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Product Warranty

This Hewlett-Packard system product is warranted against defects in material and
workmanship for a period of three months from date of installation. During the warranty
period, HP will, at its option, either repair or replace products which prove to be defective.

Warranty service of this product will be performed at Buyer’s facility at no charge within HP
service travel areas. Qutside HP service travel areas, warranty service will be performed at
Buyer’s facility only upon HP’s prior agreement and Buyer shall pay HP’s round trip travel
expenses. In all other cases, products must be returned to a service facility designated by HP.

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

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

Limitation of Warranty

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD

SPECIFICALLY DISCLAIMS TIHE IMPLIED WARRANTIES OR MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE
REMEDIES. HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

Assistance

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



Certification

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

Copyright © 1990 Hewlett-Packard Company.



Printing History

New editions are complete revisions of the manual. Update packages, which are issued
between editions, contain additional and replacement pages to be merged into the manual by
the customer. The dates on the title page change only when a new edition is published. No
information is incorporated into a reprinting unless it appears as a prior update; the edition
does not change when an update is incorporated.

The software revision code printed before the date indicates the version level of the software
product at the time the manual or update was issued. Many product updates and fixes

do not require manual changes and, conversely, manual corrections may be done without
accompanying product changes. Therefore, do not expect a one to one correspondence
between product updates and manual updates.

Edition 1 for system software revision 5.6, July 1990
Update 1 for system software revision 5.7, Qctober 1990



Safety Summary

The following general safety precautions must be observed during all phases of operation,
service, and repair of this instrument. Failure 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 power terminal and the power cable must 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

Operation 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 the power and
discharge circuits before toucking 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 services 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.

Warning DANGEROUS VOLTAGES, CAPABLE OF CAUSING DEATH, ARE PRESENT IN
THIS INSTRUMENT. USE EXTREME CAUTION WHEN HANDLING, TESTING,
AND ADJUSTING.




Safety Symbols

The general definitions of safety symbols used on equipment or in manuals are listed below.

A

Warning

Caution

Nota

vi

Instruction manual symbol: the product will be marked with this symbol
when it is necessary for the user to refer to the instruction manual in order
to protect against damage to the instrument.

Indicates dangerous voltage (terminals fed from the interior by voltage
exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical shock in
case of a fault. Used with field wiring terminals to indicate the terminal
which must be connected to ground before operating equipment.

Low-noise or noiseless, clean ground {earth) terminal. Used for a signal
common, as well as providing protection against electrical shock in case of a
fault. A terminal marked with this symbol must be connected to ground

in the manner described in the installation {operation) manual, and before
operating the equipment.

Frame or chassis terminal. A cornection to the frame (chassis) of the
equipment which normally includes all exposed metal structures.
Alternating current (power line).

Direct current (power line).

Alternating or direct current {power line).

The warning sign denotes a hazard. It calls attention to a procedure,
practice, condition or the like, which, if not correctly performed or adherad
to, could result in injury or death to personnel.

The caution sign denotes a hazard. It calls attention to an operating
procedure, practice, condition or the like, which, if not correctly performed
or adhered to, could result in damage to or destruction of part or all of the
product.

The note sign denotes important information. It calls attention to a
procedure, practice, condition or the like, which is essential to highlight.



Preface

Purpose

This manual contains the service information for both the HP 4062C and the HP 4062UX
systems. Refer to the Installation Manual for information about the installation of the HP
4062C/UX system.

Audience

This manual is intended for the HP Customer Engineers or service personnel who perform
service on the P 4062C/UX system.

Contents

Chapter 1, “General Information,” covers performance evaluation strategy, options,
accessories, and specifications of the HP 4062C/UX system.

Chapter 2, “Performance Verification,” covers the performance verification using PV4062
program included in the HP 4062C/UX system software,

Chapter 3, “Troubleshooting,” provides information on troubleshooting the HP 4062C/UX
system.

Chapter 4, “Replaceable Parts,” provides information of the replaceable parts for HP 40858
and HP 4089A Switching Matrix, HP 41084B Switching Matrix Controller, and so on.

vii
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General information

Introduction

This manual provides the instructions, procedures, and information required to verily
and repair the HP 4062C Semiconductor Parametric Test System or the HP 4062UX
Semiconductor Process Control System hardware.

This chapter covers performance evaluation and repair strategies, and system specifications.
Chapter 2 explains how to test and verify your HP 4062C/UX using the performance
verification software. Chapter 3 provides troubleshooting information. Chapter 4 covers
system parts information.

System Configuration

The HP 4062C/UX is designed for use with an HP 9000 Series 300 computer and an
automatic wafer prober. System configurations differ depending on which switching matrix

(SWM, 48- or 96-pins) your HP 4062C/UX is equipped with. Figure 1-1 and Table 1-1 shows

a typical HP 4062C/UX system configuration.

Figure 1-1. A Typical HP 4062C/UX System
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Table 1-1. A Typical HP 4062C/UX System

Description 48-pin 96-pin
SWM SWM
HP 40B4F Switching Matrix Controller (SWC) 1 ea. 2 ea.
HP 4085B (48-pin) Switching Matrix (SWM) 1 ea. —
HP 4089A (96-pin} Switching Matrix (SWM) — 1 ea.
HP 4142B Modular DC Source/Monitor (DCS}) 1 ea. 1 ea.
HP 41420A Source/Monitor Unit (SMU 200 V/1 A) 1 ea. 1 ea,
HP 41421B Source/Monitor Unit (SMU 100 V/100 mA) 3 ea. 3 ea.
HP 41424 A V Source/V Monitor Unit (V3/VMU) 1 ea. 1 ea.
HP 41425A Analog Feedback Unit (AFU) 1 ea. 1 ea.
HP 4280A 1 MHz C Meter/C-V Plotter (CMU} 1 ea. 1 ea.
System Cabinet 1 ea. 1 ea.
HP 16321A VFP Timer Board (HP 4062C only) 1 ea. 1 ea.
System Software 1 ea. 1 ea.

Test Instruction Set (TIS)

Virtual Front Panel (VFP)

Prohing Pattern Generator (PPG)

System Diagnostics {DIAG)

Performance Verification (PV4062) (HP 4062UX only)

System Controller for HP 4062C;

HP 9000 Series 300 Model 310, 320, 330, 332, 350, 360, or 370
System Controller for HP 4082UX:

HP 9000 Series 300 Model 320, 330, 350, 360, 370, or 375

HP 9000 Series 300 Model 318M, 319G+, 340, or 345 for diskless cluster configurations

Disk Drive

Printer

Automatic Wafer Prober
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Figure 1-2 shows an HP 40858 48-pin Switching Matrix (SWM) system configuration. The
TP 4142B provides the DC Measurement Subsystem (DCS), and the HI 4280A CMU or I[P
4281A CMUB84 provides the Capacitance Measurement Subsystem (CMS).

System measurements are made at the pins of the SWM, and SWM connections are controlled
by the HP 4084B Switching Matrix Controlier (SWC). System instruments, except for the
SWM, are controlled by an IIP 9000 Series 300 computer (system controtler) via HP-1B.

If your system includes a wafer prober, the system controller also controls the wafer prober,
thereby letting you make wafer measurements automatically.

Control Cables
Lo )
22u SWCIHP 40848) [ havanssnsnnnsssnsncsrnnnsassnnsnm,
3
HP-18 35 .
Cable U«|{" ") DCSHP 41428} CML Cable .
. \ CMH Cable .
23 (] // e 3 swm
L | it tlos| ¥ tHP 40858)
HP-IB s =N "\ o1
Cable . A4 Cablg — o1 D m
H_' b L] ] AUX3 Cable —- — AUXZ Cable
2 L goy oMUt a2s0m
. _Q ) - AUX1 Cable
HP-IB %
Cable U PRETTT System Controller (HP 9000 Series 300}
nterface g
O HP-1B Controlled
e -1B Controlie
712&/ = D Wafer Prober
=y (BT A ;
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Figure 1-2. System Configuration: 48-pin SWM System
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Figure 1-3 shows an HP 4089A 96-pin SWM system configuration.
SWM connections for 96-pin SWM systems are controlled by two SWCs (SWC 1 and 2).

19 SWCZ (HP 4084B) j.cz)/.-.
Ei&f « Comro!CabIes\. :
22[]: SWOCT HP 4084B) :}...........&5. SERLELLELRLLLIA
HP-1B ] : e
Cable . 73 DCS{HP 4142B) CMIL Cable CMH Cable M
23[[ / !
== [os]l :swM
5 u L | Heals @iHP 40834)
e s = MHE:
il S i
: MR W - AUX4 Cable l
24 R CMu P 42808 1. AUXZ Cable
: —K- AUX3 Cable - AUX{ Cable
HP-IB &

HP-18 Controlled
Waler Prober

2 HP-IB Cable

Figure '1-3. System Configuration: 86-pin SWM System
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Abbreviations

This paragraph provides the abbreviations for HP 4062C/UX system used through this
manual as shown in the following lists. For more information on the abbreviations, see the
System Information manual,

Abbreviation Term

rcs Process Control System

DCS DC Measurement Subsystem: HP 4142B Modula DC Source/Monitor

CMS Capacitance Measurement Subsystem

CMU Capacitance Measurement Unit: TP 4280A 1 MHz C Meter/C-V Plotter

CMU84 Capacitance Measurement Unit: HP 4284A 20 Ilz-1 MHz Precision LCR
Meter

LCR Capacitance Measurement Unit: HP 4274A Multi-Frequency LCR Meter

SWS Switching Matrix Subsystem

SWM Switching Matrix: HP 40853 48-pin SWM or HP 4089A 96-pin SWM

SWC Switching Matrix Controller: HP 4084B Switching Matrix Controller

SMU Source Moritor Unit: HP 41420A 200 V/1 A SMU or IIP 414218 100 V/100
mA SMU

Vs Voltage Source

VM Voltage Monitor

VS/VMU Voltage Source/Voltage Monitor Unit: HP 41424A VS/VMU

A¥U Analog Teedback Unit: HP 41425A AFU

TIS Test Instruction Set

VEFP Virtual Front Panel

PPG Probing Pattern Generator

DIAG Diagnostics for HP 4062C/UX System

PV4062 Performance Verification for HP 4062C/UX System

DVM Digital Voltmeter

DMM Digital Multimeter (including DVM)
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Performance Evaluation Strategy

Diagnostics

Your HP 4062C/UX provides the following four levels of diagnostics:

START:

DIAG and DIAG4274:

AGas
W basa (&Jxma Aé‘\{“q""
VI TLOT60 Sohe TTead
d Weduhe, ,

The START program runs the self-test of each subsystem and
confirms the presence and operational status of each subsystem,
START executes automatically when you load ard run the system
software or the Diagnostics (DIAG) program. You can also execute
START from the main menu of the performance verification
(PV4062) program.

The DIAG program checks the basic measurement capabilities of each
HP 4062C/UX subsystem, and requires the furnished system test
module.

If your HP 4062 system is equipped with an HP 4274A
Multi-Frequency LCR Meter {option 310 for HP 4062C; option
520 for HP 4062UX), the DIAG4274 program checks the basic
performance of the HP 4274 A as a system instrument. DIAG4274

:also requires the furnished system test module.

“DIAG, and DIAG4274 if applicable, should be run as part of your

PV4062 and PVA274:

W@ b3y B oo Yi2onh
TN
WEIL3YUE ME Tow Wiyl g

AT

\'u\ () ) L 3"’) L, (& Fezo CoArsin £
< GG Y

Yon 2k osr

PV4142 and HP 4280A
or TIP 4284 A
Performance
Verifications:
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daily start-up routine for your system to ensure the reliability of
subsequent measurements.

For more information about DIAG, refer to “Diagnostics” of the HP
4062C/UX Systern Information.

The PV4062 program checks system performance. PV4062 is similar
to DIAG, but provides stricter test limits. PV4062 should be
performed to verify system performance, and after system calibration
or troubleshooting. PV4062 consists of two tests, as follows:

PV4062 without (W/0) DVM:

This test does not require a digital voltmeter (DVM) or digital
multimeter (DMM), and is performed after installation, regular
maintenance, and repairs.

PV4062 with (W/) DVM:

This test requires a DVM or DMM, and is performed when
accurate data is required for troubleshooting purposes.

If your P 4062C/UX is equipped with an HP 4274A Multi-
Frequency LCR Meter (option 310 for HP 4062C; option 520 for HP
4062UX), the PV4274 program checks the performance of the HP
4274A as a system instrument.

The PV4142 program checks the performance of the HP 41428 as
a standalone instrument, and is also used for isolating problems.
You can also run PV4142 from PV4062. Refer to “4142B Test” in
Chapter 2 for details.



The HP 4280A or HP 4284 A performance verification checks the
performance of each instrument after repairs, and is also used for

isolating troubles.

Table 1-2 lists the differences between the DIAG and the PV4062 programs. Table 1-3 lists

each test and gives the levels that the specifications are checked for in each test.

Table 1-2, Differences Between DIAG and PV40862

DIAG

PV4062

When to use

Daily—®@ system start-up

Verification, Calibration, and Troubleshooting

How to obtain

Furnished with system

Included in the Product Support Package. Can
also be ordered separately for HP 4062C.
For HP 4082UX, furnished with system.

Program location
for HP 4062C

SYSTEM SOFTWARE disk (5)

PERFORMANCE VERIFICATION disks

Program location

for TP 4062UX

/usr/pes/diag directory

/usr/pes/diag directory

Test limits

General

Specific

Table 1-3. DIAG and PV40D62 Tests and Level of Testing

Test Name

PV4062

DIAG  fw/o pVYM

W/ DVM

4142B

TIMER

4274A

Relay Test

-

SMU Test

A

VS Test

A

VM Test

A

CMS C-G Test

Q|0

CMS Bias Test

CMU84 C-G Test

oR{e

CMU8B4 Bias Test

Leakage Test

Q0

GNDU Test

A R e o P hee i fe I Lol oy

*

Kelvin Test

¥*
3*

IIP 41421 Test

*
*

Timer Testl

LCR C-G Test

L.CR Bias Test

1 For HIP 4062C only,

Checks specifications completely.
Checks general specifications.
Verifies proper system operation.
Checked during other tests.
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Calibration

The recommended system calibration cycle is once a year. The estimated mean time for
calibration is one hour. To perform the calibration, execute 4062 W/0O and W/ DVM Test
of the PV4062, which is performance verification software for HP 4062C/UX. See Chapter 2
about the PV4062.

The PV4062 meets or exceeds MIL-STD 45622 specifications. When you perform calibration
for the MIL-STD, execute the 4062 W/O and W/ DVM Test of the PV4062 storing the
calibration results in a file, and display or print the test results using the VIEW RESULTS
function of the PV4062.

Note Use calibration modules that are calibrated at least once a year when
@ performing the calibration.
Adjustments

The DCS and CMU or CM184 are the only P 4062C/UX subsystems that require
adjustments; and the DCS requires adjustment only if it fails PV4142. Refer to the HP 4142B
Service Manual, HP 4280A Operation and Service Manual, and HP 4284A Service Manual for
the adjustment procedures.

Preventive Maintenance

Preventive maintenance (PM) consists of performance verification and normal PM routines,
No special preventive maintenance is required. Recommended PM cycle is once a year.

To maintain the system’s low current measurement capability, the pin boards, measurement
pins, test fixtures, and exposed signal lines must be kept extremely clean. If the system

is operating in a room where air purity is high and where personnel take the necessary
precautions against contamination, only periodic cleaning is required. In any other
environment, however, cleaning must be done as often as possible. The procedure for cleaning
is given in chapter 3 of the HP 4062C/UX System Information manual.
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Product Support Package (PSP)

Hewlett-Packard provides the HP 16290A Product Support Package (PSP), which is designed
to help facilitate on-site isolation and repair of HP 4062 system failures except the system
controller and peripherals. This package includes the HP 163468 System Calibration Module
and Performance Verification Disk for diagnosis of the system problems. The package also
includes tools to help troubleshoot and repair the system instruments: HP 4085B 48-pin
Switching Matrix and HP 4141B DC Source/Monitor. Table 1-4 lists the contents of the HP
16290A PSP.

Table 1-4. Contents of HP 16290A PSP

Item Description
HP 16346B System A calibrated system module for performance verification. This
Calibration Module is destgned for an HP 4085B 48-pin SWM.

Performance Verification Diisk | A disk sct that includes the performance verification software
for an HP 4062C system.

Solder Special solder used to repair circuit boards and other
assemblies.
Pin Board Extender Used to extend pin boards to access pin board relays.

Pin Board Extension Cable

Pin Board Extractor Required to extract pin boards from the SWM when
component level access is necessary,

Extender Board (large) Used to extend boards A2 through A8 and Al3 through Al16 of
the HP 4141B when board level access is necessary.

Extender Board (small)

Sample Devices Depletion type p-channel J-FETs to help facilitate verification
of HP 4062C/UX performance after repair.

Gloves Used to keep assemblies, boards, and relays {ree of hand oils,
grease, and other contaminants during the replacement of an
assembly, board, or component,
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Options

Table 1-5 and Table 1-6 lists the options available for the HP 4062C and the HP 4062UX,
respectively.

Table 1-5. HP 4062C Options

Option Description

001 12-pin Configuration of 48-pin SWM

002 |24-pin Configuration of 48-pin SWM

003 | 36-pin Configuration of 48-pin SWM

004 | Add Spare Pin Board for 48-pin SWM

012 | 24-pin Configuration of 96-pin SWM

013 |36-pin Configuration of 96-pin SWM

014 |48-pin Configuration of 96-pin SWM

015 {64-pin Configuration of 96-pin SWM

018  {72-pin Configuration of 96-pin SWM

017  [84-pin Configuration of 96-pin SWM

018 | 96-pin Configuration of 96-pin SWM

019 [ Add Spare Pin Board for 86-pin SWM

020 | Replace an HP 41420A SMU with an HP 41421B SMU
021 | Add Spare HP 414218 SMU

022 | Add Spare HP 41420A SMU

023 | Add Spare HP 41424A VS/VMU

024 | Delete one HP 41421B SMU

025 | Delete one HP 41420A SMU

026 {Delete one HP 41424A VS/VMU

027 | Delete one HP 41425A

050 |50 Hz Line Frequency

060 |60 Hz Line Frequency

102 | Delete HP 4280A 1 MHz C Meter/C-V Plotter

110 | Delete Package Device Test Fixtures for 48-pin SWM
115 | Delete Package Device Test Fixtures for 96-pin SWM
B30 | Delete System Cabinet

310 [Add HP 4274A Multi-Frequency LOR Meter

311 Add 35 V dc Bias for HP 4274A

312 [Add £100 V dc Bias for HP 4274A

320 [Add HP 4284A 20 Hz-1 Mz Precision LCR Meter (including TP 4284A option
006)

321 Add £40 V Internal dec Bias for HP 4284A
405 | System Software Right-to-Copy

450 Add Interactive Measurement and Analysis (IMA) Software License-to-use, Media,
and Manuals

451 Add TMA Software License-to-use
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Table 1-5. HP 4062C Options (continued)

Option Description

303 | Replace the furnished personality board of 48-pin SWM for Electroglas wafer
probers

540 |Delete HP 16071A Universal Fixture for 48-pin SWM

541 | Delete HP 16072A Personality Board for 48-pin SWM

550 | Delete HP 16376A Universal Fixture for 96-pin SWM

552 | Delete TP 16377A Personality Board for 96-pin SWM

870 | Add HP 16071A Universal Fixture for 48-pin SWM

571 Add HP 16072A Option 001! Personality Board for 48-pin SWM
572 [ Add TP 160728 Personality Board for 48-pin SWM

573 | Add HP 16072B Option 001! Personality Board for 48-pin SWM
380 | Add HP 16376B Universal Fixture for 96-pin SWM

b&2 Add HP 163778 Personality Board for 96-pin SWM

701 | HP 9000 Scries 300 System Processing Unit (SPU) Rack Mount Kit
702 | HP 9000 Series 300 SPU and Backplane Expander Rack Mount Kit
710 | Hard Disk Rack Mount Kit (for HP 9153A/B, or HP 9154A/B)

720 Hard Disk Rack Mount Kit
{for HP 913311, T957A/B, 7958A/B, 79598, P 79628, or HP 7063B)

730 [Hard Disk Rack Mount Kit (for HP 7946A)
740 | Cartridge Tape Drive Rack Mount Kit (for HP 9144A or HP 9145A)
910 Extra System Documentation Set

1 For Electroglas 1034X/2001X Wafer Probers.
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Table 1-6. HP 4062UX Options

Option Description

050 |50 Hz Line Frequency

060 |60 Hz Line Frequency

022 [1/4 inch tape media for HP 4062UX software and media/manual for HP-UX and
HP BASIC/UX

310 | 12-pin Configuration of HP 4085B (48-pin) SWM

311 | Add one HP 16320B Pin Board for HP 4085B SWM

312 | Add Packaged Device Test Fixtures for HP 4085B SWM

313 | Add HP 16077A Cable Extension Fixture for HP 40858 SWM

314 | Add HP 16071A Universal Fixture for HP 40858 SWM

315 | Add HP 16071B Universal Fixture for HP 40858 SWM

316 |Add HP 16072A Personality Board for HP 4085B SWM

317 | Add HP 16072A Option 001* Personality Board for HP 40858 SWM

318 Add HP 160728 Personality Board for HP 4085B SWM

319 {Add ¥P 16072B Option 001! Personality Board for HP 40858 SWM

330 | 24-pin Configuration of HP 4083A SWM

331 Add Onc HP 16320C Pin Board for HP 4089A SWM

332 Add Packaged Device Fixtures for HP 4089A SWM

333 | Add HP 16378B Cable Extension Fixture for HP 4080A SWM

334 | Add HP 16376A Universal Fixture for HP 4089A SWM

335 | Add HP 163768 Universal Fixture for HP 4089A SWM

336 | Add HP 16377A Personality Board for HP 4080A SWM

337 | Add HP 16377B Personality Board for HP 4089A SWM

400 | Add HP 4142B Modular DC Source/Monitor (DCS)

405 | TField Installation Kit for HP 4142B

410 | Add HP 41420A SMU (200 V/1 A)

411 | Add HP 41421B SMU (100 V/100 mA)

414 | Add HP 41424A VS/VMU

415 | Add HP 41425A ATU

450 | Add Interactive Measurement and Analysis (IMA) Software License-to-use, Media,
and Manuals

451 Add IMA Software License-to-use

510 | Add HP 4280A 1 MHz C Meter/C-V Plotter (CMU)

515 | Field Instaliation Kit for TP 4280A

1 For Electroglas 1034X/2001X Waler Probers.
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Table 1-6. HP 4062UX Options (continued)

Option Description

520 | Add HP 4274A Multi-Frequency LCR Meter {LCR)
521 Add £35 V dc Bias for HP 4274A

522 Add £100 V dc Bias for HP 4274A

525 | Field Installation Kit for HP 4274A

530 | Add HP 4284A 20 Hz-1 MHz Precision LCR Meter (CMU84) (including HP
4284 A option 006)

531 Add 40 V Internal dc Bias for HP 4284A

535 | Field Installation Kit for HP 42844

701 | HP 5000 Series 300 System Processing Unit (SPU) Rack Mount Kit
702 HP 9000 Series 300 SPU and Backplane Expander Rack Mount Kit
710 {Hard Disk Rack Mount Kit (for HP 9153A/B or HP 9154A/B)

720 Hard Disk Rack Mount Kit
(for TP 91331, T957TA/3, 7958A /B, 79508, HP 74628, or IIP 79638)

730 | Hard Disk Rack Mount Kit {for HP T946A)
- 740 | Cartridge Tape Drive Rack Mount Kit (for HP 9144A or HP 9145A)

910 Extra System Documentation Set
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Furnished Accessories

Table 1-7 and Table 1-8 list the accessories furnished with the standard HP 4062C/UX.

Table 1-7. HP 4062C Furnished Accessories

For HP 40858 48-pin SWM

For HP 4089A 96-pin SWM

HP 16066A Test Fixture Adapter

HP 16067A Low Leakage Fixture (24-pin DIP)
HP 16068A Low Leakage Fixture (48-pin DIP)
HP 16069A Universal Low Leakage Fixture
HP 16070A General Purpose DIP Fixture

HP 18071A Universal Fixture

HP 16072A Personality Board

HP 16075A Relay Test Adapter

HP 18076A Systemn Test Module

HP 16077A Tixtension Cable Fixture

HP 16321A VFP Timer Board

Screwdriver (HP part number 8710-0900)

Pin Board Extractor (HP part number 04085-69001)

HP 16355A Relay Test Adapter

HP 18356A System Test Module

HP 16370A Test Fixture Adapter

HP 16371A Low Leakage Fixture (24-pin DIP)

HP 16372A Low Leakage Fixture (48-pin DIP)

HF 16373A Low Leakage Fixture (64-pin DIP)

HP 16374A Universal Low Leakage Fixture

HP 16375A General Purpose DIP Fixture

HP 16376A Universal Fixture

HP 16377A Personality Board

HP 163788 Extension Cable Fixture

Hexhead Wrench 5 mm (HP part number 8710-1838)
Hexhead Wrench 6 mm (HP part number 8710-1839)
Pin Board Extractor (HP part number 04085-69001)

Table 1-8. HP 4062UX Furnished Accessories

For HP 40858 48-pin SWM

For HP 4089A 96-pin SWM

HP 16088A Test Fixture Adapter

HP 16075A Relay Test Adapter

HP 16076A System Test Mocule

Screwdriver (HP part number 8710-0900)

Pin Board Extractor (HP part number 04085-69001)

HP 18355A Relay Test Adapter

HP 16356A System Test Module

HP 16370A Test Fixture Adapter

Hexhead Wrench 5 mun (HF part number 8710-1838)
Hexhead Wrench 6 mm (HFP part number 8710-1839)
Pin Board Extractor (HP part number 04085-69001)

[n addition to the furnished accessories listed in Table 1-7 and Table 1-8, the 1P 4062C/UX
also includes HP 4280A or HP 4284A accessories and your system manuals.

Available Accessories

Additional HP 16320B Pin Boards (for P 4085B 48-pin SWMs) and HP 16320C Pin Boards
(for HP 4089A 96-pin SWMs) can be purchased as replacements or for configuration changes.
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Specifications

‘This paragraph contains HP 4062C/UX specifications. These specifications are the
performance standards or limits against which HP 4062C/UXs are tested. When shipped from
the factory, each system meets or exceeds the specifications listed in this paragraph.

For complete DCS specifications, refer to the IIP 4142B Operation Manual; for complete CMU
specifications, refer to the HP 4280A Operation and Service Menual; for complete CMU84
specifications, refer to the HP 4284A Operation Manual.

General Description

The HP 4062C/UX measures the dc current, dc voltage, and capacitance of test samples
which have up to 96 pins.

# Measurement Functions:
DC Current, DC Voltage, and Capacitance
o DC Measurement Mode

Spot Measurement, Sweep Measurement, Pulse Measurement, Pulse Sweep Measurement,
and Analog Search

s Measurement Pins:
96 (Maximum)
8 SWM Instrument Ports: 9
o High Resolution SMU: 1 port
Current Measurement Range: £20 fA to +1 A
Voltage Measurement Range: 440 pV to £200 V
a High Current SMU, Kelvin: 1 port
Current Measurement Range: £2 pA to £1 A
Voltage Measurement Range: 40 uV to +200 V
o SMUs, Kelvin: 2 ports
Current Measurement Range: £2 pA to &1 A
Voltage Measurement Range: +40 pV to £200 V
o GNDU, Kelvin: 1 port
Voltage Output Range: 0V
o VS/VMU: 4 ports
Voltage Output Range: £1 mV to £40 V

Voltage Measurement Range: £40 £V to £40 V (4 pV resolution with differential V
measurements}

o Capacitance Measurements:

a CMU
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Test Frequency: 1 MHz
Capacitance Measurement Range: 0.001 pF to 1.2 nF
Conductance Measurement Range: 0.01 pS to 12.00 mS
DC Bias Voltage: £100 V

s CMUS84
Test Frequency: 1 k, 10 k, 100 k, and 1 MHz
Capacitance Measurement Range: 1 {F to 100 nF
Conductance Measurement Range: 0.1 nS to 7.5 mS

DC Bias Voltage: 340 V
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Switching Matrix Subsystem (SMS)
The SMS of the HP 4062C/UX consists of one of the following configurations:
One HP 40858 48-pin SWM and one HP 4084B SWC
or
One HP 4089A 96-pin SWM and two HP 4084B SWCs.
HP 40858 SWM Measurement Pins:
The TP 4085B SWM can be equipped with 12 to 48 measurement pins.
@ TP 4089A SWM Measurement Pins:
The HP 4089A SWM can be equipped with 24 to 96 measurement pins.
8 SYWM Instrument Ports:
The SWM provides § instrument ports:
High Resolution SMU: 1 port
High Current SMU: 1 port
Standard SMUs: 2 ports
GNDU: 1 port
Auxiliary (AUX): 4 ports

Auxiliary ports (AUX1-4) can be used with the VSs and VMs of the DCS (up to 4
ports); and the CMS {up to 2 ports—AUX3 and 4) for C, C-V, and C-t measurements.

g Maximum Voltage at each Port:
+200 V: SMU ports
+100 V: AUX ports
B Maximum Current through Ports to Pins:
+1.6 A: GNDU port
+1.0 A: SMU ports
+£500 mA: AUX ports

8 Maximum Stray Capacitance: <6 pF' (between C measurement ports)

DC Measurement Subsystem {(DCS)

The DCS of the HP 4062C/UX consists of the P 41428 Modular DC Source/Monitor and
your combination of the following plug-in modules:

HP 414218 100 V/100 mA SMU,  slot

HT 41420A 200 V/1 A SMU, 2 slots

P 41424A V§/VMU, 1 slot

HP 41425A Analog Feedback Unit (AFU), 1 slot

The DCS provides 8 plug-in module slots.
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High Resolution SMU: 1 port

This port is for low current measurement.

An 1P 41420A or HP 41421B SMU is used.

Voltage Source/Monitor Range, Resolution, and Accuracy (@ 48-pin SWM

pins)

V Range Full Scale Resolution Force/Measure Accuracy (Io = Qutput I)
+(% of reading + % of range + V)
+2V 100 pV /40 1oV +(0.05%+0.05%-+0.5 QxTo+100 V)
+20V 1 mV /400 uV
=10 Y 2 mV/800 pV 1(0.05%+0.05%--0.5 QxTo)
+100 V 5 mV/2 mV DA
+200 V1 10 mV /4 mV

1 HP 41420A SMU only.

Voltage Source/Monitor Range, Resolution, and Accuracy (@ 96-pin SWM

pins)
V Range Full Scale Resolution Force/Measure Accuracy (Io = Qutput I)

+(% of reading + % of range + V)

+2V 100 eV /40 pV +{0.05%-+0.05%+0.6 QxTo+100 uV)
420V 1 mV /400 pv

=207 2 mV/800 p¥ 4(0.06%+0.05%+0.6 2xTo)

+100 V 5 mV/2 mV
+200 v* 10 mV/4 mV

1 HP 41420A SMU only.

Current Source/Monitor Range, Resolution, and Accuracy

T Range Full Scale Resolution Force/Measure Accuracy (Vo = Output V)
4 (% of reading + of range +A)
1Al 50 pA/20 pA +[0.5%-(0.140.002 x Vo) %]
+100 mA 5 pA/2 pA
jo]:x\ 522 :iﬁgonjf’ +]0.2%+(0.14-0.002x Vo) %)
£100 pA 5 nA/2 nA
+10 pA 500 pA /200 pA
+1 pA 50 pA /20 pA
+100 nA 5 pA/2 pA £[0.5%+(0.140.002x Vo) %)
£10 nA 500 £A /200 fA? +[1%-+(0.002x Vo) %-+15 pA)
+1 nA 50 TA/20 [A? £ [1%4(0.002x Vo)%+8 pA]

1 HP 41420A SMU only.

2 I monitor resolution of 200 fA/20 TA @ 10 nA /1 nA ranges are obtained when the integration time of the DCS

is sel to LONG.
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Residual Resistance:

Input Resistance:

Qutput Terminals:

High Current SMU: 1 port

<0.5 £ (48-pin SWM)
<0.6 2 (96-pin SWM)

>10? Q (in I source mode)

Force and Guard

‘This port is for low voltage measurements with high current output.

An HP 41420A or HP 41421B SMU is used. Note that 10 nA and 1 nA ranges are not

specified.

Voltage Source/Monitor Range, Resolution, and Accuracy

V Range Full Scale | Resolution Force/Measure Accuracy (Io = Output I)
+(% of reading + % of range + V)
+2V 100 pV /40 uVv 3(0.05%40.05%+2.56 mQxIo+100 pV)!
20V 1 mV /400 uV +(0.05%+0.05%+2.5 mQ2xTo)?
40 V 2 mV/800 pV
5210000\)/; 150 n;]\\/f//i r::/ £(0.05%+0.05%)

1 You can ignore the term 2.5 m{Ix o when the |lof is less than or equal to 100 mA.

2 HP 41420A SMU only,

Current Source/Monitor Range, Resolution, and Accuracy

I Range Full Scale | Resolution Force/Measure Accuracy {Vo = Output V)
£(% of veading + % of range + A)
+1 Al 50 A /20 pA +(0.5%+(0.1+0.002x Vo) %)
100 mA 5 uA/2 uA
5 _
:1110:/1\ ‘)gg :iggi:\ £{0.2%+(0.140.002x Vo) %]
+100 pA 5 nA/2 nA
+10 pA 500 pA /200 pA +[0.2%+(0.140.003 x Vo) %}
+1 pA 50 pA/20 pA £[0.5%+(0.01x Vo)%-+2 nAj
+100 nA 5 pA/2 pA +[0.5%-+(0.1x Vo)%-+1 nA)

1 HP 41420A SMU only.

Input Resistance: 210" Q (in T source mode)

Output Terminals: Torce, Sense, and Guard

SMUs: 2 ports

HP A1420A or P 411218 SMU is used. Note that 10 nA and 1 nA ranges are not specified.
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Voltage Source/Monitor Range, Resolution, and Accuracy (@ 48-pin SWM

pins)

V Range Full Scale

Resolution Force/Measure

Accuracy (Io = Output I)
+(% of reading + % of range + V)

+

(0.05%+0.05%-+100 V(0 A<I0<0.1 A)

100 pV /40 pv

Add 40 mQxIo! (0.1 A<Io<0.5 A)

+2V
Add 200 mftxIo! (0.5 A<To<1 A)
+(0.05%+0.05%) (0 A<lo<0.1 A)

+20V 1 mV /400 pV Add 40 mQxIol (0.1 A<To<0.5 A)
Add 200 mQxIol (0.5 A<log! A)

+40 V 2 mV/800 pV

+100 V 5 mV/2 mV +(0.05%+0.05%)

4200 V? 10 mV/4 mV

1 Reference data only.
2 HP 41420A SMU only.

Voltage Source/Monitor Range, Resolution, and Accuracy (@ 96-pin SWM

pins})

Accuracy (Io = Qutput I)

V Range Full Scale | Resolution Force/Measure
+(% of reading + % of range + V)
2V 100 pV/40 pv +{0.05%+0.05%+2.56 mQ2xTo4+100 V)
+20V 1 mV /400 puV +(0.05%+0.05%+2.5 mQ) x o)
+40 V 2 mV /800 uV
+£100 V 5 mV/2 mV +{0.05%-+0.06%)
+200 V1 10 mV/4 mV

1 HP 41420A SMU only.

Current Source/Monitor Range, Resolution, and Accuracy

Accuracy (Vo = Output V)

I Range Full Scale | Resolution Force/Measure
+(% of reading + % of range + A)
+1 Al 50 A /20 pA +[0.5%+(0.140.002x Vo) %]
+£100 mA 5 pA/2 pA
10 mA 500 nA/200 nA £[0.2%-+(0.1-+0.002 Vo) %]
41 mA 5G nA/20 nA
+£100 pA 5 nA/2 nA
+10 pA 500 pA/200 pA +[0.2%-+(0.140.003% Vo) %)
+1 pA 50 pA/20 pA +0.5%+{0.01 x Vo}%-+2 nA]
+100 nA 5 pA/2 pA £[0.5%+(0.1x Vo) %-+1 nA]
1 HIP 414204 SMU only.

Input Resistance:

Qutput Terminal:

>10'° Q (I source mode}

Force, Sense, and Guard
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SMU Common Specifications:

Voltage Source/Monitor Ranges and Maximum Currents

Maximum Current
V Range Full Scale HP 41420A HP 41421B
+2V 1.0 A 100 mA
1.0 A (<14 V)
+20 V 0.7 A (<20 V) 100 mA
+40 YV 350 mA 50 mA
+100 V 125 mA 20 mA
+200 V 50 mA —

Current Source/Monitor Range and Max. Voltage

Maximum Voltage

I Range Full Scale HP 41420A HP 41421B
14 V (<1 A)
20V (<0.7 A)
+1A -

40 V (<350 mA)
100 V (<125 mA)
200 V (<50 mA)

— 20 V (<100 mA)

+100 mA 100 V (<100 mA) 40 V (<50 mA)
200 V (<50 mA) 100 V (<20 mA)
+10 mA
41 mA
100 A 200 V 100V
+10 nA
+1 nA

# Maximum Output Power: 14 W (HP 41420A SMU); 2 W (TP 4142113 SMU)
m Current Over-range: 15% of range, 0% of maximum range
g Current/Voltage Compliance:
o Setting Range:
1 pA <1 Compliance < Maximum I
V Compliance < Maximum V
o Setting Accuracy:
Same as accuracy indicated previously for all SMUs.
o Opposite Polarity Setting Accuracy:
+2%: 100 nA to 1 A ranges
+10%: 1 nA and 10 nA ranges
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Note Accuracies are specified at 23° C +£5° C (73° F £9° T) after a minimum 40
minute warm-up period, with less than a 3° C (6° F) temperature change after
calibration. Accuracies apply to all measurement pins. Errors double at 5°

C-18° C and 28° C-40° C (41° F-64° F and 82° F-104° I'}).

SMU Reference Data:

Maximum Capacitance Load: 1000 pF
Maximum Allowable Guard Capacitance: 100 pF
Maximum Slew Rate: 0.2 V/ps

Note Reference data are not guaranteed specifications, but are provided as
additional operator information,

Auxiliary (AUX): 4 ports
HP 41424A VS/VMU is used.

The VS/VMU provides two V source channels, VS1 and VS§2, that can also monitor
current; and two V monitor channels, VM1 and VM2, that can also function as a differential
voltmeters.

8 VS1 and V§2:

VS Voltage Qutput Range, Resolution, and Accuracy

V Range Full Scale Resolution Accuracy Max, 1
+£20V 1 mV +(0.1% of setting + 10 mV) 160 mA
+40 V 2 mV 4(0.1% of setting + 20 mV) 20 mA

VS Current Measurement Range, Resolution, and Accuracy

1 Range Full Scale Resolution Accuracy V Range
+20 mA 20 pA +(8% of reading + 200 pA) 40V
£100 mA 100 pA +(3% of reading + 1 mA) 20V

Output Terminal: Force and Guard

Note Accuracies are specified at 23° C £5° C {73° I' £9° F)after a minimum 40
minute warm-up period, with less than 3° C (6° F) temperature change after
calibration. Accuracies apply at all measurement pins. Errors double at 5°
C~18° € and 28° C-40° C (41° F~64° T and 82° F-104° F).

w V5 Reference Datlas
QOutput Resistance: <2.0 2 (Typically 1.0 Q)

Maximum Capacitance Load: 10 uF
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Maximum Slew Rate: 0.2 V/us
Current Limit Accuracy: —0%, +20%

Mote Reference data are not guaranteed specifications, but are provided as
additional operator information.

g VM1 and VM2

VM Input Range, Resolution, and Accuracy (Grounded Measurements)

V Range Full Scale Resolution Accuracy
12V 40 uv +(0.05% of reading + 1.1 mV)
+20 V 400 pv £{0.05% of reading + 10 mV)
40 V 800 uV £(0.05% of reading + 20 mV)

VM Input Range, Resolution, and Accuracy (Differential Measurements)

V Range Resolution Accuraey (Vi = VM2 Input V) Maxinmum
Full Scale Common Voltage
+0.2V 4 pV +(0.2% of reading + 0.5 mV - 40V
2.5x10°%x Vi)
+2V 40 pV +(0.1% of reading + 2.1 mV + a3 v
2.56x107%%x Vi)

Input Terminal: Sense and Guard

Noie Accuracies are specified at 23° C £5° C (73° F £9° F) after a minimum 40
: minute warm-up period, with less than 3° C (6° I) temperature change after
calibration. Accuracies apply at all measurement pins. Errors double at 5°
C-18° C and 282 C-40° C (41° F-64° F and 82° P--104° F),

w VM Reference Data:
Input Resistance: >50 M2

MNote Reference data are not guaranteed specifications, but are provided as
additional operator information.

Pulsed Measurements
Pulsed hias and pulsed sweep measurements can be performed using SMUs and VSs.

Measurement Modes: Pulsed spot, pulsed linecar sweep, and lincar sweep with pulsed
bias

Pulse Width Setting Range: 1 ms to 50 ms, 0.1 ms resolution

General Information  1-23



Pulse Period Setting Range: 10 ms to 500 ms, 0.1 ms resolution
Hold Time setting Range: 0 ms to 655.35 s, 0.01 s resolution
Pulsed V Force Range: 2Vito200V
Pulsed 1 Force Range: 10nAtol A

Ground Unit (GNDU)

The GNDU can be used as measurement ground.

Output V: 0ov
1 Range: +1.6 A
Offset V: +1 mV

Maximum Capacitance Load: 10 uF (reference data only)

Analog Feedback Unit (AFU)
HP 41425A AT'U

By using an analog feedback method, the AFU performs high speed measurements by
controlling the output voltage of one SMU (Search SMU) while another SMU (Sense SMU)
monitors I or V until a specified target value is reached.

Search SMU Specifications

Search V Range: ‘ 2V,20V,40V, 100 V (HP 41421B) or 200 V (HP
41420A)

Search V Slew Rate Range: 0.5 mV/ms-100 V/ms

Search V Slew Rate Resolution: 1/100 of slew rate range

Feedback Integration Time Range: 2.5 pts-500 ms

Feedback Integration Time 1/10 of range
Resolution:

Sense SMU Specifications

Setting Range and Resolution: Same as SMU used

Setting Accuracy: SMU’s accuracy -+ 0.1% of setting value + 0.1% of
SMU’s range

Maximum I setting Value: 900 mA (IP 41420A)
90 mA (P 41421B)

Maximum V setting Value: 180V (HP 41420A)

90 V (HP 41421B)

AFU Reference Data
Sense SMU Specifications:

Search V Slew Rate Accuracy: 30% + 10% of slew rate range
Ramp Voltage Stop Delay Time: 5 ps

Feedback Integration Time 30% of setting

accuracy:
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Note Reference data are not guaranteed specifications, but are provided as
@ additional operator information.

General Information 1-25



Capacitance Measurement Subsystem (CMS)

The CMS of the HP 4062C/UX consists of the HP 4280A 1 MHz C Meter/C-V Plotter, the
HP 4284A Precision LCR Meter, or the HP 4274A Multi-Frequency LCR Meter.

CMU (MP 4280A 1 MHz C Meter/C-VY Plotter)

Capacitance Measurement Range: 1 {F to 1.2 oF

Conductance Measurement Range: 0.01 uS to 12 mS

C-t Measurements: Measurement Time Interval: 60 ms to 32 s
Pulse Width Setting Range: 10 ms to 32 s

Test Frequency: 1 MHz £0.01%

Test Signal Level: 30 mVrms +10% and 10 mVrms £10%

Display Resolution: 4-1/2 digits max.

C & G Measurement Ranges, Resolutions, and Accuracies

C & G Range Full Scale Accuracy® : +(% of reading + of range)
C:10 pF? +{0.8%+(0.7+1.5xGu/G) %]
G:100 pS? +{1.5%4+(0.740.2x Cp/C, )%}
C:100 pF +{0.5%+{0.14+1.5x Gp /G )%}
G:1000 pS +[1.5%+(0.240.2x Cp/C,) %)
C:1000 pF +[1.5%+(0.243.5% G /G, ) %]
G:10 mS +[3.5%+(0.440.5xCp/C.) %]

1 Gp = conductance measurement value.
Gr = conductance range value.
Cpu = capacitance measurement value,
Cr =capacitance range value.

2 Reference data only—not a guaranteed specification.

Accuracy is specified with the following three conditions:

At 23° C £ 5° C (73° P + 9° F) after a minimum 40 minute warm-up
period.

Test signal level set to 30 mVrms.

w MEAS SPEED set to MEDIUM.
Between any two measurement pins.
& Dissipation 1} < L.

When using the 10 mVrms test signal level, add (0.1% + 0.1%) to the Cor G
error. If the stray capacitance to the guard exceeds 5 pF, add 0.8% of the
reading to C or G errors for each 100 pI increment of stray capacitance to the
guard. Errors double al 5° C~18° C and 28° C-40° C {41° I'-64° " and 82°
C-104° 1.
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ChMUB4 (HP 4284A Precision LCR Meter)

Capacitance Measurement Frequencies, Ranges, and Accuracies

Frequency Capacitance | Accuracy!: +(% of reading + of range)
10 pI? £[0.8%+(1.040.6x Gy /63 11)%]
I Mz 100 pF +[0.8%-+(0.3+0.6x G /630 11)%]
I nF3 +[1.9%+(0.24+1.7xCp /6.3 m)%]
10 pF2 £[0.4%+(1.04-0.4xG /6.3 11)%]
100 ki 100 pF £[0.3%+(0.3+0.3xGu/63 1)%)
1 nF £[0.3%-+(0.240.4x G /630 1) %]
10 nF £[0.5%+(0.24+1.0xG /6.3 m)%]
100 pF +[0.3%~+(0.24-0.3x G /6.3 1)%)
10 k1T I nF £[0.3%+(0.14+0.3x G /63 1) %]
10 nF +[0.3%-+(0.140.3x Gt /630 1:)%)
100 oF £10.3%+(0.141.0xGye/6.3 m)%)
100 pF? £[0.4%+(0.540.4% G /0.63 11)%)
o 1 n¥F £[0.3%-+(0.140.3x G /6.3 1) %)
10 nF £[0.3%+(0.14+0.3x G /63 1)%]
100 nF £[0.3%-+(0.1+0.3x Gy /630 12)%]

1 Gu = conductance measurement value.
Cp = capacitance measurement value.

2 Reference data only-—not a guaranteed specification.

3 Maximum counts are 12000 (120% full scale),
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Conductance Measurement Frequencies, Ranges, and Accuracies

Frequency Conductance | Accuracy!: £(% of reading + of range)
63 uS? +[0.8%+(1.04+0.6xCp/10 p)%)]
1 MHz 630 uS +{0.8%4-(0.3-+-0.6x Cps/100 p)%]
6.3 mS3 +[1.3%+{0.242.2xCp /1.0 n) %)
6.3 uS? +{0.4%+(1.04+0.4xCp/10 p)%}
100 kil 63 S +[0.3%+(0.3+0.3x Cp /100 p)%)
630 uS +[0.3%+(0.240.4x Cpr/1 n)%)
6.3 mS +[0.7%+(0.240.8x Cpa /10 1)%)]
6.3 uS +{0.3%+(0.240.3x Cpt/100 p)%]
10 kils 63 uS +[0.3%-+(0.140.8xCp/1 n)%)
630 uS +[0.3%+(0.140.3x Cp1/ 10 n) %]
6.3 mS +[0.7%4(0.140.7xCp /100 n)%)
0.63 pS? +[0.4%+(0.540.4x Cp/ 100 p)%)
| kil 6.3 S +[0.3%-+(0.1+0.3x Cp/1 n)%)
63 S +[0.3%-+(0.140.3x Cpe /10 n)%]
630 1S +[0.8%+(0.140.3x Cp/100 n)%]

1 Gu = conductance measurement value.

Cp = capacitance measurement value.

2 Reference data only—not a guaranieed specification.

3 Maximum counts are 12000 {120% full scale}.

Note Accuracy is specified at the following conditions:

B 23 CE5°C(7T3°F L9 F).
s Test signal level is set to 30 mVrms.

m MEAS SPEED set to MEDIUM or LONG.
After a minimum 15 minute warm-up period.
s After OPEN and SHORT corrections are performed.
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LCR (HP 4274A Multi-Frequency L.CR Meter)

Measurement Function: Capacitance

Measurement Frequencies: 100, 120, 200, 400, 1 k, 2 k, 4 k, 10 k, 20 k, 40 k, 100 kIlz £0.01%
Measurement Range: 0.001 pI' to 1.9 nF

Accuracy: 1% of the measurement range as an additional error to the
accuracy of the HP 4274A.

This additional error is specified under the following conditions:
o If a capacitance zero offset adjustment is performed.

m If the measurement range is the 100 pF or 1000 pF range.

w If the dissipation factor of the test device does not exceed 0.1.

& [f the OSC Level vernier of the LCR is set to its maximum level
on the x5 and X1 ranges.

Internal dc bias options for HHP 4274A are not specified for system
use.
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System Controlier
B Supported Computers:
o For HP 4062C
HP 9000 Series 300 Model 310, 320, 330, 332, 340, 350, 360, or 370
o For HP 4062UX
HT 9000 Model 320, 330, 332, 350, 360, 370, or 375
or
HT 9000 Model 318, 319, 340, or 345 for diskless cluster configurations.
Operating System:
© Yor HP 4062C
BASIC 5.13
1 For HP 4062UX
HP-UX 7.0
BASIC/UX 5.52
8 Reguired Memory:
o For HP 4062C
Greater than 2 MB
Greater than 4 MDB when using the IIP IMA software
a For HP 4062UX
Greater than 4 MB (Recommended: greater than 8 MB)
Greater than 8 MB when using the P IMA software
Required Interface/Module:
o HP 98624A HP-1B Interface Card (2 ea.)
For the HP 4062C/UX hardware
For the wafer prober
(Tnternal HP-IB is for tape drives, printers, and plotters.)

If your TP 4062UX is configured in a diskless cluster, an HP-IB interface card is not
required because the internal TIP-1B of the computer can be used for the HP 4062UX and
wafer prober,

o Disk Interface Card (1 each)
o Required HP-HIL device: One TP 46084A 1D Module.

System Software
Standard P 4062C/UX software provides the following capabilities:
# System Initialization

| Subsystem control
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m Subsystems and measurement data monitor

B Parameter measurement utility

Offline debugging (TP 4062UX only)

# Probing pattern generation and wafer maps display

w Basic Statistics & Data Manipulation (BSDM) data format generation library

a Waler prober control utility subprograms include Electroglas Model 1034X/2001X and
AP-M-3000A/6000A /7000A prober control commands.

m Operational Verification Diagnostics

General Information
m Operating Temperature Range:

§° G-40° C (41° F'~104° F), 5%-70% RH. Permissible temperature change is less than 3° C
{6° I) after calibration.

8 Air Cleanliness: Better than Class 100,000

# Power Requirements: 100 V (90-110 V); 120 V (108-127 V); 220 V (198-242 V) 240 V
(216-252 V); 4866 1z, 1150 VA max.

@ Dimensions;

System Cabinet: 600 mm (W) x 1600 mm (II} x 800 mm (D)
23.6 in. (W} x 63 in. (H) x 31.5in. (D)

HP 40858 48-pin SWM: 409 mm (W) x 210 mm (1) x 380 mm (D)
16.1 in. (W) x 8.3 in. (H) x 15in. (D)

HP 4089A 96-pin SWM: 620 mm (W) x 250 mm (H) x 600 mm (D)
244 in. (W) x 9.8in. (H) x 23.6in. (D}

Weight:

System Cabinet: approximately 230 kg (507 lbs)
{with instruments installed)

HP 40858 48-pin SWM:  approximately 22 kg (48.5 1bs)
HP 4089A 96-pin SWM: approximately 55 kg (121.3 Ibs)
m DCS (HP 4142B) Power Limitation: 32 W

Typical Performance
Command Execution Time: (Single user, single task mode for HD 4062UX)
o Switching Matrix
Connect: 4.5 ms

0 DC Source/Monitor (Integration time set to SHORT; not applicable on 1 rA and 10 nA
ranges)

Force (Tor V): 3.9 ms

Measure (T or V): 6 ms
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Analog Search: 25 ms (For example, a MOSFET Vth measurement is 25 ms under the
following conditions: Id=1 uA; this time does not include the switching time.)

® Typical SWM Performance (at 23 °C or 73 °F, 50% RH)
o Offset V per pin: 50 pV (for all the ports)

o Offset T per pin: 1 pA (for the High Resolution SMU port); 40 pA (for the other SMU
ports)

o Isolation between ports:
8% 10 Q (between the High Resolution SMU port and the other port)
5% 10! © (between the other SMU port and the other port)

o Path to Ground Capacitance: 30 pF (for the High Resolution SMU port); 60 pF (for the
other ports)
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Performance Verification

Introduction

This chapter provides HP 4062C/UX Performance Verification (PV) software information.
Included are discussions on software coverage, the test procedures for each test, and how to
interpret test results.

Description

The PV software consists of a file called PV4062 for verifying system performance. If your
system is equipped with the HP 4274A Multi-Frequency LCR Meter (option 310 for HP
4062C; option 520 for HP 4062UX), the PV software to verify the HP 4274A is also included
in the system software for the HP 4274A.

For the HP 4062C, the PV software has been included in the system software since revision
C.05.70. For system software revision C.05.70 or later, use the PV software furnished with
the system software. For a previous revision, use the PV software furnished with the HP
16290A Product Support Package (PSP) or supplied on the PV disk set (HP part number
04062-65431). The PV disk set consists of the following five disks:

PV4062 #1

PV4062 #2

PV4142 #1

PV4142 #2

VIEW (This disk is not supplied with system revision C.05.70 or later. Use SYSTEM
SOFTWARE (5) disk instead.)

For the HP 4062UX, the PV software is included in your system software, which is located in
the /usr/pcs/diag directory.

PV4062

The PV software can be started by running PV4062 program. PV4062 consists of the
following tests:

4062 Without Digital Voltmeter (W/0O DVM) Test
4062 With Digital Voltmeter (W/ DVM) Test
41428 Test

Timer Test (for HP 4062C only)

START

View Result

4274A Test
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These tests are independent: Any test can be run by selecting the corresponding softkey when

you execute PV4062.
4062 W/O DVM Test

{062 W/ DVM Test

Checks the output and measurement capabilities of the system
at the measurement pins. For normal servicing (installation,
periodic calibration, troubleshooting, and performance testing
after repairs), perform only the 4062 W/O DVM Test.

Checks the dc output and measurement capabilities of the DCS
at the measurement pins in the SWM using a DVM or DMM.

§ Note The 4062 W/ and W/0O DVM Tests do not check additional SMUs that are
g not connected to an SWM port: that is, if your DCS is equipped with extra
% SMUs or VS/VMUs not connected at test execution time. To check these
units, connect them using an interconnection cable, run START, and perform

the required test again,

414218 Test

VI'P Timer Test

Checks dc output and measurement capabilities at the front
panel of the DCS. Perform this test if the DCS fails the 4062
W/0 DVM Test.

Checks the operation of the HP 16321A VFP Timer Board
installed in the system controller. This test is for the HP 4062C
only.

" 3TART Performs the following functions:

m Verifies the system counfiguration.

m Initializes the individual system instrumenis.

B Checks the measurement cable connections.

a Measures the residual impedances of the system
measurement cabling and stores the measured values for error
compensation purposes.

g Declares the COM blocks accessed by various other system
software program files.

For more information about the START program, see the HP

4062C/UX System Operation manual,

Note START executes automatically when you run the 4062 W/ or W/0 DVM
g Test, if the COM blocks declared in the START program are broken.

View Result

Dispiays test results on the CRT or prints test results on a
printer. The 4062 W/ and W/0 DVM Tests and the 4142B
Test can keep the test results in a file, and the contents can be
printad with this function.
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PV4274

Tests the HP 4274A Multi-Frequency LCR Meter (option
310 for HP 4062C; option 520 for HP 4062UX). PV4274 also
includes tests for +35 V or £100 V internal dc bias (option
311/312 for HP 4062C; option 521/522 for HP 4062UX).
PV4274 consists of the following tests:

® LCR Capacitance-Conductance Accuracy (LCR C-G) Test
s LCR DC Bias (LCR Bias) Test

The LCR C-G Test performs the self-test of the HP 4274A,
measures stray capacitance in the SWM, and checks the
accuracy of capacitance measurements.

The LOR Bias Test checks the accuracy of the internal de bias
output voltage of the HP 4274A. This test is performed only if
the HP 4062C/UX is equipped with £35 V or 2100 V internal

dc bias option.

Note

@

The PV4274 program, which is linked and run by the PV4062 program, is
supplied only when your system is equipped with an HP 4274A. For the

HP 4062C, the PV4274 program is stored in the SYSTEM SOFTWARE
FOR HP 4274A disk; for HP 4062UX, the PV4274 program is located in the
fusr/pcs/diag directory.
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Required Test Equipment

Table 2-1 lists the required PV4062 test equipment and identifies the equipment requizred for
each test. For example, to perform the 4062UX W/0O DVM Test, you need the relay test
adapter, test fixture adapter, HP 4062UX Product Support Package, and system calibration

module.

Figure 2-1. Required PV4062 Test Equipment

Ttem For 48-pin For 86-pin W/O | W/ | 41428 | START | 4274A
Systems Systems DVM | DVM
Relay Test Adapter! HP 16075A HP 16355A v
Test Fixture Adapterl? HP 16066A HP 16370A v v v
Product Support Package HP 16200A v v v
(PSP) for HP 4062C/UX
PV1062 Software Disk Set 04062-65431 N v v v Vv
(for HP 4062C only)
Systern Calibration Module® HP 16346B/C l HP 16366A/B v N N
Digital Multimeter (DMM) HP 3456A or HP 3458A v v
BNC-to-Dual Banana Plag 11001-60001 Vv
Cable
BNC-BNC Cable HP 10503A or 8120-1840 v
(Maxiruam 3m) (2 each)
HP-IB Cable P 10833A/8/C/D v Vv
BNC-T Adapter 1250-0781 (2 each) v v
Alligator Clips-to-Dual HP 110024 v
Banana Plug Cable
Product Suppart Package 04142-65801 v
(PSP) for 1P 4142B
Calibration Adapter HP 16330A v
RC Box HP 1634GA N4

1 Furnished system accessory.

2 If the Lest fixture adapter is nol available, the HP 16077A or HP 183788 Extension Cable Fixtare—with nothing
connected to it—can be used. Tf neither of these fixtures are available, the system calibration module can be used.

3 See “System Calibration Module” for details.

System Calibration Module
Hewlett-Packaed provides five kinds of system calibration modules for the HIP 4062 system:
the HP 16346A/B/C and the IIP 16366A/B. The TP 16346A/B/C is designed for an HP
A085A /B 48-pin SWM and the HP 16366A/B is for an TP 4089A 96-pin SWM. Table 2-2
shows the required system calibration module for your system.
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Subsystem For 48-pin SWM System For %6-pin SWM System
SR HP 41420A HP 163468 HP 16366A or B
DCS 200 V/1 A SMU
e HP 414218 HP 16346A or B HP 16366A or B
100 V/100 mA SMU
CMU HP 16346A or B HP 16366A or B
LCR HP 16346A or B HP 16366A or B
CMUB4 HP 16346C HP 163668

Table 2-2. Required System Calibration Module

The HTP 16346A and B is for verifying the performance of DCS, CMU, and LCR. The HP
163461 is especially required for the 1 A range current accuracy test of the DCS if the DCS is
equipped with an HP 41420A 200 V/1 A SMU. The remaining tests can be performed using
either the HP 16346A or B.

The HP 16346C System Calibration Module is required for testing the CMU84 performance if
the system is equipped with an HP 4284A 20 Hz-1 MHz Precision LCR Meter (option 320 for
HP 4062C; option 530 for HP 4062UX).

The ITP 16366A and B are for verifying the performance of DCS, CMU, and LCR. The HP
163668 is also required for the CMU84 performance test if the system is equipped with an
HP 4284A 20 Hz--1 M1z Precision LCR Meter (option 320 for HP 4062C; option 530 for HP
4062UX). Otherwise, either the HP 16366 A or B can be used for PV40062.
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Mounting Test Equipment

The procedure for mounting test equipment differs depending on which SWM the HP
4062C/UX is equipped with.

Caution Do not touch the measurement pins of the SWM or the contact pads of the
test equipment with bare hands. Oil, perspiration, and dirt prevent good
contact and may cause the system to fail the tests.

Mounting Test Equipment on the HP 4085B 48-pin SWi

The procedure for mounting the HP 16066A Test Fixture Adapter, HP 16075A Relay Test
Adapter, and HP 16346A/B/C System Calibration Module onto the HP 4085B 48-pin SWM is
as follows:

1. Position the required test equipment on the SWM,

2. Tighten the four thumb screws, two at a time, diagonally. For example, tighten the upper
right and lower left thumb screws at the same time, then tighten the remaining pair.

HP 16066A HP 16075A Relay Test Adapter

) . Test Fixture Adapter or HP 16346A/B/C System Calibration Module
Tighten these pairs

WAFER PROBER Tighten these pairs

SENSE switch

WAFER PROBER
SENSE switch

HP 40858 SWM

Figure 2-1. Mounting Test Equipment on the HP 40858 48-pin SWM
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Mounting Test Equipment on the HP 4089A 96-pin SWM

The procedure for mounting the HP 16370A Test Fixture Adapter, the P 16355A Relay Test
Adapter, and the HIP 16366A /B System Calibration Module onto the HP 4089A 96-pin SWM
is as follows (to mount the test fixture adapter only, start from step 4):

L. Turn the required test equipment and the test fixture adapter upside down.

2. Position the test equipment in the test fixture adapter and push the black push-to-lock
fasteners of the test equipment to lock the test equipment into the test fixture adapter.

3. Turn the test fixture adapter over again (topside up).
4. Position the test fixture adapter on the SWM.

5. Push the right and left levers of the test fixture adapter down to secure the test fixture
adapter on the SWM.

HP 16355A Relay Test Adapler
or HP 16366A/E System Calibration Module

HE 163708
Test Fixture Adap

HP 4089A SWM

Figure 2-2. Mounting Test Equipment on the HP 4088A 96-pin SWM
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Running the PV4062

Use the following procedure to start the PV4062. If an error message is displayed during
PV4062 execution, proceed to the troubleshooting tree in chapter 3.

w For an IIP 4062C:
I. Turn the system controller on and boot the HP BASIC system.

2. Insert the PERFORMANCE VERIFICATION (PV4062 #1) disk into the flexible disk
drive and set MASS STORAGE IS to PERFORMANCE VERIFICATION (PV4062 #1)
disk. For example, type as follows:

MSI ":,700,1"

3. Load the PV4062 program. For example, type as follows:
LOAD "PV4082:,700,1"

4. Run the PV4062 by selecting the RUN ~softkey or type: RUN (Return ).

m For an HP 4062UX:

1. Turn the system controller on and boot the HP-UX system.

2. Log in as an “hpce” user. If an “hpce” user does not exist, create a user named “hpce.”
3. Change the current directory to the /usr/pcs/diag directory as follows:

$ cd /usr/pcs/diag

4, Enter the HP BASIC/UX environment as follows:
$ rmb
5. Load and run the PV4062 program as follows:

LOAD "PV4cez"
RUN or select the RUN softkey

Note The START program must be in the current MASS STORAGE when the
PV4062 program is executed.

PV4062 main menu page is displayed as shown in Figure 2-3.
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SELECT SOFYKEY

4062C 4062C 41428 TIMER START VIEW 4274A END
W/0 D W/ DVM RESWLT

(a) Main Menu Softkeys for HP 4062C

SELECT SOFYKEY

4062UX 4062UX 41428 START VIEW 4274A | END
W/0 D W/ DVM RESWULT

(b) Main Menu Softkeys for HP 4062UX
Figure 2-3. PV4062 Menu Page
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_ The 4062 W/0 DVM Test

The 4062 W/O DVM Test checks the measurement accuracy of the DCS and CMS (CMU or
_ CMUS84) at the measurement pins of the SWM. Program structure and operating procedures
are nearly identical to those of the DIAG program of the system software. DIAG, however,
provides an overall system performance check, while the 4062 W /0O DDVM Test provides a
check of the system specifications.

o N
G

> <y
\Q‘S (\9 This test should be used for normal servicing: installation, periodic calibration,
troubleshooting, and performance testing after repairs.

The 4062 W/Q DVM Test consists of the following eight subtests (listed in the recommended
execution order).

1. Relay Test

2. SMU Test

3. Voltage Source (VS) Test

4. Voltage Monitor (VM) Test
L‘é’/’—S. Analog Feedback Unit (AFU) Test
AN 6. CMS Capacitance-Conductance (C-G) Test or CMU84 C-G Test
R 7. CMS BIAS Test or CMUS84 BIAS Test

8. DC LEAK Test

You can perform each test individually and in any order. To ensure accurate test results,
however, tests should be performed in the sequence listed here. To do so, select the SEQ

softkey (press (shift }-( Menu ) if the SEQ softkey is not displayed}. The SEQ test can keep
test results in a file, which can be printed using the View Result function of the PV4062.
When the 4062 W/0O DVM Test is performed, the START program is automatically executed

first. However, the execution of the START program is skipped if the START program has
been executed and the COM blocks are not broken.

The 4062 W/O DVM Test measures the capacitance offset data during the initialization
procedure for the CMS C-G Test.

See Table 2-3 for the pin boards that must be installed in the slots of the SWMs for each test.
More pin boards may be installed, but the list includes the minimum pin boards required

for the test. Note that the Relay Test and DC Leak Test check the pin boards found by the
START program.
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Table 2-3. Required Pin Boards for Each Test

Test Name Siot Number for 48-pin SWM Slot Number for 96-pin SWM
SMU Test 4,8, 12, 16, 20, 24, 28, and 32 |12, 16, 20, 24, 28, 32, 76, 80, 84, and 88
VS Test 4 and 8 84 and 88
VM Test 4 and 8 84 and 88
AFU Test 12 and 16 20 and 24
CMS C-G Test 36, 40, 44, and 48 4, 36, 40, 68, 72, and 96
CMS Bias Test 4 and 8 84 and 88

CMUB4 C-G Test 14, 8, 12, 16, 20, 24, 28, 32, 36, |20, 24, 36, 40, 48, 52, 56, 60, 64, 68, and 72

40, 44, and 48

CMUS84 Bias Test | 20 and 24 84 and 88
SEC) Test 4,8, 12, 16, 20, 24, 28, 32, 36, [4, 12, 16, 20, 24, 28, 32, 36, 40, 68, 72, T6,
40, 44, and 48 80, 84, 88, and 96 for CMU.,

4,12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52,
a6, 60, 64, 68, 72, 76, 80, 84, &8, and 96 for
CMU84,

# Required Bquipment:

Test fixture adapter
PV4062 software disk set (for HI 4062C only)

Note

The test fixture adapter, with no test fixture installed, is used to hold the
WAFER PROBER SENSE switch closed during this test (to enable SWM
output). If the test fixture adapter is not available, press and hold the SENSE
switch during this test (see Figure 2-1 or Figare 2-2 for the location of the
SENSE switch),

® Test Procedure: 7O & bJ/D D e

. Mount the test fixture adapter only on the SWM (see “Mounting Test Equipment”).
- Select the * 4062C W/0 DVM  or 4062UX W/0 DVM softkey from the PV4062 main

ment.

. The START program runs automatically. Refer to “The START Program” for more

information on the START program.

. When START is finished, the program displays the start-up menu page as shown in

Figure 2-4. Tor the HP 4062C, “HP 4062C” is displayed instead of “HP 4062UX.” This
rule applies to the foliowing pages.
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* Selact the "Start" softkey to begin Performance Verification,
% Select the "Help' softkey to display the program cperating guide.
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Figure 2-4. 4062 W/0 DVM Test Start-up Menu Page

To display a brief operating guide, select the Help . softkey.

To verify or change the calibrated values of the system calibration module, select the
Reconfig ~ softkey and proceed to the next step.

If your HP 4062C/UX system is equipped with a CMUS84, the HP4284A Corr.

softkey is also displayed. When you select this softkey, the CMU84 performs the OPEN
and SHORT correction. Go to step 9. For more information about the OPEN and
SHORT correction, refer to the HP 4284A Operation Manual.

If you don’t need to change the calibrated value of the calibration module or execute the
OPEN and SHORT correction of the CMUB84, go to step 10.

The calibration module menu page shown in Figure 2-5 shows the product sumber of
the calibration modules. For a 48-pin SWM, *16346A,” “16346B,” and “16346C” are
shown, and for a 96-pin SWM, “16366A” and “16366B” are shown. Hewlett-Packard
recommends using the P 163468 for performance verification of the HP 40858 48-pin
SWM. :

Select the desired softkey of the product number according to your system instrument.
For example, if your system is equipped with an HP 4284A CMUB84 and a 48-pin SWM,
select the 16346B and 16346C softkeys and modify the calibration module data of
botk.
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Calibration Hodulas:

163464 : SMU TEST, VS TEST, VM TEST, AFU TEST,
CHS C-G TEST, CHS BIAS TEST

163468 : SHU TEST, VS TEST, VM TEST, AFU TEST,
CMS C-G TEST, CHS BIAS TEST

16346C : CHU84 C-G TEST, CMU84 BIAS TEST

Select a System Calibration Hodule for the calibration data entry.

User 1  Caps  Running

163464 163468  16346C o Start-up
Hanu

Figure 2-3. Calibration Module Menu Page for 48-pin SWM System

6. Iigure 2-6 shows an example of an HP 16346C calibration data entry page. The field
pointer shows the entry of data and, if it is re-entered, the current data is displayed in
the display area. If you want to change the current data, move the field pointer using

the arrow keys or the key and type in the new data and (Retum). After entering
the calibration data, select the SAVE/EXIT  softkey to return to the calibration
module menu page.

Use the same method to enter calibration data for other calibration modules.
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» HP 4062UX PERFORMAICE VERIFICATION +

| 1 e ! 1 %Xz | 10 XKz | 100 KHz | 1 MHz |
| 100 ohm | R | 100.00 ohm | ] i I |
| P el i | ] | ©.0000 pF |
{1 Kohm | R | 1.0000 Kohm | ] | | i
| ¢l ! ] i 1 0.0000 pF |}
1 100 pF | ¢ | } | 100.00 pF | 100.00 pF | 100.00 pF |
1 1000 pF | € | } 1000.0 pF | 1000.0 pF | 1000.0 pF | 1000.0 pF |
1 10nF | C | } 10.000 nF | 10.000 nF |} 10.000 nF | }
b 100 n¥ | C | | 100,00 nF | 100.00 nF | ; |

Enter a value ( 100 chm ).
100.00

User 1 Caps  Ruaning
CANCEL T SAVE /
: oy S ' o EXIT

Figure 2-6. An Example of the Calibration Data Entry Page: HP 16346C

7. After entering the necessary calibration data, select the “Start-up Menu softkey on
the calibration module menu page to return to the start-up page.

8. Before returning to the 4062 W/0 DVM Test start-up menu page, select the softkey
that indicates the system calibration module type that you use for the PV.

9. If your HP 4062C/UX system is equipped with a CMUB84, perform the OPEN and
SHORT corrections of the CMU84. To do so, select the HP42844 Corr. softkey and
follow the displayed prompts. It takes about three minutes for the corrections.

For an OPEN correction, disconnect the BNC-BNC cables from the SWM, and remove
the BNC-BNC cables and BNC [-to-f adapters as shown in Figure 2-7.
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BNC-T Adapter

Black ' \ bray
Crange

Figure 2.7, Test Lead Connections for an OPEN Correction

For a SHORT correction, interconnect the BNC-T adapters with a BNC f-to-f adapter
as shown Figure 2-8,

BAC {-lo-{ Adapler 2G50 HP 16048F Test Leads

Black

Figure 2-8. Test Lead Connections for a SHORT Correction

After the OPEN and SHHORT corrections, connect the test leads to the SWM using the
BNC-BNC cables and the BNC f-to-f adapters.

10. Select the Start softkey after only the test fixture is mounted on the SWM. The
START measures the stray capacitance for the CMS C-G Test or CMU84 C-G Test.
‘Then the 4062 W/0O DVM test menu page similar to Figure 2-9 is displayed. Select
the desired subtest by selecting the corresponding softkey, and follow the displayed
instructions.

Sec the following paragraphs for the procedures for each subtest.
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R R R N N A
Relay Test ¥ NOTES: *
SKU  Test * Taests can be executed individually by =
Vs Test * selecting the corresponding moftkey. »
]9 Tast * The Relay Test should be executed firat, »
AFU  Test * A1l tesets can be executed sequentially »
CHUB4 C~G Test * by selecting tha "“SEQ” softkey. .
CHU84 Bias Test * »

* *

DC Leakage Test AR N R N

Bafore executing the desired test, attach the proper adapter to the SWH.

Ralay Tast ... iininiiiiireeiiiiesrraaes 1607564
SHU, VS, VH, AFU, CHS C~G, CHS BIAS Tests ... 16346B
CHUS4 C-G, CHUB4 BIAS Tests ........covivnann 16346C
DC LEAE TeBt ... iar s ritnarareasansnn 160664
Select the desired softkey —=-mmerem- Prass [SHIFT] [MEBU] for more Xeys.

S User 1 Caps Running
C RELAY  SHU | . ¥§ . VK JUAFU . CHUSB4  CHUS4 DG LEAR
. . e B A . . C~G BIAS

Figure 2.9. 4062 W/O DVM Test Menu Page
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SEQ Test

The SEQ Test performs the following eight subtests in the order listed. The SEQ Test can
keep the test results in a file, and test results can be printed using the View Result function
(see “View Result”).

1. Relay Test

2. SMU Test

3. VS Test

4, VM Test

5. ATU Test

6. CMS C-G Test or CMU84 C-G Test
7. CMS Bias Test or CMUR4 Bias Test
8. DC Leak Test

Note If the system is not equipped with a VS/VMU, an AFU , a CMU or CMU84,
g the corresponding tests (VS, VM, AFU, CMS C-G and CMS Bias, CMU84
C-G and CMUB84 Bias) are skipped automatically. If this is the case and you
are performing tests separately, select the  SKIP softkey to skip tests that
are not required.

To store the test results file for the HP 4062C, use an exclusive flexible disk or an exclusive
directory. If you use HP BASIC on an HI'S formatted hard disk or on an SRM system, make
a new directory named “HPCE” and store the test result file in it. If you use HP BASIC

on an LIF formatted hard disk or from the BASIC system disks {flexible disks), prepare an
exclusive flexible disk for storing the test result file, which is formatted as an LIT disk.

To store the test results file for the HP 4062UX, use the exclusive directory named
“fusers/hpce” that is created for the HP CE.

m Required Equipment:

Relay test adapter

Fest fixture adapter

System calibration module

PV4062 software disk set (for HP 4062C only)

g Test Procedure:

1. Access the second set of softkeys by pressing (_shift J-{_Menu J, and select the SEQ

softkey. The following message is displayed:

Do you want to keep result in a file ? (Type CAT to get file catalog)

To keep test results in a file, select the Yes softkey and proceed to the next step. If a
test result file is not required, select the No  softkey and proceed to the Relay Test.
2. Specify the test result file name. For example:
2 For an P 4062C, type as follows:
/HPCE/PVWD0190 Jor ITES hard disk or SRM system
PYW0O0190:,700,1  for flexible disk
o For an HP 4062UX, type as follows:

/users/hpce/PVHOC1S0
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(PV®00190: Performance Verification W/0 DVM, January(1) 1990)

Note A typical test result file size is about 200 records (51 kilobytes—if you don’t
retry the tests).

You can specify an existing file name, in which case data is appended to the
end of the existing file. When printing test result files of this type, only the
most recently entered data is printed,

3. If you specified an existing file name in the previous step, proceed to the Relay Test.

If you specified a new file name in the previous step, a test result file data entry page
similar to Figure 2-10 is displayed to let you enter information relevant to the file, Follow
the displayed instructions.

s )
HP 40620X
Somiconductor Process Control System Tested by
Serial Kumber Date 21 Jan 1990
Temperature Humidity
40858 SWITCHING MATRIX PRESEHRT Serial Fumber
40848 SHITCHIBG HATRIX CONTROLLER PRESEAT Serial Bumber
4142B DC SOURCE/MO¥ITOR PRESENT Serial Fumber
42804 C METER/C-V PLOTTER Serial Humber

42844 20Hz-1MHz PRECISION LCR METER PRESEET Serial Humber

Slot 1 414218 (SMU1) Serial Humber
510t 2 Serial Humber
Slot 3 414204 (SMU2) Serial Eumber
Slot 4 41421B (SHU3) Sarial Fumber
Slet & 41421B (SHU4) Serial Humber
$lot 6 414244 {VS81/2,VH1/2} Serial Bumber
Slot 7 Serial Bumber
Slot 8 414254 (AFU) Serial Number
Tested by 7
User 1 Caps  Input?
. >y

Figure 2-10. PV Test Results Header Entry Page
Figure 2-11 shows an example header entry page with test result data. After you

enter the header data, select one of the displayed prompts: the Yes softkey if all

information is correct, or the Mo softkey to correct erroncous information.
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.
HP 406201
Semiconductor Process Control System Tasted by Cheryl Jenkins
Serial Wumber 28303G0166 Date 21 Jan 1990
Temperatura 23 degroes Celaius Rumidity 47 %
4085B SWITCRIEG HATRIX PRESENT Serial Humber 2814100060
4084B SWITCHIBG MATRIX CORTRODLLER PRESEXFT Serial Humber 2520300458
41428 PC SOURCE/HORITOR PRESEFT Serial Humbser 2716300103
42804 C METER/C-V PLOTTER Serial Bumbex
42844 20Hz~1MHz PRECISIDE LCR HETER PRESEET Serial Humber 28483100742
Slet 1 414218  (SHUL) Serial ¥Yumber 2715310104
Slot 2 Serial Number
Slet 3 414204 (SHUZ) Sarial Xumber 2715310102
Slotr 4 414218  (SMU3) Serial Number 27153101086
8let & 414218 (SHU4) Serial Humber 27168710106
Slet 6 414244 (¥51/2,vH1/2) Serial Wumber 2715110102
Slot 7 Serial Number
5lot 8 4142654 (AFU) Serial Humber 2715310102
Are you Bure ?

User 1  Caps Running

Yas Eo

Figure 2-11. Example PV Test Result Header Entry Page

Note

If an error occurs when recording the test results header, the program aborts
and cannot be continued. Possible errors and their probable causes are listed
below, where zzzz2 is the file name (specified in step 2) and yyyyy is the
temporary file name.

If an error occurs (program aborts), catalog the files on the data disk and
delete temporary files (TEMP0OO1, TEMP002, and so on).
0 Can’t create zzazs.

An incorrect mass storage or a write protected device is specified. Or this
error may occur when reading a previously recorded file, or if mass storage
is full.

Can’t output data to yyyyy.

Error when writing data to a temporary file. Disk rejocted.
Can’t copy yyyyy to zzraz.

Error when copying a temporary file to a user specified file.
Can’t purge yyyyy .

Error when purging temporary files,
Can’t assign zzzze {yyyyy) .

The ASSIGN statement failed.
Error in copying data from yyyyy to aazaz.

Error when reading or writing a file.
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Relay Test

The Relay Test checks all relays on the pin boards installed in the SWM for correct on/off
(make/break) operation. For 96-pin SWM systems, the Relay Test checks the pin board relays
by dividing the SWM into two sets of pins: pins 1-48 (Block 1) and pins 49-96 (Block 2).
Also, for 96-pin SWM systems, the Relay Test checks the input relays on the SMU and AUX
port boards.

The total time required to complete the Relay Test depends on the number of pin boards
installed in the SWM. For a fully configured 48-pin SWM, the Relay Test takes about 60
seconds; for a fully configured 96-pin SWM, the Relay Test takes about 150 seconds.

Note The Relay Test must be executed before the SMU Test because the SMU Test
requires correct relay operation.

To perform the Relay Test, at least five pin boards, arranged in any
configuration, must be installed in the SWM.

# Required Equipment:

Relay test adapter
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only}

m Test Procedure:

1. Install the relay test adapter on the SWM (see “Mounting Test Equipment”).

Note Be sure that the relay test adapter is mounted securely and that its contacts
are clean. Poor contact with the measurement pins of the SWM may cause
the system to fail the Relay Test.

2. Select the Réiay softkey. If performing the SEQ Test, select the NEXT softkey. (To
skip this test, select the * SKIP - softkey.) The Relay Test starts immediately.

3. If a fauity relay is detected, the Relay Test stops and an error message like the one below
is displayed:

PV. ERROR !! A relay is open (contacts will not MAKE).
Relay#K21 on pin board#26.
Normally open contacts of a SENSE TRANSFER relay not functioning
properly.

Note the displayed error message and the number of the faulty relay, and proceed to the
troubleshooting tree in chapter 3.

I[ a faulty relay is detected, the Relay Test stops and cannot be continued. Therefore,
additional faulty relays may exist. After repairing the indicated faulty relay, be sure to
ran the Relay Test again (select the RETRY = softkey) to check for additional faulty
relays.

While testing the HP 40858 48-pin SWM, the Relay Test performs a Pin Board Test,
which checks all relays on the pin boards on/off (make/break) operation. When the
Relay Test finishes without errors, the test results are displayed as shown in Figure 2-12.
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+44+++++ RELAY TEST ++++3+++4+ | ===~TEST RESULTS-~-|
IRELAY TEST]{ OK | | RELAY 10K |
{ SMU | |
1 vs ! |
RELAY TEST FIRISHED i VM 1 |
| AFU j |
| CHS C-G i |
| CMS BIAS | |
i DC LEAK { |

SMU Test is next. Mount the 16346B atop the SWM and then select NEXT.

User 1 Caps  Running

CREXTOUSKIP il

Figure 2-12, Relay Test Results Page for 48-pin SWM

When testing the TP 4089A 96-pin SWM, the Relay Test performs not only a Pin Board
Test but an Input Relay Test, which checks all input relays on the port boards on/off
(make/break) operation. The following message is displayed:

INPUT RELAY TEST is next. Mount 18370A atop the SWM, then select NEXT.

4. If the system has a 48-pin SWM, select the 'NEXT__';' softkey (exits the Relay test}) and go
to the SMU Test,
If the system has a 9G-pin SWM, go to the next step.

5. Remove the test fixture adapter from the SWM and remove the relay test adapter from
the test fixture adapter, and reinstall the (empty) test fixture adapter on the SWM.

6. Select the NEXT : softkey to start the input relay test.

Note Only input relays connected to a port are tested. If an input relay is not
g connected to a port, the corresponding row of that port is left blank on the
3%%’@ RELAY TEST display page; and OK(*) is displayed in the RELAY row of the

TEST RESULTS display page if all pin board relays are operating correctly
(sec Figure 2-13).
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When the Relay Test finishes without errors, test results are displayed as shown in
Figure 2-13.

Proceed to the SMU Test.

DC LEAK

++++++++++++++++++ RELAY TEST ++++r+tttttbtbtidtit | wm==TEST RESULTS~--{
| | BLOCK 1 {(1-48) | BLOCK 2 (49-96)| | RELAY FOK(x) 1§
|PIN BGARDS JOK | DK | | sMU | !
| IRPUT BOARDS]OE(*) |OK(*) | | vs } ]
| VH i 1
| AFY | |
| CMS C-G | j
| cMS BIAS | §
! | i

RELAY TEST FINISHED

$HU Test is next. Mount the 16366B atop the SWH and then select HEXT.

Ugser 1  Caps Running

CEEXT CUSKIBL o CEr

Figure 2-13. Relay Test Resuits Page for §6-pin SWM

When an error occurs during the Input Relay Test, the measurement value is displayed
with the test limits on the screen similar to Figure 2-13a.

For the input relay K11 force/guard side test and input relay K10 guard side test, a
warning message similar to the following may be displayed when the measurement
impedance is between 235 Q and 500 {2:

PV ERROR 18 (WARNING) Bilock 1 Input Relay Kil force side test failed.
Also CHECK FOLLOWING: Connection; Pin b’d 1; I-relay K10,K2G,KZ21; SMU 1,Z;

Poor contacl between the mount of the J1 connector and the ground pattern on the SMU
port board (see Figure 3-12¢) can cause the warning message. Check the contact between
the J1 connector and the SMU port board.

2-22  Performance Verificalion
Update 1 10/90



bbbttt et RELAY TEST +++++ 444+t t4++ }-~~-TEST RESULTS---1]

| | BLOCK & (1-48) | BLOCK 2 (49-96)} ! RELAY JOR(*) |
|PTE BOARDS |OK }OK t b SMU | i
| IRPUT BOARDS|OR{*) | ERROR t I vs | I

| vM | f
1IEPUT RELAY | BLOCK 2 K10 FORCE | | AFU | [
i | Low Limit |[Measure Value| High Limit | | CHS ¢-G | |
| MAKE F[ohm]| 170. | 2.44567E+00 | 500.( 235.}| | CHS BIAS | |
| BREAK [ohm]| 1.000E+06 | 2.99988E+09 | 9.990E+99 | | DC LEAK | |

RELAY TEST FIWISHED

SMU Test is next. Mount the 163668 atop the SWM and then select KEXT.

User 1  Caps Running
iy i A EXITG

-~ ¥EXT. . SRIP -

Figure 2-13a. Relay Test Results Page for 86-pin SWM

The Relay Test is also performed in the following cases:
a. The Diagnostics (DIAG) program is run.

b. The LOCAL/SELF TEST key on the SWC is pressed.
c. The TS program code is sent to the SWC.

Relay Test results obtained by pressing the LOCAL/SELF TEST key of the
SWC and when the TR program code is sent to the SWC can be read only
under remote program control via HP-1B. See “froubleshooting with the
Relay Test™ in Chapter 3 for details.
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SMU Test

The SMU Test checks each of the SMUs of the DCS for correct source and measurement
operation. The SMU Test consists of the following tests:

m Self-Test of the DCS
m Repeat Test of the SMU
n Spot Test of the SMU

SMU Test execution time depends on the module configuration of the DCS. For a standard
DCS configuration, which contains one HP 41420A 200 V/1 A SMU and three HP 414218 100
V/100 mA SMUs, the SMU Test takes about 80 seconds.

Note The Relay Test must be executed before the SMU Test because the SMU Test
2 requires correct relay operation.
n

@ To perform the SMU Test, at least eight pin boards must be installed in the

SWM at pin board locations 4, 8, 12, 16, 20, 24, 28, and 32 for 48-pin SWM
systems; or pin board locations 12, 16, 20, 24, 28, 32, 76, 80, 84, and 88 for
96-pin SWM systems.

m Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systemns)
PV4062 software disk set (for HP 4062C only)
A Test Procedure:
1. Install the system calibration module on the SWM (see “Mounting Test Equipment”).
2. Select the “SMU'TEST: " softkey. If performing the SEQ Test, select the # NEXT . softkey.
{To skip this test, select the = SKIP. softkey.) The SMU Test starts immediately.

3. H the test detects an SMU failure, the test stops and an error code is displayed.
When the SMU Test is finished, the test results are displayed, as shown in Figure 2-14.
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DCS PASSED SELF-TEST
+H+++Hd b bbdd . SHUT TEST ++++++++++ -+ 44+ | -==~~TEST RESULTS~-~|
| RESULT | REPEAT oK | SPOT DX | 1 RELAY 10K
I SMU 10%
i vs |

P vM |
| AFU !
b CH5 C-G i
f |
f |

SHU TEST FIFISEED

CHS BIAS
DC LEAK

i
|
|
|
!
]
;
!

VS Test is next. Select EEXT te go on. Select SKIP to skip this test.

User 1  Caps  Running
BEXT SKIP . EXIT

Figure 2-14. SMU Test Resuits
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VS Test

The VS Test checks voltage sources V81 and VS2 of the DCS VS/VMU for correct de output.
The VS Test takes about 10 seconds.

Note To perform the VS Test, at least two pin boards must be installed in the
i SWM at pin board locations 4 and 8 for 48-pin SWM systems; or pin board
: locations 84 and 88 for 96-pin SWM systems.

2 Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

Test Procedure:

1. Install the system calibration module on the SWM (see “Mounting Test Equipment”).
2. Connect the AUX1 and AUX2 cables to the V51 and VS2 connectors, respectively.
3. Select the VS Test softkey. If performing the SEQ Test, select the NEXT softkey.

{To skip this test, select the SKIP softkey.) After a brief connection check is made, the
VS Test starts.

After the VS Test is finished, a briefl reconnection check is made and the test results are
displayed as shown in Figure 2-15.

DC LEAR

- N
+4+++++++43+ Y5 TEST +++++++4+++ | wem=TEST RESULTS—~—]
| vs I 0x | | RELAY oK ]
| sMU }OR ]
| vs [ DK f
| VM | I
| AFU | |
| CHS C-& | |
| CHS BIAS | |
| | ]

VS TEST FIHISBED

VH Test is next. Select HEXT to go on. Select SKIP to skip this test.

Usex 1 Caps  Running
BEXT SKIP BXIT

Figure 2-15. V8 Test Results
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VM Test

The VM Test checks voltage monitors VM1 and VM2 of the DCS VS/VMU for correct de
measurement operation. The VM Test takes about 10 seconds.

Note To perform the VM Test, at least two pin boards must be installed in the
SWM at pin board locations 4 and 8 for 48-pin SWM systems; or pin board
locations 84 and 88 for 96-pin SWM systems.

8 Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

B Test Procedure:

1. Install the system calibration module on the SWM (see “Mounting Test Equipment”).
2. Connect the AUX1 and AUX2 cables to the VM1 and VM2 connectors, respectively.
3. Select the VM Test softkey. If performing the SEQ Test, select the NEXT softkey.

(To skip this test, select the SKIP softkey.) After a brief connection check is made, the
VM Test starts.

After the VM Test is finished, a brief reconnection check is made and the test results are
displayed as shown in Figure 2-186,

{ N
4+ttt tibdd VH TEST ++++++bdt4+ | ~~~-TEST RESULTS~--]
] VM | 0K | | RELAY 10K }
| sMU 10K f
| v§ foK |
| VK [BK |
| AFY | |
| cHs c-g ! I
| CHS BI4S | f
VM TEST FIKISHED 1 DC LEAR \

AFU Test is next. Seloct NEXT to go on. Select SKIP to skip this test.

User 1 Caps  Running
SEXT SRIP EXI¥

Figure 2-16. VM Test Resulls
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AFU Test

The AFU Test checks the AFU of the DCS for correct operation. The AFU Test takes about
10 seconds,

Note To perform the AI'U Test, at least two pin boards must be installed in the
SWM at pin board locations 12 and 16 for 48-pin SWM systems; or pin board
# locations 20 and 24 for 96-pin SWM systems.

@ Required Equipment:

System calibration module
Test fixture adapter {for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

Test Procedure:

L. Install the system calibration module on the SWM (see “Mounting Test Equipment”).
2. Select the = AFU Test . softkey. If performing the SEQ Test, select the NEXT softkey.

(To skip this test, select the SKIP: softkey.) The AFU Test starts immediately.
After the AU Test is finished, test results are displayed as shown in Figure 2-17.

| ====TEST RESULTS---|

bbbttt AFU TEST ++++++4+4++ | RELAY | 0K |
I AFYU | ox% | | SHU [1s) 4 |
'E] | 0% |
| VH joK |
| AFU jox I
| CHs ¢-G | |
| CHS BIAS | |
AFU TEST FINISHED | BC LEAX | |

CHS C-G Measuroment Test is next. Select FEIT.

User 1 Cape Running
EEXT 5R1P - : : EXIT

Figure 2-17, AFU Test Results
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CMS C-G Test

The CMS C-G Test checks the capacitance C and conductance G measurement accuracy of
the HP 4280A CMU. The test consists of the following tests:

g Sclf-Test of the CMU
B C Measurement Test
@ G Measurement Test
B Stray Capacitance Test,

For 96-pin SWM systems, this test also includes a C and G Measurement Test between blocks
1 (pins 1 to 48) and 2 (pins 49 to 96).

The CMS C-G Test takes about 20 seconds for 48-pin SWM systems, and about 30 seconds
for 96-pin SWM systems.

MNote To perform the CMS C-G Test for 48-pin SWM systems, at least four pin

: boards must be installed in the SWM at pin board locations 36, 40, 44, and
48; for 96-pin SWM systems, at least six pin boards must be installed in the
SWM at pin board locations 4, 36, 40, 68, 72 and 96.

Before executing the CMS C-G Test, make sure the CMH and CML cables are
properly connected.

& Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

w Test Procedure:

1. Install the system calibration module on the SWM (see “Mounting Test Equipment”),
2. Select the CMS C-G  softkey. If performing the SEQ Test, select the NEXT softkey.

(To skip this test, select the SKIP softkey.) The CMS C-G Test starts immediately.

After the CMS C-G Test is finished, test results are displayed as shown in Figure 2-18.
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CHS PASSED SELF-TEST | «=~=~TEST RESULTS-~~|

4t rEbbtbt CHS TEST +++bttbbdbbbbdd bbbttt | RELAY 10K j
| CM5 C-G 1 CK I | SHU 10X
| STRAY CAP, | [£):4 | | ¥8 |0K

| C.VALUE | .123 A2 PFl | VK fox |

| AFU |0K |

| CHS C-G oK |

CHS ¢-G TEST FINISHED | CHS BIAS | |

| DC LEAX ] i

CHS Bias Test iz next. Select REXT.

User ¢ Cape Running
BEXT O SKTP - L . R RXIT

Figure 2-18. CMS C-G Test Result Page for an HP 4280A
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CMS Bias Test

The CMS Bias Test checks the accuracy of the internal dc bias source of the HP 4280A CMU.
The CMS Bias Test takes about 20 seconds.

Note To perform the CMS Bias Test, at least two pin boards must be installed in
g the SWM at pin board locations 4 and 8 for 48-pin SWM systems; or pin
board locations 84 and 88 for 96-pin SWM systems.

m Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

m Test Procedure:

1. Install the system calibration module on the SWM (see “Mounting Test Equipment”).
2. Select the CMS BIAS softkey. If performing the SEQ Test, select the NEXT softkey.

(To skip this test, select the SKIP softkey.) The CMS Bias Test starts immediately.

After the CMS Bias Test is finished, test results are displayed as shown in Figure 2-19.

s )

| »~~-TEST RESULTS---|

++++++4++++ CHS BIAS ++++++++4++ | RELAY lox ]

| CMS BIAS | 0x | | SHU }OX f

! SHORT CAP | PRESENT | | vs }OK |

| VM | OK |

| AFU | 0K |

| CM§ C-G | DK |

} CHS BIAS |OK |

CHS BIAS TEST FINISHED [ DC LEAK | |

DC Loakage Test is next. Mount the 160664 atop the SWM, and then select HEXT.

User 1 Caps  Running
HEXT SKIP EXIT

Figure 2-18. CMS Bias Test Results for an HP 42B0A

Performance Verification 2-31



CMUB4 C-G Test

The CMU84 C-G Test checks the capacitance C and conductance G measurement accuracy of
the HP 4284A CMU84. The test consists of the following tests:

m C Measurement Test
e G Measurement Test
B Stray Capacitance Test

For 96-pin SWM systems, this test also includes a C and G Measurement Test between blocks
1 (pins 1 to 48} and 2 (pins 49 to 96).

The CMUS84 C-G Test takes about 10 seconds.

Note To perform the CMU84 C-G Test for 48-pin SWM systems, at least twelve pin
boards must be installed in the SWM at pin board locations 4, 8, 12, 16, 20,
24, 28, 32, 36, 40, 44, and 48; for 96-pin SWM systems, at least twelve pin
boards must be installed in the SWM at pin board locations 20, 24, 36, 40, 44,
48, 52, 56, 60, 64, 68, and 72.

Before executing the CMU84 C-G Test, make sure the HP 16048E Test Leads
are properly connected.

® Required Equipment:

System calibration module Wi )& 346 Q
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for TP 4062C only)

m Test Procedure:

1. Install the system calibration module on the SWM (see “Mounting Test Equipment”}.
2. Select the  'CMU84 C-G  softkey. If performing the SEQ Test, select the NEXT = softkey.

('To skip this test, select the SKIP softkey.) The CMUS84 C-G Test starts immediately.
After the CMU84 C-G Test is finished, test resulis are displayed as shown in Figure 2-20.
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|~===TEST RESULTS---|

++++++++ CHUBA TEST #4++4dbbtttttttibtit | RELAY | 0K |

| CHUB4 C-G | [1).4 | | SMU | 0K |

| STRAY CAP. | [1).9 | | vs8 | 0K |

| G.VALUE | (higher)  .283 pF | | VK |0K ]

I I {lowar) 247 pF | | AFU 10K ]

| CHUB4 C~G |OK ]

CHU84 C-G TEST FINISHED | CMUB4 BIAS | {
| BC LEAK | |

CMUB4 Bias Test is next. Select NEXT.

User 1  Caps Ranning
EXT SETP o EXIT

Figure 2-20. CMUB4 C-G Test Result Page for an HP 4284A
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CMUB4 Bias Test

The CMUB4 Bias Test checks the accuracy of the internal dc bias source of the HP 4284A
CMUB4. The CMU84 Bias Test takes about 20 seconds.

Note To perform the CMUB84 Bias Test, at least two pin boards must be installed in
g the SWM at pin board locations 20 and 24 for 48-pin SWM systems; or pin
board locations 84 and 88 for 96-pin SWM systems.

# Required Equipment:

System calibration module
Test fixture adapter (for 96-pin SWM systems)
PV4062 software disk set (for HP 4062C only)

g Test Procedure:

1. Install the system calibration module on the SWM ({see “Mounting Test Equipment”).

2. Select the C€MUS4 BIAS softkey. If performing the SEQ Test, select the NEXT
softkey. (To skip this test, select the SKIP - softkey.) The CMUB84 Bias Test starts
immediately.

After the CMU84 Bias Test is finished, test results are displayed as shown in Figure 2-21.

| =~~~TEST RESULTS--~}|

+++++++++ CHEUSE BIAS +++++++4+ RELAY | 0K

] CHUB4 BIAS | 0% i SHU 10K

Vs (i3

CHUB4 BIAS TEST FIRISHED VH 13) 4

CHUB4 C~G |0k
CHUB4 BIAS |OK
DC LEAK |

I |
| I
| I
] |
| AFU 0K |
| |
| J
| |

DC Leakage Test is next, Mount the 160664 atop the SWH, and then select BEIT.

User 1 Caps  Runring

HEXT SKIP EBXIT

Figure 2-21. CMUS4 Bias Test Results for an HP 4284A
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DC Leak Test

The DC Leak Test checks all pin boards and all SMU ports for excessive leakage current to
ground. The test consists of the following tests:

& Open test
8 Short test

The DC Leak Test takes about 30 seconds. If the system fails the Short Test, however, test
time may exceed 5 minutes.

8 Required Equipment:

Test fixture adapter
PV4062 software disk set (for HP 4062C only)

@ Test Procedure:

1. Install the (empty) test fixture adapter on the SWM (see “Mounting Test Equipment”™).

Note Make sure to install only the test fixture adapter on the SWM, and that
nothing is connected to the measurement pins of the SWM. If the test fixture
adapter is not available, the extension cable fixture—with nothing connected
to it—can be used.

2. Select the DC LEAK softkey. If performing the SEQ Test, select the NEXT softkey.
(To skip this test, select the SKIP softkey.) The DC Leak Test starts immediately.

After the DC Leak Test is finished, test results are displayed as shown in Figure 2.22.
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+++++ DC LEAK TEST +++++

j-=~~TEST RESULTS---|

| RELAY 10K i

| OPEW TEST | ©K | | swu 1ok {

| vs8 oK 1

| SHORT TEST | OK | | VM joK i

| DC LEAR | oK | | AFU oK ]

| cMus4 Cc-G  |DK ]

| cHusd BIAS 0K ]

DC LEAEKAGE TEST FINISHED | DC LEAK 10K i

Before executing the desired test, attach the proper adapter to the SWH.

Relay Test ...... .. . cuoiiriintienianenioiasans 160754
SMU, VS, VM, AFU, CHS C~G, CHS BIAS Tests 163468
CHUS4 C-G, CHMUB4 BIAS Tests ................. 18346C
DC LEAK Test ... .. iniinaninsans 160664

HP 4062UX PERFORMANCE VERIFICATIO¥ FINISHED. Select the desired softkey.

:* RELAY.  SNU Vs [/ TAFY . CHUB4 - CHUB4
SR # CaR O RPN o ' * BIAS

Running
DC LEAK
*

Figure 2-22. DC Leak Test Results
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4062 W/ DVM Test

The 4062 W/ DVM Test uses a DVM to check the dc output and the measurement
capabilities of the DCS at the measurement pins of the SWM, and consists of the follc
subtests:

L. Ground Unit (GNDU) Test

2. Kelvin Connection Test

Voltage Source/Monitor Accuracy Test
Current Source/Monitor Accuracy Test
Voltage Source (V3) Accuracy Test

o

6. Voltage Monitor (VM) Accuracy Test
Note To perform the 4062 W/ DVM Test for 48-pin SWM systems, at least eight
i pin boards must be installed in the SWM at pin board locations 4, 8, 12, 16,

4'.
i

20, 24, 28, and 32; for 96-pin SWM systems, at least ten pin boards must be
installed in the SWM at pin board locations 12, 16, 20, 24, 28, 32, 76, 80, 84,
and 88,

m Required Lquipment:

System calibration module

Test fixture adapter

Digital multimeter (DMM)

HP-IB cable

BNC - dual banana cable

PV4062 software disk set (for HP 4062C only}

Note The test fixture adapter, with no test fixture installed, is used to hold the
§ WAFER PROBER SENSE switch closed during this test {to enable the

SWM). If the test fixture adapter is not available, press and hold the SENSE
switch during this test {see Figure 2-1 or Figure 2-2 for the location of the
SENSE switch).

Note To make an accurate zero reference of the DMM for the test, use the following
] procedure:

1. When you performm the MIL standard calibration or when you need more
accurate data for troubleshooting, use the ZERO CHECK terminal on the
front of the GNDU module. Note that you must remove the HP 41428
front panel without disconnecting the signal cable (flat cable) to connect
the DMM LO terminal to the HP 4142B ZERO CHECK terminal.

. Otherwise use the cuter conductor of the BNC connector on the system
calibration module as a zero reference point.

fue]

g Test Procedure:

1. Tnstall the test fixture adapter only on the SWM (see “Mounting Test Equipment” ).
2. Select the 4062¢ W/ DVM or 4062UX% W/  DVM softkey from the PV4062 main ment.
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3. If the COM blocks declared in the START program are broken, the START program
runs automatically. Refer to *The START Program” for more information on the
START program. When START is finished, the program displays the start-up menu page
as shown in Figure 2-23.

This program checke the accuracy of the DC Source/Monitor by sequentially
performing the following six tests.

GHDU Test

Kelvin Connection Test

Voltage Source/Monitor Accuracy Test
Current Source/Monitor Accuracy Test
Voltage Source Accuracy Tast

Voltage Moniter Accuracy Test

This program assumes that the digital veltmeter used in the system is the
HP 34564 set to HP~IB address 32710 .

To begin the program, meount the 16346B atop the SWH and then press Start,

User 1  Caps  Running

Recontlg | ¢

Figure 2-23. The 4062 W/ DVM Test Startup Menu Page

To display a brief operating guide, sclect the “Help - softkey.

To verily or change the calibrated values of the system calibration module, the digital
multimeter (DMM-—IP 3456A Digital Multimeter or HP 3458A Digital Multimeter},
of the HP-IB address of DMM, select the "Reconfig. softkey and proceed to the next
step. Otherwise, proceed to step 7.
4, The menu page shown in Figure 2-24 shows the available system calibration modules, the
- DMM presently set, and the IP-IB address of the DMM.
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Test Procedure:

1. aho
Caution This page is need to print this UPDATE because the number of the list
element is start at 4 in the next page. Never add or delete the item of the list
element.

2. aho

Performance Verification Dummy
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3. aho

Caution  This page is need to print this UPDATE because the number of the list
o element is start at 4 in the next page. Never add or delete the item of the list
@ element.

Duminy  Performance Verification
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Calibration Hodules:

1683464
163468

Prosent HP 34564 HP~IB address

HP 34564 = 2710

Select desired softkey.

) _ User 1 Caps  Running
183468 163468 pve e : Start-up
: o R e el ERRRI v HKanu

Figure 2-24. The 4062 W/ DVM Test Reconfiguration Menu Page

If you want to change the DMM or its HP-IB address setting, select the DVM  softkey.
Then select the desired softkey that shows your DMM, and type in the device selector:

for example, type: 710 (Retum ).

'Fo check the calibration data against the data on the calibration data sheet furnished
with the system calibration module, select the desired softkey that shows your system
calibration module. To update calibrated values, type in the new calibrated data when
the field pointer is in place. To move the field pointer, use the key or arrow keys.
After completing the calibration data update, select the SAVE/EXIT softkey to store
the data.

5. To return to the start-up menu page, select the Start-up Menu softkey.

6. Before the HP 4062C/UX returns to the start-up menu page, you must select your
system calibration module from softkeys that appear at the bottom of the menu.

Note Calibration data is stored in the CAL_DATA file and is used each time the PV
software is run.

7. Connect the DMM to the system controller using an HP-IB cable. For information on
how to use the DMM, refer to the Operation Manual of the DMM.

8. Install the system calibration module on the SWM (see “Mounting Test Equipment™).

4. Select the Start softkey. The following message is displayed:

Do you want to keep result in a file 7 (Type CAT to get file catalog)
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To keep the test results in a file, select the ' Yes ' softkey and proceed to the next step.
If a test result file is not required, select the No softkey and proceed to step 12.
10. Type the desired file name (Return ). See the following examples:
o For an HP 4062C:
/HPCE/PVW0190 for HFS hard disk or SRM system
PVW0O180:,700,1 for flexible disk
o For an HP 4062UX:

/users/hpce/PVH0189

(PVW0490: Performance Verification W/ DVM, January (1) 1990)

Note Typical test result file size is about 200 records (51 kilobytes—if you don’t
- retry the tests).

You can specify an existing file name, in which case data is appended to the
end of the existing file. When printing test result files of this type, only the
most recently entered data is printed.

11. If you specified an existing file name in the previous step, proceed to step 12.

If you specified a new file name in the previous step, a test result file data entry page
similar to that shown in Figure 2-25 is displayed to let you enter information relevant to
the file. Follow the displayed instructions.

When you finish entering the data, the following message is displayed:

Are you sure 7

If the data is correct, select the Yes softkey and proceed to the next step. If you

need to make further changes to the data, select the HQ softkey and re-enter data as
required.
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' i ™
HP 4062U%
Semiconductor Procese Control System Tesated by
Serial Number Date 21 Jan 1990
Tenparature Humidity
SWH 4085B SWITCHIXG MATRIX PRESEFT Serial Number
SWC 4084B SWITCHING MATRIX CO¥TROLLER PRESERT Serial Number
BCS 41428 DC SOURCE/MNDEITOR PRESEET Saria) Number
CHS 4280& C METER/C~Y PLOTTER Serial Number
8lot 1 Serial Bumber
510t 2 414204 (SHU1) Serial Fumber
Slot 3 414218  (SMU2) Serial Fumber
Slot 4 41421B (SHU3) Serial Fumber
Slot b Serial Fumbar
Slot 6 414204  (SHU4) Serial FNumbex
Slot 7 414244 (VS1/2,VH1/2) Serial Number
Slet 8 414254 (AFU) Serial Number
Tested by 7
User 1 Caps Running
\ >

Figure 2-25. The PV Test Results Header Entry Page

If an error occurs when recording test results, the program aborts and cannot
be continued. Possible errors and their probable causes are listed as follows:
where zzzzz is the file name (specified in step 10) and yyyyy is the temporary
file name.

If an errot occurs (program aborts), catalog the files on the data disk and
delete temporary files (TEMPOO1, TEMP002, and so on).
o Can't create zzrre.

An incorrect mass storage, or a write protected device is specified. Or this

error may occur when reading a previously recorded file, or if mass storage
is full.
o Can’t output data to yyyyy.

Error when writing data to a temporary file. Disk rejected.
o Can’t copy yyyyy to rzazs.

Error when copying a temporary file to a user specified file.
o Can’t purge yyyyy.

Error when purging temporary files.
g Can’t assign zzzzz (yyyuy).

The ASSIGN statement failed.
« Errer in copying data from yyyyy to zaxaz.

Error when reading from or writing to a file.
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12. GNDU Test:

Using a BNC-to-dual banana plug cable, connect the DMM to the system calibration

module as follows:
For 48-pin SWMs: To either one of the pin 4 connectors.
For 96-pin SWMs: To the pin 84 connector.

Select the “NEXT. softkey to run the GNDU Test, which takes about 10 seconds.

Figure 2-26 shows the GNDU Test display page.

GEPU Test

Comnect the DVH HI to the pin 4 connector on the 163468 then presa HEXT.

—— , ) Usar 1 Caps
COEEXTD B

Figure 2-26. GNDU Test Page
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13. Kelvin Connection Test;

With the same DMM to system calibration module connections as for the GNDU Test
(previous test), select the - NEXT - softkey to run the Kelvin Connection Test, which
takes about 10 seconds. Figure 2-27 shows the Kelvin Connection Test display page.

IPin | Device | State | Valus | Range |
I8 | sMusti | | | |
| | I | | |
| 4 | cup I | | |
| | | | { ]
| | DvK | vn | -.0003071 | AUTD |
| | { i ]

Kelvin Connection Test

Connect the DVK HI to the pin 4 connector on the 163468 then press NEXT.

User 1 Caps  Running
¥EXT ) ) R EXIT

Figure 2.27. Kelvin Connection Test Page
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14. Voltage Source/Monitor Accuracy Test:

Connect the DMM to the system calibration module as follows:
For 48-pin SWMs: To the pin 20 connector.
For 96-pin SWMs: To the pin 76 connector.

Select the ' NEXT - softkey to run the Voltage Accuracy Test, which takes about 2.5
minutes. Figure 2-28 shows the Voltage Accuracy Test display page.

|Pin | Device | State | Value | Range |
b 4 | sHUs4 | VF | L8900 | 20

] I ] I | |
I8 | cap | | I |
| 1 I | I I
| | bva | WM | .8991940 | AUTO

i | 1 | |

Voltage Source/Honitor Accuracy Test

Connect the DVH HI to the pin 20 connectoer on the 163468 then press HEXT.

User 1 Caps  Running
o " EXIT

- EEXT

Figure 2-28. Voltage Accuracy Test Page
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15. Current Source/Monitor Accuracy Test:

Connect the DMM to the system calibration module as follows:

For 48-pin SWMs: To the pin 4 connector, or the pin 8 connector if an HP 41420A
SMU is connected to the SMU2 port of the SWM.
For 96-pin SWMs: To the pin 84 connector, or the pin 12 connector if an HP

41420A SMU is connected to the SMU2 port of the SWM.

Select the = NEXT softkey. When this portion of the Current Accuracy Test completes,
connect the DMM as follows:

For 48-pin SWMs: To the pin 12 connector.

For 96-pin SWMs: To the pin 20 connector.

Select the NEXT softkey. When this portion of the Current Accuracy Test completes,
connect the DMM as follows:

For 48-pin SWMs: To the pin 20 connector.

For 96-pin SWMs: To the pin 76 connector.

Select the NEXT softkey. The Current Accuracy Test takes about 2 minutes (total).
Figure 2-29 shows the Current Accuracy Test display page.

Note The 100 nA through 1 nA ranges test requires at least two SMUs.

To check the accuracy of the 1 A range for 48-pin SWM systems (HP 41420A
SMU installed in the DCS), the HP 16346B System Calibration Module is
required (other tests can be performed using the HP 16346A or B).

[Pin | Pevice | State | Value | Range |
f 20| sMU®4a | IF | -1.990E-04 | 1.E-03 |
; | | vE { -16.024 | 200 |
[ 24 | G¥D | § ] |
; | | i | I
f | DV | VM ] -16.0238000 | AUTD |
; | | | |

Current Source/Honitor Accuracy Test

Connect the DVM HI to the pin 8 connector om the 16346B then press WEXT.

User 1  Caps  Running
HEXT EXIT

Figure 2-29. Current Accuracy Test Page
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16. VS Accuracy Test:

Connect the DMM to the pin 32 connector system calibration module (for both 48- and
96-pin SWMs).

Select the NE‘.XT - softkey to run the VS Test, which takes about 30 seconds.
Figure 2-30 shows the VS Test display page.

|Pin | Device | State | Value | Range |
) 32 | sMU%4 | VF | 900 | 20 |
] | } i ] i
| 28 | sHusL | ¥F | 0.000 | 20 |
| | | 14 | -8.990E~10 | 1.E-09 |}
i | DVYH I v | L8994140 | AUTO |
i i | IN | -8.976E-10 |CALGULATE)

Yoltage Source Accuracy Test

Connect the DVK BI to the pin 32 connector on the 16346B then press NEXT.

o User 1  Capsg  Running
EERXT’ T ST T EXIT

Figure 2-30. VS Test Page

2-46 Performance Verification



17. VM Accuracy Test:

Connect the DMM to the system calibration module as follows:

For 48-pin SWMs:
For 96-pin SWMs:

Select the NEXT

Figure 2-31 shows the VM Test display page.

To either one of the pin 4 connector.
To the pin 84 connector.

softkey to run the VM Test, which takes about 30 seconds.

[Pin |} Device | Stats | Value | Range
| 32 | Va2 ] V¥F | G.000 | 40

| | | | |

| i i i |

i | ] ] ]

| | BYH | vH | .001468% | AUTD
I ! | i |

| BEXT

Voltage Monitor Accuracy Test

Connect the DVM EI to the pin 4 comnector on the 163465 then press HEXT.

User 1 Caps  Running
EXIT

Figure 2-31. VM Test Page
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18. Test Results of 4062 W/ DVM Test:

When all 4062 W/ DVM tests are finished, SMU and VS/VM (if the system is equipped
with a VS/VMU) test results are displayed as shown in Figure 2-32 and Figure 2-33.

1].4 | KELVIN | SMU2: 0K | SMU3: OK | SMU4: 0K
VS: OK
¥H: OK
IS8: OX
IK: OK
¥S: OX
YH: OX
IS: OK
IN: OX
VS: 0K
VH: OX
Is: OK
IM: DK
¥S: OK
VH: OK
E5: 0K
IM: DK

GHDU
SHU#1

SHU#2

SHU#3

SKU#4

Press WEXT.

) ) User 1 Caps  Running
. BEXT ' L '

Figure 2-32. The 4062 W/ DVM SMU Test Results Page

The top display line of the Test Results page shows the GNDU and Kelvin Test results,
and succeeding lines show the SMU Test results. The number displayed next to each
SMU corresponds to the number of the SMU, not the SMU port number.

If an error was detected during the SMU Test, the range at which the error occurred is
displayed next to the SMU’s VS, VM, IS, or IM test where the error occurred.

If the VS/VM Tests were performed, sclect the NEXT softkey to display the VS/VM
Test Results page as shown in Figure 2-33.
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[ va 1

| 0K Fob Vm g L i

| ¥a 2

1 0K | | ¥m 2

PERFORMANCE VERIFICATIOE DC ACCURACY TEST COMPLETED

Usexr 1 Caps  Running

EXIT

Figure 2-33. The 4062 W/ DVM VS/VM Test Results Page
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4142B Test

The 4142B Test checks the dc output and measurement capabilities of the DCS at the front
panel of the DCS. This test should be performed if the DCS fails the 4062 W/O DVM Test.

Because this test is identical to the test performed by the Performance Verification software
for the HP 4142B, refer to the HP 4142B Service Manual for the test procedure.

m Required Equipment:

Product Support Package for HP 4142B

Calibration adapter

Digital multimeter (DMM)

RC box

PV4062 software disk set (for HP 4062C only)
m Setting up for the 4142B Test:

1. Select the 4142B

softkey from the PV4062 main menu. The 4142B Test start-up menu

page is displayed as shown in Figure 2-34.

START

soakksdkk HP 41428 TEST sddsdnkk
#% START UP MENU ==
Required test equipments are listed below.

HP 4142B Modular DC Source/Monitor (HP-IB ADDRESS = 717)

HP 3456A Digital Voltmeter (HP-IB ADDRESS = 710)

Printer Type (EP-UX SPOOL)

Spooling command (| 1p)

Product Support Package for HP 4142B (HP 162964 or 04142-65801)

HP 16330A Calibration Adapter ; HP 16331A HCU Calibrator (0.1 ohm)
HP 16340A RC Box and furnished accessories

41422-61610 HCU Calibration Adapter Cable

Dual Banana-to-BEC Cable (P/N 11001-60001) ; BEC Cables (max 3m), 2 ea
Dual Banana-to-Alligator Clip (HP 110024) ; BHC Shorting Cap

BEC T-Adapters: Dual-Female-to-Hale (P/N 1250-0781)

Triaxial Male connaectors (P/N 1250-1848), 3 ea

Press START to begin.

User 1 Caps Running
RECONFIG

Figure 2-34. The 4142B Test Start-up Menu Page

2. See “Performance Verification” in the HP 4142B Service Manual for procedures.
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Timer Test (for HP 4062C only)

\
The ’I‘{mer Test checks the HP 16321A VFP Timer Board for its switch settings and interrupt
capability. This test is for the HP 4062C only.

@ Required Equipment:
PV4062 software disk set

m Test Procedure:

L. Select the TIMER softkey from the PV4062 main menu. The Timer Test display page
is displayed as shown in Figure 2-35.

Ea A LA A LIRS R R L i I T YT

* TIMER BOARD TEST »
LER S L R L P R L T T L T T e P

CHECK NO i ==> PASS
CHECX B0 2 ==> PASS

GEECK B0 3 ==> PASS

Press the CONTIFUE key to exit the TIMER TEST.

User 1 Caps  Pause
) Print Clx Tab Display Any
Step Continne RUR All Set Tab Fetns Char Recall

Figure 2-35. Timer Test Page

2. If an error occurs, check the switch settings (select code and interrupt level) of the VFP
timer hoard. Figure 2-36 shows the correct settings.
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Interrupt Level: 3

Select Code: 26

Figure 2-36. VFP Timer Board Settings
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The START Program

The START program verifies the system configuration, initializes the individual system
components, checks the measurement cable connections, measures the residual impedances
of the measurement cabling and stores these measurement values for error compensation
purposes, and declares the COM blocks accessed by various other system software program
files.

Note If the COM blocks declared during START are lost, the following error may
occur:

ERROR 145 IN 10 May not build COM at this time

If this error occurs, run START before proceeding. For more information on
COM blocks, refer to the BASIC Programming Technigues Manual.

Pre-START Conditions

Before START can be run, the following conditions must be satisfied. Note that most, or all,
of these conditions were established at system installation and should not have been changed.

g The HP-IB interface card of the system controller must he set as follows:

Select Code: 27
HP-1B Address: 2]
System Controller: ON
Interrupt Level: 3

If the system controller is an HP 9000 Series 300 Model 318M, 319C+, or 340 computer,
ignore this condition.

@ The HP-IB addresses of the rack-mounted system components must be set as follows:

SWC (HP 4084D Switching Matrix Controller): 22
DCS (HP 4142B Module DC Source/Monitor): 23
CMU (HP 4280A 1MIlz C Meter/C-V Plotter): 24

CMU84 (1P 4284A 20 Hz-1 MHz Precision LCR Meter): 17

If the system is equipped with the P 4089A (96-pin) SWM, be sure the HP-IB address of
the second SWC is set to 19.

m If the system controller is an HP 9000 Series 300 Model 318M, 319C+, or 340 computer, the
SWC, DCS, and CMS (CMU or CMUS84) must be connected to the internal HP-1B interface
(select code 7). Otherwise, the SWC, DCS, and CMS must be connected to the HP-IB
interface card (select code 27). Connect no other instruments to this interface.

m The SWC and SWM must be interconnected with the control cable(s).

A BNC shorting cap must be connected to the INT BIAS-REMOTE ON/OFT' connector
on the CMU front panel.

# The INT BIAS limit switch on the CMU front panel must be set to £100 V.

# A BNC shorting cap must be connected to the EXT BIAS-S5LOW connector on the CMU
rear panel.

Automatic wafer probers should be connected to the ITP-IB interface card (select code 25).

Performance Verification 2-53



If the system controller is an HP 9000 Series 300 Model 318M, 319C+, or 340 computer,
you can connect automatic wafer probers to the internal HP-IB interface (select code 7). In
this case, the SYSCONFIG file must be modified.

For complete details on wafer prober use, refer to chapter 5 of the HP 4062C/UX System
Operation.

w The DCS and SWM must be interconnected using the interconnection cable assembly. The
SMTU?2 port cable should be connected to an HP 41420A SMU of the DCS. VSs and VMs of
the DCS can be connected to any of the AUX ports of the SWM using the AUX cables.

If a CMU is used, the CMU and SWM must be interconnected using the test lead assembly,
the CMH cable, and the CMTL cable.

If a CMU84 is used, the CMU84 and SWM must be interconnected using the HP 16048E
Test Leads, two BNC T-adapters, two BNC f-to-f adapters, and two BNC-BNC cables.

Running the START Program
# Required Equipment:

Test fixture adapter

PV4062 software disk set (for HP 4062C only)
e Test Procedure;

1. Install the (empty) test fixture adapter on the SWM or press and hold the WAFER
PROBER SENSE switch of the SWM while START runs. Do not use the relay test
adapter for START,

2. Select the " START = softkey from PV4062 main menu.

3. If your system is an HP 4062C, the START program prompts you to correct the date and
time. If no change is needed, press the key.

After system initialization, the START program displays the system configuration page,
similar to that shown in Figure 2-37 and Figure 2-38. Explanations for each area of this
display page follow the figure.
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wxrnausrksas sy SYSTEN COUFIGURATION avsmkronkrbosssbbn] bdee AVATLABLE PINS sssws

16321A VFP TIRER BOARD: Present { 02 o4
4084B/4086B SWITCHING HATRIX: Present i 06 08
41428 DC SOURCE/NMOEITOR (Rev. 3.00): Present I 10 12
42804 1 WHz C KETER/C-¥ PLOTTER: Hot present | 14 16
42844 20MHz~1MHz LCR METER (0Opt. 001/006): Present | 18 20
ELECTROGEAS 2001X WAFER PROBER: Presaent | 22 24
essrerkerredeidds DOS COFFIGURATION sddvbkssndsnsdkhsns] 26 28
SLOT1: 414218 (SHUL) SLOTE: 41421B (SHU4) ] 3¢ 32
SLOT2: SLOT6: 414244 (AUXL/2) ] 34 36
SLOT3: 414204 (SMU2) SLOTT: | 38 40
SLOT4: 414218 (SHU3) SLOTS: 414254 | 42 14
ekvrnwresnr AUXTLIARY PORT COUFIGURATION #dssaskikksha] 46 48
AUX1: ¥S1 AUX3: CHMHB4 1

AUX2: V82 AUX4: CHL84 ]

System date & time: 21 Jan 1990 172:34:56
"START" end. =  =w=sowa——- Press [SHIFT] [HERU] for more keys.

] User t Caps  Idle
EDIT  Continue = RUY SCRATCH LOAD "% HE-STORE Delete Link
o _ . . o TIS TIS

Figure 2-37. System START Page (for HP 4062C)

srkahasinsnssak SYSTEN COEFIGURATION +wskmmrswbaddekknd]wsks AVATLABLE PINS #hass

40848/4085B SWITCHING MATRIX: Present | 02 04
4142B DC SDURCE/HONITOR (Rev. 3.00): Present | 06 o8
42804 1 KKz C METER/C-V PLOTTER; Kot present | 10 12
42843 20Muz-1HHz LCR HMETER (Opt. 001/006}: Present | 14 16
ELECTROGLAS 200%1X WAFER PROBER: Present } 18 20
wrprakkerkrcserns DOS CORFIGURATION sohaaduamhiwkkarshohik| 22 24
SLOTL: 414218 (SHU1) SLOTS: 4142iB (SMU4) | 26 28
SLOT2: SLOT6: 414244 {AUX1/2) | 30 3z
SLOT3: 414204 (SNU2) SLOTT: | 34 36
SLOT4: 414218 (SKU3) SLOTS: 41425) | 38 40
*xvanravrhik AUXTLIARY PORT COHFTGURATIOE sssrssodahrss]| 42 44
AUX1: VSi AUX3: CHHB4 H 46 48
AUX2: V52 AUX4: CHL84 f

Session ID: pcs_2193
Execution mode: OF LIHE

System date & time: 21 Jan 1990 12:34:56
"START" end. —  =wweea-—-o- Press [SHIFT] [MEZU] for more Xeys.
User 1 Caps Idle

EDIT Continne RiE SCRATOH LOAD " RE-STORE Dolste Link
o TI8 TIS

Figure 2-38. System START Page (for HP 4062UX)
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SYSTEM CONFIGURATION

DCS CONFIGURATION

AUXILIARY PORT CONFIGURATICN

AVAILABLE PINS

Shows which system components are correctly set
(Present) for system operation. If an instrument is
displayed as Not present, make sure the instrument is
turned on, check the HP-IB address setting and HP-IB
cable connections of the instrument, and execute the
START program again. The system controller conducts
a serial poll of the individual system components on the
HP-IB during START.

Shows each DCS slot number, the model number of the
plug-in module installed in each slot, and the SWM port
(in parentheses) to which each module is connected. If an
SWM port is not displayed, that module is not connected
to the SWM (in this example, slot 8). Note that the

HP 41420A SMU occupies 2 DCS slots and the START
program sees only the higher of the 2 slots where the
SMU is installed {in this example, slot 3). Vacant slots
are left blank (slot 7). If you reconfigure any DCS plug-in
modules after you've executed START, you must execute
START again.

Shows the configuration of the AUX ports of the SWM.
If the AUX ports are connected incorrectly, Nothing
Connected is displayed. If you reconfigure any AUX port
cables after you've executed START, you must execute
START again.

Lists the available measurement pins (pin boards)
installed in the SWM. Pin boards not present at system
START are not listed (won’t be displayed}.

After the START program is over, the PV4062 main menu is displayed.
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View Result

The View Result function of PV4062 is for printing 4062 W/0 DVM and W/ DVM test

results on the display of the system controller or a system printer.

Displaying PV test results

L. From the PV4062 main menu page (Figure 2-3), select the VIEW RESULT = softkey to

display the View Result Start page. For the HP 4062C, follow the displayed instructions,

2. Select the " READ FILE

softkey to obtain PV test results.

3. Enter the name of the file that contains the PV test results. For example, enter:

PVW00190:,700,1

4. Select the " CRT * softkey to display the test results. A View Result Display page similar to
Figure 2-39 is displayed. Select the MORE - softkey to display the next page of test results.

PERFODRMANGE TEST RECORD
==== mrmsssros—oossomwmmonnaosmes ====
Hewlett-Packard
BP 40620X
Semiconductor Process Control System Testaed by _______ Cheryl Jenkins
Serial Fumber . _________ 2830300165 Date __ o 21 Jan 1990
Temperature ____23 degrees Celsius Humidity e a7 v,
4085B SWITCHTEG MATRIX PRESEFT Serial Humber ... _.__ 2814J00060
40848 SWITCHI¥G MATRIX CONTROLLER PRESEHT Serial Humber ... ._. __ 2520J00456
4142B DC SOURCE/MONITCR PRESENT Serial Humber __...._ 2716100103
4280k C HETER/C-¥V PLOTTER Serial Bumber ___ . . .ceeweoo__
42844 20MHz-1MHz PRECISIDE LCR METER PRESENT Serial Fumber _______ 2848100742
User 1  Caps  Running
HORE EXIT

Figure 2-39. An Example Page of View Result (CRT)
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Printing PV test results:

1.

5.

From the PV4062 main menu page (Figure 2-3), select the * VIEW RESULT ~ softkey to
display the View Result Start page. ¥or the HP 4062C, follow the displayed instructions.

. Select the " READ FILE softkey to obtain PV test results.

. Enter the name of the file that contains the PV test results. For example, enter:

/users/hpce/PYW00190
- Sclect the ~ PRINTER  softkey. The printer configuration page is similar to Figure 2-40 is
displayed.
r 2

sxatrandkk CONFIGURATION #¥dkkwasus

PRIETER TYPE = LOCAL

PRINTER ADDR = 701

PRIATER I/F = HP-IB

PAGE LEEGTE = 66

MARGIX : TOP = 2 BOTTOGH = 2 LEFT = O
PAGE MUHBERING = O¥

Select desired softkey.

] ) User 1  Caps  Running
PRIBT - . RECONF16 S EXIT

Figure 2-40. An Example of the Printer Conliguration Page

To change the printer configuration, select the RECONFIG softkey. Refer to Appendix C
for information to configure the system printer.

If the printer configuration is correct and if the printer is ready, select the PRINT
softkey. A print out similar to Figure 2-41 is printed.
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S Q
PERFORMANCE TEST RECORD
O T T N R T R T L L S D N T T N O T L N R S o N S T NS m s s oo o s e o e O
Hewlett-Packard
O O
HP 40620X
Semiconductor Process Control System Tested by _______ Cheryl Jdenkins
O . O
Sertial Number _ 2830J00165 Date __ o 21 Jan 1990
0O Temperature ____23 degrees Celsjus Huomidity . __ 47 % '®)
40858 SWITCHING MATRIX PRESENT Serial MNumber _____ 2814400060
O 40848 SWITCHING MATRIX CONTROLLER PRESENT Serizl Number ____ __ 2520000456 '®)
41428 DC SOURCE/MONTTOR PRESENT Serial Number _______ 2716400103
4280A C METER/C-V PLOTTER Serial Mumber _______ 2246J10104
O 4284A 20Mz-1MHz PRECISION LCR METER PRESENT Serial Number _ 2848100742 O
Slot 2 414218  {SMUL) Serial MNumber _______ 2715010104
O Slot 3 Serial Number ____ '®)
Slot 3 414204  (SMU2) Serial Mumber __ . 271510102
Slot 4 414218 (SMU3) Serial Number LET15J10105
O 510t 5 414218 (SMU4 ) Serial Mumber . ___ 2715410106 'e)
Slot & 414244 (V3112 ,vM1/2) Serial MNumber ___ . 2715410102
Slot 7 Serial Mumber _____
O sL.OT 8 434258 (AFLU) Serial Mumber _______ 271510102 O
O G
o O
@ O
O O
O O
Fvf/im ! -92.0 V | -.669 % | -.037 % | +.669 % | Pass
Ifiv -9.26-5 A -.66B9 % ~. 026 +.663 % Pass
o AL L 925l _cE9% L 0% %1 1669 % | Pass g

Figure 2.41. An Example Page of View Result (Printer)
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The PV4274 Test

If the HP 4062C is equipped with an HP 4274A Multi-Frequency LCR Meter {option 310),
or if the HP 4062UX is equipped with an HP 4274A (option 520}, PV4274 verifies the
performance of the HP 4274A (LCR). If the LCR is equipped with an internal dc bias source
(£35 V or £100 V), PV4274 also verifies the output accuracy of the bias source.

Before you run PV4274, run the Relay and SMU Tests, which are included in the 4062 w/0
DVM Test of the PV4062. If, for any reason, the COM blocks established by START were
destroyed after PV4062 was performed, run the START program by selecting = START
softkey of the PV4062 menu page.

# Required Equipment:

Test fixture adapter

System calibration module

Option 310 software disk (for HP 4062C only)
PV4062 software disk set (for HP 4062C only)

w Test Procedure:
1. Select the 4274A  softkey from PV4062 main menu.
The following message is displayed:
Are you sure to continue 7
To return to the PV4062 main menu, select the - EXIT softkey. To perform PV4274,

select the  CONTINUE softkey, and the PV4274 start-up page is displayed.

2. Be sure the test leads are connected to the AUX1 and AUX2 terminals of the SWM as
shown in Figure 2-42.

SWM

A 1P 16048E Test Leads

Figure 2-42. Cable Connections for the HP 4274A LCR

3. Select the Start  softkey. The PV4274 menu page is displayed.

Select the desired subtest by selecting the corresponding softkey. Follow the displayed
instructions.
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The Instruction softkey displays a brief operating guide.
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06 Gaka LT

2
LCR C-G Test V©¢ S —

The LCR C-G Test checks the capacitance measurement accuracy of the HP 4274A LCR.
® Required Equipment:

Test fixture adapter

System calibration module

Option 310 software disk (for HP 4062C only)
PV4062 software disk set {for HP 4062C only)

@ Test Procedure:

1. Install the test fixture adapter on the SWM. Select the “LCR C-G - softkey to start the
test.

2. Turn the OSC LEVEL (V) knob fully clockwise on the LCR front panel.

3. Disconnect the BNC-T adapters from the BNC f-to-f adapters that connected to the
AUX1 and AUX2 terminals of the SWM (leave the test leads connected to the BNC-T
adapters).

4. Select the ~ Continue . softkey to start the Open Self-Test and Zero Open Offset
Adjustment of the LCR. Be sure the outer conductors of the BNC-T adapters are
shorted to each other.

BNC-T Adapter

Red
HP t6048F Test leads

Figure 2-43. Test L.ead Connections for OPEN Correction

5. When the Open Self-Test and Zero Open Offset Adjustment completes, connect the
BNC-T adapters together with a BNC f-to-{ adapter.

6. Select the Continue softkey to start the Short Self-Test and Zero Short Offset
Adjustment.
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HP 16048 Test leads

Figure 2-44, Test Lead Connections for SHORT Correction
7. When the Short Self-Test and Zero Short Offset Adjustment completes, the capacitance
calibration data of the system calibration module is displayed (see Figure 2-45).

To revise calibration data, select the " Yes softkey and go to “Revising Calibration
Data”.

I it is not necessary to revise calibration data, select the No softkey and proceed to
the next step.

4 '
LCR PASSED SELF TEST ---TEST RESULTS--
+hbbbddtbt LOR TEST +++bbbbtbtbdbbtt++e | LCR C-G | |
| LCR C-G | } | LCR BIAS | i

Present Calibration Data

100Xz 10 kiiz 1 kHz 100 Hz
100 pF = 100.16 pF 100.13 pF 100,23 pF 100.3 pF
1000 pF= 1000.62 pF 1000.72 pF 1000.19 p¥F 1000.8 pF

Head to revise calibration data? (Yea/Ho).

User 1 Caps  Running
Yos Ho EXIT

Figure 2-45. LCR C-G Test Page

8. Remove the BNC f-to-I adapter and reconnect the BNC-T adapters (with the test loads)
to the AUXT and AUX2 terminals of the SWM as shown in Figure 2-42.

Performance Verification 2-83



9. Select the = Continue softkey to measure the offset capacitance of the SWM and the
test fixture adapter.
10. Remove the test fixture adapter from the SWM and install the system calibration
11. Select the " Continue ' softkey to measure the 100 pF and 1000 pF capacitors of the
system calibration module, which checks the capacitance measurement accuracy of the

LCR.

If the capacitance measurement values are not within limits, the measurement results
and the test limits are displayed.

If the capacitance measurement values are within limits, a display similar to Figure 2-46
is displayed.

f’ '
LCR PASSER SELF TEST ---TEST RESULTS~-
+++4rdd bt LOR TEST +++++tdtbddbbdtdddtr | L.CR C-G |OK |
| LCR C-G | DK | | LCR BIAS | |
| STRAY CAP. | 0K |
| C.VALUE | 2.736 2.736 ]

LCR C-G TEST COMPLETED

Bafore executing the deasired test, attach the proper adapier to the SHM.
LCR G-G Test, LCR Bias Test: 16370A, 163664

Press the deaired softkey for the next test,

User 1 Caps  Running
o HEXT. BXLT

Figure 2-46, The LCR C-G Test Result Page
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LLCR Bias Test

If the HP 4274A LCR is equipped with an internal dc bias source (+35 V or + 100 V), this
test checks the output accuracy of the bias source.

e Required Equipment:

System calibration module

Test fixture adapter

Option 310 software disk (for HP 4062C only)
PV4062 software disk set (for HP 4062C only)

8 Teost Procedure:

1. Install the system calibration module on the SWM. Select the LCR BIAS softkey to
start the test.
2. Set the DC BIAS switch on the rear panel of the LCR to the INT 35V/100V (< .1 uF)

position. Select the - Continue - softkey.
The dc bias source outputs a voltage, which is monitored by an SMU.

If the output voltage accuracy of the bias source is not within test limits, the output
measurement value and the test limits are displayed.

Revising Calibration Data

PV4274 provides two methods to measure the 100pF and 1000pF capacitor system calibration
module at 100 kHz, 10 kHz, 1 kHz, and 100 Hz and stores these measurement results as
revised calibration data.

The first method automatically measures the capacitors at each frequency and stores
the measurement results as revised calibration data. The second method requires that
you manually measure capacitors at each frequency, then enter (from the keyboard) the
measurement results as revised calibration data.

Revised calibration data is stored in the CAL_DAT74 file, which is in the SYSTEM
SOFTWARE FOR HP 4274A (Option 310) disk for the HP 4062C. The file is located in the
fusr/pcs/diag directory for HP 4062UX.

These procedures are performed as foliows:
Automatically obtain and store revised calibration data

1. From the step 7 display page of the LCR C-G Test, select the Measure softkey.

2. Connect the HP 16048 Test Leads and BNC-T adapters to the {standalone) 100 pF
capacitor connectors of the system calibration module. Select the Continue softkey.

3. When the 1060 pF capacitor measurement completes, calibration data is stored
automaltically, Select the Measure softkey again.

4. Connect the test leads and BNC-T adapters to the 1000 pF capacitor connectors of the
system calibration module. Select the Continue softkey.

s

When the 1000 pF capacitor measurement completes, calibration data is stored
automatically, and the program returns to step 8 of the LCR C-G Test (see “LCR C-G
Test™).
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w Manually obtain and store revised calibration data

1.

Using the LCR, measure the (standalone) 100 pF and 1000 pF capacitors of the system
calibration module at 100 kHz, 10 kHz, 1 kHz, and 100 Hz. Note these measurement
results as revised calibration data.

. From the step 7 display page of the LCR C-G Test, select the - Key in softkey.

. Enter the revised calibration data, obtained in step 1, for the 100 pF capacitor at each

frequency.

. When you finish with step 3, select the Key J.n ':‘:ﬁ softkey again.

. Enter the revised calibration data, obtained in step 1, for the 1000 pF capacitor at each

frequency.

. When you finish entering data, the program returns to step 8 of the LCR C-G Test {see

“LCR. C-G Test”).
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Performance Verification Operating Theory

'T'his section provides the operating theory of the PV program and the test limits.

WO DVM Test Operating Theory

Relay Test Gperation

Figure 2-47 shows a simplified Pin Board Relay Test circuit. See Appendix B for an exploded
view of the Pin Board and a parts list.

3
2

/":Mmmmy e i Board No1 Mo, 49}
Bat<s

—

oy

ASHAIG2/A262) Test ADC Board
- Fin Board No.2 iNo.50)

D
=

5
o
- AT A AN —

190
P

U ASIAIGUAIEZ) Test Relay Board

o N R ey
L.

BOE o
| Pin Board No.48 {No.96)

b
& S5WM
Helay Test Adaptor

Figure 2-47. Pin Board Relay Test Circuit

As the Relay Test begins, the test ADC board in the SWM outputs a constant current to
the relay test adapter. The voltage drop across the relay test adapter is then measured by
the voltage monitor Tunction of the test ADC board, thus providing a check of the relay test
adapter.

Next, the first relay to be tested—-for example, the sense relay ou pin board 1-—and the
appropriate relays on the test relay board of the SWM are set to make (on), and the voltage
across the first resistor is measured (see Figure 2-47). If this voliage is correct, the specified
relay on pin board 2 is set to make, the relay on pin board 1 is set to break (off), and the
voltage across the first two resistors is measured.

This sequence continues until the sense, Torce, and guard relays on all pin boards are tested,

If a relay is not unctioning properly, the measured voltage is incorrect, the Relay Test stops,

and an error message Is displayed. Also, when a pin board is tested, an LED on the pin board
lights. If a faulty relay is detected, the Relay Test stops and the LED on the faulty pin hoard
blinks.

“'he Retay Test ts controlled by the firmware of the SW(.
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For 96-pin (HP 4089A) SWM systems, the Relay Test also tests the input relays on the input
relay boards, which consist of the SMU and AUX port boards, for block 1 and 2 SWM poxts.
See Figure B-10 and Figure B-11 for the circuit diagram. Figure 2-48 shows a simplified
example of the Input Relay Test circuit. To check the break/make operation of the input
relay on the guard path of SMUn, the force path of another SMUm is connected to the guard

path of SMUn using a pin board.

SMU or AUX Port Board f Pin Board
SMun G [ ° 7 : / ]

| I— A

Input Relay

T
[

xm e
F J— —
fo A [

Testing a Relay's Guard Contact.

Figure 2-48. input Relay Test Circuit

The following input relays are tested for the SWM port listed. SWM ports are tested in
ascending order (port 1 through port 9).
Port 1 (SMUL) Test: K11 guard side contact
K11 force side contact
K10 guard side contact
K10 force side contact
Port 2 (SMU2) Test: K21
K20 force side contact
K20 sense side contact

Port 3 (SMU3) Test: K31 :
K30 force side contact
K30 sense side contact
Port 4 (SMU4} test: K41
K40 force side contact
K40 sense side contact
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Port 5 (AUX1) test: K50 guard side contact
K50 force side contact

Port 6 (AUX2) test: K60 guard side contact
K60 force side contact

Port 7 (GNDU) test: K70 force and sense side contacts

Port 8 (AUX3) test: K81 guard side contact
K81 force side contact
K80 guard side contact
K80 force side contact

Port 9 (AUX4) test: K91 guard side contact
K91 force side contact
K90 guard side contact
K90 force side contact

The Input Relay Test uses other system equipment; SMUs, interconnection
cables, pin boards, and so on. If the Input Relay Test detects a faulty relay,
the indicated relay may not actually be the problem and other equipment may
have some problems.

[aput relays are tested using an SMU connected to the tested port via the pin boards. If a
pin board is used for the Input Relay Test, the pin board at the slot farthest from the SMU
port board (that is, the lowest numbered pin board in block 1 and the highest numbered pin
board in block 2) is used. If two pin boards are used, the first pin board is selected as above,
and the next farthest pin board is used as the second pin board. For the K20, K30, K40 sense
side test, three pin boards are used; see the “i-K20, i-K30, and i-K40 Sense Side Test.”
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§ The following pages briefly show the test operation for the input relays:
g i-K10 Guard Side Test

The test path for the i-K10 guard side test is shown as follows:

SMU Port Board | Pin Board

i~K10 LOKI2 Kt

Port 1 F wfo ; /W}__-&Q [./&__
P}/&J ——m
L ! " Sense
i~ i
' ; 1o e Force
i-Kn0 : KnQ. Yoo
" " oA el frrrrmrrmeed
Port n ? o : — Kl
(SMUn) ;
677}
K

Where n: 2, 3, ord
*: Tested relay

The guard side path of port 1 (SMUL) is connected to the guard terminal of an SMU. The
guard of the SMU has an impedance of about 200 {1.

o1 Make test of i-KX10 guard side contact

1. Make i-K10 input relay.

2. Force 0.1 V from SMUn (2 V range, 100 mA compliance).

3. Force 0 V from SMU1 (2 V range, 100 mA compliance).

4. Measure current value of SMUn (auto range).

5. Calculate impedance and compare with test limits (Table 2-4).

n

0 Break test of i-K10 guard side contact

1. Break i-K10 input relay.

2. Force 10 V from SMUn (20 V range, 100 pA compliance).

3. Torce 0 V from SMUT (2 V range, 100 mA compliance).

4. Measure current value of the SMUn (100 gA range).

5. Clalculate impedance and compare with test limits (Table 2-4).

where SMUn is SMU2, SMU3, or SMU4; SMUn is defined by searching through SMUZ2,
SMUS, and SMU4, in this order, and the first SMU found is used.

Wil
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e i-IK10 Force Side Test

The test path for the i-K10 force side test is shown as follows:

SMU Port Board Pin Board

=10 LOKIZ K
Port 1 s 1 K10 -
(SMUD e e : oA L,o/o-—l
J T ey BT
ok :
oo — 5 e sense
' L
K11 el
i1 : Force
I~K70 ; K70 T,
POH 7 Smﬁowwc é ot | _@
(GNDU) F ; s

Where %: Tested relay

o Make test of iI-K10 force side contact

1. Make i-K10 input relay.

2. Torce 90 mA from SMU1 {100 mA range, 1.9 V compliance).
3. Measure voltage of SMUL.

4. Calculate impedance and compare with test limits (Table 2-4).

e Break test of i-K10 force side contact
1. Break i-X10 input refay.
2. Force 10 V from SMU1 (20 V range, 100 pA compliance).
3. Measure current value of SMUL (100 pA range).
4. Caleulate impedance and compare with test Hmits (Table 2-4).
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K i-K11 Guard and Force Side Test

The test path for the i-K11 guard or force side test is shown as follows:

SMU Port Soard | Pin Board

-K10 K12 K1
Port 1 F > —t o K10 o
(SMUD G =41 o Z [Ha-}_ ]
-o/vx»u-vl E
Lo [ Sense
K11 , bl
. : [ Force
i-KnO : KnQ oy
Port n EW , : T wet
(SMUn) — ' oo
G—fe}
i=~knl

Where n 2, 3, ord
*: Tested relay
+*%: This position for i~K11 guard side test;
opposite position for i-K11 force side test.

The guard side path of port 1 (SMUL) is connected to the guard terminal of an SMU. The
guard of the SMU has an impedance of about 200 £2.

o Make test of i-K11 guard or force side contact

1. Make i-K11 input relay.
2. Make K12 relay of pin board for force side test;
break K12 relay of pin board for guard side test.
3. Torce 0.1 V from SMUn (2 V range, 100 mA compliance).
4. Yorce 0V from SMU1 (2 V range, 100 mA compliance).
5. Measure voltage of SMUn (auto range).
6. Calculate impedance and compare with test limits (Table 2-4).

o Break test of i-Kt1 guard or foree side contact

1. Break i-K11 input relay.
2. Make K12 relay of pin board for force side test;
break K12 relay of piz board for guard side test.
3. Toree 10 V from SMUn (20 V range, 100 pA compliance).
4. Force 0 V from SMU1 (2 V range, 100 mA compliance).
5. Measure current value of SMUn (100 pA range).
§. Catculate impedance and compare with test limits (Table 2-4).

where SMUn is SMU2, SMU3, or SMU4; SMUn is defined by searching through SMUZ2,
SMU3, and SMU4, in this order, and the first SMU found is used,
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w -JK21, i-K31, and i-K41 Test

The test path for the i-K21, i-K31, and i-K41 tests is shown as follows. The i-K21, i-K31,
and i-K41 input relays are on guard paths for SMU2, SMU3, and SMUA4, respectively. The
i-K31 shares a relay box with the i-K21, which includes two relay devices and is labeled

K217

SMU Port Board | Pin Board

i~KnO : KnQ
Portn 8§ % :
(SMUn) F oo § —o Kel
. ; S e Sense
o—f4] Ly
K i oo t—Foroe
:
i~KmO é Kmd
Port m : : T
(SMUm)
il
Where

*: Tested relay
n 2, 3, or 4 (refated to tested relay)
m: 2, 3, or 4 and not eqgual to n

The guard side path of port 2, 3, or 4 (SMU2, SMU3, or SMU4) is connected to the guard
terminal of an SMU. The guard of the SMU has an impedance of about 200 2.

o Make test of 1-I(21, i-K31, and i-K41 guard contact

L. Make i-K21 (i-K31) or i-K41 input relay.

2, Yorce 0.1 V from SMUm (2 V range, 100 mA compliance). m is 2, 3, or 4 and not
equal to n.

3. Force 0 V from SMUn (2 V range, 100 mA compliance). SMUn corresponds to the
guard path of the objective input relay.

4. Measure current value of SMUm (auto range).

5. Calculate impedance and compare with test limits (Table 2-4}.

o Break test of i-K21, i-K31, and i-K41 guard contact

1. Break i-IK21 (i-K31) or i-K41 input relay.

2, Force 10 V from SMUm (20 V range, 100 pA compliance). SMUm does not
correspond to the guard path of the objective input relay.

3. Force 0 V from SMUn (2 V range, 100 mA compliance). SMUn corresponds to the
guard path of the objective input relay.

4. Measure current value of the SMUm {100 A range).

5. Calculate impedance and compare with test limits (Table 2-4).
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where SMUn is an SMU connected to the objective input relay. SMUm is defined in the
following way:

Test Port SMUm is defined as:

Port 2 (SMU2) Ports 4 and 3 are searched, in this order, and the first SMU found is used.
Port 3 (SMU3) Ports 4 and 2 are searched, in this order, and the first SMU found is used.
Port 4 (SMU4) Ports 2 and 3 are searched, in this order, and the first SMU found is used.
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g i-1{20, i- {30, and i-K40 Force Side Test

The test path for the i-K20, i-K30, and i-K40 force side test is shown as follows. The 1-K20,
i-1X30, and i-K40 input relays are on force and sense paths for SMU2, SMU3, and SMU4,
respectively.

SMU Port Board |

=K KnQ K21
Portn 5 - ‘{-O—OAM Sense
(SMUR) F =g ; — 2
______ ; o [eni t—Faorce
G oo ]l : U
: Ki2 K10 [
i—Knl H :_,,:_}_ i —
Port 1T ¢ ; =B Pin Board m1
(SMUD G — - oo R
: . Pin Board m2
N : i ~Sense
Port 75 - e s r Yeg
(GROU)  F rommepromencny o | fi Force
“K70 : K70 o

Where  x: Tested relay
n 2, 3, or 4

This test uses two pin boards, which are installed in the slots farthest from the SMU port
board; pin board m/ is installed in the farthest slot of the SWM from the SMU port board
and pin board m2 is in the second farthest slot.
2 Make test of i-K20, i-K30, ard i-iK40 force side contact

L. Make 1-KK20, i-K30, or i-K40 input relay.

2. Force 90 mA from SMUn (100 mA range, 1.9 V compliauce).

3. Measure voltage of SMUn (auto range).

4. Caleulate impedance and compare with test limits (Table 2-4).

o Break test of 1-K20, 1-K30, and 1-K40 force side contact

i, Break i-K20, -K30, or i-K40 input relay.

2. Force 100V from SMUn {20 V ravge, 100 A compliance}.

3. Measure current vaiue of SMUn (100 pA range).

4. Caleulate impedance and compare with test Hmits (Table 2-4).

where SMUn corcesponds to the objective input relay.
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| = i-K20, i-K30, and i-K40 Sense Side Test

The test path for the i-K20, i-K30, and i-K40 sense side test is shown as follows. The i-K20,
i-X30, and i-K40 input relays are on force and sense paths for SMU2, SMU3, and SMU4,

respectively.

SMU Port Board E Pin Board m1
Port n i“KQO : Ko
o L
(SMUn) = - ! K2
i ! oo Sense
1 S— U
G—F f*t— ) f
v = re—r—Force
: Uep
' G- p—
VKm0
Km0 : Km0 K21 Pin Board m3
Portm S ° t 1 ot e—et— Sense
(SMUm) F : Los
S ' oo r—t—Force
T nZ
i~Km1 L K10
: m} {mo—o-q/
Portt f o ALY EI———-MJ j}{ﬂ
(SMUD G —to oy o m e
——-J T KT Pin Board m2
*://‘* i[j/p.? t
Lot i |
S B S VT
! - Sense
Port 7 5 : — Loe
(GNDU)  F —gome j e = Force
h e | e
=K70 1 K70 A PY
i

Where  «: Tested relay
n 2 3 o é
m: 2, 3, or 4 and not egual ton

Test Path (a)
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SMU Port Board Pin Board mt

Portn '%yrl An0
SMum 2 T | e Kel
_____ - X . oo Sense
o P L
!_ﬁKﬂi e o Force
j —. eao
1 Hsgs O “"_-_—'
ALY
=~ Kmd : Kmo K21 Pin Board m3
Port m G v c S o er——Sense
(Skum 7 ; i e
. c Force
[
G {/11 K L“““'?J
T KO ——
=l ! w}_ oo
1 ot ekl
Port 1 g ] O b 11
SMUDL G LS - S
[ J k Pin Board m2
. 0’/0— oo i‘
SISV
- ' Sensge
Port 7/ & :
GNDUY g : o i\ Force
K70 | K70 T o

Where % Tested reiay
nn e 3,004
m: 203 or 4 and not equal ton
Test Path (b)

Because the vesidual resistance on the test path is low, a longer test path is needed to
increase the residual resistance. Fhree pin boards are needed to perform this test for higher
vesistance (more Lhan about 0.4 ) between the SMUn and the contact point of the sense
and force paths. Pin board m/{ is the farthest pin board from the SMU port board, pin
board m& is the second larthest pin board from the SMU port board, and pin board m3 is
the nearest pin board to the SMU port board.
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a Make test of i-K20, i-K30, and i-K40 sense side contact

1. Set the test path as shown in the previous figure (a).

Malke i-K20, i-K30, or i-K40 input relay.

3. Force 90 mA from SMUn (100 mA range, 1.9 V compliance).
4. Measure voltage of SMUn.

5. Calculate impedance and keep the value in memory.

6. Change the test path as shown in the previous figure (b).

7

3

(]

. Make i-K20, i-K30, or i-K40 input relay.
. Force 90 mA from SMUn (100 mA range, 1.9 V compliance).
9. Measure voltage of SMUn.
10. Calculate impedance, subtract the latter from the former, and compare with test
limits (Table 2-4).
m Break test of 1-K20, i-K30, and i-K40 sense side contact
1. Set the test path as shown in the previous figure (b).
2. Break i-K20, i-K30, or i-K40 input relay.
3. Torce 10 V from SMUn (20 V range, 100 pA compliance).
4. Measure current value of SMUn (100 pA range).
5. Calculate impedance and compare with test limits (Table 2-4).

where SMUn corresponds to the objective input relay.
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g 1-K50 and i-K60 Guard Side ‘Test

'The test path for the i-K50 or i-X60 guard side test is shown as follows:

AUY Port Board |
ALX Port Board | Ko
i~KnO : KnQ fro—et——Sense
Portn ¢ o [ oo Lo
(ALX12) G o ] e T Force
: S -l
~~~~~~~~~~~~ ] K nal
oMU Port Bosrd ; ¢ K10 f———
T :: e
e 1110 oo s
Port 1 ¢ e toe ; T F——=7K11  Pin Board m1
(SMUD G v e T
...... ! Pin Board m2
W—'o/o---—--—- -
K T =
i~Km0 ! oo Sense
Portm g S— : — Lo—
SMUm)  F e ; S o Force
- ! {
o e T I e
i—Kmi

Whare  »: Tesied refay
nmoHorb
m: 2,3, or 4

The guard side path of ports 5 and 6 {AUX1 and AUX2) are connected to the circuit
common terminal of an VS or VM.
o Make test of 1-K50 and i-K60 guard side contact

i, Make i-K50 or i-KG60 input refay.

2. Torce 90 mA from SMUwm (100 mA range, 1.9 V compliance).

3. Measure voltage value of SMUm.
4. Calculale impedance and compare with test limits {Table 2-4).

o Break test of i-K50 and i-IK60 guard side contact

1. Break i-K10 input relay.

2. Force 10V from SMUm {20 V range, 100 pA compliance).

3. Measure current value of SMUm (100 pgA range).

4. Calculate impedance and compare with test limits (Table 2-4).
where SMUm is SMU2, SMU3, or SMU4; SMUm is defined by scarching through SMU2,
SMUZ, and SMUA, in this order, and the first SMU found is used.
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e i-K50 and i-K60 Force Side Test

The test path for the i-K50 or i-K60 force side test is shown as foliows:

AUX Port Board Ko
i~KnO ; KrQ ( Sense
Port n F ;
AUXTD) G Force
ShiU Bort Board T
Port 1 p ot Pin Board m1
(SMUTD G ——pebo odmpemm gr e s m o m s s e
L Pin Board m2
K Sense
Portm S
(Smum) F o= Force

Where  x% Tesied relay
nS5or b
m: 2, 3, or 4

e If VS is connected to test port:
g Make test of i-K50 and i-K60 force side contact

1. Make i-K50 or i-K60 input relay.

9. Force 10 A from SMUm (1 mA range, 0 V compliance).
3. Torce 0.5 V from VS (2 V range, 10 mA limiter).

4, Measure voltage value of SMUm.

5. Compare with test Hmits (Table 2-4).

Break test of i-I{50 and i-K69 force side contact

1. Break i-K50 or i-K60 input relay.

2. Torce 10 pA from SMUm (L mA range, 0 V compliance).
3. Force 0.5 V from VS (2 V range, 10 mA limiter).

4. Measure voltage value of SMUm.

5. Compare with test Himits (Table 2-4).
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m If VM is connected to a test port:
m Make test of i-K50 and i-K60 force side contact

l. Make i-K50 or i-K60 input relay.

9. Force —0.5 V [rom SMUm (2 V range, 10 mA compliance).

3. Measure voltage using VM and compare with test limits (Table 2-4).
4. 1f passed, force 0.5 V from SMUm (2 V range, 10 mA compliance).
5. Measure voltage using VM and compare with test limits (Table 2-4).

a PBreak test of 1-K50 and i-K60 force side contact

1. Break i-K50 or i-K60 input relay.

2. Yorce ~0.5 V from SMUm (2 V range, 10 mA compliance).

3. Measure voltage using VM and compare with test limits (Table 2-4).
4. H failed, force 0.5 V from SMUm (2 V range, 10 mA compliance).

5. Measure voltage using VM and compare with test limits (Table 2-4).

where SMUm is SMU2, SMU3, or SMU4; SMUm is defined by searching through SMUZ,
SMU3, and SMTU4, in this order, and the first SMU found is used.
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iou i-K70 Force and Sense Side Test

The test path for the i-K70 force and sense side test is shown as follows:

SMU Port Board | Pin Board

i-K70 § K70
POft ? S J"X;' g T —
(GNDU) F % : —
i-Kn0 : o Sense
Fortn & o é e l““’_i
(SMuUn F et : o o e Force
! l
: -
o R e
i~Kini :

Where % Tested relay
n 2 3 o4

o Make test of i-K70 force and sense side contact

1. Make i-K70 input relay.

2. Force 90 mA from SMUn (160 mA range, 1.9 V compliance).
3. Measure voltage value of SMUn,

4, Compare with test limits (Table 2-4).

o Break test of I-K70 force and sense side contact

1. Break I-K70 input relay.

2. Force 10 V from SMUn (20 V range, 100 pA compliance).
3. Measure current value of SMUn (100 pA range).

4. Compare with test limits (Table 2-4).

where SMUn is SMU2, SMU3, or SMU4; SMUn is defined by searching through SMU2,
SMU3, and SMU4, in this order, and the first SMU is used,
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g i-K81 and -K91 Guard and Force Side Test

The test path for the i-K81 or i-K91 guard and force side test is shown as follows:

AUX Port Board Pin Board

| Kt
Portn F - e
AUXT A G ; U o"od-
i-Knl | Sense
..... Lo
SMU Port Board i Force
Km0 Km0 oy
N ) P . PR . S —
Portm = - l . K21
(Shatlm) ; e
Groofe ol j : B
R

Where % Tested relay
¥ This position for i-Knl guard side test;
opposite position for1-Knt force side test.
n: 8 or9
m: 2 3 or 4

If VS or VM is connected to port 8 or 9, the guard side path of ports 8 and 9 (AUX3 and
AUX4} are connected to circuit common of the DCS.

i CMI and CML terminals of the CMU are connected to ports 8 and 9, the guard side
path of ports 8 and 9 are led to circuit common of the CMU. Circuit common of the CMU

is connected to circuit common of the DCS through the chassis.
If the Hp-Ie and Lp-Le terminals of the CMU84 are connected to ports 8 and 9, the guard

side path of ports 8 and 9 are led to chassis ground of the CMUB84. Chassis ground of the
CMUS4 is connected to circuit common of the DCS through the chassis of the DCS.
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g Make test of i-K81 and i-K91 guard and force side contact

1. Make i-K81 or i-K91 input relay.

Make K82 or K92 relay of pin board for force side test;

break K82 or K92 relay of pin board for guard side test.

Force 90 mA from SMUm (100 mA range, 1.9 V compliance).
Measure voltage value of SMUm.

Calculate the impedance and compare with test limits {Table 2-4).

| a]

o O b W

Jreak test of i-K81 or i-K91 guard and force

Break i-K81 or i-K91 input relay.

Make K82 or K92 relay of pin board for force test;

break K82 or K92 relay of pin board for guard test.

3. Force 10 V from SMUm (20 V range, 100 pA compliance).
4. Measure current value of SMUm (100 xA range).

5. Compare with test limits (Table 2-4).

where SMUm is SMU2, SMU3, or SMU4; SMUm is defined by searching through SMU2,
SMU3, and SMU4, in this order, and the first SMU found is used.

o —
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m - K80 and i-K99 Guard Side Test

The test path for the i-K80 or i-K90 guard side test is shown as follows:

AUX Port Board i Pin Board

i~Hn0 K2 Kn
Port n [ ——rpe” : M“,_KHO____{H
(AUX3,4) G oo i :‘ [jf_‘_" oot nifls
1 = = i
Lol Kt g sense
____________________ T e Yoy
SMU Port Board E Il Force
Km0 | Km0 oy
Portm ST 5 T K21
(SMUm) - : N
G —fo o] _J '
i—kKm?
Where % Tested relay
n&or 9
m 2, 3,00 4

If VS or VM is connected to port 8 or 9, the grard side paths of ports 8 and 9 (AUX3 and
AUX4) are connected to circuit common of the DCS.

If the CMH and CM}, terminals of the CMU are connected to ports 8 and 9, the guard side
paths of ports 8 and 9 are led to circuit common of the CMU. Circuit common of the CMU
is connected to circuit common of the DCS through the chassis.

Il the He-Hp and Lp-Le terminals of the CMUS84 are connected to ports 8 and 9, the guard
side paths of ports 8 and 9 are ted to chassis ground of the CMUB84. Chassis ground of the
OMUS4 is connected to the circuit common of the DCS through the chassis of the DCS,

o Make test of i-K80 and i-K90 guard side contact

1. Make i-K80 or i-K90 input relay.

2. Force 90 mA from SMUm {100 mA range, 1.9 V compliance).

3. Measure voltage value of SMUm.

4. Caleulate the impedance and compare with test limits {Table 2-4).
o Break test of i-IK80 or K90 guard side contact

1. Break -K80 or i-K90 input relay.

2. Force 10 V from SMUm {20 V range, 100 pA compliance).

3. Measure current value of SMUm {100 pA range).

4. Compare with test limits {Table 2-4).
where SMUm is SMU2, SMU3, or SMU4; SMUm is defined by searching through SMTUZ2,
SMU3, and SMU4, in this order, and the first SMU found is used.
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§ = i-K80 and i-K90 Force Side Test
8  When the VS or VM is connected to the test path, the test path is shown as follows:

AUX Port Board i Pin Board

i ¢ Kn2
Portn F I«f’?o E 1n0 i:l._.
(AUX3,4)G —e i S " [*/T Guard
SMU Pert Board }
i-Km{ e Sense
Portm § : DN Log
(SMum) F : r Force
; R Los
G—E:—J--l : Km0 T K2
i—Km1 :

Where % Tested relay
n: 8 or9
m: 2, 3, or4

If VS or VM is connected to port 8 or 9, the guard side paths of ports 8 and 9 (AUX3 and
AUX4) are connected to the circuit common of the DCS.

o If VS is connected to the test port:
B Make test of i-K80 and i-XK90 force side contact

1. Make i-K80 or i-K90 input relay.

2. Force 10 pA from SMUm (1 mA range, 0 V compliance).
3. Foree 0.5 V from VS {2 V range, 10 mA limiter).

4. Measure voltage value of SMUm.

5. Compare with test limits (Table 2-4).

m Break test of i-K80 and i-K90 force side contact

1. Break i-K80 or i-K90 input relay.

2. Force 10 pA from SMUm (1 mA range, 0 V compliance).
3. Force 0.5 V from VS (2 V range, 10 mA limiter).

4, Measure current value of SMUm,

5. Compare with test limits ("Table 2-4).
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H VM is connected to the test port:
o Make test of I-K80 and i-K90 force

1. Make i-K80 or i-K90 input relay.

2. Force —0.5 V from SMUm (2 V range, 100 mA compliance).

3. Measure voltage using VM and compare with test limits (Table 2-4).
4, If passes, force 0.5 V from SMUm (2 V range, 100 mA compliance).
5. Measure voltage using VM and compare with test limits (Table 2-4).

1 Break test of I-K80 and 1-K90 force

1. Break i-K80 or i-K90 input relay.

2. Force —0.5 V from SMUm (2 V range, 100 mA compliance).

3. Measure voltage using VM and compare with test limits (Table 2-4).
4. If fails, force 0.5 V from SMUm (2 V range, 100 mA compliance).

5. Measure voltage using VM and compare with test limits (Table 2-4).

where SMUm is SMU2, SMU3, or SMU4; SMUm is defined by searching through SMU2,
SMU3, and SMU4, in this order, and the first SMU found is used.
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When the CMU or CMUS4 is connected to the test path, the test path is shown as follows:

AUX Port Board Pin Board
i=KnQ Kn2
POrt 1t F e orb s g rens i o Knd
(AUX3 4} G N R . Vaeeghone o e
' J E T_‘::::_I“"/"
Lol
A= oKt
For CMU

AUX Port Board Pin Board
i-Kn0 Kn2
Portn F s | rKilQ
(AUX3,4) G : ]M__“;j J_P, L
. K81
Kt }{{oﬁomﬁ?omi
. KMy _: ————Lalar
F KEO ]
Port m G L——Gijf """ S
(ALX3,4) :
oo i-Kmt
For CMU84
Where % Tested relay

n:&or9
m: & or @ and not equal ton

If the CMI and CML terminals of the CMU are connected to ports 8 and 9, the guard side
paths of ports 8 and 9 are led to circuit common of the CMU. Circuit common of the CMU
is connected to circuit common of the DCS through the chassis.

[f the He-1Tp and Lp-Le terminals of the CMUS84 are connected to ports 8 and §, the guard
side paths of ports 8 and 9 are led to chassis ground of the CMUB4. Chassis ground of the
CMUS4 is connected to circuit common of the DCS through the chassis of the DCS.
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g If CMU is connected to the test port:

n Make and break test of i-K80 force side contact

L.

Do

Set the connection mode of the CMU to CN19 (grounded measurement mode).
Make i-1X80 input relay.

Measure capacitance between force and guard paths and keep the value in memory.
Break i-K89) input relay.

Measure capacitance between force and guard paths.

Caleulate the difference between the two capacitances and compare with the test
limits (Table 2-4).

o Make and break test of i-K90 force side contact

oy O W

Set the connection mode of the CMU to CN16 (grounded measurement mode).
Make i-K90 input relay.

Measure capacitance between force and guard paths and keep the value in memory.
Break i-K90 input relay.

Measure capacitance between force and guard paths.

Calculate the difference between the two capacitances and compare with the test
limits (Table 2-4).

u If CMUB4 is connected to the test port:
2 Make test of i-K80 and i-K90 force side contact

1.
2.

3.

Make i-K80 or i-KK90 input relay.

Set the CMUS84 to 7-8 measurement mode, 30 mVrms measurement signal level, and
1 KHz measurement frequency.

Measure impedance and compare with the test limits (Table 2-4).

o Break test of -K80 and i-K80 force side contact

L.

Break i-K80 or i-K90 input relay.

2. Set the CMUS84 to Z-0 measurement mode, 30 mVrms measurement signal level, and

3.

1 KHz measurement frequency.
Measure impedance and compare with the test limits {Table 2-4).
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g Relay Test Limits.

Table 2-1 lists the test limits of the Input Relay Test.

Table 2-1. The Input Relay Test Limits

K80, K90 force (VM)

(forced voltage) £3 mV

Port Relay Muke Break
K10 guard 170 © to 500 Q! >1 MQ
1 K10 force 0Qto 108 >1 MQ
K11 guard and force 170 € to 500 1 >1 M0
K21, K31, K4l 170 © to 235 0 >1 MQ
2,3,4 K20, K30, K40 force 0Qto10Q >1 MQ
K20, K30, K40 sense 0.4 Q0109 >1 MO
K50, K60 guard 0Qto 00 >1 MO
5,6 K50, K60 force (VS) 0.487 V to0 0.513 V ~3mV to +3 mV
K59, K60 force (VM) {forced voltage) :::3 mV 2
7 K70 0§ to 10§ >1 MR
K81, K91 09 to10Q >1 MQ
K80, K90 guard 08 t0108Q >1 MQ
89 K80, K90 force (VS) 0.487 V to 0.513 V —3mV to +3 mV
2

K80, K90 force (CMU)

C (make) — C (break) > 100 pF

K89, K90 force (CMUSB4)

02 tol0Q2

>1 MO

2-70t
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1 If the measured value is between 235 €2 and 500 {3, a warning message is displayed.

2 If the measured voltage of the VM does not correspond to the output voltage {~5 V or +5 V) of the SMU,
the break test of the input relay is recognized to be passed.




SMU Test Operation
Figure 2-49 shows a simplified SMU Test circuit.

System Calibration Module
W A= 10,10, 1ka 1My 1 Gn
R
SMUT to GNDU
Sht4 {SMUY
Y A%

Figure 2-49. SMU Test Circuit

During the SMU Test, each SMU is tested at each voltage and current range in both the V
and I source modes by performing V and I measurements of the known resistances of the
system calibration module.

SMU Test Limits. Table 2-5 and Table 2-6 list the Repeat and Spot Test limits of the SMU
Test, respectively.

Table 2-5. SMU Repeat Test Limits

Nominal | Voltage/Current Value Tolerance(%)
Resistance Range Voltage | Cuwrrent | SMUI | SMU2,3.4
+92 V 402 pA +0.669 £0.669
200 V/100 Al ¥ g0y +72 pA | £0.729 +0.729
452 V +52 A 4+0.740 £0.740
100 V/100 pA +47 V +47 jA +0.772 +0.772
+42V +£42 pA +0.809 +£0.809
437V +37 pA +0.777 +0.777
MO 10 V100 s +32 V +32 pA +0.829 +0.829

£27 V +97 nA +0.898 -+0.898
22 V £99 pA +1.000 +1.000
17V +17 A +1.103 +1.103

20 V/100 pA +12 V £12 pA | £1.375 +£1.375
7V +7 A £0.570 £0.580

20 V/10 uA 49V £92 jA +1.320 +1.330
+12V | £12pA | 41275 +1.288

20 V/1 yA £04V | £04 pA | £1.325 £1.585

1 This range is tested only when the DCS s equipped with HI? 414204 200 V/1 A Shils,
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Table 2-6. SMU Spot Test Limits

Nominal | Voltage/Current Value Tolerance{%)
Resistance Range Voltage | Current | SMUi | SMU2! | SMU3%&¢
100 V/100 nA 450 V 450 nA +1.370 +3.170 £3.170
1 G 20 V/10 nA 45V +5 nA +2.250 — —
20 V/1 nA 405V | 205nA | +7.150 — -
20 V/10 mA +5 V +5 mA +0.7402 +0.690 +0.690
1 k&2 2 V/1 mA 05V | +05mA | +2.702 +2.652 £2.652
2V/1A3 +1V +100 mA | =+6.780° +1.780 +1.780
10 €2 20 V/100 mA 405V | 250 mA | +7.652° 12.652 £2.652
i 2V/1 A3 +1V +1 A +50.862° +1.112 +90.8627

1 If an HP 41420A SMU is used. If SMU2 is an HP 41421B SMU, these test limits are the same as for SMU3 and
SMU4,

2 £0.750 for HP 4089A 96-pin SWM system.

3 This range is tested only when the DTS is equipped with HP 414204 200 V/1 A SMUs.

4 +7.780 for HP 4089A 96-pin SWM system.

5 £8.652 for HP 4089A 96-pin SWM system.

6 +60.862 lor HP 4089A 96-pin SWM system.

7 +£1.112 for HP 4089A 96-pin SWM system.

2-72 Performance Verification




VS Test Operation

The VS Test checks the voltage sources VS1 and VS2 of the DCS for correct dc output.
Figure 2-50 shows a simplified VS Test circuit.

System Calibration Moduie

10n ]
3 {10 A
V&1 =
Vst or (v‘i @ ShU2
v v

Figure 2-50. VS Test Circuit

During the VS Test, V51 and VS2 output specified voltages, that are measured by an SMU.
The SMU is set to a current source that sinks 10 uA current, which can be ignored because
the voltage drop of the 10 Q resistor is low against the output voltage of the V81 or VS2. VSI
and V52 force =15 V, 1 V, and 10 V for the 20 V range and 35 V for the 40 V range. Then
the SMU measures the voltage.

VS Test Limits. Table 2-7 lists the VS Test limits.

Table 2-7. VS Test Limits

Range Nominal value Ervor
15V +52.5 mV
20V 1V +31.5 mV
10V +45.0 mV
40V 35 V +92.5 mV
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VM Test Cperation

The VM Test checks the voltage monitors VM1 and VM2 of the DCS for correct dc
measurement operation. Figure 2-51 shows a simplified VM Test circuit.

System_(_:aiibration Modgle o
10n
VM or
C\D VM2 /*—f:-! SMuUZ2
v v

Figure 2-51. VM Test Circuit

During the VM Test, an SMU outputs voltages of —15 V, 1 V, 10 V, and 35 V. VMI

and VM2 are then checked by measuring these voltages. The 10 €2 resistor in the system
calibration module has no affect on the voltages measured by each VM because of the high
input resistance of the VMs.

Vil Test Limits. Table 2-8 lists the VM Test limits.

Table 2-8. VM Test Limils

Range Nominal value Error
20V =15V +35.0 mV
2V 1V £3.2 mV
20V 10V £30.0 mV
40V 35V +75.0 mV
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AFU Test Operation

The AFU Test checks the AFU of the DCS for correct measurement operation. The AFU
Test performs a feedback measurement and checks whether the measurement (target) value is
within test limits. Figure 2-52 shows a simplified AFU Test circuit.

System Calibration Module

Search
SMU /]

vV

AV

1 K

AFU

Sense
{é{b i

Figure 2-52. AFU Test Circuit

The known resistance of the system calibration module is connected between the search and
sense SMUs. The sense SMU sets to the T measure {V foree) mode with 0 V bias voltage, As
the AFU starts its feedback measurement, the search SMU sweeps voltage within a certain
range, and the sense SMU measures the current until the current reaches the target value.

Then the measured value is compared to the target value.

AFU Test Limits. Table 2-9 lists AFU Test limits.

Table 2-9, AFU Test Limits

Sense SMU Range

16 mA

Target Value Error
—5 mA £15 A
0A £10 pA

5 mA +15 pA
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CMS C-G Test Operation

The CMS C-G Test checks the C-G measurement accuracy of the CMU, and consists of the
following subtests performed in the order listed.

1. CMU Self-Test

Performs a shorter version of the standalone self-test of the CMU. Contents and test limits
for this shorter CMU self-test differ from the standalone self-test of the CMU because this
version requires that the CMH and CML cables be connected, while the standalone sel{-test
of the CMU is performed with nothing connected.

2. C-G Measurement Test

a. Measures the capacitance of the 100 pI' and 1000 pF capacitors in the system
calibration module, and compares measurement results with the calibrated values of the
system calibration module.

b. Measures the conductance of the 100 pF and 1000 pF capacitors and 1 k{2 resistor in
the system calibration module, and checks measurement results against the test limits.

3. Stray Capacitance Test

Measures the stray capacitance 36-40 and 44-48 pins for HP 40858 48-pin SWM; 36-40,
68-72, and 4-96 pins for HP 4089A 96-pin SWM. Then, checks measurement results
against the test limits.

CMS C-G Test Limits. Table 2-10 and Tahle 2-11 list the CMS C-G Test limits.

Tabie 2-10. CMS C-G Test Limits

Nominal Value Range Test Signal Level Error

1 mS {1 k?) 1mS 30 mVrms +50 18

100 pF/0.0 8 100 pF/1 mS$ 10 mVrms +0.8 pF/4:5 puS
100 pF/0.0 S 100 pF/1 mS 30 mVrms +0.6 pF/+4 uS
1000 pF/0.0 S 1000 pF/10 mS 10 mVrms 419 pF/+100 pS
1000 pF/0.0 8 1000 pF/10 mS 30 mVrms £17 pF/490 uS

Table 2-11. Stray Capacitance Test Limit

Range Test Signal Errvor
Auto 30 mVrms 46 p¥
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CMS Bias Test Operation

The CMS Bias Test checks the accuracy of the internal dc bias source of the CMU.

Figure 2-53 shows a simplified CMS Bias Test circuit.

System Calibration Module

@ CMS
a

7

Vv

10n

@éf g SMU2

v

Figure 2-53. CMS Bias Test Circuit

During the CMS Bias Test, the CMU outputs voltages of —10 V, 1 V, and 80 V on the 10 V,

1V, and 100 V ranges, respectively. These voltages are then measured by an SMU, which
is set to current source and forces 10 pA, and measurement results are compared to the
test limits. The voltage drop of the 10 Q2 resistor is low enough not to affect on the voltage

measurement value.

Test Limits, Table 2-12 lists CMS Bias Test limits.

Table 2-12. CMS Bias Test Limits

Range Nominal Value SMU Measurement Range Exror
1V IV 2V +14.1 mV
10V 10V 20V +45 mV
100 V 80V 100V 4270 mA
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CMUB4 C-G Test Operation

The CMU84 C-G Test checks the C-G measurement accuracy of the CMU84, and consists of
the following subtests performed in the order listed.

1. C-G Measurement Test

a. The CMU84 measures the capacitance of the 100 pF, 1000 pF, 10 nF, and 100 nI’
capacitors and the 100 £ and 1 kf) resistors in the system calibration module. The
measurement is performed at the frequency of 1 kHz, 10 kHz, 100 k Hz, and 1 MHz.
Measurement results are compared with the calibrated values of the system calibration
module.

b. The CMU84 measures the conductance of the 100 pF, 1000 pF, 10 n¥, and 100 oF
capacitors and the 100  and 1 k{2 resistors in the system calibration module. The
measurement is performed at frequencies of 1 kHz, 10 kHz, 100 k Hz, and 1 MHz.
Measurement results are checked against the test limits,

2. Stray Capacitance Test

The CMU84 measures the stray capacitance between 4-8, 12-16, 20-24, 28-32, 36-40, and
44-48 for 48-pin SWM; between 20-24, 36-40, 44-48, 52-56, 60~64, and 68-72 for 96-pin
SWM. The measurement values are compared with the calibrated values against the test
limits.

CMUB4 C-G Test Limits. Table 2-13 and Table 2-14 list CMU84 C-G Test limits.

Table 2-13. CMU84 C-G Test limits

Nominal Tolerance

Value CMUSB4 Range | Frequency | (Capacitance/Conductance}

100 pF/6.3 uS 10 kHz +0.5 pF/4+31.5 nS

100 pF/0.0S | 100 pF/63 S | 100 kilz +0.6 pF/£378 1S

100 pF/630 uS | 1 Mllz +1.1 pF/£5.67 uS

1000 pF/6.3 uS 1 kHz +4.0 pF/+£25.2 nS

1000 F/0.0 5 1202 pF/63 uS | 10 kilz +£4.0 pF /4252 nS

100 pF/630 uS 100 kHz +5.0 pF/3.78 pS

1000 pI'/6.3 mS I MHz £21.0 pF/%151 uS

10 n¥ /63 uS 1 kiz +40.0 pF/£252 nS

100F/0.05 | 10 nF/630 uS 10 kHz +£40.0 pF/£2.52 S

10 nF/6.3 mS 100 kH= £70.0 pF/£63 uS

100 nF/630 uS 1 kHz 4400 p¥/£2.52 uS

100 nF/005 | 100 nF/6.3 mS | 10 kHz 4+400 pF/450.4 uS

6.3 mS/100 nF | 10 kHz £1.60 nF/+76.3 4S

100 Q2 6.3 mS/10 nF | 100 kHz +179 pF/£82.6 48

6.3 mS/1000 p¥T 1 MHz 2900 pF/£143 pS

630 £S/100 nF | 1 kIl £576 pF/+3.63 uS

830 pS/10 nF 10 kilz +57.6 p¥F/£3.63 uS

ki 630 uS/1000 pF 100 kHz £8.35 pF/44.26 S

630 1S/100 pF 1 MHz £1.25 pF/+9.80 pd
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Tabie 2-14. Stray Capacitance Test Limits

Range Frequency Error
1 MHz
100 kHe

Auto 10 kHz 6 pF
1 kHz
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CMUB4 Bias Test Operation
Figure 2-54 shows a simplified CMU84 Bias Test circuit.

System Calibration Module

100 nor 10 a
1 UA or 10 A

% CMUB4 @@l SMU

Figure 2-54, CMU84 Bias Test Circuit

The SMU is set to cutrent source (voltage monitor) mode and forces 1 pA for the 48-pin
SWM; 10 pA for the 96-pin SWM, which is low enough to have no affect on the voltage
measurement. The CMUS84 is set to the 0 mVrms signal level and outputs voltages measured
by the SMU. The measurement results are checked against the test limits.

CMUB4 Bias Test Limits. Table 2-15 and Table 2-16 list L.CR Bias Test limits.

Table 2-15. CMUJ84 Bias Test Limits (Without 149 V dc Bias Source)

Nominal Value | SMU Range | Error
15V 2V £75 mV
2.0V 2V +100 mV

Table 2-18. CMU84 Bias Test Limits (With £40 V dc Bias Source)

Nominal Valne | CMU84 Range |SMU Range! FErvor
00V 41V 2V #2.1 mV
01V 4V 2V 422 mVY
2.0V 4V 2V 451 mV
6.0V 8V 20V +21.0 mV
1.0V 20V 20V £36.0 mV
306.0 V 40V 40V £75.0 mV
40.0 V 16V 40 vV £90.0 mV
-1V 4V 2V +2.2 mV
2.0V 1V 2V +5.1 mV
~6.0V gV 20V £21.0 mV

—-14.0V 20V 20V +36.0 mV
-30.0V 40 V 40V £75.0 mV
-40.0 V 40 V 0V £90.0 mV
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bC Leak Test Operation

The DC Leak Test checks all pin boards and SMU ports for excessive leakage current to
ground, Figure 2-55 shows a simplified DC Leak Test circuit.

f—0 o ' »  Pin Board Ne.1 {(No.49)

SMUT to SMU4

[
@D B > Pin Board No.2 (No.50)

iy _7 s Pin Board No.48 (No.96}
[

All relays are set to BREAK for the Open Test.

Al relays are set to MAKE for the Short Test,

During any individual pin boards Short Test, only the
refays of the pin board being tested are set to MAKE.

<

Figure 2-55, DC Leak Test Circult

The DC Leak Test consists of the following subtests performed in the order listed:
1. Open Test

All relays on all pin hoards are set to break (off), and all SMUs are set to the voltage
source {current monitor) mode. SMU1 (if the SMUL is installed) outputs 20 V, and leakage
current is measured. If the leakage current does not exceed the test limits, SMU2 (if the
SMU?2 is installed) is then tested in the same manner. This test sequence repeats until all
four SMUs have been tested.

2. Short Test

All relays on all pin boards are set to make (on), all measurement pins are connected to the
SMU being tested, and all SMUs are set to the voltage source (current monitor) mode.
SMUT (if the SMUT is installed} outputs 100 V, and leakage current is measured. If the
leakage current does not exceed the test limits, SMU2 (if the SMU1 is installed} is then
tested. This test sequence repeats until all four SMUs have been tested.

If the leakage current exceeds the test limits, however, the Short Test is repeated for each
pin board installed in the SWM.
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:st Limits. Table 2-17 and Table 2-18 list DC Leak Test limits.

Table 2-17. DC Leak Open Test Limits

Tolerance
Voltage SMU1 SMU2-4
20V +8.4 pA +3 nA

Table 2-18. DC Leak Short Test Limits

Tolerance
Voltage SMU1 SMU2-4
100V +10 pA 411 nA
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4062 W/ DVM Test Operating Theory

GNDU Test Operation

Figure 2-56 shows a simplified GNDU Test circuit.

System Calibration Module

10n

1SR

GNDU

(V) oMM

Figure 2-56. GNDU Test Circuit

During the GNDU Test, an SMU forces 100 mA current and the voltage of the GNDU port
is measured using the voltage measurement function of the DMM. This voltage measurement

value Vg is used in the Current Accuracy Test.

GNDU Test Limits. Table 2-19 lists GNDU Test limits.

Table 2-19. GNDU Test Limits

Nominal Value

Tolerance

0V

+1 mV
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Kelvin Connection Test Operation

Figure 2-57 shows a simplified Kelvin Connection Test circuit.

System Calibration Module
L 10n
V) DMM
PN B A )
GNDU to SMU4
v v v

Figure 2-57. Kelvin Connection Test Circult

During the Kelvin Connection Test, the SMU2, SMU3, and SMU4 force 0.9 V voltage, which
is measured using the voltage measurement function of the DMM. The measured voltage is
compared with the forced voltage.

Kelvin Connection Test Limits, Table 2-20 lists the Kelvin Connection Test limits.

Table 2-20. Kelvin Connection Test Limits

Range Nominal Value Tolerance (SMU2-4)
0V 0.9V £50 mV

2-84 Performance Verification



Voltage Accuracy Test Operation

Figure 2-58 shows a simplified Voltage Accuracy Test cireuit.

System Calibration Moduie r—
(V) DMM
SMUs |
v v

Veltage Source Test

System Calibration Module

GNDU

A%

"

= SMUs

Vollage Menitor Test

(V) DM

Figure 2-58. Voltage Accuracy Test Circuit

The Voltage Accuracy Test consists of the {ollowing subtests, performed in the order listed:

1. Voltage Source Test

The voltage of each SMU is measured by the voltage measurement function of the DMM.

2. Voltage Monitor Test

The known resistances of the system calibration module are measured by each SMU set to
the T source (V monitor) mode, and measurement results are monitored using the voltage

measurement function of the DMM.

Voltage Accuracy Test Limits. Table 2-21 lists Voltage Accuracy Test Hmits.
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Table 2-21.

Voltage Accuracy Test Limits

Tolerance

Source Mode Range Value SMU1 SMU2,3,4
+2V 121 mV 1+2.1 mV

2V 0V +1.1 mV +1.1 mV

+90 V +90 mV +20 mV

20V 0V +10 mV £10 mV

Voltage £40 +40 mV 440 mV
Source 40V 0V +20 mV +20 mV
£100 V +100 mV +100 mV

100V oV 450 mV +50 mV

+200 V 4900 mV +200 mV

200V 0V +100 mV +100 mV

+1.9 uA 4+2.05 mV +2.05 mV

2V 0 pA +1.1 mV £1.1mV

+19 pA £19.5 mV 4+19.5 mV

20V 0 A 310 mV +10 mV

Current +£39 pA +39.5 mV +39.5 mV
Source 40V 0 pA +20 mV +20 mV
+99 pA +09.5 mV +99.5 mV

100 v 0 gA 450 mV £50 mV
+199 pA +£199.6 mV +199.5 mV

200 V* 0 uA +100 mV +100 mV

1 This range is tested only when the DCS is equipped with HP 41420A 200 V/1 A SMUs.
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Current Accuracy Test Operation

Figure 2-59 shows a simplified Current Accuracy Test circuit.

System Calibration Module

System Calibration Module \j’/_“"‘_ \[/__.._*__
a\f DM N (V) DMM
GNDY T@ ShUs GNOU SMus @
==
v J/ v] v \L v

Current Source Test Current Monitor Test

Figure 2-59. Current Accuracy Test Circuit

The Current Accuracy Test consists of the following subtests, performed in the order listed:
1. Current Source Test

All SMUs are set to the current source (voltage monitor) mode and force a certain current.
'The voltage drop of the known resistances of the system calibration module is measured
with the voltage measurement function of the DMM. The forced current is compared with
the current calculated from the measured voltage and the known resistance.

2. Current Monitor Test

The 5MUs are set to the voltage source (current monitor) mode and force a certain voltage.
The voltage drop of the known resistances of the system calibration module is measured
with the voltage measurement function of the DMM, and the current passing through the
resistance is calculated from the measured voltage and the known resistance. The current
forced by the SMU is compared with the calculated current.

Current Accuracy Test Limits. Table 2-22 lists Current Accuracy Test limits.
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Table 2-22. Current Accuracy Test Limits

Tolerance
Source Mode | Resistance Range Force Value SMU1 SMU2,3,4
1 0 1A 1A +£6.02 mA | £6.02 mA
10 © 100 mA 100 mA 4302 pA | £302 A
%gffc‘;‘ L kQ 10 mA 10 mA | £30.2 uA | £30.2 pA
Voltage 1 k2 1 mA 1 mA £3.02 A | £3.02 puA
Monitor 1 MQ 100 gA 90 pA 42,45 pA | £2.45 pA
1 MO 10 pA 10 gA +32nA | +32nA
1 MQ 1 uA 1 pA +7 nA +8 nA
1 Q3 1A 0.9V +5.518 mA | £5.518 mA
10 Q 100 mA 0.9V 19281.8 A | £281.8 uA
1 kQ 10 mA 9V +928.18 uA | £28.18 uA
Voltage 1 k2 1 mA 0.9V +2.818 pA | £2.818 pA
Source 1 MQ 100 A 90 v +2.45 pA | £2.45 pA
Current 1 MQ 10 A 9V £99.8 nA | £20.8 nA
Monitor 1 MO 1 A 0.9V 165 nA | 475 nA
1 GO 100 nA 90 Vv +550 pA | £1.45 nA
1GQ 10 nA 'Y +105 pA -
1GQ 1 nA 0.9V +17 pA -

1 This range is tested only when the DCS is equipped with HP 41420A 200 V/1 A SMUs,
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VS Test Operation
Figure 2-60 shows a simplified VS Test circuit.

System Calibration Module
(V) DMM
ey Vs
& v

Figure 2.-60. VS Test Circuit

Duaring the VS Test, the voltage at the VS1 and VS2 ports are measured with the voltage
measurement function of the DMM, and compared with the forced voltage.

VS Test Limits. Table 2-23 lists VS Test limits.

Table 2-23. VS Test Limits

Range Nominal Value Tolerance
£20V +30 mV
20V R £10 mV
+40V +60 mV
0V Y +20 mV

Performance Verification 2-89



VM Test Operation

Figure 2-61 shows a simplified VM Test circuit.

System Calibration Module

il

o,

v

(/) oMM

Figure 2-61. VM Test Circuit

An SMU is set to the voltage source (current monitor) mode, and forces a certain voltage
during the VM Test. The voltage forced by the SMU is measured with the voltage
measurement function of the DMM, and is also menitored by the VM. The measured voltage
is compared with the monitored voltage.

VM Test Limits. Table 2-24 lists VM Test limits.

Table 2-24. VM Test Limits

Range Nomunal Value Tolerance
+1.9V +2.06 mV

2V 0V 1.l mV

4189V 419.5 mV

2V 0V £10 mV
439 V +39.5 mV

M 0V 20 mA
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PV4274 Operating Theory

LCR C-G Test Operation

The LCR C-G Test checks the C-G measurement accuracy of the HP 4274A LCR. This test
consists of the following subtests performed in the order listed:

1. LCR Open Sell-Test
2. LCR Short Self-Test
3. C-G Measurement Test

The LCR measures the 100 pI" and 1000 pF capacitors in the system calibration module
at 100 Hz, 1 kHz, 10 kHz, and 100 kHz. It compares the measurement results with the
calibrated capacitance values of the system calibration module.

4. Stray Capacitance Test

The LCR measures the stray capacitance between SWM pins 36 and 40, and pins 44 and
48. It compares the measurement results with the test limits.

LCR C-G Test Limits, Table 2-25 and Table 2-26 list LOCR C-G Test limits.

Table 2-25. LCH C-G Test Limits

Nominal Value Range Frequency Tolerance

100 kHz +1 pl

‘ 10 kHz *1 pF

106G p¥ 100 pF L kile L1 pF
100 Hz +1 pF

100 kHz +10 pF

10 kHz +10 pP

1000 pl 1000 pF Rl +10 pF
100 Hz +10 pF

Table 2-26. Stray Capacitance Test Limit

Range

Ervor

Auto

+10 pF
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LCR Bias Test Operation
Figure 2-62 shows a simplified I.LCR Bias Test circuit.

System Calibration Module

10n
LCR (:% (\/%@ SMU2
[7’" 4
v v

Figure 2-62. LCR Bias Test Circuit

For 435 V internal dc bias source, the LCR outputs —9.99 V, 0.999 V, and 35 V on the 10 V,
1V, and 35 V ranges, respectively. For 100 V internal dc bias source, the LCR outputs 80 V
on the 100 V range. Qutput voltage is then measured by an SMU, and measurement results
are compared with the test limits.

LCR Bias Test Limits. Table 2-27 and Table 2-28 list the LCR Bias Test limits.

Table 2-27. LCR Bias Test Limits (+35 V Internal dc Bias Source)

Range Nominal Value SMU Measurement Range Error
10V —-9.99 V +74 mV
1V 0.999 V 100 V +18 mV
35V 35V +280 mV

Table 2-28. L.CR Bias Test Limits (100 V Internal dc Bias Source)

Range Nominal Value SMU Measurement Bange Exrvor
100 v 80V 100 V +1.7T7TV
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Troubleshooting

Introduction

This chapter contains HP 4062C/UX troubleshooting and repair information, and includes
step-by-step procedures in flow-diagram format to help you quickly isolate system failures.
Also included are system failure and error codes, and messages to facilitate troubleshooting,
as well as information on removing system instruments, removing instrument assemblies, and
assembly locatlions.

Note If the system is installed in a clean room, take special precautions to preserve
i the air purity in the clean room if it becomes necessary to repair the system.
Give a thorough air bath to tools, test equipment, field service inventories, and
so on, when you take these items into the clean room.

Safety Considerations

Be sure to observe all notes, cautions, and warnings given throughout this manual to
ensure the safety of service personnel and to prevent damage to the system and any system
components.

Warning Several procedures described in this chapter are performed with power applied
and protective covers removed. Only trained service personnel aware of the
hazards involved should perform such precedures., Where troubleshoaoting

can be performed without power applied, turn the power off. After repairs are
completed, make sure all safety features are intact and are functioning properly,
and that all necessary parts are connected to their protective grounds.

Troubleshooting 3-1



Required Test Equipment

Table 3-1 lists the test equipment required for troubleshooting. This test equipment is the
same as that required for system performance verification.

Table 3-1. Required Test Equipment

Item 48-pin Sysiems 96-pin Systems
Relay Test Adapter! HP 16075A HP 16355A
Test Fixture Adapter’? HP 16066A HP 16370A
Product Support Package (PSP) HP 16250A

PV4062 Software Disk Set®
(for HP 4062C only)

04062-65431

System Calibration Module

HP 16346A/B/C4 HP 163664 /85

Digital Multimeter (DMM)

HP 3456A or HP 3458A

BNC Dual-Banana

11001-60001

BNC-BNC Cable (Maximum 3m)

HP 10503A or 8120-1840 (2 each)

HP-IB Cable

HP 10833A/B/C/D

BNC-T Adapter

1250-0781 (2 each)

Alligator Clips-to-Dual Banana Plug Cable HP 11002A
HP 4142B PSP 04142-65801
Calibration Adapter HP 16330A

RC Box

HP 16340A

i Purnished systemn accessory.

2 If the test fixture adapter is not available {48-pin systems), the HP 16077A Extension Cable Fixture—with
nothing connected to it—can be used. If neither of these fixtures are available, the system calibration module

can be used.
3 Included in the HP 16290A PSP.

4 The HP 16346B System Calibration Module (included in the HP 16290A PSP} is required for the DCS 1A

range current accuracy test of the PV4062 W/O or W/ DVM Test if the DS is equipped with an HP 414204
SMU. The remaining tests can be performed using either the HP 16346A or B.

HP 16346C System Calibration Module is required for testing the CMU84 performance if the system is
equipped with an HP 4284A 20 Hz-1 Mz Precisien LCR Meter (option 320 for HF 4062C; option 530 for HP

£062UX3}.

o

HP 163668 System Calibration Module is required for testing the CMU84 performance if the system is

equipped with an HP 4284A 20 Hz--1 MHz Precision LCR Meter {option 320 for HP 4062C; option 530 for HP
4062UX). Otherwise, either the HP 16386A or B can be used for PV 4062,
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Troubleshooting Flow Diagrams

Figure 3-1 through Figure 3-11 provide flow diagrams to guide you through the
troubleshooting process. Start with the “Turning the System Instruments On” in Figure 3-1
and follow the instructions given in the diagram.

These troubleshooting flow diagrams make extensive use of the hardware- and software-based
troubleshooting aids—START and PV4062 programs, self-tests, and so on—all of which are
described in “Troubleshooting Using START” through “Troubleshooting the DCS”,
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( START }

Y

Turn on the main switch
located at the lower lefl of
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Y
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all the system Yes

Y

Check the line voltage on
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Does the
proper line vollage
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instruments lose
power ?
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the outlet of the wall.

Dose
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Check the conduction of
the power code of the
ingtrument that lost power.

Yes
...“....h.

No

ts the power
code OK 7

Is the
wmstrument an
SWC ?

Yes

Repalr the power code of
each istrument.

all the instruments

pass self-test ?

No

v Yes

Troubleshool Ihe instrument
e

DO?S the No Repair the power lines in
proper fine vollage — the building.
appear 7
Repair the PDU and power
] cable,

e Replace the power code.
B Troubleshoot the SWC.
e See figure 3-4.

See the Service Manual of

Go to hgure 3-2.

the faulty instrument,

3-4

Figure 3-1. Turning the System Instruments On
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Is your sysiem
an HP 4062C 7

Y Yes

Turn on the system controller
{computert and peripherals.

Turn on the system controller
lcomputer! and peripherals,

Is HP BASIC
booted ?

3

15 HP-UX

booted 7

Yes

Y

Are other
applications OK 7

¥

Gote figure 3-3.

“ leompirter) and peripherals.

Troubleshoo! the controller

Noi,}

Troubleshoot the faulty
application software.

Is BASIC/UX OK 7 — 22~ Troubleshoot the BASICAUX.

Figure 3-2. Turning the System Controller On
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Does
the system pass
START ?

Is the
START configuration
correct ?

Mo

Does the
system pass the

Tioubleshoo! the ChMUBA.
Refer to the figure 3-9.

Treubleshoot according to
START error. Refer to
"Troubleshooting Using
STAAT."

Troubleshool using START,
Reter to figure 3-5.

Pass the Relay
Test ?

Troubleshoot the relay,
Refer 1o figure 3-5.

Pass the SMU
Test ?

Troubleshoot the SMU.
Refer to figure 3-7.

Pass the
V5 and VM
Test ?

are AUX
cables OK 7

Replace the AUX cables.

Pass the
AFU Tesl 7

Reptace the AFU.

Replace the VSAMUL
Refer to the Service
Marwal of the DCS.

Aefet lo the Service
Manuat of the DCS.

Is your
system equipped
with 3 CMUS4

Pasgs lhe
CMUB4 C-G and
CMUSA Bias
Test 7

Yes.

3~

Pass the
CMS C-G and
CMS Bias
Test 2

Troubleshoot the Chl,
Refer to the figure 3-8,

Pass the
Qpen Test of
feak Test 7

Troubleshoot for Open
Test Failure of |eak Test.
Refer to igure 3-10.

-

Troutdeshoot for Short
Test Fallure of Leak Test
Reler to figure 3-11,

3-8

Figure 3-3. Failure Isolation Using PV4062
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Y
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7.9, and il on power supply
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turn it on again,

Troubleshoot the MPU
board (A2). Refer to

Beplace the power supply
board {All

“Troubleshoeting Using the
SWC's internal LEDs.”

Figure 3-4. SWC Troubleshooting
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START

Does the
START CONFIG.
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Y
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Yes

Y
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AUX PORT CONFIG,
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Yes
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?

Y
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Service Manual,
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ieads.
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{
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Checlk the control bus
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Yes

-

sl

Correct the problem,

Check the LEDs inside

the SWC, Refer to
‘Troubleshooting Using the
SWC's Internal LEDs® under
'Troubleshooting the SWC.”

Troubleshoot the DCS.
Refer lo the DCS's
Service Manual

Troubleshoot the CMU or
CMUB4. Refer to the
service documents of the
CMU or CMUBA.

It possibie, replace the
Lransistor on the pin board,
Clhervase, replace the pip
board.
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Removing Rack Mounted Instruments
To remove the SWC, DCS, or CMU/CMUB84 from the system cabinet, use the following

procedure:
Caution If you remove a board from an instrument, be sure to maintain the board in a
w clean, static-free environment.

a For SWC:

L.
2.
3.

Remove the four screws that secure the instrument to the system cabinet.
Disconnect all cables connected to the instrument.

From the rear of the cabinet, gently push the instrument until it protrudes several inches
from the front of the cabinet.

Pull the instrument forward on its slide rails from the front of the cabinet.

The instrument can now be removed by pressing the release buttons located on both
slide rails, then by lifting the instrument free of the cabinet.

Caution Before you remove a board from an SWC, be sure to turn the instrument off.

To perform any system operations when you turn an instrument on after you
have turned it off, you must run the START program first.

w For DCS, CMU, and CMU84:

1.
2.
3.

[ ]

Remove the four screws that secure the instrument to the system cabinet.
Disconnect all cables connected to the instrument,

From the rear of the cabinet, gently push the instrument until it protrudes several inches
from the front of the cabinet.

Pull the instrument half forward in its support rails by grasping the side belts of the
instrument.

Lift and pull the instrement from the front of the cabinet.

Lay the instrument down on an even bench.
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Troubleshooting Using START

A number of system failures can be detected by error messages and the system configuration
display page when the START program is performed.

For error messages, refer to “START Errors” in “Messages.”

Troubleshooting Using the START Display

If the displayed system configuration in the START program does not agree with the actual
system configuration, check the system as listed in Table 3-2.

Table 3-2. Troubleshooting Using the START Display

Incorrect START
Display Section

Corrective Action

SYSTEM CONFIGURATION

Check the following:
m JIP-IB cable connections, interface select code, and address settings

g If the DCS, CMU, or CMUS84 is listed as Not Present, troubleshoot the
instrument. Refer to the Service Manual of that instrument for details.

B If the SWC is listed as Not Present, check the LEDs inside the SWC.
Refer to “Troubleshooting the SWC.”

DCS CONFIGURATION

Check the suspect plug-in module and CPU module. Refer to the DCS
Service Manual,

AUXILIARY PORT
CONFIGURATIGN

Check the AUX cables and their connections.

AVAILABLE PINS

Check the following:
The contrel bus cables (flat cables) inside the SWM.

8 If an installed pin board does not register on the START display, change
the location of the pin board and run START again. If the same thing
oceurs at the new location of the pin board, replace and troubleshoot the
faulty pin board.
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Troubleshooting with the Relay Test

The Relay Test is a valuable aid for troubleshooting the SWC, SWM, and pin boards. Initiate
the Relay Test as follows:

® By running the DIAG program.

® By running the 4062 W/0 DVM Test of the PV4062.

® DBy pressing the LOCAL/TEST key on the SWC front panel.

# By sending the TS remote program code to the SWC.

To perform the Relay Test, the relay test adapter must be mounted on the SWM.

If the Relay Test is initiated from the DIAG program or 4062 W/0 DVM Test of the PV4062,
test results are displayed on the CRT of the system controller.

If the Relay Test is initiated manually by pressing the LOCAL/TEST key on the SWC front
panel, or remotely from the system controller using the TS program code, test results can be
obtained by sending the TR remote program code to the SWC.

Figure 3-12 provides an example of how to remotely initiate the Relay Test through program
control.

The program to remotely initiate the Relay Test requires the {ollowing:

System Controller: HP 9000 Series 300 Model 310, 318M, 319C+, 320, 330, 332, 340,
345, 350, 360, 370, or 375

Language: HP BASIC or BASIC/UX

Interface Select Code: 27 o0r 7

SWC Address: 22 or 19

Program:

e I{ select code is 27:

1G OUTPUT 2722;"TS"
2C OUTPUT 2722;"TR"
3C  ENTER 2722;4%
40 PRINT A

50  END

@ If select code is 7:

10 OUTPUT 722;"TS"
20 QUTPUT 722;"TR"
30  ENTER 722;4$

40 PRINT A$

5O END

Figure 3-12, Sample Program lo Remotely Initiate the Relay Test (1 of 2)
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Description:

Line 10 initiates the Relay Test by sending the TS remote code. This is equivalent to
pressing the LOCAL/TEST key on the SWC f{ront panel.

Line 20 instructs the SWC to output the test results by sending the TR remote code.
Line 30 enters test results into the string variable A$.
Line 40 prints the string variable A$.
Print Out:
FLzrPCyyKzz

where 2z is Iailure Code; yy is Pin Board Address''?; zz is Relay Number

If a failure is not related to a pin board error, 00 is displayed.
2 Tor 48-pin SWMs:

01 through 48 indicates a pin board.

61 indicates the Test Relay Board.

62 indicates the Test ADC Board.

For 96-pin SWMs:
01 through 96 indicates a pin board.
161 indicates the block 1 Test Relay Board.
162 indicates the block 1 Test ADC Board.
261 indicates the block 2 Test Relay Board.
262 indicates the block 2 Test ADC Board.

Sample Program to Remotely Initiate the Relay Test (2 of 2)

Tabte 3-3 lists Relay Test-related Performance Verification {PV) and Diagnostics program
(DIAG) failure codes, the corresponding error message of each code, a brief explanation for
each error message, and the suggested corrective action.

Note When the following messages are displayed, check the following item before
checking the displayed failure code:

PL33P CaaK20 The poor contact between contact pad and contact
pin of the guard of the number zz may cause this
error. Check the corresponding contact.

FL34PCaa K21 The poor contact between contact pad and contact
pin of the sense of the number zz may cause this
error. Check the corresponding contact.

PLAGPCaa K21 The poor coutact between contact pad and contact
pin of the force of the number 2z may cause this
error. Check the corresponding contact.

FIL23PC62K63 The poor contact between contact pad and contact
pin of the guard of Test ADC Board may cause this
error. Check the corresponding contact.
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FL21PC62K63

FL22PC62K63

The poor contact between contact pad and contact
pin of the sense of Test ADC Board may cause this
error. Check the corresponding contact.

The poor contact between contact pad and contact
pin of the force of Test ADC Board may cause this
error. Check the corresponding contact.
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Table 3-3. Relay Test Failure Codes

Failure Error Message and Corrective Action
Code (FL)

00 No error.

06 PV(DIAG) ERROR 11 SWITCHING MATRIX CO¥TRGLLER not functioning properly.

A momentary power loss occurred. Turn off the SWC, wait about 5 seconds, then turn
the SWC on again.

07 PV(DIAG) ERROR 11 SWITCHING KATRIX CONTROLLER not functioning properly.
SEND parity generator faulty. Replace the MPU board of the SWC.

08 PV(DIAG) ERRCR 11 SWITCHING MATRIX COKTROLLER not functioning properly.
SEND/RECEIVE timing circuit faulty. Replace the MPU board of the SWC.

09 PV(DIAG) ERROR 11 SWITCHING MATRIX CONTROLLER not functioning properly.
MPU data error.

11 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.
SWM not connected. Check the cable interconnecting the SWC and SWM.

12 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.

SWM open interrupt circuit not functioning properly. Check the cables and the control
logic board.

13 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.

No pin boards, test relay board, or test. ADC board tnstalled in the SWM. Check the
control bus cables.

14 PV(DIAG) ERROR 11 SWITCHING KATRIX not functioning properly.

SEND error. Replace the control logic board.

15 PV(DIAG) ERROR 11 SWITCHING KATRIX not functioning properly.

RECEIVE parity error. Replace the control logic board.

16 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.

REPLY tine stuck. Check the control bus cables for proper connection to the pin boards.
Also, check transistor Q1 on each pin board.

17 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.

Relay power supply overload, possibly caused by a short on one (or more) pin hoard(s).
Remove one pin board and run the Relay Test again. Repeat this process until you find
the board that is causing the overload.

18 PV(DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.

RECEIVE parity circuit not functioning properly. Replace the control logic board.
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Table 3-3. Relay Test Failure Codes (continued)

Failure Error Message and Corrective Action
Code (FL)

19 PV{DIAG) ERROR 11 SWITCHING MATRIX not functioning properly.
Indicated pin board removed since START was last run. Run START again,

20 PV(DIAG) ERROR 1i Relay test circuit not functioning properly.
Relay test adapter not installed on the SWM. If the relay test adapter is installed, check
the control bus cable assemblies for an open.

21 PV(DIAG) ERROR 1i Relay test circuit not functioning properly.
Current source for sense line on test ADC board not functioning properly. Replace the
test ADC board.

22 PV(DIAG) ERROR 11 Relay test circuit not functioning properly.
Current source for force line on test ADC board not functioning properly. Replace the
test ADC board.

23 PV(DIAG) ERROR 11 Relay test circuit net functioning properly.
Current source for guard line on test ADC board not functioning properly. Replace the
test ADC board.

24 PV(DIAG) ERROR i1 Relay test circuit not functioning properly.
Test relay board not installed.

25 PV(DIAG) ERROR 11 Relay test circuit not functioming properly.
Test ADC board not installed.

26 PV(DIAG) ERROR 11 Relay test circuit not functioning properly.
Less than 5 pin boards instatled. The Relay Test requires at least 5 pin boards. Install
additional pin boards.

31 PV{DIAG) ERROR 11 A relay is open (contacts will not MAKE).
Sense contact of a relay set to make on the indicated pin board will not ¢lose. Replace
the relay.

32 PVY(DIAG) ERROR 11 A relay is open (contacts will not MAKE).
Force contact of a relay sct to make on the indicated pin board will not close. Replace
the relay.

33 PV(DIAG) ERROR 11 A relay is open (contacts will not MAKE).

Guard coniact of a refay set to make en the indicated pin board will not close. Replace
the relay.

3-22 Troubleshooting




Table 3-3. Relay Test Failure Codes (continued)

Failure
Code (FL)

Error Message and Corrective Action

34

PV(DIAG) ERROR 11 A relay is open (contacts will not MAKE).

Normally open contacts of a sense relay will not close. Check the sense measurerment pin
and contacts fizst. If no problems are [ound, replace the relay.

35

PV(DIAG) ERROR 1t A relay is open {contacts will not MAKE),

Normally closed contacts of a sense relay will not close. Check the guard measurement
pin and contacts first. If no problems are found, replace the relay.

PV(DIAG) ERRCR 11 A relay is open (contacts will not MAKE).

Normally open contacts of a force relay will not close. Check the force measurement pin
and contacts first. If no problems are found, replace the relay.

37

PV(DIAG) ERROR i1 A relay is open (contacts will not MAKE).

Normally closed contacts of a force relay will not close. Replace the relay.

41 - 47

PY(DIAG)Y ERROR 11t A relay is stuck (contacts will not BREAK).

Indicated relay is stuck. Lightly tap the relay.

PV(DIAG) ERROR 11 A relay has a tri-point short.

A relay has a tri-poiunt short, but the system cannot determine which pin board the relay
is on. Remove one pin board and run the Relay Test again. Repeat this process until you
find the board causing the failure,

G183

PV(DIAG) ERROR 11 A relay may be stuck.

Indicated pin board has a faulty relay, but the system cannot delermine which relay is
faulty. Lightly tap all relays on the pin board.
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j Troubleshooting with the input Relay Test

When the Input Relay Test fails, the input relays may not always be the source of the
problem. Other problems, such as contact resistance and snapping on the test path, often
cause an Input Relay Test failure. For this reason, it can be difficult to troubleshoot the input-
i relays.

This section provides some helpful information on troubleshooting the input relays. Possible

i) points on the Input Relay Test path where the problem may lie are shown below. To help

| troubleshoot the input relay, a check sheet is provided in Appendix It To measure the
resistance between two points, the pin assignments of the SMU link board are shown.

Possible Causes of Input Relay Failures

Figure 3-12a shows a simplified test circuit of the Input Relay Test.
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Figure 3-12a. Simplified Test Circuit of Input Relay Test
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When a problem lies somewhere on the test path, the Input Relay Test results may show a
failed input relay (&©. Because of this, when a failure of the Input Relay Test occurs, you must
troubleshoot the test path as well as the failed input relay.

The foliowing procedures briefly explain how to troubleshoot and how to narrow down
possible causes of the input relay failure:

1. In which area, @ or ), does the problem exist?

The check sheet is useful to answer this question. Write down all the error messages on
the check sheet. The most probable cause of the problem can be found by checking all the
error messages. You can also narrow the problem arca down to @, ©, or ®.

2. Does the problem exist in area @7

To check whether or not the problem exists in area @), change the pin board used for the  §
Input Relay Test with a known good one. You can find which pir board is used for the test
from the check sheet.

3. Does the problem exist in area ©7

The SMU on the test path may have failed. To check this situation, change the SMU with
a known good one, and retry the Input Relay Test.

The connection between the SMU and the interconnection cable may be poor. Clean
the connecter. The interconnection cable may be snapping. Check the conduactor of the
interconnection cable.

4. Does the problem exist in area @7
a. Check the connection or contact resistance at peoint ().
b. Check the contact © between the SMU link board and the SMU port board.
¢. Check the contact ®) between the SMU link board and the SMU connector board.

d. Check the coutact @ between the SMU port board and the mother board.

e. Check the contact © between the AUX port board and the mother hoard.

f. Check the contact @ between the AUX connector board and the mother board.
5. Is the failed input relay bad?

To check the operation of the failed input relay, use the DMM and measure the resistance
at the contact point of the input relay. To do so, use the following procedure:

a. Turn on the computer and system justruments. If your system is an HP 4062UX, start
the BASIC/UX environment.

b. Load and run the “START” program.

¢. Load and run the “VFP” program.

d. Move into the relay assignment pages,

e. Probe the two points on the test path that the input relay is between.

{. Control the make/break operation of the input velay and estimate the measured
resistance.
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§ Using Check Sheet for Troubleshooting

# When the Input Relay Test reports more than two errors, a problem on the test paths is

| causing the errors. The check sheet for input relay troubleshooting, which is provided in

i Appendix E, can help you find the cause of the problem on the test path. See Appendix E on
i how to fill in the check sheet.

For example, Figure 3-12b shows the problem may hide in either pin board 4, the SMU3, the
input relay i-K30, or the input relay i-K70.

Chack Shaet for Input Relay Troublshoolig BLOGK

Failed Relay ik | k3 ] x| WK K K

and Side {
v
v

Pin Board _g__ /
Fin Board _8_

Pin Board
SMU1
SMUz
SMU3 v
SMUA

vsi
vsz
v
VM2
CMS
CMUs4
GNDU v
K10
K1
K2 v
K20
K31
K3 v v
KAl
LKAD

-~

i-K50

i-K50

K10 v N

- K80

i- K81
-Ke

- KP1

Figure 3-12b. Example: Check Sheet for Troubleshooting
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Accessing the SMU Link Board

The SMU link board is used to connect the signal lines between the SMU port board and
SMU connector board. Figure 3-12¢ shows how to access the SMTU link board and Table 3-3a
lists the pin assignment of the SMU link board.

96-pin SWM SMU Link Board

SMU Port Board St Connector Board

Figure 3-12c. Accessing the SMU Link Board

Table 3-3a. Pin Assignment of SMU Link Board

Pin No. Description Pin No. Description

al, bl ad, b | Port 3 (SMU3) sense
a2, b2 Port T (GNDU) foree all, b10 | Port 3 (SMU3) force
a3, b3 Port 7 (GNDU) sense all, bt | Port 3 (SMUJ) guard
ad, bd Port 4 (SMU4) guard al2, bi2 | Port 2 (SMU3) guard
al, b Port 4 (SMU4) sense al3, bi3 | Port 2 (SMU3) sense
af, bo Port 4 (SMU4) force abd, hid | Port 2 (SMU3) force
a7, b7 Port 4 (SMU4) guard alh, bls |Port 2 {SMU3} guard
ag, b8 Port 3 (SMU3) guard al6, b16 [ Chassis ground
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Monitoring the PV4062 Leak Test

To monitor the DC Leak Test of the PV4062 using the VFP monitor function, medify the DC
Leak Test program shown in Figure 3-13 by including the indicated statements. This real-time
monitoring method makes it possible to step through the test sequence.

The {ollowing procedure tells how to modify the DC Leak Test program in the VERI file.
gt For HP 4062C system:

1. Beot up the HP BASIC system.

9. Prepare a blank flexible disk and format it using the INITIALIZY statement.

3. Copy the Performance Verification Disk 2 to the blank flexible disk. For example, type as
[ollows:

COPY ":,702" TO ":,702,1"

Noie Modily the VERI program on the disk copy. Do not modify the VIIRI
program in the master PERFORMANCE disk.

4. Tnsert the copied disk into the flexible disk drive and set the MASS STORAGE to
flaxible disk drive.

5. Load the VERI program as follows:
LOAD "VERI" {Return)
6. Siart the BASIC editor for searching Veri_matrix as follows:
EDIT Veri_matrix (Retumn)
Madify the VERI program as shown in Figure 3-13.
7. After modilying, store the modified VERI program using RE-STORE statement.
2, Remove the copied PV Disk 2 and insert PV Disk 1.
9. Load and run the PV4062 program, Refer to chapter 2 for details.
w For HP 40620 X system:
{. After logging in and starting BASIC/UX, change the current divectory as follows:
MASS STORAGE 1S “/usr/pes/diag" (Retumn)
2. Load the VERT program as {ollows:
LOAD "VERD"™  (Return}
3. Stare the VIR program as follows:
STORE "VERT_ORG"  (Return)
4. Start the DASIC editor for scarching Veri matrix as [ollows:
EPIT Veri_matrix  (Retumn)
Modify the VERT progran as shown in Figure 3-13.
5. After modifying, store and backup the modified VERI program as foliows:
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RE-STORE "VERI"
STORE "VERI_MDF"

6. Load and run the PV4062 program. Refer to chapter 2 for details.

Note After performing the DC Leak Test while monitoring leakage current, replace
the modified VERI program with the original VERI program as follows:

PURGE "VERI"
COPY "VERI_ORG" TO "VERI"
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SUB Veri_matrix

Veri_matrix: 1k smbkhiohdmddnkhhbdddnibidhrrsdhdd
ig
1R DC LEAKAGE TEST
L[R2
R L T e T P e T

DISP "Inesert the SYSTEK SOFTWARE Disk 4." For HP 4062C

PAUSE
LOADSUB ALL FROM “VFP"

LUADSUB ALL FROK “/usr/pcs/bin/VFPY ‘or HP f062UX

Matrixl: GUTPUT KBD;CHR$(255);"K";
CALL Veri_rasults
GDSUB Disp_init
DISP "DC LEARAGE TEST in progress."

Su_matrix$="0DK"
Init_system
Set_smu{3)
Column=0
CALL Vfp_frame
FOR Portne=1 TO0 4
IF FEPort{Port(Portno})>Q TEEH
Force, v{Port (Poxtno},20,20,5 ,E~2,1)
WAIT (Portno=1)+3+3
Heasure_i(Port(Portno},Imeas,0)
CALL Vfp_monitor
Disable_port(Port{Portno))
I¥ Portno=1 THEE
Accy=Hat_acc(1}
FLSE
Accy=Mat_ace(2)
ERD IF

Figure 3-13. PV4062 Modifications to Allow Leak Test Monitoring (1 of 2)
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IF Firat_pin THEE
FOR Portno={ 10 4
IF FEPoxrt(Port{Potno))>0 THEW
FOR Pin=First_pin TO End_pin
Connect{(Port(Portno},Pin_board{Pin))
WEXT Pin
Force_v{Port{Portno),100,100,1.E-6)
WAIT (Portno®1)+3+3
Heasure_i(Port(Portno) ,Imeas,®)
CALL Vfp_monitor
Disabla_port (Port{Portno))
IF Portno=l THEE
Accy=Hat_ace(3)
ELSE
Accy=Mat_acc(4)
FHD IF

IF First_ pin THEE

FOR Pin=First_pin TO End_pin
DISP "Searching for faulty pins."; TAB{(61); "TESTIEG PIH# ["; Pin_board (Pin); "I"
Imeas=0
Ileakx(1)=0
Tleak{2)=0
FGR Portne=1 TG 4

IF BIT(Err_port{Block_mo),Porino) THEX

Connect (Port(Portno) ,Pin_board(Pin))
Force v{Port(Portno),100,100,1.E-7)
WAIT (Portno=1)}=3+3
Measure_i(Port(Portno) ,Imeas,0)
CALL Vip.monitor
Disable_port{Port(Portno}}

IF FHInlogging THEE
Trrlog_rem("VERI-SWH~SHORTLEAK2")
IF Portno=1 THEB

PV4062 Modifications to Allow Leak Test Monitoring (2 of 2)
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Troubleshooting the SWC

Accessing SWC Assemblies

To access the assemblies of the SWC for service or repair, use the following procedure:
1. Disconnect all cables and the power cord from the SWC,

2. Remove the four screws that secure the SWC to the system cabinet.

3. From the rear of the system cabinet, gently push the SWC forward until it protrudes
several inches from the front of the cabinet, Then, from the front of the cabinet, pull the
SWC forward on its slide rails and 1ift the SWC free from the cabinet.

4. Remove the top cover of the SWC by fully loosening the top cover screws, then stide the
top cover off.

Figure 3-14 shows the locations of the SWC assemblies.

A7 Wi
Power Supply Board Cable Assembly

\
Y

bl A4
HP-IB Board

Internat LEDs

Display Board Cable Assembly MPU Board

Figure 3-14. SWC Assembly Locations
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Troubleshooting Using the Internal LEDs in the SWC

Located on the MPU board are four LEDs that help isolate the cause of certain SWC failures.
‘Fable 3-4 lists the possible display patterns of the LEDs, and briefly explains the meaning of
each pattern.

Note These LEDs indicate possible SWC failures only if the SWITCHING MATRIX
8 CONTROLLER FAIL lamp on the SWC front panel is lit. To obtain the
failure code for an SWM failure if the SWITCHING MATRIX FAIL lamp is
lit, run the START program.

Table 3-4. SWC Internal LED Display Patterns

Fail LED Pattern Description
Number | g 4 2 1
0 off off off off |No error.
i off off off on |ROM (U38) error. Replace the MPU board.
2 off off on off |ROM (U38) error. Replace the MPU board.
3 off off on on |ROM (U38) error. Replace the MPU board.
4 off on off off [RAM {U39) error.
5 off on off on |HP-IB control chip etror or illegal HP-IB address setting.
6 off on on off [ Momentary power loss occurred. SWC is normal.
7 off on on on |Replace the MPU board.
8 on  off off off |Replace the MPU board.
9 on  off off on |Replace the MPU board.

Checking Voltages on the SWC Boards

Table 3-5 lists the voltages present at the test points on the Al MPU board and A2 power
supply board of the SWC. Test points are small pins identified by their test point numbers.
Because a floating power supply is used, proper grounding (voltage reference) is necessary.
For example, to measure the voltage at test point {TP) 9 (+12 VF) on the A2 power supply
board, use TP 8 (FGND) as a ground reference.

Table 3-5. Voltage Test Poinis in SWC

Test Point Al MPU A2 Power Test Point Al MPU A2 Power
{TP) Board Supply Board (T1) Board Supply Board
H GND — 9 - +12 VI
4 — GND 10 — GND
5 e 452V 11 - +5 V
7 e +12 VF 24 GND -
8 — FGND 29 +3V —
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Troubleshooting the SWM

SWM Assembly Locations

Figure 3-15 shows the locations of the assemblies in the HP 4085B 48-pin SWM. See
Chapter 4 for the HP part numbers of each assembly.

A50 W5 w4 ASS Lo Board
a0 Cabie Connector Control Bus Control Bus igg”o Logic Boar
Micro Switch Soard Cable Ass'y Cable Ass’y - )
Ass'y " Logic Connector Ass’y

I o e |
W2
Control Bus  ____| m:
Cable Ass'y 254
L0 R 7 5 el |
& ~orooo— CMS Port Board
“TITIOT ABT
- CMS Connector Ass'y
e
B L
AB9 CroTo 53
) . : Test Helay Board
Micro Switch 00| Tom—E-
Ass’y e i
s =4
[ 3
~Phermuty il
A52
/ 8 SMU Port Board
e wé . A56
AdG Conlrot Bus ~ Cable Assy Jos SMU Connector Ass'y
Matrix Open Relay Board Cable Ass'y Test ADC Board

Figure 3-15. Assembly Locations in the HP 4085B 48-pin SWM
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Figure 3-16 shows the locations of the assemblies in the HP 408%A 96-pin SWM. See
Chapter 4 for the HP part numbers of each assembly.

A2ED

A200 Wa4 w22

Micro Switch  Cable Ass'y Control Bus

Ass'y Cable Ass'y
[ I N

Test ADC

Board Ass'y
A26t —

—

-

Test Refay
Board Ass'y

a4

W2 [P
Control Bus :
Cable Ass'y

W3 ——" ]

Control Bus
Cable Ass'y "

Sy )

i1 1] ed ot o]

ST A

59
I

[

A1~
Test Relay

{

39

T

Boardﬂy o~
AlB2

Test ADC
Board Ass'y

A106

Ass'y

Micro Switch

W4 w12
Cable Ass'y Control Bus
Cable Ass'y

NS

"~

AZ05 Control Logic Board Ass’y

AZ04 Logic Conn Ass'y

AZ03 Matrix Open Reilay
Board Ass'y

W21 Conlrol Bus Cable Ass'y

AZ02 SMU Port Board Ass’y

A201 AUX Port Board Ass'y
ADB  SMU Conn Ass'y

A% SMU Link Board Ass'y

AS7  AUX Conn Ass'y
AT01 ALX Port Board Ass'y

A2 SMU Port Board Ass'y

Wit Control Bus Cable Ass'y

AKD3 Matrix Open Relay
Board Ass'y
AfC4 Logic Conn Ass'y

A0S Control Logic Board Ass'y

Figure 3-16. Assembly Locations in the HP 4088A 98-pin SWM
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Removing Pin Boards

To remove pin boards from the SWM, use the following procedure:

1.

2.

3.

Remove the bottom panel of the SWM (see Figure 3-17).

e © Bottom Pane!
M B Controt Bus Cable

Figure 3-17. Removing the Bottom Panel of the SWM

For 48-pin SWM, remove the board strut(s) as required. For 96-pin SWM, remove the pin
board cover(s) as required.

Disconnect the control bus cable(s) (flat cables} as required.

Caution When disconnecting a control bus cable, disconnect the cable from each pin

board connector separately, Do not disconnect a cable by disconnecting one
end, then peeling off the cable all at once.

. Remove measurement pin assemblies from the measurement pin mounting ring.

. Carefuily remove pin boards by pulling them out with the pin board extractor as shown in

Pigure 3-18. Be careful not to let the removed measurement pin assemblies touch any other
contact pins.
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Pin Board Extractor

Pin Board

Figure 3-18. Removing Pin Boards

Caution

Wear lint-free gloves when handling pin boards. Lint-free gloves are included
in HP' 16290A PSP for HP 4062C/UX. If lint-free gloves are not available,

lold the board by its edges as shown in Figure 3-19.

I

1

Lttt iR

Figure 3-19. Handling Pin Boards
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Removing Interface Boards

Removing Interface Boards from HP 4085B 48-pin SWM

To remove the SMU port board, SMU connector, CMS port board, CMS connector,
controt logic board, or logic connector assemblies, use the following procedure and refer to
Figure 3-20:

1. Remove the bottom panel of the 48-pin SWM (see Figure 3-17).
2. Remove the board strut that covers the interface boards.

3. Disconnect the control bus cables from the boards, Depending on the board you wish to
remove, disconnect the corresponding external cable from the SWM.

4. Remove the screws () that secure the connector assembly to the SWM, and remove the
connector assembly.

Note Before removing the SMU connector assembly, disconnect the SMU cable
: connected to the SMU port board.

(a2

. Carefully remove the required interface board(s) by pulling them out with the pin board
extractor.

Bottom Panel

L i

ABB Logic Connector Assembly

< A5G SMU Connector Assembly (A55 Control Logic Board)

f‘ L (452 5MU Porl Board!

AB7 CMS Connector Assembiy
(AB4 CMS Port Board)

Figure 3-20. Removing Interface Boards of the HP 40858 48-pin SWM
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Removing Interface Boards from HP 4088A 96-pin SWM

To remove the link board, SMU port board, SMU connector, AUX port board, AUX
connector, control logic board, or logic connector assemblies, use the following procedure and

refer to Figure 3-21:
Assembly

Link Board
SMU Port Board
AUX Port Board

SMU Connector
AUX Connector
Control Logic Board
Logic Connector

Procedure

1.
2.
3.

Remove the bottom panel of the 96-pin SWM.
Remove the link board assembly.

Disconnect the control bus cables from the boards. Depending on
which board you wish to remove, disconnect the corresponding
external cable from the SWM.

. Carefully remove the required interface board(s). For the AUX

port board assemblies, use the pin board extractor.

. Remove the bottom panel of the 96-pin SWM.

. Remove the screws @ that secure the side panel to the SWM, and

remove the side panel.

. Remove the screws (2) that secure the required connector assembly

to the SWM, and remove the connector assembly.

. To remove the control logic board assembly, disconnect the control

bus cables from the board, and remove the control logic board
assembly using the pin board extractor. Note that you must
remove the logic connector assembly first when removing the
control logic hoard assembly.

Botlom Panel

Side Panel /
R
i, g ,
C‘?\" -\ q" @
P .
I \\‘(5/ \ D/
. ‘E //J BON
Jid N
(N // —

Al Logic Conrector Asgembly

ALY AU Conpector Assembiy /

AZ04 Logie Conneclor Assembly

A08 SMU Connector Assembly

Figure 3-21. Removing Interface Boards of HP 4089A 96-pin SWiM
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Troubleshooting Pin Boards and Interface Boards

Part L.ocations of Pin Board and Interface Boards

Pin Board
Cable Assembly W1} —, TR

Contact Pins £1

K 2 0
K21 7
Ewll_'?::] U] UUH

Contact Pins £1

| se————

ﬁn"‘”""“‘““l H@?‘}T ps!

RB Qt

Figure 3-22. Part Locations of Pin Board

SMU Port Board

[@I K70 |
T
LKZ!J ME

Koo ‘:D"'_

AUX Port Board

Figure 3-24. Part L.ocations of AUX Port Board--96-pin SWM
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Troubleshooting Pin Boards Using VFP

The third display page of the Virtual Front Panel {(VFP) is to check pin board relays. For the
96-pin SWM system, the fourth page of the VFP is also used for checking input relays. Any
relay can be set to make or break by positioning the cursor at the desired pin board number—
relay number cross point, and selecting the HMAKE or . BREAK softkey.

To run VFP for troubleshooting pin board and input relays, perform the following procedure:

1. Remove the bottom panel of the SWM, disconnect the required control bus cable(s), and
remove the necessary board strut(s).

Caution When disconnecting a control bus cable, disconnect the cable from each pin
board connector separately. Do not disconnect a cable by disconnecting one
end and then peeling off the cable all at once.

2. Using the pin board extractor, remove the required pin board(s), and extend the pin board
as shown in Iigure 3-25. The pin board extender and extension cable are included in the
HP 4062 Produact Support Package.

Caution Do not touch the edge connector, soldered surfaces, or pins of a pin board
with bare hands. When handling a pin board, hold it by its edges. If any part
of the board becomes contaminated, clean it thoroughly with alcohol.

For troubleshooting the input relays, skip this step because the SMU and AUX port boards
cannot be extended using the pin hoard extender.
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Pin Board

Pin Board Extension Cable
PN 04085-61681)

Pin Board Extender
{PIN 04085-66891

1L

cw
RN &

Iy

6G000
22208

Figure 3-25. Extending Pin Boards

3. Load and run the VFP program. To do so, use the following procedure:
g For HP 4062C and HP BASIC based on flexible disks:
a. Thrn your system instruments on,
b. Turn the system controller on and boot the HP BASIC system from system disk.

c. Insert the SYSTEM SOFTWARE disk (1) into the flexible disk drive. Load and run
the START program. For example, type as {ollows:

MSI ", 702"
LOAD "START"

RUN or select RUN . softkey.

d. Insert SYSTEM SOFTWARE disk (4) into the flexible disk drive. Load and run the
VEFP program. For example, type as follows:

MSI ":,702"
LOAD "VFP"

RUN or select RUN: softhey.
m For 1P 4062C and HP BASIC based on LIF formatted hard disk:
a. Turn your system instruments on.
b. Ture the system controller on and hoot the HP BASTC system from the hard disk.

c. Use MST slatement to change to the mass storage device in which the START program
is located.
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d. Load and run the START program as follows:

LOAD "START"
RUN

e. If needed, use the MST statement to change to the mass storage device in which the
VFPprogram is located.

[. Load and run the VFP program as follows:

LOAD "VFP"
RUN

‘or an HP 4062C and HP BASIC based on HFS formatted hard disk:
a. Turn your system instruments on.
b. Turn the system controller on and boot the HP BASIC system from the hard disk.

¢. Use the MST statement to change to the directory in which the START program is
located. For example, type as {ollows:

MSI "/PCS/BIN"

d. Toad and run the START program as follows:

LOAD "START"
RUN

e. If neceded, use the MSI statement to change to the directory in which the VFPprogram
is located.

f. Load and run the VFP program as foliows:

LOAD "VFP"
RUN

For HP 4062UX and BASIC/UX:

a. Turn your system instruments on.

b, Purn the system controller on and boot the HP-UX system.
¢. Start the BASIC/UX environment as follows:

$ m

d. Load and run the START program as follows:

LOAD "“/usr/pcs/bin/START"
RUN

e. After the execution mode selection page is displayed, set the Execution mode to
ON_LINL using the NEXT CHOICE or PREVIOUS CHGICE softkey, then select the

Continua softkey.

[. Load aud run the VFP program as [ollows:

LOAD "/usr/pes/bin/VFp"

RUN Return

Troubleshooting 3-39



4. If your system is an HP 4062UX, the standalone monitor page is displayed. Select
"Lock & Control . softkey.

5. VFP control page 1-—for DCS and CMU Measurements, and Pin-port Connections—is

displayed. Press the ((Next } or (Prev ) key a few times until VFP control page 3—for relay

assignments—is displayed (see Figure 3-26).

6. Position the cursor at the desired pin board number—relay number cross point, and select

the "MAKE ~ or ~BREAK  softkey as desired.

RELAY ASSIGHXENT PIR WUHBER

100000 00001 11111 11112 22222 22223 33333 33334 44444 444

12345 67890 12345 67890 12346 67890 12346 67890 12346 678
10 +H+++ F 54+ttt bbb kbbb bEbRE bbb SRR HHE
B0 Hhtbt bbb ddbdd bbbt Fhbbd bbbt Fbbbd bbb kbR H4+ @ = HARE
30 4+ bbb AR FERRE bRbRE bbbk bbb bbb HEEH HR
F I i S aK S L L LSS e S L S )
50 +hbdt FEEbd bbbttt bbbt bbb bbbt bEbbE bbb dbRER bbb
6O bttt Fbdbd bbbt bbb ddbbd bbb bbb bR bbbt
R e R AR R S S S E S
BO bdtd A4+ bttt bbbt dERE bR bebbd dEREE HEHH bRt
90+ HEEEE HHHEE HEREE b RERR bR E bR EE BREHE AR bR
11 4444+ Fdddt Fhbtt Fbbb bEd e bt HrRE bR bRRER Rt
L R T T R TR N A R L R R e
Bl +++4+ d44b bbbt bbbt 3R FRbdd bbbeE bR RE bbb bt
12 bbbt Attt bbbt bEERE bRt bR bbb bR EEE R HE
B2 +++++ ttttE bt bbb E bR bR bbbt FERER bbb bt
IR R s o o T A S S o A a

PP Dmoom oD% oBE oD oo D% ot o poDmo

User 1 Caps Command

UMAKE 0 BREAK® ©CLEAR L

Figure 3-26. VFP Control Page 3—Relay Assignments

7. Yor troubleshooting input relays, press the (Next } or ( Prev ) key a few times until VFP
control page 4—for input relay assignments—is displayed (see Figure 3-27). Position the
cursor at the desired position, and select the = MAKE or "BREAK softkey, as needed.
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INPUT RELAY COETROL PAGE

RELAY NUBRBER
K10 K20 K30 K40 K50 KE6C K70 K80 K90 K11 K21 K4i X81 K91
(X313

BLOCK 1
BLOCK 2 + o+ + o+ + o+ + 0+ o+ e ¢ Q e ¢
® : HARE + : BREAX - 1 S5WG HOT PRESENT
CAUTIOR ! This page is for service personnel only.

HARE

1f incoxrrect input relay conditione are set om this page, incorrect
meaguremont execution will result.

User 1 Caps Command

BREAX CLEAR.
ALL

Figure 3-27. VFP Control Page 4—Input Relay Assignments
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Inspecting Pin Boards Visually

If the system fails the DC Leak Test and the cause is isolated to the SWM, perform a visual
inspection of the pin boards for a possible lint bridge, which can cause excessive leakage
current. Figure 3-28 shows an example of a lint bridge.

Center Lint

Conductor Guard
Sleeve

Stud

7%

Teflon Insulator Lint  Teflon Insulator

Figure 3-28. Example Pin Board “Lint Bridge”
If the system fails the Open Test (DC Leak subtest), refer to Figure 3-29 and check area A of
atl pin boards.

If the system failed the Short Test, check area B of the faulty pin board. SMU1 is more likely
to fail the Short Test than the other SMUs because it is designed to handle lower currents and
its test limits are stricter than those of the other SMUs.

If the pin board fails when SMU1 is connected (you can confirm this using Vfp_monitor—see
“Monitoring the PV4062 Leak Test”}, check area C.

Use tweezers to remove any lint.

{ ;?;E% ﬁiii JE§

H o[BI e
B B o §

G Be=o

Check area A if an Open Tesi fallure occurs,
Chack area 8 and C {sspacially C) H a Short Test failure occurs,

Figure 3-29, Pin Board Areas to Check for “Lint Bridges”
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Cleaning Pin Boards

To maintain the low current measurement capabilities, pin boards, measurement pins, test
fixtures, and exposed signal lines must be kept extremely clean. After repairing pin boards,
you must clean the pin boards. The procedure for cleaning pin boards is as follows:

1. Turn the system off.

2. Using the furnished screwdriver, remove the bottom panel of the SWM. Then remove the
necessary board struts and control bus cable. Refer to Figure 3-17.

Caution When disconnecting a control bus cable, disconnect the cable from each pin
board connector separately. Do not disconnect a cable by disconnecting one
end and then peeling off the cable all at once.

3. Using the pin board extractor, remove the pin boards for cleaning. Refer to Figure 3-18.

Caution Do not touch the edge connector, soldered surfaces, or pins of a pin board
with bare hands. When handling a pin board, hold it by its edges as shown in
Figure 3-19.

4. Blow pure air on the pin board and remove dust using an air gun or air shower.

5. To clean measurvement pins and edge connector, dip lint-free paper into alcohol and wipe
them gently.

Caution Do not allow alcohol to splash into the SWM.

6. Insert pin boards into their slots and connect each cable assembly to its corresponding
position on the measurement pin mounting ring.

7. Reinstall the board struts, reconnect the control bus cables, and reinstall the bottom panel
of the SWM.
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Installing Pin Boards

To install the pin boards into the SWM after repairing, use the following procedure. It is
assumed that the bottom panel of the SWM is removed and that you can access the pin
boards.

1. Hold the measurement pin assembly of the pin board in one hand, and hold the board by
its edges in the other hand (see Figure 3-19).

2. Insert the board into the desired slot and press the board down.

3. Mount the measurement pin assembly on the mounting ring of the SWM. Be careful that
the slot number of the inserted pin board is the same number as the destination on the

mounting ring.

4. Bend the cables of the measurement pin assembly in the direction shown in Figure 3-30.

¢ B

Figure 3-30. Positioning the Cables in the SWM
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Troubleshooting the CMU

Required CMU Documents

To troubleshoot the CMU, refer to the HP 4280A Operation and Service Manual, and
Troubleshooting Guide.

CMU Cable Correction

Cable correction is necessary when making capacitance measurements with the CMU using
the CMH and CML cables. To perform CMU cable correction, use the following procedure:

Disconnect the CMH and CML cables from the SWM.
Press the LOCAL key on the front panel of the CMTU.
Press the TRIGGER INT key.

Press the CABLE LENGTH key to select 0-5(m).
Press the CAL key.

Press the START key,

-1 S U s L N

Connect the outer conductors of the CMH and CML cables to each other, and press the
ZERO QPEN key.

8. Press the CORRECT ENABLE key. The open capacitance between the CMH and CML
cables is measured and measurement results are displayed on the C display.
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Troubleshooting the CMU84
To troubleshoot the CMU84, refer to the HP 4284A Service Manual.
After completing service, perform the OPEN and SHORT correction.

OPEN and SHORT Correction of CMU84
Prepare the following items for OPEN and SHORT correction:

a HP 16048F Test Leads
w BNC-T Adapter; 2 each
m BNC f-to-f Adapter; 1 each

Use the following procedure to perform the OPEN and SHORT correction for CMUS84
standalone:

1. Connect the test leads to the UNKNOWN terminals on the front panel of the CMUB84.

2. Insert the banana terminal of the test leads into the ground terminal (L) left side of the
UNKNOWN terminals.

Connect the red and orange leads from the test leads using a BNC-T adapter.
Connect the black and gray leads from the test leads using a BNC-T adapter.
Turn the CMTU84 on.

Press ( MEAS SETUP ) key.

Select CDRRECTIUN ~ softkey.

-] S o o

o0

. Move the field pointer to the DFEH: by pressing the ) key.

9. Keep the BNC-T connecters open as shown in Figure 3-31, and select MEAS OPEN
softkey. The OPEN correction starts immediately.

BNC-T Adapler

Black
Orange

Figure 3-31. Test Leads Connections for OPEN Correction

10. After completing the OPEN correction, move the field pointer to the SHORT: by pressing
the () key.

11. Connecl the BNC female adapters connected to the test leads using a BNC f-to-[ adapter
as shown in Figure 3-32, and select MEAS SHORT softkey. The SHORT correction starts
immediately.
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P 16048E Test Leads

Figure 3-32. Test Leads Connections for SHORT Correction
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Troubleshooting the DCS
To troubleshoot the DCS, refer to the HP 41428 Service Manual.

Warning When removing the power supply unit from the DCS, perform the following
procedure:

1. Turn off the power to the DCS.

2. Loosen the four screws (D) from the flanges that secure the power supply
unit to the DCS as shown in Figure 3-33.

3. Pull the power supply unit out by grasping the lower part @) of the flanges.

To avoid injury, do not pull the power supply unit out by grasping the center of
the flanges. ‘

o o g 0
Hnﬂ'ﬂnN ”uﬂ'ﬂﬂﬂ I {)L®

Figure 3-33. Removing the Power Supply Unit form the DCS
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Replaceable Parts

Introduction

This chapter contains information for ordering parts. Tables 4-3 through 4-14 list the
replaceable parts in reference designator order for each system instrument.

stocking spare parts for the system is recommended for a quick return to service in the event
of a malfunction. Field Service Inventory (FSI) (HP part number 04085-65902) is available for
this purpose. The FSI consists of selected replaceable assemblies and components for SWC,
SWM and pin boards, and is provided with a carrying case.

Ordering Information

To order a part listed in the replaceable parts table, give the HP part number, indicate the
quantity required, and address the order to the nearest HP office.

To order a part that is not listed in the replaceable parts table, state the full instrument
model and serial number, the description and function of the part, and the number of parts
required. Address your order to the nearest HP office.

Within the U.S.A., P can supply parts through a direct mail order system. Advantages of
using the system are:

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

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

m Prepaid transportation {there is a small handling charge for each order).
No invoice—however, a check or money order must accompany each order for this benefit.

Mail order forms and specific ordering information are available through your local I[P office.
Addresses and phone numbers are located at the back of this manual.
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Abbreviations

Table 4-1 lists reference designators used in the parts lists schematics.

Table 4-1. Reference Designation

Designation Description
A Assembly
E Misc. Electronic Part
K Relay
Q Transistor
W Cable

Table 4-2 lists the abbreviations used in the part lists and schematics.

Table 4-2. Abbreviations

Abbreviation Description
ADC Analog-to-Digital Converter
ASSY Assembly
CONN Connector
CMS Capacitance Measurement Subsystem
CPU Central Processor Unit
DPDT Double-Pole Double-Throw

r Female
HEX Hexagonal
LK Lock
M Male
MACH Machine
MPU Microprocessor Unit
NPN Negative-Positive-Negative
PB Push button
QTY Quantity
RF Radio Frequency
SCR Screw
Si Silicon
SMU Source/Monitor Unit
SPDT Single-Pole Double-Throw
SW Swilch
STD Standard
W/ With
WASH Washer
W/0 Withoul
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Replaceable Parts Lists

The replaceable parts lists are organized as follows:

w [llustrated Assembly Locations

Electrical assemblies and components in alphanumeric order by reference designation.
u Miscellaneous parts.

m Illustrated parts breakdown.

The information for each part includes;

m The HP Part number.

a The total quantity in the instrument.

® A description of the part,

The total quantity for each part is given only once—at the first appearance of the I[P part
number in the list,
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SWC Repiaceable Parts

Table 4-3 and Table 4-4 list the replaceable parts of the SWC. Table 4-3 shows the assembly
locations of the SWC. Figure 4-1 shows the front panel replaceable parts of the SWC.
Figure 4-3 shows the major mechanical parts of the SWC, which are listed in Table 4-5,

A2 W1
Power Supply Board Cable Assembly
\
Ad
HP-IB Board
Internat LEDs
A3 W2 Al
Display Board Cable Assembly MPU Beard
Figure 4-1. SWC Assembly Locations
Table 4.3. SWC Replaceable Parts
Reference HP Part Quantity Description
Designation Number
Al 04084-66531 1 MPU BOARD ASSY
A2 04084-66502 1 POWER SUPPLY BOARD ASSY
Al 04084-66503 i DISPLAY BOARD ASSY
Ad 04084-66504 1 HP-1B BOARD ASSY
W1 04084-61601 1 CABLE ASSY (Long)
W2 04084-61602 1 CABLE ASSY (Short)
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Figure 4.2. SWC Front Panel Part Locations

Table 4-4. SWC Front Panel Replaceable Parts

Reference HP Part Quantity Description
Designation Number
1 1990-0487 5 LED—YELLOW
2 1990-0486 3 LED—RED
5060-9436 3 SW—PB
3 5041-0285 1 CAP—KEY
4 1990-0665 I3 LED—RED
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Figure 4-3. SWC Major Mechanical Parts
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Table 4-5. SWC Replaceable Mechanical Parts

Reference HP Part Quantity Description
Designation Number

1 2360-0113 2 SCR—MACH 6-32

2 2110-0565 1 FUSE HOLDER CAP

2110-0304 1 FUSE 1.5 A 250 V for 100 V/120 V LINE

3 2110-0360 l FUSE 0.75 A 250 V for 220 V/240 V LINE

4 2110-0564 1 FUSE HOLDER BODY

5 2360-0113 8 SCR—MACH 6-32

8 2360-0113 4 SCR—MACH 6-32

7 04084-04001 1 FAN COVER

8 0515-1508 4 SCR SOCKET HEAD CAP

9 15610-0130 1 BINDING POST

i0 2190-D577 4 LOCK WASH HELICAL

9 3160-0273 I FAN—TUBE AXIAL

12 5062-3734 1 TOP COVER

13 0515-0889 ] SCR-—MACH 6-32

14 5021-8403 1 FRONT FRAME

15 04084-D0211 1 FRONT PANEL

16 1400-1051 2 SADDLE—WIRE

17 5041-05664 ! KEY-Q-CORP: WHITE

18 04084-25001 1 ROD

19 5062-3746 1 BOTTOM COVER

20 0515-1668 16 SCR—MTRC SPCLY

21 5062-3779 2 SIDE COVER

22 04192-40002 i COUPLER

23 3101-2216 1 SW-—~PB DPDT

24 30350-0235 2 WASH--FLAT METALLIC

25 2190-0225 2 LOCK WASH HELICAL METALLIC

26 0515-0150 2 SCR~—MACH

27 2110-0569 1 FUSE HOLDER NUT

1494-0076 1 SLIDT KIT (Not shown) for System Cabinet
28 1494-0059 1 SLIDE KIT (Not shown} for HP 29402C Cabinet
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48-pin SWM Replaceabie Parts

Table 4-6 and Table 4-7 list the replaceable parts for the 48-pin SWM. Figure 4-4 shows the
assembly locations of the 48-pin SWM. Figure 4-5 shows the major mechanical parts of the
48-pin SWM.

450 we wa giilrol Logic Board
AGO Cable Connector Control Bus Control Bus A58 4
Micro Switch . Cable Ass'
Assy Board Cable Ass'y *n Y Logic Connector Ass'y
‘4-_____
o
W2
Control Bus | 1] i —
Cable Ass'y A5a
CMS Port Board
A57
CM5 Conneclor Ass'y
AB3
A?g ; Test Relay Board
Mncr‘o Switch 00 o
Ass'y . eI
1C : d e o —
G HE i E
gl L]
Tt ]
ol i [ A2
5 I / 18 SMU Port Board
ez w3 we ABE
AdG Control Bug  Cable AssYy SMU Connector Ass'y
Matrix Open Relay Board Cable Ass'y Test ADC Board

Figure 4-4. Assembly Locations in the HP 4085B 48-pin SWM

4-8 Replaceable Parts



Table 4-6. 48-pin SWM Replaceable Parts

Reference HP Part Quantity Description

Designation Number

Al - A48 | 16320-66521 48 PIN BOARD
Ad9 04085-66549 1 MATRIX OPEN RELAY BOARD ASSY
A50 04085-66550 1 CABLE CONN BOARD ASSY
A5l 04085-66561 1 TEST ADC BOARD ASSY
AB2 04085-66562 1 SMU PORT BOARD ASSY
AB3 04085-66563 i TEST RELAY BOARD ASSY
Ab4 04085-66564 t CMS PORT BOARD ASSY
AB5 04085-66555 1 CONTROL LOGIC BOARD ASSY
ABG 04085-61021 1 SMU CONN ASSY
ABT 04085-61022 1 CMS CONN ASSY
A58 04085-61003 1 LOGIC CONN ASSY
ABY 04085-61004 1 MICRO SW ASSY
ABO 04085-61005 1 MICRO SW ASSY
— 04085-66569 1 MOTHER BOARD (Not shown)
W2 (4085-61602 1 CONTROIL BUS CABLE ASSY
W3 04085-61603 I CONTROL BUS CABLE ASSY
WA 04085-61604 1 CONTROL BUS CABLE ASSY
Wh 04085-61605 1 CONTROL BUS CABLE ASSY
W6 04085-61606 1 CABLE ASSY
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Figure 4-5. 48-pin SWM Major Mechanical Parts
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Table 4-7. 48-pin SWM Replaceable Mechanical Parts

Reference HP Part Quantity Description
Designation Number
1 2360-0115 15 SCR—MACH 6-32
04085-00221 1 BOTTOM PANEL (English)
2 04085-00222 1 BOTTOM PANEL (Japanese)
3 2360-0194 8 SCR—MACH 6-32
4 04085-61604 1 CONTROL BUS CABLE ASSY
5 04085-01210 1 GUIDE PLATE
6 04085-66h64 1 CMS PORT BOARD
7 04085-66563 1 TEST RELAY BOARD
8 0360-2066 3 CONTACT
9 16320-61601 1 CABLE ASSY (Including CONTACTS)
10 16320-66521 48(STD) |PIN BOARD ASSY
11 04085-61605 i CONTROL BUS CABLE ASSY
12 04085-01208 1 GUIDE PLATE
13 2950-0001 4 NUT--HEX-DOQUBLE CHAMFER
14 2190-0016 4 LOCK WASH INTERNAL TOOTH
15 0360-1190 2 TERMINAL—SOLDER LUG
16 5040-0345 2 INSULATOR CONN
17 04085-01223 1 ANGLE
18 04085-00202 1 PANEL
19 2200-0140 2 SCR—MACH 4-40
20 5040-0345 2 INSULATOR CONN
21 1250-0118 2 CONN—RF BNC
22 1250-0118 9 CONN—RF BNC
23 04085-61022 1 CMS CONN ASSY
24 2360-0115 2 SCR—MACH 6-32
25 04085-61003 1 LOGIC CONN ASSY
26 2360-0115 2 SCR—MACH 6-32
27 1251-0085 1 CONN 36-PIN F
28 1250-0118 1 CONN-—RF BNC
20 2360-0194 2 SCR—MACH 6-32
30 5040-0345 1 INSULATOR CONN
31 1250-1906 1 CONN—RF TRIAXIAL
32 1250-1906 4 CONN-—RF TRIAXIAL
33 16057-40001 1 INSULATOR
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Table 4-7. 48-pin SWM Replaceable Mechanical Parts (continued)

Reference HP Part Quantity Description
Designation Number
34 2360-0115 1 SCR—MACH 6-32
35 16057-40001 4 INSULATOR
36 04085-00201 1 PANEL
37 5040-0345 1 INSULATOR CONN
38 0360-1190 1 TERMINAL—SOLDER LUG
39 2190-0016 1 LOCK WASH INTERNAL TOOTH
40 2050-0001 1 NUT—HEX-DOUBLE CHAMFER
41 0360-1190 i TERMINAL—SOLDER LUG
42 2190-0102 i LOCK WASH INTERNAL TOOTH
43 Included in 31 — —
44 16057-40001 4 INSULATOR
45 5000-4218 4 TERMINAL
46 2190-0102 4 LOCK WASH INTERNAL TOOTH
47 04085-61607 1 CABLE ASSY
48 Included in 32 — -
49 04085-61021 1 SMU CONN ASSY
50 04085-61603 1 CONTROL BUS CABLE ASSY
51 04085-01208 1 GUIDE PLATE
h2 1390-0666 2 FASTENER
53 2360-0115 4 SCR—MACH 6-32
54 (4085-01209 1 GUIDE PLATE
55 (04085-61603 1 CONTROL BUS CABLE ASSY
56 04085-61005 1 MICRO SW ASSY (with long cable)
57 (4085-66550 1 CABLE CONN BOARD
58 (14085-66562 I SMU PORT BOARD
59 0408561004 i MICRO SW ASSY (with short cable)
60 (34085-66549 1 MATRIX OPEN RELAY BOARD
61 04085-6G6569 1 MOTHER BOARD (Not shown)
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96-pin SWM Replaceable Parts

Table 4-8 and Table 4-9 list the replaceable parts for the 96-pin SWM. Figure 4-6 shows the
assembly locations of the 96-pin SWM. Figure 4-7 shows the major mechanical parts of the
96-pin SWM.

AZ06 W24 w22
Micro Switch  Cable Ass'y Contro! Bus
Ass'y Cable Ass'y

AZ05 Control Logic Board Ass’y

A262 AZ04 Logic Conn Ass'y
Test ADC
Board Ass'y e A203 Matrix Open Pelay
d Ass'
A261 Board Ass'y
. £]
gz:;i?:.y 84 i _;,,M— W21 Control Bus Cable Ass'y
W23-~w~u~“‘:__ = ] A202 SMU Port Board Ass'y
Conlrol Bus : ]
Cable Ass'y - AZ01 AUX Port Board Ass'y
N 49/ AS8  SMU Conn Ass'y
o 15—
1 2;/ A9 SMU Link Board Assly
I
. % A97  AUX Conn Ass'y
E 4 : AOU AU Port Board Ass'y
W13 — T i :
Contro! Bus i A02 SMU Port Board Ass'y
Gable Ass'y_f/,f__ B 39— Wil Control Bus Cable Ass'y
AB " g g
Test Relay T A103 Matiix Open Relay
BoarW (D) \ Board Ass'y
A2 A4 Logic Conn Ass'y
Test AC s
Board Assy A5 Control Logic Board Ass'y
Al06 Wid W12
Micro Switch  Cable Ass'y Conlrol Bus
Ass'y Cable Ass’y

Figure 4-6. Assembly Locations in the HP 4089A 86-pin SWM
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Table 4-8. 96-pin SWM Replaceable Parts

Reference HP Part Quantity Description
Designation Number
Al - A95 | 18320-66531 96 PIN BOARD
AQ7 04089-66513 i AUX CONN ASSY
AQ8 0408966510 i SMU CONN ASSY
ABY 04089-66503 1 LINK BOARD ASSY
Al01, A2011 04089-66511 2 AUX PORT BOARD ASSY
A102, A202| 04089-66508 2 SMU PORT BOARD ASSY
A103, A203| 04089-66504 2 MATRIX OPEN RELAY BOARD ASSY
Al04, A204 | 04089-66506 2 LOGIC CONN ASSY
A105, A205| 04085-66555 2 CONTROL LOGIC BOARD ASSY
A106, A206 | 04083-61901 2 MICRO SW ASSY
Al161, A261| 04085-66563 2 TEST RELAY BOARD ASSY
A162, A262| 04085-66561 2 TEST ADC BOARD ASSY
— 04089-66501 1 MOTHER BOARD: BLOCK 1 (Not shown)
— 04089-66502 1 MOTHER BOARD: BLOCK 2 (Not shown)
Wil 04089-61621 i CONTROI BUS CABLE ASSY
W12 04089-61622 1 CONTROL BUS CABLE ASSY
W13 04089-61623 1 CONTROL BUS CABLE ASSY
W4 04085-61606 1 CABLE ASSY
w2l (4089-61624 1 CONTROL BUS CABLE ASSY
W22 04089-61622 1 CONTROCL BUS CABLE ASSY
W23 04089-61626 1 CONTROL BUS CABLE ASSY
Wa4 04085-61606 i CABLE ASSY
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Figure 4-7. 96-pin SWM Major Mechanical Parts

Replaceable Parts  4-15




Table 4-9. 96-pin SWM Replaceable Mechanical Parts

Reference HP Part Quantity Description
Designation Number
1 04089-61901 2 MICRO SW ASSY
2 0515-1550 2 SCR M3L8
3 04089-66515 1 DISPLAY BOARD 2
4 04089-01214 4 ANGLE
5 04089-20003 2 HOLDER
B 1410-1264 2 COM FOLLOWER
7 0515-1014 4 SCR FI, M4L16
8 1440-0171 4 HANDLE
g9 94815-24007 8 SPACER
10 0515-1972 8 BOLT M8
11 04089-01217 1 ANGLE
12 04089-66506 2 CONTROL CONN BOARD
13 0515-0914 8 SCR FL M3L6
14 0408900201 13 PANEL
15 0515-1012 8 SCR FL M4L8
16 04089-66513 1 AUX CONN ASSY
17 0515-0907 20 SCR FI. M3L8
18 04089-66510 1 SMU CONN ASSY
19 04089-01218 1 ANGLE
20 04089-66503 1 LINK BOARD
21 (34089-01213 1 ANGLE
22 04085-61601 2 WIRE ASSY
23 (3520-0173 2 SCR—MACH 2-56
24 04089-01219 2 ANGLE
25 04088-01220 2 ANGLE
26 04089-24012 4 GUIDE
27 0515-0195 4 BOLT M6
28 0535-0043 8 NUT M4
29 0515-1550 16 SCR M3L8
30 3050-1284 16 CAPTIVE WASHER
3 04089-01215 1 ANGLE
32 04089-01216 1 ANGLE
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Pin Board Replaceable Parts

Figure 4-8 shows the assembly locations of pin boards. Table 4-10 lists the replaceable parts
for pin boards.

Gable Assembly W) — -

Contact Pins (£

Figure 4-8. Part Locations of Pin Board

Table 4-10. Pin Board Replaceable Parts

Reference HP Part Quaniity Description
Designation Number
E1 0360-2066 3 CONTACT
K10 0490-1629 i RELAY—REED 2A
K11 0490-1633 1 RELAY-—REED 1C
K12 0490-1633 i RELAY-—REED 1C
K20 0490-1630 1 RELAY-—REED 3A
K21 0490-1632 1 RELAY—REED 2C
K30 0490-1630 1 RELAY—REED 3A
K40 0490-1630 1 RELAY—REED 3A
K50 0490-1629 1 RELAY—REED 2A
K60 0490-1629 1 RELAY—REED 24
K70 0490-1629 1 RELAY—REED 2A
K80 0490-1629 i RELAY-—REED 2A
K81 0490-1633 1 RELAY—REED 10
K82 0490-1633 1 RELAY—REED 1C
K90 0490-1629 1 RELAY—REED 2A
K92 0490-1633 1 RELAY—REED 1¢
Q1 1854-0215 1 TRANSISTOR NPN Si
1820-2756 l GATE ARRAY—Ceramic Package (MB 62115)
U3 1820-5071 ] GATE ARRAY—Plastic Package (MB 673152)
16320-61601 1 CABLE ASSY (for HP 16320B)
Wil 16320-61602 1 CABLE ASSY (for HP 16320C)
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SMU and AUX Port Boards Replaceable Parts

Figure 4-9 and Figure 4-10 show the assembly locations of the SMU port board and the AUX
port board for the 96-pin SWMs respectively. Table 4-11 and Table 4-12 list the replaceable
parts for SMU port board and AUX port board for the 96-pin SWMs, respectively.

Figure 4-8. Part Locations of SMU Poit Board-—96-pin SWM

Table 4-11. Replaceable Parts of SMU Port Board—96-pin SWM

Reference HP Part Quantity Description
Designation Number

K10 0490-1629 1 RELAY-REED 2A

K1l 0499-1631 i RELAY-REED 2B

K20 0490-1630 i RELAY-REED 3A

K21 0490-1372 1 RELAY 2C

K30 0490-1629 1 RELAY-REED 2A

K40 0490-1629 1 RELAY-REED 2A

K41 0490-1372 I RELAY 2C

K70 0490-1372 2 RELAY 2C
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Figure 4-10. Part Locations of AUX Port Board—96-pin SWM

Table 4-12. AUX Port Board Replaceable Parts

Reference HP Part Quantity Description
Designation Number

K50F 0490-1445 1 RELAY 1M LOW EMFP

K06 0490-0240 I RELAY—REED 1A

K60F 0490-1445 1 RELAY 1M LOW EMF

KG60G 0490-0240 i RELAY—REED 1A

K80 0490-1629 1 RELAY—REED 2A

K81 0490-1631 1 RELAY—REED 2B

K90 0490-1629 1 RELAY-—REED 2A

KI1 0490-1631 1 RELAY—REED 2B
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Interconnection Cable Assembly Replaceable Parts

Figure 4-11 shows the assembly locations of the interconnection cable assembly. Table 4-13
lists the replaceable parts for the interconnection cable assembly (HP part number

04085-61684).

WO O®® @ ® ® O G

Figure 4-11. Interconnection Cable Assembly Locations (1 of 2)
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interconnection Cable Assembly Locations (2 of 2)

Table 4-13. Interconnection Cable Assembly Replaceable Paris

Reference HP Part Quantity Description
Designation Number

1 04085-00290 1 COVER

2 0403-0026 2 GLIDE NYLON FITS

3 04085-00250 1 COVER

4 1250-1798 1 CONN—RF BNC

5 125(-1848 4 CONN—RF TRIAXIAL

6 16057-40001 8 INSULATOR

7 04085-00150 1 CHASSIS

8 16047-40002 1 INSULATOR

9 2360-0115 2 SCR~—-MACH §-32

10 04085-00253 1 ANGLE
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Tabie 4-13. Interconnection Cable Assembly Replaceable Parts {continued)

Reference HY Part Quantity Deseription
Designation|  Number
11 04085-00252 1 COVER
12 5000-4218 4 TERMINAL
13 Included in 21 — —
14 Included in 21 — —
15 2360-0190 4 SCR—MACH 8-32
16 0400-0002 2 GROMMET—ROUND
8120-4939 4 CABLE (400 cm)—TRIAXIAL 105 £ for SMU1-4
17 8120-4938 2 CABLE {400 cn)}—TRIAXIAL 106 £ for GNDU
§120-0102 1 CABLE (170 in.)—COAXIAL 50 Q for INTLK
18 2950-0001 1 NUT—HEX-DOUBLE CHAMFER
19 2190-0016 1 LOCK WASH INTERNATL TOOTH
20 0360-1190 1 TERMINAL—SQLDER LUG
21 3050-0789 1 WASH—FLAT NONMETALLIC
22 0890-1475 1 TUBE—ZIPPER (3200 mm)
23 0370-2446 Ix4 KNOB—CONCENTRIC
24 0510-0305 1x4 E RING
25 04142-24041 1x4 Screw (Shaft)
26 6960-0016 2x4 Plug-Hole
27 04085-04041 1x4 Bottom Cover
28 04085-00141 1x4 Chassis
29 5040-3342 2x4 Stud
16146-40002 2%4 Insulator
30 5000-4218 2x4 | Terminal
1250-1848 2x4 Triax Connector
31 04142-00642 Ix4 Shielding
32 04142-00641 1x4 Shielding
33 1400-0493 1x4 Cable Tie
34 0400-0308 1x4 Grommet
30 04085-04042 1x4 Top Cover
36 0515-0914 3x4 SCR—MACH 6-32
37 04085-61682 1x4 Cable Assy (AUX)
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SWC and SWM Field Service Inventory Contents

‘Table 4-14 lists the contents of Field Service Inventory (HP part number 04085-65902) for

SWC and SWM.

Table 4-14. SWC and SWM Field Service Inventory Contents

No. HP Part Quantity Description
Number
1 04084-61601 1 CABLE ASSY (Long)
2 04084-61602 1 CABLE ASSY (Short)
3 04085-61602 1 CONTROL BUS CABLE ASSY
4 04085-61603 1 CONTROL BUS CABLE ASSY
b 04085-61604 1 CONTROL BUS CABLE ASSY
§ 04085-61605 1 CONTROL BUS CABLE ASSY
7 04085-61606 1 CABLE ASSY
8 04085-61608 1 WIRE ASSY
9 0408561609 1 WIRE ASSY
10 04085-61610 1 WIRE ASSY
i1 04085-61611 1 WIRE ASSY
12 04085-61682 I CABLE ASSY (AUX)
13 04085-61661 1 CABLE ASSY
14 04085-61671 1 CABLE ASSY
15 1540-0853 1 PARTS CASE—PLASTIC
16 4084-66502 1 POWER SUPPLY BOARD ASSY
17 (4085-61021 1 SMU CONN ASSY
18 04085-61022 1 CMS CONN ASSY
19 04085-610603 1 LOGIC CONN ASSY
20 16321-66511 1 VFP TIMER BOARD ASSY
21 04084-66503 1 DISPLAY BOARD ASSY
22 04084-66504 i HP-IB BOARD ASSY
23 04085-66549 1 MATRIX OPEN RELAY BOARD ASSY
24 04085-66561 1 TEST ADC BOARID ASSY
25 04085-66562 1 SMU PORT BOARD ASSY
26 04085-66563 1 TEST RELAY BOARD ASSY
27 04085-66564 1 CMS PORT BOARD ASSY
28 04085-66555 | CONTROL LOGIC BOARD ASSY
29 16320-66521 1 PIN BOARD ASSY
30 04084-66531 i MPU BOARD ASSY
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Table 4-14. SWC and SWM Field Service inventory Contents (continued)

No. HP Part Quantity Description
Number

31 D490-1629 2 RELAY—REED 2A

32 0490-1630 2 RELAY—REED 3JA

33 04901652 2 RELAY—REED 2C

34 0490-1633 2 RELAY—REED 1C

35 16320-61601 1 CABLE ASSY (Including CONTACTS)

36 3101-2216 i SW—PB DPDT

37 0360-2066 10 CONTACT

38 1990-0486 1 LED—RED

39 1990-0487 1 LED—YELLOW

40 1990-0663 1 LED—RED

41 2110-0202 1 FUSE 0.5 A 260V

42 2110-0304 2 FUSE 15 A 250V

43 2110-0360 1 FUSE 0.75 A 250 V

44 2110-0381 1 FUSE 3 A 250V

45 3101-0136 i SW-—SENS SPDT

46 5041-0564 1 KEY-Q-CORP: WHITE

47 5060-9436 1 SW—PB

48 04192-40002 1 COUPLER

49 16291-90011 1 OPERATION NOTE

- 16291-60122 1 CARRYING CASE
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System Cabinet Information

Introduction

This appendix contains general system cabinet information, including system cabinet
description, identification information, and specifications. Figure A-1 shows the system
cabinet.

\

Figure A-1. System Cabinet Overview

Description

The system cabinet is an aluminum and steel sheet metal cabinet in which the mechanical
design js based on Electronic Industries Association (EIA) standards. The basic enclosure
contains a base, support columns side panels, a cable entry panel, front and rear extender feet,
and front and rear doors. Standard color scheme for the cabinet series is HP dove gray with
side panels and rear door in HP French gray.

All front and rear doors have locks 10 prevent access by unauthorized persons. For
convenience, one key fits the locks on all cabinet doors.
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The cabinet has usable depth of 742 mm (29 in.} and has mounting strips to receive
equipment with EIA standard 483 mm (19 in.) mounting flanges. The mounting strips run
the entire height of the equipment bay in front.

Support rails are provided for positioning and supporting instruments along the entire depth.
The rails come in pairs and are mounted inside the cabinet on channels running vertically
from top to bottom.

Bach cabinet is equipped with smooth-rolling heavy-duty casters to facilitate cabinet
movement over short distances as required during installation, maintenance, or relocation to
another test area.

A Power Distribution Unit (PDU), which is located at the bottom of the system cabinet, is a
primary unit for controlling and distributing ac power.

Specifications

System Cabinet

Figure A-2 shows the dimensions of the system cabinet. The weight of the system cabinet
with no instruments installed is approximately 100 kg (220 1b.).
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Figure A-2. Dimensions of System Cabinet

Power Distribution Unit (PDU)

The PDU gets ac power from a switchboard or an outlet of the factory and distributes ac
power to instruments in the system cabinet. The PDU also passes or turns off ac power to the
instruments.
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Hewlett-Packard provides two PDUs: HP part number 04062-60201 for 100 V or 120 V ac line
and IP part number 04062-60202 for 220 V or 240 V ac line. The PDU can supply ac power

to up to nine instruments. Table A-1 shows the maximum current for each PDU. Figure A-3
shows the circuit diagram of the PDU.

Table A-1. Maximum Current for PDU

Line Voltage HP Part Number Total Maximum Maximum Current
Current of an Outlet
100 Voor 120V 04062-60201 20 A 6 A/each
220 Vor 240V 04062-60202 10 A 6 A/each

____________________________ l' } .' )
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. ' ,I
[“. =0 e G o I

Figure A-3. Circuit Diagram of the PDU

Accessories

Several accessories are available that can be installed at a later date.

Hour Meter

An hour meter is used to measure the total time for turning the power on.
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Table A-2. Hour Meters and Cables

Line Voltage HP Part Number HP Part Number
of Hour Meter of Cablel
100 V 1010-0070
120 V 1010-0101 04062-61602
20V 1010-0102
240V 1010-0103 04063-61601

1 This cable is used to connect the hour meter to the outlet on the PDU.

instrument Support Rails

Support rails are used to mount the HP 4142B DCS, HP 4280A CMU, or HP 4284A CMU&4,
The following table lists the required items to mount the instruments.

Table A-3. Support Rails

Ttem HP Part Number Quantity
Support Rail Right 09480-01252 1
Support Rail Left 09480-01253 1
Screw 10-32 2680-0103 4
Flat Washer 3050-0226 4
Lock Washer 2190-0577 4
Nut-Sheetmetal 0590-0804 4

Slide Rails

Slide rails are used Lo mount the HP 40848 SWC. The following table lists the required items
to mount the instrument. :

Table A-4. Slide Raiis

Ttem HP Part Number Quantity
Slide Rail Kit 1494-0076 1
Screw-Flat M5L16 0515-1021 4
Screw MA4I.8 0515-0910 8
Screw-Flat 10-32 2680-0119 8
Nut-Sheetmetal 0590-0804 8

Rack Flanges

The rack flanges are used to fasten an instrument to the system cabinet. The following table
lists the rack flange and the screws for each instrument.
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Table A-5. Rack Flanges

Iistrument Rack Flanges Screw!
HP Part Number | Quantity ! HP Part Number | Quantity
HP 40848 SWC 5021-8462 2 0515-1114 6
HP 41428 DCS 04062-01281 2 0515-1013 6
HP 4280A CMU 04062-01283 2 (515-1013 8
HP 4284A CMUS84 04062-01283 2 0515-1013 8
1 These screws are used to attach the rack flanges to the instrument.
Blank Panels
The blank panels with standard mounting holes are finished in HP mint gray.
Table A-6. Blank Panels
Product Number Height Product Number Height
HP 126808 4.5 mm (1.75 in.) HP 126838 178 mm (7 in.)
HP 126818 89 mm {3.5 in.) HP 1268413 222 min (8.75 in.)
HP 126828 133 mm (5.25 in.) HP 1268513 267 mm (10.5 in.)

Screws for Mounting Strips

To fasten a rack flange or blank panel to the mounting strips of the system cabinet, use the
following screw and washers.

Table A-7. Screwé for Mounting Strips

Tiemn HP Part Numbeor
Flathead Screw 2680-0119
Insert Washer 3050-0248

Cup Washer 3050-0007
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Instaliation

This section contains cabinet installation information.

Moving the System Cabinet

The system cabinet is equipped with casters that let you move the cabinet to the final
location. When moving the system cabinet, observe the following precautions:

Warning When moving the system on its casters, do not allow the casters to become

, caught on cables or debris, or in cracks in the floor. The cabinet’s high center
of gravity and the momentum caused by pushing or pulling can cause the
system to tip over, resulting in equipment damage and possible serious injury to
personnsgi.

1. Before moving the system from the receiving area, be sure to verify the route to the final
site. Check that there is enough vertical and horizontal clearance through all doors,
passageways, and aisles. All floors and elevators must also be capable of supporting the
combined weight of the system and personnel.

2. If the system must be lifted off the floor, use a hoist or a similar lifting device that attaches
to the lifting fixtures mounted on top of the cabinet (these fixtures are accessible when the
cabinet’s top cover is removed),

Floor L.oading Requirements

If a raised floor has been constructed for the routing of cables beneath the floor surface, it

is the customer’s responsibility to calculate floor loading. When calculating floor loading,
include the weight of cabinet, equipment and cables, interface, and office equipment. Include
the weight of the raised floor when calculating primary floor loading.

Since the weight of the equipment in the cabinet is concentrated over the casters, the floor
must withstand a concentrated load of 21.09 kilograms per square centimeter (300 pounds per
square inch). This requirement is based on calculations for the heaviest equipment cabinet.
Note that the antitip extender legs are load-bearing only when equipment extends from the
cabinet proper.

Installing Antitip Legs

Warning Once the antitip legs are instalied, they should not be removed unless

' absolutely necessary. I the antitip legs are removed, do not extend any
instrument from the cabinet. Fallure to observe this warning can result in
serious injury to personnel and damage to equipment.

Caution Fully raise the leveling feet if the cabinet must be moved after the antitip legs
have been installed.

The extendable antitip legs should be installed before equipment is installed in the cabinet
and after the cabinet is located at its permanent site. Install the antitip legs as follows:
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L. Remove the four antitip legs from the cabinet crate.

2. Raise the Jeveling feet on the antitip legs as high as possible.

3. Install two antitip legs at the lower front sides of the cabinet.

4. In the same manner, install two antitip legs at the lower rear sides of the cabinet.

5. Lower the leveling feet until they are in contact with the fioor,

Mounting Strips

Cabinets have mounting strips on each side of the equipment panels, both in front and in the
rear. Figure A-4 shows the hole spacing in the mounting strips, and the available equipment
space.
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Figure A-4, Mounting Strips

Installing Instruments
To install an instrument in the cabinet, refer to Figure A-5 and proceed as follows:

L. Insert a 10-32 nut-sheetmetal at the side mounting strip holes where the instrument
support rails will be positioned.

2. Attach {wo instrument support rails and secure the rails with 10-32 screws as shown in
Figure A-5.

3. Insert a 10-32 nut-sheelmetal al the [ronl mounting strip koles that match the mounling
flange holes of the instrument.
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4. Secure the mounting flanges of the instrument to the mounting strips with 10-32 screws.
Instruments should be installed from top to bottom to facilitate handling.

Instrument Support Rall \
10-32 Screw
HP PN 2580-0103}
Lock Washer
(HP PIN 2190~057T)

Flal Washer
TP BN 20600226}

Mounting Strip

10-32 Nul-Sheetmetal
HP PIN 0590-0804)

10-32 Nut-Sheetmelal
(HP PIN 0590-0804)

Mounting Strip —

10-32 Nut-Sheetmetal
HP BIN 0590-0804)

Rack Flange -
Insert Washer —— e - (Front View)
{HP BIN 3050-0248} F

Cup Washer ——e
(HP PN 3050-0007)

Flathead Screw
HP PIN 2680-01N

Figure A-5. Section View of Top Left of Cabinet

Cable Access

A cable entry is located on the rear panel.

Hour Meter

An hour meter needs to be installed to the rear panel of the system cabinet. Use the following
procedure to install the hour meter:

1. Insert the hour meter into the opening of the rear panel from the outside.
2. Fasten the hour meter using the attachment, washers, and nuts.

3. Connect the power cable (IIP part number 04062-61602 for 100 V/120 V, HTP part number
04063-61601 for 220 V/240 V) to the hour meter.

4. Solder the ground line (green/yellow wire) of the power cabie to the ground terminal on the
rear panel.

[}

. Connect the male plug of the power cable to an outlet on the PDU.
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Blank Panels

Blank filler panels are 1.57 mm (0.062 in.) thick aluminum formed to the standard 4.7 mm
(0.187 in.) distance from the panel mounting flange. The panels are supplied with Flectronic
Industries Association/International Electrotechnical Commission (EIA/IEC) mounting holes
and attaching parts.

The attaching parts are;

w Flathead Screw, n0.10-32, 0.625 inch (HP Part Number 2680-0106)
w Cup Washer, no.10 (HP Part Number 3050-0007)
m Insert Washer, no.10 (HP Part Number 3050-0248)

Removing Doors
The following paragraphs provide front and rear door removal information.

Cabinet doors are equipped with hinge pins for fast removal and replacement. Remove doors
as follows:

[. Unlock the door and swing it fully open.

2. Support the weight of the door with one hand, grasp the lower hinge pin with your other
hand, and pull the hinge pin out.

3. Support the weight of the door with one hand, grasp the upper hinge pin with your other
hand, and pull the hinge pin out.

4. Grasp the door and lift it up until it is free of the cabinet, then pull the door away from
the cabinet.
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Replaceable Parts

This section contains parts information of the system cabinet and PDU.

Replaceable Parts of the System Cabinet
I'igure A-6 and Table A-8 show and list the field-replaceable parts of the system cabinet.

Figure A-6. System Cabinet—Exploded View

A-10  System Cabinet information



Table A-8. Replaceable Parts of the System Cabinet

Reference HP Part Quantity Description
Designation Nwmber
1 04062-60104 1 Top Cover
2 0515-0117 6 Screw—M5
3 04062-60105 1 Cabinet Subassembly
4 3110-0166 4 Hinge Pin
5 04062-60101 1 Front. Door
1390-0344 2 Lock Assembly
6 04062-00610 2 Plate Sheet
7 04062-40001 2 Grill
8 0515-0007 4 Flathead Screw—M3, 1.8
9 04062-01291 1 Striker—Front
10 (515-1020 4 Flathead Screw-—M5
13 29400-00010 2 Hinge—Front
12 0535-0081 12 Nut—M5
13 04062-29001 4 Antitip leg
14 0515-0963 ) Screw—M8
15 20400-00011 2 Hinge—Rear
16 (04062-00283 1 Rear Panel
17 0515-0007 4 Flathead Screw—M3, L8
18 04062-00284 1 Plate
14 2680-0119 4 Flathead Screw—10-32
20 30500007 4 Cup Washer
21 3000-0248 4 Insert Washer
22 04062-01292 1 Striker—Rear
23 (34062-60103 2 Side Panel
24 0403-0692 8 Bumper Foot
25 04062-60102 1 Rear Door
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Replaceable Parts of the PDU

Figure A-7 shows the part locations of the PDU. Table A-9 lists the field-replaceable parts of
the PDU. Table A-10 also lists the information of the wiring materials in the PDU.
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Figure A-7. Part locations of the PDU
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Table A-9. Replaceable Parts of the PDU

Reference HFP Part Quantity Description
Designation Number
1 0515-0904 4 SCR Mb
2 2190-0687 8 WASH M5
3 0535-0043 4 NUT M4
4 0360-2356 1 BARRIER BLOCK
5 0515-0907 14 SCR-FL M3
3105-0238 1 CIRCUIT BREAKER 2 P 30 A 250 VAC
3105-0238 1 CIRCUIT BREAKER 2 P 15 A 250 VAC
0360-2357 1 BARRIER BLOCK
8 0100-0408 1 CND CONN
1252-2571 9 CONN F - AC POWER (100 V/120 V)
9 1252-2206 9 CONN F - AC POWER (220 V /240 V)
10 (9480-20003 1 BLOCK GROUNDING
0515-0926 2 SCR. M4
H 2190-0646 2 WASH
Table A-10. Wiring Material for the PDU
HP Part Number Unit Description
B150-2605 inch | WIRE 16 Block
8150-2613 inch | WIRE 16 White
8150-2629 inch | WIRE 16 Green/Yellow
8150-2462 inch | WIRE 14 Block
8150-2470 inch | WIRE 14 White
8150-2624 inch | WIRE 14 Green/Yellow
8150-0567 inch | WIRE 10 Green/Yellow
8120-2517 each | CA-ASSY 12 AWG (for 100 V/120 V ac only)?

1 This cable is 3 m length and maximum 20 A current with an NEMA 5-20P plug.
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SWC and SWM Operating Theory

Introduction

This appendix covers basic SWC and SWM operating theory, and includes block diagrams
for each of these system components. For DCS, CMU, and CMU84 operating theory, refer to
their service manuals.

System Operation
Figure B-1 shows the basic configuration of a standard HP 4062C/UX system.
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Figure B-1. Standard HP 4062C/UX System Configuration
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The main function of the SWM is to interconnect the subsystem components and the
measurement pins (contact pins) of the SWM with the measurement ports of the SWM.

Figure B-2 and Figure B-3 shows a simplified SWM pin-port connection diagram with the
SWM interconnected with its SWC, DCS, and CMS.

DCS SW
$MU Connector SMU Port Mother Pin Boards
Board Assembly Board Assembly Board D I 48

SM

Shdiy?

SMU3

SMU4
- CMS Port
GHDU — m@ Board Assemb?
INYLI (‘),—“ "“'"""'"'"“{} | !|
I =t
VST or Vit (,}A__Mwﬂmi}}
G III
o [y '
'''''' A J il r o
Low ""WJ — R
HIGH B - CMS Connecter L J—
Lo v ] Board Assembly [
SWC E i s ]
e Relay Measurement Ping
__________ ] Relay Contrat Signals

Figure B-2. Simplified SWM Pin-Port Connection Diagram (for 48-pin SWMs)
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Figure B-3. Simplified SWM Pin-Port Connection Diagram (for 96-pin SWMs)

For HP 40858 48-pin SWM, the SWM provides 9 measurement ports, 48 measurement, pins,
thereby constituting a 9 (ports) by 48 (pins) matrix. For P 4089A 96-pin SWM, the SWM
provides 9 measurement ports, 96 measurement pins, thereby constituting a 9 (ports) by 96
(pins) matrix. Each measurement pin, under software control, can connect to and disconnect
from any port, enabling virtually any pin-port connection combination. This allows control
over the subsystem instruments as if they were built into the SWM.
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The SWM can connect to a wafer prober (by an HP personality board and the probe card of
the prober) or to one of the furnished test fixtures.

Figure B-4 shows simplified circuit diagrams of the source and measurement units of the DCS
and CMS.

SMU Turn oft

e (n) vs
~ ‘LC N SMU

@
e .
Y > VM
%7 L
%7 . GNDU
@ = High CML) CMS

-  Low {CMH

Figure B-4, Simplified Circuit Diagram
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SWC and SWM Block Diagram Discussion

Figure B-5 and Figure B-6 show overall block diagrams of the SWC and SWM for 48- and
96-pin SWMs, respectively. These two system components are interconnected by a control
cable that includes dc power lines for the SWM, serial data lines, and timing control lines.

Basically, the SWC consists of an MPU board (A1) and a power supply board (A2).

The MPU board contains an 8-bit microprocessor, 16 kilobytes of read-only memory (ROM),
8/2 kilobytes of random-access memory (RAM), the HP-IB interface controller, and the
control circuits for the SWM. The main purpose of the MPU Board is to convert parallel
control data sent via the HP-IB into serial control data for the SWM.

The power supply board provides rectification, regulation, and filtering for the +5 V and +12
V dc used by the MPU board and the SWM.

The 48-pin SWM can be equipped with up to 48 pin boards, and the 96-pin SWM can be
equipped with up to 96 pin boards. Functions of the pin boards are identical, and each
has 15 relays. Measurement pin-to-port connections are controlled by the relays on the pin
boards. BEach pin board location has its own specific address, and all pin boards operate
independently.

The control logic board sends address signals and relay control signals to the pin boards by
the logic control bus. Measurement signals from the DCS and the CMS are applied to the
DCS and CMS (AUX) Port Boards, where they are then distributed through the mother
board to the test relay board and the specified pin boards.

The matrix (switching matrix) open relay board detects whether the WAFER PROBER
SENSE switch or the FIXTURE CLOSED DETECT switch is open or closed. When either
one of these switches is closed, SWM output is enabled.
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Pin Boards

Pin board relays are controlled by serial data sent from the control logic board by the logic
control bus. Figure B-7 shows the pin assignments of the J1 (10 pin} connector of each pin
board, and provides a brief description of each logic control signal.

Figure B-8 shows a circuit diagram of a pin board. All pin board relays are controlled by the
SWC. The control signal from the SWC is received by the interface IC (U3), which drives the
pin board relays through the open collector drivers.

The 6-bit address for each pin board location is hard-wired on the edge connectors mounted
on the mother board of the SWM. Relay control signals sent to the SWM include pin board
address information.

Serial Data Input (SDIN): For pin board address and relay control data.

Shift Clock {SCLK): Clock signal for serial data.
Strobe (STB): Strobe signal that indicates the end of data.
Reply (RPLY): Reply signal from an addressed pin board. The SWC knows of

the availability of the pin if the reply signal is sent back from
the addressed pin board.

These signals are all negative logic and are usually held at 45V,

1 GND
Pin Board ’—\_/\
SDIN \

SCLK

STB
GNp RPLY

Figure B-7. J1 Pin Assignments for the Pin Board
Integrated circuit U3, which is a gate array, has two types of package: ceramic and plastic.

The pin assignment of the ceramic type is different from that of the plastic type. Table B-1
lists the pin assignments of the IC U3.
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Table B-1. Pin Assignments of Integrated Circuit U3

Symbol Symbaol

Pin Ceramics Plastics Pin Ceramics Plastics
No. (MDB62115) (MB673152) No. (MB62115) (MB673152)
1 MPAQ DOLS 15 DOHO DOHO

2 MPA1 DOL§ 16 DOH1 DOH]

3 MPA2 DOLT 17 DOH2 DOH2

4 MPA3 MPAG 18 DOH3 DO

5 MPA4 MPAL 19 DOH4 DOH4

) MPAS SDIN 20 DOHH5 DOIS

7 DOL5 Vss (GND) 21 DOH8 Vpp (+5 V)
8 DOL6 SCLK 22 DOH7 DOHB

9 DOLY STB 23 DOLY DOH7
10 SDIN MPA2 24 DOL1 DOLO

11 SCLK MPA3 25 DOL2 DOL1

12 STR MPA4 26 DOL3 DOL2

13 RPLY MPAS 27 DOL4 DOL3

14 Vss (GND) RPLY 28 Vi (-+5 V) DOL4
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Figure B-8. Circuit Diagram--Pin Board
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SMU and AUX Port Boards

For the 96-pin SWM system, input relays on the SMU and AUX port boards are controlied by
the SWCs as well as pin boards. The input relays connect or disconnect the SMU and AUX
connectors to each port on the each mother board as shown in Figure B-3. The SMU and
AUX port boards are also called input relay boards. Figure B-10 and Figure B-11 show the
circuit diagrams of the SMU and AUX port boards, respectively.

Serial data sent from the control logic board also controls the input relays by the logic control
bus. The serial data is transferred to the control signal for all input relays using integrated
circuit Ul, which is on the AUX port board. Figure B-9 shows the pin assignments of
receptacle J1.

fArLy GND

AUX Port Board —

GND

Figure B-9. J1 Pin Assignment for AUX Port Board
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Interlock Function

The input/output terminals of the four SMUs and the GNDU are connected to the SWM
through the interconnect cable assembly. Figure B-12 (a) shows the assignment of each
interconnect cable assembly connector. Because the outer conductor {guard) of each SMU
is at the same potential as the SMU output (driven guard), voltages up to £200 V may be
present at the outer conductors. Refer to Figure B-12 (b).

For operator safety, the outer conductors of the SMUs cannot be touched when the
interconnect cable assembly is connected to the DCS and SWM. The INTERLOCK

function ensures that the interconnection cable assembly is properly connected. When the
INTERLOCK line is LOW (connected to ground), that is, the interconnect cable assembiy

is properly connected between the DCS and SWM, the DCS can output voltage normally.
Refer to Figure B-12 (¢). If the INTERLOCK line is HIGH (not grounded), the DCS disables
output if the output voltage exceeds £42 V.

To the DCS To the SWM
|- SMUt
SMU4 SMU3 SMUZ  SMUT @,/& VY
® L -SMU3
@/@/-SMUA
/@

GNDU Intertock

{a) Imerconnaction Cable Assembly

SMUs GHNDU Interlock
Guard GND\
[©} Force f@/ o]
-
/ interlock
Sense

b Qutput Terminals

r M

[:_}iM‘i \)’ (;I Tred to
J Interconnection |~ GHD

u
Cable Assembly

{c} Interconnecting the DCS and SWM

Figure B-12. INTERLOCK function
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Configuring the System Printer

Introduction

This appendix explains how to change the configuration of your system printer for printing
test results using the VIEW RESULT function (see “View Result” in Chapter 2).

The HP 4062C environment supports two types of printers: local (TP BASIC) and remote
{SRM). The HP 4062UX environment supports three types of printers: local (HP BASIC),
spooled (ITP-UX), and remote (SRM). Before either print environment can be used, though,
the desired environment must be modified accordingly. For information on establishing print
environments, refer to the Installing and Maintaining the BASIC 5.0/5.1 System or the
HP-UX Administrator Manuel and Installing and Maintaining the BASIC/UX System.

The HP 4062 system software also provides a facility for modifying specific page formatting
items such as page length, margins, and page numbering on or off.

Figure C-1 shows an example for the printer configuration page of the HP 4062UX system. To
display this page, use the following procedure:

1. Load and run the PV4062 program.
2. Select the - VIEW RESULT - softkey.

3. Select the * READ FILE ~ softkey.

4. Enter the name of the file that contains the test results.
5. Sclect the - PRINTER softkey.

Configuring the System Printer C-1



wrdbkbinkk CORFFGURATION #okdddbkdnn
PRIATER TYPE = LOCAL
PRINTER ADDR = 701
PRINTER I/F = HP-1B
PAGE LENGTH = 66
HARGIN : TOP = 2 BOTTOM = 2 LEFT = &
PAGE HUMBERING = ON
Select desired softkey.
. User 1 Caps Running
PRINT 5 RECOEFIG R EXIT
\ )

Figure C-1. An Example of Printer Configuration Page—HP 4062UX System

Configuring the System Printer

The default settings of the printer configuration are listed in Table C-1. To change these
settings, select the - RECONFIG  softkey from the printer configuration page shown in

Figure C-1.

Table C-1. Default Printer Configuration Settings

Ttem

Default Setting

HP 4062C System

HP 4062UX System

PRINTER TYPE

LOCAL

HP-UX SPOOL

PRINTER ADDRESS | 701 701
PRINTER 1/F HP-TB HP-1B
SPOOL DIRECTORY | /spool/:REMOTE

SPOOL COMMAND | — e

BAUD RATE
(R$-232C)

9600 baud

PAGE LENGTH

66 line/page

MARGIN

Top: 2 line, Bottom: 2 line, Left: 0 space

PAGE NUMBERING

ON
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Figure C-2 shows a diagram for configuring printer settings. Change printer settings as
required by selecting the desired softkeys and entering the required values and names.

PAGE
NUMBER

SAVE DATA

2 CED
top.lower left
SPOOL DIR
PRINTER

page length

PRINTER
TYPE

COMMAND

ADDR
spooﬂng A Y spocl directory
commands
select code + select code
o HP-13 address /spoo:REMOTE
Fcat > fifel

N baud rate
Q ) s softkey e

50, 75, 10, 134, 150,
200, 300, 600, 1800,
3200, 4800, 9600, 19200

s enter value or name

Figure C-2. Printer Configuration Diagram

Fach softkey and its function is described as follows:
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'PRINTER TYPE' :

- PRINTER ADDR '

~ COMMAND

. 8POOL DIR. :

PAGE LENGTH :

" MARGIN

Displays the - LOCAL -, . FILE SPOOL-, and HP-UX SPOOL softkeys for
selecting or changing the presently set printer. :

: Displayed only when PRINTER TYPE is set to LOCAL. This softkey is for

changing the printer’s device selector (select code and HP-IB address).

After selecting this softkey, the message “Type new address.” is displayed.

Enter: device selector of new printer (Retrn J. If you press only,

the present device selector of the printer is retained.

If you entered a new select code and HP-IB address, the message “Select
printer I/F.” is displayed and two softkeys— HP~IB = and OTHER -
appear. Select the required softkey.

If you entered a new select code only, the message “Select printer I/F.”
is displayed and two softkeys———_}"ﬁS-':Z’S?C_ “and OTHER'_ appears. If you
select the * R§-232C - softkey, the message Enter baud rate of RS-232C
I/F is displayed. The following baud rates are allowed:

50, 75, 110, 134, 150, 200, 300, 600, 1800, 2400, 3200, 4800, 9600, 19200

Displayed only when PRINTER TYPE is set to IP-UX SPOOL. This
softkey is for changing the HP-UX spooling command.

After selecting this softkey, the following message appears, and the current
spooling command is displayed at the keyboard input line.

Enter new spooling command with leading ’|’ in double
quotations.

Enter the new spooling command. Note that the pipe “1” must be
specified first. For example, “} 1p,” “| cat > filel,” or “| remsh hpuxlp

-dlaser ~oc -od.”

Displayed only when PRINTER TYPE is set to FILE SPOOL. This
softkey is for changing the spool directory of the SRM system.

After selecting this softkey, the following message appears, and the current
spooling command is displayed at the keyboard input line.

Enter new spooling directory in double quotations.

Enter the new spooling directory. If specilying the directory path, the last
slash “/” is required. For example, */spool/:REMOTE.”

For changing the page length {lines/page). The allowable range is 10
through 32767.

For changing the top, bottom, and left margins.

After selecting this softkey, the message “Type new
margin(top,bottom,left).” is displayed. Enter the three
values, separated by commas, For example, enter: 4,4,2 (Rewum J.

The top margin, bottom margin, and page length settings must satisfy the
following conditions:

@ top margin > 0
u bottom margin > 0
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® i[ page numbering on,

top margin + bottom margin < page length ~ 6
s if page numbering off,

top margin + bottom margin < page length — 8

PAGE NUMBER : For turning page numbering on and off (toggles between page numbering

on/off).
SAVE DATA : For saving configuration data into the file VIEW_DATA.
RETURN For exiting the printer configuration facility.
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Instrument Compatibility

Introduction

This appendix covers the history of the HP 4062 series and compatibility information of the
instruments used by the HP 4062C/UX system. There are four products in the HP 4062
Semiconductor Parametric Test System series; HP 4062A, P 40628, HP 4062C, and HP
4062UX. Note that the HP 4062UX is named Semiconductor Process Control System, but the
function of the HP 4062UX system is the same as other HP 4062 system.

For compatibility information, this appendix covers only the SWC and the SWM. For
compatibility information of the other instruments, see the following manuals:

e HP 4062A Service Manual
w P 40628 Service Manual
w 1P 41428 Service Manual
m I[P 42808 Operation and Service Manual
8 1P 42848 Service Manual

Note that compatibility information for HP 4141A/B (see Table D-1) is described in the HP
4062A or B Service Manual.
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History of HP 4062 Series

This paragraph provides a brief history of the HP 4062 series shown in Table D-1. The table
does not include minor changes.

Table D-1. History of HP 4062 Series

HP 408241 | HP 40628 HP 4062C HP 4062UX
System Rev. 2.7 Rev, 3.2 C.05.0z C.05.1z (.05.62 X.05.52 X.05.6z
Software Rev. 4.z
Revision
48-pin SWM HP 4085A HP 4085A HP 40858 or HP dOSSA2 HP 4085B or HP 4085/\2
96-pin SWM e — e HP 40890A HP 4089A
SWC HP 4084A HP 40848 HP 4084B HP 4{}8483 HP 408483
DCS HP 4141A HP 41418 HP 4142B HP 41428
CMS HP 4280A P 4280A HP 42804 HP 4280A or { HP 4280A | HP 4280A or
HP 4284A HP 4284A

1 The HP 4062A was discontinued in February 1985,
2 The HP 4085A SWM can be used for up te 100 V/160 mA measurements in the HP 4062C/UX. The HP 16294B/C

Upgrade Kit supports this configuration.
3 Two HP 4084B SWCs are need for the HP 4089A 96-pin SWM.

The following upgrade kits for the HP 4062 series are available:

HP 162048 Upgrades HP 40628 to HP 4062C. You can use the HP 4085A SWM
instead of the HP 4085B SWM in the HP 4062C system, if current less
than or equal to 100 mA is passed through the SWM.

HP 16294C Upgrades HP 4062C to HP 4062UX. You can use the HP 4085A SWM
instead of the HP 40858 SWM in the HP 4062UX system, if current less
than or equal to 100 mA is passed through SWM.
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SWM Compatibility

The HP 40858 48-pin SWM and the HP 4089A 96-pin SWM are available {or the HP

4062C/UX system.

Table D-2 shows the board compatibility of the SWM,

Table D-2. Boards Compatibility of SWM

Dyescription Board Designation HP 4085A | HP 40858 HP 4089A
HP 4085A/8 | HP 40894

Pin Board Al — A48 Al - A9 [16320-66511 [ 16320-665211 16320-66531
Control Logic Board AS55 A105, A205 [ 04085-66555 e=? =2
Control Connector Board A58 A104, A204 | 04085-61003 =2 04085-66508
Test ADC Board A5l A162, A262 | 04085-66551 | 04085-665611 4=
Test Relay Board AB3 A161, A261 | 04085-66553 | 04085-66563 =2
SMU Port Board A52 A102, A202 | 04085-66552 | 04085-665621 | 04089.66508 {2 each)
SMU Connector Board A58 A98 04085-61001 | 04085-61021% 04089-66510
SMU Link Board — A99 — — 04089-66503
AUX (CMS) Port Board A5d A101, A201 | 04085-66554 04085-665641 104089-66511 (2 each)
AUX {CMS) Connector Board AST A9T 04085-61002 | 04085-610221 04089-86513
Matrix Open Relay Board A49 A103, A203 | 04085-66549 =2 04089-66504 (2 each)
Display Board 1 - e e e 04089-6651 4
Display Board 2 — — — — 04089-66515
Mother Board: Block 1 — — 04085-66559 | 04085-66569 04089-66501
Mother Board: Block 2 — — — — 04089-66502

1 This board can be used for the HF 4085A SWM because of upward compatibility.

2 The same board as in the left column is used.

SMU port and connecter boards (HP part number 04085-66562 and 04085-61021) for the HP
40858 SWM can be used for the HP 4085A SWM. But you must replace both SMU port
and connecter boards when either needs to be replaced because the SMU port and connecter
boards are a set. The same rule applies to the AUX (CMS) port and connector boards.

The difference between the pin board for the HP 4085B and for the HP 4089A is only the
length of the cable between the printed board and the fixture of contact pins. The same pin
board relays are used for both the HP 40858 and the HP 4089A. But pin boards for the HP
4089A cannot be used in the HP 40858 SWM, and pin boards for the IIP 40858 cannot be
used in the HP 4089A SWM because the stray capacitance between any two pins is not equal.
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SWC Compatibility

The HP 4084A or B has been revised a few times; specifically, the MPU board and the
firmware ROM has been changed. Table D-3 shows the MPU board and firmware ROM
compatibility of the HP 4084A/B SWC.

D-4

Table D-3.
MPU Board and Firmware ROM Compatibility of the HP 4084A/B SWC

HP Part Number of
MPU Board

HP Part Number of
Firmware ROM

Used for

Matrix

System

04084-66501

04084-860001

HP 4085A

HP 4062A

04084-66511

04084-85101

HP 4085A

HP 4062B

04084-66511

(}4084-85111

HP 4085A/B

HP 4062B/C

04084-66521
04084-66531

(04084-85121

HP 4085A/B, and HP 4080A

HP 4062B/C/UX

1 This includes a pair of pregrammed ROMs, which are 64 kilobit.
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Check Sheet for input Relay Troubleshooting

This appendix provides a check sheet {or troubleshooting the Input Relay Test failures.

Fill in the sheet according to the results of the Input Relay Test. The error messages
displayed by the Input Relay Test include a row headed by “ALS0 CHECK THE FOLLOWING:.”
Make checks on the sheet according to the test results.

For example, when the error message is as follows:

PV ERROR 19 Block it Input Relay K11 force side test failed.
ALSO CHECK THE FOLLOWING: Connectiomn; Pin b’d 4; I-relay K10,K20,K21; SMU1,2;

the sheet is filled in with the following points:

g In “BLOCK " of the table title, a “1,” which is the block number of the failure, is
written,

B In one column of the row “Failed Relay and Side,” i-K 11 and force is written.

& In a row called *Pin Board ,” a “4,” which is a pin board number, is written down, and a

check sign (“1/") is made in the cross point between the failed input relay and the pin board
used for the test.

& Five check signs (“y/”) are made in the cross points between the failed input relay and
SMU1, SMU2, i-K10, i-K20, or i-K21.

After checking all the errors, the most possible point of the Input Relay Test failure is made
more evident and the sheet can help you troubleshoot the input relays.

Note The sheet attached in this appendix is the original. Make and use copies of
g the sheet for troubleshooting,

L
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Check Sheet for Input Relay Troubleshooting: BLOCK

Failed Relay 1-K i-K 1-K -K -K
and Side

Pin Board

Pin Board o

Pin Board

SMU1

SMU2

SMU3

SMU4

V51

Vs2

VMl

VM2

CMS

CMU84

GNDU

K10

-K11

i-K21

1-K26

i-K31

1-K30

i-I4l

- K40

1-K50

i-K66

Check Sheet for input Relay Troubleshooting
Update 1 16/90



Error Messages

If your HP 4062C/UX detects a hardware failure or an illegal operation, an error message or
error code, often both, appears on the display of the system controller. Errors are divided into
two basic categories: system controller-related and HP 4062C/UX-related, as explained below:

m System Controller Errors

If a system controller error occurs, a BASIC or BASIC/UX language system error code is
displayed, as in the following example:

Error 7 in 1250 Undefined function or sub

If a system controller hardware failure occurs, a SYSTEM ERROR message is displayed.
Refer to the BASIC or BASIC/UX Language Reference Manual for details on system errors.

u HP 4062C/UX Errors
If an HP 4062C/UX error occurs, an error message is displayed, as in the following example:

TIS ERROR 20 Device not present.
ERROR 449 IN 10

Frror message prefixes give the name of the program or subprogram in which the error
occurred. In the example above, the error occurred in TIS. In some cases, only an error
code is displayed.

The information in this back matter lists all the HP 4062C/UX error messages and includes
a partial listing of system controller error codes. For details on system controller error codes,
refer to the BASIC or BASIC/UX Language Reference Manual.

This back matter lists the following HP 4062C/UX system software file error messages:
START, TIS, DVR4284, VFP, PPG, and DIAG.

Note If an error occurs when using files other than those listed above, an error
code is displayed. If an error occurs when using PARA, however, a TIS error
message is displayed.
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START Errors

START ERROR 0 Not authorized to use the software.

START ERROR 0 Not authorized to use the sofiware. No CODEWORD file found.

The ID module is not connected—or not connected properly—to your system controller, the
CODEWORD file does not exist, or the codeword in the CODEWORD file is incorrect.

START ERROR 1 SWM/SWC failed power-on test.
START ERROR 2 No pin boards installed in SWM.

START ERROR 3 SWM down. SRQ asserted.

A hardware failure occurred during the SWC/SWM power-on self-test. Check for one of the
following possible causes:

A momentary power loss may have occurred.

s The control cable interconnecting the SWM and SWC is disconnected, making poor contact,
or defective,

m The SWM control bus cable is disconnected, making poor contact, or defective.

After checking the above, rerun the START program. If the same error code is displayed,
contact your system administrator or nearest HP Service Office.

START ERROR 4 SWM syntax error. SRQ asserted.
The SWC received an illegal program code. Rerun the START program.

START ERROR 5 SWM pin board malfunction. SRQ asserted.
Pin board failure occurred during the SWC/SWM power-on seli-test.

START ERROR 6 Switching matrix is open.

Enable the SWM by installing the test fixture adapter on the SWM (closes the FIXTURE
CLOSED DETECT switch) or by pressing and holding the WATER PROBER SENSE switch
of the SWM, and rerun the START program.

START ERROR 7 This version of switching matrix controller not supported: HP 4084A REV.
T

HP 4062C/UX supports only the HP 40848 (Rev. 2.0 or later) SWC.

START ERROR 10 DCS failed power-on test. A hardware fajlure occurred during DCS self-test.
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START ERROR 11 DCS syntax error. SRQ asserted. : Error 22z

The DCS received an illegal program code. Rerun the START program. The zzz above is the
error code of the DCS. Refer to the HP 4142B Operation Manual, for details on DCS error
codes.

START ERROR 12 DCS not interlocked. SRQ asserted.

‘The interconnection cable assembly is disconnected, making poor contact, or defective. Check
these possible causes and rerun the START program.

START ERROR 13 DCS shutdown. SRQ asserted.

DCS output is disabled because of a momentary power loss or because voltage or current in
excess of an SMU’s maximum current, voltage, or power was applied to an SMU. Rerun the
START program.

START ERROR 14 DCS calibration error. SRQ asserted. : Error zzz in slot y

A hardware failure occurred during DCS calibration. The zzz above is the error code of the
DCS and y is the slot number of the failed module. For example, if the module in slot I is not
functioning properly, the following error message is displayed:

START ERROR 14 DCS calibration error. SRQ asserted. : Error 420 in slot 1
If this error occurs, contact your system administrator or nearest HP Service Office. For
emergency repair, replace or remove the module in the slot indicated and rerun the START
program.
START ERROR 15 CMS syntax error. SRQ asserted.
START ERROR 16 CMS iliegally programmed. SRQ asserted.

START ERROR 17 CMS triggered too fast. SRQ asserted.

Check your cabling configuration and BNC shorting cap connections, and rerun the START
program.

START ERROR 18 CMS sweep/bias error. SRQ asserted.

The BNC shorting cap is not connected to the REMOTE ON/OFF counector on the front
panel of the CMU. Connect the BNC shorting cap and rerun the START program.

START ERROR 19 CMH terminal improperly connected.
START ERROR 20 CMH cable connected to CML(AUX4) port on SWM.

START ERROR 21 CML terminal improperly connected.
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START ERROR 22 CML cable connected to CMH(AUXS) port on SWM.

The CML or CMH cable is connected to the wrong terminal. Check for proper connection
between the CMU and SWM, and rerun the START program.

START ERROR 23 CMS INT BIAS switch improperly set.

The INT BIAS switch on the CMU front panel is set to the 42 V MAX position. Set the
switch to £100 V MAX and rerun the START program.

START ERROR 24 CMS cable impedance incorrect.

CMH or CML cable impedance is either too high or too low. Use the cables furnished with
the system and rerun the START program.

START ERROR 25 CMUS84 caused an SRQ. Error code zzz

START ERROR 90 SYSCONFIG file not found; online mode is not available.

Since SYSCONFIG does not exist in the /usr/pcs/etc directory, you can perform only offline
mode operations.

START ERROR 91 The instruments are being used in another session.

Another session already locks the instruments. You can perform only offline mode operations
until the session is stopped or changed to offline mode.

START ERROR 92 HP-IB timeout is detected at address a2z,

An expected interrupt did not occur within the limits specified in the START program. Check
for one of the following possible causes:

@ The HP-IB cables interconnecting the system controller and instruments were not
connected, making poor contact, or defective, when the START program executed.

® Instruments were not ON when the START program executed.
g HP-I1B Interface was not functioning properly.

After checking the above, rerun the START program. If the same error code is displayed, exit
from BASIC/UX and HP-UX, then reload HP-UX and BASIC/UX and rerun the START
program.

START ERROR 100 DUMCONFIG file (z2z) not found.
START ERROR 101 Non ASCII character *zzz’ in DUMCONFIG file.
START ERROR 102 Error in DUMCONTFIG: File incompletely terminated.

START ERROR 110 Error in DUMCONFIG: Invalid pin description:

Messages-4



START ERROR 120 Error in DUMCONFIG:

START ERROR 121 Error in DUMCONFIG:

START ERROR 122 Error in DUMCONFIG:

START ERROR 123 Exrror in DUMCONFIG:

START ERROR 124 Error in DUMCONFIG:

START ERROR 125 Error in DUMCONFIG:

START ERROR 126 Error in DUMCONFIG:

START ERROR 130 Error in DUMCONTFIG:

START ERROR 131 Error in DUMCONFIG:

START ERROR 132 Error in DUMCONFIG:

START ERROR 133 Error in DUMCONFIG:

START ERROR 134 Error in DUMCONFIG:

START ERROR 135 Error in DUMCONFIG:

START ERROR 136 Error in DUMCONFIG:

START ERROR 137 Error in DUMCONFIG:

START ERROR 138 Error in DUMCONTFIG:

START ERROR 139 Error in DUMCONFIG:

START ERROR 140 Error in DUMCONFIG:

Invalid DCS configuration description:
Invalid slot number:

HP 41420A can not be installed in DCS slot 1.
HP 41420A requires slot X to be empty.

Slot X is already occupied by an HP 41420A.
Two or more units assigned in slot X.
Unrecognized module zzzz.

Invalid cabling description:

Only Cmu(1) is attachable to CMH port:
Only Cmu(2) is attachable to CML port,.
Invalid DCS/CMS unit address:

Invalid SWM port address:

Corresponding unit not installed:

Multiple units are attached to SWM port X.
SMU zzz has multiple cabling to SWM ports.
V5 zzz has multiple cabling to SWM ports.
VM zzz has multiple cabling toe SWM ports.

Invalid CMS port connection:

The description of DUMCONTFIG is not proper. Rerun the START program. If the same
error code is displayed, contact your system administrator or nearest HP Service Office.

START ERROR 201 Illegal command parameter --- z22.

Rerun the START program. If the same error code is displayed, contact your system

administrator or nearest HP Service Office.

START ERROR. 202 Session 222: Permission denied.

The session that is specified by environment variable PCS_SESSION_ID does not allow
accessing. Rerun the START program. If the same error code is displayed, contact your
system administrator or nearest HP Service Office.
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START ERROR, 203 Session zaz busy.

Another process is making measurements using TIS statements or locks the instruments.

START ERROR 300 PCS_SESSION_ID not defined.

START ERROR 301 Session ID zazx too long.

START ERROR 310 Group ’pcs’ not registered.

START ERROR 320 Non ASCII character *zz2’ in SYSCONFIG file.

START ERROR 321 Invalid SYSCONFIG entry.

START ERROR 322 SYSCONFIG file contains no effective description.

START ERROR 323 Error in SYSCONFIG: HP-IB select code must be identical.

START ERROR 324 Error in SYSCONFIG: HP-1B address zzz not identical among compo-
nents.

START ERROR 325 Error in S5YSCONFIG: Invalid HP-IB address 2zz.
START ERROR. 328 Error in SYSCONFIG: Invalid select code zzz.
START ERROR. 327 Error in SYSCONFIG: zz2 is not supported as SWM.
START ERROR 327 Error in SYSCONFIG: z2z is not supported as SWC,
START ERROR 327 Error in SYSCONFIG: zzz is not supported as DCS.
START ERROR 327 Error in SYSCONFIG: 2zz is not supported as CMS.
START ERROR 330 Device file /dev/rmb/hpibzz not found.

START ERROR 331 HP-IB interface card not on seleet code zaz.

START ERROR 332 /dev/rmb/hpibzz is not an HP-IB device file.

START ERROR 333 HP-IB device file /dev/rmb/hpibaz is not for select code zz.
START ERROR 334 /dev/rmb/hpibzz is not a raw HP-IB device file.

START ERROR 341 Can not ereate session key file; directory /usr/pes/sessions not found.
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START ERROR 350 Error on pesstart invocation; zzz
START ERROR 350 Failed on ps command invocation {errno = zzz)

START ERROR 351 Failed on pcsclean command invocation (errno = zzz)

errno = zar shows the error code of HP-UX system call. Check for one of the following
possible causes:

w The system software is not installed properly.
® System files are destroyed.
@ Cluster node is not added properly.

Contact your system administrator or nearest HP Service Office.

START ERRGR 400 Test session pes_zzz is in bad state.

START ERROR 401 Test session is in bad state; No shared memory.

START ERROR 402 Test session is in bad state; No semaphore.

START ERROR 404 Invalid shared memory segment.

START ERROR 465 Invalid shared memory segment.

START ERROR 406 Invalid semaphore entity.

START ERROR 407 Semaphore ID mismatched.

START ERROR 408 Session ID inconsistent between key file and shared memory.
START ERROR 410 Pcsstart co-exists; Shared memory found.

START ERROR 411 Pesstart co-exists; Semaphore found.

START ERROR 412 Semaphore removed.

START ERROR 413 The online.lock file seems to be snatched by other session.

START ERROR 450 Fatal error in pesstart command,

Check for one of the following possible causes:
m Contents of the shared memory for HP 4062UX is destroyed.
g The pesdaemon process is aborted. (for Rev. X.05.50 only)

Contact your system administrator or nearest HP Service Office.
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TIS Errors

TIS ERROR 1 Not authorized to use the software.

The ID module is not connected—or not connected properly—to your system controller.
Correct the connection and rerun the START program.

TIS ERROR 2 Load and run START program to initialize system.
The COM blocks established by START are lost. Rerun the START program.

TIS ERROR 10 HP-IB time out error.

The HP-IB operation terminated after the HP-IB interface connected to the system
instruments did not receive a response within the timeout period, which is set by ON
TIMEOUT statement. Note that BASIC cannot detect an HP-IB timeout error that occurs
during CSUB execution. For the HP 4062UX, this error also cannot be detected when the
system instruments are locked by the Lock_system statement.

TIS ERROR 20 Device not present.

An instrument that was not present during START (displayed as Not present) is specified.
For HP 4062C, the COM blocks may be lost. Check the connection between the instruments
and rerun the START program.

TIS ERROR 21 Invalid port or pin assigned.

A port or pin board is illegally specified. For example, a VS is specified in a Force_i
statement; or an illegal pirn, such as -5, is specified in a TForce.v statement.

TIS ERROR 22 Improper number of pass parameters specified.

In the calling context of the Sweep_miv subprogram, the number of measurement ports in the
measurement port list is different than the number of measurement data arrays.

TIS ERROR 23 Improper size of pass parameters specified.

In the calling context of Sweep..iv or Sweep.miv subprogram, the size of the meesurement
arrays, source array, primary erray, or secondary array is too large. The size of these arrays
must be less than or equal to 2001.

In the calling context of Rsweep_miv subprogram, the size of measurement arrays, status
array, primary value, or secondary value is less than the number of measurement port
specified by the measurement port array. The size of these arrays must be more than or equal
to the number of the measurement port.

TIS ERROR 24 Improper pass parameters’ value specified,

Improper pass parameter value was specified.
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TIS ERROR 25 Between PREPARE ... EXECUTE, a port is measure-assigned twice.

One port is assigned to perform two or more functions within one Prepare ... Execute
construct. Rewrite the measurement commands and assign only one function to a port within
each Prepare ... Execute construct. Initialize your system using the Tnit_system subprogram.

TIS ERROR 30 SWM down. SRQ asserted.

The SWC or SWM is not functioning properly. Check your cabling configuration and rerun
the START program.

TIS ERROR 31 SWM syntax error. SRQ asserted.

The SWC received an illegal program code. Initialize your system using the Init_system
subprogram.

TIS ERROR 32 SWM open. SRQ asserted.

SWM output is disabled. This may occur if you're using a wafer prober and your SWM is not
mounted properly on the prober; if the test fixture adapter is mounted on SWM but its cover
is not closed; or if there is nothing mounted on the SWM.

TIS ERROR 33 Specified pin board not present. SRQ asserted.

A pin board registered during START (pin number displayed) is specified, but cannot be
accessed. Check for proper pin board configuration and installation. If you rearranged pin
boards, make sure they are properly installed and that the control bus cable is connected.

TIS ERROR 34 Pin board not present.

A specified pin board is not installed in the SWM. Check for proper pin board configuration
and rerun the START program.

TIS ERROR 35 (first pin number) >:= (last pin number)

In the calling context of the Connect_th subprogram, the first specified pin number is larger
than the last specified pin number.

TIS ERROR. 40 DCS reports the error code. Error code is zzz2.

The DCS received an illegal program code. Initialize your P 4062C/UX using the
Init_system subprogram. The z22z is the error code of the DS,

TIS ERROR 41 DCS not interlocked. SRQ asserted.

The intercounection cable assembly is disconnected and an atternpt was made to cutput
voltage in excess of :£42 V. Connect the cable assembly.

TIS ERROR 44 VS output voltage incompatible with set voltage range.

Specified output voltage of the VS exceeds the selected voltage range. Decrease the output
voltage or increase the voltage range setting.
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TIS ERROR 45 SMU compliance incompatible with set source or set range.

Specified compliance value of the SMU is too large for the selected range or specified output
value. Decrease the current compliance or the output value, or increase the voltage range
setting.

TIS ERROR 486 Illegal sweep power-compliance specified.

In the calling context of the Set_iv subprogram, the specified power compliance is larger than
the maximum output power of the SMU. Decrease the power compliance setting.

TIS ERROR 47 Start and stop value are not same polarity.

In the calling context of the Set_iv subprogram, the start value and stop value for a
logarithmic (log) sweep measurement must be the same polarity.

TIS ERROR 49 Tllegal SMU measurement function assigned.

During a sweep or pulsed measurement, an SMU is set to the wrong mode for the specified
measurement. SMUs must be set to VS mode for current measurements, and IS mode for
voltage measurements.

TIS ERROR 50 Target value incompatible with compliance value.

In the calling context of the Set_asearch, Set_bsearch, or Set_lsearch subprograms, the target
value is larger than the compliance value of the sense unit.

TIS ERROR 51 This port must be the same V/I mode as the control variable.

In the calling context of the Set_sync subprogram, the output modes (VS or I5) of the search
port and synchronous search port must be the same.

~TIS ERROR 52 Improper search offset value specified.

Offset value specified in the Set_sync subprogram for the search measurements is out of range.

TIS ERROR 53 Sense port must be different from search port.

In the calling context of the Set_asearch subprogram, the search and sense ports are both
specified (illegally)} as the same port {unit).

TIS ERROR 54 Target value out of range.

The specified target value exceeds the measurement range of the sense unit.

TIS ERROR 55 Illegal search v_range, time, and speed combination specified.

In the calling context of the Set_asearch subprogram, the start value, stop value, ramp rate,
and feedback integration time settings are incompatible.

TIS ERILORN 56 SMU ocutput veltage incompatible with set voltage range.

Specified output voltage of the SMU exceeds the selected voltage range. Decrease the output
voltage or increase the voltage range setting.
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TIS ERROR 57 Analog Feedback Unit (AFU) not present.

The ATU is specified for use in a measurement, but is not registered during START, or the
COM blocks are lost. Make sure your AFU is installed in the DCS and rerun the START
program.

TIS ERROR 58 Pulse period incompatible with pulse width.

‘The specified pulse width is greater than 50% of the specified pulse period. Decrease the pulse
width or increase the pulse period.

TTIS ERROR 59 Improper DCS sweep, search, and pulse settings.

In a sweep, search, or pulsed measurement, the measurement execution subprogram executed
before you established the measurement conditions. For example, a Sweep_iv subprogram
executed before its corresponding Set_iv subprogram executed.

TIS ERROR 60 Improper search values {start.value and stop_value) specified.

The following conditions cause this error:

The start_value and stop_value is set over the available maximum voltage range.
The difference between the start_value and stop.value is less than the value required for the
AFU.

TIS ERROR 61 Base_value and peak_value are not same polarity.

In a pulsed current measurement, the specified pulse base and peak values must be of the
same polarity.

TIS ERROR. 62 Specified VM is still set to Differential Voltage Measurement mode.

In a pulsed measurement, differential voltage measurement mode of the VM cannot be used.

TIS ERROR 63 Sync range adjustment error.

The range of the synchronous search port must be the same as the range of the primary
scarch port for the synchronous search measurements.

TI5 ERROR 64 Cannot specify zero (0) for sweep or bias&sweep.

In a pulsed sweep or sweep with pulsed bias measurement, you cannot set the pulse period to
0.

TIS ERROR 85 Improper pulse measurement pass parameter specified for Set_iv.

In the calling context of the Set_iv subprogram, the specified compliance value is invalid or
the fogarithmic sweep mode is specified.

TIS ERROR 66 Improper pulse measurement range specified.

In a pulsed current measurement, the specified current range is too low for the voltage range
set. 1f the voltage range is larger than 2 V| the current range must be greater than or equal to
LE~4 A,
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TIS ERROR 87 Total power exceeds the limit. It must be =< 32w.

The total power supplied by the DCS exceeds the maximum rating.

T1S ERROR 68 Set_sync and Set_iv cannot specify the same port.

The Set_sync and Set.iv subprograms cannot specify the same port.

TIS ERROR. 69 Set.sync cannot be used with Set_piv or Set_pbias.

The secondary sweep parameter cannot be used with pulsed or pulsed bias sweep
measurements.

TIS ERROR 70 Start or Stop value is out of minimum resolution.

Unsuitable start or stop values are set in the Set..iv subprogram, or unsuitable offset or ratio
is set in the Set_sync subprogram.

TIS ERROR 71 VS cannot be used if the primary SMU is current source mode.

When using a VS as a secondary sweep source, the VS and SMU must be the same source
mode.

TIS ERROR 72 Set_sync cannot use before Set_iv,

The primary sweep port must be set before the secondary sweep port is set.

TIS ERROR 73 The secondary sweep port is not set.

The secondary sweep arrayor value was specified in spite of setting no synchronous sweep
port.

TIS ERROR 74 In high voltage state, output relay can’t be disconnected.

TIS ERROR 75 In high voltage state, output relay can’t be connected.

DCS cannot disconnect or connect the output relay when the output voltage is more than 42

V.

TIS ERROR 78 Source SMU or VS unit is masked.

The specified module in the DCS is masked by Ch_sw_off statement. Unmask the module
by running the START program or executing the Init_system, Long_cal, or Short_cal
subprograms.

TIS ERROR 80 CMS syntax error, SRQ asserted.

TIS ERROR 81 CMS illegally programmed. SRQ asserted,

The CMU received an illegal programming code. Initialize your HP 4062C/UX using the
Init_system subprogram.
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TIS ERROR 82 CMS triggered too fast. SRQ asserted.

The CMU received & trigger signal while outputting measurement data from the previous
measurement. Make sure that nothing is connected to the EXT TRIGGER terminal on the
rear panel of the CMU.

TIS ERROR 83 CMS sweep/bias error. SRQ asserted.

The BNC shorting cap was removed from the REMOTE ON/OFF connector on the front
panel of the CMU. Connect the BNC shorting cap and initialize your HP 4062C/UX using the
Init_system subprogram.

TIS ERROR 84 CMS output voltage incompatible with set voltage range.

Specified output voltage of the CMU exceeds the selected voltage range. Decrease the output
voltage or increase the voltage range setting,

TiS ERROR. 100 This TIS subprogram is not supported by offline mode.

A TIS subprogram that is not supported by offline mode is used.

TIS ERROR 101 Specified file cannot be opened.

The file specified by the Off_line_data subprogram cannot be opened. One of the following
may be the cause:

The file does not exist.

w The directory path name is incorrect.

TIS ERROR 102 Specified file cannot be opened.

The file specified by the Data_creation subprogram cannot be created. One of the following
may be the cause:

m A file with the same name already exists and is protected.

g The directory path name is incorrect.

TIS ERROR 103 Invalid file data is found.

While reading the data from the file, invalid data are found. Check for one of the following
possible causes:

TIS subprogram name is not proper: The TS subprogram that is executed in the program
is different from the TIS subprogram that is declared in the file, a name that is not a TIS
subprogram is detected, or not allowable characters are used.

Measurement data arc not proper: data that are not number are detected or not allowable
separators are used.

m Data that is specified in option parameter does not exist in the file.

m The end of the file is reached after the data has been road.
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TIS ERROR 200 No test session; TIS is used before START program.

T1S subprograms are called before the START program is executed.

TIS ERROR 201 Permission denied to access this session.

The session that is specified by environment variable PCS_SESSION_ID does not allow
accessing. Rerun the START program. If the same error message is displayed, contact your
system administrator or nearest HP Service Office.

TIS ERROR 202 Session locked.

Another process in the same session locks the instruments.

TIS ERROR 203 Test session not ready; TIS in used after START failed.

TIS subprograms are called after the START program failed.

TIS ERROR 204 Number of session processes exceeds the system limit.

More than 11 processes call the TIS subprograms in one session.

TIS ERROR 205 No valid HP-IB address; TIS is used after START failed.

TIS subprograms are called after the START program failed.

TIS ERROR 220 PCS..SESSION_ID not defined.
TIS ERROR 221 Session identifier too Jong.

TIS ERROR 222 Failed to attach shared memory.

System software is not installed or customized properly. Contact your system administrator or
nearest HP Service Office.

TIS ERROR 240 Fatal error ( errno = zaz )
TIS ERROR 241 Fatal error ( errno = zzz )
TIS ERROR 242 Fatal error ( errno = zaz )
TIS ERROR 243 Fatal error ( errno = z22 )
T1S ERROR 244 Fatal error { errno = z1z2 )
TIS ERROR 245 Fatal error ( errno = zaz )

TIS TRROR 248 Fatal error ( errne = zoz )
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TIS ERROR 247 Fatal error ( errno = zzz )
TIS ERROR 248 Fatal error ( errno = zzz )
TIS ERROR 249 Fatal error { errno = 22z )
TIS ERROR. 250 Fatal error ( errno = zaz )
TIS ERROR 251 Fatal error ( errno = z2z )
TIS ERROR 252 Fatal error { errno = zzz )
TIS ERROR 253 Fatal error ( errno = 222 )
TIS ERROR 254 Fatal error ( errno = zzz )
TIS ERROR 255 Fatal error ( errno = zzz )
TIS ERROR 246 Fatal error { errno = 22z )
TIS ERROR 247 Fatal error ( errno = g2z )
TIS ERROR 248 Fatal error ( errno = zzz )
TIS ERROR 249 Fatal error ( errno = 222 )
TIS ERROR 250 Fatal error ( errno = z22 )

TIS ERROR 251 Fatal error ( errno = 22z )

A fatal system error occurred. The zzz above is the error code of the IP-UX system call.
Contact your system administrator or nearest HP Service Office.
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DVR4284 Errors

DVR4284 ERROR 1 HP 4284A driver is not initialized yet.

The START program has not been run or the COM blocks are lost. Run the START
program.

DVR4284 ERROR 2 HP 4284A caused an SRQ. Error code is zzzzz.

A hardware failure occurred. The zzzzz above is the CMU84’s error code. Refer to the HP
4284 A Operation Manual.

DVR4284 ERROR 3 Improper Switching Matrix Model.

An unexpected error occurred. Contact your system administrator or nearest HP Service

Oflice.

DVR4284 ERROR 4 HP 4284A is not present.

The CMU84 was not present during START (displayed as Not present) or the COM blocks
are lost. Check the connection between the CMU84 and rerun the START program.

DVR4284 ERROR 5 Improper Switching Matrix connection.

Check your cabling configuration and rerun the START program.

DVR4284 ERROR 6 Option #0601 is missing.

Option 001 Power Amplifier/DC Bias is not installed in the CMUS84. If this is the case:
You can not use Set_cv84 and Sweep.cv84 subprograms.
The test signal level is limited from 5 mV to 2 V.
The internal dc bias is fixed to 0 V, 1.3 V,or 2V,

DVR4284 ERROR 7 Improper Integration Time parameter.

In the Set_cmu84, the specified measurement integration time valae is invalid.

DVR4284 ERROR 8 Improper Averaging Time parameter.

DVR4284 ERROR ¢ Improper Mode parameter.

An unexpected error occurred. Contact your system administrator or nearest HP Service

Office.

DVR4284 ERROR 10 Improper Signal Level parameter.

In Set_cmuB4, the specified test signal level value is invalid.
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DVR4284 ERROR 11 Improper DC Bias parameter.

In Force.v84, the specified internal dc bias source value is invalid.

DVR4284 ERROR 12 Improper Measurement Funetion parameter.

An unexpected error occurred. Contact your system administrator or nearest HP Service
Office.

DVR4284 ERROR 13 Improper Frequency parameter.

In Frequency84, the specified measurement frequency value is invalid.

DVR4284 ERROR 14 Improper Hold/Delay Time parameter.

In Set_cv84, the specified hold time or delay time value for the C-G-V sweep measurements is
invalid.

DVR4284 ERROR 15 Improper Sweep Step parameter.

In Set_cv84, the specified number of steps value for the C-G-V sweep measurement is invalid.

DVR4284 ERROR 16 Improper Sweep Bias parameter.

In Set.cv84, the specified start voltage or stop voltage value is invalid.
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VIP Errors

WARNING 1 SWM open

SWM output is disabled. This may occur if you are using a wafer prober and your SWM is
not mounted properly on the prober; if the test fixture adapter is mounted on SWM but its
cover is not closed; or if there is nothing mounted on the SWM.

WARNING 2 DCS shutdown

DCS output is disabled because of a momentary power loss or because voltage or current in
excess of maximum current or voltage of an SMU is applied to the SMU. Initialize your 1P
4062C/UX using the Init_system subprogram.

WARNING 3 DCS not interlocked

The interconnect cable assembly is disconnected and an attempt was made to output voltage
in excess of 42 V. Connect the cable assembly.

VFP ERROR 1 Improper cursor position

The cursor is not positioned correctly for the parameter being set, or you pressed the wrong
key when changing a parameter. This error occurs under the following circumstances:

a If you select the [ softkey when the cursor is not positioned ina [ 1 field.
& If you press a numeric key or the space bar when the cursor is positioned ina [ ] field.

® If you select the [ -1, EXECUTE ON / OFF, or MEAS / NOT MEAS softkey when the
cursor is positioned in the PIN CONNECTION area.

If you rotate the rotary knob on the keyboard when the output is enabled (EXEC mode)
and the cursor is not positioned in an output value field.

Note that you cannot change the cursor position when the EXEC mode is enabled,
VEFP ERROR 2 illegal valne

A value exceeding specified limits of a parameter was entered.

VPP ERROR 3 Not allowed while OFF status

While in the EXEC mode, an attempt was made to sweep the output of a source device {an
SMU, a VS, or internal dc bias source of the CMU) that was set to OFF. Set the source device
to ON by exiting from the EXEC mode and selecting the EXECUTE ON / OFF softkey.

VFP ERROR 4 Not allowed while ON status

An attempt was made to change the voltage range or compliance setting of a source device
(an SMU or internal dc bias source of the CMU) that was sct to ON. Set the source device to
OFF by selecting the EXECUTE ON / OFF softkey before changing parameters.
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VFP ERROR 5 Not allowed in EXEC mode

While in the EXEC mode, an attempt was made to change a control setting, or you pressed a
key or selected a softkey other than the EXECUTE QN / OFF softkey.

VFP ERROR 8 Return (or Enter) key was not pressed

A parameter is set or a control setting is changed, but not entered, because you did not press
(Return) or { Enter ]

VFP ERROR 7 DCS output voltage incompatible with set voltage range

Specified output voltage of an SMU exceeds the selected voltage range. Decrease the output
voltage or increase the voltage range setting,

VFP ERROR 8 SMU voltage compliance incompatible with set current value

The power calculated with the compliance setting and the specified output value of an SMU
exceeds the power of the SMU. Decrease either the compliance setting or the specified output
value.

VFP ERROR 9 SMU current compliance incompatible with set voltage value

Specified current compliance of an SMU is too high for the selected voltage range. Decrease
the current compliance setting or increase the voltage range setting.

VFP ERROR 10 CMS outpuf voltage incompatible with set voltage range

Specified output voltage of the CMU exceeds the selected dc bias range. Decrease the output
voltage or increase the voltage range setting.

VFP ERROR 11 Tllegal key

A key other than the VFP control keys was pressed.

VIFP ERROR 12 DCS not present

The DCS was not registered during START (displayed as Not present) and an attempt was
made to operate the DCS. Make sure the DCS is turned on and the IIP-IB cable is connected.
Rerun the START program.

VI'P ERROR 13 CMS not present

The CMU was not registered during START (displayed as Not Present) and an attempt
is made to operate the CMU. Make sure the CMU is turned on and the HP-IB cable is
connected. Rerun the START program.

VFP ERROR 14 SWM not present

The SWM was not registered during START (displayed as Not Present) and an attempt
is made to operate the SWM. Make sure the SWC is turned on and the HP-1B cable is
connected. Rerun the START program.
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VFP ERROR 15 Pin board not present

A pin board not registered during START (pin number not displayed) is specified. Check for
proper pin board configuration and installation. If you rearranged pin boards, make sure
they are properly installed and that the control bus cable is connected. Rerun the START
program.

VFP ERROR 16 System is already locked, not allowed to enter Control mode.

The Lock & Control softkey is selected while another process locks the instruments.
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PPG Errors

PPG ERROR 1 Printer timeout,

A printer is not connected, or the HP-IB address of the printer is not set to 1. Make sure a
printer is connected and that its HP-IB address is 1.

PPG ERROR 6 File name is not specified.

The file name is not specified when you save the probing pattern data.

PPG ERROR 7 Duplicate file name. Overwrite or Abort (“0”, “o”: others) ?
"The specified file name already exists in the directory when you save the probing pattern data.

PPG ERROR 8 Max. module number is too large.

‘The maximum module number exceeds the allowable limits because the specified module size
is too small. Re-enter the appropriate module size.

PPG ERROR 11 Chip size > Wafer size

The specified chip size is too large for the specified wafer size. Re-enter the appropriate chip
size.

PPG ERROR 12 Number of chips is too large { MAX X=255 Y=255 )

The calculated number of chips exceeds the allowable limits {max. 255 for the X-coordinate;
255 for the Y-coordinate) because the specified chip size is too small. Re-enter the appropriate
chip size.

PPG ERROR 13 Module size * Module number > Chip size

The module size multiplied by the module number exceeds the specified chip size. The
specified module size is too large or the chip size is too small. Re-enter the appropriate
module or chip size.

PPG ERROR 14 Module size > Chip size

‘The module size exceeds the specified chip size. The specified module size is too large or the
chip size is too small. Re-enter the appropriate module or chip size.

PPG ERROR 15 Probing sequence number must be 1 to 6

The probing sequence number exceeds the allowable limits. The probing sequence number
must be 1 through 6. Re-enter the appropriate probing sequence number.

PPG ERROR 16 Wafer size must be 0,1 to 99.99999 inches

The wafer size exceeds the allowable limits. The wafer size must be 0.1 through 99.99099
inches. Re-enter the appropriate wafer size.
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PPG ERROR 17 Chip X-Y size must be 1 to 99999 microns.

The X- or Y- chip size exceeds the allowable limits. The X- and Y- chip size must be 1
through 99999 microns. Re-enter the appropriate chip size.

PPG ERROR 18 Module X-Y size must be 1 to 99999 microns.

The X- or Y- module size exceeds the allowable limits. The X- and Y- module size must be 1
to 99999 microns. Re-enter the appropriate module size.

PPG ERROR 18 Number of X-Y modules must be 1 to 6.

The X- or Y- module number exceeds the allowable Iimits. The X- and Y- module number
must be 1 through 6. Re-enter the appropriate module namber.

PPG ERROR 21 Illegal input

An attempt was made to enter a value that exceeds the specified limits.

PPG ERROR 22 No modules have been selected

No modules are selected. You must select at least one module. To select modules individually,
place the cursor at the desired module and select the SELECT softkey. To select all modules,

PPG ERROR 26 Number of selected chips is too large. (MAX 32760)

The calculated number of chips exceeds the allowable limits (max. 32760) because the
specified chip size is too small. Re-enter the appropriate chip size.

PPG ERROR 27 No chips have been selected

No chips are selected. You must select at least one chip. To select chips individually, place
the cursor at the desired chip and select the SELECT softkey. To select all chips, select the

SELECT ALL softkey.
PPG ERROR 28 X or Y (No. z2z) not set. Enter missing value, or delete (no. zzz).

The X- or Y- coordinate is not entered. The zaz above is the module number. Enter the
appropriate coordinate or delete it.

PPG ERROR 31 Wget is not declared

The Wget subprogram is not included in your measurement program, ot is placed out of
sequence, The Weget subprogram must precede the Wstart_number or Wstart_xy subprogram.

PPG ERROR 32 Improper number of pass parameters specified

Only one coordinate (X- or Y-) is specified in the Wstart.xy subprogram. Yot must specify
both X- and Y-coordinates.
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PPG ERROR 33 Wstart_xy or Wstart_number is not declared

The Wstart_number or Wstart_xy subprogram is not included in your measurement program,
or does not precede a Wmove_next, Wmove_number, or Wnove_xy subprogram.

PPG ERROR 34 Iilegal chip coordinate

The X- and Y-chip coordinates specified in the Wmove_xy subprogram designate a
non-existent chip.

PPG ERROR 35 CHIP not registered

A chip not registered during the WAFER configuration stage is specified in a Wmove_number
or Wmove_xy subprogram. Execute PPG and register the chip, or delete all references to the
chip in your Wmove_number or Wmove_xy subprogram.

PPG ERROR 38 MODBULE not registered

A module not registered during the CHIP configuration stage is specified in a Wmove_number
or Wmove_xy subprogram. Execute PPG and register the chip, or delete all references to the
chip in your Wmove_number or Wmove_xy subprogram.

PPG ERROR 41 Tilegal VAR NAME ( no VAR NAME in DATA file )
A VAR NAME not listed in the data file is specified.

PPG ERROR 42 Iiegal LIMIT value

One or all of the wafer map LIMIT values is specified out of sequence. For example, the
uppermost LIMIT value must be greater than or equal to the second LIMIT value; the second
LIMIT value must be greater than or equal to the third LIMIT value, and so on.

PPG FRROR 43 Illegal COORDINATE value

The X- or Y-axis of the wafer map is improperly scaled. For example, the X-axis minimum
value is greater than the X-axis maximum value.

PPG ERROR 44 IHlegal input { MAX COLUMN=uzz ROW=yy )

T'he value specified for the X- or Y-axis of the wafer map exceeds the allowable limit (max. zz

for the X- [COLUMN] axis, yy for the Y- [ROW] axis).

PPG ERROR 71 Illegal DATA file ( MIN Nv=3 )}

The minimum number of variables (Nv) required for generation of a wafer map is not
specified in the data file. At least three (3) variables must be specified (COLUMN, ROW, and
measurement data).

PPG ERROR 72 Illegal DATA file { Vu$(1)=“COLUMN” Vn$(2)=“ROW” )

MHegal string variable is specified. VNS(L) must be “COLUMN" and VN$(2) must be “ROW.”
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PPG ERROR 73 Hllegal DATA NAME in SUB Wput_data or SUB Wput_array

Null data (" ") is specified as the string variable (DATA NAME) in a SUB Wput_array or
SUB Wput._data subprogram.

PPG ERROR 74 DATA NAME overflow

The number of characters specified in the data file name exceeds the allowable limit (max. 50
characters).

PPG ERROR 75 DATA number overflow

The number of data file variables multiplied by the number of chips exceeds the allowable
limit (max. 1500).

Note HP BASIC Language System errors occurring in PPG are displayed between
two graphics arrows, as in the following example:

===> ERROR 53 IN 1950 Improper file name (====

For details on HP BASIC errors, refer to the BASIC or BASIC/UX Language
Reference Manual.
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Performance Verification (PV) (or DIAG) Errors

PV(DIAG). ERROR. 10 Switching Matrix not ready.

The SWC is not turned on, or the HP-IB cable is not connected (SWC displayed as Not
present during START). Stop the program, check the power and the HP-IB cable, and select
the "RUN = softkey.

PV(DIAG). ERROR 11 (Switching Matrix error)

A relay failure is detected in the SWM. The displayed error message indicates the failure
location. Make sure the relay test adapter is installed securely on the SWM, and select the
RETRY softkey.

If the same error occurs at the same location, contact your nearest HP Service Office. If

emergency repair is necessary, replace the defective pin board. See the System Information
manual for details on replacing pin boards.

If a PV(DIAG). ERROR 11 followed by the message A relay is stuck ... is displayed, you
may be able to repair the relay itself. See the System Information manual for details.

Whenever a relay failure occurs, repair or remove the faulty pin board and rerun the relay test
to check for additional failures.

PV(DIAG). ERROR 12 Leakage in Switching Matrix.

Excessive leakage current is detected in the SWM, or in the cabling to the SWM. Contact
vour nearest HP Service Office.

PV(DIAG). ERROR 13 Leakage in Switching Matrix.

Excessive leakage current is detected on a pin board. If a test fixture is mounted in the test
fixture adapter, remove the fixture and select the RETRY softkey. If the same error OCCUTS,
contact your nearest HP Service Office.

PV(DIAG). ERROR 14 Some pin boards are not installed.

Pin boards required for PV(DIAG) program are not installed.

PV(DIAG). ERROR 18 Block » Input Relay Kyz test failed.

An input relay failure is detected in the SWM. The displayed error message indicates the
failure location. Make sure the relay test adapter is installed securely on the SWM, and select
the RETRY softkey. If the same error occurs at the same location, contact your nearest HP
Service Office.

PV(DIAG). ERROR 20 DC Source/Monitor not ready.
The DCS is not turned on, its ITP-IB cable is not connected (DCS displayed as Not present

during START), or a plug-in module required for a test exccution is not present or is not
connected to the SWM. Stop the program, check these items, and sclect the RUN softkey.
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PV(DIAG). ERROR 21 DC Source/Monitor failed SELF TEST.

An SMU failure is detected during the self-test of the DCS. Contact your nearest HP Service
Office.

PV(DIAG). ERROR 22 I.V measurement test failed.
PV(DIAG). ERROR 23 I.V measurement test failed.
PV(DIAG). ERROR 24 I-V measurement test failed.

PV(DIAG). ERROR 25 I-V measurement test failed.

An SMU failure is detected. If the relay test has not yet been performed, run the relay test,
then retry the SMU test. If the same error occurs, contact your nearest HP Service Office.
If emergency repair is necessary, replace the defective SMU plug-in module. See the System
Information for details.

PV(DIAG). ERROR 28 VSz and VSy are not connected.

PV(DIAG). ERROR 26 VSz is not connected.

Where z and y are integers from 1 to 16, and 2 is a lower integer than y. If the first error
oceurs, connect V8z to the AUX1 port, VSy to the AUX2 port, and perform the VS Test
again. If the second error occurs, connect VSz to the AUX1 port, and perform the V5 Test
again.

PV(DIAG). ERROR 27 Voltage output test failed.

A VS failure is detected. Contact your nearest P Service Office.

PV(DIAG). ERROR 28 VMz and VMy are not connected.

PV(DIAG). ERROR. 28 VMz is not connecied.

Where z and y are integers from 1 to 16, and = is a lower integer than y. If the first error
occurs, connect VMaz to the AUX1 port, VMy to the AUX2 port, and perform the VM Test
again. If the second error occurs, connect VMz to the AUX1 port, and perform the VM Test
again.

PV(DIAG). ERROR 29 Voltage measurement test failed.

A VM failure is detected, Contact your nearest HP Service Office.

PV(DIAG). ERROR 30 C Meter/C-V Plotter not ready.

The CMU is not turned on, its HP-IB cable is not connected (CMU displayed as Not present
during START), or it is not connected to the SWM. Stop the program, check the power of the
CMU, HP-IB cable, and SWM interconnection cables, and select the  RUN - softkey.
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PV(DIAG). ERROR 31 C Meter/C-V Plotter failed SELF TEST.
The CMU failed its self-test. Contact your nearest HP Service Office,

PV(DIAG). ERROR 32 C-G measurement test failed.

A CMU or CMUB84 measurement circuit failure is detected. Contact your nearest HP Service
Office,

PV(DIAG). ERROR 33 Stray capacitance too high.

Stray capacitance in the SWM or the CMH or CML cable exceeds 6 pF. Contact your nearest
HP Service Office.

PV(DIAG). ERROR 34 Bias output test failed.

A CMU and CMUB84 internal dc bias source failure is detected. Contact your nearest HP
Service Office.

PV(DIAG). ERROR 35 Rear panel short-cap disconnected.

A BNC shorting cap is not connected to the EXT. BIAS-SLOW connector on the rear panel
of the CMU.

PV(DIAG). ERROR 36 Analog Feedback Unit test failed.

A failure is detected in the AFU of the DCS. If this error occurs when all SMUs are
functioning normally, contact your nearest HP Service Office.

PV(DIAG). ERROR 40 (CMU84 not ready)

The CMU84 is not turned on, its HP-IB cable is not connected (CMU84 displayed as Not
present during START), or it is not connected to the SWM. Stop the program, check the
power of the CMUB4, HP-IB cable, and SWM intercornection cables, and select the RUN
softkey.
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BASIC or BASIC/UX Language System Errors

This section lists several of the more common errors related to the BASIC or BASIC/UX
language system. For more details, refer to the BASIC or BASIC/UX Language Reference
Manual.

ERROR 5

Improper context terminator. There is no END statement in the program. Also applies to
SUBEND and FNEND.

ERROR 7

Undefined function or subprogram. An attempt was made to call a SUB or user-defined
function that is not in memory. Look for program lines that assume an optional CALL.

ERROR 8

Improper parameter matching. A type mismatch between a pass parameter and a formal
parameter of a subprogram. See Programming Reference for parameter types.

ERROR 9

Improper number of parameters. Passing either too few or too many parameters to a
subprogram. Applies only to non-optional parameters. See Programming Reference for details
on the number of parameters.

ERROR 53

Improper file name. File names are limited to 10 characters. Foreign characters are allowed,
but punctuation is not.

ERROR 586

File name is undefined. The specified file name does not exist in the directory. Check the
contents of your disk using the CAT command.

ERROR 145

May not build COM at this time. An attempt is made to add or change COM while a
program is running. For example, a program does a LOADSUB, and the COM in the new
subprogram does not match the existing COM. Rerun the START program.

ERROR 499
This error code is preceded by one of the TIS errors. See TIS Errors.

ERROR 902

Must delete entire context. An attempt is made to delete a SUB or DEF FN statement
without deleting its entire context. Easiest way to delete is with DELSUB.
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4062 W/ DVM Test, 2-2, 2-37
Current Source/Monitor Accuracy Test, 2-45
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abbreviations, 4-2
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AFU, 1-5

ATU Test, 2-28

AUX connector, 3-35

AUX port board, 3-35, 3-36, B-11
replaceable parts, 4-18

Available Accessories, 1-14

B

blank panel, A-5, A-9
BNC ~ dual banana cable, 2-37
BNC shorting cap, 2-53

C
Calibration, 1-8
calibration data
entry, 2-12, 2-13, 2-39
revising, 2-65
CMS, 1-5
CMS Bias Test, 2-31

CMS C-G Test, 2-29
CMS connector, 3-34
CMS port board, 3-34
CMU, 1-5
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troubleshooting, 3-45
CMUB4, 1-5
OPEN and SHORT corrections, 2-14, 3-46
removing, 3-16
troubleshooting, 3-46
CMUB84 Bias Test, 2-34
CMU84 C-G Test, 2-32
control bus cable, 3-37
control logic board, 3-34, 3-35
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Open Test, 3-42
Short Test, 3-42
bDCS, 1-5
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troubleshooting, 3-48
DIAG, 1-5, 1-6
DIAG4274, 1-6
Diagnostics, 1-6
DMM, 1.5, 2-37
DVM, 1-5

E

EXT BIAS-SLOW connector, 2-53
extension cable, 3-37

F

Furnished Accessories, 1-14

G
GNDU Test, 2-42

H

hexhead wrench, 1-14

history, -2

hour meter, A-3, A-8

HP 16065A Test Fixture Adapter, 1-14
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HP 160687A Low Leakage Fixture (24-pin DIP),
i-14

HP 16068A Low Leakage Fixture (48-pin DIP),
1-14

HP 16069A Universal Low Leakage Fixture,
1-14

HP 16070A General Purpose DIP Fixture, 1-14

HP 16071A Universal Fixture, 1-14

HP 16072A Personality Board, 1-14

1P 16075A Relay Test Adapter, 1-14

HP 16076A System Test Module, 1-14

HP 16077A Extension Cable Fixture, 1-14

HP 163208 Pin Boards, 1-14
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HP 16370A Test Fixture Adapter, 1-14
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HP 16373A Low Leakage Fixture {64-pin DIP},
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Input Relay Test, 2-21
Instrument Compatibility, D-1
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interconnection cable assembly
replaceable parts, 4-20
interface board
removing, 3-34
troubleshooting, 3-36
interiock function, B-14

K

Kelvin Connection Test, 2-43
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LCR, 1-5
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LCR C-G Test, 2-62

link board, 3-35

logic connector, 3-34, 3-35

M

Monitoring
DC Leak Test, 3-24
Mounting Test Equipment, 2-6
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OPEN correction, 2-14
operating theory

AFU Test, 2-75

CMS Bias Test, 2-77

CMS C-G Test, 2-76

CMUS84 Bias Test, 2-80

CMU84 C-G Test, 2-78

Current Accuracy Test, 2-87

DC Leak Test, 2-81

GNDU Test, 2-83

Kelvin Connection Test, 2-84

LCR Bias Test, 2-92

LCR C-G Test, 2-91

Relay Test, 2-67

SMU Test, 2-71

VM Test, 2-74

VM Test (4062 W/ DVM Test), 2-90

Voltage Accuracy Test, 2-85

VS Test, 2-73

VS Test (4062 W/ DVM Test), 2-89
option 310 software disk, 2-60
Options, 1-10

P

rCs, 1-5
PDU, A-2
replaceable parts, A-12
Performance Evaluation Strategy, 1-6
pin board, 3-36, B-8
cleaning, 3-43
inspecting, 3-42
installing, J-44
removing, 3-32
replaceable parts, 4-17
troubleshooting, 3-36
pin board extender, 3-37
pin board extractor, i-14, 3-32, 3-37
Pin Board Test, 2-20, 2-21
PM, 1-8
power distribution unit (PDU}, A-2
power supply board, 3-29



PPG, 1-5
Preventive Maintenance (PM), 1
Product Support Package (PSP)
PSP, 1-9
PV4062, 1-5, 1-6, 2-1
4062 W/ DVM, 1-6
4062 W/0 DVM, 1-6
required test eguipment, 2-4
running, 2-8
PV4062 software disk set, 2-37, 2-51, 2-60
pPv4142, 1-6
PV4274, 1-6, 2-2, 2-60
L.CR Bias Test, 2-65
LCR C-G Test, 2-62
PV operating theory, 2-67
PV test results
header entry, 2-18
keeping, 2-17, 2-39
viewing, 2-57

-8
1.

1
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R

rack flange, A-4
Relay Test, 2-20
Input Relay Test, 2-21
Pin Board Test, 2-20, 2-21
troubleshooting, 3-18
relay test adapter, 2-6, 2-7
Replaceable Parts, 4-1
Running the PV4062, 2-8

8
Safety Considerations, 3-1
screwdriver, 1-14, 3-43
SEQ Test, 2-17
SHORT correction, 2-14
shide rail, A-4
SMU, 1.5
SMU connector, 3-34, 3-35
SMU port board, 3-34, 3-35, 3-36, B-11
replaceable parts, 4-18
SMU Test, 2-24
specifications
systern cabinet, A-2
Specifications, 1-15
START, 1-8, 2-2, 2-53
auxiliary port configuration, 2-56
available pins, 2-56
conditions, 2-53
DTS configuration, 2-56
running, 2-54
systerm configuration, 2-56
troubleshooting, 3-17
START Program, 2-53
support rail, A-4
SWE, -5

accessing, 3-28
block diagram, B-5
checking voltages, 3-29
compatibility, D-4
field service inventory contents, 4-23
MPU board, 3-29
operating theory, B-1
removing, 3-16
replaceable parts, 4-4
troubleshooting, 3-28
SWC Compatibility, -4
SWM, 1-5
assembly locations, 3-30
block diagram, B-5
board strut, 3-32, 3-37
bottom panel, 3-32
compatibility, D-3
control bus cable, 3-32
field service inventory contents, 4-23
mounting test equipment, 2-6
operating theory, B-1
pin board cover, 3-32
replaceable parts, 4-8, 4-13
troubleshooting, 3-30
SWM Compatibility, D-3
SWS, 1-5
system cabinet, A-1
antitip legs, A-6
installation, A-6
mounting strips, A-7
moving, A-6
replaceable parts, A-10
specifications, A-2

systemn calibration module, 2-4, 2-6, 2-7, 2-37,

2-60
System Configuration, 1-1
system printer
configuring, C-1

T

test fixture adapter, 2-6, 2-7, 2-37, 2-60
test results

4062 W/ DVM Tesi, 2-48
Timer Test, 2-51
T15, 1-b
Troubleshooting, 3-1

CMU, 3-45

CMU84, 3-46

DCS, 3-48

flow diagrams, 3-3

interface hoard, 3-36

pin board, 3-36, 3-37

Relay Test, 3-18

required test equipment, 3-2
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STARI, 3-17 View Result, 2-2, 2-57

SW(C, 3-28 VM, 1-5

SWC internal LEDs, 3-29 VM Accuracy Test, 2-47

S5WM, 3-30 VM Test, 2-27

Voltage Source/Monitor Accuracy Test, 2-44

v VS, 1-5
VERI, 3-24 VS Accuracy Test, 2-46
VFP, 1-5, 3-37 VS Test, 2-26
VFP Timer Test, 2-2 VS/VMU, 1-5
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CANADA (Cont'd)

British Columbia
Hewlett-Packard {Canada} Ltd.
10691 Shellbridge Way
RICHMOND,

Brilish Columbia VEX 2W8
Yel: {1/604) 270-2277

Fax: {1/604) 270-0859

Manitoba
Hewlett-Packard (Canada) Lid.
1825 Inkster Blvd,

WINHIPEG, Manitoba R2X 1R3
Tel: [204) 694-2777

Mew Brunswick
Hewlett-Packard [Canada) Ltd.
814 Main Street

MONGTON, Mew Brunswick E1C 186

Tel: (506) 855-2841

Mova Scotia
Hewlelt-Packard {Canada) Lid,
201 Brownlow Avenue

DARTMOUTH, Mova Scotia BIB 1W2

Tel: {1/502) 469-7520
Fax:(1/902) 468-2817

Hewlelt-Packard
{Canada} Lid.

475 Hood Rd., Unit #2
HMARKHAM, L3R 8H1
Tel: (416) 4791770

Ontario

Hewlett-Packard (Canada) Lid.
5§52 Newbold Streat

LONDOHM, Ontario N6E 255
Tat {17510} 686-9 181

Fax; {17519} 686-9145

Hawletl-Packard {Canada} Ltd.
6877 Goreway Orive
MiSSISSAUGA, Ontarlo L4V 1M8
Tel: (1/416) 678-9430

Fax: {(1/418) 673-7253

Hewtetl-Packard {Canada) Ltd.
2670 Queengview Dr.
OTTAYA, Ontario K28 8K1
Tel: {1/613)820-6483

Fax: (175121 820-0377

Hewlett-Packard (Canada) Lid.
3700 Victoria Park Ave.
WILLOWDALE, Ontaric M2H 3H7
Tek {17416} 499-2550

Queban

Hewlelt-Packard {Canada) Ltd.
17500 Trans Canada Highway
South Service Aoad
KIRKLAND, Quebec HIJ 2X8
Te!; [1/514) 697-4232

Fax: {1/514) 697-5941

Saskatchewan
Hewletl-Packard {Canada) Lid.
#1, 2175 Airport Rd.

SASKATOON, Saskalohawan STL TEY

Tel: {308} 242-3702

CHILE

Ricardo Borzutsky
Avanzados Sistemas de
Conocimientos S, A.
Austria 2041

SANTIAGD

America del Sur

Tel: (562) 223-5946/6 148

CHINA, People's
Repubiic of

China Hewlell-Packard Co., LId.
22/F Bond Centre, West Tower
89 Queensway, Gentral

HOMG KONG

Tel: (352/5) 8487777

Fax; [852/5} 868 4997

China Hewlet!-Packard Co., Lid.
P.C. Box 9610, Beijing

38 Bei 8an Huan X1 Road
Shuang*fu Shu, Hai Dian District
BEMING

Tel: 2566888

Fax: 256-3207

China Hewlett-Packard Co., Lid.
23/F Shanghai\Union Building
100 Yan An Road

SHANG-HAI

Tel: 203-240

Fax: 202-149

COLOMBIA
Instrumentacion

H. A. Langebask & Kier S.A.
Carrerra 4A No. 52A-28
Aparlado Aereo 6287
8OGOTA 1, O.E.

Tel 212-1466

Telex: 44400 INST CO
Cable: AARIS Bogota

CONGO
Sema-Metra

16-18 Rue Barbes
92126 Montrouge Cedex
FRANCE

Tel: (1} 6571300

Telex: 200601 Semetra
Fax: {1} 46 56 96 53

COSTA RICA
Cientifica Costarricense S.A.
Avenida 2, Calig 5

San Pedro de Montes de Oca
Apartade 10159

SAN JOSE

Tel: 8-011-506-243-820
Telex: 3032367 GALGUR GR

Caontinex S.A.

Avenida 10C

Apartado 746-1000
34.26 SAM JOSE

Tel: (506) 33-0933
Talex: 2310 Continex CR
Fax. 21-6905

0. Fischel R Y. Gia. S A
Apartados 434- 10174
SANJOSE

Tal: 23-72-44

Telex: 2379

Cable: OFIR

CYPRUS

Hellameo - M. Cotoyannis

2, Sikelianou 51. & Kilissias Av.
P.0, Box 65074

N. Psyhiko 15410

ATHENS

Greece

Tel: 647 79 426, 647 19 427
Telex: 224903

Telgrexa Lid.

P.0. Box 1152
Vatentine House

8 Stassandrou St
NICOSIA

Tel 45 628, 62 698
Telex: 5845 tirx ¢y

DEMSTAR Lid.
P.0. Box 2260
NICOSIA
Cyprus

Tel: 44 1064
Telex: 3085
Fax: 46 46 35

DEMMARK
Hewlell-Packard A/S
Kongevejen 25

3460 BIRKEROD

Tel: (45/42) 816640
Fax: {45/42) 815810

Hewletl-Pagkard A/S
Rolighedsvej 32

DK-8240 RISEKOV, Aarhus
Tel: 45-06-17-6000

Telex: 37409 hpas dk

DOMINICAN REPUBLIC

Microprog S.4,

Juan Tomdas Mejia y Cotes No. 60
Arroye Hondo

SANTO DOMINGS

Tel: 565-6268

Telex: 4510 ARENTA DR (RCA)

ECUADOR

CYEDE Cia. Lida.

Avenida Eloy Alfaro 1749

y Belgica

Casilla 6423 GGt

GUITO

Tel: 9-011-593-2-450875
Telex: 39322548 CYEDEZ ED

EGYPT

International Enginesring Assoclates

6 El Gamea Street
Agouza

CAIRD

Tel: 71-21-661 348 0904
Telex: 93830 1EA UN
Cable; INTEGASSO

EL SALVAROR
IPESA de El Salvador S.A.
29 Avenida Norte 1223

SAH SALYADOR

Tel 8-011.503-285-058
Telex: 301 20539 1PESA SAL

ETHIOPIA
RTL

175 rue Blomet
75016 PARIS
France

Tek: (1) 45310906
Telex: 203376

Fax: (1}45310% 18

FINLAND
Hewlelt-Packard Finland
Field Oy

Hiittylanpolku 10

00620 HELSINKI

Tel: (90) 757-1011

Telex: 122022 Field SF

Hewlett-Packard Oy
Piispankalliontie 17
02200 ESPO0

Tel: (358/0) 88721
Fax: (358/0) 887 2277

Hewlett-Packard Oy
Viindnkaly § G
40100 SYVASKYLA
Tel:{358/41) 2185 #1

Hewlett-Packard Oy
Valtatie 57

90560 QULU

Tal: {358/81) 340 144

FRANCE
Hewlett-Packard France
2} Mercure B

Rue Berthalot

13763 Las Milles Cadex
AlX-EN-PROVENCE

Tel: 33-42-59-41-02
Telex: 410770F

Hewlett-Packard France
2A Kergaradec

Rue Fernand Forgst

29239 GOUEESHOU (Brest)
Tel (98} 41-87-90

Hewlett-Packard France
Chemin des Mouilles

Boite Poslale 162

69131 ECULLY Cadex (Lyon}
Tl (33) 72-29-32-93

Telex: 310617F

Hewlett-Packard France
Z1. Marcure B

Rue Beithelo!

F-13763 LES MILLES Cadex
Aix-en-Provence

Tel: {33/42} 59-41-02

Telex: 410770

Fax: 594872

Hewlati-Packard France

Parc Club des Tanneries

Batiment B4

4, fue de la Faisanderie

6738 1/LINGOLSHEN (Strasbourg)
Tel: (98) 76- 15-00

Telex: 89014 {F

Hewlatt-Packard France

Pare d'activilés Cadéra

Quartier Jean-Mermoz

Avenue du Président JF Kennedy
33700 MERIGNAG {Bordaaux)
Tel: (33} 56-34-00-84

Tefex: 550105F

Hewlett-Packard France
Miniparc-ZIRST

Chemin du Vieux Chéne
38240 MEYLAN (Grenobie)
Tet {75} 90-38-40

Hewlett-Packard France

Ru de 'Hétellerie

Le Petit Bel Air

44470 CARQUEFOU (Nantes)
Tal: 40-30-38-38

Telex; 711085F

Hewlell-Packard France

Parc Tertiaira Héliopolis

Route de Micy

45380 La CHAPELLE 5T MESMIN
{Orléans}

Tel: 38-43-93-56

Telex: 783 497F

Hewiglt-Packard France

Zone industrigle de Courtabosuf
1, av. du Canada

91947 LES ULIS Codex (Orsay)
Tel: 69-82-60-60

Telex: 600048F

R.T.1 {Regiisations
Telematiques internationales)
175, rue Blomet

F-73015 PARIS

Tel: (33/1) 45310906

Telex: 42/203378

Hewleft-Packard France
Parc d'activilés de la Poterie
Rue Louis Kerautel-Botmel
35000 RENMES

Tet, 99-51-42-44

Tetox: T40912F

Hewlelt-Packard Franca

45, rue des 3 Sogurs

Centra d Alfaires Paris Mord It
£-93420 Villepinte

B.P. 60020

F-95971ROISSY

CHARLES DE GAULLE Gédex
Tel: (33/48) 91-68-00

Telex: 232368

Fax: 632183

Hewiett-Packard France

P.A.T. Lavaiine

3, rue Jacquos Monod

8P 185

76136 P3OMT-ST-AIGNAN (Rouen)
Tek: 35-59-19-20

Telex: 7700358

Hewlett-Packard France
innoparc

BP 167 - Vaoie n°7

31328 LABEGE Cedex {Toulouss)
Tek 61-39-11-40

Telex: 531830F

Hewlelt-Packard France
Les Cardoulines

Batiment B2

Route des Dolinegs

Parc d'activite de Vatbonne
Sophia Anlipolis

08560 YALBOMNE {Nica}
Tel: 93-65-38-40

Hewlelt-Packard France
Parc d'activité des Prés

{, Rue Papin Cedex

59658 VILLENEUVE D'ASCQ
Tel: 20-91-41-25

Telex: 160124F



FRENCH WEST
INDIES
(Antilles)

R.T.L

175, Rue Blomet

75015 PARIS

FRANCE

Tel: (1) 45 3109 06
Telex: 203376

Fax: (11453100 18

GABON

R.T.1. Camercon
Distribution/Services

8.P. 3099

DOULA, CAMERCON

(Pleasa contact R.T.I. France.)
Tel: (237) 423281

Telax: 97675385

RY.L

173, rue Blomet
75015 PARIS
France

Tel: (1345310906
Tetex: 203376
Fax:{1)453109 18

GERMAN FEDERAL
REPUBLIC
Hewlatt-Packard GmbH
Vertriebzentrale Deutschiand
Hewlett-Packard-Strassa
Postiach 1641

D-6380 BAD HOMBURG v.d.R
Tek (06172} 400-0

Telex: 410 844 hpbhg

Hewfett-Packard GmbH
Geschilisstells
Keitiwslrasse 2-4
D-1000 BERLIM 30

Tol {030) 21 93 (4.0
Telox: 018 3405 hpbin d

Hewlett-Packard GmbH
Yerbindungsstells Bonn
Friodrich-Ebert-Aliae 26
5300 BOKH

Tel: (D228) 224001
Telex: 8869421

Hevdetl-Packard GmbH
Vertriebszenlrun Siidwest
Schickardstrasse 2
0-7030 BOBLINGEN
Postlach 1427

Tel: (49,7031} 645

Fax: [45/7031) 645-429

Hewfeti-Packard GmbH
Zeneralberaich Mktg
Herrenberger Strasse 130
D-7630 BOBLINGEN

Tel: (49/7031) 140

Fax: (49/7031) 14-2999

Hewlelt-Packard GmbH
Goschiftssielle
Schieelstr, 28a

D-4800 DORYIUNG 4 1
Tel: (0231) 45001
Telex: 822858 hepdod

Hewlett-Packard gmbH
Reparaturzentrum Frankiurt
Berner Sleasse 147

6000 FRANKFURT/MAIN 60
Tel: (069) 500001-0

Telex: 413249 hptim

Hewiett-Packard GmbH
Vertriebszentrum Nord
Kapstadiring 5

0-2000 HAMBURG 60
Tek: 49-40-63-804-0
Teiex: 021 63 032 hphh d

Hewlell-Packard GmbH
Geschiftsstelle
Heidering 37.3%
£-3000 HANNOVER 61
Tek [49/511) 5T06-0
Fax: (49/511) 5706-126

Hewlett-Packard GmbH
Geschiftsstelle
Rosslauer Weg 2-4
D-6800 MANNHEIM

Tel: 49-0621-70-05-0
Telex: 0462105 hpmhm

Hewlett-Packard GmbH
Geschiltssislle
Messerschmitistrasse 7
D-7910 NEU ULM

Tel: 49-0731-70-73-0
Telex: 0712816 HP ULM-O

Hewlelt-Packard GmbH
Geschattsstefie
Emmerichar Strasse 13
D-8500 RURMBERG 10
Tel: (0911} 5205-0
Telex: 6623 860 hpnbg

Hewlelt-Packard GmbH
Vertrighszentrum Ratingen
Barfiner Strasse 111
D-4030 RATINGEN
Postiach 31 12

Tel: [D2102) 494-

Telex: 589 070 hprad

Hewlett-Packard GmbH
Vertrigbszentrum Muchen
Eschensitasse §

[3-8028 TAURIIRCHEN
Tel: 45-89-61-2070

Telex: 0524985 hpmeh

Hewlett-Packard GmbH
Geschiiftsslelle
Ermlisaltes

7517 WALDBRONM 2
Paosttach 1251

Tal: (07243) 602-0
Telex: 782 838 hepk

GREAT BRITAIN
See United Kingdom

GREECE
Heuwlett-Packard Hellag
32, Kiffissias Avenue
15125 Amargussion
ATHENS

Greece

Tel: 5828811

Telex: 216588 hpal gr
Fax: 5832978

GUATEMALA

IPESA DE GUATEMALA
Avenida Reforma 3-48, Zona 9
GUATEMALA CITY

Tel: 316627, 317853 86471/
§-011-502-2-316627

Telox: 3055765 IPESA G

GUINEA

RTI

175, Rue Blomet
75015 PARIS
France
Tel:{1)453103 06
Telex: 203376
Fax:{1}45 3109 18

HONG KONG
Hewletl-Packard Asia, i.td.
22/F, West Tower Bond Cenlre
89 Queensway Central

HONG KONG

Tel: {852/5) 848-T777
Fax:{85215) 868-4997

Cable; HEWPACK HONG KONG

ICELAND
Hewlelt-Packard Iceland
Hoefdabakka 9

112 REYKJAVIK

Tel: 354-1-67-1000
Telex: 37403

Fax: 354-1-673031

INDEA

Computer products are sold through
Blue Star Lid. All computer repairs
and mainlenance Service Is done
through Computer Maintenance Corp.

Blug Star Ltd.

B. D. Patel Houss

Near Sardar Patel Golony
AHMEDABAD 280 014
Tel: 403531, 403532
Telex: 0121-234

Cable: BLUE FROST

Blue Star Lid.

40/4 Lavelle Road
BANGALORE 560 001
Tel. 57884, 867780
Telex: Q845-430 BSLBIN
Cable: BLUESTAR

Blue Star Ltd.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400025

Tel: 422-6155

Telax: 011-71193 BS3S 1N
Cable: FROSTBLUE

Blue Star Lid.

Kalyan, 19 Vishwas Colony
Alkapuri, BARQDA, 390 605
Tel: 65235, 65236

Cablz: BLUE STAR

Biue Star Lid,

7 Hare Streat

P.C. Box 508

CALCUTTA 700001

Tel: 230131, 230132
Teolex: 031-61120 BSNF IN
{abie: BLUESTAR

Blug Star 114,

13 Communily Cenler
Hew Friends Colony
HEY DELHI 110 065
Tal: 632547

Telex: 031-2463
Gable: BLUEFROST

Blue Star Ltd.
2-2-4771198 Belarum Rd,
SECUNDERABAD 500 003
Tel: 72057, 72038

Telex: 0155-459

Cable: BLUEFROST

Blue Star L4d.

T.C. 71803 Pagrnima
Maruthunkuzhi
TRIVANDRUM 695 013
Tel: 65799, 65620
Telex: 0884-259
Cable: BLUESTAR

Hewtett-Packard India
Meridian Commercial Gomplex
6th Floor

8 Windsor Place

Janpath

HEW/ DELHI 110 001

Tel: 91-11384911

Telex: 31-4935 HPNDIN

INDONESIA
BERCA Indonesia P.T.
P.0.Box 495741

JL Abdul Muis 62
JAKARTA

Tel: 21-373009

Telex: 46748 BERSAL 1A
Cable: BERSAL JAKARTA

BERCA indonesia P.T.
P.0.Box 2497/ Jkt

Antara Bldg., 12th Floor

JI. Medan Merdeka Selatan 17
JAKARTA-FUSATY

Tel: 21-340417

Telex: 46748 BERSAL 1A

BERCA Indonesia P.T.
Jalan Kutai 24

SURABAYA

Tel: 67118

Telex: 31146 BERSAL 58
Cable: BERSAL-SURABAYA

IRAG

Hewlelt-Packard Trading 8.A.
Service Operation

Al Mansoor Gily 509/ 10/7
BAGHDAD

Tel: 551-49-73

Tefex: 212-456 HEPAIRAQ IK

IRELAND

Hewfelt-Packard freland Lid.
Temple House, Temple Road
Bfackrock, Co. DUBLIM

Tel (35371} 883399

Telex: 30432

Hewlett-Packard L1d.

75 Bellast Rd, Carricklergus
Bellast BT35 3PH
MORTHER IRELAND

Tel §3603-67333

Telex: 747626

FEHAEL

Eldan Electronic instrument Ltd.

P.0. 8ox 1270
JERUSALEM 61000

16, Ohaliay St
JERUSALER 94467

Tel: 533 221, 563 242
Telex: 25231 AB/PAKRD I,

Computation and Measurement
Systems (CMS) Lid.

11 Masad Street

6706C

TEL-AVIV

Tel: 388 388

Telex: 33565 Motit 1L

ITALY

Hewlelt-Packard Italiana Spa
Via G. di Vittarip 10

20034 CORSICO (M)

Tel: 02/4408351

Fax: 0274409664

Hewlett-Packard I\alizna Spa
Via Nuova Rivoltana 95
20050 LIRITO (M1)

Tel: 02/75761

Fax: 02/7576230

Hewletl-Packard ltaliana Spg
Via Emilia 51/C

40011 ARZOLA

DELL'EMILIA (BO)

Tel: 051/731061

Hewletl-Packard Italiana Spa

Via M. Ricci 17 - Palombina Nuava

60100 ANCONA
Tel: 071/883782

Hewlel{-Packard italiana $pa
Traversa 99C Giufio Petrent 19
70124 BARI

Tel: 080/410744

Fax: 080/417891

Hewleit-Packard lHaliana Spa
Via Principe Nicola 43G/C
95126 CATANIA

Tel: 095/37 1087

Fax: 095/383569

Hewlett-Packard Raliang Spa
Via G. Di Vittorio 9

20063 CERNUSCO S/# (M}
Tel: 027923591

Fax: 0279231145

Hewlati-Packard italiana Spa
Via Sacco e Vanzetti 1/A
50145 FIRENZE

Tel: 055/318533

Fax: 055/373985

Howlell-Packard lHaliana $pa
Viale Brigata Bisagno 2
16129 GENOVA

Tel: 010/54 114}

Fax: 010/591733

Hewloti-Packard Maliana Spa
Via Orazio 16

80122 NAPOLI

Tel: 081/761 1044

Fax: 0817680164

Hewlelt-Packard Raliana Spa
Via Pefiizzo 15

35128 PADOYA

Tel: 045/8070166

Fax: 049/773097

Hewlelt-Packard ltaliana Spa
Via Del Tintorgtlo 200

30144 ROMA

Tel: 0875483 1

Fax: 06/54087 1)



SALES OFFICES

Arranged alphabetically by country (cont’d)

ITALY {Cont’d)

Hewlet!-Packard ltaliana Spa
Corso Svizzera 185

10148 TORINO

Tel: 011/744044

Fax: 011/7710815

IVORY COAST

Sta Ivoirienne des Techniques
de V'lnformatique

Immeuble C.N.A. - Se etage
Avenue General de Gaulle
P.0. Box 161

ABIDJAK Ot

Tel: 32 12 27

Telex: 22149

Enginesring Business Concept{E€.B.C.}
Angle Avenue J. Anoma ¢t Bd.
République

08 B.P. 323 ABIDJAN 08

Tel: 3250 24, 4148 70

Fax: 3537 80

JAPAN
Yokogawa-Hewietl-Packard Ltd.
Nihon-Seimel Akita

Chuo-Dori Bidg.

4-2-7 Naka-dori

AXITA, 010

Tel: (81/188) 36-5021

Yokogawa-Hewlett-Packard Lid.
152-1, Onna

ATSUGI, Kanagawa, 243

Tel: (81/462) 25-0031

Fax: {81/462) 25-0064

Yokogawa-Hewlett-Packard Lid,
3-1 Motochiba-Cho

CHIBA, 280

Tel: (81/418) 25-7701

Fax: (817472} 21-0382

¥okogawa-Hewlett-Packard Lid.
Dai-3 Hakata-Kaisei Bldyg.

1-3-6 Hakata-eki Minami
Hakata-Ku, FUKUOKA 812

Tel: [81/92) 472-8731

Yokegawa-Hewletl-Packard Ltd.
Mihon-Dantai-Seimei-

Koriyama Bldg.

21-10 Toramaru-Cho,

Korlyama FUXUSHIRA, 963

Tel: (81/249) 33-7111

Yokogawa-Hewlett-Packard Lid.
Yasuda-Seimei Hiroshima Bidg.
6-11, Hon-dori, Naka-ku
HIROSHIMA, 730

Tel: (81/82) 241-0611

Fax: (81/82) 241-0619

Yokogawa-Hewlelt-Packard Ltd.
Issei Bldg.

2-3-17 Takezono, Tsukuba
IBARAGI, 305

Yokegawa-Hewlett-Packard Lid,
Mito Mitsui Bldg.

1-4-73, Sanng-mary

Mito, IBARAKE 310

Tel: (81/292) 25-7470

Yokogawa-Hewlett-Packard Ltd.
Towa Building 2-2-3
Kaigan-dori, Chuo-ku

KOBE, 650

Tel: (81/78) 392-4791

Fax! (81/78)392-4839

4

Yokogawa-Hewletl-Packard Ltd.
Kumagaya Asahi 82 Bidg.

3-4 Tsukuba

KUMAGAYA, Saitama 360

Tel: [51/485) 24-6563

Fax: (81/485) 24-9050

Yckogawa-Hewlett-Packard Lid,
Shin-Kyoto Center Bldg,

614 Higashi-Shiokoji-cho
Karasuma-Nishi-fru, Shickoiji-Dort
Shimogyo-Ku, KYOTO, 600

Tek {81/75) 343-0921

Fax: (81/75) 343-4256

Yokogawa-Hewleti-Packard Ltd.
Mito Mitsui Bldg.

1-4-73, Sanng-Maru

HITO, Ibaraki 510

Telk: {81/292) 25-7470
Fax:{81/292) 31-6589

Y ckogawa-Hewlell-Packard Lid.
Nagano-Tokyokalyo Bldg,

1081, Minamiagata-Machi
Nagano-Shi, HAGANG, 380

Tel: (81/262) 24-8012

Fax: (81/262) 24-8016

Yokagawa-Hewlett-Packard Lid.
Nagova Kokusai Center Bullding
1-47.1, Nagono, Nakamura-ku
HAGOYA, AICHI 450

Tel: [81/52) 571-5171

Fax: (81/52) 565-0896

Yokogawa-Hewlett-Packard Lid.
Sal-Kyo-Ren Buiiding

1-2 Dote-cho

OOMIYA-SHI SAITAMA 330

Tel: {0486} 45-8031

Yokogawa-Hewlett-Packard Lid.
Chuo Bidg., 5-4-20 Nishi-Makajima
4-20 Nishinakajima, 5 Chome,
Yodogawa-ku

0SAKA, 532

Tel: {81/6) 3046021

Fax: {81/6) 304-0216

Yokogawa-Hewlett-Packard Ltd.
-27-15, Yabe

SAGAMIHARA Kanagawa, 223
Tek {81/427)59-13 11

Yokogawa-Hewlett-Packard Lid.
Hamamisu Motoshiro-Cho Daichi
Seimai Bldg 219-21, Motoshire-Gho
Hamamatsu-shi

SHIZUCKA, 430

Tek (81/534) 56-1771

Fax (81/534) 552371

Yokogawa-Hevlelt-Packard Lid.
Shinjuku Daiichi Seimei Bidg.
Nishi Shinjuku 2-7-1,
Shinjuku-ku, TOKYO 163

Tel: [81/3) 348-4611

Fax: (81/3) 348-7969

Yokagawa-Hewleil-Packard Lid.
8-1, Takakura-cho

Hachioji-shi, TOKY0, 192

Tel 81.426-42-1231

Yokogawa-Hewlett-Packard Ltd.
Tokyo-Nissam-Minalo 8idg.
1-6-34 Konan, Minalo-Ku
TOKYG 108

Tel: {81/3) 458-5411

Yokogawa-Hewlelt-Packard Ltd.
29-21 Takaido-Higashi, 3-chome
Suginami-ku TOKYO 168

Tel: (03} 33161411

Telex: 232-2024 YHPTOK

Yokogawa Hokushin Electric Corp.
(YEW)

Shinjuku-NS Bldg. 10F

9-32 Nokacho 2 Chome
Shinjuku-ku

TOKYO, 1683

Tei; (03)349-1859

Telex: J27584

Yokogawa-Hewlelt-Packard Lid.
Toyeda-Tokyo-Kaijo Bldg.

1-179 Miyuki-Hon-Cho

TOYODA 473

Tel: [81/565) 27-5611

Yokogawa-Hewlett-Packarg Ltd.
Chiyodasgimei-Utsunomiya Bldg.

2-3-1, Ohdort, UTSUNOMIYA, Tochigi-

Shi 320
Tel: (8/286) 331153
Fax: (81/286)33-1175

Yokogawa-Hewlett-Packard Lid.
No. 2 Yasuda Bldg.

2-32-12, Tsuruye-cho
Kanagawa-ku, YOKOHAMA 221
Tel: (81445 312-1252

Fax: (81/45) 311-8328

KEMNYA

ADCOM Lid., Inc,, Kenya
£.0. Box 30070
HAIROBE

Tek 331955

Telex: 22639

KOREA

Samsung Hewlett-Packard Co. Ltd.
Dongbang Yeoevido Building

36-1 Yeoeui Do-Dong
Youngdeungpo-Ku

SEQUL, 150

Tel: {82/2) 784-4665, 784-2666
Fax: (§2/2) 784-7084

Telex: 25166 SAMSAN K

KUWAIT

Al-Khaldiya Trading & Contracling
£.0. Box 830

SAFAT 13009

Tel: 242 49 10, 241 17 26

Telex: 22481 AREES KT

Cabole: VISCOUNT

LEBANON

Computer Information Systems S.A.L.

Chammas Buillding
P.O. Box 11-6274
DORA BRIRUT

Tel: 6931 13,58 1835
Telex: 42309 chacis le
Fax: 58 1834

LUXEMBOURG
Hewlell-Packard Belgium S.ANY.
Blvd de la Woluwe, 160

Woluwedal

B- 1200 BRUSSELS

Tel: (32/2) 7613111

Telex: 23-484 paloben bry

MADAGASCAR
RT.4

175, Rue Blomet

75015 Paris

FRANCE

Tel: {1} 453109 08

Thi: 203376

Fax: (1)453109 18

MALAWI]
Systron {Private) Lid.
Manhattan Court

61 8econd Street
P.0O. Box 3458
HARARE

Zimbabwe

Tel: 739881/739885
Telex: 4122

Fax: 70 20 08

MALAYSIA
Hewlell-Packard Sales (Maiaysia)
Sdn. Bhd.

9th Floor

Chung Khiaw Bank Building

48, Jalan Raja Laut

50350 KUALA LUMPUR, MALAYSIA
Tek: (60/3) 298-6559

Fax: (60/3) 291-5495

Protet Enginaering
b.0.Box 1917

Lol 6624, Section 64

23/4 Pending Road
Kuching, SARAWAK

Tel: 36299

Telex: 70904 PROMAL MA
Cable: PROTELENG

MALTA

RT.L

175, Rue Blomet
75015 PARIS
France

Tek (1)45 310906
Telex: 203376

Fax: (11453109 18

MAURITANIA
R.T.L

115, Rue Blomet
75015 PARIS

France

Tel (1145310906
Tlx: 203375

Fax: (11453109 18

MAURITIUS
R.T.L

175, Rue Blomet
75015 PARIS
France

Tel: (1145310006
Telex: 203376

Fax: (11453105 18

MEXICO
Hewlett-Packard de Mexico,
5.4 de CV.

Rio Nio Mo. 4049 Desp. 12
Fracc. Cordoba

JUAREZ, Mexico

Tel: t61-3-15-62

Hewlett-Packard de Mexico,

S.A deCV.

Condominio Kadereyta

Circuito def Mezon No. 186 Desp. 8
Col. Dei Prade - 76030

QROG, Mexico

Tei: 463-6-02-71

Hewielt-Packard de Mexico,

S.A. de GV,

Monti Morelos No. 289
Fraccionarianto Loma Bonita 45060
GUADALAJARA, Jalisco

Tel (52/36) 3146 00

Telex: 0684 186 ECOME

Hewlett-Packard de Mexico,
S.A.deCV.

Monte Pelvoux No. 11

tomas de Chapuhtepec

11000 MEXICO, D.F,

Tel: (52/5) 596 7% 32

Fax: {52/5} 596 42 08 (Ext 323 1)

Hewletl-Packard de Mexico,
SA deCV.

Czda. del Valle

409 Ote. 4ih Fiso

Cotonia del Valie

Municipio de Garcia

66220 NUEY(Q LEOH

Tei: 83.78-42.40

Telax: 382410 HPMY

Hewlett-Packard Co.
Latin Amerlca Region
Customer Supporl Cenlar
7208 MW, 3181 8¢,
MEAMI, FL 33122

United Stales

Tel: (305) 59%-0465

Telex: 441503 HPMIAMI
fFax: 599-0277

Hewiett-Packard de Maxico,

3.A. de G.V.

Bivd. Independencia No. 2000 Ote.
Qe Zerpiso

Co 1 Estreila

27010 TORREQH, COA.

Tel (527171182201

MOROCCO
Sicotel

Complexg das Habous
Tour C, avenue des Far
CASABLANCA O

Tel: 312270

Telex: 27604

R.TL

175, fue Blomet
75015 PARIS
France

Tel: (1) 453109 08
Thi: 203376

Fax: (11453108 18

Socolfren Maroc

164, Boulevard D' Anla
GASABLAHCA

Tel: 36 08 84, 36 01 77
Telex: 23940

NETHERLAMDS
Hewlell-Packard Nederland
Starthaan 16

1187 X AMSTELYEEH

Tal: (31207 5476311

Telox: 13 216 HEPA NL
Fax: (34/201 471825



Hewlett-Packard Nederland B.V.
Bongerd 2

NL 2500AA CAPELLE A/D 1JSSEL
Tel: 31-20-51-8444

Telex: 21261 HEPAC NL

Hewlett-Packard Nedertand B.V.
Pasloor Pelersstraat 134-136
P.0. Box 2342

NL 5500 CH EINDHOVEN

Tel: 31-40-32-6911

Telex: 51484 hepae ni

Fax: (31740} 446546

NEW ZEALAND
Hewlett-Packard {N.2.) Ltd.
5 Qwens Road

£.0. Box 26189

Epsom, AUCKLAND

Tek {64/9} 605-651

Fax: (54/9) 600-507

Hewlett-Packard {M.Z.} L1d,
186- 194 Willis Street

P.0, Box 9443
WELLINGTON

Tel: (64/4) 820-400

Fax: (64/4) 843-380

NIGER

SATEL.

immeuble e General
Avanue General de Gaulig
PG Box 161

ABIDJAN O

vory Coast

Tel: 32 12 27

Telex: 22149

NIGERIA

tanagement Information Systems Ltd.
3 Gerrard Road, Ikovi

LAGOS

Tel: 63 08 87

Telex; 23582

Fax: 68 54 87

NORTHERM IRELAND
See United Kingdom

NORWAY
Hewlell-Packard Nonway A/S
Oesterndaten 16-18

P.0. Box 34

N-1345 OESTERAAS

Tel: (47/2) 24-6095

Telex: 76621 HPNAS N

Hewdeil-Packard Norwvay A/S
Boemergt. 42

Box 247¢

N-5337 SOLKEIMSVIK

Tel. {5/29) 1072

OMAN

Suhail & Saud Bahwan

P.0.Box 163
MUSCATISULTANATE OF DMAN
Tel 7337 41

Telex: 3585 mb

Fax: 79 61568

imtac LLC

P.C. Box 9198

HINA AL FARAL/SULTANATE
OF OMAN

Tek 70-77-27, 70-77-23
Tefex: 3865 Tawoos On

PAKISTAN

Mushko & Company Lid.
House No. 16, Street No. 16
Sector F-8/3

ISLAMABAD

Tel: 824545

Telex: 54001 Muski Pk
Cable: FEMUS Isiamabad

Mushko & Company Lid.
Qosman Charabers

Abdullah Harcon Road
KARACHI 0302

Tel: 524121, 524132

Telex: 2894 MUSKO PK
Cable: COOPERATOR Karachi

PANAMA

Electronico Balboa, S.A.

Calle Samuel Levis, £d. Alla
Apartado 4929

PANAMA CITY

Tel: 9-011-507-636613

Telex: 368 3483 ELECTRON PG

PERU

Cla Electro Médica 5.A, (ERMED)
Los Flamencos 145, Ofg. 30172
San Isidro

Casiila 1030

LIMA § Pery

Tel. 9-011-511-4-414325, 41.3705
Telex: 39425257 PE PB SIS

PHILIPPINES

The Online Advanced Systems Gorp.

2n¢f Floor, Electra House
115-117 Esleban Slreet
P.0. Box 1510

Legaspi Village, Makati
Metro MANILA

Tel: 815-38-10 {up to 16}
Tetex: 63274 ONLINE PN

PORTUGAL
Mundinter intercambio
Mundial de Commercio
Avenida Antonio 2761
LISBON

Tel 53 2131,53 2137
Telex: 15691

GPC Instrumentacao
Torre de Sanlo Antonio
rig Gregorio Lopes, Lote
Resleio

1400 LISBON

Tel 817343/44145/46
Telex: 27432/26054

Fax: 617345

CP.CS.L

Rua de Gosta Gabral 575
4200 PORYO

Tel: 493122

Telex: 260534, 27432
Fax: 4887 21

PUERTO RICO
Hewletl-Packard Puerto Rico
Box 4048

Aguadilla, PR 00605

Tel: {809) 891-5235

Hewlell-Packard Puerto Rico
101 Munoz Rivera Avenue
Esu. Calle Gchoa

HATO REY, 00018

Tel: [809) 754-7800

QATAR

Qalar Datamalion Systems
P.0. Box 350

DOHA

Tel: 413282

The: 4833

Fax: 426378

REUNION ISLAND
ATL .

175, Aue Blomet

75015 PARLS

France

Tel: (33/1) 45310906

Telex: 42/203376

RWANDA
RTL

175, Rue Blomet
75015 PARIS
France

Tel: {331} 45310806
Tefex: 42/203376
Fax:{1)453109 18

SAUDI ARABIA

Modern Elecironics Establishment
P.0.Box 281

Thuobah

AL-KHOBAR 31952

Tel: 895-1760, 895+ 1764

Telax: 671 106 HPMEEK 5
Cable: ELECTA AL-KHOBAR

Modern Electronics Establishment
P.Q. Box 1228

Redec Plaza, 61h Floor

JEDDAK

Tel: 644 96 25

Telex: 4027 12 FARMAS 84
Cable: ELECTA JEDDAH

Madern Electronics Eslablishment
P.0.Box 22015

RIYADH 11495

Tel: 4763030

Telex: 402040 MEERYD S)

SCOTLAND
See United Kingdom

SENEGAL

25

10, rue Tolbiac

B.P. 3716

DAKARR.P.

{Please contact R.T.L France.)
Tek (221) 222248

Telex: 806767 1

RTA

175, Rue Blomel
75015 PARIS
France

Tek: 45310906
Telex: 203376
Fax:{1) 453169 18

SINGAPORE
Hewlett-Packard Singapere LId,
1159 Depot Road

SINGAPQRE, 0410

Ted: (65) 273 7388

Fax: {65} 276 8590

SOUTH AFRICA

Hi Perfarmance Systems (Py.) Ltd.

P.0. Box 120, Howard Plage
CAPE TOWN 7450

Tel: (27/21) 53-7954

Fax: (27/21)53-5119

Hi Pertormance Systems (Ply.) Lid.

Private Bag Wendywood
SANDTON 2144

Tel {27/11} 862-5111
Fax: {27/11) 802-6332

SPAIN

Hewletl-Packard Espaiiola, 8.A.
Avda. Diagonal, 605
08028-BARCELONA

Tel {34/21 4019100

Telex: 52603 hptee

Bilbae {Vizcaya) Sales
Hewlelt-Packard Espanicl, S.A.
Avda, Zugazarie, 8

48930 - Las Arenas - VIZCAYA

Hewlelt-Packard Espaiiols, §.A.
Crla. N-Vi, Km. 16, 500

Las Rozas

E-MADRID

Tol: {34/1) 6370011

Telex: 23515 HPE

Hawlelt-Packard Espanola, S.A.
Avda. 8. Francisco Javier, $/N
Planta 10, Editicio Sevita 2
E-SEYILLA 5, SPAIN

Tet: {34/54/64) 4454

Telox: 72933

Hewlett-Packard Espancla, S.A.
fsabei La Catotica, 8

46004 YALENCIA

Tel: (3476} 351 59 44

Telex: 63435

Fax: {34/6) 351 59 44

Hewletl-Packard Espafiola, 5.A.
Avda. de Zugazarte, 8

48930 - Las Arenas

VIZCAYA

Tek (34/4) 464 32 55

Telex: 33032

SUDAN

Mediterranean Ergineering &
Trading Co., Ld.

P.O. Box 1025

KHARTGUM

Tel: (249} 41184

Telex: 24052

R.T.L

175, Rue Blomet
75015 PARIS
France
Tek{1)45310906
Tix: 203376

Fax: (1) 453109 18

SWEDEN
Hewletl-Packard Sverige AB
QOstra Tuligatan 3

20011 MALMO

Box 6132

Tel: (45/40) 702 70

Telex: {854) 17886 (via Spanga
oflice)

Fax: {46/40) 87 74 18

Hewletl-Packard Sverige AB
Elementvagen 16

§-7022 7 OREBRO

Tel: (49/19) 10 48 80

Telex: (854) 17885 {via Spanga office)

Hewlett-Packard Sverige AB
Skalholtsgatan 9, Kisla

P.0. Box 19

5- 16483 KISTA

Ted: 46/8/760-200

Telex: (854) 17586

Teledax: (08} 7527181

Hewlett-Packard Sverige AB
Box 266

Topasgatan 1A

§-42423 VASTRA-FROLUNDA
{Gethenburg)

Tel: {031) 891000

Telex: (854) 17886 (via Spanga
office}

SWITZERLAND
Hewlell-Packard {Schweiz) AG
Clarastrasse 12

CH-4058 BASEL

Tel: (41/61)681 59 20

Fax: {41/61) 681 98 59

Hewlell-Packard {Schweiz) AG
7, rue dy Beis-du-Lan

Case postale 365-1366
CH-1217 MEYRIX 1

Tek {4122} 7804111
Telexn:27333 HPAG CH

Hewlett-Packard (Schweiz) AG
Allmend

CH-8967 WIDEN

Tel: (41/57) 321 114

Telex: 53933 HPAG CH

Fax: (41/57) 321 475

SYRIA

Middle East Electronics
P.0.8ox 2308

Abu Rumaneh
DAMASCUS

Tel: 33 4592

Telex: 411771 Meesy

TAMWAN

Hewlelt-Packard Taiwar L1g.
Taipei Office

8ih Floer, Hewletl-Packard Buiiding
337 Fu Hsing North Road

TAIPEI

Tel: {02} 712-0404

Telex: 24439 HEWPACK

Cable: HEWPACK Taipei

Hewlett-Packard Taiwan Lid.
THM Oflice

2, Huan Nan Road

CHUNG L), Taoyuan

Tek (034) 829-666



SALES OFFICES

Arranged alphabetically by country (cont’d)

TAIWAN (Cont'd)

Hewleli-Packard Taiwan Lid.
Taichung Office

5FL, 67, Sec. 3,

Wen-Hsin Road,

TAICHUKG

Tal: {04} 254-1201

Hewlett-Packard Taiwan Lid.
Kaoksiung Oflice

11/F, 456, Chung Hsiaa 1st Road
KACHSIUNG

Tel {07) 2412318

TANZANIA
Adcom Lid, Inc. Kenya
£.0. Box 30070
NAIROBI

Kenya

Tel 33 1955

Talax: 22639

THAILAND
Urimesa Go. Lid.

2540 Suxumwit Avenue
Bangna

BAHGIOK 10260

Tel §62-398-6953

Telox: 84438 Simonco TH
Cable: UNIMESA Bangkok

TOGO

S.ITEL.

Immeubie le General
Aveniye Gensral de Gaulle
P.Q. Box 161

ABIDJAN Ot

ory Coast

Tei: 32 12 27

Talex: 22143

Soclete Alricalne De Promotion
Immauble Sageb

Rug d'Atakpame

P.0. Box 4150

LOME

Tal: 21-62-08

Telex: 5337

TRINIDAD & TOBAGOD

Caribbean Telecoms Lid.

Corner McAllister Streot &
£astern Main Road, Laventilie
P.0. Box 732

PORT-OF-SPAK

Tol: 624-4213

Tolax: 22661 CARTEL WG

Cabte; CARTEL, PORT OF SPAIN

Gomputer and Controls Lid.
P.0. Box 51

1 Taylor Streat
FORT-OF-SPAIY

Tok (809) 622-77 197622-7985
Telex: 38722798 COMCON WG
LOGGC AGENCY 1264

TLNISIA

Procigion Elactronique
5, rue de Chypre
Mutuelleville

1002 TURES BELYERERE
Tunisia

Tal: 78 50 37

The 13238

TURKEY

EMA,

Madina Eldem Sokak No. 41/6
Yenisehir

AMKARA

Teol: 131 4695, 1319175
Telex: 46%12n emsetr

Cable: EMATRADE ANKARA

Hewielt-Packard Bilgisayar Ve Olcum

Sistemleri A.S. {Headquarter)
Mesrutiyet Mah. 1% Mayis Cad.
Nova-Baran Plaza Kat: 11-12
SISLE/ ISTAHBUL

Tel: 175 28 70

Telex: 39150

Fax: 17529 %2

Hewdelt-Packard Bigisayar Ve Olcum

Sigtemleri A.S.
Parls Caddesi No 3
Diare &

0GBTO AMXARA
Teh 125 83 13
Telex; 46180

Fax: 125 47 45

UGANDA
Adcom Ld, In¢. Kenya
P O Box 36070
HAIROBI

Kenya

Tel: 33 19585

Telex: 22639

UNITED ARAB
EMIRATES

Emitac Ltd.

P.C. Box 1641

SHARJAH

Tet: 531181

Telax: 48710 EMITAC EM
Cable: EMITAC SHARJAH

Emitac Lid.

PO, Box 2711

ABU DIAD

Tel: 820418-20

Gabla: EMITACH ABUDHAB!

Emitac Ltd.
P.0. Box 8391
DUBAL

Tal: 377531

Emitac Lid.

P.0. Box 473
RAS AL KHAREAR
Tel: 28133, 21270

UNITED KINGDOM

EHGLAND
Hevideti-Packard Lid.

Customer Information Cenleg
King §t. Lana

Winnersh, Wokingharn
GO-BERKSHIAL AG 11 5AR
Tel (44/734) 784774

Telox: 847178

Fay 777285

Hewlett-Packard Ltd.

Miller House

The Ring, BRACKHELL
Borkshire RG12 1AN

Tek: {44/344) 424-008

Fax: (A4/344) 850015, Ex1 56023

Hewlett-Packard Ltd.
Customer Sales & Support
Building 1, Filten Road
Stoke Gitford

BRISTOL, BS12 6QZ

Tek (44/272) 236000

Hewlett-Packard Lid.

Oaktiald Houss, Oaklield Grove
Clitton BRISTOL, Avon B38 2BN
Tel; 44-272-736 806

Talex: 444302

Hewlett-Packard Ltd.

9 Bridewell Place

LOHDON EC4Y 683

Tel: (44/583) 6565

Fax; (44/583) 6565, £xt 4713

Hewleti-Packard i.td,
Heathside Park Rd.
Cheadle Heath, Stockport
GB-MANCHESTER SK3 ORB
Tel: (44/61) 4280825

Telex: 668068

Fax: 4955009

Hewlatl-Packard Ltd.
Harman House

No. 1George St
Uxbridga,
GB-MMDBLESEX UBS 1YH
Tel: {44/65) 72020
Telex: 893135

Fax: 73484

Hewlett-Packard Lid.
Portetract Hoad
HOTAMANTOH,

Wast Yorkshira WF6 1RN
Ted: (d4/924) £95-566
Fax: (44/924) 596-G91
Telax: 557355

Hewlelt-Packard Lid.

The Quadrangle

105-118 Station Road
REDHILL, Surrey RH1 1PS
Tak: 44-737-686-55

Talex: 947234

Hewlett-Packard Ltd.

Avon House

435 Stralford Road

Shirley, SOLIHULL, West Midlands
B 4BL

Tok 44.21.745.8800

Talex: 339105

Hawloll-Packard Lid.
Haalhside Park Road
Chaadle Heath, Stockport
Cheshire SK3 ORB

Tei: (44761} 420-0828
Fax: (44/61) 495-5009
Tolex: 668068

Howdett-Packard L1d.

Harman House

Mo. 1 George Street
UXBRIDGE, Middlesex UBS 1YH
Tek {44/895) 72020

Fax: [44/895) 73684

Heviell-Packard Ltd.

King Streel Lane

Winnersh, VOKINGHAN
Berkshirs RG115AR

Tel (44/734) 784774

Fax: (44/734) 177285 Ext 52285

NORTHERN IRELAND
Hewlat-Packard (Ireland) Lid.
Carrickiergus Industrial Centre
75 Ballast Road, Carrickfargus
CO. ANTRIM BT38 8PM

Tel: 09603 57333

Unit 5

Bridgawood House
Newdorge Lane
Malone Road
BELFAST BTO5 NW
Tel: (353/232) 664-851
Fax: (353/232) 665-619

SCOTLAMND
Hewiett-Packard Lid.

1/3 Springburn Place
Cotlega Mitton North
EASTKILBRIDE, G74 5NU
Tol: 035-52-49251

Fax: 03552-35929

Telex: 779615

Hawlatl-Packard Ltd.
SOUTH QUEENSFERRY
West Lothian, EH30 97G
Tel: 031-331-1188

Fax: 931.331-7412

UMITED STATES
Hewlett-Packard Co.
Customer Information Center
Tel: (800) 752-0800

Hours: 6:00 AM to 5:00 PM
Pagilic Time

Alabama
Hewleit-Packard Co.

2 100 Riverchase Cenler
Building 100 - Suite 118
BIRMINGHAN, AL 35244
Tel: {205) 983-0547

Fax: (205) 983-5208

Hewleit-Packard Co.
620 Discovery D,
HUBTSYILLE, AL 35806
Tal: [205) 830-2000
Fax: {205) 830-1427

Aiaska
Hewiett-Packard Go.
4000 Oid Seward Highway
Suite 101

AMCHORAGE, AKK 99503
Tek (907) 563-8855

Fa: (907) 561-7409

Arizona
Hewleti-Packard Co,

8080 Pointg Parkway Wast
PHOEHIN, AZ 85044

Tel: (602) 273-8000

Fax: (602) 273-8030

Hawleit-Packard Co.
3400 Fasl Britannia Or.
Blgg. C, Suite 124
TUCS0H, AZ 85705
Tel: (502) 573-7400
Fax: (02) 573-7420

Arkansas
Howlatt-Packard Co.
10816 Executive Center O
Gonway Bidg. Siite 116
LITYLE ROCK, AR 72211
Tel: (501) 225-7178

Fax: (501) 221-3614

California
Hewlelt-Packard Go.
26701 W. Argoura Rd.
CALABASAS, CA §1302
Tel: {818) 880-3400
Fax: (818) 880-3437

Hewlott-Packard Co.
353 Lakeside Dr
FOSTER CITY, CA 94404
Tal: (415) 378-8400

Fax: {415) 378-8405

Hewlett-Packard Co.

1907 North Gateway Blvd,
FRESHO, CA 93727

Tal: {209) 252-9652

Fax: {20%) 456-9202

Hewlett-Packard Co.
1421 5. Manhattan Av.
FULLERTON, CA 92631
Tal: {714)999-6700
Fax: (714} 778-3033

Hewlett-Packard Co.
7408 Hollister Ave. BA
GOLETA, CA 93117
Tet: (805) 685-6100
Fax: (805} 685-6163

Howlett-Packard Co.

9800 Muirlando Ave.

IAYIME, GA 92718

Tak (7 14) 472-3000

Fax: {714} 581-3507 (Direct Dial only)

Hewlglt-Paciard Co.
2525 Grand Avenus
LOMG REACH, CA 90815
Tek (213) 498-1111

Fax: (213) 404-1286

Hewlolt-Packard Co.

5651 West Manchestar Ava,
0% ANGELES, CA 50045
Tel: (213) 337-8000

Fax: (213} 337-8328

Hewlett-Packard Co.
321E. Evelyn Ava.

Bldg. 320

MOUHTA VIEY, CA 94039
Tak: (415} 634-2000

Fax: {415) $94-0600

Hawlatt-Packard Co.

5161 Lankershim Blvd.

HORTH HOLLYWOOD, CA 81501
Tal: {818) 505-5600

Fax; (518) 505-5875

Hewlett-Packard Go.
5725 . Las Positas Bivd.
PLEABANTOH, CA 94565
Telk: (415) 460-0282

Faux: (4 15) 460-07 13

Hewloll-Packard Co.

4244 So. Markat Gourt, Suits A
SACRAMENTO, CA 95924

Tel: (918) 929-1222

Fax. (916) 927-7182

Hawlatl-Packard Co,
4604 Aero Drive

$AN DIEGO, CA 92123
Tel: {619) 279-3200
Fax: (619} 250-8487



Hewlett-Packard Go,

50 Fremont St. Suite 200
SAN FRAMCISCO, CA 84105
Tel: (415) 882-6800

Fax: {415) 882-6805

Hewlett-Packard Go.
3003 Scott Boulevard
SAMNTA CLARA, CA 95054
Tel: (408) 988-7000

Fax: (408} 988-7103

Hewleli-Packard Co.

5280 Valentine Rd. Suite 205
VESNTURA, CA 93003

Tet: (805) 658-63498

Fax: {805) 850-0721

Colovado
Hewlelt-Packard Co,

2945 Center Green Gourt South
Suite A

BOULDER, GO 80307

Tel: {303) 938-3065

Fax: (303) 938-3025

Hewlett-Packard Co.

24 Inverness Place, East
EMGLEWOOD, CO 80112
Tel: (303) 649-5000

Fax; {303) 649-5787

Connecticut
Hewlall-Packard Co.
3 Parkiand Dr.
DARIER, CT 086820
Tel: (203) 656-0040
Fax: (203) £36-5362

Hevdett-Packard Co.

115 Glastonbury Blvd
GLASTOHBURY, CT 06033
Tal: (203) 633-8100

Fax: (203) 659-6087

Florida

Hewlelt-Packard Go.

5900 N, Andrews, Suite 100
FORT LAUDERDALE, FL 33308
Tel: (305) 938-9660

Fax: {305)938-2293

Hewletl-Packard Co.
5800 South Point Parkway
Suite 30

JACKSORVILLE, Fi. 32216
Tel: (904) 636-9955

Fax: (904) 636-9955

Hewlatt-Packard Co.
255 Rast Drive, Suite 8
HELBOURNE, FL. 32901
Tel: (467) 729-0104
Fax: (407) 723-4557

Hewiatl-Packard Co.
§177 Lake Ellenor Drive
ORLANGD, FL 32809
Tel: (407} 859-2900
Fax: (467) 825-9309

Hevdett-Packard Co.
4700 Bayou Blvd,
Building 5
PEMSACOLA, FL 32503
Tel: {004) 476-8422
Fax: (904} 476-4116

Hewlett-Packard Co.
5550 idlewitd, § 150
TAMDA, F1. 33634
Tel: (813) 884-3282
Fax:{813) 889-4445

Georgia
Hewiett-Packard Go.
2015 South Park Place
ATLANTA, GA 30338
Tel: {404) 955-1500
Fax: (404} 980-T66%

Hewlett-Packard Co.
3607 Parkway Lane
Suite 300

MHORCAOSS, GA 30052
Tel: {404) 448-1894
Fax: (404) 246-5208

Hawail
Hewlett-Packard Ce.
Pacific Tower

1001 Bishop St.
Suite 2400
HOMOLULU, HE 96813
Tel: {BOB) 526- 1555
Fax:{808) 536-7873

tddaho
Hewtatl-Packard Co.
11309 Chinden Bivd.
BOISE, ID 83714

Tek: {208) 323-2700
Fax: (208) 323-2528

Hinois
Hewlett-Packard So.
2205 E. Emplre 51
BLOCHINGTOM, IL 61704
Tel: (309) 662-9411

Fax: (309) 662-0351

Hewlett-Packard Co.

525 W, Monroe St., Suite 1308
CHICAGO, 1L 60606

Tel: {312} 930-0010

Fax: (312) 930-0988

Hewlett-Packard Co.
1200 East Dighl Road
NAPERVILLE, IL 60566
Tel: (312)357-8800
Fax; [312) 367-9896

Hewlett-Packard Co.

5201 Tokview Drive

ROLLING #EADOWS, iL 60008
Tel: {312) 255-9800
Fax:{312) 259-5878

indiana
Hevlelt-Packard Co.
14311 M. Meridian St
CARMEL, IN 46032
Tel: {317) 844-4 100
Fax: (317) 843-1291

Hewlelt-Packard Co.
111 E. Ludwig Road
Suite 108

FT. WAYNE, 1N 46825
Tel: (219) 482-4283
Fax: (219} 482.9307

lowa

Hawleli-Packard Co,
4050 Rivar Center Court
CEDAR AAPIDS, 1A 52402
Tek: {319)393-0606

Fax: {319)378-1024

Hewett-Packard Co,

4201 Corporate Dr.

WEST DES MOINES, 1A 50265
Tel: {515) 224-1435

Fax: (515)224-1870

Kansas
Hewlett-Packard Co.
North Rock Business Park
3450 N. Rock Ad.

Suite 300

WICHITA, KS 67226

Tel: (316) 536-4040

Fax: [316)636-4504

Kentucky
Hewlelt-Packard Co.

305 N. Hurstbourne Lane,
Suite 100

LOUISYILLE, KY 40222
Tel: (502} 426-0100

Fax: (502} 426-0382

Louisiana
Hewlelt-Packard Co.

160 James Drive East

ST, ROSE, LA 70087

Tel: {504} 467-4100

Fax: {504) 467-4100 x 291

Maryland
Hewlelt-Packard Co.
3701 Koppers Streat
BALTIMORE, MD 21227
Tel: (301) 6445800
Fax: (301} 362-7650

Hewlett-Packard Co.

2 Choke Cherry Boad
ROCKVILLE, MD 20850
Tal: {301) 948-6370
Fax: (301) 948-5986

Massachusetts
Hewileli-Packard Co.
1775 Minuteman Road
ANDOVER, MA 01810
Tek {508} 582-1500
Fax: [508) 794-2619

Hewicit-Packard Co,

29 Burfington Mall R¢.
BURLINGTON, MA 01803-45 14
Tek: (617) 270-7000

Fax: (617) 221-5240

Michigan
Hewlell-Packard Co.
30033 Orchard Vista 5.8
GRAND RAPIDS, M1 49546
Tel: (518) §57-1970

fax: (616) 956-9022

Hawlett-Packard Co.

39550 Orchard Hill Place Drive
MOV, M 48050

Tek (313) 349-9200

Fax: (313) 340-9240

Hawdell-Packard Go.
B60 Kirls Fid,

Suite 101

TROY, MI 48084

Teb: {313 362-5180
Fax: (313)362-3028

Minnesota
Hewielt-Packard Co.
2025 W. Larpenteur Ave,
ST PAUL, N 55113
Tel: {612} 644-1100

Fax: {612) 641-9787

Mississippi
Hewlelt-Packard Co.

800 Woadiand Parkway, Suite 101

RIDGELAND, M5 29157
Tel: {601) 957-0730
Fax: (601) 957-2515

Missouri
Hewledt-Packard Co.
13001 Hollenberg Drive
BRIDGETON 63044

Tel: {314} 344-5100
Fax: (314) 344-5273

Hewlelt-Packard Co.
6601 Winchesler Ave.
HANSAS CITY, MO 84120
Tal: (816) 737-00T1

Fax; (618) 737-4830

Montana
Hewilett-Packard Co,
13001 Hollenberg Drive
BRIDGETON, MT 63044
Tel: (314) 344-5100
Fax: (314) 3445273

Nebraska
Hewlett-Packard
11626 Nicholas St.
OMAHA, NE 68154
Tel: (402} 493-0300
Fax: (402) 493-4334

New Jorsey
Hewlatl-Packard So.
120V, Cenlury Road
PARAMUS, NJ 07653
Tel: (2011) 59850600
Fax: (201) 598-5382

Hewiett-Packard Co.
10 Sylvan Way
PARSIPPANY, MJ 07054
Tal: {201} 682-4000
Fax: {201)652-4031

Hewlell-Packard Co.

20 New Engiand Av.
PISCATAYAY, NJ 08854
Tel: {201} 562-6100

Fax: {201) 562-6248

New Maxico
Hewlatl-Packard Co,
7801 Jeffarson N.E.

ALBUQUERQUE, NM 87109

Tek (505) 823-6100
Fax: (505) 823-1243

Hewlgll-Packard Co.
1362-C Trinity Dr.

LOS ALAMOS, Nivi 87544
Tel: (S05) 6526700

Fax: (505) 562-4312

New York
Hewlett-Packard Co.

5 Computer Drive Soulhy
ALBAMY, NY 12205

Tel: (518) 458- 1550

Fax: {518} 458-1550 x 0393

Hewlett-Packard Co.
130 John Muir Dr.
AMHERST, NY 14228
Tel: {715) 682-3603
Fax: {716) 636-7034

Hewlatl-Packard Co.

200 Cross Keys Office Park
FAIRPORT, NY 14450

Tek (716) 223-995¢

Fax: (716) 223-8331

Hewlett-Packard Co.
7641 Henry Clay Bivd.
LIVERRCOL, NY 13088
Tel: (315) 451.1820
Fax:(315) 451-1820 x 255

Hewlett-Packard Co.
No. 1 Pennsylvania Plaza
55th Flaor

34th Streel & Tth Avenue
MAMHATTAR NY 10119
Tal: {212) 971-0800

Fax: {212} 320-6957

Hewletl-Packard Co.
2975 Westchester Ave
PURCHASE, MY 10577
Tel: (914) §35-6300
Fax: (914) 935-6407

Hewiett-Packard Co.
Executive Square Office 8ldg.
66 Middlebush Re,
WAPPINGERS FALLS, NY 12580
Tel: {$14) 268-9125

Fax: (914} 208-9154

Hewleit-Packard Co.

3 Crossways Park West
WOODBURY, NY 11797
Tol: {516) §82-7800
Fao: {516) 582-78086 [2)

Morth Carclina

Hewlett-Packard Co.

305 Gregson Dr.

CARY, NC 27511

Tel: {319) 467-8600

Fax: (819) 460-2296
(919) 460-2297

Hewletl-Packard Co,
P.0. Box 240318
CHARLOTTE, NC 28224
Tel: [704) 527-8780
Fax: (704) 523-7857

Hewletl-Packard Co.
7028 Albert Pick Rd. #100
GREENSHORO, NC 27409
Tel: (919) 665-1800
Fax.(919) 668-17¢7
Maling Address

PO Box 26500
Groensboro, NC 27476

Chio
Hewlett-Packard Co.
2717 5. Arlington Rd.
AKRON 44312

Tel: (215) 644-2270
Fax: (216} 644-74 15
Hewlelt-Packard Co.
4501 Erskine Road
CIMCINATE OH 45242
Tel: {513} 891-3870
Fan: (513) 891-0033



SALES OFFICES

Arranged alphabeticaliy by country (cont’d)

UNITED STATES
{Cont'd)

Hewlali-Packard Go.
Moutrofte West Ave.
COPLEY, OH 44321
Tel: {216) 6667711
Fax: (215) 666-6054

Hewlett-Packard Co,

7867 Washington Village Or.
DAYTON, OH 45459

Tek (513) 433-2223

Fax: {513) 433-8633

Hewlett-Packard Co.
9080 Springbora Pike
MEARISBURG 45342
Tel: {513} 433-2223
Fax: {513) 433-3633

Hewlett-Packard Co.
15885 Sprague Road
STRONGSVILLE, OH 44136
Tek: (216} 243-7300

Fax: {216) 234-7230

Hewlelt-Packard Co.

Cne Maritime Plaza, 5th Floor
720 Water Strent

TOLEBO, OH 43604

Tel: (419) 242-2800

Fax: (419) 241-7655

Hewlett-Packard Co.

875 Brooksedge Blvd.
WESTERVILLE, OH 43081
Tok (614} 891-3344

Fac: {614) 891-1476

Ckiahoma
Hewdatt-Packard Co.

3525 M.W. 56th St

Suite C-100

CELAHOMA CITY, OK 73112
Tel; (405) 946-3499

Fax: (405) 942-2127

Hewleit-Packard Co.
6858 Soulh Lewls,
Suite 105

TULSA, OK 74135
Tal: (918) 481-5700
Fax: (918) 481-2250

Oregon
Hewlstt-Packard Co.
9255 5. W. Pionear Gourl
YALSOMYILLE, OR 97070
Tek {503) 682-8000

Fax: (503} 682-8155

Pennsylvania

Hawlett-Pagkard Co.
Heatherwood Industrial Park
50 Dorchester Hd.

P.C. Box 6080
HARRISBURG, PA 17112
Tel: {717) §57-5900

Fax: (717) 657-5946

Hewlett-Packard Co.
111 Zeta Drive
PITTSAAGH, PA 15238
Tel: {412) 782-0400
Fax: (412) 963-1300

Hewlett-Packard Co.
2750 Monroe Boulevard
VALLEY FORGE, PA 18482
Tel: [215) 666-8000

Fax: (215) 666-2034

South Carolina
Hewlelt-Packard Co.
Brockside Park, Suite 122
1 Harbison Way
COLUMBIA, 8C 29212
Tal; {803) 732-0400

Fax; (803) 732-4567

Hewielt-Packard Co.
545 N, Pleasantburg Dr.
Suite 100

GREENVILLE, SC 28607
Tel: (803) 232-8002
Fax: (803} 232-8739

Tennassee
Hewlett-Packard Co.

One Energy Center Suite 200
Pellissippi Pkvy.
KHOXVILLE, TN 37032

Tel: {615) 966-4747

Fax: {615} 966-8147

Hewleti-Packard Co.
889 Ridge L ake Blvd.,
Suite 100

PAERPHES, TN 38119
Tel: {801} 753-4747
Fax: (901) 762-9723

Hewlett-Packard Co.
44 Vantage Way,
Suite 160
HASHYILLE, TN 37228
Tal; {615} 255-1271
Fax: (615) 726-2310

Texas
Hewlelt-Packard Co.

9050 Capital of Texas Highway, North

#290

AUSTIM, TX 78759

Tel: (512)346-3855
Fax: (512)338-7201%
Mailing Address

PO Box 9431

Austin, TX 78766-9430

Hawlatl-Packard Go.
5700 Cromo Dr

EL PASQ, TX 78912
Tal: {915 833-4400
Fax: (315} 581-8097

Hewlett-Pagkard Co.
10535 Harwin Drive
HOUSTON, TX 77036
Tel: (713) 776-6400
Fax: (713} 776-6495

Hewlett-Packard Co.
3301 West Royal Lane
IRVING, TX 75063

Tel: {214) 869-3377
Fax: (214) 830-8851

Hewlett-Packard Co.

108 E. Toronto, Site 100
MeALLEM, TX 78503

Tel: (512) 630-3030

Fax: {512) 630-1355

Hewlstt-Packard Co.
930 E. Campbell Rd.
RICHARDSON, TX 75081
Tel: (214) 231-6101
Fax: {214} 699-4337

Hewlett-Packard Co.

14100 San Pedro Ave., Suite 100
SAN ANTONIDQ, TX 78232

Tek: {512) 494-9336

Fax: {512) 481-1299

Utah

Hewletl-Packard Co.

3530 W, 2100 South

SALT LAKE CITY, UT 84119
Tel: {801} 974-1700

Fax: {801}974-1780

Virginia
Hewlelt-Packard Co.
840 Gresnbrler Gircle
Suite 101

CHESAPEAXE, VA 23320
Tel: (804) 424-7105

Fax: (804) 424-1494

Hewlett-Packard Co.
4401 Water Front Dr.
GLEN ALLEN, VA 23060
Tal: {804) 747-7750
Fax: (804) 965-9297

Hewilett-Packard Co,

2800 Efectric Road Suite 100
ROAHGKE, VA 24018

Tel: {703} 774-3444

Fax: (703) 959-8049

Washington
Hewlett-Packard Co.
15815 S.E. 37th Streel
BELLEYUE, WA 98006
Tek: (206) 643-4000
Fax: {208} 6438748

Hewteli-Packard Co.

N. 1225 Argonne Rd
SPOXAME, WA 992122657
Tel: {509) 922-7000

Fax: (509} 27-4236

West Virginia
Hewlett-Packard Co.

501 56th Sireel
CHARLESTON, WV 25304
Tel: (304) 925-0492

Fax: (304) 525-1910

Wisconsin
Hewlett-Packard Co.
275 N. Corporate Dr.
BROOKFIELD, WI 53005
Tek (414} 792-8800
Fax: {414) 792-0218

URUGUAY

Pablo Ferrando 8.A.C. 8 L.
Avenida ltalia 2877
Casilla de Corrgo 370
MONTEVIDEQ

Tel: 59-82-802-586

Telex: 398802586

Olympia de Uruguay 5.4,
Maquines de Oficina
Avda. def Libertador 1997
Casllla de Correos 6644
MONTEVIDEC

Tel: 91-1809, 98-3807
Telex: 5342 ORCU Y

VEMEZUELA
Analytical Supplies, CA
Quinta #103 Impermes
Av El Centro

Los Chorros

Apariado 75472
CARACAS

Tel: 354904, 2304047
Telex: 26274 CABIC

Hewlett-Packard de Venezuela 5.A,
Residencias Tia Betly Locat 1
Avenida 3 Y con Calle 76
MARACAIBO, Estado Zulia
Apartado 2646

Tel: 58617566%

Telex: 62464 HPMAR

YUGOSLAVIA

Do Hermes

General Zdancva 4
YU-11000 BEQGRAD
Tek {011} 342 641
Talex: 11433

Do Harmes

Calovska 73
YU-61000 LIUBLSAKA
Tol: (66 %) 553 170
Telex: 31583

ZAIRE

CILE

Computer & Industrlal Engingering
25 Ave. de fa Justice Gombe
Boite Postale 10876

KINSHASA

Tel: 32 063, 32 633, 28 251

Telex: 21552

Fax: 22 850

ZAMBIA

A, Tilbury (Zambia) L1d.
P.0. Bax 32792

LUSAKA

Tel: 2155 80

Telox: 40128

ZIMIBABWE

Field Consolidated {Private} Lid.
Systron Qivision

Manhattan Caurt

613econd Street

P.0. Box 3458

HARARE

Tel: 73 98 81

Tefex. 26241

Fax: 7020 08

Please send directory corrections to:
Test & Measuremant Galalog
Hewlett-Packard Cornpany

3200 Hiilview Avenue

Palo Alto, CA 94304

Tek (415) 857-4706

Fax: {415) 857-3880
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