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Herstellerbescheinigung

Hiermit wird bescheinigt, dag das Gerit/System HP 3235
in Ubereinstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentstdrt ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerdtes/Systems angezexgt und
die Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingeraumt.

Zusatzinfarmation fur Mef- und Testgerats

Werden Mef- und Testgerate mit ungeschirmten Kabeln und/oder in offenen MefBaufbauten
verwendet, so ist vom Betreiber sicherzustelien, daf die Funk-EntstGrbestimmungen unter
Betriebsbedingungen an seiner Grundstlcksgrenze eingehalten werden.

Manufacturer's declaration

This is to certify that the equipment HP 3235
is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger-
man Bundespost was notified that this equipment was put into circulation, the right to check
the series for compliance with the requirements was granted.

Additional Information for Test- and Measurement Eguipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
interference Limits are stil met at the border of his premises.

NOTICE
The information contained in this document is subject to change without notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, IN-
CLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE, Hewlett-Packard shall not be Hable for errors contained herein or for incidenial
or consequential damages in connection with the furnishing, performance or use of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of its software on eguipment that is not furnished
by Hewlett-Packard.

This document contains proprietary information which is protected by copyright. All rights are reserved. No part of
this document may be photocopied, reproduced or translated to another language without the prior written consent
of Hewlett-Packard Company.
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CERTIFICATION

Hewletr-Packard Company certifies that this product met its published specifications at the time of shipment from
the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration Sfacility, and to the catibration facilities
of other International Standards Organization members.

WARRANTY

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

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

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into
{becomes a part-ofy other <hp=instrument products.

Hewlett-Packard 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. Hewlett-Packard does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer-
supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental specifica-
tions for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

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

Product maintenance agreements and other customer assistance agreements are availuble for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
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SAFETY SUMMARY

The following general safety precautions must be chserved during all phases of operatien, service, and repair of this instrument.
Failure to comply with these precautions or with specific warnings elsewhers in this manual violates safety standards of desigs,
manufacture, and intended use of the instrument. Hewlett-Packard Company assumes ne liability fer the custemer's fallure
to compiy with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

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

DG NOT OPERATE IN AK EXPLOSIVE ATMOSPHERE

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

KEEP AWAY FROM LIVE CIRCUITS

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

08 MOT SERVICE OR ADJUST ALOKE
Do not attempt internal service or adjustment unless another person, capable of rendering first aid and
resuscitation, is present.

DS 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 Ser-
vice Office for service and repair to ensure that safety features are maintained.

DO BOT OPERATE A DAMAGED INSTRUMENT

Whenevaer it is possible that the safety protection features built into this instrument have been impaired,
either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not
use the instrument until safe operation can be verified by service-trained personnel. If necessary, return
the instrument to a Hewlett-Packard Sales and Service Office for service and repair to ensure that safety
features are maintained.

DANGEROUS PROCEDURE WARNINGS

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

WARRING

Dangerous voltages, capable of causing death, are present in this instrument. Use extrems cau.
tion when handling, testing, and adjusting.

\4
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Operating and Safety Symbols

Symbols Used On Products And In Manuals

AC line voltage input receptacle.

Instruction manual symbol affixed to product. Cautions the user to refer to
respective instruction manual procedures to avoid possible damage to the
product.

Indicates dangerous voltage — terminals connected to interior voltage
exceeding 1000 volts.

Protective conductor terminal. Indicates the field wiring terminal that must
be connected to earth ground before operating equipment — protects against
electrical shock in case of fault.

Clean ground (low-noise). Indicates terminal that must be connected to
earth ground before operating equipment — for single common connections
and protection against electrical shock in case of fault.

Frame or chassis ground. Indicates equipment chassis ground
terminal - normally connects to equipment frame and all metal parts.

Affixed to product containing static sensitive devices — use anti-static
handling procedures to prevent electrostatic discharge damage to
components.

NOTE
Calls attention to a procedure, practice, or condition that requires special
attention by the reader.

CAUTION
Calls attention to a procedure, practice, or condition that could possibly
cause damage ta equipment or permanent loss of data.

WARKIRG
Calls attention to a procedure, practice, or condition that could possibly
cause bodily injury or death.
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WARNING and CAUTION Symbols

The HP 3235 Mainframe, the HP 3235E Extenders, and the plug-in modules contain subscripted inter-
national warning symbols {e.g,, > These warning symbols refer the user to the operating manuals
for further information. The table below shows the warning symbols used on the HP 3235 and its

plug-in modules,

HP 3235 Switch/Test Unit Warning Symbols

Symbol Meaning Where Used
Hazardous voltages may be The Quick Interconnhect

AA] present when the Quick Fixture. See Chapter 2
Interconnect Fixture is open. in the Programming and

System Information Manual
for more information.

A shock hazard may exist. HP 34304, 34505, 34506,
Zii&z Turn off all power to the 34508, 34510, 34511,

HP 3235 mainframe and extenders 34521, and 34524 Plug-In

before installing or removing Modules.

plug-in modules. Do not exceed
42Y maximum.

A shock hazard may exist. HP 34501, 34502, 34503,
3 Turn off all power to the 34507, 34509, 34511,
HP 3235 mainframe and extenders 34520, and 34522 Plug-In
before installing or removing Modules.

plug-in modulies. Do not exceed
42V maximum.

The sheet metal screws on the HP 34520 Plug-in Module,
AA4 HP 34520 Multimeter are at See Chapter 2 in the
GUARD potential. Programming and System

Information Manual for
more information.

Do not carry the HP 3235 Guick interconnect
AA5 mainframe or extender frame ¥echanism handles.

by the Quick Interconnect
Mechanism handles,
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Introduction to the HP

introduction

Whether you work with large production test systems or smaller R&D test sys-
tems, the HP 3235 Switch/Test Unit (STU) simplifies the task of signal switching.
With its various plug-in modules, the HP 3235 is a flexible and easy to use in-
strument. The switch modules route signals from external instruments to your
device-under-test. Use the optional multimeter or an external instrument to
measure test signals routed by the HP 3235% switch modules.

This chapter introduces the HP 3235 and shows how it functions in general fest
system applications. It also highlights some of the important features of the HP
3235 through a tour of the plug-in module cage, rear panel, and control panel.

At the end of this chapter is a table of the HP 3235’ available options and acces-
sories.

Overview of the HP 3235

Your HP 3235 provides high integrity signal switching with some measurement
and signal source capabilities in a versatile, rack mountable instrument. [t serves
as the signal switching interface between your test system instrumentation and
the device-under-test,

Key features of the HP 3235 include;

¢ Fach frame (mainframe and extenders) has a ten slot plug-in module cage.
Install any plug-in module in any slot.

e Up to 7 extender frames (HP 3235E) may connect to each mainframe provid-
ing a total of 80 slots. (See the Installation Manual)

® The HP 3235 is HP-IB* compatible making it easy to program from a variety
of computers.

® Both switching and instrument plug-in modules are available. (See the Plug-in
Module Manual.)

¢ Four backplane analog buses allow isolated signal routing between plug-in
modules and between frames. (See Chapter 2 in this manual)

® Two trigger buses pass digital trigger signals between plug-in modules and
frames, (See Chapter 9 in this manual)

& The Quick Interconnect Fixture permits the test system operator to guickly
change cabling connections to the HP 3235,

*4p-1B(Hewlett-Packard Interface Bus) is Hewlett-Packard’s implementation of IEEE 488-1978 and ANSI
¥C1.1.

Introduction to the HP 3235
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¢ The optional HP 34550A diagnostic control panel makes your test system easy
to debug. (See Chapter 3 in this manual,)

® The HP 3235 has modular construction for easy servicing,

¢ The optional HP 345xxD diagnostic test fixtures help verify proper operation
of your HP 3235 Plug-in Modules.

Introduction io the HP 3235
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Figure 1-1 shows the HP 3235 STU in a simplified test system. As shown, your
test system probably consists of additional instruments such as programmable
power supplies, frequency synthesizers, and signal analyzers. The HP 3235
switches most test signals between the system instrumentation and the device-
under-test (DUT).
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Figure 1-1. Simplified Test System
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Switching

In addition to signal switching, many test systems also include: signal stimulus,
measurement, communication, and data reduction activities.

The HP 3235 can switch a wide variety of test signals. You can create many dif-
ferent switch topologies by wiring the plug-in modules together., Refer to Figure
1-2, In addition, the four analog backplane buses (described in Chapter 2 of this
manual} allow up to four isolated 2-wire connection paths between the plug-in
modules. The switching specifications for the HP 3235 are in Appendix A of

this manual.
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Stimuilus

Measurement

Data Com-
munication

Data
Reduction
and Storage

The HP 3235 has some capability to stimulate the DUT (with the HP 34522
Digital I/0 Module), However, most stimulus signals will come from other sour-
ces switched through the HP 3235, Stimulus signals can include AC or DC
power supplies, AC and DC test signals, precision pulse trains, and digital words.

After applying a stimulus, you may need to measure the results. The HP 3235
has an optional 6 1/2 digit multimeter with a built-in frequency counter to hand-
le many measurement tasks. Of course, your HP 3235 can switch the response
signals to other external measurement devices such as power meters, distortion
analyzers, and digital oscilloscopes.

Some applications require external system status reports (switch open/closed, ob-
ject present/absent, on/off, etc.). The HP 3235 can monitor these status reports
and, if necessary, interrupt the system controller. The system controller, in turn,
can alert the operator or command the HP 3235 to perform some appropriate
task.

The HP 3235 communicates with the coniroller via the HP-IB. Communication

~ involves the system controller sending commands to the HP 3235 for execution,

and the HP 3135 returning data to the controller. Appropriate programming al-
lows the HP 3235 to interrupt the controller,

With the HP-IB interface, the system coniroller can communicate with up to 14
different devices or instruments. For example, vou can connect a system printer
and disc drive plus other instruments (such as a digital oscilloscope and frequen-
cy source} on the same interface bus. Refer to the HP 3235 Installation Manual
for restrictions on using the HP-IB interface.

Although the HF 3235 has the ability to manipulate data, your system controller
will do most of the data reduction. Your HP 3235 could compare measured
values with specified limits and alert the operator or system controller if the
tested data falls outside the specified limits,. For more information, refer to
Chapter 7 in this manual. A controller also provides data display and hard copy
print-out, data storage, and interaction with the system operator.

introduction to the HP 3235
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Now that we have seen where the HP 3235 fifs in a fest system, let’s take a closer

look at the instrument itself, In later chapters we'll lock at each feature in more
detail.

p!lﬁ ~{ Figure 1-3 shows the HP 3235 plug-in module cage features.
Module

Cage

On/Off Switch

N
Plug-in Modules / ‘k’[ug-in Module Cage
Many different instrument and switch Each HP 3235 has 10 slots fer plug-in
medules are available te meet vour test modutes. Stot numbering is fteft to right;
system needs. Each mainframe and extender GO0 to 900. Install any plug-in module
can hold up to ten medules. For specific in any slot.

plug-in module information, refer to the
HP 3235 Plug-in Module Manual.

Figure 1-3. HP 3235 Plug-in Module Cage
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Hear Panel Figure 1-4 shows the HP 3235 rear panel features.

Analog Bus Connectors

Connectors inside the module provide access to
the four analog buses. The huses can conpect
to either external instrumentation or the HP
3235E Extender frames. Refer to the
Installation Manual for more information.

Power Line Voitage Switch

HP-iB Address Switch Rear Pangl Access Chamber

Control Panel
Connector

HP-IB Interface
Connector

Frame

Address Switcl
{must be 0 for
mainframe)

Exiernal Trigger Connections -
Extender Connectors

These two BNC connectors provide external

\ Power Fault Light

access to the two trigger buses. Refer to You can connect up to 7 extenders (HP 3235£8)
Chapter 7 in this manuat for specific and control them from one HP 3235A mainframe.
information on using the trigger buses. Refer to the HP 3235 installation Manual for
Chapter 6 shows how te use these two installation information. These connectors
connectors when scanning with external are present only on the HP 34560 System
instruments, Expansion Module (see inset).

Figure 1-4. HP 3235 Rear Panel Features

introduction to the HP 3235
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Control The optional HP 34550A Control Panel (keyboard with display) provides a
Panel sophisticated tool for debugging vour test system. You can execute any HP 3235
command from the keyboard with the results shown in the display. An operator
may also use the control panel to respond to queries from the system controller,
Refer to Chapter 3 in this manual for detailed information on vsing the control
panel. Figure [-5 shows the control panel and summarizes its features,

Bisplay
The centrol panel display is a 40 character immediate Execute and Edit Keys
window in a 256 character display. Left and
right arrew keys scroll the display. Eleven
onfoff annunciators indicate the current

status of the instrument.

Alphabetic, Symboi, and Command Header Keys Numeric Keypad and User Defined Keys

The keyboard can execute any of the HP 3235 The 10 number keys have a USER function
commands. Twenty-six command headers have for defining long command strings.
been predefined in functional groups.

Figure §-5. Control Panel

The keyboard has a QWERTY style layout with a separate numeric keypad.
Dedicated keys provide editing and immediate execute functions. The alphabet
keys double as predefined command headers. You can even customize the
keyboard by redefining most of the keys,

Introduction to the HP 3235
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Options

and Accessories

Table 1-1 lists the available options and accessories for your HP 3235,

Tabie 1-1. Optons and Accessories

fescription of
Option/Accessory

se This
Ordering

Number When
With HP 3235

Use This Number When
Ordering Separately

32-Channel Armature
Relay Medule

32-Channel Reed
Relay Module

General Purpose
Relay Module

Switched-Shield
Coaxtal Muitiplexer
Module

50 Ohm RF Multiplexer
Module

Switched-Shield
Coaxial Matrix
Module

32-Chamnel
Mercury-Wetted
Relay Module

HP

HP

He

HP

HP

HP

HP

HP

HP

HP

HP

HP

i

HP

#p

Hp

Hp

#P

HP

HP

HP

HP

HP

34501A

345018

345014

3450197

34502A

345028

345021

345027

34503A

345038

34504A

345048

34504€

34505A

345058

34505¢C

345064

345068

34506¢C

34507A

345078

34507H

345077

(sclder-eye
multiplexer)
(screw term.
multiplexer)
(screw term.
4x8 matrix)
(screuw term.
thermocouple)

(solder-eye
multiplexer)
{s¢crew term.
multiplexer)
{screw term.
4x8 matrix)
{screw term.
thermocouple)

{solder-eye}
(screuw term.)

{BNC cable)
{BNC bulkhead)
(no term. blk)

{BNC cable)
(BNC buikhead)
{no term. bik)

(BNC cable)
(BNC bulkhead)
(ne term. bik)

(sclder-eye
multiplexer)
(screw term.
multiplexer)
(screw term.
4x8 matrix)
{screw term.
thermocouple}

H#

HP

HP

HP

#p

HP

HP

HP

HP

HP

HP

HP

HP

HP

HP

He

HP

HP

HP

HP

HP

#P

HP

34501A (solder-evye
multiplexer)
345018 {screw term.
multiplexer)
34501M (screw term.
4X8 matrix)
345017 {(screw term.
thermocoupte)

34502A (solder-eye
mukttiplexer)
34502B (screw term.
mubttiplexer)
345028 (screw term.
4x8 matrix)
345021 (screw term.
thermocouple)

345038 (solder-eye)
345038 (screw term.)

34504A (BNLC cable)
345048 (BNC bulkhead)
34504C (no term. blk)

34505A (BNC cable)
345058 (BNC bulkhead)
34505C {(no term. blk}

34506A (BNC cable)
345068 {BKC bulkhead)
345068 (no term. blk)

34507A (solder-eye
mut tiptexer)
345078 (screw term.
muttiplexer)
345074 (screw term.
4x8 matrix)
345077 (screw term.
thermocouple)

Introduction to the HP 3235
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Table 1-1. Options and Accessories (cont’d)

Description of Use This Number When Use This Number When

Cption/Accessory Ordering With HP 3235 Ordering Separately

75 Ohm RF Multiplexer HP 34508A (BNC cable) HP 34508A (BNC cable)
Module HP 345088 (BNC bulkhead) HP 345088 (BNE butkhead)

HP 34508C (no term. blk) HP 345308C (no term. blk)
32-Channel Relay HP 34509A (connector and HP 34509A (connector and
Driver Module ribbon cable) ribbon cable)

HP 345098 (screw term.) HP 34509B (screw term,)

HP 34509C (ribbon cable, HP 34509C (ribbon cable,

no term. hlk)} no term. blk)
8-Channel Power HP 34590B (screw term.) He 34510B {screw term.)
Actuator Module
&4 -Channel Armature HP 345118 (serew term.) HP 345118 {screw term.}
Retay Module P 34511M (matrix screw HP 34311M {(matrix screw
term. ) term.}
&-1/2 Digit HP 34520A (solder-eye) HP 34520A (solder-eye)
Multfimeter Module HP 34520B (screw term.} HP 345208 {screw term.)
AC/DT Source Module HP 34521A (BNC cable) HP 34521A (BHL cable)

HP 345218 (BNC bulkhead) HP 345218 (BNL buikhead)
32-Bit Digital 1/0 HP 34522A (solder-eye) HP 345322A (solder-eye)
Module HP 34522B (screw term.) HP 345228 {screuw term.)
Breadbhoard Module HPF 345234 (solder-eye) HP 345234 (solder-eye)

HP 345238 (screw term.) HP 345238 (screw term.}
4-Channel D/A HP 345244 (solder-eye) HP 34524A (solder-eye)
Converter Moduie HP 345248 (screw term.) HP 345248 (screw term.)
Microwave S$witch HP 34530A (18 GHz) HE 345304 (18 GHZ)

(for use with BP 34509 | HP 34530B (26.5 GHz) HP 345308 (26.5 GHz)

and HP 345307)

1x6 Microwave Switch HP 34531A (w/out 50 ohm HP 345314 (w/out 30 ohm

(for use with HP 34509 termination) terminatien)

and HP 34530R/345307) HP 3453318 (with 50 ohm HP 34537B (with 50 ohm
termination)} termination)

introduction to the HP 3235
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Table 1-1. Options and Accessories {cont’d)

Description of
Option/Accessory

Use This Number When
Ordering With HP 3235

Use Yhis Number When
Ordering Separately

Control Panel
(detachable)

System Expansien Card

Extra Length Extender
Cables (3 meters)

HF-18 Controller

Quick Interconnect
Mechanism and Fixture

Additional Quick
Interconnect Fixture

Wire Distribution
Frame

Quick interconnect
Fixture Cover

BNC Feedthrough Panel

HP 345504

Option 560 to HP 3235A

Option 570 to HP 3235E

Option 380 to HP 3235A

Cptien 590 to Either

WP 3235A or 3235E

HP 345914

HP 34592A

HP 03235-04111

HP 34593A (BNC cable}

HP 345504

HP 34560-66201

HP 3457CA

HP 03235-80380

Not Applicable

HP 34591A

HP 345924

HP 03235-04111

HP 345934 (BNC cable)

BP 345938 (BNC buikhead) HP 345938 (BNC bulkhead)
KP 34593C (no term. blk) H¥® 34593C (no term. blk)

Low Frequency HP 34594A (solder-eye) HP 34594A (solder-eye}
Feedthrough Pane!l P 345948 (screw term.) HP 345948 (screw term.)
Microwave Switch Rack HP 345340R HP 34530R

Panel Kit for
HP 34530A/B and
HP 3331XX switches

Microwave Switch HP 345307 HP 3453307
Terminal Block Kit
for HP 3453CA/B

1X6 Microwave Switch HP 34531R HP 34531R
Rack Panel Kit for
HP 34531A/B

Microwave Attenuatoer HP 34532R HP 34532R
Rack Panel Xit for
HP 333290 attenuators

introduction to the HP 3235
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Table 1-1. Options and Accessories {cont’d}

Use This Number When
ordering With HP 3235

tdse This Number When
Ordering Separately

pescription of
Option/Accessery

Rack #Mounting Kit for HP 34551A HP 34551A
HP 345504 Control Panel
(includes Vertical Mount

Kit and Angled Mount Kit)

Rack Mounting Kit for

HP 3235A or HP 3235E
{Includes Forward and
Reverse Rack Mount Kits)

Option 908 to Either HP
HP 32354 or 3235E

03235-80908

Cabling Kit to Increase KP 34581A #Hp
Number of Columns With
Multiple HP 34506 Coaxial

Matrix Modules

34581A

Cabling Xit to Increase HP 345824 HP 34582A

Number of Rows With
Muitiptle HP 34506 Coaxial
Matrix Modules

set of Four
Jermination
HP 34503 RF

Set of Four
Termination
HP 34508 RF

50 Chm
Resigstors for
Multiptexer

75 Ohm
Resistors for
Hultiplexer

Extra Set of HP 3235
User Documentaiion

P

HP

HP

34585A

346586A

03235-90000

HP

HP

HP

345854

34586A

(3235-920000

HP-IR Cables #P 10833A (1 meter) #P 108334 (1 meter)
HP 108338 (2 meters) #P 108338 (2 meters)
HP 1G833C (4 meters) HP 1GB33C (4 meters)
HP 108330 (0.5 meter) HP 108330 (C.5 meter)

23 cm (9 in.) BNC-BNE HP 105G2A HP 10502A

Cable

122 cm (48 in.) BNC-BKC HP 18503A HP 10503A

Cable
HPp 1250-078% HP 1250-0781

BNC Tee (m-f-f)

Introduction to the HP 3235
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Additional Table 1-1. Options and Accessories {cont’d)

Terminal
. Blocks _
’ E Use This Number
Bescription of Terminal Block When Ordering
Solder-Eye Terminal Biock for HP 34501AT

HP 345071, 34502, and 34507
32-Channel Relay Moduies

Screw Terminal Block for HP 34501B7Y
HP 34501, 34502, and 34507
32-Channel Relay Modules

4x8 Matrix Screw Terminal Biock HP 34501MY¥
for HP 34501, 34502, and 34507
32-Channel Relay Modules

Thermocouple Compensated HP 3450%%T
Screw Terminal Block for
HP 34501, 34502, and 34507
32-Channel Relay Modutes

Solder-Eye Terminat Block for HP 34503AT
HP 34503 General Purpose Retay

Module

Screw Terminal Block for HP 34503 HP 34503BT

General Purpcse Relay Module

—_— BNC Cablte Terminal Biock faor HP 34504AT
HP 34504 Switched-Shield Coaxial
Multiplexer Module

BNC Buikhead Terminat Biock for HP 34504B7T
HP 34504 Switched-Shield Coaxial
Multiptexer Module

BNC Cable Terminal Bliock for HP 34505A7
HP 34505 RF Multiplexer Module

BNC Buikhead Terminai Biock for HP 3450587
HP 34505 RF Multiplexer Module

BNC Cable Terminal Biock for HP 34506AT
HP 34506 Swuitched-Shield Coaxial
Matrix Mcdule

BNC Buikhead Terminal Block for HP 3450687
HP 34506 Switched-Shield Ceaxial
Matrix Modulie

introduction to the HP 3235
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Additional Table 1-1. Options and Accessories {cont’d)

Terminal
Blocks _
Use This Number
{cont’d) .
Description of Termiral Block When Ordering
BHC Cable Terminal Biock for HP 34508AT

HP 34508 RF Multipiexer Module

BNC Butkhead Terminal Block for HP 34508B7
HP 34508 RF Multiplexer Module

Ribbon Cable and Connector HP 34509A7
for HP 3450% Relay Driver Modute

Screw Termipal Block for HP 3450987
HP 34509 Relay Driver Module

Screw Terminal Block for HP 34%10BT
HP 34510 Pouwer Actuator Module

Screw Terminal Block for HP 3451187
4P 34511 &4-Channel Releay Module

Matrix Screw Terminat Block for HP 34511MT
HP 34511 b4-Channel Relay Module

Solder-Eye Terminat Block for HP 3452GAT
HP 34520 Multimeter Module

Screw Terminal Block for HP 34520BT
HP 34520 Multimeter Module

BNC Cabile Terminal Block for HP 3452%AT
HP 34521 Source Module

BNC 8ulkhead Terminal Block for HP 3452187
HP 34521 Source Module

Solder-Eye Terminal Block far HP 34522AT
HP 34522 Digital I/0 Module

Screw Terminal Block for HP 34522B7
#p 34522 Digital 1/0 Module

Introduction to the HP 3235
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Additional
Terminal
Blocks
{cont’d)

Table 1-1. Options and Accessories (cont’d)

Description of Terminal Block

Use This Number
When Ordering

Solder-Eye Terminal Bleock for
HP 34524 D/A Cenverter Module

Screw Terminal Block for
HP 34524 D/A Converter Module

Solder-Eye Terminal Block for
HP 34523 Breadboard Module

or HP 34594 Low Frequency
Feedthrough Panel

Screw Terminal Biock for
BP 34523 Breadboard Module
or HP 34594 Low Fregquency
Feedthrough Panet

BNC Cable Terminal Biock for
HP 34593 BNC Feedthrough Panel

BNC Bulkhead Terminal Block
HP 34593 BNC Feedthrough Panel

HP 34524AT

KP 3452487

HP 34523AT

HP 3452387

HP 34593AT

EP 34593BT

Introduction to the HP 3235
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Diagnostic
Test Fixtures

introduction to the HP 3235
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Table 1-1. Options and Accessories {cont’d)

Cescription of Self-Test Fixture

Use This Number
When Ordering

Fixture for HP 34501, 34502, and
34507 32-Channelt Relay Modules

Fixture for #P 34503 General
Purpose Retay Module

Fixture for HP 34504 Switched-
Shieid Coaxial Multiplexer Module

Fixture for HP 34505 and 34508
RF Multiplexer Modules

Fixture for HP 34506 Switched-
Shield Coaxial Matrix Module

Fixture for HP 34509 Relay
Briver Module

Fixture for HP 34510 Power
Actuator Module

Fixture for HP 34511 64-Channel
Relay Module

Fixture for HP 34520 BMM Module.
Includes HP 34562-41601 and
HP 34562-61602 Test Cables

{see bhelow)

Fixture for HP 34521 Source
Module

Fixture for HP 34522 digital L/0
Module

Fixture for HP 34524 D/A
Converter Module

Test Fixture Chaining Cable

Test Module Extender Cable

P

HP

HP

HP

HP

HP

HP

HP

HP

He

He

HP

HP

HP

345010

345030

345040

34505p

34506D

34509D

345100

34511D

343200

345210

345220

34524D

34562-61601

34562-61602




Chapter 2
HP 3235 Hardware Description

Introduction

The Power-On
Sequence

Power-On
-Self Test

Plug-in Module
Polling

This chapter introduces you to some of the hardware of the HP 3235, It starts
by describing the power-on sequence and then discusses the four analog
backplane buses and the two internal trigger buses. [t also provides system in-
formation on the quick interconnect fixture, floating measurements and guard-
ing, and the power fault condition,

Later chapiers provide more detailed information on using the analog and trigger
buses. Chapter 6, for example, describes scanning using the four analog buses and
Chapter 9 gives more information and examples for the two trigger buses. Refer
to the HP 3235 Installation Manual for wiring and configuration information.

The power-on sequence takes about [0 seconds to complete, It consists of run-
ning the power-on self-test, polling the plug-in modules, and going to an idle
"READY" state.

NOTE

The HP 3233 wifl not start its power-on self test uniil every extender connected (o
the mainframe is turned on. If any extender loses power, the HP 3235 generaies a
power failure ervor and does not execute any additional commands imil power is
restored to rthe entire system,

The power-on self test verifies that the HP 3235 is operating but does not ensure
proper operation (Le, accuracy of multimeter readings, etc.). The power-on self-
test performs a test on the program ROMs and the read/write RAM memory.
Also included are timer chip and trigger bus tests. For more information, refer
to Chapter 13 in this manual,

NOTE

The error register stores the fivst four crrors thal eccur during or af ter the pover-
on self-test, Errors are also noied on the optional control pance! display. The see-
tion in Chapter 4 entitled "Error Handling” explains how (o read the error regisicr.

Next, the HP 3235 polls the plug-in modules installed in the mainframe and ex-
tenders. The control panel (if instalied) displays the number of plug-in modules
found.

HP 3235 Hardware Description
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READY

Power-On
Staie

Last, the HP 3235 goes to its RIZ4 DY state. This means that the HP 3235 has
completed its power-on sequence. The mainframe processor is ready to receive
and execute commands, The optional control panel beeps and shows the
READY message.

When yvour HP 3235 completes its power-on sequence, all plug-in modules are set
to their power-on state. 1n most cases, this means that all relays are open. You
can program the HP 345¢1 Armature Relay Module to open or close specified
relays when a power failure occurs. Similarly, specified relays on the HP 34504
Coaxial Multiplexer, the HP 34506 Coaxial Matrix, and HP 34511 64-Channel
Armature Module can be programmed to open when a power failure occurs.
The specified relays remain in the programmed state (open or closed) when
power is restored. Refer to the PFCLOSE, PFOPEN, and PFSAME commands in
Chapter 5 for more information,

Table 2-1 shows the power-on state of the HP 3235 plug-in modules,

Table 2-1. HP 3235 Plug-in Module Power-On States

Piug-1n Module Power-Ch State

HP 34501 Armature Relay Module All Relays Open.*

HP 34502 Reed Relay Module ALl Relays Open.

HP 34503 General Purpose Relay Module ALl Relays Open.

HP 34504 Coaxial Multiplexer Medule All Relays Open.*

HP 34505 50 Ohm RF Multiplexer Module ALl Relays Open.

#P 34506 Coaxial Matrix Module ALl Relays Cpen,*

HP 34507 Mercury-Wetted Relay Module ALl Relays Open.

HP 34508 75 Ohm RF Multiplexer Module ALl Retays Gpen.

HP 34509 Relay Driver Module Atl Relays Open, HNon-Latching

Mode Selected.

ALl Relays in Nermaliy
Closed Pasition.

ALl Relays Open.*

BC Volts, Automatic Trigger,
Autorange, 6-1/2 digit
Measurements.

DC Volts, 0 VDU Output,
High-Resolution Mode, O Ohm
Sutput Impedance, Autorange.

HP 34510 Power Actuateor Module

HP 3451% 64-Channel Relay Module
HP 34520 Muttimeter Module

HP 34521 AC/DC Source Module

(discussed later in this chapter)

HP 34522 Digital 1/0 Mcdule Four 8-Bit Input Ports,

HP 34523 Breadboard Module User-Defined.

HP 34524 D/A Converter Module Voltage Mode, 0 VDG Qutput
Extender Bus Releys All Extender Bus Relays

Closed.

*These modules have programmable power-failure states. The relays do not
change state when power is restored.

HP 3235 Hardware Description
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Backplane Buses

Analog
Buses

If Power-on SRQ has been enabled (PONSRG ON Command, see Chapter 10},
then when power is cycled the HP 3235 asserts the HP-1B SRQ and attempts 1o
interrupt the system controller. Your system controller must be programmed to
respond to the SRQ interrupt,

NOTE

T most applications, the HP 3235 mainframe power-on state provides adeguate
performance for most tasks. Chaprer 11 in this manual describes several adveneed
programing concepts (o give you more flexibility in programming and nsing your
HP 3235

Each frame (mainframe and extender) backplane has four analog-signal line pairs
{high and low) to carry signals between the plug-in modules. These four line
pairs are the Analog Buses (ABO through AB3). In addition, two trigger bus lines
can carry synchronizing, pulse, or trigger signals. Refer to Figure 2-1. You have
access to all of these backplane buses through different plug-in modules and can
control what occurs on each bus through various HP 3235 commands. Appendix
A contains the analog and trigger bus specifications.

The analog bus svstem has Four separate {isolated) 2-wire buses. These buses car-
ry analog signals between the plug-in modules, to the extenders, or to external in-
struments. For example, the HP 3235 can switch a signal from one plug-in
module through an analog bus to another module. This second module may be
the multimeter module or another switch module; it may be in the same or
another frame. The analog buses are rated at 250 volts peak at |MHz

Use the OPEN, CLOSE, CONNECT, and DISCONN commands to route signals
from the plug-in modules through the analog buses. These commands specif'v
relays on the various switch modules aliowing you to route signals in the most
efficient manner for vour system, Refer to Chapter 5 in this manual for more
mformation,

WARNING

In case of component [ailure or programming crror, g voltage inpid o o module
may be present on any or all terminals of that module. Also, a voltage input o any
madule may be present on the terminals of any modules interconncected by an
analog bus, analog bus exiender cables, or user wiring.

If the analog cable is NOT commected between the mainframe and the extenders,
cach frame is considered a separate cireuil,

HP 3235 Hardware Description
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Figure 2-1. Backplane Signal Buses

Tr igger The two trigger buses shown in Figure 2-1 pass digital signals between plug-in
Buses modules or across frames (mainframe and extenders). For example, you can pass
trigger signals from the External Trigger In and External Trigger Out BNC con-
nectors for scanning with external instruments (see Chapter 6). Other commands
allow vou to send pulse trains, square waves, or other trigger signals through the
trigger buses, The HP 34504 and 34506 coaxial modules also provide access to
the trigger buses.

HP 3235 Hardware Description
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External
_Bus
Connections

The trigger bus system consists of two bidirectional digital lines within each
cardcage, a pair of lines connecting the mainframe to each extender, and switch-
ing to provide for internal or external sources for the {rigger signals. Refer to
Chapter 9 for more information. Common uses for the Trigger Bus lines include
carrying

Trigger signals input/output through a coaxial module

Bit serial digital signals

Measurement Complete signal from the HP 34520 Multimeter
Svyne signals from a signal source

Scan advance signals

Pulse and square wave signals

Event Sense from the HP 34522 Digital /0 module

e 2 @ & & & @

You can connect external instruments to the analog buses via a connector inside
the Backplane Access Module (HP 3235 rear panel), The Backplane Access
Module replaces the HP 34500 System Expansion Module in mainframes that do
not connect to extenders. It provides a direct connection to the analog buses;,
anything present on the analog buses is also present on the external bus connec-
tions. Refer to the HP 3235 Installation Manual for specific information on
connecting to the analog bus,

WARNING

SHOUCKE HAZARD., Only qualified, service frained personnel who are aware of
(he hazards inmvolved should install, remove, or confignre any modide. Before tonch
ing any insiclled module (card cage or reqr panel ), turn of [ all power (o the
mainframe, extenders, and to all external devices connected to the mainframe, ex-
tenders, and modufes,

HP 3235 Hardware Description
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P 3235E Extender Frames

Extender
Connections

Digital
Extender
Cables

Analag
Exiender
Cables

Extender
Bus
Relays

This section briefly describes the HP 3235E Extender frame and the connections
necessary to connect it to an HP 3235A mainframe. It also describes the extend-
er frame addressing.

Each HP 3235E Extender Frame provides an additional 10-slot card cage. You
can install any plug-in module in any slot in the extenders. Connecting up to
seven HP 3235E Extenders to the mainframe {daisy-chain fashion) allows the
nainframe to directly control up to 80 plug-in modules.

To use the extenders you must have the HP 34560 System Expansion Card
{Option 560) installed in the mainframe. The extenders connect to the
mainframe by a digital and {(optionally) an analog cable. Refer to the HP 3235
Installation Manual for information on connecting the extenders.

The extenders connect to the mainframe by digital extender cables. The digital
extender cables carry data and programming information between the extenders
and the mainframe. Each HP 3235E Extender frame includes one of these
cables. Maximum {cumulative) digital extender cable length is 10 meters.

The analog extender cable links the four analog buses of the mainframe to the
extenders. With the cable installed, the mainframe and extenders form one con-
tinvous electrical circuif. This cable is optional and allows you to connect mul-
tiplexer modules or a multimeter module installed in separate frames,

WARNING

The HP 3235 and 32351 and covtain plug-in modules allow up 1o 250V peak to be
applied fo the analog buses, Voliages present on the buscs are also presen: on the
terminals and scrows of the analog extender connector. This conncetor is locared
inside the HP 34560 Lixtender Module and nust be accessed by qualified, service
trained personnet only.

Each HP 34560 System Expansion Module has four "extender bus relavs”, one
relay for each analog bus, These relays allow you to isolate any one analog bus
within a frame from the analog extender cable. At power-on or reset, the HP
3235 closes all four extender bus relays on each frame. Figure 2-2 shows these
extender bus relays,

HP 3235 Hardware Descripticn
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Extender
Addresses

The OPEN andCLOSE commands control these relays. The address for these
relays is of the form: 9EGN, where I is the frame number (0 for the mainframe,
1-7 for extenders) and N is the analog bus number (0-3).

Each extender has a unigue address set by a switch on its rear panel. The first
extender, connected directly to the mainframe, is typically set to address !, the
second extender to address 2, etc. Addressing for plag-in modules installed in an
extender is discussed in Chapter 4.

NOTE

The mainframe must have the frame address switch sei {o O (zero).

The EXTEND? command returns seven integers (separated by commas) indicating
the addresses of attached extenders. If an extender does not exist for a specific
address, the integer returned is a 0 (zero). For example, if you have extenders at
addresses 1, 2 and 4, the integer string returned would be:

%r 23 Gr 41 D' G; g
The following program shows how to read the infeger string.

10 DIM AS{50]

20 OUTPUT 70%; HEXNTENDI®
Z0 ENTER 709: AS

LG PRINT A

50 END

HP 3235 Hardware Description
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The Quick Interconnect Fixlure

Figure 2-3 shows the HP 34591 A Quick Interconnect Fixture. The fixture fits in-
side the interconnect mechanism and accommodates both DIN type terminal
blocks (for the relay multiplexers, digital 1/0 module, and the multimeter
module) as well as BNC terminal blocks (for the coaxial matrix and multiplexer
modules). Refer to the HP 3235 Installation Manual for instructions on assem-
bling plug-in module terminal cards into the fixture

Optional feedthrough panels (HP 34593A/B/C and 34594 A/B) allow external in-
struments, wired through the rear panel access chamber, to connect through the
fixture to the DUT. Refer to the Installation manual for information on using

the feedthrough panels.

|
:
!
:
i

Figure 2.3. Quick Interconnect Fixture

HP 3235 Hardware Description
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Operating the

Mechanism

CAUTION

Do not pick up or witempi (o carry the HP 3235 by the quick interconnect handles.

Refer to Figure 2-4. To open the mechanism, grasp both mechanism handles and
press the latches down with vour thumbs. Pull the handles toward you. Release
the lower Latch Bar first, then release the upper Latch Bar. Now you can
remove the fixture and install 4 new one on the mounting pins, Engage the up-
per Latch Bar first, then the lower Latch Bar. Lock the fixture onto the
mechanism before proceeding, Close the mechanism by slowly pushing up on
both mechanism handles simultaneously. Make certain that both latches engage
the HP 3235 case.

NOTE

The HP 3235 Instedlation Manual provides a complete description of installing
and removing Quick Inierconnect Fixiures [from the mechanism.

Figure 2-4. Opening the Quick Interconnect Mechanism

An interlock switch monitors whether the quick interconnect mechanism is open
or closed. This interfock switch has two sets of contacts: one set interrupts the
internal processor when the mainframe mechanism opens the second set is
available for user connections. You can also program the HP 3235 to interrupt

HP 3235 Hardware Description
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Querying the
Fixture

Connecting
to the
interlock
Switch

the system controller when the mainframe quick interconnect mechanism opens
(see Chapter 10). If the mainframe mechanism opens, the HP 3235 aborts any
commands in progress but does not change the state of any relays. The HP 3235
mainframe does not sense the state of any Quick Interconnect mechanisms
mounted on the HP 3235E Extender frames.

WARNING

A lothal voltage may he preseat on the plug-in modulc’s rerminal connections when
the fixiure is open. This condition may exist if a high voltage is applied through

the analog bus conncctions on the rear pancl through one of the relay multiplexer
modiides or the Feedthrough Panels.

Do not handle cither the fixture or any of the plug-in modules until verif ying that
all power sources have been remaoved.

The HP 3235 takes no action when the fixture closes, The operator should
resume program execution,

You can determine if the quick interconnect mechanism is open or closed with
the FIXTURE? query command. The FIXTURE? command returns a "0" if the
mainframe mechanism is open or if' no fixture is installed. It returns a "1" if the
mainframe mechanism is closed, The FIXTURE? command cannot determine the
status of any HP 3235E extender mechanisms. Refer to the FIXTURE? command
in the HP 3235 Language Reference Manual for more information.

The second set of interlock switch contacts is available in the rear panel access
chamber. These contacts are open when the mechanism is closed. They can
provide added safety by sensing when the mechanism opens and signaling the
system to remove power from any high voltage source connected to an HP 3235
plug-in module or backplane. For information on connecting to these interlock
switch contacts, refer to the HP 3235 Installation Manual,

For example, you might connect these contacts through a power supply to the
coil on a normally-open relay. The relay contacts could connect to some high
voltage source. When the mechanism opens, the relay opens thus disconnecting
the source from the HP 3235 module or backplane,

Although the FIXTURE? command works only with the HP 3235 mainframe,
these interlock switch contacts are available on both the mainframe and extend-
ers.

HF 3235 Hardware Description
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Floating Measurements and Guarding

Non-Guarded

Measure-
ments

This section discusses how and why to use the guard connection when making

~floating measurements, For more specific information on guarding, contact vour

local HP Sales and Service office for a copy of HP Application Note 123,
Floating Measurements and Guarding,

Measurements where a voltage difference exists between the signal source
ground and the HP 3235 ground are floating measurements. Thus, measurements
are said to float by the amount of common mode voltage. Figure 2-5 is a simple
conceptual diagram of a floating instrument showing possible common mode
noise currents,

GUARDED MULTIMETER _

Ra - T
AnN—1, @) & ®
£in (- l ~ i l
INPUT ) 24 | '
VOLTAGE | | |
Ro LOwW) | !
@+ l 1
|
™ - ha
4 3 \ 22 i 24_ 1 |
I [P |
i

Iom GUARD| @) ® i

1 [

q AL 1751
> : -

+ O : o
I -
EX Eom =
SOURCE COMMON L. _INSTRUMENT GROUND
GROUND MODE SOURCE 30IMF F.2.5

Figure 2-5. Simple Fleating Multimeter

As shipped from the factory, the guard connections inside the HP 3235A
mainframe and 3235E extender frames connect to the frame chassis (earth
ground) through a shorting bar on the Guard Isolator Board. The Guard Isolator
Board is located inside the rear panel access chamber. Refer to the Installation
Manual for the exact location of the shorting bar.

Multiplexer Module, the HP 34505 RF Multiplexer, the HP 34506 Coaxial Matrix
Module, or the HP 34508 RF Multiplexer Module installed, and (2) any other
module in the same frame or circuit is switching more than 42V peak. The outer
BNC conductor on these modules may be connected to the guard wiring (see the
respective Plug-in Module Manuals). In the event of insulation breakdown. the
shorting bar in place prevents high voltage from being present on the guard
WiTing.

HP 3235 Hardware Description
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Figure 2-0 shows a conceptual picture of a guarded instrument with the guard
connected to chassis. Although this is different than shown in the HP

GUARDED MULTIMETER _
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Figure 2-6. Chassis Guarded Instrument

If the analog extender cable is not connected between frames then each frame is
considered a separate circuit. Thus, vou can have one frame with the shorting
bar removed and another frame with the shorting bar in place.

WARNING

Da not defeat the third wire on the AC power cord. The third wire connecis the
HP 3235 chassis to earth ground. The power cord must either he plugged into an
approved 3-contact elecirical onilet or used with a 3-contact to 2-contact adapter
with the grounding wire { green) firmly connccted (o an clecirical grownd {safeiy
groind ).

WARNING

When guard is isolated (shorting bar removed ) from earth ground ( floating } in an
HP 3235 with a modiude containing BNC conmectors ( H P 34504, 34505, 34506,
34508, or 34521), you must limif all external inpis (o less than 42V peak (reforen-
ced to earth ground ). Tf vou exceed this limit and a fault occurs, hazardous vol-
tages conld be applied to exposed metal on the BNC connectors and cabies. This
condition could cause injury if anyone teuches the exposed metal on the BNC con-
nectors or cables.

HP 3235 Hardware Description
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Guarded
Measure-
ments

Connecting
the Guard

If you need to isolate (float) the DUT ground from the test system ground. rhen
open the shorting bar. This allows the system to make guarded measurements
and reduce common mode voltage problems. In the HP 3235, do not allow the
guard wiring to float more than 42V above chassis. This section describes how
to use the guard connection in the HP 3235,

Each relay multiplexer module has 24 Guard connections. All guard connections
tie together on the plug-in module. Refer to Figure 2-7. If you are going to
connect the guard, then for best common mode noise rejection all signal sources
must share the same ground. With the shorting bar open the gnard connections
tie to the guard frame inside the instrument frame but not to chassis ground,

HP 3235 Hardware Description
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Figure 2-7. HP Relay Multiplexer Simpiified Schematic
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Switching
the Guard

Connect the guard terminal to the "low" connection of your source signal as
shown in Figure 2-8. The guard connection shunts common mode currents away
from the test lead resistances. Do not connect the guard to the "LO" on the mul-
tiplexer terminal block as this could increase common mode noise,

CUARDED MULTIMETER _
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Figure 2-8. Proper Guard Connection

For guarded measurements where the source grounds are at different potentials,
vou should use a paired scanning technique, Refer to Figure 2-9. Select one
bank of a multiplexer module as the signal source bank, Connect the source
grounds to the HI’s on the second bank. Connect the HI commeon of the second
bank to one of the guard terminals, Now to make a guarded measurement, you
must close two channels; one in bank 1 for the actual signal, and the correspond-
ing channel in the second bank for the respective guard.

HP 3235 Hardware Description
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ower Fauli

Restoring
Operation

A power fault condition occurs when either (1) the HP 3235 overheats or (2) an
internal power supply experiences an over-voltage condition. When a power
fault occurs, the internal power supplies shut down and the power fault in-
dicator light on the instrument rear panel turns on.

The HP 3235 may overheat if the temperature of the operating environment ex-
ceeds the environmental specifications. For example, the HP 3235 may overheat
if it is rack mounted with several other instruments and no ventilation is
provided in the rack

If a power fault condition occurs, vou can restore operation by either cycling
the power switch or by removing the AC power cord, If you cycle the power
switch to the off position, the power fault light will remain on {indefinitely) un-
til you cycle the switch to its on position or remove the AC power cord. When
you turn the power switch on, the power supply resets and turns the power fault
light ofT,

If you remove the AC power cord, you must wait for the power fault light to
extinguish before replacing the power cord. Depending on what caused the
power fauvlt condition, this may take several minutes.

NOTE

If the fault condition is not corvected, the HP 3235 refurns (o the power fanll con-
dition. Check to ensure that the HP 3235's internal cooling fan is working and that
the instriment is adequately ventilated. 1f the power fault condition persists, refer
fo the HP 3235 Service Manual,

HP 3235 Hardware Description
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Introduction

Chapter 3

This chapter discusses the optional HP 34550 Control Panel. If you do not have
the Control Panel, skip this chapter. Figure 3-1 shows the control panel for your
HP 3235, This control panel can help you debug your test system and operators
can use it to enter data or respond to system queries, This chapter discusses the
following features:

& The Display

& The Keyboard

@ Redefining the Keyboard

e [ocking out the Keyboard

& The Monitor Mode

® Other Command Execution

This chapter covers information unique to the control panel. Chapter 4 in this

manuval covers remote programming information. You can execute all HP 3235
commands from either the control panel or remotely from the system controller.

HP 34550 Control Panel
3-1
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Display
Messages

Keyboard
Echo

The control panel display is a 40 character window into a 256 character display
buffer. Eleven annunciators provide on/off status indications for HP-IB activity
and mainframe status. The eleven annunciators, left to right, and their functions
are:

® SHIFT When this annunciator is on it means that the keyboard is in its shifted
mode,

& SRG When the HP 3235 asserts the HP-I1B SR interrupt line, this annunciator
turns on. Refer to Chapter 10 for information on interrupts.

¢ TALK This annunciator turns on when your system controller addresses the HP
3235 to talk (ie. send data).

# LSTN This annunciator turns on when your system controller addresses the HP
3235 to listen (ie receive commands or data).

® REM When the system controller places the HP 3235 in its temote state, this
annunciator is on.

# ERROR When an error occurs, this annunciator is turned on. See Chapter 4
for information on handling errors,

® READY This annunciator indicates that the HP 3235 is ready to accept new
commands. See the READY state defined in Chapter 2.

* SUBROUTINE This annunciator turns on when your system controller is
downloading a subroutine. Refer to Chapter 8 in this manual for information
on subroutines,

& RUN This annunciator turns on when the HP 3235 is BUN executing a sub-
routine. See Chapter 8 in this manual for informations on subroutines.

e KEY The KEYS ON mode turns this annunciator on. See the last section in this
chapter.

® USER This annunciator turns on when a user has pressed the USER key. See
User Pefined Keys later in this chapter.

The display can hold four classes of messages. The four classes are (highest
priority first) keyboard echo, error messages and single displays, monitor, and
idle display. The Clear Display, Device Clear, or Enter keys clear the current
message and display the next priority message.

In this mode, the display echoes keyboard entries. If the entry is longer than 40
characters, the display scrolls to show the cursor position. The HP 3235 proces-
sor does not ailow any other display messages while you are entering a keyvboard
command. Therefore, vou must either press the Enter key (which enters the
displayed command string) or clear the display to release the display for other

HP 34550 Control Pangi
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Error Messages
and Single
Displays

Monitor Mode

ldie Display

Writing to
The Dispiay

HP 34550 Control Pane!
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uses. When you execute a command from the keyboard, the command stays in
the display until (1) it f'inishes execution or (2) the command generates another
display.

Error messages contain an error number and a description of the error. They
rematn in the display until {1} another error message occurs, (2) you write a mes-
sage to the display (see the DISP command), or (3) vou use the keyboard
{keyboard echo mode). Refer to the Chapter 4 for more information on recall-
ing and clearing errors,

Single displays include responses to queries, DISP command statements, digital
1/0O read statements, or single measurement results from the multimeter. Frror
messages overwrite the single display.

Commands such as CAT (subroutine catalog) and LIST name (subroutine list)
return several lines of information. When you execute these commands from
the keyboard,the display shows the message:

PRESS Single Step TO CONTINUE DISPLAY

Pressing the Single Step key shows the results of the command, one line at a
time. You can abort the command by pressing the Clear Display key.

You can use the MGN command to display multimeter readings, module states, or
echo commands from the system controller, For more information, refer to the
section on Monitor Modes later in this chapter or the MON command in the
Language Reference Manual.

If no other display messages are active, the display shows reapy. This is also the
power-on display unless an error occurs.

You can write messages to the control panel display from your system controller,
the keyboard, or from subroutines with the DISP (or DSP) command. For
example:

OUTPUT 709; “DISP 'DISPLAY THIS MESSAGE'®

would cause the control panel display to show the message:

DISPLAY THIS MESSAGE.

NOTE

Clear the display by sending the DISP followed by two single guote marks. For
example:

OUTPUT 709; upisp i1




Turning the
Display Off

Returning the
Contents of
the Display

You can slightly increase the overall HP 3235 system speed by turning the con-
trof panel display off with the DISP OFF command:

GUTPUT 70%; PRISE OFFS

This sets the display to a series of hyphens across the display; all annunciators are
off. Use the DISP ON command or press any front panel key to return the dis-
play to normal operation.

The BISP? command returns the current contents of the display to the system
controlier. For example, to send the contents of a MON STATE display to the
system controller, execute:

T OBIM ASIEEAD

SO DUTHUT 709, Digp 0w POCLEAR YHE DISPLAY

A0 QUTPUT T09; UMON STATE B00%  § MONITOR SYATE OF BLOT 800

A0 WATY L5 T OWATY FOR THE COMMAMD YO DigplaY
B0OQUTPUT 709, HRISPY® i RETURN DISPLAY CONTENTS

G0 EMTER 70%9; AS T ENTER DISPLAY DONTENTS

70 OPRINT AB EOPRINT DISPLAY CONTENTS

40 END

HP 34550 Control Panel
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Symbol keys
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Refer to Figure 3-1. The control panel has a QWERTY style kevboard with a
separate numeric keypad. Just to the right of the display are four immediate ex-
ecute control keys and eight edit keys. The shifted alphabet and punctuation
keys provide command headers for easy command execution. You may also
redefine any of the shifted alphabet and symbol keys and assign long command
strings to the user (numeric) keys (see the DEFKEY command later in this
chapter).

You can execute any HP 3235 command from either the keyboard or the system
controiler. The display echoes all keyboard entries until you press the Enter key.
The maximum length for a keyboard command string is 128 characters and the
display scrolls so that the cursor is always visible.

At power-on, the keyboard is in the letter mode.

For example:

press:

RETATE SCAN SCAN RESET
B Wﬁf Eﬁf ﬁ?ﬁ Your HF 3235 beeps once.

This audible beep sounds when
an error oCCUrs Or you can pregram
‘Enter | it to atert an operator.

Use the Shift and Shift Lock keys to display the predefined command headers.
These two keys operate similar to a standard typewriter’s shift and shift fock
keys. That is, the Shift key shifts only the next kev pressed. The Shift Lock key
stays in effect until you turn it off. When the kevboard is in the shift lock
mode, the Shift or Shift Lock keys return the keyboard to the unshifted mode.
Note that when the SHIFT annunciator at the left end of the display is on, the
next key pressed is shifted.

Fh ift > Efnter'

This displays the HP-IB
address of the HP 3235. The
factory set address ig 99.



immediate
Execute
Keys

Edit
Keys

Redefining
the Keys

The four immediate execute Keys clear any partial keyboard entry aad then ex-
ecute. These keys are

& Device Clear Acts the same as the HP-IB CLEAR command (see Appendix D).
It clears the HP-IB input and output buffers and the error register. It also
aborts any running subroutine and turns on the display {if the display was off).
It does not, however, change the state of any plug-in module.

¢ Local Takes the HP 3235 out of the HP-IB Remote state and puts it in the lo-
cal mode (REM annunciator of f). The local mode allows full use of the
keyboard. In the remote mode, commands executed from the keyboard which
alter the state of the instrument (e.g. CLOSE and OPEN) result in an error;
keyboard commands which query the instrument (eg. CLOSE?) execute
without error. The HP-IB LOCAL LOCKOUT command or the HP 3235 BMT
command disable the Local key.

& Single Step: Has two functions: (1) execute one line of a subroutine at a time
or {2) advances to the next line with the CAT and LIST commands. Refer to
Chapter § for more information. Abort the single step feature, for multiline
displays with the CAT and LIST command, by pressing the Clear Display key.

¢ Repeat Re-executes the last keyboard command string executed.

Edit keys allow you to alter unexecuted command entries in the display. These
kevs are:

e < <<, > and >>: Move (scroll) the display window for reading command
entries and instrument messages. The double arrow keys move the display 20
characters. The arrows show the direction the cursor moves, even if the cursor
is not visible (as with error messages).

& Clear Display: Clears the current display and displays the next level message.
The lowest level message is the REA DY message.

@ insert Char and Delete Char Modifies the displayed command string at the
cursor position,

® | ast Line: Recalls the last contmand string executed from the kevboard to the
display for editing.

The BEFKEY command aifows vou to redefine any of the shifted alphabet, or
punctuation keys and assign long command strings to the special User keys, You
cannot redefine the edit keys, Shift or $hift Lock keys, math operator keys (+, -,
* /s Ey oy and ™), number keys, Backspace, Space, User, or Enter keys. These
redefined key assignments are stored in continuous {(battery backed-up) memory
and remain assigned even if the mainframe loses power,

HP 34550 Control Panel
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Redefiniﬂg the You can redefine the alphabet and punctuation keys with up to ten (10) charac-
Alphabet and ters. These may include any command header. For example:

Punctuation Keys

press
o DEFKEY u SELECT n DEFKEY
Shift . Space * W " j
FUNC RUN CONT SCAN "
" T I M E "

Enter |

Or execute from your system controller:
CUTRUT 70U; SDEFKEY 97, TIHE
This redefines the shifted "W’ key to the TIME command header. TIME returns

the current time of day in seconds past midnight (see Chapter 9 in this manual
for additional information). To execute the new definition, press:

Shift W Enter

Redefining the  You can redefine the ten User keys with up to 80 characters each. The User
User Keys  keys are associated with the ten number keys. The User keys can include any
command header(s) and associated parameters. They may also include scan lists
{see Chapter 6). For example:

press
DEFKEY DEFKEY
[Shift , Space ﬁﬁ% R
" OPEN :
L shite ] Fa 1 Jrﬁ 1 :
CLOSE __ ;
Shift A H 7] 2 :
MON STATE M
Shife] [N 1 ? B C
Enter

34550 Control Paneg!



Storing and
Loading the
Redefined Keys

Returning to
the Original
Definitions

Locking
Out the
Keyboard

HELP with
Commands

This sequence defines user key 5 to open channel 101, close channel 102, and
monitor the Plug-in Module in stot 100. To execute the redefined number key

press:

User o] Enter

The DEFKEY? /ey command returns the redefined command string for the
specified key. You can store and load the key assignments from your system
controfler; however, you cannot execute the redefined kev assignments from the
system controller.

The following program example shows how to read a key definition and re-
tnstate it from your system controller:

10 DI ASLI0]

20 QUTPUT TO9“DEFKEY? 'G'H1 READ THE CURRENT ASSIGRMENT
30 EMTER 709; A%: ENTER INYC CONTROLLER

&0 PRINT A% ¢ PRINT THE CURRENT ASSIGNMENT

50 OUTPUT 709:RDEFKEY 'F',";A% b ASSIGN 17 TO ANOTHER KEY
60 END

The DEFKEY BEFAULT command returns all redefined alphabetic and punctua-
tion keys to their original definition. The ten User keys are unchanged.

You can lockout the entire keyboard by executing the LOCK ON command. All
the keys, including Local and Device Clear, become unusable, If vou execute
LOCK ON, you can use LOCK OFF to regain use of the kevboard. For example:

GUTPUT 70%; "LOCK On U LOCKS OUY KEYBOARD
QUTPUT 70%; "LOLK OFF® tOUNLOCKS REYBOARD

Normally, when the HP 3235 is in the remote state, the Local key returas the
mainframe 1o its local mode, That is, it executes all commands from the
keyboard. The RMT contnand prevents the control panel L.ocal key from
returning the mainframe to its local mode. To re-enable the kevboard Localkey,
execuie the LOCAL command.

If vou forget which parameters are valid for a particular command, simply type
the command, follow it with a colon () and press Enter. The HP 3235 displays
all the parameters that are valid for that command. For example; press:

FLNC MEAS RUN ACY TEST
Eq? ﬁﬁi I G : Enter

The display shows all the valid parameters for the TRIG command.

HP 34550 Control Panel
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Press the Lasi Line key to return the command strig to the display. Press the
Backspace key to delete the colon. Now type in the appropriate parameter(s)
and press the Enfer key to execute the command.

NOTE

In strings with multipie commands, the HP 3235 execuies all complete and correct
commands prior 1o the one with the colon. For example, if you typed:

CLOSE 161; OPEMN:

the HFP 3235 closes channel 101 then displays the valid parameters for the QPEN
command.
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The eontrol panel has six different monitor modes. These six modes are;

# MON HPIB: Display command headers with parameters as the HP 3235
receives them from the system controller and executes them.

® MON c/t# Display every multimeter measurement from one specified channel
during a MEAS or VERIFY scanning sequence (see Chapter 6 for more infor-
mation on scanning),

¢ MON ALL: Display every multimeter measurement from every channel during
a MEAS or VERIFY scanning sequence (see Chapter 6 for more information on
scanning).

e MON STATE slor#: Display the state of the plug-in module in a specified slot,

s MON STATE ALL: Display the state of any plug-in module after a command

modifies the state of that module.

& MON OFF. Turn the monitor modes off,

NOTE

Monitor displays have a fow priority, Any error or display messages or the
keyboard echo overwrites the monitor mode displays. Clear the display before ex-
ecuting the monitor mode commands. T you execute the MEAS conmmand from
the control panel, the multimeter measurements overwrite the MON ch# or MON
ALL displays.

The tollowing sections describe the five monitor displavs.

In this mode the control panel digplay echoes all command headers and para-
meters sent to the HP 3235 from the system controller. The fotlowing example
shows how this is done:

MON

SSTATE

RESET

RUN

RSTATE

Shift

H

P

i

B

Frter

The control panel display shows

KP-IB:

Waiting ..

Now, execute a command from your system controtler. For example:

QUTPUT T09; “CLOSE 101%

HP 34550 Control Panel
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The control panel display shows:
HP-1B:  CLOSE 101

If vou execute several commands joined into one string, the controf panel in-
dividually displays each command header with its associated parameter but they
may execute so guickly that yvou don’t see them, The last command remains in
the display.

The MEAS command scans through and measures one or more channels, The
MON el command monitors and displays the multimeter measurements from
one specified channel in the MEAS channel list. The control panel display is up-
dated only when that channel is measured during the MEAS or VERIFY scanning
process. Refer to Chapter 6 for more information on scanning.

For example, if you want to monitor channel 613, execute:

Shift J B 1 rs, ﬁznter

The display shows:
Chan ?2?7?: Haiting...®

Then, after vou execute the MEAS command that includes chaunel 613, the dis-
play shows the channel number and the multimeter reading. For example:

Chan  613:-2.4050900E-01

The actual multimeter display updates each time the channel is measured,

As the MEAS command scans through and measures each channel in a channel

list, the MON ALL command displays each multimeter reading for each channel
in that list. You need to either add a small delay time to the scan or use a slow,
externally paced scan in order to watch each channel’s measurement.

The display format is identical to that described under Monitor One Channel ex-
cept that the channel number is also updated. Refer to Chapter 6 for more in-
formation on scanning.

The MON STATE slor# command displays the state of the plug-in module in the
specified slot. If the module is a relay module, the display shows which relays
are closed, If the module is the HP 34520 Multimeter, the display shows every
reading the multimeter makes, the multimeter function and range for each read-
ing, the channel number, and more, If the module is the HP 34522 Digital 1/0
module, the display shows the status of the 32 individual bits, status of the eight
interrupt event bits, and more. Refer to the appropriate Plug-In Module Manual
for the format used for specific plug-in modules.



Monitor
All Plug-in
Modules

Turning
Monitor
Ot

The MON STATE ALL command displays the state of the latest plug-in module
modified by a command. The format for each module’s display is described in
the Programming and Configuration manual for that plug-in module.

To turn the monitor mode off either press the Device Clear key or execute:

MON

CAT

ooV

ocv

Shift

J

(W]

[

F

Fnter‘

HE 34550 Control Panel
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Your system controller may send the KEYS ON command which puts the control
panel in & data entry mode. This mode allows the test system operator to
respond to system queries. In this mode, the control panel sends kevboard entries
to the HP-IB output buffer instead of interpreting them as commands, The
KEYS OFF command returns the keyboard fo its normal operation. For example:

10 DUTPUT 70%; “0SP 'ENTER SERIAL HUMBER: v
20 OUTPUT 709, “KEYS (ON®

Z0 EHTER 709; A%

40 PRINT A%

50 QUTRUT T09; BKEYS OFfd

59 ENB

The HP-1B CLEAR command, or the control panel Local and Device Clear keys
also return the control panel to normal operation.
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Commang Execution

Note onh Remote
HP-1B Programming

This chapter shows you how to send commands to the HP 3235, and describes
several of the mainframe commands. It also provides instructions for addressing
modules, handling errors, and using the HELP function.

Install your HP 3235 according to the instructions given in the Installation
Manual before proceeding through this chapter. Connect the HP-18 cable from
the P 3235 to your system controller. You should perform the examples in this
chapter to acquaint yourself with the HP 3235% operation.

The HP 3235 executes commands in the same sequence it receives them. It
finishes executing one command before it begins executing the next,

Results of commands executed from the control panel keyboard are sent to the
control panel display. Results of commands executed from your system con-
troller are sent to the HP 3235s HP-IB output buffer. In the power-on mode,
the output buffer holds the result(s) of the last command executed that produced
output data. Any new output data overwrites existing data. See Chapter I1 for
more information on the HP-IB output buffer,

Your HP 3235 communicates with a system controller over the HP-IB interface
bus. The following information on remote programming is important regardless
of the type of system controller used.

Each instrument connected to the HP-IB interface bus has a unique address. The
address allows the system controller to select individual instruments when send-
ing commands or recetving data. Refer to the Installatton Manuat for informa-
tion on setting the HP-IB address,

HP 32353 Programming Overview
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Command
Termination

Format
Conventions

All the exampieg in this manual use the following format for sending commands
to vour HP 3235

Interface
Select #P 3235 Address
Code

QUTPUT 709;" CLOSE 101,103"

The computer ‘'output’ Specific Parameters
statement syhtax HP 3235 appropriate for
depends on the actual Command the Command
computer used. Header. Header,

The word QUTPUT is a statement specific to certain HP computers for sending
commands or data out of the computer. The number 709 refers to the com-
puter’s interface select code (ISC), which is 7, and the HP 3235°s HP-IB address
which is factory preset to 09, Only one instrument connected to a particular
HP-1B interface may have the address 09, If vou need to change the address of
your HP 3235, refer to the Installation Manual. All examples in this manual have
the HP 3235 set at address 09,

All program examples in this manual use an enhanced BASIC programming lan-
guage such as the HP Series 80, Series 200, or Series 300 desktop computers use.
If vou aren’t using an HP series computer, read through this chapter anyway. Be
sure to read the I/Q programming manual for your system controller to find out
how to send commands and receive data,

Valid command terminators are semicolons (;), carriage return {cr), and linefeed
{{f), or ECI asserted concurrent with the last character sent. The terminator in-
itiates the execution of the command. The next character in the command string
is held off until the command finishes execution. Since most controllers send
crlf after each output string, sequential execution of the command string occurs.
Refer to Chapter 11 for additional information on command execution.

Either a comma or a space must separate command headers from the first pa-
rameter. Likewise, either a comma or a space must separate subsequent
parameters,

Internal HP 3235 variables (see Chapter 7) can replace numeric parameters in all
commands. For example:

OUTPUT 709; “LET 7Z=103; CLOSE 2% ¢ CLOSES CHAMNEL 103%
All data formats are compatible with IEEE 728 standards. Data formats are;
Alphanumerics: Lower case is equivalent to upper case. User defined HP 3235
variable names are 1 fo 9 characters long. The first character

must be a letter, Remaining characters may be either letters,
numbers, the underline character { ), or a guestion mark (7).

HP 3235 Programming Overview
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Numbers: Numbers must be either integer, real, or scientific notation
{xddd dddE+ddd). See Chapter 7.

Quoted String: Quoted Strings include any characters surrounded by either "
or . Either ™ or ” represent quotes within a command string.

See the DISP command for examples.

Math The symbols *, /, <, >, =, {, ), +, - and "~ are legal only in math
expressions or guoted strings.

Block Data: This binary data format is in the form:
#A length byte 1, length byte 2, data bytes

(See Chapter 11 on data formats).

All other symbols are illegal and result in an error.

HP 3235 Programming Overview
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System Commands

Reset
Commands

CLR

RESET

This section of the chapter describes several commands which control
mainframe operation. With one exception (the RESET command), these com-
mands do not alter the state of any plug-in module.

Two commands return your HP 3235 and extenders to known states. Carefully
read the descriptions before using the commands as they perform different
functions.

The CLR command returns the HP 3235 to its READY {or idle) state and is the
same as the HP-IB CLEAR command (see Appendix D), The READY states is
defined in Chapter 2 of this manval. The CLR does not reset the hardware
{mainframe, extenders, and plug-in modules) configuration,

To execute the CLR command:
QUTPUT 706 Y(LRY

The command RESET (optionally RST) resets the mainframe to its power-on
state except that it does not perform the self-test or delete variables and sub-
routines, H also takes the following actions:

e Clears the HP-1B Input and Qutput Buifers.
e (Clears the Error Register,

e (Clears ali status register bits.

& Turns off the KEYS and MEM modes.

& Aborts any running subroutines.

& Turns on the control panel display (if it was of'f) and shows the READY
message.

@ Resets the mainframe and extenders to their turn-on state.

e Resets each plug-in module fo ifs turn-on state (see Chapter 2}

To execute the RESET command:
QUTPUT 70%; HREGETH

You can also reset an individual plug-in module or a group of modules with the
RESET command. Simply specify the slot address of the modules (slot
addressing is discussed later in this chapter). The following example resets only
the mainframe modules in slots 100 and 300 through 600, and the module in ex-
tender number 2, slot 200.

HP 3235 Programming Overview

4-4



QUTPUT 709; "RESET 100,300-600,2200"

Programming Hint

A good progranuning praciice is to begin your programs with an HP-18 Selected
Device Clear (CLEAR 709; see Appendix D} followed by the RESET command.
These commands put vour mainframe and extenders in a known state with input
and outpui buffers cleared. This eliminates errors cqused hy a previous program
leaving the instrumtent in an unknown state.

Resetliing  You can use the CRESET command (or the RESET command with a slot param-
Modules eter) to reset one or more plug-in modules. These commands reset each module
listed without affecting other modules or the mainframe/extender. For example,
to resét only the module in mainframe slot 700, send:

QUTPUT 709; “"CRESET 700¢
oF
CUTPUT 709; HRESET 7COn

NOTE

If you do not specif'y any slots, the RESET command resets the entive HFP 3235
sysiem (mainframe, extenders, and all plug-in modules ).

You can abbreviate the RESET command with RST. For example, the following
statement also resets the module in mainframe sfot 700:

QUTPUT 709; "RST 700"

To reset the modules in mainframe slots 100 through 400, send:
QUTPUT 70%; “CRESET 100-400

oF

GUTPUT 709; “RESET 1060-40C"
aF

OUTPUT 709; "RST 100-400%

HP 3235 Programming Overview
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Table 4-1 shows the reset states for all plug-in modules.

Table 4-7. Plug-in Module Reset States

2iug-In Module Reset State

HP 34501 Armature Relay Module Alt Relays Open.

HP 34502 Reed Reiay Module Alt Relays Cpen.

HP 34503 General Purpose Relay Module ALl Relays Cpen.

HP 34304 Coaxial Multiplexer Module Alt Relays Open.

HP 34505 50 Ohm RF Muitipiexer Module All Relays Open.

HP 34506 Coaxial Matrix Module All Relays Cpen.

HP 34507 Mercury-wetted Relay Module All Relays Cpen.

HP 345308 75 QOhm RF Muiltiplexer Module Al{ Relays Open.

HP 34509 Relay Driver Module All Relays Open, Non-Latching
Mode Selected.

HP 345310 Power Actuator Module ALl Relays in Normaily
Closed Position.

HP 34511 é4-Channel Relay Module ALl Relays Open.

HP 34520 Multimeter Module BC volts, Automatic Irigger,
Autorange, 6-1/2 digit
Measurements.

HP 34521 AC/DC Source Module BC Volts, @ VDC Cutput,
High-Resolution Mode, 0 Ohm
Cutput Impedance, Autorange.

HP 34322 Digital 1/0 Module Four B-Bit Input Ports.

HP 34523 Breadboard Module User-Defined.

HP 34524 D/A Converter Module Voltage Mode, 0 VDC Output

Extender Bus Relays All Extender Bus Relays

(discussed later in this chapter) Closed.

identification Three commands provide identification information from your HP 3235 and
help verify HP-1B operation. These commands are:

® ID? - With no parameter, ID7 returns the model number of your instrument
i (ie, "HP3235";, With a slot number parameter, it returns the model
number and name of the plug-in module installed in that slot. If you
do not have a module in the specified slot, the HP 3235 returns the
string: 00000 Empry Slot. The following program demonstrates the (D?

command.

10 OUTPUT Y09; wlD2?v 1 SENDS 1D QUERY

20 ENTER 709; A$ { ENTER THE RETURNED STRING
30 PRINT A$ 1 PRINT THE STRING: HP3235
40 END

HP 3235 Programming Overview
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Table 4-2 shows the strings returned by the ID? sler# command.

Table 4-2. 1D? Strings

Module String Returned

HP 34501 34501 Armature Relay Multiplexer

HP 34502 34502 Reed Relay Multiplexer

HP 34503 34503 General Purpose Relay

HP 34504 34504 Syitched-ShieLd Coaxial Multiplexer
HP 34505 34505 RF Multiplexer

HP 34506 34506 Switched-Shield Coaxial Matrix
HP 34507 34507 Mercury-Wetted Multiplexer

HP 34508 345068 RF 75 Ohm Multipiexer

HP 34509 34509 Relay Driver

#P 34519 345106 10 Amp Switch

P 34511 34511 64 Channel Multiplexer

HP 34520 34520 Multimeter

HP 34521 34521 Source

HP 34522 34522 Digital 1/0

HP 34523 34522 Breadboard®

HP 34524 34524 Guad DAC

*Tlis string is returned by the HP 34523 Breadboard Mocdule regardless of the settings of the

user jumpers on that module.

The following program uses 1D? sfet# to query each of the ten mainframe slots
and return the plug-in module mode! number for each slot.

10
29
39
40
50
60
76

DBIM A$I253]

FOR 1=0 TO 900 STEP 100 ! LOOP COUNTER

QUTPUT 709; "I1p? Yl ! QUERY EACH SLOY

ENTER 709; A% 1 ENTER THE MODULE NUMBER
PRINT HSLOT # ";1;% HAS PLUG-IN MODULE TYPE: ";A$

HEXT 1 tOINCREMENT LOOP COUNTER
END

# IDN? - IDN? returns four ASCII strings. The first string returned contains the

words HEWLETT PACKARD. The second string is the model num-
ber 3235, The third string is a zero (0). The fourth string is a four-digit
firmware revision code number {eg, 2506). The following program
demonstrates the IDN? command.

10 QUYPUT 709; "“IDN?® I EXECUTE 1DN7?

20 FOR I=1 TQ 4 I SET LOGP COUNTER

30 ENTER 709; AS P ENTER ONE STRING AT A TIME
40 PRINT AS ! PRINT ONE STRING

50 NEXT | 1 INCREMENT COUNTER

6G  END

HP 3235 Programming Overview
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e CTYPE? - CTYPE? (or CTYPE) returns the last digit(s) of the model number
of the plug-in module in the specified slot. If the slot does not contain
a module, the HIP? 3235 returns the number 0.

The following program returns and displays the last digit(s) of the module’s
model number in mainframe slot 300,

10 OUTPUT 709; "CTYPE? 300%
20 ENTER 709;A

30 PRINT A

40 END

Table 4-3 lists the CTYPE? responses and the corresponding module types,

Table 4-3. CTYPE? Responses

CTYPE?

Response Description
0 o module instatled in specified slot
1 HP 34501 32-Channel Armature Reitay Module
2 HP 34502 32-Channel Reed Relay Module
3 HP 34503 GP Relay Multiplexer Module
4 HP 34504 Coaxial Multiplexer Module
5 HP 34505 50 Ohm RF Multipliexer Module
6 HP 34506 Coaxial Matrix Module
7 HP 34507 32-Channel Mercury-Wetted Relay Module
3 HP 34508 75 Chm RF Multiplexer Module
@ HP 34509 Relay Driver Module
10 #P 34510 Power Actuator Module
11 HP 34511 64-Channet Armature Relay Module
29 HP 34520 Multimeter Module
21 HP 34521 AC/DC Source Module
22 HP 34522 Digital /0 Module
24 HP 34524 D/A Converter Module

*48-63 HP 34523 Breadboard Module

E *The HP 34523 Breadboard Module returns an integer which is defermined by the settings ol
the user jumpers on that module

Echo a  The ECHO command causes the HP 3235 to "echo” an ASCII string back to vour
S%ring system controller. Use this command to help verify HP-1B operation, For ex-

ample;
10 OUTPUT 709; “ECHO 'THIS IS A TEST'Y I ECHO THE STRING
20 ENTER 709; A$ ! ENTER THE ECHOED STRING
30 PRINY AS I PRINT THE ECHOED STRING
40 END
! The controller prints the string: "THIS IS A TEST"

HP 3235 Programming Overview
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Module Addressing

Commands
That Address
a Slot

Commands
That Address
a Relay

or Channel

Before sending a plug-in module command, you must specify an address to
designate which module will receive the command and, if applicable, which relay
or channel will respond to the command. The address is is of the form csan,
where ¢ is the mainframe or extender number (0 = mainframe, 1 - 7 = extenders),
s ig the slot number (0 - 9), and ## is the relay or channel number.

The way you specify an address depends on the type of command you are using.
Plug-in module commands consist of three types: (1) commands that address a
slot, (2) commands that address a relay or channel, and (3) commands that
require a predefined address,

Commands such as CTYPE {(module tvpe) and CRESET (module reset) apply to a
module as a whole and do not reference a particular relay or channel.
Commands of this type contain a sfor# or slof__list parameter in their syntax
statement. When using this type of command, vou specify only the ¢ and 5 digits
and set each of the nn digits to 0. For commands having a slor# parameter you
can specify only one slot per command. For example, to direct the CTYPE
command to the module in mainframe siot 100, send;

QUTPUT 70%; MCTYPE Q100
For convenience, when using a slot In the mainframe, you can omit the ¢ digit.
For example, the following statement also directs the €TYPE command to the

module in mainframe slot 100:

CUTPUT 709; “CIYPE 100"

NOTE

Most examples in this mannal assyme the plug-in modules are installed in the
mainframe, therefore the leading zero of each address is omiiited.

For commands using a sfof__lisf parameter you can specify a single slot {¢300),
muitiple slots (es00,0500, ), sequential slots {es00-¢s00), groups of sequential slots
(es00-e500,e500-2500), or any combination of slots and groups. For exampie. to
direct the CRESET command to the plug-in modules in slots 100, 300, 400, 500,
and 700 of the mainframe and slot 800 of extender I, send:

OUTPUT 709; *CRESET 100,300-500,70C,1800"

Commands such as CLOSE and OPEN apply 1o individual relavs or channels on a
plug-in module. Commands of this type contain a relay#, relay_ list, ch#,
ch__list, or connector# parameter in their syntax statement. When using one of
these commands, vou specify the complete four digit address (vou can omit the
feading zeros when addressing a module in the mainframe), Refer to the ap-
propriate plug-in module manual for a particular module’s relay or channel
numbers.

HP 3235 Programming Overview
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Commands
Requiring a
Predefined

Address

Designating a
Multimeter or
Source Module

Designating a
Digital 1/0 Port

For commands having a relqy# or ch# parameter you can specify only one relay
or channel per command. For example, to query the state of channel 12 on the
module in mainframe slot 200, send:

QUTPUT 789; “CLOSE? 212¢

For commands using a relay_list or ch__J/ist parameter, you can specify singles
fosmn), multiples (esnnesnn, ), sequentials (esnn-esmn), groups of sequentials (csmn-
csunesnn-esni), or any combination of these. For example, to close relays 2
through 5 on the module in mainframe slot 100 and relays I and 3 on the
module in mainframe slot 200, send:

QUTPUT T09; RCLOSE 102-1405,201,203%

Commands that are specifically for the HP 34520 Multimeter Module, HP 34521
AC/DC Source Module, HP 34522 Digital 1/0 Module, or HP 34524 D/A
Converter Module do not specify an address in their command statements.
These commands do not have any kind of slot, relay, channel, or connecior pa-
rameter in thelr command syntax, Before sending one of these commands, send
the USE command to designate which modute (nse device) will receive com-
mands. After designating a use device, all subsequent multimeter, source, digital
1/0, or D/A converter commands are sent to that slot. The use device is remem-
bered by the mainframe and remains active until another USE command is ex-
ecuted or power is cycled.

Whenever power is applied to the mainframe, it searches its slots and the extend-
er stots for installed HP 34520 Multimeter Modules, If only one multimeter
module is found, the mainframe designates that module as the use device. If
more than one multimeter module is found, the mainframe designates the
module in the lowest numbered slot as the use device. If no multimeter module is
found at power-on, the mainframe does not designate a use device. The power-
on use device remains in effect until you change it by executing another USE
command,

When designating the HP 34520 Multimeter or the HP 34521 Source Module as
the use device, you specif'y the ¢ and s digits and set each of the nn digits to 0.
For example, to designate the multimeter or source module in slot 800 of the
mainframe, send:

QUTPUT 7G%; “USE 800%

NOTE

The HP 34520 Multimeter Module occupies two slots and is always addressed
using the lowest of the two slot numbers.

When designating the HP 34522 Digital 1/0 Module as the use device, you specif'y
the ¢ and s digits and specify one of four ports with the un digits {wn = 00, 10, 20,
or 30). For example, to designate port 10 of the digital [/0 module in slot 700 of
the mainframe, send:

QUTPUT 709; "USE 7107

HMP 3235 Programming Overview
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Designating @  When designating the HP 34524 D/A Converter Module as the use device, you
D/A Converter  specify the ¢ and s digits and specify one of four channels with the nn digits (nn
Channel =00, 61, 62, or 03). For example, to designate channel 82 of the ID/A converter
module in slot 300 of the mainframe, send:

OUTPUT 709; "usk 302v

NOTE

You can use the optional control panel to specify a dif ferent use device than that
specified from the coniroller {over the HP-IB), If you do this, commands sent
from the control panel go fo the device that was specified from the control panel
and commands sent from the controller go fo the device specified by the controlicr.
This is nseful when an operator is interactivel y controlling one of the use devices
from the front panel.

Verifying The USE? query command returns the mainframe or extender slot number
Destinations  presently designated by the USE command. For example, the following program
reads and displays the designated slot number,

10 QUTPUT 709; “USE?H

20 ENTER 709; A

30 PRINT "“Use Device Is "; A
40  END

If an HP 34520 Multimeter Module is not installed when power is applied to
HP 3235, the USE? command returns "1"

HP 3235 Programming OQverview
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Error Handling

Error
Detection

Syntax
Errors

Errors may occur when the mainframe processor interprets and executes com-
mands. Typical causes for errors include; command syntax errors, execution er-
rors, math errors, signal overload errors, and hardware errors. The optional con-
trol panel display shows all errors. Refer to Appendix C in this manual for a list
of error numbers and descriptions.

When an error occurs, the control panel display shows an error number, a brief
description, and, if the error was a command syntax error, the of fending string.
The control panel shows the last error that occurred.

The HP 3235 processor stores errors in a first-in-first-out list which holds the
first four errors that occur. You can read the list, one error message at a time,
using either the ERR? or ERRSTR? commands. Reading the list emipties it. You
can clear the entire list with the CLR, RESET or HP-IB CLEAR commands.

The ERR? command returns the numeric code of the first error to occur. The
ERRSTR? command returns the error number, a comma, and the error message
string enclosed in quotes, You must re-execute either ERR? or ERRSTR? to get
the next error code. When no errors are left in the list, the ERR? command
returns a value of zero, The ERRSTR? command returng 0, “NO ERROR".

Any error sets the error bit (bit 5) in the status register (see Chapters 10 and 11).
The processor clears the error bit at power-on or after you read the entire error
list. An HP-IB Serial Poll does not clear the error bit. Refer to Chapter 10

"Interrupts” for information and examples on SRQ interrupts when errors occur.

The following paragraphs describe how the HP 3235 detects and reports errors.

Svntax errors occur when the HP 3235 receives an illegal command. These
commands may be from either the svstem controllier or the control panel
keyboard., Typical errors are: illegal characters in the command, misspelled
command headers, illegal number formats, and missing or extra parameters,
When a syntax error oceurs, the HP 3235 processor skips characters in the com-
mand string until it reaches a command terminator (semicolon, cr, /f, or EQI).
The processor then resumes execution of following commands. If the error oc-
curs in a subroutine statement (while the controller is downloading a subroutine
statement to the HP 3235), the processor ignores the command, togs the error, but
stores the rest of the subroutine. If a mismatch error occurs in a subroutine (e.g.
a FOR...NEXT loop mismatch), then the subroutine is not stored.

The HP 3235 returns the offending command string up to and including the of-
fending character(s). H also attempts 10 give an explanation of why the error
occurred (extra parameter, parameter out of range, etc.). In most cases error
messages also give indications for valid parameters,

HP 3235 Programming Overview
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Execution
Errors

Math
Errors

Hardware
Errors

Reading the
Error Register

Execution errors occur when you attempt to execute a syntactically correct
command which includes a parameter range error, a prohibited relay, invalid
configurations, etc. When the HP 3235 processor detects an execution error, it
aborts the command and continues with the next command. If the error occurs
during a subroutine execution, the HP 3235 logs the error and aborts the sub-
routine,

Math errors include dividing by zero, trig functions out of range, etc. When the
HP 3235 processor detects a math error, it aborts the command and continues
with the next command. Math errors in subroutines are logged and abort the
subroutine,

The control panel display indicates any hardware errors that occur. It the
mainframe does not power-up correctly, refer to the HP 3235 Service Manual.

The following example shows how to read the error register from the system
controller.

10 DIM Message$[255}]

20 REPEAT

30 OUTRUT 70%; MERRSTR?W
40 ENTER 7G9; Code,Message$
50 PRINT Code,Message$

60 UNTiIL Code = 0

70 END

If no errors exist, the ERR? command returns ) and the ERRSTR? command
returns 0, "NO ERROR".

HP 3235 Programming Overview
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Using the HELP Function

After becoming familiar with the HP 3235 and its command set, vou will use the
manuals less frequently. However, if you need information on a particular
command’s structure or sone term used in a command, the HELP function is
available to assist you.

The HELP function is similar to a built-in quick reference guide, It provides a
complete syntax statement and definition for all of the HP 3235 commands. It
also provides explanations for topics other than commands, such as definitions of
terms used in commands and glossary items.

To use the HELP function, simply execute the HELP command followed by a
one-word topic. You can execute the HELP commands from either the optional
control panel or the system controller. For a list of general topics, execute the
command HELP HELP (or HELP TOPIC). The following program demonstrates
how to use the HELP function from your system controller.

10 DM A$I255]

26 OUTPUT 709; “HELP HELP®
36 ENTER 709; AS

40 PRINT AS

50 END

The HP 3235 returns the string

HELP: HELP <topic> ; HELP is available for the following topics:
$YSTEM, HP-1B, PANEL, TIMERS, TRIGBUS, SWITCHING, METER, SOURCE,
DIGID, MODULES, SCANNING, SUBS, MATH, HPI1B CMDS, €ITiL_CMDS, TESTING,
and INTERRUPTS.

The HELP function provides more information on the listed topics. Let’s con-
sider an example. You want to connect channel 213 to analog bus 0 but vou
can’t remember the exact command to close the appropriate relays. Execute the
command HELP SWITCHING {either from the optional control panel or from
your system controller) to get information. The HP 3235 returns the message:

SWITCHING: HELP is availablie for: OPEN, GCLOSE, CLOSE?, SELECT,
CONNECT, DISCONN, PROHIBIT, ALLOW, PROHIBITY, PFCPEN, PFSAME, PFCLOSE,
and PFCLOSE?

The CONNECT command automatically connects the channels but you need to
know its syntax. Execute the HELP CONNECT command. The HP 3235 returns
the string:

CONNEGCT: CONNECT [ONLY} {<connector> <connector> | <chan> ABn} ;
Closes the relays necessary to form a path between two connectors or
between a channel and an analog bus. Ex: CONNECT 401,413,

HP 3235 Programming Overview
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This shows the CONNECT command syntax and a short definition of the com-
mand. Note-that the parameter connector is enclosed in brackets (< ). The brac-
kets mean that additional information is available to define connecror, Execute
the command HELP CONNECTOR. The HP 3235 returns the string:

COMNNECTOR: A number of the form ESRL; E = extender, § = slot, R = row,
C = column. E£x: 524 = mainframe, slot 500, row 20, column 4.

This string defines the comnector# parameter.

NOTE

Some command keywords (SET CLKSRC, SET OUTPUT, erc.) and some command
paramcters (eh_list, slot_list, cic.) contain two words, When using the help [unc-
tion with these commands or parameters, use the inderscore character (" ") he-
rween the two words. For example, execiite;

QUTPUT 709; "HELP SET_CLKSRC®

HP 3235 Programming Overview
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Channel Definitions

Three operations apply to the switching plug-in modules:

® Operating Switcheg
@ Prohibiting Closures
e Setting Power Failure States

This chapter describes how to perform each of these three operations. It also
discusses sequential operation for switching commands. For more information
about the individual commands referenced in this chapter, refer to the Language
Reference Manual.

Chapter 4 in this manual describes genera! relay addressing. For the specific ad-
dressing scheme used in a particular module, refer to the individual plug-in
module Programming and Configuration manuals,

The term channel refers to any refay or group of relays on a plug-in module that
can switch a signal from one user connector to another user connector, For ex-
ample, Figure 5-1 shows a simplified schematic for the 32-channel relay multi-
plexer modules. Note that a single relay closes the circuit between a channel
connector and the common connector.

Switching
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Figure 5-1, 32-Channel Multiplexer Simplified Schematic
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Relay
Definition

Bank
Definition

On other modules, each channel can consist of several relays. The HP 34505 RF
Multipiexer Module, for example, closes three relays to connect a user channel to
the common. Refer to Figure 5-2.
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Figure 5-2, HP 34505 RF Multipiexer Simplified Schematic

In addition to channel relays, some relay plug-in modules contain hackplane
relays, bank refays, and trigger buffer refays, Refer to the individual plug-in
module Programming and Configuration manuals for more information on a

particular module’s relays.

The term hank refers to any group of channels that are able to switch signals to
a common point. For example, in Figure 5-2, bank 60 consists of channels 01
through 04 since each of these channels can switch a signal to a common point

{common 00).

Switching
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Operating Relays and Channels

Closing
Relays or
Channels

Openin
Relays an
Channels

Selecting
Channels
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For non-scanning applications, switches are controlted using the CLOSE. OPEN,
SELECT, CONNECT, and DISCONN commands,

NOTE

When more than one channel number is specified in a command (ie., CLOSE
102,104,205,607/ the channels may not open or close in the seguence specified.
This is because some relay types are faster than others. The HP 34502 reed relays
and 34307 moercury-werted relays are significanily faster than the HP 34501 arma-
ture refays.

You can use the CLOSE command to close one or more relays or channels (as-
suming the relays or channels are not prohibited; refer to "Prohibiting Closures"
later in this chapter). For example, to close channels 03 and 12 on the switch
module in mainframe slot 200, send:

OUTPUT 709;"CLOSE 203,2%2¢

The OGPEN command allows you to open one or more relays or channels. For
example, to open the previously closed channels, send:

OUTPUT 709;"QPEN 203,212"

The SELECT command ensures break-before-make channel operation, SELECT
applies only to channels, it cannot operate a non-channel relay, The SELECT
command first opens all channels in the same bank(s) as the specified channei(s),
then (after the channel(s) has settled) it closes the specified channel(s). For ex-
ample. assume the module in slot 200 consists of 2 banks containing 16 channels
each {bank 0 = channels 01-16, bank I = chaanels 17-32). To open all channels in
bank 0 and then close channel 03, send:

OUTPUT 709;"SELECT 203
With the SELECT command, those channels in the same bank as the specified
channel open before the channel closes. For example, the foliowing command
statement opens all channels in both banks, and then closes channels 02 and 20
QUTPUT 709;“SELECT 202,220
Refer to the individual plug-in module Programming and Configuration manuals

for specific information on how to use the CLOSE, OPEN, and SELECT c¢om-
mands with a particular module.

G3235-90001 Update 1 (MARCH 1987)



Verifying
Relay or
Channel

States

Connecting
Terminals

You can use the CLOSE? command to verif'y the state of a particular relay or
channel. The CLOSE? command returns a "0" it the relay or channel is open or
a "}"if it is closed. For example, the following program verifies the state of
channel 02 on the module in mainframe slot 200;

10 OUTPUT 709; HLLOSE? 202¢

20 ENTER 709; A

30 PRINT "Switch State (G=Open/i1=Closed) = ¥;A
40  END

CAUTION

The HP 3235 "remembers” the siate of each relay in iis memory. When the

HP 3233 receives a CLOQSE? command if searches Its memory to determine if it
received o CLOSE or OPEN command for that relay or channel. Therefore, it is
possible that the command would show a relay or channel closed but becatise of
relay oF other hardware faifure, the refay or channel is still open,

The CONNECT command works only with the HP 34501, 34502, and 34507
32-Channel Relay Multiplexer modules or the HP 34506 Coaxial Matrix Module.
However, its parameters are different for the two module types.

The CONNECT command verifies that a viable path exists between the two con-
nector numbers and then closes the appropriate relav(s). If a connection path
does not exist, an error is generafed.

When used with the 3Z-channel relay multipiexers, the CONNECT command has
the form:

CONNECT [ONLY,] cfi#, ABn

The channel (¢h#) parameter and the analog bus parameter (4 Bn) may be
specified in either order. The 4 Bn parameter may also be a backplane relay
number (ie, esYn; for example, CONNECT 101,190). The CONNECT command
closes afl relays necessary to connect the specified connector to the specified
analog bus. Thus CONNECT closes bank relays as well as backplane relays. You
cannot use CONNELT 1o directly connect a connector on one plug-in module to
a connector on another module,

The following example connects channel 1 in mainframe slot 100 to analog
bus O

OQUTPUT 709; "CONNECT 11%,ABO"

When using the CONNECT command with the coaxial matrix module, you
specify the connector numbers instead of the channel and analog bus.
CONNECT has the fornm:

CONNECT [ONLY,] connector#, connector#

The connector numbers specify the row and column to connect in the matrix.
Switching
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You can specif'y the row and column in either order (ie, row, coltmn or
colimn, row).

The following two examples connect column 81 to row 20 on the coaxial matrix
module installed in skot 200 of the mainframe.

CUTPUT 709; "CONKECT 201%1,220¢
QUTPUT 709; “CONKECT 220,201%

The ONLY parameter to the CONNECT command ensures that all relays on all
banks on the module specified are open before closing the appropriate relays.
The following example opens all relays on the module in slot 100 before con-
necting channel 11 to analog bus 0:

DUTPUT 709; "CONKECT ONLY,111,ABOY

The connections made with the CONNECT command mayv be opened using the
OPEN command to open individual relays, the RESET command {o open all
relays, or the DISCONN (disconnect) command to open the specified path. The
DISCONN command opens the path between the specified connector and the
specified analog bus (for the 32-channel relay multiplexers) or the matrix connec-
tion terminals {for the coaxial matrix module), DISCONN has the same format as
the CONNECT command. Thus, to disconnect row 01 from column 20 on the
coaxial matrix module in slot 200, execute;

OUTPUT 709; "DISCOKN 201,220"

03235-90001 Update 1 (MARCE 1987)



Prohibiting
Closures

Prohibiting
Any Closures

Prohibiting
Two Closures

owing Closures

The PROHIBIT command allows vou to prohibit ¢losures of specified plug-in
module switches. This can prevent accidental closures that could cause test sys-
tem failures or equipment damage. The ALLOW command cancels the
prohibited state for one or more relays.

To ensure the proper operation of PROHIBIT, prohibited channels should be
specified before any channels are closed or before storing the state of any switch
modules. PROHIBIT can be overridden by recalling a state that contains a
prohibited closure. See Chapter 11 in this manual for information on storing and
recalling module states. Execution of a PROHIBIT command does not open any
relay or channel already closed.

Prohibited closures are stored in continucus memory (remembered by the HP
3235 when power is removed). In the event of power failure, any prohibited
closures wili once again be prohibited when power is re-applied. If you try to
close a prohibited relay or channel, it remains open and the PROHIBITED
SWITCH error occurs,

WARNIMNG

Do not use the PROWIBIT conumand fo prevent operating personnel from contaciing
dangerons voltages. BROBIBIT is not fail-safe and can be overridden if a siored
state is recalied {see BETATE command in Chapier 11},

When prohibiting closures you have the choice of prohibiting any closures, two
closures, or all closures.

The ANYOF parameter prevents closures on any relays or channels in the
specified list. For example, to open chansaels 03 and 06 on the module in
mainframe siot 100, and switch 12 on the module in slot 200, and then prohibit
them from closing, send:

10 QUTPUT 709;%"0PEN 103 ,106,212%
20 QUTPUT 7Q9;"PROHIBIT ANYCF,L103,106,212"
30 END

The TWOOF parameter prevents closures on anv fwo relavs or channels in the
specified list. However, closing a single relay or changel in the list is not
prohibited. For example, the following program opens channels 01, 10, 11, and
13 on the module in mainframe slot 100, and then prevents any two of them
from closing:

10 OUTPUT 709:"0PEN 101,110,111,113"
20 QUTPUT 709;9PRCGHIBIT TWOOF, 101,110,111, 113%
30 END

You can still close one of these channels, for example:

Switching
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DUTPUT 709;%CLOSE 101%

Now, as long as one of the channels is closed, you cannot close any of the other
three channels,

The ALLOF parameter prevents closures of all the relays or channels specified in
the fist. However, you can still close up to all but one relay or channel in the list.
For example, the following program opens all channels on the module in
mainframe slot 100, and then prevents channel 101 from connecting to analog
bus I:

10 QUTPUT 709 RCRESET 1000
20 QUTPUT 709; PROHIBIY ALLOF,101,170,191%
30 END

You can close any two of the channels, but not all three.

You can have more than one prohibit mode in effect at one time. For example,
after running the following program, ALLOF channels 111-116, and TWOOF
channels 114-124 are prohibited (notice that channels 114, [15, and 116 are in
both lists):

10 CUTPUT 709; “CRESET 100w

20 QUTPUT 709: “PROHIBIT ALLOF, 111-116%
30 QUTPUT 709; "PROMIBIT TWOOF,114-124%
40 END

You cannot, however, have two prohibit modes in effect that specify the same
relay or channel list in exactly the same format. For example, the following
statement specifies a different mode but uses the same list as line 30 of the above
program;

OUTRUT 70%9; “PROHIBIT ALLOF,114-124%

In this case, the latter command (PROHIBIT ALLOF) overwrites the previous
command which means the prohibit mode specified by line 30 is no longer in ef-
fect.

The PROHIBIT? command returns information on prohibited closures.
PROHIBIT? returns the prohibit type (ANYOF, TWOOF, or ALLOF) followed by
up to ten refay or channel numbers per line. The numbers are returned in the
order they were prohibited. The last line returned is the word DONE. For ex-
ample, the following program prohibits ALLOF the channels 101, 106, 304, 506
and TWOOF the channels 202, 203, and 204. It then sends the PROHIBIT?
command and cycles through the enter/print loop until all prohibited type(s} and
channels are printed:

10 DIM ASI60]

20 QUTPUT 709;"PRONIBIT ALLOF 101,106,304, 506"
30 OUTPUT 709;“PROHIBIT TWOOF 202,203 ,204%

40 GUTPUT 709;"PRONIBIT?™

50 REPEAT

40 ENTER 709:A%



70 PRINT AS$
80 UNTIL AS="DONEW
90 END

The system controller displays the following:

ALLOF 101, 106, 304, 506
TWOOF 202, 203, 204
DONE

NOTE

If you are using the optional control panel, use the Single Step key to get the
next line of display.

A“QWing The ALLOW command permits you to close channel or channel combinations
Closures  that were previously prohibited. As with the PROHIBIT command, the ALLOW
command gives you the choice of any closures, two closures, or all closyres.

NOTE

The ALLOW cormmand must use the same symiax {both combination and relay st
parameters) as the PRORBIBIT command it cancels. For example, if you execute:

OUTPUT Y09; "PROHIBIT ALLOF, 313,314,315,317¢

you must scnd the following command to cancel ail of the prohibited relays or
channels.

OUTPUT 709; “ALLOW ALLGF, 313,314,315,317%
The command.
QUTPUT 709; ®ALLOW ALLOF 313-317

results in an crror and the four relays remain prohibited.

Alicwing The ALLOW ANYOF command enables closure of relays or channels previously
Any Closures  prohibited with the PROHIBIT ANYOF command. You must use the same com-
bination parameter (in this case, ANYOF) and the same channel numbers. For
example;

10 QUTPUT 709; SPROHIBIT ANYOF, 103,106,212+

100 CUTPUT 709, 9ALLOW ANYOF,103,106,212%

Switching
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Use the ALLOW TWOOF command to enable closure of relavs or channels
previously disabled with the PROHIBIT TWOOF command. The ALLOW TWOOF

command must use the same parameters previously used in the PROHIBIT
TWOOF command:

OUTPUT 709; YPROHIBIT TWOOF,101,140,111,413"

100 QUTRUT 709 “ALLOW TWOOF,101,110,111,143»

Use the ALLOW ALLOF command to enable closure of relays or channels
previously disabled with the PROHIBIT ALLOF command., The ALLOW ALLOF
command must use the same parameters previously used in the PROHIBIT ALLOF
command:

16 OUTPUT 709; WPROHIBIT ALLOF,101-138%

190G OUTPUT 709;YALLOY ALLOF,101-138%

If you want to cancel all the prohibited relavs or channels on all modules, ex-
ecute the ALLOW command with the ALL parameter. For example, the {ollow-
ing statement cancels al] previously prohibited closures:

OUTPUT 709;BALLOW ALLY

You now have normal control over aif relays and channels.



Setting Power Failure States

Power Fail
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Normally, when the HP 3235 loses power, all relays or channels on the plug-in
modules open. However, three commands allow you to specifly the relay states
that some modules assume when power is removed. The three commands are:
PFCLOSE, PFOPEN, and PFSAME. After yvou specify power failure states for
the relays or channels on a particular plug-in module, the HP 3235 sets these
relays or channels to the specified states whenever it detects power failure. You
can specify power failure states for the following plug-in modules only:

HP 34501 Armature Relay Module, HP 34504 Coaxial Multiplexer Module,

HP 34506 RF Multiplexer Module, and HP 34511 64-Channel Armature Relay
Module, The power failure states are stored in HP 3235 non-volatile memory.

On the HP 34501, vou can specif'y which relays will be opened, which will be
closed, and which will retain the same state when power is removed. On the
HP 34504 and 34506, vou can only specify that all channels on the module be
opened or left in their present state when power is removed, On these modules.
you cannot specily individual channel states; the power failure commands apply
to all channels on the entire module. On the HP 34511, you can specify which
individual relays will be opened or left in their present state when power is
removed,

The PFCLOSE command specifies which relays or channels on the HP 34501
close when power fails, For example, it vou want relays 201, 304, 215, and 332
to close when a power failure occurs, send;

CUTPUT 709; "PFCLOSE 201,304,215,3320

The PEGPEN command specifies which relays or channels open when a power
failure occurs. On the HP 34501 and 34511, you can specify indivicduai relays,
Therefore, on the HP 34501, the PFOPEN can be used fo cancel a PFCLOSE
command for one or more relays. On the HP 34504 and 34506, you specify only
one channel to open all channels on that module when power fails. For example,
to open relay 304 on the HP 34501 in mainframe slot 300 and all the channels on
the HP 34504 in mainframe slot 600, execute;

QUTPUT 70%; “PFOPEN 304,601"

The following program statement resets all power failure states so that all relays
in the mainframe and extenders open when power is removed.

OUTPUT 799; “PFOPEN 9-9999

The PFSAME command specifies relays or channels which are to remain in the
same state when power fails. That is, relays or channels specified in the
PFSAME command do not specifically open or close when power fails; they
remain in the same state they were in immediately prior to the power failure.
For the HP 34501 and 34511, you can specify individual relays. For the

HP 34504 and 34506, vou just have to specify one channel and all channels on
the module remain in the same state. To program channels 304 and 405 to
remain in the same state when power fails, execute:

ouTPUT T0%; "PFSAME 304,405"

Switching
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Chapter 6
Scanning Applications

introduction

Why Scanning
in a Test
System?

Initial
Setup

This chapter explains two primary methods of scanning. The two methods are
(1) scanning with the HP 34520 Multimeter and (2) scanning with an external in-
strument (voltmeter, counter, etc.).

In addition, we'll show you how to:

® Scan and verify the results of the scan.

e Optimize for speed.

® Monitor one or more channels in the scan.

& Scan with the HP 34504, 34505, and 34508 Coaxial Modules,

# Abort a scan in progress.

The MEAS and VERIFY commands automatically scan through a list of channels
using the HP 34520 Multimeter Module. The SCAN and PSCAN commands scan
with exfernal measuring instruments (voltmeters, counters, etc.) in the scan.

In Chapter 5 you learned to control individual switches. But the HP 3235
provides a wider range of test system possibilities with channel scanning.
Scanning automatically sequences through a list of channels. Normally this in-
cludes making a measurement on each channel. You could. however, sequence
through a list of channels applying a test signal to each channel. Allowing the
HP 3235 to control the scanning operation enhances your overall system perfor-
mance by relieving the system controller of that burden.

Scanning involves closing and opening relays to connect your DUT to some
measuring instrument. Generally this will involve at least one of the four analog
backplane buses.

CAUTION

A hazardous condition may exist if, prior to scanning, you have any wser chamnels
closed and connected to the backplane hus that will be used for scanning.
Thercefore, good programming practice is 1o open afl relays on all plug-in modiles
prior to scanning. You can do this by executing ihe RST or CRESET conunands or
hy executing the command OPEN 0-899 (OPEN 0-7998 for extondoers ).

In some cases you may need to configure bank or backplane relays, and/or user
channels to perform some task other than the scanning sequence. For example,
you may need to apply power to the DUT or test fixture. It is good program-
ming practice to open all refays on all plug-in modules and then configure the
HP 3235 as needed. Do not close any channels that may interfere with the scan
or connect to the same backplane bus that will be used for the scanning
operation.

Scanning Applications
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In general, you should set up the measurement instrument before beginning the
scan. With the HP 34520 Multimeter for example, you might want to set the in-
tegration time (NPLC) for the desired accuracy. If all the measurements can be
made from the same voltmeter range, you could manually set the range. This
would improve the scanning speed. The MEAS command sets the measurement
function {DCV, ACV, etc.) and the multimeter terminals, If vou are using an ex-
ternal instrument, vou would need to set the measurement function, terminal
source, etc.

NOTE

If your are seanning with the HP 34320 Mudiimeier, specif y the mudtimeter’s loce-
tion with the USE conmnand prior to executing MEAS. For example:

QUTPUT T709; PUSE 800¢ i SPECIFIES MULTIMETER IN MAINFRAME
1 SLOT 800

If your scan list (list of channels to be scanned) contains any prohibited channels
{see the PROHIBIT command, Chapter 5), the HP 3235 does not close the
prohibited channel{s) and generates a prohibited channel error. However, it does
trigger the measuring instrument. Therefore, a false reading appears for any
prohibited channel in the scan list,

(3235-9000% Update 1 (MARCH 1987)
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The MEAS command allows you to automatically measure one or more channels,
MEAS automatically closes appropriate bank and backplane relays for the
measurement.

MEAS has the following format:

MEAS [/unciion ] [ABn] [FAST, ch  list
[FRONT,]

The optional function parameter specifies the measurement type; ie. DCV, ACYV,
OHM, etc. The default is DC voltage measurements. The HP 34520 Multimeter
Manual explains the various measurement functions in detail. Table 6-1 lists the
possible measurement functions.

Table 6-1. Measurement Functions

Function

Parameter Definition

pCv DC Voltage Measurement

ACY AC Voltage Measurement

ACDCY AC+DC Voltage Measurement

DCI DL Current Measurement

ACI AC Current Measurement

ACDCI AC+BC Current Measurement

OHM 2-Hire Resistance Measurement
OHMF 4-Wire Resistance Measurement*
FREQ Frequency Measurement

PER Period Measurement

* See 4-wire Measurements later in this chapter.

NOTE

Current measurements (ie. DCI, ACI, and ACDCI ) can only be made through the
HP 34520 Multimeter's FRONT terminals. Do noi specify one of the analog
backplane buses for current measurements.

The optional ABr parameter specifies which analog bus is used in the scan. If
you do not specify an analog bus, the MEAS command defaults to analog bus 6.
You can also specify FRONT to use the multimeter’s front terminals rather than
the analog backplanes. To do this you must externally connect the common
terminals from the multiplexer module(s) being used to the multimeter’s front
terminals,

The FAST parameter (discussed in detail later in this chapter) is used only with

Scanning Applications
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the HP 34502 and 34507 Relay Modules,

The i {ist parameter is the list of channels vou want to scan. Fach channel
number must be in the form esmr where ¢ represents the extender number (0 or
blank for the mainframe), § is the slot number (0 through 9), and »n is the chan-
nel number. You can specily a single channel {esin), multiple channels separated
by commas (esnr.esnmnesnn, .. esan), contiguous channels (esnn-esnn), or groups of
contiguous channels (esnn-esnnesnm-esnn). You can also specify an array (see
Chapter 7 in this manuval) containing the channel list.

When you specify a contiguous series of channels, the HP 3235 ignores any un-
defined channel numbers. For example, the HP 34301, 34502, or 34507 relay
modules do not use channel numbers 09, 10, 19, 20, 29, and 30. Therefore, if you
specify channels 1-38, the unused channels are ignored.

A typical MEAS command looks like:

GUTPUT 709; “WMEAS DCV,201-232%

This command specifies a DC voltage measurement on all channels between 201
and 232 (inclusive).

NOTE

The MEAS cormmand sefs the HP 34520 Muliimeter Number of Readings Per
Trigger (NRDGS) to I and Trigger to auto. Other multimeter parameters, such as
function, range, and terminad, are either defaulted or as you set them in the MEAS
ar other commands prior to executing the MEAS command. Tf you want to specify
one range for the muitimeter {rather than have it autorange each measurement ) use
the FUNC command with « RANGE parameter. 1f the MEAS command changes
the muliimeter's measuremeni function, it sets the multimerer (0 auiorange.

The MEAS command performs 13 steps. We'll Hst these steps and then discuss
them in detail.

1. Sets up the HP 34520 multimeter to the specified function, The
multimeter uses all defaults for other measurement parameters (au-
torange on, autozero on, etc.) unless specified prior to executing
the MEAS command.

2. If the FAST parameter was specified, the HP 3235 closes all the
backplane refays necessary for the scan. See the discussion on
FAST later in this chapter,

3. Waits for the specified scan trigger (STRIG) signal. If you did not
previousty specify an STRIG signal, MEAS skips this step.

4. Looks at the first channel in the channel list. Opens all relays
connected o the same bank and then closes the appropriate bank
and backplane relays and the first channel in the list to connect
the signal to the multimeter. (Break-Before-Make action)



5. Pulses the CHCLOSED destination when the relays have settled,
0. Measures the signal.

7. Sends the measurement result to either the HP-IB Quiput buffer or
the control panel display (wherever the MEAS command
originated) or fo a specified memory location (see the MEM
command).

8. Waits for the specified SADV signal. If you did not previously
specif'y an SADVY source, MEAS skips this step,

9. Opens the channel, closes the appropriate relays for the next chan-
nel in the channel list (Break-Belfore-Make action) and pulses the
CHOCLOSED destination.

10. Repeats steps 5 through 9 for the remaining channels in the
channel list.

11, After the last channel has been measured, waits for one more
SADV pulse (if specified).

12. Opens all the backplane and channel relays associated with the
last channel. Any bank relays closed during the scanning process
remain closed.

13, If the FAST parameter was specified, opens all the backplane
relays associated with the scan.

Now let’s look at these steps in more detail:

Step 1. The MEAS command sets the multimeter module specified by the
USE command to the specified measurement function.

You should do all other multimeter configuration (sefting integration time,
setting fixed measurement range, etc.) prior to executing the MEAS com-
mand. Otherwise, the multimeter uses its default values. If the MEAS
command changes the multimeter function it also automatically sets auto-
range on regardless or any prior range command.

Step 2. If the FAST parameter was specified in the MEAS command, the
HP 3235 searches through the scan list and closes all the backplane relays
necessary to complete the scan. This decreases the scan time since the
backplane relays are armature refays and are relatively slow to close and
settle. compared to the reed relays on the HP 34502 Reed Relay Module
and the HP 34507 Mercury-Wetted Relay Module. Refer to the discussion
on the FAST parameter later in this chapter.

Step 3. The HP 3235 then waits for a Scan Trigger signal. The Scan
Trigger signal initiates the scanning sequence, The power-on default source
for the Scan Trigger is an automatic trigger. Thus, if you do not specify a
Scan Trigger signal source, the HP 3235 uses its default source and triggers
automatically. Use the S8TRIG command to specify alternate sources for
the Scan Trigger signal.

Scanning Applications
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Table 6-2 shows the possible the Scan Trigger sources.

Table 6-2. STRIG (Scan Trigger) Sources

Parameter Definition

AUTO Start eon receipt of MEAS Command (Pefault)
EXTIN Starts on External Trigger In (BNC) pulse
TBO Starts when Trigger Bus 0 is pulsed

T81 Starts when Trigger Bus 1 is pulsed

HoLD Wait for STRIG $GL each time fo start

$Gl Softuware Scan Trigger

The STRIG AUTO parameter provides automatic triggering. In general, this
also provides the fastest and easiest triggering,

STRIG EXTIN accepts a TTL level trigger pulse from the External Trigger
In BNC connector on the back panel of the HP 3235,

The two backplane Trigger Buses, TBO and TBI, can also act as Scan
Trigger sources. You can use the DRIVETBn command to specify the
source for driving the trigger buses or you can drive the trigger buses
through either the HP 34504 Coaxial Multiplexer module, the HP 34506
Coaxial Matrix module, or the HP 34522 Digital 1/0 module. See the
TRIGBUF command for more information,

While EXTIN, TBO, and TB1 provide hardware triggers, you can specify a
software trigger with the HOLD and SGL parameters. Specify STRIG
HOLD before executing the MEAS command. This will cause the HP 3235
to continue with the next command received and not start the scan until it
receives the STRIG SGL command. The STRIG SGL command can come
from either the control panel keyboard or the system controller via HP-IB.
In this mode, you can set up other plug-in modules prior to executing the
STRIG SGL command.

Step 4. Refer to Figure 6-1. 1n this step, the HP 3235 opens any relays al-
ready closed in the Plug-in Module Bank associated with the Tirst channel
in the channel list. For example, if you specify channel 13 in the channe!
list, the HP 3235 opens channels 11 through 18. The HP 3235 then closes
the channel specified (in this example, channel 13) and any backplane and
bank relays necessary to connect the source (channel 13} to the multimeter.

The HP 3235 looks to see what bank relays need to close to connect the
channel to the backplane. All channels that are in the same bank are
opened before closing the bank relays. In the example, to connect channel
13 to analog bus 0, the HP 3235 will need to close bank relay 70. This
makes all channels between 1 and 18 on the same bank,



8¢
ABD-HI g - HI-88 | gn
AB@-LO <" LO-22 gémows
g1 =~
HI~0f x
<%
¢ | O8] >~
ANALOG BUS : ABG, AB1, AB2, AB3 ® on §
BACKPLANE RELAYS : 8¢, 91,92, 83 ® 7 BANK
BANK RELAYS : 78,71,72 o8 & CHANNELS
CHANNELS : @1-08, 11-18, 21-28, 31-38 HI-88
BANK COMMON CONNECTORS : 06, 19, 20. 30 ) e <;_o—¢zaJ ]
70
81 ™
AB1-H] " ey HI-18 | yn
AB1-LO . LO-10 %ﬂiﬁows
11
HI-$1 X
o
¢ 1011 >
® o
ir ol
] BANK
18 @ CHANNELS
HI-18
o {1 018 J
Ti
g2 N
ABZ~H] e - HI-28 | o
AB2-LO ~a——— LO-20 gémows
21
HI-21 X
=X
o e | O-21 >~
® [
2n N
b BANK
28 ® CHANNELS
Hi-28
e e | 028 )
72
83 R
ABT—H] et HI-38 | =,
AB3-LO g Lo-3¢ géﬁﬁows
31 S
HI~31 X
<L
& L O3 >0
@ 3n 5
2 7 BANK
38 ® CHANNELS
HI-38
Lo-36 | )
JASSMF F.B.1

Figure 6-1. A Typical General Purpose Scanner Module
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If you did not specify an analog bus with the MEAS command, the HP 3235 will
default to Analog Bus 0. Thus to connect channel 13 | the HP 3235 closes chan-
nel 13, bank relay 70, and backplane relay 90. Of course, the HP 3235 also closes
the appropriate terminal relay on the mullimeter 1o connect it to the analog bus.

If, as another example, you specified Analog Bus I and channel 33, the HP 3235
would close channel 33, bank relays 71 and 72, and backplane relay 91,

CAUTION

The MEAS command opens all the channel relays in the same bank as the current
chamnel in the channel list. It does not open any bank relays (relay murmbers 70
through 72). Therefore, to provent possible damage (o the HP 32335, the Plug-in
Module, and for any externa circuiiry, you should ensure that all bank relays and
backplane relays nor essential (o your configuration, are opened prior (o inifialing
the MEAS commuand. Execute the OPEN 0-99% commuand.

Another solution is (o close bank relays 70, 71, and 72 prior lo isitiating the scan.
With this done, the HP 3235 sces all 32 channels as one bank., When the MEAS
commmand opens all channels in the bank, all 32 channels will open. You can, of
course, close any combination of bank relays on a Plug-in Module to redefine the
bank size.

Step 5. Each time a channel in the scan list closes, the HP 3235 outputs a channel
closed pulse. The CHCLOSED command specifies the destination for this pulse.
Table 6-3 lists the possible destinations for the CHCLOSED command:

Table §-3. CHCLOSED Destinations

Parameter Description
OFF Ko Channel Closed ODutput Pulse
EXT Puise the External Trigger Qut BNC
TRO Putse Trigger Bus 0 (see Chapter 9}
T81 Pulse Trigger Bus 1 (see Chapter 9)

Step 6. Next, the multimeter makes the actual measurement specified.

Step 7. The measurement from the channel is sent wherever specified. If you
executed the MEAS command from the control panel, the reading is displayed.
If you executed MEAS from the svstem controller via HP-1B, the measurement
goes to the HP-IB output buffer. i you specified a memory location (MEM
command), such as a reading array, the measurement is stored there.

Step 8. Now, the HP 3235 waits for the Scan Advance Signal specified with the
SADY command. The power-on default for SADV is an automatic scan advance.
Thus, if you did not specify another SADV source, the HP 3235 uses the default
source and automatically advances,



Table 6-4 shows the possible sources for the Scan Advance Trigger (SADV)
signal.

Table 6-4. SADV (Scan Advance) Trigger Sources

Parameter Definition

AUTC Automatic Advance (Dafault)

EXTIN Advances on External Trigger In (BNC) pulse
TBG Advances when Trigger Bus 0 is pulsed

TB1 Advances when Trigger Bus 1 is pulsed

HOLD Wait for SADV SGL each time to advance

SGL Software Scan Advance Single

The SADV AUTO parameter provides automatic channel advance. In general, this
also provides the fastest and easiest scan advance method.

SADVY EXTIN accepts a TTL level trigger pulse from the External Input BNC
connector on the back panel! of the HP 3235,

The two backplane Trigger Buses TB0 and TB! can also act as Scan Advance
sources. You can use the DRIVETBr command to specify the source for driving
the trigger buses. You can also drive the trigger buses throngh either the HP
34504 Coaxial Multiplexer Module or the HP 34506 Coaxial Matrix Module or
from the HP 34522 Digital 1/0 Module. See the TRIGBUF command for more
information.

While EXTIN, TBO, and TB1 provide hardware triggers, vou can specif'y a soft-
ware trigger with the HOLD and SGL parameters, Specify SADV HOLD Lefore
executing the MEAS command, This causes the HP 3235 to stop the scanning se-
quence and accept other commands. It continues with the scanning when it
receives the SADV 8GL command. The SADPV SGL command can come from
either the control panel keyboard or the system controller via HP-1B, In this
mode, you can set up other plug-in modules prior to executing the SADV SGL
command.

Step 9. When the HP 3235 receives the specified SADV signal, it opens the
previous channel closed (but not the bank or backplane relays) and closes the
next channel in the channel list and any necessary bank and backplane relays.,
the next channel in the channel list is on a dif ferent Piug-In module, the
bhackplane relay on the first module opens.

The HP 3235 also outputs a pulse to the destination designated by the
CHCLOSED command, This pulse indicates that the channel relays have closed
and settled. For additional information, see the CHCLOSED command in the HP
3235 Language Reference Manual

Step 10. Repeat Steps 5 through 9 for the remaining channels in the channel list,
Step 11, After the multimeter measures the last channel in the channel list, the
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HP 3235 waits for one more SADV signal (if specified).

Step 12, Finally, the HP 3235 opens any channe! and backplane relays associated
with the scan. All bank relays closed prior to the scan or within the scan remain
closed,

Step 13, If the FAST parameter was specified in the MEAS command, the HP
3235 opens all the backplane relays relavs used in the scan. See the FAST pa-
rameter description later in this chapter,

You can store the measurements in simple variables or arrays inside the HP 3235,
Refer to Chapter 7 for more information on using variables and arrays. Use the
WMIEM <var> command to send the measurement(s) to a variable or array.
Dimension all arrays prior to executing the MEAS command. All arrays are base
0. Use the VREAD command to transfer the measurements out of the array.

For example:

10 DIM Readings(7)

20 GUYPUT 709; "DIM RDGS (73" ! DIMENSION FOR EIGHT ELEMENTS
30 QUTPUT 709: “MEM RDGS®

&0 OUTPUT 709; BMFAS BCV 1-8%

50 QUTPUT 709; “MEM QFF®

40 OUTPUT 7097 HVYREAD RDOS/EH

70 ENTER 709; Readings(*)

B PRINT Readings¢®)

90 END

Let’s look at a few simple scanning examples. As with other examples in this
manual, the HP 3235 Multimeter Module is installed in mainframe stot §00.
Relay multiplexer modules (HP 34501, 34502, or 34507} are installed in slots 000
through 300,

Scanning Example 1. In this first example, we only measure one channel. All the
default triggers are used.

18 QUTPUY 7G9; “RST; USE 800; MEAS DCV 122% 1§ MEASURE DoV CHAN 122
20 EWTER 709; A

30 PRINT A

A0 END

in this example, the HP 34520 multimeter makes a DC voltage measurement on
channel 122, Because we did not specify an Analog Bus, Analog Bus 0 is used.
Bank relays 170 and 171 remain closed after the measurement.

Scanning Example 2. For this second example, we use a channel list of con-
tigyous channels. Again, all the default triggers are used.

10 DIM Readings (31) § 32 ELEMENT REAL ARRAY I CONTROLLER
20 QUTPUT 709; "RST; USE 800% © SPECIFY MULTIMETER LOCATION
30 QUTPUT 70%9: "MEAS DOV 201-238%

40 ENTER 709; Readings(*} i TRANSFER READINGS 10 CONTROLLER
50 PRINT Readings(*}



60 END

Again, we did not specify an Analog Bus, theref ore, MEAS defaults to Analog
Bus (. At the end of this scan, bank relays 270, 271, and 272 remain closed.

Scanning Example 3. In this third example, we use an external STRIG signal and
automatic scan advance. You would use this type of trigger arrangement when
vou want to initiate the scan on some external event. We also specify Analog
Bus 2 for the measurements. The HP 3235 stores the readings in an array called
CHREADS,

10 DIM Readings ¢31) ¢ 32 ELEMENT REAL ARRAY IN CONTROLLER
=0 QUTPUT FO9; BRET; USE BO0Y | SPECIFY MULTIMETER LOCATION
0 QUTPUT 709y "DIM CHREADS (313% 1 22 ELEMENT ARRAY TN HP 3235
&0 QUTPUT TO%; “STRIG EXTIN® ¢ EXTERNAL TRIGGER INPUT BNC
50O0UTPUT 700; MEM CHREADS; MEAS DCV ARB2 201-238%

55 1 BP 3235 waits for STRIG signal here

56 0 HP- 1B communication is held off

&0 OUTFUT 709; "MEM GFF; VREAD CHREADS®

7O ENTER 70%; Readings{*) ! TRANSFSR READINGS TO CONTROLLER
80 PRINT keadings{*}

D8 END

After the HP 3235 receives the MEAS command it waits to receive a pulse from
the External Trigger In BNC connector, When it receives the pulse, it executes
the MEAS scanning sequence. At the end of this scan, bank relays 270, 271, and
272 remain closed.

Scanning Example 4, In this example we use the SADY HOLD and SADY SGL
commands to execute the scanning.

0 DIM Readings (7) 1 EIGHT ELEMENT REAL ARRAY IN CONTROLLER
20 OUTPUT 709: RST; USE BODY | SPECIFY MULTIMETER

30 OUTRUT 709; “DIM CHREADS (7)" ! EIGHT ELEMENT ARRAY IN HP 3235
40 QUTPUT 709; "SADV HOLD® 1 SCAN ADVANCE HOLD

E0 OUTPUT FO9: “MEM CHREADS; MEAS DCV 101-108%

&0 FOR I=1 10 8

70t OPTICHAL MODULE CONFIGURATION DURTNG THIS TIME

80 OUTPUT 709 “SADY BGLP | SINGLE STEP THE SCAN ADVANCE

Q0 NEXT I

100 QUTPUTY 709; “MEM QFF: VREAD CHREADS®

110 EMTER 709; Readings (%) § TRANSFER READINGS TO CONTROLLER
120 PRINT Readings(¥*)

130 END

Note that one S8ADV signal is required after each channel measurement including
the final one which opens the final channel and completes the scan.

Scanning Example 5. In this example we use the External T rigger In BNC to
drive the S$TRIG signal. Scan advance is automatic.

10 DIM Readingses)
20 DQUTRUT T09; HROT . USE 300
30 OUTPUT 709 HSCRATOH; DIM TEMP(5s

Scanning Applications
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A0 DUTPUY 709; “STRIG EXTIN® { EXTERMAL SCAN TRIGGER

50 QUTPUT Y09; “MEM TEMPH

&0 QUTPUT 709;"MEAS DCVY,301-306%

&1 F HP 3235 WAITS FOR THE STRIG SIGHAL

7O QUTPUY 709, “MEM OFF; YREAD TEMpe

39 EMTER 70%9; Readings(*) ! TRANSFER READINGS TO CONTROLLER
20 PRINT Readings(®)

100 END

To trigger the scan from either the HP 34504 Coaxial Multiplexer Module or the
HP 34506 Coaxial Matrix module via Trigger Bus I, replace line 40 with the
following:

40 OUTPUT 709; °STRIG TB1; TRIGBUF 507 IN®
The coaxial module is in slot 508 of the mainframe for this example,

The FAST parameter for the MEAS command is used only when multiple HP
34502 and 34507 Relay Modules are used for scanning. FAST provides the fast-
est scanning speed. It considers the channel list and closes all the backplane
relays necessary for the scan. This decreases the scanning time since the
backplane relays (armature relays) are 10 times slower than the channel relays
(dry reed or mercury-wetted relays). Thus, the HP 3235 does not have to wait
for each backplane relay to setile when scanning across multiplexer modules.
This does, however, add a small amount of circuit capacitance due to the analog
backplane relays being closed during the scan. At the end of the scan, all the
backplane relays open automatically,

For example, if’ you execute the command:
QUTPUT 70%; *MEAS DCV AB2 FAST 101-238

then the backplane relays 192 and 292 close and remain closed during the scan.
At the end of the scan the two relays open,

For fastest scanning, manually close the bank relays to configure the multiplexer
banks prior to scanning so that only the channel relays move during the scan.

CAUTION

The FAST parameter does not open ail the user channels that might be closed
(from previous commands) and connected (o the Analog Bus nsed for the scan-
aing. To avoid possible damage 1o the HP 3235, the Plug-in modudes, or any ex-
ternal circuitry, ensure that no channel commects (o the Analog Bus used for the
scan, You can do this with the command: QPEN 1-999 /OPEN 1-7999 for the ex-
tenders) if no relays are prohibited.

If vou need to scan with a 4-wire resistance measurement use OHMF as the func-
tion parameter with the MEAS command, The scanning action is the same as
described earlier for MEAS but with the following exceptions:

t. Your channel st must specify channels only in banks 0 or { of the relay



multiplexer module(s). These are the multimeter current source connections,
The HP 3235 avtomatically closes the corresponding channel (nn+20) in banks 2
or 3 for the multimeter sense connections.

2. You can specify either ABO or AB! for the Analog Bus. This bus is for the
multimeter current source. The HP 3235 automatically selects ABn+2 for the
sense bus,

For example, If you execute:
QUTPUT F0%; “MEAS CHMF ART 101-1080

channels 101 through 108 (inclusive) are used for the multimeter current source
connections. Channels 121 through 128 (inclusive) are used for the multimeter
sense connections. Channel pairs (nn and nn+20) close simultaneously. The ap-
propriate bank and backplane relays {ie. to connect channel 101 and channel
121 to the respective analog buses) also close. Analog Bus | carries the multi-
meter current source and Analog Bus 3 carries the sense signal,

Figure 6-2 shows the wiring connections for 4-wire scanning.
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3. The source and sense banks must not be shorted together.
The following example shows a simple 4-wire scanning sequence.

10 DIM Readings(7)

20 CUTPUT 709; "“RST;USE 800"

30 QUTPUT 799; "SCRATCH;DIM RDGS(7)M
40 QUTPUT 70%; “MEM RDGS"

50 OUTPUT 70%; YMEAS OHMF AB1,10%1-108"
&0 OUTPUT 70%9; “MEM OFF;VREAD RDGS™

70 ENTER 709; Readings(®)

80 PRINT Readings(*)}

90 END

If you do not need the actual measurement results from a scan but only a pass or
fail limit comparison, you can use the VERIFY command. The VERIFY command
reduces the data formatting and transfer time required by your system controller
and the controller time requited to make the comparisons. The VERIFY com-
mand uses the HP 34520 Multimeter Modute for the measurements.

The VERIFY command is similar fo the MEAS command except that VERIFY
does not store the measurement results or send them to the control panel or
HP-IB output buffer, Instead, the HP 3235 compares each measurement to a
lower and upper limit which you specify. If, at the end of the scan, all
measurements are within the specified limits, the VERIFY command returns "¢"
If any one measurement is outside the specified limits, the VERIFY comnand
returns "1"

The YERIFY command does not return the measurement values or the channel
number(s) which failed, if any. To do this, you can write an HP 3235 subroutine
using the MEAS command to store readings in an internal array. Then you can
use the LIMIT command to limit test the measurements. An example program
foltows:

10 OQUTPUY 709; YREAL LOWER(Y),UPPER(7),RDGS(TI"

20 OQUTPUT 70%; MFILL UPPER 5.1,5.%,12.2,-7.05,12.2,18.5,12.2,5.1¢
30 GUTPUT 709; “FILL LOWER 4.9,4.9,11.8,-6.95,11.8,17.8,11.8,4.9¢
40 OUTPUT 70%9; "SUB MYVERIFYW

50 QUIPUT 709 M™MEM RDGS®

60 OUTPUT 709; “MEAS DLV 10%-1C8™

70 QUTPUT 709; “MEM OQFF®

B0 QUTPUT 709; "LIMIT RDGS,LOMWER,UPPER"

90 OUTPUT 70%; "SUBEND®

106 1

110 DIM Dat{7’

120 GUTPUT 709; YCALL MYVERIFY™

130 ENTER 709 Passfail

149 IF Passfail = 0 THEN

159 PRINT ¥TEST PASSEDY

160 ELSE

170 PRINT "TEST FAILED®

180 OUTPUT 709; "VREAD RDGS"
190 ENTER 709; Dat{™}

200 END IF

210 | Preocess the Readings as Necessary
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The VERIFY command has the following syntax:

VERIFY [function] PB%)  [EAST] low array, high_arvay, ch_list
[FRONT,]

The upper and lower limit arrays are internal HP 3235 arrays. See Chapter 7 for
additional information on arrays. You need to fill the upper and lower limit ar-
rays prior to executing the VERIFY command. Both arrays must be dimensioned
REAL and must be at least the same size as the channel list, VERIFY compares
the measurement from the first channel in the scan list to the first elements in
the lower and upper limit arrays. Then it compares the measurement from the
second channel to the second elements in the upper and lower arrays, etc.
Remember, all arrays are option base 0 (the first element is number 0), You can
also use an array to store the channel lst. The following example demonstrates
how to use VERIFY,

10 GQUTPUT 7G%; "RST;USE BooM

20 CUTPUT 709; “DIM UPPER(4),LOWER(4)"

30 OUTPUT 709; "FILL UPPER 5.07,5.07,12.5,-12.7,5.05"

40 OUTPUT 709; "FILL LOWER 4.95,4.95,11.8,-11.6,4.95"

50 OQUTPUT 709; “VERIFY DCV LOWER,UPPER,101,104,108,102,106"
60 ENTER 709; A

70 1F A=0 THEN PRINT “TEST PASSED™

80 IF A=1 THEN PRINT "TEST FAILED®

90 END

If the YERIFY test fails, the HP 3235 sets bit 10 in the status word, This allows
vou to interrupt the system controller (SRQ Interrupt) if the test fails. The
VERIFY command does not clear the status register bit if the test passes.
Therefore, you should alwavys clear the register before beginning the scan. Refer
to Chapter 10 in this manual for information and examples on using interrupts.

To use VERIFY in HP 3235 subroutines, use the MEM command to send the
result ("0" or "1") to an internal variable. You can test the variable with an
IF...THEN statement as shown in the following program.

10 QUTPUT 709; “RST;USE 800"

20 OUTPUT 709; "DBIM UPPER(4),LOWER(4)M

30 OQUTPUT 709; “FILL UPPER 5.07,5.07,12.5,-12.7,5.05"
40 OUTPUT 709; MFILL LOWER 4.95%,4.95,11.8,-11.6,4.95"
50 OUTPUT 709; "SUB TESTER®

60 OUTPUT 709;: MMEM AN

70 QUTPUT 709; "YERIFY DCY LOWER,UPPER 101,104,108,102,106%
80 OUTPUT 709; “MEM OFF"

95 OUTPUT 709: 1F A=1 THER; DISP ITEST FAILED'd

180 OYTPUT 709; “ELSE; DISP 'TEST PASSED'™

110 QUTPUT 709: ®END 1FH

120 OUTPUT 709; "SUBENDW

130 END
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Scanning with BExternal Instruments

Connections
- Required

One important feature of the HP 3235 is its ability to work with other instru-
ments while scanning. You can connect high speed voltmeters, counters, or other
measuring or stimulus instruments to the analog bus and use the synchronizing
signals in the HP 3235 to coordinate the scan,

Two commands, SCAN and PSCAN, govern the scanning operation. (Other com-
mands, such as CHCLOSED and SADVY, coordinate the triggering between the HP
3235 and vour external measuring instrument, The following information ex-
plains the physical connections and software setup necessary for scanning with
an external instrument.

Figure 6-3 shows the physical connections required between the HP 3235 and
your external measuring instrument. For this discussion, we assume the external
instrument 15 a voltmeter. The concepts are similar regardless of the type of in-
strument used.

MEASUREMENT EXTERNAL
COMPLETE TRIGGER IN

oo
@ D
i

HP 32354

[T 3

|

[

=1

{rom
[

o L
AN

E\-'- EXTERNAL TRIGGER IN
EXTERNAL TRIGGER OUT

Figure 6-3. Connections for External Instrument Scanning

JZIBMF F,

The analog bus connections can be from either the HP 3235 Backplane Access
Module (see Chapter 2 and the Installation Manual} or the bank common
connections from a multiplexer plug-in module,
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The CHCLOSED command (discussed later in this chapter) specifies the destina-
tion for a negative going TTL pulse after each channel in the channel list closes
and has settled. This pulse triggers the external voltmeter. When the external
voltmeter completes the measurement, it ouiputs a pulse (VOLTMETER
COMPLETE or MEASUREMENT COMPLETE) to the HP 3235. This pulse ad-
vances the scanner channel (see the SADV command discussed later), When the
channel closes and settles, the HP 3235 outputs & new frigger signal and the
process repeats.

Any external instrument setup including measurement function, range, measure-
ment complete source, external trigger source, accuracy, ete, should be done
before beginning the scan, In this way, the instrument is prepared for the scan
command.

Aside from the physical connections necessary (explained earlier), you must
program the HP 3235 to output the necessary trigger pulse and receive the neces-
sary scan advance signal. The next few paragraphs describe how to set up the
HP 3235 for external instrument scanning.

The STRIG command specifies the signal that initiates a channet scan. When the
HP 3235 receives the scan trigger pulse, it closes the next channel in the scan list
and pulses (see CHCLOSED) the external instrument. The power-on default for
this command is an avtomatic trigger. Thus, when you execute either the SCAN
or PSCAN commands, the scanning starts immediately. Possible sources for the
STRIG signal are listed in Table 6-5.

Table 6-5. STRIG (5Scan Trigger) Sources

Source
Parameter Pefinition
AUTG Automatic triggering with receipt of SCAN command
{power-on default)
EXTIN Initiate Scan on External Trigger In
TBO Initiate Scan on Trigger Bus § pulse
TB1 Initiate Scan on Trigger Bus 1 pulse
HOLD Wait for STRIG SGL command
SGE Software Scan Trigger single

The CHCELOSED comntand specifies the destination for the channel closed signal.
This signal is a negative going TTL pulse that occurs when the scan list channel
and the bank and backplane relays have closed and settled. Table 6-6 shows the
possible CHCLOSED sources,



Scanner
Advance

Scanning

Table 6-6. CHCLOSED (Channel Closed) Sources

Source
Parameter pefinition
EXT Pulse the External Trigger Out BNC
T8O Pulse Trigger Bus O
TB1 Pulse Yrigger Bus 1
GFF No Channel Closed Pulse

The purpose for the CHCLOSED signal is to inform external instruments that the
relays have closed and settled. For external scanning set it for EXT and connect
the HP 3235 External Trigger Cut BNC to your measuring instrument’s External
Trigger In. You could alsc use one of the trigger buses (TB0O or TBI) and either
the HP 34505 or 34506 coaxial modules.

After the measuring insirument completes its measurement, it must inform the
HP 3235 to advance to the next channel in the channel list. This is known as
scanner advance and is normally done with the measurement complete or
voltmeter complete signal,

The SADY command in the HP 3235 specifies the source for receiving the
Scanner Advance signal. For external instrument scanning, set SADY for EXTIN
and connect the measuring instrument’s Measurement Complete output to the
FP 32355 External Trigger In BNC connector. The SADBY EXTIN must be a
negative going TTL level pulse. Table 6-7 shows other possible SADV sources.

Table 6-7. SADV {Scan Advance) Trigger Sources

Source

Parameter Definition
AUTC Automatic Scan Advance
EXTIN Advances on External Trigger In BNC
80 Advances on Trigger Bus 0 pulse
B Advances on Trigger Bus 1 pulse
HOLD Wait for SADV SGL bhefore advancing
SGL Software Channel advance

The SCAM command allows you to automatically measure one or more channels
using an external instrument. SCAN automatically closes appropriate bank and
backplane relays for the measurement,

SCAN has the following format;
SCAN [ABn JIFAST, Joh_ list
The optional ABrn parameter specifies the analog bus to use in the scan. If you

do not specify an analog bus, the SCAN command does not connect to any
analog backplane bus.
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The FAST parameter (discussed in detail later) is used only with multiple HP
34502 or 34507 Relay Modules.

The ch__list parameter is the list of channels you want to scan. Fach channel
number must be in the form esnnr where e represents the extender number {0 or
blank for the mainframe), s is the slot number (0 through 9), and »# is the chan-
nel number. You can specify a single channel (esnrr), multiple channels separated
by commas (esnnesnnesnn, . esnn), contiguous channels (esnn-esnn), or groups of
contiguous channels (esnn-esnn,esnn-esnn). You can also store the channel list in
an array (see Chapter 7).

When you specify a contiguous series of channels, the HP 3235 ignores any un-
used channel numbers. For example, the HP 34501, 34502, or 34507 relay
modules do not use channel numbers 09, 10, 19, 26, 29, and 30. Therefore, if you
specif'y channels 1-38 the unused channels are ignored.

A typical SCAN command looks like:

QUTPUT 709; "SCAN 201-232u

This command scans channels between 201 and 232 (inclusive). It defaults to
analog bus 0.

The SCAN command performs nine steps. We'll list these steps and then discuss
them in detail,
L. Closes the backplane relays associated with the scan if the FAST

parameter was specified.

2. Waits for the specified STRIG signal. If you did not previously
specify an STRIG signal, SCAN skips this step.

3. Looks at the first channel in the channel list. Opens all relays
connected to the same bank and then closes the appropriate bank
and backplane relays and the specified channel relay to connect
the signal to the specified analog bus.

4. Outputs the CHCLOSED signal through the specified port,

5. Waits for the specified SADV signal from the specified source.

6. Opens the channel and closes the appropriate relays for the next
channel in the channel list.

7. Repeats steps 3 through 6 for the remaining channels in the chan-
nel list,

8. Waits for one more SADV pulse (if specif ied) af'ter the last chan-
nel bas been closed and the CHCLOSED signal sent.

9. Opens all the backplane and channel relays associated with the last
channel in the channel list. Bank relays remain closed,



Let’s look at these steps in more detail,

Step 1. If you specified the FAST parameter in the SCAN command, the
HP 3235 looks at the channel list and closes the necessary backplane relays
on the multiplexer modules involved in the scan. This improves the scan-
ning speed. Refer to the FAST parameter discussion later in this chapter
for more information,

Step 2. The HP 3235 waits for a Scan Trigger signal. Use the STRIG
command to specify the source of the Scan Trigger signal. The power-on
default source for the Scan Trigger is an automatic trigger called SCAN.
Thus, if you do not specify a Scan Trigger signal source, the HP 3235 uses
the default source and automatically triggers.

Table 6-8 shows the possible Scan Trigger sources:

Table 6-8. Scan Trigger (STRIG) Sources

Parameter Definition

AUTO Automatic Triggering on receipt of SYRIG (Default)
EXTIN Starts on Externat Trigger In {BNC) pulse

TBY Starts when Trigger Bus 0 is pulsed

TR1 Starts when Trigger Bus 1 is pulsed

HOLD Yait for STRIG S6iL each time fo start

$GL Software Scan Trigger

The STRIG AUTQ parameter provides automatic triggering. In general, this
also provides the easiest triggering,

STRIG EXTIN accepts a negative going TTL level trigger pulse from the
External Trigger In BNC connector on the back panel of the HP 3235,

The two Trigger Buses TBO and TBI1 can also act as Scan Trigger sources.
You can use the DRIVETBn command to specil'y the source for driving the
trigger buses or you can drive the trigger buses through either the HP
34504 Coaxial Multiplexer Module, HP 34506 Coaxial Matrix Module, or
the HP 34522 Digital /0 module. See the TRIGBUF command for more
information,

While EXTIN, TB3, and TB1 provide hardware triggers, you can specifv a
software trigger with the HOLD and SGL. parameters. When you specify
STRIG HOLD, the HP 3235 continues with the next command received and
holds up the scan until it receives the STRIG SGL command. The com-
mand can come from either the control panel keyboard or the system con-
troller via HP-IB. 1n this mode, you can set up other plug-in modules prior
to executing the STRIG S§GL command.

Step 3. Refer 1o Figure 6-4. In this step, the HP 3235 opens any relays

already closed in the Plug-in Module Bank associated with the channel in
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the channel list. For example, if vou specify channel 13 in the scan list, the
HP 3235 opens channels 11 through 18. The HP 3235 then closes the chan-
nel specified {in our example, channel 13) and any backplane and bank
relays necessary to connect the source (channel 13) to the specified analog
bus.

If vou did not specify an analog bus with the SCAN command, the HP
3235 defaults to Analog Bus 8. Thus to connect channel {3, the HP 3235
closes channel 13, bank relay 70, and backplane relay 90.
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Figure 6-4. A Typical General Purpose Scanner
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If, as another example, you specified Analog Bus | and channel 33, the HP 3235
would close channel 33, bank relays 71 and 72, and backplane relay 91.

CAUTION

The SCAN command opens all the channel relays in the same bank as the channel
in the chanmel list. It does not open any bank relays (relay numbers 70 through
72). Therefore, to prevent possible damage to the HP 3235, the Plug-in Module,
and for any external circuiiry, you should ensure that all bank relays and
backplane relays not essential to your configuration, are opened prior o initiating
the SCAN comumand. Execute the OPEN 0-998 command.

One solution is io close bank relays 70, 71, and 72 prior to initiating the scan, With
this done, the HP 3235 sees all 32 channels as one bank., When the SCAN com-
mand opens all channels in the bank, all 32 channels open. You can, of course,
close any combination of bank relays on a Plug-in Module to redefine the bank
size.

Step 4. The HP 3235 outputs a pulse to the destination designated by
CHCLOSED. This pulse triggers the external measuring instrument. For scanning
with an external measuring instrument, use the CHCLOSED EXT command.
Table 6-9 shows the possible CHCLOSED parameters.

Table 6-3. CHCLOSED (Channel Closed) Trigger Parameters

Parameter Definition
EXT Putge External Trigger Out BNC
T8O Puise Trigger Bus 0
781 Pulse Trigger Bus 1
OFF No Channel Closed Pulse

Step 5. The HP 3235 waits for the specified Scan Advance Signal specified with
the SADV command. This indicates that the measuring instrument has completed
the measurement. For scanning with an external measuring instrument, use
SADV EXTIN,

The power-on default for SADV is an automatic trigger called AUTO. Thus, if
you did not specify another SADV source, the TP 3235 will use the default
source and automatically advance, Table 6-10 shows the possible Scan Advance
Trigger (SADV) sources.



Table 6-10. SADV {Scan Advance) Trigger Sources

Parameter | Definition

AUTO Automatic Channel Advance (Default)}

EXTIN Advences on External Trigger In (BNC} pulse
780 Advances when Trigger Bus 0 is pulsed

TR Advances when Trigger Bus 1 is pulsed

HOLD Wait for SADV SGL each time to advance

$GL Software Scan Advance Single

The SADV AUTS parameter provides automatic channel advance. In general, this
also provides the fastest chanpel advance method,

SADV EXTIN accepts a TTL level trigger pulse from the External In BNC con-
nector on the back panel of the HP 3235.

The two Trigger Buses TB0 and TBI1 can also act as Scan Advance sources. You
can use the DRIVETBr command to specif'y the source driving the trigger bus or
you can drive the trigger buses from the HP 34506 Coaxial Matrix Module or the
HP 34504 Coaxial Multiplexer Module. See the TRIGBUF command for more
information.

While EXTIN, TBO, and T8B1 provide hardware triggers, you can specify a soft-
ware frigger with the HOLD and SGL parameters. When.you specify SADY
HOLD, the HP 3235 stops the scan and accepts other commands until it receives
the SABV SGL command. The command can come from either the control
panel keyboard or the system controller via HP-IB. In this mode, you can set up
other plug-in modules prior to executing the SADY SGL command.

Step 6. When the HP 3235 receives the specified 8ADV signal, it opens the last
channel closed (but not the bank relays) and closes the next channel in the chan-
nel list and any necessary bank relays. The backplane relays change only if the
next channel in the channel list is on a different Plug-in Module.

Step 7. Repeats Steps 3 through 6 for the remaining channels in the scan list. Iff
the next channel in the list is on a different plug-in module, the backplane relays
on the first module open.

NOTE

Remember, the HP 3235 does not open any bank relays during the scanning
process. Therefore, configure the bank and backplane relays ahead of fime so that
vou know what relays are closed throughout the scan.

Step 8. After the last channel in the channel list is measured, the HP 3235 waits
for one more SADV signal. If vou did not specify an SADV signal, this happens
automatically. .
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Step 9, Finally, the HP 3235 opens any channel and backplane relays associated
with the scan. All bank relays closed prior to the scan or within the scan remain
closed.

The fellowing example shows the general procedure for scanning with an
voltmeter. The voltmeter complete signal connects to the HP 3235’ External
Trigger In BNC and the voltmeter’s external trigger input connects to the HP
3235's External Trigger Out BNC. Connect the voltmeter’s input terminals to
Analog Bus 0 through the Backplane Access Module.

10t PROGRAM VOLTMETER AS NECESSARY HERE E.G. TRIG EXT, FUNC DCV
20 QUTPUT 709; STRIG EXTIN; CHCLOSED EXTH

30 QUTPUT 709; “SCAN 301-3067

40 ¥ ENTER READINGS FROM VOLTMETER

S0 END

The next example uses an HP 3478 multimeter as the measuring instrument, Line
10 sets the multimeter to: 2-wire ohms (F3), 300kQ range (R5), 4 1/2 digits of dis-
play (N4), External Trigger (T2), and Autozero on (Z1)

10 QUTPUT 723; YF3RSNATZZIM 1| PROGRAM HP 3478 MULTIMETER
20 QUTPUT 709; HSTRIG EXTIM; CHCLOSED BXTY

30 OUTPUT 7O%; H“SADY HOLD®

40 QUTPUT 709; MSCAN ABG 310-306%

30 FOR I=1 TG %

60 ENTER 723; A{I)

70 QUTPUT 709; PSADVH

30 PRINT ALl

90 WEXT I

100 ERD

Use the FAST parameter for the S8CAN command only when multiple HP 34502
Reed Relay Moduies or HI* 34507 Mercury-Wetted Relay Modules are used in
the scan. It provides the fastest scanning speed. FAST considers the channel list
and closes all the backplane relays necessary for the scan. This decreases the
scanning time since the backplane relays (armature relays) are 10 times slower
than the channel relays (reed relavs). Thus, the HP 3235 does not have to wait
for each backplane relay to settle, This does, however, add a smali amount of
circuit capacitance, At the end of the scan, the backplane refays open
automatically.

For example, if you execute the command:
OUTPUT TU9; “SCAN ABZ FAST 101-238%

then the backplane relays 192 and 292 close and remain closed during the scan.
At the end of the scan the two relays open.



CAUTION

The FAST parameler does not open all the user channels already closed (from
previous commands) and connected to the Analog Bus used for the scanning. To
avoid possible damage to the HP 3235, the Plug-in modudes, or any external cir-
euitry, ensure that no channel is connected 1o the Analog Bus used for the scan.
You can do this with the QPEN 0-999 command if no relays are prohibited.

HQW PSCAN If you need to scan with a 4-wire measurement (for example, 4-wire resistance
Works  measurements) use the PSCAN command. The scanning action is the same as
SCAN but with two exceptions:

1. You may specify up to two analog buses. How vou use these buses is left up
to you, The default is that no analog bus is used.

2. You must specify two paralle! channel lists. Respective channels in each list
close simultanecusly. For example, vou could specify 101-108,131-138. This has
the same number of channels in each list. You can also use arrays Lo specify
channel lists, Each pair of channels 1o be closed must be in different banks.

If you only specify one list of channel numbers, the HF 3235 divides the list in
half to create two lists. For example, if you specify 104,102,105,207,203,208 then
the HP 3235 creates two lists; the first list is 101, 102, 105, the second list is 207,
203, and 208, Channel 101 is paired with 207, channel 102 is paired with 203,
and channel 105 is paired with 208.

If vou execute;

GUTPUT 709; "PSCAN AB1,AB3,101-1G8&,201-208"
then channels 101 through 108 (inclusive) connect to Analog Bus [, Channels
201 through 208 (inclusive) connect to Analog Bus 3. Channel pairs (101 and
210, 102 and 202, ete) close together along with the appropriate bank and

backplane relays.

Figure 6-5 shows the wiring connections for 4-wire scanning.
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Whether you are using the HP 34520 Multimeter or some external instrument,
several things can increase the overall scanning speed. However, tradeoffs are
inherent with evervthing you do to increase speed.

Some operations of the HP 3235 or the HP 34520 Multimeter require extra over-
head time to complete. Many of these operations are not important when speed

is desired. Therefore, if maximum measurement speed is vour goal, consider each
of the following items carefully,

The following discussions focus on the HP 34520 Multimeter. However, many
of the considerations are applicable to other measuring instruments. Read them
carefully and use those thaf apply to your test system.

Several factors can affect the speed of measurements. These factors include
ranging the multimeter, the multimeter autozero, delay time, and integration time,
Each of these have tradeoffs that might affect measurement accuracy.

Autoranging each measurement can require a large amount of time. If possible,
set the multimeter to a fixed range with the RANGE command., You must
determine the maximum signal to be measured and set the multimeter to an ap-
propriate range in advance. The disadvantage of this is that significantly smaller
signals may not be measured with the highest resolution. For the fixed range to
stay fixed you should also specify the measurement function prior to executing
the MEAS command. I’ vou specif'y a different measurement function as a pa-
rameter of the MEAS command, it turns autorange on

If you have a wide variety of signal levels to measure, consider organizing the
channel list and/or vour channe! input wiring to group signal levels by value.
That is, group ail the high values together and the low values together. You can
use two or more MEAS scan lists, setting the range for each on, to measure the
signals.

Turning Autozero of f (AZERQ OFF) increases the reading rate but may reduce
long term accuracy. The multimeter’s autozero corrects for any drift in the in-
ternal circuitry. With autozero on, the multimeter performs an autozero for
each measurement. With autozero off, the multimeter takes one zero reading
and corrects each subsequent reading with the one zero reading for each range.
The multimeter is not likely to drift during short scans. For more information
on autozero, refer to the HP 34520 Multimeter Manual.

With the HP 34520 Multimeter, your choice of integration time determines:
# Measurement Accuracy
@ Resclution

e Normal Mode Rejection

e Speed
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Integration time is one of the primary contributors to fast DC and resistance
measurements. Refer to Table 6-11 for a list of the integration tradeoffs for DC
voltage measurements. This table shows that, for example, if vou select NPLC
100 (NPLC is the Number of Power Line Cycles per integration period), the mul-
timeter requires 1.67 seconds (plus overhead) per reading. While this results in
the highest accuracy and resolution, the maximum number of DC voltage read-
ings is only 048 readings per second,

Table 6-11. HP 34520 Integration Time Helationships
{DCV, 60Hz power line)

Power Line Normai Mode Max imum

NPLC Cycles (&0 #z) Rejection (AC} Reading Rate

0.G005 0.90005 (10us) 0dB 1350

0.005 0.905 (100uS) 0dB 1250

0.1 0.1 (1.67m8) 0dB 360

1.0 1.0 (16.7mS) 60dB 33
10.0 10,9 (166.6mS) 30dB 4.8
100.G 100.90 (1.67 8) $0dB 0.48

For AC measurements, the integration time is less important because of the set-
tling time delay. The AC fast or slow setting {use the ACBAND command) has a
larger influence for measurements made at 0005, 005, .1 and 16 PLCs. For the
fastest AC measurements, use the ACBAND command with a frequency greater
than 400 Hz to select the AC fast mode. Refer to the HP 34520 Multimeter
Manual for additional information.

Use the HP 34502 Reed Relay Modules or HP 34507 Mercury-Wetted Relay
Modules for the fastest speed. The reed relays move faster than other types of
relays (e.g armature refays).

If you have more than one HP 34502 Reed Relay Module and/or HP 34507
Mercury-Wetted Relay module involved in the scan list, use the FAST parameter
with MEAS VERIFY, SCAN, or PSCAN. The FAST parameter closes all the
backplane relays on all the multiplexer modules involved in the scan list thus
eliminating the settling time for those relavs.

Use the MEM command to store multimeter measurements in an HP 3235 array
rather than send them individually across the HP-1B interface. This saves not
only the data transfer time, but the HP 3235 stores the measurements in its inter-
nal format and doesn’t have to convert them for ASCII transfer,

The fastest method to send data over the HP-IB interface is to set OFORMAT to
Binary. Refer to Chapter 11 in this manual for more information on binary data
transfer.
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Other considerations for scanning include aborting the scan, scanning across ex-
tender frames, and HP-IB interaction,

In some situations, the MEAS command may not provide you with the flexibility
vou need. To manually scan individual channels, you must close the appropriate
relays {(channel, bank, and backplane) to connect the signal to the analog bus.
Then select the multimeter terminal with the TERM command. Execute a TRIG
SGL command to trigger the multimeter. TRIG SGL sends the measurement
results either fo the HP-1B output buffer or the control panel display (wherever
the command originated) or to a specified memory location (see the MERM
command). The following program shows how to measure one channel.

1G OUTPUT 709; *RST; USE 800"
20 CUTPUT 709; MOPEN 1-999% | OPEN LANECESSARY (HANNELS

30 OUTPUT 709; "CLOSE 121,171,176,190" | CONNECT CH 121
t 70 ABD
40 OUTPUT 709; "TERM ABOM | SET MULTIMETER TERMINAL
50 CUTPUT 709; "IRIG SGLY I SINGLE TRIGGER THE MULTIMETER
60 ENTER 709; A
70 PRINT A
80 END

If, at any time, you need to abort a scan in progress, use the HP-IB CLEAR
command (Refer to Appendix D)

CLEAR 709

Throughout this chapter we have only discussed scanning within one frame,
specifically the mainframe. In cases where you have a large number of points to
measure, you may need to have a channel list cover channels in one or more
extenders,

The Extender Bus Relays (see Chapter 2) connect the analog buses between ex-
tender frames. These relays close automatically at power-on or reset. Thus, to
scan channels in different extenders. simply provide the complete channel ad-
dress in the channel list. The MEAS, VERIFY, SCAN, and PSCAN commands
close the appropriate backplane and bank relays to connect any channel in any
extender to the designated multimeter (which may be in any extender frame).
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NOTE

IS vou want (o use an analog backplane bus in one extender for seanning and the
same bus in another extender Jor another purpose, vou must open the extender bus
relays. Use the OPEN $e0n command where e is the extendor number you want (o
separate ([ -7 ) and n is the extender bus relay for the particular analog bus you
wanl to separaie (0« 3). See Chapier 2. 1 vou do this you must close the ap-
propriate exiender bus relay(s) before scanning across extender frames.

At power-on the HP 3235 has its input buffer mode off. This insures that the
system controlfer remains synchronized with the HP 3235 as long as the controll-
er sends double terminators with each output string (see Chapter 11). The HP
3235 completes execution of one command before it accepts the next command
from the mterface bus. With the MEAS or VERIFY commands this is necessary.
It prevents accidental reconfiguration of the mainframe or extenders. With the
SADV HOLD and SADV SGL commands vou can reconfigure the frames as
necessary hetween channels.

However, with the SCAN and PSCAN commands you may want to reconfigure
some external instrument after you set up the channel list. To do this you must
terminate the scan command to release the HP-IB interface. Use a semicolon to
terminate the scan command and then suppress the carriage return/linefeed {(cr//)
in vour system controller. The following two program statements show how to
do this with HP series computers. I you have another type of computer refer to
its remote programming information to determine how to suppress the cr//.

OUTPUY 709; YSCAN 101-138;%; 1 #P SERIES 200/300; FINAL
1 SEMICOLON SUPPRESSES CRLF

DUTPUT 709 USING "#,K'; "SCAN 101-138:;" t HP SERIES BO SUPPRESS
! CRLF

If you cannof suppress the ¢rff vou could turn the HP 3235's input buffer on.
This releases the interface but you may lose command execution synchrosnization
with the system controller. Refer to Chapter 1T for more information on using
the input butfer,

Your HP 3235 can scan using either the HP 34504 Switched-Shield Coaxial
Multiplexer. the HP 34505 RF Multiplexer Module, or the HP 34508 RF
Multiplexer Module. These modules do not have connections to the analog
backplane buses. Therefore, you need to connect the bank common te your
measuring instrument, You can use either the HP 34520 Multimeter (frequency
counter or voltage measurements) or an external measuring instrument.

To use the HP 34520 Multimeter, specify the FRONT terminals with the MEAS
command. Otherwise, the MEAS command works the same as described earlier,

Figure 6-6 shows the connections necessary to connect the HP 34505 RF
Multiplexer module to the HP 34520 Multimeter.

03235-90001 Update 1 (MARCH 1987)
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Figure 6-6. Scanning with the HP 34505 and 34520

The following program scans channels 201 through 204 making a frequency
measurement on each channel using the HP 34520 Multimeter Module.

10 DIM Reads{3)

20 QUTPUT 709; “RST; USE 8000

30 OUTPUT 709; "MEAS FREQ FRONT 201-204%
40 ENTER 709; Reads(*)

50 PRINT Reads{*)

60 END

To use an external instrument, make the appropriate connections described under
"Scanning With External Instruments” earlier in this chapter.

The MEAS, PSCAN, SCAN, and VERIFY commands can be used with the HP
34522 Digitat 1/0 Module to scan through external relavs. The scan list for the
scanning commands specifies bits on the digital module which drive external
relays. The relays are scanned break-before-make in the order listed in the scan-
ning command. Use one of the available handshake modes to ensure proper set-
tling delays. The scanning commands ensure that all bits on the same digital 10
port(s} as the specified bit(s) are set before scanning begins. The size of the port
is determined by the XFERWIDTH command. For additional information, refer
to the section on "Controlling External Relays" in the HP 34522 Digital 1/0
Module Manual.
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MOﬂithing The MON command allows you to monitor the measurements from one or all
channels in a channel list. Refer to Chapter 3 for specific information on using
the MON command. Use the MON ci% command to monitor one channel in the
channel list during the MEAS or VERIFY scanning process only. The control
panel display is updated with a new reading each time that channel is measured
during the scan process. To monitor every channel in the channel list, use the
MON ALL command.

The following program example shows how to monitor channel 121 in the
MEAS channel list.

10 DIM Readings(31)

20 QUTPUT 709; “RST; USE 800%

30 QUTPUT 70%; "MON 121; MEAS 1017-3138"
40 ENTER 709; Readings{*)

50 PRINT Readings(*)

60 END

As another example, replace line 30 in the above program with:
30 QUTPUT T09; “MON STATE BOG;MEAS 101-138"

This displays the state of the multimeter module (slot 800} and shows the
measurement functions, trigger sources, ete.
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Introduction

The HP 3235 provides simple variables, one-dimension arrays, and arithmetic
operators and functions, This chapter shows vou how 10 use numeric variables
and arrays. 1t also describes the various math functions available in the HP 3235
command language.

Variables

Type
Declarations

Your HP 3235 employs two forms of numeric variables; simple variables (also
called scalars) and subscripted arrays. Variable usage in the HP 3235 is very
similar to variable usage in an enhanced BASIC language. The HP 3235 does not
provide string variables.

All variables are global among control panel, HP-1B, and subroutine operations.
This means that yvou can dynamically change variable values. For example, if
vou have a simple FOR .. NEXT loop in a subroutine, you can change the value
of the loop counter variable from the keyboard or system controller while the
subroutine is running,

The HP 3235 uses two data types for its variables: INTEGER and REAL. Al
variables are REAL unless you declare them INTEGER. The valid range for
REAL numbers ig:

-1.797 693 134 862 315 X 10°° 8 through 1.797 693 134 862 315 X 10%°°®
The smallest non-zero REAL value allowed is:

+ 2225073 858 507 202 X 10-%° 8
A REAL number can have a value of zero.
An INTEGER can have any whole-number value fron:

-32,708 through +32,767

Declare arrays as either REAL or INTEGER. The BIM command declares array
elements as REAL. For example

REAL A, B, ARRAY(10)
DIM A(5)
INTEGER X,Y, Z(20}

The HP 3235 creates variables automatically when a variable name appears in an
assignment statement or memory (MEM) statement:

LET A=expression
A=cxpression

Variables and Math
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MEM A

Some commands naturally expect certain types of variables. A CLOSE or OPEN
command expects an integer number. The WAIT command expects a real num-
ber. Similarly, commands return certain types of variables. The CLOSE? com-
mand returns an integer number. Voltmeter measurements are always real (see
MEAS command), All variables are REAL unless otherwise specified.

Programming Hint

Once an array type is declared, vou cannot redeclare it as a different type
without scratching memory first. See the SCRATCH command. If you execute a
real number with a command that expects an integer, the HP 3235 rounds it to
an integer. Likewise, if vou send an integer with a command that expects a real
number, the HP 3235 converts it. Therefore, you can minimize system overhead
time by atlocating variables according to their use. For example;

QUTPUT 709; "INTEGER HTRVALV; HTRVALV=104%

The HP 3235 automatically converts between REAL and INTEGER values
whenever necessary. When REAL numbers are converted to INTEGER
representations, information may be lost. Two potential problem areas exist in
this conversion, rounding errors and range errors.

When a REAL number is converted to an INTEGER, the REAL is rounded to
the closest INTEGER value. All information to the right of the decimal point is
lost,

Range errors exist when converting REAL numbers to integers. While REAL
values range from approximately -10°° % to +10°% ° ®_ the INTEGER range is
only from -32 768 to +32767 {(approximately -10* to +10%). Obviously not all
REAL numbers can be rounded to an equivalent INTEGER value. This problem
can generate an Integer overflow error,

Simple variable and array names may be up to ten characters long, The first
character must be a letter (A-Z) and the remaining nine may be either letters,
numbers, the underscore character (_), or the question mark character (7). Upper

case is the same as lower case. Variable names must not be the same as any HP
3235 command headers or parameters (ie. CLOSE, TIMER, KEYS, FAST, etc.).

You can assign any numeric variable with the optional LET command. For ex-
ample, the following three statements are equivalent:

LET HTRVALV=1Z
HTRVALY=12
HTRVALY = 3%4

Yariables can replace numeric parameters in any HP 32335 command that uses
numeric parameters.

Three example uses are: (1} channel addresses, (2) numeric data storage, and (3) in
numeric calculations. This chapter discusses all three of these uses.
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NOTE

Expressions nsed in parameter lists should be enclosed in parenthesis. For
example:

CLOSE (SLOT*100+BANK)

For easy program debugging, or if vou frequentty select a specific channel, vou
can assign a channel address to a variable, Any command that uses a channel
address also accepts a variable name. For example;

GUTPUT 709; "LET SOURCE1=104; CLOSE SOURCET®

This has several advantages. For example, if you frequently move plug-in
modules, yvou can assign the slot number to a variable, and calculate the channel
numbers;

19 QUYPUT T0¥; MLET VALVES=200n
20 OUTPUY 709; “LET HTRVALV=VALVES+4Y
30 QUTPUT 709; "LET CNTRLVLV=VALVES+7"

120 QUTPUT 709; "OPEN CNTRLVLV; CLOSE HIRVALY"

Thus, if you move the plug-in module, vou only need to change one line in your
program,

Another advantage of using internal variables for channel addresses is that you
reduce system controller and HP 3235 overhead time. If vou send the channel
number with the command (i.e. CLOSE 104) or if you store channel assignments
in your system controller (ie. QUTPUT 709; "CLOSE ";HTRYALV) the controller
uses a small amount of overhead time to encode the strings. The HP 3235 must
also decode the strings. However, using internal variables reduces the overhead
because the MP 3235 has already decoded the channe! address.

Sometimes you want to store data in the local HP 3235 mainframe memory
rather than send if to the HP-1B output buffer or display it on the control panel.
The MEM command instructs the HP 3235 to send the next piece of data to the
specified variable or array.

NOTE

I/ you specify a simple variable {scalar ), MEM turns of f ajter it stores one resill,
Subsequent data is sent to either the HP-IB output buffer or the control panel dis-
play (wherever the command originated ). Tf you specif'y an array, you niust iurn
the MEM mode of f (MEN OFF ) when you [inish storing data in the array.
Otherwise, the HP 3235 will attemp! to store any future data in ife arvayp.

The following program shows how 1o store a voltmeter reading into a simple

Variables and Math
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nomeric variable:

0 OUTPUY FO9; YREAL READING® i REAL VARIABLE READING
20 OUTPUT 70%; “MEM READINGH
30 QUTPUT T709; “MEAS 201w PMEASURES CHANNEL 201

Any variable, whether simple or array, can be used in numeric caiculations,
Several math functions are available in the HP 3235 command set that allow you
to manipulate data. Math functions are described later in this chapter,

The FETCH or VREAD commands return the value of a specified variable. For
example, to read the value of PWRSUPP!, execute:

10 OUTPUT 709: "FETCH PWRSUPP1YH
20 ENTER 709: A

30 PRINT "PWURSUPPT is B

40 END

You can allocate memory space for one-dimensional arrays (base 0) in the HP
3235. For real arrays, use either the DIM name (size) or REAL nare( size} com-
mand to create the array. For integer arrays, use the INTEGER name (size)
command. All arrays have a lower bound of 0 (zero). Arrays do not have a
default size. To create a ten element array specify a size of 9. For example:

BIM TESTER ¢9)

Array names are subject to the same rules as nomeric variable names. To specify
an particular array element you must be followed by a subscript enclosed in
parentheses. The range of subscripts is an integer from 0 through 32767, but the
maximum array size is determined by available memory, A non-integer subscript
is rounded to the nearest integer.

Arrays may be resized by redeclaring them. This initializes each element in the
array to a value of zero (0). You cannot, however, redefine the type of array
(REAL or INTEGER) without scratching memory first (see the SCRATCH
command).

Array elements may be used in the same ways simple variables are used. You can
use arrays to store channel lists as well as data.

Programming Hint
Real arrays use a large amount of memory. If you are storing channel lists or

any other integer data, specify an integer array. Refer to the MEMAVAIL
command in Chapter [l for more information on efficient memory usage.
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Array elements are initialized to 0 (zero) when they are declared (DIM, REAL, or
INTEGER) or resized. Once yvou have dimensioned an array, use the FHLL com-
mand to load your values into it. The FiLL command has the following forn:

FILL name number, number, .. number

For example, to fill an array with channel numbers;

T0OOUTPUT 709; TINTEGER CHLISTI(9®
20 OUTPUT 70%; *FILL CHLISTY 103,237,715, 116,117,201, 101 205,112, 1140#

You can use a negative number to indicate a contiguous series of channel
numbers:

10 QUTPUT 709; BINTEGER CHLIST(1)®
20 QUTPUY 709; PFILL CHLEIST 103,-122% ¢ INCLUDES CHANNELS 303 THROUGH 122

Thus, in this two element array, we have specified all the channels between 103
and 122,

If vou specify more data elements than vou dimensioned the array for, a sub-
script out of bounds error occurs,

To fill an array with measurement data, such as from the multimeter, use the
MEM command. The HP 3235 stores subsequent data in the specified array,
You must specify MEM OFF as soon as vou finish adding data to the array.

10 OUTPUT 709; “INTEGER CHLIST(®); REAL MEASDATA(Y®

20 OUTPUT 70%; YFILL CHLIST 101,211,103,106,113,120,205,121,100,213%
30 OUTPUT 709; “MEM MEASDATA®

&0 QUTPUT 709; “MEAS CHLIST®

S0 OUTPUT 709; "MEM OFF®

NOTE

The optional start__index parameter to the MEM command allows you to specify
the starting location for filling the array.

The SIZE? query command returns the number of elements in the specified ar-
ray. This is one more than the dimensioned (BIM, REAL, or INTEGER) maximum
index in the array because of the base 0 indexing. Thus, if you dimension a ten
element array, {DIM CHLIST (8}). $IZE? would return the number ten (10).

The FETCH and VREAD commands return the value of individual array ele-
ments, You must specify the subscript of the array element. Remember, arrays
begin with element 0. For example, to read the value of the third element in
CHLIST, execute:

10 QUTPUT 709; MVREAD CHLIST(2)®

Variabies and Math
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20 ENTER 70%; A
30 PRINT "Third element in CHLIST: oA

Use the VREAD command to read the entire array. For example;

10 DIM Channai(9)

20 QUTPUT 709; “MEM OFF; VREAD CHLISTH
38 ENTER 709; Channel(®)

40 PRINT Channel (*)

50 END

Before using VREAD make sure the memory mode is turned off (MEM OFF),
The array elements are separated by a carriage return/line feed (crif),

All variables are stored in volatile memory. If the mainframe loses power, all
variables are lost. The SCRATCH command also purges all variables, subroutines,
and some stored states (explained in Chapter 1),
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You can use general math expressions, following standard BASIC language con-
ventions, from either the control panel keyboard, the system controller, or within
subroutines. Available are the standard math operators, general math functions,
trigonometric functions, and binary functions. The HP 3235 also has a simple
calculator mode.

In addition to the usual math operators, + - * /, and *, two more arithmetic
operators exist. These operators are DIV (integer division) and MOD (modulo). In
general, they work just like other math operators. Unary minus operations
should be written as:

A=G-8

Integer division (DiV} returns the integer portion of the guotient. In other words,
normal division takes place but all digits to the right of the decimal point are
truncated (not rounded),

The MOD (Modulo) operator returns the remainder resulting from a division.
Like EMV, a normal division takes place, but MOD returns only the remainder.

For instance, when vou divide 7 by 3, the division result is 2 with a remainder of
1. MOD returns the ! as a result of the division, DIV returns the 2,

10 QUTPUT 709; PLEY A 7 DIV 3; FETCH AR

20 ENTER 709; A PORETURNS 2
30 PRINT A

40 OUTPUT 709; “LET A = 7 MOD 3; FETCH An

50 ENTER 709;A b RETURNS 1
60 PRINT A

70 END

1

Relational math operators (<, >, <=, »>=, = <>} and logical operators (AND and OR)
are allowed iIn any expression.

Table 7-1 explains the general math functions available in your HP 3235. The
arguments, denoted by X and Y, may be numbers, numeric variables, functions,

array elements, or numeric expressions in parenthesis.

Table 7-1. General Math Functions

Function and Meaning

Argument

ABS () Absolute value of X.

SAR (XD Positive square root of X.

Variables and Math
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The HP 3235 can compute both natural and common logarithms, The logarith-
mic functions are shown in Table 7-2.

Table 7-2, Logarithmic Functions

Function/ Meaning

Argument

LOG (X) che(X); natural logarithm of a positive X to the base e.
EXP (X} eX; Natural antilogarithm. Raises e to the pouwer of X.
LGT (X} iogzo; common logarithm of a positive X to the base 10.

Three programmable trigonometric functions are provided in the HP 3235, They
are shown in Table 7-3.

Table 7-3. Trigonometric Functions

Function and Meaning
Argument (X in radians}
SIN () Sine of X.

Cos (X) Cosine of X.

ATN (0 Arctangent of X.

The HP 3235 has four Jogical funcitions; AND (inclusive-AND), OR (inclusive
-OR), EXOR (exclusive-OR), and NOT (invert). The first three functions compare
two arguments and return either a ’1” or a "0’ based upon the respective truth
table. Any non-zero value (positive or negative) in an argument is considered a
fogic L. Only zero is treated as logic 0. The commands have the form:

argument 4 AND argument B

argument 4 OR argument B

argument A EXOR argument B

NGT argument

The truth tables for the four functions are:

AND OR EXOR NOT
A LB | AAND B A|B|AORSB A | B AEXORE A | ®OT &
,,‘i.._l ........... |-.-l ......... |...§ ......... ...l ......
olo0] o o]6] o oo o o]
ol1] o I B o1t 141 0
170) © Tro ] 1 110 4
T O I 1111 o0



Binary  The HP 3235 provides seven binary functions. These can help in digital pattern
Functions  generation. When using the binary functions, argument values (X and Y) of real
variables are rounded to integers in the range of -32768 to +32767. The binary
functions are shown in Table 7-4.

Table 7-4. Binary Functions

Function/Argument Meaning

BINAND(X,Y) Bit-by-bit togical AND of the arguments.

BINCMP (X} Bit-by-kit binary compiement of the argument.

BINEOR(X, Y} Bit-by-bit logical Exciusive-OR of the
arguments.

BINIOR(X,Y) 8it-by-bit logical Inciusive-OR of the
arguments.

BIT(X,position)} Returns "0% or "M representing the logic

vatue of the specified bit of the argument.
The bit pesition is in the range 0 (lsb) to
15 (msh).

ROTATE(X,displacement) Returns an integer oktained by rotating the
argument a specified number of positions
with bit wraparound.*

SHIFT(X,displacement) Returns an integer obtained by shifting the
argument a specified number of positions
without bit wraparound.”

* II the displacement! is positive, rotating or shifting s toward the least significant bit. If the displace-

ment is negative, rotating or shifting is toward the most significant bi.
Math The HP 3235 evaluates parenthetical expressions before evaluating anv math
H[erafchy functions outside of parentheses. If two or more operations of the same
priority are in the expression, the hierarchy is from left to right.

Table 7.5, Math Hierarchy

Highest Priority Parentheses
Functions: SIN, CO0S, etc.
Exponentiation
*,/, MOD, DIV,

+ r

Lowest Priority Reiational operators: <, », <=, »=  etc.
and logical operators: AND, OR, etc.
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Math When evaluating a math expression, the following errors may occur. The
Errors  HP 3235 treats math errors just like any other execution errors. Refer to
Chapter 4 for infermation on handling errors,

Table 7-6. Math Errors

Error dDescription

Division By Zero

Reatl Overfiow

Real Underflow

Integer Overflow

Square Root of a Negative Number

Log of & Kon-Positive Number

ilitegal Real Number

Trig Argument Qut of Range

BCR Sxponent Too Big

HEX, Octal, or Decimal Argument Error

Making  If you are comparing integer numbers, no special precautions are necessary.
Comparisons  However, if you are comparing REAL values, especially those which are the
Work results of cafculations, it is possible to run into problems due to rounding and
other limitations inherent in the system. For example, consider the use of com-
parison operators in IF...THEN statements to check for equality in any situation
resembling the following:

10 OUTPUT 709; "SUB TESTER"

20 OUTPUT 709; HA=25, 37654771

30 OUTPUT 709; YIF SINCA)™2 + COSCA)"2 = 1 THEN®
40 QUTPUT 709; “DISP 'EQUAL'Y

50 OQUTPUT 709; “ELSE®

60 OUTPUT 709; “DISP NOT EQUAL'™

70 OUTPUT 709; MEND IFH

80 OUTPUT 709; “SUBEND"

90 OUTPUT 709; "CALL TESTERY

109 END

You may find that the equality test fails due to rounding errors or other errors
caused by the inherent limitations of finite machines. A repeating decimal or ir-
rational number cannot be represented exactly in any finite machine like the
HP 3235,

A good example of equality error occurs when multiptying or dividing data
values. A product of two non-integer values nearly always results in more digits
to the right of the decimal point than exists in either of the two numbers being
multiplied. When you are comparing two numbers, as with the LIMIT or VERIFY
commands, always leave a sufficient error margin for the test limits.

Variables and Math
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Limit
Testing

One additional math function, the LIMIT command, compares a set of test values
(multimeter readings, for instance) to lower limit and upper limit variables or ar-
rays, This allows fast pass/fail testing within the HP 3235, The test values must
be stored in an array. Each test value is compared to corresponding elements in
the upper and lower limit arrays. You must fill the uvpper and lower limit arravs
prior to executing LIMIT. The LIMIT command returns a "0" if all the com-
parisons pass or a "1" if any comparisons fail

it also sets the Limit Fail bit (bit 10) in the status register if the test fails, The
LIMAT command does not clear the status register bit if the test passes.
Therefore, you should always clear the status register {see Chapter 10) before
beginning the LIMIT test.

The following program shows how to use LIMIT:

10 OUTPYT 709; HCLR# ! CLEAR THE STATUS REGISTER
20 GUTPUT 709; WREAL UPLIMIT(A), LOWLIMIT(4), MEASDATACL)Y
30 CUTPUT 709; “INTEGER CHLIST(4)"

40 OUTPUT 709; "FILL UPLIMIT 5.1,5.1,12.2,-7.05,612. 20
50 OUTPUT 709; WFILL LOWLIMIT 4.9,4.9,11.9,-6.65,11.9%
60 OUTPUT 709; “FILL CHLIST 122,113,105,101,107"

70 OUTPUT 709; YMEM MEASDATA®

80 OUTPUT 709; "MEAS CHLIST"

90 OUTPUT 709; “MEM OFFH

100 CUTPYT 709; “LIMIT MEASDATA,LOWLIMIT,UPLIMIT®

110 EKTER 709;A

120 IF A=D THEN PRINT “TEST PASSED™

130 IF A=1 THEN PRINT "TEST FAILED®

140 END

If the test failed, you can determine which readings failed by testing them in-
dividually. Replace lines 100 through 140 of the previous program with the fol-
lowing lines to test the readings individually,

100 FOR 1=0 TO 4

110 OGUTPUT 709; “LIMIT MEASDATACH; ;M) LOWLIMITCN; IH #Y UPLIMIT(N; 1;0)0
120 ENTER 709; A

130 IF A=0 THEN

140 PRINT YREADING M;i;" PASSEDH
150  EL$E

144 PRINT “READING ";1:;v FAILED®
170 END IF

180 NEXT 1

199 END

This could also be done in a subroutine. Refer to Chapter 8 for information.

Variables and Math
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Chapter 8

i

introduction

Subroutine
Definition

The HP 3235 can store and execute (on command) BASIC language subroutines.
These subroutines can either be down-loaded into the HP 3235 mainframe
memory from a remote controller (such as one of the HP Series 200/300 com-
puters), or you can enter from the control panel keyboard. This chapter ac-
quaints you with the structure and usage of subroutines. It also discusses specific
commands that are used only with subroutines.

Subroutines, down-loaded into the HP 3235 prior to making measurements and
then called later with a single command from the system controfler, allow the
controller to perform other tasks while the HP 3235 is busy with some other ac-
tivity such ag scanning. This provides a multi-tasking capability to your remote
controller because the HP 3235 controller module is acting like a separate com-
puter running a task all by itself. Also, commands in an HP 3235 subroutine ex-
ecute faster than those same commands received over the HP-I1B because of the
way the HP 3235 stores the subroutine commands internally.

A subroutine is a series of HP 3235 commands beginning with a SUB name
command and ending with a SUBEND command. The SUB name command as-
signs a name to the subroutine which you can execute later. Subroutines are
stored in the HP 3235’ volatile memory.

What commands arve allowed inside a Subroutine?

Any HP 3235 command may be stored and executed inside a subroutine. Three
conditional and looping statements are provided for use only within subroutines,

How many different Subroutines can be stored?

The exact number of subroutines that can be stored depends on the individual

sizes of the subroutines. A typical short subroutine of 10 commands (including
the SUB name and SUBEND commands) might average about 600 bytes. Refer
to Chapter 11 for information on memory useage.

Can I nest Subroutines?

Yes! Nesting subroutines is the ability to have one subroutine call (execute)
another subroutine. You can nest up to 10 subroutines.

Subroutines
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Subroutine

Subroutines
§-2

The subroutine program examples in this chapter illustrate simple operations of
the HP 3235 that vou can copy and use in more complex mainline programs of
vour own design.

Programming Hint

You should execute the SCRATCH command and down-load the subroutines and
channel lists from your system controller at the beginning of your test system
program. This helps memory management for the HP 3235 and ensures the sub-
routines are down-loaded and ready when they are needed,

Executing the SUB name command instructs the HP 3235 to store all subsequent
commands, untif the SUBEND command, in a subroutine,

Subroutine names may be from | to 10 characters long. The first character must
be a letter (A-Z) and the remaining nine may be either letters, numbers, the un-
derscore character {_), or the guestion mark (7). You can use either upper or
Iower case but the HP 3235 converts all alpha characters to upper case.
Subroutine names must not be the same as any HP 3235 command header {ie,
CLOSE, TIMER, RUN, etc.), parameter {i.e, FAST) or variable name.

NOTE

Names are created by the MEM, BIM, REAL, and INTEGER commands, sub-
routines, stored states, and variable assignments (ie. LET a=301). Once a name is

defined, it cannot be redefined to a different function until the memory is
scratched (SCRATCH command),

The following example shows how to create a simple subroutine:

10 CUTPUT 709; #SUB CLSCTHAN®
20 QUTPUT 709; YOPEN 103;CLOSE 113;MEAS 213¢
30 QUTPUT 709; "SUBENDY

The two statements, SUB CLSCHAN and SUBEND, along with the three com-
mands on line 20 form the subroutine named CLSCHAN.

Although you can enter subroutines from the control panel, we do not recom-
mend it because you cannot edit them from the control panel.

When a subroutine statement is entered, the HP 3235 checks it for syntax errors,

just like normal commands, If the syntax is not correct, an error occurs and that
command is not stored. You should edit your subroutine in the system controller
and down-load it again. The HP 3235 stores the subroutine in volatile memory.



Editing
Subroutines

Purging
Subroutignes

You can then execute the subroutine from either the control panel keyboard or
from the system controller. The subroutine will not be stored if a subroutine
nesting error exists when the SUBEND command is executed (eg. a called sub-
routine does not exist in the HP 3235’s memory).

If you create or down-load a subroutine using a name that already exits for a
subroutine resident in memory, the new subroutine overwrites the old subroutine.

The control panel keyboard has no facility to edit subroutines, Therefore, you
should create your subroutines on vour system controller and store them off-line,
In this way they are always available for down-loading should you accidentally
purge the subroutine. You can also edit the subroutine at the system controller
for easy updating and storage.

Subroutines, variables and arrays are destroved from memory when power is
removed or when certain commands are executed. Therefore, we recommend
that you write all of your non-trivial subroutines using vour system controller
and then store them on disc or tape for later use and for easy revision. Please
note that the RST and CLR commands do not purge subroutines,

The DELSUB command purges individual subroutines although the subroutine
name still appears in the CAT {catalog) list.

Two conditions will destroy all existing subroutines, variables, and arrays from
mainframe memory:
® Removing power from the HP 3235 mainframe.

& Executing a SCRATCH command.

Subroutines
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Deletion
Commands

SUB/SUBEND
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DELSUB

Subroutine related commands are used onfy with subroutines.
Definition/deletion commands deal with the storage, viewing, and deletion of
subroutines from mainframe memory. Execution commands control execution
of subroutines from inside or outside a subroutine.

Subroutine definition/deletion commands identif'y the beginning and end of sub-
routines, store and delete subroutines from memory, and list the subroutines
presently stored in mainframe memory.

The syntax formats for the subroutine definition/deletion commands are as
follows:

SUB name

SUBEND

DELSUB name

SCRATCH

CAT

LIST name

COMPRESS name
Every HP 3235 subroutine must contain the two commands; SUB nasme and
SUBERND.
The SUB name command must be the first line of all HP 3235 subroutines, It
identifies where the subroutine begins and assigns the name to the subroutine. It
also causes the HP 3235 to begin storing the subroutine in its Memory.
The SUBEND command must be the last line of all subroutines. 1t identifies
where the subroutine ends and also terminates the entry of the subroutine.
Commands listed between the SUB name and the SUBEND command are ex-

ecuted, in order, every time the subroutine is executed.

Only one 8UB name and one SUBEND command is allowed in any one sub-
routine. Additional SUB name or SUBEND commands generate errors.

The DELSUB name command deletes only the specified subroutine from
mainframe memory. [t does not delete the subroutine name itself from the
catalog of subroutines.



SCRATCH

CAT

LisT

The SCRATCH command deletes (scratches) ali HP 3235 subroutines, variables,
and arrays from mainframe memory. It also deletes all name definitions from
the catalog. SCRATCH gives an error but does not purge the memory if it is ex-
ecuted while a subroutine is executing.

The CAT command (catalog) lists the names of all HP 3235 subroutines, simple
variables, stored states, and arrays that are presently stored in mainframe
memory. CAT also displays the number of bytes required to store each sub-
routine, and the type and number of elements in each array. If a subroutine has
been defined, and then deleted using DELSUB, it is listed with a size of zero. If
there are no more arrays or subroutines to be listed, the CAT command retuirns
the word "DONE", Refer to Chapter 11 for information on stored states. The
format for the catalog is:

For Subroutines: SUB sub_name SI1ZE dddd TEXT S1ZE dddd

For Integer Arrays: 1ARRAY array_name SIZE dddd

For Real Arrays: RARRAY array_name S$12E dddd

For Stored States: CONT stafe_name {nonvelatile memory)
STATE state_name (velatile memery)

For Simple Variables: INT variable_name
REAL vavriable name

The CAT command returns two "size” values for subroutines. The first value is
the size, in bytes, of the subroutine’s source code. This is the HP 3235 machine
code version of the subroutine. The second value is the size in bytes, of the sub-
routine text code which you can list and single-step. When you compress a sub-
routine {(using the COMPRESS command), the TEXT SIZE goes to "0" but the
machine code SIZE remains the same. The size value returned for arrays is the
actual number of elements in the array. The following program shows how to
use the CAT command.

19 DIM ABE8EG)

20 QUTPYT 709; "CATH
30 REPEAT

40 ENTER 709; AS
50 PRINT AS

60 UNTIL A% = "DONE®
70  END

The LIST name command allows vou to list the specified subroutine. You can
list the subroutine either to the control panel display (execute LIST name fol-
lowed Ly the STEP key) or to vour system controller. Remember, you cannot
edit the subroutine from the control panel; you must edit it at your system con-
troller. The following program shows how to list the subroutine CLSCHAN to
your system controller.

10 DI¥ AS[1003

20 OUTPUT 709; “LIST CLSCHAN®
30 REPEAT

40 ENTER 709; A%

50 PRINT AS

60 OUNTIL A% = WSUBEND ;"

70 END

Subroutines
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is Running

The COMPRESS name command leaves the subroutine in its machine code form.
This saves internal memory but eliminates the ability to list or single-step the sub-
routine.

Subroutine execution commands control the execution of a subroutine. The
HP 3235 has six execution commands:

CALL name
RUN name
PAUSE
CONT

STEP namel
ABORT

The CALL name command executes the named subroutine and waits for it to
finish, This means that no subseguent commands are accepted (either from the
HP-IB interface or the control panel keyboard) until the subroutine finishes. The
READY Bit (Bit 4 in the Status Register) is clear {0) while the subroutine is run-
ning. When the subroutine finishes execution, the READY Bit is set and the
mainframe is ready to receive additional commands.

The CALL name command may also be used inside a subroutine to call another
subroutine. This provides the expanded capability of "nested" subroutines. You
may nest up to 10 subroutines,

If you execute the USE or MEM command inside of a CALL executed sub-
routine, the HP 3235 retains that assignment after the subroutine finishes execu-
tion.

The RUN name command executes the named subroutine in paraliel with other
commands. This means that the mainframe executes the subroutine as it finds
time between executing other commands. Commands executed {rom the
keyboard or from the system controller temporarily interrupt execution of the
subroutine. When vou RUN a subroutine, the HP 3235 sets the READY Bit {(bit 4
in the Status Register) indicating that the mainframe is ready to accept and ex-
ecute more commands, Do not use the RUN command to nest subroutines.

If you execute the USE command inside of a RUN subroutine, the HP 3235
retains that assignment only during the execution of the subroutine. After the
subroutine finishes execution, the assignment reverts back to its value hefore the
subroutine was run.

The RUNNING? query command returns a "I" if the subroutine is currently run-
ning or paused (see "Subroutine PAUSE") or a "0" if the subroutine is not running.
The following program shows how to use the RUNNING? command.

03235-90001 Update 2 (FEBRUARY 1988)



Subroutine
PAUSE

Knowing When
a Subrouﬁne
is Paused

Stepping
Through a
Subroutine

Aborting a
Subroutine

10 QUTPUT 709; "RUN CLSCHANW®

20 OUTPUT 709; "RUNNING?"

30 ENTER 709; A

40 IF A=1 THEN PRINT "SUBROUTINE IS5 RUNNING"

50 1# A=0 THEN PRINT "SUBROUTINE 1S NOT RUNNING®
&0 END

You can cause a RUN subroutine to pause execution with the PAUSE command.
Once a subroutine has been paused you must execute 3 CONT command to
resume execution. CONT lets the subroutine continue running to completion,
starting from the next command after the PAUSE command,

NOTE

A PAUSE command embedded within a CALL execuied subroutine panses a RUN
execited subroitine (if one is running). You cannof panse a CALL executed sih-
routine.

After pausing a subroutine, you can also STEP through it {using the STEP
command or the control panel Single Step key) line by line. Executing the
CONT command resumes subroutine execution,

The HP 3235 generates an error if you try to execute either CONT or STEP
when a RUN executed subroutine is not paused or doesn’t exist.

The PAUSED?T guery command returns a "1™ if’ the subroutine is currently paused
or a "0" if the subroutine is paused. The following program shows how fo use
the PAUSED? command.

14 QUYPUT 709; "RUN CLSCHAN;PAUSE®

20 OUTPUT 709; “PAUSED?ZH

30 ENTER 709; A

40 IF A=1 THEN PRINT YSUBROUTINE IS PAUSED®

50 iF A=0 THEN PRINT "SUBROUTINE IS NOT PAUSED®
60  END

The STEPF name command allows you to step through vour subroutine, line by
line, to verify its operation. After you execute STEP name, vse the STEP com-
mand (or press the control panel Single Step key) to sequence through the sub-
routine. Each time you execute STEP, the next subroutine line is displaved and
executed. If the line generates output data, such as a multimeter measurement,
the data is displaved. You can execute the CONT command to cease stepping the
subroutine and cause it to execute normally,

The HP-IB CLEAR command {see Appendix D) aborts execution of a CALL ex-
ecuted subroutine and returns control to the HP-IB command input buffer or
the control panel.

Subroutines
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ABOCRT halts execution of any RUN executed subroutine and returns control o
the HP-IB command input buffer or kevboard., ABORT can only stop an execut-
ing subroutine at the end of a subroutine statement. If the subroutine statement
takes a long time to complete (e.g., WAIT 100), the ABORT command may time-
out and generate an error message. Either press the Control Panel Device Clear
kev or execute an HP-IB Device Clear to regain control. ABORT cancels any
nested subroutines. ABORT does nothing if no subroutine is running.

A subroutine executes until it reaches the SUBEND command. Control then
reverts back to either the subroutine that called it (nested subroutines) or to the
HP-1B input buffer or control panel keyboard (whichever executed the sub-
routine), The RETURN command can also cause the subroutine to end. For ex-
ampte, if you want to have a conditional termination of the subroutine, place
RETURN inside an {F...THEN construct (discussed later in this chapter), The
RETURN statement returns control to the caller without executing the SUBEND
statement,

One subroutine may call a second (nested) subroutine for execution before the
first subroutine finishes execution. When the second subroutine executes the
SUBEND statement, the first subroutine continues with the next command fol-
lowing the embedded CALL name command. Do not use the RUN command to
nest subroutines,

Every subroutine must have the SUBEND statement. However, you can use the
RETURN command as an early way of exiting a nested subroutine. For example:

10 QUTPUT 70%; "SUB CHLMEASH

20 OQUTPUT 709; “MEM A"

30 OUTPUT 709; "MEAS 1134

40  OUTPUT 709; "MEM QFFM

50 OUTPUT 709; "IFf A < 5.05 THEN; RETURKN"
60 OUTPUT 709; "ELSE®

70 OQUTPUT TO09; "CLOSE 261w

80 OQUTPUT 709; “END IF*®

$0 OUTPUT 709; HSUBEND®

100 END

The HP 3235 has two requirements for nesting subroutines. First, the subroutine
called from within another subroutine must be stored in mainframe memory
before the subroutine doing the calling is stored. This is because the HP 3235
checks the syntax of each command as it stores the subroutine. When it en-
counters an embedded CALL name command, it checks to see if a subroutine by
that name exists in memory. If not, it generates an error. Second, subroutines
may not be dested more than 10 levels deep. You cannot put one subroutine in-
side of another subroutine. For example, the following program will result in an
error.

10 QUTPUT 709; "SUB CLSCHAN®

20 OUTPUT 709; MOPEN 321;CLOSE 123%

30 OUTPUT 709; “SUB OPCHAN® ! THIS RESULTS IN AN ERROR
40 OUTPUT 709; HOPEN 232;CLOSE 212%

50 OUTPUT 709; “SUBENDH

60 END
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Conditional and Looping Statements in Subroutines

FOR...NEXT
Loops

WHILE...
END WHILE
Loops

Your HP 3235 provides three BASIC language constructs for conditional branch-
ing and looping. Use these constructs only within the context of a subroutine.
Conditional branching and looping constructs provide for repetitive tests, in-
itlalizing arrays, etc.

The three constructs are: FOR...NEXT and WHILE...EN[} WHILE loops, and
IF...THEN...ELSE conditional branches. These constructs are similar to those
used in an enhanced BASIC language. The only exception is that HP 3235 sub-
routines do not have line numbers or GOTO statements for branching. Looping
and conditional branch structures may be nested seven deep.

Details on using the conditional branching and loops are in the HP 3235
Language Reference Manual,

If you need to repeatedly execute a series of statements, use a FOR...NEXT loop.
The complete syntax for the FOR...NEXT loop i

FOR (oop counter = intital value TO final value [STEP sizel
Subroutine Segment
NEXT loop counter

The loop counter can be any simple variable. The inifial and final value may be
either numbers, numeric variables or mathematical expressions. The optional srep
size may also be any number (positive or negative), numeric variable, or expres-
sion. If, when the FOR statement is executed, the loop counter has a value
greater than the final value, the loop is skipped.

The Subroutine Segment repeatedly executes until the loop counter exceeds the
final value. The following example shows a simple FOR...NEXT foop:

10 OUTPUT 709; WREAL READINGS (739
20 DUTPUT 709; YSUB CLSCAK®

30 QUTRUT 709; UMEM READINGSY

40 OUTPUT 709; “FOR A = 1 TO &

50 QUTPUT 709; SHEAS (300+4)"

60 GUTPUT 709; “NEXT AM

70 QUTPUT 709; “MEM OFFM

&0 QUTPUT 709; “SUSENDY

90 END

WHILE...END WHILE loops also provide repeated execution of a subroutine seg-
ment while the expression is true. The syntax for WHILE...END WHILE loops is:
WHILE expression

Swubrowine Segment

Subroutines
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END WHILE

As long as the expression evaluates to true (not zero) then the Subroutine
Segment executes repeatedly. When the expression evaluates to false (zero), then
subroutine execution continues with the statement after the END WHILE
statement.

The following program demonstrates a simple WHILE...END WHILE loop:

10 GUIPUT 709; "REAL READINGS (7)®
20 QUIPUT 709: “SUB CLSCAN®
30 QUIPUT 709; "a=1w

40 GUTRPUT 709; "MEM READIKGSY
50 CUTIPUT 709; "WHILE A<=8"%
60 QUTPUT 709; "MEAS (1D0+A)"
7O QUTPUT 709; MAsf+in

80 OUTPUT 709; "END WHILE®

90 OUTPUT 709; MMEM OFFH

100 DUTPRUT 709; BYSUBEND®

110 END

The iF...THEN construct provides conditional branching within subroutines. The
complete syntax for IF...THEN constructs is:

IF expression THEN
Subroutine Segment
[ELSE]

[ Subroutine Segmoent]
END IF

If the original expression (in the IF...THEN statement) evaluates to true (zero),
then the first subroutine segment is executed. If the expression evaluates to false
(zero) then subroutine execution continues with the subroutine segment after the
ELSE statement or, if vou haven’t used the ELSE statement, then subroutine ex-
ecution continues after the END IF statement,

The following example shows a simple IF...THEN construct:

10 OUTPUT TO9; “REAL READINGS (7)
20 QUTPUT 709: ®SUB CLSCAN®
30 OUTPUT 709; ®A=1v

40 OUTPUT 709; “MEM READINGSH
50 QUTPUT 709: “IF A<8 THEN®
60 OUTPUT 709; “MEAS (1G0+A3"
70 QUTPUT 709: “A=A+1¥

80 QUTPUT 709 “END IF®

90 GUTPUT 709; "MEM OFF"

100 QUTPUT 70%9; “"SUBERDH

110 END



Chapter 9

introduction

This chapter describes the trigger bus system and how to use it. The trigger bus
system has many uses including synchronizing one or more HP 34520
Multimeters to some event (eg. external, timer, or software), indicating an event
interrupt output from the HP 34522 Digital 1/0 module, and passing digital pul-
ses through either the HP 34504 Coaxial Multiplexer or the HP 34506 Coaxial
Matrix Modules,

This chapter also describes the two timers in the HP 3235, These timers can
generate square waves or pulses and count-down from preset values and inter-
rupt the system controller when the counter underflows.

The Trigger Bus System

The trigger bus system consists of three circuits: (1) two bidirectional, TTL level
trigger buses inside each frame’s card cage (called Backplane Trigger Buses), (2) a
pair of trigger lines connecting the mainframe to every extender (called Extender
Trigger Buses), and (3} a network for isclating/switching different sources and
destinations for the trigger bus signals (each frame). within the plug-in module
cage, the trigger bus lines are referenced to Guard.

Figure 9-1 is a simplified schematic of the trigger bus system within the
mainframe, Extender frames are identical but do not have the timer channels,
External In and Out BNCs, and the CPU. The isolation circuitry allows only one
signal from the switching network to drive one of the backplane trigger buses
and only one backplane trigger bus to drive a signal into the switching network.

In general vou need to specif'y one source and at least one destination for the
trigger bus signals. For example, you might specify the External Trigger In BNC
(source) to drive Trigger Bus 0 and the HP 34520 Multimeter {destination) to
receive its measurement trigger from Trigger Bus 0.

Anytime vou specify a source for driving a trigger bus, the HP 3235 automatical-
ly cancels any previous source designation for that same trigger bus. You can
have any number of devices receive the trigger bus signals.

Trigger Buses and System Timing
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Passing
Tﬁ?ger
Signals from
one Plug-in

Module to
Another

Using the
Coaxial Modules

NOTE

At power-on, boih trigger buses are configured (o be continuous throughout the HP
3235 system. A selecied source will drive the trigger buses in all frames connecied
via the exfender system. Refer io the AUTOTB command later in this chapter to
isolate trigger buses between frames.

You can use the trigger bus system in three distinct ways:
@ Using the backplane trigger buses to pass signals to/from plug-in modules.

e Driving the trigger buses from other sources (external instruments, timers,
HP-IB, etc.). '

e fsolating the trigger buses between extender frames,

Within each frame’s card cage the trigger buses can pass trigger signals from one
plug-in module to another plug-in module. Five plug-in modules can both drive
the trigger buses and receive signals from the trigger buses. The five modules are

& HP 34504 Switched Shield Coaxial Multiplexer Module
¢ HP 34506 Switched Shield Coaxial Matrix Module

e HP 34520 Multimeter Module

& HP 34522 Digital }/0 Module

& HP 34523 Breadboard Module

Refer to Figure 9-2. Both the HP 34504 Coaxial Multiplexer and 34506 Coaxial
Matrix Modules can input external signals to the trigger buses or output signals
from the trigger buses to external circuitry. The HP 34506 Coaxial Matrix
Module has two bidirectional buffers (one for each trigger bus) independent of
the matrix switches, The HP 34504 Coaxial Multiplexer also has two bidirection-
al buffers (one for each trigger bus) but the trigger signals must route through
the raultiplexer switches.
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The TRIGBUF command specifies the buffer and the mode (input, output, or off)

on the speci

TRIGBU

fied module. TRIGBUF has the form:

F buffertg mode

The buffer number has the form esnn where es represents the frame (mainframe
or extender) and slot number respectively. The nn represents the actual buffer
number on the module where "00" represents Trigger Bus 0, and "01" represents

Trigger Bus
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Using the
Multimeter
Module

Table 9-1 lists the three choices for the mode parameter.

Table 9-1. TRIGBUF modce Choices

mode
Parameter Definition
OFF Jurn Off the Specified Trigger Buffer.
IN Trigger Buffer Specified Inputs Signal
from External Circuitry to Trigger Bus.
ouT Trigger Buffer Specified Outputs Signal

from ¥rigger Bus to Externat Lircuitry.

The following program example shows how to input a trigger signal from chan-
nel 13 of an HP 34504 Coaxial Multiplexer Module installed in stot 700, pass it
through Trigger Bus 1, and output the signal through an HP 34506 Coaxial
Matrix Module in slot 200,

10
20
30
35
40
45
540

QUTPUT 709;
OUTPUT 70%;
OUTPUT 709;

QUTPUT 709;

END

HRSTY ! RESET THE MAINFRAME
NCLOSE 713% | CLOSE CHAKNNEL 713
HTRIGBUF 0701,IN" 1 $SLOT 700, BUFFER/TRIGGER BUS 01

EOINPUT SIGNAL

"TREIGBUF 902G61,0UT" t S$L0OT 200, BUFFER/TRIGGER BUS O1

b OQUTPUT S1GNAL

NOTE

Transients, caused by opening or closing relays or seiting the HP 34504 or 345006
Coaxial Module trigger bus buffers, can cause false (rigger signals on the rigger
bus lines. Therefore, a good programming praciice is to open/close any relays on
the HP 34504 Switched-Shield Coaxial Multiplexer Module and enable the trigger
buffor (TRIGBUF conunand ) for cither coaxial module prioy (o designaiing (he
trigger destination. For example, if you are using o trigger signal to trigger the
HP 34320 Multimeter, set-up the entire trigger bus system hefore arming the miid-
timeter (riggering.

Refer to the individual plug-in module Programming and Configuration manuals
for additional information on using these modules with the trigger buses.

The HP 34520 Multimeter can receive trigger signals from the trigger buses or
drive the trigger buses with a voltmeter complete signal. Refer to the HP 34520
Programming and Configuration Manual for additional information. The mul-
timeter must be specified as the current ise device with the USE command. For
example, if the multimeter is in slot 800, execute:

GUTRUT 70%; "“USE 800"

Trigger Buses and System Timing
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Triggering
the Multimeter

Yolimeter
Complete

Using the
Digital 1/0
Module

Driving the
Trigger Bus

The HP 34520 Multimeter can receive its measurement frigger or its sample
pacing signal (see the TRIG and NRDGS commands in the HP 34520 Multimeter
Manual) from either trigger bus. For example, 1o specify Trigger Bus | as the
source for the measurement trigger, execute:

QUTPUT 709; “TRIG TB1*

Voltmeter complete signals the end of one multimeter reading, The VMCMPLT
command specifies the destination for the voltmeter complete signal and has the
following syntax:

VMCMPLT destination

You can specify either NONE (or OFF), TBO, or TB1 as the destination. For ex-
ample, to send the voltmeter complete signal through BPTBO to a trigger bus
output buffer on an HP 34506 Coaxial Matrix module in slot 400, execute the
following:

OUTPUT 709; “USE 800; VYMCMPLT TBO; TRIGBUF &00,0UTH
The HP 34522 Digital [/0 Modulie can either drive the trigger buses or receive a
second rank trigger signal (buffered transfer only) from the buses. Refer to the
HP 34522 Programming and Configuration Manual for additional information.
The Digital 1/0 Module must be specified as the current use device with the USE

command., For example, if the module is in slot 300, execute:

CUTPUT 709; “USE 300%

The TBORIVE command selects the source on the Digital 1/0O Module which is to
drive the specified trigger bus and has the following syntax:

TBORIVE TB#, seurce

The TBr parameter selects which trigger bus (either TBO or TB!) the module
drives. Table 9-2 lists the eight choices for the source parameter.

Table 9-2. TBDRIVE source Choices

source
Farameter Description
OFF Turn Off the Trigger Bus Driver.
SRTRIG Drive from the Second Rank Clock Signat.
SRACK Drive from the Second Rank Acknowledge Signal.
EXT Drive from the Digital 1/0 External Trigger.
EXTBAR Drive from the Digital I/0 Inverted External Trigger.
EVENT brive from the Event Sense Interrupt.
LOW Force the Trigger Bus to its LOW State (C Volts).
HIGH Force the Trigger Bus to its HIGH State (+5 Volts).

Trigger Buses and System Timing
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Driving the
Digital /O
Moduie

Using the
Breadboard
Module

Other Trigger
Bus Sources

and
Destinations

Driving the
Trigger Buses

The following example shows how to drive Backplane Trigger Bus 0 from the
Digital 1/0 module’s (slot 300} external trigger input.

QUTPUT 709; PUSE 300; TBDRIVE TBO,EXTH

The SRTRIG command specifies the trigger source (second rank trigger) for buf-
fered transfers from the Digital I/0 Module. Two of the eight possible sources
for this trigger are the Backplane Trigger Buses. Refer to the HP 34522 Digital
I/0 Manual for additional information.

The HP 34523 Breadboard Module has the capability to have two bidirectional
trigger bus buffers (one f'or each trigger bus) for receiving or sending trigger bus
gignals. The TRIGBUF command controls these two buffers. Refer to the HP
34523 Breadboard Manual for information.

Figure 9-1 showed several potential sources/destinations for the trigger bus sys

tem. These scurces/destinations include the External Trigger In and Out BNC
connectors, the timers, and the HP 3235 CPU. This section of the chapter

describes how to use the trigger buses with other sources and destinations,

NOTE

Sources other than the Plug-in modules can drive only one of the backplane trigger
buses atf a time. This is because the isolation circuitry (see Figure 9-1) provides
orly one signal path in cach direction. For example, if the external Trigger In
BNC is driving Trigger Bus 0, then Trigger Bus I must either be driven by one
plug-in module or not used.

The DRIVETB#r command specifies the source (other than the plug-in modules) to
drive the backplane trigger buses in all frames from the mainframe. It has the
form:

DRIVETBn source

Table 9-3 shows the possible sources for driving the trigger buses,

Trigger Buses and System Timing
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External
Trigger
In BNC

TIMERG/
TIMER1

LOW/HIGH/TRG

Table 9-3. DRIVETB# sources

Source
Parameter Description
QFF Disable the trigger bus drivers
EXTIN Drive the trigger bus from the External Trigger In BNC
TIMERD Drive the trigger bus from Timer 0
TIMER1 Drive the trigger bus from Timer 1
LOW Force the trigger bus LOW (0 volts)
HIGH Farce the trigger bus HIGH (+5 volts)
TRG Pulse the trigger bus (LOW then HIGH) when the HP 3235
receives either the TRG command or an HP-IB Group
Execute Trigger

The following paragraphs describe these sources,

Signals input through the External Trigger In BNC can drive either backplane
trigger bus. Trigger signals should be TTL levels. To source a trigger signal from
the External Trigger In BNC connector through Trigger Bus 1 and trigger the HP
34520 Multimeter in slot 800, execute;

10 OUTPUT 709; “DRIVETB1 EXTIN® I DRIVE ¥RIGGER BUS EXTERNALLY
20 OUTPUT 709; "USE 800; TRIG TBYY § MULTIMETER TRIGSER SOURCE
30 END

The HP 3235 has two timers which can drive either trigger bus. The timers can
either generate single pulses or square waves. Refer to the section on "Using the
Timers" later in this chapter for more information. The following example
shows how to pulse trigger bus 0 for | mS using Timer 1.

10 QUTPUT 7O9; YDRIVETBO TIMERIY I TRIGGER BUS SOURCE IS TIMER 1
20 DUTPUT 709; “SET OUTPUT TIMER?,ON;PULSE TIMERT, .001»
30 EMD

The HP 3235's CPU (internal microprocessor) can force either trigger bus to a
logic HIGH state (+5 volts) or a LOW state (0 volts). For example:

OUTPUT 709, "DRIVETBG LOW® | FORCE TRIGGER BUS 0 LOW

The CPU can also pulse the trigger bus when the HP 3235 receives either the
TRG command or the HP-IB Group Execute Trigger (GET). For additional in-
formation on the HP-IB GET refer to Appendix D in this manual. The follow-
ing example shows how to pulse Trigger Bus | with both the TRG command and
the HP-IB GET. In this mode, the steady state is high: the TRG command pulses
the line low then high again.

16 OUTPUT 709; “DRIVETB1 TRG® ! SOFTWARE TRIGGER SOURCE
20 DQUTPUT 709; "TRGH I PULSE TRIGGER BUS 1

30 TRIGGER 709 I PULSE TRIGGER BuUS 1

40 END

Trigger Buses and System Timing
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The TBa? command returns the logic level of the specified trigger bus. It returns
a0’ if the bus is at a logic low (0 volts) or a°’l’ for a logic high (+5 volts). The
command has the form;

TBu? [frame]

To determine the state of Trigger Bus 0 in extender frame 3, execute the
following:

10 OUTPUT 70%; 1802 3V
20 ENTER 709; A

30 PRINT A
L0 END

The DRIVEEXT command selects the source to drive the External Trigger Out
BNC on the mainframe. The command has the form:
DRIVEEXT source

The source parameter has eight possible values as shown in Table 9-4,

Table 9-4. DRIVEEXT source Parameters

Source
Parameters Description
OFF bisable the External Trigger Qut BNC
TBO Drive from Trigger Bus 0
T8 Drive from Trigger Bus 1
EXTIN Drive from the External Trigger In BNC
TIMERO Brive from Timer §
TIMERY Brive from Timer 1
LOW Force the External Trigger Cut BNC LOW (0 volts)
HIGH Force the External Trigger Cut BNC HIGH (45 volts)

The following example shows how to connect the multimeter module’s
Voltmeter Complete pulse to the External Trigger Out BNC connector.

10 OUTPUT T709; "USE 8004 P SELECT MULTIMETER IN SLOT BOD

20 QUTPUT 709; "YMCMPLT TBOM bOYOLYMETER COMPLETE TO TRIGGER BUS O
30 QUTPUT 709; “DRIVEEXT TBO PODRIVE EXT. TRIG. QUT BNC FROM TBO
40 END

Trigger Buses and System Timing
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NOTE

In addition to the limitarion thar sources other than plug-in modules can drive only
one backplane trigger bus at a time, the internal switching will not allow:

DRIVETB#» TRG; PRIVEEXT T8#n

USiﬂg the  Until now we have discussed using the trigger buses between plug-in modules
Speciai within a frame or using sources at the mainframe to drive the entire trigger bus
Tri ger Bus system, Four additional commands provide added control when using the trigger
= " buses with extenders and dif ferent trigger signals in different extender frames.
Configurations

NOTE

Only the mainframe External Trigger In and External Trigger Out BNC conmec-
tors may be used. These BNC connectors on the extender frames are not function-
al.

Using  The AUTOTB command connects or disconnects the extender trigger buses be-
Frames tween each frame. With AUTOTB ON the extender and mainframe trigger buses
individually are always connected together. Thus, any signal driving a backplane trigger bus
in one frame appears on the extender trigger bus. This default setting is adequate
for most applications. If vou must sef up different backplane trigger signals in
your extenders, you must specifly AUTOTB OFF and use the DRIVEBP#H,
DRIVEETB#, and BPOUT commands.

AUTOTS has the form:
AUTOTB mode
where mode is either on or of/.

Selecting  With AUTOTB OFF, you can have separate sources driving the backplane trigger
Sources  bus lines in separate frames. The signal driving a backplane trigger bus is not
within a placed on the extender trigger bus lines. The DRIVEBP# command specifies the

Erame source for driving the backplane trigger bus lines. It has the form:

DRIVEBPn source [ framei]

The n parameter can be either 0 or 1 for backplane trigger bus 0 or backplane
trigger bus 1, respectively.

The frame parameter specifies the frame (0 for mainframe, 1-7 for extenders).

Trigger Buses and System Timing
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Specifying
the Trigger
Bus in an
Extender

Table 9-5 lists the possible sources for driving the backplane trigger bus,

Table 9-5. DRIVEBP# source Parameters

Source
Parameters bescriptien
OFF Disable the specified backplane trigger bus
ETB0 Drive the specified backplane trigger bus from
Extender Trigger Bus G
ETB1 bDrive the specified backplane trigger hus from
Extender Yrigger Bus 1
EXTIN® brive the specified backplane trigger bus from
External Trigger in BNC
TIMERD* bDrive the specified backplane trigger bus from
Timer 0
TIMERT# Prive the specified backplane trigger bus from
Timer 1
LOW Force the specified trigger bus LOW (0 volts)
HIGH Force the specified trigger bus HIGH (+5 voits)

* Yalid only when frame = 0 (mainframe)

For example, to drive backplane trigger bus 0 in extender frame 3 from extender
trigger bus I, execute the following program.

10 QUTPUT 709; YAUTOTR OFF™ ! DISCONNECT THE TRIGGER BUSES BETWEEN FRAMES
20 QUTPUT 709; “DRIVEBPG ETB1,3% ¢ DRIVE TBO FROM EXTENDER BUS 1,FRAME 3
30 END

The BPOUT command specifies which backplane trigger bus in a specified frame
sources a signal into the switching network for that frame. Only one backplane
trigger bus can source a signal into the network at any one time, AUTOTB must
be off. BPOUT has the form:

BPOUT bus# [ ,frame#]

The bus# is either 0 or | for Backplane Trigger Bus 0 or Backplane Trigger Bus
I, respectively, The optional frame specifies which frame sources the backplane
signal. Default is the mainframe. For example, if you want to source a signal
through Trigger Bus 0 from an HP 34506 Coaxial Matrix Module installed in slot
400 of extender 3, execute the following program:

10 QUTPUT 709; ®AUTOTE OFF"™ | DISCONNECT THE TRIGGER BUSES BETWEEN FRAMES

20 QUTPUT 709; PTRIGBUF 3400, 1R® t TRIGGER SOURCE
30 ouTPUT TO09; "BPOUT 0,3% I DRIVE TBO IN EXTENDER FRAME 3
40 END

Trigger Buses and System Timing
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Driving the
Extender
Trigger
Bus

Examples

The DRIVEETB2 command specifies the frame and the source in that frame to
drive the extender trigger bus between frames, The syntax for the command is:

DRIVEETB~ source [ frame#]
The n parameter can be either { or 1 for extender trigger bus 0 or extender trig-
ger bus 1, respectively. The frame parameter specifies which frame ( 0 for the
mainframe or [-7 for extenders) will drive the specified extender trigger bus.

The source parameter has nine choices listed in Table 9-6.

Table 9-8, DRIVEETB# sounrce Parameters

Source
Parameter Desceription
GFF Disable the specified extender trigger bus
BP Drive the specified extender trigger bus from the source
specified by the BPOUT command
ETB0* Drive the specified extender trigger bus from Extender
Trigger Bus O
ETR1** Drive the specified extender trigger bus from Extencler
Trigger Bus 1
EXTIN*%** Drive the specified extender trigger bus from External
Trigger In BNC
TIMERG*** | Drive the specified extender trigger bus from Timer @
TIMERT*** | Drive the specified extender trigger bus from Timer 1
LOW Force the specified extender trigger bus LOW (0 volts)
HEGH Force the specified extender trigger bus HIGH (+5 volts)

* valid only when n=t
** Yalid only when n=0
#*% Valid only when frame = 0 (mainframe)

To use the BP parameter, you must specify the BPOUT command with the same
frame number as the DRIVEETB# command. For example, to drive extender
trigger bus 0 from backplane trigger bus 1 in frame 3, execute the following
program.

10 QUTPUT TO9; #BPOUT 1,3 1 USE TB], FRAME 3 AS SOURCE

20 oUTPUT 709; "DRIVEEYBO BP,3" ! DRIVF EXTENDER TRIGGER BUS O FROM
a5 ! TB1, FRAME 3

30 EHD

The following examples show how to use the trigger bus commands to create a
path between frames for trigger signals. Read the discussion for each example to
understand how it works,

Trigger Buses and System Timing
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Example 1.
Signat from

Module in
Frame 1 to
Module in
Frame 0

Example 2,
Multimeler
Complete from
Frame 3 to
External Qut
BNC Frame 0

The following program shows how to inpuf a trigger signal through an HP 34506
Coaxial Matrix module in slot 600, frame 1, send it through the extender trigger
bus 0, and output the signal through an HP 34506 Coaxial Matrix module in slot
4, frame 0,

10
20
25
30
40
50
55
&0
70

CUTRUT
ouTPUT

QUTPUT
OUTPUT
OUTPUT

QUTPUT
END

709;
709;

709;
789;
709,

a9

TAUTOTB OFF¥ b DISCONNECT TRIGGER BUSES BETWEEN FRAMES
HTRIGBUF 1600, INT i INPUT SIGNAL SLOT 600, FRAME 1

! TO BACKPLANE TRIGGER BUS 0 IN FRAME 1
UBROUT 0,1 L TBO SIGNAL INTO SWITCHING METWORK, FRAME 1
FORIVEETBG BP, 1" 1 DRIVE EXTENDER TRIG, BUS O FROM FRAME 1
MRIVEBPO ETBO, 07§ DRIVE BACKPLAME TRIG. BUS O, FRAME 0

! FROM EXTENDER TRIG. BUS O
HTREIGBUF 400,0UT" 1 QUTPUT TRIG. SIGNAL SLOT 400, FRAME ©

This example shows how to pass the multimeter complete signal from the multi-
meter in slot 800 of extender frame 3 to the External Trigger Out BNC connec-

tor on the mainframe (frame 0},

10
20
30
40
50
60
&5
70
80

QuUTPUT
QUTPUT
ouTpUT
ouTPUY
CUTRUT
CUTPUT

GUTRUT
END

709:
709;
709;

:

709:

709;
70%;

709;

HAUTQOTS OFF® ! DISCONMECT TRIGGER BUSES BETWEEN FRAMES
TUSE 3860n POSELECT MULTIMETER IH SLOT 800 FRAME 3
UYMCMPLT TBO™ | MULTIMETER COMPLETE TO BPTBG, FRAME 3
UBPOUT G, 3% P OTBO SIGNAL INTO SWITCHING RETWORK, FRAME 3

YDRIVEETET BP,3% ¢ DRIVE EXTENDER TRIG. BUS 1 FROM FRAME 3
YDRIVESPO ETB1,0" ! DRIVE BACKPLANE TRIG. BUS O, FRAME §

i FROM EXTENDER TRIG. BUS 1
PDREIVEEXT 180¢ ! DRIVE EXT. TRIG. OUT BNC FROM TBO

Trigger Buses and System Timing
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Enabling
the Timers

Setling the
Clock Source

the Timer Channels

Your HP 3235 has two timer channels which can drive the trigger buses. Each
timer channel can generate single pulses or square waves, or count down from a
specified value, have the current value read by the system controller, and inter-
rupt the system controller when the counter crosses zero, The mainframe also
has a system clock with {ime and wait functions,

The SET OUTRPUT command enables or disables the timer channels output. SET
QUTPUT has the form:

SET OQUTPUT TIMERR niode

You must specify the timer channel, either Timer0 or Timer!, and the state.
Possible modes are: ON and OFF, At power-on, the timer channels are disabled
(OFF, 0 volts). You must set the timer channel output to ON to generate pulses
or square waves. For example, the following program shows how to enable
timerl to generate a 1 kHz square wave, Squarewaves are discussed later in this
chapter.

OUTPUT 709; "SET QUTPUT TIMERT ON; SQWAVE TIMER1,1E-3n
The clock source determines the rate at which the timer channels operate. The
two timer channels have an 800 kHz internal ¢lock source. Alternately, you can
specify an external clock source for Timer0 with the SET CLKSRC command.

TFimerl must use the internal 800 kHz clock source. SET CLKSRC has the form:

SET CLKERC TIMERO,source

NOTE

An external elock source may be specified for timer] without an error; however no
source will be connected.

Trigger Buses and System Timing
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Pulse
QOutput

Table 9-7 shows the possible sources for the SET CLKSRC command for Timer0

Table 9-7. SET CLKSRC Sources

Source
Parameter Description
INT Use internal (800 k#z) source.
BP Use the mainframe backplane trigger bus source
specified by the BPOUT command or the most
mest recent TRIGBUF, TBDRIVE, VMCMPLY, etc. command
ETBC ise Extender Trigger Bus 0 as the source.
ETB1 Use Extender Trigger Bus 1 as the source.
EXTIN Use the External Trigger In BHC as the source

For example, to set the Timer 0 clock source to the External Trigger In BNC,
execute;

QUTPUT 789; M“SET CLKSRC YIMERO,EXTIN®

You can use the timer channels to generate single pulses with the PULSE com-
mand. The pulses are Low-High-Low TTL level pulses. The PULSE command
has the fornt

PULSE TIMER#, width

The TIMER~n parameter specifies which timer channels generates the pulse: either
timer( or timerl. The width parameter specifies the pulse width. If widrh is less
than 1, the units are in seconds (i.e. 0.015 means 0.015 seconds). If widrh is greater
than or equal to 1, the units are in integral input clock pulses. For the internal
clock source (800 kHz), one clock pulse equals 1.25 US. Valid ranges for the
width parameter are 0.025E-6 to 0081918 seconds or | to 65535 clock pulses.
Minimum pulse width is 1.25

LS.

Execute the 8ET QUTPUT TIMER~r ON command prior to executing the PULSE
command to enable the timer output. For accurately timed pulses, you should
set the clock source (SET CLKSRQC) to internal. For example, to output a single |
millisecond pulse through the channel 00 trigger buffer on an HP 34506 Coaxial
Matrix module in slot 600, execute the following program:

10 QUTPUT 709, URSTE

20 QUTPUT 709; “DRIVETBO YIMERO®

30 OUTPUT 709; RTRIGBUF 600, 0UTH

40 DUTPUT 709; "SET CLKSRC TIMERO INT; SET QUTPUY TIMERO ON®
30 OUTPUT 709; "PULSE TIMERO .001®

4G END

Trigger Buses and System Timing
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Square Wave

Output

Counter
Functions

Setting the
Counter

NOTE

When changing from generaling square waves (o pulses, output q single pulse
before setting the final destination of the pulse. This reseis the timer channels and
ensures that they are set 1o the pulse mode,

The timer channels can also generate 50% duty cycle TTL level square waves
with the SGWAVE command. This command has the form:

SQWAVE TIMER®#, period

The TIMER#n parameter specifies which timer channel generates the square wave:
either Timer 0 or Timer 1. The period parameter specifies the period of the
square wave, If period is less than I, the units are in seconds (ie. 0.1 means a
period of 0.1 seconds), If period is greater than 1, the units are in clock pulses
(i.e. 25 means a period of 25 clock pulses). Using the internal clock source (800
kHz), one clock pulse equals 2.5 WS, The valid ranges for period are 2.5US to
0.16384124 seconds and 2 to 131070 clock pulses (the internal clock pulse is
12518

Execute the SET QUTPUT TIMERnN ON command prior to executing the
SOGWAVE command to enable the timer output. For accurately timed pulses, you
should set the clock source (CLKSRC) to internal. For example, to generate a 1
kHz square wave vsing Timer 1, and output it through the External Trigger Out
BNC, execute the following:

10 QUTPUT TO9; BRSTY

20 QUTPUT 70%9; ®SET CLKSRC TIMERT INT; SEV OUTPUT TIMERI QMY
30 QUTPUT 709; MSGWAVE TIMERT .001Y

40 QUTPUT T709; YDRIVEEXT TIMERI

50 END

You can also use both timers as down-counters, That is, you load a timer with a
specified value and incoming pulses decrement the counter until it reaches zero
(0). When the counter crosses zero, it will automatically reload with the value
vou specified. You can also interrupt the system controller when the counter

Crosses zero,
The SET COUNT command loads the specified counter with a specified value.
The counter counts down at the rate determined by the SET CLKSRC (setf clock
source) command. Each pulse from the clock source decrements the counter
value. The next clock pulse after the counter reaches zero reloads the counter
with your specified value.
SET COUNT has the fornm:

SET COUNT TIMER®, value

The TIMER# parameter specifies the timer to use, either Timer 0 or Timer!l, the

Trigger Buses and System Timing
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Reading the
Counter

Enabling
Timer
interrupts

value parameter sets the counter value to any number between 0 and 65535,

Two ways to use the counters are to (1) count trigger bus events and (2) interrupt
the system controller when the counter reaches zero. To use the counters to
count trigger bus events, set the SET CLKSRC to the appropriate source (trigger
bus or external). Set the counter to a value of 65535 and run the test. Use the
READ COUNT command to read the current value of the counter. Subtract the
value returned by READ COUNT from the initial value {(65535) to get the number
of events that have occurred. The following program shows how to do this.

10 OUTPUYT 709 “RrsTH

20 GQUTPUT 709; YSET COUNT TIMERD 65533% | SET COUNTER VALUE

30 QUTPUT 70%; “SET CLKSRC TIMERD EXTIN® P SET CLOCK SOURCE EXTIN HENO
40 WALT 5 1 PULSE THE EXTERNAL TRIG IN BMC DURING THIS PERIOD

50 DUTPUT 709; "READ COUNT TIMERO®

&0 ENTER 709; A

70 PRINT 65535-A:9 COUNTS HAVE OCCURREDV

80 END

The READ COUNT command returns the current counter value from the
specified timer, The command has the form:

READ COUNT TIMER#

The result goes either to the HP-IB output buffer (if the READ COUNT com-
mand originated from the system controller), the optional control panel (if the
READ COUNT command originated from the control panel keyboard), or to an
internal HP 3235 variable or array. To send the results to a variable or an array
use the MEM command (see Chapter 7 of this manual) as shown in the following
example.

10 OUTPUT 709;"RSTH

20 OUTPUT TO9;RSET COUNT TIMERD 65535M¢ SET COUNTER VALUE

30 CUTPUT 709;BSET CLKSRC TIMERD EXTINYE SET CLOCK SOURCE EXTIN BNC
40 WAIT 5 1 PULSE THE EXTERNAL TRIG IN BHC DURING THIS PERIOD

50 OUTPUT 709;"MEM RDCNT: READ COUNT TIMEROY™ ! SYORE READING IN RDONT
50 QUTPUT 709; SVREAD RDCNTO®

70 ENTER 709; A

80 PRINT 65535-f;8 COUNMTS HAVE OUCURREDH

90 END

To have a timer/counter interrupt the system controller when the counter
reaches zero, you must enable the interrupt with the ENABLE INTR TIMERnN
command. You must also set the appropriate RQS Mask bit for the Status
Register. Refer to Chapter 10 in this manual for additional information on in-
terrupts, The interrupt enable command has the form:

ENABLE INTR TIMERn
To use the timer/counters to interrupt the system controller you first load a

value into a timer/counter. For example, if you want the interrupt after 100
events, first set the clock source (see SET CLKSRC command) for Timer { to an

Trigger Buses and System Timing
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external source. Remember, only timer 0 can use external clock sources, Next,
load the value (see the SET COUNT command) 99 into timer 0. Set bit 12
{Timer0Q Interrupt) in the RQS mask with the RQS command. Finally, enable the
interrupt for Timer 0. When an interrupt occurs, the HP 3235 can either initiate
a local subroutine or interrupt the system controller. The following program is a
timer interrupt program for an HP series 208 or 30¢ computer.

10 OUTPUT T09; FRSTH

20 OUTPUY 709; "SET CLKSRC TIMERD EXTIN®

E0 QUTPUY 709; “SET COUNT TIMERD 100°

40 DUTPUT 709; “RGS 4096¢

30 QUTPUT 709; YENABLE INTR TIMEROW

60 ON INTR 7 GOTO %0

70 ENABLE INTR 7;2

80 GOTO 80 tWAET FOR INTERRUPT
90 A=SPOLL{709)

P00 IF BINANDCA,4096) THEN PRINT PINTERRUPT OCCURRED FROM TIMER O
16 ELSE

120 PRINT “IMTERRUPT OCCURRED FROM OTHER SOURCE™
130 END

The DISABLE INTR command disables the timer interrupts. The form for the
commang is;

DISABLE INTR TIMER#~

NOTE

Borh ENABLE INTR and DISABLE INTR have uses other than timer interrupis.
Refer to Chapter 10 in this manual and the HP 3235 Language Reference Manual
for additional information.

Trigger Buses and System Timing
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The HP 3235 also has clock functions for timing purposes. The clock timer is
not battery backed-up so you should not rely on it ag your system timer, It does
provide time-of-day information, It also provides a timer for pausing the HP
3235 a specified amount of time.

‘The SET TIME command sets the time of day in the HP 3235 internal clock. It
has the form:

SET TIME seconds

The seconds parameter represents the number of seconds past midnight. It has a
valid range of 0 through 86399.99 with a resolution of 0.01 seconds. For ex-
ample, to set the time to 2:30:15 PM (52215 seconds past midnight), execute the
following:

QUTPUT 709; BSET TIME 52215¢

The TIME command returns the current time of day as the number of seconds
past midnight (or since power-on)., The value returned i¢ a real number. The
value is sent to the HP-IB output buffer if the TIME command originated from
the system controller; the optional control panel display if the command
originated from the keyboard; or to an internal HP 3235 variable or array loca-
tion if the MEM command is executed. The following example shows how to
read the time information into vour system controller:

10 QUTPUT 709 HTIMEH

20 ENTER 709: A

30 PRINT A;™ is the number of seconds past midnight?
48 END

The WAIT command causes the HP 3235 to suspend operations for a specified
amount of time. The READY annunciator on the control panel display goes off
during the wait time. No other commands are executed while the HP 3235 is ex-
ecuting the WAIT command. The command has the forny

WAIT seconds
The seconds parameter in specified in units of seconds, The resolution for
seconds is 1 mS for values less than 30 mS. The resolution is 10 mS for values
greater than 30 mS, The valid range for the scconds parameter is 0 through
21,474,836 seconds.
For example, to suspend operations for five (5) seconds, execute:

QUTPYT 709; "WAIT 5

Use the HP-IB Clear command (see Appendix D) or the Device Clear key on the
optional control panel to abort the wait period,

Trigger Buses and System Timing
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Waiting for  The HP 3235 can also wait for a falling edge to occur or a timeout, whichever
a Trigger comes first. The WAITFOR command causes the HP 3235 to suspend operations
until either a falling edge cccurs from a specified source or a specified time {op-
tional) elapses, The command has the form:

WAITFOR source [ fimeont _value]
The possible sources are shown in Table 9-8.

Table 9-8. WAITFOR Source Choices

Source

Parameter Description
EXTIN Wait for a failing edge on External Trigger In 8NC
TBO Wait for a falling edge on Trigger Bus 9
TB1 Wait for a fatling edge on Trigger Bus 1

The rimeout_value is the amount of time, in seconds, the HP 3235 will wait for
the trigger to occur. If no falling edge occurs on the specified source within the
allotted time, the HP 3235 generates an error, the WAITFOR command completes,
and the HP 3235 executes the next command received, The valid range for the
fmeout _value is 0 to 32767 seconds. If you specify 0 as the timeour__value {(no
timeout limit), the HP 3235 waits indefinitely, For example, to have the HP 3235
wait five (3) seconds for a falling edge on Trigger Bus 1, execute:

GUTPUY 70%; “WAITFOR TB1,539

Trigger Buses and System Timing
§-2¢



introduction

Plug-

EE

Chapter 10
interrupts

i Module

This chapter provides interrupt programming information for the HP 3235,
Interrupt structuring allows vou to enable or disable individual interrupts for a
variety of events. Interrupt events are: Data Available, Control Panel SRQ key,
SRQ command, power-on or reset, READY state, errors, backplane interrupts
from the HP 34522 Digital I/O moduel or the HP 34523 Breadboard module,
Limit Test failures for the VERIFY and LIMIT commands, timer channel under-
flows, and Quick Interconnect Fixture open.

Interrupts can be serviced by your system controller. In addition, interrupts from
plug-in modules and the timer channels can be serviced by calling HP 3235 sub-
routines, Figure 10-1 illustrates the entire interrupt system.

Interrupis

This portion of the chapter explains how to program the HP 34522 Digital I/0
Module and the HP 34523 Breadboard Module to generate an event interrupt
and how to call a subroutine when an interrupt occurs, Later in this chapter we
will show how to cause an event interrupt to interrupt the system controller.

Before sending a command to either the HP 34522 Bigital 1/0 module or the HP
34523 Breadboard module, you must execute the USE command to designate
which module will receive the commands,

Interrupts
10-1
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The ENABLE INTR SYS command enables the mainframe to acknowledge inter-
rupts from the plug-in modules. The following example shows how to enable in-
terrupts from the plug-in modules,

QUTPUT 709; YENABLE INTR §Ys®
The DISABLE INTR SYS8 command disables interrupts from the plug-in modules.
OUTPUT 709; "DISABLE INTR $Y§Y

The HP 34522 Digital 1/Q Module contains eight event interrupt bits which can
be enabled to interrupt the mainframe when a programmed edge {rising or fall-
ing) is detected. This is called a backplane event interrupt or simply an event in-
terrupt. The HP 34522 can be enabled to detect event interrupts on each of the
eight bits, Event interrupts can either initiate subroutine executions or the

HP 3235 mainframe can be programmed to interrupt the system controller. For
additional information on programming the Digital 1/0 Module, refer to the

HP 34522 Digital I/0 Programming and Configuration Manual

The HP 34523 Breadboard Module has one interrupt line to the mainframe
processor. With the appropriate circuitry installed on the module, this line can
be multiplexed to provide one-of-several event interrupt signals, Refer to the
HP 34523 Breadboard Programming and Configuration Manual for additional
information,

The following sections show how to enable event interrupts, disable event inter-
rupts, and how to call HP 3235 subroutines when an event interrupt occurs.

The ENABLE INTR (enable interrupt) command enables the HP 34522 or 34523
to interrupt the mainframe when the designated edge is detected on an event bit.
The ENABLE INTR command enables the interrupt from the slot specified by
the last USE command.

NOTE
When programming the HP 34522 Digital 1/0 Module for interrupis voii st

1. Specify the event bit transition { ¢ither low-to-high or high-to-low) far the eveni bil.
Use the EDGE commuand.

2. Optionally clear the event bit to eliminate possible previous interrupts on (hat bit,
U/se the CLEAR EVENT command.

3. Enable the event bit to detect events with the ENABLE EVENT command.
4. Enable the interrupt with the ENABLE INTR command.

In addition {0 the ENABLE INTR command, the HP 34523 Breadboard Modude
requires whatever programming your circuit configuration demands.

Interrupts
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The following program example enables the HP 34522 in mainframe slot 200 to
interrupt when a low-to-high edge is detected on event bit 3.

10 GQUTPUT 709; *USE 200%

20 CQUTPYUT 789; “EDGE 3,LH"

30 oUTPYUT 709; "CLEAR EVENT 3%
40  CQUTPUT 709; "ENABLE EVENT 3
50  GQUTPYT 740%9; MENABLE INTRM

60  CUTPUT 709; MENABLE INTR sYst
70 GoTo 70

80 EKD

USE THE HP 34522 IN SLOT 200
RISING EDGE IS ACTIVE FOR BIT 3
CLEAR EVENT BIT 3

ENABLE INTR FOR BIT 3

ENABLE INTR FROM SLOT 200
ENABLE PLUG-IN MODULE INTR

WAIT FOR INTR

When a event interrupt occurs, the HP 3235 automatically disables future inter-
rupts from that plug-in module. This means that any future events occurring on
that plug-in module will not generate another interrupt unless the corresponding
medule is re-enabled with another ENABLE INTR command.

An event interrupt which has been enabled can be disabled with the

DISABLE INTR command., The ENABLE INTR command must be executed to
re-enable event interrupts from the module specified by the USE command. For
example, to disable the HP 34522 in mainframe slot 200, execute:

CUTPUT 709; "USE 200;DISABLE INTR®

When the HP 3235 services an interrupting plug-in module and there is no

ON INTR CALL SUB invoked for the interrupt, it disables the interrupt system
(DISABLE INTR SY8). This prevents a second plug-in module from interrupting
while the HP 3235 is servicing the first module, Therefore, you must re-enable
the interrupt system (ENABLE INTR SYS) as part of the interrupt service routine
if’ you expect additional interrupts.

Backplane event interrupts can be serviced by either interrupting the system con-
troiler or by cailing HP 3235 subroutines. This section describes how to call an
HP 3235 subroutine on an event interrupt. Controller servicing of interrupts is
discussed later in this chapter.

The ON INTR CALL suh__name command executes the named subroutine when
an enabled backplane event interrupt occurs. When an interrupt occurs, the
1P 3235 prohibits other interrupts from calling subroutines.

Commands (including CALL executed subroutines, see Chapter 8) executed from
the system controller (via HP-1B) or from the optional control panel have a
higher priority than subroutines called from an interrupt. This means that com-
mands from the controlier or keyboard are executed immediately even if a sub-
routine is running that was called from an interrupt. A subroutine called from
an interrupt executes as the mainframe microprocessor finds time between com-
mands from the system controller and control panel commands,

RUN executed subroutines (see Chapter 8) carry a lower priority than subroutines
called from an interrupt. This means that a subroutine called from an interrupt
executes normally and the RUN executed subroutine executes only as the micro-
processor finds time.

The subroutine specified in the ON INTR CALL sub__name command must be
defined in the HP 3235’ memory prior to executing the command. If the
subroutine does not exist, it generates an error,

03235-90001 Update 2 (FEBRUARY 1988)



The following example demonstrates how an interrupt-called subroutine operates.

16 QUTPUT 709; "R$YY b RESET THE HP 3235

20 OUTPUT 709; *SUB INTERRI" I CREATE THE SUBROUTINE

30 QUTPUT 709; "USE 2007 t USE DEVICE 18 DIG i/0

40 CUTPUT 7C%; “DISP !interrupt Occurred'® 1 DISPLAY MESSAGE

50 CUIPUT 70G9; “WRITE 125¢ ! WRITE WORD TQ PORT

&0 QUTPUT 709; Y“SUBEND! ! END SUBROUTINE

70 CUTPUT 70%9; “USE 200¢ ! USE DEVICE 18 PIG I/C

80 CUTPUT 709; “EDGE 3,LH" { RISING EDGE FOR BIT 3

29 OUTPUT 709; "ENABLE EVEKT 3% 1 ENABLE INTR FOR BIT 3

180 OUTPUT 709; "ENABLE ENTR" ! ENABLE INTR FROM SLOT 200
110 QUTPUT 709; "ENABLE INTR $YS® 1 ENABLE PLUG-IN MODULE INTR
120 OQUTPUT 709; "ON INTR CALL INTERR1M i CALL SUB WHEN INTR OCCURS
130 GOTO 130 P WAET FOR INTR

140 CEND

interru pt The INTR? command returns the slot address of the most recent module to inter-
Que;‘y rupt and be serviced by the mainframe processor, The slot address is a number
in the form es00 where ¢ represents the frame number and s represents the slot
number. If no interrupt has occurred since power-on, reset, or the last INTR?
command, the command returns a value of -1,

Interrupt servicing occurs when the HP 3235 completes the command or sub-
routine it was executing at the time of the interrupt. If an interrupt is cleared or
disabled after it occurs but before it is serviced, INTR? will not show that the in-
terrupt has occurred and an unexpected interrupt error may occur,

The following program shows how (o use the INTR? command.

10 CUTPUT 709; '“sUB SERVICE® ! CREATE THE SUBROUTINE
20 QUIPUT 709; "INTEGER INTRSLOTH ! DEFINE VARIABLE
30 CUTPUT 709; "MEM INTRSLOT® t ENABLE MEMORY MODE
40 OUTPUT 709; "INTRZ® b OINTERRUPT QUERY
50 QUTPUT 709; '"MEM OFF" | DISABLE MEMORY MODE
60 QUTPUT 709; "DISP 'Slot Number! INTRSLOT,'! Interrupted'Y
70 OUTPUT 709; HWAIT 2% I DESPLAY MESSAGE FOR 2 SEC
89 QUTPUT 70%; HUSE 200% ! USE DEVICE I8 DIG [/0
90  OUTPUT 709; YDISP 'Ready For Next Interrupt'®
100 OUTPUT 709; “CLEAR EVENT 3% ! CLEAR EVENT BIT
110 OUTPUT 709; "ENABLE INTR" ¢ RE-ENABLE INTR FROM SLOT 200
120 OUTPUT 709; "SUBENDY i END SUBROUTINE
130 OUTRUT 709; ™USE 200 1 USE DEVICE 1§ DIG [/0
140 OUTPUT 709; “EDGE 3,LH" ! RISING EDGE FOR BIT 3
158 OUTPUT 709; MENABLE EVENT 3¢ { ENABLE INYR FROM BIT 3
160 OQUTPUT 709; “ON INTR CALL SERVICE"™ ! CALL SUB WHEN ENTR OCCURS
170 QUTPUT 709; MENABLE INTR® I ENABLE INTR FROM SLOT 240
189  OQUTPUT 709; YENABLE INTR SYS$" b ENABLE PLUG-IN MORULE INTR
190 GOTO 1%0 P WATT FOR INTR
200 END
interrupts
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The two timer/counters (see Chapter 9) can also interrupt when the counters un-
derflow past zero. This occurs on the clock pulse after the counters reach zero.
They automatically reset to the last value written to them when this occurs (see
the SET COUNT command). For example, SET COUNT 5 requires six {6) clock
pulses to interrupt. This section of the chapter shows how to use the timers to
generate an interrupt.

Timer interrupis can be serviced by either interrupting the system controller or
by calling subroutines, This section describes how to call a subroutine on a timer
interrupt. Controller servicing of interrupts is discussed later in this chapter,

The ON TIMERn CALL sub__name command executes the named subroutine
when an enabled timer interrupt occurs. When an interrupt occurs, the HP 3235
prohibits other interrupts from calling subroutines.

Commands (including CALL executed subroutines, see Chapter 8) executed from
the system controller {via HP-IB) or from the optional control panel have a
higher priority than subroutines called from an interrupt. This means that com-
mands from the controller or keyboard are executed immediately even if a sub-
routine is running that was called from an interrupt. A CALL executed sub-
routine executes normally and the subroutine called from an interrupt executes
as the mainframe microprocessor finds time, If an ON TIMERn CALL sub_ name
command is part of a CALL executed subroutine and the mterrupt occurs while
the CALL executed subroutine is executing, the CALL executed subroutine wiil
continue to completion before executing the subroutine called from the
interrupt.

AUN executed subroutines {see Chapter 8) carry a lower priority than subroutines
called from an interrupt. This means that a subroutine called from an interrupt
executes normally and the RUN executed subroutine executes onlv as the micro-
processor finds time,

The subroutine specified in the ON TIMERn CALL suh_ name command must
reside in the HP 3235’ memory prior to executing the command. If the sub-

routine does not exist, it generates an error.

The following program is a simple timer interrupt program to call a subroutine.

10 QUTPUT 709; HRSTH i RESET THE HP 3235

20 OUTPUT 709; YSUB TIMERINTRM I CREATE SUBROUTINE

30 QUTPHT 70G9; "DISP 'INTERRUPT OCCURRED!'! I DISPLAY MESSAGE

&0 QUTPUT 709; "“SUBEND" I END SUBROUYINE

5G QUTPUT 70%; “SET CLKSRC TIMERO EXYIN" I SEY CLOCK SQURCE

606 CUTPUT 709; "SET COUNY TIMERO 99¢ | SET TIMER COUNT

70 QUTPUT 709; “ENABLE INTR TIMERO" | ENABLE INTR FROM TIMER
80 OQUTPUT 709; MON TIMERO CALL TIMERINTRY P CALL SUB WHEN TIMER
85 b OUNDERFLOWS PAST ZERO
906 GOTC 90 P WAIT FOR INTR

100 END

03235-90007 Update 2 (FEBRUARY 1988)



Disa bllﬂg The DISABLE INTR command disables the timer interrupts. The form for the
Timer command is:

Interrupts DISABLE INTR TIMER#

Interrupts
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Register

interrupting the Controller

One important feature of vour HP 3235 is its ability to interrupt the system con-
troller when certain specified conditions are met. Of course, the system controll-
er must be appropriately programmed to respond to the interrupt. The Service
Request (SRQ, a function of the HP-IB Interface) implements this feature and is
independent of all other HP-IB activity, The following list gives the possible
sources of an SRQ interrupt.

# Data Available. The HP 3235 can interrupt the system controller when data is
available such as from a scan sequence,

e User Service Request The mainframe can interrupt when it executes the
SR command or the control panel SRQ key is pressed.

¢ LGCAL, The mainframe can interrupt at power-on, when it is reset, or when
the mainframe enters the Local mode.

e READY. The mainframe can interrupt when it is in the READY state. That is,
the HP-IB input buffer is empty, the mainframe Is not executing a command
or a CALL executed subroutine.

e ERROR. The mainframe can interrupt when an error condition occurs,

¢ Backplane Event Interrupt. The mainframe can interrupt when an event in-
terrupt occurs from a plug-in module,

e DUT Limit Failure. The mainframe can interrupt when either the VERIFY or
EIMIT tests fails

e Quick Interconnect Fixture Open. The mainframe only (not the extender
frames) can interrupt when its Quick Interconnect Fixture is open,

e Timer Interrupt. The two timer channels can interrupt when the counters un-
derflow past zero.

The remainder of this chapter shows how to program the HP 3235 to interrupt
your system controller. We also show how to program the HP Series 200/300
technical computers to respond to the interrupt.

The Status Register is a 16-bit register that monitors the current status of the HP
3235, Table 10-1 shows the bit numbers, bit values, and bit definitions for the
Status Register.



Table 10-1. Status Register

Bit
Number

7-8

10

Decimal
Value

16

32

b4

128, 256

512

1024

Description

DATA AVAILABLE. Set true (1) when data is available
in the HP-IB Output buffer. Cleared (0) by the
CLROUT command or when dats is otherwise removed
from the buffer.

Always zero (not used).

USER SERVICE REQUEST. Set true (1) when the SRQ
command is executed over HP-IB or inside a
subroutine or the Contrel Panel SRQ key is pressed.
Cleared (0) with the $YA? or CLR commands or an
HP-1B Bus "“Clear®.

LOCAL,. Set true (1) when the HP 3235 mainframe is
turned on, reset, or when the mainframe enters the
Local Mode. Cleared (0) with the STA? or CLR
commands or the HP-IB Bus “Clear®,

READY. Set true (1) when the HP-IB Input buffer is
empty and the HP 32353 is not executing a command
or a CALL executed subroutine. Cleared (0) when
the H#P 3235 is executing a command or a CALL
execyted subroutine.

ERRCR. Set true (1) when an error condition occurs.
Cleared (0) when ERR? or ERRSTR? command clears the
error register, with the CLR command or HP-IB Bus
HClear®

SRQ SENT. Set true (SRQ sent to system contreller}
when any of the other unmasked bits in the Status
Register are set true. Cleared by STB? or CLR
commands, the control panel Device Clear key, or an
#P-1B Bus "Clear®.

Always zero {not used)

BACKPLANE EVENT INTERRUPT. Set ftrue (1) when a
plug-in module event interrupt cccurs. Cleared (0}
by the STA? or CLR commands, the control panel
Device Clear key, or the HP-1B ®Clear®.

DEVICE-UNDER-TEST LIMIT FAILURE. Set true (1) uhen
aither the LIMIT or VERIFY commands test faitls.
Cieared with the STA? or CLR commands, the controi
panel Device Clear key, or the HP-IB "Clear".

Interrupts
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Table 10-1 (con?’d)

Bit Decimal
Jumber Vatue
11 2048 FIXTURE CPEN. Set true (1) when the mainframe quick

interconnect fixture is open, Cleared (0) with STA?
STA? or CLR commands, the control panel Device Clear
key, or the HP-IB Bus uClearn,

12 4096 TIMERO INTERRUPT. Set true (1) when Timer0 has
been enabled to interrupt and an ON TIMERD CALL
sub_name is not invoked. Cleared (0 with STA?
CLR commands, the control panel Device Clear
key, or the HP-1B Bus Clear.

13 8192 TIMERT INTERRUPT., Set true (1) when Timer?t has
been enabled to interrupt and an ON TIMER1 CALL
sub_name is not invoked. tleared (0) with STA?

or Clear commends, the centrol panel Device Clear
key, the HP-1B Bus Clear.

14-15 | ~wee- Net Used.

Bit 6 (SRQ) is set when any event corresponding to one of the other status bits
occurs AND when the corresponding RQS Mask bit is unmasked. The RQS

Mask is described later in this chapter, The SRQ bit is cleared when the unmas-
ked bits are cleared or after a system controller executes an HP-IB Serial Poll (see
Appendix D), the STB? command is executed, or the event setting a Status
Register bit is cleared (for example, reading the error register).

The SRQ annunciator on the optional control panel is turned on when Bit 6
(SRQ) is set. This indicates that the HP 3235 is attempting to interrupt the sys-
tem controller,

The CLR command, the control panel Device Clear key, or the HP-IB Device
Clear (see Appendix D) clear certain bits in the Status Register. See Table 10-1
for specific information, This also resets the HP-IB SRQ line to the system
controller.

The STA? command returns a decimal value indicating the status of the HP

3235, This decimal value is equal to the sum of the decimal values of the bits in
the Status Register that are set (true). See Table 10-] for a list of decimal values,
For example, if’ an error condition has occurred, STA? returns a value of 32, If
an error condition has occurred and the mainframe is requesting service from
the system controller (Bit 6 set), 8TA? returns a value of 96 (32 for the error plus
64 for the SRQ).



The Status
Register at
Power-on

Data
Destination

Executing 8TA? clears the bits that are set by an event (le. fixture open, timer
interrupt, backplane event interrupt, Limit Test interrupt, power-on/local inter-
rupt, and user SRQ). Bits which reflect the state of something are not cleared
(ie. error, data available, and ready). Bit 6 (and the HP-IB SRQ line) is cleared
only if no unmasked bits (see the RQS command later in this chapter) remain set.

The following program shows how to read and decode the Status Register.

10 OUTPUT 709; "STAIH P OPOLL STATUS REGISTER

20 ENTER 70%;A Y OEMTER DECIMAL VALUE

30 PRINT A

4G IF A=0 THEN PRINT “NO BITS SETH

50 IF BINANDCA, T THEN PRINT UDATA AVAILABLEY P BIT O
G0 1F BINAMDCA, &Y THEN PRINT “USER SERVICE REGUEST™ ¢ BIT 2
70 OIF BINANDC{A,By THEN PRINT “LOCAL® ToBit 3
B0 IF BINAND{A,32) THEHW PRINT "ERROR® PoBIT &
Q0 IF BIMAND(A,64) THEN PRINT "SRG SENTY I BIT 6

100 IF BINANDCA,512) THEN PRIMT “BACKPLANE EVENT INTERRUPT® | BIT @
110 EF BINANDCA, 70243 THER PRINT "DUT LIMIT FAILURE™ ! BIT 10

120 IF BINAND{A,Z048) THEN PRINT "FIXNYURE OPEN™ | BIT 11

130 IF BINANDCA,4096) THEN PRINT PTIMERG INTERRUPT™ { TIMERO

140 1F BINANDCA,B8192) THEN PRINT “TIMERT INTERRURTH 1 TIMER]

150 END

NOTE

Bit 4, Ready, will always show cleared because the HP 3235 is busy executing the
STA? or 8TB? command.

The $TB? command returns a decimal value equal to the sum of the decimal
values of the lower eight bits (bits 0 through 7) of the Status Register. STB?
clears Bit 6 (SRQ Sent) in the Status Register. The following program uses STB?
to read the lower eight bits and display the decimal value.

10 QUTPUT 709; “sSTR?Y

20 ENTER 709: A

3G PRINT “THE STATUS BYTS VALUE IS: ":A
40 END

At power-on, both the STA? and the STB? commands return the value '8’ if the
power-on SRQ was disabled (PONSRQ OFF, discussed later in this chapter). If
power-on SRQ is enabled (PONSRG ON), they return a value of *72" and the HP
3235 asserts the HP-IB SRQ line.

If the MEM command is used {see Chapter 7) the value returned by either STA?
or STB? is stored in the named variable or array. Otherwise, the result goes to
the control panel display if the command originated from the control panel or
the HP-IB output buffer if the command originated from the system controller.

interrupis
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The RQS  The RQS mask determines which condition(s) in the status register sets bit 6
Mask (SRQ) in the Status Register and generates an SRQ interrupt to the system con-

troller. Refer to Figure 10-1. If a particular event monitored by the Status
register occurs, and the corresponding bit in the RQS mask is "unmasked" (see the
RQS command) then the HP 3235 sets Bit 6 (SRQ) in the Status Register. When
Bit ¢ of the Status Register is true, the HP 3235 asserts the HP-IB SRQ and the
control panel SRQ annunciator turns on.  Your system controller must be
programmed to respond to the SRQ interrupt.

Sefting the  The RGS command sets or "unmasks"” bits in the RQS Mask. Bit Definition in the

ROS Mask  RQS Mask is the same as the Status Register. See Table 10-1. Only bits 0, 2, 3, 4,
5,9, 10, 11, 12, and 13 can be unmasked. Other bits are ignored. RQS has the
forn:

ROS unmask _value

The unmask_value is a decimal value equal to the sum of the bit values you
want to unmask. For example, to unmask bits 5 (Error bit, decimal value 32)
and9 (Backplane Event Interrupt, decimal value 512), execute:

QUTPUT 709; #RAS (512+32)7
or
QUTPUT 709 YRQS 5440

Now, whenever either an error occurs or a plug-in module generates a backplane
event interrupt, the HP 3235 attempts to interrupt the system controller.

Executing RQS 0 clears the RQS Mask and thereby clears bit 6 (SRQ) in the
Status Register,

Reading the  The RQS? command returns a decimal value equal to the sum of the bit values
RQGS Mask  that are unmasked. Bit values are the same as the Status Register. See Table 10-1.
Value The following program uses RQS? to return the current value of the RQS mask,

10 OUTPUT 709; “"Ras7"

20 ENTER 709;A

30 PRINT YRQS VALUE = H:p

40 PRINT YUNMASKED BITS ARE:

50 IF BINANDCA,T) THEN PRINT “DATA AVAILABLE® FBIT O

60 IF BINAND(A,4) THEN PRINT “USER SERVICE REGQUEST» ! BIT 2

7O LF BINAND(A,B) THEN PRINT 9LOCAL™M ! BIT 3

80 IF BINANDCA,16) THEN PRINT YREADY® L BIT 4

D0 IF BINANDCA,32) THEN PRINT BERROR™® PRIT 5

100 IF BINANDCA,512) THEN PRINT #BACKPLANE INTERRUPT EVENT® f BIT 9
110 1IF BINANDC(A,T024) THEN PRINT "DUT LIMIT FAILED® § BIT 10

120 IF BIHAND(A,2048) THEN PRINT WFIXTURE OPENY 1| BIT 11

130 IF BINAND(A,4096) THEN PRINT YTIMERO INTERRUPT® 1 BIT 12
140 IF BINANDCA, 8192) THEN PRINT STIMERT INTERRUPT® t BIT 13
150 END

To have a timer/counter interrupt the system controller when the counter

interrupts
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underflows past zero and reloads the initial value, you must enable the interrupt
with the ENABLE INTR command. You must also set the appropriate RQS Mask
bit for the Status Register. The timer interrupt enable command has the form:

ENABLE INTR TIMER#~

To use the timer/counters to interrupt the system controllers vou first foad a
value into a timer/counter. For example, iff you want Timer 0 to interrupt after
100 events, first set the clock source {see SET CLKSRC command) for Timer 0 to
an external source. Remember, only Timer 0 can use external clock sources.
Next, load the value 99 into Timer 0 (see the SET COUNT command). In this
way, event number 100 will underfiow the counter and generate the interrupt.
Set bit 12 (Timer 0 Interrupt) in the RQS mask with the RGS command. Finally,
enable the interrupt for Timer 0. You must also program your system controler
to respond to the SRQ interrupt.

When the SRQ message is sent, the system controller must first determine which
instrument (if more than one is enabled to assert SRQ) is interrupting. This is
done by conducting an HP-1B Serial Poll (see Appendix D) of each instrument
enabled to generate an SRQ interrupt. When an instrument is polled it responds
by sending its (8-bit) Status Register value. By looking at bit 6, the system con-
trotler can determine if that instrument asserted SRQ. If bit 6 is true then the
system controller can look at the other bits to determine the nature of the
request. If the Status Byte for the instrument polled indicates that the instru-
ment is not asserting SRQ (Bit 6 = 0) then the controller continues by polling the
next instrument on the interface. This assumes that the system has been
programmed to respond to SRQ interrupts,

The following examples demonstrate how to use the SRQ interrupt with an
HP Series 200/300 Technical Computer.

Exampie 1. Control Panel SRQ. This program example interrupts the system
controller when the SRQ command is executed from the control panel. It isa
simple program that demonstrates interrupt programming.

16 oUTPUT 70%; MRsT" | RESET THE HP 3235

20 QUTPUT T09; MRS 4M t USER SERVICE REQUEST MASK

30 ON INTR 7 GOTO 69 b SPECIFY CONTROLLER INTERRUPT ROUTINE

40 ENABLE INTR 7;2 ! ENABLE CONYROLLER INTERRUPT ON HPIE SRG
50 GOTO 50 1 WAIT FOR SRQ COMMAND

60 OQUTPUT 709; "sTA?Y 1 GET STATUS REGISTER VALUE

70 ENTER 709; &
80 If BINAND(A,4) THEN

@0 PRINY “SRQ ENTERED" ! TEST FOR USER SVC. REQUEST
100 ELSE

110 PRINT "SOMETHING ELSE INTERRUPTEDH

120 END IF

139 END

Line 30 instructs the controlier what action to take when an interrupt oceurs,
Line 40 enables SRQ interrupts (mask value 2) on HP-1B interface select code 7.
Refer to the interfacing manual for your svstem controller for interrupt servic-
ing information,

interrupts
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Exampie 2. Data Ready at End of Scan Sequence. Scanning (see Chapter 6) is
a feature of the HP 3235 that allows it to sequence through a list of channels
making a measurement on each channel. This example creates a subroutine to
scan through a list of 32 channels and store the readings in an array. At the end
of the scan, the measurements are sent to the HP-1B output buffer and the

HP 3235 interrupts the system controller.

10
20
30
40
50
40
70
80
90
100
110
129
130
140
150
160
170
180
190

DIM AL31) ¢
OUTPUT 709; "RST; USE 800" t
QUTPUT 709; "“RQS 1n H
QUTPUT 709; “SUB INTERRUPT® !
QUTPUT 709; "DIM RDGS(31)" i
OUTPUT 709; YMEM RDGS™ !
OUTPUT 709; "MEAS DCV ABD,161-138" ¢
OUTPUT 7C9; "MEM OFF; VREAD RDGSY t
OUTPUT 7G9; '"SUBEND™ !
ON INTR 7 GOTO 170 t
ENABLE INTR 7;2 t

OUTPUT 709;
!

"RUN INTERRUPT™ !

DIM ARRAY FOR 32 READINGS
RESET HP 3235; USE MULTIMETER
RAQS MASK FOR DATA READY
CREATE SUBROUTINE

DIM ARRAY FOR 32 READINGS
TURN ON MEMORY MODE

SCAN THE CHANNELS

PUT READINGS IN OUTPUT BUFFER
END SUBROUTENE

SETUP CONTROLLER INTERRUPT
ENABLE CONTROLLER INTERRUPT
CALL SUBROUTINE

t THE SYSTEM CONTROLLER CAN DO OTHER ACTIVITIES DURING YTHE SCAN

1
GOTO 160

ENTER 709; A(™) !

PRINT AC*)
END

ENTER READINGS
PRINT READINGS

Example 3. Timer Interrupt. In this example we load Timer 0 with a value of
10. Each incoming pulse on the HP 3235s External Trigger IN BNC decrements
the counter, When the counter underflows (11 counts) the HP 3235 interrupts

the system controller,

16
20
30
40
50
60
70
80
20
100
110
120
130
140
150
160
170
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OUTPUT 709;
QUTPUT 709;
QUTPUT 709;
OUTPUT 709;
DUTPUT 709;

HRSTI!

MSET CLKSRC TIMERC EXTINM
HSET COUNT TIMERO 10¥
HRGS 4096"

MENABLE INTR TIMERQ®

ON INTR 7 GOTO 90
ENABLE INTR 7;2

GOTO 80
OUTPUT 709;

ENTER 709; A

l!S';A?I!

1F BIT(A,12) THEN
PRINT "Timer Interrupt Occurred®

QUTPUT 709;
ELSE

YENABLE INTR TIMERO®

! RESET THE HP 3235

! SET CLOCK SRC FOR TIMER ©
P OSET LOUNY TO 10

! UNMASK TIMER O INTERRUPT
! ENABLE INTERRUPT

! SETUP CONTROLLER SRQ INTR
! ENABLE CONTROLLER INTR

I WAIT FCOR INTERRUPT

! READ STATUS REGISTER

! READ VALUE

! TEST FOR TIMER 0 INTR

| PRINT MESSAGE

! RE-ENABLE TIMER INTR

PRINT "Something Else Caused Interrupt®

END IF
END

03235-90001 uUpdate 2 (FEBRUARY 1988)



Example 4. Digital /O interrupt. This example waits for an event interrupt
from event bit 3 on the HP 34522 Digital 1/O Module in stot 200. This example
is similar to the example shown earlier in this chapter but this one demonstrates
how to interrupt the system controller.

10 ouTPUT 709; "RST 200; USE 200% ! RESET THE HP 3235

20 OUTPUT 709; MEDGE 3,L#v ! RISING EDGE FOR BIT 3

30 OUYPUT T7O09; “CLEAR EVENT 3" ! CLEAR BIT 3

40 QUYPUT 70G9; “ENABLE EVENT 3¢ I ENABLE INTR FROM BIT 3

50 OUTPUT 709; “ENABLE INTRY ! ENABLE INTR FROM SLOT 200
60 OUTPUT 709; MENABLE INTR SyYsH ! ENABLE PLUG-IN MODULE INTR
79 QUTPUT 709; “RQS 512¢ I UNMASK BACKPLANE INTR BIT
29 ON INTR 7 GOYQ 110 ! SETUP CONTROLLER SRG INTR
99 ENABLE INTR 7;2 t ENABLE CONTROLLER TNTR
100 6oTC 100 b WALT FOR INTR

110 QUTPUT 709; HYSTAY I READ STATUS REGISTER

120 ENTER 709; A ¥ READ VALUE

130 OQUTPUT 709; “INTR?™ E INTERRUPT QUERY

140 ENTER 709; Slot P READ SLOT NUMBER

150 IF BINAND(A,512) THEN P TEST FOR BACKPLANE INTR
160 PRINT "Digital interrupt From Slot"; Stot | PRINT MESSAGE

170 OUTPUT 709; MENABLE INTRY t RE-ENABLE BACKPLANE INTR
180 ELSE

190 PRINT "Something Else Caused Interrupt®

200 END IF

210 END

Exampile 5. Fixture Open. This example shows how to program the HP 3235 to
interrupt the system controller when the mainframe Quick Interconnect Fixture
is open. Note that only the HP 3235 mainframe can interrupt when its fixture is
open; the HP 3235E Extender frames do not have this feature.

180 QUTPUT 709; “RSTH { RESET THE HP 3235

29 QUTPUT 709; “RQS 2048 1 SET MASK FOR FIXTURE OPEN
30 ON INTR 7 GOTO 60 1 SET CONTROLLER INTERRUPT RGUTINE
40 ENABLE INTR 7;2 1 ENABLE CCNTROLLER INTERRUPTY
50 GOTO 50 ! WAIT FOR FIXTURE OPEN

60 OUTPYT 709; nSTAM ! READ STATUS REGISTER VALUE
70 ENTER 709;A i READ VALUE

80 IF BIT (A,71) THEN ! TEST FOR FIXTURE OPEN INTR
g0 PRIKY *Mainframe Interconnect Fixture Opent®

100 ELSE

110 PRINT "Something Else Caused Interrupt®

120  END EF

13G  END

interrupts
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Power-On SRQ Interrupt

Interrupts
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You can program your HP 3235 to interrupt the system controller when power is
applied to the mainframe. The PONSRQ command enables or disables the

HP 3235 to assert the HP-IB SRQ line and attempt to interrupt the system con-
troller, If power is removed from one of the extender frames, a power faiture
error oceurs. Thus, PONSHQ applies to the extender frames as well as the
mainframe.

When power-on SRQ is enabled (PONSHQ ON), the RQS mask is set to value "§"
at power on thus enabling the SRQ interrupt. If the power-on SRQ is disabled
(PONSRQ OFF) the RQS mask is set to value "0" at power-on, The PONSRQ
state {ON or OFF) is stored in nonvolatile memory so it is not lost when power is
removed {rom the mainframe,

The following example shows how to program the HP 3235 and the system con-
troller for power-on interrupt.

10 QUTPUT 709; “RSTY I RESET THE HP 3235 AND CLEAR STATUS REG
20 QUTPUT 709; "STAM | CLEAR POSSIBLE PENDING SRQ

39 ENTER 709; Temp I READ VALUE

49 CUTPUT 709; HPONSRQ CN® | SET PONSRG ON

5C ON INTR 7 80TO 99 ! SET COMTROLLER INTERRUPT ROUTINE
60 ENABLE INTR 7:2 I ENABLE CONTROLLER INTERRUPT

73 PRINT "Cycle Power On HP 3235 Mainframe”

80 GOTO 80 1 WAIT FOR HP 3235 POWER-ON

g0 GUTPUT 709; "STA?" { GET STATUS REGISTERS

100 ERTER T709; A i READ VALUE

110 iF BIT(A,3) THEN I TEST FOR POWER-ON SR&

120 PRINT “Power-On SROY

130 ELSE

140 PRINY vSomething Else Caused SRQY

150 END IF

160  END
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Chapter 11

introduction

Local Mode

Remote Mode

Local/Remote Considerations

This chapter shows you how to use some of the advanced programming
capabilities of your HP 3235, In particular it covers:

 HP-IB Local and Remote considerations

® 1/0 Modes, Input and Qutput Buffering, and Output Data Formats
& Storing and Recalling Instrument States

& Internal Memory Usage

@ HP 3235 Internal Task Priority

The HP 3235 executes commands from two different sources: the control panel
keyboard and the system controlier (via HP-IB). Commands from these two
sources are treated differently depending on whether the HP 3235 is in the local
or remote mode.

In the HP-IB LOCAL mode (REMIOTE annunciator is off in the control panel
display), the HF 3235 executes commands from both sources.

The instrument is in LOCAL mode at power-on and will stay in that mode until
you execute a remote command (see next heading). The HP 3235A is in LOCAL
if the REMOTE annunciator is of f. Execute either the LCL or LOCAL com-
mands or press the control panet LOCAL key to return the mainframe to
LOCAL Mode. You may also execute the HP-IB LOCAL command. Refer to
Appendix D in this manual for more information on the HP-IB bus commands.
For example:

OUTPUT 70%; ®LOCAL™

In the HP-IB REMOTE mode the REMOTE annunciator is on in the optional
HP 34550 Controf Panel. Your HP 3235 executes commands from the system
controller. The HP 3235 can also execute commands from the control panel
keyboard which do not change any hardware state. For example, in the remote
mode, you can close a relay channel from the system controller but not from the
control panel keyboard. You can, however, determine the status of the multi-
meter, read an error message, etc. from the control panel because these do not
change the state of the hardware,

Because most controliers set the HP-IB REN line true at power-on or reset, ex-
ecuting any command (except LOCAL and LCL) will also put your HP 3235A in
its REMOTE mode,

HP 3235 Advanced Programming
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Sequential Helay Command Execution

The SERIAL
Command

SERIAL ON

SERIAL OFF

The HP 3235 mainframe executes commands in the order received. For example,
after you send the command to close a relay, the processor will wait until the
relay settles before interpreting and executing the next command, There may be
times, however, when you do not want the mainframe processor to wait. For
example, you may want to process prior measurement results while waiting for
the next channel relay to settle,

The SERIAL command enables or disables sequential command execution when
opening or closing relays. SERIAL has two values: either ON or OFF, The ON
value (power-on, default value) causes the HP 3235 to wait until relays have set-
tled from one command before executing the next command, This mode is dis-
cugsed first,

When the HP 3235 receives a command to close a relay(s), it starts the specified
relay{s) moving (opening or closing) and then waits for it (them) to settle before
accepting a new command. This is true for commands executed from the system
controller and the optional control panel. All refays in a given HP 3235 com-
mand start moving at the same time. With the serial mode enabled, the follow-
ing command sequence operates in break-before-make fashion (relay 101 opens
before 202 closes):

10 CUTPUT 709;"SERIAL ONY
20 QUTPUT 709;=0PEN 101; CLOSE 202v
30 ENB

As another example, if you run the following program:

10 OUTPUT 709; “RST; USE 800¢ ! RESET AND ASSIGN MULTIMETER
20 QUTPUT 709; M“SERIAL ON® ! TURM SERIAL MODE ON

30 OUTPUT 709; UOPEN 270,370; CLOSE 405,470,491,515,571,592¢

40 OUTPUT 709; “TRIG" I TRIGGER THE MULTIMETER

50 ENTER 709;:Rdg 1 ENTER THE READING

60 PRINT Rdg i PRINT THE READRING

70 END

the HP 3235 opens channels 270 and 370 and then waits for them to settle
before closing the specified channels. Once they have settled, the HP 3235 ac-
cepts the trigger command in line 40.

When the serial mode is disabled (SERIAL OFF command) switching commands
are defined as being done as soon as the HP 3235 writes the open/close informa-
tion to the plug-in module. In other words, the HP 3235 does not wait until the
relays have settled before beginning to execute the next command. This allows
you to open or close one or more relays and immediately begin execufing
another command while the relays are settling, For example:

10 OUTPUT 70%; USERIAL OFF®
20 QUTPUT 709; “OPEN 101; CLGSE 202%
30 EMD

HP 3235 Advanced Programming
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The HP 3235 begins opening channel 101 and then begins closing channel 202,
This approximately halves the settling time since both relays move and settle
together.

The multimeter trigger program above with SERIAL off may cause the multi-
meter to trigger before the relays have settled:

10 QUTPUT 709; "RST; USE 800¢ bEORESET AND ASSIGH MULTIMETER
20 DUTPUT 709; “SERIAL OFF® ! OTURN SERIAL MODE OFF

30 OUTPUT 709; “OPEN 270,370; CLOSE 405,470,491,515,571,5%92¢

40 OUTPUT TO%; 9TRIGH I TRIGGER THE MULTIMETER BEFORE
45 t RELAYS SETTLE

50 ENTER 709;Rdg I ENTER THE READING

&0 PRINT Rdg i PRINT THE READING

70 END

The HP 3235 starts the relays specified in Line 30 moving and then, without
waiting for the relays to settle, triggers the multimeter.

The SETTLE  The SETTLE command is useful only when the serial mode is disabled (SERIAL
Commangd  OFF). It ensures that all the relays that were started moving by a previous HP
3235 command have settled before the HP 3235 executes another command. In
the previous example, you may want to ensure that the relays in line 30 are set-
tled before triggering the multimeter (line 50).

10 QUTEUT 709; “"RST; USE 8007 i RESET AND ASSIGN MULTIMETER
20 QUTPUT 709; BSERIAL OFFY i TURN SERIAL MOBE OFF

30 QUTPUT 709: POPEN 270,370; CLOSE 405,470,491,515,571,592%

40 OUTPUT 709; “SETTLEY

50 OQUTPUT 709; #TRIGH ! TRIGGER THE MULTIMETER
&0 ENTER 709:Rdg ! ENTER THE READING
70 PRINT Rdg ! PRINT THE READING

HP 3235 Advanced Programming
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Buffering

input
Buffering

The HP 3235 accepts commands and data from your system controller in either
a buffered or unbuffered mode, Similarly, it can send data to the controller in a
bulfered or unbuffered mode. At power-on, both input buffering and output
buffering are off. The following two sections describe input and output buffer-
ing.

When input buffering is off (power-on state, see the INBUF command) and your
system controlier addresses the HP 3235 to listen, the HP 3235 accepts com-
mands from the controller one character at a time as it is ready. The HP 3235
holds the HP-IB handshake while it is processing a character, After processing
the character, the HP? 3235 completes the handshake and accepts the next charac-
ter. When the mainframe processor receives a valid terminator it executes the
command. Valid command terminators are semicolons (}), carriage returns {cr),
line feeds {//), and EOI sent concurrent with the last character sent. Most con-
trollers send ¢r and /f after each OUTPUT statement. The first terminator (cr)
initiates command execution. The final terminator (//) is held off until com-
mand execution is complete. Then the HP 3235 accepts the // and frees the
HP-1B interface for communication with other instruments. Thus, sending cr /f
can hold up the system controller until the command finishes execution. The HP
3235 executes HP-IB bus commands, such as Group Execute Trigger (GET) or
Device Clear (DCL), in sequence with other characters coming over the HP-1B
interface. This means that it is normally not necessary to add programmed
delays in the system controller 1o allow more time for commands to execute.

If input buffering is on and the controller addresses the HP 3235 to listen, it
stores incoming characters in a first-in-first-out (FIFO) circular buffer. This
technigque minimizes bus transfer fime and allows your system controller to
communicate with other instruments while the HP 32335 is processing commands.
When the input buffer becomes full, the HP 3235 holds of f bus communication
until it can process commands and buffer space becomes available. The HP 3235
input buffer is 256 characters long. To turn the input buffer on, execute:

QUTPUT 709; MINBUF ONY®

In HP-IB systems with multiple instruments, you may need to have the HP 3235
complete all of its commands before sending commands to other instruments (e.g.
close a relay and trigger an external voltmeter). If you have the input buffer on,
three methods exist for your system controller program to determine when the
HIP® 3235 has completed its command execution.

I. The program can Serial Poll the HP 3235 until the Ready bit (bit 4) is set.
Refer to Appendix D for more information.

2. The system controfler sends the READY command and reads a number from
the HP 3235 mainframe. When the mainframe returns a 1, command string ex-
ecution is complete, For example:

16 DUTRPUT 709; ®CLOSE 100-132;0PEN 100-132;CLOSE 100-152:0PEN 100- 1324
20 OUTPUT 709%; HREADY®
35 ENTER 7094

HP 3235 Advanced Programming
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Qutput
Buffering

40 PRINT "READY®
50 END

3. Set the RQS mask to enable SRQ with the Ready bit (bit number 4). The sys-
tem controller must monitor the SRQ line. When the SRQ line becomes true,
command execution is complete. Refer to Chapter 7, Interrupt Handling for
more information.

With input buffering on, HP-IB bus commands, such as GET or DCL execute
immediately.

In either mode, the HP 3235 processor parses the incoming command string into
valid commands and parameters. If an error occurs, the processor sets the error
status bit (bit 5} in the status register, sets the SRQ bit (if not masked), records an
error message, and displays the offending string on the control panel display.
The processor resumes parsing after the next command terminator in the input
buffer. Refer to the section on Error Handling in Chapter 4 of this manual.

The HP 3235 sends output data to the same source that originated the command.
That is, if the command came from the system controller the data generated by
the command is sent to the HP-IB output buffer. When the system controller
addresses the HP 3235 to talk, it sends the data in the output buffer, When the
output buffer is off (power-on condition), new data overwrites any data left in
the output buffer, QUTBUF OFF is the power-on state for the output buffer.

The command GUTBUF ON changes the output buffer to a FIFO circular buffer,
In this mode the HP 3235 sends data in groups and does not overwrite data in
the buffer. For example:

10 QUTBUT 709; HOUTBUF ON"

20 OUTPUT 709; “CTYPE 000 CTYPE 100: CTYPE 200; CTYPE 3000
30 ENTER 7097 A,B,C,D

40 PRINT A,RB,C,D

50 EMD

The four plug-in module types are sent in a group. NOTE: depending on what
type of controller you are using, you may need to specify an image statement to
ignore the terminators between data strings when entering the data. This is be-
cause a cr [f is sent after each data string,

The command OUTBUF OFF returns the output buffer to its overwrite mode.
You can erase any data in the output buffer by executing CLROUT, CLR, or the
HP-IB CLEAR commands, For example;

QUTPUT 709; "“CLROUTH
or

CLEAR 709
In either mode, the output buffer holds up to 2048 bytes. One multimeter read-

ing requires 16 bytes. Therefore, the output buffer can hold up to 128 multi-
meter readings,

HP 3235 Advanced Programming
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EOi
Termination

If your system controller addresses the HP 3235 to talk (send data) and the
output buffer is empty, the HP 3235 will not respond until output data becomes
available.

If the system controller asks for more data than the output buffer can hold {or is
currently in the output buffer), the HP 3235 will hold of f H#P-18 bus com-
munications untif the output data becomes available and is sent to the controller.
The HP 3235 will not accept any new commands during this time. If the buffer
is full when the HP 3235 generates new output data, the HP 3235 processor
releases the input buffer (if it was held) and waits lor the system controller to
read the output buffer. You must read the output buffer or you must execute
an HP-IB Device Clear (see Appendix D) before the HP 3235 will process new
commands.

Status bit 0 in the Status Byte is the data available bit. The processor sets this bit
when output data is available and clears the bit when the output buffer is empty.
Refer to Chapter 7 for information on SRQ interrupts using this bit,

At power-on your HP 3235 uses ¢r If as the output data terminator. The com-
mand END ON causes the HP 3235 to send EQI concurrently with the {f. (At
power-on, END is off so EOI is never sent)) Note that in QUTBUF ON mode, mul-
tiple responses may be in the output buffer with EQI set. This requires multiple
reads by an HP Series 200 or 300 system controller (unless an image statement is
used to suppress EOI termination) to empty the output buffer. For example:

10 QUTPUT 709;"END ON; OUTBUF ON®

20 QUTPUT TO9;“"CTYPE 000; CTYPE 100; CTYPE 200"
30 FOR I= 1 70O 3

40 ENTER 709; A

50 PRINT A

60 MEXT I

70 END

HP 3235 Advanced Programming
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Qutput Data

Many HP 3235 commands generate output data. This output data goes to the
control panel display if the command came from the control panel keyboard or
a controf panel keyboard initiated subroutine. If the command came from the
system controller or from a system controller initiated subroutine, the output
data goes to the HP-IB output buffer. You can also store results in the
mainframe’s internal memory using the MEM command. The HP 3235 returns
numeric results in either ASCIH or binary formats. The defauit {power-on) for-
mat is ASCII (6 digit signed integers for integer resufts and 8 digit scientific nota-
tion for real results). These formats conform to IEEE-728*% NR! and NR3 for-
mats, respectively. The available binary formats are 16-bif, 2’scomplement for in-
tegers or IEEE-734* format for 64-bit real numbers,

You select either the ASCIE or BINARY output format with the OFORMAT
command. For example:

CUTPUTY 70%; "“OFORMAT BIMNARY™ ! SELECTS BINARY AS OUTPUT FORMAT

Output messages consist of one or more elements. Each element is either a num-
ber, a string, or a #A binary (IEEE 728 binary format). In ASCII messages with
multiple elements (such as multiple readings from the multimeter), a ¢r /f follows
each element.

ASC" At power-on, the output format is set to ASCIL This is the format you will use
Format most often. All HP-IB controliers can communicate in ASCII format.

Bmary If your system controller uses 16-Bit, 2’s complement integers and/or IEEE 754
Format Binary representation for internally storing data, you may use the Binary output
format. its primary advantages come if you are transferring a lot of data from
the HP 34522 Digital 1/0 module or readings from the HP 34520 Multimeter, or
array data values,

NOTE

Refer ta your system controller 1,0 manual for information on binary data frans-
fers.

Binary data outputs are preceded with an IEEE-728 Block A header and are fol-
lowed by a ¢r I/, The Block A header consists of four bytes: the pound sign (#),
the letter "A’, and two bytes which indicate the number of data bytes to follow.
These two bytes represent one 16-bit number; the first byte represents bits 15
through 8, the second byte represents bits 7 through 0.

*1EEE-728 is the IEEE standard for communications protocols.
*IEEE-754 is the I1EEE standard for binary floating peint representation.

HP 3235 Advanced Proegramming
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NOTE

This binary format is only useful if your system controller uses the same binary
formar internally. The HFP Series 200 and 300 computers use the same formal.
Refer to your system controller's operating manual for information on using the bi-
nary formars.

The BLOCKOUT OFF command disables the Block A header information and ¢
[f. Only the binary data is sent, EOI is sent concurrent with the last character
sent if END ON is enabled. Refer to the P 3235 Language Reference Manual
for more information, This is the most useful binary mode since few controllers
automatically strip of f the IEEE-728 #A header and terminator. An HP Series
200/300 computer example of this is:

19
20
30
40
45
50
60
70
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DI ALT0C0)
QUTPUT 709;
ASSIGN BBin
OUTPUT 709:

QUTPUT 709;
ENTER @88in;
END

HDEM A (10600

TO 709; FORMAT OFF

“OFORMAT BINARY; BLOCKQUT OFF®™ | SET BIN MODE, AMD
i BLUCK HEADER OFF

WYREAD A

ACH) ! BIMARY READ



Stored Siates

Local
Storage
Recall

Local
State
Storage

Often you may find it convenient to have a particular, repeatable channel con-
figuration that encompasses several plug-in modules. Opening and closing each
individual relay every time you want that configuration becomes cumbersome
and time consuming. The SSTATE (Store State) and RSTATE (Recall State)
commands make this task easy by storing states in internal HP 3235 memory.
You can also store and recall states from your system controller with the SET?
and SET commands,

The hardware state of plug-in modules and the backplane analog and trigger bus
switching may be stored in internal HP 3235 memory for later recall. States may
also be stored in continuous (nonvolatile) memory if specified. Recalling a
stored state is generally faster than sending the separate commands because the
state is stored in an internal format and the commands are not decoded each
time. States may be stored and subsequently recalled by name for one plug-in
moduel, a group of plug-in modules, or the entire HP 3235 system. Only the
hardware state of the instrument is stored. I/O modes (such as buffering),
memory contents (arrays, variables, and other stored states), and data formats are
not stored,

NOTE

When storing /recalling states, the plug-in module type for each slot represented in
the stored state must not change when that state is recalled.

Instrument states may be stored until memory is full. The number of states that
may be stored depends on the complexity of the module configurations and the
number of subroutines or arrays already stored in memory. Purging unneeded
states frees memory for other uses {(see the PURGE command later in this sec-
tion). You can determine the amount of memory available with the MEMAVAIL
command described later in this chapter,

If power fails while a state is being stored to continuous memory, the entire con-
tinuous memory contents become invalid. At power-on, the continuous memory
is erased.

The SSTATE command allows you to store the hardware state of one or more
plug-in modules or the entire instrument (mainframe plus extenders) state in in-
ternal memory. The command has the form:

S8YATE name [slot__list ][ CONT]

Stored state names may be up to ten characters long. The first character must be
a letter (A-Z) but the remaining nine characters may be either letters, numbers
(0-9), the underscore character (), or the question mark (7). Names must not be
the same as reserved HP 3235 commands (eg. CLOSE, TIME, WAIT), existing
subroutine names, or defined variable or array names.

HP 3235 Advanced Programming
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Recalling
Stored
States

Examples

The slor_ Iist parameter allows you to store the hardware state of one or more
plug-in modules. If you do not specify a slor__list, the entire instrument state is
stored. Each element in the sfor__/ist must be in the form es00 where ¢ is the
mainframe or extender number (0=mainframe, |-7=extender number), and s is the
slot number (0-9). You can specify a single stot (es00), multiple slots (es00,es00, .),
sequential slots (es00-c500), or groups of sequential slots (es00-¢s00,es00-es00), or
any combination,

Normally, the state is stored in volatile memory and is subsequently lost if power
is removed from the mainframe. However, if you specify CONT with the
SSTATE command, the state is stored in continuous (nonvolatile) memory and is
not lost when power is removed.

The RSTATE command recalls stored states from internal HP 3235 memory.
The command has the form:

RSTATE name [ slot__list]

The name parameter must be the same as some stored state. The slor__list must
have the same number of elements as the specified stored state and the modules
must match one-for-one. However, it is not necessary to specify the same slot
numbers used in the SSTATE command.

The exact module state is recalled. On a given module, for example, if vou close
a relay that was open when the module state was stored and subsequently recall
that module’s state, that relay will open. A closed relay that is also closed in the
stored state remains closed (it does not open then reclose). Slots not specified in
the RSTATE command remain unchanged.

The following examples demonstrate the usefulness of storing and recalling in-
strument and module states,

Example 1. Storing/Recalling Instrument State. The following program stores
the hardware state of the entire HP 3235 system (mainframe plus extenders) in
continuous {nonvolatile) memory. Cycle power on the HP 3235 mainframe
when instructed. Continue the system controller program to recall the instru-
ment hardware state from continuous memory. You can monitor the state of
the modules (with the MONSTATE command) to verify that the previous state is
recalled.

10 QUTPUT 709; '"RST®

20 QUTPUT 709; "CLOSE 101,105,202,301,412,506% | CLOSE SOME RELAYS

30 oUTPUT TQ9; "SSTATE STATET,CONT® | STORE STATE [N CONTINUDUS MEMORY
40 PRINT "CYCLE POWER ON THE HP 3235+

30 BEEP

60 PAUSE

70 QUTPUT 709; “RSTATE STATEI" | RECALL STORED STATE

B0 END

Example 2. Storing/Recalling a Plug-in Module State. The following program
stores the hardware state of one plug-in module in volatile memory. The
program then reseis the module, closes other relays, and recalls the stored state.
Notice that relays closed after the state was stored are open after the state is

HP 3235 Advanced Programming
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recalled. Watch the MON STATE (if vou have the optional control panel} to see
the relay activity. The relays closed in line 90 open when the stored state is
recalled because none of those relays were closed when the state was stored.

10 ODUTPUT 709; HRST 200" | RESET SLOT 200
20 OUTRUT 709; "MON STATE 200" I ENABLE MONITCR MODE
30 OUTPUT 709; "CLOSE 201,204,207,214% | CLOSE RELAYS
40 WAIT 2 | WATCH MONITOR DISPLAY
50  OUTPUT 709; "SSTATE STATE2,200" I STORE STATE OF SLOT 200 MODULE
40 OUTPUT 709; *=RST 200" P RESET SLOT 200 TO OPEN RELAYS
70 OUTPUT 70%9; "MON STATE 200w t RE-ENABLE MONITOR MODE
80 WAIT 2 E WATCH MONITOR DISPLAY
0 OUTPUT 70%; "CLOSE 203,206,210 ! CLOSE CTHER RELAYS
190 WAIT 2 ! WATCH MONITOR DISPLAY
110 OUTPUT 709; "RSTATE STATE2,200H i RECALL STATE AND WATCH MONITOR
120 END
Remote Two commands enable vou to store and recall the hardware instrument state for
Storage and your HP 3235 system {mainframe plus extenders) in your system controller. The I
ecall SET? command sends the entire instrument state to the system controller. The

SET command returns the stored state from the system controller and restores
the HP 3235 to that state,

The SET? command sends the state information to the system: controller in
IEEE-728 Block A format. This includes the header and the data block followed
by carriage return and line feed (cr /7). Block A format consists of four bytes:
the "#" sign, the letter "A", and two bytes which indicate the number of bytes of
binary data to follow (not including the cr i)

The following program loads the hardware state of the mainframe, extenders,
and all installed plug-in modules into the system controtier (3ET? command),
The state is then loaded from the system controller back to the HP 3235 using
the SET command.

10 DI State$i1000] ! DIMENSION ARRAY

20 QUTPUT 709; U“RST® t RESET THE HP 3235

30 CUTPUT 70G9; "CLGSE 201,2064,207,214" 1 CLOSE RELAYS

40 QUTPUT 709; "MON STATE 200C¢ ! ENABLE MONITOR MODE

50 QUTPUT 74%; M"SET?H ! DUMP STATE 7O CCONTROLLER
60 ENTER 709; State$ I ENTER STATE

70 PRINT "1. REMOVE POMER FROM HP 3235"
80 PRINT 2. RESTORE POWER TO HP 32350
90 PRINT ®3. PRESS THE 'CONTINUE® KEY ON SYSTEM CONTROLLER®

10C PAUSE

110 QUIPUT 709; HRSYTH ! RESET THE HP 3233

12C  QUIPUT 7069; “MON STATE 200* I RE-ENABLE MONITOR MODE

13C  WAIT 2 b WMATCH MONITOR DISPLAY

140 OUTPUT 709; MSETY; Stated ! LOAD STATE FROM CONTROLLER
150 END
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Memory Management

Vemory
Usage

Your HP 3235 has approximately 480K bytes of volatile memory and ap-
proximately 6K bytes of continuous (battery-backed) memory. An additional 2K
bytes of continuous memory is reserved for redefined control panel keys and the
ten User keys. The actuat amount of available memory depends on the number
of plug-in modules installed in the HF 3235 system and other factors. This sec-
tion shows vou how to efficiently use the local memory in your HP 3235,

Volatile memory constitutes the largest block of internal user memory. This
memory is not battery-backed and hence any information stored in this memory
is lost if the HP 3235 loses power. The volatile memory stores the following
information:

Variables and Arrays

Subroutines

Stored States

Plug-in Modute State records {i.e, which relays are closed, etc.)
Information for the ON INTR blocks

Expanded Prohibited Channel lists

Temporarily stores the expanded channel lists during a scan

R o

The continuous memory stores the following information:

[. Prohibited channel lists as you defined them (e.g. 101-113),
2. Stored States if you specify CONT (see "Stored States" earlier in this
chapter).

NOTE

It is possible to lose the contents of the continnous memory if power fails while the
HP 3235 is executing a command which stores data in continions memor y.
Therefore, all prohibited channel lists and stored siates should also be stored in the
system confroller as a back-up.

The MEMAVAIL? command returns the size (in bytes) of the largest available
block of volatile memory and the available size of continuous memory.
MEMAVAIL? returns two REAL numbers separated by commas. The first num-
ber is the largest continuous block of velatile memory. The second number is
the size of the available continuous memory.

The following program example shows how to use the MEMAYAIL? command.
The first value printed is volatile memory result (in bytes) and the second value
is continuous memory result (in bytes).

10 DIM A$[60}

20 OUTPUT 709; "MEMAVAIL?Y
30 ENTER 7G9; A%

40 PRINT A3

50 END

HP 3235 Advanced Programming
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Using
Memory
Efficiently

Other
Memory
Related

Commands

CAT

When you purge an item from volatile memory a "hole’ remains where that data
was stored. The HP 3235 does not pack the remaining data. However, two ad-
jacent holes are combined into one large one. You can fragment the volatile
memory by leaving several "holes’ in the memory. The MEMAVAIL? command
returns the size of the largest hole in the volatile memory. The following sugges-
tions can help vou avoid fragmenting the memory and thus ensuring the maxi-
mum amount of available memory. The HP 3235 will not allocate space for an
item (such as an array) over multiple holes; it must have one contiguous block.

L. Define the items that are more permanent (ie. prohibited channels, stored
states, variable names, subroutines, etc.) first. Define the items that are subject
to change (i.e. arrays that will be redimensioned and nonpermanent sub-
routines) last.

2. Purge items in the opposite order that you created them. Two adjacent holes
are combined into one large one.

3. Download and compress (see Chapter § in this manual) each debugged sub-
routine individually rather than downloading several subroutines and then
compressing them. If a subroutine consists of more than 100 lines, consider
breaking it down into 2 or 3 smaller subroutines.

4, Use INTEGER arrays where possible. They use less memory than REAL
arrays.

Chapter 7 in this manwval shows how to create and use variables and arrays. The
FILL command loads specified values into arrays. The MEM command stores
numeric data generated by other commands into variables or arrays. Several
other HP 3235 commands directly affect memory usage or identify the user
defined contents of memory. These commands are described in the following
paragraphs.

The CAT command {catalog) lists all the names of the subroutines, simple vari-
ables, stored states, and arrays that are presently stored in mainframe memory.
CAT also displays the number of bytes required to store each subroutine, and the
type and number of elements in each array. If a subroutine has been defined,
and then deleted using DELSUR, it is listed with a size of zero. If there are no
more arrays or subroutines to be listed, the HP 3235 returns the word "DONE".

The format for the catalog is:

for subroutines. ~ SUB  sub_pame SIZE dddd TEXT SIZE dddd
for integer arrays. [ARRAY array name  size

for real arrays: RARRAY array _name  size

for stored statess  CONT state_mame (nonvolatile memory)
STATE  stale__name (volatile memory)

simple variables: INT variable _name

REAL variable__name
Subroutines return two sizes, The first SIZE is the size, in bytes, for the compiled

code. This is the HP 3235 machine code version of the subroutine. The second
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COMPRESS

DELSUB

PURGE

SCRATCH

TEXT 8iZE is the size, in bytes, for the subroutine source code which you can list
and single-step. When you compress a subroutine (see COMPRESS later in this
section), the TEXT SI1ZE goes to 0 but the machine code SIZE remains the same,
The size returned for arrays is the actual number of elements in the array. The
following program shows how to use the CAT command:

10 DIM ASLED

20 OUTPUT 709; “CATH

30 ENTER 709; AS

40 PRIMT RS

B0 IF AB<>BDONEY THEN 30
&0 END

The COMPRESS name command leaves the subroutine in its machine code form.
This saves internal memory but eliminates the ability to list or single step the
subroutine,

The DELSUB name command deletes only the specified subroutine from
mainframe memory. It does nor delete the subroutine name itself from the
catalog of subroutines,

PURGE deletes a specified stored state from HP 3235 memory {either continuous
or volatile). However, the state name is shown in the CAT listing as PURGED
name and cannot be redefined,

The SCRATCH command deletes (scratches) al/ subroutines, variables and arrays,
and stored states from mainframe memory. It also deletes all name definitions
from the catalog. SCRATCH gives an error but does not purge the memory if it
is executed while a subroutine is executing. The optional CONT parameter deletes
only those states stored in contingous memory.

HP 3235 Advanced Programming
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P 3235 Internal Task Priority

Four independent tasks affect command execution in the HP 3235, In the order
of highest priority first, these tasks are:

1. Control Panel keyboard executed commands.
2. System Controller (via HP-IB) executed commands.

3. The ON INTR CALL sub__name and ON TIMER» CALL sib__name
executed subroutines (see Chapter 10).

4, RUN executed subroutines,

Four rules govern how the HP 3235 executes commands {or subroutines) from
these four command sources. These rules are:

1. Any task can only execute one command or subroutine at a time.

2. The HP 3235 always executes the highest priority task thai has
something to do,

3. Any task that executes a wait command of >30mS allows the next
lower priority task to execute some or all of its command(s).

4. If a task requires a resource (such as an analog backplane or trigger
bus) that another task is using, the second task waits until the first
task finishes with the resource. This is true even if the second task
is a higher priority task.

These simple rules of priority and shared resources will help vou predict what
the HP 3235 will do in most circumstances. For example, they help explain why
only one subroutine can be executing at any time (see Chapter §) and why you
can enter commands from the control panel keyboard and the HP-IB at the same
time {see Chapter 4).
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Chapter 12
integrity

Introduction

General

Multiplexer
Configurations

nformation

This chapter presents goidelines for maintaining signal infegrity in vour test sys-
tem. Your test system configuration is a function of what yvou are testing, and
how often vou change the test system or the device(s) being tested. It may also
depend on the required system throughput. For example, if you are testing DC
power supplies, short cable lengths are not vital to the test. However, if you are
testing VHF receivers, short lead lengths between the receiver and the test in-
struments are often crucial. If you are testing several different types of
receivers, you may want to use the Quick Interconnect Fixture and short test
lead lengths. Consequently, you may need to compromise the test system design
to maximize signal integrity while maintaining test throughput and ease of use.
This chapter shows you how to maintain signal integrity.

This chapter is not intended to provide complete and in-depth information on
signal integrity. It does provide guidelines to help you in designing your test sys-
tem. For additional information, refer to the excellent books and articles listed
in the bibliography at the end of this chapter,

The following information provides general guidelines for using the HP 3235 in
your test system. Refer to the specifications for a particular plug-in module for
information on relay contact resistance, thermal offset, environmental condi-
tions, etc,

The multiplexer configuration is most commeonly used for signal switching into
instrumentation. Generally in this signal switching configuration, only one signal
is connected at a time to the measuring device and the switching is break-before-
make; ie, the input is disconnected before a new input is connected.

Multiplexing configurations are used primarily to connect multiple signals fo a
single output such as a number of thermocouples to a multimeter or a number of
test points to an oscilloscope, the main advantage of this configuration is
economy,

Twoe wire multiplexers are useful for floating measurements. Inductive coupling
can cause the generation of ground loops in the low lead. To break these loops it
is necessary to switch the low and high leads. This is particularly useful for
capacitance and inductance measurements at frequencies below | MHz, Also,
devices such as thermocouples and transducers can be connected to voltmeters
with good common mode noise rejection.

Guarded measurements shunt common mode noise current away from the
measurement input.,

Single ended multiplexer configurations are useful for high level signals where
measurement accuracy is not critical and where all the measuring instruments

Signal integrity
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Heating of
Adjacent
Modules

Signal
Levels

Coaxial
Cables

Signal Integrity
12.2

share a common ground with all the signal sources to be measured. See the HP
34501, 34502, 34507 Programming and Configuration Manual for an example of
single ended measurements.

Any plug-in module dissipating more than 10 watts may affect the thermal off-
sets on adjacent modules. For example, assume vou have an HP 34523
Breadboard module with voltage regulator circuits next to an HP 34502 multi-
plexer module switching low level signals, Heat from the regulator circuits cause
thermal of fset voltages on the adjacent multiplexer module. These of fset vol-
tages may adversely affect the low level signals. Therefore, keep modules switch-
ing low level signals away from modules with high power dissipation.

Once a relay is used for power switching (high voltage and high current), its con-
tact resistance may increase to a few ohms, This may make the relays unsuitable
for switching some low level signals. This includes the bank and backplane relays
as well as the front end multiplexer relays. We recommend that you do not mix

high fevel and low level signal switching on the same relay module. Instead, con-
sider designating some relay modules for switching high voltages and current and
other modules for low level signals,

For the best high frequency performance, user cables for the BNC-type plug-in
modules (HP 34504, 34505, and 34506) should have at least two braided shields or
one braid and a foil wrap. To maintain low DC offset voltages, cables should
have copper center conductors, not copper-clad steel. R(G-223,/U cable is recom-
mended. Table 12-1 lists the 5092 cables (BNCs on both ends) available from
Hewlett-Packard.

Table 12-1. HP Coaxial Cables

tength Part Number

38 cm (12 in) HP 8120-1838
6% cm (24 im) HP 81201839
122 cm (48 im) HP 8120-1840




Sources of Electronic Noise

Sources of
Neoise in a
Switch
Sysiem

The measurement of low level signals in a test system environment can best be
accomplished with careful attention to the details of grounding and shielding.
The following are major offenders of noise coupling into these systems:

1. Conductively coupled noise
2. Coupling through a common impedance
3. Electric and magnetic fields

Besides these sources of noise, some systems are sensitive to noise from galvanic
action, thermocouple noise, electrolytic action, triboeleciric effect, and conduc-
tor motion. In electronic test systems designed for the testing of electronic
modules, the important noise sources are generally:

@ Conductively Coupled Noise. The easiest way to couple noise into the circuit
is on the conductor leading into the circuit. A wire running through a noisy
environment has an excellent chance of picking up unwanted noise and trans-
ferring it to the circuit. Major offenders are often the power supply leads
connected to the circuit.

® Coupling Through a Commen Impedance. Common impedance coupling oc-
curs when currents from two different circuits flow through a common im-
pedance {e.g. a ground loop). The ground voltage of each is affected by the
other. As far as each circuit is concerned, the ground potential is modulated
by the ground current flowing from the other circuit in the common ground
impedance,

e Electric and Magnetic Fieids. Radiated magnetic and electric fields occur
whenever an electric charge is moved or a potential difference exists, In a cir-
cuit, high frequency interference may be rectified and appear as DC errors.
Particularly, radio and TV broadcasts in close proximity to the circuit of inter-
est will tend to cause this kind of problem. Extremely strong fields can cause
non-linear behavior of active circuitry without being suspected. Hence, it is
imperative to shield sensitive circuitry from these fields,

Of particular importance to the test engineer is knowing the source of the un-
wanted noise in his system. A simple list of rules may be helpful in reducing
unwanted noise, but it is seldom enough for an undesstanding of where the noise
is coming from,

In many cases the noise culprit is the adjacent channel in the switch system. A
look at the simplified equivalent circuit in Figure 12-1 shows that most of the
capacitance in the switch system resides across the switch contacts and between
the adjacent conductive paths, Since noise coupling is a function of area and
proximity, a simple way to reduce the coupling is to separate the switches and
the conductors from each other. Another method, as shown in Figure 12-2, is to
short every other conductor to ground. This s not practical in many cases.
Increasing the switch density is a desirable objective; it gives you more capability
in a smaller package. Further, the systems being tested today tend to be much
more complex and have larger point counts than ever before. Hence, you are
faced with a dilemma of having to increase the distance between channels and
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component density at the same time.

Adiacent Channel Crosstalk

Common Bus

Load impedance

4

a—=Ciommon ground

Figure 12-1. Noise Coupling

CS‘:O

Signal Source/

Figure 12-2. Shorting Every Other Conductor

One solution to this problem is to connect the large amplitude signals as far away
as possible from the low level signal leads. In addition, ground leads should be
placed between the signal leads to provide a convenient path for the interfering
noise,

Signal Integrity
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oise Reduction

Noise reduction techniques apply equally $o single point systems and multipoint
gystems. Let’s look at the following topics:

e Shielding

& Grounding

& [solation

Shieldmg Shielding test systems against noise involves shielding against both capacitive
(electric) and inductive (magnetic) coupling in the system,

Shielding  Capacitive noise coupling between channels is both the easiest to understand and
Against shield against in a test system. As Figure 12-3 shovsfs, the coupling of noise from
Cap acitive one conductor to the other is a result of the capacitance between the conductors.
N In most cases, the load impedance R is much less than the impedance of the stray
Coupling  capacitance €5 plus Cy Therefore, when

R << o
JWw(Cyq + Cyg)
the noise voltage can be determined by

VN"‘-—“'jw RCE2V1

Physical Equivalent
Representation Circuit

Figure 12-3. Capacitive Coupling Between Conductors ¥

+ Ott, I, "Noise Reduction Techniquos in Electronic Systems”, John Wiley and Sons, 1976
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If you could reduce the capacitance, C,,, then the noise voltage coupled into the
conductor would be reduced. Physical separation will accomplish up to about
8dB of noise reduction for distance of 40 times the diameter of the conductor.
More separation between the conductors has little effect. Figure 12-4 shows the
frequency response of capacitively coupled noise voltage, .

A
VN = CCTQV!C - ///
12t G TN ,
A e i
= -~
= V= JuRC GV, — — oy 2] 1 Gk,
b 1
= ! i
[=3 i
> Actual V,
e L v, Cy SB
- 1 1
$ . . 13
ACip+Coel™ ™™ =x = = I
|
H

¥

Frequengy «

Figure 12-4. Capacitive Coupling Frequency Responset

Another alternative is to operate at lower resistance. Loading or mismatching
may make this unfeasible. Surrounding the signal conductor with a grounded
shield with uniform eleciric field (the geometry of the shield is smooth) reduces
the noise voltage on the signal conductor to zero provided the conductor does
not extend beyond the shield at high frequency. If the shield is not grounded,
then the noise voltage picked up by the center conductor is equal to the noise
voltage on conductor 1. The shield merely couples the noise voltage as shown in
Figure 12-5.

F Out, H, Noise Reduction Techniques in Electronic Systems", Jolnn Wiley and Sons, 1976
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1 1$
Cog
vy Cie  GsaR Vg
) I I _l_
Physical 5 T Equivalent T T
Representation Circuit

Figure 12-5. Unguarded Shield Capacitive Coupling+

If the center conductor is exposed beyond the confines of the ungrounded shield,
and it has a finite resistance to ground, then the circuit is as shown in Figure
12-6. Again the noise voltage reduces to

Vn = _]wRCizvl

Now, however, C, , is greatly reduced because of the shield. If the shield is
braided or not uniform then the effect of the holes in the shield must be in-
cluded in Cy,.

1 2

Cy
o] "
C.
B V¢ zs:i‘ :]i pachy g3

Icm

Physical Equivalent ~ | .Simpéiféed E&ulvélent Cirouit
Representation Circuit for Grounded Shield

Figure 12-6. Capacilive CouplingT

T Ott, H,"Noise Reduction Technigues in Electronic Systems”, John Wiley and Sons, 1976,
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Shielding

Against
Inductive
Coupling

Inductive coupling is much more difficult to eliminate than capacitive coupling.
In fact, the above illustration for excellent electric field shielding has no effect
on inductively coupled noise,

An important derivation for inductive coupling is that the mutual inductance be-
tween shield and the center conductor equals the shield inductance.

M =1,

In this case, the two conductors, the shield and the center conductor, do not even
have toc be coaxial. From the circuit diagram in Figure 12-7 and the fact that L,
= M, we can derive the following relationship:

JWV,
Vg = momeeseee
R,
JW + -
LS
The 3dB point on the graph of Ve versus frequency is defined as the cutoff
frequency of the shield, We. It can be shown that this frequency is w, = R,/L,.

r‘VNj
e 'a'aY Center

M Conductor
ARAR Shield

Figure 12.7. Equivalent Circuit of Shielded Conductor+

F Ott, H.,"Noise Reduction Technigues in Llectronic Systems”, John Wiley and Sons, 1976.
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If current is allowed to flow in the shield by connecting both ends of the shield
to ground, at 5 times above the cutoff frequency, w,, most of the noise current
flows in the shield and cancels the noise current flowing in the center conductor,
Below this frequency the ground plane carries most of the noise. Hence, for
audio and higher frequency applications the shield should be grounded at both
ends. The noise reduction is a result of the field generated by the current in the
shield that cancels the conductor’s field and has little to do with the magnetic
properties of the shield material,

Shielding  Since inductive noise coupling is proportional to the loop area cutting the mag-
Against  netic flux of the noise, receiver circuits can be best protected against magnetic
Magnetic fields by decreasing the area of the receiver loop. See Figure 12-8A.

Radiation Referring to Figure 12-8C, a shield placed around the conductor does not change
the loop area and, therefore, provides no magnetic shielding. In Figure 12-8B, the
circuit provides excellent magnetic field protection above the cutoff frequency,
w,; however, below cutoff frequency most of the current in it will produce an
IR drop in the shield and appear in the circuit as a noise voltage. If there is a
difference in ground potential between the two points in the ground plane, this
too will produce noise voltage in the circuit. Whenever a shield is used in a cir-
cuit and is grounded at both ends of the circuit, only limited low frequency
magnetic field protection is possible because of large noise currents induced in
the ground loop.

For maximum protection against induced noise at low frequencies, the shield
should not be one of the signal conductors and one end of the circuit must be
isolated from ground.

Ground Plane i G T
No Shield Shield Added Shield Added
lLarge Enclosed Two Ends Grounded One End Grounded
Area Reduced Area L.arge Enclosed
: Area
A B C

Figure 12-8. Effect of Shield on Receiver Loop Area?

F Ot1, H."Noise Reduction Technigues in Electronic Systems”, John Wiley and Sons. 1976
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Coaxial
Cable
Versus
Twisted
Pair

Grounding
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shielded twisted pairs should be used for applications up to a few hundred kHz
Above this frequency these cables are prone to signal loss, By contrast, the im-
pedance of coax cable is relatively uniform from DC to VHF (30 MHz to 300
MHz) frequencies,

A coaxial cable with ifs shield grounded at one point provides a substantial
amount of protection from capacitive pickup. A double shielded or triaxial
cable with insulation between the two shields provides the maximum protection
against noise coupling. Since the noise current flows through the outer shield
and the signal return current flows through the inner shield, the two currents do
not flow through a common impedance for noise coupling, Fortunately (since
triaxial cables are expensive and awkward to use), above | MHz skin effect on
the shield of coaxial cable tends to simulate triaxial cable, The noise current will
flow on the exterior of the shield and the signal return current will flow on the
interior of the shield.

Up to a few hundred kilohertz the shielded twisted pair cable has performance
comparable to triaxial cable without the expense and awkwardness. An un-
shielded twisted pair, unless it is used in a balanced circuit, offers little protection
against capacitive pick-up.

Signal ground has two definitions:

1, A signal ground is an equipotential circuit reference point for a circuit or a
system.

2. A signal ground is a low impedance path for current to return to the source.
The first definition is the classical interpretation of the idealized ground. The
second emphasizes the realities of the IR drops that can occur in the ground
plane and couple noise into the signal conductor.

The design objectives of a grounding system are:

1. To minimize the noise voltage generated by currents from two or more cir-
cuits flowing through a common ground impedance.

2. To avoid creating ground loops that are susceptible to magnetic fields and
differences in ground potential,

NOTE

Improper Grounding can be g Primary Noise Source

Grounds can be divided into two parts; safety and signal grounds. Safety
grounds are provided so that a breakdown in impedance between the equipment
chassis and the high voltage line of the power line will result in a low impedance
current path to ground.



Figure [2-9 shows that the instrument chassis should be grounded for safety.

Otherwise, it may reach a dangerous voltage level through stray impedances or
insulation breakdown. In the HP 3235, if’ you remove the isolator shorting bar
(see Chapter 2), the chassis must not float more than 42V above earth ground.

Chassis Chassis
F 1 T =
i 2y §
; V,O—'vw——i |
I
i | 1
e i__ ; 1wy lr_j
/ Z
| Stray - 2 ) "R
mpedances < ps msaiiétcoa
= H Breakdown

Figure 12-9. Instrument Chassis GroundT

Figure 12-10 shows a standard 3-wire 115V AC distribution circuit. Do not
defeat the third wire safety ground.

_~3ervice Entrance

i
|
L

Ground {Green)

F_
a B Het (Black) [~—=—"
= o-d\_p : 1 |
i 115V I I |
i i I Load |
i | Neutrat (White} ! e ——Load
i | L i Enclosure
i |
E |
H |

b —

Figure 12-10. Standard 115 AC Power Distribution®

+ o1, H,"Noise Reduction Technigtes in Elsctronic Systems™. John Wiley and Sons, 1976
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Single
Point
Ground
Systems

Signal grounds are either single point or multipoint grounds, Single point
grounds can be connected in series or parallel in systems. For noise coupling the
least desirable grounding scheme is the series ground, but it is also the least ex-
pensive and the easiest to wire. It is therefore the most widely used. For non-
critical applications the series ground may work satisfactorily. The circuits most
sensitive to noise should be placed nearest to primary ground point.

Figure 12-11 shows that a common series ground connection. It is undesirable
from a noise standpoint but has the advantage of simple wiring.

Circuit 1 Cleeuit 2 Circuit 3

R, wh A, vh o B Iy

el o A < B -« C
ly+ip+lg b+ lg Iy

Figure 12-11. Gommon Ground SystemT

Figure 12-12 shows a separate, parallel ground system, It provides good low-
frequency grounding, but is mechanically cumbersome. This parallel ground sys-
tem is the most desirable configuration for frequencies in the audio range. This
configuration eliminates cross coupling between ground currents through dif-
ferent circuits. The scheme, which is not as simple as the series connections, is
awkward to wire and use,

T Ot H.. "Noise Reduction Technigues in Flectronic Syslems™, John Wiley and Sens, 1976
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Circuit 1 Circuit 2 Circuit3

Figure 12-12 Separate Ground SystemT

At high frequencies the parallel single point connection is very limited. It is here
that the inductance of the ground conductors increases the ground impedance
and also produces capacitive coupling between the ground leads. This situation
becomes worse as the frequency increases to the extent that the ground leads
begin to act like antennas and radiate noise. As a rule, ground leads should al-
ways be less than 1/20 of a wavelength to prevent radiation and maintain low
impedance.

Multipoint  For high frequency applications the multipoint grounding system should be used.
Ground  Typically, the circuits are connected to the nearest available low impedance
Systems ground plane, normally the system chassis. howeve?r, Jjust as paraliel single point
configurations are not effective for high frequencies, multipoint ground systems
should be avoided at low frequencies. In multipoint ground systems all the
ground currents from all the circuits flow through a common ground impedance
- the ground plane, as shown in Figure 12-13. This ground system is typically a
good choice at frequencies above 10 MHz Impedances Ry -Ryand L - L4
should be minimized.

F Ott, H, "Noise Reduction Technigues in Electronic Systems”, John Wiley and Sons, 1976
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Cirouit 1 Circuit 2 Cirgult 3

Figure 12+13. Multipoint Ground System+

Grounding Normally, at frequencies below 1 MHz a single point ground system is preferred;
Summary  above 10 MHz the multipoint ground is best. From 1 1o 10 MHz, a single point
ground system can be used as long as the length of the longest ground return is
less than 1/20 of & wavelength, If this not possible. then a multipoint should be
used.

For practical reasons, most systems require three separate ground refurns. Signal
grounds should be separate from hardware grounds and noisy grounds like relny
and motor grounds. In sensitive systems, for example, separating the signal
grounds into low level and digital grounds prevents the higher level, much noisier
digital signals from coupling into the low level leads. If AC power is distributed
throughout the system, the power ground should be connected to the chassis or
hardware ground.

Figure 12-14 shows three classes of grounding connections that should be kept
separate to reduce noise coupling,

+ Ott, H, "Noise Reduction Techniques in Flectronic Sysiems®, John Wiiey and Sons, 1976

Signal Integrity
1214



Noisy Hardware

Signal Ground Ground”
Ground {Relays, Motors, {Chassis, Racks,
(Low-Level Clreuits)  High-Power Circuits) Cabinets)

it
*AC Power Groung
Hardware Ground when Required

Figure 12-14. Three Classes of GroundingT

A single ground reference system should always be used for low level work. If it
is not used, any differences in ground potential will show up as noise on the sig-
nal path, As shown in Figure 12-15, a measurement svstem with a return path
through two grounds will produce a noise voltage across the measurement ter-
minais of the instrument, Disconnecting this path on the instrument side and al-
lowing the instrument to float its low terminal above ground effectively opens
the low frequency connection and greatly reduces the common mode voltage
coupling into the circuit,

Figure 12-15 shows that inside the ideal floating voltmeter the impedance be-
tween low and ground is extremely high at DC. The insertion of Z, in the
ground loops creates a voltage divider on the noise presented to the measurement
terminals. The common mode noise is attenuated by a factor of R /Z,.

+ Ott, H, "Noise Reduction Technigues in Blectronic Systems", John Wiley and Sons, 1976
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Cable

ﬂa
"High* Source Resistance {

. é AAA T 3
in
Normal - Ry ! ' I To
Mode “Low” ! mpgt Msasuring
Source Source Resistance  |ow MPEARNSE I Circuits
AN T
1 |
! [%]
e ‘:.\:} Ground%a .
. k- E 1 T
Source Ground  Common Unstrument Ground
Mode Source

Figure 12-15. Floating Multimeter

Shields on cables used at frequencies less than | MHz should only be connected
to a ground at one point. In the the case of shielded twisted pair, to connect
ground at more than one point may inductively couple unequal voltages into the
signal cable and be a source of noise. The IR drop in the shield of a coaxial
cable will couple into the signal conductor, and is a problem if the shield is con-
nected to ground at more than one point.

Since we must connect ground somewhere, where should that be?

1. For a grounded load and an ungrounded source, the shield should always be
connected to the load common terminal even if this point is not earth ground.

2. For an ungrounded load and grounded source, the shield should be connected
to the source common terminal, even if it is not at earth ground.

3. If both source and load are grounded, we have no choice but to ground the
shield at both ends. This is the least desirable of all circuit configurations for
noise reduction.

Figure 12-16 shows the proper connections for shielded twisted pair and coaxial
cables at low frequency. The grounds may have large potential differences which
can cause ground loops and couple noise info the circuits.



Shielded Twisted Pairt%> Vs ) Coaxial Gable

T

o

) Shielded Twisted Pair } >
&%)
oL

) Shielded Twisted Pair

»—@\ s

4

Coaxial Cable @5@0 Coaxial Cable
=

Figure 12-16. Low Frequency Grounding Schemes¥

Up to this point we have discussed shielding only at low frequencies. Shield
grounding at high frequencies, above | MHz, requires more than one connection
to ground to guarantee that the shield remains at ground potential. Besides,
capacitive coupling between the shield and ground plane tends to complete the
circuit at high frequency and makes the shield isolation difficult to impossible.

At high frequency, it is common practice to ground the shield at every 1/10
wavelength to assure good grounding.

If there is any question about the ground in a system, it is better to isolate the

questionable ground and find some other way of making a good ground
connection,

A hybrid ground formed by inserting small capacitors every [/10 wavelength

provides a single ground at DC and multiple grounds at high frequency. Further,
its performance can be characterized reliably.

+ Ott, H,"Noise Reduction Techniques in Electronic Systems”, John Wiley and Sons, 1976
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transformers as shown in Figure 12-17. In cases where a DC path must be main-
tained a longitudinal choke can be used to suppress higher frequency loops.

Circuit 1 Circuit 2

; Ground Loop

Circuit 1 %”é Circuit 2

Figure 12-17. Ground LoopsT

Other Methods  other methods of reducing the effects of ground loop noise apply directly to the
of Red uci[‘]g measuring receiver load. The receiver can be configured to minimize the effect
Gro und of‘ ground loops by using a balanced inp?,it‘ Even more noise rejection can be ob-
C o l}pl e d tained at low frequency with a guard shield around the foad.

Noise

NOise The interface between your DUT and switching system provides an excellent
Reduction opportunity for inadvertently introducing noise into your system. Follow these
T@Chﬁi ues simple rules for the cable harness:
in Switching
Systems

. High and low level leads should not share the same cable harness.

2. Shield integrity should not be broken through the system. For low frequencies,
the shield must be insulated to avoid grounding at some other point in the
syster,

For Connectors:

1. High and low level leads should be separated on the connector,

2. Ground leads should be placed between the signal leads where possible.

3. Any unused connector pins should remain between the signal leads and be
grounded.

¥+ ott, B, "Noise Reduction Techniques in Electronic Systems”, Johiz Witey and Sons, 1976
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Tree
Switching

4. Cable shields should each have their own connector pin through the
connectorn.

The sources of noise in the switching system are those generated internally by
the circuitry driving the switches, by rthermal unbalance across the switches, by
noise coupling from other conductors in the system, and by noise generated out-
side the system. Thermal unbalance can be minimized by a mechanical design
that assures that all the contacts in the relay are subject to the same temperature
gradient across the leads and by using latching relays. In this case the major
source of thermal generation, the coil energy, is removed so that the relay con-
tacts are always in thermal equilibrium,

Noise coupling from adjncent channels into the measurement channel(s) presents
a great danger fo signal integrity. Proper shielding and grounding technigques can
remove many of these problems in hard-wired systems, but when the signal must
be selectively switched into an oscilloscope. counter, or some other measuring in-
strument, the problem can hecome acute.

Tree switching is used to reduce the stray open switch capacitance seen in large
systems as a result of connecting the unused relays in parallel in the system. This
capacitance is reduced by introducing a relay in series with the input relays. For
a 20-channel multiplexer this series switch effectively reduces the stray
capacitance seen by the measuring circuit to 1/20 the value without the tree
switch, The result is less cross talk and faster measurement settling time for the
system. This is shown in Figure 12-18.

NOTE

Figure 12-18 shows a general purpose 32 channel mudtiplexer. The HP 34501,
34302, and 345307 Relay Multiplexers are similar in design. The backplane relays
act as "Tree Switches”, and the bank relays isolare hanks of relays. e bank relays.

Other ways of reducing open switch capacitance, and therefore coupled noise,
are to either make the switch and the switch contact gap large or to make the
contact area extremely small, HP products which have these characteristics are
the HP 33311-13 microwave switches and the HP 59307A VHF switch. The
HP33311-13 employ a very long throw in its switching action and is housed in a
precisely milled enclosure to ensure signal integrity to 18 GHz and beyond. The
59307A uses a very small contact area that reduces the capacitance across the
switch. This is an economical approach but it does limit the amount of current
that you can pass through the switch, Insertion loss, a function of the resistance
of the switch, tends to be high,

Signal Integrity
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impedance Mismatching

Impedance mismatching in switching systems can cause many unpredictable
measurements results if the signal is either a high frequency cw waveform or is a
digital signal with fast transition times. The reflected wave at the point of the
impedance mismatch adds vectorially with the incident wavelorm creating a
standing wave on the transmission line. The ratio of the sum of the peaks of
these waves to the difference (the Voliage Standing Wave Ratio; VEWRY) can be
calculated from the differences in the characteristic impedance of the system
and the switch,

Zy
FOI’ Z() > ZL then VYSWR = ~—-

Zo
and

Zo
For Zp < Z; then VSWR = -

43

For systems that do not experience loss, Z, is the characteristic impedance of the
transmission line. Z; is the load impedance.

As long as the wavelength of the input waveform is large compared to the cable
length, these effects are minimal and can largely be ignored, For example, for
coaxial airline, signals less than 10 MHz will generally cause no problems with
reflections. To understand this, a simple calculation of the wavelength versus
frequency can be made from the relationship:

Txf=C,

where: T = wavelength Frequency Wavelength
f = frequency 1 MHz 360 m,
¢ = speed of light 10 MHz 30 m.

in the media 100 MHz 3 m.

Many times high frequency cw signals are not commaon in systems, but there are
many encounters with pulsed signals and pulsed signal routing, Fast transition
time digital pulses can cause double triggering, double counting, and race condi-
tions in the test system if there is a mismatch through the system. Hence, it is
important to know what signals are going to cause a problem and how to es-
timate the size of the problem,

The relative amplitude of the reflected waveform can be calculated from the
VSWR specification for the switch from the relationships:

BW x t, = .35
and

Signal Integrity
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E =L x -
V+1

Where: BW = Bandwidth (maximum frequency)
t, = Pulse Risetime
E. = Amplitude of the reflected wave
E; = Amplitude of the incident wave
VY = The specified VEWR

IFor example, let’s look at the reflections of a § velt signal (with 100 MHz com-
ponents) being routed through a switch with a VSRW of 2.0 at 100 MHz. First,
let’s ealeulate the risetime of the signal;

0.35
S
100 x 106
Therefore,
. =35n8

We can caleulate the amplitude of the reflected wave from

(2-1)
E.=5 x - = 167V
2+

which for the sample case is equal to 33% of the amplitude of the incident
wavefornn. In the case of a 5 volt signal, this amplitude could cause even TTL
with risetimes of 3.5 ns to indicate a false state.



oise Heduction Check List’

When designing your system the following check list will be helpful in reducing

A. Suppressing Noise At Sowurce:

[ Enclose noise sources in a shielded enclosure.

0 Filter all leads leaving a noilsy environment,

{3 Limit pulse risetimes.

[l Relay cotis should be provided with some form of surge damping.

[} T'wist noisy leads together

[7 Shiekd and Twist Noisv Leads.

00 Ground both ends of shields used to suppress radiated
interference (shield does not need to be insulated)*

B. Eliminating Noise Coupling:

[ Twist low level signal leads*
{0 Place low level leads near chassis (especially if the
circuit impedance is high).
Ll Twist and shield signal leads (coaxial cable may be used
at high frequencies).
] Shielded cables used to protect low level signal leads
should be grounded at one end only (coaxial cable may be used at
high frequencies with shield grounded at both ends)?*
[ Insulate shield on signal leads.
L] When low level signal leads and noisy leads are in the
same connector, separate them and place the ground leads between
them.*
Ll Carry shield on signal leads through connectors on a separate pin.
[ Avoid common ground leads between high and low level equipment.*
[} Keep hardware grounds separate from circuit grounds*
L3 Keep ground leads as short as possible®
O Use conductive coatings in place of nonconductive coatings
for protection of metallic surfaces,
[ Separate noisv and quiet leads™®
O Ground circutis at one point only (except at high frequencies)*
[0 Avoid guestionable or accidental grounds.
O For sensitive applications, operate source and load
halanced to ground.
[J Place sensitive equipment in shielded enciosures.
[J Filter or decouple any leads entering enclosures
containing sensitive equipment.
[0 Keep the length of sensitive leads as short as possible®
[ Keep the length of leads extending heyond cable shields as
short as possible®

T 011, H, "Naise Reduction Techniques in Electronic Systems”, Johiz Wiley and Sons, 1976
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[J Use low impedance power distribution lines. . ... e
O Avoid ground loops.*
O Consider using the following devices for breaking ground loops:

- Isolation transformers
- Optical couplers

- Differential amplifiers
Guarded amplifiers
Balanced circuits

€. Reducing Noise at Recelver:

i3 Use only necessary bandwidth,

I Use frequency selective filters when applicable,

U Provide proper power supply decoupling.

[l Bypass electrolytic capacitors with small high frequency capacitors.
U Separate signal, noisy, and hardware grounds®

O Use shielded enclosures.

[0 With tubular capacitors, connect outside foil end to ground.*

* Low cost noise reduction technigies

Signal integrity
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Chapter 13
Self Test

Introduction

Your HT 3235 has five internal test routines. These routines allow vou to verify
proper operation of the HP 3235, test specific plug-in modules, and characterize
the switching relays on the multiplexer, matrix, and general purpose relay
modules. This chapter describes the test routines and shows how to perform
thent. For detailed information on each test routine, refer to the HP 3235
Service Manual,

The first test is executed automatically when power is applied to the HP 3235,
This test is referred to as the Power-On Seff Test and it checks the system
modules and a portion of the HP 34520 Multimeter Module (if instalied).

The second test is the Confidence Self Tesr and is performed when the TEST (or
TST) command is executed, This command tests only the user plug-in modules
and the HP 34550 Control Panel, and is designed to give every possible assurance
that the modules are working property without affecting the hardware or soft-
ware state. No test equipment is required for TEST and it can be executed with
all signal inputs and outputs in place,

The third test is the Sysrem Self Test and is performed when the FTEST $YS (or
FTST 8YS) command is executed. This command tests the HP 3235’ trigger bus
system,

The fourth test is the Fixtured Self Test and is performed when the FTEST (or
FTST) command is executed. This command provides 90% confidence that the
HP 3235 and its plug-in modules are operating properly within the specified per-
formance limits. Self test fixtures must be installed on each plug-in module to be
tested (the exception to this is'the HP 34520 Multimeter which can be tested
without a fixture). An HP 34520 Multimeter Module and an HP 34520D self test
fixture are required for testing relay modules.

The fifth test is the Dara Self Test and is performed when the DTEST or (DTST)
command is executed. This test is a subset of the fixtured self test routine for
the relay moduoles. The DTEST command returns the measured path resistance
(relay contact resistance + current limiting resistor + circuit board trace
resistance).

If any of the tests described in this chapter fail, the first four errors are logged in
the HP 32355 error register. The following example shows how to read the con-
tents of the error register. For additional information on the error register, refer
to Chapter 4 in this manual.

10 DIM Message$i2b6]

20  REPEAY

30 OUTPUT 709; HERRSTR?H

40 ENTER 709; Code,Message$
50 PRINY Code,Message$

60 UNTIL Code=(

70 END

DIMENSION HP 3235 ARRAY
BEGIN LOCP

READ ERRCR REGISTER
ENTER VALUES

PRINT VALUES

END LOOP

Self Test
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- Power-On Self Test

Self Test
13-2

The Power-On Self Test executes automatically when power is applied to the

HP 3235 mainframe and all connected extenders, All system side modules in the
mainframe and all connected extenders are tested. No user side plug-in modules
are tested. The HP 3235 polls each slot in the system and internally stores the
modute IDs. The number of modules found at power-on is displayed on the con-
trol panel. If no self test errors are found, REA DY is displaved on the control
panel.

If an error occurs during the self’ test, the HP 3233 error register logs the first
four errors and the last error remains displayed on the control panel. Self test
error messages are in the form: STF n <message> where # is the number of the
self test that failed and <message> describes the failure.

At power-on, fests are performed on the following functional areas:

ROM and RAM handshake and checksum

Timers

1/0 timeout circuitry

System Data Bus, Address Bus, and Decoding Circuitry
Crossguard (isolation) data

HP-1B

Control panel transmit and receive

Extender frame control logic

Extender frame system and crossguard data bus
Internal hardware and backplane interrupts

03235-90001 Update 2 (FEBRUARY 1988)



Confidence Self Test

The TEST (or TST) command performs the Confidence Self Test. This test does

not change the hardware or software state of the HP 3235 mainframe or extend-
ers, If you specify slot numbers with the TEST command, the HP 3235 tests only
those slots (e.g., TEST 200,300 tests the modules in mainframe slots 200 and 300),
i you do not specify a slot number, the TEST command tests all mainframe and
extender slots plus the HP 34550 Control Panel.

To test all slots in the system plus the control panel, send:
CUTPUT 709; "IESTH

To test the modules in slots 100 and 500 of the mainframe and slot 300 of ex-
tender 2, send:

OUTPUT 709; ®TEST 100,500,2300%

The message "PASS” or "FAIL" is returned to the control panel display at the
completion of TEST, Any failures that occur are noted on the control panel
display and the first four errors are stored in the error register, Use the ERR? or
ERRSTR? commands to read the error register (see Chapter 4 in this manual),

NOTE

11 is possible for a failure on one user modide (o be reporied as a failure on all
plug-in modules. If failures are reported from all installed plug-in moduies,
remove the modules from the cardeage and repeal TEST, If "PASS" i returned
with no modules installed, replace one modude at a time, repeating the TEST slor
command for each module to isolare the defeetive module. Tf "FATL" is reiurned
with no modules installed, repear the Power-On Self Test and System Self Test
(FTEST 8YS commmand ) to defermine fthe system failure,

The TEST command performs the tests described below. For additional infor-
mation, refer to the HP 3235 Service Manual.

1, If TEST is executed without specif ying any slot numbers, the control
panel is tested first. During the test, all control panel display segments and
all annunciators {except SHIFT on the far left) are turned on. The control
panel test is not performed if any slot number are specified with TEST.

2. If TEST is executed with a slot number or a list of slot number, various
tests are performed on the modules in the specified slots. The specific
tests performed vary from module to module, but in general, the follow-
ing occurs:
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s Fach internal register on the plug-in module is addressed. If a regist-
er.does.not pesp().n.d.ﬁ.....t.ﬁe.._._t,est fails

e The HP 3235 reads the identification (ID) register on each module,
Fach slot must have the same module type as was installed at power-
on or the test fails,

e The "busy” time for each switching module is measured and com-
pared to limits stored in the HP 3235 mainframe memory. If the
time is not within the limits, the tests fails.

3. If the TEST command is sent to the HP 34520 Multimeter Module, the
HP 3235 opens the module’s backplane relays and then reads and stores
the present state of the multimeter (ie, measurement function, range, etc.),
At the completion of the test, the HP 3235 restores the multimeter to its
previous state, The specific tests performed on the multimeter follow:

¢ Multimeter power-on self test

e Integrator convergence test

e Front end zero test

& Current source test

e AC/DC offset autocal circuitry test

& AC flatness autocal circuitry test

e Nonvolatile RAM/ROM checksum test
# Cal protection circuitry test

Self Test
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System Self Test

The FTEST SYS (or FTST 8SY8) command performs the System Self Test which
tests the HP 3235 trigger bus system. Executing FTEST SYS 0 performs the
default tests on the trigger buses. Executing FTEST SYS 1 performs additional
tests using the HP 3235's External Trigger In and External Trigger Out BNCs
connected on all frames. The FTEST 8YS command does not change the
hardware or software state of the HP 3235 mainframe or extenders,

The FTEST 3YS command returns "PASS" if’ all tests pass or "FAIL" if one or
more tests fail. Any failures that occur are noted on the control panel display
and the first four errors are stored in the error register. Use the ERR? or
ERRSTR? command to read the error register (refer to Chapter 4 for more in-
formation on the error register),

NOTE

The trigger bus fines are active during the FYEST 8YS command. Therefore, any
devices comnected fo the trigger bus system may be activated when the test is per-
formed,

To perform the default trigger bus test, send:

QuUTPUT 709; "FTEST SYSH
oF
QUTPUT 709; M"FYEST SY§,0v

The FTEST $YS command performs the following default trigger bus tests:

e Mainframe Trigger Bus Tests. These tests verify the various multiplexer
paths contfained in the mainframe trigger bus switching network. The test in-
cludes 12 DC voltage tests and four signal tests. During the DC voltage tests,
various trigger paths are selected and verified using high and low voltages. For
the signal tests, the output of timer channel 1 is looped back to the clock input
of timer channel 0 using different signal paths. Timer [ outputs pulses for
each test and the count in Timer 0 must match the number of pulses sent by
Timer 1,

& Mainframe Expander Module Trigger Bus Tests. This group of 18§ fests
verify the Extender Trigger bus system in the HP 3235 mainframe Expander
Module,

# Trigger Interrupt Tests. These four tests verify the routing of backplane trig-
ger bus signals and their ability to interrupt the mainframe.

e Expander Frame Trigger Bus Tests. These tests verify all of the trigger bus
paths in each HP 3235F Extender frame. Some of these tests are duplications
of the mainframe tests, They test all extender frame crossguard and expander
modules.
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Fixtured Self Test

Relay Module

Self Test
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Test

~In-addition-to-the-default-tests-just-described, additional-tests-on-the trigger-bug--m e

system may be performed in each of the four groups by connecting the External
Trigger In and Qut BNC connectors using a short cable (this must be done on
each frame). To perform the default tests plus the additional tests, send:

QUTPUT 709; YFTEST SYS§, 1"

The FTEST (or FTST) comumand performs a pass/fail Fixtured Self Test on the
HP 3235 plug-in modules and tests the system module trigger bus circuitry,
Diagnostic Self Test fixtures must be installed on each plug-in module to be test-
ed. I relay modules are being tested, ap HP 34520 Multimeter Module and

HP 345200 self test fixture must be used, Refer to the HP 3235 Service Manual
for a detailed explanation of the FTEST command.

NOTE

The FTEST conmand resets the mainframe, all extenders connected (o the
miainf rame, and any installed plug-in modules.

if vou specify slot numbers with the FTEST command, the HP 3235 tests only
those slots (e.g, FTEST 200,300 tests the modules in mainframe slots 200 and
300). If you do not specify a slot number, the HP 3235 tests all modules in the
system (up to a maximum of 10 slots). However, each module must have a test
fixture attached and relay modules must be connected, through the test fixture,
to an HP 34520 Multimeter Module, (Refer to "Test Fixtures Required" later in
this chapter for a list of the self test fixtures) The control panel is also tested if
vou do not specify a slot number with the FTEST command.

if more than one stot is to be tested using a single FTEST command, the slot 1D
jumper on each test fixture must be set to correspond to the slot of the module
being tested, If only one test fixture at a time is connected to the multimeter,
the sfot [ jumper may be left in the ALL position. If two or more test fixtures
with the slot ID jumper in the ALL position are connected to the mulfimeter,
faults on one module could be falsely reported as faults on other modules.

For the relay modules, FTEST measures the resistance of signal paths through all
the relays using the HP 34520 Multimeter Module. The measurements are made
through the HP 34520D self test fixture and chaining cable which attaches to the
relay module test fixtures. The test routine then compares the measured resis-
tance values to limits defined for each module type. If the measured path resis-
tances are within the specified limits, the test passes and "PASS" is displaved on
the control panel. If any path resistance is outside the limits, the test fails and
"FAIL" is displayed on the control panel.
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To test all plug-in modules in the system plus the control parel, send:

Multimeter
Module
Test

Source
Module
Test

Digital 1/O
odule
Test

D/A
Converter
Module
Test

QUTPUT 709; M"FTESTH

To test the plug-in modules in slots 100 and 500 of the mainframe and slot 300
of extender 2, send:

OUTPUY 709; MFTEST 100,500,2300"

The backplane relays on the HF 34501, 34502, and 34507 relay multiplexer
modules can be tested using the FTEST ¢s0/ command. For exampile, to test the
backplane relays on the relay multiplexer module in mainframe slot 200, send:

QUTPUT 7O0%; “FTEST 201¢

The FTEST routine for the HP 34520 Multimeter first opens the module’s
backplane relays and then performs the Power-On and Confidence (TEST) tests.
The internal trigger buses are also tested. The FTEST command does not test the
backplane relays (however, the backplane relays are tested as part of the relay
modules backplane relay test FTEST es01/).

The FTEST routine for the HP 34521 AC/DC Source Module tests the output
functions (DC volts, DC current, AC volts), the module’s functional circuit
blocks, and isolates faults to the component-level. The tests are performed using
the HP 34520 Multimeter’s self test fixture (HP 34520D) 2nd chaining cable
which attaches to the Source Module’s self test fixture (HP 34521D).

Quick, accurate electronic auto-calibration of the HP 34521 can be performed
using the FTEST c¢s42 command. A more detailed explanation of the FTEST
command is provided in the HP 3235 Service Manual,

The FTEST routine for the HP 34522 Digital 1/0 Module tests the 1/0 lines, the
handshake lines and handshake modes, the high current output lines, and the in-
terrupt lines. The HP 34520 Multimeter is not used to perform the fixtured self
test on the HP 34522 (the HP 345221 self test fixture does not connect to the
multimeter).

The FTEST routine for the HP 34524 D/A Converter Module tests the output
functions {DC volts, DC current) and the module’s functional circuit blocks. The
tests are performed using the HP 34520 Multimeter’s self test fixture

(P 34520DD) and chaining cable which attaches to the D/A Converter Module’s
self’ test fixture (HP 34524D),

Quick, accurate electronic auto-calibration of the HP 34524 can be performed
using the FTEST ¢s42 command. A more detailed explanation of the FTEST
commiand is provided in the HP 3235 Service Manual.
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et e e Test S "Fa'ble"13*1“'Eisi5“t'he'self"test"fix'tures'1'equired'for"FTES"?;" L B R 1

Fixtures
Required Table 13-1. Diagnostic Test Fixtures

Use This Number
Description of Self-Test Fixture When Ordering

Fixture for HP 34501, 34502, and HP 34501D
34507 32-Channel Relay Medules

Fixture for HP 34503 General HP 34503p
Purpose Relay Module

Fixture for HP 34504 Switched- HP 345040
Shield Coaxial Multiplexer Module

Fixture for HP 34505 and 34508 HP 34505D
RF Multipiexer Modules

Fixtusre for HP 34506 Switched- HP 34506D
Shield Coaxial Matrix Module

Fixture for #P 34509 Relay HP 345090
driver Module

Fixture for HP 34510 Power #P 345100
Actuator Module

Fixture for HP 34511 64-Channel HP 34511D
Relay Module

Fixture for HP 34520 DMM Module. HP 34520p
Includes HP 34562614601 and
HP 34562-61602 Test Cables
(see beiow)

Fixture for HP 34521 Source HP 345210
Modul g
Fixture for HP 34522 Digital 1[/0 HP 345220
Module
Fixture for HP 34524 D/A HP 34524D

Converter Module

Test Fixture Chaining Cable HP 34562-61601

Test Module Extender Cable HP 34562-61602

Self Test
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Running the
Fixtured
Test

FTEST command.

CAUTION

TO PREVENT CONNECTOR BREAKAGE, do not altempt {o remove g fer-
winal block ov self fest fixture from a plug-in module without using the extractors
or gquick imterconnect mechanism (when terminal blocks or self test fixtures are in-
stalled in a quick inferconnect fixiure ) Insicdl plug-in modules into the card cage
before installing terminal Blocks or self fest [ixiures. Secure the module in the
card cage with mouniing screws af the top and bottonr of the plug-in module
CONNeCtor.

Modules secured in the card cage provide connector support when terminal Blocks
or seff test fixtures are instadled and removed. When removing a terminal block or
self test fixture not in a quick intercornect fixture, ALWAY S use extractors (o par-
tially disengage the terminal block or self test fixture from the module. Failure (o
do this can cxcessively stress the connector when one side of the terminal block or
self test fixture is disengaged and the other side is still fully engaged. Avempiing
fo pull the termingl Block of | creates a lever arm which pivols on the engaged con-
nector end, thus breaking the connector.

1. Remove the terminal blocks from each module to be tested.

2. Remove the cover from each test fixture. If the test fixture is for a relay
module, set the slot address jumper to correspond to the siot number where
that module is installed. The slot address jumpers are labeled "ALL" and 0
through 9. The jumper may be left in the "ALL" position if vou are testing
only one module, The numbers ¢ through 9 correspond to slots 008 through
900, respectively. Replace the cover on the test fixture. The test fixtures for
the HP 34520 Multimeter and HP 34522 Digital [/0 modules do not have stot
address jumpers. The slot address jumpers are shown in Figure 13-1.

NOTE

I the slot address jumper is correcily set, the ved LIID on cack fesi fixture (1irns
on when that module is being tested.

3. Install the test fixtures on the plug-in modules. The test fixtures connect to
the plug-in modules in the same manner as the ferminal blocks,

4. If the modules to be tested and the multimeter used in the test are installed in
the same frame, connect the HP 34562-61601 Test Fixture Chaining Cable
(one is included with the HP 34520D self test fixiure) to each test fixture and
the muitimeter’s test fixture, Figure 13-2 shows the connections.

Self Test
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Slot Address Jumpers

Figure 13-1. Slot Address Jumpers on Installed Module

I the modules to be tested are instailed in o different frame than the multimeter,
connect the modules using the HP 34562-61601 Test Fixture Chaining Cable,
Then connect the Test Fixture Chaining Cable to the multimeter using the

HP 34562-61602 Test Module Extender Cable,

NOTE

You can install the test fixtures and chaining cable in a Quick Tnterconnect Fixiure,
This atlows you to casily and consistently [ixture each module for the test,

Self Test
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Figure 13-2. Connecting the Chaining Cable

5. Specify an HP 34520 Multimeter as the testing multimeter by sending the USE
command. For example, if the multimeter is installed in mainframe slot 800,
execute:

QUTPUT 709; ™USE 800"

NOTE

1 the module selected with the USE command is not an HP 34520 Multinceter
Module hut one is installed in the mainframe or an extender, the FYEST commuand
resets the HP 3235 and seleces the HP 34520 in the lowest numbered slof.

6. Fxecute the FTEST command with the appropriate slot list, The FTEST
command returns "PASS" if all tests pass or "FAIL" if any test fails. Any
fatlures that occur are noted on the control panel display and the first four
errors are stored in the error register. Use the ERR? or ERRSTR? commands
to read the error register (see Chapter 4 in this manuval).
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The following program shows how to run FTEST on a specific group of

system controller, If any tests fail, the message "TEST FAILED" is displayed and
the errors are printed.

10 cuTeUT 709; “RSTH ! RESET THE HP 3235

20 CUTPUT 709; “USE 800" { SPECIFY MULTIMETER

30 PRINT "INSTALL TEST FIXTURES ARD PRESS CONTROLLER 'CONTVINUE' KEY™
4G PAUSE

5¢  QUTPUT 709, “FTEST 100,300,400,500,700"%  EXECUTE YEST
60 ENTER 709; A% I ENTER RESULT

70 iF A% = MFAIL™ THEN ! TEST FAILED

80 PRINT MTEST FAILED®

90 DIM Message$[250]

106 REPEAT ! PRINT ERROR MESSAGES
1310 QUIPUT 709; MERRSTR?M

126 ENTER 709; Code,Message$

13¢ PRINT Code,Message$

146 UNTIL Code = O

150 ELSE

160 PRINT ™ALL TESTS PASSEDH 1 TESTS PASSED

170 END IF

180 END
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Fixtured Self Test With Data Report

The DTEST (or DTST) command is valid only for the relay plug-in modules and
performs a fixtured self test with data report. The DTEST command executes
the same tests as FTEST for the relay modules but returns the actual measured
path resistance (relay contact resistance + current limiting resistor + circuit board
trace resistance). The values returned for the path resistances are in ohms. Refer
to the HIP 3235 Service Manual for a description of the paths measured.

NOTE

The DTEST command resets the mam/frame, all extenders connected (o the
mainframe, and any instatfed plug-in modiles.

If you specify slot numbers with the DTEST command, the HP 3235 tests only
those slots (g, DTEST 200,300 tests the modules in mainframe slots 200 and
300). If you do not specify a siot number, the HP 3235 tests all modules in the
system (up to a maximum of 10 slots). If you execute DTEST without any slots
specified, the HP 3235 tests the entire HP 3235 system connected by the chaining
cable.

The following example performs a fixtured test with data report on one module
and stores the measurement results in an HP 3235 array.

16 DIM Test1{500)

206 OUTPUT 709; "DIM RESULTS(300)"

30 QUTPUT 70%; "JSE Bo0¢

40 QUTPUT 709; "MEM RESULTSH

50 OUTPUT 709; “DTEST 200¢

60 OUTPUT 709; "MEM OFF;VREAD RESULTS®
70 ENTER 709; Testi{*}

80 PRINT Testl1(*)}

Q0 END

Self Test
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7 Chapter 14
L Commangs

Introducition

Your HP 3235 provides the standard five Switching Module CIIL {Control
Intermediate Interface Language) op-codes. These op-codes are similar 1o other
HP 3235 commands but provide compatibility with the proposed MATE
(Modular Automated Test Equipment) standard 2806763 Rev B, The CIL op-
codes are for the switching modules only; other module tyvpes {eg. Sensor or
Stimulus) are not included.

NOTE

The CIIL commmands are valid at all times. You do not need to invoke a "CITL
Mode”,

CHL Switching Op-Codes

The five Switching Module CIIL op-codes are CON, DIS, CNF, IS8T, and $TA.
Each of these commands are described below. For additional information refer
to the HP 3235 Language Reference Manual,

& CON - connect op-code
Formal Syntax:
CON path-data

This op-code instructs a switching module to close the specified relays or
channels. It is the CIIL version of the CLOSE command (see Chapter 5).
When used with the switch modules, CON closes the specified relays or
channels, When used with the HP 34522 Digital 1/0 Module, CON ’clears’
the specified bits. The path-daia specifies the channels or digital 1/0 bits to
close, Each channel or bit entry in the parh-daia has the form esan where ¢
is the mainframe or extender number (O=mainframe, 1-7 = extender), s is the
slot number (0-9), and n#x is the relay, channel, or bit number, Multiple entries
must be separated by either a comma or a space. For example, to close
channels 114, 170, and 191 (connects channel 114 to analog bus 1), send the
string;

CON 114,170,191

e DIS - disconnect op-code
Formal Syntax:

DIS path-data

CllL. Commands
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_This op-code instructs a switching module to gpen the specified relavs, Jtis

the CIIL vession of the OPEN command {(see Chapter 5). When used with
the switching modules, DIS opens the specified relays or channels. When
used with the HP 34522 Digital I/0 Module, RIS "sets” the specified bits. The
path-data specifies the channels or digital 1/0 bits to open. Each channel or
bit eniry in the path-data has the form esnn where ¢ is the mainframe or ex-
tender number (O=mainframe, [-7= extender), s is the slot number (0-9), and
nn is the relay, channel, or bit number. Multiple entries must be separated by
a comma or a space, For example, to open channels 114, 173, and 191, ex-
ecute the string

Dis 114,970,191

® CNF - internal confidence test op-code
Formal Syntax:
CNF

No confidence test is performed. The results are reported in response to the
CHL STATUS op-code (STA). No operands are associated with this op-code.

e iST - internal self-test op-code
Formal Syntax:
18T

No internal self-test is performed. The results are reported in response to the
CIIL STATUS op-code (STA). No operands are associated with this op-code.

® STA - status op-code

Formal Syntax:

STA
This op-code causes the HP 3235 to return the most recent error code and
error string. 1t is the CIIL version of the ERRSTR? command (see Chapter
4). It returns the error code and string of the most recent error, deletes that
error from the error register, and clears the error bit in the status register
when all errors have been read. If no error is present, 8TA returns a blank
space. The normal {no error) response message is:

<sp><cr><[f>
Abnormal (error) messages are of the form:

FO76PS00<sp>(MOD Yt <error number><error string><cer><lf>

Typical error messages are:

FO7GPSO0 (MOD): 61TCUT OF RANGE -- B8.900000000E+02
FO7GPSO0 (MOD): TINCOMPLETE COMMARD -- A; EXPECTED COMMAND HEADER
FOTGPSOD (MOD): 62WRONG CARD TYPE -- USE MULTIMETER CARD
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Additional Op-Codes

Two additional op-codes provide device clear capabilities. These two commands
are:

@ ClL. - invokes CHL definition for device clear action
Formal Syntax

CiiL

This op-code (not a standard CHL op-code) puts the HP 3235 in its complete
CIHL mode, Specifically, it causes device clear commands to act according to
CHL rules. The CIIL mode Device Clear causes the same action as the na-~
tive mode RESET (or R8T) command. That is, the HP 3235 is reset to its
power-on state. All plug-in modules are reset, the HP-IB input and output
buffers are cleared, etc. Refer to the RESET command in Chapter 4 of this
manual for complete information. Either CHL or GAL {op-code described
next) is in effect at any time. The state of CHL versus GAL is stored in con-
tinuous (nonvolatile) memory and thus is not lost when power is removed
from the HP 3235,

e GAL - use native language definition for device clear op-code
Formal Syntax:

GAL
This op-code causes a device clear to function equivalent to the native mode
CLR command (see Chapter 4). A device clear does not change the hardware
state of the HP 3235 Either CHL or GAL is in effect at any time. The state
of AL versus ClIL s stored in continuous (nonvolatile) memory.,
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Appendix A
Specifications

Introduction
The specifications for the HP 3235 are the performance characteristics of the in-
strument which are certified. These specifications are listed in this appendix and
are the performance standards or limits against which the instrument is tested.
Included in the table are some supplemental characteristics of the HP 3235,
These should be considered as additional and general information for yvou, the
user, Because of the many operating capabilities of the instrument, exercise care
when testing the instrument specifications.
Specifications for the plug-in modules are provided in the HP 3235 Plug-In
Module Manual.
Any changes in specifications due to manufacturing changes, design, or
traceability to the National Bureau of Standards will be covered in a manual
change supplement.
WARNING
If any of the following sympioms exist or are suspected, remove the HP 3235
from service. Do nol use the instrumeni uniil safe operation is verified by service
trained personnel.
1. Visible damage.
2. Severe transport siress,
3. Prolonged storage under adverse conditions.
4. Failure 1o perform intended measurements or fumctions.
11 necossary, f"(;fl-ff”?’f the instrumoent to « Hewlet-Packard serviee of fice for service
and repair (0 ensure that safely features are mainiained,
Environmental Size
OPERATING TEMPERATURE: 0-55°C (32430° F) HP 3235 CARDCAGE: STUFBFT'E"H (wi},hout 'feet)x
STORAGE TEMPERATURE: ~40°C to 75°C (~40°C to 165°F) , 426mm W x 594mm D (12.2'x16.8'x23.4")
HUMIDITY RANGE: 95% RH., 0°C TO 40°C HEIGHT WITH FEET. 325mm (12.8)
DEPTH WITH TERMINAL BLOCKS: 693mm {27.3"
p Allow 80mm {3.5" additional depth for wiring to terminal blocks.
OWer Aliow 102mm (4") additional depth for analog and digital
LINE VOLTAGE: 904132V (115V) OR 192:264 (230V) switch expansion cabies.
selectable, 4766 Hz. Fused at SA (115V) or 2.5A (230V). 2
(1sv) 30v) Weight
L] Shipping
kg lbs kg Ibs
HP 3235 CARDCAGE
without option 580 17 374 278 52
with option 580 21 46 28 61
HP 34520 DMM MODULE 55 12 56 145
EACH MODULE (maxi
exciudes HP Sggrggxanmum} 3 8.5 36 8
Specifications
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SYSTEM MEASUREMENT
ACCURACY

RESISTANCE

TABLE 10-2. RESISTANCE Measurement Acguracy: +(% of reading + ohms)
Four-wire ochms, auto-zerc on, offset compensation on or off. Teal is the

These specifications give total system accuracy for a signal
switched through the analog backplane buses from one of the
32 channel multiplexer modutes to a HP 34520 DMM Module in
the same frame. Specifications reflect inagcuracies contributed
by the multiplexer modules, the backplane buses, and the
multimeter module.

Only specifications for measurement accuracy are shown
here, Refer to HP 34520 Muitimeter specifications for input
characteristics. No system accuracies are specified for DC and
AC current measurements because current cannotf be switched
through the backplane analog buses.

Measurement accuracy for signals switched through
the HP 34501 32 Channel Armature Relay
Multiplexer

DC VOLTAGE

TABLE 101, BC YOLTS Measurement Accuracy: =(% of reading + voits}
Auto-zero on. Tcal is the temperature of calibration from 18°C to 28°C.

24 HOUR: Tcal +£1°C. After one hour warm-up, Accuracy relative to calibration standard.

fange % of Reading + Volts
HPLG 0e 10 1 1 05 6008
30mv 0017%  + 49V B0 5TV 724V 19V 70V
300mv D%+ 1V BNV B7V 9V 50pV 400V
v 00085%  + Ty SV BV BORV 400wV 4mV
30V 0012%  + M0V 120aV  220pV T00GV  4nW 40V

250V 0031%  + B0V 700V 700uV SV 40mV 400mVY
90 DAY: Tcal +5°C After one hour warm-up.

Rangs of Reading + Valis
NPIL 108 i 1 ] 865 4005
612V 8264V TIHV  BOWV 21V 704V

30mv 0053% &

300mV £038% + 83V Bd4pV 124V TRV BV 400V
3y 803% & 8V GuV Su¥ B0V 40wV 4mV
v 0048%  + 220,V 2305Y 330V 8004V 4nW  40mV

250V 0063%  + 700uV B0V 800pV  BmV  40mV  400mV

1 YEAR: Teal = 5°C. After one hour warm-up.
Add 001% of reading to 90 day specifications.

Temperature Coefficient: For operating temperatures outside specified range, refer to
the temperature coefficients for the HP 34520 DMM module.

Autg-liem OfF: Add additional acouracy error as specified for the MP 34520 DMM
moauie.

Hange-to-Hange Hesponse Error: For default settling times, add .0005% of input
voltage step 10 the first reading following a range change.
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temperature of catibration from 18°C to28°C

24 HOUR: Teai +1°C. After one hour warm-up, relative 10 calibration standard,

Range % of Reading! + Dhms

REIEwd 10 : ER R
300 0035 4 501mQ 512mg B84mO 74mo  19mg  70mo
P00 002% + 52me 52mQ 59mR  GmQ  50me 400me
I mg Sm0  SmR  50mG  400mQ 4
0kD 0045% 4 70mi B0mQ  80mQ 500 _4mQ 400
000 0R% B00mg 900m 3G B0 400 4000
Mo 3%+ QB 18 800 5000 5KO
0ME 285%  + 8200 8500 8502 15K 6kQ  40KQ
joMaz  B% 4 100kn  100kR  W00kE  100KQ  100kp  100KD
ase? 8% 4+ Me Mo e Mo iMa TMg

T Specification applies for <(40°C, 95% RH). For typical perfermance,
<(25°C, 40% RH), add the following % of reading to the chms offset
Jisted above:

Range
B/ M HOMMO NG M MY MDD
%{r‘;;jf”' 0I5 00P% 00T Q0B1%  007%  053%  127%  126%

2 Spacification applies for two-wire ohms only, NPLC =1, inpuls = 10% of full scafe,
and within 24 hours of AGAL.

80 DAY: Tcal =1°C After one hour warmeup.

Range % of Reading! + Ohens
KPLC 100 HH 1 1 05 0405
a0 o078% - 612mQ 6.26m@ 715mg 69ma 20mp  70mit
3000 0088% + 8.3m G;Amﬂ 7amg  Mm 50mi  400m
3k (051% + I9mQ  0mQ W0mR 50mOQ A00mQ 40
30D D078% + 90 WOmO 100m0 500mg 49 400
300kQ 0036%  + 10 110 1.20 50 400 4080
3MQ JOB% + 150 170 190 a0 5000 5k0
30MG 2.95% + B30G 8800 960N  15k0  6kG  S0kQ
00MOSS 28% + 100kg  100kD  W00kn  100kG 100k 100kQ
e c1ER 100% + 180 MG 1MQ MQ M MG

T Spactfication applies for =(40°C, 95% RH). For typical performance,
S{25°C, 40% RH), add the following % of reading lo the obms offset
listed above:

HAange
08 Joee Ik 00 I JoMe J90HE 3657

% of g,
yp e

2 For 90 day and 1 year specification under stable condition (= 1°C}, following ACAL,
use 24 hour specifications instead.

0078% .0058%  0048%  .0063% Oft%  068% 280%  28%

3 Specification apphies for two-wire ohms onfy, NPLC =1, inputs = 10% of full scale.

T YEAR: Toal +5°C After one hour warm-up.
For all ranges except 30MY, add 8.0015% of reading to the 90 day specifications.
For 30MQ range, add 0.0125% of reading to the 90 day specifications.

Temperature Coefficient: For operating temperatures outslde épéclfied range, use
the temperature coefficients for the HP 34520 DMM module.

Two-wire Ohms Accuracy: Add 570 to all fourwire spscifications.

Autu-Ziam D¥f: Add additfonal accuracy error as specified for the HP 34520 DMM
module.

Response Time: First reading mests accuracy spectfication with preprogrammed set-
tiing times and no external circuit capacitance. An additional defay of 0.1 sec is
necessary after a range or function change.

TRUE RMS AC VGITAGE

AC voltage accuracy specified for sine wave inputs >10% of range. DC compo-
nent <13% of AC component. AC slow filter on (ACBAND 20). After cne-
hour warm-up. Autozero on.

AC volts measurement acouracy for signals switched through the
HP 34501 armature multiplexer madule is the same as for a signal input
directly to the HP 34520 muitimeter.



Measurement accuracy for signals switched through
the HP 34502 32 Channel Reed Relay Multiplexer

RESISTANCE

TABLE 10.4. RESISTANCE Measurement Accuraey: (% of reading + ohms)
Four-wire ohms, auto-zero on, offset compensatmn on or off Teai is the
u:mﬁera‘ture 01 Cai!b!’at!ﬂﬁ fr@m 1800 t028 ..... C .............................

DC VOITAGE 24 HOUR: Tcal £1°C. After one hour warm-up, relative to calibration standard,

Maximum measured input for signals switched through the read refay Ranga % of Reading ! + St

module is limited to 128 DG or AC Peak. LU R S
300 NOT SPECIFIED

TABLE 10-3. DG VOLTS Measurement Accuracy: =(% of reading + volis) 3000 NOT SPECIFIED

Auto-zero on. Tcal is the temperature of calibration from 18°C to 28°C. e BoiE il Bm0 | Bma EOmG . 400mE 4G

24 HOUR: Teal £1°C. After one hour warm-up. Accuracy relative to catibration standard.

Range % of Reading + Vahis
RPLG L] 10 1 jl 005 .6p0%

30my 0017%  + 48NV S0V STV TNV 19V Ty
‘DDmV 0% + SlaV B4V BTV BV 50,V 400av

) U 00086% 4+ TuV BV 8oV 50V 400V AmW
30\" L0340+ M0V 120aV 2204V 70OV 4mV 40mV

A 800,V 700V 7002V 5mY 40mV 400mV
38 DAY: Tcal =5°C After one hour warm-up.

Range % of Reading + Vslts
HPLC 100 0 i J B35 0006
30mv 053%  + 612,V 828V 7BV BSV 2V TOuV
_300my 0038%  + 63V b4V TN TV 504V 400V
v 0030% 4+ By QuV Guv B0gV  408.V  AmV
v 0070% + 220pV 2300V 330V 8OOV 4mv 40mV

250V O085%  + 700pV 8004V BOORV  SmV  40mV  400mV

..... 70m0 BmG  B0mg 500m4 40 40D
Ta00ko 0a0% 80ma $00mE 10 50 400 4000

+
30k0 L0454
- -
M0 304%  + 140 it 180 800 5000 5ke
+
+
+

Mg 204% 8200 8500 9500 15D 6KD  50kG
o0MR?  25% 100kG_ 100k 100K 100k 100kR 100ka
GR2 BEn ME M2 MR Mo Mg IMe

1 Specification applies for =[H0°C 95% RHL For typical performance,
<(25°C, 40% RH), add the following % of reading to the ohms offset
listed above:

Range
301 Joae  I0I0kD 300kG R J0ML 300817 362

%n;; T NOTSPECIFIED  OU6%  0021% O070% 063% 127%  126%
2 Specification applies for two-wire ohms only, NPLC =1, inpuls = 10% of full scale,
and within 24 hours of ACAL,

86 DAY: Tcal =1°C. After ong hour warm-up.

A:;tg%em Off: Add additional accuracy error as specified for the HP 34520 DMM
motule.

Range-to-Range Responsa Error: For defautt settiing times, add 0005% of mput
voltage step to the first reading following a range change,

1 YEAR: Tcal + 5°C. After one hour warm-up. Range % of Reading' + Ohms

Add 001% of reading to 90 day specifications. NPLC 108 Hi 1 1 Q05 0695
Temperature Coefficient: For operating femperatures outside specified range, refer to 30 NOT SPECIFIED

the temperature coefficients for the HP 34520 DMM module. 3000 NOT SPECIFIED

3k 0051% 9mil  16mQ  10mG 50mR 400m0 40
30KQ .0078"/ 20ma  100mi 100mO 500mQ 49 400

300k0 0380% ki 110 1.20 50 400 400n

30MG 295% 8300 BB0O  OGORD  1BKQ  BkKD  BOKD

00MR2E T 28% 100k2  100k0  100kR  100kQ  100kO 100K
36023 100% MR MR MR IMR MR MR

.+
4
+
30 S07% o+ 150 174 190 800 8000  BKQ
+
+
+

1 Specification appiies for <{(40°C, 95% BH). For typical performance,
=(25°C 40% RH), add the following % of reading 1o the ohms offset
listed above:

Range
367 07 G300k 37 M2 60w 3ge;

% of rlg.
Hple

2 por 90 day and 1 year specification under stable condition (+1°C), following ACAL,
use 24 hour specifications instead.

NOT SPECIFIED  0048%  0063% 0% 062%  28%  28%

3 Specification applies for two-wire chms only, NPLC 21, inputs = 10% of fulf scafe.

1 YEAR: Tcal £5°C. After one hour warm-up.
For all ranges except 30MQ, add 0.0015% of reading fo the 90 day specifications.
For J0MQ rangs, add 0.0125% of reading to the 90 day specifications.

Temperature Coefficient: For operating temperaturas outside specified range, use
the temperature coefficients for the HP 34520 DMM module.

Two-wire Ohms Accuracy: Add 2200 to all fourwire specifications.

Autg-Zam Off: Add additional accuracy error as specified for the HP 34520 DMM
module,

Response Time: First reading mests accuracy specification with preprogrammed set-
thing times and no exiernal clrcult capacitance. An additional dalay of 01 sec is

| necessary after a range or function change,

TRUE RMS AC VOLTAGE

AC voltage accuracy specified for sine wave inputs >10% of range. Maximum inpwt
limited to <125V Peak. DC component <19% of AC component. AC slow
filter on (ACBAND 20). After one hour warm-up. Auto-zero on.

For AC voitage measurement accuracy of signals swiichad through
the HP 34502 reed relay module, add the error below (% of reading) to the
AC voltage specifications for the HP 34520 DMM,

Erag {Hal 20:20k 20100k 100k-300k 300k1M
% of Rending +03% +.3% +=3% =30%
Specifications
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SYSTEM MEASUREMENT
ACCURACY (continued)

Measurement accuracy for signals switched through
the MP 34507 32 Channel Mercury Wetted Reed
Helay Multiplexer

DC VOLTAGE

TABLE 10-5. DC VOLTS Measurement Accuracy: +(% of reading + volts)
Auto-zero on. Teal is the temperature of calibration from 18°C to 28°C.

24 HOUR: Teal 21°C After one hour warm-up, Accuracy relative to calibration standard.

RESISTANCE

TABLE 10-6. RESISTAMCE Measurement Accuracy: =(% of reading + ohms)
Feurwire ohms, auto-zero on, offset compensation on or off. Tcal is the
temperature of calibration from 18°C to 28°C

24-HOUR: Toal -+1°C-After one-hoyr-warmeup; reiative-to catibration-standard:

Range % of Reading? + Ohms

KPIG 190 1B 1 ] 805 L0685
30g NOT SPECIFIED
3000 0024 205m 205mQ 207mg  22mQ  &0mQ  400mG

3k 0018% 2im0 22mQ  22mQ  50mQ  400mfl 40
30kQ 0045% 210m) 220mg 220mG 500mR 40 400
300k £32% 221 220 220 50 400 4000

o+
+
+
o+
M0 S04% 4 240 2859 274 800 5000 BkD
o+
+
4

30M0 2.94% 8300 880D 9600 1.5k 6kD  40kD
300MO° 25% 100kD  100kR  10CkQ 100k  100kQ  100k2

Rangeto-Rangs Response Error: For default setifing times, add 0.0005% of input
voltage step to the first reading following a range change

Renge % of Reading + Vaits 3G6g2 86% MG MR IME MO IME IMO
.. L ! : M5 to0s ! Specification applies for =(40°C, 95% RH). For fypical performance,
= o A A
S0y s+ B4 04N 08N FY 2N 70N <(25°C 40% RH), add the foilowing % of reading fo the phms offset
300V 0% 4 2050 2054V 208 22V S0uV  4Q0Y Hsted above:
W 00085%  + 2V 22V 22V S0V 400V 4mV
0V H01% ¢ WOV 20V 220,V 700V AmW 40mV Fange
ki e HOIMG 03 kL JOMG 0087 260
250V 0833%  + 600xV 700V 700V BV 40mV  400mV
§0 DAY: Toal =5°C. After one hour warm-up. ki 002% 006% 002i% 007% 053% 133%  132%
Range % of Readng + Volts 2 e . . .
Specification apoiies for two-wire ohms onfy, NPLC =7, inputs = 10% of Jull scale,
L 160 n ! 1 005 600 and within 24 hours of ACAL.
30myv G063% 4+ 207V 208:V 201V TV 28V 70V
30GmV 0038% 4+ 08V 208V 211V 2RV 50wV 400wV 50 DAY: Tcal +1°C, After one hour warm-up.
i 030%  + 22 28NV 22V BV 400V 4mV Range % of Resding' + Ohms
30V 0050%  + 2204V 230V 330.V BOOWV 4V 40V ¥PLC 100 ) i 1 005 o0os
250¥ 065 + 700V BOOuV 800 5mV 40V 400mV 300 NOT SPECIFIED
3000 0068% 4+ 208mN 208mi 21imQ 23m 50mQ  400mQ
1 YEAR: Tcal £ 5°C After one hour warm-up.
Add 001% of reading to 90 day specifications. e 0051% 4 Z2md 2md 2mG  S0mQ 400m0 40
30k DO78% 4+ 220m@ 220m0 220mQ) 500mQ 40 400
Temperature Coefficient: For cperating femperatures outside specified range, refer to 300kE 0%+ 220 230 230 Bp 400 4000
the temperature coefficients for the HP 34520 DMM modute. MO a0+ 550 280 70 800 B0 5k
Auto-Zers Off: Add additional accuracy error as specified for the HP 34520 DMM OME 295% 4 840G 8700 9700 15KD 6kQ 50K
module, J00MD23  28% 4 100kG  100KD  100KD 100k 100kR  100K(
GR23 100% + M0 MG MO W0 M IMG

Specifications
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T Specitication applies for =(40°C, 85% RH). For typical performance,
=125°C 40% RH), add the following % of reading fo the obms offsgf
fisted above:

Range
3012 1902 W30 300 FH M2 J00M1 282 ]
# of nig O058%  0048%  00A3%  ON%  062% 285%  285%

Mnje

2 ror 90 day and 1 year specification under stabie condition (+1°C), following AGAL,
use 24 hour specifications instead.

3 Specification applies for two-wire ohms only, NPLC 21, inputs = 10% of full scale

1 YEAR: Teal +5°C. After one hour warmeup,
For ali ranges except 30M{, add 0.0015% of reading to the 90 day specifications.
For 30M{l range, add 0.0125% of reading to the 80 day specifications.

Temperature Coeﬁ'i'c'iént:' For operating zémperatufes cutside specified range, use
the temperature coefficients for the HP 34520 DMM module.

Two-wire Obms Accuracy: Add =260 to all fourwire specifications.

Autg-Zﬁro Off: Add additional accuracy error as specified for the HP 34520 DMM
modle

Response Time: First reading meets accuracy specification with preprogrammed set:
tling times and no external circult capacitance An additional delay of 03 sec is
necessary after a range of function change.

TRUE RMS AC VOLTAGE

AC voltage accuracy specified for sine wave inputs >10% of range. DC compoe-
nent <10% of AC component. AC slow filter on (ACBAND 20), After one
hour warm-up. Auto-zero on.

For AC voltage measurement accuracy of signals switched through
the MP 34567 mercury-wetted reed relay modute, add the error betow (% of
reading) to the AC voltage specifications for the HP 34520 DMM,

Frequancy {H2) 20-20k 20k-100k 100k-300k 300k-1M
% of Repding #0% +0% +.03% + 3%




HP 34520 DMM Noise Rejection with

~8witched Inputs

The foilowing tables iliustrate the noise rejection capability of the HP
34520 DMM moduie when measurement signals are switched from any of
the 32 channel muitiplexers (HP 34501, HP 34502, or HP 34507) via the
hackplane signal buses. Note that use of the quard in the HP 3235 im-
proves the noise rejection of the DMM,

TABLE 10-7. Hoise Rejection for OC VOLTS FUNCTION (dB}

Ko, of Channels

=78 = 2628
{ose frame} 8 ¢ frames)
NPLC Guarded  MomGuarded  Guarded  Mon-Guarded
AC NMR =1 0 0 4 0
(50/80 Hz + .09%) 1 80 &0 50 80
10 80 &0 80 80
100 90 9 90 a0
AC ECMR =1 86 66 B0 B0
(50/60 Hz + 08%) 1 146 126 140 125
lid imbalance in © 160 146 160 40
low lead
00 160 156 160 150
25060 iz = 00%)
Z £ | ¢l
Tk Imbalance in >140 >120 >140 >120
fow lead

TABLE 10-8. Moise Rejection for AC VOLTS FUNCTION {dB)

fo. of Channels
= 18 = 2528
- {ene irame} {8 d frames)
RPIC Guarded  Neoa-Busrded  Guarded  HNon-Guarded

ACodi0 iz = 09%)

{ Z + .09%

1 k2 Imbalance in 8 8 80 60

tow lead

Specifications
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SWITCHING AND
OPERATING RATES

The supplemental charsciedistios listed int 1his section are intended fo provide information
usefud in applving the instrument by giving tpical, but hon-warranted performance
informaticn.

TABLE 111, Switching and Bperating Speeds [msec}
This table compares switching speeds for differsnt HP 3235 switch
modules. If aiso compares the execution rate from an external controller
to the execution rate frorn an internal HP 3235 subroutine.

Tirnes listed for the Series 8000 and the HP 1600 are for executing
the command CUTPUT 709; “Operation/Cormmand” via HE-IB. Ingiuded is
the HPB transfer time and the time for the HP 3235 to execute the com-

mand, {Default conditions of INBUF OFF, SERIAL ON, DISF ON apply)
Local execution rates reflect the time required to execute a command

from o subroutine previously downioaded into HP 3238 mamory, HP-B

transfer times for the commane string are not included. (SERIAL ON, DISP

OTHER SYSTEM OPERATING RATES

TRBLE 11-2. Dats Transfer Times from {nternal Memory {mssc)

. Quiput Format L
Pasay Sire ... N o Biney
Integer Real luager feal
HP 6000 1 4.0 08 42 58
Series 100 1088 ik 90 245
200/300 : : g A
{Basic)
HE 1000 0o 15 133 75 a4
(Fortran) 100 202 263 175 385

TABLE 113, Interrupt Timing

Interrupt Latency: = 1 msec
The time to begin execution of a subroutine in internal memory
after interrupt from a HP 34522 Digitat /O module or HP 34523

QOFF apply) Breadhoard module when the mainframe is idle.
Dperation] Aucessury Serics 9068 HF 1000 Local Interrupt Rate: 400 Hz o o
Command (6P Model Mumber]  Modet 200300 (Foriran)  Execution The maximurm rate inferrupts can be serviced with a subroutine in
, [Basie} internal memory (service routine = 1000 psec). Interrupt rate
CLOSE 101 3451 34500, =3 2 B decreases as execution time of service routing is increased,
e 1m 34506 34505 24 % 0
4802 50 6.7 15
24507 i a3 ag
34527 18 57 &2 CHARACTERISTIC HP 34520 DM MEASUREMENT SPEEDS WITH
CLOSE 104,102,112 34501 2450 % o0 | SWITCHED INPUTS
or 34502 184 20 55 )
?GPEE 101,102,...}12 SAEGE vl a7 178 The following tables are useful for estimating the measurement (and com-
smgug)‘”es on sams Erra oY) Pl B pare} time for a random scan of channels on a single plug-in module, If
a6 v 207 e the measurement channels are in different banks, the bank relays are
T -~ : - closed prior to initiating the MEAS or VERIFY command. Rates fisted
SELECT 10t HE0 s 366 reflect NPLG 0, DISP OFF. AZERO OFF, fixed range and function, For
34503 32 £ operating rates at other integration times, refer to Table 117,
SAB0Z 65 8.7
42 45
44 456 a0 Tuble 114, Dperating Speeds for MEAS or VERIFY from an External Centroller
7 14 i This tabie lists the measurement time per channel for a random scan of
i BE i3 10 channels” The meastrement sequence is initiated in the controller and
o - - - : readings are returned to the controller via HP-IB. Times apply for either
CRESET ‘%3581,434502"34503‘ 20 215 16 ascii or binary output mode, except as noted.
3@05 sl 205 21 Centroll Function Module Type
34506 8 84,2 78 HP 34501 HP 34502 HP_34507
3452234523 5k 7.0 2 HP 8000 MEAS BLYDCLN J08msec 76msec (ascif) 115msec
SSTATE name, 100 34501,24502, 34503, Series {DELAY Oy §7msec (binary)
(single mocule) 34505, 34506, 34507, 87 83 2 2007500 MERS ACYAEH 131sec 108sec 113sec
52452 {Basic) (preprogrammed
RSTATE name, 100 34501 3450234503, seflling time, |
tsingle mocule; 507 2 25 16 ACBAND 400)
24505 5 285 ) VERIFY DCV.DCLD 30msec 88msec 122msec
B T
o fe2 1 Lol (\‘2;\?:33}1’({2! 132 107 113s
, 32eec A7sec 13sec
‘ 34522,34523 69 81 2.0 {preprogrammed
CONNECT 101, ABO settling time,
cérg ONNECT 34501,34502,34507 2 23 16 ACBAND 4002
ISCONNECT 101,480 HP 1000 MEAS DCHDCID 320msec 85msec ameee
CONNECT 101,410 {Fortran} {BELAY ()? 75msec
or 34508 % 2% a1 WEAS 32 108sec 114
BISCONNECT 104,110 {pget? %%'%gcnlmd 1432sec sac
N settling time,
CONMECT ONLY, 101, ABO  34501,34502,34507, 35 37 30 ACBAND 4002
CONNECT ONLY 101,110 34606 45 47 40 VERIFY DCVDC0 318msec Timsec 130msec
BBREAD 100, 1 34523 5 a3 24 (DELAY 0)
or VERIFY ACYAGH 1.32sec 1.08sec 113sec
BBWRITE 800,591 49 64 a7 {preprogrammed
settling time,
READ 34502 a5 79 47 ACBAND 460)2
\?\;HITE 511 ag 54 28 10 measurement rates apply for <300 kg ranges.
pye——— 1522 o po" P 24dd 900 meec per channel for ACBAND <400 Hz,
{16 kit words, 1000 words, *Times measured using a 10 element chan. list feg. MEAS DCV 101115,134,.127), For
strobe handshake} command execution from a controligr, use of & prestored array instead of a channel
READBLK 34509 2% 2% 24 st (g MEAS OCV array nams) will improve measursment rate. For the 10 channe!
(16 bit words, 1000 words, case above, speed improves by 0.6 xsec per channel,
strobe handshake)

Specifications
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TABLE 115, Dperating Speeds for MEAS or VERIFY using Internal Memery

This table lists the operating time per channel for a random scan of 10
..channels® as in Table 11-4, however the measurement sequence is ex-

ecuted from and readings stored to the internal HP 3235 memory.

Fenctinn #P 3450 HP 34502 WP 34507
#MERS  DCUDELSG (DELAY O 294msec Hdmsec 107msec
or
VERIFY  ACVACI 1.3s8C 1.06sec 11860

{preprogrammed settling
times, ACBAND 400)2

1 13 measurement rates apply for < J00k3 ranges.
2 Agld 900 mssc per channel for ACBAND <400 Hz.

*Times measufed using & 10 element channel ist (eg. MEAS DOV 101115,134..127).
This represents the fastest scan rate. For command execution from local memory,

spaed decreases by 0.7 xsec per channel If a presicred array Is used instead of a
channel list (8.g. MEAS DLV array nemel.

TABLE 11-6. Genersl Operating Speeds for MEAS and VEREFY
To determine the measurement time per channel for a random scan of N
channels, use the formulas provided in this table. Operating conditions

from Table 115 apply. For integration cyclies other than 10 ps (NPLC 0} use
the per channel adders in Tabie 11-7,

Fixed Time + Time/Ghannel lmsec)
Function HP 34501 HP 34502 HP 34497
MEAS  DCVBLLY (DELAY 0)? 8+ 28 3+ 24 25 + B2

a

VERIFY  ACVACI 8+ 129 3+ 13 25 + 109
(preprogrammed setfling
times, ACBAND 40032

! 0 measurement rates apply for < 300k} ranges.
2 4dd 900 msec per channel for ACBAND <400 Hz.

TABLE 117, Effeet of Integration Time on MEAS and VERIFY

To determine measurement {and compare) speeds with the HP 34520 DMM
for NPLC other than 0, add the appropriate time listed below to the
measurement time from either Table 11-4, 115, or 116,

| in M Time (msecichanned)
#PIC 0.6005 9.008 A ¥ 1 108
60 Hz g 01 21 18.2 202 2020
50 Hz 0 0.1 21 215 248 2420

Specifications
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Appendix

Mainframe
Commands

The following section summarizes the HP 3235 commands contained in this
manual. 1t is divided into two groups; "Mainframe Commands” and "Plug-In
Module Commands".

HP Common Instrument Capabilities

LR Device Clear.

DISP or DSP Enable/Disable Contrel Panel Display.
ERR? Read Error Code.

ERRSTR? Read Error Code and String.

167 Identify Mainframe or Plug-In Modules.
1DN? Read Identity of Systenm.

LCL or LOCAL Return to Local Mode.

LOCK Local Lockout.

RESET or RST Read System or Slot.

REV? Return Firmware Revision Code.

RMT Execute Local Lockout.

RQS Service Request Enable.

RQS? Read Service Request Mask.

SER? Read Serial Number.

SET Load Instrument State From Contreller.
SET? bump Instrument State to Contreller,
§TA? Read Status Word.

8187 Read Status Byte.

TEST Perform Setf-Test.

TRG Putse Backplane Trigger Bus.

BLOCKOUT Set Block Output Mode for Data to HP-IB.

CLROUT Clear HP-1B Output Buffer.

END Enable/Disable HP-IB EOI Function.

INBUF Enable/Disable Command tnput Buffer.

KEYS Send Messages from Control Panel te Controller.
OFORMAT Select Output Format.

QUTBUF Enable/Disable Data Output Buffer.

Error Reporting

ERR?
ERRSTR?

Data Formats/Buffering

Read Error Code.
Read Errer L{ode and String.

Contro} Panel Operation

ADDR? Read HP-IB Address of HP 3235.
BEEP Enable/Disable Beeper Mode.
DISP or DSP Enable/Disable Control Panel Display.

Command Summary
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DISP? or DSP? Enter Contents of Control. Panel Display to Controbler.

ECHO Test Communication Between HP 3235 and Contreoller.
KEYS Send Messages from Control Panel to Controller.
MON Monitor Various HP 3235 Conditions.
PONSRQ Enable/Disable Power-0On Service Reguest.
READY? Return "1 When HP 3235 is Not Busy.
SRAQ Programmed Service Request.
Monitoring
MON Moniter Various HP 3235 Conditions.

Yariable Storage and Qutput

DISP or D8P Display Variable or String.

FETCH Read Variable, Expression, or $tring.
MEM Enable/Disable Memory Output Mode.
VREAD Read Variable or Array.

User-Defined Key Commands

DEFKEY Redefine Control Panel Key.
DEFKEY? Read User-Defined Control Panel Key.

Memory Usage

CAY Catalog of Arrays, Variables, Subroutines, S$tates.
COMPRESS Compress Subroutine.

DELSLB belete Subroutine from Memory.

ME M Engble/Disabie Memory Output Mede.

MEMAVAIL? Return Size of Volatile and Continucus Memory.
PURGE Purge Stored State from Memory.

SCRATCH Delete Arrays, Variables, Subroutines, States.

General Purpose Math

+ Real or Integer Addition.
- Real or Integer Subtraction.
Real or integer Multiplication.

*

/ Real Division.

~ Expenentiation.

ABS Absolute Value.

AND Logical AND.

ATH Arctangent.

BENAND Binary AND.

BINCMP Binary Complement.
BIKEOR Binary Exclusive-OR.
BINIOR Binary Inclusive-0R.
817 Read Bit Value.

cos Cosine.

DI Dimension Real Array.
Biv Return integer Portion of Divigion.
EXCR Logical Exclusive-OR.
EXP Exgonent.

Command Summary
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FILL Fitl Array.

FILLBIN Fill Array with Binary Values,
INTEGER Dimension Integer Array or Variable.
LEY LET Assignment.

LGY Logarithm.

LOG Hatural Logarithm.

MoD Return Remainder of Division.

NOT Logical Complement.

OR Logical OR.

REAL fimension Real Array or Variable.
ROTATE Rotate Bits with Wraparound,
SHIFT shift Bits without Wraparound.
SIN Sine.

S1ZE? Read Number of Elements in Array.
SQR Square Root.

Limit Testing
LIMIT
Help System
HELP
Subroutine Commands

ABORT
CALL
COMPRESS
CONT
DELSUB
END IF
END WHILE
FOR. . . NEXT
IF.. . THEW
LisY
PAUSE
PAUSED?
RETURN
RUN
RUNKING?
STEP

SUB
SUBEND
WHILE

Test Value Against Lower and Upper Limits.

Help System.

Abort Subroutine Execution.

Cali Subroutine.

compress Subroutine.

Continue Execution of Stepped/Paused Subroutine.
Delete Subroutine from Memory.

End of IF.L.THEN Loop.

End of WHILE Loop.

Repeat Loop Until Counter Passes Preset Value.
tenditional Branching Within Subroutine.

List Subroutine.

Pause Execution of Subroutine.

Returns "1" if Subroutine is Paused.

Return from Subroutine to Cailing Program.

Run Subroutine.

Returns "1" if Subroutine is Running or Paused.
Singie-Step Subroutine.

Begin Subroutine.

End Subroutine.

Execute Loop Until Expression is True.

State Storage Commancs

PURGE
RSTATE
SET
SET?
SSTATE

pPurge Stored State from Memory.

Recall Stored State.

toad Instrument State from Controller.
pump Instrument State to Controlier.
Stere State.

Command Summary
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Self-'Fest Commands

DTEST ar BTST Perform Data Test.
FTEST or FST Perform Fixtured Seif-Test on Modules,
FTEST 3Y§ or

FTIST 5YS8 Perform Fixtured Self-Test on System.
TEST or 7187 Perform Confidence Self-Test.

Addressing Commands

USE Select Device for Subseguent Commands.
USE? Return the Current Use Device Number.

Backplane Trigger Bus Commands

AUTOQTE Enable/Disable Trigger Bus Connection.

BPCUT Designate Trigger Bus Path into Switching Network.
DRIVEBPN Drive Backplane Trigger Bus in Specific Frame.
DRIVEETBR Drive Extender Trigger Bus Between Frame.

DRIVEEXT Drive External Trigger BNL Conhectors,

DRIVEIBn Prive Trigger Bus in all Frames,

TBDRIVE Drive Trigger Bus from HP 34522 Digital 1/0.

78n? Read Logic State of Trigger Bus.

TRIGRUF Enable/Disable Trigger Buffer.

Timing/Synchronization Commands

SERIAL Enable/Disable Serial Command Execution.
SEY TIME Set HP 3235 Internal Cilock.

SETTLE Wait for Commands to Settle.

TIME Read HP 3235 Internal Clock.

WAILT Wait Specific Time.

WAITFOR Wait for Specific Trigger Event.

Timer Channel Commands

DISABLE INYR Disable Interrupts on Timer tChannel.
ENABLE INTR Enable Interrupts on Timer Channel.
PULSE Pulse Timer Channel.

READ COUNT Read Timer Channel Count,

SET CLKSRC Set Timer Channel €lock Scurce.

SET COUNT Set Timer Chanhel Count.

SET OUTPUY Enable/Disable Timer Channel Quiput.
SOWAVE Output Square Wave from Timer Channel.

Command Summary
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Backplane Commands

CRESET Card (Module) Reset.

CTYPE? or CTYPE Read Card (Module) Type,
EXTEND? Read Extender Numbers.

107 Read Module or System ldentity.
RESET or RST Reset System or Slot.

Interrupt and Error Handling

DISABLE ERROR Disable Module Error Generation.

DISABLE INTR Disable Interrupt.

DISABLE INTR SYS Disable Interrupts from Plug-In Module System.
ENABLE ERROR Enable Module Erreor generation.

ENABLE INTR Enable interrupt.

ENABLE INTR SYS$ Enable Iinterrupts from Plug-1n Module System.
INTR? Read Which Slot Interrupted.

OFF INTR Bisable Interrupt-initiated Action.

ON INTR Enable Interrupt-Initiated Action.

Option 580 HP-IB Controller Commands

ASSIGN Assign 1/0 Path,

AUTGST §S gEnter File Name as Source of Auto-Start Commands.
CAT Return a List of Files on MSUS.

CLEAR Device Clear,

CREATE ASCII {reate ASCII File.

CREATE BDAT Create BDAT File

DEVICE 8 Assign External Device.

ENTER Input Data from Device or File.

IRITEAL Initialize Mass Storage Device,

MEAS Scan Using DEVICE IS DMM or Counter.

MSi Set Default Mass Storage DRevice.

CUTPUT Output Data fo Device or File.

PRINY Output Data to PRINTER IS Device.

PRINTER 1S Assigns Device as Recipient of PRINT Command.
PURGE Remove File from Mass Storage Device,

SPGLL Serial Poli.

TRIGGER Sencd HP-i8 Group Execute Trigger.

VERIFY Scan Using DEVICE IS DMM or €ounter.

Plug-in Switching Plug-In Module Commands

Module '
Commands ALLOW Allow Prohibited Relay Closures.

CLOSE Close Relay.
CLOSE? Read State of Relay.
CONFIG Select Relay Configuration. l
CONNECT Matrix Row/Column or Backplane Cennection.
DISCONN Matrix Row/Column or Backplene Disconnection.
JUMPER Specify Jumper Settings. I
MOK Monitor Various #P 3235 Condifions.
OPEN Open Relay.
PROHIBIT Prehibit Relay Closure.
PROHIBLT? Read Prohibited Relay State.

Command Summary
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SELECT
TRIGBUE

Open All Channels Then Close Specific Channels.

Control the Bidirectional Trigger Buffers.

Power Fail/Fixture Commands

FIXTURE?
PFCLOSE
PFCLOSE?
PFOPEN
PFSAME

Rend Status of Quick Interconnect Fixture,
Close Relays When Power faiis.

Read Power Fail State of Relay.

Open Relays When Power Fails.

State of Relays Remains Unchanged When Power

HP 34520 Multimeter Commands

ACAL
ACBAND
ACBAND?
ARANGE
ARANGE?
AUXERR?
AZERO
AZERQ?
CALNUM?
DELAY
DELAY?
FIXEDZ
FIXEDZ?
FSOURCE
FSOURCE?
FUNC
FURC?
LFREQ
LFREQ?
LINE?
NPLL
NPLC?
NRDGS
NRBGS?
OCOMP
OCO¥P?
RANGE
RANGE?
READ
TBUFF
TBUFF?
TERM
TER¥?
TIMER
TIMER?
TRIG
TRIG?
USE
USE?
VMCHMPLT
VMCMPLT?

Command Summary
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Perform Auto-calibration Routines,
Select Stow or Fast AC Measurement Mode.
Read Present AC Bandwidth.
Enabie/Disable Autorange Function.

Read ON/OFF State of Autorange Function.
Read Auxiliary Register.

Enable/Disable Autozero Function.

Read Autozero Setting.

Read Calibration Number,

Select Input Settling belay.

Read lhput Settling Delay.
Enable/Disable Fixed Resistance Function.
Read Fixed Resistance Setting.

Select Frequency Source.

Read Present Frequency Source,

Select Meesurement Function.

Read Measurement Functioen.

Set Line Freguency Reference.

Read Line Frequency Reference.

Read Line Frequency Switch,

Set Integration Time.

Read lIntegraticn Time in PLEs.

Set Number of Readings Per Trigger.

Read Number of Readings Per Trigger.

Faiis.

Enable/Disable Offset Compensated Ohms Function.
Read State of Gffset Compensated Ohms Function.

Set Measurement Range.

Read Present Measurement Range.
Read Measurement Results.
Enable/Disable Trigger Buffering.

Read ON/OFF State of Trigger Buffering Function.

Select Input Terminals.

Read Present Input Terminals.
Select Timer Interval.

Read Present Timer Interval.
Select Measurement Trigger Event.
Read Measurement Trigger Event.

Select Multimeter to Receive Subsequent Commands.

Read Use Device.

Select Destination for Voltmeter Complete Signal.

Read Voltmeter Complete Destination.



HP 34521 AC/DC Source Meodule Command

ADJUST ALY
ADJUST DCV
APPLY ACV
APPLY DCH
APPLY DCMEMIE
APPLY DCMEMV
APPLY DCV
APPLY RPV
APPLY sQv
APPLY WFV
ARANGE
ARANGE?
DCOFF
DCRES
DCRES?
DELAY
DELAY?
CuTY
FILLAC
FILLRP
FILLWF
FREQ

14p
QUTPUT?
PANG
RANGE
RANGE?
REFIN
REFIN?
REFOUT
REFOUT?
SYNCOUY
SYNCOUT?
TERM
TERM?
TRIGEK
TRIGIK?
TRIGHODE
TRIGOUY
TRIGOUT?
USE

UsSE?

Generate Remote-Sensed Sinewave Voltage.
Generate Remote-%ensed DC Voltage.
Generate AL Sine Waveferm.

Generate DC Current.

Generate DC Current Triggered-Sequence.
Generate DC Voltage Triggered-Seguence.
Generate DC Voltage.

Generate AC Ramp Weveform,

Generate AC Square Waveform.

Generate AC Arbitrary Waveform.
Enable/Disable Autorange Function.

Read ON/OFF State of Autorange Function.
Select DC Offset Voltage.

Select DC Resolution Mode,

Read DC Resolution Setting.

Set Delay Time.

Read Present Delay Time.

Set Duty Cycle.

Precompute Sine Waveform.

Precompute Ramp Waveform.

Precompute Arbitrary Waveform.

Set Qutput Frequency.

Set Qutput Impedance.

Read Present Output Level.

Set Phase Angle.

Set Dutput Range.

Read Present Qutput Range.

Select Reference Frequency [nput Source.
Read Reference Frequency Input Source.
Select Reference Freguency Output Destination.
Read Reference Frequency Output Destination.
Set SYKRC Signal Bestination.

Read SYNC $ignat Destination.

Select Qutput Terminal.

Read Output Terminal.

Seiect Trigger Event.

Read Trigger Event,

Seiect AC Triggering Mode.
Enabie/Disable TRIGGER Qutputs.

Read TRIGGER Output State.

Select Source Module to Receive Subsequent Commands.
Read Use Device.

HP 34522 Digital 1/O Commands

CLEAR EVENT
CLEAR EVENTERR
CLOSE

CLOSE?

DISABLE ERRGR
DISABLE EVENT
DISABLE EVENTERR

Clear Event Bit.

Clear Event Error Bit.

Clear Digital 1/0 Bits.

Read Logic State of Digital 1/0 Bit.
Disable Error Generation.

Disable Event Bit,

Disable Event Error Bit.

Command Summary
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DISABLE INTR
EDGE

Disable Interrupt.
Set. Active Edge for Event Bit

ENABLE ERRCR
ENABLE EVENT
ENABLE EVENTERR
ENABLE INTR

HSDONE? Read Status of Output Handshake.

HSTIME Set Handshake Delay Time.

HSTYPE Select Input or Output Handshake Type.

LSENSE Select Logic Sense for Data and Handshake Lines.
OPEN Set Digital 1/0 Bits.

PULLUP Configure Output Ports as Totem-Pole or Open-Coliector.
RBIT Read Logic value of Single Bit.

READ Read 8-, 16-, or 32-Bit Word from Port.

READBLK Read Series of Words from Port.

RFLG Read Logic State of FLG Handshake Line.

RLEVENT Read Live State of Event Bits,

RSEVENT Read Stored State of Event Bits.

RSEVERR Read Stored Event Error State of Event Bits.
SELECT Set All Bits on Port Then Clear Specified Bits.
SRTRIG Salect Second Rank Trigger for Buffered Transfers.
TBORIVE Drive Trigger Bus from HP 34522 Digital 1/9,

USE Select Digital I/0 Port for Subsequent {ommands.
USE? Read Use Device.

WBIT Write "0¥ op ®1M to Single Bit.

WCTL Write "G" or "1¥ to £TL Handshake Line.

WRITE Write 8-, 16-, or 32-Bif Word to Port.

WRITEBLXK Write Series of Words to Port.

XFERMODE select Live or Buffered Output Mode.

KFERWIDTH Define Port Size.

Enable Error Generation.
Enabfle Event Bit,

Enable Event Error Bit,
Enakte Interrupt.

HP 34523 Breadboard Commands

ALLOW Ailow Prohibited Relay Closures.
BBREAD Read Value from Breadboard Register.
BBWRITE Write Value to Breadboard Register.
CLOSE Ciose Relay.

CLOSE? Read State of Relay.

OPEN Gpen Relay.

PROHIBIT Prohibit Relay Closure.

PROHIBIT? Read Prohibited Relay State.

TRIGBUF Enable/Disable Trigger Buffer.

HP 34524 D/A Converter Commands

ADJUST DCV Generate Remote-Sensed DC Voltage,

APPLY DCI Generate BC Current.

APPLY DLV Generate BC Voltage.

cuTPUT? Read Present CGutput Level.

UsSE Select D/A Channel to Receive Subsequent Commands.
UsE? Read Use Device Selected.

Command Summary
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Scanning Commands

CHCLOSED Setect Port For Scan Channel Closed Pulse.
MEAS Scan using Muttimeter Module.

PSCAR Scan Channel Pairs using External instrument.
SADV Setect Scan Advance Source.

SCAN Scan Channel List using External Instrument.
STRIG Select Scan Trigger Source.

VERIFY Scan Channel List and Perform Limit Checks.

CIIL Commands

CilL Enable CIIL Device Clear Function,

CNF CIIL Internai Confidence Test Lommand.
CON CIIL Version of CLOSE Command.

Dis CIilL Version of OPEN Command.

GAL CIiL Version of GLR Command.

187 CliL Internal Self-Test Command,

STA CLiL Version of ERRSTR? Command.

Command Summary
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Appendix C
Error Messages

Syntax

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

01
02
03
04
05
06

Subroutines

ERROR
ERROR
ERROR
ERROR
ERROR
ERROCR
ERROR
ERROR
ERROR
ERRCR

Memory

ERROGR
ERROR
ERROR

21
22
23
24
25
26
27
28
29
30

41
42
43

"INCOMPLETE COMMAND"
"SYNTAX"

"CANNOT RE-TYPE A VARIABLE"
"ERROR IN #A BLOCK"

"ARRAY SiZE OR TYPE MISMATCH"
"COMMAND TOO LONG"

"NOT ALLOWED IN SUB"
"ALLOWED ONLY IN SUB"
"NEXT WITHQUT FOR®

"NEXT VARIABLE NOT SAME AS FOR VARIABLE"

"EXPECTED NEXT"

"ELSE OR END IF WITHOUT (E"
"EXPECTED END {F"

"END WHILE WITHOUT WHILE"
"EXPECTED END WHILE"
"CONTROL VARIABLE IN USE"

"OUT OF MEMORY"
"TOO MANY NESTED CALLS"
"TOO MANY NESTED STRUCTURES"

Subroutine Execution/Stored States

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

51
52
53
54
55
58
57
58

Parameters

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

61
62
63
64
65
66
67
68
69
70

"SUB WAS DELETED"

"NO ACTIVE SUB"

"SUB NOT PAUSED"

"SUB IS RUNNING"

"CANNOT DELSUB AN ACTIVE SUB"
"STATE WAS PURGED"

"STATE DOES NOT MATCH"

"SUB WAS COMPRESSED"

"OUT OF RANGE"

"EMPTY SLOT"

“NO SUCH EXTENDER"

"WRONG CARD TYPE"

"COMMAND INCOMPATIBLE WITH SETUP"
“SUBSCRIPT OUT OF BOUNDS"

"ARRAY TOO SMALL"

"ON BLOCK NOT FOUND"

"MUST BE IN LOCAL"

"SETTINGS CONFLICT"

Error Messages
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E ERROR 71
ERROR. 72

General

ERROR 81
ERBCR 82
ERROR 83
ERROR 84
ERROR 85
ERROR 86

System

ERROR 91
ERROR 92
ERROR 83
ERROR 94
ERROR 95

Multimeter
Triggering

ERHACR
ERRCR

Cal Seiup

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

"INVALID FUNCTION®
NO-HE-1B-DEVICE"

"COMMAND TIMEQUT"
"BUSY TOO LONG"

"BP ERROR FROM SLOT"
"UNEXPECTED INTR"
"SYSTEM TRIG TOO FAST"
"PROHIBITED SWITCH"

"SYSTEM ERROCR"
"BUS ERROR"
"SYSTEM TRAP"
"MATH ERROR"
"CPU EXCEPTION"

101
102

111
112
113
114
115
116

"ILLEGAL TRIGGERING SETUP"
‘MM TRIG TOO FAST"

"PERIOD CAL ILLEGAL"

"EXT OHMS CAL ILLEGAL"
"AC OFFSET CAL ILLEGAL"
"CAL SWITCH NOT ENABLED"
"CAL SWITCH ENABLED"
“CAL INPUT QUT OF RANGE"

Cail Hardware Failure

ERROR

121

"AC OFFSET ACAL FAIL"

ERROR 122 "AC FLATNESS ACAL FAIL"
ERROR 123 "OHMS PRECHARGE ACAL FAIL"

ERROR

124

"EXT OHMS ACAL FAIL"

Multimeter Hardware Failure

ERROR
ERROR
ERROR
ERROR
ERROR

Error Messages
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131
132
133
134
135

"CAL MEMORY LOST"

"AUTO CAL MEMORY LOST -- ACALINIT required”
"BAD CHECKSUM ON”

"MM Hardware Error"

"MM timeout”
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Digital 1/O

ERACR 151 "INTERRUPT OVERRUN"

Source and D/A Converler

ERROR 161 "MIN/MAX LIMIT ERROR"

ERROR 162 "EXCESSIVE TERMINAL VOLTAGE, RELAYS OPEN"
ERROR 163 "ENABLE CAL RAM"

ERROR 164 °"CAL RAM FAIL™

ERROR 165 "SPURIOUS HW ERROR, RELAYS OPEN"

ERROR 166 "ERROR STUCK, CARD"

ERROR 167 "ADJUST FAILED"

Power Actuator

ERROR 169 "FIXTURE LOW CURRENT"

Mass Storage

ERROR 171 "IMPROPER FILE NAME"

ERROR 172 "IMPROPER DEVICE TYPE"

ERROR 173 "IMPROPER MSUS"

ERROR 174 "UNSUPPORTED DRIVE TYPE"
ERROR 175 "UNSUPPORTED SECTOR SIZE"
ERROR 176 "DRIVE NOT FOUND OR BAD ADDRESS”
ERROR 177 "INVALID UNIT/VOLUME NUMBER"
ERROR 178 "INVALID MASS STORAGE PARAMETER"
ERROR 179 "MEDIA CHANGED OR NOT IN DRIVE"
ERAROR 180 "MEDIA IS WRITE PROTECTED"
ERAROR 1871 "DIRECTORY FULL"

ERROR 182 "NO ROOM ON DIGK"

ERROR 183 "FILE NOT FOUND"

ERROR 184 "DUPLICATE FILE NAME"

ERROR 185 "IMPROPER FILE TYPE"

ERROR 186 "PATH NAME NOT ASSIGNED"
ERROR 187 "FILE OPEN"

ERROR 188 "END OF FILE FOUND"

ERROR 188 "INITIALIZATION FAILED"

ERROR 190 "MASS STORAGE SYSTEM ERROR"
ERROR 191 "BAD SELECT CODE"

ERRCR 192 "1/O OPERATION NOT ALLOWED"
ERROR 123 "UNINITIALIZED MEDIA"

Self-Test

ERROR 201 "PON TEST"

ERROR 202 "DTACK FAIL"

ERROR 203 "CARD ID FAIL"

ERROR 204 "CARD BUSY (D7) STUCK HIGH"
ERROR 205 "CARD BUSY (D7) STUCK LOW"
ERROR 206 "BUSY TOO SHORT®

ERROR 207 "BUSY TOO LONG"

ERROR 208 "RE-TRIG BUSY TIME FAIL"

Error Messages
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ERROR
ERROR

209
210

"BP /BUSY STUCK LOW"
"RELAY READBACK FAIL"

ERROR
ERROR

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

211
212

221
222
223
224
225
226
227
228

Error Messages

c-4

"TRIGGER BUS FAIL"
"HP-1B CTLR TEST"

"MM SELF TEST"

"DIG SELF TEST”

"RELAY OPEN"

"RELAY SHORTED"
"TRIGBUF FAIL"

"SOURCE SELF TEST"
"RELAY DRIVER SELF TEST"
"DAC SELF TEST"

03235-90001 Update 2 (FEBRUARY 1988)



introduction

ABORT
{IFC)

Example

CLEAR
(DCL or SDC)

The following topics, arranged in alphabetic order, deal with specific HP-IB
command messages. These commands are functions of the HP-IB interface and
all HP-IB compatible instruments respond, in some manner, to these commands.
Refer to the remote HP-IB programming manual for each instrument connected
to the HP-IB interface of your test system to see how they respond to these
commands.

Refer also to the 1/0 programming manual for your system controller for
specific syntax and interface activity for each message. The IEEE-488 terminol-
ogy is shown in parenthesis following each command title. The examples given
here apply to the HP Series 30, Series 200 and Series 300 desktop computers.

Many of the commands in this section have counterparts that are HP 3235
command headers. This makes the commands more valuable and easy to under-
stand. Use these commands if your system controller allows them, otherwise use
the respective HP 3235 command header,

The HP 3235 ignores the Parallel Poll (PPOLL) and Pass Control commands.

The ABORT command aborts all HP-IB communication, The HP 3235A exits the
remote state and returns to local mode. It does not reset, self-test, clear buffers,
ete.

ABORT 7 t Abort atll communication in isc ¥

The HP 3235 executes a CLEAR command immediately upon receipt (if INBUF
is ON). The CLEAR command is the same as the HP 3235 CLR command and
does the following:
Clears HP-1B input and output buffers,
Clears the error list and bit 5 in the Status Register.
Aborts any running subroutines,
If a subroutine is being downloaded from the system controller
when you execute CLEAR, the subroutine is aborted and not stored.
Clears the control panel display
Dees not reset any of the Plug-In Modules.
If a scan is in progress it is aborted, the relays stay in
whatever state they were in when CLEAR was executed,
The multimeter does not change states (modes),

MP 3235 HP-1B Capabilities
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Example

LOCAL
(GTL)

Example

LOCAL
LOCKOUT
(LLO)

Example

REMOTE

Example

SPOLL
{Serial Poll)

HP 3235 HP-i8 Capabilities

D.2

CLEAR 7 ! Clears atl instruments {DCL) oh interface 7

CLEAR 709 | Clears only the instrument {SDC) at address 0¢.

The LOCAL command removes the HP 3235 from the remote state. The HP
3235 continues to execute any commands received while it was in the remote
state and are still in the input buffer. LOCAL allows unlimited use of the control
panel keyboard, See the sections on LOCAL and REMOTE modes earlier in this
chapter,

LOCAL 7 ¢t AL{ devices on interface 7 go to local state.

LOCAL 709 F Only device at address 09 goes to local state.

LOCAL LOCKOUT disables the Local key on the control panel. LOCAL,
LOCKOQUT is the same as RMT. To regain full control of the keyboard, execute:
LOCAL 709. With the Local key disabled, you cannot change the state of the
HP 3235. You can, however, query the system and monitor rasults.

! sends LOCAL LOCKOUT to all instruments
on the interface,

LOCAL LOCKOUT 7

The REMOTE 709 command puts the HP 3235 in its remote state. The REMOTE
7 command, does not, in itself, put the HP 3235 in its remote state. After sending
REMOTE 7, the HP 3235 will go to its remote state only after the svstem con-
troller addresses it.

You will seldom find it necessary to execute the REMOTE command, The
REMOTE command is independent of any other HP-IB activity and is sent on a
single interface bus line called REN, Most controllers set the REN line true at
power-on or when reset which has the same effect as executing REMOTE 7.
Therefore, when your controller addresses the HP 3235, such as QUTPUT 709;
"CLOSE [01", the mainframe will go to its remote state.

REMOTE 7 1 Sets the REN tine true, does not set HP 3235 to remote.
t sets HP 3235 to remote state.

REMOTE 709

The SERIAL POLL command, like the STB? command (HP 3235 command set),
returns a number representing the set bits in the status register (status byte). The
returned number is the sum of the decimal values of the bits that are set,

Note that SPOLL does not clear any of the bits in the status register except bit 6,



Status Register
Bits

Example

TRIGGER
(GET)

Example

-8R The main-difference between SPOLL-and STB? is that SPOLL does-not o

interrupt the processor to get the register information. With the STB? command,
the mainframe processor must process the command and will always show busy
(bit 4). Therefore, use SPOLL to determine the readiness of the mainframe for
more commands,

The Status Register bits and their corresponding weights are;

Bit | becimal
Number | Weight

Description
(Bit is set when:)

|
1
|
| I
0 | 1 | Data is available and will be sent
t | when the HP 3233 is addressed to talk.
1 | 2 | Always zero.
2 P4 | User SRQ from keyboard or subroutine.
3 P8 | Power-on occurred, reset, or control
; | panel LOCAL key pressed or LCL executed.
& P16 ] READY -- HP-IB input buffer is empty
} | and no command or CAlled subroutine
H | is in progress.
5 i 32 | Error Occurred.
6 | 64 | sRQ from this instrument (Service Request).
7 | 128 | Always zero.
8 { 256 | Atways zero

For more information on interrupts, refer to Chapter 7 in this manual.

10 oUYPUT 709, MRITH
20 A=SPOLL (709}

30 PRINT A

40 END

The following program returns the same results but will show bit 4 as true:

10 QUTPUT 709; “RsTw
20 GUTPUT 7099;n5TR?®
40 ENTER 70914

40 PRINT A

50 END

If the DRIVETEB command is set for TRG (see Chapter 5), then the HP-IB
TRIGGER command pulses the specified trigger bus line. If the Input buffer is
on (INBUF ON), then GET executes immediately even if other commands are
still in the input buffer waiting for processing.

TRIGGER ¥ 1 Triggers the interface bus

TRIGGER 709 1 Triggers only the instrument at address 09

HP 3235 HP-IB Capabiiities
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Analog
Bus

ABn

array _name

Backplane
Relay

Banik
Relay

ch#

ch_list

Channel

connector#

Appendix E

The analog bus system has four separate (isolated) 2-wire buses, These buses car-
ry analog signals between plug-in modules, to the extenders, or to external in-
struments {see also ABn).

Analog bus parameter, Specifies which of the four analog buses is used, There
are four choices for m 0, 1, 2, or 3 (see also Analog Bus).

Mainframe array name, Array names may confain up o 10 characters, The first
character must be a letter (A-Z) but the remaining nine characters can be letters,
numbers (0-9), the underscore character (" _"), or the question mark ("7"). Array
names must not be the same as HP 3235 commands or parameters (see Appendix
A for a list of reserved keywords), or stored state names.

Backplane relays connect the relay multiplexer banks to the analog backplane,
Backplane relays addresses have the form es9n, where ¢ is the mainframe or ex-
tender number (0 = mainframe, 1-7 = extenders), s is the slot number (0 through
9), and 9n is the backplane relay number (90 through 93).

Bank relays connect the relay multiplexer banks together., Bank relays addresses
have the form ¢57n, where ¢ is the mainframe or extender number (0 =
mainframe, 1-7 = extenders), s is the slot number (0 through 9), and 7# is the bank
relay number (70 through 72).

Channel number parameter. Has the form esan, where e is the mainframe or ex-
tender number {0 = mainframe, 1-7 = extenders), s is the slot number (O through
9}, and nn is the channel number.

Channel list parameter. Has the form esnn, where ¢ is the mainframe or extender
number (0 = mainframe, 1-7 = extenders), s is the slot number (0 through 9), and
mr is the channel number.

The ch__list parameter can specify a single channel (esan), multiple channels
{esnn, esnn, .. ), sequential channels {esnr-esnm), groups of sequential channels
{esnn-esnn, esnn-esn), or any combination of channels and groups.

The term channel refers to any relay or group of relays on a plug-in module that
can switch a signal from one user connector to another user connector {see also
ch# and ch_lisf).

HP 34506 Coaxial Matrix Module row and column numbers. Has the form esnn,
where ¢ is the mainframe or extender number (0 = mainframe, 1-7 = extenders), §
is the slot number (0 through 9), and r# is the connector number {row and
column).

Glogsary
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Glossary
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Controller

device#

Extender
Relay

framei#

relay#

relay _ list

Relay

slot#

slot_list

Any computer that is capable of controlling the HP 3235 over HP-IB.

The device# parameter is used by the USE command to specify the device {such
as the HP 34520 Multimeter Module or an HP 34522 Digital 1/0 port) for sub-
sequent commands,

Has the form esnn, where ¢ is the mainframe or extender number {0 =
mainframe, 1.7 = extenders), s is the slot number (0 through 9, and nr is the
device number. To specify an entire module or slot, the device number (n1) is
specified as 00 (es00). To specify a port on the Digital I/0 module, the device
number is one of the following ports: 00, 10, 20, or 30 (es00, ¢s10, es20, or es30),

Each HP 34560 System Expansion Module has four "extender bug relays", one
relay for each of the four (ABO through AB3) analog buses. These relays allow
you to isolate any one analog bus within a frame (ie, mainframe or extender)
from the same bus within another {rame.

Extender relay addresses have the form 9¢0On, where ¢ is the mainframe or ex-
tender number (0 = mainframe, 1-7 = extenders) and # is the extender relay num-
ber (0 through 3).

Frame (mainframe or extender) number parameter. Specifies either the
mainframe (0) or an extender (1 through 7).

Relay number parameter, Has the form esnn, where ¢ is the mainframe or ex-
tender number (0 = mainframe, 1-7 = extenders), s is the slot number (0 through
9}, and nn is the relay number.

Relay list parameter. Has the form esnn, where ¢ is the mainframe or extender
number (0 = mainframe, 1-7 = extenders), s is the slot number (0 through 9), and
un is the relay number,

The relay_ list parameter can specify a single relay (esnn), multiple relays {esnn,
esun, .. ), sequential relays (esnn-esnm), groups of sequential relays {esun-esnn, esnn-
esnn), or any combination of relays and groups.

In addition to channel relays, some plug-in modules contain hackplane rela V5,
bank relays, and trigger buffer relays. These relays are referred to simply as
relays (see also relay# and refay _list).

Slot number parameter. Has the form ¢s00, where ¢ is the mainframe or extend-
er number (0 = mainframe, [-7 = extenders) and s is the slot number (0 through
9.

Slot list parameter. Has the form es(0), where ¢ is the mainframe or extender
number (0 = mainframe, 1-7 = extenders) and s is the slot number (0 through 9).

The slor__list parameter can specify a single slot (¢s00), multiple slots (es00), es00,
- ), sequential slots (es00-e500), groups of sequential slots {es00-¢s00, e500-¢s00) or
any combination of slots and groups.



 Slot  Each HP 3235 mainframe and extender contains 10 slofs to install plug-in
modules. The slots are numbered from 000 through 900 for each frame (see also
slor# and slot_ list).

sub_name  Mainframe subroutine name. Subroutine names may contain up to 10 characters.
The first character must be a letter (A-Z) but the remaining nine characters can
be letters, numbers (0-9), the underscore character ("_"), or the question mark ("?).
Subroutine names must not be the same as HP 3235 commands or parameters
(see Appendix A for a list of reserved keywords), previously defined array or
variable names, or stored state names.

System  Any computer that is capable of controlling one or more instruments over
Controlier HP-IB.

variable  Mainframe variable name. Variable names may contain up to 10 characters. The
first character must be a letter (A-Z) but the remaining nine characters can he
letters, numbers (0-9), the underscore character ("_"), or the question mark ("I").
Variable names must not be the same as HP 3235 commands or parameters {see
Appendix A for a list of reserved keywords), or stored state names.

Glossary
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3235
description, HP, 1-6
in a test system, using the HP, 1-3
internal task priority, HP, 11-15
overview of the HFP, 1-1
setup, HP, 6-18
3235E extender frames, HP, 2-6
34520 multimeter, scanning with the HP, 6-3
4-wire measurements, 6-12

- A -

Aborting
scan, 6-31
subroutine, 8-7
Accessories, options and, -9
Additional, 1-11
op-codes, 14-3
Address
commands requiring a predefined, 4-10
relay or channel, commands that, 4-9
slot, commands that, 4-9
Addresses
extender, 2-8
variables as channel, 7-3
Addressing, module, 4-9
Adjacent modules, heating of, 12-2
Advance, scanner, 6-19
Allowing
all closures, 5-10
any closures, 5-9
closures, 5-9
closures, prohibiting and, 5-7
two closures, 5-9
Alphabet
and punctuation keys, redefining the, 3-7
number, and symbol keys, 3-6
Analog
buses, 2-3
extender cables, 2-6
Another, passing trigger signals from one plug-in
module to, 9-3
Array
size, 7-5
values, reading, 7-5
Arrays, 7-4
and variables, purging, 7-6
filling, 7-4
ASCIH format, 11-7
Automatic system, sources of noise in an, 12-3

Autozero, 6-29

Backplane buses, 2-3
Bank definition, 5-3
Bibliography, 12-25
Binary
format, 117
functions, 7-8
BNC
driving the external trigger out, 99
external trigger in, 9-8
Branching, IF. THEN, 8-10
Breadboard module, using the, 9-7
Buffering. 11-4
input, 11-4
output, 11-5
Bus
configurations, special trigger, 9-10
connections, external, 2-5
driving the extender trigger, 9-11
driving the trigger, 9-6 .
in an extender, specifying the trigger, 9-11
relays, extender, 2-6
sources and destinations, other trigger, 9-7
system, the trigger, 9-1
Buses
analog, 2-3
backplane, 2-3
driving the trigger, 9-7
reading the state of the trigger, 9-9
trigger, 2-3

-C -

Cable
grounding shielded, 12-16
versus twisted pairs, coaxial, 12-10
Cables
analog extender, 2-0
coaxial, 12-2
digital extender, 2-6
Cage, plug-in module, 1-6
Calculations, numeric, 7-4
CALL, subroutine, 8-6
Calling
subroutines on event interrupts, 10-4
subroutines on timer interrupts, 10-6
Canceling prohibited channels, 5-10

index



Capacitive coupling, shiclding against, 12-5

CAT, 11-13, 8-5
Change at power-fail, no state, 5-11
Channel

addresses, variables as, 7-3

closed signal, 6-18

commands that address a relay or, 4-9

definitions, 5-1

measuring a single, 6-31

monitor one, 3-12

states, verifving relay or, 5-4
Channels

canceling prohibited, 5-10

closing relays or, 5-4

monitor all, 3-12

opening relays and, 5-4

operating relays and, 5-4

scanning and prohibited, 6-2

selecting, 54

using the timer, 9-14
Check list, a noise reduction, 12-23
CIIL switching op-codes, 14-1
Clearing the status register, 10-10
Clock

functions, 9-19

source, setting the, 9-14
Closed signal, channel, 6-18
Closing relays or channels, 5-4
Closures

allowing,. 5-9

allowing all, 5-10

allowing any, 5-9

allowing two, 59

power-fail, 5-11

prohibiting, 5-7

prohibiting all, 5-8

prohibiting and allowing, 5-7

prohibiting any, 5-7

prohibiting two, 5-7

verifying prohibited, 5-8
CLR, 4-4
Coaxial

cable versus twisted pairs, 12-10

cables, 12-2

modules, scanning with the, 6-32

modules, using the, 9-3
Command execution, 4-1

sequential relay, 11-2
Command

SERIAL, {1-2

SETTLE, 11-3

terniination, 4-2

types, §-4
Commands

Index
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definition/deletion, §-4
execution, 8-6
HELP with, 3-9
other memory related, 11-13
requiring a predefined address, 4-10
reset, 4-4
system, 4-4
that address a relay or channel, 4-9
that address a slot, 4-9
Communication, data, -5
Comparisons work, making, 7-10
Complete, voltmeter, 9-6
COMPRESS, 1i-14, -6
Conditional and looping statements in subroutines,
8-9
Conditions, service request, 10-10
Confidence self test, 13-3
Configurations
muiltiplexer, 12-1
special trigger bus, 9-10
Connecting
guard, 2-14
terminals, 5-3
to the interlock switch, 2-11
Connection, opening the, 5-6
Connections
extender, 2-6
external bus, 2-5
required, 6-17
Considerations
HP-1B local/remote, L1-1
other scanning, 6-31
Contents of the display, returning the, 3-5
Control
panel, 1-8
panel for data entry, using the, 3-14
panel test, 13-3
Contiroller
instrument status and interrupting the, 10-8
response to a service request, 1013
Conventions, format, 4-2
Conversions, type, 7-2
Counter
functions, 9-16
reading the, 9-17
sefting the, 9-16
Coupled noise, other methods of reducing ground,
12-18
Coupling
shielding against capacitive, 12-5
shielding against inductive, 12-8
Creating the subroutine, §-2



-b-

Data
comimunication, 1-5
cdestination, 10-11

entry, using the control panel for, 3-14

output, -7, 6-30
reduction and storage, 1-5
report, fixtured sell test with, 13-12
storage, variables for, 7-3
Day, reading the time of, 9-19
Declarations, type, 7-1

Defined keys, storing and reloading the, 3-9

Definition

bank, 5-3

relay, 5-3

subroutine, §-1
Drefinition/deletion commands, 8-4
Definitions

channel, 5-1

returning to the original, 3-9
DELSUB, 11-14, §-4
Description, HP 3235, 1-6
Designating

digital 1/0 module, 4-10

multimeter module, 4-10
Destination, data, 10-11
Destinations

other trigger bus sources and, 9-7

verif ying, 4-11
Detection, error, 4-12
Diagnostic, 1-13
Digital

extender cables, 2-6

I/O module, designating a, 4-10

1/0 module, driving the, 9-7

1/0 module, scanning with the, 6-33

1/0 module tests, 13-7

1/0 module, using the, 9-6
Disabling

event Interrupts, 10-4

timer interrupts, 10-6, 9-1§
Display

idle, 3-4

messages, 3-3

of f, turning the, 3-4

returning the contents of the, 3-5

the, 3-3

writing to the, 3-4
Displays, error messages and single, 3-4
Driving

digital 1/0 module, 9-7

extender trigger bus, 9-11

external trigger out BNC, 9-9

trigger bus, 9-6

“tiigger Biges, 957

-E -

Echo
keyboard, 3-3
string, 4-8
Edit keys, 3-7
Editing subroutines, 8-3
Efficiently, using memory, 1-13
Electronic noise, sources of, 12-3
Enabling
evept mterrupts, 10-3
plug-in module interrupts, 10-3
timer interrupts, 10-6, 9-17
timers, 9-14

Entry, using the control panel for data, 3-14

EO! termination, 11-6
Error
detection, 4-12
handling, 4-12
messages and single displays, 3-4
register, reading the, 13-1, 4-13
Errors
execution, 4-12
hardware, 4-13
math, 4-13, 7-9
svintax, 4-12
Event interrupts, 10-3
calling subroutines on, 10-4
disabling, 10-4
enabling, 10-3
Example
1, 9-12
2,913
scanning, 6-26
Examples, 10-13, 11-10, 9-12
scanning, 6-10
Execute keys, immediate, 3-0
Execution
command, 4-1
commands, §-6
errors, 4-12
sequential relay command, 11-2
Exiting a subroutine, §-7
Ixtender
addresses, 2-§
bus relays, 2-60
cables, analog, 2-6
cables, digital, 2-6
connections, 2-6
frames, HP 3235E, 2-6

index



{rames, scanning across, 6-31 systems, multipoint, 12-13

specilying the trigges bus in an, 9-11 systems, single point, 12-12
trigger bus, driving the, 9-11 Grounding, 12-10

External shielded cable, 12-16
bus connections, 2-5 summary, 12-14
instrument setup, 6-18 Guard
instruments, scanning with, 6-17 connecting the, 2-14
trigger in BNC, 9-3 switching the, 2-16
trigger out BNC, driving the, 9-9 Guarded measurements, 2-13

Guarding, floating measurements and, 2-12

Failure states, setting power, 5-11

-H -

FAST parameter, the, 6-12, 6-26 Handling, error, 4-12
Fauli, power, 2-18 Hardware errors, 4-13
Filling arrays, 7-4 Heating of adjacent modules, 12-2
Fixture HELP
guerying the, 2-11 function, vsing the, 4-14
quick interconnect, 2-9 with commands, 3-9
Fixtured Hierarchy, math, 7-9
self tesi, 13-7 How
self test with data report, 13-12 MEAS works, 6-4
Fixtures regquired, test, 13-§ PSCAN works, 6-27
Floating measurements and guarding, 2-12 SCAN works, 6-20
FOR.NEXT loops, 8-9 HP
Format 3235 description, 1-6
ASCIL, 11-7 3235 in a test system, using the, 1-3
binary, 11-7 3235 internal task priority, 11-15
conventions, 4-2 3235, overview of the, 1-1
Frame, selecting sources within a, 9-10 3235 setup, 6-18
Frames 3235 extender frames, 2-6
HP 3235E extender, 2-6 34520 multimeter, scanning with the, 6-3
individually, using, 9-10 HP-1B
scanning across extender, 0-31 interaction, 0-32
Function, using the HELP, 4-14 local/remote considerations, [1-1
Functions monitor, 3-11
binary, 7-8 programming, note on remote, 4-1
clock, 9-19
counter, 9-16
general math, 7-7 = I =
logarithmic, 7-8
logical, 7-8 1/0 module
trigonometric, 7-8 designating a digital, 4-10

driving the digital, 9-7
scanning with the digital, 6-33

-G - tests, digital, 13-7
using the digital, 9-6

General identification, 4-6

information, 12-1 Idle display, 34

math functions, 7-7 IF.THEN branching, 8-10

purpose math, 7-7 Immediate execute keys, 3-6
Ground Impedance mismatching, 12-21

coupled noise, other methods of reducing, 12-18 Individually, using frames, 9-10
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_Inductive coupling, shielding against, 12-8

Information, general, 12-]
Initial setup, 6-1
Input buffering, 11-4
Enstrument setup
external, 6-18
measurement, 6-2
Instrument status and interrupting the controller,
13-8
Instruments, scanning with external, 6-17
Integration time, 6-29
Interaction, HP-IB, 6-32
Interconnect fixture, the quick, 2-9
Interlock switch, connecting to the, 2-11
Internal task priority, HP 3235, 11-15
Interrupt
power-on SRQ, 10-16
query, 10-5
Interrupting the controller, instrument status and,
[0-8
Interrupts
calling subroutines on event, 10-4
calling subroutines on timer, 10-6
disabling event, 10-4
disabling timer, 10-6, 9-18
enabling event, 10-3
enabling plug-in module, 10-3
enabling timer, 10-6, 9-17
event, 106-3
plug-in module, 10-1
timer, 10-6
Isolation, 12-18

- K -

Keyhoard
echo, 3-3
locking out the, 3-9
the, 3-6
Keys
alphabet, number, and symbol, 3-6
edit, 3-7
immediate execute, 3-0
redefining the alphabet and punctuation, 3-7
redefining the, 3-7
redefining the user, 3-8
storing and reloading the defined, 3-9
Knowing when a subroutine is paused, 8-7

- L -

Levels, signal. 12-2

Limit festing, 7-10
List, a noise reduction check, 12-23
LIST, 8-5
Loading subroutines, writing and, 8-2
Local

mode, 11-1

state storage, 11-9

storage/recall, 11-9
Local/remote considerations, HP-1B, 11-1
Locking out the keyhoard, 3-9
Logarithmic functions, 7-8
Logical functions, 7-8

Looping statements in subroutines, conditional and,

8-9
Loops
FOR.NEXT, 8-9
WHILE.END WHILE, §-9
LOW/HIGH/TRG, 9-8

- M -

Magnetic radiation, shielding against, 12-9

Making comparisons work, 7-10
Management, memory, 11-12
Mask

RS, 16-11

setting the RQS, 10-12

value, reading the RQS, 10-12
Math

errors, 4-13, 7-9

functions, general, 7-7

general purpose, 7-7

hierarchy, 7-9

operators, 7-7
MEAS works, how, 6-4
Measurement, 1-5

instrument setup, 6-2

Measurements

4-wire, 6-12

and guarding, floating, 2-12
guarded, 2-13

non-guarded, 2-12

Measuring a single channel, 6-3!
Mechanism, operating the, 2-10
Memory

efficiently, using, §1-13
management, [1-12

related commands, other, 11-13
usage, 11-12, 6-30

Messages

and single displays, error, 3-4
display, 3-3

Index



Methods of reducing ground coupled noise, other,
12-18
Mismaiching, impedance, 12-21
Mocle
focal, 11-1
monitor, 3-4
remote, -]
Modes
montter, 3-11
multiple prohihit, 5-8
Madule
addressing, 4-9
cage, plug-in, 1-6
designating a digital 1/0, 4-10
designating a multimeter, 4-10
driving the digited 170, 9-7
interrupts, enabling plug-in, 10-3
interrupts, plug-in, 10-1
polling, plug-in, 2-1
scanning with the digital 1/0, 6-33
state, monitor a plug-in, 3-12
tests, digital 1/0, 13-7
tests, multimeter, 13-7
tests, velay, 13-8
to another, passing trigger signals from one
plug-in, 9-3
using the breadboard, 9-7
using the digital 1I/0, 9-6
using the multimeter, 9-5
Modules
heating of adjacent, 12-2
monitor ail plug-in, 3-12
plug-in, 6-30
resetting. 4-5
scanning with the coaxjal, 6-32
test, plug-in, 13-3
using the coaxial, 9-3
Monitor
all channels, 3-12
ail plug-in modules, 3-12
HP-IB, 3-11
mode, 3-4
modes, 3-11
off, turning, 3-13
one channel, 3-12
plug-in module state, 3-12
Monitoring, 6-34
Multimeter module
designating a, 4-10
tests, 13-7
using the, 9-5
Multimeter
scanning with the HP 34520, 6-3
the, 6-29

index
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triggering the, 9-5
Multiple prohibit modes, 5-8
Multiplexer configurations, 12-1
Multipoint ground systems, 12-13

-N -

Nesting subroutines, 8-§

No state change at power-fail, 5-11

Noise
in an automatic system, sources of, 12-3
other methods of reducing ground coupled, 12-18
reduction, [2-5
reduction check lst, a, 12-23
reduction techniques in switching systems, 12-18
sources of electronic, 12-3

Non-guarded measurements, 2-12

Note on remote HP-1B programming, 4-1

Number, and symbol keys, alphabet, 3-6

Numeric calculations, 7-4

-0 -

OFF, SERIAL, 11-2
ON, SERIAL, 11-2
One
channel, monitor, 3-12
plug-in module to another, passing trigger signals
from, 9-3
Op-codes
additional, 143
CHL switching, 14-1
Opening
ali relavs or switches, 5-11
connection, 5-0
relnys and channels, 5-4
Openings, power-fail, 5-11
Operating
mechanism, 2-10
relavs and channels, 5-4
Operation, restoring, 2-18
Operators, math, 7-7
Optimizing for speed, 6-29
Options and accessories, -9
Original definitions, returning to the, 3-9
Other
memory related commands, 11-13
methods of reducing ground coupled noise, 12-18
scanning considerations, 6-31
trigger bus sources and destinations, 9-7
Output
buffering, 11-5



pulse, 9-15
square wave, 9-10
Overview of the HP 3235, 1-1
- p -
Pairs, coaxial cable versus (wisted, 12-10
Panel
control, 1-8
for data entry, using the control, 3-14
rear, 1-7
test, control, 13-3
Parameter
ONLY, 5-6
FAST, 6-12, 6-20
Passing trigger signals from one plug-in module to
another, 9-3
PAUSE, subroutine, 8-6
Paused, knowing when a subroutine is, 8-7
Plag-in
module cage, [-6
module interrupts, 10-1
module interrupts, enabling, 16-3
moadule polling, 2-1
module state, monitor a, 3-12
module to another, passing trigger signals from
one, 9-3
modules, 6-30
modules, monitor all, 3-12
modules test, 13-3
Point ground systems, single, 12-12
Polling, plug-in module, 2-1
Power
failure states, setting, 5-11
fault, 2-18
Power-fail
closures, 5-11
no state change at, 5-11
openings, 5-11
Power-on
self test, 13-2, 2-1
sequence, the, 2-1
SRQ interrupt, 10-16
state, 2-2
status register at, 10-11
Predefined address, commands requiring &, 4-10
Priority, HP 3235 internal task, {1-15
Programming, note on remote HP-1B, 4-1
Prohibit modes, muliiple, 5-8
Prohibited channels
canceling, 5-10
scanning and, 6-2

~Prohibited closures; verifying; 5-§-

Prohibiting
all closures, 5-8
and allowing closures, 5-7
any closures, 5-7
closures, 5-7
two closures, 5-7
PSCAN works, how, 6-27
Pulse cutput, 9-15
Punctuation keys, redefining the alphabet and, 3-7
PURGE, 11-14
Purging
arvays and variables, 7-6
gubroutines, §-3
Purpose math, general, 7-7

-Q -

Query, interrupt, 10-5
Querying the fixture, 2-11
Quick interconnect fixture, the, 2-9

-R -

Radiation, shielding against magnetic, 12-9
Ranging, 6-29
Reading
array values, 7-5
counter, 9-17
ervor register, 13-1, 4-13
RQS mask value, 10-12
state of the trigger buses, 9-9
status register, 10-10
storage, 6-10
time of day, 9-19
variable values, 7-4
READY, 2-1
Rear panel, 1-7
Recalling stored states, [1-10
Redefining
alphabet and punctuation keys, 3-7
keys, 3-7
user keys, 3-8
Reducing ground coupled noise, other methods of,
12-18
Reduction
and storage, data, 1-5
check list, a noise, 12-23
noise, 12-5
technigues in switching systems, noise, 12-18
Register
clearing the status, 10-10
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power-on, the status, 10-11 Scanning, 6-19

reading the error, 13-, 4-13 acioss extender frames, 6-31
reading the status, 10-10 and prohibited channels, 6-2
statos, 10-8 considerations, other, 6-31
Related commands, other memory, 11-13 example, 6-20
Relay examples, 6-10
command execution, sequential, 11-2 in a fest system?, why, 6-1
definition, 5-3 with the coaxial modules, 6-32
module tests, 13-8 with the digital 1;O module, 6-33
or channel, commands that address a, 4-9 with external instruments, 6-17
or channel states, verif'ying, 5-4 with the HP 34520 multimeter, 6-3
Relays and channels with verification, 6-15
opening, 5-4 SCRATCH, 11-14, 8-4
operating, 5-4 Selecting
Relays channels, 5-4
extender bus, 2-6 sources within a frame, 9-10
or channels, closing, 5-4 Self test
or switches, opening all, 5-11 confidence, 13-3
Reloading the defined keys, storing and, 3-9 fixtured, [3-7
Remote power-on, 13-2, 2-1
HP-IB programming, note on, 4-1 system, 13-5
mode, 11-1 with data report, fixtured, 13-12
storage/recall, 11-11 Sequence, the power-on, 2-1
Report, fixtured self test with data, 13-12 Sequential relay command execution, 11-2
Request SERIAL
conditions, service, 10-10 command, the, 11-2
controlier response to a service, 10-13 OFF, 11-2
Required ON, 11-2
connections, 6-17 Service request
test fixtures, 13-8 conditions, 10-10
Requiring a predefined address, commands, 4-10 confroller response to a, 10-13
RESET, 4-4 Setting
Reset commands, 4-4 clock source, 9-14
Resetting modules, 4-5 counter, 9-16
Response to a service request, controller, 10-13 power failure states, 5-11
Restoring operation, 2-18 RQS mask, 10-12
Returning time, 9-19
contents of the display, 3-5 SETTLE comntand, the, 11-3
to the original definitions, 3-9 Setup
RQS mask external instrument, 6-18
setting the, 10-12 HP 3235, 6-18
the, 10-11 initial, 6-1
value, reading the, 10-12 measurement instrument, 6-2
RUN, subroutine, 8-0 Shielded cable, grounding, 12-16
Running the test, 13-9 Shielding, 12-5

against capacitive coupling, 12-5
against inductive coupling, 12-8

= S = against magnetic radiation, 12-9
Signal
Scan channel closed, 6-18
aborting the, 6-31 levels, 12-2
trigger, 0-18 Signals from one plug-in module to another, passing
SCAN works, how, 6-20 trigger, 9-3

Scanner advance, 6-19
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~Single o . s
channel, measuring a, 6-31
displays, error messages and, 34
point ground systems, 12-12
Size, arrav, 7-5
Slot, commands that address a, 4-9
Source, setting the clock, 9-14
Sources
and destinations, other trigger bus, 9-7
electronic noise, 12-3
noise in an automatic system, 12-3
within a frame, selecting, 9-10
Special trigger bus configurations, 9-10
Specified time, waiting a, 9-19
Specifying the trigger bus in an extender, 9-11
Speed, optimizing for, 6-29
Square wave output, 9-16
SR interrupt, power-on, 10-16
State
change at power-fail, no, 5-11
monitor a plug-in module, 3-12
power-on, 2-2
storage, local, 11-9
trigger buses, reading the, 9-9
Statements in subroutines, conditional and looping,
8-9
States
recalling stored, 11-10
setting power failure, 5-11
stored, 11-9
verifying relay or channel, 5-4
Status
and interrupting the controller, instroment, 10-8
register, clearing the, 10-10
register at power-on, the, [-11
register, reading the, 10-10
register, the, 10-3
Stepping through a subroutine, 8-7
Stimulus, 1-5
Storage
data reduction and, 1-5
local state, 11-9
reading. 6-10
variables for data, 7-3
Storage/recall
local, 119
remote, 11-11
Stored states, 11-9
recalling, 11-10
Storing and reloading the defined keys, 3-9
String, echo a, 4-8
SUB/SUBEND, 8-4
Sulbroutine
aborting a, 8-7

creating the, 8-2
definition, §-1
exiting a, 8-7
is paused, knowing when a, §-7
PAUSE, 8-6
RUN, §-6
stepping through a, 8-7
Subroutines
conditional and looping statements in, §-9
editing, 8-3
nesting, 8-8
on event interrupts, calling, 10-4
on timer interrupts, calling, 10-6
purging, 8-3
writing and loading, 8-2
Summary, grounding, 12-14
Switch, connecting to the interlock, 2-11
Switches, opening all relays or, 5-11
Switching, 1-4
guard, 2-10
op-codes, CIIL, 14-1
systems, noise reduction techniques in, 12-18
tree, 12-19
Symbol keys, alphabet, number, and, 3-6
Syntax errors, 4-12
System
commands, 4-4
self test, 13-5
sources of noise in an automatic, 12-3
trigger bus, 9-1
using the HP 3235 in a test, -3
System?, why scanning in a test, 6-1
Systems
multipoint ground, [2-13
noise reduction techniques in switching, 12-18
single point ground, 12-12

- T -

Task priority, HP 3235 internal, 1}-15
Technigues in switching systems, noise reduction,
12-18

Terminals, connecting, 3-5
Termination

command, 4-2

EOQIL 11-6
Test

confidence self, 13-3

control panel, 13-3

fixtured self, 13-7

fixtures required, 13-8

plug-in modules, 13-3
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power-on self, 13-2, 2-1
running the, 13-9
system self, 13-3
system, using the HP 3235 in a, 1-3
system?, why scanning in a, 6-1
with data report, fixtured self, 13-12
Testing, lirmat, 7-10
Tests
digital 1/G module, 13-7
multimeter module, 13-7
relay module, 13-8
Tine
duay, reading the, 9-19
integration, 6-29
setting the, 9-19
waiting a specilied, 9-19
Timer
channels, using the, 9-14
interrupts, 10-6
interrupts, calling subroutines on, 10-6
interrupts, disabling, 10-6, 9-18
interrupts, enabling, 10-6, 9-17
TIMERO/TIMER1, 9-8
Timers, enabling the, 9-14
Tree switching, 12-19
Trigger bus :
configurations, special, 9-10
driving the extender, 9-11
driving the, 9-6
in an extender, specifyving the, 9-1§
sources and destinations, other, 9-7
system, the, 9-1
Trigger buses, 2-3
driving the. 9-7
reading the state of the, 9-9
Trigger
in BNC, external, 9-8
out BNC, driving the external, 9-9
scan, 6~18

signals from one plug-in module to another,

passing, 9-3

waiting for a, 9-19
Triggering the multimeter, 9-5
Trigonometric functions, 7-8
Turning

display off, 3-4

monitor off, 3-13
Twisted pairs, coaxial cable versus, 12-10
Two closures

allowing, 5-9

prohibiting, 5-7
Type

conversions, 7-2

index
10

declarations, 7-1
Types, command, 84

-y -

Usage, memory, H-12, 6-30
User keys, redefining the, 3-8
Using
breadboard module, 9-7
coaxial modules, 9-3
control panel for data entry, 3-14
digital 1/0 module, 9-6
frames individually, 9-10
HELP function, 4-14
HP 3235 in a test system, 1-3
memory efficiently, 11-13
multimeter moduile, 9-5
timer channels, 9-14
variables, 7-2

-V -

Value, reading the RQS mask, 10-12
Values

reading array, 7-5

reading variable, 7-4
Variable values, reading, 7-4
Variables, 7-1

as channel addresses, 7-3

for data storage, 7-3

purging arrays and, 7-6

using, 7-2
Verification, scanning with, 6-15
Verifying

destinations, 4-11

prohibited closures, 5-8

refay or channel states, 5-4
Versus twisted pairs, coaxial cable, 12-10
Voltmeter complete, 9-0

W -

Waiting
for a trigger, 9-19
specified time, 9-19
Wave output, square, 9-16

When a subroutine is paused, knowing, §-7

WHILE loops, WHILE.END, 8-9
WHILE.END WHILE loops, 8-9
Why scanning in a test system?, 6-1
Work, making comparisons, 7-10



o Works how SCAN, 6-20
how MEAS 6-4 g ing
how PSCAN, 6-27 and loading subroutines, §-2
: to the display, 3-4
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