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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.

|~

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.

CAUTION

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.




HP 8753B RF Network Analyzer

Power Cable*

* Power Cable/Plug Supplied Depends on Country of Destination

Figure 1-1. HP 8753B Network Analyzer with Power Cable Supplied
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ABOUT THIS MANUAL SET

This Hewlett-Packard 87538 Network Analyzer System Operating and Programming Manual is a com-
plete guide to operating the HP 8753B vector network analyzer alone or in a system. It is part of a
three manual set, which also includes the On-Site System Service Manual and the Test Sets and
Accessories Manual binder.

The System Operating and Programming Manual contains instructions for setting up and operating the
HP 8753B network analyzer with related test sets and accessories, or in an automated system config-
uration with a controller. Information required to test, adjust, and service the HP 8753B is provided in
the On-Site System Service Manual. The Test Sets and Accessories Manual binder is provided to hold
the manuals supplied with the test sets and measurement accessories used with the HP 8753B.
Figure 1 illustrates the HP 8753B with power cable supplied.

System Operating and Programming Manual Description

This manual consists of tabbed sections which provide the following information:

© GENERAL INFORMATION AND SPECIFICATIONS provides an outline of the manual set. It
includes a description of the instrument and its available options, as well as the test sets and
accessories available. In addition it provides tables of specifications and supplemental perfor-
mance characteristics for the HP 8753B alone or in a system configuration.

© SYSTEM INSTALLATION provides information for site preparation and installation, including line
voltage and fuse selection, bench-top and rack-mount configurations, connectors and cables, and
HP-1B address selection. Checklists are supplied for site preparation and installation.

¢ OPERATOR’S CHECK is a brief procedure that provides reasonable confidence that the instru-
ment or system is functional. It can be used following system installation, and is also appropriate
for regular daily or weekly use. Also included in this section are instructions for routine operator’s
maintenance, and information to use in case of difficulty. This supplies solutions to operating
problems, and references more detailed information in the service manual for cases when the
problem cannot immediately be resolved.

® USER’S GUIDE is a step-by-step tutorial guide for making measurements with the HP 87538
using front panel controls.

® HP-IB INTRODUCTORY PROGRAMMING GUIDE describes remote operation of the HP 8753B
with an HP 9000 series 200 or 300 computer as a controller. It includes examples of remote
measurements using HP BASIC programming. These examples are also stored on the example
programs disc provided with the HP 8753B. Familiarity with front panel operation of the HP 8753B
is assumed.

e HP-IB QUICK REFERENCE GUIDE is a reference synopsis for remote operation of the HP 8753B
with a controller. This programming note is intended for use by those familiar with HP-1B program-
ming and the basic functions of the HP 8753B.

e OPERATING AND PROGRAMMING REFERENCE is a complete reference for both local and
remote operation of the HP 8753B, organized functionally. It lists the instrument preset condition
and provides illustrations and descriptions of all front and rear panel features. It shows a com-
plete pictorial representation of the softkey menu structure. The purpose and use of all the front
panel keys and softkeys are listed, together with their HP-IB equivalents and the expected indica-
tions and resuits. All HP-IB functions and commands are listed and explained.

¢ QUICK OPERATING GUIDE, packaged separately, is a pocket-sized reference book that contains
a synopsis of the information likely to be needed most often by an operator using front panel
controls. This guide assumes familiarity with the operation of a network analyzer.

General Information and Specifications HP 8753B
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. On-Site System Service Manual Description

The On-Site System Service Manual supplied with every HP 8753B is divided into sections that provide
the following information:

e SERVICE AND EQUIPMENT OVERVIEW is a brief outline of the service documentation, together
with cross-references to the information in the Operating and Programming Manual and the Test
Sets and Accessories Manual.

e PREVENTIVE MAINTENANCE provides procedures to maintain system components in peak
operating condition. This section provides procedures for cleaning connectors, glass bezels, fan
filters, etc. This section suggests that the user periodically print error terms used by the instru-
ment. Error terms provide an indication of system errors the HP 8753B is correcting for internally.
A history of this data can be used to show the condition of the system, and if any areas of
performance have degraded.

® ON-SITE VERIFICATION provides two types of checks:

System Verification, is designed to verify system-level error-corrected measurement perfor-
mance. Known traceable standards are measured and compared with recorded data. This auto-
mated procedure is contained in firmware internal to the HP 8753B, and does not require an
external controller. A disc drive and power meter are required.

On-Site Tests, which verify selected performance parameters of the HP 8753B.

o PERFORMANCE TESTS provide tests to verify that HP 8753B instrument performance is in
accordance with the individual listed specifications. Each of the performance tests provides trace-
ability to known standards. Some tests are semi-automated and require the use of an external

‘ controller. The test software is supplied on a 3.5 inch disc with single-sided format, packaged
inside the manual. The entire sequence of performance tests takes about four hours to run, not
including instrument warm-up time.

e ADJUSTMENTS provide instructions for correct adjustment and alignment of the instrument after
repair or replacement of an assembly. Procedures are given for reloading correction constants
after replacement of one or more specified assemblies. Software for these semi-automated
adjustment procedures is provided on disc with the performance test software.

® SERVICE explains how to troubleshoot and repair the HP 8753B to the assembly level. It provides
step-by-step procedures to isolate a problem to the defective assembly. Theory of operation is
provided, together with troubleshooting block diagrams and a complete list of all signal
mnemonics and wiring connections.

e REPLACEABLE PARTS provides part numbers and illustrations of the HP 87538 replaceable
assemblies and miscellaneous chassis parts, together with ordering information.

Test Sets and Accessories Manual Description

The HP 8753B Test Sets and Accessories Manual is a binder provided for convenient storage and
organization of the manuals for the accessory products used with the HP 8753B. When it is shipped it
is empty except for divider tabs, instructions, and a connector care manual. It is intended to be
assembled by the user, using the tabs to divide the accessory manuals into groups according to type
(test sets, power splitters, calibration kits, etc.). The measurement accessories available for use with
the HP 8753B are listed and described later in this section.

' The connector care manual describes all the types of connectors used in HP 8753B measurement
‘ accessories. It documents the considerations specific to each connector, and provides instructions
for care and cleaning, as well as special techniques for prolonging connector life.

HP 8753B General Information and Specifications



Instruments Covered by the Manual

Attached to the rear panel of the instrument is a serial number plate (illustrated in Figure 2). The serial
number is in two parts. The first four digits followed by a letter comprise the serial number prefix; the
last five digits are 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.

SERIAL NUMBER
’——ﬁ—
PREFIX SUFFIX
r_—Hf—b\

EACTORY f SER 1230A 12345 W

INSTALLED
opTIONS [ [ __OFT 000
IF ANY HEWLETT - PACKARD
( ) Kﬁp MADE IN USA

Figure 2. Typical Serial Number Plate

An instrument manufactured after the printing of this manual may have a serial number prefix that is
not listed on the title page. An unlisted serial prefix indicates that the instrument is different from those
documented in this manual. In this case, the manual for the newer instrument is accompanied by a
yellow manual change supplement. This supplement contains serial-specific change information that
explains how to adapt the manual for the newer instrument. In addition to change information, the
supplement may contain replacement information that applies to all instruments regardless of their
serial numbers.

To keep this manual as current as possible, Hewlett-Packard recommends that you periodically
request the latest manual change supplement. The part number for the supplement is listed on the
front page of the supplement’s index. In addition, the supplement for this manual is identified with the
manual’s print date and part number, both of which appear on the title page of the manual.

Microfiche Copies of the Manual

On the title page of this volume is a microfiche part number. This number can be used to order a
package of 10 x 15 centimeter (4 x 6 inch) microfilm transparencies of the manual.

Refer any questions regarding this manual, the manual change supplement, or the instrument to the
nearest Hewlett-Packard Sales/Service Office. Always identify the instrument by model number, com-
plete name, and complete serial number in all correspondence. A worldwide listing of HP Sales/
Service Offices is provided at the back of this volume.

General Information and Specifications HP 8753B



HP 8753B DESCRIPTION

A properly grounded AC outlet is mandatory when operating the HP
8753B. Operating the instrument with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

The HP 8753B is a high performance vector network analyzer for laboratory or production measure-
ments of reflection and transmission parameters. It integrates a high resolution synthesized RF
source and a dual channel three-input receiver to measure and display magnitude, phase, and group
delay responses of active and passive RF networks. Option 002 provides swept harmonic measure-
ments of RF amplifiers. Option 006 extends the frequency range of the three-input receiver to 6 GHz.
Option 010 provides the capability of transforming measured data from the frequency domain to the
time domain. For information on other options, refer to Options Available later in this section.

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

Digital signal processing and microprocessor controls combine to provide easy operation and meas-
urement improvement. Measurement functions are selected with front panel keys and softkey menus.
Displayed measurement results can be printed or plotted directly to a compatible peripheral without
the use of an external computer. Instrument states can be saved in internal memory for at least three
days. In addition, the instrument can control a compatible disc drive for external storage capability.
Built-in service diagnostics are available to simplify troubleshooting procedures.

Trace math, data averaging, trace smoothing, electrical delay, and accuracy enhancement provide
performance improvement and flexibility. Accuracy enhancement methods range from normalizing
data to complete one or two port vector error correction. Vector error correction reduces the effects of
system directivity, frequency response, source and load match, and crosstalk.

In combination with its compatible test sets and accessories, the HP 8753B has the ability to make
complete reflection and transmission measurements in both 50 and 75 ohm impedance environments.

New Features

In addition to the above capabilities, the HP 8753B has several new features not included in the HP
8753A. The new features include:

1601 Error Corrected Measurement Points. The HP 8753B allows full two-port error correction with
1601 measurement points.

Automatic Sweep Time. The HP 8753B can automatically adjust sweep time to sweep as fast as
possible for the given IF bandwidth, number of points, averaging mode, frequency range, number of
points, and sweep type.

External Source Capability. External Source Mode allows you to phase lock the HP 8753B receiver
to an external source. Refer to Operating and Programming Reference Chapter 14.

Independent Receiver Use. The Tuned Receiver Mode allows you to use the receiver as a stand-
alone device. CW measurements are possible with a synthesized external source. This mode is used
in non-phase-locked applications which require great speed, or that require arbitrary measurements
at certain frequencies. Refer to Operating and Programming Reference Chapter 14.

HP 8753B General Information and Specifications



Receiver/Source Frequency Offset. For mixer test applications, the HP 8753B'’s receiver and
source may be programmed with a fixed frequency offset. The HP 8753B will maintain phase-lock with
a mixer placed between its RF output and R input port. An external source is required as a local
oscillator. Refer to Operating and Programming Reference Chapter 14.

Power Meter Calibration. The HP 8753B uses an HP-IB compatible power meter to monitor and
correct its output power at each point. A power correction table stores the correction values. This
feature may be used in either of two ways:

® The power meter measures and corrects every sweep (continuous correction). This method
should be used in applications where high speed is not a critical factor.

© The instrument measures and corrects power in a sample sweep. Subsequent sweeps are cor-
rected by the values in the power correction table. This method is much faster than continuous
correction.

Refer to the Operating and Programming Reference Chapter 5.

Interpolated Error Correction. This allows the operator to perform any type of calibration, and then
display any subset of that frequency range or use a different number of points. If the operator changes
only the frequency range, interpolated error correction uses the same number of points as the original
calibration. New error coefficients are interpolated from the coefficients of the original calibration.
Interpolated error correction provides a great improvement over uncorrected measurements, but is
not specified. Refer to Operating and Programming Reference Chapter 5.

Segmented Error Correction in Frequency List Mode. Frequency list mode now allows the operator
to select any frequency segment from the list —and retain full specified calibration. Refer to Operating
and Programming Reference Chapter 3.

Automated Operation Without an External Computer Controller. The test sequence function allows
the operator to save all keystrokes in a particular measurement task, and have the HP 8753B perform
them automatically at a later time. This feature combines simple operation with many advanced
features, such as; sequence stacking, conditional jumps, user-defined prompts, and many others.
Sequences may be stored to an optional external disc drive. Refer to Operating and Programming
Reference Chapter 13.

Harmonic Measurements (Option 002). This displays the second or third harmonic of the funda-
mental while sweeping either frequency or power. The fundamental may be displayed simultaneously.
The minimum fundamental frequency is 16 MHz, and harmonics can not be measured if they exceed
the upper frequency range of the instrument. Refer to Operating and Programming Reference Chapter
14,

Plotter/Printer Buffer. The buffer allows a single plot or print-out to be made while the instrument
continues to make measurements.

About Instrument Specifications

Table 1 in this section lists HP 8753B instrument specifications. These are coded in four levels,
ranging from performance standards or limits that are tested by the performance tests in the service
manual, to typical but non-warranted instrument performance parameters. Table 2 lists supplemental
characteristics.

General Information and Specifications HP 8753B



SYSTEM DESCRIPTION

An HP 8753B system consists of the HP 8753B with one of the following test sets/accessories:

e HP 85046A/B or 85047A S-parameter test set
o HP 85044A/B transmission/reflection test set
e HP 11850C/D or 11667A power splitter

In addition to one of the above, an HP 8753B system requires a compatible Hewlett-Packard calibra-
tion kit and the necessary cables. The compatible test sets, power splitters, calibration kits, and
cables are described under Test Sets Available and Measurement Accessories Available later in this
section.

The system may also include other compatible peripherals such as a printer, plotter, or optional disc
drive. The printer and plotter are described under Other Accessories Available. The optional disc drive
is described under Options Available.

The system can be automated with the addition of an HP 9000 series 200 or 300 computer. This allows
all of the HP 8753B’'s measurement capabilities to be programmed over the Hewlett-Packard Inter-
face Bus (HP-IB).

HEWLETT-PACKARD INTERFACE BUS (HP-IB)

The HP 8753B is factory-equipped with a remote programming interface using the Hewlett-Packard
Interface Bus (HP-IB). HP-IB is Hewlett-Packard’'s hardware, software, documentation, and support
for IEEE-488.1 and IEC-625, worldwide standards for interfacing instruments. This provides a remote
operator with the same control of the instrument available to the local operator, except for control of
the power line switch and some internal tests. Remote control is maintained by a controlling computer
that sends commands or instructions to and receives data from the HP 8753B using the 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 HP 8753B CRT. A complete general descrip-
tion of HP-IB is available in Condensed Description of the Hewlett-Packard Interface Bus (HP part
number 59401-90030), and in Tutorial Description of the Hewlett-Packard Interface Bus (HP literature
number 5952-0156).

The HP 8753B itself can use HP-IB to output measurement results directly to a compatible printer or
plotter, to store instrument states using an optional disc drive, without the use of an external com-
puter. It can also control a power meter for power calibration.

OPTIONS AVAILABLE

Option 002, Harmonic Mode

The HP 8753B, when equipped with this option, can measure second or third harmonics of the DUT's
fundamental output signal. Frequency and power sweep are supported in this mode. Harmonic fre-
quencies may be measured up to the maximum frequency of the receiver. However, the fundamental
frequency may not be lower than 16 MHz.
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Option 006, 6 GHz Receiver Operation

This option extends the maximum receiver frequency of the HP 8753B to 6 GHz, although it does not
extend the maximum frequency of the built-in RF source. When used with the HP 85047A S-parameter
test set, the HP 8753B option 006 provides high performance vector measurement capability to 6
GHz.

Option 010, Time Domain

The HP 8753B option 010 has the capability of displaying the time domain response of a network by
computing the inverse Fourier transform of the frequency domain response. This provides the ability
to view the response of a test device as a function of time or distance. Displaying the reflection
coefficient of a network versus time determines the magnitude and location of each discontinuity, or
displaying the transmission coefficient of a network versus time determines the characteristics of
individual transmission paths. Time domain operation retains all accuracy inherent with the calibration
that s active in the frequency domain. The time domain capability is useful for the design and charac-
terization of such devices as SAW filters, SAW delay lines, RF cables, and RF antennas.

Option 802, External Disc Drive

This provides an HP 9122 dual 3.5 inch microfloppy disc drive. This double-sided drive provides a total
of 1420 kbytes of formatted capacity. Ordering numbers for discs and disc holders are provided in
Other Accessories Available, later in this section. The one-year on-site warranty provided with the HP
8753B (where available) also applies to this disc drive.

Option 908, Rack Mount Without Handles

Option 908 is a rack mount kit containing a pair of flanges and the necessary hardware to mount the
instrument, with handles detached, in an equipment rack with 482.6 mm (19 inches) horizontal spac-
ing. Refer to the System Installation section of this manual for instructions on removing the handles
and preparing the instrument for rack mounting with this option kit.

Option 913, Rack Mount With Handles

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

Service and Support Options

The HP 8753B automatically includes a one-year on-site service warranty, where available. The fol-
lowing service and support products are available with an HP 8753B system at any time during or after
the time of purchase. The 'system’’ consists of an HP 8753B with either a 85044A, 85046A, or 85047A
test set; either an HP 11851B or 11857D cable kit; and an HP 85031B 7 mm calibration kit. Some
restrictions apply to 75 ohm systems, i.e. those with an HP 85044B or 850468 test set. Consult your
local HP customer engineer for details.

On-Site Installation and System Verification (4+23N) provides installation of the HP 8753B system by
a Hewlett-Packard customer engineer, and performance of the system verification procedure
described below.

On-Site System Verification (+23G), performed by a Hewlett-Packard customer engineer, confirms
the system’s error-corrected uncertainty performance by measuring traceable 7 mm devices. It pro-
vides a hardcopy listing of both ideal and actual data, together with a certificate of traceability. Preven-
tive maintenance is performed at the time of system verification. Travel through Zone 3 (up to 100
miles/160 km from Hewlett-Packard’s nearest service-responsible office) is included.
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On-Site Service and System Verification (+02A) provides four-hour on-site response through Travel
Zone 3 on all service requests for the HP 8753B and a 50 ohm test set by a Hewlett-Packard customer
engineer. Two on-site system verification procedures (described above) are included per year. Pre-
ventive maintenance is performed at the time of system verification.

On-Site Service and System Verification (+02B) provides next day on-site response through Travel
Zone 3 on all service requests for the HP 8753B and a 50 ohm test set by a Hewlett-Packard customer
engineer. Two on-site system verification procedures with preventive maintenance are included per
year.

Return to HP Full Service Agreement (+22A) is a one-year service contract that provides for any
repair of the HP 8753B at a Hewlett-Packard repair facility. One complete calibration procedure is
included.

Return to HP Repair Agreement (+22B) provides repair of the HP 8753B at a Hewlett-Packard repair
facility for a period of one year. Following repair, the instrument is tested functionally but is not fully
calibrated.

Return to HP Calibration Agreement (+22C) provides a once-a-year complete calibration procedure
at a Hewlett-Packard facility.

Return to HP Calibration (+22G) is a one-time complete calibration procedure performed at a
Hewlett-Packard facility. The procedure verifies that the HP 8753B is performing according to its
published specifications.

Tool Kit: a dedicated tool kit is available for HP 8753B troubleshooting, consisting of extender
boards, extender cables, and adapters. The contents of the tool kit are listed in the On-Site System
Service Manual.

Option 910, Extra Manual Set provides an additional Operating and Programming Manual, On-Site
System Service Manual, and Test Sets and Accessories Manual. After initial shipment, order extra
manuals by part number. The numbers are listed on the title page and rear cover of the manuals and in
the Replaceable Parts section of the On-Site System Service manual.

NOTE: Because the Test Sets and Accessories Manual is essentially an empty binder for holding
separate accessory manuals, it has not been made separately available. It is suggested that any
commonly available binder be used instead. However, If the entire manual set is ordered as a unit, it
will contain the Test Sets and Accessories Manual.
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EQUIPMENT REQUIRED

In order to make measurements, the HP 8753B requires a portion of the RF signal to be routed to the
reference input for proper network analyzer phase-locked operation. Therefore, a test set or power
splitter is required for signal separation. In addition, connecting cables and standard devices for
calibration are required. The compatible Hewlett-Packard devices are described under Test Sets
Available and Measurement Accessories Available.

For automatic operation, an HP 9000 series 200/300 computer is recommended. This computer is
also required to run automated performance tests or adjustment procedures.

TEST SETS AVAILABLE

HP 85046A/B S-Parameter Test Sets

The HP 85046A/B S-parameter test sets provide the signal separation devices, RF path switching,
and external connectors to enable the HP 8753B to measure all four S-parameters of a two-port 50 or
75 ohm device with a single connection. The HP 85046A measures the responses of 50 ohm devices
from 300 kHz to 3.0 GHz, and the HP 85046B measures the responses of 75 ohm devices from 300
kHz to 2.0 GHz. The test sets are totally controlled from the HP 8753B and include a 0 to 70 dB step
attenuator programmable in 10 dB steps. Each test set also contains two internal DC bias tees for
biasing of active devices.

The test port connectors for the HP 85046A are precision 7 mm connectors, and the HP 850468 test
port connectors are 75 ohm type-N (f). Both connectors can be adapted to other interfaces with the
appropriate precision adapters. Four interconnect cables are included to connect the test set to the
HP 8753B. In addition, test port return cables are required: HP 11857D cables with the HP 85046A, or
HP 11857B 75 ohm cables with the HP 85046B.

HP 85047A 6 GHz S-Parameter Test Set

The HP 85047A is similar to the 50 Q HP 85046A test set, but operates up to 6 GHz. This test set
includes a frequency doubler that can be switched in to measure 3 MHz to 6 GHz in a single sweep or
switched out to measure 300 kHz to 3 GHz in a single sweep. The HP 85047A is equipped with a 70 dB
step attenuator and internal DC bias tees. The test port connectors are precision 7 mm. Four intercon-
_nect cables are included to connect the test set to the HP 8753B. HP 11857D test port return cables
must be ordered separately.

HP 85044A/B Transmission/Reflection Test Sets

The HP 85044A/B transmission/reflection test sets provide the signal separation devices and external
connectors that enable the HP 8753B to simultaneously measure the reflection and transmission
characteristics of a 50 or 75 ohm device in one direction. The HP 85044A measures the responses of
50 ohm devices from 300 kHz to 3.0 GHz, and the HP 85044B measures the responses of 75 ohm
devices from 300 kHz to 2.0 GHz. Both test sets include a 0 to 70 dB step attenuator manually
controllable in 10 dB steps, and the circuitry necessary to allow biasing of active devices through the
test set.
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The test port connectors are precision 7 mm on the HP 85044A and 75 ohm type-N (f) on the HP
85044B, and they can be adapted to other interfaces with the appropriate precision adapters. A7 mm
to 50 ohm type-N (f) adapter is included with the HP 85044A. An HP 11852B 50 to 75 ohm minimum
loss pad is included with the HP 850448, to provide a low SWR impedance match between the output
port of the device under test and the return cable to the network analyzer. The HP 11851B 50 ohm
type-N RF cable set is required for use with either of these transmission/reflection test sets.

MEASUREMENT ACCESSORIES AVAILABLE

Power Splitters

HP 11850C/D Three-Way Power Splitters. These are four-port, three-way power splitters. One out-
put arm is used as the reference for the network analyzer in making ratio measurements and the other
two output arms are test channels. The HP 11850C has a frequency range of DC to 3 GHz and an
impedance of 50 ohms; the HP 11850D has a frequency range of DC to 2 GHz and an impedance of 75
ohms. Three HP 11852A 50 to 75 ohm minimum loss pads are supplied with the HP 11850D power
splitter, to provide a low SWR impedance match between the power splitter and the 50 ohm ports of
the network analyzer.

HP 11667A Power Splitter. This is a two-way power splitter with one output arm used for reference
and one for test. It has a frequency range of DC to 18 GHz and an impedance of 50 ohms.

Calibration Kits

Vector error correction (measurement calibration) procedures require that the systematic errors of a
measurement system be characterized by measuring known devices (standards) on the system over
the frequency range of interest. The following calibration kits contain precision standard devices with
different connector types, to characterize the systematic errors of an HP 8753B measurement sys-
tem. The part numbers for the devices in each calibration kit are listed in the manual supplied with the
calibration kit.

HP 85031B 7 mm Calibration Kit. The precision standards in this kit are used to calibrate the HP
8753B with an HP 85046A/47A S-parameter test set or HP 85044A transmission/reflection test set for
measurement of devices with precision 7 mm connectors. The following standards are included:

e Two 7 mm 50 ohm terminations
® One 7 mm combination short/open

HP 85032B 50 Ohm Type-N Calibration Kit. The precision standards in this kit are used to calibrate
the HP 8753B with an HP 85046A, 85047A, or 85044A test set for measurement of devices with 50
ohm type-N connectors. The adapters are all of the same electrical length to facilitate calibration of
non-insertable devices (see Operating and Programming Reference). The kit consists of the following
standards:

(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

(2) 7 mm to type-N (m) adapters

(2) 7 mm to type-N (f) adapters
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HP 85033C 3.5 mm Calibration Kit. This kit contains precision standards used to calibrate the HP
8753B with an HP 85046A, 85047A, or 85044A test set for measurement of devices with precision 3.5
mm connectors. The adapters are all of the same electrical length to facilitate calibration of non-
insertable devices. 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
(2) 7 mm to 3.5 mm (m) adapters

(2) 7 mm to 3.5 mm (f) adapters

HP 85036B 75 Ohm Type-N Calibration Kit. This kit contains precision standards used to calibrate
the HP 8753B with an HP 85046B or 85044B 75 ohm test set for measurement of devices with 75 ohm
type-N connectors. The adapters are all of the same electrical length to facilitate calibration of non-
insertable devices. The kit consists of the following standards:

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

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

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

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

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

(1) type-N (m) 75 ohm open circuit with center conductor extender
(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 (f} to type-N (m) 75 ohm adapter

HP 85033A SMA Calibration Kit. The standards in this kit are used to calibrate the HP 8753B with a
test set for measurement of devices with SMA connectors. These are not precision devices, and
should be used only in applications where some degradation of performance is acceptable. (For
maximum accuracy use the HP 85033C precision 3.5 mm calibration kit.) The following devices are
included:

(1) SMA (f) 50 ohm termination

(1) SMA (m) 50 ohm termination

(1) SMA (f) short circuit

(1) SMA (m) short circuit

(1) SMA (m) open circuit (option 001 only)
(1) SMA (f) open circuit (option 001 only)
(2) 7 mm to SMA (m) adapters

(2) 7 mm to SMA (f) adapters

Verification Kit

Accurate operation of the HP 8753B system can be verified by measuring known devices other than
the standards used in calibration, and comparing the results with recorded data.

HP 85029B 7 mm Verification Kit. This kit contains traceable precision 7 mm devices used to con-
firm the system’s error-corrected measurement uncertainty performance. Also included is verification
data on a 3.5 inch disc, together with a hard-copy listing. A system verification procedure is provided
with this kit and also in the On-Site System Service Manual.
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Test Port Return Cables

The following RF cables are used to return the transmitted signal to the test set in measurements of
two-port devices. These cables provide shielding for high dynamic range measurements.

HP 11857D 7 mm Test Port Return Cable Set. These are a pair of test port return cables for use with
the HP 85046A or 85047A S-parameter test sets. The cables can be used in measurements of devices
with connectors other than 7 mm by using the appropriate precision adapters.

HP 11857B 75 Ohm Type-N Test Port Return Cable Set. These are a pair of test port return cables
for use with the HP 85046B S-parameter test set.

HP 11851B 50 Ohm Type-N RF Cable Set. This kit contains the three phase-matched 50 ohm type-N
cables necessary to connect the HP 85044A/B transmission/reflection test set or a power splitter to
the HP 8753B, as well as an RF cable to return the transmitted signal of a two-port device to the
network analyzer. For use with the HP 85044B test set, the HP 11852B 50 to 75 ohm minimum loss pad
supplied with the test set must be used for impedance matching with the RF return cable.

Adapter 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. It is used to provide a low SWR impedance match between a 75
ohm device under test and the HP 8753B network analyzer or a 50 ohm measurement accessory. An
HP 11852B pad is included with the HP 85044B 75 ohm transmission/reflection test set. Three HP
118528 pads are included with the HP 11850D 75 ohm power splitter.

HP 11853A 50 Ohm Type-N Adapter Kit. This kit contains the connecting hardware 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.

Transistor Test Fixtures

HP 11600B and 11602B Transistor Fixtures. These fixtures are used to hold devices for S-parameter
measurements in a 50 ohm coaxial circuit. They can be used to measure bipolar or field-effect tran-
sistors in several configurations, from DC to 2.0 GHz. The HP 11600B accepts transistors with TO-18
to TO-72 package dimensions, and the HP 11602B accepts transistors with TO-5 to TO-12 package
dimensions. Both fixtures can also be used to measure other circuit elements such as diodes,
resistors, or inductors, which have 0.016 to 0.019 inch diameter leads.

HP 11608A Option 003 Transistor Fixture. This fixture is designed to be user-milled to hold stripline
transistors for S-parameter measurements. Option 003 is pre-milled for 0.205 inch diameter disc
packages, such as the HP HPAC-200.

HP 11858A Transistor Fixture Adapter. This transistor fixture adapter provides a rigid RF cable
interconnection between the HP 85046A or 85047A S-parameter test set and the HP 11600B, 11602B,
or 11608A transistor fixture.

HP 8753B General Information and Specifications
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SYSTEM ACCESSORIES AVAILABLE

System Rack

The HP 85043B system rack is a 124 cm (49 inch) high metal cabinet designed to rack mount the HP
8753B 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 8753B is capable of plotting or printing displayed measurement results directly to a compati-
ble peripheral without the use of an external computer. The plotters listed below are compatible with
the HP 8753B. Note that the HP 8753B has a printer buffer built into its firmware. This buffer allows
one hardcopy print or plot to proceed while the instrument makes measurements.

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

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

HP 7550A High-Speed Eight-Pen Graphics Plotter plots on ISO A4/A3 or 81/2 x 11inch or 11 x 17 inch
plots.

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.

Printers. The compatible printers for both printing and plotting are:

HP 2225A ThinkJet printer

HP 82906A option 002 graphics printer
HP 2673A thermal graphics printer

HP 9876A thermal graphics printer

Mass Storage

The HP 8753B has the capability of storing instrument states directly to an external mass storage
device without the use of a computer. Any disc drive that uses CS80 protocol and HP 200/300 series
(LIF) format is compatible. Discs may be formatted directly by the HP 8753B. An HP 9122 Dual 3.5 inch
floppy disc drive is supplied when the HP 8753B option 802 is ordered. Another recommended disc
drive is the HP 9153C 20 Megabyte Winchester disc drive

HP-IB Cables

An HP-IB cable is required for interfacing the HP 8753B with a plotter, printer, external disc drive, or
computer. The cables available are HP 18033A (1 m), HP 10833B (2 m), and HP 10833D (0.5 m).
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Computer

An external controller is not required for error correction or time domain capability. However, the
system can be automated with the addition of an HP 200/300 series computer. In addition, some
performance test procedures are semi-automated and require the use of an external controller. (The
system verification procedure does not require an external controller.) For more information about
compatible computers, call your Hewlett-Packard customer engineer.

2

Sample Software

A sample measurement program is provided with the HP 8753B, on a 3.5 inch disc inserted at the back
of this manual. The program includes typical measurements to be used as an introductory example for
programming the HP 8753B over HP-IB. It is designed to be easily modified for use in developing
programs for specific needs. The program is compatible with BASIC versions 2.0 and later and will run
on an HP series 200/300 computer, using any HP 8753B compatible printer or plotter.

System Furniture

A table is required for the system controller and the plotter or printer. The recommended work station
table is HP 92170G, which is 720 mm (28 in) high by 930 mm (36 in) wide by 712 mm (28 in) deep and
mounted on casters.

Discs and Disc Accessories

Hewlett-Packard discs are warranted against defects in material and workmanship for a period of five
years from date of delivery. Price information is available from the toll-free number shown below. If
you wish, ask for the free HP Personal Computer User’s Catalog.

To order: CALL TOLL FREE 1-800-538-8787. Orders ship within 24 hours.

HP Part Number Description
92192A Box of 10 3.5 inch microfloppy discs
92191R Rosewood roll-top disc holder. Holds 50 discs.
92191Q Acrylic lift-top disc holder. Holds 25 discs.
92191E Set of five modular disc holders. Holds 10 discs per module.
92191T Bookshelf-style folding plastic disc holder. Holds 10 discs.
92191M Micro disc carry case. Holds 5 discs.
92191H Disc library binder. Holds 20 discs initially.
92191L 20 additional pages for binder. Holds 40 additional discs.

RECOMMENDED TEST EQUIPMENT

Equipment required to test, adjust, and service the HP 8753B system is listed in the beginning of the
On-Site System Service Manual. Other equipment may be substituted if it meets or exceeds the critical
specifications listed.
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SAFETY CONSIDERATIONS ‘

This manual is intended for use by the operator of the HP 8753B. 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.
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Instrument Specifications

Table 1.

HP 8753B Instrument Specifications (1 of 10)

therefore be verified by functional pass/fail testing.

The specifications listed in Table 1 range from those guaranteed by Hewlett-Packard to those typical of most HP 87538
instruments but not guaranteed. Codes in the far right column of Table 1 reference a specification definition listed below. These
definitions are intended to clarify the extent to which Hewlett-Packard supports the specified performance of the HP 8753B.

8-1: This performance parameter is verifiable using performance tests documented in the service manual.
* Explicitly tested as part of an on-site verification performed by Hewlett-Packard. '

§-2: Due to limitations on available industry standards, the guaranteed performance of the instrument cannot be verified
outside the factory. Field procedures can verify performance with a confidence prescribed by available standards.

§8-3: These specifications are generally digital functions or are mathematically derived from tested specifications, and can

T: Typical but non-warranted performance characteristics intended to provide information useful in applying the instrument.
Typical characteristics are representative of most instruments, though not necessarily tested in each unit. Not field tested.

FREQUENCY CHARACTERISTICS

Range
Accuracy (at 25°C +5°C)
Stability

per year
Resolution

OUTPUT POWER CHARACTERISTICS

Range
Resolution

(at 25°C £ 5°C)
Flatness (at 25°C = 5°C)
Linearity (at 25°C +5°C)

—5to +15dBm

+15to +20 dBm
Impedance

0°1055°C ..t

Level Accuracy (at + 70 dBm output level, 50 MHz) ..

SOURCE

Code
300kHzto3GHz ................ .. .. ... S-1*
10 PPM e S-1*
T S PPM e e T
S PPM L e T
THZ e S-3
—51t0 +20dBm ... S-1*
0.1dB ... S-3
+0.5dB ... S-1*
+1dB e S-1*
+0.2 dB (relative to + 10 dBm output level) .. ... S-1
+0.5 dB (relative to +10 dBm output level) .. ... S-1
50 ohms; >16 dB return loss (<1.38 SWR) ..... T

HP 8753B
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Table 1. HP 8753B Instrument Specifications (2 of 10)

SOURCE (Cont’d)

SPECTRAL PURITY CHARACTERISTICS
{(with 0 to — 10 dBm into R input)
Code
2nd Harmonic
at +20 dBmoutputlevel ................... <=25dBC ........... i S-1-
at+10dBm ........... ., <—40dBC ... T
at0odBm ... <—=850dBC ... T
3rd Harmonic
at +20 dBmoutputlevel ................... <—=25dBc .......... ... ... S S-1*
at+10dBm ....... ... . <—=40dBC ......... ... T
at0dBm ... <—=560dBc ............. . T
Non-Harmonic Spurious Signals
Mixer Related
at +20 dBmoutputlevel ................... <—32dBC ... S-1
at0dBmoutputlevel ...................... <=85dBC ........ ... T
Other Spurious Signais (see graph) (25°C +5°C)
(within 20 kHz)
f<185MHz ....... ... ... ... ... . —60dBC ......... S-1
f=136MHz ... .. [—60 +20log (f[135 MHZ)]dBC .............. S-1
0
-10
-20 '
, "% i
2 /|
~40 /
// 4
Ui 7
-50 d y
’
60 Specified Performance // ,v/
1:ypi'ca'l Yy
Ll [ H_.. .____/
300 kHz 3 MHz 30 MHz 300 MHz 3 GHz
Other Spurious Signals
Phase Noise (10 kHz offset from fundamental in 1 Hz bandwidths)
f<13MHz ....... ... ... ... .. ... .. ..., —90dBc ... S-1
f=1386MHz ...... ... [—90 +20log (f/135 MH2)]dBc .............. S-1
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Table 1.

HP 8753B Instrument Specifications (3 of 10)

INPUT CHARACTERISTICS

Frequency Range
Standard
Option 0061

Impedance ............. ... i
300 kHz to 2 MHz
2 MHz to 2 GHz
2 GHz to 3 GHz
3 GHz to 6 GHz!

Dynamic Range (10 Hz IF bandwidth)
A B
300 kHz to 3 GHz
3 GHz to 6 GHz?
R
300 kHz to 3 GHz
3 GHz to 6 GHz1

Maximum Input Level

Damage Level

Noise Level (A, B)
300 kHz to 3 GHz
3 kHz IF bandwidth
10 Hz IF bandwidth

3 GHz to 6 GHz2?
3 kHz IF bandwidth
10 Hz IF bandwidth

Minimum R Level

(required for source operation)
300 kHz to 3 GHz
3 GHz to 6 GHz!

RECEIVER

Code
300kHzt03GHz ......... . S-1*
300kHzto6GHz .......... ... i, S-1*
50 ohms nominal
>20dBreturnloss ....... ... i, S-1
>23dBreturnloss ... ... e S-1
>20dBreturnloss .......... i S-1
>8dBreturnloss ... e T
100dB ... e S-1
G5 AB .. S-1
B5dB .. e S-1
30dB ... e S-1
O0dBM . e S-1
+20dBmor >25volts DC .................. T
=00 dBM .. e S-1
—100dBmM ... e S-1
—110dBM .. e T
—85dBM ... e S-1
=05 ABM . e e S-1
=108 e e T
=35 dBM . e e s S-1
—80dBM .. e e S-1

and an HP 85047A S-parameter test set.

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006
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Table 1. HP 8753B Instrument Specifications (4 of 10)

RECEIVER (Cont’d)

INPUT CHARACTERISTICS (Cont’d)

Input Crosstalk (70 Hz IF bandwidth) (see graphs)

300kHzto1GHz ......................... ~100dB ......... ... .,
1TGHzto3GHz ............. ... .. .. .. ..., =90dB ....... e
3GHzto45GHz! ............ .. ... .. ..... —82dB ...
45GHzt06 GHz' ............... .. ... .... =75dB . ...
+10 1100
Y
4 7
) / /
c 31 > > . =) +10 £
g Q&I Vs 3 z
c 4 S -
SHESE z
Q & &y .S
S i SLEL g
@ ;)OQ Q’OQI 5
S a’b/_ '\\OII P
£ PN 4 8
g YA £
= o1 QQ QL x 1
= * TAS s &
T‘g NS A7
@ LA\ i 8
o o
o LAY bt
= / 3 /
g +.001 a $01 —
S 7 3
= A 4
y 4

1
0 -10 -20 -30 -40 -50 -60 -70 —80 -90-100

Measurement Receiver Input in dB relative Measurement Recaiver Input in dB relative
to maximum signal (0 dBm) at another to maximum signal (0 dBm) at another
input. input.

Input Crosstalk

Source Crosstalk (70 Hz IF bandwidth) ............ <—=135dB .......... ... ...,

Receiver Harmonics (option 002)
2nd Harmonic

atOdBminputlevel ......................... —15dBc ...

at —10dBm ... —35dBc ...,

at—30dBm ...y TBOBC e
3rd Harmonic

atOdBminputievel ........................0 =30dBC ...t

at —10dBm ... e —50dBc ...

at —30dBm ... —50dBC ....... i
Harmonic Measurement Accuracy

16 MHzto3GHz ........................... +1dB ..

3GHzto6GHz' ................. ... ... ..... +3dB ...
Harmonic Measurement Dynamic Range ........... —40dBC ...

(with source at 0 dBm and receiver at <—30 dBm)

0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006

and an HP 85047A S-parameter test set.
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Table 1. HP 8753B Instrument Specifications (5 of 10)

RECEIVER (Cont'd)

INPUT CHARACTERISTICS (Cont’d)

Frequency Offset Operationt.2

Code
Frequency Range ................ .. c.ivevn... 16 MHzto3GHz ............ .. ... ..ot S-1
R Channel Input Requirements
(required for phase-locked operation)
PowerLevel ........... ... i, Oto—35dBm ........... .. it S-1
LO Spectral Purity and Accuracy
Maximum Spurious Input . ................. <—=25dBC ....... . T
Residual FM . ... .. .. ... . o it <20kHz ........ . ... i e T
Frequency Accuracy ...................... —1to +5 MHz of nominal frequency .......... T
Accuracy (see Magnitude Characteristics and Phase Characteristics)
External Source Mode23 (CW Time sweep only)
Frequency Range4 ...... ... .. .. .. .. i, 300kHzto6GHz ........... ... ... .o ntt S-1
R Input Requirements
PowerLevel ....... .. ... . it 0to—25dBm ............ i S-1
Spectral Purity
Maximum Spurious Input . ......... ... ... <—30dBC ... e T
Residual FM ......... .. .. .. ... ... .. ... <20KkHz ... . T
Settling Time
AUtO .o e B00MS ... e T
Manual ......... .. .. .. BOMS .. e T
Frequency Readout Accuracy (auto) ............... 0.1% i e e T
Input Frequency Margin
Manual ........... i —05t05MHz ... ... T
Auto
=B50MHz ... ... ... +5 MHz of nominal CW frequency ............ T
>50MHz ... +10% of nominal CW frequency ............. T

Accuracy (see Magnitude Characteristics and Phase Characteristics)3

1. The HP 8753B RF source characteristics in this mode are dependent on the stability of the external LO source. The RF source tracks the LO to

maintain a stable IF signal at the R channel receiver input. Degradation in accuracy is negligible with an HP 8642A/B or HP 8656B RF signal
generator as the LO source.

2. Refer to Chapter 14 of the Operating and Programming Reference for a functional description.
. Measurement accuracy is dependent on the stability of the input signal.
4. Operation from 3 GHz to 6 GHz requires option 006.

w
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Table 1.

HP 8753B Instrument Specifications (6 of 10)

MAGNITUDE CHARACTERISTICS

RECEIVER (Cont’d)

Absolute Amplitude Accuracy (A, B, R) (see graph)

(with —10 dBm into input, 25°C +5°C)

300 kHz to 3 GHz
3 GHz to 6 GHz?

dB
o

A
Typical Iy

-30

Specified
Performance
Window

300 kHz

Ratio Accuracy (A/R, B/R, A/B)2
(25°C x5°C, with —10 dBm on all inputs)

300 kHz to 3 GHz
3 GHz to 6 GHz!

3 MHz 30 MHz

Absolute Amplitude Accuracy

300 MHz 6 GHz

Typical

dB
o

-15

-20

Specified
Performance
Window

300 kHz

3 MHz 30 MHz 300 MKz 6 GHz

Ratio Accuracy

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006

and an HP 85047A S-parameter test set.
2. Unnormalized
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Table 1. HP 8753B Instrument Specifications (7 of 10)

RECEIVER (Cont'd)

MAGNITUDE CHARACTERISTICS (Cont’d)

Code
Display Resolution ............ ... ... . ... ... 0.01 dB/division ............ ... i S-3
Marker Resolution’ .......... ... . .. i 0001dB ...t e S-3
Dynamic ACCUracy (S€8 graph) .. ..... ..ottt e S-1
(10 Hz bandwidth, inputs A and B; R to —35 dBm)
1
1@
-S 2—s 3 t0 6 GHz
/ @
2 //4/ Z E"'<3GHZ
P AL 3
E .85 /Ij/l - S g
> i L .2
Q .82
: \ ) '
3 e\ ,/1 4 e
uL:, .85 : -05 §
&
.ee2 - 02
.291 -e1
28 19 REF -19 -28 -3@ -48 -50 -60 -7?@ -80
Measurement Level (dB from REF)
Assumption: Reference Power Level = —20 dBm
Dynamic Accuracy (Magnitude)
Trace Noise (CWsweep) ............ccivinnnon.. <0.006dBrms ..........ciiiiiiiiiiian., S-1
(A/R, B/R, A/B, at —10 dBm, 3 kHz bandwidth)
Reference Level
Range ........coiiiiiniii i +500dB ... S-3
Resolution .......... ...t 0.001dB ... ..ot S-3
Stability (300 kHzto3GHz) ..................... 0.01dBjdegree C ........... ...l T
(B3to6GHz) ....... ... ... i, 0.02dB/decree C .............. i T
PHASE CHARACTERISTICS
(A/R, B/R, A/B)
Range ........ccouiiiiiiii i i i e 180 e S-3
Display Resolution ................... ... ... ... 0.01°/division ...... ... .. i S-3
Marker Resolution ........... ... ..o, 0.01° i e S-3

1. Marker resolution for magnitude, phase, and delay is dependent upon the value measured; resolution is limited to 5 digits.
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Table 1. HP 8753B Instrument Specifications (8 of 10)

RECEIVER (Cont’d)

PHASE CHARACTERISTICS (Cont’d)

Frequency Response (deviation from linear) (see graph)

(with —10 dBm into inputs, 25°C +5°C) Code
300kHzt03GHz ........................... +3°
3GHzto6GHz! ............................ = S-1

Specified
Typical Performance
Window

Degrees
o
4

300 kHz 3 MHz 30 MH2 300 MHz 6 GHz

Frequency Response

Dynamic ACCUracy (S86 graph) . . ... ...ttt e e e e e e S-1
(10 Hz bandwidth A/R, B/R, and A/B; R to —35 dBm)

5@
p, 3106 GHz
20 // <3 GHz
. e e N
S s — ——
c \ = p 7
> ‘,
? e \ /// 4
g, \ AL
@T 3\ y s
o 5 \\
g N .
L
a2
o
.@5 -
20 10 REF -1@ -208 -39 -4 -S9 -60@ -7’8 -80
Measurement Level (dB from REF)
Assumption: Reference Power Level = —20 dBm
Dynamic Accuracy (Phase)
Trace Noise (A/R, B/R, A/B)
300kHzto3GHz .............. ..., <0.035°rms ..., S-1
3GHzto6GHz' ................... ... ...... <0.06°Irms ... S-1

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006
and an HP 85047A S-parameter test set.
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Table 1. HP 8753B Instrument Specifications (9 of 10)

RECEIVER (Cont'd)

PHASE CHARACTERISTICS (Cont’d)

Code
Reference Level
Range ..........coiiiiiiiiiiiiann, +500° ... ... 83
Resolution ............... ... .. il 0.01° L. e S-3
Stability
300kHzto3GHz ....................... .. 0.05°/degree C . ... T
3GHzto6GHzY .......... ... .. il 0.10°/degree C ......... ..ol T
POLAR CHARACTERISTICS
(A/R, B/R, A/B)
RanNge ......ccvvmiiiii i 10 x 10-12 up to 1000 units full scale .......... S-3
Reference ........... .. i, range of £500units .......... ... ... S-3

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) ................ ... {frequency span)number of points —1) ........ S-3
Maximum aperture ............ ..o, 20% of frequency span ..................... S-3
Range ........coiniiiiiiiinaii e 1/2 x (1/minimum aperture) .................. S-3

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

ool T - U+ S-3
The following graph shows group delay accuracy at 3 GHz with an HP 85046A S-parameter test set with 7 mm full
2-port calibration and a 10 Hz IF bandwidth. Insertion loss is assumed to be <1 dB and electrical length to be 1
metre.

108 ns ===ss:

18 ns

1 ns

100 ps

TYPICAL
GROUP DELARY ACCURACY
/

18 ps

T
Hr

i ps
10 kHz 100 kHz 1 MHz 18 MHz 108 MHz

APERTURE

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006
and an HP 85047A S-parameter test set.
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Table 1. HP 8753B Instrument Specifications (10 of 10)

RECEIVER (Cont’d)

GROUP DELAY CHARACTERISTICS (Cont’d)

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 accuracy. The graph on the previous page shows this transition.
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Table 2. HP 8753B General Characteristics (1 of 3)

MEASUREMENT THROUGHPUT SUMMARY

Typical Time for Completion (ms)

The following table shows typical measurement times for the HP 8753B in milliseconds.

Number of Points
51 201 401 1601
Measurement
Uncorrected 75 150 255 900
1-port cal 75 150 255 900
2-port cal? 350 980 1640 5500
Time Domain 110 500 1000 2500
Conversion 3
HP-IB Data
Transfer 4
Internal 20 20 20 20
ASCI 360 1350 2700 | 10,800
IEEE 754 floating
point format
32 bit 40 100 190 700
64 bit 80 290 560 2200

REMOTE PROGRAMMING

Interface

practices.

Transfer Formats

ASCI
32/64 bit IEEE 754 Floating Point Format

Interface Function Codes

Binary (internal 48-bit floating point complex format)

SH1, AH1, T6, TEO, L4, LEOQ, SR1, RL1, PPO, DC1, DT, C1, C2, C3, C10, E2

HP-IB interface operates according to |EEE 488-1978 and |EC 625 standards and |EEE 728-1982 recommended

assumed off.

include bandswitch time. Time domain gating is assumed off.
3. Option 010 only, gating off.
4. Measured with an HP 9000 series 300 computer.

1. S11 1-port calibration, with a 3 kHz IF bandwidth. includes system retrace time, but does not include bandswitch time. Time domain gating is

2. S21 measurement with full 2-port calibration, using a 3 kMz IF bandwidth. Includes system retrace time and RF switching time, but does not

HP 8753B

Instrument Specifications
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Table 2. HP 8753B General Characteristics (2 of 3)

FRONT PANEL CONNECTORS

CoNNECtOr TYPE ..ot type-N (female)
IMpedance . ... ... ... 50 ohms (nominal)
Connector Pin RECESSION . ...t e 0.201 t0 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
ImMpedance ... ... ... 50 ohms

External Auxiliary Input (AUX INPUT)
Input Voltage Limits .. ... .. ... . —10V 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.

External Trigger Circuit

i 2
| +5v !
[ |
! % . TO SWEEP
EXT TRIGGER —> >—¢——w—3 >— TRIGGER
; ? " CIRCUITRY
| |
I |
| U o4

LINE POWER

47 to 63 Hz
115V nominal (90V to 132V) or 230V nominal (198 to 264V). 280 VA max.

PROBE POWER

FIOV 22% o 400 mA (combined load for both probe connections)
=126V £55% ... 300 mA (combined load for both probe connections)
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Table 2. HP 8753B General Characteristics (3 of 3)

ENVIRONMENTAL CHARACTERISTICS

Operating Conditions

Temperature (unjess otherwise noted) ....... ...t 0° to 55°C
HUumidity ... i 5% to 95% at 40°C (non-condensing)
AUGE . .ot e e s 0 to 4500 meters (15,000 feet)

Non-Operating Storage Conditions

TOMPEIAtUIE . . o\ttt ettt e —40°C to +70°C
Humidity . ... .. 0 to 90% relative at +65°C (non-condensing)
AUGE . ..ot e e e e 0 to 15,240 metres (50,000 feet)
WEIGHT

=Y S 22 kg (48 Ib)
5] 1] oY o1 T T R I 25 kg (55 Ib)

CABINET DIMENSIONS

177 mm H x 425 mm W x 497.8 mm D
(7.0 x 16.75 x 20.0 in)
(These dimensions exclude front and rear panel protrusions.)

]
TOP
fe—— 425mm (16.75 in.) —>| l¢——— 497.8 mm (20.0 in.) ———>
o )
S 177mm || ]
o —\— (7.0in.) '[ J‘ 'h
REAR SIDE
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System Performance

INTRODUCTION

The HP 8753B system performance depends not only on the performance of the individual instru-
ments, but also on the system configuration, the user-selected operating conditions, and the meas-
urement calibration.

This section explains the residual errors remaining in a measurement system after accuracy enhance-
ment. It provides information to calculate the total measurement uncertainty of different HP 8753B
systems. Graphs at the beginning of the section show examples of the performance that can be
calculated using the methods explained in this section.

The sources of measurement errors are explained, with an error model flowgraph and uncertainty
equations. Information is provided for conversion of the dynamic accuracy error (in dB) to a linear
value for use in the uncertainty equations. The effects of temperature drift on measurement uncer-
tainty are illlustrated with graphs.

System specification tables are provided for an HP 8753B 7 mm system using an HP 85046A, 85044A,
or 85047A test set. Typical system performance tables are given for 50 ohm type-N and 3.5 mm
systems, and for 75 ohm type-N systems using the HP 850468 and 85044B test sets.

Procedures and blank worksheets are supplied to compute the total error-corrected measurement
uncertainty of a system. These procedures combine the terms in the tables, the uncertainty equations,
and the nominal S-parameter data of the device under test.

COMPARISON OF TYPICAL ERROR-CORRECTED
MEASUREMENT UNCERTAINTY

Figures 3 through 10 are examples of the measurement uncertainty data that can be calculated using
the information provided in this section. These figures compare the reflection and transmission meas-
urement uncertainty of a 7 mm system using different levels of error correction. Each figure shows
uncorrected values and residual uncertainty values after response calibration, response and isolation
calibration, and full one or two port calibration. The data applies to a frequency range of 300 kHz to 3
GHz with a stable temperature (no temperature drift), and using compatible 7 mm calibration devices
from the HP 85031B calibration kit.

The results graphed in Figures 3 through 10 can be obtained using the HP 85046A, 85044A, or 85047A
test sets up to 3 GHz. Different measurement calibration procedures provide comparable measure-
ment improvement for the following compatible connector types and test sets (using the compatible
calibration kits):

50 ohm type-N connectors

3.5 mm connectors

HP 85047A test set from 3 GHz to 6 GHz (with HP 8753B option 006)
HP 85046B and 85044B with 75 ohm type-N connectors

HP 8753B System Performance
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(linear)

Uncertainty

(Deg)

Uncertainty

System Performance

Reflection Uncertainty of a One-Port Device ‘

Assumptions: Reference Power Level = —20 dBm
S21 = $12 = 0 (one-port device only)

Uncorrected — - — - —

Response - --------

Response and Isolation — — — — —
Fult one or two port

v

] .2 .4 .6 .8 1 ‘I.’
S11 Reflection Coefficient oS

Figure 3. Total Reflection Magnitude Uncertainty

25

.......

(]

%} .2 .4 .6 .8 1

S11 Reflection Coefficient
Figure 4. Total Reflection Phase Uncertainty ‘
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HP 8753B

Reflection Uncertainty of a Two-Port Device

Uncertainty (linear)

Uncertainty (Deg)

Assumptions: Reference Power Level = —20 dBm
S21 = S12 = 0.5 (6 dB insertion loss device)
Uncorrected — - — - —
Response « -« -

Response and Isolation — — — — —
Full one or two port

(%))

/7
.4 -
e
A T
e d
o -
g 7~
.2
A
[ B
Td 2 .4 .6 .8 1
S11 Reflection Coefficient
Figure 5. Total Reflection Magnitude Uncertainty
38
\ O\
\ ~ e
24 N e
N | Tee—
\ —
~ < - -
18 = -
12
5 \
T e .2, .4 .6 .8 1

Sil Reflection Céefficientv

Figure 6. Total Reflection Phase Uncertainty
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Transmission Uncertainty of a Low-Loss Device

Assumptions: Reference Power Level = —10 dBm
S11 =822 = 0.1
Uncorrected — - — - —
Response .........

Response and Isolation — — — — —
Full one or two port

20

10

)

m 2
-
-

1
>~

o —

- S5
©
el

< .2
o
o

C .1
2

.05

.82

.81

REF -18 -29 -38 -40 -50

S21 Insertion Loss (dB)

Figure 7. Total Transmission Magnitude Uncertainty

50
20
~ 1o
[e)]
w —
5 5 — T — .:_"”“—
>
+ .
£ >
o
ey
b 1
Q
[8]
)
3 .5
.2
1
" - e 30 —a =y

S21 Insertion Loss (dB)

Figure 8. Total Transmission Phase Uncertainty
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HP 8753B

Transmission Uncertainty of a Wide Dynamic Range Device

Uncertainty (dB)

Uncertainty (Deg)

Assumptions: Reference Power Level = 0 dBm
S11 =822 = 0.1

Uncorrected — - — - —

Response «------ -

Response and Isolation — — — — —
Full one or two port

20
"
1e .
5 ;{5” 7
=17~
: =T A
............ ///
1
= s
Z
.5
—
Ny
.1
.es
.2
.e1 =
REF -18 -280 -3@ -48 -5 -60 -70 -89 -98 -100
S21 Insertion Loss (dB)
Figure 9. Total Transmission Magnitude Uncertainty
5@ > Y
. —1 1
- 7,
<N I I N R B ////
12 e ~
,/'
]
17
/
i
1
.5
.2
.1

REF -18 -20 -30 -4@ -50 -6@ -?80 -8@ -S@ -1@0

521 Insertion Loss (dB)

Figure 10. Total Transmission Phase Uncertainty
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36

SOURCES OF MEASUREMENT ERRORS

Network analysis measurement errors can be separated into systematic, random, and drift errors.
Refer to chapter 5, Measurement Calibration, for a detailed description of the systematic errors cor-
rected by the HP 8753B accuracy enhancement calibration procedures. In addition to the errors
removed by accuracy enhancement, other systematic errors exist that, combined with random and
drift errors, also contribute to total system measurement uncertainty. Therefore, after accuracy
enhancement procedures are performed, residual measurement uncertainties remain.

Systematic Error Sources

Residual (post-calibration) systematic errors result from imperfections in the calibration standards,
the connector standards, the connector interface, the interconnecting cables, and the instrumenta-
tion. All measurements are affected by dynamic accuracy, effective switch port match, switch track-
ing, and frequency error effects. For reflection measurements, the associated residual errors are
effective directivity, effective source match, and effective reflection tracking. For transmission meas-
urements, the additional residual errors are effective crosstalk, effective load match, effective trans-
mission tracking, and cable stability.

Random Error Sources

Non-repeatable measurement variations occur due to trace noise, noise floor, and connector repeat-
ability. These errors affect both reflection and transmission measurements.

Drift Error Sources

Drift error sources fall into two basic categories: frequency drift and instrumentation drift. Primary
causes for instrumentation drift are the thermal expansion characteristics of the interconnecting
cables within the test set, and the conversion stability of the frequency converter within the receiver.
These errors affect both reflection and transmission measurements.

System Performance . HP 8753B



SYSTEM ERROR MODEL

Any measurement result is the vector sum of the actual test device response plus all error terms. The
precise effect of each error term depends upon its magnitude and phase relationship to the actual test
device response. When the phase of an error response is not known, phase is assumed to be worst
case (0 or 180 degrees). Random errors such as noise and connector repeatability are generally
combined in a root-sum-of-the-squares (RSS) manner. The error term related to thermal drift is com-
bined on a worst-case basis as shown in each uncertainty equation given in the following paragraphs.

Figure 11 illustrates the error model for the HP 8753B with the HP 85046A or 85047A S-parameter test
set. This error model shows the relationship of the various error sources in the forward direction, and
may be used to analyze overall measurement performance. The model for signal flow in the reverse
direction is similar. Note the appearance of the dynamic accuracy, noise errors, switch errors, and
connector repeatability terms in both the reflection and transmission portions of the model.

1+ 148, 14T 4T, 148, 45, | 8,2 | 14, 45, , Ny
b e o o o e )
PORT 1 DEVICE UNDER TEST PORT 2
CONNECTOR CONNECTOR
AND CABLE AND CABLE
N
A = Dynamic Accuracy D = Residual Directivity

(A, = Magnitude Dynamic Accuracy)
(A, = Phase Dynamic Accuracy)

N, = Noise Floor M; = Residual Source Match

N, = High Level Noise M, = Residual Load Match

Tsw = Switch Repeatability (Transmission) C = Residual Crosstalk

Mgw* = Switch Repeatability (Reflection) T, = Residual Reflection Tracking
R, = Reflection Repeatability T, = Residual Transmission Tracking
R, = Transmission Repeatability S, = Cable Reflection Stability

T.4 = Reflection Tracking Drift S, = Cable Transmission Stability
T,y = Transmission Tracking Drift

Figure 11. HP 8753B/85046A/85047A System Error Model

For measurement of one-port devices, set the crosstalk (C), load match (M), transmission tracking
(Ty, port 2 connector repeatability (R,,, R;,), and port 2 cable stability (S,,, S;,) error terms to zero.

* Inthe tables of specifications and typical system performance, the effects of switch repeatability are included in the terms for source match, load
match, reflection tracking, and transmission tracking.

HP 8753B Svstem Performance
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REFLECTION UNCERTAINTY EQUATIONS

Total Reﬂection Magnitude Uncertainty (E,,,)

An analysis of the error model yields an equation for the reflection magnitude uncertainty. The equa-
tion contains all of the first order terms and the significant second order terms. The error term related
to thermal drift is combined on a worst case basis with the total of systematic and random errors. The
four terms under the radical are random in character 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 and the S-
parameters are treated as linear absolute magnitudes.

E.m (linear) = V, + S11 x T,4 (magnitude); and
E.n (log) = 20 log (1 £ E,,/S11)

where

V=8 + VW2 + X2+ Y2+ 2Z2
S, = systematicerror =D + S + T, xS11 + (My +S,4) x S112 + M; x S21 x S12 + A, x ST
W, == random low-level noise = 3 x N,

= random high-level noise = 3 x N;, x S11

-

= random port 1 repeatability = R,; + 2 x R;; x S11 + R,y x S112

-

N < X
I

= random port 2 repeatability = R, x S21 x §12

-

Total Reflection Phase Uncertainty (E,p)

Reflection phase uncertainty is determined 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 thermal drift of the total system, port 1 cable stability, and phase dynamic accuracy.

E,p = arcsin ((V, — Ap, x S11) / S11) + T, (phase) + 28, + A,
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TRANSMISSION UNCERTAINTY EQUATIONS

Total Transmission Magnitude Uncertainty (E,,,)

An analysis of the error model in Figure 11 yields an equation for the transmission magnitude uncer-
tainty. The equation contains all of the first order terms and some of the significant second order
terms. The error term related to thermal drift is combined on a worst case basis with the total of
systematic and random errors. The four terms under the radical are random in character 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.

E.n, (linear) = V, + 521 x T4 (magnitude); and
Emn (log) = 20 log (1 £ E,, / S21)

where

V,=S,+ VW2 + X2+ Y2 + Z2

S, = systematic error = C + T, x 821 + (Mg + S,4) x S11x 821 + (M, + S,,) x S21 x S22 + A, x
s21

W, = random low-level noise = 3 x N,
X, = random high-level noise = 3 x Ny, x S21
Y, = random port 1 repeatability = R,; x S21 + R,; x S11 x 521

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

Ey, = arcsin ((V, — A, x 821) / §21) + T4 (phase) + S, + Sy, + A,

HP 8753B System Performance
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DYNAMIC ACCURACY

The dynamic accuracy value used in the system uncertainty equations is obtained from the HP
8753B’s dynamic accuracy specifications. The specification for magnitude dynamic accuracy is in dB,
and it must be converted to a linear value to be used in the uncertainty equations. In addition, the HP
8753B’s dynamic accuracy specifications are given for an absolute input signal in dBm, and must be
converted to a relative error (relative to the power at which the accuracy enhancement calibration
occurs) to be used in the system uncertainty equations.

Dynamic Accuracy (linear) = 10" DYMAcC@BI20) _
10(~PynAce(BI20) | 4

Dynamic Accuracy (dB) = 20%*log(1 = Dynamic Accuracy (linear))
Definitions
Pcal = the calibration (thus the reference) power level at the instrument input port (A or B) (i.e.

when the short is measured in a reflection calibration OR when the thru is measured in a
transmission calibration)

Pmeas = the measured input signal (dBm) when the DUT is measured
Residual dynamic accuracy = the residual error remaining when Pmeas = Pcal

Linacc =  relative dynamic accuracy (linear magnitude or phase) for the ratioed measurement
used in the linear system performance calculation

Lincal = dynamic accuracy (linear magnitude or phase) term for single input at Pcal

Linmeas = dynamic accuracy (linear magnitude or phase) term for single input at Pmeas

Determining Relative Dynamic Accuracy Error Contribution

The example given here shows how to determine the relative dynamic accuracy error contribution to a
measurement in a ratio mode. Six example graphs are provided: Figures 12 and 13 show the worst-
case magnitude and phase dynamic accuracy error with a reference power level of 0 dBm, Figures 14
and 15 with a reference power level of —20 dBm, and Figures 16 and 17 with a reference power level of
—60 dBm. :

Assume R channel power level to be constant (Pcal = Pmeas)

Example: 0 dBm=Pcal=—60 dBm (magnitude)
0 dBm=Pcal=—50 dBm (phase)
e N
0 dBm=Pmeas=—60 dBm (magnitude) —60 dBm=Pmeas=—100 dBm (magnitude)
0 dBm:=Pmeas=—50 dBm (phase) —50 dBm=Pmeas=—100 dBm (phase)
Linacc = ABS (Lincal — Linmeas) Linacc = Lincal + Linmeas
-+ Residual — Residual

Residual Magnitude Dynamic Accuracy (linear) = 0.00577
Residual Phase Dynamic Accuracy = 0.331 degrees

10 System Performance HP 8753B



Dynamic Accuracy Error Contribution
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EFFECTS OF TEMPERATURE DRIFT

Figures 18 to 21 are graphs showing the effects of temperature drift on error-corrected measurement
uncertainty values. Values are shown for changes of +3°C and +5°C from the ambient temperature.
Figures 18 and 19 show total reflection magnitude and phase uncertainty with temperature drift follow-
ing an S11 one-port calibration. Figures 20 and 21 show total transmission magnitude and phase
uncertainty with temperature drift following a full two-port error correction. The graphs apply to
measurements up to 3 GHz.
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HP 8753B

Temperature Drift with S11 One-Port Calibration
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Temperature Drift with Full Two-Port Calibration
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SYSTEM PERFORMANCE WITH DIFFERENT TEST SETS AND
CONNECTOR TYPES

The tables in the following pages provide system specifications or typical system performance for HP
8753B systems using different test sets and different connector types. The values listed are for
uncorrected measurements and for corrected measurements after accuracy enhancement.

Table Connector Test Set Frequency Range
3 7 mm HP 85046A, 85044A, 85047A 300 kHz to 3 GHz
4 7 mm HP 85047A 3 GHz to 6 GHz
5 50 ohm type-N HP 85046A, 85044A, 85047A 300 kHz to 3 GHz
6 50 ohm type-N HP 85047A 3 GHz to 6 GHz
7 3.5 mm HP 85046A, 85044A, 85047A 300 kHz to 3 GHz
8 3.5 mm HP 85047A 3 GHz to 6 GHz
9 75 ohm type-N HP 850468, 85044B 300 kHz to 2 GHz

Tables 3 and 4 provide specifications for HP 8753B 7 mm systems. Error correction was performed
using precision devices from the HP 85031B 7 mm calibration kit. Data listed in the columns headed
Residuals After Accuracy Enhancement was measured accurately at the factory with standards tracea-
ble to the National Bureau of Standards. These residuals can be verified only at the factory (USA).
Aggregate system performance after accuracy enhancement can be verified using the HP 85029B
7 mm verification kit and the System Verification procedure in the On-Site System Service Manual.

Tables 5 through 9 provide typical performance figures for other HP 8753B systems. These are not
specifications, but are intended to provide information useful in applying the instrument by giving
typical but non-warranted performance parameters. Error correction for these systems is performed
using the compatible calibration kits listed in General Information.

NOTE: Tables 3 through 9 are generated with the HP 8753B in chop A and B sweep mode. Refer to
Calibrate More Menu in Chapter 5 for details.
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Table 3. System Specifications for Devices with 7mm Connectors
HP 8753B with HP 85046A, 85044A, or 85047A Test Set, up to 3 GHz

Uncorrected Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port 3
dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity —-30 0.032 -30 0.032 —504 | 0.0032 —50 0.0032 —50 0.0032
Ms Source Match 5 —166 0.16 —166 0.16 -16 0.16 —40 0.01 —40 0.01
M, Load Match 5 —166.7 0.167 —166.7} 0.167 —167 0167 — — —42 0.005
. . +0.197 +157 +1.37
T, | Reflection Tracking § +157 0467 | —187 0197 | 157 0.167 | =005 | 0.006 | +0.05 | 0.006
- ) +0.197
T, | Transmission Tracking 5 +157.8 —0467 +0.207| 00267 | £0.207 | 0.0267 — — +0.03 | 0.0035
C Crosstalk —907 | 0.0000327 | —907 |0.000032| —1009 | 0.00001 — — —100°9 | 0.00001

Port 1 Reflection Connector

Repeatability (Typical)

R Repeatability (Typical) —70 dB or 0.00032 linear
Ru ggge;t:;%‘t;"(‘%sgfc’;l‘;°””e°t°r —70 4B or 0.00032 linear
Ry ;ggeit;fi?i‘t’;tg;p?c"a"l;‘ecmr —70 dB or 0.00032 linear
Re Port 2 Transmission Gonnector —70 dB or 0.00032 linear

N Low-Level Noise
| (Noise Floar)

—100 dBm

(Typical)

N, | High-Level Noise 10 Magnitude: 0.004 dB or 0.00046 linear
HP 8753B Magnitude .
Am,Ap and Phase Dynamic Refer to *‘Dynamic Accuracy” in this section
Accuracy Error ‘
Port 1 Cable Transmission
Sy Phase Stability 1 0.05 x f(GHz), degrees
St gfg)iriﬁ?“’ Reflection 70 ¢8 o 0.00032 finear
Port 2 Cable Transmission
S Phase Stabilty 11 0.05 x f(GHz), degrees
So | soiyn —70 dB or 0.00032 linear
T Transmission Tracking Drift Magnitude:  0.0015 x A°C, linear
td | (Typical) Phase: [0.1 + 0.15 x f(GHz)]} x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C, linear
rd

Phase: 12 [0.1 + 0.15 x f(GHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 850318 7 mm calibra-
tion kit. Environmental temperature is 25°C =+ 5°C at calibration: =+ 1°C from calibration
temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. One-path 2-port calibration with HP 85044A.
4, With impedance-matched load.

5. Includes effects of switch repeatability.

6. Applies over most of the frequency range. Refer to test set manual for detailed
specifications.

7. Typical.

8. HP 85044A typically has a +6 dB offset.
9. Typically, crosstalk after accuracy enhancement is —110 dB.

10. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
Refer to the trace noise performance test.

11. Arrived at by bending HP 11857D cables out perpendicular to front panel and
reconnecting. Stability is much better with less flexing.

12. Arrived at using HP 11857D cables and full 2-port calibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05 x
f(GHz)] x A°C, degrees.
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Table 4. System Specifications for Devices with 7mm Connectors
HP 8753B with HP 85047A Test Set, 3 GHz to 6 GHz

Uncorrected Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port

dB Linear dB Linear dB Linear dB Linear d8 Linear
D Directivity —-25 0.06 ~25 0.06 —443 0.006 —44 0.0032 —44 0.006
|V|S Source Match 4 —14 0.20 —14 0.20 —14 0.20 -36 0.01 —36 0.016
|V|| Load Match 4 —145 0.205 —145 0.205 —145 0.205 — — —42 0.008

) . +055 +0.065 +2.0 +1.6
4 1 5 5
T, | Reflection Tracking _955 | _(255 96 0.26 ~19 0.20 +0.06 | 0007 | +0.06 | 0.007
- . +055 +0.065

T, | Transmission Tracking 4 955 | _go5s | T 0355 | 0045 | +£0355( 0045 — - +0.05 | 0.006
C Crosstalk —805% 0.00015 —805 | 0.0001 —90% [0.000032 — — —906 10.000032

R Port 1 Reflection Connector
" | Repeatability (Typical)

—70 dB or 0.00032 linear

R ‘ Port 1 Transmission Connector
t1 | Repeatability (Typical)

—70 dB or 0.00032 linear

R Port 2 Reflection Connector
2 | Repeatability (Typical)

—70 dB or 0.00032 linear

R Port 2 Transmission Connector
2 | Repeatability (Typical)

—70 dB or 0.00032 linear

N Low-Level Noise
U] (Noise Floor)

—95 dBm

N, | High-Level Noise 7

Magnitude:

0.004 dB or 0.00046 linear

HP 8753B Magnitude
and Phase Dynamic
Accuracy Error

Refer to *'Dynamic Accuracy’ in this section

S Port 1 Cable Transmission
| Phase Stability 8

0.05 x f(GHz), degrees

S Port 1 Cable Reflection
| stability 8

—70 dB or 0.00032 linear

S Port 2 Cable Transmission
2| Phase Stability 8

0.05 x f(GHz), degrees

S Port 2 Cable Reflection
r2

—70 dB or 0.00032 linear

Stability 8
T Transmission Tracking Drift Magnitude: 0.0015 x A°C, linear
¢ | (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees

T Reflection Tracking Drift
d | (Typical)

Phase: 9

Magnitude: 0.0015 x A°C, linear
[0.1 + 0.15 x f(GHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 85031B 7 mm calibra-
tion kit. Environmental temperature is 25°C +5°C at calibration: + 1°C from calibration
temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. With impedance-matched load.

4. Includes effects of switch repeatability.
5. Typical.

6. Typically, crosstalk after accuracy enhancement is —100 dB.
7. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
Refer to trace noise performance test.

8. Arrived at by bending HP 11857D cables out perpendicular to front panel and recon-
necting. Stability is much better with less flexing.

9. Arrived at using HP 11857D cables and full 2-port cafibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05x
f(GHz)] x A°C, degrees.
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Table 5.

Typical System Performance for Devices with 50 Ohm Type-N Connectors

HP 8753B with HP 85046A, 85044A, or 85047A Test Set up to 3 GHz

Uncorrected Typical Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port 3

dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity —30 0.032 -30 0.032 —444 | 0.0063 —44 0.0063 —44 0.0063
l\/lS Source Match § —166 0.16 —16 0.16 ~16 0.16 —-35 0.018 —35 0.018
M| Load Match § —166 0.16 —166 0.16 —16 0.16 — — —42 0.008
T, | Reflection Tracking s 15 | 0 g Tie | o | =006 | o007 | 006 | 0007

- . +0.19

T, | Transmission Tracking 5 +157 046 +020 | 0026 | 020 | 0.026 - — +0.05 | 0.006
C Crosstalk —90 0.000032 —90 0.000032 | —1008 | 0.00001 — — -—1008 | 0.00001

R Port 1 Reflection Connector
| Repeatability (Typical)

—65 dB or 0.00056 linear

R Port 1 Transmission Connector
1| Repeatability (Typical)

—65 dB or 0.00056 linear

R Port 2 Reflection Connector
2 | Repeatability (Typical)

—65 dB or 0.00056 linear

R Port 2 Transmission Connector
12 | Repeatability (Typical)

—65 dB or 0.00056 linear

N Low-Level Noise
I | (Noise Floor)

—100 dBm

N, | High-Level Noise 9

Magnitude: 0.004 dB or 0.00046 linear

HP 8753B Magnitude
and Phase Dynamic
Accuracy Error

AnA,

Refer to “Dynamic Accuracy’ in this section

S Port 1 Cable Transmission
Y| Phase Stability 10

0.05 x f(GHz), degrees

S Port 1 Cable Reflection
" | Stability 10

—70 dB or 0.00032 finear

S Port 2 Cable Transmission
2| Phase Stability 10

0.05 x f(GHz), degrees

S Port 2 Cable Reflection
r2 | Stability 10

—70 dB or 0.00032 finear

T Transmission Tracking Drift Magnitude: 0.0015 x A°C, linear

W | (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude: 0.0015 x A°C, linear

rd | (Typical) Phase: 11 [0.1 + 0.15 x f(GHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 850328 50K type-N
calibration kit. Environmental temperature is 25°C +5°C at calibration; +1°C from
calibration temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. One-path 2-port calibration with HP 85044A.
4. With impedance-matched load.

5. Includes effects of switch repeatability.

6. Applies over most of the frequency range. Refer to test set manual for detailed
specifications.

7. HP 85044A typically has a +6 dB offset.
8. Typically, crosstalk after accuracy enhancement is —110 dB.

9. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
Refer to the trace noise performance test.

10. Arrived at by bending HP 11857D cables out perpendicular to front panel and
reconnecting. Stability is much better with less flexing.

11. Arrived at using HP 11857D cables and full 2-port calibration. Drift is much better
without cables and with 1-port calibration. For this case, drift-typically is {0.1 + 0.05 x
f(GHz)] x A°C, degrees.
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Table 6. Typical System Performance for Devices with 50 Ohm Type-N Connectors
HP 8753B with HP 85047A Test Set, 3 GHz to 6 GHz

Uncorrected Typical Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port
dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity —25 0.06 —25 0.06 —403 0.01 —40 0.01 —40 0.01
Ms Source Match 4 —14 0.20 —14 0.20 —14 0.20 —-32 0.025 -32 0.025
M| Load Match 4 —14 0.20 —14 0.20 —14 0.20 — — —38 0.013
. . +05 +0.06 +2.0 +1.7
4
T, | Reflection Tracking _25 025 Y 0.26 —20 0.21 +012 | 0014 | =012 | 0014
T, | Transmission Tracking ¢ tgg iggg +0.35 0.04 +0.35 0.04 — - +0.06 | 0.007
C Crosstalk —80 0.0001 -80 0.0001 —905 |0.000032 — — —905 |0.000032
Port 1 Reflection Connector .
R Repeatability (Typical) 65 dB or 0.00056 linear
Port 1 Transmission Connector .
Ri Repeatability (Typical) 65 dB or 0.00056 linear
Port 2 Reflection Connector .
R, Repeatability (Typical) 65 dB or 0.00056 linear
Port 2 Transmission Connector .
Ry Repeatability (Typical) 65 dB or 0.00056 linear
Low-Level Noise _
Ni- | (oise Fioon) %5 dBm
N;, | High-Level Noise & Magnitude:  0.004 dB or 0.00046 linear
HP 8753B Magnitude
Am,Ap{ and Phase Dynamic Refer to “Dynamic Accuracy” in this section
Accuracy Error
Port 1 Cable Transmission
S Phase Stabilty 0.05 x f(GHz), degrees
Port 1 Cable Refiection .
S Stabilty 7 —70 dB or 0.00032 linear
Port 2 Cable Transmission
Se Phase Stability 0.05 x f(GHz), degrees
Port 2 Cable Reflection )
Siy Stability 7 —70 dB or 0.00032 linear
T Transmission Tracking Drift Magnitude: 0.0015 x A°C, linear
| (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude: 0.0015 x A°C, linear
d | (Typical) Phase:8 [0.1 + 0.15 x f(GHz)] x A°C, degrees
1. Accuracy enhancement procedures are performed using HP 85032B 5062 type-N 6. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
cal@brat@on kit. Environmental temperature is 25°Q +5°C at calibratipn: ;1°C from  Refer to trace noise performance test.
callbrfitlon tempelialure must be maintained for valid measurement calibration. 7. Arrived at by bending HP 11857D cables out perpendicular to front panel and recon-
2. W!th !F bandwidth of 10 Hz. necting. Stability is much better with less flexing.
3. With impedance-matched load. 8. Arrived at using HP 11857D cables and full 2-port calibration. Drift is much better
4. Includes effects of switch repeatability. without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05 x
5. Typically, crosstalk after accuracy enhancement is — 100 dB. f(GHz)] x A°C, degrees.
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Table 7. Typical System Performance for Devices with 3.5 mm Connectors
HP 8753B with HP 85046A, 85044A, or 85047A Test Set up to 3 GHz

Uncorrected Typical Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port 3
dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity —-30 0.032 -30 0.032 —404 0.01 —40 0.01 —40 0.01
M | Source Match 5 —166 0.16 —1686 0.16 —16 0.16 —36 0.015 —-36 0.015
M, Load Match 5 —166 0.16 —166 0.16 -16 0.16 — — ~38 0.012
. . +0.19 +1.51 +1.3
5
T, | Reflection Tracking +1.5 —046 183 0.19 16 0.17 +0.14 | 0.016 =0.14 | 0.016
. . +0.19
T, | Transmission Tracking 5 +157 —046 +0.2 0:026 | +020 | 0026 - — +0.05 | 0.006
C Crosstalk —90 0.000032 —90 (0.000032) —1008 | 0.00001 — — —100 ¢ | 0.00001
Port 1 Refiection Connector )
R Repeatability (Typical) —70 dB or 0.00032 linear
Port 1 Transmission Connector .
R Repeatabilty (Typical) —70 dB or 0.00032 linear
Paort 2 Refiection Connector .
R Repeatability (Typical) —70 dB or 0.00032 linear
Port 2 Transmission Connector )
Ri Repeatability (Typical) —70 dB or 0.00032 linear
Low-Level Noise
N, (Noise Floor) 100 dBm
N, | High-Level Noise 9 Magnitude: 0.004 dB or 0.00046 linear
HP 8753B Magnitude
Am,Ap and Phase Dynamic Refer to *‘Dynamic Accuracy' in this section
Accuracy Error
Port 1 Cable Transmission
Si Phase Stability 1 0.05 x f(GHz), degrees
Port 1 Cable Reflection .
S Stability 10 —70 dB or 0.00032 linear
Port 2 Cable Transmission
S Phase Stability 1 0.05 x f(GHz), degrees
Port 2 Cable Refiection .
Sip Stability 10 —70 dB or 0.00032 linear
T Transmission Tracking Drift Magnitude: 0.0015 x A°C linear
td (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C linear
| (Typical) Phase: 11 [0.1 + 0.15 x f(GHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 85033C 3.5 mm calibra-
tion kit. Environmental temperature is 25°C +5°C at calibration: =+ 1°C from calibration
temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. One-path 2-port calibration with HP 85044A.
4. With impedance-matched load.

5. Includes effects of switch repeatability.

6. Applies over most of the frequency range. Refer to test set manual for detailed
specifications.

7. HP 85044A typically has a +6 dB offset.
8. Typically, crosstalk after accuraéy enhancement is — 110 dB.

9. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
Refer to the trace noise performance test.

10. Arrived at by bending HP 11857D cables out perpendicular to front panel and
reconnecting. Stability is much better with less flexing.
11. Arrived at using HP 11857D cables and full 2-port calibration. Drift is much better

without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05 x
f(GHz)} x A°C, degrees.
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Table 8.

Typical System Performance for Devices with 3.5 mm Connectors
HP 87538 with HP 85047A Test Set, 3 GHz to 6 GHz

Typical Residual after Accuracy Enhancement 1. 2

(Typical)

Phase:8 [0.1 + 0.15 x f(GHz)] x A°C, degrees

Uncorrected
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port
dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity —-25 0.06 -25 0.06 —35 0.018 -35 0.018 —35 0.018
M | Source Match 4 —14 0.20 -14 0.20 —14 0.20 —-30 0.032 —30 0.032
M, Load Match 4 -14 0.20 —14 0.20 —-14 0.20 — — —32 0.025
. ) +0.5 +0.06 +2.0 +1.7
4
T, | Reflection Tracking o5 —0.25 26 0.26 —20 0.21 =012 | 0.016 +0.12 | 0.014
T, | Transmission Tracking 4 igg tggg +0.35 0.04 +0.35 0.04 — - +0.1 0.012
C Crosstalk —80 0.0001 —80 0.0001 —905 |0.000032 — — —805 |0.000032
Port 1 Reflection Connector )
R Repeatabilty (Typical) —70 dB or 0.00032 linear
Port 1 Transmission Connector .
Ry Repeatability (Typical) —70 dB or 0.00032 finear
Port 2 Reflection Connector .
Rio Repeatabiliy (Typical) —70 dB or 0.00032 linear
Port 2 Transmission Connector .
Ri Repeatability (Typical) —70 dB or 0.00032 linear
Low-Level Noise _
N1 Noise Floor % dgm
Ni, | High-Level Noise 6 Magnitude: 0.004 dB or 0.00046 linear
HP 8753B Magnitude
Am,AD and Phase Dynamic Refer to “‘Dynamic Accuracy” in this section
Accuracy Error
Port 1 Cable Transmission i
Sy Phase Stability 7 0.05 x f(GHz), degreés
Port 1 Cable Reflection )
Si Stabilty 7 —70 dB or 0.00032 linear
Port 2 Cable Transmission
S Phase Stability 7 0.05 x f(GHz), degrees
Port 2 Cable Reflection .
S Stability 7 —70 dB or 0.00032 linear
T Transmission Tracking Drift Magnitude: 0.0015 x A°C linear
| (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude: 0.0015 x A°C linear
rd

1. Accuracy enhancement procedures are performed using HP 85033C 3.5 mm calibra-
tion kit. Environmental temperature is 25°C + 5°C at calibration: + 1°C from calibration  Refer to trace noise performance test.
temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. With impedance-matched load.

4. Includes effects of switch repeatability.
5. Typically, crosstaik after accuracy enhancement is —100 dB.

7. Arrived at by bending HP 118570 cables out perpendicular to front panel and recon-

necting. Stability is much better with less flexing.

8. Arrived at using HP 11857D cables and full 2-port calibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is {0.1 + 0.05x

f(GHz)] x A°C, degrees.

6. High-leve! noise is the RMS of a continuous measurement of a short circuit or thru.

HP 8753B
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Table 9. Typical System Performance for Devices with 75 Ohm Type-N Connectors
HP 8753B with HP 85046B or 85044B Test Set

Uncorrected Typical Residual after Accuracy Enhancement 1. 2
Symbol Error Terms Response Only Response and Isolation One-Port Full Two-Port 3
dB Linear dB Linear dB Linear dB Linear dB Linear
D Directivity -30 0.032 —-30 0.032 —444 | 0.0063 —44 0.0063 —44 0.0063
M, | Source Match 5 —166 0.16 —166 0.16 —16 0.16 —35 0.018 -35 0.018
M, | Load Match s —166 0.16 —166 0.16 —16 0.16 — — —42 0.008
T, | Reflection Tracking 5 w15 | OIS e | T3 047 | w006 | 0007 | w006 | 0007
-0.16 —-18 —16
o . +0.019
T, | Transmission Tracking § +157 046 +0.21 0.025 +0.20 | 0.026 — — +0.05 | 0.006
C Crosstalk —85 0.000063 —85 [0.000063 | —948 | 0.00002 — — —948 | 0.00002
Port 1 Reflection Connector .
R Repeatability (Typical) —65 dB or 0.00056 linear
Port 1 Transmission Connector .
Ru Repeatability (Typical) 65 dB or 0.00056 linear
Port 2 Reflection Connector )
R, Repeatability (Typical) —65 dB or 0.00056 linear
Port 2 Transmission Connector .
Re Repeatability (Typical) —65 dB or 0.00056 linear
Low-Level Noise
Ny (Noise Floor) 94 dBm
N, [ High-Level Noise 9 Magnitude: 0.004 dB or 0.00046 linear
HP 8753B Magnitude
Am,Ap and Phase Dynamic Refer to “*Dynamic Accuracy” in this section
Accuracy Error
Port 1 Cable Transmission
Sy Phase Stabillty 1 0.05 x f(GHz), degrees
S, g?ar:)i:itsigle Reflection —70 dB or 0.00032 linear
Port 2 Cable Transmission
St Phase Stabilty 10 0.05 x f(GHz), degrees
S gfar;iﬁtfﬁg'e Reflection ~70 0B or 0.00032 linear
T Transmission Tracking Drift Magnitude: 0.0015 x A°C linear
11 (Typical) Phase: [0.1 + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C linear
| (Typical) Phase: 11 [0.1 + 0.15 x f(GHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 850368 75Q type-N
calibration kit. Environmental temperature is 25°C +5°C at calibration: =+ 1°C from
calibration temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. One-path 2-port calibration with HP 85044B.
4. With impedance-matched load.

5. Includes effects of switch repeatability.

6. Applies over most of the frequency range. Refer to test set manual for detailed
specifications.,

7. HP 85044B typically has a +6 dB offset.

8. Typically, crosstalk after accuracy enhancement is —104 dB.

9. High-level noise is the RMS of a continuous measurement of a short circuit or thru.
Refer to the trace noise performance test.

10. Arrived at by bending HP 11857B cables out perpendicular to front panel and
reconnecting. Stability is much better with less flexing.

11. Arrived at using HP 11857B cables and full 2-port catibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05x
f(GHz)] x A°C, degrees.
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DETERMINING EXPECTED SYSTEM PERFORMANCE

The uncertainty equations, dynamic accuracy calculations, and tables of system performance values

provided in the preceding pages can be used to calculate the expected system performance of an HP
' 8753B system. 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 work-
sheets provided. The uncertainty graphs at the beginning of this System Performance section are
examples of the results that can be calculated using this information.

Procedures

Table 10 is a worksheet used to calculate the residual uncertainty in reflection measurements. Table
11 is a worksheet for residual uncertainty in transmission measurements. Determine the linear values
of the residual error terms and the nominal linear S-parameter data of the device under test as
described below and enter these values in the worksheets. Then use the instructions and equations in
the worksheets to combine the residual errors for total system uncertainty performance. The resulting
total measurement uncertainty values have a confidence factor of 99.9%.

S-Parameter Values. Convert the S-parameters of the test device to their absolute linear terms.

Noise Floor. Refer to the Receiver Noise Level Performance Test in the On-Site System Service
Manual to determine the actual noise floor performance of your measurement setup.

Crosstalk. Refer to the Input Crosstalk Performance Test. Connect an impedance-matched load to
each of the test ports and measure S21 or S12 after calibration. Turn on the marker statistics function
(see Chapter 6, 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.

Dynamic Accuracy. Determine the absolute linear magnitude dynamic accuracy as described under
Dynamic Accuracy in this chapter.

Other Error Terms. Refer to Tables 3 through 9, depending on the test set and connector type in
your system. Find the absolute linear magnitude of the remaining error terms.

Combining Error Terms. Combine the above terms using the reflection or transmission uncertainty
equations in the worksheets.

HP 8753B System Performance
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Table 10. Reflection Measurement Uncertainty Worksheet

In the columns below, enter the appropriate values for each term. Frequency:
Error Term Symbol dB Value Linear Value
Directivity D
Reflection tracking T,
Source match M,
Load match M,
Dynamic accuracy
Magnitude A
Phase Ay
S11 S11
S21 S21
512 S12
Noise floor N,
High level noise Ny,
Connector reflection repeatability R,
Connector transmission repeatability R;
Magnitude drift due to temperature T,q (Mag)
Phase drift due to temperature T.q (phase)
Cable reflection stability S,
Cable transmission stability S,

Magnitude

Combine Systematic Errors.
errors. Then combine these errors to obtain the total sum of systematic errors.

In the space provided, enter the appropriate linear values from the list of

(A +T)X(D+S,y) ( + X + )= [k]
(TowtTIX(S11) ( + X )= U]

(Sr1 Mg, +M)X(ST1)X(S11) ( +  + X x( )= [m]
M, XS21XS12 ( X X )= [n]
(An)X(S11) “ (X )= [0]
Total: k+Il+m+n+o + + + = [S]

Combine Random Errors. In the space provided, enter the appropriate line

errors. Then combine these errors in an RSS fashion to obtain a total sum of the random errors.

3X(N)

3X(N,)X(S11) 3x

ar values from the list of

IX(_ )= w]
(_X( X

Ry +2X(Ry) X (S11)+(R,;)X(S11)X(S11)
(R,2)X(821)X(812)

V w2+x2+y2+4z2

V,=S+R

E/n(linear)=V,+T 4mag)XS11
E,n(log)=20 Log (1 +E,,/S11)

vl

)
X )R XX )
(XX )

+(

(2]

[R]

dB

Phase
E,,=Arcsin[(V,— A, XS11)/S11]+ T, (phase)+2XS,, +A,

Arcsin[( - X

1+

degrees
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Table 11. Transmission Measurement Uncertainity Worksheet

In the columns below, enter the appropriate values for each term. Frequency:
Error Term Symbol dB Value Linear Value
Crosstalk C
Transmission tracking T,
Source match M,
Load match M,
Dynamic accuracy
Magnitude A,
Phase A,
S11 S11
S21 S21
S12 S$12
S22 $22
Noise floor N,
High level noise Ny
Connector reflection repeatability R,
Connector transmission repeatability R,
Magnitude drift due to temperature T,q (mag)

Phase drift due to temperature
Cable reflection stability
Cable transmission stability

T.q (Phase)

r

St

Magnitude

Combine Systematic Errors. In the space provided, enter the appropriate linear values from the list of
errors. Then combine these errors to obtain the total sum of systematic errors.

C = [k]
(Tow T X(S21) (. + X )= i

(8¢ + Mg, +Mg)X(511)X(821) ( +  + X)X )= [m]
(Sr2 Mg, +M)X(821)X(S22) - (. + X)X )= [n]
(Am)X(821) : (X )= [o]
K+l+m+n+o + + + + = [S]

Combine Random Errors. In the space provided, enter the appropriate linear values from the list of
errors. Then combine these errors in an RSS fashion to obtain a total sum of the random errors.

3X(N) IX(__ )= (w]
3X(N,)X(821) IX(__IX(__ )= [x]
(Res) X (S21)+(R1) X (S11)X(S21) (X ) X X)) = Iyl
(Rip) X(821)+(R X S22 X 821) (X D)+ XX )= (2]

V w2+x2+y2+z2 V  x_ _+ X 4+ x_+_x__ = [R

V,=S+R =

Em(linear)=V,+T,(mag) X $21 +H_ X __ )=

Em(log)=20 Log (1 £ E,,,/S21) 20Log (1 £ / )= dB

Phase

E“,=Arcsin[(V‘-A,,,><S21)/S21]+Tm(phase)+sn*&-St2+Ap Acsinf(_ — X )y_ 1+ + + + == degrees
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INTRODUCTION

This section provides instructions for installing and interconnecting the HP 8753B system in a rack-
mounted or bench configuration. Information includes site preparation, receiving shipment, initial
inspection, power and grounding requirements, rack mounting, bench installation, system intercon-
nections, and instructions for repacking and shipment.

Checklists are provided following the instructions for site preparation and installation. Complete these
checklists to ensure that steps are not overlooked. Table 1is the site preparation checklist, and Table
4 is the installation checklist.

SITE PREPARATION

A site must be provided that meets the space, power, environmental, and communications require-
ments of the system ordered, as described below.

Space Requirements

If the system has been ordered with a rack such as the HP 85043B system rack, sufficient space must
be provided for the rack plus a minimum clearance of 15 cm (6 in) behind and on both sides of the rack
to allow proper ventilation. The HP 85043B system rack measures 124 cm (49 in) high by 60 cm (24 in)
wide by 80 cm (32 in) deep. The total depth of the rack with the work surface installed is 115 cm (45 in).

HP 8753B Svustem Installation
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Power Requirements

The voltage and frequency requirements for the power source of the HP 8753B are listed in Table 2 in
this section. The test sets obtain power from the HP 8753B and do not require an outside power
source.

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. An additional power line outlet should be provided for the controller of

an automatic system.
CAUTION

A properly grounded AC outlet is mandatory when operating the HP
8753B. Operating the HP 8753B with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

Environmental Requirements

For best performance, the operating environment for the HP 8753B should meet the following require-
ments:

® Temperature between 0°C and +55°C
e Relative humidity between 5% and 95% at +40°C (nbn-condensing)
® Altitude up to 4500 metres (approximately 15,000 feet)

® RFI and EMI susceptibility defined by VDE 0730, CISPR Publication 11, and FCC Class B Stan-
dards.

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 the General Information and Specifications section of this manual.

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

® The environment should be as dust-free as possible, and the air filters in the instruments and the
rack should be cleaned regularly.

® Electrostatic discharge (ESD) should be controlled by use of static-safe work procedures. For

bench installation, the HP 92175T antistatic bench mat will decrease the possibility of damage
from ESD.

RECEIVING AND INSPECTION

Receiving Shipment

The instruments ordered as components of the HP 8753B system may be shipped separately from
different points of origin, and will not arrive together in a single shipment. It is recommended that the
shipping containers be kept in one area and not unpacked until all the instruments are delivered.
Before unpacking, verify that all system components ordered have arrived by comparing the shipping
forms to the original system purchase order.

System Installation HP 8753B
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Initial Inspection

Inspect all shipping containers. If your shipment is damaged or incomplete, save all packing materials
and notify both the shipping carrier and the nearest Hewlett-Packard Sales and Service Office.
Hewlett-Packard will arrange for repair or replacement of damaged or incomplete shipments without
waiting for a settlement from the transportation company. Notify the HP customer engineer of any
problems.

As you unpack the system components, verify that the serial numbers listed on the shipping docu-
ments are the same as those on the rear panels of the instruments. Keep the packing materials in
case they are needed for reuse.

Any instruments or computer equipment already on hand that are intended for use in the system
should be verified before being integrated into the system. Collect all components of the system at the
installation site.

Complete the site preparation checklist. If you have ordered HP 8753B +23N, On-Site Installation and
Verification, contact the Hewlett-Packard customer engineer to perform installation, configuration,
and system verification. If you did not order this support product, perform the procedures described
under “installation.”

INSTALLATION

If you have ordered HP 8753B +23N, On-Site Installation and Verification, the installation of your
system will be performed by a Hewlett-Packard customer engineer. Be sure that all system compo-
nents have been delivered, unpacked, and collected at the installation site before you contact the
customer engineer to schedule the installation.

if you have not ordered HP installation and verification, read the following instructions for:

1. Setting up the instruments in a bench-top or rack-mount configuration. Either of these may be an
automatic system: that is, it may include a computer controlier.

2. Making correct power connections and checking power-on and self test for each instrument.
3. Making HP-IB connections and checking HP-IB addresses.

4. Completing system interconnections before performing tests of the system functions.

HP 8753B System Installation



Table 1. HP 8753B System Site Preparation Checklist

{Refer to preceding paragraphs for details.)

Space Requirements

Rack-Mounted System
90 cm x 130 cm (36 in x 51 in)

(including clearance) [ ]
Bench-Top System
Bench or table to hold instruments [ 1
Automatic System
Controller table 930 mm x 712 mm (36 in x 28 in) [ 1
Power Requirements
PROPERLY GROUNDED AC POWER OUTLET [ 1
Operating the HP 8753A/B without proper AC
ground WILL DAMAGE THE INSTRUMENT!
Rack-Mounted System
1 multiple-outlet power strip (2000 VA) [ ]
(includes outlets for service)
Bench-Top System
2 multiple-outlet power strips (2000 VA) [ 1]
(includes outlets for service)
Environmental Requirements
Temperature: +20°C to +30°C (+68°F to +86°F) [ ]
Humidity: 5% to 80% RH (20-60?? 20-8077?) [ ]
Altitude: 0 to 4500 metres (15,000 feet) []
RFI and EMI susceptibility defined [ 1
Antistatic tabletop mat [ ]
Operating Supplies
Plotter paper, spare pens, etc. on hand [ 1
System Components
Shipment complete {1
Serial numbers verified [ 1
Instruments already on hand verified [ ]
All instruments collected at installation site [ 1]
On-Site installation
Customer engineer contacted, installation scheduled [ ]
System Installation HP 8753B



SETTING UP THE INSTRUMENTS

Because there are numerous possible configurations of HP 8753B systems, the instruments can be
set up in different ways according to individual situations. The instructions given here are for typical
bench-top and rack-mounted system setups. Instructions for connecting the system cables are pro-
vided following the power check and HP-IB address check.

Bench-Top Systems

If the system includes an S-parameter test set, place this on the bench at least 15 cm (6 inches) back
from the front edge. Put the HP 8753B on top of the S-parameter test set.

If the system will be used with an HP 85044A/B transmission/reflection test set, place the HP 8753B
on the bench at least 30 cm (12 inches) back from the front edge. Place the test set in front of the HP
8753B.

Put the plotter (or printer) on top of the HP 8753B. If this is not an automatic (computer-controlled)
system and a printer is to be used in addition to the plotter, place the printer on the bench next to the
network analyzer/test set combination. A typical system setup is illustrated in Figure 1.

fisase von aroven mamoTR
e TN

Figure 1. Typical Bench-Top System Setup

HP 8753B System Installation
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Rack-Mounted Systems

The recommended system rack or cabinet for the HP 8753B is HP 85043B, which includes the neces-
sary flange kits for rack mounting. Four short AC power cords are supplied with the rack to connect
power from the special cabinet power strip to each instrument in the cabinet. The manual for the HP
85043B rack provides instructions specific to the HP 8753B system. Follow the instructions for cor-
rect spacing of the instrument rails for your particular system, and for installation of the work surface.
Be sure to install the foam baffling as described in the rack manual: this baffling is necessary for
proper cooling, which is accomplished by the individual instrument fans.

The HP 85043B rack has been specifically engineered for the HP 8753B system, and full measure-

ment performance can be expected from systems installed in it. Use of any other rack may adversely
affect warranty and support issues. Other racks may promote overheating, dust contamination, and
shock hazard, and are not recommended. Electrical and mechanical specifications may be affected by
custom-racked system configurations, instrument cooling may be deficient, and electromagnetic
interference may be increased. If a user-configured rack system is necessary, the HP customer
engineer should be consulted about warranty and support details.

The system rack must be in its normal upright position when the instru-
ments are installed. Do not install instruments with the rack on its side or
its back. Major damage to the instruments and the rack can occur if this
is done.

IMPORTANT NOTE: If you are using the HP 8753B in a rack mount configuration, make sure cabinet
fan airflow and instrument fan airflow are compatible. If not, simply turn the HP 8753B fan around,
reversing its airflow direction. To gain access to the fan, remove the rear panel assembly. Instructions
are provided in the "“Replacement Procedures” section of the HP 8753B On-Site System Service
Manual.

Stand the rack upright and immobilize it. With the HP 850438 this is done by fully extending the four
lock feet at the bottom of the rack.

if your system cabinet does not have a power plug that corresponds to the jack you intend to use, you
will need to obtain the correct plug for your needs. Do not plug in the cabinet power cable at this time.

Prepare the instruments for installation into the rack. Remove the feet from all system instruments by
lifting the tabs on each foot and sliding it toward the center of the instrument and out of its slot.

Attach flanges to all instruments to be rack-mounted. The HP 85043B rack is shipped with flanges and
screws included. In addition, two rack-mount flange kits are available to mount the HP 8753B in any

rack with 482.6 mm (19 inches) horizontal spacing. Option 908, illustrated in Figure 2, is a flange kit for

rack-mounting the instrument with its handles removed. Option 913, illustrated in Figure 3, is a kit for
rack-mounting the instrument with the handles. Follow the illustrated procedures.

Install the instruments by sliding them into place in their designated spaces in the system rack. If an S-
parameter test set is part of the system, it must be installed directly below the HP 8753B. Check the
distance from the test port connectors to the work surface to be sure it will accommodate different test
devices. Secure each instrument in place with four dress screws.

Automatic (Computer-Controlled) Systems

Place the computer in the center of the table provided for it. Refer to the computer manual for detailed
instructions on setting up the computer.

Put the plotter on top of the computer and the printer beside it.

System Installation HP 8753B
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RACK MOUNT KIT
WITH FRONT HANDLES REMOVED

HP PART NUMBER 5061-9678 (OPTION 908)

CONTENTS

\J

INSTRUCTIONS

Remove side trim strips.
Remove 4 screws and one front handle assembly from each side.

Attach rack mount flange to each side with 4 screws.

P 0o

Remove feet and tiit stands before rack mounting.

PART NO.

... 5020-8863
.... 0515-1114

Figure 2. Rack Flange Kit Mounting Instructions (Option 908)

HP 8753B
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RACK MOUNT KIT FOR
CABINETS WITH PREVIOUSLY
ATTACHED FRONT HANDLES

HP PART NUMBER 5061-9772 (OPTION 913)

CONTENTS
QTYy.
2 RACK MOUNT FLANGE ................
8 ........... M4 X 0.7 X 16 P.H.SCREW (METRIC) ...........
NV
INSTRUCTIONS
1.  Remove side trim strips.
2. Remove 4 screws per side.
3. Attach rack mount flange and front handle assembly with 4 new longer screws per side.
4,

Remove feet and tilt stands before rack mounting.

PART NO.
5020-8875
0515-1106

Figure 3. Rack Mounting Kit with Handles (Option 913)

System Installation
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POWER CONSIDERATIONS

CAUTION

A properly grounded AC outlet is mandatory when operating the HP
8753B. Operating the HP 8753B with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

Line Voltage and Fuse Selection

CAUTION

To prevent damage to any of the instruments in the system, make the
correct line voitage and fuse selection for each instrument before con-
necting line power to the system.

The HP 8753B is provided with a voltage selector to match the instrument to the AC line voltage
available at the site of installation. This voltage selector is a thumbnail switch located directly above
the power cord receptacle on the rear panel. Determine the AC line voltage present, and set the switch
to the value closest to that voltage, either 115V or 230V. Table 2 lists the possible range of the actual
line voltage for each switch setting. If the line voltage is not within one of these ranges, use an
autotransformer between the power source and the HP 8753B.

CAUTION

If an autotransformer is required, it must provide continuity to earth
ground or the HP 8753B will be damaged.

The required fuse rating for the HP 8753B is listed in Table 2 and is also printed on the rear panel. The
fuse is located in a fuse housing immediately above the power receptacle in the AC line module. To
remove the fuse housing, insert a small screwdriver into the slot at the base of the housing and pull
forward and out. A spare fuse is also supplied in the fuse housing.

Table 2. Line Voltage and Fuse Values

Actual Line Voltage 90 to 127 Vac 195 to 253 Vac
Corresponding Switch Setting 115V 230v

Fuse Value 3.15A 3.15A
(Alternate for Canada) 3.0A 3.0A

Frequency 47.5 to 66.0 Hz, single phase

Each instrument in the system must be set to operate with the available AC line voltage, and the
correct line fuse must be installed. Fuse ratings for different line voltage settings vary between differ-
ent instruments, so follow the instructions provided in the operating manual for each instrument.

HP 8753B Svstem Installation



Power Cables

In accordance with international safety standards, each instrument in the HP 8753B system is
equipped with a three-wire power cable. When connected to an appropriate outlet, this cable grounds
the instrument. The offset pin of the three-prong connector is the grounding pin. If the system or any
instrument is operated from a two-contact outlet, preserve the protective grounding feature by using a
three-prong to two-prong adapter and connecting the ground wire of the adapter to earth ground. The
USA adapter is HP part number 1251-0058.

A properly grounded AC outlet is mandatory when operating the HP
8753B. Operating the HP 8753B with an improperly grounded or floating
ground prong will damage the instrument! Under no circumstances use a
three-prong to two-prong adapter without connecting the ground wire to
earth ground. Make sure a three prong outlet is properly grounded.
Floating the HP 8753B’s ground prong will damage the instrument!

Table 3 lists the part numbers for power cables supplied with HP instruments and illustrates the type
of plug on each cable. The type of power cable shipped with the instrument depends on the country of
destination. The HP part numbers listed are for complete power cables including the plugs.

Before turning on any instrument in the system, be sure that its three-
wire power cord is inserted in a socket outlet provided with a protective
earth contact. Do not defeat this protective feature by using an exten-
sion cord without a protective ground conductor. Grounding one conduc-
tor of a two-conductor outlet is not sufficient protection.

If the system is rack-mounted, connect the short power cables supplied with the rack from the power
strip in the rack to the instruments. Connect the rack to line power. Connect bench-top instruments to
line power.

Turn on the line switches. Check that each instrument is on and has passed its self test, if any.

10 : Svstem Installation HP 8753B
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Table 3. 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,
81201703 | 6 | 90° 90 Mint Gray | Cyprus, Nigeria,
[;] ‘Zimbabwe, Singapore
L N
o O
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,
o 8120-1692 2 90° 79 Mint Gray | Saudi Arabia, Egypt,
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 NEMAS-15P 36 Black {100V or 200V),
8120-1378 1 Straight NEMAbS-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
6 Straight CEE22-VI

8120-1860

(System Cabinet Use)

1. € = Earth Ground; L = Line; N = Neutral

2. Part number shown for plug is industry identifier for plug 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.

HP 8753B
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HP-IB CONSIDERATIONS

‘
y

In an automated system, the computer controlier communicates with the HP 8753B and other com-
patible peripherals via HP-1B (Hewlett-Packard Interface Bus). HP-IB can also be used by the HP
8753B as controller to output measurement results directly to a compatible plotter or printer. Figure 4
illustrates the HP-IB connections in a typical measurement setup.

HP-18
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CONTROLLER

NETWORK ANALYZER
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S-PARAMETER TEST SET

GRAPHICS PLOTTER

—

PRINTER
\ J

DISC DRIVE

—[

==

Figure 4. HP-IB Connections in a Typical Setup

HP-IB Connectors and Cables

The HP-IB connector is located on the rear panel of the HP 8753B. This is used to connect the HP
8753B to a controlier via HP-IB with or without other instruments connected in parallel. It is also used
for HP-IB interface when the HP 8753B itself is the controller of peripheral devices.
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All instruments on the interface bus are interconnected by HP-IB cables. Figure 5 illustrates an HP-1B

' cable and provides a list of available HP-IB cables and their part numbers. As many as fifteen instru-
ments can be connected in parallel on HP-IB, but proper voltage levels and timing relationships must
be maintained. If the system cable is too long or if the accumulated cable length between instruments
is too long, the data and control lines cannot be driven properly and the system may fail to perform.
Therefore, observe the following restrictions:

4 metres (12 feet) is the maximum cable length with two instruments in a system.

2 metres (6 feet) is the maximum cable length to each instrument when more than two instruments
are connected on the bus.

20 metres (65 feet) is the maximum total cable length between all units.

HP-IB Cable Lengths
Part Numbers

HP 10833A | 1m (3.3 ft)
HP 10833B | 2m (6.6 ft.)
HP 10833C | 4 m (13.2 ft)
HP 10833D [ 0.5 m (1.6 ft)

Figure 5. HP-IB Cables Available

Turn off line power to each of the system instruments and connect the HP-1B cables as follows (HP-1B
cables can be connected one on top of another). Tighten the screws on each of the HP-IB connectors.

1.

2.

HP 8753B

Connect an HP-IB cable between the controller and the HP 8753B.

Connect an HP-IB cable between the HP 8753B and the plotter, and an HP-IB cable between the
HP 8753B and the printer.

Connect an HP-IB cable between the HP 8753B and the external disc drive, if used.
Note that no HP-IB connection is needed to the test set.

Turn on the instruments to check the HP-{B addresses as described below.

System Installation
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HP-IB Addresses .

In HP-IB communications, each instrument is identified by an HP-IB address. This decimal-based
address code must be different for each instrument on the bus. :

Check the HP-IB address of each of the instruments in the system. Most of the HP-iB addresses are
factory preset and need not be modified for hormal system operation. The standard factory-set
addresses for instruments that may be part of the system are as follows:

HP-IB Address

Instrument (decimal)
HP 8753B 16
Plotter 05
- Printer 01
External Disc Drive 00
Controller 21
Power Meter 13

To verify that the HP 8753B recognizes the correct addresses, press the [LOCAL] key, and the HP-IB
softkey menu will be displayed along the right-hand edge of the CRT. Press the key adjacent to the
label [SET ADDRESSES]. The address menu will be displayed.

Press [ADDRESS 8753] and observe the display. The number 16 should be displayed in the active
entry area of the CRT. If the number displayed is not 16, press [1] [6] [x1]. The display should now
show 16. This HP 8753B address is not affected by preset or by turning the line switch off.

instrument. If any instrument is set to an HP-1B address other than the default, the HP 8753B can be
modified to recognize that address. Enter the desired address using the number pad, and terminate
with the [x1] key. Addresses assigned in this way are retained in memory and automatically recalled
whenever the instrument is powered on. Detailed information on HP 8753B front panel and softkey
operation is provided in the Operating and Programming Reference in this manual.

Press each of the other [ADDRESS] softkeys and verify that the correct address is displayed for each .

Addresses can be physically changed on the individual instruments, except for the HP 8753B, by
changing the HP-IB switch settings. Instructions are provided in the manual for each instrument. The
HP 8753B does not have an HP-IB switch: its address is set only from the front panel, as described
above.

Individual HP-IB address labels can be ordered using HP part number 7120-6853 (see Figure 6).
These labels can be used on the rear panel of each instrument in the system for quick reference to the
HP-I1B address.

ADDRESS
]
TALK l:’

&P Part No. 7120—685J

Figure 6. HP-IB Address Label
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OTHER SYSTEM INTERCONNECTIONS

Systems Using the HP 85046A/B or 85047A S-Parameter Test Set

The test set interconnect cable is supplied with the S-parameter test set. Connect this cable between
the TEST SET INTERCONNECT receptacle on the HP 8753B and the NETWORK ANALYZER INTER-
CONNECT receptacle on the S-parameter test set.

Four short RF connecting cables are included with each S-parameter test set. Connect these between
the front panel connectors on the HP 8753B and the corresponding connectors on the test set.

The HP 11857D 7 mm test port return cable set is required for use with the HP 85046A or 85047A test
sets. The HP 11857B 75 ohm type-N test port return cable set is required with the HP 850468 test set.
Connect these cables to PORT 1 and PORT 2 of the S-parameter test set. The device under test will be
connected to the test port return cables.

Figure 7 illustrates the interconnections in a typical measurement setup using an S-parameter test
set. Measurement setups for different applications are illustrated in the Operating and Programming

Reference.
HP-iB
NETWORK GRAPHICS
ANALYZER PLOTTER
TEST SET _ bR
INTERCONNECT om.
— s oL HE
RF OUT als ks
RF IN
.4 N
& 604
NETWORK ANALYZER O O
INTERCONNECT ~——

S-PARAMETER TEST SET

Figure 7. Typical Interconnections with S-Parameter Test Set

Systems Using the HP 85044A/B Transmission/Reflection Test Set

The HP 11851B 50 ohm type-N RF cable set is required to connect the HP 8753B to the HP 85044A/B
transmission/reflection test set. Use the three matched cables to connect the front panel connectors
of the HP 8753B to the corresponding connectors on the rear panel of the test set. The longer cable is
typically used to connect the output of a two-port device under test to the B input of the HP 8753B.

The HP 11852B 50 to 75 ohm minimum loss pad is included with the HP 85044B 75 ohm test set. This
pad is required between a 75 ohm device and the RF cable to input B of the HP 8753B, or another 50
ohm measurement accessory.

HP 8753B Svustem Installation
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Figure 8 illustrates the interconnections in a typical measurement setup using an HP 85044A/B trans- ‘
mission/reflection test set.
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Figure 8. Typical Interconnections with HP 85044A/B Test Set

Rear Panel BNC Connectors

The EXT REF INPUT connector is used for phase locking the HP 8753B to an external frequency
standard.

The AUX INPUT connector is used to connect an external DC voltage source for measurement on the
CRT.

The EXT AM connector is used to connect an external signal to the HP 8753B to amplitude modulate
the source signal.

The EXT TRIGGER connector is used to connect an external signal to trigger the sweep of the HP
8753B. ‘

Additional information about the rear panel connectors is provided in the Supplemental Characteristics
table in the General Information and Specifications section.
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STORAGE AND SHIPMENT

Environmental constraints for storage and shipment of the HP 8753B system are not és stringent as
for system operation. The foliowing environmental limits are acceptable:

® Temperature between —40°C and +75°C.
® Relative humidity up to 90% relative at +65°C {(non-condensing)
o Altitude up to 15240 metres (50,000 feet)

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

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 clockwise, so that the feet do not
interfere with movement. For safety’s sake, enlist the aid of another person to help guide and steady
the cabinet.

INSTALLATION CHECKLIST

Complete the system installation checklist before performing a test of the system functions. Three
levels of tests are available: Operator's Check, On-Site Verification, and Performance Tests. These
tests are described in the General Information and Specifications section of this manual.

Packaging

If the HP 8753B 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. Use the blue service tags located behind the System Installa-
tion tab in the Operating and Programming Manual. In any correspondence, refer to the instrument(s)
by model number and full serial number.

The 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 you
have not retained the original packaging, you can order similar containers and materials from the
nearest Hewlett-Packard office. Addresses are listed at the back of this manual.

If other packaging materials are used, be sure to wrap the instrument (with service tag) in heavy paper
or 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.

HP 8753B Svustem Installation
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Table 4. HP 8753B System Installation Checklist (1 of 2)

(Refer to preceding paragraphs for details)

SETTING UP THE INSTRUMENTS
Bench-Top System

Instruments in place

Rack-Mounted System

Rack configured to hold instruments
Work surface installed
Foam baffling installed

Rack stabilized
Correct power plug

Instrument feet removed
Flanges attached

Instruments installed in rack
Secured in place with screws

Automatic System

Controlier in place

POWER CONSIDERATIONS

PROPERLY GROUNDED AC POWER OUTLET
Operating the HP 8753A/B without proper
AC ground WILL DAMAGE THE INSTRUMENT!

All instruments set to correct line voltage
Correct fuse installed in all instruments

Rack-Mounted System

Short cables connected from rack strip to instruments
Rack connected to line power

Bench-Mounted System
Instruments connected to line power

Line power on. Self test passed.
HP 8753B
Plotter
Printer
Controller
External disc drive
Other

—— e po— o
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‘ Table 4. HP 8753B System Installation Checklist (2 of 2)

HP-IB CONSIDERATIONS

Power off [ ]
Cable length within listed limits [1

HP-IB cables connected
Controller — HP 8753B
HP 8753B — plotter
HP 8753B — printer
HP 8753B — external disc drive
Other

oy p— ey p— p—
Sy S ]

Power on [

e

Addresses checked
HP 8753B
Plotter
Printer
Controller
External disc drive

— ey pem P p——
et b b bt bt d

OTHER SYSTEM INTERCONNECTIONS
‘ Systems with S-Parameter Test Set

Test set interconnect cable [ ]
Four short RF connecting cables {1
Test port return cables [1

Systems with Transmission/Reflection Test Set

Three matched cables and longer cable , [ 1
Minimum loss pad for 75 ohm system [ ]

Rear Panel BNC Connectors if Used

EXT REF INPUT
AUX INPUT
EXT AM

EXT TRIGGER

P— gy p— -
[y Wy Sy S
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INTRODUCTION

The Operator's Check procedure tests all circuits in the HP 8753B. If the tests pass successfully, it
verifies (with approximately 80% confidence) that the HP 8753B is functioning properly. This pro-
cedure does not verify conformance to the specifications, nor does it verify the test set or other
accessories associated with the HP 8753B.

To verify the HP 8753B individual instrument-level specifications or the system-level uncertainty lim-
its, refer to the other verification procedures available:

¢ On-Site Verification is comprised of two types of tests:

System Verification, which verifies the system-level, accuracy-enhanced uncertainty limits of the
HP 8753B with a test set.

On-Site Tests, which verify selected performance parameters of the HP 8753B.

e Performance tests verify the warranted instrument-level specifications of each individual instru-
mentin an HP 8753B system. Refer to the Performance Tests section in the On-site System Service
Manual and in the test set manual.

Refer to the On-Site Verification section in the On-Site System Service Manual.

OPERATOR’S CHECK

Description

The source output of the HP 8753B is divided by a power splitter, with one output arm driving the R
input for phase locking, and the other arm driving either the A or B input (see Figure 1). A fixed coaxial
20 dB attenuator reduces the output power level so that the source may be exercised at high power
levels without exceeding the maximum input power level.

HP 8753B Operator’s Check
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These tests exercise the source across its full frequency range at several power levels between —5
dBm and +20 dBm. The receiver inputs are tested up to 3 GHz at several power levels between — 31
dBm and —11 dBm, in absolute and ratio modes.

The resulting measurement must fall within a limit testing window to pass the test. The window size is
based on both source and receiver specifications, plus expected variations due to the external equip-
ment used. The characteristics tested are listed below. (Note that this test does not verify the specifi-
cation limits associated with the following characteristics.)

source flatness

source power accuracy

receiver flatness

receiver absolute amplitude accuracy
receiver ratio amplitude accuracy

NOTE: This test does not test option 006 (6 GHz receiver operation) above 3 GHz. However, it does
perform an operational check on all related circuits. This test is intended to determine if the instrument
is operational. Instrument failures will likely be obvious even with this limitation.

Equipment Required

20 dB attenuator HP 8491A Opt. 020RF cable set, type-N (m) connectors, both ends.

Cables must be identical (phase matched) .......................... HP 11851B
Two-way power splitter .. ... ... .. . ... . . HP 11667A Opt. 001
Procedure

NOTE: Inthis procedure, front panel keys are shown in brackets with bold print. Display softkeys are
shown in brackets and are in bold italic print.

1. Disconnect any test set from the HP 8753B. Connect the equipment as shown in Figure 1, with one
power splitter output connected to input A on the HP 8753B. Make sure all connections are tight.

2. Allow the HP 8753B to warm up for 30 minutes.

3. First, run the test for inputs R and A: press [PRESET], then [SYSTEM] [SERVICE MENU] [TESTS]
[EXTERNAL TESTS].

4. The display should show “TEST 21 R&A Op Check” in the active entry area.

5. Press [EXECUTE TEST] to begin the test.

6. Press [CONTINUE].

7. The test is a sequence of nine subtests. After each subtest, the routine displays a PASS/FAIL

message and pauses to allow you to examine the results of that subtest. At the pause, do one of
the following:

a. Press [CONTINUE] to continue on to the next subtest, or

b. Examine the test results by using the [SCALE/REF] functions and/or [MKR] functions. Then,
when you are ready to continue to the next test, press [SYSTEM] [SERVICE MENU] [TEST
OPTIONS] [CONTINUE TEST].

c. Press [ABORT] to exit the sequence of subtests. You may wish to abort if the subtest fails. in
this case, go to step 11.

Operator’s Check HP 8753B
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Figure 1. Operator’s Check Equipment Setup.

8. At the end of the nine subtests, the test title and resuilt will be displayed. If all subtests pass
successfully, the overall test status will be *“PASS’". If any subtest fails, the overall test status will
be "“FAIL".

9. Next, run the test for inputs R and B: press [EXTERNAL TESTS], then the step [ & ] key. The display
should show “TEST 22 R&B Op Check’’ in the active entry area.

10. Repeat steps 5 through 8, with one power splitter output connected to input B on the HP 8753B.
11. If both tests pass, the HP 8753B is about 80% verified. If either test fails:

a. Make sure the equipment is connected as shown in Figure 1. Check that all connections are
tight. Repeat the test.

b. Check the external equipment for damage. Visually inspect the connector interfaces. Verify
that the external equipment meets published specifications. Substitute new external equip-
ment, and repeat the test.

c. Finally, suspect a problem with the HP 8753B. Refer to the Performance Tests section of the
On-Site System Service Manual for detailed tests, or see the Troubleshooting section for fault
isolation procedures.

IN CASE OF DIFFICULTY

This section describes common problems or apparent failures, as well as easy solutions that can be
performed with the instrument covers on. An operator can solve many problems easily and quickly,
with minimum HP 8753B experience and some simple tools.

If the listed solution does not seem to fix the problem, go to the Troubleshooting section in the On-Site
System Service Manual, or contact your local HP service representative.

The problems are listed below by symptom, along with a quick and easy solution.

HP 8753B Operator’s Check
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Symptom: Instrument appears dead and the instrument fan is off.

Solution: Check that the main power supply line is providing power. Check the two LEDs on the
rear panel: the green LED should be ON and the red LED should be OFF. Check that the
line voltage selector switch position matches the line power voltage (120 Vac or 240
Vac). Check the fuse (refer to the System Installation section).

Symptom: Display screen is blank or out of focus, but CH 1 or CH 2 LED is lit.

Solution: Adjust display intensity or focus with front panel keys. Refer to [DISPLAY] Key in Chap-
ter 4 of the Operating and Programming Reference section and CRT Display Adjustments
in the Adjustments and Correction Constants section of the On-Site System Service Man-
val.

Symptom: Self test fail message is displayed on the CRT immediately after power-on or preset.
Solution: Contact a qualified service technician.

Symptom: Phase lock error message is displayed (this includes the “No IF Found. Check R Input
Level” message).

Solution: Check that a sample of RF OUT (source output) power is routed to the R input (required
for operation); a power splitter or test set can be used. Check that there is not excessive
loss in this path; power level into input R must be greater than —35 dBm.

Symptom: HP 85046A/B or 85047A test set will not switch and its front panel LEDs are not lit.
Solution:  Check the test set interconnect cable and connections between the analyzer and test
set.

Symptom: Measurements are not repeatable, especially after measurement calibration.

Solution: Check all RF cables and connections. Visually inspect all connectors, and clean if neces-
sary (refer to the Microwave Connector Care manual, supplied in the Test Sets and
Accessories binder). Review proper connection techniques to ensure good, repeatable
connections.

Symptom: Instrument cannot be programmed via HP-IB.

Solution: Check HP-IB cabling connections. Check that HP-IB addresses match addresses being
programmed (refer to Chapter 7 of the Operating and Programming Reference). Check
that the HP 8753B is set to either [TALKER/LISTENER] or [USE PASS CONTROL] under
the [LOCAL] key. Check that the controller can program a known-working instrument.

Symptom: Instrument states cannot be saved or recalled from external disc.

Solution:  Check HP-IB cabling connections. Check the address of the disc drive. Make sure the
HP 8753B is set to [SYSTEM CONTROLLER] under the [LOCAL] key. Check that disc
drive works normally with a controller. Initialize the disc with the HP 8753B and external
disc drive. Discs initialized on other instruments will not work. Discs initialized using MS
DOS or any other computer operating system will not work.

Symptom: Printer/plotter does not respond to HP 8753B front panel commands.

Solution: Check the address of the printer or plotter. Make sure the HP 8753B is set to [SYSTEM
CONTROLLER] (under the [LOCAL] key) and that the pinch wheels of the plotter are
down.

Overator’s Check HP 8753B



ROUTINE MAINTENANCE

Cleaning the Fan Filter

NOTE: If using an HP 8753B with a serial prefix of 2828A and above, ignore manual references to
the fan filter.

It is recommended that you clean the fan filter regularly. How regularly depends on the operating
environment. It is a good idea to check it weekly and clean it as necessary. If the message, *‘CAU-
TION: Air Flow Restricted: Check Fan Filter” is displayed, immediately check for items on the fan that
may be impeding the air flow (e.g., a piece of paper). If nothing is on the fan, clean the fan filter as
follows:

1. Turn OFF the instrument. Disconnect the HP-IB cables from the HP 87538 rear panel.

2. Remove the plastic fan filter retainer —use either a flat blade screwdriver or your fingers to pry it
off; it should pop off easily.

3. Clean the foam filter cover with a vacuum cleaner or shake it out thoroughly to remove the dust
and dirt.

4. Replace the foam filter and snap on the plastic filter retainer.

Cleaning the CRT and Glass Cover

1. Remove the softkeys cover (this is the plastic cover through which the front panel softkeys
protrude) as follows:

a. On the upper or lower left corner of the softkeys cover, carefully insert a small, thin, flat
screwdriver blade, or a fingernail, between it and the glass cover (see Figure 2 on the next
page). If you are using a screwdriver, be extremely careful not to scratch or break the glass.

b. Carefully pull the softkey cover forward and off.
2. Remove the two screws that are now uncovered.

3. Remove the display bezel assembly by pulling out the end that is now free and pivoting it around
its left edge until it is released.

4. Clean the CRT and the glass cover gently, using a soft cloth. You may need to use cleaning

solution. If so, use sparingly and use solutions recommended for optical coated surfaces. HP part
number 8500-2163 is one such solution.

5. Allow surfaces to dry before reassembling the bezel and softkeys cover.

Connector Care

For accurate and repeatable measurement results, it is essential that all connectors be cleaned and
gaged regularly, handled and stored properly, and regularly inspected for signs of damage. This not
only insures the best performance from the connectors, but also extends their life. This is important
for connectors on calibration and verification devices, on test ports, cables, and other devices. Refer
to the Microwave Connector Care manual, contained in the Test Sets and Accessories binder, for a
detailed description of connector care techniques. The Microwave Connector Care manual also
describes proper techniques for making connections.

HP 8753B Operator’s Check

5



CAREFULLY INSERT A SMALL,THIN,
FLAT SCREWDRIVER BLADE OR
FINGERNAIL HERE.

Kﬂﬂ@?\ﬂ?_\

Figure 2. Removing the Softkeys Cover.
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The purpose of this User’s Guide is to provide an
operator’s introduction to the HP 8753B RF network
analyzer, showing how the instrument is used for
common network measurements. Rather than being a
formal text on measurement techniques, it serves to
demonstrate many of the features and capabilities of the
HP 8753B in actual measurement situations. The example
procedures given illustrate the ease with which accurate
results can be obtained.

The reader who is fairly new to network analysis will
find Chapter 1 helpful. It presents a general procedure for
making network measurements, a procedure which is then
followed throughout the rest of this User’s Guide. Tutorial
information on calibration and vector error correction is
included to help the user make many of the decisions
necessary when setting up a measurement.

Chapters 2 and 3 illustrate the HP 8753B at work making
a variety of transmission and reflection measurements.
Chapters 4 and 5 discuss the HP 8753B’'s Time Domain
Analysis (Option 010), and Harmonic Measurements
(Option 002) features respectively. Chapter 6 will explore
the HP 8753B's test sequencing function, while chapter 7
addresses the issue of operation up to 6 GHz.

The examples have been chosen to demonstrate many of
the operating modes of the instrument over most of its
frequency range. The example device under test is a
bandpass filter although the user should be able to
adapt the techniques shown to his particular device.

The HP 8753B Operating and Programming Manual

(HP Part No. 08753-90119) has more complete operating
information for both manual and automatic measure-
ments. Use this reference for further information on any
topic covered in this User's Guide. The Quick Operating
Guide (HP Part No. 08753-90116) provides a quick review
of the softkey menus and manual operation in a handy,
ring-bound booklet.

Programming information is provided in the HP-IB
chapter of the HP 8753B Operating and Program-
ming Manual, in the Introductory Operating Guide
for the HP 8753B Using Series 200 and 300 Computers
(HP Part No. 08753-90117) and in the HP 8753B Quick
Reference Guide (HP Part No..08753-90118).
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Operating the HP 8753B ‘

Getting Acquainted One of the more noticeable characteristics of the

HP 8753B is the simplicity of its front panel. Rather than .

individual keys for each of the many instrument functions,
the HP 8753B uses CRT-displayed “menus” for operator
input. These menus list the possible choices for a particu-
lar function, with each choice corresponding to one of the
eight “softkeys” located to the right of the CRT.

TR

The “hardkeys” on the front panel provide access to the
various menus, and are grouped by function.

Active Channel The HP 8753B has dual trace capability with many of

the measurement and display functions independently
selectable for each trace. To modify the parameters of a
particular trace, first select either channel one or two, and
then make the desired measurement choices. Note that the
LED opposite the channel selection is lit.

ACTIVE CHANNEL

Response The network analyzer’s receiver section is controlled with

these keys. The top three keys allow the user to choose a

gemmmm RESPONSE EESEEE measurement configuration (A, B, B/R, etc), presentation
] E’ orimx) (sgue format (amplitude and phase versus frequency, Smith

EF chart, polar coordinates, etc), and scale and reference
values for a full screen display.

Eﬂm‘ﬂ (AVGJ ['CM;'] The lower five keys in this section enhance the usability of
the measured data. The displayed traces may be overlaid,

manipulated with math function keys, averaged, normal-

ized, or read out at specific points along the trace with up
to four independent markers per channel.

Stimulus These keys allow the user to define an appropriate source
output signal for the device under test. Source frequency
STIMULUS may be swept over any portion of the range 300 kHz to
[ WEND ) ( snm) ( sropJ 3 GHz, at power levels between +20 and —5 dBm. The'
o stimulus keys can also contro] the start and stop times in
. . the (optional) time domain mode. The choices for sweep
time and resolution, linear versus logarithmic sweep,

power sweep, etc. are also selected here.




Data Entry
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Instrument State

INSTRUMENT STATE
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HP~I8 STATUS

Example of Softkey Operation
[AVG]

[AVERAGING FACTOR]

[2110]

(x1]

[AVERAGING on OFF]

In some cases it is necessary to supply numeric values for
a chosen parameter, such as frequency or amplitude. The
ten digit keypad is used to supply these values. The keys
to the left of the digits terminate the data entry with the
appropriate units. Use [G/n] (Giga/nano), [Mu] (Mega/
micro), [k/m] (kilo/ milli) and [x1] (basic units: dB, dBm,
degree, second, Hz) as applicable. In addition to entering
data with the keypad, the knob can be used to make con-
tinuous adjustments, while the [ = ] and [ ©+] buttons
allow values to be changed in steps.

Several utility functions are implemented with these keys,
including instrument preset, front panel save/recall mem-
ory, HP-GL plotter control, time domain transform (op-
tional) and built-in diagnostic tests.

To average a series of twenty consecutive traces to reduce
the effects of random noise the following key sequence
may be used:

1. Press this hardkey to cause the “Average” menu to be
displayed.

2. Press this softkey to indicate that a new averaging
factor is about to be entered. Note that this causes the
current averaging factor to be displayed.

3. Enter the new averaging factor from the keypad. The
digits are shown on the display as they are entered. An
arrow appears to the right of the last digit entered. To
correct the last digit entered, press [BACK SPACE]. To begin
again, press [AVERAGING FACTOR].

4. Terminate the entry with the appropriate units. In
this case the averaging factor is unitless. The arrow to the
right of the digits will disappear and the entry becomes
effective after the units terminator is pressed.

5. Finally, turn the averaging on to see the effect on the
displayed trace. Note the change from [AVERAGING on OFF]
to [AVERAGING ON off] on the softkey label to indicate the
current averaging status. Note also that the “Avg” indicator
and the number of averaged traces below that appears to
the left of the graticule.



General Measurement Sequence

Preset
Connections
Controls

Calibrate
Device Under Test
Autoscale

Step One: [PRESET]

¢
v/

Even with its wide range of capabilities, the HP 8753B is
simple to operate. Common measurements can be set up
with only a few front panel selections. This section
describes a general approach to performing network
analysis measurements with the HP 8753B.

The following sequence is used throughout this User's
Guide to illustrate the use of the HP 8753B in its various
operating modes. The individual steps are discussed in
detail in the sections that follow.

Return to a known state.
Set up the measurement.

Set up the instrument in three steps:
1. Measurement

2. Format

3. Stimulus

Remove measurement errors.
Connect the device under test (DUT).
Observe correctly scaled data.

Pressing this key at any time will return the instrument to
a well-defined state, the same as if it had just been turned
on. When the [PRESET] key is pressed the HP 8753B
performs a self test. Following successful completion of the
self test, the instrument functions are set to the following
preset condition:

MAJOR DEFAULT CONDITIONS AT [PRESET]

Display
Measurement S5 on Channel 1
S,: on Channel 2
Format: Log Magnitude
- Display mode: Dual Channel Off
Scale: 10 dB/div
Reference: 0 dB, center of CRT
Stimulus
Frequency: Start 300 kHz
Stop 3 GHz
Sweep Type: Linear Frequency
Number of Points 201
Power: 0 dBm
Sweep Time: 200 msec
Receiver
IF Bandwidth: 3 kHz
Averaging: Off
Smoothing: Oft
Cal Correction Off



Step Two: Connections

HP 85044A/B
Transmission/Reflection Test Set

oooooooo

rce 4 N
12 dB Attenuator
Powe:

r
Spilitter

f
10 Q\ Directional,
Bridge
70 dB
Variable X

HP 85044A Transmission/Reflection Test Set

With one output and three input ports, the HP 8753B can
be connected to the DUT in a variety of ways. Simple
insertion loss or gain measurements (B/R) can be made
with only a power splitter. Reflection measurements re-
quire a coupler or a bridge. Most applications will use

a transmission/reflection or S-parameter test set for
simultaneous measurements of the transmitted and
reflected signals.

While simple transmission and reflection measurement
setups can be constructed from discrete RF components
such as power dividers, directional bridges, cables,
attenuators, etc., it is easier to use an integrated test set
such as the HP 85044A/B transmission/reflection test set.

As shown in the diagram, the HP 85044A/B test set
contains the hardware required to make simultaneous
transmission and reflection measurements in the forward
direction. The only setup required is to connect the DUT
input to the test port and the DUT output to the B input of
the HP 8753B. The HP 85044A is a 50 ohm test set and the
HP 85044B is a 75 ohm test set.
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HP 85046A /B The S-parameter test set contains the hardware required
P
S-Parameter Test Set to make simultaneous transmission and reflection meas- -
urements in both the forward and reverse directions. The

\_ only setup required is to connect the DUT to the two
) measurement ports. The network analyzer controls the
= O switching functions, so that even reverse measurements
[ ] . . . .
o can be made without changing device connections. The
S internal switch simplifies full 2-port measurement cali-
= brations. The HP 85046A is a 50 ohm test set and the
¢ @ HP 85046B is a 75 ohm test set.
R
Source \(Inpmn A B
12 dB Attenuator

Power
Splitter

A,

Measurement Ports

70 0B
Variable
Attenuator

Directional
Bridges

H P

L=

HP 85046A S-Parameter Test Set

X

With the S-parameter test set connected the analyzer’s Q
[MEAS] menu will read in S-(scattering) parameters. Each

ay Sa1 ,E choice selects one of the four possible combinations of

- 9 >

analyzer input modes {(A/R or B/R) and test direction
(FWD or REV). For those unfamiliar with S-parameters,
Sy Sz they correspond exactly to the more common description
terms given in the diagram below, requiring only that
the measurements be taken with all DUT ports properly
terminated. For more information on S-parameters see

by S1z a HP Application Notes 95-1 and 154.
s- Test Set Analyzer
Parameter Definition Description  Direction Input
Sn b, _ Input reflection  FWD A/R
a,=0 o
a coefficient
S b, _n Forward gain  FWD B/R
a a,=0
Sz b, o Reverse gain REV A/R
az 4
Sa; b, _n Output reflection REV B/R
a,=0 N
a; coefficient




Step Three: Controls
B 1 MEASUREMENT

B 2 FORMAT
B 3 STIMULUS

M 1 MEASUREMENT [MEAS] Based on the DUT connections, select the appropriate
inputs. This menu appears for test sets other than the

S-parameter test set (e.g. the HP 85044A/B transmis-
sion/reflection test set).

CH1 S11 log MAG 10 dB/ REF O dB

These choices calculate and display ratios of two input
signals.

° Use these choices for single input measurements.

R

convession Use to convert the data to impedance or admittance
parameters.

s
PARAMETERS

START . 300 000 MHz STOP 3 00D. 00D 000 MHz Use to Select S-parameters.

This menu appears when an HP 85046A/B S-parameter
test set is connected. Note that the current measurement
selection is underlined in the softkey label area.

CH1 STt log MAG 10 98/ REF O B

iV Choose for port 1 reflection measurements
T e Port 1 transmission measurements

v Port 2 transmission measurements

Sarteney Port 2 reflection measurements

aunos Measures the signal at the AUX INPUT and displays
voltage on the vertical axis.

Use to convert the data to impedance or admittance
parameters.

CONVERSION
COFF)

NPUT

. Ty eyl Use to select transmission/reflection parameters (A, B,
B/R, etc).




B 2 FORMAT [FORMAT]

S13_ log MAG 10 0B/ REF O aB

LOG MAG

PHASE

DELAY

SMITH
CHART

POLAR

LIN MAG

swA

woRE

START . 300 DOO MHx STOP 3 DOD. 00D 000 MKz

B 3 STIMULUS

S11  log MAG 10 98/ REF 0 o8

POWER

SwEER
TIME

TAIGGER
MENU

NUMBER of
POINTS

MEASURE
RESTART

COUPLED CH
oN ot

cu FrEQ

SWEEP TYPE
MENU

START . 300 00D MHz STOP 3 U00.D0D Q0D MHZ

Measurements can be displayed in a variety of formats.

Magnitude in dB or dBm.

Phase angle in degrees.

Swept group delay in seconds.
Magnitude and phase on a Smith chart.
Magnitude and phase on a polar display.
Magnitude in linear ratio units.

Standing Wave Ratio (unitless)

Next, specify the measurement frequency or frequencies.
For a narrowband measurement such as a bandpass filter,
it is usually easiest to set a center frequency and total
span; for measurements over a broader frequency range
it may be easier to choose individual start and stop fre-
quencies. The stimulus [MENU] hardkey allows additional

stimulus choices. Q

Choose the source output level.

Specify minimum sweep time.

Select the sweep trigger menu.

Specify horizontal resolution between (3 and 1601 points).
Restarts the current measurement.

Uncouples stimulus sweep ranges for channels 1 and 2.
Specify a continuous wave (CW) frequency.

Select sweep type (default is linear frequency).

10
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Step Four: Calibrate

->>—

“Thru"
Connection

log MAG 2 d8/ REF O aB

SHORT

[CONNEET ST THEN PRESE KEY|TO MEASURE]

oPeEN

START

. 300 000 Hz STOP 3 000, 00O 000 MWz

Accuracy in network analysis is greatly influenced by
factors external to the network analyzer. Parts of the
measurement setup such as interconnecting cables and
test sets (as well as the instrument itself) all introduce
variations in magnitude and phase that can mask the
actual performance of the DUT.

The calibration step seeks to remove repeatable measure-
ment variations in the test setup. There are three types of
these “systematic errors:”

¢ Frequency Response
¢ Leakages
® Mismatches

The HP 8753B has several methods of measuring and
compensating for these test system imperfections. Each
method removes one or more of the systematic errors
mentioned above using a specific error model (equation).
Measurements of standard devices are used to solve for the
error terms of the model. The accuracy of the calibrated
measurements is dependent on the quality of the standards
used for calibrating. Since calibration standards are very
precise, great accuracy enhancement is achieved.

Three error models are discussed, starting with the
simplest (frequency response) and ending with the most
complete (full 2-port).
Frequency Response
¢ Simple
* Requires only a “thru” for transmission
measurements
¢ Requires only a short or open for reflection
measurements

A frequency response calibration removes the frequency
response and insertion loss errors of the test setup. This
step is also called normalization. For transmission
measurements substitute a “thru” connection for the DUT
to establish a 0 dB loss (or gain) and a 0° phase reference.
For reflection measurements substitute either an open or
a short circuit for the DUT to establish a total reflection
(0 dB return loss at either 0° or 180° degree phase shift)
reference. After the standard is measured, the HP 8753B
underlines the appropriate softkey (either short, open or

thru). Press [DONE: RESPONSE] to continue.

11



STOP 3 000. 000 000 MMz

STOP 3 DOD, 6OO ODO MMz

<S1134

oPEN

LOADS

DONE
1-PORT CAL

CORAECTION
on oFF
INTERPOL

CALIBRATE
MENU
AESUME CAL

SEGUENCE

CAL XIT

7mm)

PWA METER

(oFF)

MORE

One Port Reflection Calibration

e More accurate than the frequency response
calibration

e Requires three precision terminations (short,
open, load)

e Good choice for reflection measurements of large
reflection or high insertion loss DUTs

This calibration routine removes all three of the sys-
tematic error terms seen from a single input port for a
reflection measurement . It does not remove the mismatch
effects seen from the DUT output. These output mismatch
effects are negligible if either the reflected signal is large or
the DUT greatly attenuates the mismatch signals seen from
the output port. For example, one port reflection calibra-
tion is a good choice when measuring amplifiers or SAW
filters because they typically have large reflections or high
insertion loss, respectively. [S11 1-PORT] and [S22 1-PORT]
calibrate for reflection measurements in the forward and
reverse directions, respectively.

This reflection calibration is simple to perform. Upon
pressing either the [S11 1-PORT] or [S22 1-PORT] softkey, the
user is asked to connect a standard open, short and load
(50 or 75 ohms). Each is measured in turn, and the results
are stored in memory. Upon completion, the HP 8753B
determines the contribution of each of the three errors
terms and removes their effect from the measured data.
Note that correction is turned on when the calibration
procedure is complete.

12



CHI Si1__ log MAG 2 d6s REF 0 a8 ser FrED
LOW PASS

Two Port Calibration

CALIBRATE.
NONE

e Most accurate calibration procedure

ResPoNsE e Requires 7 connections, 12 measurements for
Full 2-Port

o Full 2-Port requires an S-parameter test set

TWO TERM

s11
1-PORT

This is the most complete calibration. It measures the
1-eont three systematic errors (frequency response, leakage and
mismatch) in both the forward and reverse directions and
removes their effects from the measured data. It is the
e L most accurate calibration for both transmission and re-
flection measurements.

meeLecT With an S-parameter test set (HP 85046A/B) the measure-
S ment results can be corrected for the systematic errors as
e seen from both measurement ports. Simply press the
TeouaTiN [FULL 2-PORT] softkey and follow the prompts to correct
for transmission, reflection and isolation errors. Choose
[OMIT ISOLATION] except when measuring devices with
high dynamic range (e.g. some filters and switches). The
HP 8753B has >90 dB isolation between the measurement
ports without accuracy enhancement. For high dynamic
range measurements, connect loads to measurement ports
sovons™2E 1 and 2, choose an averaging factor of 10 or greater, and
select [FWD ISOLN] and [REV ISOL'N] for isolation accuracy
ot 511 teg ws % sas REF 0 B enhancement of >100 dB.

FuLL
2-PORT

€HI S11  log MAG 2 d8/ REF O 0B

START . 300 000 MHz STOP 3 000. 000 ODD MMz

e e e e After calibration, the HP 8753B will turn correction on
and switch the source output power between ports 1 and 2

U+ of the S-parameter test set for fully calibrated measure-
ments of all four S-parameters.

FWD ISOL°N
L] 1SO0L'N STO

REV ISOL"N
1SOL‘N STO

1SOLATION
ooNE

START . 300 000 MMz STOP 3 000. 000 D00 MMz

2-Port calibrations can be made without an S-parameter
test set. For example, to make a full 2-port calibration
with the HP 85044 A /B transmission/reflection test set,
select [ONE PATH 2-PORT] and follow the user prompts

to measure the reflection, transmission and isolation cali-
bration standards. 2-port calibration requires measuring
both the forward and reverse response of the DUT. Since
the transmission/reflection test set has only one port
(called the test port) the HP 8753B prompts the user to
reverse the DUT after each frequency sweep to measure
both the input and output response of the DUT.

13



Step Five: Connect the Device Under Test

Step Six: Auto Scale

CHI S21 _ log MAG S B/ REF O B

AUTD SCALE

cor SCALE/DIV

REFERENCE
POSITION

VALUE

MARKER -
REFERENCE

r _\ MARKER
/ \ DECAY
€LECTRICAL
oeLay
PHASE
oFFSET
CENTER 134.000 00D Mwz SPAN 30,000 000 wMHz
CH1 S21__ log MAG 10 des REF -10 aB
AUTO SCALE
Cor SCALE/DIV
SCALE
10 dB/dip
REFERENCE
ROSITION

VALUE

MARKER —
AEFERENCE

! \ MARKER -

l \ DELAY

ELECTAICAL

Larn VY DELAY
t

T

PHASE
aFFSET

CENTER 134,000 DOD MHx SPAN  30.000 00D MHz

Measurement Enhancements

Optimizing Dynamic Range

¢

After the test setup is calibrated, connect the device under
test and make your measurements. ’

Obtaining a correctly scaled display is simple. From the
[SCALE REF] menu, select JAUTOSCALE]. The HP 8753B will
automatically choose an appropriate scale factor and ref-
erence level for a full screen display of the measurement
results. Or use the [SCALE/DIV], [REFERENCE POSITION], and
[REFERENCE VALUE] softkeys to manually scale the display.

The HP 8753B RF network analyzer provides many
features that make measurements both easier and more
accurate. The internal calibration routines already dis-
cussed maximize measurement accuracy with a few addi-
tional steps per setup. This information will help you
optimize the measurement dynamic range and show how
to take advantage of the marker functions, hardcopy
output choices, and optional time domain capability.

Network analyzers are often called upon to simultane-
ously measure two signals that are widely separated in
amplitude. Testing the attenuation of a filter, for example,
requires measurement of both its input and output signals,
which may differ by 80 dB or more. With 100 dB dynamic
range, the HP 8753B can make these measurements easily.
However it is important to properly select instrument
parameters to achieve this measurement range.

Dynamic range is the difference between the analyzer's
input overload level and its broadband noise floor. For a
measurement to be valid, input signals must be within

these boundaries. Optimizing dynamic range, therefore,
involves 2

1. choosing the appropriate source output power, and
2. reducing the analyzer's noise floor.

14



Wi 521 tog MAG 10 @B/ REF -10 98 1, -75.008 o
-. @78 300 MHz
c
- |SOURCE_POWER [ \
~5| oB4 I \
mv [
l LEe
CENTER 167,358 D00 MMz SPAN . 300 D00 MHz
41 521 log MAG 10 dB/_ REF -10 b L -91.712 40

- %70 sdo szl

Cor ISDURCE POWER

2P dfm

/

|
|
|
/

]

\

A

]

CENTER 187,358 000 MHz

(

SPAN

- 300 00D MHz

POWER
SWEEP
TIME

TAIGGER
MENU

NUMBER of
POINTS

MEASURE
RESTAAT

COUPLED CH
ON atf
cw FREQ

SWEEP TYPE
MENY

POMER

SLOPE
sLoPE
an OFF
POWER TRIP
ATTENUATOR
PORT 1

ATTENUATOR
PORT 2

AETUAN

Signal Levels. The accompanying figures show how

test levels determine the available measurement range. The
DUT is a bandpass filter with 90 dB of rejection. In the
first case, the input power to the filter is —25 dBm. The
HP 8753B output power is set at —5 dBm and the test set
has 20 dB of insertion loss. We cannot measure the filter
output in the stop-band region because it is below the
analyzer's noise floor. As a result, the device appears to
have only about 75 dB of rejection.

In the second case, the input power to the filter is 0 dBm.
Now the output of the filter is —90 dBm, more than
enough for a satisfactory measurement.

You should ensure that the DUT output power is within
the measurement range of the analyzer. The HP 8753B
can measure signals in the range of 0'dBm to —100 dBm.
Measuring signals below —90 dBm requires consideration
of ways to lower the noise floor as described next.

15



CHI 521 lag MAG 10 a8/ REF

-10 dB

Cor |IF BANOWIDTH

3000 [H=

[t

|
l
|
J

[
[

VM

i

LI}

CENTER 187.558 000 MHz

CHI 521 log MAG 10 d8/  REF -

- 300 DOD MHz

fer |IF _BANDWIODTH

1p Hz

—
!

Ay
w 4

CENTER  167. 558 000 MHz

SPAN

7300 60O mHx

AVERAGING
RESTART

AVERAGING
FACTOR

AVERAGING
on OFF

SMODTHING
APERTURE

SMODTHING

IF 8w
£2000 Hx)

AVERAGING
RESTART

AVERAGING
FACTOR

AVERAGING
on OFF

SMOOTHING
APERTURE

SMODTHING

IF BW
[0 M2l

Noise Floor. Several approaches to noise reduction are
possible, each with its own tradeoffs.

1. IF Bandwidth: as shown in the figure, each tenfold
reduction in IF {receiver) bandwidth lowers the noise floor
by about 10 dB. IF bandwidth is selectable from 3000 Hz to
10 Hz. With the 10 Hz bandwidth a noise floor of —100
dBm is specified. At the same time, narrower bandwidths
also necessitate longer sweep times. Sweep time is auto-
matically increased as the IF bandwidth is narrowed.

2. Averaging: the HP 8753B also can apply exponential
averaging of successive traces to remove the effects of ran-
dom noise. “Exponential” means that the trace value at
each point is composed of a weighted vector sum of the
current trace data and the data from the previous sweep.
Current data is weighted at 1/N, where N is the averaging
factor selected from the {AVG] menu. The HP 8753B dis-
plays the current averaging factor to the left of the
graticule.

3. Smoothing: although this function does not lower
the noise floor, it can make noisy signals easier to interpret
by removing trace ripple. Smoothing is often likened to
video filtering, and is different from averaging. Averaging
computes each data point based on the average value
during several sweeps. Smoothing computes each data
point based on one sweep, but on the average of a window
of several data points for the current sweep. The window
or smoothing aperture is a percent of the span swept, less
than or equal to 20%. Use smoothing with caution; too
large a smoothing aperture may distort the data.

16



Markers and Marker Functions Numerical readout of the displayed data is provided by
movable display markers. The marker frequency (or other
horizontal axis parameter) is displayed in the active
function area in the upper left hand side of the CRT. The
power (or other vertical axis parameter) that corresponds
to the marker position is displayed in the upper right hand

B I i o T B side of the CRT. Many of the HP 8753B’s “smart” features

. involve the marker functions. By using them effectively,
ey ol LN X 2 measurement times can be reduced, resulting in increased
* . productivity. This section introduces the basic marker
. 2\ capabilities. The full power of the markers is best illus-
trated in the transmission and reflection measurement
] & sections.
] s The [MKR] hardkey allows you to select up to four inde-
i wn zem0 pendent markers, and measure absolute values along the
\mE I trace or delta values relative to another marker or a fixed
e e " offset.
cH1 s23 10g MAG 10 08/ REF -20 <8 2 .0223 dB  WARKER ~
13. 6350 0G0 MMz START
MARKER -
Cor IMARKER 2-1 sror
1B. 6§ MHg MARKER ~
a CENTER
| Y —
\ SPAN
MARKER -
(J \\ el The [MKR FCTN] hardkey brings up a menu of marker
Wi (el e seanoe functions that allow you to change the: stimulus
P } s parameters, search the trace for specific values, or
on o statistically analyze all or part of the trace.

CENTER 134,000 00D MHz SPAN  30.000 000 MHz

Hardcopy Output Plot the results of the measurement directly to an HP-GL
plotter or printer. Select the [SYSTEM CONTROLLER] softkey
from the [LOCAL] hardkey menu if you do not have a com-
puter connected. Then press the [COPY] hardkey and select
the [PLOT] or [PRINT ALL] softkey. Or customize the plot
with a descriptive title, plotter pen choices, or position up
to four plots per page.

i s2t ag s 10 des mer -a0 e Copies the display to a printer

PAINT

Copies the display to an HP-GL plotter

pLOT

Select position for a quarter page plot or a full page plot

SELECT
QUADRANT

/7 ™ _— Choose to plot a subset of the display
\ mn:; Select pen numbers for a multi-colored plot and solid or
Fer dashed traces
N J/ { Resets the plot definition and configuration to the defaults
vanues List the values of the active trace to a printer
il | List the key operating parameters

CENTER 134, D00 000 MHz SPAN 30,000 000 MHz



Basic Setup

Measuring Insertion Loss and Gain

Preset
Connections
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Controls

Calibrate

Device Under Test
Autoscale

|
C H A P T E R T W O

Transmission Measurements
with the HP 8753B

The next two chapters of this User’s Guide demonstrate the
many kinds of network measurements that can be made
with the HP 8753B. For each example a complete measure-
ment setup is given, following the same “generalized mea-
surement sequence” described in Chapter 1.

The examples used represent typical network measure-
ments. The DUT used in the examples is a bandpass SAW
filter with a 134 MHz center frequency. Modify the instru-
ment setups shown to suit your particular needs. For
turther information on any of the measurements shown,
refer to the HP 8753B Operating and Programming
Manual for the most complete description of allowable
operating modes, parameters, etc.

Many of the examples described in this chapter use the
HP 85046 A/B S-parameter test set to connect to the device
under test. This approach simplifies the measurement
setup, and provides fully specified results over the

HP 8753B'’s frequency range. Fully specified measure-
ments can also be made using the HP 85044A/B trans-
mission/reflection test set. Or you can create your own
test setup with discrete power splitters, couplers, attenu-
ators, etc. If you use your own setup, note that the

HP 8753B requires a signal level at the R input in the range
of 0 to —35 dBm to phase lock the internal source.

Insertion loss and gain are ratios of the output to input
signals. When set up as shown below, the results can be
read directly in decibels.

Connect the HP 85046A/B S-parameter test set to the
network analyzer as shown in the figure.

1. Measurement S21 (or B/R) on CH 2

2. Format LOG MAG
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

Do a frequency response calibration. Press the [CAL]
hardkey, select [CALIBRATE MENU] then the [RESPONSE]
softkey. Connect a “thru” between measurement ports and
press [THRU] to measure. Press [DONE: RESPONSE] to
complete the calibration.

Remove the “thru” and connect the DUT.
Select [SCALE REF] and press JAUTOSCALE].




CHl S21_ log MAG 10 9B/ REF -20 a8 u

-22.702 @B

134,

50 016 Mzl

MARKER |1

1B84. 75 MHz

=

|

!
i

\
e

CENTER 134,000 000 MMz

CHi 21 log MAG 10 ¢B/ REF -20 o8

SPAN  30.000 000 MHz

Insertion Loss

3 dB Bandwidth

2: .0004 a8

a.

o 1S.1800 0DO MH;

00 0do MMz

Cor |MARKER |WIOTH VALUE

..... 134

000000 wH:
0._8}s897

-3 dB

)

X
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i

\
\
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CENTER 134.000 000 MHz

Out-of-Band Rejection

SPAN 30 Of

CH1 821 log MAG 10 9B/ REF -20 48

00 000 MMz

L -38 o8

9. P00 000 MHA

e IMARKER [1-ofs
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!

\
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CENTER 134.000 000 MMz

SPAN 30, Ol

00 00D MMz

HARKER

2

El

al11
OFF

4 MoDE
MENY

MKR ZERO

MABKER
MODE MENU

SEARCH
oFF

MIN

TARGET

winTH
VALUE

¥IDTHS
oN off

TRACK ING

\PANW‘ ON off

RETURN

SEARCH
oFF
MaX

N

TARGET

WIDTH
VALUE

wIDTHS
on OFF

TRACKING
oN off

RETURN

The figure shows the complete response of the bandpass
filter under test. From this display you can derive several
important filter parameters. The power of the marker
functions greatly simplifies this task.

Insertion loss can be read to 0.001 dB resolution by
moving the marker to any frequency of interest. The
marker amplitude and frequency are read in the upper
right hand corner of the display.

The HP 8753B calculates the bandwidth of the DUT
between two equal power levels. In this example, we
calculate the —3 dB bandwidth relative to the filter
center frequency.

1. Press [MKR]} and use the rotary knob to move the
marker to the center of the filter passband. Press [MKR
ZEROQ] to zero the delta magnitude and frequency. The
softkey label changes to [MKR ZERO A REF = A to remind
you that the delta reference point is the small A symbol.

2. Press [MKR FCTN] and select {MKR SEARCH] to enter
the marker search mode. Select {WIDTHS ON off]. The
HP 8753B calculates the —3 dB bandwidth, the center
frequency and the Q (Quality Factor) of the DUT and lists
the results in the upper right hand corner of the display.
Markers 3 and 4 on the trace show the location of the
—3 dB points. To have the HP 8753B calculate the band-
width between other power levels, select [WIDTH VALUE]
and enter the number (e.g. [—] [6] [x1] for —6 dB). Select
[WIDTHS on OFF] and [RETURN] when you are finished with

this measurement.

The wide dynamic range of the HP 8753B allows it to
measure stopband rejection up to 110 dB below the pass-
band response. As discussed in Chapter 1, maximum
dynamic range requires proper selection of input power
level, IF bandwidth and averaging.

Select [MKR SEARCH] to enter the marker search mode.
Select [SEARCH: MIN]. The marker automatically seeks the
minimum point on the trace. The frequency and ampli-
tude of this point, relative to the delta symbol in the center
of the filter passband, appear in the upper right hand
corner of the display.

Note that the marker search mode can be used to search
the trace for the maximum point or for any target value.
The target value can be an absolute level (e.g. —3 dBm) or
a level relative to the small delta symbol (e.g. —3 dB from
the center of the passband).

Select [SEARCH: OFF] and [RETURN] when you are finished

with this measurement.
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The power of marker statistics is illustrated in this
measurement of passband ripple. Passband ripple (or
flatness) is the variation in insertion loss over a specified
portion of the passband.

1. Press [MKR] and use the rotary knob to move marker
1 to the left edge of the passband. Select [A MODE MENU]
and [A REF = 1] to move the delta reference point to
marker 1's position along the trace.

2. Select [MARKER 2] and turn the rotary knob to move
marker 2 to the right edge of the passband.

3. Press [MKR FCTN] and select [STATS ON off]. The
HP 8753B calculates the mean, standard deviation and
peak-to-peak variation between the markers and lists the
results in the upper right hand corner of the display. The
passband ripple is automatically given as the peak-to-peak
variation between the markers.

Select [STATS on OFF] when you are finished with this

measurement.
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Determine pass or fail status by comparing the device
performance to limit lines on the display. In the exam-
ple to the left a flat limit line lets you quickly make
GO/NO GO testing decisions regarding the filter's pass-
band ripple by comparing the measurement trace to the
limit lines on the display.

To enter the limit line mode, press [SYSTEM] and select
[LIMIT MENU]. To add a new limit segment select [EDIT LIMIT
LINE], followed by [ADD].

In this example, we enter a [STIMULUS VALUE] of 127 MHz
(at the start of the filter passband), an [UPPER LIMIT] of
—21 dB and a [LOWER LIMIT] of —23 dB. The SAW filter
under test has about 22 dB insertion loss in the passband.
Terminate this segment by selecting [DONE]. Since this is a
flat limit segment select [LIMIT TYPE] and [FLAT LINE] (the
default type). Select [PRIOR MENU] to return to the limit

line edit menu.

Segment 1 specified the start frequency of the flat limit
line. Select [ADD] to enter a second limit segment that
terminates this flat line. Enter a [STIMULUS VALUE] of

141 MHz (the end of the filter passband). The upper and
lower limits are copied from Segment 1. Select [DONE]

to terminate this segment. Since this terminates the limit
line select [LIMIT TYPE], then [SINGLE POINT], and [PRIOR
MENU] to return to the limit line edit menu.

You are now ready to do limit testing. Select [DONE] to
return to the limit menu. The HP 8753B draws the limit
lines on the display when you select [LIMIT LINE ON]. Select
[LIMIT TEST ONJ to activate the limit test. The HP 8753B
tells you whether the DUT passes or fails the limit test
with a message along the right hand edge of the graticule.

Select [LIMIT TEST OFF] and [LIMIT LINE OFF] when you are

finished with this measurement.
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Measuring Phase Response
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A two input ratio measurement can also provide infor-
mation about the phase shift or insertion phase of a net-
work. The HP 8753B can translate this information into
a related parameter, group delay.

Use the test setup shown for the previous measurements.
1. Measurement 521 (or B/R) on CH 1

2. Format PHASE
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

Place a “thru” connection between the measurement ports
and calibrate as described in the previous setup. Remem-
ber that a single normalization is valid for both ampli-
tude and phase measurements, provided that the
frequency span is unchanged.

Remove the “thru” and connect the DUT.

Just as in measuring insertion loss or gain, the various
marker functions (marker search, min/max, offset, etc)
can be used to examine the details of the phase response.

The figure shows the phase response of the bandpass filter.
Notice the linear phase shift through the passband, and
the rapid fluctuations outside this region. The random
phase of the broadband noise floor causes the spurious
out-of-band response.

The HP 8753B measures and displays phase over the range
—180 to +180 degrees. As phase increases beyond these
values, a sharp 360 degree transition occurs in the display
as the trace “wraps” between 4180 and —180 degrees.
This causes the characteristic “sawtooth” display usually
seen on devices with linearly increasing (or decreasing)
phase responses.
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In some cases it is useful to be able to view more than
one measured parameter at a time. Simultaneous gain
and phase measurements are useful, for example, for
evaluating stability in negative feedback amplifiers. Such
measurements are easily made using the HP 8753B's dual
trace display.

Upon power-on or preset, channel 1 is active and channel
2 is off. To see both channels simultaneously, press
[DISPLAY] and select [DUAL CHAN ON]. Two displays-appear
on the CRT, with channel 1 on the upper and channel 2 on
the lower display. The figure left shows a typical dual
trace display.

Sometimes it is more convenient to view both channels on
a single graticule. From the [DISPLAY] menu, select [MORE]
and [SPLIT DISP OFF]. The figure left shows the result.

Select [SPLIT DISP OFF], [RETURN] and [DUAL CHAN OFF]

when you are finished with this measurement.

23



Measuring Electrical Length The HP 8753B electronically implements a function simi-
lar to the mechanical “line stretchers” of earlier analyzers. -
This feature simulates a variable length lossless trans-
mission line, which can be added to or removed from a
receiver’s input to compensate for interconnecting cables,

etc. In this example, the electronic line stretcher is used

4 b N to measure the electrical length of a test device.
sl O
o
S Preset
0 8 ® ® ® Connections Use the test setup used for the previous measurement.
3 Controls 1. Measurement S21 (or B/R) on CH 2
l_ - - 2. Format PHASE
Y 9 3. Stimulus CENTER 134 MHz
SPAN 30 MHz
Calibrate Place a “thru” connection between the measurement ports
E >— our _.;) and calibrate as described in the first setup in this
chapter.
Device Under Test Remove the “thru” and connect the DUT.
Autoscale '

Electrical Length Adjustment The above setup results in the phase response measure-
ment shown. Note that the SAW filter under test has

Gt 521 phoms 300 d/_Rer 500 ma considerable phase shift within only a 2 MHz span. Other ) ‘
e e filters may require a larger frequency span to see the
cor lseate seaerony effects of phase shift.
1p0 g/di
A The linearly increasing phase is due to the DUT's electrical
R length, which will be measured by electronically adding

VALUE

length to the R input to compensate for it.

MARKER=»
FEFERENCE

N ene
Gt w21 eroes 20 s rer 04 ato some 1. Activate the line stretch function by pressing [SCALE
REF] and selecting [ELECTRICAL DELAY].
So7 ELEGTRICAL |DELAY senLesery .
159 os rerenence 2A. Next, use the rotary knob to adjust the amount of
TP FoszTIN length added to input R until the display is flat as shown.
VALUE OR
mefehce 2B. Press [MKR] and use the rotary knob to position
s - marker 1 near the center of the screen. Press [SCALE REF]
and select [MARKER — DELAY]. The HP 8753B adds elec-
R trical length equal to the group delay (discussed next) at
oo the marker frequency for a flat phase response just as
CENTER 22 o00 pas o Eoa9 o in 2A above. To display the electrical length select
[ELECTRICAL LENGTH].
In this example we must add a large amount of electrical
delay due to the long electrical length of the SAW filter Q

under test. Note that the electrical delay is approximately
the same as the main path travel time in the time domain
example at the end of Chapter 1.
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For many networks, the amount of insertion phase is not
nearly as important as the linearity of the phase shift over
a range of frequencies. The HP 8753B can measure this
linearity and express it in two different ways: directly, as
deviation from linear phase, or as group delay, a derived
value.

This can be measured using the previous setup for measur-
ing electrical length. By adding electrical length to “flatten
out” the phase response we have removed the linear phase
shift through the DUT. What remains is the deviation
from linear phase shift through the device. Simply in-
crease the scale resolution to directly measure the devia-
tion from linear phase.

The phase linearity of many devices is specified in terms
of group or envelope delay. This is especially true of tele-
communications components and systems.

Group delay is the transmission time through the DUT as
a function of frequency. Mathematically, it is the deriva-
tive of the phase response which can be approximated by
the ratio A@/360

AF
where A@ is the difference in phase at two frequencies
separated by AF. The quantity AF is commonly called the
“aperture” of the measurement. The HP 8753B calculates
group delay from its phase response. measurements.

Use the setup shown for the previous measurement.

1. Measurement S21 (or B/R) on CH 2

2. Format DELAY
3. Stimulus CENTER 134 MHz
SPAN 2 MHz

Place a “thru” connection between the measurement ports
and calibrate as described in the first setup in
this chapter.

Remove the “thru” and connect the DUT.
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The default aperture is the frequency span divided by the
number of points across the display (i.e. 201 points or
0.5% of the total span in this example). Other aperture
values can be selected by turning on [SMOOTHING] and
varying the [SMOOTHING APERTURE] in the [AVG] menu.

Notice the effect of aperture on a group delay measure-
ment. As the aperture is increased from 0.5% to 2% and
higher, the “smoothness” of the trace improves markedly,
at the expense of measurement detail.
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Measurements to this point have all been made with a con-
stant input amplitude and swept test frequency. At times,
however, it may be desirable to characterize a device at

a single frequency as a function of input amplitude. By
using the power sweep mode, measurements such as gain
compression or AGC (automatic gain control) slope can

be made.

¢

Use the setup shown; the HP 85046A test set is not used
because its relatively high insertion loss limits the input
signal available to drive the test device into compression.

S21 (or B/R) on CH 2

1. Measurement

2. Format LOG MAG
3. Stimulus Press MENU
CW FREQ 100 MHz

(select POWER SWEEP)
START POWER -5 dBm
STOP POWER +5 dBm

Substitute a “thru” in place of the amplifier-under-test
and calibrate as described in the first setup in this
chapter.

Remove the “thru” and connect the DUT.

The figure shows the gain rolling off as the input power
increases to a level where the amplifier under test exhibits
gain compression. While the +20 dBm maximum output
from the HP 8753B will be sufficient for many compres-
sion tests, it is also possible to add an external amplifier
in series with the source to provide additional drive.
Remember to limit the input power to the HP 8753B

¢

" to 0 dBm maximum, adding external attenuators if

necessary.
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Reflection Measurements
with the HP 8753B

The transmission measurements discussed in Chapter 2
are only part of the network measurements picture. Mea-
suring the return loss or reflection coefficient completes
the device characterization, and provides the basis for
calculating parameters such as impedance and SWR. This
chapter demonstrates how to set up, make and interpret
reflection measurements with the HP 8753B.

Reflection measurements require a directional device, such
as a directional coupler, in the measurement setup. This
signal separator provides a sample of the power traveling
in one direction only. For reflection measurements it is
connected as shown in the figure, allowing the power re-
flected from the DUT to be separated and measured inde-
pendently of the incident power. The ratio of these two
signals is the reflection coefficient of the DUT or, when
expressed in decibels, the return loss.

Many types of directional couplers and bridges are avail-
able to perform this function. They are differentiated by
frequency range, directivity and connector type. The most
convenient approach is to use the HP 85046A/B S-param-
eter or 85044A/B transmission/reflection test sets as men-
tioned in Chapter 1. These test sets provide the necessary
hardware and interconnect functions for reflection mea-
surements from 300 kHz to 3 GHz. The examples in this
chapter use the S-parameter test set.

Reflection measurements involve only one port of a test
device. When the device has more than one port, care
must be taken to insure that the unused port(s) are prop-
erly terminated in their characteristic impedance (e.g. 50
or 75 ohms). If this is not done, reflections off the unused
ports will cause measurement errors.



Measurement Accuracy

Measuring Return Loss, Reflection
Reflection Coefficient

Connect high quality terminations (loads) to all unused
ports. With the HP 85046A/B S-parameter test set, mea-
surement port 2 supplies this termination during mea-
surements of 5;, and S,;, while port 1 supplies the load
for measurements of S,, and S,,. All switching is auto-
matic, controlled by the HP 8753B. When using the

HP 85044A/B transmission/reflection test set, terminate
the unused port at the B input of the HP 8753B or with
a high quality load.

In reflection measurements, the accuracy of the final result
is highly dependent on the signal separtion device, adapt-
ers, and the DUT terminations. Systematic errors such as
the frequency response of the test setup, leakage signals,
and mismatches degrade overall measurement accuracy.
The HP 8753B's built-in calibration routines can remove
these measurement errors. The most accurate calibration
(full 2-port) is used in the first setup in this chapter.
Subsequent setups use the simpler 1-port calibration.

The signal reflected from the device under test is most
often measured as a ratio with the incident signal and
can be expressed as reflection coefficient and/or return
loss. These measurements are mathematically defined as:

reflection _ reflected power _ ( itude only)
coefficient ~ incident power p {magnitude only
= r = SH or Szz
(magnitude and phase)

return loss (dB) = —20 log (p)
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Connect the HP 85046A/B S-parameter test set to the
network analyzer as shown in the figure.

1. Measurement SitorA/RonCH 1

2. Format LOG MAG
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

For maximum accuracy do a full 2-port calibration. Press
[CAL], select [CALIBRATE MENU], [FULL 2-PORT], [REFLECT'N]
and follow the prompts to connect and measure an open,
short and load for port 1 (S,;) and port 2 (S;;). Connect
the standards at ports 1 and 2 using any adapters or cables
that will be used in the actual measurement. Select
[REFLECT'N DONE] after measuring these six standards. Next
select [TRANSMISSION], connect a “thru” and select the four
transmission measurements one at a time. Select [TRANS.
DONE] when done. Finally, select [ISOLATION], [OMIT
ISOLATION] and [ISOLATION DONE]. Isolation accuracy
enhancement, as described in Chapter 1, is not required
for this measurement.

Connect the DUT as shown in the figure.
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Return Loss The results of a typical reflection measurement are shown.
This device does not have very good match inside the filter -
asn jegws | .ocer merzor  momewmdn passband, although it does illustrate that within the filter
4 T passband, the device matches the system impedance more
onnse closely than outside the passband. Therefore, the reflected
signal in the filter passband is smaller than outside the

DELAY

™~ ~ passband. In terms of return loss, the value inside the
\ / e passband is larger than outside the passband. A large
/ rouan value for return loss corresponds to a small reflected signal
ML Tt just as a large value for insertion loss corresponds to a
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MORE
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Reflection Coefficient To display the same data in terms of reflection coefficient,
press [FORMAT] and select [LIN MAG]. This simply redisplays
B B M e r oo o= R the existing measurement in a linear magnitude format
that varies from ' = 1.00 at the top of the display (100%

reflection) to 0.00 at the bottom of the display (perfect
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Standing Wave Ratio To display the reflection measurement data in terms of
standing wave ratio (SWR), press [FORMAT] and select

o s swn ST RNS [SWR]. The HP 8753B reformats the display in the unitless
’ o measure of SWR with SWR = 1 (perfect match) at the
bottom of the display.
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Measuring S-Parameters S;; and S,,
in a Polar Format

After completing the full 2-port calibration you may want
to save the results for future measurements. The HP 8753B
has five memory registers that you can use to store up to
five instrument states. Because instrument states can be

of varying complexities, it is possible to fill the available
memory with less than five states. For further save/

recall memory, connect a compatible disc drive (e.g.

HP 9122D/S), and save the instrument state on disc.

To save the instrument state in the HP 8753B internal
memory simply press [SAVE] and select one of the five reg-
isters (e.g. select [SAVE REG 1] to save the instrument state
in register 1). After you save the instrument state, the soft-
key label changes from [SAVE REG n] to [RE-SAVE REG n].
The HP 8753B saves all the selections you made to set up
your desired measurement, such as start and stop
frequency, measurement, format, calibration, scaling and
limit lines. To recall the instrument state at some later
time, press [RECALL] and select the desired register.

The complete instrument state, except calibration data and
limit lines, remain saved if power is turned off, for at least
three days. The HP 8753B saves the complete instrument
state, including the calibration data and limit lines, indefi-
nitely with power on.

These parameters are really no different from the measure-
ments made in the previous section. S,; is the complex re-
flection coefficient of the DUT input, while S, is the com-
plex reflection coefficient of the DUT output. In both
cases, all unused ports must be properly terminated.

The HP 85046A/B S-parameter test set automatically
switches the measurement configuration to agree with the
S-parameter selected from the HP 8753B [MEAS] menu.
With the HP 85044A/B transmission/reflection test set, or
with a test setup constructed from discrete couplers, pads
and power splitters, it is necessary to reverse the con-
nections to the DUT between measurements of S;; and S;,.
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Connect the HP 85046 A/B S-parameter test set to the
network analyzer as shown in the figure.

1. Measurement SH1orA/RonCH 1

2. Format POLAR
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

A one port calibration is appropriate for this measure-
ment. This cal does not remove mismatch effects from the
DUT output, but since this device has more than 20 dB in-
sertion loss, output mismatch is attenuated enough to have
very little effect on measurement accuracy. Press [CAL] and
select [CALIBRATE MENU] followed by [S71 1-PORT]. Connect
and measure an open, a short and a load to port 1 as
prompted by the HP 8753B.

Connect the DUT as shown in the figure.

The results of a typical S;; measurement are shown, with
each point on the polar trace corresponding to a particular
value of both magnitude and phase. The center of the
circle represents a coefficient I' of 0, that is, a perfect
match or no reflected signal. The outermost circumference
of the scale represents I = 1.00, or 100 per cent reflection.
The phase angle is read directly from this display. The 3
o'clock position corresponds to zero phase angle, that is,
the reflected signal is at the same phase as the incident
signal. Phase differences of 90, 180 and 270 degrees
correspond to the 12 o'clock, 9 o'clock and 6 o'clock
positions on the polar display, respectively.

The magnitude and phase of S, or S;; are most easily

and accurately read using the markers. Use the knob to
position the marker at any desired point on the trace, then
read the frequency, magnitude and phase in the upper
right hand corner of the display. Or enter the frequency of
interest from the data entry keypad to read the magnitude
and phase at that point. To read the marker data in either
logarithmic or real/imaginary formats, press [MKR] and

select [MARKER MODE MENU], [POLAR MKR MENU]J.
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Measuring Impedance The amount of power reflected from a device is directly
related to the impedances of both the device and the
measuring system. In fact, each value of the reflection
coefficient (I') uniquely defines a device impedance; ' = 0
only occurs when the device and test set impedance are
exactly the same. A short circuit has a reflection coeffi-
cient of [ = 1/180° Every other value for I' also corre-
sponds uniquely to a complex device impedance,
according to the equation

Zn=1tTl

1-T

where Zn is the DUT impedance normalized to (i.e. divid-
ed by) the measuring system'’s characteristic impedance (50
or 75 ohms). The HP 8753B has a default impedance of
50 ohms. To set the impedance to 75 ohms, press {CAL] and
select [MORE], [SET Z0]. The HP 8753B uses the formula
above to convert the reflection coefficient measurement
data to impedance data.

A Smith chart overlay on the polar display axes lets you
read the impedance data in the R + jX format, where R is
the resistive component and X is the reactive component
of the complex impedance of the DUT. This overlay is
generated electronically within the HP 8753B, and is
selected from the [FORMAT] menu.

Preset

Connections Connect the HP 85046A/B S-parameter test set to the
network analyzer as shown in the figure.

Controls 1. Measurement S11 or A/Ron CH 1

2. Format SMITH CHART
3. Stimulus CENTER 134 MHz
SPAN 30 MHz
Calibrate Perform an S,, 1-port calibration as described in the
ol Maitpon previous setup.
I_; >—f our :Im Device Under Test Connect the DUT as shown in the figure.
ol S— >_% Autoscale Use of the Smith chart graticule is most easily understood
I_) >4 our with a full scale value of 1.00. From the [SCALE REF] menu,
Soerort select [SCALE/DIV], 1), {x1].
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MARKERS)
coweLen
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POLAR MKR
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MENY

RETURN
CENTER  134.000 DOD MHz SPAN 30,000 DOD MHx

Admittance Measurements

M1 S11 1 U FS L 70.870 mS -50.037 mS 62.88 pf

N
128. 650 DGO MMz LIN R

Cor PLa LOG MKkR

MARKER/1- 7y

Ra/Im MKR

R+ JX MKR

G+ 1B MKR

RETURN
CENTER  134.000 000 MMz SPAN  30.000 Q00 MHz

The display shows the complex impedance of the DUT
over the frequency range selected. Press [MKR] and use the
knob to read the resistive and reactive components of the
complex impedance at any point along the trace. Note that
the marker annotation tells that the complex impedance is
capacitive in the bottom half of the Smith chart display
and is inductive in the top half of the display.

Use the marker to read admittance parameters. From the
[MKR] menu, select [MARKER MODE MENU] and [SMITH MKR
MENU]. Note that the default selection (currently
underlined) is {R+jX MKR] for impedance marker readout.
Select [G+jB MKR] for an inverse Smith chart overlay. The
marker reads the admittance data in the form G + jB,
where G is conductance and B is susceptance, both
measured in units of Siemens (equivalent to mhos).
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Transmission Response
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Leakage
Main Wave
Triple Travel

O
C HAPTER F O U R

Time Domain Analysis
with the HP 8753B

(Option 010)

The HP 8753B with optional time domain analysis
(Option 010) can display the time domain response of
the DUT. Time domain analysis is useful for isolating

a problem in the DUT in time or in distance. Time and
distance are related by the velocity factor of the DUT.
The HP 8753B measures the frequency response of the
DUT and uses an inverse Fourier transform to convert the
data to the time domain. As examples, use time domain
analysis to locate points of reflection (e.g. at connectors
and bends) along a transmission line or to separate the
individual transmission paths (e.g. main path, leakage and
triple travel) through a surface acoustic wave (SAW) filter.
This section introduces the time domain concept with a
SAW filter example. Chapter 3 (reflection measurements)
gives the step-by-step procedure for measuring the time
domain response of a cable.

In the example on the previous page, the transmission
response of a SAW filter is measured. The inverse Fourier
transform of that transmission measurement is also
shown. Note the three components of the transmission
response: RF leakage at near zero time, the main travel
path through the device (1.6 us travel time) and the “triple
travel” path (4.8 us travel time). Each of these signal paths
is illustrated in the diagram to the left.
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Time domain analysis also lets you mathematically re-
move individual parts of the time domain response to

see the effect of potential design changes. We do this by
“gating” out the undesirable responses. In the example
shown to the left we see the effect of removing the RF
leakage and the triple travel signal path using gating. By
transforming back to the frequency domain we see that
this design change would yield better out-of-band rejection
for the SAW filter under test.

To transform the data from the frequency domain to the
time domain, press the {SYSTEM] hardkey and the
[TRANSFORM MENU]J softkey. Select [BANDPASS] mode to
transform the trace on the CRT from the frequency
domain to the time domain. The other time domain
modes, low pass step and low pass impulse, are described
in the HP 8753B Operating and Programming Manual.

The HP 8753B with optional time domain analysis
(option 010) can display the time domain response of the
reflection measurement data. The time domain response
of a reflection measurement is often compared with the
familiar time domain reflectometry (TDR) measurements.
Like the TDR measurement, it measures the size of the
reflections versus time (or distance). Unlike the TDR, the
HP 8753B time domain capability allows you to choose
the frequency range over which you would like to make
the measurement. With its “gating” capability, the

HP 8753B time domain lets you perform “what if” analy-
sis by mathematically removing selected reflections and
seeing the effect back in the frequency domain.
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Connect the HP 85046A/B to the network analyzer
as shown in the figure.

1. Measurement St1orA/RonCH 1

2. Format LIN MAG
3. Stimulus START 300 kHz
STOP 3 GHz

Perform an S,, 1-port calibration as described in the
previous setup.

Connect a test cable, with one or two adapters to make
things interesting, as shown in the figure. Terminate the
end of the cable.

The figure shows the frequency domain reflection response
of the cables under test. The complex ripple pattern is
caused by reflections from the adapters interacting with
each other. By transforming this data to the time domain,
you can determine the magnitude of the reflections versus
distance along the cable.

To transform to the time domain press [SYSTEM] and
[TRANSFORM MENU]. Select [BANDPASS] transform mode.
The low pass impulse mode is most similar to the TDR
but we use the bandpass mode in this example because
it is simpler. Refer to the HP 8753B Operating and
Programming Manual for a complete description of

all the time domain operating modes.

Turn the time domain transform on by selecting
[TRANSFORM ON off]. To view the time domain over

the length of the cable under test enter a start time of

0 seconds (press [START] {0] {x1]) and a stop time that corre-
sponds to the length of the cable under test. A good rule
of thumb is that the energy travels about 1 foot per nano-
second, or 0.3 meter/ns, in free space. Since most cables
have a relative velocity about %4 of the speed in free space,
and since you measure the roundtrip distance to the end
of the cable, figure about 3 ns/foot, or 10 ns/meter, for
the stop time. In this example, enter a stop time of 40 ns
(press [STOP] [4] [0] [G/n}) for a cable under test that is

about four meters long.
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Enter the relative velocity of the cable under test. The

HP 8753B markers then read the actual round trip distance
to the reflection of interest rather than the “electrical
length” that assumes a relative velocity of 1. Press [CAL]
and select [MORE] then {VELOCITY FACTOR]. Enter a velocity
factor for your cable under test. Most cables have

a relative velocity of 0.66 (for polyethylene dielectrics) or
0.7 (for teflon dielectrics). If you would like the markers

to read actual one-way distance rather than round trip
distance, enter one-half the actual velocity factor.

Press [MKR] and use the knob to position the marker on
the reflection of interest. Note that the marker reads the
time and distance to the reflection in the upper left hand
side of the graticule. Loosen one of the connectors to see
the corresponding reflection increase.
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Connections

Controls

Calibrate

Device Under Test

C HAPTER F I V E

Harmonic Measurements
with the HP 8753B

(Option 002)

In addition to measuring gain, an amplifier's harmonic
response is often measured. Traditionally, harmonic mea-
surements have been made with a signal generator, and
spectrum analyzer at a number of CW frequencies. The
HP 8753B makes it possible to make swept second and
third order harmonic measurements directly. This cap-
ability can significantly reduce component test times. To

demonstrate this a measurement of a preamplifier follows
(HP 10855A).

The equipment configuration used is similar to the one
used in a transmission measurement, (Chapter 2). This
example will step through a typical measurement of ampli-
fier gain and swept second and third order harmonic
response.

A harmonic measurement gives the ratio of harmonic
signal level to fundamental signal level versus frequency.
When set up as shown below, the results can be read
directly in decibels, (dBc).

Connect the HP 85046A/B or HP 85047A S-parameter test
set to the network analyzer as shown in the adjacent
figure.

1. Measurement 521 (or B/R)

2. Format LOG MAG

3. Stimulus START 50 MHz
STOP 1 GHz
POWER 0 dBm

ATTENUATOR PORT 1 20dB

Substitute a thru for the amplifier under test and do a
frequency response calibration. For the gain measurement
this procedure will remove the frequency response and
insertion loss errors of the test set up. For the swept
harmonic measurements there are some residual errors,
due to the difference in frequency between the
fundamental and the harmonic, that cannot be
compensated for.

Connect the DUT.

Note*

When measuring harmonics, it is suggested that you pay
close attention to the incident power on your DUT and the
HP 8753B's receiver. By correctly choosing input
attenuation and fixed output attenuator values the DUT's
harmonics will be more easily distinguished from those of

the HP 8753B.
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This figure shows gain (521) of the preamplifier.

In measuring gain we are concerned with the ratio of
output power to the input power of the amplifier.

For harmonic measurements we wish to measure the
harmonic output of the amplifier with respect to its
fundamental output. Therefore we first need to measure
the signal at the output of the amplifier alone. To do thi
press [MEAS}, [INPUT PORTS], and [B]. This key sequence
will allow you to look at only the fundamental signal at
the amplifiers output.

Pressing [DISPLAY], [DATA — MEMORY], and [DATA/MEM]
stores the fundamental data in memory and lets us look
incoming data relative to it.

s

at

In this example, changing the reference position to the top

of the screen [SCALE &EF), [REFERENCE POSITION] (10} [x1}

will let us view the fundamental and harmonic responses

on the same display.

Second harmonic mode [SYSTEM], [HARMONIC MEAS],
[SECOND] displays the preamplifier's second harmonic
response relative to that of the fundamental (dBc).

Similarly, third harmonic mode [THIRD] displays the

preamplifier’s third harmonic response relative to that of

the fundamental (dBc).

In this chapter we have quickly measured three important

amplifier parameters, gain, and second and third order
harmonic responses. Other previously discussed
measurement techniques such as the use of marker

functions (Chapter 1), limit line testing (Chapter 2), and
reflection measurements (Chapter 3) can easily be adapted

to enhance and expand the amplifier measurements
discussed in this chapter.

40

¢



Creating a Test Sequence

[SYSTEM]

[SEQUENCING MENU]
[NEW SEQ/MODIFY SEQ]
[SEQUENCE 1]

[RECALL]
[RECALL PRST STATE]

[CENTER] [134] [M/u]
[SPAN] [30] [M/u]

C H A P T E R S I X

Test Sequencing
with the HP 8753B

In component testing it is usually necessary to repeatedly
make measurements requiring a series of keystrokes. The
HP 8753B's test sequencing function allows the user to
create, title, save, and execute up to 6 independent
sequences internally. Test sequencing can dramatically
reduce the time required to make a multiple step
measurement, and will all but eliminate operator error
during testing.

Creating a test sequence is virtually identical to making a
manual measurement using the HP 8753B's front panel.
Once you have entered the sequencing mode all you need
to do is make the desired measurement. The HP 8753B will
record the keystrokes it took to do so, storing them
internally where they can be called up and repeated with a
single keystroke. To demonstrate this capability a test
sequencing example follows.

The following sequence will perform the transmission
measurement previously discussed in Chapter 2, pause for
2 seconds, perform the reflection measurement previously
discussed in Chapter 3, again pause for 2 seconds and then
simultaneously display both measurements.

This simple example is chosen to illustrate the capability,
and ease of use of the HP 8753B's sequencing function.
The techniques presented can easily be applied to longer
and more complicated test procedures.

Entering test sequencing mode.
Creating a new sequence.
Choosing to store sequence in register 1.

Recalling a known instrument state.
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{MEAS] Setting measurement controls.

[Trans: FWD S21 (B/R)]

[FORMAT] Displaying log magnitude.
[LOG MAG]

[SCALE REF]
JAUTO SCALE]

{SYSTEM] Pausing for 2 seconds.
[SEQUENCING MENU]
[SPECIAL FUNCTIONS]

[WAIT X] [2] x1]
{CH 2] Displaying channel 2.

[MEAS] Setting measurement controls.

[Refl: FWD S11 (AIR)]

[FORMAT] Displaying Smith chart.
[SMITH CHART]

[SYSTEM] Pausing for 2 seconds.
[SEQUENCING MENU]

[SPECIAL FUNCTIONS]

[WAIT X] [2] [x1]

{DISPLAY] Display both channels simultaneously.
[DUAL CHAN ON off]

[SYSTEM] Completes the creation process.
[SEQUENCING MENU]
[DONE MODIFY]

Executing a Test Sequence We are now ready to recall and run the test sequence we
have written and stored in the 8753B.

Preset A known state is recalled from inside the sequence.

Connections Connect the HP 85046A/B or HP 85047A S-parameter test
set to the network analyzer as shown in the adjacent
tigure.

Controls All measurement controls are automatically recalled from
within the sequence.

Calibrate The HP 8753B allows you the flexibility to perform, or
recall (from external disc or internal register), any desired
calibration during the execution of a test sequence. To
maintain simplicity no measurement calibration is used in
this example.

Device Under Test Connect the DUT.
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Recalling a Test Sequence
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To recall and execute the sequence we have stored in
register 1 press the following keys.

[PRESET]
[SEQUENCE SEQ 1]

When the test sequence has been completed the adjacent
configuration will be displayed on the CRT.

In this very simple example a measurement requiring 30
keystrokes was replaced with just 1. A more complicated
measurement would further increase instrument
productivity, and reduce possibility for operator error.

In addition the test sequencing function provides if/then
decision capability and operator prompts, and can
incorporate all of the HP 8753B's standard and optional
features (i.e. marker functions, limit testing, harmonic
analysis).

In an automated testing environment, where many test
sequences may be required, external storage/recall of
sequences can be used to further enhance the HP 8753B's
productivity in a testing environment.

The HP 8753B allows you to cascade multiple sequences to
perform longer or more complicated testing procedures.

This feature also allows you to send HP-IB output strings
to control external devices, such as signal generators,
power supplies or relay actuators.
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CHAPTETR S E V E N

Operation up to 6 GHz

P,

Equipment required for «HP 8753B with (Option 006).
6 GHz operation oHP 85047A 6 GHz S-parameter test set.

6 GHz Receiver (Option 006) This option extends the upper frequency limit of the
HP 8753B's receiver to 6 GHz. Option (006) also controls
the frequency doubler in the HP 85047A S-Parameter
test set.

HP 85047A 6 GHz To activate frequency doubler mode press [SYSTEM], [FREQ
S-Parameter test set AANGE 3GHz 6GHz] or [PRESET], [FREQ RANGE 3GHz 6GHz], on
the front panel of your option (006) equipped HP 8753B.
Once activated, the frequency doubler in the HP 85047A
S-parameter test set (shown in the adjacent figure),
changes the frequency range of the signal output to the
DUT from (300 kHz - 3 GHz) to (3 MHz - 6 GHz).

[}

[m]

E Below 3 GHz the maximum output power at the test

= ports is nominally 18 dBm. In frequency doubler

o mode the maximum output power at the test ports is

nominally 3 dBm.
o Bypass Switch Source A 8
. The HP 85047A S-parameter test set has less insertion loss
Ne

|
: Attenuator|

? T
ol L |
rwv——o

§ X[

Frequency
Doubler 70dB

Variable
Attenuator
DPDT Relay

both the HP 85046A, or HP 85044A test sets.

and offers greater maximum power to the test ports than w

. > ;
? i Directionat
S0

Couplers
N,

{a —Jx

HP 85047A S-Parameter Test Set

~

Measurement Ports

-
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For more information, call
your local HP sales office
listed in your telephone
directory or an HP regional
office listed below for the
location of your nearest sales
office.

United States:
Hewlett-Packard Company
4 Choke Cherryv Road
Rockville. MD 20850
(301) 670-4300

Hewlett-Packard Company
5201 Tollview Dr

Rolling Meadows. IL 60008
{312) 255.9800

Hewlett-Packard Company
3161 Lanker<him Blvd.

No HO‘:l}‘\\'OOd. CA 91601
(RIxY 5053600

Hewlet:-TPackard Company
2015 South Park Place
Atianta. GA 30339

(4004} 9551500

Canada:

Hewles:-Packard Ltd.

6877 Goreway Drive
Mississauga, Ontario L4VIM8
(416) 675-9430

Australia/New Zealand:

Hewlet:-Packard Australia L.td.

31-41 Joseph Street,
Blackburn, Victoria 3130
Melbourne, Australia
(03) 895-2895

[/} cackaro

Europe/Africa/Middle East:
Hewlett-Packard S.A.
Central Mailing Department,
P.O. Box 529

1180 AM Amstelveen,

The Netherlands

(31) 20/547 9999

Far East:

Hewlett-Packard Asia Ltd.
47 /F China Resources Building
26 Harbour Road. Hong Kong
(5)833-0833

Japan:
Yokogawa-Hewlett-Packard Ltd.
29-21. Takaido-Higashi 3-chome
Suginami-ku. Tokvo 1658

{03) 331-6111

Latin America:
Hewlett-Packard de Mexico.
Sp.A.de C.V.

Monte Pelvux No. 111
Lomas de Chapultepec
11000 Mexico D.F., Mexico
(905) 596-7933

United Kingdom:
Hewlett-Packard Ltd.

Miller House—The Ring
Bracknell

Berkshire RG12 I1XN. England
(4) 344/424898
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Welcome to the Quick Operating Guide for the HP 8753B network analyzer.
This document is provided to help you understand and use the

HP 8753B by putting concise operating information where you can find it
quickly and easily. The functions of the HP 8753B are described by softkey
menu. The descriptions are arranged alphabetically by front panel key. They
include a key path guide and HP-IB mnemonics.

For a tutorial introduction to making network measurements with the

HP 8753B, refer to the User’s Guide (HP p/n 08753-90007). For complete,
in-depth information about the HP 8753B, see the Operating and Programming
Reference.




=E

) L

Page18

Dual display
Trace memory
Titling

Page9
Averaging —_—]

Smoothing
IFbandwidth

Page 31 /

Markers
Marker delta

Page 25 )
Power \ i

Trigger
Points
Sweep type

Page 40
Sequencing
Limit testing
Transform (opt)
6 GHz operation (opt),
Harmonic meas (opt),
Instrument modes

Pagel16 Page 38

Plot Save registers

Print Clearregisters
Title registers

R~ T =T gy
® & o o
e HP 1B STATUS

o .

3 Functional Index

3 Page 20 Page 39

= Page 23 Magnitude Autoscale

| A/R Phase Scale
B/R Group delay Reference
S-parameters Smith chart Electrical delay

Markersearch
Marker statistics

Page 37
Recall registers

Page 22
HP-IB mode

HP-IB addresses

W 7 e e o o o
(H]




How To Use This Guide

This guide is designed to describe what the softkey menus do and to give enough infor-
mation for making basic measurement decisions. A typical page of this guide, as
shown below, is indexed by the front panel key, shows the keypath to the menu under
discussion, and details the menu by option.

HP-IB Mnemonics! Front Panel Key —___

Menu Under Discussion

\ Explanatory Figure

POWER LINFREQ | LiveREQ
SWEEP L0G FREQ | LOGFREQ
TIME —_—
TRIGGER LIST FREQ |  LISTFREQ ~]’H e I'Ii’ TR rﬁ‘;:':.
LUl
NUMBER of POWER | POWS FT HI “l
POINTS SWEEP i i
Keypath Guide rclw CWIIME o il
IME

COUPLED CH T ,_,——-H'} n
ON off q ”l

CW FREQ EDIT il 'HL«-" Il

[

LSt 1 i

Tamr . 300 0oa s Tor " 708, 495 160 wr

7

SWEEP TYPE RETURN

LIN FREQ  Activates a simple linear frequency sweep. With option 010, the
HP 8753A can translate this data to time domain.

LOG FREQ  Activates a logarithmic frequency sweep. The data is sampled
logarithmically and displayed.

LIST FREQ  Sweeps across the user list frequency table. The table can be
entered and modified with [EDIT LIST].
Next Page: 28

/POW!:R Sweeps power at a single frequency. That frequency is set with
Menu SWEEP

© [CW FREQ)]. Power sweep is used to characterize power sensitive
Explanatxon | networks.

CW  Tunes the HP 8753A to a single frequency and displays the data
TIME  versus time. The frequency is set with [CW FREQ). With option
010 (time domain), the HP 8753A can translate this data to the
frequency domain.

EDIT  Allows the user to create or modify the frequency sweep list.
LIST Next Page: 28

RETURN

1. HP-IBis Hewlett-Packard’s hardware, software, documentation, and support for IEEE 488 and IEC-625,
worldwide standards for interfacing instruments.
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Introduction to the HP 8753B

The HP 8753B's softkey menus provide complete and flexible control of the instru-
ment. The menus have three features that make them easy to understand and use. In
situations where you can make one of several selections, the softkeys are connected by
verticallines, and the current choice underlined. In cases where a single key summa-
rizes the selection of one of several choices, the current selection is shown in brackets
below the softkey label. Lastly, the state of on /off functions is indicated below the soft-
key label by capitalizing either on or off.

The following is a brief introduction to the purpose of each functional key area.

Entry

The entry area controls the value in the active entry area of the display. The step keys
and the knob vary the active entry value, and the key pad enters new values. A partially
entered valueis indicated by the data entry arrow, which points to the last digit
pressed. The units terminator keys enter the value. Any units terminator can enter any
parameter, the only difference being the power of ten by which the entered value is
scaled.

Stimulus

The stimulus menu controls the microwave source. It lets you set the power, the sweep
time, and the number of points. The power can range from —5 to +20 dBm, the sweep
time from 2 msecto days, and the number of points from 3 to 1601. You can uncouple
the channels so they have independent stimulus settings, and you can select the sweep
type. The HP 8753B can sweep frequency linearly, logarithmically, or from an oper-
ator-defined frequency list. It can also lock onto a CW frequency and sweep time.

The [START], [STOP}, [CENTER], and [SPAN] keys control the stimulus span meas-
ured. During frequency sweeps, they control frequency. During power sweeps they
control power, and during time sweeps, they control time.
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Response

MEAS

FORMAT

SCALE
REF

DISPLAY
AVG

CAL

MKR

MKR
FCTN

DISPLAY

The response keys control data measurement and data processing.

Selects the parameter to be measured. Choose from an absolute
measurement, a ratio measurement, or an S-parameter.

Selects the format of the data. Display the magnitude, phase, group
delay, real portion, imaginary portion, or SWR of the data, or display
the datain a polar format or on a Smith chart.

Controls the size and placement of the trace on the graticule. Add a
linear phase shift to the data using the electrical delay function under
this key.

Controls trace memory, vector trace math, splitand dual channel
display, intensity, focus, display title, and frequency blanking.

Controls the trace noise reduction techniques. Average the data over
time, reduce the [F bandwidth, or smooth a noisy trace.

Accesses the calibration features of the HP 8753B. Improve the
accuracy of the data by calibrating with known standards, or a power
meter.

Controls the four markers. Use the markers to read numeric values off
the trace. The marker values indicate either absolute trace position, or
trace position relative to a delta reference. The delta reference can be a
marker, or it can be a fixed point.

Controls the active marker functions. Use the marker position to set the
stimulus parameters; use the search feature to place the markerata
specificamplitude; and use the statistics functions to characterize
passband shapes and to give trace statistics.
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Active Channel

The active channel keys select the active channel. Except when coupled between chan-
nels, softkey functions apply only to the active channel.

Instrument State

The instrument state keys control functions that do not directly affect the measure-
mentor display of data, with the exception of time domain (option 010), harmonic
measurement (option 002), test sequence function, and instrument modes.

SYSTEM  This key controls test sequencing function, harmonic measurements
(option 002), limit testing, service functions, and time domain {option
010.) Time domain is a transform that calculates the impulse and step
response of a device from the frequency domain information.

COPY  Accesses the hard copy capabilities of the instrument. You can ploton
an HP-GL plotter, or you can print on a compatible printer.

SAVE  Stores, clears, and titles the save /recall registers. When a registeris
saved, the entire instrument state is stored. A register can be saved
internally or to an external disc drive.

RECALL Recalls the save /recall registers. When a registeris recalled, the
instrument is returned to the state it was in when the register was saved.

LOCAL Controls the HP-IB aspects of the instrument. Select system controller
mode for manual operation of the instrument, set the HP-IB address of
the HP 8753B, and enter the addresses of the peripherals.

PRESET Performs aself check, and brings the instrument back to the preset state.




The Display

Shown here is the simplest display configuration. Turning dual channel on displays
both channels at once, adding display notations for the second channel. The notations
change slightly for polar and Smith chart display, the only scale information being the
value at the outer circle. The marker values change also (see page 18).

Status Notations

The status notations area of the CRT is used to show the current status of various func-
tions for the active channel. The table below lists each notation and its meaning,.

Notation

*

t
Hld
tsH
ext
man
Gat

Pl
P?
PC
PC?

PCo
Cor.
C?

C2

Cc2?
Avg
(Avg)
Smo
H=2
H=3
Ofs
of?
x2
x2?
Del

Definition

[nstrument source or receiver parameters changed since last complete
sweep.

Tracein progress.

Traceisin hold.

Traceis in hold due to test set limitation.

Waiting for external trigger.

Waiting for a manual trigger.

Gatingis on (see option 010, time domain).

Source power output has tripped.

ALC s unleveled at start of sweep.

Power meter calibration is on.

Power meter calibration requires 8753 source power outside its normal
range.

Power changed since last power meter calibration.

Error correctionis on.

Error correction is on but questionable. Caused by interpolation —
change in power sweep time, or IF bandwidth.

2-porterror correction is on, but updating only two of the four
S-parameters.

2-porterror correction is on but questionable.

Trace averagingis on.

Number displaying averaging factor.

Trace smoothingis on.

Second harmonic of source is being measured.

Third harmonic of source is being measured.

Frequency offset modeis on.

Source offset in question.

85047Aisin 6 GHz range.

85047A isin 6 GHz range, but the power has been changed from default.
Electrical delay or phase offset has been added in.
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Common Warning Messages

CHANGE HP-IB to SYST CONT or PASS CONTROL
HP-IB control is needed before a plot, print, or discaccess. See page 22.

CORRECTION TURNED OFF
The measurement state was changed, so correction was turned off, See page 10.

OVERLOAD ON INPUT(R,A,B]. POWER REDUCED
The power atan input exceeded safety levels, so the RF source power was reduced.
Power can be restored by turning power trip off. See page 26.

SOURCE PARAMETERS CHANGED

When error correction was turned on, the stimulus state of the last calibration was
recalled, or source frequency exceeds allowed range in frequency offset or harmonic
measurements mode. See page 10.

SWEEP TIME INCREASED
The entered sweep time was too fast for the current measurement. Sweep time
increased to the minimum possible time.
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Reducing Trace Noise

The HP 8753B has three functions that help reduce the effect of noise on the data:
averaging, variable [F bandwidth, and smoothing.

Both averaging and IF bandwidth increase sensitivity to coherent signals. Averaging
reduces random noise by averaging the vector data from sweep to sweep. N arrowing
the [F bandwidth reduces the amount of noise measured. Smoothing, on the other
hand, filters the displayed trace, making noisy data more readable.

Averaging

The HP 8753B uses an exponentially weighted running vector average for IF averag-
ing. The weight is one over the effective averaging factor. The effective averaging factor
is displayed under the Avg notation. It begins at 1, and counts up to the user entered

averaging factor, incrementing once per sweep. The noise is reduced, often visibly,
with each new sweep as the effective averaging factor increments.

IF Bandwidth

The IFbandwidth is the effective receiver bandwidth. Reducing the IF bandwidth
reduces the noise that is measured during the sweep, but also may slow down the
sweep. While averaging requires multiple sweeps to reduce noise, narrowing the IF
bandwidth reduces the noise on every sweep.

Smoothing

The HP 8753B uses a linear block moving average to smooth the trace. The effect is to
remove sharp edges from the trace, much like video filtering. The smoothing aperture
is the width of the linear block average thatis moved across the trace. Larger apertures
smooth out the trace more, reducing the resolution with which individual trace fea-
tures can be resolved.

When measuring group delay, smoothing is used to increase the group delay aperture.
The smoothing aperture becomes the group delay aperture when smoothing is on.
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AVERAGING| AVERREST

RESTART
AVERAGING|  AVERFACT
FACTOR
AVERAGING]  AVEROW, i T TN Ea
on OFF |  AVEROFF
- [
S
SMOOTHING|  SMODAPER [
APERTURE ] \
swoore) - s “rl )
on
Aol /
| !

wew| rew
{3000 Hz)

AVERAGING
RESTART

AVERAGING
FACTOR

AVERAGING
on OFF

SMOOTHING
APERTURE

SMOOTHING
on OFF

IFBW
[3000Hz]

START 113,000 000 Wz ST0F  150.000 000 sz

Clears the average and restarts it with the next sweep.

Enters the averaging factor. The effective averaging factor
appears under the Avg notation. It will count up to the entered
averaging factor and stop, indicating that the displayed trace has
reached the desired level of averaging.

Averages each new sweep into the trace, reducing random noise
over time. The Avg notation comes on.

Specifies the percent of the trace that is to be used as the
smoothing aperture. The equivalent aperture in the current
stimulus units is noted below the active entry area. A narrow
aperture allows finer detail.

Smooths the displayed trace, much like video filtering. Turns on
the Smo notation.

Sets the IFbandwidth. A narrow bandwidth reduces the noise
floor but may slow down the sweep speed.
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error

actual
value

measured
value

Calibration

Measurement Calibration

Accuracy in network analysis is greatly influenced by the measurement system. Parts
of the measurement setup such as interconnecting cables and adapters (as well as the

instrument itself) all introduce variations in magnitude and phase that can mask the

actual performance of the DUT.

The calibration step effectively characterizes and removes the effects of repeatable
measurement variations in the test system. The "“systematic errors’ with which the cal-
ibration step is concerned are:

» Frequency Response (Tracking)
¢+ Leakages (Directivity and Crosstalk)
» Mismatches (Source Match and Load Match)

The HP 8753B has several methods of measuring and compensating for these test sys-
tem imperfections. Each method utilizes the measurement of standard devices and
specific equations (error models) to remove one or more of the systematic errors men-
tioned above. By applying the data obtained from the standards to a specific error
model, the calibration step is able to characterize the measurement system and thus
increase the accuracy (by reducing the uncertainty) of the DUT’s measurement results.
The accuracy of the calibration step is dependent on the quality of the standards used
for calibrating. Since calibration standards are very precise, excellent accuracy enhan-
cement is achieved.

Calibrations are valid only for a specific stimulus state. The stimulus state is the fre-
quency range, number of points, sweep time, output power, and sweep type.
Changing the stimulus state with correction on causes a warning. If the calibration is
invalidated, correction is turned off. Pressing [INTERPOL on OFF] will allow you to
increase the number of points, or decrease frequency range withoutloosing calibra-
tion. However, this mode is unspecified and a C? will appear. If the calibration s
simply in question, as when sweep time is changed, the status notation changes to C?.
Turning correction on recalls the stimulus state for that calibration.

The HP 8753B has default definitions for the HP 8753B calibration kits, stored by con-
nector type. A calibration kit definition is a set of the key characteristics of the
standards that the HP 8753B uses to calculate the calibration data. The operator can
select a default kit using [CAL KIT ], and can modify the current definition using
[MODIFY CALKIT].
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Below are listed the measurement errors that the HP 87538 calibrations will correct.

Transmission and Reflection Frequency Response.

Frequency response is the simplest error correction. The calibration standard for
reflection s either a short or an open, and for transmission is a ““thru””. In correcting for
frequency response, the HP 8753B also corrects for differences in pathlength and
attenuation between the measurement channels. All calibrations correct for frequency
response.

Directivity
Inareflection measurement, itis necessary to separate the forward traveling signal
from the reflected signal. The relative leakage of the forward signal into the reflected

signal is characterized by directivity. The calibration standard for measuring direc-
tivity isaload. All calibrations, except response, correct for directivity.

Crosstalk (Isolation)

Signal leakage from one test port to the other represents a source of measurement
error. The calibration for isolation is done by terminating the ports and measuring the
signal leaking between the RF paths. Isolation is an option in the response /isolation
and 2-port calibrations.

Source Match

If the output measurement portis not precisely the characteristicimpedance of the
measurement system (50 ohms), undesired reflections result. To remove such reflect-
ions, the source match is calculated from the responses of a short, an open, and a load.
The1-portand 2-port calibrations correct for source match.

Load Match

The same problem as source match, but referring to the input port. The full 2-port cal-
ibration corrects for load match.

NOTE: By convention, when the connector sex is provided in parentheses for a cal-
ibration standard, it refers to the sex of the test port connector, not the actual standard.
Forexample, short (m) indicates that the test portconnector, not the short circuit con-
nector, is male.
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RESUME CAL| RESC
SEQUENCE

CAL KIT
[7 mm]

PWR METER
{of]

MORE

CORRECTION
on OFF

INTERPOL
on OFF

CALIBRATE
MENU

RESUME CAL

SEQUENCE

CALKIT
[7mm]

PWRMETER

[OFF]

MORE

12

CORR ON

CHi S21aM log mAC 12 98/ REF -34 a8 L -23.680 a0

CORRECTION
onOFF}  CORROFF
INTERPQLY  CORI ON
on OFF}  CORI OFF
CAL{BRATE
MENU

[ven J no chrrec {ran 132. $00 odo ]

cor e

~\

|
/
/

|
Wi

i

START 115,000 00Q Wrz ST0P 130, 000 0UG s

Turns on error correction. The HF 8753B uses the most recent
calibration data for the parameter being displayed. If the
stimulus state has been changed since calibration, the state is
recalled. Turns on the Cor notation.

Allows you to change the number of points or decrease the
frequency range of a measurement without losing calibration.

Performs a new calibration. Correction is automatically turned
onatthe completion of the calibration sequence.
Next Menu Page 13

Ifa calibration sequence was interrupted, this softkey allows the
user to re-enter the sequence at the point of exit.

Allows the operator to select a default calibration kit or modify
the current kit. Calibration kits hold the characteristics of the
calibration standards. The defaults are called up by connector
type, and are for the standard HP 8753B calibration kits.

Enables you to use an external power meter to normalize the
output power of the HP 8753B’s source with respect to an
external measurement port.

Leads to the calibration parameter menu.
Next Menu Page 15
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CORRECTION SET FREQ SHORT REFLECT'N
on OFF LOW PASS
INTERPOL CALIBRATE: OPEN TRANS-
on OFF NONE MISSION
i
CALIBRATE RESPONSE THRU ISOLATION
MENU
RESUME CAL RESPONSE
SEQUENCE & ISOL‘i\l .
SN l
1-PORT
CAL KIT 5§22
[3.5 mm) 1-PORT
PWR MTR FULL
[OFF) 2-PORT
MORE ONE-PATH DONE DONE: DONE
2-PORT 1-PORT CAL RESPONSE 2-PORT CAL
SETFREQ  Changes the frequency sweep to accommodate time domain
LOWPASS  low pass mode (option 010). If this mode is used, the
frequencies must be set before calibration.
CALIBRATE:
NONE
RESPONSE  Corrects for frequency response as described on page 11.
Requires only one standard, using either an open or a short for
reflection, or a ““thru”’ for transmission.
RESPONSE  Intransmission, corrects for frequency response and isolation
&ISOL'N  errors. Inreflection, corrects for frequency response and
directivity errors. Requires two standards.
S§11  Corrects for frequency response, directivity, and source match
1-PORT  errors from port 1 reflection measurements. Requires three
standards.
§22 SameasS11 1-port, butfor port 2.
1-PORT
FULL  Afull correction for all the errors on page 11, in both the
2-PORT forward and reverse directions.
ONE-PATH  Afull correction forall the errors on page 11, but does not
2-PORT  requirean S-parameter test set. The operator has to manually

reverse the device and retrigger each sweep. [SINGLE SWEEP]
will also retrigger the sweep.
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CORRECTION PWRMTR CAL| PWMCOFF USE SENSOR | USE SENSA SEGMENT
on OFF OFF A/B} USESENSB
|
INTERPOL EACH SWEEP| PWM CEACS
on OFF
CALIBRATE ONE SWEEP] PWM CONES CAL FACTOR| CALFSENA EDIT| SEDI
MENU SENSOR A
RESUME CAL TAKE CAL| TAKES CALFACTOR | CALFSENB DELETE| seDL
SEQUENCE SWEEP SENSOR B
NUMBER OF | NUMR ADD| SADD
READINGS
CLEARY CLEL
CAL KIT PWR LOSS| PWRLON POWER| POWL LISt
[7 mm] on OFF|{ PWRLOFF LOSS
PWR METER LOSS/SENSOR
[off] LISTS
MORE RETURN RETURN DONE| EDITDONE
PWRMTRCAL  Controls correction after the calibration data has been taken.
OFF  When the normalization is on, the CALPOWER active function
is the power at the power meter plus any specified power loss,
not the power at the HP 8753B source output. Turns on PC
notation.
EACHSWEEP  Setsup the HP 8753B to take calibration data every sweep. This
method of calibrationis very accurate, but slow.

ONESWEEP  Setsup the HP 8753B to take one sweep of calibration data and
useit to setup a table. This table is used as a reference from that
point forward until another calibration sweep is taken.

TAKE CAL Initiates the sweep of calibration data. Turns power meter cal
SWEEP on.
NUMBEROF  Definesthe number of readings to be taken at every frequency.
READINGS To achieve higher accuracy increase the number of readings.
PWRLOSS This offsets the readings of the power meter.
onOFF
LOSS/SENSR  Leads to a menu containing lists of power loss and sensor vs.
LIST frequencydata.
RETURN  Returns to the previous menu.
14
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CORRECTION PORT
on OFF EXTENSIONS
INTERPOL VELOCITY VELOFACT
on OFF FACTOR
CALIBRATE SET 70 o T e
MENU
RESUME CAL
SEQUENCE
CAL KIT ALTERNATE
[7 mm]) Aand B
|
PWR METER CHOP
[OFF) Aand B
MORE |— RETURN
PORT  Allows the user to enter the reference plane extensions for ports
EXTENSIONS 1and 2. Extends the apparent reference plane to the end of the
port extensions.
VELOCITY Entersthe velocity factor that the HP 8753B uses to calculate
FACTOR  equivalent electrical length.
SETZ0  Sets the characteristicimpedance used in calculating measured
impedance.
ALTERNATE  Alternately samples channels while performing a measurement.
Aand B
CHOP  Simultaneously samples channels allowing simultaneous
AandB  measurementsof S;; and S,;.
RETURN  Returns to the previous menu.
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PRINT PRINALL PEN NUM PENNDATA
DATA
PLOT PLOT PEN NUM PENNMEMO
MEMORY
SELECT LEFLLEFU, PEN NUM PENNGRAT
QUADRANT RIGL,RIGU GRATICULE
DEFINE PEN NUM PENNTEXT
PLOT TEXT

CONFIGURE —r PEN NUM PENNMARK
PLOT

DEFAULT DFLT

SETUPS

LIST LISV

VALUES

OPERATING OPEP

PARAMETERS

PRINT

PLOT

SELECT
QUADRANT

DEFINE
PLOT

CONFIGURE
PLOT

DEFAULT
SETUPS

LIST
VALUES

OPERATING
PARAMETERS

16

MARKER

LINE TYPE LINTDATA
DATA

LINE TYPE LINTMEMO
MEMORY

RETURN

Copies the HP 8753B display onto an external printer. The HP
8753B must be in either system controller or pass control mode.

Plots the current data on an external plotter, according to the
current plot definition and configuration. The HP 8753B must
bein either system controller or pass control mode.

Allows the user to select either a full-page plot, or a plotin one
of the four quadrants.

Defines what parts of the display are to be plotted.

Next Menu Page 17

Specifies the pens to be used during plotting and enters the line
types for data and memory traces.

Resets the plot definition and configuration to the preset
conditions.

Lists the values for each point of the trace.

Displays a list of key operating parameters and their current
values.
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1=V =TI V=T V= A T- TR < VRN = TR V=T - =T B 1=V R V=TV

[F=T =1 R =T =1

R R

[Tt 1]

Wb e e o e
R~V U=VIU=VR =T U= TR = TR T = VA -V~ 1R = TR =1

PRINT PLOT DATA PDATAON,
ONoff|  PDATAOFF
PLOT PLOT MEM PMEMON,
ON off PMEMOFF
SELECT LT GRAT PERATON, P
QUADRANT ON off PGRATOFF
DEFINE PLOTTEXT|  PTEXTON,
PLOT | ON off PTEXTOFF
CONFIGURE PLOT MRK PMKRON,
PLOT ON off PMKROFF
DEFAULT SCALEPLOT|  scapruLL, -
SETUPS {FULL) SCAPGRAT
LIST PLOT SPEED -PLOSSLOWY, sramr . oo 000 sets s100 3 000.000 000 me
VALUES [FAST]|  PLOSFAST
OPERATING RETURN
PARAMETERS
PLOTDATA  Includes the data trace on the plot.
ON off
PLOTMEM  Includes the memory trace on the plot.
ON off
PLOT GRAT  Includes the graticule on the plot.
ON off
PLOTTEXT Includes all of the display text on the plot, except for the marker
ONoff values, frequency list table, and limits table.
PLOTMKR  Includes the markers and their values on the plot.
ON off
SCALEPLOT [FULL}isthe normal plot mode.[GRAT Jexpands the graticule
[FULL] tofillthe plotareaas defined by P1and P2. Allows plotting on
printed forms.
PLOTSPEED  Changes between normal plotting at [FAST [ speed, and low
[FAST] speed plotting at [SLOW ] speed for transparencies.
RETURN  Returns to the previous menu.
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DISPLAY

DUAL CHAN DUACON,
on OFF DUACOFF

DISPLAY: DISPDATA

DATA
|

MEMORY|  DISPMEMO cimlomne L EE S RME LINND

DATAand|  DISPDATM -

MEMORY ’\\ . N\

DATA/MEM|  DIsPDOM )
|
A L
DATA-MEM DISPOMM b N an "
DATA—|  DATI 1"
MEMORY conren +2s. 000 oo
MORE
DUAL CHAN  Displays both channels at once. They will be placed on separate
onOFF  graticulesif split display mode (page 19)is on.
DISPLAY: Displays the currentdata.
DATA
MEMORY  Displays the trace memory of the active channel, using the
current display format, scale, and reference. Works only if
compatible data has been stored in memory.
DATAand Displays both the current data and memory traces, with
MEMORY identical scaling and format.

DATA/MEM  Vector trace math. Divides the data by memory, normalizing the
data to the memory. The math is performed on thelinear data,
before display formatting.

DATA-MEM  Subtracts the memory from the data. The vector subtractionis
performed on the linear data, before display formatting.
DATA—  Stores the active trace in the memory of the active channel.
MEMORY
MORE  Leads to more display choices.
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DUAL CHAN spLTDISPl  sPLo D2/D170D2| D1DIV D2 <
on OFF ON off ON OFF
i .
DISPLAY: BEEP DONE|  BEEPDONEON, EA e St
] DATA ONoff]  BEEPDONEOFF .
| [
7| MEMORY BEEP WARN|  BEEPWARNON,
| on OFF|  BEEPWARNOFF W ‘
i 4 ;
DATA and INTENSITY{  INTE 2 st tep e .3 oos KeF -z de Lazosnon
. MEMORY Exrr o
!! ]
DATA/MEM FOCUS| Focu i i -
T 1
) DATA-MEM TLE} 77L
|
DATA — MORE|  MORE FREQUENCY| FREQ
MEMORY BLANK
o
MORE |— RETURN RETURN

=]

FATRERT=I -]

SPLIT DISP  Displays each channel on a separate graticule when dual
ONoff channel modeison.

1=}]

BEEPDONE  Sounds the beeper whenever the HP 8753B is done with certain
ONoff functions, such asdatato memory, measuring a calibration
standard, or saving an instrument state.

=TT

BEEP WARN  Sounds the beeper whenever a warning message is displayed.
on OFF

= &

INTENSITY  Setsthe CRT intensity as a percent of the brightest setting.

(<1

FOCUS  Setsthe CRT focusas a percent of the maximum focus voltage.

=)

TITLE Entersthedisplay title. This title also appears on plots and
prints.

MORE  Leadsto frequency blank key, that blanks the frequency
notation on the display. Pressing [PRESET] or turning the line
switch off and then on will re-enable the frequency notation.
Also contains access to (Channel 1/Channel 2) measurements.

=1}

RETURN  Returnsto the previous menu.

(S=V R 1=V RV =1
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LOG MAG
PHASE
DELAY
SMITH
CHARiT
POLAR

LIN MAG

SWR

MORE

LOGM

PHAS

DELA

SMIC

POLA

LINM

SWR

REAL REAL

IMAGINARY IMAG

nia

cH1 S11 991.4 mU L 13.947 onm -42.256 onm 50.738 nn
132. 300 000 #mz

LOGMAG
PHASE
DELAY

SMITH
CHART

POLAR

LINMAG

SWR
MORE

RETURN

Displays the log magnitude of the data in dB.
Displays the phase portion of the data in degrees.

Displays group delay. Group delay is the derivative of phase
with respect to frequency. Since the aperture is the frequency
step, it will vary across log and list frequency sweeps.
Smoothing canincrease theaperture.

Displays the data on a Smith chart. There are special marker
modes for this format. See page 33.

Displays the data in a polar format. There are special marker
modes for this format. See page 33.

Displays the linear magnitude of the data.
Displays the data formatted into SWR.

Leads to more display choices.

START 100,000 GOQ wMr STOP  165.000 000 WHT

m

m m o

mopn o

g0 = e ,
P 1 1

!

=

=

=t

i

=T

|

= oe
= =y

g:ﬂ, =t
: S|

12

1

e

Bl

E
|




\

T

e

L)

%F

Akt b
(=] =]

h

=l

The HP 8753B can control certain peripheral devices over HP-IB, namely compatible
printers, plotters and disc drives. It also allows other devices to control the same
peripherals and the HP 8753B itself. Because of possible conflicts arising over
peripheral control, the HP 8753B has three different HP-IB modes.

System Controller

[fthe you want the HP 8753B to take control of the peripherals and there are no other
active'controller devices on the bus, putthe HP 8753Bin system controller mode. This
is the mode intended for manual operation of the HP 8753B.

Talker /Listener

This mode allows an external controller to command the HP 8753B to access peri-

pherals. In this mode, the controller coordinates all bus activity. This is the normal
program control mode.

Pass Control

If another active controller is present, pass control mode allows you to request a plot,
print, or disc storage from the front panel. In order for this mode to operate, the exter-
nal controller must detect the HP 8753B's request for control, and then pass control to

the HP 8753B. When the transmission is complete, the HP 8753B will pass control
back.

21




SYSTEM ADDRESS:
CONTROLLEIF( 8753
TALKER/ TALKLIST ADDRESS: ADDRPLOT
LISTENER PLOTTER
I
USE PASS USEPASC ADDRESS: ADDRPRIN
CONTROL PRINTER
SET ADDRESS: ADDRDISC
ADDRESSES | DISC
ADDRESS: ADDRCONT
CONTROLLER
HP-18 DIAG DEBUON, ADDRESS ADDRPOWM
on OFF DEBUOFF P MTR/HPIB
DISC UNIT DISCUNIT PWRMTR PWOMOFF
NUMBER [438A/437] POWMON
VOLUME DISCVOLY RETURN
NUMBER
SYSTEM  Thisis the normal manual operation mode, allowing the
CONTROLLER HP 8753B to control peripherals over HP-IB. Itis intended to be
used only when no other controlleris on HP-IB.
TALKER/ Thisisthe normal remote operation mode, making the HP
LISTENER  8753Bdependent on an external controller for peripheral
control.
" USEPASS  This mode allows both local and remote use of the HP 8753B.
CONTROL Requiresasmartcontroller.

SET  Leadstothe HP-IB address menu. This menu allows the
ADDRESSES  operator to enter the HP-IB addresses of peripherals.
HP-IBDIAG  Scrolls incoming HP-IB commands across the display.

on OFF
DISCUNIT  Selects which disc unit in a multiple-unitdisc drive is accessed
NUMBER by theload/store to disc functions.
VOLUME  Selects which volume of a hard disc is accessed by the load /
NUMBER  storetodisc functions. Should be set to 0 for flexible disc drives.
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A/R AR
B/R BR
A/B A8 s __teme ma wrsww
A MEASA
e N
B MEASB
/ \
R MEASR ¥ \w"rv
CONVERSION
[OFF] ST 113, 600 500 e STon 135,050 ood
S
PARAMETERS
A/R  Measures the ratio of input A to inputR.
B/R  Measures theratio of input B toinputR.
A/B  Measures the ratio of input A to input B.
A Measures thesignal atinput A.
B Measures thesignal atinputB.
R Measuresthe signalatinputR.
CONVERSION  Formats the data as transmittance, addmittance, or inverted
[OFF]  S-parameters instead of S-parameters.
S Bringsup the S-parameter menu.
PARAMETERS
Next Menu page 24
23




Refl. FWD S
S (A/R)

|
Trans: FWD S21
S21 (B/Rl)

Trans: REV S12
$12 (B/R)

I

522 (A/Fi)

Aux Input

CONVERSION
[OFF)

INPUT
PORTS

Refl: FWD
S11(A/R)

Trans: FWD
$21(B/R)

Trans:REV
S12(A/R)!

Refl: REV
S22(B/R)

ANALOGIN
Aux Input

CONVERSION
[OFF]

INPUT
PORTS

24

Refl: REV 522

ANALOG N ANAI

LCHI AUX  Tin MAG 4884 mu/ REF =20 wU L 13,393 ay

cavstiu oefecred 124. [00 0do wni]

P

Lo i

START 113,000 000 sz STOR  150.000 00O mmx

Configures the S-parameter test set so that A/R measures 511,
and annotates the display as S11.If no S-parameter test set is
present, the HP 8753B will measure A /R and annotate the
display as S11.

Configures the S-parameter test set so that B/R measures 521,
and annotates the display as 521. If no S-parameter test set is
present, the HP 8753B will measure B/R and annotate the
display as 521.

Configures the S-parameter test set so that A/R measures 512,
and annotates the display as 512. If there is no S-parameter test
set present, then the HP 8753B measures B /R and annotates the
display as S512.

Configures the S-parameter test set so that B/R measures 522,
and annotates the display as 522. If there is no S-parameter test
set present, then the HP 8753B measures A /R and annotates
the display as 522.

Measures the signal at the rear panel AUXINPUT. Also has
service functions.

Formats the data asimpedance, admittance, or inverted S-
parameters.

Brings up the port measurement menu.
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‘3 POWER POWE
W
SWEEP TiME SWET
a [MANUAL]
) TRIGGER SWEA B o Y S
’ MENU
&
a NUMBER OF 7 Y
. POINTS B - ey
MEASUREL  POIN T RO e
0 RESTART : 755450 _ods ]
a COUPLED CH COUCON, =
ON off COUCOFF 7 i
- N
i CWFREQ|  CWFAEQ
i
SWEEP TYPE
5 MENU
i
1y POWER  Leads to the power menu, which controls the output power and
stope compensation, and the attenuators in S-parameter test
T sets.
3 Next Menu Page 26
SWEEPTIME  Sets manual control of the sweep time. The actual sweep time
H | [MANUAL] may increase from the entered sweep time as more functions are
activated. Entering a value of zero will set this to AUTO mode
1 where the sweep time will be set to the minimum possible
3 value.
’ TRIGGER  Leads to the sweep trigger menu.
1 MENU
A Next Menu Page 27
g
NUMBER of  Enters the number of data points per trace, ranging from 3 to
i POINTS  1601. A greater number of points gives greater data density, but
slows the sweep and requires more memory forsaving
i instrument states and performing calibrations.
| MEASURE  Restarts the sweep. If a 2-port calibration is active, the forward
RESTART  and reverse parameters are measured.
L COUPLEDCH  Locks both channels into the same stimulus values. Uncoupled
i ONoff channels cause the HP 8753B to alternate between the two sets
of stimulus values.
i CWFREQ  Setsthe frequency for CW time sweep, or power sweep.
il SWEEPTYPE Leads to the sweep type menu.
ptyp
MENU

Next Menu Page 28
25




POWER = POWER POWE
SWEEP TIME SLOPE SLOPE
[MANUAL]
TRIGGER SLOPE SLOPON, I o o o e s e
MENU on OFF SLOPOFF )
NUMBER of POWER TRIP POWTON,
POINTS onOFF|  POWTOFF
e Hia ]
MEASURE ATTENUATOR ATTP1 3
RESTART PORT 1 1
COUPLED CH ATTENUATOR ATTP2
ON off PORT 2
CW FREQ COUPLE PWR coup
ON off START 300 000 wx SToF 3 000, 000 OO e
SWEEP TYPE RETURN
MENU
POWER  Sets the RF source power.
SLOPE  Entersthe desired increase in RF power per GHz of sweep.
SLOPE  Increases the output power with frequency, the sweep starting
onOFF  atthe selected power level and increasing with the entered slope
value. Counteracts frequency related losses. Calibrate with
slope onifitis to be used.
POWERTRIP When on, an overload condition was detected on one of the
onOFF  inputsand power was reduced to its minimum level. Turning
trip off restores the power level with the [POWER ] key.
ATTENUATOR  Controls the port 1 programmable attenuator in the
PORT1 S-parameter testset.
ATTENUATOR  Controls the port 2 programmable attenuator in the
PORT2  S-parameter test set.
COUPLEPWR  When this function is on, the power between channels is
ONoff coupled. When this function is off, the power between channels
isuncoupled.
RETURN  Returns to the previous menu.
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POWER HOLD HOLD
SWEEP SINGLE SING
TIME
TRIGGER NUMBER of NUMG
MENU GROUPS
NUMBER of CONTINUOUS CONT
POINTS
MEASURE EXT TRIG EXTTOFF
RESTART TRIG OFF
COUPLED CH TRIG EXTTON
ON off on SWEEP
CW FREQ TRIG EXTTPOIN
‘on POINT
SWEEP TYPE MANUAL TRG
MENU on POINT
HOLD  Stopsupdating the sweep.
SINGLE  Executesasingle sweep, and then goes into hold.
NUMBERof  Executes the entered number of groups, and then goes into hold.
GROUPS  Measuring a group updates an error corrected trace once, which,
depending on the calibration used, may entail more than one
sweep.
CONTINUOUS  Continuously updates the sweep.
EXTTRIG  Triggers the HP 8753B’s sweep off the rear panel EXTERNAL
onOFF TRIGGERinput.
EXTTRIG Enablesan external source to trigger an entire sweep.
on SWEEP
EXTTRIG  Enables an exteranl source to trigger a sweep point by point.
on POINT
MANUALTRG  Enablesthe userto triggera sWeep from the HP 8753B's front
on POINT  panel.




POWER LIN FREQ LINFREQ SINGLE SEG| SSEG
- 1 SWEEP
SWEEP TIME LOG FREQ]  LOGFREQ ALLSEGS | AsEG
MANUAL SWEEP
TRIGGER usTFrReal  LisTrREQ o1 S11 lvg rc_ 10 6B/ REF 20 b 1 -2e.208 a0
MENU A o5 i
MEASURE POWER| cwTiME
RESTART SWEEP
NUMBER of oW
POINTS TIME
COUPLED CH L matl
ON off W ",,w'l
sl
CW FREQ EOIT EDITLIST
LIST SR 700 000 e ST Fun ies 7m0
SWEEP TYPE] ] RETURN RETURN
MENU
LINFREQ  Activates asimplelinear frequency sweep. With option 010, the
HP 8753B can translate this data to time domain.
LOGFRE(Q) Activatesalogarithmic frequency sweep. The data is sampled
' logarithmically and displayed.

LISTFREQ  Sweepsacross the user defined frequency list. The sweep may
be defined as a single segment sweep ([SINGLE SEG SWEEP|
softkey) or an all segment sweep (JALL SEGS SWEEP] softkey).
The frequency list table can be entered and modified with [EDIT
LIST].

Next Menu Page 29
POWER  Sweeps power ata single frequency. That frequency is set with
SWEEP [CW FREQ]. Powersweepis used to characterize power
sensitive networks.
CW  Tunesthe HP 8753B to a single frequency and displays the data
TIME  versustime. The frequencyis set with [CW FREQ]. With option
010 (time domain), the HP 8753B can translate this data to the
frequency domain.
EDIT Allowstheuser to create or modify the frequency list table.
LIST
Next Menu Page 29
RETURN  Returns to the previous menu.
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POWER LIN FREQ
SWEEP TIME LOG FREQ
[MANUAL]
TRIGGER LIST FREQ
MENU
NUMBER of POWER
POINTS SWEEP
[
oW
TIME
COUPLED CH
ON off
CW FREQ EOIT
LisT
SWEEP TYPE|_| RETURN
MENU
List Frequency Mode

List frequency mode customizes the swee
candefine either the s
the span and number

will measure accordi

ngto thelist. Dis

SEGMENT

EDIT

DELETE

ADD

CLEAR

LIST

DONE

the sweep segments or a single sweep segment.

List frequency mode works with all the dis
ers, limit testing, averaging,

The list frequency tableis entered throu
sweep segments. Each se
number of points in the f

The default for list frequency sweep is asweep of all the se
table. To sweep a single segment, s
frequency menu. Different se
using the front panel rotary k

EDITDONE

SEGMENT:
START
STOP
CENTER
SPAN
NUMBER of
POINTS
STEP SIZE

cw

DONE

STAR

sToP

CENT

SPAN

POIN

STPSIZE

CWFREQ

SDON

P to your specific measurement needs. You
pecific frequencies to be measured, or a series of subsweeps with
of points desired. Once the list has been defined, the HP 8753B
playedis a single trace, the composite data of all

play functions, including calibration, mark-
trace memory, and vector trace math.

gh[EDIT LIST ]. Enter a series of up to 30
gment can contain a single point or multiple points. The total
requency list table cannot exceed 1632.

gments in the frequency list

elect the [SINGLE SEG SWEEP] softkey in the list

e ———e

gments can be swept by changing the segment number
nob, the step keys, or the keypad.

29

e g £ A e e




CHI S1i 220 mu FS L 46,664 ohm  0.8943 ohw 1. 3828 nf

BLOCKING CAP 102,999 364 stz

Markers

The HP 8753B markers provide numerical readout of trace data. The markers are con-
trolled from the [MKR] key, and the active functions involving markers are controlled
from[MKR FCTN].

In addition to turning markers on and off, [IMKR] provides extensive control of the
markers and the marker values.

Delta Markers

This is a relative mode, where the marker values show the position of the active marker
relative to the delta reference marker. The delta mode is turned on by defining one of
the four markers as the delta reference.

Marker Zero

Anotherrelative mode, except that the marker values show position relative to a fixed
point. Marker zero enters the position of the active marker as the fixed offset. Alter-
natively, the operator can specify the fixed point with [FIXED MKR POSITION].
Marker zero is canceled by turning delta mode off.

Coupled Markers

Normally, the markers have the same stimulus values on each channel, but they can be
uncoupled so that each channet has independent markers.

Continuous Markers

The HP 8753B can either place the markers on discrete sampled points, or it can move
the markers continuously along the trace by interpolating the marker position.

Polar Markers

The HP 8753B can display the marker value as magnitude and phase, or as areal /
imaginary pair. [LIN MKR ] gives linear magnitude and phase, [LOG MKR] giveslog
magnitude and phase. [Re /Im] gives the real value first, then the imaginary value.

Smith Markers

The same selections are available as for polar markers, plus complex admittance and
impedance. For compleximpedance, the displayed values are real impedance, imagi-
nary impedance, and equivalent capacitance /inductance. The equivalent capacitance /
inductance s calculated from the imaginary impedance and frequency. For admit-
tance, the HP 8753B displays an inverse Smith chart.
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MARKER MARK1
1

Iz MARK2
l3 MARK3 e T v e
4 MARK4
| NN
all MARKOFF /[
OFF -
A MODE fifee 'Mlm
MENU

MKR ZERO MARKZERO

MARKER
MODE MENU

MARKER
1

2
3
4

all’

OFF

AMODE
MENU

MKR ZERO

MARKER
MODE MENU

CENTER  133.393 000 weiz SPAN 32, 34D 000 wx

Turns on marker 1, and makes it the active marker. The
annotation A REF=1 indicates that this marker is the delta
reference marker.

Turns on marker 2.
Turns on marker 3.
Turns on marker 4.

Turns off all markers.

Leads to the delta mode menu.

Next Menu Page 32

Zeros the marker values. Once activated, all marker values are
the difference between the current position of the active marker
and the zero position. Canceled by turning delta mode off.

Allows the user to select special marker modes.

Next Menu Page 33
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MARKER AREF =1 DELR1
1
]
|2 AREF =2 DELRZ
|3 AREF =3 DELR3 o B .1‘:5: O e NN T
4 AREF = 4 DELR4
| = -
all AREF = A DELRFIXM \
OFF FIXED MKR \
~—
A MODE A MODE OFF DELO i e
MENU
MKR ZERO FIXED MKR MARKFSTI,
POSITION MARKFAUV, cEnTEn 132,593 660 Seaw 3R 330 oA mn
MARKFVAL
MARKER RETURN
MODE MENU
AREF =1 Marker 1 becomes the deltareference marker. With a delta
reference defined, all marker amplitude and stimulus values are
the offset between the active marker position and the delta
reference position.
AREF =2 Makes marker 2 the delta reference.
AREF =3 Makesmarker 3 the deltareference.
AREF =4  Makes marker 4 the deltareference.
AREF = A Turnsona fixed delta reference. A small triangle marks the
FIXEDMKR  reference pointdefined. All marker values are relative to this
point. The fixed position is entered with marker zero or [FIXED
MKR POSITION].
AMODEOFF  Returns markers to absolute mode.
FIXEDMKR Leads toa menu that allows the user to specify fixed marker
POSITION  offsets. Marker zero (page 31) enters the marker position as the
fixed marker position.
RETURN  Returnsto the previous menu.

™M M = (E e

=
.

1 1 O S 4 20N YN N O8N YR SO R

= =i
ghlgblmble bl oL

e=n

N

= M| mE "

=1 Nt B -~ (R~ N1

m o

1

—apm

-

“«

~~ .



il ki

MARKEI}

all
OFF

A MODE

i) ) el Lt

L

;!

L

ST R, B e e

W

(¥

L]

praes

'

cv D paioh oS
N :
L) i)

0 7 o e e o o

Lo

e

=l

;i

¥

f
(W3]

)

]

Lim

i

i

[

[T TR R P T A R TP TR T TR T T TRRT TR T
_cw

MENU

MKR ZERO

MARKER
MODE MENU

MARKERS: | MARKDISC LIN MKR| POLMLIN LIN MKRY{ SMIMLIN
DISCRETE
CONTINUOUS | MARKCONT LOG MKR] POLMLOG LOG MKR| SMIMLOG
Re/im MKR | POLMR! Re/im MKR| SMIMAI
MARKERS: | MARKCOUP R+iX MKRY SMIMRX
COUPLED
I
UNCOUPLED | MARKUNCO G+jB MKR} SMIMGB
POLAR MKR‘__,_
MENU
SMITH MKR
MENU
RETURN RETURN RETURN

MARKERS:
DISCRETE

CONTINUOUS

MARKERS:
COUPLED

UNCOUPLED

POLARMKR
MENU

SMITHMKR
MENU

RETURN

Puts markers only on measured points.

Interpolates the marker placement and values between
measured points.

Puts the markers on the same stimulus values on each channel.

Makes the markers independent between the channels.

Selects the marker readout format for polar display. The HP
8753B will display the marker values as linear or log magnitude,
orasareal /imaginary pair. See page 30.

Selects the marker readout format for a Smith chart display.
Same as polar markers with the additional choices of complex
impedance or admittance. See page 30.

Returns to the previous menu.
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The HP 8753B marker functions use the markers for setting instrument parameters, as
search markers, and in calculating various statistics.

MARKER —

These functions change instrument parameters.

Marker Search

These functions place the marker atan amplitude-related point on the trace. Turning
tracking on makes the HP 8753B search every new trace for the target point.

Widths

This analyzes a bandpass or band reject shape on the trace. It calculates center, band-
width, and Q according to the operator-entered widths vatue. The widths value is the
amplitude value that defines the band start and stop. If a delta reference is on, this func-
tion uses it as the reference point of the widths value. For example, with a delta
reference marker at the passband maximum and the widths value setto —3 dB, the
widths search will find the 3 dB cutoff points of the bandpass and calculate the 3 dB
bandwidthand Q.

Statistics (Stats)

Calculates the mean, standard deviation, and peak-to-peak values of the section of the
displayed trace between the active marker and the delta reference. If there is no delta
reference, the HP 8753B calculates the statistics for the entire trace.
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MARKER— MARKSTAR
START
MARKER— " MARKSTOP
STOP
MARKER— MARKCENT B e e e B T
CENTER av. 18,930 9737 mwz]
MARKER— | maksPan T
SPAN
a8 PN
MARKER— MARKREF \
REFERENCE \ R
L P
MARKER— MARKDELA
DELAY
MKR SEARCH )
[OFF] CENTER 133,303 000 WHz SPAN 32,340 DOQ MHx
STATS
on OFF
MARKER—  Changes the start stimulus value to the marker stimulus value.
START
MARKER—  Changes the stop stimulus value to the marker stimulus value.
STOP
MARKER—  Changes the center stimulus value to the marker stimulus value.
CENTER
MARKER —  Takes the span between the active marker and the delta
SPAN  reference marker, and makes that the stimulus span.
MARKER—  Changes the reference value to the marker amplitude value.
REFERENCE
MARKER —  Flattens the phase trace at the marker by adding in electrical
DELAY delay. See page 39.
MKRSEARCH  Leads to the search menu, from which the marker placement
[OFF]  search parameter is selected.
Next Menu Page 36
STATS  Activates the trace statistics function. See page 31.
onOFF =
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MKR
- FCTN
MARKER— SEARCH:
START OFF SEAOFF
!
MARKER-~ MAX SEAMAX
sToP
MARKER—~ MiIN SEAMIN I e e e N
CENTER I
MARKER~~ TARGET SEATARG
SPAN
i P Sl
MARKER— WIDTH wiov )’ \
REFERENCE VALUE ] |
MARKER— WIDTHS WIDTON, ’! l\
DELAY on OFF WIDTOFF I ‘
MKR SEARCH TRACKING TRACKON, \
[OFF] on OFF TRACKOFF EnTen 154000 000 Sran 33,500 608 e
STATS RETURN
on OFF
SEARCH: Turns the active search function off.
OFF
MAX  Moves the marker to the trace maximum.
MIN  Moves the marker to the trace minimum.
TARGET  Moves the marker to the specified amplitude value on the trace.
Leads to a menu with search right and search left options to
resolve multiple solutions.
WIDTH  The amplitude parameter for the widths search. See page 34.
VALUE
WIDTHS  Calculates the center stimulus, bandwidth, and Q of a bandpass
onOFF  orband reject shape on the trace. The width value is the
amplitude search parameter that defines the passband or reject
band.
TRACKING  Makes the HP 8753B track the search with each new sweep.
onOFF
RETURN  Returns to the previous menu.
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RE-SAVE SAVEL RECALL
REG 1 REG 1
RE-SAVE SAVEZ RECALL
REG 2 REG 2
RE-SAVE SAVE3 RECALL
REG 3 REG 3
RE-SAVE SAVE4 RECALL
REG 4 REG 4
RE-SAVE SAVES RECALL
REG § REG 5
CLEAR
REGISTER
TITLE RECALL
REGISTER PRST STATE
STORE TO LOAD FROM
DISC DisC

Instrument State Storage /Retrieval

The HP 8753B will store complete instrument states for later retrieval, and has five
internal registers as well as direct disc access for this purpose. Because instrument
states can be of varying complexities, it is possible to fill the available memory with less
than five states. Also, it is possible to fill memory with instrument states and prevent
such memory-intensive functions as 2-port measurement calibration, time domain
(option 010), or 1601 points.

The size of an instrument state is proportional to the number of points in the sweep,
and dependent on the use of calibration, limit testing, and list frequencies. If these
functions are on when the instrument state is saved, the information used by these
functions s also saved.

Certain memory-intensive sets of information, such as calibration data, trace data, and
trace memory, are stored in volatile memory. Volatile memory is lost whenever power
is turned off, whereas the short-term memory lasts several days with the power off.

The menus indicate whether a register has been saved or not. If a register has not been
saved, the save softkey is [SAVE], and if it has, the save softkey will read [RE-SAVE].

Similarly, if a register has not been saved, thereis norecall or clear option given for that
register.
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RE-SAVE STORE DATA ARRAY EXTMDATAON, INITIALIZE INID
REG 1 FILE1 on OFF EXTMDATAOFF DISC
RE-SAVE STORE RAW ARRAY EXTMRAWON, SAVE USING SAVUBINA
REG 2 FILE2 on OFF EXTMRAWOFF BINARY
RE-SAVE STORE FORMAT ARY EXTMFORMON,
REG 3 FILE 3 on OFF EXTMFORMOFF
RE-SAVE STORE GRAPHICS EXTMGRAPON, DIRECTORY DIRS
REG 4 FILE 4 on OFF EXTMGRAPOFF SIZE
RE-SAVE STORE DATA ONLY EXTMDATOON,
REG 5 FILES on OFF EXTMDATAOFF
CLEAR DEFINE PURGE
REGISTER STORE FILES
TITLE TITLE MORE
REGISTER FILES
STORE TO RETURN RETURN RETURN
DISC

The disc access functions are controlled through the [STORE TO DISC]and [LOAD
FROM DISC] menus under the [SAVE]and [RECALL] keys, respectively. In addition
to the complete instrument state, some information that s not included in the internal
registers can be stored on disc.

The additionally stored information is selected using the [DEFINE STORE ] menu.

Measurement data can be saved in several forms: as data, raw data, or formatted data.

Most commonly, the data array is stored. The raw datais the data prior to error correc-

tion, and formatted data is the data after such formatting as electrical delay, time

domain, smoothing, and trace math. Aside from measurement data, the user graphics, -
. . i

which must be entered with a computer, can also be saved.

To store a state on disc, first title a file using the [TITLE FILES] menu. Then store the
current instrument state on disc by selecting the file under the [STORE TO DISC] menu. i

Toload a file from disc, press [RECALL] [LOAD FROM DISC][READ FILETIT. LES],
and select the desired file. If there are more than five files on the disc, press [READ
FILE TITLES] again and the HP 8753B will display the next five files on the disc.

=)

=l

The HP 8753B must be in either system controller or pass control mode, and the correct
disc unit and volume number must set in the [LOCAL] menu. The disc unit number
selects a drive in a dual or Winchester disc drive. The volume number specifies which
volume is to be accessed in hard disc drives. If a flexible disc drive is being used, the
volume number should be set to zero.
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AUTO SCALE

SCALE/DIV SCAL

REFERENCE REFP

POSITION

REFERENGE
VALUE

MARKER—
REFERENCE

MARKER—
DELAY

ELECTRICAL ELED
DELAY

PHASE
OFFSET

AUTOSCALE
SCALE / DIV

REFERENCE
POSITION

REFERENCE
VALUE

MARKER —
REFERENCE

MARKER —
DELAY

ELECTRICAL
DELAY

PHASE
OFFSET

AUTO

REFV

MARKREF

MARKDELA oot

PHAO
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CENTER 134,000 00O Mrx SPAN 20,000 00O MMz

Finds the trace and scales it so that it fits on the graticule.
Changes the trace scaling.

Moves the reference line up and down the graticule, 0 being the
bottom of the graticule, and 10 the top.

Changes the value of the reference line. In polar and Smith chart
formats, the reference value is the value at the outer circle.

Makes the amplitude at the active marker the reference value.

Sets the electrical delay so thatthe group delay is 0 at the marker.
This flattens the phase trace at the marker.

Adds or subtracts electrical time delay from the data. Simulates
adding or removing linear phase from a measurement.

Adds the specified offset to the measured phase value.
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SEQUENCING
MENU
CONTINUE
SEQUENCE

LIMIT
MENU

TRANSFORM
MENU

FREQ RANGE
3GHz6GHz

HARMONIC
MEAS

INSTRUMENT
MODE

SERVICE

MENU

Test Sequencing Function

Sequencing allows any list HP 8753B functions to be executed automatically with a
single keystroke. The sequences can be entered from the front panel, read from an
external disc, or down loaded over HP-IB from an external controller.

Limit Testing

The HP 8753B’s limit testing feature provides pass /fail testing in frequency, time, or
power domains.

Time Domain (Option 010)

The HP 8753B uses the inverse Fourier transform to calculate the time domain step
and impulse responses of a DUT. Furthermore, it allows the user to position a time
gate over the data, which the HP 8753B then applies directly to frequency domain
data. The transform can also convert CW time domain data to frequency domain for
baseband analysis.

Frequency Range (Option 006)

6 GHz measurement capability requires a HP 8753B (Option 006), and a HP 85047A
S-parameter test set. This softkey toggles between operation in the 300 kHz to 3 GHz
and 3 MHz to 6 GHz frequency ranges.

Harmonic Measurements (Option 002)

Harmonic measurements mode enables the HP 8753B’s receivers to measure the 2nd
or 3rd order harmonic response of a DUT as the HP 8753B’s source sweeps the funda-
mental frequency range. Option 006 is required for 2nd and 3rd harmonic frequencies
from 3 to 6 GHz.

Instrument Mode

Allows the user to select between network analyzer, external source, tuned receiver, or
frequency offset modes of operation.
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SEQUENGE
SEQ
SEQUENCE
SEQ2
SEQUENCE
SEQ3
SEQUENCE
SEQ4
SEQUENGE
SEQ5

SEQUENCE
AUTO

RETURN

TEST SEQUENCING

MODIFY
INSERT - Any funclion i3 inserted after cursor.
DELEVE - BACK SP daletes line al cursor.

STEP - Use ARROM keys or RPG. ARROW up does the function at the
curtor and moves L1at up. ARRDN down only moves 1131 down.

END - Pres: DONE MODIFY 1n SEQUENCE MENU.

RN

START - Press DO SEQUENCE 1n SEQUENCE MENY.

KEYS - AL front panel keys except LOCAL are locked out until
sequence stops.

STOP - Press LOCAL Lo 310p @ running sequence.

PAUSE - Press COMTINUE SEQUENCE 10 SYSTEM MENU to restert o
paused sequence.

Only equence 6 13 saved vhen insteunent 13 turned off.

Far more informalion, see Tast Sequencing chapter in System Operating
and Progremaing Menuel.

Select o softéey to atart modifying & sequence —

Test Sequencing Function

The HP 8753B's Test Sequencing Function allows you to combine a series of features
such as limit testing, harmonic measurements, and marker functions, with if /then
decision capabilities into a test executable by a single keystroke.

Creating a test sequence is virtually identical to making a manual measurement using
the HP 8753B’s front panel. Once you have entered sequencing mode all you need to
dois make the desired measurement. The HP 8753B will record the keystrokes it took
to do so, storing them where they can be called up and repeated with a single key-
stroke. Test sequences may be stored in six internal registers, or to an external disc.

The HP 8753B allows you to cascade multiple sequences to increase efficiency and
reduce test times when performing longer, more elaborate tests.

This feature also allows you to send HP-1IB output strings to automatically control
external devices, such as signal generators, power supplies, or relay actuators.
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SEQUENCING DO| DosEq —I DUPLICATE]| DUPLSEQY SEQUENCE] SEQ1
MENU —1 SEQUENCE SEQUENCE SEQ 1
CONTINUE NEW SEQ/| NEWS PRINT] PRINSEQ— SEQUENCE| SEQ2
SEQUENCE MODIFY SEQ SEQUENCE SEQ2
LIMIT DONEY DONM TITLE| TITLESEQA
MENU MODIFY SEQUENCE
TRANSFORM STORE SEQ| STORESEQ CLEAR| CLEASEQH
MENU TO DISC SEQUENCE
FREQ RANGE LOAD SEQ| LOADSEQ
3GHz6GHz FROM DISC
HARMONIC SPECIAL
MEAS FUNCTIONS
INSTRUMENT MORE
MODE
SERVICE RETURN RETURN RETURN
MENU
DO  Executes a specified sequence.
SEQUENCE
NEWSEQ/ Allows youto create a new or modify an existing sequence.
MODIFYSEQ Leads to a set of instructions for creating and modifying a test
sequence function.
DONE  Indicates the completion of modification or creation of a
MODIFY sequence.
STORESE(Q  Storesasequence to an external disc.
TODISC
LOADSEQ Loads asequence from an external disc.
FROM DISC
SPECIAL Leadsto thedisplay of titling and decision making capabilities.
FUNCTIONS
MORE  Leads to more display choices, such as duplicating, printing,
titling, and clearing a sequence.
RETURN  Returns to the previous menu.
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SEQUENCING | DO DECISION IF LIMIT IFLTPASS
MENU SEQUENCE MAKING TEST PASS
CONTINUE NEW SEQ/ TITLE TO TITT PRIN IF LIMIT IFLTFAIL
SEQUENCE MODIFY SEQ PRINTER TEST FAIL
LIMIT DONE TITLETO TITT PMIR LOOP Looc
MENU MODIFY P MTR/HPIB COUNTER
TRANSFORM STORE SEQ WA X|  SEQwAT INCRLOOP|  INCURLOOC
MENU T0 DISC COUNTER
FREQ RANGE LOAD SEQ PAUSE PAUS DECR LOOP DECRLOOC
3GHz6GHZ FROM DISC COUNTER
HARMONIC SPECIAL MARKER— MARKCW IF LOOP IFLCEQCE
MEAS FUNCTIONS cw COUNTER=0
INSTRUMENT MORE MORE IF LOOP IFLCNEZE
MODE COUNTER<>0
SERVICE RETURN RETURN RETURN
MENU
DECISION  Leads to a menu that controls pass /fail testing capability and
MAKING  loop counter control.
TITLETO Enables youtosend atitle including letters, numbers, some
PRINTER  punctuation, and several control characters to a printer over
HP-IB.
TITLETO Enables you tosend acommand in the form of a title to a HP-IB
PMTR/HPIB controllable device.
WAIT X  This will pause the execution of a sequence for X seconds.
PAUSE  This command will temporarily stop the execution of a
sequence. The keyboard will be freed up allowing the user to
change an instrument parameter, or modify an equipment
configuration. The sequence can be re-started by pressing the
continue or sequence menu keys.
MARKER—  Move the CW frequency to the marker stimulus value.
Ccw
MORE  Leads to more choices (see page 44).
RETURN  Returns to the previous menu.
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SEQUENCING Do DECISION EMIT EMIB
MENU SEQUENCE MAKING BEEP
CONTINUE NEW SEQ/ TITLE TO TTLOUT TTLOH
SEQUENCE MODIFY SEQ PRINTER HIGH
|
LiMIT DONE TITLE TO TTLouT TTL0L
MENU MODIFY P MTR/HPIB Low
TRANSFORM STORE SEQ WAITX " SHOW REMM
MENU L To DISC MENUS
FREQ RANGE LOAD SEQ PAUSE ASSERT SRQ ASSS
3GHz6GHZ FROM DISC
HARMONIC SPECIAL MARKER— P MTR/HPIB PMTRTTIT
MEAS FUNCTIONS cw TO TITLE
INSTRUMENT MORE MORE TITLETO TITTMEM
MODE MEMORY
SERVICE RETURN RETURN RETURN
MENU
EMIT Emitsabeep of fixed toneand duration during the execution of
BEEP  asequence.
TTLOUT Setsthe TTLline, atthe back of the HP 85047A test, high.
HIGH
TTLOUT  Setsthe TTLline, at the back of the HP 85047A test, low.
LOwW
SHOW  Enables the recall of menus from within a sequence. Thisis
MENUS especially useful when prompting someone for a softkey
response in an interactive test situation.
ASSERTSRQ  Enables the HP 8753Bto signal an external controller thatithas
completed the execution of a sequence.
PMTR/HPIB  Enablesthe HP 8753Bto read a value from an HP-IB
TOTITLE instrument. For more information, see the sequencing chapter
in the System Operating and Programming manual.
TITLETO Store the value read by the [P MTR /HPIB TOTITLE ] key into
MEMORY  the memory data array.
RETURN  Returns to the previous menu.
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Limit Testing
The HP 8753B's limit testing provides pass/ fail testing in frequency or time domains.

Up to 22 limit test segments can be entered into the HP 8753B’s limit table. Afterentry,
these segments can then be modified using the [EDIT LIMIT LINE] softkey.

The limit table created will be in the current stimulus domain, so that the stimulus val-
ues mightbe frequency or time. The entered stimulus value marks the beginning of the
limit segment. The operator enters the limit maximum and minimum at that point.
After defining the line, you can select the type of limit segment that is to startat the
point. .

The upper and lower limits of a sloping line segment connect to the upper and lower
limits of the next segment.

The upper and lower limits of a flat line segment extend horizontally to the start of the
next segment.

Asingle point either forms the end of a limit line, or acts as a stand-alone test point.

When limit testing is turned on, the HP 8753B tests each point thatis in alimit test
region, and displays a pass or fail message.
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SYSTEM'
SEQUENCING LUMITUNE]  LIMILINEON,
MENU onOFF|  LIMILINEOFF
CONTINUE UMITTEST]  LIMITESTON,
SEQUENCE onOFF|  LIMITESTOFF
LT S I —— o e e s e
MENU on OFF|  BEEPFAILOFF
TRANSFORM
FORM i
FREQ RANGE em|  EDmLmML N
3GHz6GHz LIMIT LINE I A
= =
HARMONIC
MEAS ‘\\/\’\ W
INSTRUMENT umTuNe]  LisTio,
MODE OFFSETS LIMIAMPO., ST e BCER
LIMIMAOF
SERVICE RETURN
MENU

LIMITLINE Drawsthelimitlines.

on OFF
LIMIT TEST  Tests each sweep for measured points that are out-of-limit.
onOFF
BEEPFAIL  Sounds the beeper when the limit test fails.
onOFF

EDIT  Allows the user to enter and modify limit lines.
LIMIT LINE

Next Menu Page 47

LIMIT LINE  Allows the user to offset the limit lines in stimulus and
OFFSETS  amplitude.

RETURN  Returns to the previous menu.
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SEQUENCING LIMIT LINE SEGMENT
MENU on OFF
CONTINUE LIMIT TEST
SEQUENCE on OFF
LIMIT BEEP FAIL EDIT SEDI
MENU on OFF
TRANSFORM DELETE SDEL
MENU
FREQ RANGE EDIT _l_ ADD SADD
3GHz6GHz LIMIT LINE
HARMONIC CLEAR CLEL
MEAS LIST
INSTRUMENT LIMIT LINE LIMIT LIMTFL,
MOBE OFFSETS TYPE LIMTSL,
LIMTSP
SERVICE RETURN DONE EDITDONE
MENU
SEGMENT  Selects the segment to be edited either by entering the segment
number, or by using the front panel knob or step keys.
EDIT  Brings the selected segment up for editing.
DELETE  Deletes the entry indicated by the pointer.
ADD  Addsanew entry at the pointer.
Next Menu Page 48
CLEAR Clearsthe presentlist.
LIST
LIMIT  Allows the user to select the type of limit for the current
TYPE segment. Thereareslopingline (SL), flatline (FL), or single
point (SP) limit types.
DONE  Returns to the previous menu.
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SYSTEM.

SEQUENCING LIMIT LINE SEGMENT STIMULUS LIMS
MENU on OFF VALUE
CONTINUE LIMIT TEST MARKER— MARKSTIM
SEQUENCE on OFF STIMULUS
LIMIT BEEP FAIL EDIT UPPER LiMU
MENU on OFF LIMIT
TRANSFORM DELETE LOWER LIML
MENU LIMIT
FREQ RANGE EDIT _[_ ADD DELTA LIMD
3GHz6GHz LIMIT LINE LIMITS
HARMONIC CLEAR MIDDLE LIMM
MEAS LIST VALUE
INSTRUMENT LIMIT LINE LIMIT MARKER-~ MARKMIDD
MODE OFFSETS TYPE MIDDLE
SERVICE RETURN DONE -DONE SDON
MENU
STIMULUS  Enters the starting stimulus value of this segment.
VALUE
MARKER —  Enters the marker stimulus as the start of this segment.
STIMULUS
UPPER  Entersthetop limit.
LIMIT
LOWER Entersthebottom limit.
LIMIT
DELTA  Instead of upper/lower limits, enters amplitude between the
LIMITS thelimitlines.
MIDDLE Instead of upper/lower limits, enters the center amplitude
VALUE between thelimitlines.
MARKER —  Makes the marker amplitude the middle valie between the
MIDDLE limitlines.
DONE  Returnsto the previous menu.
48
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Time Domain (Option 010)

The HP 8753B uses the inverse Fourier transform to calculate the time domain step
and impulse responses of the DUT. Furthermore, it allows the user to position a time
gate over the data, which the HP 8753B then applies directly to the frequency domain
data. The transform can also convert CW time domain data to frequency domain for
baseband analysis.

Window

A true frequency domain impulse or step response would cover all frequencies from
zeroto infinity. The abrupt limits on the actual frequency sweep cause ringing in time
domain. Ringing is reduced by windowing (greater windowing, less ringing,) at the
expense of effective impulse width.

Demodulation (Demod)

This is intended for use with the CW time to frequency transformation. Amplitude
demodulation removes any phase modulation prior to transforming the data. Phase
demodulation removes any amplitude modulation. With no demodulation, the trans-
formed data shows the combined amplitude and phase modulation effects.

Low Pass Versus Bandpass

Time domain low pass mode simulates traditional TDR measurements. For this to
work, however, the frequencies must be set at harmonicintervals. This is done with
[SET FREQ]. Bandpass mode avoids this restriction, butis limited to the impulse
response. The advantage of bandpass modeis that it allows time domain measure-
ments on highly frequency-selective devices.

Gating

The operator can place a time domain bandpass filter on the data, which is calleda
gate. In effect, the HP 8753B will remove all responses received before the gate start
time and after the gate stop time.

Gate Shape

The HP 8753B allows the user to control the shape of the gate. Minimum gate trades
off rapid filter cutoff for less passband ripple.
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SEQUENCING TRANSFORM WINDOW: | MAXI
MENU on OFF MAXIMUM
CONTINUE SETFREQ]  SETF NORMAL{ WINONORM
SEQUENCE LOW PASS
LIMIT LOW PASS LOWPIMPU MINIMUM | WINDMINI
MENU IMPULSE
TRANSFORM LOW PASS LOWPSTEP USE MEMORY| WINDUSEMON,
MENU ‘ STEP on OFF| WINDUSEMOFF
FREQ RANGE BANDPASS|  BANDPASS DEMOD:| DEMOOFF
3GHz6GHz QOFF
]
HARMONIC WINDOW AMPLITUDE] DEMOAMPL
MEAS
INSTRUMENT SPECIFY PHASE | DEMOPHAS
-~ MODE GATE
SERVICE RETURN RETURN
MENU
TRANSFORM  Turns on the transform and displays the time domain response
onOFF  ofalinear frequency sweep, or the frequency domain response
ofa CW time sweep.
SETFREQ  Sets the frequencies to harmonicintervals, keeping the number
LOW PASS  of points the same. Required for low pass mode.
LOW PASS  Makes the transform display the impulse response. Use the real
IMPULSE dataformat.
LOWPASS  Makes the transform display the step response of the DUT. Use
STEP thereal dataformat.

BANDPASS  Makes the transform display the impulse response. Can operate
with band-limited frequency data. The most useful data formats
are linear and log magnitude.

WINDOW  Places a window over the frequency domain data to minimize
the effect of abrupt frequency cutoff at the ends of the sweep.
Also controls amplitude and phase demodulation.
SPECIFY Allows you to place a time gate over both frequency and time
GATE domaindata. The gate shape is selectable.
Next Menu Page 51
RETURN  Returns to the previous menu.
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SEQUENCING TRANSFORM GATE GATEON,
MENU on OFF on OFF GATEOFF
CONTINUE SET FREQ GATE: GATESTAR
SEQUENCE LOW PASS START
LIMIT LOW PASS STOP GATESTOP
MENU IMPULSE
TRANSFORM LOW PASS CENTER GATECENT
MENU I STEP
FREQ RANGE BANDPASS SPAN GA fESPAN
3GHz6GHz ;
HARMONIC WINDOW
MEAS
INSTRUMENT SPECIFY GATE
MODE GATE SHAPE
SERVICE RETURN RETURN .
MENU !
GATE  Turnsthe gate on and off. Although the gate is set in the time
onOFF  domain, itis actually applied to the frequency domain data.
GATE: Setsthestart time of the gate.
START
STOP  Sets the stop time of the gate.
CENTER  Sets the center of the gate.
SPAN  Setsthe span of the gate.
GATE  Allowstheuserto trade a very flat gate passband at maximum
SHAPE  gate shape with very fast cutoff at minimum gate.
RETURN  Returnsto the previous menu.
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SYSTEM

SEQUENCING
MENU
CONTINUE
SEQUENCE

LMt
MENU

TRANSFORM
MENUY

FREQ RANGE
3GHz6GHz

HARMONIC
MEAS

INSTRUMENT
MOBE

SERVICE
MENU

HARMONIC| ~ HARMOFF
QFF

|
SECOND HARMSEC

THIRD HARMTHIR

RETURN

Harmonic Measurements (Option 002)

HARMONIC
OFF

SECOND

THIRD

RETURN

52

Turns off harmonic measurement mode so that the receiverisno

oMt B 10g MG 10 dn/ @Er 20 98
CHa BeM  log MaG 10 a8/ AEF 20 d8

-2

\

H-3

CH1 START  16.000 000 MHz
CHZ STAAT  18.000 00D Mz

STOP 1 000000 00D Mz
TGP 1 000.00D 000 Mz

longer tracking overa harmonic of the source frequency range.

Enables the receiver to track the second harmonic of the source’s

fundamental frequency range. This measurement s madeona

non-ratio basis.

Enables the receiver to track the third harmonic of the source’s
fundamental frequency range. This measurementis madeona

non-ratio basis.

Returns to the previous menu.
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SEQUENCING NETWORK INSMNETA
MENU __ANALYZER
|
CONTINUE EXT SOURCE INSMEXSA
SEQUENCE AUT?
LIMIT EXT SOURCE INSMEXSM
MENU MANUAL
TRANSFORM TUNED INSMTUNR
MENU RECEIVER
FREQ RANGE
3GHz6GHz
HARMONIC FREQ OFFS FREQOFFSON
MEAS on OFF FREQOFFSOFF
INSTRUMENT OFFSET OFFV
MODE VALUE
SERVICE RETURN
MENU
NETWORK Thisis the default mode of the HP 8753B.
ANALYZER
EXTSOURCE Enables the HP 8753B to phaselock to an external CW
AUTO frequency. Ext source auto will search the frequency range
around the CW frequency for a signal tolock to.
EXTSOURCE Enables the HP 8753B to phaselock to an external CW
MANUAL  frequency. Ext source manual will try to phaselock to the CW
frequency set up by the user. This manual mode enables the
HP 8753B to operate at a much faster rate than in auto mode.
TUNED This mode of operation will tune the HP 8753B to a user
RECEIVER  specified frequency. Because the instrument bypasses all
phaselock routines this mode of operation is very fast but
requires the use of very stable source so that signals to be
measured will fall within the IF bandwidth of the instrument.
This typically requires a synthesizer that can supply an external
reference to the HP 8753B.
FREQOFFS Thisfeature allows the frequency of the HP 8753B’s source to
onOFF  be offset above its receiver by a constant value.
OFFSET  Specifies the fixed frequency offset between source and receiver
VALUE infrequency offsetmode.
RETURN  Returnsto the previous menu.
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-A-

Active entry area
Addresses
Analogin
Aperture
Arbitrary sweep
Attenuator control
Autoscale
Auxiliary input
Averaging

[AVG]

-B-

Bandpass
Beeper

[CAL]
Calibration kit
Calibration
[CENTER]

Clear registers
Continuous markers
Conversion
[COPY]
Correction
Coupled channels
Coupled markers
CRTtitle

CW Freq

CW time

-D-
Decision making
Default plot setup
Define sweep
Delay, electrical
Delay, group
Delta markers
Demodulation
Directivity

Disc

Discrete markers
[DISPLAY]
Display layout
Display title
Display warnings
Do sequence
Dual channel

54

Electrical delay

Entry area

Error correction
Error messages
Extensions

External disc
External source mode
External trigger

-F-

Fixed marker offset
Focus

[FORMAT]
Frequency blank
Frequency list
Frequency offset mode
Full 2-port calibration

-G-

Gate shape
Gating
Group delay

-H-

Harmonic Measurements

HP-1B
HP-IB mode
Hold

-I-

IF bandwidth
Imaginary

Impulse

Inputports
Instrument modes
Instrument state
Intensity
Interpolated markers
Inverted Smith
Isolation
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Limitlines

Limit testing

Line stretcher
Linear magnitude
Linear sweep

List frequency
List values

Load match
[LOCAL]

Log frequency sweep
Log magnitude
Loss sensor list
Low pass

-M-

Magnitude
Marker equals
Marker functions
Marker offsets
Markersearch
Marker statistics
Marker —
Marker zero
Markers

Max

[MEAS]
Memory
[MENU]
Message area
Min

[MKR]
[MRKFCTN]
Modify calibration kit
Modify sequence

-N-
Noise reduction

Number of groups
Number of points

-O-
Offset value
One-path, 2-port
Operating parameters
Output power

27
25

Pass control
Penspeed

Pens

Phase

Plot

Plot quadrant
Plotscale
Plotspeed
Points

Polar

Polar markers
Port extensions
Port ratio
Power

Power meter calibration
Power slope
Power sweep
[PRESET]
Print

Quadrant

-R-

Real

[RECALL]
Reference position
Reference value
Response

Response calibration
Response/isolation
RF power
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-S-

S-parameters
S111-port calibration
522 1-port calibration
[SAVE]

[SCALE REF]
Search

Second Harmonic
Sensor Cal Factor
Set frequencies
Single sweep
Slope

Smith chart
Smith markers
Smoothing
Softkey area
Source control
Source match
[SPAN]

Split display
Statistics
[START]
Stimulus
Stimulus couple
[STOP]

Sweep time
Sweep trigger
Sweep type

SWR

System controller
[SYSTEM]

-T-

Table, list sweep
Talker/listener
Target

Tests sequence function
Test set attenuation
Third harmonic
Time domain (010)
Title

Trace math

Trace maximum
Trace memory

Trace minimum
Tracking

Transform

Trigger

Tuned receiver mode
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-U-
Uncoupled markers
Use pass control

-V-
Vector trace math
Velocity factor

-W-
Warnings
Widths
Window

-Z-
0

33
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15
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Network analyzers are traditionally used to measure the
transmission and reflection characteristics of components,
circuits, and devices. This note describes how the HP 8753
vector network analyzer accurately and efficiently characterizes
RF amplifiers.

The HP 8753 easily measures commonly specified, amplifier
scalar parameters: gain, gain compression, isolation, return loss
(SWR), and gain drift versus time. Built-in phase measurement
capability allows characterization of an amplifier's deviation
from linear phase, group delay, and complex impedance.
Knowledge of both magnitude and phase characteristics is
needed for successful higher-level component integration.

Besides phase measurement capability, the HP 8753 offers
other advantages over a scalar system for amplifier characteriza-
tion. The HP 8753 employs a tuned receiver which improves
dynamic range, sensitivity, and eliminates unwanted spurious
responses. The instrument also offers accuracy enhancement
which dramatically reduces systematic errors for more precise
characterization.

Additional capabilities with the
HP 8753B

Harmonic distortion is often specified to describe
amplifier non-linear behavior. The HP 8753B Network
Analyzer with harmonic measurement capability, option
002, can’ quickly and easily determine swept amplifier
harmonic levels over a broad range.

The HP 8753B offers several other powerful enhance-
ments to increase amplifier measurement productivity and
capability. By employing an HP 85047A S-parameter Test
Set with 6 GHz receiver, Option 006, complete forward
and reverse characteristics of an amplifier can be deter-
mined up to 6 GHz. Two-tone third order intermodulation
measurements are possible with the instrument by employ-
ing two external sources. In fact, the HP 8753B offers
several new instrument modes which allow measurements
on frequency translation devices such as mixers. Refer to
Product Note 8753-2, Mixer Measurements using the
HP 8753B (HP lit. no. 5956-4362), for a discussion on
these measurements. Complex tests can be performed auto-
matically with a single keystroke using the test sequence
function. Power meter calibration enables the HP 8753B's
source to be leveled at the input or output of an amplifier.

In this product note, measurements are detailed in easy
to follow, step-by-step procedures. Accuracy considerations
are covered for each measurement. Finally, an appendix
discusses S-parameter test set considerations.




Amplifier
definitions

This section contains brief descriptions
of the amplifier parameters that can be
measured using the HP 8753 RF vector
network analyzer.

Gain

Amplifier gain is defined as the ratio of
the amplifier output power delivered to a
Z,, load to the input power delivered from
a Z, source, where Z,is the characteristic
impedance in which the amplifier is used
(50 ohms in this note). In logarithmic
terms, gain is the difference in dB between
the output and input power levels.

Since variations in frequency response
represent distortion, “gain flatness” is
often specified over the frequency range of
the amplifier.

Reverse isolation

Reverse isolation is the measure of
transmission from output to input. The
measurement of isolation is similar to the
measurement of small signal gain, except
that the stimulus signal is applied to the
amplifier's output.

Gain versus time

Gain versus time is defined as the varia-
tion of gain in time, with all other
parameters held constant. Stability can be
affected by changes in the amplifier's
active devices occurring over time. This
parameter is typically specified in maxi-
mum variation in gain over a given time
interval. Often, gain is investigated with
respect to other parameter changes, such
as temperature or humidity.

Deviation from linear phase

Ideally, the phase shift through an
amplifier is a linear function of frequency.
The amount of variation from this
theoretical phase shift is known as its
deviation from linear phase (also called
phase linearity).

Group delay

Group delay is a measure of transit time
through an amplifier at a particular
frequency. It is defined as the derivative
of the phase response with respect to
frequency. The HP 8753 has the ability to
derive the group delay from the measured
phase response.

Return loss/SWR

A commonly specified parameter is the
quality of the match at the input and out-
put of an amplifier relative to the system
characteristic impedance. Impedance
parameters are defined by the following
equations:

= Vreflected / Vincident =P L-©
Return Loss =—20log{yP
SWR =1+p

1—0p
Complex impedance

The complex impedance of an amplifier
consists of both a resistive and a reactive
component. It is derived from the charac-
teristic impedance of a system and the
reflection coefficient by the following
equation:

Z=1+r"Z,

1-T

Gain compression

An amplifier has a region of linear
gain, where the gain is independent of
input power level. This is commonly
referred to as “small signal gain” As the
input power is increased to a level that
causes the amplifier to saturate, gain
decreases, resulting in the “large signal”
response (see Figure 1-a).
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Figure 1. Typical amplifier's characteristics: (a)
output power versus input power and (b) gain
versus input power.

In this note, gain compression is deter-
mined by measuring the amplifier's 1 dB
gain compression point(P14g). This is the
point where the output power drops 1 dB
relative to the small signal gain (see Figure
1-b). This is a common measure of an
amplifier's power output capability.

Harmonic distortion

(HP 8753B)

Due to inherent non-linearities, an
amplifier generates additional responses at
integer multiples of the stimulus fre-
quency. The integer number determines
the order of the harmonic. For example, if
the harmonic frequency is equal to three
times the fundamental frequency, it is
known as the third harmonic. Harmonic
level is defined as the difference in abso-
lute power between the fundamental and
the harmonic, expressed in dBc (dB rela-
tive to carrier), for a specified amplifier
input or output power.

Two-tone intermodulation
distortion (HP 8753B)

When two or more sinusoidal frequen-
cies are applied to an amplifier, the out-
put contains additional frequency
components called intermodulation
products. For an amplifier with input
signals at frequencies f] and f,, the output
will contain signals at the following
frequencies: nf; + mf, where
nm=0, +-1, +—2, +—3 ... The
order of the intermodulation distortion
product is defined asi = |n| + |m]|.
Third order products (i = 3) are a major
concern because of their proximity to the
fundamental frequencies (see Figure 2).

=

T2ty £t 2h-f, f

-

“Amplitude

-

oy

N toe et :
St | “l

|
|
{.
}
|
!
i
{

Lo

Figure 2. Two-tone third order intermodulation
products,



Measurements

Equipment required

The following equipment is typically
required for the measurements described
in this note. Other configurations can also
be used:

o HP 8753B Network Analyzer/

Opt. 002

» Test Set: HP 85044A, 85046A/B,

85047A

» Calibration Kit

¢ Test Port Cables

e Coaxial Attenuators, as needed

o HP-IB Cables

¢ Bias Supply

* Power Meter and Sensor

e Test Amplifier such as the HP 10855A

Preamp

The HP 10855A has the following
specifications.

Frequency range: 2 MHz to 1300 MHz

Gain: 24 dB typical

Output power for 1 dB compression: 0 dBm

All measurements described in this
note, except for two-tone third order
intermodulation, use the HP 8753B
Network Analyzer configured with the
HP 85046A 50 ohm S-parameter test set.
Wherever the instrument is referred to as
the HP 8753, either the HP 8753A or
8753B can be used to make the measure-
ment equally well. Those unfamiliar with
the test configuration are advised to read
the appendix before continuing. It
contains a description of the HP 85046A
and 85047A test sets and shows signal
attenuation through each test set and the
corresponding power at the ports. Also
included are general guidelines for select-
ing proper attenuation, as well as the
HP 8753 parameters needed for proper test
setup design.

The reader should be familiar with
general network analyzer operation,
including the different calibrations avail-
able to enhance measurement accuracy.
Refer to the HP 8753B User's Guide (HP
part no. 08753-90007) or the HP 8753B
System Operating and Programming
Manual (HP part no. 08753-90119) for
a complete description of instrument
operation and the calibration sequences
available.

For power meter calibrations, an
HP 436A, 437B, or 438A can be used. A
power sensor such as the HP 8482A is
also required.

In the following measurement proce-
dures, the HP 8753 front panel keys such
as [DISPLAY] appear in brackets with
bold type. The “softkeys”, labeled on the
CRT, also appear in brackets but with
bold italic type (e.g., [LOG MAG)).

Linear
measurements

The following linear measurements can
be made with a single connection to the
S-parameter test set (see Figure 3). A full
two-port calibration yields the most
accurate results. Before calibration, set the
measurement parameters to their desired
values. It may be appropriate to step
through some of the measurements before
performing the calibration to ensure
proper stimulus settings. Power levels at
the various ports are of primary concern
when measuring the linear transmission
and reflection characteristics of ampli-
fiers. If external attenuation is needed, cal-
ibrate with the attenuator in the system to
remove its effects.

Transmission measurements

Transmission measurements can be
made using the basic setup shown in
Figure 3. An external attenuator at the
amplifier output may be necessary to keep
the power level at the B receiver input
below the maximum level (0 dBm) for gain
measurements. The test set attenuator,
accessed through the HP 8753, affects
only the source power path.

Both gain and isolation measurements
are possible with the same stimulus set-
tings by choosing a source power level for
the reverse isolation measurement, then
using the test set attenuator to reduce the
power at the amplifier input for linear
gain measurements.

ooooaoona

Figure 3. Basic setup for amplifier measurements
using the HP 8753 with a S5-parameter test set.
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NOTE: When measuring high gain ampli-

fiers, it is possible to overload one
of the receiver inputs on the HP 8753
(> 0 dBm). When this happens, a P! will
appear on the left of the screen and a
power trip condition will occur. This
forces the source power to be reset to its
minimum value (—5 dBm) regardless of
the user-specified level. You should then
either add more attenuation to the output
of the amplifier, or reduce the RF power
of the source before repeating the
measurement. The following keystroke
sequence turns power trip off:

{MENU]

[POWER|]

[POWER TRIP on OFF]

Small signal gain

Small signal gain is the gain in the
amplifier’s linear region of operation. This
is typically measured at a constant input
power over a swept frequency. Figure 4
shows an example swept frequency gain
measurement.

20.000 000 MHz STOP 2 ©00.000 000 Mz

Figure 4. Small signal gain measurement.

Measurement procedure

1. Connect the system as shown in Figure 3.

Preset the HP 8753 to return the instru-
ment to a known state of operation.
[PRESET)]
CAUTION: At preset, the source power
level is set to its default value of 0 dBm
and the internal attenuator for port 1 is
set to 0 dB. The preset power level availa-
ble at port 1 is dependent on the test set
used (see Appendix for details). If the
amplifier under test could be damaged by

this power level or will be operating in its

non-linear region, it should not be con-
nected until these parameters are set to a
desirable level.

2. Choose measurement parameters and
perform a calibration. When an attenua-
tor is used on the output of the amplifier,
calibrate with it in the system. Remember
to consider power levels needed for the
reverse isolation measurement when set-
ting the source power and test set
attenuation. ‘

[START] {20] (M/u]

[STOP] [2] [G/n}

[MENU]

[POWER] 5} [x1]

[ATTENUATOR PORT 1] {30] [x1]

[MEAS]

{521 [B/R]]

[FORMAT]

[LOG MAG]

Perform a measurement calibration.
The instrument state can be saved for later
measurements.

[SAVE]

[SAVE REG 1]

3. Connect the device and apply bias.

4. Scale the display for optimum viewing
of the amplifier's gain. Alternatively, the
[AUTOSCALE] softkey can be used to set
the scaling parameters automatically,
although it may be preferable to control
these manually.

[SCALE REF]

[REFERENCE VALUE] [20] [x1]

[SCALE/DIV][5] [x1]

5. Use a marker to measure the small sig-
nal gain at a desired frequency.

[MKR]

Rotate the knob until the marker is set.
6. Measure the gain variation or ripple in
the frequency range. Set two markers on
the trace to define the start and stop of
the frequency range of interest, then use
the marker statistics function to view
peak-to-peak ripple (see Figure 4).

[MKR]

Position marker 1.

[MKR ZERO]

[MARKER 2]

Position marker 2.

[MKR FCTN]

[STATS ON off]

Reverse isolation

Reverse isolation can be measured with
the small signal gain setup and procedure,
with some modifications.

The RF stimulus signal is applied to
the output of the amplifier. When the
HP 85046/7A test set is connected, this
can be done from the front panel of the
HP 8753 by simply measuring S12. The
external attenuator on the amplifier
output is not needed since the signal path
now exhibits loss instead of gain.

For amplifiers with very high isolation,
measurement sensitivity can be improved
by employing averaging or by reducing
the IF bandwidth of the HP 8753.
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Figure 5. Reverse isolation measurement.

Gain versus time

Gain variation in time, with all other
parameters held constant, is sometimes
referred to as gain drift. The HP 8753
allows fixed frequency measurements to
be made over 100 ms to 24 hour time
intervals. This measurement uses the
standard setup of Figure 3. An example
plot of an amplifier's gain drift over a
10 minute interval is shown in Figure 6.

Often, gain is investigated with respect
to other parameter changes, such as tem-
perature or humidity. The procedure
described can be modified to be used with
an external controller to vary tempera-
ture, for example.

CH1 Sgy 109 MAG .5 a8/ RAEF 20 aB 1 20.122 98
BE QAN &l I
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Figure 6. Gain versus time measurement.



Measurement procedure

1. Connect the instrument as shown in
Figure 3.
2. Preset the instrument and measure S21
in log format.

[PRESET]

[MEAS]

[S21 [B/R]]

[FORMAT]

[LOG MAG]
3. Enter the desired fixed frequency.

[MENU]

[CW FREQ] [500] {M/u]
4. Modify the parameters such that the
amplifier operates in its linear region.

[MENU]

[POWER] [5] {x1]

[ATTENUATOR PORT 1][30] [x1]
5. When calibrating in the CW time
mode, if the desired measurement sweep
time is long the user may specify a shorter
calibration time, in this case four seconds.

[STOP] [4] [x1]
6. Use a single sweep for the calibration
and measurement.

[MENU}

[TRIGGER MENU]|

[SINGLE]

Perform a response calibration.
7. Connect the amplifier under test and
apply bias. A 10-minute sweep was used
for this measurement. The analyzer will
display a C? to indicate that a source
parameter has been changed.

[STOP] [10] [: h:m:s] [0] [x1]

[MENU]

[MEASURE RESTART]
8. Scale the display to see the gain
variations with time.

[MKR] {0] {x1]

[SCALE REF}

[MARKER — REFERENCE]

[SCALE/DIV][.2} [x1]
9. Use marker statistics to measure the
maximum peak-to-peak variation in gain
over the time interval.

{MKR FCTN]

{STATS ON off]

Phase measurements

Transmission phase measurements are
made with the same setup as magnitude
transmission measurements (Figure 3). For
cases such as complex impedance, both
magnitude and phase are displayed simul-
taneously. Power levels and number of
points are both considerations when
measuring phase.

Deviation from linear phase

The deviation from linear phase
measurement employs the electrical delay
capability of the HP 8753 to add electrical
delay to the amplifier to remove the linear
portion of the phase shift (see Figure 7).
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Figure 7. Deviation from linear phase
measurement.
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Figure 8. Expanded plot allows fine-tuning of
the electrical delay.

Measurement procedure

1. Follow the first two steps in the Small
Signal Gain Measurement Procedure.
Display the phase response of the
measurement.

[FORMAT}

[PHASE]

2. Scale the display.

[SCALE REF]

[SCALE/DIV][20] {x1]

3. Place a marker in the center of the
amplifier bandwidth and activate the elec-
trical delay function.

[MKR FCTN]

Position the marker with the knob.

[MARKER — DELAY]

4. Expand the scale and fine-tune the elec-
trical delay to flatten the phase near the
center of the passband (see Figure 8).

[MARKER — REFERENCE]

[SCALE REF]

[SCALE/DIV] (2] [x1}

[ELECTRICAL DELAY]

Adjust electrical delay to flatten the
response. By flattening the phase response
we have effectively removed the linear
phase shift through the amplifier under
test. The deviation from this linear phase
shift remains.

o
!

Group delay

Group delay, like deviation from linear
phase, is a measure of amplifier distor-
tion. The HP 8753 calculates group delay
from the phase and frequency information
and displays the results in real time (see
Figure 9). It is important to keep the phase
difference measured between two adjacent
frequency points less than 180° Other-
wise, incorrect group delay information
may result. The test setup of Figure 3 is
again employed.
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Figure 9. Group delay measurement: (a) with
minimum aperture and (b) with increased
aperture.

Measurement procedure

1. Follow the first two steps in the Small
Signal Gain Measurement Procedure. If the
instrument state was saved, recall it from
memory.

[RECALL]

[RECALL REG 1]
2. Display the group delay response of the
amplifier under test.

[FORMAT}

[DELAY]

[SCALE REF]

[AUTOSCALE]
3. This measurement may require a
specific group delay aperture. The mini-
mum aperture is equal to the frequency
span divided by the number of points
minus one (see Figure 9-a). Aperture can
be increased from the minimum by vary-
ing the smoothing aperture. Increasing the
aperture reduces the resolution demands
on the phase detector and permits better
group delay resolution (see Figure 9-b). .

[AVG]

[SMOQOTHING ON off]

[SMOOTHING APERTURE]

Adjust aperture as needed.

Q



Reflection measurements

Reflection measurements can be made
with the same setup as transmission meas-
urements (Figure 3). If external attenua-
tion is needed for gain measurements,
calibrate with the attenuator in the system
to remove its effects. Since reflection
measurements involve loss instead of gain,
power levels are lower at the receiver
inputs. Therefore, it may be necessary to
increase power levels for reflection
measurements.

Alternatively, reduce the noise level by
decreasing the IF bandwidth or by
employing averaging.

Return loss, SWR, and reflection
coefficient

Return loss, standing wave ratio (SWR),
and reflection coefficient (p) are com-
monly specified for the amplifier's input
and output ports. With the HP 8753,
scalar reflection measurements can be
displayed as return loss in dB, SWR, or p.

With the internal switching capabilities
of the HP 85046/7A test set, you can
switch between displaying the input reflec-
tion and output reflection with the touch
of a key; no rearrangement of the test
setup is required. Figure 10 shows an
example amplifier input return loss
measurement.
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Figure 10. Input return loss measurement.

Measurement procedure

1. Connect the instruments as shown in
Figure 3 and preset the network analyzer.

[PRESET)]
2. Set source power and attenuation such
that the amplifier operates in its linear
region and power levels incident to the
receiver inputs are below the maximum
level. Also set all other stimulus
parameters.

[MENU]

[POWER] {5] [x1]

[PORT 1 ATTENUATOR] [30] [x1]

[START] [20] [M/u]

[STOP] [2] [G/n]
3. Since reflection measurements are very
sensitive to mismatches, a full 2-port cali-
bration is recommended. A full 2-port cal-
ibration removes the effects of source
and load match, directivity, and frequency
response. Perform the calibration.

Alternatively, if a 2-port calibration
was performed with suitable stimulus
parameters for the small signal measure-
ment, recall that instrument state.

[RECALL}

[RECALL REG 1]
4. If low level signals are being measured,
reduce the IF bandwidth.

[AVG]

[IF BW]

[300] [x1]
5. Connect the amplifier under test and
apply bias.
6. Display S11 on channel 1.

[MEAS]

[S11 [A/R]]
7. View the different reflection formats
and scale as necessary. View return loss.

[FORMAT]

[LOG MAG]

View standing wave ratio.

[SWR]

View reflection coefficient, p.

[LIN MAG]
8. Now view return loss, SWR, or p at the
amplifier's output port.

[MEAS]

[S$22 [B/R]]

Repeat step 7.

Complex impedance

Because the HP 8753 measures phase as
well as magnitude, complex impedance is
easily determined once the instrument is
configured to make reflection measurements

1 S22 1 U PS
3 OUTPUT MATEM

1 23.743 0

31.171 6 4.961 oM
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Figure 11. Complex impedance measurement.

Measurement procedure

1. Perform the Return Loss Procedure.
2. Display the output impedance by meas-
uring S22 in Smith chart format. Figure
11 shows amplifier output impedance.
Markers used with this format display
R + jX. In fact, the reactance is displayed
as equivalent capacitance or inductance
at the marker frequency.

[MEAS]

[S11 [A/R]]

[FORMAT]

[SMITH CHART]
3. View the complex reflection coefficient,
. Polar format markers display linear
magnitude and phase.

[FORMAT]

[POLAR]



Non-linear
measurements

These measurements, with the exception
of gain compression, are not usually
associated with network analyzers.
However, the HP 8753 offers some added
capabilities which allow some non-linear
measurements to be made. Due to the
nature of non-linear measurements,
measurement calibrations are not
applicable. The exception is gain
compression measurements where
frequency response errors can be removed
from the system.

Gain compression

There are two ways to measure ampli-
fier gain compression using the HP 8753.
The first method, swept frequency gain
compression, shows how to find the
frequency at which 1 dB gain compression
first occurs. The second method, swept
power gain compression, shows the
reduction in gain as a power ramp is
applied to the amplifier under test.

Swept frequency gain compression

This measurement allows the user to
easily determine the frequency at which
1 dB gain compression first occurs (Figure
12). This is accomplished through
normalization to the small signal gain and
by observing compression as the drop
from the reference line as input power is
increased. This frequency can in turn be
used as the fixed frequency for a swept
power compression measurement, dis-
cussed in the next section.

The output power of the amplifier can
be displayed on channel 2 to easily
determine P14B- Also, a power meter
calibration, available with the HP 8753B,
improves the accuracy of this measure-
ment by setting input power precisely. For
a discussion of power meter calibration,
see the HP 8753B System Operating and
Programming Manual.

€1 Say/M log MAG

1 08/ REF O a8
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STAAT  20.000 000 MMz STOP 1 300.000 000 MMz

Figure 12. Swept frequency gain compression
measurement.

Measurement procedure

1. Connect the instrument as shown in
Figure 13. Preset the instrument. Channel
1 will display the frequency for which
1 dB gain compression first occurs.
Channel 2 will display amplifier output
power to allow easy determination of the
1 dB gain compression output power.

[PRESET]
2. Set measurement stimulus parameters.

[MEAS]

[S21 [B/R]]

[START] [20] [M/u]

[STOP] {1.3] [G/n]

[MENU]

[POWER]

[ATTENUATOR PORT 1] [20] [x1]
3. Since the output power of an amplifier
is important, the loss through the test set
between the amplifier output and the
receiver input needs to be characterized.
To do this, first perform a response
calibration on channel 2 as shown in
Figure 13.
NOTE: When using the HP 85044 test set,
steps 3 and 4 can be omitted since the
amplifier'’s output is connected directly to
the HP 8753 receiver input.

[CH 2]

{MEAS]

[S21 [B/R]]

[CAL]

[CALIBRATE MENU]

[RESPONSE]

[THRU]

[DONE]

Figure 13. Setup for calibration to input B.

4. Connect the standard configuration
without the amplifier (see Figure 3) and
measure the signal path between port 2 to
input B. Use this data to normalize the
display to the actual output power of the
amplifier, which is the power incident at
port 2 of the test set.

[DISPLAY]

[DATA — MEM]

[MEAS]

[INPUT PORTS]

(B]

[DISPLAY]

[DATA/MEM]
5. Calibrate channel 1 for gain
measurements.

[CH1]

[CAL]

[{CALIBRATE MENU]

{RESPONSE]

[THRU]

[DONE]
5B. (Optional for the HP 8753B only) For
increased accuracy, also perform a power
meter calibration at port 1 to remove
source and test set non-linearities with
frequency. Attach the HP 438A power
meter to port 1 of the test set. Also, con-
nect HP-IB as shown in Figure 14. Make
sure the power meter model and address is
known by the HP 8753. Before proceed-
ing, zero the power meter.

[LOCAL]

[SYSTEM CONTROLLER]

[SET ADDRESSES]

[ADDRESS: P MTR/HPIB] [15] [x1]

[PWR MTR: [438A/437/436A]]

Toggle to select desired power meter.

[CAL]

{[PWR METER]

NUMBER OF READINGS] [1} [x1]

[PWRMTR CAL: ONE SWEEP]

Set the desired power at port 1 of the

HP 8753B and take the cal sweep.

(Cal power) [ —20] [x1]

[TAKE CAL SWEEP]
A “Power Meter Calibration Sweep Done"”
prompt will appear when the calibration
sweep is completed. Reconnect Figure 3.

,‘}

[=}

=i

E =]
g

=]

[=]

. o

(=]

Figure 14. Setup for power meter calibration at
amplifier input.



’

6. Connect the amplifier, apply bias, and
turn on dual channel split display.

|DISPLAY]

[DUAL CHAN ON off]
7. Normalize the trace to the small signal
gain. The new trace should be a flat line
at 0 dB.

[DISPLAY]

[DATA - MEMORY]

[DATA/MEMORY]
8. Scale the display to allow easy
observation of a 1 dB drop from the small
signal gain.

[SCALE REF]

[SCALE/DIV][1] [x1]

[REFERENCE VALUE] {0] [x1]
9. Use the rotary knob to increase the
source power level until the trace drops by
1 dB at some point. A marker can then be
used to track the exact frequency where
1 dB compression first occurs. Care
should be taken when increasing the
source power so that the input power limi-
tation of the amplifier under test is not
exceeded. Channel 2 displays the actual
output power of the amplifier since the
test set loss has been removed.

[MKR FCTN]}

[MARKER SEARCH]

[TRACKING ON off]

[SEARCH: MIN]

[MENU]

[POWER]

Adjust power for 1 dB compression.

Swept power gain compression

By applying a fixed frequency power
ramp to the input of an amplifier and
investigating gain, gain compression is
observed as a 1 dB drop from small signal
gain. The fixed frequency chosen could
be, for example, the frequency for which 1
dB compression first occurs in a swept fre-
quency gain compression measurement.
As with the swept gain compression meas-
urement of the previous section, channel 2
displays the output power of the amplifier
in order to easily determine P14p.
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Figure 15. Swept power gain compression
measurement.

Measurement procedure

1. Connect the instrument as shown in
Figure 14 and preset the instrument.
Channel 1 will display the amplifier's
response to a power ramp. Channel 2 will
display amplifier output power to allow
easy determination of the 1 dB gain com-
pression output power.

[PRESET]
2. Select a power sweep at the fixed fre-
quency of interest. This could be the fre-
quency at which 1 dB gain compression
first occurs for a swept frequency gain
compression measurement.

[MENU]

[SWEEP TYPE MENU]|

[POWER SWEEP]

[RETURN]

[CW FREQ] [20] [M/u]
3. Set the stimulus parameters. Power
levels must be set so that the amplifier is
forced into compression. The range of the
HP 8753's source is from —5 to +20 dBm.
An external output attenuator may be
required to prevent overdriving input B.

[MEAS]

{521 [B/R]]

[START} [-5] [x1]

[STOP] [10] [x1}

[MENU]

[POWER]

[ATTENUATOR PORT 1]{20] [x1]
4. Since the output power of the amplifier
is important, the loss through the test set
between the amplifier output and the
receiver input needs to be characterized.
To do this, first perform a response
calibration on channel 2 as shown in
Figure 13.
NOTE: When using the HP 85044 test set,
steps 4 and 5 can be omitted since the
amplifier's output is connected directly to
the HP 8753 receiver input.

[CH 2]

[MEAS]

{521 [B/R]]

[CAL])

[CALIBRATE MENU]

[RESPONSE]

[THRU]

[DONE]

5. Connect the standard configuration
without the amplifier (see Figure 3) and
measure the port 2 to input B path. Use
this data to normalize the display to the
actual output power of the amplifier,
which is the power incident at port 2 of
the test set.

{DISPLAY]

DATA — MEM]

[MEAS]

[INPUT PORTS]

(B]

[DISPLAY]

[DATA/MEM]
6. Calibrate channel 1 for gain meas-
urements.

[CH1]

[CAL]

[CALIBRATE MENU]

[RESPONSE]

{THRU]

[DONE]
7. Reconnect the amplifier, apply bias,
and turn on dual channel split display.
Gain versus input power will be displayed
on channel 1 and absolute output power
will be displayed on channel 2.

[DISPLAY]

[DUAL CHAN ON off]
8. Move a marker to the flat portion of
the trace (if there is no flat portion, the
amplifier is in compression throughout the
sweep, and power levels must be
decreased). Use the marker search to find
the power for which a 1 dB drop in gain
occurs.

[MKR]
Position the marker in the flat gain
portion of the trace.

[SCALE REF}

[MARKER — REFERENCE]

[SCALE/DIV] [1] [x1]

[MKR]

[MKR ZERO]

(MKR FCTN]

[MKR SEARCH]

[TARGETJ{-1] [x1]

{MKR]

[4A MODE MENU]

[A MODE OFF]
The 1 dB gain compression output power
should be displayed on channel 2.



Non-linear measurements

with the HP 8753B

Swept harmonic levels
(Option 002)

Traditionally, harmonic measurements
are made with a spectrum analyzer at
several CW frequencies. Many frequencies
must be tested for complete characteriza-
tion, which can dramatically increase test
time. With the HP 8753B, however, you
can make swept frequency (and power)
second and third harmonic response
measurements. This capability provides
“real-time” update of the measured
harmonic response versus frequency.

Harmonic response measurements on
the HP 8753B are made using the channel
trace math functions to normalize the
harmonic response to the fundamental
response. In this manner, the harmonic
response of the device under test can be
displayed directly in dBc (see Figure 16).
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Figure 16. Swept harmonic response measure-
ment: (a) 2nd harmonic dBc and (b) 3rd
harmonic dBc.
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The HP 8753B can measure the second
harmonic response of a fundamental
signal up to 1.5 GHz, and third harmonic
response of a 1 GHz fundamental. The
HP 8753B with 6 GHz capability,
option 006, allows measurements of
frequencies up to 6 GHz. So for second
harmonic measurements, the fundamental
frequency can be up to 3 GHz, while for
third harmonic measurements, the
fundamental frequency can be up
to 2 GHz.

The test setup for measuring the
harmonic response of an amplifier can be
made with the same connections that were
employed for all the linear measurements
(see Figure 3).

Measurement procedure

1. Set up the instrument as shown in Fig-
ure 3. Notice that a 20 dB external attenu-
ator at the amplifier’s output serves to
reduce the power level incident on the
receiver. This protects against overloading
and reduces the harmonics generated by
the receiver.
2. Preset the instrument.

[PRESET]
3. Measure input port B.

[MEAS]

[INPUT PORTS]

[B]

[FORMAT]

[LOG MAG]
4. Set the source power level and port 1
attenuation such that the amplifier oper-
ates in its linear region. Remember that
the source output power level affects the
uncertainty of harmonic measurements.

[MENU]

[POWER] [-5] [x1]

[ATTENUATOR PORT 1] [10] [x1]
5. Set the desired start and stop
fundamental frequencies. Frequencies
greater than 16 MHz must be used.

[START] {20] [M/u]

[STOP] [1] [G/n]
6. Apply bias to the amplifier.
7. Configure channel 2 like channel 1.

[CH 2]
Repeat step 3.

8. Display the fundamental response of
the amplifier for optimum viewing.

[SCALE REF]

[REFERENCE POSITION] [10] [x1]
9. Uncouple the channels to allow second
or third harmonic reponses in dBc.

[MENU]

[COUPLED CH on OFF]
10. Normalize the trace to the fundamental
response.

[DISPLAY]

[DUAL CHAN ON off]

[MORE]

[SPLIT DISP on OFF]

[MORE]

[D2/D1 to D2 ON off]
A flat line should now be displayed at 0 dB.
11. Use the harmonic mode menu to view
the second and third harmonic responses
in dBc.

[SYSTEM]

[HARMONIC MEAS]
View the second harmonic response (see
Figure 16-a).

[SECOND]
Now view the third harmonic response
(see Figure 16-b).

[THIRD]
An “H=2" or "H=3", respectively, will
appear to the left of the display. Markers
display both the fundamental and
corresponding harmonic frequencies.
Return to the fundamental response.

[HARMONIC OFF]
If the trace appears noisy, you are near the
noise floor of the HP 8753B. This noise
floor can be lowered by narrowing the IF
bandwidth.

[AVG]

[IF BW]

Enter a lower value for the IF

bandwidth.
Often, when making harmonic response
measurements, it is important to
accurately know the power level entering
the device under test. The HP 8753B
power meter calibration procedure can be
used to level the source power at the
amplifier input.

‘\,
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Two-tone third order
intermodulation

Intermodulation distortion (IMD), like
harmonic distortion, describes non-
linearities of an amplifier. Two-tone
intermodulation products are generated
when two incoming signals enter the
amplifier and interact to produce IMD
products.

Corresponding to each IMD product is
a theoretical Intercept Point of order i.
This term is often used to specify the IMD
performance of an amplifier. Because of
the proximity of the third order (i = 3)
products to the fundamental frequencies,
these are of greatest concern. Assuming
the two input signals are of equal magni-
tude, the third order intercept point,
TOI, is then calculated from:

TOL = P, + (P, — P3)/2 (all quantities
in dBm) where:

P, = output power of the individual test
frequencies ‘

P3 = output power of the third order
IMD product

This measurement must be performed
in the linear operating region of the
amplifier to ensure a correct intercept
point calculation (see Figure 17).

: 2nd Order v
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Figure 17. Plot for intercept point calculation.

In the tuned receiver instrument mode,
the HP 8753B displays IMD in a similar
fashion to a spectrum analyzer (see Figure
18). Because the HP 8753B's receiver tunes
to a frequency without phaselocking, it is
necessary to use synthesizers to ensure
precisely known CW input signals.
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Figure 18. Two-tone IMD measurement (a) using
the HP 8753B and (b) using a Spectrum
Analyzer.

The measurement setup is shown in Fig-
ure 19. The two synthesizers used were
HP 8656Bs. Attenuators are used to ensure
the individual fundamental power levels
at the receiver input are below —20 dBm.

Figure 19. Two-tone third order intermodulation
measurement setup.

Measurement procedure

1. Connect the instruments as shown in
Figure 19. Connect the external frequency
references together to synchronize the
measurement frequencies. Preset the
HP 8753B.

[PRESET]

2. Preset the synthesizers and then select
CW frequencies, f] and f;. In the exam-
ple, f; = 300 MHz and f; = 300.9 MHz.
Also, set the power on both instruments to
the same level.
3. Reduce the IF bandwidth of the
HP 8753B receiver to lower the noise
floor of the trace.

[AVG]

{IF BW]

(100] [x1]
4. Set up a frequency list for the four fre-
quencies of interest: {1, f5, 2f; — f5, and
2f5 — f. Five points are chosen to ensure
detection of the desired signals at the four
frequencies.

[MENU]

[SWEEP TYPE MENU]

[EDIT LIST]

[ADD]

[CENTER] [#] (M/u]

[SPAN] [2] [k/m]

[NUMBER OF POINTS] [5] [x1]}

[DONE]
where # refers to the four frequencies of
interest. The example frequencies are
299.1 MHz, 300 MHz, 300.9 MHz, and
301.8 MHz. Step 4 must be repeated for
each frequency.
NOTE: If the third order products are
unequal in magnitude or any of the sig-
nals appear unstable, vary the frequencies
used slightly. The HP 8753B Operating
and Programming Manual gives a listing
of frequencies that should be avoided.
5. Enter two other frequency segments to
allow better viewing of the frequencies of
interest on the display.

[ADD]

[CENTER] [#] (M/u]

[SPAN] [2] [k/m]

[NUMBER OF POINTS] [1] [x1]

[DONE]

[DONE]

[LIST FREQ]
where # refers to 298.9 and 302 MHz.
6. Place the instrument in tuned receiver
mode.

[SYSTEM]

[INSTRUMENT MODE]

[TUNED RECEIVER]
7. Third order IMD should now be dis-
played on the HP 8753B's display. To cal-
culate the third order intercept point, TOI,
use the equation:

TOl = P, + (P, — P3)/2

Remember to account for any padding
between the amplifier’s output and the
HP 8753B. For the example measurement
shown in Figure 18, since Po is about
+4.8 dBm and (P, — Pj3) is 30.2 dB, TOI
is calculated as 19.9 dBm.

11



Enhanced

manufacturing techniques

Limit lines

The limit line feature of the HP 8753
network analyzer allows arbitrary limit
values to be entered on the screen for
direct comparison with the measured data
(see Figure 20). Up to 15 limit segments
can be added per channel as single points,
flat lines, or sloped lines. Each segment
contains an upper and lower limit and a
starting stimulus value. Results are
displayed with a PASS/FAIL message, and
an optional beep upon failure. For
example, gain over a certain frequency
range can be tested by using a flat limit
line with a lower limit set to the minimum
gain allowable and an upper limit set to
the upper gain value. This allows testing
of both minimum gain and gain ripple
simultaneously. The following procedure
describes how to use limit lines to
perform this test.

3 aBs REF

Figure 20. Limit lines example.

Measurement procedure

1. Perform the small signal gain
measurement.
2. Enter the limit line menu.

[SYSTEM]

[LIMIT MENU]

[EDIT LIMIT LINE]
3. Enter the stimulus value as well as the
upper and lower amplitude limits for your
limit line.

[ADD]

[STIMULUS VALUE]

[20][M/u]

[LOWER LIMIT]

[20](x1]

[UPPER LIMIT]

[26][x1]

[DONE]
4. Define the type of limit line to be used.

[LIMIT TYPE]

FLAT LINE]

[RETURN]
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5. The flat line segment is valid from its
stimulus value to the end of the frequency
sweep range. To shorten its range, terminate
the segment with a corresponding single
point.

[ADD]

[STIMULUS VALUE]

{1.4][G/n]

[DONE]

[LIMIT TYPE]

[SINGLE POINT]

[RETURN]

[DONE]
6. Repeat steps 3 to 5 until all desired
limit lines are entered.
7. Turn on limit lines.

[LIMIT LINES ON off]
8. Activate PASS/FAIL limit testing.

[LIMIT TEST ON off]

Test sequence function
(HP 8753B)

The amplifier measurements covered
in this note are typical of those made in
manufacturing environments. The
HP 8753B test sequence function increases
throughput by automating the test
procedure. This is accomplished by simply
performing the measurement manually
from the front panel while in the test
sequence mode. Figure 21 shows a sample
sequence for the swept harmonic levels
measurement.

In addition to throughput, the chances
of operator error are reduced when using
sequencing. Also, since no external
controllers are required, no time is wasted
learning instrument control commands,
and in some cases, a new programming
language.

Each sequence can be up to 2000 bytes,
or about 200 lines in length. With the
ability to call other sequences, complex
tasks can be easily handled. Limited
decision making is possible, such as
IF LIMIT TEST PASS THEN DO
SEQUENCE. The test sequence function
can also control other HP-IB programm-
able instruments. For example, optimize
harmonic levels with respect to bias by
using a sequence to automatically control
a power supply. Refer to the HP 8753B
System Operating and Programming
Manual for a complete discussion of the
test sequence function.

Figure 21. Swept harmonic levels sequence.




Accuracy
considerations

Linear measurements

This section summarizes key accuracy
considerations for the measurements
described in this note. Vector accuracy
enhancement can be applied to the linear
measurements discussed to greatly reduce
measurement uncertainty. This is accom-
plished by removing systematic errors
through measurement calibration with
standards such as a short, an open, and
a thru.

To illustrate the differences between the
various accuracy enhancement techniques,
the following amplifier characteristics
were assumed.

* Gain: 22 dB

* Reverse isolation: 45 dB

¢ Input SWR: 3.0

¢ Qutput SWR: 2.2

An HP 85046A test set and 3.5 mm cali-
bration accessories are used in these
examples. For a complete table of uncer-
tainty improvements resulting from vari-
ous calibration procedures, see the
HP 8753 System Operating and
Programming Manual.

Gain

The major sources of error in a gain
measurement with the HP 8753 network
analyzer are the frequency response of the
test setup, the source and load mismatch
during measurement, and the system
dynamic accuracy. The frequency
response of the test setup is the dominant
error in a transmission measurement. A
simple response calibration significantly
reduces this error. For greater accuracy, a
full 2-port calibration can be used.

Mismatch uncertainties are a function
of effective source and load mismatches.
A full 2-port calibration not only reduces
the effects of frequency response, it also
improves the effective source and load
match. An example illustrates the
accuracy improvements of a full 2-port
calibration over a response calibration.

Total measurement uncertainty of gain
(worst case)l:

Response calibration: + 1.4 dB

Full 2-port calibration: + 0.3 dB

Dynamic accuracy, a measure of the
tuned receiver’s performance as a function
of incident power level, also influences the
uncertainty of gain measurements. This is
due to the fact that a receiver usually sees
a different power level between calibration
and measurement. The dynamic accuracy
of the HP 8753 is typically + 0.02 dB over
a 50 dB range (—10 dBm to —60 dBm).

Reverse isolation

Isolation is subject to the same error
considerations as gain. In addition, if the
isolation of the amplifier under test is
very large, the transmitted signal level
may be near the noise floor and/or cross-
talk level. To lower the noise floor, employ
averaging or reduce the IF bandwidth of
the HP 8753. When crosstalk levels affect
the measurement accuracy, a response and
isolation calibration or a full 2-port cali-
bration removes the crosstalk error term.

Gain versus time

Since the gain drift measurement
described in this note is a fixed frequency
gain measurement over time, it is subject
to the error considerations discussed for
gain. Another factor that could be signifi-
cant in this type of measurement is the
transmission tracking drift of the test
setup. This is primarily caused by a
change in the test setup temperature
between calibration and measurement. If
the instrument is allowed to stabilize to
the ambient temperature before calibra-
tion and measurement, this error term

should be small.

Deviation from linear phase

Transmission phase uncertainty is
calculated from a comparison of the
magnitude uncertainty, previously
discussed for gain measurements, with the
test signal magnitude. The typical size of
this uncertainty is best illustrated with
an example.

Total measurement uncertainty of phase
(worst case)l;

Response only calibration: + 9.4°

Full 2-port calibration: + 2.2°

Reflection measurements

The uncertainty of reflection measure-
ments is affected by directivity, source
match, load match, and the reflection
tracking of the test system. With a full
2-port calibration, the effects of these
factors are minimized. A I-port calibra-
tion provides the same accuracy if the
output of the amplifier is well terminated.
An example using the amplifier described
earlier best illustrates this improvement.
Total measurement uncertainty of input
return loss (worst case)!:

Response only calibration: + 3.0 dB

Full 2-port calibration: & 0.6 dB

Since the magnitude of the mismatch
uncertainty depends on the input and out-
put match of an amplifier, a measurement
of a better matched amplifier will contain
less uncertainty.

INOTE: For the complete uncertainty equa-
tions, see the General Information and
Specifications section of the HP 8753B
System Operating and Programming Manual.
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Non-linear measurements

The non-linear measurements discussed
in this note make use of the HP 8753's
receiver to measure absolute power. Vector
accuracy enhancement is not applicable to
power measurements. Uncertainties for
these measurements are affected by the
previously mentioned sources of error.
Thus, care should be taken to reduce mis-
match effects since mismatch érrors con-
tribute to total measurement uncertainty.
For absolute power measurements, addi-
tional uncertainty is introduced by the
receiver power accuracy. The tuned
receiver of the HP 8753 is accurate to + 1dB
in absolute amplitude measurements over
the 300 kHz to 3 GHz frequency range
(typically <+ 0.5 dB). From 3 to 6 GHz
with the HP 8753B, the receiver is accurate
to £ 3 dB (typically + 1 dB). One
method of increasing the accuracy of
absolute power measurements is to
reference the receiver inputs with a power
meter. In this manner, the receiver can be
characterized and the measured data
improved.
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Remember that when using the
HP 85046/7A test sets, there is uncer-
tainty in the amount of insertion loss
from the output of the amplifier under
test to the receiver input on the HP 8753.
For maximum accuracy in absolute power
level measurements, this loss must also be
characterized and removed from the
measurement. See the Swept Frequency
Gain Compression Measurement
Procedure for a discussion on how to
remove this loss from the system.

Gain compression

Gain compression measurements
employ response calibrations to reduce
uncertainties. Be aware, however, that to
determine swept frequency gain compres-
sion, the source power level must be
changed. The HP 8753's source linearity is
+ .2 dB from —5 to +15 dBm. Therefore,
the validity of the response calibration is
reduced when varying source power for
swept frequency measurements. Source
linearity uncertainty can be reduced for
swept power gain compression measure-
ments by performing a power meter
calibration at the input of the amplifier.
This precisely sets the power level incident
to the amplifier under test by compensat-
ing the source power for any non-
linearities in the source or test setup.

Swept harmonic levels (HP 8753B)

For harmonic distortion measurements,
it is important to note that the source and
the receiver of the HP 8753B generate their
own harmonics. The level of these addi-
tional harmonics affects the range and
uncertainty of harmonic measurements.
The HP 8753B is capable of making up to
40 dBc harmonic measurements with a
source power level of 0 dBm, and a power
level of —20 dBm or lower, incident on
the receiver. Increasing the source power
level and/or the power level incident on
the receiver reduces the range of harmonic
levels that can be measured. Performance
for different source and receiver levels is
specified in the HP 8753B Data Sheet (HP
lit no. 5956-4335) and in the HP 8753B
System Operating and Programming
Manual.

With harmonic measurements, measure-
ment calibration is not used, since the har-
monic and fundamental frequencies are
different. Instead, the absolute values of
the amplifier’s fundamental and harmonic
levels are compared using the D2/D1 to
D2 trace math function.

Two-tone third order
intermodulation (HP 8753B)

A power combiner should be used for
two-tone IMD measurements to suffi-
ciently isolate the sources. In some situa-
tions, it may be necessary to further
isolate the sources with amplifiers.
Attenuators can be used to reduce mis-
match errors. In cases where source har-
monics affect the intermodulation
response, low pass filtering can be
inserted between the amplifier and the sig-
nal sources to reduce their harmonics.
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Appendix:

S-parameter test set considerations

When configuring a test setup for
amplifier measurements, knowledge of
power levels through the various signal
paths is vital. This appendix describes the
HP 85046A (300 kHz to 3 GHz) and
85047A (300 kHz to 6 GHz) 50 ohm
S-parameter test set, and explicitly shows
the signal paths and power levels through
them. The actual power levels available at
the test ports of the HP 8753/5-parameter
test set system are listed in Table 1.
Finally, an example is presented to clarify
attenuator and power level requirements
for a particular amplifier.

Figure 22 shows a schematic representa-
tion of the HP 85046A S-parameter test set
and lists the attenuation from the RF input
(0 dB reference point) to the other ports.
The same is done in Figure 23 for the
HP 85047A.
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Figure 22. Schematic of the HP 85046A
S-Parameter Test Set.

NOTE: This appendix describes the
HP 85046A and the HP 85047A only. The
HP 85046B 75 ohm S-parameter test set
and other signal separation device, such as
the HP 85044A/B transmission/reflection
test set, have different insertion losses and
should be considered separately.
Some important parameters of the
HP 8753 test system:
* Source power range =
to —5 dBm
* Receiver input ranges: (best accuracy
when signal levels are kept below
—10 dBm)
R channel = 0 dBm to —35 dBm
A, B channel = 0 dBm to —100 dBm

+20 dBm

The following example illustrates the
general procedure for choosing attenuator
levels and source power.

Example: Measuring the small signal gain
of an amplifier, using the

HP 8753/HP 85046A test system.

Given: The general test setup of Figure 3.
Amplifier under test has the following
parameters:

® gain of approx. 40 dB

* desired input power of —30 dBm
Required: To design a test setup and set
operating parameters such that the ampli-
fier operates in i