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Hersteilerhascheinigung

Hiermit wird bescheinigt, dad das GerﬁtiSysfem HP 3235
in Ubereinstimmung mit den Bestimmungen von Postveriligung 1048/84 funkentsttirt ist.

Der Deutschen Bundegpost wurde das Inverkebrbringen dieses Gerédtes/Systems angezeigt und
die Berechtigung zur Uberpsifung der Serie auf Einhaltung der Bestimmungen singeraumt.

Zusatzinformatien fur Me3- und Testgerate
Werden Mef- und Testger&te mit ungeschirmten Kabeln und/oder in offenen Mefaufbauten

verwendet, so ist vom Betreiber sicherzustellen, dag die Funk-EntstBrbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze singehalten werden.

Manufacturer's deciaration

This is to certify that the equipment HP 3235
is in accordance with the Radio Interferenca 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 Equipnient
If Test- and Measurement Equipment is operated with unscreened cables andfor used for

measurements on open set-ups, the user has 1o assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.

MNOTICE
The information consained 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 PARTICUEAR PURPOSE, Hewlett-Packard shall not be lable for errors contained herein or for incidental
or consequential damages in connection with the furnishing, performance or use of this material.

Hewlett-Packard assumes no responsibifity for the uge or reliability of its software on equipment that is not furnished
by Hewlett-Packard.

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

iit
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CERTIFICATION

Hewleti-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 1o the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration SJacility, and to the calibration facilities
af ather International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for & 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 (o 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- shalt pay shipping charges to return the product to Buyer. However, Buyer shall
pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Dwuration and conditions of warranty for this instrument may be supercede& 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 instrament. 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,

NOOTHER 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 CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintengnce agreemenis and other customer assistance agreemenis are available for Hewleitt-Packard products.

For any assistance, contact your nearest Hewlett-Packerd Sales and Service Office.

v
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PACKARD
SAFETY SUMMARY

The following general safety precautions must be ohserved during all phases of operatian, service, and repair of this instrument.
Failure to comply with these precautions ar with specific warnings elsewhere in this manual violates safoety standards of design,
manufacture, and imtended use af the instrument. Hewlett-Packard Cempany assumes no lability for the customer's failure
ta comply 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 cabla must either be plugg-
ed intc an approved three-contact electrical cutlet or used with a three-contact to two-corntact 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,

D8 NOT OPERATE IN AR EXPLGSIVE ATMDSPHERE

Do not operate the instrumant in the presence of flammable gasas or fumes. Operation of any slectrical
instrument in such an environment constitutes a definite safety hazard,

KEEP AWAY FROM LiVE CIRCOITS

Operating personnegl must not rarnove instrument covers. Componeant replacement and internal adjustrments
must be made by qualified maintenance personnel. Do not replace componenis with power cabie con-
nected. Under certain conditions, dangerous voltages may exist even with the power cabie removed. To
avoid injuries, always disconnect powser and discharge circuits before touching them.

GBS NOT SERVICE OR AD3IUST ALONE

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

DG NOT SEBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or perform any
unauthorized modification 1o the ingtrumant. Return the instrument to a Hewlett-Packard Sales and Ser-
vice Office for service and repair to ensure that safety features are maintained.

D0 NOT OPERATE R DAMAGED INSTRUMENT

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

DANGEROUS PROCEDURE WARNINGS

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

WARRING

Dangerous woltages, capable of causing death, are present in this instrument. Use extreme cau-
fion when handiing, testing, and 2djusting.

W
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Operating and Safety Symbols

ATYENTION
Stati: Senshive

NOTE

CAUTION

WARNING

Symbotls Used Gn Products And In Manuals

AC line voltage input receptacle.

Instruction manuat 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
elecirical 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 {ault.

Frame or chassis ground. Indicates equipment chassis ground
terminai — 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 artention to a procedure, practice, or condition that could possibly
cquse damage to equipment or permanent loss of daia.

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

vi
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WARNING and CAUTION Symbols

The TP 3235 Mainframe, the 4P 3235E Extenders, and the plug-in modules contain subscripted inter-
national warning symbols (eg., A i1 These warning symbols refer the user to the operating manuals

for further information. The fable below shows the warning symbols used on the HPF 3235 and its

plug-in modules,

HP 3235 Switch/Test Unit Warning Symbols

Syimbot

Maaning

Where tsed

P

#azardous voltages may be
present when the Quick
[nterconnect Fixture is open.

A shoek hazard may exist.

Turn off all power to the

HP 3235 mainframe and extenders
before instaliing or removing
plug-in modules., Do not exceed
42V maximum.

A shock hazard may exist.

Turn of f all power te the

Hf 3235 mainframe and extenders
before installing or removing
plug-in modulies. 5o not exceed
42V maximum.

The sheet metal screws on the
HP 34520 Multimeter are gt
GUARD potential.

Do not carey the HP 3235
mainframe or extender frame
by the Quick Interconnect
Machanism handles,

The Quick Interconnect
Fixture. See Chapter 2
in the Programming and
System Information Wanual
for more infarmation.

P 34504, 34503, 34506,
34508, 34510, 34511,
34521, and 34524 Plug-In
Modules.

WP 34501, 54502, 34503,
34507, 34509, 34511,
34520, and 34522 Plug-In
Modules.

HP 34320 Plug-In Moduie,
See Chapter 2 in the
Programming and System
Information Manual for
more information.

Guick Interconnect
Mechanism handies.
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Chapler 1

introduction

Whether you work with large production test systems or smaller R&D test sys-
tems, the HP 3235 Switch/Test Unit (ST'U)} 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 instruyments to your
device-under-test. Use the optional multimeter or an external instrument to
measure test signafs routed by the HP 3235’ switch modaules,

This chapter introduces the HP 3235 and shows how it functions in general test
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 3235y avzailable 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 versgatile, rack mountable instrument. It serves
as the signal switching interface between your test system instrumentation and
the device-under-test,

Key features of the HP 3235 include;

® Each frame (mainframe and extenders) has a ten stot plug-in module cage.
Install any plug-in module in any slot.

¢ Up to 7 extender frames (HP 3235E) may connect to each mainframe provid-
ing a total of 80 stots. (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 manunal)

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

*4P-IB{Hewlett-Packard Interface Bus)} is Hewlett-Packard’s implementation of IEEE 488-1978 and ANSI
1o I I
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e The optional HP 34550A diagnostic control panel makes vour test system easy
to debug. (See Chapter 3 in this manual)

o 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.

...........

infreduction to 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 instramentation 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 inctude: signal stimnlus,
meagsurement, communication, and data reduction activities,

The HP 3235 can swiich 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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Figure 1-2, The Capabilities of the HP 3235

Introduction to the HP 3235

1-4

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Stimulus

Measurement

Data Com-
munication

Data
Reduction
and Storage

The HP 3235 has some capability to stimulate the DUT (with the HP 34522
Digital 1/0 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 /2 digit multimeter with a bullt-in frequency counter to hand-
le many measurement iasks. 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/¢losed, ob-
ject present/absent, on/off, ete.). The HP 3235 can monitor these status reports
and, if necessary, interrupt the system controller. The system controlier, in turn,
can alert the operator or command the HP® 3233 to perform some appropriate
task.

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

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

and the HP 3235 returning data to the controller. Appropriate programming al-
lows the HP 3233 to interrupt the controller,

With the HP-IB interface, the system controller can communicate with up to 14
dif ferent devices or instruments. For example, you ¢an connect a system printer
and disc drive plus other instruments (such as a digital oscilloscope and frequen-
oy sowrce} on the same interface bus. Refer to the HP 3235 Installation Manual
for restrictions on using the HP-IB interlace.

Although the HP 3235 has the ability to manipulate data, vour system controller
will do most of the data reduction. Your HP 3235 could compare measured
values with specificd limits and alert the operator or system controfler if the
tested data falls outside the specified Jimits, 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,

tntroduction to the HP 3235
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HEP 23235 Description

Now that we have seen where the HP 3235 fits in a fest system, let’s take a closer
{ook at the instrument itself, In later chapters we'll look at each feature in more

detail.

Plu “iﬁ Figure 1-3 shows the HP 3235 plug-in module cage features.

Module
Cage

©n/01f Switch

Plug-in Moduies / Llug-in Module Cage

Each HP 3239 has 10 slots fer plug-in
madules. Siot numbering is teft to right;
080 te 900. Install any plug-in module
in any slot.

Many different fnstrument and switch
modules are available to meet vour test
system reeds. Each mainframe and extender
can hold up to ten medules. For specific
plug-in module information, refer to the
HP 3235 Plug-in Module Manual.

Figure 1-3. HP 3235 Plug-in Module Cage

Intraduction to the HP 3235
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Rear Panel Figure 1-4 shows the HP 3235% rear panel features.

Analog Bus Connectors

Cannectors inside the module provide access te
the four anslog buses. The buses can connect
to either external instrumentation or the HP
3235k Extender frames. Refer to the
Installation Manuat for more information,

Power Line Voltage Switch
HP-B Address Switch Rear Panel Access Chamber

Controi Panel
Connectlor

HE-IB Interface
Connector

Frame

Address Switc
{must be 0 for
mainframe}

External Trigger Connections Power Fault Light

Extender Connectors
These two BHEL connecters provide external

access 10 the two trigger buses. Refer to You can connect up to 7 extenders (HP 3235E)
Chapter ¥ in this manuai for gpecific and control them from one HP 32354 meinframe.
infermation on using the trigger buses. Refer to the HP 3235 Installation Manual for
Chapter & shows how to use these two instatlation inforwmation. TYhese connectors
connectors when scanning with external are present only on the #P 345560 System
instruments. Expansion Module (see inset).

Figure 1-4. HP 3235 Rear Panel Features

Introduction o the HP 3235
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Control  The optional BP 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 dispfay. An operator
may also use the controf panel o respond to gueries from the system coatroller,
Refer to Chapter 3 in this manual for detailed information on using the control
panel. Figure I-5 shows the control panel and summarizes its features,

Uisplay

immediate Execute and Edit Keys

The contrel pansl display is a 40 character
Windew in & 256 character display., tLeft and
right arrow Keys scroli the display. Eleven SRR
onfoff annunciators indicate the current

status of the instrument.

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

The keyboard can executs 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.

“ipure -5, Controf 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,

Table 1-1. Optons and Accessories

Pescription of dge This Number When Use This Number When
Optiaon/Accessory Ordering With HP 3235 Ordering Separetely
32-Channel Armature HE 345044 (solder-eye HP 345014 {(solder-eye
Relay Module multiplexer? mul tipleder)
P 345018 (screw term, HF 345018 {screw term.
nultiplexer) multiplexer)
HP 34501M fscrew term. HE 34501M (ccrew term.
4x8 marrix) 48 matrix)
HP 343MIT (screw term. HP 345017 (screw term,
thermocouple) thermacouple)
32-Channet Reed HP 34502A (solder-eve HP 345028 (solder-eye
Relay #Heodule multiplexer) muttiplexer}
HE 343028 (screw term. P 3450628 (screw term.
muktiptexer} muitiplexer?
HP 34502M (dcrew term. HP 34502t (screw term.
4%8 matrix) 428 matrix}
KP 345027 (screw term. BP 345027 (screw term.
thermocouple) thermgcoupla)
General Purpose HE 34303Aa (solder-sye} HF 34303a (solder-eye)
Relay Module HP 34503B (screw term.) HP 345038 {screw term.)
SHitched-Shield HP 34504A (BNC cable) He 34304 (BNC cabie)
Coaxiat Multiplexer HP 345048 (BNC bulkhead) #P 345048 (BNC bulkhead)
Hodule P 34504E (no term. blk) P 34504C ¢no term. blk}
50 Ohm RF Multiplexer | HP 34505A (BNC cable) #P 3450%A (BNC cable)
Module #P 345058 (BHL bulkhead) #P 345056 (BNC bulkhead)
HP 345450 (no term. blik} HP 348Q05C ¢ne term. blk)
suitched-shield HP 345064 (BNC cable) BP 34506A (BNC cable}
Coaxial Matrix HP 345068 (BHC bulkhead) HP 345068 (BNC bulkhesad)
Hodule HP 34506C {no term. BLK) HP 3450868 (no term. blk)
32-channel He 34507A (selder-eye HP 345074 (solder-eye
Hergury-Wetted maltiplexer) multiplexer)
Relay Module HP 34507B (screw term. HP 345078 (screw term.
multiplexer) multiplexer)
HP 34507M (screw term. HP 34507H {screw term.
4%8 matrix} 4x8 matrix)
HP 345077 (scred term. HP 34507T (screw term.

thermocoupte)

thermocouple)

Introduction to the BP 3235
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Table 1-1. Optdons and Accessories (cont’d)

termination)

Description of Use This Number When Use This Number When
Cption/Accessory Oredering With HP 3235 Ordering Separately
7> ohm RF Multiplexer HP 34508A (BHC cablie) HP 34508A (BNU cable)
Mocgiule He 3455088 (BME bulkhead) HF 345088 (BNC bulkhead)

HE 345088 (ne term. bik) HP 34%08C {no term. bik)
32-Channel Relay HE 345094 (connector and HP 34509A (connector and
Oriver WModule ribbon cabie) ribhon cabiel

Hi* 345098 (=scred term.) HP 34509B {screw term.,}

P 34509C (ribbon cable, HP 34509C (ribbon cabile,

no term. blk) no term. hik}
8-Channel Powsr HP B45908 (screw term. ) HE B4510R {screw term.)
Actuator Module
64-Channel Armature HP 345118 (gerew term.) HP 345118 (screw term.)}
Retay Module HP 345%1M (matrix screw HP 345114 (matrix screw
term. } term. )
6-1/2 Digit P 345204 (solder-eye) HP 345204 {solder-eye)
Multimeter Module HP 34%20B (screw term.) HP 345208 {screw term.)
AC/DT Source Module HP 345218 (BNHL cable} HP 345217 (BHC cabie)

HP 345218 (BHL bulkhead) KR 345218 {BNC bulkhead)
32-Bit pigital 1/0Q HP 34522A (sclder-eye) HP 345228 (solder-eye}
Module HP 345228 (screw term.) HP 345228 {screw term.)
Breadboard Module HP 345238 (solder-eye) HP 34523A {(solder-eye)

HP 345238 (screw term. )} HP 345238 (screw fterm.)
4-Channel DA HP 34524A (solder-eye) He 34524A (solder-eye)
Converter Module HP 345248 (screw term.} HP 345248 {screw term.)
Microwave Switch #HP 345308 (18 GHI) HP 34530a ¢18 GHz)

(for use with HP 34509 § HP 345308 (26.5 Glz} HP 345308 (24.% GHz)
and BF 345307}

Txé Microwave Switch HP 3453TA (w/out 50 ohm HE 345314 (w/out SO ohm
(for use with HP 3450%¢ rermination} termination)
and KP 34530R/34530T) § #P 345318 (with 50 ohm HP 34533B (with 50 ohm

termination}

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

Description of
Oprion/Accessary

Use This dumber When
Ordering With HP 3235

iise This Number Yhen
Ordering Sgparately

Control Panel
{detachable)

System Expansion Card

Extra Length Extender
Cebles (3 meters)

HP-18 Controller

Quick Interceonnect
Mechaniam and Fixture

Additional Quick
interconnect Fixture

Wire Distribution
Frame

Quick Interconnect
Fixture Cover

BNC feedthrough Panel

Low Frequency
fFeadthrough Panel

Mitrowave Switch Rack
Panel Kit for

HP 34530A/8 and

HP 3331%X% switches

Microwave Suitch
Terminal Block Kit
far HP 34530A/8

1x6 Migrowave Switch
Rack Panet Kit for
# 34531A/B

Micrawave Attenustor
Rack Panel Xit for
HP 33320 attenuators

kP 345504

Option 560 to HPF 323%A

Option 570 to HP 3235E

Option 580 to HP 3235A

gptien 590 to Either

BP 3235A or 3235E

HP B4591A

HP 345924

HP §3233-04111

HP 345934 (BNL cable)

HP 34593B (BNC bulkhead}
HP 34593C {no term. bik)

HP 34594A (solder-eye)

HP 345948 {screw term.}

HP 34530R

HP 345307

HP 34531R

HP 34532R

HP 345594

HP 34568-66201

HP 345704

HP 03235-805380

Not Applicable

HE 345014

HP 345924

HP 03235-041141

HP 34593A (BNC cable)

HP 345938 {BNC bulkhead)
HP 34593C {no term. bilk)

H#P 36594A (solder-eye)

HP 345948 {screéew term.)

HP 3463308

HP 345307

HP 34531%

HP® 34532R

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

pescription of Use Fhis Humber When Use This Kumber When
Dption/Accessory ordering With HP 323% | Qrdering Separately
Rack Mounting Kit for HP 34551%A HP 345514

HPF 3455904 Control Panel
(includes Vertical Mount
Kit and Analed Mount Kit)

Rack Mounting Kit far Option 908 to Either P 03235-20908
HP 3235A or HP 3235E HP 32354 or 3235E
(Includes Forward and

Reverse Rack Mount Kits)

Cabling Kit to Increase KP 34581A HP 345814
#umber of Columng With
Multiple HP 34506 Coaxial
Matrix Modules

Cabling ¥Xit to Increase HP 345824 HP 345824
Number af Rows With
Muttiplte HP 345056 Coaxial
Matrix Modules

Set of Four 50 Ohm HP 345854 HP 345854
Termination Resistors for
HP 34505 RF Multiplexer

set of Four 73 Ohm HP 345864 HP 345864
Termination Resistors fTar
HP 34508 RF Multiplexer

Extra Set of HP 3235 HP 03235-90000 AP 03235-90000
tiser Documentation

HE-18 Cables g 108332 {1 weter) HP 108334 (1 meter)

HP 108338 (2 meters) P 108338 {2 meters)
P 10833C (4 meters) HP 10833C (4 meters)
HP 108330 (@.% meter) HP 108330 (0.3 meter)

23 cm (9 in.) BHG-BRHE #P 105024 HP 10502A
Cable

122 cm €48 in.) BHC-BRC HP 105034 HP 105834
Cable

BNC Tee {m-f-f) He 1250-0781 Hp 1250-0781

introduction to the HP 3235
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Additional
Terminal
Blocks

Tabte 1-1. Options and Accessorles {(cont'd}

bescription of Terminal Elock

Use This Number
When Ordering

Solder-Eve Terminal Block for
#P 34501, 34502, and 34507
3Z-Channel Relay Modutles

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

4x8 Matrix Screw Terminai Block
for HP 34507, 34502, and 34507
32-Channel Relay Modules

Thermecouple Uompansated
Screw Terminal Block for
P 3450%, 34502, and 34507
32-Channel Relay Modules

Solder-Eve Terminal Block for
HP 34503 General Purpose Relay
Hodule

Screw Terminal Block for #p %4503
Seneral Purpose Relay Module

BNC Cable Terminal Block for
HP 34504 Switched-Shield Coaxial
Multiplexer Module

BNC Bulkhead Terminat Biock for
Hi 34504 Suitched-shield Coaxial
Hultiplexer Module

BNEL Cable Terminal Block for
HP 34505 RF Multiplexer Moduie

BNC Bulkhead Terminai Block for
HE 34505 RF Multiplexer Moduie

BKL Cable Terminal Biock for
HE 34506 Switched-Shield Coaxial
Matrix Module

BNC Bulkhead Terminal Biock for
HP 34506 Switched-Shield Ceaxial
Hatrix Meoduie

HP 34501aT

HP 345018F

HP 34509MT

HP 345047T

HP Z4303AT

HP 34503BT

HP 34384AT

HP 34504BT

HP 34385A7

HP 3450%BT

HP 34506AT

HF 3450687

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

Terminal
Blocks
t,{j lee ¥Yhis Number
({:{3" ) Description of Terminal Block When Crdering
HNC Cable Terminagt Block for HP F4508AT

HP 34508 RF Multiplexer Module

BHC Butkhead Terminal Block for HP 3430887
HP 34508 RF Multiplexer Module

Ribhon £able wnd Connector HP 3450947
for HP 34509 Relay Driver Module

Screw Termingl Block for P 2450987
HF 34509 Relay Driver Module

Serew Terminal 8lock for #e 3451087
BP 34510 Power Actuator Module

Screw Terminal B8lock for HP 3451187
#P 34311 64-Chennel Relay Module

Matrix S¢rew Terminal Block for HP 3454187
HP 34511 A4-Channzl Relay Module

Solder-Eye Terminat Bilock for HP 34520AT
HP 34520 Multimeter Hodule

Screw Terminal Block fer #P 3452087
HP 34520 Multimeter Module

BME Cable Terminal Block for HP 345273AT7
HP 34521 Source Module

B#C Bulkhead Terminal Block for HP 3452187
HP 34521 Scurce Module

Solder-Eye Terminatl Block for HP 34522AT
HP 34522 Digital [/0 Module

Screw Terminal Biock for HP 3452ZBT
HP 34522 Digital I70 Module

Introduction to the HP 3235
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Additiqna! Tabie 1-1, Options and Accessories (cont'd)
Terminal

Blocks Use This Number
)
{(:€321t ti} Dascription of Terminal Bleck When Ordering
Solder-Eye Terminal Block for HP 34524AT

BR 34524 D/A Converter Module

Screw Terminal Block for HE 3452487
HP 34524 B/A Converter Module '

Sotder-Eye Terminal Block for HP 34523AT7
HE 34523 Hreadboard Module
ar HP 34594 Low Frequency
Feedthrough Panel

Screw Terminal Block for HP 34523871
HP 34523 RAreadboard Module
or HP 34594 Low Frequency
Feedthrough Penel

BHC Cable Terminal Biock for HP 34593AT
BP 34593 BHC Feedthrough Panet

BNE Butkhead Terminal Block HP 34593BT
HP 34593 BNC Feedthrough Panet

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

Use This Humber
Description of Self-Test Finture When Ordering

Fixture for HP 34507, 34502, and HP 345901tD
34507 32-Channet Relay Modules

Fixture for HF 34503 General HF 345030
Purpose Relay Module

Fixture for HPF 34504 Switched- HP 34504D
Shield Coaxial Multiplexer Hodule

Finture for HP 34505 and 34508 HP 343039
Rf Multiplexer Modutes

Fixture for HP 34505 Switched- He 345060
Shield Coaxial Hatrix Module

Fixture for HP 34509 Relay HP 345090
Griver Module

Fixture for HP 34510 Power HP 3451480
Actuator Module

Finture for HP 34511 44-Lhannel HP 345110
Relay Module

Fixture for HP 34520 bMM Module. kP 345200
Includes 4P 34562-61401 and
HP 34562-61602 Test Cables
{see below}

Fixture for HP 34527 Source HP 3452%D
Module
Fixture for HP 34522 Digital 1/0 Up 345220
Madule
Fixture for HP 34524 D/A HP 34524D

Converter Module
Test Fixture Chaining Cable HP 34562-518601

Test Module Extender Cable 4P 34562-41602

introduction to.the HP 3235
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Chapter 2
HP 3235 Hardware Description

Introduction

The Power-On
Sequence

Power-On
Seilf 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 chapters 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 lnstalistion Manual for wiring and configuration information.

The power-on sequence takes about 10 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 3235 witl nos stare its power-on self test uniil every exiender connecied o
the matnframe is turned on. 1) any extender loses power, the HP 3235 generaies a
power failure ervor and does not execute any additionad commands untif power is
restored (o the entire system,

The power-on self test verifies that the HP 3233 s operating but does not ensure
proper operation (ie. accuracy of multimeter readings, et¢). 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 first four errors that occwr during or af ter the power-
ou self-test. Errors are also noted on the optional controfl pance! display. The sec-
tiont in Chapier 4 entitled " Ervor Handling” explains how (o read the error segisivr,

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

HP 3235 Hardware Description
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READY

Power-On
State

Last, the HP 3235 goes to its REA 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 contrel panel beeps and shows the

REA DY message.

When your HP 3235 completes its power-on sequence, all plug-in modules are set
1o their pewer-on state, In most cases, this means that all relays are open. You
can program the HP 34501 Armature Relay Module to open or close specified
relays when a power failure occurs, Similarty, 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 fallure accurs.
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

Plug-1n Module Power-0n State

HP 34501 Armature Relay Module All Retays Open.*

KP 34502 Reed Relay Module All Relays Open.

HP 34503 Generet Purpose Relay Module ALl Retays ODpen.

HP 34504 Coaxisl Multiplexer Module AlLL Relays Open,¥

HP 3450% 50 Chm RF Multiplexer Module ALl Relays Open.

HP 34506 Coaxisl Matrix Module ALl Relays Open.*

HP 34507 Mercury-Wetted Retay Module ALl Relays Open.

HE 34508 75 Ohm RF Multiplexer Moduie Atl Relays Open.

HP 34509 Relay Driver Module ALl Relays Qpen, Mon-Letching

Mode Selected.

All Relays in Normaliy
Closed Position.

ALl Relays Open.*

DC Veolts, Automatic Triager,
Autorange, 6-1/2 digit
Measurements,

DL Volts, © VDG Dutpurt,
High-Resolution Mode, 9 Ohm
output Ilmpedance, Auvtorange.

Four 8-Bit Input Ports,

User-Defined.

Yoltage Mode, © VDO Output

AlLL Extender Bus Relays
Closed.

HP 34510 Power Actuator Module

KP 34511 64-Channel Relay #Hodule
WP 34520 Multimeter Module

#P 34521 AC/DC Source Module

HP 34522 Digital 1/0 Module

HP 34523 Breadboard Wodule

HP 34524 B/A Converter Module
Extender Bus Relays

{discussed tater in this chapter)

*These modules heve programmable power-failure states, The retays 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 (PONSRQ ON Command, see Chapter 10},
then when power is cycled the HP 3235 asserts the HP-IB SRQ and attempts 1o
interrupt the system controller. Your system controller must be programmed to
respond to the SRQ interrupt.

NOTE

In most applications, the HFP 3235 mainframe power-on stale provides adeguate
performance for most tasks. Chapier H in this mannal describes severat advaneed
prograwmning concepts o give you move flexibility in programming and iesing vour

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. Yoo have
access to all of these backplane buses through different plug-in modules and can
control what occurs on each bus through various HF 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 1o external in-
struments. For example, the HP 3235 can switch a signal from one plug-in
modile 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 230 volts peak at 1MHz

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

WARNING

In case of compenent [ailure or programmting erver, @ volfage inpul (o ¢ modude
may be present on any or ali terminals of that module. Alse, a voltage input to iy
module may be present on the tevmipals of any moduales inferconnceeted hy an
analog burs, analog bus extender cabies, or nser wiring.

[/ ihe aralog cable is NOT connected berween the mainf raame and the exienders,
each frome iy considered a separate cireail,

HP 3235 Wardware Description
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AXIEMFE F.o21

Figure 2-1. Backplane Signal Buses

Trlggef 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 teigger buses,

HP 3235 Hardware Description
2-4
83235-90001 Update 1 (MARCH 1987)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



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

Trigger signals input/output through a coaxial module

Bit serial digital signals

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

Scan advance signals

Pulse and sguare wave signals

Event Sense from the HP 34522 Digital I;0 module

o % B & B & @

External  vou can connect external instruments to the analog buses via a connector inside
Bus  the Backplane Access Module (HP 3235 rear panel). The Backplane Access
i Moduie replaces the HP 34560 System Expansion Module in mainframes that do
COﬂneCthns not connect to extenders. 1t provides a direct connection to the analog buses;
anything present on the analog buses ic also present on the external bus connec-
tions, Refer to the HP 3235 Installation Manual for specific information on
connecting to the anajog bus,

WARNING

SHOUK HAZARD, Only qualified, service frained personncl who are aware of
the bhazarvds involved should insiall, remeave, or configure any modmfe. Before touch
fng any installed module (eard cage or rear panel ), turn of | all power to the
maiiframe, extenders, and to all external devices connected 1o the mainframe, ex-
fenders, and modules,

HP 3235 Hardware Description
2-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



HF 3235E Extender Frames

cxtender
Connections

Digital
Extender
Cables

Analog
Extender
Cables

Extender
Bus
Relays

This section briefly describes the HP 3235E Extender frame and the connections
necessary to connect it to an HP 32335A 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 o
seven HI' 3235E Extenders to the mainframe {daisy-chain fashion} allows the
mainframe to directly control up to 80 plug-in modules,

To use the extenders you must have the HP 34560 System Expansion Card
{Option 560} instailed in the mainframe. The extenders connect to the
mainframe by a digifal and {optionally} an analog cable. Refer to the HP 3235
Installation Manual for information on conaecting the extenders.

The extenders connect to the mainframe by digital extender c¢ables, The digital
extender cables carry data and programming information between the aextenders
and the mainframe. Each HP 3235F 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-
tinuous electrical circuit. This cable is optional and allows you to connect mul-
tiplexer modules or a multimeter module instatled in separate frames

WARNIMG

The HP 3235 and 32351 and certain pling-in modules altow np 1o 250V peal io be
applied o the andlog buses, Voltages present on the buscs are also presens or the
ferminagls and serews of the analog extender connector. This connector [s locared
inside the HP 34560 Extender Modude and ninst be aceessed by gialified, serviee
irafned personnel ond y.

Fach HP 34368 System Expansion Module has four "extender bus relays”. one
relay for each analog bus. These refays 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 refays,

HP 3235 Hardware Descripticn
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Figure 2-2. Analog Extender Cables and Relays
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Extender
Addresses

The OPEN andCLOSE commands control these relays. The address for these
refays is of the form: 9EON, 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 unique address set by a switch on its rear panel. The first
extender, connected directly to the mainframe, is typically set to address i, the
second extender to address 2, etc, Addressing for plug-in modules installed in an
extender is discussed i Chapter 4.

NOTE

The mainframe must have the frame address switch set to 0 (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:

1,2, 0, 4, 0, 9, 8
The following program shows how to read the integer string,

10 DIM AS£50]

20 QUTPUT F09; "EXTENDZH
30 EWTER 709: AS

40 PRINT AS

50 END

HP 3235 Hardware Description
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The Quick Interconnect Fixture

Figure 2-3 shows the HP 34591 A Quick Interconnect Fixture. The fixture fits in-
side the interconnect mechanism and accommaodates 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
modutes). 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 34594A/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,

Figure 2-3. Guick interconnect Fixiure

HP 3235 Hardware Description
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Operating the

Mechanism

CAUTION
Do not pick up or aftempt to carry the HP 3235 by the quick inferconneet handies.

Refer fo Figure 2-4. To open the mechanism, grasp both mechanism handles and
press the latches down with your thumbs. Pull the handles toward you. Release
the tower Latch Bar first, then release the upper Latch Bar, Now you can
remove the fixture and install a new one on the mounting pins. Engage the up-
per Latch Bar first, then the lower Lateh 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 P 3235 case,

NOTE

The HP 3235 Tnstallaiion Marudd provides a comiplete description of installing
and removing Guick Interconneer Fixtures 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 interlock switch has two sets of contacts: cne 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 14). 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 {nterconnect mechanisns
mounted on the HP 3235E Extender frames

WARNING

A lcthal voftage may be presenl onr the plug-in modids rerminagf connections when
the fixture is open. This condition may exist if a high voltage is applied through

the analog bus connections on the rear pancl through one of the relay muldiiplexer
miodules or the Feedihrongh Panels.

Do nor handie cither the lixitere oF any ol the plug-in modules unfil verif ving that
all power sonrces have been removed.

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 FIKTURE? 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 3235F 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 signafing the
systeni 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 onby with the HP 3235 mainfrarne,
these interlock switch contacts are available on both the mainframe and extend-
ers.

HMP 3235 Hardware Descripiion
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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

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 gurrents,

GUARDED MULTIMETER _
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Figure 2.6. Simpie Floating 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 lsolator
Board is located inside the rear panel access chamber. Refer to the Installation
Manual for the exact location of the shorting bar.

This shorting bar must be in place if (1) you have either the HP 34504 Coaxial
Mutltiplexer Module, the HP 34505 RF Multiplexer, the HP 34506 Coaxial Matrix
Module, or the HP 34568 RF Multiplexer Module installed, and (2} any other
module in the same frame or eircuit is switching mote than 42V peak. The outer
BNC conductor on these modules may be connected to the guard wiring (see the
respective Plug-in Module Manuals). Tn the event of insulation breakdown. the
shorting bar 1n place prevents high voltage from being present on the guard
Wiring,

HP 3235 Hardware Description
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Figure 2-0 shows a conceptual picture of a guarded instrument with the geard
connected to chassis. Although this is different than shown in the HP
Application Note 123, this is the recommended guard connectlion.

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, you can have one frame with the shorting
bar removed and another frame with the shorting bar in place,

WARNING

Do not defeat the thivd wire on the AC power cord. The third wire connects the
HP 3235 chassts to earth ground, The power cord musi either be plugged into an
approved 3-contact electrical outltet or used with a 3-comtact o 2-contact adapter
with the grounding wire { green) firmly connected to an clectrical ground (safety
gronnd ),

WARNING

Whoen giravd is isolated (shorting bar removed | [rom carth ground (floating ) in an
HP 3235 with a modiie containing BNC conniectors (HP 34504, 345003, 34500,
34508, or 34521}, vou must Wit all external tnpurs to fess than 43V peak (ref eren-
ced fo earth ground ) I} you exceed this limit and @ fault occurs, hazardous val-
rages conld be applied to exposed motal on the BNC connectors and cables, Thiy
condition could cause fnfury if anyone tonches the exposed metal on the BNC con-
wectors or cables.

HP 3235 Hardware Description
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Guarded If you need to isolate (float) the DUT ground from the test system ground, hen
Measure- open the shorting bar. This allows the system 1o make gnarded measurements
mernis and reduce common mode voltage problems. In the TP 3235, do not allow the
guard wiring to float more than 42V above chassis. This section describes how
1o use the guard connection in the HP 3235,

Connecting  Each relay multiplexer module has 24 Guard connections. All guard connections
the Guard 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 guard connections
tie to the guard frame inside the instrument frame but not to chassis grouad.

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

Connect the grard terminal to the "low" connection of your source signal as
shown in Figure 2-8. The guard connection shunts commeon 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 commaon mode noise.

GUARDED MULTIMETER _
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Figure 2-8. Proper Guard Connection

For guarded measurements where the source grounds are at different potentials,
you should use a paired scanning technique, Refer to Figure 2-9. Select one
bank of a multipiexer module as the signal source bank. Connect the source
grounds to the HI's on the second bank. Connect the HI common 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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Power Fault

Restoring
Operation

A power fauli condition occurs when either (1) the HP 3235 overheats or {2y 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 fauit condition occurs, you can restore operation by either cycling
the power switch or by removing the AC power cord, If vou cycle the power
switch to the of f 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 off.

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

NOTE

If the fault condiiion is not corrected, the HP 3235 reiurns to the power fault con-
difion. Check to ensure that the HP 3235's internal cooling fan is working and that
the instrument is adequately ventilated. If the power fanlf condition porsists, refer
io the HP 3235 Service Manual,

HP 3235 Hardware Description
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introduction

Chapter 3

This chapter discusses the optional HI* 34550 Control Panel. If vou 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 yvou debug vour test system and operators
can uvse it to enter data or respond to system queries. This chapter discusses the

following features:

¢ The Display

* The Kevboard

* Redefining the Kevyboard

¢ Locking out the Kevboard

e The Monitor Mode

8 Other Command Execution

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

manual 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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The Uisplay

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-1B SRQ 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 HF 3235 in its remote 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 controtler 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 RUN executing a sub-
routine, See Chapter § in this manual for informations on subroutines.

* KEY The KEYS ON mode turos 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 Defined Keys later in this chapter,

The display can hold four classes of messages, The four classes are (highest
priority firsty keyboard echo, error messages and single displays, monitor, and
idle display. The Glear 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 allow any other display messages while you are entering a keyboard
command, Therefore, you must either press the Enter key (which enters the
displayed command string) or clear the display to release the display for other

HP 34558 Control Panegl
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uses. When you execute a command from the keyboard, the command stays in
the display until {1) it finishes execution or (2) the command generates another
display.

Errcr Messages Error messages contain an error nember and a description of the error. They
and Single remain in the display until (1} another error message occurs, (2) you write a mes-
Displays 8¢ © the display (see the BISP command), or (3} vou use the keyboard
(keyboard echo mode)., Refer to the Chapter 4 for more information oa recall-
ing and clearing errors,

Single displays include responses to queries, DISP command statements, digital
1/O read statements, or single measurement resulfs from the multimeter. Error
messages overwrite the single dispiay.

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

PRESS Single Step TO CONTINUE DISPLAY

Pressing the Single S$iep key shows the results of the command, one line at a
time. You can abort the command by pressing the Clear Dispiay key.

Monitor Mode You can use the MON command 1o 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,

idie Display  1If no other display messages are active, the dispiay shows Reapy. This s also the
power-on display unless an error occurs,

ert!ﬁg T0  You can write messages to the control panet display from vour system controfler,
The DlSpan the keyboard, or from subroutines with the ISP (or PSP) command. For
example;
OUTPUT 709; "DISP 'DISPLAY THIS MESSAGE'®

would cause the controt panel display to show the message:

DISPLAY THIS MESSAGE,

NOTE

Clear the display by sending the DISR followed by fwo single guote marks. For
example:

SUTPUT 709; =pIgp sam

HE* 34550 Control Panel
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Tu rning the voucan slightly increase the overall HP 3235 system speed by turning the con-
Display Off ol panel display off with the DISP OFF command:

DUTRUY 70%; Yhisp ofpd

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.

Retur ning the  The DISP? command returns the current contents of the display to the system
Contents of controller. For example, to send the contents of a MON STATE display to the

th e D lsplay gystem controfler, execute:

10 BIM AR (2561

28 QUTPUT TOR9: wDisp ' ot

30 DUTPUT 709; “MON STATE BOO®
&0 WATY .5

LLEAR THE DISPLAY

MOMITOR STATE OF BLOT 800

MATT FOR THE COMMAND TG DIZSPLAY
50 QUTPUT 709; "pIgpT® RETURMN DISPLAY COMTENTS

&0 ENTER 7OF; A% EMTER DISFLAY CONTENTS

O OPRINT A% PORPRTHT DISPLAY CONTENTS

80 b

HP 34550 Control Panel
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The Kevboard

Alphabet,
Number, and
Symbol keys

HP 34550 Control Pane!
3-8

Refer to Figure 3-1. The control panel has a QWERTY style keyboard 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
controlier, 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 akways visible.

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

For example:

press
RSTATE SCAN SCAN RESET
B E FZ “_P Your HP 3235 beeps once.
This audible beep sounds when

8N errer OCcUrs or you can program
it to alert an operater.

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 lock
keys. That is, the Shift key shifts only the next key pressed. The Shift Lock key
stays in effect until you turn it off, When the keyboard 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
nexi key pressed is shifted,

T TN T s . Y. IR febitel bl M s el . . i LR AR S o e e ey, TP, Y e + bk o ey e R s R

r§=h it > E-Enter
| This dizplays the HP-IB

address of the HP 323%5. The
factory set address is 89.

ARARL ABLL MM e o e e e e e e T T Y S —— LA LRAL b e o o o o e e A 24 4514 ot Ao e o o e AR AR ikt At
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Immediate
Execute
Keys

Edit
Keys

Redefining
the Keys

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

e Device Clear. Acts the same as the HP-IB CLEAR command (see Appendix D).
It clears the HP-IB input and cutput buffers and the error register. It alo
aborts any ruaning subroutine and turns on the display (if the display was of f).
It does not, however, change the state of any plug-in module,

# { ocal: Takes the HI* 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 eiror;
keyboard commands which query the instrument {eg. CLOSE?) execute
without error. The HP-IB LOCAL LOCKOUT commang or the HP 3235 RMT
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 8 for more infermation. Abort the single step feature, for multilice
displays with the CAT and LIST command, by pressing the Clear Displiay key.

* Repeat: Re-executes the last keyboard command string executed,

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

s < <<, > and >> Move (scrolf) 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 displaved command string at the
CUESOr position.

# Last Line: Recalls the last command string executed from the keyboard to the
display for editing.

The BEFKEY command aliows you 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 Shift Lock keys, math operator keys {4, -,
* s E, . and *), number keys, Backspace, Space, User, or Emter 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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Redefining the  You can redefine the alphabet and punctuation keys with up to ten (10) charac-
Aiphabe‘t and ters. These may include any command header., For example:

Punctuation Keys

press
. DEFKEY " SELECT - BEFKEY
Shift , Fpaca * W " j
. FUNG RUN CONT SCAN "
0 T i M R’“E "

Enter

Or execute from vour system controller:
DUTPUT 709: SDEFKEY W', 3T{ME N
This redefines the shifted "W’ key to the TIME command header. TIME returns

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

Fhi-f-‘t W ther

Hedefining 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 r DEFKEY
Shift J Space 5 .
' e =)
W ShifL Q 1 I/ L :

o Gt OsE H

Bhirel A 1 ] r:é :

MON STATE "

g‘.«:‘m 2 N 1 ) F’ "
HEntar '

HP 34550 Control Pane!
3-8

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



This sequence defines user key 5 to open channel 101, close chamnel 102, and
monitor the Plug-in Modute in slot 100. To exscute the redefined number key
press:

User 5 Enter

Storing and The DEFKEY? key command returns the redefined command string for the
i spected key. You can store and load the Key assignments From your system
Loa Iﬂgt e ified k Y d load the k i §
Redefined Keys controller; however, you cannot execute the redefined kev assignments from the
system controlier.

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

G DIM AB1%0]

20 OUTPUT 7O9;"DEFKE¥Y 'G*%1 READ THE CURRENT ASSIGHMENT
2 ENTER 70%; A%! ENTER INTO CONTROLLER

40 PRINT AS © PRINT THE CURRENT ASSTGHMENT

50 OUTPUT FO9;uDEFKEY 'F?,M;A% b ASSIGN 17T TD ANOTHER KEY
60 END

E‘-‘{etuming to The DEFKEY DEFAULT command returns all redefined alphabetic and punctua-
the Original  tion keys to their original definition, The ten User keys are unchanged.

Definitions

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

QUTRUT 7O%; WLOCK oko i LOCKS OUT KEYBOARD
QUTRUT 70%; SLOCK OFF" P UNLOLCKS KEYBDARD

Normally, when the HP 3235 is in the remote state, the Local key returns the
mainframe (o its local mode, That ig, it executes all commands from the
keyboard, The RMT command prevents the control panel Local key from
returning the mainframe to its local mode. To re-enable the kevboard L.ocalkey,
execute the LOCAL command.

HELP Wlth If you forget which parameters are valid for a particular command, simply type
Commands  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;

FLING MEAS RN ACY TEST
w W i G H Fn‘t.ar‘

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

HP 34550 Control Panel
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Press the Last 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 Enter key to execute the command.

NOTE

In strings with multiple commands, the HP 3235 execuies ofl complete and correct
commands prior 1o the one with the colon. For example, 1f you typed.

CLOSE 101; OPEN:

the HP 3235 closes channel 101 then displays the valid parametors for the OPEN
conmmand.

HP 34550 Conirol Panel
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WMonitor
The control panel has six different moanitor 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/ek Display every multimeter measurement from one specified channel
during a MEAS or VERIFY scanning sequence (see Chapter 6 for more infor-
mation on scanning},

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

®* 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.

s MON OFF: Turn the monitor modes off,

NOTE

Monitor displays have a low priovity. Any error or display messages or the
keyboard echo overwrites the monilor mode displays. Clear the display before ex-
ecilfng the monitor mode commands. I1f you exceute the MEAS contmand from
ihe control panel, the multimeter measurements overwrife the MION chi# or MON
ALL displays.

The following sections describe the five monitor displays.

Monitor 1n this mode the control panel display echoes all command headers and para-
HEP-IB  meters sent to the HP 3235 from the system controller. The following exampie
shows how this is done;

MON SSTATE  RESET RUN RSTATE
ﬂ'§hwt J. H B 1 rﬁ g'E:'nter

The control panel display shows
Ke-IB: Waiting ...-
Now, execute a command from your system controller. For example:

QUTPUT 709; "CLOSE 191"

HP 34550 Coatral Paneal
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The control panel display shows:
HP-18:  CLOSE 101

If vou execute several commands joined into one string, {he control panel in-
dividually displavs each command header with its associated parameter but they
may execute so quickiy that you don't see them. The last command remains in
the display.

Monitor he MEAS command scans through and measures one or more channels, The
One  MON cfi# command monitors and displays the multimeter measurements from
Channel ©ve 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 013, execute

Shift J B 1 3 Fﬂ'ﬁ.er"

The display shows:
Chan ?7%7: Waiting...®

Then, after you execute the MEAS command that includes channel 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.

Monitor All  Ac the MEAS command scans throngh and measures each channel in a channel
Channels list, the MON ALL command displays each multimeter reading for each channel
in that list. You need to either add a smail 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 fo that described under Monitor One Channel ex-
cept that the chiannel number is also updated. Refer to Chapter 6 for more in-
formation on scanning,

Monitor @ The MON STATE slor# command displays the state of the plug-in module in the
Plug-in specified stot. If the module is a relay module, the display shows which relays
MO ule are closed. If the module is the HP 34520 Multimeter, the display shows every
State reading the multimeter makes, the multimeter function and range for each read-
ing, the channel number, and more, If the module is the HI* 34522 Digital /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,

HP 34550 Conirol Panel
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Monitor
All Plug-in
Modules

Turning
Monitor
Oft

The MON STATE ALL command displays the state of the laiest plug-in module
modified by a command. The format for each module’s display it 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:

MO cAT DoV oY
Shiftt N 0 F“ F Fnter'

HP 34550 Control Panel
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Using the Conirol Panel for Data Entry

Your system controller may send the KEYS ON command which puts the control
panel in a 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 commmands, The
KEYS OFF command returns the keyboard o its normal operation. For example:

1OOQUTRUT 709 "DSF 'ENTER SERIAL WUBMBER: v
20 OUTPUT 70%; “KEYS oxt

30 ENTER 709y A%

0 PRINT A%

56 OUTPUTYT 799; "KEYS OFf®

6 END

The HP-1B CLEAR command, or the control pane! Local and Device Clear keys
alsc return the control panel to normal operation,

HP 345590 Control Panel
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Chaplter 4

Introduction

Commana Execution

Note on Remote
HP-IB 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 HI* 3235 according to the instructions given in the Installation
Manual before proceeding through this chapter. Connect the HP-IB cable from
the HP 3235 to your system controller. You should perform the examples in this
chapter to acquaint yourself with the HP 3235’ operation,

The HP 32335 executes commands in the same sequence it receives them. 1t
finishes executing one command before it beging executing the next.

Results of commands executed from the control panel kevboard are sent to the
control panel display. Results of commands executed from your systers con-
troller are sent to the HP 3235 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 11 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 Installation Manual for informa-
tion on setting the HP-IB address,

HP 3239 Programming Overview
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All the exampies in this manual use the following Format for sending commands
to your HP 3235:

Interfacs
Select HP 3235 Address
Code

OUTPUT 709" CLOSE 101,103"

The cemputer ‘'output’ Specific Parameters
atatement syntax HP 3235 eppropriste for
depends on the actual Command the Command
computer used. #eader. Header.

The word OUTPUT 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 HP-IB address
which is factory preset to 09. Only one instrument ¢connected to a particular
HP-{B interface may have the address 09, If vou need to change the address of
yvour HP 3235, refer to the Installation Manual. All examples in this mannal 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 1o read the I/O programming manual for your system controller to find out
how to send commands and receive data,

Command  Valid command terminators are semicotons (3), carriage return {c7), and finefeed
Termination (/) or EOI 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
crif after each output string, sequential execution of the command string occurs.
Refer to Chapier 11 for additional information on command execution.

Formatl  Either a comma or a space must separate command headers from the first pa-
Conventions  ramecter. Likewise, either a comma or a space must separate subseqguent
parameters.

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

QUTPUT 709; MLET 2=10%; CLUSE Z9 1 CLOSES CHANREL 103
All data formats are compatibie with TEEE 728 standards. Data formats are
Alphannmerics:  Lower case is equivalent to upper case, User defined HP 3235
variable names are | to 9 characters long. The first character

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

HI? 3235 Programming Overview
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Numbers: Numbers must be either infeger, real, or scientific notation
{tddd.dddExddd). 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 gymbols ®, /, <, >, = { ) +, - 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 Programiming Overview
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System Commands

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.

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

CLR  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 REA DY states is
defined in Chapter 2 of this manual, The CLR does not reset the hardware
{mainframe, extenders, and plug-in modules) configuration.

To execute the CLR command:
OUTPUT 709; ®CLR®

RESET The command RESET (optionally RST) resets the mainframe to its power-on
state except that it does not perform the self-lest or delete variables and sub-
routines. It also fakes the following actiony

s Clears the HP-IB Input and Output Buffers,
* Clears the Error Register.

€ Claars all status register bits.

e Turng off the KEYS and MEM modes.

¢ Aborts any running subroutines,

+ Turns on the control panef display (if it was of f) and shows the RE4A DY
message,

¢ Resets the mainframe and exteaders to their turn-on state.

¢ Resets each plug-in module to its turn-on state (see Chapter 2).

To execute the RESET command:
GUTPUT 709: HRESETH

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 moduales in slots 100 and 300 through 606, and the module in ex-
tender number 2, slot 200.

HP 3235 Programming Ovetview
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guTPUT 709; '"RESET 100,300-600,2200"

Programming Hint

A good programming practice (s 1o begin your programs with an HP-IB Sclected
Device Clear {CLEAR 709; see Appendix D) followed by the BESET commuand.
These commands pht your mainframe and extenders in o knows staie with input
and outpui bufTers cleared. This eliminaies errors caused by a previous program
leaving the instrument in an unknown staie,

Resetlting You can vse 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 o the mainframe/extender. For example,
to reset only the module in mainframe slot 700, send:

QUTPUT 709; “CRESET 700¢
or
QUTPUT 709; Y“RESET 7GOM

NOTE

If vou do not specil'y any stors, the RESET command resels the entire HP 3235
system (mainframe, extenders, and alf plug-in modiles )

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

QUTPYT 709; “RST 7O0n

To reset the modules in mainframe slots 100G through 408, send:
OUTPUT 709; HMCRESET 100-400M

o

QUTPUT 709 MRESET 100-400*
ar

oUYPUT 7G9; “RST 140-4000

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

Table 4-1. Plug-in Module Reset States

Ftug-In Module Reset State
HP 34501 Armature Relsy Module ALY Relays Opan.
HP 24502 Reed Reiay Module Alt Relaye Open.
; HE 34503 General Purpose Relay Medule ALl Relays Open.
HP 34304 Coaxial Multiplexer Module ALt Relays Open.
g HP 34505 5¢ Ohm RF Kultiplexer Medule Alt Relays Open.
HP 34506 Coaxial Matrix Modute ALl Relays Open.
HP 345G7 Mercury-Wetfed Relay Module ALl Relaye Open.
HP 34308 72 Qhm RF Multipiexer Module All Relays Open,
HF 34509 Relay Driver Module ALl Relays Open, Men-Latching
Mode Selected.
HP 34310 Power Actuator Madubs ALl rRelays in Normatlly
Closed Position.
HP 34511 44-Channel Relay Module All Relays Open.
HP 34520 Hultimeter Moduie B¢ Yolts, Automatic Trigger,
Autorange, 6-1/2 digit
Measurements.
HP 34521 AL/DC Source Module DL Volts, 0 VDO Ouiput,
High-Resolution Mode, 0 Chm
Qutput Impedance, Autorange.
HP 34522 pigital T/0 Module Four B-Bit Input Ports.
HP 34523 Breadboard #odule User-Defined.
HP 34524 D/A Converter Module Yoltage Mode, 0 ¥DC Qutput
Extender Bus Helays ALl Extender Bus Relays
{discussed later in this chapter) Closed.

Identification Three commands provide identification information from your HP 3235 and
help verify HP-IB operation, These commands are:

(e, "HP3235"). With a slot number parameter, it returns the model
number and name of the plug-in module installed in that stot. if vou
do not have a module in the specified slot, the HP 3235 returns the
string: 0000G Empty Slot. The following program demonstrates the [D?

i * ID? — With no parameter, ID? returns the model number of your instrument

command.

10 OUTPUT 709; "(D7* I SENDS 1D QUERY

20 ENTER 709; AS | ENTER THE RETURNED STRING
30 PRINT AS I PRINT THE STRING: HP3235
40 EHND

HP 3235 Programming Qverview
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Table 4-2 shows the strings returned by the 17 slot# command.

Table 4-2. 1D7 Strings

Hodute String Returned
He 3450% 34501 Armature Relay Multiplexer
HP 34502 34502 Reed Relay Multipleser
HP 34503 34503 General Purpose Relay
#P 34504 34504 Syitched-shield Coaxial Multiplexer
HP 34503 34505 RF Multiplexer
HP 34506 34506 Switched-Shield Coaxiat Matrix
HP 34507 34507 Mercury-Wetted Multiplexer
Hi 34508 34508 RF 75 Chm Multipilexer
Hp 34509 34509 Relay Driver
HP 34519 3&510 10 Amp Switch
HP 34511 34511 &4 Channal Maltiplexer
He 34520 34520 Multimeter
HP 34521 34521 Source
P 34522 34522 oigital 1/0
HP 34523 34523 Braadboard¥
HP 34524 34524 Quad DAC
*Tlyis string is returned by the FIP 34523 Breadboard Module regardless of the seltings of the

HS¢! jumpers on that module,

The following program uses ID? slof# to query each of the ten mainframe slots
and return the plug-in moduole mode! number for each slot,

1¢
20
30
40
30
60
78

BIM A${255]

FOR =4 TO 900 STEP 100 I LGOP COUNTER

QUTPRUT 709; ®17 1% i QUERY EACH SLOY

ENTER 709; A% 1 ENTER THE HODULE REMBER
PRINY "SLOT # ";I;" HAS PLUG-IN MODULE TYPE: M;A3

REXT 1 ! OTHCREMENTY LOGP COUNTER
END

¢ IDN? - 1ON? returns four ASCH] strings. The first string returned contains the

words HEW LETT PACKARD. The second string is the model num-
ber 3235. The third string is a zero (/). The fourth string is a four-digit
firmware revision code number {eg, 2504) The following program
demonstrates the IPN? command.

10 QUIPUT TO09; "“IDNTH 1 EXECUTE 10DN?

20 FforR I=1 TO & t SET LOGP COUNTER

30 ERTER 7G9; AS ! ENTER ONE STRING AT A TIHKE
40 PRINT AS ! PRINT ONE STRING

50 NEXT i | JHCREMENT COUNTER

&0 END

HP 3235 Programming Overview
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« CI'YPE? - 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 HP 3235 returns the number 0,

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

f0 OUTPUT 70%; "CTYPE? 300¢
20 ENTER 709;A
30 BRINT A
40 END
Table 4-3 lists the CTYPE? responses and the corresponding module fypes,

Tahle 4-3. CTYPE? Responses

CTYPE?

kResponse Sescription
9 #o modute instalied in specified siot
1 #P 34501 32-Channel Armature Relay Module
2 HP 34502 32 -Channel Resd Relay Medule
3 HP 34503 GP Relay Muitiplexer Module
4 HP 34504 Comxial Multiplexer Module
5 HP 34505 50 Ohm RF Multiplexer Modute
& P 34508 Cosxial Matrix Module
7 Kp 34567 32-Chanrel Mercury-Wetted Relay Module
8 HP 34508 75 Chm RF multiplexer Module
L HP 34509 Relay Driver Module
10 P 34510 Power Actuator Module
11 #p 34511 644-Channel Armature Relay Module
20 Hp 34520 Muitimeter Module
21 HP 34521 AC/DC Source Module
Ze HP 34522 DPigital 1/0 Module
24 HP 34524 D/A Converter Module

*4L8-63 HP 34523 Breadboard Hodule

i *The HP 34523 Breadboard Module returns an integer which is determined by the settings ol
the user jumpers on thal modede.

Echo @ The ECHO command causes the HP 3235 to "echo” an ASCI string back to your
String  system controller. Use this command to help verify HP-IB operation, For ex-

ample;
10 OUTBUT 709; 9ECHO 'THIS 15 A TEST*" b ECHO THE STRING
20 ENTER 709; A% b ENTER THE ECHODER STRING
30 PRINT A% i PRINT THE ECHCED STHING
40 END
! The controller prints the string: "THIS IS A TEST".

HP 3235 Programming Overview
4-8
03235-00001 Update 2 {FEBRUARY 1988)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Module Addressing

Before sending a plug-in module command, vou must specify an address to
destgnate which module will receive the command and, if applicable, which relav
or channel will respond to the command. The address is is of the form esun,
where ¢ is the mainframe or extender number (0 = mainframe, 1 - 7 = extenders),
5 I8 the slot number {0 - 9), and a# is the refay 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 tvpes: (1) commands that address a
slot, (2) commands that address a relay or channel, and (3) commainds that
require a predefined address.

Commands Commands such as CTYPE (module type) and CRESET (module reset) apply to a
That Address module as a whole and do not reference a particular velay or channel,

a SIOt Commands of this type contain a slor# or sfof__lisf parameter in their syntax
statement, When using this type of command, vou specify only the ¢ and ¢ digits
and set each of the mr digits to 0. For commands having a slo/# parameter you
can specify only one slot per command, For example, to direct the CTYPE
commmand to the module in mainframe slot 100, send:

UTPYT 709; *CTYPE 0100¢
For convenience, when using a slot in the mainframe, you can ontif the ¢ digit.
For example, the following statement also directs the CTYPE command to the

module in mainframe siot t00:

CUTPUT 709; V"CTYPE 100v

NOTE

Most examples in this mannal assume the plug-in modiides gre instafted in the
mainframe, therofore the leading zerp of each address is omitied.

For commands using a sfof_list parameter you can specify a stngle slot (¢s07),
multiple siots {es10,0500, ..), sequential stots (¢s0-es00), groups of sequential slots
{es00-es00,¢s00-0500), or any combination of slots and grovps. For example. to
direct the CRESET command to the plug-in modules in slots 100, 300, 400, 500,
and 700 of the mainframe and stot 800 of extender [, send:

QUYTPUT 709, "CRESET 100,300-500,700, 1840w

Commands Commands such as CLOSE and OPEN apply to individual refays or channels on a
That Address  plug-in module. Commands of this type contain a relay#. relap_{ist. chi,
3 Reiay ch_fist, or conmector# p&rqmeter in their syntax stg tgment. Whea using one of
or Chafmel these commands, vou specify the complete four digit address (vou can omit the
leading 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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For commands having a refayi or ch# parameter you can specify only one relay
or channel per command. For example, to query the state of channe!l 12 on the
module in mainframe stot 200, send:

QUTPUT 7OF; "CLOSE? 212

For commands vusing a relay__fist or ¢h__list parameter, you can specify singles
(e}, muoltiples (esnnesin, ), sequentials {esnn-esun), groups of sequentials (cswn-
esnnesnr-esmn), or any combination of these. For example, to ¢lose relays 2
through 5 on the module in mainframe slot H)0 and refays 1 and 3 on the
module in mainframe slot 200, send:

QUTPUT 709; "CLOSE 102-1G5, 201, 2030

Commands Commands that are specificatly for the HP 34520 Multimeter Module, HP 34521
Req uiringa a AC/DC Source Module, HP 34322 Digital 1/0 Module, or HP 34524 D/A
Predeﬁn @d Converter Module do not specify an address in their command statements.

A d dre sS These commands do not have any kind of sfor, refay, channel, or connector pa-
rameter in their command syniax. Before sending one of these commaads, send
the USE command to designate which module (wse deviee)y will receive com-
mands. After designating a nse device, all subsequent multimeter, source, digital
1/0, or D/A converter commands are sent to that slot. The wse device is remenm-
bere¢ 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. 1If
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 exccuting another USE
command,

Designating 8  When designating the HP 34520 Multimeter or the HP 34521 Source Module as
Muitimeter or  the use device, you specify the ¢ and s digits and set each of the nn digits to 0,
Source Module  For example, to designate the multimeter or source module in slot 800 of the
mainframe, send:

QUTPUT 70%; “USE 304%

NOTE

The HP 34320 Multimeter Module occnpies two stots and is always addressed
wsing the fowest of the two slor mmbers.

Designating @  When designating the HP 34522 Digital I;O Module as the use device, you specify
Digital I/O Port  the ¢ and s digits and specify one of four ports with the s digits (s = 00, 10, 20,
©or 30). For exampie, 0 designate port 1) of the digital 1/0 module in slot 700 of

the mainframe, send:

CUTPUT 709; YUSE 710%

MP 3225 Programming Cverview
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Designating a
D/A Converter
Channel

Verifying
Destinations

When designating the HP 34524 D/A Ceonverter Module as the use device, you
specify the ¢ and s digits and specify one of four channels with the »n digits (nn
= 00, 01, 82, or 03). For example, to designate channel 62 of the DfA converter
module in slot 300 of the mainframe, send:

OUTPUT 709; “USE 3029

NOTE

You can nse the optional econtrol panel to specif v a dif ferent use deviee than rhat
specified from the conrroller fover the HP-IR). If you do this, commandy seni
from the conirol panel go to the device that was specified from the controf panel
and commands sent from the comtroller go fo the device specified by the coniroller.
This is wseful when an operaior is imeraciively controlling one of the use devices
from the frome panel,

The USE? guery command returns the mainframe or extender slot number
presently designated by the USE command. For example, the following program
reads and dispiays the designated slot number.

10 oUTPUT 709; mwusEsn

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 Overview
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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 fist
of error numbers and descriptions.

When an error occurs, the control panet display shows an error number, g 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 occar. You can read the list, one error message at a time,
using either the EBR? or ERRSTR? commands. Reading the list empties it. You
can clear the entire list with the CLR, RESET or HP-1B 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 guotes. 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 returns: ¢, "NO ERROR".

Any error sets the error bit (bit 5) in the status register (see Chapters 10 and [1).
The processor clears the error hit at power-on or after you read the entire error
fist. An HP-IB Serial Poll does not clear the error bit. Refer to Chapter 10

"Interrupts” for information and examples ou SRQ interrupts when errors occur,

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

Syntax errors occur when the HP 3235 receives an illegal command. These
commands may be from either the system confrolier or the controf panel
keyboard. Typical errors are: illegal characters in the command, misspelled
command headers, illegal number formats, and missing or extra parameters.
When a syatax error occurs, the HP 3235 processor skips characters in the com-
mand string until it reaches a command terminator {semicolon, 7, /f, or EQI).
The processor then resumes execution of following commands, If the error oc-
curs in a subroutine statement (while the controfler is downloading a subroutine
statement to the HP 3235), the processor ignores the command, logs the error, but
stores the rest of the subroutine, If a mismatch error occurs in a subroutine (e.g.
a FOR...NEXT lcop mismatch} then the subroutine is not stored.

The HP 3235 returns the offending command string up to and including the of -
fending character(s). 1t also attempts to give an explanation of why the error
occwrred (extra parameter, parameter out of range, etc.). In most cases error
messages also give indications for valid parameters,

HFP 3235 Programming Overview
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Execution
Efrors

Math
Ervors

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 etror, it
aborts the command and continues with the next command, If the error occuwrs
during a subroutine execution, the HP 3235 logs the error and aborts the sub-
routing.

Math ervors nclude 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, 1 the
mainframe does not power-up correctiy, refer to the HP 3235 Service Manual.

The following example shows how to read the error register from the system
controtfer,

1¢ DIM Megsage$ (2591

20  REPEAT

30 OQUTPUT 70%9; ¥ERRSTR?™
40 ENTER 709; Code,Measagel
50 PRINT Code,Message$

60 UKTIL fode = 0

70 END

If no errors exist, the ERA? 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, you will use the
manuals less (requently. However, if you need information on a particular
command’s structure or some 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
ong¢-word topic. You can execute the HELP commands from ¢ither the optional
conirol panel or the system controller. For a list of general topics, execute the
command HELP HELP (or HELP TOPIC). The following program demonstiates
how to use the HELP function from your sysiem controller,

19 DIM AS{255]

20 OYTPUT 709; "HELP HELPM
30 ENTER 707; A%

40 PRINY AS

50 FENB

The HP 3235 returns the string:

HELP: HELP <topicr ; HELP is available for the following topics:
SYSTEM, HP-1B, PANEL, TIMERS, TRIGBUS, SWITCHING, METER, SOURCE ,
DIGIG, MODULES, SCANNING, SUBS, MATH, HPI®_LHDS, CIIL_CMDS, TESTIHG,
angd [NTERRUPTS.

The HELP function provides more information on the listed topics. Let’s con-
sider an example. You want {o connect channef 213 to analog bus 0 but you
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 controfler) to get information. The HP 3235 returns the message:

SWITCHING: HELP ie avaitable for: QPEN, CLOSE, CLOSE?, SELECY,
CONNECT, DISCONR, PROHIBIT, ALLOW, PROHIRBIT?, PFOPEN, PFSAME, PFCLOBE,
angd PFCLOSE?

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

CONNECT: CONNECT [OMLY} {<cennector> <comnectar> | <chan> ABn) ;
Cioses the relays necessary to form a path between two connectors or
between a channel and an anelog bus. Exi 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 connecror is enclosed in brackets (< »). The brac-
kets mean that additional information is available to define conrector. Execute
the command HELP CONNECTOR. The HP 3235 returns the string:

CONNECTOR: A number of the form ESRC; € = extender, § = slet, R = row,
L = column. Ex; 524 = maeinframe, slot 580, row 20, column 4.

This string defines the comnecior# parameter.,

NOTE

Sonte commmand keywords (SEY CLKSRC, SET QUTPUT, erc.) and some conmmand
paramcicrs (eh_list, slot_list, ctc.) contain two words, When using the help func
fton with these commands or parameters, use the underscore charaeter { v he-
tween the twe words, For example, execiite:

QUTPUT 709; "HELP SET CLKSRC®

HP 3235 Programming Overview
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Chapler 5

Introduction

Three operations apply to the switching plug-in modules:

® Operating Switches
* 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 Langnage
Reference Manual.

Chapter 4 in this manual describes general refay addressing. For the specific ad-
dressing scheme vsed in a particular module, refer to the individual plug-in
module Programming and Configuration manuals.

Channel Definitions -

The term channcel refers to any relay or group of relays on a plug-in module that
can switch a signal from one user connector 1o another 18er connector, For ex-
ample, Figure 5-1 shows a simplified schematic for the 32-channel relay mulii-
plexer modules. Note that a single relay closes the circuit between a channel
connector and the common connector.

Switching
5.1
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BACKPLANE RELAYS

BANK RELAYS

CHANNEL RELAYS :

BANK COMMON CONNECTIONS :

Switching
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Figure 5-1. 32-Channe! 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
Muttiplexer Module, for example, closes three relays to connect a user channel to
the common. Refer to Figure 5-2.

o
4(,‘:-4@ CHE2

- BANK B2

N

A
/l
.

i _~m-—--——-—[:!53-613
-

1 IZIEE OFLSY

Figure 5-2. HP 34505 RF Multiplexer Simpiified Schematic

In addition to channel relays, some relay plug-in modules contain hackplane
refays, bank relays, and irigger buffer relnyps. Refer to the individual plug-in
module Programming and Confliguration manuabs 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 00 consists of channels 01
through 04 since each of these channels can switch a signal to a common point
{commaon {{}.

Switching
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Operating Relays and Channels

Closing
Relays or
Channels

Openin
Relays an
Channels

Selecting
Channels

Switching
5-4

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

NOTE

When more than one chanmel manber is specified in a command {ie., CLOSE
102,104,205,607 ) rhe channels may not open ar close in the sequence specified.
This is becawse some relay types are faster than others. The HP 34502 recd relays
and 34307 mercury-wetted relays are significanily fasior than the H P 34504 arma-
fare relays,

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®
fater in this chapter). For example, to close channels 03 and 12 on the switch
module in mainframe slot 200, send:

QUTPLT 70BP;MCLOSE 203,24%2¢

The OPEN command allows you to open one or more relays or channels, For
example, to open the previcusly closed channels, send:

OUTPUT 709;*OREN 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 channel(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 0{-16, bank I = channels 17-32). To open all channels in
bank 0 and then close channel 03, send:

QUTPUT 7D9;"SELECT 203+
With the SELECT command, those chanpels in the same bank as the specified
channel open before the channel closes. For example, the foflowing command
statement opens all channels in both banks, and then cloges 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 1o use the CLOSE, OPEN, and SELECT com-
mands with a particular module.

03235-90001 Update 1 (MARCH 1987)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Verifying
Relay or
Channel

States

Connecting
Terminals

You can use the CLOSE? command to verif'y the state of a particular refay or
channel. The CLOSE? command returns 2 "9" it the relay or chansnel is open or
a "1"if it is closed, For example, the following program verifies the state of
channei 02 on the module in mainframe slot 200:

10 oUTPUT 709; “LELOSE? 202"

20 ENTER 709; A

30 PRINT '*Suitch State {U=Cpen/i=Closed) = ";A
G40 EWND

CAUTION

The HP 3235 "remembiers” the state of each relay i is memtory., When the

H P 3233 receives a CLOSE? conuntand ir searches irs memory 1o determine if 1t
received ¢ CLOSE or OPEN comtmand for that relay or channel. Therefore, it is
possibie that the command would show a relay or channel closed bt because af
refay or other hardweare faitisre, the relay or channel s sill open,

The CONNECT command works only with the FIP 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 viahle path exists between the two ¢con-
nector numbers and then closes the appropriate relay{s). If a connection path
does not exist, an error is generated.

When vsed with the 32-channel relay multiplexers, the CONNECT command has
the fornu

CONNECT [ONLY,] cA#, ABa

The channel (ch#) parameter and the analog bus parameter {4 #n} may be
specified in either order. The A Bn parameter may also be a backplane relay
number (iLe. es9m; For example. CONNECT 101,180). The CONNECT command
closes all relays necessary to connect the specified connector to the specified
analop bus. Thus CONNECT closes bank relays as well as backplane relavs. You
cannot use CONNECT to directly connect a connector on one plug-in module to
a conpecior on another module.

The following examnple connects channel 11 in mainframe slot 106 1o analog
bus O

QUTPUT 709; "CONMECT 111,ABO™

When using the CONNECT command with the eoaxial matrix modude, you
specify the connector numbers instead of the channel and analog bus,
GCONNECT has the formu

CONNECT [ONLY,] connector#, connectors

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, coftenn or
column, row).

The following two examples connect column $1 to row 20 on the coaxial matrix
module installed in slot 200 of the mainframe.

GUTPUT 709 "CONRECT 201%,220%
QUTPUT T7GP; YCOMNECT £20,207¢

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

DUTPUT 7O%; "COMMECT ONLY, 111,aB0"

The connections made with the CONNECT command may be opened using the
OPEN command to open individual relays, the RESET command to open all
relays, or the DISCONN (disconnect) command to open the specified path. The
BISCONN command opens the path between the specified connector and the
specified analog bus (for the 32-channe! 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:

QUTPUT 709; "DISCONK 201,220"

03235-90001 Update 1 (MARCH 19873
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Prohibiting and Allowing Closures

Prohibiting
Closures

Prohibiting
Any Closures

Prohibiting
Two Closures

The PROHIBIT command allows you to prohibit closures 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 Tor one or mote 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 oper any
relay or channel already closed.

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

WARNING

Do nor use the PROBIBIT conumand fo prevent operaiing personnel from contacting
dangerous voltages. PROMIBIT is nor fail-safe and can be oversidden if a stored
state is recadled ¢see REBTATE conmmand in Chapicr 11}

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

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

10 QUTPUT 709;"OPEN 103,106,212"
20 QUTPUT 700;9PROHIBET ANYOF, 103,106,212
30 EMD

The TWOOF parameter prevents closures on any rwo relays or channels in the
specified list. However, closing a single relay or channel 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 OUTRUT 70%;"OPEN 101,110,111, 143
20 QUTPUT 709;"PROHIBIT TWOODF,101,110,111,113%
30 EWD

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

Switching
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QUTPUT 709 "0LOSE 1017%

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

The ALLOF parameter prevents closures of al/ the relays or channels specified in
the list. 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 fror connecting to analog
bus I

16 DUTPUT TFO9:-NCRESET 100%
20 DUTPUT 709; YPROHIBIT ALLOF, 101, 170,101s
30 ExD

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, 115, and 116 are in
both lists):

T4 QUTPUT 709; “CRESET {00w

20 QUTPUT 70%:; "PROWIBEY ALLOF,111-114%
30 QUTPUT 709; “PRONIBIT 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 dif ferent mode but uses the same list as line 30 of the above
programy

DUTPUT Y09, “PROHIBIT ALLOF, T14-124%

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, TWOQOF, or ALLOF) followed by
up to ten relay 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 channéls 101, 106, 304, 506
and TWOOF the channels 202, 203, and 204. It then sends the PROHIBIT?
command and cycles through the enter/print foop until all prohibited type(s) and
channels are printed;

10 DIM AST60]

20 BUTPUT 709;"PROMIBIT ALLOF 101, 106,304,506
30 OUTPUY TOU;“PROHIBIT TWOOF 202,203, 204%

401 QUYPUT 709;"PROKIBITTN

50 REPEAT

60 ENTER 709;A$
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70 PRINY AS
B0 UNTIL Af="DORE"
S0 EWD

The systen: controller displays the following:

ALLOF 101, 106, 304, 506
THOOF 202, 203, 204
DOKE

NOTE

I you are using the optional conirol panel, use the $ingle Step kev to get the
next line of display.

AHOW!ﬂg 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, twe closures, or all ¢closures.

NOTE

The BLLOW command must use the same syntax (both combination and relay list
parameters} as the PRORIBIT commmand it cancels. For example, if you execute:

QUTPUY 70%; PPROHIBIY ALLGOF, 393,314,313 ,317¢

you nust send the following command to cancel all of the prohibited relays or
channels,

CUTPUT ¥0%; “ALLOMW ALLOF, 313,314,315,317%
The command.
QUTPUT 70%; YALLOW ALLOF 313-317n

restlts in arnt error and rhe four relays remain prohibited.

Allowing  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-
hination parameter (in this case, ANYOF) and the same channel numbers. For
example:

10 QUTPUT 709; “PROKIBIT ANYOF, 103,106,212%

100 QUTPUT TO9;9ALLOW ANYOF, 103,106,212%

Switching
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Use the ALLOW TWOOF command to enable closure of relays or channels
previously disabled with the PRORBIBIT TWOOF command, The ALLOW TWOOF
command must use the same parameters previously used in the PROMIBIT
TWOOF command:

OUTPUT FO9; YPROHIBIT TWOOF, 101,110,111, %13¢

100 OUTRUT FO%;™ALLOW TWODF, 167,110,111,113"
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
comaand;

18 QUTRUT 7O, HPROHIBIT ALLOF,1071-138»

100 QUTPUT 709;MALLOW ALLOF,107- 1389
If you want to cancel all the prohibited relays or channels on all modules, ex-
ecute the ALLOW commuand with the ALL parameter. For example, the follow-
ing statement cancels all previously prohibited closures:

CUTPUT TO09;"ALLOW ALL®

You now have normal control over all relays and channels,
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Setting Power Failure States
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Power Fail
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Power Fail

Normally, when the HP 3235 loses power, &ll relays or channels on the plug-in
modules open. However, three commands allow you to specily the relay states
that some modules assume when power is removed. The three commands are:
PFCLOSE, PFOPEN, and PFSAME. After you 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 defects 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,

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

On the HP 34501, you can specify 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 345086, vou can only specify that all channels on the module be
opened or left in their present state when power is removed, On these modufes,
you cannot specify 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 HI* 34501
close when power fails, For example, it you want relays 201, 304, 215, and 332
to close when a power fatlure occurs, send:

oUTPUT 709; "PFLLOSE 20%,304,215,332¢

The PFOPEN command specifies which relays or channels open when a power
failure occurs. On the HP 34501 and 34511, you can specily individual relays.
Therefore, on the HP 34501, the PFOPEN can be used to cancel a PFCLOSE
comtmand for one or more relays, On the HP 34504 and 34508, you specify only
one channet 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 BP 34504 in mainframe slot 600, execute:

QUTPUT 70%9; “PFOPEN 3904,601"

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

QUTPUT 709; "PFOPEN -9%999"

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, you just have to specify one channel and all channels on
the module remain in the same state. To program channels 304 and 403 fo
remain tn the same state when power lails, execute:

QUTPUT T7O0%; "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-
struntent {voltmeier, counter, g

In addition, we'll show you how to;

e Scan and verify the results of the secan.

* Optimize for speed.

® Monitor one or more channels 11 the scan.

# Scan with the HP 34504, 34505, and 34508 Coaxial Modules.

2 Abort a scan in progress,

The MEAS and VERIFY commands automaticaily scan through a list of channels
using the HP 34520 Maltimeter Module. The SCAN and PSCAN commands scan
with external measuring instruments {voltmeters, counters, ef¢.) in the scan.

In Chapter 3 vou learned to control individual switches. But the HP 3235
provides a wider range of test system possibilities with channel scanning.
Scanning avtomaticaily 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 applving a test signal to each channel. Allowing the
HP 3235 to control the scanning operation enhances your overall system pertfor-
mance by relieving the svstem controller of that burden,

Scanning involves closing and opening relays to connect your DUT 1o some
measuring instrument. Generally this will involve at least one of the four analog
backplane buses,

CAUTION

A hazardons condition may exist if, prior (o scanning, vou have ary wser channely
closed and conneeted (o the backplane bus thaf wilt he wsed for scanaing.
Therefore, good programming practice is to opon afl refays on alf plug-in modidfos
prior to scanning. Your can do this by executing the BST or CRESET connntands or
hy excenting the command OPEN 0-899 (OPEN 0-7998 7or exrondors )

in some cases you may need to configure bank or backplane relays, and/ot 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 relays 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, vou should set up the measurement instrument bef'ore beginning the
scan. With the HP 34520 Multimeter for example, you might want to set the in-
tegration time (NPLC) for the desired pecuracy. I all the measurements can be
made from the same voltmeter range, you could manuaily set the range. This
would improve the scanning speed. The MEAS command sets the reasurement
function {DCVY, 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

I you are scannting with the HP 34520 Multimeter, specify the mudrimeter's tocos
tion with the USE cormunand prior ro executing MEAS, For example:

BUTPLT 7GP; PUSE BUgH I BPECIFIRS MULTIMETER [N MAIKRFRAME
I 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,

3323590001 Update 1 (MARGH 1987)
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SCanning

ith the HP 34520 Multimeter

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 [function] [ABn,] [FAST, ch  lisr
[FRONT,}

The optional funciion parameter specifies the measurement type; ie,. DCV, ACV,
QHM, ete. The default is DC voltage measurements. The HP 34520 Multimeter
Manuval explains the various measurement functions in detail. Table 6-1 lists the
possible measurement functions,

Table §-1. Measurement Functions

Function

Parameter Definition

Doy bt Voltage Measurement

ACY AL Yoltage Measurement

ACDCY AC+DC Voltage Measurement

DCI DL Current Measurement

ALl AC Current Measurement

ALDCE AC+DE Current Measurement

OHM 2-Wire Resistance Measurement
OHMF bd-Wire Resistance Measurement*
FREQ Frequency Measurement

PER Period Measurement

¥ S8es 4-wire Measurements later in this chapter.

NOTE

Current measurements (Le. DCI, ACK, and ACDCI ) can only be made through the
HP 34520 Multimeter's FRONT rerminals, Do wor specify one of the analog
backplane buses for current measurements.

The optional ABn 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 0.
You can also specify FRONT to use the muftimeter’s front terminals rather than
the analog backplanes. To do this you must externally connect the common
terminais from the multiplexer module(s) being used to the multimeter’s front
terminafs,

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

Scanning Applications
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the HP 34502 and 34507 Relay Modules,

The ch__fist parameter is the list of channels you want to scan. Each channel
number must be in the forn csnr where ¢ represents the extender number (0 or
blank for the mainframe), ¢ is the slot number (0 through 93, and #x is £he chan-
nel number. You can specify a single channel {(esm), muitiple channels separated
by commas (esnn,esnnesnn, .. esan), contiguous channels (esm-esnn), or groups of
contigitons channels (eswr-esnnesnn-esmr). You can also specify an array (see
Chapter 7 in this manual) containing the channel list.

When you specify a contiguous series of channels, the HP 3233 ignores any un-
defined channel numbers. For example, the HP 34501, 34502, or 34507 relay
modules do not use channel numbers 09, 10, 19, 20, 29, and 30. Therefore, if you
specily channels 1-38, the unused channels are ignored.

A typical MEAS command looks fike:

QUTPUT ¥O9: “MEAS DCV,207-232n

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

NOTE

The MEAS command sels the HP 34520 Multimeiter Number of Readings Per
Trigger (NRDGS) to { and Trigger to quto. Orior miltimeter parameters, siuch as
function, range, and 1ermingl, are cither defatdted or as you set them in the MEAS
or other commands prior fo executing the MEAS command. TF you wanit to specify
one rarige for the mudtimeter {rather than have it autorange each measurement ) use
fhe FUNG command with @ RANGE parameter. If the MEAS conmmand changes
the mudiimeler's measurement function, it sels the mudtimeter (0 mdorange.

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

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

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

3. Waits for the specifiied scan frigger ($TRIG) signal. If you did not
previously specify an STRIG signal, MEAS skips this step.

4. 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 first channel in the list to connect
the signal to the multimeter. (Break-Before-Make action)
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3. Pulses the CHCLOSED destination when the relays have settled.
6, Measures the signal.

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

8. Waits for the specified SADV signal. If vou did not previously
specify an SADV source, MEAS skips this step.

9. Opens the channel, closes the appropriate relays for the next chan-
nel in the channel list (Break-Before-Make action) and pulses the
CHCLOSED 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 {f 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. It the FAST parameter was specified, opens al! 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 gpecified measarement 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 ifs default values. If the MEAS
command changes the multimeter function it alse 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 relays 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 Modute. 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 vou do not specify a
Scan Trigger signal source, the HP 3235 uses its default source and triggers
automaticaily. Use the STRIG 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 3tart on receipt of MEAS Commangd (Default)
EXTIN Starts on External Trigger In {BNC} pulse
TRO Staris when Frigger Bus 0 is putsed

T81 Starts when Trigger Bus 1 is pulsed

HOLD Wait for STRIG SGL each time to start

86l fofiuere 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
tn BNC connector on the back panel of the HP 3235,

The two backplane Trigger Buses, TB0 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 ¢an drive the trigger buses
through either the HP 34504 Coaxial Multiplexer module, the HP 34506
Coaxial Matrix module, or the HP 34522 Digital /0 module. See the
TRIGBUF command for more information,

While EXTIN, T80, 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 if
receives the STRIG SGL command. The STRIG SGIL. command can come
from either the control panel keyboard or the system controfler 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. o 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 vou specify channel 13 in the channel
list, the HP 3235 opens channels 11 through [8. The HP 3235 then closes
the channel specified (in this example, channel 13) and any backplane and
bank relays necessary 10 connect the source (channel 13} to the multimeter.

The HFP 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 relaye In the example, to connect channel
13 10 analog bus 0, the HP 3235 will need to close bank relay 70. This
makes all channels between | and 18 on the same bank,

Scanning Applications
&-6

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



)
ABG-HI ~ CHI-02 | g
" Vs BANK
ABR@ =10 e < LO-08 COMMONS
81
. £ HI-@1 ) ¥
el L O~001 o
ANALGG BUS :  ABG, AB1, ABZ2. ABS o r £
BAGKPLANE RELAYS : 9@, 91,92, 93 » s o =
BANK RELAYS @ 78,71,72 g8 » gﬁmwls
Sanic CHANMNELS :  @t-¢8, 11~18, 21-28, 31-34 — < HI~@8
ANK COMMON GONNECTORS : 06, 19, 2¢. 30
(}-—""'—-—-—-< LO-B8 J
m\ \
AE!—HI%——wg‘I"' < )
- rd
AB1-L( ~at -4— LLO-18 | commons
11
e L HI-11 ) X
=T
¢ 1011 >0
L] 1 5
& - BANK
8 . CHANNELS
" {HI-18
0—--—""“*_*-*—'—'{ LG-18 y
i\
ABH] o ¢ b
I J— Hee ggm
] e
ABZ-LG e LO-28 | roMMONS
21
¢ CHI-21 ]
{1 021 >-
™ [
s 2n N
BANK
28 L CHANNELS
{ Hi-28
ﬂ—-—-—""'J"““*—-‘*«—( LO-28 J
?2\ \
83 ~
ABZ-HT " <HI1-36 | 3,
T e BANK
H3-~L0 LO-38 COMMONS
31
¥ - < HI~31 ;
i e O3 o
¢ 5
* 3n
. gﬂENELS
38
. < HI~38
< LO-38
vy
B2 F.8, 1

Figure 6-1. A Typical General Purpose Scanner Module

Scanning Applications
6-7

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Scanning Applications
6-8

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 multimeter to connect i to the analog bus.

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 MEAS command opens all the channel velays in the same bank as the curront
chamnel in the channel list. It does not oper any bank refays (relay nunibers 70
throngh 72) Therefore, to provent possible damage fo the HP 3233, the Plug-n
Muaodule, and /or any external circaitry, you should ensure that afl bank relays and
hackplane relays nor essential o your configuration, are opened prior (o initiaiing
the MEAS command. Exectie the OPEN 0-899 commiand.

Another solution is (o close bank relays 70, 71, and 72 priov fo initiating the scan.
With this done, the HP 3235 sees all 32 chamnels as one bank, When the MEAS
command opens all channels in the bank, all 32 channels will epen, You can, of
coirse, close any combination of bonk 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 6-3. CHCLOSED Bestinations

FParameter Description
OFF Ko Channel Closed output Pulse
EXT Pulse the External Trigger Qut BNC
TRG Putse Trigger Bus O {see Chapter 9)
T8t Pulse Trigger Bus 1 {see Chapter 9}

Step 0. Next, the multimeter makes the actual measurement specified.

Step 7. The measurement from the channel it sent wherever specified. If vou
executed the MEAS command from the control panel, the reading is displaved.
It you executed MEAS from the system controller via HP-1B, the measurement
goes to the HP-IB output buffer. ¥ you specified 4 memory location (MEM
commuand), such as a reading array, the measurement is stored there,

Step 8. Now, the HP 3235 waits {or the Scan Advance Signal specified with the
SADV command. The power-on default for SADY is an automatic scan advance.
Thus, il" you did not specif'y another SADV source, the HP 3235 uses the default
source and avtomaticatly advances,
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Table 6-4 shows the possible sources for the Scan Advance Trigger (SADVY)
- signal.

Table §-4. SADY (Scan Advance) Trigger Sources

Patameter | Definition

AUTG Automatic Advanmce {Dsfault)

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

TR Advances when Trigger Bus 1 is pulsed

HOLD Wait for $SADV SGL esch time to advance

SGL Softuare Scan Advance Single

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

SADV EXTIN accepts a TTL level trigger pulse from the Externat Input BNC
connector on the back panel of the HP 3235,

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

While EXTIN, TBO0, and TB1 provide hardware triggers, you can specify a sof't-
ware trigger with the HOLD and SGL parameters. Specify SADY HOLD before
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
recetves the SADV SGL command. The SADV 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 relavs) and closes the
next channel in the channel list and any necessary bank and backplane refays. i
the next channel in the channel list is on a different Plug-In module, the
backplane relay on the first module opens.

The HP 3235 also outputs 5 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
3135 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

Scanning Appiications
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FIP 3235 waits for one more SADVY signal (if specified).

Step 12, Finally, the HP 3235 opens any channel and backplane relays associated
with the sean. Al baok relays closed prior to the scan or within the scan remain
closed,

Step 13, if the FAST parameter was specified in the MEAS comrmand, the HP
3235 opens all the backplane refays relays used in the scan. See the FAST pa-
rameter deseription later in this chapter,

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

For example:

16 DIM Readings{7}

Z0 DUTPUT 709; “DIM RECS (7" | DIMENSLAON FOR EIGHT ELEMEHTS
30 QUTPUT 709; "MEM RPESH

A0 OUTPUT 709; "MEAS DOV 1-B9

50 QUTPUT 709; “MEM OFfn

40 QUTPUT 709, YYREAD RDGS®

TG EMTER 709; Readings{¥*}

80 PRINT Readings¢®s

20 END

Let’s lock at a few simple scanning examples. As with other examples in this
manual, the HP 3235 Muitimeter Modufe is installed in mainframe slof 800,
Relay multiplexer modules (HP 34501, 34502, or 34507 are installed in sfots 000
through 300,

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

10 OUTPUT 70%; “RST: USE 800; MEAS DCV 122" ¢ MEASURE DOV CHAN 122
0 ENTER 709; A

30 PRIHT A

40 END

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

Scamning Example 2. For this second example, we use a channei list of con-
tiguous channels. Again, all the default triggers are used,

10 DIt Readings €31) | 37 FLEMENT REAL ARRAY IN CONTROLLER

20 DUTPUT 709; "RST: USE BO0% | SPECIFY WULTIMETER LOCATION
30 OUTPUT TU%; "MEAS DOV 201-238e

40 ENTER 7OY: Readings{*} | TRANSFER REABINGS TO CONTROLLER
30 PRINT Readings(*)
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60 END

Again, we did not specify an Analog Bus, therefore, MEAS defanlts to Analog
Bus 0. At the end of this scan, bank relays 279, 271, and 272 remain closed.

Scanning Example 3. In this third example, we vse an external STRIG signal and
avtomatic scan advance. You would use this type of trigger arrangement when
you 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 €313 | 32 ELEMENTY REAL ARRAY IN CONTROLLER
£0 QUEPUT 709; ®REY; USE 800" § SPECIFY MULTIMETER LOCATION
IO QUTPUT 709, %DIM CHREADS (373% 1 32 ELEMENT ARRAY [M HP 3235
40 QUTPUT 70%; MSTRIG EXTIN® & BXTERMAL TRIGGER IHPUT BHE
YDOOQUTPUT F09; “MEM CHREADS; MEAS DCY AB2 2011-233»

3 1 MP 335 waits for STRIG signal here

56 ¢ HP- IR communication is held off

&0 OUTRUT TOY; NMER OFF; WREAD CHRIADS®™

TOOEMTER T0%; Readings{*) } TRANSEZR READINGSE 7O CONTROLLER
BD PRINT Beadinas(*)

90 ENp

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 SADV HOLD and SADV SGl
commands to execute the scanning.

10 DIM Readings {7} 1 EVGHT ELEMENT REAL ARRAY 1IN CONTROLLER
20 BUTPUT 709 #RSTy USE BOO% | SPECIFY MULTIMETER

20 OUTPUT 709; *DIM CHREADS (73" t EIGHT ELEMENT ARRAY I HP 3235
40 QETPUT 7G9; PSADY HOLD® 1 SCAH ADVANDE HOLD

SO QUTPUT 70%9; VMEM CHREADS: MEAS DCY 101-108¢

&G FOR i=1 TQ 8

TG 1 OPTIONAL MODULE CONFIGURATION DURING THIS TIME

B0 QUTPUT 7O9; “SADV SGLY § SINGLE STEP THE SCAN ADVANCE

g0 NEXT 1!

100 QUTPUT 709; “MEM DFEFz VREAD CHREADSH

P10 ENTER 70%; Readings {7} I TRANSFER READINGS To COMTROLLER
120 PRINT Readings(®)

130 END

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

Scanning Example 5. In this example we use the External Trigger In BNC to
drive the STRIG signal. Scan advance is automatic,

10 DI Readings(hy

0 QUTPUT 709; "RST: USE BOQw
30 OUTPUT 709; "SCRATLH; DIN TENPCG

Scanning Applications
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40 DUTPUY 706%; "STRIG EXTEH® | EXTERNAL SCAM TRIGGER

50 QUTPUT 709: “MEM TEMPW ’

&0 QUTPUT FO9;“MEAS DOV, 301-306v

&1 | HP 3235 WAITS FOR THE STRIG SIGMNAL

O QUTPUT 709%; “MEM OFF: VREAD TEMP®

B0 EHTER 709; Readings(®) | TRANSFER REAPINGS TO CONTROLLER
%) PRINT Readings(®)

1O¢ END

To trigger the scan from either the HP 34584 Coaxial Multiplexer Module or the
HP 34506 Coaxial Matrix module via Trigger Bus I, replace line 40 with the
following

40 QUTPYT 709; “STRIG TBY: TRIGBUF 501 IN®
The coaxial moduie is in siot 500 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 relavsy. Thus, the HP 3235 does not have to wait
for each backplane relay to settle when scanning across multiplexer modules.
This does, however, add a small amount of circuit capacitance due {0 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:
DUTPUT 70%; "MEAS DCY AB2 FAST 101-238M

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 multiptexer
banks prior to scanning so that only the channel relays move douring the sean.

CAUTION

The FAST paramoter does not open ol 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 (o the HP 3235, the Plug-in modnles, or any ox-
ternal circudtry, ensire thar ne channel commects fo the Analog Bus used for the
scar. You can do this with the commuand: OBEN 1.898 (QPEN 1-7899 for the ex-
lenders)} if no relays are prohibited,

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

1. Your channel Hst must specify channels only in banks 0'or | of the relay
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muitiptexer module(s). These are the muitimeter current source connections.
The HP 3235 automatically closes the corresponding channel {nn+20} in banks 2
or 3 for the multimeter sénse connections.

2. You can specify cither 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 TO9; “MEAS OHMF ART 107- 1080

channels [01 through 108 (inclusive) are used for the multimeter current source
connections. Channels 121 through 128 (inclosive) are vsed for the multimeter
sense connections. Channel pairs {(nn and nn+20) close simultaneously. The ap-
propriate bank and backplane relays (ie. to connect channe! 101 and channel
121 to the respective analog buses) also close. Analog Bus ! carries the niulti-
meter current source and Analog Bus 3 carries the sense signal,

Figure 6-2 shows the wiring connections for 4-wire scanning.

Scanning Applications
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Figure 6-2. 4-Wire Scamning
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3. The source and sense banks must not be shorted together.
The Mollowing example shows a simple 4-wire scanning sequence.

10 DIM Readings{7}

20 GUTPUT 709; “RST;USE 800M

30 QUTPUT T7D9; MSCRATCH)DIM RDGS(7)Y
49 DUTPUT 7FOR: HMEM RDGSY

SG OUTPUT 709; PMEAS OHMF AB1,10%-108"
60 CQUTPUT 70%9; MMEM OFF;YREAD RDGS™

70 EKTER 709; Readings{*)

80 FRINT Readings(®)

F0  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 formaiting and transfer time required by vour system controller
and the controller time required to make the comparisons. The VERIFY com-
mand vses the HP 34520 Multimeter Module for the measurements.

The VERIFY command is similar to 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 10 a
lower and upper limit which you specify. I, at the end of the scan, all
measurements are within the specified limits, the VERIFY command returns "0".
If any one measurement is outside the specified limits, the VERIFY command
returns "1"

The VERIFY 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
follows:

14 OUTPUT T70%9; "REAL LOWER (Y Y, UPPER( 7)Y, RDGS(7 I

20 QUTPUT 7G9; “FILL UPPER 5.%,5.%,12.2,-7.05,12.2,18.5,12.2,5.1
30 QUTPUT 799; “FILL LOWER 4.9,4.9,11.8,-6.95,11.8,17.8,11.8,4.9¢
40 OCUTPUT 70%9; "SUB KYVERIFYD

54 QUTPUT 709; “MEWM RDGSY

60 QUTPUT 709; BMEAS DOV 191-108v

70 QUTPUT TOP: M“MEM OFF¥®

B0 QUTPUT 709; "LIMIY RDGS,LOWER,UPPER"

90 CQUTPUT F09; VYSUBEND®

100 1

110 DIK Dat(7}

120 QUTPUT 709; "CALL KYVERIFY™

130 ENTER 7C9: Paszfail

140 IF Passfail = 0 THEN

1590 ERINT "TEST PASSED

160 ELSE

170 $RINT YTEST FAILEG"

180 OUTPUT T0G9; “YREAD RDGSP
90 ERTER 709; Dati(¥)

200 END iF

210 1 Process the Readings as Kecessary

Scanning Applications
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The VERIFY command has the following syntax;

VERIFY [function,] [ABn,] [FAST,} low_array, figh _arrvay, cft_list
[FRONT,]

The upper and lower limit arrays are internal HP 3235 arravs. See Chapter 7 for
additional information on arrays. You need to fill the upper and lower Hzt ar-
rays prior te 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 measurentent 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, atl arrays are option base ¢ (the first element is number 0), You can
also use an array to store the channef list. The following example demonstrates
how to use VERIFY,

10 OUTPUT 70%; "RST;USE 8604

20 OUTPUT 709; "DIM UPPER(4},LOWER({4)"

30 OUTPUT 70%; "FILL UPPER 5.07,5.07,12.5,-12.7,5.05%

40 QUTPUT 709; MFILL LOWER 4.95,4.95,11.8,-11.6,4.95%

50 OUTPUT 7G9; WVERIFY DEV LOWER,UPPER, 101,104,108, 102, 1060
60 ENTER 709: A

70 IF A=0 THEN BRINT WTEST PASSED®

80 1F A=1 THEN PRINT "TEST fAILED®

90 EXD

If the VERIFY rest fails, the HP 32335 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 always clear the register before beginning the scan. Refer
to Chapter [0 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
tF...THEN statement as shown in the following program.

19 QUTPUT 70%; "RST;USE 800v

20 QUTPUT 709; "BIM UPPER(4),LOWER(A M

30 QUTPUT 709; “FiLL UPPER 5.07,5.07,12.5,-12.7,5.05*
40 QUTPUT 709; YFILL EOWER 4.95,4.95,11.8,-11.6,4.95%
50 QUTPUT 709; "SUB TESTER®

&0 OUTPUT 709; "MEM AN

70 QUTPUY 7Y09; “WERIFY DCV LOWER,UPPER 101,104,108,102, 106"
80  QUTPUT ¥Y09; "MEM OFF"

98 QUTPUT 709; TIF¥ A=% THER; DISP 'TEST FATLEDR'"

100 QUTPUT 709; MELSE; DISP ITEST PASSEREN

110 QUTPUT 709; MEND LF®

120 QUTPUT 709; "“SUBENDH

130 END

0323%-90001 Update 2 (FEBRUARY 1988}

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Scanning with External Instruments

Connections
- Regquired

One important Feature of the HP 3235 is its ability to work with other instro-
ments while scanning. You can connect high speed voltmeters, counters, or other
messuring or stimulus instruments to the analog bus and wuse the synchronizing
signals in the HP 3235 to coordinate the sean,

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

Figure 6-3 shows the physical connections reguired between the HP 3235 and
your external measuring instrument, For this discussion, we assome the external

instrument is a voltmeter. The concepts are similar regardless of the tvpe of in-
strument used.

MEASUREMENT EYTERNAL

COMPLETE \- ; TRIGGER IN
oW °“

8 |

HPF 32354
e
F““Tdm :
=
=
12 o
'T““"“‘“"“ Ol:c}j B
AN

L\. EXTERNAL TRIGGER IN
EXTERNAL TRIGGER OUT

Figure 6-3. Qonnections for External Instrument Scanning

FEIGMF |,

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) specifias the destina-
tion for & negative going TTL pualse after each channel in the channet list closes
and has settled. This pulse triggers the external voltmeter. When the external
voltmeter completes the measurement, it cutputs a pulse (VOLTMETER
COMPLETE or MEASUREMENT COMPLETE) to the HF 3235, This pulse ad-
vances the scanner chatnel (see the SADV commang discussed later), When the
chanunel closes and settles, the HIF 3235 outputs a new trigger signal and the
process repeats.

Any external instrument sefup including measurement function, range, measure-
ment complete source, external trigger source, accuracy, etc., should be done
before Deginning the scan, In this way, the instroment is prepared for the scan
cominand.

Aside from the physical connections necessary {explained earlter), 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 channel scan, When the
HP 3235 receives the scan trigger pulse, it closes the next chanael in the scan st
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 6-3.

Table 6-5, STRIG {Scan Trigger)} Sources

Source
Parameter Pefinition
AUTO Automatic triggering with receipt of SCAN command
{power-on defauit)
EXTIK Initiate Scan on External Trigger In
TBO Initiate $can on Trigger Bus § pulse
TBY Initiate Scan on Trigger Bus 1 pulse
HOLD Wait for STRIG SGL command
SGL Sofrware Scan Trigger single

The CHCLOSED command specifies the destinatton 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,
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Table 6-8. CHCLOGSED (Channel Closed) Sources

Source
Barameter Definition
EXT Putise the External Trigger Out BHC
TED Pulge Trigger Bus O
TB1 Pulse Trigger Bus 1
OFF Ko 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 Trigzer Out BNC to your measuring instrument’s External
Trigger In. You could also use one of the trigger buses (TBG or TB1) and either
the HP 34503 or 34506 coaxial modules.

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

The SADYV command in the HP 3235 specifies the sour¢e for recetving the
Scananer Advance signal. For external instrument scanning, set SADV for EXTIN
and connect the measuring instrument’s Measurement Complete ovtput to the
HP 3235°s External Trigger In BNC connector. The SADV EXTIN must be a
negative going TTL level pulse. Table 6-7 shows other possible SADV sources.

Table 6-7. SADY (Scan Advance) Trigger Sources

Source

Parameter pefinition
ALTO Automatic Scan Advance
EXTIR Advances oh External Trigger In BNC
T80 Advances on Trigger Bus 0 pulse
H:X: Advances on Trigger Bus 1 pulse
HOLD Wait for SADV SGL before advancing
BGL Software Channet advance

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

SCAN has the following format;
SCAMN [AB# )[FAST,Jch_ list
The optional ABx parameter specifies the analog bus to use in the scan. If you

do not specify an analog bus, the SCAN command does not connect 10 any
analog backplane bus

Scanning Appiications
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The FAST parameter (discussed in detail fater) is used only with multiple HP
34502 or 34307 Relay Modules,

The ch__list parameter is the list of channels you want to scan, Each channel
number must be in the form esan where ¢ represents the extender number (0 ar
blank for the mainframe), s is the slot number (0 through 9), and n# is the chan-
nel nomber. You ¢an specify a single channel {(esnm), multiple channels separated
by commas (esnnesnnesnn, .. esnn), contiguous channels {esnn-csand, or groups of
contignous channels (esnn-esnresnn-esnn). You can also store the channel st 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 69, 10, 19, 26, 29, and 30. Therefore, if you
specify channels 1-38 the unused channels are ignored.

A typical SCAN command looks Hke:

GUTPUT TO09; "SCAN 201-2320

This command scans channels between 201 and 232 {inciusive). It defauits to
analog bus 0,

The SCAN command performs nine steps. We'll list these steps and then discuss
them in detail,

1. Closes the backplane relays associated with the scan if the FAST
parameter was specified.

2. Waits for the specified STRIG signal. If vou did not previouslty
specif'y an STREIG signal, SCAN skips this step.

3. Looks at the first channel in the channei 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. Qutputs 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 refays for the next
channel in the channel Hst,

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

8. Waits for one more SADV pulse (if specified) after the last chan-
nel has 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.
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Let’s look at these steps m more detail.

Step L. If vou specified the FAST parameter in the SCAN conmumand, the
HP 3235 locks 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 -8 shows the possible Scan Trigger sources:

Table 8-8. Scan Trigger {STRIG)} Sources

Parameter Befinition

AUTO Automatic Triggering op receipt of STRIG (Default)
EXTIN Starts on External Trigger In (BNC) pulse

TBO gtarts when Trigger Bus 0 is pulsed

TB1 Starts when Trigger Bus 1 1s pulsed

HOLD Wait for STRIG $6& each time fo start

SGl. Software Scan Trigger

The STRIG AUTO parameter provides autoratic triggering. In general, this
also provides the easiest triggering,

STRIG EXTIN nccepts 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 TBI can also act as Scan Trigger sources.
You can use the BRIVETBN 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, H* 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 $GI. parameters. When vou specify
STRIG HOLD, the HP 3235 continues with the next command received and
holds np 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. In this mode, you can set up other plug-in maodules prior
to executing the STRIG SGL command.

Step 3. Refer to Figure 6-4. In this step, the HP 3235 opens anv refays
already closed in the Plug-in Module Bank associated with the channel in
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the channel list. For example, if you specify channel 13 in the scan list, the
HF 3235 opens channels [1 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 wvou did not specify an analog bus with the 3CAN command, the HP

3235 defaults to Analog Bus 8. Thus to connect channel 13, the HP 3235
closes channel 13, bank relay 70, and backplane relay 90.

Scanning Applications
6-22

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ANALDG BUS

BACKPLANE RELAYS :

BANK RELAYS :

CHANNELS

BANK COMMON CONNECTORS :

8 5
ABD-H] e g —HI-88 | pn
ABBLO e p (L0-08 gémmmous
g1 =
- < HI-g1 ]
pry
G L0081 >0
ABQ, AB1, ABZ, AB3 ® S
99.91.82, 93 ® s &n
8.3 BANK
8.71.72 a8 ® CHANNELS
01-88, 11-18, 21-28. 31~38 - < HI~88
20, 16, 26, 30
" — {1008
- -
70\ \
g1 -
AB1-HI ~g———" CHI=19 | 4
AB1-1.0 -t CLo-to [ BAK
11
& - CHI-11 ) 5
<
$— e LO-11 -
a in s
[ > BANK
@ ® CHANNEL S
# HI-18
— -l LO~18
- -
AR
a2 I
AB2-HT ~——— (Hi-28 | o
ABR O LO-28 géﬁﬁo“s
21 Y
HI-21 x
=X
i L 021 > o
® [
2n o
® > BANK
25 @ CHANNFLS
- { HI-28
— <1028 )
72\ \
a3 '
ABTH] e g HI-36 | 3
ABSLQ ~——— (Lo-3o | BN o
31 5
- < HI-3t ¥
F—" {1L0-31 >5
. 5
3y
® " BANK
s @ CHANNELS
{H1-38
< LO-38 | J
J23EWF FE.1

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 3233
would close channel 33, bank relays 7f and 72, and backplane refay 91,

CAUTION

The SCAN command opens ¢t the chanvel relays in the same bank as the channel
in the channel list, Tt does not open any bank relays (relay numbers 70 through
72). Therefore, to prevenr possible damage to the HP 3233, the Plug-in Module,
and /or any external cireniiry, vou should easure thar all bank relays and
backplarne relays not essential to your configuration, are opened prior (o initiating
the SCAN command. Execuse the OPEN 0-989 command,

COne sofution is to close bank relays 70,71, and 72 prior to initiating the scan, With
this done, the HP 3235 sees afl 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 combinaiion of bank relays on g Plug-in Module to redefine the bank
srae.

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

Table 6-8. CHCLOSED (Channel Ciosed) Trigger Parameters

Parameter pefinition
EXT Pules External! Trigger Out BNC
B Pulse Trigger Bus O
81 Pulse Trigger Bus 1
OFF Ko Channel Cilosed Putse

Step 5. The HP 3235 waits for the specified Scan Advance Signal specified with
the SADY 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 antomatic trigger called AUTO. Thus, if
you did not specify another SADY source, the HP 3235 will use the default
source and automatically advance. Table 6-10 shows the possible Scan Advance
Trigger (SADV) sources,
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Table 6-10. SADV {Scan Advance) Trigger Scurces

parameter | Definition

AUTO Automatic Channel Advance (Default)

EXTIH Advances on External Trigger In (BNC) pulse
IBG Advances when Trigger Bus 0 is pulsed

TB1 Advances when Trigger Bus § i{s pulsed

HOLD Wait for 3ADY SGL each time te advance

SGL Software Scan Advance Single

The SADV AUTO parameter provides antomatic channel advance, In general, this
also provides the fastest channel advance method.

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

The two Trigger Buses TB0 and TBI can also act as Scan Advance sources. You
can use the DRIVETB# command fo specify the source driving the trigger bus or
vou can drive the trigger buses from the HP 34506 Coaxiat Matrix Module or the
HP 34594 Coaxial Multiplexer Modute. See the TRIGBUF command for more
information.

While EXTIN, T8O, and TB1 provide hardware triggers, you can specify a sof't-
ware trigger 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 SADV SGl. command. The command can come from ¢ither the control
panel keyboard or the system controller via HP-IB. In this mode, you can set up
other plug-in modules prior 1o executing the SADY SGL command.

Step 6. When the HP 3235 receives the specified SADV 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 chaunel list is on a different Plug-in Module,

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

NOTE .

Remember, the HP 3235 does not open any bank relays diring the scanning
process. Therefore, configire the bank and backplane relays ahead of tinte so thar
your know what relays are closed throughout the scan.

Step 8. After the last channel in the channel list is measured, the HP 3233 waits
for one more SADV signal. If vou did not specify an SADV signal, this happens
automatically. .o
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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.

Scanning  The following example shows the general procedore for scanging with an

Example 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
3235s External Trigger Out BNC. Connect the voltmeter’s input terminals to
Analog Bus 0 through the Backplane Access Module.

10 ¢ PROGRAM VWOLTMETER AS WECESSARY HERE £.6. TRIG EXT, FUNC DCV
20 OUTRUT 709 TSTRIG EXTIN; CHCLOSED EXT®

30 OUTPUT 709, “SCAN 301-3060

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), 300k$) range (R3), 4 1/2 digits of dis-
play {(N4), External Trigger (T2), and Autozero on (Z1),

10 QUTPUT ¥23; “F3RDN4T2Z1% ! PROGRAM WP 3478 MULTIWETER
20 QUTPUT 709 “STRIG EXTIH; CHCLOSED ExT®

30 QUTPUT TOW®; “5ADY HOLD®

40 OUTPUT FO9, HBCAN ABG 31G-346M

50 FOR I=1 T0 &

60 ENTER ¥23; A{i)

70 OUTPUT 709; MSADWY

80 PRINT AL}

20 NEXT §

00 EWD

The FAST  Use the FAST parameter for the 8CAN command only when multiple HP 34502

Parameter Reed Relay Modules or HP 34507 Mercury-Wetted Relay Modules are used in
the sean. It provides the fastest scanning speed, FAST considers the channe! list
and closes all the backplane relays necessary for the scan. This decreases the
scanning time since the backplane relnys (rrmature relays) are 10 times slower
than the channel relays {reed relayvs). Thus, the HP 3235 does not have to wait
for each backplane relay to settle. This does, however, add a small amount of
circuit capacitance, Af the end of the scan, the backplane relays open
automatically.

For example, if you execute the command;
OUTPUT 709; "SCAN AB2 FAST 101-238s

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

Scanning Applications
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How PSCAN
Works

CAUTION

The FAST parameter does nof open all the user channels alread y closed {from
previous commands) and connected to the Analog Bus nsed for the scanning. To
avoid possible damage ro the HP 3235, the Plug-in moduies, or any external cir-
CHEILFY, eRrsurc that ro channel is connected to the Analog Bus used for the scan.
You can do this with the QPEN (-999 comrund if no relays are prohibited.,

If vou need to scan with a 4-wire measuremeni (for example, 4-wire resistance
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 you use these buses is left up
to you. The default is that no analog bus is used.

2. You must specify two parallel channel lists. Respective channels in each list
close simultanecusty, For example, you could specify 101-108,131-138. This has
the same number of channels in each ligt, You can also use arrayvs to specify
channel lists. BEach pair of channels to be closed must be in different banks.

If you only specify one list of channel oumbers, the HF 3235 divides the Hst in
half fo create two lists. For examiple, 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 10! is paired with 207, channel 102 is paired with 203,
and channel {05 is paired with 208,

If vou execute:

GUTPUT 709: “PSCAM AB1,AB3,101-108,2071-208"F
then channels 101 throngh 108 {inclusive) connect to Analog Bus 1. Channels
231 through 208 (inclusive) connect to Analog Bus 3. Channel pairs (101 and
210, 102 and 202, eic)) 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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Figure §-5. 4-Wire Scanning
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Optimizing for Speed

The
Muitimeter

Ranging

Autozero

integration
Time

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 vou 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, iff maximum measurement speed is your goal, consider each
of the following items carefully.

The following discussions focus on the HP 34320 Multimeter. However, many
of the considerations are applicable to other measuring instruments. Read them
carefully and use those that apply to your test system.

Several factors can affect the speed of measurements. These factors include
ranging the muliimeter, 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 midtimeter to a fixed range with the AANGE command. You must
determine the maximum signal 1o be measured and set the multimeter o 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. If vou specif'y a different measurement function as a pa-
rameter of the MEAS cominand, i turng autorange on

If you have a wide vartety of signal levels to measure, consider organizing the
channel list and/or vour channel 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 measnre the
signals,

Turning Autozero off (AZERQ OFF) increases the reading rate but may reduce
long term acenracy. The multimeter’s autozero corrects for any drift in the in-
ternal circuitry. With autozero on, the multimerer performs an auntozero for
each measurement. With autozero off, the multimeter takes one zero reading
and corrects each subsequent reading with the one zero reading for cach range.
The multimeter is not Jikely 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
* Resolution
* Normal Mode Rejection

& Speed

Scanning Applications
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Integration time is one of the primary contributors to fast DC and resistance
measurements. Refer to Table 6-11 {or a list of the integration tradeoffs for DBC
voltage measurements. This table shows that, for example, if you select NPLC
108 (NPLC is the Number of Power Line Cycles per integration period), the mul-
timeter requires 167 seconds (plus overhead) per reading. While this resnits 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 Relationships
{DCV, 50Hz power line)

Powar tine Hormal Mods Max imum

NPLC Cycles {60 Mzl Rejecrion {AC) Reading Rate

0.0003 0.400905% (10us) 0dB 1350

9.005% 9.005 (100uSs) 2dB 1250

0.1 0.1 (1.67ms$) OdB 360

1.0 1.0 (16.7ms) 60dB 53
10.0 189.0 {166.6m5) andn [ ]
t00.0 109.0 £1.67 8) F0gE 0.48

For AC measurements, the infegration time is less important because of the sef-
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 10 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,

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

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

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

Data  The fastest method to send data over the HP-IB interface is to set OFORMAT to

Output Binary. Refer to Chapter i1 in this maaval for more information on binary data
transfer,
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Other Scanning Considerations

Measuring a
Single
Channel

Aborting
the Scan

Scanning
ACross
Extender
Frames

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
you 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 $GL sends the measurement
resilts either to the HP-1B output buffer or the control panel display {wherever
the command originated)} or to a specified memory location (see the MEM
command) The following program shows how to measure one channel.

10 QUTPYT 709; “RST: USE 800
20 OUTPUT 709; "OPEN 1-99%Y | OPEN UNNECESSARY CHANMELS

30 QUTPUT 709; "CLOSE 121,171,176,190% 1 CONNECT CH 121
1 70 ABO
40 OUTPUT 709; “TERM ABOM | SEY MULTIMETER TERMINAL
50 OUTPUT 709; ®TRIG SGLY | SINGLE TRIGGER THE MULTIMETER
60 ENTER 769; 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 7%

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

The Extender Bus Relays (see Chapter 2) connect the analtog buses between ex-
tender frames, These relnys 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 appropriage 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

17 vou want fo nse an analog backplune bus in one extender for scanning and the
same bus in another exionder for another purpose, von mnst oper (he extender bies
refays. Use the QPEN 8edn command where e iy the exicider sumber you want 16
separate (1 - 7} and nis the extender hus relay for the particalar analog hus you
wanl (o separate (0 - 3). See Chapior 2. 17 your du this you musit vlose the ap-
propriate extender bus relay( s} before scanning across exiender frames.

HP'I B At power-on the HP 3235 has its input buffer mode of f. This insures that the

interaction system controller 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 interface bus. With the MEAS or VERIFY commands this is necessarv.
It prevents accidental reconfiguration of the mainframe or extenders. With the
SADV HOLD and SADV SGL commands vou can reconfigure the frames as
necessary between 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//f)}
in your system controller. The following two program statements show how to
do this with HP series computers. If vou have another type of computer refer to
its remote programming information to determine how to suppress the ¢/,

OUTPUT 70%; VSCAN 101-138;%; 1 HP SERIES 200/380; FINAL
1 SEMICOLON SUPPRESSES CRLF

CUTPUY 709 USTKG "#,KV: "SCAN 101-138;% ) HP SERIES BG SUPPRESS
’ I CRLF

If vou cannot suppress the ¢r/f you could turn the HP 3235’ input buffer on.
This releases the interface but you may lose command execution synchronization
with the system controlier, Refer to Chapter |} for more information on using
the input buffer.

Scanning  Your HP 3235 can scan using either the HP 34504 Switched-Shield Coaxial
With the Multiplexer, the HP 34505 RF Multiplexer Module, or the HP 34508 RF
Coaxi al Mutltiplexer Module. These modules do not have connections to the analog
M@dljles backplane buses. Therefore, you need 1o connect the bank common 1o 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 earfier,

Figure 6-6 shows the connections necessary to connect the HP 34503 RE
Multiplexer module to the HP 34520 Multimeter.
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Figure 6-6. Scanning with the HP 34505 and 34520

The following program scans channels 20] through 204 making a frequency
measurement on each channel using the HP 34520 Multimeter Module.

10 DIKM Reads{3)

20 QUTPUT 709; “RST; USE 8000

30 OUTPUT 70%; HMEAS FREQ FRONT 201-204H
40 ENTER 799: Reads(*}

50 PRINT Reads{*)

60 END

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

Scanning = The MEAS, PSCAN, SCAN, and VERIFY commands can be used with the HP
With the 34522 Digital 1/O Module to scan through external relavs, The scan list for the
Di Itai E{O scanning commands specifies bits on the digital m{?(iule which d-rive t‘axternﬂl
odule relays, The relays are scanned break-before-make in the order listed in the scan-
ning command. Use one of the avatlable handshake modes to ensure proper set-
tling delays. The scanning commands ensure that all bits on the same digital /0O
pori(s) as the specitied bitis) are set bef'ore 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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Mﬁnitaring 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 1o 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 exampie shows how to monitor channel (21 in the
MEAS channel list.

10 DIM Readings(31)

20 QUTPUT TO0%: HRST; USE 300"

30 QUTPYT 70%9; “MON 12%1; MEAS 1061-138"
40 ENTER 709; Readings{®)

50 PRINT Readings{*®)

60 EKD

As another example, replace tine 30 in the above program with:
30 QUTPUT 79 “MON STATE BOG;MEAS 101-138%

This displays the state of the multimeter module {slot 800} and shows the
measurement functions, trigger sources, etc.
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Chapier 7

introduction

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

Variables

ype
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 vsage in an ephanced BASIC language. The HP 3235 does not
provide string variables.

All variables are global among control panel, HP-IB, and subroutine operations,
This means that yon can dynamically change variable values, For example, if
you have a stmple FOR .. NEXT loop in a subroutine, you can change the value

of the loop counter variable from the keyboard or system controfler while the
subroutine is running.

The HP 3233 uses two data types for its variables: INTEGER and REAL. AH
variables are REAL unless vou declare them INTEGER. The valid range for
REAL numbers is;

-1.797 693 134 862 315 X 10* ° ® through 1.797 693 134 862 315 X 192 ° 8
The smallest nen-zero REAL value allowed ig

+ 2225073 858 507202 X 10-2°¢®
A REAL number can have a value of zéro.
An INTEGER. can have any whole-number valug from:

-32,768 through 432,767

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

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

The HP 3233 creates variables avtomatically when a variable name appears in an
assignment statement or memory (MEM) staterment:

LET Asexpression
A=expression

Variables and Math
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Type
Conversions

Using
Variables

Variables and Math
7-2

MEM A

Some commands natarally expect certain types of variables. A CLOSE or QPEN
command expects an integer number. The WAIT command expects a real num-
ber. Similarly, commands return certain types of variables. The CLOSE? com-
maud 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, you cannof redeclare it as a different type
without scraiching 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, iff you send an integer with a command that expects a real
number, the HP 3235 converts it. Therefore, you can minimize system overhead
time by aflocating variables according to their use. For example;

QUTPUT 7O9; "INTEGER HTRVALV; HTRVALV=104"

The HP 3235 avtomatically converts between REAL and INTEGER values
whenever necessary., When REAL numbers are converted to INTEGER
representations, information may be lost. Two potential problem areas exisi 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 nombers to integers. While REAL
values range from approximately -10°%°® to +10* °®®*, the INTEGER range is
only from -32 768 1o +32767 (approximately -10* to +10"*) Obviously not all
REAL numbers can be rounded 1o an equivalent INTEGER value. This problem
can generate an Integer overflow error,

Simple vartable 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 cormmand headers or parameters (Le. 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

VYariables can replace numeric parameters in any HP 3235 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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Variables
as Channel
Addresses

Variables
for Data
Storage

NOTE

Expressions used in parantefer lists showldd be enclosed in parenthesis. For
example:

CELOSE (SLOT*100+BANK)

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

QUTPUT 709; "LEY SOURCE$=104; CLOGSE SOURCE1™

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

10 QUTPUT 709; MLET VALVES=200"
20 OUTPUY 729; Y“LET HTRVALV=VALVES+4!
33 OQUTPUT 709; MLET CNTRLVLVEVALVESHTH

120 OUTPUT TO9; YQPEM CNTRLVLV; CLOSE HTRVALYY

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

Another advantage of using internal variables for channel addresses is that yvou
reduce system controller and HP 3235 overhead time. If yvou send the chaanel
nunber with the command (i.e. CLOSE 104) or if vou store channel assignments:
in your system controller (ie. QUTPUT 709; "CLOSE HTRVALYV) the controlier
uses & 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 HP 32335 has already decoded the channel address.

Sonmetimes you want to store data in the focal HP 3235 mainframe memory
rather than send it to the HP-IB output buffer or display it on the control panel
The MEM command instructs the HP 3235 to sead the next piece of data to the
specified variable or array,

NOTE

1 you specify a simple variable (scalar ), MEM furns of £ after it stores one result.
Subsequent data is sent to either the HP-1B ouipui buffer or the control panel dis-
play (wherever the command originated ). 1f you specify an array, you must turn
the MEM mode of f (MEM OFF) when you finish storing data in the array.
Otherwise, the HP 3235 will attempt (¢ store any futiure data in the array.

The following program shows how to store a voltmeter reading into a simple

Varigbles and Math
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numeric variable:

10 QUTPYT 709; YREAL READINGY ! REAL VARJABLE READING
Z0 GUTPUT 709 WMEM READING®
30 QUIPUT TO9; “MEAS 20149 YMEASURES CHANNEL 201t

Numeric  Any variable, whether simple or array, can be used in numeric calculations.
Calculations  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.

Readifng  The FETCH or VREAD commands return the value of a specified variable. For
Variabie example, to read the value of PWRSUPPL, execute:
Values
10 OUTPUT 709; "FETCH PWRSUPP{®
20 ENTER 709; A
30 PRIKT WPHRSUPP1 is ;A
40 ENp

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

DIM TESTER (9}

Array names are subject to the same rules as numeric variable names. To specify
an particular array element you must be followed by a subscript enclosed in
parentheses. The range of subscripts i¢ an integer from 0 through 32767, but the
naximum array size is determined by available memory. A non-integer suhscript
is rounded t¢ 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 welf as data,

AR Mk e L T i s i -y i o s (AL WAL e T . o, P Pl e e St . i b, . At Attt 1 et orem o

Programming Hint

Real arrays use a large amount of memory. If you are storing channel lsts or
any other iteger data, specify an integer array. Refer to the MEMAVAIL
commmand in Chapter 11 for more information on efficient MEMOry usage,

Variabiles and Math
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Filling  Array elements are initialized to 0 (zero) when they are declared (BIM, REAL, or
Arrays INTEGER) or resized. Once you have dimensioned an array, use the FILL com-
mand to load your values into it, The FILL command has the following form:

FILL xname ninmmber, number, .. number

For example, to fill an array with ¢chanoel numberg

TR QUTPUY 70%; TINTEGER CHLIST(?"
20 QUTPUT F09; ®FILL CHLESY 103,331,115,1%6, 117,207,107 205,13, 110"

You can use a negative number to indicate a contiguous series of channel
numbers:

10 QUTPUT FO9; RINTEGER CHLEIST(1M
20 OUTPUY 70%; PFILL CHLEST 103,-122" | [MCLUDES CHANNELS 103 THROUGH 122

Thus, in this two element array, we have specified all the channels between 103
and 122,

If you specify more data elements than you 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 specif'y MEM OFF as soon as vou finish adding data to the array.

10 QUTPUT F09: ®INTEGER CHLIST(9); REAL MEASDATA(D )M

20 QUTPUT 709; YFILL CHLIST 10%,2%1,103,106,7113,120,205,121, 100, 213"
30 OUTPUT FO9; “MEM MEASDATAY

&0 QUTPUT 709; "MEAS THLISTY

S0 QUTPUT FOP; ™MEM OFFY

NOTE

The optional start__index parameter to the MEM command allows you to specif'y
the starting location for filling the array.

Array  The SIZE? guery command returns the number of elements in the specified ar-
Size ray. Thig is one more than the dimensioned (DIM, REAL, or INTEGER) maximum
index in the array because of the base 0 indexing, Thus, if you dimension a ten
element array, (DIM CHLIST (9)), $IZE? would return the number ten {10).

Reading The FETCH and VREAD commands return the value of individual array ele-
Array ments, You must specify the subscript of the array element. Remember, arrays
Values begin with element 0. For example, to read the value of the third element in
CHLIST, execute
TG QUTPUT 709; ™YREAD CHLIST{Z23

Variables and Math
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20 ENTER 709; A .
30 PRINT "Third eiement in CHLIST: ®;a ¢ ",

Use the YREAD command to read the entire array. For example;

10 DIW Channei(9)

20 QUTPUT 709; “MEM OFF: VREAD CHLIST"
30 ENTER 789; Chenneli(¥)

40 PRINT Channel (*}

30 END

Before using VREAD make sure the memory mode is turned off (MEM OFF),
The array ¢lements are separated by a carriage return/line feed (cHif,

Purging  All variables are stored in volatile memory, If the mainframe loses power, all
Arrays and  variables are lost. The SCRATCH command also purges all variables, subroutines,
Variables and some stored states (explained in Chapter 11),

Variables and Math
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eneral Purpose

Math
Operators

General
Math
Functions

You can use general math expressions, following standard BASIC kanguage 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 HF 3235 also has a simple
calculator mode,

In addition to the vsual math operators, + - % 7, 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=(-8

Integer division (DiV}) returng the integer portion of the quotient. In other words,
normal division takes place but all digits to the right of the decimal point are
sruncated (not rounded),

The MOD (Modulo) operator returns the remainder resulting from a division,
Like BV, a normal division takes place, but MOD returns only the remainder,
For instance, when yvou 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; PLET A = 7 DIV 3; FETCH AM

20 ENTER 709¢; A ! RETURHS 2
30 PRINT A

40 DUTPUT 709; "LET A& = 7 MOD 3; FETCH A"

30 ENTER 709;A I RETURHNS 1
&0 PRINT A

70 END

Relational marth operators (<, », <=, >= =, <>} and logical operators (AND and OR)
are allowed in any expression.

Table 7-1 explaing the general math functions available in your HP 3235, The
arguments, denoted by X and Y, may be numbers, numeric variables, functions,

array ¢lemients, or numeric expressions in parenthesis.

Table 7-1. General Math Functions

Function and Meaning

Argument

ABS (XD Absolute value of X,

SGR (X3 Positive square root of X.

Variables and Math
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Logarithmic  The HP 3235 can compute hoth natural and common logarithms, The logarith-
Functions  mic functions are shown in Table 7-2,

Table 7.2, Logarithmic Functions

Fupnction/ Keaning

Argument

LOG (X} che(XJ; naturat fogarithm of a positive X to the base e.
EXP (X} eX: Naturat antilogarithm. Raises = to the power of X.
LET (X3 Log?a; common logarithm of a positive X to the base 10,

Trigonometric Three programmable trigonometric functions are provided in the HP 3235, They
Functions areshown in Table 7-3.

Table 7-3. Trigonometric Functions

Functien and Meaning
Argument (¥ in radians)
SIN (0O Sine of X.

COS X)) Cosine of X,

ATN (XD Arctangent of ¥.

Logical  The HP 3235 has four logical functions: AND (inclusive-AND), OR (inclusive
Functions -OR), EXOR (exclusive-OR), and NOT (invert). The first three functions compare

two arguments and return either 2 *1° or a *0" based upon the respective truth
table. Any non-zero value {positive or negative) in an argument is considered a
ltogic |. Only zero is treated as logic 0. The commands have the forn:

argament 4 AND argument B

argument A OR argument B

argument A EXOR argument B

NOT argunient

The truth tables for the four functions are:

AND OR EXOR NOT
A{B | AANDESE AlBAORS A [ B | AENORB A | NOT &
».i..‘! ........... l---E ......... |....»I ......... ..| ......
cJo| o 810 o0 O I I 0 1
011 ] o 6 f1 | 1 o0t 1 1 o
14061 0 Tr0 ] 1740 1
11 1 11 17414 o

Yariables and Math
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Binary
Functions

Math
Hierarchy

The HP 3235 provides seven binary functions, These can help in digital pattern

generation. When using the binary funciions, 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,

Tahle 7-4. Binary Functions

Funetion/Argument

Heaning

BINANDCX,Y)
SINCMP ()

BINEOR(X, Y)Y

BINIORCX,Y)

BIT(X,position)

ROTATE(X,displacement}

SHIFT{X,displacenant)

Bit-by-bit {ogieal AMD of the arguments,
Bit-by-bit binary complement of the argument.

Bit-by-bit {ogical Exclusive-0R of the
arguments.

Bit-by-bit logicsl Inclusive-OR of the
arguments.

Returnsg MO¥ oF #1® representing the logic
value of the specified bit of the argument.
The bit position is in the range 0 (lsh) to
15 {(msh).

Returns an integer obtained by rotating the
argument s specified rumber of positions
Wwith bit wraparound,¥

Returns an integer obtained by shifting the
argument a specified number of positions
without bit wreparound.*

* Il the displacement is positive, rotating or shilting is toward (e least significant bil. IF the displace-

menl is negative. rotaling or shilting is toward the most signilicant bit

The HP 3235 evaluates parenthetical expressions before evaluating anv math
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

Righest Priority

Lowest Priority

Parentheses
Functions: SIN, CO8, etc.
Exponentiation

¥, ., HOD, DIV,

4, .

Relational operators: <, », <=, »>=  etc.

and togical operaters: AND, OR, etc.

Variahles and Math
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Math  When evaluating a math expression, the following errors may occur. The
Errors  HP 3235 treats math errors just tike any other execution errors, Refer to
Chapter 4 for information on handling errors,

Table 7-6. Math Errors

Error Description

Division By Zero

Real Overflow

Real Underflow

Integer Overflow

Square Root of a Megative Number

Log of a Nen-Positive Number

illegal Resl Humber

Trig Argument Out of Range

BCD Exponent Too Big

HEX, Dctal, or Decimal Argument Error

Making If you are comparing integer numbers, no special precautions are necessary.
Comparisons  However, if you are comparing REAL vatues, especially those which are the
Work  results of calculations, 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
resermbling the following

19  QuTPYT 709; *SUB TESTERY

20 QUTPUT 709; “A=25 37654770

3G QUTPUT 700; “IF SINCAY"2 + COS{A)"2 = 1 THEN"
&0 QUTPUT 709; YDISP 'EQUALIY

50  QUYPUT 709; HELSE®

60 OUTPUT 70%: "BISP 'HOT EQUAL'M

70 OUTPUT 70%: PEND [FY

80 OUTPUT T0S; MSUBENDY

90 OUTPUT 709: "CALL TESTERY

100 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 decimat or ir-
rational number cannot be represented exactly in any finite machine like the
HP 3235,

A good example of equality error occurs when multiplying 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 vou are comparing two numbers, as with the LIMIT or VERIFY
commands, always leave a sufficient error margin for the test limits.

Yariables and Math
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Limit
Testing

QOne 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 fest values must
be stored in an array. Each test value is compared to corresponding efements in
the upper and lower limit arrays, You must il the upper and lower limit arrays
prior to executing LEMIT. The LIMIT command returns a "0" if all the com-
parisons pass or a "1™ if any comparisons fail.

1t also sets the Limit Fail bit (bit 14} in the status register if the test fails, The
LIMIT 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 QUIPUT T09; PLLRY | CLEAR THE STATUS REGISTER
20 QUTPUT 709; VYREAL UPLIKIT(4), LOWLIHIT(4), MEASDATA(4)M
30 CQUTPUT 709; SINTEGER CHLIST(4)M

40 OUTPUT 709; PFILL UPLIMIT 5.1,5.1,12.2,-7.05,12.20
50 GUTPUT 709; YFILL LOWLIMIT 4.9,4.9,11.9,-6.95,1%1.9%
60 OUTPUT 709; "FILL CHLIST 122,113,105,101,107"

70 OUTPUT 709: YMEM MEASDATAM

BO OGUTPUT 709; “MEAS CHLIST*

90 QUTPUT 709; "MEM OFF®

108 OUTPUT TO09; "LEMIT MEASDATA,LOWLIMIT,UPLIMIT®

110 ENTER T09;A

128 IF A=0 THEN PRINT “TEST PASSLDY

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 I=D TO &

T10  OQUTPUT 709; “LIMIT MEASOATACH; ;") LOWLIMIT{M 190y UPLIMIT¢H;3;myn
120 ENTER TO9; A

138 1F A=0 THEN

149 PRINT "READING Y;I;" PASSED®
159 EisE

160 PRIRT MREADING M;1;7 FATLED®
170 ERD IF

180 HEXT 1

190 END

This could also be done in a subroutine, Refer to Chapter § for information,

Variahles and Math
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Chapter &

ti

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 malnframe
memaory from a remote controller (such as one of the HP Series 200/300 com-
puters), or vou can enter from the control panel keyvboard, This chapter ac-
quaints you with the structure and vsage of subroutines, It also discusses specific
commands that are used only with subrootines.

Subroutines, down-loaded into the HP 3235 prior to making measurements and
then called later with a single command from the system controller, allow the
controller to perform other tasks while the HP 3235 is busy with some other ag-
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 gn HP 3235 subroutine ex-
ecute {aster than those same commands received over the HP-IB 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 are 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
gizes 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 § nest Subroutines?

Yes! Nesting subroutines is the ability to have one subroutine calf (execute)
another subroutine. You can nest up to 10 sabroutines.

Subroutines
8-1
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Writing And Loading Subroutines

Creating the
Subroutine

Subroufines
8-2

The subrouvtine program examples in this chapter illusirate 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-foad the subroutines and
channel lists from vour system controller at the beginning of your test system

program. This helps memaory 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
commaunds, unti} the SUBEND command, in a subroitine.

Subroutine names may be from 1 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 question mark (7). You can use either upper or
lower ¢ase but the HP 3235 converts all alpha characters to upper case.
Svbrovting nares must not be the same as any HP 3235 command header {i.e.
CLOSE, TIMER, RUN, etc), parameter (ie. FAST) or variable name.

NOTE

Newnes are crected by the MEM, DIM, REAL, and INTEGER commands, sub-
routines, stored states, and variable assignments {te, 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 1o create a simple subroutine

10 OUTRUY 709, HSUB GLSCHAW®
20 QUTPUT 70%9; YOPEN 103:CL08E 113;MEAS 2130
30 QUTPUT 709; "SUBEHNDH

The two statements, SUB CLSCHAN and SUBEND, along with the three com-
mands on line 28 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.
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Editing
Subroutines

Purging
Subroutugnes

You can then execute the subroutine from either the control panel keyboard or
from the system controfler, The subrontine will not be stored if a subrontine
nesting error exists when the SUBEND command is executed (eg. a called sub-
routine does not exist in the HP 3235's memorvy).

If you create or down-{foad 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 bas no facility 1o edit subroutines. Therefore, vou
should create your subroutines on your system controller and store them off-Hne.
In this way they are always available for down-loading shouwld you accidentally
puige the subroutine, You can alse edit the subroutine at the system controller
for easy updating and storage.

Subroutines, variables and arravs are destroyed 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 your system controller
and then store them on disc or tape for later use and for easy revision. Please
note that the R8T and GLA commands do not purge subroutines,

The DELSUB command purges individual subroutines although the subroutine
name still appears in the CAT {catalog) Hst.

Two conditions will destroy all existing subroutines, variables, and arrays from
maimframe memaory:
s Removing power from the HP 3235 mainframe.

& Executing a SCRATCH command,

Subroutines
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Lommand Types

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 controi execution
of subroutines from insicle or outside a subroutine.

Deﬁﬂiti()ﬂ/ Subroutine definition/deletion commands identif'y the beginning and end of sub-
Deletion  routines, store and delete subroutines from memory, and list the subroutines
Commands  presently stored in mainframe memory,

The syatax formats for the subroutine definition/deletion coramands are as
follows:

SUB name

SUBEND

DELSUB name

SCRATCH

CAT

LIST name

COMPRESS name

SUB/SUBEND  fvery HP 3235 subroutine must contain the two commands SUB name and

SUBEND.
The SUB rame 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. It identifies
where the subroutine ends and also terminates the entry of the snbroutine.
Commands listed between the SUB name and the SUBEND command are ex-

ecuted, in order, every time the subroutine is executed.

Only one SUB name and one SUBEND command is allowed in any one sub-
routine. Additional SUB name or SUBEND commands generate errors.

DELSUB  The DELSUB name command deletes onfy the specified subroutine from

mainframe memory. It does nof delete the subroutine name itself from the
catalog of subroutines,

Subroutings
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SCRATCH The SCRAATCH command deletes {scratches) aff HP 3235 subroutines, variabies, l
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-

S ecuted while a subroutine i executing.

CAT The CAT command {catalog) lists the names of alt HP 3233 subroutines, simple I
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 returns
the word "DONE", Refer to Chapter 11 for information on stored states. The
format for the catalog is:

For Subroutines: SUB sub_pame S1ZE dddd TEXT S1ZE dddd

For 1nteger Arrays: 1ARRAY array_amame SIZE dddd

For Real Arrays: RARRAY array _itame SI1ZE ddidd

For Storsd States: CONT stafe_namte (nonveietiie memory)
' STATE state_neame (volatile memory)

For Simpie Variables: INT variabie_name
REAL varlable natne

The CAT command returns two “size” values for subroutines. The first value is
the size, in bytes, of the subrouting’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
actval number of elements in the array. The following progeam shows how to
use the CAT command.

10 DEM A%EBO]Y

20 OQUTPUT 709; “CATH
30 REPEAT

&0 ENTER 70%; A%
SG¢ PRINT A%

66 UNTIL A% = UDONEY
7O EKD

LIST The LIST name command allows you to tist the specified subroutine. You can
list the subroutine either to the control panel display (execute LIST name fol-
lowed by the STEP key) or to vour system controller. Remember, vou cannot
edit the subroutine from the contro! panel; you muost edit it at your system con-
troller. The following program shows how to list the subroutine CLSCHA N to
your system controller.

10 PIM A3[1003

20 OUTRUT 7097 MLIST CLSCHAN®
30 REPEAT

40 EKTER 709; A3

50  PRIKT A%

60 UNTIL A% = MSUBEND ;v

70 END

sSubroutines
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COMPRESS Tive 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.

Execution Subroutine execution commands controf the execution of a subroutine, The
Commands  HP 3235 has six execution commands:

CALL name
RUN name
PAUSE
CONT

STEP {name)
ABORT

Subroutine  The CALL name command executes the named subroutine and waits for it to
CALL  finish. This means that no subsequent commands are accepted (either from the
HP-1B 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 subroutineg finishes execution, the READY Bit is set and the
mainframe is ready o receive additional comamands,

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-
rontine, the HP 3235 retains that assignment after the subroutine finishes execu-
tion.

Subroutine  The RUN name command executes the named subroutine in parallel with other
RUN  commands. This means that the mainframe execuvtes the subroutine as it finds
time between executing other commands. Commands executed from the
keyboard or from the system controller temporarily interrupt execution of the
subroutine. When yvou RUN 2 subrontine, the HP 3235 sets the READY 8it {(Lit 4
in the Status Register) indicating that the mainframe is ready to accept and ex-
ecnte more commands. Do not use the RUN command o 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 before the
subrontine was run,

Knowing When  The RUNNING? query command returns a "i" if the subroutine is currently run-
2 Subroutine  ning or paused (sec "Subroutine PAUSE"} or a "0/ if the subroutine is not running.
is Running  The following program shows how to use the RUNNING? command,

Subroutines
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Subrouiine
PAUSE

Knowing When
a Subroutine
is Paused

Stepping
Through a
Subroutine

Aborting a
Subroutine

10 QUTRPUT 709; “RUN CLSCHAN™

20 QUTPUT 709; HRUNHENGYH

30 ENTER 709; A

40 1F A=1 THEH PRINT *SUBRQUTINE IS RUNNIKG"

50 IF A=0 THEK PRINWT “SUBROUTIKE [S NOT RUNNING"
60 END

You ¢an cause a RUN subroutine to pause execution with the PAUSE command,
Once a subrouting has been paused you must execute a CONT command to
resume execution, CONT lets the subroutine continue running to completion,
starting {rom the next command after the PAUSE command,

NOTE

A PAUSE command embedded within a CALL exectied subrowtine pauses ¢ BUN
execited subroutine (if one is running ). You camof pause a CALL execited sib-
routine,

After pausing a subrouvtine, you can alsa 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 ervor i’ you try to execute either CONT or STEP
when a RUN executed subroutine is not paused or doesn’t exist.

The PAUSED? query command returns a "I" if the subroutine is currently paused
or a "0" if the subroutine is paused. The following program shows how o use
the PAUSED? command.

10 QUTPUT 7U09; "EUN CLSCHAN;PAUSE"

20 OUTPUT TO9; VUPAUSED?H

36 ENTER F09; A

&G IF A=1 THEN PRINT “SUBROUTINE 135 PAUSED®

5G  IF A=0 THEN PRINT VUSUBROUTIHE € NOT PAUSEDH
60 END

The STEP name command allows you to step through your subrouting, line by
line, to verify its operation. After you execute STEP nanie, use 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 displayed. You can execute the CONT command to cease stepping the
subroutine and cause it to execute normally.

The HP-1R CLEAR command {see Appendix D) aborts execution of o CALL ex-
ecuted subroutine and returns control to the HP-1B command input buffer or
the control panel.

Subroutines
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ABORT halts execution of any RUN executed subroutine and returns control to
the HP-IB command input buffer or keyboard, ABORT can only stop an execut-
ing subroutine at the end of a subroutine statement. If the subroutine statement
takes a fong time to complete (eg, WAIT 100), the ABORT command may time-
out and generate an error message. Either press the Control Panel Device Clear
key or execute an HP-1B Device Clear to regain control. ABORT cancels any
nested subroutines. ABORT does nothing if ne subroutine is running.

Exiting g A subroutine executes until it reaches the SUBEND command. Controf then

Subrouting  reverts back to either the subroutine that cailed 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-
ample, if you want to have a conditional termination of the subroutine, place
RETURN inside an F...THEN construct (discussed later in this chapter}, The
RETURMN statement returns controd to the caller without executing the SUBEND
statement.

Nesting  One subroutine may call a second (nested) subroutine for execution hefore the
Subroutines  first subrontine finishes execution. When the second subroutine executes the
SUBEND statement, the first subroutine continues with the next comamand fol-
lowing the embedded CALL nanme command. Do not use the RUN command to
nest subrougines,

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 OUTPUT 709; “SUS CHLMEAS™

20 OUTPUT 709; YMEM A®

30 OUTPUT 70%; "MEAS 113

40 OUTPUT 709; “MEM OFF"

50 QUTPUT 709; “If A < 5.05 THEN; RETURK®
60 OUTPUT 709; MELSE®

70 OUTRUT 70%; *CLOSE 281

80 QUTPUT 709; "END If*

90  OUTRUT 709; "SUSEUD®

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
bet'ore 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 if 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 rnested 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 OUTPUT 70%; "SUB CLSCHANM

20 OUTPUT 70%9; “OPEM 321;CLOSE 123¢

30 oUTPUT 709; WSUB OPCHAN® f TH1$ RESULTS IN AN ERROR
40 QUTPUT 709; “GPEM 232;CLOSE 212¢

50 OUTPYT 709; “SUBERDW

60 END

Subroutines
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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 contexi of a subroutine.
Conditional branching and looping constructs provide for repetitive tests, in-
itializing arrays, ete,

The three constructs are; FORWNEXT and WHILE...EKND 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 ons using the conditional branching aad 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.L.NEXT loop i

FOR foop counter = intital value TO final valuye [STEP size]
Stbroutine Segment
NEXT /oop counter

The loop counter can be any simple variable. The inifia! and final value may be
either numbers, numeric variables or marhematical expressions. The optianal step
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 finaf value, the loop is skipped,

The Subroutine Segmont repeatedly executes until the joop counter exceeds the
final value. The following example shows a simple FOR...NEXT loop:

10 OUTFUT 709; "REAL READINGS (7)"
20 DUTPUT 70%; "SUB CLSCAW"

30 QUTPUT TO9; “MEM READINGS®

40 QUIPUT 70%; “FOR A = 1 To @8»

38 OUTPUT 709; “MEAS (100+a)v

60 QUTPHT 709; “HEXT A"

70 QUTPUT 709; "“MEM OFFN

80 OUTPUT T789; "SUBEND®

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

Subrontine Segrieni

Subroutines
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IF.. THEN
Branching

Subroutines
810

END WHILE

As long as the expression evaluates to true (not zero) then the Subroutine
Segmenl executes repeatedly, When the expression evaluates to false (zero), then
subroutine execution continues with the statement after the ENDY WHILE
statement.

The following program demonsirates a simple WHILE...END WHILE loop:

10 OUTPUT 709; NREAL READINGS (71
20 QUTPUT 709; "SUB CLSCAND
30 QUTPUT 709: va=tw

40 QUTPUT 70%; YMEM READIMGS®
50 QUIPUT 709 "WHILE A<=8&"
60 OUTPUT 709; "HEAS (100+R)IN
76 DUTPUT 709: “Ach+|v

80 OUTPUT 709; REND WHILEM

90 OUTPUT 709: “MEM DFf

160 DUTPUT 709; WSURENDY

110 EWD

The IF..THEN construct provides conditional branching within subroutines. The
complete syntax for IF...THEN constructs is:

IF expression THEN
Subrouiine Segment
[ELSE]

[ Subroutine Segrmont}
END IF

If the origina! expression (in the IF...THEN statement) evaluates to true (zero),
then the first subrowtine segmeni is executed. If the expression evaluates to false
(zero) then subroutine execution continues with the subroutine segment after the
ELSE statement or, if you haven’t used the ELSE statement, then subroutine ex-
ecution continues after the END {F statement,

The following example shows a simple IF...THEN construct:

10 DUTPUT 709; "REAL READINGS (7)
20 DUTPUT 709; 9SUB CLSCANM
30 OUTPUT 709; “A=1#

40 OYTPUT T09; "MEM READINGS"
50 QUTPUT 7069; IF A<B THEW®
60 OUTPUT 709; PMEAS {100+A3"
70 GUTBUT 709; “A=pwtv

80 OUTPUT 709; SEND 1§

R0 DUTPUT 708, "MEM OFF*®

100 OguTPYT 709; “SUBEND™

110 END
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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 (e.g 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 fwo timers in the HP 3235, These timers can
generate square waves or pulses and count-down from preset values and inter-
rupt the system controbler 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 isolating/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 you need to specify 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 you specify a source for driving a teigger bug the HP 3235 automatical-

ly cancels any previous source designation for that same trigger bus. You can
have any number of devices receive the frigger 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-oi, both irigger buses are configured to be continuons throtighout the HP
3235 systemt. A selected source will drive the irigger buses in all frames connected
via the extender system. Refer to the AUTOTB command later in this chapter to
isolate trigger buses between frames.

You can use the trigger bus system in three distinet ways
¢ Using the backplane trigger buses to pass signals to/from plug-in modules,

® Driving the trigger buses from other sources {external instruments, timers,
HP-IB, etc,). '

® Isoiating 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:

s HP 34504 Switched Shield Coaxial Multiplexer Module
¢ HP 345006 Switched Shield Coaxial Mattix Maodule

® HP 34520 Multimeter Module

* HP 34522 Digital 1I/0 Module

& HP 34523 Breadboard Module

Refer to Figure 9-2. Both the HP 34504 Coaxial Multipiexer 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 bidirectionat buffers (one for each trigger bus) independent of
the matrix swifches, The HP 34504 Coaxial Multiplexer also has two bidirection-
al buffers {one for each trigger bus) but the trigger signals must route through
the multiplexer switches,

Trigger Buses and System Timing
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Figure 9-2. HP 34504 and 34506 Simplified Schematics

The TRIGBUF command specifies the buffer and the mode (input, output, or of f)
on the specified module, TRIGBUF has the form:

TRIGBUF bufferd mode
The buffer number has the form esen where es represents the frame (mainframe
or extender) and slot number respectively, The #r represents the actual buffer

number on the moduie where "00" represents Trigger Bus ¢, and "01" represents
Trigger Bus 1.

Trigger Buses and System Timing
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Table 9-1 lists the three choices for the rrode parameter,

Table 9-1. TRIGBUF mode Chaices

mode
Parameter pefinition
OFF Turn Off the Specified Trigger Buffer.
IN Trigger Buffer Specified Inputs Signal
from External ;ircuitry to frigger Bus.
ouT trigger Buffer Specified Outputs Signal
from Trigger Bus to External Circuitry.

The following program exampie shows how o input a trigger signal from chan-
nel 13 of an HP 34504 Coaxial Multiplexer Module installed in slot 700, pass it
through Trigger Bus 1, and cutput the signal through an HP 34506 Coaxial
Matrix Module in slot 200,

10 QUTPUT 709; “RSTH
20 QUTPUT T09; ™CLOSE 73V
30 QUTPUT T09; “TRIGBUF 0701, 1N®

RESET THE MAINFRAME
CLOSE CHARREL 713
SLOT 700, BUFFER/TRIGGER BUS 0%

e e e ema

35 IHPUT SIGHAL

40 OUTPUT 709; “TRIGBUF 020%,ourw $L.OT 260, BUFFER/TRIGBER BUS 01
45 b OUTPUT SIGNAL

50 END

NOTE

Transients, caused by opening or closing relays ov seiting the HP 34304 or 145106
Coaxial Modide trigger bus buffers, can catse false trigger signals on the triggey
bus lines. Therefore, a good programming practice is (o open /elose any relays on
the HP 34504 Switched-Shield Coaxial Multipfexer Modite and enable the irigger
buffer (YRWGBUF command } for either coaxial module prior {o desigrating the
irigger destination. For example, if you ave using a trigger signal (o irigger the
HP 34520 Muliimeter, sel-up the eatire trigger bus system before armiing the mul-
timefer riggering,

Refer to the individual plug-in module Programming and Configuration manuals
for additional information on using these modules with the trigger buses,

Using the  The HP 34520 Multimeter can receive trigger signals from the trigger buses or
Multimeter  drive the trigger buses with a voltmeter complete signal. Refer to the HP 34520
Module  Programming and Configuration Manual for additional information. The mul-
timeter must be specified as the current wse device with the USE command. For
example, if the multimeter is in slot $00, execute:

GUTPUT 70%9; "USE BOG®

Trigger Buses and System Timing
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Triggering
the Multimeter

Voltmeter
Complete

Using the
Digital 1/O
Module

Driving the
Trigger Bus

The HP 34520 Multimcter can receive its measurement trigger or its sample
pacing signal (see the TRIG and NRDGS commands in the HP 34520 Muhlimeter
Manual) Trom either trigger bus. For example, to specif'y Trigger Bus 1 as the
source for the measurement trigger, execute:

DUTPUT 709; YIRIG TRN

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:

VMCMPLY destination

You can specify either NONE {or OFF), TB0, or TB1 as the destination. For ex-
ample, to send the voltmeter compleie signal through BPTB? to a trigger bus
output buffer on an HP 34506 Coaxial Matrix module in stol 400, execute the
following:

OQUTPUT Y09; NUSE 800; YMCMPLT TBO; TRIGBUF 400,0uTH
The HP 34522 Digital 1/0 Module can either drive the frigger 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:

GUTPUT 709; “USE 300¢

The TBRRIVE command selects the source on the Digital 1/0 Maodule which is 1o
drive the specified trigger bus and has the following syatax:

TBORIVE TBu, source

The TBn parameter selects which trigger bus (either TB(Y or TBI} the module
drives. Table 9-2 lists the eight choices for the sowrce parameter.

Tabie 9-2. TBDRIVE sonrce Choices

soUrce
Paremeter Description
OFF Turn Off the Irigger Bus Driver.
SRTRIG brive from the Second Rank Clock Signai.
SRACK Drive from the Second Rank Acknowledge Signat,

EXT Crive from the Digital 1/0 Externat Trigger.

EXTBAR Drive from the Digital 1/0 Inverted External Trigger.
EVENT erive from the Event Sense Interrupt.

LOW Farce the Trigger Bus te its LOW State (0 Volts).
HEGH Force the Trigaer Bus to its HIGH State (+5 Volts).

Trigger Buses and System Timing
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Driving the
Digital 1/O
KModuie

Using the
Breadbeoard
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 I/0 module’s {stot 300) external trigger input.,

QUTPUT 70%; MUSE 30G; TBODRIVE TRO,EXT"

The SRTRIG command specifies the trigger source (second rank trigger) for uf-
fered transfers from the Digital 1/0 Module. Two of the eight possible sources
for this trigger are the Backplane Trigger Buses. Refer to the HP 34522 Digital
I/Q Manual for additional information.

The HF 34523 Breadbonrrd Module has the capability to have two bidirectional
trigger bus buffers (one for each trigger bus) for receiving or sending trigger bus
signak. 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 sources/destinations include the External Trigger In and Out BNC
counectors, the fimers, 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 af a fime. This is because the isolation circuirry (see Figure 9-1} provides
only one signal path in each dirveciion. For example, if the externad Trigger In
BNC is driving Trigger Bus 0, then Trigger Bus I must either be driven by one
plug-n module or not used.

The DRIVEYEB2 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:

PRIVETBn source

Table 9-3 shows the possible sources for driving the trigger buses,

Trigger Buses and System Timing
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Ex{ernal
Trigger
in BNC

TIMER®S/
TIMER1

LOW/HIGH,/TRG

Tabile 9.3. DRIVETBR souwrces

Source
Parameter bescription
OFF Fisable the trigpar bus drivers
EXTIN Drive the trigger bus from the External Trigger En BHC
TIMERD Drive the tripger bus from Timer O
TIMER Drive the trigger bus from Timer 1
LOw Force the trigger bus LOW (0 volts)
H1GH 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 808, execute;

10 QUTRUT 209; WDRIVETBT EXTINM I DRIVE TRIGGER BUS EXTERNALLY
20 QUTPUT 709; "USE 800C; TRIG TBY | MULYIMETER TRIGGER 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 700; YDRIVETED TiMERIY P TRIGGER BUS SOURCE IS TIMER 1

20 CQUYFUY 709; "SEYT OUTPUT TIMERT,ON ;PULSE TIMERT, .GO1n
30 EMD

The HP 3235’s CPU (internal microprocessor} can force either trigger bus to a
logic HIGH state (+5 volts) or 2 LOW state (0 volts). For example:

OUTPUT 70%; "ORIVETBG LOWP | FORCE TRIGGER BUS O LoW

The CPU can also pulse the trigger bus when the HP 3235 receives cither the
TRG command or the HP-1B Group Execute Trigger (GET). For additional in-
formation on the HP-IB GET refer to Appendix I in this manual. The follow-
ing example shows how to puise Trigger Bus 1 with both the TRG command and
the HP-IB GET. In this mode, the steady state is high: the TRG command pitlses
the line low then high again.

18 OUTPUT 709; "“DRIVETRY TRGH § SOFTWARE TRIGGER SOURCE
20 GUTPUT 709; tTRGe ¥ PULSE TRIGGER BUS 1

39 TRIGGER 709 I PULSE TRIGGER BUS 1

G0 END

Trigger Buses and System Timing
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Reading the The TBa? command returns the jogic level of the specified trigger bus. 1t returns
State of the a0 if the bus is at a logic low (0 voits) or a Y’ for a logic high (+5 volts). The

Trigger Buses command has the form;
: TBu? [/rame]

To determine the state of Trigger Bus 0 in extender frame 3, execute the
following:

10 QUTPUT 709: "TRO? 3%
20 ENTER 709; A

30 PRINT A

40 END

DfiVing the  The DRIVEEXT command selects the source to drive the External Trigger Out
- External BNC on the mainframe. The command has the form:

OI{EE%% DRIVEEXT source

The sonrce parameter has eight possible values as shown in Table 9-4.

Table 9-4. DRIVEEXT source Parameters

Source
Parameters Description
GFF - Disable the Externsl Trigger Qut BNC
160 Drive from Trigger Bus 0
THY Drive from Trigger Bus 1
EXTIN Drive from the External Trigger In BANC
TIMERO Drive from Timer 0
TIMERS brive from Timer 1
LOW Force the External Trigger Out BHC LOW (0 velts)
H16H Force the External Yrigger Out BHC 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 QUTPUT FO%: "“USE &0Qv ! SELECT MULTIMETER W SLOT BOO

20 OQUTPUT 709: BYMCHPLT TBOY bOVOLTMETER COMPLETE TO TRIGGER BUS O
30 OUTPUT 7G9; “DRIVEEXT TBON I DRIVE EXT. TRIG. OUT BNC FROM TRO
40 END

Trigger Buses and $ystem Timing
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Using the
Special
Trigger Bus
Configurations

Using
Frames
Individually

Selecting
Sources
within a

Frame

NOTE

In addirion to the Hmitation that sources other than plug-in modules can drive only
one backplane trigger bus ar a fime, the internal switching will not allow:

DRIVETB» TRG; DRIVEEXT TBn

Until now we have discussed using the trigger buses between plug-in modules
within a frame or using sources at the mainframe to drive the entire trigger bus
system, Four additional commands provide added control when using the trigger
buses with extenders and different trigger signals in different extender frames.

NOTE

Only the mainframe Exfernal Trigger In and External Trigger Out BNC connec-
tors may be used. These BNC connectors on the exiendoer frames are nol function-
al,

The AUTDTE command connects or disconnects the extender trigger buses be-
tween each frame. With AUTOTB ON the extender and mainframe trigger buses
are always connected together, Thus, any signal driving a backplane trigger bus
in one frame appears on the extender trigger bus. Thig default setting is adequate
for most applications, If vou must set up different backplane trigger signals in
your extenders, vou must specify AUTOTB OFF and use the DRIVEBPH,
DRIVEETBH, and BPOUT commands.

AUTOTB has the form:

AUTOTB mode
where mode is either on or of f.
With AUTOTB OFF, you can have separate sources driving the backplane frigger
bus lines in separate frames. The signal driving a backplane trigger bus is not
placed on the extender trigget bus lines. The DRIVEBPr command specifies the
source for driving the backplane trigger bus lines. It has the form:

DRIVEBP source | frame# ]

'The 1 parameter can be either 0 or 1 for backplane trigger bus 0 or backplane
trigger bus I, respectively,

The frame parameter specifies the frame (8 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. DRIVERPR source Parameters

Source
Parameters Pescription
OFF Disable the specifisd backpltane trigger bus
ETBG Drive the specified backplane trigger bus from
Extender Trigger Bus @
ETE’ Drive the specified backplane trigger bus from
Extender ¥rigger Bus 1
EXTIH* Crive the specified backplane trigger bus from
External Trigger In BRC
TIMER{(* Drive the specified backplane trigger bus from
Timer 9O
TIMERT* Drive the specified backplane trigger bus from
Timer t
LOW Force the specified trigger bus LOW {0 volts)
HiGH Force the specified trigger bus HIGH (+5 volts)

* valid oniy 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 DUTPUT 709; “AUTOTB OFF! 1 DISCONNECT THE TRIGGER BUSES BETWEEN FRAMES
20 QUTRUT 709; “DRIVEEPQD ETB1,37 | DRIVE TED FROM EXTENDER BUS i,FRAME 3
30 EXD

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# [.framer]

The bus# is either § or | for Backplane Trigger Bus 8 or Backplane Trigger Bus
1, respectively. The optional frame specifies which frame sources the backplane
gignal. Default is the mainframe For example, if you want to source a signal
through Trigger Bus 0 from an HP 34506 Coaxial Matrix Module instalied in slot
400 of extender 3, execute the following program:

10 OUTRPUT 709; "AUTOTR QFF" ! DISCOMNECT THE TRIGGER BUSES BETHWEEN FRAMES

20 QUTRUT 709; “TRIGRUF 3400, IW" | TRIGGER SOURCE
30 QUTPUT TO9; “BPOUT 0.3¢ I DRIVE TBO IN EXTEKDER FRAME 3
40 END

Trigger Buses and System Timing
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Driving the
Exiender
Trigger
Bus

Examples

The DRIVEETB#2 command specifies the frame and the source in that frame to
drive the extender trigger bus between frames, The syntax for the command is:

DRYWEETB#» source [.frameit]
The n parameter can be either 0 or I for extender trigger bus 0 or extender trig-
ger bus [, respectively. The frame parameter specifies which frame { § for the
mainframe or 1-7 for extenders) will drive the specified extender trigger bus,

The source parameter has nine choices listed in Table 9-6.

Table 9-6. DRIVEETB# sotrce Parameters

Source
Parameter Pescription
QFF Diszhte the specified extender trigger bus
BFP prive the specified extender trigger bus from the source
specified by the BPOUT command
EYBO* Brive the specified extender trigger bus from Extender
Trigger Bus O
ETB1 %% brive the gpecified axtender trigger bus from Extencer
Trigger Bus 1
EXT]Hrhwa Brive the specified extender trigger bus from Exterpel
frigger In BHC
TiMERO*** [ Drive the specified extender trigger bus from Timer @
TIMER ¥ ¥ Brive the apecified extender irigoer bue from Timer 3
Lo Force the specified extender trigger bus LOW (6 volts)
HEGH Force the specified extender trigger bus HIGH {+5 volts)

* Yalid only when n=t
** valid only when n=0
#x% Waiid only when frame = 0 {mainframe)

To use the BF parameter, vou must specify the BPOUT command with the same
frame number as the DRIVEETBr command. For example, to drive extender
trigger bus 0 from backplane trigger bus 1 in frame 3, execute the following
program,

10 QUTPUT 709 "BPOUT 1,3" 1 HSE TEB1, FRAME 3 AS SOURCE

20 OuTPUT TO9Y; "DRIVEETBO BP,39 ! DRIVE EXTENDER TRIGGER BUS 0 FROM
2% ! 181, FRAME 3

30 EdD

The following examples show how to use the trigper 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.
Signal from

Module in
Frame 1 to
Module in
Frame 0

Exampie 2,
Multimeter
Complete from

Frame 3 {0

External Out
BNC Frame 0

The following program shows how to input 2 trigger signal through an HP 34506
Coaxial Matrix module in slot 600, frame 1, send it through the extender trigger
bus G, and output the signal through an HP 34506 Coaxial Matrix module in slot
4, frame 0.

10
20
25
30
&0
50
55
&0
70

ouTeuY
OUTPUT

QUTPLT
OUTPUT
QUTPLIT

QUTPUT
END

TO0%;
Ta%;

Fae:
789;
voe:

70%;

TAUTQTE OFF® ! DISCOMBMECT TRIGGER BUSES BETWEEM FRAMES
TTRIGBUF 1606, v 1 ENPUT SIGHNAL SLOT 600, FRAME 1

70 BACKPLANE TRIGGER BUS 0 1# FRAME 1
"RPOUT O, % | TBO SIGHAL INTO SWITCHING METWORK, FRAME 1
MIRIVEETBO 8P, T ! BRIVE EXTENDER TRiG, BUS G FROM FRAME 1
MRIVERPO ETBO, 0% § DBRIVE BACKPLANE TRIG. BUS O, FRAME 0O

! FROM EXTENDER TRIG. BUS O
TTRIGBUF 400,0UT" 1 QUTPUT TRIG. SIGNAL SLOT 400, FRAME O

This example shows how t0 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},

16
20
30
40
3¢
50
65
70
89

OUTPUT
QUTPUT
QUYPUT
oUTPUT
DUTPUT
QUTPUT

DUYPUT
END

709;
709;
709:
709;
709;
709,

70%;

HAUTQTE OFFM t DISCONMECT TRIGGER BUSES BETWEEN FRAMES
"USE 3800% 1 SELECT MULTIMETER [N SLOT 800 FRAME 3
OYMOMPLT TEO™ 1 MULTIMETER COMPLETE TG BPYB{, FRAME 3
UBPOUT 0O, 3" 1 TBO SIGHAL IWTQ SRITCHING NETWORK, FRAME 3

YDRIVEETEY BP,3" i DRIVE EXTENDER TRIG. BUS 1 FROM FRAME 3
YBRIVEBPO ETBY,0" ! DRIVE BACKPLANE TRIG. BUS 0, FRAME 0

i FROM EXTENDER TRIG. BUS 1
UDRIVEEKT T8O ! DRIVE EXT. TRIG. QUT BNC FROM TBO

Trigger Buses and System Timing
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Using the Timer Channels

Enabling
the Timers

Setting the
Clock Source

Your HP 3235 has two thmer channels which can drive the trigger buses. Each
timer channel can generate single puises or square waves, or count down from a
specified value, have the current value read by the system controller, and inter-
rupt the system controlier when the counter crosses zero. The mainframe also
has a system clock with time and wait functions,

The SET OUTPUT commans e€nables or disables the timer channels output. SET
GUTPUT has the form:

SET QUTPUT TIMER# miode

You must specify the timer channel, either Timer® or Timerl, aad the state,
Possible modes are: ON and OFF, At power-on, the timer channels are disabled
(OFF, 0 volits), 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 kater in this
chapter.

QUTPUT 709; "SET OUTPUT TIMERT ON; SQWAVE TIMERY,4E-30
The clock source determines the rate at which the fimer channels operate. The
two timer channels have an 800 kHz internal clock source. Alternately, vou can
specif'y an external clock source for Timer( with the SET CLKSRC command,

Timer! must use the internal 860 kHz clock source. SET CLKSRC has the form:

SET CLKSRG TIMERG, source

NOTE

An external clock souree may be specified for timerl withomt an error; however no
source will be connecied.

Trigger Buses and System Timing

g-14

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Table 9-7 shows the possible sources for the SET CLKSRE command for Timer(

Table 9-7. SET CLKSRC Sources

Source
Parameter Description
INT Use internal (800 kHz) source.
BP Use the mainframe backplene trigger bus source
epecified by the BPOUT command or the mast
mast recent TRIGBUF, TRORIVE, WHMCMPLY, &tc. commahd
EYED Uge Extender Trigger Bus O as the source.
ETB1 Use Extender Trigger Bus 1 as the source.
EXTIN Uge the External Trigger In BNC as the source

For example, to set the Timer @ clock source to the External Trigger In BNC,
execute:

QUTPUT 70%; “SET CLKSRC TIMERGO,EXTINY

Pulse  vou can use the timer channels to generate single polses with the PULSE com-
Output mand. The pulses are Low-FHligh-Low TTL level pulses. The PULSE command
has the form:

PULSE TIMER=#, width

The TIMER# parameter specifies which timer channels generates the pulse: either
timer(} or timerl, The widrh parameter specifies the pulse width. If widrh is less
than I, the units are in seconds (e 005 means 0.015 seconds). If widdh is greater
than or equal to I, the units are in integral input clock pulses. For the internal
clock source (800 kHz), one clock pulse equals 1.25 1S, Valid ranges for the
width parameter are 0.0255-6 to G.08E918 seconds or | to 65535 clock pulses.
Minimum pulse width is 1.25

WS,

Execute the 8ET QUTPUT TIMER#2 ON command prior to executing the PULSE
command to enable the timer ontput. For accorately timed pulses, you should
set the clock source (SET CILKSRC) 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 DUTPUT 709; “RSTH
20 DUTEUT 709; “DRIVETBO TIMEROW

30 QUTPUT 709; =TRIGBUE 6U0,0UT"

40 DUTPUT 709; "SET CLKSRC YIMERD ENT; SET OUTPUT TIMERO ONY
50 oUTPUT P0%; "PULSE TIMERD 004"

65 END

Trigger Buses and System Timing
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NOTE

When changing [rom generating sghare waves (o pulses, output a single pilse
before setting the final destination of the pulse. This resets the fimer channels and
emsures that they are set lo the pulse mode,

Square Wave  The timer channels can also generate 50% duty cycle TTL level square waves
Output with the SQWAVE command, This command has the form:

SQWAVE TIMER#, period

The TIMER» parameter specifies wihich 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 puilses
(i.e. 25 means a period of 25 clock pulses). Using the internal clock source (800
kHz), one clock pulse equals 2.5 118, The valid ranges for period are 2,518 to
0.16384124 seconds and 2 to 131070 clock pulses (the internal clock pulse is
12518 )

Execute the SET QUTPUT TIMERN ON command prior to executing the
SQWAVE command to enable the timer output. For accurately timed pulses, you
should set the clock source ({CLKSREC) to internal. For example, to generate a 1
kHz square wave uging Timer 1, and output it through the External Trigger Out
BNC, execute the following:

10 QUIPUT FO9; BRSTY

20 OUTPUT 70%; "SET CLKSRC TIMERT INT; SET OQUTRUT TIMERT ON¥
30 CUTPUT 709; "EQWAVE TIMERT .O0QT¢

40 QUTPUT 709; "DRIVEEXT TIMERI

50 EMD

Counter You can also use both timers as down-counters, That is, you load a timer with a
Functions specified value and incoming pulses decrement the counter until it reaches zero
(0). When the counter crosses zero, it will antomatically reload with the value
you specified. You can also interrupt the system controller when the counter
CrOsses Zero.

Setting the The SET COUNT command loads the specified counter with a specified value.
Counter  The counter counts down at the rate determined by the SET CLKSRC (set 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 vour specified value.
SET COUNT has the form;
SET COUNT TIMER#, value

The TIMER» parameter specifies the timer 1o use, either Timer 0 or Timerl, the

Trigger Buses and System Timing
9-16

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



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 irigger bus events and (2) interrupt
the system controller when the counter reaches zero. To use the counters to
countt trigger bus events, set the SET GLKSRC to the appropriate source {trigger
bus or external). Set the counter to & 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 ogcurred. The following program shows how to do this.

10 GUTPYT 709; “RSTH

20 OUTPUT 70D; #SET COUNT TIMERD &5535% | $EY £OUNTER YALUE

30 QUTRUT FO9; ®SET CLKSRC TIMERD EXTIN® ¢ SET CLOGK SOURCE EXTIM BHC
40 WAIT 5 | PULSE THE EXTERNAL TRIG IN BNC DURING THIS PERIOD

50 DUTPUT 709: SREAD COUNT TIMERDH

60 ENTER 709; A

7O PRINT 65535-Ar® COUNTS HAYE OCCURREDY

BO 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 c¢om-
mand originated from the system controller}, the optional countrol 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,

16 QUTPUT T09;“RST®
20 OUTPUT 7O9;"SET COUNT TEMERD 655351 SET COUNTER VALUE

30 OUTPUT Z709;"SET CLKSRC TIMERG EXTINI SET CLOCK SOURGCE EXTIN BN
4G WAIT 5 1 PULSE THE EXTERNAL TRLG [N BNC DURING THIS PERIOD

50 OUTPUT 7G9;UMER RGCNT; READ COUNY TIMERD® | SYORE READING IN RDCNT
60 CUTPUT 709; “VREAD RDONT®

70 ENTER 709; A

80 PRINT 65535-A;" COUNTS HAVE DCEURREDY

90 EHD

To have a timer/counter inferrupt the system controller when the counter
reaches zero, you must enable the interrupt with the ENABLE INTR TIMERN
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 TIMER#
To use the timer/counters to interrupt the system controller you first load a

value into a timer/counter. For example, iff vou want the interrupt after 100
events, first set the clock source (sce SET CLKSRC command) for Timer 0 to an

Trigger Buses and System Timing
217

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Disabling
Timer
Interrupts

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 bir 12
(Timer( 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 200 or 300 computer.

16 QUTPUT 709; "RSTH

20 QUTPUT P09 “SET CLXSRC TIMERO EXTINY

30 DUTPUT FOY,; “SEYT COUNT TIMERG 1000

48 QUTPUT 709; “RAS 4004w

5¢ OUTPUT 709; ERABLE INTR TIMERQY

&3 ON THTR 7 GOTO 90

7O ENARLE INTR 72

5¢ GOTO 8D 1 WAIT FOR INTERRUPT
S A=SPOLLLI09S

180 1F BIMANDCA,4096) THENM PRINT “INTERRUPT OCCURRED FROM TIMER 0%
110 ELSE

120 PRINT MINTERRUPT OCCURRED FROM OTHER SOURGCED
130 END

The DISABLE INTH command disables the timer interrupts. The form for the
command is:

DISABLE INTH TIMER~

NOTE

Boith ENABLE INTR and DISABLE INTR have uses other than timer interrupis.
Refer to Chapter 10 in this mannal and the HP 3235 Langunoage Reforence Manudgl
for additional information.

Trigger Buses and System Timing
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Clock Functions

Seﬂin%_the
ime

Reading the
Time of
Day

Waiting a
Specified
Time

The HFP 3235 also has clock functions for timing purposes. The clock timer ia
not battery backed-up so you should not rely on it as 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 sefs 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 8639999 with a resolution of 001 seconds. For ex-
ample, to sef the time to 2:30:15 PM (52215 seconds past midnight), execute the
following:

OUTPUT 7O09; PSET 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 is a real nomber. 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 your system controller:

10 QUTPUT 70%; HTIMEY

20 ENTER 709; A

30 PRINT A" ia the number of seconds past midnight
40 END

The WAIT command cavses the HP 3235 to suspend operations for a specified
amount of time. The READY annunciator on the control panel display goes of f
during the wait time. No other commands are executed while the HP 3235 is ex-
ecuting the WAIT command. The command has the form:

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 18 mS for values
greater than 30 mS, The valid range for the seconds parameter is 0 through
21474 836 seconds.
For example, to suspend operations for five (5) seconds, execute:

OUTPUT 709; "WALT 5

Use the HP-IB Clear command (see Appendix D) or the Device Clear key on the
optional confrol panel 1o 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 occurs from a specified source or a specified time (op-
tional) elapses. The command has the form:

WAITFOR source [ fimeont  vatue]
The possible sources are shown in Table 9-8.

Table 9-8. WAITFOR Source Choices

Source

Parameter beseription
EXTIN Wait for a falling edge on External Trigger In BNC
TBO Wait for & falling edge on Trigger Bus 0
T81 Wait for a falling edge on Trigger Bus 1

The firmeont _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
aliotted 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
fimeoni__value i3 0 to 32767 seconds. If vou specify 0 as the #imeoui__valtie {no
timeout limit), the HF 3235 waits indefinitely. For example, to have the HP 3235
wait five (5) seconds for a falling edge on Trigger Bus |, execute:

QUTPUT TO%; “WAITFOR TBY,5"

Trigger Buses and System Timing
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introduction

Chapter 10

This chapter provides interrupt programming information for the HP 3235,
Interrupt structuring allows you to enable or disable individual interrupts for a
vatiety of events. nterrupt events are: Data Available, Control Panel SRQ key,
SRQ command, power-on or reset, READY state, errors, hackplane interrupts

- from the HP 34522 Digital /0 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 f'rom
plug-in modules and the timer channels can be serviced by calling HP 3235 sub-
routines. Figure 10-1 illustrates the entire interrupt system,

Interrupts

This portion of the chapter explains how to program the HP 34522 Digital 1/0
Modute and the HP 34523 Breadboard Module to generate an event interrupt
and how to call  subroutine when an inferrupt occurs, Later in this chapter we
will show how to cause an event interrupt to interrupt the system controller.

Bef'ore sending a command to either the HP 34522 Digital 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 8Y8 command enables the mainframe to acknowledge inter-
rupts from the plug-in modules. The folowing example shows how to enable in-
terrupts from the plug-in modules,

OUTPUT 709; YENABLE INTR SYS™®
The DISABLE INTR SYS command disables interrupts from the plog-tn modules.
DUTPUT 709; "DISABLE IHTR SYS®

The HPF 34522 Digital 1/0 Module contains eight event interrupt Dits 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 controfler. For
additional information on programming the Digital 1/0 Module, refer to the

BP 34522 Digital I/Q Programming and Configuration Manuval.

The HP 34523 Breadboard Module has one interrupt line to the mainframe
pracessor, 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 HF 3235 subroutines when an event interrupt occurs.

The ENABLE INTR {enable interrupt) command enables the HP 34512 or 34513
to interrupt the mainframe when the designated edge is detected on an event bit.
The ENABLE INTR command enables the interrupt {rom the slot specified by
the last USE command.

MOTE
When programming the HP 34522 Digital 1,0 Module for interraprs yolr nis!:

1 Specify the event bit transition (either low-to-figh or high-to-fow) for the event il
Use rhe ERGE conmmand.

2. Optionally clear the event bit (o eliminaic possible previows interripts on (hat bif,
Use the GLEAR EVENT command.

3. Enable the event bir to defect evenis with the ENABLE EVENT commaitd.
4, Enable the interrupt with the ENABLE INTR conmmarntd.

I addition to the ENABLE INTR command, the HP 34523 Breadboard Modude
reqitires whatever programming your cirerdt configuration denrandss,

Interrupts
10-3
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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 hit 3,

USE THE HP Z4522 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 MODAME INTR

WAIT FOR INTR

10 QUTPUT 70%; “USE 200¢

20 OQUTPYUT 7¢%; “EDGE 3, LHY

30 OQUTPYUT 7869; "CLEAR EVENT 3¢
40  CUTPUT 709; “EMABLE EVEKT 3"
50 OUTPUT 789, "ERABLE INTR™

60 CQUTPUT 76%; MENABLE INTR SYS™
Y0 GeTo O

&0 ERD

When a event interrupt occurs, the HP 3235 automatically disables future inter-
rupts from that plug-in module. This means that any fuiure events occurring on
that plug-in module will noi generate another interrupt unless the corresponding
module 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 siot 200, execute:

CUTPUT 7093 ®™USE 200;DISABLE INTR®

When the HP 3235 services an interrupting plug-in module nnd there is no

ON INTR CALL SUB invoked for the interrupt, it disables the interrupt system
(DISABLE INTR $YS). This prevents a second plug-in module from interrupting
while the HP 3235 is servicing the first modide. Therefore, you must re-enable
the interrupt system (ENABLE INTR §Y$) as part of the interrupt service routine
if you expect additional interrupts.

Backplane event interrupis can be serviced by either interrupting the system con-
troller 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
discuissed later in this chapter.

The ON INTR CALL sub  mame command executes the named subroutine when
an enabled backplane event 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-1B) or from the optional control panel have a
higher priority than subroutines called from an interrapt. 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 subroutine called from
an interrupt executes as the mainframe microprocessor finds time between com-
mands frem the system controlier and control panel commands,

RUN executed subroutines (see Chapter 8) carry a lower priority than subroutines
catled from an interrupt. This means that a subrouatine called from an interrupt
executes normally and the BUN execnted subroutine executes only as the micro-
processor {inds time,

The subroutine specified in the ON INTR CALL suh narme command must be
defined in the HP 3235’s memory prior to executing the command, If the
subroutine does not exist, it generates an error,

03235-90001 Update £ (FEBRUARY 1988}
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The foliowing example demonstrates how an interrupt-called subroutine operates.

149 OUTPUT 709, I'RSTY ! RESET THE HP 3235

20 QUTPUT 70¢; MSUB INTERRIM | CREATE THE SUBROUTINE

30 QUTPUT TOF; MUSE 200" ! USE BEVICE 1% D1G (/0

40 QUTPUT 70%; "DISP ‘interrupt Goeourred:® I DISPLAY MESSAGE

0 QUTPUT 7Q%; M"WRITE 125" ! WRITE WORD TO PORY

&0 ouUTPUT 709; "SUBEND® ! END SUBROUTINE

70 GUTPUT 709; HUSE 200 ! USE DEVICE I8 PIG [/0

a0 GUTPUT 709; “EDGE 3, LAV | RISING EDGE FOR BIT 3

?0 QUTPUT 709; YMENABLE EVEKRT 3¢ 1 ENASLE INTR FOR BIT 3

100 DUTPUT 709; YENARLE INTR® i EWABLE INTR FROM SLOT 200
110 QuTPUT 70%9; "ENABLE INTR SYS§® { ENABLE PLUG-IN MODULE INYR
120 QuTPLT 709; "ON INTR CALL INTERRI® t CALL SUB WHEN INTR OCCURS
130 GOTo 130 P WAIT FOR INTR

140 "EHD

!nteri’upt The INTR? command returns the slot address of the most recent maoditle to inter-
Que;y eupt and be serviced by the mainframe processor. The slot address is a number
in the form ¢500 where ¢ represents the frame number and s represents the slot
aumber. 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 interrupi. 1f 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 mayv occur,

The following program shows how (o use the INTR? command.

10 QUTPUT 70%; "SUE SERVICE® | CREATE THE SUBROUTINE

20 GUTPUT 709; MIHTEGER 1KTRSLOTH | DEFINE VARIABLE

30 CUTPUT 709; "MEM IKIRSLOT® ! ENABLE MEMORY MODE

40 QUTPUT 709; "INTR?" I INTERRUPT QUERY

58 OUTPUT 709; "MEM OFF" { DISABLE MEMORY MODE

60 OUTPUT 709; "DI1SP 'Slot kumber' INFRSLOT,' Interrupted'™

70 OUTPUT 70%9; “UWALIT 2@ { DISPLAY MESSAGE FOR £ SEC
89 QUTPUT 70%9; HUSE 200¢ { USE DEVICE 1Is DIG /0

G0 QUTPUT 709; “OISP 'Ready For NeXt Interrupt'"

10¢ GUTPUT TO9; YCLEAR EVENT 3* t CLEAR EVENT BIT

116 QUTPUT 709y "ENABLE INTR"® ! RE-ENABLE INTR FROM SLOT 200
120 CUTPUT T7O9; "SUBEND® I END SUBROUTINE

136 QUTPUT TO9; MUSE 200% | HSE DEVICE 15 BIG 140

140 QUTPUT TO9; VYEDGE 3,LH® | RISIHG EDGE FOR BIT 3

158 OQUTPUT 7097 MENAGLE EVENT 3" I ENABLE IWTR FROM BIT 3

160 CUTPUT 709; "OH TNTR CALL SERVICE"™ ! CALL SUB WHEN ENTR OCCURS
170 QUTPUT 7O0%; "ENABLE INTRY I ENARLE IKTR FROM 5L0T 260
180 OQUTPUT 709; "ENABLE INTR SYs" t ENABLE PLUG-IN MODULE INTR
190 GOTE 190 I WAIT FOR 1HTR

200 END

interrupts
10-5
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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 examgple, SET COUNT 5 requires six (6) clock
pulses to interrupt. This section of the chapter shows how to vse the timers o
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, ControHer servicing of interrupts is discussed fater in this chapter,

The ON TIMERn CALL sith__rame command executes the named subroutine
when an enabted 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 opticnal control panel have a
higher priority than subroutines called from an interrupt, This means that com-
mands from the controller or kevboard are executed immediately even if a sub-
routine s running that was called from an interrupt. A CALL executed sub-
routine executes normally and the subroutine called from an interrupt €xecuies
as the mainframe microprocessor finds time. If an ON TIMERn CALL sub_name
command s part of a CALL executed subroutine and the interrupt occurs while
the CALL executed subroutine is executing, the CALL executed subroutine will
continue to completion before executing the subroutine called from the
interrupt.

RUN executed subroutines (see Chapter §) carry a lower priority than subroutines
called from an interrupt. This means that a subroutine called from an interrupt
executes normally and the BUN executed subroutine executes onlv ag the micro-
processor finds time.

The subroutine specified in the ON TIMERn CALL sivh name command must
reside in the HP 3235's 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 1o call a subroutine.

19 DUTPUT T0O; HMRSTH b RESET THE HP 323%

20 OUTPUT 709; “SUB TIMERINTR" } CREATE SUBROUTINE

30 OUTPUT FO9; “DISR V'INTERRUPT OCCURRED:" P DISPLAY MESSAGE

40 OQUTPUT 709; “SUBEHD'! I END SUBROUTIKE

5G  GUTPUT 709; "SET CLKSRC TIMERO EXTIN™ 1 SET CLOCK SOURCE

6G  OCUTPUT 70%; MSET COUNT TIHERD 991 1 SET TIMER COURY

78 OUTPUT 709; VYENABLE INTR TIMERGY 1 ENABLE INTR FROM TIMER
8  OUTPUT 709; "ON TIWERD CALL TIMERIWNTR™ 1 CALL SUB WHEN TIMER
&3 | UNDERFLOUS PAST ZERD
¢4 GoTo 90 ! WAIT FOR INTR

108 END

03235-900071 Update Z (FEBRUARY 3938)
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Disalgling The DISABLE INTR command disables the timer interrupts. The form for the
Timer commandis

|nteffupt$ DISABLE INTR TIMER#

Interrupts
10-7
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instrument Status and Interrupting the Controlier
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Register

One important feature of your HP 3235 is its ability o interrupt the system con-
troller when certain specified conditions are met. Of course, the system controll-
er mugt be appropriately programmed to respond to the interrupt. The Service
Reqguest (SRQ, a function of the HP-IB Inierface) 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 contreller when data is
available such as from a scan sequence.

e User Service Request The mainframe can interrupt when it executes the
SRQ command or the control panel 5RO key is pressed.

¢ LOCAL 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.

¢ ERROR. The mainframe can interrupt when an error condition cccurs.

* Backplane Event Interrupt. The mainframe can interrupt when an event in-
terrupt occurs from a plug-in module,

o DUT Limit Failure, The mainframe can interrupi when either the VERIFY or
LIMHT tests Fails

¢ 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 3233 to interrupt
your system controller. We also show how to program the HP Series 200/300
technical computers to regpond 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
~tatus Register,

Artisan Technology Group - Quality Instrumentation ... Guaranteed-| (888) 88-SOURCE | www.artisantg.com



Table 10-1. Status Register

Bit
Nuinber

10

Decimal
Value

16

3z

64

128, 256

512

1924

Pescription

DATA AVAILABLE. Set true ¢1) when data is eveileble
in the #P-18 Output buffer. Cleared (0) by the
CLROUT command or when data is otherwize removed
from the buffer.

Afways tero (not wsed).

USER SERVICE REQUEST. Set trus {1} when the SRa
command is executed over HP-IB or inside a
subroutine or the Contrel Panel SRA key is pressed.
Cleared ¢({0) with the STA? or CLLR commands or an

HP- IR Bus %Clear!.

LOCAL,. Set true (1) when the HP 3235 mainframe is
turned on, resst, or when the mainframe enters the
Locel Mode. Cleared (0) with the STA? or CLR
commands or the HP-IB Bus “Clear”.

REARY. Set true (1) when the HP-IE Input buffer is
empty and the #F 3233 is not executing a command
or & CALL executed subroutine., Cleared (0} when
the HP 3235 is executing & commend or & CALL
exscuted subroutine,

ERROR. Set true ¢1) when an srror condition occurs.
Cleared (0) when ERR? or ERRSIR? command clears the
arror register, with the CLR commend or HP-IB Bus
"Clear®

3RO 3EKY. Zet true {5RQ gent to system controller}
when any of the other unmasked bits in the Status
Register are set trues. Uleared by STE? or LLR
commands, the control panel Device Clear key, or an
H#P-1B Bus "Clear®.

Always zero {not used)

BACKPLAKE EVENT INTERRUPY. Set true (%) when a
plug-in module event interrupt oceurs. Cleared (03
by the $TA? or {LR commands, the control panel
Device Clear key, or the HP-IB “Clear",

DEVICE-UNBER-TEST LIMIT FAILURE, Set true {1} when
either the LIMIT or VERIFY commands test faiis.
Cleared with the STA? or CLR commands, the coptrol
panel Deavice Clear key, or the HP-IB "Clear?,

interrupts
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Table 10-1 (cont’d)

Bit Decimai
Humber Vaiue

11 2048 FIXTURE OPEN. Set true (1) when the meinframe quick

interconnest fixture is open. Cleared (B) with STA?
STA? or CLR commands, the control panel Device Clesar
key, or the HP-18 Bus “Clear",

12 LG96 TIMERQ INTERRUPT. Set true (1) when TimerC has
been enabled to interrupt and an ON TINERD CALE
sub_namte is not invoked. Cleared {9) with 5TA7
CLR commands, the control panel Device Clear
key, or the #P-18 Bus Clear.

13 8192 TIMERT INTERRUPT. Set true (1) when Timer! has
been enabled to interrupt and an ON TIMER{ CALL
sub name is het invoked. Cleared (0% with STA?

or Clear commands, the ceéntrol panel Peviece Elear
key, the HP-18 Bus Clear.

14-15 1 ----- Kot 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 SR 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 fo 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 3TA? 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 hits in
the Status Register that are set {true). See Table 10-1 for a list of decimal values,
For examptle, 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), $TA? returns a value of 96 (32 for the error plus
64 for the SRQ).
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Fxecuting STA? clears the bits that are set by an event (ie. 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-1B 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.

0 BUTPUT 70%; "GTATH PPOLL STATUS REGISTER
20 ENTER 70%;4 ! ENTER BECIMAL VALUE
30 PRINT A

40 1F A=D THEW PRIMT "NG BITS SETR

50 IF BINANDIA,TY THEN PRINT VDATA AVAILABLEY t BIT O
60 IF BINANDCA,SL)Y THEN PRENT VUBER SERVICE REQUEST™ | 8IT 2
FOOIF BIMAMDCA,BY THEN PRINT “LOCAL® ! BET Z
BG 1f BINAMNDCA,%2) THEN PRINT “ERROR® I BiT &

Q0 IF BIMAMDCA,64) THEN PRENT ¥SRG SENTY ! BIT 6

100 IF RTHANDCA,512) THEN PRIMT WBACKPLANE EVENT ENTERRUPT™ | BIT 9
110 IF BIMANDCA,1024) THEM PRINT *DUT LIMIT FATLURE™ | BYT 10

120 IF BIMANG(A,Z048) THEW PRINT V"FIXNTURE OPENY ¢ BIT 11

130 IF SINANDCA,4096) THEH PRINT "TIMERD INTERRUPTY ¥ TIMERD

140 IF BINAND(A,B8192) THEN PRIKT "TIMERT INTERRUPT™ | TIMER1

150 END

NOTE

Bit 4, Ready, will atways show cleared because the HP 3235 is busy execuiing the
STA? or STB? commmand.

The ST87? command returns a decimal valve equal to the sum of the decimal
values of the Jower eight bits (bits 8 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; ®STR7

20 ENTER 709: A

30 PRINT HTHE STATUS BYTE WALHE T15: ¥r4
40 END

The Status At power-on, both the STA? and the STB? commands return the value '§" if the
Register at  power-on SRQ was disabled (PONSRQ OFF, discussed later in this chapter). If
Power-on  POWer-on SRQ is enabled (PONSRQ ON), they return a value of *72° and the HP
3235 asserts the HP-IB SRQ line.
Data  If the MEM command is used (see Chapter 7) the value returned by either STA?
Destination o STB? s 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,

Interrupts
1011
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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 6 of the Status Register is true, the HP 3235 asserts the HP-IB SRQ and the
control panel SR annunciater turns on.  Your system controller must he
programmed to respond to the SRQ interrupt.

Setting the  The ROS command sets or "unmasks" bits in the RQS Mask. Bit Definition in the

ROS Mask  1RQS 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, RQAS has the
form:

RQS unmask _value

The wurmask _valite is a decimal value equal fo the sum of the bit valnes you
want to unmask. For example, to unmask bits 5 (Error bit, decimal value 32)
and? (Backplane Event Interrupt, decimal value 512), execute;

QUTPUT 709; "Ras (512+32)"
or
OUTPUT 709; "RA§ 544¢

Now, whenever either an error occurs or a plug-in module generates a backplane
event interrupt, the HP 3235 attempts to interrupt the system controiler.

Executing RQS 0 clears the ROQS Mask and thereby clears bit 6 (SRQ) in the
Status Register,

Reading the  The RQ$? command returns a decimal value equal to the sum of the bit values
RGS 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; "Rase

20 ENTER 709;4A

30 PRINT "ROS YALUE = ®.)

40 PRINT DUMMASKED BITS ARE: ©

50 IF BINAND{A,1y THEH PRINT "DATA AVAILABLE I BIT O

60 TF BINAND{A,4)Y THEM PRINT "USER SERVICE REQUEST® ! BIT 2

70 IF BINANDCA,E) THEN PRIHY YL0OCAL® t BIT 3

80 IF BENAMDCA,'16Y THEN PRINT UREADY™ i BIT 4

GO0 IF BINAND(A,32) THEN PRINT YERROR® i BIT 5

100 IF BINAND(A,S12) THEN PRINT “BACKPLANE INTERRUPT EVENTY | BIT ¢
110 IF BINANDLA,1024) THEN PRINT "DUT LIMEY FAILEDY™ ¢ BIT 10

120 1F BINAND(A 20483 THEM PRIHT “FIXTURE OPENY | BIT 11

130 1F BINAND(A,4096) THEN PRINT “TIMERQ THTERRUPT™ ! BIT 1B
140 FF BINANDCA,2192) THEM PRIHT BTIMERT IMTERRUPT® © BIT 73
150 END

To have a timer/counter interrupt the system controller when the counter

Interrupts
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Controller
Response to
a Service
Request

Examples

underflows past zero and reloads the initial value, you must enable the intercupt
with the ENABLE INTE command. You must also set the appropriate RQS Mask
bit for the Status Register. The timer interropt enable command has the form:

ENABLE INTR TIMERR

To use the timer/counters to interrupt the system controllers you first load a
value inte a timer/counter. For example, ift vou 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 § can use external clock sources.
Next, load the value 99 into Timer § {(see the SET COUNT command}. In this
way, event number [00 will underflow the counter and generate the interrupt,
Set bit 12 (Timer 0 Interrupt) in the RQS mask with the RQS command. Firally,
enable the interrupt for Timer 0. You must also program your system controller
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 SR(Q) is interrupting. This is
doste by conducting an HP-IB Serial Poll (see Appendix D)) of each instrument
enabled to generate an SRQ interrupt. When an instrument ig polled it responds
by sending its (8-bit) Status Register value. By looking at bit 6, the system con-
troller can determine if that instrument asserted SRQ. Hf bt 6 is true then the
system controtler 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 2007300 Technical Compoter.

Example 1. Control Panel SRGQ. This program example interrupts the system
controller when the SRQ command is executed from the confrol panel. 1t isa
simple program that demonstrates interrupt progranuming.

10 OUTPUT 709; "RgTH 1 RESET THE HP 3235

20 OUTPUT 709; MRGS &M | USER SERVICE REQUEST MASK

30 ON INTR 7 GOTO 60 | SPECIFY CONTROLLER INTERRUPT ROUTINE

40 ENABLE INTR 7;2 | EMABLE CONTROLLER INTERRUPT OK HP1B SRO
50 GOTO 56 | WAIT FOR SRQ COMMAND

60 GUTPUT 709; WsTA?Y ! GET STATUS REGISTER VALUE

70 ENTER 70%; A

80 IF BINAND(A,4) THEN

99 PRINT YSRG ENTEREDY ¢ TEST FOR USER SVC. REDUEST
100 ELSE

140 PRINT "SOMETHING ELSE INTERRUPTED®

$20 END IF

130 ERD

Line 30 instructs the controifer what action to take when an interrupt occurs.
Line 40 enables SRQ interrupts (mask value 2) on HP-IB interface select code 7.
Refer to the interfacing manual For your system controller for interrupt servic-
ing information.

Interrupts
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Example 2. Data Ready at End of Scan Sequence. Scanning (see Chapter 6) is
a feature of the HP 3235 that allows it (0 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 DIN A(3) { DIM ARRAY FOR 32 READINGS

20 QUTPUY 709; "RST; USE BOO» | RESET HP 3235; USE MULTIMETER
ki1l OUTRUT 70%; "RQS ¢ b ROS MASK FOR DATA READRY

40 QUTPUY 709; #SUB INTERRUPTF®™ I CREAYE SUBROUT IME

S0 QUTRUT 709; *HIM RDGS(31)" I DIM ARRAY FOR 32 READINGS

6% OUTPUT 709; "MEM RDGS® I TURN ON MEMORY MOOE

70 OUTPUT 709; ™MEAS DCY ABO,101-13B% | SCAN THE CHANNELS

80  OUTPUT 709; MEM OFF; VREAD RDGSY | PUT READINGS IN OUTPUT BUFFER
96 QUTPUT 709; "SUBEND® | END SUBROUTINE

100 OK INTR 7 6OTO 170 t SETUP CONTROLLER INTERRUPT
110 ERABLE INTR 7;2 ! ENABLE CONTROLLER INTERRUPT
120 OUTPUT 709; "RUN INTERRUPTH | CALL SUBROUTINE

130 1

140 1 THE SYSTEM CONTROLLER CAN DO GTHER ACTIVITIES DURING THE SCAN

150 1

160 GOTO 160

170 ERTER 7097 A(*) { ENTER READINGS

180 PRINT AC®) | PRINT READINGS

190 EMD

Example 3. Timer interrupt. In this example we load Timer 0 with 3 value of
10, Each incoming pulse on the HP 3235 External Trigger IN BNC decrements
the counter, When the counter underflows (11 counts) the HP 3235 interrupts
the system controller.

14 QUTPUT 709y “RSTH ! RESET THE HP 3235

20 QUTPUT 709; "SET CLKSRC TIMEROG EXTIN® # SET CLOCK SRC FOR TIMER ©
30 CUTPUT ¥0%; "“SET COUNT YIMERQ 107 ! SET COUNT TO 10

&0 CUTFUT 70%; YRa$ 4096 ! UNMASK TIMER O IKTERRUPT
G CUTPUT 70%; “EMWABLE INTR TIMERG® ! ENABLE INWTERRUPT

&0 ON IHTR 7 GOTO 9¢ 1 SETUPF CONTROLLER SRQ [NTR
70 ENABLE INTR 7;2 1 ENABLE CONTROLLER INTR

30 GOTO 80 i WAIT FOR INTERRUPY

¢0 QUTPUT 70%; "sTa?® ¢ READ SBTATUS REGISTER

100 ENTER 709; A "t READ VALUE

130 JF BIT(A,12) THEN ) t TEST FOR TIMER O INTR

120 PRINT "Timer Interrupt Decurred® 1 PRINT MESSAGE

130 QUTPUT 7O9; "EKABLE INTR TIMERGH ! RE-ENABLE TIMER IHTR

140 ELSE :

150 PRINY "Something Else faused Interrupt®

160 END IF :

170 END
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Example 4. Digital /O Interrupt. This example waits for an event interrupt
from event bit 3 on the HP 34522 Digital 1/0 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 controlier.

10 QUTEUT 709; “RSY 200; USE 200¢ ! RESET THE HP 3235

20 OUYPUY 709; wEDBSE B, L4y I RISING EDGE FOR BIT 3

30 QuYPUY T709; "CLEAR EVENT 3v ! CLEAR BIT 3

40 QUTPUT 70G%; “ENABLE EVENT 34 i ENABLE [NTR FROM BIT 3

50 QUTPUT 7G9; “ENABLE INTR" ! ENABLE [NTR FRGM $i07 200
&0 OUTPUT 709; WERABLE INTR SYSW I ENABLE PLUG-IN MODULE {NTR

70 OUTPUT 709; BRAQS 512»
80 ON INTR 7 &0TC 110

g0 EHABLE INTR 7;2

190 GOTO 100

UNMASK BACKPLAKE INTR BITY
SETUP CONTROLLER SRO INTR
EWABLE CONTROLLER [NTR
WALY FOR INTR

110 OUTPUT 709; HSTATY P READ STATUS REGISTER
j20 ENTER 70%; A ! READ VALUE

130 QUTPUY 7Q9; “IRTRI™ f INTERRUPT QUERY

140 ENTER 769; Slot ! READ SLOT NUNBER

50 IF BINAND(A,512) THEN ! TEST FOR BACKPLANE INYR
160 PRINT "Digitsl interrupt From Slot™; Siot 1 PRINT MESSAGE

170 QUTPUT 709; “ENABLE JNTRY ¢ RE-ENABLE BACKPLANE INTR
180 ELSE

190 PRINT "Something Else Caused Interrupt"

200 ERD IF

210 E£Re

Example 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.

EL; QUTPLIT 709; YRSTH® 1 RESET THE HP 3235

20 OHTPUT 709; "RAS 2848% 1 SET MASK FOR FIXTURE OPEN
30 GH INTR 7 gOTO &0 1 SET CONTROLLER 1KTERRUPT ROUTINE
40 ERABLE IMTR 7;2 1 ENABLE CONTROLLER I1KTERRUPT
50 GOTO 50 1 WALY FOR FIXTURE OPEN

50 QUTPUT 70%; "STA?® 1 READ STATUS REGISTER WALUE
70 ENTER 709;A I READ VALUE

g0 IF BIT {(A,11) YHEM ! TEST FOR FIXTURE OPEN INTR
G PRINT "Mainframe Interconneect Fixture Open®

100 ELSE

170 PRINYT "Something Else Caused Interrupt®

128 END IF

130 END
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Power-On SRQ Interrupt

You can program your HP 3235 to interrupt the system controller when power is
applied to the mainframe, The PONSRQ command enables or disabies the

HIP 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 failure
error occurs. Thus, PONSRQ applies to the extender frames as well as the
mainframe.

When power-on SRQ is enabled (PONSRQ ON), the RQS mask is set to valve "8"
at power on thus enabling the SRQ interrupt. If the power-on SRQ is disabled
(PONSRO OFF) the RQS mask is set to valne "0" at power-on. The PONSRQ
state (ON or OFF) is stored in nonvolatile memory so it is not lost when power is
removed [Tom the mainframe,

The following example shows how to program the HP 3235 and the system con-
troller for power-on interrupt.

10 OQUTPUT 749; “RSTY I RESET THE HP 3235 AMD CLEAR STATUS REG
20 QUYPUT TO9; MSTATH t CLERR POSSTBLE PENDING SRQ

30 ENTER 709%; Temp 1 READ VALUE

40 CUTRUT 7G%; MPONSRG OH® 1 SET PONSRQ ON

50 ON INTR 7 GOTO 90 ! SET CONTROLLER INTERRUPT ROUTINE

&0 ENABLE INTR 7;2 I ENABLE CONFTROLLER INTERRUPT
70 PRINT “Cycle Power On KP 3235 Hainframe®

8o GOTO 80 I WAIT FOR HP 3235 POWER-ON
g0 GUTPUT 70%; BSTA?® f GET STATUS REGISTERS

108 ENTER 7097 A b READ VALUE

110 1F BIT(A,3) THENW i TEST FOR POWER-OQN SR4Q

120  PRINT "Power-On SRG*

130 ELSE

140 PRINY "Something £lse Caused SRaY

153 END }F

160  END

Interrupts
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Chapter 11

Introduction

M-

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 Qutput Data Formats
# Storing and Recalling Instrument States

¢ Internat Memory Usage

e HP* 3235 Internal Task Priority

The HP 3235 executes commands from two different sources: the control panel
keyboard and the system controller (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 {(REMOTE 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 32354 is in LOCAL
if the REMOTE annunciator is of . Execuie either the LOL or LOCAL com-
mands or press the contro! panel 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 709; “LOCALF

In the HP-IB REMOTE mode the REMOTE annunciator is on in the optional
HP 34550 Controf Panel. Your HP 32335 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 {rom 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 pane! because these do not
change the state of the hardware,

Because most controllers set the HP-IB REN line frue at power-on or reset, ex-
ecuting any command {except LOCAL and L.CL) will also put your HP 3235A in
its REMOTE mode,

HP 3235 Advanced Programming
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Sequential Relay Command Execution

The SERIAL
Command

SERIAL ON

SERIAL OFF

The HP 3235 mainframe executes commands in the order recetved. 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 ar 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 uatil relays have set-
tled from one command before executing the next command. This mode is dis-
cussed first,

When the HP 3235 receives a command to close a relav(s), it starts the specified
relay(s) moving (opening or closing) and then waits for it {them) to settie before
accepting a new command. This is true for commands executed from the system
controller and the optional control panel. All relays in a given HP 3235 com-
mand start moving at the same time. With the serial mode enabled, the foliow-
ing command sequence operates in break-before-make fashion {relay 161 opens
before 202 closes):

10 GUTPUT 709;PSERIAL QMY
20 OUTPUT 709:;vDPEN 101; CLOSE 202Y
30 END

As another example, if you run the following program;

10 SUTPUT 7O0S; M“RST; USE 800w ! RESET AND ASSIGN MULTIMETER
20 GUTPUT 709, "SERIAL ON© ! TURN SEREAL MODE ON

30 BUTPUT 709; “OPEN 270,370, CLOSE 405,470,491,515,571,502w

40 QUTPUT 709; "TRIGY 1 TRIGGER THE MULTIMETER

50 ENTER 709;Rdg I EHTER THE READING

60 PRIKT Rda I PRINT THE READING

70 ENR

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 3233 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 executing
another command while the relayg are settling. For example:

10 OUTPUT 709; “SERIAL OFFY
20 QUTPUT 709; BOPEN 1071; CLOSE 202¢
30 END

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 setile
together,

The multimeter trigger program above with SERIAL off may cause the multi-
meter to trigger before the relays have settled:

16 DUTPUT 70%; “RSY; USE &00H £ RESET AND ASSIGN MULTIMETER
20 DUTPUT 70%; BSERIAL OFF® ¢ TURN SER1AL MODE OFF

30 QUTPUT 70%; BDPEN 270G,370; CLOSE 405,470,491,515,571,992%

40 DUTPUT T09; “TRIGH i TRIGGER THE WULTIKETER BEFORE
45 i RELAYS SETTLE

50 ENTER 709;Rdg | ENTER THE READIHG

40 PRINT Rdg i PRINY THE READING

0 OEND

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  7The SETTLE command is useful only when the serial mode is disabled (SERIAL
Command  OFF). it ensures that all the refays 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 54).

10 QUTPUT 709; YRSY; USE 8007 f RESET AND ASSIGN WMULTIMETER
20 DUTPUY 709; YSERIAL QFF® t TURN SERIAL MODE QFF

30 DUTPUT 709; "OPEN 27C,370; CLOSE &05,470,4%91,515,571,592%

40 QUTPUT 7F09; “SETTLE®

50 GUTPUT 709; »TRIGY ! TRIGGER THE MUETIMETER
&0 ENYER 709;Rdg ! ENTER THE READING
0 PRINT Rdy ! PRINT THE READING

HE 3235 Advanced Programming
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input
Buffering

The HP 3235 accepts commands and data from your system controfler in either
a buffered or unbuffered mode. Similarly, it can send data to the controller in a
buffered 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 inpur buffering is off (power-on state, see the INBUF command) and your
svstem coniroller 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. Yalid command ferminators are semicolons {;), carriage returns {cr),
line feeds /), and EOI sent concurrent with the last character sent. Most con-
trollers send cr and /f after cach QUTPUT statement. The first terminator (cr)
initiates command execution. The final terminator (!/) is held of f 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 If
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. Thig means that it is normalily not necessary to add programmed
delays in the system controller to allow more time for commands to execute.

If input buffering is on and the controller addresses the HP 3235 {o listen, it
stores incoming characters in a first-in-first-out (FIFO) civenlar buffer. This
technigue minimizes bus transfer time and allows your system controlier to
communicate with other instruments while the HP 3235 is processing commands.
When the input buffer becomes full, the HP 3235 holds off bus comntunication
until it can process commands and buffer space becomes available. The HP 3233
input buffer is 256 characters long. To turn the input buffer on, execute;

QUTRUT 709, YINBUF QN

In HP-IB systems with multiple instruments, you may need to have the HP 3235
compiete 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 fo determine when the
HP 3235 has completed its command exacufion.

1. The program can Serial Poll the HP 3235 until the Ready bit {bit 4) is set.
Refer to Appendix ID for more information.

2. The system controlier 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:

10 QUTPUT 70%; "LLOSE 100-132;0PEN 100- 132:CLOSE 100-132;0PEN 1D0- 1320
20 QUTPLT 70%; “READY
30 ENTER 7094

HP 3235 Advanced Programming
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Qutput
Buffering

40 PRINT BREADYH
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 SR(} 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 3) in the status register, sets the SRQ bit (if not masked), records an
etror message, and displays the offending string on the control pane!l display.
The processor resumes parsing affer the next command termipator 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 i, 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 FHP 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 OUTBUF ON changes the output buffer to a FIFQ circular buffer,
In this mode the HP 3235 sends data in groups and does not overwrite data in
the buffer. For example

10 GUTPUT 7O9; "OUTBUE ONv

20 DUTPUT 709; NCTYPE 000; CTYPE 100; CTYPE 200; CTYPE 300¢
A0 ENTER 789; A,B,C,D

460 PRINT 4,8,C,0

50 END

The four plug-in module types are sent in a gronp. 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 eatering the data. This is be~
cause a c7 If is sent after each data string,

The command OUTBUF OFF retumns 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

BUTPUT 709; “CLROUTH
or

LLEAR 709
In either mode, the output buffer holds up to 2048 bytes. One mmultimeter read-

ing requires 16 bytes, Therefore, the output buffer can hold up to 128 multi-
meter readings.

HpP 3235 Advanced Programming
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EOl
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 mote data than the output buffer can hold (or is
currently in the output buffer), the HP 3235 will hold off HP-1B bus com-
murntications until 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 for the system controller to
read the output buffer. You must read the output buffer or vou must execute
an HP-IB Device Clear (see Appendix D} before the HP 3235 will process new
conmmands.

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 cr !/ as the ountput 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 OUTBUF ON mode, mul-
tiple responses may be in the output buffer with EOI 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 QUTPUY 7O9;"ENB ON; QUTBUF ON®

20 GUTPUT FO9;"CTYPE 000; CYYPE 100; LTYPE 208v
30 FOR t= 1 YO 3

40 ENTER TRGr A

S0 OPRINT A

60 NEXT 1

70 EHD

HP 3235 Advanced Programiming
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utput Data

ASCIl
Format

Binary
Format

Many HP 3235 commands generate output data. This output data goes to the
control panel display it the command came from the contrel panel keyboard or
a control panel keyboard initiated subrontine. If the command came from the
system controller or {rom 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 ASCI or binary formais. The defauit (power-on) for-
mat i ASCI (6 digit signed integers for infeger resubts and 8 digit scientific nota-
tion for real results). These formatz conform to IEEE-728* NR ! and NR3 for-
mats, respectively. The available binary formats are 16-bit, 2’scomplement for in-
tegers or 1EEE-~754* format for 64-bit real numbers,

You select either the ASCIH or BINARY output format with the OFORMAT
command. For example;

QUTPUT FO%; “OFORMAT BINARY® ! SELECTS BINARY AS OUTPUT FORMAT

Quiput messages consist of one or more elements. Each element is either a num-
ber, a string, or a #A binary (JEEE 728 binary format). In ASCII messages with
multiple elements {such as multiple readings from the multimeter), a ¢r 7/ follows
each element.

At power-on, the output format is set ta ASCIL This is the format you will use
most often, All HP-IB coatrellers can communicate in ASCI format,

If your system controller uses 16-Bit, 2’s complement integers and/or IEEE 754
Binary representation for internally storing data, you may use the Binary output
format. lts primary advantages come if you are frapsferring a lot of data from
the HP 34522 Digieal 1/0 module or readings from the HP 34520 Multimeter, or
array data values,

NOTE

Refor to your systerm controlier /0 manual for information on binary data irans-
fers

Binary data outputs are preceded with an IEEE-728 Block A header and are fol-
lowed by a ¢r If. 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 §, the second byte represents bits 7 through 0.

*IEEE-728 is the I[EEE standard for communications protacels.
*IEEE-V54 is the [EEE standard for binary floating point representation.

HP 3235 Advanced Programming
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NOTE

This binary formar 1s only useful if your system coniroller uses the same binary
format internally. The HP Series 200 and 300 compuiers use the same format.
Refer to your system controller's operating manual for information on nsing the bi-
nary fermars.

The BLOCKOUT OFF command disables the Block A header information and cr
/f. Only the binary data is sent. EOI is sent concurrent with the last character
sent if END ON is enabled. Refer to the HP 3235 Language Reference Manual
for more information, This iz the most useful binary mode since few controllers
auntomatically strip off' the IEEE-728 #A header and terminator. An HP Series
200/300 computer example of this is:

10
20
34
40
45
50
49
70

HP 3235 Advanced Programming
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DM ACI0G0)
QUTPUT 709;
ASSTGH ABin
DUTRUT 709;

OUTPUT 709;
ENTER @Rin;
ERD

UpiM A (100030
10 709; FORMAT GFF

HOFORMAT BIMARY: BLOCKOQUT OFF®™ | SET BIN MODE, AND
! BLOCK HEADER OFF

"YREAD AM

ACF) § BINARY READ
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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 mocdules. 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 internpal 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 interpal 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 eatire HP 3235 system. Oaly the
hardware state of the instrament is stored. 1/Q 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 siot represented in
the stored state must not change when that siate is recdlied.

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 wnneeded
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
commuand 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:

SSTATE name [slot__list J{ 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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The slot__list parameter allows you to store the hardware state of one or more
plug-in modules, If you do not specify a slor_{iss, the entire instrument stage is
stored, Each element in the sior_list must be in the form es0? where ¢ is the
mainframe or extender number (0=mainframe, |-7=extender number), and s is the
slot pumber {0-9), You can specify a single slot (es00), multiple slots (¢s00,500, ..),
sequential slots (es00-¢500), or groups of sequential stots (es00-¢s00,e500-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 (nonvelatile) memory and is
not lost when power is removed,

Recalling The RSTATE command recalls stored states from internal HP 3235 memory.
Stored The command has the form:

States RSTATE name [ stot_Hst]

The name parameter must be the same as some stored state. The sfor__lisi 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 moduie state is recalled. On a given module, for example, if vou close
a relay that was open when the module state was stored and subsequenily 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 nnchanged.

Examples  The following examples demonstrate the usefulness of storing and recalfing in-
strument amd module states.

Example 1. Storing/Recalling Instrument State, The Tollowing program stores
the hardware state of the entire HP 3235 system (mainframe plus extenders) in
continuous (nonvelatile) 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.

B0 QUTPUT 709; "RSTM

20 BUTPUT 709; "CLOSE 101,105,202,361,412,506% | CLOSE SOME RELAYS

30 oUTPHT 709; "SSTATE STATE1,CONT® | STORE STATE IN GONTINUDUS MEMORY
40 PRINT “CYCLE POWER ON THE HP 3235v

50 BEEP

60 PAUSE

70 QUTPUT TFU9; "RSTATE STATE1® ¢ RECALL STORED STATE

20 END

Exampie 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 resets 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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recafled. Watch the MON STATE (if you have the optional controf 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 OUTPUT 709; “RST 2000 | RESET SLOT 2900
20 OUTPUT 70%; "MON STATE 200% | EMABLE MONITOR MODE
30 QUTPUT 709: WCLOSE 201,204,207,214% + CLOSE RELAYS
40 WAIT 2 I WATCH MONITOR DISPLAY
50  OUTPUT 70%9; wSSTATE STATEZ,200¢ | STORE STATE OF SLOT 200 MODULE
[-1H] GUTPUT 70%; YRST 2Q0n t RESET SLOT 200 TO OPEN RELAYS
70 OUTPUT 709; "MON STATE 200" ¢t RE-EKABLE MOKITOR MODE
B0 WAIT 2 | WATCH MONITOR DISPLAY
P90 OUTPUT 709; WCLOSE 203,206,210 I CLOSE OTHER RELAYS
106 WALT 2 t WATCH MONTITCOR DISPLAY
110 QUTPUT 789; "RSTATE STATEZ, 200" I RECALL STATE AND WATCH HONITOR
120 END
Remote Two commands enable you to store and recall the hardware instrument state for
Storaqge and your HP 3235 system {mainframe plus extenders) in your system coniroller. The
eca“ SET? command sends the entire instrument state to the system controller, The

SET command returns the stored state from the system controiler and restores
the HP 3235 to that state,

The SET? command sends the state information to the system controller in
TEEE-728 Block A format. This includes the header and the data block followed
by carriage return and line feed (cr #f). Block A format consists of four bvtes
the "#" sign, the letter "A", and two bytes which indicate the number of bytes of
binary data to follow (not including the cr /).

The following program loads the hardware state of the mainframe, extenders,
and all installed plug-in modules into the system controtler (SET? command).

The state is then loaded from the system controller back to the HP 3235 using
the SET command.

i
20
30
40
50
60
70
80
20
100
mno
120
130
140
15¢

OI¥ State®f1000]1

QUTPUT
GUYPUT
QUTPUT
QUTPUT
ERTER
PRINT
PRINT:
PRINT
PAUSE

709;
709;
709;
709;

llRSTIl

SCLOSE 201,204,207,
MHOK STATE 2060
ﬂSET?&I

T09; State$

“i. REMOVE POWER FROM HP
"Z. RESTORE POWER TO HP 3235"
"3, PRESS THE ‘CONTIHUE!

QUTPUT 709; “RST®
OUTPUT 709; "MOK STATE 200¢

WalT 2

QUTPUT 709; YSETY; State$

END

GIMENSION ARRAY
RESET THE HP 3235

2145 CLOSE RELAYS
EKABLE MONITOR MODE
1 DUMP STATE 7O CONTROLLER
1 ENTER STATE
3235+

KEY ON SYSTEM COMNTROLLER®

! RESET THE MP 3235

! RE-ENABLE MONITOR MODE

P WATCH MONITOR DISPLAY

Y LODAR STATE FROM CONTROLLER
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Memory Management

Memory
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 continaous memory is reserved for redefined control panel keys and the
ten User kevs. The actuat amount of available memory depends on the number
of plug-in modules installed in the HP 3235 system and other factors. This sec-
tion shows you how to efficiently use the local memory in your HP 3235,

Yolatile 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
mformation:

Variables and Arrays

Subroutines

Stored States

Plug-in Module State records (ie, which relays are closed, etc.)
Information for the ON INTR blocks

Expanded Prohibited Channel lisis

Temporarily stores the expanded channel lisis during a scan

e o

'The continuous memory stores the following information;

f. Prohibited channel lists as vou defined them {eg. F01-1§3).
2. Stored States if vou specify CONT (see "Stored States” earlier in this
chapter).

NOTE

11 is possible 1o lose the contents of the continuous miemory if power fails while (he
HP 3235 is executing a comimand which stores dota in contingntes memory.
Therefore, all prohibited channel Hsts and stored states should aise be stored in the
sysiem comtrofler as a hack-up.

The MEMAVAIL? command returns the size {in bytes) of the fargest availnble
block of volatile memory and the available size of continious memory.
MEMAVAIL? returns two REAL numbers separated by commas. The £irst num-
ber is the largest continuouvs block of volatile memory. The second number is
the size of the available continuous memory.

The following program exarmple shows how $o use the MEMAVAIL? command.
The first value printed is volatite memory result (in bytes) and the second value
is continuous memory result (in hytes).

10 DIM AS[60)

20 OUTPUT 709; "MEMAVAILI™
20 ENTER 709; A%

40 PRINT AS

50 END

HP 3235 Advanced Programming
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Using
Memory
Efficiently

Qther
Memory
Related

Commands

CAT

When you purge an item from volatile memery a *bole’ 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 you avoid fragmenting the memory and thus ensuring the maxi-
mum amount of available memory. The HP 3235 will not allocate space for an
item {sucl as an array) over multiple holes; it must have one contiguous block.

1. Define the items thaf are more permanent (i.e. prohibited channels, stored
states, variazble names, subroutines, etc.) first. Define the items that are subject
to change (ie. arrays that will be redimensioned and nonpermanent sub-
routines) kast.

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 manval) 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 arravs where possible. They use less memory than REAL
arrays.

Chapter 7 in this manpal 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 commanrnds directly affect memory usage or identif'y 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 fisted 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 subroutiness.  SUB  sub _mame SIZE dddd TEXT SIZE dddd
for integer arrays: TARRAY warray__name  size

for real arrays: RARRAY array__name size

for stored statess CONT stafe  name {nonvolatile memory)
STATE  state__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

HP 3235 Advanced Programming
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COMPRESS

DELSUB

PURGE

SCRATCH

TEXT SiZE is the size, in bytes, for the subroutine source code which you can Jist
and single-step. When you compress a subroutine (see COMPRESS later in this
section), the TEXT SIZE goes to 0 but the machine code $IZE remains the same,
The size returned for arrays is the actual number of elements in the array, The
following program shows how o use the CAT command:

10 BEM AT EB0]

20 OUTPUT 7o%; BCATH

30 EMTER F09; A%

L0 PRINT AS

50 IF AB<>POONREY THEM 20
&0 END

The COMPRESS nume commandg leaves the subroutine in its machine code form,
This saves internal memory but eliminates the ability fo list or single step the
subroutine,

The DELSUB name command deletes onfy the specified subroutine from
mainframe memory, 1t does nof delete the subroutine name itself from the
catalog of subroutines,

PURGE dcletes a specified stored state from HP 3235 memory (either continuous
or velatile) However, the state name is shown in the CAT listing as PURGED
nare and cannot be redefined.

The SCRATCH command deletes (scratches) all subroutines, variables and arrays,
and stored states from mainframe memory, Tt alkso deletes all name definitions
from the catalog. SCRATCH gives an error but does not purge the memeory if it
is executed while a subroutine is executing. The optional CONT parameter deletes
only those states stored in continucus memory.

HP 3235 Advanced Programming
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HF 3235 internal Task Priority

Four independent tasks affect command execution in the HP 3235. In the order
of highest priority first, these tasks are

I. Control Panel keyboard executed commands.
2. System Controller (via HP-IB) executed commands.

3. The ON INTR CALL sub__name and ON TIMERr CALL sub  name
executed subroutines (see Chapter 10),

4, RUN executed subroattines,

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 subrontine at a fime.

2. The HP 3235 always executes the highest priority task that has
gsomething to do.

3. Any task that executes a wait commmand of >30mS allows the next
fower priovity task 1o 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 fask.

These simple rules of priority and shared resources will help you predict what
the HP 3235 will do in most circamstances, For example, they help explain why
only one subroutine can be executing at any time (see Chapter 8} and why you
cat enter commands from the control panel keyboard and the HP-1B at the same
time {(see Chapter 4).

HP 3235 Advanced Programiming
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Chapter 12

introcuction

This chapter presents guidelines for maintaining signal integrity in your fest sys-
tem, Your test system configuration is a2 function of what you are testing, and
how often you change the test system or the device(s) being tested. It may also
depend on the required system throughput. For example, if vou are testing DC
power supplies, short cable lengths are not vital to the test. However, if you are
testing VHF recelvers, short lead lengths between the receiver and the test in-
struments are often cruclal. If vou are testing several different types of
receivers, you may want ko use the Quick Interconnect Fixture and short test
lead lengths. Consequently, you may need to compromise the test system design
to maximize signal infegrity while maintaining test throughput and ease of use.
This chapter shows vou 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, refler to the excellent books and articles llsted

in the bibliography at the end of this chapter.

General Information

The following information provides general guidelines for wsing 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, envitonmental condi-
tions, ete,

MUitiplexer The multiplexer configuration is most commonly used for signal switching into
anﬂgu rations 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; Le. the input is disconnected before a new input is connected.

Multiplexing configurations are used primarily to connect multiple signals to 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,

Two wire multiplexers are useful for floating measurements, Inductive coupling
can cause the gencration of ground loops in the low lead. To break these loops it
is necessary to switch the low and high leads. This is particularly vseful for
capacitance and inductance measurements at frequencies betow | 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 muitiplexer configurations are useful for high level signals where
measurement accuracy is not critical and where all the measnring instruments

Signal integrity
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Heating of
Adjacent
Modules

Signal
Levels

Coaxial
Cables

Signal Integrity
i2-2

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
singfe ended measurements.

Any plug-in module dissipating move 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 offset voltages on the adjacent multiplexer module. These offset 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 refays unsuitable

for switching some low level signals. This includes the bank and backplane refays
as well as the front end multiplexer relays. We recommend that you do not mix

high level 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 tow 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. RG-223/U cable is recom-
mended. Table 12-1 lists the 500 cables (BNCs on both ends) available from
Hewlett-Packard.

Tahle 12.1, HP Coaxial Cables

Length Part Number

30 em (12 in) | HP 8120-1838
61 em (24 im EP B3120-1839
122 cm (48 in) | HP 8120.1840
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Sources of Elecironic Noise

Sources of
Noise in a
Switch
System

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;

I. Conductively coupled noise
2. Coupling through a common impedance
3. Electric angd magnetic fields

Besides these sources of noise, some systems are sensitive 10 noige from galvanic
action, thermocouple noise, electrolytic action, triboelectric 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 1o the circuit.

* Coupling Through a Common Impedance, Common impedance coupling oc-
curs when currents from two different circuits flow through a commeon 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.

¢ Electric and Magnetic Fields., 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 fo 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 helpfu! in reducing
unwanted noise, but it is seldom enough for an understanding of where the noise
is coming from,

In many cases the noise culprit is the adjacent channel in the switch system. A
fook 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 is 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

Signal integrity
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Adjacent Channet Crosstalk
Cgin

p:N 1.
X"C 1 \\
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Common Bus
Caz
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/Load Impedance
Noiss Sourcas ', |
1: R, ==C
1

Signat Souma/ 7 =—Gommon ground

s

Figure 12-1. Noise Coupling

A

Signal Souma/

Figure 12-2. Shorting Every Other Condtctor

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,

Signa! integrity
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Moise

Shielding

Shielding
Against
Capacitive
Coupling

eduction

Moise reduction techniques apply equally to single point systems and multipoint
systems. Let's look at the following topics:

# Shielding
¢ Grounding
¢ [solation

Shielding test systems against noise involves shielding against both capacitive
(electric) and inductive (magnetic) coupling in the system.

Capacitive noise coupling between channels is both the easiest to nnderstand and
shield against in a test system. As Figure 12-3 shows, the coupling of noise from
one conductor to the other is a result of the capacitance between the conductors.
In most cases, the load impedance R is much less than the impedance of the stray
capacitance Cj, plus Cy. Therefore, when

R g o -
JHCya + Cag)

the noise voltage can be determined by

VN =i Rngvi

Physical ) Equivaient
Representation Circult

Figure 123, Capacitive Coupling Between Conductorst

T O, 1, "Noise Reduction Technigaes in Flectronic Systems”, John Wiley and Sons, i976

Signal Integrity
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If you could reduce the capacitance, Cy4, 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 ef fect. Figure 12-4 shows the
frequency response of capacitively coupled noise voltage.

*
Wy = Oy - /’/
N7 Char O ‘“"\* -

- — el -— _-tgoiation
= i - Capacitance
E, Yy = JaRGy gV — — i, 2 i 1 G, # 2
& I
£ |

Actual
a coal ¥, v, G SR WY
£ S I X
. mct2+026}_mh‘; - = - =
i
Fraguency o

Figure 12-4. Capacitive Coupling Frequency Response¥

Another alternative is to aperate at lower resistance. Loading or mismatching’
may make this unfeasible. Surrounding the signal conductor with a grounded
shield with uniform electric 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 I, The shield merely couples the noise voltage as shown in
Figure 12-5,

¥ ot, H., Noise Reduction Technigues in Electronic Systems”, John Wiley and Sens, 1976

signal integrity
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!
2 Shield

LTI

Figure 12-5. Unguarded Shield Capacitive Coupling+

¥y

Equivalent

= Physmal
Rapreseniation Clreutt

If the center conductor is exposed beyond the confines of the ungrounded shield,
and it has a finite resistance to ground, then the circuit ig as shown in Figure
12-6, Again the noise voltage reduces to

YV, = juRC |,V

Now, however, C;, is greatly reduced because of the shield. If the shiekd is
braided or not uniform then the effect of the holes in the shield must be in-
cluded in C 4.

Cqz

Cygrs

FAT o

- Equivalent ’ Simpiified Equivalent Gircult
il T PRepresentation Circult for Grounded Shisld

Figure 12-6. Capacitive Coupling+

¥ Ott, H."Noise Reduction Techniques in Electronic Systems®, Johe Wikey and Sens, 1976.
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Shielding

Against
Inductive
Coupling

Inductive coupling is much more difficult to eliminate than capacitive coupiing.
In fact, the above tHustration 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 eguals the shield inductance.

M=,
Ina this case, the two conductars, the shield and the center conductor, do not even

have to be coaxial. From the circuit diagram in Figure 12-7 and the fact that L,
= M, we c¢an derive the following relationship:

The 3dB point on the graph of Vyy versus frequency is defined as the cutoff
frequency of the shield, w, It can be shown that this frequency is w, = R/

o

2IYYYL Cantar
1 M Conductor
»

Figure 12-7. Equivalent Circuit of Shielded Conductor+

+ Ott, H.,"Noise Reduction Techniques in Electronic 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 plase 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
nroperties of the shield material,

Shielding Since inductive noise coupling is proportional to the loop area cutting the mag-
Against aetic 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 cotoff frequency most of the curreat in it will produce an
IR drop in the shield and appear in the circuit as a noise voltnge, I there isa
difference in ground potential between the two points in the ground plane, this
too will produce noise voltage in the circunit. Whenever a shield is vsed in & 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
shouid not be one of the signal conductors and one end of the circnit must be
isolated from ground.

Ground Plana-» i - R 2 S, G . i e
No Shield Shield Added Shigld Added
Large Enclosed Two Ends Grounded One End Grounded
Area Reduced Area Large Enclosed
' Area
A g G

Figure 12-8. Effect of Shield on Receiver Loop Areat

T Ot 1.,"Noise Reduction Technigues in Electronic Systems”, John Wiley and Sons, 1976
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Coaxial  Twisted pairs, where the wires are twisted together to reduce the loop area, and
Cable shielded twisted pairs should be used for applications up to a few hundred kHz
Versug Above this frequency these cables are prone to signal loss. By contrast, the im-
i pedance of coax ¢able is relatively vniform from DC to VHF (30 MHz to 300
Twisted MHz) frequencies,
Pair
A coaxial cable with its shield grounded at one point provides z substantial
amount of protection from capacitive pickup. A douvble shielded or triaxial
cable with insulztion between the two shields provides the maximum protection
against noise coupling, Since the noise current flows through the outer shieid
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 expengive and awkwatd to use), above 1 MHz skin effect on
the shield of coaxial cable tends to simulate triaxial cable, The noise current will
flow on the exterior of the shicld 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 frinxial cable without the expense and awkwardness. An un-
shietded twisted patr, unless it is used in a balanced circuit, offers little protection
against capacitive pici-up.

Gro unding Signal ground has two definitions:

1. A signal ground is an equipotential circuit reference point for a circuit or a
system.

2. A signal groond 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:

}. 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 fiefds and
differences in ground potential,

NOTE

Improper Growding can be a Primary Noise Souree

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 resulf in a low impedance
current path to ground.

Signal integrity
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. Figure 12-9.shows. that the instrument chassis should-be grounded foz safety, -
Otherwise, it may reach a dangerous voltage level through stray impedances or
insulation breakdown, In the HP 3235, if yvou remove the isolator shorting bar
{see Chapter 2), the chassis must not float more than 42V above earth ground.

Chassis Chassis
¢ 1 - =
| & i F
lr V.‘O—’VW—-—: I
|
| ] |
o i‘_ 4 1A N N Y N
Stray ! £ b
Impedances <~ = Insulation’

Bredidown

Figurg 12-8. Instrument Chassis Ground®

Figure 12-10 shows a standard 3-wire 115V AC distribution circuit. Do not
defeat the third wire safety ground,

.~—Barvice Entrance

F_
i_ -! Hot (Black {'"'__'it
sy i t
! i b load 4
i , Nesuteal (Whita) i & —=|oad
i i S Enclosurg
H
i i Ground {Green) (
t
|
I

Figure 12-10. Standard 115 AC Power Distribution®

F Ou, F."Noise Reduction Technigues in Electronic Systems”, John Wiley and Sons, 1976
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Single  Signal grounds are either single point or multipoint grounds. Single point
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 i also the least ex-
Ground i . X : )
pensive and the easiest to wire. It is therefore the most widely used. For non-
Systems 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.

Circult 1 Clreuit 2 Circuit 3
sl i A g B -« C
11+12+|3 ig+|3 ta

Figure 12-11. Common Ground SystemT

Figure 12-12 shows a separate, parallel ground system, It provides good low-
frequency grounding, but is mechanically cumbersome. This paraliel ground sys-
fem 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.

F O, H., *Noise Reduction Techniques in Eiectronke Sysiems”, John Wiley and Sons. 1976
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Chrewit 1 Glrcudt 2 Clircuited

Figure 12-12 Separate Ground System+t

At high frequencies the parallel single point connection is very lirnited. 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
hecomes worse as the frequency increases to the exient 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 pia_ne, normally the system chassis. however, just as parallel 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 impedagce
- the ground plane, as shown in Figure 12-13. This ground system is typically a
good choice at freguencies above 10 MHz Impedances R;-R;and L, - 1]
should be minimized,

+ 0Ott, H., "Moise Reduction Tevhnigues in Clectronic Systoms”, John Wiley and Sons, 1976
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Circuit t Clrguit 2 Cirewit 3

Figure 12-13. Multipoint Ground System+

Gmunding Normally, at frequencies below 1 MHz a single point ground system is preferred;
Summary above 10 MHz the multipoint ground is best. From I 10 10 MHz, a single point
ground system can be vsed as fong as the length of the longest ground return is
less than 1/20 of a wavelength, 1f this not possible. then a mulipoint should be
used.

For practical reasons, most systems require three separate ground returns. Signal
grounds should be separate from hardware grounds and noisy grounds like relay
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 {0 reduce noise coupling.

T Ozt, H, "Naoise Reduction Technicues in Electronic Systems”, Jokn Witey and Sons, 1976
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Noisy Hargware

Signal Girouni Graund”
Ground {Relays, Mators, {Chassig, Backs,
(Low-Level Circults)  High-Power Cirouits) Cabinats)

R A

“AC Power Ground Connected to

Hardware Groiind when Required

Figure 12-14. Thiee Classes of Grounding ™t

A single ground reference sysiem 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. Assbown in Figure 12-15, a measurement svstem with a return path
through two grounds will produce a noise voltage across the measurement ter-
minals of the instrument, Disconnecting this path on the instrument side and al-
lowing the instrument to float its low terminal above ground effectively apens
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 1o the measurement
terminals. The common mode noise is attenuated by a factor of Ry/Z,.

¥ Ote, 1, "Noise Reduction Teclmiques in Flectronic Systewms”, John Wiley and Sous, 1376
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A Floating Measuring Instrument

B Tt — —

*Migh” Source Resistance }
AR

Ein Y H*gh I . *
Nommal Ry E To
Moda g "Low" 1%"93;“:9 Maasuring
Source Souroaﬁ{aﬁjstanca Lowl Pedante | Circutts

E Z2
i R
= _\:.? Gmu"d?s =+
_ - E 1 T
Source Ground, Gon'?nn%on |Instrument Ground
Mode Source

Figure 12-15. Floating Multimeter

Grounding  Shields on cables used at frequencies fess than | MHz should only be connected
Shielded toa ground at one point. In the the case of shielded twisted pair, to connect
Cable 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 nngrounded source, the shicld 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 into the circuits.

Signal Integrity
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) Shielded Twisted Pair

Ve ) Coaxial Cable

] Shteldad Twisted Palr

\
) Shieided Twisted Pair i
-L

@J{) Coaxial Cable

ol

R

]

-
g

Coaxiat 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 fthan one connection

to ground to guarantee that the shield remains at ground potential, Besides,

cirevit at high frequency and makes the shield isolation difficult to impossible,
wavelength to assure good grounding.

capacitive coupling between the shield and ground plane tends to complete the
connection.

At high frequency, it is common practice 1o ground the shield at every 1/10

If there is any question about the ground in a system, it is betier to isolate the
questionable ground and find some other way of making a good ground

its performance can be characterized reliably.

A hybrid ground formed by inserting small capacitors every 1/10 wavelength
provides a single pround at DC and multiple grounds at high frequency. Further,

T 011, H,"Noise Reduction Techniques in Electronic Systenss”, John Wiley and Sons, 1976
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isolation Ground loops in very noisy environments can be broken by the use of isolation

Other Methods
of Reducin
Groun

Coupled

Noise

Noise
Reduction
Techniques
in Switching
Systems

transformers as shown in Figure 12-17. In cases where a DC path must be main-
tained a lengitudinal choke can be used to suppress higher frequency loops.

Circuit 1 Circuit 2

Ground Loop i

Cirguit 1 g“é Circult 2

Figure 12-17. Ground LoopsT

Other methods of reducing the effects of ground loop noise apply directly to the
measuring receiver load. The receiver can be configured to minimize the effect
of ground loops by using a balanced input. Even more noise rejection can be ob-
tained at low frequency with a guard shield around the load.

The interface between your DUT and switching system provides an excellent
opportunity for inadvertently introducing noise into yvour system. Follow these
simple rules for the cable harness:

1. 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
system,

For Connectors:

I. 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 ping should remain hetween the signal leads and be
grounded,

T Ott, ., “Noise Redustion Techniques in Electronic Systems”, John Witey and Sons, 1976
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S ConReciar.

The sources of noise in Ehe switching system are those generated internally by
the circuitry driving the switches, by thermal unbalance scross the switches, by
noise counling from other conductors in the system, and by noise generated out-
side the system. Thermal unbalance can be minimized by a mechanical design
that assitres that all the contacts in the relay are subject 1o the same temperature
gradient across the leads and by using Jatching relays. 1n this case the mujor
source of thermal generation, the coil energy, is removed s0 that the refay con-
tacts ave always in thermal equilibriue,

Noise coupling from adpeent channels into the measurement channel(s) presents
a great danger to signal infegrity, Proper shielding and grounding techniques can
remove many of these problems in hard-wired systems, but when the signal muost
be selectively switched into an oscilloscope, counter, or some other measuring in-
strument, the problem can become acute

TIEE  Tree switching is used to reduce the stray open switch capacitance seen in large
Swﬁch”’gg systems as a result of connecting the unused relays in parallel jo the system. This
capacitaace is reduced by introducing a relay in series with the input relays. For
a 20-channet multiplexer this series switch effectively reduces the stray
capacitance seen by the measuring circvit o [/20 the value without the tree
switch. The result is tess cross talk and faster measurement seftling time for the
system. This is shown in Figure 12-18.

NOTE

Figure 12-18 shows a general purpose 32 chammel mulitplexer. The HP 34501,
34502, and 34507 Relay Muliiplexers are similar in design. The backplane relays
act as "Tree Switches”, and the bank velays isolaie banks of relays. ¢ 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 enclosiure 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 swiich. Insertion ioss, a function of the resistance
of the switch, tends to be high,
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Iimpedance

Vismatching

Impedance mismatching in switching systems can cause many unpredictable
measarements 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 waveform creating a
standing wave on the transmission line. The ratio of the sum of the peaks of
these waves to the difference {the Voltage Standing Wave Ratio; VEWR) can be
calculated from the differences in the characteristic impedance of the system
and the switch.

2y,
For Zy>Z; then VEWR = -~

Zy
and

Zo
For Zg < Z; then VSWR = ——

Z

For systems that do not experience loss, Zj is the characteristic impedance of the
transmission line, Zj iz 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 calcufation of the wavelength versus
frequency can be made from the relationship:

Txf{=C,

where: © = wavelength Frequency Wavelength
f = frequency 1 MHz 300 m,
¢ = speed of light 10 MHz 30 m.

in the media 100 MHz 3m

Many times high frequency cw signals are nol common 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 2 mismaich through the system. Hence, it is
important to know what signals are going to cause a problem and how 1o 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 xt, = .35
and

Signai Integrity
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E =Ex—
Y+l

Where: BW = Bandwidth (maximum frequency)
t. = Pulse Risetime
E. = Amplitude of the reflected wave
E; = Amplitude of the incident wave
V = The specified VEWR

For example. let’s look at the reflections of a 5 volt signal {with 100 MHz com-

ponents) being routed through a switch with a VSRW of 2.0 at 100 MHz. First,
let’s caloulate the risetime of the signal:

0.35

Therefore,
t.= 35 nS
We can calculate the amplitude of the reflected wave from

{2-1)
E =25 x = = 167V
(2+1)

which for the sample case is equal to 33% of the amplitude of the incident
waveform. 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.
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oise Reduclion Check List’

When designing yeour system the following check list will be helpful in reducing
noise,

A. Suppressing Noise At Source:

U Enclose nolse sources in a shielded enclosure.

11 Filter all leads leaving a noisy environment,

{J Limit pulse risctimes.

[1 Relay coils should be provided with some form of surge damping.

{0 Twist noisy leads together™®

{1Shield and Twist Noisv Leads,

{1 Ground both ends of shields used to suppress radiated
inferference (shield does not need to be insulated)®

g. Eiiminating Noise Coupling:

L3 Twist fow level signal leads*
3 Place low level leads near chassis (especially if the
circuwit impedance is highl
83 Twist and shield signal leads (coaxial cable may be used
at high freguencies),
1 Shieided cables vsed to protect low level signal leads
should be grounded at one end only (coaxial cable may be used at
high frequencies with shield grouaded at both ends).*
£} Insulate shield om signal leads.
£l When fow level signal leads and noisy leads are in the
same connector, separate them and place the ground leads between
them®
[l 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®
[1 Keep ground leads as short as possible®
I Use conductive coatings in place of nonconductive coatings
for protection of mefallic surfaces.
£1 Separate noisy and quiet leads™
I1 Ground circuits at one point only (except at high frequencies)*
£ Avoid questionable or accidental grounds.
O For sensitive applications, operate source and load
balanced to ground.
[] Place sensitive equipment in shielded enclosures,
L] Filter or decouple any leads entering enclosures
containing sensitive egvipment.
[J Keep the length of sensitive leads as short as possible®
0] Keep the length of leads extending beyond cable shields as
short as possible®

F 0it, H, "Noise Reduction Techniques in Electronic Systems“; John Wiley and Sons, 1976
* Low cost noise reduction iechnigques
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0 Use low impedance power distrilution lines.

O Avoid ground loops®*
0 Consider using the following devices for breaking ground loops:

- lzolation transformers
- Optical couplers
Differential amplifiers
Guarded amplifiers
Balanced circuits

i

¢. Reducing Noise at Receiver:

[} Use only necessary bandwidth, _

(3 Use frequency selective filters when applicable.

O Provide proper power supply decoupling.

{1 Bypass electrolytic capacitors with small high requency capacitors,
(J Separate signal, noisy, and hardware grounds¥

O Use shielded enclosures.

[ With tubular capacitors, connect outside foil end to ground.®

* Low cost noise reduction technigues
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Chapter 13
Self Test

introduction

Your HI* 3235 has five internal test routines. These routines allow you 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 rousines and shows how to perform
them. For detailed information on ecach test routine, refer to the HP 3235
Service Manual,

The first test is executed avtomatically when power is applied to the HP 3235,
This test is referred to as the Power-On Self Test and it checks the system
maodules and a portion of the FIP 34520 Multimeter Module {if installed).

The second test is the Confidence Self Test and is performed when the TEST (or
TST) comnmand is executed. This command tests only the user plug-in modules
and the HP 3455¢ Control Panel, and is designed to give every possible assurance
that the modules are working properly withont 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 Tesi and is performed when the FTEST 8Y$ (or
FTST $Y$) 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 cormmand provides 90% confidence that the
HP 3235 and its plug-in modules are operating properly within the specified pei-
formance limits. Self test fixtures must be installed on each plug-in module to be
tested (the exception to this isthe 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 Data Seff 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 modules. The DTEST command refurns 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 3235 error register. The following example shows how to read the con-
tents of the ervor register. For additional information on the error register, refer
to Chapter 4 in this manual.

DIMENSION HP 3235 ARRAY
BEGIN LOOP

REARD ERROR REGISTER
ENTER VALUES

PRINT VALUES

END LOOP

10 BIM Messege${256)

20 REPEAT

30 DUTPUT 749; YERRSTR?V

40 ENTER 709; Code,Message$
50 PRINY Code,Messages$

&0 UNTIL Code=(

70 END

Self Test
131
03235-90001 Update 2 (FEBRUARY 1988)
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R 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. WNo user side plug-in modules
are tested. The HP 3235 polls each slot in the system and internaily stores the
module s, 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 displayed on the control
panel,

If an error occurs during the self test, the HP 3235 error register logs the first
four errors and the last error remains displazyved on the control panel. Self test
error messages are in the form: STF # <messuge> where # is the number of the
self test that failed and <message> describes the failure,

At power-orn, tests are performed on the following functional areas;

ROM and RAM handshake and checksum

Timers

10 timeout circuitry

System Data Bus, Address Bus, and Decoding Circuitry
Crossguard (isolation} data

HP-1B

Conirol papel fransmit and receive

Extender frame control logic

Extender frame svstem and crossguard data bus
Internal hardware and backplane inferrupts

03235-90001 Update 2 (FEBRUARY 1988)
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... Lonfidence Self Test

The TEST (or TST) command performs the Confidence Self Test. This test does

not change ihe hardware or software state of the HP 3235 mainframe or extend-
ers. If you specify slot aumbers 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 noi specify a stot 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; "TESTH

To test the modules in slots 100 and 500 of the mainframe and slot 300 of ex-
tender 2, send:

OUTPUT 709; YTEST 100,500, 2300%

The message "PASS” or "FAIL" is returned to the control pane! 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 ervor register. Use the ERR? or
ERRSTR? commands to read the error register (see Chapter 4 in this manual)

NOTE

11 is pussible for o failure on one user modide (o be repovied as a fallire o all
plug-in modides. 1f failures are reported from all installed plug-in moduldves,
i remave the modules from the cardeage and repeat TEST, 1/ "PASS” iy returned
with no moduics installed, replace one module ar a time, repeating the TEST slod
command For each module 1o iselare ihe defective module, T "FALLY is retvrned
with o modules installed, repear the Power-On Self Test and System Seff Test
{FTEST SYS command} to defermine the system failure.

The TEST command performs the tests described below. [For additional mfor-
mation, refer to the HP 3233 Service Manual.

{, If TEST is executed without specif ying any slot numbers, the control
panel is tested first. During the test, aft contro! 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 siot rumber., various
tests are performed on the modules in the specified sltots. The specific
tests performed vary from module to module, but in general, the fotlow-
ing occurs:

Self Test
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@ Each internal register on the plug-in module is addressed. If a regist-
er-does.not respond, the test failg

= The HP 3235 reads the identification {II3) register on each madule,
Each stot must have the same module tvpe as was installed at power-
on or the test fails.

& 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 (Le, measurement function, range, etc.),
At the completion of the test, the HF 3235 restores the muliimeter to its
previous state, The specific tests performed en the multimeter follow:

#® Multimeter power-on self test

#® Integrator convergence test

e Front end zero test

# Current source test

* AC/DC offset autocal circuitry test

e AC flatness autocal circuitry test

+ Nonvolatile RAM/ROM checksum test
& Cal protection circuitry test

Seif Test
13-4
03235-90001 Update 2 (FEBRUARY 1988)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



System Self Test

The FTEST $YS {(or FTST 8YS) command performs the System Self Test which
tests the HP 3235% trigger bus systemn. Executing FTEST $Y$ 0 performs the
default tests on the trigger buses. Executing FTEST 8YS 1 performs additional
tests using the HP 3235’ External Trigger In and Externat Trigger Out BNCs
connected on all frames. The FTEST §Y§ command does not change the
hardware or seftware state of the HP 3235 mainframe or extenders,

The FTEST $YS command returns "PASS” if all tests pass or "FAIL" if one or
more tests fail. Any failures that occur are noted on the control pane! display
and the first four errors are stored in the error register. Use the ERR? or
ERRSTR? command to read the ervor register {refer to Chapter 4 for more in-
formation on the error register),

NOTE

The trigger bus lines are active during the FTEST 8YS command, Therefore, any
devices connected fo the frigger birs system muy be aotivated when the resi iy per-
formed.,

To perform the default trigger bus test, send:

DUTPUT 7U%; "FTEST SYsH
oF
OUTPUT 709 "FTEST SY¥S5,0¢

The FTEST 8¥S command performs the following defaulf trigger bus tests:

* Mainframe Trigger Bus Tests. These tests verify the various multiplexer
paths contained in the mainframe trigger bus switching network. The test in-
cludes 12 DC voltage tests and four signal tests, During the DC voliage tests,
various trigger paths are selected and verified using high and low voltages. For
the signal tests, the output of timer channel | is looped back to the clock input
of timer channel 0 using dif ferent signal paths. Timer | ouiputs 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 tests
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.

* Expander Frame Trigger Bus Tests. These tests verify ail of the trigger bus
paths in each HP 3235E Extender frame. Some of these tests are duplications
of the mainframe tests, They test all extender frame crossguard and expander
modules.

Self Test
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Relay Module
Test

Self Test
13-6

Fixtured Self Test

—In-pddition-to-the-default-tests-just described ;- additional-tests -on-the-trigger-bug - oo -

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 fests, send:

GUTPUT 709; MFTESY SY§, 1w

The FTEST {(or FTST) command performs a pass/fail Fixtured Self Test on the
HP 3235 plug-in modules and tests the system module trigger bus circuitrey,
Diagnostic Self Test fixtures must be installed on each plug-in module to be test-
ed. ¥ relay modules are being tested, an HP* 34520 Multimeter Module and

HMP 345200 self test fixture must be vsed, Refer to the HF 3235 Service Manual
for a detailed explanation of the FTEST command.

NOTE

The FTEST cammand rosets the mainfreme, all exienders connceted (o the
matnframe, and any instalied plug-in modules.

If vou specify stof nambers with the FTEST command, the HP 3235 tests only
those slots (e.g., FTEST 200,300 tests the modules in mainframe slots 200 and
3000. ¥ vou do not specifv a slot number, the HP 3235 tegts 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” Iater in
this chapter for a list of the self test fixtures) The control panel is also tested if
you do not specif'y a slot number with the FTEST command.

if more than one slot is to be tested using a single FTEST command, the slot D
Jjumper on each test fixture must be set to correspond to the siot of the module
being tested. If only one test fixtere at a time is connected to the multimeter,
the slot IID jumper may be left in the ALL position. If two or more test fixtures
with the slot I jumper in the ALL position are connected to the multimeter,
faules on one modute could be falsely reported as fauits oit 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 345200 self test fixture and chaining cable which attaches fo the
relay module test Fhitures. 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 displayved on
the control panel. If any path resistance is outside the limits, the test fails and
"FAIL" is displayed on the control panel.

03235-90001 Update 2 {(FEBRUARY 1988}
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To test all plug-in modules in the system plus the control panel, sead:

Multimeter
Module
Test

Source
Module
Test

Digital 1/O
odule
Test

D/A
Converter
Module
Test

GUTPUT 709; HFTESTY

To test the plug-in modules in slots 100 and 500 of the mainframe and slot 300
of extender 2, send:

OUTPUT 709; MFTEST 100,500,2300"

The backplane relays on the HP 34501, 34502, and 34507 relay multiplexer
modules can be tested using the FTEST oo/ command. For example, to test the
backplane relays on the relay multiplexer moedule in mainframe slot 200, send:

QUTPUT 70¢; "FTYEST 201"

The FTEST routine far the HP 34520 Multimeter {irst opens the module’s
backplane relays and then performs the Power-On and Confidence (TESY) 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 es0/).

The FTEST routine for the HP 34521 AC/C 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 vsing
the HP 34520 Multimeter's self test fixture (HP 3452010 and chaining cable
which attaches 1o the Source Module’s self test fixture (HP 3452 D).

Quick, accurate electronic auto-calibration of the HP 34521 can be performed
using the FTEST ¢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 outpot 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 34522D 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 Moultimeter's seff test fixture

(HP 34520D) and chaining cabie 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
command is provided in the HP 3235 Service Manual.

Self Test
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..... Test o Pble-13-1-tists the self-tegt-Fixtures required For FTEGT -

Fixtures _ _
R&QUide Table 13-1. Diagnostic Test Fixtures

Use This Mumber
Description of Self-Test Finture When Ordering

Fixture for HP 345301, 34302, and HP 34501D
34567 3Z2-Channet Relay Modules

Fixture for HP 34503 General HP 345030
Purpose Reiay Modile

Figture for HP 34504 Switched- HP 345040
Shield Coaxial Huttiplexer Module

Fixture for HP 34505 and 34508 HP 345050
RF Multiplerer Moduies

Fixture for HP 34506 Switched- HP 345060
Shield Comxial Matrix Modute

Fixture for #P 34509 Relay HE 345090
briver Modute

Fixture for #P 34510 Power HF 345100
Actuator Moduie

Fixture for HP 34511 &4-Channel HFP 345110
Relay Module

Fixture far HP 34520 BMM Moduls. HP 345200
Includes HP 34562-61601 and
KP 34562-51682 Test Cables
{see beiow)

Figture for HP 34521 Source e 345210
Maditle
Fixture for 8P 34522 Digital I/0 #p T45220
Module
Firture for ¥P 34524 D/A HP 34524

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

....... The following paragraphs describe how to perform a fiztured test using the

FTEST command.

CAUTION

TO PREVENT CONNECTOR BREAKAGE, do not attentp! to remove a tor-
winal block or seff test Hxtrve from a plug-in modile withot tising the exiractors
or quick imrerconnect mechanisat (witen teriminal bloeks or seif rest fixtires are in-
stafled in a quick intercemnect fixtre ) Insiall plug-in modules info the card cage
before installing terminal Bocks or self test fixtwres, Secare the module in the
card cage with moeunting screws af the top and boitom of the pfug-in modude
connector.

Modules secured in the card eage provide connector support when terpsinad Blocks
or self rest fixiures are installed and removed. When removing a tevminal Wock or
self test fixture not in a guiek interconneet fixture, ALWAY S use extractors to par-
tially disengage the rerminal Block or self test fixture From the modude. Failure 1o
do this can cxeessively stress the conmecfor when one side of the ferminal block ov
self rest fixture is disengaged and the other side is still fully engaged. Aitempling
fo pull the terminal block of | creates a lever arm which pivors 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
maodule, sef the slot address jumper to correspond to the slot 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 yvou are testing
only one module. The aumbers (0 through 9 correspond to slots 000 through
900, respectively. Replace the cover on the test fixture. The test fixtures for
the HP 34520 Multimeter and HP 34522 Digital [/Q modules do not have slot
address jumpers. The slot address jumpers are shown in Figure 13-1.

NOTE

If the sfot address jumper Is correeily set, the ved LIED on each lesr fixinre (trns
on when that modtiie 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 terminal 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 fixture) to each test fixture and
the multimeter’s test fixture. Figure |3-2 shows the connections,

Seilf Test
13.9
G3235-9000% Update 2 (FFEBRUARY t988)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




- 510t Address Jumpers

Figure 13-1. Siot Address Jumpers on Installed Module

If the modules to be tested are installed in a 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 34362-61602 Test Module Extender Cable,

NOTE

Your can install the test fixtires and chaining cable fn a Quick Intercomeer Fixture,
This aflows yvou to casily and consistently fixture each modnie for the fesf,

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 809,
exXecute;

ouTPUY 709; "USE 800

NOTE

If the modude selected with the USE commuand is not an HE 34520 Multimcter
Modide bitt ane is insialled in the mainframe or an extender, the FTEST command
resets the HP 3235 and selects the HP 34520 in the lowest mivmbercd stof.

6. Execuse the FTEST command with the appropriate slot list. The FTEST
command returns "PASS" if all tests pass or "FAIL" if any test fails. Any
failures that occur are noted on the control panel display and the first four
errors are stored in the error register, Use the ERA? or ERRSTR? commands
to read the error register (see Chapter 4 in this manuval)

Self Test
13-11
03235-90001 Update 2 (FERRUARY 1988)

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



The following program shows how to run FTEST on a specific group of

- -mbodiies- -ﬁlF---aIi---tests---pass-,---t:he-- message"ALLTESTS PASSEDY .is dts}}[ayed o-Ehe e
systern controfler. If any tests fail, the messape "TEST FAILED" is displayed and
the errors are printed.

10 BUFPUT 70%9: “RSTH | RESET THE HP 3235

20 BUTFUT 7TO0%; "USE 800 { SPECIFY MULTIMETER

30 PRINT "IKSTALL TEST FIXTURES AND PRESS CONTROLLER ‘CONTINUE' KEY®
4G PAUSE

50 QUYPUT T09; "FTEST 100,340,400,500,700% | EXECUTE TEST
14 ENTER 7a9: A% I ENTER RESULT

70 iF A% = ®FAIL'™ THEN t TEST FALLED

20 PRINT MTEST FREILED™

<0 DIM Hessaged [2530]

106G REPEAT ¢ PRIHT ERRGR MESSAGES
116 QUTPUT 709; "ERRSTR?™

12¢ ENTER 70¢; Code,Messaged

134 PRINT Code, Message$

148 UKTIL Code = O

150 ELSE

140 FRINT M"ALL TESTS PASSEDYM I TESYS PASSED

170 END IF

180 END

Self Test
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Fixtured Self Test With Data Report

The DTEST (or DTST) command is valid onty 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 chms, Refer
to the HP 3235 Service Manual for 3 description of the paths measured.

NOTE
The DTEST conunand resets the mainframe, all extenders connected 10 the
mainf rame. and any insialled pllig-in modudes.

If you specify slot numbers with the BTEST command, the HP 3235 tests only
those slots (eg., DTEST 200,300 tests the modules in mainframe siots 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). 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 moduie
and stores the measurement results in an HP 3235 array.

i0 DIM Test1(5309)

26 GUTPUT 709; "DIM RESULTSC500)*

30 QUIPUY T709; “JSE 8BGO

40  QUTRUT 709; TMEM RESULIS!

50 OUTPUT 70%: HDTEST 200v

60 OUTPUT 709; “MEM OFF;VREAD RESULTS®
70 ENTER 709 Testi(*)

80 PRINT Test1({*}

20 END

Self Test
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Chapter 14

introduction -

Your HP 3235 provides the standard five Switching Module CIIL {Control
Intermediate Interface Language) op-codes. These op-codes are similar to other
RP 3235 commands but provide compatibility with the proposed MATE
(Modular Automated Test Equipment) standard 2806763 Rev B. The CHL op-
codes are for the switching modules only; other module types (e.g. Sensor or
Sticoulus) are not included.

NOTE

The CITL commands are valid at alf fimes. You do not need (o invole a "CITL
Mode”,

Hil. Switching Op-Codes

The five Switching Module CIIL op-codes are GON, DIS, CNF, 18T, 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 pari-dara

This op-code instructs a switching module to close the specified relays or
channels. It is the CIL 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 HF 34522 Digital 1/0 Module, CON ‘clears’
the specified bits. The pati-data specifies the channels or digital 1/0 bits to
close. Each channel or bit entry in the path-dara has the form esan where ¢
is the mainframe or extender number (J=mainframe, [-7 = extender), 3 is the
slot number (-9}, and nn 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

¢ DI - disconnect op-code
Formal Syntax:

DS parh-dara

CliL Commands
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...This op-code instructs a switching module to open the specified relays. Jtis. ...

the CIIL version of the OPEN command {see Chapter 5). When used with
the switching modules, DIS opens the specified relays or channels When
used with the HF 34522 Digital [/0 Module, DIS 'sety’ the specified bits. The
path-data specifies the channels or digital 1/0 bits to open. Each channel or
bit entry in the path-dara has the form esnn where ¢ is the mainframe or ex-
tender number (O=mainframe, 1-7= extender), s is the slot number (0-9), and
it is the relay, channel, or bit number. Multiple entries must be separated by
a comma or a space, For example, to open channels 114, 170, and 191, ex-
ecute the string:

nis 114,170,191

* GNF - internal confidence test op-code
Formal Syntax;
CNF

Nao confidence test is performed. The results are reported in response to the
CIL STATUS op-code (8TA). No operands are associated with this op-code.

@ i3T - internal sglf-test op-code
Formal Syntax:
ST

No internal self-test is performed. The results are reported in response to the
CIIL STATUS op-code {(8TA). No operands are associated with this op-code.

& 8TA - status op-code

Formal Syntax:

8TA
This op-code causes the HP 3235 to return the most recent error code and
error string. It 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
errot 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:

<spr<cr><l f>
Abnormal (error) messages are of the form:

FOPGPSG0<sp>(MOD}s<arror number><error string><cr><lf>

Typical error messages are:

FO7GPSUC {MOD): 6TCUT OF RANGE -- B.000000G0E+D2
FO7GPS00 (MOD): TINCOMPLETE COMMAKD -- A; EXPECTED COMMAND HEAPER
FOTGPSOOD ¢(MOD): G2WRONG CARD TYPE -- USE MULTIMETER CARD

CHL Commands
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| Op-Codes

Two additional op-codes provide device ¢lear capabilities. These two commands
are:

e Gl - invokes CTIL definition for device clgar action
Formal Syantax:
Gl

This op-code {(not a standard ClL op-code) puts the HP 3235 in its complete
CIIL mode. Specifically, it causes device clear commands to act according to
CHL rules. The Cill. mode Device Clear causes the same action as the na-
tive mode RESET (or BST) command, That is, the HFP 3233 is reset to itg
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 thig
manual for complete information. Either CIL or GAL {op-code described
next) is in effect at any time. The state of CliL versus GAL is stored in con-
tinuous (nonvolatile) memory and thus is not lost when power is removed
from the HP 3235,

& 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 GAL versus ClIL is stored in continwous (nonvolatile) memory.

CilL. Commands
14-3

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A
Specifications

introduction

Environmental

The specifications for the HP 3235 are the performance characteristics of the in-
strument which are certified. These specifications are lsted in this appendix and
are the performance standards or limits against which the instrument is tested,
Inctuded in the table are some supplemental characteristics of the HP 3235,
These should be considered as additional and general information for vou, the
user, Because of the many operating capabilities of the instrument, exercise care
when testing the instrument specif ications.

Specifications for the plug-in modules are provided in the HP 3235 Plug-ln
Maoduke Manual.

Any changes in specifications due to manufacturing changes, design, or
traceability to the National Bureau of Standards will be covered in & manual
change supplement.

WARNING

1f any of the following sympioms exisi or are suspected, remave the HP 3215
from service. Do not use the instrumerd undif safe operation is verified by service
trained porsonnel. :

i, Visible damage.

2. Severe rransport stress.

3. Profonged siorage under adverse conditions.

4. Faiture fo perform infended meastwrements or fumetions.

If wecessary, return the instrument 1o @ Hewlei-Packard service of fice for service
and repair (o ensure thai safety features are maintained,

Size

OPERATING TEMPERATURE: 055°C {32130°F') HP 3235 CARDCAGE: 310mm H (without festix

STORAGE TEMPERATURE: ~40°C to 75°C (~40°C to 185°F) #28mm W x 584mm D (122'x16.8"x23.4")
HUMIDITY RANGE: 95% RH, 0°C TO 40°C 7 HEIGHT WITH FEET. 205mm (1281

Power

DEFTH WITH TERMINAL BLOCKS: 683mm (27.3"
Allow 90mm {3.5" additionat depth for wiring to terminal blocks.
Altow 102mm (4°) additionat depth for analeg and digital

LINE YOLTAGE: 904132V (115V) OR 192264 {230V} switch expanston cabies.
selectable, 47-66 Hz. Fused at 5A {115Y) or 2.5A {230V). Weight

HP 3235 CARDCAGE
wilhout option 580 17 4 FLf 52

wilh optlon 598G bl A6 28 B
HF 34520 DMM MODULE 55 2 &8 14.5

EACH MODULE (maximum)
excludes HP 345240 3 B85 18 8

Specifications
A-1
03235-90001 Update 1 (MARCH 1987)
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SYSTEM MEASUREMENT

_ACCURACY

These specifications give total system accuragy for a signal
switched through the analog backplane buses from one of the
32 channel muitiplexer modules to a BP 34520 DMM Module in
the same frame. Specifications reflest inagcuracies contrlbuted
by the mulliniexer modules, the backplane buses, and the
multimster moduie,

Only specifications for measurement accuracy are shown
hera, Refer 1o HP 34520 Multimeter specifications for input
characteristics. No system accuracies are specified for DG and
AC current measuremenis because current cannot be switched
through the backpiane analog buses.

Measurement accuracy for signals swifched through
the HP 34501 32 Channel Armature Relay
Multiplexer

UG VOLTAGE

TABLE 104, BC YOS Measurement Bocoracy: ={% of reading + voiis}
Auto-zero on. Toal is the temperature of calibration from 18°C to 28°C

24 HBUR: Teal £1°C After one hour warm.up Accuracy relative to calibration standard.
Hange % of Roading Ve
108 10 1 A AG il

BV D%+ 4GV SO BTN T2 18N PO

oMY 00% ¢ 51V B0V 50 GN 504 400uY

v 0088% _ + TN BV 8N BN 400N dmv

30V oY% ¥ 0N 1205 2200V 700Y 4RV 40aW
+

250V D01 % BO0LY  TOORY  TO0.V SV 0wl 40Bmv
90 DAY: Tcal =5°C Alter one hour warm-up.

NPLC 168 it 1 kl I3 S
2my 6124V B26uY TISY 89 2N 70V

.3uomy 82V B4V T2V Y S0V 00V
L3 BV BV GV BV 4V dmV
BRI Lo 20 230V 30V B0V 4V AGmy
BN 063 + TOOV BN SO0V BV 40w 400nW

1 YEBR: Teal = 5°C. After ore howr warm-up
Add 0014 of reading fo 90 day specitications.

N

Tempermture Cosfficient: For opembing temperstures oulside specified range, refer to
the temparature coefiiciants for the HP 34500 BMM module.

Mlga?;.en O#: Agd additional acouracy ermor as specifled for the HP 34520 DMM
madule

Aange-to-Renge Response Erroe: For default setting times, add .0005% of input
voltage step 30 the first reading following a range change.

Specifications
A-2
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RESISTANCE

TABLE 10.2. RESISTANCE Measurement Accuracy; =(% of reading + ohms)
Four-wie chms, autozerc on, offset compensation on o off Tcaitslhe

\smperatire of calibration fronT 18°C to 28°c.

24 HOUR: Teal +1°C Alter one hour warrn-up, relative to calibration standard,
Henge % of Reading? + Ghre
KPLD 106 18 [} A EL L) NinE
501mQ_512me 584m0_14ma  19mg  70me

"3k om0 Bmi SOmO_A00m@ 40

" atkn “fomi B0md 80me 500md 4mQ 400
300kD #6mo 90mp 1@ 5p 4 4a0f
Er O - O e
MR 24 Be0n 8500 9500 15KMt  BMQ  40kR
00Ma2 0ok 100kD  D0KD  100kR  W00kG  100ko

jan? B+ MY MO e MR MG 1R
? Speciication applies for x(40°G, 85% RH) For tpical performance

<{25°C, 40% AH), add the folfowing % of reading to the ohms offsel
fisted above:

Koy M Bmy

o gmmn oo% 0% 021% O07% 0S0% 127%  126%

2 Specification applies for fwowire ohms only, NPLD =1, inpurts 2 10% of folf scale,
and within 24 hours of AGAL.

48 DAY: Toal =1°C After one hour warm-up

Rumge % of Reading' * Otirms O
[ i ATTTREE AR

WR 06E% 4+ S1ZM2 GZ6MR M2 A9mR  20mD  7O0mR

o0 005B% 4 f3amy _G4mp jamd dimd

¢ OBI% 4+ gmd Omg omp  sem

e o78%  + 80mi100m0 00mR_ s00mR

3o0kd 063%8%  + W 4G 128 68

MR+ W H0 W B

oNEogEw BI0R eB0p o0k 15K4

WOMRT ek 4 WOk 100K 100k 100KG 0k

KR T IR IME MR MR MR

! Spscification applies for (é0°C, 5% RH). For lypical performrance,
<{25°C 48% RH} add the fofiowing % of eading lo the ohms offsst
frsted above:

Fange
300 00 JIRIEER MWED JHe7 oG e aen

AR Ouen OS6% 0w 006% OIt% 062% 280%  28%

2 For 80 oay and 1 year specification under stable condition (21°C) foflawing AGAL,
se 24 hour specifications instaad.

4 Specification appiias for two-wite ofms oy, NPLC =T inpuls = 13% of fulf scals.

1 YEAR: Teat +3°C After one hour warm-up.
Far all ranges excapl 30M3, add (0015% of reading 1o the 30 day specifications.
Far 30M{ range, add 00125% of reading to the 90 day specitications.

Tempersture &mfﬁmn!. For ﬂpewihgatmrﬂur@ 'ou{éid'e épeciiieﬁ range, use
the ternperature coefficiants for the HP 3 DMM module.

Twowiire Ohms Accuracy: Add 570 1o all tourwire specifications.

AuinZaro D Add edditional sccuracy error as specified for the HP 34520 DM
module,

Rezponse Time: First reading meets accuracy specificatlon with preprogmmrmed set-
tling times and no exiernat circult capacilance An additlonat delay of 01 sec s

necessary after a range or fungtion change.

TRUE RMS AC VOLTAGE

AG voltage accuracy specified for sing wave isputs >10% of rnge. DC compo-
nant <18% of AC compenent, AC slow filter on [ACBAND 20). After une-
hour warm-up. Autozero on,

AC volts measurement accuracy for signals switched through the
MP 34501 armature muitipiexer module is the sams as for a signal input
diractly to the HP 34520 multimeter.
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Measurement accuracy for signals switched through
the HP 34502 32 Channel Reed Relay Multiplexer

RESISTANGE

TABLE 10.4. RESISTANCE Meagurement Assuracy: =% of rading + chms}
Fourwire ohms, auto-zero on, offset compensation on or off. Teal is the

DC VOITAGE

Waximum measured input for signals switched through the reed relay
module s limitad o 125¢ DC er AT Peak.

TABLE 10-3. DC YOLTS Measuremant Accuracy: =(% of reading + volts)
Auto-zere on. Toal Is the temperature of cakbration fram 18°C to 26°C.

24 HOUR: Teal +1°C. AHer ane hour warm-us. Accuracy relative to calibralion standand.

Range % of Reading + Volts
BPEE 160 10 T 05 Bo05
Jdomy 00w+ LAGNM BOLY BTNV ThLYV 19V T
2H0mY_ 00 51V 51 BTV oV BV oV
TW T mes% + Ty GV G B0V 4 AmY
LN s v WY 126V 20,V TOGN by
250V 80E2% BOOuY  TOGLV  TOON BV 20mV  400mV
93 DAY: Teat 5°C After ong hour warm-up.
Range % of Reading + Vehs
WPIL 100 1 t ) Bs Dam
W DI 4 BN BI6V TARN BSV  2nV M

RN TV SN 400V

LSV B0V 400N 4m
30V 80N 4mV 40

B0y Sml  40mé  400mV

Ty [630%
LY 0oTo% +
260V O085% +

300mV DGE%  +
&

24 HOUR: Teal +1°C Atier ane hour wanmeup, refative to calibraiion standard,

Range % of Reading' + ) Tops
&L L] 1a 3 1 b T

. NOT SPECIFED

! __Smﬂ: BU{Q“W I

TIRR 0045

it Tomil  80mn  0my SQ0md
00k o3+ BOGMR G0mR 19 S0 400 4000
ML 0%+ QR B0 B0 5003

30Ma + 8200 8500 9500 15k3  6ke  S0ke
300Mp 2 i 100kR  100x0  00ka  100kR  100KR 1000
3602 + MR MR MR M2 TMp 1Mp

! Specification applies for <[0°C, 5% RH}L For typical performance,
<(25°C, 40% RH} add ihe faliowing % of reading 1o ihe ohms offset
figtecd above:

Range
G BT MRIRE BT M0

VI NOTSPECIFIED  GUBY% Mm% O070% ORS% 1% 126%

2 Spepification anphies for wa-wire ohma osly, NPLC =1 inputs = 10% of fed scals,
and within 24 hoyrs of AGAL,

JURT 3mERIL Lo

35 DAY: Toal =170 After ong hour warm-up.

Ngdo-l;‘m's 0 Add additional accuragy eror as spectiied for the HP 34520 DMM
modisle.

Renge-to-Bange Response Errer: For default settling tmes, add 0005% of input
voltage step {0 the fimst reading following & fange change. .

1 YEAR: Teal + 5°C After ane hour warm-up. Awnge % of Rasding' + Bhms

Add B01% of mading to 90 day specifications. NPLE 100 w 1 1 065 .65
Tnmrmre Coofficiant: For oparatlng temperaturas outslda specified range, refer to -3 NOT SPECIFIED

the temparature cosfficients for the HP 34520 DMM modiie. 3001 NOT SPECIFIED

Omt  10me  W0mG  50mk  Dmir 40
%m omE i00ma 500mn 4 4o
i1 126 &0 aG 4000
B 1R den . B0R  WOn  5kn
) W 8300 800 6OR ISk BW!  S0KD
00Mp28 36% 10K 100KD 100k 000 100K 100KE
3602460 T Y T T T T TY (TR ¥ 7

! Spacification appties for £@40°0 83% RH) For tvpfcal performance
=(25°C, 40% BH), add the folowing % of reacing 1o the ofims offse!
iisted above:

S S SR

Rangw
R WG ROIRQ O MNG MR MR oMy e

BT NOTSPECIFIED  00M8% OUE3% OV%  OR2% 28% 2%

2 For g day and 1 ywar specification under stabfe condition (2 1°C), folflowing AGAL,
use 24 hour specifications instead.

& Specificalion applies for twowire ohms only, NPLC =1, inpuls 2 10% of full scale

1 YEAR: Teal £5°G, After one haur warm-up.
For all ranges except 30MD, add 0.0015% of reading to the 90 dey specifications.
For 30M1 range, add 0R25% of reading o the 90 day specHications.

Tmt{nraﬁrs Cosfficient: For operting lernperstures outside spacifisd rangs, use
the lemperature coeffigtenis for the HP 24520 DMM madule.

Tivo-wire Obms Acouraey: Add +2200 10 all fourwire specifications.

Anm-zim Off: add additional acouracy error as specified jor the HP 34520 DMM
uie.

Respense Time: First :eadirbq meets gecurany specilication with preprogrammed set
thing times and no external clroull capacitanca An additional dalay of 01 sec is
 necessary afler & range or funglion change

TRUE RRMS AC VOLTAGE

AC voltage accuracy specified for sime wave fpuis > 0% of range. Maximum input
fimited to <1264 Peak. DC component <10% of AG component, AC slow
filter on (ACBAND 20}, After one hour warm-up. Auto-zero on.

For AG voltage measurement accuracy of signals swiiched through
the HP 34862 reed refay madule, add the error befow %4 of reading) 10 the
AC voltage spacifications for the HP 34520 DMM,

temperature-of calibrgtion-Hom-182C to-28%C - o s e

Froouoney My 20-20k 200k #0k-300k 300kAM
% of Reading + 03% + 3% 3% = 30%
Specifications
A-3
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SYSTEM MEASUREMENT
ACCURACY (continued)

. Measurement accuracy for signals switched through

the HP 34507 32 Channe! Mercury Wetted Reed

RESISTANGE

TABLE 10-6. RESISTANCE Maasuremsnt Accuracy: =(% of reading + ohms}
Fourwire ohrns, autozero on, offsel compensation on or off. Toal is the
ternperature of calibration from 18°C 1o 28°C

A Range % of Rgading® + Ohms
308 NOY SPECIFED
L —on5mo X5mQ 207mi Zom@  S0ma 400mp
BC VOLJAGE Ske 0GiB% 4 Zmo Jbma Zemn  SOmm 400mg a0
J0KQ 0045%  + 210ma 220mi 220m3 S00mi 40 400
TABLE 10-5. DU VOITS Measurcient Bccuracy: =(% of reading + volts) 300kst 082% + 23 2 220 W 40 4000
Auto-zers on. Teal is the iemperature of calibration from 18°C {o 28°C ki L 24 G 7 s S0 SMG
FIMR 284% + B3 Be0n %800 15k BRD 40RO
24 HOUR: Togt =1°C After ong hour warmeug. Accuracy relalive 1o calibration standard. o0mnE 5 . Ot W00k 00kT  TOGKD  T0OKR T0GKD
Reme % of fewding ¢ . . aGae B+ R MR WD MO MR WD
HE.B 2 ! ! 20500 1 Specitivation applies for <{40°C $5% RAH). For typical performance,
L ¥ = (] 3
LT 4 D4 04y 205V TN N 0N <(PA°C; 40% RH), ade the following % of reading fo the ohms offssl
oMt + 20500 listed above:
O00REY & Y / g
oo« N0V 10N 220V 700V amV_ 40mV
omss o« B0V 700LV 700,V Smi 40mV 400wV O A . A i i A OO opn o e
40 DAY: Teai =5°C Aftar one hour warm-up. g 2% 0% 00Z% D07 O83% RN 132%
Range % of Reading + NPLE pro 0 '-Fa!lu 2 Specification applies for bwowire ohms only, NPLD 27, inpufe = 10% of full scale
and within 2¢ hours of ACAL.
JBomw 0653 4+ 07V 08V AN 21TV BN TOV
e o+ W08 208V ALY 2LV SV 400V 90 BAY: Teat £1°C After one hour wanm-up.
L 0¥+ 22V 28N 2V SV 400u¥  amy Range % of Beading? + Ohms
0V 0050% 220V A30eV 33V SO0V 4mi A0y NPIL 100 ] 1 1 G
0V O0EESE ¢ 0N 8O0V BOOWV BV 40mV  400mV 0 N SPECIFIED
: 300g DEs% + 20800 208mi Ain2  23mE SOmd  400mD
1 YEAR: Teal = 5°C After one hour wam-up,
Add 00t of reading to 90 day specifications, L 2ma  22mQ 2mQ S0mQ 400mid 4
kg 00T ¥ 20mit Z20mR 220m2 S00m0 40 409
TemremWe Coefficient, For operating lemperatures outside specitied range, refer fo kR 0%+ 220 230 231 50 400 aDon
the termperature coeffictents for the HP 34520 OMM module. Y e acn  o5g | 2im B0 500G Sk
Aute-Zors THE Add additional accuracy error ag spacified for the HP 34530 DMM Mg 285% ¢ B4 B700 G700 15kD BkO SR
rodule ooME2Y 2%+ WOKG 100D TO0KD  100kD  100KE  00RR
ke B Wy 4+ M IME MO MR D TMG

Rangeto-Bange Respomse Error For defauli setiling times, add G.0005% of input
voltage step o the first reading foliowing & range change.

Specifications
A-4

03235-90001 Update 1 {MARCH t987)

1 Specitication applles for s{#°C 95% RH). For fypical performance,
=(25°G 4% RH). add the falfowing % of reading 1o the ohms offsef
listed abover

fangy
e k7 TG I0eT JHe M2 IR .?E.!?_
"’,;’N’f" 0058% 0048% 0083% ON%  062% 285% 265%

2 For 90 day and T yoar specification under stabfa congition (+T1°CH foflowing AGAL,
use 24 hour specifications instesd.

3 Spacification applies for two-wire ofms only NPLD =1, inputs = 10% of Jull scale

1 YEAR: Tcal +5°C After one hour warmeup.
For alf ranges except 3000, add G0015% of reading to the 90 day specificationy.
For 30Mi! range, add 0:0125% of reading to the 90 day specifications,

Temperature Cueéiulem!:Foroperatmtam eratures oulsids specified range, use
the temperaturs coefficients for the HP 34520 DMM moduls,

Two-wire Ohms Accurecy: Add =250 fo all four-wire spectfications.

Mtg-Zem Oft: Add additional sgcuracy emor as specified for the HP 34520 DMM
module.

Response Time: First reading meets accuracy specificatlon with preprogrammed selb-
tling timas and no axternal Glult capacitance. An additional delay of 01 sec is
necessary after a range or function change.

TRUE RMS AC VOETAGE

AC voltage accuracy specified for sine wave inpots >10% of range DC compo-
nent < 1% of AC component. A slow filler on (ACBAND 20). After one
hour warm-up. Avto-zero on,

For AC voltage maasurement acturacy of signals switthed through
the HP 34507 mercur{-wetted reed relay moduie, adg the ermar betow (% of
reading) to the AG voltage specifications for the HP 34520 DMM.

Fratweney {4 0520k 200108 T00k-20k 00k-1b4
% of Rending 0% =0% %03% £3%

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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HP 34520 DMM HMoise Rejection with

~Switched Inputs

The following tables iltustrate the noise rejection capability of the HP
34520 DMK moduie when measurement signals are switched from any of
the 32 channel multiplexers (HP 34501, HP 34502, or MP 34507) via the
backplane signal buses. Note (hat use of the guard in the HP 3235 im-
proves the noise rejection of the DMM.

TABLE 1B-7. Noise Bajaction for G VOIS FURETION (dB}

Ho of Chanmels
=T = B
o d Tramas]
NPLC Goprded  MonGuerded  Guarded  MomGuarded
AG HMR =1 0 1] 4] ]
{5060 Hr = .08%) ¥ %) 60 &0 89
10 & &8 [ a0
100 x 9 ap A
AC ECMR s i &6 &0 o8
gi%fﬁ.ﬁ ﬂé tcfe:;ﬁl 1 146 1% 140 12
imbalanse i
low fead 10 w0 146 160 149
0 1#B0 156 160 150
O%080 iz + 00%)
{ i)
1 kR imbalanse in >0 > >4 > 120
{ow lead

TABLE 10-8. Naise Hejection for AC VOLTS FUNCTION {dB}

" Ho. & Chenanls
= 18 = 2B#R
fona froma} {8 congectsd fremesi
[y TH finardgd UraEanlad P YonGusrded
R

£ 2

3 ki imbalancs in 8 86 &0 80
low lead

Specifications
A-5
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SWITCHING AND
OPERATING RATES =~

The sypiewents! chorsewdstios Hsfed fn this section ars infended to provide information
uselul in #pplying the instrument by giving fypical, but non-warranted performance
i,

TABLE 111, Switching aad Dperating Speads (msoc)
This table compares switching speeds for gifferent HP 3236 switch
modules. If aiso compares the execution rate from an external controliar
to the execution rate from an tntemal HP 3235 subroutine.
Times fisted for the Series 9000 and the HP 1000 are for exacltin
the command QUTPUT 709 “Operation/Command” via HE-B. Ingiuded is
the HP4B transter time and the fime 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 exenute 2 command
from a sgbroutine previpusly downloaded into HF 3235 memory, KRB
E;{;nsfer tirr)aes for the cornmand string are not included. (SERIAL ON, DISP
‘F apphy.

CTHER SYSTEM OPERAVIRG RATES

7 TABAE 12 Data Teansler Times from Internal Memary dmseci

. Gpue Formet
Areay Sire ol By
Rigal fneges
HF 0 0 140 Wk
s L' g
e 00 1065 1748
{Basic)
HE 1000 wo...ns w3 w8
Fortran) 10 203 262 175 5

TABLE 11-3. Interrupt Timing

Interrupt Latency: = 1 nseg
The time to begin execution of & subroutine in Internal memory
after inteerispt from a HP 34522 Digital 1O module or MP 34523
Breadboard module when the mainframe is idle

Specifications
A-B

Dpesstios) Hggessary Serice 00 AP 1008 Local Interrupt Rate: 400 Hz ) o
Comnaan] [P Mofel Mumber!  Model 20080  (Foriran]  Execution The maximutn rate interrupts can be serviced with & subroutine in
. fBacic} internal memory {service routing < 1000 gsec). Inferrupt rate
CLOSE 101 3450134508, I 2 LB decreases as execution time of service routing is increased.
il B0 2aB0E 2 % 2
PEN 11 A ; e Y
Al B0 &7 =
M i 83 L0
3E22 38 57 £2 CHARACTERISTIC HP 34520 DRIM MEASUREMENT SPEEDS WITH
CLOSE 109102,..12 BAG0T 34508 n SWITCHED IRPUTS
or MEHD 184 L
Dg Eﬁ 1“3"2“-“2 q The following tables are useful for estimating the measurement (and com-
ﬂodug’;“ § on same pare) Hme for & random scan of channels on a single plugin module, If
BT T the measurerment channsls ara in different banks, the bank relays are
closed prior to inifiating the MEAS or VERIFY command. Rates listed
SELECT 11 4501 reflect NPLC 0. DISP OFF, AZERD OFF, fixed range and function, For
operating ratas at other Integration times, refer to Table 137,
Tatilp 1t-4, Dparating Speeds for MEAS or VERIFY from er Externai Gontroller
This tatde lists the measurement time per channel for a random scan of
10 channels” The measurement sequence is initlated in the controillsr and
- readings are returnied to the controlier via HP-I8. Times apply for elther
CRESET 24501 34502 34500, 20 &sCii of binary output mode, except a8 noted.
;54505 v_2§ £ M Eontroller Funetinn Module Type
4606 & 82 78 HP 34508 HP 34802 H7 34501
34529 24502 5E 70 2 HP 3000 WEAS DCVEED 30dmsee T6rsee [a8cil} 118msaec
SSTATE nafme, 100 34501,34507 34503, %?m {DELAY G} Gimsec (binary]
{single moduda) 34005, 314508 30607, 6.7 81 2 " MEAS ACVARI 1.31sec 1080 1t3sec
3462 M4E2 (Basicy (prﬁﬁmga{@mm&d
RSTATE name, 100 34501, 34502,34504, SeLmg e
(single modie) 24507 2‘ 25 ® ACEAND 4002
34505 . 5 285 ) il;igr? \?G\E!{d,ﬂ 30maes BOrmane t22msac
e 162 18 Ll :Em:: E?h“.}ﬁﬁ 1328 107 1138
.......... ” D7een 13esc
- 34522 34523 64 81 41 ] {breprogtamened
GONNECT 30, ABD settling time,
or 34501,34502 34507 4] 23 16 ACEAND 460042
DISCONNECT 101,480 HP 00O HEAS BUVODIL Armaes 8meec THamaso
CONNECT 101,110 {Fortran} {DELAY )1 75mse;
or il 26 il S . ' ;
DISCONNECT 101110 {p,e?;ﬁﬁﬁﬂmed 182e00 Dseo Hasee
CONNECT ONLY, 101, ABG  34501,34502,34507, 3 3 30 R
CONNECT ONLY 101710 34506 45 47 46 VERIFY DCYDCLD NBrmises 17msec 130msec
H
BBREAD 100, 1 34523 5 83 24 {DELAY O)
of VERIFY RCVACH 132sec 1.08sec 113360
BBWRITE 800,154 48 84 B {preprogrammed
setthnﬁ tima,
READ 34522 15 T8 AT ACBAND a0d)2
WRITE 511 3% 54 38 ;t? megsurement rates apply for <300 K2 ranges.
WRITEBLK 24502 Py 5 2 Add 808 meoe per channal for ACBAND <400 Hz.
{18 hit words, 1000 words, “Timos measured using a 10 element chan. fist feg. MERS DOV 107115.134..127), For
strobe handshake) command exscutlon fom 2 controlies, use of & prestored ariy r’r}ia‘ead of & phanne!
READBLIK 34522 25 o8 24 Hist (0.9, MEAS DCV arrgy nams} witf improva measuramsnd rate. For te 10 channe!
(16 bit words, 1000 words, caze alxve speed improves by 0.8 usec per channel,
strobe handshake)
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TABLE 11-5. Dpersting Speeds for MEAS or VERIFY using lwterval Memory
This table lists the operating time per channel for a random scan of 10
_.channeis® ag in Table 11-4, however the measurement sequence is gx.

“ecuted from and Teadings stored to the fntefna AP 3235 Giefhary.

Fusetion ## A0 HF 19546: HP 34507
MEAY  DEWRCLS (DELAY O)? 24msec Sdmzes fmsee
o
VERIFY  ACYACH 1.386¢ 1{6ssc 1Hsec

ipreprogramned setliing
thines, ACBAND 400)2

T [ measuement rates apply for < JO0RD ranges.
2 agf 900 mase per channefl for ACBAND <400 Hz.

*Fimes meaguted wsing & 10 elament chanpel Hst feg. MEAS DOV 107115,134..127).
This represents the fasfest scan rate For command execulion from local memory,
speed decreases by 02 566 pér channe! if & prestored enay fs used instead of &
channel list g, MEAS DLV atray namal.

TABLE 410, General Opersting Speeds for MEAS and VERIFY

To getermine the measurement time per channel for a random scan of N
channels, use the formulas provided in this iable. Dperating conditions
frorn Teble 116 apply, For integration cycies other than 10 a8 (NPLC C) use
the per channel adders in Table 11.7.

. Wixed Time + TinsoiCimana (nessed

Eunttion “HP 3e50 P 34502 WP 34507
BEAS  DCUACD (DELAY 0)7 & + 20 i+ 24 % + 82
ar
VERIFY  ACVAEI B+ 120 at + 0 25 + 109
(preprogrammed satiting
times, MDY 40017

! 3 measurament rales apply for < S00R mnges.
2 At 900 msse per channel for ACBAND <400 Hz.

TRRLE 157, EFfoet of Integratior Time nn MEAS and VERIFY

To deferming measurement (and comparg) speeds wlih the #P 34520 DMM
for NPLE other than 0, add the appropriate time listed below to the
measurameant time from either Tabls 144, 11-5, or 116,

Increase in Moasursmant Time (mseckhapnel)

RPIL 0.5005 1,608 03 ! 18 18t
60 Hz g ol 21 w2 20z 2030
50 Hz g 0. 21 215 248 NX
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Appendix B

introduction

The following section summarizes the HP 3235 commands coniained in this

manual. 1t is divided into two groups: "Mainframe Commands" and "Plug-In

Module Commands',

Mainframe HP Common Instrument Capabilities
Commands

CLR Device Clear,
DISP or RSP Enable/Disable Control Panel Display.
ERR? Read Error Code.
ERRSTR? Read Eryor Code and String.
10?7 Identify Mainframe or Plug-1n Modules.
1DN? Read Identity of System.

LCEL or LOCAL
LOCK
RESET or RST

Return to Local Mode.
Local Lockour.
Read System or Stot.

REV? Return Firmwara Revision Code,

RMT Execute Local Lockout.

RGS service Request Ensble.

RQS? fend Service Request Maszk.

SER? Read Serial Humber.

SEY Load Instrument State From Controlter.
SET? bumg Instrument State to Controller.
STA? Read Status Word.

8TH? Read Status Byte.

TEST tarform Salf-Tast.

TRG Putse Backplane Trigger Bus.

Data Forimats/Buff{ering

BLOCKOUT Set Block OQuiput Mede for Data to HP-18.

CLROUT claar HP-1B output Buffer.

END fnable/Disable ¥P-IB EOI Functicn.

INBUF Ensble/Disable Command Input Buffer.

KEYS Send Messages from Control Fansl te Controller.
OFORMAT Select Output Format.

QUTBUF Enable/Pisable Data Output Buffer.

Error Reporting

ERR?
ERRSTR?

Resd Error Code,
Read Error Code and String.

Control Panel Operation

ADDR? Read HP-18 Address of HP 3235.
BEEP Enable/Disable Beeper Mode.
DisP or DSP EnablesDisable Control Panel Display.

Command Summary
B-1
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L PISP? or DSPZ ... _Enter Contents. of .Control .Panel Display.to. Lontroller.. . .

ECHO Test Communication Between HP 3235 and Contrallap.
KEYS Send Messages from Control Panel to Controller.
MON Monitor Various HP 3235 Conditions.

PONSRA Enable/Disable Power-On Service Reguest.

READY? Return “1" When HP 3235 {s Not Busy.

SRO Programmed Service Reguest.

Mounitoring
MON HMonitor Varicus HP 3233 Conditions.

Variable Storage and Qutput

DISP ar D3P Pisplay variasble or String.

FETCH Read Variable, Expression, or String.
MEM Enable/Disable Memory Qutput Mode.
VREAD Read Variable or Array.

User-Defined Key Commands

DEFKEY Redefine Control Panel Key.
DEFKEY? Read User-Defined Control Panei Key.

Memory Usage

CAY Catalog of Arrays, Vaeriables, Subroutines, States.
COMPRESS Compress Subroutine,

DELSUB belete Subroutine from Memory.

MEH Enable/Disable Memory Output Mede,

MEMAVAIL? Return Size of Wolatile end Continucus Memory.
PLRGE Purge Stored State from Memory.

SCRATCH Delete Arrays, Veriables, Subroutines, States.

General Purpose Math

+ Real or Integer Addition.
Real ar Integer Subtraction.
® Real or Integer Multiplication.
/ Real Bivision.
- Exporientfation,
ABS Absolute value.
AND Logical AND.
ATN Aretangent.
BINAND Binary AKD,
BINCHP ginary Complement,
BINEOR Binary Exclusive-OR.
BENIOR Binary Inclusive-OR.
BIT Read Bit Value,
£os Cosine.
DIs Dimension Real Array.
biy Return Integer Portion of divigion.
EXQR Logical Exclusive-OR.
EXP Expohent.

Command Summary
B-2
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FILL Fill Array.

FILLBIK Fill Arcray with Binary Valugs.
INTEGER Bimension integer Array or Variable.
LEY LET Assignment.

LGY Legarithm.

LOG Naturael Logarithm.

Moo Return Remainder of Division.

NOT Logical Complement.

1] Logical OR.

REAL Simensfon Real Array or Variabtle,
ROTATE Rotate Bits with Wraparound.
SHIFT ghift Bits without Wraparound.
SIN gine.

SI1ZE7 Read Humber of Elements in Array.
SOR Square Root.

Limit Testing
LIMLT
Help System
HELP
Subroutine Commands

ABORT
CALL
COMPRESS
CONT
DELSUR
END 1F
END WHILE
FOR...REXT
[£...THEH
LISy
PAUSE
PAUSED?
RETURN
RUN
RUNKING?
STEP

SUB
SUBEND
WHILE

Test Yalue Agoinst Lower and Upper Limits,

Help System.

Abort Subroutine Execution.

Call Subroutine.

Compress Subroutine.

Continue Execution of S$tepped/Paused Subroutine.
Delete Subroutine from Memory.

Eng of IF..THEN Loop.

End of WHILE Loop.

Repeat Loop Untit Counter Passes Preset Yalue.
Conditional Branching Hithin Subroutine.

List Subroutine.

Pause Execution of Subroutine.

Returns "I if Subroutine is Paused.

Return from Subroutine to Caliing Program.

Run Subroutine.

Returns M1* if Subroutine is Running or Paused.
Single-Step Subroutine.

Begin Subroutine.

gEnd Subroutine.

Exscute Loop Until Expression is True.

State Storage Commands

PURGE
RSTATE
SET
SET?
SSTATE

purge Stored State from Memory.

Recall Steored State.

Load Instrument State from Controller,
pump [nstrument State to Controlier.
Stere State.

Command Summary
B.3
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Self-Yest Compiands

DTESY ‘or DTST Perform Data Tesat,

FTEST or F3T Ferform Fixtured Seff-Tast on Medutes.
FTEST 3Y8§ or

FY3T 8Ys$ Perform Fixtured Seltf-Tast on System.
TEST or TST Perform Confidence Self-Test,

Addressing Commands

use Select Device for Subsequent Commands.
Use? Return the Current Use Device Number.

Backyplane Trigger Bus Commands

AUTOTE EnabiesDisable Trigger Bus Connection.

BPCUT Designate Trigger Bus Path inte Switeching Netwark.
DRIVEBPR Drive Backplene Trigger Bus in Specific Frame.
DRIVEETBR Drive Extender Trigger Bus Between Frame.

DREVEEXT Drive External Trigger BN{ Connecters.

DRIVETSN Drive Trigger Bus in all Frames.

TEBORIVE Drive Trigger Bus frem HP 34522 Digital 1/0.

TBn? Read Logic State of Trigger Bus.

TRIGBUF Enabie/Digabte Trigger Buffer.

Timing/Synchronization Commands

SERIAL Eneble/Disable Serial Command Exacution.
SET TINME Set HP 3235 internai Ciock.

SETYLE Wait for Commands to Settle.

TIME kRead HP 3235 Internal Clock.

WALT Wait Specific Time.

WAITFOR Wait for Specific Trigger Event.

Timer Channel Commands

DISABLE INTR Disable Interrupts on Timer €hannel.
EMABLE INTR Enable Interrupts on Timer Channel.
FULSE Puise Timer Channel.

READ COUNT Read Timer Channel Count.

SET CLKSRC Set Timer Channel Clock Source.

SET COUNKT Set Timer Channel Count.

SET GUTPUT Enable/Disable Timer Channel Output.
SQWAVYE Cutpuet Square Wave from Timer Channel.

Command Summary
B4
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Backjane Comniands

CRESET Card (Module} Reset.

CIYPE? or CTYPE Read Card (Module} Type.
EXTEND? Read Extendesr Numbers.

107 Read Module or System Idemtity.
RESET or RST Reset System or Slot.

Interrupt and Error Handling

DISABLE ERROR Disable Moduie Error Generation.

DISABLE INTR Diseble Interrupt,

DISABLE INTR SY$ Disable Interrupts from Plug-1n Module System.
ENABLE ERROR Enable Moduie Error Generation.

ERABLE INTR Enakle Interrupt.

ENABLE INTR 3YS Ensble Interrupts from Plug-In Module System,
INTR? Read Which Slot Interrupted.

CFF ENTR Disable Interrupt-Initiated Aetion.

GN TMTR Enable Interrupt-initiated Action,

Option 580 IIP-IB Controller Commands

ASSIGN Assign /0 Path.

AUTOST IS Enter File Name as Source of Auto-Start Commands.
CAT Return s List of Files on M3US.

CLEAR Device (iesr.

CREATE ASCHI Create ASCII File,

CREATE BDAT Create BDAT fFile

DEVIZE 1S Assigh Externsl Device.

ERTER Input Pata from Device or Fila.

IRTYEAL Initialize Mass Storage Device,

MEAS Scan Using DEVICE [S DMM or Counter.

MSi Set Default Mass Storage DRevice,

CUTPUT Qutput Data to Device or File.

PRINY Output Data to PRINTER I8 Device.

PRIKTER 15 Assigns Device ag Recipient of PRINT Command,
PURGE Ramove File from Mass Siorage Device.

SPOLL Serial Poll.

TRIGGER Send HP-1B Group Execute Trigger.

VERIFY Scan Heing DEVICE IS DMM or Counter.

Plug-in Switching Plug-In Module Commands

Module

Cgmmand5 ALLOW Allow Prohibited Relay Closures.
CLOSE Close Relay.
CLOSE? Rend State of Relay.
CORFIG Select Relay Configuration. I
CORMNECT Matrix Rew/Columm or Bazockplane Connection.
DISCONN Matrix Row/Column or Backplane Disconnection.
JUMPER Specify Jumper Settings. !
MOK Monitor Various HP 3235 Conditions.
‘OPEN Open Relay.
FRGHIBIT Prohibkit Relay Closure.
PROHIBET? Read Prohibited Relay State.

Command Summary
B-5
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SELECT Cpen kLl Channels Then Close Specific Chermels.
v JRIGBUE Lot rol  the Bidirectional Teigger Buffens. o

Power Fuil/Tixtare Comutands

FIXTURE? Read Status of Quick Interconnect Fixture,

PFCLOSE Clese Relays When Power faiis.

PFCLOSE? Read Power Fail State of Relay.

PFOPEN Openri Relays When Poxer Fails.

PFSAME State of Relays Remains Unchanged When Power faila.

HP 34520 Muliitneter Commands

ACAL Perferm Auteo-calibration Reutines.

ACBAKD Selact Slow or Fast AL Measurement Maode.
ACBAKD? Read Present AC Bandwidth.

ARANGE Enabie/Disable Autorange Funetion.

ARANGE? Read ON/OFF State of Autorange Function.
AUXERR? Read Auxiliary Register.

AZERD Enable/Disable Autozero Function,

AZERO? Read Autozero Setting.

CALNUM? Read Calibration Number,

DELAY Select Input Settling Delay.

DELAY? Read Input Settling Delay.

FIXEDZ Enatrle/Disable Fixed Resistance Function,
FIXEDZ? Read Fixed Resistance Setting.

FSOUREE Select Freguency Source,

FSOQURCE? Resd Fresent Freguency Source.

FUNE Select Measurement Function.

FUNC? Read Measurcment Function.

LFREG set Line Frequency Reference,

LFREG? Read Line frequency Refarence.

LINE? Read Line Frequency Switch.

NPLE Set Integration Time.

NELEC? Read Integration Time in PLCs.

NRDGS Set Humber of Readings Per Trigger.

NREGS? Raed Humber of Readings Per Trigger.

QComMe Enable/Disabte Offset Compensated Ohms Function.
CCOMP? Read State of Gffset Compensated Chms Function.
RAKGE Set Measurement Range.

RANGE? Read Fresent Meoasurement Range.

READ Read Msasursment Results.

TBUFF Enabrle/Disablie Trigger Buffering.

TRUFF? Read ON/JOFF State of Trigger Buffering Ffunction.
TERM $elect Input Terminals.

TERM? Read Present [(nput Terminals.

TIKER Select Timer Interval.

TIMER? Read Present Timer Interval.

TRIG Select Measurement Trigger Event.

TRIG? Read Meastrement Trigger Event.

USE Select Multimeter to Receive Subsequent Commands.
USE? Read Use Device,

VMCHMPLT Select Destination for Yoitmeter Complete Signal.
YMCHPLT? Read Voltmeter Complete Destination.

Command Summary
B-8
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HP 34521 AC/DC Source Module Command

ADJUST ALY
ADJUST DLV
APPLY ACV
APPLY DEJ
APPLY DCMEMIE
APFLY DCMEMV
APPLY DCV
APPLY RPY
APPLY SQV
APPLY WFV
ARANGE
ARANGE?
DCOFF
DCRES
DCRES?
QELAY
GELAYT
ouTyY
FILLAC
FILLRP
FILLWF
FREQ

[$.14
QUIPUTY
PANG
RANGE
RANGE?
REFIN
REFIN?
REFQUT
REFQUT?
SYNCOUY
SYNCOUT?
TERH
TERM?
TRIGIN
TRIGEN?
TRIGMUDE
TRIGOUY
TRIGOUT?
USE

USE?

fienerate Remote-Sensed Sinewave Voltage.
Geperate Remote-Sensed DC Voltage,
Generate AC Sine Waveform.

Generate PC Current.

Generate DC Current Triggered-Sequence.
Generate DC Voltage Triggered-Sequence.
Generate DC Voltage.

fenerate AC Ramp Waveform.

Generate AC Square Waveform.

Generate AC Arbitrary Waveform.
Enable/Digsable Autorange Function.

Read OR/OFF State of Autorange Function.
gSelect BC Offset voltage.

Select DC Resalution Mode.

Reed DC Resolution Setting.

Set Pelay Time.

Read Prasent Delay Time.

Bet buty Cycle.

Precompute Sine Wavefarm.

Precompute Ramp Waveform.

Precompute Arbitrary Waveform.

Set Qutput Freguency.

Set dutput Impedance.

Read Present Output Level.

Set Phase Angle.

Set Output Range.

Read Present Output Range.

Setect Reference Freguency Ilnput Source.
Read Reference Frequency Input Source.
Select Reference fFrequency Qutput Destination,
Read Reference Frequency Qutput Destination,
Set SYWC Signal Bestination.

Read SYHC Signal Destination.

gselect Qutput Terminal.

Read Dutput Terminal,

Select Trigger Event.

Read Trigger Event,

Select AC Triggering Mode.
Enabie/Disable TRIGGER Qutputs,

Read TRIGGER Qutput State.

Select Source Module to Receive Subsequent Commands.
Read tse Device,

HP 34522 Digital I/0Q Commands

CLEAR EVENT
CLEAR EVENTERR
CLOSE

CLOSE?

DISABLE ERRGR
DISABLE EVYENY
GISABLE EVENTERR

Ciear Event Bit.

Ciear Event Erreor Bit.

Clear Digital i/0 Bits.

Reasd Logic State of Digital I[/0 Bit.
bisable Error Generatien.

Biseble Event Bit.

Bigsble Event Errar Bit.

Command Summary
B-7
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DISABLE INTR

ENABLE ERROR
ENABLE EVENT
ENABLE EVENTERR

Disable Interrupt.

Set. Active Edge for Bvent. Bil o

Epabie Error Generation,
Enable Event B8it.
Enable Event Error 8it,

ENABLE INTR Enable Interrupt.

HSDONE? Read Status of Gutput Harddshake.

HSETIME $et Handshake Relay Time.

HSTYPE Selegt Input or Output Handshake Type,

LSENSE Select Logic Sense for Date and Handsheke Lines,
OPEKR Set Digitel [/0 Bits.

PULLUP Configure Jutput Ports as Totem-Pole of Open-Gellector,
RBIT Read Leogic Value of Single Bit.

READ Read 8-, 1&6-~, or 32-Bit Word from Port.

READBEK Read Series of Words from Port.

gELG kRead Logic Steate of FLG Handshake Line.

RLEYENT fead Live State of Event Bits,

RSEVENT Read Stored State of Event Bits.

REEYERR Read Sicred Event Error State of Event Bits,
SELECT Set Ail Bits on Port Then Clear Specified Bits.
SRTRIG Select Second Rank Trigger for Buffered Transfers,
TBGRIVE Drive Trigger Bus from HP 34522 Digital 1/0.

USE Select Digitat [/0 Port for Subsegquent Commands.
USE? Read ise Devica.

WRIT Wpite ROW aop B0 to Sipngle Bit,

WCTL Write "OM o WM to CTL Handshake Line.

WRITE Write 8-, 16-, or 32-Bit Word to Port,

WRITEBLK Write Series of Words to Port.

KFERMODE Select Live or Buffered Quiput Mode.

HFERMIDTH Pefing Port Size,

HP 34523 Breadboard Commands

ALLOW Atlow Prohibited Relay Closures.
BBREAD Read Vatue frowm Breadbosnrd Register.
BBURITE Write ¥Yalue to Breadboard Register.
CLOSE Close Relay.

CLOSE? Read State of Relay.

CREN Open Relay.

PROHIBIT Prohibit Relay Llosure.

PROHIBIT? Read Prohibited Relay State.

TRIGBUF Enables/Disable Trigger Buffer.

HP 34524 D/A Converier Commands

ADJUST DLV Generate Remoie-Sensed DL Voltage.

ARPLY DLI Generate DL Current.

APPLY DOV Generate HC Voltage,

QuUTPUT? Read Present Output Leveil,.

USE select D/A Channel to Receive Subsequent Commands.
UsSE? Read Use Device Selected.

Cammand Summary
B-8
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Scanning Commands

™ CHCLOSED Select Pert For Scen Channel Closed Pulse.
MEAS Scan using Multimeter Module.
PSCAN Scan thannel Pairs using External fnstrument.
SABY Setect Scan Advance Source.
SCAN Scan Channel List using External Instrument.
STRIG Select $can Trigger Source.
VERIFY Scan Channel List and Perform Limit Checks.
CIHL Commands
CiIL Enabte CIIL Device Clear Function.
CNF CIIt Internal Confidence Test Command.
CON Cilt VYersion of CLOSE Command.
pis CILIlL Version of OPEN Command.
GAL CEIL Yersion of CLA Command.
I&T CIit Internal Self-Test Command,
STA CLIit Yersion of ERRSTR? Command.

Command Summary
B-9
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Error

Appendix C
Messages

Syniax

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

01
a2
a3
03
05
06

Subroutines

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROB

Memor
ERROR
ERROR
ERROR

21
22
23
24
25
26
27
28
28
30

47
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 WITHOUT FOR"

"NEXT VARIABLE NOT SAME AS FOR VARIABLE"
"EXPECTED NEXT"

"ELSE OR END IF WITHOUT IF“

"EXPECTED END HF*

"END WHILE WITHOUT WHILE"

"EXPECTED END WHILE®

"CONTROL VARIABLE IN USE"

"QUT OF MEMORY"

"TOO MANY NESTED CALLS"

"TOO MANY NESTED STRUCTURES"

Subroutine Execution/Stored States

ERRCR
ERROR
ERROR
ERROR
ERRCR
ERROR
ERROR
ERAROR

51
52
53
54
§5
56
57
58

Parameters

ERROR
ERRCR
ERROR
ERROR
ERRGR
ERROR
ERROR
ERROR
ERACAH
ERROR

61
62
63
64
65
66
&7
e8
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"

"NG SUCH EXTENDER"

"WRONG CARD TYPE"

"COMMAND INCOMPATIBLE WITH SETUR"
"SUBSCRIPT QUT OF BOUNDS"

"ARRAY TOO SMALL"

"ON BLOCK NOT FOUND"

"MUST BE IN LOCAL"

"SETTINGS CONFLICT"

03235-90401

Error Messages
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i ERROR 71 "INVALID FUNCTION"

General

ERROR 81 "COMMAND TIMEOUT"
ERRQR 82 "BUSY TOO LONG"
ERROR 83 "BP EARRGH FROM SLOT"
ERROR 84 "UNEXPECTED INTR"
ERAQR 85 "SYSTEM TRIG TOO FAST"
ERROR 86 "PROHIBITED SWITCH"

Sysiem

ERROR 91 "SYSTEM ERROR"
ERROR 92 "BUS ERROR"
ERROR 93 "SYSTEM TRAP”
ERROR 94 “"MATH ERROR"
ERROR 95 “CPU EXCEPTION"

Muitimeter
Triggering

ERROR 101 "LLEGAL TRIGGERING SETUPR"
ERROR 102 "MM TRIG TOO FAST"

Cal Setup

EARCGR 111 "PERIOD CAL ILLEGAL"
ERROR 112 "EXT OHMS CAL ILLEGAL"
ERROR 113 "AC OFFSET CAL ILLEGAL"
ERROR 114 "CAL SWITCH NOT ENABLED"
ERROR 115 "CAL SWITCH ENABLED"
ERROR 116 "CAL INPUT OUT OF RANGE"

Cal 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"

mMultimeter Hardware Failure

ERROR 131 "CAL MEMORY LOST”

ERROR 132 "AUTO CAL MEMORY LCST -- ACALINIT required”
ERROR 133 "BAD CHECKSUM ON-

ERROR 134 "MM Hardware Error”

ERARCR 135 "MM timeout”

Error Messages
C-2
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Digital /O

ERROR 151 "INTERRUPT QVERRUN"

Source and D/A Converter

ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR

161
162
163
164
165
168
167

"MIN/MAX LIMIT ERROR"

"EXCESSIVE TERMINAL VOLTAGE, RELAYS OPEN"
"ENABLE CAL HAM"

"CAL RAM FAIL"

"SPURIOUS HW ERROR, RELAYS OPEN"

"ERROR STUCK, CARD"

"ADJUST FAILED"

Power Actuator

ERAOR 169 "FIXTURE LOW CURRENT"

Mass Storage

ERRCR
ERROR
ERROR
ERROR
ERROR
ERRQOR
ERROR
ERROR
ERROR
ERROCR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROR
ERROH
ERROR
ERROR
ERRCR

Self-Test

ERROR
ERERCR
ERROR
ERROR
ERRCGR
ERROR
ERROR
ERROR

171
172
173
174
178
176
177
178
178
180
181
182
183
184
185
186
187
188
189
1990
191
192
193

201
202
203
204
205
208
207
208

IMPROPER FILE NAME"

"IMPROPER DEVICE TYPE"
"WIPROPER MSUS"

"UNSUPPORTED DRIVE TYPE"
"UNSUPPORTED SECTOR SiZE"
"DRIVE NOT FOUND OR BAD ADDRESS”
SINVALID UNIT/VOLUME NUMBER"
INVALID MASS STORAGE PARAMETER"
"MEDIA CHANGED CR NOT IN DRIVE"
"MEDIA IS WRITE PROTECTED"
"DIRECTORY FULL"

"NO ROOM ON DISK"

"FILE NOT FOUND"

"“DUPLICATE FILE NAME"
"IMPROPER FILE TYPE"

"PATH NAME NOT ASSIGNED"

"FILE OPEN"

"END OF FILE FOUND"
“UNITIALIZATION FAILED"

"MASS STORAGE SYSTEM ERROR”
"BAD SELECT CObE"

“[fO OPERATION NOT ALLOWED"
"UNINITIALIZED MEDIA"

"PON TEST"

“DTACK FAIL"

“CARD 1D FAIL"

*CARD BUSY (D7) STUCK HIGH"
“CARD BUSY (D7) STUCK LOW"
"BUSY TOO SHORT"

“BUSY TOO LONG"

"RE-TRIG BUSY TIME FAIL"

Error Messages
C-3
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ERROR 209 "BP /BUSY STUCK LOwW"

ERROR 211 "TRIGGER BUS FAIL"
ERROR 212 "HP-iB CTL.LR TEST"

ERROR 221 "MM SELF TEST"

ERROR 222 "DIG SELF TEST

ERROR 223 "RELAY OPEN"

ERROR 224 “RELAY SHORTED"

EBRROH 225 "TRIGBUF FAIL"

ERRORA 226 "SCURCE SELF TEST"
ERRBROR 227 "RELAY DRIVER SELF TEST”
ERROR 228 "DAC SELF TEST"

Error Messages
C-4
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introduction

ABORT
{IFC)

Exampie

CLEAR
(DCL or SDC)

The following topics, atranged 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 manaer, 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 alsa to the 1/Q programming manual for your system controller for
specific syntax and interface activity for each message. The [EEE-488 terminol-
ogy is shown in parenthesis following each command title. The examples given
here apply to the HP Series 80, 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 commmands more valuable and easy to under-
stand. Use these commands if your systern controller allows them, otherwise use
the respective HP 3235 command header,

The HP 3235 ignores the Paralle]l Poll (PPOLL) and Pass Control commands,

The ABORT command aborts all HMP-IB communication, The HP 3235A exits the
remote state and returns to jocal mode. [t does not reset, self-test, clear buffers,
ete.

ABORT 7 ! Bhort all communication ip izc ¥

The HP 3235 execntes a CLEAR command immediztely upon receipt (if INBUF
is ONM). 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 congroller
when vou execute CLEAR, the subroutine ig 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 aboried, the relays stay in
whatever state they were in when CLEAR was executed.
The multimeter does not change states {modes).

HP 3235 HP-iB Capabilities
D-t
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' Example

LOCAL
(GTL)

Example

LOCAL
LOCKOUT
(LLO)

Example

REMOTE

Example

SPOLL
{Serial Poll)

HP 3235 HP-iB Capabilities

B-2

CEEAR 7 ¢ Clears all instruments (PLL) an interface 7

CLEAR 709 | Clears only the instrument (SDC)Y at address Q9.

The LOCAL command removes the HP 3235 from the remote state. The HP
3235 continues to execuie any commands received while it was in the remote
state and are still in the input buffer. LOCAL allows unlimited vse of the control
panel keyboard. See the sections on LOCAL and REMOTE modes earlier in this
chapter,

LOCAL 7 ¢ Attt devices on Tnterface 7 go to local state.

LOCAL 782 | 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, guery the system and monitor results,

LOCAL LOCKOUT 7 1 sends LOCAL LOCKOUT ta all instruments

on the interfacs.

The REMOTE 709 command puts the HP 3235 in its remote state. The REMOTE
7 command, does nof, in itself, put the HP 3235 in its remote state. After sending
REMOTE 7, the HP 3235 will go 1o its remote state only after the system 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 i sent on a
single interface bus line called REN, Most controllers set the REN line true af
power-on or when reset which has the same effect as executing REMOTE 7.
Therefore, when your controller addresses the HP 3235, such as OUTPUT 709;
"CLOSE 101° the mainframe will go to ifs remote state.

REMOTE 7 1 Bets the REM line true, does not set HF 3235 to remote.

REMOTE 709 ! sets HP 3235 to remote simte.

The SERIAL POLL command, like the STB? command (HP 3235 command set),
returns 4 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,
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Status Register
Bits

Example

TRIGGER
(GET)

Example

- 8RE: The main- dif ference between SPOLL-and STB is that SPOLL does Nt ...

interrupt the processor 1o 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

| pecimat
Number | Weight

Description
(Bit is set when:z)

&~ oo

16

32
b4
128
256

!
1
[
|
|
E
|
!
F
|
|
I
I
|
|
|
f

Data is available and will be sent

vhen the HP 3235 i addressed to talk.
Aluays zero.

Usar SAQ from keyboard or subroutine,
Pouwer-on occurred, resat, or controt
panel LOCAL key pressed or LCL executed.
READY «- HP-IB input buffer is empty
and ne command or {ALLed subroutine

is 1N progress.

Error Qccurred.

SRA from this instrument (Service Request).
Always zero.

AlwBys zero

For more information on interrupts, refer to Chapter 7 in this manual

10 oUTPUT TOP; MRSTH

20 A=SPOLL (709}
30 PRINY A
&0 END

The following program returns the same results but will show hit 4 as true:

10 QUTPUT 709; *RSTw
20 QUTPUT 7094;R§TB?"
30 ENTER 709;A

40 PRINT A
S0 EHD

If the DRIVETB command is set for TRG (see Chapter 5), then the HP-IB
TRIGGER command pulses the specified trigger bus line. If the laput buffer is
on (INBUF ON), then GET executes immediately even if other commands are
still in the input buffer waiting for processing

TRIGGER 7

TRIGGER 70%

I Triggers the interface bus

i Triggers only the instrument at addrass 09

HP 3235 HP-1B Capabilities
D-3
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Analog
Bus

ABn

array _name

Backplane
Relay

Bank
Relay

clit

ch_list

Channet

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 1o external in-
struments (see also ABu).

Analog bus parameter. Specifias which of the four analog buses is used, There
are four chotces for s: 0, 1, 2, or 3 (see also Analog Bus).

Mainframe array name. Array names may condain 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 (7). Array
names must not be the same ag HP 3235 commands or parameters (see Appendix
A for a list of reserved keywords), or stored state names.

Backplane refays connect the relay multiplexer banks to the analog backpiane,
Backplane relays addresses have the form esn, where e is the mainframe or ex-
tender number (€@ = mainframe, 1-7 = extenders), 5 is the slot number (Q through
93, and 9 is the backplane relay number (90 through 93),

Bank relays connect the relay multiplexer banks together. Bank retays addresses
have the form es”n, 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 ¢ is the mainframe or ex-
tender number {0 = mainframe, 1-7 = extenders), 5 is the slot number (0 through
9), and nn is the channel number,

Channel list parameter. Has the form esnn, where e is the mainframe or estender
number (§ = mainframe, 1-7 = extenders), s is the slot number (0 through 9), and
nr is the channel number.

The ch_list parameter can specify a single channel (esnn), multiple channels
{esnn, esan, .. ), sequential channels {esan-csin), groups of sequential channels
{esnn-esnn, esnn-esuit), of any combination of channels and groups,

‘The term channel refers to any relay or group of relays on a plag-in module that
can switch a signal from one user connector to another user connector (see also
ch# and ch__list).

HP 34506 Coaxial Matrix Module row and column numbers, Has the form esnn,
where ¢ is the mainframe or extender number (0 = mainframe, {-7 = extenders), s
is the slot number (0 through 9), and ## is the connector number {row and
columa),

Glossary
E-1
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 Controller Any computer that is éapab.le of : controlling the }iP"ﬁBS over HP-IB,

device#  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/Q port) for sub-
sequent commands,

Has the form esmn, where ¢ is the mainframe or extender number (0 =
mainframe, 1-7 = extenders), 5 is the slot number (0 through 9), and s is the
device number, To specify an entire module or glot, the device number {an) is
specified as 00 (¢500). To specify a port on the Digital 1/0 module, the device
number is one of the following ports: 00, 10, 20, or 30 (¢s00, esl0, es20, or ¢530).

Extender Each HP 34560 System Expansion Module has four "extender bus relays”, one
Relay relay for each of the four (ABO through AB3) analog buses. These relays allow
you to isolate any one anatog bus within a frame (ie, mainframe or extender)
from the same bus within another frame,

Extender relay addresses have the form 9¢0n, where ¢ is the mainframe or ex-
tender number {§ = mainframe, 17 = extenders) and # is the extender relay num-
ber (0 through 3).

frame#  Frame (mainframe or extender) number parameter. Specifies either the
mainframe (0; or an extender (I through 7.

relay#  Relay number parameter. Has the form esui, where ¢ is the mainframe or ex-
tender number (0 = mainframe, 1-7 = extenders), s is the slot number (0 through
9), and s is the relay number.

relay _ list  Relay list parameter. Has the form esnn, where ¢ is the mainframe or extender
number (0 = mainframe, 1-7 = extenders), s is the stot number (0 through 9), and
nm is the relay number,

The refay__list parameter can specify a single relay {eswn), multiple relays (esnn,
esu, .. ), sequential relays {esmr-esnn), groups of sequential relays (esum-osun, esin-
esnm), or any combination of relays and groups.

Relay In addition to channel relays, some plug-in modules contain Aackplane refays,
bank refays, and trigger buf fer relays. These relays are referred to simply as
relays {see also relay# and rdlay__lish),

slot#  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
N,

slot_list  Slot list parameter. Has the form es00, where ¢ is the mainframe or extender
number (0 = mainframe, 1-7 = extenders) and s is the slot number (0 through 9).

The sfoi__list parameter can specify a single slot (¢s00), multiple slots {es00, es0g,

- ) sequential slots (es00-es00), groups of sequential slots (es00-¢500, es00-es00) ot
any combination of slots and groups.

Glossary
E-2
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Slot  Each HP 3235 mainframe and extender contains 10 siots to install plugin

modules. The slots are numbered from 000 through 900 for each frame (see also
stot# and slot__lish.

sub _nrame  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 HF 3233 commands or parameters
(see Appendix A for a list of reserved keywords), previcusly defined array or
variable names, or stored state names.

System  Any computer that is capable of confrolling one or more instruments over
Controlier HFPIB.

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 be
letters, numbers (0-9), the underscore character (" "), or the question mark ("7"),
VYariable 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
E-3
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3235
description, HP, 1-6
in a test system, using the HP, 1-3
internal task priovity, 1P, 11-15
overview of the HP, 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, §-7
Accessories, options and, 19
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 chanuel, 7-3
Addressing, module, 4-9
Ad jacent modules, heating of, 12-2
Advance, scanner, 0-19
Allowing
ali closures, 5-10
any closures, 5-9
closures, 59
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 fo, 9-3
Array
size, T-3
vahues, reading, 7-5
Arrays, -4
and variables, purging, 7-6
filling, 7-4
ASCH format, 11-7
Auntomatic system, sources of noise in an, 12-3

Autozere, 6-29

Backplane buses, 2-3
Bank definition, 5-3
Bibliography, 12-25
Binary
format, [1-7
functions, 7-8
BNC
driving the external trigger out, 99
external frigger in, 9-8
Branching, IF. ' THEN, 8-10
Breadboard module, using the, 9-7
Buffering. 114
inpert, 11-4
output, 11-3
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
anzlog, 2-3
backplane, 2-3
driving the trigger, 9-7
reading the state of the trigger, -9
trigger, 2-3

-C-

Cable
graunding shielded, 12-16
versus twisted pairs, coaxial, 12-10
Cables
analog extender, 2-6
coaxial, 12-2
digital extender, 2-6
Cage, plug-in module, 1-6
Calculations, numeric, 7-4
CALL, subroutine, §-6
CaHing
subroutines on event interrupts, 10-4
subroutines on timer interrupts, 10-6
Cancefing prohibited channels, 5-10

index
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Capacitive coupiing, shielding 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 3 relay or, 4-9
definitions, 5-1
measuring a single, 6-31
monttor one, 3-12
states, verifying relay or, 54
Channels
canceling prohibited, 5-10
closing refays or, 54
monitor alf, 3-F2
opening relays and, 5-4
operating relays and, 5-4
scanning and prohibited, 6-2
selecting, 5-4
using the timer, 9-14
Check list, & noise reduction, 12-23
CIL switching op-codes, 14-1
Clearing the statug register, 10-10
Clock
functions, 9-19
source, setting the, 9-14
Closed signal, channoel, 6-18
Closing relays or channels, 5-4
Closures
sllowing, 5-9
altowing all. 5-10
allowing any, 5-9
allowing two, 5-9
power-fail, 5-11
prohibiting, 57
prohibiting all, 5-8
prohibiting and allowing, 5-7
prohibiting any, 5-7
prohibiting two, 5-7
verifving prohibited, 5-8
CLR, 44
Coaxial
cable versus twisted pairs, 12-10
cables, 12-2
modules, scanning with the, 6-32
maodules, using the, 9-3
Command execution, 4-1
sequential relay, 11-2
Command
SERIAL, §1-2
SETTLE, 11-3
termination, 4-2
types, §-4
Commands

index
2

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
thai address z slot, 4-9
Communication, data, 1-5
Comparisons work, making, 7-10
Complete, voltmeter, 9-6
COMPRESS, [1-14, 8-6
Conditional and looping statements in subroutines,
8-9
Conditions, service request, 10-16
Coenfidence self test, 13-3
Configurations
minitiplexer, 12-1
speciel trigger bus, 9-10
Connecting
guard, 2-14
terminals, 5-5
to the interlock switchy, 2-11
Connection, opening the, 5-6
Connections
extender, 2-6
external bus, 2-5
required, 6-17
Considerations
HP-IB local/remote, 11-1
other scanning, 6-31
Contents of the display, returning the, 3-5
Control
panef, 1-8
panel for data entry, using the, 3-14
panel test, 13-3
Controller
instrinment status and interrupting the, 10-8
response o a service request, 10-13
Conventions, format, 4-2
Conversions, type, 7-2
Counter
functions, 9-16
reading the. 9-17
setting 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
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-b-

Data
connmunication, 1-5
destination, [0-11

eniry, using the controf panel for, 3-14

output, Fi-7, 6-30
reduction and storage, 1-5
report, fixtured self test with, 13-12
storage, variabiles for, 7-3
Day. reading the time of, 9-19
Declarations, type, 7-f

Defined keys, storing and reloading the, 3-9

Definition

banl, 5-3

relay, 5-3

subroutine, 8-1
Drefinition/deletion commands, 8-4
Dretinitions

channel, 5-1

veturning fo the original, 3-9
DELSUB, 11-14, 8-4
Description, HP 3235, {-6
Designating

digital 1/0 module, 4-10

multimeter module, 4-10
Destination, data, 1{-11
BDestinations

other trigger bus sources and, 9-7

verif ying, 4-11
Detection, error, 4-12
Diagnostic, 1-13
Digital

extender cables, 2-0

I/0 modude, designating a, 4-10

1/0 module, driving the, 9-7

1/0 module, scanning with the, 6-33

/0 module tests, 13-7

1/0 module, using the, 9-6
Digabling

event interrapts, 10-4

timer interrupts, 10-6, 9-13
Display

idle, 3-4

miessages, 3-3

off, turning the, 34

returning the contents of the, 3-5

the, 3-3

writing to the, 3-4
Displays, error messages and single, 3-4
Diriving

digital 1/0 module, 9-7

extender trigger bus, 9-11

external {rigger out BNC, 9-9

Artisan Technology Group - Quality Instrumentation ...

trigger bus, 9-6

T iigger Buses, §-7 T

Echo
keyboard, 3-3
string, 4-8
Edit keys, 3-7
Editing subroutines, 8-3
Efficiently, vsing memory, 11-13
Electronic noise, sources of, 12-3
Enabling
event inferrupts, 10-3
plug-in module interrupts, 10-3
timer interrupts, 10-6, 9-17
timrers, 9-14
Entry, vsing the control panel for data, 3-14
EOi fermination, 11-6
Error
detection, 4-12
handling, 4-12
messages and single displavs, 3-4
register, reading the, 13-4, 4-13
Errors
execution, 4-12
hardware, 4-13
math, 4-13, 7-9
sviitas, 4-12
Eveat interrupts, 10-3
calling subroutines on, 10-4
disabling, F0-4
enabling, 10-3
Example
1,912
2.9-13
scanning, 6-20
Examples, 10-13, 11-16, 9-12
scanning, 6-10
Execute keys, immediate, 3-6
Execution
comemand, 4-1
comumands, §-6
errots, 4-12
sequential relay command, 11-2
Exiting a subroutine, §-7
Extender
addresses, 2-8
bus relays, 2-6
cables, analag, 2-6
cables, digital, 2-6
connections, 2-6
frames, HP 3235E, 2-0
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{rames, scapning across, 6-31

* Specilying il trigges bus inan 901

trigger bus, driving the, 9-11
External

bus connections, 2-5

instrument setup, -18

instruments, scanning with, 6-17

trigger in BNC, 2-§

trigger out BNC, driving the, %-9

-F-

Failure states, setling power, 5-11
FAST parameter, the, 6-12, 0-26
Fauli, power, 2-18
Filling arcays, 7-4
Fixture

querying the, 2-11

quick interconnect, 2-9
Fixtured

self test, 13-7

self test with data report, 13-12
Fixtures reguired, test, 13-§8
Floating measurements and guarding, 2-12
FOR.NEXT loops, 8-9
Format

ASCII, 11-7

binary, 11-7

conventions, 4-2
Frame, selecting sources within a, 9-10
Frames

HP 3235E extender, 2-6

individually, using, 9-10

scaniing across extender, 6-31
Function, using the HELP, 4-[4
Functions

binary, 7-8

clock, 9-19

counter, 9-10

general math, 7-7

logarithmic, 7-8

logical, 7-§

trigonometric, 7-8

-G -

General
information, 12-1
math functions, 7-7
purpose math, 7-7
Ground

coupied noise, other methods of reducing, 12-18

Index
|

systems, multipoint, 12-13
- systems, single point, 12-12
Grounding, 12-10
shietded cable, 12-16
summary, i2-14
Cruard
connecting the, 2-14
switching the, 2-16
(Guarded measurements, 213
Garding, floating measurements and, 2-12

-H -

Handling, error, 4-12
Hardware errors, 4-13
Heating of adjacent modules, 12-2
HELP
function, nsing the, 4-14
with commands, 3-9
Hierarchy, math, 7-9
How
MEAS works, 6-4
PSCAN works, 6-27
SCAN works, 6-20
HP
3235 description, 16
3235 in a test system, using the, -3
3235 internal task priority, 11-15
3235, overview of the, 1-1
3235 setup, 6-18
3235E extender frames, 2-6
34526 multimeter, scanning with the, 6-3
HP-IB
interaction, 6-32
local/remote ¢onsiderations, 11-1
monitor, 3-11
programming, note on remote, 4-1

10 module
designating a digital, 4-10
driving the digital, 9-7
scapning with the digital, 6-33
tests, digital, 13-7
using the digital, 9-6
identification, 4-6
Idle display, 3-4
IF.THEN branching, 8-10
Immediate execute keys, 3-6
Impedance mismatching, 12-21
Individually, using frames, 9-10
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. Inductive coupling, shielding against, 128

Information, general, 121
Initial setup, 6-1
Enput butfering, |1-4
Instrument setup
external, 6-18
measurement, 6-2
Instrument states and interrepting the controller,
10-§
Instrurnents, 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 3233, 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
disabting 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, 10-3
plug-in module, 10-1
timer, 10-6
Isolation, 12-18

-K -

Keyboard
echo, 3-3
focking out the, 3-9
the, 3-6
Kews
alphabet, number, and symbol, 3-0
edit, 3-7
immediate execute, 36
redefining the alphabet and punctuation, 3-7
redefining the, 37
redefining the vser, 3-8
storing and reloading the defined, 3-9
Knowing when a subroutine is paused, 8-7

-L -

Levels, signal, L2-d

Limit festing, 7-10
List, a noise reduction check, 12-23
LIST, 8-3
Loading subroutines, writing and, §-2
Local

mode, 11-1

state storage, 11-9

storage/recall, 11-9
Local/remote considerations, HP-1B, §1-1
L.ocking out the kevboard, 3-9
Logarithmic functions, 7-8
Logical functions, 7-8

Looping statements in subroutines, conditional and,

8-9
lLoops
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
Magk

RQS, 10-F1

setting the RQS, 10-12

value, reading the RQS, 10-12
Math

ervors, 4-13, 7-9

functions, general, 7-7

general purpose, 7-7

hierarchy, 7-9

operators, 7-7
MEAS works, how, 6-4
Measturement, 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, vsing, [1-13

management, 11-12

related commands, other, £1-13

usage, {1-12, 6-30
Messages

and single displavs, error, 3-4

digplay, 3-3
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Merhoeds of reducing ground coupled noise, other,

1218
Mismaiching, impedance, 12-2
Mocde
locat, 11-]
moniter, 3-4
remote, [-1
Modes
moniter, 3~ {
multiple prohibit, 5-8
Madule
addressing, 4-9
cage, plug-in, 1-6
destgnating a digital 1,0, 4-10
designating a multimeter, 4-10
driving the digitad L[/, 9-7
inteerupts, enabling plug-tn, 10-3
interrupts, plug-in, 10-1
polling, plog-in, 2-f
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, relay, (3-8
to another, passing trigger signals from one
plug-in, 9-3
vsing the breadboard, 9-7
using the digital 1[0, 9-6
using the multimeter, 9-5
Modules
heating of adjacent, [2-2
monifor all plug-in, 3-12
phug-in, 6-30
resefting, 4-5
scanning with the coaxial, 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

fndex
8

triggering the, 9-5

© Mulsipte prohibit modes, 53-8

Multiplexer configurations, 12-1
Multipoint grouad svystems, 12-13

-N -

Nesting subroutines, 8-8

No state change at power-faif, 5-11

Noise
in an automatic system, sources of, 12-3
other methods of reducing ground coupled, 12-18
reduction, 12-5
reduction check list, a, 12-23
reduction fechniques in switching systems, {2-18
gources of electronic, 12-3

Non-guarded measurements, 2-12

Note on remoie HP-IB programming, 4-1

Number, and symbol keys, alphabet, 3-6

Numeric calculations, 7-4

-0 -

OFF, SERIAL, 11-2
ON, SERIAL, 1§-2
One
channel, monitor, 3-12
plug-in module to another, passing trigger signals
from, 9-3
Op-codes
additional, 14-3
CIIL gwitching, 14-1
Opening
ali retavs or switches, 5-11
connection, 5-6
relays and channels, 5-4
Openings, power-fail, 5-11
Operating
mechanisn:, 2-190
relays 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, [1-13
methods of reducing ground coupled noise, 12-18
scanning considerations, 6-31
trigger bus sources and destinations, 9-7
Cutput
buffering, 11-5
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et 17, 6230

pulse, 9-15
square wave, 2-16
Overview of the HP 3235, -1

-P -

Pairg, coaxial cable versns twisted, 2-10
Fanel
control, 1-8§
for datz entry, using the control, 3-14
rear, -7
test, control, 13-3
Parameter
ONLY, 5-6
FAST, 6-12, 6-26
Fassing trigger signals from one plug-in nmodule to
another, 9-3
PAUSE, subrourine, &6
Paused, knowing when a subroutine is, §-7
Plug-in
module cage, 1-6
module interrupts, 10-1
module interrupts, enabling, 16-3
madule polling, 2-1
module state, monitor a, 3-12
module to another, passing trigger sigaals from
one, 9-3
modukes, 6-30
modules, monitor ail, 3-12
modules test, £3-3
Point ground systems, single, 12-12
Polling, plug-in module, 2-1
Power
failure states, setting, 5-11
faulg, 2-18
Power-fail
clogures, 5-1§
no state change at, 5-11
apenings, 5-11
Power-on
self rest, 13-2, 2-1
sequence, the, 2-1
SRQ interrupt, 10-16
state, 2-2
status register at, 10-11
Predefined address, commands requiring a, 4-19
Priority, HP 3235 internal task, 11-15
Programming, note on remote HP-IB, 4-1
Prohibit modes, muliiple, 5-8
Prohibited channels
canceling, 5-10
scanning and, 6-2

—Prohibited closures; verifying, 8- oo

Prohibiting
all closures, 5-8
and allowing closures, 5-7
any closures, 5-7
closures, 3-7
fwo closures, 5-7
PSCAN works, how, 0-27
Pulse ouiput, 9-15
Punciuation kevs, redefining the alphabet and, 3-7
PURGE, i1-14
Purging
arrays and variables, 7-6
subroutines, 8-3
Purpose math, general, 7-7

-0 -

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
Rending
array values, 7-5
counter, 9-17
etvor register, 13-1, 4-13
RS 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, 11-10
Redefining
slphabet and punctuation keys, 3-7
keys, 3-7
vser keys, 3-8
Reducing ground coupled nolse, other methods of,
12-18
Reduction
and storage, data, 1-3
check list, a noise, 12-23
noise, 12-5
techniques in switching systems, noise, 12-18
Register
clearing the status, 10-10

index
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opower-on, the statos, 10-10.. . . ... o0 L Scanning, 6-19 L
reading the ervor, £3-1, 4-13 across estender frames, 6-31

reading the status, 10-10 and probibited channels, 6-2
statos, 10-8 considerations, other, §-31
Related commands, other memory, 11-13 example, 6-26
Relay examples, 6-10
command execution, sequential, 11-2 in a test system?, why, 6-F
definition, 5-3 with the coaxiat modules, 6-32
module tests, 13-8 with the digital 1/0 module, 6-33
or channel, comniands that address a, 4-9 with external instruments, 6-17
ot channel states, verif ving, 5-4 with the HP 34520 multimeter, 6-3
Relays and channels with verification, 6-15
opening, 5-4 SCRATCH, 11-14, 84
operating, 5-4 Selecting
Relays channels, 5-4
extender bus, 2-0 sources within a frame, 9-10
or channels, closing, 5-4 Self test
or switches, opening all, 5-11 confidence, 13-3
Reloading the defincd keys, storing and, 3-9 fixtured, 13-7
Remote power-on, 13-2, 2-1
HP-IB programming, note on, 4-1 systen1, 133
mode, 11-1 with data report, fixtured, 13-12
storage/recall, E1-11 Secuience, the power-on, 2-1
Report, fixtored self test with data, {3-12 Sequential relay command execution, 11-2
Request SERIAL
conditions, service, 10-10 command, the, [1-2
controller response to a service, 10-13 OFF, 11-2
Eequired ON, 112
connections, 6-17 Service request
test fixtures, [3-8 conditions, 10-10
Requiring a predefined address, commands, 4-10 controller response to a, [0-13
RESET, 4-4 Setfing
Reset commands, 4-4 . clock source, 8-14
Resetting modules, 445 counter, 9-16
Response 10 a service request, controller, 10-13 power failure states, 5-11
Restoring operation, 2-18 RGOS mask, 10-12
Returning time, 9-19
contents of the display, 3-5 SETTLE command, the, [1-3
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 ingtrument, 6-2
RUN, subroutine, 8-6 Shietded 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, 0-31 levels, 12-2
trigger, 6-18 Signals from one plug-in module to another, passing
SCAN works, how, 6-20 trigger, 9-3

Scanner advance, 6-19

Ingdex
8
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celinghe o e e e
channel, measuring a, 6-31
displays, error messages and, 34
point ground systems, 12-12
Size, areay, 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
naise in an automatic system, 12-3
within a frame, selecting, 9-14
Special trigger bus configurations, 9-10
Specified time, waiting a, 9-19
Specifying the trigger bus in an extender, 3-11
Speed, optimizing for, 6-29
Square wave cutput, 9-16
SR interrupt, power-on, 10-16
State
change at power-fall, no, 3-11
monitor a plug-in module, 3-12
power-on, 2-2
storage, focal, 11-9
trigger buses, reading the, 39
Staterments in subroutines, conditional and looping,
g9
Slates
recalling stored, 11-1¢
setting power failure, 5-11
stored, 119
verifying relay or channel, 5-4
Status
and interrupting the controller, instrument, 10-§
register, ¢learing the, 10-10
register at power-on, the, 10-11
register, reading the, 10-10
register, the, 10-8
Stepping through a subroutine, §-7
Stimulus, -5
Storage
data reduction andg, 1-3
local state, 11-9
reading. 6-10
variables for data, 7-3
Storage/recall
jocal, 119
remote, 11-11
Stored states, 11-9
recalling, 11-10
Storing and reloading the defined keys, 3-9
String, echo a, 4-8
SUR/SUBEND, 8-4
Subroutine
aborting a, 8§-7

creating the, §-2
definition, 8-1
exiting a, 8-7
is paused, knowing when a, &7
PAUSE, §-6
RUMN, 8-6
stepping through a, §-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 {o the interlock, 2-11
Switches, opening all relays or, 5-11
Switching, 14
guoard, 2-16
op-codes, CIIL, 14-1
systems, noise reduction techniques in, 12-18
tree, 12-19
Svmbol kevs, alphabet, number, and, 3-6
Syntax errors, 4-12
System
commands, 4-4
self test, 13-5
sources of noise in an aptomatic, 12-3
trigger bus, 9-1
psing the HP 3235 in a test, {-3
System?, why scanning in a test, 6-1
Systems
multipoint ground, 12-13
noise reduction techaigues in switching, [2-18
single point ground, 12-12

-T -

Task priovity, HP 3235 internal, 1§-13
Technigues in switching systems, noise reduction,
£2.18

Terminals, copnecting, 53
Termination

commaand, 4-2

EQL 11-6
Test

confidence self, 13-3

control panel, 13-3

fixtured self, 13-7

fixtures required, 13-8

phug-in modules, 13-3

index
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. power-on self, 13-2,2-1. . ... ..
funaing the, 13-9
systent seff. 13-5
system, using the HP 3235 in a, 1-3
system?, why scanning in a, 6-1
with data report, fixtured self, 13-12
Testing, limit, 7-10
Tests
digital 1/0 module, 13-7
muitimeter module, 13-7
relay module, 13-8
Time
day, reading the, 3-19
integration, 6-19
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, 9-13
interrupts, enabling, 10-6, 9-17
TIMERQ/TIMERE, 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 ap extender, specifving 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, 9-2
Trigger
in BNC, external, -8
out BNC, driving the external, 9-9
scag, 0-18
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 of f, 3-4
monitor off, 3-1]
Twisted pairs, coaxial cable versus, 12410
Two closures
altowing, 5-9
prohibiting, 5-7
Type
conversions, 7-2

index
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declarations, 7-1
Types, command, §-4

-~y -

Usage, memory, 11-12, 6-30
User keys, redefining the, 3-8
Using
breadboard module, 9-7
conxial modules, 9-3
control panel for data entry, 3-14
digitai 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 module, 9-5
tinier channels, 9-14
variables, 7-2

-V -

Value, reading the RQS mask, 10-12
Values

reading array, 7-5

reading vartable, 7-4
Variable values, reading, 7-4
Variables, 7-1

as channel addresses, 7-3

for data storage, 7-3

purging atrays and, 7-6

using, 7-2
Verification, ¢scanning with, 6-15
Verifying

destinations, 4-11

prohibited closures, 5-8

relay 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, 8-7
WHILE loops, WHILE.END, §-9
WHILE.END WHILE loops, 8-9
Why scanning in a test system?, 6-1
Work, making comparisons, 7-10
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CWorks e BOW SCAN, G20
how MEAS, 6-4 Writing
how PSCAN, 6-27 and loading subroutines, §-2
to the display, 3-4

Index
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