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CERTIFICATION

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

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials
and workmanship for a period of one year from the date of shipment.
Hewlett-Packard will, at its option, repair or replace products which prove
to be defective during the warranty period provided they are returned
to Hewlett-Packard, and provided the preventive maintenance procedures
in this manual are followed. Repairs necessitated by misuse of the product
are not covered by this warranty. NO OTHER WARRANTIES ARE EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANT-ABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. HEWLETT-PACKARD IS NOT
LIABLE FOR CONSEQUENTIAL DAMAGES.

Service contracts or customer assistance agreements are available for
Hewlett-Packard products.

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

The following general safety precautions must be observed during all phases of operation, service,
and repair of this instrument. Fallure to comply with these precautions or with specific warnings
elsewhere in this manual violates safety standards of design, manufacture, and intended use of the
instrument. Hewlett-Packard Company assumes no liability for the customer’s failure to comply
with these requirements.

GROUND THE INSTRUMENT.

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical
ground. The instrument is equipped with a three-conductor ac power cable. The power cable
must either be plugged into an approved three-contact electrical outlet or used with a three-contact
to two-contact adapter with the grounding wire (green) firmly connected to an electrical ground
(safety ground) at the power outlet. The power jack and mating plug of the power cable meet
International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

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

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components with
power cable connected. Under certain conditions, dangerous voltages may exist even with the
power cable removed. To avoid injuries, always disconnect power and discharge circuits before
touching them.

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless another person, capable of rendering first aid
and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do not install substitute parts or perform
any unauthorized modification to the instrument. Return the instrument to a Hewlett-Packard
Sales and Service Office for service and repair to ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS.

Warnings, such as the example below, precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings must be followed.

Dangerous voltages, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting.

SS-1-1/76
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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating and Service Manual contains

information required to install, operate, test, and ser-
vice the HP Model 1602A Logic State Analyzer.

1-3. SPECIFICATIONS.

1-4. Instrument specifications are listed in table 1-1.
These specifications are the performance standards or
limits against which the instrument is tested. Table 1-2
lists supplemental characteristics. Supplemental char-
acteristics are not specifications but are typical char-
acteristics included as additional information for the
user.

1-5. INSTRUMENTS COVERED BY THIS
MANUAL.

1-6. Attached to the instrument is a serial number tag.
The serial number is in the form: 0000A00000. It is in
two parts; the first four digits and the letter are the serial
prefix and the last five digits are the suffix. The prefix is
the same for all identical instruments. The suffix,
however, is assigned sequentially and is different for
each instrument. The contents of this manual apply to
instruments with the serial number prefix(es) listed
under SERIAL NUMBERS on the title page.

1-7. Aninstrument manufactured after the printing of
this manual may have a serial number prefix thatis not
listed on the title page. This unlisted serial number
prefix indicates the instrument is different from those
described in this manual. The manual for this newer
instrument is accompanied by a Manual Changes
supplement. This supplement contains ‘“change in-
formation” that explains how to adapt the manual to
the newer instrument.

1-8. In addition to change information, the supple-
ment may contain information for correcting 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. The supplement for this manual
is identified with the manual print date and part
number, both of which appear on the manual title page.
Complimentary copies of the supplement are available
from Hewlett-Packard.

1-9. For information concerning a serial number pre-
fix that is not listed on the title page or in the Manual
Change supplement, contact your nearest Hewlett-
Packard office.

Table 1-1. Specifications

CLOCK, DATA, AND CLOCK QUALIFIER

PROBE INPUTS

REPETITION RATE: 10-MHz maximum.

INPUT LOAD: one low-power Schottky gate (<400
KA source).

INPUT THRESHOLD: TTL, fixed at approximately
15 V.

MAXIMUM INPUT: <+5.5 V.

MINIMUM INPUT

Level: >—0.5 V.

Swing: from <+0.4 V (LOW) to >+2.4 V (HIGH).

CLOCK PULSE WIDTH: 25 ns at threshold.

SETUP TIME: (time data must be present at 1602A
probe input before clock transition) 35 ns at thres-
hold.

HOLD TIME: (time data must be present at 1602A
probe input after clock transition) 0 ns.

TRIGGER QUALIFIER AND CLOCK
QUALIFIER INPUTS (REAR PANEL).

INPUT LOAD: 8 mA max source.

MAXIMUM INPUT: <+55 V.

MINIMUM INPUT

Level: >—0.5 V.

Swing: from <+0.4 V (LOW) to >+2.5 V (HIGH).

SETUP TIME: time data must be present before clock
transition, 40 ns with Model 10250A probe, 10 ns
without probe.

HOLD TIME: time data must be present after a clock
transition, 15 ns with 10250A probe, 30 ns without
probe.

TRIGGER AND TRACE POINT OUTPUTS

High: >2 V into 50Q.

Low: <0.4 V into 509Q.

PULSE DURATION (WIDTH)

Trigger: high for approximately one clock period.

Trace Point: sets low when Trace key is pressed,
returns high when the Trace specification is met.

DELAY FROM INPUT CLOCK: <150 ns.
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1-10. DESCRIPTION.

1-11. The Model 1602A keyboard-controlled Logic
State Analyzer is intended for use in the design and
troubleshooting of digital systems. The 16-bit wide, 64-
word deep memory operates at clock speeds to 10 MHz
and allows the instrument to capture virtually any 64-
word sequence in a system. The data may be registered
with versatile pattern recognition trigger and digital
delay. Measurements of system activity are displayed
on the 1602A LED readout in hexadecimal, decimal,
octal, or binary format, which eliminates the need for
base conversions by the operator. Keyboard entry of the
desired trigger is in the same base as selected for the
display.

1-12. The 1602A probe is a single pod containing all 16
data lines, clock, clock qualifier, and ground. At the

Model 1602A

front of the pod is a standard edge connector which
allows the operator to quickly move the probe from one
test point to another. Probe input threshold is TTL.

1-13. The Model 1602A has two rear panel TTL quali-
fier inputs: clock-qualifier and trigger-qualifier inputs
are designed to be fully compatible with the Model
10250A “And” Gate Trigger Probe.

1-14. OPTIONS.

1-15. Standard options are modifications installed on
HP instruments at the factory and are available on
request. The following option is available for the 1602A:

OPTION 001: This option adapts the 1602A for use in a
Hewlett-Packard Interface Bus (HP-IB) system. The

Table 1-2. Supplemental Characteristics

POWER REQUIREMENTS: 100, 120, 220, or 240 Vac;
—10%, +5%; 48 to 66 Hz; 50 VA max.

DIMENSIONS: see outline drawings.

WEIGHT: net, 4.5 kg (10 1b).

OPERATING ENVIRONMENT

Temperature: 0°C to +55°C.

PROBE INTERFACE

The probe Interface is a standard, two row, edge connector which may

during d p p!
test points for production and field service requirements.

—————— 62.05 (2.443) —— =

le—— 53.09 (2.090)
—3.18 (0.125)
2.54
(0.100)
' —] )q— 2.41 (0.095)

g ||

T

Notes

Di I in milli

and (inches)
PC Board is 1.57 mm (0.062 In) thick.
Dimension Tolerance = 0.13 (0.005)

NOTES:

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. IF DIMENSIONS
ARE REQUIRED FOR BUILDING
SPECIAL ENCLOSURES, CONTACT
YOUR HP FIELD ENGINEER.

2. DIMENSIONS ARE IN MILLIMETRES
AND (INCHES).

Humidity: up to 95% relative humidity at +40°C.

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 minutes
each with 0.38 mm (0.015 in.) excursions, 10 to 55
Hz.
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—J
=
304 (=]
(15-1/2)
-\ /
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HP-IB (see table 1-3) is compatible with IEEE Standard
488-1975, “Digital Interface for Programmable Instru-
mentation.” The 1602A Option 001 can receive com-
mands via HP-IB that simulate front-panel key entries.
These commands cause the 1602A to assume a mea-
surement configuration, execute Trace or Trace Events,
and configure itself to transmit measurement results to
other instruments on HP-IB. A field-installable kit (HP
Part No. 10059A) is available which allows a standard
1602A to be modified for Option 001 capability.

HP-IB Response Times are as follows:

(1) Commands (ATN LO) are processed with approxi-
mately 1 us delay.

(2) With 1602A addressed to talk/listen and ATN HI,
message rates may be limited by 1602A software
dependent delays to approximately 200 to 1000
bytes/second.

1-16. ACCESSORIES SUPPLIED.

1-17. The following accessories are supplied with the
1602A:

One AC Power Cord, HP Part No. 8120-1378.

One 0.25 AT (slow-blow) fuse, HP Part No.
2110-0201 (for 220-240 Vac operation).

One Probe Wire-Adapter Assembly, HP Part No.
01602-62102. Plugs into the Data Probe and
provides individual clock, data, and clock quali-
fier input leads with hook-type circuit probes.

General Information

1-18. ACCESSORIES AVAILABLE.

1-19. The following items are available for use with the
1602A:

Model 10050A HP-IB Connector/Adapter. Allows
convenient connection to an HP-IB cable with
either the Data Probe or with the HP-IB Test
Probe (Model 10051A) for bus monitoring.

Model 10051A HP-IB Test Probe. Connects be-
tween the Data Probe and a Model 10050A to
allow easier and more complete HP-IB moni-
toring.

Model 10250A TTL Trigger Probe. Connects to
rear panel Trigger Qualifier or Clock Qualifier
inputs and provides an additional four bits of
qualification (each bit may be set HI, L.O, or
OFF).

Model 10060A Application Program for HP9825A
calculator/1602A Opt 001.

Replacement Hook-type Circuit Probes (HP Part
No. 10230-62101).

Convenience Connector Kit (HP Part No.
01602-68701). Consists of Probe Wire-Adapter
Assembly without Circuit Probes.

Convenience Connector Kit (HP Part No.
01602-68702). Consists of Probe Wire-Adapter
Assembly without Circuit Probes, Label, and
Pin Adapter Wire Cables.

1-20. RECOMMENDED TEST EQUIPMENT.
1-21. Equipment required to test and maintain the
1602A is listed in table 1-4. Other equipment may be
substituted if it meets or exceeds the critical specifi-
cations listed in the table.

Table 1-3. Model 1602A Option 001 — HP-IB Interface Capabilities

CODE INTERFACE FUNCTION CAPABILITY
SH1 Source Handshake

AH1 Acceptor Handshake

N7 Talker (basic talker, talk only mode, unaddress to talk

if addressed to listen)

L4 Listener (basic listener, unaddress to listen if addressed to talk)
SRO No Service Request

RL1 Remote/Local

PPO No Parallel Poll

DCO No Device Clear

DTO No Device Trigger

Co No Controller

E1 Open-collector Bus Drivers

1-3
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Table 1-4. Recommended Test Equipment

Model 1602A

RECOMMENDED
INSTRUMENT CRITICAL SPECIFICATION MODEL *USE
Pulse Generator 5 V output into 5092, HP 8012B P
2) External trigger, 0 to
35 ns delay
Dual-channel 100 MHz bandwidth HP 1740A P
Oscilloscope
" Probe Test Source 16-bit binary counter HP Part No. P
5061-1254
Feedthrough 50Q feedthrough HP 10100C P
Termination (2)
BNC Adapter Tip BNC-to-scope HP 10011B P
probe adapter
BNC-to-alligator HP Part No. P
Clip Adapter (2) 8120-1292
BNC Tee Connector HP Part No. P
(2) 1250-0781
HP-IB Controller IEEE 488-1975 HP 9825A P (Opt 001)
Controller Capability or
(C1) HP 9830A

*P=Performance Test; A=Adjustments; T=Troubleshooting

1-4
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Installation

SECTION Il
INSTALLATION

2-1. INTRODUCTION.

2-2. This section provides installation instructions for
the Model 1602A Logic State Analyzer. Initial inspec-
tion, damage claims, preparation for use, and repacking
for shipment procedures are also included.

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged,
it should be kept until contents of the shipment are
checked and instrument performance tests are com-
pleted. Contents of the shipment should include all
items listed in the “Accessories Supplied” paragraphin
Section I. Procedures for checking instrument per-
formance are given in Section IV. If shipment contents
are incomplete, if there is mechanical damage, or if the
instrument does not pass the Performance Test, 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. The HP Office will arrange for repair or
replacement at HP option without waiting for claim
settlement.

2-5. PREPARATION FOR USE.

Read the Safety Summary at the front of this
manual before installing or operating the

instrument.
AC POWER

MODULE

2-6. POWER REQUIREMENTS. The 1602A requires a
power source of 100, 120, 220, or 240 Vac *10%, 48 to 66
Hz, single phase. Power consumption is 50 VA (maxi-
mum).

CAUTION

Instrument damage may result if the AC
Line Selector Board is not positioned cor-
rectly for the input power source.

2-7. LINE VOLTAGE SELECTION. The instrument is
normally set at the factory for 115/120-V operation. To
operate the instrument from any other ac power source,
proceed as follows:

a. Disconnect input power cable from instrument.

b. Slide plastic fuse cover to left side of ac power
module.

c. Rotate FUSE PULL handle to left and remove
fuse.

d. Remove AC Line Selector Board from ac power
module.

e. Position AC Line Selector Board for proper
operating voltage (see figure 2-1).
NOTE
Selected operating voltage will be displayed

on top-left side of AC Line Selector Board
when it is installed.

AC LINE
SELECTOR BOARD 1602A-008-06-77

Figure 2-1. Line Voltage Selection




Installation

f. Push AC Line Selector Board firmly into ac
power module slot.

g. Return FUSE PULL handle to normal position.

h. For 220- 240-V operation, install 0.25 AT (slow-
blow) fuse, HP Part No. 2110-0201. For 100- 120-V
operation, install 0.5 AT (slow-blow) fuse, HP Part No.
2110-0202.

i. Slide plastic fuse cover to right side of ac power
module.

j. Connect power cable to instrument.

2-8. POWER CABLE. This instrument is equipped with
a three-wire power cable. When connected to an appro-
priate ac power receptacle, this cable grounds the
instrument chassis. The type of power cable plug ship-
ped with each instrument depends on the country of
destination. See figure 2-2 for the part numbers of
available power cables with plug configurations as
shown.

HP POWER CABLE PART NUMBERS

8120-1689 8120-1369

8120-1351 8120-2104 8120-1378

INPUT POWER RECEPTACLE TYPES

Figure 2-2. Power Cables Available

2-9. REPACKING FOR SHIPMENT.

2-10. If the instrument is to be shipped to a Hewlett-
Packard Office for service or repair, attach a tag show-
ing owner (with address), complete instrument serial
number, and a description of the service required.

2-2

Model 1602A

2-11. Use the original shipping carton and packing
material. If the original packing material is not avail-
able, the Hewlett-Packard Office will provide informa-
tion and recommendations on materials to use.

2-12. HP-IB ADDRESS SELECTION (OP-
TION 001 ONLY).

2-13. The “talk” and “listen” addresses for the 1602A
Option 001 are selected by the ADDRESS SWITCH,
a six-section switch on the rear panel. The five switches
labeled Al thru A5 are used to select the unique talk
and listen address. They may be left at factory settings
(01111) for talk and listen addresses, or they can be
set to any alternate setting available. The sixth switch
may be set to either TALK ONLY or to ADDRESS-
ABLE. Talk only mode is used in systems without a
controller. See figure 2-3 and table 2-1 for available
address codes and corresponding switch settings.

NOTE
The 5-bit decimal code, consisting of bits Al

thru A5, is often used by controllers as a
System Device Number for instruments.

POSITION g

1" POSITION

e

Figure 2-3. Address Switch Positions

2-14. HP-IB SYSTEMINTERFACE CONNEC-
TIONS (OPTION 001 ONLY).

1602A REAR PANEL

2-15. The 1602A is connected to the HP-IB by con-
necting an HP-IB interface cable to the 1602A rear-
panel HP-IB connector (figure 2-4). As many as 15
instruments can be connected to the sameinterface bus.
The maximum cable length that can be used is: (a) two
meters (6.5 ft.) times the number of instruments con-
nected; or (b) 20 meters (65.6 ft.), whichever is less.
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Model 1602A Installation
Table 2-1. Address Codes

ASCIl CODE CHARACTER BINARY CODE OCTAL CODE 5 BIT
DECIMALS?
Listen Talk A5 A4 A3 A2 A1 Listen  Talk | coyuIVALENT
Address Address b7t bs bs bs b3z b2 b1
SP @ 0 0 0 0 0 040 100 0
| A 0O 0 0 o0 1 041 101 1
2 B o 0 © 1 0 042 102 2
# el 0 0 0 1 1 043 103 3
$ D 0 ©0 1 0 o0 044 104 4
% E T 5 1 0 1 045 105 5
& = Qi) 1 1 0 046 106 6
, G oo 1 1 1 047 107 7
( H 0 1 0O 0 O 050 110 8
) I 0 1 0 o0 1 051 111 9
* J 0 1 0 1 0 052 112 10
+ K 0 1 0 1 1 053 113 11
, L 0 1 1 0 0 054 114 12
5 M 0 1 1 0 1 055 115 13
X N 0 1 1 1 0 056 116 14
/ (o] 0o 1 1 1 12 057 117 152
/) P 1 0O 0 0 © 060 120 16
1 Q 1 0O 0 o© 1 061 121 17
2 R 1 0O o 1 0 062 122 18
3 S 1 0O o 1 1 063 123 19
4 T 1 0 i1 0O o 064 124 20
5 U 1 0 1 0 1 065 125 21
6 v 1 0 1 1 0 066 126 22
7 W 1 0 1 1 1 067 127 23
8 X 1 1 0O 0 o© 070 130 24
9 Y 1 1 0O o 1 071 131 25
: 74 1 1 0 1 0 072 132 26
: [ 1 1 0 1 1 073 133 27
< \ 1 1 1 0 o 074 134 28
3 ] 1 1 1 0 1 075 135 29
> ~ 1 1 1 1 0 076 136 30

10nly the first five bits of the binary code are listed. These bits (set by A7S1) are the same for both the TALK and LISTEN
address. The sixth and seventh bits (controller originated and put on Bus DI06 and DIO7 lines) determine whether the
instrument is being addressed to TALK or LISTEN.

21602A Opt. 001 factory preset address. Function| Bit

3Derived from the sum of the binary weighted value of the first five address bits. 1
isten
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Installation

2-4

DIO1 1 13 DI05
DI02 2 14 DI06
D103 3 15 D107
DI04 4 16 DI08
EOI 5 17 REN
DAV 6 18 P/O TWISTED PAIR WITH 6 |
NRFD 7 19 P/O TWISTED PAIR WITH 7
NDAC 8 20 P/O TWISTED PAIR WITH 8
SHOULD BE GROUNDED
IFC (BCL) 9 21 P/O TWISTED PAIRWITH9 | NEAR TERMINATION OF
T 4 s R OTHER WIRE OF TWISTED PAIR
ATN (MRE) 11 23 P/O TWISTED PAIR WITH 11
SHIELD 12 24 SIGNAL GROUND /

k/é~ TYPE 57 MICRORIBBON CONNECTOR

Mating Cables: HP 10631A, 0.9 meters (3 ft.); HP 10631B, 1.8 meters (6 ft.);
HP 10631C, 3.7 meters (12 ft.).

Bus Mnemonics:

O O Ll ity i Wien s s o o s 75,3 i s i o & oo Lobs o stere ot Data Input/Output
IO 5 LB e e e S oS N, SO S hloa 1O 1 o (S e TR End or Identify
DV i e I L S e S P LU S o SR LI | 21 = oS e s) S Data Valid
BB S S S R P eSS SO Not Ready for Data
R s i L kit s v 5 e 6wt wiars 55 5505 ot misL st b s s o fack e e e e e bl Data Not Accepted
TG s e e el T D v TR DTl A (DO (S R S Interface Clear
S e o i o ateoteisiasiis Tlb o alals imrm beshe i whels mienbisista L A i ol ¢ o Service Request
GRS L S b T S O e SIS SR T S N 1 o P | Attention
IEATIRT L af el kel AR St o el N R S S e S e SRS e SRIe R Remote Enable

Figure 2-4. Hewlett-Packard Interface Bus Connector

Model 1602A




Model 1602A

Operation

SECTION Il
OPERATION

3-1. INTRODUCTION.

3-2. This section provides operating information, ex-
plains functions of 1602A controls, connectors, and in-
dicators and describes measurement capabilities of the
instrument. Abbreviated operating instructions are
also provided on a separate card (inside the instrument
storage compartment).

3-3. PANEL FEATURES.

3-4. 1602A keyboard and panel features are described
in figure 3-1. Description numbers match the numbers
on the illustration.

3-5. OPERATING CHARACTERISTICS.

3-6. PROBE. The 1602A probe is a single pod contain-
ing all 16 data lines and clock, clock qualifier, and
ground lines. The front of the probe is a standard edge
connector. One connector with individual clock, ground,
clock qualifier, and data probe leads with tips is sup-
plied with the probe. The probe edge connector makes it
easy to build special interfaces for a system, such as
permanently wired leads to IC clips forin-circuit testing
of ICs or to any other special connectors. When the
system under test has standard edge connectors, point-
to-point probing (16 data lines at a time) can be very
useful in troubleshooting.

3-7. DISPLAY. Format, Trigger or Delay specification,
or acquired data are displayed or an 18-digit LED
readout. All hexadecimal characters are generated with
the seven segment LED display by using both lowercase
and uppercase letters.

Be careful not to confuse the lowercase b with numeric
6.

0
za
)
i
LN |

With decimal, hexadecimal, and octal codes, two ac-
quired data words are displayed on the LEDs. The
left word is the current word at the memory location

identified by the far left number. The word on the
right is the next higher numbered memory location.

MEMORY LINE 0 CONTENTS

MEMORY LINE 1 CONTENTS

For binary or mixed modes where more than six LEDs
are required to display a word, only the current word is
displayed. Display keys allow the operator to roll
through all 64 words in memory or to position the dis-
play at a word in any memory location.

3-8. FORMAT KEYS.

3-9. Logic Polarity. Pressing the LOGIC POL key tog-
gles the 1602A between positive (high true) and nega-
tive (low true) polarity for the system under test.
Selected polarity is indicated by LEDs above the key.

3-10. Clock Edge. The CLOCK EDGE key selects
which edge of the clock is used to strobe data into
the 1602A memory. The selected clock edge is shown
by LEDs above the key.

3-11. Code Keys. The code keys select the codc dis-
played on the LED readout. Selecting HEX formats
the display in base 16 (b 16), and the data display
includes alphanumerics 0 through F. For decimal
(b 10), the data display contains numerics 0 through
9; in octal (b 8), 0-7; and in binary (b 2), 0 and 1.

3-

p—



Operation

3-2

TRACE SPECIFICATION

EXECUTE

DISPLAY

Figure 3-1. 1602A Controls, Connectors, and Indicators

Model 1602A
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“ LINE. Line Power Switch.

FORMAT KEYS.

LOGIC POL. Selects positive (high true) or
negative (low true) polarity for data inputs.
LEDs above key indicate selected polarity.

CLOCK EDGE. Selects which edge of clock
strobes data into 1602A memory. LEDs above
key indicate selected edge.

CODE KEYS. Select code (number base) dis-
played on LED readout (hexadecimal, decimal,
octal, binary).

WORD WIDTH-=. Enables number of bits in trig-
ger and displayed word (from 2 to 16) to be
entered in decimal format through entry keys.

ENTRY KEYS. Used to enter all format, trace
specification, and display control data into
1602A. Trigger field requires that data be
entered in format selected by code keys. All
other fields require decimal format. Alpha
keys also provide special functions (refer to
Operating Characteristics).

TRACE SPECIFICATION KEYS.

TRIGGER PLUS DELAY. Selects whether trace
starts or ends when trigger plus delay condi-
tions are met. LEDs indicate selection.

DELAY=. Enables number of clocks or events
to be delayed (from 0 to 65 535) to be entered
in decimal format using entry keys. When
pressed, current delay is displayed.

TRIGGER=. Enables trigger word to be entered
in selected code using entry keys. Trigger
field size is consistent with selected code base
and word width. When pressed, current trigger
word is displayed.

DATA—TRIG. Enters current displayed word
into trigger register for use as trigger word.

CLEAR TRIG. Enters all "don’t cares” into trig-
ger register.

EXECUTE KEYS.

TRACE. Starts measurement. Loads memory
with 64 words of data beginning (or ending)
when the trace specification is met.

STOP. Halts trace and forces 1602A into dis-
play mode. Memory locations not written
into are displayed as “don’t cares” (dashes).

DISPLAY KEYS.

NEXT WORD. Moves word in next higher
memory location into display. If held down,
data rolls through display at 3 word per-
second rate.

Operation

PRIOR WORD. Same as next word, except
decrements memory locations.

WORD NUMBER-=. Enables addressing any
memory location (0 to 63) in decimal format
through entry keys.

AT TRIG WORD. Repositions display to mem-
ory location containing trigger word if word is
contained in memory.

DISPLAY. 18 character, seven-segment LED
display.

TRIG OUT. BNC output providing positive-
going pulse each time trigger plus delay
specification is satisfied. Signal returns to
low state one clock period later. Trigger is
provided each time trigger plus delay speci-
fication is satisfied, whether or not 1602A is
performing a trace. (High level 32 V, low
level <0.4 V into 5092.)

TRIG QUAL. BNC input used as additional
trace point qualifier in parallel with 16
data lines. When low, 1602A ignores Trigger
words. When high, 1602A is allowed to
recognize Trigger words. Input is pulled
high when disconnected.

CLOCK QUAL. BNC input used to control
which clocks are allowed to strobe data into
1602A memory. When low, trigger recogni-
tion, delay, and memory loading are inhibited;
when high, clocks are enabled. Input is pulled
high when disconnected.

TRACE POINT OUT. BNC output occurring
once per trace. Normally high signal drops to
low level when TRACE key is pressed. Signal
returns to high level when trace specification
(trigger plus delay) is satisfied. Signal remains
high until TRACE key is pressed again.

FUSE AND LINE SELECTOR. Selects line op-
erating voltage (100, 120, 220, or 240 Vac).
Refer to Section II.

LINE INPUT CONNECTOR. Power cable con-
nector.

STORAGE COMPARTMENT. For storing probe
and accessories.

HP-IB Connector Receptacle. For connecting
1602A to HP-IB (Option 001 only).

HP-IB Address, Talk Only/Addressable Switch.
Sets 1602A HP-IB address for talking and
listening via HP-IB, and places 1602A in Talk
Only or Addressable mode. Factory set to
address 01111 (157() and Addressable. (Op-
tion 001 only).

3-3



Operation

3-12. Word Width. The WORD WIDTH-= key selects
the number of bits (from 2 to 16) in the displayed word.
The number of bits is entered in decimal format
through the Entry keys.

Example:

i
e

The selected bits are right-justified and always start at
bit ”0.” Unused bits are blanked on the display. Select-
ing a 12-bit word displays inputs 0 through 11 and
blanks bits 12-15. The 1602A memory contains all 16
input bits, so the display format may be changed after
a run is complete if desired. All unused bits are "don’t
cares” in the trigger specification.

3-13. MIXED FORMAT. A mixed format of binary and
any other base can be displayed. Press WORD WIDTH=
and enter the number of bits desired in the word.
Then press a high base code key such as HEX, and
enter the number of bits desired in that code. The
1602A automatically puts the remainder of input bits
in binary. Least significant bits on the display are for-
matted in the higher base code. Refer to paragraphs
3-19 and 3-20 for details on mixed format trigger
specification.

Example:

L e

Now Press TRACE n

[} ootn - 808 0%

3-14. ENTRY KEYS. These keys are used to enter all
format, trace specification, and display control data
into the 1602A. Format of the data entry is defined by
the field opened. The TRIGGER-= field requires data to
be entered in the format defined by the code key.
Delay fields, word width, and word number are all

3-4

Model 1602A

entered in decimal format. The alpha keys are also
used for special functions defined later in this section.

3-15. TRACE SPECIFICATION. The function of the
five trace specification keys is to define the position
of the 1602A memory window within the system under
test activity (see the 1602A trace model shown in
figure 3-2).

3-16. Trigger Plus Delay. This switch selects whether
the trace starts or ends when the trigger and delay
conditions are met. The selected mode is indicated by
LEDs on either side of the key.

3-17. Delay. Pressing the DELAY= key opens the
delay data field. Clock delays from 0 to 65 535 can
then be entered in decimal format using the entry keys.

Example:

SRR

3-18. In addition to clock delay, the 1602A can also
delay hy trigger events. This mode is enabled by press-
ing DELAY= followed by E and then the desired
number of events from 0 to 65 535. N + 1 trigger
events then satisfy the conditions of the trace specifi-
cation.

Example:

E - indicates "Events” delay

This mode makes it possible to look deep into loops,
view the N + 1 occurrence of an input or output event,
or sample activity in a program at predetermined
points.

3-19. Trigger. The TRIGGER= key opens a trigger
field at the right of the display. Size of the trigger
field is consistent with the code base and word width
selected. A dash represents the position of a single
"don’t care” character in the field. For a word width of
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A. TRIG + DELAY STARTS

MEMORY —

WORD 0 —

NEXT
63 o
WORDS

CAPTURED

TRACE (DELAY =0)

I

C. TRIG + DELAY ENDS
TRACE (DELAY =0)

MEMORY
WORD 0

8

PREVIOUS
63 WORDS
— CAPTURED
(NEGATIVE
TIME)

B
MEMORY, TRIGGER
WORD 63~ LLLLl_ <4—

WORD

TRIGGER
WORD

MEMORY
WORD 63

Operation

B. TRIG + DELAY STARTS
TRACE (DELAY #0)

TRIGCER _y. —r7r77777
WORD >
pELaAY 4 AN\
MEMORY —
WORDOQ —>
NEXT
63 -
WORDS
CAPTURED VAVAVAVAN
L MEMORY
WORD 63

D. TRIG + DELAY ENDS

TRACE (DELAY

MEMORY T
WORD 0 —_—]

LN

TRIGGER =

WORD —»> 227277

DELAY = —
42 WORDS

= 42)

PREVIOUS
— 21 WORDS
CAPTURED

NEXT
— 42 WORDS
CAPTURED

MEMORY __, [ ——— |
WORD 63 T

Figure 3-2. 1602A Trace Models

E. TRIG + DELAY ENDS
TRACE (DELAY = 256)

TRIGGER

WORD —p

DELAY =
256 WORDS

MEMORY
WORD 0

MEMORY
WORD 63

NN

—  — |L_64WORDS

AN [ CAPTURED
35
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16 bits in hex code, the trigger field is four characters
wide. With octal code and a word width of 7 bits,
3 spaces are opened in the trigger field. A binary word
width of 10 has a trigger field of 10 characters. If a
trigger word has been previously stored, it is displayed
when TRIGGER-= is pressed. Subsequent entries will
change the trigger word.

Examples:

WORD ‘
HEX =
WIDTH= 1 6 TRIGGER

m

s

@
-]
-

= &
Snsess),
8
——
= \\
B
~—

s KR d 5
G g ( 3
wv:’[?TR:= | 8 OCTAL | TRIGGER =

Hoooon

Model 1602A

3-20. Trigger data must be entered in the format
selected for display. In hex format, alphanumerics 0
through F may be used; in decimal, numerics 0-9; in
octal, numerics 0-7; and in binary, 0 and 1. For mixed
format modes, press TRIGGER= and enter the part of
the trigger in the higher base. Then press BINARY and
enter the remaining characters in 1’s and 0's.

Example:

=3lojo/o

- (i R { ( i)
BINARY I 0 0] ] 1 )' 1
£\ )\ )\ N )

The DON'T CARE key may be used in any format.
"Don’t cares” are shown as dashes on the display.

3-21. Data—Trig. The DATA—TRIG key moves the cur-
rently displayed word in memory into the trigger
register. This key allows paging through program flow
in blocks of 64 by transferring word number 63 (in
STARTS TRACE mode) to the trigger register and
retracing. Repeating the process pages through pro-
gram flow in 64 word blocks very rapidly.

3-22. Clear Trigger. The CLEAR TRIG key puts all
"don’t cares” in the trigger word.

3-23. EXECUTE KEYS.

3-24. Trace. When the TRACE key is pressed, the
1602A starts searching for the trigger point. While the
search is in progress, the TRACE light in the upper-
right corner of the display remains on as a status indica-
tion. When the trace is completed (Trigger word plus
Delay specification satisfied), the unit automatically
displays the current word. With higher base codes, two
words are displayed on the LEDs. For binary or mixed
modes where more than six LEDs are required to dis-
play a word, only one word is displayed.

Example:
TRACE n
Memory Current Next
Location Word Word

R e i e o o P P R T—
. I R P I R R I R R T R R R R I R T TR TR RRRRwmm——s—-—s,y
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3-25. Trace Events. Pressing TRACE followed by E
places the 1602A in a trace events mode. In this mode,
the 1602A captures only those words that satisfy the
trace specification (trigger word plus delay). For
example, by triggering on an output port address or
strobe signal and adding a small delay, sequential out-
put data can be viewed; or by triggering on a jump
instruction and delaying a few clocks, the jump to
addresses can be captured.

Example:

i )2

L— E indicates an “EVENTS" trace

3-26. Trace Continuous. Pressing TRACE followed by
C places the 1602A in a trace continuous mode. The
1602A then repetitively samples at a maximum 10 Hz
rate and displays the acquired data. This is useful in
monitoring a point in the data stream for changes or
for checking the input lines to verify that all are tog-

gling.

e ) (]

3-27. Stop. The STOP key halts the trace and forces
the 1602A into a display mode. All data collected when
STOP is pressed is stored in memory. Memory loca-
tions that were not written into during the last trace
are displayed as "don’t cares” (dashes).

3-28. DISPLAY KEYS.

3-29. Next Word. Each time the NEXT WORD key is
pressed, the word in the next higher memory location is
moved into the display. If the key is held down, data
will roll through the display at approximately 3 words
per second.

3-30. Prior Word. The PRIOR WORD key functions in
the same manner as the NEXT WORD key but moves
the word in the next lower memory location into the
display.

3-31. Word Number. The WORD NUMBER-= key per-
mits addressing any of the 64 memory locations by
entering its decimal location number. For example,
pressing WORD NUMBER- and entering 15 immedi-
ately displays the data stored at memory location 15.

Operation

3-32. At Trigger Word. Pressing AT TRIGGER WORD
repositions the display to the memory location that
contains the trigger word, if it is stored in memory.

NOTE

Pressing TRACE does not automatically
reset the display to memory location ”0.”
Repeated tracings can be made on the last
memory location selected for viewing. If a
parameter is changed that affects the
trace specification (delay, trigger word,
clock slope, etc.), the display automa-
tically resets to the trigger word or lo-
cation ”0,” whichever is appropriate.

3-33. REAR-PANEL CONNECTORS.

3-34. Trigger Qualifier. The TRIG QUAL input can be
used as an additional trigger word in parallel with the
16 data lines. When held low, the 1602A cannot recog-
nize Trigger words. When held high, Trigger words can
be recognized. The input is pulled high when discon-
nected. This input requires TTL levels.

3-35. Clock Qualifier. The CLOCK QUAL input con-
trols which clocks are allowed to strobe data into the
1602A memory. When low, trigger recognition, delay,
and memory loading are inhibited. When high, the
1602A is qualified, allowing data to be strobed into
memory. The CLOCK QUAL input is pulled high
when disconnected. This input requires TTL levels.

NOTE
The clock qualifier input on the probe pod
functions the same as the rear-panel clock
qualifier input.

3-36. Rear Panel Qualifier Timing. The 1602A clock
signal must occur at least 10 ns after the qualifier line
goes high (setup time), and the line must remain high
for at least 30 ns after the clock occurs (hold time).

3-37. Trigger Output. The TRIG OUT connector pro-
vides a positive-going edge each time an event (trig-
ger plus delay) is detected, returning to a low level
approximately one clock period later. If the program
is nonrepeating, there will only be one pulse from the
TRIG OUT connector. If the monitored program is
looping, a pulse is generated each time the trigger
pattern (plus delay) is recognized. A low level on this
output is 0.4 V and a high level is 2 V into 50.
This output is produced whether or not the TRACE key
is pressed.
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Operation

3-38. Trace Point Output. The TRACE POINT OUT
signal occurs once per trace. The output is normally
high and drops to a low level when the TRACE key
is pressed. It remains low until the trace specification
(trigger plus delay) is met, and at this time it goes
high. The signal remains high until TRACE is pressed
again. This output can be used with storage oscillo-
scopes to view the exact data stored in the analyzer's

memory or for slaving other state analyzers to the
1602A.

3-39. Trigger Timing. The positive-going edge of both
the TRIG OUT and TRACE POINT OUT signals are
virtually simultaneous. The signals lag the input clocks
by approximately 150 ns. This may result in the leading
edge of a data waveform presented to a scope occur-
ring before the scope is triggered. This can be com-
pensated for by triggering the 1602A on the data
occurring one clock earlier than the state to be viewed
on the oscilloscope.

3-40. 32-BIT SYSTEM. Two 1602As can be paralled
to provide 32-bit operation as follows:

a. Connect TRACE POINT OUT from master
unit to TRIG QUAL input of slave unit.

b. Set TRIGGER~ on slave unit to “don’t care.”
This allows master unit to control data collection point
on both units.

c. To start data collection sequence, press
TRACE then d on master unit. This holds master unit
in search mode (forces Trace Point Output LO) but
does not allow it to recognize a trigger.

d. Press TRACE on slave unit when desired, and
then press TRACE on master unit. Both instruments
will now gather data.

NOTE

The upper clock speed for 32-bit operation
is 6 MHz. This is due to the 150 ns delay
from the input clock to the trigger output.
When the clock period becomes approxi-
mately equal to the delay, the slave unit
may trigger erratically or not at all. Also,
the data in the slave unit is delayed one
clock from that in the master unit. In some
systems the one clock delay between the
two 1602As can be compensated for by
operating the master unit on the leading
edge of the clock and the slave on the trail-
ing edge of the clock. This requires a clock
width 2160 ns and the data must be valid
on both clock edges.

Model 1602A

3-41. MESSAGE CODES.

3-42. The following messages are displayed when an
operator error is made (such as attempting to enter
a hex character in a binary data field) or when an
instrument malfunction is detected. Messages also
indicate operating status of the 1602A.

El: Indicates that characters in the stored trigger
contain a mixture of defined and “don’t care”
states. This can occur when a trigger word is
entered in one code and then the format is
changed to a different code. For example,if 11 -
- is entered in binary and then hex format is
selected, the hex character is not uniquely
defined. The 1602A will perform all its func-
tions when E1 is displayed. However, the
1602A display cannot provide an unambigu-
ous readout of the trigger word when TRIG-
GER- is pressed.

E2: Displayed in decimal mode when the stored
trigger word contains a mixture of defined and
“don’t care” states. In decimal, all statesin the
trigger word must be defined or all must be
“don’t care.” As with E1, the 1602A will per-
form all its functions when this message is
displayed but cannot display the trigger word.

E6: Indicates that operator has attempted to enter
an unacceptable character in a trigger word.
For example, entering F in octal format or 3 in
binary format will geherate E6.

E7: Indicates that operator has attempted to enter
a trigger word wider than the selected word
width.

E13: Indicates that operator has attempted to enter
a word width greater than the maximum 16
bits allowed.

E14: Indicates that the operator has tried to enter
an alpha character in the word width specifi-
cation. Word width is a decimal field with only
numerals 0-9 as valid entries.

E15: Displayed in mixed format mode to indicate
that the operator has attempted to enter a
coded word width greater than the specified
word width.

E24: Indicates that the operator has tried to select a
word number greater than 63 (63 is highest
location in 1602A memory).

E25: Indicates that operator has attempted to enter
an alpha character in the word number specifi-
cation. Only numerals 0-9 are allowed in the
decimal word number specification.
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E30: Indicates that trigger word is not recorded in
data memory because start of the data trace
was delayed from the trigger word or end of the
data trace was delayed more than 63 from the
trigger word.

E31: Indicates trigger word did not occur during the
last trace cycle. This condition can occur when
a trace is terminated with the STOP key.

E40: Indicates that no trigger has occurred for more
than three-tenths of a second, but clock and
qualifier signals are present.

E41: Indicates that no qualifier has occurred for
more than three-tenths of a second, but clocks
are present.

E42: Indicates that no clock has occurred for more
than three-tenths of a second.

E43: Indicates that one or more specifications that
control data recording (e.g. trigger, delay, etc.)
has been changed since the last trace cycle.
Pressing any display key allows the old datain
memory to be accessed.

E44: Indicates that no trace cycle has been executed
since the instrument was turned on.

E50: Indicates that the operator has attempted to
enter a delay specification greater than the
maximum 65 535 allowed.

E51: Indicates that the operator has attempted to
enter an alpha character in the decimal delay
specification.

E99: Indicates that the 1602A has failed self-test.

Refer to Section VIII of this manual for troub-
leshooting information.

3-43. OPERATOR'S CHECK.

3-44. SELF-TEST. At turn on, the 1602A executes a
complete self-test of all circuits except for the keyboard
and probe. All internal circuits are tested for proper
operation.

3-45. During self-test execution, verify the following:

a. TRACE light in upper-right corner of display
flashes.

b. LOGIC POL LEDs alternate.
c. CLOCK EDGE LEDs alternate.

d. TRIGGER PLUS DELAY LEDs alternate.

Operation

3-46. Upon completion of self-test (initial conditions),
verify the following:

a. Display indicates all 8’s. This shows that all
circuits and all LED segments are functioning prop-
erly.

b. Positive LOGIC POL LED is on.
c. Positive CLOCK EDGE LED is on.

d. TRIGGER PLUS DELAY Starts Trace LED is
on.

e. TRACE light is off.

f. Trigger= don’t care. Press TRIGGER= key and
verify that display shows all dashes.

g. Delay = zero. Press DELAY = key and verify
that display shows a "”0.”

h. Format: Word Width 16, Binary code. Press
WORD WIDTH= key and verify that display shows
”16"” and "b2.”

3-47. If a failure occurs during self-test, the error
message E99 will be displayed. If E99 is displayed, refer
to Section VIII of this manual. The troubleshooting
procedure in Section VIII explains how to cycle
through self-test in steps. Display messages indicate
where the fault is located.

3-48. KEYBOARD AND PROBE TESTING. The key-
board and probe are not tested during self-test, and
although the power supply is not specifically tested, it
is essentially checked, since improper voltages will
cause a failure to occur somewhere during the test
sequence. '

3-49. Keyboard Test. The keyboard can be tested by
cycling the power off then on with key C depressed.
This calls up a section of the resident diagnostics that
requires all 35 keys to be pressed in predefined order.
The order is from upper left (key 1) to lower right (key
35). See figure 3-3.

NOTE

On 1602A Option 001, the rear-panel TALK
ONLY/ADDRESSABLE switch must be set
to ADDRESSABLE for the keyboard test to
function properly.

3-50. When the key test routine is called, a number 1
appears on the left edge of the display. This is a
request to press key 1 (LOGIC POL) after which the
number 2 appears. After key 2 is pressed, the remain-
ing numbers 3 through 35 will appear as each of the
respective keys is pressed.

If any key fails or is pressed out of turn, the right edge of
the display will indicate the number of the key read. A
“0” at the display indicates that the key could not be
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000000000000000

“ FORMAT

EXECUTE '
DISPLAY

PRIOR

WORD

Figure 3-3. Keyboard Test Sequence

recognized and that a hardware failure has occurred.
The error message E98 appears, requesting that the key
identified at the left side of the display be pressed.

3-51. If within five tries the correct key is not pressed,
the instrument will default into the turn-on self-test.
The turn-on self-test is also activated upon completion
of the keyboard test.

3-52. Probe Test. The probe requires active signals for
functional testing. A service probe test source (HP Part
No. 5061-1254) is available for exercising the probe.
This plug-in accessory is a 16-bit binary counter and
derives its power from the probe. Also intended as a
service tool, it makes a very effective source for func-
tional testing. To test the probe, select binary code and
operate the 1602A in trace continuous mode.

3-53. OPERATING INSTRUCTIONS.

3-54. Operation of the 1602A is very simple with a
keyboard that is almost self-explanatory. Simply con-
nect the probe to the system under test, select the
desired format using the format keys, define the trace
specification, and execute the measurement. The dis-
play keys can then be used to view the 64 words stored
in memory. Be sure to read "Operating Characteristics”

3-10

beginning with paragraph 3-5, for a thorough under-
standing of instrument features before operating the
1602A.

3-55. 1602A OPTION 001 PROGRAMMING.
3-56. Device-dependent commands (ASCII char-
acters) for the 1602A are listed in table 3-1. These
commands allow the controller to set the 1602A to
desired measurement configurations. The controller
can then monitor 1602A measurement results, or they
can be sent to other devices (such as a printer).

3-57. In cases where the 1602A is desired to operate
in a system without a controller, the 1602A is placed
in TALK ONLY mode. This is done with switch A7S1F
on 1602A rear panel.

3-58. The 1602A can only respond to its device-de-
pendent commands in remote. In local, it responds to
keyboard inputs. In remote, the keyboard inputs are not
read (except Return to Local).

3-59. 1602A OPTION 001 DEVICE DEPENDENT COM-
MAND FORMATTING RULES (HP-IB).

3-60. All device dependent commands are single
ASCII uppercase alpha characters. Characters not
within the command or data sets are ignored. If data
characters (usually numeric) immediately follow a
device dependent command that allows data entry,
then it is assumed that the string of characters is to
modify the selected function, and the data characters
are examined by the following rules:




Model 1602A

Operation

Table 3-1. 1602A Device Dependent Commands

MEASUREMENT DATA FORMAT

B e AUy . rek . ey ool i e s sets Hexadecimal
20 el e e B P sets Decimal
|5 i L R SO sets Octal
15 e R S P U PP E T sets Binary
B N e s sets positive logic polarity
) 2 R IR sets negative logic polarity

TRACE SPECIFICATION

RN s b s sets Start Trace on Trigger + Delay.
V) A S N sets End Trace on Trigger + Delay.
D, < s ra el s SO, sets Delay = x; 0 < x < 655351
EXECUTE

R oo causes Trace execution and configures

1602A to transmit unformatted data asin U. Aborts
any previous Trace in progress.

Zicvs sanbtisn causes Trace Trigger Events (TRACE E)
execution and configures 1602A to transmit un-

OUTPUT
N ... configures 1602A to transmit formatted
data in memory Word Number = x;
0 < x < 631 (at conclusion of Trace).
] BB e configures 1602A to transmit un-
formatted data from data memory at conclusion of
any Trace in progress

i TR configures 1602A to transmit Status Byte
(8 bits).

OTHER

| N Initialize; causes 1602A to go to power-on

configuration (except HP-IB status).

6 O O S D sets positive clock edge
(D2 D 0 o e oFure o rorets shotsi ol sets negative clock edge
WX i s min s s s s sets word width = x; 2 < x < 16*
B e sets coded subfield width = x;

2 < x < word width*
*Refer to “Word Width” rules in paragraph 3-12.

i b S sets Trigger = x; x must fit current
format exactly.
Ex............... sets Delay by Trigger Events = x;

0 < x < 655357

formatted data as in U. Aborts any previous Trace
in progress.

12 Copt Y e B NN halts any Trace in progress.
P configures 1602A to transmit "Learn”
message that defines its measurement configura-
tion.

DY S, Verify; causes 1602A to execute self-test

and power-on initialize (except HP-IB status);
configures 1602A to transmit self-test result
(0 = passed, 161 = failed).

NOTE

All device dependent commands are
single ASCII uppercase alpha characters.
Characters not within command or data

sets are ignored.
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a. Data strings are delimited by any character
that could not logically be part of the data message.
For example: ”;”, ”.”, or "R” each could delimit a data
field.

b. Spaces (20 HEX) are ignored except in trigger
specifications. ("T")

c. Each data string is accepted or rejected as a
single quantity when the delimiting character is re-
ceived. A message appears in the 1602A display when
a data string is rejected (E9 for trigger fields, E59
otherwise). The local error indication is intended as a
debugging aid to detect out-of-range data, but is
removed by the next device dependent command.

d. After the data field has been processed, the
delimiting character is processed as a possible device
dependent command.

Example: The two device dependent messages des-
cribed below have the same effect on a 1602A Opt. 001.

"B1D321 @

trigger word and recorded data. D delimits the base
data entry and selects Delay specification. The value
32179 is entered as the delay specification. The
carriage return delimits the delay data entry.

#carriage return
line feed

” B1 sets Hexadecimal base for

"B001, DAAA321.17"
N

I——> delimits delay data entry

» spaces are ignored

—=delimits base data entry

NOTE

A used to indicate a space; ASCII char-
acters are within quote marks (”).

3-61. Format Rules for Tx (Trigger Specification).

3:62. Trigger specification (data following “T”) has
special rules because the 1602A uses “don’t Care” (“X”)
positions in trigger words. Trigger data fields, there-
fore, are required to follow more restrictive rules to
avoid confusion.

a. The trigger word must contain exactly the
number and range of data characters needed to unique-
ly specify a trigger word of the current word width
and number base. For example, if word width = 13
and the base is octal, then the specification must con-
tain 5 data characters and only numerics-0 thru 7 and
"X" may be used.

3-12
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b. If the number base is HEX, then ASCII upper-
case characters "A,” "B,” "C,” "D,” "E,” and "F,” are
added to the numerics and "X” to form the valid data
set following a "T.” As data characters, these alpha
characters do not delimit a HEX trigger field. There-
fore, if you wish to follow your HEX trigger word
with one of these characters as a device dependent
command, use a character in between to delimit the
trigger field.

Example: The device dependent message "W16B1T00-
B0,D312” requires the comma to delimit the Trigger
data entry field. If the comma were removed, the
1602A Opt. 001 would interpret the D as part of
Trigger data entry and the Trigger data entry would
be rejected because it contains too many characters.

c. If the number base is BINARY, then only ”0,”
”1,” or "X" (don’t care) are recognized as data char-
acters.

d. If a data character outside the data set is en-
countered, then the Trigger entry is aborted and the
1602A flashes E9.

e. Leading spaces are ignored.

f. A single space properly positioned after the
first data character is used to indicate the boundary
between the parts of a split trigger specification.
Space(s) in other position(s) cause the specification to
be rejected.

3-63. 1602A OUTPUT FORMATS.

3-64. R, Z, or U Commands:

a. Output begins at current memory word num-
ber and stops at last word recorded in most recent
Trace.

b. Data is transmitted in binary, two bytes per
1602A memory data word, most significant 8 bits first.

c. A maximum of 128 bytes are transmitted.

d. No delimiters or spaces are transmitted.

e. Unspecified bits (in word width) are trans-
mitted as ”0.” For example; if word width = 10 and
1602A memory word =1111111111, then 8 MSBs trans-
mitted are 00000011 and 8 LSBs are 11111111.

3-65. Nx Command:

a. Output is data in 1602A memory word number

x. The x entry is optional if present word number is

the desired word.

b. Datais transmitted at conclusion of Trace if in
progress.

PRI e g
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c. Word is not repeated until N is again sent to
1602A.

d. Data transmitted in current measurement
format (Hex, Binary, etc.).

e. Always 18 characters transmitted; 16 data
characters from 1602A memory (right justified), plus
carriage return (CR) and line feed (LF).

f. Leading spaces are used to fill 18-character
field.

g. If memory word requested was not written
into during the last Trace, then 1602A transmits right
justified ”X"”s in current format.

3-66. S Command:
a. When the 1602A receives an ”S” it configures

to generate a byte that describes its measurement
status. The 1602A transmits this status byte when it is
addressed to talk and all addressed listeners are ready.
The 1602A updates its status byte only when it re-
ceives an S or transmits a status byte. The 1602A
continues to transmit status bytes until it receives
another command. The maximum 1602A status byte
transmission rate is approximately 50 bytes/second.

b. Status byte: one 8-bit byte with no delimiters.

bit 0: 1 means 1602A data memory full

bit 1: 1 means Trigger + Delay condition found dur-
ing last Trace

bit 2: 1 means clock is present

bit 3: 1 means clock qualifier is present

bit 4: 1 means Trace is in progress

bit 5-7: always 0

For example: If 1602A outputs a status of 28
(2810=000111009) then a Trace is in progress,
clock qualifier and clock are present, Trigger + Delay
condition has not been found, and 1602A data memory
is not filled.

3-67. V Command:

a. Causes 1602A to execute self-test. See Section
VIII of Model 1602A Operating and Service Manual
for a description of self-test.

b. Causes 1602A to initialize to power on con-
figuration (except HP-IB status). This power on con-
figuration is the same as sending the 1602A an "I1”
command. See table 3-1.

Base = BINARY

Clock Slope = POSITIVE

Logic Polarity = POSITIVE

Word Width = 16

Trigger = DON'T CARE

Delay = 0

Trigger + Delay = STARTS TRACE
Display = all 8s

Operation

c. Causes 1602A to transmit self-test result.
1602A transmits 0 for passed and 167( for failed.
When 1602A sends 0 to indicate self-test passed,
there still exists a possibility that the 1602A is not
completely functional. The operator should check the
1602A display and front-panel indicators to verify that
it has initialized as shown above.

NOTE
Either the I or Vcommand is used to Clear
the 1602A. The 1602A will not respond to
other clear messages on the HP-IB.

3-68. L Command:

3-69. If a 1602A measurement needs to be duplicated
at some future time, then the 1602A may be placed
in the "learn” mode. This causes the 1602A to trans-
mit a message that defines its measurement config-
uration. If this message is stored and later transmitted
to the 1602A, then the measurement is automatically
repeated.

3-70. "Learn” mode procedure:
a. Send "L” to 1602A.
b. Address 1602A to talk.

c. Read 12 byte (8 bits/byte) message from
1602A.

d. Save this returned message.
3-71. When the measurement needs to be repeated:
a. Address 1602A to listen.

b. Send the 12 byte message to 1602A. 1602A
reconfigures, automatically executes measurement,
and prepares to return binary data upon measurement
conclusion.

c. Address 1602A to talk.
d. Read measurement result from 1602A.
NOTE

The first byte of the 12 byte message sent by
1602A is an ASCII “J.” When the 1602A
receives an ASCII “J,” the next 11 bytes are
loaded into its internal registers without
qualification. It is recommended that “J” be
used only in messages generated by a 1602A
in response to an “L,” as minor changes in
message content can cause nonrecoverable
states in the 1602A. If the 1602A has been
put in a nonrecoverable state, it will not
respond properly to front-panel controls. The
line power switch must be cycled off and on,
and any measurements that were in process
must be restarted.
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3-72. Example 1602A Command Strings:

Model 1602A

3
& spaces ignored in data fields (except trigger)

"BAAQ1.17”

1602A ignores all until next command because decimal
point (delimiter) is not a command

first non-numeric character delimits string

data (accepted; in range and proper characters)

— Address 1602A Base function; expect data

» sets 1602A base to Octal for Trigger entry and Mem-

ory display

» P delimits Base entry; sets 1602A to positive logic
polarity

# C delimits Logic Polarity entry; sets 1602A clock slope
to positive edge

# W delimits Clock Edge entry; sets 1602A Word Width
=16

M delimits Word Width entry; sets 1602A to Start
Trace on Trigger + Delay

# D delimits Trace Specification entry; sets 1602A Delay
=0

T delimits Delay entry; sets 1602A Trigger =
177776g

"B3P1C1W16M1DO0T177776R"

Upon Trace completion:

If 1602A is addressed to talk, the first two bytes trans-
mitted will be 255 254 (assuming 1602A memory word
number = 0). These indicate that 1602A memory word

— delimits Trigger entry; causes 1602A to Trace and con-
figure to transmit unformatted data

0 contains 111111119 (= 255ip) in 8 MSBs and
111111109 (= 254y9) in 8 LSBs. This equals
177776g (Trigger word).
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Operation

sets 1602A to Start Trace on Trigger + Delay

D delimits Trace Specification entry; sets Delay = 0

\j

C delimits Delay entry; sets positive clock edge

P delimits Clock Edge entry; sets 1602A to positive
logic polarity

W delimits Logic Polarity entry; sets 1602A word
width = 16

\j

B delimits Word Width entry; sets HEX base

\j

F delimits Base entry; sets coded subfield width (HEX
= 4 bits, Binary = [word width —4])

P
\

T delimits coded subfield entry; sets 1602A split
Trigger = specification

# SPACE indicates boundary for split field

» delimits Trigger entry; causes 1602A to Trace and con-

"M1D0C1P1W16B1F4T000011111110AFR”
Upon Trace completion:

If the 1602A is sent the message "N 0;” (with delimiter
after 0, such as ”;”) and addressed to talk, it will
return AA 000011111110AF to the controller. This is
the content of 1602A memory line 0 expressed in 1602A
current format.

3-73. TRACE/RETURN TO LOCAL KEY.

3-74. In local, the 1602A will respond to front panel
keys only. When the 1602A is in "remote,” all front
panel keys are ignored except RETURN TO LOCAL
key, and REMOTE light (lower right corner of dis-
play) is on. The 1602A is put in remote operation
when it receives its listen address and REN is low.
Local operation is obtained when: (a) 1602A RETURN
TO LOCAL key is pressed, or (b) HP-IB controller
puts REN line high, or (c) controller sends "Go to
Local” message.

figure to transmit unformatted data

3-75. STOP/PRINT KEY.

3-76. If a Trace is in progress, the STOP key func-
tions normally. If no Trace is in progress, the STOP/
PRINT key performs PRINT function. PRINT key
causes 1602A to configure to send a message to the
listener(s) via HP-IB.

3-77. This message shows current 1602A measure-
ment configuration and 16 lines of 1602A memory
starting with present word number. If the 16 lines go
past memory line 63, then all message lines after the
one for line 63 are shown as Xs. 1602A memory lo-
cations that were not written into during the last Trace
are also shown as Xs in appropriate lines of the 16
line message.

3-78. The message data output from 1602A is

formatted to fit a 20 column printer (for example,
an HP Model 5150A Opt 001 Thermal Printer).

3-15
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Example:
TRG=
DLY=
Word Width = 16 > 16
Present memory word
Number in 1602A dis- » 12
play.

E here means Trace
Events. No E means

Trace.

3-79. The 1602A display memory is shared as a
buffer for HP-IB input and output operations. There-
fore, the content of the 1602A display following HP-IB
communication is not significant.

3-80. 1602A Opt 001 (HP-IB) CHECKOUT
PROGRAMS.

3-81.. HP Model 9830A Checkout Program.

3-82. The program below is written for an HP 9830A
controller. The extended I/0 ROM (11272 or Opt 272)
must be installed in the 9830A before the program
can be executed. The program can be run without a
data source for the 1602A, or with the 16-bit Probe Test
Source (HP Part No. 5061-1254) connected to 1602A
Data Probe A5.

10 FORMAT B
20 OUTPUT (13,10) 768;
30 CMD ”?U/ N’ IIV N’ N? 05 4
40 V=RBYTE13
50 PRINT V
60 STOP
70 CMD "?U/ " ,"B1P2C2M2D0W16T0000R"
80 WAIT 300
90 CMD II?U/ II, HS ", II?O5H
100 S=RBYTE13
110 PRINT S
120 OUTPUT (13,10) 1024;
130 END

3-16
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E here means Delay by Events

7AC9 .«——Trigger in current format
45000 <«—— Clock or Event Delay
STRT + CLK SLP + LOGIC <«——Trigger + Delay STARTS Trace;

B16 Positive clock slope; positive
. logic polarity
Base = HEX

2A9D
2A9E —T
2A9F
2AA0
2AA1
2AA2
2AA3
2AA4 s Data in current format.
2AA5 1602A memory lines 12-27.
2AA6
2AA7
2AA8
2AA9
2AAA
2AAB
2AAC —
Explanation:
LINE 10: sets format for output statements
20: sets bus REN line LO (true)
30: commands 1602A to perform internal veri-
fication and transmit result.
40: 9830A (controller) reads the verification
result (output by 1602A)
50: 9830A prints byte
60: stop program - verification byte (V) from
1602A should be checked for a value of
0 (passed) or 167 (failed). This indi-
cates 1602A self-test result. Verify that
1602A front-panel indications are as fol-
lows:
Display = all 8s
REMOTE light on
Clock Slope = Positive edge
Logic Polarity = Positive
Trigger + Delay = Starts Trace
To continue program, press 9830A
CONT (continue)
EXECUTE Keys
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70:

80:

90:

100:

110:

120:

130:

1602A is set up and instructed to execute
a Trace.

delay allows 1602A to complete Trace if
16-bit Probe Test Source (5061-1254) is

used
1602A commanded to transmit status bytes

9830A reads status byte
status byte printed
sets bus REN line HI (false)

ends program - status byte (S) from 1602A

should be checked for a value of 15 (decimal
equivalent of status byte with 16-bit Probe

Test Source connected) or 16 (Probe Test

Source not connected). Verify 1602A

front-panel indications as follows:

REMOTE light off

Clock Slope = Negative Edge
Logic Polarity = Negative
Trigger + Delay = Ends Trace

3-83. HP Model 9825A Checkout Program.

3-84. The program below is written for an HP 9825A
controller. The program can be run without a data
source for the 1602A, or with the 16-bit Probe Test
Source (HP Part No. 5061-1254) connected to 1602A
Data Probe A5. Set 9825A 1/0 card to “7”.

g rem.
wrt 716,

prt V
stp

wrt 715,
wait 300
wrt 715,

prt S
lel 7
end

PG 0 90 =3 GIOT dx O b0 B2

—

Explanation:
LINE O:

iE

IIVII

rdb (715)—V

"B1P2C2M2D0W16T0000R"

IISII

rdb (715)—S

sets bus REN line LO (true)

commands 1602A to perform internal
verification

9825A reads verification byte

9825A prints verification byte

To continue program, press 9825A

key

10:

11

Operation

stop program — verification byte (V)
from 1602A should be checked for a
value of 0 (passed) or 161( (failed).
This indicates 1602A self-test result. Veri-
fy 1602A front-panel indications as fol-
lows:

Display = all 8s

REMOTE light on

Clock Slope = Positive Edge
Logic Polarity = Positive
Trigger + Delay = Starts Trace

CONTINUE

1602A is set up and instructed to execute
a trace

delay allows 1602A to complete Trace if
16-bit Probe Test Source is used

1602A commanded to transmit status
bytes

9825A reads status byte
9825A prints status byte
sets bus REN line HI (false)

ends program — status byte (S) from
1602A should be checked for a value of 15
(decimal equivalent of status byte with 16-
bit Probe Test Source connected) or 16
(Probe Test Source not connected). Verify
1602A front-panel indications as follows:

REMOTE light off

Clock Slope = Negative Edge
Logic Polarity = Negative
Trigger + Delay = Ends Trace

3-85. INSTRUMENT CLEANING.

3-86. Clean the 1602A with a soft cloth dampened in
water containing a mild detergent.

CAUTION

Never use industrial solvents or abrasive
cleaners which can damage the display
window and instrument surfaces. Do not
allow liquid to penetrate through the key-
board and into the 1602A.

3-17/(3-18 blank)
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Performance Tests

SECTION IV

PERFORMANCE TESTS

4-1. INTRODUCTION.

4-2. The procedures in this section test Model 1602A
electrical performance using specifications in table 1-1
as the performance standard. All tests can be performed
without access to the interior of the instrument.

4-3. EQUIPMENT REQUIRED.

4-4. Equipment required for the performance tests is
listed in the Recommended Test Equipment table in
Section I. Any equipment that satisfies critical specifi-
cations given in the table may be substituted for the
recommended models.

4-5. TEST RECORD.

4-6. Results of the performance tests may be tabulated
on the Performance Test Record at the end of the
procedures. The Test Record lists all tested specifi-
cations and their acceptable limits. The results recorded
at incoming inspection can be used for comparison in
periodic maintenance and troubleshooting and after
repairs.

4-7. OPERATION VERIFICATION.

4-8. The following procedure is an abbreviated test
that provides approximately 90% assurance of proper
1602A operation. Table 1-1 specifications are not tested
in the abbreviated test.

a. Perform Operator’s Check (Self-Test and Key-
board Test) in Section III.

b. Connect Probe Test Source (HP Part No. 5061-
1254) to 1602A probe pod and set 1602A Format and
Trace specifications as follows:

FORMAT

Logic Polarity ;. o oo e ais s b sms sme s s Negative
Clock Edge............................. T
Word ™ Width= c.. . s’ o o s sme nms s w5 o 5505 o 16
Base ... Hex

TRACE SPECIFICATION

Trigger Plus Delay ................ Ends Trace
Delay= ... ..o 63
B GEOY 51« v 5 & s 501 8 505 5 54 = oo Gmiel = it & et S i FFFF

c. Press TRACE key. Verify that display shows:

FFFF in memory word 0 and FFFE in memory word 1.

0 FFFF FFFE

4-9. TEST SIGNAL CONNECTIONS.

4-10. No standard adapter is available for connecting
test signals to the 1602A probe. It is therefore recom-
mended that short lengths of solid wire be inserted in
BNC-to-alligator clip adapters; 1602A probe grabbers
can then be connected to the wires.

PERFORMANCE TESTS

4-11. CLOCK, DATA, AND CLOCK QUALIFIER PROBE INPUTS TESTS.

SPECIFICATIONS:

REPETITION RATE: 10-Mhz maximum.

MINIMUM INPUT SWING: from <+0.4 V (LOW) to >+2.4 V (HIGH).

CLOCK PULSE WIDTH: >25 ns at threshold.

SETUP TIME: (time data must be present at 1602A probe input before clock transition) 35 ns at threshold.

HOLD TIME: (time data must be present at 1602A probe input after clock transition) 0 ns.

DESCRIPTION:

Pulses are applied to 1602A Probe inputs. Pulse periods, widths, delays, and amplitudes are varied. In each case, the
resulting 1602A display is checked to verify proper operation for the specification being tested.

4-1
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PERFORMANCE TESTS

PULSE PULSE
GENERATOR NO. 1 GENERATOR NO. 2 OSCILLOSCOPE
TRIG PULSE TRIG PULSE
OUTPUT OUTPUT INPUT OUTPUT A B
0 o o Q

500
FEEDTHROUGH

NOTE: TO MINIMIZE LOADING, CHECK
ONLY 4 DATA BITS AT A TIME.
GROUND ALL UNUSED 1602A
PROBE DATA INPUT BITS.

10:1
SCOPE
PROBE

BNC-TO-ALLIGATOR
CLIP ADAPTER

1602A
Figure 4-1. Clock, Data, and Clock Qualifier Probe Inputs Test Setup
EQUIPMENT:
PulSetGeREratorsl2) ] ...l viomim e s s s s st s sievaisie s sius sias stolo s ot o aie s7stels sisl o o o slstons 615 & 51s % 8 ¥131% & s & siol 8 sl s wyo, 8 Biets HP 8012B
DUaLChannel OBCIILOBEODE . v vcio s uivies vie e cuiswias wisiosios s wia simiv s siae sie s eis e sis s s sia s ale s o s sis's oiste viata oio s wrn o iaie s siacs HP 1740A
Beed thyoug e Pt i A ONSI(R) s i v ths - o3 aii asidvivin » oas s 1oust & fousl oloner & asoys imhd s 5540 o olies S sliots e 3 S0k 8 41618 BiE: & 358 5 Wisl & 515 HP 10100C
BNC-to-Alligator Clip Adapters(s) .. .......cuivivivinirtveeerseossnsssosossnsssnssassnses HP Part No. 8120-1292
PROCEDURE:
a. Connect test equipment as shown in figure 4-1.
NOTE
To minimize loading, check only four 1602A Probe input data bits at a time. Ground all unused data bit

inputs.
b. Adjust pulse generator outputs as shown in figure 4-2.
c. Set 1602A Format and Trace Specifications as follows:
Format: Logic Polarity = Positive
Clock Edge= _J~

Word Width = 16
Base = Binary

4-2
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PERFORMANCE TESTS

| |
| 100 ns =]
| I
45V == ——
PULSE T 65ns -
GENERATOR SETUP TIME
NO. 1 +1.5V == = e - — ‘- e, e e - ————
@ O11s HOLD TIME |
45V — e - —
PULSE o
e 05 e 75ns =
GENERATOR =
NO. 2 1.5V o - - — - — e ——— —— —_—— e e
OV = == = comm—— S
- 100ns -

Figure 4-2. Clock, Data, and Clock Qualifier Probe Inputs Test Waveforms

Trace Specification: Trigger + Delay = Starts Trace
Delay = 0
Trigger = 1111 for data bits being tested; 0 for all other data inputs.

d. Press TRACE key, then C key (places 1602A in Trace Continuous mode). 1602A should display 1111 for data
inputs (bits) connected to test signal.

e. Vary pulse period of pulse generator No. 1 (figure 4-2). Verify that 1111 is displayed for bits tested when pulse
periods are =100 ns (repetition rate <10 MHz). This verifies repetition rate specification.

f. Vary clock pulse width and delay (pulse generator No. 2, figure 4-2). Verify that 1111 is displayed for bits tested
with 35 ns setup time, 0 hold time, and 25 ns wide clock pulse. A display of 1111 verifies setup and hold time

specifications for data bits tested, and clock width specification.

g. Adjust pulse generators No. 1 and No. 2 as shown in figure 4-3. Verify that 1111 is displayed for data bits tested
when input from pulse generator No. 1 is >+2.4 V.

h. Set 1602A Trigger = “don’t care” (all dashes on display). Press TRACE key, then C key. Adjust pulse
generators No. 1 and No. 2 as shown in figure 4-4. Verify that 1602A display shows all zeros when input from pulse
generator No. 1 is <+0.4 V. Correct display for steps g and h verify minimum input swing specification.

i. Repeat steps a through h for the remaining 12 Probe input data bits.

j. Remove all connections from Probe input data bits.

k. Connect pulse generator No. 1 to 1602A Probe CLOCK QUAL input.

NOTE
Probe Wire-Adapter Assembly A6 does not have a wire for Probe A5 Clock Qual input. It is recommended
that A6 covers be removed and the pulse generator output be held on Probe A5 Clock Qual input by the
person performing the test.

1. Adjust pulse generator outputs for waveforms as shown in figure 4-2.

m. Set 1602A Trigger = “don’t care.” Press TRACE key, then C key.




Performance Tests

PERFORMANCE TESTS

Model 1602A

|
PULSE [ 100ns |
GENERATOR | |
NO. 1 £2. 4V, = —
g 35n5s e | e 65ns —
SETUP TIME
BV ——r————— e ———— — e ——————
e T | =N
| <@ Ons HOLD TIME |
+2.4V = = e e— — '
PULSE < 255 i | < 75ns =
GENERATOR
NO. 2 +1.5V = == — — — ——t—_—_—_—_—_—_— - ——— ——
+0.4V =— — — —
g 100ns =

Figure 4-3. Probe Minimum Swing (Minimum High) Test Waveforms

n. Vary pulse generator No. 2 pulse position (figure 4-2) until no qualifier condition is observed (1602A displays
message E41). Verify that qualifier conditions are valid (data displayed by 1602A) for 35 ns setup time and 0 ns hold

time.

o. Adjust pulse generators No. 1 and No. 2 as shown in figure 4-3. Verify that qualifier condition is valid when

input from pulse generator No. 1 is >+24 V.

p. Adjust pulse generators No. 1 and No. 2 as shown in figure 4-4. Verify that qualifier condition is invalid
(message E41 displayed) when input from pulse generator No.1is <+0.4 V. Steps o and p verify minimum input swing

specification.

q. Replace Wire-Adapter Assembly covers if removed.

| |
PULSE | e 100ns g |
GENERATOR ' :
NO. 1 | |
| <= 35n5 =—tor{w 65ns -}
| SETUPTIME | |
$0.4V = o p—— e — . e l
OV = —— — S
| <@ (Ons HOLD TIME :
|
PULSE +2.4V 3
GENERATOR | 255 e 75ns
NO. 2 F1EY o o o e e e e e | - ——— e —— s s e i
+0.4V — = = e—— e
e 100ns e
Figure 4-4. Probe Minimum Swing (Maximum Low) Test Waveforms
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Model 1602A Performance Tests

PERFORMANCE TESTS
4-12. TRIGGER QUALIFIER AND CLOCK QUALIFIER INPUTS (REAR PANEL) TESTS.

SPECIFICATIONS:

MINIMUM INPUT SWING: from <+0.4 V (LOW) to >+2.5 V (HIGH).

SETUP TIME: time data must be present before clock transition, 40 ns with Model 10250A probe, 10 ns without probe.
HOLD TIME: time data must be present after a clock transition, 15 ns with 10250A probe, 30 ns without probe.
DESCRIPTION:

Pulses are applied to 1602A Probe Clock input and to 1602A rear-panel CLOCK QUAL input. Pulse delays and

amplitudes are varied. In each case, the resulting 1602A display is checked to verify proper 1602A operation for the
specifications being tested. This procedure is repeated for TRIG QUAL input.

EQUIPMENT:

PHESRIGENERATORS:(2). o v e v aiii a6 3 ois 85605 575 o 510 8 503 8555 3515 5 555 § 518 & 6555 5578 4 5080 7 00615 9180 ¢ 5098 9isi 3§85 S16 $0m 68 HP 8012B
Dual-Channel OSCIIIOSCOPE . . .. .v vttt ettt et e et e e e e e e e e et ettt HP 1740A
Feedthrough TEFIANMALION . «ie . oiv o vt o oiaia sroia o s o reiais in e winro siais sios sieis sivie o wie o 2o o oiors anats ww s 06 s ossl 8 4reis aiel s k(4 31618 HP 10100C
BNEHoTAigator CHD AAADIEL 2: viv: s s s sis s wims 51w 5 a8 8 515 <5151 50510, o o s o8 & 818 s SaL g ot o 5 HP Part No. 8120-1292
BINC Tee CONIECEOY « .« v v vvee ettt ettt et ettt et ettt et ettt ettt e HP Part No. 1250-0781
BN CEAAGDTETATID! o e elie Tt i ¢ w1urS v ¢ svohs wisie: o wis s wore s se1o1 & ool e avwial ora s Simrobo ey sivve o wier o ey soisle ol o & A1 & B8 60 3 HP 10011B
PROCEDURE:

a. Connect test equipment as shown in figure 4-5 with pulse generator No. 1 connected to 1602A rear-panel
CLOCK QUAL input.

PULSE PULSE
GENERATOR NO. 1 GENERATOR NO. 2 OSCILLOSCOPE
TRIG PULSE TRIG PULSE
OUTPUT OUTPUT INPUT OUTPUT A B
(0] o
10:1
SCOPE
PROBE
500
1602A PROBE FEEDTHROUGH
1602A (REAR PANEL) BNC-TO-ALLIGATOR
T CLIP ADAPTOR
L
© ° GLBK BNC-TO-PROBE (+) (—)
0, OUAL ADAPTER
| ] 10:1 GND
1 SCOPE
| PROBE
: BNC TEE
TRIG  Loo -‘__qf
QUAL J:

- Figure 4-5. Trigger Qualifier and Clock Qualifier Inputs (Rear Panel) Test Setup

4-5
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4BV == ———
PULSE a 40ns e 60ns =
GENERATOR D B e
NO. 1 k1 B 3 A ~ 7] TO QUALIFIER (REAR PANEL)
ov == 30ns G
| | HoLD TIME
HBY e
PULSE | A - N
GENERATOR ,
NO. 2 HBY == = = e = ——
| f—25n5 =] TO CLOCK (PROBE POD)
ov et —
I
0ns ——' f—
SETUP TIME
= 100ns g=

Figure 4-6. Trigger Qualifier and Clock Qualifier Inputs (Rear Panel) Test Waveforms

b. Adjust pulse generator outputs as shown in figure 4-6.

c. Set1602A Trigger = “don’t care” (all dashes in display). Press TRACE key, then C key (places 1602A in Trace
Continuous mode).

d. Vary pulse generator No. 2 pulse position (figure 4-6) until no qualifier condition is observed (1602A displays
message E41). Verify that qualifier conditions are valid (data displayed by 1602A) for 10 ns setup time and 30 ns hold
time.

e. Adjust pulse generators No. 1 and No. 2 as shown in figure 4-7. Verify that qualifier condition is valid when
pulse generator No. 1 input is >+2.4 V.

f. Adjust pulse generators No. 1 and No. 2 as shown in figure 4-8. Verify that qualifier condition is invalid
(message E41 displayed) when pulse generator No. 1 input is <+0.4 V. Steps e and f verify minimum input swing

specification.

g. Connect pulse generator No. 1 to 1602A rear-panel TRIG QUAL input and repeat steps b through f.

+2.4V — —— —
PULSE
| e 2
GENERATOR e | 40ns 60ns <=
NO, 1 RS e T T TO QUALIFIER (REAR PANEL)
ov | <= 30ns -
| | HOLDTIME
PULSE 4 e TRRRREE B
GENERATOR | - 75ns - igon
NO. 2 e e b e i
iy | 2505 = TO CLOCK (PROBE POD)
b g
|
10N em—r | s
SETUP TIME A 100ris A8
Figure 4-7. Minimum High Inputs (Rear Panel) Test Waveforms
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PULSE | :
GENERATOR |-<———40ns - 60ns -]
NO.1 H0AV = | TO QUALIFIER (REAR PANEL) |
ov | <@ 30ns >
| | HOLDTIME
PULSE g
GENERATOR l > 75ns >
NO. 2 HEV=— ——f — — — ——
) EE— TO CLOCK (PROBE POD)
_1—- S
||
10NS  cmm—- s
SETUP TIME - 100ns -

Figure 4-8. Maximum Low Inputs (Rear Panel) Test Waveforms

4-13. TRIGGER AND TRACE POINT OUTPUTS TESTS.

SPECIFICATIONS:

High: =22 V into 500Q.
Low: <0.4 V into 50Q.

DESCRIPTION:

A Probe Test Source (16-bit binary counter) is connected to 1602A Probe. 1602A is placed in Trace Continuous mode to
provide repetitive pulses from rear-panel TRIGOUT and TRACE POINT OUT connectors. Amplitudes of these pulses
are checked to verify output voltage specifications for high and low states.

EQUIPMENT:
Probe Test SOUXCE . . ..o ittt ettt ettt e e e e e HP Part No. 5061-1254
Dual-Channel OsCilloSCOPE . ... .uuiiit et et e ettt et e ettt ettt HP 1740A
PROCEDURE:

a. Connect test equipment as shown in figure 4-9.

1602A (REAR PANEL)

OSCILLOSCOPE
TRACE
TRIG POINT
1602A oUT OuT |
PROBE ,—O O—
POD o O A B
I N \\
PROBE \ g
TEST RMINATE
SOURCE PLENR

Figure 4-9. Trigger and Trace Point Outputs Test Setup

4-7
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b. Connect Probe Test Source (HP Part No. 5061-1254) to 1602A Probe pod.
c. Set 1602A format and trace specification as follows:
Format: Logic Polarity = Positive

Clock Edge = _I™
Word Width = 16

Base = Hex

Trace Specification: Trigger + Delay = Starts Trace
Delay = 1
Trigger = - - - - (dashes indicate “don’t cares”).

d. Press TRACE key then C key (places 1602A in Trace Continuous mode.)

e. Observe TRACE POINT OUT signal. Verify that pulse amplitudeis =>+2 V (into 50 ) for logic high and <+0.4
V (into 50 Q) for logic low.

f. Observe TRIG OUT signal. Verify that pulse amplitude is =+2 V (into 500) for logic high and <+0.4 V (into
500) for logic low.

4-8
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PERFORMANCE TEST RECORD

Performance Test Record

HEWLETT-PACKARD

MODEL 1602A

LOGIC STATE ANALYZER Tested By
Serial No. Date
Paragraph
Number Test Specification Passed Failed
4-11 CLOCK, DATA, AND
CLOCK QUALIFIER
PROBE INPUTS
4-11e Repetition Rate <10 MHz
4-11f Setup Time (Data) >35 ns
Hold Time (Data) >0 ns
Clock Pulse Width =25 ns
4-11g, Minimum Input >+2.4 V High
(Clock and Data) <+0.4 V Low
4-11n Setup Time (Clock Qual) >35 ns
Hold Time (Clock Qual) >0 ns
4-11o, p Minimum Input >+2.4 V High
(Clock Qual) <+0.4 V Low
4-12 TRIGGER QUALIFIER AND
CLOCK QUALIFIER INPUTS
(REAR PANEL)
4-12d Setup Time (Clock Qual) >10 ns
Hold Time (Clock Qual) =30 ns
4-12e¢, f Minimum Input >+2.4 V High
(Clock Qual) <+0.4 V Low
4-12¢ Setup Time (Trig Qual) =10 ns
Hold Time (Trig Qual) =30 ns
Minimum Input >+2.4 V High
(Trig Qual) <+0.4 V Low
4-13 TRIGGER AND TRACE
POINT OUTPUTS
4-13e Level (Trace Point Out) >+2.0 V High
<+0.4 V Low
4-13f Level (Trig Out) >+2.0 V High
<+0.4 V Low

4-9/(4-10 blank)
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Model 1602A

Adjustments
Replaceable Parts

SECTION V
ADJUSTMENTS

The Model 1602A has no adjustments.

SECTION VI

REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
parts. Table 6-1 lists abbreviations used in the parts list
and throughout the manual. Table 6-2 lists all replace-
able parts in reference designator order. Table 6-3
contains the names and addresses that correspond to
the manufacturers’ five-digit code numbers.

6-3. ABBREVIATIONS.

6-4. Table 6-1 lists abbreviations used in the parts
list, the schematics and throughout the manual. In
some cases, two forms of the abbreviation are used: one
all in capital letters, and one partial or no capitals.
This occurs because the abbreviations in the parts list
are always all capitals. However, in the schematics
and other parts of the manual, other abbreviation forms
are used with both lowercase and uppercase letters.

6-5. REPLACEABLE PARTS LIST.

6-6. Table 6-2 is the list of replaceable parts and is
organized as follows:

a. Chassis-mounted parts in alphanumerical
order by reference designation.

b. Electrical assemblies and their components in
alphanumerical order by reference designation.

c. Option parts.

The information given for each part consists of the
following:

a. The Hewlett-Packard part number.
b. The total quantity (Qty) in the instrument.
c. The description of the part.

d. A five-digit code that indicates the manufac-
turer.

e. The manufacturer’s part number.

The total quantity for each part is given only once—at
the first appearance of the part number in the list.

6-7. ORDERING INFORMATION.

6-8. To order a part listed in the replaceable parts
table, quote the Hewlett-Packard part number, indicate
the quantity required, and address the order to the
nearest Hewlett-Packard office.

6-9. To order a part that is not listed in the replace-
able parts table, include the instrument model number,
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.

6-10. DIRECT MAIL ORDER SYSTEM.

6-11. Within the USA, Hewlett-Packard can supply
parts through a direct mail order system. Advantages of
using the system are as follows:

a. Direct ordering and shipment from the HP
Parts Center in Mountain View, California.

b. No maximum or minimum on any mail order
(there is a minimum order amount, for parts ordered
through a local HP office when the orders require billing
and invoicing).

c. Prepaid transportation (there is a small handl-
ing charge for each order).

d. No invoices—to provide these advantages, a
check or money order must accompany each order.

6-12. Mail-order forms and specific ordering informa-
tion are available through your local HP office. Ad-
dresses and phone numbers are located at the back of
this manual.

5-1/6-1
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Table 6-1. Reference Designators and Abbreviations

Model 1602A

BT

cpP
CR
DL
DS

AFC

AMPL

BFO
BE CU
BH

BP
BRS
BWO

ccw
CER
CMO
COEF
COM
COMP
COMPL
CONN
cpP
CRT
cw

DEPC
DR

ELECT
ENCAP
EXT

FH
FILH
FXD

GE
GL
GRD

= assembly

= motor

= battery

= capacitor

= coupler

= diode

= delay line

= device signaling (lamp)
= misc electronic part

= amperes

= automatic frequency
control

= amplifier

= beat frequency oscillator
= beryllium copper

= binder head

= bandpass

= brass

= backward wave oscillator

= counter-clockwise
= ceramic

= cabinet mount only
= coeficient

= common

= composition

= complete

= connector

= cadmium plate

= cathode-ray tube
= clockwise

= deposited carbon
= drive

= electrolytic
= encapsulated
= external

= farads

= flat head

= fillister head
= fixed

= giga (109
= germanium
= glass

= ground(ed)

HDW

HEX
HG
HR
HZ

IF
IMPG
INCD
INCL
INS
INT

K

LH
LIN

LK WASH
LOG

LPF

M

MEG
MET FLM
MET OX
MFR
MHZ
MINAT
MOM
MOsS
MTG
MY

N
N/C
NE

NI PL

I

]

REFERENCE DESIGNATORS

fuse

filter

integrated circuit
jack

relay

inductor

= loud speaker

]

]

[}

I

I

I

[}

I

meter
microphone

ABBREVIATIONS

henries
hardware

hexagonal
mercury
hour(s)
hertz

intermediate freq
impregnated
incandescent
includel(s)
insulation(ed)
internal

kilo=1000

left hand

linear taper

lock washer
logarithmic taper
low pass filter

milli=10-3
meg=106
metal film
metallic oxide
manufacturer
mega hertz
miniature
momentary
metal oxide substrate
mounting
"mylar”

nano (10-9)
normally closed
neon

nickel plate

N/O
NOM

NPO

NPN

NRFR

NSR

OBD
OH
ox

PC
PF

PH BRZ
PHL
PIV
PNP

P/O
POLY
PORC
POS
POT
PP
PT
PWV

RECT
RF
RH

= mechanical part
= plug

= transistor

= resistor

= thermistor

= switch

= transformer

= terminal board
= test point

= normally open
= nominal

= negative positive zero
(zero temperature
coefficient)

= negative-positive-
negative

= not recommended for
field replacement

= not separtely
replaceable

= order by description
= oval head
= oxide

= peak

= printed circuit

= picofarads= 10-12
farads

= phosphor bronze

= phillips

= peak inverse voltage

= positive-negative-
positive

= part of

= polystyrene

= porcelain

= position(s)

= potentiometer

= peak-to-peak

= point

= peak working voltage

= rectifier

= radio frequency

= round head or
right hand

< C

N-<><i§

RMO
RMS

RWV

S-B
SCR
SE
SECT
SEMICON
Sl
SiL
SL
SPG
SPL
SST
SR
STL

TA
D0
TGL
THD
T
TOL
TRIM
TWT

VAR
vDCw

w/

wiv

ww
w/0

= integrated circuit

= vacuum, tube, neon
bulb, photocell, etc

= voltage regulator

= cable

socket

= crystal

= tuned cavity network

= rack mount only
= root-mean square

= reverse working
voltage

= slow-blow

= screw

= selenium

= section(s)

= semiconductor
= silicon

= silver

= slide

= spring

= special

= stainless steel
= split ring

= steel

= tantalum

= time delay

= toggle

= thread

= titanium

= tolerance

= trimmer

= traveling wae tube

= micro=10-6

= variable
= dc working volts

= with

= watts

= working inverse
voltage

= wirewound

= without

6-2
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Replaceable Parts

DETAIL
B

v

ROTATED
180°

MP46

A3

SEE
DETAIL B

MP3/H11| H6 1602A-028-11-77

Figure 6-1.
Illustrated Parts Breakdown
6-3




Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part <l Mfr
: £ Q Description Mfr Part Number

Designation Number ty P Code

\

|

| CHASSIS PARTS

\ Ay 0160266501 BOARD ASSEMBLY, MAIN 28480 01602=66501

| A2 01602=66%02 BOARD ASSEMBLY, KEYBOARD 28480 01602°66%02

| A3 0160266503 BOARD ASSEMBLY, DISPLAY 28480 01602=66503

| Ay 01602«66%04 B0ARD ASSEMBLY, HPeIB INTERFACE(OPT 001) 28480 01602266504
AS 01602=62101 DATA PROBE ASSEMBLY 28480 0160262101
A 0160262102 WIRE-ADAPTER, PROBE 28480 0160262102

‘ A7 0160266807 BOARD ASSEMBLY, HPeIB CONNECTOR(OPT 001) 28480 01602266507
A8 01602266508 B0ARD AB8EMBLY, ROM 28480 01602=66508
CRt 19060093 1 DI0DE=FW BRDG 100V 3%A 02036 MDA3SO!

| €1 03400511 1 INSULATOR=XS8TR KAPTON 0260H 43e77e2

| [ £] 03600009 1 TERMINAL®SLDR LUG PL=MTG FORe#6=8CR 04600 1912

! £3 03601632 4 TERMINAL=8LDR LUG LKeMTG PORe#3/8e8CR 79963 761=3/8

|

\ Fi 2110e0202 1 FUSE ,5A 250V 8LOeBLO !,2%%x,2% UL IEC ouv0C 313,500

\ (FOR 100=120V OPERATION)
ry 211020201 1 FUSE ,2%A 250V 8LOeBLO 1,25X,2% UL IEC 04v0C 313,250

(FOR 220=240V OPERATION)

M1 22000103 22 SCREWeMACH Ueld0 ,25=INelG PANeHD=POZ! 28480 22000103
H2 21900910 ? WASHEReLK INTL T NO, 4 ,12eINelD 02036 0uUAS2200F01
H3 2200014} 1 SCREW=MACH U=ld0 ,312=INeG PANwNHDePOZI 28480 220000141
Ha 22000151 1 SCREWeMACH 4ed0 ,7SeINsLG PANeHDePOZI 28480 220000151
HS 22000168 [} SCREW=MACH 4wyl ,25=INeLG 82 DEG 20480 22000168
Hé 23600117 8 SCREWeMACH 6232 ,375=INelG PANeHD=POZI 28480 23600117
H? 2360-0118 19 SCREWeMACH 632 ,312eINe_G PANeKD=POZ1 28480 236001158
H8 23600139 4 SCREWeMACH 632 2oIN=LG PANeHD=POZ] 28480 23600139
He 23200003 [} NUToHEXwDBL=CHAM 6832=THD ,094eINeTHK 28480 24200003
H10 29%0-0001 L} NUToHEX=DBLoCHAM 3/8232aTHD ,09deIN=THK 28480 29500001
M1t 3080=0010 16 WASHEReFL MTLC NO, & ,147aINeID 28480 3050=0010
Hi2 30500238 6 NASHER=FL MTLC NO, 4 ,117«INelD 28480 30800238
H13 2190=0018 4 WASHEReLK HLCL NO, 6 ,141eINelD 28480 219020018
H14 2200-0105 4 SCREW-MACH 4-40 .312-IN-LG PAN-HD-POZI 28480 2200-0105
Ji1 125020083 4 CONNECTOReRF BNC FEM 8GLeWOLEwFR S0eOMM 0331F 28JRei30e}
J2 12500083 CONNECTOR=RF BNC FEM 8GLeMOLE=FR S0=0KHM 0334F 28JRei30ey
J3 125020083 CONNECTORwRF BNC FEM 8GLoWOLE=FR S0eOMM 0334F 28JRe130el
Jy 12500083 CONNECTOR=RF BNC FEM 8GLeKOLE=FR S0=OHM 033LF 28JRe130e]
MPY 850400170 H GUIDEIPLUG=IN PC BOARD 28480 S0u0e0170
MP2 80400571 1 CABINET-TOP 28u80 50400571
MP3 80400572 1 CABINET-BOTTOM 28480 50400572
MPY 80407946 1 KEYCAP-LINE POWER ROCKER SWITCH 28480 5040=794e

| NPS 804120080 1 KEYCAP-STOP 28480 S041=0050

| MPe 50410051 1 KEYCAP-DON'T CARE 28480 $0u1e00%]

| MP? NOT USED
MP8 80410301 1 KEYCAP-BLANK 28480 504120301
MPo 80410631 i KEYCAP-TRACE 28480 S0uie=0631
MP10 §041e06%0 1 KEYCAP-BINARY 28480 S0ul=0650
MP11 504120691 1 KEYCAP-OCTAL 28480 S0u1e065]
MP12 504106852 l KEYCAP-DECIMAL 28480 S0u1e0652
MP13 504120693 1 KEYCAP-HEX 28480 §0ule0653
MP14 80410654 1 KEYCAP-CLOCK EDGE 28480 S0ule0654
MP1S 80410676 1 KEYCAP-1 28480 S0ul=0676
MP16 S041e0677 1 KEYCAP-2 28480 S0Ule0677
MPL7 30410678 1 KEYCAP-3 28480 S0Ui=0678
MP18 50410679 1 KEYCAP-4 28480 S0ule0679
MP19 S041=0680 1 KEYCAP-5 28480 S041=0680
MP20 $041e0681 1 KEYCAP-6 28480 $041=068]
MP21 80410682 1 KEYCAP-7 28480 S0ul=0682
Mp22 $041=0683 1 KEYCAP-8 28480 S0uie0683
Mp23 80410684 1 KEYCAP-9 28480 80ule0684
MP24 S0u1=0688 1 KEYCAP-0 28480 S0ule0685
MP2S S041-0687 (] KEYCAP-CLEAR TRIG 28480 S0Uie0687
MP2e NOT USED
MP27 $041=07%9 { KEYCAP-LOGIC POL 28480 S0u1=0759
MP28 8041=0760 1 KEYCAP-WORD WIDTH 28480 S041=0760
MP29 80410761 1 KEYCAP-DATA TRIG 28480 S04le0761
MP30 80410762 1 KEYCAP-WORD NUMBER 28480 S0U1e0762
MP3Y 504le0763 1 KEYCAP-AT TRIG WORD 28480 S0ule0763
MP32 80410764 1 KEYCAP-PRIOR WORD 28480 S0ul=0764
MP33 80410768 1 KEYCAP-NEXT WORD 28480 50Uie0768
MP3Y 80410766 1 KEYCAP-TRIGGER 28480 S04l=0766
MP3S 80410767 1 KEYCAP-DELAY 28480 S041=0767
MP36 50410790 1 KEYCAP-A 28480 S0ui=0790
MP37 504107914 1 KEYCAP-B 28480 S0ui=0794
MP38 80410792 1 KEYCAP-C 28480 5041=0792
MP39 80410793 1 KEYCAP-D 28480 504ie0793
MP40 80u1=0794 1 KEYCAP-E 28480 S0u1=0794

See introduction to this section for ordering information

Replaceable Parts

Table 6-2. Replaceable Parts (Cont’d)

Model 1602A

Reference HP Part ot Mfr
3 : Q Description Mfr Part Number
Designation Number kY P Code
MP41 5041-0795 1 KEYCAP-F 28480 5041-0795
MP42 7120-6134 1 LABEL-INFORMATION 5.8-IN-WD 8.6-IN-LG 28480 7120-6134
(KEYBOARD FUNCTIONS, MESSAGE CODES)
7120-6467 LABEL-INFORMATION (FRENCH) 28480 7120-6467
7120-6468 LABEL-INFORMATION (SPANISH) 28480 7120-6468
7120-6469 LABEL-INFORMATION (ITALIAN) 28480 7120-6469
7120-6697 LABEL-INFORMATION (JAPANESE) 28480 7120-6697
7120-6960 LABEL-INFORMATION (GERMAN) 28480 7120-6960
MP43 71206138 1 NAMEPLATE ,4eINeWD 9,38«IN=lG AL 28480 71206138
LLIY] 0160200201 1 PANEL, KEYBOARD 28480 01602=00204
MPYS 01602<00202 i PANEL, REAR 28480 01602=00202
MPa4s 01602012014 1 BRACKET, DISPLAY 28480 01602=012014
MPa7 01602=01202 1 CLAMP, STRAIN RELIEF 28480 0160201202
MP48 01602=211014 4 HEAT SINK 28480 01602=21101
MP49 01602228101 I WINDOW, DISPLAY 28480 01602=28101
MPSO 01602264101 1 L1D, BTORAGE 28480 01602=64104
MPS | 01602=64102 1 COVER, REAR PANEL(MP=IB KOLES) 28480 01602=64102
MPS2 01602=647014 1 STAND, REAR PANEL 28480 01602=647014
MpS3 01602294301 1 LABEL, LINE VOLTAGE(FPUSE REQUIREMENTS) 28480 01602=94301
MPE Y 01607=61612 1 CABLE, VOLTAGE REG, (CR1) 28480 01607=61612
MPSS 040320179 4 FEET 28480 060320179
MPSe 1460=1607 ? STRAP-GROUND 28480 1460=1607
MP57 01602-94302 3 LABEL-OPERATOR IDENTIFY DISPLAY 28480 01602-94302
MP58 4040-1345 1 COVER-LINE PWR RECEIPT PROTECTOR 28480 4040-1345
MP59 4342-0037 ) FELT STRIP 28480 4342-0037
MP60 0590-0935 2 STANDOFF-THREADED (4-40) 28480 0590-0935
P1 0960-0444 1 POWER MODULE, UNFILTERED 28480 0960-0444
Q1 1854-0558 1 TRANSISTOR NPN SI DARL PD=70W FT=1MHZ 28480 1854-0558
81 3101=2080 1 SWITCH=RKR BASIC DPDT N8 3A 2%50VAC 28480 31012080
T 9100=399¢ 1 TRANSFORMER, POWER 28480 9100=399¢
L1} 81201378 1 CABLE AS8Y 18ANWG 3«CNDCT JGKeJKT ,2%5e0D 28480 8120=1378
(Ua8,A0)
LH 01602=61605 1 CABLE, LINE SWITCH 28480 01602=61605
W3 01602=61604 1 CABLE, DISPLAY (A3) 28480 0160261604
Ll 01602=61602 1 CABLE, POWER SUPPLY OUTPUT DISCONNECY 28480 01602=63602
WS 01602261607 1 CABLE, GROUND (1,329 rT7,) 28480 01602=61607
We 01602=61608 1 CABLE, GROUND (1,696 FT, 28480 01602=61608
W7 01602-61609 1 CABLE, GROUND (WIRE BRAID 0.125 FT.) 28480 01602-61609

See introduction to this section for ordering information
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Model 1602A

Replaceable Parts

Table 6-2. Replaceable Parts
Reference HP Part Q > —— Mfr
> 4 escription Mfr Part Number
Designation Number e P Code
Ay 01602266501 1 BOARD ASSEMBLY, MAIN 28480 01602=66501
ALCH 0180=2762 1 CAPACITOR«FXD ,01F4785=10%x 15VDC AL 0Suer TCGI03UISN3ICIP
AlC2 0180=2763 | CAPACITOR=FXD 2300UF+7S=i0X 25VDC AL (L1114 TcGa32uo2asJaLlp
Af1CS 01603454 8 CAPACITOReFXD ,01UF ¢80e20% 100VDC CER 28480 01603451
ALca 0160=3481 CAPACITOR=FXD ,01UF +80220X% 100VDC CER 28480 0160=34Sy
ALCS 01603508 11 CAPACITOR«FXD JUF +80220% SOVDC CER 28480 01603508
ALCs 0140=0190 | CAPACITOR=FXD 39PF +=SX% 300VDC 72136 DMISE3F0JO300WVICR
ALC? 0160=2101 ) CAPACITOR=FXD 27PF +=2% 300VDC 28480 01602101
A1CS 01602101 CAPACITOReFXD 27PF ¢=2X 300VODC 28480 0160=2101
AfCO 01602307 1 CAPACITOR=FXD 47PF +«SX 300VDC 28480 0160=2307
AfCt10 0160=3%08 CAPACITOR=FXD {UF +80=20X SOVDC CER 28480 0160=3%508
A1C11e 01602202 1 CAPACITOR=FXD 7SPF +=3% 300VvDC 28480 0160=2202
AiC12 0160=2101 CAPACITOR«FXD 27PF ¢e2X 300VDC 28480 01602101
A1C13 0180=0229 2 CAPACITOR=FXD 33UFeei0X 10VDC TA o420J 18500336X901082
A1C14 0180s0229 CAPACITOR@FXD 33UFe=10% 10VOC TA 0420 | 1500336X901082
ALC1S 0180=0116 1 CAPACITOR=FXD 6,8UF¢e10X 3ISVDC TA 0420J 1500685%x903%82
A1C16 01602101 CAPACITOReFXD 27PF +e2X% 300VOC 28480 0160210}
ALC1? 0160=3481 CAPACITOR=FXD ,01UF ¢80e20% 100VDC CER 28480 0160e3451
AfCt18 01603491 CAPACITOR=FXD ,01UF ¢80e20% 100VDC CER 28480 01603454
A1C19 0160=349%1 CAPACITOR=FXD ,01UF +80=20% 100VDC CER 28480 01602345
ALC20 01603481 CAPACITOR=FXD ,01UF ¢80e20% 100VDC CER 28480 0160348}
AfC2y 0160348y CAPACITOReFXD ,01UF +80w20% 100VDC CER 28480 0160345
Ajc22 01603484 CAPACITORPXD ,01UF +80e20X 100VDC CER 28480 0160345
Aices 0160=3%508 CAPACITOReFXD JUF +80220% S0VDC CER 28480 01603508
ALc24 0160=3%508 CAPACITOReFXD {UF +80=20% SOVDC CER 28480 0160=3508
Alcas 0160-3%508 CAPACITOReFXD 1UF +80=20% SOVDC CER 28480 0160=3508
A1C2¢ 01603508 CAPACITOR=PXD 1UF +80=20% SOVOC CER 28480 01603508
Ajc27 01603508 CAPACITORSFXD {UF +80=20% SOVOC CER 28480 016023508
Ajcas 01603508 CAPACITOReFXD {UF +80=20% SOVDC CER 28480 016023508
AqC2e 01603508 CAPACITOReFXD {UF +80s20% SOVDC CER 28480 0160=3508
3441 01603508 CAPACITOR=FXD {UF +80s20% SOVDC CER 28480 0160=3508
A1C3y 01603508 CAPACITORFXD 1UF +80e20% SO0VDC CER 28480 0160=3508
AfCRY 19060006 1 DIODE=FW BRDG 400V 1A 28480 1906=0006
ALCR2 19010838 2 DIODE=8CHOTTKY 28480 19010538
AfICRY 19010538 DIODE=SCHOTTKY 28480 1901=053%
AtFy 211020003 1 FUSE 3a 250V FaASTesLO 1,2%5X,2% UL IEC 04v0C 312003,
A1F2 2110=0012 1 PUSE ,SA 250V FASTeBLO {,25X,2% UL IEC 0470C 312,500
ALJt 12000474 1 SOCKET=IC 14=CONT DIP=SLDR 03281 C8A=3100e14B
AtLJ2 1200=0473 1 SOCKET=IC 16=CONT DIP=SLOR 28480 120020473
ALJ3 12511626 1 CONNECTOR=PC EDGE 12=CONT/ROW 2<ROWS 04S06 292=122302300
ALt 9100e1781 1 COIL=MLD B82UM SX Qmy2 ,1850X,37S8LG 28480 91001781
APy 211020269 4 | wuseMoLDEReCLIP TYPE ,28perusE 28480 | 211000269
R 220020143 1 | BCREWeMACH Gal0 ,37SeINaLG PANeHDePOZI 28480 | 2200e0143
A{MPY 22600001 1 NUTeHEXeDBLuCHAM U4el0eTHD ,094eINaTHK 28480 2260000014
AgMPY 3080=023% 1 WASHERePL MTLC NO, 4 ,117eINelD 28480 30500235
ALMPS 305007914 1 INSULATOR=XSTR NYLON 28480 30800791
YL 21900019 1 WASHEReLK HLCL NO, 4 ,11SeINeID 28480 21900019
AfMp? 120520338 1 | HeATsINk 28480 | 120500338
AgMPS 125140048 2 SOCKET-GROUND (TEST POINT CUP) 28480 12814048
A1TMP9 1400-0747 1 CABLE TIE .062-4-DIA. .184-WD NYL 59730 TY-28M-8
(CAPACITOR RESTRAINT)
A1P1 1251-3004 1 CONNECTOR 40-PIN M RECTANGULAR 76381 3432-2002
A1P2 1251-0513 1 CONNECTOR 5-PIN M POST TYPE 27264 09-60-1051
AlQY 1884=0628 2 TRANSISTOR NPN 81 T0=92 PDup28Mw 02036 MP8eN1T
AL1Q2 18840628 TRANSISTOR NPN 81 T0e92 PDE628MW 02036 MPBeMLT
ARy 069823181 1| RestsTOR 2,87k 1X ,125W F TCE04e100 03298 | Chei/8eT0e2871eF
AtR2 078720439 1 | mesrsToR 6,81k 1x 125K F TCE0¢a100 03298 | Cdei/B8eTOmb811eF
AgRY 0684=1021 2 REBISTOR (K 10X ,28W PC TCm=y00/4600 01606 81021
A{RG 07870418 2 | RESISTOR 619 1% 125w F TCu0¢=100 03298 | Cae1/8eToepi9R=F
ALRS 06983447 2 RESISTOR 422 1% ,12%W F TCm0¢e100 03298 Cuey/8=T0=y23ReF
ARy 0684=2711 1 RESISTOR 270 10% ,25W PC TCuel00/4400 01606 cmarit
ALR? 06987923 H RESISTOR 18 10X ,125w CC TCw=270/4540 01606 BB18014
AtRe 075720428 1| RESISTOR 1,62k 1X ,125W F TC804e100 03298 | C4ei/BeTO=1621aF
ALRY 0684e2211 1 RESISTOR 220 10% ,25w FC TCo=d00/4600 01606 cez21!
ALRIO 06987923 RESISTOR 18 10% ,12%W CC TCm=270/4540 01606 881801
AIR1Y 07870430 i RESISTOR 2,21k 1X ,125W F TCE0+=]00 03298 Clel/8eT0e22i]ieF
AfR12 0684ed71y 1 RESISTOR 470 10X ,25W FC TC®eld00/4600 01606 cBuTyy
AfR13 075720442 2| ResistOR 10K 1X ,125W F TCmO4el00 03298 | Cue1/8eT0s1002eF
ALR1g 0787=0442 REBISTOR 10K 1% ,12%w F YCEm0e=i00 03298 Clel/B8eT0=1002=F
AiRis 068421021 RESISTOR 1K 10% ,25W PC TCEel00/¢600 01606 | cB81021

See introduction

to this section for ordering information
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Table 6-2. Replaceable Parts (Cont’d)

Model 1602A

Reference HP Part e Mfr
: s Q Description Mfr Part Number
Designation Number i P Code
AIR16 07870418 RESISTOR 619 1% ,125W F TCE0¢e100 03298 Clel/BeT0=bi9RF
AgRyY 06983447 REBIBTOR 422 1% 125W F TCEO¢=100 03298 Caey/8=T0ou22ReF
AtRie 0684=p821 1 RESISTOR 6,8K 10X ,25W FC TC®ed400/4700 01606 cBes2l
ALTPY 12512229 2 CONNECTOR=8GL CONT 8KT ,033«INeB8Ce82 0138J 13316773
AgTP2 12812229 CONNECTOR=8GL CONT 8KT ,0330INeBSC=82 0138J 123316773
ALTP3 036020838 2 TERMINAL, TEST POINT 4681l 080
ALTPY 0360+053S TERMINAL, TEST POINT 4Gl 080
AUy 1820=1430 [] Ic CNTR TTL LS BIN SYNCHRD PO8eEDGE=TRIG 03790 AMT74L8164N
Afu2 181621092 2 IC RAM TTL 256 X 1-BIT 28480 18161092
AtU3 18200691 Il IC GATE TTL 8 ANDeOReINV 02236 7a864PC
A1us 1820e1478 4 IC CNTR TTL 8 BIN SYNCHRO POSEDGE=TRIG 02236 938160C
Ajus 1820=1430 IC CNTR TTL L8 BIN SYNCHRO POS=EDGE=TRIG 03790 AMT7ALBL6IN
Atue 18180316 1 IC PROGRAM STORAGE UNIT MOS 28480 181800316
ALu? 1816=0728 2 1¢ 828091 RAM TTL 0291J 828091
ALue 1820=0688 3 IC GATE TTL 8 NAND TPL 3eINP 0169H SN74810N
Asue 1820=1478 IC CNTR TTL 8 BIN SYNCHRO POS=EDGE=TRIG 02236 938160C
Atuto 18200685 1€ GATE TTL 8 NAND TPL 3eINP 0169H SNTU810N
AtUtg 18201478 I¢ CNTR TTL 8 BIN SYNCHRO POSeEDGE=TRIG 02236 938160C
Afuta 1820=1478 IC CNTR TTL 8 BIN SYNCHRO POSEDGE-TRIG 02236 938160C
Atu1s 182020688 ) IC GATE TTL 8 NAND DUAL &eINP 02236 74820PC
Afuly 18180314 1 IC PROGRAM STORAGE UNIT MOS 28480 18180314
AfU1s 182021130 1 € GATE TTL 8 NAND 13=INP 0169M SN748133N
AlULe 1816=0728 I1C 828091 RAM TTL 0291y 828091
Agut? 1820=1416 2 1¢ SCHMITTeTRIO TTL L8 INV HEX feINP 0169H SNT4LB14N
Afuis 1820=0683 1 IC INV TTL 8 WEX 1eINP 02236 74804PC
ALuse 18200691 I1C GATE TTL 8 AND=OReINY 02236 74864PC
Atu20 18201416 IC SCHMITTeTRIG TTL L8 INV MEX 1eINP 01 69K SN74LSLAN
Afu21 1820=1199 2 IC INV TTL L8 HEX feINP 0169H BNTULBOUN
Atu22 1820=1927 1 IC GATE TTL 8 AND QUAD 02236 9841PC
Afuas 18161092 IC RAM TTL 256 X 1-BIT 28480 181621092
Atu2q 1820=12082 1 IC FF TTL LS JeK BAR POSeEDGE=TRIG 0169H SNTALS100N
Atuas 18200693 1 IC PP TTL 8 DeTYPE POS<EDGE=TRIG 02236 74874PC
AfU26 182020691 IC GATE TTL 8 AND=OReINV 02236 74864PC
Aju27 18200691 IC GATE TTL 8 ANDeQR=INV 02236 74864PC
ALu2s 1820<1372 ] IC FF TTL 8 JeK BAR CLEAR DUAL 02236 7481090C
Aju2e 1820«1372 Ic PP TTL 8 JeK BAR CLEAR DUAL 02236 7481090C
ALuso 182000688 IC GATE TTL 8 NAND TPL JeINP 0169K 8N74810N
ALU3y 1826=0409 1 I¢ 723 V RGLTR 02236 UAT230M
Atus2 18201428 ] IC SCHMITTeTRIG TTL L8 NAND QUAD 2<INP 0169H SNT4L8132N
Aguss 1820=11%8 1 IC GATE TTL 8 AND=OR=INV DUAL 2<INP 0169H SNTUSSIN
ALUSS 18200697 1 IC ORVR TTL 8 NAND LINE DUAL deINP 02236 748140PC
ALUSS 1820=1433 H 1C 8HF=RGTR TTL L8 Re8 SERIAL=IN PRL OUT 0169H SNTULB16UN
AfU3e 18201433 IC BHFeRGTR TTL L8 Re8 SERIAL=IN PRL OUY 01694 BNT4L8164N
ALu3? 18201430 IC CNTR TTL L8 BIN BYNCHRO POSeEDGE=TRIG 03790 AMT4LBL6IN
Ajuls 1820-1430 IC CNTR TTL L8 BIN SYNCHRO POSeEDGE=TRIG 03790 AMTALS16IN
AtUse 18201430 IC CNTR TTL L8 BIN BYNCHRD POS=EDGE=TRIG 03790 AMTULBL6IN
Atuso 18201430 IC CNTR TTL L8 BIN SYNCHRO POS=gDGE=TRIG 03790 AMTALB164N
Ajyay 18201928 1 IC MICPROC MOS (CPU) 04OTH MK3850N=3
Afu42 1820=1199 IC INV TTL L8 HEX jeINP 0169H SNTULBOAN
Atuas 1820=1440 1 I LCH TTL L8 QuAD 0169M SNTALS8RT9N
Afuas 182600147 1 Ic 7812 V RGLTR 02236 78120C
Aguas 1810=0308 2 NETWORK=RES 9ePINeBIP ,i1oPIN=SPCG oa4sc 750 SERIES
Atuse 18100308 NETWORKRES 9«PINeSIP ,1ePIN8PCG 0248¢C 750 SERIES
A1XUB 1200-0624 3 SOCKET-IC 40-CONT DIP-SLDR 82647 €934010
A1XU7 1200-0663 2 SOCKET-IC 28-CONT DIP-SLDR 0138J 530018-3
A1XU14 1200-0624 SOCKET-IC 40-CONT DIP-SLDR 82647 €934010
A1XU17 1200-0663 SOCKET-IC 28-CONT DIP-SLDR 0138 530018-3
A1XU41 1200-0624 SOCKET-IC 40-CONT DIP-SLDR 82647 €934010
A2 0160266802 1 BOARD ASSEMBLY, KEYBOARD 20480 0160266302
A201 01700066 1 CAPACITOReFXD ,027UF 4=10X% 200VDC POLYE 04200 292P27392
Axc2 0140201908 2 CAPACITOR=FXD 200PF ¢o5% 300VOC MICA 72136 OM1SP201JO300WVICR
A2C3 014001908 CAPACITOReFXD 200PF ¢=5% 300VDC MICA 72136 OMISPR201J0300WVICR
A2Ca 0160=3443 3 CAPACITOR=FXD ,1UF +80e20% SOVOC CER 28480 01603443
A2CS 016023443 CAPACITOReFXD ,1UF ¢80=20% SOVDC CER 28480 01603443
A2Ce 0160e3443 CAPACITOR=PXD ,1UF ¢80e20% SOVDC CER 28480 01603443
A2¢C7 01603647 ) CAPACITOR=FXD 22PF ¢=5X 100VDC CERO¢e30 28480 04603647
A2cC0 01603647 CAPACITOR=FXD 22PF 48X §00VDC CERO¢e30 28480 016003647
A2CY 016003647 CAPACITOR=FXD 22PF +o8% §100VDC CERO¢=30 28480 016003647
A2C10 016023647 CAPACITOReFXD 22PF +e5% 100VDC CERO¢=30 28480 016003647
A2CRY 190120028 3 DIODE=GEN PRP 100V 200MA DOe? 28480 19010028
AQCR2 190120028 DJODE=GEN PRP 100V 200MA DQe? 28480 19010028
A2CR3 19010028 DIODE=GEN PRP 100V 200MA DOe? 28480 19010028
A2081 19900486 (] LED=VISIBLE LUMeINT®IMCD JPuROMA=MAX 28480 1990=0486
A2002 19900486 LED=VISIBLE LUMeINTRIMCD IFBROMA=MAX 20480 199020486
A2083 199000486 LEDeVIBIBLE LUMINTBIMCD JFER0MA=MAX 28480 1990=0486
AQD84 199000486 LEDeVISIBLE LUMaINTEIMCD IPRROMA=MAX 28480 199000486
A2088 199000486 LED=VISIBLE LUMINTEIMCD IPB20MA=MAX 28480 19900486
See introduction to this section for ordering information
6-6

BB e heRel

TR T



i g e s SRR Mo o ol sl oo oo doeoaahod i _ambGmmmooa e amnan _aaaihh o catme bl S mE. o | _masd oo it oboabaee o Stliant Do B o

Model 1602A

Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

Reference HP Part Q o T—— Mfr
; e escription Mfr Part Number
Designation Number ty P Code
A208¢ 1990=0486 LED=VISIBLE LUMsINTS{MCD IFB20MA=MAX 28480 199020486
A2M1 23600118 4 SCREWeMACH 6032 ,312eINelG PAN=HD=POZ] 28480 236000119
AQMPY 01602200203 ! PANEL, SUPPORY 28480 01602=00203
AavP2 1460=1606 [) SPRING-CONTACT 28480 146001606
AQ01Y 18540218 1 TRANSISTOR NPN 81 PD=3SOMW FTE300MHZ 02036 sps 36t
A202 1853=0036 1 TRANSISTOR PNP 81 PDm310OMW FT®2SOMMZ 28480 18530036
A2RY 068404734 1 RESISTOR 47K 10X ,2%5W FC TCmeld00/+800 01606 cB4TIY
AQR2 0684e%621 { RESISTOR S,6K 10% ,25w PC TCu=sU400/¢700 01606 case2!
A2R3 068UebB0Y i RESISTOR 68 10X ,2%W FC TC==400/+500 01606 (4. L1
A2RY 0684e3321 1 RESISTOR 3,3K 10X ,25W FC TC®=400/¢700 01606 ce3lal
A2RS 0787=0416 1 RESISTOR 511 1X ,125W F TCE0¢=100 03298 Clel /8705 iRep
A2RG 06842711 1 RESISTOR 270 10X ,25W FC TCm=d00/4600 01606 cs2r1t
A2R? 07870273 | RESISTOR 3,01K 1% ,125W F TCu0¢e100 03298 Cu=1/8=T0=301]eF
A2RS 07870440 (| RESISTOR 7,5K 1X ,125W F TCs0¢ei00 03298 Cdel/8eT0=?S0iaF
A2R9 0787=0442 1 RESISTOR 10K 1X ,125W F TC®0¢=100 03a%s ClUel/B8eTO0e]002eF
A2R10 06842211 6 RESISTOR 220 10X ,25W PC TCewld00/¢600 01606 csz21!
A2R1Y 0684=221) RESISTOR 220 10% ,25W PC TC®med00/4600 01606 (1-F11%}
A2R12 0684e2211 RESISTOR 220 10X ,25W FC TCmel00/4600 01606 ce2211l
A2R1S 0684s2211 RESISTOR 220 10X ,25W PC TCmed00/4600 01606 ceaail
A2R1G 0684s2211 RESISTOR 220 10% ,25W FC TCmed00/+600 01606 (41.11 1%}
A2R1S 0684e2211 RESISTOR 220 10X ,2%5W FC TCeed00/4600 01606 csa21!
A281e
A2839 3101=2137 39 SWITCHepB 8PSTeND MOM - 28480 3101=2137
AU 1820=1429 1 lé CNTR TTL LS DECD 8YNCHRO 03790 AMT74L8160N
Au2 18200174 1 Ic INV TTL HEX {eINP 02236 7404PC
A2U3 18210002 1 TRANSISTOR ARRAY 0192A CA304S
A2U4 18201426 i 1c DEDR TTL L8 BCDeTO=DEC 4eTO=i0ulLINE 0169H SNTULBLASN
AQUS 18100303 1 NETWORKRES BaPINeSIP ,1aPIN«8PCG 28480 18100303
A2U6 18100304 1 NETWORK=RES 6«PIN=SIP ,1=PINe8PCG 0248C 780ebieRIK
A2wy 0160261603 1 CABLE, KEYBOARD 28480 01602=61603
A2XD81e
A2xD86 80611249 ¢ SOCKET-LED (2 PIN) 28480 S061el249
A3 0150266503 1 BOARD ASSEMBLY, DISPLAY (NOTE: DISPLAY 28480 0160266503
CABLE W3, 01602#61604 NOT INCLUDED)
A3CH 01800229 1 CAPACITOReFXD 33UFe¢=10% §0VOC TA 042o0J 1500336X901082
ASC2 0180=0116 1 CAPACITOReFXD 6,8UFP¢ei0X 3SVDC TA 04204 1850D685X903%882
A3DSY 19900618 q LED=VISIBLE LUMINTEB00UCD IFméOMA=MAX 28480 1990=0618
A3DS2 1990=0618 LEDeVISIBLE LUMsINTEB00UCD IFRGOMA=MAX 28480 19900618
A3DS3 1990=0618 LED=VISIBLE LUMeINTRBO0UCD IPBOOMA=MAX 28480 1990=0610
A3DB4 1990-0618 LEDeVISIBLE LUMaINTSB00UCD IFBOOMAeMAX 28480 19900618
A3Ry 0684010141 2 RESISTOR 100 10% ,25W FC TC®=d00/¢500 01606 c8104d
A3R2 06841011 RESISTOR 100 10X ,25W FC TC®ed00/¢500 01606 ce104d
ASR3 0684wbB821 1 RESBISTOR 6,8K 10X ,25W FC TCE=d00/¢700 01606 (4.11.11)
A3U1 18858-00808 2 TRANSISTOR ARRAY f4epIN PLBTC TOe=116 02036 MPQ3906
ASU2e
A3UL9 19900619 18 DI8PLAYeNUM SEG {=CHAR ,3eH GA=ARSDePPHD 28480 19900619
ASU20 18580088 TQANIIUTOR ARRAY 14ePIN PLOTC TO=116 02036 MPQRIV0G
A3u2t 1020=1199 2 INV TTL L8 WEX {eINP 0169M SNT4LB0AN
ASU22 1820e1234 b} IC ORVR MO8 HEX {eINP 02036 MCT7S492P
ASU23 18201196 3 I¢ PP TTL LS DeTYPE POSEDGE=TRIG COM 03790 AMTULBLTUN
A3U24 182012331 IC ORVR MO8 HEX {=INP 02036 MCT78492P
A3uas 10201194 I1C PP TTL LS D-TVP( PDI-IDGI-TIIO com 03790 AMT4LB1T74N
A3U26 102012314 16 DRVR MOS8 HEX 1eINP 02036 MCT7S402P
ASU27 1820=1196 Ic PP TTL L8 DeTYPE POSSEDGETRIG COM 03790 AM74LBLTUN
A3uRe 1810=0306 1 NETWORKeRES 16=PINeDIP ,1aPIN=8PCC 28480 18100306
(3 {V} 1] 10201199 I€ INV TTL L8 HEX jeINP 0169H SN74LB0UN
ASU30 18100302 2 NETWORK=RES B8«PINeSIP ,1=PIN<SPCG 28480 181000302
ASUSY 1810=0302 NETWORK=RES 8«PIN=8IP ,iePIN=SPCG 28480 181020302
A4 LISTED UNDER OPTION 001
(AT END OF REPLACEABLE PARTS LIST)

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part - Mfr
; : Q Description Mfr Part Number |
Designation Number Y P Code
AS 0160262101 1 DATA PROBE ASSEMBLY 28480 0160262101
NOTE} {
BOARD ASSY A5A1 AND PROBE CABLE A5W1
ARE NOT SOLD SEPARATELY. TO OBTAIN
REPLACEMENTS, THE ENTIRE DATA PROBE
ASSY (01602262101) MUST BE ORDERED,
ASHY 0624=0306 4 SCREWeTPG 2228 ,5=INeLG PANeHD=POZI S8TL 28480 0624=0306
4
ASMPy $0408208 1 PROBE COVER-BOTTOM 28480 50408208
ASMP2 504028209 g PROBE COVER-TOP 28480 804028209
ASMPY 71206133 1 LABEL-PROBE 28480 71206133 ;
ASAiCY 01800229 1 CAPACITOR=FXD 33UF+=i0X 10VDC TA 04200 150D336X901082
AsAiC2 01603443 5 CAPACITOR=FXD ,{UF ¢80w20% SOVDC CER 28480 016003443
ASALCS 0160w3443 CAPACITOR=FXD ,1UF +80=20% SOVDC CER 28480 0160=3443 1
ASAicy 01603443 CAPACITOR=FXD ,1UF +80=20% S0VDC CER 28480 01603443
ASALCS 0160=3443 CAPACITOR=FXD ,1UF +80=20% SOVDC CER 28480 0160=3443
ASALCS 016003443 CAPACITOR=FXD ,1UF +80=20% SOVDC CER 28480 0360=3443
ASALJY 12514792 1 CONNECTORePC EDGE 20«CONT/ROW 2eROWS 28480 12814792
3
ASALRY 06983378 2 RESISTOR 51 SX ,125W CC TC®=270/4540 01606 885108
ASALR2 06983378 RESISTOR 51 SX ,125W CC TCW=270/4540 01606 BBS10S
ASALIR3 069826750 1 RESISTOR 220K 10X ,125W CC TCu=gp00/¢1137 01606 BB224! :
AsAtUl 181020301 H NETWORKwRES 16ePINuDIP ,1aPIN=8PCG 28480 18100301
ASALU2 1820=1924 3 I1c INV TTL 8 MWEX 0291J 87934
ASAIUS 182001139 N ICITTL, HEX INVERTER 28480 1820e1139 ;
ASALUG 1820=1139 ICITTL, HEX INVERTER 28480 18201139
ASALUS 18201924 Ic INV TTL 8 HEX 0291J 87934
ASALUS 18201139 IcsTTL, HEX INVERTER 28480 18201139 :
ASagu? 18201139 IeeTTL, HEX INVERTER 28480 182001139 )
ASAjUS 181020301 NETWORKRES 16ePINeDIP ,1aPIN=8PCG 28480 181000301
ASALU9 182001924 IC INV TTL 8 HEX 0291J 87934
ASALULO 1820e1139 IesTTL, HEX INVERTER 28480 1820e1139
ASAjULY 182001139 ICITTL, HEX INVERTER 28480 18201139 ]
1
J
1
As 01602262102 1 | WIREADAPTER, PROBE 28480 | 01602062102 }
AsCPie 1
Aecrys 1023062101 18 PROBE ASSEMBLY, HOOK TYPE 208480 10230=621014 1
1
AgMy 0620=0390 2 SCREW-TPG 2-28 0.625-IN-LG PAN-HD-POZI STL 28480 06200390 |
AbMPY 850408206 1 COVER-TOP 28480 8040=8206 |
AeMP2 $0u0e8207 1 COVER-BOTTOM 28480 $040e8207 :
AoMP3 71206182 1 LABEL=INFORMATION ,75S=INeWD 2,48eINslLC 28480 71206152
YY) 01602266506 1 BOARD ASSEMBLY, INTERFACE ADAPTER 28480 01602=66%506
AGALINWY S061e1231 1 CABLE-PIN ADAPTER, BLACK 28480 S061e1231
o LH S061e1232 1 CABLE-PIN ADAPTER, YELLOW 28480 850611232
ApAiw3 80611233 1 CABLE-PIN ADAPTER, WHITE/BLACK 208480 S06ie1233
AsALnG S061=1234 1 CABLE-PIN ADAPTER, WHITE/BROWN 28480 s06ieiddu
AbALNS 80611235 1 CABLE-PIN ADAPTER, WHITE/RED 28480 806101238
ApALNWG $061e1236 1 CABLE-PIN ADAPTER, WHITE/ORANGE 28480 S06iei236
AGAINTY 06101237 1 CABLE-PIN ADAPTER, WHITE/YELLOW 28480 S061e1237
A6AINS S061=1238 1 CABLE-PIN ADAPTER, WHITE/GREEN 28480 S061e1238
ABALIWY 806101239 1 CABLE-PIN ADAPTER, WHITE/BLUE 28480 80611239
AGALIWIO 8061e1240 1 CABLE-PINADAPTER, WHITE/VIOLET 28480 $06101240
I YYIUTE S061e1241 | CABLE-PIN ADAPTER, GRAY/BLACK 28480 So6lel24y
AsAIwi2 S061e1242 1 CABLE-PIN ADAPTER, GRAY/BROWN 28480 So6lel242
AGALIW13 80611243 1 CABLE-PIN ADAPTER, GRAY/RED 28480 S061ei243
A6ALWLY 80611244 1 CABLE-PIN ADAPTER, GRAY/ORANGE 28480 S061el244
AGALIWLS 8061e124% 1 CABLE-PIN ADAPTER, GRAY/YELLOW 28480 806101248
AbALWLe 8061e1246 ) CABLE-PIN ADAPTER, GRAY/GREEN 28480 S06ieldde
AGALWLY 80611247 1 CABLE-PIN ADAPTER, GRAY/BLUE 28480 S061e1247
ASALIW1IS 806101248 1 CABLE-PIN ADAPTER, GRAY/VIOLET 28480 S061e1248
A7 LISTED UNDER OPTION 001
(AT END OF REPLACEABLE PARTS LIST
See introduction to this section for ordering information
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Table 6-2. Replaceable Parts (Cont’d)

Replaceable Parts

gg:?;::fi%n nz;?)elitr Qty Description g;:je Mfr Part Number
A8 0160266308 1 BOARD ASSEMBLY, ROM 28480 01602=66508

ASCH 016023451 2 CAPACITOR=FXD ,01UF +80=20% 100VDC CER 28480 016003451

Asc2 016023481 CAPACITORFXD ,01UF 80=20% 100VDC CER 28480 016003451

Asut 18180399 1 IC PROGRAM STORAGE UNIT MOS (SELF-TEST) 28480 18180399

Agxut 12000624 S0CKET=IC 40=CONT DIP=8LOR 82647 €934010

See introduction to this section for ordering information



Replaceable Parts Model 1602A

Table 6-2. Replaceable Parts (Cont’d)

Reference HP Part SR Mfr
: . Q Description Mfr Part Number ‘
Designation Number i P Code
OPTION 001 (HP-1B)
DELETE:
A8 ROM BOARD (01602-66508)
MP51 HP-IB REAR PANEL HOLE COVER
(01602-64102)
MP9 KEYCAP-TRACE (5041-0631)
MP5 KEYCAP-STOP (5041-0050) ‘
ADD THE FOLLOWING PARTS:
A 01602-66504 1 BOARD ASSEMBLY, HP=IB INTERFACE
L1132 0180=0229 1 CAPACITOR=FXD 33UFeeiOX 10VDC TA 04200 1500336X901082
Aac2 014020149 1 CAPACITOR=FXD 470PF +=5% 300VDC MICA 72136 DMISFUTIJOS00WVICR
(Y13 016023450 1 CAPACITOR=FXD S000PF 10X 250VDC CER 28480 016003450
Aaca 0160=3451 3 CAPACITOR=FXD ,01UF +80=20% 100VDC CER 28480 0160=345y
Aacs 0160=3481 CAPACITOR®FXD ,0JUF +80=20% 100VDC CER 28480 01602345}
Aace 016023451 CAPACITOR=FXD ,01UF #80e20% 100VDC CER 28480 016023451
AaJy 1251=3024 1 EANNECTOR 26=PIN M RECTANGULAR 76381 342902002 :
A4Q1 1854-0071 1 TRANSISTOR NPN SI PD=300MW FT=200MHZ 28480 1854-0071
ARy 1810=0136 1 NETWORKeRES 10ePINe8IP ,1«PIN=SPCG 28480 18100136
Aar2 07870437 . RESISTOR 4,7%K 1% ,125W F TCu0¢=100 03298 Clel/BeT0sUTS1eF q
A4r3 075720437 RESISTOR 4,75k 1% ,125W F TC®04=100 03298 Clel/8eT0euTS el
A4Ry 07570437 RESIBTOR 4,75k 1% ,12%5W F TCs0eel00 03298 Cuel/B8oT00uTSiaF
AaRs 078720437 RESISTOR 4,75K 1X ,125W F TC80¢e100 03298 Clel/8eT0eUTS er
Aare 078720437 REBISTOR 4,75K 1x ,125W F TCEO0+e100 03298 Cdel/B8eT0elTS el
A4R? 078720437 RESISTOR 4,78K 1% ,125W F TCEO¢=100 03298 Cdel/BeT0e47SaF
Agut 1820=1197 1 10 GATE TTL LS NAND QUAD 2eINP 0169H SN74LSOON ‘
Asu2 1820=1112 1 IC PP TTL L8 DeTYPE POS=EDGE=TRIG 0169H SNTULBTUN
Aaus 1820=1440 1 I¢ LCH TTL L8 GUAD 0169H SNTULS279N
Aauy 182001202 ! IC GATE TTL L8 NAND TPL JeINP 02236 9L810PC
Auus 1820=1281 1 I€ DCOR TTL L8 2e=TOsdelINE DUAL 2eINP 03790 AMT74L 8139
Aaue 1820=1216 1 I DOCOR TTL L8 3eTOe8eLINE 3=INP 03790 SN74L8138N
Aau? 1820=1416 1 IC SCHMITTeTRIG TTL L8 INV HEX jeINP 0169H SNT4LBLAN
Aaus 18201210 ? IC GATE TTL LS AND=OR=INV DUAL 2eINP 0169H SN74L8SIN
Aaue 181820388 1 IC PROGRAM STORAGE UNIT MOS 28480 181820358
Aguto 18201997 1 IC FF TTL LS DeTYPE POSEDGE=TRIG PRL=IN 03790 BNTULB3TUPC
Agutt 18201689 3 I¢ MISC GQUAD 02036 MC344eP
Agui2 1820=1689 I¢ MISC QUAD 02036 MC34ue6P
AGuis 18201908 1 IC GATE TTL LS NOR DUAL SeINP 0291J N74L82604A
Aaute 18201201 1 IC GATE TTL L8 AND QUAD 2eINP 0169H SN74LBOBN
Asuts 18201272 1 1¢ BFR TTL L8 NOR QUAD 2eINP 0169H SNT4LB33IN
Aaute 181820389 1 IC PROGRAM STORAGE UNIT MOS (SELF-TEST) 28480 181820359
Aaut? 1820=1689 I¢ M18C QUAD 02036 MC3446P
Agquis 18200904 1 IC COMPTR TTL L MAGTD SeBIT 02236 93L24PC
Aaut9 18201210 1¢ GATE TTL L8 ANDeOR=INV DUAL 2=INP 0169K SNT4LBSIN
Aau2o 1820=1282 1 IC FF TTL L8 JeK BAR POS<EDGE=TRIG 0169H SN74L8109N
AbXU9 12000624 2 8OCKETeIC 40=CONT DIP=BLDR 82647 £934010
Aaxute 12000624 8OCKET=1C 40=CONT DIP=8LDR 82647 €934010
AY 01602266507 i BOARD ASSEMBLY, HPeIB CONNECTOR 28480 0160266807
NOTE
Hp=18 CONNECTOR RECEPTACLE A7JY AND
CABLE ASSY ATW! ARE NOT 8OLD
SEPARATELY, TO OBTAIN REPLACEMENTS,
THE ENTIRE A7 BOARD A88Y (01602<66%07)
MUST BE ORDERED,
A7SY 31012197 1 OWITCH=RKR DIP=RKR=ABBY 6oiA N8 ,SA 28480 31012197
03800643 ? STANDOPF, LG 8TUD MOUNT(METRIC THREAD) 00UbA 08D
220020103 1 SCREWsMACH 4ed0 ,25eINeLG PANeHDePOZI 28480 220000103
S0410072 1 KEYCAP-TRACE, RETURN TO LOCAL 28480 80410072
50410722 1 KEYCAP-STOP, PRINT 20480 S04le0722
$951=2623 1 LABEL-OPT 001 IDENT 28480 §951=2623
See introduction to this section for ordering information
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Table 6-3. List of Manufacturers’ Codes

Replaceable Parts

Mfr =
Manufacturer Name Address Zip
No. Code
0138J AMP INC HARRISBURG PA 17105
0160G ALLEN—BRADLEY CO MILWAUKEE wi 53212
0169H TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS TX 75231
0192A RCA CORP SOLID STATE DIV SOMERVILLE NJ 08876
0203G MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85008
0223G FAIRCHILD SEMICONDUCTOR DIV MOUNTAIN VIEW CA 94040
0248C CTS OF BERNE INC BERNE IN 46711
0260H THERMALLOY CO DALLAS X 75247
0291J SIGNETICS CORP SUNNYVALE CA 94086
03251 STANFORD APPLIED ENGINEERING INC SANTA CLARA CA 95050
03298 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701
0331F SPECIALTY CONNECTOR CO INC INDIANAPOLIS IN 46227
27264 MOLEX PRODUCTS CO DOWNERS GROVE L 60515
28480 HP DIV 00 CORPORATE PALO ALTO CA 94304
28520 HEYMAN MFG CO KENILWORTH NJ 07033
0379D ADVANCED MICRO DEVICES INC SUNNYVALE CA 94086
0407H MOSTEK CORP CARROLLTON X 75006
0420J SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
59730 THOMAS & BETTS CO THE ELIZABETH NJ 07207
0450G TRW ELEK COMPONENTS CINCH DIV ELK GROVE VLGE IL 60007
72136 ELECTRO MOTIVE CORP SUB IEC WILLIMANTIC Cl 06226
0460D FEDERAL SCREW PRODUCTS CO CHICAGO IL 60618
0470C LITTELFUSE INC DES PLAINES IL 60016
76381 3M COMPANY ST PAUL MN 55101
79963 ZIERICK MFG CO MT KISCO NY 10549
82647 TEXAS INST DEPT CONTROL PROD DIV ATTLEBORO MA 02703
0546F MALLORY CAPACITOR CO INDIANAPOLIS IN 46206

See introduction to this section for ordering information
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SECTION VI
MANUAL CHANGES

This section normally contains information for adapt-
ing this manual to instruments for which the content
does not apply directly. Since this manual does apply
directly to insruments having serial numbers listed on
the title page, no change information is given here.
Refer to INSTRUMENTS COVERED BY MANUAL in
Section I for additional important information about
serial number coverage.

Manual Changes
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Service Model 1602A
ETCHED CIRCUIT BOARD (925) WIRE COLORS ARE GIVEN
BY NUMBERS IN PARENTHESES
S ——— USING THE RESISTOR COLOR
CODE
FRONT PANEL MARKING
[ (925) IS WHT-RED-GRN |
0- BLACK 5- GREEN
L 1- BROWN 6 - BLUE
i '} 2-RED 7- VIOLET
L___._J REAR-PANEL MARKING 3- ORANGE 8- GRAY

4-YELLOW 9-WHITE

MANUAL CONTROL

* OPTIMUM VALUE SELECTED
AT FACTORY, TYPICAL
VALUE SHOWN; PART MAY
HAVE BEEN OMITTED.

SCREWDRIVER ADJUSTMENT

UNLESS OTHERWISE INDICATED:

TP1 ELECTRICAL TEST POINT RESISTANCE IN OHMS
TP (WITH NUMBER) CAPACITANCE IN PICOFARADS
INDUCTANCE IN MICROHENRIES

NUMBERED WAVEFORM
NUMBER CORRESPONDS TO

uP = MICROPROCESSOR
ELECTRICAL TEST POINT NO. P/IO = PART OF

NC = NO CONNECTION
LETTERED TEST POINT CW = CLOCKWISE END OF VARIABLE
NO MEASUREMENT AID RESISTOR
PROVIDED

COMMON CONNECTIONS. ALL LIKE-DESIGNATED POINTS ARE CONNECTED.

4 BB e~ -0

NUMBER ON BLACK BACKGROUND = OFF-PAGE CONNECTION.
LARGE NUMBER ADJACENT = SERVICE SHEET NUMBER FOR OFF-PAGE CONNECTION.

@
w

@ CIRCLED LETTER = OFF-PAGE CONNECTION BETWEEN PAGES OF SAME SERVICE
SHEET.

S PREFIX TO SERVICE SHEET NUMBER INDICATES SERVICE SHEET IS IN
MANUAL SUPPLEMENT

S

=

INDICATES SINGLE SIGNAL LINE

NUMBER OF LINES ON A BUS

<, e (e S e

V4 ——J > L— INDICATES GROUPING OF LINES (BUSES)

STD-20-01-77

Figure 8-1. Schematic Diagram Notes
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Service

SECTION Vil
SERVICE

8-1. INTRODUCTION.

8-2. This section contains instructions for trouble-
shooting and repairing the Hewlett-Packard Model
1602A Logic State Analyzer.

8-3. Principles of operation and troubleshooting in-
formation are located opposite the schematics on fold-
out Service Sheets. The rest of this section has general
service information that should help you to quickly
service and repair the 1602A.

8-4. PRINCIPLES OF OPERATION.

8-5. Principles of operation appear on pages opposite
the block diagram and schematics on the Service
Sheets. Figure 8-1 explains symbols that appear on the
schematics. Figure 8-31is an overall block diagram that
briefly describes overall instrument operation. It is
keyed, by Service Sheet numbers in the blocks, to
schematics on the Service Sheets. These Service Sheets
provide a stage-by-stage description of circuits on the
schematics. The stages are keyed to the descriptions by
stage names that appear on the schematics.

8-6. LOGIC CONVENTIONS. Positivelogic convention
is used in describing logic variables and circuits within
the 1602A. Positive logic convention defines a logic “1”
as the more positive voltage (high) and alogic “0” as the
more negative voltage (low). The integrated circuits in
the 1602A are almost entirely transistor-transistor-logic
(TTL). Major exceptions are the MOS integrated circuits
associated with the F8 microprocessaqr.

8-7. MNEMONICS. Signals in the 1602A have been
assigned mnemonics that describe the active state and
function of the signal line. A prefix letter (H, L, P, or N)
indicates the active state of the signal, and the remain-
ing letters indicate its function. An H prefix indicates
the function is active in the high state; an L prefix
indicates the function is active in the low state. For
edge-controlled devices, the prefix P indicates the func-
tion is active on the positive-going transition; prefix N
indicates the function is active on the negative-going
transition. Mnemonic functional definitions are listed
alphabetically in table 8-5.

8-8. TROUBLESHOOTING.

Read the Safety Summary at the front of this
manual before troubleshooting the instru-
ment.

8-9. The most important prerequisites for successful
troubleshooting are an understanding of instrument
functional operation and the correct use of front panel
controls. Suspected malfunctions may be caused by
improper control settings. Before troubleshooting, refer
to Section III (Operation) for an explanation of controls,
connectors, and general operating considerations, and
to the service sheets in this section for an explanation of
circuit functional operation.

8-10. If trouble is suspected, visually inspect the in-
strument. Look for loose or burned components that
might suggest a source of trouble. Verify that all circuit
board connections are making good contact and are not
shorting to an adjacent circuit. If no obvious trouble is
found, check the instrument power-supply voltages and
external power sources. A troubleshooting flow chart is
shown in figure 8-2.

8-11. SELF-TEST.

8-12. The 1602A self-test feature provides both veri-
fication and diagnostic capabilities. At turn-on, the
self-test automatically checks RAM, ROM, and I/0. It
also checks the trigger recognition, delay, start/end,
logic polarity and clock slope circuits. If a failure occurs
during self-test, the 1602A will record the error and com-
plete the test. Error message “E99”’ will then appear on
the display. Pressing any key except “d” will initiate a
lamp verification test displaying all “8’s.”

8-13. Pressing “d” causes self-test to repeat. It stops on
the first failure and a detailed readout of the test
segment is displayed. An “E” number is assigned to
each test segment. Various test parameters may appear
in the display. Pressing any key steps the self-test to the
next test segment. The 1602A then runs through the test
sequence until the next failure is detected. By observing
error messages and test parameters, the failed circuits
or components can be located.

8-14. When self-test is successfully completed, the
instrument can be used in normal operation.

8-15. TEST PARAMETERS. Displayed test parameters
(P numbers) are two-digit hexadecimal numbers. They

appear on the display in the positions shown below. (P
numbers are significant only if referenced in tables 8-1

and 8-2.)

P1 | P4 | P3 P2
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8-16. Table 8-1 lists error messagesrelating to memory
and I/0 port failures. For I/0 port tests, P1 indicates
which 170 bit(s) failed during self-test. P1 is formatted
as shown below. P1 is the exclusive OR of what should
be on the I/0 port and the actual value. Thus faults are
indicated by bits with a “1”” value. For example, P1 = 40
(0100 0000) indicates that bit 6 failed the test. Table 8-3
lists bit assignments for each 1/0 port.

Bit | Bit | Bit | Bit Bit | Bit | Bit | Bit
1t 6 5 4 3 2 1 0

8-17. Table 8-2 lists error messages relating to the
functional self-test. During functional self-test, the in-
strument sets up front-panel controls and generates
data internally to check functional operation. For these
tests, P1 shows the data word number (3F — 0) on the
1602A where the error occurred. P2 shows upper data
memory fault position (8 MSB of data word stored in
U16) and P3 shows lower data memory fault position (8

Model 1602A

LSB of data word stored in U7). P4 shows the exclusive
OR of expected values and actual values of the memory
address count (MA0-MA5), HTP, and HMF. As with the
P numbers in table 8-1, faults areindicated by bitsin the
1 state. Refer to table 8-3 for data memory (I/0 Port 8)
and memory address count, HTP, and HMF (I/0 Port 9)
bit assignments. Table 8-4 lists examples of observed
error messages and their probable causes.

8-18. KEYBOARD TEST.

8-19. The keyboard test is initiated by pressing the C
key when power is applied. P1 will be “1.” The rest of the
display is blanked. Keys are numbered consecutively 1
to 35 from top to bottom, left to right. At each stepin the
test, “P1” indicates the next key to be pressed. If the
expected key is pressed, “P1” increments to the next key
position. “E98” blinks when an incorrect key sequence
steps “P1” to the next key position. “P2” indicates key
number of keycode received by the microprocessor. An
invalid key code results in “P1” = 0. Refer to the
keyboard test description in Section III for more in-
formation.

Table 8-1. Memory/IO Self-Test Failures

ERROR
MESSAGE TEST MODE COMMENTS
E97 RAM CPU RAM failure (A1U41)
E60 ROM Checksum P1 = Checksum residue
P2 = ROM fault page number

0=A8U1
1=A1U14
2=A1U6

E61 170 PORT 4 (A1U14)

E62 170 PORT 5 (A1U14)

E63 170 PORT 1 (A1U41) P1 shows fault location

E64 170 PORT 0 (A1U41) (bit number)

E65 I/0 PORT 9 (A1U6)

E67 TMU and TML Both High P1 shows fault location
(All I70 PORT 8 inputs This test checks I/0 Port 8
should be high) (A1U6) and high-speed memory

(A1U16, A1U7)
E66 HCT High P1 shows fault location
If P1 = 08, check A1U24A.
P1 =10, check A1U28A.
P1 =18, check A1U17A.

8-2
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Table 8-2. Functional Self-test Failures

Service

Trigger
(A1U4, U9, U11, Delay Trace Logic Clock
Error U12, U2, U23, (A1U35-U40, U15, Starts/Ends Polarity Slope
Message | U22B, U15, U28B) U22C) (A1U10A) (A1U14) | (A1U19/U26)
E70 Dont’t Care 0 start Neg Pos
E71 0000 0 start Neg Pos
E72 OFOF 0 start Pos Pos
E73 FOFO0 0 start Pos Neg
E74 0000 15 (U37) start Neg Pos
E75 0000 240 (U317, 38) start Neg Neg
E76 0000 3840 (U37-40) start Pos Pos
E77 0000 61440 (U37-40) start Pos Neg
E78 Don’t Care 0 end Neg Pos
E79 OFOF 0 end Neg Neg
E80 FOFO0 0 end Pos Pos
E81 0000 15 (U37) end Pos Neg
E82 0000 240 (U37, 38) end Neg Pos
E83 0000 3840 (U37-40) end Neg Neg
E84 0000 65535 (U37-40) end Pos Pos
E85 AAAA 15 EVENTS (U30B) start Pos Neg
E86 5555 15 EVENTS end Neg Pos
E87 AAAA 0 start EVENTS Neg Neg
(U21A, 21B, U27)
E88 5555 0 start EVENTS Pos Pos
E89 5555 0 end EVENTS Pos Neg
E90 5555 10 start EVENTS Neg Pos
E91 AAAA 4 EVENTS (U30B) end EVENTS Neg Neg
Table 8-3. I/O Port Assignments
1/0 PIN PIN P NUMBER
PORT NO. LABEL SIGNAL BIT ASSIGNMENT COMMENTS
0 U41, 16 170 00 g 0
U41, 11 /0 01 f 1
41, 10 170 02
g 41. 5 7003 3 § LED segment control
U 41’ 36 17003 c 4 High level lights segment.
U41, 31 17005 b 5
U41, 30 17006 a 6
U41, 25 7007 NDSPCK 7 Negative Transition advance
display register.

8-3
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Model 1602A

Table 8-3. I/0 Port Assignments (Cont’d)

110 PIN PIN P NUMBER
PORT NO. LABEL | SIGNAL | BIT ASSIGNMENT COMMENTS
1 U41, 14 170 10 |HKYD 0 High=Key Depressed previous
scan
U41, 13 7011 |HSTRB 1 High loads trace into display
register.
U41, 8 1/0 12 |HCLP 2 High=Clock Present.
U41, 7 170 13 |HQLP 3 High=Clock Qualifier Present.
U434 | 7014 [CH 4
U41, 33 I/0 15 (C3 5 From keyboard. High=key
U41,28 | 7016 |C2 6 i i
U41, 27 17017 |C1 7
4 U14, 19 I70 A0 |HRTE 0 High, Record Trigger Events.
U14, 24 I/0 A1 |LST 1 Low, Self-Test.
U14, 25 I70A2 |HITA 2 High, Enable Trigger Address Counter Increment.
U14, 30 170 A3 |HSTOP 3 High, Stop.
Ul14, 31 170 A4 |LDBE 4 Low, Delay By Events.
U14, 36 I70 A5 |HPCL 5 High, Positive Clock Slope.
U14, 37 I70 A6 |HPLOG 6 High, Positive Logic Polarity.
1J14;:2 I70 A7 |HSTART {f High, Start on Trigger
5 Ul14, 20 I70 B0 |PITA 0 Positive, Increment Trigger Address Counters
U14, 23 I70BI |TML 1 Trigger Memory Lower. High=zero delay,
low=select upper Data Memory data, match
lower trigger
Ul14, 26 I70B2 |TMU 2 Trigger Memory Upper. Low=select lower Data
Memory data, match upper trigger
U14, 29 70 B3 |HCTA 3 High, Clear Trigger Address Counters
U14, 32 70 B4 | PDRC 4 Positive, Delay Control Register Clock
U14, 35 [0 B5 |NIMA 5 Negative, increment memory address counter.
Ul14, 38 I70B6 |LRES 6 Low, Reset.
Ul14,1 I7/0B7 |HCT 7 High, Clear CLK and CLK Qual Present Tests
8 Use, 19 I70A0 |To,T8 0
Us, 24 70 A1 |T1,T9 1 High-speed Data Memory Inputs. (MD0-MD7)
Use, 25 170 A2 |T2,T10 2
Us, 30 170 A3 |13,T11 3
Usé, 31 170 A4 |T4,T12 4
Us, 36 IO A5 |T5,T13 5
Use, 37 I/O A6 |T6,T14 6
Usé, 2 I70 A7 |T7,T15 7
9 U6,20 I70 B0 |MA5 0
Us6, 23 I70 B1 |MA4 1
Us, 26 [/0 B2 |MA3 2 Data Memory Address Count
U, 29 |T/OB3 |MA2 3 0
Us, 32 I70 B4 |MA1 4
6,35 170 B5 | MAO 5
Us, 38 70 B6 |HMF 6 High=Memory Full.
Us, 1 I70B7 |HTP 7 High=Trigger Present.
8-4




Model 1602A

Service

Table 8-4. Examples of Observed Error Messages and Related Failures

First Error and Other Error
Diagnostic Displayed Codes Cause
Pi Code P4 P3 P2
8F E60 5 none A1U14
80 E61 E71-77, 85 Al1U14
10 E62 3 E70-91 A1U35 or U36
40 E62 3 E65, 70-91 A1U24
80 E62 3 none A1U14 pin 1 short
to ground
FF E62 3 E65, 70-91 Al1U14
2 E63 2 none A3U23 (display)
20 E67 E5 E70-91 A1U11, U12, or U16
OF E70 30 50 50 E71-86 A1U13A
1F E70 20 20 20 E71-86 Al1U13A
3b E70 00 40 40 E71-91 A1U7 or Ul6
3d E70 00 02 02 E71-86, 88 A1U45
3E E70 00 01 01 E71-91 A1TP2 short to gnd.
3F E70 00 00 XX E71-91 A1U16
3F E70 OF 00 E71-85 A1U1
3F E70 COo 00 00 E71-91 A1Q2, U15, U19,
U22, U24, or U26
3F E70 Co 00 EF E72-91 A1Q2
3F E70 CO 00 FF E72-91 Al1Q1
3F E70 1F 00 00 E72-77, 79-91 A1U43
3b E71 00 08 00 E72-77, 79-91 A1U7
3F E71 00 01 00 E72-77, 80, 81, 85-91 A1U2
3F E71 00 OF OF E72-77, 79-91 A1U17D short to gnd.
3F E71 00 7E 7E E72-77, 79-91 A1U19
3F E71 00 db db E72-77, 79-91 A1U17D
3F E71 00 EO EO E72-91 A1U20
3F E71 00 E3 E3 E72-77, 79-91 A1U28
3F E71 00 F1 F1 E72, 73, 75-77, 79, 80, A1U40
82-84, 87-91
3F E71 24 3F 3F E72-77, 85 A1U42E
3F E71 41 AA AA E72-77, 85 A1U20A
3F E73 CO 65 65 E80, 85, 87, 91 A1U1 (heat)
3F E74 Co 67 67 E81, 84-86, 90 A1U37
3F E80 00 1F 1F E81-85 A1U28
Table 8-5. 1602A Mnemonics
MNEMONIC DESCRIPTION

a-g Display (seven-segment LED) anode control lines. High level causes segment to light.

Al1-A5 Address switch lines 1-5. Low level indicates corresponding section of HP-IB Address
switch is in the “1” position.

ACDS Accept Data State. Allows 1602A Acceptor Handshake function to prevent an input byte
(on bus DIO lines) from being removed until the 1602A has had enough time to capture
the byte.

ACK Acknowledge. When high, 1602A has talk data-byte ready for bus transmission. After
transmitted data-byte has been accepted by listener(s), ACK is sent low.

85



Service Model 1602A
Table 8-5. 1602A Mnemonics (Cont’d)
MNEMONIC DESCRIPTION

ATN Attention. When low, bus Controller is sending commands that designate listener(s)
and talker (Command Mode). When high, designated talker transmits to designated
listener(s) (Data Mode).

B0-B15 Bit 0-15. Input data bits from system under test.

C1-C4 Column lines 1-4. Tied to keyboard matrix columns. A low-going pulse on one of these
lines tells the uP that “a key is down, and it is in this column.”

DAV Data Valid. When low, talker is signalling to listeners that data on DIO bus lines is
valid.

DI01-DI08 Data Input/Output lines. Bidirectional HP-IB signal lines that carry message bytes between
instruments in bit-parallel byte-serial form.

EOI End or Identify. This bus function not used by 1602A.

HAL High, Addressed to Listen. True when 1602A has received its listen address from the
Controller (bus in Command Mode). When true, allows 1602A to receive its device-
dependent commands (listen) during bus Data Mode operation (enables Acceptor Hand-
shake).

HAT High, Addressed to Talk. True when 1602A has received its talk address from the
Controller (bus in Command Mode). When true, allows 1602A to transmit its measurement
status or results (talk) during bus Data Mode operation (enables Source Handshake).

HATN High, Attention. True when bus in Command Mode (ATN = low). Enables Acceptor
Handshake during bus Command Mode operation. Complement of LATN.

HCT High, Clear Test. True when clock and clock qualifier present tests are reset. When true,
Clock Present Latch (A1U24A) and Clock Qualifier Present Latch (A1U28A) are cleared.

HCTA High, Clear Trigger Address Counters. When true, Trigger Address Counters/Data Latches
A1U4, U9, Ul1, U12 are cleared in preparation for data acquisition.

HCLP High, Clock Present. When true, Clock Present Latch (A1U24A) is reporting the presence
of a clock pulse to the uP. If not again true within approximately 300ms after reset by
HCT, message E42 is displayed.

HDACD High, Data Accept Drive. When true, sends 1602A NDAC bus output high. This signals
that 1602A has accepted an input byte from DIO lines.

HDAVD High, Data Valid Drive. Complement of LDAVD. When true, enables A4U1C (to clear
ACK flip-flop A4U2A as soon as listener(s) have accepted the 1602A output data byte).

HITA High, Enable Trigger Address Counter Increment. When true, Trigger Address Counters/
Data Latches A1U4, U9, U11, U12 are placed in their count mode.

HKYD High, Key Down. True after uP finds a pressed key. When true, prevents multiple
entries. Returned low after all keys read in the up position for one scan cycle.

HKYSTR High, Key Strobe. True when uP is interrogating a keyboard matrix row. When true,
causes a current ramp that drives key switches in the row.

HLA High, Listen Address. When true, Controller is sending a listen address (bus in Command
Mode). Bus DIO inputs must match 1602A Address switch positions in order for the 1602A
to become a listener in Data Mode.

HLT High, Load Trigger. When true, uP sets Clock Switch A1U19, U26 to LOAD TRIG clock.

HMA High,My Address. True when bus DIO inputs (LD0-LD4) match 1602A Address switch
lines (A1-A5).

HMF High, Memory Full. True when Data Memory A1U7, U16 has captured the desired 64
words from the system under test.

HMLA High, My Listen Address. True when Controller is sending a listen address that matches
1602A bus address (bus in Command Mode).

HMTA High, My Talk Address. True when Controller is sending a talk address that matches
1602A bus address (bus in Command Mode).

HOTA High, Other Talk Address. True when Controller is sending a talk address that doesn’t
match 1602A bus address (bus in Command Mode).

HPCLS High, Positive Clock Slope. True when P indicates that positive edge external clock
was selected to strobe data into the 1602A. When false, negative edge selected.

HPLOG High, Positive Logic. True when uP indicates positive logic polarity selected.

HQLP High, Clock Qualifier Present. When true, Clock Qualifier Present Latch (A1U28A) is
reporting the presence of a qualified clock to the xP. If not again true within approximately
300ms after reset by HCT, message E41 displayed.
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Table 8-5. 1602A Mnemonics (Cont’d)

MNEMONIC DESCRIPTION

HRDY High, Ready. When true, 1602A is enabled to signal the bus that it is “ready for data.”

HREN High, REN. True when bus REN (Remote Enable) input is low.

HRFD High, Ready For Data. When true, sends 1602A NRFD bus output high. This signals
that 1602A is ready to accept an input byte from DIO lines.

HRTE High, Record Trigger Events. True when uP indicates that TRACE EVENTS mode was
commanded. When true, only events that satisfy trigger plus delay specification are
captured by the Data Memory A1U7, U16.

HRTL High, Return To Local. Momentarily true when RETURN TO LOCAL key is pressed.
When true, allows keyboard to resume control unless Controller has previously sent a
Local Lock Out Command.

HSTART High, Start. True when Trigger plus Delay STARTS Trace is selected. Complement of
LSTART.

HSTOP High, Stop. True when Trace is completed, or stopped by STOP key. When true, A1U8C
is enabled (to extinguish TRACE indicator on display).

HSTRB High, Strobe. True for approximately one PDSPCK cycle at the start of a display cycle.
When true, causes the beginning of the display LED strobing sequence.

HTF High, Trigger Found. True when A1U22B detects a qualified trigger pattern.

HTA High, Talk Address. When true, Controller is sending a talk address (bus in Command
Mode). Bus DIO inputs must match 1602A Address switch positions in order for the 1602A
to become the talker in Data Mode.

HTP High, Trigger Present. True when trigger plus delay condition is detected during a Trace.

HUN High, Unlisten Enable. True when bus DIO inputs 1 thru 5 are low. Used with HLA
to detect universal unlisten command from Controller (bus in Command Mode).

HUNL High, Unlisten. True when bus Controller sends universal unlisten command (HUN and
HLA true). When true, 1602A unaddresses itself as a listener.

HWE High, Write Enable. When true, A1U8A is enabled (to produce a write enable pulse for
Data Memory A1U7, U16). When set low, the negative edge causes Data Memory Address
Counters A1U1, U5 to be incremented via A1U3A.

IFC Interface Clear. When set low by bus Controller, this input causes 1602A to clear its
talk and listen functions.

LAHEN Low, Acceptor Handshake Enable. True when bus in Command Mode or 1602A addressed
to listen in Data Mode. When true, 1602A allowed to participate in bus handshakes as an
acceptor (control NDAC and NRFD).

LATN Low, Attention. True when bus ATN input is low (Command Mode).

LBO-LB7 Low, Bits 0-7. 1602A output data to bus DIO lines (HP-IB is low = true); or “latched”
input data from bus DIO lines.

LDO0-LD7 Low, Data 0-7. 1602A input data from bus DIO lines (HP-IB is low = true).

LDAVD Low, Data Valid Drive. True when 1602A is transmitting a bus data byte (LB0-LB7).
When true, 1602A sets bus DAV output low to signal valid data to listener(s).

LDBE Low, Delay By Events. When true, Trigger Recognition RAM Comparators A1U2, U23
remain enabled. Delay Generator A1U37-U40 may only be incremented when RAM
Comparators report that trigger pattern is present.

LGTL Low, Go To Local. True when bus Controller sends Go To Local message (LD2, LD5,
LD6 = high; LD1 = high; LD3, LD4 = high; LDO0 = low) in Command Mode. When true,
and 1602A addressed to listen, keyboard is allowed to resume control.

LINIT Low, Initialize. True when IFC or LPON low. When true, causes 1602A to initialize
to both untalk and unlisten configuration for bus operation.

LL9 Low, Load 9. True at the start of a key scan cycle. When true, A2U1 presets to a count
of 9 for a known starting point when keyboard is scanned.

LLO Low, Establish Local Lock Out. True when bus Controller sends Local Lock Out message
(LD2, LD5, LD6 = high; LD1 = high; LD4 = low; LD3 = high; LDO = low) in Command
Mode. When true, A4U3C output causes 1602A to ignore RETURN TO LOCAL key.
Local operation (keyboard control) may be resumed only when Controller: commands GoTo
Local (LGTL), or sets REN high.

1.0 Low, Local Locked Out. True when A4U3C responds to bus LLO command.

LPCLS Low, Positive Clock Slope. Complement of HPCLS.

LPCQP Low, Probe Clock Qualifier Present. True when Data Probe CLOCK QUAL input is high.

8-7
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Table 8-5. 1602A Mnemonics (Cont’d)

MNEMONIC DESCRIPTION

LPON Low, Power On. Momentarily low when power is applied to 1602A to set initial conditions
for HP-IB operation.

LPRB Low, Processor Reading Buffer. When true, 1602A is reading its input data buffer to
determine the device-dependent command (bus in Data Mode).

LREM Low, Remote. Set low when bus REN input is low and 1602A receives its listen address.
When true, 1602A is enabled to receive its device-dependent commands. Also, keyboard
ignored except RETURN TO LOCAL key.

LREST Low, Reset. True when uP reports a Trace command. When true, causes: Data Memory
Address Counters A1U1 and U5 to be cleared, Trigger Present flag to be cancelled, and
TRACE POINT OUT to be set low.

LSHEN Low, Source Handshake Enable. True when bus in Data Mode and 1602A addressed to
talk. When true, 1602A enabled to drive DAV and to output data bytes on DIO lines.

LST Low, Self-Test. True when 1602A conducting its internal self-test at power on.

LSTOP Low, Stop. When true, causes TRACE indicator on display to be extinguished.

LSTART Low, Start. True when Trigger plus Delay STARTS Trace is selected. False when Trigger
plus Delay ENDS Trace is selected.

LTON Low, Talk Only. True when 1602A ADDRESSABLE/TALK ONLY switch set to TALK
ONLY.

LWE Low, Write Enable. When true, latched data from system under test is loaded into data
Memory A1U7, U16. Address written to is determined by output of Data Memory Address
Counters A1U1, U5.

MAO-MA5 Memory Address lines for Data Memory A1U7, U16.

MDO0-MD7 Memory Data lines. Output data from Data Memory.

NDAC Data Not Accepted. When high, all bus listeners are signalling acceptance of a DIO
lines data byte.

NDSPCK Negative, Display Clock. Complement of PDSPCK and HKYSTR.

NIMA Negative, Increment Memory Address. Negative edge causes Data Memory Address
Counters A1U1, U5 to be clocked. The uP drives this signal to access the Data Memory
word desired for display.

NRFD Not Ready For Data. When high, all bus listeners are signalling that they are ready
for a data byte to be placed on DIO lines.

PACKCK Positive, ACK Clock. Positive edge clocks ACK flip-flop A4U2A.

PCLK Probe Clock. Clock from system under test sent to 1602A via Data Probe.

PDCK Positive, Data Latch Clock. Positive edge clocks Trigger Address Counters/Data Latches
A1U4, U9, Ul1, U12 according to output of Clock Switch A1U19.

PDRC Positive, Delay Control Register Clock. Positive edges clock new delay value into Delay
Control Registers A1U35, U36 (via TML line) each time Delay specification is changed.

PDSPCK Positive, Display Clock. Positive edges clock Display Cathode Drivers to strobe LEDs. Also
clocks A2U1 for keyboard row scanning.

PDYCK Positive, Delay Clock. Positive edges clock: Delay Generator A1U37-U40, Trigger Latches
A1U29A, U29B, and Clock Qualifier Present Latch A1U28A. Complement of HWE.

PITA Positive, Increment Trigger Address. Positive edges cause Trigger Address Counters/Data
Latches A1U4, U9, Ul1, Ul2 to be incremented when pP is loading trigger pattern into
RAM Comparators A1U2, U23.

PQCK Positive, Qualifiers Present Clock. Positive edges clock: Clock Present Latch A1U24A,
A1U25A to determine if Trigger Qualifier is present, and A1U25B to determine if Clock
Qualifier is present.

PRNR Positive, Release Not Ready. Positive edge from uP allows 1602A to resume participation
in bus handshakes.

REN Remote Enable. When low, 1602A is enabled to go to remote operation (if also addressed
to listen) in order to receive its device-dependent bus commands.

SRQ Service Request. This bus Function not used by 1602A.

TO-T15 Latched input data bits from Data Probe. Applied to RAM Comparators A1U2, U23
(for trigger recognition) and to Data Memory A1U7, U16.

TML Lower Trigger Memory Input Data Line. Used to load trigger data into RAM Comparator
A1UZ2. Also used to load delay value into Delay Control Registers A1U35, U36 and to enable
Data Memory chip A1U16.

TMU Upper Trigger Memory Input Data Line. Used to load trigger data into RAM

Comparator A1U23. Also used to enable Data Memory chip A1U7.

8-8
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PERFORM
KEYBOARD
TEST.

( starT )

YES

CHECK
KEYBOARD
(SERVICE SHEET 5)
AND ASSOCIATED
CIRCUITS.

CONNECT PROBE TEST
SOURCE (5061-1254).
VERIFY THAT 1602A
ACQUIRES DATA

VIA DATA PROBE.

Y

DISPLAY YES
£98
?
3 NO
DISPLAY YES % KEYBOARD 55522
BLANK = LEDS ON SUPPLIES USE TABLES 8-1,8.2, N
! Z (SERVICE SHEET 1), 83, AND DISPLAYED
ERROR MESSAGE
FOR TROUBLESHOOTING
GUIDE
NO
N
CHECK F8
YES CPU AND
mﬁg?v o <
? (SERVICE SHEET 5),
NO S
CHECK PARTS YES DISPLAY
¥ g:iSEP(i':\Y INDICATED < EBO-E67,
(SERVICE SHEET 7). BYTABLE 81, Eg7
NO
N
N
DISPLAY NO
£99
?
USE TABLE 8-2
CYCLE LINE FOR TROUBLE- NO 2%;%?7
YES POWER SHOOTING ?
SWITCH. GUIDE
N
'II YES
CYCLE LINE
Ak POWER
REY. SWITCH.

CHECK: DATA PROBE
(SERVICE SHEET 2);
CLOCK SWITCH
(SERVICE SHEET 3),

NOTE

THE SELF-TEST FEATURE CHECKS THE

INSTRUMENT AND THE SELF-TEST ROUTINE

AND HARDWARE. THERE IS A REMOTE

POSSIBILITY THAT THE 1602A IS FUNCTIONAL,

YET INDICATES A SELF-TEST FAILURE

(E99) AT POWER ON.

NO PROBLEM
FOUND DURING
REPEAT OF SELF

TEST. INTER
MITTENT FAILURE

CONNECT PROBE TEST SOURCE
(5061-1254). SET UP 1602A AS
SHOWN IN TABLE 8-2. EXECUTE
TRACE. USE DISPLAYED ERROR
MESSAGES FOR TROUBLESHOOTING
GUIDE.

Service

DISPLAY
E42
?

CHECK: CLOCK SWITCH A1U19/U26 (SERVICE
SHEET 3); CLOCK PRESENT LATCH ATU24A
(SERVICE SHEET 5),

DISPLAY
E41

CHECK: CLOCK SWITCH A1U19/U26, CLOCK Y
DELAY GENERATOR A1U258/Q1/Q2 (SERVICE
SHEET 3); CLOCK QUALIFIER PRESENT
LATCH A1U28A (SERVICE SHEET 5)

DISPLAY
E4

CHECK: TRIGGER ADDRESS COUNTERS/
DATA LATCHES A1U4/U9/U11/U12, RAM
COMPARATORS A1U2/U23, DELAY
GENERATOR A1U35-U40 (SERVICE

SHEET 3); TRIGGER PRESENT LATCH A1U288
AND ASSOCIATED CONTROL CIRCUITS
(SERVICE SHEET 5)

CHECK DISPLAY. USE DISPLAY
KEYS TO VIEW DATA MEMORY
CONTENTS.

PROPER
DATA NO
SHOWN

?

YES CHECK: DATA MEMORY ADDRESS

COUNTERS A1U1/US, ASSOCIATED
CONTROL CIRCUITS, AND DATA
MEMORY RAMS A1U7/U16
(SERVICE SHEET 4).

DISCONNECT PROBE TEST
SOURCE. CYCLE LINE
POWER SWITCH.

1602A-029-11-77

Figure 8-2.
Troubleshooting Flow Chart
8-9



r-—-=21  ee——e—- -
| TRIG ! | TRACEPOINT |
| out | | uT \
ey | s e =1
- = - - =
A1 MAIN
BOARD
r—-=-=-" '
|OTRIG l TRIG ADDRESS
| QuAL COUNTERS/DATA
g LATCHES
6 MEMORY
ADDRESS
TA TRIG RECOGNITION |
TS DATA A5 16 DA TRICRELOGNTION 16 DATA ERORY LINES , 4CONTROL [
UNES LINES LINES ADDRESS T LINES
FROM E;‘gé\g _— CONTROL KEYBOARD
SYSTEM Lock H
UNDER ELOGK S =er] t eLockswiTe 4COLUMN
TEST | 64-WORD 8 MEMORY LINES SERVICE SHEET 6
cLOCK SERVICE |  cLock DELAY.GENERATOR WE DATA DATA LINES uP
QAL | SHEET 2 [ quac MEMORY D TSEGMENT [ A3
: LINES DISPLAY BOARD
e i (LED READOUT)
| cLock SERVICE SERVICE MEMORY ! 4conTRoL
e SHEET 3 SHEET 4 SELECT t—(ines | SERVICE SHEET 7
L - - =
|
|
MEMORY
FULL A8
TRIGGER PRESENT ROM BOARD
SERVICE ' (SELF-TEST PSU)
SHEET 5 ] |
! I SERVICE SHEET 10
SELF-TEST |
: -
|
| TRIGGER WORD Y OPTION 001
|
DELAY | : A4 |
| HP—IB INTERFACE |
= —F 1 soARD
i SERVICE SHEET 8
| POWER SUPPLY NOTE
| IF OPTION 00118
v | INSTALLED, ROM
+av | BOARD IS REPLACED A7
BY INTERFACE || Hp-18 CONNECTOR |
SERVICE SHEET 1 BOARD A4. ] BOARD ]
SERVICE SHEET 9
1602A-011-10-77
Figure 8-3. 1602A Block Diagram HP-1B

BLOCK DIAGRAM DESCRIPTION

The 1602A is controlled by an F8 microprocessor (uP)
and program storage units (PSUs) which:

a. Conduct self-test when 1602A is powered on.

b. Read the Keyboard to determine Format and

Trace Specification.
c. Load Trigger Word into RAM Comparators.

d. Load Delay value into Delay Generator and com-
mand delay by Clocks or Events.

e. Select clock.

f. Command Trace mode (Starts, Ends, or Events).

g. Control display of acquired data.
Data from the system under test is applied to the Data
Probe and strobed into the Data Latches by clock pulses
from the system under test. When a Trigger Word is
recognized the Delay Generator is incremented until the
delay (either Clocks or Events) is counted out.

TRIG OUT goes high when Trigger plus Delay is
satisfied and returns low approximately one external
clock later. TRIG OUTis enabled as soon as Trigger and
Delay are entered (a TRACE command is not required).

The 64 word Data Memory (16 bits wide) is controlled by
a high-speed memory controller during data acquisi-

tion. The memory controller receives commands from
the uP that cause it to work in one of three modes; (1)
Trigger plus Delay STARTS Trace, (2) Trigger plus
Delay ENDS Trace, or (3) Trace EVENTS.

The Data Memory is controlled by the yP during the
display cycle. When both Trigger Present and Memory
Full are reported to the uP, the data acquisition cycle is
completed. The uP accesses the word desired for display
by incrementing the Data Memory address counter.

TRACE POINT OUT goes low when TRACE key is
pressed and returns high when the Trigger plus Delay
event occurs that starts or ends the Trace (in STARTS or
ENDS mode respectively).

The uP formats data from the Data Memory and causes
it to be displayed by seven-segment LEDs on the
Display Board.

With Option 001 installed, the 1602A can receive com-
mands via HP-IB that simulate front-panel key entries.
The 1602A assumes a measurement configuration, ex-
ecutes the measurement, and configures to transmit
measurement status or results to other HP-IB instru-
ments.

Service

SERVICE SHEET 1

PRINCIPLES OF OPERATION

The power supply operates from 100, 120, 200, or 240
VAC line voltages. Refer to LINE VOLTAGE SELEC-
TION in Section II to set the 1602A AC Line Selector for
proper operation. The supply provides regulated +5 V
and +12 V to the 1602A.

Front-panel switch S1 applies line voltage to trans-
former T1 primary. T1 is protected by line fuse F1
(located in the read panel AC power module). T1 second-
aries are rectified by bridge rectifiers AICR1 and CR1
(CR1 mounted on inside rear panel).

+12 V POWER SUPPLY. A1CR1 output is filtered by C2
and C5. This output is applied to voltage regulator U44.
U44 output is filtered by C3. U44 provides Vcc for U31
and +12 V for the 1602A. Fuse A1F2 protects the +12V

supply.

Model 1602A

+5 V POWER SUPPLY. CR1 output is filtered by C1 and
applied to Darlington pair Q1 (mounted on inside rear
panel). Q1 regulates the +5 V supply. U31 controls Q1
conduction. U3l reference voltage output is divided by
R1 and R2 and applied to U31 noninverting input. Q1
emitter (+5 V output) is applied to U31 inverting input.
If the supply output falls below +5 V, then U31 Vout
voltage increases. This causes Q1 to conduct harder,
and its emitter voltage (+5 V output) increases because
Vce decreases. If the supply voltage tries to increase to
more than +5 V, then U31 Vout decreases, Q1 conducts
less, and the output voltage decreases. The +5 V supply
will not work if +12 V (U31 Vcc) is not present. Fuse
A1F1 protects the +5 V supply.

Molex cable W4 allows power supplies to be quickly
disconnected from the 1602A. This provides isolation
when troubleshooting is required.

|
I | 4
u32 —R3—
-C4- = (()]=]
u31 u33
2 —Ri— (2 (92
aa eod
(a)_(® |(5)
T 3
—C3— 5
‘0(4)
“I" o~
—— ‘l) o To_lo(a)
CR1 | o (8)
ECB o
uas
2
+ +
F2 F1
\ ’ |
E D C B A

1602A-001-01-10-77

Power Supply P/O A1l Component Locator

(01602-66501)
REF | GRID | REF | GRID

DESIG | Loc | DESIG | LocC
c1 c3 | P2 c3
c2 D-3 |R1 D-3
c3 D-3 |R2 D-3
ca4 D-4 |R3 B-4
Cs D-2 |U31 E-4
CR1 D-2 |U32 c4
F1 c1 |uss B-4
F2 D-1 |ua4 D-2

Figure 8-4. Service Sheet 1, Power Supply (Sheet 1 of 2)
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Figure 8-4. Service Sheet 1,
Power Supply (Sheet 2 of 2)
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Service Model 1602A

01602-62101 3
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Probe Assembly A5 and Probe Interface Wire - Adapter Assembly A6 Parts Breakdown Figure 8-5. Service Sheet 2, Data Probe A5A1 (Sheet 1 of 2)

812




Model 1602A
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Figure 8-5. Service Sheet 2, |
Data Probe A5A1 (Sheet 2 of 2)
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Service Model 1602A
SERVICE SHEET 3
PRINCIPLES OF OPERATION
TRIGGERING. Pattern recognition triggering is done 1602A from accepting data until it is internally set up At BCAnD ~cae-
with two, 256 x 1-bit RAM comparators (U2, U23). The for the measurement. | C:" i &
pP (microprocessor) loads the desired trigger pattern 5 B vs | TP2
into U2 and U23. Incoming data is then compared to DELAY. Once the desired trigger pattern has been 8 vz : 12
this pattern. When a match occurs, the RAM compara- found, delay by Clocks or Events is enabled. In delay by — S ] —ci1s- s "
tor output goes high. U2 and U23 outputs are ANDed Clocks mode (LDBE = high), the chip select lines of N wed I 2 9, 8 -c27-
together to provide 16-bit trigger capability. When both RAM comparators U2 and U23 are set high by U29A Q E R ve = iE un P1
RAMs output a match simultaneously, a trigger pulse output. This disables further pattern recognition and o Tes —— . !
(HI = Trigger Found) is produced (U22B). preserves U22B output high. The Delay Generator (U37- 8 '
U40) is then incremented by each qualified external 4 | v1e - as|_Jao
The uP loads U2 and U23 with the trigger pattern by clock (from Clock Delay Generator) when delay is set to m 7 : -
configuring Trigger Address Counters/Data Latches greater than zero. u1s uts . o S ——
(U4, U9, U11, U12) into their count mode. The P then fovs ! - s e s [
writes the desired bit condition (1 or 0) via TML or TMU In delay by Events mode (LDBE = low), U2 and U23 s v - Iz - —m— .
‘lines to the RAM address indicated by counter output. remain enabled (chip select lines set low by U29A Q). . L ' — L™ | &
The counters are then incremented to provide the next This allows the Delay Generator to beincremented only — o . T RS
RAM address. when the trigger pattern is present. 3 - 108 Bﬂi:%’:-(%':“- t—c:::‘; ;g‘:’.__
—R16— c —R11- —R12—
. . F 8oz . O®
'(I‘};f Cozlmters/ Latches are placed in their latch mode When the delay is counted out, the Delay Generator is Gsr e r T wlF o o = @D
uP sends parallel enable inputs low) after U2 and U23 reloaded from the Delay Control Register (U35, U36). —1 L it U3t u33 au
are loaded. Data from Data Probe A5 (Service Sheet 2)is Also, U2 and U23 chip select lines are reset low to enable S T e our Y X == @ 52 o =
latched by the selected external clock edge (from system pattérn recognition. u3s uss u3s R M “’m
under test). The latched data is applied to the RAM 2 NI : : t o L0
comparators for trigger recognition and to the 64-word The Delay Control Register is a serial-in-parallel-out @000t . § —ca— i
Data Memory (Service Sheet 4). register t}‘sllat is loaded (via TML and PDRC lines) from i uar ] uss ¥ u3g <§ u4o L ‘_j | ;‘:,’ 8 o ‘E 0:4;
o ) ) the P whenever the delay number is changed. At the = éT = | ol S PSSR A
The concept of this triggering method is shown by a end of the delay word transmission cycle, the P stops ” a2 Y
four-bit pattern trigger circuit. If the desired trigger the Delay Generator (U22D output goes low) and par- : : il B : ;
pattern is )Bit 3 Bit 2 Bit 1 Bit 0 | then the RAM allel loads it with the 1’s complement of the new delay 4
1 0 1 1 value. us2 uas
comparators should be loaded with a match (1) or a no 20 21 . o
e L ) mp pdiresnea 187 &' Ag A"} for trigger CLOCK QUALIFIERS. The 1602A has two CLOCK A1
S { 1 0 1 1 QUAL inputs. One is a rear-panel BNC input and the . . : : x
g T other is a Data Probe input. They both provide the same A B Cc D E F G
H S— A COMPARATORS function, although set-up and hold time specifications 1602A-003-01-11-77
L58 iGGEnoATA differ. Both are pulled high when disconnected. When
l_ high, the 1602A is qualified, allowing data to be clocked
#iro L x into memory by the external clock. When low, trigger Main Board Al Component Locator
=i i A recognition, delay, and memory loading are inhibited (01602-66501)
] - | (HWE and PDCK disabled).
s When Probe CLOCK QUAL input is high, LPCQP (low, oesis | toc | oesi | toc | oesis | toc | oesis | toc | oesis | toc | oesis | foc | orsis | Toe | ofsis | oo
o n i Probe Clock Qualifier Present) is true. c1 E2 | C15 p-2 | c29 Fa | a1l G3 | R13 D5 | US A5 | U9 G-4 | U33 G
air's P . c2 E2 | Ci6 D-1 | c30 G3 | Q2 G-3 | R14 D-3 | ue c5 | u20 G-4 | U3a A-2
N ol TRIGGER- AUALIFIER. Ths rearuate. THIG S Ga s |oe Es |cRt  e4 |mz ez |Re co|us  Fs |uzz Da|um o2
] input provides an additional Trace Point Qualifier in cs E2 | c19 A-a | cR2 G3 | Rr3 63 | R17 c3 | uo E5 | U23 E-3 | U3? A-2
cLooK e Snmgeesipeiin IR S8 TRIGGER 0ATA parallel with the 16 data lines from Data Probe A5. c6 F-3 | c20 A-2 | CR3 F-3 | R4 F-3 | R18 D-2 | U0 A-4 | U24 E-3 | U38 B-2
When low, trigger words are not recognized. TRIG e R LR B e e
QUAL is pulled high (by R15) when disconnected. When co B-3 | c23 ca | B-1 | R7 G-3 | TP3 A4 | U3 A-4 | U27 A-3 | ua1 D-1
Four-Bit Pattern Trigger Circuit high, U25A causes U8B output to be high. c10 B-4 | c24 car|Jz 1 |R8 F-3 | TPa B3 | U14 c-4 | u28 B-3 | u42 B-1
c11 D-2 | Cc25 D23 D-3 | R G3 | u1 A6 | U15 D-4 | U29 c-3 | uas C-1
- : c12 D-1 | c26 G-5 | L1 D-2 | R10 F-3 | U2 E5 | U16 E-4 | U30 c3 | vaa E-1
CLOCK SWITCH (U19, U26). Allows the uP to choose TRIGGER OUTPUT. Each time trigger plus delay con- c13 D2 :|ic27 G-5 | P1 G-4 | R11 F-3 | us F5 | U17 F-4 | U31 E-2 | U4s c-5
between: (a) positive edge external clock, (b) negative dition is detected U29B causes TRIG OUT to go high. c14 D-2 | C28 F-4 | P2 F-2 | R12 G-3 | U4 F ot B ia F-4 | U32 E]EU40 B-5

edge external clock, (c) load trigger clock, or (d) self-test
clock (2 MHz). During the transmission of a trigger or
delay word, or at the beginning of a Trace, the Clock
Switch is set to load trigger clock. This prevents the

Approximately one external clock later, TRIG OUT
returns low. TRIG OUT pulses are produced whether or
not the 1602A is performing a Trace.
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Figure 8-6. Service Sheet 3,
Data Recognition, Trigger Recognition, and Delay (Sheet 2 of 2)
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SERVICE SHEET 4
PRINCIPLES OF OPERATION

The 16-bit x 64-word Data Memory (U7, U16) stores
data from the system under test during the data acquisi-
tion cycle. When the measurement is completed (or
stopped), this acquired data is sent to the display (via
the uP) for viewing by the operator.

The Data Memory is controlled by a high-speed memory
controller during data acquisition. During the display
cycle the Data Memory is controlled by the uP.

The memory controller is made up of Data Memory
Address Counters (U1, U5), their associated control
circuitry, and a write enable control (U8A).

The memory controller works in one of three modes as
commanded by the uP: (1) trigger plus delay STARTS
Trace, (2) trigger plus delay ENDS Trace, or (3) Trace
EVENTS (store only events that satisfy trigger plus
delay conditions). In all three cases the delay can be
either clocks or triggers (events).

At the beginning of a Trace cycle, LREST goes low
(U24B reset input, Service Sheet 3). This sets Trigger
Present Latch U28B (so HTP is low) and clears Data
Memory Address Counters Ul and US5.

In STARTS Trace mode (LSTART =low), Ul and U5 are
incremented by every qualified external clock (via
HWE) after the trigger plus delay specification has been
met (reported to memory controller by U15, Service
Sheet 3). The occurrence of trigger plus delay is stored in
U28B (Q output goes high and HTP is now true).

The next 63 states after trigger plus delay are stored in
U7 and U16. With storage of the last word HMF goes
high. U10B causes memory write pulses (LWE) to be
turned off. Also, memory full is reported to the uP.

In ENDS Trace mode (LSTART = high), the Trigger
Present Latch U28B cannot be set until the memory is
full. HMF high sends U10C output high so U15 can
report trigger plus delay satisfied. A trigger plus delay
event can stop memory fill only ifitis the sixty-fourth or
greater word captured after Trace is started (via U10C,
pin 9).

In store EVENTS Trace mode (HRTE = high), Ul and
U5 are allowed to be incremented (by bottom portion of
U27) only when a trigger plus delay event occurs.

When the uP pollsits trigger present (HTP) and memory
full (HMF) bits and finds them both true. the Trace (or
Trace Events) is completed.

In the display cycle the uP accesses the Data Memory
word desired for display by incrementing the Memory
Address Counters (NIMA drives U3A).

TRACE POINT OUT goes low when TRACE key is
pressed; it remains low until the trigger plus delay event
occurs that starts or ends the Trace in STARTS or
ENDS mode. It is set low when LREST goes low (U24B,
Service Sheet 3) and returns high when U15 (Service
Sheet 3) reports trigger plus delay detected during Trace
to U28B.
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Figure 8-7. Service Sheet 4, Address Counter and Data Memory (Sheet 1 of 2)
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Figure 8-7. Service Sheet 4,
Address Counter and Data Memory (Sheet 2 of 2)
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SERVICE SHEET 5

PRINCIPLES OF OPERATION

The F8 microprocessor CPU (U41) and PSUs (Program
Storage Units) U6 and Ul4 control 1602A data ac-
quisition and data display cycles. In addition, the CPU
will perform a program stored in PSU ROM for self-test
execution.

The F8 system (CPU and PSUs):

a. Conducts self-test when 1602A is powered on.

b. Reads the keyboard to determine Format and
Trace Specification.

c. Loads trigger word into RAM comparators for
pattern trigger recognition.

d. Loads delay value into Delay Generator and
commands delay by Clocks or Events.

e. Selects clock.
f. Commands Trace mode (Starts, Ends, or Events)

to select the data window to be captured by Data
Memory (data acquisition).

g. Controls display of acquired data (in desired
format) during display cycle.

SELF-TEST. Executed each time the 1602A is powered
on. The ROMs are check summed, ROM 1/0 ports are
toggled and read back,and RAM is verified (test pattern
written and read back).

In addition, data acquisition hardware (with exception
of Data Probe A5) is tested. Twenty-two tests are
performed on data acquisition hardware to determine
its functional operation. Stimulus for these tests is
provided by placing Trigger Address Counters/Data
Latches (Service Sheet 3) in their count mode. The Clock

Switch (Service Sheet 3) is set to the internal 2 MHz yP |

clock (LST = low).

Each test is started by the uP setting up delay,
STARTS/ENDS, and trigger. The test is run and the
resulting information in the Data Memory (Service
Sheet 4) is compared with a reference in ROM.

If self-test fails, the message E99 is displayed. Pressing
the “d” key causes self-test to repeat and stop on the
failed test for diagnosis.
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Service Model 1602A

SERVICE SHEET 6

PRINCIPLES OF OPERATION

The 1602A keyboard contains 39 key switches and LED secondary. The column output transistors (Integrators ‘ | | |
indicators for Logic Polarity, Clock Slope, and Trigger U3Q2-U3Q5) produce a negative-going voltage pulse
plus Delay Starts or Ends Trace. that is proportional to flux switched in the key switch. I11&1801] 1] ] a2 (.',), | 12
U3Q2 thru U3Q5 drive R - S latches (A1U43, Service epneeE(lageaz (! 1 F i u1 4
Key switches are wired in a matrix of 9 rows by 4 Sheet 5). When the processor reads the R - Slatches and 160365500 RN 'd | $ © -
columns. Each switch has two one-turn coils wrapped finds a key down (an A1U43 Q output is high), it KEYBOARD | TRIGGER PLUS DELAY
around a core. When a key is not pressed, a magnet %s determines }(ey position from column indicated by R - - 55 %QZTES 5;‘235 51 - |
held so that its field permeates the core. The core is A1U43 and internal row count. posmve{(osa  [° © 3" 1la s 1 O , 528 a
saturated and there is very little coupling between coils. NEGATIVE'ODS4 HEX ' ps2 |o o D81 [ ciay I
If the key is pressed, the magnet is released. The core . When a key down is found by the microprocessor, it sets D E =
and windings then act as a transformer. HKYD (High, Key Down) high. This changes the bias N a2t PSRN B PR B A - 55 [592 4] [5%7 us3 3
point of Integrators U3Q2-U3Q5 because U3Q1 col- u2 i B o offe w}ije "o 4 Al e
BCD counter U1 selects the row to be driven by BCD-to- lector voltage decreases. The result of the bias changeis POL DEC A 8 c CLEAR | | DATA.. TRIGGER | (pummY)
decimal decoder U4. At thestart of a key scan cycle, LL9 a translation downward of the quiescent output level of 55 T < = 53 v ek 1
(Low, Load 9) goes low. This sets U1 to a count of 9. LL9 U3Q2-U3Q5. Less total flux is now required to maintain - &3 TN 1 SN 7 R | co |U8
returns high. The next positive edge of PDSPCK sends the negative-going Integrator output pulse. The me- ::191: Dw’s OCTAL (DUMMY) 7 8 9 o Y B $36 ‘f;‘:;
Ul to a count of 0 and row 0 (“0,” “1,” “2,” and “3” keys) chanical hysterisis introduced by HKYD prevents mul- —R10— o o °o o :
is selected. When PDSPCK goes high, HKYSTR (High, tiple key switch entries (key bounce). When all keys are -5l AR L 0 5% qlfa S| a5 1] s 5%% sTop TRACE | [(DUMMY), 2
Key Strobe) also goes high. This causes Q1 and Q2 to read in the up position for one scan cycle, HKYD is - *rocc| I° ° %ont| | °|° Slfe ua
generate a current ramp that drives the magnetically returned low. ' EDGE | | BINARY CARE - 5 L
coupled switches in the selected row. = AR I REE A A 7 L) L LS, .
1 1 AT
The nine keyboard rows are scanned by the micro- K 1 o o||lo of|o offo o Saonit]l 1"l Posnd | Pan®
If a key is down in the row selected by the decoder, flux processor during strobing of display characters v‘?’.g?ﬂ 0 1 2 3 NUMBER| | worp| | worRD | | WORD
from the current ramp is coupled from primary to 2 through 10 (A3U2 to A3U12, Service Sheet 7). = 3
A2 ‘
a F E D c B A !

1602A-006-01-10-77

Keyboard A2 Component Locator
(01602-66502)
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Figure 8-9. Service Sheet 6, Keyboard A2 (Sheet 1 of 2)
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Figure 8-9. Service Sheet 6,
Keyboard A2 (Sheet 2 of 2)
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Service

SERVICE SHEET 7
PRINCIPLES OF OPERATION

Display Board A3 contains 18 seven-segment LEDs,
cathode and anode drive circuits for each seven-seg-
ment LED, “Trace” indicator LEDs, and “Remote”
indicator LEDs.

The seven-segment LEDs are strobed one at a time.
When an LEDis strobed, cathodes of all seven segments
in the LED are driven low. Proper anodes are set high.
Desired segments turn ON to display information sent
from the microprocessor.

CATHODE DRIVE. U23, U25, and U27 are clocked by
positive edge of PDSPCK (Positive, Display Clock). At
the start of a display cycle, HSTRB (High, Strobe) goes
high for approximately one display clock period. This
high is applied to U23 pin 13 (D input) and clocked
through to U23 pin 12 (Q output) by PDSPCK. U23 pin
12 high is inverted by U22D. This drives U3 cathodes
low (U3 strobed). HSTRB goes low, and the next

Model 1602A

PDSPCK sends U23 pin 12 low, U23 pin 10 high. U3 is
released and U2 is strobed. LEDs are strobed in the
sequence: U3, U2, U19, U18, U17, U1s6, ... U4.

ANODE DRIVE. The 1602A microprocessor sets selected
segment lines (athrough g) high aseach LED is strobed.
When segment lines are set high, they areinverted (U21,
U29) and applied to transistors contained in Ul and
U20. This turns selected transistors ON. When ON,
collector voltages go high (Vce — 0). This enables
selected segments to conduct on the LED being strobed.

DS1 and DS2 are “Trace” indicator LEDs. They are
turned ON while a Traceis in progress (L STOP is high).

DS3 and DS4 are “Remote” indicator LEDs. Remote
operation is possible only when Option 001 (HP-IB) is
installed. LREM (Low, Remote) goes low to turn DS3
and DS4 ON.

— 01602-66503
] DISPLAY BOARD

SRt
-3 TRACE

DS4 DS3

2 %BB 1

—R3—

u2s u29 1

- CJ-REMOTE

u24 u2s u26 u27 by
g

A3

D E e G

A B C

1602A-007-01-11-77

Display Board A3, Component Locator

(01602-66503)
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DSs2 G-2 | R3 G-2 | US c-2 u1o0 D=2 3 U1 &2 u20 A-2 uU25 E-2 uU30 A-3
DS3 G-2 | U1 A-2 | U6 Cc-2 U1 D-2 U116 P-2 u21 B-2 uU26 B2 u31 A-2
Ds4 G-2 | U2 B-2 U7 Cc-2 u12 D-2 | U17 2 u22 c-2 u27 =2 W3 C-1

Figure 8-10. Service Sheet 7, Display Board A3 (Sheet 1 of 2)
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Figure 8-10. Service Sheet 7,
Display Board A3 (Sheet 2 of 2)
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SERVICE SHEET 8
PRINCIPLES OF OPERATION

The Hewlett-Packard Interface Bus circuits (Option
001) add listener/talker capability to the 1602A. When a
listener, it receives commands via HP-IB that simulate
front panel key entries for measurement setup and
execution. When a talker, it outputs measurement stat-
us or results. For additional information, refer to IEE
Std. 488-1975 “Standard Digital Interface for Program-
mable Instrumentation.”

Bus Mnemonics: (HP-IB is Low = True Logic)

WIL=IDI08 5 o v e e Data Input/Output
10,1 et e SN ¢ S SO End Or Identify
e g P P W L U Data Valid
NI D erimmens o it o ooallts it e 5 Not Ready for Data
INTYAC i s s s i oo s st soar s s Data Not Accepted
10 G e e AR PP SR S Interface Clear
BRI L i s e m b s s el Service Request
AR 0 i T A e e 8 e Attention
N e e e e Remote Enable

HP-IB DATA TRANSFER (Handshake).

1. NRFD goes high (wired-and; all listeners are
ready for data).

2. DAV goes low (talker says data on DIO lines is
valid).

3. NDAC goes high (wired-and; all listeners have
accepted the data).

4. Listener can set NRFD back to low as soon as
DAYV goes low, NRFD must go low before or at same
time as NDAC goes high.

5. Talker can set DAV high after NDAC goes high.
6. Listener can set NDAC back to low as soon as

DAYV goes high. NDAC must go low before or at same
time as NRFD goes high.

NDAC @ i—_——@.i—

Handshake Sequence

Operation of HP-IB Interface Board A4 is covered by
three cases:

a. Power-on initialize and IFC.
b. HP-IB in Command Mode (ATN low).
c. HP-IB in Data Mode (ATN high).

POWER-ON INITIALIZE AND IFC.

When HP-IB PSU (Program Storage Unit) U9 sends
LPON (low, Power on) low, A4 is initialized. ACK flip-
flop U2A and Ready flip-flop U2B are pre-set, Talk and
Listen flip-flops (U20B/U20A) are cleared, and S-R
latch U3C (Part of Remote/Local State Machine) output
is set high. U2B signals U9 and U14C that the 1602A is
ready to participate in Handshakes. With U20B and
U20A Q outputs both low, the 1602A cannot “listen” or
“talk.” It must now receive its listen or talk address
(while bus is in the Command Mode) in order to become
a “listener” or a “talker.” U3C output high prevents
local lockout (Return to Local Key disable) when A4 is
initialized.

When a Controller is turned on, it sends IFC low. This
clears 1602A Talk and Listen flip-flops.

COMMAND MODE (ATN low).

When ATN is driven low by the Controller, the 1602A
will respond to; (a) its listen address, (b) its talk address,
(c) a universal unlisten command, (d) a go to local

command (if previously addressed to listen), (e) a local
lock out command, (f) IFC, or (g) REN.

NOTE

1602A will respond to IFC and REN inputs
in either Command or Data mode.

Source Handshake is disabled (U4A output high). Ac-
ceptor Handshake is enabled (U15C output low). De-
coder U5A is enabled so 1602A can determine whether
Controller is generating a listen or talk address. De-
coder U5B enables part of decoder U6 when ATN is low
and ACDS (Accept Data State) is high. U6 allows 1602A
to receive “go to local” or “local lock out” commands
(determined by code of LDO-LD6).

Service

ACDS pulse generation is shown in the following
timing diagram:

ATN (FROM
CONTROLLER)

HATN _l

LAHEN ﬁ
DAV (FROM _—I
CONTROLLER) :
]
U158 (4) ! = THRESHOLD

1 : U7A
]

U7A (2} ] l
|
! '
H [

HDACD :

ACDS = ~X700ns

ACDS Pulse Generation

Positive edge of ACDS latches 1602A into “talk,”
“listen,” or “unlisten,” depending on information sent
by Controller. DIO lines 1 thru 5 (LD0-LD4) are com-
pared to 1602A address switch by comparator U18. If a
match is determined, then the 1602A is placed in “talk”
or “listen” according to information sent on DIO lines 6
and 7 (LD5 and LD6).

ACDS high sets 1602A to Remote operation if REN is
low and 1602A is receiving its listen address. U3A
output goes low when 1602A is in Remote (keyboard
ignored except Return to Local key). U3A output is sent
via U9 to 1602A microprocessor for Remote command

implementation. U3A output also turns on 1602A front-
panel REMOTE light.
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DATA MODE (ATN high).

Depending on commands received while ATN was low,
the 1602A will now “listen,” “talk,” or ignore bus
conversations.

When a “listener,” Source Handshake is disabled. Q1
requires 1602A to be in Remote for incoming data to be
accepted. Acceptor handshake is enabled (U15C output
low). Positive edge of ACDS latches data into input
buffer U10. U5B causes U2B to stop signalling “ready”
when ACDS and ATN are high. U9 reads U10 contents,
then clocks U2B to release the “not ready” condition.

When a “talker,” Acceptor Handshake is disabled
(U15C output high). This sets 1602A NRFD and NDAC
outputs high. Source Handshake is enabled (U4A out-
put low). U9 places output data on LBO0-LB7 lines for
transmission on DI01-DIO8 lines. U9 then clocks ACK
flip-flop U2A Q output high to indicate that it has talk
data ready (1602A has something to say). When lis-
tener(s) signal ready (NRFD input goes high) and
LDAVD (Low, Data Valid Drive) is high, U15D output
voltage increases as C3 charges. When U7C input
threshold is reached (approximately 3 us after NRFD
went high) its output goes low, which sets LDAVD low
and 1602A DAV output is now low.

When DAV goes low, Ul15A sends HDACD high. Lis-
teners signal acceptance of the transmitted byte by
setting NDAC high. NDAC and HDAVD high cause
ACK flip-flop U2A to be cleared.

With HDACD, NDAC, and U2A Q high, the bottom
portion of U8B causes LDAVD to be returned high. The
upper portion of U8B allows LDAVD to be set high
when 1602A transmission is interrupted. The ACK flip-
flop is not affected. The 1602A will retransmit the byte
after the interruption is over so that the handshake
sequence can be completed.
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HEWLETT @ PACKARD

SALES & SERVICE OFFICES

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectra

Empresa Técnica de
Equlpamamos
Eléctricos, S.A

R. Barbosa Roanques 42-1'07

Caixa Postal, 64

'T.“.;‘;S- 56

el 1
Cable: TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia

Py
31-41 Joseph Stre
Blsckbum Vlmna 3130
P

ler East, Victoria 3109
5

3
Cable NEWPARD Melbourne
Hewlett-Packard Australia

31 Bridge Street
ble

Pyml|

New South Wales, 2073
Tel: 449-6566

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-Packard Australia

153 Greenhill Road
Parkside. S A 5063

Tel: 272-5911

Telex: 82536 ADEL

Cable: HEWPARD ADELAID

Hewlett-Packard Australia
Pty Ltd

141 gluhnq Highway
Nedlands, W A 6009
86-5455
Telex: 93859 PERT!
Cable: HEWPARD PERT”
Hewlett-Packard Australia
Ltd

121 ouongong Sueet
Fylhwlck A
Tel: 95-273.

Telex 62650 Can
Cable HEWPARD CANBERRA

Hewlett Packard Australia
Ltd

Sth Floor

Teachers Union Building
495-499 Boundary Street

Spring Hill. 4000 Queensland
Tel: 229-1544

Cable: HEWPARD Brisbane

HONG
Schmidt & Cn (Hong Kong) Ltd
P.0. Box
Connauom Cenlre
39th Floor
Connaught Road, Central
Hong Kong
Tel -255291-5
elex: 74766 SCHMC H
Cable SCHMIDTCO Honq Kong

Blue S(av Ltd
Kasturi Buildings
Jamshedji Tata Rd
Bombay 400 020
Tel: 29 50 21
Telex: 001-2156
Cable BLUEFROST
Blue Star Ltd

has
AN/Z v|v Savarkav Marg
Prabl

Bombl 100 025
Tel: 45 78 87
Telex: 011-4093
Cable: FROSTBLUE
Blue Star Ltd

Band Box House

Tel 45 73 01
Telex: 011-3751
Cable: BLUESTAR
Blue Star Ltd

7 Hare Slveel

Cllcunl 700 001

Tel: 23-0131

Telex: 021-7655
Cable: BLUESTAR
Blue Star Ltd

7th & 8th Floor
Bhandari House

91 Nehru Place

New Delhi 110024
Tel: 634770 & 635166
Telex: 031-2463
Cable: BLUESTAR
Blue Star Ltd

Blue Star House
11/11A Magarath Road
Bangalore 560 025

Telex: 043-430

Cable: BLUESTAR

Blue Star Ltd

Meeakshi Mandiran

xu/lﬁn Mahatma Gandhi Rd
in 682 01

Yel 32059 321‘61 32282

Canle BLUESTAR

Blue Star Ltd

2/34 Kodambakkam High Road
Mldu 600034

Tel' 82056

Telex 041-379
Cable: BLUESTAR

INDONESIA
BERCA Indonesia P T
P.0. Box 496/Jkt
JLN-AbﬂuI Muis 62

Yzl 40369 49886.49255.356038

Cable BERCACON
BERCA Indonesia P t
63 JL. Raya Gubeng
Surabaya

Tel 443

ISRAEL

Electronics & Engineering Div.
of Motorola Israel Ltd

17, meene«slu Street

P.0. Box 25016

Cable BASTEL Tel-Aviv

JAPAN

Yokogawa-Hewlett-Packard Ltd

Ohashi Building

59-1 Yoyogi 1-Chome

Smbuga ku Tokyo 151

Tel: 03-370-2281//

Telex: 232- ZD'HVNP MARKET
TOK 23-724

Cable: YHPMARKET
Yokogawa-Hewlett-| Packam Ld
Chuo Bidg.. 4th Fioos

4-20, Nishinakajima 5 chome
Yodogawa-ku, Osaka-shi
Osaka, 532

Tel: 06-304-6021
Yokogawa-Hewlett-Packard Ltd
Nakamo Building

24 Kami Sasajima-cho
Nakamura-ku, Nagoya . 450
Tel (052) 571-5171
Yokogawa-Hewlett-Packard Ltd
Tanigawa Building

2-24-1 Tsuruya-cho
Kanagawa-ku

Yokohama, 22!

Tel: 045-312-1

Telex: 382- 3204 YMP YOK
Yokogawa-Hewilett-Packard Ltd
Mito Mitsu Building

105, Chome-1,San-no-maru

Yokogawa- Newlen Packard Ltd
Kumagaya Asal
Hackijuni Bulldmg

h Floor
3-4, Tsukuba

uma
Tel 0485-24-6563

KENYA

Technical Engineering
Services(E A.)Ltd.,

P.0 Box 18311

Nairobi

Tel 557726/556762

Cable: PROTON

Medical

Inlemauonzr Amcm(E A)Ltd

P.0. Box

Nairobi A\rporl

Nairobi

Tel: 336055/56

Telex: 22201/22301
Cable: INTAERIO Nairobi

KOREA
Samsung Electronics Co . Ltd

cPO
Taenyung Rn Chung-Ku

ul
Tel (23 6811
Telex: 2
Cable. ELEKSTAR Seoul

MALAYSIA

Teknik Mutu Sdn. Bhd
2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Tel: 54994/54916

Telex: MA 37605

Protel Engineering
PO 191

Lot 259, Satok Road
Kuching, Sarawak

Tel: 24
Cable: PROTEL ENG

MOZAMBIQUE

AN. Goncalves. Lta

162, 1 Apt. 14 Av. D. Luis
Caxa Postal 107

ourenco Mnnxu

Tel: 27091, 271

Telex 6-203 NEGON Mo
Cable: NEGON

NEW ZEALA|
Hewlett-| Pacluru (N Z)Ld
Box 9443

Counen:y Placz

Wellis

Tel: 877-

Cable NEWPACK Wellington

20th FI. Dongbang Bidg 250, 2-KA
2u 775

Analytical/Medical Only
Medical Supplies N.2. Ltd
Scientific Division

79 Carlton Gore Rd.. Newmarket

P.0.Box 12!
Aucklond

Tel 75-289
Cable DENTAL Auckland

Analytical/Medical Only
;Azmcal Sunnlles N.Z Ltd

147-161 Tory Sl
Wellington
Tel 850-799

Telex 3858

Cable: DENTAL, Wellington

Analytical/Medical Only

Medical Supplies N.Z_ Ltd
09

ox 3

239 Stanmore Road
Christchurch
Tel 892-019
Cable: DENTAL, Christchurch
Analytical/Medical Only
Medical Supplies N.Z " Ltd
303 Great King Street
P.0 Box 233
Dunedin
Tel: 88-817
Cable: DENTAL, Dunedin
NIGERIA
The Electronics

Instrumentations Ltd
N6B/770 Oyo Road
Oluseun House
P MB 5402
Ibadan
Tel 61577
Telex 31231 TEIL Nigeria
Cable: THETEIL Ibadan
The Electronics Instrumenta-

ions Lt
144 Agege Motor Road. Mushin
P.0. Box 6645

Lagos
c:n?e THETEIL Lagos

PAKISTAN

Mushko & Company. Ltd
Oosman Chambers
Abdullah Haroon Road
Karachi-3

Tel 511027 512927
Telex: 2894

Canlz COOPERATOR Karachi
Mushko & Company, Ltd
38B. Satellite Town
Rawalpindi

Tel 41924
Cable: FEMUS Rawalpindi

PHILIPPINES
The Online Advanced

RHODESIA

Field Technical Sales
45 Kelvin Roaa North
P 0 Box

Yel 7052!‘ (5 lines)
Telex: Rl

SINGAPORE
Hewlett-Packard Singapore
Ltd

(Pte )
1150 Depot Road
Alexandra P 0. Box 58
Singapore 4
Tel 3‘75»2355
Telex. HPSG RS 21486
Cable: HEWPACK. Singapore

SOUTH AFRICA
Hewlett- Packaw South Africa

(Pty.). LI
Private Ba Wenuywood
Sandton, Transvaal 2144
Hewilett-Packard Centre
Daphne Street, Wendywood.
Sandton. Transvaal 2144

Cable HEWPACK JOHANNESBURG

Service Department
Hewlett-Packard South Africa

(
PO 19325
Gumley Sanmon 2018
451 Wynberg Extension 3,

Sandton. 200
Tel 636-8188/9
Telex: 8-2391

Hewlett- Packam South Africa

p & oy

Howard Place Cape Province, 7450

Pine Park Centre, Forest Drive,
Pinelands, Cape Province, 7405
Tel 53-7955 thu 9
Telex: 57-0006
Service Department
Newlm Packam South Africa
)

TAIWAN

Hewlett- Packam Far East Ltd..
Taiwan Bran

39 Chun, Hsnao West Road
Sm: l 'th Floor

Tel 38 9160-4

Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd
Taiwan Branch

68-2, Chung Cheng 3rd Road

Kaohsi ung

Tel: (07) 242318-Kaohsiung
Analytical O

San Kwang Inslvuments Co., Ltd .
No. 20. Yung Sui Road

Taipei

Tel: 3715171-4 (5 lines)

Telex: 22894 SANKWANG

Cable: SANKWANG TAIPEI

TANZANIA

Medical Only

International Aeradio (E.A ), Ltd

P.0. Box 861

Dar es Salaam

Tel: 21251 Ext. 265

Telex: 41030
THAILAND

UNIMESA Co

Elcom Research Bulldlnq

2538 Sukumvit Ave

lrlgkok
Tel: 3932387, 3930338
Cable: UNIMESA Bangkok

UGANDA

Medical Only

International Aeradio(E A ). Ltd.,
Box 2577

Kampala

Tel' 54388

Cable: INTAERIO Kampala

%AMTBM Zambia) Lf
J. Tilbury (Zambia) Ltd
P.0. Box ?752

Tel: 73793
Cable: ARJAYTEE. Lusaka

GUAM Mito, Ibaragi 310 Hewilett-Packard (N.Z ) Ltd Systems Corporation P 0 099 OTHER AREAS NOT LISTED, CONTACT:
g:f"““‘lzzg‘: Czlcu':ylal?r:s Only ""."’f‘s‘% L Tel:: 0292-25-7470 Pa;u;anga Professional Centre frco House N 5 (B)veépn: Durban 4067 mm’wwm
] 267 Pakuranga Highway imorsolo cor. Herrera Str raby House
‘Fl,ay Ease Bulld-na Room 210 g’:v"‘"' D".' :.0:0500 53 r,m’,q;::d:‘:;ﬂ P L Box 51092 sl Legasnl Vlllzoe Makati 641 Ridge Road Palo Alto, Califomnia 94304
Tlmunl ”B‘II Tel: 70126, 70127 1348-3, Asahi-cho, 1-chome P*Uf"g‘ Durban, 4001 Tel (4‘52)4%‘?%‘7
Tel: 646-4513 Cable: BLUEFROST Atsugi, Kanwawi 243 Tel: 569-651 T!l 8 85-34-91 Tel: 88-7478 S
Cable: EARMED Guam Telex: 015-459 Tel: 0462-24-0452 Cable: HEWPACK Auckland Telex 3274 ONLINE Telex: 6-7954 o
ONTARIO
ALBERTA Hewlett-Packard (Canada) Ltd
i ey
EdmontonT5M 319 Mk
}ax(lgﬂa ;g%gﬁ;ﬂ 'AN"'(P):A Canada) Ltd NOVA SCOTIA "f;l‘ & Bzg.sggg eelife?tsi’(a:ckam (Canada) Ltd
10-831-2431 MBIA Hewlett-Packard (Canada)
:s':tll?n?:"afkg'auanma) Ltd. o . Hewlett-| mum (Canadal Ltd nmm Pacum (canam Ltd 275 Hymus Bivd

Hewlett-Packard gcanaaa) Ltd
210,7220 Fisher St. S.E

Calgary T2H 2H8
Tei.’?ll;!) 253-2713
Twx: 610-821-6141

837 E. Cordova Street

/6A
Tel: (604) 254-0531
TWX: 610-922-5059

513 Century St

St. James

Wlnnl R3N OLB
TW)( 51& 671- 3531

800 Windmill R
Dartmouth BSB |L1
Tel: (902) 469-7820
TWX: 610-271-4482 HFX

6877 Goreway Dr

TWX: 610-492-4246

Pointe Claire HIR 1G7
Tel: (514) 697 4232
TWX: 610-422

TLX 05-82'52' HPCI.

FOR CANADIAN AREAS NOT LISTED:

Contact Hewilett-Packard (Canada)
Ltd. in Mississauga

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina
A

S

Av. Leandro N Alem 822 -
1001Buenos Airs

Tel: 31-6063, 4 5, 5 and 7

Telex: 122443 AR CIGY

Cable: HEWPACK ARG

BOLIVIA

Casa Kaviin S A

Calle Potosi” 1130
0 Bo 500

Tel 4|530 53221
Telex: CWC BX 5298.1TT 3560082
Cable: KAVLIN
BRAZIL
Hewlett-Packard do Brasil
leC Ltda
Avenida Rio Negro. 980
Al na Ie
eri SP

Tel 429-3222

nemn Packam do Brasil
leC
Rua Padu Chaqas 32

e-RS
hl (DS‘Z] ZZ 299 22 5621
Cable: HEWPACK Potto Alegre
Hewlen-Packard do Brasil
1.E.C. Ltd
Rua 5|queua Campos, 53

)
Telex: 391-212-| I905 NEWP BR
Cable: HEWPACK
Rio de Janeiro

CHILE

Calcagni y Metcalfe Ltda
Alameda 580-0f. 807
Casilla 2118

Santiago, 1

Tel: 398613

Telex: 3520001 CALMET
Cable: CALMET Santiago

COLOMBIA

Instrumentacidn

Henrik A Lanaebaeﬁ & Kier SA
Carrera 7 No. 48-75

Apartado Aéreo 6287
sogou | n E

Tel: 69-88

Cable AARlS Bogotd

Telex: 044-400

COSTA RICA

Cientifica Costarricense S A
Avenida 2. Call

San Pedro de Montes de Oca
Apartado 10159

an Jose
Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
Cable: GALGUR

ECUADOR

Calculators Only
Computadoras y Equipos
Electrdnicos

P.0. Box 6423 CCI

Eloy AIOam #1824 3 Piso

Tel 4
Telex 02 2113 Sagita Ed
Cable: Sagita-Quito

EL SALVADOR

MEXICO
Hewiett-Packard Mexicana,
SA deCV

Av. Peritérico Sur No. 6501
Tepepan, Xochimilco
Mexico 23, D F

Tel: 905-676-4600

Hewlett-Packard Mexicana,
SA deCV

Ave conslllucmn No. 2184
Monter: N.L

Tel lB—7| 2 48-71-84
Telex: 038-4

NICARAGUA
Roberto Terdn G
Apartado Postal 689
Edificio Terdn

Electronico de el Salvador
Bulevar de los Heroes 11-48
San Salvador
Tel: 252787

GUATEMALA

IPESA

Avemaa La Reforma 3-48,
Gunlomnln Clty

Tel 63627, 647
Telex 4192 Teletro Gu

Tel: 25114, 23412,23454
Cable: ROTERAN Managua

PANAMA

Electrdnico Balboa, S.A

P.0. Box 4929

Calle Samuel Lewis

Cuidad de Panama

Tel: 64-2700

Telex: 3483103 Curunda,
Canal Zone

Cable: ELECTRON Panama

PERU

Compafia Eleclro Medlca SA
Los Flamencos 1

San Isnmo Casﬂla 1030

Lim,

Tel ﬂ 432!

Cable: ELMED Lima
PUERTO RICO
Hewilett-Packard Inter-Americas
Euoﬂo Rico Branch Office

all
No. 203 Urb Country Club
Carolina 00924
Tel: (809) 762-7255
Telex: 345 0514

URUGUAY

Pablo Ferrando S A
Comercial e Industrial
Avenida Italia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102
Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela
A

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre

Caracas 107

Tel: 35-00-11 (20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:

Tel (415) 493-1501

60
Cable HEWPACK Palo Alto
Telex: 034-8300, 034-8493



EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA
Hewlett-Packard Ges.m.b H
Handelskai 52

P.0. box 7

A-1205 Vienna

Tel: (0222) 351621 to 27
cable: HEWPAK Vienna
Telex: 75923 hewpak a

BELGIUM
Hewiett-Packard Benelux
SAINV

Avenue de Col-Vert, 1,
LGroankvaaqlaan)

11
Tel: (02) 672 22 40
Cable: PALOBEN Brussels
Telex: 23 494 paloben bru

CYPRUS
K;pmmcs
Greganos & Xenopoulos Rd

CY NI

Tel 45628/29

Cable: KYPRONICS PANDEHIS
Telex: 3018

CZECHOSLOVAKIA

Vyvojova a Provozni Zakladna

Vyzkumnych Ustavu v Bechovicich

CSS 559 Bechovice u Prahy
el: 89 93 41

Yelax 121333

Institute of Medical Bionics

Vyskumny Ustav Lekarskej Bioniky

Jedlova 6
CS-88346 Bratislava-Kramare
Tel: 44-551/45-541

DDR
Entwicklungslabor der TU Dresden
Fmschungsmsmm Meinsberg

Telex: 112145

Export Contact AG Zuerich
Guenther Forgber
Schlegelstrasse 15

1040 Berlin

Tel: 42-74-12

Telex: 111889

DENMARK
Hewlett- packzm AS
Da

Tel (02) Gl 56 40
Cable: HEWPACK AS
Telex: 37409 hpas dk
Hewlett-Packard A/S

Cable: HEWPACK AS

FINLAND
Hewlett-Packard 0Y
Nahkahousuntie 5

P.0. Box 6

SF-00211 Helsinki 21

Tel: (90) 6923031

Cable: HEWPACKOY Helsinki
Telex: 12-1563 HEWPA SF

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6

Hewlett-Packard France
Agance Régionale
Péricentre de la Cépiére
Chemin de la Cépiére, 20

Cable: HEWPACK 51957

Telex: 510957

Hewlett-Packard France

Agence Régionale

Aéroport principal de

Marseille-Marignane

F-13721 Mari Mm

Tel: (91) 89 1

Cable HEWPACK MARGN

Telex: 410

Hewlett- Packam France

Ggsnce Régionale
Avenue de Rochester

35014 Ronnu Cédex
Tel: (99) 36 33 21
Cable NEWPACK 74912
Telex: 740912
Hewlett-Packard France
Agence Régionale
74, Aliée de la Robertsau
F-G Strasbourg
Tel: (88) 35 23 20/21
Te!e 89014
Cable NEWPACK STRBG
Hewlett-Packard France
Agence Régionale
Centre Vauban

201 rue Colbert
Entr

-59000 LI
Tel (20) 51 « 14
Telex
leen Packam France
Centre d' Atfaires Paris-Nord
Batiment Ampére
:upe de La Commune de Paris

F-93153 Le Blanc Mesnil Cédex
Tel: (01) 931 88 50

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117
Postfach 560 140
D-6000 Frankfurt 56
Tel: (0611) 50 04-1
Cable HEWPACKSA Frankfurt
Tel: (0611) 50
Cable HEWPACKSA Frankfurt
Telex: 04 13249 hptfmd
Hewlett-Packard GmbH
Technisches Buero Boblingen
Henenbﬂqersmsse 110
D-7030 dhllr"on Wirttemberg
Tel: (07031) 667-1
Cable: HEPAK Boblingen
Telex: 07265739 bbn
Hewlett-Packard GmbH
Technisches Buero Dusseldort
Emanuel-Leutze-Str. 1 (Sees(zm)
0-4000 Dusselidorf 1
Tel: (0211) 59711

Telex: 085/86 533 hpdd d

Hewlett-Packard GmbH
Werk Groetzingen
Ohmstrasse 6
D-7500 Karlsruke 41
Tel: (0721) 69 40 06
Telex: 07-825707
Hewlett-Packard GmbH
Technisches Buero Nuremberg
Neumeyev Sl( 90
D-8500 N borg
Tel (0911) 56 30 83/85
Telex: 0623 860
Hewlett-Packard GmbH
Technisches Buero Munchen
Untefhachinger Strasse 28
ISAR Center

12 Ottobrunn
Tel (0592 601 30 61/7
Cable: HEWPACKSA Munchen
Telex: 0524985
Hewlett-Packard GmbH
Technisches Buero Berlin
Keith Strasse 2-4
0-1000 Berlin 30
Tel: (030) 24 90 86
Telex: 18 3405 hpbin d

GREECE
Kostas Karayannis
08, Omirou Street

Cable: RAKAR Athens
Telex: 21 59 62 rkar gr
Ana?mcal Only

CO G Paaamanassmu & Co
Marni 1
GR - A(honl 103
Tel: 522 1915
Cable: INTEKNIKA Athens
Telex: 21 5329 INTE GR
Medical Only
Technomed Hellas Ltd
52,Skooufa Street
GR - Athens 135
104 362 6972, 363 3830

le:ETALAK athens
Taln e BT G
HUNGARY
MTA
Muszerugy: és Méréstechnikai
Szolgalata
Lenin Krt. 67
1391 Budapest VI
Tel: 42 03 38
Telex: 22 51 14
ICELAND

Medical Only
Elding Trading Company Inc

ITALY

Hewlett-Packard Italiana S.p. A
Via Amerigo Vespucci 2
Casella poslale 3645

1-20100 Milay

Tel: (2) 6251
Cable: HEWP,
Telex: 32046
Hewlett-Packard Italiana S.p A
Via Pietro Maroncelli 40

(ang. Via Visentin)

1:35100 Padova

Tel: (49) 66 48 88

Telex: 41612 Hewpacki
Medical only

Hewlett-Packard Italiana S.p.A
Via d'Aghiardi, 7

1-56100 Pis: a

Tel: (050) 2

Telex 32046 wa Mulano
Hewlett- Pa:kam Italiana S.p A
Via G. Armellini 10

(10 lines)
ACKIT Milano

6
Cable: HEWPACKIT Roma

Hewlett-Packard Italiana S.p.A
Corso Glovanm Lanza

1031
Tel lOHi 682245/659308
Medical/Calculators Only
Hewlett-Packard Italiana S p.A
Via Principe Nicola 43 G/C
1-95126 Ci
Tel:(095) 37 05 04
Hewilett-Packard Italiana S .p A
Via Amerigo Vespucci, 9
1-80142 Napoli
Tel: (081) 33 77 11
Hewlen Packavd Italiana S.p.A
Via E. M; /B
1-4013
Tel (051] JD 8 87

KUWAIT
Al-Khaldiya Trading &
Contracting Co
P.0. Box 830-Satt
K

uwait
Tel: 424910-411726
Telex: 2481 areeg kt
Cable: VISCOUN
LUXEMBURG
Hewlett-Packard Benelux
v

Avenue du Col-Vert, 1,

L
1S-Reykjavik
Tel |v58h20
Cable: ELDING Reykjavik

IRAN

Hewlett-Packard Iran Ltd
No. 13, Fourteenth St
Miremad Avenue

P.0. Box 41/2419
IR-Tehran

Tel: 851082-7

Telex: 21 25 74 khrm ir

IRAQ
Hewlett-Packard Trading Co

8-1170 Blutul

Tel: (02) 672

Cable PALOBEN Brusseis
Telex: 23 494

E‘OROCCO

erep
190. Bivd. Brahim Roudani
Casablanca
Tel: 25-16-76/25-90-99
Cable: Gerep-Casa
Telex: 23739

NETHERLANDS
Hewilett-Packard Benelux N.V

POLAND

Biuro Invormacu Techniczne)

Hewlett-Packard

u1 Slawkl 2, 6P

00-950Warszawa

Tel 395962/395157

Telex: 81 24 53 hepa pl

UNIPAN

Zaklad Doswiadczalny

Budowy Apavalu? Naukowe|

U1. Krajowej Ra y Navodowq 51/55
- Warszaw.

Tel: 36190

Telex: 81 46 48

Zaklady Naprawcze Sprzetu
Medycznego

Plac Komuny Paryskiej 6

{
Tel: 334-41, 337-83

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.|
Rua Rodngo da Fonseca 103

Tel u r)

Cable ELECTRA Lisbon

Telex: 12598

Medical only

Mundinter

Intercambio Mundial de Comércio

arl
Av.A A de Aguiar 138
P.0. Box 2761

P - Lisbon

Tel: (19) 53 21 31/7

Cable: INTERCAMBIO Lisbon
RUMANIA

Hewlett- Packam Reomenunla
Bd N Bal 16

Bucl

Tel I56023/|36885

Telex 10440

LILR.U

Imrepnndma Pentru
Intretinerea

Si Repararea Utilajelor de Calcul

B-dul prof. Dimitrie Pompei 6

Bucharest-Sectorul 2

Tel: 12 64 30

Telex: 11716

SAUDI ARABIA

Modern Electronic Establishment
King Abdul Am str.(Head office)
50 Box

Tel 3'1 73-332201
Cable: ELECTRA

P.0. Box 2728 (Service center)
Riyadh

Tel' 62596-66232

Cable: RAOUFCO

SPAIN

Hewlett- Packzrd Espafola, S.A
Jerez, Calle

E-Madrid 1 6

Tel(1) 458 26 00 (10 lines)
Telex: 23515 hy

Hewlett- Packam Esna'\ola SA
Milanesado 2

E-Barcell om

Tel: (3) 203 6200 [5 lines)
Telex: 52603 hpbe
Hewlett-Packard Esnanala. SA

SWEDEN
Hewlett-Packard Sv:nue AB
quhe(svauen

1 120 Brommn 20
Tal (08) 730 05 50
Cable: MEASUREMENTS
Stockhol
Telex 10721
Hewlett-Packard Sverige AB
Ostra Vintergatan 22
-702 40 Orebro
Tel (019) 14 07 20

Hewlett-Packard Sverige AB
Fva(altsgmn 30

421 32 Vastra Frélunda
Tel (031) 49 09 50
Telex: 10721 Via Bromma Office

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Zurcherstrasse 20

ox 307
CH-8952 Schlieren-Zurich
Tel: (01) 730 52 40/730 18 21
Cable: HPAG CH
Telex; 53933 hpag ch
Hewlett-Packard (schweiz) AG
Chateau Bloc 19
CH-1219 Le Lignon-Geneva
Tel: (022) 96 03 22
Cable: HEWPACKAG Geneva
Telex: 27 333 hpag ch

Memca!/CaIcuIatov only
Sawah &

Place Azme

B.P. 2308
SYR-Damascus

Tel: 16367, 19697, 14268
Cable: SAWAH, Damascus

TURKEY
Telekom Engmeennu Bureau
P.0. Box 437
Beyoglu
TR»IlnnbuI
Tel: 49 40 40
Cable. IELEMATION Istanbul
Telex: 2.

Medical only
MA

Muhendislik Kollektif Sirketi
Adakale Sokak 41/6
TR-Ankara
Tel: 175622
Analwcal only

Yilmaz Ozy
Milli Mudalaa Cad No. 16/6

Tel: 2503 09
Telex: 42576 ozek tr

UNITED KINGDOM
Hewlett-Packard Ltd

King Street Lane
GB-Winnersh, Wokingham
Berks. RG

Tel: (0734) 78 47 74

Cable: Hewpie London
Telex:847178/9

Hewlett-Packard Ltd
Trafalgar House,
Navigation Road

Hewlett-Packard Ltd
Wedge House

799, London Road
GB-Thornton Heath
Surrey CR4 6XL

Tel 101) 684 0103/8
Telex: 946825

Hewlett-Packard Ltd
c/o Makro

South Service wholesale Centre
Wear Industrial Estate

Washington

GB-New Town, County Durham
Tel: Washington 464001 ext. 57/58

H:w{en Packam Ltd
10, Wi S

GB- Cllll o

West Vuvksmle WF|0 1AE
Tel: (09775) 50402

Telex: 557355

Hewlett-Packard Ltd
1, Wallace Way
GB- Hl(chln

Hert:

Tel I0462] 52824/55704

Telex: 82598

Hewlet- Packavd Ltd

zc Avonbeg Industrial Estate
nnq Mne Road

Dubl
Tel Dunlln 509458
Telex: 30439

USSR

Hewlett-Packard

Representative Office USSR
Pokrovsky Boulevard 4/17-KW 12
Moscow 101000

Tel:294-2024

Telex: 7825 hewpak su

YUGOSLAVIA
Iskra-standard/Hewlett-Packard
Miklosiceva 38/VIl

61000 Lju }.

Telb: 31 58 79/32 16 74

Telex: 31583

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:

Hegleg Packard Ges.m.b H

A-1205 VInnna Austria
Tel: (0222) 35 16 21 to 27
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
'N PLEASE CONTACT:
anen Pacum S.A
Mediterranean and Middle
East Operations
35, Kolokotroni Street
Platia Kefallariou
GR-Kifissia-Athens, Greece
Tel 8080337/359/429

Av Ramdn y Cajal. 1
F-91401 Oru Dedu Hewlett-Packard GmbH 4/1/8 Mansoor City Van Heuven Goedhartlaan 121 Alrincham Tele 6588
Tel: (1) 901 Technisches Buero Hamburg Beohdad F.0.Box 667 Edicio Sedus pania ¥, Cheshire WA14 1NU e i Arers
Canle uswmcx Orsay Wendenstrasse 23 o 2 e e Tel. 64 44 54/58 Tel: (061) 928 6422
elex 600048 0-2000 Hambur, Telex: 2455 hepairaq ik Tel: (020) 47 20 Telex: 668068 FOR OTHER AREAS
H ewlett-Packard Fr Tel- (040 Cable: HEWPACDAD, Cable PALDBEN Amslemzm Hewlett-Packard Espafiola S.A. NOT LISTED CONTACT
Mm:y R:;mnale ance Cable NQWPACKSA Hamburg Baghdad Iraq Telex: 13 216 hepa nl Edmmo Albla (kS Hewlett-Packard Ltd Hewilett-Packard S A
¢ Saqu Telex: 21 63 032 hphh d IRELAI NORW. ﬂ! ey os/za _ Lygon Court 7. rue du Bois-du-Lan
Cnamm ues Mouilles Hewlett-Packard GmbH Hewlett-Packard Ltd Hewlett- Paclvara Norge A/S o fereward Rise ag‘ 28107!M o2 Ganeva
Technisches Buero Hannover King Street Lane Nesveien 13 Calculators Only Dudley Road Suiorn d"'Y
F- es Ecully Am Grossmarkt 6 GB-Winnersh,Wokingham Box 149 Hewlett-Packard Espafiola S A Halesowen. Tl (622) 62 70 00
Tel: (78) 33 81 25, Hannover 91 Berks, HGIT AR N 3&42 Hasium Ercn Via Femando EI Catdico. 67 Wesl( Mnd)lands 862 8SD AT -
le: HEWPACK Ecul Tei- (0511 56001 el (0734) 4 el (02)
?&'Zf 31061 c Felly elei 1 Telex: 847178/848179 Telex: 16621 hpnas n Tel: 326 67 28/326 85 55 Telex: 339105 Telex: 2 24 86
HAWAI MICHIGAN
“Ri rest 2875 So. King Street 23855 Research Drive - i
Tel (714) 446-6165 Honolulu 96814 Farmington Hills 48024 oo Hanwin D
646 W. North Market Bivd Tel: (808) 955-4455 Gl Tel (713) 776-6400
ALABAMA 95834 Telex: 723-705 724 West Centre Ave
8290 Whitesburg Dr.. S.E Sacramento Kalamazoo 490! 205 Billy Mitchell Road
P.O. Box 4207 Tel (916) 929-7222 ILLINOIS Tel: (606) 323-8362 156 Wyatt Drive OKLAHOMA San Antonio 78226
Tel: (512) 434-8241
Huntsville 35802 9606 Aero Drive 5201 Tollview Dr Las Cruces 88001 P.0. Box 32008
-4591 P.0. Box 23333 Rolling meadows 60008 MINNESOTA Tel: (505) 526-2484 1
Tel: (205) 881-459 Oklahoma City 73132 UTAH
San Diego 92123 Tel (312) 255-9800 2400 N_ Prior Ave TWX: 910-9983-0550 T i 7210500
Medical Only Tel: (714) 279-3200 TWX: 910-687-2260 St. Paul 55113 el. (405) 2160 South 3270 West Street
228 W. Valley Ave . il e S NEW YORK ouEGON Salt Lake City 84119
Room 220 COLORADO INDIANA o (012) 6 Automation Lane D50 S Lower Boones Tel: (801) 972-4711
Birmingham 35209 5600 South Ulster Parkway 7301 North Shadeland Ave SSISSIPPI Compum Park FE”’Y Road VIRGINA
Tel (Ztr)?) 942-2081/2 nglewood 80110 Indianapolis46250 *Jackson (y Tualatin 9 P.0. Box 12778
Ly (303) 771-3455 Tel: (317)842-1000 Medical Service on o (518) Erss0 sl e 8 ox
- ¥ 5{ el (503) No. 7 Koger Exec. Center
TWX: 810-260-1797 Tel: (601) 982-93; 201 South Avenue
20 & Magnola CONNECTICUT o 2601 PENNSYLVANIA Suite 212
Phoenix 85034 12 Lunar Drive 10WA MISSOURI Tor Bh4r 4Be T30 111 Zeta Drive Norfolk 23502
Tel (602] 244- 135! New Haven 06525 2415 Heinz ﬂoad 11131 Colorado Ave. r\=~x 51(’}253:5931 Pittsburgh 15238 Tel:(804) Aﬁv 4025/6
2424 East Aragon Rd Tel: (203) 389-6551 ‘TO\' City 52 Kansas City 64137 Tel: (412) 782-0400 P.0.Box 966!
Tucson 85706 TWX: 710-465-2029 el (319) 338- 9466 Tel: (816) 763-8000 650 Perinton Hill Office Park 1051 861 Aveio 2914 Hunqar; Springs Road
Tel: (602) 294-3148 KENTUCKY TWX: 910-771-2087 Fairport 14450 b vae - Richm
R B i Medical Only 1024 Executive Parkway Tek; (716) 223-9950 King of Prussia Indusirial Par o 1304) 385.3401
*ARKANSAS
Medical Service Only 2606 W. Oakiand Park Biva Atkinson Square o Lot B 0 3058 East Mooy oad Tor 123%) 265,700 WASHINGTON
X 5646 Lauderdale 33311 200 Miman D e Tol (315) 454.2486 TWX '$10-660-2670 Bellefield Office Pk
E""'z %""0"7221 5 R Loulsville 40215 NEBRASKA T 716-541 04 SOUTH CAROLINA 1201 e S.E
ittl lock ki 1] 5 fical Onl A evue
Tel: (501) 376- 1844 J&fuf'é'm.c': e ooy 115025 458:437 7171 Mercy Road LCrossways Park West L T reonaiy fioad Tel. (206) 454-3971
CALIFORNIA Tet: (804) 368:08 LOBLNA Eu I To o & 15300 Tel: (803) 762-643 THE 910K edt
1430 East Orangethorpe Ave P.0. Box 139‘0 y TWX: 710-990-4951 ‘WEST VIRGINIA
bkl pe 6177 Lake Ellenor Or ::(22&39 v%lhams Boulevard Tel: (402) 392-0948 :r'(sn‘:sﬁass Mwwawmm‘cal Only
Tel- (714) 870-1000 ando 32809 Ter (304) 4436201 NEW JERSEY NORTH CAROLINA Moon Sanice oni Charlest
3939 Lankershim Boulevard Tel: (305) 859-2900 ol () W. 120 Century Rd o, Tel- (615 525-5093 Ter (304) 3451640
North Hollywood P.0. Box 12826 MARYLAND Farsouss 0103 High Point 27262 WISCONSIN
Tel (213) 877-1282 Pensacola 32575 6707 Whitestone Road Tel (201) 265-5000 9

TWX: 910-499-2671

5400 West Rosecrans Bivd
P.0. Box 92105

World Way Postal Center
Los Angeles 9

Tel: (213) 970-7500
“Los Angeles

Tel: (213) 776-7500

3003 Scott Boulevabd

TWX. 910-338-0518

Tel: (904) 476-8422

GEORGIA
5005

ox
I

Yel (404) 955 1500

766-4890

Medlcal Semce Only

“Aug 30903

Tel 404] 736-0592

P.0. Box 2103

Warner Robins 31098

Tel: (912) 922-0449

Baltimore 21207

Tel: (301) 944-5400
TWX: 710-862-9157
2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

TWX' 710-990-4951
vas(al Brook Protessional

I mown 07724
Tel (201) 542-1384

NEW MEXICO

P.0. Box 11634

Station €

11300 Lomas Bivd., N.E

Albuquerque 87123

1el [ 5 292-1330
-989-1185

Tel' (919) 885-8101

OHIO

16500 Sprague Road
Cleveland 44130
Tel: (216) 243-7300
TWX: 810-423-9430
330 Progress Rd
Dayton 45449

Tel: (513) 859-8202
1041 Kingsmill Parkway
Columbus 43229
Tel (614) 436-1041

3027 Vanguard Dr.
Dwector s Plaza

his 38131
Tel (&1) 346-8370
Nashville

Medical Service onley
Tel: (615) 244-5441

TEXAS

P.0. Box 1270

201 E. Arapaho Rd

Richardson 75080
Tel' (214) 231-6101

9004 West Lincoln Ave
West Allis 53227
Tel: (414) 541-0550

FOR U.S. AREAS NOT LISTED:
Contact the regional office

nearest you: Atlanta, Georgia

North Hollywood, California

Rockville, Maryland. . .Rolling Meadows,
Illinois. Their complete

addresses are listed above

“Service Only 178




