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CERTIFICATION

~Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States National
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 International Standards Organization members.

WARRANTY

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

Warranty service for products installed by HP and certain other products designated by HP will be performed
at Buyer’s facility at no charge within HP service travel areas. Outside HP service travel areas, warranty
service will be performed 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 to a service facility designated by HP.

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP and HP shall
pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute its
programming instructions when properly installed on that instrument. HP does not warrant that the opera-
tion of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of
the environmental 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 LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE
Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back of
this manual.
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HP 8752A Network Analyzer
Documentation Map

The User’s Guide walks you through system setup
and initial power-on, shows how to make basic
measurements, explains commonly-used features,
and tells you how to get the most performance from
your analyzer.

The User’s Quick Reference provides a summary of
all available user features. It is organized
alphabetically by front panel key.

The Operating Manual provides general infor-
mation, specifications, HP-IB Programming
information, and in-depth reference information.

The Service Manual explains how to verify
conformance to published specifications, adjust,
troubleshoot, and repair the instrument.
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SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation. This product
has been designed and tested in accordance with
international standards.

SAFETY SYMBOLS

Instruction manual symbol: the
product will be marked with this
symbol when it is necessary for
the user to refer to the instruction
manual (refer to Table of Con-
tents).

Indicates hazardous voltages.

Indicates earth (ground) terminal.

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

RNy

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

SAFETY EARTH GROUND

This is a Safety Class | product (provided with a
protective earthing terminal). An uninterruptible
safety earth ground must be provided from the
main power source to the product input wiring ter-
minals, power, cord, or supplied power cord set.
Whenever it is likely that the protection has been
impaired, the product must be made inoperative
and secured against any unintended operation.

BEFORE APPLYING POWER

Verify that the product is configured to match the
available main power source per the input power
configuration instructions provided in this manual.

If this product is to be energized via an auto-
transformer make sure the common terminal is
connected to the neutral (grounded side of the
mains supply).

SERVICING

Any servicing, adjustment, maintenance, or
repair of this product must be performed only
by qualified personnel.

Adjustments described in this manual may be
performed with power supplied to the product
while protective covers are removed. Energy
available at many points may, if contacted,
result in personal injury.

Capacitors inside this product may still be
charged even when disconnected from their
power source.

To avoid a fire hazard, only fuses with the
required current rating and of the specified
type (normal blow, time delay, etc.) are to be
used for replacement.
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* Power cable/plug supplied depends on country of destination

Figure 1-1. HP 8752 Network Analyzer with Power Cable Supplied
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Chapter 1. General Information

CONTENTS

1-1 Introduction
1-2 HP 8752 description
1-2 General
1-2 Noise reduction and measurement calibration
1-2 Plotter/printer buffer
1-2 The instrument and supplied cables are a matched set
1-3 Automated operation without an external computer
1-3 Automated operation with an external computer
1-4 Equipment required
. 1-4 Options
1-4  Hardware options
1-5 Warranty and support options
1-5 Measurement accessories
1-7 System accessories
1-8 Power and environmental requirements
1-9 Instruments documented by the manual

INTRODUCTION

The manual set contains an Operating Manual and a Service Manual.

Operating Manual

® User’s Guide

® Quick Reference

e HP-IB Programming
o Reference

The User’s Guide walks you through system setup and initial power-on, shows how to make basic
measurements, and explains commonly-used features. The tutorials inside the User’s Guide are for

inexperienced users.
The Quick Reference briefly describes all instrument softkey menus and functions.
The HP-IB Programming section explains how to control the analyzer from an external computer.

The Reference provides in-depth information on each instrument key and softkey. This section aiso
explains complex subjects such as measurement calibration, time domain, and more.
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Service Manual
The Service Manual provides the following information:

How to verify instrument performance.

How to perform a quick check of instrument functions.
How to adjust the instrument.

How to troubleshoot and repair the instrument.

How to order replacement parts.

HP 8752 DESCRIPTION

CAUTION

A properly grounded AC outlet is mandatory when operating the HP 8752.
Operating the instrument with an improperly grounded or floating ground
prong may damage the instrument!

CAUTION

Mating a 50Q2(m) connector with a 75Q(f) connector will DESTROY the
75Q female.

General

The HP 8752 is a high performance vector network analyzer for laboratory or production measure-
ments of“transmission and reflection parameters. It integrates a synthesized RF source and two
separate measurement channels, a built-in transmission/reflection test set, and color display. No
external equipment is required. An RF cable is supplied.

The HP 8752A provides 50 ohm transmission/reflection measurements and displays magnitude,
phase, and group delay responses of active and passive RF networks. The HP 8752B provides the
same features, but with a nominal system impedance of 75 ohms.

Two independent display channels and a large color screen display the measured results of one or both
channels, in rectangular or polar/Smith chart formats.

Measurement functions are selected with front panel keys and softkey menus. Displayed measure-
ment 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. In addition, the
instrument can control a compatible disk drive for external storage capability.

Plotter/Printer Buffer

The buffer allows a plot or print-out to be made while the instrument continues to make measurements.

Noise Reduction and Measurement Calibration

Trace math, data averaging, trace smoothing, electrical delay, and measurement calibration improve
the performance and flexibility of the instrument.

General Information HP 8752



The Instrument and Supplied Cable are a Matched Set

The network analyzer contains error correction factors for the supplied RF test cable. These factors
are very specific, and apply to the cable actually shipped with the instrument. The error correction
factors should be updated once per year, or whenever the cable is replaced. The procedure for doing
this is supplied in the ““Adjustments’ chapter of the service manual. The internal correction feature is
sensitive to the measurement setup, Figure 1-2 shows the optimum test setup.

NETHORK ANALYZER
P - N,

REFLECTION TRANSMISSION

TEST CABLE
LOAD

Figure 1-2. Optimum Test Setup for Use with Internal Error Correction

AUTOMATED OPERATION WITHOUT AN EXTERNAL COMPUTER

The HP 8752 can control HP-IB compatible printers, plotters, and disk drives without the use of an
external computer.

The test sequence function allows the operator to save all keystrokes in a particular measurement task,_
and have the HP 8752 perform them automatically at a later time. This feature combines simple
operation with advanced features such as limit testing decisions, conditional branching, user-defined
prompts, and others. Sequences may be stored to an optional external disk drive. Refer to the *“User’s
Guide” or the “Reference,” located in the Operating Manual.

AUTOMATED OPERATION WITH AN EXTERNAL COMPUTER

This instrument can be remotely controlled by an external computer. The computer can control all
instrument functions with the exception of some internal tests. The computer and instrument communi-
cate over the Hewlett-Packard Interface Bus (HP-IB). Several output modes are available for outputting
data. Through a subset of HP-GL (Hewlett-Packard Graphics Language), user graphics can be plotted
on the instrument screen. A complete general description of HP-IB is available in Condensed Descrip-
tion 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).
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Specific Computer Requirements
This network analyzer can be controlled by several types of computers:

® HP 9000 series 200 or 300 computer.
® HP Vectra Personal Computer using an HP 82300 HP BASIC Language Processor.

® MS-DOS® - compatible personal computer (PC), equipped with the HP 82990A ‘‘HP-IB Interface
and Command Library.” Microsoft® QuickBASIC 4.0 is known to be fully compatible with the HP

82990A.

EQUIPMENT REQUIRED

The HP 8752 is ready to use as shipped. No extra equipment is required.

OPTIONS

Hardware options

Option 003, 3 GHz Operation. This option extends the maximum frequency of the instrument to 3
GHz. '

Option O'jo, Time Domain. Instruments equipped with option 010 can display the time domain
response of a network by computing the inverse Fourier transform of the frequency domain response.
The response of a test device can be viewed as a function of time or distance.

Option 802, External Disk Drive. This provides an HP 9122 dual 3.5 inch double-sided disk drive. A 1-
meter (3.3 foot) HP-IB cabie is supplied. .

Option 908, Rack Mount Kit for Instruments without Handles. Option 908 is a rack mount kit

~ containing a pair of flanges and the necessary hardware to mount the instrument, with handies
detached, in an equipment rack with 482.6 mm (19 inches) horizontal spacing. This kit is separately
available; order HP part number 5062-3978.

Option 913, Rack Mount Kit for Instruments with Handles. Option 913 is a rack mountkit 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. This kit is separately available; order HP part
number 5062-4072.

Option 910, Extra Manual Set. The standard instrument is supplied with an Operating and Service
Manual set. Option 910 provides an additional manual set. After initial shipment, order extra manuals by
part number. The numbers are listed on the title pages of the manuals and in the *‘Replaceable Parts”’
section of the Service Manual.

MS-DOS and Microsoft are U.S. registered trademarks of Microsoft, Incorporated.
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Warranty and Support Options

The HP 8752 includes a one-year on-site service warranty, where available. The *‘system’ consists of
an HP 8752 with a test port cable and a calibration kit (if purchased).

Three Year Customer Return Repair Coverage (W30) provides a total of three years of return-to-HP
repair service from the time of product delivery.

Three Year On-Site Repair Coverage (W31) provides a total of three years of next day on-site coverage
from the time of product delivery.

Three Year Customer Return Calibration Coverage (W32) provides scheduled calibrations in second
and third years. Also provides full calibration after a repair performed by HP. Coverage begins at time of
product delivery.

Tool Kit. A dedicated tool kit is available for HP 8752 troubleshooting, consisting of extender boards,
extender cables, and adapters. The contents of the tool kit are listed in the Service Manual.

MEASUREMENT ACCESSORIES

Calibration Kits

Because of the built-in correction, calibration kits are optional. Measurement calibration requires the
use of high-quality measurement standards. This makes it possible for the HP 8752 to calculate and
compensate for measurement inaccuracies caused by the test setup. The following calibration kits
contain. precision standard devices with different connector types.

HP 85032B Option 001 50 Ohm Type-N Calibration Kit. The precision standards in this kit are used to
calibrate the HP 8752A for measuring devices with type-N connectors. The kit consists of the following
standards:

NOTE: The standard HP 85032B can be used instead of the option 001 version if desired (option 001
deletes 7 mm to type-N adapters).

(1) type-N (m) 50 ohm termination

(1) type-N (f) 50 ohm termination

(1) type-N (m) short circuit

(1) type-N (f) short circuit

(1) type-N (m) open circuit with center conductor extender
(1) type-N (f) open circuit

HP 85033C Option 001 3.5 mm Calibration Kit. This kit contains precision standards used to calibrate
the HP 8752A for measuring devices with precision 3.5 mm connectors. The kit consists of the following
standards: ’

(1) 3.5 mm (m) 50 ohm termination

(1) 3.5 mm (f) 50 ohm termination

(1) 3.5 mm (f) short circuit

(1) 3.5 mm (m) short circuit

(1) 3.5 mm (f) open circuit with center conductor extender
(1) 3.5 mm (m) open circuit with center conductor extender

In addition to the HP 85033C option 001, the HP 8752A requires:

(2) Type N to 3.5 mm (m) adapters
(2) Type N to 3.5 mm (f) adapters

(The HP 11878A adapter kit supplies these four adapters.)
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HP 85036B 75 Ohm Type-N Calibration Kit. The standards in this kit are used to calibrate the HP
8752B. The kit consists of the following standards:

(1) type-N (m) 75 ohm termination

(1) type-N (f) 75 ohm termination

(1) type-N (m) 75 ohm short circuit

(1) type-N (f) 75 ohm short circuit

(1) type-N (m) 75 ohm open circuit

(1) type-N (f) 75 ohm open circuit with center conductor extender

Included in the HP 85036B cal kit are the following adapters:

(1) Type-N (m) to Type-N (m) 75 ohm adapter
(1) Type-N (f) to Type-N (f) 75 ohm adapter
(1) Type-N (m) to Type-N (f) 75 ohm adapter

Verification Kit

Accurate operation of the HP 8752 system can be verified by measuring known devices and comparing
the results with recorded data. The HP 85032B (standard or option 001) is required for the HP 8752A.
The HP 85036B is required for the HP 8752B. A system verification procedure is provided in the Service
Manual.

Test Port Return Cable

Type-NRF Cable. This is areplacementtype-N cable (the cable supplied with the HP 8752). Order the
cable if the connectors on your original cable have been damaged or show wear. HP part numbers:
8120-4781 (50 ohm for HP 8752A), or 8120-2408 (75 ohm for HP 8752B).

Adaptg_r Kits

HP 11852B 50 to 75 Ohm Minimum Loss Pad. This device converts impedance from 50 ohms to 75
ohms or from 75 ohms to 50 ohms. Itis used to provide a low SWR impedance match between a 75 ohm
device under test and the HP 8752A network analyzer or a 50 ohm measurement accessory. The HP
11852B may also be used to provide a good SWR impedance match between the HP 8752B and a 50
ohm measurement accessory.

The HP 8752A, a 50 ohm system, can measure 75 ohm devices if used with two HP 11852B minimum
loss pads and a 75 ohm calibration kit (HP 85036B). The HP 8752B, a 75 ohm system, measures 75 ohm
devices directly and uses a 75 ohm calibration kit (HP 85036B).

HP 11853A 50 Ohm Type-N Adapter Kit. This kit contains the connecting hardwére required for
making measurements on devices with 50 ohm type-N connectors.

HP 11854A 50 Ohm BNC Adapter Kit. This kit contains the connecting hardware required for making
measurements on devices with 50 ohm BNC connectors.

HP 11855A 75 Ohm Type-N Adapter Kit. This kit contains the connecting hardware required for
making measurements on devices with 75 ohm type-N connectors.

HP 11856A 75 Ohm BNC Adapter Kit. This kit contains the connecting hardware required for making
measurements on devices with 75 ohm BNC connectors.

HP 11878A 50 Ohm 3.5 mm Adapter Kit. This kit contains the connecting hardware required for
making measurements on devices with 50 ohm 3.5 mm connectors.
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SYSTEM ACCESSORIES

System Rack

The HP 85043B system rack is a 124 cm (49 inch) high metal cabinet designed to rack mount the HP
8752 in a system configuration. The rack is equipped with a large built-in work surface, a drawer for
calibration kits and other hardware, a bookshelf for system manuals, and a locking rear door for
secured access. Lightweight steel instrument support rails support the instruments along their entire
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.

Plotters and Printers

The HP 8752 is capable of plotting or printing displayed measurement results directly to a compatible
peripheral without the use of an external computer.

The compatible plotters are:

e HP 7440A Option 002 ColorPro Eight-Pen Color Graphics Plotter, plots on ISO A4 or 8 1/2 x 11inch
charts. _

e HP 7475A Option 002 Six-Pen Graphics Plotter, plots on ISO A4/A3 or 8 1/2 x 11inch or 11 x 17 inch
charts. ,

e HP 7550A High-Speed Eight-Pen Graphics Plotter, plots on ISO A4/A3 or 8 1/2 x 11inch or 11 x 17
inch charts.

e HP 7090 Measurement Plotting System, is a high-performance six-pen programmable digital
plotter. It plots on ISO A4/A3 or 8.5 x 11 inch or 11 x 17 inch paper or overhead transparency film.

The compatible printers for both printing and plotting are:

e HP 3630A PaintJet option 002 color printer
e HP 2225A (HP-1B compatible) ThinkJet printer
o HP 2227B QuietJet option 002 printer

Disk Drives

The HP 8752 has the capability of storing instrument states directly to an external disk drive with-
out the use of a computer. Any disk drive that uses CS80 protocol and HP 200/300 series (LIF)
format is compatible. Disks may be formatted directly by the HP 8752. An HP 9122 Dual 3.5 inch
floppy disk drive is supplied when the HP 8752 option 802 is ordered. Another recommended disk
drive is the HP 9153C 20 Megabyte Winchester disk drive.

HP-IB Cables

An HP-IB cable is required for interfacing the HP 8752 with a plotter, printer, external disk drive, or
computer. The cables available are HP 10833A (1 m), HP 10833B (2 m), HP 10833C (4 m), and HP
10833D (0.5 m).
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POWER AND ENVIRONMENTAL REQUIREMENTS

Rack Power Requirements. If the system has been ordered with an HP 85043B rack, power will be
supplied to the rack through its heavy-duty grounded primary power cable, and to the individual
instruments in the rack through special power cables included with the rack. The rack should be
connected to a circuit capable of supplying 2000 VA without interruption, and without interference from
other equipment such as air conditioners or large motors.

Replacing the Line Fuse. To remove the fuse housing, remove the power cord and insert a small
screwdriver into the slot at the base of the fuse housing. Pull forward and out. A spare fuse is also
supplied in the fuse housing.

Canadian Fuse Requirements. A 3.0 amp fuse is required for use in Canada, regardiess of the line
voltage.

Environmental Requirements. Some instrument specifications are only warranted if the instrument
is operated at 25°C +5°C. If a potential degradation in performance is acceptable, the instrument may
be operated at the temperature range shown below:

® Temperature: Operating = 0°C to +55°C
Storage = —40°C to +75°C

® Humidity: This product must not be placed in an environment which causes moisture
condensation. :

The instrument should be protected from temperature and humidity conditions
that might cause internal condensation.

® Altitude: Operating = up to 4500 metres (approximately 15,000 feet)
Storage = up to 15240 metres (50,000 feet)

® Conducted and radiated interference are in compliance with FTZ 526/527/1979.

The system can be operated in environments outside this range with a possibility of degradation in
performance and a higher risk of failure. For temperature limitations on specified performance, refer to
the table of specifications.

In addition to the above requirements, the following considerations should be observed:

® Theenvironment should be as dust-free as possible, and any air filters in the instruments or system
cabinet should be cleaned regularly.

® Electrostatic discharge (ESD) should be controlled by use of static-safe work procedures. For
bench installation, an antistatic bench mat and wrist strap will decrease the possibility of damage
from ESD. Part numbers for these items are provided in the replaceable parts section of the Service
Manual, and in the User’s Guide.

Storing Rack-Mounted Systems. If the system is rack-mounted, it must be stored with the rack
standing upright. If the cabinet is stored in any other position with the instruments installed, the stress
may cause mechanical and electrical damage to the instruments. The cabinet can be wheeled about its
immediate installation area with the instruments installed, but care must be used since the instruments
are sensitive and heavy. Turn the leveling foot on each bottom corner of the HP 85043B cabinet so that
the feet do not interfere with movement. For safety’s sake, have another person help guide and steady
the cabinet.
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SERVICING AND SHIPPING THE INSTRUMENT

Servicing the Instrument

This manual is intended for use by the operator of the HP 8752. Operating personnel must not remove
the instrument covers. The instrument should be serviced only by qualified personnel who are aware of
the hazards involved. Detailed safety precautions are described in the Service Manual.

Packing for Shipment. If the instrument or any of the system components is to be returned to
Hewlett-Packard for service, attach a tag indicating the service required, return address, instrument
model number, and full serial number, then pack as described below. The return address must be a
mailing address, not a post office box. Use the blue service tags located at the end of the Operating
Manual. In any correspondence, refer to the instrument by model number and full serial number.

A rack cabinet should never be shipped with the instruments installed. All instruments should be
removed and individually packaged before shipment.

If any instrument is to be reshipped, it is best to use the original factory packaging materials. If these are
not available, you can order similar containers and materials from the nearest Hewlett-Packard office. If
other packaging materials are used, be sure to wrap the instrument (with service tag) in heavy paper or
anti-static plastic, and place the wrapped instrument in a strong shipping container such as a double-
wall carton made of 350-pound test material. Pack a three to four inch layer of shock absorbing material
around the instrument. Seal the carton securely, and mark it FRAGILE.

INSTRUMENTS DOCUMENTED BY THE MANUAL

The serial number on the back of the instrument is composed of two parts. The first four digits and letter
comprise the prefix; the last five digits comprise the suffix.

The prefix is the same for all identical instruments; it changes only when a change is made to the
instrument. The suffix, however, is assigned sequentially and is different for each instrument. This
manual applies directly to instruments with the serial number prefix or prefixes listed on the title page.

History information on pastinstrument versions (if any) is provided in the “‘Instrument History”” chapter.

Refer any questions to the nearest Hewlett-Packard Sales/Service Office. Always identify the instru-
ment by model number, compiete name, and complete serial number in all correspondence. A
worldwide listing of HP Sales/Service Offices is provided at the back of this volume.
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AC Power Cables Available

Cable Cable Cable
Plug Type! HP Part | CD3 Plug Description2 Length Color For Use in Country
Number2 (inches)
250V 8120-1351 0 | Straight BS1363A 90 Mint Gray | United Kingdom,
8120-1703 6 | 90° 90 Mint Gray | Cyprus, Nigeria,
[;] Zimbabwe, Singapore
L N
O 4
250V 8120-1369 | 0 | Straight ZNSS198/ASC112 79 Gray Australia,
. 8120-0696 4 90° 87 Gray New Zealand
250V 8120-1689 | 7 | Straight CEE7-VII 79 Mint Gray | East and West Europe,

Saudi Arabia, Egypt,

o 8120-1692 2 90° 79 Mint Gray
Republic of So. Africa,
India (unpolarized in
_ many nations)

125V 8120-1348 | 5 | Straight NEMA5-15P 80 Black United States,
8120-1398 5 90° 80 Black Canada, Japan
8120-1754 | 7 | Straight NEMA5-15P 36 Black (100V or 200V),
8120-1378 1 Straight NEMAS5-15P 80 Jade Gray | Mexico, Philippines,
.| 8120-1521 6 90° 80 Jade Gray | Taiwan
8120-1676 | 2 | Straight NEMA5-15P 36 Jade Gray
250V 8120-2104 | 3 | Straight SEV1011.1959 79 Gray Switzerland
24507, Type 12
250V 8120-0698 | 6 | Straight NEMAB-15P United States, Canada
. 220V 8120-1957 | 2 | Straight DHCK 107 79 Gray Denmark
‘ 8120-2956 | 3 | 90° 79 Gray
250V 8120-1860 | 6 | Straight CEE22-VI

(System Cabinet Use)

1. E = Earth Ground; L = Line; N = Neutral
2. Part number shown for plug is industry identifier for piug only. Number shown for cable is HP Part Number for complete cable including plug.

3. The Check Digit (CD) is a coded digit that represents the specific combination of numbers used in the HP Part Number. It should be supplied
with the HP Part Number when ordering any of the power assemblies listed above, to expedite speedy delivery.
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Chapter 2. Specifications

INTRODUCTION

This chapter provides information on the stand-alone specifications and characteristics of the analyzer,
and on the specified and typical performance of the analyzer system. The analyzer system consists of
the analyzer plus the test cable supplied with (and matched to) the analyzer.

ANALYZER SPECIFICATIONS AND CHARACTERISTICS

Table 2-1 lists specifications and typical characteristics of the stand-alone analyzer (without its matched
cable). Specifications are the performance standards or limits against which the instrument can be tested.
They are field verifiable using performance tests documented in the service manual.

Typical characteristics -are not specifications but are non-warranted performance characteristics provided
for use in applying the instrument. Typical characteristics are representative of most instruments, though
not necessarily factory-tested in each unit. They are not field tested.

Table 2-2 lists supplemental characteristics of the instrument. These are general descriptive information
provided for use in applying the instrument.

SYSTEM SPECIFICATIONS AND SYSTEM PERFORMANCE

Table 2-3 lists measurement port specifications for the system (analyzer and matched cable). These
specifications are the residual system uncertainties with and without error correction.

The last part of this chapter explains system performance and residual measurement errors. It provides
a description of error sources, graphs of typical measurement uncertainty, and information on determining
expected performance for a particular system.
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Table 2-1.

Instrument Specifications (1 of 2)

Specifications describe the instrument's warranted performance over the temperature range of 0° to 55°C (except where noted). Figures
denoted as typical are not specifications but are non-warranted performance parameters provided for use in applying the instrument.

SOURCE'

Frequency
Range: standard 300 kHz to 1.3 GHz
option 003 300 kHz to 3 GHz
Resolution: 1Hz
Stability: typically =7.5 ppm 0 to 55°C
typically =3 ppm/year
Accuracy: 10 ppm at 25°C £5°C

Output Power

Test port power range:
Resolution:

Flatness2:

Level accuracy?:
Level linearity2:

—20to +5dBm

0.1dB

2 dB Peak to Peak

+0.5 dB at 50 MHz

+0.5dB from —20to —15 dBm
+0.2 dB from — 15 to 0 dBm
+0.5dBfrom0to +5 dBm

RECEIVER'

Frequency range:

Dynamic range®:

Trace noise:

Reference level:

Stability:

Standard 300 kHz to 1.3 GHz
Option 003 300 kHz to 3 GHz
100 dB

Noise level. .3 kHz BW  Reflection —75 dBm (typical)
.10 Hz BW  Reflection —85 dBm (typical)
~3kHz BW Transmission —90 dBm
10 Hz BW  Transmission —100 dBm
' (typically

—110 dBm)
Magnitude

Dynamic accuracy: Refer to Figure 2-1a.

Display resolution: 0.01 dB/div.

Marker resolution?: 0.001 dB

(0 dBm, 3 kHz BW, reflection):
<0.006 dB rms

(0 dBm, 3 kHz BW, transmission):
<0.006 dB rms

range: =500 dB

resolution: 0.001 dB

0.02 dB/°C typically

Input
Maximum input level:

Damage Level:

0 dBm at Transmission Port
10 dBm at Reflection Port
20 dBm or >25 VDC at
Transmission Port
30 dBm or >25 VDC at Reflection Port

‘Crosstalk: (Reflection Port to Transmission Port)

300 kHz to 1.3 GHz: 100 dB
1.3 to 3 GHz: 90 dB

Phase

Dynamic accuracy: Refer to Figure 2-1b.

Range: =180 degrees

Frequency response (deviation from linear, —10 dBm,

25°£5°C): =3°

Display resolution: 0.01°/div.
Marker resolution3; 0.01°

Trace noise:

Reference level: range:

Stability:

(0 dBm, 3 kHz BW, reflection):
<0.035° rms

(0 dBm, 3 kHz BW; transmission):
<0.035° rms )
+500 degrees

resolution: 0.01 degrees

0.1°/°C typically

2. A1 25°C = 5°C relative 1o —5 dBm test port power.

3. This specification applies to transmission measurements in the 300 kHz to 1.3 GHz frequency range at 10 Hz IF bandwidth with response and isolation correctlon. Dynamic range
Is limited by maximum recelver input level and system nolse floor.

4. Marker resolution Is dependent upon the value measured: resolution is limited to five digits.

1. HP 87528 option 003 specifications above 2 GHz are typical due to 75 ohm measurement standards having an upper frequency limit of 2 GHz
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Table 2-1. Instrument Specifications (2 of 2)

DYNAMIC ACCURACY

Dynamic accuracy: Dynamic accuracy:

Transmission Reflection (Typical):
10 : 100
* / b Z ,I
£ 3
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Figure 2-1. Receiver Dynamic Accuracy

Dynamic accuracy for both reflection (typical) and transmission (specified) is determined from the plots in Figure 2-1. The power
along the x-axis is expressed in dBm and is equivalent to the power at the transmission port for transmission measurements. For
reflection measurements it is the power re-entering the reflection port after reflecting off the DUT.

Once the x-axis value is determined, read the corresponding dynamic accuracy from the plot.

Example: Reflection Dynamic Accuracy Example: Transmission Dynamic Accuracy

(Refer to Figure 2-1b.) (Refer to Figure 2-1a.)

—10 dBm
10dB
= (test port power) = (test port power)

— (DUT return loss) — (DUT insertion loss)
= (=10 dBm) — (20 dB) = (=10 dBm) — (10 dB)
= —30 dBm = —20dBm

Test port power:
DUT insertion loss:
Transmitted power

—10dBm
20 dB

Test port power:
DUT return loss:
Reflected power

Reflection Dynamic Accuracy at —30 dBm: +0.06 dB

Transmission Dynamic Accuracy at —20 dBm: +0.05 dB
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Table 2-2. Supplemental Characteristics (1 of 4)

MEASUREMENT THROUGHPUT SUMMARY

The folliowing shows typical measurement times in milliseconds.

Typical time for completion (msec)

These are not specifications, but general descriptive information provided for use in applying the instrument.

Number of Points

51 201 401 1601
Measurement
Uncorrected or 1-port cal 120 190 290 890
2-port cal 540 1030 1680 5610
Time domain conversion? 125 540 1150 2840
HP-IB data transfer?
Internal 30 50 75 660
ASCII 500 1900 3800 15000
|EEE 754 floating point format:
32 bit, 32 bit MS-DOS® 40 85 140 500
64 bit 60 125 210 700

REMOTE PROGRAMMING
Interface

Transfer Formats
Binary (internal 48-bit floating point complex format)
CITIFile ASCII

32/64 bit IEEE 754 Floating Point Format

Interface Function Codes

SH1, AH1, T6, TEO, L4, LEO, SR1, RL1, PPO, DC1, DT1, C1, C2, C3, C10, E2

HP-IB interfaibe operates according to IEEE 488-1978 and IEC 625 standards and IEEE 728-1982 recommended practices.

2. Option 010 only. gating off.
3 Measured with HP 8000 Series 300 cocmputer
MS-DOS® is aUS registered trademark of Microsoft Corporation.

1 Reflection 1-Pon calibration with a 3 kHz IF BW. Includes system retrace time but does not Include bandswitch time Time domain gating is assumed off.
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Table 2-2. Supplemental Characteristics (2 of 4)

GROUP DELAY CHARACTERISTICS

Group delay is computed by measuring the phase change within a specified frequency step (determined by the frequency span, and
the number of points per sweep). '

Aperture: Selectable
Maximum aperture: 20% of frequency span
Minimum aperture: (frequency span)/(number of points —1)

Range:
The maximum delay is limited to measuring no more than 180°0of phase change within the minimum aperture.

Range = 1/(2 x minimum aperture)
‘Accuracy:

The following graph shows group delay accuracy at 1.3 GHz with an uncorrected measurement. IF BW is 10 Hz. Insertion loss is assumed
to be small and device electrical length is 10 meters.

188 ns

>

O

@

(24 18 ns

-

o N
1 =] =c
(s a 1 ns » .
O
—_ >
o€ n
> 1 AN
— g 188 ps

o

2

O 10 ps

24

(&)

1 ps
18 kHz 188 kHz 1 MHz 18 MHz 188 MHz
APERTURE

Figure 2-2. Group Delay Accuracy at 1.3 GHz

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)) / Aperture(Hz)

Depending on the aperture and device length, the phase accuracy used is either incremental phase accuracy or worst case phase accura-
cy. The above graph shows this transition.
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Table 2-2. Supplemental Characteristics (3 of 4)

FRONT PANEL CONNECTORS

HP 8752A HP 8752B
Connector Type type-N (female) type-N (female)
Impedance 50 ohms (nominal) 75 ohms (nominal)
Connector Pin Protrusion 0.204 to 0.207 in 0.204 to 0.207 in

REAR PANEL CONNECTORS
External Reference Frequency Input (EXT REF INPUT)

Frequency 1,2, 5, and 10 MHz (+200 Hz @ 10 MHz)
Level —10 dBm to +20 dBm, typical
Impedance 50 ohms

External Auxiliary Input (AUX INPUT)

Input Voltage Limits '—1OV to +10V

External AM Input (EXT AM)

+1 volt into a 5k ohm resistor, 1 kHz maximum, resulting in 8 dB/volt amplitude modulation.

External Trigger (EXT TRIGGER)

Triggers on a negative TTL transition or contact closure to ground.

Iy |
+
-Wr— n
-<

1
1 TO SWEEP
EXT TRIGGER — > ? w—> >— TRIGGER

' CIRCUITRY

External Trigger Circuit

LINE POWER

47 to 66 Hz
115V nominal +10% —25% or 230V +10% —15%. 220 VA max.

PROBE POWER

+ 15V 2%, 400 mA
—-12.6V £5.5%, 300 mA

ENVIRONMENTAL REQUIREMENTS
Operating Conditions

Temperature 0 to 55°C
Humidity Operate in a non-condensing environment

Altitude 0 to 4500 meters (15,000 feet)
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Table 2-2. Supplemental Characteristics (4 of 4)

Non-Operating Storage Conditions

Temperature —40°C to +70°C

Humidity Store in a non-condensing environment

Altitude 0 to 15,240 metres (50,000 feet)
WEIGHT

Net 25.4 kg (56 Ib)

Shipping  28.4 kg (63 Ib)

CABINET DIMENSIONS

178 H x 425 W x 497.8 mm D
(7.0 x 16.75 x 19.0 in)

(These dimensions exclude front and rear panel protrusions. Add 24 mm (1 in) to depth to include the front panel connectors.)

TOP

l—— 425mm (16.75 in.) —>| |¢———497.8 mm (20.0 in.) ——>

(7.0in.)

L

e |
177 mm

REAR SIDE
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Table 2-3. System Specifications

cy limit of 2 GHz.

MEASUREMENT PORTUNCERTAINTIES

The following specifications show the residual system uncertainties with and without error correction. The system is defined as the analyzer
plus its matched cable. When two values are given for. one specification (for example: 40/35), the number on the left applies up to 1.3
GHz, the number on the right applies from 1.3 to 3 GHz.

NOTE: All HP 8752B option 003 specifications above 2 GHz are typical due to 75 ohm measurement standards having an upper frequen-

Uncorrected? 3.5 mm32:3 Type-N3
Error Term dB Linear dB Linear dB Linear
Directvity —40/—-35% 0.01/0.0178 —-40 0.01 —44 0.0063
Reflection Tracking +0.2/+0.3 0.0233/ +0.06 0.0069 +0.06 0.0069
0.0351
Transmission Tracking +0.2/x0.3 0.0233/ +0.05/ 0.0058/ +0.05/ 0.0058/
_ 0.351 +0.1 0.0116 +0.1 0.0116
Source Match (reflection) -30/—-25 0.0316/ —-36 0.0158 -35 0.0178
0.0562
Source Match —-23/-20 . 0.0708/0.1 —23/-20 0.0708/0.1 —-23/-20 0.0708/0.1
(transmission) .
Load Match —-23/-20 0.0708/0.1 —-23/-20 0.0708/0.1 —-23/-20 0.0708/0.1
Crosstalk -100/—-90 0.00001/ —100/-90 0.00001/ —100/—-90 0.00001/
0.00003 0.00003 0.00003
Connector Repeatability -65 0.0006 -70 0.0003 —-65 0.0006
(typical)
Error Term dB Linear
Noise FloorS. Transmisslon: (included In dynamic accuracy) —100 (10 Hz BW) 0.00001
Trace Noise 0.006 dB rms 0.0007
Cable Reflection Magnitude Stability (typical) —60dB 0.001
Error Term Degrees
Cable Transmission Phase Stability (typical): 0.05 x Frequency (in GHz) degrees
1. These uncentainties apply in an environmental temperature of 23° + 10/—5°C with an IF bandwidth of 10 Hz
2. HP 8752A only.
3. These uncertainties apply In an environmental temperature of 23° = 3°C, with less than 1° deviation trom the temperature at measurement calibration. IF BW is 10 HZ.
4. —30 dB from 300 kHz to 10 MHz.
5. Noise floor is already Included In dynamic accuracy performance data.
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SYSTEM PERFORMANCE

INTRODUCTION

System performance depends not only on the performance of the analyzer and the cables, but also on operating
conditions and on measurement errors inherent in network analysis.

The following pages provide a brief description of the sources of measurement errors, graphs of typical measurement
uncertainty for the HP 8752A and 8752B, and information to use in determining the expected performance of a particu-

lar system.

Also provided are tips on increasing dynamic range by reducing associated measurement errors.

INCREASING DYNAMIC RANGE

Dynamic range is limited by the maximum receiver input level (the high end of the range), and by either of these
two factors on the minimum end of the range:

«  System noise floor

. Crosstalk

Noise Floor

System noise floor can be reduced using a narrow IF bandwidth or with averaging, or with a combination of both.
These measures can reduce noise floor below the crosstalk error level, making crosstalk error the limiting factor
in dynamic range. A response and isolation calibration can then reduce the crosstalk errors. The noise floor must
be less than the crosstalk error or a response and isolation calibration will not reduce crosstalk errors. The “Calibra-
tion” chapter explains how to determine which is greater: noise floor or crosstalk

Crosstalk

Crosstalk is a factor only in measurements requiring wide dynamic range. When crosstalk is greater than the noise
floor, a response and isolation calibration can reduce its effects, thereby increasing dynamic range. However, if the
noise floor is greater than crosstalk, the response and isolation cal will have no effect on dynamic range. The “Cali-

bration” chapter explains this in detail.

SOURCES OF MEASUREMENT ERRORS
Network analysis measdrement errors can be separated into the following types of errors:

»  Systematic errors.
- Random errors.

« Drift errors.
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Systematic Error Sources

The model for systematic errors is shown below. Refer to the end of the chapter for reflection uncertainty and trans-
mission uncertainty equations derived from the system error model. Systematic errors result from imperfections in
the calibration standards, connector standards, connector interface, interconnecting cables, and the instrumentation.
All measurements are affected by dynamic accuracy.

Errors in Reflection Measurements. Directivity, source match, and reflection tracking are the errors that affect
reflection measurements.

Errors in Transmission Measurements. Crosstalk, source match, load match, transmission tracking, and cable
stability are the errors that affect transmission measurements.

Refer to the “Measurement Calibration” chapter for an explanation of each of these individual errors.

Random Error Sources

Non-repeatable errors are trace noise, noise floor (included in dynamic accuracy), and connector repeatability.
These errors affect both transmission and reflection measurements.

Drift E;rors

The effects of temperature drift are included in the system specifications data.

C
- : DUT 821 | 1+T,c 1+A
|
| ’ |
l ]
D Ms 1S9 1* 5221 ML
| |
1 |
< < <4 T <« T
1+A 14T S
A = Dynamic Accuracy M;s = Source Match T, = Transmission Tracking
C = Crosstalk M, = Load Match T, = Reflection Tracking
D = Directivity

Figure 2-3.  System Error Model
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TYPICAL MEASUREMENT UNCERTAINTY FOR HP 8752A

The graphs® below show the typical measurement uncertainty for the analyzer using type-N or 3.5 mm connectors,
with and without error correction. Two graphs are provided for transmission measurements (a magnitude graph and

a phase graph), and two for reflection measurements. The graphs on the next page apply to the HP 8752A option
003.

Corrected performance in the transmission measurement graphs shows the improvement obtained from a response

and isolation calibration. Corrected performance in the reflection measurement graphs shows the improvement ob-
tained from a reflection 1-port calibration.

Transmission measurements?

28 50 ~
o 77
18—
s = e /{/
@ e o 18
3 Z a
o 2 V4 a s Z
> > Uncorrected =
¢ .s-=—— Uncorrected - P A\N orrected —
- 2 - N
© \C = - N _L _] -
o2 - b . S S
5N e e 35 mm, Type N
g 3.5 mm, Type N o s
5 .es £
@2 -2
8 e REF -i8 -28 38 -40 -56 -88 -78 -88 -9 ‘76 REF -16 -20 -30 -46 -56 -8 70 -80 -%@
Measurement Level-(dB from REF) ' Measurement Level (dB from REF)
Magnitude Phase

Reflection measurements®

1 2s

| \
. A o wl
: / g “I \
- A NETEAll
~ . 3\ \
> Uncorrected £ \\.
R L
P = ® )
v 35mm|__.—=~ © \ Uncorrected
o = g s N
c — === N = <~ 3.5mm
=] p— e f— — ===
— ype . Type N
e -] .2 .4 .6 .8 1 e .2 .4 .6 .8 1
Reflection Coefficient Reflection Coefficient
Magnitude ' Phase

Figure 2-4.  Typical Measurement Uncertainty for Standard HP 87524 (300 kHz to 1.3 GHz)

1. These measurement uncenainty curves utilize an RSS model for the contributions of random errors such as noise. and typical connector repeatabilities; and a worst-case mode! for
the contributions of dynamic accuracy and residual systematic errors.

2. The graphs shown for transmission measurements assume a well-matched device (S;,=S.:=0)

3. The graphs for reflection measurement uncenainty apply to either a one-port device or a two-port device with more than 6 dB of insertion loss.
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Transmission measurements'

2e se v
-
. ’ ~
S . vra g e L
~ 7 = s Z
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S5 .es c
]
.82 .2
e 18 REF -1@ -20 -38 -42 -58 -6@ -78 -80 -98 - 10 REF -1B -20 -3e ~-40 -58 -68 -78 -8@ -1
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Reflection measurements?
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Figure 2-5. Typical Measurement Uncertainty for HP 87524 Option 003 (300 kHz to 3 GHz)

1. The graphs shown for transmission measurements assume a well-matched device (S,,=S,,=0).

2. The graphs for reflection measurement uncentainty apply 10 either a one-port device or a two-port device with more than 6 dB of insertion loss.
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TYPICAL MEASUREMENT UNCERTAINTY FOR HP 87SZB

The graphs™ below show the typical measurement uncertainty for the analyzer using type-N connectors, with and
without error correction. Two graphs are provided for fransmission measurements (a magnitude graph and a phase
graph), and two for reflection measurements. The graphs on the next page apply to the HP 8752B option 003.

Corrected performance in the transmission measurement graphs shows the improvement obtained from a response
and isolation calibration. Corrected performance in the reflection measurement graphs shows the improvement ob-
tained from a reflection 1-port calibration.

Transmission measurements?

20 sa
18 = //
s ‘,1 2e (
v : i
- / -~ 18 P78
m 2 > 7
©
! // S s 7
> = \\N /
c s z s \\ T Uncorrected -
ot Uncorrected 7 = 27NN —~7
< 2\ rd » \ I:___ﬂ—“
NN S s TE=E—TyeN
=] TypeN 5 s
.@s
.82 .2
-al 12 REF -10 -28 -3e -4 -5 -68 -?e -88  -9@ -1 18 REF -1@ -28 -38 -4 -5 -6@ -?@ -8e -1
S21 Insertion Loss (dB) S21 Insertion Loss (dB)
Magnitude Phase
Reflection measurements?

T I T
i :

| .
L

!

IUncorrected

’ l = \
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/.—’”’%}T;pe'N : . s S e L

Uncertainty (linear)
Uncertainty (Deg)

f‘" , | . TypeN
BB .2 .4 .6 .8 1 e .2 .4 .6 .8 1
S11 Reflection Coefficient S1! Reflection Coefficient
Magnitude Phase

Figure 2-6. Typical Measurement Uncertainty for Standard HP 8752B (300 kHz to 1.3 GHz)

1. These measurement uncertainty curves utilize an RSS model for the contributions of random errors such as noise, and typical connector repeatabililies: and a worst-case model for
the contributions of dynamic accuracy and resldual systematic errors.

2. The graphs shown for transmission measurements assume a well-matched device (S,, = S,,=0).

3. The graphs for reflection measurement uncenainty apply to elther a one-port device or a two-port device with more than 6 dB of insertion loss
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Transmission measurements'
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Figure 2-14. Typical Measurement Uncertainty for HP 8752B Option 003 (300 kHz to 3 GHz)

The graphs shown for ' r

nts assume a well-matched device (S =S,,=0).

2. The graphs for reflection measurement uncertalnty apply to elther a one-port device or a two-port device with more than 6 dB of Insertion loss.
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DETERMINING EXPECTED SYSTEM PERFORMANCE

The uncertainty equations and tables of system specifications provided in this chapter can be used to calculate the
expected system performance of the analyzer. The following pages explain how to determine the residual errors of
a particular system and combine them to obtain total error-corrected residual uncertainty values, using worksheets

(Tables 2-4 and 2-5).

Separate tables are used to determine residual magnitude and phase uncertainties in the following measurement
types:

« Table 2-4: Reflection measurements
» Table 2-5: Transmission measurements
« Completed examples of the residual uncertainty tables are provided after Table 2-5.

NOTE: A spreadsheet program can automate the uncertainty worksheets and eliminate mathematical errors.

Determining Crosstalk

The crosstalk error value is required in the transmission uncertainty worksheet. You can use the value in Table 2-3
or measure it as explained below: '

Connect impedance-matched loads to the reflection and transmission ports. Set IF bandwidth to 10 Hz by pressing
[AVG] [IF BW] [10] [x1]. Turn on an averaging factor of 5 by pressing [AVERAGING FACTOR] [5] [x1] [AVERAGING
ON]. Averaging reduces the analyzer’'s noise floor as explained earlier in this section.

Select a transmission measurement, turn on the marker statistics function (see “Using Markers”), and measure the
mean value of the trace. Use the mean value plus one standard deviation as the residual crosstalk value of your

system.
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Table 2—-4. Reflection Measurement Uncertainty Worksheet

PART A — Analyzer Performance Frequency:
In the columns below, enter the values for each term. Values are obtained from Table 2-3 and Figure 2-1.
Error Term Symbol dB Value Linear Value
Directivity D
Reflection tracking T,
Source match (reflection) M,
Load match M,
Dynamic accuracy
Magnitude! Am +
Phase Ap
" Trace noise Np
Connector repeatability Rc

PART B — DUT Performance

In the columns below, enter the calculated or measured performance of the DUT.

Performance Parameter

dB Value

Linear Value (1098 Value/20)

S$11
S21
S12

PI_\RT C — Total Magnitude Errors (Systematic and Random)

Systematic Errors

In the spaces provided, enter the required linear values from Parts A and B. Then combine these errors to obtain the total sum of system-

atic errors.

D

T, xS11
Ms x S11 x S11
M, x S21 x S12
Am xS11

[k]
U

[m]

[n]

[o]

Total Systematic Errors: k +! +m +n +o0

Random Errors

Enter the required linear values from Parts A and B.

sum of random errors.

Combine these errors in a root sum of the squares (RSS) fashion to obtain a total

[s]

3 xNpxS11 3x = [x]
Rex (1 + 2811 + S112) x(1+2x %) = Iyl
R, xS21 x S12 ] X = [z]
Total Random Errors
VX2 +y2 + 22 J + = [R]
TOTAL MAGNITUDE ERRORS:
Em(linear) = S + R = [Em)
Eml(log) = 20 Log (1 + Ep,/S11) 20 Log (1 + / ) = + dB
20 Log (1 — Emy/S11) 20 Llog (1 — / ) = - dB
PART D — Total Phase Errors
Ep = Arcsin[(Erm — (Am X S11))/S11] + A,
Arcsin[( - ( X )/ 1+ = *
1. Enter the value from Figure 2-1 as a positive dB value. Convert to linear using the formula: Linear Value = 10% veue/20 _ 4
HP 8752
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Table 2-5. Transmission Measurement Uncertainty Worksheet

PART A — Analyzer Performance:
In the columns below, enter the values for each term. Values are obtained from Table 2-3 and Figure 2-1.

Error Term Symbol dB Value Linear Value
Crosstalk! c
Transmission tracking Ty
Source match (transmission) M,
Load match M,
Dynamic accuracy
Magnitude? Am +
Phase Ay
Trace noise Np
Connector repeatability Re
Cable Reflection Magnitude
Stability S,
Cable Transmission Phase
Stability (Degrees) S

PART B — DUT Performance
In the columns below, enter the calculated or measured performance of the DUT.
Performance Parameter dB Value Linear Value (1098 Value/20)

S11
S21
$12
S22

PART C — Total Magnitude Errors (Systematic and Random)

Systematic Errors
In the spaces provided, enter the required linear values from Parts A and B. Then combine these errors to obtain the total sum of system-
atic errors.

c ' = (k]
Ty x S21 ) X = m

Mg x S11 x S21 X X = [m]
(S + M) x S21 x S22 ( + ) x X = [n]
An x S21 X = [o]

Total Systematic Errors: k +1 +m +n +0 =8

Random Errors
Enter the required linear values from Parts A and B. Combine these errors in a root sum of the squares (RSS) fashion to obtain a total

sum of random errors.

3 x Np x S21 3x X = [x]
Rcx S21 x (1 + S11) : X x(1+ ) = [yl
R, X S21 x (1 + $22) . X x(1+ ) = [2]

Total Random Errors

U2+ y2 4 22 / + + = [R]

TOTAL MAGNITUDE ERRORS:

Eym(linear) = S + R + = Eum
Eim(log) = 20 Log (1 + Eym/S21) 20 Log (1 + / )= +______ dB
20 Log (1 — Eyn/S21) 20 Log (1 — / ) = - dB

PART D — Total Phase Errors

Eyp = Arcsin[(Eyn — (Am X S21))/S21] §; + Ap
Arcsin(( - x )/ 1+ + ==

1. Use the value listed In Table 2-3 or measure (using the Instructions provided in “Determining Crosstalk,” eariler in this chapter).
1. Enter the value from Figure 2-1 as a positive dB value. Convert 1o linear using the formula: Linear Value = 10% veuw/20 _
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EXAMPLE

Table 2-4.  Reflection Measurement Uncertainty Worksheet

PART A — Analyzer Performance

In the columns below, enter the values for each term. Values are obtained from Table 2-3 and Figure 2-1.

Frequency: /D Gri/z.

Error Term Symbol dB Value Linear Value
Directivity D Lo/
Reflection tracking T, L0232 2
Source match (reflection) M, DB/
Load match M ol /¥ 4
Dynamic accuracy
Magnitude’ Am +_, 28 OOSE
Phase Ap . 3
Trace noise N e OO 7
Connector repeatability R W 1=-Yo X7

PART B — DUT Performance

In the columns below, enter the calculated or measured performance of the DUT.

Performance Parameter dB Value Linear Value (104B Value/20)
S11 - 2 Z s 0 P
s21 -2 ./
S12 - 20 ‘ /

PART C — Total Magnitude Errors (Systematic and Random)

Systematic Errors

In the spaces provided, enter the required linear values from Parts A and B. Then combine these errors to obtain the total sum of system-

atic errors.

D

T x S11

M x S11 x S11

M, x S21 x S12

Am x ST

Total Systematic Errors: k +1 +m +n +o0

Random Errors

‘Enter the required linear values from Parts A and B. Combine these errors in a root sum of the squares (RSS) fashion to obtain a total

sum of random errors.

= .Q( K]

L0222 x_,0OFfF = i

03/ x% x_._gi_ = 200202 [m
L0208 X o X_, = 00708 [n]
X_ O = 000te 0]

= .0/32292 18]

3 x NpxS11 3,007 X ,QZ 0/ 8 X

Rex (1 + 2S11 + S113) 00Ol x(1+2x g + =,000 7 [yl

Rc x S21 x S12 OO0  x_./ X_, / = .000006 [7]
Total Random Errors
VX2 +y2 4 22 V2.922.¥10°0 + + 2.bxipo-ll=_,00/22 IR
TOTAL MAGNITUDE ERRORS:

Em(linear) = S + R /2282 + 00182 = .0r506 [Em
Em(log) = 20Llog (1 + Em/S11) WVlog(1+ Or18506 /I, OF )= + 4S50  dB

20 Log (1 — Epm/S11) 20log(1 - _,0/806 | 0OFf ) = - 2 27 dB

PART D — Total Phase Errors

Ep = Arcsin[(Em — (Am x S11))/S11] + A,

Aresinl( , OSSO — (0S8 x 0P )/, 02 1+.3 =x/08°
1. Enter the value from Figure 2-1 as a posltive dB value. Convert 1o linear using the formula: Linear Value = 10% Vw20 _ 1
HP 8752
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EXAMPLE

Table 2-5. Transmission Measurement Uncertainty Worksheet

PART A — Analyzer Performance: Frequency A@é&_
In the columns below, enter the values for each term. Values are obtained from Table 2-3 and Figure 2-1.
Error Term Symbol dB Value Linear Value
Crosstalk! c Locoeo/
Transmission tracking T 233
Source match (transmission) Ms OI20L
Load match M 0208
Dynamic accuracy
Magnitude? Am + ., 05 e OOSE
Phase Ap L B
Trace noise Np s OO 7
Connector repeatability Re ’ L OO0l
Cable Reflection Magnitude '
Stability S, o0/
Cable Transmission Phase
Stability (Degrees) S Neol-u
PART B — DUT Performance
In the columns below, enter the calculated or measured performance of the DUT.
Performance Parameter dB Value Linear Value (1098 Value/20)
s -_22 L
S21 ) /
S12 -2 et
S22 —2 2 e O/

PART C — Total Magnitude Errors (Systematic and Random)

Systematic Errors
In the spaces provided, enter the required linear values from Parts A and B. Then combine these errors to obtain the total sum of system-

atic errors.

c . = ,0000/ [k
Tyx 821 02233 x_,/ @ = _.00222I
M, x S11 x S21 DO 70P *x .OfP x__/ = LS b [M]
(S + M) x S21 x S22 (_ oo/ +,07208 ) x_ [/ X_.07/ = (00057 N
Am X S21 woosf  x_eof @ = .p005p [0
Total Systematic Errors: k +1 +m +n +0 = L00&f IS

Random Errors
Enter the required linear values from Parts A and B. Combine these errors in a root sum of the squares (RSS) fashion to obtain a total
sum of random errors.

3% Ny x S21 ' N .oo0Z7 x_,/ = o002/ K
R, x S21 x (1 + S11) OO0 x__,/ x(1+ T2F )=_.000065 Y]
Rex S21x (1 + S22) 10006 X_./ xX(1+_,071 )=.00006¢ [2]
Total Random Errors
Ve +y2 + 22 V11078 + /2 x10-F +4129x/0-7 = . 000 229 [R]
TOTAL MAGNITUDE ERRORS:
Eym(linear) = S + R -V 4 + 000297 = ,00442297Em
Em(log) = 20 Log (1 + E;m/S21) 0log(1+,004229 |,/ )= + 26 dB
20 Log (1 — Eym/S21) 0lg(1- 004229 |, 4 )= —-_ ., 2P dB

PART D — Total Phase Errors

Eyp = Arcsin[(Eym — (A X S21))/S21] S + A,
Arcsinl(, 00¢/229 ~ (00SPX L N/ o/ 1+ .05 +., 3 ==2.44

1. Use the value listed In Table 2-3 or measure (using the Instructlons provided in “Determining Crosstalk,” earller in this chapter).
1. Enter the value from Figure 2-1 as a positive dB value. Convert to linear using the formula: Linear Value = 10% vaue/20 _ q,
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REFLECTION UNCERTAINTY EQUATIONS

This page shows how E, is derived from analysis of the system error model shown in Figure 2-3.

Total Reflection Magnitude Uncertainty (E,..,)

An analysis of the error model (Figure 2-3) yields an equation for the reflection magnitude uncertainty. The equation
contains all of the first order terms and the significant second order terms. The three terms under the radical are
random and are combined on a root sum of the squares (RSS) basis. The terms in the systematic error group are
~ combined on a worst case basis. In all cases, the error terms and the S-parameters are treated as linear absolute

magnitudes.
Em(log) = 20log(1 =E;/S11)

where

Em= S+ /X2 + Y2+ 22

systematic error = D + T, x S11 + Mgx S112 + M; x S21 x S12 + A, x S11

»
I

X, = random trace noise = 3 x Nj, x S11

random port 1 repeatability = Rg x (1 + 2 S11 + S11?)

=
Il

N
I

random port 2 repeatability = Rg x S21 x S12

Total Reflection Phase Uncertainty (E,p)

Reflection phase uncertainty is determined from a comparison of the magnitude uncertainty with the test signal mag-
nitude. The worst case phase angle is computed. The result is combined with phase dynamic accuracy.

Ep = arcsin ((Ejm — Am X S11)/S11) + Ap

2-20 Specifications . HP 8752



TRANSMISSION UNCERTAINTY EQUATIONS

This page shows how Ey, is derived from analysis of the system error model shown in Figure 2-3.

Total Transmission Magnitude Uncertainty (E;.)

An analysis of the error model in Figure 2-3 yields an equation for the transmission magnitude uncertainty. The
equation contains all of the first order terms and some of the significant second order terms. The three terms under
the radical are random and are combined on an RSS basis. The terms in the systematic error group are combined
on a worst case basis. In all cases, the error terms are treated as linear absolute magnitudes.

Eim (log) = 20 log (1 = Ey, / S21)

where

Em = S + VXt? + Y2 + Zt2

St = systematic error = C + Ty x 821 + Mg x S11 x 821 + (M} + S;) x 821 x S22 + A, x S21
X{ = random high-level noise = 3 x N, x S21

Yy = random port 1 repeatability = R, x S21 + Rg x S11 x S21

Z; = random port 2 repeatability = R, x S21 + Rg x S22 x S21

Total Transmission Phase Uncertainty (E,;)

Transmission phase uncertainty is calculated from a comparison of the magnitude uncertainty with the test signal
magnitude. The worst case phase angle is computed. This result is combined with the error terms related to phase
dynamic accuracy, cable phase stability, and thermal drift of the total system.

Eyp = arcsin (Eyn — Am X S21) / S21) + Sy + A,
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Chaptei' 3. HP-IB Remote Programming

CHAPTER CONTENTS

3-1 Introduction

3-2  How HP-IB Works

3-3  HP-IB Bus Structure

3-5  HP-IB Requirements

3-5  Analyzer HP-IB Capabilities
3-6  Bus Mode

3-7  Setting Addresses

3-7  Valid Characters

3-7  Code Naming Convention
3-8  Units and Terminators
3-8  HP-IB Debug Mode

3-8  Display Graphics

INTRODUCTION

The analyzer is factory-equipped with a remote programming digital 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, worldwide standards for interfacing instruments.) This allows 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 to a compatible disk drive.

This chapter provides an overview of HP-IB operation. Chapter 10 provides information on different
controller modes, and on setting up the analyzer as a controller of peripherals. It also explains how to
use the analyzer as a controller to print, plot, and store to an external disk. HP-IB equivalent
mnemonics for front panel functions are provided in parentheses throughout this manual.

More complete information on programming the analyzer remotely over HP-IB is provided in the
following documents:

® HP-IB Programming Guide for the HP 8752A and HP 8753C Using the HP 9000 Series 200/300
Desktop Computer (BASIC). This is a tutorial introduction to remote operation of the analyzer using
an HP 9000 series 200 or 300 computer. it includes examples of remote measurements using
BASIC programming. These examples are also stored on the example programs disk provided
with the analyzer. The HP-IB Programming Guide assumes familiarity with front panel operation of
the instrument.
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® HP-IB Quick Reference for the HP 8700-Series Analyzers. This is a complete reference summary for
remote operation of the analyzer with a controller. It includes both functional and alphabetical lists
of all analyzer HP-IB commands. This guide is intended for use by those familiar with HP-1B
programming and the basic functions of the analyzer.

A complete general description of the HP-IB is available in Tutorial Description of the Hewlett-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 Electrical and
Electronics Engineers, Inc., 345 East 47th Street, New York, New York 10017.

HOW HP-IB WORKS

The HP-IB uses a party-line bus structure in which up to 15 devices can be connected on one
contiguous 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 folloWihé interface functions:

Talker

- Atalker 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 voltmeters, 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 it is controlled over the bus by a
computer. _ :

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 include desktop
computers and minicomputers. In a multiple-controller system, active control can be passed between
controllers, but there can only be one system controller, which acts as the master, and can regain active
control atany time. The analyzer is an active controller when it plots, prints, or stores to 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 10 under HP-IB Menu.

HP-IB Remote Programming
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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 data
formats are available to the analyzer. In addition, every byte transferred over HP-IB undergoes a
handshake to 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 siowest device, and ensures data integrity
in multiple listener transfers. With most computing controllers and instruments, the handshake is
performed automatically, which makes it transparent to the programmer.

Control Lines

The data bus also has five control lines that the controller uses both to send bus commands and to
address devices. :

IFC. Interface Clear. Only the system controller 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 databus is
acommand 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 carry
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
reasons.

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
[LOCAL] 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 multiple byte
transmission, or by an active controller to initiate a parallel poll sequence. The analyzer recognizes the
EOl line as a terminator, and it pulls the EOI line with the last byte of a message output (data, markers,
plots, prints, error messages). The analyzer does not respond to parallel poll.

Figure 3-1 illustrates the structure of the HP-IB bus lines.
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Figure 3-1. HP-IB Structure
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HP-IB REQUIREMENTS

Number of Interconnected Devices:

Interconnection Path/
Maximum Cable Length:
Message Transfer Scheme:

Data Rate:

Address Capability:

Muitiple Controller Capability:

ANALYZER HP-IB CAPABILITIES

15 maximum.

20 meters maximum or 2 meters per device, whichever is less.

Byte serial/ bit parallel asynchronous data transfer using a 3-
line handshake system.

Maximum of 1 megabyte per second over limited distances
with tri-state drivers. Actual data rate depends on the transfer
rate of the slowest device involved.

Primary addresses: 31 talk, 31 listen. A'-maximum of 1 talker
and 14 listeners at one time.

In systems with more than one controller (like the analyzer
system), only one can be active at a time. The active controller
can pass control to another controller, but only the system
controller can assume unconditional control. Only one system
controller is allowed. The system controller is hard-wired to
assume bus control after a power failure.

As defined by the IEEE 488.1 standard, the‘analyzer has the following capabilities:

SH1 Fuli source handshake.

AH1 Full acceptor handshake.

T6 Basic talker, answers serial poll, unaddresses if MLA is issued. No talk-only mode.
L4 Basic listener, unaddresses if MTA is issued. No listen-only mode.

SR1 Complete service request (SRQ) capabilities.

RL1 Complete remote/local capability including local lockout.

PPO  Does not respond to parallel poll.

DC1 Complete device clear.

DT1 Responds to a group execute trigger in the hold trigger mode.

C1,C2,C3 System controller capabilities in system controller mode.

c10 Pass control capabilities in pass control mode.

E2 Tri-state drivers.

HP 8752
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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 DISK DRIVE

==

0

(5) (M (0)
HP-IB

(21)

(16,17)

Z

NETHORK AMALYZER

HOST CONTROLLER

Figure 3-2. 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
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
addressing the analyzer to talk, addressing the peripheral to listen, and placing the HP-IB in the data
mode.

Pass Control. This mode allows 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 disk.
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 atask is completed, the
host controller accepts control again when the analyzer returns it.

HP-IB Remote Programming
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In general, use the talker/listener mode for programming the analyzer unless you desire direct
peripheral access. Preset does not affect the selected bus mode, but the bus mode returns talker/

listener if power is cycled.

Chapter 10 explains 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
provided 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 Chapter10 for
information on default addresses, and on setting and changing addresses. These addresses are not
affected when you press [PRESET] or cycle the power (although the [PRESET] key must be pressed to
implement a change to the analyzer address).

VALID CHARACTERS

The analyzer accepts ASCII letters, numbers, decimal points, +/—, semicolons, quotation marks (*),

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.

CODE NAMING CONVENTION

The analyzer HP-IB commands are derived from their front panel key titles (where possible), according
to the naming convention below.

Convention Key Title For HP-IB 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 Marker —Center First Four Letters of Both MARKCENT
in a Group Gate —~Span GATESPAN
Three Words Cal Kit N 50Q First Three Letters of First Word CALKNS50
Pen Num Data First Letter of Second Word PENNDATA
First Four Letters of Third Word :

Some codes require appendages (on, off, 1, 2, etc.). Codes that have no front panel equivalent are HP-
IB only commands, and use a similar convention based on the common name of the function. Where
possible, analyzer codes are compatible with HP 8510A/B codes.

Front panel equivalent codes and HP-IB only codes are summarized in the HP-IB Quick Reference.
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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 NS
Picoseconds PS
Femtoseconds FS
Hertz HZ
Kilohertz : KHZ
Megahertz MHZ
Gigahertz GHZ
dB or dBm DB
Volts Y

Terminators are used to indicate the end of a command to allow the analyzer to recover to 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. o o S

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 scroll incoming HP-IB commands across the display. Nonprintable characters
are represented with a n. Any time the analyzer receives a syntax error, the commands halt, and a
pointer A indicates the misunderstood character. The HP-IB Programming Guide explains how to clear
a syntax error.

DISPLAY GRAPHICS

The analyzer di’splay can be used as a graphics display for displaying connection diagramé or custom
instructions to an operator. The display accepts a subset of Hewlett-Packard Graphics Language (HP-

GL) commands issued by an external computer. Some user graphics can be created using the test -

sequencing feature.

NOTE: The analyzer display occupies an additional address on the HP-IB. Determine the display bus
address by adding 1 to the analyzer address (if the analyzer address is an even number), or subtracting
1 (if it is an odd number). Thus the factory default display address for graphics is 17.

HP-IB Remote Programming
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HP-IB Programming Guide

(D Jrerel

For the HP 8752A and HP 8753C Network Analyzers with the
HP 9000 series 200/300 desktop computer (BASIC)

Introduction

This programming guide is an introduction to remote op-
eration of the HP 8752A and 8753C Network Analyzers
using an HP 9000 series 200 or 300 computer. It is a tuto-
rial introduction, using BASIC programming examples.
The examples are on the Example Programs disk (part
number 08753-10014), included with the operating manual.
This document is closely associated with the HP-IB

Quick Reference for the HP 8700-series network ana-
lyzers. The HP-IB Quick Reference provides complete pro-
gramming information in a concise format. Included in the
HP-IB Quick Reference are both functional and alphabeti-
cal lists of HP-IB commands. The Quick Reference also
lists HP-IB commands, along with its softkey menu expla-
nations.

The Hewlett-Packard computers specifically addressed are
the HP 9000 series 200 and 300 computers, operating with
BASIC 2.0 with AP2_1, or BASIC 3.0 or higher. This in-
cludes the 216 (9816), 217 (9817), 220 (9920), 226 (9826),
236 (9836), 310 and 320 computers.

The reader should become familiar with the operation of
the network analyzer before controlling it over HP-IB.
This document is not intended to teach BASIC program-
ming or to discuss HP-IB theory except at an introductory
level: read “For more information,” next, for documents
better suited to these tasks.

For more information

For more information concerning the operation of the
network analyzer, refer to the following:

User’s Guide
Quick Reference
Operating Manual

For more information concerning BASIC, see the manual
set for the BASIC revision being used. For example:

BASIC 5.0 Programming Techniques 98613-90012
BASIC 5.0 Language Reference 98613-90052

For more information concerning HP-IB, see:

BASIC 5.0 Interfacing Technigues
Tutorial Description of the Hewlett—Packard

98613-90022

Interface Bus _ 5952-0156
Condensed Description of the Hewlett—Packard
Interface Bus 59401-90030
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Required equipment

To run the examples of this Programming Guide, the fol-
lowing equipment is required:

1. HP 8752A or 8753C Network Analyzer.

2. HP 9000 series 200 or 300 computer with enough
memory to hold BASIC, needed binaries, and at least
64 kBytes of program space. In addition, 512 kBytes are
needed for BASIC 3.0 or higher operating systems,
with the binaries suggested in step 2 in the section
Powering up the system. A disk drive (e.g. HP
9122) is required to load BASIC if no internal disk
drive is available.

3. HP BASIC 2.0 with AP2-1, or BASIC 3.0 or higher
operating system.

4. HP 10833A/B/C/D HP-IB cables to interconnect the
computer, the network analyzer, and any peripherals.

Microsoft® is a U.S. registered trademark of Microsoft Corporation.
MS-DOS® is a U.S. registered trademark of Microsoft Corporation.

Optional equipment
1. HP 85032B 50 ohm type-N calibration kit.
2. HP 11852D test port return cables.

3. A test device such as a filter to use in the example
measurement programs.

4. HP 7440A ColorPro plotter, an HP 2225A Thinkjet
printer, or an HP 9122 or HP 9153 CS80 disk drive. See
the General Information section of the manual for a
more complete list of compatible peripherals.

Using other computers

Although the examples in this guide apply only to the
equipment listed above, other computers can control the
network analyzer.

* HP VECTRA Personal Computer using an HP 82300
BASIC Language Processor.

¢ MS-DOS® compatible computer (PC) with HP 8§2990A
“HP-IB Interface and Command Library”. Microsoft®
Quick BASIC 4.0 is fully compatible with the HP
82990A.

Powering up the system

1. Set up the network analyzer as shown in Figure 1.
Connect the network analyzer to the computer with an
HP-IB cable. The network analyzer has only one HP-
IB interface, but it occupies two addresses: one for the
instrument, one for the display. The display address is
the instrument address with the least significant bit
complemented. The default addresses are 16 for the
instrument, 17 for the display. Devices on the HP-IB
cannot occupy the same address as the network
analyzer.

2. Turn on the computer and load the BASIC operating
system. For BASIC 2.0, load AP2-1 if available. If
BASIC 3.0 or higher is used, load the following BASIC
binary extensions: HPIB, GRAPH, 10, KBD, and
ERR. Depending on the disk drive, a binary such as
CS80 may be also required.

3. Turn the network analyzer on. To verify the network
analyzer’s address, press [LOCAL] [SET ADDRESSES]
and [ADDRESS: 875x]. If the address has been changed
from the default value (16), return it to 16 while per-
forming the examples in this document by pressing [1]
[6] [x1] and then pressetting the instrument. Make sure
the instrument is in either [USE PASS CONTROL] or
[TALKER/LISTENER] mode, as indicated under the
[LOCAL] key. These are the only modes in which the
network analyzer will accept commands over HP-IB.

4. On the computer, type the following: OUTPUT 716;
"PRES ; "[EXECUTE] or [RETURN]) This will preset
the network analyzer. If Preset does not occur, there is
a problem. First check all HP-IB addresses and con-
nections: most HP-IB problems are caused by an incor-
rect address-and bad or loose HP-IB cables.



NOTE: Only the 9826 and 9836 computers have an
[EXECUTE] key. The HP 216 has an [EXEC] key with the
same function. All other computers use the [RETURN]
key as both execute and enter. The notation [EXECUTE]
is used in this document.

NETHORK ANALYZER

SERIES 300 CONTROLLER

DISK DRIVE

==

GRRPHICS PLOTTER

Figure 1. HP-IB connections in a typical setup.

Basic Instrument Control

A computer controls the network analyzer by sending it
commands over HP-IB. The commands are specific to the
network analyzer. Each command is executed automatical-
ly, taking precedence over manual control of the network
analyzer. A command applies only to the active channel
except where functions are coupled between channels, just
as with front panel operation. Most commands are equiva-
lent to front panel functions. For example, type:

OUTPUT 716;"STAR 10 MHZ;" and press [EXECUTE].

The network analyzer now has a start frequency of 10
MHz. The construction of the command is:

OUTPUT 716;"STAR 10 MHZ;"

The BASIC data The network analyzer
output statement. The mnemonic for setting the
data is directed to ~  start frequency. The mne-

interface 7 (HIP-IB),
and on out to the
device at address 16
(the network analyzer).

monic, less the quotation
marks, is sent literally by
the OUTPUT statement,
followed by a carriage re-
turn, line feed.

The STAR 10 MHZ; command performs the same func-
tion as pressing [START] and keying in 10 [M/u]. STAR is

" the root mnemonic for the start key, 10 is the data, and
MHZ are the units. The network analyzer’s root mnemon-
ics are derived from the equivalent key label where possi-
ble, otherwise from the common name for the function.
The HP-IB Quick Reference lists all the root mnemonics,
and all the different units accepted.

The semicolon following MHZ terminates the command
inside the network analyzer. It removes start frequency
from the active entry area, and prepares the network ana-
Iyzer for the next command. If there is a syntax error in a
command, the network analyzer will ignore the command
and look for the next terminator. When it finds the next
terminator, it starts processing incoming commands nor-
mally. Characters between the syntax error and the next
terminator are lost. A line feed also acts as terminator.
The BASIC OUTPUT statement transmits a carriage re-
turn, line feed following the data. This can be suppressed
by putting a semicolon at the end of the statement.

The OUTPUT 716; statement will transmit all items
listed, as long as they are separated by commas or semico-
lons. It will transmit literal information enclosed in
quotes, numeric variables, string variables, and arrays. A
carriage return, line feed is transmitted after each item.
This can be stopped by separating items with semicolons
instead of commas.

The front panel remote (R) and listen (L) HP-IB status
indicators are on. The network analyzer automatically
goes into remote mode when sent a command with the
OUTPUT statement. In remote mode, the network analyz-
er ignores all front panel keys except the local key. Press-
ing the [LOCAL] key returns the network analyzer to
manual operation, unless the universal HP-IB command
LOCAL LOCKOUT 7 has been issued. The only way to
get out of local lockout is to issue the LOCAL 7 com-
mand, or cycle power on the network analyzer.

Setting a parameter is one form of command the network
analyzer will accept. It will also accept simple commands
that require no operand. For example, execute:

OUTPUT 716; "AUTO;"

In response, the network analyzer autoscales the active
channel. Autoscale only applies to the active channel, un-
like start frequency, which applies to both channels as
long as the channels are stimulus coupled.

The network analyzer will also accept commands that turn
various functions on and off. Execute:

OUTPUT 716; "DUACON;"

This causes the network analyzer to display both channels.
To go back to single channel display mode, execute:

OUTPUT 716; "DUACOFF;" -

The construction of the command starts with the root
mnemonic DUAC (dual channel display,) and ON or OFF
appended to the root to form the entire command.

The network analyzer does not distinguish between upper
and lower case letters. For example, execute:

OUTPUT 716; "auto;" The network analyzer also has a
debug mode to aid in trouble-shooting systems. When
debug mode is on, thenetwork analyzer scrolls incoming
HP-IB commands across the display. To turn the mode on
manually, press [LOCAL] /HP-IB DIAG ON]. To turmn it
on over HP-IB, execute:

OUTPUT 716; "DEBUON;"



Command interrogate

Suppose the operator has changed the power level from
the front panel. The computer can find the new level by
using the network analyzer’s command interrogate func-
tion. If a question mark is appended to the root of a com-
mand, the network analyzer will output the value of that
function. For instance, POWE 5 DB; sets the output
power to 5 dB, and POWE?; outputs the current RF out-
put power at the test port. For example, type SCRATCH
and press [EXECUTE] to clear old programs. Type EDIT
and press [EXECUTE] to get into the edit mode. Then

type in:

10 OUTPUT 716; "POWE?;"
20 ENTER 716;Reply

30 DISP Reply

40 END

Run the program. The computer will display the source

power level in dBm. The preset level is 0 dBm. Change
the power level by pressing [LOCAL] [MENU] [POWER]
and then entering [1] [x1]. Run the program again.

When the network analyzer receives POWE?, it prepares to
transmit the current RF source power level. The BASIC
statement ENTER 716 allows the network analyzer to
transmit information to the computer by addressing it to
talk. This turns the network analyzer front panel talk light
(T) on. The computer places the data transmitted by the
network analyzer into the variables listed in the enter
statement..In this-case, the network analyzer transmits the
output power, which gets placed in the variable Reply.

The ENTER statement takes the stream of binary data
output by the network analyzer and reformats it back into
numbers and ASCII strings. With the formatting in its
default state, the enter statement will format the data
into real variables, integers, or ASCII strings, depending
on the variable being filled. The variable list must match
the data the network analyzer has to transmit: if there are
too few variables, data is lost, and if there are too many
variables for the data available, a BASIC error is gener-
ated.

The formatting done by the enter statement can be

- changed. As discussed in Data transfer from analyzer to
computer, the formatting can be turned off to allow
binary transfers of data. Also, the ENTER USING state-
ment can be used to selectively control the formatting.

On/off commands can be also be interrogated. The reply
is a one if the function is on, a zero if it is off. Similarly,
if a command controls a function that is underlined on
the network analyzer display when active, interrogating
that command yields a one if the command is underlined,
a zero if it is not. For example, there are nine options on
the format menu: only one is underlined at a time. The
underlined option will return a one when interrogated.

For instance, rewrite line 10 as:
10 OUTPUT 716; "DUAC?;"

Run the pro once, note the result, then press [LO-
CAL] [DISPLAY] [DUAL CHAN] to toggle the display
mode, and run the program again.

Another example is to rewrite line 10 as:

10 OUTPUT 716;"PHAS?;"

In this case, the program will display a one if phase is
currently being displayed. Since the command only applies
to the active channel, the response to the PHAS? inquiry
depends on which channel is active.

Held commands

When the network analyzer is executing a command that
cannot be interrupted, it will hold off processing new HP-
IB commands. It will fill the 16 character input buffer,
and then halt HP-IB until the held command has com-
pleted execution. This action will be clear to a program-
mer unless HP-IB timeouts have been set with the ON
TIMEOUT statement.

While a held command is executing, the network analyzer
will still service the HP-IB interface commands, such as
SPOLL(716), CLEAR 716, and ABORT 7. Executing
CLEAR 716 or CLEAR 7 will abort a command hold
off, leaving the held command to complete execution as if
it had been begun from the front panel. These commands
also clear the input buffer, destroying any commands re-
ceived after the held command. If the network analyzer
has halted the bus because its input buffer was full,
ABORT 7 will release the bus.

Operation complete

Occasionally, there is a need to find out when certain op-

erations have completed inside the network analyzer. For

instance, a program should not have the operator connect
the next calibration standard while the network analyzer is
still measuring the current one.

To provide such information, the network analyzer has an
Operation Complete reporting mechanism that will indi-
cate when certain key commands have completed opera-
tion. The mechanism is activated by sending either OPC
or OPC? immediately before an OPC’able command.
When the command completes execution, bit 0 of the
event status register will be set. If OPC was interrogated
with OPC?, the network analyzer will output a 1 when the
command completes execution.
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INTRODUCTION

The analyzer is factory-equipped with a remote programming digital 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, worldwide standards for interfacing instruments.) This allows 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 to a compatible disk drive. .

This chapter provides an overview of HP-IB operation. Chapter 10 provides information on different
controller modes, and on setting up the analyzer as a controller of peripherals. It also explains how to
use the analyzer as a controller to print, plot, and store to an external disk. HP-IB equivalent
mnemonics for front panel functions are provided in parentheses throughout this manual.

More complete information on programming the analyzer remotely over HP-IB is provided in the
following documents:

® HP-IB Programming Guide for the HP 8752A and HP 8753C Using the HP 9000 Series 200/300
Desktop Computer (BASIC). This is a tutorial introduction to remote operation of the analyzer using
an HP 9000 series 200 or 300 computer. It includes examples of remote measurements using
BASIC programming. These examples are also stored on the example programs disk provided
with the analyzer. The HP-IB Programming Guide assumes familiarity with front panel operation of
the instrument.
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® HP-IB Quick Reference for the HP 8700-Series Analyzers. This is a complete reference summary for
remote operation of the analyzer with a controller. It includes both functional and alphabetical lists
of all analyzer 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 Hewlett-Packard
Interface Bus, HP publication 5952-0156. For more information on the IEEE-488.1 standard refer to /EEE
Standard Digital Interface for Programmable Instrumentation, published by the Institute of Electrical and
Electronics Engineers, inc., 345 East 47th Street, New York, New York 10017.

HOW HP-IB WORKS

The HP-IB uses a party-line bus structure in which up to 15 devices can be connected on one
contiguous 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 paraliel.

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 voltmeters, 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 it is controlied over the bus by a
computer.

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 controliers include desktop
computers and minicomputers. In a multiple-controller system, active control can be passed between
controllers, but there can only be one system controller, which acts as the master, and can regain active
control at any time. The analyzer is an active controller when it plots, prints, or stores to 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 10 under HP-IB Menu.

HP-IB Remote Programming
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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 data
formats are available to the analyzer. In addition, every byte transferred over HP-IB undergoes a
handshake to 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
performed automatically, which makes it transparent to the programmer.

Control Lines

The data bus also has five control lines that the controlier uses both to send bus commands and to
address devices.

IFC. Interface Clear. Only the system controller 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 databus 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 carry
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
reasons.

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

[LOCAL] 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
transmission, or by an active controller to initiate a parallel poll sequence. The analyzer recognizes the
EOl line as a terminator, and it pulls the EOI line with the last byte of a message output (data, markers,
plots, prints, error messages). The analyzer does not respond to paraliel poll.

Figure 3-1 illustrates the structure of the HP-IB bus lines.
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DEVICE A

Able to talk,
listen & control

DEVICE B
Able to talk & listen

DEVICE C

Able to
listen only

DEVICE D
Able to

talk only
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HP-IB REQUIREMENTS

Number of Interconnected Devices: 15 maximum.

Interconnection Path/ 20 meters maximum or 2 meters per device, whichever is less.
Maximum Cable Length:

Message Transfer Scheme: Byte serial/ bit parallel asynchronous data transfer using a 3-
line handshake system.

Data Rate: ‘Maximum of 1 megabyte per second over limited distances
with tri-state drivers. Actual data rate depends on the transfer
rate of the slowest device involved.

Address Capability: Primary addresses: 31 talk, 31 listen. A maximum of 1 talker
and 14 listeners at one time.

Muitiple Controller Capability: In systems with more than one controller (like the analyzer
system), only one can be active at a time. The active controller
can pass control to another controller, but only the system
controller can assume unconditional control. Only one system
controller is allowed. The system controller is hard-wired to
assume bus control after a power failure.

ANALYZER HP-IB CAPABILITIES

As defined by the IEEE 488.1 standard, the analyzer has the following capabilities:

SH1 Full source handshake.

AH1 Full acceptor handshake.

T6 Basic talker, answers serial poll, unaddresses if MLA is issued. No talk-only mode.
L4 Basic listener, unaddresses if MTA is issued. No listen-only mode.

SR1 Complete service request (SRQ) capabilities.

RL1 Complete remote/local capability including local lockout.

PPO Does not respond to paraliel poll.

DC1 Complete device clear.

DT1 Responds to a group execute trigger in the hold trigger mode.

C1,C2,C3 System controller capabilities in system controller mode.
C10 Pass control capabilities in pass control mode.

E2 Tri-state drivers.

HP 8752 HP-IB Remote Programming
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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 DISK DRIVE

= ==

-

o 1

®) ) © _
HP-IB

NETHORK RMALYZER

HOST CONTROLLER

Figure 3-2. 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
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
addressing the analyzer to talk, addressing the peripheral to listen, and placing the HP-IB in the data
mode.

Pass Control. This mode allows 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 disk.
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 controller accepts control again when the analyzer returns it.

HP-IB Remote Programming
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In general, use the talker/listener mode for programming the analyzer unless you desire direct
peripheral access. Preset does not affect the selected bus mode, but the bus mode returns talker/
listener if power is cycled.

Chapter 10 explains 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
provided 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 10 for
information on default addresses, and on setting and changing addresses. These addresses are not
affected when you press [PRESET] or cycle the power (although the [PRESET] key must be pressed to
implement a change to the analyzer address).

VALID CHARACTERS

The analyzer accepts ASCI! letters, numbers, decimal points, +/—, semicolons, quotation marks (*),
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. Aninvalid character causes a syntax error. Syntax errors are
described in more detail under in the HP-IB Programming Guide.

CODE NAMING CONVENTION

The analyzer HP-IB commands are derived from their front panel key titles (where possible), according
to the naming convention below. '

Convention Key Title For HP-IB 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 Marker —Center First Four Letters of Both MARKCENT
in a Group Gate —Span GATESPAN
Three Words Cal Kit N 50Q First Three Letters of First Word CALKNS0
Pen Num Data First Letter of Second Word PENNDATA
First Four Letters of Third Word

Some codes require appendages (on, off, 1, 2, etc.). Codes that have no front panel equivalent are HP-
IB only commands, and use a similar convention based on the common name of the function. Where
possible, analyzer codes are compatible with HP 8510A/B codes.

Front panel equivalent codes and HP-IB only codes are summarized in the HP-IB Quick Reference.

HP 8752 HP-IB Remote Programming
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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 NS
Picoseconds PS
Femtoseconds FS
Hertz HZ
Kilohertz KHZ
Megahertz MHZ
Gigahertz GHZ
dB or dBm DB
Volts \"

Terminators are used to indicate the end of a command to allow the analyzer to recover to 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 scroll incoming HP-IB commands across the display. Nonprintable characters
are represented with a . Any time the analyzer receives a syntax error, the commands hait, and a
pointer A indicates the misunderstood character. The HP-IB Programming Guide explains how to clear

a syntax error.

DISPLAY GRAPHICS

The analyzer display can be used as a graphics display for displaying connection diagrams or custom
instructions to an operator. The display accepts a subset of Hewlett-Packard Graphics Language (HP-
GL) commands issued by an external computer. Some user graphics can be created using the test

sequencing feature.

NOTE: The analyzer display occupies an additional address on the HP-IB. Determine the display bus
address by adding 1to the analyzer address (if the analyzer address is an even number), or subtracting
1 (if it is an odd number). Thus the factory default display address for graphics is 17.

HP-IB Remote Programming
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As an example: type SCRATCH, press [EXECUTE], type EDIT, press [EXECUTE], and type
in the following program:

10 OUTPUT 716;"SWET 3 Set the sweep time to 3 seconds, and OPC a single
S;0PC?; SING;" sweep. '

20 DISP "SWEEPING"

30 ENTER 716;Reply The program will halt until the network analyzer

completes the sweep and issues a one.
40 DISP "DONE"
50 END

Running this program causes the computer to display the sweeping message for about 3 sec-
onds, as the instrument executes the sweep. The computer will display DONE just as the
instrument goes into hold. When the DONE message appears, the program could then con-
tinue on, being assured that there is a valid data trace in the instrument. Without single
sweep, we would have had to wait at least two sweep times to ensure good data.

Preparing for HP-IB control

At the beginning of a program, the network analyzer has to be taken from an unknown
state and brought under computer control. One way to do this is with an abort/clear se-
quence. ABORT 7 is used to halt bus activity and return control to the computer. CLEAR
716 will then prepare the network analyzer to receive commands by clearing syntax errors,
the input command buffer, and any messages waiting to be output.

The abort/clear sequence makes the network analyzer ready to receive HP-IB commands.
The next step is to put the network analyzer into a known state. The most convenient way
to do this is to send PRES, which returns the instrument to the preset state. If preset can-
not be used and the status reporting mechanism is going to be used, CLES can be-sent to
clear all of the status reporting registers and their enables.

Type SCRATCH, press [EXECUTE], type EDIT, press [EXECUTE], and type in the follow-
ing program:

10 ABORT 7 This halts all bus action and gives active
control to the computer.
20 CLEAR 716 This clears all HP-IB errors, resets the

HP-IB interface, clears syntax errors. It
does not affect the status reporting
system.

30 OUTPUT 716;"PRES;" Preset the instrument. This clears the
status reporting system, as well as
resetting all the front panel settings,
except the HP-IB mode and HP-IB
addresses.

40 END

This program brings the network analyzer to a known state, ready to respond to HP-IB con-
trol. ’

The network analyzer will not respond to HP-IB commands unless the remote line is as-
serted. When the remote line is asserted and the network analyzer is addressed to listen, it
automatically goes into remote mode. Remote mode means that all the front panel keys are
disabled except [LOCAL] and the line power switch. ABORT 7 asserts the remote line,
which remains asserted until a LOCAL 7 statement is executed. Another way to assert the
remote line is to execute:

REMOTE 716



This statement asserts remote and addresses the network analyzer to listen so it goes into
remote mode. Press any front panel key except local. None will respond until you press

[LOCAL].
The local key can also be disabled with the sequence:

REMOTE 716

LOCAL LOCKOUT 7

Now no front panel keys will respond. The HP 8753C can be returned to local mode tempo-
rarily with:

LOCAL 716

But as soon as the HP 8753C is next addressed to listen, it goes back into local lockout. The
only way to clear local lockout, aside from cycling power, is to execute:

LOCAL 7

Which un-asserts the remote line on the interface. This puts the instrument into local
mode and clears local lockout. Be sure to put the instrument back into remote mode.

Measurement Programming

The previous section of this document outlined how to get commands into the network ana-
lyzer. The next step is to organize the commands into a measurement sequence. A typical
measurement sequence consists of the following steps:

Set up the instrument.
Calibrate.

Connect the device.
Take data.

Post process data.
Transfer data.

Set up the instrument

Define the measurement by setting all of the basic measurement parameters. These include
all the stimulus parameters: sweep type, span, sweep time, number of points, and RF power
. level. They also include the parameter to be measured, and both IF averaging and IF band-

width. These parameters define the way data is gathered and processed within the instru-
ment, and to change one requires that a new sweep be taken.

There are other parameters that can be set within the instrument that do not affect data
gathering directly, such as smoothing, trace scaling or trace math. These functions are
classed as post processing functions: they can be changed with the instrument in hold mode,
and the data will correctly reflect the current state.

The save/recall registers and the learn string are two rapid ways of setting up an entire in-
strument state. The learn string is a summary of the instrument state compacted into a
string that can be read into the computer and retransmitted to the network analyzer. See
Example 6A, Using the learn string, for a discussion of how to do this.

Calibrate

Measurement calibration is normally performed once the instrument state has been defined.
Measurement calibration is not required to make a measurement, but it does improve the
accuracy of the data.

There are several ways to calibrate the instrument. The simplest is to stop the program and
have the operator perform the calibration from the front panel. Alternatively, the computer
can be used to guide the operator through the calibration, as discussed in Example 2A and
2B, I-port calibration and Full 2-port calibration (HP 8753C only. Full 2-port calibration is
not available in the HP 8752A). The last option is to transfer calibration data from a pre-
vious calibration back into the instrument, as discussed in Example 6C, Reading calibration
data.
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Connect device under test

Have the operator connect and adjust the device. The computer can be used to speed the
adjustment process by setting up such functions as limit testing, bandwidth searches, and

trace statistics. All adjustments take place at this stage so that there is no danger of taking
data from the device while it is being adjusted.

Take data

With the device connected and adjusted, measure its frequency response, and hold the data
within the instrument so that there is a valid trace to analyze.

The single sweep command SING is designed to ensure a valid sweep. All stimulus changes

are completed before the sweep is started, and the HP-IB hold state is not released until
the formatted trace is displayed. When the sweep is complete, the instrument is put into
hold, freezing the data inside the instrument. Because single sweep is OPC’able, it is easy
to determine when the sweep has been completed.

The number of groups command NUMGn is designed to work the same as single sweep, ex-
cept that it triggers n sweeps. This is useful, for example, in making a measurement with an
averaging factor n. (n can be 1 to 999). Both single sweep and number of groups restart av-

eraging.
Post process

With valid data to operate on, the post-processing functions can be used. Referring ahead
to Figure 2, any function that affects the data after the error correction stage can be used.
The most useful functions are trace statistics, marker searches, electrical delay offset, time
domain, and gating. If a 2-port calibration is active, then any of the four S-parameters can
be viewed without taking a new sweep.

Transfer data

Lastly, read the results out of the instrument. All the data output commands are designed
to ensure that the data transmitted reflects the current state of the instrument:

e OUTPDATA, OUTPRAWn, and OUTPFORM will not transmit data until all formatting func-
tions have completed.

e OUTPLIML, OUTPLIMM, and OUTPLIMF will not transmit data until limit test has oc-
curred, if on.

e OUTPMARK will activate a marker if one is not already selected, and it will make sure that
any current marker searches have completed before transmitting data.

e OUTPMSTA makes sure that statistics have been calculated for the current trace before
transmitting data. If statistics is not on, it will turn statistics on to update the current val-
ues, and then turn it off.

e OUTPMWID makes sure that a bandwidth search has been executed for the current trace
before transmitting data. If bandwidth search is not on, it will turn the search on to update
the current values, and then turn it off.

Data transfer is discussed further in Examples 3A through 3C, Data transfer using ASCII
transfer format, etc.



Basic Programming Examples

Example 1: Setting up a basic measurement

In general, the procedure for setting up measurements on the network analyzer via HP-IB
follows the same sequence as if the setup was performed manually. There is no required
order, as long as the desired frequency range, number of points and power level are set
prior to performing the calibration.

This example illustrates how a basic measurement can be set up on the network analyzer.
The program will first select the desired parameter, the measurement format, and then the
frequency range. Performing calibrations is described later.

By interrogating the analyzer to determine the actual values of the start and stop frequen-
cies, the computer can keep track of the actual frequencies.

This example program is stored on the Example Programs disk as IPG1.

10 ABORT 7
20 CLEAR 716 Prepare for HP-IB control.
30 OUTPUT 716;"PRES;" Preset the network analyzer.

40 OUTPUT 716;"CHAN1; S11; LOGM;" Make channel 1 the active channel, and
measure the reflection parameter, Sq4
for the HP 8753C, or REFL for the HP
8752A, displaying its magnitude in dB.

50 OUTPUT 716;"CHAN2; S11; PHAS;" Make channel 2 the active channel, and
measure the phase of S11 on it.
60 OUTPUT 716; "DUACON; " Tell the analyzer to display both channels
’ simultaneously.
70 INPUT "ENTER START FREQUENCY Input a start frequency.
(MHz) :",F_start
80 INPUT "ENTER STOP FREQUENCY Input a stop frequency.
i (MHz) :",F_stop
90 OUTPUT 716;"STAR"; Set the start frequency to F_start.
F_start;"MHZ;"
100 OUTPUT 716;"STOP";F_stop; Set the stop frequency to F_stop.
IIM}.IZ , "
110 DISP F_start, F_Stop Show the current start and stop
frequencies.
120 END

Running the program

The program sets up a measurement of reflection log magnitude on channel 1, reflection
phase on channel 2, and turns on the dual channel display mode. When prompted for start
and stop frequencies, enter any value in MHz from 0.3 (300 kHz) to 3 GHz (1.3 GHz for
the HP 8752A). These will be entered into the network analyzer, and the frequencies will

be displayed.

Performing a measurement calibration

This section will demonstrate how to coordinate a measurement calibration over HP-IB.
The HP-IB program follows the keystrokes required to calibrate from the front panel: there |
is a command for every step.



The general key sequence is to select the calibration, measure the calibration standards, and
then declare the calibration done. The actual sequence depends on the calibration kit and
changes slightly for 2-port calibrations*, which are divided into three calibration sub-se-

quences.

Calibration kits

The calibration kit tells the network analyzer what standards to expect at each step of the
calibration. The set of standards associated with a given calibration is termed a class. For
example, measuring the short during a 1-port calibration is one calibration step. All of the
shorts that can be used for this calibration step make up the class, which is called class
S44B. For the 7 mm* and the 3.5 mm cal kits, class S14B has only one standard in it. For
type-N cal kits, class S14B has two standards in it: male and female shorts. '

When doing a 1-port calibration in 7* or 3.5 mm, selecting /[SHORT] automatically measures
the short because there is only one standard in the class. When doing the same calibration
in type-N, selecting [SHORTS] brings up a second menu, allowing the user to select which
standard in the class is to be measured. The sex listed refers to the test port: if the test port
is female, then the user selects the female short option.

Doing a 1-port calibration over HP-IB is very similar. In 7* or 3.5 mm, sending CLASS11B
will automatically measure the short. In type-N, sending CLASS11B brings up the menu
with the male and female short options. To select a standard, use STANA or STANB. The
STAN command is appended with the letters A through G, corresponding to the standards
listed under softkeys 1 through 7, softkey 1 being the topmost softkey.

The STAN command is OPC’able. A command that calls a class is only OPC’able if that
class has only one standard in it. If there is more than one standard in a class, the com-
mand that calls the class only brings up another menu, and there is no need to OPC it.

Hence, both the manual -and HP=IB calibration sequences depend heavily on which calibra-
tion kit is active.
Full 2-port calibrations (HP 8753C only)

Each full 2-port measurement calibration is divided into three sub-sequences: transmission,
reflection, and isolation. Each subsequence is treated like a calibration in its own right: each
must be opened, have all the standards measured, and then be declared done.

The opening and closing statements for the transmission sub-sequence are TRAN and TRAD.
The opening and closing statements for the reflection sub-sequence are REFL and REFD.
The opening and closing statements for isolation are ISOL and ISOD.

*HP 8753 only.



Example 2A: 1-port calibration

To demonstrate coordinating a calibration over HP-IB, the following program does a 1-port
calibration, using the HP 85032B 50 ohm type-N calibration kit. This program simplifies the
calibration for the operator by giving explicit directions on the network analyzer display, and
allowing the user to continue the program from the network analyzer front panel.

This example program is stored on the Example Programs disk as IPG2A.

10
20
30

40

50

60

70

80

90

100
110

120

130
140

ABORT 7
CLEAR 716

OUTPUT 716; "CALKNSO;
MENUOFF ;CLES;ESE 64;"

OUTPUT 716;"CALIS111;"

CALL Waitforkey ("CONNECT
LOAD AT PORT 1")

OUTPUT 716;"OPC?; CLASS11C;"

ENTER 716;Reply

CALL Waitforkey ("CONNECT
OPEN AT PORT 1")

OUTPUT 716; "CLASS11A; OPC?;
STAN; "

ENTER 716;Reply

CALL Waitforkey ("CONNECT
SHORT LOAD AT PORT 1")

OUTPUT 716;"CLASS11B; OPC?;
STANB; " '

ENTER 716;Reply
OUTPUT 717;"PG;"

10

Prepare for HP-IB control.

This is the minimum instrument set up: the
50 ohm type-N cal kit is selected, the soft-
key menu is turned off, and the status re-
porting system is set up so that bit 6, User
Request, of the event status register, is
summarized by bit 5 of the status byte. This
allows us to detect a key press with a serial
poll. Refer to Appendix A.

Open the calibration by calling thé S11
1-port calibration.

Now ask for the load, and wait for the oper-
ator. The Waitforkey subroutine will not
return until the operator presses a key on
the front panel of the network analyzer.

There is only one choice in this class, so the
CLASS command is OPC’able. Using the
OPC? command causes the program to wait
until the standard has been measured be-
fore continuing. This is very important, be-
cause the prompt to connect the next stan-
dard should only appear after the first stan-
dard is measured.

Wait until the network analyzer is done with
the standard.

Ask for an open, and wait for the operator
to connect it.

Measure the open. There is more than one
standard in this loads class, so we must
identify the specific standard within that
class. The female open is the second softkey
selection from the top in the menu, so
select a lowband load as the standard using
the command STANB.

‘Wait for the standard to be measured.

Have the operator connect the short and
wait for a reply.

There is more than one standard in the
short class, too. The specific standard is the
female short, or STAN B. Measure the
short.

‘Wait for the standard to be measured.

The PG command sent to the display clears
the user graphics, removing the last prompt.



150

160

170

180

190

200
210

220

230

240

250

260

270
280

290

DISP "COMPUTING CALIBRATION
COEFFICIENTS"

OUTPUT 716; "DONE;OPC?;
SAV1;"

ENTER 716;Reply

DISP "1-PORT CAL COMPLETED.
CONNECT TEST DEVICE."

OUTPUT 716; "MENUON;"

END
SUB Waitforkey(Lab$)

DISP Lab$

OUTPUT 717;"PG;PU;PA390,
3600; PD;LB";Lab$;", PRESS
ANY KEY WHEN READY;"

CLEAR 716

OUTPUT 716;"ESR?;"

ENTER 716;Estat
Stat=SPOLL (716)

IF NOT BIT(Stat,5) THEN GOTO
340

SUBEND

Running the program

Affirm the completion of the calibration,
and save the calibration.

Wait until the network analyzer is done
calculating the calibration coefficients
before allowing the program to go on.

The calibration is complete, so turn the
softkey menu back on.

This subroutine displays the passed message
on the network analyzer, and waits for the
operator to press a key. It assumes that bit
6, User Request, of the event status register
has been enabled.

First, display a message on the computer in
case the operator has returned to the
computer keyboard. ‘

This statement writes on the network ana-
lyzer’s display. PG (page) clears old user
graphics. PU (pen up) prevents anything
from being drawn. PA390, 3600; moves
the logical pen to just above the message
area on the display. PD (pen down) enables
drawing. LB (label) writes the message on
the display. The label command is termi-
nated with an ETX symbol, which is
[CTRL] [C] (pressed simultaneously) on the
keyboard. ‘

Clear the message line on the network
analyzer.

Clear the latched User Request bit so that
old key presses will not trigger a
measurement.

Now wait for a key press to be reported.

The program assumes that the port being calibrated is a 50 ohm, type-N female test port.
The prompts appear just above the message line on the network analyzer display. Pressing
any key on the front panel of the network analyzer continues the program and measures the
standard. The program will display a message when the measurement calibration is com-

plete.

Before running the program, set up the desired instrument state. This program does not
modify the instrument state in any way. Run the program, and connect the standards as
prompted. When the standard is connected, press any key on the network analyzer’s front
panel to measure it. .
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Example 2B: Full 2-port measurement calibration
(HP 8753C only)

This example shows how to perform a full 2-port measurement calibration using the HP
85032B calibration kit. The main difference between this example and Example 2A is that in
this case, the calibration process allows removal of both the forward and reverse error
terms, so that all four S-parameters of the device under test can be measured. Port 1 is a
female test port and Port 2 is a male test port. This exa.mple program is stored on the Ex-

ample Programs disk as IPG2B.

10 ABORT 7

20 CLEAR 716

30 OUTPUT 716; "CALKN50;

40

50

60

70

80

90

100

110
120

130

140
150

MENUOFF;CLES;ESE 64;"

OUTPUT 716; "CALIFUL2;"

~ OUTPUT 716; "REFL;"

CALL Waitforkey ("CONNECT
OPEN AT PORT 1")

OUTPUT 716; "CLASS11A;
OPC?; STANB; "

ENTER 716; Reply

CALL Waitforkey ("CONNECT
SHORT AT PORT 1")

OUTPUT 716;"CLASS11B;
OPC?; STANB; "

ENTER 716;Reply

CALL Waitforkey ("CONNECT
BROADBAND LOAD AT PORT 1")

OUTPUT 716; "OPC?; CLASS11C;"

ENTER 716;Reply

CALL Waitforkey ("CONNECT
OPEN AT PORT 2")
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This is the minimum instrument set up: the
50 ohm type-N kit is selected, the softkey
menu is turned off, and the status reporting
system is set up so that bit 6, User Request,
of the event status register, is summarized
by bit 5 of the status byte. This allows us to
detect a key press with a serial poll. Refer
to Appendix A.

Open the calibration by calling for a full
2-port calibration.

Open the reflection calibration
subsequence.

Ask for the open, and wait for the operator.
The Waitforkey subroutine will not return
until a key on the front panel of the HP
8753C is pressed.

There is more than one standard in the
open class, so we must identify the specific
standard within that class. The female open
selection is the second softkey from the top
in the menu, so we select a broadband load
as the standard using the command STANB.

Wait until the HP 8753C is done with the
standard.

Ask for a short, and wait for the operator to
connect it.

Measure the short.

Wait for the standard to be measured.

Have the operator connect the broadband
load, and wait for his reply.

There is only one choice in this class, so the
CLASS command is OPC’able. Using the
OPC? command causes the program to wait
until the standard has been measured be-
fore continuing. This is important, because
the prompt to connect the next standard
should appear only after the first standard is
measured.

‘Wait for the standard to be measured.

Ask for the male open for port 2, and wait
for the operator.



160

170

180

190

200
210

220
230
240

250

260

270

280

290
300
310
320
330

340
350
360
370
380

390

400

410

420

430
440

OUTPUT 716; "CLASS22A;
OPC?; STANA; "

ENTER 716;

CALL Waitforkey ("CONNECT
SHORT AT PORT 2")

OUTPUT 716;"CLASS22B;
OPC?; STANA;"

ENTER 716;Reply

CALL Waitforkey ("CONNECT
LOAD AT PORT 2")

OUTPUT 716;"OPC?;
ENTER 716;Reply
OUTPUT 716;"REFD;"

DISP "COMPUTING REFLECTION
CALIBRATION COEFFICIENTS"

OUTPUT 716;"TRAN;"

CALL Waitforkey ("CONNECT

THRU (PORT 1 TO PORT 2)")

DISP "MEASURING FORWARD
TRANSMISSION")

OUTPUT 716;"OPC?,;FWDT;"
ENTER 716;Reply
OUTPUT 716;"OPC?;FWDM;"
ENTER 716;Reply

DISP "MEASURING REVERSE
TRANSMISSION")

OUTPUT 716;"OPC?;REVT;"
ENTER 716;Reply

OUTPUT 716;"OPC?;REVM;"
ENTER 716;Reply

OUTPUT 716;"TRAD;"

CLASS22C; "

INPUT "SKIP ISOLATION CAL? Y

OR N.", An$
"IF An$="Y" THEN

OUTPUT 716;"OMII;"
GOTO 520
END IF

CALL Waitforkey ("ISOLATE

TEST PORTS")
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Measure the open.

ReplyWait until the HP 8753C is done with
the standard.

Ask for a male short, and wait for the
operator to connect it.

Measure the short.

Wait for the standard to be measured.

Have the operator connect the load, and
wait for a reply.

Measure the load.
‘Wait for the standard to be measured.

Close the reflection calibration
subsequence.

Open the transmission calibration
subsequence.

Measure forward transmission.

Measure forward load match.

Measure reverse transmission.
Measure reverse load match.

Close the transmission calibration
sub-sequence.

Ask operator if the isolation cal should be
skipped.

If the answer is yes, skip the isolation cal
and branch to the computation of the
calibration coefficients.

Ask operator to isolate the test ports.



450

460

470
480
490

500
5§10
520

530
540

550
560

570
580

590
600
610

620

630
640

650
660

OUTPUT 716;"ISOL;"
AVERFACT10; AVEROON; "

DISP "MEASURING REVERSE
ISOLATION"

OUTPUT 716;"OPC?;REVI;"
ENTER 716;Reply

DISP "MEASURING FORWARD
ISOLATION"

OUTPUT 716; "OPC?;,FWDI;"
ENTER 716;Reply

OUTPUT 716;"ISOD; AVEROOFF;"

OUTPUT 717;"PG;"

DISP
COEFFICIENTS"

OUTPUT 716;"OPC?;SAV2;"
ENTER 716;Reply

DISP
CONNECT TEST DEVICE."

OUTPUT 716; "MENUON;"

END
SUB Waitforkey(Lab$)

DISP Lab$

OUTPUT 717;"PG;PU;PA390,
3600;PD;LB";Lab$;", PRESS
ANY KEY*;"

CLEAR 716
OUTPUT 716;"ESR?;"

ENTER 716;Estat
Stat$zeSPOLL (716)

"COMPUTING CALIBRATION

"DONE FULL 2-PORT CAL.
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Open the isolation calibration subsequence.
Turn on averaging with an averaging factor
of 10 for the isolation cal.

Measure reverse isolation.

Measure forward isolation.

Close the isolation calibration subsequence
and turn off averaging.

The PG command sent to the display clears
the user graphics, removing the last prompt..

Wait until the HP 8753C is done calculating
the calibration coefficients before going on.

The calibration is completed, so turn the
soft key menu back on.

This subroutine displays the passed message
on the HP 8753C, and waits for the opera-
tor to press a key. It assumes that bit 6,
User Request, of the event status register
has been enabled.

First, display a message on the computer in
case the operator has returned to the -
computer keyboard.

This statement writes on the HP 8753C’s
display. PG (page) clears old user graphics.
PU (pen up) prevents anything from being
drawn. PA390, 3600; moves the logical
pen to just above the message area on the
display. PD (pen down) enables drawing. LB
(label) writes the message on the display.
The label command is terminated with an
ETX symbol, which is [CTRL] [C] on the
keyboard.

Clear the message line on the HP 8753C.

Clear the latched User Request bit so that
old key presses will not trigger a
measurement.

Now wait for a key press to be reported.



670 IF NOT BIT(Stat,5) THEN
GOTO 660

680  OUTPUT 717;"PG;" Clear the prompt from the display.
690 SUBEND

Running the program

The program assumes that the test ports being calibrated are type-N, port 1 being a female
test port and port 2 being a male test port. The HP 85032B 50 ohm type-N calibration kit is
to be used. The prompts appear just above the message line on the HP 8753C display.
Pressing any key on the front panel of the HP 8753C continues the program and measures
the standard. The operator has the option of omitting the isolation cal. If the isolation cal is
performed, averaging is automatically employed to ensure a good calibration. The program
will display a message when the measurement calibration is complete.

Before running the program, set up the desired instrument state. This program does not
modify the instrument state in any way. Run the program, and connect the standards as
prompted. When the standard is connected, press any key on the HP 8753C’s front panel to

measure it.

Data transfer from analyzer to computer

Using markers to obtain trace data at specific points

Trace information can be read out of the network analyzer in several ways. Data can be
read off the trace selectively using the markers, or the entire trace can be read out. If only
specific information such as a single point off the trace or the result of a marker search is
needed, the marker output command can be used to read the information. If all the trace
data is needed, seeExamples 3A thru 3C.

To get data off the trace using the mé.rker, the marker first has to be put at the frequency
desired. This is done with the marker commands. For example, execute:

OUTPUT 716;"MARK1 1.20 GHZ;"

This places marker one at 1.20 GHz. If the markers are in continuous mode, the marker
value will be linearly interpolated from the two nearest points if 1.2000 GHz was not
sampled. This interpolation can be prevented by putting the markers into discrete mode.
The key sequence for this is [LOCAL] [MKR] /MARKER MODE MENU] [MARKERS:DIS-
CRETE]. To do it overHP-IB, execute:

OUTPUT 716; "MARKDISC;"

After executing this, note that the marker is may no longer be precisely on 1.20 GHz. (This
depends on the start and stop frequencies).

Another way of using the markers is to let the network analyzer pick the stimulus value on
the basis of one of the marker searches: max, min, target value, or bandwidths search. For
example, execute:

OUTPUT 716; "SEAMAX;"

This executes a one-time trace search for the trace maximum, and puts the marker at that
maximum. In order to continually update the search, turn tracking on. The key sequence is
[MKR FCTN] /[MKR SEARCH] [TRACKING] [SEARCH: MAX]. To do it over HP-IB, execute:

OUTPUT 716 ; "TRACKON; SEAMAX;"

The trace maximum search will stay on this time, until search is turned off, tracking is
turned off, or all markers are turned off. For example, execute:

OUTPUT 716; "MARKOFF;"
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Marker data is read out with the command OUTPMARK. This command causes the network
analyzer to transmit three numbers: marker value 1, marker value 2, and marker stimulus
value. In this case we get the log magnitude at marker 1, zero, and the marker frequency.
See Table 1 for all the different possibilities for values one and two. The third value is fre-
quency in this case, but it could have been time as in time domain (option 010 only) or CW
time.

Type SCRATCH, press [EXECUTE], type EDIT, press [EXECUTE], and then type in the
following program:

10 OUTPUT 716;“SEAMIN; Have the network analyzer search out the
OUTPMARK; " trace minimum, and then output the marker
values at that point.
20 ENTER 716;Vall,Val2,Stim Read marker value 1, marker value 2, and
the stimulus value.
30 DISP Vall,val2,Stim Display the values.
40 END

Run the program. The values displayed by the computer should agree with the marker val-
ues displayed on the network analzyer, except that the second value displayed by the com-
puter will be meaningless in phase and log mag formats. To see the possibilities for different
values, run the program three times: once in log magnitude format, once in phase format,
and once in Smith chart format. To change display format, press [LOCAL] [FORMAT] and
then select the desired format.

Trace transfer

Getting trace data out of the network analyzer with a 200/300 series computer can be bro-
ken down into three steps: : fotan oot mpute

1.  Setting up the receive array.
2. Telling the network analyzer to transmit the data.
3.  Accepting the transferred data.

Data inside the network analyzer is always stored in pairs, to accommodate real/imaginary
pairs, for each data point. Hence, the receiving array has to be two elements wide, and as
deep as the number of points. This memory space for this array must be declared before
any data is to be transfered from the network analyzer to the computer.

The network analyzer can transmit data over HP-IB in five different formats. The type of
format affects what kind of data array is declared (real or integer), since the format deter-
mines what type of data is transferred. Examples for data transfers using different formats
are given below. The first, Example 3A, illustrates the basic transfer using form 4, an ASCII
transfer. For more information on the various data formats, see the section entitled Data
Formats. For information on the various types of data that can be obtained (raw data,
corrected data and so on), see the section entitled Data Levels.

Note that Example 9, Reading disk files into a computer, allows the operator to access disk
files from a computer.
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Table 1. Units as a Function of Display Format
DISPLAY MARKER OUTPMARK OUTPFORM RL;II‘AA%%EUT.;‘
FORMAT MODE valuel, value2 valuel, value2 value, aux value**
LOG MAG dB,* dB,* dB,*
PHASE degrees,* degrees, degrees,*
DELAY seconds, * seconds,* seconds,*
SMITH CHART |LIN MKR lin mag, degrees real, imag lin mag, degrees
LOG MKR |dB, degrees i dB, degrees
Re/Im real, imag i real, imag
R +jX real, imag ohms ? real, imag ohms
G+ jB real, imag Siemens ? real, imag Siemens
POLAR LIN MKR lin mag, degrees real, imag lin mag, degrees
LOG MKR |dB, degrees ? dB, degrees
Re/Im real, imag i real, imag
LIN MAG lin mag,* lin mag,* lin mag,*
REAL real,* real,* real,*
SWR SWR,* SWR,* SWR,*

* Value not significant in this format, but is included in data transfers.

** The marker readout values are the marker values displayed in the upper left hand corner of the display. They also corre-
spond to the value and aux value associated with the fixed marker.
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Example 3A: Data transfer using form 4 (ASCII transfer)

As detailed in the HP-IB Quick Reference, when form 4 is used, each number is sent
as a 24 character string, each character being a digit, sign, or decimal point. Since there are
two numbers per point, a 201 point transfer in form 4 takes 9,648 bytes. An example simple
data transfer using form 4, an ASCII data transfer is shown in this program.

This example program is stored on the Example Programs disk as IPG3A.

10 ABORT 7

20 CLEAR 716 Prepare for HP-IB control.
30 OUTPUT 716; "PRES;" Preset the analyzer.
40 DIM Dat(1:11,1:2) This line sets up an array to receive the

data. The ENTER 716;Dat (*) statement
in line 60 fills the array Dat automatically,
changing the second subscript fastest. Since
the network analyzer transmits the data as
ordered pairs, we make the second dimen-
sion two so that the pairs will be properly
grouped. The number of points will be set
to 11, so we know to make the first dimen-

sion 11.
50 OUTPUT 716;"POIN 11; SING; Set the number of points, tell the network
FORM4 ; OUTPFORM; " analyzer to use ASCII transfer format, and

request the formatted trace data. Frequency
information is not included in the transfer.

60 ENTER 716;Dat (*) The computer takes the data from the in-
strument and puts it in the receiving array.
By specifying Dat (*), we have told the en-
ter statement to fill every location in the
array.

70 DISP DAT(1,1),DAT(1,2) This line checks the first data point re-
ceived. The data is in the current network
analyzer display format: see Table 1 for the
contents of the array as a function of display
format.

80 END

Running the program

The first number of the result is a trace value in dB, and the second is zero. Put a marker
at 300 kHz, which was the first point transmitted, to see that the values displayed by the
computer agree with the network analyzer. No matter how many digits are displayed, the
network analyzer is specified to measure magnitude to a resolution of .001 dB, phase to a
resolution of .01 degrees, and group delay to a resolution of .01 psec.

Changing the display format will change the data sent with the OUTPFORM transfer. See
Table 1 for a list of what data is provided with what formats. The data from OUTPFORM
reflects all the post processing such as time domain, gating, electrical delay, trace math, and
smoothing. If time domain (option 010 only) is on, operation is limited to 201 points in the
lowpass mode.

Relating the data from a linear frequency sweep to frequency can be done by interrogating
the start frequency, the frequency span, and the number of points. The frequency of point
N in a linear frequency sweep is just:

F=Start_frequency + (N-1) X Span/(Points-1)
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It is possible to read the frequencies directly out of the instrument with the OUTPLIML
command. OUTPLIML reports the limit test results by transmitting the stimulus point
tested, a number indicating the limit test results, and the upper and lower limits at that
stimulus point, if available. The number indicating the limit results is a —1 for no test, 0 for
fail, and 1 for pass. If there are no limits available, the network analyzer transmits zeros.

For this example, throw away the limit test information and keep the stimulus information.
Edit line 40 to read:

40 DIM Dat(1:11,1:2), Stim(1l:11)

And type in:
70 OUTPUT 716;"OUTPLIML;" Request the limit test results.
80 FOR I=1 TO 11 Loop 11 times to read in all 11 data points.
90 ENTER 716;Stim(I), Read the stimulus values in, throw the rest
Reslt,Upr,Lwr away. Because we are not loading the data
into a single array, it is necessary to loop
and read every point.
100 PRINT Stim(I),Dat(I,1), Print the data value and stimulus value.
Dat (I,2)
110 NEXT I
120 DISP Reslt,Upr,Lwr Show what the last limit test result was, just
to see what came out.
130 END

Running this program will print out all the trace data and the stimulus values. Put the in-
strument into a log frequency sweep by pressing [LOCAL] [MENU] [SWEEP TYPE MENU]
[LOG FREQ)], and run the program again. If you define a list frequency table with 11 points,
this program will still show the sampled frequencies. If you define a limit test table, Res1t
will hold the limit test results.

Data levels

Different levels of data can be read out of the instrument (see Figure 2). There is available:

o Raw data. The basic measurement data, reflecting the stimulus parameters, IF averaging,

and IF bandwidth. If a full 2-port measurement calibration is on, there are four raw arrays
* kept: one for each raw S-parameter. The data is read out with the commands OUTPRAW1,

OUTPRAW2, OUTPRAW3, OUTPRAW4.Normally, only raw 1 is available, and it holds the
current parameter. If a 2-port calibration is on, the four arrays refer to S11, S21, S12, and
S22 respectively. This data is in real/imaginary pairs.

 Error Corrected data. This is the raw data with error correction applied. The array is for
the currently measured parameter, and is in real/imaginary pairs. The error corrected data
is read out with OUTPDATA. OUTPMEMO reads the trace memory if available, which is also
error corrected. Neither raw nor error corrected data reflect such post-processing functions
as electrical delay offset, trace math, or time domain gating.

» Formatted data. This is the array of data being displayed. It reflects all post-processing
functions such as electrical delay or time domain, and the units of the array read out de-
pends on the current display format. See Table 1 for the various units as a function of dis-
play format.

o Calibration coefficients. The results of a calibration are arrays of calibration coefficients
which are used in the error correction routines. Each array corresponds to a specific error
term in the error model. The HP-IB Quick Reference details which error coefficients
are used for specific calibration types, and which arrays those coefficients are to be found
in. Not all calibration types use all 12 arrays. The data is stored as real/imaginary pairs.
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Formatted data is generally the most useful, being the same information seen on the dis-
play. However, if the post processing is not necessary, as may be the case with smoothing,
error corrected data is more desirable. Error corrected data also gives you the opportunity
to put the data into the instrument and apply post-processing at a later time.

As an example of error corrected data, change line 50 to:

50 OUTPUT 716;"POIN 11; SING; FORM4; OUTPDATA;"

Running the program now displays real and imaginary trace data, regardless of what display
format is currently being used. Select the real display format to verify that the data is the
real portion.

Data formats

The network analyzer can transmit data over HP-IB in four different formats. Until now,
we have been using form 4, an ASCII data transfer. Another option is to use form 3, which
is the IEEE 64 bit floating point format. In this mode, each number takes only 8 bytes in-
stead of 24. This means that a 201 point transfer takes only 3,216 bytes. Data is stored inter-
nally in the 200/300 series computer with the IEEE 64 bit floating point format, eliminating
the need for any reformatting by the computer.

MS-DOS® personal computer format

Use form 5 to transfer data to an MS-DOS® PC. This mode is a modification of IEEE 32
bit floating point format with the byte order reversed. Form 5 also has a four byte header
which must be read in so that data order is maintained. In this mode, an MS-DOS® PC
can store data internally without reformatting it.

OUTPCALC
&

OUTPMEMO

* One chain per channel

input
Ratioing

L 4 .
DUTPRAW DUTPDATA

EEEEE

Figure 2. Data processing chain
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Example 3B: Data transfer using form 3 (IEEE 64 bit floating
point format)

This program illustrates data transfer using form 3, in which data is transmitted in the IEEE
64 bit floating point format.

To use form 3, the computer is told to stop formatting the incoming data with the ENTER
statement. This is done by defining an I/O path with formatting off. Form 3 also has a four
byte header to deal with. The first two bytes are the ASCII characters “#A” that indicate
that a fixed length block transfer follows, and the next two bytes form an integer containing
number of bytes in the block to follow. The header must read in so that data order is main-
tained.

This example program is stored on the Example Programs disk as IPG3B.
10 ABORT 7

20 CLEAR 716 Prepare for HP-IB control.
30 DIM Dat(1:201,1:2) As before, prepare the receiving array.
40 INTEGER Hdr,Lgth Since an integer takes two bytes, Hdr and

Lgth will take care of the four byte head-
er. Lgth will hold the number of bytes in
the data block.

50  ASSIGN @Dt TO 716;FORMAT OFF This statement defines a data I/O path with
ASCII formatting off. The I/O path points
to the network analyzer, and can be used to
read or write data to the instrument, as long
as that data is in binary rather than ASCII

format.
60 OUTPUT 716; "SING; The analyzer is told to output formatted
FORM3 ; OUTPFORM; " data using form 3.
70 ENTER @Dt ;Hdr,Lgth,Dat (*) The data is read in much as before, but the

I/0O path has format off to accept the binary
data from form 3. The network analyzer and
the computer must be in agreement as to
the format of the data being transmitted.

80 DISP Lgth,Dat(1,1),Dat(1,2)
90 END

Running the program

Preset the instrument and run the program. The computer displays 3,216 and the trace val-
ues at 300 kHz. The number 3,216 comes from 201 points, 2 values per point, 8 bytes per
value. This transfer is more than twice as fast as a form 4 transfer.

To illustrate a point, go to the instrument and press [LOCAL] [MENU] [NUMBER of
POINTS], and key in 101 [x1]. Now run the program again: a BASIC error will be generated
because the network analyzer ran out of data to transmit before the variable list was full.

Go to the instrument again, and this time change the number of points to 401. Running the
program again does not generate an error, but not all of the data was read in. The network
analyzer is still waiting to transmit data, but the program has not been designed to detect
the situation.

As illustrated above, it is imperative that the receiving array be correctly dimensioned.
There are two things that assure correct dimensions. First, the number of points is readily
available through POIN? or through the header that precedes forms 1, 2 and 3. Second,
BASIC allows dimensioning, redimensioning, allocating, and deallocating statements any-
where in a program. We can take advantage of this in simple programs to wait until we
know how many points to expect before we dimension. '
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BASIC offers two options to those who want to dimension an array with a variable expres-
sion, such as the number of points in the sweep. One is the REDIM statement, available
with AP2 1 or the MAT binary, which redimensions a given array to any size less than or
equal to its originally dimensioned size. The other option is to ALLOCATE the array just
before using it, and DEALLOCATE when it’s no longer needed. ALLOCATE works exactly
like DIM, except that when you deallocate, the memory space is returned to general use and
you can re-use the variable name. All of the following examples use ALLOCATE.

For example, delete line 30 and type in the following lines over the last program:

70 ENTER @Dt ;Hdr,Lgth

80 ALLOCATE Dat(1:Lgth/16,1:2) This guarantees that the receiving array is
the correct size. In form 3, each number is 8
bytes, and there are two numbers per point,
so we divide Lgth by 16 to get number of

points.
90 ENTER @Dt ;Dat (*)
100 DISP Dat(Lgth/16,1) Display the last number read in.
110 END

Set the number of points to 51 and run the program: this time no errors are generated. Set
the number of points to 401, and run the program again. Move a marker to the last point
on the trace, and check to see that the last point read in was the last point on the trace, as
expected.

There are two other formats available. Form 2 is not used with 200/300 computers, and
form 1 is a special high speed transfer. Form 1 is a condensed transfer format that is useful
if data is being transferred out of the network analyzer for direct storage and later re-trans-
mission to the network analyzer. Example 3C gives an example of a data transfer using
form 1.
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Example 3C: Data transfer using form 1 (network analyzer
internal format)

In form 1, each data point is sent out as it is stored inside the network analyzer, in a six

byte binary string. It is a very fast transfer, using only 1206 bytes to transfer 201 points, but
it is difficult to decode. (Real/imaginary data uses the first two bytes for the imaginary frac-
tion mantissa, the middle two bytes for the real fraction mantissa, the fifth byte is used for
additional resolution when transferring raw data, and the last byte as the common power of

two). The data could be recombined and

matting time.

displayed in the computer, but this requires refor-

In this example, we use form 1 to get data to store on disk. Before running this program, be
sure that the mass storage device is a disk drive with a formatted disk in it. We also intro-
duce a method of loading data back into the network analyzer. For most OUTPXXXX COm-
mands, there is a corresponding INPUxxxx command, and here we take advantage of that
to load error corrected data back into the instrument.

This example program is stored on the Example Programs disk as IPG3C.

10
20
30

40

50

60
70

80

90

100
110

120

130
140

ABORT 7
CLEAR 716
INTEGER Hdr,Lgth

ASSIGN @Dt TO 716;FORMAT OFF

OUTPUT 716; "SING;FORM1;
OUTPDATA; "

ENTER eDt;Hdr,Lgth

CREATE BDAT "TESTDATA",1,
Lgth+4

ASSIGN @Disc TO "TESTDATA"

ALLOCATE INTEGER Dat
(1:Lgth/6,1:3)

ENTER @Dt ;Dat (¥*)

OUTPUT @Disc;Hdr,Lgth,
Dat (¥*)

INPUT "CHANGE TRACE AND HIT
RETURN" ,Dum$

OUTPUT 716; "SING;"
ASSIGN @Disc TO "TESTDATA"

Prepare for HP-IB control.

Set up to integers to take the header, the
same as with form 3.

Have the network analyzer take a sweep,
and prepare to transmit the trace data to
the computer.

This statement creates a disk file to store
the form 1 data in. It creates a binary data
file name TESTDATA. The file is 1 record
long, using a record length of Lgth + 4 by-
tes. The extra 4 bytes are for the header.
This example will not run unless MASS
STORAGE IS points to a disk drive with a
formatted disk it, and that disk cannot have
a file named TESTDATA on it.

This statement creates a data I/O path
pointing to the file TESTDATA.

Create an integer receiving array. There are
six bytes per point in form 1, so allocating 3
integers per point will hold the data correct-
ly, since an integer is two bytes.

The data is received much as before.
Write the data to the disk drive.

Disconnect the test device, and take a
sweep. Read the data off the disk, and
put it back in the instrument.

Take one sweep and hold.

Re-establish the data path. This is neces-
sary to begin reading data from the start of
the file, rather than the end of the file
where the file pointer was left by line 110.



150
160
170
180
190
200
210

ENTER @Disc;Hdr,Lgth, Dat (¥)
OUTPUT 716; "INPUDATA"
OUTPUT @Dt ;Hdr,Lgth,Dat (*)
ASSIGN @Disc TO *
DEALLOCATE Dat (*)

PURGE "TESTDATA"

END

Running the program

Get the information.

And copy it out to the network analyzer.
Close the file.

Release the memory for the data array.
And purge the data file.

A data file is stored to disk during program execution. Either remove the write-protection
from the Example Programs disk or install a blank, formatted data disk. Preset the network
analyzer, .and run the program. When the program pauses press [LOCAL], change the trace,
and press [RETURN]. When the data is reloaded into the network analyzer, it will be for-
matted and displayed as the current trace. This form of data transfer is faster than the
transfer using form 3.



Advanced Programming Examples

Using list frequency mode

The network analyzer takes data points spaced at regular intervals across the overall fre-
quency range of the measurement. For a 2 GHz frequency span using 201 points, data will
be taken at intervals of 10 MHz. The list frequency mode lets you select the specific points
or frequency spacing between points at which measurements are to be made. This allows
flexibility in setting up tests to ensure efficient device performance. Sampling specific points
reduces measurement time since additional time is not spent measuring device performance
at frequencies not needed.

The following examples illustrate the use of the network analyzer’s list frequency mode to
perform arbitrary frequency testing. Example 4A lets you construct a table of list frequency
segments which is then loaded into the network analyzer’s list frequency table. Each seg-
ment stipulates a start and stop frequency, and the number of data points to be taken over
that frequency range. Example 4B lets you select a specific segment to “zoom-in” on. A
single instrument can be ready to measure several different devices, each with its own fre-
quency range, using a single calibration performed with all of the segments active. When a
specific device is connected, you select the appropriate segment for that device. The list fre-
quency segments can be overlapped, but the number of points in all the segments must not
exceed 1632 points.

Example 4A: Setting up a list frequency sweep

This example shows how to create a list frequency table and transmit it to the network
analyzer.

The command sequence for entering a list frequency table imitates the key sequence fol-
lowed when entering a table from the front panel: there is a command for every key press.
Editing a segment is also the same as the key sequence, but the network analyzer automati-
cally reorders each edited segment in order of increasing start frequency.

The list frequency table is also carried as pért of the learn string. While it cannot be modi-
fied as part of the learn string, it can easily be stored and recalled.

This example takes advantage of the computer’s capabilities to simplify creating, adding to,
and editing the table. The table is entered and completely edited before being transmitted
to the network analyzer. To simplify the programming task, options such as entering center/
span or step size are not included. For information on reading list frequency data out of the
network analyzer, see the section Data transfer from analyzer to computer.

This program is stored on the Example Programs disk as IPG4A .

10 ABORT 7

20 CLEAR 716 Prepare the network analyzer for HP-IB
control.

30 OUTPUT 716;"EDITLIST;" Activate the frequency list edit mode.

40 OUTPUT 716;"CLEL;" Delete any existing segments.

50 INPUT "Number of Find out how many segments to expect.

segments?", Numb

60 ALLOCATE Table(1:Numb,1:3) Create a table to hold the segments. Keep
start frequency, stop frequency, and number of

points.
70 PRINTER IS 1 Make sure we print on the screen.
80 OUTPUT 2;CHR$(255)&"K"; Clear the screen.

25



90

100
110

120
130

140

150

160
170
180
190

200
210

220

230

240
250
260

270
280
290

300

310

PRINT USING "10A,10A,10A,

20A"; "SEGMENT",

"START (MHZ)", "STOP(MHZ)",

YNUMBER OF POINTS"
FOR I=1 TO Numb
GOSUB Loadpoin

NEXT I
LOOP

INPUT "DO YOU WANT TO

'EDIT? Y OR N",An$

EXIT IF An$="N"

INPUT "ENTRY NUMBER?",I
GOSUB Loadpoin

END LOOP

OUTPUT 716; "EDITLIST"

FOR I=1 TO Numb

OUTPUT 716; "SADD; STAR";
Table(I,1);"MHZ;"

OUTPUT 716; "STOP";
Table(I,2);"MHZ;"

OUTPUT 716;"POIN",

Table(I,3),";"
OUTPUT 716; "SDON;"
NEXT I

OUTPUT 716; "EDITDONE;
LISFREQ;"

STOP
Loadpoin: !

INPUT "START FREQUENCY?
(MHZ) " ,Table(I,1)

INPUT "STOP FREQUENCY?
(MHZ)",Table(I,2)

INPUT "NUMBER OF
POINTS?",Table(I,3)

. Print the table header.

Read in each segment.

(line 300) reads in the start frequency, stop
frequency, and number of points for segment
1. Since Loadpoin is a subroutine, I is used as
a global variable.

Use the LOOP, EXIT <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>