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CERTIFICATION

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

WARRANTY

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

warranty service for products installed by HP and certain other products designated by HP will be performed at
Buyer’s facility at no charge within HP service travel areas. Outside HP service travel areas, warranty service will
be performed at Buyer's facility only upon HP's prior agreement and Buyer shall pay HP's round trip travel
expenses. In all other areas, products must be returned to a service facility designated by HP.

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

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

LIMITATION OF WARRANTY

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

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

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE

LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packerd
products. ’

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the
back of this manual. 8P24A.2




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
A symbol when it is necessary for

the user to refer to the instruc-
tion manual (refer to Table of
Contents).

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 per-
sonal 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 per-
formed or adhered to, could
resultin damage to or destruction
of part or all of the product. Do not
proceed beyond a CAUTION sign
untit the indicated conditions are
fully understood and met.

SAFETY EARTH GROUND

This is a Safety Class | product (provided with a
protective earthing terminal). An uninterruptible
safety earth ground must be provided from the
main power source to the product input wiring
terminals, 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 man-
ual.

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

WARNING

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.




COMPLIANCE WITH GERMAN FTZ EMISSIONS REQUIREMENTS

This Network Analyzer complies with German FTZ 526/527 Radiated Emissions and Conducted
Emissions requirements.

COMPLIANCE WITH GERMAN NOISE REQUIREMENTS

Acoustic Noise Emission/Geraeuschemission

LpA < 70dB LpA < 70dB
Operator position am Arbeitsplatz
Normal operation normaler Betrieb

per ISO 7779 nach DIN 45635t. 19




DECLARATION OF CONFORMITY

according to ISO/IEC Guide 22 and EN 45014

Manufacturer’'s Name: Hewilett—Packard Company
Manufacturer's Address: Network Measurements Division
1400 Fountaingrove Parkway
Santa Rosa, California 95403
US.A.
declares that the product
Product Name: Vector Network Analyzer
Model Number: HP 8719C, HP 8720C*
Product Options: All options

conforms to the following Product Specifications:
Safety: IEC 348
EMC: EN55011 Class A/CISPR—11 class A
EN50082—-1/2—- 1991
IEC 801-2/1991 4kV CD, 8kV AD
IEC 801-3/1984 3V/m (26—500 MHz)
IEC 801-4/1988 500V

*The HP 8719C and HP 8720C were qualified as part of a product family, including the
HP 8719C, HP 8720C, and the HP 8722A/C.

Santa Rosa 10/28/92
{Location) (Date)

Dixon Browder, Quality Manager
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Chapter 1. Service and Equipment Overview
]

INTRODUCTION

This Hewlett—Packard Service Manual is a complete guide to servicing the HP 8718C or 8720C
microwave network analyzer alone or in a system. It is part of a three manual set, which also includes
the Operating Manual, and the Programming Manual.

This manual contains information required to maintain, test, troubleshoot, and repair the analyzer.
The rest of this section describes the organization of that information. This section also includes the
Table of Service Test Equipment, which lists the equipment (and its critical specifications) required
to monitor or adjust the instrument.

NOTE: In this manual, all front panel keys are shown as [SYSTEM] ; softkey labels are shown as

ORGANIZATION OF SERVICE MANUAL

Tabs are used to divide the major sections of this manual. The names of the tabs following this sec-
tion, and the contents, are described below.

* Preventive Maintenance consists of routine tasks to be performed by the operator every sixmonths
or more often, to ensure that the instrument is maintained in good working condition.

» Verification consists of three parts.

Operator’'s Check: a brief procedure that tests all circuits in the analyzer to verify with 80% confi-
dence that the instrument is functioning properly. It does not verify conformance to specifica-
tions.

Systern Verification: a procedure designed to verify system—level error—corrected measure-
ment performance. Known traceable standards are measured and compared with recorded
data. This automated procedure is contained in firmware internal to the analyzer, and requires a
disk drive.

Performance Tests: step—by~—step procedures that verify certain individual performance speci-
fications of the network analyzer.

* Adjustments provides instructions for adjustment and alignment of the instrument after repair or
replacement of an assembly. Some of the adjustments are semi—automated procedures for alter-
ing correction constants {(non—mechanical adjustments). The tab itself illustrates how to remove
the instrument covers and how to set the A9 CPU jumper.
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NOTE: The eight, white—tabbed sections are the core troubleshooting sections.

Troubleshooting and Block Diagram. The troubleshooting strategy is to systematically verity por-

tions of the network analyzer, and thus narrow down the cause of a problem to the defective assem-
bly. This section is the first of a series of troubleshooting procedures. It checks the operation of the
network analyzer independent of system peripherals, and suggests how to remedy system prob-
lems. The tab alsoillustrates how to remove the instrument covers and how to set the A CPU jump-
er.

The Overall Block Diagram concludes this section.

Isolate Faulty Group is used after a problem has been shown to be in the network analyzer. This
initial instrument troubleshooting section can be used equally productively on location or over the
phone to isolate the fault to one of the five functicnal groups in the network analyzer.

Power Supply
Digital Control
Source
Receiver
Accessories

Each of the first four functional group sections above verifies its constituent assemblies until the
faulty assembly is identified. Accessories verifies external RF cables and calibration kit devices.

NOTE: the following sections are, for the most part, reference material.

 softkey.
These menus let the operator test, verify, adjust, control and troubleshoot the analyzer. All of the
internal tests and the 23 analog bus nodes are documented here. HP—IB service mnemonics are
included.

Error Terms can be powerful preventive maintenance and troubleshooting tools, besides beingthe
basis for accuracy enhancement. This section documents the access and use of these internally—
stored terms.

Theory of Operation explains the overall operation of the instrument, the division into functional
groups, and the operation of each functional group.

Replaceable Parts provides part numbers and illustrations of the replaceable assemblies and mis-
cellansous chassis parts, together with ordering information.

Replacement Procedures provides procedures to disassemble portions of the instrument when
certain assemblies are to be replaced. Cover removal is illustrated on this tab.

Post—Repair Procedures contains the Table of Related Service Procedures. ltis a table of adjust-
ments and verification procedures to be performed after repair or replacement of each assembly.

Instrument History contains information required to make this manual compatible with earlier ship-
ment configurations of the instrument.
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TABLE OF SERVICE TEST EQUIPMENT

The first part of Table 1—3, Service Test Equipment, lists all of the equipment required to verify, ad-
just, and troubleshoot the analyzer and perform the operator's check. The table also notes the use
and critical specifications of each item, and the recommended models.

The second part of the table is similar to the first but it relates specifically to one adjustment: the
display adjustments for color CRTs.

Table 1-2. Service Test Equipment (1 of 2)

Instrument Critical Specs Recommended Model Use
Frequency Counter Freq:0.050 to 20 GHz HP 5343A, 5350B, 5351B VAT
Accuracy:3 ppm
Spectrum Analyzer Freq: 100 Hz to 22 GHz HP 8566B, 8563A/E Non Opt. 103 VAT
Power Meter Range:—30 1o +15dBm | HP 436A, 438A, 437B* VAT
Accuracy:+0.05 dB
Power Sensor Freq:0.050 to 20 GHz HP 8485A VAT
Range:—30 to +20 dBm
DVM Resolution:10 mV Any AT
Oscilloscope Bandwidth: 100 MHz Any T
Disk Drive CS$80 protocol HP 9122C/D/S, 9153B, 9133A/H/L VA
Printer Raster graphics capability | HP 2225A, 9876A, 2673A \
HP—IB Cables HP 10833A/B/C/D VA
RF Cable Set 3.5 mm connectors HP 85131C/D/E/F VAT
Tool Kit No substitute 08720-60004 AT
8.5 mm Calibration Kit' No substitute HP 85052B/D VATOC
3.5 mm Verification Kit2 No substitute HP 850538 v
* HP 437B or 438A is required for power meter calibration.
3. Calibration can also be done in other connector types with these kits:
7 mm HP 85050B/D
Type—N HP 85054B/D
Appropriate cables will be required (refer to System Overview in the Operating Manual).
4. Verification can also be done in other connector types with these kits:
7 mm HP 85051B
Type—N HP 85055A
Appropriate cables and calibration kits will be required.
HP 8719C and HP 8720C Service and Equipment Overview 1-3



Table 1-3. Service Test Equipment (2 of 2)

The following equipment is needed only for the HP 8718C/20C Display Intensity Adjustments which apply
to color CRTs.
instrument - Critical Specs Recommended Model Use

Photometer No substitute TEK J16 opt 2 A
Photometer Probe No substitute TEK J6503 opt 2 A
Light Occluder No substitute TEK 016—-0305-00 A

Notes:

V = Verification (System Verification and Performance Tests)

A = Adjustments

T = Troubleshooting

OC = Operator's Check
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Chapter 2. Preventive Maintenance
)

INTRODUCTION

Preventive maintenance consists of four tasks. It should be performed at least every six
months—more often if the instrument is used daily on a production line or in a harsh environment.
Error terms, for example, are more meaningful when checked more often but, again, instrument
usage should be the criterion. The four tasks are to:

* Check the front panel connectors,

¢ Check the error terms,

¢ Clean the fan filter, and

* Clean the glass filter (and CRT as required).

CHECK ALL THE CONNECTORS

Visually inspect the front panel connectors. They should be clean and the center pin centered. If
so, gauge the connectors.

Mechanical characteristics such as center conductor protrusion and pin depth are not perfermance
specifications. They are, however, important supplemental characteristics related to electrical per-
formance.

Also inspect and gage the connectors of the calibration kit devices. Refer to the calibration kit manu-
al for center pin recession limits.

If the connectors are dirty or damaged, refer to the Microwave Connector Care manualin the Operat-
ing Manual. That manual details connector care techniques including cleaning and gauging connec-
tors, damage signs, making good connections, proper handling and storage.

CHECK THE ERROR TERMS

Error terms (E—terms or calibration coefficients) are an indication of the condition of the instrument,
its calibration kits, and cables. When tracked over a period of time, error terms can signal and identify
system component and performance degradation. Error term comparisons are best made with data
generated periodically by the same instrument and cal kit (the kit normally used with the network
analyzer). For this reason, generating error terms at the time of installation and at regular intervais
thereafter is recommended.

A related recommendation is to establish a log book to store the error term plots and the results
of the yearly verification.
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pPerform a Full 2—Port Calibration

To obtain hard copy error term plots, connect a printer or plotter to the analyzer via an HP—IB cable
prior to turning on the instruments.

Turn on the instruments and press

Then press

1.

N to begin the caiibration.

2. Perform the following:

c. Connect a short to port 1 and press :;

d. Elther connect a broadband load to port 1 and press

Connect a sliding load to port 1 and press : Set the slide and
press :§i ition the slide and press *. four more times
Then press s Connect the lowband load, press
and then £ ADS .

3. Repeat step 2 for S22 at port 2.

4, Press

5. When the cal coefficients have been calculated, press T N . Connect a single
cable or cable pair, consistent with normal system use, between ports 1 and 2 and press

6. Connectloads to ports 1 and 2 or the cables (consnstent with normal system use). Press [ AVG | (ave]
10 Hz. Then press (ea]
then  press

and use the knob and softkeys to enter the

) to copy Cal Coef 1.
9. Repeat step 8, substituting the values of table 1 to plot cal cosfficients 2 through 12.
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10.

11.

Table 2—1. Suggested Scale and Repeatability Values for Cal Coef Plots

Cal Coef Test Scale (dB) Repeatabllity
1 (EpF) 31 10 +5dB
2 (Esp) 32 10 +2dB
3 (ErF) 33 10 +1dB
4 Exp) 34 20 *+5dB
5 (ELF) 35 10 +2dB
6 (ETR) 36 10 +0.5dB
7 (EpR) 37 10 +5dB
8 (EsR) 38 10 +2dB
9 (ERR) 39 10 +1dB
10 (ExR) 40 20 +5dB
11 (ELR) 41 10 +2dB
12 (ETR) a2 10 +0.5dB

The plots generated shouid closely match previously generated plots. Variations due to con-
nector repeatability factors are indicated in Table 2—1. Greater variations indicate a system
degradation due to changes in the cal kit devices, the front panel test port connectors, or the
network analyzer itself.

To compare the plots to typical plots or to learn more about their significance, see the Error
Terms or Accessories sections of this manual.

Store the plots for future reference and for use as troubleshooting tools.

CLEAN THE FAN FILTER

Clean the fan filter reguiarly. How regularly depends on the operating environment. It is a good idea
to check it weekly and clean it as necessary. If the message, “CAUTION: Air Flow Restricted; Check
Fan Filter” is displayed, immediately check for items (like a piece of paper) on the fan filter that may
be impeding the air flow. If the fan filter is not blocked, clean it as follows:

1.
2.

Turn OFF the instrument and disconnect the HP—IB cables from the rear panel.

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

Clean the foam fan filter with a vacuum cleaner or shake it out thoroughly to remove the dust
and dirt. Clean fan filters are nearly translucent.

Replacs the fan filter and snap on the fan filter retainer.
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CLEAN THE GLASS FILTER (AND CRT AS REQUIRED)

1. A gasket between the CRT and glass filter limits air and dust infiltration between them. Thus
cleaning the outer surface of the glass filter is usually sufficient. Use a soft cloth and, if neces-
sary, a cleaning solution recommended for optical coated surfaces: HP part number
85002163 is one such solution.

If, after cleaning the outer surface of the glass filter, the CRT appears dark or dirty or unfocused,
continue with step 2 to clean the inner surface of the CRT.

2. Remove the softkeys cover (a plastic cover through which the front panel softkeys protrude):
carefully insert a thin, flat screwdriver blade (or your fingernail) between the upper left corner of
the softkeys cover and the glass filter (see Figure 2—1). Be extremely careful not to scratch or
break the glass. Carefully pull the cover forward and off.

Display Bezel
— @
C) I— Softkeys Cover
Carefully insert a
small, thin, flat : ,
screwdriver blade or
fingernail here. : |
O Screw
@/-/ (one of two)
Behind Cover
3 s

Figure 2—1. Removing the Glass Filter

3. Remove the two screws that are now uncovered.

4. 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.

5. Clean the CRT surface and the inner glass filter surface gently, as in step 1.

6. Allow the surfaces to dry and then reassembile the instrument.
NOTE: Magnetic fields will cause distortion of the color display. Typical sources of magnetic fields
are magnetized work benches, electric motors, power supplies, etc. Should you experi-

ence distortion, move the analyzer to a different location. If the problem does not go away,
perform the display degaussing routine in chapter 5.
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Chapter 3. Specifications

This section consists of two parts:
» System specifications

* General characteristics

Specifications

Specifications describe the instrument’s warranted performance over the temperature range 0° to
55°C (except where noted).

Switch repeatability and overall measurement uncertainty are verified by executing the Total System
Uncertainty test, which uses the standards comparison method.! Verification is viable for 3.5 mm,
7 mm and type—N connector types.

Source specifications can be verified after measurement calibration by executing the Performance
Tests.!

Measurement port specifications are factory—tested only. They are not field verifiable and are de-
pendent upon calibration kit in use mesting its specifications.
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UNCORRECTED PERFORMANCE

The following table shows specified performance without accuracy enhancement.

Table 3—1. Specified Performance without Accuracy Enhancement

HP 8719C and 8720C Standard
Frequency Range
.050t00.5GHz | 0.5t02GHz 2to 8 GHz 8 to 20 GHz!
Directivity2 30dB 30dB 21dB 16 dB
Source Match ‘ 16 dB 18 dB 14 dB 10dB
Load Match (Fwd) 26 dB 24 dB 15dB 12dB
Load Match (Rev) 26 dB 24dB 15dB 12dB
Reflection Tracking® +2dB +2dB +2 dB +3dB
Transmission Tracking® +1dB +1dB +1dB +1dB
Crosstalk 80dB 87 dB 87 dB 85dB
HP 8719C and 8720C Option 006
Frequency Range
.050t00.5GHz | 0.5to0 2 GHz 2to 8 GHz 8 to 20 GHz!

Directivity? 30dB 30dB 21dB 16dB
Source Match 10dB 10dB 10dB 8dB

Load Match (Fwd}) 22dB 20dB 15dB 12dB
Load Match (Rev) 22dB 20dB 15dB 12dB
Reflection Tracking? +2dB +2 dB +2 dB +3dB
Transmission Tracking3 +=1dB +1dB +1dB +1dB
Crosstalk 80dB 87 dB 87 dB 85dB

1. HP 8719C: to 13.5 GHz
2. Includes effect of HP 85131D cable set on test parts.

3. Exciudes —1/+3 dB slope, typlcal, in magnitude response from 2.0 to 20 GHz and rolloff below 2 GHz, which is typlcally -4 dB at 1 GHz,
—9 dB at 500 MHz, —20 dB at 130 MHz, and —26 at 50 MHz.
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SOURCE SPECIFICATIONS

SOURCE FREQUENCY SPECIFICATIONS

Table 3—2. Range

HP 8719C HP 8720C
Minimum Frequency 50 MHz 50 MHz
Maximum Frequency 13.51 GHz 20.05 GHz

Frequency resolution:

Frequency accuracy:

Frequency stability (typical):

Spectral purity (typical):
Harmonics:

Phase noise:

Spurs:

100 kHz (standard);
1 Hz with Option 001;
Accuracy and stability not affected by Option 001.

10 ppm at 23° +3°C (can be locked to external frequency
reference)

+7.5 ppm over 0°  to 55°C (temperature)
+3 ppm per year (aging)

<—15 dBc at +10 dBm (Opt. 006, <—15 dBc at +3 dBm)
<—85 dBc to 60 kHz from carrier

<—40 dBc at 100 kHz

<—50 dBc at 200 kHz

<—65 dBc at >200 kHz

SOURCE POWER SPECIFICATIONS (23° = 3°C)

Table 3—3. Power Range and Power Sweep

POWER RANGE
HP 8719C HP 8720C
Std. Opt.oos Std. Opt. 008
Maximum Leveled Power +10 dBm +3dBm +10dBm +3dBm
Minimum Leveled Power —65 dBm —70dBm —65 dBm —70dBm
Resolution 0.05dB 0.05dB 0.05 dB 0.05dB
Flatness +2.5dB +3.5dB +*2.5dB +4dB
POWER SWEEP
HP 8719C HP 8720C
Range 20dB 20dB
Linearity +0.5dB +0.5dB
Linearity (<5 dB sweep) +0.2dB +0.2dB

Power accuracy:

HP 8719C and HP 8720C

+0.5 dB at 2 GHz at maximum power
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GENERAL CHARACTERISTICS

MEASUREMENT THROUGHPUT SUMMARY

The following table shows typical measurement times for the analyzer. This information is based on
50 MHz to 20 GHz sweep with 3 kHz IF bandwidth, including system retrace time and all source
band changes; 2—port times based on chop mode.

Table 3—4. Typical time for completion (msec) (1 of 2)

MEASUREMENT TIME (ms) VERSUS NUMBER OF POINTS (typical)
Measurement 3 51 101 201 1601
1—port (3 term) # 350 485 485 530* 1300
Full 2—port 740 990 1100 1335 4850
Fast 2—port 350 480 560 725 3080
Fast 2—port (narrow 155 240 330 510 3010
band, 1 GHz sweep)
Time domain conversion 15 180 300 540 2840
HP-IB data transfer
1: Binary 10 28 40 62 450
2: 32—bit 12 48 80 160 1180
3: 64 bit 15 65 120 235 1790
4: ASCH 40 480 840 1860 14700
5: 82—bit PC 12 48 86 165 1260
* Reference used for following comparisons.
MEASUREMENT TIME VERSUS SWEEP MODE (typical)
Sweep Mode Time (ms)
Linear 530
Log 1250
List 1250
CW Time 170
Power 890
MEASUREMENT TIME VERSUS FREQUENCY SPAN (typical)
Frequency Range Time (ms)
0.05 to 20 GHz 530
510 15 GHz 280
8to 12 GHz 275
9to 11 GHz 245
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Table 3—4. Typical time for completion (msec) (2 of 2)

MEASUREMENT TIME VERSUS IF BANDWIDTH (typical)
IF bandwidth Time (ms)
3000 530
1000 660
300 1100
100 2400
30 7500
10 2200

# Measurements with no error correction, response, or response/isolation cats are similar.

REAR PANEL CONNECTORS

BIAS CONNECT: DC bias input to internal tees, one for each port; internally fused to 500 mA maxi-
mum; 40 Vdc maximum

EXT REF IN: external frequency reference input, to which network analyzer locks its internal time-
base; external reference must have following characteristics:

Frequency: 1 MHz = 20 Hz

2 MHz *= 40 Hz

5 MHz £+ 100 Hz

10 MHz * 200 Hz
Level: —10to +20 dBm
Impedance: 50 ohms

EXT TRIGGER: external trigger input, activated on negative TTL transition (+5 to OV); internal 10
k—ohm pull—up resistor allows use of contact closure to ground; input can trigger these functions:

Sweep: begins entire sweep when armed
Point: acquires single data point of multi—point sweep

EXT AM: external AMinput; 0to +10V into 100 k ohm; approximately —2 dB/volt sensitivity; 1 kHz
maximum

AUX INPUT: auxiliary voltage input; —10 to +10 V; can be measured with "analog bus” and dis-
played as voltage on vertical axis in real format

10 INTERCONNECT (DB-25):

pin 17: limit test output; LS TTL, +5V=pass, 0V=fail

pin 14: +22 Vdc power supply output

pin 8: transfer switch output; |.S TTL, +5 V=forward, OV= reverse
EXT MON (RED/GREEN/BLUE): video outputs to drive external monitors with the following char-
acteristics:

Format: RGB (red green/blue) with sync on green

Impedance: 75 ohms

Horizontal scan rate: 25.5 kHz

Refresh rate: 60 Hz

Level: 1Vp-p
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Compatible monitors:

HP 35731A/B monochrome monitor

HP 35741A/B color monitor

Most other analog multi—sync monitors

REF IN, REF OUT: reference link out/in, between reference power splitter and reference (R) sam-
pler; user may add electrical length to "balance” test set for faster measurements on long devices,

without IF shift distortion; has this on the front panel in Option 011

EFFECT OF FREQUENCY RESOLUTION

The following table shows the differences in operation between the standard analyzer (100 kiHz fre-
quency resolution) and the option 001 (1 Hz frequency resolution) analyzer.

Table 3-5
Standard Option 001
Source Control
Start/Stop/Center CW 100 kHz 1 Hz
Min. span @ 101 points? 10 MHz 400 Hz
Min. span @ 201 points 20 MHz 200 Hz
me domain:
Max. time domain range? 10 ps 1s
roup Delay:
Max. group delay range 5 us 500 ms
Minimum aperture 100 kHz 1Hz

1. Minimum span = (number of data points — 1) {frequency resolution)
2. Using time domain bandpass mode.

Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument,
by giving typical but non—warranted performance parameters. These are denoted as “typical,”

“nominal,” or “approximate.”

Table 3—6. Dynamic Range Specification (for transmission measurements)!

Frequency Range
Dynamic Range 2 [ 0.05t0 0.5GHz | 0.5to 2 GHz 2 to 8 GHz 8 to 20 GHzZ®
Standard 75dB 100 dB 103dB 103 dB
Option 006 71 dB 96 db 98 dB 96 dB

1. Refer to Chapter 4, System Performance and Vertfication.

2. The dliferenca between maximum leveled power and the peak value of the system noise. Specified for an IF bandwidth of 10 Hz, using a
tull 2—port calibration (including an isolation calibration performed with an averaging factor of 18).

3. HP 8719C 8 to 13.5 GHz
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3.5 MM SYSTEM SPECIFICATIONS
DEVICES WITH 3.5 MM CONNECTORS

The following graphs show total worst case uncertainty for the network analyzer after accuracy en-
hancement using a full 2—port measurement calibration (including isclation) with the HP 85052D
3.5 mm callibration kit, HP 85131F 3.5 mm cable set, and an IF bandwidth of 10 Hz. This includes
the residual systematic errors, as well as the system dynamic accuracy, 3.5 mm connector repeat-
ability, noise, and switch repeatability.’ Specific points on the graphs are verified by measuring the
devices in the HP 85053B verification kit.
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1. Cable stability and system drift are not included.
2. The graphs for fransmission measurements assume a well—matched device (S1; = Sas = 0).
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Reflection Measurements! Standard
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1. The graphs shown for refiection measurement uncertainty apply to a one—port device.
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Transmission Measurements? Option 006
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1. The graphs for transmission measurements assume a well—matched device (S11 = Sz = 0).
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Reflection Measurements! Option 006
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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Measurement Port Specifications!

The following specifications show the residual system performance (including switch repeatability)
after accuracy enhancement using a full 2—port measurement calibration (including isolation) with
an IF bandwidth of 10 Hz and the specified calibration kit. Environmental temperature is 23°+3°C.

Calibration Kit: HP 85052D
(male and female broadband precision fixed loads)

Table 3—7. HP 85052D

Frequency Range
.050to 0.5 GHz 0.5t0 2 GHz 2to 8 GHz 8 to 20 GHz?
Directivity 42 dB 42 dB 38dB 36dB
Source Match 37 dB 37dB 30dB 28dB
Load Match 42 dB 41dB 36dB 34dB
Reflection Tracking .005 dB .010dB .030dB .031dB
Transmission Tracking .014dB .020dB .080dB .139.dB

1. Crosstalk, after an isolation calibration, is no higher than the system nolse ficor and can be ignored.

2, HP 8719C; 8 to 13.5 GHz.

HP 8719C and HP 8720C
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Measurement Uncertainty: HP 85052B Calibration Kit

Tha graphs shown for reflection measurement uncaertainty apply to a one—port device.

The following graphs show total worst case uncertainty for the network analyzer after accuracy en-
hancement using a full 2—port measurement calibration (including isolation) with the HP 850528
3.5 mm calibration kit, HP 85131F 3.5 mm cable set, and an IF bandwidth of 10 Hz. This includes
the residual systematic errors, as well as the system dynamic accuracy, 3.5 mm connector repeat-
ability, noise, and switch repeatability.! specific points on the graphs are verified by measuring the
devices in the HP 85053B verification kit.
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1. Cable stability and system drift are not included.
2. The graphs for transmission measurements assume a well-matched davice (S1y = Sz = 0).
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Reflection Measurementst' Standard
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1. The graphs shown tor refiection measurement uncertainty apply to a one—port device.
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Transmission Measurements' Option 006
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1. The graphs for transmission measurements assume a weil-matched device (S1y = Sgp = 0).
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Reflection Measurements' Option 006
1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.

HP 8719C and HP 8720C

Specifications 3-15§



Measurement Port Specifications!

The following specifications show the residual system performance (including switch repeatability)
after accuracy enhancement using a full 2—port measurement calibration (including isolation) with
an IF bandwidth of 10 Hz and the specified calibration kit. Environmental temperature is 23° £3°C.

Calibration Kit: HP 85052B
(male and female lowband and sliding loads)

Table 3—8. HP 85052B

Frequency Range
.050 to 0.5 GHz 0.5to 2 GHz 2108 GHz 8 to 20 GHz?
Directivity 48 dB 48 dB 44 dB 44 dB
Source Match 40dB 39dB 32dB 30dB
L oad Match 48 dB 45 dB 39dB 37dB
Reflection Tracking .006 dB .010dB .030dB .031 dB
Transmission Tracking .009dB .016 dB .065 dB .106 dB

1. Crosstalk, after an Isolation calibration, is no higher than the system noise floor and can be Ignored.
2. HP 8719C; 8 to 13.5 GHz.
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7 MM SYSTEM SPECIFICATIONS

DEVICES WITH 7 MM CONNECTORS

Measurement Uncertainty: HP 85050D Calibration Kit

The following graphs show total worst case measurement uncsrtainty for the network analyzer after
accuracy enhancement using a full 2—port measurement calibration (including isolation) with the
HP 85050D 7 mm calibration kit, HP 85132D cable set, and an IF bandwidth of 10 Hz. This inciudes
the residual systematic errors, as well as the system dynamic accuracy, 7 mm connector repeatabil-
ity, noise, and switch repeatability.! The HP 85130B special 3.5 mm to 7 mm adapter set is used
to adapt the 3.5 mm test ports to 7 mm. Specific points on the graphs are verified by measuring

the devices in the HP 85051B verification kit.
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1. Cable stabllity and system drlit are not included.
2. The graphs for ransmission measurements assume a well—-matched device (S11 = Sz = 0).
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Reflection Measurements! Standard
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1. The graphs tor transmission measurements assume a well—matched davice (S11 = Sx2 = 0).
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Transmission Measurements! Option 006
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1. The graphs for transmission measurements assume a well—matched device (S{1 = Sy = 0).
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Reflection Measurements' Option 006
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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Measurement Port Specifications'

The foliowing specifications show the residual system performance (including switch repeatability)
after accuracy enhancement using a full 2—port measurement calibration (including isolation) with
an IF bandwidth of 10 Hz and the specified calibration kit. Environmental temperature is 23°£3°C.

Calibration Kit: HP 85050D

(broadband precision fixed load)

Table 3—9. HP 85050D

Frequency Range
.050 to 0.5 GHz 0.5t0 2 GHz 2to 8 GHz 8to 18 GHz?
Directivity 40 dB 40dB 40dB 40dB
Source Match 39dB 38dB 35dB 33dB
Load Match 40 dB 39dB 37dB 36dB
Reflection Tracking .011dB .014 dB .050dB .104 dB
Transmission Tracking .015dB .021 dB .060 dB .092 dB

1. Crosstalk after an isolation calibration, is no higher than the system noisa fiocor and can be ignored.

2. HP 8719C 8 to 13.5 GHz

HP 8719C and HP 8§720C
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Measurement Uncertainty: 85050B Calibration Kit

The following graphs show total worst case measurement uncertainty for the network analyzer after
accuracy enhancement using a full 2—port measurement calibration (including isolation) with the
HP 85050B 7 mm calibration kit, HP 85132D cable set, and an |F bandwidth of 10 Hz. This includes
the residual systematic errors, as well as the system dynamic accuracy, 7 mm connector repeatabil-
ity, noise, and switch repeatability.! The HP 85130B special 3.5 mm to 7 mm adapter set is used
to adapt the 3.5 mm test ports to 7 mm. Specific points on the graphs are veriied by measuring
the devices in the HP 85051B verification kit.
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1. Cable stablility and system drift are not included.
2. The graphs for transmission measurements assume a weall—matched device (811 = Sa2 = 0).
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Reflection Measurements! Standard
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1. The graphs shown for refiection measurement uncertainty apply to a one—port device.
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Transmission Measurements' Option 006
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1. The graphs for transmission measurements assume a well—matched device (S11 = Sz = 0).
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Reflection Measurements' Option 006
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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Measurement Port Specifications’

The following specifications show the residual system performance (including switch repeatability)
after accuracy enhancement using a full 2—port measurement calibration (including isolation) with
an [F bandwidth of 10 Hz and the specified calibration kit. Environmental temperature is 23°+3°C,

Calibration Kit: HP 85050B
(lowband and sliding loads)

Table 3—10 HP 85050B

Frequency Range
050 to 0.5 GHz 0.5t0 2 GHz 2to 8 GHz 810 18 GHz2
Directivity 52dB 52 dB 52 dB 52 dB
Source Match 48 dB 45 dB 39dB 36 dB
Load Match 51dB 47 dB 40 dB 38dB
Reflection Tracking .006 dB .010dB .034dB .056 dB
Transmission Tracking .007 dB .013dB .047dB .071dB

1. Crosstalk after an Isolation calibration, Is no higher than the system noise fioor and can be ignored.
2. HP 8719C 8 to 13.5 GHz
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TYPE—-N SYSTEM SPECIFICATIONS

DEVICES WITH TYPE—N CONNECTORS
Measurement Uncertainty: HP 85054D Calibration Kit

The following graphs show total worst case measurement uncertainty for the network analyzer after
accuracy enhancement using a full 2—port measurement calibration (including isolation) with the
HP 85054D type—N calibration kit, HP 85132D cable set, and an IF bandwidths of 10 Hz. this in-
cludes the residual systematic errors, as well as the system dynamic accuracy, type—N connector
repeatability, noise, and switch repeatability.! The 85054—60031 and 85054 —60032 special 7 mm
to type—N adapter sets are used to adapt the 7 mm cable ports to type—N. Specific points on the
graphs are verified by measuring the devices in the HP 85055A verification kit.
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1. Cable stability and system drift are not Included.
2. The graphs for transmisslon measurements assume a well—matched device (Sy = S = 0).
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Reflection Measurements' Standard
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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Transmission Measurements' Option 006
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1. The graphs for transmisslon measurements assume a well—-matched davice (S11 = Spp = 0).
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Reflection Measurements! Option 006
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.

3-30 Specifications HP 8719C and HP 8720C



Measurement Port Specifications!

The foliowing specifications show residual system performance (including switch repeatability) after
accuracy enhancement using a full 2—port measurement calibration (including isclation) with an HP
85054D type—N calibration kit, and an IF bandwidth of 10 Hz and the specified calibration kit. Envi-

ronmental temperature is 23° £3°C.

Calibration Kit: HP 85054D

(male and female broadband precision fixed load)

Table 3—11 HP 85054D

Frequency Range
.050 to 0.5 GHz 0.5to0 2 GHz 2to 8 GHz 8 to 18 GHz?
Directivity 40 dB 40dB 36 dB 34 dB
Source Match 38 dB 38dB 32dB 28 dB
Load Match 40d8 39dB 35dB 33dB
Reflection Tracking .006 dB .010dB .031 dB .040dB
Transmission Tracking .015dB .021dB .077 dB .144 dB

1. Crosstalk after an isolation calibration, is no higher than the system noise floor and can be ignored.

2. HP 8719C 8 to 13.5 GHz

HP 8719C and HP 8720C
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Measurement Uncertainty: HP 85054B Calibration Kit

The following graphs show total worst case measurement uncertainty for the network analyzer after
accuracy enhancement using a full 2—port measurement calibration (including isolation) with the
HP 85054B type—N calibration kit, HP 85132D cable set, and an IF bandwidths of 10 Hz. this in-
cludes the residual systematic errors, as well as the system dynamic accuracy, type—N connector
repeatability, noise, and switch repeatability.! The 85054—60031 and 85054—60032 special 7 mm
to type—N adapter sets are used to adapt the 7 mm cable ports to type—N. Specific points on the
graphs are verified by measuring the devices in the HP 85055A verification kit.
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1. Cable stability and system drift are not included.
2. The graphs for transmission measurements assume a well—matched device (S11 = Sz = 0).
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Reflection Measurements! Standard
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1. The graphs shown for reflection measurement uncertainty apply to a one—port device.
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Transmission Measurements' Option 006
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1. The graphs for fransmisslion measurements assume a well—maiched device (S = Sg = 0).
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Reflection Measurements! Option 006
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1. The graphs shown for reflection measurement uncertainty apply to a one~port device.
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Measurement Port Specifications!

The following specifications show residual system performance (including switch repeatability) after
accuracy enhancement using a full 2—port measurement calibration (including isolation) with an HP
85054D type—N calibration kit, and an IF bandwidth of 10.Hz and the specified calibration kit. Envi-

ronmental temperature is 23°+3°C,

Calibration Kit: HP 85054B
(male and female lowband and sliding loads)

Table 3—12 HP 85054B

Frequency Range
{050 to 0.5 GHz 0.5to 2 GHz 2t0o 8GHz 8 to 18 GHz?2
Directivity 48 dB 48 dB 42 dB 42 dB
Source Match 45dB 43dB 35dB 31dB
Load Match 48 dB 45dB 38dB 37dB
Reflection Tracking .005dB .010dB .030dB .030 dB
Transmission Tracking .008 dB .014dB .058 dB .100dB

1. Crosstalk after an isolation calibration, Is no higher than the system noise ficor and can ba ignored.
2. HP 8719C 8 to 13.5 GHz
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Chapter 4. Verification
e

OVERVIEW

This chapter describes the foliowing topics:
* System performance

* System Performance verification

* Operational check procedures

* Performance tests

* Total system uncertainty test procedure
* Measurement uncertainties

* Measurement traceability

* Substitution of system components

» Calibration cycle

SYSTEM PERFORMANCE

The performance of a network analyzer system is attributable to the accuracy and stability of the
entire system. The accuracy of the system is dependent on the measurement error correction. The
error correction, also known as measurement calibration, is dominated by the quality of the calibra-
tion kit devices and the device models. The stability of the measurement calibration is dependent
on the raw performance of each system component.
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Individual System Components

The following characteristics and conditions of the system components affect the performance of
the combined system configuration.

e Operating characteristics (source frequency accuracy, test port cable stability, and connector
type).

» User—selected operating conditions (analyzer measurement parameter (811, 821, S12, $22), av-
eraging, IF bandwidth, source sweep mode, sweep speed, and power).

» Condition and quality of the components.

Calibration Kit

The quality of the measurement calibration is dominated by the accuracy of the calibration kit device
models and how closely the actual electrical performance of the device meets the model. Measure-
ment calibration errors occur when the expected, or modeled, electrical performance of the calibra-
tion standard deviates from the actual electrical performance of the standard. The calibration kit
should be pericdicaliy recertified to ensure the actual electrical performance matches the model.
Refer to the calibration kit manual for information on how to recertify your kit.

Measurement Process

The measurement process includes the measurement of calibration and test devices. This process
encompasses connector care, the amount of flex on test port cables, the method of measurement
calibration, the way you make connections (for both the measurement calibration and the DUT mea-
surement), and connection repeatability. Connection quality is typically a small component of total
system measurement error when connections are correctly made. However, poor connection quality
can induce errors that significantly affect the accuracy of the measurement.

Measurement Uncertaintles assure correct operation of the analyzer system. These are the recom-
mended process checks:

¢ Recertify your calibration kit at the interval stated in your calibration kit manual (or more often,
depending on the amount of use.).

* Review the “Microwave Connector Care Manual” to ensure that you are using correct connec-
tion techniques.

* Record the system raw error terms and compare them to periodically generated lists of the
same raw error terms. By tracking the error terms, you can monitor when the system is begin-
ning to drift, and use the data to help troubleshoot the system. Referto Chapter 14. “Error Terms”
in this manual for information on how to generate a list of error terms.

¢ Periodically measure a device (daily, for example) and compare the current results to the results
previously measured. When the data begins to deviate greatly, refer to the “Troubleshooting™
chapter in this manual.
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Measurement Errors

Measurement errors prevent measured data from being a true representation of the unknown test
device. In all applications, measurement errors can influence the application goals.

Network analysis measurement errors can be separated into three types: systematic errors (those
which are stable and repeatable), random errors (those which are random in nature and cannot be
characterized and removed), and drift errors (those associated with temperature, humidity, pressure,
or other factors related to time). Measurement errors that remain after measurement calibration are
called residual measurement errors. See Chapter 6, “Measurement Calibration™ in the operating
manual for a detailed description of the systematic errors corrected by measurement calibration.

Systematic Errors. These errors result from imperfections in the calibration standards, connector
standards and interfacs, interconnecting cables, and instrumentation. Measurement calibration can
reduce systematic errors.

Random Errors. These non—repeatable errors are due to trace noise, noise floor, cable stability,
and connector repeatability. They affect both transmission and reflection measurements. Measure-
ment calibration does not correct random errors.

Drift Errors. These errors result from frequency drift and instrumentation drift. They affect both
transmission and reflection measurements. Instrumentation drift is primarily tempesrature related.

SYSTEM PERFORMANCE VERIFICATION

Performance verification is a process that verifies that the overall system is making measurements
within the expected total measurement uncertainties. The entire system (hardware, calibration kit,
and connections) is verified using the following procedures:

* Operational check procedures assess the analyzer's operating environment and the functional
operation of the accessories to help identify faulty equipment. These procedures include manuail
check procedures as well as a firmware driven “OP CHECK.” The OP CHECK tests most circuits
in the analyzer. If the OP CHECK passes successfully, it verifies (with approximately 80% confi-
dence) that the analyzer is functioning properly. These checks are recommended only and are
not required. The manual operational check procedures test specific instrument features. in Case
of Difficulty information is included herse.

* Performance Tests verifies the source specifications of the analyzer alone. The specifications
are listed in the Specifications section of the Operating Manual and on the performance test re-
cord.

* Total System Uncertainty Test uses a verification kit to verify the system—level error—corrected
measurement uncertainty specification for the analyzer system.

* Sources of Measurement Errors describes random and systematic network analysis errors.

* Measurement Uncertainty Equatlons presents the equations based on the system error model
in Figure 4—13,
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» Dynamle Accuracy. Figure 4—12 is a typical dynamic accuracy plot for the HP 8720C that can
be used to predict system performancs.

» Determining Expected System Performance provides a system error model flowchart and a
worksheet that will allow the user to determine the system performance for a specific
measurement.
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OPERATIONAL CHECK PROCEDURES

EQUIPMENT
Calibration Kit ............ccii it HP 85052B/D
RFCable Set............... ..o, HP 85131C/D
Verification Kit ...... ... .. ... i i i HP 85053B

The following operational checks are highly recommended, but not required. The assessment of
the system operating environment and the functional operation of the system components help

identify faulty equipment.

Use an antistatic work surface and wrist strap to lessen the chance of electro-
statlc discharge.

ENVIRONMENT AND DEVICE TEMPERATURE CHECK

1. Measure the temperature and humidity of the environment and write the values on the test re-
cord, located at the end of this chapter. The performance is specified at an ambient tempera-
ture of +23°C £3°. Therefore, the environmental TEMPERATURE MUST remain in the range
of +20°C to +26°C. Once the measurement calibration has been done, the ambient tempera-
ture must be held to £1°C.

2. Open the calibration and verification kits and place all the devices on top of the foam so they
will reach room temperature. TEMPERATURE OF THE DEVICES IS IMPORTANT because
device dimensions (electrical characteristics) change with temperature.

3.  Switch on the power to the instrument. To achieve the maximum system stability, allow the in-
strument to warm up for at least 1 hour before measurement calibration.

INSPECT, CLEAN, AND GAGE CONNECTORS

SMA connectors can easily damage the verlfication devices. Always use
adapters when verifying a system with SMA connectors.
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1. Visually inspect all the connectors for any burrs, gold flakes, or places where the gold is worn.

2. Clean all the connectors with alcohol and foam—tipped swabs. Dry the connectors with dry
foam—tipped swabs.

3. Visually inspect the calibration block and the end of the connector gage before any measure-
ments of the connectors are made.
4. Gage all devices, cables, and test port connectors.

NOTE: The procedures for correct use of gages are in the calibration kit manuals.

CABLE CHECK

The following series of cable tests (return loss, insertion loss, magnitude stability, phass stability,
and connector repeatability) can be done to check the stability of a test port cable. This check is
recommended to avoid spending a considerable amount of time on the verification only to have a
failure caused by the cabiles.

Return Loss of Cables

1. Press [MENU] ‘SWEE

2. Perform an S11 1-—port measurement calibration at test port 1. Use a lowband load and a slid-
ing load for the loads portion of the calibration. (If your calibration kit is an economy grade, use
the broadband load only.) If necessary, refer to the operating manual for a detailed measure-
ment calibration procedure.

NOTE: If the fixed load in your calibration kit is labeled BROADBAND, you can use this load in
the lowband portion of the measurement calibration.

3. Connect the test port cable to PORT 1 and tighten to the specified torque for the connector
type.

4. Connect a broadband termination to the end of the cable.
5. To measure S11 of the cable and load combination, press:

(uErs)

6. To measure the return loss over the entire specified band, press
to find the worst case S11 measurement.

NOTE: The termination used at the cable end must be significantly higher in performance than
the cable under test. it may also be gated out when using an instrument with time domain.
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See Figure 4—1 for an example of a return loss measurement. Refer to the cable manual to see if
the cable meets the return loss specification.

CH1 811 log WD 10 dB/ REF O dB 1-19.242 @@ CHI 311 jog MAG 10 dB/ REF O dB 1:-6.0177 dB
[ 1mgw¢u 3 1780 op 00 GHz

18.15 z 17.85 [GHz

]

!

START .050 000 000 CHz STOP 20.050 000 000 OHz START 050 000 000 GHx STOP 20.050 000 000 GHz

Good Cable Bad Cable

Figure 4—1. Return Loss Measurement of Cables

insertion Loss of Cables

1. Replace the load with a short.

insertion loss of the cable over the entire specified band, press
IRACKING - (MkR), turn the front panel knob, and look for the worst case measure-
ment.Power holes >0.5 dB indicate a bad cable. See Figure 4—2 for example insertion loss
measurements of a good and a bad cable. Refer to the cable manual to see if the cable you are
measuring meets its insertion loss specification. In this S11 measurement, the displayed trace
results from energy being propagated down the cable and reflected back from the short.
Therefore, the correct insertion loss is approximately the measured value divided by 2 (one—
way path loss of the cable).

2. T th

NOTE: itis nomal for the data trace to have a roll—off toward the high end of the frequency range.
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1499 dB CHI 811 log MAG 1 &8/ REF 0 ¢B 1: 0737 &8
iogoolou: e 15.%50

START 030 000 000 OHz STOP 20060 000 000 GOHz START 080 000 000 Gz STOP 20050 000 000 OHz

Good Cable Bad Cable

Figure 4—2. Insertion Loss Measurements of Cables

Magnitude and Phase Stability of Cables

1. To measure magnitude and phase stability, press the foliowing keys on the analyzer:

2. Connect a short at the end of the cable.

3. Hold the cable in a straight line, and press the following keys to normalize the displayed traces:

4. Make a gradual 20° bend in the middle of the cable.

NOTE: The specification in the cable manual is determined from a transmission measurement (not
a reflection measurement) and using a particular radius of a bend.

5. To change the scale of the displayed traces, press:

STEP (@] (repeat arrow key)
TEP (] (repeat arrow key)
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To mark the end of the cable’s specified range, place a marker on the highest specified fre-
quency of the cable. Press:

(enter the specified frequency)
Place a marker on the largest deflection that goes above and below the reference line and is

within the specified frequency range. See Figure 4—3 for example plots of this measurement.
Press:

2: (turn the front panel knob)

In this S11 measurement, the displayed trace results from energy being propagated down the
cable and reflected back from the short. Thereforse, the measured deflection value must be
divided in half to reach the correct value. Refer to the cable manual to see if the cable meets
the magnitude and phase stability specifications.

CH1 S11/M log MAG 02 d8/ REF 0 dB

CH1 S11/M phase 500 m / REF O

START 030 000 000 GHz STOP 20.080 000 000 GHz

Figure 4—3. Cable Magnitude and Phase Stability

Cable Connector Repeatability

1.

To measure the cable connector repeatability, connect a broadband termination at the end of
the cable.

Press the following keys on the analyzer:

=)
AVERAG DD &

To normalize the data trace press:

DISPLAY
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4. Disconnect and then reconnect the cable to the test port. Tighten the connection to the spsci-
fied torque for the connector type. Look at trace for spikes or modes.

5. Tore—normalize the data trace of the reconnected cable press:

6. Repeatsteps 4and 5 at least 3 times to look for modes. Modes appear when a harmonic of the
source fundamental frequency is able to propagate through the cable or connector. Any mode
that appears each time the cable is connected and reconnected will affect measurement integ-
rity. It is helpful to be able to plot the trace each time to compare several connections. Refer to
the example plot in Figure 4—4.

NOTE: The connector repeatability measurement should be done at the test port as well as at the
end of the test port cable.

CH1 S11=M log MAG 20 dB/ REF -60 & 1:-65.581 B CH1 S11-M log MAG 20 dB/ REF =80 dB 1:=37.719 @
13 16300 of1 50§ o] P 1 of' 509 itz
Cor Cor
BRLE L T B
) AT
el . €~$ ¥
|
START 050 000 000 OMz STOP 20.050 000 000 GHz START 080 000 000 GHx STOP 20.050 000 000 GMz
Good Cable Bad Cable

Figure 4—4. Connector Repeatability Examples
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POWER LEVEL CHECK

POWER SENSOR

a1~

Figure 4—5. Power Level Test Setup

EQUIPMENT
Powermeter .............cc i i, HP 437B, HP 436A, or 438A
P OWET SBMSOr . ottt ittt et e et e HP 8485A
35mm )/ 35mm{fyadapter .................. .o 85052—-60012

(part of 850528/D)

DESCRIPTION AND PROCEDURE

The source power level is tested at 201 frequencies across the frequency range of the analyzer.
Warm—up time: 30 minutes.

1.

Zero and calibrate the power meter. Set the cal factor on the power meter to the average value
of the power sensor between 0.050 and 20 GHz. (For example, if the power sensor cal factor is
100% at 0.050 GHz and 92% at 20 GHz, set the cal factor to 96%.)

Connect the power sensor to port 1 of the analyzer as shown in Figure 4—5.

On the analyzer, press [RECALL ]

£} 313 [(J @] to begin the 300 second sweep.

During the sweep, note the maximum and minimum power level readings in Table 4—1 on
page 4—12. The instrument remains at each frequency point for 1.5 seconds to allow the power
meter sufficient time to settle.

HP 8719C and HP 8720C Verification 4—11



Table 4—1. Power Level Check

Test Description Minimum Results Maximum MJ:::,';E:YM
Power Level
8719C +7.5dBm +12.5dBm .3dB
8719C Option 006 -0.5dBm +6.0 dBm .3dB
8720C +7.5dBm +12.5dBm .3dB
8720C Option 008 —1.0dBm +7.0dBm .3dB

IF THE INSTRUMENT FAILS THIS TEST

Ensure that the power meter and power sensor are operating to specification. Inspect the analyzer
port 1 connector, the adapter and the power sensor connector for damage. Poor match at these
connections can generate power reflections and cause the analyzer to appear to be out of limits.

Repeat the measurement at port 2 (press [MEAS] i * to drive port 2).

Marginal failures (especially at the high or low end) may be due to the power sensor cal factor ap-
proximation method of step 1. A cal factor approximation of +4%, as in the above example, induces
an error of ab t 0 15 dB. To eliminate the cal factor approximation as the cause of failure, press
X 3 and rotate the knob to the frequency in question. Set the cal factor on the power
meter to the value indicated by the power sensor. The corrected power level reading should be
between +7.5 dBm and +12.5 dBm.

The source relies on the Power Adjustments for proper performance. Refer to Adjustments for addi-
tional information.

in case of catastrophic failure, refer to Source Troubleshoaoting.

DYNAMIC RANGE CHECK

EQUIPMENT
Calibration kit ............. ...t HP 85052B/D
RF Cable SOt .. .......ore it HP 85131C/D

*other cal kits may be used if working in a different connector type

DESCRIPTION AND PROCEDURE

Dynamic range is checked by comparing the noise floor to the test port output power level (deter-
mined in the power level psriormance test). See Table 4—2 for typical dynamic range performance.
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the flrst measurement.

Connect a thru (RF cable) between ports 1 and 2. Press (CAL] i¢
INSE §18 SPONSE 3. At the beep, press DONE:RESPON

move the thru.

Connect 50 ohm terminations to ports 1 and 2. Press [AvG]

measured over 16 sweeps, press

Press ] @] [@]. When the mea-
surement has been averaged sixteen times, press and use the knob to determine the

maximum points in the frequency bands listed in the Performance Test Record. Record the S21
maximum points there.

NOTE: To emphasize the frequency bands, press (MkR) (2] (am] ‘MARI Cen]
: ta (2J(cJ (Gn] . Then move marker 4 with the knob to find the
maximum points in the four frequency bands.

Press ¢ to set up the
second measurement Repeat steps 2 and 3. Record the S12 maximum pomts in Table 4—2
on page 4—13.

Table 4—2. Dynamic Range Check

Tost Description | Minlmum T::?;g:1 T:isﬁl::ﬁrtz WJ::::E:VM
Dynamic Range
Freq. range (GHz2) Std. Option 006
0.05-0.5 75dB 71 dB 3dB
0.5-2.0 100dB 96 dB 3dB
2.0-8.0 108 dB 98 dB 3dB
8.0-20 103dB 96 dB 3dB

IF THE INSTRUMENT FAILS THIS TEST

First suspect the connections, the calibration standards and the cable. Visually inspect all of the
connectors and repeat the test. In case of repeat failure, gage the connectors (see the Microwave
Connector Care Manual), substitute calibration standards and cable. Perform the sampler check

(see Adjustments and Correction Constants). Check the output power of the source.
Refer to the Isolate Faulty Group section for additional help.
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OPERATOR’S CHECK

DESCRIPTION

The operator’'s check consists of two softkey initiated tests: “OP CK PORT 1" and "OP CK PORT
2",

A short is connected to port 1 (port 2) to reflect all the source energy back into the analyzer for an
S11 (S22) measurement.

The first part of “OP CK PORT 1" checks the repeatability of the transfer switch. An S11 measure-
ment is stored in memory and the switch is toggled to port 2 and then back to port 1 where another
S11 measurement is made. The difference between the memory trace and the second trace is
switch repeatabilty.

The remaining parts of both tests also exercise the source across its full frequency range at
+10 dBm and then the internal attenuator is adjusted in 5 dB steps over a 55 dB range. The recsiver
inputs are tested across their full frequency range at several power levels in ratio modes.

The resulting measurements must fall within a limit testing window to pass the test. The window size
is based on both source and receiver specifications.

The operator's check dstermines that:

1. The source is phase—locked across the entire frequency range.
2. All three samplers are functioning properly.

3. The transfer switch is oberational.

4, The attenuator steps 5 dB at a time.

EQUIPMENT
Short35mm() ........ ... ... ... ... HP part number 85052—60007
(p/o calibration kit HP 85052B)
PROCEDURE

1. Allow the analyzer to warm up for 30 minutes.

then [S¥sTEm)

2. First, run the test for port 1: press [ RECALL

3. The display should show “TEST 21 Op Ck Port 1” in the active entry area. '
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_ to begin the test.

5.  Atthe prompt, connect the short to the port indicated. Make sure the connection is tight.

7. The test is a sequence of subtests. At the end of the subtests, the test title and result will be
displayed. If all tests pass successfully, the overall test status will be “PASS”. If any test fails, the
overall test status will be “FAIL".

8. Next, run the test for port 2: press the step [#] key. The display should show “TEST 22 Op Ck
Port 2" in the active entry area.

9. Repeat steps 4 through 7.
10. If both tests pass, the analyzer is about 80% verified. If either test fails refer to /n Case of Difficul-
ty information in this section, or:
a. Make sure that the connection is tight. Repeat the test.

b. Visually inspect the connector interfaces and clean if necessary (refer to the Microwave
Connector Care Manual supplied in the Operating Manual).

c. Verify that the short meets published specifications.
d. Substitute another short, and repeat the test.

e. Finally, suspect a problem with the analyzer. Refer to the detailed tests located in this sec-
tion, or fault isolation procedures located in the Troubleshooting sections.

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 quick-
ly, with minimal network analyzer experience and some simple tools.

if the listed solution does not seem to fix the problem, go to the Troubleshooting section in this Ser-
vice Manual, or contact your local HP service representative.

The problems are listed below by symptom, together with solutions.

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 Installation in the User's Guide).

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

Solution:  Adjust the display intensity or focus with the front panel keys. Refer to [DISPLAY] Key
in Chapter 5 of the Operating Manual, and Display Intensity and Focus Correction Con-
stants in the Adjustments section of this manual.
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Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

Symptom:

Solution:

4-16

Self test fall message is displayed on the CRT immediately after power—on or
preset.
Contact a qualified service technician.

Phase lock error message Is displayed (this includes the “PHASE LOCK CAL
FAILED” message).
Contact a qualified service technician.

Internal transfer switch will not switch and the lower front panel LEDs are not lit.
Contact a qualified service technician.

Measurements are not repeatable, especlally after measurement calibration.
Check all RF cables and connections. Visually inspect all connectors, and clean if nec-
essary (refer to the Microwave Connector Care Manual, supplied in the Operating Manu-
al). Review proper connection techniques to ensure good, repeatable connections.

Instrument cannot be programmed via HP-IB.

Check the HP—IB cabling connections. Check that the HP—IB addresses match the
addresses being programmed (refer to Chapter 8 of the Operating Manual). Check that

the analyzer is set to either T under the

[LocaL] key. Check that the controller can program an instrument that is known to be

working.

Instrument states cannot be saved or recalied from external disk.

Check the HP B cablmg connectlons Check the address of the disk drive. Make sure
under the [LoCAL ] key. Check that the

disk drive works normally W|th a oontroller Initialize the disc.

Printer/plotter does not respond to front panel commands.
Check the address of the printer or plotter. Make sure the analyzer is set to

. under the [(LoCAL ] key.

“CAUTION: Air Flow Restricted. Check Fan Filter” message Is displayed on CRT.
Check if anything is blocking the fan. Clean the fan filter (refer to the Routine Mainte-
nance information in this manual).
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PERFORMANCE TESTS

INTRODUCTION

This section consists of step—by—step performance tests that verify certain performance specifica-
tions of the network analyzer. They may be performed singly, or in any order desired. Approximately
one hour is required to complete the performance tests, not including instrument warm—up time
of 30 minutes.

The performance tests and page numbers are:
Frequency range and accuracy page 4—18

Total System Uncertainty Test page 4—19
(Performance test record) page 4—53

PERFORMANCE TEST TOOLS
internal tests before perf

ing the performance tests

Run the anal (press

These quick, automated internal checks may save time by indicating an instru-
ment fault before time is invested doing performance tests. Internal tests are described in the Service
Key Menus section of this manual.

The Microwave Connector Care Manual (HP part number 08510—90064) contains specific informa-
tion on the use, cleaning, mating, and gaging of 3.5 mm connectors, as well as precision 7mm, SMA,
and type—N connectors. Make sure that the test equipment used in each test meets its own pub-
lished specifications and that all connectors are clean.

The table of Service Test Equipment in the Service and Equipment Overview section lists the neces-
sary equipment (and critical specifications) to perform the performance tests. Equipment lists for
individual tests are provided in each performance test.

The Performance Test Record at the end of this section provides a list of the specifications and ac-
coeptable limits for the performance tests, as well as a column to record actual measurements.
The table of Related Service Procedures in the Post—Repair Procedures section shows which per-
formance tests and adjustments are interactive. Refer to it following adjustment or repair of the in-
strument.

CALIBRATION CYCLE (PERFORMANCE VERIFICATION)

The performance of the network analyzer should be verified at least once per year. Verification con-
sists of performing the Total System Uncertainty Test and the performance tests.

IF THE INSTRUMENT FAILS A TEST

Refer to “If The Instrument Fails This Test” (at the end of each performance test) for troubleshooting
hints and references to other manual sections to help resolve any problems.
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FREQUENCY RANGE AND ACCURACY PERFORMANCE TEST

Figure 4—6. Frequency Range and Accuracy Test Setup

EQUIPMENT
Frequency counter ...............ciiiiiiiiiiiiiiia HP 53508
REcable .........cccceiiiiii i HP 85131C/D

DESCRIPTION AND PROCEDURE

This test checks the frequency accuracy of the analyzer over its entire frequency range. See the
Performance Test Record (at the end of this section) for specifications. Warm—up time: 30 minutes.

1. Connect the equipment as shown in Figure 4—6 and press REC
MENU ) 3

2. For8719C, press (J ] ] Cam], for 8720C, press (2] (][] (0] (Gn] toselect

a CW frequency. Record the frequency counter reading on the Performance Test Record.

IF THE INSTRUMENT FAILS THIS TEST

If any frequency measured is cloge to specification limits (either in or out of specification), check
the time base accuracy of the counter used.

If the analyzer fails by a significant margin at all frequencies (especially if the deviation increases
with frequency), the master time base probably needs adjustment. In this case, refer to the frequen-
cy accuracy adjustment in Adjustments. See Source for related troubleshooting information.
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TOTAL SYSTEM UNCERTAINTY TEST PROCEDURE

DESCRIPTION

The procedure consists of calibrating the analyzer with a calibration kit, measuring a set of character-
ized devices, and comparing the resultant measured data to the data and uncertainty limits supplied
with the verification kit. The device data provided with the verification kit has a traceable path to NIST.
The total measurement uncertainty limits for the performancs verification are the sum of the factory
measurement uncertainties for the verification devices and the uncertainties associated with the sys-
tem being verified. The difference between the supplied traceable data and the measured data must
fall within the total uncertainty limits at all frequencies for the system uncertainty test to pass. You
can compare the factory system measurement uncertainty to your system measurement uncertainty
in “Comparing system Measurement Uncertainties for the Performance Verification Devices" located
later in this chapter.

When an HP 8720 or 8719 system passes this test it doas not ensure the system meets all the per-
formance specifications. However, it does show the system being verified measures the same de-
vices with the same resuits as a factory system which has had all its specifications verified and its
total measurement uncertainty has been minimized to the smallest extent possible.

VERIFICATION KIT

A verification kit is used in the following procedure. The kit consists of two attenuators, a 2562 mis-
match airline, a 50€2 airline, a data disk containing the factory measured verification data, uncertain-
ty limits of an HP 8720 or 8719 system, printout of the factory uncertainties for the devices in the
kit, and a Certificate of Calibration.

SYSTEM VERIFICATION CYCLE AND KIT RE—CERTIFICATION

The recommended system verification cycle is one year. It is also recommended that the verification
kit and calibration kit be re—certified annually. For more information about kit re—certification, refer
to the manual of the verification kit being used.

MEASUREMENT UNCERTAINTY

The measurement uncertainty is defined to be the sum of the residual systematic (repeatable) and
random (non—repeatable) errors in the measurement system after accuracy enhancement. The sys-
tematic errors are directivity, source match, load match, reflection and transmission frequency track-
ing, and isolation (crosstalk). Random errors include errors due to noise, drift, connector
repeatability, and test cable stability. A complete description of system errors and how they affect
measurements is provided under Accuracy Enhancement Fundamentals in Chapter 6, Measurement
Calibration of the Operating Manual.
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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 on 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 (— 180 to +180 degrees). Random errors such as noise and connector repeatability are
generally combined in a root—sum—of—the—squares (RSS) manner.

MEASUREMENT TRACEABILITY

To establish a measurement traceability path to a national standard for a network analyzer system,
the overall system performance is verified through the measurement of device characteristics that
have a traceability path. This is accomplished by electrically measuring devices in an HP verification
kit. Refer to “How to Verify System Performance” for the system performance verification procedure.

The measurement of the verification kit device characteristics has a traceable path because the fac-
tory system that characterizes the devices is calibrated and verified by measuring standards that
have a traceable path to the National Institute of Standards Technology (NIST). This chain of mea-
surements defines how the verification process brings NIST traceability to the HP 8720 or 8719 sys-
tem measurements. Therefore, when your analyzer system is verified through the performance of
the “Total System Uncertainty” procedure, a measurement traceability path is established.
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MICROWAVE NATIONAL INSTITUTE OF

THEORY STANDARDS TECHNOLOGY (NIST)
MECHANICAL STANDARD
CAGES RESISTOR

DC RESISTANCE

L 1

——®» HEWLETT—PACKARD
—®1 STANDARDS LAB

f

SELECTED
VERIFICATION
DEVICES

f

SELECTED PRODUCTION/ PROCESS CONTROL
CALIBRATION —®=SERVICE CENTER[<— VERIFICATION KIT
DEVICES TEST SYSTEM

[ T

VERIFICATION CALIBRATION
KITS KITS

Figure 4—7. National Institute of Standards Technology Traceability Path
Jor HP 8720 or 8719 System Calibration and Verification Standards

EQUIPMENT

The system verification procedure verifies the minimum HP 8720 or 8719 system, which includes
the following:

¢ the network analyzer

* calibration kit

* test port return cables

NOTE: Additional equipment or accessories used with the above system are not verified by sys-
tem verification.

The following equipment and accessories are required to verify the network analyzer system (for
information on compatible printers, refer to the General Information section of the Operating
Manual).
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o HP 9122C/D/S CS80 disk drive
o HP 2225A ThinkdJet printer (or other compatible printer)
« HP 10833 A/B/C/D HP—IB cables (2)

» \Verification kit See Table 4—3 on page 4—22.

e (Calibration Kit. See Tabie 4~3.

« Test port return cables. See Table 4—3.

Table 4—3. Supported System Configurations

Description 3.5 mm 7 mm Type—N
Calibration Kit 85052B/D 85050B/D 85054B/D
*Verification Kit 85053A/B 85051A/B 85055A
Cables 85131D/F 85132D/F 85132D/F

* Verification kits that do not contain HP 8720C data must be recertified. The disk in the verification
kit must be labeled "Rev B.1" or later.

Cable Substitution

The test port cables specified for an HP 8720 or 8719 system have been characterized for connector
repeatability, magnitude and phase stability with flexing, return loss, insertion loss, and aging rate.
Since the performancs of test port cables is a very significant contributor to the system performance,
substituting specified cables with cables of lower performance will increase the uncertainty of your
measurement verification. Refer to the plots in the cable checks (earlier in this chapter) that show
the difference in performance between good and bad cables. It is highly recommended to periodi-
cally check test port cables to determine if they are gocd.

If the system verification is performed with non—HP cables and fails but is then repeated with HP
cables and passes, the non—HP cables are at fault. (It must be documented in the comments area
of the performance verification printout that non—HP cables were used in the system.) The effects
of the non—specified cables cannot be taken into account in the performance verification procedure.

See supported system configurations in Table 4—3,

Calibration Kit Substitution

The accuracy of the analyzer when used with any calibration kit is dependent on how well the kit
standards are defined.

The measurement specifications for the system include measurement calibration with an HP calibra-
tion kit. Measurement calibrations made with user defined or modified calibration kits are not subject
to the performance specifications, although a procedure similar to the standard verification proce-
dure may be used.

See supported system configurations in Table 4—3.
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CALIBRATION CYCLE

The recommended system calibration cycle is once every year for supported system configura-
tions.. However, that does not extend past the test ports of the test set if non—HP cables are used
(test port cables, text fixtures, adapters, etc.). The calibration cycle for the system is unknown with
non—HP cables, and must be determined by the owner since the stability, repeatability, and aging
rate characteristics of the test port cables are unknown. The user of the system should determine
the calibration interval based on the amount of use and the degree of cable movement.

PRINTER NETHORK ANALYZER DI1SC DRIVE

MALE CONNECTOR |L] ] FEMALE CONNECTOR

TEST PORT CABLES

Figure 4—8. System Verification Setup

PROCEDURE

1.  Connect the system as shown in Figure 4—8.

2. Insert the verification disk marked Rev B.1 (supplied in the verification kit) into drive O (left disk
drive).

3.  Allow the system to warm up for one hour.

4.  Ensure printer HP—1B address is set to 5, disk drive to 0, analyzer to 16 on both the analyzer
and the HP—IB device.

5. Review the Microwave Connector Care Manual supplied in the Operating Manual for proper

care and connection techniques for microwave connectors. Proper connections and clean, un-
damaged connectors are critical for accurate measurement results.

Initialization

6. Press [RECALL) ‘HE
Press e

No other controller should be connected to the bus.

MBER:, and change the setting if necessary.

HP 8719C and HP 8720C Verification 4—23



7. Toprint atitle of a maximum of 48 characters, i.e. date and customer name, on each verification
result press: 18 hen enter the title you wish to display
using the RPG. When the title is entered press ‘I

< § and check the disk unit number, and the address of the disk drive and
printer. The default unit number and address for the disk drive are both 0. The default address
for the printer is 1.

9. If a printout of data for only a particular verification device is desired, go to the next step; the
record function will be turned on later in the verification procedure.

If a printout of all verification data for all devices is required, press (SYSTEM ]
. All results will be printed. If output of graphical data is re-

quired, press O N . Dumping of graphs will increase verification time by about
30 minutes. Note that if these functions are turned on now, they cannot be turned off during
the verification procedure. (Make sure the paper in the printer is set up so that printing starts
at the top of the page.)

10. Press . The message "TEST 26

Sys Ver Init —ND—", will be displayed. The “—ND—" indicates the test status. A listing of the
test status codes that may appear during this procedure is available in Table 4—4 below. If the
record function is on, “/REC” will also be displayed.

Table 4—4.  Listing of Test Status Codes

PASS

FAIL

(NA) NOT AVAILABLE
—ND— NOT DONE
—IP— IN PROGRESS
DONE

11.

.. This recalls the instrument state file from the disk and sets up the

analyzer for a measurement calibration. When it is done initializing, “TEST 26 Sys Ver Init
DONE" will be displayed. Do not preset or power cycle the instrument. Do not attempt to recall
a previous calibration. These actions will destroy the initialization achieved in steps 8 and 9.
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Measurement Calibration

The following measurement calibration procedure characterizes and effectively removes the sys-
tematic errors present in the system. This involves measuring a set of calibration devices, supplied
in the calibration kit, with known electrical characteristics. Following the calibration, the verification
procedure will verify that the sum of the residual errors present after calibration is within the specified
uncertainty limits. The measurement calibration must be performed before continuing on to the sys-
tem verification. The calibration and verification kits used must be of the same connector type.

NOTE: Do not preset or power cycle the instrument. If you do, you must repeat steps 8 and 9.

NETHORK ANRLYZER

() Yt DUT (m)

Figure 4—9. Test Port Cabling

' and select the type of cal kit to be used. Then press #

12. Press
= - REFLECT'N..

13. Connect the open circuit to the port 1 cable. Press

14. When the measurement is complete, disconnect the open. (Measurements are complete when
the instrument beeps and the softkey that was pressed is underlined.)

15. Connect the short to the port 1 cable. Press

16. When the measurement is complete, disconnect the short.

17. Press

Connect a load to the port 1 cable.

NOTE: For broadband measurements, use either a broadband load or a combination of lowband
(or broadband) and sliding loads. Use the same loads used during normal calibrations.

18. Press either #
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18.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34,

S Leave the load connected to the

When the measurement is complete, press :BX
port 1 cable.

Connect the open to the port 2 cable. Press ::52;

When the measurement is complete, disconnect the open. Connect the short to the port 2
cable. Press :;

When the measurement is complete, disconnect the short.

, depending on which device is used. If you select ©
measure a lowband load to complete the loads calibration.

-, you must also

B . Leave the load connected to the

When the measurement is complete, press |
port 2 cable.

After the callibration coefficients are computed, the 2—port cal menu is returned to the screen.

Disconnect the loads.

Connect the two test port return cables together to form a “thru” configuration.

Press “pO|
Press 0
The save softkey menu will automatically be displayed. Save the calibration in any register.

Calibration is now complete.

System Verification

The following verification procedure is contained in the analyzer firmware. For each verification de-
vice, the analyzer reads a file from the verification disk and sequentially measures the magnitude
and phase for all four S—parameters.
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The device number and test number for each verification device are as follows:

Verification Device Test Number Device Description
1 27 20 dB attenuator
2 28 40/50 dB attenuator
3 29 50Q2 airline
4 30 2502 mismaich airline

35. Press [8YSTEM] AE .

36. In the active entry area on the CRT, the following will be displayed:

“TEST 27 Ver Dev 17

37. If the record function was turned on in step 7, or if a printout is not desired, go to the next step.

if a printout of the data for this device is desired, press [SYSTEM
c CORD ON.
in the printer is set up so that printing starts at the top of the page.

. Make sure the paper

38. Press:

NOTE: When printing test results, press :
appropriate places.

on the printer to create page breaks in

39. When prompted, insert the 20 dB attenuator.

Connecting Device

When measuring devices, connect the female end of the device to the port 1 cable.

See pages 4-31 to 4—33 for proper handling of airlines.

For instructions on the proper connection of the 50€2 and 25€2 airlines, refer to Connecting the Air-
lines.

40. Press The tests will begin.

41. |f the record function is off (printout is not required), the program will pause after each S—para-
meter measurement and you will need to pres fter each measurement. (There

are eight measurements for each device — magnitude and phase for each of the four S—para-
meters.)
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NOTE: Although the verification limits for all four S—parameters are calculated, only the uncertain-

ties associated with the items indicated in the following chart will be used for the system
verification. The other characteristics are less significant for verifying system performancs;
therefore, they will not appear on the printout. If a measurement fails, note which device
and S—parameter failed, and continue on with the remaining tests.

Also note that both the measured data and the factory data are displayed on the CRT.

Verification $11/S22 S11/822 S$21/812 $21/S12
Device Magnitude Phase Magnitude Phase
20 dB attenuator X x X
40 dB attenuator X X X
Airline X b X X
Stepped impedance airline X X X X
(rho = 0.6 std)

42.

When all tests are complete, the TESTS softkey menu wili appear. Disconnect the verification
device.

Enter Test 28 (using step keys, entry keys, or RPG). Repeat steps 35 through 40 with the 40 or
50 dB attenuator.

Enter Test 29 (using step keys, entry keys, or RPG). Repeat steps 35 through 40 with the 502
airline. See Connecting the Airlines, located in this chapter.

Enter Test 30 (using step keys, entry keys, or RPG). Repeat steps 35 through 40 with the 2562
mismatch airline. See Connecting the Airlines, located in this chapter.

The printout of the measurements shows both a plot of the measurement and a list of the mea-
sured frequencies with corresponding data. The plot includes both the measured data trace
and the supplied factory data trace. The listing includes only the measured data. If there is a
failure at any frequency, an asterisk will be next to the measured data and the out—of—spaecifi-
cation measured data on the plot will be blanked out.

IN CASE OF FAILURE

1.
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If correction has been turned off and the message CAUTION: CALIBRATION REQUIRED is
displayed, repeat the entire procedure. This time, heed the cautions in step 9.

Ensure that the system is properly cabled. Refer to Figure 4—9. Improper cabling may cause
failure (especially with the 25€2 airline).
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3. Verily that the disk in the verification kit matches the devices in the kit. Check the serial number
of the device against the serial number encoded in the title area of the display when the instru-
ment state files for that device are recalled.

4. Refer to Troubleshooting.

If the System Fails the Total System Uncertainty Test
* Disconnect and reconnect the device that failed the verification. Then remeasure the device.
If the performance verification still fails:

e Continue to measure the rest of the verification devices and print out the results of all four measure-
ment parameters.

* Print the error terms and examine them for anomalies near the failure frequencies. (Refer to the
“Error Terms” chapter in this manual.)

* Make another measurement calibration and follow the flow chart on the following page.
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PRINT OUT RESULTS
AND CONTINUE TO
MEASURE ALL THE
VERIFICATION DEVICES

SUBSTITUTE
CAL KIT [
SUBSTITUTE A
— VERIFICATION
KIT
SUBSTITUTE | |
CABLES
A
SUBSTITUTE
ADAPTERS | |

GO TO THE
TROUBLESHOOTING
CHAPTER
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Connecting the Airlines

This section provides step—by—step procedures for connecting 2.4 mm and 3.5 mm airlines and
mismatch airlines.

Before making any connections, take care to avoid electrostatic discharge by wearing a grounded
wrist strap. In addition, it is good practice to grasp the outer shell of the test port connector just
before you make any connections to the test set. This discharges any static electricity on your body
by providing a conductive path to an earth ground.

The following procedure applies to the 50€2 airline and the 25Q mismatch airline. Before proceeding
with the connection procedure, assemble the airline and center conductor by removing the center
conductor from its plastic case and inserting the female end of the center conductor into the outer
conductor so that the female end of the center conductor is toward the end of the cuter conductor
without the connector nut (leave the protective cap on the male end of the outer conductor to prevent
the center conductor from falling out of the outer conductor). Replace the protective cap on the
female end of the airline until you are ready to use the airline.

Follow the exact sequence of steps when connecting these devices.

Be especially careful not to drop either the center conductor or the outer con-
ductor when handling these alrlines. Irreparable damage will resuilt if these
devices are dropped.

Connect the airline as follows:

1. Always connect the female end of the center conductor first. Remove the protective cap from
the female end of the outer conductor (leave the cap on the other end for now).

During this procedure, you will be touching the exposed center conductor of
the test port with the center conductor of the airline. Ground yourself to pre-
vent electrostatic discharge (ESD).
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I PORT 1 PORT 2 |

Cable

Guide to the male
cable for an
in—=fine connection

Hold with Hold with Cap
two fingers one hand

Figure 4—10. Aligning the Center Conductor

2. Pull the center conductor from the outer conductor just enough to be able to hold the center
conductor with two fingers while holding the outer conductor with the other hand. Guide the
center and outer conductors to the male cable for an in—line connection. Mate the femaile end
of the airline center oonductpr with the center conductor of the cable connector.

3. Connect the outer conductor of the airline to the outer conductor of the cable connector. Hand
tighten this connection.

4. Mate the male end of the airline with the cable connector. Hand tighten this connection.
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| PORT 1 PORT 2 I

Torque here Hold here

Torque here

Figure 4—11. Torquing the Connection

5. Hold the plastic insulation cover on the airline to keep the airline from turning and torque each
connection 80 N—cm, (8 in—Ib). It may be necessary to use a 5/16 inch open end wrench to
hold the airline stationary it it can not be prevented from rotating by hand.

To disconnect the airline:

1. Remove one cable from the airline and replace the plastic cap on the airline to prevent the cen-
ter conductor from sliding out of the outer conductor. If the center conductor of the airline does
not disengage from the cable center conductor, gently pull the airline center conductor from the
cable center conductor and push the airline center conductor back inside the outer conductor
of the airline.

2. Remove the cable from the other end of the airline. If the airline will not be used again immedi-
ately, slide the center conductor out of the outer conductor and store the center conductor in
the plastic case provided. Replace the other plastic cap on the outer conductor and store the
center and outer conductors in the foam lined storage case.
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COMPARING SYSTEM MEASUREMENT UNCERTAINTIES FOR THE
PERFORMANCE VERIFICATION DEVICES

Your verification kit was shipped with two sets of device characterization data for the components
in the kit. One is the device characterization data for the HP 8510. The uncertainties represent the
factory test system’s uncertainties. The second is the device characterization data for the HP 8720.
The uncertainty data here is specific to the type of calibration kit you are using and represents the
total system measurement uncertainty.

Since the devices in your kit were characterized on the factory 8510 system, it is possible to use
these two sets of device characterization data to determine your system measurement uncertainty
for each of the verification devices.

The comparison calculation can be done by following the steps below:

1. Extract a factory measurement uncertainty value from the characterization data sheet for the
HP 8510 (shipped with the verification kit).

2. Subtract the value in step 1 from the total measurement uncertainty value for the spaecific cal kit

used, printed on the device characterization data sheet for the 8720 (shipped with the verifica-
tion kit).
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Oate 16 Apr 1991,
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Kit1 BSES3E, Serial No.

1ZATION OATA SHEET FORCELD)

lten : 20 dB ATTENUATOR, OBBEI-BOM!, Sarial No. 02845

Anbient conditicns: 23 deg. C.,

2015499814
Yngertgantias for Factory Tost System

PORT IDENTIFICATION : With the device label facing the usery
Port ) (A) 1s on the luft end Port 2 (B) ts on tha right

16 Apr 19!

a1,

G,

HEMLETT-PACKARD DEVICE CHARACTERIZATION DATA SHEET Fm@
: Kit: @58538, Serial No. 2815A98314

20 dB ATTENUATOR, B5#53-6B81, Serisl No. 92045

renent uncertaint abr.

Asbient conditions?

wijn HPES8S520 hit.
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' 21 “ 542 ! |mwmm= 821 -~
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[ Freq
GHz

Total
Uncertainty

Factory
Uncertainty

System Measurement
Uncertainty

Example 4—2. Table for Comparing Measurement Uncertainties
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How to Interpret the Verification Results

CH1 S11 &M lin MAG\ 20 mU/ Y
SYS MER 1 S1{ M [ser 4 013[1
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START .050 000 000 GHz STOP 20.000 000 000 GHz

Upper limit line as defined by the total system uncenainty specifications.
Lower limit fine as defined by the total system uncertainty specifications.
Data measured at the factory.

Resulis of magnitude measurement as measured in performance verification.
Correction is turned on.

Measurement parameter S11 magnitude.

Serial number of device.

© NO O GDM

Device being measured : sys ver 1 = 20 dB attenuator.
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How to Interpret the Verification Results

STIMULUS CH1 S11 Margin Upper Lim Lower Lim
6Hz
.130 200 Q02 9.3369 mU 13.702 mU 25.353 mU -4.3652 mU
.250 000 000 8.1229 mU 11.341 mU 25.041 mU -3.218 mU
.500 220 902 9.6231 mU 12.569 mU 24.737 mU -2.9459 mU
.750 900 000 10.47 mU 13.1 mU 24.937 mU -2.6303 mU
(:L\\\I.OOO 000 @00 9.756% mU 12.15 mU 25.135 my -2.3934 mU
1.250 000 00@ B8.7829 mU 10.776 mU 25.528 mU -1.9928 mU
1.500 000 00¢ 10.391 mU 12.89 mU 25.821 mU -1.6984 mU
2. 002 11.921 mU 12.807 mU 26.85 mU -885.74 U
3.000 000 13.952 mU 16.163 mU 30.892 mU -2.2108 mU
4,500 000 PO@ 165.833 mU 15.771 mU 35.927 mU 1.0622 mU
6.000 020 000 17.266 mU 14.421 mU 37.775 mU 2.845 mu
7.500 @00 900 17 L 1A Sd8-—m—38.198 mU 3.2575%%#——{:)
. 000 19.783 mU 16.407 mU 38.32 mU 3.3765 myU
9.000 000 @00 19.879 mU 20.052 mU 42.518 mU -172.32 U
10.500 000 000 18.365 mU 17.886 mU 43.209 mU 479.08 V
12.000 000 000 14.19 12.571 mU 44.421 mU  1.6187 mU
13.500 .699 mU 14.365 mU 46.252 mU 3.3345 mU
L000 000 000 21.39 mU 17.131 mU 47.236 mU 4.2593 mU
16.500 000 000 26.877 mU 19.149 mU 46.027 mU 3.1305 my
18.000 000 000 20.889 mU 20.664 mU 41.953 mU -1.0548 mU
19.500 000 200 19.535 mU 14.08 mU 33.616 mU -8.5122 mu
20.000 000 00 25.054 mU 6.2639 mU 31.318 mU -10.B77 mU
Frequency of the data points.

Results of magnitude measurement as measured in the performance verification.
Upper limit line as defined by the total system uncertainty specification.
Lower limit line as defined by the total system uncertainty specification.

Difference between the measured results and the limit line. A positive number indicates a pass. An asterisk
(*) indicates a fail.

oo e n -
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MEASUREMENT UNCERTAINTIES

INTRODUCTION

In any measurement, certain measurement errors associated with the system add uncertainty to the
measured results. This uncertainty defines how accurately a device under test (DUT) can be mea-
sured.

Network analysis measurement errors can be separated into two types: raw and residual. The raw
error terms are the errors associated with the uncorrected system that are called systematic (repeat-
able), random (non—repeatable), and drift errors. The residual error terms are the errors that remain
after a measurement calibration.

The error correction procedure, also called measurement calibration, measures a set of calibration
devices with known characteristics. It uses the measurement results to effectively remove systematic
errors, using the vector math capabilities of the analyzer. The residual systematic errors remain after
error correction, primarily due to the limitations of how accurately the electrical characteristics of the
calibration devices can be defined and determined. Also, the random (non—repeatable) and drift
errors, cannot be corrected because they cannot be quantified and measured during the measure-
ment calibration and device measurement. However, the effects of random errors can be reduced
through averaging. Random errors, that occur during a measurement calibration, are part of the
error correction and become systematic errors when the calibration is turned on. For this reason,
it is best to use a large number of averages during measurement calibration to reduce to the effect
of the random errors. The averaging may then be reduced for device measurement. The residual
systematic errors along with the random and drift errors continue to affect measurements after error
correction, adding an uncertainty to the measurement results. Therefore, measurement uncertainty
is defined as the combination of the residual systematic (repeatable), random (non—repeatable),
and drift errors in the measurement system after error correction.

The tollowing measurement uncertainty equations and system error models (flowgraphs) show the
relationship of the systematic, random, and drift errors. These are useful for predicting overall mea-
surement performance.

SOURCES OF MEASUREMENT ERRORS

Sources of Systematic Errors

The residual (after measurement calibration) systematic errors result from imperfections in the cali-
bration standards, the connector interface, the interconnecting cables, and the instrumentation. All
measurements are affected by dynamic accuracy and frequency error effects. For reflection mea-
surements, the associated residual errors are effective directivity, effective source match, and effec-
tive reflection tracking. For transmission measurements, the additional residual errors are effective
crosstalk, effective load match, and effective transmission tracking.
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The listing below shows the abbreviations used for residual systematic errors that are in the error
models and uncertainty equations.

e Efd, Erd = effective directivity

» Efs, Ers = effective source match

o Efr, Err = effective reflection tracking

» Efc, Erc = effective crosstalk

o Efl, Erl = effective load match

o Eft, Ert = effective transmission tracking

e Crm, Ctm = cable stability (deg./GHz)

e Ab1, Ab2 = dynamic accuracy

o F = frequency

The sources for dynamic accuracy error effects are from errors during internal self—calibration rou-
tines, gain compression in the microwave frequency converter (sampler) at high signal levels, errors

generated in the synchronous detectors, localized non—linearities in the IF filter systemn, and from
LO leakage into the IF signal paths.

Sources of Random Errors

The random error sources are noise, connector repeatability and dynamic accuracy. There are two
types of noise in any measurement system: low level noise (noise floor) and high level noise (phase
noise of the source).

Low level noise is the broadband noise floor of the receiver which can be reduced through averaging
or by changing the IF bandwidth.

High level noise or jitter of the trace data is due to the noise floor and the phase noise of the LO
source inside the test set.

Connector repeatability is the random variation encountered when connecting a pair of RF connec-
tors. Variations in both reflection and transmission can be observed.
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The listing below shows the abbreviations used for random errors in the error models and uncertain-
ty equations.

¢ Rnt = raw noise on trace (rms)

e Rnf = raw noise on floor (rms)

* Crr1 = port 1 connector reflection repsatability error

e Crt1 = port 1 connector transmission repeatability error
e Crr2 = port 2 connector reflection repeatability error

e Crt2 = port 2 connector transmission repeatability error

Sources of Drift Errors

Drift has two categories: frequency drift of the signal source and instrumentation drift. Instrumenta-
tion drift affects the magnitude and phase of both reflection and transmission measurements.

The primary causes for instrumentation drift are the thermal expansion characteristics of the inter-
connecting cables within the test set and the conversion stability of the microwave frequency conver-
ter.

The list below shows the drift errors in the error models and uncertainty equations.

* Dmxbx, Dmsax = drift magnitude
¢ Dpxbx, Dpsax = drift phase
* Dpfxbx, Dpfsax = drift phaseff

Sources of Additional Measurement Errors
Two additional categories of measurement errors are connection techniques and contact surfaces.

The connection techniques category includes torque limits, flush setting of sliding load center con-
ductors, and handling procedures for beadless airlines.

The contact surfaces category includes cleaning procedures, scratches, worn plating, and rough
seating.

These types of errors are not accounted for in the uncertainty analysis.

MEASUREMENT UNCERTAINTY EQUATIONS

Any measurement result is the vector sum of the actual test device response plus all error terms.
The precise sffect of each error term depends on 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 (—180 to 4180 degrees). Random errors such as noise and connector repeatability are
generally combined in a root—sum-—of—the—squares (RSS) manner.

Due to the complexity of the calculations, the performance verification/specifications software calcu-
lates the system measurement uncertainty. The following equations are representative of the equa-
tions the performance verification/specifications software uses to generate the system measurement
uncertainty plots and tables.
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Reflection Uncertainty Equations

Total Reflection Magnitude Uncertainty (Erm)

An analysis of the error model in Figure 4—13 yields an equation for the reftection magnitude uncer-
tainty. The equation contains all of the first order terms and the significant second order terms. The
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.

Refiection magnitude uncertainty (forward direction) =

Erm = Systematic + /(Random)2 + (Drift & Stability)?
Systematic = Efd + Efr S11 + Efs S112 + S21 S12 Efl + Ab1 S11

Random = /(Cn2 + (RN2 + (Nr)?

Cr = /(Crm1)2 + (2Ctm1S11)2 + (Crm1S11)2 + (Crm2S21S12)2
Rr = /(Crr1 + 2Crt1S11 + Crr1S1132 + (Crr2521812)2
Nr = /(EMtS11)2 + Einf2

Drift & Stability = Dm1b1 S11
where

e Efnt = effective noise on trace

e Efnt = effective noise floor

¢ Crt1 = connector repeatability (transmission)
e Crr1 = connector repeatability (reflection)

e Ctm1 = cable 1 transmission magnitude stability
e Crm1 = cable 1 reflection magnitude stability
* Crm2 = cable 2 reflection magnitude stability
* Dms1 = drift magnitude/°C source to port 1
* Efs = effective source match error

* Efr = effective reflection tracking error

* FEfl = effective load match error

¢ Eid = effective directivity error

e Cmr2 = Connector repeatability (reflection)
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The detailed equation for each of the previous terms is derived from the signal flow model in
Figure 4—13.

Reflection Phase Uncertainty (Erp)

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.

Erp = Arcsin (Erm/S11) + 2Cpf1 x f + Dps1 + Dpfst x f
where

Cpf1 = cable phaseffrequency port 1
Dps1 = drift phase/degree source to port 1
Dpfs1 = drift phase/degreeffrequency source to port 1

Transmission Uncertainty Equations

Transmission Magnitude Uncertainty (Etm)

An analysis of the error model in Figure 4—13 yields an equation for the transmission magnitude
uncertainty. The equation contains all of the first order terms and some of the significant second
order terms. The 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.

Transmission magnitude uncertainty (forward direction) = Etm =

Ert = Systematic + /(Random)z + (Drift & Stability)?
Systematic = Efc + (Efy + EfsS11 + EflS22 + EfsEfiS21S12 +Ab2) S21

Random = /(C)? + (R)2 + (N2

Ct = S21 /(Ctm1)2 + (Ctm2)2 + (Crm1S11)2 + (Crm2S22)2
Rt = S21 /(Crt1)2 + (Cr2)2 + (Crr1S11)2 + (Crr2S22)2
Nt = /(EMtS21)2 + Efnf?

Drift & Stability = Dm2b2S21
where
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Cri2 = Connector repeatability (transmission) port 2
Crr2 = Connector repeatability (reflection) port 2
Efnt = effective noise on trace

Efnf = effective noise floor

Crr1 = connector repeatability (relection)

Crt1 = connector repeatability (fransmission)
Ctm1 = cable 1 transmission magnitude stability
Ccrm1 = cable 1 reflection magnitude stability
Ctm2 = cable 2 transmission magnitude stability
Crm2 = cable 2 reflection magnitude stability
Dms1 = drift magnitude/°C source to port

Efs = effective source match error

Eft = effective transmission tracking error

Efl = effective load match error

Efc = effective crosstalk error

The detailed equation for each of the above terms is derived from the signal flow model in
Figure 4—13.

Transmission Phase Uncertainty (Etp)

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

Etp = Arsin (Ert/S21) + Cpf1 xf + Cpf2 xf + Dps1 + Dpfs1 x f
where

Cpt1 = Cable phaseffrequency port 1

Cpf2 = Cable phassffrequency port 2

Dps1 = drift phase/degree source to port 1

Dpfs1 = drift phase/degres/frequency source to port 1

DYNAMIC ACCURACY

On the following page are two typical dynamic accuracy and noise curves for the HP 8720C and
HP 8719. These curves are based on statistical samples of units built at the factory with an IF BW
of 10 Hz.

Since these curves combine the effects of dynamic accuracy and noise, if used in uncertainty calcu-
lations, the effects of the noise terms in the comresponding equations can be eliminated.

+ DynAcc(dB) F 1

Dynamic Accuracy (linear) = 10 20

Dynamic Accuracy (dB) = 20/og (1+ Dynamic Accuracy (linear))
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TYPICAL 8720C DYNAMIC ACCURACY
RF OUT = 0 dBm
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Figure 4—12 (1 of 2)
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TYPICAL 8720C DYNAMIC ACCURACY PLUS NOISE
POWER OUT = +10 dBm
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Figure 4—12 (2 0of 2)

DETERMINING EXPECTED SYSTEM PERFORMANCE

The uncertainty equations, dynamic accuracy calculations in this section, and tables of system per-
formance values from the Specifications section can be used to calculate the expected system per-
formance. The following pages explain how to determine the residual errors of a particular system
and combine them to obtain total error—corrected residual uncertainty values, using worksheets
provided. The uncertainty graphs in the Specifications section are examples of the results that can
be calculated using this information.

Procedures

Table 4—6 is a workshest used to calculate the residual uncertainty in transmission and reflection
measurements. Determine the linear values of the residual error terms and the nominal linear S—pa-
rameter data of the device under test as described below and enter these values in the workshests.
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 confi-
dence factor of 99.9%.
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S—parameter Values. Convert the S—parameters of the test device to their absolute linear terms.

Noise Floor and Crosstalk. If a full 2—port calibration is performed, the residual crosstalk term
can be ignored. Connect an impedance—matched load to each of the test ports and measure Soq
or Syo. Use the statistic function to measure the mean value of the trace. Use this value plus one
standard deviation as the noise floor value of your system.

Dynamic Accuracy. Determine the absolute linear magnitude dynamic accuracy from the dynam-
ic accuracy graph (Figure 4—12).

Other Error Terms. Depending on the connector type in your system, refer to residual error speci-
fications in the Specifications section, and to Table 4—5 on page 4—47, to find the absolute linear
magnitude of the remaining error terms.

Combining Error Terms. Combine the above terms using the reflection or transmission uncertain-
ty equation in the worksheets.

Table 4-5. Typical Values Table

7 mm 3.5mm Type—N
Crr1 = port 1 Refl. -65dB —-60dB -60dB
Connector Repeat
Crr2 = port 2 -65dB -60dB -60dB
Cri1 = port 1 trans -65dB -60dB -60dB
connector repeat
Cr2 = port 2 —-65 dB -60dB -60dB
Crm1 — Cbl refl mag - 60dB —54 dB -80dB
stability port 1
Crm2 — cbl. refl mag -60dB -54dB -60dB
stability port 2
Ctm1 — cbl. tran mag +.03dB +.03dB +.01dB
stab port 1
Ctm2 — cbl. fran. mag +.03dB +.03dB +.01dB
stab port 2
Cpf1 — cable phase + .09 deg/GHz + .09 deg/GHz + .1 deg/GHz
stab port 1 & port 2
Dms1, 2 - Magnitude Drift 0.0015/°C 0.0015/°C 0.0015/°C
Dps1, 2 - Phase Drift 0.01°/°C 0.01°/°C 0.01°/°C
Dpst1,2 — Phase Drift with Tempera- 0.15°/°C 0.15°/°C 0.15°/°C
ture & Frequency

These numbers are taken from the 8510 Specification Software using the same cal, ver and cable kit configura-
tions as in the 8720 specification section, i.e.: 3.5 = 85052B kit, 85133F, cables, 85053B verification kit.
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Table 4—6. Measurement Uncertainty Worksheet (1 of 3)

In the columns below, enter the appropriate values for each term. Frequency:

Error Term Symbol dB Value Linear Value
Sy S
Sa Sa1
Si2 S12
Sg2 S22
Directivity Efg
Reflection tracking Eg
Source match Efs
Load match Eg
Transmission tracking Eg
Effective Crosstalk Efe
Dynamic accuracy (magnitude) App Ao
Noise floor2 Efnt
High level noise? Efnt
Connector reflection repeatability port 1 Crr1
Connector transmission repeatability port 1 Cny
Magnitude drift due to temperature Dmsi, 2
Phase drift due to temperature Dpst, 2
Phase drift due to temperature and Dpts1, 2
frequency
Cable reflection stability Crm1
Cable transmission stability Crma2
Connector reflection, repeatability port 2 Cr2
Connector transmission repeatability, port 2 Cro
Cable phaseffreq port 1 Cof1
Cable phaseffreq port 2 Cote
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Table 4—6. Reflection Measurement Uncertainty Worksheet (2 of 3)

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.

Erg

Ef x Sq4

Efs XS4 x Sy4

EqxS21x 842

Ap1 X Sqy
Subtotal: k + |+ m+n+o

o=

_ x_o=___

x x =__  (m

X x =___  (n

o x__=___ (0

+ + + + = 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.

(Emt X S11)2 + Ers®

(Crri + 2XCry XSy + Cpry X $143)2
+{Crra X S21 X S12)?

Crm12+ (2XCtm1 XSn) 24

(Crm1 X 511)% + (Crm1 X S1¢)2 +
(Crm2 X S24 X S19)?

(Dbt % S11)2

VW2 + 02 + y2 + 22

Subtotal: S + R

( x 2+ = w3

+2x X + X 2)2
+( x x )2= 3

2+ (@2x x )2+
( x )2+ ( x )2 2

+ ( X X =
( X )2= @
J + + + = (R)
+ = Vo

Total Magnitude Errors:

Em(linear) =V,

+ Dpst + Dptsy x )

Em(log) = Log (1+Em/S11) 20Log (1= / ) = dB
Phase
Ep = Arcsin (Emn/Sy1) + 2 X Cpyq x Arcsin ( / ) +2x + + = degrees
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Table 4—6. Transmission Measurement Uncertainty Worksheet (3 of 3)

[Magnitude
Combine Systematic Errors. inthe space provided, enter the appropriate linear values fromthe
list of errors. Then combine these errors to obtain the total sum of systematic errors.

ES —=__
Ep X S24 X = 1t}
Ess X S11 X Sg4 x x = (m)
Eq X S22 X Sy x x = (n)
Es X Eqx 8242 x Sy X X X = (o)
Ap2 X So4 x = ®
Subtotal: k + |+ m+n+o + + + + = S)

Combine Random Errors. [n the spacse 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.

(Efm X S21)2 + Eqf? ( x )2x 2= (w?)
$p12 (Crt12 + Cra® + (Crry X Sq9)2 + 22+ 2+ x____ )2+ @)
(Crr2 X S22)?) ( x___)?)=

8242 (Ctm12 + Cima? + (Crm1 X S1)2 2 2+ 2+ x )2+ v
+ (Crmz2 X S20)2) ( x )2)= y
(Drmapa X S21)? ( b )2= (2
Jw2+2x +2y +22 v + + + = . ®)
Subtotal: S + R + = ™)
Total Magnltude Errors:

Emflinear) =V, =

Erm(log) = Log (1£Em/S14) 20Llog (1= / ) = dB
Phase

Eyp = Arcsin (Egm/Sz1) + Cppy X 1+ Aresin(__ / )Y+ __ +__ +__ =__ degrees

Cpfg x f+ Dps1 + Dpfs1 xf
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TOTAL SYSTEM PERFORMANCE TEST RECORD

The complete system performance verification record includes the printout from the total system
uncertainty test, this test record, and a certificate of calibration.

Use this sheet to record the results of the frequency tests. You may wish to copy this sheet to retain
it as a master.

Performance Test Record (1 of 2)

Test Facility Report Number
Date
Date of Last System Calibration

Tested by Customer
Model Calibration Kit S/N Verification Kit Model
Serial Number Test Port Cables Verification Kit S/N
Calibration Kit Measurement Calibration Technique

Ambient temperature °C Relative Humidity

Ambient temperature Ambient temperature

at measurement at performance

calibration °c verification °C

Test Equipment Model Trace Cal Due
Used Number Number Date

1. Frequency Counter
2. Verification Kit
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Performance Test Record (2 of 2)

g

Test Description Minimum Spec. Results Maximum Spec. ﬁ;‘:;:&?t
—T=Fequency Accuracy
Freq. (GHz)
.050 0.049999500 GHz 0.050000500 GHz | +150 Hz
130 0.129998700 GHz 0.130001300 GHz | 390
8719C:3.5 13.499865 GHz 13.500185 GHz 40,500
8720C:20.0 19.899880 GHz 20.00020 GHz 60,000
Test Description Minimum Results Maximum MJ::::;:::YN
Power Level
8719C +7.5dBm +12.5dBm .3dB
8718C Option 006 -0.5dBm +6.0 dBm .3dB
8720C +7.5dBm +12.5 dBm ) .3dB
8720C Option 006 —1,0dBm +7.0dBm .3dB
Test Description Minimum T:snl;ﬁ: 1 Tfsﬁ‘:f: 2 Ml?: :::t:'l‘r‘:ym
Dynamic Range
Freq. range (GHz) Std. Option 006
0.05—-0.5 75dB 71 dB 3dB
0.50-2.0 100dB 96 dB 3dB
2.0-8.0 103 dB 98 dB sdB
8.0-13.5 (HP 8718C) 103dB 96 dB 3dB
8.0-20 (HP8720C)

1. The measurement uncertainty is based on equipment specified in Table 1—3 in the Service and Overview
section.

2. 8720C only.
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Chapter S. Adjustments
e

INTRODUCTION

The accuracy of the analyzer is achieved and maintained through mechanical adjustments and cor-
rection constants. The correction constants are empirically derived data that are stored in memory
and then recalled to refine the instrument's measurements and to define its operation.

Any time the A9 CPU assembly is replaced, all of the correction constants must be regenerated and
stored on the new assembly. Alternatively, the data can be retrieved from disk. HP recommends that
you store the correction constant data to disk now by referring to the EEPROM backup disk proce-
dure in this section.

ORDER OF ADJUSTMENTS
When performing more than one adjustment, perform them in this order:
Adjustments and Procedures Page
A9 CC Jumper Position Procedure 5-3
Display Position and Focus Adjustments 5-4
Display Degaussing (Demagnetizing) 5-6
Display Intensity Adjustments 5-7
Serial Number Correction Constant 5-10
Option Numbers Correction Constant 5-11
Analog Bus Correction Constants 5-13
IF Amplifier Correction Constants 5-14
ADC Linearity Correction Constants 5-15
Source Pretune Correction Constants 5-16
EEPROM Backup Disk Procedure 5-17
Reference Assembly VCO Tune Adjustment 5-19
Frequency Accuracy Adjustment 5-21
Sampler Check 5-22
Power Adjustments 5-24
Low Band Power Level Adjustment 5-25
Blanking Adjustment - 5-26
Power Linearity Correction Constant 5-27
Cal Kit Defaults Correction Constants 5-28
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TEST EQUIPMENT
See the Table of Service Test Equipment in the Service and Equipment Overview.

INSTRUMENT COVER REMOVAL

See the Adjustments tab. The covers need not be removed for routine maintenance.

A9 CC (CORRECTION CONSTANT) JUMPER POSITION

Move the A9 CC jumper, as explained below, to the ALTER position to change correction constants.
The instrument is shipped, and should be operated, with the A9 CC jumper in the NORMAL position.
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A9 CC JUMPER POSITION PROCEDURE

Normal Alter White Extractor

/ /

12y °
==

A9 CPU Assembly

Figure 5—1. A9 CC Jumper Location

CAUTION: Turn off power before removing or installing assemblies.
1.  Remove the top cover and PC board stabilizer of the analyzer.

2. The location of the assemblies in the upper portion of the instrument is shown on a label on the
under side of the top cover. Remove the A9 CPU assembly and move the A9 CC jumper to the
ALTER position {see Figure 5-1).

3. Replace the A9 assembly and run the correction constant routins(s).

4. Return the A9 CC jumper to the NORMAL position when finished.
NOTE: Update the EEPROM backup disk by psrforming the EEPROM backup disk procedure.
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DISPLAY POSITION AND FOCUS ADJUSTMENTS

No display adjustments, other than those in this manual, can be performed in the field (this includes
both customers and service centers). Any other adjustments to the display will vold the warranty.
These adjustments are optional as they have been performed at the factory and should rarely re-
quire adjustment in the field.

DESCRIPTION AND PROCEDURE

Equipment required: none. Warm—up time: 30 minutes

Vertical Position Adjustment

1. Toaccess vertical and focus adjustments controls, remove the side panel nearest the display.

Focus Adjustment

Vertical Position
Adjustment Control

Figure 5—2. Vertical Position Adjustment Control

2. Insert a narrow, preferably non conductive, flat head screw driver (at least 2 inches long) into
the vertical position hole.

3. Adjust the control until the softkey labels are aligned with the softkeys
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Focus Adjustment

4.  Use screwdriver as in step 3 to adjust the focus until display has the most readability.
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DISPLAY DEGAUSSING (DEMAGNETIZING)

EQUIPMENT
Any CRT Demagnetizer or Bulk Tape Eraser

DESCRIPTION AND PROCEDURE

Color purity problems may be caused by a magnetized display or by a magnetic field generated
external to the instrument. Before attempting to degauss the display, try moving the instrument to
a new location to see if this solves the problem.

Should the display become magnetized, or if color purity is a problem, cycle the power several
times. Leave the instrument off for at least 15 seconds before turning it on. This will activate the
automatic degaussing circuit in the display. If this is insufficient to achieve color purity, a commercial-
ly available demagnetizer must be used (either a CRT demagnetizer or a bulk tape eraser can be
used). Follow the manufacturer's instructions keeping in mind the following: it is imperative that at
firstit be placed no closer than 4 inches (10 cm) from the face of the CRT while demagnetizing the
display. If this distance is too far to completely demagnstize the CRT, try again at a slightly closer
distance until the CRT is demagnetized.

Applying an excessively strong magnetic field to the CRT face can perma-
nently destroy CRT.

Like most displays, the CRT can be sensitive to large magnetic fields generated from unshielded
motors. In countries that use 50 Hz, some 10 Hz jitter may be observed. If this problem is observed,
remove the device causing the magnetic field.
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DISPLAY INTENSITY ADJUSTMENTS

'EQUIPMENT
Photometer ....... ...t e Tektronix J16
Photometer Probe ............ ..ottt Tektronix J6503
Light Occluder ...............ciiiiiiiinnnnnnns Tektronix 016—0305—00

DESCRIPTION AND PROCEDURE

There are three display intensity adjustments: background, maximum, and operating default. In
general, these adjustments should not be required. However, when either the A19 GSP, A9 CPU,
or A18 display assemblies are replaced, perform a visual inspection of the display. If it appears to
need adjustment proceed with these adjustments.

NOTE: This procedure should be performed with a photometer and only by qualified service per-
sonnel.

Warm—up time: 30 minutes.

Background Adjustment

1. Remove the top cover of the analyzer. Move the jumper on A9 CPU to the ALTER position (see
the Adjustments tab).

2. In a dlmly lit room (or with the analyzer CRT shaded from bright lights), press
- (softkey 1) (I (5]

SYSTEM

3. The CRT should display:
Intensity Cor —ND -

NOTE: The display could be so far out of adjustment that the annotation will be very difficult to
read.

4, Press 8T (softkey 1) and :¥ESB: (softkey 2) at the prompt to alter the correction
constants. Alternatlng vertical bars of three different intensities will be drawn on the CRT. Each
bar has a number written below it (either O, 1, or 2).

5.  Adjust the analyzer front panel knob until the vertical bar labeled "1” is just barely visible
against the black border. Vertical bar “0” must not be visibie.

With no changes to the analyzer, continue with the next test.
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Maximum Intensity Adjustment

This adjustment ensures that the light output at the 100% intensity level is equal to, or less than,
150 NITs. The level is set using a photometer to measure the output light. 100% is the maximum
intensity level of light output from the display.

Operating the display at intensities higher than 150 NITs may reduce the life
of the display.

Photometer Photometer
Probe

Figure 5—3. Maximum Intensity Adjustment Set—up
6. Press the top softkey.

7. Set the photometer probe to NORMAL. Press on the photometer to turn it on and
allow 30 minutes warm—up. Zero the photometer according to the manufacturer’s instructions.
The analyzer CRT should have an all white screen.

8.  Center the photometer on the analyzer CRT as shown in Figure 5—3. Adjust the analyzer front
panel knob to the maximum (clockwise) position. If the photometer registers greater than 150
NITs *(90), turn the front panel knob until a reading of no more than 150 NITs (S0) registers on
the photometer. If the photometer registers a reading of less than 150 NiTs (90) and greater
than 100 (60) NITs, proceed to the next step. If the photometer registers a reading of less than
100 NITs (60), the display is faulty.

*NOTE: The above intensity levels are read without a display bezel installed. The glass filter trans-
mits 60% of the display light, therefore 150 NITs would be 90 NITs with the bezel installed.
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Operating Default Intensity Adjustment

This adjustment sets the default level display intensity. The analyzer normally presets to the same
intensity level that was last used. This level is stored in volatile memory. If you power on and off,
the memory is lost. Then the analyzer will use the default display intensity to ensure that the display
is visible and eliminate concern that the display may not be functioning.

9. Press the top softkey on the analyzer to bring up the next display adjustment mode.

10. Center the photometer on the analyzer CRT as shown in Figure 5—3. Adjust the analyzer front
panel knob until the photometer registers 100 NITs of output light if the glass bezel assembly is
not installed. Adjust for 60 NITs if the glass bezel is installed.

This adjustment can be done without the photometer by adjusting the default intensity with
the RPG or by keying in a value.

11. Press the top softkey on the analyzer and observe the CRT:

* “DONE" displayed: the adjustment is done. Refer to the EEPROM Backup Disk Procedure to
store the new correction constants. This completes the series of three Display Intensity Adjust-
ments.

* “CORRECTION CONSTANTS NOT STORED?" displayed: refer to A9 CC Jumper Position to
reposition jumper; rerun routine.

e Continued improper operation: refer to Troubleshooting to isolate the problem.

12. Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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SERIAL NUMBER CORRECTION CONSTANT

DESCRIPTION AND PROCEDURE

This procedure customizes the replacement A9 CPU assembly by storing the instrument's unique
serial number as a correction constant in EEPROM. Equipment required: none. Warm-up time: 5

minutes.

Perform this procedure ONLY if the A9 CPU assembly has been replaced.

1. Move the A9 correction constant jumper to the alter position ( see Adjustments tab). Note the
ten character serial number on the rear panel identification label.

2. Press
the RPG knob to
press
letter, and five final digits.Press ::
title is complete and correct, pres

DISPLAY . Rotate

¢ to correct errors. When the

Mistakes cannot be corrected after step 3 is performed.

3. Press [SYsTEW] :

Cor”, press !

=] (1] . When the display shows “Serial
at the query 1o alter the correction constant.

4 To check the serial number recognized by the instrument, press

5. Ifthis procedure did not end with “DONE”", either the A9 CC jumper was notin the ALTER posi-
tion or the serial number entered did not conform to the required format or avalid serial number
was already stored. In any case, confirm that the A9 CC jumper is in the ALTER position, con-
firm that the serial number is correct, and repeat this procedure. Contact HP if the procedure
still does not end with “DONE".

6. Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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OPTION NUMBERS CORRECTION CONSTANT

— I. ®
|
I ® [ ]
oj|e||e
\: ollo

{1

O}/©]| 0]
olie||®

o !

L o \
Front Label Right Side

Figure 5—4. Location of Keyword Label

DESCRIPTION AND PROCEDURE

Special information is stored on the A9 CPU assembly of instruments with option 001 (1 Hz resolu-
tion) or option 010 (time domain) or both. Warm—up time: 5 minutes.

Perform steps 1 through 4 only if:

(1) the instrument has option 001 or 010 or both, AND
(2) the A9 CPU assembly has been replaced, AND
(3) the serial number correction constant procedure has been performed.

1. Remove the top cover of the instrument. Move the A9 correction constant to the alter position
(see Adjustments tab). Note the keyword on the keyword labsl (see Figure 5—4).

SET (DisPLAY] MORE: TH
row below each character
B IER to enter each in turn. Press ‘|
errors. When the title is complete and correct, press :

to correct
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Mistakes cannot be corrected after step 3 is performed.

(51(] (] . When the display shows “Option
at the query to alter the correction constant.

3, Press | SYSTEM
Cor*, press

4. It this procedure did not end with “DONE”, either the A9 CC jumper was notin the ALTER posi-
tion or the keyword entered did not conform to the required format. In either case, confirm that
the A9 CC jumper is in the ALTER position and repeat this prooedure Contact HP if the proce-
dure stilt does not end with "DONE".

5. Press A

6. Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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ANALOG BUS CORRECTION CONSTANTS.

DESCRIPTION AND PROCEDURE

This procedure calibrates the analog bus by using three reference voltages (ground, +0.37V and
+2.5V). It then stores the calibration data as correction constants in EEPROM. Equipment required:
none. Warm—up time: 30 minutes.

1.

Move the A9 correctlon constant to the alter position (see Adjustments tab). Press

(3] (=] [x]. When the dis-

and then press at the query to alter

play showé “ABUS Cor", press
the correction constants.

If this procedure did not end with “DONE?", refer to Digital Control.

Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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IF AMPLIFIER CORRECTION CONSTANTS

EQUIPMENT

RFcable ........... i HP 85131C/D/E/F

DESCRIPTION AND PROCEDURE

These correction constants compensate for possible discontinuities of dynamic signals greater than
—30 dBm. Warm—up time: 30 minutes.

1.

Move the A9 correction constant to the alter position (see Adjustments tab). Press
EN]EA ‘and then press

when “IF Step Cor” appears. Press t the query to alter the correc-

tion constants.

At the prompt, connect the RF cable (the thru) between ports 1 and 2 and press

If the procedure does not end with “DONE”, refer to Digital Control.

Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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ADC LINEARITY CORRECTION CONSTANTS

DESCRIPTION AND PROCEDURE

These correction constants improve dynamic accuracy by shifting small signals to the most linear
part of the ADC quantizing curve. Warm—up time: 5 minutes.

1. Move the A9 correction constant to the alter position (see Adjustments tab). Press
{{J(E] (=]. when the CRT

3.  If this procedure did not end with “DONE?”, refer to Digital Control.

4. Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.

HP 8719C and HP 8720C Adjustments 5-15



SOURCE PRETUNE CORRECTION CONSTANTS

Figure 5—5. Source Pretune Correction Constants Setup

EQUIPMENT
Frequency counter ............. .. ... ... i, HP 5350B*
RFcable ...........co i HP 85131C/D/EJF

*The frequency accuracy of the HP 8566A/B spectrum analyzer is sufficient for this procedure.

DESCRIPTION AND PROCEDURE

This adjustment generates a correction constant which pretunes the YIG oscillator to insure proper

phase lock. Warm—up time: 30 minutes.

1. Move the A9 correction constant to the alter position (see Adjustments tab). Connect the equip-
t as shown in Fi and then pres SYSTEM

JUSTMENT TESTS ~ When the CRT displays “Pretune Adj”,
at the query to alter the correction constants.

2. When the prompt, “Set source to 2.345 GHz, then continue” appears, use the RPG knob to
adjust the frequency of the analyzer source to within 5 MHz of 2.345 GHz. The measured fre-

quency will vary with the SRC DAC tune number. Press
set.

3. When the CRT displays “DONE”, press

4. If any error messages appear, refer to Source.

when the frequency is

5. Return the A9 correction constant jumper to the NORMAL position if no more correction con-

stant routines are going to be performed.
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EEPROM BACKUP DISK PROCEDURE

Figure 5—6. EEPROM Backup Procedure Setup

EQUIPMENT
CS80diskdrive ............ ... HP 9122S/D
HP=IBecable ............c..cc i, HP 10833A/B/C/D
3.5in microfloppy disk ........................... HP 92192A (box of 10)

DESCRIPTION AND PROCEDURE

Correction constants are stored in EEPROM on the A9 assembly. The great value of the EEPROM
backup disk is its capability to store all of the correction constant data to a new or repaired A9 assem-
bly without having to rerun the correction constant procedures.

¢ Make an EEPROM backup disk and keep it current,

* Store the correction constant data to the EEPROM backup disk each time a correction constant
routine is performed.

* Retrieve correction constant data from the EEPROM backup disk if the A9 assembly is replaced.

How to Make an EEPROM Backup Disk and
Store Correction Constant Data to It

1. Connect the instruments as shown in Figure 5—6 and turn them on. Make sure the drive is set
to HP—IB address 00. Then press

2. if

3. Press

iz to store the
EEPROM data with the instrument state.
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Press and then
use the RPG and softkeys to title the file “N12345" (the first character must be a letter; 12345
represent the last five digits of the instrument's serial number).

When finished, press

Label the disk with the serial number of the instrument and the words "EEPROM Backup Disk.”

How to Retrieve Correction Constant Data from the EEPROM Backup Disk

1.

Connect the instruments as shown in Figure 5—6. Make sure the drive is set to HP—IB
address 00.

Move the A9 correction constant to the alter position (see Adjustments tab). Install the new A9
assembly.

: (bottom soft-
(top softkey) and then turn

key) : (fourth softkey from the top) ‘i

the RPG knob.

NOTE: Disregard noisy trace data or error messages on the display now.

represents the file name of the EEPROM data for the analyz-
er. “FILE 1" is the filename of the EEPROM data disk supplied.

Perform the serial number and, if applicable, the option number correction constant routines.

Press (RECALL] :

by performing a simple measurement.

-+ and verify that good data was transferred to EEPROM

In case of difficulty, refer to Troubleshooting.

Return the A9 correction constant jumper to the NORMAL position if no more correction con-
stant routines are going to be performed.
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REFERENCE ASSEMBLY VCO TUNE ADJUSTMENT

VCO
Tune or Red
9 Y-a 7 LV
m( O A\ ™0 &
Figure 5—7. VCO Tune Adjustment Location
EQUIPMENT
Extender board, large ................ part of tool kit HP p/n 0872060004

DESCRIPTION AND PROCEDURE

This adjustment centers the reference assembly VCO (voltage controlled oscillator) in its tuning
range. Warm—up time: 30 minutes.

1.

Remove the instrument top cover. If VCO TUNE on the A12 assembly (red extractors) is acces-
sible, continue with step 2. See Figure 5—7. Otherwise, install the A12 assembly on the extend-
er. Use SMB cables as required (the EXT REF cable need not be reconnected now).

Press IME (MANUALY (2]
0] BusiF. (3] =] todisplay

“VCO Tune.”

Press (MKR] and [SCALEREF] 2
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4. Adjust VCO TUNE with a non—metallic adjustment tool to 0.0V 500 mV (within one division of
the reference line). The adjustment is sensitive, and if out of adjustment may display an irregu-
lar waveform. Slowly tune through the entire adjustment range to obtain a flat trace, then care-
fully tune for 0.0V. Once the adjustment is done, it should be rechecked with the reference
board reinstalled in the instrument, and at operating temperature.

5. If VCO TUNE cannot be adjusted as specified, and the instrument passes the Abus test, the
A12 assembly must be replaced.
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FREQUENCY ACCURACY ADJUSTMENT

]

Figure 5—8. VCXO Adjustment Location

EQUIPMENT
Frequency counter ............ ... ..ot HP 53508
RFcable ....... ... e HP 85131C/D

DESCRIPTION AND PROCEDURE

This adjustment sets the VCXO (voltage controlled crystal oscillator) frequency to maintain the instru-
ment’s frequency accuracy. Warm—up time: 30 minutes.

1. Connect port 1 of the analyzer to the frequency counterinput (see Figure 5—5). Press
5 % [(menu] - COE0O0E ).

2. Ifthe measured frequency is 13.5 GHz +135 kHz (13.499865— 13.500135 GHz), no adjustment
is necessary, although the instrument can easily be adjusted much closer.

3. Otherwise, locate the A12 assembly (red extractors) and adjust VCXO ADJ (see Figure 5—8)
for a frequency counter reading as close to 13.5 GHz as possible.

4. It you are unable to adjust the frequency as specified, replace the A12 assembly.
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SAMPLER CHECK

EQUIPMENT
RFcable ........ccoii i e e HP 85131C/D
3.5 mm (f) 50 ohm termination (2) .... HP 909D option 011 (85052—60011)*

*or use one female and one male termination (85052 —60010) with an (f)/(f) adapt-
er (85052—-60012), all part of HP 85052B calibration kit

DESCRIPTION AND PROCEDURE

Samplers are adjustable only at the factory. New samplers which do not pass the following check
must be replaced. Warm—up time: 30 minutes.

NOTE: Make sure all connections are good before checking a sampler or concluding it is faulty.

1. Connect the RF cable from port 1 to port 2. Turn on the instrument and press

£ sTART] [3] [am]) [(mxRFcTN ]
Perlorm step 2, 3 or 4 to check the A, B or R sampler.

A Sampler Check

2. a. Tocheckthe A sampler (A65, at port 1) press The minimum marker

reading should be >~7 dB (within 7 dB of the 0 dB referencs line).

b. Press G eBwW. (3 (2J(2) [ to setthe start frequency

and bandwidth. Remove the RF cable and connect a 50 ohm termination at each port. Press

] ) @] (1] to rescale the CRT.
0O &

(. After 32 sweeps have been averaged, the maximum
marker reading should be <— 80 dB.

. Press

d. If the readings in steps 2a or 2c are not as specified, replace A65.

B Sampler Check

3. a. Tocheckthe B sampler (A66, at port 2) press T . The minimum mark-

er reading should be >-7 dB.

b. Press (s1arT) (5] (] (wa) (ave]
and bandwidth. Remove the RF c_:abl

(scaerer) (2] (] [t :REFERENCE

: ) ][] ] to set the start frequency

ect a 50 ohm termination at each port. Press

=] 4] to rescale the CRT.
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c. Press

DE =@

MAX.. After 32 sweeps have been averaged, the maximum

marker reading should be <—80 dB (below the reference line).

d. If the readings in steps 3a or 3c are not as specified, replace A66.

R Sampler Check

4, Tocheck the R sampler (A64, internal) perform steps 2a and 3a (the first part of the A sampler
and B sampler check). If both readings are not as specified, replace A64.
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POWER ADJUSTMENTS

Blanking Lowband Power
Adjust S2J3 Adjust

1
arf = i

u

J

Figure 5—9. Low Band Power Adjustment

EQUIPMENT
Powermeter ............iiiiiiit i e e HP 436A or 438A
POWET SBNSOr ... i i e e e HP 8485A
3.5 mm (f)/(f) adapter ..... 85052-60012 (part of HP 850528 calibration kit)
Frequency counter .......... ... .ot HP 5351B
SMAflexiblecable .............ccoii i e 8120—4386
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LOW BAND POWER LEVEL ADJUSTMENT

DESCRIPTION AND PROCEDURE

This adjustment sets the lowband power into the M/A/D/S microcircuit to 0 dBm. Warmup time: 30
minutes.

1. Remove the covers and fasteners so that the analyzer can be pivoted open (see the Adjust-
ments and Correction Constants tab). Remove the source cover

NOTE: Reconnect the cables that were disconnected to remove the source cover.

2. Disconnect W3 from S2J3 and connect the frequency counter to S2J3. See Figure 5—9.

3. Tum on the instrument (ignore phase lock error messages) and press
: ' (sysEm] . SE s &

and adjust the

r (approximately

3650).

4. Calibrate the power meter. Remove the frequency counter and connect the power sensor to
$2J3. Adjust the low band power level (see Figure 5—10) so that the power meter displays 0
dBm.

NOTE: If you are unable to perform this adjustment refer to the Source section of Troubleshooting
in this manual.
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BLANKING ADJUSTMENT

DESCRIPTION AND PROCEDURE

This adjustiment sets power level out during retrace. If incorrectly adjusted, the first data points in
a sweep may not be stable.

4,

Press he DE®E.

When the CRT displays “BLANKING ADJ", press

Calibrate the power meter and connect it to port 1 (see Figure 5—10).

Use the blanking adjustment to obtain —12 dBm at port 1, (-17 dBm for Opt. 006) (see
Figure 5-9).

Press continue.

NOTE: If you are unable to perform this adjustment refer to the Source section of Troubleshooting

in this manual.
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POWER LINEARITY CORRECTION CONSTANTS

Figure 5—10. Power Linearity Correction Constants

DESCRIPTION AND PROCEDURES

These correction constants improve test port raw power linearity, and set power accuracy.

1.

Move the A9 correction constant jumper to the alter position (see the Adjustments tab).

Press [(RECALL ] s (=) 0.
When the CRT displays “Power Adj.” press Press :¥E8: in response to the
instrument prompt “caution: OK to alter correction constants?”

Calibrate the power meter and connect it to port 1.

Adjust the front panel RPG to obtain —10 dBm (- 15 dBm for Opt. 006) at the port, then press

Adjust the front panel RPG to obtain 0 dBm (—5 dBm for Opt. 006) at the port, then press

Adjust the front panel RPG to obtain +10 dBm (+5 dBm for Opt. 006) at the port, then press

If the procedure did not end with done, refer to Digital Control.
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CAL KIT DEFAULTS CORRECTION CONSTANTS

DESCRIPTION AND PROCEDURE

This procedure loads the default calibration kit definitions from ROM into EEPROM. These mathe-
matical device models match the characteristics of the HP 850528/D 3.5 mm, 85050B/D 7 mm, and
85054B/D type—N calibration kits. They must be stored in EEPROM for error correction to work
properly in measurement calibrations with these kits. Equipment required:none. Warm—up time:5
minutes.

Perform this procedure only if the A3 CPU has been replaced.

1. Check A9 CC jumper position. Press PRESE SYSTEM

- [53J7J (1] . When the display shows “Cai Kit Det,” press
Then press :YES: at the query to alter the correction constants.

2. If this procedure did not end with “DONE," refer to Digital Control.
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Chapter 6. Troubleshooting
e

INTRODUCTION

The troubleshooting strategy of the HP 8719C/20C is based on a verification (rather than symptom-
atic) approach. The first step is to verify the operation of the network analyzer independent of system
peripherals. This section, Troubleshooting, takes that step and also suggests how to remedy system
problems external to the analyzer.

The analyzer overall block diagram is at the end of this section.

The next section, Isolate Faulty Group, assumes that the fault is within one of the instrument’s five
functional groups: power supply, digital control, source, receiver and accessories. /FG identifies the
group and refers the technician to the appropriate section. These first sections, Troubleshooting and
Isolate Faully Group, stress simple, straight forward procedures.

Each of the five sections following IFG verifies, one at a time, the assemblies within a group until
the faulty assembly is identified. These five sections employ more lengthy, complicated procedures.

INITIAL OBSERVATIONS

A system failure can be caused by a problem in the network analyzer and its accessories (cables,
calibration and verification kits) or outside the network analyzer, in HP—IB related components (pe-
ripheral devices, an external controller, programming). If the failure is obviously in the analyzer or
its accessories, go directly to the /sofate Fautty Group section. Otherwise disconnect all of the periph-
eral HP—IB and RF cables from the analyzer.
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Turn on the network analyzer and watch for the following in this order:

@

OPERATING STATE TURN ON SEQUENCE
Only CH1 LED 6 LEDs On

(of initial 6 on)
a2 LED off

al LED on a2 LED on
CRT bright & focused Audible tronsfer
Fon oudible switch click

® ®

Figure 6—1. Turn On Sequence

In case of unexpected results, check AC line power to the instrument. Check the fuse (rating listed
on rear panel, spare inside holder). Check the line voltage setting (use small screwdriver to change).

Refer to Isolate Faulty Group if the problem persists and the analyzer does NOT use HP—IB.
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TROUBLESHOOTING HP-IB SYSTEMS

Check the network analyzer's HP—IB functions with a known working passive peripheral (Iike a plot-
ter or printer or disk) Connect the peripheral via a good HP—IB cable to the analyzer. Press

i to enable the analyzer to control the peripheral. Then press
SE! and the softkeys to see the device addresses recognized by the HP 8720. The
factory default addresses are:

Device HP-IB Address
8720/8719 16

Plotter 5

Printer 1

Disk (drive) O

Controller 21

Other addresses may be used with two provisions: (1) each device must have its own address and
(2) the address set on each device must match the one recognized by the analyzer (and displayed
on the CRT). Peripheral addresses are often set with a rear panel switch. Refer to the manual of the
peripheral to read or change its address.

If Using a Plotter or Printer Make sure it has power, pens, paper, pinch wheels down, and so
forth. Plotters should not be i in VIEW mode some plotters need to have P1 and P2 positions set.

Press and then ¥

If the result is a copy of the CRT display, HP—IB is functional in the analyzer. Continue with Trouble-
shooting Systems with Multiple Peripherals, Troubleshooting Systems with Controllers, or the Isolate
Faulty Group section. ‘

if the result is not a copy of the CRT display, suspect HP—IB problems in the analyzer: refer to the
Digital Control section.

If Using a Disk Drive Make sure the drive has power, an initialized disk in the correct drive, and
the proper disk unit number and volume number (press to see; defaultis 0, 0.) With hard
disk (Winchester) drives, make sure the configuration switch is properly set (see drive manual).

Press [(smaRT] [2] FG/n] (savE)

Then press [ PRESET

. lfthe resultant trace starts at 2 GHz, HP—1B is func-

tional in the analyzer. Continue W|th Troubleshoot/ng Systems with Multiple Peripherals, Trouble-
shooting Systems with Controllers, or the Isolate Faulty Group section.

If the resultant trace does not start at 2 GHz, suspect HP—|B problems in the analyzer: refer to the
Digital Control section.

Troubleshooting Systems with Multiple Peripherals

Connect any other system peripherals (but not a controller) one at a time and check their functional-
ity. Any problems observed are in the peripherals or HP—IB cables, or are HP—IB address problems
(see above).
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Troubleshooting Systems with Controllers

Passing the preceding checks indicates that the HP —IB functions are normal in the analyzer. There-
fore, if the analyzer has not been operating properly with an external controller, suspect the control-
ler. Check the following:

HP —IB interface hardware must be installed, see BASIC User’'s Manual.
Select code, see BASIC User's Manual.

1/0 and HP~IB binaries loaded, see BASIC User's Manual.
Compatibility, must be HP 9000 series 200/300, see System Overview.

Programming syntax, see the HP—/B Programming Guide.

If the analyzer appears to be operating unexpectedly but has not completely failed, go to the /solate
Faully Group section.
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Chapter 7. Isolate Faulty Group
L

INTRODUCTION

The purpose of this section is to determine which major group of assemblies in the instrument is
faulty. The premise of the following troubleshooting sections is that sach successive group depends
on the proper functioning of previous groups to work. For example, each functional group depends
on the power supply group. Hence the power supply group is examined first. Similarly, for the receiv-
er portion of the instrument to function, the source assemblies must be operating properly. Trouble-
shoot the functional groups and the assemblies in the order presented.

The checks that isolate the faulty functional group are reproduced twice: first in a longer, tutorial
format and then in a brief checklist format. The main points in both formats are numbered the same
for easy cross reference. Either format can be used to start troubleshooting the instrument on loca-
tion or over the phone. Both formats conclude with a reference to Table 7—1, the Functional Group
Assemblies and Equipment table which lists, by functional group, all of the assemblies and the asso-
ciated service equipment.

POWER SUPPLY

Turn on the instrument.

1. Check to see that the fan is operating properly, fan speed varies, depending on instrument tem-
perature.

2.  Check the rear panel (A15) LEDs: the green LED should be on; the red LED should be off.

3. Check the A8 post—regulator LEDs: remove the instrument top cover; all of the green LEDs
should be on. Look for 9 LEDs.

If the above checks yield unexpected results:

a. Referto Table 7—1, at the end of this section to see the associated assemblies and required
equipment.

b. Go to the Power Supply troubleshooting section to continue troubleshooting.

If the above checks indicate normal instrument operation, proceed with the next paragraph.
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DIGITAL CONTROL
Store the factory preset in Preset REG 5, by pressing

Cycle power.

4. Al six upper front panel LEDs and the a2 lower front panel LED should turn on, and then you
should hear an audible click and see the a2 LED turn off, the a1 LED turn on, and all upper front
panel LEDs except CH 1 turn off.

5. The display should be bright and focused.

6. Press SRERV) , (53 (] to verify that the PRESET tests passed.
7. Press[0] ] ¢
8. Press [1] (] “exe

passes.

. to run ALL INT test.

% fo run the ABUS test and check fo see that the test

If the above checks yield unexpected results or any test fails:

a. Referto Table 7—1, at the end of this section to see the associated assemblies and required
equipment.

b. Go to the Digital Control troubleshooting section to continue troubleshooting.

Otherwise, proceed with the next paragraph.

SOURCE
9. ' Check the display to make sure there are no phase lock error messages. If messages are
present:

a. Referto Table 7—1, at the end of this section to see the associated assemblies and required
equipment.

b. Go to the Source troubleshooting section to continue troubleshooting.

10. Connect a power sensor to port 1. Press
to check power at 1 GHz, and then press [(#] repeatedly to check power at 2, 5, 10, and 20
GHz (HP 8719: 2, 5, 10, and 13.5 GHz). The power should be between +8 dBm and +12 dBm.
Press and connect the power sensor to port 2. Repeat the measurement from
port 2. If the power is not within specification at either port:

a. Referto Table 7—1, at the end of this section to see the associated assemblies and required
equipment.

b. Go to the Source troubleshooting section to continue troubleshooting.

Otherwise, continue with the next paragraph.
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RECEIVER

If any input shows unexpected results, refer to Table 7—1 for the associated assemblies and equip-
ment required. Then go to the Receiver troubleshooting section. Otherwise, proceed to Accessories.

Ac PrESEY (T

trace should show a relatively flat line at about —7 =2 dB.

11. Press F

. The

12. Connect an open or short to port 1. Press :A: to look at input A (port 1). The trace should re-

sembile Figure 7—1 below, with a minimum of about —35 dB at 50 MHz and a value around —8
dB over the flat section.

138. Tocheck input B (port 2), connect an open or short to port 2, then press
to drive port 2. Again, the trace should resemble Figure 7—1 below.

CH1 A log MAG 10 dB/ REF 0 &@®
[y

START 080 000 000 GHz STOP 20.080 000 000 GHz

Figure 7—1. Typical Trace

ACCESSORIES

If the instrument has passed all of the above checks but is still making incorrect measurements,
probably either the cables or the calibration kit devices are faulty. Only the analyzer and the suspect
cable or calibration kit devices are required to troubleshoot such problems. Turn to the Accessories
troubleshooting section.
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Table 7—1. Functional Group Assemblies and Required Equipment

Required Equipment

Functional Assemblies Power Freq.
Group Included DVM Meter | Counter | Scope

Power Supplies AB Post—Regulator ®
A15 Preregulator

Digital Control A1 Front Panel

A2 Front Panel Interface
A9 CPU

A10 Digital IF ) ° ®
A16 Rear Panel
A18 Display
A19 GSP

A51 Intertace

Source A11 Phaselock

A12 Reference

A13 Fractional—N Analog
A14 Fractional—N Digital
A52 Pulse Generator

A53 Low Band Microcircuit
AS5 YIG 1 : .
A57 Cavity Oscillator ® ® ° ™
A58 M/A/D/S Microcircuit
A58 Source Interface Board
A60/61 Bias Tee

A64 Sampler

A68 6 dB Attenuator

$2, 3 Microwave Switch

Recsiver A4/5/6 Second Converter
A10 Digital IF ° ° °
A62/63 Coupler

A64/65/66 Sampler

Accessories —
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ISOLATE FAULTY GROUP WORKSHEET (1 of 2)

(Photocopy for multiple use.)

User Date

Serial Number Firmware Revision Phone

COMPLAINT

POWER SUPPLY  Turn instrument on. YES NO
(Normal) (Abnormal)

1. Fan operating? O 0

2. Rear panel: green LED on? red LED off? O Il

3. All A8 green LEDs on? O O

If any “NO” boxes are checked, see Table 7—1, then Power Supply section.

DIGITAL CONTROL Cycle power.

4. Do all six upper front panel LEDs turn on, then five off? O O
Audible click, a1/a2 LEDs toggle? O O
5. CRT bright and focused? O O
6. Press [SYsTem) ERR R
F PRESET pass? O O
7. Press (0] ] ¢ O O
8. Press (J] [x] ¢ O O
If any “NO" boxes are checked, see Table 7—1, then Digital Control.
SOURCE  Press
9. Does the instrument phase lock (is the display free of
phase lock error messages)? O O

If “NO”, see Table 7— 1, then Source.

10. Does the CW power at the output port measure
+10 dBm = 2 dB? O O

If “NO", see Table 7—1, then Source.
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ISOLATE FAULTY GROUP WORKSHEET (2 of 2)
(Photocopy for multiple use.)

RECEIVER YES NO
(Normal) (Abnormal)

11. Press [SYsTEM] SSERVICE]

Does the display show a flat trace at —7 dBm? O O

12. Connect an open or short to port 1. Pres: .
Does the display show a trace similar to Figure 7—1? | O

13. Move the open or short to port 2. Press

Does the display show a trace similar to Figure 7—1? O O
If any “NO” boxes are checked, see Table 7—1, then Receiver.
ACCESSORIES

If the instrument has passed all of the above tests (all “YES" boxes checked) but is still making
incorrect measurements, the problem is most likely with the cables or calibration kit devices. Refer
to the Accessories section.

SOLUTION

NOTE: Following assembly replacement, refer to the Related Service Procedures table in the
Post—Repair Procedurss section. The table specifies accessory adjustment and verifica-
tion procedures following assembly replacement.

Adjustments Performed Verifications Performed
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Chapter 8. Power Supply
L~

INTRODUCTION

Either the A15 red LED is not OFF or one or more of the A8 green LEDs is not ON (as determined
in a previous section, Troubleshooting). This abnormal situation may mean the A15 preregulator or
A8 post—regulator is not functioning properly, but faults elsewhere in the instrument can also affect
these power supply assemblies. So the suggested troubleshooting sequence is to check:

* Fan and power supply error messages (see Start Hers)
* A15 preregulator and loads

* A8 post—regulator and loads

LED State Definitions

Within this section, LEDs are described as being in only two states:

* ON. Bright and steady, normal green LED state, abnormal red LED state.
e OFF. Nolight at all, abnormal green LED state, normal red LED state.

NOTE: Flashing LEDs on A8 indicate that the shutdown circuitry on the A8 post—regulator is pro-
tecting power supplies from overcurrent conditions by repeatedly shutting them down. This
may be caused by supply loading on A8 or on any other assembly in the instrument. For
troubleshooting, treat flashing LEDs as if they are in the “OFF" state.

l WARNING |

Hazards are involved in power supply troubleshooting. It should be per-
formed only by quallfled persons.

NOTE: Turn OFF the instrument before removing or replacing assemblies or connectors.
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Power Supply Troubleshooting Flowchart
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START HERE

Fan

If the fan does not seem to be operating normally (at steady speed, either high or low) and these
conditions are true:

* Ati5rear panel red LED OFF, green LED ON (see Figure 8—1)
e ABLEDs (all) ON (see Figure 8—4)
Refer to Fan Troubleshooting, page 8—8.

Power Supply Error Messages
If any of the following error messages are displayed, take action as recommended:

Power Supply Hot. Check the temperature of the operating environment: it should be less than
+55°C (131°F). Make sure the fan is operating at high speed and there is at least 15 cm (6 in)
spacing behind and all around the instrument. If the fan is at slow speed or not working, refer to
Fan Troubleshooting, page 8—8.

Alr Flow Restricted: Check Fan Filter. Clean the fan filter. For best air flow and cooling, operate
the instrument with all of the covers in place. If the problem persists, continue with Check A15 Prere-
gulator and Loads, next.

Power Supply Shut Down! One or more supplies on A8 has been shut down due to overcurrent,
overvoltage, or undervoltage. Continue with Check A15 Preregilator and Loads, next.

CHECK A15 PREREGULATOR AND LOADS

Check A15 Green LED on Rear Panel

If the green LED is not ON, check the fuse, line selector, and line voltage (see Figure 8—1).
If the green LED is not ON and the fuse, selector and voltage are correct, replace A15.

If the green LED is ON, continue.
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Rear Panel of HP 8720

_6 ] [¢)
s .
T\ °| unFinn | S
. —_ Y S .
® - »
[} L

(o) 7 0 AN | Too
A15 Red LED A15 Green LED Fuse
(normally OFF) (normally ON)

Figure 8—1. Location of A15 Power Supply Diagnostic LEDs

Disconnect A15W1 and Check Red LED
Disconnect A15W1 from A8 and observe the A15 red LED on the rear panel:
e Ifthe red LED is OFF, refer to Check A15W1 Voltages. (See Figure 8—2).

* lfthe red LED is not OFF, the fault is probably in A15, +5VDIG, +5VCPU, or one of the assemblies
loading these supplies. Continue with the next check.

Check A15 and +5V Loads

Remove the AB through A14 assemblies (see label on instrument top cover) and turn on the
instrument.

* l{the A15red LED is OFF, reinsert the assemblies one at a time, starting with A8, until the A15 red
LED is ON (disregard the A8 green LEDs). Replace the assembly that turns ON the A15 red LED.

s [fthe A15 red LED is not OFF (with A8 to A14 removed), reinsert A8 to A14 and then remove the
remaining +5V loads one at a time in the order shown below until the A15 red LED goes OFF.

* A51: Disconnect W12 (the ribbon cable going from A17 to A51, see label on top cover). If the A15
red LED goes OFF, the fault is in the lower box: continue with Remove A51 Loads.

* A1/A2 and A16 (see label on top cover or Disassembly and Replacement Procedures section for
location): replace the assembly whose removal causes the A15 red LED to go OFF.
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If the A15 red LED is not OFF (with A1, A2, A8 to A14, A16, and W12 disconnected), replace the
A15 preregulator.

Remove A51 Loads
Remove power from the following components in the lower box.
A60/A61/S4 bias tees and transfer switch (at A56J2)

AS52 pulse generator (at A51J4)

A66 B sampler (at A51J10)

A65 A sampler (at A51J9)

A64 R sampler (at A51J11)

AB69 step attenuator (at A51J2)

AB3/A57 mixer/amp and cavity oscillator (at A51J3)

A55 YIG 1 (2.4 — 20 GH2) (plugs directly into AS9)

Reconnect W12 and observe the A15 red LED:

* A15red LED OFF:replace the cables one atatime. Replace the assembly thatturns ONthe A15red
LED.

* A15 red LED not OFF: replace A51.

Check A15W1 Voltages

Measure the output voltages of A15 at A1SW1P1 (see Figure 82 for values). If any of the voltages
are out of tolerance, replace A15. If all the voitages are correct, continue with Check A8 Post—Regu-
lator and Loads.

A15W1P1
Voltages
Pin From A15 Preregulator
1 N/C
2 +100 to +125
3,4 +22.4 to +33.6 ——
5 6 —22.4 o —33.6 —| A15W1P1
7 N/C [B|E[E®[E®IEIEN  pisconnect plug to
8 +9.4 10 +14 [[E(ED|EEG)] meosure voltages.
9,10 —9.4to—14
11 +32 to +48
12 N/C

Figure 8—2. Voltages at A15W1P1

HP 8719C and HP 8720C Power Supply 8-5



CHECK A8 POST-REGULATOR AND LOADS

Reconnect A15W1. If all nine of the AB post—regulator green LEDs are not ON, go to A8 LEDs Are
Not All ON. Otherwise, if the A15 red LED is still not OFF, continue.

Check Fan

If the fan is not operating normally, go to Fan Troubleshocting.

Check Display
Remove the W42 display power cable from A8 (see Figure 8—3) and check the A15 red LED:
» A15red LED not OFF: reconnect W42 and continue with CheckAssemblies Loading +7.5V Supply.

e A15red LED OFF: reconnect W42, disconnect A18W1 from A19,
¢ A15red LED OFF: replace the A18 display assembly.
* A15red LED not OFF: replace the A19 GSP assembly.

CRT A18

A19 A15 A18W1
Pre~regulator

Figure 8—3. Location of W42 Display Power Cable

Check Assemblies Loading +7.5V Supply
Remove the A9, A10, A12, A13 and A14 assemblies.
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* A15red LED OFF: reinsert the assemblies one at a time untit the A15red LED goes ON (disregard
the A8 green LEDs). Replace the assembly that turns the LED ON.

* A15red LED not OFF: either the A8 post—regulator or the A17 motherboard is faulty; check them
for shorts and solder bridges. Refer to the Power Supply Block Diagram, Figure 7, for help.

A8 LEDs ARE NOT ALL ON

When the A8 LEDs are not all on, the fault could be in the A8 assembly itselt, in an upper box assem-
bly, in a lower box assembly or in the display.

Check A8 Alone

Remove A8 from its cavity but keep A15W1 connected. Disconnect the W42 display power cable
from A8J11 and short test point AGND to chassis ground with a clip lead. Test points and LEDs are
identified on the circuit board and in Figure 8—4.

* Any A8 LEDs (except +5VD) not ON: check the fuses along the top edge of A8, pull any burntones
out of their sockets and replace them. if any fuse burns out again or any LEDs are still not ON, re-
place A8.

e AllA8LEDs (excspt +5VD) ON: the problem is not in A8. Reinsert A8, reconnect the display cable,
and remove the short to chassis ground.

Check Upper Box Assemblies

Remove these assemblies from the instrument: A9, A10, A11, A12, A13, and A14 (see top cover
label). Turn the instrument on and cbserve the A8 LEDs:

* AllABLEDs ON: reinsert the assemblies one at a time and replace the assembly that produces the
“LEDs not all ON” condition.

e All A8 LEDs not all ON: reinsert the assemblies and continue.

Check Lower Box Assemblies
Disconnect W12 (the A51 ribbon cable) and turn on the instrument.

¢ AllA8BLEDs ON: reconnect W12 and disconnect the cables tothese loads: A60, A61, S4, A52, A66,
AB5, AB4, A69, A51, A57, and AS5 (ses top cover labsel).Reconnect the assemblies one at a time
and replace the assembly that produces the “LEDs not all ON” condition.

* |f disconnecting A51 fixed the problem, then disconnect by unplugging A55, A53, and A58.
* All A8 LEDs not ON: reconnect W12 and check the display.

Check the Display

Disconnect W42 (the display power cable) and turn on the instrument.
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o All A8 LEDs ON: reconnect W42, disconnect A18W1 from A19,
o All A8 LEDs ON: replace the A18 display assembly.
+ All AB LEDs not OFF: replace the A19 GSP assembly.

« ABLEDs not all ON: one of the remaining loads or the motherboard is faulty. Reconnect W42 and
continue.

Check the Remaining Loads and Traces

Use the shutdown disable feature to determine which remaining load or trace may be faulty.

Briefly Disable the Shutdown Circultry. Connect test point SDIS to chassis ground with a jumper
wire. Turn the instrument on and note any LEDs that are not ON. IMMEDIATELY REMOVE THE
JUMPER WIRE.

Identify the Faulty Assembly. Refer to the Power Supply Block Diagram (Figure 7, at the end of
this section) and note the mnemonics of the voltages of any A8 LED that was not ON in the previous
step. The assemblies that have not yet been checked are these:

A4, A5, A6, A1/A2, A16 (unchecked assemblies)

If the mnemonics noted above indicate a particular assembly could be faulty, check it first. Otherwise
remove each of the unchecked assemblies one at a time in the order listed. Turn on the instrument
and observe the A8 LEDs. Replace the assembly that turns ON all of the LEDs.

If, after removing all of the above assemblies, the A8 LEDs are not ali ON, inspect A17, the mother-
board. Look for solder bridges and shorted traces, especially the traces that carry the supplies
whose LEDs faulted when ABTP5 was grounded earlier.

NOTE: This is the end of the troubleshooting sequence. The following procedures are branches
of the preceding sequence and other sections.

FAN TROUBLESHOOTING

The fan as well as other assemblies share the 18 volt supplies from A15. The £18 volts from the
A15 is controlled on the AB to produce the correct fan speed to regulate instrument internal
temperature.

Measure A8 Fan Voltages

Remove A8 from the motherboard but keep A15W1 connected. Remove the W42 display power
cable and short test point AGND to chassis ground with a clip lead. Turn on the instrument and
measure the voltages as indicated.

Measurement Point Measurement Range (volis)
ABP1 pin 31 +5.3 to +15.4 (this voltage is temperature dependent)
ABP1 pin 32 —18.5to —14.9

If the preceding measurements are within range, replace the fan.
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Measure A15 Fan Voltages

If you haven't already measured the 18 volt supplies from A15, disconnect A15W1 from AB. Turn
on the instrument and measure the unioaded voltages at A15W1P1 pins 1 through 4 (see
Figure 8—~2).

If the measurements are within range, replace A8.

If the measurements are not within range, replace A15.

DISPLAY POWER TROUBLESHOOTING

This procedure is an entry point from the Digital Control section and assumes the following:

* The supply voltages are faulty at A18,
* The A15 rear panel red LED is OFF and the green LED is ON, and
e All A8 green LEDs are ON.

If these assumptions are false, go back to the beginning of Power Supply.

Verify A8 Display Voltages

Remove A8 from the motherboard but keep A15W1 connected. Remove the W42 display power
cable and short ABTP2 (AGND) to chassis ground with a ciip lead. Turn the instrument on. Refer
to Table 8—1 and Figure 8—4 to continue.

Table 8—1. Display Voltage Measurements

Step Measurement Pt. Voltage Range Observation: Action
1 A8TP1 +64.6V to +65.4V bad: disconnect A15W1 and do step 3
(+65V)
2 A8P1 pins 18, 19 +4.9V to +5.3V good: plug A8 into motherboard and do
step 4
bad: replace A15
3 A15W1P1 pins 1,2 +100V to +125V good: replace A8
(+65V) bad: replace A15
4 A8TP3 +4.9V to +5.3V bad: replace A8
(+5VD)

**Suspect cable W42 if the voltage is good at A8.

TEST POINT VOLTAGES

This procedurs is an entry point from Isolate Faulty Group. Measure the DC voltages at the A8 test
points as shown in Figure 8—4.
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-15v +6v
-4 to -15.6 +1IHI~ to +15.8 -5 to -54 +58 to +6.2

-12.6VPP

ov 121 to ~128 to +5.35 /+21.3 to +22.7
°g " [ / /
- o

HP 8719 and HP 8720
A8 Post—-Regulator Assembly

Figure 8—4. A8 Post—Regulator Test Point Voltages

In Case Of Difficulty

If any of the AB test point voitages is not within the range shown in Figure 8—4, determine which
assembly, A8 or A15, is faulty.

NOTE: Turn OFF the instrument before removing or replacing any assemblies or connectors.

1. If the +5VD voltage at ABTP4 is out of tolerance, put the A8 assembly on an extender board
and measure the voltage at ABP1 pins 18 and 19.
* correct voltage (+4.9V to +5.3V) at ABP1 pins 18, 19: replace AB

* incorrect voltage at ABP1 pins 18, 19: replace A15.

2. Ifthe voltage at any test point except ABTP4 is out of tolerance, disconnect A15W1 from A8 and
measure the voltages at A1SW1P1 (see Figure 8—5).

HP 8719 A15W1P1
HP 8720 Voltages

Pin From A15 Preregulator
1 N/C
2 +100 to +125
3,4 +22.4 to +33.6
5,6 —22.4 o —33.6 A15W1P1
7 N/C Disconnect plug to
8 +9.4to +14 measure voltages.
9, 10 —9.4to —14
11 +32 to +48
12 N/C

Figure 8—5. Al15W1P1 Voltages
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= correct voltages at A1SW1P1: A8 or one of its loads is faulty. To troubleshoot, go to the paragraph
titlied A8 LEDs Are Not All On. Perform that procedure measuring the power supply voltages (in-
stead of observing the A8 LEDs).

* incorrect voltages at A1SW1P1: replace A15.
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Chapter 9. Digital Control
L

INTRODUCTION

Use this section to determine which digital control assembly of the instrument is faulty. The digital
control assemblies are:

* A1 front panei

¢ A2 front panel interface
e A9CPU

* A1Odigital IF

* A16rear panel

* A18display

e A19GSP

* A51 test set interface

Abus Test Failure

If the abus (analog bus) test failed in Isolate Faulty Group, perform the analog bus correction con-
stant routine as described in the Adjustments section. If the instrument is not phase locking, tests
may take much Ionger than normal to run. Ignore phase lock problems and continue. Press

SYSTEM , 1o run the abus test again.
If it fails, replace the A10 assembly and return to Isolate Faulty Group If it passes, return to Isolate
Faulty Group.

Fatal Errors
If the CRT displays a fatal error, go to Fatal Error Troubleshooting.

HP—IB Failures
If you suspect HP—IB failure, go to HP—IB Troubleshooting.

PRELIMINARY CHECKS
NOTE: Be sure the ASCC jumper is in the “normal” position for these procedures.
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A9 CPU CHECK
4. Check LED Pattern After Cycling Power

Cycle the power on the analyzer and observe the four red LEDs (labeled RUN—~1—2—4) on the top
edge of the A9 CPU board. The RUN LED should be on after the instrument is powered up.

If the RUN LED is not on, replace the A9 CPU after verifying the power supply.
5. Check LED Pattern With Preset Key Held In

Press and hold down the key while observing the four LEDs on A9. The RUN LED
should be off, and the 1—2—4 LEDs should stop blinking and display a random pattern of on/off.

6. Check LED Pattern After Preset Key Is Released
Release the key and watch for the following sequence:

All four LEDs should turn on for about 1 second. The run LED should stop blinking and display a
random pattern of on/off.

If this is observed, go to Display Check.

If the RUN LED does not remain on, and the ASCC jumper is in the “normal” position, replace the
A9 CPU assembly and repeat the three LED pattern checks.

If the RUN LED remains on but the 1—2—4 LEDs are held in any of the patternsin Table 9—1, and
the A9CC jumper is in “normal” position, replace the A8 firmware ICs. (Firmware |Cs are not individu-
ally replaceable.) Replacement kits are listed in the Replaceable Parts section.

Table 9—1. LED Code and Pattern Versus Test Failed

LED Code Sum Message Displayed on CRT " Faulty Component
RUN| 1 2 4
) ° o o ROM 1L FAIL U24
) e o o ROM 1M FAIL u4
o ) ® o] ROM 2L FAIL uU2s
) ) ] o} ROM 2M FAIL us
DISPLAY CHECK

If the display is not bright and focused with legible labels, skip to Display Troubleshooting, otherwise
continue.
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FRONT PANEL CONTROL CHECK

Press [CUSERPRESET . All six upper front panel LEDs should turn ON, and within five seconds after
release, five should turn OFF (CH 1 or CH 2 LED stays on depending on stored user preset state).

Press [€H2) and [€H1]. As each key is pressed, the LED next to it should turn ON (and the other
LED tum OFF).

* If either of these checks fails, go to A1/A2 Front Panel Troubleshooting.

Press (EAS] ‘Refi 2 if a1 LED is on after user preset, or press H
is on after user preset, and observe the LEDs on the lower front panel.

* Ifthe a1 LED turns OFF and the a2 LED turns ON and a click is audible, continue with Diagnostic
Checks.

* |f the LEDs do not swﬂch ora cllck is not audible, suspect a faulty transfer switch or associated
cables. Press
the click of the attenuator Attenuator activity indicates that the W1 2cableis good; troubleshoot S4
and its associated cables. Attenuator inactivity indicates a problem with W12 (the lower box control
and power cable).

DIAGNOSTIC CHECKS

The analyzer incorporates 20 internal diagnostic tests. Most tests can be run as part of one or both
maijor test sequences: all internal (#0) and preset (#1) A few te ts can be run only singi To un

the ALL INTERNAL test, press _ :
Then press (] [x1] to see the results of the PRESET tost. If elther sequence fails, press the E]
or [#] keys to find the first occurrence of a FAIL message for tests 1 through 20. Refer to Table 9—-2
for further troubleshooting information.
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Table 9—2. Internal Diagnostic Tests with Commentary
[ Test Sequence’ Probabte Falled Assembly2:
Comments and Troubleshooting Hints
[0 AllInt — ~ —:Executes tests 3—11, 13—16, 20.
1 Preset - ——:Executes tests 2-11, 14—16. Runs at power—on or preset.
2 ROM P A9:Repeats on fail; refer to Table 1 to replace ROM or A9.
3 CMOS RAM PAl A9:Replace A9.
4 Main DRAM PAI A9:Repeats on fail; replace AS.
5 DSP Wr/Rd PA! A9:Replace A9.
6 DSP RAM PAl A9:Replace A9.
7 DSP ALU PAl A9:Replace A9.
8 DSP Intrpt PAI A9/A10:Remove A10, rerun test. If fail, replace A9. If pass, replace A10.
9 DIF Control PAl A9/A10:Most likely A9 assembly.
10 DIF Counter PAI A10/A9/A12:Check analog bus node 17 for 1 MHz. If correct, A12 is
verified; suspect A10.
11 DSP Control PAl A10/A9:Most likely A10.
12 Fr Pan - A2/A1/A9:Run test 283. If fail, replace A2. If pass, problem is on bus
Wr/Rd between A9 and A2 or on A9 assembly.
13 Rear Panel Al A16/A9:Disconnect A16, and check A9J2 pin 48 for 4
MHz clock signal. If OK, replace A186. If not, replace A9.
14 Post—reg PAI A15/A8/Destination assembly:See Power Supply section.
15 Frac—N Cont BAI A14:Repiace A14.
16 Sweep Trig PAI A14,A10:Most likely A14.
17 ADC Lin -—- A10:Replace A10.
18 ADC Ofs -—- A10:Replace A10.
19 ABUS Test - A10:Replace A10.
20 FN Count Al A14/A13/A10:Most likely A14 or A13, as previous tests check A10. See

Source section to troubleshoot.

1 P = part of PRESET sequencs;
Al =part of ALL INTERNAL sequence.
2 in decreasing order of probability.

NOTE: Refer to Service Key Menus for a description of each of these tests.
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FATAL ERROR TROUBLESHOOTING

A fatal error message indicates that the A9 assembly processor is failing its own self—test. This may
be due to either faulty data or address lines or a faulty A8 assembly.

To troubleshoot a fatal error, first remove all data and address destination assembties by removing
or disconnecting these items:

A1, A2, A10, A12, A13, A14, A16, W12,

e |f the instrument still displays a fatal error, either replace the A9 assembly or inspect the mother-
board (A17) for faulty traces.

* lfthe instrument no longer displays a fatal error, replace the assemblies one at a time until the fatal
error reappears. When it does reappear, the likelihood is that a shorted data or address line exists
on that assembly.

DISPLAY TROUBLESHOOTING

if the display is faulty in intensity or focus, perform the Display Intensity and Focus Adjustments in
the Adjustments section. If this does not resolve the problem, continue.

Measure Display Power Supply Voltages Entering A19

Measure the power supply voltages entering the A19 assembly coming from the A8 assembly.
Check pins 1 and 2 for +65 +0.4 V, and pin 6 for +5.16 0.4 V. See Figure 9—1.

— Pins on W42 Cable

from AB
+5.16 £ 0.4V
A18
CRT
e
— AS

|| = .
I_"_"_l +65 t OV

Figure 9— 1. A19 GSP Voltages from A8
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o Voltages incorrect: return to the *“Power Supply” section.

» Voltages correct: continue.

Display Power Supply Troubleshooting

Measure the display power supply voltages on the A19 GSP assembly. Check pins 2, 4, and 6 for
+65 =0.4 V. (See Figure 9-2)

— Pins on A19
GSP Assembly

20{efe|1®

A18 18| e|e |17

CRT 16|.0]@ |18

“ele 13

12leje |11

- ! 10|eje |0

A8 i ‘ sle]e|7

] —— qagk

Y|oejels

il UL \ LEE

| ] +65 t 0.4V

Figure 9—2. Display Power Supply Voltages from A19

¢ \Voltages incorrect: replace A19 GSP assembly.
¢ Voltages correct: continue with “Run Display Test 55.”

Run Display Test 55

(softkey 7)

(softkey 1). As soon as you press the key, all of the LEDs in the top box
should flash and the display should blank. Also note,

¢ Al LEDs (in the top box) remain OFF, display blank: go to Run Remaining Display Tests.
* Some LEDs ON or display not blank: continue.

(softkey 7) to abort the test.
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Inspect Ribbon Cable and Repeat Display Test 55

inspect the A9—A19 ribbon cable for a loose connection. Repeat “Run Display Test 55" and observe
the display.

* AllLEDs (in the top box) remain OFF, display blank: go to Run Display Tests.

¢ Some LEDs ON or display not blank: continue.

Perform CPU — GSP Communication

Disconnect the A19 end of the A9—A19 ribbon cable. Use an oscilloscope to verify a pulse train
pattern of about 3 to 4V amplitude is transferring from the A9 CPU through the cable. The pulse train
should be varying (irregular) if the instrument is in continuous sweep and regular (periodic) if the

instrument is in hold. Place the instrument in hold by pressing . (softkey 4)
(softkey 1). Go back to continuous by pressing (softkey 4)

Figure 9-3.

Al8
CRT

> Pattern

1]
Ul

Figure 9—3. A9 CPU Walking One Pattern
* Signal not present at A19 end of cable:

Check for signal at A9 connector of the ribbon cable:
* Signal not at A9: replace A9 assembly.
* Signal at A9: replace cable.

* Signal present at A19 end of cable: reconnect cable then continue.
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Run Remaining Display Tests

Store an instrument state in REG 1 by pressing

Run display tests 56 through 61. In each test the front pane! LEDs should flash and then turn OFF.
The display should blank (except in test 61 where it dims}). After executing the test press
i (softkey 1) [(SYSTEM] ¢ (softkey 8) :
the results of the test.

Press (sortkey 1) [(svsEM] J: (softkey 8) :
(softkey 1) to observe the test result. Repeat for tests 56 through 61. Based on the results below
you will replace sither A19 or A18.

i (softkey 1) to see

If some top box LEDs remain ON or the display does not blank (or dim): Replace A19 assembly.

If (1) the display power supply is ok, and
(2) the intensity or focus or vertical adjustment is ineffective, and
(3) all LEDs (except a1) go OFF and the display is blank (or dim) on tests 56 through 61:

Replace A18.

HP-IB TROUBLESHOOTING

This procedure assumes that checks performed in the Troubleshooting section have isolated an
HP-IB probiem to the analyzer. Now perform the following test to check the internal communication
path between the A9 CPU and the A16 rear panel. (This test doss not check HP—IB paths external
to the analyzer.)

Press [ SYSTEM
test 13 (rear panel) and note the results:

IE) G0

o perform internal

e Test 13fails: the problem is most likely the A16 rear panel assembly. If the A9 CPU assembly has not
been verified by checking its self—test results, pres and scrolithroughtests2to 11. Ifany
testfrom 2to 11 has failed, refer to Table 3, Internal Diagnostic Tests, earlier in this section. If tests 2
to 11 have passed, replace A16.

* Test 13 passes: the A9 CPU assembly can communicate with A16 to a 50% confidence level. If you
are confident of the Troubleshooting HP~IB Systems checks performed in the Troubleshoating
section, replace A16.
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A1/A2 FRONT PANEL TROUBLESHOOTING

Press [_USERPRESET | and observe the six upper front panel LEDs:
* No LEDs ON or ali six LEDs remain ON, see No Front Panel Control.

* Five seconds after , there should be only one channel LED on (either CH1 or CH2),
and one S—parameter LED on (either a1 or a2). If more than these 2 LEDs are on, see Stuck Key.

No Front Panel Control

If all six front panel LEDs never turn ON, or if they remain ON, there is a control problem between
A9 and A1/A2.

Remove the A1/A2 front panel and visually inspect the ribbon cable that connects the front panel
to the motherboard. Also, inspect the interconnecting ribbon cable between A1 and A2. Make sure
the cables are properly connected. Replace any cables that appsar bad.

If a controller is available, write a simple command to the analyzer. If the analyzer successfully imple-
ments the command, the problem is probably on A1/A2 or is a faulty A1/A2 ribbon cable to mother-
board connection.

Stuck Key

Following [CUSERPRESET ], with one exception (noted later), the analyzer signals stuck keys in two
ways:

* CH 1and A1 LEDs are not the only LEDs ON five seconds after PRESET.

* All six LEDs flash ON and then OFF within a few seconds of PRESET (five seconds is normal).

Stuck keys cause the instrument to enter the front pansl error codes test and generate a unique
pattern of front panel LEDs for each key pressed or stuck. To determine which key is stuck, match
the pattern of LEDs ON to Table 5. Free the stuck key or replace the A1 front panel.

The exception is the case of a stuck USER PRESET key. In this instancs, the A9 CPU 1, 2, 4 and
CH2 LED remain ON.
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Table 9—3. Front Panel Key Codes (1 of 2)

[ LED Pattern
Decimal Front Panel
Number | CH1 CH2 R L T ] Key Block
0 CAL Response
1 . 3 Entry
2 ] k/m Entry
3 L L DISPLAY Response
4 L] AVG Response
5 ° . 2 Entry
6 ° o 1 Entry
7 ® L] ® Softkey 3 Softkey
8 ] Softkey 5§ Softkey
9 L (] 9 Entry
10 ° L G/n Entry
11 L] L ° CH 1 Active Channet!
12 . . CH2 Active Channel
13 ° . ° 8 Entry
14 L o . 7 Entry
15 ° ] (] ] Softkey 1 Softkey
16 [] STOP Stimulus
17 ] (] SAVE Instrument State
18 ] L] RECALL Instrument State
19 ] L ] MENU Stimulus
20 L] L] START Stimulus
21 L L] L] coPY Instrument State
22 [ ° ) SYSTEM Instrument State
23 ° . (] ° Softkey 6 Softkey
24 . ° SCALE REF Response
25 ] ] ] 6 Entry
26 . ° ° M/u Entry
27 . . ° ° MEAS Response
28 ° . . FORMAT Response
29 . . . . 5 Entry
30 ° ° ° ° 4 Entry
81 . . . e ° Scoftkey 2 Softkey
32 ° SPAN Stimulus
33 ) . - Entry
34 ] ° ENTRY OFF Entry
35 o ° ] CENTER Stimulus
36 L] L] Softkey 8 Saoftkey
37 . . ] - Entry
38 ] ] ° LOCAL Instrument State
39 ° . ° ° Softkey 7 Softkey
40-47 | Not Used
48 . ° BACK SP Entry
49 . . [ — Entry
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Table 9~3. Front Panel Key Codes (2 of 2)

LED Pattern
Decimal Front Panel
Number [ CH1  CH2 R L T Key Block
50 ° ° ) x1 Entry
51 ° ) . MKR Response
52 . . . MKR FCTN Response
53 ° ° ° . Entry
54 ° ° ° o 0 Entry
55 ) ° . . Softkey 4 Softkey
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Chapter 10. Source

START HERE

The use of this section is based on several assumptions:

 Theanalogbus has passed test #19. (lfnot, press
G If the test fails, return to the IFG (Isolate Faulty Group) section. If the test
passes, continue.)

* A phase lock error message was observed in IFG (go to Phase Lock Error Message Displayed,
next) or

* [ncorrect power levels were observed in IFG (go to Power Nat Within Specifications) or
* A performance test or adjustment failed (continue).

NOTE: Abus waveforms shown in this section apply to the HP 8720; the portion appropriate for
the HP 8719 is indicated.

Phase Lock Error Message Displayed

Press -RE ; L S
to view the 0.25V/GHz signal to the YIG oscillator drives. Note that for
each band, the waveform should start and stop exactly as shown in Figure 10—1, with only one

ramp in each band. A problem in one band should not affect the appearance of the waveform in
other bands.
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Source Troubleshooting Flowchart

RETURN TO ISOLATE
FAULTY GROUP

PHASE LOCK ERROR DETERMNE TYPE POWER NOT IN SPEC

'
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\
a
A

Low Band \

> 4T | \ High Band
- HP 8719 ——p»
I

1315 QHz

START .050 000 000 GHz STOP 20.030 000 000 GHz

Figure 10—1. 0.25V/GHz Waveform at Abus Node 9

If the waveform appears normal in one but not both frequency bands, go to Band—Related
Problems.

If the waveform appears abnormal in both frequency bands, refer to Broadband Phase Lock
Problems, below.

Power Not Within Specifications

Perform Powser adjustments:

Low band power level adjustments.
Blanking adjustments.
Power linearity correction constants.

If power holes exist, use the block diagram (in Isolate Faulty Group) and the location diagram (on
the instrument cover) to check the cables and connections in the RF path.

If power levels are incorrect (are not =2 dBm of setting) in only one band, go to Band—Related
Problems.

If power levels are incorrect in both bands, go to Broadband Power Problems.
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BROADBAND PHASE LOCK PROBLEMS

Phase lock problems can be caused by incorrect pretune correction constants. Perform the source
pretune correction constant prooedure se ice test 43, see Adjustments) to fix this potential prob-
lem. Then press (RECALL] IR to see if the phase lock problem persists. If the
phase lock problem persists, continue. It oould be caused by a fault in one of these source assem-
blies:

A11 phase lock A12 reference A13 fractional—N analog
A14 fractional—N digital Ab1 test set interface AS2 pulse generator
A58 M/A/D/S AB4 R sampler S2, S3 PIN switches

A68 6 dB attenuator AS55 YIG 1 A59 source interface board

Swap Samplers to Check A64 R Sampler

At A66J3 (the B sampiler, see location diagram or the Replacemert Procedures chapter of this manu-
al), replace the IF OUT cable with the IF OUT cable removed from A64J3 (the R sampler). Press
E : (Ignore the trace) . If the phase lock problem persists, the R sampler was
not the problem Contlnue with Check Open Loop Power.

If the phase lock error message disappears, either the control voltage, bias voltage, RF signal or
the R sampiler itself is faulty. Check for about +0.2V on the green sampler control wire: if it is bad,
replace A51. Check the +15V and —15V bias voltages (see A57 Interface Power Supplies): if they
are bad, replace A51.

If the control and bias voltages are gocd, use a power meter and the flexible cable from the tool
kit to troubleshoot the RF signal path. Press [SYSTEM

OO E] {o enter the service mode. The RF pow-

er Ievel out of the M/AJD/S, toward the R sampler, measured at REF OUT port on the rear pane!,
should be at least —13 dBm. If the power level is correct, repiace the R sampler. If the power level
is not corraect, replace A58.

Check Open Loop Power

Verify that the source oscillators are working by measuring open loop power at the REF OUT port
on the rear panel. Connect a power meter to REF OUT. Press [ SYSTEM

@] E] The power should

be at least — 13 dBm. (You may have to change the DAC number slightly to achieve a good power
reading.)

If power is present, proceed with Check A12 Referance.
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If the power level is lower than —13 dBm, check A55 YIG 1 power at S2J3. Connect a power meter
to S2J3 and verity that for DAC num high band values from about 3200 to 4095 the power is 0 dBm
or greater. If the power at S2J3 is greater than 0 dBm, replace the A58 M/A/D/S. if the power is less
than 0 dBm, check YIG 1 output power at the AS3 end of W6. Power greater than 10 dBm indicates
proper power out of YIG at about 4.5 GHz. If the analyzer is not phase locking at this frequency in
normal operation, the problem is with the RF cabling, S2 or S3.

If no power is present, refer to A51 Test Set Interface Power Supplies at the end of this section, to
check the bias voltages to YIG1. If the voltages are correct, replace the YIG.

Check A12 Reference

Press SYSTEM

MHz.

Press (1] to check the 1 MHz signal: the counter should read 1.000 MHz.

If either counter reading is incorrect, replace A12.

Check A14 Fractional—-N

Fractional—N Checks With ABUS. Press

(2J(J 2] and compare the fractional—N

tuning voltage to Figure 10—2.

i i
NilIWAID !
A /

START 030 000 000 GHz STOP 20.050 00D 000 GHz

Figure 10—2. Fractional—N Tuning Voltage Waveform at Abus Node 21
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EQ and set the instrument to the frequencies of column

one in Table 10—1.

Table 10—1. VCO Range Check Frequencies

Front Panel Counter Value
50 MHz 119.988 to 120.012 MHz
109.999 MHz 239.975 to 240.024 MHz

« Ifthe voltage waveform resembles Figure 10—2 but the counter values do not match Table io— 1,
A14 is almost certainly faulty.

» [f the voltage waveform and the counter values are bad, continue with A74 VCO Exercise, below.

s Iftheinstrument passes both checks, the probability is greater than 90% that A13 and A14 are func-
tional: go to Check Pulse Generator (or continue with A74 VCO Range Check with Oscilloscope to
confirm).

A14 VCO Range Check with Oscilloscope

Connect an oscilloscope to A14TP1 (labeled VCO/2). Press

SYSTEM | L SERVIC i, Vary the fractional-N VCO
frequency with the RPG knob. If the wavefo esemble Figure 10—3 at the frequencies
indicated, replace A14. (The amplitude of the waveforms will vary from 3V to 10V p—p.)
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120 MHz

180 MHz

240 MHz

A14 VCO Exercise

fo————1400 nsec ——————|

j———————— 260 ngec — |

200 nsec ——+

Figure 10-3. VCO/2 Waveforms at A14TP1

The tuning voltage range of the VCO is approximately +1 to + 14 volts. This procedure substitutes
power suppiies for the normal voltages from A13 to check the frequency range of the A14 VCO.

Remove the A13 assembly. Put the A14 assembly on an extender board. it is not necessary to con-

nect the female cables while the A14 is on the extender board. Press [SYSTEM ]

cy as shown in Table 10—2.

E AL - to set the internal counter to the
frac—N node. In turn, jumper each of the three supply voltages to A14TP14 and observe the frequen-

Table 10—2. VCO Exercise Matrix

Voltage A14 Test Counter
Supply Test Point Mnemonic Point Frequency
ABTP7 +15V A14TP14 = 240 MHz
ABTP8 +5VU A14TP14 = 155 MHz
ABTP2 AGND A14TP14 = 105 MHz
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If the frequency changes are not correct, replace A14.

A14 Divide—by—N Circuit Check

NOTE: The A13assembly should stili be out of the instrument and the A14 assembly on an extend-
er board.

Jumper A14TP14 to the +5VU supply and connect an oscilloscope to A14J3 (labeled VCO/N OUT).

Press Vary the fractional—N
frequency from 120 MHz to 242 MHz.

o |fthe period of the signal does not vary from 7.5 psec to 15.5 usec, replace A14.

o |fthe period does vary as prescribed, remove the jumper and reinsert A14.

A14—-to-A13 Digital Control Signals Check

Place A13 on the extender beard and reconnect all of the flexible cables (the one to A14J1 is option-
al). The A14 assembly generates a TTL cycle start (CST) signal every 10 microseconds when the
VCO is oscillating. Connect an oscilloscope to A14TP3 (CST). (Suggested vertical scale: 2.0V/div).

Press to stop the 8720 sweep. This will make triggering on these
waveforms easier. If there is no signal, replace A14.

Use the CST signal as an external trigger for the oscilloscope and observe the signals listed in
Figure 10—4. Since these TTL signals are generated by A14 to control A13, check them at A13 first.
The signals should look similar to the waveforms in Figure 10—4.

Mnemonic A13 Al14 J-l H— CST
Location Location J—l

csT none P3 L FNHOLD
L FNHOLD P2L2 P2-2
FNBIAS P2-5 p2-5 ~ — FN BIAS
API1=5
API1 P2-32 P2-32
API2 P2-3 P2-3
API3 P2-34 P2-34 FN LATCH
API4 P2-4 P2-4 """"" ﬂm
API5 P2-35 P2-35
FNLATCH P1-28 P1-58 ' | I | I | I | }
] 10uS —|

Figure 10—4. Al4 TTL Signals at A14TP3
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e |[f these signals are bad, replace A14.

* |f they are good, replace A13.

A52 Pulse Generator Check

Monitor the 1st IF signal at the output of A65 A sampler: disconnect the SMB cable from A85 and
connect an oscilloscope to the sampler IF output. Connect a frequency counter to port 1. Then per-
form these steps:

KRR to set the fractional—N VCO to 180 MHz.

1. Press [RECALL

and rotate the RPG to change the DAC number to

about 4013. Readjust the DAC number as required to measure an output frequency of about
0.91 GHz.

Now the oscilloscope should display the IF signal as a sine wave of about 10 MHz. The actual fre-
quency can be expressed as this equation:

Oscilloscope frequency = (counter frequency) —(180 MHz) x (harmonic)

3. Repeat step 2 using the information in the second line of Table 10—3.

Table 10—3. First IF Settings

DAC Approximate Approximate

Number DAC Number ON Source Frequency Harmonic OFsc Illﬁs;cr:‘zpe
Band CRT On Counter req ¥
Low 4013 0.910 GHz 5 10 MHz
High 4004 4.690 GHz 26 10 MHz

» |f the IF signals are proper, replace the A11.

* |f the IF signals are improper, check the pulse generator bias voltages (see A57 Interface Power
Supplies). If the voltages are correct, replace the A52 pulse generator.
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BAND—-RELATED PROBLEMS

Table 10—4 lists assemblies potentially responsible for band~related problems.

Table 10—4. Assemblies Potentially Responsible for Band — Related Problems

Low Band High Band
A57 A68
A53 S2

s2 S3
S3

NOTE: Problems in RF components, crimped RF cables, and improper connections which gener-
ally cause power holes in an RF signal may cause symptoms that indicate a band —related
problem. Therefore, you should start by measuring power from S2. If the power here is
good, then all of the components in NO TAG are verifisd. Continue troubleshooting with
Broadband Power Problems to check other components. Also keep these points in mind.

¢ See the Troubleshooting tab to remove the instrument covers and pivot open the instrument.

* Cables of improper connections can be the problem in all cases.

* Usetheflexible RF cable from the too! kitio measure power at otherwise inaccessible connections.
* Before replacing suspect assemblies, refer toA15 Interface Power Supplies to check bias voltages.

Low Band: first press [SYSTEM

(AJ ][] (x] to measure power at S2J3. If greater than —5 dBm
for DAC numbers from 50 MHz (DAC # ~- 3650) to about 1.1 GHz (DAC # = 4095), troubleshoot
the cabling from S2J3 to the R sampler A64J2 (refer to the overall block diagram).

If fess than — 5 dBm at S2J3, the problem is in the A53 mixer/amp, A57 fixed oscillator, S2, or S3.
Measure power at the AS3 end of cable W6. If power is greater than +8 dBm, S3 is good; if not,
replace S3. Measure power on the S2 end of W36. If the power is greater than —5 dBm, replace
82. If the power is less than ~ 5 dBm, the problem is the A53 mixer amp or the A57 fixed oscillator.
Replace the A53 first and if the problem persists, replace the A57.

High Band: press [SYsiEm])

(a1 3] G43. (SRC tune in the high band is capable of tuning the

instrument from about 2.4 — 5 GHz). Loss of lock in high band only may likely be due to a bad cable
or connection.
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Referring to the overall biock diagram, the A68 6 dB attenuator, S2, S3, A58 M/A/D/S, or A55 YIG 1
are the components that may be at fault. Since the analyzer phase locked in lowband, all of the
phase lock circuitry is working, so look for low power as a cause of phase lock errors. Check power
at S2J3. If the power at S243 is less than 0 dBm, check the insertion loss of S3, A68 6 dB attenuator,
$4 and the associated cabling. If the power at S2J3 is greater than O dBm, the problem is probably
above 5 GHz. Check all RF cabling and connections, then replace the AS5 YIG 1 first, then the A58
M/A/D/S.

BROADBAND POWER PROBLEMS

This section assumes that a power problem exists across the full frequency range, but that no error
message is displayed on the CRT. The problem may affect port 1 or port 2 or both. Suspect assem-
blies include:

A69 step attenuator A59 source interface board S2

S4 transfer switch A58 M/A/D/S A61 bias tee
A62 directional coupler AB0 bias tee S3

A55 YIG1 A63 directional coupler

Perform power adjustments first.

To troubleshoot, press [(MENU ] @ ‘ [3] Cen) . For port 2 problems also press

ALC/Signal Separation Check

Disable the ALC by pressing
trol and measure the power at the faulty port:

: to eliminate modulator con-

* Atleast 10 dBm at the port: replace the A59 source interface board assembly.

* Less than 10 dBm at the port: press and
power at the second port:

1% and measure
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» Less than 10 dBm at the second port: continue with A69 Step Attenuator Check, next.

» Atleast 10 dBm atthe second port either the directional coupler or the bias tee or the transfer switch
(S4) is faulty. The power loss through each of these components should be negligible.

A69 Step Attenuator Check

Measure the input and output power of the step attenuator; the loss should be negligible.

NOTE: if the 5 dB attenuation steps seem inconsistent in use, do this:

1.  Reconnect the step attenuator to the transfer switch. Connect an open or short to port 1.

2. Press f

SCALE REF) §

to set up the instrument.

3. Press : and then select range 1 through 12 consecutively to reduce the output
power. The A channel trace on the display should step down about 5 dB with each range. I the
steps are irregular or unrepeatable, replace the step attenuator. To repeat this step, reset the

power to +10 dBm by pressing [MENU] ¥ I .

A51 INTERFACE POWER SUPPLIES

Power is supplied to the lower box assemblies through ribbon cable W12 which connects to A51
at A51J1 (see location diagram on the instrument cover). Table 10-5 lists the supply voltages at
A51J1, the assembilies that use these supplies, and the source of each supply for each assembly.
Note that address and control lines are not shown.

Measuring Lower Box Bias Voltages

To check bias voltages, locate the suspected assembly and measure the voltages at the jack (J)
and pin (p) noted.

* |fthe voltages are correct, return to the source troubleshooting procedure that referenced this step
and continue.

* |fany voltage is incorrect, disconnect cable W12 at A51J1 and measure the same voltage at the end
of the cable (see the top row of Table 10—5 and Figure 10—5).

* |fthe W12 voltages are correct, A51 is faulty.

* Ifthe W12 voltages are incorrect, refer to A8 Test Point Voltages (in Power Supply) to check these
supplies and troubleshoot if necessary. If the supplies at A8 are correct, check cable W12 and
traces on the A17 (upper box) motherboard.

-
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Table 10—-5. AS51 Interface Power Supplies

A51J1 Voitages

k:s":;lgz; —15V +5V +15V +23V —5.2V
W12 cable Wi12P1p21  |W12P1p22 [W12P1p23 W12P1p24 W12P1p25
A52 pulse A51J4p2 A51J4p3 A51J4p4
generator
A53 low band A51P1p17
microcircuit
A55 YIG1 A51P1p10 A51P1p11 A51P1p18*
AS56 lower A51J3p3
front panel
A57 LO A51P1p10 A51P1p18
A58 M/A/D/S A51P1p17 A51P1p12
A64 R sampler | A51J11p3 A51J11p4
AB5 A sampler | A51J9p3 A51J9p4
A66 B sampler | A51J10p3 A51J10p4
AB9 step A51J2p6
attenuator

*Supply passes through other components and voltage may be lower.

-18v  +1&v

-5.2v

Key

Figure 10— 5. Voltages at Pins of W12P1
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Chapter 11. Receiver

INTRODUCTION

Use this section to determine which receiver assembly of the instrument is faulty. The two receiver
assemblies that affect all three signal paths are the A10 digital IF and A12 reference assembilies.
The receiver assemblies that are associated with specific signal paths are listed in Table 11—1.

Table 11—1. Receiver Assemblies and Associated Paths

Signal Path Port Directional Coupler Sampler 2nd Converter
R internal Ac4 A6
A 1 A62 A85 A4
B 2 A63 A66 A5
START HERE

If all three signal paths showed unexpected results in the /solate Faulty Group section, continue with
All Signal Paths Look Abnormal.

if at least one signal path looked good, but the others did not, go to At Least One Signal Path Looks
Good.

ALL SIGNAL PATHS LOOK ABNORMAL

For the recsiver to operate properly, the A10 digital IF and 2nd converter assemblies must receive
signals from the A12 assembly. Those signals are the 2nd LO and the 4 MHz signal.

2nd LO Check

Press SYSTEM

& &3

to check the 2nd LO signal with the analog bus counter.

e Counter reads 9.996 MHz: continue with 4 MHz Check.
» Counter does not read 9.996 MHz: perform the A72 VCO Tune Adjustment.

* Successful adjustment, problem cured: perform the Frequency Accuracy Performance Test for
verification.

¢ Unsuccessful adjustment or problem persists: replace A12 assembly.
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4 MHz Check

Use an oscilloscope to observe the 4 MHz signal at A10P2 pin 6 (either monitor the signal on the
underside of the motherboard or use the extender board).

» 4 MHz sine wave signal at A10P2 pin 6: replace A10.
» 4 MHz sine wave signal not at A10P2 pin 6: check signal at A12P2 pin 36.
e 4 MHz signal not at A12P2 pin 36: replace A12.

* 4 MHz signal at A12 (but not A10): check the motherboard trace.

AT LEAST ONE SIGNAL PATH LOOKS NORMAL

One normal signal path indicates that at least one sampler, one 2nd converter, A12 and much of
A10 are functional. Thus substitution is a convenient troubleshcoting approach. If two signal paths
are abnormal, repeat the steps of this section for each suspect signal path.

NOTE: to see the traces again, connect a short t
signal path B. Then press [RECALL] iR
: and

If the R signal path trace is abnormal, the R sampler is nonetheless good (or there would be a phase
lock problem): go directly to 2nd Corwverter Check.

If the A or B signal path is very low (not just lossy, see Figure 11— 1) and the R signal path is normal,
go to A and B Sampler Check by Substitution.

If the A or B signal path appears slightly low, as in the shaded area of Figure 11—1, the problem
is possibly a faulty directional coupler or, more probably, a lossy sampler. To isolate the fault, contin-
ue with Directional Coupler Check, next.
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Figure 11—-1. Normal and Abnormal Signal Path R, A and B Traces
(Note scale and reference position)

Directional Coupler Check
To qutckly check the directionat coupler by elimination, set output power to —10 dBm by pressing
[(menu] p . .Connect the RF flexible cable from the tool kit from the

output ot A68 (the step attenuator) dlrectly tc the J2 RF INPUT of the suspect signal path sampler.
: and compare the trace to Figure 11-2.

CH1 A log MAG 10 dB/ REF O dB

START 030 000 000 GHz STOP 20.030 000 000 GHz

Figure 11-2. Directional Coupler Check CRT Trace
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« Trace similar to Figure 11-2: the sampler is good, therefore the coupler is lossy. Replace the cou-
pler.Minor power variations are probably due to the flexible cable and are of no concern.

e Trace abnormally low: the sampler is suspect, therefore the coupler is good. Troubleshoot the as-
sociated sampler by referring to Sampler Voltage Check.

A and B Sampler Check by Substitution

Set output power to —10 dBm by pressing [RENG ] ‘P . Connect the

flexible cable from the tool kit from the output of the step attenuator A69 to J2 RF input of the suspect
sampler Connect the IF cable from A17J11 (or A17J12 IF signal path B is faulty) to A51J6. Press

Disregard the trace.

¢ Instrument phase locks (no error message): the sampler under test is normal. Goto 2nd Corwverter
Check.

 [nstrument displays “PHASE LOCK CAL FAIL error message: either the sampler or its control and
bias voltages are faulty. Continue with Sampler Voltage Check.

Sampler Voltage Check
NOTE: The BIAS CONTROL line is not used.

Check the SAMPLER CONTROL voltage (green wire) at the suspect sampler. The voltage should
be about +0.2V when the sampler is on. If the sampler control voltage is wrong, replace A51, the
interface assembly. (Do NOT replace the sampler: the problem is in the control signals.)

Check the +15V and —15V supply voltages.
* |f the supply voltages are within 5% of nominal, replace the sampler.

* If the supply voltages are incorrect, refer to A57 Interface Power Supply at the end of the Source
troubleshooting section.

Restore the sampler cables to their normal positions.

2nd Converter Check

NOTE: repair signal path R before troubleshooting signal path A or B.

Faulty R Signal Path If R is the bad signal path, substitute A6 (R 2nd converter) with a 2nd conver-
ter from the working signal path. Press [(SYSTEM] SERVICE ME
pare the CRT trace to the signal path R trace of Figure 11—1.

* Normal trace: replace the faulty 2nd converter.

* Abnormal trace: replace A10.
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Faulty A or B Signal Path. If A is the bad signal path, remove A6 (the working R signal path 2nd
converter) and install A4 (the suspect A signal path 2nd converter) in its place. If B is the bad signal
path, substitute A6 with AS.

Press :
R trace of Figure 11—1.

- and compare the CRT trace to the signal path

* Normal trace means the substitute 2nd converter functions: replace A10.

* Abnommal trace means the substitute is faulty: replace A4 (or A5).
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Chapter 12. Accessories
.

INTRODUCTION

In a broad sense, measurement failures can be divided into two categories:

* hard failures which impede the normal functioning of the analyzer or prohibit the use of a feature
and,

» softfailures which don't affect the normal functioning of the analyzer but render incorrect measure-
ment data.

The emphasis of this troubleshooting section is soft failures. Soft failures are usually caused by faulty
calibration devices or connectors, bad cables, improper calibration techniques, or RF cabling prob-
lems within the analyzer.

At this time, the analyzer is assumed to be free of hard failures — it passed the previous checks
provided in Isolate Faulty Group. Any remaining anomaly must be a soft failure. Use the following
procedures to isolate the fault.

START HERE

Accessories troubleshooting is organized in three major sections. It is suggested that the proce-
dures be performed in the order given:

1. Inspect and Gauge all Connectors: Check the physical condition of the test port connectors
and calibration kit devices.

2.  Switch Repeatability: Check the operation of the mechanical transfer switch.

3. Inspect Error Terms: Use the error terms to isolate faulty components and troubleshoot.

INSPECT AND GAGE CONNECTORS

1. Inspect the test port connectors on the front panel of the analyzer. Check for bent or broken
center pins and loose connector bulkheads.

Gage both connectors. (Gages are part of the HP 85052B calibration kit.) The specified test
port connector center pin recession is 0.0002 to 0.0018 inches. The center pin must be re-
cessed.

If the center pin recession is incorrect, replace the entire connector assembly (see Disassembly
and Replacement Procedures and the figure labeled Front Panel in Replaceable Parts).
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2. Inspect the calibration kit devices for bent or broken center conductors and other physical
damage. Gauge each device. The mechanical specifications for each device are given in the
calibration kit manual.

If any calibration device is out of mechanical tolerance, replace the device.

SWITCH REPEATABILITY

Calibration does not compensate for the repeatability of the mechanical transfer switch, so the
switch can be a source of error. To check the switch, use the following procedure:

1. Press CJ ][] ] to set the bandwidth

to 100 Hz.
2. Press

Connect a short to test port 1 and press

3. Press

memory and scale the trace.

© to access the response calibration menu.

DI @ to display date/

4. Press and then repeatedly (6 to 12 times) press  to switch back and
forth between S22 and S11 6 to 12 times. Return to the S11 measurement condition.

The trace should be within a 0.06 dB window around the 0 dB reference line (3 divisions in either
direction).

5. Press
Repeat steps 2, 3 and 4, only this time monitor the S22 trace for the 0.06 dB window.

o check the switch at port 2.

CH1 S1viMlog MAG 0.01 dB/ REF 0 dB

Fortvibbiagvigimtodpreflay

START 050 000 000 GHz STOP 20.060 000 000 GHz

Figure 12—1. Typical Switch Repeatability Trace
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INSPECT ERROR TERMS

Error terms are basically a measure of a “system”: a network analyzer and calibration kit and any
cables used. As required, refer to the Error Terms troubleshooting section for:

* The specific measurement calibration procedure used to generate the error terms,

* The routines required to extract error terms from the instrument, and

* Typical error term data.

Use Table 12—1 to cross—reference error term data to system faults.

Table 12—1. Components Related to Specific Error Terms

Component Directivity sn;’:t;? T?::::g Isolation “:::c‘::‘ T"fl.':g:l’:’gb"
cal kit load X
cal kit/open/short x X
test port conn e X X X X <
coupler X X X 7% 19* x "
bias tee x X X x "
transfer switch X X 16* X X
step attenuator X X X "
sampler X a* ”
A10 digital IF X
external cables " "

*Frequency, in GHz, at which the component is more likely to contribute to crosstalk.

If problems are detected using error term analysis, use the following approach to isolate the fault:

1.

HP 8719C and HP 8720C

Check the cable by examining the load match and transmission tracking terms. If those terms
look suspicious, go to Cable Test.

Verify the cal kit devices:

Loads: If the directivity error term looks good, the load and the port are good. If directivity looks
bad, connect the same load on the other port and measure its directivity. If the second port
looks bad, as if the problem had shifted with the load, replace the load. If the second port looks
good, as if the load had not been the problem, troubieshoot the first port by continuing with
Isolate the Fauft in the RF Path.

Shorts and opens: If the source match and reflection tracking terms look good, the shorts and
the opens are good. If these terms look bad while the rest of the terms look good, proceed
to Verify Shorts and Opens. If other error terms also indicate a problem, proceed with /solate
the Fauflt in the RF Path.
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|solate the Fault in the RF Path

Since the calibration devices have been verified, the problem exists in the test port connector, the
coupler, or elsewhere in the internal RF path. Table 12-1 shows which assemblies affect each error
term. If more than one error term is bad, note which assemblies are common to each of the bad
terms. These are the suspects.

There are two methods of fault isolation. The simpler of the two methods can be used only with
option 010 (time domain) instruments. (To check, press (SYSTEM]. If the middle softkey is labeled

;, the instrument has option 010.)

Continue with Time Domain Fault Isolation, next, if possible, or go to Assembly Substitution Fault
Isolation, following.

Time Domain Fault Isolation. Connect a short to the port that exhibits the problem. Press
Make sure you are driving the problem port: press

O] G
3 [CRIERRF (J) Cm) to turn on

ﬁme domain and scale the display.

The CRT should show a trace similar to Figure 12—2, typical plots of the analyzer's RF path. The
traces show reflections starting at the port's connector, continuing back into the instrument. Each
spike in the trace represents a discontinuity or mismatch in the system. These usually occur at con-
nections between assemblies and cables or at bends in the cables.

Significant mismatches will be obvious.

Mismatches which cause the instrument to generate unusual error terms or fail system verification
will be obvious on the linear magnitude scale. Such mismatches will go offscale, as the short does.
Some variation from port to port and instrument to instrument is normal. Minor mismatches are in-
herent in the construction of the instrument. Refer to Figure 12—2 and use the minor mismatches
as markers to identify specific areas of the instrument.
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Figure 12—2. Typical Time Domain Plot of Internal RF Path

NOTE: Hewlett—Packard does not provide specifications for the individual assemblies internal to
the analyzer. Therefore, the figures used within this section are intended as a guideline
only. The only specifications warranted by Hewlett—Packard are those listed in the Specifi-
cations Section.

Assembly Substitution Fault Isolation At this point, the error term problem has been isolated
to a specific port and you should have a list of suspected assemblies. Since the analyzer has two
identical ports, you can swap identical assemblies between the port 1 and port 2 signal paths and
then regenerate the error terms. When the problem moves from one port to another, you have found
the offending assembly.

Before trying this, be sure to inspect the front panel test port connector for obvious damage. Tighten
all semi—rigid cable connectors inside the instrument.
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Cable Test

The load match error term is a good indicator of cable problems. Further verification of cable faults
can be achieved by measuring the reflection of the cable. Perform an S11 1—port calibration directly
at port 1 (no cables). Then connect the suspect cable to port 1 and terminate the open end in 50
ohms.

Figure 12—3 shows the return loss trace of a good (left side) and poor cable. Note that the important
characteristic of a cable trace is its level (the good cable trace is much lower) not its regularity. Refer
to the cable manual for return loss specifications.

CH1 511 log WAG 108/ REFO B 1257 d8 CHI S11 log WAG 10 d8/ REFO &8 1:-11.695 O
os$ 1h.502q ez o cAE Wim PporR HETURY LOSS i.soq [T
Cor Cor
4 4

-4

START .1300 GHz STOP 19.9900 GHz START .1300 GHz STOP 19.9900 GHz

Figure 12-3. Typical Return Loss Traces of Good and Poor Cables

Verify Shorts and Opens

Substitute a known good short and cpen of the same connector type and sex as the short and open
in question. If the devices are not from one of the standard calibration krts refer to Modifying Calibra-
tion Kits in Chapter 6 of the Reference to use the ‘# . function. Set aside the short
and open that are causing the problem.

1. Perform an S11 1—port calibration using the good short and open. Then press [FORMAT)
ART- to view the devices in Smith chart format.

2. Connect the good short to port 1. Press [SCALEREF) {ELE and turn the RPG to
enter enough electrical delay so that the trace appears as a dot at the left side of the circle.

3. Replace the good short with the questionable short at port 1. If the trace of the questionable
short does not appear very similar to the known good short, the questionable short is not suit-
able for use with the analyzer.
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4. Connect the good open to port 1. Press 'ELECTRIC ,
enter enough electrical delay so that the trace appears as a dot at the right side of the circle
(see Figure 12—-4, right).

5.  Replace the good open with the questionable open at port 1. If the trace of the questionable
open does not appear very similar to the known good open, the questionable open is not suit-
able for use with the analyzer.

CH1 S19 1 U F8 CH1 S11 1 U FS
OFFSET SHORT (WITH OFFSET OPEN (WITH DELA)
ko hp
Cor Cor
Del Del
START 0.030 GO0 000 GHz STOP 20.050 000 000 GHz START 0,030 000 000 GHz STOP 20.030 000 000 GHz

Figure 12—4. Typical Smith Chart Traces of Good Short (left) and Open
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Chapter 13. Service Key Menus
-

INTRODUCTION

This section describes the functions of the service key menus. These menus are used to test, verify,
adjust, control and troubleshoot the instrument. They are divided into two groups: internal diagnos-
tics and service modes. When applicable, the HP—IB mnemonic is written in parentheses following
the key. See HP—IB Mnemonic Definitions at the end of this section.

INTERNAL DIAGNOSTICS SUMMARY

The internal diagnostics menus are shown in Figure 13—1 and described in the following para-
graphs. The internal diagnostics keys are o and & E.
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Figure 13—1. Internal Diagnostics Menus
(See Figure 13—2 for Service Modes Menus.)

TESTS MENU

(TESTID]). This softkey makes TEST the active function and accesses a menu that can
be used to select or execute tests 0 through 76 (detault =1). Remember, HP—1B commands appear
in parentheses following the keystroke: (COMMAND A).

The tests are divided by function into the categories, described below. To access the first test in each
category, press the category softkey. To access the other tests, use the number pad, step keys or
knob. The test number, name, and status abbreviation will be displayed in the active entry area of
the CRT.

Table 13— 1 shows the test status abbreviation that appears on the CRT, its definition, and the equiva-
lent HP—IB code. The HP—IB command to output the test status of the most recently executed test
is OUTPTESS. Refer to HP—IB Service Mnemonic Definitions at the end of this section for more
information.
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Table 13—1. Test Status Terms

CRT Abbreviation Definltion HP-IB Code
PASS PASS o]
FAIL FAIL 1
—P— IN PROGRESS 2
(NA) NOT AVAILABLE 3
—ND— NOT DONE 4
DONE DONE 5

(EXET). This runs the selected test and may display these softkeys:

(TESR1) continues the selected test.

(TESR2) alters correction constants during adjustment tests.

'''' (TESR4) displays the next choice.

(TESR®6) chooses the option indicated.

(TESRB8) terminates the test and returns to the tests menu.

NOTE: Descriptions of tests in each of the next four categories are given under the heading Test
Descriptions in the foilowing pages.

1 . These tests are completely internal and self—evaluating. They do not require
external connections or user interaction.

EXTERNAL: ‘. These are additional self—evaluating self—tests. However, these require some
user interaction (such as keystrokes).
These tests are part of the system verification procedure, and are also used

to examine the contents of the measurement calibration arrays. The procedure is in the Verification
section. Information about the calibration arrays is provided in the Error Terms section.

. These tests generate and store the correction constants; refer to Adjust-

ments.

. These tests check the display and GSP assembly.

TEST OPTIONS MENU

accesses softkeys that affect the way tests (routines) run, or supply necessary

éddmonaluaé‘tra.
(TESRH1). This restarts the test where it was stopped.

HP 8719C and HP 8720C Service Key Menus  13-3



(TO2). This toggles the repeat function on and off. When ON, the selected test

will run 10,000 times unless stopped by pressing any key. The current number of passes and fails
is displayed on the CRT.

: (TO1). This toggles the record function on and off. When ON, certain test re-

sults are sent to a printer via HP—IB. This is especially useful for correction constants. (Refer to
Chapter 8 of the Reference.)

When on during system verification, will cause graphs of verification results
fo be printed.

SELF DIAGNOSE SOFTKEY

: examines in order the pass/fail status of all internal tests and displays “NO FAIL
FOUND" if no tests have failed.

If a failure is detected, the routine displays the assembly or assemblies most probably faulty and
assigns a failure probability factor to each assembly.

TEST DESCRIPTIONS

The analyzer has over 50 internal test routines that test, verify, and adjust the instrument. This section
describes those tests.

Internal Tests

This group of tests runs without external connections or operator interaction. All return a PASS or
FAIL condition. All run on power—up and PRESET except as noted.

0 ALL INT. This runs only when selected. It is the following subsset of internal tests: first, the
ROM tests 3 and 4; then tests 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, and 20. If any of these
tests fail, this test displays a FAIL status. Use the RPG knob to scroll through the tests and
see which failed. If all pass, the test displays a PASS status. Each test in the subset retains
its own test status.

24 PRESET. This runs the following subset of internal tests: first, the ROM/RAM tests 2, 3, and
4; then tests 5, 6, 7, 8, 9, 10, 11, 14, 15, and 16. If any of these tests fail, this test returns
a FAIL status. Use the RPG knob to scroll through the tests and see which failed. If all pass,
this test displays a PASS status. Each test in the subset retains its own test status. This same
subset is available over HP—IB as “TST?". It is not performed upon remote preset.

25 ROM. This test is part of the ROM/RAM tests and cannot be run separately. Refer to the
Digital Control troubleshooting section for more information. If there is no FAIL message after
preset or power—on, the test has passed.
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26

27

28

29

31

32

37

CMOS RAM. Part of the ROM/RAM tests, this test verifies the A CPU CMOS (long—term)
memory with a non—destructive write/read pattern that does not erase data. If a FAIL mes-
sage is not displayed, the test has passed. A destructive version that writes over stored data
is documented in ROM/RAM Tests at the end of this section.

Maln DRAM. Part of the ROM/RAM tests, this verifies the A9 CPU main memory (DRAM)
with a non—destructive write/read test pattern. If a FAIL message is not displayed, the test
has passed. A destructive version is documented in ROM/RAM Tests at the end of this sec-
tion.

DSP Wr/Rd. This verifies the ability of the main processor and the digital signal processor
({DSP), both on the A9 CPU assembly, to communicate with each other through DRAM. Veri-
fies that programs can be loaded to the DSP. Verifies most of the main RAM access circuits.

DSP RAM. This verifies the A9 CPU RAM associated with the digital signal processor by
using a write/read pattern.

DSP ALU. This verifies the A9 CPU high—speed math processing portions of the digital sig-
nal processor.

DSP Intrpt.  This tests the ability of the A9 CPU digital signal processor to respond to inter-
rupts from the the A10 digital IF ADC.

DIF Control. This tests the ability of the A9 CPU main processor to write/read to the control
latches on the A10 digital IF.

DIF Counter. This tests the ability of the A9 CPU main procassor to write/read to the triple
divider on the A10 CPU. It primarily tests the A9 CPU data buffers and A10 digital IF, but it
also requires the 4 MHz clock from the A12 reference to pass.

DSP Control. This tests the ability of the A9 CPU digital signal processor to write to the
control latches on the A10 digital IF. Feedback is verified by the main processor. It primarily
tests the A10 digital IF, but failures may be caused by the A9 CPU.

Fr Pan Wr/Rd. This runs only when selected, and tests the ability of the A9 CPU main
processor to write/read to the front panel processor. It primarily tests the A2 front panel inter-
face and processor, with interrupts, but also requires A9 CPU data buffering and address
decoding. (See also tests 23 and 24 below.)

Rear Panel. This runs only when selected or with ALL INTERNAL. It tests the ability of the
A9 CPU main processor to write/read to the rear panel control selements. It mostly tests the
A16 rear panel, but also requires A9 CPU data buffering and address decoding. (It does not
test the HP—IB interface; for that see the Introductory Operating Guide.)

Post Reg. This polls the status register of the A8 post—regulator, and flags the following
conditions: heat sink too hot, inadequate air flow, or post—regulated supply shutdown.

Frac N Cont. This tests the ability of the A9 CPU main processor to writefread to the control
element on the A14 fractional—N (digital) assembly. The control element must be function-
ing, and the fractional—N VCO must be oscillating (although not necessarily phase—iocked)
o pass.
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39 Sweep Trig. This tests the sweep trigger (L SWP) line from the A14 fractional—N to the
A10 digital IF. L SWP synchronizes the receiver with the sweep.

40 ADC Lin. This runs only when selected, and tests the linearity of the A10 digital IF ADC
using the built—in ramp generator. The test generates a histogram of the ADC linearity, where
each data point represents the relative “width” of a particular ADC code. Ideally, all codes
have the same width; different widths correspond to non—linearities.

a1 ADC Ofs. This runs only when selected, and tests the ability of the offset DAC ont he A10
digital IF to apply a bias offset to the IF signals before the ADC input. Primarily tests the A10
digital IF.

42 ABUS Test. This runs only when selected, and measures several analog bus reference
voltages (all nodes from the A10 digital IF) to test analog bus accuracy. It primarily tests the
A10 digital IF.

43 FN Count. This test uses the internal counter to count the A14 fractional—N VCO frequen-
cy (120 to 240 MHz) and the divided fractional—N frequency (100 kHz). It requires the 100
kHz signal from A12 and the counter gate signal from A10 to pass.

External Tests

These tests require either external equipment and connections or operator interaction of some kind
to run. Tests 23 and 24 are comprehensive front panel checks, more complete than test 12, that
check the front panel keys and knob.

44 Op Ck Port 1. This test and the next are used in the Operator's Check procsdure, docu-
mented in the Verification section of this manual. It requires the external connection of a
short, and tests port 1 and the phase lock system.

45 Op Ck Port 2. Same as 21, but port 2.

46 FrPan Seq. This tests the RPG and all A1 front panel keys, as well as the front panel micro-
processor on the A2 assembly. It prompts the user to rotate the RPG, then press each key
in an ordered sequencs. It continues to the next prompt only if the current prompt is correctly
satisfied.

47 Fr Pan Dlag. Similar to 23 above, but the user rotates the RPG or presses the keys in any
order, and this test displays the command the instrument received.

48 ADC Hist. Factory use only.

Sys Ver Tests

These tests apply mainly to system—level, error—corrected verification and troubleshooting. Tests
26 to 30 are associated with the system verification procedure, documented in the Verification sec-
tion. Tests 31 to 42 facilitate examining the calibration coefficient arrays (error terms) resulting from
a measurement calibration; refer to the Error Terms section for details.
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49

50

51
52
53

Sys Ver Inlt. This recalls the initialization state for system verification from disc, in prepara-
tion for a measurement calibration. It must be done before 27, 28, 29, or 30 are performed.

Ver Dev 1. This recalls verification limits from disc for verification device #1 in all applicable
S-parameter measurements. It performs pass/fail limit testing of the current measurement.

Ver Dev 2. Same as 27 above for device #2.
Ver Dev 3. Same as 27 above for device #3.

Ver Dev 4. Same as 27 above for device #4.

31-42 Cal Coef 1—-12. These tests copy error term data from a measurement calibration array

to display memory. A measurement calibration must be complete and correction must be
on. Definition of calibration arrays depends on the current calibration type. After execution,
memory is automatically displayed. Formatting, markers, and graphics function normally.
Refer to the Error Term section for details.

Adjustment Tests

These tests are used in the Adjustments section of this manual.

63
64

67

69

70

71

Pretune Adj. This generates two correction constants for use in establishing phase—lock.

ABUS Cor. This measures three fixed voltages on the ABUS, and generates new correc-
tion constants for ABUS amplitude accuracy in both high resolution and fow resolution
modes.

intensity Cor. This stores the current values of the adjustments made in the Display Inten-
sity Adjustments.

Disp 2 Ex. This displays a rainbow of 15 colors plus white, ranging from pure red (0) to
green (33) to blue (67) and beyond. Press softkey 8 (bottom) to exit.

IF Step Cor. This measures the gain of the IF amplifiers (A and B only) located on the A10
digital IF, to determine the correction constants for absolute amplitude accuracy. It provides
smooth dynamic accuracy and absolute amplitude accuracy in the —30 dBm input power
region.

ADC Ofs Cor. This measures the ADC linearity characteristics, using an internal ramp gen-
erator, and stores values for the optimal operating region. During measurement, the receiver
adds an offset bias to the IF signals so they are centered in the optimal region. This improves
low—leve! dynamic accuracy.

Serial Cor. This stores the serial number (input by the user in the display title menu) in
EEPROM. Note that this routine will not overwrite an existing serial number.

Optlon Cor. This stores the option registration number (required for option 001 or 010 or
both).

Cal Kit Def. This loads the default calibration kit definitions (device model coefficients) into
EEPROM.

HP 8719C and HP 8720C Service Key Menus  13-7



72 Power Adj. Measures power linearity at the test port. Generates correction constants to
improve power linearity.

73 Init EEPROM. Factory use only

74 Blanking Ad]. Allows adjustment of power out during retrace.

Display Tests

The tests do not signal a PASS/FAIL condition on the CRT; the CRT will be blank or dim. Instead,
the six upper front panel LEDs indicate the PASS/FAIL status:

All six LEDs OFF: PASS.
Any LED ON: FAIL.

Press to exit the test.

75 Disp/cpu com. This checks the CPU's capability to communicate with the A19 GSP assem-
bly.

76 DRAM cell. This tests the DRAM on A19.
77 Main VRAM. This tests the VRAM on A19.
78 VRAM bank. The GSP tests all the cells in each of the 4 VRAM banks.

79 VRAM/video. This test verifies that the A19 GSP can write and read shift register transfers.
It also checks the video signals LHSYNC, LVSYNC, and LBLANK to verify that they are active
and toggling.

80 RGB outputs. This test confirms that the analog video signals are correct and functional.
81 Inten DAC. This verifies that the intensity DAC can be set low and high.

Test Patterns

Test patterns, with one exception, are for factory only. Test patterns are displayed by entering the
test number (1] . The test pattern will be displayed and the softkey
labels blanked.

To exit, press softkey 8 (bottom).

NOTE: In all solid test patterns, an extremely thin full—screen horizontal line is visible about 1/4
screen height from the bottom. This condition is characteristic of the CRT does not indicate
any problem.

82 Test pat 1. This all white pattern is used to verify the light output of the A18 display and
to check for color purity.

63-65 Test Pat 2—4. These all Red, Green, and Blue patterns show the color purity of the CRT
and its capability to independently contro! each gun color. In case of problems, refer to the
“HP 8719A/20B Display Degaussing (Demagnetizing)” procedure in the "Adjustments” sec-
tion.
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67

68

Test Pat 5. This is a 16—-step gray scale pattern.

Test Pat 6. This 3—step gray scale pattern is used in the “Background Adjustment” of the
display.

Test Pat 7. This convergence pattern is for factory use only.

69—70 Test Pat 8—9. These crosshatch and inverse crosshatch patterns are for factory use only.

7 Test Pat 10. This H pattern is for factory use only.

72 Test Pat 11. This normally solid white pattern checks the pixel stretching circuit of the A19
GSP assembly. Sixteen alternating white and gray vertical stripes indicate problems with the
STRETCH line and LFIRSTPIX.

73 Test Pat 12. This repeating gray scale pattern is for factory use only.

74 Test Pat 13. This color rainbow pattern is the same as test 46.

75 Test Pat 14. This character set represents the different types and sizes of characters avail-
able. Control characters are not displayed.

76 Test Pat 15. This bandwidth pattern provides a quick visual verification of the bandwidth
of the display. It consists of multiple alternating white and black vertical stripes. Each stripe
should be clearly visible. A limited bandwidth would smear these lines together. No field
adjustment is possible.

SERVICE MODES SUMMARY
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SERVICE MODES MENU

This menu accesses other menus and softkeys that allow you to control and monitor various circuits
for troubleshooting. To access the service modes menu, press

§ (see Figure 13—2).

(SM1 <onjoff>). This mode is useful for testing the A13 and A14 fractional -

N circuits. It allows you to directly control and monitor the output frequency of the fractional—N VCO
(60 MHz to 240 MHz).

The front panel keys or knob can be used to enter the frequencies of interest. The output of the A14
assembly can be checked at A14TP1 (VCO/2) with an oscilloscope, a frequency counter, or a spec-
trum analyzer. The frequency is one—eighth the VCO frequency generated on the A14 assembly.

2. (SM2E). Use this mode to test the pretune functions of the phase lock and source as-
semblies. See SRC Tune Menu, following.

- (SM3 <on/off>). Allows variation of test port power by setting power control

DAC.

{SM4<on|off>). During normal operation (PLL. AUTO ON) when the instru-
ment encounters phase lock problems (e.g. “harmonic skip”), it will automatically attempt to deter-
mine new pretune values. It will continue to do this until phase lock is achieved. This mode allows
you to disable that function so that the phase—locked loop is not continuously trying to recalibrate
itself. With PLL AUTO OFF the frequencies and voltages are not changing as they are when they
are attempting to phase lock, so troubleshooting the phase—locked loop circuits is more convenient.

F - (SM5<on|off>). The instrument starts a new phase lock sequence at the be-
glnnlng of each sweep This normally occurs very rapidly, making it difficult to troubleshoot phase
lock problems. Turning this mode ON slows the process down, allowing you to inspect the steps
of the phase lock sequence (pretune, acquire, and track) by pausing at each step. The steps are
indicated on the CRT, along with the channel (C1 or C2) and band number (B2 through B11).

This mode can be used with PLL PAUSE to halt the process at any step. It can also be used with
the analog bus counter.

. This mode is used only with PLL DIAG mode

tinuously cycle through all steps of the phase lock sequence olds it at any step of
interest. This mode is useful for troubleshooting phase—locked loop problems.

.. This accesses the service modes more menu listed below.
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SERVICE MODES MORE MENU

. This mode is the normal operating condition and works in conjunction with IF
GAIN ON an OFF The A10 assembly includes a switchable attenuator section and an amplifier
that amplifies low—level 4 kHz IF signals (for A and B inputs only). This mode allows the A10 IF
section to automatically determine if the attenuator should be switched in or out. The switch occurs
when the A or B input signal is approximately —30 dBm.

. This mode locks out the A10 IF attenuator sections, regardless of the amplitude of
the A or B IF signal. Be aware that input signal levels above —30 dBm at the sampler input will
saturate the ADC and cause measurement errors. Turning this ON switches out both the A and B
attenuation circuits; they cannot be switched independently. This mode is useful for checking the
A10 IF gain ampilifier circuits.

This mode forces the A10 IF gain attenuators to be switched in, regardless of the
amplitude of the A or B IF signal. It is important to note that small input signals will appear noisy,
and raise the apparent noise floor of the instrument. Turning this OFF switches both the A and B
gain amplifier circuits; they cannot be switched independently. This mode is useful for checking the
A10 IF gain amplifier circuits.

This mode allows you to store the correction constants that reside in non—

volatile memory (EEPROM) onto a disc. Correction constants improve instrument performance by
compensating for specific operating variations due to hardware limitations (refer to the Adjustments
saction). Having this information on disc is useful as a backup, in case the constants are lost (per-
haps due to a CPU board tfailure). Without a disc backup the correction constants can be regener-
ated manually, although the procedures are more time consuming.

SRC TUNE MENU

e functions of the phase lock and source assemblies. Press
i to access the menu (shown in Figure 13—2.)

This mode is useful for testing the pret

NOTE: If the instrument displays the °Phase Lock Cal Failure” message, use the
keys below. The relationship between DAC numbers and fre-
quency varies from instrument to instrument. The DAC numbers below are guidelines only.

(SM2L). Allows entry of digital data directly into the DAC on the A11 phase

lock assembly. Use the front panel keys, knob or step arrows to enter DAC numbers in the range
of 3650 through 4095 to generate frequencies from 50 MHz to 1.1 GHz.

(SM2H). As above but for DAC numbers 3000 to 4095, frequency range
2.3 GHz to 4.9 GHz.

(SM2D). This key disables the source freq tune modes.
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ALC ON OFF SOFTKEY

ALC <ON|OFF>). This toggles the ALC circuit on and off. When off, the ALC voit-
age to the modulator is held at a constant level; this gives an “open—Iloop” condition with maximum
output power.. Use ALC OFF to troubleshoot source power problems.

PEEK/POKE MENU

The OKE = softkey displays a menu that allows you to access different memory locations
and view or change the contents. Access the menu by pressing
as shown in Figure 13—2. The keys are described below.

CAUTION: PEEK/POKE capability is intended for service use only.

(PEEL[D]). This sdﬂkey accesses any memory address and displays
it in the active entry area of the CRT. Use the RPG, entry keys, or step keys to enter the memory
address of interest.

(PEEK). This softkey displays the data at the memory address accessed by pressing

(POKE([D])). This softkey allows you to change the data at the memory address ac-

cessed by the
the data.

softkey. Use the RPG, entry keys, or step keys to change

. This softkey allows you to reset or clear the memory where instrument states
. [PRESET J.

are stored. To do this, press :

FIRMWARE REVISION SOFTKEY

Press i © (following see Figure 13—2) to display
the current firmware revision information. The number and implementation date appear in the active
entry area of the CRT as shown in Figure 13—3 on page 13— 14, Another way to display the firmware
revision information is to cycle power.
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CHI S11 kg MAG 10 dB/ REF 0 @B
o

| HP8720C.00.02 Apr 3, 19891
INSTALLED OPTIONS: 001 010
1990 by Hewlett—Packaerd Co.

A rights reserved.

START 030 000 000 GHz STOP  20.050 000 000 GHz

Figure 13—3. Location of Firmware Revision Information on CRT

INPUT PORTS MENU

This menu allows the user to display any one of four input signals on the active channel and drive
either front panel port. The input ports, A, B, R and analog bus, are explained below.

nents in the A input path.

., above, but for B.

Displays the R input signal alone; useful for troubleshooting components in the R input path.
Displays A input signal divided by the reference.

Displays B input signal divided by the reference.

Displays A input signal divided by the B input signal.

(ANAB<ON|OFF>). This key displays the current analog bus input (which can
be one of 23 nodes throughout the instrument). It also accesses the analog bus menu, described

below. For a description of the capabilities of the analog bus and the location of its nodes, refer to
Description of the Analog Bus, below.

I . This toggles between FWD to drive port 1 and REV to drive port 2. Press this
ke to exercise the transfer switch S4 or check the operation of port 2. This key does not function
%, above, has been selected.

13-14 Service Key Menus HP 8719C and HP 8720C



ANALOG BUS MENU

This menu lets the user select and monitor voltage and frequency nodes with the analog bus and
internal counter as shown in Figure 13—2 and explained below.

This toggles between low and high RESOLUTION. Use low resolution
for large voltages (between +10 and —10 volts). Use high resolution to measure small voltages (less
than 0.5 volts, positive or negative).

This allows you to monitor the analyzer's analog bus nodes (except nodes
1 through 4) with external equipment (oscilloscope, voltmeter, etc.). To do this, connect the equip-
ment to the AUX INPUT BNC connector on the rear panel, and press :

NEVER Input any signal to the AUXINPUT rear panel connector with this func-
tion turned ON. Doing so can cause damage to the instrument.

. This switches the internal counter off and removes the counter display from the
CHT The counter can be turned on with one of the next three keys. (Note: Using the counter slows
the sweep.) The counter bandwidth is 16 MHz unless otherwise noted for a specific nede.

NOTE: OUTPCNTR is the HP—IB command to output the counter's frequency data.

. This switches the counter to count the analog bus.

. This switches the counter to count the A14 fractional—N VCO frequency at the node
shown on the Overall Block Diagram.

. This switches the counter to count the A14 fractional—N VCO frequency after it
has been divided down to 100 kHz for phase locking the VCO.

DESCRIPTION OF THE ANALOG BUS

The analog bus is a single multiplexed line that networks 23 nodes within the instrument. It can be
controlled from the front panel, or through HP—1B, to make voltage and frequency measurements
just like a voltmeter, oscilloscope, or frequency counter. The next few paragraphs provide general
information about the structure and operation of the analog bus. See Analog Bus Nodes, below, for
a description of each individual node. Refer to the Overall Block Diagram, in the Troubleshooting
section, to see where the nodes are located in the instrument.

The analog bus consists of a source section and a receiver section. The source can be any one of
the 23 nodes described in Analog Bus Nodes or the A14 fractional—N VCO, or the A14 fractional—N
VCO divided down to 100 kHz. The receiver portion can be either the main ADC or the frequency
counter. When analog bus traces are displayed, frequency is the x—axis. For a linear x—axis in time,
switch to CW time mode (or sweep a single band).
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The Main ADC

The mai i ted on the A10 assembly and makes voltage measurements in two ranges
(se ;

The Frequency Counter

The frequency counter is located on the A14 assembly and can count one of three- sources: the
selected analog bus node, the A14 fractional—N VCO (FRAC N}, or the A14 fractional—N VCO di-
vided down to 100 kHz (DIV FRAC N). Its frequency range is 100 kHz to 16 MHz.

The counts are triggered by the phase lock cycle; one each at pretune, acquire, and track for each
bandswitch. (The service mode, SOURCE PLL, must be ON for the counter to be updated at each
bandswitch). The counter works in swept modes or in CW mode. It can be used in conjunction with
SERVICE MODES for troubleshooting phase lock and source problems.

To read the counter over HP—~|B, use the command OUTPCNTR.

Notes

* Fast—moving waveforms may be sensitive to sweep time.

* Anything occurring during bandswitches is not visible.

¢ The analog bus input impedance is about 50K ohms.

e Waveforms up to approximately 200 Hz can be reproduced.

e About 0.750 MHz is a typical counter reading with no AC signal present.

* The display and marker units (U) correspond to volts.

ANALOG BUS NODES

The following paragraphs describe the 23 analog bus nodes. They are listed in numerical order and
are grouped by assembly. Refer to the Overall Block Diagram for node locations.

Press |__USER PRESET ] | SYSTEM ]

and then use

the front panel keys or knob to select an analog bus node. Terminate the entry by pressing (x1].

A10 Digital IF
1 +0.37V (+0.37V reference)

Check for a flat line at approximately +0.37V. This is used as the voltage reference in the
Analog Bus Correction Constants adjustment for calibrating out the analog bus high/low res-
olution gain and offset errors. The absolute voltage level is not critical, but it should be the
same in high and low resolution.
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+2.50V (+2.50V reference)

Check for a flat line at approximately +2.5V. This voltage is used in the Analog Bus Correc-
tion Constants adjustment as a reference for calibrating the analog bus low resolution circuit-

ry.
Aux Input (Rear panel input)

This selects the rear panel AUX INPUT to drive the analog bus for making voltage and fre-
quency measurements. It can be used to look at test points within the instrument on the CRT
(using the CRT as an oscilloscope). Connect the test point of interest to the AUX INPUT BNC
connector on the rear panel. This feature can be useful if an oscilloscope is not available.
Also, it can be used for testing voltage —controlled devices by connecting the driving voltage
of the DUT to the AUX IN connector. You can look at the driving voltage on one display chan-
nel while displaying the DUT S—parameter response on the other display channel.

Wit turned ON, you can examine analog bus nodes with external equip-
ment (see under the Analog Bus Menu heading). Ses HP—IB Service
Mnemonic Definitions for HP~IB considerations.

A10 Gnd (Ground reference)

This is used in the Analog Bus Correction Constants adjustment as a reference for calibrating
the analog bus low and high resolution circuitry.

A11 Phase Lock

0o ~N O

A11 Gnd (Ground reference)
A11 Gnd (Ground reference)
A11 Gnd (Ground referencs)
Swp Err {Phase error voltage)

This node measures the voltage at the output of the phase comparator on the A11 phase
lock assembly. This error voltage corresponds to the difference in frequency between the
divided IF and the 1 MHz reference frequency from the A12 assembly.
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CHI AUX Re 200 mU/ REF —600 mU
il

200 munits/div

START 030 000 000 GHz STOP 20.050 000 000 GHz

Figure 13—4. Node 8: Swp Err, Phase Error Voltage
9 0.25V/GHz (Source oscillator tuning voltage)

This node displays the tuning voltage ramp used to tune the source oscillators. You should
see a voltage ramp like the one shown in Figure 13-5. If this waveform is correct, you can
be confident that the A11 phase lock assembly, the source assemblies, the A13/A14 fraction-
al—N assemblies, and the A52 pulse generator are working properly and the instrument is
phase locked. If you see anything else, refer to the Source troubleshooting section.

CHI AUX Re 1 U/ REF 3V
2

~———— High Band

START 030 00D 000 GHz STOP 20.030 000 000 GHz

Figure 13—5. Node 9: 0.25V/GHz, Source Tuning Voltage
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10 A11 Gnd (Ground reference)
11 IF (IF used for phase lock)
Counter ON: analog bus Reading: 10 MHz

This node displays the IF frequency (see Figure 13—6) as it enters the A11 phase lock as-
sembly via the A7 ALC assembly. This signal comes from the R sampler output and is used
to phase lock the source.

CHY AUX Re 2 U/ REF OV

START 030 000 OGO GHz  STOP 20.080 000 000 GHz
Figure 13—6. Location of Internal Counter Reading on CRT

12 IF Det (IF on A11 phase lock after 40 MHz filter)

This node detects the IF as a voltage at the output of the 40 MHz filter on the A11 phase
lock assembly. The trace shouid be a flat line at about —1.7V as shown in Figure 13-7.
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CHI AUX Re 2 U/ REF -1.7 V

START 050 000 000 GHz STOP 20.050 000 000 GHz

Figure 13—7. Node 12: Typical IF Detector Voltage Trace

A12 Reference

13

14

15

16

17

Ext Ref (Rear panel external reference input)

This node is used to detect an external reference voltage. If an external referencs (timebase)
is used, the voltage level should be about —0.6V. if an external reference is not used, the
voltage level should be about —0.87V.

100 kHz (100 kHz reference frequency)
Counter ON: analog bus
Reading: .100 MHz

This node counts the A12 100 kHz reference signal that is used on A13 (the fractional—N
analog assembly) as a reference frequency for the phase detector.

VCO Tune (A12 VCO tuning voltage)

This node displays the tuning voltage for the A12 VCO. it is used in the reference assembly
VCO tune adjustment.

2nd LO (2nd converter retference)
Counter ON: analog bus
Reading: 9.996 MHz

This node counts the 2nd LO used by the 2nd converter assemblies to produce the 2nd IF
of 4 kHz.

PL Ref (Phase lock reference)
Counter ON: analog bus
Reading: 1 MHz

This node counts the reference signal used by the phase comparator circuit on the A11
phase lock assembly.
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18 VCXO Tune (40 MHz VCXO tuning voltage)

This node displays the voltage used to fine tune the A12 reference VCXO to 40 MHz. You
should see a flat line at some voltage level (the actual voltage level varies from instrument
to instrument). Anything other than a flat line indicates that the VCXO s tuning to different
frequencies. Refer to the frequency accuracy adjustment in the Adjustments section.

19 A12 Gnd (Ground reference)
20 A12 Gnd (Ground reference)

A14 Fractional—N (Digital)
21 FN VCO Tun (A14 FN VCO tuning voltage)

This node displays the A14 FN VCO tuning voltage. This voltage comes from the A13 frac-
tional—N (analog) assembly and is the return path for the fractional—N phase—locked ioop.
If the A13 and A14 assemblies are functioning properly and the VCO is phase locked, the
trace should look like the trace shown in Figure 13—8 when in Log Freq. sweep mode. Any
other waveform indicates that the FN VCO is not phase locked. The vertical lines in the trace
indicate the band crossings. (The counter can also be enabled to count the VCO frequency.
Use CW mods.)

CHI AUX Re 2 U/ RE&F & 396825 U

1:
1.sdpo] dob [ GHz

—
1
===
—
-
[~
‘\\

START 050 000 000 GHz STOP 20.050 000 000 GHz

Figure 13—8. Node 21: FN VCO Tun, FN VCO Tuning Voltage
22 A14 Gnd (Ground reference)
23 Count Gate (Analog bus counter gate)

This node checks the analog bus counter gate signal. You should see a flat line at +5V. The
counter gate activity occurs during bandswitches, and therefore is not visible on the analog
bus. To view the bandswitch activity, look at this node on an oscilloscope, using

(refer to under the Analog Bus Menu heading.
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HP-1B SERVICE MNEMONIC DEFINITIONS

All service routine keystrokes have equivalent remote HP—IB commands. Most of the service mne-
monics have been documented previously with the corresponding keystroke. A few unique softkeys
are documented here.

Undocumented softkeys must be accessed remotely by invoking the system menu (MENUSYST)
and using the BASIC command (SOFTn), where “n” represents the softkey number. Softkeys are
numbered 1 to 8 from top to bottom.

An HP—IB overview for the analyzer is provided in chapter 12 of the Reference. HP—IB program-
ming information is also provided in the HB—IB Programming Guide and the HP—IB Quick Refer-
ence.

Invoking Tests Remotely

Many tests require operator response to displayed prompts. These prompts can be anticipated and
the appropriate response sent remotely, over the bus, to the network analyzer.

+ Anytime aservice routine prompts the user and waits for a responss, or when the test finishes, bit 1
of the Event Status Register B is set (bit 1 =service routine waiting). Reading this register resets the
bit.Initiate the test and either waitin a loop for the "service routine waiting” bitto be set, or enable the
bit to interrupt (ESNBI[D]). Ses Status Reporting in the Introductory Programming Guide.

Symbol Conventions

[1 An optional operand
D A numerical operand
<> A necessary appendage

| An either/or choice in appendages.

Analog Bus Codes

ANAI[D] Measures and displays the analog input. The preset state input to the ABUS is the
rear panel AUX IN. The other 22 nodes may be selected with [D] only if the ABUS
is enabled (ANABon).

OUTPCNTR Outputs the counter's frequency data.
OUTPERRO Reads any prompt message sent to the error queue by a service routine.

OUTPTESS Outputs the integer status of the test most recently executed. Status codes are those
listed under TST?.

TST? Executes the power—on self test and outputs an integer test status. Status codes
are as follows:
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0 = pass

1 = fail

2 = in progress
3 = not available
4 = not done

5 = done
ROM/RAM TESTS
Normal Alter White Extractor

e =
)
\

B
N

A9 CPU Assembly

Figure 13—9. A9 CC Jumper Location

These tests, internal tests 2 through 4, are normally run at preset and power—on. However a jumper
on the A9 CPU assembly (see Figure 13-9) can be set in one of five positions with the following
results:

Position Resuit

ALTER With the jumper in this far right (or top) position, correction constants can be altered,
written over in EEPROM. This is used only for correction constant adjustments. inter-
nal tests 2 through 4 are not performed.

CMOS This destructive version of the CMOS RAM test (internal test 3) continuously writes
over information stored there.

DRAM This destructive version of the main DRAM test (internal test 4) continuously writes
over information stored there.

SKIP This position skips ROM and RAM testing.
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NORMAL The far left (or bottom) position is the normal position. In this position, EEPROM is
protected, and ROM and non—destructive RAM tests are run.

For additional information, see Internal Tests (near the front of this section) and the Digital Control
troubleshooting section.
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Chapter 14. Error Terms

INTRODUCTION

Error terms are factors used for error correction, or accuracy enhancement, in the analyzer when
correction is tumned on. Error terms are numbers generated and stored in internal arrays during a
measurement calibration. They are also known as E —terms or measurement calibration coefficients.

Error terms can also serve a diagnostic purpose. Specific parts of the analyzer and its accessories
directly contribute to the magnitude and shape of the error terms. Since we know this correlation
and we know what typical error terms look like, we can examine error terms to monitor system per-
formance or to identify faulty components in the system.

Error terms are created by measuring well—defined calibration devices over the frequency range
of interest and comparing the measured data with the ideal model for the devices. The differences
represent systematic (repeatable) errors of the network analyzer system. The resulting calibration
coefficients are good representations of the systematic error sources. For details on error correction,
refer to Chapter 6 of the Operating Manual.

Use the procedures below to generate and examine error terms. No external controller is required.
This information can be useful in two ways:

* Preventive Maintenance. A stable, repeatable system should generate repeatable error terms
over long time intervals, for example, six months. Make a hardcopy record (print or plot) of the error
terms, then periodically compare current error terms with the record. A sudden shift in error terms
refiects a sudden shiftin systematic errors, and may indicate the need for further troubleshooting. A
long—term trend often reflects drift, connector and cable wear, or gradual degradation, indicating
the need for further investigation and preventive maintenance. Note that the system may still con-
formto specifications. The cure is often as simple as cleaning and gaging connectors orinspecting
cables.

¢ Troubleshooting. [fasubtle failure or mild performance problemis suspected, the magnitude of
the error terms should be compared against values generated previously with the same instrument
and calibration kit. This comparison will produce the most precise view of the problem.

However, if previously generated values are not available, compare the current values to the typi-
cal values listed in Table 14—2, Uncorrected Performance, and shown graphically on the plots
in this section. If the magnitude exceeds its limit, the corresponding system component should
be inspected. If the condition causes system verification to fail, the component should be re-
placed.
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Consider the following while troubleshooting:

All parts of the network analyzer system, including cables and calibration devices, can contribute to
systematic errors and impact the error terms.

Connectors must be clean, gouged, and within specification for error term analysis to be meaning-
ful.

Avoid unnecessary bending and flexing of the cables following measurement calibration, to mini-
mize cable instability errors.

Use good connection techniques during the measurement calibration. The connector interface
must be repeatable. Refer to the Microwave Connector Care Manual for information on connection
techniques and on cleaning and gaging connectors.

Use error term analysis to troubleshoot minor, subtle performance problems. Refer to the Trouble-
shooting section if a blatant failure or gross measurement error is evident.

Itis often worthwhile to perform the procedure twice (using two distinct measurement calibrations)
to establish the degree of repeatability. If the results do not seem repeatable, check all connectors
and cables.

MEASUREMENT CALIBRATION PROCEDURE

1.

Press [RECALL] ;|

a full 2—port calibration (with slight modifications):

This calibration sequence is comprised of three parts:

REFLECTION: For these measurements (short, open, loads), connect the calibration device di-
rectly to the test port. Use the female devices for port 1. Adapt the male devices for port 2.

TRANSMISSION: Use a single cable or cable pair (consistent with the normal use of the system)
for these measurements.

ISOLATION: Leave the cables connected for this measurement. Press
[x]) to change the IF bandwidth to 10 Hz. Then press

2.

e

Connect leads to cable end and port.

Store this calibration into an internal register or on disk.
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Table 14—1. Calibration Cocfficient Terms and Tests

Calibration Type

Cal Coeff. Response Resp & isol’'n? 1-port 2—port Test Number
1 ERorEt Ex Ep Ep Epr 31
2 Et (Er) Es EsF 82
3 Er ERF 33
) Exr 34
5 ELr 35
6 Etr 36
7 EpR 37
8 Esg 38
9 ERr 89
10 ExR 40
1 ELR 41
12 ETR 42

NOTES:

* Meaning of first subscript:D=directivity; S=source match; R=reflection tracking;

X=crosstalk; L=load match; T=transmission tracking.
¢ Meaning of second subscript:F=forward; R=reverse.

1. Resp & Isol'n cal yields: Ex or ET if a transmission parameter (S21, S12) or Ep or ER if a reflection parameter
(S11, S22)

ERROR TERM INSPECTION

NOTE: If correction is not on, press

Press ; 060 1o display the first cali-
bration measurement trace (Table 14—1 lists the test numbers). The test copies the calibration mea-
surement trace for the selected error term into display memory and displays it.

Use the scale, reference, and marker functions to study the error term trace and determine its magni-
tude. Compare it to the Error Term Descriptions below and to earlier data measured on the system.
If system—specific data is not available, refer to the typical uncorrected performance specifications
listed in Table 14—2. To make a hardcopy of a trace, see Hardcopy Procedure, below.

If an error term seems much worse than the typical values, you may want to perform a system verifi-
cation to make sure that the system still conforms to specifications. If system verification fails, refer
to Troubleshooting.
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Table 14—2. Uncorrected Performance

UNCORRECTED PERFORMANCE

The following table shows typical performance without accuracy enhancement. RF cables

not used except as noted.

Frequency Range (GHz)
0.13to 0.5 0.5to 25 25to8 8to 20

Directivity? 32dB 32dB 30dB 20dB
Source Match 20dB 18 dB 14dB 10dB
Load Match? 32dB 28 dB 15dB 12DB
Reflection Tracking' +2dB +2dB +2 dB +3dB
Transmission Tracking!+2 +1dB +1dB +1dB +1dB
Crosstalk 70dB 75dB 73dB 73dB

1. Excludes —1/+3 dB slope, typical, in mag'n'rtude response from 2.0 to 20 GHz and rolloff below 2 GHz,
which is typically —4 dB at 1 GHz, —9 dB at 500 MHz, —20 dB at 130 MHz, and —26 dB at 50 MHz.

2. Measured with RF cables.

Hardcopy Procedure

To make a hardcopy record of the trace: Connect a printer or plotter and press [Local]
e 1. (copy

(or ). Title each trace with the title feature or manu-

ally so that it can be ldentmed later. Refer to Chapter 10 of the Reference for more copying informa-
tion.

ERROR TERM DESCRIPTIONS

Following are descriptions of each error term, its significance, typical results, and guidelines to inter-
pretation. The same description applies to both the forward (F) and reverse (B) terms. The plots
shown with each are typical of a working system following a full 2—port calibration as performed
in Measuremenrtt Calibration Procedure, above.

It may be helpful to define some of the terms used in the descriptions below:

* Rsignal path: refers to the reference signal path. It includes the M/A/D/S A58, R sampler A64, and
associated semi—rigid coax cables.

* Ainput path: refers to the port 1 input path and inciudes the M/A/D/S A58, step attenuator A69,
transfer switch S4, bias tee A61, directional coupler A62, and A sampler A65, and associated
semi—rigid coax cables.

* Binput path: refers to the port 2 input path. Itincludes the M/A/D/S A58, step attenuator A9, trans-
fer switch S4, bias tee A60, directional coupler A63, and B sampler A66, and associated semi—rigid
coax cables.
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Directivity (EDF and EDR)

Description. These are the uncorrected forward and reverse directivity error terms of the system.
The directivity error of the test port is determined by measuring the S11 and S22 reflection of the
calibration kit load. The load has a much better return loss specification than does the uncorrected
test port, therefore any power detected from this measurement is assumed to be due to directivity
error.

Significant System Components. The load used in the calibration is the most important compo-
nent. The test port connector, the cable, and the coupler also greatly affect the measured directivity
error.

Affected Measurements. The measurements most affected by directivity errors are measure-
ments of low reflection devices; highly reflective device measurements will appear normal.

CHI MEM log MAG 10 dB/ REF O dB 1:-22.846dB

7o e3¢ /EDR
Cor
[T
N AT
/./’ v Y

START .050 000 000 GHz STOP 20050 000 000 GHz

Figure 14—1. Typical EDF/EDR Without Cables
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Source Match (ESF and ESR)

Description. These are the forward and reverse uncorrected source match terms of the driven
port. They are obtained by measuring the reflection (811, S22) of an open and then a short con-
nected directly to the ports. Source match is a measure of the match between the coupler and test
set connector, as well as the match between all components from the source to the output port.

Significant System Components. The open and short calibration devices are important, as are
the coupler and test port connectors. The power splitter, bias tees, step attenuator, and transfer
switch may also contribute to source match errors.

Affected Measurements. The measurements most affected by source match errors are reflection
and transmission measurements of highly reflective DUTs.

CH1 MEM log MAG 10 dB/ REF 0 dB

Cor

START .030 000 000 GHz STOP  20.050 00D 000 GH:

Figure 14—2. Typical ESF/ESR Without Cables
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Reflection Tracking (ERF and ERR)

Description. Reflection tracking is the difference between the frequency response of the reference
path (R path) and the frequency response of the reflection test path (A or B input path). These error
terms are characterized by measuring the reflection (S11, $22) of the open and the short during
the measurement calibration. Note that coupler response is included in this error term. Typically this
appears as a slope of —1 to +3 dB in magnitude response from 2 to 20 GHz and a rolloff below
2 GHz, with approximate values of —4 dB at 1 GHz, —9 dB at 500 MHz, and —20 dB at 130 MHz,
and —27 dB and 50 MHz.

Significant System Components. The open and short calibration devices have an effect on re-
flection tracking. But large variations in this error term may indicate a problem in one of the signal
paths. Suspect the R signal path if the problem appears in both ERF and ERR. Troubleshoot the
A or B input paths first if only one reflection tracking term is affected.

Affected Measurements. Al reflection measurements (high or low return loss) are affected by the
reflection tracking errors.

CH1 MEN log MAG 10 dB/ REF 0 d@B

s
Cor

START .050 000 000 GHz STOP 20.050 000 000 GHz

Figure 14—3. Typical ERF/ERR
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Isolation (Crosstalk, EXF and EXR)

Description. These are the uncorrected forward and reverse isolation error terms that represent
leakage between the test ports and the signal paths. The isolation error terms are characterized by
measuring transmission (821, $12) with loads attached to both ports during the measurement cali-
bration. Since these terms are low in magnitude, they are usually noisy (not very repsatable). The
error term magnitude changes dramatically with IF bandwidth: a 10 Hz IF bandwidth must be used
in order to lower the noise floor beyond the crosstalk specification. Using averaging will also reduce
the peak—to—peak noise in this error term.

Significant System Components. Loose cable connections or leakage between components in
the lower box are the most likely cause of isolation problems. The transfer switch, bias tees, cou-
plers, and samplers are the most susceptible components.

Affected Measurements. Isolation errors affect both reflection and transmission measurements,
primarily where the measured signal level is very low. Examples include reflection measurements
of a weli—matched DUT, and transmission measurements where the insertion loss of the DUT is

large.

START 080 000 000 GHx  STOP 20.050 GO0 000 GHz

Figure 14—4. Typical EXF/EXR with 10 Hz Bandwidth
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Load Match (ELF and ELR)

Descriptlon. Load match is a measure of the impedance match of the test port that terminates
the output of a 2—port device. The match of test port cables is included. Load match error terms
are characterized by measuring the S11 and S22 responses of a “thru” configuration during the
calibration procedure.

Significant System Components. Large variations in the forward or reverse load match error
terms may indicate a bad “thru” cable or a poor connection of the cable to the test port.

Aftected Measurements. The measurements most affected by load match errors are all transmis-
sion measurements, and reflection measurements of a low insertion loss two—port device, such as
an airline.

CH1 MEM log MAG 10 dB/ REF 0 dB
ELF/ELR

.

Cor

Hid

START 030 000 000 GHz STOP 20.050 000 000 GHz

Figure 14—35. Typical ELF/ELR
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Transmission Tracking (ETF and ETR)

Description. Transmission tracking is the difference between the frequency response of the refer-
ence path (including R input) and the frequency response of the transmission test path (including
A or B input) while measuring transmission. The response of the test port cables is included. These
terms are characterized by measuring the transmission {S21, S12) of the “thru” configuration during
the measurement calibration. Note that coupler response is included in this error term. Typically
transmission tracking appears as a slope of —1 to +3 dB in magnitude response from 2 to 20 GHz
and a rolloff below 2 GHz, with approximate values of —4 dB at 1 GHz, —9 dB at 500 MHz, —20
dB at 130 MHz, and —27 dB at 50 MHz.

Significant System Components. Large variations in this error term probably indicate a problem
in the reference signal path (if both ETF and ETR are bad) or in the A or B input path. The “thru®
cable also has an effect on transmission tracking.

Affected Measurements. All transmission measurements are affected by transmission tracking
errors.

CH1 MEM log MAC 10 dB/ REF 0 48
ETF/ETR

START 050 000 000 Gz STOP 20.080 000 000 GHz

Figure 14—6. Typical ETFIETR
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Chapter 15. Theory of Operation

1

INTRODUCTION

Theory of Operation provides a general description of the system, and operating theory of the net-
work analyzer functional groups. Operation is explained to the assembly level only: component—le-
vel circuit theory is not provided. Simplified block diagrams illustrate the operation of each functional
group. An overall block diagram is provided at the end of the section.

SYSTEM OPERATION

The HP 8720 and HP 8719 microwave network analyzers integrate a synthesized source, signal
separation devices, a three—channel recsiver for measurement of test device characteristics, and
a large—screen display. Figure 15— 1 is a simplified block diagram of the network analyzer system.

PHASE LOCK
SYNTHESIZED SIGNAL R DISPLAY
SOURCE 130 MHz SEPARATION | — .
to 20 GHz A —
—>p _8—_. RECEIVER
1

DIGITAL CONTROL

POWER SUPPLY

S >—{w > >—

Figure 15—1. Simplified System Block Diagram

The built—in synthesized source of the HP 8720 generates a swept or CW (continuous wave) signal
in the range of 50 MHz to 20 GHz. (HP 8719: to 13.5 GHz). The source output power is leveled by
an internal ALC (automatic leveling control) circuit, to a maximum level of +10 dBm at the front panel
measurement ports. A portion of the source signal is routed to the R sampler in the receiver, and
fed back to the source for phase lock.

The signal separation devices separate the source signal into a reference path and a test path. They
provide attenuation for the source signal, RF path switching to allow forward and reverse measure-
ments, and external connections for the DUT (device under test). The signal transmitted through
or reflected from the DUT goes to the receiver for comparison with the reference signal.
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The receiver converts the source signal to a 4 kHz IF (intermediate frequency) for signal processing,
retaining both magnitude and phase characteristics. The IF is converted to digital signals, which are
processed into magnitude and phase information. The processed and formatted data is finally
routed to the CRT for display, and to the HP—IB for remote operation. Details of analyzer data pro-
cessing are provided in Chapter 2 of the Operating and Programming Reference.

In addition to the analyzer, the system includes cables for interconnections, and calibration stan-
dards for accuracy enhanced measurements.

FUNCTIONAL GROUPS OF THE ANALYZER

The operation of the analyzer is most logically described in five functional groups. Each group con-
sists of several major assemblies, and performs a distinct function in the instrument. Some assem-
blies are related to more than one group, and in fact all the groups are to some extent interrelated
and affect each other’s performance.

Power Supply. The power supply functional group provides power for the other assemblies in the
instrument.

Digltal Control. The digital control group, which includes the front and rear panels and the dis-
play, as well as the CPU, provides control to all assemblies in the network analyzer. The graphics
signal processor (GSP) provides an interface between the CPU and the display.

Source. The source group supplies a phase-locked and leveled microwave signal to the device
under test.

Signal Separation. The signal separation group performs the function of an S—parameter test
set, dividing the source signal into a reference path and a test path, and providing connections to
the device under test.

Recelver. The receiver group measures and processes the input signals for display.

The following pages describe the operation of the assemblies within sach of the functional groups.
(Note that assemblies numbered A51 and above are located in the lower portion of the instrument,
and all others are in the upper portion.)
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POWER SUPPLY THEORY

The power supply functional group consists of the A15 preregulator and the A8 post—regulator.
These two assemblies constitute a switching power supply that provides regulated DC voltages to
power all assembilies in the network analyzer. The A15 preregulator is enclosed in a casting at the
rear of the instrument behind the display. It is connected to the A8 post—regulator by a wire bus
A15W1. Figure 15—2 is a simplified block diagram of the power supply group (for a more detailed
diagram, refer to the Power Supply tab in the troubleshooting section).

Fa1s A17
PREREGULATOR MOTHERBOARD
+5v +5VDIG +5VIG
+28V | | AB POST
yeTV REGULATOR INSTRUMENT POWER UPPER

—8v
___|._|_. FAN POWER
18V L >

+70v

| AtEm Gsp | DISPLAY POWER.

Figure 15—2. Power Supply Functional Group, Simplified Block Diagram

};l
v

A15 Preregulator

The A15 preregulator rectifies and steps down the line voltage. It provides a fully regulated +5V
digital supply, and several preregulated voltages that go to the A8 post—regulator assembly for addi-
tional regulation. It includes the line power module, a 60 kHz switching preregulator, and overvoltage
protection for the +5V digital supply. It provides LEDs, visible from the rear of the instrument, to
indicate circuit status.

Line Power Module. The line power module includes the line power switch, voltage selector
switch, and main fuse. The line power switch is activated from the front panel. The voltage selector
switch, accessible at the rear panel, adapts the network analyzer to local line voltages of approxi-
mately 115V or 230V. The main fuse, which protects the input side of the preregulator against draw-
ing too much line current, is also accessible at the rear pans!. Refer to the User's Guide for line
voltage tolerances and other power considerations.

Preregulated Voltages. The switching preregulator converts the line voltage to several DC volt-
ages. The preregulated +5V digital supply goses directly to the motherboard. The following preregu-
lated voltages are routed through A15W1 to the A8 post—regulator for final regulation:

+25V +8V —18V
+18V —8v +70V
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The +5V Digital Supply. The +5VD supply is regulated by a control loop in the A15 preregulator.
It goes directly to the motherboard, and from there to all assemblies requiring a digital supply. A
+5V sense line returns from the motherboard to the A15 preregulator. The +5VCPU line is derived
directly from the +5VD, but a different line takes it through the motherboard and the A8 post—regula-
tor to the A9 CPU assembly, and the A1/A2 front panel.

The preregulator will only function if the +5V digital supply is loaded by one or more assemblies,
and if the +5V sense line is working. If not, the other preregulated voltages will not be correct.

Shutdown Indications: the Green and Red LEDs. Two power supply LEDs are visible through
the rear panel casting. The green LED is on in normal operation. It is oft if line power is not connected
or not turned on; if the voltage selector switch on the rear panel is set incorrectly; or if the line fuse
has blown.

The red LED, which is off in normal operation, lights to indicate a fault in one or more of the preregu-
lated voltages. This may be an overvoltage, undervoltage, overcurrent, or overtemperature condi-
tion. Refer to the Power Supply tab in the troubleshooting section for more information.

A8 Post—Regulator

The A8 post—regulator filters and regulates the DC voltages received from the A15 preregulator. it
provides fusing and shutdown circuitry for individual voltage supplies. It distributes regulated con-
stant voltages to individual assemblies throughout the instrument. It includes an overtemperature
shutdown circuit, the variable fan speed circuit, and the air flow detector. Nine green LEDs provide
status indications for the individual voltage supplies.

Voltage Indications: the Green LEDs. The green LEDs along the top edge of the A8 assembly
are on in normal operation, to indicate the correct voltage is present in each supply. If they are off
or flashing, a problem is indicated. The steps to trace the cause of the problem are explained under
Power Supply in the troubleshooting section.

Shutdown Circult. The shutdown circuit is triggered by overcurrent, overvoltage, undervoltage,
or overtemperature. it protects the instrument by causing the regulated voltage supplies to be shut
down. |t also sends status messages to the A9 CPU to trigger warning messages on the CRT. The
following voltages are not shut down:

+5VD and +5VCPU digital supplies from A15
fan power
display power

The shutdown circuit can be disabled momentarlly for troubleshooting purposes by jumpering the
SDIS test point on the A8 board to ground.

Varlable Fan Circuilt and Air Flow Detector. The fan power is derived directly from the +18V and
—18V supplies from the A15 preregulator. The fan is not fused, so that it will continue to provide
airflow and cooling when the instrument is otherwise disabled. If overheating occurs, the main instru-
ment supplies are shut down and the fan runs at full speed. An overtemperature status message -
is sent to the A9 CPU to initiate a warning message on the CRT. The fan also runs at full speed if
a low airflow situation is detected, such as a clogged air filter or inadequate clearance. (Full spesd
is normal at initial power—on if the instrument is warm.)
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Display Power. The A8 post regulator supplies the A19 GSP assembly with +5VCPU and +65V.
The +5VCPU is used by the A19 GSP (but notthe A18 display). The +65V is used by the A18 display
(but not the A19, +65V is only routed through it to the display). Both supply voltages can function
(to operate the display) even when other power supplies are shut down. They are individually regu-
lated; not connected to the regular shutdown circuitry.

DIGITAL CONTROL THEORY

The digital control functional group (Figure 15—3) provides control for the entire network analyzer.
It provides math processing functions, as well as communications between the analyzer and an
external controller and/or peripherals.

HP 8719C and HP 8720C Theory of Operation 15-5



A2 FRONT PANEL A51 TEST SET
PROCESSOR INTERFACE
=)
A1 FRONT PANEL I FRONT
P L
NSTRUMENT
|

A9 CPU
EEPROM INSTRUMENT
@fumm:s MAN CPU | >

FROM/TO SIGNAL
— \
A10 DICTTAL TF PROCESSOR

| A16 REAR PANEL

|_||—|

1§

.

A19 GSP w21 ¥ < A18 DISPLAY
TO Al8
0"—22-—6 BNC AW
VDEO w2 -]
\, 2 DIGITAL
w20 INTERFACE PALETTE > —ﬁ;/]
—a | =
|1

i
FU
C

Figure 15—3. Digital Control Group, Simplified Block Diagram
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A1 Front Panel

The A1 front panel assembly provides manual user interface with the analyzer. It includes the key-
board for local user inputs, and the front panel LEDs that indicate instrument status. The RPG (rotary
pulse generator) is not electrically connected to the front panel, but provides user inputs directly to
the front panel processor.

A2 Front Panel Processor

The A2 front panel processor detects and decodes user inputs from the front panel and the RPG,
and transmits them to the CPU. It has the capability to interrupt the CPU to provide information up-
dates. It controls the front panel status LEDs; and auxiliary controls for the display focus and intensity
to allow softkey control without mechanical adjustment of the display assembly.

A9 CPU

The A9 CPU assembly contains the main CPU (central processing unit), the digital signal processor,
and memory storage. The main CPU is the master controller tfor the analyzer, including the other
dedicated microprocessors. The memory includes ROM, RAM, CMOS RAM and EEPROM. Data
from the receiver is serially clocked into the A9 CPU assembly from the A10 digital IF.

Main CPU. The main CPU maintains digital control over the entire instrument through the instru-
ment bus. It receives external control information from the front panel or via HP 1B, and performs
processing, formatting, and error correction operations on the raw data in the main RAM. It controls
the digital signal processor, the front panel processor, the graphics signal processor, the logic circuit
in the A51 test set interface assembly, and the HP—IB interface. In addition, when the analyzer is
the system controlier, the main CPU controls peripheral devices through HP—IB.

ROM. The main CPU has a dedicated ROM (read—only memory) that contains the operating sys-
tem for instrument control.

CMOS RAM. Front panel settings (instrument states) and calibration sets can be stored in the
CMOS RAM (random access memory), with a large capacitor providing at least 72 hours of backup
storage when external power is off.

EEPROM. The EEPROM (electrically—erasable programmable ROM) contains factory—set cor-
rection constants unique to each instrument. These constants correct for hardware variations to in-
crease performance. To guard against inadvertent correction constant changes, the A9 CPU
assembly includes a jumper that is normally set in a write—protect mode. The correction constants
can be updated by executing the routines in the Adjustments and Correction Constants section of
this manual.

Main RAM. The main RAM is a shared memory for the CPU, the digital signal processor, and the
display processor. It stores the raw data received from the digital signal processor, while additional
calculations are performed on it by the main CPU. The display processor reads the resulting CRT
image from the main RAM and displays it on the CRT. The display is updated frequently, and asynch-
ronously with the data processing operations, to provide a flicker—free image. Detailed information
on the data processing sequence is provided in chapter 1 of the Reference.
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Digital Signal Processor. The digital signal processor receives the digitized data from the A10
digital IF. It computes discrete Fourier transforms to extract the complex magnitude and phase data
from the 4 kHz IF signal, and performs ratioing and averaging operations. The resulting data is writ-
ten into the main RAM.

Color Display

The color display consists of two assemblies: the A19 GSP and the A18 display. The A19 GSP is
an interface between the A9 CPU and the A18 display. The GSP reads formatted data from the A9
CPU and converts that data to video signals (digital- TTL horizontal and vertical synch signals) and
RGB signals. It sends the video and RGB signals to the A18 display and to the A16 rear panel. The
GSP also passes the +65V supply to the A18 display. The GSP itself uses the +5VCPU supply volt-
age.

The A18 color display is a 7.5 inch scan CRT with associated drive circuitry. It receives its power
and input signals from the A19 GSP as noted above. The A18 automatically degauses itself to mini-
mize color impurity each time the analyzer is turned on.

A16 Rear Panel

The A16 rear panel includes the HP—IB interface, a dedicated bus controller that monitors and con-
trols the handshake and data lines of the external bus. It communicates messages from a remote
controller to the CPU, and from the CPU to peripherals on the bus. The network analyzer has red,
green and blue video output signals which can be accessed via 3 BNC connectors on rear panel.

The /O interconnect provides a TTL output signal to indicate pass/fail status during limit testing.
A51 Test Set Interface

The A51 test set interface routes the power and control circuitry from the upper portion of the instru-
ment to the components in the lower portion.
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SOURCE GROUP THEORY

The source functional group produces a stable ouiput signal by phase locking a YIG oscillator to
a synthesized VCO (voltage controlled oscillator). The full frequency range of the source is gener-
ated in subsweeps by harmonic mixing. The output is a swept or CW signal between 50 MHz and
20 GHz (HP 8719: 13.5 GHz) , with a maximum leveled power of +10 dBm at the front panel mea-
surement ports (minimum —65 dBm). Figure 15— 4 illustrates the operation of the source functional

group.

YO DRWE
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LOCK SOURCE
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Figure 15—4. Source Functional Group, Simplified Block Diagram

The subsweep sequencs takes place in the following steps. The paragraphs below describe the
details of this process, and provide additional information on the assemblies in the source group.

1. The source is pretuned low. The source signal (SOURCE OUT) is fed to the R sampler.
2. Asignal (VCO OUT) is generated by the VCO in the fractional—N synthesizer.
3. A comb of harmonics (1st LO) is produced in the pulse generator.

4. A synthesizer harmonic (1st LO) and the source signal (SOURCE OUT) are mixed in the sam-
pler. A difference frequency (1st IF) is generated.

5.  The 1stIF signal from the R sampler is fed back and compared to a reference. A tune current
is generated.
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6. The tune current is used to set the frequency of the source YIG oscillator.

7. Phase lock is acquired and a synthesized subsweep is generated. The source tracks the syn-
thesizer.

1. Source Pretune

The pretune DAC (digital—to—analog converter) in the A11 phase lock assembly sets the source
Y1G oscillator frequency to approximately 2.4 GHz. This signal (SOURCE OUT) goes to the R sam-
pler assembly.

2. A14/A13 Fractional—N Synthesizer

The A14/A13 fractional—N assemblies comprise the synthesizer. The source feedback circuit phase
locks the YIG oscillator to the synthesizer output signal as explained below under A77 Phase Lock:
Comparing Phase and Frequency.

The VCO in the A14 fractional—N (digital) assembly generates a swept or CW signal in the range
of 60 to 240 MHz, such that a harmonic is 10 MHz above the desired start frequency. This is divided
down and phase locked (in the A13 assembly) to a 100 kHz signal FN REF from the A12 reference.
A programmable divider is set to some number, N, such that the integer part of the expression
Fyvco/N is equal to 100 kHz. To achieve frequencies between integer muttiples of the reference, the
divider is programmed to divide by N part of the time and by N+1 part of the time. The ratio of the
divisions yields an average equal to the desired fractional frequency. APl (analog phase interpolator)
current sources in the A13 assembly correct for phase errors caused by the averaging. The resulting
synthesized signal goes to the pulse generator.

3. A52 Pulse Generator: the Harmonic Comb

The signal from the synthesizer drives a step recovery diode (SRD) in the A52 pulse generator as-
sembly. The SRD generates a comb of harmonic multiples (1st LO) of the VCO frequency, which
goes to the samplers. One of the harmonics is 10 MHz above the desired start frequency.

4. A64 R Sampler: Down—Converting the Signals

The AB4 assembly is part of the receiver functional group. It is also included here because it is an
integral part of the source phase locking scheme. In the R sampler, the 1st LO signal from the pulse
generator is mixed with the SOURCE OUT signal from the source. The difference IF (intermediate
frequency) produced is nominally 10 MHz. For phase locking, part of this IF signal is routed back
to the A11 phase lock assembly. (Additional information on the sampler assemblies is provided in
Receiver Theory.)
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5. A11 Phase Lock: Comparing Phase and Frequency

The 10 MHz 1st IF signal from the A64 sampler is fed back to the A11 phase lock assembly. In A11
itis amplified, limited, and filtered to producs a 10 MHz square wave. This is divided down to 1 MHz,
then applied to a phaseffrequency detector that compares it to a crystat controlied 1 MHz signal
(PL REF) from the A12 reference assembly (see A72 Reference: the Crystal Reference Frequencies,
below). Any phase or frequency difference between these two signals produces a proportional DC
voltage.

6. Tuning the YIG Oscillator

The output of the phase/frequency detector is filtered to remove any 1 MHz feedthrough, and fed
to an integrator. The output of the integrator is converted to a tune current. This brings the appropri-
ate Y1G oscillator closer to the desired frequency, which in turn reduces the phase/frequency detec-
tor output voltage. When the voltage is reduced to zero, and the divided—down 1st IF frequency
is equal to the 1 MHz reference frequency PL REF, phase lock is achieved.

7. Phase Locked Sweep

When the source is phase locked to the synthesizer at the start frequency, the synthesizer starts to
sweep. The phase—locked loop forces the source to track the synthesizer, maintaining a constant
10 MHz 1st IF signal.

The full sweep is generated in a series of subsweeps, by phase locking the source signal to the
harmonic multiples of the synthesizer. At the transitions between subsweeps, phase lock is broken,
the source is held at this frequency. Table 15—1 lists the subsweep frequencies from the synthesizer
and the source.
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Table 15—1. Subsweep Frequencies

Band Synthesizer Harmonic Source (MH2z)
(MH2) Number (N) Frequency

Low 60 — 120 1 50 - 110
120 — 240 1 110 - 230
120 — 240 2 230 — 470
160 — 236 3 470 — 698
141.6 — 236 5 698 - 1170
147.5 - 236 8 1170 — 1878
157.3 — 213.3 12 1878 — 2550

High 128 — 236 20 2550 — 4710
131.1 — 220/6 36 4710 — 8256
142.5 - 234 58 8256 — 13562
159.7 — 235.4 85 13562 — 20000*

* 8720 only

A12 Reference: the Crystal Reference Frequencies

This assembly provides stable reference frequencies to the rest of the instrument by dividing down
the output of a 40 MHz VCXO (voltage—controlled crystal oscillator). One of the divided—down sig-
nals is the 100 kHz FN REF for phase locking the synthesizer signal in A13. Another is the 1 MHz
main phase—locked loop reference signal PL REF that goes to the phase comparator in A11.

(The 2nd LO signal and the timing signal for the A10 digital IF assembly are explained in Receiver
Theory.)

The EXT REF rear panel input provides the option of using an external reference with a frequency
of 1, 2, 5, or 10 MHz, instead of the internal 40 MHz VCXO.

Source Block: The YIG Oscillator Signals

The source block includes two YIG oscillators and a 3.8 GHz fixed oscillator. The outputs of these
osciliators produce the sourcs signal. In phase—locked operation, this signal tracks the stable out-
put of the synthesizer. Figure 15—5 illustrates the assemblies in the source block.
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Figure 15—-5. Simplified Diagram of the Source Block

The Y1G oscillator has a main coil and an FM coil. These are analogous to the woofer and the tweeter
in a stereo speaker: the woofer reproduces low frequencies and the tweeter reproduces high fre-
quencies. Similarly in the YIG oscillator, the main coil allows large, slow changes in frequency but
cannot respond to high frequency deviations, which are sent to the faster—acting FM coils.

The tune current from the A11 phase lock assembly splits into two paths. One path is lowpass fil-
tered, removing high frequency components, and goes to the YIG main coil; the other path is high-
pass filtered, removing low frequency components, and goes to the YIG FM coils. The filters are
matched in stop—band response, such that one picks up where the other leaves off.

The full YIG oscillator frequency range is achieved in two bands:

Band Frequency Range
Low 50 MHz to 2.55 GHz
High 2.55 t0 20.0 GHz

In the low band, the 2.4 to 20 GHz output of YIG1 and the fixed 3.8 GHz output of the A57 fixed
oscillator are mixed in the A53 mixer/amplifier assembly. In this band, S2 and S3 switch A53 into
the circuit.

The high band uses the output of YiG1.

In the A58 M/A/D/S microcircuit, the YIG oscillator signal is modulated by the ALC OUT signal (ex-
plained below) to provide power control and leveling.
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ALC: Automatic Leveling Control

A portion of the source output is detected in the M/A/D/S and sent back to the source Interface Board
ALC circuit. This circuit generates a control signal which is sent to the medulator in the M/A/D/S to
control the power.

SIGNAL SEPARATION

AB2
DIRECTIONAL
PORT 1 COUPLER
- A
A58 M/A/D/S A69 STEP
3 I ATTEN e LI = ] L |{:IM1
n_w,—é' = | ] ] -10 dBm
085 @ 50 | I ] o
| = | o
‘ ABD BIAS
AS56 LOWER
FRONT PANEL TEE - " {rowr 2]
S S I B
& @ S 21 PORT 2 (
’/ ‘512 #ﬂ' I
6 @ 82

Figure 15—-6. Signal Separation, Simplified Block Diagram

A58 M/A/D/S Modulator, Amplifier, Detector, Splitter

The M/A/D/S microcircuit accomplishes four separate functions. The modulator controls the output
power proportionally to the signal produced by the ALC circuit on the source Interface board. The
amplifier provides up to 30 dB of ampilification that will allow up to 10 dBm to be output from the
test port. The detector outputs a voltage that is proportional to the RF power out of the amplifier.
This voltage is used by the ALC circuit on the source Interface board.

The power source divides the source signal into two parts. One signal is routed directly to the A64
R sampler and the other is sent through the AB9 step attenuator, S4 transfer switch, A60 and A61
bias tees, A62/A63 directional couplers and to the test ports.

The M/A/D/S microcircuit is controlled by the ALC circuitry on the source interface board. The CPU
provides fine control of the test port power for applications such as power sweep.
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A69 Step Attenuator

The step attenuator provides coarse power control for the source signal. Itis an electro—mechanical
attenuator, controlled by the A9 CPU, that provides 0 to 55 dB of attenuation in 5 dB steps. It adjusts
the power level to the DUT without changing the level of the incident power in the reference path.

S4 Transfer Switch

The output of the step attenuator is fed into the transfer switch S4. This is a coaxial electro—mechani-
cal switch with very low loss. It switches between the port 1 and port 2 measurement paths, automat-
ically enabling alternate forward and reverse measurements. in addition, S4 provides an internal
termination for the measurement port that is inactive.

A56 Lower Front Panel Assembly

The A56 lower front panel assembly provides an interface for the transfer switch control voltages,
and for the DC voltage from the rear panel to the bias tees. LEDs on the lower front panel indicate
the status of the transfer switch.

A60 and A61 DC Bias Tees

The DC bias tees provide a means of biasing active devices with an external DC voltage connected
to the rear panel DC BIAS CONNECT ports. The DC voltage is applied directly to the center conduc-
tor of the test port connectors. A blocking capacitor ensures that the bias current goes only to the
device under test, and not back into the source. Likewise, an inductor in the bias path prevents RF
from being imposed on the external DC supply.

A62 and A63 Directional Couplers

The test signal goes into the through—line arm of the couplers, and from there to the test ports (—10
dBm to —65 dBm) and the device under test. The coupled arm of the couplers carries the signal
reflected from or transmitted through the device under test to the receiver for measurement. The
coupling coefficient of the directional couplers is nominally 20 dB (40 dB at 130 MHz).

RECEIVER THEORY

The receiver measures and processes the input signals into digital information for display on the
CRT. Figure 15-7 is a simplified biock diagram of the receiver functional group. The A12 reference
assembly, which is part of the source group, is also included in the illustration to show how the 2nd
LO signal is derived.
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Figure 15—7. Receiver Functional Group, Simplified Block Diagram

Samplers and Second Converters

Each input signal goes to one of three identical pairs of sampler and second converter assemblies
(R, A, and B) that down—convert the signals to a fixed 4 kHz 2nd IF with magnitude and phase
corresponding to the input.

The 1st LO Signal is a comb of harmonics of the synthesizer signal, produced by a step recovery
diode in the AS2 pulse generator. Refer to Source Group Theory for details.

A84/A65/A66 Samplers. The signal from the source is mixed with the 1st LO harmonics in the
samplers. One of the harmonic signals is 10 MHz above the desired frequency. The mixing products
are fittered, leaving only the difference between that harmonic and the source frequency: this fixed
10 MHz signal is the 1st IF (Fjg = N x Fyco — Fsg, where N is the harmonic number). Part of the
1st IF signal from the R sampler is fed back to the A11 phase lock assembly to complete the source
phase—locked loop. The 1st IF from all three samplers goes to the corresponding second conver-
ters.
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2nd LO Signal. The stable 2nd LO signal is produced in the A12 reference assembly by phase
locking and mixing a 39.984 MHz VCO with the 40 MHz VCXO to derive a difference of 16 kHz. This
is compared to a 16 kHz reference produced by dividing 40 MHz by 2500. The phase —iocked output
of the 39.984 MHz oscillator is divided by 4 to provide the 9.996 MHz 2nd LO.

A4/AS5/As Second Converters. The 1st IF and the 2nd LO are mixed in the second converter. The
resulting difference frequency is a constant 4 kHz 2nd IF signal that retains the amplitude and phase
characteristics of the measured signal. The 2nd IF signals from all three second converter assem-
blies are input to the A10 digital IF assembly.

A10 Digital IF

In this assembly, the 2nd IF signals from the A and B second converters go through a gain stage.
Signals lower than —30 dB on these two signal paths are amplified by 24 dB to ensure that they
can be detected by the ADC (analog—to—digital converter). For troubleshooting purposes, the gain
can be forced on or off using the service menus (refer to the Receiver tab in the troubleshooting
section.) The R path signal is fixed at a level high enough to maintain phase lock, and therefore
requires no amplification. :

All three signals are sampled at a 16 kHz rate set by a divided—down 4 MHz clock pulse from the
A12 reference assembly. The signals are sequentially muttiplexed into the ADC, where they are con-
verted to digital form. The ADC conversions are triggered by timing signals from the CPU or the
synthesizer, or an external signal at the rear panel EXT TRIG connector. The digitized data is serially
clocked into the A9 CPU assembly to be processed into magnitude and phase data. The processed
and formatted data is finally routed to the CRT for display, and to the HP—IB for remote operation.
Refer to Digital Control Theory in this section and to Data Processing in the first chapter of the Refer-
ence for more information on signal processing.

An additional input to the A10 assembly is the analog bus (ABUS), a built—in service tool for testing
analog circuits within the instrument. This is a single multiplexed line that networks analog nodes
throughout the instrument, or monitors an external input at the rear panel AUX INPUT connector.
It is controlled by the CPU, and used like an oscilloscope or frequency counter to make internal
voltage and frequency measurements.
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Chapter 16. Replaceable Parts
]

INTRODUCTION

This section contains information for ordering replaceable parts for three instruments. The replace-
able parts include major assemblies, chassis hardware, but not parts of major assemblies (except
as noted). Table 16— 1 lists major reference designations and abbreviations used in the parts lists.

Refer to the “Replacement Procedures” section of this manual for hints on removing and replacing
assemblies.

ADJUSTMENTS AND VERIFICATION

Adjustments or verification procedures or both may be required to assure that the analyzer meets
its published specifications following replacement of an assembly. “Post Repair Procedures” lists
such requirements.

R-E (REBUILT-EXCHANGE) ASSEMBLIES COST LESS

Lower cost assemblies are avaiiable through the rebuilt—exchange program. Thess factory rebuilt
(repaired and tested) assemblies mest all factory specitications required of a new assembly. They
are offered on an exchange (trade—in) basis only. The defective assembly must be returned for
credit, so R—E assemblies are not suitable for stock or spares. Figure 16—1 illustrates the rebuilt—
exchange procedure. Figure 16—2 shows all major assemblies, including those that can be re-
placed on an exchange basis.

If you have any questions, contact your HP customer engineer.

REPLACEABLE PARTS LIST

The following figures assist in location and identification of all replaceable parts, including corre-
sponding lists that provide the following information:

1.  Hewlett—Packard part number.

2.  Part quantity as shown in the corresponding figure. There may or may not be more of the same
part located elsewhere in the instrument.

3.  Part description, using abbreviations in Table 16—1.
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ORDERING INFORMATION

To order a part listed in the replaceable parts lists, quote the Hewlett—Packard part number, indicate
the quantity required, and address the order to the nearest Hewlett—Packard office.

To order a part that is not listed in the replaceable parts lists, include the instrument model number,
complete instrument serial number, the description and function of the part, and the number of parts
required. Address the order to the nearest Hewlett—Packard office.

How to Order Parts ... Fast!

When you know which parts you need to repair the instrument, contact Hewlett—Packard's direct
ordering team by calling the following toll—free number:

(800) 227-8164
Monday through Friday, & am to 5 pm (Pacific Standard Time)

The parts specialists have direct online access to replacement parts inventory corresponding to the
Replaceable Parts list in this manual. There is a charge for hotline one day dslivery, but four day
delivery time is standard. After hours and holidays, call (415) 968—2347.

This information applies to the United States only. Outside the United States, contact your nearest
HP office.
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Table 16—1. Reference Designations and Abbreviations(1 of 2)

REFERENCE DESIGNATIONS
A Assembly  J ...... Electrical Connector R ......ovovvr.ns. Resistor
CR . Diode, Diode Thyristor, (Stationary Portion), Jack S i Switch
Step Recovery Diode MP ......... Miscellaneous TP o, Test Point
DS Annunci t(:c 2' Vartﬁ; P Elecr"ecrgnicalezzan Ueereeee Intsgrated Cirut
nunciator, Lamp, Light P ...... ical Conn r - el
Emitting Diode (LED), (Movable Portion), Plug W... Cable, Tra e on
Signaling Device Q........ Silicon Controlled '
F o Fuse Rectifier (SCR), Transistor,
= Fitter Triode Thyristor
ABBREVIATIONS
A F L
ADJ..... Adjust, Adjustment F Fahrenheit, Farad, Female, LED .. Light Emitting Diode
AMP ............. Amplifier Film (R98!st°f)i Fixed, LG.......... Length, Long
ASSY ........... Assembly Flange, F""}grz:f;:?; LKWR ......... Lockwasher
ATTN ..o Attenuator ST Flash, Flat, Fluid M
B FLTR......... Filter, Floater
MACH ........... Machine
BD it Board G MM .o Millimeter
BNC .... Type of Connector GRZ ... ... Gigahertz MTLC ............. Metallic
C H N
C ... Capacitance, Capacitor HD ... Hand, Hard, Head, NEG ............. Negative
CBL ............... Cable Heavy Duty
CHAM ........... Chamfer HEX ........ Hexadecimal, o
CPU Central Processing Unit Hexagon, Hexagonal — op Olive Drab
Qutside Diameter
D |
D.. ggaepyegepé?m.cmpmi D Identification, P
am T, I urren i i
: Inside Diameter  pan_pp L Pan Head
DB .. Decibel, Double Break N .o inch, Indium ;
! PC ......... Picocoulomb,
DBL .............. Double INTL ... Internal Piece, Printed Circuit
E PNL ...l Panel
K PIO . ooovviiie . Part of
EXT .. Extended, Extension, PN .......... P
External, Extinguish KB..ioviiiiieieannnn Knob art Number
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Table 16—1. Reference Designations and Abbreviations (2 of 2)

R SMB ..... Subminiature, B X
Type (Snap—On Connector)
2 Rear SST ....... Stainless Steel XSTR .......... Transistor
RFl ...... Radio Frequency
Interference T Y
S THD .... Thread, Threaded YIG . Yttrium—iron—garnet
THK ...l Thick
SAMP ............ Sampler 4
SCR ........ Screw, Scrub, Vv ’
Silicon Controlied Rectifier ZIN-P ......... Zinc Plate
SHFT ..ovvvvvennns Shaft VDC .. Volts, Direct Current
SHLDR ......... Shoulder w
SKT ......... Skirt, Socket
SIDR ...t Solder W ... Watt, Wattage,
White, Wide, Width, Wire
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Table 16—2. Power Cable and Plug Part Numbers

CABLE CABLE
PWG TYPE ! HP PART PLUG DESCRIPTION 2 LENGTH CABLE FOR USE N COUNTRY

NUMBER2 (inches) COLOR

8120-1351 | Stroight BS1363A 90 Mint Groy | United Kingdom,

8120—-1703 80° 90 Mint Gray Cyprus, Nigeria,
Zimbabwe, Singapore

8120-1368 | Struight ZNSS198/ASC112 7 Gray Austraiic,

8120-0696 | $0° 87 Gray New Zesiand

8120-1689 | Stroight CEE7-VI 7 Mint Gray | Eost and West Europe,

8120-1682 | 90° 7 Mint Gray | Soudi Aublo, Egypt,
Republic of So. Africa,
India (unpolarized in
many nations)

8120~1348 | Stroight NEMAS—15P 80 Block United States,

8120-1388 | s90° 80 Black Conoda, Japan,

8120-175% | Stroight NEMAS-15P 38 Block (100v or 200V),

8120-1378 | Stroight NEMAS—15P 80 Jodo Gray | Mexico, Philippines,

8120-1521 | so° 80 Jade Gray | Tohwan

8120-1676 | Struight NEMAS—15P 3 Jode Gray

8120-2104 | Stroight SEV1011.1859 7 Groy Switzeriand

24507, Type 12

8120-0698 | Stroight NEMAS—15P United States, Canoda

8120-1957 | Stroight DHCK 107 7 Groy Denmark

8120-2956 | 90° 79 Gray

8120-1860 | Stroight CEE22-M1

(Systsm Cobinet Use)

1.
2 Port number for plug ls industry identifier for plug only. Number shown for cable is HP Port Number for complsts

E = Eorth Gound; L = LUne; N = Neulral

cable Inchxiing plug.
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The module exchange pr

your
Locate defective module
using troubleshooting
procedures and service
sheets in this manual.
is a replacement modula YES ,
on hand?

'NO

Order restored—exchange
modute from HF. Refer
to the replaceable parts
sactlon for part numbers.

Swap replacement mod—
ule and defective module

Retumn defective module
to HR.

Install the replacement
module. Keep the defective
module for return to HP.

Order restored—exchange
module from HP. Refer to
the replaceable parts
section for part numbers

Put restored exchange
module in spares stock.

Return defective module
to HP.

*HP pays postage on boxes mailed in the U.S.A.

A.

ram Is a fast, efficilent and economical method of keeping
ewlett—Packard instrument In service.

Restored —exchange modules are

shipped individually in boxes like

this. In addition to the circuit

module, the box contains:
Exchange assembly failure report
Return address label

&

Open box carefully — It will be used
to retum defective module to HP.
Complete failure report. Place it and
defective module In box. Be sure to
remove enclosed return address
label.

% |
Seal box with tape, inside U.S.A.*,
stick preprinted ratum address label
over label already on box, and return
box to HP. Outside U.S.A., do not

use address label; instead address
box to the nearest HP office.

Figure 16—1. The Low—cost Rebuilt—Exchange Procedure
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HP Part

Desig Number Description
e 08720—60087 FRONT PANEL KEYBD ASSY
A2 08753—60091 FRONT PANEL INTERFACE BD ASSY
A3 NOT ASSIGNED
A4, A5, AB 0841560004 SECOND CONVERTER
A7 NOT ASSIGNED
A8 0872060008 POST-REGULATOR BD ASSY
A8 08720—68008 POST-REGULATOR BD ASSY (R—E)
ABF1 2110-0425 FUSE 2A 125V NTD .25X.27
ABF2 2110-0424 FUSE .75A 125V NTD .25X.27
ABF3 2110-0425 FUSE 2A 125V NTD .25X.27
ABF4 2110-0424 FUSE .75A 125V NTD .25X.27
ABF5 2110-0476 FUSE 4A 125V NTD .25X.27
ABF6 21100425 FUSE 2A 125V NTD .25X.27
ABF7 2110-0476 FUSE 4A 125V NTD .25X.27
ABF8 2110-0047 FUSE 1A 125V NTD .25X.27
ABFO 2110-0048 FUSE .5A 125V NTD .25X.27
A9 0872060040 CPU BD ASSY 8720C
A9 0872065040 CPU BD ASSY (R—E) 8720C
A9 08719—60007 CPU BD ASSY 8718C
A9 08719-60007 CPUBD ASSY (R-E) 8719C
A10 08753-60095 DIGITAL IF BD ASSY
A10 0875369095 DIGITAL IF BD ASSY (R—E)
A1 0872060109 PHASE LOCK BD ASSY
A1 08720-60109 PHASE LOCK BD ASSY (R—E)
A12 08720-60012 REFERENCE BD ASSY
A12 0872069012 REFERENCE BD ASSY (R—E)
A13 0872060049 FRACTIONAL N ANALOG BD ASSY
A13 0872069049 FRACTIONAL N ANALOG BD ASSY R—E)
Al4 0872060050 FRACTIONAL N DIGITAL BD ASSY
A14 0872069050 FRACTIONAL N DIGITAL BD ASSY R—E)
A15 0875360098 PREREGULATOR ASSY
A15 0875369098 PREREGULATOR ASSY (R-E)
A15F1 2110-0655 FUSE—3.15A 250V
A18 08720—60044 REAR PANEL BD ASSY
A7 0872060051 ( MOTHERBD ASSY (INCLUDES MOTHERBD RIVETED TO CAGE
ASSY AND FRAME)
A18 2080-0210 DISPLAY ASSY
A18 5180-8484 DISPLAY ASSY R—-E)
A19 0875360170 GRAPHICS SYSTEM PROCESSOR ASSY
A10 08753-69170 GRAPHICS SYSTEM PROCESSOR ASSY (R~E)
Figure 16—2. Major Assemblies (1 of 4)
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16-~10 Replaceable Parts

Desig Number ay Description

A5t 0872060053 1 | TEST SET INTERFACE BD ASSEMBLY

As2 5086-7456 1 | PULSE GENERATOR (NCLUDES BIAS BD)

AS2 50866456 PULSE GENERATOR (R~E) (INCLUDES BIAS BD-NOT SEPARATELY
REPLACEABLE).

A53 5086—7583 1 LOWBAND MICROCIRCUIT

AS3 50866563 LOWBAND MICROCIRCUIT (R—E)

AS5 08720-60082 1 YIiG 1 2.4 - 20 GHz (8720C)

AS5 08719—-60009 1 YIG 1 2.4 ~ 13,5 GHZ (8718C)

A6 08415-60056 1 | LOWER FRONT PANEL BD ASSEMBLY

AS57 08720-60073 1 FIXED OSCILLATOR 3.8 GHZ

A58 50867519 1 M/A/D/S MICROCIRCUIT

AS8 5086—-6519 1 M/A/D/S MICROCIRCUIT R-E)

AS9 08720-60052 1 SOURCE INTERFACE BOARD

AB0, AG1 5086-7458 2 BIAS TEE

A0, A8 5086-6458 BIAS TEE R-E)

AB2, AS3 0872060020 2 | DRECTIONAL COUPLER

AB4, ABS, AGS 5086-7457 - 3 SAMPLER

AB4,ABS, ABS | 5086-8457 SAMPLER (R-E)

A8 09550462 1 | MICROWAVE ATTENUATOR 6 dB

AB9 83595-60019 1 STEP ATTENUATOR

S2,83 08415-80057 3 MICROWAVE SWITCH

S4 08720—-60006 1 TRANSFER SWITCH

S4 (Opt. 008) 5086—7642 1 SOLID STATE TRANSFER SWITCH

Figure 16—2. Major Assemblies (3 of 4)
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Figure 16—2. Major Assemblies (4 of 4)
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Dest Number ay Doscription
W1 08720—20064 1 CABLE A88 TO S2
w3 08720-20062 1 CABLE AS8 TO 82
we 08720-20061 1 CABLE AS3TO S3
w7 0872020063 1 CABLE A55 TO 83
Wit 08720-20065 1 CABLE A57 TO AS3
w2 08415—-20071 1 CABLE A63 TO A66
w23 08720-20082 1 CABLE A58 TO REAR PANEL
w25 08415—20069 1 CABLE A62 TO A61
w26 08415-20088 1 CABLE A83 TO ASO
w7 08415—20081 1 CABLE A0 TO S4
w28 08415—20081 1 CABLE A1 TO S4
w29 08720—20076 1 CABLE S4 TO A69
W30 08415-20072 1 CABLE A62 TO A65
wa2 0872020066 1 CABLE A69 TO A58
was 0872020073 1 CABLE A84 TO REAR PANEL

Figure 16—3. Semi—Rigid RF Cables (1 of 2)
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Figure 16—3. Semi—Rigid RF Cables (2 of 2)
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Dol Number Doveription
w10 08415-60031 FLEXIBLE RF CABLE A35 TO A11
w12 0872060038 CABLE ASSEMBLY A57 TO AS9
wi3 08415—60030 FLEXIBLE RF CABLE A55 TO A17
w14 0872060074 RIBBON CABLE ASSEMBLY A51 TO A17
W15 0872060077 FLEXIBLE RF CABLE A51 TO A17
w16 08720-60076 FLEXIBLE RF CABLE A51 TO A11
wi7 08513—60023 CABLE ASSEMBLY AS6 TO A51
wis 08415-60028 FLEXIBLE RF CABLE AS6 TO A17
wio 0841560084 CABLE ASSEMBLY A56 TO ASO/AS1/S4
w20 0872060084 CABLE ASSEMBLY A52 TO A51
we1 0841560027 FLEXIBLE RF CABLE AS5 TO A17
waa 08415—60066 CABLE ASSEMBLY A58 TO A51
wat 08415-60035 FLEXIBLE AF CABLE A52 TO A14
was 0872060075 FLEXIBLE RF CABLE A64 TO A51
was 08513—60023 CABLE ASSEMBLY A85 TO AS1
was 08513—60023 CABLE ASSEMBLY A4 TO AS1
wa7 0872080071 CABLE ASSEMBLY REAR PANEL TO AS1

Figure 16—4. Flexible Cable Assemblies (1 of 4)
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Figure 16—4. Flexible Cable Assemblies (2 of 4)
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besig Number Deacription
w2 08513-60036 RIBBON CABLE ASSEMBLY A15TO 19
w4 08753-60113 CABLE ASSEMBLY A19 TO A8
w8 08415-60040 FLEXIBLE RF CABLE A12 TO A13
wo 08415-60041 FLEXIBLE RF CABLE A13 TO A14
W38 SEE Figure 186—-6
w39 SEE Figure 16—6
W40 SEE Flgure 16—-6
wait SEE Flgure 16—8

Figure 16—4. Flexible Cable Assemblies (3 of 4)
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HP Part

Deslg Number Qty Description

08757—40005 1 | LINE SWITCH KEY

1480-1573 1 | SPRING—EXT .138—IN-OD SST PSVT

0875300048 1 | LINE SWITCH ACTUATOR

08753-00036 1 | SWITCH INSULATOR

08720-80034 1 | FRONT DRESS PANEL-UPPER

01650—47401 1 | kNoB-BASE

2190-0016 1 | WASHER—LK INTL T 3/8 IN .377-IN-iD

20500043 1 | NUT=HEX-DBL-CHAM 3/8—32—THD .094—-IN-THK

5021-3427 2 | WASHER—TEST PORT CONNECTOR

5021-3428 2 | NUTFLANGE-TEST PORT

5062-1272 2 | CONNECTOR—TEST PORT

1510-0038 1 | BINDING POST ASSY SGL THD-STUD

21900087 1 | WASHER=LK INTL T 1/4 IN .256—IN-ID

2050-0006 1 | NUT—HEX—DBL—CHAM 1/4-32—THD .084~IN—THK
SCREW-MACHINE—Sae Figure 16-8 AND Figure 16—7
SCREW-MACHINE —See Figure 16—6 AND Figure 16—~7

0515-2113 2 | SCREW-MACH M3.5 X 0.6 BMM—LG PAN—HD

08757-40012 1 | soFTkeYs cover

08720-60041 DISPLAY BEZEL ASSEMBLY 8720C

0871960008 1 | DISPLAY BEZEL ASSEMBLY 8719C

* CAUTION:This hardware is matric. Use of other thread types is likely to damage threaded holes.

16~18 Replaceable Parts
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Figure 16—5. Front Panel Miscellancous Parts (2 of 4)
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HP Part

Desig Number Qty Description
s 0515-2086 SCAEW—MACHINE -See Figure 16—-6 AND Figure 16—7
7 0515—-2086 SCREW-—-MACHINE —See Figure 16—6 AND Figure 16—7
8 0515-2113 2 SCREW-MACH M3.5 X 0.6 BMM—LG PAN—HD
w43 08753-60037 RIBBON CABLE ASSY-A17J1/A2
g* 0515-0374 8 SCREW—MACH M3 X 0.5 8BMM—LG PAN-HD
11* 0515-0375 4 SCREW~—MACH M3 X 0.5 20MM~-LG PAN—HD
12 08720—-00046 1 FRONT SUB -PANEL-UPPER
13 08757-40012 1 SOFTKEYS COVER
15 SCAEW—MACHINE —See Figure 16—8 AND Figure 16—9
16 08720—-80035 1 FRONT DRESS PANEL ~L OWER
17 08415-00052 1 FRONT SUB-PANEL-LOWER
18 0535-0031 5 RETAINER—-PUSH ON KB—-TO-SHFT EXT
19* 0515-0374 4 SCREW—MACH M3 X 0.5 BMM~-LG PAN-HD
21 08757 —40003 1 SUPPORT—-BEZEL
22 0515~2088 SCREW-MACHINE -See Figure 16—10
23 08720-40008 1 KEYPAD, RUBBER
24 0872060070 1 KEYPAD BD ASSY
25 1990-1525 1 ROTARY PULSE GENERATOR

* CAUTION:This hardware Is metric. Use of other thread types is likely to damage threaded holes.

Figure 16—5. Front Panel Miscellaneous Parts (3 of 4)
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D;"::;' f Part aty , Description

r 14000110 2 | FUSEHOLDER—BIPIN SKT 5A 125 V
1400-0112 2 | FUSEHOLDER CAP FOR USE WITH H—P P/N
2110-0046 2 | FUSE .5A 125V NTD .25x.27
2190-0016 2 | WASHER-LKINTL T 3/8IN .377-IN-1D

2 2190-0016 WASHER—LK INTL T /8 IN .377—IN-ID
2050—0001 2 | NUT=HEX-DBL~CHAM 3/8—32-THD .084~IN~THK
1250-0083 2 | CONNECTOR-RF BNG FEM SGL~HOLE ~FR 50—OHM

a 03601632 1 | TERMINAL—SLDR LUG LK-MTG FOR - #3/8-SCR

4 1251-2042 2 | SCREW LOCK KIT-SUBMIN D CONN

5 2100-0102 7 | WASHER—-LKINTL T 15/32 IN .472—IN—-ID
29500035 4 | NUT-HEX-DBL—CHAM 15/32—32-THD

6 0875360026 1 | FLEXIBLE RF CABLE ASSEMBLY - EXT REF

7 2190-0588 2 LK WASHER

8 SCREW—MACHINE — SEE Figura 16-7

o 0515-0372 3 | SCREW—MACH M3 X 0.5 6MM—LG PAN—HD

10 SCREW~-MACHINE — SEE Flgure 16-7

1 3150-0484 1 | AR FILTER, GUARD, & RETAINER: 4.65 X 4.65

1 0515-1817 4 | SCREW-MACH M3.5 X 0.6 20MM—LG

12 08720-00045 1| 19A/208) REAR PANEL

13 0841560036 1 | FAN=TUBE AXIAL INCLUDES CABLE ASSY)

14 50626618 2 | CONNECTOR (3.5 MM, FEMALE)

15 0872060046 1 | REAR PANEL ASSY, BOTTOM BOX

was 8120—5401 FLEXIBLE CABLE ASSY, EXT AM

was 0875360117 FLEXIBLE GABLE ASSY, RED

Wao 08753-60118 FLEXIBLE CABLE ASSY, BLUE

wat 0675360118 FLEXIBLE CABLE ASSY, GREEN

wa2 08720—20075 1 | REAR PANEL JUMPER

* CAUTION:This hardware is metric. Use of other thread types is likely to damage threaded holes.

Figure 16—6. Rear Panel Miscellaneous Parts (1 of 3)
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[ Number ay Description
ABF1 FUSE ~ SEE Figura 16-2

ABF2 FUSE - SEE Figure 16-2

ABF3 FUSE — SEE Figure 16—2

ABF4 FUSE — SEE Figure 16—-2

ABF5 FUSE — SEE Figure 16—2

ABF6 FUSE — SEE Figure 16-2

ABF7 FUSE — SEE Figure 16—-2

ABF8 FUSE — SEE Figure 16—2

ABF9 FUSE - SEE Figure 16-2

1* 0515—0433 4 5MM 4 X 0.7 6MM PNTX

3* 0515-0458 6 SCREW-MACHINE ASSY M3.5 X 0.6

4* 0515-2035 1 SCREW-MACH M3 X 0.5 14MM-LG

5 08753—20062 1 STABILIZER CAP

08753—40005 1 PC BD STABILIZER
5* 0515—-0374 2 SCREW-MACH M3 X 0.5 10MM-LG PAN-HD
6 0872000009 1 CAN HOLDDOWN
08720-40004 3 LOCATOR HOLDDOWN

7 08415—40001 1 CAN GUIDE-PLASTIC

8* 0515—-0458 1 SCREW-MACH M3.5 X 0.6 8BMM-LG PAN~HD
10* 0515-2086 3 SCREW-METRIC SPECIALTY M4 X 0.7 THD: 6

* CAUTION:This hardware is metric. Use of other thread types is likely to damage threaded holes.

Figure 16—7. Miscellaneous Mechanical Parts — Display Processor (1 of 4)
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4*
7
8
9

besla Number ay Descripton
MOTHERBOARD — SEE Figure 16—2

0515-1234 2 SCREW-—-MACH M3.5 X 0.6 BMM-LG
5041-7250 3 CABLE CLIP
0515—1091 4 SCREW-MACHINE ASSY M3.5 X 0.6
1530-0387 2 FASTENER—SNAP—IN BALL STUD 10 MM BALL
2190-0669 2 WASHER—-LK HLCL 8.0 MM 8.1—-MM—-ID
08753—-20046 3 INSULATION-CABLE
0515-1331 1 SCREW-METRIC SPECIALTY M4 X 0.7 THD: 6
08720-20022 1 HINGE HALF

* CAUTION:This hardware Is metric. Use of other thread types is likely to damage threaded holes.

16—28 Replaceable Parts

Figure 16—7. Miscellancous Mechanical Parts — Display/Processor (3 of 4)

HP 8§719C and HP 8720C



Y4 places

o
(o]
00
n
Uo
Il=|=

gooop\ooooooool

== .
Y %

Figure 16—7. Miscellaneous Mechanical Parts — Display Processor (4 of 4)
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Deatg Number aty Description
Ty 0872020089 1 HINGE HALF
0672020027 t | HINnGEPIN
o 0515-0451 4 | scREW-MACH M35 X 0.6 8MM-LG PAN—HD
a 0515-1642 2 | scREW-MACH M3 x 0.5 40MM-LG PAN—~HD
0515-1348 2 | wAsHER
0515-0372 2 | LOCK WASHER
4 0672000039 2 | MOUNTING BRACKET
5 0£8720-20015 1 HEATSINK/RF CAGE
6 05150866 4 | SCREW-MACH 6-32 .375-IN~LG PAN~HD—PCZI
7 06720-00040 1 | ATTENUATOR BRACKET
8 0515-0877 1 | SCREW-MACH 6-32 1-IN-LG PAN~HD-POZI
9 2360-0117 2 | SCREW—MACH 6-32 .25-IN~-LG PAN-HD-POZI
10 2360-0117 4 | SCREW-MAGH 6-32 1.25-IN~LG PAN—HD-POZ!
13 0672000026 1 | oECcK-FRONT
16 0672000062 1 | MOUNTING BRACKET-s4/A60/AS1
17 0672000056 1 | MOUNTING BRACKET-As2/A63
18* 0535-0006 3 | NUT-HEXDBL-CHAM M4 X 0.7 3.2MM-THK
. 21900586 3 | WASHER-LICHLGL 4.0 MM 4.1—MM—ID
19 3050-0001 4 | scREW-MACH 8-32 .312-IN-LG PAN~HD-POZI
20" 0515-1410 2 | SCREW-MACH M3 X 0.5 20MM-LG PAN—HD
21 0515-0644 4 | SCREW-MACH M3 X 0.5 12MM-LG PAN—HD
o2 0575-0433 4 | SCREW—MACH M4 X 0.7 BMM-LG PAN-HD
30500883 4
25 08415-00061 2 | eRackET-GAS SPRING BALL
1530-0387 2 |cassPrRnG
18900661 2 |sawstup
21900669 2 | waAsHER-LK HLCL 8.0 MM 8.1-MM—ID
26* 0515-1400 4 | scREW-MACH M3.5X 0.6 8MM-LG
r 0515-2011 4 SCREW-MACHINE ASSY M3.5 X 0.6
28 0872020023 2 | ALIGNMENT ARM
2 0515-0380 2 | SCREW-MACH M4 X 0.7 10MM-LG PAN—HD

* CAUTION:This hardware is metric. Use of other thread types is likely to damaga threaded holes.
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ooty Numbor ay Descripton

1 0515-2086 15 SCREW-METRIC SPECIALTY M4 X 0.7 THD; 6
2* 0515-0377 8 SCREW-MACH M3.5 X 0.6 8BMM—L.G PAN—HD
4 2190-0669 2 WASHER-LK HLCL 8.0 MM 8.1 MM-ID

08415—00061 2 BRACKET-GAS SPRING BALL

1390—0661 2 FASTENER~SNAP-IN BALL STUD 10 MM BALL
) 1460—-1573 SPRING .138 OD - See Figure 16-4
-] HINGE PIN — See Figure 16—8
7 0515—-0431 4 SCREW-MACH M3.5 X 0.6 4MM—LG PAN—HD

* CAUTION:This hardware is metric. Use of other thread types Is likely to damage threaded holes.

Figure 16—9. Left Side View
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Doy Number ay Description
1™ 0515-2086 SCREW-METRIC SPECIALTY M4 X 0.7 THD; 6
* 0515-1402 SCREW—MACH M3.5 X 0.6 8MM-LG PAN—HD
* 0515-0380 2 SCREW—MACH M3.5 X 0.6 BMM—-LG PAN-HD
08720—-20023 2 SUPPORT-PC BOARD
4 2180-0869 2 WASHER-LK HLCL 8.0 MM 8.1 MM-ID
08415-00061 2 BRACKET—GAS SPRING BALL
13800661 2 FASTENER -SNAP—IN BALL STUD 10 MM BALL
(-] 0515—-0377 8

* CAUTION:This hardware s metric. Use of other thread types is iikely to damage threaded holes.

Figure 16—10. Right Side View
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Dﬂ'g Hp Fant aty Description
ol 5062—3735 1 COVER-TOP (47)*
2 5021—5808 1 REAR FRAME —UPPER
3 5021-5802 1 REAR FRAME ~LOWER
4 08720-00015 1 COVER-RIGHT SIDE (47)*
4 08720-00016 1 COVER-LEFT SIDE (47)*
5 50623982 1 FRONT HANDLE KIT (46)*
0515-1132 12 HANDLE SCREWS
[ 1460—1345 2 TILT STAND
7 5041—8801 4 FOOT-BOTTOM
8 5062-3747 1 COVER-BOTTOM (47)*
9 5041-8802 1 TRIM TOP
10 5021-8401 1 FRONT FRAME -LOWER (46)*
1 5021-8405 1 FRONT FRAME —-UPPER (46)*
12 50215837 2 SIDE STRUT-UPPER TOP CORNER
13 5021-5961 2 SIDE STRUT—-UPPER BOTTOM CORNER
14 5021--5887 2 SIDE STRUT-LOWER
15 5041-8821 4 REAR PANEL STANDOFF
16 50623802 SINGLE REPLACEMENT FRONT HANDLE (48)*
17 5021-8408 A HANDLE TRIM STRIP
TOUCH-UP PAINT
46 6010-1148 Dova Gray Touch—up Paint
47 6010—-1147 French Gray Touch—up Paint
48 6010—-1148 Parchment Touch—up Paint
50 6010—-1150 Cobblestone Touch—up Paint

* The numbers in parenthesis in the descriptions refer to the matching touch—up paint.

Figure 16—~11. Chassis Parts and Touch—up Paint (1 of 2)
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Figure 16—11. Chassis Parts and Touch—up Paint (2 of 2)
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Ret. HP Part
Desig Number Qty Description
1 08720--80016 1 LABEL — LOCATION DIAGRAM

Figure 16—12. Replaceable Labels (1 of 2)
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CAUTION
METRIC & INCH HARDWARE
CONSULT SERVICE MANUAL

WARNING:
HAZARDOUS VOLTAGE
ALWAYS PRESENT IN THIS
AREA WITH INSTRUMENT
POWER CORD CONNECTED

TO AC LINE.
VOLTAGE PRESET AND FUSED FOR:
SELECTEUR DE TENSION
ET FUSIBLE CHOISIS POUR:
SPANNUNG EINGESTELLT
MIT SICHERUNG AUF:
VOLTAJE PREFWADC
Y FUSIBLE PARA:
Ret. HP Pant
Deslg Number Gty Deacription
2 7121-2527 1 | LABEL—METRIC HARDWARE CAUTION
3 7120—4205 1 | LABEL-HAZARDOUS VOLTAGE WARNING
4 7120-6999 1 | LABEL—LINE VOLTAGE SELECTOR SWITCH

Figure 16—12. Replaceable Labels (2 of 2)
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Table 16—-3. Miscellaneous Replaceable Accessories

fip Pt aty Description

— SERVICE TOOLS
08722-60018 1 TOOL KIT

BD ASSY—EXTENDER FOR 2ND CONVERTERS

BOARD ASSEMBLY—EXTENDER

ADAPTER SMB (M) SMB (M)

ADAPTER BNC (F) TO SMB (F)

ADAPTER SMA (F) SMA (F)

ADAPTER SMA (M) SMA (M)

SMB TEE

FUSE .5A 125V

FUSE 1A 125V

FUSE 2A 125V

FUSE 4A 125V

FUSE 3,154 250V

CABLE ASSEMBLY—EXTENDER RF

CABLE ASSEMBLY—~SMA FLEX

WRENCH-OPEN ENDED 5.5

BAG PLASTIC 12.0 X 15.0D
ACCESSORIES
0955-0446 1 | BANDPASS FILTER
8710-1764 1 | TORQUE WRENCH 20MM 8IN-LB
DOCUMENTATION
0872080157 1 | COMPLETE MANUAL SET
08720-50161 1 | PROGRAMMING MANUAL
0872080135 1 | OPERATING MANUAL
08720-60138 1 | sSERVICE MANUAL
08720-90136 1 | user's GUDE
0872090156 1 | BASIC LANGUAGE PROGRAMMING GUIDE
0872090155 1 | HP—IB PROGRAMMING REFERENCE
08510—-90064 1 | CONNECTOR CARE MANUAL
59541560 AN326 PRINCIPLES OF MICROWAVE CONNECTOR CARE
UPGRADE KITS

HP 883828 1 | UPGRADES AN HP 8718C TO HP 6720C
HP 88382C 1 | UPGRADES AN HP 8720C TO HP 8722A
HP 88380A 1 | ADDS TIME DOMAIN — OPT. 010
HP 86381A 1 | ADDS 1 HZ FREQUENCY OPTION
08720~60069 1 | CURRENT FIRMWARE KIT FOR HP 8720C
08719-80011 1 | CURRENT FIRMWARE KIT FOR HP 8719C

16-38 Replaceable Parts
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Chapter 17. Replacement Procedures
]

INTRODUCTION

This section contains procedures for removing the following assemblies:
* A1/A2 front panel and rotary pulse generator

* A18 display

* A16 rear panel and A15 preregulator

* AB4/A65/A66 samplers

» J1/J2test port connectors, A62/A63 directional couplers, and A56 lower front panel
* A60/A61 bias tees and S4 transfer switch

* AB9 step attenuator

* AS51 test set interface

¢ A53 lowband assembly

* A58 M/ADD/S

e A55YIG 1

* S2/S3 microwave switches

* A59 source interface board

* AS52 pulse generator

ADJUSTMENTS AND PERFORMANCE TESTS

When an assembly is replaced adjustment(s) and/or performance tests may be necessary to assure
the analyzer meets its published specifications. Refer to the Post—Repair Procedures section of this
manual for the specific adjustments and performance tests to be performed.

COVER REMOVAL

Many of the disassembly procedures in this section require the top portion of the instrument to be
pivoted open or the covers to be removed. Details on how to remove the instrument covers and
hardware to pivot open the analyzer are located on the tab labeled Replacement Procedures.

HP 8719C and HP 8720C Replacement Procedures 17-1



This product contains static—-sensitive components. When handliing these
components or assemblies, work on an anti-—static surface and use a static

grounding bracelet.
I WARNING |

The AC line voltage inside the instrument can, if contacted, produce fatal
electrical shock. DISCONNECT BOTH AC POWER CORDS FOR ALL DISAS-
SEMBLY PROCEDURES! With the AC power cables connected to the instru-
ment, the AC line voltage is present on the terminals of the line power
modules on the rear panels, and the LINE power switch, whether theswitchis
ON or OFF. Be aware that capacitors Inside the instrument may remain
charged even though the instrumenthas been disconnected from its AC pow-
er source.
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Table 17—1. Disassembly Tools

Tool HP Part Number
Large Pozidrive 8710-0900
Small Pozidrive 8710—-0899
Torx driver T—10 8710—-1623
Torx driver T—15 87100—1622
Small flat blade screwdriver 8730~-0008
Needlenose pliers 8710—-0595
5/16” torque wrench 8 in—Ib 8710—-1765
5/8” torque wrench 42 in—Ib 8710-1877

NOTE: Tighten all semi—rigid coax to 8 in—Ib with an HP 8710~ 1765 torque wrench.

HP 8719C and HP 8720C Replacement Procedures 17-3



A1/A2 FRONT PANEL AND
ROTARY PULSE GENERATOR REPLACEMENT

TOOLS REQUIRED

Small and large Pozidriv screwdrivers
Very small flat edge screwdriver

7/16" open—end wrench

Torx drivers

PROCEDURE
The items shown in parentheses refer to the corresponding item numbers in Figure 17—1.

TJo Disassemble

1. Remove the handles and side covers. Pivot open the instrument, and remove the three screws
from the bottom edge of the frame. (Refer to the tab at the front of this section for details).

2.  Remove the bezel's softkey cover (item 1) by sliding your fingernail under the left edge, near
the top or bottom of the cover. Pry the softkey cover away from the bezel. If you use another
tool, take care not to scratch the glass.

3. Remove the two screws and washers (item 2) exposed by the previous step. The bezel (item 3)
is now free from the frame. Remove it.

4. Remove the trim strip from the top edge of the front frame by prying under the strip with a flat
screwdriver.

5.  Remove two screws from the top edge of the frame.

6. Disconnect the ribbon cable from the front panel by pressing down and out on the connector
locks. The front panel is now free of the instrument.

To Remove the Rotary Pulse Generator (RPG)
7. Disconnect the RPG cable from A2J5.

8.  Pull the knob off the RPG shatt.

9. Remove the nut and washer from the RPG shatt.

To Reassemble

10. Reverse steps 1 through 9 to reassemble the front panel.
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A18 DISPLAY REPLACEMENT

TOOLS REQUIRED

Small and large Pozidriv screwdriver
Small flat edge screwdriver
Torx drivers

PROCEDURE
To Disassemble
The items shown in parentheses refer to the corresponding item numbers in Figure 17—1.

i. Remove the handles, power cord, and the top and side covers (refer to the tab at the front of
this section for details).

2. Remove the bezel's softkey cover (item 1) by sliding your fingernail under the left edge, near
the top or bottom of the cover. Pry the softkey cover away from the bezel. If you use another
tool, take care not to scratch the glass.

3.  Remove the two screws and washers (item 2) exposed by the previous step. The bezel (item 3)
is now free from the frame. The bezel is heavy for its size. Carefully remove it.

(Refer to Figure 17—2 for the rest of this procedure.)
4.  Remove the four screws (item 1) from the top of the display.
5. Disconnect the display power cable assembly (item 2) from A19.

NOTE: If step 6 is performed while the instrument is pivoted closed, it will spring open as soon
as the display is free.

6.  Gently slide the display forward and out of the aluminum card cage.

To Reassemble

7. Toinstall a new display unit, reverse the preceding steps.

17-6  Replacement Procedures HP 8719C and HP 8720C
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A16 REAR PANEL AND
A15 PREREGULATOR REPLACEMENT

TOOLS REQUIRED

Large and small Pozidriv screwdrivers
Flat edge screwdriver

Piiers

9/32" open—end wrench

3/16” open-—end wrench

9/16” open—end wrench

torx drivers

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—3.

To Disassemble

8.

Remove the handles, power cord, top and side covers and pivot open the instrument (refer to
the tab at the front of this section for details).

Disengage the coax cables from the cable clip located on the motherboard.
Disconnect the ribbon cable from the interface board (item 1).
Disconnect the coax from the source interface board A59J23 (item 2).

Disconnect the A55J3 YIG 1 MC and A54J3 Y1G 2 MC coax cables from the motherboard (item
3).

Using pliers, remove the wire clamps from the two gas springs.

Lift the A12 reference assembly from its motherboard connector, and disconnect the EXT REF
INPUT coax from A12J3.

Turn the instrument on its side.

NOTE: Asthe instrument is turned on its side, the gas springs will force the two halves of the instru-

9.

ment apart from each other.

Remove the gas springs by prying off each end with a flat edge screwdriver.
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10.

11.

Remove seven screws from the back panel assembly; two from the bottom, three from the
back, and two from the top (items 4 and 5).

Pull the rear panel assembly away from the frame. Disconnect the HP—1B ribbon cable and the
fan cable assembly.

To Remove the A16 Rear Panel Assembly

12.

Remove the hex screws (item 6) from the HP—IB connector and the I/O INTERCONNECT. Dis-
connect cables W21, W22, and W23 from their SMB connectors on the A19 assembly. Remove
the hex nuts and lock washers from the BNC connectors labeled AUX INPUT, and EXT TRIG-
GER.

To Remove the Preregulator

13.

14.

15.

Remove the remaining four screws in the rear frame; two on the top and two on the bottom
(items 7 and 8).

Disconnect the preregulator cable from the A8 post—regulator board assembly.

Pull the preregulator assembly away from the frame. Disconnect the cable assembly at the J3
preregulator connection to the motherboard.

To Reassemble

16.

To install a new preregulator, reverse the above procedure.
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A64/A65/A66 SAMPLER REPLACEMENT

TOOLS REQUIRED

Large and small Pozidriv screwdrivers
5/16" open—end wrench
Torx drivers

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—4.

TJo Disassemble

1. Remove the handles, top cover, both side covers, and pivot open the instrument (refer to the
tab at the front of this section for details).

To Remove the A or B Sampler

2. Disconnect the J3 IF OUTPUT coax cable (item 1).

3. Remove the COUPLER/J2 RF INPUT semi—rigid cable (item 2).
4. Remove two screws (item 3).

NOTE: A slight upward force may need to be applied to the pulse generator assembly to free the
A sampler

5. Disconnect each sampler to be replaced from the pdlse driver at the LO INPUT J1 connection.

To Remove the R Sampler
6. Disconnect the J2 RF INPUT connection (item 4).
7. Disconnect the J3 IF OUTPUT coax cable (item 5).

8. Disconnect the semi—rigid cables from J2 of both the A and B samplers (item 2) and the semi—
rigid cable from J3 of the A58 M/A/D/S (item 6).

9. Remove the 4 screws that connect the sampler/pulse generator baseplate to the bottom of the
instrument (item 7).

a. Remove two screws from the top side of the sampler (item 3).

b. Loosen the connection to J1 of the R sampler.

10. While gently litting the sampler/pulse generator baseplate, disconnect the R sampler from the
pulse driver at the LO input J1.
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To Reassemble

11. Reverse the above procedure to reassemble the unit.
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J1/J2 TEST PORT CONNECTORS,
A62/A63 DIRECTIONAL COUPLERS, AND
A56 LOWER FRONT PANEL REPLACEMENT

TOOLS REQUIRED

Large and small Pozidriv screwdrivers
5/16" open-end wrench

1" open—end wrench

5/8” thin open—end wrench

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—5.

To Remove the Test Port Connectors and Directional Couplers

1.

10.

1.

12.

If removing the test port connectors only, remove the test port connector at the gold fitting be-
fore the test port flange nut. Continue if removing the couplers or front panel.

Remove the test port flange nut and the washer underneath (item 1).

Remove the side and bottom covers, and pivot open the instrument (refer to the tab at the front
of this section).

Turn the instrument on its side and remove the PORT 1 coupler/bias tee cable (item 2).
Return the instrument to the upright position.

Remove one sampler/coupler semi-rigid cable for each port (item 3).

Remove the PORT 2 coupler/bias tee semi—rigid cable (item 4).

Remove the screw from the top of the bias tee mounting bracket (item 5).

Disconnect the two cable assemblies on the front panel board (items 6 and 7).

Remove four screws on the top and four screws on the bottom of the front frame (item 8).
Pull the front panel assembly free from the frame.

Remove the two screws from the bottom side of the PORT 1 coupler bracket. Remove the re-
maining two screws from the top of the PORT 2 coupler bracket.
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To Remove the Front Panel Board

13. Remove the remaining four screws from the front panel board.

To Reassemble
14. Reverse the above procedurs to reassemble the unit.
NOTE: When replacing a test port connector, refer to the Connector Care section in the Operating

Manual for connector gage information. Tighten the test port connector to 42 in—Ibs using
the HP 8710—1877 torque wrench.
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Figure 175 (1 of 3)
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A60/A61 BIAS TEES AND
S4 TRANSFER SWITCH REPLACEMENT

TOOLS REQUIRED

5/16" open—end wrench
Large and small Pozidriv screwdrivers
Torx drivers

PROCEDURE

The items shown in parenthesis refer to Figure 17-5.

To Remove the Bias Tees

1.  Remove the handles, side covers, and pivot open the instrument (refer to the tab at the front of
this section).

2. Disconnect the two bias tee/coupler cables at the bias tee connection (items 8 and 10). Discon-
nect the step attenuator/transfer switch cable at the attenuator connection (item 11).

3. Disconnect the cable assembly from the lower front panel board (item 7).
4. Remove the screw on the top of the mounting bracket (item 5).

5. Lean the bias teeftransfer switch assembly back towards the rear of the instrument and then
slide it towards the front of the instrument to pull it free.

NOTE: One cable and two screws must be removed for each bias tee that is to be removed.

To Remove the Transfer Switch
6. Remove the remaining semi-rigid cable.

7. Remove the two screws that hold the transfer switch to the mounting bracket.

To Reassemble
8. Reverse the above procedure to reassemble the unit.

NOTE: If there is difficulty in reattaching the bias tees to the mounting bracket, remove the transfer
switch from the mounting bracket to first attach the bias tees.
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A69 STEP ATTENUATOR REPLACEMENT

TOOLS

Large and small Pozidrive screwdrivers
Torx screwdrivers
5/16" open—end wrench

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—5.

To Disassemble

1. Remove the handles and side covers; pivot open the instrument (refer to the tab at the front of
this section).

2. Remove the screw from the mounting bracket and lift the bracket up and remove it from the
instrument. '

3. Disconnect the two semi—rigid cables at the step attenuator connection: (items 11 and 12).

4, Disconnect the ribbon cable from the interface board (item 13).

To Reassemble

5. Reverse the above procedure to reassemble the unit.
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A51 TEST SET INTERFACE REPLACEMENT

TOOLS REQUIRED

Torx screwdrivers
Large and small Pozidrive screwdrivers

PROCEDURE

To Disassemble

1. Remove the side and bottom covers, and pivot open the instrument (refer to the tab at the front
of this section).

2. Disconnect all cabies, coax connectars, and ribbon cable assemblys from the test set interface
board.

3.  Gently pull the white knob on the A51 toward the front of the instrument and at the same time,
lift the A51 straight up and out of the instrument.

To Reassamble

4. Make sure the two guide pins protrude through the holes in the AS1 board. While pulling slight-
ly toward the front of the instrument, slide the A51 downward into its socket.
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A53 LOW BAND REPLACEMENT

TOOLS REQUIRED

Torx screwdrivers

Large and small Pozidrive screwdrivers
Pliers

5/16" open—end wrench

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—6.

To Disassemble
1. Remove handles, sides, and bottom cover.
2. Turn the instrument on its right side.

NOTE: Astheinstrumentis turned on its side, the gas springs will force the two halves of the instru-
ment apart from each other.

3.  Using pliers, remove the wire clamps from one end of the two gas springs.

4. Disconnect one end of the gas spring to allow the halves to be pivoted further open.
5.  Remove the three coax cables from the cable clips on the motherboard.

6. Disconnect YIG1 main coil drive SMB connector at A17J13.

7.  Pivot the instrument open enough to aliow free access to the lower box assembilies.

Remove top source housing cover by disconnecting YIG 1 FM and MC coax cables, removing
3 screws and sliding cover towards front of the instrument.

Remove bottom source housing by removing 3 screws and sliding cover toward front of instru-
ment.

8. Completely remove the semi~—rigid coax between the A57 fixed oscillator and the lowband as-
sembly (item 4).

9. Disconnect the other two semi—rigid coax cables from the AS3 (item 5).

10. Disconnect the coax from A59J23 (item 6).
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11. Remove the 4 screws from the corners of the AS3 (item 7).

12. Pull the AS3 straight out from the A59 source interface board.

To Reassemble
13. Installation is the reverse of the above. After inserting the A53 assembly, look at the sockets

from the bottom of the A59 source board to make sure the A53 pins engaged the socksts cor-
rectly.
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A58 M/A/D/S MICROCIRCUIT

TOOLS REQUIRED

Large and small Pozidrive screwdrivers
Torx screwdrivers

Pliers

5/16" open—end wrench

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—6.

To Disassemble
1. Remove handles, sides, and bottom cover.
2. Turn the instrument on its right side.

NOTE: As theinstrumentis turned on its side, the gas springs will force the two halves of the instru-
ment apart from each other.

3. Using pliers, remove the wire clamps from one end of the two gas springs.

4. Disconnect one end of the gas spring to allow the halves to be pivoted further open.
5. Remove the three coax cables from the cable clips on the motherboard.

6. Disconnect YIG1 main coil drive SMB connector at A17J13.

7.  Pivot the instrument open enough to allow free access to the lower box assemblies.

Remove top source housing cover by disconnecting YIG 1 FM and MC coax cables, removing
3 screws and sliding cover towards front of the instrument.

Remove bottom source housing by removing 3 screws and sliding cover toward front of instru-
ment.

8. Completely remove the semi-rigid coax cable that connects the A69 step attenuator to the M/
A/D/S and set aside (item 1).

9. Disconnect the other 2 semi—rigid coax cables from the M/A/D/S (item 2).

10. Remove the 4 screws securing the M/A/D/S (item 3).
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11.

Remove the M/A/D/S by pulling it straight out away from the source interface board.

To Reassemble

12.

13.

14.

15.

Make all pins on the M/A/D/S straight and perpendicular to the M/A/D/S package.

Using the lower package guide and sighting through the hole in the source housing, engage
the pins of the M/A/D/S with the sockets in the source interface board and press into place.

Verify that all 8 pins engaged properly by looking through the open bottom sockets in the
source board.

The remainder of reassembly is the reverse of the disassembly procedure.
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A55 YIG 1 REPLACEMENT

TOOLS REQUIRED

Large and small Pozidriv screwdrivers
5/16" open—end wrench
Torx screwdrivers

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—6.

To Disassemble

1. Remove the handles and side covers and pivot open the instrument (refer to the tab at the front
of this section).

Remove top source housing cover by disconnecting YIG 1 FM and MC coax cables, removing
3 screws and sliding cover towards front of the instrument.

2.  Remove the semi—rigid cable connecting YIG 1 and S3 (item 8).
3. Remove 4 screws from the heat sink (item 11).

4.  Gently rock the oscillator assembly and lift straight up to pull it free from the main deck.

To Reassemble

5. Reverse the above procedure to reassemble the instrument.
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$2/S3 MICROWAVE SWITCH REPLACEMENT

TOOLS REQUIRED

Large and small Pozidrive screwdrivers
Torx screwdrivers
5/16” open—end wrench

PROCEDURE

The items shown in parenthesss refer to the corresponding item numbers in Figure 17—-7.

To Disassemble

1. Remove the handies and side covers and pivot open the instrument {refer to the tab at the front
of this section).

Remove top source housing cover by disconnecting YIG 1 FM and MC coax cables, removing
3 screws and sliding cover towards front of the instrument.

2. Disconnect the following semi—rigid cables from the switch connection

lowband microcircuit/SW2 (item 1)
lowband microcircuit/SW3 (item 2)
M/A/D/S | SW2 (item 3)
Y!G 1 / SW3 (item 4)

3. Remove the two screws that attach the mounting bracket to the main deck (item 5). Lift the
switch assembly straight up to disconnect the pins. Then remove the switch assembly from the
instrument.

4. Remove one screw on each side of the switch package to detach the mounting bracket.

To Reassemble

5. Reverse the above procedure to reassemble the unit.
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A59 SOURCE INTERFACE REPLACEMENT

TOOLS REQUIRED

Torx screwdrivers
Large and small Pozidrive screwdrivers

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—8.

To Disassemble

1.

3.

4,

Remove handles, side, and bottom covers and pivot open the instrument (refer to the tab at the
front of the section for details).

Remove top source housing cover by disconnecting YIG 1 FM and MC coax cables, removing
3 screws and sliding cover towards front of the instrument.

Remove bottom source housing by removing 3 screws and sliding cover toward front of instru-
ment.

Remove the coax cable from A59J23 (item 1).
Remove the fixed oscillator cable from A59J3 (item 2).

Turn the instrument on its side.

NOTE: Astheinstrument is turned on its side, the gas springs will force the two halves of the instru-

ment apart from each other.
a. Remove the 4 screws from the bottom of the A59 board (item 3).
At the same time, push from the inside and pull from the outside to remove A59. Carefully keep-

ing the board coplanar with the bottom of the instrument to avoid bending pins of the source
module components.

To Reassemble

6.

Line up pins from the source module components with the sockets in A59 and gently work the
AS9 into place. Special open bottomed sockets are used in the A59 to make it possible to see
that all of the pins are properly engaged. It is helpful to line up the pins from the M/A/D/S first,
then rock the A58 into place using the connector from the A51 as a guide.

Secure A59 with 4 screws and replace covers.

Reconnect cables at A59J23 and A59J3.
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A52 PULSE GENERATOR REPLACEMENT

TOOLS REQUIRED

Torx screwdrivers
5/16” open end wrench
Large and small pozidrive screwdriver

PROCEDURE

The items shown in parentheses refer to the corresponding item numbers in Figure 17—9.

To Disassemble

1. Remove the handles, both side covers, and the bottom cover. Pivot open the instrument. (Refer
to the tab at the front of this section for details.)

2. Laythe instrument on its left side.
3.  Disconnect the semi—rigid cable from J2 RF input of both the A and B sampler (item 1).
4. Disconnect the two cables connected to the pulse generator assembly (item 2).

5. Remove the two screws securing the pulse generator assembly to the Aand R samplers (item
3).

6.  Remove the remaining 3 screws holding the A and B samplers in place (item 4).

7. From the bottom of the test set, disconnect the A and B samplers from the pulse generator
assembly (item 5).

8.  From the bottom of the test set, disconnect the pulse generator assembly from the R sampler
(item 6) and remove pulse generator assembly.

To Reassemble

9. Reverse the above procedure to reassembile the unit.
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Chapter 18. Post—Repair Procedures
]

INTRODUCTION

Repairing the analyzer or replacing an assembly is seldom the final step in the repair process. The
assemblies of the instrument are both complex and interactive. An adjustment or instrument check
or both is usually required following a repair. Table 18— 1, Related Service Procedures, addresses
the question of what to adjust and verify following a repair.

The first column of Table 1 lists every replaceable assembly in the instrument. The second column
notes adjustments that should be performed following replacement of an assembly. The third col-
umn references the internal test or other method used to verify the proper functioning of the instru-
ment following repair.

Generating a new set of error term plots is always a good idea following a major repair. Include the
new plots in the system log for future reference. See Error Terms for more information.

Table 18—1. Related Service Procedures (1 of 2)

Replaced Assembly c on’:g{r::g:’::{am Verification
A1 Front Panel None Internal tests #12, 23, and 24
A2 Front Panel Processor Display Intensity and Focus CC Internal test #12
A4/AS/AE Second Converter None System Verification
A8 Post—Regulator None Self—Test
Check AB test point voltages
A9 CPU Display Intensity and Focus CC System Verification
Serial Number CC
Option Number CC
Analog Bus CC
ADC Linearity CC
Source Pretune CC
IF Amplifier CC
Cal Kit Defaults CC
A10 Digital IF Analog Bus CC Internal tests #17, 18, and 19
ADC Linearity CC System Verification
IF Ampilifier CC Dynamic Range
A11 Phase Lock Analog Bus CC Frequency Accuracy
Source Pretune CC ‘
A12 Reference Reference Assembly VCO Frequency Accuracy
Tune Adjustment
Frequency Accuracy Adjustment
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Table 18—1. Related Service Procedures (1 of 2)

Replaced Assembly COI,Q::{‘?:E:'::LW Verification

A13 Fractional—N (Analog) None Frequency Accuracy
Internal test #20

A14 Fractional—N (Digital) None Frequency Accuracy
Internal test #20

A15 Preregulator None Check A15 LEDs

A16 Rear Panel None Internal test #13: Rear Panel

A17 Motherboard None Self—Test Operator’'s Check

A18 Display Display Position and Focus Observation

A19 GSP Display Intensity Adjustments Observation

A51 Test Set interface None Operator's Check

A52 Pulse Generator Power Adjustments System Verification

A53 Low Band Assembly Power Adjustments Power Level
Frequency Accuracy

A55 YIG1 2.4—-20 GHz Source Pretune Power Level
Frequency Accuracy

A56 Lower Front Panel Assembly | None Observation (watch LEDs when
switching from S11 to §22)

A57Fixed Oscillator Power Adjustments Power Level
Frequency Accuracy

A58 M/A/D/S Power Adjustments Power Level

A58 Source Interface Power Adjustments Power Level

A60/61 DC Bias Tees None System Verification

A62/A63 Directional Couplers None System Verification

A64 R Sampler Sampler Check System Verification AND

Power Adjustment Power Level

A65 A Sampler Sampler Check System Verification

A66 B Sampler Sampler Check System Verification

A68 6 dB Attenuator None Operator's Check

A69 Step Attenuator None Operator's Check

82/83 Switches None Operator's Check

84 Transfer Switch None Operator's Check
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Chapter 19. Instrument History
|

INTRODUCTION

This section of the manual usually contains information required to adapt the manual so that it ap-
plies to earlier versions or configurations of the instrument. Because there are no earlier versions
of the HP 8719C/8720C (instruments having a serial number prefix lower than the one listed on the
title page), there is no information: the information in this manual applies directly to HP 8719C/20C
network analyzers that have the serial number prefix listed on the title page.

Instruments manufactured after the printing of this manual may be different from those documented
here. Later instrument versions will be documented in the manuals shipped with those instruments.
For further information on manual changes, refer to Instruments Covered by Manual in the System
Overview section of the Operating and Programming Manual.
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HP 8719C AND HP 8720C NETWORK ANALYZERS

Numbers

2-Port Calibration, Full, 2—-2
25 Ohm Mismatch Airline, 4—19
2nd Converter, 11-4

50 Ohm Airline, 4—-19

850508 Calibration Kit
Measurement Port Specifications, 3—26
Measurement Uncertainty, Transmission
Measurements, 3—22

85050D Calibration Kit
Measurement Port Specifications, 3—-21
Measurement Uncertainty, Transmission
Measurementis, 3—17

85052B Calibration Kit
Measurement Port Specifications, 3-16
Measurement Uncertainty, Transmission
Measurements, 3—12
85052D Calibration Kit, Measurement Port
Specifications, 3—11
85054B Calibration Kit
Measurement Port Specifications, 3—36
Measurement Uncertainty, Transmission
Measurements, 3—32

85054D Calibration Kit
Measurement Port Specifications, 3—81
Measurement Uncertainty, Transmission
Measurements, 3—27

A

A and B Samplers, 11-4
A or B Signal Path, Faulty, 11-5
A1/A2 Front Panel, Troubleshooting, 9—9

A12 Reference, 10—5
Crystal Reference Frequencies, 15—12

A14 Fractional—-N, 10—5

A14 VCO Range Check with Oscilloscope, 10—6
A15 Preregulator, 15—3

A15 Preregulator and Loads, 8—3

A64 R Sampler, 10-4

A8 Display, Voltages, 8—9

A8 Post—Regulator and Loads, 8—6

A8 CC Jumper Position, 5—-2
Procedure, 5—3

HP 8719C and HP 8720C

INDEX

A9 CPU Check, 9-2

Abbreviations, 16—3

Abus (Analog Bus) Test Failure, 9—1

ABUS Cor. See Adjustment Tests

ABUS Test. See internal Tests

Accessories, Troubleshooting, 78, 12—1
Inspect and Gauge Connectors, 12—1
Inspect Error Terms, 12—3
Switch Repeatability, 12—2

Accuracy Enhancement, 3—2, 14—1

ADC, Main, 13—-16

ADC Hist. See External Tests

ADC Lin. See Internal Tests

ADC Linearity, Correction Constants, 5—15

ADC Ofs. See Internal Tests

ADC Ofs Cor. See Adjustment Tests

Adjustment Tests, 13—-7

Adjustments
Blanking, 5—26
Display Position, 5—-4
Focus, 5-4
Frequency Accuracy, 5—21
Low Band Power Level, 525
Power, 524
Reference Assembly VCO Tune, 5-19

Air Flow Detector, 15—4

Air Flow Restricted: Check Fan Filter. See Power
Supply Troubleshooting

Airlines, Connecting, 4—31
ALC On Off Softkey, 13—13
ALC/Signal Separation, 10—11
ALL INT. See Internal Tests
ALTER, 13-23
ANA|D]. See Analog Bus Codes
Analog Bus
Codes, 13—-22
Correction Constant, 5—-13
Description, 13—15
Nodes, 13—16
Analog Bus Menu, 13—-15
Assembly Substitution, Fault isolation, 12—5
Automatic Leveling Control, (ALC), 15—14
Aux Input, 3—5
Auxiliary Voltage Input, 3—5

Index



Band—Related Problems, 10-9

Bias Connect, 35

Bias Tees, AB0/A61, Replacement, 17—19
Blanking Adj. See Adjustment Tests
Blanking Adjustment, 5—26

Block Diagram, Overall, 6—5

Broadband Phase Lock, Problems, 10—4
Broadband Power, Problems, 10—11

Cc

Cable Check, 4—6
Cable Magnitude and Phase Stability, 4~9
Cable Substitution, 4—22
Cable Test, 12-6
Cables
Connector Repeatability, 4—9
Insertion Loss, 4-7
Magnitude and Phase Statility, 4—8
Return Loss, 4—6
Cal Coef 1—-12. See Sys Ver Tests
Cal Factor Approximation, 4—12
Cal Kit Def. See Adjustment Tests
Cal Kit Defaults, Correction Constants, 5—28

Calibration
Cycle, 4~17, 4-23
Measurement, 4—1, 4-25

Calibration Cosfficients, 2—-1, 14—3
Terms, 14—3
Tests, 14—3

Calibration Kit, 4—2

3.5mm, 1-8

Substitution, 4-22
Calibration Procedure, 14—2
Catastrophic Fallure, 4—12

Characteristics
General, 3—4
Operating, 4-2
Source Power, 3—3
Supplemental, 3-6

Check, Operational, 4—3
CMOS, 13-23

CMOS RAM, 15—-7
See also internal Tests

Color Purity, 5-6

Comparison Calculation, 4—34
Compatible Monitors, 3—6
Components, System, 4—2

ii Index

Connecting Device, 4—27
Connection Techniques, 14—2
Connector Repeatability, 4—10
Connector Type, 4—2
Connectors, 142

Inspecting, Cleaning, Gaging, 4—5

Rear Panel, 3~5
Controllers, Troubleshooting, 6—4
Correction Constants

ADC Linearity, 5-15

Analog Bus, 5-13

Cal Kit Defaults, 5—28

IF Amplifier, 5—14

Option Numbers, 5-11

Power Linearity, 5—-27

Retrieving Data from EEPROM Backup Disk,

5-18

Serial Number, 5-10

Source Pretune, 5—18

Storing to EEPROM Backup Disk, 5—17
Cover Removal, 5-2, 171
CPU

A9, 15-7

Main, 15-7
CPU — GSP Communication, $—7
Crosstalk, 4—47

See also Errors, Systematic
CRT, Cleaning, 2—-4
Crystal Reference Frequencies, 15—12

D

Data Trace, Normalizing, 4—9

DC Bias Tees, A60 and A61, 15—15
Dead Instrument, 4—15
Degaussing, 5-6

Demagnetizing. See Degaussing
Device Characterization

For HP 8510, 4—34

For HP 8722, 4—-34
Diagnostic Tests, internal, 9—3
Diagnostics, Internal, 13—1
DIF Control. See Internal Tests
DIF Counter. See Internal Tests
Digital Control, 15—-2

Block Diagram (Simplified), 15-6

Theory, 15-5

Troubleshooting, 7-2, 9~1

A9 CPU Check, 9-2

Abus Failure, 9—1

Diagnostic Checks, 9~3

Fatal Errors, 9-1

HP 8719C and HP 8720C



Front Panel Control Check, 9—-3 EEPROM Backup Disk Procedure, 5-17

HP B Failures, 9—1 Environmental Check, 4—5
Digital Control Signals, A14—to—A13, 10-8 Equations
Digital IF, A10, 13—16, 15—17 Reﬂecﬁpn‘Uncenalntx. 4-42
Digital Supply, +5V, 15—4 Transmlssxoln Uncertainty, 4—43
Directional Coupler, 113 Error ;°"m°"' 4-1,14-1
Directional Couplers ror Messages

A62 A63, Replacement, 17—15 ghase ;ock. 108— 13

A62 and A63, 15—15 c °‘”_‘r” “p':'y' e

P rror Terms, 2—-1, 14—~
Ditectivity . Checking, 2—1

ee also Errors, Systematic Combining. 4—47

EDF and EDR, 14-5 ombining,

. ) Components Related to, 12—3
Disk Drive, 1-3 Descriptions, 14—4
Disp 2 Ex. See Adjustment Tests Directivity, 14—5
Disp/cpu com. See Display Tests :;osf;m""{“ra_s
Display, 86, 87 Load Match, 14—9

A18, Replacing, 17—6 Plotting, 2—2

Color, 15-8 . Reflection Tracking, 14—7

Degaussing (Demagnetizing), 5-6 Source Match. 14—6

Intensity Adjustments, 5—7

Background, 5—7 Transmission Tracking, 14—10

Maximum Intensity, 5—8 Unusual, 12-4

Operating Default, 5-9 Errors

Power Supply Troubleshooting, 9—-6 . Drift, 4-38

Test 55, 9—6, 97 Fatal, 91

Tests. 9-8 Fatal, Troubleshooting, 9—5

Jleshooti _ Measurement, 4—-3

Troubleshooting, 9-5 Random, 4—3, 4—19
Display Blank, 4—15 Systernatic, 4—3, 4—19
Display Position Adjustment, 5—4 Ext AM, 3-5
Display Power, Troubleshooting, 8—9 Ext Mon, 3—5
Display Tests, 13—-8 Ext Ref, 13—20
Dissassembly Tools, 17—3 Ext Ref In, 3-5
Divide—by—N Circuit, A14, 10—8 Ext Trigger, 3—-5
DRAM, 13~-23 External AM Input, 3—5
DRAM cell. See Display Tests External Frequency Reference Input, 3—5
Drift Errors, Sources of, 4—41 External Tests, 13—6
DSP ALU. See Internal Tests External Trigger Input, 3—5
DSP Control. See Internal Tests
DSP Intrpt. See Internal Tests F
DSP RAM. See Internal Tests Fan, 8—3, 8—6
DSP Wr/Rd. See Internal Tests Troubleshooting, 8—-8
DVM, 1-3 Fan Circuit, Variable, 15—4
Dynamic Accuracy, 4—4, 4—44, 4-47 Fan Filter, Cleaning, 2—3
Dynamic Range, For Transmission Measurements, Fan Off, 4—-15

3-6 Fan Voltages
Dynamic Range Check, 4—12, 4-13 A15, 8—9
A8, 8—8
E Fault Isolation
Assembly Substitution, 12—5

EEPROM, 15-7 Time Domain, 12-4

HP 8719C and HP 8720C Index



Firmware Revision, 13—13
Firmware Revision Softkey, 13-13
Flashing LEDs, 8—1
FN Count. See Internal Tests
Focus Adjustment, 5~4, 5—5
Fr Pan Diag. See External Tests
Fr Pan Seq. See External Tests
Fr Pan Wr/Rd. See Internal Tests
Frac N Cont. See Internal Tests
Fractional—N
A14 (Digital), 13—21
Synthesizer, A14/A13, 15—10
Frequency Accuracy, Source, 4—2
Frequency Accuracy Adjustment, 5~21
Frequency Counter, 1—3, 13-16
Frequency Range and Accuracy, Performance
Test, 4—18
Frequency Resolution, Effect of, 3—6
Front Panel
A1, 18-7
A56 Lower, Replacement, 17—15
Control Check, 9—3
Key Codes, 9—10
Replacement, 17—-4
Front Panel Keys, Representation of, 1—1
Front Panel Processor, A2, 15-7
Full Sweep, 1511
Functional Group Assemblies, Required
Equipment, 7—4
Functional Groups, 6—1, 15—2
Digital Control, 15—-2
Power Supply, 15-2
Receiver, 152
Signal Separation, 15—2
Source, 152

G

Gaging Test Port Connectors, 12—1

Glass Filter
Cleaning, 2—4
Removing, 2—-4

H

Hardcopy, Procedure, 14—4

Hardkeys, Representation of, 11

HP 8510, Device Characterization for, 4—34
HP 8722, Device Characterization for, 4—34

HP-IB
Commands, 13-2

iv Index

Failures, 9—1
Service Mnemonic Definitions, 13—22
Troubleshooting, 6-3, 9—8

HP-IB Cable, 1-3

IF Amplifier, Correction Constants, 5—14
IF Step Cor. See Adjustment Tests
init EEPROM. See Adjustment Tests
Initialization, 4-23
Input Path

A 14-4

B, 14—4

Input Ports Menu, 13—14

Insertion Loss, of Cables, 47
Instrument States, 4—~16

Inten DAC. See Display Tests
Intensity Adjustments, Display, 5—7
Intensity Cor. See Adjustment Tests
Interface Power Supplies, AS1, 10—12
Internal Diagnostic Checks, 9-3
Internal Diagnostic Tests, 9—4
Internal Tests, 13-4

Internal Transfer Switch, 4—16

10 Interconnect, 3-5

Isolate Faulty Group, 7—1
Worksheet, 7—5

Isolation, 14—2
(Crosstalk, EXF and EXR), 14—8

Isolation (Crosstaltk). See Errors, Systematic

K

Key Codes, Front Panel, 910
Keyword Label, Location of, 5—11
Kit Re—Certification, 4—19

L

LED State Definitions, 8—1

LEDs
A8, 8-3,8-7
Code Sum, 9-2
Flashing, 8—1
Green and Red, 15-4

Light Occluder, 1—-4
Line Power Module, 15—3

LO Signal
1st, 15—-16
2nd, 15—-17

HP 8719C and HP 8720C



Load Match
See also Errors, Systematic
(ELF and ELR), 14-9

Loads and Traces, 8—8

Low Band, A53, Replacement, 17—-22
Low Band Power Level Adjustment, 5—-25
Lower Box Assemblies, 8—7

Lower Front Panel Assembly, A56, 15—15

M/A/D/S, 14—~4

M/A/D/S Microcircuit, A58, Replacement, 17—24
M/A/D/S microcircuit, 5—-25

Magnitude, of Cables, 4-8

Main DRAM. See Internal Tests

Main VRAM. See Display Tests

Marginal Failures, 4—-12

Measurement

Errors, 4—3

Process, 4—-2

Traceability, 4—20
Measurement Calibration, 4—1, 4—25

Errors, 4—2

Quality, 4—2
Measurement Errors

Additional, 4—41

Sources of, 4-3, 4-39
Measurement Througput Summary, 3-4
Measurement Times, Typical, 3—4
Measurement Uncertainties, 4—2, 4—39

Comparing, 4—35
Measurement Uncertainty

Equations, 4—41

HP 85050B Calibration Kit, 3—22

HP 85050D Calibration Kit, 3—17

HP 85052B Calibration Kit, 3—12

HP 85054B Calibration Kit, 3—32

HP 85054D Calibration Kit, 3-27
Measurement Uncertainty Equations, 4—3
Measurements, Not Repeatable, 4—16
Microwave Switch, S2/S3, Replacement, 1728
Mismatches, 12—4
Modulator, Amplifier, Detector, Splitter, (M/A/D/S),

15-14

N

National Institute of Standards Technology, 4—20
Traceability Path, 4—21

Noise Floor, 4—47

HP 8719C and HP 8720C

Non-HP Cables, 4-22
NORMAL, 13—24

(o)

OP CHECK, 4-3

Op Ck Port 1. See External Tests
OP CKPORT 1, 2, 4—14

Op Ck Port 2. See External Tests
Open Loop Power, 10-4

Operation, Theory of, 15—-1
Operational Check, 4—3
Operational Check Procedures, 4—-5
Operator's Check, 4—14

Option Cor. See Adjustment Tests
Option Numbers, Correction Constant, 5—11
Ordering Information, 16—2
Oscilloscope, 1—-3

OUTPCNTR. See Analog Bus Codes
OUTPERRO. See Analog Bus Codes
OUTPTESS. See Analog Bus Codes
Overall Block Diagram, 6—5

P

Part Numbers, Power Cable and Plug, 16—5
Patterns, Test, 13—8
Peek/Poke Menu, 13—13

Performance
Systemn, 4-1
Uncorrected, 3—~2, 14-4
Without Accuracy Enhancement, 3—2

Performance Parameters, Non—Warranted, 3—6

Performance Tests, 4—8, 4—-17
Frequency Range and Accuracy, 4—-18
Power Level, 4—11
Tools, 4—17

Performance Verification, 4—17
Peripherals, Troubleshooting, 6-3

Phase Lock, A11, 13-17
Comparing Phase and Frequency, 15—11

Phase Lock Error, 4—16

Phase Locked Sweep, 15—11
Phase Stability, of Cables, 4—8
Photometer, 1—4

Photometer Probe, 1-4

Post Reg. See Internal Tests
Post—Regulator, A8, 8—6, 15—4
Post—Repair Procedures, 18—1

Index



Power Adj. See Adjustment Tests

Power Adjustments, 5-24

Power Level, Performance Test, 4—11

Power Linearity, Correction Constants, 5—27
Power Meter, 1—3

Power Range, 3—3

Power Sensor, 1—-3

Power Supplies, A51 Interface, 10—-13

Power Supply, 15—2
Theory, 15—-3
Troubleshooting, 7-1, 81
A15 Preregulator and Loads, 8—1
A8 Post—regulator and Loads, 8—1
Error Messages, 8—3
Fan, 8—3,8-8
Flowchart, 8—2

Power Supply Hot. See Power Supply
Troubleshooting

Power Supply Shut Down!. See Power Supply
Troubleshooting

Power Sweep, 3—-3
Preregulated Voltages, 15—3

Preregulator, A15, 8—3
Replacement, 178

Preset. See internal Tests

Pretune Adj. See Adjustment Tests
Preventive Maintenance, 2—1, 14-1
Printer, 1-3

Printer/Plotter, 4—16

Pulse Generator, A52, 10-9, 15-10
Replacement, 17-33

R

R Sampler, A64, 15—-10

R Signal Path, Faulty, 11-4

RAM, Main, 15-7

Random Errors, Sources of, 4—40

Range, Dynamic, For Transmission
Measurements, 3—6
‘Rear Panel
Ses also Internal Tests
A16, 15-8
Replacement, 17—8
Rear Panel Connectors, 3—-5
Rebuilt—Exchange Assemblies, 161
Recsiver, 15—2
Assemblies and Associated Paths, 11—1
Block Diagram (Simplified), 15—16
Theory, 15-15

vi Index

Troubleshooting, 7—-3, 11—1
Ref In, Ref Out, 3—6
Reference, A12, 13—20

Reference Assembly VCO Tune Adjustment, 5-19

Reference Designations, 16—3
Reflection, 14—2
Reflection Frequency Tracking. See Errors,
Systematic

Reflection Magnitude Uncertainty, Total, 4-42
Reflection Phase Uncertainty, 4—43
Reflection Tracking, ERF and ERR, 14—7
Reflection Uncertainty Equations, 4—42
Repeatability, Cable Connector, 4-9
Repeatability Values, 2—3
Replaceable Parts, 16—1
Replacement Procedures, 17-1
Result, Measurement, 4—20
Return Loss, of Cables, 4-6
RF Cable Set, 1-3
RF Path, Isolate the Fault in, 12—4
RGB outputs. See Display Tests
Ribbon Cable, 9-7
ROM, 15-7

See also Interna! Tests
ROM/RAM Tests, 13-23

Rotary Pulse Generator
Reassembling, 17—4
Removing, 17-4
Replacement, 17—-4

S

S—parameter Values, 4—47
Sampler, A64/A65/A66, Replacement, 17—12

Sampler Check, 5—-22 :
A Sampler, 5-22
B Sampler, 5-22
R Sampler, 5—-23

Sampler Voltage, 11—4

Samplers, 15-16
AB4/A65/A66, 15—16

Scale and Repeatability Values, 2-3

Second Converters, 15—16
A4/A5/AB, 15—-17

Self Diagnose Softkey, 13-4

Self Test Fail, 4—16

Serial Cor. See Adjustment Tests

Serial Number, Correction Constant, 5—10
Service and Equipment Overview, 1—1

HP 8719C and HP 8720C



Service Key Menus, 13—1

Service Manual, Organization of, 1—1

Service Modes, Menu, 13-10, 13—11

Service Modes More Menu, 18—12

Shorts and Opens, Verifying, 12—6

Shutdown Circuit, 15—4

Shutdown Disable, 8—8

Shutdown Indications, Green and Red LEDs,

15~-4

Signal Processor, Digital, 15—8

Signal Separation, 15-2, 15—-14
Block Diagram (Simplified), 15~14

Signals, Down—Converting, 15—10

SKIR, 13-23

Sdoftkey Initiated Tests, 4—14

Softkeys, Representation of, 1—1

Source, 15-2
Troubleshooting, 7—-2, 10—1
Flowchart, 10—2

Source Block

Simplified Diagram, 15—13

YIG Oscillator Signals, 15—12
Source Frequency Accuracy, 4—2

Source Group
Block Diagram (Simplified), 15—9
Theory, 15~9
Source Interface, A59, Replacement, 17—30

Source Match
See also Errors, Systematic
ESF and ESR, 14-6

Source Power Characeristics, 3—3

Source Pretune, 15-10

Correction Constants, 5—16
Source Specifications, 3—3
Specifications, 3—1

3.5 mm System, 3-7

7 mm, 3—-17

Source, 3—3

Type—N, 3-27
SRC Tune Menu, 18-12
Stability, Test Port Cable, 4—2

Step Attenuator, A69, 10—12, 15—15
Replacement, 17—-20 :

Step Recovery Diode, 15—10
Stuck Key, 9-9

Subsweep Frequencies, 15—12
Supplemental Characteristics, 3—6
Sweep Trig. See Internal Tests
Switch Repeatability, 31

HP 8719C and HP 8720C

Symbol Conventions, 13—-22
Sys Ver Init. See Sys Ver Tests
Sys Ver Tests, 13—6
System
Block Diagram, Simplified, 15—1
Components, 4—-2
Operation, 15—1
Performance Verification, 4—3
System Components, Significant, 14—5, 14—6,
14-7, 14-8, 14-9, 14-10
System Configurations, 4—22
System Failure, 6—1
System Measurement Uncertainties, Comparing
for Performance Verification Devices, 4—34
System Performance, Determining Expected, 4—4,
4-46
System Performance and Verification, 4—1
System Performance Verification, 4-3
Systemn Verification, 4—26

Systematic Errors, 14—2
Sources of, 4—39

T

Tabs, 1-1
Temperature Check, 4—5
Test, Options Menu, 13-3
Test 21 Op Ck Port 1, 2, 4—14
Test Equipment, Service, 1—3
Test Number, 4-27
Test Pafterns, 13—8
Test Port Connectors
Gaging, 12—1
J1/J2, Replacement, 17—15
Test Set Interface, A51, 15-8
Replacement, 17-21
Test Status Codes, 4—24
Tests
Adjustment, 13—7
Descriptions, 13-4
Display, 13-8
External, 13—6
Internal, 13—4
OP CHECK, 4-3
Remotely Invoking, 13-22
ROM/RAM, 13—-23
Status Terms, 13—3
Sys Ver, 13—6
Tests Menu, 13-2
Time Domain, Fault Isolation, 12—4
Tool Kit, 1-3
Total System Performance Test, Record, 4—53

Index vii



Total System Uncertainty, 4—19 \/

Total System Uncentainty Test, 4-3

Traceability -
Measurement, 4—20

VCO Exercise Matrix, 10—7
VCO Range Check Frequencies, 10—6

National Institute of Standards Technology, 4-20 VCXO Adjustment Location, 5-21
Traceability Path, 4—20 Ver Dev 1. See Sys Ver Tests
Transfer Switch Ver Dev 2. See Sys Ver Tests

Repeatability, 4—14 Ver Dev 3. See Sys Ver Tests

84,1515 Ver Dev 4. See Sys Ver Tests

Replacement, 1719
Transmission, 14—2
Transmission Frequency Tracking. See Errors,
Systematic
Transmission Magnitude Uncertainty, 443
Transmission Phase Uncertainty, 444
Transmission Tracking, ETF and ETR, 14-10

Verification, System, 4~1, 4—26
Verification Data, Factory Measured, 4—-19
Verification Device, 4—27

Verification Kit, 4—19
3.5 mm, 1-3

Verification Results, Interpreting, 4—37
Vertical Position Adjustment, 5—-4

T’““:'l“is:bn Uncertainty Equations, 4-43 Voltage, Indications (Green LEDs), 15-4
Troubleshooting, 6—1, 14—1 .
Accessories, 7—3, 121 Voltage_s _
Digital Control, 7—2, 9—1 A8 Display, 8-9
AVA2 Front Panel, 59 Display Power Supply, Entering A19, 8-
Fatal Error, 9-5 Lower Box Bias, 1012
HP-IB Systems, 6—3 . _
Test Point, 8-9
Power Supply, 7—1, 8-1 X
Receiver, 7—3, 11—1 VRAM bank. See Display Tests
Source, 7-2, 10-1 VRAM/video. See Display Tests
Strategy, 61
Systems with Controllers, 6—4 w
Systems with Multiple Peripherals, 63
TST?. See Analog Bus Codes Walking One Pattern, 9—7
Turn On Sequence, 6—2 Warranty, Voiding of, 5—4
Typical Performance Parameters, 3—6 Y
U YIG 1, A55, Replacement, 17~27
. YIG Oscillator
Uncertainty Limits, 4—19 : Signals, 15—12
Upper Box Assemblies, 8—7 Tuning, 15—11
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ADJUSTMENTS TROUBLE SHOOTING ISOLATE FAULTY GROUP
(and BLOCK DIAGRAM)

VERIFICATION
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TROUBLE SHOOTING ADJUSTMENTS VERIFICATION
(and BLOCK DIAGRAM)

ISOLATE FAULTY GROUP

Normal

A9CC Jumper Position

A9CPU Assembly

Cover removal diagram on reverse side.
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