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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of
shipment from the factory. Hewiett-Packard further certifies that its calibration measurements are
traceable to the United States National Bureau of Standards, to the extent allowed by the Bureau's
calipration facility, and to the calibration facilities of other International Standards Organization
members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a
period of one year from date of shipment. During the warranty period, Hewlstt-Packard Company
will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP.
Buyer shall prepay shipping charges to HP and HP shall pay shipping charges to return the
product to Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for products
returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will
execute its programming instructions when properly installed on that instrument. HP does not
warrant that the 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 the environmental specifications for the product, or improper site
preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE

IMPLIED WARRANTIES OF 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 availabie for
Hewlett-Packard products.

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

GENERAL - This Is a Safety Class | instrument (provided
with terminal for protective earthing).

OPERATION - BEFORE APPLYING POWER verify thal the
power transformer primary (s matched to the avallable line
voitage, the correct fuse Is installed, and Safety Precautions
are taken (see the following warnings). In addition, note the
instrument's external markings which are described under

“Safety Symbols.”
WARNING I

oServicing Instructions are for use by service-trained
personnel. To avoid dangerous electric shock, do not
periorm any servicing uniess qualified to do so.

o BEFORE SWITCHING ON THE INSTRUMENT, the
protective earth terminal of the instrument must be
connected to the protective conductor of the (mains)
powercord. The mains piug shafl only be inserted in a
socket outiet provided with a protective earth contact. The
protective action must not be negated by the use of an
extension cord (power cable) without 2 protective
conductor (grounding). Grounding one conductor of a two-
conductor outiet is not sufficient protection.

olf this instrument is to be energized via an
auto-transformer (for voltage reduction) make sure the
common terminal is connected to the earth terminal of the

power gsource.

o Any Interruption of the protective (grounding) conducior
(inside or outside the Iinstrument) or disconnecting the
profective earth terminal will cause a potential shock
hazard that could result in personal injury.

© Whenever it is likely that the protection has been impaired,
ihe Instrument must be made inoperative and be secured
against any unintended operation.

oOnly fuses with the required raled current, voltage, and
specified type (normal biow, time delay, etc.) should be
used. Do not use repaired fuses or shorl circuited
fuseholders. To do so could cause & shock or fire hazard.

o Do not operate the instrument in the presence of flammable
gasses or fumes. Operation of any electrical Instrument in
such an environment constitutes a definite safety hazard.

o Do not install substitute parte or perform any unauthorized
modification to the instrument.

o Adjustments described in the manual are performed with
power supplied 1o the instrument while protective covers
are removed. Energy avallable at many points may, if
contacted, result In personal injury.

oAny adjusiment, mainienance, and repalr of the opened
instrument under voltage shouid be avoided as much as
possible, and when inevitable, should be carried out only by
a skilied person who Is aware of the hazard invoived.

© Capacilors inside the instrument may stil be charged even
If the instrument has been disconnected from lts souroe of

supply.

SAFETY SYMBOLS

Instruction menual symbol. The product wil be

marked with this symbol when It is necessary for

the user to refer to the instruction manual in order
1o protect against damage to the prociuct.

5 indicates hazardous voitages.

Earth terminal (sometimes used in manual to
= indicate circult common connected to grounded
chassis).

The WARNING sign denotes a hazard. it
WARNINGI calis attention to a procedure, practioe,
or the llke, which, if not correctly
performed or adhered to, couid result in personal injury. Do
not proceed beyond a WARNING sign until the indicated
conditions are fully understood and met.

The CAUTION sign denotes a hazard. It
calis attention to an operating procedure,
practice, or the Ike, which, U mnot
correctly performed or adhered to, could result in damage to
or destruction of part or all of the product. Do not prooeed
beyond 2 CAUTION sign untit the indicaied conditions are
fully understood or met.

CAUTION

SC1D9%4
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1-1. INTRODUCTION

This service manual contains information for
testing, adjusting, and servicing the HP
16520A 50 MBit/s Pattern Generator Card, and
the HP 16521A 50 MBit/s Pattern Generator
Expansion Card. This manual is divided into
six sections as foliows:

| - General Information
Il - Instaliation

Il - Performance Tests
IV - Adjustments

V - Replaceable Parts

VI - Service

information for operating, programming, and
interfacing the HP 16520A/16521A Pattern
Generator Module is contained in the HP
16520/16521A Pattern Generator Operating
and Programming Manual supplied with each
module. -

The General Information Section includes
safety requirements, a product description,
and a list of accessories supplied and of ac-
cessories available. Also inciuded are tabies
listing specifications and operating characteris-
tics, and a list of recommended test
equipment.

Listed on the titie page of this manual is a
Microfiche part number. This number can be
used to order 4 X 6 inch microfilm transparen-
cies of the manual. Each microfiche contains
up to 96 photo-duplicates ot the manual
pages. The microfiche package also includes
the latest Manual Changes supplement as well
as pertinent Service Notes.

HP 16520/21A - General information

SECTION |
GENERAL INFORMATION

To complete the service documentation for
your system, place this service manual in the
3-ring binder with your Logic Analysis System
Mainframe Service Manual.

1-2. MODULES COVERED BY THIS
MANUAL

The information covered in this manual is for
the HP 16520A/16521A Pattern Generator
Module. If either of the two cards in the
module have changed, a new card number will
be assigned and the manual will be accom-
panied by a Manual Changes Suppiement.
This supplement explains the changes and
how to adapt the manual to the newer card.

in addition to the change information, the sup-
plement may contain information for correct-
ing errors in the manual. To keep this manual
as current and accurate as possible,
Hewlett-Packard recommends that you
periodically request the latest Manual Changes
Supplement.

1-3. SAFETY REQUIREMENTS

Specific warnings, cautions, and instructions
are placed wherever applicable throughout the
manual. These must be observed during all
phases of operation, service, and repair of the
module. Failure to comply with them violates
safety standards of design, manufacture, and
intended use of this module. Hewlett-Packard
assumes no liability for the failure of the cus-
tomer to comply with these satety
requirements.

1-1
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1-4. PRODUCT DESCRIPTION

The HP 16520A/16521A Pattern Generator
Module is a general purpose digital stimulus.
The module consists of one master card or
one master card and one or more expansion
cards. The HP 16520A master card offers the
minimum configuration of 12 data and three
strobe channels, a clock out channel and three
dedicated input qualifier channels.

The HP 16521A Expansion Card offers expan-
dability with 48 additional data out channels.
Up to four expansion boards (182 channels)
can be connected to a single master board.
Some of the module’s main features are:

e Three strobe output channels (10 ns
minimum resolution)

e Three input qualifier channels, and
one input clock

e 50 MBit/s programmable pattern
generatation

e 4 k bit per channel memory depth

e Expandable to 204 data out channels
(1 HP 16520A and 4 HP 16521As)

e TTL and ECL interface levels

e Internally availabie clock rates be-
tween 5 kHz and 50 MHz

¢ Intermodule trigger capability

1-5. ACCESSORIES SUPPLIED

The following accessories are supplied with
the HP 16520A/16521A Pattern Generator
Module. Quantity one unless shown otherwise.

HP 16520A:

e Operating and Programming Manual
Set

e Service Manual

e Lead SetQty2
(HP 10347A purple tip)

e Input Qualifier Probe Kit
(HP 16520-69501 grey tip)

¢ Intercard Connecting Cable Kit
(HP 16521-88701)
e Input Qualifier Probe Cable
(HP 16520-61601)
¢ 8 Channel Data Probe Cable
(HP 16520-61602)
e Clock Probe Cable (HP 16520-61603)

HP 16521A:

e 8 Channe!l Data Probe Cabiles
(HP 16520-61602) Qty 6

1-6. ACCESSORIES AVAILABLE

e 8 Channel ECL Differential Driver Pod
(HP 10345A)

¢ 8 Channe! TTL Tristate Buffer Pod
(HP 10346A)

¢ Qrabbers (HP 5859-0288 Qty 20)

1-7. SPECIFICATIONS

Module specifications are listed in table 1-1.
These specifications are the performance
standards against which the module is tested.

1-8, OPERATING CHARACTERISTICS

Table 1-2 lists the module operating charac-
teristics. The operating characteristics are not
specifications, but are typical operating
characteristics included as additional informa-
tion for the user.

1-8. RECOMMENDED TEST
EQUIPMENT

Equipment for testing and maintaining the HP
16520A/16521A Pattern Generator Module is
listed in table 1-3. Other equipment may be
substituted if it meets or exceeds the critical
specifications listed in the table.
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Table 1-1. HP 16520/21A Specifications.

HP 16520A/21A SPECIFICATIONS

CLOCK SOURCES (HP 16520A ONLY)

INTERNAL CLOCK

Clock Period: Programmable from 20 ns to 200 us in a 1-2-5 sequence.
Data Period Accuracy: * 2% (of period) £ 1 ns
EXTERNAL CLOCK (provided by user)

input Ciock Period:

1 Hz to 50 MHz (20 ns min period) ECL or TTL, internal

frequency divide (/1, /5, or /10) provided.

Duty cycie: 10 ns minimum high time, 10 ns minimum jow time

STROBES (HP 16520A ONLY)

Number of Strobes: 3 (ECL or TTL)

Bits/Channel: 4085

Maximum Bit Rate: 20 MBit/s (50 ns Period)

Edge Placement:
< 10 MBits/s: tenths of period
> 10 MBits/s to 20 MBits/s: fifths of Period
(DELAY + WIDTH £ PERIOD)

Minimum delay is 0/10 (0/5), maximum delay is 9/10 (4/5) data period.

Minimum width is 1/10 (1/5) of data period, maximum width is the data

period (values in parentheses apply to 20 MBits/s timebase setting).

if strobes are desired while operating with external clock, the data rate
will be divided to 1/5 or 1/10 the external clock rate.
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Table 1-2. HP 16520/21A Operating Characteristics

OUTPUT

HP 16520/21A OPERATING CHARACTERISTICS

Eight channe!l pods can be assigned as either standard ECL or TTL levels. .
All characteristics are valid at the probe tip.

(card-to-card)

PARAMETER ECL TTL
VOH (steady state) - 0.98V 2.7V
VOL (steady state) - 1.58V 0.6V
Risetime/ 2.3 ns 2.5 ns
Falltime (typ) (-0.98 V to -1.55 V) ( 0.6 V to 2.7 V)
Channel-to- <= 5 ns <= 5 ns
channel Skew¥*
(same card)
Channel-to-
channel Skew* <10 ns <10 ns

No. of std loads

3 (10 KH ECL,
@ Vnh=150 mV)

3 (LSTTL, @ Vn1=250 mV)

ground.)

(Output measurements made into a load consisting of 10 ka in series shunted with 10 pF to

(*) Skew measured at (+1.6 V) TTL and (-1.3 V) ECL levels.

14




Table 1-2. HP 16520/21A Operating Characteristics (cont.)

HP 16520/21A - General Information

DATA CAPACITY

Bits Per Channel

PARAMETER HP 16520A HP 16521A
Number Data Channels 12 48
4095 4095

Maximum Bit Rate

50 MBit/s NRZ
(20 ns Period)

50 MBit/s NRZ
(20 ns Period)

INPUT (HP 16520A only)

Maximum Input Voitage: * 40V

Input impedance: 100 k&, 8 pF

External Clock-in to Clock-out delay: 50 ns

PARAMETER ECL TTL
Vih (min) -0.91V 2.08V
Vil (max) -1.69V 1.12V
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Table 1-2. HP 16520/21A Operating Characteristics {cont.)

EDITING FUNCTION

Program Listing: DELETE, MERGE , COPY, INSERT

LISTING BASES

Binary, octal, decimal, hexdecimal, and symbol

STEP MODE

Single-step program execution in 1 to 999 program line steps, from a break.

DATA INSTRUCTION SET

BREAK: Stops program execution, last data vector is held at output.

REPEAT: Repeats vector up to 256 times.

WAIT IMB: Wait for intermodule trigger.

WAIT EXTERNAL:
Wait for user-defined 3-bit pattern on external input pod to become
true. No data cycle latency when pattern is true between 30 ns and 0
ns before next clock edge.

SIGNAL IMB:
Arms other measurement cards.

MACRO:

Four different macros may be defined and inserted as needed. Six
character labels may be defined for each macro. Macros contain
REPEAT, WAIT EXTERNAL, WAIT IMB, BREAK, and SIGNAL IMB in-
structions. :




HP 16520/21A - General information

Table 1-2. 1P 16520/21A Operatiig Characteristics (cont.)

CURRENT DRAW PER CARD

HP 16520A: 0.7 amp @ SV
HP 16521A: 0.8 amp @ SV

OPERATING ENVIRONMENT

Temperature:
Instrument, O degrees o 55 degrees C (+32 degrees o 131 degrees F).
Probe lead sets and cabies, 0 degrees to 65 degrees C (+32 degrees to
149 degrees F).

Humidity:

Instrument, up to 95% relative humidity at +40 degrees C (+104
degrees F).

Altitude: To 4600 m (15,000 ft).

Vibration:
Operation: Random vibration 5.500 Hz, 10 minutes per axis, ~0.3 g (rms).
Non-operating:

Random vibration 5-500 Hz, 10 minutes per axis, - 2.41 g (rms); and
swept sine resonant search, 5-500 Hz, 0.75 g (0-peak), 5 minute
resonant dwell @ 4 resonances per axis.
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Table 1-3. Recommended Test Equipment.

INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENDED USE*
\ MODEL
Oscilloscope 200 MHz Bandwidth HP 54201A P,T
Multimeter 3 172 digit Resolution HP 3468A A
BNC Adapter Qty 2 HP 1250-1032 P
50 Ohm Feedthru Qty 1 HP 10100C P
Probe Lead Set Qty 2 . HP 10347A 4
Grabbers Qty 4 HP 6969-0288 P
Pulse 100 KHz Repetition Rate
Generator Overshoot: 5% of Amp. HP 8161A P
Extender Board No Substitute HP 16500-69004] A,T
 BNC Cable (m-to-m) 9 inch (Qty2) HP 10502A P

* p=Performance Tests A=Adjustments =Troubleshooting
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2-1. INTRODUCTION

This section explains, how to initially inspect
the HP 16520/21A Pattern Generator Module,
how to prepare it for use, storage and ship-
ment. Also included are procedures for module
instaltation.

2-2. INITIAL INSPECTION

Inspect the shipping container for damage. If
the shipping container or cushioning material
is damaged, it should be kept until the con-
tents of the shipment have been checked for
completeness and the moduie has been
checked mechanically and electrically. The
contents of the shipment should be as listed in
the "ACCESSORIES SUPPLIES" paragraph lo-
cated in Section I.

Procedures for checking electrical perfor-
mance are in Section IIl. If the contents of the
container are incomplete, there is mechanical
damage or defect, or the instrument does not
pass the performance tests, notify the nearest
Hewlett-Packard office.

If the shipping container is damaged, or the
cushioning material shows signs of stress,
notify the carrier as well as the
Hewlett-Packard office. Keep the shipping
material so the carrier can inspection it. The
Hewlett-Packard office will arrange for repair
or replacement at Hewlett-Packard’s option
without waiting for claim settiement.

2-3. PREPARATION FOR USE

WARNING I

Read the Safety Considerations in the
front of this manual and in Section |
before installing or operating this
module.

HP 16520/21A - Installation

SECTION i
INSTALLATION

2-4. POWER REQUIREMENTS

All power supplies required for operating the
HP 16520/21A Pattern Generator Module are
supplied to the module through the backplane
connector.

2.5. SAFETY REQUIREMENTS

Specific warnings, cautions, and instructions
are placed wherever applicabie throughout the
manual. These must be observed during all
phases of operation, service, and repair of the
module. Fallure to comply with them violates
safety standards of design, manufacture, and
intended use of this module. Hewiett-Packard
assumes no liability for the failure of the cus-
tomer to comply with these safety
requirements.

2-6. PROBE CABLE INSTALLATION

The HP 16520/21A Pattern Generator Module
comes with probe cables installed by the fac-
tory. If a cable is to be switched between TTL
and ECL, refer to "PROBE CABLE

REPLACEMENT" in Section Vi of this manual.

2-7. INSTALLATION

CAUTION

Do not instali, remove or replace the
module in the instrument unless the in-
strument power is turned off.

The HP16520A Pattern Generator Card will
take up one slot in the card cage. For every
HP 16521A Expansion Card you connect to
the HP 16520A Pattern Generator Card you
will need an additional slot. A maximum of
four expansion cards may be connected to the
HP 16520A Pattern Generator Card.
Installation procedures for the module and ad-
ditional expansion cards are shown
step-by-step in paragraphs 2-8 and 2-9.
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2-8. MODULE INSTALLATION

if you are installing the HP 16520/21A Pattern Generator Module (one master card or one master
card and cne or more expansion cards), follow this procedure. If you are adding more expansion
cards to an existing module, foliow the procedure "ADDING EXPANSION CARDS" in paragraph
2-8.

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic com-
ponents. Use grounded wriststraps and mats when performing any kind of
service to this module.

INSTALLATION CONSIDERATIONS:

e Cards or filler panels below the empty slots intended for the module installation do not
have to be removed.

® You will need only one intercard connecting cable for any installation configuration.

® f previously installed modules prevent proper installation, they must be repositioned in the
card cage. See figure 2-1.

® To maintain the channel-to-channel skew and adequate intercard signal quality, the short-

est intercard connecting cable should be used and the expansion cards should be no
more than two slots away from the master card. See figure 2-1.

Figure 2-1 is a guide in choosing. the correct intercard connecting cable and illustrates the expan-
sion card position relative to the master card. Use this guide at step d in the following procedure.

MASTER AND EXPANSION CARD ORLENTATION

EXPANSION EXPANSION
EXPANSION EXPA'NSION EXPANSION EXPANSION EXPANSION
MASTER MASTER MASTER MASTER MASTER MASTER MASTER
EXPANSION EXPANSION EXPANSION EXPANSION EXPANSION
EXPANSION EXPANSION

ANY ANY TWO ANY THREE ANY FOUR ALL SLOTS

SLOT ADJACENT SLOTS ADJACENT SLOTS ADJACENT SLOTS
SLOT SELECTION 16520/EX07

Figure 2-1. Installation Guide
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PROCEDURE:

a. Turn instrument power switch off, unplug power cord and disconnect any input or out.
put connections.

b. Starting from the top, loosen thumb screws on filler panel(s) and card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out half way. See figure 2-2.

CAUTION }

All multi-card modules will be cabied together. Care should be taken to
pull these cards out together.

TOP CARD

=t

NEXT LOWEST

{2

Figure 2-2. Endpiate Overiap
d. If the module consists of one master card, this card can be installéd in any available siot.

If the module consists of multipie cards. use figure 2-1 and figures 2.3 through 2-6 to
plan your card configuration. '
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T o 3

USE THIS
CABLE

A, AP,

j
il
!
|

Figure 2-4. One Master and Two Expansion Cards
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— g
oo © O T Do 4 USE THIS
CABLE

(-
° @@w D ,° USE THIS

CABLE

Figure 2-6. One Master and Four Expansion Cards
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e. Insert correct end of appropriate intercard connecting cabie into connector on bottom card
of configuration. See figure 2-7.

f. Lay cabie flat and pointing out to the rear of card. See figure 2-8.

Figure 2-7. Cable End Figure 2-8. Cable Position

g. Slide card approximately half way into lowest siot that you are using for this installation.

h. Slide next card half way into next highesi slot, feeding the intercard connecting cable up
through the hole.

i. insert appropriate connector into second card.

j- If there are more cards to install, repeat steps h through i until all cards are in place.
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k. Firmly seat bottom card into backplane connector. Keep applying pressure to the center of
card endplate while tightening thumb screws finger tight.

I.  Repeat for all cards and filler panels in a bottom to top order. See figure 2-8.

2 NEXT
HIGHEST

—>1
CARD

Figure 2-9. Endplate Overtap

m. Any filler panels that are not used should be kept for future use. Filler panels must be instal-
led in all unused card slots for correct air circulation.



HP 16520/21A - Installation

2-9. ADDING EXPANSION CARDS

This procedure should be used if you are adding expansion cards to a previously installed pattern
generator module.

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic com-
ponents. Use grounded wriststraps and mats when performing any kind of
service to this module. - : :

INSTALLATION CONSIDERATIONS:

® Cards or filler panels below the empty slots intended for the module installation do not
have to be removed.

® You will only need one intercard connecting cable for any installation configuration.

® |f previously instalied moduies prevent proper installation, they must be repositioned in the
card cage. See figure 2-11.

® To maintain the channel-to-channel skew and adeguate intercard signal quality, the short-
est intercard connecting cable shouid be used and the expansion cards should be no
more than two slots away from the master card. See figure 2-11.

PROCEDURE:

a. Turn instrument power switch oft, unplug power cord and disconnect any input or out.
put connections.

b. Starting from the top, loosen thumb screws on filler panel(s) and card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out half way. See figure
2-10.
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CAUTION

All multi-card modules will be cabled together. Care should be taken to pull
these cards out together.

NEXT LOWEST

2

Figure 2-10. Endplate Overlap
d. Pull ali cards in pattern generator module completely out.

e. Disconnect intercard connecting cable from all cards.

f.  Use figure 2-11 and figures 2.3 through 2-6 to plan the new configuration and to select
the proper intercard connecting cable.

MASTER AND EXPANSION CARD ORIENTATION

EXPANSION . EXPANSION
EXPANSION EXPANSION EXPANSION EXPANSION EXPANSION
MASTER MASTER MASTER MASTER MASTER MASTER MASTER
EXPANSION EXPANSION EXPANSION EXPANSION EXPANSION
EXPANSION EXPANSION

ANY ANY TWO ANY THREE ANY FOUR ALL 6LOTS

SLOT ADJACENT SLOTS ADJACENT SLOTS ADJACENT SLOTS
18520/EX07

SLOT SELECTION

Figure 2-11. Configuration Guide

g. Go to step "e" of the procedure "MODULE INSTALLATION" in paragraph 2-8 and continue
from thal point.
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2-10. OPERATING ENVIRONMENT

The operating environment is listed in table
1-2. Note the non-condensing humidity limita-
tion. Condensation within the instrument can
cause poor operation or malfunction.
Protection should be provided against internal
condensation.

The HP 16520/21A will operate at all specifica-
tions within the temperature and humidity
range given in table 1-2. However, reliability is
enhanced by operating the instrument within
the following ranges.

Temperature: +20 to +35°C (+68 to +95°F)
Humidity: 20% to 80% non-condensing

2-11. STORAGE

The module may be stored or shipped in en-
vironments within the following limits:

Temperature: -40°C to +75°C

Humidity: Up to 90% at 65°C

Altitude: Up to 15,300 meters (50,000
Feet)

The module should also be protected from

temperature extremes, which cause condensa-
tion on the module.

2-10

2-12. PACKAGING

Foliow these general instructions for repacking
the module with commercially available
materials.

e Wrap module in anti-static plastic.

e Use a strong shipping container. A
double-wall carton made of 350 Ib. test
material is adequate.

* Use a layer of shock-absorbing material
70-to-100 mm (3-to- 4 inch) thick around
all sides of the module to provide firm
cushioning and prevent movement inside
the container.

e Seal shipping container securely.

e Mark shipping container FRAGILE to en-
sure careful handiing.

e In any correspondence, refer to module
by model number and board number.

2-13. TAGGING FOR SERVICE

If the module is to be shipped to a
Hewiett-Packard office for service or repair, at-
tach a tag with your name and address, the
complete board number, and a description of
the service required.
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3-1. INTRODUCTION

The procedures in this section test the pattern
generator's electrical performance using the
specifications listed in Section | as the perfor-
mance standards. All tests can be performed
without access to the interior of the instru-
ment. At the end of this section is a form that
can be used as a record of performance test

results.

3-2. RECOMMENDED TEST
EQUIPMENT

Equipment recommended for performance
tests is listed in table 1-3. Any equipment that
satisfies the critical specifications given in the
table may be substituted for the recommended
models.

3-3. TEST RECORD

Results of performance tests may be tabulated
in the Performance Test Record (tabie 3-1) at
the end of the procedures. The test record lists

HP 16520/21A - Performance Tests

SECTION Il
PERFORMANCE TESTS

all of the tested specifications and their ac-
ceptable limits. The results recorded in the
test record may be used for comparison in
periodic maintenance and troubleshooting or
after repairs and adjustments have been made.

3-4, PERFORMANCE TEST INTERVAL

Periodic performance verification of the HP
16520/21A Pattern Generator Moduile is
required at two year intervals. The in-
strument's performance should be verified af-
ter it has been serviced, or if improper opera-
tion is suspected. Calibration should be per-
tormed before any performance verification
tests. Further checks requiring access to the
interior of the instrument are included in the
adjustment section, but are not required for
the pertormance verification.

3.5, PERFORMANCE TEST
PROCEDURES

All performance tests shouid be performed at

the instrument's environmental operating tem-
perature and after a 15-minute warm up.
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3-6. Data Period Accuracy Test

SPECIFICATION: = 2% (of period) £ 1ns

EQUIPMENT:
OSCHIOSCOPE - v envnenrneetariarrniaraneeretareteiansestosrisuiotstsraransenraranssnes HP 54201A
BN CabIB .« oo eeeieeeeeeeaasnseeeaacsassarass acesatesonanassssasastoretassansnaosees HP 10502A
BNC AGAPIBT ..iiiuiieiennrnnreareaeestrnnieassraseeossrnniosaaaceertiseisencnces HP 1250-1032
Probe LEAT SOt ...oiviiereneeeeeeressnreseessassersenusssseartesscaasnnanasseessssreee HP 10347A
GFADDET (2) «vvvvrenenrereaseannransaasaeoterusoinansaasesiamtossstaasetsntineens HP 5959-0288
DESCRIPTION:

The purpose of this test is to verify the data period accuracy of the internal clock at its
slowest and fastest clock ranges. (For best results, terminate into 10 kg, 10 pF)

PROCEDURE:

a. Connect data outpul channel O and the corresponding ground from a selected output
data cable, to the oscilloscope as shown in figure 3-1. The output cables can be inter-

nally connected for either TTL or ECL.

DSCILLOSCOPE
PURPLE ;O
GROUND
- BNC
/ ADAPTER
4

DATA

DATA
CABLE

Figure 3-1. Data Period Accuracy Test Equipment Hookup

b. Apply power to the HP 16500A and wait for system bootup.
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c. From the startup screen shown in figure 3-2, touch the following fields in the sequence
below:

1. System

2.  Pattern Gen (If multiple HP 16520A Cards, pick one to be tested)

( system ) (contiguretaon)

1 Cerds W

PATTERN GENERATOR
PASTER ~ 50 nnit/s|]

b.d

PATTERN GENERATOR ||
EXPANDER

e d

(_hp-18 )
-

Controtler

e,
RE=232C

Printer

Figure 3-2. Startup Screen

d. In the Format screen, touch Clock field and set to Internal as shown in figure 3-3.

(Perernona ) ( Formet (print) ( Run ]

Input Clock Pcrlod
- 5% ) (o) ()

Pog A3 Pcd A2 Pod BS ¢ BS Pog B4
|'Lnbll I Tol 2. IT% o DETQI:FED DETQCHED DETﬂCHED

Figure 3-3. Clock Field

33
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e. Touch Period and set Internal clock to 200 ps as shown in figure 3-4.

‘ Psttern Gen A ] ( Formet l
Input Clock
™m Internal 20 ns 10 us | Symbols
Poo A3 Pod A2 4K 0d 84
TIL m DE| SO ns 20 us ACHED
Po! 2.03..0 7. .. ... o .4 0
STROBE - B KLY JEDNURES I [ ..| 100 ns 50 us  fec-occce
DATA e, Gmee eoROmE e canan PRI
orf 200 ns 100 us
orf
500 ns 00
1381
orr 1 us
orf
orr 2 v
orf
S us
orf

Figure 3-4. Clock Period Screen

f.  Touch channel assignment field for the selected input cable. See figure 3-5.

[ Pettern Gen A ) Fermat Bi (P—”:D m
loput Clock Pertod

T J Inurnll]( 200 us J (strolnﬂ [Symnou]

,,,,, ] Foes l Pog A3 Po¢ A2  Pod 6 Pog BS  Pog Bd

T ™m DETACHED DETACHED  DETACHED

Eol 2 7 o 7 0

...... 0

Figure 3-5. Channel Assignment Field

g. Select data output channel O as shown in figure 3-6. Touch Done.

( Pottern Gen a) ( Formet ) (print) ( Run )
T .
mt o s a8 P .‘ 851:2) ﬁroﬁ (sm°“)
Pods —
o e | Pos 4 ] Pog BS Pog 84
STROBE oo  J pomemmmm—— T TN e iereses [ eeeieann
DATA .. | CLEHRl | DONE l ................

orf

Figure 36. Data Channel Select

h. Touch Format, then touch Listing.
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i From the listing screen, program the pattern generator as follows:

1. Touch program field as shown in figure 3-7.

( Petiern Gen A ) ( Lisung ) ( ster J(Pirlnl) f&vn )

Ladbel>
Bese>

Camer ) (sro0m) (1)

Delete

£ 0 (3

ssw STAR T PROGRAM wes
Mo ) IR
sae ROGRA[ oo

Figure 3-7. Program Field

2. Touch 1 as shown in figure 3-8, then touch Done.

{ Pettern Gen a ) ( Listing )] { step J(Print ) ( R )

Lapel>
base>

o ) Goe) G

Auterol

D

3. Touch Insert as

)
O
ﬁ%@g@@

cLeRr | [ DONE

i

Figure 3-8. Numeric Entry

shown in figure 3-9.

( Pettern Gen a ) ('Lxsﬂng‘) (?ud@mﬂ ( Rrun )

Label>

Bese>

(1nstr ) (smoee ) (orTR_)

(510 (5

i Insert

Figure 3-9. Insert New Program Line
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4. Touch program field as shown in figure 3-10.

{ Pettern Gen A ) ( Listing ) { step J{(Print ( ren )
Toars) (st ) (sTRoee ) (pata )

Delete

nerge
ess START OF PRDGR“H .-.

—rme—]

Figure 3-10. Program Field

e

5. Enter Os as shown in figure 3-11, then touch Done.

(Farvern own A (_Listing Coo )G Cre )

@ C x»UGmgm

= (OO )
(o))

P e L)

! !! CLEHR!! DONE !

Figure 3-11. Numeric Entry

6. Repeat steps 1 through 5 until there is a short program starting with a one (1) and en-
ding with a zero (0). See figure 3-12.

-(—Feturn Gen ﬂ ﬁ.uunnJ G‘MG"“J (fﬁunJ
Label> rznnr J [ETRDSEJ mfﬂJ

Base>

ses START OF PROGRAM e==
0 o1
- 00
01

. %
- ;

w

Figure 3-12. Example Program
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j. - Touch Run, then drag finger to Repetitive as shown in figure 3-13.

( PotternGena ) (( Listing }
[umn ( 1nstr ) (sTRoe ) (DATA_ )

Repelitave

Figure 3-13. Run Repetitive Mode
k. Using the oscilioscope, measure pulse period at 50% point on waveform.

. The pulse high time and low time should each measure between 196 us and 204 us.

m. Touch Stop.
n. Touch Listing, then touch Format.
c. Touch Period.
p. Change period to 20 ns.
g. Touch Run, then drag finger to Repetitive.
r. Using the oscilloscope, measure pulse period at 50% point on waveform.
s. Pulse high time and low time should each measure between 18.6 ns and 21.4 ns
t. Touch Stop.
Note

This test arbitrarily selects data channel O on one of the data output cables.
If desired, other output channels and cables may be substituted or added to

this procedure.
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3-7. Duty Cycle Test

SPECIFICATION: 10 ns minimum high time; 10 ns minimum low time

EQUIPMENT:
OBCHHOSCOPE -« venevveenenrnsnsnsananeananneen aeasstssrasseasasarsnsnsionanansns ..... HP 54201A
PUISE GENEBIALOT oevuereeeeereenanaacaosossssessosnsssosssassssesssasanssssnssecactoscnns HP 8116A
BNC CabI@ (2) .uvvvenennuierseesesnioasoeasierssssssrtenssasnnssnessssaasnsaccncceess HP 10502A
BNC AGAPIET {2) +envveennreesnetetierisranacssotesesaieensoonssssnocrosanstannnns HP 1250-1032
50 ORM FEEONAIU «.ovvvrieeeeiaceetcitiiaarrenananoraastrtsnnsnioseacecioscsstoannnns HP 10100C
ProDE Lea0 S8t . oniiiiiiiiiireierecatcirteatenraetatcaisseonnitatacnnnaaotcotatennns HP 10347A
GIADDEIS (4) +eunverreereenaseannnnreaaaueeaoaeeoiantoainiiasionesssssniosaaenntans HP 5858-0288

DESCRIPTION:

The purpose of this test is to verify that the internal clock circuits will respond to the minimum
high and low times of the user supplied clock. (For best resuits, terminate into 1 0 ke, 10 pF)

PROCEDURE: ——

a. Connect test equipment as shown in figure 3-14.

PURPLE
DATA ADAPTER
CHANNEL ©
. PULSE GENERATOR

DATA
E CABLE

Figure 3-14. Duty Cycle Test Equipment Hookup

b. Apply power to the 16500A and wait for system booiup.

c. Set puise generator for a2 50 MH2z square wave, 50% duty cycle, and an amplitute of §
Volts.
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d. From the startup screen shown in figure 3-15, touch the foliowing field in the ordered
sequence below:

1. System

2. Pattern Gen (If multipie HP 16520A Cards, pick one to be tested)

( systm ) (Configuretion)

\

[ Cerds

PATTERN GENERATOR
HASTER - 50 Hblt/sk

p -4

PATTERN GENERATOR
B =
EXPANDER 1 Ll
c
Contreller
e
o ( Rs-232C
€

Printer

Figure 3-15. Startup Screen

e. Touch Input field to set input level to TTL as shown in figure 3-16.

( Pettern Gena ) { Formet ) m -
1nput Clock eriot
‘In rﬂ] rzoo us FFDD (Syﬂbalj
'ﬁ’L ETGCHED DETnCHED DETNCNED
[}

Pol 0 3..0 7 ........................

Figure 3-16. Set TTL Level

5. Touch Ciock field and set to External as shown in figure 3-17.

(Pattarn 6sn A ( Formet ) m - .
Input Clock
Cxternnl
d ns

(Cove!) m DETACHED ns-mcuso oemcnso

Pol 2.03..0 7. ... ] ST ) : ...........

g

Figure 3-17. Clock Field
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g. Touch Divide field and set to By 1. See figure 3-18.

( Potiern Gen & ) (( Formet ) (Print ) ( Run )
Input Clock 1 vame
Externe!l D&I
| (% ] Pos 63 PozA2  pog B PogBs
Y ™m m os'mcusb os‘ratuzo um\cnsb
r For . 2.03..0 T...... 0 Toi...0 7.0 ...

Figure 3-18. Divide By 1 Field

h. Touch channel assignment field for the selected output pod. See figure 3-19.

{ Pettern Gena ) ( Formet ) (print) ( Run )

D) @D

. Ro95 | pog A3 Pag A2 Pod B6 ¢BS  Pod Ba
Level ,o%  , TR DETACKE ostacuso DETACHED

STROBE | [« | fees ..ff.ffell.ls I
DATA TR - [ T

Figure 3-19. Channe! Assignment Field

i.  Select data output 0 as shown in figure 3-20. Touch Done.

( Pottern Gen A J ( FomtJ (prine) ( Run )

l I[L-ﬁ-h-l-;fivmt
.'.Il..“ °v I swo"
- Pod ou -+ Pod B4
]'-'l A O sk
STROSE oue ~ o
. +{| CLEAR I DONE ] ................

DATA
orf

4

Figure 3-20. Data Output Select

j.  Touch Format, then touch Listing.
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k. Perform step i in paragraph 3-6, "DATA PERIOD ACCURACY TEST" for a program as
shown in figure 3-21.
( Pettern Gen A ) ( uisung ) (sup‘J(mM ( R )
Tovers) ( anstr ) (strose ) (oata_ )

see START OF PROGRAM wee
) 01
rerge .

LA ]

-L--—:nrurJrEnu}sri

Insert

(B 0 E)E

Figure 3-21. Example Program

I.  Touch Run, then drag finger to Repetitive a shown in figure 3-22.

( Pettern Gen A ) ( cisung )
Fucn (2nsir ) (sTRose ) (vATR )
Bose) Cro ) Che )

Repetitlive

Figure 3-22. Run Repetitive Mode

m. Set oscilloscope timebase to display a pulse stream.

n.  Look for a 25 MHz square wave pulse stream with approximatly 20 ns low times and 20
ns high times. See figure 3-23. The presence of a consistent puise stream verifys the ex-
ternal clock circuits are working.

20ns 20ns -

e HIGH —jt~ LOW ~8o]

L

jet———— 40ns ————~]

Wi APR

Figure 3-23. 25 MHz Square Wave

0. Touch Stop.
3-11
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Table 3-1. Performance Test Record

Hewlett-Packard Tested by
Model 16520/21A ———
Pattern Generator Card Work Order No.
Date Tested
Board No. —
Recommended Calibration
Interval 24 Months
paragraph Test Results
No
Minimum = 196 us
3-5 Data Period Accuracy @ 200 us Maximum = 204 us
Actual
Minimum = 18.6 ns
Data Period Accuracy €@ 20 ns Maximum = 21.4 nS
Actual
3-6 Duty Cycle Is pulse stream visible 7
Yes
No —

3-12
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4-1. INTRODUCTION

This section provides information on when to
calibrate the module and how to calibrate, ad-
just and warm up the module. Also included
in this section are equipment setups, a list of
recommended test equipment and a procedure
for instaliation of the extender board.

4-2. CALIBRATION INTERVAL

To maintain proper operation of the HP
16520/21A Pattern Generator Module, calibra-
tion should be performed at approximately two
year intervals when the instrument is being
used under normal operating conditions. If the
instrument is used more than one shift per
day, it may have to be calibrated more often.

New modules are preadjusted at the factory to
meet the specifications listed in Section 1 of
this manual. Before any adjustments are
made to the module, the performance tests in
Section 1il should be done. If the performance
tests are within specifications, then adjust-
ments are not necessary. If adjustments are
necessary, refer to the safety summary at the
front of this manual.

HP 16520/21A - Adjustments

SECTION IV
ADJUSTMENTS

4-3. SAFETY REQUIREMENTS

Specific warnings, cautions, and instructions
are placed wherever applicable throughout the
manual. These must be observed during all
phases of operation, service, and repair of the
module. Failure to comply with them violates
safety standards of design, manufacture, and
intended use of this module. Hewlett-Packard
assumes no liability for the failure of the cus-
tomer to comply with these safety
requirements.

4-4, RECOMMENDED TEST
EQUIPMENT

Recommended adjustment test equipment is
listed in table 1-3. Any equipment that satisfies
the critical specifications given in the table
may be substituted for the recommended
models.

4-5. EXTENDER BOARD
INSTALLATION

Before any adjustments or calibration checks
are done, the HP 16520A Card must be instal-
led on an extender board. The procedure for
this installation is on the next page.
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Extender Board Installation (cont.)

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic
components. Use grounded wriststraps and mats when performing any
kind of service to this instrument or the cards in it.

INSTALLATION CONSIDERATIONS:
e The extender board may be installed in any available slot in the card cage.
e (Cards below the slot used by the extender board do not have to be removed.
e The probe cables do not have to be removed to adjust the HP 16520A Card.

PROCEDURE:

a. Turn instrument power switch off, unplug power cord and disconnect any input or out-
put connections. »

b. Starting from the top, loosen thumb screws on filler panel(s) and card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out halt way. See figure 2-1.

CAUTION

All mutti-card modules will be cabied together. Care should be taken to
pull these cards out together.

~ TOP CARD
NEXT LOWEST

{2

Figure 4-1. Card Endplate Overiap

d. Pull module (one or more cards) to be serviced completely out and disconnect intercard
connecting cabie from the card(s).

4-2
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Push all other cards part way ir;ato the card cage, but not completely in so they won't be
in your way when you install the extender board.

Slide extender board completely into card cage making sure it is firmiy seated in
backplane connecter.

Plug HP 16520A Card into extender board. See figure 4-2.

Figure 4-2. Extender Board and Module

4.3
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4-6, INSTRUMENT WARM_UP
Always adjust and check the calibration of the instrument at its environmental ambient temperature
and after a 15 minute warm-up.
4-7. ADJUSTMENT AND CALIBRATION CHECK
There is one calibration check on the HP 16520A card. If calibration is out, there will be one ad-
justment to make. This reference is preset at the factory and normally should not need adjustment.
If, after referring to paragraph 3-4, "PERFORMANCE TEST INTERVAL", the reference voltage is
suspected as a problem, perform the following procedure.
DESCRIPTION:

This procedure will check and adjust the +5 Volt reference for the D/A converter.
EQUIPMENT:

Multimeter ................ eeeretearaaaaas s ..... HP 3468A

PROCEDURE:

a. Connect the positive lead from the multimeter to TP1 and the negative lead to TP2. For
the location of the test points and the adjustable resistor, refer to figure 4.3.
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b. Set the multimeter to autorange and DC Volts.

¢c. Pilug power cord in, turn instrument power on, and walt for system bootup.

d. From the startup screen shown in figure 4-4, touch the following fields in order:
1. System
2. Pattemn Gen (If multiple‘HP 16520A cards, pick the one to be adjusted)
3. Format

4. Listing

( Sustem ) (configurstion)

[ Cerds

PATTERN GENERATOR 1
HASTER = 50 Mdit/s

>

PATTERN GENERATOR 1

EXPANDER

C
Controller

0 ( RS-232¢C

E [ l
Printer

Figure 4-4. Startup Screen
€. Touch Delete. See figure 4-5.
( PotternGena ) ( Listing ) ( step J(Print ) { Run . )

Bose>

)

tover>] [ Instr ) (soee ) {oATh )
] Cre Do)

i[)elele

see START OF PROGRAMN wee
© 01
nerge

Al

Figure 4-5. Delete Field
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f. Rotate knob counter clockwise until "START OF PROGRAM" comes down to midscreen
and the program line field shows 0. See figure 4-6.

( Petterngen i ) ( Listing ) (step J(Print) (_Ron )
F.uo.n (" znstr ) (sTrose ) (vATa )
pese> GG )

Delste

1) 0 (1L

Figure 4-6. Program Line Field
g. Touch Execute, Listing, then Format.

h. Touch Input, then touch User Defined. See figure 4.7. Set level 1o +8.9 Volts, then touch
Done.

(Potrernsenn ) (C Formst | (print) ( Run )

CF)

g 86 Pog 85
ETﬂCHED DETRCﬂEg DETACHED

..................

Figure 4-7. User Defined Field

i.  Touch Clock to set clock source to internal. See figure 4-8.

( Pettern gen A } ( Formot ) {(Print) { ~n )

Input Clock Period

cov ‘lnlernul 200 us rtr»-s [swnj
. T

= m bs'rncuan oE'racnso ona:u:g

N
O

.0 7......0 7. ......0 7. e

Figure 4-8. Internal Clock
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} Touch Period, then 200 ns. See figure 4-9.

{ Pattern Gen 4 ) ( Formt ) (print) ( Run )

Input Clock
9.9v Internsl 20 ns 10 us Symbols

Pods

f— ! l Pog & P P Pod B4
(Cobe1 ) |\mmmm %94 " oF| sons | 20us jeTacked
Lebe ol 2.03..0 7. ... o 7.0 1 0
STROBE T N .| 100 ns | Sous feeee-e-
DATA N o |].. e ——

orf 00 100 us

orf

300 ns 200 us

orf

orr v us

oret

o1 2 us

2 S us .

orf

Figure 4-8. Period Selection

k. Touch Run, then drag finger to Single. See figure 4-10.

( PetternGen & ] (( Formet )

Input Clock Period
8.8V Internsi 200 ns

- ! o0t | pogas  Pog A2 Pog BE
Lebet L ™ DETACHED
Pol.. 203..0 7. .. 6 7 ... 0 ..
= Cencel
STROBE LT LI I (R T P . cen-
DATA v, emes {1, N R PV | I | [ ........

Figure 4-10. Run-Single Seiection

Note
After you have started the pattern generator, the Run field will change to Stop,
then very quickly change back to Run. This is the point the measurement is
taken.

l. Read the voltage displayed.

m. With a non-metallic adjustment tool, adjust the variable resistor R5 until the multimeter
reads 0.99 Volts (x 0.001 V).

n. Set user defined level to -9.9 Voits and touch Run.
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0. Read the voltage displayéd and note the difference between this reading and -0.99 Volts.
Adjust RS so this difference in halved (z 0.001 V).

Examples:

If reading is + 0.95 V, the difference is .04 V. Adjust RS for + 0.87 V.

If reading is + 0.97 V, the difference is .02 V. Adjust R5 for + 0.98 V.

p. Turn off instrument power, unpiug power cabie and disconnect all test equipment.
q. Remove the HP 16520A Card from the extender board.

r.  Atthis point in the procedure, if you have multiple HP 16520A Cards to adjust, plug in
the next HP 16520A card and repeat steps a through q.

s. If you have compisted the adjustment on the HP 16520A Card(s), remove extender
board.

t.  To reinstall the pattern generator module, go to steps d through m of paragraph 2-8,
"MODULE INSTALLATION".
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5-1. INTRODUCTION

This section contains parts and ordering in-
formation for the HP 16520/21A Pattern
Generator Moduie. Table 5-1 lists the reference
designators and abbreviations used throughout
this manual. Table 5-2 lists all replaceabie
parts by reference designator.

5-2. ABBREVIATIONS

Table 5-1 lists abbreviations used throughout
the manual. In some cases two forms of the
abbreviations are used, one in all capital let-
ters, the other partially or not capitalized. We
did this because the abbreviations in the parts
list are always all capitats. However, in other
parts of the manuai other abbreviation forms
are used with both lower and uppercase
letters.

5-3. REPLACEABLE PARTS LIST

Table 5-2 lists replaceable parts and is or-
ganized as follows:

a. Electrical assemblies in alphanumeri-
cal order by reference designation.

b. Chassis-mounted parts in al-
phanumerical order by reference
designation.

¢. Electrical assemblies and their com-
ponents in alphanumerical order by
reference designation.

The information given for each part consists of
the following:

a. Complete reference designation.
b. Hewlett-Packard part number.

¢c. Total quantity (Qty) of instrument.

HP 16520/21A - Replaceable Parts

SECTION V
REPLACEABLE PARTS

d. Description of part.
e. Check digit.

The total quantity for each part is only given
once at the first appearance of the part num-
ber in the list.

5-4. EXCHANGE ASSEMBLIES

Exchange assemblies are available when a
repairable assembly is returned to
Hewlett-Packard. These assemblies have been
set up on the Blue-stripe Exchange program.
This allows the customer to exchange the taul-
ty assembly with one that has been repaired,
calibrated, and performance verified by the
factory. The cost is significantly less than that
of a new assembly. .

Exchange assemblies are listed in a separate
section in the replaceabie parts table. They
have a part number in the form XXXXX-685XX
(where the new parts would be XXXXX-665XX).
Before ordering a blue-stripe assembly, check
with your local parts or repair organization for
procedures.

5-5. ORDERING INFORMATION

To order a part listed in the replaceable parts
table, quote the Hewiett-Packard part number,
check digit, indicate the guantity required, and
address the order to the nearest
Hewlett-Packard office.

To order a part that is not listed in the replace-
able parts table, inciude the instrument model
number, instrument serial number, the descrip-
tion and function of the part, and number of
parts required. Address the order to the
nearest Hewlett-Packard office.
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5-6. DIRECT MAIL ORDER SYSTEM

Within the USA, Hewilett-Packard can supply ¢c. Prepaid transportation (there is &
parts through direct mail order. The advant- small handling charge for each
ages are as follows: order).

a. Direct ordering and shipment from d. No invoices - to provide these ad-
Hewlett Packard Parts Center in vantages, check or money order
Mountain View, California. must accompany each orqer.

b. No maximum or minimum on any Mall order forms and specific ordering informa-
mail order (there is a minimum order tion are available through your local Hewlett
for parts ordered through local Packard offices.

Hewlett Packard offices when orders
require billing and invoicing).
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Table 5-1. Reference Designators and Abbreviations.

A agssembly
B8 stanmotor
8T  apattery
[ =capacitor
CR agiode;diooe thyristor;
vargctor
DL  edelay line
DS  =snnuncwetoriismpLED
E amsc. elactrical part
A egmperes
AD sanalog-to-digitat
AC agliternating current
ADJ sagjustiment)
AL sgiymnum
AMPL =amplitier
ANLG asnsiog
ANSI sAmerican Nations!
Standsrds institute
ASSY saspembly
ASTIC sastipmation
ASYNCHRO sasynchronous
ATTEN sattenuater
AWG *AMercan wire Qauge
BAL =beiance
B8coD ebinsry-code decimal
80 =boerd
8FR wbutier
BIN abinary
BRDG «brioge
BSHG adushing
BW wbandwisth
c wcgramiccermet
{resistor)
CAL wcalibrate;catibration
< =carbon i
cow wscounterciockwiss -
CER eceramc
CFM escubic fest/minute
CH schoke
CHAM wchamiered
CHAN wchennel
CHAR scharsster
oM scontimeter
CMOos =COom| ry metsle
oxide-semiconductor
CMR =common mode rejection
CNDCT sconducter
CNTR ecounter
CON =cONNector
CONT =contact
CRT wcathode-ray tubs
ow i
D wgiameter
D/A wdigital-to-analog
DAC wdigital-to-anaiog
converter
DARL wgarington
DAT =dats
pBL woouble
DBM wgecidel referenced
to 1mw
oc wgirect current
DCDR wdecoder
DEG agegree
DEMUX ademultipiexer
DEY -uuct«
DiA
(- -ducl indine peckage
o wdivaion
DMA odirect MEMOry §Ccess
oPDY wdoubie-poie,
double-throw
DRC «DAC refresh controkier
DRVR wdriver

REFERENCE DESIGNATORS

F «fuse -] etransmior:SCR;
FL  ofitter triode thymstor
" whardwars [} wtesistor
4 aglectrical Connector L3 uthermstor
(stanonary portionkeck s wpwatchgjumpe”
L wcoitunductor T stranstormer
MP  amsc. mechanics! pert T8  wtermina! board
14 wgloctrical CONNECTor ™ wtert pomnt
(moveabie portionipiug
ABBREVIATIONS
DWL  ~dowe! MFR smanutacturer
ECL esgrmitter coupied logic MICPROC emicroproceesor
ELAS «slastomerc MINTR wimitnature
EXT wsxternal misC SMmiscianeous
F wfaragssmetal fim MLD =moidsd
(resistor) MM smitimeter
FC wcgroon fiim/ »Mo smatal oxide
composition wTa smounting
D MTLC wsmetsliic
FEM  =leman MUX wmuttipiexer
FF aflip-tiop MW emilitwatt
FL ofiat N -n.mu 09
M afosmfrom NC
FR ofront NMOS -n-chlnml metel-
T =gein bandwidth oxi
procusct NPN { tive-
FW wfull wave negative
FXD  =fixed NPRN
GEN  egenerator NRFA enot recommendecd for
GND  agroundi(ed) finid replecement
ar =Qensrel purpow NSR =not SPArstely
GRAT sgraticuie
GAYV  sgroove NUM
H whenres:high 080 worder by deecription
HO whardwere ocTL =octal
HDOND =hardened [+ woutsice dismeter
HG emercury OF AMP  eoperstional amplifier
HGT  =height osc sopcillstor
HLCL =hekeai 4 eplastic
HORIZ shorizonts! [ 04 wpart of
(14 abiewiett-Packard | eprinted circuit
HPJIB  sHewigtt-Packerd PC8 wprinted circuit bosrd
intertace Bus L4 spower diempation
MR shour(s) PF spicofards
oy high voitage | d -piug in
HZ wHertz " wpiateld)
o =input/output PLA eprogrammabie logic
[ wintegrated circult array
) winside diemeter et )
L] -nch PNP apositive-negative-
N winciude(s) positive
INCAND=incancsscent POLYE  epolysster
NP =inpUt POS wpovitive; position
INTEN «inteneity POT wepotentiometer
INTL  winterns POZI epozidrive
INV wifiverier il “DOsk-10-peak
JFET  ejunction fieid- PPM eparts per mikion
ettact tranwistor PRCN '
JKY  ejacket PREAMP  spresmplifier
X wkilo(10%) PRAMBL  sprogrammable
|8 elow PRL wparaliel
L8 wpound PROG sprogrammable
LCH  =isten PSTN wposition
LGl  wiocel pT *point
LED  =hght-amitting rwW apotted wirewound
diode PWR =pOwer
La R-8 =reset-081
1] alithium RAM £ 8NGOM-2CONS MeMory
K RECT eractitior
LKWR slockwasher RET
LS alow power Schottky RF aredio frequency
Ly slow AGLTR  sreguiater
" nmega(10%):megonms; RATR wregsier
meteri{distance) arack
MACH =machine M *roOt-MesN-square
MAX  smexmum .

U =ntegraved :m:ut:
v wplactron tube: glow lame
VR evoltage reguiator;
diods
w acable
X egocket
Y wCrysial Unit{Piezo-

RND argund

ROM wread-cnly memory

RPG erotary pulss generator
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HP 16520/21A - Replaceabie Parts

Table 5-2. Replaceable Parts

Reference HP Part co |aty Description Mfr Mfr Part
Designation | Number * P Code Number
16520-13501 1 1 MP 18520/21A OPER. SYSTEM. DISC
18520-59502 $ 1 HP 16520A EXCHANGE ASSY.
1652168501 9 1 HP 18821A EXCHANGE ASSY.
HP 16520A
18520-81601 1 1 INPUT QUALIFIER PROBE CABLE
1852081602 3 1 8 CHANNEL DATA CABLE
1882081603 6 1 CLOCK PROSE CABLE
k] s 1 INPUT QUAL. PROBE KIT GREY
1851540801 0 1 CARD ENDPLATE STM
1851540502 2 1 CABLE RETAINER
18500-22401 5 2 ENDPLATE THUMBSCREW
1652062102 1 1 LEAD SET PURPLE 10347A
05150430 3 3 M3 X 8 PH T10 ENDPLATE SCREW
05150885 [] 4 M3 X 34 PH T10 RETAINER SCREW
0510-0084 ] 2 THUMBSCREW RETAINING RING
10500-29101 & 1 GROUND SPRING
1 ] 1 PATT. GEN LABEL
18500-41201 3 s CABLE ID CLP
5950-0291 9 1 SERIAL TAG
HP 16521A
1652081602 3 [ ] 8 CHANNEL DATA CABLE
16500-41201 3 ¢ CABLE ID CLIP
1652188701 1 1 INTERCARD CONNECT CABLE KIT
05150430 S 3 M3 X ¢ T10 ENDPLATE BCREW
08150865 [ ] 4 M3 X 14 PH T10 RETAINER SCREW
051000884 9 2 THUMBSCREW RETAINING RING
16500-29101 [ 1 GROUND BPRING
1852164308 2 1 PATT. GEN LABEL EXPANSION
1651540801 [4 1 CARD ENDPLATE STM
1651540502 2 1 CABLE RETAINER
1850022401 $ 2 ENDPLATE THUMBSCREW
5059-0291 9 1 SERIAL TAG
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6-1. INTRODUCTION

This section contains information for servicing
the HP 16520/21A Pattern Generator Module.
Included is a biock level theory of both cards
and procedures for self diagnostics and
troubleshooting. If a card or cable is deter-
mined fauity, procedures are provided for
replacing the card or cable.

6-2. SAFETY REQUIREMENTS

Specific warnings, cautions, and instructions
are placed wherever applicable throughout the
manual. These must be observed during all
phases of operation, service, and repair of the
module. Failure to comply with them violates
safety standards of design, manufacture, and
intended use of this module. Hewlett-Packard
assumes no liability for the failure of the cus-
tomer to comply with these safety
requirements.

6-3. RECOMMENDED TEST
EQUIPMENT

Table 1-3 lists recommended test equipment.
Any equipment that satisfies the critical

HP 16520/21A - Service

SECTION VI
SERVICE

specification given in the table may be sub-
stituted for the recommended models.

6-4. MODULE BLOCK DIAGRAM AND
THEORY OF OPERATION

The following paragraphs contain block level
theory of operation. This theory is not intended
for component level troubleshooting, rather it
is to be used to help isolate a module failure to
card level.

For component ievel troubleshooting, the HP
16520/21A Service Data Suppiement is
required. This supplement contains
schematics, component level theory of opera-
tion, component locators and a parts list for
the pattern generator module.

The HP 16520/21A Pattern Generator Module
consists of one master card or one master
card and one or more expansion cards. Up to
four HP 16521A Expansion Cards can be con-
nected to a single HP 16520A Pattern
Generator Card for a total of 204 data output
channels. See figure 6-1.

BACKPLANE CONNECTOR

f;

i

i

§;

i

HP 16521A HP 16521A HP 16520A HP 18521A HP 16521A
EXPANSION EXPANSION MASTER EXPANSION EXPANSION
CARD CARD CARD CARD CARD

) "~ INTERCARD CONNECT )
15800/700%

Figure 6-1. HP 16520/21A Pattern Generator Module Block Diagram
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The HP 16520A Pattern Generator card is & The HP 16521A Pattern Generator Expansion
stand alone digital stimulus card with 12 data Card is a 48 channel expander that extends
output lines, 3 user defined strobes, and ex- the data channe!l width of the pattern gener-

ternal inputs. The user stimulus program (up to ator master card. The pattern generator ex-
4K lines) is executed and controlied by the pat- pansion card has only program data RAM (4K
tern generator master card. deep).

DATA AND |
:_—> STROBE OUTPUTS :> QUTPUTS

INTERFAGE | | INSTRUCTION INTERCARD
m AND LATCH |~ CONNECT
coNTROL | AND DECODE CABLE

T
N EXTERNAL INPUTS

Figure 6-2. Pattern Generator Master Biock Diagram

INTERFACE __:_> __> OATA :3
AND OUTPUTS
CONTROL | CHANNELS |

16480/7008

Figure 6-3. Pattern Generator Expansion Block Diagram



6-5. PATTERN GENERATOR
THEORY OF OPERATION

Interface And Control

The microprocessor interface circuitry enables
the pattern generator module to communicate
via the mother board to other modules in the
mainframe. User selectable pattern generator
parameters and programs (stimulus output) are
loaded into the pattern generator from the
CPU. Pattern generator status is communi-
cated to the CPU from the module.

The intermodule bus circuitry (IMB) enables
the pattern generator module to trigger/arm
other modules or be triggered/armed by the
state of another module in the mainframe.

The clock circuitry is responsible for the
generation of the user selectable clock rates. .
These user selectable clock rates come in
three formats. The system master clock,
minor clock, and the pre-master clock. The
system master clock is tanned out to run the
pattern generator and is the primary clock
source in the pattern generator module. The
minor clock is used to generate strobe channel
timing and is typically a higher frequency than
the system master. The pre-master clock is a
slightly advanced version of the master clock
and is used whenever setup time is necessary
in the pattern generator module.

HP 16520/21A - Service

The program counter is 12-Dbits wide. With the
4k deep memory, 12-bits permits access to the
complete address space. The counter can be
paraliel loaded and asynchronously reset.

Ram Memory

Three 4k x 4 RAMs are used to store the 12
data channel programs. Four 4k x 4 RAMs are
used to store the three strobe channel para-
meters, the pattern generator instruction field
and the instruction parameter field. This
memory arrangement provides a 28-bit micro-
word which controls the operation of the
program counter and generates data and
strobe vectors for the user.
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Data And Strobe Outputs

The RAM data latch contains flip-flops that
latch memory output data. After the memory
data is latched, it sends ECL data out to be
series terminated before becoming available to
the user at a connector. The same ECL data,
from the data latch, is transiated to TTL and
sent to be series terminated before becoming
available to the user in the same manner.
Output data voltage levels (TTL/ECL) are ac-
cessed by physically locating the data output
cable in the appropriate connector.

There are three strobe channels that can be
used to output user defined pulses. Within &
single pattern generator program step, the
strobe channel pulse can be controlied in in-
crements of 1/10th or 1/5th of a program step.
The user can define polarity, delay, and pulse
width.,

instruction Latch And Decode

Just as the memory data is latched, the in-
struction data must also be latched. This cir-
cuit takes two of the five instruction opcode
bits and decodes them. Three other opcode
bits have dedicated hardware functions. The
remaining eight instruction bits are for a pa-
rameter field. The parameter field bits are used
by the REPEAT and WAIT EXT instructions.

The external input circuit enables the user to
input three bits of external qualification infor-
mation and an external clock. This external
clock may be used in piace of the internally
generated clock. The external qualification in-
formation may stop the program counter with
the WAIT EXT instruction until the input
qualification conditions are met. Inputs can be
TTL, ECL or user defined between +9.9 and
-9.9 volts.

The repeat instruction counter is eight bits

wide. The user may repeat a strobe/data pat-
tern up to 256 times.

6-4

6-6. EXPANSION CARD THEORY
OF OPERATION

Interface And Control

The interface and control circuitry enables the
expansion card to receive pattern generation
parameters and program data from the CPU
and clock and control signals from the pattern
generator master card.

The program counter is made of three 4-bit
wide counters, making it 12-bits wide. With
4096 X 4 bit memory, 12.bits permits access
to the complete address space. The counter
can be parallel loaded and asynchronously
reset. The expansion card program counter
steps are based on the control signals from
the master card.

RAM Memory

There are twelve 4096 X 4 bit, RAM chips on
the 16521A card. Each RAM stores four
channels of data, making the total number of
outputs at 48.

Data Outputs

The RAM data latch contains flip-fiops that
latch memory output data. After the memory
data is latched, it sends ECL data out to be
series terminated before becoming available to
the user at a connector. The same ECL data,
from the data latch, is translated to TTL and
sent to be series terminated before becoming
available to the user in the same manner.
Output data voltage levels (TTL/ECL) are ac-
cessed by physically locating the data output
cable in the appropriate connector.
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6-7. SELF TESTS

The self tests for the HP 16520/21A Pattern @Generator Moduie will identify the improper opera-
tion of major functional areas in the module. They are not intended for component level diagnos-
tics. If there are muitiple pattern generator modules, they must be selected for testing at the
main Test System menu.

All self tests can be run without access to the interior of the instrument. If a failure is found, the
troubleshooting chart in paragraph 6-8 may require the installation ot the extender board to iso-
late a specific card or cable.

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic com-
ponents. Grounded wriststraps and mats should be used when you perform
any kind of service to this instrument or the cards in it.

SELF TEST ACCESS PROCEDURE:
a. Disconnect all inputs and turn power switch on.

b. From the startup screen shown in figure 6-4, touch Configuration field, then touch Test.

{  sustem ) {Contiguretion)
—
Cerogs w
a
’ - 5 —
- =» ]
¢
] [}
Controlier
o|PATTERN sENERATOR || P RS
nasTer - so noit/s i | Re-232C
glPATTERN GENERATOR || 1 —]
EXPANDER Printer
_— B

Figure 6-4. Startup Screen
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¢. Touch box to ioad Test System. See figure 6-5.

( system ) Test )

I Touch box 1o Lood Test System

Cerd ID codes: SLOT A SLOT B SLOTC SLOT D SWOTE
. none none none 021 022

Figure 6-5. Load Test System

d. From test screen in figure 6-6, touch Test System, then touch Pattern Gen.
(If multiple pattern generator modules, select the one to be tested)

{ Test system | (Configuretion) @
Cards
L]
B | — |
- -..
¢ = -
Controtlier
o PATTERN GENERATOR S | fr———n
NARSTER = S0 MKz ﬂ ; m Rs-232C
§ e —] ’
g|PATTERN GENERATOR i — ] r-j
EXPANDER ~ SO MH2 Printer

Figure 6-6. Test System Screen



HP 16520/21A - Service

e. Figure 6-7 is the main self test menu. Self tests can be run individually by touching &
specific test field, or all tests automaticaily one time by touching "All Pattern Gen Tests".
When "All Pattern Gen Tests" is run, the test status will change to "TESTED". When in-
dividual tests are run, the status will change to either "PASSED or FAILED".

Ciock Rete Test
status UNTESTED

REPEAT Counter Test
status UNTESTED

single Step Test
status UNTESTED

Strobe Teste
stotus UNTESTED

BNC (Port Oul) Teste
stotus UNTESTED

Date Teste
stotus UNTESTED

s /Strobe Test
stetus UNTESTED

Extarnei Trigger T”tj
sletus UNTESTED

NAIT EXT Test R11 Peitern Gen Tests
stotus UNTESTED stotus UNTESTED

« Regquires Test Connsctions

Figure 6-7. Main Test Menu

f. Touch Clock Rate Test.

g. An individual test run screen, see figure 6-8, will give the test name, a brief description of
the test, number of test runs, and the number of test failures.

pattern Gen D

Clock Rete Test Funs feilures
[ 0 °
This test checks the circuits thet sre used
1o generots the ‘internsl’ clock signel.
( I

= Requirss Test Connsctions

Figure 6-8. Clock Rate Test Run Screen
h. Touch Run, then drag finger to Single or Repetitive.

i.  During the time a Single run or a Repetitive run is executing, the Run field will change to
Stop.
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j.- To stop a Repetitive run, touch Stop. See figure 6-9

Pettern Gen D

o)

runs fatlures

Clock Rete Test
] (]

This test checks the circuits thst ers usec
to genersts ine ‘iniernel’ clock signsl.

OV N

T Y | ik

= Regquirss Test Connsctions

Figure 6-9. Stop Field
k. Td exit the self tests, touch the foliowing fields in the numbered sequence below:
1. -Pattern Gen
2. Test System
3. Configuration
4. Exit Test

. Touch the box to Exit Test System. See figure 6-10. -

( Test systom ) (CExtt Test ]

|

{Touch box to Ex1t Tesl System

Figure 6-10. Exit Test System
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TEST DESCRIPTIONS:

Clock Rate Test

This test checks for clock occurrence and clock accuracy on the pattern generator master
card.

Repeat Counter Test
This test checks the repeat counter on the pattern generator master card.

Single Step Test

This test verifies that a microprocessor "BREAK" instruction can be set and cleared by the
pattern generator master card.

IMB/Strobe Test

This test checks the ability of the trigger circuits on the pattern generator master card to see
and react to the IMB trigger/arm signals.

Wait External Test

This test checks the ability of the pattern generator master card to use the three external trig-
ger lines.

Strobe Loopback Test

This test checks the strobe outputs of the pattern generator master card. An external connec-
tion is required.

BNC Loopback Test

This test verifies the ability of the pattern generator master card to both trigger and receive a
signal from the BNC PORT IN and BNC PORT OUT on the microprocessor board.

Data Loopback Test

This test checks the data path of a single data pod for signal continuity and proper function of
the buffers and other assorted circuitry. An external connection is required.

External Trigger Loopback Test
This test verifies the ability of the pattern generator master card to use the three external trig-
ger lines during real data combination verification.

6-8. TROUBLESHOOTING

if self tests indicate a failure, begin at the Start of the troubleshooting flow chart shown in figure

6-11. When a specific test fails, you will be instructed to replace a faulty card or you will be refer-
red to other flow charts for the isotation of the faulty card or cable.
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TROUBLESHOOTING SHEET 1

6-10

FROM
TROUBLESHOOTING
SHEET 4-6,8,15-17

Troubleshooting Sheet 1

IS THE
CONFIGURATION
SCREEN CORRECT

GO TO TEST
SYSTEM SCREEN

FROM c i

TROUBLESHOOTING
SHEET 4

RUN MAINFRAME
SELF~TEST

FROM
TROUBLESHOOTING
SHEET 7,.8,10-16,18

GO TO TROUBLESHOOTING
SHEET 3

G0 TO
MAINFRAME
TROUBLESHOOTING

G0 TO TEST
SYSTEM BCREEN

'

RUN PATTERN GEN
SELF-TESTS
1 THROUGH $

SEE NOTE 1

-FROM

TROUBLESHOOTING
SHEET 7

RUN PATTERN GEN
SELF=TEST &
SEE NOTE 2

GO 10
TROUBLESHOOTING
SHEET 2

"NOTE 1: PATTERN GEN TESTS 1 THROUGH 5 MAY
BE RUN INDIVIDUALLY OR USE “RUN ALL"®

GO TO TROUBLESHOOTING
SHEET 7

NOTE 2: PATTERN GEN SELF-TEST 6 REQUIRES AN
EXTERNAL CONNECTION. REFER TO TROUBLESHOOTING
SHEET 19 FOR EXTERNAL CONNECTION INFORMATION.

Figure 6-11. Troubleshooting Flow Chart
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Troubleshooting Sheet 2

FROM
TROUBLESHOOTING SHEET 1

RUN PATTERN GEN

SELF=-TEST 7
SEE NOTE 3 NOTE 3: PATTERN GEN SELF-TEST 7 REQUIRES AN

EXTERNAL CONNECTION. CONNECT A BNC M=M CABLE
BETWEEN THE PORT-IN AND THE PORT-OUT BNC'S
ON THE CPU BOARD.

60 TO TROUBLESHOOTING
SHEET 12

'* YES
NOTE 4: PATTERN GEN SELF-TEST & REQUIRES AN
R e b o EXTERNAL CONNECTION. SELECT ONE POD TO TEST
e EorED PO USING TROUBLESHOOTING BHEET 22 FOR EXTERNAL
e CONNECTION INFORMATION AND POD IDENTIFICATION.
CONNECT THE APPROPRIATE POD, THEN RUN THE TEST.

DOES
SELF~TEST 8
PASS

GO TO TROUBLESHOOTING
SHEET 13

FROM
TROUBLESHOOTING
SHEET 14

2 133HS ONILOOHS38N0oYL

NOTE 5§: PATTERN GEN SELF-TEST € REQUIRES AN
EXTERNAL CONNECTION. USE TROUBLESHOOTING
SHEET 22 AS A REFERENCE.

RUN PATTERN GEN
SELF-TEST ¢
SEE NOTE &

DOES
SELF=-TEST §
PASS
?

GO TO TROUBLESHOOTING
SHEET 18

15 USER
PROBLEM STILL
PRESENT

GO TO TROUBLESHOOTING
SHEET 18 )

Figure 6-11. Troubleshooting Flow Chart (cont.)
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TROUBLESHOOTING SHEET 3

6-12

FROM
TROUBLESHOOTING SHEET 1

Troubleshooting Sheet 3

()

GO TO TEST
SYSTEM SCREEN

y

RUN MAINFRAME
TEST 7
“INTERMODULE TEST"

VALID
PATTERN GEN
CARD ID’S LISTED AT
APPROPRIATE SLOTS

©0 TO TROUBLESHOOTING
SHEET S

NOTE 6: HARDWARE ID’S:
PATTERN GEN MASTER-21
PATTERN GEN EXPANSION-22

TURN OFF POWER
AND RESET
PATTERN GEN CARDS

v

RERUN MAINFRAME
TEST 7

CARD ID‘S LISTED
AT APPROPRIATE

60 TO TROUBLESHOOTING

10620/7808 SHEET 4

Figure 6-11. Troubleshooting Flow Chart (cont.)
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Troubleshooting Sheet 4

FROM
TROUBLESHOOTING SHEET 3

ARE THERE
PATTERN GEN
EXPANSION CARDS
ATTACHED TO THIS
MASTER CARD
?

MOVE PATTERN GEN
EXPANSION CARD WITH
BAD ID TO ANOTHER
CARD SLOT
SEE NOTE 7

v

RERUN MAINFRAME
TEST 7

I8
PATTERN GEN
ID VALID

REPLACE PATTERN GEN
EXPANSION CARD

GO TO TROUBLESHOOTING
SHEET &

GO TO TROUBLESHOOTING
SHEET 1

NOTE 7: IF POSSIBLE, SWAP WITH A CARD THAT
HAS A GOOD ID. MOVE MASTER CARD IF NEEDED.

REPLACE
WOTHERBOARD

G0 TO TROUBLESHOOTING

SHEET 1

Figure 6-11. Troubleshooting Flow Chart (cont.)

¥ 1339 ONILOOHSITBNOYL
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TROUBLESHOOTING SHEET 8

6-14

FROM
TROUBLESHOOTING SHEET 3

Troubleshooting Sheet 5

CHECK INTERCARD
CABLE FOR
CONTINUITY

18 NO
INTERCARD REPLACE
CABLE OK CABLE

YES

PROBABLE PATTERN GEN
SOFTWARE PROBLEM

5 -

Figure 6-11. Troubleshooting Flow Chart (cont.)




Troubleshooting Sheet 6

FROM
TROUBLESHOOTING SHEET 4

MOVE PATTERN GEN
MASTER CARD TO
ANOTHER CARD SLOT

Y

RERUN MAINFRAME
TEST 7

HP 16520/21A - Service

REPLACE
MOTHERBOARD

REPLACE PATTERN GEN
MASTER CARD

GO TO TROUBLESHOOTING

10820/T808 BHEET 1

Figure 6-11. Troubleshooting Flow Chart (cont.)

9 13348 ONILOOHS3I1E8N0YL
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Troubleshooting Sheet 7

FROM TROUBLEBHOOTING
SHEET 1

ARE ANY
PATTERN GEN
EXPANSION CARDS
ATTACHED TO MASTER,

6O TO TROUBLESHOOTING
SHEET 8

DISCONNECT ALL
EXPANSION CARDS

v

RERUN TEST(S?

TEST(S)
PASS
?

YES

CONNECT PATTERN GEN
MASTER TO ONE
EXPANSION CARD

r |

. CONNECT ANOTHER
RERUN TEST(S) EXPANSION TO MASTER

TROUBLESHOOTING SHEET 7

TEST(8) PASS
?

GO TO TROUBLESHOOTING

CHECK INTERCARD SHEET 1

CABLE FOR SHORTS

18 YES
REPLACE PATTERN GEN
m‘;f oK MASTER CARD
No
REPLACE CABLE @ GO TO TROUBLESHOOTING SHEET 1
10620/TR0Y

Figure 6-11. Troubleshooting Flow Chart (cont.)

6-16



HP 16520/21A - Service

Troubleshooting Sheet 8

FROM TROUBLESHOOTING
SHEET 7,12

PUT PATTERN GEN
MASTER CARD IN
ANOTHER CARD SLOT

v

RERUN PATTERN GEN

TEST
DOES TEST s REPLACE
PASS MOTHERBOARD
2
N GO 10 TROUBLESHOOTING
SHEET 1
REPLACE PATTERN GEN

MASTER CARD

6O TO TROUBLEEHOOTING

SHEET ¢+ ey

Figure 6-11. Troubleshooting Flow Chart {cont.)

8 133HS ONILO0HSITBNONL
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TROUBLESHOOTING SHEET 9

6-18

Troubleshooting Sheet 9

FROM TROUBLESHOOTING
SHEET 1

THERE AN
ON SCREEN FAILURE
MESSAGE “FAILURE
INDICATES POD MAY NOT
BE CONNECTED"

GO TO TROUBLESHOOTING
SHEET 1€

GO TO "U* ON
TROUBLESHOOTING SHEET 11
RETURN HERE
IF INSTRUCTED.

v O

TR [ o B
MASTER CARD ON

EXTENDER BOARD
SEE NOTE 8

'

RUN PATTERN GEN
TEST REPETITIVLY

¥

PROBE INPUT LINE® NOTE 9: REFER TO TROUBLESHOOTING SHEET 21
SEE NOTE § FOR COMPONENTS AND PIN NUMBERS TO PROBE.

60 TO TROUBLESHOOTING
SHEET 10 R0/ TION

Figure 6-11. Troubleshooting Flow Chart (cont.)



Troubleshooting Sheet 10

N FROM TROUBLESHOOTING

SHEET §
16 THERE W REPLACE INPUT
ACTIVITY POD AND CABLE
2
YeS

REPLACE PATTERN GEN
MASTER CARD

GO TO TROUBLESHOOTING
SHEET 1

FROM TROUBLESHOOTING

BHEET 9,13.18
VERIFY THAT THE
NOTE 1@: REFER TO PARAGRAPH 6—~10, "PROBE CABLE
INDICATED OUTPUT POO 18 REPLACEMENT® FOR CABLE CONNECTION PROCEDURE.

PROPERLY CONNECTED AT
THE -SPECIFIED LOCATION

RERUN THE PATTERN
GEN TEST

1S THERE
AN ON SCREEN FAILLRE GO TO TROUBLESHOOTING

| SHEET 1

G0 YO “U~ OF
TROUBLESHOOTING SHEET
11, AND RETURN IF
INSTRUCTED

Figure 6-11. Troubleshooting Flow Chart (cont.)
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Troubleshooting Sheet 11

FROM TROUBLESHOOTING
SHEET §,1@,13-15

SWAP “DATA OUT* CABLE.
FOR ANOTHER (KNOWN GOCD)
DATA POD

i
RERUN TEST FOR

FAILED POD(S)
DOES YES REPLACE
TEST PASS DATA CABLE(S)
?
) 60 TO TROUBLESHOOTING

SHEET 1

RUN PATTERN GEN

TEST REPETITIVELY
+ NOTE 11: REFER TO TROUBLESHOOTING SHEET 20

FOR LIST OF OUTPUT CABLE LINES WITH ACTIVITY.

USE SCOPE TO CHECK
OUTPUT FOR ACTIVITY

“TROUBLESHOOTING SHEET 11 §

SEE NOTE 11
15 THERE No REPLACE PATTERN GEN
ACTIVITY MASTER CARD
?
YeS 60 TO TROUBLESHOOTING
SHEET 1
RETURN TO
CALLING STEP
WSRO/ TP

Figure 6-11. Troubleshooting Flow Chart (cont.}
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Troubleshooting Sheet 12

FROM TROUBLESHOOTING
SHEET 2

1s
THERE AN ON
SCREEN MESSAGE “PORTS
MAY NOT BE CONNECTEDS

VERIFY THE CPU PORTS
ARE CONNECTED USING
A GOOD BNC CABLE

A

NO [ remmTesT? |
NO
et~

-

x

GO TO TROUBLESHOOTING TO TROUBLESHOOTING g
SHEET 8 : SHEET 1 g

g

-

-y

&

Figure 6-11. Troubleshooting Flow Chart {cont.) %
b

n
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Troubleshooting Sheet 13

FROM TROUBLESHOOTING
SHEET 2

Is
THERE AN ON
SCREEN MESSAGE “NO POD
AT THIS LOCATION"

GO TO TROUBLESHOOTING
SHEET 18

1s
THERE AN ON
SCREEN MESSAGE “WRONG
POD CONNECTION"

?

GO TO TROUBLESHOOTING
SHEET 14

THIS PATTERN GEN
MODULE CONSIST OF A
MASTER CARD ONLY

GO TO TROUBLESHOOTING
SHEET 1§

GO TO TROUBLESHOOTING
SHEET 18

TROUBLESHOOTING SHEET 13

GO TO TROUBLESHOOTING
SHEET 17

GO TO *U" ON TROUBLESHOOTING
SHEET 11 AND RETURN HERE
IF INSTRUCTED

v

REPLACE THIS PATTERN
GEN CARD

GO TO TROUBLESHOCTING
SHEET 1

Figure 6-11. Troubleshooting Flow Chart (cont.)
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Troubleshooting Sheet 14

FROM TROUBLESHOOTING
SHEET 13

VERIFY THAT THE POD
SELECTED ON SCREEN 18
THE SAME POD THAT 1S
CONNECTED TO THE INPUT
CONNECTOR.

Y

RERUN TEST 8
FOR THIS POD

IS THERE

AN ON SCREEN

FAILURE MESSAGE

“WRONG POD CONNECTION™
?

GO TO TROUBLESHOOTING
SHEET 2

GO TO “U" ON
TROUBLESHOOTING SHEET 11
AND RETURN IF INSTRUCTED.

!

REPLACE SUSPECT
PATTERN GEN
MASTER CARD

R 1 133HS ONILOOHS318NOYL

0 TO TROUBLESHOOTING
SHEET 1 AR/ TR

Figure 6-11. Troubleshooting Fiow Chart (cont.)
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TROUBLESHOOTING SHEET 13 !

6-24

Troubleshooting Sheet 15

SHEET 13

60 TO "U" ON
[TROUBLESHOOTING SMEET 11
AND RETURN IF

INSTRUCTED.

Y

REPLACE PATTERN GEN
MASTER CARD

FROM TROUBLESHOOTING

GO TO TROUBLESHOOTING
SHEET 16

GO TO TROUBLESHOOTING

SHEET 1

FROM TROUBLESHOOTING

SMEET 17

CHECK INTERCARD
CONNECTION

REPLACE
MOTHERBOARD

REPLACE INTERCARD
CABLE

GO TO TROUBLESHOOTING
SHEET 1

GO TO TROUBLESHOOTING

SHEET 1

Figure 6-11. Troubleshooting Flow Chart (cont.)
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Troubleshooting Sheet 16

FROM TROUBLESHOOTING
SHEET 13,15,17

PUT PATTERN GEN
IN A DIFFERENT CARD SLOT
DO NOT CONNECT ANY
EXPANSION CARDS.

60 TO TROUBLESHOOTING
SHEET 8

SHEET 1

g
@
REPLACE PATTERN GEN m
WABTER CARD §
-
GO TO TROUBLESHOOTING z
BHEET 1
REPLACE MOTHERBOARD 2
m
b=
GO TO TROUBLESHOOTING W/ -
o

Figure 6-11. Troubleshooting Flow Chart (cont.)
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TROUBLESHOOTING SHEET 17 J&
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Troubleshooting Sheet 17

FROM TROUBLESHOOTING
SHEET 13

Is IT
THE PATTERN
GEN MASTER CARD
THAT FAILED

GO TO TROUBLESHOOTING
SHEET 16

SHIFT MASTER CARD AND
SUSPECT EXPANSION CARD
TO OTHER CARD SLOTS

v

RERUN PATTERN GEN
SELF-TEST 8

GO TO TROUBLESHOOTING
SHEET 15

REPLACE
MOTHERBOARD

G0 TO TROUBLESHOOTING
SHEET 1

Figure 6-11. Troubleshooting Flow Chart (cont.)



Troubleshooting Sheet 18

FROM TROUBLESHOOTING
SHEET 2

1S THERE
AN ON SCREEN
FAJLURE MESSAGE "DATA
POD NOT CONNECTED®

GO TO TROUBLESHOOTING
SHEET 9

60 TO TROUBLESHOOTING
SHEET 1@

FROM TROUBLESHOOTING
SHEET 2

REMOVE ALL OTHER
MODULES FROM MAINFRAME

1S USER
PROBLEM STILL
PRESENT
?

no TROUBLESHOOT
OTHER MOOULES

AND ADD EXPANSION CARDS
UNTIL BAD CARD IS
FOUND. SEE NOTE 12

60 TO TROUBLESHOOTING
SHEET 1 ' p——y

Figure 6-11. Troubleshooting Flow Chart (cont.)

NOTE 12: DURING CARD SWAP, LOOK FOR POSSIBLE

START WITH A MINIMUM MOTHER BOARD PROBLEMS OR INTERCARD CONNECTING
CONF IGURATION CABLE PROBLEMS.
(MASTER ONLY)

HP 16520/21A - Service

81 133HS ONILOOHSITBNoNL

s .\
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Troubleshooting Sheet 19

NOTE 2: From Troubleshooting Sheet 1

oD
———
STRORE. ODDOoDoDoo
0ODOCoO0000
STROBE l-OATHg
(REREEEE
21603218
PROBE
ADAPTER ‘

\
GND F—-M-~-F [Gr0
PURPLE TIP U GREY TIP

USER FURNISHED
.86mm (8.026 1n) DIA.
: TO
.84mm (2.033 in) DIA. feano/mae

External Connection For Test 6

Use the figure above as a guide for the external connection required in test 6.

TROUBLESHOOTING SHEET 19

STROBE/DATA POD CONNECTS TO INPUT QUALIFIER POD
GND T0 GND
STROBE 2 T0 TEST 4
STROBE 1 T0 TEST §
STROBE @ T0 TEST 6
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Troubleshooting Sheet 20

NOTE 12: From troubleshooting Sheet 11

Activity For Test 6

You should see activity at ECL or TTL levels on:

Strobe/Data Pod
OSCILLOSCOPE
CLK DDDD;ZDUUD
g::gg: ? cnnnnnngjg E:]
STROSE +DATA- 5 INPUT
Strobe 2 SIS
SCOPE/PROBE
ECL: =< .1.75V ’
M= 2 0.9V
TTL: L=<+0.8V 2
=2 +2.0V =
o
. e m
Activity For Test 8 and 9 §
You shouid see activity at ECL or TTL levels on: %‘
Strobe/Data Pod 0SCILLOSCOPE %
oD
[ m
CLK Dooooooonn -
Data 0 BDDDDDDDCIE ‘ 8
Data 1 STRoee "°:“""fll eyt A|
Data 2 tleszie
Data 3
* SCOPE/PROBE
Data Pod
Data O OSCILLOSCOPE
Data 1 —e
Data 2 gngngnunnu
pata 3 saouzeE03 .
Data 4 EERBRER *
Datas 76543218
Data 6
Data 7 * SCoPE essoxEs
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- Troubleshooting Sheet 21

NOTE 9: From Troubleshooting Sheet 9

B (7 ]

— oy —

RP6
EJE e

ERENPIN /‘
v&'.
.p.-'.l
g
g WA/TXDS
[ ]
:
w
g Probe Points For Test 6
= | First probe U28. Activity at ECL levels should be present on pins:
u28
- Pin26
Pin 13
Pin 4

If no activity on U28, probe RP6 next. RP6 is an alternative point. Activity may be checked at
either RP6 or U28.

RP6
Pin 7

Pin 6
Pins

ECL: L=<-1.75V
H= 2> 0.9V

TTL: L=< +0.8V
H= 2 4+2.0V
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Troubleshooting Sheet 22

NOTE 4: From Troubleshooting Sheet 2

O EXPANSION CARD O w :
L p— i — ) L od & o L s |
DATA DATA DATA DATA DATA DATA
POD 1 POD 2 POD 3 POD 4 P00 S PO 6
¢ = B
—
' [s}u]s]ajnininiujale] l
l cooooonooo | 3 :
o DATA o
SR EN OUTPUT
765432180 P°°s
O MASTER CARD O
o p— R - L — L. J — L - |
INPUT DATA STROBE/DATA
QUALIFIER POD 2 POD 3
oD [ HaRe
i 1 | N 1 "
fa]o]ulsleloin]uleis] fuajulu}nininiafala} -
[ajaiajajaisjaiainls] opooposoon
fomomeme DATA ] cmu:hunqz g
BERB AN RESIRE
76543210 210821¢ // ;
DATA OR
DATA
/STROBE. -y
CABLE g
CONNECTION
GUIDE 2
PROBE .86mm (0. ozs in) DIA. ::
ADAPTER .84 (@, ess in) DIA. N

PURPLE TIP GREY TIP

Pod Identification and External Connections For Test 8 and 9

Depending on output pod type being connected, follow the appropriate connection scheme.

STROBE/DATA OR DATA POD CONNECTS TO  INPUT QUALIFIER POD
GND OR GND T0 GND
DATA © OR DATA © T0 TEST @
DATA 1 OR DATA 1 TO TEST 1
DATA 2 OR DATA 2 T0 TEST 2
DATA 3 OR DATA 3 TO TEST 3
DATA 4 T0 "TEST 4
DATA 5§ T0 TEST S
DATA 6 T0 TEST 6
DATA 7 T0 TEST 7
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6-9. CARD REPLACEMENT

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic com-
ponents. Use grounded wriststraps and mats when performing any kind of
service to this module.

INSTALLATION CONSIDERATIONS:

® Cards or filler panels beiow the empty slots intended for the moduie instaliation do not
have to be removed.

® You will need only one intercard connecting cable for any installation configuration.

® if previously installed modules prevent proper installation, they must be repositioned in the
card cage.

® To maintain the channel-to-channe! skew and adequate intercard signal quality, the short-
est intercard connecting cable should be used and the expansion cards should be no
more than two slots away from the master card.
PROCEDURE:

a. Turn instrument power switch off, unplug power cord and disconnect any input or out-
put connections.

b. Starting from the top, loosen thumb screws on filier panel(s) and card(s).

c. Starting from the top, begin pulling card(s) and filler panel(s) out half way. See figure
6-12. :

CAUTION

All multi-card modules will be cabied together. Care should be taken to pull
these cards out together.

=b Y

NEXT LOWEST

{2

Figure 6-12. Endplate Overlap
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d. Pull all cards in pattern generator module completely out.

e. Push all other cards into card cage, but not completely in. This is to get them out of the
way for pattern generator module installation.

f  Disconnect the cable from all cards in the Pattern Generator Module.
g. Replace faulty card in module.
Note
If the configuration is changed or. help is needed In configuration of the

module, refer to step o of paragraph 2-8, “MODULE INSTALLATION". to Plan
your configuration.

h. Insert correct end of appropriate cable into connector on bottom card of configuration.
See figure 6-13.

i. Lay cable flat and pointing out to the rear of card. See figure 6-14.

CABLE & KEY
ON SAME SIDE

Figure 6-13. Cable End Figure 6-14. Cable Position
j.  Slide card approximately half way into jowest of siots that you are using.
k. Slide next card half way into next highest siot feeding cable up through the hole.
I.  Insert appropriate cable end into card.

m. If there are more cards to install, repeat steps k and |, until all cards are in place.
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-n.  Firmly seat bottom card into backplane connector. Keep applying pressure to the center of
card endplate while tightening thumb screws finger tight.

o. Repeat for all cards and filier panels in a bottom to top order. See figure 6-15.

NEXT
HIGHEST

BOTTOM
CARD

Figure 6-15. Endplate Overiap

p. Any filler panels that are not used should be kept for future use. Filler panels must be instal-
led in all unused card slots for correct air circulation.
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6-10. PROBE CABLE REPLACEMENT-

CAUTION

The effects of ELECTROSTATIC DISCHARGE can damage electronic com-
ponents. Use grounded wriststraps and mats when performing any kind of
service to this instrument or the cards in it.

PROCEDURE:

a.  Turn the instrument power switch off, unplug power cord and disconnect any input or
output connections.

b. Starting from the top, ioosen thumb screws on all filler panel(s) and card(s).

¢. Starting from the top, begin pulling all filler panel(s) and card(s) out half way. See figure
6-16.

CAUTION

All multi-card modules will be cabled together. Care should be taken to pull
these cards out together.

NEXT LOWEST

-

Figure 6-16. Endplate Overhang

d. Pull HP 16520/21A Module to be serviced completely out.
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e. Lay card on antistatic mat with cable(s) flat and pointing out to rear of card. See figure
6-17.

CONNECTOR

Figure 6-17. Card On Antistatic Mat

f. Using a No. 10 torx ® driver, remove four screws that hold cable retainer onto card. See
figure 6-18.

RETAINER SCREWS (4 UPPER)

BOARD MOUNTING SCREWS (3 LOWER)

CABLE

Figure 6-18. Retainer And Screws
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g. Remove cable(s) from card connector(s) and install new cable(s). See figure 6-19.

Figure 6-19. Card Connectors

h. Install cable retainer.

i, At this point go to step ¢ of paragraph 2-8, "MODULE INSTALLATION", and continue instal-
lation of cards.
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