +0.7

+5 2 64 *0.2

3 95 +0.2

1 48 +Q.7

—10 2 92 +0.2

3 123 +0.2

Notes on Accuracy. The accuracy values in Table 610 were derived by combining the accuracy
of the power meter and linearity of the analyzer's internal source, as well as the mismatch uncertainty
associated with the iest set and the power sensor.

Power meter calibration measures the source power output (at the measurement port} at a single
stimulus point, and compares it to the calibrated power selected by the operator. If the two values
are different, power meter calibration changes the source output power by the difference. This process
is repeated at every stimulus point. The accuracy of the result depends on the amount of correction
required, If the selected number of readings = 1, the final measurement accuracy is significantly af-
fected by a large power change. However, if the selected number of readings is >1, the power change
on the second or third reading is much smailer; thus accuracy is much better.
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Two methods can be used to to perform power meter calibration. If the selected number of readings
is >1, then it makes littie difference which method is used. However, if number of readings = 1, then
the first method provides better accuracy. The values in Table 610 were derived using the second
(worst case) method.

Set source power approximately correct at the measurement port, then perform power meter
calibration. This method can significantly increase the accuracy of the measurement when the se-
lected number of readings = 1. Smaller accuracy improvements occur with a higher number of
readings. Remember that mismatch errors affect accuracy as well.

Perform power meter calibration independent of the source’s current power setting. There may
be a large difference between the current power level and the desired calibrated power level. Power
meter calibration will automatically adjust the power at the measurement port to match the desired
calibrated power level. However, a large change in power affects accuracy, especially if the number
ofreadings = 1. The accuracy values given in Table 5—4 were calculated with an initial power setting
of +10 dB.

PERFORMING A POWER METER CALIBRATION

To use power meter calibration you must perform the following steps:

Before Turning Power Meter Calibration On

L

Zero and calibrate the power meter.

Enter the HP—IB address of the power meter into the analyzer, Press [IoCAL] § :
. (F1Z] 2], where ## is the two digit HP—IB address currently in use by the power

meter.

Set the analyzer to system controller mode. Press

Enter the power sensor calibration data. Press [€aL] ¢

the power sensor calibration factors for each desired frequency segment. Details on the segment
edit menus are provided later in this chapter.

Press | to return to the power meter calibration menu.
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Using Sample—and-Sweep

Choose the desired tfest port power level and range {the power level you wish to
maintain at the input to the DUT). Make sure that this power jevel is less than the maximum power
level of the sensor.

« Choose the approptiate measurement parameters.
« Connect the power sensor to the active test port.

o For more than one power measurement at each frequency point in the stimulus range, press
55 [F] [4]. (Note that this will increase the power meter calibration time.)

+ Press i. The actual power at each frequency point will be measured with the ini-
tial sweep. During this sweep, sweep speed will slow significantly.

Prassing causes the initial measurement sweep o occur, which updates the

power calibration data table. After that, remove the power meter sensor and connect the DUT. Sub-
sequent sweeps will use the data table to correct the output power level at each point. A typical
setup is shown in Figure 6—18.

« Activate the power meter calibration. A “PC” will appear 1o the left of the display to indicate that the
power meter calibration is on.

+ Save the calibration to an instrument state register or to an external disk drive.

« Remove the power sensor and connect the device under test.

Calibration Data Table

Valid calibration data will be in the power correction tabie if one of the following has occurred:

as been pressed.

» Calibration data has been placed in the table via HP—IB.

If desired, save the power meter calibration data in one of the SAVE/RECALL registers. This data is
stored in non—volatile memory.
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Power Meter Calibration Menus

POWER NETER SEGMENT EDIT

CAL MAN SEGMENT MODFY {CAL FACTOR %)
MENY MENU MENU
G T SEGMENT FREQUENCY
CAL POWER AcToR
EDIT f——
TAKE CAL
s DELETE
NUMBER OF _ >
READINGS ADD |
CLEAR
usT
SET
cAL FACTOR [
RETURN DONE DONE

Figure 6—19. Softkey Menus Accessed from the Softkey
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Power Meter Calibration Main Menu

Refer to Figure 6—19.

(PWMCON ON/PWMCOFF) turns off power meier calibration.

Enter the desired test port power; i.e., the power desired for input to the DUT,

(TAKCS) Each data point is measured during the initial sweep and the correction
data is placed in the power meter correction table.

(NUMR} determines the number of measurement/correction iterations per-
formed on each pomt This feature helps eliminate residual power errors after the initial correction,
The amount of residual etror is directly proportional to the magnitude of the initial correction. The user
should initially set the source power so that it is approximately correct when it arrives at the DUT. i
power uncertainty at the DUT is expected to be greater than a few dB, it is recommended that the
number of readings be greater than 1.

: presents the set cal factor menu. This menu allows calibration factor data to be

entered for the power sensor. This information is typically listed on a label attached to the power sen-
sSOf,

Up to 12 separate frequency points, calied segments, may be entered, at which the user may enter
a different calibration factor, The instrument interpolates between the selected points.

: goes back to the main calibration menut.

Segment Modify Menu

SEGMENT

DI

QA A0

DELETE

ADD
CLEAR

-
:

Figure 6-20. Segment Modify Menu

o0 0 I

DONE
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This menu allows the user to enter power sensor calibration data for the power sensor.

The user may select from 1 to 12 frequency segments. Multiple segments do not have to be entered
in any particular order: the analyzer automatically sorts them and lists them on the display in increasing
order of frequency.

You may wish to use only one segment. In this case, the analyzer assumes that the single vaiue is
valid over the entire frequency range of the calibration.

For high accuracy, actual measured power loss and/or power sensor calibration data may be entered
for as many as 12 separate frequency points (segments). The frequencies between the points are
interpolated by the instrument.

Using the Segment Modify Menu. Before any segment information is entered in the list, the word
“EMPTY" is displayed. You can create the first segment by pressing either EBIE . Enter the
desired frequency and cal factor data when the appropriate segment edit menu appears.

For example, in the edit (power loss) menu, press:
to add a segment to the cal factor list. Now press :

Once an entry has been made, use the 3 softkey to enter additional segments. The default seg-
ment number when (A is pressed is the next consecutive humber. Follow the above instructions
to deﬁne the next segment in the list.

To delete an entry in the list, press
segment. Press

To erase all entries, press the

‘'specifies which segment in the list is to be modified. A maximum of two segments is dis-
played at one fime, and the list can be scrolled up or down with the RPG or the [#] [¥] keys to show

other segment entries. Use the entry block controls to move the pointer > to the desired segment
number. The selected segment can now be edited or deleted.

EDIY. (SEDIn, where "n” is the segment number). This softkey brings up the appropriate segment edit
menu described in the following pages. The edit command modifies the segment previously selected
with the i

i (SDEL) Deletes the segment previously selected with the [SEGHM

(SADD) adds another segment {o the bottom of the list and presents the appropriate segment
edit menu described in the following pages. When done adding a segment, the list is automatically
reordered by frequency.

(CLEL) deletes all segments in the list.

2 (EDITDONE) goes back to the power loss/sensor list menu.
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Segment Edit (Calibration Factor %) Menu

FREQUENCY

CAL
* FACTOR

1 O O Y o A ¢ A 0

DONE

Figure 6—21. Segment Edit (Calibration Factor %) Menu

This menu defines the frequency and calibration factor % for the segment being added or edited.

(CALFFREQ) accepts a frequency value for the segment.

(CALFCALF) accepts a calibration factor % for the segment.

¢ (SDON) goes back to the segment modify menu and sorts the list according to increasing
frequency.

MODIFYING CALIBRATION KITS

For most applications, use the default cal kit models provided in the select cal kit menu described
earlier in this chapter. Modifying calibration kits is necessary only if unusual standard devices are used,
or a calibration kit is used with standards that have different values than the default kit. Unless a cal
kit model is provided with the calibration devices used, a solid understanding of error correction and
the system error model are absolutely essential to making modifications. Read the introductory part
of this chapter for more information, and refer to the Appendix. :

NOTE: Numerical data for most Hewlett—Packard calibration kits is provided in the calibration kit man-
uals.

During measurement calibration, the analyzer measures actual, well—defined standards and mathe-
matically compares the results with ideal “models” of those standards. The differences are separated
into error terms which are later removed during error correction. Most of the differences are due to
systematic, repeatabie errors introduced by the network analyzer and connecting cables, which are
correctable. However, differences between the model for a standard and the actual characteristics of
the standard reduce the system’'s ability to remove systematic errors, and thus degrade error—cor-
recied accuracy. Therefore, in addition to the predefined default cal kit models, a “user kit” is provided
that can be modified to an alternate calibration standards model.
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Several situations exist that may require a user--defined cal kit:

*

The user wants to examine the definitions for a standard in an existing cal kit.

A calibration may be required for a connector interface different from the three buili—in cal kits. (Ex-
amples: 2.4 mm, SMA, TNC, or waveguide.)

A calibration with standards (or combinations of standards) that are different from the predefined cal
kits may be required. (Example: Using the HP 85052A 3.5 mm calibration kit instead of the HP
85052B/D.)

The built—in standard models for predefined kits can be improved or refined. Remember that the
more closely the model describes the actual performance of the standard, the better the caiibration.
(Example: A 7 mm load may be determined to measure 50.4 ohms instead of 50.0 ohms.)

Unused standards for a given cal type can be eliminated from the predefined set, o eliminate possi-
ble confusion during calibration. (Example: A certain application requires calibrating a maile test
port. The standards used to calibrate a female test port can be eliminated from the set, and will not
be displayad during calibration.)

Definitions

it is necessary to define some of the terms used:

A “standard” is a specific, well—defined, physical device used to determine systematic errors. Each
standard has a precisely known or predictabie magnitude and phase response as a function of fre-
quency. The response of each standard is mathematically defined in the error models used by the
network analyzer.

" A standard “type” is one of five basic types that define the form or structure of the model to be used

with that standard. The file types are: short, open, load, delay/thru, and arbitrary impedance.
Standard “coefficients” are numerical characteristics of the standards used in the model selected.

A standard “class” is a grouping of one ‘or more standards that determines which standards are
used in a particular calibration procedure.

Procedure

Basically, the following steps are used to modify or define a user kit:

1.

Select Standards. To modify a cal kit, first select the predefined kit to be modified. This is not
necessary for defining a new cal kit.

Define the Standards. For each standard, define which “type” of standard it is and its electrical
characteristics.

Specify the Class where the standard is to be assigned.

Store the madified cal kit. To make a backup copy, store the modified cal kit to disk while the cal
kit is active.

Following the descriptions of the menus for modifying calibration kits, a procedure is provided that
enters the HP 85052A 3.5 mm calibration kit values as a “user kit.”
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Modify Cal Kit Menu

This menu is accessed from the key (refer to Figure 6--27), and leads in turn to additional series
of menus associated with modifying cal kits (Figure 6~28). All of these menus and their functions are
described in the following pages.

DEFINE SO TYPE:
@"’ STANDARD OPEN
SET
SYSTEM Z0 SHORT
LOAD
SPECFY DELAY/
CLASS THRU
LABEL ARBITRARY
CLASS IMPEDANCE
A |
LABEL
KT
KIT DONE '
IMODIFIED] RETURN

Figure 6—-22. Modify Cal Kit Menu

(SETZ) modifies the characteristic impedance value Z, recognized by the analyzer {the
default value is 50Q). This charactetistic impedance sets the center value of the Smith chart, and is
used by the network analyzer in calculating impedance measurements. [n addition, it is used in caicu-
lating parameter conversions (refer to Conversion Menu in Chapter 5 for more information).

If the characteristic impedance of the calibration standards is not 50 ohms, a minimum loss pad or
matching transformer should be inserted at the measurement port. The characteristic impedance must
be set correctly before calibration procedures are performed.

DEFS) makes the standard number the active function, and brings up the define
standard menus, The standard number {1 to 8) is an arbitrary reference number used to reference
standards while specifying a class. The standard numbers for the predefined calibration kiis are as
foliows:

The DEFINE can only “define” 5 types: short, open, load, delay/thru, arbitrary impedance,

1 short 5 load
2 open 6 load
3 joad 7 short
4 delay/thru B open

eads to the specify class menu. Class assignment groups the standards into classes
that correspond to the sysiematic errors to be corrected by a particular measurement calibration pro-

cedure. Define the standards first, then use this key to specily the standards to be grouped in a specific
class.
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i brings up a menu that allows you to choose the calibration, line or system imped-

ance.

leads 1o the labe! class menu, which is used to give the class a meaningful label for
future reference.

{LABEK) leads to a menu to generate a label for the user—modified cal kit. if a labelis
supplied, it will appear as one of the softkey choices in the select cal kit menu. It will also be used
as the file label for a cal kit definition stored to disc. The approach is similar fo defining a display fitle,
except that the kit label is limited to eight characters.

TD) terminates the cal kit modification process, after all standards are defined and all
classes are specified. Be sure to save the kit with the softkey in the select cal kit menu,
if it is to be used later,

Define Standard Menus

Standard definition is the process of mathematically modeling the electrical characteristics (delay, at-
tenuation, and impedance) of each calibration standard. These electrical characteristics {coefficients)
can be mathematicaily derived from the physical dimensions and material of each calibration standard
or from its actual measured response. The parameters of the standards can be listed in the Standards
Definition Table, Table 6—11. The menus iliustrated in Figure 6—23 are used to specify the type and
characteristics for each user—defined standard,

Iable 6—11. Standard Definitions Table

Standard Co Ct Cz c3 Fixed or Offset Frequency {GH2) | Coax | Stan-
x10~15 | %1027 | x10~35% | x10~%5 | Sliding or dard
F FHz | FHz? | FHZS Wave- | Label

guido
NO. [TYPE | Lose Zg | Minlmu | Madmim
p2 S Q Im

i

2

3

4

5

6

7

8

Each standard must be identified as one of five “lypes™: open, short, load, delay/thru, or arbitrary im-

pedance.

After a standard number is entered with the

: softkey, selection of the standard type

will present one of five menus for entering the electrical characteristics corresponding to that standard
fype. These menus are tailored to the current type, se that only characteristics applicable to that stan-
dard type can be modified.
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Any standard type can be further defined with ofisels in delay, loss, and standard impedance; as-
signed minimum or maximum frequencies over which the standard applies; and defined as coax or
waveguide. Press the i softkey, and refer to Specify Offset Menu.

A distinct label can be defined and assigned to each standard, so that the analyzer can prompt the
user with explicit standard iabels during calibration {e.g. “SHORT"). Press th to pres-
ent a menu similar to the one used in defining a display title.

{o terminate the standard

After each standard is defined, including offsels, pres
definition,
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DEFINE
STANDARD
SEY

SYSTEM Z0
CLASS

CLASS
TRLa/ L itde

KIT DONE
IMODFED]

DIPHL affessmmsmmnd

STD TYPE:
OPEN
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MPEDANCE

g 8 2 8

T AIRE
j

i
g% AN
:

510
STD_DDNE STD DONE
{DEFINED) (DEFINED)

- =
-
-

OFFSET SELECT
DELRY LETTER
OFFSET
1058
OFFSET
70 SPACE
WINTMUM
FREQUENCY
FREQUENCY SPACE
COAX ERASE
THE
WAVECUIDE
STD OFFSET
DONE DONE

Figure 6—23. Modify Cal Kit/Define Standard Menus
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i (STDTOPEN) defines the standard type as an open circuit, used for calibrating reflection mea-
surements Pressing this key also presents a menu to define the open, including its capacitance. An
open circuit is assigned a terminal impedance of infinity ohms, but delay and loss offsets may still be
added.

As a refiection standard, an open circuit offers the advantage of broadband frequency coverage. At
microwave frequencies, however, an open rarely has perfect reflection characteristics because the
fringing capacitance effects cause phase shift that varies with frequency. This can be observed in
measuring an open circuit after calibration, when an arc in the lower right circumference of the Smith
chart indicates capacitive reactance. These effects are impossible to eliminate, but the calibration kit
models include the open circuit capacitance at all frequencies for the analyzer compatible calibration
kits. The capacitance model is a cubic polynomial, as a function of frequency, where the polynomial
coefiicients are user—definable. The capacitance model equation is:

C =(CO) +(C1*F) +(C2*F2) +(C3*F3)
where F is the measurement frequency.

The terms in the equation are defined with the specify open menu as follows:

#0 (CO)is used to enter the COterm, which is the constant term of the cubic polynomial and is scaled
by 10-1° Farads.

{C1) is used to enter the C1 term, expressed in F/Hz (Farads/Hz)} and scaled by 10727,

{C2) is used to enter the C2 term, expressed in F/Hz2 and scaled by 1036,

{C3) is used to enter the C3 term, expressed in F/Hz® and scaled by 1045,

: (STDTSHOR) defines the standard type as a short, for calibrating reflection measurements.
Shorts are assigned a terminal impedance of 0 ohms, but delay and loss offsets may still be added.

STDTLOAD) defines the standard type as a load {termination). Loads are assigned a terminal

impedance equal to the system characteristic impedance Z, (usually 509}, but delay and loss offsets
may still be added. If the load impedance is not Zg, use the arbitrary impedance standard definition.

| {FIXE) defines the load as a fixed (not sliding) load. ; : (SLIL) defines the load as a
shdxng load. In calibration sequences that use a sliding load, the analyzer will prompt for several load
positions, and use the measurement results from all of them to calculate the ideal load value.

{STDTDELA) defines the standard type as a transmission line of specified length, for
transmission calibrations.

E e (STDTARBI) defines the standard type to be a load, but with an arbitrary imped-
ance different from the system Zg.

(TERI) is used to specify the (arbitrary) impedance of the standard, in ohms.

FIXE) defines the load as a fixed (not sliding) load.

(SLIL) defines the load as a sliding load. In calibrations that use a sliding load, the analyzer
will prompt for several load positions to calculate the ideal load value.
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(OFLD) defines the load so that it is treated as an offset ioad during a calibration sequence.
The offset load then requires two sets of measurements to compute the load.

Specify Offset Menu

The specify offset menu {Figure 6-24) allows additional specifications for a user—defined standard.
Features specified in this menu are common to all five types of standards.

An offset is equivalent to a uniform length of tfransmission line between the standard being defined
and the actual measurement plane. (Exampie: a waveguide short circuit terminator, ofiset by a short
length of waveguide.) For reflection standards, the offset is assumed to be between the measurement
plane and the standard {one—way only). For iransmission standards, the offset is assumed fo exist
between the two reference planes (in effect, the offset is the thru). Three characteristics of the offset
can be defined: its delay (length), loss, and impedance. An offset can be specified with any standard

type.

The frequency range over which a particular standard is valid can be defined with a minimum and
maximum frequency. This is particularly imporiant for a waveguide standard, since its behavior
changes rapidly beyond its cutoff frequency. Note that several band—Ilimited standards can together
be defined as the same “class” (see specify class menu). Then, if a measurement calibration is per-
formed over a frequency range exceeding a single standard, additional standards can be used for
each portion of the range.

Lastly, the standard must be defined as either coaxial or waveguide. If it is rectangular waveguide,
dispersion effects are calculated automatically and included in the standard model.

-
:

Figure 6—24. Specify Offset Menu

OFFSET
DELAY

OFFSET
L0SS

OFFSET

N A

MINEMUM
FREQUENCY

MAXBAUM
FREQUENCY

COAX

o0 N

WAVEGUIDE

STD OFFSET
DONE

H

{OFSD) is used for a standard that has electrical length relative to the calibration
plane, Offset delay is entered as the one—way travel time through an offset from the measurement
{reference) plane to the standard, in seconds {s). (In a transmission standard, offset delay is the delay
from plane to plane.) Delay can be caiculated from the precise physical length of the offset, the permit-
tivity constant of the medium, and the speed of light.
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In coax, group delay is considered constant. in waveguide, however, group delay is dispersive, that
is, it changes significantly as a function of frequency. Hence, for a waveguide standard, offset delay
must be defined at an infinitely high frequency.

: (OFSL) is used to specify energy loss, due to skin effect, along a one—way length of
coax offset. The value of loss is entered as ohms/nanosecond {or Gigohms/second} at 1 GHz. (Such
losses are negligible in waveguide, so enter 0 as the loss offset.)

(OFSZ) is used to specify the characteristic impedance of the coax offset. (Note: This is

not the impedance of the standard itself.) (For waveguide, the offset impedance is always assigned
a value equal fo the system Zy.)

E * (MINF) is used to define the lowest frequency at which the standard can be used
dunng measurement calibration. In waveguide, this must be the jower cutoff frequency of the standard
so that the analyzer can calculate dispersive effects correctly {se

: (MAXF) is used to define the highest frequency at which the standard can be
used during measurement calibration. In waveguide, this is normally the upper cutoff frequency of the
standard.

E (COAX) defines the standard (and the offset) as coaxial. This causes the analyzer to assume
iznear phase response in any offsets.

E (WAVE) defines the standard (and the offset) as rectangular waveguide. This causes the
analyzer to assume a dispersive delay (see

Label Standard Menu (LABS)

This menu (Figure 6-25) is used 1o label individua! standards for reference during the menu~driven
measurement calibration sequence. The labels are user—definable using a character set displayed.
on the CRT that includes letters, numbers, and some symbols, and they may be up to eight characters
long. The analyzer will prompt you to connect standards using these labels, so they should be mean-
ingful to you, and distinct for each standard,

it is recommended that the iabel include information carried on the standard, such as the serial num-
ber, to avoid confusing multiple standards that are similar in appearance.

By convention, when sexed connector standards are labeled male {m) or femate {f), the designation
refers to the test port connector sex, not the connector sex of the standard.
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Figure 625, Label Standard Menu

Standard labels are created in exactly the same way as titles, Referto Key, Title Menu in Chap-

ter 5.
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Specify Class Menus

Once a standard is defined, it must be assigned to a standard “class.” This is a group of from one
to seven standards that is required to calibrate for a single error term. The standards within a single
class are assigned to locations A through G as listed on the Standard Class Assignments Table,
Table 6—12. A class often consists of a-single standard; but may-be composed of more than one
standard if band-limited standards are used. (Example: The predefined 3.5 mm cal kit mode] for the
analyzer has a singie short circuit standard and a single open circuit standard. However, the load
standard class includes three standards: a broadband load, a sliding load for high frequencies, and
a lowband load.)

Table 6~ 12. Standard Class Assignments Table

STANDARD CLASS
A B c 8] E F G LABEL

S1rA

Forward Transmission

Reverse Transmission
Forward Match
Reverse Maich

Response

Response & lsolation

The number of standard classes required depends on the type of calibration being performed, and
is equal to the number of error terms corrected. (Examples: A response calibration requires only one
class, and the standards for that class may include an open and/for short and/or thru. A 1—portt calibra-
tion requires three classes. A full 2—port calibration requires ten classes, not including two for isola-
tion.}

The number of standards that can be assigned to a given class may vary from none (class not used)
to one {simplest class) up to seven. When a certain class of standards is required during calibration,
the analyzer will display the labels for all the standards in that class (except when the class consists
of a single standard). This does not, however, mean that all standards in a class must be measured
during calibration. Unless band~limited standards are used (such as a lowband load and a sliding
load), only a singie standard per class is required. Note that it is often simpler to keep the number
of standards per class to the bare minimum needed (often one) to avoid confusion during calibration.

Standards are assigned to a class simply by entering the standard’s reference number (established

while defining a standard) under a particular class. Each class can be given a user~definable label
as described under Label Class Menus, below.
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SPESTA FWD. TRANS TR HHRU
S11B REV. TRANS REFLEET
s11¢ FWD. MATCH OB e

SPECEX: REV. MATCH

5228 RESPONSE
sz2¢ Pt
MORE [ i MORE i

LASS DONE CLASS DONE CLASS DONE

(SPEC'D) (SPEC'D) (SPEC'D)

Figure 6~ 26. Specify Class Menus

i (SPECS11A) is used to enter the standard number(s) for the first class required for
1—port cafibration. (For predefined cal kits, this is the open.)

. (SPECS11B) is used to enter the standard number(s) for the second class required for an
$111—port calibration. (For predefined cal kits, this is the short.)

i (SPECS11C) is used to enter the standard number(s) for the third class required for an
S111—port calibration. (For predefined kits, this is the load.)

(SPECS22A) is used to enter the standard number(s) for the first class required for
an §22 1—port calibration. (For predefined cal Kits, this is the open.)

: (SPECS22B) is used to enter the standard number(s) for the second class required for an 8§22
1—port calibration. (For predefined cal Kits, this is the short.)

(SPECS22C) is used to enter the standard number(s) for the third class required for an
$221-port calibration. (For predefined kits, this is the load.)

. leads to the following softkeys.

S (SPECFWDT) is used to enter the standard number(s) for the forward (port 1 to port 2)
transmission thru calibration. (For predefined kits, this is the thru.)

S (SPECREVT) is used to enter the standard number(s) for the reverse (port 2 to port 1)
transmission (thru) calibration. (For predefined kits, this is the thru.)

{SPECFWDM) is used to enter the standard number(s) for the forward match (thru) cali-
bration. (For predefined kits, this is the thru.}

REVM; {SPECREVM} is used to enter the standard number(s) for the reverse match (thru) cali-
bration. {For predefined kits, this is the thru.)
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2. (SPECRESP) is used to enter the standard number(s) for a response calibration. This cali-
bratlon corrects for frequency response in either refiection or transmission measurements, depending
on the parameter being measured when a calibration is performed. (For predefined kits, the standard
is either the open or short for reflection measurements, or the thru for transmission measurements.)

i (SPECRES]) is used to enter the standard number(s) for a response & isolation
calibration. This calibration corrects for frequency response and directivity in reflection measurements,
or frequency response and isolation in transmission measurements.

is used to enter the standard number(s) for the TRL* THRU class.

is used to enter the standard number(s) of the TRL* REFLECT class.

is used to enter the standard number(s) for the TRL + LINE OR MATCH class.

Label Class Menus

The label class menus are used to define meaningiul labels for the calibration classes. These then
become softkey labels during a measurement calibration. Labels can be up to eight characters long.

Eilinas FwD. TR [P tEvreR ‘__J TRLs MTﬁgffI
S11B —f— REV. TRANS F—fiw-- rernr
SHIC i FWD. MATCH [~ SPACE ggl-hl%é
e REV. MATCH |=—fn-t

5228t i RESPONSE |~finnt sg:ﬂcg -

$22C i RESTONSE L] ERASE

MORE |-———J MORE

oNE R DONE Lse

Figure 6—27. Label Class Menus

Labels are created in exactly the same way as display titles. Refer to Key, Title Menu in Chapter
5.
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TRL*/LRM* Option Menus

The TRL*/LRM* option menus are used to set the system and line impedance when doing a TRL*
or LRM* calibration. Also allow a reference to set as a thru or a reflection measurement.

% _

Figure 6--28. TRL/LRM Options Menu

CAL Z0:
LINE ZD

SYSTEM Z0

SET REF.
THRU

A 0 n

REFLECT

A _A.n

RETURN

establishes the TRL* LINE/MATCH standard as the characteristic impedance (de-

fault).

) establishes the value set under SET SYSTEM Z; as the characteristic impedance.
- the measurement reference plane is to be set by the TRL* REFLECT standard.
T — the measurement reference plane is to be set by the TRL* THRU standard.

Label Kit Menu

After a new calibration kit has been defined, be sure to specify a label for it. Choose a label that de-
scribes the connector type of the calibration devices. This label will then appear in the £ softkey
label in the correction menu and the 3 i label in the select cal kit menu. it will be saved with
calibration sets.

This menu is accessed with th oftkey in the modify cal kit menu, and s identical to the

iabel class menu and the label standard menu described above. it allows definition of a label up to
sight characters long.

Verify Performance

Once a measurement calibration has been generated with a user—defined calibration Kit, its perform-
ance shoulid be checked before making device measurements. To check the accuracy that can be
obtained using the new calibration kit, a device with a weli—defined frequency response (preferably
unlike 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 repeatabiiity.
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‘To achieve more complete verification of a particular measurement calibration, accurately known verifi-
cation standards with a diverse magnitude and phase response should be used. NBS traceable or
HP standards are recommended to achieve verifiable measurement accuracy.

NOTE: The published specifications for the network analyzer system include accuracy enhancement
with compatible calibration kits, Measurement calibrations made with user—defined or modi-
fied calibration kits are not subject to those analyzer specifications, although a procedure simi-
lar o the system verification procedure may be used.

Example Procedure for Specifying a User—Defined Calibration Kit

The following procedure enters the HP B5052A 3.5 mm calibration kit values as a “user kit.” This is
provided as an example to iliustrate the steps required in defining a calibration kit model.

The first keystroke sequence enters the values for standard #1, the short circuit.

UEIEEIEE]en]

UGIEIEEE (&)

DL @EIE)

The next sequence specifies standard #6, the lowband load.

6~54Measurement Calibration HP 8719C/8720C/8722A/8722C



+ [SPECIFY OFFSET] [MAXIMUM FREQUENGY] [Z] [ [E](F)[T]

The final sequence labels the kit and saves it in memory.

* Lse the knob and softkeys to modify the label 1o read “3.5mmA’

softkey is now underlined, and the user—specified kit definition is saved in non-vola-
file memory.
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Chapter 7. Using Markers

00

INTRODUCTION

The (MENUMARK) key displays a movablie active marker (V) on the screen and provides access
to a series of menus to control from one to five display markers for each channel. Markers are used
to obtain numerical readings of measured values. They also provide capabilities for reducing measure-
ment time by changing stimulus parameters, searching the trace for specific values, or statistically
analyzing part or all of the trace. Figure 7—1 illustrates the displayed trace with all markers on and
marker 1 the active marker.

THI 521 log WG 10 U8/ REF 0 0B 1 ~T7.176 6B
e vZ§e GUp 635

SI2360D0HID GHE

ki

START 050 000 OC0D Ghr STOP 20050 00D 000 GHe

Figure 7~1. Markers on Trace

Markers have a stimulus value (the x—axis value in a Cartesian format) and a response vaiue (the
y—axis value in a Cartesian format). In a polar or Smith chart format, the second part of a complex
data pair is also provided as an auxiliary response value. When a marker is turned on and no other
function is active, its stimulus value is displayed in the active entry area and can be controlied with
the knob, the step keys, or the numerical keypad. The active marker can be moved to any point on
the trace, and its response and stimuius values are displayed at the top right corner of the graticule
for each displayed channel, in units appropriate to the display format. The displayed marker response
values are valid even when the measured data is above or below the range displayed on the graticule.

Marker values are normally continuous: that is, they are interpolated between measured points, with
100 kHz resolution in the standard instrument and 1 Hz in the option 001. Alternatively, they can be
set to read only discrete measured points. The markers for the two channels normally have the same
stimulus values, or they can be uncoupled so that each channel has independent markers, regardless
of whether stimulus values are coupled or dual channel display is on.

i bath data and memory are displayed, the marker values apply to the data trace. If memory only is
displayed, the marker values apply to the memory frace. In 2 memory math display (data/memory or
data—memory), the marker values apply to the trace resulting from the memory math function.
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To see or copy (to plotter or printer) the response and stimulus values of all markers, press

3

With the use of a reference marker, a delta marker mode is available that displays both the stimulus
and response values of the active marker relative to the referance. Any of the markers or a fixed point
can be designated as the deita reference marker. if the delta reference is one of the markers, its stimu-
lus value can be controlied by the user and its response vaiue is the value of the trace at that stimulus
value. If the delta reference is a fixed marker, both its stimulus value and its response value can be
set arbitrarily by the user anywhere in the display area (not necessarily on the trace).

Markers can be used to search for the trace maximum or minimum point or any other point on the
trace. The markers can be used together to search for specified bandwidth cutoff points and caiculate
the bandwidth and Q values (see Marker Search Menu). Statistical analysis uses markers to provide
a readout of the mean, standard deviation, and peak—~to—peak values of all or part of the trace {see
Marker Function Menu).

MKR KEY

Basic marker operations are available in the menus accessed from the key. The marker search
and statistical functions, together with the capability for quickly changing stimulus parameters with
markers, are provided in the menus accessed from the key.

BELTA PARKER
MARKER MARKER QFFSET
MKR AR SREF=1 UL
- FIXED MKR
2 AREFee2 VALUE
_ FIXED MKR
3 AREF=3 AUX VALUE
g AREF=1
5 AREF=5
ALL AREF=A
OFF FIXED MKR
AMODE
iy AMODE OFF
MRK ZERO FIXED WKR
AREF= POSITION > RETURN

Figure 7-2. Menus Accessed from the Key

The menus accessed from the key (Figure 7—2) provide several basic marker operations. These
include different marker medes for different display formats, and the delta marker mode that displays
marker values relative to a specified value.
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Marker Menu

The marker menu (Figure 7-3} is used fo turn the display markers on or off, to designate the active
marker, and to gain access to the marker delta mode and other marker modes and formats.

A

e
.

AMODE
MENU

MKR ZERD
AREF=4 =1

Figure 7—-3. Marker Menu

. (MARK1) turns on marker 1 and makes it the active marker. The active marker appears on
the CRT as —. The active marker stimulus value is displayed in the active entry area, together with
the marker number. If there is a marker turned on, and no other function is active, the stimulus value
of the active marker can be controlled with the knob, the step keys, or the number pad. The marker
response and stimulus values are displayed in the upper right corner of the screen.

' (MARK2) turns on marker 2 and makes it the active marker. If another marker is present,
that marker becomes inactive and is represented on the CRT as A.

; (MARK3) turns on marker 3 and makes it the active marker.

o~

| (MARK4) turns on marker 4 and makes it the active marker.
s (MARKS) turns on marker 5 and makes it the active marker.

{MARKOFF) turns off ali the markers and the delta reference marker, as well as the tracking
and bandwidth functions that are accessed with the key.

goes to the deita marker menu, which is used to read the difference in values between
the active marker and a reference market.

: G (MARKZERO) puts a fixed reference marker at the present active marker position, and
makes the fixed marker stimulus and response values at that position equal to zero. All subsequent
stimulus and response values of the active marker are then read out relative to the fixed marker. The
fixed marker is shown on the CRT as a small triangle A (delta), smalter than the inactive marker
triangles. The softkey label changes from i E
"AREF=A" is displayed at the top right corner of the graticule. Marker zero is canceled by turning delta
mode off in the delta marker menu or turning all the markers off with the i softkey.
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provides access to the marker mo'de menu, where several marker modes can
be selected including special markers for polar and Smith formats.

Delta Marker Mode Menu

The delta marker mode is used o read the difference in stimulus and response values between the
active marker and a designated delta reference marker. Any of the markers or a fixed point can be
designated as the reference marker. If the reference is one of the markers, its stimulus value can be
controlled by the user and its response value is the value of the frace at that stimulus value. If the
reference is a fixed marker, both its stimulus value and its response value can be set arbitrarily by the
user anywhere in the display area. The delta reference is shown on the CRT as a small triangle A
{deita), smaller than the inactive marker triangles. If one of the markers is the reference, the triangle
appears hext to the marker number on the trace.

The marker values displayed in this mode are the stimulus and response values of the active marker
minus the reference marker. If the active marker is aiso designated as the reference marker, the marker

values are zero.

Figure 7~4. Delta Marker Mode Menu

AREF=1

AREF=2

AREF=S

g _H f

AREFwl

OAREFub

AHREFz=A
FIXED MKR

AMODE O

N .

FIXED MKR
POSITION

(DELR1) establishes marker 1 as a reference. The active marker stimulus and response
values are then shown refative 1o this delta reference. Once marker 1 has been selected as the delta
reference, the softkey iabel
to the screen. In the marker menu, the first key is now labeled
“AREF=1" appears at the top right corner of the graticule.

AHEE =2 (DELR2) makes marker 2 the delta reference. Active marker stimulus and response values
are then shown relative to this reference.

{DELRS} makes marker 3 the delta reference.

{DELR4) makes marker 4 the delta reference.

{DELRS5) makes marker 5 the delta reference.
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(DELRFIXM} sets a user—specified fixed reference marker. The stimulus and
response values of the reference can be set arbitrarily, and can be anywhere in the dispiay area consis-
tent with the 100 kHz frequency resolution of the standard instrument {1 Hz in the option 001). Unlike
markers 1 to 5, the fixed marker need not be on the trace. The fixed marker is indicated by a small
triangle A, and the active marker stimulus and response values are shown relative to this point. The
notation “AREF=A" is displayed at the top right corner of the graticule.

Pressing this softkey turns on the fixed marker. its stimulus and response values can then be changed
using the fixed marker menu, which is accessed with the 3 i softkey described be-
low. Alternatively, the fixed marker can be set to the current active marker position, using the
softkey in the marker menu.

{DELO) turns off the delta marker mode, so that the values displayed for the active mark-
er are absolute values.

leads 1o the fixed marker menu, where the stimulus and response values for a
fixed reference marker can be set arbitrarily.

Alternatively, the current position of the active marker can be entered as the fixed reference by using
in the marker menu,

i goes back to the marker menu.

Fixed Marker Menu

This menu (Figure 7—5) is used to set the position of a fixed reference marker, indicated on the display
by a small triangle A. Both the stimulus value and the response value of the fixed marker can be set
arbitrarily anywhere in the display area, and need not be on the trace. The units are determined by
the display format, the sweep type, and the marker type.

There are two ways 1o turn on the fixed marker. One way is with the = softkey in
the delta marker menu. The other is with the function in the marker menu, which puts a

fixed reference marker at the present active marker position and makes the marker stimulus and re-
sponse values at that position equal to zero.

The softkeys in this menu make the values of the fixed marker the active function. The marker readings
in the top right corner of the graticule are the stimulus and response values of the active marker minus
the fixed reference marker. Also displayed in the top right corner is the notation "AREF=A."

The stimuius value, response value, and awdliary response value (the second part of a complex data
pair} can be individually examined and changed. This allows active marker readings that are relative
in amplitude yet absolute in frequency, or any combination of relative/absolute readouts. Following
: operation, this menu can be used 1o reset any of the fixed marker values to absolute
zero for absolute readings of the subsequent aciive marker values.

if the format is changed while a fixed marker is on, the fixed marker vaiues become invalid. For exam-
ple, if the value offset is set to 10 dB with a log magnitude format, and the format is then changed
to phase, the value offset becomes 10 degrees. However, in polar and Smith chart formats, the speci-
fied values remain consistent between different marker types for those formats. Thus an R+jX marker
set on a Smith chart format will retain the equivaient values if it is changed to any of the other Smith
chart markers.
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FIXED MKR
STIMULUS
FIXED MKR
VALUE

FIXED MKR
AUX VALUE

A A0

0000 0000
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RETURN

Figure 7—5. The Fixed Marker Menu

TMULES: (MARKFSTI) changes the stimulus value of the fixed marker. In the standard
instrument, this value must be divisible by 100 kHz. Fixed marker stimulus values can be different for
the two channels if the channel markers are uncoupled using the marker mode menu.

To read absolute active marker stimulus values following a ¢
can be reset to zero.

. operation, the stimulus value

: (MARKFVAL] changes the response value of the fixed marker. In a Cartesian format

this is the y—axis value. In a polar or Smith chart format with a magnitude/phase marker, a realfimagi-
nary marker, an R+jX marker, or a G+jB marker, this applies to the first part of the complex data pair.
Fixed marker response values are always uncoupled in the two channels.

To read absolute active marker response values following a ]
can be reset to zero.

operation, the response value

. (MARKFAUV) is used only with a polar or Smith format. It changes the auxiliary
response value of the fixed marker. This is the second part of a complex data pair, and applies to a
magnitude/phase marker, a realfimaginary marker, an R-+jX marker, or a G+jB marker. Fixed marker
auxiliary response values are always uncoupled in the two channels.

To read absolute active marker auxiliary response values following a
value can be reset to zero.

operation, the awdliary

| goes back to the delta marker menu.
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MKR FCTN KEY
The (MENUMRKF) key activates a marker if one is not already active, and provides access

to additional marker functions. These can be used to quickly change the measurement parameters,
to search the trace for specified information, and to analyze the trace statistically.

TARGET

MENU
TARGET EANCWITH
MENU
SEARCH
LEFT BANDWIDTH
VALUE
SEARCH
MARKER SEARCH RIGHT BW MWEASURE WARKER FUNCTION
WENL on OFF MENU
MKR _ SEARCH: MARKER —»
FCTN orrl START
’ MARKER —»=
"W‘l STOP
MARKER b
"‘”“1 CENTER
TARGET il AR
TRACKING RETURN MARKER —
ON OFF REFERENCE
BAMDWIDTH MARKER -
MENU - RETURN DELAY
MARKER —~
MENU -
MKR MODE WARKER MODE POLAR MKR STATS
MENU MENU MENU on OFF
\ > MARKERS
DISCRETE LN MxR
| SMITH
CONTINUDUS LOG MKR MENY
DISP MKRS LN MKR
o OFE Re/lm MKR
MARKERS: LOG MKR
COUPLED
Re/Im MKR
UNCOUPLED
R3jc MKR
POLAR MKR
MENU P>
SMITH MKR G+jb MKR |
MENU
STATISTICS
o OFF RETURN
o
RETURN

Figure 7—6. Menus Accessed from the Key
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Marker Search Menu

This menu is used to search the trace for a specific magnitude—related point, and place the marker
on that point. The capability of searching for a specified bandwidth is also provided. Tracking is avail-
able for a continuous sweep—to—sweep search. If there is no occurrence of a specified value or band-
width, the message “TARGET VALUE NOT FOUND” is displayed.

H
a0 A

oA n.n

TARGET

TRACKING
on OFF

BAKNDWIDTH
MENU

WMARKER
MENY

MKR MODE
MENU

Figure 7~7. Marker Search Menu

. (SEAQOFF) turns off the marker search function.
. (SEAMAX) moves the active marker to the maximum point on the trace.

Wil (SEAMIN) moves the active marker to the minimum point on the trace.

TANGET: (SEATARG) makes target value the active function, and places the active marker at a speci-
fied target point on the trace. The default target value is —3 dB. The target menu is presented, provid-
ing search right and search left options to resolve muitiple solutions.

For relative measurements, a search reference must be defined with a deita marker or a fixed marker
before the search is activated.

All markers are turned on, and each has a dedicated use. Marker 1 is a starting point from which the
search is begun. Marker 2 goes to the bandwidth center point. Marker 3 goes to the bandwidth cutoff
point on the left, and marker 4 to the cutoff peoint on the right.

It & delta marker or fixed marker is on, it is used as the reference point from which the bandwidth
magnitude is measured. For example, if marker 1 is the delta marker and is set at the passband maxi-
mum, and the widih value is set to —3 dB, the bandwidth search finds the bandwidth cutoff points
3 dB below the maximum and caiculates the 3 dB bandwidth and Q.

If marker 2 (the dedicated bandwidth center point marker) is the delta reference marker, the search
finds the points 3 dB down from the center.
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if no delta reference marker is set, the bandwidth values are absolute vaiues.

¢ (TRACKON, TRACKOFF) is used in conjunction with other search features to track
the search with each new sweep. Turning tracking on makes the HP 8720 search every new trace
for the specified target vaiue and put the active marker on that point. If bandwidth search is on, tracking
searches every new trace for the specified bandwidth, and repositions the dedicated bandwidth mark-
ers.

When tracking is off, the target is found on the current sweep and remains at the same stimulus vaiue
regardiess of changes in trace response value with subsequent sweeps.

A maximum and a minimum point can be tracked simultaneously using two channels and uncoupled
markers.

. brings up the bandwidth menu.

brings up the marker function menu which provides softkeys that use markers to
quickly modify certain measurement parameters.

' Brings up the marker mode menu. This menu provides different marker modes.

Target Menu

The target menu places the marker at a specified target response value on the trace, and provides
search right and search left options. If there is no occurrence of the specified value, the message

"TARGET VALUE NOT FOUND" is displayed.

Figure 7-8. Target Menu

TARGET

SEARCH

SEARCH
RIGHT

%
I onn

a0

A

RETURN

(SEATARG) places the marker at the specified target response value. If tracking is on (see
previous menu) the target is automatically tracked with each new trace. If tracking is off, the target
is found each time this key is pressed. The target value is in units appropriate to the current format.
The default target value is —3 dB.
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in delta marker mode, the target vaiue is the value relative to the reference marker. If no delta reference
marker is on, the target value is an absolute value.

(SEAL} searches the trace for the next occurrence of the target value to the left.

(SEAR) searches the trace for the next occurrence of the target vaiue to the right.

goes back to the marker search menu.

Bandwidth Menu

The bandwidth menu sets the bandwidth value that sets the start and stop points for a marker band-
width search.

BANDWIDTH
VALUE

BW MEASURE
on OFF

S (O N & O 1 8

RETURN

Figure 7—9. Bandwidth Menu

g = (WIDV) is used to set the amplitude parameter (for example 3 dB) that defines the
start and stop points for a bandwidth search. The bandwidth search feature analyzes a bandpass or
band reject trace and calculaies the center point, bandwidth, and Q (quality factor} for the specified
bandwidth. Bandwidth units are the units of the current format.

(WIDTON, WIDTOFF) turns on the bandwidth search feature and calculates the

center stimulus value, bandwidth, Q and shape factor, {ratic of —6 and —60 dB bandwidths) of a band-
pass or band reject shape on the trace. The amplitude value that defines the passband or rejectband
is set using the : softkey.

Four markers are turned on, and each has a dedicated use. Marker 1 is a starting point from which
the search is begun. Marker 2 goes to the bandwidth center point. Marker 3 goes to the bandwidth
cutoff point on the ieft, and marker 4 to the cutoff point on the right.

NOTE: If a delta marker or fixed marker is on, it is used as the reference point from which the band-
width amplitude is measured, For example, if marker 1 is the delta marker and is set at the
passband maxdmum, and the width value is set to —8 dB, the bandwidth search finds the
bandwidih cutoff points 3 dB below the maximum and calculates the 3 dB bandwidth and Q.
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i marker 2 (the dedicated bandwidih center peint marker) is the delta reference marker, the
search finds the points 3 dB down from the center.

If no delta reference marker is set, the bandwidth values are absoclute values.

§! returns to the marker search menu.

Marker Function Menu

This menu provides softkeys that use markers to quickly modify certain measurement parameters
without going through the usual key sequence. In addition, it provides access to two additional menus
used for searching the trace and for statistical analysis.

: functions change ceriain stimuius and response parameters to make them equal

o the current active marker value. Use the knob or the keypad fo move the marker to the desired
position on the frace, and press the appropriate sofikey to set the specified parameter to that trace
value. When the values have been changed, the marker can again be moved within the range of the

new parameters.

Figure 7~10. Marker Function Menu
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(MARKSTAR} changes the stimulus start value to the stimulus value of the active

marker.

(MARKSTOP) changes the stimulus stop value to the stimuius value of the active

marker.

(MARKCENT) changes the stimulus center value to the stimulus value of the
active marker, and centers the new span about that value.

{MARKSPAN) changes the start and stop values of the stimulus span to the values

. ofthe active marker and the delta reference marker. If there is no reference marker, the message *NO
MARKER DELTA-~-SPAN NOT SET” is displayed.
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{(MARKREF)} makes the reference value equal to the active marker's response
value, without changing the reference position. in a polar or Smith chart format, the full scale value
at the outer circle is changed to the active marker response value. This softkey aiso appears in the
scale reference menu.

(MARKDELA) adds electrical delay, up to a maximum of 10 usec, to balance the

phase of the DUT. This is performed automatically, regardless 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 atthe active marker position. This effectively flatiens the phase trace around the active
marker, and can be used to measure electrical iength or deviation from linear phase. Additional electri-
cal delay adjustments are required on DUTs without constant group delay over the measured frequen-
cy span. Refer to Scale Reference Menu in Chapter § for more information on electrical delay.

Marker Mode Menu

This menu provides different marker modes and makes available two additional menus of special
markers for use with Smith chart or polar formats.

MARKERS:
DISCRETE

CONTINUOUS

PISP  MKRS
on OFF

MARKERS:
COUPLED

UNCOUPLED

POLAR MKR
MENU

SMITH MKR
MENU

STATISTCS
on OFF

1 1 S 1 U 1 U 1 G G Y

-
£

Figure 7—11. Marker Mode Menu

(MARKDISC) places markers only on measured trace points determined by the

stimulus settings.

i (MARKCONT) interpolates between measured points to allow the markers to be placed

at any point on the trace. The marker readout values are also interpolated, with 100 kHz resolution
in a standard instrument and 1 Hz in an option 001. This is the default marker mode.

{DISM) displays response and stimulus values for all markers that are turned on.
Available only if no marker functions are on.

(MARKCOUP) couples the marker stimulus values for the two display channels.
Even if the stimulus is uncoupled and two sets of stimulus values are shown, the markers frack the

same stimulus values on each channel as long as they are within the displayed stimulus range. Mark-
ers are normally coupled.
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| (MARKUNCO) allows the marker stimulus values to be controlied independently on each

channel,

leads to a menu of special markers for use with a polar format.

i leads to a menu of special markers for use with a Smith chart format.

' goes back to the marker menu.

(MEASTAT) calculates and displays the mean, standard deviation, and peak—to~peak
values of the section of the displayed trace between the active marker and the delta reference marker.
If there is no delta reference, the statistics are calculated for the entire trace, A convenient use of this
feature is to find the peak—to—peak value of passband ripple without searching separately for the
maximum and minimum values. The User's Guide provides an example of such a measurement, ilius-
trated here in Figure 7-12.

The statistics are absolute values: the delta marker here serves to define the span. For polar and Smith
formats the statistics are calculated using the first value of the complex pair (magnitude, real part,
resistance, or conductance).

CHZ 521 g MAG 10 &/ REF ~40 B % 7793 dB

e .mxl CHx
AFEF=]
o616 4B
a.ded 2 g8
a ppil 15043 of
Ta N
/
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|~ "\
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CENTER 10,2400 GHz SPAN 10000 GHz

Figure 7~12. Measurement Using Marker Statistics
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Polar Marker Menu

This menu is used only with a polar display format, selectable using the key. In the polar
format, the magnitude at the center of the circle is zero and the outer circle is the full—-scale value
set in the scale reference menu. Phase is measured as the angle counterclockwise from 0°at the posi-
tive x—axis. The analyzer automatically calculates different mathematical forms of the marker magni-
tude and phase values, selected using the softkeys in this menu. Marker frequency is displayed in
addition to other values regardless of the selection of marker type.

-
£

Figure 7—13. Polar Marker Menu
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: (POLMLIN) displays a readout of the linear magnitude and the phase of the active marker.

This is the preset marker type for a polar display. Magnitude values are read in units and phase in
degrees.

t (POLMLOG) displays the logarithmic magnitude and the phase of the active marker. Magni-
tude values are expressed in dB and phase in degrees. This is useful as a fast method of obtaining
a reading of the log magnitude value without changing to log magnitude format.

(POLMRI) displays the values of the active marker as a real and imaginary pair. The com-

plex data is separaied into its real part and imaginary part. The first marker value given is the real part
M cos ©, and the second value is the imaginary part M sin ©, where M =magnitude and ©=phase
angle,

i goes back to the marker mode menu.
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Smith Marker Menu

This menu is used only with the Smith chart format, selected from the format menu. The analyzer
automatically calculates different mathematical forms of the marker magnitude and phase values, se-
lected using the softkeys in this menu. Marker frequency is displayed in addition to other vaiues for
all marker types.

For additional information about the Smith chart display format, refer to Key in Chapter 5.

UN MKR |4

LOG MKR’I - |

Re/im MKRI -

R+JX MKRl 3

G+jB uKRl -
n%

1

RETURN |

Figure 7—-14. Smith Marker Menu

(SMIMLIN) displays a readout of the linear magnitude and the phase of the active marker.
Marker magnitude values are expressed in units and phase in degrees.

E (SMIMLOG) displays the logarithmic magnitude value and the phase of the active marker.

Magnitude values are expressed in dB and phase in degrees. This is useful as a fast method of obtain-
ing a reading of the log magnitude value without changing to log magnitude format.

(SMIMRI) displays the values of the active marker on a Smith chart as a real and imaginary
pair, The complex data is separated into its real part and imaginary part. The first marker value given
is the real part M cos 6, and the second vaiue is the imaginary part M sin ©, where M =magnitude
and O®=phase angle.

(SMIMRX) converts the active marker values into rectangular form. The compiex imped-

ance values of the active marker are displayed in terms of resistance, reactance, and equivalent series
circuitcapacitance or inductance. This is the default Smith chart marker.

For measurements in an environment that is not 50 ohms, the network analyzer characteristic imped-
ance must be modified using the softkey in the calibrate more menu (Chapter 6). Z, sets the
center value of the Smith chart, and is used in calculaling impedance measurements. In addition, a
minimum loss pad or matching transformer must be inserted between the device and the measure-
ment port.
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(SMIMGB) displays the complex admittance values of the active marker in rectangutar
form. The active marker values are displayed in terms of conductance (in Siemens), susceptance, and

equivalent paraliel circuit capacitance or inductance. Siemens are the international units of admittance,
and are equivalent to mhos (the inverse of ohms).

i goes back to the marker mode menu.
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Chapter 8. Instrument State and Limit Testing
13000000 e
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Figure 81

INTRODUCTION

The key and the key are part of the instrument state function block. The keys in this
block, and their associated menus, provide control of channel—~independent system functions.

The key leads to the menus used fo define controller modes, instrument addresses, and HP~
IB status information. (Additional HP—1IB information is provided in Chapter 12.)

The [S%s1Em]} key provides access to the limit testing feature, which compares measured data with

user—defined limits. It also leads to the option 010 time domain transform function, the instrument
mode menu, and the service menus. Limit testing is described in this chapter, and time domain is
explained in Chapter 9. The Service Manual provides complete information on the service menus.

Other functions provided by the instrument state block and its associated menus are piotting and
printing, and saving instrument states either in internal memory or on an external disc. The printing
and plotting capabilities available using the key are described in Chapter 10. Chapter 11 ex-
plains the use of instrument state save registers and external storage files, and the [S&%] and [RECAL]
keys.
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LOCAL KEY

This key is used to return the analyzer to local {front panel) operation from remote (computer con-
trolied) operation, In this local mode, with a controller still connected on HP—IB, the analyzer can be
operated manually (locally) from the front panel. This is the only front panel key that is not disabied
when the analyzer is remotely controlled over HP—IB by a computer. The exception to this is when
local lockout is in effect: this is a remote command that disables the key, making it difficult
to interfere with the network analyzer while it is under remote control.

In addition, this key gives access to the HP—IB menu, which sets the controller mode, and to the
address menu, where the HP—IB addresses of peripheral devices are entered.

HP-IB ADDRESS
MENU MENU
SYSTEM ADDRESS:
LOCAL CONTROLLER INSTRUMENT
' TALKER/ ADDRESS:
LISTENER PLOTTER
USE PASS ADDRESS:
CONTROL PRINTER
SET ADDRESS:
ADDRESSES [ DISK
ADDRESS:
CONTROLLER
HP-IB DIAG ADDRESS:
on OFF POWER MTR
DISC UNIT
NUMBER
VOLUME
NUMBER [ RETURN

Figure 8—2. Softkey Menus Accessed from the Key

HP-~IB Menu

The analyzer is factory —equipped with a remote programming interface using the Hewtett—Packard
interface Bus (HP—IB). This enables communication between the network analyzer and a controliing
computer and other peripheral devices. This menu indicates the present HP—IB controller mode of
the analyzer. Three HP—IB modes are possible: system controller, talker/listener, and pass control.

Talker/listener is the normal mode of operation. In this mode, a computer controlier communicates
with the network analyzer and other compatible peripherals over the bus. The computer sends com-
mands or instructions to and receives data from the analyzer. All of the capabilities available from the
analyzer front panel can be used in this remote operation mode, except for control of the power line
switch and some internal tests.

in the system controller mode, the analyzer itself can use HP~IB to control compatible peripherals,
without the use of an external computer. It can output measurement results directly to a compatible
printer or plotter, and store instrument states using a compatible disk drive.
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A third mode of HP—~1B operation is the pass control mode. In an automated system with a computer
controlier, the controller can pass control of the bus to the analyzer on request from the network analyz-
er. The analyzer is then the controller of the peripherals, and can direct them to plot, print, or store
without going through the computer. When the peripheral operation is complete, control is passed
back to the computer. Only one controlier can be active at a time. The computer remains the system
controller, and can regain controt at any time,

Preset does not affect the selected controller mode, but cycling the power returns the network analyzer
to talkerfiistener mode.

information on compatible peripherals is provided in the General Information section of this manual.

HP—IB Status Indicators. When the analyzer is connected to other instruments over HP—IB, the
HMP-IB STATUS indicators in the instrument state function block light up to display its current status.

R = Remote operation.

L = Listen mode.

T = Talk mode.

S = Service request (SRQ) asserted by the analyzer.

Refer to Chapter 12 for additional information on HF—IB operation of the analyzer.

SYSTEM
CONTROLLER

1
TALKER/
LISTENER

I
USE PASS
CONTROL

ADDRESSES

HP-IB DIAG
on OFF

DISK UNIT
NUMBER

VOLUME
NUMBER

u
A A n nonnpn
0000 0000

Figure 8=3. HP-IB Menu

; is the mode used when peripheral devices are io be used and there is no exter-
nal controlier. in this mode, the analyzer can directly control peripherals {plotter, printer, or disk drive).
System controller mode must be set in order for the network analyzer to access peripherals from the
front panel to plot, print, or store on disc. It is set automatically if there is no active controller present
on the bus.

The system controller mode can be used without knowiedge of HP—IB programming. However, the
HP—IB addresses displayed in the address menu must match the addresses set in the peripheral
instruments.
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This mode can be used only if no active computer controller is connected to the system through HP—
IB. lif you try to set system controlier mode when ancther confroller is present, the message "CAUTION:
CAN'T CHANGE—ANOTHER CONTROLLER ON BUS" is displayed. Do not aitempt to use this mode
for programming.

3 (TALKLIST) is the mode normally used for remote programming of the analyzer. In
this mode, the network analyzer and all peripheral devices are controlled by the external conirolier.
The controller can command the analyzer to talk, and the plotter or other device to listen. The analyzer
and peripheral devices cannot talk directly to each other unless the computer sets up a data path
between them.

This mode ailows the analyzer to be either a talker or a listener, as required by the controlling computer
for the particular operation in progress.

A talker is a device capable of sending out data when it is addressed to talk. There can be only one
talker at any given time. The analyzer is a talker when it sends information over the bus.

Alistener is a device capable ofreceiving data when itis addressed to listen. There can be any number
oflisteners at any given time. The analyzer is a listener when it is controlled over the bus by a computer.

.. (USEPASC]) lets you control the analyzer with the computer over HP—IB as with
the talkerflistener mode, and also allows the network analyzer to become the active controller in order
to plot, print, or directly access an external disc. During this peripheral operation, the host computer
is free to perform other internal tasks that do not require use of the bus (the bus is tied up by the
network analyzer during this time).

The pass control mode requires that the external controller is programmed to respond to a request
for control and to issue a take control command. When the peripheral operation is complete, the ana-
lyzer passes control back to the computer. Refer to Chapter 12 for more information.

in general, use the talker/listener mode for programming the analyzer unless direct peripheral access
is required. -

goes to the address menu, which is used fo set the HF—IB address of the analyzer,
and to display and modify the addresses of peripheral devices in the system.

. (DEBUON, DEBUOFF) toggles the HP~IB diagnostic feature {debug mode). This
mode should only be used the first time a program is written: if a program has already been debugged,
it is unnecessary.

When diagnostics is on, the network analyzer scrolis a history of incoming HP—1B commands across
the display in the title line. Nonprintable characters are represented as n. Any time a syntax error is
received, the commands haltand a pointer A indicates the misunderstood character. To clear a syntax
error, refer to the Basic Programming Guide, or the HP—IB Programming Reference,

! (DISCUNIT) specifies the number of the disk unit in the disk drive that is to be
accessed in an external disk store or load routine. This is used in conjunction with the HP—IB address

of the disk drive, and the volume number, to gain access to a specific area on a disc. The access
hierarchy is:
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HP-IB address disk unit number disk volume number. More information on storing information to an
external disk is provided in Chapter 11, Saving Instrument States.

(DISCVOLL) specifies the number of the disk volume to be accessed. in general,
all 3.5” floppy discs are considered one volume (volume 0). For hard disk drives, such as the HP 9153,
a switch in the disk drive must be set to define the number of volumes on the disc. For more informa-
tion, refer to the manual for the individual disk drive.

Address Menu

In communications through the Hewlett—Packard Interface Bus (HP—1B), each instrument on the bus
is identified by an HP—IB address. This decimal—based address code must be different for each in-
strument on the bus.

This menu is used to set the HP—IB address of the analyzer, and to enter the addresses of peripheral
devices so that the analyzer can communicate with them.

Most of the HP—-IB addresses are set at the factory and need not be modified for normal system opera-
tion. The standard factory—set addresses for instruments that may be part of the system are as follows:

instrument HP —~IB Address (decimal)
Instrument 16
Plotter 05
Printer 01
External Digk Dive 00
‘Controller 21
Power Meter 13

The address displayed in this menu for each peripheral device must match the address set on the
device itself. If the addresses do not match, they can be matched in one of two ways. Either the ad-
dress displayed on the CRT for the device can be modified using the entry controls; or the address
of the device can be changed using instructions provided in the device manual. The analyzer does
not have an HP—IB address switch: its address is set only from the front panel. An address change
becomes effective after the next preset.

These addresses are stored in short—term non—volatile memory and are not affected by preset or
by cycling the power.
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ADDRESS:
INSTRUMENT

ADDRESS:
PLOTTER

ADDRESS:
PRINTER

ADDRESS:
DISK

ADDRESS:
CONTROLLER

ADDRESS:
POWER MIR

RETURN

1

oo n.n

Figure 8—4. Address Menu

g : sets the HP—IB address of the analyzer, using the eniry controls. There is no
physical address switch.

i (ADDRPLOT) sets the HP~IB address the analyzer will use to communicate with
the plotter.

: (ADDRPRIN) sets the HP—IB address the analyzer will use to communicate with

the printer.

(ADDRDISC) sets the HP-IB address the analyzer will use to communicate with the

disk drive.

: (ADDRCONT) sets the HP—IB address the analyzer will use to communicate
with the external controller.

VERMIR: (ADDRPOWM) sets the HP—IB address the analyzer will use fo communicate
with the power meter.

goes back to the HP-IB menu.
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SYSTEM KEY (MENUSYST)

This key presents the system menu, which provides access to three additional series of menus (four
in the option 010).

INSTRUMENT
SYSTEM MENU MODE MENU
NETWORK
LIMIT MENU j——— SEE NEXT NEWoR
PAGE

TUNE

RECEVER
REFER 10 TRANSFORM
CHAPTER o " MENU
INSTRUMENT

MODE [~ >

SERVICE

MENU RETURN

Figure 8=5. System Menu

ieads to a series of menus used to define imits or specifications with which to compare
a device under test. Refer to Limit Lines and Limit Testing on the next page.

{option 010} leads to a series of menus that transform the measured data from
the frequency domain fo the time domain. Time domain modes and features are explained in Chapter
8, Time and Frequency Domain Transforms. This softkey is present only in instruments with option 010,

leads to a menu that contains softkeys that allow the instrument to be switched
to a network analyzer or tuned receiver mode.

leads to a series of service menus described in detall in the Service Manual.
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LIMIT LINES AND LIMIT TESTING

Limit lines are lines drawn on the CRT to represent upper and lower limits or device specifications with
which to compare the device under test. Limits are defined in segments, where each segment is a
portion of the stimulus span. Each limit segment has an upper and a lower starting limit value. Three
types of segments are available: flat line, sloping line, and single point. Figure 8—6 illustrates limit lines
defined for a bandpass filter. '

CHZ S21  fog MAG 10 dB/ 2ZREF —4D dB 2 ~32017 oB
13

/F:'\\ P55y oz ]

[
TRR

/Y \
/ \
/

/X A

oy I/ LY
Y E
CENTER 02400 CHr SPAN 4.0000 Ghz

Figure 8—6. Limit Lines for Bandpass Filter Testing

Limits can be defined independently for the two channels, up to 22 segments for each channel. These
can be in any combination of the three limit types.

Limit testing compares the measured data with the defined limits, and provides pass or fail information
for each measured data point. An out—of—limit test condition is indicated in several different ways:
with a FAIL. message on the screen, with a beep, by blanking of portions of the trace, with an asterisk
in tabular listings of data, with a bit in the HP—IB event status register B, and with a TTL low on pin
17 of the IO interconnect.

Limit lines and limit testing can be used simultaneously or independently. If limit lines are on and limit
testing is off, the limit lines are displayed on the CRT for visual comparison and adjustment of the
measurement trace. However, no pass/fail information is provided. if limit testing is on and fimit lines
are off, the specified limits are still valid and the pass/fail status is indicated even though the limit lines
are not displayed on the CRT.

Limits are entered in tabular form. Limit lines and limit testing can be either on or off while limits are
defined. As new limits are entered, the tabular columns on the CRT are updated, and the limit lines
(if on) are modified to the new definitions. The complete limit set can be offset in either stimulus or
amplitude value,

Limits are checked only at the actual measured data points. It is possible for a device to be out of
specification without a fimit test failure indication if the point density is insufficient. Be sure to specify
a high enough number of measurement points in the stimuius menu.

Limit lines are displayed only on Cartesian formats. In polar and Smith chart formats, limit testing of
one value is available: the value tested depends on the marker mode and is the magnitude or the first
value in a complex pair. The message “NO LIMIT LINES DISPLAYED” is shown on the CRT in polar
and Smith formats.
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The list values feature in the copy menu provides tabular listings to the CRT or a printer for every
measured stimulus value. These include limit ine and/or limit test information if these functions are
turned on. If limit testing is on, an asterisk * is listed next to any measured value that is out of limits.
If limit lines are on, and other listed data allows sufficient space, the upper limit and lower limit are
listed, together with the margin by which the device data passes or fails the nearest limit. For more
information about the list values feature, refer to Chapter 10, Making a Hard Copy Oulpt.

if limit lines are on, they are plotted with the data on a plot. If limit testing is on, the PASS or FAIL
message is plotted, and the failing portions of the trace that are blanked on the CRT are also blanked
on the plot. If limits are specified, they are saved in memory with an instrument state.

An example of a measurement using limit lines and limit testing is provided in the User’s Guide.

The menus for defining limits, illustrated in Figure 8~7, are accessed from the key.

AT EDIT LROT
SYSTEM LTS 1ATS SELMENT TYPE
MENU MR MENG MESNU MR
TMIT LINE STOULS SLOPING
LIMIT MENU i e SEGMENT LIS 1 e e
LMIT TEST WARKER —»- FLAT
on OFF STMJLUS LINE
BEEP FAL o UPPER SINGLE
on OFF T FOINT
REFER 0 FORM LOWER
CHAPTER 10 MENU DEETE g
DT DELTA
BT ENE A LMITS
MIDDLE
VALUE
INSTRUMENT LMIT_ LINE {IMET MARKER
MODE OFFSETS TPE MIDDLE
SERVICE
o RETURN DONE DONE RETURN
INSTRUMENT OFFSET -
MODE LTS
WENU MENU
NETWORK
ANALYZER
TUNED
RECEIVER
MARKER —»
AMP OFS
REYURN RETURN

Figure 8—7. The Limit Softkey Menu Series
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Limits Menu

This menu independently toggles the limit lines, limit testing, and limit fail beeper. In addition, it leads

o the menus used to define and modify the limits,

Figure 8—8. Limits Menu

LT LINE
on OFF

UMIT TEST
on OFF

BEEP FAIL
on OFF

A0 A n

UMIT LINE

LIMIT LINE
OFFSETS

. n_n

A

RETURN

(LIMILINEON, LIMILINEOFF} turns limit lines on or off. To define limits, use the

. softkey described below. I limits have been defined and limit lines are turned on, the

izmzt lines are displayed on the CRT for visual comparison of the measured data in all Cartesian for-
mats.

if limit lines are on, they are plotted with the data on a plot, and saved in memory with an instrument
state. In a listing of values from the copy menu with limit lines on, the upper limit and lower limit are
listed together with the pass or fail margin, as long as other listed data allows sufficient space.

¢ (LIMITESTON, LIMITESTOFF) turns limit testing on or off. When limit testing is on,
the data is compared with the defined limits at each measured point. Limit tests occur at the end of

each sweep, whenever the data is updated, when formatted data is changed, and when limit testing
is first turned on.

Limit testing is available for both magnitude and phase values in Cartasian formats. in polar and Smith
chart formats, the value tested depends on the marker mode and is the magnitude or the first value
in a complex pair. The message “NO LIMIT LINES DISPLAYED" is displayed in polar and Smith formats
if limit lines are turned on.

Several indications of pass or fail status are provided when limit testing is on. A PASS or FAIL message
is displayed at the right of the CRT. The trace vector leading to any measured point that is out of limits
is blanked at the end of every limit test, both on a CRT plot and a hard copy plot. The limit fail beeper
sounds if it is turned on. In a listing of values using the copy menu, an asterisk * is shown next to
any measured point that is out of limits. A bit is set in the HP—IB staius byte. Pin 17 of the 10 intercon-
nect is set at TT1. low for a fail condition and TTL high for a pass condition.
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5 ! (BEEPFAILON, BEEPFAILOFF) turns the limit fail beeper on or off, When limit testing
is on and the fail beeper is on, a beep is sounded each time a limit test is performed and a failure
detected. The limit fail beeper is independent of the warning beeper and the operation complete beep-
er, both of which are set in the display more menu {Chapter 5).

i (EDITLIML) displays a table of limit segments on the CRT, superimposed on the irace.

The edit limits menu is presented so that limits can be defined or changed. It is not necessary for limit
lines or limit testing to be on while limits are defined, aithough it is helpful to turn on fimit lines as a
visual aid. Note that the table of limit segments is not plotted with the display.

leads to the offset limits menu, which is used o offset the complete limit set by
a user—defined amount in either stimulus or amplitude value.

N goes back to the system menu.

Edit Limits Menu

This menu (Figure 8~9) is used to specify limits for iimit lines and/or limit testing, and presents a table
of limit values on the CRT. Limits are defined in segments, where each segment is a portion of the
stimulus span. Up to 22 limit segments can be specified for each channel. The limit segments do not
have to be entered in any parficular order: the analyzer automatically sorts them and lists them on
the CRT in increasing order of start stimulus value.

For each segment, the table lists the segment number, the starting stimulus value, upper limit, lower
limit, and limit type. The ending stimulus value is the start value of the next segment, or a segment
can be terminated with a single point segment. Limit values are entered as upper and jower limits or
delta limits and middle value. As new limit segments are defined the tabular listing is updated, and
if limit lines are switched on they are drawn on the CRT.

If no limits have been defined, the table of limit values shows the notation "EMPTY.” Limit segments
are added 1o the table using the i key or edited with the I: key, as described below. The last
segment on the list is followed by the notation “END.”

SEGMENT

E
n_fA f[n

DELETE

ADD

TYPE

5
Ty

DONE

Figure 8—9. Edit Limits Menu
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specifies which limit segment in the table is to be modified. A maximum of three sets of
segment values are displayed at one time, and the list can be scrolled up or down to show other
segment entries. Use the entry block controls to move the pointer >to the required segment number.
The indicated segment can then be edlted of deleted If the table of limits is designated “EMPTY,” new
segments can be added using the iAbB or ! softkey.

EBIE (SEDI) displays the edit segment menu, which is used to define or modify the stimulus value
and limit values of a specified segment. If the table was empty, a default segment is displayed. The
default segment is a sioping line with zero limits and stimulus values that vary according to the current
stimulus mode (frequency or time).

(SDEL) deletes the limit segment indicated by the pointer >.

; (SADD) displays the edit-segment menu and adds a new segment to the end of the list. The
new segment is initially a duplicate of the segment indicated by the pointer > and selected with the
softkey. If the table was empty, a default segment is displayed, as described under

above,

= leads to the limit type menu, where one of three segment fypes can be selected.

. (EDITDONE) sorts the limit segments and displays them on the CRT in mcreasmg order of
stimulus value. The limits menu is returned to the screen.

Edit Segment Menu

This menu (Figure 8—10 ) sets the values ofthe individual limit segments. The segment to be modified,
or a default segment, is selected in the edit limits menu. The stimulus value can be set with the controls
in the entry block or with a marker {the marker is turned on automatically when this menu is presented).
The limit values can be defined as upper and fower limits, or delia limits and middie value. Both an
upper limit and a lower limit (or delta limits) must be defined: if only one limit is required for a particular
measurement, force the other out of range (for example +200 dB or -—200 dB).

As new values are entered, the tabular listing of limit values is updated.

Segments do not have to be listed in any particular order: the analyzer sorts them automatically in
increasing order of start stimulus vaiue when the ¢ key in the edit limits menu is pressed. Howev-
er, the easiest way to enter a set of limits is to start with the lowest stimulus value and define the
segments from left to right of the display, with limit lines turned on as a visual check.

Phase limit values can be specified between +500° and —500°, Limit values above +180° and
below —180° are mapped into the range of —180° to +180° to correspond with the range of phase
data values.
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Figure 8—10. Edit Segment Menu

(LIMS) sets the starting stimulus value of a segment, using entry block conirols. The
ending stimulus value of the segment is defined by the start of the next segment. No more than one
segment can be defined over the same stimulus range. In a standard instrument, the starting stimulus
value must be a multiple of 100 kHz (this limitation does not apply to option 001 instruments).

E {(MARKSTIM) seis the starting stimulus value of a segment using the active mark-
er. Move the marker to the desired starting stimulus value before pressing this key, and the marker
stimulus value is entered as the segment start value.

E (LIMU) sets the upper limit response value for the start of the segment. If a lower limit

is specified, an upper limit must also be defined. If no upper limit is required for a particular measure-
ment, force the upper limit vaiue out of range (for example +200 dB).

4 is pressed, all the segments in the table are displayed in terms
of upper and lower limits, even if they were defined as delta limits and middie value.

if you attempt {o set an upper limit that is lower than the lower limit, or vice versa, both limits will be
automatically set o the same value.

% (LIML) sets the lower limit response value for the start of the segment. if an upper limit

is specrﬁed a lower limit must also be defined. If no lower limit is required for a particular measurement,
force the lower limit value out of range (for example —200 dB).

s {(LIMD) sets the limits an equal amount above and below a specified middle value, in-
stead of setting upper and lower limits separately. This is used in conjunction with ;

£, to set limits for testing a device that is specified at a particular vaiue plus or minus
an equal tolerance.

For example, a device may be specified at 0 dB =3 dB. Enter the middle value as 0 dB and the delta
fimits as 3 dB.
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When ¥ is pressed, ali the segmenis in the table are displayed in these
terms, even if they were deﬁned as upper and lower limits.

i (LIMM) sets the midpoint for . It uses the entry controls to set a specified
magnitude value vertically centered between the limits,

{ (MARKMIDD) sets the midpoint for ¢ using the active marker to set the
middle magnﬂude value of a iimit segment. Move the marker to the desired value or device specifica-
tion, and press this key to make that value the midpoint of the delta limits. The limits are automatically
set an equal amount above and below the marker.

¢ (SDON}) terminates a limit segment definition, and returns to the edit limits menu.

Limit Type Menu

This menu defines the selected limit segment as a sloping line, a flat line, or a single point.

Figure 8~11. Limit Type Menu

SLOPING
LINE
FLAT
LINE

SINGLE
POINT

O A 0.n

.o . n.n

RETURN

(LIMTSL) defines a sloping limit line segment that is linear with frequency or other
stimulus value, and is continuous to the next stimulus value and limit. If a sloping line is the final seg-
ment it becomes a fiat line terminated at the stimulus stop value. A sloping line segment is indicated
as SL on the displayed tabie of limits. A sloping line limit must be terminated by a single point for the
sloping line to be displayed properly.

LIMTFL) defines a flat limit line segment whose value is constant with frequency or other
stimulus value. This line is continuous to the next stimuius value, but is not joined to a segment with

a different imit value. if a flat line segment is the final segment it terminates at the stimulus stop value.
A flat ine segment is indicated as FL on the table of imits.
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: ¢ (LIMTSP) sets the fimits at a single stimulus point. If limit lines are on, the upper limit
value of a single point limit is displayed as V, and the lower limit is displayed as A. A limit test at
a single point not terminating a flat or sloped line tests the nearest actual measured data point. Ina
standard instrument, single point limits can only be defined at frequencies that are multiples of 100
kHz {this limitation does not apply to option 001 instruments).

A single point limit should be used as a termination for a fiat line or sioping line limit segment. When
a single point terminates a sloping line or when it terminates a fiat line and has the same limit values
as the flat line, the single pointis not displayed as vV and A. The indication for a single point segment
in the displayed table of limits is SP

goes back to the edit limits menu.

Offset Limits Menu

This menu allows the complete limit set to be offset in either stimulus value or amplitude value. This
is useful for changing the fimits to correspond with a change in the test setup, or for device specifica-
tions that differ in stimulus or amplitude. It can also be used to move the limit lines away from the data
trace temporarily for visual examination of trace detail.

T |
AHPOLFFF!'USE}E_Er 1
I |

—

A 0.0

£

Figure 8—12. Offset Limits Menu

1

RETURN

(LIMISTIO) adds or subfracts an offsetin stimulus value. This allows limits already
defined to be used for testing in a different stimulus range. Use the entry block controls to specify
the offset required. in a standard instrument, the stimulus offset must be a multiple of 100 kHz {this
limitation does not apply to an option 001 instrument).

(LMIAMPO) adds or subtracts an offset in amplitude value. This allows limits
already defined to be used for testing at a different response level. For example, if attenuation is added
to or removed from a test setup, the limits can be offset an equal amount. Use the entry block controls
o specify the offset.
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{LIMIMAOF) uses the active marker to set the amplitude offset. Move the
marker to the desired middie value of the limits and press this key. The limits are then moved so that
they are centered an equal amount above and below the marker at that stimujus value.

goes back to the iimits menu.

INSTRUMENT MODE MENU
N | =
Recever | 1
1
-
-
-
1
RETURN | ]

Figure 8—13. Instrument Mode Menu

There are two modes of operation in the analyzer:

is the standard mode of operation for the analyzer, and is active after preset
or power—on. This mode uses the analyzetr's built—in source.

- in tuned receiver mode, the analyzer receiver operates independently of
any signal source. All phase lock routines are bypassed, increasing sweep speed significantly, this
function works in CW time sweep.

The following {features and limitations apply 1o this mode:

o the internal source is turned off

+ the receiver's LO is fully synthesized, but it is not phase—locked to any internal or external source.
« it functions in all sweep fypes

« it requires a synthesized CW source that can drive the analyzer's external frequency reference.

» the analyzer's phase~lock routines are bypassed, increasing the sweep speed significantly.

8~16 Instrument State and Limit Testing HP 8719C/8720C/8722A/8722C



Chapter 9. Time and Frequency Domain Transforms

000 O O

INTRODUCTION

With option 010, the analyzer can transform frequency domain data to the time domain or time domain
data to the frequency domain. In normal operation, the analyzer measures the characteristics of a
device under test (DUT) as a function of frequency. Using a mathematical technique (the inverse Fouri-
er transform), it transforms frequency domain information into the time domain, with time as the hori-
zontal display axis. Response values (measured on the vertical axis) now appear separated in time
or distance, providing valuable insight into the behavior of the DUT beyond simple frequency charac-
teristics.

NOTE: The analyzer can be ordered with option 010, or the option can be added at a later date using
a time domain retrofit kit.

The transform used by the analyzer resembles time domain refleciometry (TDR) measurements. TDR
measurements, however, are made by launching an impulse or step into the DUT and observing the
response in time with a receiver similar to an oscilloscope. in contrast, the network analyzer makes
swept frequency response measurements, and mathematically transforms the data into 2 TDR~fike
display.

The analyzer has three frequency—to—time transform modes:

Time Domain Bandpass Mode is designed to measure band—limited devices and is the easiest
mode to use. This mode simutates the time domain response to an impulse input.

Time Domain Low Pass Step Mode simulates the time domain response to a step input. As in a
traditional TDR measurement, the distance to the discontinuity in the DUT, and the type of discontinuity
{resistive, capacitive, inductive} can be determined.

Time Domain Low Pass impulse Mode simulates the time domain response to an impulse input (like
the bandpass mode). Both iow pass modes yield better time domain resolution for a given frequency
span than does the bandpass mode. in addition, using the low pass modes you can determine the
type of discontinuity. However, these modes have certain limitations that are defined in the low pass
section of this chapter.

The analyzer has one time~to--frequency transform mode:

Forward Transform Mode transforms CW signals measured over time into the frequency domain, to
measure the spectral content of a signal. This mode is known as the CW time mode.

In addition to these transform modes, this chapter discusses special transform concepts such as
masking, windowing, and gating.
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GENERAL THEORY

The relationship between the frequency domain response and the time domain response of a network
analyzer is defined by the Fourier transform. Because of this fransform, it is possible to measure, in
the frequency domain, the response of a linear DUT and mathematically caiculate the inverse Fourier
transform of the data to find the time domain response. The analyzer's internal computer makes this
calculation using the chirp—Z Fourier fransform technique. The resulting measurement is the fully er-
ror—-corrected time domain reflection or transmission response of the DUT, displayed in near real time.

Table 91 lists the useful formats for time domain reflection measurements. Time domain transmission
measurements are displayed using the linear magnitude or log magnitude formats, as described later

in this chapter.

Tuble 9-1. Time Domain Reflection Formats

Format

Parameter

LIN MAG

Reflection Coefficient (unitiess)
{0 <p<t)

REAL

Refiection Coetfficient {unitless)
(—i<p<i)

LOG MAG

Return Loss {dB)

SWR

Standing Wave Ratio (unitiess)

Figure 91 illustrates the frequency and time domain reflection responses of a device, The frequency
domain reflection measurement is the composite of all the signals reflected by the discontinuities pres-
ent in the DUT over the measured frequency range.

NOTE: In this chapter, all points of reflection are referred to as discontinuities.

92 Time and Frequency Domain Transforms
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Figure 9—1. Device Frequency Domain and Time Domain Reflection Responses

The time domain measurement shows the effect of each discontinuity as a function of time (or dis-

" tance), and shows that the device response consists of three separate impedance changes. The sec-
ond discontinuity has a reflection coefficient magnitude of 0.085 (i.e. 8.5% of the incident signal is
reflected). Marker 1 on the time domain trace shows the round~trip time to the discontinuity and back

o the reference plane {(where the calibration standards are connected): 5 nanoseconds. The distance
shown ({1.499 metres) assumes that the signal travels at the speed of light. The signal travels slower

" than the speed of light in most media (e.g. coax cables). This slower velocity (relative to light) can

- be compensated for by adjusting the relative velocity factor. This procedure is described later in this
chapter.

* Figure 9—2 illustrates the transform menus, which are accessed from the key.
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Lo e MENIMUM 5T0P NORWAL,
TRANSFURM LOW PASS USE MEMORY
e > MEWORY CENTER MINDAUM
DEMOD:
BANDPASS o SPAN
WINDOW | AMPLITUDE
SPECTFY GATE
o PHASE SE |
SERE RETURN RETURN RETURN RETURN

>
Figure 9—2. The Time Domain Transform Menus
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TIME DOMAIN BANDPASS

This mode is called bandpass because it works with band—limited devices. Traditional TDR requires
that the DUT be able to operate down to DC. Using bandpass mode, there are no restrictions on the
measurement frequency range. Bandpass mode characterizes the DUT impuise response.

Reflection Measurements Using Bandpass Mode
NOTE: Before making time domain reflection measurements, perform the approptiate calibration.
Example:

1. Press [PRESET ). The default measurement at preset is 511 on channel 1.

2. Press E and perform an S11 1—port calibration using an
open, a short, and a load connected to port 1. Press BOREAZPORTCAL | then save the configura-
fion in one of the save regisiers.

3. Connect one or more lengths of cable, with adapters between cable sections, as shown at the top
of Figure 8—3.

4, Press [SYSiEn |

5. Press =) to select a start time of zero seconds,

6. Press [ @] [Er] to select a stop time of 10 nanoseconds.

NOTE: In the time domain, the STIMULUS keys ([578a7 |, (stop ], [CeNTER ] and [span]) refer to time, and
can be used to change the horizontal (time) axis of the display, independent of the chosen
frequency range. To set the STOP time long enough to let you “see” the end ofthe cable under
test, enter a STOP time of 10 nanoseconds per metre of cable under test, This is a good rule—
of—thumb number that accounts for the approximate round—trip time for most cables.

7. Press

for a dispiay of reflection coefficient versus time (or distance).

8. Press

9. Figure 9~3 shows typical frequency and time domain responses of a refiection measurement of
two sections of cable.
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Figure 9—3. A Reflection Measurement of Two Cables

The ripples in reflection coefficient versus frequency in the frequency domain measurement are
caused by the reflections at each connector “beating” against each other.

One at a time, loosen the connectors at each end of the cable and observe the response in both the
frequency domain and the time domain. The frequency domain ripples grow as each connector is
loosened, corresponding to a larger reflection adding in and out of phase with the other refiections.
The time domain responses grow as you loosen the connector that corresponds to each response.

Interpreting the Bandpass Reflection Response Horizontal Axis. in bandpass reflection mea-
surements, the horizontal axis represents the time it takes for an impulse launched at the lest port
to reach a discontinuity and return to the test port (the two-—way travel time). In Figure 9-3, each
connector is a discontinuity.
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Interpreting the Bandpass Reflection Response Vertical Axis. The quantity displayed on the verti-
cal axis depends on the selected format. The default format is LOG MAG (logarithmic magnitude},
which displays the return loss in decibels (dB}. LIN MAG (linear magnitude) is a format that displays
the response as reflection coefficient (t). This can be thought of as an average reflection coefficient
of the discontinuity over the frequency range of the measurement. Use the REAL format only in low
pass mode. The common formats are listed in Table 8—1.

Adjusting the Relative Velocity Factor
A marker provides both the time (x2) and the electrical length (x2} to a discontinuity. To determine the
physical length, rather than the electrical length, change the velocity factor to that of the medium under

test:

1. Press

2. Enter a velocity factor between 0 and 1.0 (1.0 corresponds to the speed oflight in a vacuum}. Most
cables have a velocity factor of 0.66 {polyethylene dielectrics) or 0.70 (teflon dielectrics).

NOTE: To cause the markers to read the actual one-way distance to a discontinuity, rather than
the round trip distance, enter one—half the actual velocity factor.

Transmission Measurements Using Bandpass Mode

The bandpass mode can also transform transmission measurements to the time domain. For example,
this mode can provide information about a surface accoustic wave (SAW) filler that is not apparent
in the frequency domain. Figure 9—4 illustrates a time domain bandpass measurement of a 321 MHz
SAW filter.

CHY S21 Jog MAG 10 dB/ REF —40 dB 2 -11.821 dF CHI S2t  log MAG 1D dB/ REF —uD dB % —51.72) B
'3 (57 (e L 1915 us
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MARHER & .
132 us
m

MARRER 2
5.6 s
1 m

7.

M= %=
-
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il
AR T A

iMll | i Ll s E‘

CHI CENTER 1 usx 5FAN 2 s CHf CENTER 1 us SPAN 2 px

(a) ®)

Figure 9—~4. Transmission Measurement in Time Domain Bandpass Mode
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Interpreting the Bandpass Transmission Response Horizontal Axis

in time domain transmission measurements, the horizontal axis is displayed in units of time. The time
axis indicates the propagation delay through the device. Note that in time domain transmission mea-
surements, the value displayed is the actual delay (notx2). The marker provides the propagation delay
in both time and distance.

Marker 2 in Figure 9—4 {a) indicates the main path response through the device, which has a propaga-
tion delay of 655.6 ns, or about 196.5 meters in electrical length. Marker 4 in Figure 9—4 (b) indicates
the triple—travel path response at 1.91 ps, or about 573.5 meters. The response at marker 1 (at O
seconds) is an RF feedthrough leakage path. In addition to the triple travel path response, there are
several other multi—path responses through the device, which are inherent in the design of a SAW
filter.

Interpreting the Bandpass Transmission Response Verlical Axis. In the log magnitude format,
the vertical axis displays the transmission loss or gain in dB; in the linear magnitude format it displays
the transmission coefficient (g). Think of this as an average of the transmission response over the
measurement frequency range.

TIME DOMAIN LOW PASS

This mode is used to simulate a traditional time domain reflectometry (TDR) measurement. It provides
information to determine the type of discontinuity (resistive, capacitive, or inductive) that is present.
Low pass provides the best resolution for a given bandwidth in the frequency domain, it may be used
to give either the step or impuise response of the DUT.

The low pass mode is less general—purpose than the bandpass mode because it places strict limita-
tions on the measurement frequency range. The low pass mode requires that the frequency domain
data points are harmonically related from DC to the stop frequency. That is, stop = n x start, wheren
= number of points. For example, with a start frequency of 50 MHz and 201 points, the stop frequency
would be 10.05 GHz. Since the frequency range of the analyzer starts at 50 MHz, the DC frequency
response is extrapolated from the lower frequency data. The requirement to pass DC is the same
limitation that exists for traditional TDR.

Setting Frequency Range for Time Domain Low Pass

Before a low pass measurement is made, the measurement frequency range must meet the (stop =
n X start) requirement described above, The following steps must be taken, in this order:

« Set the start and stop frequencies close to the intended values.

* Press i

+ Perform a calibration.
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The start and stop frequencies should be set as close as possible to the intended values, especially
at the fow end, to avoid distortion of the measurement resulits. When § is pressed,
the network analyzer automatically sets the start and stop frequencies so that the stop frequency is
a harmonic muitiple of the start. The stop frequency is set close to the entered stop frequency, and
the start frequency is set equal to stop/n. For example, if you select 101 points across the d:sp!ay and
a stop frequency of 19.9900 GHz in a standard instrument, when you press - the
start frequency changes to 0.1979 GHz and the stop frequency changes to 19.9879 GHz. (The proce»
dure below instead sets the start frequency to 50 MHz and the stop frequency to 10.05 GHz with 201
pomts) For convemence in setiing the sweep frequency before beginning a calibration, the
. softkay is in both the transform menu and the calibration menu.

If the start and stop frequencies do not conform to the low pass requirement before one of the low
pass modes {step or impulse) is selected and transform is turned on, the analyzer resets the start and
stop frequencies. If error correction is on when the frequency range is changed, this turns it off.

The analyzer’'s lowest measurement frequency is 50 MHz, therefore for each value of n there is a mini-
mum allowable stop frequency that can be used. That is, the minimum stop frequency = n x 50 MHz,
Because of this limitation, the largest number of poinis that can be used in time domain low pass is
401 (with 401 points, an additional point is extrapolated at 25 MHz). If the number of points exceeds
801, the network analyzer automatically reverts to bandpass mode. Table 92 lists the minimum fre-
quency range that can be used for each value of n when making low pass time domain measurements.

Table 9—2. Minimum Frequency Ranges for Time Domain Low Pass

Number of Points Minimum Frequency Range

3 50 MHz to 150 MMz

11 50 MHz to .55 GHz

21 50 MHz to 1.05 GHz

51 50 MHz to 2.55 GHz

101 50 MHz to 5.05 GHz

201 50 MHz t0 10.05 GHz

401 50 MHz to 20.05 GHz

801 50 MHz to 20.05 GHz

Refiection Measurements in Time Domain Low Pass

NOTE: Before making time domain measurements in the low pass mode, perform the appropriate
calibration.

Example:

1. Press [_useArReser ). The default measurement at preset is S11 on channel 1, with a start frequen-
cy of 50 MHz,
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2. Press M EIE] to sef a stop frequency of 10.05 GHz.

3. Press [(¥Ru] .

4. Press " and perform an S11 1-port calibration.

5. Connect an airline or cable to port 1 and leave the other end unterminated.

7. Press to select a start time of 0 seconds.

8. Press [576¢) {Gn] to select a stop time of 1 nanosecond.

NOTE: In the time domain, the STIMULUS keys [s1arr], [sTor ], [center] and [span} refer to time, and
can be used to change the horizontal (time} axis of the display, independent of the chosen
frequency range.

9. Press HEAL [SCALERET) : to view the step response, as shown in Figure 9-8§

(a). (The step response is reflected back from the unterminated cable.)

10. Press £ to view the impulse response, shown in

Figure 9—5 (b).

CHY 511 Re 200 mU/ REF O U % G208 my CH1 S11  Re 200 mU/ REF O U 1: 99DM2 mU
149 po 3 T pr
For ER Por | MARLER
199 iPe s
59. 58] ]
L3 4

CHY START O s STOP 1 ne . CHY START 0 » S0P 1 ne

{a) Low Pass Step () Low Pass Impulse

Figure 9—5. Time Domain Low Pass Measurements of an Unterminated Cable

11. Now connect a short circuit to the end of the airline or cable and press [SCaLERer]
polarity of the impuise response is now reversed,

12. Press
polarity reversed.

to view the low pass step response with the
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Interpreting the Low Pass Respornse Horizontal Axis. The low pass measurement horizontal axis
is the two—~way travel time to the disconiinuity (as in the bandpass mode). Also, the marker displays
both the two—way time and the electrical length along the trace. To determine the actual physical
length, enter the appropriate velocity factor as described earlier in this chapter under Adjusting the

Relztive Velocily Factor.

Interpreting the Low Pass Response Verlical Axis. The vertical axis depends on the chosen for-
mat. In the low pass mode, the frequency domain data is taken at harmonically related frequencies
and exirapolated to DC. Because this results in the inverse Fourier transiorm having only a real part
{the imaginary part is zero), the most useful low pass step mode format in this application is the real
format. It displays the response in refiection coefficient units. This mode is similar to the traditional
TDR response, which displays the reflected signal in a real format (volts) versus time (or distance) on
the horizontal axis. '

The real format can also be used in the low pass impulse mode, but for the best dynamic range for
simultaneously viewing large and smail discontinuities, use the log magnitude format.

9--18  Time and Frequency Domain Transforms HP 8719C/8720C/8722A/8722C



Fault Location Measurements Using Low Pass

As described, the low pass mode can simulate the TDR response of the device under test. This re-
sponse contains information useful in determining the type of discontinuity present. Review the low
pass responses of known discontinuities as shown in Figure 9—6. Each circuit element was simulated
to show the corresponding low pass time domain $11 response waveform. The low pass mode gives
the device response either to a step or to an impulse stimulus. Mathematically, the low pass impulse
stimulus is the derivative of the step stimulus,

Element - Step Response Impulse Response
Open __________/_._ /\
Unity Reflection Unity Reflection
Short —-\—_ \/
Unity Refiection, —180° Unity Reflection, —180°
Resistor D e
R >Z, N
Positive Level Shift Posgitive Peak
Resistor - N—
R <7, \Y
Negative Level Shift Negative Peok
Inductor N\ /\/
Negaotive Peok Positive Then Negotive Pegks
Caopacitor \V4 \/\
Negotive Peok Negotive Then Positive Peoks

Figure 9--6. Simulated Low Pass Step and Impulse Response Waveforms (Real Format)
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Figure 9—7 shows example cables with discontinuities (faults) using the low pass step mode with the
real format.

CHT S11 Re 5 ml/ REF ¢ U 1 ~BBEEZ mU £HT S1t Re 5 my/ REF O U 1 29207 mu
3605 re e 3986 s
Sor |uamken Gor R
645 1 ns K356 [ ns
SED, mm — 545 mn
=
\

CHI STARY 0 s STOP 10 ns CHT START 0 s STOP 10 ™

e

(o) Crimped Cable (Capocitive) {b) Frayed Cable (Inductive)

Figure 97, Low Pass Step Measurements of Common Cable Fauits (Real Format)

Transmission Measurements in Time Domain Low Pass

Measuring Small Signal Transient Response Using l.ow Pass Step. Use the low pass moede to
analyze the DUT small signal iransient response. The transmission response of a device to a step input
is often measured at lower frequencies, using a function generator (to provide the step to the DUT)
and sampling oscilloscope (to analyze the DUT output response). The low pass step mode extends
the frequency range of this type of measurement to 20 GHz,

The step input shown in Figure 88 is actually the inverse Fourier transform of the frequency domain
response of a thru measured at calibration. The step rise time is proportional to the highest frequency

in the frequency domain sweep; the higher the frequency, the faster the rise time. The frequency
sweep in Figure 8—8 is from 50 MHz to 1 GHz.
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Figure 9—8 also illustrates the time domain low pass response of an amplifier under test. The average
group delay over the measurement frequency range is the difference in time between the step and
the amplifier response. This time domain response simulates an oscilloscope measurement of the
amplifier's small signal transient response. Note the ringing in the amplifier response that indicates
an underdamped design.

CHY 521 Re 1 U REF DU 1 Seuss U
[P CAIV AW STEF RESPONSY VS JARU HT e
Cor 1
X
589.52 n3l
Hd / Nt ™~ —

START-1 o STOF ¢

Figure 9—8. Time Domain Low Pass Measurement of an Amplifier Small Signal Transient Response

interpreting the Low Pass Step Transmission Response Horizontal Axis. The low pass transmis-
sion measurement horizontal axis displays the average transit time through the device over the fre-
quency range used in the measurement. The response of the thru connection used in the calibration
is a step that reaches 50% unit height at time = 0. The rise time is determined by the highest frequency
used in the frequency domain measurement. The step is a unit high step, which indicates no ioss for
the thru calibration. When a device is inserted, the time axis indicates the propagation delay or electri-
cal length of the device. The markers read the electrical delay in both time and distance. The distance
can be scaled by an appropriate velocity factor as described earlier in this chapier under Adjusting
the Refative Velocily Factor.

Interpreting the Low Pass Step Transmission Response Vertical Axis. In the real format, the verti-
cal axis displays the transmission response in real units {e.g. volts). For the amplifier example in
Figure 9—8, if the amplifier input is a step of 1 volt, the output, 2.4 nanoseconds after the step (indi-
cated by marker 1), is 5.84 volts. :

In the log magnitude format, the amplifier gain is the steady state value displayed after the initial tran-
sients die out.
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TIME DOMAIN CONCEPTS

Masking

Masking occurs when a discontinuity (fault) closest to the reference plane affects the response ofeach
subsequent discontinuity. This happens because the energy reflected from the first discontinuity never
reaches subsequent discontinuities. For example, if a transmission line has two discontinuities each
with a t of 0.5, the time domain response (real format) shows the correct reflection coefficient for the
first discontinuity (v=.50). However, the second discontinuily appears as a 25% reflection (t=.25) be-
cause only half the incident voltage reached the second discontinuity.

NOTE: This example assumes a lossless transmission line. Real transmission lines, with non—zero
loss, attenuate signals as a function of the distance from the reference piane.

As an example of masking due to fine loss, consider the time domain response of a 20 dB attenuator
and a short circuit. The impulse response {log magnitude format} of the short circuit alone is a return
loss close to 0 dB, as shown in Figure 9~9 (a). When the short circuit is placed at the end of the 20
dB attenuator, the return loss is —41 dB, as shown in Figure 9~8 (b). This value actually represents
the forward and return path loss through the attenuator, and illustrates how a lossy network can affect
the responses that follow it. In Figure 8—9 (b), the response of the short circuitis in fact slightly masked
by the response of the connector, causing a return loss greater than the expected 40 dB.

CHE 519% g MAG 5 4B/ REF 0 dB 1 -1571 dB cH 511 g MAG 5 dBf REF O oB 1113857 4B
3 1 §1 pe 3 30 p
g

Cor Cor MARRER
B = 3
1 g)ﬂ‘ 859 mg

CH1 START-1 ns 5T0F 1 me CHT START~! s SWOP 1 s

(a). Short Circuit (b}. Short Circuit at the End of a 20 dB Pad

Figure 9—9. Masking Example
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Windowing

Windowing makes fime domain measurements more useful for isolating and identifying individual re-
sponses. Windowing is needed because of the abrupt transitions in a frequency domain measurement
at the start and stop frequencies. The band fimiting of a frequency domain response causes overshoot
and ringing in a time domain response, and causes a non—windowed impuise stimulus to have a
sin(kt)/kt shape, where k = nffrequency span (see Figure 9—10). This has two effects that limit the
usefuiness of the time domain measurement:

1.  Finite impulse width (or tise time). This limits the ability to resolve between two closely spaced
responses. The effects of the finite impulse width cannot be improved without increasing the fre-
guency span of the measurement (see Table 9-3).

2. Sidelobes. The impulse sidelobes limit the dynamic range of the time domain measurement by
hiding low~level responses within the sidelobes of higher level responses. The effects of sidelobes
can be improved by windowing (see Table 8-3).

‘ / Windowing

Impuise Widih

Amplitude

. -

\/ Time

Sidelobes

Figure 9~10. Impuise Width, Sidelobes, and Windowing

Windowing improves the dynamic range of a time domain measurement by filtering the frequency
domain data prior to converting it to the time domain, producing an impulse stimulus that has lower
sidelobes. This makes it much easier fo see time domain responses that are very different in magni-
tude. The sidelobe reduction is achieved, however, at the expense of increased impulse width. The
effect of windowing on the step stimuius (low pass mode only) is a reduction of overshoot and ringing
at the expense of increased rise time.

To select a window, press [SYSTEM] 5 . A menu is presented that allows the
selection of three window types (see Table
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Table 9~3. Impulse Width, Sidelobe Level, and Windowing Values

Sidslobe Level Impulse Width St?np:aha Resaponse Hesolution
Imputes Stap
\\!lrndow fmpuize Step Low Pase Bandpass Low Pass Low Pass Bandpass Low Pans
ype
L 0.6 1.2 0.45 0.3 0.6 0.23
Mi -13dB -2t 4R
L Frag Span Freq Span Freq Span Freq Span Freq Span Freg Span
0.96 1.92 0.99 0.48 .86 0.49
ornal il 88 -G048
Norma Frae Span Freg Span Frag Span Frag Span Freq Span Freg Span
1.38 276 1.49 0.69 .74
Maximumn -50 45 ~90 dB 1.8 T
Freq Span Frac Span Fraq Span Freg Spen w Freq Span

NOTE: The bandpass mode simulates an impulse stimulus, Bandpass impulse width is twice that of
lowpass impulse width. The bandpass impulse sidelobe levels are the same as lowpass im-
puise sidelobe levels.

Choose one of the three window shapes listed in Table 9—3. Or you can use the knob to select any
windowing pulse width (or rise time for a step stimulus) between the softkey values. The time domain
stimulus sidelobe levels depend only on the window selected.

{the preset mode) gives reduced sidelobes and is the mode most often used.
¥ window gives the minimum sidelobes, providing the greatest dynamic range.

remembers a user--specified window pulse width (or step rise time) different from
the standard window values.

A window is turned on only for viewing a time domain response, and does not affect a displayed fre-
quency domain response. Figure 8—11 shows the lypical effects of windowing on the time domain
response of a short circuit refiection measurement.
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Window Minimum Normal Wide

Low Pass ~,\,~__ _—\_
Step

Low Pass

Impulse \ f \ /
Buondposs

Impulse

Figure 9—11. The Effects of Windowing on the Time Domain Responses of a Short Circuit

Range

In the time domain, range is defined as the length in time that a measurement can be made without
encountering a repetition of the response, called aliasing. A time domain response repeats at regular
intervais because the frequency domain data is taken at discrete frequency points, rather than continu-
ously over the frequency band.

Measurement range is equal to 1/AF (AF is the spacing between frequency data points). Measurement
range = (Number of Points —1)/Frequency Span (Hz).

Example:
Measurement = 201 poinis
1.00 GHz to 3.00 GHz
Range = 1/AF or (Number of Points —1)}/Frequency Span

i

1/(10 x 10 or (201 —1)/(2 x 109)

100 x 109 seconds

range x the speed of light (3 x 108 m/s)
(100 x 1079 s) x (3 x 10 m/s)

30 metres

Electrical length

it

i

il
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In this example, the range is 100 ns, or 30 metres electrical length. To prevent the time domain re-
sponses from overlapping, the DUT must be 30 metres or less in electrical length for a transmission
measurement (15 metres for a reflection measurement). The analyzer limits the stop time to prevent
the dispiay of aliased responses.

To increase the time domain measurement range, first increase the number of points, but remember
that as the number of points increases, the sweep speed decreases. Decreasing the frequency span
also increases range, but reduces resolution.

Resolution

In the time domain, there are two different resolution terms:
1. Response Resolution

2. Range Resoiution

Response Resolution. Time domain response resolution is defined as the ability to resolve two
closely—spaced responses, or a measure of how close two responses can be to each other and siill
be distinguished from each other. For responses of equal amplitude, the response resolution is equal
to the 50% (—6 dB) impulse width. It is inversely proportional to the measurement frequency span,
and is also a function of the window used in the transform. The approximate formulas for calculating
the 50% impulse width are given in Table 9-3.

For example, using the formuta for the bandpass mode with a normal windowing function fora 1 GHz
to 4 GHz measurement (3 GHz span):

50% calculated impulse width = 12x(1/3GHz)x 1.6

0.64 nanoseconds

{0.64 x 1072 g) x (30 x 10° emy/s)
19.2 centimetres

I

Electrical length (in air)

]

With this measurement, two equal responses can be distinguished when they are separated by at
least 19.2 centimetres, '

Using the low pass mode (the low pass frequencies are slightly different) with a minimum windowing
function, you can distinguish two equal responses that are about 6 centimetres or more apart.

For reflection measurements, which measure the round trip time to the response, divide the response
resoiution by 2. Using the example above, you can distinguish two faults of equal magnitude provided
they are 3 centimetres {electrical length) or more apart.

NOTE: Remember, to determine the physical length, enter the relative velocity factor of the transmis-
sion medium under test.
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For example, a cable with a teflon dielectric {0.7 relative velocity factor), measured under the conditions
stated above, has a fault location measurement response resolution of 2.1 centimetres. This is the
maximum fault location response resolution. Factors such as reduced frequency span, greater fre-
quency domain data windowing, and a large discontinuity shadowing the response of a smaller dis-
continuity, all act to degrade the effective response resotution.

Figure 9—12 Hllustrates the effects of response resolution. The solid line shows the actual reflection
measurement of two approximately equal discontinuities (the input and output of an SMA barrel). The
dashed line shows the approximate effect of each discontinuity, if they could be measured separately.

CHT 511 fHn WAS 2 mU/ REF ~4 mU

Cor
AR
N
/ N TN
/ DA AN AN
e _ Nl
CHY START 570 pe STOP 2505 n»

Figure 9--12. Response Resolution

While increasing the frequency span increases the response resolution, keep the following points in
mind:

1. The time domain response noise floor is directly related to the frequency domain data noise floor.
Because of this, if the frequency domain data points are taken at or below the measurement noise
fioor, the time domain measurement noise floor is degraded.

2. The time domain measurement is an average of the response over the frequency range of the
measurement; if the frequency domain data is measured out—of—band, the time domain mea-
surement is also the out—of-band response.

You may {with these limitations in mind) choose to use a frequency span that is wider than the DUT
bandwidth to achieve better resolution.

Range Resolution. Time domain range resolution is defined as the ability to locate a single response
intime. If only one response is present, range resolution is a measure of how closely you can pinpoint
the peak of that response. The range resolution is equal to the digital resolution of the display, which
is the time domain span divided by the number of points on the display. To get the maximum range
resolution, center the response on the display and reduce the time domain span. The range resolution
is always much finer than the response resolution.
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Figure 9—13. Range Resolution of a Single Discontinuity

Gating

Gating provides the fiexibility of selectively removing time domain responses. The gated time domain
responses can then be transformed back to the frequency domain. For reflection (or fault location)
measurements, use this feature to remove the effects of unwanted discontinuities in the time domain.
You can then view the frequency response of the remaining discontinuities. In a transmission measure-
ment, you can remove the effects of multiple transmission paths,

Figure 9—14 iliustrates the time domain response of a SAW filter. Gating has been applied in the time
domain to remove the effects of all but the main signal path response. When the gated response is
transformed back to the frequency domain, the display shows only the direct path response.

CHY S21 fog MAG 10 OB/ REF 4D &B CHY $21 g MAG 1D ¢B/ REF —40 dB
i | Fp
Cor ~ | Main Path or [y
L~
V4 N
Gﬂ* .
Goting On / - \
O /] Goting' Off ~J
Goting Off i % l ,
/

Gating On -

R L1

CHE CENTER 1 msw SPAN 2 us CENTER 3214 GHz SPAN OBOO GHz

LY N A LA |
Fy -

(a) Time Domain () Frequency Domain

Figure 9—14. SAW Filter Transmission Measurement with Gating
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Setting the Gate

Think of a gate as a bandpass filter in the time domain (Figure 9—15). When the gate is on, responses
outside the gate are mathematically removed from the time domain trace. Enter the gate position as
a start and stop time (not frequency) or as a center and span time. The start and stop times are the
bandpass filler —6 dB cutoff times. Gates can have a negative span, in which case the responses
inside the gate are mathematically removed.

CHl AR kg MAG 10 dii/ REF 70 B

p +
Get
Hid
Fe y
L 1

L 1 I

CH1 START-7 ns STOP 7 m»
Figure 9--15. Gate Shape
Selecting Gate Shape

The-four gate shapes available are listed in Table 9—4. Each gate has a different passband flatness,
cutoff rate, and sidelobe levels.

Table 9~4. Gate Characteristics

Gate Shape P?;;:g?;d Sﬁ?:ge Cutoff Time Minimum Gate Span
Minimum +0.40 dB —24 dB 0.6/Freq Span 1.2/Freq Span
Normal +0.04 dB —45 dB 1.4/Freq Span 2.8/Freq Span
Wide +0.02dB —E52 dB 4.0/Freq Span 8.0/Freq Span
Maximum +0.01 dB 80 dB 11.2/Freq Span 22.4/Freq Span

The passband ripple and sidelobe levels are descriptive of the gate shape. The cutoff time is the time
between the stop time {(—6 dB on the filter skir) and the peak of the first sidelobe, and is equal on
the left and right side skirts of the filter. Because the minimum gate span has no passband, it is just
fwice the cutoff time. Aiways choose a gate span wider than the minimum. For most applications, do
not be concerned about the minimum gate span, simply use the knob to position the gate markers
around the desired portion of the time domain trace.
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TRANSFORMING CW TIME MEASUREMENTS INTO THE FREQUENCY DOMAIN

The analyzer can display the amplitude and phase of continuous wave (CW) signals versus time, For
example, use this mode for measurements such as amplifier gain as a function of warm-—up time (i.e.
drift). In the past, drift measurements were often made using strip chart recorders. The analyzer can
display the measured parameter (e.g. amplifier gain) for periods of up to 24 hours and then output
the data to a digital plotter for hardcopy resuits.

These “strip chart” plots are actually measurements as a function of time ({time is the independent
variable), and the horizontal display axis is scaled in time units. Transforms of these measurements
result in frequency domain data. Such transforms are called forward transforms because the transform
from time to frequency is a forward Fourier transform, and can be used to measure the spectral content
of a CW signal. For example, when transformed into the frequency domain, a pure CW signal mea-
sured over time appears as a single frequency spike (Figure 9~18). The transform into the frequency
domain yields a display that looks similar to a spectrum analyzer display of signal amplitude versus
frequency.

Forward Transform Measurements

This is an example of a measurement using the Fourier transform in the forward direction from time
domain 1o frequency domain (see Figure 9-16):

1. Press [PaEser).

2. Press

3. Press s and set the CW frequency to the desired value (in this case, the default CW
frequency of 1 GHz}). The CW time mode is now active.

4. Press § ¥ 2] (3] =] fo increase the sweep time to 200 milliseconds.

5. o transform the data into the frequency do-
main.

6. Press (1] (B3 (33 (23 [x] to increase the frequency span to 1 kHz. The center frequency

of &= 0 Hz represents the CW frequency of 1 GHz entered earlier.

NOTE: In the forward transform mode, the k/m, M/u, and G/n keys terminate a selection as millihertz,
microhertz, and nanohertz,

7. Press (] to view the trace centered on the screen.

8.

‘to see the peak vaiue.
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(&) CW Time (b) Transform to Frequency Domain

Figure 916, Amplifier Gain Measurement

interpreting the Forward Transform Measurement

With the log magnitude format selected, the vertical axis displays dB. This format simulates a spectrum
analyzer dispiay of power versus frequency. In a frequency domain transform of a CW time measture-
ment, the horizontal axis is measured in units of frequency. The center frequency is the offset of the
CW frequency. For example, if you enter a center frequency value of 0 Hz with the transform on, the
center of the display shows the CW frequency {1 GHz in the example on the previous page)}. A positive
center frequency value entered with the transform on shifts the CW frequency to the left half of the
display; a negative value shifts it to the right half of the display. The span value entered with the trans-
form on is the total frequency span shown on the display. Alternatively, the frequency display values
can be entered as start and stop.

Demodulating the Results of the Forward Transform

The forward transform can separate the effects of the CW frequency modulation amplitude and phase
components. For example, if a DUT medulates the transmission response (S21) with a 300 Hz AM
signal, you can see the effects of that modulation as shown in Figure 8~17. To simulate this effect,
connect a 300 Hz sine wave to the modulation input of a PIN modulator connected between port 1
and port 2.
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Figure 9=-17. Combined Effects of Amplitude and Phase Modulation

Using the demodulation capabllities of the analyzer, it is possible to view the amplitude or the phase
component of the modulation separately. The window menu (see Figure 92} includes the following
sofikeys to control the demodulation feature:

This is the normal preset state, in which both the amplitude and phase componenis of
any DUT medulation appear on the display.

displays only the amplitude modulation (AM), as Hllustrated in Figure 9—18(a).

- displays only the phase modulation {PM), as shown in Figure 918 (b).

EHT 521 g MAG 10 ¢B/ REF -50 dB 2 =148 dB CHI 821 oy MAG 10 4BS REF 50 4B 2 =57.815 dB
hpp Hz Hz
AREFw -t
MARKER §—1 ' MARKER F-1
3P0 Hz \ IO Kz

ot
-
l l___,_,,__.----1-‘-"""'W

| LI T o

" ,Avw’if Tl T A

1 CENTER © Mz W 10000 GHz SPAN 1 Kkiz CHY CENTER O Hz oW 1.0000 GHe SPAN 1 kHz

(@) Amplitude Modulation Component (b) Phase Modulation Component

Figure 918, Separating the Amplitude and Phase Components of DUT - Induced Modulation
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Forward Transform Range

in the forward transform (from CW time to the frequency domain), range is defined as the frequency
span that can be displayed before aliasing occurs, and is similar to range as defined for time domain
measurements. In the range formula, substitute time span for frequency span.

Example:

]

Range {Number of points —1)/Time Span
(201 —1)/(200 x 10~9)

= 1000 Heriz

il

For the example given above, a 201 point CW time measurement made over a 200 ms time span,
choose a span of 1 kHz or lass on either side of the center frequency (Figure 8- 18). That is, choose
a total span of 2 kHz or less.

CHY 52t log MAG 10 dB/ REF 80 o8 5 ~-3BD4T 4B

B0 He
HAR%ER ] i
b

. \
i

CHT CENTER O Hz CW 1.0000 CHe SPAN 2 kHz

Figure 9—19. Range of a Forward Transform Measurement

To increase the frequency domain measurement range, increase the span. The maximum range is
inversely proportional to the sweep time, therefore it may be necessary to increase the number of
points or decrease the sweep time. Because increasing the number of points increases the auto
sweep lime, the maxdmum range is 2 kHz on either side of the selected CW time measurement center
frequency (4 kHz iotal span). To display a total frequency span of 4 kHz, enter the span as 4000 Hz.
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Chapter 10. Making a Hard Copy Output

INTRODUCTION

The analyzer can use HP—IB to output measurement results directly to a compatible printer or piotter,
without the use of an external controller. The information displayed on the CRT can be copied to a
compatible Hewleti—Packard plotter or graphics printer. Refer to the General Information section of
this manual for information about compatible plotters and printers.

To generate a plot or printout from the front panel when there is no other controlier on the bus, the
analyzer must be in system controller HP—I1B mode. To take control from the computer and initiate
a plot or printout, the analyzer must be in pass control mode. If it is not in one of these modes, the
message “CHANGE HP—IB to SYS CTRL or PASS CTRL is displayed. Refer to Key in Chapter
8 for information on HP—IB controller modes and setting addresses.

COPY KEY

The key provides access to the menus used for confrolling external plotters and printers and
defining the plot parameters.
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COPY QUADRANT
_ MENU ¥ENU
PRINT
CoPY [STANDARD )
X = LEFT
PLOT - UPPER
SELECT o - - LT
QUADRANT X -  LOWER
DEFINE - X RIGHT
PLOT - =  UPPER
CONFIGURE — = RIBHT
PLOT ~- X LOWER
PRINT/PLOT X X FULL
SETUPS X X PAGE
ST
- VALUES
OP PARMS
.| R PRS RETURN
DEFINE CONFISURE
A.DT SCREEN PRINT/PLOT PLOT
MENU ' MENU HENU ' MENL
PLOT DATA PRINT: PEN NUM
ON off | — ™ PRINT STANDARD DATA
PLOT MEM PLOT COLOR PEN NUM
ON off MEMORY
PLOT GRAT PEN NUM
ON off GRATICULE
PLOT TEXT PEN NUM
RIS NEXT PAGE 50
PLOT MKR DEFAULT PEN NUM
ON off PREV PAGE PLOT SETUP MARKER
SCALE PLOT LNE TYPE
EFULL ~ " DATA
PLOT SPEED LINE TYPE
LFAST] MEMORY
RETURN e RETURN RETURN
Figure 161, Softhey Menus Accessed from the Eey
Copy Menu

The copy menu can be used to copy to a printer or to plot using default piot parameters, without the
need to access other menus. For user—defined plot parameters, a series of additional menus is avail-
able.

This menu also provides tables of operating parameters and measured data values, which can be
copied from the screen to a printer or plotter.

To abort a plot or print, press . The analyzer will stop the copying process, and the message
“CAUTION: PRINT (PLOT) ABORTED” will be displayed. An aborted plot or printout cannot be contin-
ued: if a copy is still required, the process should be initiated again.
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LSTANDARD

PLOT
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DEFINE
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CONFIGURE
PLOT

PRINT/PLOT
SETUPS
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LsT
VALUES

OP PARMS
(MKRS etc)

[

Figure 16—2. Copy Menu

{(PRINALL) copies the CRT display to a compatibie HP graphics printer. Tabular listings or data

displays can be printed, although a plotter provides better resclution for data displays. All information
from the CRT display is printed except the softkey labels.

(FLOT) plots the CRT display to a compatible HP graphics plotter, using the currently defined
piot parameters (or default parameters). Any or all displayed information can be plotted, except a fre-
quency list table or limit table, or the softkey labels. If a printer is not available, tabular listings can
be plotted, although plotting is considerably siower than printing. To achieve the fastest plotling time,
place the analyzer in HOLD mode, limit pen changes, and limit complex functions such as averaging.

leads to the the select quadrant menu, which provides the capability of drawing
quarter—page plots. This is not used for printing.

i leads to the define plot menu, which is used to specify which elements of the display
are to be plotted. This is not used for printing.

| leads to the configure plot menu, which defines the pen number and line type for
each of the plot elements. This is not used for printing.

presents a menu to select a standard {non--color) or color printer as the default,
and lets you reset the print and plot definitions.

(LISV) provides a tabular listing of all the measured data points and their current values,
together with limit information if it is turned on. At the same time, the screen menu is presented, to
enable hard copy fistings and access new pages of the table. 30 lines of data are listed on each page,
and the number of pages is determined by the number of measurement points specified in the stimu-
lus menu.

HP 8719C/8720C/8722A/8722C Making 2 Hard Copy Output  10--3



Up to five columns of data are provided. The specific information listed for each measured data point
varies depending on the display format, the limit testing status, and whether or not dual channel dis-
play or stimulus coupling is selected. If limit testing is on, an asterisk * is listed next to any measured
value that is out of limits. If limit ines are on, and other listed data allows sufficient space, the limits
are listed together with the margin by which the device data passes or fails the nearest limit.

g {OPEP) provides a tabular listing of key parameters for both channels. The
screen menu allows printing or plotting of the parameters visible or paging through the 4 pages of
information. The information consists of marker parameters, operating parameters, and system pa-
rameters. System parameters relate to control of peripheral devices,

Select Quadrant Menu

This menu offers the selection of a full ~page plot, or a quarter—page plot in any quadrant of the page.

g
i

- UPPER

3

RIGHT
UPPER

t
a

RIGHT

FULL
PAGE

) ®¥ bt
:
a_Ad A 0

RETURN

Figure 10—-3. Select Quadrant Menu

(LEFU) draws a quarter—page plot in the upper left quadrant of the page.

(LEFL) draws a quarter—page plot in the lower left quadrant of the page.

(RIGU) draws a quarter—page plot in the upper right quadrant of the page.

(RIGL) draws a quarter—page piot in the lower right quadrant of the page.

(FULP) draws a full—size plot according to the scale defined with
define plot menu.

i goes back to the copy menu.
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Define Plot Menu

This menu allows selective plotiing of portions of the measurement display. Different plot elements
can be turned on or off as required. In addition, different selections are available for plot speed and
plot scale, to allow plotting on transparencies and preprinted forms.

PLOT DATA
ON off

PLOT MEM
ON off

PLOT GRAT
ON off

PLOT TEXT
ON off

PLOT MKR
ON off

SCALE PLOT
LFULL)

PLOT SPEED
EFASTI

1

.o nn

A

RETURN

Figure 10—4. Define Plot Menu

. (PDATAON, PDATAOFF) specifies whether the data trace is to be drawn (on) or not
drawn {off} on the plot.

(PMEMON, PMEMOFF) specifies whether the memory trace is to be drawn (on) or

not drawn (off) on the plot. Memory can only be plotied if it is displayed (refer to Display Menu in
Chapter 5).

i (PGRATON, PGRATOFF) specifies whether the graticule and the reference line are

and all other elements off
en data is to be plotted on a preplotied

to be drawn (on) or not drawn (off) on the plot. Turning Bt
is a convenient way to make preplotted grid forms. However,
form, #i ¢ should be selected.

. (PTEXTON, PTEXTOFF) selects plotting of all displayed text except frequency list
table, limits table, softkeys, and marker values. (Softkey labels can be plotied under the control of an
external controller. The frequency list table and limits table can be printed from an external controller.
Refer to the HP~IB Programming Reference.

(PMKRON, PMKROFF) specifies whether the markers and marker values are to be
drawn {on) or not drawn {off) on the piot.

(SCAPFULL, SCAPGRAT) provides two selections for plot scale, FULE and &
is the normal scale selection for plotting on blank paper, and includes space for aii dtsplay annotations
such as marker values, stimuius values, etc. The entire CRT display fits within the user—defined
boundaries of P1 and P2 on the plotter, while maintaining the exact same aspect ratio as the CRT
display.
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With the selection of &A% , the horizontal and vertical scale are expanded or reduced so that the grat|~
cule lower left and upper right corners exactly correspond to the user—defined P1 and P2 scaling
points on the plotter. This is convenient for plotting on preprinted rectangular or polar forms {for exam-
ple, on a Smith chart).

To plot ona rectangular preprinted graticule, set P1 of the plotter at the lower left corner of the pre-
printed graticule, and set P2 at the upper right corner.

To plot on a polar format, set P1 to either the left (or bottom) end point of a diameter and P2 to the
right (or top) end point. The analyzer will then compute and set new P1 and P2 values to obiain the
current circularity. If P1 and P2 are set to within 10% of already being a perfect square, the analyzer
will not change the boundaries but will distort the circles to fit the user—defined boundaries.

The procedure for piotting on a Smith chart format depends on the piotter capabilities. Some HP plot-
ters have a 90° rotate feature that enables plotting on a portrait (vertical) format rather than a land-
scape (horizontal) format. Since most Smith charts are printed in portrait format, this rotate feature
should be used prior 1o setting the P1 and P2 points, as described above for a polar format.

¢ (PLOSFAST, PLOSSLOW) provides two plot speeds, EASE SEOW:, Fastis the proper
plot speed for normal plotting. Slow plot spead is used for plotting directly on transparencies: the
slower speed provides a more consistent line width. A color plot can he prepared directly on a trans-
parency so that the color is not lost in converting a paper plot to a transparency.

goes back 1o the copy menu.
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Configure Plot Menu

This menu is used to select the pens to be used for plotting different elements of a plot, and the line
iypes for the data and memory traces. :

Pen numbers 0 through 10 can be selected (0 indicates no pen). It is possible to select a pen number
higher than the number of pens in the plotter used. The convention in most Hewlett—Packard plotters
is that when the pen number count reaches its maximum number it starts again at 1. Thus in a four—
pen plotter, pen #5 actually calls pen #1.

The default pen numbers for the different plot elements vary between channels 1 and 2, so that when
a color plotter is used the plots for the two channels can be identified quickly by their colors.

Line types 0 through 10 can be selected. The line types depend on the model of plotter used. In gener-
al, however, line type 0 specifies dots only at the points that are plotted; fine types 1 through 6 specify
broken lines with different spacing; and lines 7 through 10 are solid lines. Refer to the plotter manual

for specific line type information.

Figure 10--5. Configure Plot Menu

PEN NUM
DATA

PEN NUM
MEMORY

PEN NUM
GRATICULE

PEN NUM
TEXT

PEN NUM
MARKER

LINE TYPE
DATA

LINE TYPE
MEMORY

LA A A A0 A.H.

MEMORY

(PENNDATA) selects the number of the pen to plot the data frace. The default pen
for channel 1 is pen #1, and for channel 2 is pen #2.

¥ (PENNMEMO) selects the number of the pen to plot the memory trace. The default
pen for channel 1 is pen #1, and for channel 2 is pen #2.

E (PENNGRAT) selects the pen number for plotting the graticule. The defauit pen
for channel 1 is pen #3, and for channel! 2 is pen #4.

(FENNTEXT) selects the pen number for plotting the text. The default pen for channel
1 is pen #1, and for channel 2 is pen #2.

WABKER: (PENNMARK) selects the pen number for plotting both the markers and the marker
values. The default pen for channel 1 is pen #5, and for channel 2 is pen #6.
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: (LINTDATA) selects the line type for the data trace plot. The default line type is 7,
which is a solid unbroken line.

(LUNTMEMO) selects the line type for the memory trace plot. The default line type

is 7.

| goes back to the copy menu,

Screen Menu

This menu is used in conjunction with the ; & and features, to make
hard copy listings of the tables displayed on the screen To make copies from the front panel, make
sure that the analyzer is in system controlier or pass control mode (see Chapter 8).

%
:

PRINT
[STANDARD]

PLOT

g n.nn

PREV PAGE

NEXT PAGE

RESTORE
DISPLAY

g0 A o

Figure 10—6. Screen Menu

(PRINALL) copies one page of the tabular listings to a compatible HP graphics printer con-
nected o the analyzer over HP—IB.

: (PLOT) makes a hard copy plot of one page of the tabular listing on the CRT, using a compatible
HP plotter connected to the analyzer through HP—IB. This is much slower than printing.

: (NEXP) displays the next page of information in a tabular listing onto the CRT.

= (PREV) displays the previous page of information in a tabular listing onto the CRT.

(RESD) turns off the tabular fisting and returns the measurement display to the

screen.
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Print/Plot Setups Menu

This menu allows selection of printer type and plot setup.

" PRINT:
STANDARD

COLOR

DEFAULT
PLOT SETUP

A n o o nnn

Figure 10—7. Print/Plots Setups Menu

(PRIS) is used with non—color printers.

{PRIC} is used with color printers.

(DFLT) resets the plotting parameters to their default values.
Select quadrant: Full page

Define plot: All plot elerents on
Piot scale: Full

Plot speed: Fast

Line type: 7 (solid line)

Pen numbers: Default values

Default plot setups do not apply to prints.
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Chapter 11. Saving Instrument States

INTRODUCTION

The analyzer has the capability of saving complete instrument states for later retrieval. It has five inter-
nal registers for this purpose, and can use direct disk access as an extension to internal memory.
Because instrument states can be of varying complexities, it is possible to fill the available internal
memory with iess than five states. Also, it is possible to fill memory with instrument states and prevent
such memory—intensive functions as two—port error correction, time domain (option 010), or 1601
measurement points. :

This chapter discusses instrument state definition, memory allocation, and the treatment of saved cali-
bration data. Refer to the HP—IB Programming Guide for information on external disk storage using
an external controller. :

The analyzer can utilize three types of memory for the storage of instrument states:

= Volatile memory. This is dynamic read/write memory, containing the current instrument state, and
the variables listed in Table 2. It is cleared upon power cycle to the instrument and, except as noted,
upon instrument preset.

« Non—volatiie memory. This is CMOS read/write memory, providing short term {minimum 72 hour)
storage of display memory and calibration sets.

« Exernal memory. This utilizes disk media for unlimited storage of instrument states, as well as cali-
bratioh and measurement data.
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Table 11-1. Memory Usage

Volatile Memory (see Table 2)
Current instrument state
Variables

Non—Volatile Memory
Five learn string registers
CRT intensity default
HP—IE configuration
User calibration kit definition
Calibration sets

External Memory
~ [Instrument states
Calibration sets (if calibration on)
Measurement data (select all)
User calibration kit (if being used)
Display Memory (if being used);

INSTRUMENT STATE

An instrument state consists of two types of data: (1) the learn string and, {2) variables.

Instrument State Learn String

The fearn string is an encoded array. [t contains only the data needed to set up the analyzer to make
a specific measurement. That data consists of stimulus and response parameters and operating
modes status, Each measturement point is not recorded. For example, to re—~create a frequency list
the analyzer needs to save only the start frequency, frequency span, and number of poinis in each
segment. Thus the size of the learn string is constant, not proportional to the number of points in the
sweep.

Learn strings are saved in non—volatile, short—term (72 hour minimum} memory. Learn strings will
survive instrument preset and cycling power.

Instrument State Variables

The instrument state variables are calibration sets, measurement data, and operating modes data.
They vary in size with the number of points and compete with other instrument functions and modes
for volatile memory space. This size may be approximated with the information in Table 11-2,

The variables are stored in volatile memory. Caiibration sets will survive instrument preset but will be
lost when the analyzer is turned off. Measurement data and operating modes data will not survive
preset or cycling power.
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Table 11~2. Instrument State Variables Stored in Volatile Memory

N = number of points

curs.

User allocatable memory: = 960 Khytes

* This variable is aliocated once per active channel.

Variable Data Length (bytes)
Measurement Data
Raw data array{s)
1 port or less correction Nx6 + 52
2 port 4{Nx6 + 52)
Data array(s) Nx6 + 52
1 port or less correction Nx86 + 52
2port 4 (Nx6 + 52)
Formatted array* Nx86 + 52
Scratchpad array** Nx6 + 52
Operating Modes Data
Smooting ON* <2000
(20% aperture, 1601 points) '
Frequency list mode* Nxi2
Log frequency mode* Nx12
Time domain With Additional Features
FFT array ngﬁf: ‘Kr?:;’ Gating Array
< 51 points 768 972 1612
101 points 1536 1840 3233
201 points 3072 3876 6456
401 points 6144 7748 12913
801 points 12288 15492 25820
1601 points 24576 26177 43628
Notes:

** [nsufficient memory for aliocation of this array is not fatal. The array is used to recalculate
the data for display any time formatting factors are changed. If sufficient memory is not
allocated, trace data will not be redisplayed after a scaling change until & new sweep oc-
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Table 11-3. Instrument State Variables Stored in Non—Volutile Memory

Variable Data Length (bytes)

Calibration Sets

Response Nx6+52

Response and isolation Nx6x2 + 52

iport Nx6x3 + 52

2 port Nx6x12 + 52

Power Meter Cal* Nx2+ 208

Memory array* Nx6 + 52
Notes:

User allocatable memory: = 240 Kbytes

N = number of points

* This variable is allocated once per active channel.

Memory Allocation Examples

The following examples show the basic memory requirements of various memory —intensive instru-
ment states, and the extra memory needed as features are added. These examples assume that no
other instrument states or calibration sets are saved.

Total (Bytes)

« 401 points, 2 channels, full 2--port cal, no interpolated cal, no time domain, no 93k
list mode, no memory arrays
add memory trace 100k
add interpolated cal 1 58k
add time domain, with windowing and gating 199k
add frequency list mode 21 5k

* 401 points, 1 channel, full 2—port interpolated cal with original cal arrays at 1 59k
1601 points, no time domain, no list mode, no memory arrays
add memory trace 162k
add frequency list mode 169k
add time domain, with windowing and gating 189k
all of the above on both channels 378k

s 801 points, 1 channel, full 2—port ¢al, no interpolated cal, no time domain, no 93k
list mode, no memory arrays
add memory trace 100k
add interpolated cal 1 58k
add time domain, with windowing and gating 198k
add frequency list mode 212k
all of the above on both channels 41 8k
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« 1601 points, 1 channel, full 2—port cal, no interpolated cal, no time domain, no 183k
list mode, no memory arrays

add memory trace 186k
add interpolated cal 3tk
add time domain, with windowing and gating 361k
add list mode 387k
all of the above on both channels 773k

SAVING AND STORING INSTRUMENT STATES

Instrument states can be saved internally or stored to external disks. Each method has advantages
and disadvantages.

Saving Instrument States Internally

Data saved internally requires no external equipment. But cycling power erases measurement data
and operating modes data saved in volatile memory. Thus storing instrument states to disk (see /nstru-
ment States below) is more appropriate at times. That aside, up to six instrument states can reside
in internal memory at any one time: five saved states in nonvolatile memory; and the active state in
volatile memory. Calibration sets are linked to the instrument state and measurement parameter for
which the calibration was done. Up to 12 calibrations can exist {the actual may be i;mrted b available
memory). When an instrument state is cleared (deleted) from memory (see ), the as-
sociated calibration set is also deleted, as long as its use is not required by another register.

Storing Instrument States to Disk

With the analyzer in system controller or pass control mode, instrument state and user selectable data
can be stored to an external disk drive.

Note that instrument states stored to disk by one instrument may be recalled by another. This can
be a convenient method for transfering limit line data and frequency lists. Frequencies stored by an
option 001 (high resolution) instrument and recalled by a standard instrument may be incompatible.
And storing calibration sets requires caution (see below).

in local mode (no controller), the analyzer displays on the CRT one file name for each stored instru-
ment state. This single file name is the root name for several associated files which have distinct suf-
fices. When the disk catalogue is accessed using [RECALL], :
i, the directory will show all of the files associated with a particutar instrument
state. The {otal number of files stored on a disk may not exceed 512.

Disk files created by the HP 8720 consist of a state name of up to 8 characters, such as FILTER,
appended with up to two characters, which indicate what is in the file. Data and calibration files form
3 data (without a header) which can be read off the disk. The other files are not meant to be decoded,
and it is recommended that disk registers not be created or modified with a computer.
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Raw data (uncorrected). Inciuded with disk storeif enabled; must be stored (with cal arrays) to per-
form iater time domain analysis; file suffix Rn.

Data (corrected). Included with disk store if enabled; if ioaded from disk, puts analyzer in HOLD
to prevent erasing data; file suffix Dn.

Formatted. Corrected data after fromaiting (e.g. log mag, phase, etc); included with disk storeif en-
abled; file suffix Fn.

Memory (“tfrace memory”). 2 maximum, 1 per channel; ~8 Bytes/point; included with disk store
it MEM or DATA/MEM or DATA~-MEM is displaved; file suffix Mn.

Calibration Arrays (“cal sets”). 12 maximum or up to 5 full 2—port calibrations; linked to registers,
and to parameters within register (except for full 2—port, which applies to all four paramsters); ~6
Byvtes/point per error term,; included with disk store if correction is on; file suffix nn.

FILTERXX
The first character is the The second character is a
file type, telling the kind data index, used to distin-
of information in the file guish files of the same type.
Char 1 Meaning Char 2 Meaning
i Instrument State :
G Graphics 1 Display graphics
o Graphics index
D Error corrected data 1 Channel 1
2 Channel 2
R Raw Data 1toc4d Channel 1, rawarrays 1f0 4
5to8 Channel 2, raw arrays 1fp 4
F Formatted data 1 Channel 1
2 Channel 2
c Cal K Cal kit
1 Cal data, channel 1 0 Stimulus state
1to9 Coefficients 110 8
A Ccoefficient 10
B Coefficient 11
c Coefficient 12
2 Cal data, channel 2 gto C Same as channel 1
Memory Data 1 Channel 1
2 Channel 2
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Memory Requirements for Storing Information to Disk

information (data, instrument states, etc.) can be stored on disk using an external disk drive using
Hewlett—Packard's standard LIF format.

The following iable describes the memory required to store various types of data. The numbers given
for machine dump, user display, and delay table are considered to be maximum possible numbers,
though normally these numbers are considerably smailer. All numbers are rounded and are not exact.
Use these numbers as guidelines when allocating memory space.

The HP defaults to binary format, so all of the numbers listed in the table below are for binary files.
When storing data in the binary format, the file format takes an additional sector of space (256). The
8720 stores all information as a single operation {one common file name pius a suffix}. The numbers
in the table are given individually fo allow you to add up the values for your particular set—up. For
example: The memory required for a full 2--port calibration with 201 points, storing 1 channel of cor-
rected data (1 S—parameter) is 40 (CalSet) +3 (Instrument State) +3.5 (Data) =46.5 Kbyles.

Type of Data to be Stored Memory Requirad (Kbytes) HP 8720
Calibration Set {full 2—port, 801pts) : 155
Calibration Set {full 2—port, 401 pis} 80
Calibration Set (full 2—port, 201 pts} 40
Calibration Set (1~port, 801 pis) 40
Calibration Set (1—port, 401 pis) 20
Calibration Set (1 —port, 201 pis) 10
Calibration Kit
Instrument State
Data Data (201 pis) 1 S—parameter 35
Data Data (401 pis) 1 S—~parameter 7
Data Formatied, Raw or Memory {201 pts) 1 S—parameter 35
User Display 33

Calibration Set Cautions

Calibration sets stored by one instrument and recalled by another instrument are not valid. Watch out
for situations fike this:

» Correction is ON when analyzer A stores instrument state A to disk,
+ Analyzer B recalls instrument state A from disk; as a result,

« Analyzer B recalls calibration set A, and

« Analyzer B turns correction ON (but it is not valid; recalibrate).

Calibration sets should not be recalled at one temperature if stored (by the same or different instru-
ment) at another temperature. Refer to the "Specifications” section for allowable temperature ranges
for individual specifications.
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SAVE AND RECALL KEYS

The key provides access to all the menus used for saving instrument states in internal memory

and for storing to exernal disk. This includes the menus used to define titles for internal registers and
external files, to define the content of external files, to initialize disks for storage, and to clear data from
the registers or purge files from an external disk.

The key leads to the menus that recall the contents of internal registers, or load files from
external disk back into the analyzer.
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T RECQISTER RECISTER TIE
WRINY NN WENU MENU
SAVE CLEAR THIE SEELT
@‘—"‘ REGH REG resi [P LETTER
SAVE CLEAR TME -
REGZ REGZ RECZ
SAVE CLEAR me
REG3 REGS Rees [ SPACE
SAVE CLEAR me
REGS REG regy [
SAVE CLEAR ™me BACK
PRESETS PRESETS preseTs [ SPACE
st |l o ez
TTLE LTOFY FROM
REGISTER FLE TME
STORE._TD RETURN RETURN DONE
RE DESNE DSt FLE FORMAT WNINSE Lt
rar STORE MENL MENL MENU
L L | FORMAT: o NT DEKA PURGE
SToRE DATA ARRAY EINARY YES FAEY
FILE o OFF ASCH NG PURGE
STORE RAW ARRAY
FiLE2 on OFF PURGE
STURE FORMAT ARY FLE3
RLES on OFF PURGE
STORE CRAPHICS
FILEN on OFF
PURGE
STORE DK FIEE > FLES
FRES FORMAT
DEFINE, > NITALEZE
INITPURGE s RETURN READ FLE
me PURGE HLES
FRES REs _l RETURN
RETURN RETURN
Low
RECALL L FLE DIRETTORY TNE FRE HE
MRENU WENG E L2 MWENL WENY
FECALL [oAD TORDABLE TTE | SELECT
R FLE1 FRE DREC FLEY {ETTER
RECALL LOAD TE
REGZ FiLEZ mez [~
RECALL LORD COMPLETE TNE
REGS e FLE DREC FRES [ SPACE
RECALL LOAD Tme
REGH FLEY ey [
RECALL LOAD T BACK
PRESETS FLES fLES ™ SPALE
FILE - ERASE
TIRECTORY hLE
RECALL READ FUE COPY FROM
FAC PRESET HILES KEG TITLES
LOAD FEOM | RETURN RETURN DONE

Figure 11—~1. Softkey Menus Accessed from the [SAVE] and [ RECALL | Keyy
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Save Menu

This menu (Figure 112} selects an internal memory register to store the current instrument state,
If a register contains a previously saved instrument state, the softkey label changes to | :
is intended to prevent inadverient destruction of saved states.

This also leads to the series of menus for external disk storage.

The default titles for the save registers are REG1 through REGS, but these titles carn be modified using
the title register menu and the fitle menu,

SAVE
REGY

SAVE
REGZ
REGS

SAVE
REGY

SAVE
PRESETS

CLEAR
REGETER
REGISTER

STORE TO
bisC

1 & T | 1 O 1 1

Figure 11-2. Save Menu

If correction is on, the associated calibration set is saved in non—volatile memory, if display memory
is being used, it is also saved in non~volatile memory. .

(SAVE1) saves the present instrument state in an internal register titled REG1.
(SAVE2) saves the present instrument state in internal register REG2.

(SAVES3) saves the present instrument state in internal register REGS.

(SAVE4) saves the present instrument state in internal register REG4.

. (SAVES) saves the present instrument state in internal register PRESETS.

The instrument state and associated calibration saved in this register will be automatically recalled
during power on or [_USERPRESET ],

EGISYTER leads to the clear register menu, described on the next page.

| leads to the title register menu, where the default register tities can be modified.
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leads to the store file menu, which introduces a series of menus for external disk

storage.

Ciear Register Menu

This menu (Figure 11~3) allows unused instrument states to be cleared from save registers, making
the assigned memory available for other uses. When an instrument state is deleted from memory, the
associated calibration set is also deleted. You can choose to selectively clear individual registers, or
clear all registers with one keystroke.

Ciearing of registers is periormed internally with 100 alternating 0 and 1 rewrite operations over the
entire non-volatile portion of the specified register memory.

Only registers that have instrument states previously stored in them are listed in this menu.

CLEAR
REG1
CLEAR
REGZ

CLEAR
REGS

CLEAR
REGY

CLEAR
PRESETS

CLEAR ALL

oo g an.mnn

RETURN

Figure 11—3. Clear Register Menu

(CLEAT1) clears a previously saved instrument state from register 1.

(CLEAZ) clears a saved instrument state from register 2.

(CLEA3) clears a saved instrument state from register 3.

(CLEA4) clears a saved instrument state from register 4.

(CLEAS) clears a saved instrument state from preset 5.
(CLEARALL) clears all instrument states.

N goes back to the save menu.
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Title Register Menu

This menu can be used to select a register to be retitled. Ali registers are listed, regardless of whether
or not they contain saved instrument states. When any of the title register softkeys is pressed, the title
menu is presenied and the character set is displayed in the active entry area.

REG?
REGZ
REGS

THLE
REGH

COPY FROM
FILE TTLE

RETURN

i
nogonn naoonan
0000 0000

Figure 11-—-4. Title Register Menu

(TITR1) selects register 1 to be retitled and presents the title menu and the character set.

¥ (TITR2) selects register 2 to be retitled.

(TITR3) selects register 3 to be retitied.

(TITR4) selects register 4 to be retitled.

(TITR5) selects register 5 to be retitied.

. (COPYFRFT) renames the internal registers to match the current names of the
store files. For example, the defauit names of the internal registers are REG1 through REGS. The de-
fault names of the store files are FILE1 through FILES. Pressing this key would rename the internal
registers FILE1 through FILES. if you have modified the names of the store files, the modified names
would be copied to the internal save register names.

goes back to the save menu.
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Title Menu

Use this menu (Figure 11-5) to define a title for the register selected in the title register menu. The
title replaces the default register title in the softkey label, and is recalled with the saved instrument
state.

This is similar to the menu used to set the display title (described in Chapter 5), except that certain
restrictions apply. The register title is limited to eight characters, If more than eight characiers are
selected, the last character is repeatedly written over. The title must be all alpha~numeric, and must
start with an alpha character. If the first character selected is not an aipha character, the message
“CAUTION: FIRST CHARACTER MUST BE A LETTER” is displayed when the ey is pressed.
No special characters or spaces are allowed. If a disaliowed character is selected, the message "CAU-
TION: ONLY LETTERS & NUMBERS ARE ALLOWED” is displayed. {The special characters are used
only for the display title.}

The save register title is independent of the display title, which is also saved and recalled as part of
the display.

SELECT

SPACE

A A 0

0000 000G

BACK
SPACE

ERASE

:
TS

0

DONE

Figure 11-5. Title Menu

The active entry area displays the lefters of the alphabet, digits O through 9. The
mathematical symbols are not used in register titles. To define a title, rotate the knob until the arrow
1 points at the first letter, then pres . Repeat this uniil the complete titie is defined,

for a maximum of eight characters. As each character is selected, it is appended to the title ai the
top left corner of the graticule.

\. This softkey does not function when defining a register title,
deletes the last character entered.
deletes the entire register title.

HONE! terminates the title entry, and returns to the title register menu. The new litle appears in the
softkey label in all applicable menus.
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Store File Menu

This menu {Figure 116} is used to store instrument states to an external disk rather than to internal
memory registers. The analyzer can use HP—IB to store directly to a compatible external disk drive,
without the use of an external controller. Refer to the General Information section of this manual for
information about compatible disk drives. Refer 1o the first part of this chapter for information about
disk storage.

“To store information on an external disk from the front panel when there is no other controller on the
bus, the analyzer must be in system controller HP—IB mode. To take contrel from the computer and
initiate a store operation, the analyzer must be in pass control mode. If it is not in one of these modes,
the message “CHANGE HFP-IB to 8YS CTRL or FASS CTRL is displayed. Refer to Key in
Chapter 8 for information on HP—IB controlier modes and setting addresses.

i you attempt to store a file and the message “CAUTION: DISK: not on, not connected, wrong addrs”
is displayed, check the disk drive line power and HP—IB cable connection. Also make sure that the
HP--1B address of the disk drive matches the address set in the address menu (see Chapter 8).

The analyzer uses one file name per instrument state for communicating with the user via the front

panel display. In reality, several files can actually be stored to the disk when an instrument state is

saved, depending on the functions being saved, This does not affect operation from the front panel.

The default names for the stored files are FILE1 through FILES. These file names can be modified using
the title file menu.

STORE
FILE1

STORE
FLEZ

STORE
FRLES

STORE
FILEY

STORE
FILES
DEFINE,
INIT,PURGE
TMHE

FILES

0000 0000

L N S S O O 1

RETURN

Figure 11—6. Store File Menu

i (STORT) stores the current instrument state in external file 1, together with any data
specified in the define, init, purge menu (see page 11-15).

: {STORZ2) stores the current instrument state and specified data in file 2.

i (STORS3) stores the current instrument state and specified data in file 3.
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(STOR4) stores the current instrument state and specified data in file 4.

i (STORS) stores the current instrument state and specified data in file 5.

E leads to the define store menu. Use this menu to specify what data is to be stored
isk in addition to the instrument state.

. leads to the titie fle menu, where the default file titles can be modified.

goes back to the save menu.

Define, Init, Purge Menu

Data and user graphics can be stored on disk along with the basic instrument state. The data can
be stored from different points in the data processing flow. It is possible to store raw, efror—correcied,
or formatted data, or any combination of the three. This menu allows the option of specifying what
data is to be stored. Refer to Data Processing Flow in Chapter 2 for more information about data arrays
and the sequence of data processing events.

DATA ARRAY
o OFF

RAW ARRAY
on OFF

FORMAT ARY
on OFF

GRAPHICS
en OFF

AR

DATA FLE
FORMAT

BN

Uisc
PURGE
FILES

RETURN | 11

Figure 11—7. Define Store Menu

(EXTMDATAON, EXTMDATAQFF) specifies whether or not to store the error—cor-
rected data on disk with the instrument state.

; ¢ (EXTMRAWON, EXTMRAWOFF) specifies whether or not to store the raw data
(ratioed and averaged) on disk with the instrument state.

—

1 = (EXTMFORMON, EXTMFORMOFF) specifies whether or not to store the for-
matted data on disk with the instrument state.
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; (EXTMGRAFON, EXTMGRAPOFF) specifies whether or not to store display graph-
ics on disk with the instrument state.

leads to the data file format menu.

: (INID) leads to the initialize menu. Before data can be stored on a disk, the disk must

be initialized for format compatibility. If you attempt to store without initializing the disk, the message
"CAUTION: DISK MEDIUM NOT INITIALIZED” is displayed.

E ieads to the purge files menu, which is used to purge the information stored on an
external disk.

goes back to the store file menu.

Data File Format Menu

Use this menu to select one of two data file formats for disk storage. The data file format refers to how
the data is encoded (formatted). The advantages of each is explained below. Remember that data
may be stored selectively as previously explained in “Define, Init, Purge Menu”,

The learn string, calibration kit, and user graphics display data are always stored in binary format
because it is useful only to the network analyzer. They should not be modified with an external comput-
er.

FORMAT:

e

RETURN

1 N ¢ N W 1 G 1

£
£

Figure 11—8. Data File Format Menu

- (SAVUBINA} selects binary data format, the faster, more compact data storage for-
mat. When selected, this data is formated in binary:

¢ Data arrays (cotrected)
+ Raw data arrays

+ Formatted array

+ Display memory array
= Calibration sets
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{SAVUASCI) selects an ASCIl data format known as CITiFile (Common Instrumentation
Transfer and Interchange file). This ASCIl data format is useful when data will be exchanged with a
compatible computer (see next page) to run, for instance, the HP 85150A/B Microwave Design Sys-
tem. See “Equipment Available” in the “General Information” section for additional software informa-
tion.

When selected, the following data is formated in CITIFile ASCIl. Each array is stored separately.

+ Data arrays {corrected)
« Raw data arrays

= Formatted array

» Display memory array
= Caiibration sets

goes back to the define store menu.

Initialize Menu

Initializing a disk erases all existing data and prepares it to store data. The preparation places a specific
arrangement (format) of tracks and sectors on the disk. The disk format used by the analyzer is LIF
{iogical interchange format).

+ LIF is compatible with HP series 8000 model 200/300 computers.

. LlrF is compatible with the HP Vectra Personal computer with HP 82300 HP BASIC language proces-
sor.

« LIF is not compatible with most PCs. The analyzer will not read from or write to disks formated by
PCs. However, disk utility programs are available that can convert to MS—-DOS format and vice
versa.

For information on transferring the contents of a disk from a LIF disk to a PC—compatible disk, contact
your local HP Sales and Service Office.

INIT DISC?
YES

NO

A T U W O ¥ A A

Figure 11—9. Initiglize Menu
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initializes the disk unit number and volume number selected in the HP—IB manu {see
Chapter 8), then returns to the define store menu. f more than one volume is to be initialized, each
volume must be selected and initialized individually.

If the disk is damaged, the message “INITIALIZATION FAILED” is displayed. During the initialization
process, the message “WAITING FOR DiSK" is displayed. This is normal.

HO: leaves this menu without initializing the disk, and returns 1o the define store menu.,

Purge File Menu

This menu is used to remove (purge) instrument states from a disk. When the purge file menu is en-
tered, the file titles currently in memory are displayed. (File titles are stored in non—volatile memory.)
These titles may or may not reside on the disk currently being used. The file titles can be updated

The purge file menu is the disk equivaient of the clear register menu.

PURGE
FILEY

PURGE
PURGE

PURGE
FILEY

PURGE

READ FILE

RETURN

b
Ao Ain fnnn
J000 0000

Figure 11~10. Purge File Menu

URG1) purges FILE1 from disk. If no file of that name exists on the disk, the message
"CAUTION: NO FILE{S) FOUND ON DISK" will appear.

i (PURG2) purges FILE2 from disk.
: (PURG3) purges FHLE3 from disk.
{ (PURG4) purges FILE4 from disk.

{ (PURGS) purges FILES from disk.
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: (REFT) searches the directory of the disk for file names recognized as belonging
1o an instrument state. No more than five titles are displayed at one time. If there are more than five,
repeatedly pressing this key causes the next five to be displayed. If there are fewer than five, the re-
maining softkey labels are blanked.

goes back to the define store menu.

Title File Menu

This menu is used fo select a disk file to be retitled. When the softkey for the selected file is pressed,
the title menu is presented and the character set is displayed in the active entry area. The title menu
is described earlier in this chapter. The same restrictions apply to file tities as to infernai register tilles:
that is, a file title is limited to eight characters, must be all alpha numeric, and must begin with an alpha
character.

Br
TR T TR TR T

i
1
0000

COPY FROM
REG TITLES

RETURN

Figure 11—11. Title File Menu

¢ (TITF1) selects file 1 to be retitled, and leads to the title menu.
(TITF2) selects file 2 to be retitled.
(TITF3) selects file 3 to be retitied.
i (TITF4) selects file 4 to be retitled.

i (TITF5) selects file 5 to be refitied.
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renames the store files to match the current names of the internal registers.

(it does not alter the hames of any files already stored to disk). For example, the default names of
the internal registers are REG1 through REGS5. The default file names of the store files are FILE1
through FILES. Pressing this key would rename the store files REG1 through REGS. if you have modi-

fied the names of the internal save registers, the modified names would be copied to the store file
names.

igoes back to the store file menu.
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Recall Menu

This menu is used to recall instrument states from internal memory. it is also used to access the load
file menu, which ioads files from external disk.

When the recall menu is displayed, only the names of registers containing instrument states are dis-
played in the top five softkey labels. Any register that does not currently contain a saved instrument

state has its softkey label blanked.

Figure 11—12. Recall Menu

RECALL
REG1

RECALL
REG2
REGS

RECALL
REGY

g .rn n

RECALL
PRESETS
RECALL
FAC PRESET

LOAD FROM
DISC

A_ A A1

12 (RECAT) recalls the instrument state saved in register 1. The current instrument state

is overwritten.

> {RECAZ) recalls the instrument state saved in register 2.

i (RECAS) recalls the instrument state saved in register 3.

(RECA4) recalls the instrument state saved in register 4.

& (RECADB) recalls the insttument state saved in register 5.

accesses the load file menu. Use this menu to restore instrurent states previously

stored to disk.

> (PRES) recalls the instrument state that conforms to defaults, factory.
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Load File Menu

This menu {Figure 11—13) is used to search the directory of a disk and to restore instrument states
previously stored to that disk.

There are three ways fo locate a file on disk.

1. The analyzer remembers the names of the last five files it previously found on any disk. (File fitles
are stored in non—volatile memory.) Therefore, when you enter this menu, the file titles in memory
will appear in the top five softkeys, whether or not they reside on the disk currently in the drive.

key causes the analyzer to search the directory of the current disk and
display any recognized file titles.

From the store file menu, use th . key to title a store file softkey with the name of the
file you want to restore. Return to the load file menu. The title you just created will appear in one of
the load file softkey labels. Press that softkey. If the file does not exist, the message “CAUTION: NO
FILE(S) FOUND ON DISK” will be dispiaved. This method is useful if you know the exact name of the
instrument state to be restored. Using ZRE is a more efficient method of finding file
names, unless a large number of instrument stales have been stered fo the disk.

-
-

Figure 11—13. Load File Menu

ke
A0

READ FRE

;
oA n.n

RETURN

(LOAD1) restores the instrument state contained in FILE1. The current instrument state
is overwritien.

i (LOAD?2) restores the instrument state contained in FILE2.
: (LOAD3) restores the instrument state contained in FILES,

: (LOADA) restores the instrument state contained in FILE4.
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¢ (LOADS) restores the instrument state contained in FILES.

(REFT) searches the directory of the disk for file names recognized as belonging
1o an instrument state. No more than five titles are displayed at one time. If there are more than five,

repeatedly pressing this key causes the next five to be displayed. Hf there are fewer than five, the re-
maining softkey labels are blanked.

goes bhack to the recall menu.
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Chapter 12. HP-IB Remote Programming

PR S A

INTRODUCTION

The analyzer is factory—equipped with a remote programming digital interface using the Hewleti—
Packard Interface Bus (HP—IB). (HP—IB is Hewletti—Packard’s hardware, software, documentation,
and support for I[EEE 488.1 and IEC~625, worldwide standards for interfacing instruments.) This al-
lows the analyzer to be controlled by an external computer that sends commands or instructions to
and receives data from the analyzer using the HP—IB. in this way, a remote operator has the same
control of the instrument available to a local operator from the front panel, except for control of the
line power switch.

in addition, the analyzer itself can use HP—IB to directly control compatible peripherals, without the
use of an external controller. It can output measurement results directly to a compatible printer or
plotter, or store instrument states fo a compatible disk drive.

This chapter provides an overview of HP—IB operation. Chapter 8 provides information on different
controller modes, and on setting up the analyzer as a controller of peripherals. Chapters 10 and 11
explain how to use the analyzer as a controller to print, plot, and store to an external disc. In addition,
HP—IB equivalent mnemonics for front panel functions are provided in parentheses throughout this
Reference.

More complate information on programming the analyzer remotely over HP—IB is provided in the fol-
lowing documents:

« BASIC Programming Guidte. This is a tutorial introduction to remote operation of the network analyz-
er using an HP 9000 series 200 or 300 computer. It includes examples of remote measurements
using BASIC programming. The BASIC Programming Guide assumes familiarity with front panel
operation of the instrument.

« Quick—C Programming Guide. This is a tutorial introduction to remote operation of the network ana-
lyzer using a DOS based personal computer. lt includes examples of remote measurements using
Quick~C programming.

s HP—IB Programming Reference. This is a complete reference summary for remote operation of the
analyzer with a controlier. it includes both functional and alphabetical lists of all HP~IB commands.
This guide is intended for use by those familiar with HP—IB programming and the basic functions of
the analyzer.

A complete general description of the HP-IB is available in Tutorial Description of the Hewleti—
Packard Interface Bus, HP publication 5952—0156. For more information on the IEEE—488.1 standard
refer to IEEE Standard Digital Interface for Programmable Instrumentation, published by the Institute
of Electrica! and Electronics Engineers, Inc., 345 East 47th Street, New York, New York 10017,
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HOW HP-IB WORKS

The HP-IB uses a party—line bus structure in which up to 15 devices can be connecied on one contig-
uous bus. The interface consists of 16 signal lines and 8 ground lines in a shielded cable. With this
cabling system, many different types of devices including instruments, computers, plotters, printers,
and disk drives can be connected in parallel.

Every HP—IB device must be capable of performing one or more of the following interface functions:

Talker

A talker is a device capable of sending device~dependent data when addressed to talk. There can
be only one talker at any given time. Examples of this type of device are volimeters, counters, and
tape readers. The analyzer is a talker when it sends trace data or marker information over the bus.

Listener

A listener is a device capable of receiving device—dependent data when addressed to listen. There
can be any number of listeners at any given time. Examples of this type of device are printers, power
supplies, and signal generators. The analyzer is a listener when itis controlled over the bus by a com-
puter.

Controller

A controller is a device capable of managing the operation of the bus and addressing talkers and
listeners. There can be only one active controller at any time. Examples of controllers inciude deskiop
computers and minicomputers. In a multiple—controller system, active conirol can be passed between
controilers, but there can only be one system controffer, which acts as the master, and can regain
active control at any time. The analyzer is an active controller when it piots, prints, or stores fo an
external disk drive in the pass control mode. The analyzer is a system controller when it is in the system
controller mode. These modes are discussed in more detail in Chapter 8 under HP—/B Menu.

HP—IB BUS STRUCTURE
Data Bus

The data bus consists of eight bidirectional lines that are used to transfer data from one device to
another, Programming commands and data are typically encoded on these lines in ASCII, although
binary encoding is often used to speed up the transfer of large arrays. Both ASCIl and binary dala
formats are available. In addition, every byte transferred over HP—IB undergoes a handshake 1o ensure
valid data.

Handshake Lines

A three—line handshake scheme coordinates the transfer of data between talkers and listeners. This
technique forces data transfers to occur at the speed of the slowest device, and ensures data integrity
in multiple listener transfers. With most computing controllers and instruments, the handshake is per-
formed automatically, which makes it transparent to the programmer.
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Control Lines

The data bus also has five conirol lines that the controller uses both to send bus commands and to
address devices.

IFC. interface Clear. Only the system controlier uses this line. When this line is true (low), all devices
(addressed or not) unaddress and go to an idle state.

ATN. Attention. The active controller uses this line to define whether the information on the data bus
is a command or is data. When this line is true (low), the bus is in the command mode and the data
lines carry bus commands. When this line is false (high), the bus is in the data mode and the data
lines cany device—dependent instructions or data.

SRQ. Service Request. This line is set true (low) when a device requests service: the active controller
services the requesting device. The analyzer can be enabled to pull the SRQ line for a variety of rea-
sons.

REN. Remote Enable. Only the system controller uses this line. When this line is set true (low), the
bus is in the remote mode, and devices are addressed either to listen or to talk. When the bus is in
remote and a device is addressed, it receives instructions from HP—IB rather than from its front panel

{the key returns the device to front panel operation). When this line is set false (high), the bus
and all devices return to local operation.

EOL. End or Identify. This line is used by a talker to indicate the last data byte in a muitiple byte
fransmission, or by an active controlier to initiate a paraliel poll sequence. The analyzer recognizes
the EOI line as a terminator, and it pulls the EO! line with the last byle of a message ouiput {data,
markers, piots, prints, error messages). The analyzer does not respond to parallel poll.

Figure 12—1 illustrates the structure of the HP-IB bus lines.
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DEVICE A 1

Able to talk,
fisten & control

DEVICE B S

Able to talk
é& listen

DEVICE C =

Able to
listen only

DEVICE D

Able to
tolk only

DATA BUS {8 signcl Sines)

Control
(3 signol fines)

e
AfN | CONTROL LINES

SR Generui Iniesfoce

Monogemaent
gy | (5 signal fees)

Figure 12—1. HP-IB Structure

HP-1B REQUIREMENTS

Number of interconnected Devices: 15 maximum.

Interconnection Path/ 20 metres maximum or 2 metres per device, whichever is

Maximum Cable Length less.

Message Transfer Scheme: Byte serial/bit parallel asynchronous data transfer using a
3—line handshake system.

Data Rate: Maximum of 1 megabyie per second over limited distances

with fri~-state drivers. Aetual data rate depends on the
transfer rate of the slowest device involved.
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Address Capability: Primary addresses: 31 taik, 31 1alk, 31 listen. A maximum

of 1 talker and 14 listeners at one time.

Multiple Controller Capability: in systems with more than one controller (like the network

analyzer system}, only one can be active at a time. The
active controller can pass control fo another controller, but
only the system controiler can assume unconditional con-
trol. Only one system controller is aliowed. The system
controller is hard —wired to assume bus control after 2
power failure.

HP-IB CAPABILITIES OF THE ANALYZER

As defined by the IEEE 488.1 standard, the analyzer has the following capabilities:

SHi
AH1
T6
L4
SR1
RL1
PPO
pC1
DT
C1,C2,C3
c10
E2

Full source handshake.

Full acceptor handshake.

Basic talker, answers serial poll, unaddresses if MLA is issued. No talk—only mode.
Basic listener, unaddresses if MTA is issued. No listen—only mode.
Complete service request {SRQ) capabilities.

Complete remote/iocal capability including local lockout.

Does not respond to paraliel poll.

Complete device clear.

Responds to a group execute trigger in the hold trigger mode.
System controller capabifities in system controlier mode.

Pass control capabilities in pass control mode.

Tri—state drivers.
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BUS MODE

The analyzer uses a single—bus architecture. The single bus allows both the analyzer and the host
controller to have complete access to the peripherals in the system.

GRAPHICS PLOTTER

PRINTER DISC DRIVE

® I ! ® ®

HP-1B
{21) FOR HP 9000 SERES
2007300 COMPUTERS.

{30) FOR IFEE 4UBB PERSONAL
COMPUTER INTERFACE CARDS.

NETHDRE RNRLYZER

HOEY CONTRODLLER

Figure 12—~2. Analyzer Single Bus Concept
Three different controller modes are possible, system controller, talker/listener, and pass control.

System Controller. This mode allows the analyzer to control peripherals directly in a stand—alone
environment (without an external controller). This mode can only be selected manually from the net-
work analyzer front panel. Use this mode for operation when no computer is connected to the analyzer.
Do not use this mode for programming.

Talker/Listener. This is the traditional programming mode, in which the computer is involved in all
peripheral access operations. Peripheral access (plotting and printing only) is also possible by ad-
dressing the analyzer to talk, addressing the peripheral to listen, and placing the HP—IB in the data
mode.
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Pass Control. This mode aliows you to control the analyzer over HP—IB as with the talker/listener
mode, and also allows the analyzer to take or pass control in order to plot, print, and access a disc.
During the peripheral operation, the host computer is free to perform other internal tasks such as data
or display manipulation ({the bus is tied up by the analyzer during this time). After a task is completed,
the host coniroller accepts conirol again when the analyzer returns it.

In general, use the talker/liistener mode for programming the analyzer unless you desire direct periph-
eral access. Preset does not affect the selected bus mode, but the bus mode returns to talker/listener
if power is cycled,

Chapter 8 expiains the three different bus modes in detail, and provides information on setting the
correct bus mode. Programming information for talker/listener mode and pass control mode is pro-
vided in the HP—IB Programming Guide.

SETTING ADDRESSES

In communications through HP—IB, each instrument on the bus is identified by an HP—IB address.
This address code must be different for each instrument on the bus. Refer to Address Menu in Chapter
8 for information on default addresses, and on setting and changing addresses. These addresses are
stored in short—term non—volatile memory and are not affected when you press or cycie the

power {(although the key must be pressed to implement a change to the analyzer address).

VALID CHARACTERS

The analyzer accepts ASCH! letters, numbers, decimal points, -/—, semicolons, quotation marks (7),
carriage returns (CR), and linefeeds (LF). Both upper and lower case are acceptable. Leading zeros,
spaces, carriage returns, and unnecessary terminators are ignored, except those within a command
or appendage. Carriage returns are ignored. An invalid character causes a syntax error. Syntax errors
are described in more detail under in the HP—IB Programming Guide.

HP—IB CODE NAMING CONVENTION -

The HP—1B commands are derived from their front panel key titles {where possibie), accordihg to the
naming convention below.

Convention Key Title For HP -8 Code Use Example

One Word Power First Four Letters POWE
Start STAR

Two Words Electrical Delay First Three Letters of First Word ELED
Search Right First Letter of Second Word SEAR

Two Words in a Marker —+Center First Four Letiers of Both MARKCENT

Group Gate—Span GATESPAN

Three Words Cal Kit N 5062 First Three | etters of First Word CALKNSO
Pen Num Data First Letter of Second Word PENNDATA

First Four Letters of Third Word
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Some codes require appendages (on, off, 1, 2, etc.). Codes that have no front panel equivalent are
HP-13 only commands, and use a similar convention based on the common name of the function.
Where possible, these codes are compatible with HP 8510 codes.

Front panel equivalent codes and HP—IB only codes are summarized in the HP—IB Programming Ref-
erence.

UNITS AND TERMINATORS

The analyzer outputs data in basic units and assumes these basic units when it receives an input,
unless the input is otherwise qualified. The basic units and allowable expressions follow; either upper
or lower case is acceptable.

Basic Units Allowable Expressions
Seconds S
Milliseconds MS
Microseconds us
Nanoseconds N8
Picoseconds PS
Femtoseconds F3
Hertz Hz
Kilohertz KHZ
Megahertz MHZ
Gigahertz GHZ
dB or dBm DB
Volts V

Terminators are used to indicate the end of a command o allow the analyzer to recover fo the next
command in the event of a syntax error. The semicolon is the recommended command terminator.
The line feed (LF) character and the HP—IB EOI line can also be used as terminators. The analyzer
ignores the carriage return (CR) character.

HP-IB DEBUG MODE

An HP—IB diagnostic feature {debug mode) is available in the HP—IB menu. Activating the debug
mode causes the analyzer to scrolf incoming HP 1B commands across the display. Nonprintable char-
acters are represented with a . Any time the analyzer receives a syniax error, the commands halt,
and a pointer A indicates the misunderstood character. The HP—/B Programming Reference explains
how to clear a syntax error,

CRT GRAPHICS

The CRT can be used as a graphics display for displaying connection diagrams or custom instructions
to an operator. The CRT accepts a subset of Hewiett—Packard Graphics Language (HP—GL) com-
mands.
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NOTE: The CRT occupies an additional address on the HP—IB. Determine the CRT bus address by
adding 1 to the analyzer address if it is an even number, or subtracting 1 ifitis an odd number.
Thus the factory default CRT address for graphics is 17.
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Chapter 13. Error Messages

INTRODUCTION

This section lists the error messages that may be displayed on the analyzer display or transmitted by
the instrument over HP—IB. Each error message is accompanied by an explanation, and suggestions
are provided to help in solving the problem. Where applicable, references are given to related sections
of the Operation and Maintenance manuals.

When displayed, error messages are usually preceded with the word CAUTION:. That part of the error
message has been omitted here for the sake of brevity. Some messages are for information only, and
do not indicate an error condition. Two listings are provided: the first is in alphabetical order, and the
second in numerical order.

In addition to error messages, instrument status is indicated by status notations in the left margin of
the display. Examples are “*”, “msE”, and “|". Sometimes these appear in conjunction with error mes-
sages. A complete listing of status and notations and their meanings is provided in "Front and Rear
Panel” in the Reference Manual.

ERROR MESSAGES IN ALPHABETICAL ORDER
68 ADDITIONAL STANDARDS NEEDED

Error correction for the selected calibration class cannot be computed without measuring the neces-
sary standards.

3t ADDRESSED TO TALK WITH NOTHING TO SAY

An enter command was sent to the analyzer without first requesting data with an appropriate cutput
command (such as “OUTPDATA"). The analyzer has no data in the output queue to salisfy the request.

20 AIR FLOW RESTRICTED: CHECK FAN FILTER

An inadequate air fiow condition has been detected. Clean the fan filter. For most efficient cocling,
the instrument covers should be in place. If the problem persists, troubleshoot the power supply.

60 ANALOG INPUT OVERLOAD
The maxdmum input voitage level to the rear panel AUX INPUT has been exceeded.
37 ANOTHER SYSTEM CONTROLLER ON HP-IB

Selection of SYSTEM CONTROLLER under could not be accompilished because another Sys-
tem Controller is already connected on HP-IB.
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83 ASCIl: MISSING *CITIFILE’ statement

In reading an ASCII file from disk, the reserved word “CITIFILE” was not found.
84 ASCI: MISSING VAR’ statement

In reading an ASCII file from disk, the reserved word “VAR” was not found.

85 ASCIli: MISSING 'DATA’ statement

In reading an ASCII file from disk, the reserved word “DATA” was not found.
86 ASCII: MISSING 'BEGIN’ statement

in reading an ASCI file from disk, the reserved word "BEGIN” was not found.
13 AVERAGING INVALID ON NON-RATIO MEASURE

This error occurs only in single—input measurements using an auxifiary input signal or a service input,
Sweep-to—sweep averaging is valid only for raticed (S-parameter) measurements. Other noise re-
duction techniques are available for single input measurements. Refer to Key in Chapter 4 for
a discussion of tfrace smoothing and variable IF bandwidths.

34 BLOCKINPUT ERROR

The analyzer did not receive a compiete data transmission. This is usually caused by an interruption
of the bus transaction. Clear by pressing the key or aborting the IO process at the controiler.

35 BLOCK INPUT LENGTH ERROR

The length of the header received by the analyzer did not agree with the size of the internal array block.
Refer to the HP—IB Programming Guide for instructions on using input commands.

74 CALIBRATION ABORTED
The calibration in progress was terminated due to change of the active channel.
63 CALIBRATION REQUIRED

A calibration set could not be found that matched the current stimulus state or measurement parame-
ter, A calibration should be performed.

36 CHANGE HP-IB to SYST CTRL or PASS CTRL

A command (front panel or HP-IB) has been received that requests the network analyzer to take
control of the HP—IB, but it is in TALKER/LISTENER mode. Change selection under [T6€AL].

10 CONTINUOUS SWITCHING NOT ALLOWED
An instrument staie is set up such that continuous switching of the transfer switch would be necessary;

a "testset hold” condition has bheen placed on the non—active channel.
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3 CORRECTION CONSTANTS NOT STORED

The results of a service adjustment have not been stored in the network analyzer.
66 CORRECTION TURNED OFF

A major change to the stimulus values has forced error correction to be turned off.
64 CURRENT PARAMETER NOT iN CAL SET

The measurement paramter could not be found in a calibration set. Perform a calibration for that pa-
rameter.

17 DEMODULATION NOT VALID
The demodulation transform can only be performed when the sweep type is CW Time,
39 DISK HARDWARE PROBLEM

The disk drive is properly connected, but has returned a service related error message when ac-
cessed.

48 DISK IS WRITE PROTECTED
The write—protect feature on a disk has been enabled.

40 DISK MEDIUM NOT INITIALIZED

Th_é fioppy disk must be initialized in order to store files. Perform an initialization {
der 5,

19 DISK MESSAGE LENGTH ERROR

The number of bytes transferred to or from the disk is inconsistent with the number specified in the
previously sent disk command.

48 DISK WEAR-REPLACE DISK SOON
The floppy disk surface is wearing out; replace with a new disk to prevent data loss.
38 DISK: not on, not connected, wrong addrs

The disk drive does not respond to control. Verify power to the disk drive, and check the HP-IB con-
nection between the analyzer and the disk drive. Ensure that the disk address address recognized

by the network analyzer matches the HP—IB address set on the disk drive itself ({1ocA]).
72 EXCEEDED 7 STANDARDS PER CLASS

When specifying a calibration class, an attempt has been made to exceed the maximum of 7 standards
for a specific class.

42 FIRST CHARACTER MUST BE A LETTER

When titling a register or file, the first character must be a letter. Rename the register/file appropriately.
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75 FORMAT NOT VALID FOR MEASUREMENT

A conversion fo Y or Z parameters has been selected, and the format selected is Smith chart or SWR.
In these formats, the conversion trace value is not consistent with the graphical display.

14 FUNCTION NOT VALID
The requested function is incompatible with the current instrument state,
46 ILLEGAL UNIT OR VOLUME NUMBER

The disk unit or volume number set in the analyzer is not valid. Refer to the disk drive operating manu-
al.

47 INITIALIZATION FAILED

Disk initialization failed, usually due to a damaged disk.

32 INPUT ATTEMPTED WITHOUT SELECTING INPUT TYPE

An “INPU” command has not been received, but an attempt to transfer data occurred.
56 INSTRUMENT STATE MEMORY CLEARED

The five instrument state registers have been cleared from memory along with any calibration data
or calibration kit definitions.

51 INSUFFICIENT MEMORY

The last front panel or HP—IB request could not be implemented due to insufficient memory space.
See the chapter on memory allocation,

82 INSUFFICIENT MEMORY, PWR MTR CAL OFF

The memory aliocation for power meter calibration arrays failed due to insufficient memory space. See
the chapter on memory aliocation,

2  INVALID KEY

An undefined softkey was pressed,

9  LIST TABLE EMPTY

The frequency list is empty. To implement list frequency mode, add segments to the list table.
18 LOW PASS MODE NOT ALLOWED

Low pass time domain mode is allowed only with 801 points or less.

71 MORE SLIDES NEEDED

At least five positions of the sliding load are required to complete the calibration.
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69 NO CALIBRATION CURRENTLY IN PROGRESS

The #

£ softkey is not valid unless a calibration was previously in progress. Start
a new calibration.
41 NO DISK MEDIUM IN DRIVE

No disk was found in the current disk unit, insert a disk, or check the disk unit number stored in the
analyzer.

45 NO FILE(S) FOUND ON DISK
No files of the type created by the analyzer store operation were found on the disk.
5  NO IF FOUND: CHECK R INPUT LEVEL

The first intermediate frequency (IF) for the R sampler was not detected during pretune. This signal
must be present for phase lock and operation of the network analyzer.

76 NO LIMIT LINES DISPLAYED

Limit lines and have been enabied, but the format (polar, Smith Chart) is not valid with limit line dis-
plays.

15 NO MARKER DELTA — SPAN NOT SET

The &

| softkey function requires that delta marker mode be turned on, with at least two
markers displayed.
70 NO SPACE FOR NEW CAL. CLEAR REGISTERS

The amount of available memory for storing calibration arrays has been exceeded. Clear one or more
save/recall registers. i under [savE])

44 NOT ENOUGH SPACE ON DISK FOR STORE
The disk is full; purge files or replace with another disk.
54 NO VALID MEMORY TRACE

A request to display a memory or trace math operation has occurred, but a data trace has not been
previously stored in memory. (See under [DISFLAY] )

55 NO VALID STATE IN REGISTER

A request 1o recall an internal register has occurred, but an instrument state has not been previously
saved. {See [SAE])

43 ONLY LETTERS AND NUMBERS ARE ALLOWED

When titling a register or file, only alphanumeric characters are allowed. Rename the register/file ap-
propriately.
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1 OPTIONAL FUNCTION; NOT INSTALLED

An attempt has been made to use an optional function for which that option has not been instailed.
4 PHASE LOCK CAL FAILED

The phase lock calibration procedure failed; measurement data is questionable.

7 PHASE LOCK FAILURE

One of the phase lock loops has failed.

8 PHASE LOCK LOST

One of the phase lock loops has lost lock.

26 PLOTTER: not on, not connected, wrong addrs

The plotter does not respond to control. Verify power to the plotter, and check the HP—IB connection
hetween the analyzer and the plotter. Ensure that the plotter address recognized by the network ana-
lyzer maiches the HP—IB address set on the piotter itself ({L6cAL]).

28 PLOTTER NOT READY-PINCH WHEELS UP

The plotter is not ready 1o piot; the paper has not been properly inserted or loaded.

6 POSSIBLE FALSE LOCK

Phase lock ioop may have locked onto the wrong harmonic; measuremept data is questionable,
78 POWER METER INVALID

The power meter has been identified by the network analyzer as one which is incompatible with the
power meter calibration procedure.

79 POWER METER NOT SETTLED

The power meter readings have not stabilized in order to continue with the power meter calibration
procedure.

80 POWER METER NOT FOUND

The power meter does not respond to control. Verify AC power to the power meter, and check the
HP-IB connection between the analyzer and the power meter. Ensure that the power meter address
recognized by the network analyzer matches the HP—IB address set on the power meter itself

().
21 POWER SUPPLY HOT!

The power supply temperature has been sensed by the post regulator test or during self test. Turn
off the network analyzer immediately, and contact your Hewleti—Packard Service Center.

24 PRINTER: not on, not connected, wrong addrs

The printer does not respond to control. Verify power to the printer, and check the HP 1B connection
between the analyzer and the printer. Ensure that the printer address recognized by the network ana-
lyzer matches the HP—IB address set on the printer itself ({T6¢& 7).
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30 REQUESTED DATA NOT CURRENTLY AVAILABLE

The analyzer does not currently contain the data being requested. For example, this condition occurs
when error term arrays are requested and no calibration is active,

81 SAVE FAILED. INSUFFICIENT MEMORY

insufficient memory is available to save the current instrument state, which includes power meter cali-
bration arrays, to internal memory. Reduce memory usage if possible, then repeat the measurements.

73 SLIDES ABORTED (MEMORY REALLOCATION)

Insufficient memory is available for sliding load measurements. Reduce memory usage if possible,
then repeat the sliding load measurements.

61 SOURCE PARAMETERS CHANGED

Some of the stimulus parameters of the instrument state have been changed, due 1o a request o turn
correction on. A calibration set for the current measurement parameter was found and activated. The
instrument state was updated to match the stimulus parameters of the calibration state.

11 SWEEP TIME INCREASED

Sweep time is automatically increased to compensate for other instrument state changes. Some pa-
rameter changes that cause an increase in sweep time are narrower IF bandwidth, an increase in the
number of points, and a change in sweep lype.

33 SYNTAXERROR
An improperly formatted or misspelled command was received over HP~IB.
52 SYSTEM IS NOT IN REMOTE

The analyzer is in local mode. In this mode, it will not respond to HP—IB commands with front panel
key equivaients, It will, however, respond to commands that have no such equivalents, such as status
requests.

57 TEST PORT OVERLOAD, REDUCE POWER

Whenever the power level at the “R” measurement sampler exceeds approximately +20 dBm, the
source power level must be reduced.

58 TEST PORT OVERLOAD, REDUCE POWER

Whenever the power level at the “A” measurement sampler exceeds approximately +20 dBm, the
source power level must be reduced.

59 TEST PORT OVERLOAD, REDUCE POWER
Whenever the power level at the “B” measurement sampler exceeds approximately +20 dBm, the

source power level must be reduced.
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50 TOO MANY SEGMENTS OR POINTS

Frequency list mode is limited to 30 segments and/or 1601 points.

16 TRANSFORM, GATE NOT ALLOWED

Transformation to time domain is not allowed for sweep types other than linear and CW.
77 WRONG DISK FORMAT, INITIALIZE DiSK

The disk has not been formatted according to the Logical Interchange Format (LIF).

ERROR MESSAGES IN NUMERICAL ORDER
1 OPTIONAL FUNCTION; NOT INSTALLED
An attempt has been made to use an optional function for which that option has not been installed.
2  INVALID KEY
An undefined softkey was pressed.
3  CORRECTION CONSTANTS NOT STORED
The results of a service adjustment have not been stored in the network analyzer.
4  PHASE LOCK CAL FAILED
The phase lock calibration procedure failed; measurement data is questionable.
5  NO IF FOUND: CHECK R INPUT LEVEL

The first intermediate frequency (IF) for the R sampler was not detected during pretune. This signal
must be present for phase lock and operation of the network analyzer,

6 POSSIBLE FALSE LOCK

Phase lock loop may have locked onto the wrong harmonic; measurement data is questionable.
7 PHASE LOCK FAILURE

One of the phase lock loops has failed.

8 PHASE LOCK LOST

One of the phase lock loops has lost lock.

9  LIST TABLE EMPTY

The frequency list is empty. To implement list frequency mode, add segments to the list table.
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10  CONTINUOUS SWITCHING NOT ALLOWED

Aninstrument state is set up such that continuous switching of the transfer switch would be necessary;
a "testset hold” condition has been placed on the non—active channel.

i1 SWEEP TIME INCREASED

Sweep time is automatically increased to compensate for other instrument state changes. Some pa-
rameter changes that cause an increase in sweep titne are narrower IF bandwidth, an increase in the
number of points, and a change in sweep type.

13 AVERAGING INVALID ON NON—-RATIO MEASURE

This error occurs only in single—~input measurements using an auxiliary input signal or a service input.
Sweep—to—sweep averaging is valid only for raticed (S—parameter) measurements. Other noise re-
duction techniques are available for single input measurements. Refer to [AVG] Key in Chapter 4 for
a discussion of frace smoothing and variable [F bandwidths.

14 FUNCTION NOT VALID
The requested function is incompatible with the current instrument state.

15 NO MARKER DELTA -~ SPAN NOT SET

: softkey function requires that delta marker mode be turned on, with at least two

markéfs displayed.

16  TRANSFORM, GATE NOT ALLOWED

Transformation to time domain is not allowed for sweep types cther than linear and CW.
17 DEMODULATION NOT VALID

The demodulation transform can only be performed when the sweep type is CW Time.
18 LOW PASS MODE NOT ALLOWED

Low pass time domain mode is allowed only with 801 points or less.

19 DISK MESSAGE LENGTH ERROR

The number of byles transferred to or from the disk is inconsistent with the number specified in the
previously sent disk command.

20 AIR FLOW RESTRICTED: CHECK FAN FILTER

An inadequate air low condition has been detected. Clean the fan filter. For most efficient cooling,
the instrument covers should be in place. If the problem persists, troubleshoot the power supply.

21 POWER SUPPLY HOT!

The power supply temperature has been sensed by the post regulator test or during self test. Turn
off the network analyzer immediately, and contact your Hewlett—Packard Service Center.
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24 PRINTER: not on, not connected, wrong addrs

The printer does not respond to control. Verify power to the printer, and check the HF—IB connection
between the analyzer and the printer. Ensure that the printer address recognized by the network ana-
lyzer matches the HP~IB address set on the printer itself ({TocA}).

26 PLOTTER: not on, not connected, wrong addrs

The plotter does not respond to control. Verify power to the plotier, and check the HP—IB connection
between the analyzer and the plotter. Ensure that the plotter address recognized by the network ana-
lyzer matches the HP—IB address set on the plotter itself ({TocaL]).

28 PLOTTER NOT READY-PINCH WHEELS UP
The plotter is not ready to plot; the paper has not been properly inserted or loaded.
30 REQUESTED DATA NOT CURRENTLY AVAILABLE

The anaiyzer does not currently contain the daia being requested. For example, this condition occurs
when error term arrays are requested and no calibration is active.

31 ADDRESSED TO TALK WITH NOTHING TO SAY

An enter command was sent {o the analyzer without first requesting data with an appropriate output
command (such as “OUTPDATA"). The analyzer has no data in the output queue to satisfy the request.

32 INPUT ATTEMPTED WITHOUT SELECTING INPUT TYPE

An “INPU” command has not been received, but an attempt to transfer data occurred.
33 SYNTAXERROR

An improperly Tormatted or misspelled command was received over HP 1B,

34 BLOCK INPUT ERROR

‘The analyzer did not receive a complete data transmission. This is usually caused by an interruption
of the bus transaction. Clear by pressing the key or aborting the 10 process at the controller.

35 BLOCK INPUT LENGTH ERROR

The length of the header received by the analyzer did not agree with the size of the internal array block.
Refer to the HP~IB Programming Guide for instructions on using input commands.

36 CHANGE HP-IB to SYST CTRL or PASS CTRL

A command (front panel or HP—IB} has been received that requests the network analyzer to take
control of the HP—IB, but it is in TALKER/LISTENER mode. Change selection under .

37 ANOTHER SYSTEM CONTROLLER ON HP-IB

Selection of SYSTEM CONTROLLER under [[LOCAL]} could not be accomplished because another
System Controller is already connected on HP-IB.
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38 DISK: not on, not connected, wrong addrs

The disk drive does not respond to control, Verify power to the disk drive, and check the HP—IB con-
nection between the analyzer and the disk drive. Ensure that the disk address address recognized
by the network analyzer matches the HP—IB address set on the disk drive itself ({L5cAL]).

39 DISK HARDWARE PROBLEM

The disk drive is properly connected, but has returned a service related error message when ac-
cessed.

40 DISK MEDIUM NOT INITIALIZED

The floppy disk must be initialized in order to store files. Perform an initiafization (
der [G75), e e i

41  NO DISK MEDIUM IN DRIVE

No disk was found in the current disk unit. Insert a disk, or check the disk unit number stored in the
analyzer.

42 FIRST CHARACTER MUST BE A LETTER
When titling a register or file, the first character must be a letter. Rename the register/file appropriately. -
43 ONLY LETTERS AND NUMBERS ARE ALLOWED

When titling a register or file, only alphanumeric characters are allowed. Rename the register/file ap-
propriately.

44 NOT ENOUGH SPACE ON DISK FOR STORE

The disk is full; purge files or replace with another disk.

45 NO FILE(S) FOUND ON DISK

No files of the type created by the analyzer store operation were found on the disk.
456 ILLEGAL UNIT OR VOLUME NUMBER

The disk unit or volume number set in the analyzer is not valid. Refer to the disk drive operating manu-
al,

47 INITIALIZATION FAILED

Disk initialization failed, usually due to a damaged disk.
48 DISK IS WRITE PROTECTED

The write—protect feature on a disk has been enabled.
49 DISK WEAR-REPLACE DISK SOON

The floppy disk surface is wearing out; replace with a new disk to prevent data loss.
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50 TOO MANY SEGMENTS OR POINTS
Frequency list mode is limited to 30 segments and/or 1601 points.
51 INSUFFICIENT MEMORY

The last front panel or HP—-IB.request could not be implemented due to insufficient memory space.
See the chapter on memory allocation.

52 SYSTEM IS NOT IN REMOTE

The analyzer is in local mode. in this mode, it will not respond to HP—1B commands with front panel
key equivalents. it will, however, respond to commands that have no such equivalents, such as status
requests.

54 NO VALID MEMORY TRACE

A request to display a memory or trace math operation has occurred, but a data trace has not been
previously stored in memory. (See | under [DISPLAY] )

55 NO VALID STATE IN REGISTER

A request to recall an internal register has occurred, but an instrument state has not been previously
saved. (See [SAVE])

56 INSTRUMENT STATE MEMORY CLEARED

The five instrument state registers have been cleared from memory along with any calibration data
or calibration kit definitions. '

57 TEST PORT OVERLOAD, REDUCE POWER

Whenever the power level at the "R” measurement sampler exceeds approximately +20 dBm, the
source power ievel must be reduced.

58 TEST PORT OVERLOAD, REDUCE POWER

Whenever the power level at the "A” measurement sampler exceeds approximately +20 dBm, the
source power level must be reduced.

58 TEST PORT OVERLOAD, REDUCE POWER

Whenever the power level at the "B” measurement sampler exceeds approximately +20 dBm, the
source power level must be reduced,

60 ANALOG INPUT OVERLOAD
The maximum input voltage level to the rear panel AUX INPUT has been exceeded.
61 SOURCE PARAMETERS CHANGED

Some of the stimuius parameters of the instrument state have been changed, due to a request to turn
correction on. A calibration set for the current measurement parameter was found and activated. The
instrument state was updated to match the stimuius parameters of the calibration state.
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63 CALIBRATION REQUIRED

A calibration set couid not be found that matched the current stimulus state or measurement parame-
ter. A calibration should be performed.

64 CURRENT PARAMETER NOT IN CAL SET

The measurement paramter could not be found in a calibration set. Perform a calibration for that pa-
rameter.

66 CORRECTION TURNED OFF
A major change to the stimulus values has forced error correction to be turned off,
68 ADDITIONAL STANDARDS NEEDED

Error comrection for the selected calibration class cannot be computed without measuring the neces-
sary standards.

69 NO CALIBRATION CURRENTLY IN PROGRESS

The
a new calibration.

softkey is not valid unless a calibration was previously in progress. Start

70 NO SPACE FOR NEW CAL. CLEAR REGISTERS

The amount of available memory for storing calibration arrays has been exceeded. Clear one or more
save/recall registers. (& # under [SAVE])

71 MORE SLIDES NEEDED
At least five positions of the sliding load are required to complete the calibration.
72 EXCEEDED 7 STANDARDS PER CLASS

When specifying a calibration class, an attempt has been made to exceed the maximum of 7 standards
for a specific class.

73 SLIDES ABORTED (MEMORY REALLOCATION)

insufficient memory is available for sliding load measurements. Reduce memory usage if possible,
then repeat the sliding load measurements.

74 CALIBRATION ABORTED
The calibration in progress was terminated due to change of the active channel,
75 FORMAT NOT VALID FOR MEASUREMENT

A conversion to Y or Z parameters has been selected, and the format selected is Smith chart or SWR.
in these formats, the conversion trace value is not consistent with the graphical dispiay.

76 NO LIMIT LINES DISPLAYED

Limit lines and have been enabled, but the format (polar, Smith Chart} is not valid with limit line dis-
plays.
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77 WRONG DISK FORMAT, INITIALIZE DISK
The disk has not been formatted according to the Logical Interchange Format (LIF).
78 POWER METER INVALID

The power meter has been identified by the network analyzer as one which is incompatible with the
power meter calibration procedure.

79 POWER METER NOT SETTLED

The power meter readings have not stabilized in order to continue with the power meter calibration
procedure.

80 POWER METER NOT FOUND

The power meter does not respond to control. Verify AC power to the power meter, and check the
HP-IB connection between the analyzer and the power meter, Ensure that the power meter address
recognized by the network analyzer matches the HP~IB address set on the power meter itself

((EeeAL)).
81 SAVE FAILED. INSUFFICIENT MEMORY

Insufficient memory is available to save the current instrument state, which includes power meter cafi-
bration arrays, to internal memory. Reduce memory usage if possible, then repeat the measurements.

82 INSUFFICIENT MEMORY, PWR MTR CAL OFF

The memory allocation for power meter calibration arrays failed due to insufficient memory space. See
the chapter on memory allocation.

83 ASCII: MISSING °CITIFILE’ staterent

In reading an ASCH file from disk, the reserved word “CITIFILE” was not found.
84 ASCIl: MISSING VAR’ statement

In reading an ASCII file fron‘i disk, the reserved word “VAR” was not found.

85 ASCI: MISSING DATA’ statement

In reading an ASCI! file from disk, the reserved word “DATA” was not found.
86 ASCI: MISSING "BEGIN’ statement

In reading an ASCII file from disk, the reserved word “BEGIN” was not found.
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Chapter 14. Instrument History
00U

INTRODUCTION

This manual applies directly to the instrument it came with, specifically to network analyzers with the
serial humber prefixes on the title page.

If your instrument were to have a lower serial number prefix and need additional documentation, it
would be located in this section. For additional information see Analyzers Covered by this Manual in

the General information section.
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. Appendix A. Preset State
0000 RO T
PRESET STATE

When the keys are pressed, or nothing has been saved in SAVE/RECALL

PRESETS, the analyzer reverts to a known state. This state is defined in Table A~1, below. There are
subtle differences between the preset state and the power—up state. These differences are docu-

mented in Table A-2.

When line power is cycled, or the keys are pressed, the analyzer per-
forms a self—test roufine. Upon successful completion of that routine, the instrument state is set to
the following preset conditions. The same conditions are true following a “PRES;’ or "RST,” command
over HP—IB, although the self-test routines are not executed.
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Table A—1. Preset Conditions (1of 2)

Opaorating Parameter Proset Vaiue Operating Paramoter Prasot Value
Stimulus Conditions Response Conditions (Cont’d)
SWEEP TYPE linear frequency INTENSITY AND FOCUS last active state
DISPLAY MODE start/stop MODIFY COLORS last siate
TRIGGER TYPE continuous IF BANDWIDTH 8000 Hz
EXTERNAL TRIGGER MODES off IF AVERAGING FACTOR 16: off
SWEEP TIME auto/manual auie SMOOTHING APERTURE 1% span; off
SWEEP TIME (auto) (HP 8718C) 100 milliseconds PHASE OFFSET 0 degrees
auto (HP 87200, HP 87224) 100 milliseconds ELECTRICAL DELAY 0 degrees {all parameters)
START FREQUENCY {standard) 050 Ghz Calibration
(option 001) 050 000 000 GHz CORRECTION off
STOP FREQUENCY CALIBRATION TYPE none
{standard HP 8718C} 13.5100 GHz CALIBRATION KIT 8.5 mm (8722 — 2.4 mm)
{option 00t HP 8718C) 18.510 000 000 GHz SYSTEM 20 50 ohmns
STOP FREQUENCY VELOCITY FACTOR 1
{standard HP 8720C} 20.0500 Gz EXTENSIONS off
{option 001 HP 87200) 20. 050 000 GHz PORT1,2,A. B 0
STOP FREQUENCY Markers {coupled)
{standard HP 8722A) 40.050 GHz MARKERS 1,2,3,4,5 1 GHz; all markers off
{option 001 HP 8722A) 40.050 000 000 GHz REFERENCE MARKER none
NUMBER OF POINTS 201 MARKER MODE continuous
CW FREQUENCY 1 Gz DELTA MARKER MODE off
START TIME o MARKER SEARCH off
TIME SPAN 100 mifliseconds MARKER TARGET VALUE -3 dB
SOURCE POWER (8718C/20C) +10 dBm MARKER WIDTH VALUE ~3 dB; off
(gr22A) 15 dBm
POWER RANGE (8718C/20C) 1 MARKER TRACKING off
{B722A) 2
COUPLED CHANNELS on MARKER STIMULLIS OFFSET 0
STEP SWEEP off MARKER VALUE OFFSET o]
Frequency List MARKER AUX OFFSET (PHASE) 0 degrees
FREQUENCY LIST empty MARKER STATISTICS off
EDIT MODE starl/stop, # of points | POLAR MARKER lin mier
Response Conditions SMITH MARKER R+jX
PARAMETER Channel 1: 811 MARKER COUPLING on
Channel 2: 821 DISPLAY MARKERS coupled
CONVERSION off Limit Lines
FORMAT log magnitude LIMIT LINES off
DISPLAY data LIMIT TESTING off
DUAL CHANNEL off LIMIT LIST empty
ACTIVE CHANNEL channel 1 EDIT MODE uppet/lower limits
FREQUENCY BLANK disabled STIMULUS OFFSET OHz
SPLIT DISPLAY on AMPLITUDE OFFSET [+
BEEPER: DONE on LIMIT TYPE sloping fine
BEEPER:WARNING on BEEP FAIL off
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Table A~1. Preset Conditions (2 of 2}

Opeorating Paramotor Prosct Value Oporating Parameter Prasot Value
Time Domain PLOT DATA on
TRANSFORM off PLOT MEMORY on
TRANSFORM TYPE bandpass PLOT GRATICULE on
START TRANSFORM -1 nanosecond PLOT TEXT on
STOP TRANSFORM 4 nanoseconds PLOT MARKER on
GATING off PLOT QUADRANT full page
GATE SHAPE normat SCALE PLOT full
GATE START ~500 picoseconds PLOT SPEED fast
GATE STOP +500 picoseconds -| System Paramoters
DEMODULATION off HP—-IB ADDRESSES last active state
WINDOW normal HP-IB MODE last active state
USE MEMORY off SOURCE PHASE—-LOCKED LOOP |on
Piot Channel 1 | Channel2 ] SPUR AVOIDANCE on
PEN NUMBER: AUXINPUT RESOLUTION high
Data 1 2 ANALOG BUS NODE 11 {eurdliary input)
Memory 1 2 Extornal Memory Array
Graticule 8 4 {Dofine Stors)
Text 1 2 DATA off
Marker 5 6 RAW DATA off
LINE TYPE FORMATTED DATA off
Data, Memory 7 7 GRAPHICS off
Service Modes
HP—IB DIAGNOSTICS off
Roferonce Marker
Format Table Scale Position Value Offset
LOG MAGNITUDE (dB) 10.0 5.0 0.0 0.0
PHASE (degree) 80.0 5.0 0.0 0.0
GROUP DELAY (nsec) 10.0 50 0.0 0.0
SMITH CHART 1.00 - 1.0 0.0
POLAR 1.00 - 1.0 0.0
LINEAR MAGNITUDE 0.1 0.0 0.0 0.0
REAL 2.0 50 0.0 0.8
SWR 1.00 0.0 1.0 0.0

Table A~2. Power—On Conditions (versus Preset)

HP-1B MODE is falker/listener

routine, Refer to Adjustmerts in the Service Manual.

pressed prior to power—up of the instrument the following is true:

HP 1B ADDRESSES are set to the following defaults:

INTENSITY value is set 1o factory encoded value. The factory value can be changed by running the appropriate service

1 short term memory is lost or new firmware is installed, or SYSTEM, SERVICE, PEEK/POKE, RESET MEMORY is

NETWORK ANALYZER ... .. i iiiiariitirasnesrrnarraacrasnronrasanasn e 16
L1 By R R T R 17
PLOTTER ..ot iviiiiinerrnnaraenaas st er e e e s i &
= ettty 1
DIBK e e P P o
[ I 1= S 0
DISK VOLUME NUMBER...... e 0

INTERNAL REGISTER TITLES are set to defaults: REG1 through REGS

EXTERNAL FILE TITLES (store files) are set o defaults: FILE1 through FILES.
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SEGMENT

MENU
POWER FREQUENCY
SWEEP Ny
— STIVMU EDIT
i MENU MENU MENU MENU
| TRIGGER
MENU
~ o] S~PARAMETER |__,.] CONVERSION
“ ' MENU MENU
FORMAT }— FORMAT | 5%
e MENU
ELECTRICAL
DELAY
SCALE L SCALE . MORE DELAY
REE #1 REFERENCE }— MENU
A MENU WWWY
INTENSTYY
‘ DISPLAY DISPLAY MORE ADJUST MODIFY TINT BRIGHTNESS
L e frenfiic
DISPLAY MENU MENU pisPLAY MENU| TIcoLORS MENU COLOR MENU
o TITLE
e "1 MENU
STy AVERAGE ¥ BANDWIDTH
GROUP DELAY
APERTURE.
MARKER i DELTA MARKERE 1 FIXED MARKER
Pvemeemmeumanc MENU MENUY MENU
MARKER . BANDWIDTH
SRS SEARCH
MKR MARKER MARKER TARGET
FCTN #={  FUNCTION »1  SEARCH - MENU
MENY MENU
| MARKER MODE] | POLAR MARKER
MENU o MENU
MARKER
=] BANDWIDTH
MENU of SMITH MARKER
MARKER =5 MENU
” MENU

Figure A~1. Operating Softkey Menu Map (1 of 3)
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SET SYSTEM 1D

PORT EXTENSIONS
CORRECTION |_] cCAUBRATE | | REFERENCE
MENU MORE MENU PLANE MENU
_ | RESPONSE
*1 CAL MENU
= %mmh& RESPONSE & RESPONSE
ISOLATION MENU B  MENU
$11 1-PORT
- MENU
I Loaps SLIDING
| wenu 1 LOAD MENU
1522 1—PORT
MENU
FULL 2—POR REFLECTION LOADS SUDING
CAL MENU MENU ™1 MENU =1 [ DAD MENU
_ [ransmssion
™ MENU
_ | 1sOLATION
t MENU
. ISOLATION
- MENU
TRL/LRM
R LINE/ MATCH
.2 PORT MENY . vhe!
PWR METER SET SEGMENT
CAL CAL FACTOR EDIT
MENU MENU MENU
}
SELECT MODIFY DEFINE
cal KT bw] caL wav o} STANDARD }-e=| OPEN MENU
MENU MENU MENU
»| SHORT MENU faw
o  SPECIFY
OFFSET MENV
»| LOAD MENU |-
LABEL
e STANDARD MENU
MODFYING
oL K "1 MENU »
- LABEL KIT o ARBITRARY
MENU ™ IMPEDANCE MENUT™
o) SPECIFY Class| | SPECFY CLASS
MENU MORE
) LABEL CtASS | | LABEL cLASS ol TOLE
MENU MORE MENU

Figure A~1. Operating Saftkey Menu Map (2 of 3)
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(TocaL ) HP-IB SEL
LOCAL oo 1 ADDRESSES
-' MENU D?;;g%su

(SYSTER ] SYSTEM LIMITS ~|EDIT LMITS »| EDIT SEGMENT
e MENU MENU MENU MENU

- SERVICE L_ OFFSET LIMITS L_ LMIT TYPE

MENUs MENU MENU

A

BETWURK
INSTRUMENT
o VODE ANNLYZER

MENU TUNED
RECEVER

( o1 TRANSFORM WINDOW

| o MENU MENU TIME DOWAN

THESE MENUS ARE
PRESENT ONLY N

THE SERVICE MENU SERIES B
RLUSTRATED AND DESTRIBED

INSTRUMENTS WITH
N THE SERVICE WANUAL. SPECIFY GATE . CATE SHAPE OFTION D10,
MENU MENU
- COPY »| SELECT QUADRANT
) MENU MENU
PLOTTING - DEFINE PLOT
AND MENU
PRINTING
_ | CONFIGURE PLOT
o MENU
UST VAULES SCREEN
OPERATING PARAMETERS MENU
: e SAVE CLEAR REGISTER
MENU " MENU
o] TITLE REGISTER - TTLE
INTERNAL
MENY MENU SAVE MENUS
EXTERNAL
STORE MENUS »] STORE FLE o} DEFINE STORE »] DISC FLE
MENU MENU FORMAT MENU'
- INTRALIZE
MENU
MENU MENL
»| PURGE FILE
MENU
RECALL
"1 ey
ol TTLE FILE | TME
MENU MENU

Figure A~-1. Operating Softkey Menu Map (3 of 3)
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Appendix B. Accuracy Enhancement
500 o VRO

CHARACTERIZING MICROWAVE SYSTEMATIC ERRORS

This appendix explains how the systematic errors in a measurement can be characterized in a flow-
graph model and used to reduce measurement uncertainty. These errors are directivity, source matceh,
load match, isolation (crosstalk), and frequency response (tracking). Refer to Sources of Measurement
Errors at the beginning of Chapter 6 for more information on each of the sytematic errors.

One—Port Error Model

First consider a measurement of the complex reflection coefficient of an unknown one—port device.
The complex reflection coefficient, S¢4, is measured by first separating the incident signal (I} from the
reflected signal (R}, then taking the ratio of the two values (Figure B~2}). No matter how carefully the
device is measured, the measured value Sty will differ from the actual value Sq44, because of the
presence of systematic errors.

Incident
R Power (D)
Siqm = T ¥ Si1a
Reflected
Power (R)
- Unknown
" Figure B~2

in such a measurement, all of the incident signal does not always reach the unknown (see
Figure B—3). Some of (I} may appear at the measurement system input due to leakage through the
signal separaticn devices. Also, some of (I} may be refiected by imperfect adapters between signal
separation and the measurement plane. The vector sum of the leakage and miscellaneous reflections
is directivity, Epr The measurement is distorted when the directivity signal combines vectorally with
the actual reflected signal from the unknown, Sq4a.

Effective

E:—‘J> ﬂ Y ED‘R‘/ Dimctjit’ Y S11a
ol )

».
®

Unknown
Figure B3
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Since the measurement system test port is never exactly the charactetistic impedance (50 ohms),
some of the reflected signal bounces off the test port, or other impedance transitions further down
the fine, and back to the unknown, adding to the original incident signal (I}. This effect causes the
magnitude and phase of the incident signal to vary as a function of S444 and frequency. Leveling the
source to produce constant (i) reduces this error, but since the source cannot be exactly leveled at
the test device input, leveling cannot eliminate ali power variations. This re—refiection effect and the
resultant incident power variation are caused by the source match error, Egr (Figure B—4).

::> /Source Match
Epr Egr Y S11A
i Unknown
Figure B—~4

Frequency response (tracking) error is caused by variations in magnitude and phase flathess versus
frequency between the test and reference signal paths. These are due mainly to imperfectly matched
samplers and differences in length and loss between incident and test signal paths. The vector sum
of these variations is the reflection signal path tracking error, Ege (Figure B—5}.

ERF Frequency Trocking

. o
S11M ¥ Eor 4 Esr ¥ Siia
. i
1 Unknown
Figure B—~5

These three errors are mathematically related to the actual data, S¢44, and measured data, Sy, by
the following equation:

S1alEre)

Sim = Epe + A F2
B oF 1- ESPSHA

if the value of these three “E” errors and the measured test device response is known, the above
equation can be solved for $444 to obtain the actual test device response. Measurement calibration
is the process of characterizing these terms. The errors are vector quantities that can be measured
by the system and used in accuracy enhancement equations to reduce or efiminate their effects.

However, each of these errors changes with frequency, and their values must be determined at each
iest frequency over the range of interest. These values are found by measuring the response of at
least three independent standards whose characteristics are known at all frequencies.
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The first standard applied is a “perfect load”, which makes $i1a = 0 and essentially measures directiv-
ity {(Figure B--6). “Perfect ioad” implies a refiectionless termination at the measurement plane. All inci-
dent enerqy is absorbad. With S;45 =0 the equation can be solved for Epp, the directivity term. in
practice, of course, the “perfect load” is difficult to achieve, although the terminations in the analyzer
compatible calibration kits are of a very high quality.

S - ® P
Y A 500 g 51 TA&O
@ i} LY SR
Figure B—6

In measurement calibrations with the network analyzer system, different loads are used depending
on the frequency range of the measurements. At frequencies below 3 GHz in 3.5 mm {2 GHzin 7 mm
or type~N) a fixed Z, lowband load is used. For measurements of frequencies both below and above
3 GHz (2 GHz), a high quality fixed Z; broadband load is available in the HP 85052D and 85050D
calibration kits. For the highest level of accuracy (the best directivity) in calibration for measurements
above 3 GHz (2 GHz), a sliding load is used. This is available in the 2.4 mm, 3.5 mm, 7 mm, and
type—N calibration kits.

At any single frequency, the measured value for directivity is the vector sum of the actual directivity
and the reflection coefficient I' of the load (Figure B—7}.

Actuol ' Actual
Effective i of Loaod
Directivity

\ Measured

Effective
Directivity

Figure B—7

At higher frequencies, the sliding load is used at each test frequency to separate the reflection of the
termination from the actual effective directivity. Moving the load element with respect to the reference
plane produces a change in the measured phase angle. Moving the load element one—half wave-
length of the test frequency produces a complete 360°change in the phase of Syqy. The center of
the resulting circle is the tip of the directivity vector, and its radius is the reflection coefficient of the
sliding load {Figure B—8). The sliding load calibration sequence used in the accuracy enhancement
program measures the sliding load at five or more positions, computes the center of the circle, then
stores that value as system efiective directivity Epgr It is recommended that the sliding load element
positions be unequally spaced to reduce the possibility of ovetlapping data points.
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Actuol Actuo!

Effective i of Lood
Directivity
e Circle
\ Meosured
Effective
Directivity
Figure B—8

After the response of the load has been measured and the directivity error term Epr is known, the
remaining errors can be determined by measuring two additional standards. The second standard
to be measured is a short circuit with a reflection coefficient of 1 £180°at all frequencies (Figure B-8).
This estahlishes the first condition (8114 = —1) of a two—equation, two-~unknown solution to find Egr
(source maich) and Egr (reflection tracking).

[ - ® &—
 § Syqp=1<180"
Ly <} * —
Figure B-9

The open circuit is the third independent measurement standard. it provides the second condition
{S11a =1) needed to solve the equations. An ideal open circuit would have a reflection coefficient of
1 £0°at all frequencies. In practice, however, the reflection from a real open circuit has a magnitude
near 1 and a phase response that varies with frequency, causing the apparent referenice plane to shitt
with frequency. The open circuits in the analyzer compatible calibration kits are shielded to reduce
the magnitude and phase variations with frequency (the open circuit capacitance is different with each
connector type). Now the values for Epg directivity, Egg, source match, and Egg reflection frequency
response, are computed and stored (Figure B—10).

L J

L 4 .—-—-]——-‘
4 A % S'l 1A=1 <0
. -} » D———-—-L——-o
Figure B—10
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Now the unknown is measured to obtain a value for the measured response, Sy, &t each frequency
{Figure B—11).

E - L
L § S11a] S11a= 7
» ‘-" & P
Figure B—11

‘This is the one—port error mode!l equation solved for S11a. Since the three errors and Sy are now
known for each test frequency, Sq1p can be computed as follows:

Sy — Epr
ESF(SﬁM - EDF) + Epr

Sy =

For reflection measurements on two—port devices, the same technique can be applied, but the test
device output port must be terminated in the system characteristic impedance. This termination should
be at least as good (have as low a reflection coefficient) as the load used to determine directivity. The
additional reflection error caused by an improper termination at the test device output portis not incor-
porated into the one—port error model.

Two-Port Error Model

The error model for measurement of the transmission coefficients (magnitude and phase) of a two—
port device is derived in a similar manner. The major sources of error are frequency response (track-
ing), source match, load match, and isolation. These errors are effectively removed using the full
two—port error model.

The transmission coefficient is measured by taking the ratio of the incident signal (i) and the trans-

mitted signal (T} (Figure B—12}. Ideally, (I} consists only of power delivered by the source, and (T)
consists only of power emerging at the test device output.

SoiM

(I} Reverse

0
B

12M
S » el . s -
12M 124
3124 BR R
Figure B~12
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As in the reflection model, source match can cause the incident signal to vary as a function of test
device Sqia. Also, since the test setup transmission return port is never exactly the characteristic im-
pedance, some of the transmitted signal is refiected from test port 2, and from other mismatches be-
tween the test device output and the receiver input, to return to the test device. A portion of this signal
may be re—reflected at port 2, thus affecting Saqm, or part may be transmitted through the device in
the reverse direction to appear at port 1, thus affecting Syyy. This error term, which causes the magni-
tude and phase of the transmitted signal to vary as a function of Sy, is calied load match, E_r

(Figure B-13).
Port Port
)

S21 Evr

D = - —a (T) Sy1u

AEsr 1¥S11 AS2 (¥ EF

Source —/ \— Loud

Match < - Match
Err S12
Figure B--13

The measured value, Sz, consists of signal components that vary as a function of the relationship
between Egr and Sy as well as E{¢ and Sppp, so the input and output reflection coefficients of the
test device must be measured and stored for use in the 8,14 error correction computation. Thus, the
test setup is calibrated as described above for reflection to establish the directivity, Epr, source match,
Esr and reflection frequency response, Epp, terms for the reflection measurements,

Now that a calibrated port is available for reflection measurements, the thru is connected and load
match, E; g is determined by measuring the reflection coefficient of the thru connection.

Transmission signal path frequency response is then measured with the thru connected. The data is
corrected for source and load match effects, then stored as transmission frequency response, ETr

Isolation, Exy, represents the part of the incident signal that appears at the receiver without actually
passing through the test device (Figure B—14). Isclation is measured with the network analyzer in the
transmission configuration and with terminations installed at the points where the test device will be
connected.
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-
213
m e > P—"% Sy1u
A 4 | 4
it}

Port Port

1 2

Figure B—14

Thus there are two sets of error terms, forward and reverse, with each set consisting of six error terms,
as follows:

Directivity, Epr {forward) and Epg (reverse)
Isolation, Eyr and Exgp

Source match, Egr and Egp

Load match, E r and E1 R

"Transmission tracking, Ee and Erg
Reflection tracking, Enr and Epg.

The network analyzer can measure both the forward and reverse characteristics of the test device
without the need to manually remove and physically reverse it. The full two~port error model illustrated
in Figure B—15 effectively removes both the forward and reverse error terms for ransmission and re-
fiection measurements.
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Figure B~15
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Figure B—~16 shows the full two—port error model equations for all four S—parameters of a two—port
device. Note that the mathematics for this comprehensive model use all forward and reverse error
terms and measured values. Thus, to perform full error correction for any one parameter, all four S—pa-
rameters must be measured.

Applications of these error models are provided in the calibration procedures described in Chapter
6.

S,m—E Spou—E Som—Exey Seam—E
o lCwTmn v OBl |- (B 2OE ]
1A T S, m—E Son—E S sg —E
[+ CUEDEGIN + CBMEG] — () CH—m)E, o]
Soy~F ST -
s [+ F—= m‘ Dg)(ESR - E I 2M ,@)
21A < o _ o~ E
[1+ CHEmEGIN + (Szgjm)asal [ E*’ CEERE, (]
S-] "E Sg —E
Sion = [1+ (“E'Lé;;”%)(ERF - ELH)](“%T;"&)
v—E _E = Exe /SqavE
[1+ CUENEGIN + (REge] — [(C— (CREDE, (o]
o —E sw—E Sy~ Exey [S1am—E
. [t + GucfnE ) ] - [RGB nE )
22A [1 + (M)ESF]U + (S&M”EDH)ESR] [fszm"ExF\(SmM Em\ELFELﬂ]
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HP 8719C/8720C/8722A/8722C Network Analyzer

Symbols

“Avg” Notation, 5—30

“Mid” Notation, 4—7

“sM” Notation, 44, 4-86, 4—7

* in Table of Measured Values, 104
* Notation, 47

Numbers

1/8 inverse S—Paramester Values, 57
1/8 Softkey, 57
2.4 mm
Calibration Kits, 16
Verification Kits, 1—6
35 mm
Calibration Kits, 15
Verification Kits, 1-6
7 mm
Calibration Kits, 1~5
Verification Kit, 1 —7

A

A Softkey, 58
A/B Softkey, 5—8
A/R Softkey, 58
Accuracy, Notes on, 634
Accuracy Enhancement, 6—1, B~1
Accuracy Enhancements, Bt
Active Channel, 3—3, 3—4, 3-8
Active Entry Area, 83—8
Active Function, 8—1
Active Marker, 7—1
Adapter Sets. See Equipment Available
Adapters, Phase-Maiched, 6-8
ADC, 2—3
Add Softkey, 412, 638, 812
Address Controller Sofktey, 86
Address Disk Softkey, 86
Address Instrument Softkey, 86
Address Menuy, 8—58, 86
Address Controller, 86
Address Digk, 86
Address instrument, 86
Address Plotter, 88
Address Power Mtr, -6
Address Printer, 8—6
Adidress Plotter Softkey, 8—86
Address Power Mtr Softkey, 88
Address Printer Softkey, 8~6
Addresses, Sefting, 12-7
Adjust Display Menu, 528
Background Intensity, 528
Default Colors, 523
intensity, 523
Madify Colors, 5—23
Save Colors, 5—28
Adjust Display Softkey, 5—22

HP 8719C/8720C/8722A/8722C

INDEX

Admittance Measurements, 511
ALC, 2~1
Aliasing, 917
All Off Softkey, 7—-3
All Segs Sweep Softkey, 411
Aliocatable Memory, 11-3
Alternate A and B Softkey, 6-16
Alternate Sweep, 4~-6
Amplitude Offset Softkey, 8~15
Amplitude Softkey, 8—24
Anhalog Bus Softkey, 5-8
Analyzer, description of 12
Anti-Static, IN—-8
Arbitrary Frequency List, 410, 411
arbitrary impedance, 6—42
Arbitrary Impedance Softkey, 646
ASCIt Format, 11—17
ASCIi Softikey, 11—17
Attenuator, 44
Auto Seale Softkey, 5--17
AUX INPUT Connector, 310
Auxiliary Input Softkey, 56
Auxiliary Input Voltage, 5183
Average Menu, 5-30
Averaging Factor, 530
Averaging On Off, 5--30
Averaging Restart, 5—~30
i BW, 5—31
Smocthing Aperture, 5—31
Smouothing On Off, 5-31
Averaging, 5—27
Averaging Factor, 527
Averaging Facter Softkey, 530
Averaging On Off Softkey, 5--30
Averaging Bestart Softkey, 5—30
Averaging, Sweep—to—sweep, 24
Avg. See Status Notations
AV Key, 5-27

B

B Softkey, 58
B/R Softkey, 58
Back Space Softkey, 526, 1118
Background Intensity Softkey, 528
Backspace Key, 3—-6
Band~Limited Standards, 6—47
Bandpass Mode, 91, §~4, 918
Bandwidth Menu, 710

Bandwidth Value, 710

BW Measure On Off, 7—10
Bandwidth Menu Softkey, 78
Bandwidth Search, 78, 7-9, 7-10
Bandwidth Value Softkey, 710
Bandwidth, IF, 527
Basic Programming Guide, 11
Beep Done On Off Softkey, 522

Beep Fail on off Softkey, 811

Beep Warn On Off Softkey, 522

Bias Connect, 3~10

Bias Tees, 22

Binary Format, 1116

Block Diagram, Simplified, 21

Brightness Softkey, 5—-25

Broadband Loads, 631

Broadband Reflection Measurements,
625

Bus Mode, 126

Bus Structure, 122

BW Measure On Off Softkey, 710

C

C?, 6~8
See also Status Notations
C2,6~-12
See also Status Notations
C27. See Status Notafions
Cable Faults, 812
Cal Factor Softkey, 6—40
CAL Key, 67
Cal Kit, 6—13
Cal Kit {2.4 mm] Softkey, 614
Cal Kit {2.92 mm] Softkey, 614
Cal Kit }2.92*] Softkey, 614
Cal Kit {3.5 mm] Softkey, 6-~14
Cal Kit |7 mm] Softkey, 6—14
Cal Kit Models, Predefined, 6-41
Cal Power Softkey, 6—38
Cal Z0 Line Z0 Softkey, 653
Cal Z0 System Z0 Softkey, 653
Calibrate Menu Scftkey, 6~12
Calibrate More Menu, 615
Alternate A and B, 6—16
Chop Aand B, 6~16
Port Extensions, 615
System Z0, 6—16
Testset Sw Cont Hold, 616
Velocity Factor, 6—-16
Calibrate None Softkey, 6~19
Calibrated Power Levei, 6—-32
Calibration
1—Port Reflection, 6—25-6—-26
Full 2—Port Refiection and
Transmission, 6—27-6—20
Interpolation in Power Meter, 6--32
invalid, 610
Isolation, Omitting, 6~10
Loss of Power Meter Data, 632
Power Meter, 6--31
Procedures, Purpose and Use of,
620
Response
For Reflection Measurernents, 621
For Transmission Measurements,
§.-22

Index



Response and Isclation
For Reflection Measurements, 6~22
For Transraission Measurements,
624
TRL*/LRM* 2-—Port, 6-28-6—31
Calibration Arrays, 11-6
Calibration Kits, 15
2.4 mm, 1—6
3.5mm,1~5
7mm,1—-5
Modifying, 640
Type~N, 1—-6
Calibration Menu, =17, 6~18
Calibrate None, 619
Full 2-Port, 6~19
Response, 6—19
Response & Isol'n, 619
$11 1~Port, 6—19
$22 1~Port, 6--19
Set Freq Low Pass, 618
TRLARM 2~Port, 618
Calibration Procedures, Purpose and
Use of 6~20
Calibration Sets, Saving, 114
Calibration Temperature, 6—10
Capacitance at Microwave Frequencies,
6-7
Capacitance Model, 6—46
Cartesian Format, 513
Center and Span Keys, 4—-2
Ceniter Softkey, 4--14
Ch1 Data Limit Ln Softkey, 524
Chi Mem Softkey, 524
Ch2 Data Limit Ln Softkey, 524
Ch2 Mem Ref Line Softkey, 524
Change it Data as Function of
Termnperature, 6~10
Changing Channels During Calibration,
&6—-8
Characteristic Impedance, 613, 618
Characterizing the System, 6—1
Chassis Ground Connector, 3—4
Chop A and B Softkey, 6—16
CiTiFile, 11~17
Class
Specify, 641
Standard, 6—41
Class Assignments, Standard, 650
Clear List Softkey, 4--12, 6--38
Clear Register Menu, 1111
Clear Register Softkey, 1110
Coax Softkey, 6—-48
Coaxial Delay Softkey, 518
Coefficients, Standard, 6--41
Color Softkey, 525, 109
Compatible Sweep Types, 632
Computer, 110
Configure Plot Meny, 10—7
Line Type Data, 108
Line Type Memory, 10-8
Pen Num Data, 10~7
Pen Num Graticule, 10-7
Pen Num Marker, 10~7
Pen Num Memory, 10-7
Pen Num Text, 10~7

i Index

Configure Plot Softkey, 10-3
Connection Techniques, 69
Connector Care, 6~9
Connector interface, Non—Standard,
6—41

Connector Sex, 648
Connector Types of Cal IGts, 69, 6~13
Connectors, 3—-10
Continuous Softhey, 47, 712
Continuous Sweep, 4-9, 4-18
Control Lines, 12-3

ATN, 12—8

EOI, 12—-8

IFC, 123

REN, 128

8RQ, 12~3
Controller, 122
Controlier Modes, 81
Conversion, 2—-5
Conversion Menu, 5~6

1/8,5-7

Off, 57

Y:Refl, 57

Y:Teans, 5-7

Z:Refl, 5-7

Z:Trans, 57
Conversion Softkey, 56
Copy from File Title Softkey, 11—12
Copy From Reg Titles Softkey, 1120
Copy Key, 10~1

Softkey menus accessed from, 10~2
Copy Menu, 10-2, 103

Conffigure Plot, 10-8

Define Plot, 103

List Values, 10-3

Op Param {Mkrs Etc], 10—4

Piot, 103

Print, 10~3

Print/Plot Setups, 10-3

Select Quadrant, 10-3
Cor. See Status Notations
Cor Notation, 6—12
Correcieble Errors, 62
Corrected Data, 116
Correcting for Measurement Errors, 6-5
Correction Menu, 612

Cal Kit, 618

Calibrate Menu, 612

Correction On Off, 612

Frq Subset On Off, 612

Pwr Meter Cal, 618

Receiver Cal, 6—13

Resume Cal Sequence, 6-13
Correction On Off Softkey, 6~12
Coupled Ch On off Softkey, 4-5
Coupied Parameters, 4—5
Couplers, 2~2
Coupling, Stimulus, 45
Crosstalk, 64
CRT Display, 3-3
CRT Graphics, 128
Cutoff Frequency of Standards, 647
CW Freq Softkey, 46
CW Frequency, 46
CW Frequency Value, 3-8

CW Mode, Stepped, 528
CW Softkey, 414

CW Time, 4-86, 822

CW Time Softkay, 410

D

Data

Corrected, 116

Raw (uncorrected), 11-8
Data --> Memory Softkey, 5~21
Data and Memory Softkey, 5—21
Data Array On Off Softkey, 1115
Date Arrays, 2—4

Raw, 2—4
Data Bus, 12-2
Data File Format Menu, 11~16

ASCH, 11-17

Format Binary, 1116
Data File Format Softkey, 1116
Data Point Definition, 23
Data Processing, 2-38
Data-Mem Softkey, 5-21
Data/Mem Softkey, £—21
Default Colors Softkey, 528
Default Plot Setup Softkey, 10-9
Defile, init, Purge Menu, 11—-15

Data Array On Off, 1115

Data File Format, 11—16

Format Array On Off, 1115

Graphics On Off, 1116

initiafize Disk, 11~16

Purge Files, 1116

Raw Array On Off, 1115
Define Plot Menu, 105

Plot Data On Off, 105

Plot Grat On Off, 10—5

Plot Mem On Off, 106-5

Piot Mkr On Off, 105

Plot Speed, 10-6

Plot Text On Off, 10~8

Scale Plot, 10-5
Define Plot Softkey, 10-3
Define Standard Menus, 643, 645

Arbitrary impedance, 6—46

Delay/Thru, 6-46

Fixed, 648

Load, 6-46

Offset, 647

Open, 6—46

Short, 6--46

Sliding, 646

Terminal impedance, 646
Define Standard Softkey, 6—42
Define, init, Purge Softkey, 1115
Del, See Status Notations
Pelay Format, 5~10
Delay Range, Maximum, 516
Delay Softkey, 510
Delay, Group, 511, 5-~14
Delay/Thru, 6--42
Delay/Thru Softkey, 6—~46
Delete Softkey, 4—12, 6—39, 8—12
Delta Limits Softkey, 8—18
Deita Marker Mode, 7~2, 7—-10
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Delta Marker Mode Menu, 74
Delta Mode Off, 75
Deltn Ref = Softkeys, 7—4
Fixed Mkr Position, 75
Mkr Zero, 75
Delta Mode Menu Softkey, 7-8
Delta Mode Off Softkey, 75
Deita Ref = Softkeys, 7—-4
Demod Off Softkey, 9-24
Demodulating Forward Transform, 823
Digital Filter, 2—4
Digital signal processing, 1—-2
Directivity, 6—2
Disk Catalogue, 115
Digk Directory, 11—5
Disk Drives, 110
Disk File Format, 11—16
Disk Unit Number Softkey, -4
Disk Volume Number, 8-4
Disp Mkrs On Off Softkey, 7-12
Dispersion Effects in Waveguide, 6—47
Pispiay Adjustments, 519
Display Data Softkey, 521
Display Key, 519
Softkey Menus Accessed from, 519
Display Markers, 71
Display Memory, 2—-5
Display Menu, 5—19
Data —> Memory, 521
Data and Memory, 5—21
Data—Mem, 521
Pata/Mem, 521
Display Data, 521
Dual Chan On Off, 520
Memory, 5—21
Display More Menu, 522
Adjust Display, 5-22
Beep Done On Off, 5-22
Beep Warmn On Off, 522
Frequency Blank, 5—22
Spiit Disp On Off, 522
Title, 522
Display, Overiay, 57
Done Softkey, 413
Drift Errors, 62
Dual Chan On Off Softkey, 5-20
Dual Chanel Display, 519
Dynamic Range, Optimizing, $—-29

E

£dit Limit Line, 8—~11
Edit Limit Line Softkey, 810, 811
Edit Limits Menu, 8—11
Add, 8~12
Delete, 812
Edit, 8-12
Limit Type, 8—12
Segment, 8—12
Edit List Menu, 4—12
Add, 412
Clear List, 4—12
Delete, 412
Done, 4-13
Edit, 4—12

HP 8719C/8720C/8722A/8722C

Segment, 4—12
Edit Segment Menu, §-—12, 8—13
Delta Lirnits, 8—13
Lower Limit, 8—13
Marker —> Middle, 813, 8-14
Marker —> Stimulus, 8-18
Micddle Value, 814
Stimulus Value, 818
Upper Limit, 8—13
Edit Softkey, 412, 638, 12
Edit Subsweep Menu, 413
Center, 4—14
CW, 4—14
Number of Points, 4—14
Segment Start, 4—14
Span, 4-14
Step Size, 414
Stop, 4-14
Electrical Delay, 2—5, 5—16
Electrical Dolay Devices, Long, 528
Electrical Delay Softkey, 5-17
Electrical Length, 518
Encoded Array, 112
Enfry Block, 3-8, 35
Entry Off Key, 3~6
Environmental Conditions, IN—8
Equipment Available, 1 -9
Adapter Sats, 1-9
HP 851808, 1-9
HP 85130C, 1~9
HP 851300, -9
HP 85130E, 18
HMP 85130F, 1—9
Anti~Static Mat, 1—11
Computer, 1—10
Disk Drives, 1—10
Plotters and Printers, 1~8
System Rack, 1@
Systern software, 110
Active Device Measurements Pac,
1-=-10
Measurement Automation Sofiware,
1-11
Resonator Measurement Software,
111
Equivaient Paraliel Impedance,
Admittance, 58
Equivalent Seriss Impedance,
Admittance, 57
Erase Softkey, 11-13
Erase Titie Softkey, 526
Error Model
One—Port, B—1
Two Port, B~5
Error Terms, 6=5
Errors
Correctable, 6-~2
Non—Repeatable, 62
Systematic, Random, and Drift, 62
Tracking, 619
ESD, IN-8, IN~-9
Example Procedure, Specifying a Cal
Kit, 654
Ext. See Status Notations
EXT AM Connector, 3—10
Ext notation, 4—8

EXT REF INPUT Connector, 3-10
Ext Trig On Point Softkey, 4—5
Ext Trig On Sweep Softkey, 48
EXT TRIGGER Connector, 310
Extension Input A Softkey, 617
Extension input B Softkey, 6~17
Extension Port 1 Softkey, 617

- Extension Port 2 Softkey, 617

Extensions On Off Softkey, 6~17
Extensions, Port, 6—-15

External Memory, 111
EXTMON Cennectors, 3—10

F

Factor List, Power Sensor Calibration,
633

Factory Preset, 3—4
Fail Beeper, 8—10
Fan Filter, 3—10
Fast Sweep Indicator, 3—8
File Location on Disk, 1122
Fixed Marker, 72
Fixed Marker Menu, 78, 76

Fixed Mkr Aux Value, 7-8

Fixed Mkr Stimulus, 78

Fixed Mkr Value, 76
Fixed Mkr Aux Value, 7—6
Fixed Mkr Position Softkey, 7-5
Fixed Mkr Stimulus Softikey, 76
Fixed Mkr Value Softkey, 7-6
Fixed Softkey, 646
Flat Line Softkey, 8—14 -
Flowgraph, Signal, 5—-4
Format, 3-9
Format Array On Off Softkey, 11-15
Format Arrays, 2--5
Format Binary Softkey, 1116
Format Key, 59
Format Manu, 5-9

Delay, 510

Lin Mag, 518

Log Mag, 59

Phase, 510

Polar, 5-12

Resl, 5-13

Smith Chart, 511

SWR, 5-18
Formatting, 25
Forward Transform, 822
Forward Transform Mode, 91
Forward Transform Range, 925
Fourier Transform, 5—1
Frequency Blank Softkey, 522
Frequency Blanking, 5—18
Frequency List, 4—10, 4—11
Frequency List Calibration, 6~9
Frequency Response (Tracking), 6—5
Frequency Softkey, 6—-40
Frequency Span, 4~1, 4-9
Frequency Subsweeps, 4-14
Front Panel Features, 83—1
Frq Subset On Off Softkey, 6-12
Full 2—Poert Calibration, 6--27
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Full 2—Port Scftikey, 6—19

Full Page Softkey, 10—4

Full Two—Port Calibration, 65

Funicion Blocks, 3—2
instrument State, 3-2
Response, 82
S8timulus, 32

Fwd Match Softkey, 6--51

Fwd Trans Softkey, 651

G

G + B Mkr Softkey, 7—-16
G/n Key, 36
Gat. See Status Notations
Gate Shape
Characteristics, 9—21
Setting, 9—21
Gating, 2—4, 520
Graphics Array On Off Softkey, 1116
Graticule Text Softkey, 524
Group Delay, 5—14
Group Delay Aperture, 516, 528,
5-81
Group Delay in Waveguide, 648

H

Handshake Lines, 122
Hard Copy Ouiput, Making, 101
Hardkeys, 81
Harmonic Rejection, 528
Heating and Cooling, IN—4
Hewiett—Packard Interface Bus, 1-2
Hid. See Status Notations
Held, 47
Hold Softkey, 47
HP 85052A 8.5 mm Cal Kit, Specifying,
£6-54
HP-IB, 1—2
Addresses, IN—-7, 83,85
- Checking, IN~7
Bus Structure, 122
Control Lines, 12—3
Data Bus, 12~2
Handshake Lines, 122
Cable Lengths, IN-8
Code Naming Convention, 127
Connector, 3—10
Considerations, IN~8
Debug Mods, 12-8
Disgnostics, 84
How HP —IB Works, 122
HP-IB Menu, 8~2
Menu, 8-2, 8--3
Modes, System Controiler,
Talker/Listener, Pass Confrol, 82
Bemote Programming, 12-1
Requirements, 12—4
Status Indicators, 83
Tutorials, 121
HP-IB Diag On Off Softkey, 84
HP ~iB Programming Reference, 1-1

/0 interconnect, 3—-10

iv Iildex

IF Bandwidth Reduction, 5--28, 529,
531

IF BW Softkey, 531

impedance Measurements, 5—11

Impedance Mismatch, 6-3

impedance, Characteristic, 6—183, 6—17

impedance, Terminal, of Short and Load,

£-48
impuise and Step Modes, 91
inductive Reactance, 511
init Disk? Yes Softkey, 1118
Initialize Disk Softkey, 1116
Inttialize Menu, 11-17
Init Disk? Yes, 11—18
No, 11—18
Initializing Disks, 1117
Input Ports Key, 5—6
Input Ports Menu, 58
A, 5-8
NBV 58
AR, 5-8
Analog Bus, 5-8
B, 5-8
B/Ra 5-"8
A, 58
Test Set, 58
Insertion Phase, 514
instaliation, IN—1
Instrument Mode Menu, 8—-18
Network Analyzer Mode, 8-16
Tuned Receiver Mode, 8—16
Instrument Mode Softkey, -7
Instrument Preset Condition, 3—4
Instrument State, 33, 11-2
See afso Function Blocks
Learn String, 112
Vatiables, 11-2
Stored in Volatile Memary, 11-3
Instrument State Keys, 8—1
Instrument States
Saving, 11-5
Storing, 115
Intensity Scftkay, 528
intensity, Display, 5-22
Internal Save, 1112
Internal Voitage Nodes, 5—6
Interpolated Markers, 7—12
Interpoiation in Power Meter Calibration,
6-32
Interpreting Forward Transform, $-28
Invalid Calibration Data, 6--10
Inverse S—Parameters, 5~3
Inverted Smith Chart, 511
Isolation {Crosstalk), 6—4

K

k/m Key, 3-8
Kit Done Scftkey, 6—43
Knob, 8~6

L

Label Class Softkey, 6~453
Label Kit Menu, 6—53

Label Kit Softkey, 643, 653
Label Standard Menu (LABS), 648,
G489
LABS, 6~48
Learn String, 11-2
Left Lower Softkey, 10—4
Left Upper Softkey, 104
LIF 11-17
Limit Fail Indications, 810
Limit Line Offsets Softicey, 811
Lirnit Line on off Softkey, 810
Limit Lines and Limnit Tegting, 8—8
Limit Menu Softkey, 8~7
Limit Segments, 8—11
Lirnit Test on off Softkey, 8—~10
Limit Type Menu, 8—14
Flat Line, 814
Singte Point, 8~15
Sloping Line, 8—14
Limit Type Softkey, 8-12
Limit Values, 8~11, 8—15
Limits Menu, 810
Beep Fail on off, 8-~11
Edit Limit Line, 8=10
Limit Line Offsets, 8—11
Limit Line on off, 8-10
Limit Test on off, 8~10
Lin Freq Softkey, 4-9
Lin Mag Softkey, 513
Lin Mkr Softkey, 7—14, 7—15
Line Stretchers, 517
Line Switch, 53
Line Type Data Softkey, 10—8
Line Type Memory Scftkey, 108
Line Types, 10—7
Line Voitage Selector Switch, 311
Linear Frequency, 4—9
Linear Magnitude Format, 513
Linear Phase, Deviation frorm, 5-14,
518
Linear Sweep, 4—1, 49
List Freq Softkey, 4-10
List Frequency, 45, 413, 4-14
List Table, 4—10
list Values Softkey, 103
Listener, 122
Listing Measured Data, 103
Load, 6--42
Load File Menu, 1122
Read File Titles, 1123
Load From Disk Softkey, 11 —21
Load Match, 6—~4
Load Softkey, 646
Local Key, 8~2
Disk Unit Nurmnber, 84
HP 18 Diag On Off, 8-4
HP-—IB Menu, 8—2
HP 1B Status indicators, 83
Set Addresses, 8—4
Systemn Controller, 8~3
Talker/Listener, 8—4
Use Pass Control, 8~4
Volume Number, §-5
Log Freg Softkey, 4—9
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Log Mag, 59

Log Magnitude Format, 5—27

Log Mkr Sofikey, 714, 715
Logical interchange Format, 1117
Low Pass Mode, 91

Lower Limit Scoftkey, B—~13

M

Mfu Key, 36
Magnitude, 54
Manual Trg On Point Softkay, 48
Manual, description of, 1—2
Marker —> Amp Offset Softkey, 816
Marker —> Center Softkey, 711
Marker > Delay Softkey, 7—12
Marker > Menu Softkey, 79
Marker —> Middle Softkey, 8~13, 814
Marker —> Reference Softkey, 517,
712
Marker ~> Span Softkey, 7—-11
Marker —> Start Softkey, 711
Marker —> Stimulus Softhey, 8—13
Marker —> Stop Softkey, 711
Marker 1 -5 Softkeys, 78
Marker Bandwidth Search, 7~2
Marker Function Menu, 711
Marker ~> Center, 7—11
Marker —> Delay, 7—12
Marker —> Reference, 7-12
Marker ~> Span, 7—11
Marker —> Start, 711
Marker > Stop, 7—11
Marker Menu, 73
All Off, 73
Delta Mode Menu, 73
Marker 15 Softkeys, 7—3
Marker Mode Meru, 7—4
Mkr Zero, 73
Marker Mode Menu, 712
Continuous, 7—12
Disp Mkrs On Off, 712
Markers Coupled, 712
Markers: Discrete, 7—12
Polar Mkr Menu, 7—13
Smith Mkr Menu, 7-13
Stats On Off, 7-18
Uncoupled, 718
Marker Mode Menu Softkey, 79
Marker Search, 7—2
Marker Search Menu, 78
Bandwidth Menu, 78
Marker —> Menu, 7—9
Marker Mode Menu, 7-9
Meax, 7—-8
Min, 7-8
Search Off, 7-8
‘Target, 78
Tracking On Cff, 79
Marker Statistics, 529
Marker Stats, Bandwicdth, 8—9
Marker Valyes, 3-9
Markers Coupled Softkey, 7—12
Markers: Discrete Softkey, 7—12
Masking, 914
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Maeth Capabilities, 5—8, 519
Max Softkey, 78
Maximum Frequency Softiey, 6—48
Maximum Scftkey, 316
MEAS Key, 53

Softkey Menus Accessed from, 5~3
Measure Restart Softkey, 56

-Measured Input(s), 3-8

Measurement Accuracy, Improvements
in, 6-6

Measurement Errors, Correcting for, 65
Measurement Errors, Sources of, 62
Measurement Ports, 3—4
Measurement Uncertainly, 62
Mechanical Switch, Protection of, 627
Memory

“Trace Memory”, 11 -6

Short Term, 112
Memory Aliccation, 113
Memory Math, 5~19
Memory Softkey, 521
Memory Trace, 5—19, 5—20, 521
Memory Usage, 11-2
Menu Key, 4-2

Softkey Menus Accessed from, 4—8
Message Area, 3—8
Middie Value Softkay, 8—14
Min Softkey, 78
Minimum Frequency Sofikey, 6-48
Minimum Frequency Span, 42, 4—5
Minimum Softkey, 916
Mismatch Errors, 6-35
MKR FCTN Key, 77

Menus Accessed From, 77
MKR Key, 7—1,7~2
Mkr Mode Menu Scitkey, 74
Mkr Zero Softkey, 73, 75
Modify Colors Menu, 524

Cht Data Limit Ln, 524

Cht Mem, 524

Ch2 Data Limitin, 5-24

Ch2 Mem Ref Line, 524

Graticule Text, 524

Text, 524

Warning, 5-24
Medify Colors Softkey, 5-23
Modify Softkey, 6~14
Medifying Cal Kit Menu, 8-42

Define Standard, 6—42

Kit Done, 643

Label Class, 643

Label Kit, 6—43

Specify Class, 6—42

System 20, 642

TRL*/LAM* Option, 6--43

N

N80 Ohm Softkey, 6—14

Network Analyzer Mode, 816
Next Page Softkey, 108

No Softkey, 1118

Noise Floor, Time Domain, 919
Noise Reduction Techniques, 5-27
Non-insertable Devices, 69

Non-—Repeatable Errors, 6—2

Non—Reversible Devices, 6—8

Non-~volatile Memory, 111

Normal Softkey, 916

Normalization, 519

Number of Groups Softkey, 44, 48§,
47

..Number of Points, 48

Number of Points Softkey, 45, 4-14
Number of Readings Softkey, 6--38
Numeric Keypad, 8~5

O

Off Softkey, 57
Offset and Scale Operations, 25
Oifset Circuit, Measured as Arc, 67
Offset Delay Softkey, 6—47
Offset Impedance, 6—48
Offset Limits Meny, 8—15
Ampilitude Offset, 8—~15
Marker —> Amp Offset, 8—16
Stimulus Offset, 8158
Offset Loss Softkey, 648
Offset Softkey, 647
Offset Z0 Softkey, 6—48
Offsets, Definitions, 643
Omitting Isolation Calibration, 610
On~Site Service, 1—4
Op Param [Mkrs Ete] Softkey, 10-4
Open, 642
Open Cireult Capacitance, 648
Open Circuit Measured as Are, 67,
646
Open Softkey, 8~46
Cperating Parameters Listing, 10-4
Option 001, Frequency Compatibility,
11-5
Option 001 Frequency Compatibility,
&§—10
Option 010, 21
Options Available, 18
Option 001, 1 Hz Frequency
Resolution, 13
Option 003, High Forward Dynamic
Range, 1—4
Option 006, Sclid State Transfer
Switeh, 1-3
Option 010, Time Domain, 1—3
Optiors 011, 3=Channei
Direct—Access Receiver, 13
Option 802, Add Disk Drive, 14
Option 910, Extra Manuals, 1—4
Option 913, Hack Mount With Handles,
14
Service and Support Products, 1-4
Output Power, 4~4

P

Parameter Conversions, 5-6
Pass Confrol, 82, 8—3, 12—7
Pass/Fail, 3-8

Pass/Fail Testing, 8-9, 8—10
PC. See Status Notations
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PC?,6-83
See also Status Notations
Pen Num Data Softkey, 107
Pen Num Graticule Softkey, 107
Pen Num Marker Softkey, 107
Pen Num Memory Softkey, 10~7
Pen Num Text Softkey, 107
Pan Numbers, 107
Permittivity, Relative, 518
Phase, 5—4
Phase Limit Values, 812
Phase Offset Softkey, 518
Phase Response Measurement, 5—10
Phase Shift Linearity, 514
Phase Softkey, 5~10, 924
Plot Data On Off Softkey, 105
Plot Grat On OF Softkey, 105
Plet Mern On Off Softkey, 105
Plot Mkr On Off Softkey, 105
Plot Scale, 10-5
Piot Softkey, 10-3, 10-8
Plot Speed, 10-5
Plct Speed Softkey, 106
Piot Text On Off Softkey, 105
Piotters and Printers, 19
Plotting, 103 :
Plotting on Preprinted Forms, 105
Plotting on Transparencies, 106
Plotting Parameters, Default, 103
Polar Format, 5-12
Polar Marker Menu, 7-14
Lin Mkr, 7~14
Log Mkr, 7-14
Re/iM Mkr, 7-14
Potar Mkr Menuy Softkey, 7—13
Polar Softkey, 5—12
Port Extensions Softkey, 6~15
Power Cord Heceptacie, with Fuse,
3-11
Power Meter Calibration, 631
Main Menu, 6—-38
Cal Power, 6~38
Number of Readings, 638
Pwr Mir Cal On Cff, 638
Set Cal Factor, 638
Take Cal Sweep, 638
Menus, 637
Mode Operation, 6—38
Performing, 635
Power Sensor Calibration Factor List,
£33
Power Softkey, 44
power splitter, 22
Power Sweep Softkey, 4—10
Power—-0On Conditions, A-3
Predefined Cal Kit Models, 6—41
Preset Conditions, A2
Preset State, A-1
Prev Page Softkey, 10-8
Print [Standard] Softkey, 109
Primt Softkey, 10—-3, 10-8
Print/Plot Controller Modes, 10—1
Print/Plot Setups Menu, 10-9
Color, 10-8

vi Index

Detault Plot Setup, 10-9

Print {Standard], 10-8
Print/Plot Setups Softkey, 10-3
Purge File Menu, 11~18

Read File Tifes, 11—18
Purge Files Sofikey, 11-16
Pwr Meter Cal Softkey, 6-13

- Pwr Mir Cal On Off Softkey, 638

Q

Quick~C Programming Guide, 1 ~1

R

R + X Mkr Softkey, 7—15
R Softkey, 5-8
Random Errors, 6-2
Range, 9—17
Range Resolution, 8—18
Ratio Calculation, 2—4
Raw Array On Off Softkey, 11-15
Raw Data {uncorrected), 11—6
Re/iM Mkr Softkey, 714, 7—15
Reactance Values, 5—11
Read File Tites, t11—19
Read File Tittes Softkey, 1128
Real Format, 5—18
Real Softkey, 513
Recall Fac Preset Softkey, 11-21
Recall Key, 118
Recall Menu, 11-21
Load From Disk, 1121
Recal fac Preset, 1121
Receiver Cal Softkey, 613
Reference Level, 39
Reference Plane Menu, 616, 617
Extension input A, 6-17
Extension inputB, 6~17
Extension Port 1, 6—-17
Extension Port 2, 6—17
Extensions On Off, 6--17
Reference Position, 517
Reference Position Softkey, 5--17
Reference Value, 517
Reference Value Softkey, 517
Refl: FWD $11 Softkey, 55
Refl: REV 822 Softkey, 5-5
Relative Permittivity, 518
relative velocity, 5—18
Remnote Operation, 32
Reset Colors Softkey, 525
Resistance Values, 5—11
Resolution, 18
Response, 3—-3
Seo also Function Blocks

Response & Isol'n Softkey, 6—19, 652
Response and Isolation Calibration, 65

Response Calibration, 65
Response Function Block Keys, 5—1
Response Hesolution, 818
Response Softkey, 618, 6~52
Response Value Scale, 5-17
Restore Display Softkey, 10-8

Resume Cal Sequence Softiey, 613
Rev Maich Softkey, 6-~51

Rev Trans Softkey, 651

Right Lower Softkey, 10—4

Right Upper Softkey, 10~4

Rotary Pulse Generator, 3—6

RPG, 86

S

8~—Parameter Flowgraph, 3—4
S—Parameter Menu, 5-5
Auxiliary Input, 56
Conversion, 5—6
Input Ports Key, 5—6
Measure Resiart, 56
Reft: FWD 811, 5~5
Refl: REV 822, 5-5
Trans: FWD 821, 558
Trans: REV 812, 5~5
&--Parameters, 53, 54
811 1—Port Softkey, 6~19

$11 and $22 One~Port Calibration, 6-5

S11, 812, 8§21, 822, 55
811B Softkey, 681
811C Softkey, 651
822 1—-Port Scftkey, 6—19
5228 Softkey, 6—51
£22C Softkey, 651
Safety Considerations, 1—11
Safety Wamings, 311
Sample-and-Sweep, Using, 636
Sample-and-~Sweep Correction, 633
Save Colors Softkey, 5-23
Save Key, 11-8
Save Menu, 1110
Clear Register, 11—10
Store to Digk, 1111
Title Register, 11~10
Save User Kit Softkey, 6—14
Saving Instrument States, 111
Scale Plot Softkey, 105
Scale Ref Key, 516
Scale Reference Menu, 5—16, 5—17
Auto Scale, 517
Coaxial Delay, 5—-18
Electrical Delay, 517
Marker —> Reference, 5~17
Phase Offset, 5~18
Reference Position, 517
Reference Value, 5—17
Scale/Div, 517
Waveguide Delay, 5—18
Scale/Div, 3-9
Scale/Div Softkey, 517
Scattering Parameters, 54
Screen Menu, 10-8
Next Page, 10—8
Plot, 16-8
Prev Page, 103
Print, 10-8
Restore Display, 108
Search Left Softkey, 7-10
Search Off Softkey, 7~8
Search Right Softkey, 710

HP 8719C/8720C/8722A/8722C



Segment Edit Menu, 6—40

Cal Factor, 640

Frequency, 640
Segment Menu, 4—11

Alf Segs Sweep, 4—11

Single Seg Sweep, 4—11
Segment Modify Menu, 6—38

Add, 638

Clear List, 6~39

Belete, 6—39

Edit, 639

Segment, 658

Using, 6—39
Segment Softkey, 4—12, 6389, 8-12
Segment Span, 4—13
Segment Start Softkey, 414
Segments, 4—14
Seiect Cat Kit Menu, 6—-13, 6—14

Cal Kit [2.4 mm], 6~14

CalKit[2.92 mm], 6—14

Cal Kit {2.92*], 614

Cal Kit [3.5 mm}, 6—14

Cai Kit {7 mm], 6~14

Modify, 614

N50 Ohm, 6—14

Save User Kit, 614

TRL, 8-14

tser Kit, 614
Select Letter Softkey, 526, 1118
Select Quadrant Menu, 104

Full Page, 10-4

Left Lower, 10—-4

Left Upper, 104

Right Lower, 104

Right Upper, 10—4
Seleet Quadrant Softkey, 103
Serial Number Plate, 310
Service and Support Products, 1—4

System On—Site Service, 1—4
Service Menu Softkey, 8~7
Set Addresses Softkey, 8—4
Set Cal Factor Softkey, 638
SetFreq Low Pass Softkey, 618
SetRef Reflect Softkey, 653
Set Ref Thru Softkey, 653
Short, 42
Short Softkey, 646
Short—Term Memory, 112
Signal Purity, 4-10
Signal Separation, 22
Single Point Sojtkey, 8—15
Single Seg Sweep Softkey, 4—11
Single Softkey, 4-7
Sliding Softkey, 646
Sloping Line Softkey, 8—14
Smith Chart Format, 5—11, 5-12
Smith Chart Softkey, 5—11
Smith Marker Menu, 7—18

G+ B Mkr, 716

Lin Mkr, 715

Log Mkr, 715

R + X Mkr, 715

Re/IM Mkr, 715
Smith Mkr Menu Softkey, 713
Smo. See Status Notations

HP $719C/8720C/8722A/8722C

Smoothing, 25, 527, 528
Smoocthing Aperture, 5—~31

Smoothing Aperture Softkey, 581

Smoothing On Off Softkey, 581
Softkey Labeis, 3—9
Softkey Menus, 3—1
Softkeys, 8—1, 5-3

- Source Match, 63

Space Requiremerits, IN—4
Space Softkey, 526, 1118
Span Rule, 4—1

Span Softkey, 4—14

Specify Class Menus, 6—50, 651

Fwd Match, 6-51
Fwd Trans, 6—51
Resonse & Isol'n, 652
Response, 6--52
Rev Match, 6~51
Rev Trans, §—51
S11B, 651
811C, 651
S228, 6-51
S22, 651
Specify $11A, 6~51
Specify 5224, 651
Specify Tri* Thru, 552
Tr* Line or Match, 652
Tri* Reflect, 6—52
Specify Class Softkey, 642
Specify Offset Menu, 6—~47
Coax, 648
Madmum Frequency, 648
Minirmum Frequency, 6—48
Offset Delay, 6—47

Waveguide, 648
Specify S11A Softkey, 651
Specify S22A Softkey, 651
Speciy Tri* Thru Scftkey, 652
Split Disp On Off Softkey, 522
Standard

Class, 641

Coefficients, 6—41

Physical Device, 6-41

Type, 641
Standards

Define, 641

Select, 6—41

Unused, Elimination of, 6—41
Start and Stop Hardkeys, 41
Static Symbol, IN~9
Static—Free, IN—-8
Stats On Off, 713
Status Notations, 3-8

Avg, 3-8

C?,3-8

C2,3~-8

G2?, 58

Cor, 3-8

Del, 3-8

Ext, 3-8

Gat, 3-8

Hid, 3-8

PC, 3-8

pPC?, 88

Smo, -8
tsH, 3-8

Step and impuise, 911

Step Keys, 3-6

Step Size Softkey, 4—14

Step Swp On Off Softkey, 4—10
Edif List Softkey, 410

..Stepped CW Mode, 528

Stimulus, 8-3

See also Function Blocks
Stimulus Coupled Mode, 45
Stimulus Function Block Keys, 4~1
Stimulus Menu, 4—4

Coupled Ch On off, 4—-5

CW Freq, 4—6

Number of Points, 45

Power, 4—4

Sweep Time [Auio], 45

Sweep Time [Manual], 44

Sweep Type Menu, 4--6

Trigger Menu, 45
Stimulus Offset Softkey, 8185
Stimulus Parameters, 6—34
Stimulus Start Value, 37
Stimulus Stop Value, 37
Stimulus Value Softkey, 813
Stop Softkey, 414
Store File Menu, 1114

Define, init, Purge, 11-15
Store to Disk Softkey, 11—11
Sweep Rate, 4—9
Sweep Repetition Rate, 4—5
Sweep Speed Indicator, 48
Sweep Time, 4—8
Sweep Time [Autn] Softkey, 4-5
Sweep Time [Manual] Softkey, 4—4
Sweep Type Menu, 4-9

CW Time, 4—10

Edit List, 4-10

Lin Freq, 49

List Freq, 410

Log Freq, 4-8

Power Sweep, 4—10

Step Swp On Off, 4-10
Sweep Type Menu Softkey, 4—6
Sweep Types, Four Basic, 4—9
Sweep~to—Sweep Averaging, 24,

5.-28, 5-29

Switching in 2—-Port Cal, 627
SWR Format, 518
SWR Softkey, 5~18
System Characteristic impedance, 6-17
System Controller, 8—2, 12—-6
System Controller Mode, 633
Systern Coniroller softkey, 8—3
System Description, 2—1
System key, 8~7

Instaiiment Mede, 87

Limit Menu, 8~7

Service Menu, -7

Transform Mernu, 8—7
System menuy, 8~7
System Rack, 19
System Software. See Equipment

Available
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Systern Z0 Softkey, 6—16, 642
Systernatic Errors, 6-2, 641
Microwave, B—1

T

Take Cal Sweep Softkey, 638
Tabker, 12-2
Talker/Listener, 8--2, 12—6
Talker/Listener Softkey, 8—4
Target Menu, 79
Search Left, 7-10
Search Right, 7-10
Target Softkey, 78, 79
TDR, 91
Termperature
Calibration at, 6—10
Change in Data as a Function of, 6-10
Change of Data with, 117
Ranges, Aliowable, 6—10
Terminal Impedance of Short and Load,
46
Terminal impedance Softkey, §—46
Test Port Overload, 44
Test Port Reference Plane, 6—18, 6—15
Test Port Return Cables, 17
Test Set Hold, 4--4, 520
Test Set Softkey, 5-8
Testset Sw Cont Hold Softkey, 6~16
“Text Softkey, 5-24
Time Domain, 8- 1-8-21
Bandpass, 9—4
Reflection Measurements, 94
Transmission Measurements, 5—6
Gate Shape Characteristics, 9—-21
Gating, 920
Low Pass, 97
Fault Location Measurermnents, 911
Frequency Range, Setting, 97
Reflection Measurements, $—8
Transmission Measurements, 912
Masking, 8—14
Range, 917
Resolution, 9—18
Range Resolution, 818
Response Resolution, 8—18
Windowing, 915
Time Domain Retrofit KGt, 91
Time/Frequency Transforms, 91
Tint Brightness Color Menu, 525
Reset Colors, 525
Tint Softkey, 525
Title, 3-8
Titie File Menu, 11-19
Copy From Reg Thles, 11—20
Title Menu, 5-26, 1113
Back Space, 5-28, 11—-13
Erase Titie, 526, 1113
Select Letter, 526, 1113
Space, 526, 1118
Titie Register Menu, 1112
Copy from File Title, 1112
Title Register Softkey, 1110
Title Softkey, 5—22
Torgue Wrenches, 68
‘Trace Math, 24

viii Index

Tracking, 68

Tracking Errors, 619
Tracking On Off Softkey, 7-9
Trans: FWD 821 Softkey, 5-5
Trans: REV $12 Softkey, 55
Transfer Switch, 2~2
Transform, 2—5

- Transform Menu Softkey, 8-7

Transit Time, 5—14
Trigger Menu, 4—7

Continuous, 47

Ext Trig On Point, 48

Ext Trig On Sweep, 4—8

Hold, 4-7

Manual Trg On Point, 48§

Number of Groups, 4—7

Single, 47

Trigger: Trig Off, 4—8
Trigger Menu Softkey, 4~-5
Trigger: Trig O Softkey, 4-8
TRL Softkey, 614
Trl* Line or Match Softkey, 652
Tri* Reflect Softkey, 652
TRL*/LAM* 2—-Port Calibration, 6—5
Tri*/Lrm* Option Menus, 6—53

Cal 20 Line Z0, 653

Cal Z0 System Z0, 6-53

Set Ref Reflect, 653

Set Ref Thru, 6-53
TRL*/LRM* Opticn Softkey, 6—43
TRL*/LAM* Procedure, 630
TRLLRAM 2—Port Softkey, 618
tsH. See Status Notations
Tuned Receiver Mode, 8—16
Type, Standard, 641
Type—~N

Calibration Kits, 16

Verification Kit, 17

U

Uncertainty, 61
Uncoupled Softkey, 7—13
Units Terminator Keys, 88

Unused Standards, Elimination of, 6—~41

Upper Limit Softkey, 813

Use Memory On Off Softiey, 916
Use Pass Confrol Softkey, 8—4
User Kit Softkey, 6—14

User Preset Key, 5—4

User's Guide, 1—1

v

Valid Characters, 127

Vector Accuracy Enchancement, 6—1

Vector Error Correction, 2-4

Vector Error Correction, Complete, 6—25

Velocity Factor Softkey, 6—16
Verification Kits, 1—6

24 mm, 16

3.5 mm, 1—6

7mm, 17

Type~N, 1=7
Verify Performance, 653

Volatiie Memory, 11-1
Voltage Nodes, Internal, 56
Volurne Number, 8-5
Volume Number Softkey, 85

w

Warning Beeper, 522

Warning Softkey, 524
Waveguide Delay Softkey, 5—18
Waveguide Softkey, 6—48
Windowing, 815

X

xi Key, 3—-6

Y

Y-Reft Softkey, 57
Y:Trans Softkey, 57
Y-Parameter Conversion, 5=3, 5—6

Y4

Z:Reft Softkey, 5~7

Z:Trans Softkey, 57

Z—Parameter Conversien, 53, 5-&
Z0, 6~16

HP 8719C/8720C/8722A/8722C



NOTE

Before You Start:

Proper connector care and connection techniques are
critical for accurate, repeatable measurements.

Refer to the calibration kit documentation for connector
care infromation. Prior to making connections to the
network analyzer, carefully review the information about
mspecting, cleaning, and gaging connectors.

Having good connector care and connection techniques
- extends the life of these devices. In addition, you obtain
the most accurate measurements.

This type of information is typically located in Chapter 3
of the calibration kit manuals.

For additional connector care instruction, contact your
local Hewlett-Packard Sales and Service Office about
course numbers HP 85050A+24A and HP 85050A+24D.

See the reverse side of this notice for quick reference
tips about connector care.

HP 08510-50360 Printed Jupe 1993



Do

e Keep connectors clean
» Extend sleeve or connector nut

» Use plastic end caps during storage

Handiing and Storage

Do Not

* Touch mating-plane surfaces

» Sef connectors contact—end down

Visnal Inspection

( Do Do Not )

e Inspect all connectors carefully

before every connection = Use a damaged connector—-ever

* Look for metal particles, scratches, =

9 and dents )
Connector Cleaning
Do Do Not
e Try compressed air first _
' ¢ Use any abrasives
* Use isopropyl alcohol L _ -
e (et liquid into plastic support beads
» Clean connector threads
Gaging Connectors

( Do Do Not )

* Clean and zero the gage before use

e t t -

Use the correct gage type * Use an out-of~spec connector

* Use correct end of calibration block
L Gage all connectors before first use y
- Making Connections ~\

Do Do Not

¢ Align connectors carefully * Apply bending force to connection

'« Make preliminary connection lightly * Overighten preliminary connection

* Turn only the connector nut » Twist or screw any connection

* Use a torque wrench for final connect « Tighten past torque wrench “break”
\_ point Y.
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HP 8719C
HP 8720C
HP 8722C
Network Analyzer

Technical Data

A Cadiaro

50 MHz to 13.5 GHz
50 MHz to 20 GHz
50 MHz to 40 GHz




System performance

HP 8719C, 50 MHz to 13.5 GHz
HP 8720C, 50 MHz to 20 GHz
with 3.5mm test ports

Cal kit: HP 850528 3.5 mm with sliding loads

Cables: HP 85131F 3.5 mm flexible cable set ‘
IF bandwidth: 10 Hz CH1 8y  logMAG = 10dB/ REF 100 dB
Averaging: none (except during isolation cal} ¥ ;

Dynamic range

Frequency range Specification
05-.5 52 2-8 8-20
Maximum receiver power +20dBm  +13¢Bm  +10dBm  +10dBm

{<0.1 dB compression}
Maximum source power  +10dBm  +10dBm  +16dBm  +10dBm

(at test ports)

Receiver noise floor -65¢Bm  -90dBm  -83dBm 93 ¢dBm i ¥ ' I
(sensitivity)

Receiver dynamic range  85¢8 103 ¢B 103 ¢ 103 dB Typical
System dynamic range 75 ¢B 100 ¢B 1034B 1034dB

START 080 000 000 GHz  STOP  20.050 000 000 GHz

Measurement uncertainty
Reflection measurements
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S21 FTransmission Coefficient . G271 Transmissian Cosffiecient
Magnitude Phase
Measurement port characteristics
Frequency range (GHz) Frequency range (GHz)

Residual 05-5 52 28 8-20 Raw {typical) 05-5 52 28 820
Directivity 48 dB 43048 44 dB 44 4B Directivity 32dB 32dB 26 dB 18 dB
Source match 4048 39dB 32dB 30dB Source match 20dB 184dB 14 B 11 dB
Load match 48dB 45 g8 38 dB 37 dB lL.oad match 26dB 24 dB 15 4B 1248

Reflection tracking 0.006 dB 0010dB  0.031dB  0.0314dB
Transmission tracking 0.009dB  0016d8  0065¢B  0.106dB




System performance
Option 006 (HP 8719C, 8720C)

™
/‘J
Description: Option 006 replaces the mechanical test port
switch with a solid-state transfer switch that operates in
a continuous switching mode. CH 1Sy  log MAG 10 day AEF _80 dB
fe)
Cal kit: HP 850528 3.5 mm with sliding loads
Cables: HP 85131F 3.5 mm flexible cable set
IF bandwidth: 10 Hz
Averaging: none (except during isolation cal)
Dynamic range .
Frequency range
05-.5 5-2 28 §-20 ol
Maximum receiver power +20dBm  +13dBm  +10dBm  +10dBm Specitication
{<0.1 dB compression)
Maximum source power  +5d8m  +5dBm  +5dBm  +5dBm M M ﬁ
(at test poris) L LAR "VN{\ AWLIELITETA
Receivernoise floor  -65d8m  90dBm  -93dBm  -93dBm W v ! U
{sensitivity} ? ! r Typica!
Receiver dynamic range  85¢38 103 dB 103 dB 103 dB ‘ i
System dynamicrange 7008 95dB 98B % dB St 050000000 GHz  STOP  20.050 GO0 600 GHz
Measurement uncertainty
Reflection measurements
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. 821 Transmission Coefficient S21 Transmission Cosfficient
Magnitude Phase
Measurement port characteristics
Frequency range {GHz) Frequency range (GHz}
Residual 05-5 52 2-8 8-20 Raw (typical) £05-5 52 2-8 820
/ Directivity 48dB 48dB 44 ¢B 44 dB Directivity 324B 32d8 26 dB 18dB
Source match 40 dB 40 dB 33¢8 3 dB Source maich 10dB 1008 10dB 10dB8
Load maich 48 dB 48 dB 44 dB 44dB Load match 22dB 2048 15 dB 12 dB

Reflection tracking 0.008 dB 0.006dB  0.006dB  0.008dB
Transmission tracking 0.019dB 0021dB 0.052dB  0.076dB




System performance

HP 8722C, 50 MHz to 40 GHz
with 2.4mm test ports

Cal kit: HI 85056A 2.4mm with sliding loads
Cables: HP 85133F 2.4mm flexible eable set
IF bandwidth: 10 Hz

‘ CH185y  log MAG 10 dBY REF -80 dB
Averaging: none (except during isolation cal) o
Dynamic range
Frequency range
052 2-8 8-20 28-40
Maximum receiver power
{<0.1 dB compression) +12 dBm +8 dBm +8 dBm +4 dBm
Maximum source power - e
{at test ports) 0 dBm 0 ¢Bm odBm!  5dBm Specification
Recelver noise floor
{sensitivity}
Standard 88 dBm -98 dBm -93 dB -92 dBm
Option 003 -107dBm -107¢Bm 102 4B -101 dBm A'
Receiver dynamic range 110dB 106 4B 101 dB 96 dB v L i m .NJN MV
System dynamic range WW } ! V
Standard 98 dB2 98 di 93dB!  87dB i Y Bk
Option 003 10748 107d8  102dB'  96dB ! Typical [
T Valid to 26.5 GHz Start 050000000 GHz  STOP  40.050 000 000 GHz
2 Rolls off below 840 MHz to 74 dB at 50 MHz
Measurement uncertainty
Reflection measurements
a5 -]
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Measurement port characteristics
. Frequency range Freguency range (GHz)
Residual 852 2-8 8-20 20-40 Raw (typieal) 05-2 28 8-20 20-40
Eifecﬁviivt : ig gg gg gg gi EﬁE g? gg Directivity 26 9B 20d8 20 dB 20 dB
ource mate
Load match 41 dB 38 dB 37 4B 35 6B Source match 20 dB 15 dB 12 ¢B a3
Reflestion tracking 0011dB  0037d8 0039dB 00479 Loadmatch 23 dB 1848 14 B 12dB
Transmission tracking  0.017dB 0.052dB  0.075d8  0.130d¢B
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System performance (typical)

HP 8722C, 50 MHz to 40 GHz
with 2.92mm (K-connector) test ports

Cal kit: HP 85056K Option 001 2.4mm with sliding
loads (apply 2.92mm adapters from HP 85056K or
119048 after 2.4mm calibration}

Cables: HP 85133F 2.4mm flexible cable set

I¥ bandwidth: 10 Hz

Averaging: none (except during isolation cal)

Dynamic range
Same as HP 8722C with 2.4mm conneciors.

Measurement uncertainty
Reflection measurements
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System performance
Option 011 (HP 8719C, 8720C, 8722C)

Description: Option 011 allows direct aceess to the R, A,
and B samplers and receivers. The user may measure
A, B R, A/R, B/R, or A/B; only ratios are valid for phase
measurements. The transfer switch, couplers, and bias
tees are removed. External accessories are therefore
required to make most measurements.

Phase locking: a sample of the source output between
-10 and —33 dBm must be provided to the R input for
phase-locking. This may come directly from the R
output provided, or from a external coupler or splitter
in the source output chain.

Bias: no DC bias may be applied to any input, so external
DC blocks (or bias tees) must be added if center conductors
carry a bias voltage.

Summary of capabilities

Frequency range
05-2 28 8-20 20-40

Maximum input -4 dBm -6 dBm -10dBm  -17dBm
{<0.1 dB compression)

Low level noise (SMN=1} -106dBm  -102dBm  -100dBm  -90 dBm
Receiver dynamic range 112 dB 106 dB 100 dB 88 Bm

Port match 19 dB 17 dB 15dB 11dB
Tracking +0.4 dB +0.84dB +1.0¢B £3.0dB

Dynamic Accuracy:

Low level noise defined as mean of receiver noise
(signal/moise ratio of unity) with ports terminated by
50 ohms. Levels are adjusted for typical sampler
conversion gain, as if a response calibration to a known
power level had been established.

Noise floor is statistically defined as a level over 3 ¢
(standard deviations) above mean of the noise trace.

A signal at this level has a signal/noise ratio of at least
10 dB. There is a high probability that noise “peaks”
are below the noise floor.

Source output characteristics: same as standard
product

High level noise: same as standard product

Connectors: 3.5mm (f) for HP 8719C and 8726C;
2. 4mm (f) for HP 8722C

Receiver

The following plots illustrate worst case magnitude and phase uncertainty due to IF residuals and detector inaccuracies.
Excludes uncertainty dee fo frequency response, isolation, port match and connector repeatability.

A, B channel measurementsl
8
5
2 =
2 g
PO
2
£ .5
- Y >
3 2 i Frag {GHz}
@ * \ PEd 23 tc 4@
LN i
=1 ) S e == 8 to 20
~ .B5 X
b w \: — 2w 8
' RN
Bl =18 =38 -] =23 BaT T T T
. S21 Transmission Cosfficient
Magnitude

1 Reference power level is —5 dBm into the test port.

58
£
¥

~ oz
4 .
® e
> 5
I
s 4
- : t . Freg (GHx)
-
s s \ d / 28 to 4B
@ T a e —
5 s & S 8 to 28

. v - A4 ——— R e
e 3 I M
& 2 \»‘/— 2te 8

' R 5 ke B

) =ia =38 5@ 7] He T T T

521 Transmission Coefficient

Phase



Capabilities
> Indicates new capabilities over HP 8719A and 8720B
) _\_\} =2 Indicates new capabilities and changes from the HP 8722A

Measurement
Number of channels: 2; each fully independent

Parameters:

S811: Forward reflection (input match)

521: Forward transmission (insertion loss/gain/phase)
512: Reverse transmission (reverse isolation)

822: Reverse reflection (output match)

AUXILIARY INPUT: DC voltage on AUX INPUT

A, B, R, A/R, B/R, A/B (for Option 011)

Parameter conversion: 1-term

Z - Reflection: equivalent parallel impedance

Y - Reflection: equivalent parallel input/output admittance
Z - Transmission: equivalent series impedanece

Y - Transmission: equivalent series admittance

1/3: complex inverse of S-parameters

Display formats:

Reflection: linear magnitude (reflection coefficient, rho);
log magnitude (return loss or match in dB}; SWR or VSWR
{voltage standing wave ratio}; phase; polar {complex
reflection coefficient, I'); Smith chart (complex impedance);
inverse Smith chart (complex admittance)
Transmission: linear magnitude (transmission coefficient,
7); log magnitude {insertion loss/gain in ¢B, power in dBm};
phase (insertion phase, deviation from linear phase,
electrical length); group delay (transit time, Tgs -A 360 AD;
polar (complex transmission coefficient}

Tabular display formats: lists numeric values, one line
per stimulus point; up to 5 columns of data (depending
on format, dual-channel, and limit test status): stimulus, -
data (using current format) and margin (difference
between data and nearest limit line) for each channel,
and PASS/FATL indieator; 30 points per screen

Instrument modes: network analyzer (normal); tuned
receiver (receiver is set to a fixed frequency to downconvert
signal from an external synthesized source with fime-
base locked to HP 8720)

High-level trace noise (typical):

Magnitude Phase
IF bandwidth {dB zero-peak) {deg zero-peak)
3000 0.1 0.8
1000 0.04 0.25
300 0.015 0.08
100 0.006 0.04
30 £.004 0.02
10 8.003 0.015

Phase resolution (typical): 0.3 deg (for input of
constant amplitude)
Group delay: computed by from the phase change
over a frequency interval

Group Delay = B

360°x Af
Range: imited to 5 us standard or 500 ms with Option 001
Range = 1/(2 ~ Aperiuren,in)

Aperture: variable frequency interval over which group
delay is computed; small apertures show response details
but may be noisy; large apertures yield less noise but
“smooth” details

F
Aperture in = sl

(number-oi-points - 1)
{limited to 100 kHz standard or 1 Hz with Option 001)

Aperturemay = 20% of Fepan
{limited such that A & < 1809

Accuracy: function of uncertainty in determining
phase change; typically

+0.003 (Phase Uncertainty in deg)
Aperiure in Hz

Delay Uncertainty =

Markers

Number of markers: 5 per channel; 1 “active” per
channel; can be coupled (same stimulus in both channels)
or uncoupled (independent stimulus in each channel)

Displayed marker values: all activated markers with
both stimulus and response values are displayed on CRT,
with dual-channel uncoupled, can display up to 10
markers; all but active marker replaced by bandwidths
or statisties, when enabled

Stimulus resolution: discrete (actual measurement
pomnts; or continuous (finearly interpolated between points,
with 100 kHz resolution standard or 1 Hz with Option 001)

Delta markers: displays difference in both stimulus
(e.g. frequency) and response {e.g. dB) between active
marker and reference marker; reference marker may
be any of five markers, or a sixth fixed marker given
any arbitrary position on display

Polar format markers: linear magnitude and phase; log
magnitude (dB) and phase; real and imaginary Smith
chart format markers: Linear magnitude and phase; log
magnitude {dB) and phase; real and imaginary (R+jI);
complex impedance (R+jX); complex admittance (G+B)

Search: finds maximum, minimum, or target value

2 Bandwidth: finds and displays center frequency,

bandwidth at a user-defined level {e.g. -3 dB), Q factor,
and shape factor {ratio of 60 dB and 6 dB bandwidths};
updates while tuning with tracking enabled; valid for
band-pass or band-reject (notch) filters

Statistics: calculates and displays mean, standard
deviation, and peak-to-peak deviation of trace; active
between two markers or over entire trace

Tracking: performs new search {min/max/target) at
end of each sweep; if dizabled, occurs once on demand

Marker-To Functions: active marker stimulus o start,
stop, or center; active and delta marker to stimulus span;
active marker response to reference value; active marker
to delay (sets electrical delay to remove linear portion
of phase response)



Source frequency characteristics
Range

HP 8718C HP8720C HP 8722C
> Minimum fraquency 50 MHz 50 MHz 50 MHz
2> Maximum fregquency 13.51 GHz 20.05 GHz 40.08 GHz

Frequency resolution: 100 kHz (standard); 1 Hz with
Option 001; accuracy and stability not affected by
Option 001; see table below

Standard Option 001
Source resciution 100 kHz 1Mz
{start, stop, center, span}
Marker resoludion 100 kHz 1 Hz
Minimum span at 107 points 10 MHz 160 Hz
Minimum span at 201 poins 20 MHz 200 Hz
Maximum fime domain range 108 1s
Maximum group delay range 5us 560 ms
Minimum group delay aperture 100 kHz 1 Hz

Frequency accuracy: 10 ppm at 23° £ 3°C
(can be locked to external frequency reference)

Frequency stahility (typical):

+7.5 ppm over 0° to 55°C {temperature}

+3 ppm per year (aging)

Control: set start/stop or center/span

Number of points: 3, 11, 21, 51, 101, 201, 401, 801, 1601

Sweep types:

Linear

Log (not valid for less than 4:1 bandwidth)

Arbitrary frequency list: define up to 30 different subsweep
frequency segments; in any eombination of CW, start/stop,
or center/span modes; arbitrary number of points up to
1601 points total; overlapping or nested subsweeps allowed
CW time: fixed source frequency, with time as
horizontal axis

> Power sweep: sweep power level, at a CW frequency

Source coupling: coupled (same frequency range in
both channels) or uncoupled (independent for each
channel, for “alternate sweep” mode}

Sweep time: manual or automatic (uses fastest
possible sweep time for given frequency range, number
of points, etc)

Sweep trigger: continuous, hold, single sweep, group
(1 0 999 sweep setg), external trigger of entire sweep

[
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Sweep modes:

Synthesized sweep: smooth linear sweep ramp {in each
band}; frequency fully and eontinuously synthesized at
all times; data aequired “on the fly”

Synthesized step: frequency is fixed while acquiring data,
then ramps to next point; dwell time adjustable via manual
sweep time; user-selectable, or automatically activated
by sweep time of >15 ms per point, list frequency mode,
or bandwidth of 10 or 30 Hz

Sweep Modes

Synthesized Sweep Synthesized Step

Receiver Receiver Data
Data Aquigcfa Aquired § a
it §
N Ramp F_uEEy Freguency Constant
Synthesized During Acquisition

Spectral purity (typical):
Harmonics: <-15 dBce at +10 dBm
Phase noise: <-35 dBe to 60 kHz from carrier
Spurs: <~-40 dBe at 100 kHz
<-50 dBe at 200 kHz
<65 dBe at >200 kHz

Source power characteristics

= Power range:

HP 8718C HP8726C HP 8§722C
&5 Maximum power +10 dam! +10 dBm’ -5 dBm?
{below 26.5 GHz) - - 0 dBm2
&5 Minimum power -85 gam]! -85 dBm' -60 dBm
> Resolution 0.05 dB 0.05dB 0.05¢B
> Flatness +2 dB 2 dB +3 dB

T For Option 006, lower power values by 5 dB,
2 For Option 003, lower por 2 powsr by approximately 18 dB coupler roll-off.

< Power sweep: continuous in ranges staggered by 5 dB

HP 8718C HP8726C HP 8722C
«= Range 20 dB 20 a8 15dB
> Lingarity $0.5dB 05dB .5 dB
Linearity (<5 dB sweep) +#0.2dB H2dB 1.2 dB

> Single point trigger: external or manual (button)
trigger to acquire single point of multi-point sweep;
compatible with any sweep type

> Power accuracy: £0.5 dB at 50 MHz at maximum
power

2 Power meter calibration: improves output power
accuracy and flatness, referenced to HP 4378 or 438A
power meter; network analyzer controls power meter
directly during calibration sweep, then corrects power
level at fast sweep rate

Test ports: NMD-8.5mm male (ruggedized) for

HP 8718C and 8720C; NMD-2.4mm male (ruggedized}

for HP 8722C; not included in Option 011; 50 chm
nominal impedance




Calibration (veetor error correction)
Calibration types:

Response: 1-term; corrects for frequency response (mag-

pitude and phase), for either reflection or transmission
Response [ Isolation: 2-term; for reflection, corrects for
frequency response and directivity; for transmission,
corrects for frequency response and crosstalk
I-port: 3-term; corrects for frequency response, divectivity,
and source mateh; used for 1-port reflection enly, 819
or S99
Full 2-port: 12-term; standard are short, open (or offset
short}, load, and thru; corrects for reflection frequency
response, directivity, source match, transmission frequency
response, load match, and crosstalk

0 Fast 2-port: 12-term; similar to full 2-port, except that

2 of 4 raw parameters (forward or reverse) are continuously

re-measured while remaining 2 are assumed constant;
improves update rate for tuning, and reduces unnecessary
wear on transfer switch; MEAS key causes full 2-port
update

o Offset load: 3-term; standards are short, offset short,

Toad, and offset load; used for 1-port reflection only, 844

or 822

o TRLY (Thru-Reflect-Line): 12-term; refevence plane set by

choice of thru (center if none-zero length) or reflects;
gystem impedance set by choice of line (actual dispersive
impedance) or user-defined system Zg; (3-sampler

implementation has performance different from HP 8510,

since match terms are not fully corrected}
o> LRM* (Line-Reflect-Match): 12-term; similar to TRL*,

but uses termination at each test port in place of longer

line

Internal calibration kits:
3.5 mm (HP 850528 or 850521, fixed or sliding loads)
7 mm {HP 850508 or 85050D, fixed or sliding loads)
Type-N (HP 850548 or 850540, fixed or sliding loads)

o TRL* | LRM* (template for user modification}

e 2.4 mm {HP 85056A or 850560} (HP 8722C only)

© 2.92 mm (K-connector) (HP 85056K) (HP 8722C only,
based on use of adaptors to 2.92 mm after 2.4 mm
calibration)
User calibrotion kit: Joad from disk drive, copy from
internal kits and modify, or define custom kits; allows
up to & standards in either coax or wavegunide (dispersive)

Segmented cal: calibration remains valid for any
frequeney segment (in frequency list mode), after
calibrating all segments with a single eal

Frequency subset (“zoom”) cal: calibration remains
valid despite changes to frequency range; new range
must be subset of frequency range of calibration;
analyzer measures over cardinal calibration points (i.e.
adjusts number of points, without interpolation)

o> Receiver power cal: adjusts non-ratio’ed receiver
inputs to absolute (non-rativ’ed) power level; displays
absolute power in dBm; requires reference sweep of
known source power
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Data averaging (noise reductionj:

IF bandwidth: point-to-point averaging; bandwidths
inelude 10, 30, 160, 300, 1000, and 3000 Hz; each factor
of 10 reduces noise by 10 4B

Averaging: sweep-to-sweep averaging; averaging factors
range from 1 to 999; each increase by factor of 2 reduces
noise by 3 dB

Smoothing: moving average of adjacent formatted data
points (similar to video filtering); aperture “window”
adiustable from 0.1% to 20% of trace width

Electrical delay: add or subtract delay (linear phase
slope), up to £10 us; similar to “line stretchers”; both
coax or waveguide (dispersive) modes; secondary
readout in distance, computed from velocity factor

Reference plane extension: add or subtract delay
{linear phase slope) to each port, up to 10 us; similar
o electrical delay, but applied appropriately to each of
four parameters

Velocity factor: used to relate time to distance in
secondary readouts

System Zg: nominally 50 ohms; adjustable from 0.001
to 1000 ohms; impacts marker impedance displays and
arbitrary impedance or offset during calibration

option 006 only; continuously switches the RF output
between port 1 and port 2; enables simultaneous active
display of forward and reverse parameters; eliminates
the need to press MEAS to update measurement data
when using full 2-port cal

Data acquisition modes:

Alternate: acquire one parameter per sweep; requires

4 sweeps for full 2-port measurements; greater sensitivity
(less crosstalk) than chopped

= Chop: acquire two parameters per sweep; needs only 2

sweeps for full 2-port measurements; twice as fast as
alternate

Display control

Display type: color raster

Colors: default or user-defineable; 100 colors; 100 tints;
assigned to 7 groups of display elements

Sereen formats: single channel; dual channel overlay
{both traces at maximum size); or dual channe] split
{separate graticules, top and bottom)

Trace memories: 2 (1 per channel)

Trace control: display current data, memory, or both
Trace math: display vector ratic (DATA/MEM]} or
difference (DATA-MEM)

Autoscale: automatically adjusts reference value and
seale/division to put entire {race on screen

Limit lines: define up to 22 test limit segments per
channel; segments may be any combination of flat lines,
sloping lines, or diserete points (both upper and lower);
1imit testing gives PASS/FAIL decision on each sweep



Save/Recall storage

Internal registers: save/recall up to five instrument
states and 12 calibration sets {different for each
parameter); may be given user-defined 8-character labels

2 Memory type: 240 kBytes of non-volatile CMOS RAM,;
backed up by “super-capacitor” with 14 day life
(typical); dynamically allocated; large enough to store
all five registers with 12-term error correction and
memory traces in each channel at 401 points

> User Preset: register § reserved for user-definable

power-up or USER PRESET (green key) state; if empty,

factory preset conditions are used

External disk drive: store/load to external disk drive
via HP-IB

Disk format: LIF {HP’s Logical Interchange Format);
recommend HP 92192A double-sided 720 kByte (gray)
disks; vields 616 kBytes of useable storage; can be trans-
lated to MS-DOS® disk format using HP E2080A
LIFUTIL on any MS-DOS PC; Hierarchica! File System
(HFS) not compatible with hard drives

Compatible disk drives: disk drives using command
subset CS/80 or subset 88/80 protocol

Recommended disk drives:

HP 9122C dual 3.5 inch disk drive

HP 9153C Option 020 20 MByte hard disk with 3.5
inch digk drive

Disk transfer rate (typical): 5 seconds (201 points,
no cal); 15 seconds (1-port cal); 40 seconds (2-port cal)

Data formats:

Binary: 64-bit IEEE-754 floating peint format

ASCII: using CITIFile convention; compatible with
HP's Microwave Design System; includes all four
parameters in single file if using 2-port error correction

Register names: user-definable; <8 characters

Disk file names: multiple files stored on disk for each
data type enabled; file name shares root register name,
plus unique 1-2 character suffix for each data type

Data types stored:

Instrument state (learn string): all variables defining
the analyzer’s settings; binary only; file suffix I

User cal kit: included with disk store if User Kit is
active cal kit; binary only; file suffix K

{Iser graphics: binary only; included in disk store if
enabled; file suffix Gn
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Baw data (uncorrected): included with disk store if
enabled; must be stored (with cal arrays) to perform
iater time domain analysis; file enffix Rn

Data (corrected); included with disk store if enabled; if
loaded from disk, puts analyzer in HOLD to prevent
erasing data; file suffix Dn

Formatted: corrected data after formatting (e.g. log
mag, phase, ete); included with disk store if enabled;
file suffix Fn

Memory {(“trace memory”): 2 maximum, 1 per channel;
~6 Bytes/point; included with disk store if MEM is
displayed; file suffix Mn

Calibration arrays (“cal sets™): 12 maximum, or up to 5
full 2.port calibrations; linked to registers, and to
parameters within register {except for full 2-port,
which applies to all four parameters); ~6 Bytes/point
per error term; included with disk store if correction is
on; file suffix nn

Data hardcopy
Plot: copies graphical CRT image (excluding softkey
labels) to compatible plotter

Plotting time (typical): 50 seconds (PRESET state
with HP 7470A)

Print: copies graphical display image (excluding
softkey labels) to compatible graphies printer; supports
color printer graphics

Buffer: stores one plot or print, and controls peripheral
while returning front panel control to user

Buffer loading fime (typical): 2 seconds

Disable buffer: put instrument in HOLD for fastest
plotting

Aborting plots or prints; press LOCAL key at any time

Tabular: lists numeric data to compatible printer (or
plotter); one line per stimulus peint, with up to five
columns defined by currently active parameters

Recommended plotters and printers:

HP 7090A measurement plotting system

HP 7440A Option 002 ColorPro plotter

HP 7475A Option 002 6-pen graphics plotter

HP 75508 high performance plotter

HP 2225A ThinkdJet graphic printer

HP 2227B QuistJet graphics printer

HYP 3630A Option 002 Paintdet color graphics printer



ST,

Time domain (Option 010)

Stimulus modes:

Low-pass step: simulates step function, similar to
traditional Time Domain Reflectometer (TDR); provides
distinct response for each type of impedance (R, L, or
C); useful for reflection measurements; requires device
with low-pass response

Low-pass impulse: simulates pulse function (derivative
of step); provides magnitude information enly; meaningful
for both reflection and transmission; requires device
with low-pass response

Bandpass impulse: simulates pulse function; provides
magnitude information only; meaningful for both reflection
and transmission; useable on most devices with band-
pass response

Frequency requirements: low-pass modes require
harmonically related frequeney points, with peints at 0 Hz
(DC) and 25 MHz extrapolated from low-frequency data;
linear and CW-time sweep modes only

= Number of points: low-pass modes allow up to 801

points maxiroum; no limit in band-pass mode,

Time domain range: maximum time/distance free of
aliasing {false duplicated responses); limited in low-pass
modes by 25 MHz minimum frequency spacing; limited to
10 us without Option 001; given by:

{Number-of-Painis ~1}

Range =
F span
9 oux 3 ka
™~
ER R e e S T, nIsn it 2B m
“““ T o
0oL
oo
g o
" E ng L . n
et e Lowpass Limit: 801 pis. “eges e B
s 51 G MO O I S i I S =0
P S Y 0 g g
e Lowpass Limit s 1601 pis.
" i EEEE: " 807 pls.
401 pts.
201 pts.
e . 2 = 101 pis.
1 £ 138 Mhix ioGHn I8 Gz 51 ptS

Freguency Span
Response resolution: minimum difference in time/
distance between two equal responses that can be resolved
1
span
Distance: related to time by speed of light and relative
velocity; in space, Vig1=1; for TEM wave in dielectric,
Viel® 1/g; for distance to response in reflection
measurement, multiply by 1/2

Response Resolution =

Distance =3x 108 M x Vi x Time
Sec
Windows: pre-filtering in the frequency domain to
enhance time domain response; continously variable,
plus minimum, normal, and maximam settings

Gating: time domain filters to remove unwanted responses
separated in time; capable of bandpass and band-reject
{notch} operation; set with start/stop or center/span controls
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Measurement throughput summary

(based on 50 MHz to 20 GHz sweep with 3 kHz IF
bandwidth, including system retrace time and all
source band changes; 2-port times based on chop mode)

Measurement time (ms) versus
number of points (typical):

Measurement 3 ot Hi 201 1601
1-port (3-term)# 360 465 485 530 1300
Fast 2-port 380 b6h 735 1000 5270
Full 2-port 860 910 1035 1265 6200

Time domain conversion 15 180 300 540 2840

HP-IB data transfer

1: Binary 10 28 46 62 450
2:32-bkt i2 48 80 160 1180
3; B4-bit 15 65 120 238 1790
4 ASCH 40 480 840 1860 14700
5 32-bit PC 12 48 86 165 1260

# Measurements with no arror cotrection, response, of responsefisolation cals
are simifar.
“Referance used for following comparisons.

Measurement time versus sweep mode (typical):

Sweep Mode Time {ms)
Linear 530
100 1256
List 1250
CWiime 170
Power 850
Measurement time versus frequency span (typical):
Frequency range Time (ms})
0.05 t0 20 GHz 530
510 15GHz 280
81012 GHz 275
9to 11 GHz 245
Measurement time versus IF bandwidth (typical):
IF bandwidth Time (ms)
3000 530
1000 660
300 1100
100 2400
30 7500
10 22000

Measurement time versus averaging (typicalk:
multiply by averaging factor

Measurement time in CW external trigger on point
{typical): <3ms/point (based on 1601 poinis, zero span,
excluding phase lock and HP-IB transfer)



HP-IB (remote) programming
Interface standards: IEEE 488.1 and 1EC 625

Interface modes:

System controller: analyzer is only controller on bus; takes
direct control of plotier, printer, or disk drive

Talker [ listener: analyzer responds to a controller on
bus; can not talk to peripherals

Puss eontrol: analyzer shares bus with another controller,
and requests active control when needed to eontrol
peripherals; controller must be programmed to pass
and receive active control

Data arrays available via HP-1B:

Raw (uncorrected) data

Calibration arrays (error coefficients)

Corrected data

Memory

Formatted data

Array transfer data formats:

1; Binary {internal)

2: 32-bit floating point (IEEE-764}

3: 64-bit floating point (IEEE-754)

4: ASCIT

5: 32-bit floating point (PC-compatible reversed bytes)
User graphies: write vector or text graphics te display
via HP-1B; uses a subset of HP-GL commands; 64 kBytes
MAaxInum

Interface function codes: SH1, AH1, T6, L4, SR1,
RL1, PPO, DC1, DT1, C1, €2, €3, C10, B2
Compatibility: HP-IB programming commands for
HP 8719C, 8720C, and 8722C are complete superset of
commands for HP 8719A, 8720A, 87208, and 87224,
commands are ~95% compatible with HP 8753 family
and ~85% compatible with HP 8510 family

Upgrades
Refer to Ordering Guide.

Security
Frequency blank: blanks all frequency information from
display, including markers; requires FACTORY PRESET
to re-enable.

> Reset memory: writes binary 0s to all non-volatile

memery registers, eraging all instrument state and
calibration data; used with PRESET

Rear panel connectors

BIAS CONNECT: DC bias input to internal tees, one for
each port; internally fused to 500 mA maximum; 40 Vde
maximurm

EXT REF IN: external frequency reference input, to
which network analyzer locks its internal timebase;
external reference must have following characteristics:
Fregueney: 1, 2, 5, or 10 MHz; £200 Hz maximum
Level: -10 to +20 dBm

Impedance: 50 ohms
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EXT TRIGGER: external trigger input, activated on
negative TTL transition (+5 to 0V} internal 10 k-ohm
pull-up resistor allows use of contact clogure to ground;
input can trigger three functions:
Sweep: begins entire sweep when armed

& Point: acquires single data point of multi-point sweep

EXT AM: external AM input; 0 to +10 'V into 100 k ohm;
approximately -2 dB/volt sensitivity; 1 kHz maximum
AUX INPUT: auxiliary voliage input; -10 to +10 V; can
be measured with “analog bus” and displayed as voltage
on vertical axis in real format

IO INTERCONNECT (DB-25):

pin 17: limit test output; LS TTL, +5V=pass, 6V=fail
pin 14: +22 Vde power supply output

pin 8: transfer switch cutput; LS TTL, +5 V=forward,
0 V= reverse

EXT MON (REDV/GREEN/BLUE): video outputs to
drive external monitors with the following
characteristics:

Format: RGB (red/green/blue) with sync on green
Impedance: 75 ohms

Hortzontal scan rate: 25.5 kHz

Refresh rate: 60 Hz

Level: 1 Vp-p

Compatible monitors:

HP 35731A/B monochrome monitor

HP 35741A/B color.monitor

Most other analog multi-syne monitors

REF IN, REF OUT: reference link out/in, between
reference power splitter and reference (R) sampler;
user may add electrical length to “balance” test set for
faster measurements on long devices, without IF shift
distortion; not included in Option 011

Environmental

> Keyboard: flexible membrane; sealed against air flow
and dust

Operating temperature: 0° {o 55°C
Storage temperature: -40° to 75°C

Line power:

Frequency: 47.5 to 66 Hz

Voltage: 115Vrms, -28% fo +10%; or 230Vrms, -16% to
+160%

Power: 220 volt-amps maximum

Weight: 34 kg (75 1b) net; 40 kg (88 1b) shipping
Dimensions:

Height: 267 mm (10,5 inches)

Widih: 425 mm (16.75 inches)

Depth: 502 mm (19.75 inches)

Ventilation: allow 100 mm (4 inches) around rear and
sides

PN
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Software

HP 85162A Measurement
Automation Software

Description: This software is designed specifically to
operate on an HP 9000 Series 200 or 300 computer for
automation of the HP 8519C, 8720C, or 8§722C network
analyzer. The software complements the hardware,
providing ealibration, measurement, and data output
capabilities with a minimum of operator interaction,
Measurement data can be stored in binary format or in
a data file compatible with many CAE design programs.

Performance summary

Measurements (vs frequeney): Insertion loss, gain,
return loss, impedance, reflection coelficient, SWR,
phase, and group delay.

Source stimulus modes:

Start, stop, number of points (1601 points max.)
Center, span, number of points (1601 points max.)
Frequency list (30 frequency segments max, 1601
points max)

Source power lovel, sweep time, IF bandwidth,
averaging factor, smoothing, and electrical delay, are
also supported. All supported settings can be stored in
program configuration files.

Calibration kits: 7 mm, 3.5 mm, 50 type-N, 2.4 mm,
waveguide bands

Calibration types: S11-1 port, full 2-port,
responsefisalation, and reponse cal methods
Required equipment

HP 9000 Series 200 or 300 computer with the following:
BASIC Operating System (5.0 or higher}

RAM memory (including BASIC): 2 Mbytes

HP 9122C Dual Disc Drive (not required for

HP 9836A/C)

Optional equipment

Plotter: HP 7470A Opt. 002, 7475A Opt. 002, T440A
Opt. 002, T090A Opt. 002, or 7650A

Printer: HP ThinkJet, QuietJet, DeskJet and LazerJet
series

Winchester hard disc drive: HP 9153C, 79578, 79588,
79598

HP 85071A Materials Measurement Software

Description: The HP 85071A software takes broad-
band S-parameter meagurements of dielectric and
magnetic materials and determines their electromagnetic
properties. The software calculates both the complex
permittivity &, (or dielectric constant} and permeability
i, including loss factors. Depending on the network
analyzer and fixtures used, measurements can extend
from below 500 MHz to 110 GHz. The software offers
the choice of four algorithms, each designed to address
specific measurement needs,

Operating requirements

Standard: Requires M3-DOS on an HP Vectra (or any
100%-compatible PC-AT computer) compatible with
Miecrosoft Windows 3.0 with mouse. Requires >20 Mbyte
hard disk and >640 Kbytes RAM.

Option 306: Substitutes HP BASIC Software for the
standard version for operation with HP 9000 series 300
controllers. Requires BASIC 5.0 or higher and 2 Mbyles
of RAM.

Performance summary

Freguency range: 100 MHz to 110 GHz (typical,
depending on network analyzer, fixture, and material).

Measurements (vs. frequency): &/, g.”, Uy, 1y”, tan
8, or tan 3., in linear format. Accuracy is 1 to 2%
typical.

Stimulus control: Frquency range, number-of-points,
and linear or log sweep.

Calibration: The software can use any calibration
ineluding a calibrated response gated in the time
domasain.

Fixture: The software works with simple transmission
lines in coax or in rectangular waveguide containing a
cross-sectional sample of the material-under-test.

Data display on CRT: Displays current measurement
data, and can save/display 3 memory traces for
COMpAarison.

Data storage: Save/recall/export data via disk in MS-
DOS ASCII format or HP BASIC BDAT format (HP
LIF binary).



HP 85070A Dielectric Probe Kit

The HP 85070A Dielectric Probe Kit allows convenient
non-destructive testing of materials using the open-
ended coaxial probe method. The probe, together with
its own dedicated software, determines the complex
permittivity of a wide variety of Hguids, semi-selids,
and solids. Since the probe kit measures only
permittivity, only non-magnetic materials should be
measured. Measurements are efficient and cost-
effective because the testing is non-destructive and
there is no need for sample preparation or special
fixtures.

Operating reguirements

Standard: Requires MS-DOS en an HP Vectra (or any
100%-compatible PC-AT computer) compatible with
Microsoft Windows 3.0 with mouse. Requires >20 Mbyte
hard digk and >640 Kbytes RAM.

Option 300: Substitutes HP BASIC Software for the
standard version for operation with HP 9000 series 300
controllers. Requires BASIC 5.0 or higher and 2 Mbytes
of RAM.

Performance summary

Frequency range: 200 MHz to 20 GHz (iypical,
depending on network analyzer, fixture, and material},
Measurements (vs. frequency): e, £.”, tan 8, or
Cole-Cole diagram in linear format. Accuracy is 6%
typical.

Stimulus eontrok: Frouency range, number-of-points,
and linear or log sweep.

Calibration: Guided, using open, short (included), and
deionized water. Supporis user-defined standards.

Pata display on CRT: Displays current measurement
data, and can save/display 3 memaory traces for
comparison.

Data storage: Save/recall/export data via disk in MS-
DOS ASCIHI format or HP BASIC BDAT format (HP
LIF binary}.

HP 85014C Active Device
Measurement Software

Description; With the HP 85014C software, an HP 8720
system can make complete automated S-parameter mea-
surements of active devices in-fixture. The HP 85014C
software provides the capability to use the TRL* cali-
bration with in-fixture standards or the fixture can be
de-embedded from the test device. With the HP 85041A
Transistor Test Fixture, packaged transistors can be
characterized from 45 MHz to 18 GHz in 0.070 and 0.100
inch stripline packages only. The software also provides
automatic control of device biasing and hardcopy data
outputs in a variety of formats.
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Measurements (vs, frequency): 8,H.Y, and Z
parameters (Polar, Smith, Log or Linear Magnitude,
Phase)

Amplifier summary: Lists or plots Gy max, GA max-
K, 1891F, [819F, U, Magon’s U, G1, and G2.
Termination summary: Lists or plot Tyvs, DML, 1511,
1/899.

Source control: Start, stop, number of points
(51,101,201,401).
Power level, sweep mode, and averaging factor.

Calibration Kits: HP 85050B/D (7 mm}

Calibration types: Guided fuil 2-port in 7 mm with or
without de-embedding. For non-7 mm interfaces, the soft-
ware recalls any 2-port calibration {including in-fixture
TRL* calibration} performed on the front panel.

Fixtures: HP 85041A Transistor Test Fixture (0.07
and 0.10 in, packages only). If a different fixture is then
used, the fixture's S-parameters must be supplied as a
“data file” for de-embedding.

Bias control; The software provides safe and
oscillation-free automatic biasing of bipolar and field
effect transistors with any of the following supplies:
HP 6626A/28A Precision Power Supply

HP 43145A/1 Semiconductor Parameter Analyzer
HP 4141B DC Source/Monitor

HP 41428 Modular DC Source/Monitor

Provision for manual control of the bias is alse
included.

Data storage: Binary, Touchstone, SuperCompact or
CITTfile formats. S-parameter data may be stored to
and retrieved from disc. Measurement configurations
may also be stored.

Required equipment

HP 9000 Series 200 or 300 computer with the following:
BASIC Operating System (5.0 or higher)

RAM memory (ncluding BASIC): 2 Mbytes

HP 9122C Dual Disc Drive (not required for

HP 9836A/C)

Optional equipment

Test fixture:

HP 8504 1A Transistor Test Fixture, or other fixture
Bias Supply: HP 66264, 6629A. (These supplies require
HP 14852A Bias Cable to properly interface in the test
set.} HP 87178, 41454, 41418,

Bias Decoupling Network (Bipolar Transistors onlyh:
HP 11635A

Plotier:

HP 7470A Opt. 002, 7475A Opt. 002, 7440A Opt. 002,
TO90A Opi. 002, or 75504,

Printer:

HP ThinkJet, QuietJet, DeskJet, and Laserdet series
Winchester hard disc drive:

HP 9153C, 79578, 79588, 7959B



Accessories

A wide range of accessories support the HP 8720 family of
network analyzers, including ealibration kits, verification
kits, cables and adapters in both 7Tmm, 3.5mm, Type-N,
and 2.4mm coax and in the standard waveguide bands.
The standards used in the 3.5mm, Type-N, and 2.4mm
calibration and verification kits use precision slotless
connectors (PSC-3.5, PSC-N, and PSC-2.4).

Calibration kits

Before a network analyzer can make error-corrected
measurements, the network analyzer’s systematic
errors must be measured and removed. Calibration is
the process of guantifying these errors by measuring
“known”, or precision standards. The calibration kits
listed below contain the precision standards required to
calibrate the network analyzer, For calibrating a system
in the 7Tmm, 3.5mm, Type-N, or 2.4mm interface,
calibration kits all contain the following:

* Calibration standards to perform full-two port
calibration

* Torque wrenches for properly connecting the
standards

* Adapters to change the sex of the test port

Calibration kits:
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Three classes of calibration kits are available:

Standard kits contain open circuits, short cireuits,
and both fixed and sliding terminaticons in both sexes
for all connector types (except 7mm, a sexless
connector). Connector gauges are included in these kits
for maintaining each standards’s connector interface.

Eeconomy kits include the open circuit, short cireuit,
and fixed termination standards buf not sliding
terminations or gauges. Gauges can be ordered
separately.

Waveguide calibration kifs contain twoe coax-to-
waveguide adapters with precision flanges, a flush
short eireuit, a precision waveguide line section, and
either sliding or fixed terminations. They suapport
calibrations based on TRL*, offset load, or short/offset-
short/load/thru methods.

Cal Kit Type Frequency Connector  Retumn Loss, Return Loss, Return Loss, Residual Residual
and Name Range Type Fixed Load Sliding Load (dB)  Airline {@ fy,,)  Directivity Source Match?
fmin~fmax fmax @ finax

STANDARD
HP 850508 0.045-18CGHz  Tmm »52dB, DC-2GHz  2520B,2-18GHz — 45 dB 304dB
HP 850528 0.045-265GHz 35 mm >44¢B, DC-3 GHz =44 dB, 3-2685 GHz  — 44 dB 30dB
HP 850548 0.045-18GHz  Type N 24848, DC-2GHz  242dB,2-18GHz  —— 424dB 3048
HP 85056A 0.045-50 GHz 24 mm =42 dB,DC-4GHz  =36dB@50GHz 38db 31dB
ECONOMY
HP 85050D 0.045-18CGHz  7mm 238 dB, DC-18GHz  —— s 3BdB 3048
HP 850520 0.045-265GHz  35mm 23008 @ 26.5GHz e — 36dB 294dB
HP 850540 0.045-18GHz  TypeN >34 B @ 18 GHz B — — 34 d8 28dB
HP 850560 0.045-50GHz  24mm 22608 @ 50 GHz — — 26 ¢B 23dB

> HP 85056K 0.045-40GHz  2.92mm >260B @ 40 GHz e —— 2548 22dB
WAVEGUIDE

> HP X11644A7 8.2-124 GHz WR-90 242 dB8.2-124 GHz  —— 50 dB 40 dB 30dB

> HP P11644A’ 12.4-18 GHz WR-62 =42 (B, 124-18GHz — 50 dB 40dB 30dB

= HP K11644A1 18-26.5 GHz WR-42 242 B, 18-265 GHz e 50 dB 40dB 3048
HP R11644A 26,540 GHz WR-28 e 246 dB 50 dB 40 dB 3048

¥ Aidine return loss, directivity and source match are typical values for these calibration kits.
2 Residuals based on HP 87200 atf 1, =20 GHz for 3.5 mm kits of on HP 8722C atf oy
w40 GHz for 2.4 mm kits.



Vertfication kits

Verification kits are used to verify that a network
analyzer is operating within its specified performance.
Hewlett-Packard offers verification kits that include
precision airlines, mismatch aivlines, and precision
fixed attentuators. All verification kits include
measurement data and uncertainties which are
traceable to the U.S. National Institute of Standards
and Technology (NIST).

Verification kits

Verification  Connecior Frequency Description
Kit Type Range (GHz) (Contents}

HP 850518  7mm 0.645-18 10 cm airline, stepped impedance

alrine 20 dB, and 56 dB attenuators
0.045-26.5 7.5 cmalfline, stepped impedance
airling 20 08, and 43 d8 attenuators

HP 850838  3.5mm

HP 85055A  Type N 0.045-18 10 em airline, stepped impedance
airling, 20 dB and 56 dB attenualors
HP 850578  24mm  0.045-50 50¢2 airline, stepped impedance

airling, 20 dB and 44 dB attenuators

Note: HP 87220 compatible with HP 850538 and 850578 only.

Test port return cables

Test port cables are available in the Tmm, 3.5mm, Type
N, and 2.4mm conneclors typesl. The configurations
and performance for all cables are described in the
tables on the opposite page. All cables connect directly
to the special ruggedized test port of the network
analyzer test set (NMID connector).

Hewlett-Packard offers two cable designs: semi-rigid
and flexible. Semi-rigid cables offer excellent
performance and are suitable for applications where
the connectors of the DUT are “in-line” or parailel.
Flexible cables are ideal for manufacturing
environments since they are more rugged and have a
tighter bending radius than semi-rigid cables. Semi-
rigid cables are warranted for 90 days; flexible cables
are warranted for 1 year.

Either a single long cable or a shorter cable set can
connect a coaxial device to the test set. A single cable
with an appropriate test port adapter is best for
applications where the DUT requires a connection next
to the test port for mechanical rigidity. A set of cables
offers the flexibility required to position the test
devices away from the test set.

18

Network Analyzer
Test Set

Network Analyzer
Test Set

U Test Port
Device Adaper
Under %] Cahle Set
Test
Device
Single Cable Under
Test

DI R3;

Test port adapter sets

The HP 85130 series test port adapter sets protect the
test set port when connecting devices to the test port.
These adapters, listed below with the single cables,
convert the ruggedized test set port to a connection
mateable with the device under test. Each set contains
a male and a female adapter.

Adapier sets

Adapter Connector Type
Set (Test Port to Device) (BC-Hmay  (OB) @ fax

Frequency Return Loss

HP 85130C NMD-3.5 mm to Type N DC-18GHz =P8

HP 851300 NMD-3.5 mmto PSC-35mm {f} DC-265GHz =28
of NMD-3.5 mmim;}

HP 85130E NMD-Z4mmio7 mm DC-18GHz =228

HP 85130F NMD-24mmio PSC-35mm(} DC-265GHz =226
or NMD-3.5 mm {m)

HP 85130G NMD-2.4 mm to PSC-24mm (fy DC-50 GHz =23
or NMD-2.4 mm {m)

HP 850438 Racked System Kit

1P 850438 Racked System Kit is a rack standing

128 cm {50.5 in} high, with a width of 60 cm {24 in),
and a depth of 80 cm (32 in). Complete with support
rails and AC power distribution (suitable for 50 to 60 He,
100 to 240 VAC, the kit includes rack mounting
hardware for all instraments. Thermal design is such
that no rack fan is needed.

o measure Type N devices, use a pair of Tmm cables and
the Tmm-to-Type N adapters provided in the HP 85054B,D
calibration kits.
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Test port return cable specifications
Single cables for HP HP 8719C and 8720C (3.5 mm)
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Connector Type Frequency Length2 Return  Insertion Loss Stability?' 2
{Test Port to Device) {GHz) cminch)  Loss(dB) (dB)(fin GHz) tMagnitude (dB) +Phase (degrees}
HP 85131C Semi-rigid Cable NMD-3.5 mm to DC-265  B1{32) =17 0.43 V{403 <008 0.16(f) +0.5
PSC-35 mm (f) (25 dB @ fa)
HP 85131E Flexible Cable NMD-3.5 mm to DC-265 96.5 (38) 216 0354 +0.3 <(}.22 016 +08
PSC-3.5 mm {f) (2.1 dB © frpay)
HP 85132C Semi-rigid Cable NMD-85mmic7mm  DC-18 81 (32} =217 0.351 +0.3 (.06 0.16 () +0.5
(AR @ fa
HP 85132E Flexible Cable NMD-35mmto7mm DC-18  97.2(3825 =17 05108 <022 0.16 (7 +0.8
(18dB @ a0
Cable set for HP 8719C and 8720C (3.5 mm)
Connector Type Frequency Leng%h2 Return  Insertion Loss Stabi!ity?' 2
{Test Port 1o Device) (GHz) em(inchy  Loss(dB) (dB){{inGHz) Magnitude (dB) =Phase (degrees)
HP 85131D Semi-rigid Cable Set  NMD-35 mmto DC-265 53 (21) =16 0.30 f +0.2 <0.06 0.16(f) +0.5
PSC-3.5 mm {f) or (1.8dB @ frp
NRME-3.5 mm {m) )
HP 85131F Flexible Cable Set NMD-3.5mmto DC-26.5 §22(248) =16 0.25 vf +0.2 <12 0.13{) +05
PSC-3.5 mm {f) of (1508 @ fa)
NMD-3.5 mm {m} ‘
HP 851320 Semi-rigid Cable Set  NMD-35mmtc7mm DC-18 53 (21} 217 0.25f+0.2 <(.08 01640 +05
(1.30B € fray)
HP 85132F Flexible Cable Set NMD-8Aammto7mm DC-18 6292475} =17 0.25F:0.2 <012 G.13 (f +0.5
(1.30B @ fpay)
Single cables for HP 8722C (2.4 mm)
Connector Type Frequency Leng%hz Return  Insertion Loss  Stability? 2
{Test Port to Device) (GHz) em(inch)  Loss(dB)} (dB)(finGHz)  iMagnitude (B} =Phase (degrees)
HP 85133C Semi-rigid Cable NMD-24 mmto DC-80 81132) =15 0.84 v +0.3 <0.08 0.18 (0
PSC-2.4 mm {f) {5.6dB @ fay)
HP 85133E Flexible Cable NMD-24 mm o DC-50 113 {44) =125 0,58 Vi +0.35 <0.25 0.8+0.18 (1
PSC-2.4 mm {f) (445 dB @ {0,
HP 85134C Semi-figid Cable NMD-2.4 mmic 3C-26.8 81 {32} =16 048 f+0.3 <(.06 0.18{})
PSC-3.5 mm {f) (2.7 dB @ )
HP 85134F Flexible Cable NMD-2.4 mmio DC-26.5 972 (3825, =18 048~ f+0.3 <22 0.16{) +0.8
PSG-3.5 mm (f) (2.7d3 @ {00
HP 85135C Semi-rigid Cable NMD-24 mmto 7 mm  DC-18 a1 (32} =17 046103 <0.06 o8 (h
(2.25 B @ fyay)
HP 85135E Flexibie Cable MMD-24 mmto 7 mm  DC-18 §7.2(38.25) =17 048V {40.3 <0.22 016 (7t +0.8
(2.25 0B @ fay)
Cable set for HP 8722C (2,4 mm)
Connector Type Frequency Lersgihz Return ingertion Loss Stabiiitygl 2
(Test Port to Device}) {GHz) cmfinch)  Loss{(dB) {(dB)(finGHz)  +Magnitude (dB)  zPhase (degrees)
HP 851330 Semkrigid Cable Set  NMD-24 mmitc DC-50 53 (21) =15 055 VE+0.2 <(.06 0.16{h)
PSC-2.4 mm {f) or (3.7 dB @ ey
NMD-2.4 mm [m}
HP 85133F Flexible Cable Set NMD-24 mmio DC-50 72 (28) >12.5 0.48 Vf 40.25 (.17 08+016 (0
PSC-2.4 mm (f) or 1364 08 @ fay)
NMI-2.4 mm (m} )
HP 851340 Semi-rigid Cable Set NMD-24 mmto DC-268.5 53 (21} =16 031 Vh(.2 (.06 018
PSC-3.5 mm (for (1808 @,
NMD-3.5 mm (m)
HP 85134F Flexible Cable Set NMD-24 mmto DC-26.5 62.9(24.75) 216 031 V0.2 <012 G137 +05
PSC-3.5 mm () or (18dB @ fay)
NMD-3.5 mm {m)
HP 85135D Semi-rigid Cable Set  NMD-24mmto7 mm  DC-18 53(21) =17 031 vh0.2 <0.06 01800
{(15dB @1
HP 85135F Flexible Cable Set  NMD-24mmio7mm DC-18 629 (2475) 217 oat 02" o 0.43(7) +05

(15 0B € fizy)

1 Prase stabifity of semi-rigid/lexible cables is specified with a 90 degree bend and & 473" radius.
2 Cable length and stability are supplamental cheracieristics.
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Introduction

The HP 8720C, 8719C and 8722A
microwave network analyzers
are excellent instruments for
meaguring the transmission and
reflection characteristics of many
amplifiers and active devices.
Scalar parameters such as gain,
gain flatness, gain compression,
reverse isolation, return loss
(SWR}, and gain drift versus
time can be meagured. Addition-
ally, vector parameters such as
deviation from linear phase,
group delay, complex impedance
and AM-to-PM conversion can
also be measured.

A new power meter calibration
feature available with the

HP 8726C family of network
analyzers provides greater accu-
racy for these measurements
and also allows for absolute
power and nonlinear measure-
ments guch as gain compression,
Since the HP 8720 is a tuned
receiver, it provides high dynamic
range, sensitivity and immunity
to unwanted spurious responses.
Its accuracy-enhancement capa-
bilities reduce systematic errvors
for more precise characterization
of the amplifier or active device
under test (AUT).
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S11

Input match
Input return loss
Input SWR

Input reftection cosfficient o AUT
Input impedance
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Reverse Isclation S
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Deviation from linear phase
Group delay

Gain compression
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Quiput return loss
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Quiput reflection coefficient
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Figure 1.
Amplifier parameters.
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Amplifier parameters

Parameler Equation Definition
Gain Virans The ratic of the amplifier's cutput power {delivered to a Z,, load) to the input power {defivered from a
T =7 £ s0urce), £, is the characteristic impedance, in this case, 50 (2.
inc
Gain (dB) = ~20log it For small signa levels, the output power of the amplifier is proportional to the input power. Small signal
gain is the gain in this linear region.
Gain (dB) = As the input power level incraases and the amplifier approaches saiuration, the output power reaches
Poyt (dBm} — Py, (dBm) a limii and the gain drops. Large signal gain is the gain in this nonfinear region.
Gain flatness The variation of the gain over the frequency range of the amplifier.
Reverse isolation The measure of transmission from output to input. Similar o the gain measurement excapt the signal
stimulus is applied to the output of the amplifier,
Gain drift vs. time The maximum variation of gain as a funcfion of ime, with all other parameters held constant,
{temperalure, bias, elc.)
Gain drift Is also observed with respect to other parameter changes such as temperature, humidity
or bias voliage.
Deviation from linear phase The amount of variation from a linear phase shift, Ideally, the phase shift through an amplifieris a
lingar function of frequency.
Group delay At The measure of the transit time through the amplifier as a functicn of frequency. A perfectly linear
T {seg)=— — phase shift would have & constant rate of change with respect to frequency, yielding a constant
AT group delay.
1 A6
360 Af
Return loss (SWR, p) Yrafl The measure of the reflection mismateh at the input or output of the amplifier relative to the system
It o p LG Z, characteristic impedance.
Ving

Refiection coefficient = p

Return foss (dB) = ~20logyop

14p
SWR =~
1p
Complex impedance 1+1 The amount of reflacted energy from an amplifler is directly related to its impedance. Complex
et Ly impadance consists of both a resistive and a reactive component, It s derived from the
1T characteristic impedance of the system and the reflection coefficient.
Gain compression An amplifier has a region of linear gain where the gain is independent of input power level
{small signal gain). As the power is Increased 1o a level that causes the amplifier to saturate,
ihe gain decreases.
Gain compression is determinad by measuring the ampifier's 1 ¢B gain comprassion point (P44}
which is the output power at which the gain drops 1 dB relative to the small signal gain. This s a
commen measure of an amplifier's power output capability.
Ab-to-PM A8
canversion coefficient AMPM = — The amount of phase change generated in the cutput signal of an amplifier as a result of an
AP amplitude change of the input signal.

The AM-to-PM conversion coefficient Is expressed in units of degrees/dB at & given power level
tusually Pygg, which is the 1 dB gain compression point}.




Measurement set-up

Before making an actual mea-
surement it is important to know
the input and output power levels
of the AUT and the type of
calibration required.

Set-up
1. Select input power levels

Selecting the proper stimulus
settings at the various ports of
the AUT are of primary concern.
If the small signal gain and out-
put power at the 1 dB compres-
sion point of the amplifier are
approximately known, the proper
setting for the input power level
can be estimated. For linear
operation, the input power to
the amplifier should be set such
that the output power is approx-
imately 3 to 10 dB below the

1 dB compression level.

Pinput (48m) = P148 comprassion (dBM) -
Gizingmajl signal (¢B) - 10 9B

For the HP 8720C or 8719C, the
power may he varied continu-
ously within a 20 dB range over
twelve power range selections
{(+10 to -10 dBm, +5 to -15 dBm,
0 to-20 dBm, . . . -45 to -65 dBm).
For the HP 8722A, the power
may be varied within a 10 dB
range over nine power range
selections (-15 to -25 dBm, -20
t0-30 dBm, ... -55 to -65 dBm),
It is advantageous to select a
power range that will accommo-
date the operation of the ampli-
fier in its linear region as well
as the nonlinear region.

2. Estimate output power

It is also important to know the
output power levels from the
AUT to avoid overdriving or
damaging the test ports of the
network analyzer. External
attenuation may be necessary
after an AUT with high output
power to keep the power level
below the specified 0.1 dB com-
pression level of the receiver.
For more information see Appen-
dix B, High power measurements.

When measuring high-gain amp-
lifiers, it is possible to overload
the test port. Overload occurs
when greater than +20 dBm of
power is input into either port.
When this happens, “TEST PORT
OVERLOAD, REDUCE POWER LEVEL"
will be displayed. At this point,
either more attenuation should
be added to the output of the
amplifier, or the input power
level should be reduced before
continuing the measurement,

3. Power meter calibration
{optional)

The HP 8720C, 8719C and 8722A
network analyzers provide lev-
eled power at the test set port
with a specified variation of less
than 2 dB (HP 8720C/8719C)
and £3 dB (HP 8722A). The
power meter calibration feature
is available to provide more
accurate settable power when
required and can also serve to
remove the frequency response
errors of the cables and adapt-
ers hetween the test set and the
AUT. If a power meter calibra-
tion is performed it should be
done prior to a measurement
calibration. Power meter cali-
bration with the HI? 8720C
family of network analyzers is
compatible with the HP 437B
and 438A power meters.

HP 8719C HP 8720C HP B722A
at 13.5 GHz at 20 GHz al 40 GHz
Available output power at lest port {dBm} +10 16 -65 +1010 -85 -1610-65
Power sweep range (0B} 20 20 10
Table 1.
Available output
power from
network analyzer.
HP 8719C HP 8720C HP 8722A
at 13.5 GHz at 20 GHz at 40 GHz
0.1 dB compression level for receiver (dBm) +10 +10 +4
Damage power level at test port (dBm) +20 +20 +20
Table 2.
Allowable input
power to network
analyzer.



4, Measurement calibration

A measurement calibration char-
acterizes and removes the effects
of the repeatable variations (or
systematic errors) in the test
set-up. Systematic errors include
frequency response tracking,
directivity, mismatch and eross-
tallc effects. A full 2-port calibra-
tion provides the greatest
measurement aceuracy, but in
some situations it may be more
practical to use other calibration
techniques (i.e., a response
calibration for transmission-only
measurements or a I-port cali-
bration for reflection-only mea-
surements). For more information
see Appendix A, Accuracy
considerations.

After a full 2-port calibration has
been performed, “C2” appears to
the left of the display to indicate
that a 2-port measurement cali-
bration is on. For any other type
of ealibration (ie. response,
1-port), & “Cor” will appear. After
performing a full 2-port calibra-
tion and connecting the AUT it
is important to press the [MEAS]
key to update both the forward
and reverse S-parameter data.
Any attenuation that is used on
the input or output of the AUT
should be included in the cali-
bration of the system to remove
its effects from the measurement
of the AUT.

Operating
considerations

If you perform a factory preset
{[RECALL] [RECALL FAC PRESET)) the
power is set to the maximum
leveled value (in the highest
power range) of +10 dBm for the
HP 8720C/8719C, and -15 dBm
for the HP 8722A. If the AUT
could be damaged by this power
level or will be operating in its
nonlinear region, it should not
be connected until the power is
set to a desirable level.

A useful feature for the testing
of power-sensitive devices is the
user preset feature on the

HP 8720C/8719C/8722A. This
aliows the user to specify an
instrument setting for a partic-
ular measurement and to store
it away by pressing [SAVE]

[SAVE PRESETS). Later, when the
green [USER PRESET] key is
pressed, these same conditions
are recalled with the power level
and/ or internal step attenuator
set to the appropriate level, pre-
venting potential damage to

the AUT.

Measurement exampies

The measurement examples
described in thig note were made
on an HP 8720C network ana-
lyzer. A full 2-port calibration
was performed (except where
noted} for the greatest accuracy
for both transmission and reflec-
tion measurements of the two-
port device. The amplifier under
test is an HP 8348A amplifier
operating over a 2 to 20 GHz
frequency range. An HP 8719C
or 8722A network analyzer may
be used instead of the HP 8720C,
but differences in frequency
range and available output
power will exist.



Linear measurements

Measurements in the linear oper-
ating region of the amplifier can
be made with the HP 8720C
family of network analyzers by
using the basic set-up shown in
Figure 2. Care must be taken
when setting the input power to
the AUT so that it is operating
within its linear region.

1. Configure the system as shown
in Figure 2. Retwmn the HP 8720C
to a known state of operation.

[RECALL]
[RECALL FAC PRESET]

o
=
£
o]
o
]
i
o

Attenuator
fit needed)

— AT HAVAA
|
1
1
|
1
1

Figare 2. Basic
setup for amplifier
measurement using
the HP 8720C
network analyzer.

2. Choose the appropriate mea-
surement parameters (start/stop
frequency, number of points,
IF bandwidth, etc). The power
level should be set such that the
AUT is operating in its linear
region. In this measurement
example, an estimated input
power level of -15 dBm is derived
from:
Pil‘l = PldB - Gain - 10 dB
= 3+25 dBm - 30 dB - 10 dB
= .15 dBm

ISTART] [2] {G/n]

[STOP] [20] [G/n]

[MENU] [POWER]

[RANGE 2: 15 TO +5] [-15] [x1]

3. Perform a full 2-port calibra-
tion. If attenuators are used on
the output of the amplifier they
should be included in the cali-
bration. In this example, a 20 dB
fixed attenuator on port 2 pre-
vents the +25 dBm of output
power from overdriving the

B input of the HP 8720C. Save
the instrument state to one of
the internal registers or to an
external disk drive.

[SAVE] [SAVE REG1]

4, Connect the AUT and apply
bias, if necessary. Be sure to
press the [MEAS] key to update
all four S-parameters,

Small signal

gain/gain flatness
Small signal gain is typically
meagured at a constant input
power over a swept frequency
range,

1. Set up the HP 8720C for an
So1 log magnitude measurement.

[MEAS] [Trans:FWD S21]
[FORMAT] [LOG MAG]

2. Seale the display for optimum
viewing and use a marker o mea-
sure the small signal gain at a
degired frequency.

3. Measure the gain flatness or
variation over a frequency range
with the marker statistics fea-
ture by first setting two markers
(one must be in the A-reference
mode) on the trace to define the
start and stop of the frequency
range of interest. Then turn on
the marker statistics function to
view the peak-to-peak ripple.
Statistics are displayed for a
portion of the trace between the
active marker and A-reference
marker, If there is no A-reference
marker activated, the HP 8720C
will calculate the statistics for
the entire displayed trace.

IMKR] [2] [G/n} [MKR ZERO]
[MARKER 2] [20] [G/n]

[MKR FCTN] [MKR MODE MENU]
[

STATISTICS ON off]
L 85 1oy MA@ 5 REE a0 8B 3: 2,760 &3
X EMML SIGNAL GRIN; 18.500 000|680
rean: [33,479 4B
L I e ™ * LARAT of
sop: |6.2004 |
S B mn S I W
BYMVF 2.000 0G0 200 Bz §TOP 20008 00¢ 000 GHz
Figure 3.
Small signal gain
measurement.

N



Gain versus time

Gain variation or drift versus
time can be measured at fixed
frequencies over a 100 ms to
24 hour time interval with the
HP 8720C network analyzer.

1. Set up the HP 8720C for an
So1 log magnitude measure-
ment. Turn off the full 2-port
calibration. Select the desired
fixed (CW) frequency. Change
the sweep time from AUTO to
MANTUAL. Use a single sweep
for the calibration and measure~
ment. For this example, a CW
frequency of 20 GHze is selected.

[CAL] [CORRECTION on OFF]
[MEAS] [Trans:FWD S21]
[FORMAT] [LOG MAG]
[MENU] [CW FREQ] [20] [G/n]
[SWEEP TIME MANUAL]
[TRIGGER MENU] [SINGLE]

2, If the desired measurement
sweep is long, a shorter calibra-
tion time may be specified by
pressing [STOP] and entering the
desired calibration sweep time.
A calibration sweep time of four
seconds is used in this measure-
ment example. Perform a thru
response calibration of the sys-
tem in the CW time mode. Save
the instrument state to one of
the internal registers or to an
external disk drive.

[STOP][4] [x1]

[CAL] [CALIBRATE MENU] [RESPONSE]
[THRU}

[DONE: RESPONSE]

[SAVE REG2]

3. Connect the AUT and apply
bias, if necessary. Specify the
measurement sweep time and
begin the measurement. In this
example, a measurement time
of thirty minutes is selected.

[STOP] [30] [: h:m:s] [0] [x1]
[MEAS] [MEASURE RESTART]

4. Scale the display for optimum
viewing. Use marker statistics
t0 measure the maximum peak-
to-peak variation in gain over
the time interval.

IMKR FCTN] IMKR MODE MENU]
[STATISTICS ON off]

Hr By 109 WA Lz AR 310 a8

i @A N DRIFT ooiaode s

e
mean: [31.565 B8

car
soaev; 10233 @
o

op: [ 1032

START 0 & oW 20,800 00 030 OHz

Figure 4.
Gain versus time
measurement,

Gain variation or drift can also
be measured with respect to
other parameter changes such
as temperature, humidity or bias
voltage. The procedure described
here can be modified by utilizing
the external trigger mode of the
HP 8720C and adding an external
controller to vary these
parameters.

Figure 5.
Reverse isolation
measurement,

STOR 00: 3000 &

Reverse isolation

For the measurement of reverse
isolation the RF stimulus signal
is applied to the output of the
AUT by measuring S19. External
attenvation placed on the output
of the AUT may not be needed
for this measurement since the
signal path now exhibits loss
instead of gain. If it is removed,
a new calibration will be required.

1. Recall the full 2-port
calibration,

[RECALL] [RECALL REG1]

2. Set up the HP 8720C for an
8192 log magnitude measurement.

[MEAS] [Trans:FWD $12]
[FORMAT] [LOG MAG]

If the isolation of the AUT is very
high (i.e., displayed trace is in
the noise floor) it may be neces-
sary to remove the external
attenuation at the output of the
AUT and re-calibrate (with a
response and isolation calibra-
tion) at a higher power level
and decreased IF bandwidth.

3. Scale the display for optimum
viewing and use a marker to
measure the reverse isolation

at a desired frequency.

o B log #AQ 20 g/ REF -0 a8 1: 52,398 o8

@4 REVEREE TLATION! 26,500 GOGE000 GHI

R s N

ek
,;@.M e

SYART 2,000 GO0 00D &Mz STOP 26,900 800 000 Gy



Deviation
from linear phase

The measurement of deviation
from linear phase of the AUT
employs the electrical delay fea-
ture of the HP 8720C network
analyzer to remove the linear
portion of the phase shift from
the measurement.

1. Set up the analyzer for an
So1 phase measurement.

IMEAS] [Trans:FWD $21}
[FORMAT] [PHASE]

2. Place a marker in the center
of the band and activate the
electrical delay feature,

IMKR] [#1] [G/n]
[MKR FCTN] [MARKER—MENLJ]
IMARKER—DELAY]

3. Expand the scale and use the
knob to fine tune the electrical
delay for a flat phase response
near the center of the passband,
The linear phase shift through
the AUT is effectively removed
and all that remains is the devi-
ation from thig linear phase shift.

ISCALE REF] [ELECTRICAL DELAY]

4. Use the marker statisties to
measgure the maximum peak-to-
peak deviation from linear phase.

IMKR FCTNJ [STATS ON off]

o Sy phase 37 AR 30 i: -i5.7Ms °

Sk DIVIATEON FROM LINEAR SHiSE 11,506 500|004

bl 5824

START  2.00C 00 900 &z ST0R 26000 D05 000 G

Figure 6.
Peviation from
linear phase
measurement.

Group delay

Group delay is caleulated from
the phase and frequency infor-
mation and is displayed in real
time by the HP 8720C network
analyzer.

1. Set up the HP 8720C for an
So1 group delay measurement.

[MEAS; [Trans:FWD S21]
[FORMAT] [DELAY]

2. Activate a marker to measure
the group delay at a particular
frequency.

THL Sy M malay a0 par v z.es ma 1t 2.B0L7 B
R AMALIFTRR EACLE THLAY 11 PO 000; 008 &G

Na sneothing b,
b 10% shooshthg -~
T THY BHE

- f/;

SYART 2,000 020 909 GHz BT0P 20,000 006 DGG Sz

Figure 7.
Group delay
measurement
with minimum
and increased
aperture.

Group delay measurements may
require a specific aperture (A f)
or frequency spacing belween
measurement points. The phase
shift between two adjacent fre-
quency points must be less that
1809, otherwise incorrect group
detay information may result.

number of points - 1
Approximate defay of AUT < ——m8@ ————
2 « {frequency span)
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The effective group delay aper-
ture can be increased from the
minimum by varying the smooth-
ing percentage. Increasing the
aperture reduces the resolution
demands on the phase detector
and permits better group delay
resolution by increasing the
number of measurement points
over which the group delay
aperture is caleulated. Since
increasing the aperture removes
fine grain variations from the
response, it is eritical that group
delay aperture be specified when
comparing group delay measure-
ments. To adjust the aperture
press [AVG] [SMOCTHING ON off]
[SMOCTHING APERTURE] and
adjust aperture as necessary.




Return loss, SWR, and
reflection coefficient

Return loss (RL}), standing wave
ratio (SWR) or reflection coef-
ficient, (p) are commonly specified
to quantify the reflection mis-
match at the input and output
ports of an AUT. Because reflec-
tion measurements involve loss
instead of gain, power levels are
lower at the receiver inputs.
Therefore, it may be necessary
to increase power levels for reflec-
ton measurements, Alternatively,
the noise levels can be reduced
by decreasing the IF bandwidth,

1. Set up the HP 8720C for an
511 measurement,

[MEAS] [Refl:FWD S11]

2. Display the return loss, SWR,
and reflection coefficient of the
input port of the AUT,

[FORMAT] [LOG MAG]
[SWR]
ILIN MAG]

3. Similarly, the output match of
the AUT can be measured by
repeating the procedure for Sgo
{or if a full 2-port calibration
was performed simply press
[MEAS] [S22]).

H 8 g R 0w FE Y 11,7604
TN 3.po ooo] deo g

X | ii:
RS TV wﬁ?ﬁ.‘%

START 2,000 900 GO0 Grz

SR 20,000 000 GO0 GHE

Complex impedance

When the phase and magnitude
characteristics of an AUT are
desired, the complex impedance
can be easily determined.

1. Set up the analyzer for an
511 measurement.

[MEAS] [Refl:FWD S11]

2. Display the input impedance
of the AUT.

[FORMAT] [SMITH CHART].

Markers used with this format
display R + jX. The reactance is
displayed as an equivalent capa-
citance or inductance at the mar-
ker frequency. Marker values
are normally based on a system
Zq of 50 Q. If the measurement
environment is not B0 £, the
network analyzer characteristic
impedance must be modified
under [CAL] [MORE] [SET SYSTEM 20
before calibrating, In addition, a
minimum loss pad or matching
transformer must be inserted
between the AUT and the
measurement port.

Figure 8.
Input SWR.
measarement.
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3. Display the complex reflec-
tion coefficient (I'). The linear
magnitude and phase will be
displayed at the marker
frequency.

[FORMAT] [POLAR]

4. Similarly, the output imped-
ance of the AUT can be measured
by repeating the process for Sgg
{or if a full 2-port calibration was
performed simply press

[MEAS] [S22]).

CHE & g 1UFE 145205 6 9.1914
BT MATCH T

o A pm

e 2,000 DIR A6

SEAAY 2,000 OOl GO0 Oz GT0P 20,000 000 N0 G

Figure 9.
Complex output
impedance
measurement.



Power meter calibration

The power meter calibration
feature of the HP 8720C, 8719C
and 8722A network analyzers
provides a more precise power
level to the AUT. An HP 437B
or 438A power meter and an
appropriate power sensor such
as the HP 8481A, 8485A or
8487TA are required.

The power sensor is attached to
the desired test port, after any
cables or adapters leading up to
the point where the AUT will be
connected, and a single power
calibration sweep is performed.
The power meter monitors the
source power at each measure-
ment point across the frequency
band of interest, and correction
data is derived to achieve a con-
stant power level at the desired
test port. When the power meter
is disconnected and power cor-
rection turned on, the correction
data is recalled for subsequent
sweeps with no degradation in
measurement speed.

A power meter calibration is
typically performed at a fixed
power level over a swept fre-
quency range. A power calibra-
tion can also be performed for a
swept power measurement at a
fixed frequency. This references
the swept power to a power
meter standard.

1. Configure the system as shown
in Figure 10, Connect the

HP 437B power meter to the
HP-1B port of the HP 8720C. Zero
and calibrate the power meter.

Verify the address of the power
meter matches the setting in the
network analyzer. The default
address for the HP 4378 is 13.

[LOCAL] [SYSTEM CONTROLLER]
[SET ADDRESS]
[ADDRESS: POWER MTR] [13] [1]

[ eoen oo |
(0]

HE-IB
I s ;
Attenuator
{if needed}
. HAMAA-
1
: HP B485A
' mPower sensor
HP 4378
Power Meter
Figure 10,

Power meter

calibration set-up.

2. Enter the power sensor calibra-
tion factor data at each desired
frequency segment. Specify the
number of power measurements
to be made at each point. The
number of readings should be
increased for greater accuracy.

[CAL] [PWR METER CAL]
ISET CAL FACTOR)

Enter calibration factors.
IDONE]

INUMBER of READINGS] [1] [x1]
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3. Choose the appropriate mea-
gurement parameters, The test
port power level must be set so
that it is approximately correct
at the desired measurement port.

[START] [2] iG/n]

[STOP] [20] [G/n]

[MEAS] [Trans:FWD S21)

[MENU] [POWER] [RANGE 2:-15 TO +5]
[-15] [x1]

4. Connect the power sensor to
the active test port (normally
port 1 where the input of the
AUT is connected).

5. Set the calibrated power for the
desired value. Initiate the power
meter calibration. The measure-
ment will sweep very slowly,
especially when the number of
points is high or when the mea-
sured power is small.

[CAL] [PWR METER CAL]
[CAL POWER] [-15] [x1]
[TAKE CAL SWEEP]

6. Activate the power meter cali-
bration, A “PC” will appear to the
left of the display to indicate that
the power meter calibration is on.

[PWRMTR CAL ON off

7. Verify the constant power level
at the test port by slowing the
sweep time down and using the
HP 437B o measure the power.

8. Save the power meter calibra-

tion to an instrument state regis-
ter or to an external disk drive.

[SAVE] [SAVE REG3]




9. Remove the power sensor.
Connect AUT and apply bias
if necessary,

HP 8720C Test Port Power

FRMTR CAL SRS CAL
On o
Tast Port Power [dBm)
sl
s S
65 S,
o I
—— s e “
Ny N
A7
@i .
264 20 GHz
Frequency

Pigure 11,
Test port power

before and after
a power meter
calibration.

The correction data may be
stored to an internal ingtrument
gtate register or an external disk
drive by using the [SAVE] key, If
the start or stop frequency is
changed after a power meter
calibration has been activated,
the data will be interpelated for
the new range. If the calibration
power is changed, the correction
data array is offset to reflect the
new power level. This results in
some loss in accuracy and is re-
flected by a “PC?” which appears
to the left of the display.

Absolute output power

Afier port 1 has been calibrated
for a constant input power, the
HP 8720C can be used to display
absolute power (in dBm or mW)
versus frequency.

1, Perform a power meter calibra-
tion over the desired frequency
range and power level (as previ-
ously described).

2. Set up channel 1 for an output
power measurement using the
B input.

[CH 1] [MEAS] [INPUT PORTS] [B]
[FORMAT] [LOG MAG]

3. Set the reference value at the
expected power level {CAL
POWER), in this case -15 dBm.
This step is necessary to get a
correct reading of absolute power.
Connect a thru and perform a
receiver calibration to remove
the frequency response errors of
the port 2 path in the measure-
ment. Be sure to include any
attenuators or adapters which
are part of the measurement.

[CAL} [RECEIVER CAL]
[15] ]

[TAKE RCVR CAL SWEEP]
[SAVE REG4]

A flat line should be displayed
at the correct power level,
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4. Connect the AUT and apply
bias, if necessary.

5. Measure the absolute output
power (in dBm) at any frequency
by placing a marker on the trace.

The absolute power may also be
measured in mW.

[FORMAT] [LIN MAG]

HL B Log MG 0 sa FEF 0 die I: 4874 dm
il ABGIELITE, CUTPUT DOBEN 20100 000{00 ¥4

START 2,000 800 COG dez STOP 20,040 D20 000 Gz

Figare 12.
Absolate
output power
measurement.



Nonlinear measurements

The HP 8720C has the capability
to make measurements of ampli-
fiers operating in their nonlinear
region, A swept-frequency gain
compression measurement
locates the frequency at which
the 1 dB gain compression first
occurs. A swept-power gain com-
pression measurement shows
the reduction in gain at a single
frequency as a power ramp is
applied to the AUT. An AM-to-
PM conversion coetfficient mea-
surement shows the change in
phase as the input power to the
AUT is increased to produce
some degree of gain compression.

Swept-frequency

gain compression

A meagurement of swept-
frequency gain compression
locates the frequency at which
the 1 dB gain compression first
occurs. The swept-frequency
gain compresgion is determined
by normalizing to the small gig-
nal gain and by observing com-
pression as the I dB drop from
the reference line as input power
18 increased. The swept-frequency
gain compression and correspon-
ding output power (P14p) can
be displayed simultaneously on
the HP 8720C network analyzer.

1. Perform an absolute output
power calibration and measure-
ment {as previcusly described).

2. Channel 1 should already be
set up for an absolute power
measurement (with correction
on). Set up channel 2 for an So
gain measurement. Turn on a
dual channel split display.

[CH 2] [MEAS)] [Trans:FWD S21]
[FORMAT] [LOG MAG]
[DISPLAY] [DUAL CHAN ON off]
IMORE] [SPLIT DISP ON off

3, Connect the AUT and apply
bias, if necessary.

4. Normalize the display o the
small signal gain.

IDISPLAY] [DATA—MEMORY]
[DATAMEM]

A flat line at 0 dB should now
be displayed on channel 2.

B, Set a scale of 0.5 dB/divigion
and a reference value of 0 dB to
allow easy viewing of a 1 dB
drop from the small signal gain.

8. Increase the source power
level until the trace drops by

1 dB at some frequency. A mar-
ker can then be used to track
the exact frequency where the
1 dB compression first occurs.
Care should be taken when
increasing the source power so
that the input power limitation
of the AUT is not exceeded.

[MKR FCTN] [TRACKING ON off}
[SEARCH: MiN]

[CAL] [PWR METER CAL}

[CAL POWER]

Use knob to increase power.

7. The channel 1 marker displays
the actual output power of the
amplifier (in dBm) at the 1 dB
gain compression point. In this
example, the 1 dB gain compres-
gion first oceurs at 16.5 GHz at
an output power level of

27.246 dBm.

o R tog Mnd & a8y
R AMELIF TR CXITPY v 15_ken canoeo o,

o6

cor I

THI Spg M Tog WD BN REF 9 d8 £: 10004

b1 0F 0AD% ohwersselon 16 ben sonloog o

fer ICA. BOWER

START  2.900 D0G 60D GHy
Figure 13.
Swept-frequency gain
compression measurement.

SI0P £9.90C (00 049 CHZ

14

Swept-power
gain compression

By applying a fixed-frequency
power sweep to the input of an
amplifier, the gain compression
can be observed as a 1 dB drop
from small signal gain. The
power sweep should be selected
such that the AUT is forced into
COmpression.

The 891 gain will decrease as
the input power is increased into
the nonlinear operating region
of the amplifier. The HP 8720C
network analyzer has a power
sweep range of 20 dB. The fixed
frequency chosen could be the
frequency for which the 1 dB
drop first occurs in a swept-
frequency gain compression
measurement. The swept-power
gain compression and correspon-
ding output power (P14p) can
be displayed simultanecusly on
the HP 8720C network analyzer.
A power meter calibration over
a power sweep range {(al a fixed
frequency) may be performed
first if very accurate power is
reguired at the input to the AU

1. Configure the system as
shown in Figure 2.

2. Select a power range and power
sweep at the CW frequency of
interest., The beginning and end
points of the power sweep are
adjusted with the START/STOP
stimulus keys. Power levels must
be set so that the AUT is forced
into compression. External atten-
uation may be necessary at the
output of the amplifier to prevent
overdriving of input B. In this
measurement example, a 10 dB
power sweep from -15 to -5 dBm
compresses the amplifier.

&

P



[MENU] [CW FREQ] [16.5] [G/1]
[POWER] {RANGE 2: -15 TO +5]
[RETURN]

[SWEEP TYPE MENU]
[POWER SWEEP] [RETURN]
[START] -15] [x1]
[STOP] [-5] [x1]

3. Perform a power meter cali-
bration, if necessary.

4. Set up channel 1 for an abso-
lute power measurement and
channel 2 for an 591 gain mea-
surement. Tarn on a dual
channel sphit display.

[CH 1] [MEAS] [INPUT PORTS] [B]
[FORMAT] [LOG MAG]

[CH 2] [MEAS] [Trans:FWD S21]
[FORMAT] [LOG MAG]

[DISPLAY] [DUAL CHANNEL ON off]
IMORE] [SPLIT DISP ON off]

5, Temporarily change the stop
power to be the same as the start
power. Connect a thru and per-
form a receiver calibration on
channel 1 to get a correct read-
ing of absolute power.

[CH 1]
[STOP] {-15] [x1]
[CAL] [RECEIVER CAL]
[-15] [X1]

[TAKE ACVR CAL SWEEP]

6. Change the stop power back
to the original value. Connect a
thru and perform a thru response
calibration on channel 2.

[STOP] [-51 [x1]

[CH2}

[CAL] [CALIBRATE MENU]
{RESPONSE] [THRU]
IDONE: RESPONSE]

7. Connect the AUT and apply
bias, if necessary.

8. Move a marker to the fiat por-
tion of the trace. If there is no

flat portion the AUT is in com-
pression throughout the sweep,
and power levels must be de-
creased. Use the marker search
to find the power for which a

1 dB drop in gain occurs. On
channel 1 read out the input
power and corresponding output
power where the 1 dB gain
compression oceurs.

IMKR] [MKR ZERO]

IMKR FCTN] [TARGET] [-1] [x]
[RETURN]

IMKR] [A MODE MENU] [A MODE OFF]

In this example, the 1 dB gain

compression at 16.5 GHz occurs
at an output power level of
27.135 dBm and an input power
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2. Change the S9q measurement
on channel 2 from a log magni-
tude format to a phase format
{no new calibration is required).

[CH 2] [FORMAT] [PHASE]

3. Use the A marker mode menu
to target a 1 dB decrease in out-
put power from the P14p point.

[CH 1] {MKR] [MKR ZERQ]
[MKR FCTN] [TARGET] [-1] [x1]
[RETURN]

The displayed marker value on
channel 2 is the phase change
over a 1 dB change in output
power, or the AM-to-PM con-
version coetficient at the 1 dB
gain compression point,
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Figure 14. Figure 15.
Swept power AM-0-PM
gain compression conversion
. s
measurement. coefficient
measurement.

AM-to-PM conversion

The HP 8720C can be used to
determine the AM-t0-PM conver-
sion coefficient at the 1 dB gain
compression point by using the
procedure described for the swept-
power gain compression
measurement.

1. Perform a swept-power gain
compression measurement at a
chosen frequency and locate the
1 dB gain compression point
with a marker {as previously
described},

In this example, the AM-to-PM
conversion coefficient is
1.1418%dB for an output power
level of 27.135 dBm at the 1 dB
gain compression point.



Appendix A

Accuracy considerations

Error correction can be applied
to the measurements discussged
in this note to reduce the mea-
surement uncertainty. A full
2-port calibration was used for
the measurement examples
(except where noted) to provide
the best measurement aceuracy
of both transmission and reflec-
tion measurements of 2-port
devices. When a full 2-port cali-
bration is applied, the dynamic
range and accuracy of the mea-
surement is limited only by the
system noise and stability, con-
nector repeatability and the
accuracy to which the character-
istics of the calibration standards
are known.

It some instances it may be more
convenient to perform a response
calibration to remove the fre-
guency response errors of the
test set-up for transmission only
measurements when extreme
accuracy is not a critical factor.
Likewise, an S17 1-port or Sgo
1-port calibration to remove
directivity, source match and
frequency response errors may
be more convenient for reflection
only measurements when the
AUT is well-terminated.

Transmission
measurements

For a gain measurement, the
three major sources of error are
the frequency response error of
the test set-up, the source and
load mismatch error during the
measurement, and the dvnamic
accuracy. A simple response cal-
ibration using a thru connection
significantly reduces the fre-
guency response error which is
usually the dominant error in a
transmission measurement.
For the greatest accuracy, a full
2-port calibration can be used
which also reduces the uncer-
tainty in the measurement
caused by the source and load
maich,
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Dynamic accuracy is a measure
of the receiver’s performance as
a function of the incident power
level and has an effect on the un-

certainty of a gain measurement,

This is because the receiver
detects a different power level
between calibration and measure-
ment. The effects of dynamic
accuracy on a gain measurement
are negligible (less than 0.5 dB)
as long as the network analyzer
is operating below the specified
(.1 dB compression level.



A gain drift measurement is
subject to the same errors as a
gain measurement. Another
factor that could be significant
is the transmission tracking
drift of the system. This drift is
primarily caused by the change
in the temperature of the test
set-up between calibration and
measurement. To minimize this
effect, allow the instrument to
gtabilize {0 the ambient tem-
perature before calibration and
measurement.

A reverse isolation measurement
is subject to the same errors as
a gain measurement. In addi-
tion, if the isolation of the AUT
is very large, the transmitted
signal level may be near the
noise floor or crosstalk level of
the receiver. To lower the noise
floor, a decreased IF bandwidth
may be necessary. When cross-
talk levels begin to affect the
measurement accuracy, a
response and isolation calibra-
tion or a full 2-port calibration
{including the isolation part of
the calibration) removes the
crosgtalk error term. When per-
forming the isolation part of the
calibration it is important to use
the same averaging factor and
IF bandwidth during the calibra-
tion and measurement.

For deviation from linear phase
measurements, the phase uncer-
tainty is calculated from a
comparigon of the magnitude
uncertainty (already discussed
for gain measurements) with
the test signal magnitude.

Reflection
measurements

The uncertainty of a reflection
measurement such as return
loss, SWR, reflection coefficient
and impedance is affected by
directivity, source match, load
match and reflection tracking
of the test system. With a full
2-port calibration, the effects of
these factors are minimized. A
1-port calibration can provide
equivalent results if the ampli-
fier has sufficient isolation to
reduce the effects of the load
match.
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Nonlinear
measurements

For absolute power measure-
ments, a frequency response cal-
ibration is used. Because the
power calibration is made rela-
tive to 50 Q, inaccuracies due to
mismatch will occur when a
device is attached that is not
exactly 50 (. Since the power
meter calibration feature is not
a true leveling feature, it cannot
correct for mismatches that occur
between the test port and the
AUT. Mismatch can be reduced
by using attenuators at the input
or cutput of the AUT.

For a gain compression measure-
ment a response calibration
reduces the frequency response
errors. A gain compression mea-
surement requires the power
level to be changed after a cali-
bration. The HP 8720C is speci-
fied to have a source linearity of
+ 0.5 dB within a power range
selection (+ 0.2 dB for a power
sweep less than 5 dB). Source
linearity uncertainty can be
reduced by performing a power
meter calibration at the input of
the AUT. This precisely sets the
power level incident to the AUT
by compensating the source
power for any nonlinearities in
the source or fest set-up.



Appendix B

High-power measurements

When power levels from the AUT
are such that external attenua-
tion is not practical or when the
source cannot deliver enough
power to properly drive the AUT,
it may be necessary to construct
a custom test set.

Custom test set
configurations

Option 011 (available on the
HP 8720C, 8719C and 8722A)
provides the greatest flexibility
for the testing of high-power
amplifiers which often require
custom test set configurations.
Option §11 allows direct access
to the R, A and B samplers and
receivers, The transfer switch,
couplers and bias tees are elimi-
nated. External test set compo-
nents (amplifiers, couplers, iso-
lators, attenuators, ete) can be
gpecially selected to provide the
necessary power handling
capability.

For example, if the required
input power for the AUT is
greater than the +10 dBm that
the HP 8720C network analyzer
can provide, the Option 011 three-
sampler direct access test set
allows the addition of a high-
power source to properly drive
the AUT. A sample of the source
output must be provided to the
R input for phase-locking., High-
power couplers and attenuators
are required to prevent over-
driving the reference and test
samplers,
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Special test set
configurations

Special HP 8720 family network
analyzer test set configurations
for high-power testing are avail-
able on a request basis, An
example of a special HP 8720C
configuration is shown in Figure
18. This modified RF block dia-
gram allows up to 20 Watts of
high-power handling capability
and also provides the ability to
connect additional test equip-
ment to the AUT via a single
RF connection.

High-power directional couplers
replace the standard directional
couplers and power splitter in
the HP 8720C. The internal step
attenuator which usually follows
the power splitter, is repositioned
to follow the source because of
its limited power handling capa-
bility. A new rear panel jumper
allows the insertion of a high-
power amplifier to increase the
drive power to the AUT. Two new
front panel jumpers allow the
insertion of high-power attenua-
tors (and/or isolators) to control
the power into the AUT. A pair
of high-power step attenuators
are added before the fest samp-
lers (A and B) to prevent them
from being overdriven by the AUT.
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For some amplifier measure-
ments, throughput is a major
concern due to the multiplicity
of tests that are required. 1t is
desirable to make as many mea-
surements as posgible at one test
station with a single connection
to the device to reduce lengthy
set-up time. The front panel port
1 and port 2 jumpers also allow
the addition of other test equip-
ment (power meter, spectrum
analyzer, noise figure meter, ete.)
for a single connection multiple
measurement solution.

Figure 18,

Block diagram
for special high-
power test set
configuration for
the HP 8720C,
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Introduction

The HP 8720C, 8719C, and 8722A
microwave network analyzers
have the capability of making
convenient in-fixture meagure-
ments of microstrip devices using
the TRL* (TRL-star) calibration
technique. TRL# is an implemen-
tation of TRL (as first introduced
on the HP 85108 network ana-
lyzer) that has been adapted for
the three-sampler receiver archi-
tecture used by the HP 8720C
family of network analyzers for
use in fixtured measurement
environments such as microstrip.
HP 8720B and 8719A network
analyzers with firmware revision
2.0 or greater also have TRL*
capability. Firmware upgrade
packages are available for these
network analyzers {via the

HP 86386A/B upgrade kits).

The measurement examples
shown in this note were made
using an Inter-Continental
Microwave (ICM) Series TF-3000
adjustable test fixturel.

1 Inter-Continental Microwave
1515 Wyatt Drive
Santa Clara, Califernia 95054-1524
{408) 727-1596

Microstrip device
measurements

Mierostrip devices in the form of
chips, MMIC’s, packaged transis-
tors, or beam-lead diodes cannot
be connected directly to the coaxial
ports of a network analyzer like
the HP 8720C. The device under
test (DUT) must be physically
connected to the network analyzer
by some kind of transition
network or fixture. Calibration
for a fixtured measurement in
microstrip presents additional
difficulties.

A calibration at the coaxial ports
of the network analyzer removes
the effects of the network analyzer
and any cables or adapters before

the fixture; however, the effects of
the fixture itself are not accounted
for. An in-fixture calibration is
preferable, but high-quality
Short-Open-Load-Thru (SOLT)
standards are not readily available
to allow a conventional Full 2-port
calibration of the system at the
desired measurement plane of
the device. In microstrip, a short
circuit is inductive, an open circuit
radiates energy, and a high-
quality purely resistive load is
difficult to produce over a broad
freguency range. The Thru-
Reflect-Line®* (TRL*) 2-port
calibration is an alternative to
the traditional SOLT Full 2-port
calibration technique that utilizes
gimpler, more convenient stan-
dards for device measurements
in the microstrip environment.

Strip
Conductor

Dielectric
Substrate

3= ]

e Ground

Figure 1. Microstrip transmission
line geometry.



Fixtured device
measurement
techniques

Several techniques can be used
to remove the effects of the test
fixture from the measurement
of a device in a microstrip envi-
ronment. The technique that is
best suited for a given application
depends on the accuracy desired,
the availability of calibration
standards, and the amount of
time available to implement a
measurement. With each of the
following techniques described
here (with the exception of in-
fixture calibration), it is recom-
mended that a coaxdal calibration
first be performed as closely as
possible to the point where the
test fixture will be connected.
After a coaxial calibration, the
fixture’s length, loss and mismatch
effects are not separated from
the DUT.

Reference plane rotation

Assumption: Fixture has
negligible loss and mismatch,
The HP 8720 family of network
analyzers has two features which
remove the phase effects due to
the fixture length from the mea-
sured data. Electrical delay
mathematically adds a delay to
the reference signal path to
produce a linear phase change
that balances the phase due to the
fixture length. A port extension,
on the other hand, subtracts the
delay seen at each port so the
reference plane at each test port
can be extended through the
fixture to the device. Preferably,
a port extension should be used to
remove the effects of the fixture’s
length from the measurement.
Electrical delay can then be used
to measure the actual delay of
the device.
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Figure 2. FET measurement
comparing a coaxial calibration to
an in-fixture calibration.

g}
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| Plane
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Figure 3. Reference plane
definition.

For either technique, simple in-
fixture calibration standards
are required to establish the
reference plane (open/short for
reflection measurements or thru
for transmission measurements),
While observing the phase format
of the parameter of interest, add
electrical delay or port extension
until the displayed trace is flat.
This will mathematically extend
the reference plane through the
fixture to the device.
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Figure 4. FET measurement
comparing a port extension to an
in-fixture calibration.



Normalization

Agssumption: Fixture has
negligible mismatch.

At higher frequencies, fixtures
generally do have measurable
loss as well as length. Therefore,
a shift in magnitude as well as
phase will occur between the
fixture and device. A procedure
called normalization ean be used
to remove these effects from the
displayed data, Only simple in-
fixture standards are required
to measure the loss and length
of the fixture (open/short for
reflection measurements or thru
for transmission measurements).
Store the data for the parameter
of interest into the analyzer’s
internal memory and press
[DATA/MEM] to subtract the
fixture's effect from the measure-
ment so that the loss and length
of the device is displayed.

Gl 8y % og MM 608 REFL @

~fixturg oal
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STAAT 2,000 Q00 000 B HTGP 14,000 000 000 342
Figure 5. FET measurement
comparing a normalization

to an in-fixture calibration.

Time domain gating

Assumption: Fixture has
negligible loss.

Time domain reflectometry (TDR)
can determine the exact location
of reflections caused by disconti-
nuities in the test fixture. TDR
is performed by the HP 8720
family of network analyzers
(with Option 010) by computing
the inverse fast Fourier transform
(FFT) of the frequency domain
response, and then displaying the
computed time domain response
to observe the individual reflection
responses contributed by the
fixture. A time domain gate can
then be applied to selectively
remove the unwanted responses
of the fixture by setting the gate
start and stop markers around
the device only. Activating the
time domain gate effectively
removes the responses outside the
gate. Returning to the frequency
domain with the time domain
gate still applied, it is possible to
view the measured device data
without including the effects of
the fixture’s response.
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Figure 6. FET
megsurement comparing
time domain gating (gate
on and gate off) to an in-
fixture calibration.

De-embedding

Assumption: Fixture
characteristics are well
known.

De-embedding is a mathematical
process that removes the effects
of the fixture which are embedded
in the data by subtracting out an
equivalent network that repre-
sents the fixture. There are two
ways to represent a fixture: with
measured S-parameter data or
with modeled data. Measured
data requires a direct measure-
ment of each half of the fixture
at discrete frequencies. An
equivalent lumped-element
component model of the fixture
halves requires caiculating the
effects of the fixture at each mea-
surement frequency point by
using a linear circuit simulator.
Once the measured or modeled
S-parameters of the fixture are
known, they can be de-embedded
(removed) from the measured
response of the DUT. This tech-
nigue achieves an in-fixture
reference plane without
performing repeated in-fixture
calibrations.

ATANT 2,000 000 000 Gk STR 18,900 090 909 Lhir

Figure 7. FET
measurement comparing
de-embedding to an in-
fizture calibration.



In-fixture calibration

Assumption: In-fixture
calibration standards are
available.

In order to fully remove the effects
of the test fixture from the mea-
surement, in-fixture calibration
standards must be available.
With the traditional SOLT (Short-
Open-Load-Thru} Full 2-port
calibration technique, three
known impedance standards are
reguired. A SOLT calibration
can theoretically remove the
effects of the fixture’s loss,
length and mismatch, but high
gquality standards in microstrip
are not generally realizeable at
microwave frequencies.

TRL* (Thru-Reflect-line) is a
2-port calibration technique that
can be used for measurements in
microstrip at microwave fre-
gquencies. The TRL* calibration
process relies on the characteristic
impedance of simple transmission
lines rather than on a set of
discrete impedance standards.
TRL* can eliminate the effects
of the fixture’s loss and length,
but doesn’t completely remove
the effects due to the mismatch
of the fAxture.
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Figure 8, FET
measurement using an
in-fixture TRL*
calibration (with fixed
attenuators to Improve
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match).
Technigue Simplicity  Precision  Applicable Parameter Fixture
at Microwave  Affected Assumptions
Frequencies

Electrical A c No Single No loss or

delay mismateh

Port A C No Port 1 o loss or

exfension 844,851.81p  mismaich

Port 2;
822,812,821

Normalization B B Ne Single No mismatch

Time domain B B Yes S14 0t So No logs;

gating Responses
are welt
separated

De-embedding C A Yes All Modeled or
measured
fixture S-
parameters
are available

SOLT c B No All In-fixturs
standards are
available

TRL* B B Yes All No mismatch;
Simple in-fixture
standards are
gvailable

A=more C=less

Table 1. Summary of fixtured device measurement techniqgues.



HP 8720C
TRL* calibration

TRL* (Thru-Refleet-Line) is a
2-port calibration that results in
the same 12-term error correction
model as the conventional SOLT
{Short-Open-Load-Thru) Full
2-port calibration. The key advan-
tage of TRL* is that it uses
transmission lines as reference
standards. In addition to being
one of the simplest elements to
realize in a microstrip media, the
impedance of transmission lines
can be determined from physical
dimensions and materials.

There are three basic steps in the
TRL* 2-port calibration process.
The first step is the same as the
transmmission step for a Fall 2-port
calibration. For the THRU step,
the test ports are connected
together directly or with a short
length of transmission line. For
the REFLECT step, identical
one-port high reflection coefficient
standards are connected to each
test port, For the LINE step, a
short length of transmission
line {different in length from the
THRU) is inserted between port
1 and port 2.

“Line”

Figure 8. TRL*® calibration steps for
a microstrip fixture,

Because the HP 8720C network
analyzer has a three-sampler
receiver architecture, the TRL
algorithm that is implemented
in the HP 8510 (four-sampler
receiver architecture) cannot be
applied. The difference is that
after a TRL* calibration, the
effective source match and load
match effects are not fully error-
corrected. The residual match
after a TRL* calibration is only
slightly better than the raw
{(uncorrected) test port mismatch
characteristics of the network
analyzer.

For coaxial, waveguide, on-wafer
and other measurement environ-
ments where high-guality
impedance standards (Joads) are
readily available, SOLT is still
the most accurate calibration
technique to use since the match
terms are fully error-corrected.
For a microstrip measurement
environment, where SOLT stan-
dards are not practical, the TRL*
calibration technigue is suitable.

Improving raw source
match and load match

A technique that can be used to
improve the raw test port mis-
match is to add high quality
fixed attenuators (such as the
HP 8493C or 8490D) as closely
as possible to the measurement
plane. The effective match of
the system is improved because
the fixed attenuators usually
have a return loss that is better
than that of the network analyzer.
Additionally, the attenuators
provide some isolation of reflected
signals. The attenuators also
help to minimize the difference
between the source match and
load match, making the €11 and
€99 error terms more equivalent
(see Appendix A - The theory
behind TRL*).

With the attenuators in place, the
effective port match of the system
1s improved so that the mismatch
of the fixture transition itself
dominates the measurement
errors afler a calibration.

LRM* h
{(Line-Reflect-Mateh)

TRE* presents some limitations
in certain applications. A single
TRL* LINE standard is normally
used ever an 8:1 frequency

bandwidth making it necessary
to use multiple LINE standards
to cover a broad frequency range.
Additionally, the physical length
of the LINE can become inconve-
niently long at low frequencies.

The LEM* (LEM-star) calibration

technique is related to TRL* with
the difference being that it bases

the characteristic impedance of

the measurement on a matched

Z,, termination instead of a

transmission line for the third

‘measurement standard. Like

the TRL* THRU standard, the
LEM* LINE standard can sither
he of zero length or non-zero
length. The same THRU and
REFLECT standards used for
TRL* apply for LRM*.

LEM* has no inherent freguency
coverage limitations which makes
it more convenient in some mea-
surement situations. Additionally,
because TRL* requires a different
physical length for the THRU
and the LINE standards, its use
becomes impractical for fixtures
with contacts that are at a fixed
physical distance from each
other,
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Figure 10. Typical measurement set-up,

If the device measurement
requires bias, it will be necessary
to add external bias tees (such
as the HP 11612A/B) between
the fixed attenuators and the
fixture. The internal bias tees of
the HP 8720C will not pass the
bias properly through the external
fixed attenuators. Be sure to
calibrate with the external bias
tees in place (no bias applied
during calibration) to remove
their effect from the measurement.

Return loss (typical)

2GHz 8GHz 135 GHz 20 GHz 40 GHz

Metwork analyzer

{uncorrected):
HP 8718C

Source 18dB 14 dB 10dB

Load 24 dB 15d8 12dB

HP 8720C

Source 18dB 1448 10dB 16dB

Load 24 dB 15d8 12dB 12dB

HP 8722A

Sousce 20dB 16 a8 12dB 10dB 16 dB

Load 24 dB 1848 14 dB 14 dB 12dB
Attenuator:

HP 8493C 26 dB 26 B 19dB 18dB -

HP 84900 23dB 23d8 23dB 23 dB 18 dB
Bias Tees:

HP 116124 20 dB 20d8 16 dB 14dB B

HP 116128 26 dB 2008 18 dB 14 dB 10 dB
Fixture:

Microstrip 24 dB 24¢B 24dB 20dB 18 dB
Table 2. Comparison of mismatch effects.

TRL* calibration with attenuators
Nene 3d8 6dB 104dB

Effective socurce match
Coaxial port 10dB 11.5dB 145dB 17 dB
In-fixiure 7.5dB 85d8 11dB 12.5dB
Dynamic range degradation 0dB 6dB 12dB 20dB

Table 3. Improvement in source match vs. degradation in dynamic range
with fixed attenuator pairs. (Assumes a fixture lauvnch with 20 dB return
loss and negligible loss at 20 GHz.)

Because the bias tees must be
placed after the attenuators, they
essentially become part of the
fixture. Therefore, their mismatch
effects on the measurement will
not be improved by the atten-
uators.

Although the fixed attenuators
improve the raw mismatch of the
network analyzer system, they
also degrade the overall measuare-
ment dynamic range. Table 3
ghows the effective source match
and corresponding degradation
in dynamic range of the measure-
ment system for a typical
microstrip fixture using the TRL*
calibration method at 20 GHz
{(with various pairs of attenuators).

This effective mismatch of the
system after calibration has the
biggest effect on reflection mea-
surements of highly reflective
devices. Likewise, for well-
matched devices, the effects of
mismatch are negligible, This
can be shown by the following
approximation:

Reflection
magnitude
ungerainty ~ Ejy+ ERSqq + Eg(Sy 1)2 +E 854512

Transmission
magnitude
uncertainty = Ey + ET80¢ + EgS11821 + E{ 800851

where:
Ep = effective directivity
En = effective reflection tracking
Eg = effective source match
E| = effective load match
Ey = effective crosstalk
bt = effective transmission tracking



TRL* calibration
procedure

When building a set of TRL*
standards for a microstrip
environment, the requirements
for each of these standard types
must be satisfied.

THRU
' Zero length
- # No loss and no chm actenstm 1mpedanct= (A ).
_ q21w312 140S s
T8y =8g9=0. .
. Zl\mn~zero length ' ' o B ' S
; :"”’ 7, of the THRU must be the same as thL LINL €1fth(,y are not the same, Lhe avgrage, lmpi,dance is us:ed)
L E Attenuatmn of the THRY need not be known. .
- ®1f the THRU is used to set the reference plane the msertum phase or dactncal lencrth must be well- known and

Specn‘"ed Ha non~7er0 lc*ngth THR'U is bpccmed t(} have ZEre de]ay, the referu;m p]al’ie 18 e&iablzbhad in thL
m;ddla Uf the ’FHRU . SRR . :

REFLE(,T = R
¥ Rcﬁectmn eoeﬁ"uent (F} magmtade is optlma]}y 1 0, but need not bc known. e L
* Phase of T 'must known and specified to within + + 174 wavelength or 4 90°. Durmo computatwn of thc error _
*medel, the Toot choice in the solution of a guadratic equation is made based on tho rgﬂu:tmn data. An emsr m s
definition would show up as'a 180° error in the muaaured phase S L '
* P omust be Jdenisca"i on both ports;
* Ifthe REI‘LECT 1s azsed to set the reference pIane t}]e p"habe 19prl’lSU must be weH known and ::,pc,cmed

LINE/MATCH
Z of the LINE ebtabhshes the T efereme 1mpedanca of the measurement (813= 822 U} Th(, bystbm 1mped‘mco 8
deﬁned to be the same as Zo of the LINE. If the Zg, is known but not the desired value (3 e, not equa] to 00 Q)

" the SYSTEM Z0 selection under the TRLYLRM* Gptlo}}& menu is used. +

- Inaertmn phase of the LINE must not be the same as the THRU {zero length or non-zero ]ength} The dlffereﬂc(‘
‘between the THRU and LINE must be between (20° and 160°) + n x 180°. Measurement uncertainty w&l]
“increase elgmficantly when the insertion phase nears 0 or an integer aaultiple of 180° :

¥ Optlmai LINE length is 1/4 wave]ength ar 90“ {)f msel twn pha%e rehhve ta the THRU at Lht, mzddlu of tho _
*desired frequency span. '

# Usable bandwidth for a single "FHRU/L?NE pau is 8 1 {fl Lquencv span: start frequencv )3
3 Mulupie THRU/LINE pairs (%, assumed 1d9nticdl} can bc used to extend the baz}dwmth to the thent
- transmission lines are available. 3 . L B
o Attenﬁatlon of the LINE need not be km}wn o
L Inse}"twn phase must be known and bpeufeé Wlthm + ]/4 wavgkngth or & 9(30
:\’IATCH R :

Ty of the MA’F(‘H Pstablz%hcb the refer ence xmpedance ef i;hL measurement

G I mu%t be Idemlcal on both ports. o

Table 4. Requirements for TRL* standards.

2 The insertion phase of the 1/4 wavelength LINE will vary with frequency. Phase {degrees) = (360 x frequency x electrical
length)/ ¢. This expression can be re-arranged o solve for the electrical length of a 1/4 wavelength LINE at a center frequency.
Electrical length {cm)= 15 / [start frequency (GHz) + stop frequency (GHz)]. At very high microwave frequencies (>20 GHz), a /4
wavelength LINE becomes very short and may be difficult to build. A solution for this problem would be to construct 2 THRU and
LINE which differ by 1/4 wavelength. This does, however, require a non-zero length THRLJ.

3 If the desired frequency span must be divided to allow for multiple LINES to cover & broad frequency span, the optimal break
frequency is the geometric mean frequency [N(start frequency x stop frequeney)-




TRL* options

There are two selections under
the TRL¥LEM™ options subment:
calibration Z, (CAL Z0) and set
reference (SET REF).

The characteristic impedance used
during the calibration (CAL Z0)
can be referenced to either the
LINE standard (LINE Z0) or to
the system (SYSTEM Z0). The
HP 8720C defaults to a reference
impedance that is equal to the
LINE standard (MATCH
standard for LRM*).

When the LINE Z0 is selected, the
impedance of the LINE standard
is assumed to match the system
impedance exactly (the LINE
standard is reflectionless). After
a calibration, all measurements
are referenced to the impedance
of the LINE standard. For ex-
ample, when the LINE standard
is remeasured, the response will
appear at the center of the Smith
chart, When LINE Z0 is selected,
the values enteved for SET '
SYSTEM Z0 (under CAL menu)
and OFFSET Z0 (in the standard
definition table) are ignored.

SYSTEM Z0 is selected when the
desired measurement impedance
differs from the impedance of the
LINE standard. This requires a
knowledge of the exact value of
the Z,, of the LINE. The system
reference impedance is set using
SET SYSTEM Z0 under the CAL
mentu. The actual impedance of
the LINE is set by entering the
real part of the LINE impedance
as the OFFSET Z0 in the calibra-
tion standard definition table.
For example, if the LINE was
known to have a characteristic
impedance of 51 2 (OFFSET Z0
= 51 ), it could still be used to
calibrate for a 50 QQ measurement
(SET SYSTEM Z0 = 50 Q. After
a calibration, all measurements
would be referenced to 50 (Q,
instead of 51 (2. When the LINE
standard is remeasured, the
center of the Smith chart is at the
current value of SET SYSTEM Z0
(in this case, 50 Q). Since only
one value of OFFSET Z0 can be
selected for the LINE standard,
the value of Z, should be a con-
stant value over the frequency
range of interest in order to be
meaningful.

The location of the reference plane
(SET REF) for a TRL* measure-
ment can be set with either the
THRU or the REFLECT standard.
By default the reference plane

is set with the THRU standard
which must have a known inser-
tion phase or electrical length.
If a non-zero length THRU is
specified to have zero delay, the
reference plane will be established
in the middle of the THRU. The
REFLECT standard may be used
to set the reference plane instead
of the THRLT provided the phase
response (offset delay, reactance
values and standard type) of the
REFLECT standard is known
and is specified in the calibration
kit definition.

D15persmn ef:fects

Dlspersmn 0CCUrs when &
transmission medium exhibits a
variable propagation or phase
velocity as a function of '
frequency. The resulf of

dispersion is a non-linear phase

shift versus frequency, which
leads to a group delay which is
not constant. Fortunately, the
TRIL* ecalibration technique

accounts for dispersive effects of

the test fixture up to the
ealibration plane, provided that:

1. The THRU (zero or non-zero
length) is defined as having zero
electrical length and is used to
set the reference plane (SET

'REF THRU).

2. The trans_m_msi.on lines used
' as calibration standards have
identical dispersion characteristics :
. “{i.e.; identical height, width and
' relatwe d1electric constant).

When a nonwzero iength THRU
is used to set the reference '
plane, although the THRU has
physical length, it should be

“defined as having zero length in =
- the TRL* standards definition.

"The actual electrical 1ength of .
" the THRU standard must then

be subtracted from the actual

' electrical length of each LINE . -

standard in the TRL* calibration

.' kit definition. The device must :
g ‘then be mounted between two
" -short lengths of transmission

line so that each lengthis " -
exactly one-half of the length of .

" the non-zero length THRU

standard. In this conﬁguratlon

" the measurement will be properly
- calibrated up to the pmnt of the
_ devu,e




Defining TRL* standards

TRL* calibration is implemented
by changing the definitions of the
HP 8720C TRL¥ calibration kit.
A TRL* template is provided in
the HP 8720C as a guideline, but
it is not intended to cover all
measurement situations.

A modified standard class assign-
ment table and standard defini-
tion table for the HP 8720C are
shown for a microstrip measure-
ment. This calibration kit utilizes
the TRL* technigue for coverage
above 0.7 GHz and LEM* for
coverage below 0.7 GHz.

A zero length THRU is created
by connecting the fixture halves
directly together. The THRU
standard {(number 4) is specified

to have an OFFSET DELAY of
0 ps and a frequency range of 0
to 20 GHz. A zero length THRU
can be used over any frequency
span that the transmission
medium can support. Since the
delay of a zero length THRU is
accurately known, it is typically
used to set the reference plane.

A flush short cirenit is used as the
REFLECT standard (number 1).
Only nominal specification of its
phase is required. It is specified
to have an OFFSET DELAY of
0 ps and a frequency range of
to 20 GHz. If the short circuit
were offset from the reference
plane by more than 90° at the
maximum frequency, an
approximation of its delay could
be entered.

10

The TRL* LINE/MATCH class
agsignment uses three standards
to cover a broad freguency range.
Two LINE standards (numbers
7 and 8) of known length are used
to cover 0.7 to 4.3 GHz and 4.3
to 20 GHz frequency ranges. A
MATCH standard (number 6) is
used to cover the 0.05 to 0.7 GHz
range to avoid having to use an
inconveniently long LINE
standard. The OFFSET LOSS of
the LINE/MATCH standards does
not have to be specified. The offset
Z, is specified as the known
impedance of the LINE/MATCH,
in this case 50 . Notice that the
frequency limit for each
LINE/MATCH standard overlaps
at the boundary frequencies of
0.7 GHz and 4.3 GHz to avoid
frequency resclution errors.

A B C D E F G Standard Class Label Table 5. TRL¥
standard class
TAL Thry 4 THL THARLU assignment table
and standard
TRL Reflect / TAL SHORT definition table.
TRL Ling/Match & 7 8 TRL LINERATCH
Standard Offset Frequency
co 1 2 C3 Fixedor i Termina {GHz) Coaxor | Standard
X10-15F {x10-27F/Hz [x10-36F/Hz2 | x10-45F/Hz3| Stiding | Impedance - Waveguide | Label
No.l  Type Q Delay] Zg Loss Min. | Max.
0s 0] GOk
11 SHORT o | & 0 | 20 | COAx | SHORT
2
3
DELAY/ 0
N e 0| & 20 | Co4x THEL
5
6 LOAD 0 50 051 .71 COAX MATCH
DELAYS
7 .
THAL 858 69 [ 437 COAX LINE |
DELAY/
8 173 4291 20 Mx
THRU oo LINEZ




Storing a modified
USER KIT

After modifying the TRL* calibra-
tion kit, be sure to label the kit
appropriately and save it by
pressing [SAVE USER KIT]. This
USER KIT is saved in nonvolatile
memory. It is always a good idea
to store the modified kit to disk
via an external disk drive for
future retrieval. Press [CAL]
[CAL KIT] [USER KIT? [SAVE]
[STORE TO DISK] [STORE (title
file)]. The USER KIT must be the
active kit at the time of the
storage.

For more information on how to
define calibration kits for the
HP 8720 family of network
analyzers, see the Operating
and Programming manual.

Calibration sequence

The following procedure describes
a typical calibration precedure for
g fixtured microstrip device mea-
surement made on the HP 8720C
network analyzer:

1. Configure the HP 8720C for a
2-port S-parametler measurement.
Connect a 10 dB fixed attenuator
to each port, then connect the
fixture between the attenuators.
If the device requires bias, connect
external bias tees between the
attenuators and the fixture.

2. Set the desired stimulus condi-
tions for the measurement (such
as start and stop frequencies,
number of points, power level,
I¥ bandwidth, etc.}.

3. Press [CAL] [CAL KIT] [USER

. KIT] [RETURN] [CALIBRATE
MENU] [TRL*LBM* 2-PORT]. The
TRLALRM* calibration submenu
will be displayed. The THRU, S11
REFL, S22 REFL, ISOLATION,
LINE/MATCH steps of the calibra-
tion can be performed in any
convenient order.

4. Connect the fixture halves
together with a THRU and press
[THRU THRU]. Al four S-para-
meters are measured and THRU
is underlined when these measure-
ments are complete.

5. Disconnect the fixture halves
and insert a high REFLECT

standard (short cireuit) between. -

the fixture halves. Press [S11
REFL SHORT] and the reflection
coefficient is measured and
SHORT is underlined. Press
[§22 REFL SHORT] and the
reflection coefficient is measured
and SHORT is underlined.

6. To measure the systematic
erosstalk in the test set of the
network analyzer, the isolation is
measured (Soq and 879} with each
port terminated. When the sys-
tematic crosstalk is sufficiently
below the levels that are to be
measured, as in this instance, it
does not have to be characterized.
Press [ISOLATION] [OMIT
ISOLATION].

7. Remove the short circuit and
insert the LINE standard between
the fixture halves. Press
[LINE/MATCH] [DO BOTH FWD +
REV] [LINE] and measure all four
S-parameters. If the frequency
span is beyond the range of a
single line, another LINK or a
MATCH standard could be
measured at this point.

8. Press [DONE TRLY/LRM™ CAL]
and save the calibration into a
register by pressing [SAVE
REG1L

9, Connect the device between the
fixture halves and press [MEAS]
go that all four S-parameters are
updated.

11

Measurement
results

For many microstrip device mea-
surements, TRL* is a viable
calibration technique that utilizes
simple and available in-fixture
calibration standards. But,
because the source and load
match terms are not fully
corrected, the measurement
may benefit from the addition
of a pair of fixed attenuators at
the coaxial ports of the fixture.
Figure 11 shows the results of a
measurement made with, and
without, 10 dB fixed attenuators
to improve the migmatch error
of the fixture. If the greatest
accuracy for an in-fixture mea-
surement is desired, the SOLT
calibration technique will yield
the best overall results, provided
the calibration standards are
available and precisely known.

HTARE 2,000 050 000 iz ITGR 48.000 020 000 chiz

ca

SEART 2,000 900 060 Ger STCP £8.000 408 000 G4

Figure 11. FET measurement using
TRL* calibration with and without
16 4B fixed attenuators.



Appendix A
The theory behind
TRL*

Measurement errors

Errors which result from imper-
fections of the measurement
system (including the network
analyzer, test set, cables,
adapters, fixtures, ete.) can be
classified as either random or
systematic. Systematic errors
are the repeatable errors such
as mismatch, directivity and
tracking errors. These can be
measured then mathematically
removed from the measurement
with the built-in error-correction
technigues of the HP 8720
network analyzer. Random errors
such as noise, drift and connection
repeatability cannot be improved
using vector error-correction tech-
niques, but they can be minimized
using other tools available in the
network analyzer (averaging, IF
bandwidth, ete.).

Figure 12. Two-port 12-term
error model.

During a measurement
calibration, a series of known
devices (standards) are connected.
The gystematic errors are deter-
mined from the difference
between the measured and known
responses of the standards. Once
characterized, these errors can
be mathematically related by
golving a signal flow graph. The
12-term error model shown in
Figure 12 includes all the sig-
nificant systematic effects for the
measurement of a 2-port device.

In a conventional SOLT Full 2-port
calibration, three known impe-
dance standards and a single
transmission standard are
required. The accuracy to which
these standards are known estab-
lishes how well the systematic
errors can be characterized. A
well-established figure of merit
for a calibrated system is the
magnitude of the residual system-
atic effects (effective directivity,
effective source match, etc.). These
residual effects are the portion of
the uncorrected systematic error
that remain because of imperfec-
tions in the calibration standards.

Exr
> % R
Y EoF AESF ‘_'Sft 452 TEwr
ERF §12
ExR
ETR 5:;2 .
[E 4511 1522 AESR EpR
;521 ERR

Epg Epp -~ Directivity
Egr. Egp —Source Match
Exr. Exg -lsolation

E+r, Eyp - Trans. Tracking
Ear, Egr — Refl. Tracking
E|r Eym -Lload Match

12

TRL* error model

x[® {x

WA N AAAAS
y—=| Ermor |pe s Ema.. B0 |y
&= Adapter[<— |~ A e~ | Adapter | <—1

8 Error Terms

Figure 13. HP 8720C functional
block diagram for a 2-port error-
corrected measurement system.

For an HP 8720C TRL* 2-port
calibration, a total of 10 measure-
ments are made to quantify eight
unknowns (not including the two
isolation error terms). Assume the
two transmission leakage terms,
Ex and ExR, are measured
using the conventional technigue.
The eight TRL* error terms are
represented by the error adapters
shown in Figure 14. Although this
error model is slightly different
from the traditional Full 2-port
12-term model, the conventional
error terms may be derived from
it, For example, the forward
reflection tracking (Egp) is
represented by the product of
€10 and gq1. Also notice that the
forward source match (Eqp) and
reverse load match (Ej R} are
both represented by £7 1, while
the reverse source match (Egp)
and forward load match (Ey p)
are both represented by £95. In
order to solve for these eight
unknown TRL* error terms, eight
linearly independent equations
are required.



The first step in the TRL* 2-port
calibration process is the same
as the transmission step for a
Full 2-port calibration. For the
THRTU step, the test ports are
connected together directly (zero
length THRU) or with a short
length of transmission line (non-
zero length THRU) and the
transmission frequency response
and port match are measured in
both directions by measuring all
four S-parameters.

For the REFLECT step, identical
high reflection coefficient stan-
dards {typically open or short
circuits) are connected to each
test port and measured {5817 and

822).

For the LINE step, a short length
of transmission line (different in
length from the THRU) is inserted
between port 1 and port 2 and
again the frequency response and
port match are measured in both
directions by measuring all four
S-parameters.

In total, ten measurements are
made, resulting in ten indepen-
dent equations. However, the
TRL* error model has only eight
error terms to solve for. Because
there are more measurements
than unknowns, two constants
defining the calibration devices
can also be determined. In the
TRL* sclution, the complex reflec-
tion coefficient of the REFLECT

standard and the propagation
constant of the LINE standard
are determined. Because these
terms are solved for, they do not
have to be specified initially. The
characteristic impedance of the
LINE standard becomes the mea-
surement reference and, therefore,
has to be assumed ideal (or known
and defined precisely).

At this point, the forward and
reverse directivity (Epy and
EpR), transmission tracking (ETp
and Epp), and reflection tracking
(Epp and ERR) terms may be
derived from the TRL* error
terms. This leaves the isolation
(Exp and Exp), source match
{Egy and Egp) and load match
(E1,r and Ep ) terms to discuss.

Isolation

Two additional measurements
are required to sotve for the
isolation terms (Exp and Exp).
Isolation is characterized in the
same manner as the Full 2-port
calibration. Forward and reverse
isolation are measured as the
leakage (or crosstalk) from port
1 to port 2 with each port termi-
nated. The isolation part of the
calibration is generally only
necessary when measuring high
loss devices (greater than 70 dB).
If an isolation calibration is
performed, the fixture leakage
must be the same during the
isolation calibration and the
measurement.

e —> » 3 e
10 Spy Eap
gy Eyy Sit S €y a3
€01 Sgg 23
b e < - e
&1 ep1=ERF £23 £33=ERR
eng =EpF £33 =EDR
211 =EgR ELR €99 =ESR.ELF
&4 £32 =ETF €01 £23=ETR

Figure 14. 8-term TRL* error model
and generalized coefficients.
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Source match
and load match

A TRL* ealibration assumes a
perfectly balanced test set arch-
itecture as shown by the €11 term
which represents both the forward
source match (Egp) and reverse
load match (E7 p) and by the
99 term which represents both
the reverse source match (Egp)
and forward load match (Ep p).
However, in any switching test
set, the source and load match
terms are not equal because the
transfer switch presents a
different terminating impedance
as it is changed between port 1
and port 2.

Because the HP 8720C family of
network analyzers is based on a
three-sampler receiver architec-
ture, it is not possible to differ-
entiate the source match from
the load match terms. The
terminating impedance of the
switch is assumed to be the same
in either direction, Therefore,
the test port mismatch cannot
be fully corrected. An assumption
is made that:

forward source match (Egp} =

reverse load match (Ei ) = €44
reverse source match {Egg) =

forward load match (Ey £} = €90

After a TRL* calibration, the
residual source match and load
match are only slightly better
than the raw (uncorrected) test
port mismatch characteristics of
the network analyzer. This is how
TRL* on the HP 8720C network
analyzer differs from TRL on
the HP 8510 network analyzer.”



Comparisons
to the HP 8510

The HP 8510 implementation of
TRL calibration requires a total
of fourteen measurements to
gquantify ten unknowns (not
including the two isolation error
terms). Because of the four-
sampler receiver architecture of
the HP 8510, additional correction
of the source match and load
match terms is achieved by mea-
suring the ratio of the incident
signals {al and a2) during the
THRU and LINE steps. Once
the impedance of the switch is
measgured, it is used to modify
the £11 and €99 error terms. The
£11 term is modified to produce
forward source match (Egy) and
reverse load match (E1 R). Like-
wise, £99 is modified to produce
reverse source match (Egp) and
forward load match (E1 ). In the
case of the HP 8510 network ana-
lyzer, all twelve terms of the 2-port
error model can be determined.

HP8510

The HP 8510 network analyzer’s
implementation of TRL is well
established as the ideal calibration
techrique for high accuracy as
well as convenient in-fixture
measurements. Device measure-
ments made using the HP 8510
four-sampler implementation of
TRL compared to the HP 8720C
three-sampler implementation
of TRL* can give a practical
demonstration of situations
where TRL* with the HP 8720C
is appropriate. Figure 16 compares
HP 8510 measurements that were
made with no external atten-
uators, with HP 8720C measure-
ments that were made using a
pair of external 10 dB fixed
attenuators and bias tees before
the fixture.

HPB720

Figure 15. Comparison of HP 8720
{a) and HP 8510 (b) functional block
diagram for a Z-port error corrected
measurement system.
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Figure 16, FET measurement made
on an HP 8518 and HP 8720.
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