Advanced Test Equipment Rentals

o ished 1981 www.atecorp.com 800-404-ATEC (2832)

Errata
Title & Document Type: 3421A Data Acquisition / Control Unit User Manual
Manual Part Number: 03421-90010
Revision Date: January 1982

About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.

Agilent Technologies


http://www.agilent.com/

3421A
Data Acquisition/

Control Unit

B A rary M e peomemem s - - A Ty

Operating, Programming,
and Configuration Manual

- Y
fL T v il " YD L I e ——.




@ HEWLETT
Eﬁ.ﬂ PACKARD

OPERATING, PROGRAMMING AND
CONFIGURATION MANUAL

MODEL 3421A

DATA ACQUISITION/CONTROL UNIT

IMPORTART NOTICE

Mast b setvice oflioss @ the Wiited States ane NGT authans ¢
to suryien aned tepasr 342 TA DA C Unit Nutiby your locak bip seles
ather o speohic mlonuativn an where o send the inptrarment Lae
P

Any changes made mnstramonts mattglae turedd after e prmling
will B fagrt § e Manuat Changes” supphiment supphe« saath thin
bl Be sute to esanne s supplement, W one wasts lar thin
manual, for any ¢ anges which apply b your sstiument g recong
these «hanges n the ol

WARRING

The 3421A uses lntching refays on the multiplexes
assembly (option 020, 021 or 022) and on the inain-
frame. The state of these relays can only be altesed
under program control. This is an advantage in the
sense that, under most conditions of failure, the relays
will remain in whatever state your progrant has sel
them, However, in case of power or equipment failure,
any application requinng a falsale method of insir-
ing that the circuits under controf are in i known stite
must he provided by the installer.

WARNING

in casr of a component lailure or programiming error,
any voltage that s input !0 a multiplexer assembly
may he present an any other termingl of any instafled
multiplexer assembly os well as the 3421A front panel
terminals. Likewise, any ve'tage that is input o the
342 1A front punel terminals may be present on any
other terminal of any instafled multiplexer assembly.

Manual Part No. 0342180010

Microfiche Part No. 03421.80060

« Copvnaht Hewlett-Packard Compuny 1982
P.0O. Box 30i, Loveland, Coloradae, B0537 U.S. A,

O e C— .
d 14 144 M S s e bl o o 1356 P 44y 2 D A Pt i e peem e R R T T

Printed; March 1084




3421A Manual Reference

The tollowing block diggrnm shows the J42IA mabual documentition scheme, Pashed fine borders
Indiciie those maoals that are shipped with the order ol speilic options; sufid horders indicate those
pistnnads that are shipped with every instriment,

e e £ At ety e

o e P B e e s e

AAAGBA Data Ac wmitan p-— | 342 1TA Openating, Pragramasng, |— A7 EA Quuck
ROM i Mool ] s d Conbyruration Manus el gl Cardd

o B e P I ot d

ANV A Senvice Mo

-
R e | I
TN B eeestsniemmecesttin W g — e e
10 Chivmel Maltiplexany Dygptat 1 QO Ansembly PR nterpee 17V Banery Optinn
Ansembly (Qpt G201 1Om OBO) AAAGEA 10pt 2011 44461TA wipt 2121 nstallihnn
444624 Sarvice Mamid Senice Mabwal lnatilaton an e Sorvecr Maonaal
Servicn Moo

e e pan e e e bk e L L et L e ddaindededet o - B R e e e D e

M2EA Operating, Propramming, and Configuratio, Aanual (03421 900105 for adl osers. All Teatures
aned aptions of the M2EA are discusaed in this manual.

WA Quich referenee Chnd 342890002 for alf users. Phis card iy i quick reterence o all ol the
A conunands,

2EA Service Minual (0321-90008) for the sepvice technivian, Theory of aperating, calilwation, ansd
trogbieshuooting are discussed.

SI62A Service Manual (H462-90000) for the sersice techiclin. Ehis mttun) covers imstalition and
troubleshooting fos the option assembly.

JBI65A Service Manual CHS6S90000) for the service technicin, Ehis minuant covers installanion and
Froubleshootiong Tor the option issembly,

SGTA HP-TI Torer Biee Tostallition and Service Manual CE65-90001) Tor the sy feclincian.
This neataal covers imstallation and troubleshoming for the HP-1B opiion asseibly.

12V Banter s Option (Opr. 212) hstallation and Service Manuwal (03421-90009) Tor the service teehnie
cin. Uhis manual esplains how 10 conneet toe 12V Battery Option 1o an estet nal 12V souree amd
how 1o troubleshoot the option assembly,




TABLE OF CONTENTS

o Chaptar Page

L R R

DR
TR el

Chapter Page
1, MEET THE 3421A. . ......... ... 1 2. GETTING STARTED (Cont'd)
Introduction . ... ... ..o 1 TEST/RESET....... .. C e e s 3y
Intraduction to Data Acquisition and Whot it Doos. . ..o e oo 39
Control . . oo v .2 VOLTMETER .. .. .. s 41
How To Use This Manual. .. .. .. 4 The I[nternal Voltmator. .. ....... . .. 41
AULOZEIO « o o v oo e e e e 41
Saction |. OPERATING AND PROGRAMMING. . .9 Calibration .. .. oo e 42
Meosurament Functions. . ........ .. 42
Chapter Pago DC Woltage Measurements. . .. ... .. 42
GETTING STARTED................. 11 AC Voltage Measurements. .. ... .. 43
Introduction . .. .. .. e 1M Resistance Measurements. . ... ... .. 43
Oporating Charocteristics. .. ........ 11 Number of Digits of Resalution. . . ... A3
AN OVERVIEW OF THE 3421A.. ... .. 13 RBnging . - .« v o 44
Thae 3421A inDetail. . ... ... . ... 16 Autoranging . . .. ... 44
TURN-ON . . oo 17 Autarange Hysteresis. ............ 44
What Happens st Turncon. ... .. .. ... 17 Manunt Ronglng., . ...ov oo 44
BATTEHY OPERATION.............. 19 valid 3421A Voltmeter Ranges. . .. .. 4b
Low Battery. .. ... ..o 19 Triggedng. ... ..o ,...46
CALIBRATION . ..., oo 20 Standard Commands. .. ... ... .. 4b
What is Electranic Calibration. ..... .. 20 Advanced Commands., .. .......... 46
Temperature Calibration. .. ......... 20
Calibration Enable. .. ....... ... .. 20 Chapter Page
CHANNELS . ... ... i 21 3. BASIC LANGUAGE PROGRAMMING ... .47
What s o Chaunel. ... ............ 21 Introduction . . . ............. .. ... 47
Channel Numbering ond Addressing. . . 21 SCOPE ..o 47
COMMANDS . ..., . o 22 Trying Qut o Command. .. ..... .. .. 47
Standard Commands. ...... ....... 22 HPdLvs, HPIB. .. ...... ... . .. ... 49
Advonced Commands. ... ... ....... 23 Information Transfer. ... .. ... ... 49
COUNTER . ... ... e 24 Buffered Transfers. . ... ......... .. 51
Fraquency . .. .. ..o oo 24 Addressing. . ... ... e b2
Totalie . ... ... .. 26 HP-{L Addressing................ b3
DISPLAY . ..o i e 27 HP-IB Addressing.............. .. B4
How It Is Used . ....... C 27 Sunding Instructions to the 3421A. ., . b4
Turn-on/Reset. ... .. ... .o 27 Procedurg. ... ....ovih 54
Channel Dieplay. . ... ..... ... ... .. 28 Semple Probtem. ...... ... ...... .. 1513}
HP.IL. POWER DOWN/POWER UP. ... . 29 Programming Hints. . ... ........... Bb
Power Down........ ... ..., .. 29 Rueceiving Dato From the 3421A. ... .. 67
PowerUp........ ..o 25 Qutput Farmat. .. ............... 68
OPT'MIZING READING RATES........ 30 Readings Qutput Format. .. ... ... .. 68
Why Optimize................... 30 Simple Programming. ... ... ....... 69
Your Signsl Environment. .......... 30 3421 A Interface Capabilities. . .. .. ... GO
AULDZBIO . .. o e i e 31 CLEAR . . ... . i s 61
The Fastest Reading Rate. ........ .. 31 Example . ... ... €1
REAR PANEL.. ......... ... .. . .. 33 Commemts . ... oo in e 61
what is on the Rear Panel.......... 33 LOCAL, LOCAL LOCKQUT, REMQTE. . .61
The Reset Switch. . ............ .. 34 Camments . ........oovvenvnnn 61
The Rear Panel Cantrol Switches. .. .34 REQUIRE SERVICE (SRQ)............ 62
RESISTANCE MEASUREMENTS....... 36 Comments . ....oovvhir oo 62
Measuring Reslstanca. . .......... .., 3b How to use S5RQ. ... ............. 63
2-Wire Hesistance Messurements. ... 36 Status Register and Status Byte. ... .. 63
4-Wite Resistance Meosurements. . . .36 Setting the SRQ mosk. . . ...... . ... 64
TEMPERATURE MEASUREMENTS. . .. .. 37 Example 1. Event Qccuwired . . .. . . .. 66
Using Thermocouples to Measure Example 2. Abnorma! Condition. . . .. 68
Tampersture . . . oo o v v ev i 37 Example 3. Advanced SRQ
Measuring the Reference Interrupt Programming tsing the
Temperature . ... ..., .o KE] Digital Ttigger Command. ... ... .. 70
Using T-Type Thermacouples to SPOLL (Serial Pall). . .. ........ .. ... 74
Measure Temperatures. . ........, 38 Example. ... . ........ ... 74

Comments . .. ..o ot s 74




TABLE OF CONTENTS (Cont'd)

Chaptar Page
3. BASIC LANGUAGE PROGRAMMING (Cont’d)
TRIGGER . .. . ... ... .. . 76
Exampla............. .. ... .. .. 76
Comments .. ........ .. ... ... .. 76
Toplcs In Advonced Pragramming. . . .. 75
TEMPERATURE MEASUREMENTS. . . . .. 76
Thermistar . . ... . ... ... .. 16
Thermacouple . . ................. 77
COMMAND DIRECTORY. ............. 77
Choptur Page
4. PROGRAMMING WITH THE -hp- MODEL
A1CICV CALCULATOR............. a9
introduction . . .............. ... .99
Examples Format, ............... 100
Sending Instructions to the 3421A...1Q00
Sample Prablem. .............., 101
Programming Hints. ... ......... 109
Recelving Dato From the 3421A .. . ., 1Q3
HP-H. Intarface Contral. . ... .. ... ., 104
SELECT .. ... ... . 106
Example .. ... ... ... L, 106
Comments. . ... ..... .......... 1056
QUTA ................ ... ... 108
Example. ... .. ... ... ... ... 106
Commemts ., ... ................ 105
IND ... 106
Exomple.............. ... .. .... 106
Comments..................... 106
INA ... 108
Example. ... . ... ... .. .. .... 108
Comments .. ................... 108
TRIGGER . ......... ... v 108
Exomple................  ..... 108
Comments.................... 108
INSTAT . .. ... ... . . . .. 109
Example. .. ............. ....... 109
Comments. . ................... 109
Status Register. ... ............. 109
Example 1. Dota Ready........ .. i
Example 2. Abnormal Condition. .. . 113
PWRON {Pawer Down}. .. ... ....... 116
Exanple............ ... .. ...... 116
Comments..................... 116
PWRUP (Power Up)l. ............. 117
Example....................... 117
Comments . ... ................ 117
FINDID........ e 118
Example. ... ............... ... 118
Comments . .................... 118
AUTOIO ., .. .. ... 119
Example....................... 119
Comments..................... 119
MANIO . ........... .. ... ...... 119
Example....................... 19
Comments ....... ..... ........ 118

Chajiter
4. PROGRAMMING WITH THE -hp- MODEL
41C/CV CALCULATOR (Cant'd]

REMOTE . ..................... 120
Example. . ........ ... ... ... ..., 120
Comments........ ............ 120

LOCAL. ..., ... ... . . . 120
Exampla. .. .................... i20
Comments . . ................... 120

LISTEN. . ... ... L 121
Example......... ... ......... 121
Comments . ..., ................ 121

SAMPLE APPLICATION PROGRAMS. .. 122
Wilting Progroms. .. ... . ..., ... 122
Inftilization . .. ... ..., .. ..... 122

Initialization Program. ... ..... ... 123
Running the Program............ 124
3421A Front Panel. .. ......... .. 125
Semple Programs. .. ...... ...... 128

TEMPERATURE MEASUREMENTS
{Using 6 Thermistory. ............ 129

TEMPERATURE MEASUREMENTS
{Using Thermaocouples), ... ... .. 131

DATA LOGGER.................. 134
Running the LOGGER Program. ... .. 134
How the Programs Work. . . ... .. .. 134

Logger........... .. ..., ... ... 134

Read . .. ............. .. ..... 136

USING THE ADVANCED COMMANDS.138

Chapar “nge
h. 44462A 10 CHANNEL MULTIPLEXER

OPTION ....... ... ... ....... 139
introduction . . . ................. 139
Channels ...................... 140

Channel Numbering and Addrassing . 141
Channel List..............., ..., 143
Measurements . . ... ............. 144
Voltage Measurements. .. ......... 145

DCVIx,y,..2b ..o o 146

ACVixv....z) ... ... . .. .. .. .. 1486
Resistance Measurements. . . ... . ... 147

TWOIXy,...zl ..o 148

FWO[D v,...2zl ..o oo 148
Thern uple Temperature

Mew vaments . ... ............ 161

TEMIx,y,...zI, BREFIx}.. ......... 161
Counter Functions. . ............. 162

FRQ[x,y,...2l ...... ........... b3

TOTIx). . ... o o 163
Atteauatars .. ..., ............. 164
Actustors. . ............ ....... 166
Power Down/Power Fallure. ..., .. .. 167
Channel and Advanced Commonds, .. 167

CLSx . ... i i 167

CLPx .o e 167

OPNIx[........... .. ... .. ..., 167

LSxiy,...2zl ..o 168

Page ‘



TABLE OF CONTENTS (Cont'd)

. Chapter

@

6. 44462A 10 CHANNEL MULTIPLEXER

OPTION (Caont'd)

Lle |

UCX e e e e e
Application Examplos. ..........
Burst Measurements. .. ...... ..
Single Ended Measuroments. .. ..
Shielding and Nolse Rejection. . ..
4-20 mA Current Laop. ... ... ..
Specifications, .. ............ ..

Chopter

G. 444GBA B BIT DIGITAL I/O OPTION. .
Intreduction . .. ... .- o
input Port Overview. ... ........
Standard Commands. ..........

RED) . oo e e s
BIT A, e e e e
Advonced Commaonds., ..........

Example....................

XRlabel . ... .o
ANfabel . ... .. .. oo o
DT .. e s
Warking With the Input Port. . . ..
Qutput Part Cvarview. .. ...... ..
Standard Commaonds, .. ...... ..

ClL.Sx, OPNx. ..

WRTileble. .. ... ...t

Advanced Commands. .

DSilable . ... ... .. L
DCilable.....ccvvviion ot
Warking With the Qutput Port ..
Relay Control. ... ....... ... ..
Digites Logic Interface. . ... .. ..
Specifications . . ... ...........

Chaplor

7. OFERATOR MAINTENANCE. .. ...

Introduction . .

ACCEEBONEE . . oo oo v e
Preparation For Use...........
Unpacking Instruction. . . ... ...
Initlal Inspection. . .. .........
Power Roquiremeits, .. .......
Power Cords and Ruceptacies. . .
Grounding Requirements. ... ...
Power Line Fuse Raplacement. .
Installntion Consldarations. . .. ..
Safety Considerations. ........ ..
Intarfoce Connections. . ... .....
HP-L . o s
HP.IL Address Selection. .......

o172
173

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

Paga

Chaptor Page
OPERATOR MAINTENANCE (Cant'd}
HIPAIB . .o e 190
HP.B Address Se ction. ..., ... 191
Warranty Information. . .. ...... 19
Cerntification . .. ........ ... 19
Wartanty . ... ... 191
Limitation of Warrenty. . .. . .... .. 191
Exclusive Remedles............. 192
Assistance . ... ... ... ... .. 192
Limitation of Warranty for
Option Q40. .. ............... 192
Specifications. . . ...... ... ..... 193
Environmental Bequirements, ... . .. 193
How To Obtain Repalr Service. ... .. 194
Seriol Number..... ... ...... ..... 194
General Shipping Instructions. . .. .. .. 124
Further Considaerations. .. .......... 184
Cleaning. .. ... . v e 194
Detoiled Specifications. ............. .. 196
Section If. OPTION ASSEMBLY
INSTALLATION AND CONFIGURATION. . ... 201
Chaptnr Page
INSTALLATION AND
CONFIGURATION . ............. .. 203
Intraduction . .. ..., ... ... 203
Goeneral Option Removal/lnstollation
Procedwras ., . .. .o 203
Disassembly/Option Removwal. .. ... 204
3421A Disassembly........ .. .2006
Installing the Option Absnmblics o210
Strain Relief. .. ... ... ... ... .. 216
HPAB . .. o 216
HP-IB Switches. . .............. 216
Installing tihe 44462A Multiplexer
Assembly . . ....... . ... ... ... 217
Actuator/Multiplexer Jumpets. . .. .. 218
Canlfiguration [dentification
Jumpers ... ... 220
2- and 4-wire Ohms Measuroments. 221
Attenuntors . .......... ..., ... 212
The Terminal Block Edge
Copnectar. . ......oo oo n 223
Installing the 44466A Diglta* 1/0
Assembly . ............... . 224
The Terminal Block Edge Connm.xor 224
Clesning. .......... ... .o, 22b
Chapter Page
444G4A BREADBOARD QPTION
OPTION Q40 . .............. ... 227
fntroduction . . . .......... ..., 227
Before You Begit,. . .. ..o v 228
Voltmatur [nput Connections. .. .. .. 228
Parts Supplied. . ................ 229
Parts Not Supplied. . ........ ve., 229

Powar Supply Limitations. .. ....... 230




Chapter

TABLE OF CONTENTS (Cont'd)

Pogo
44464 A BREADBQARD OPTION
OPTION Q40 (Cont'd)

Power Supply Filtering. .. ... .. .. 230
Thermal Gradients. ... . .. ... . ... 230
Switching Inductive Loads. . ... .. .. 230
Radiated Noise. ... ........ .. .. 231
The Circult Board ., . . ..., .. .. 232
Valtage ond Resistance

Meosurements ... .., .. ... . .. 232

4-Wire Resistonce Moossurements. .. 233
Cou wr and Towlbze. ... ... ... . 234
Comrnunicotion with the Mainframe. 234

Loading The Components. . ... . . 234

Bullering the 4Q Port Lines. .. . ... 236

Input Port Cammands. ., ... .. ... 235

REDI . ...... ..... ... ... .... 236

BiTx........ .. ........ .23b

Advancod Commands. .. ... ... ... 236

MHx and MLx. ... ..... . .. 236

MNE . 237

Qutput Part Commands. ... .. ... . 238

CLS . ... 238

WRT ... 239

Advonced Commands. . . ... ... . . 239

DS ... . 239

bc ... .. e 239
Theory of Operation. .. .. .. .. .... 239

LIST OF ILLUSTRATIONS

igure
Simplified Schematic. . ... ... .
Valtage Measurements . .. ... .
2-Wire vs, 4-Wire Resistance
Menssurements. .. .. .. ... ...

LI Ny —

4-Wire Raesistance Measuremaents
Temperoture Measurements . . . .
Frequoency Measuremnnts. . .. . .
Totalizing
Attanuatars
Actuatar
Single Ended Measurements. . . .
Canfiguration tar Single Ended
Measurements. . ... ... . ...
Shielding
Common Mode Noise. . ... . ..
4-20 mA Curnrent Loop. ... .. ..

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

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

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

SogeeNeos

N—_-0"

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

Poe SoCoTooaR gaam

o

. 265

2-Wire Resistance Maasurements. . . ..




et I VR T I 1 T P Y T N B B Ll "N | D R IR R ey | |l

B

i

Ch / =

(] apter =
Meet The 3421A ~

%

=

. =
Introduction -~
Waelcome ta the world of high performance, low cost data gcqguisiion and control, :f
Your new -hp- Model 3421A is a fully programmable unit cambining precision _‘;
measurament capebility with process manitoring and control functions. When inter- :—
faced to on -hp computer {such as the HP-86) or handheld calculator {such o5 the mn
HP-41C/CV), the 3421A forms a versatile, easy to use data acquisition and control E

system.

The standard 3421A consists of o mainframe, a built-in 6 1/2 digit voltmeter, o 10
kHz counter, and an HP-IL controlier interface. Compensated temparature conversion
using T-type thermocouples is also built in. The mainframe can hold up to throe
option assemblies. Available options include o 10 Channel Multiplexing Assembly,
on 8-bit Digital 1/Q Assembly, and o Breadboord Assembly for custor. circvit design.
In addition, un optional HP-1B* interface or a 12V Bottery Optinn s avalloble.

Typically, at least one Multiplexing Assembly (44462A or option 020, 021, or 022)
i used in the 3421A. This assembly provides 10 channels for signol input. A
temperature reference junction is built in to cach assembly for thermocouple com-
pensation, In addition, two of the channels can be conligured as actuators for

contralling motors, alarms, olc.

The B-bit Digital 110 Assembly {4446BA or option 0601 provides an Lhit input port
and an B-bil output port. Typical uses for this assembly include monitoring init o
pasition switches, and low voltage actuating. The 3421A command set prov .des fur
individua!l bit control s well as 8-bit word control.

I neitner of these assemblies meet your needs, Option 040, the Breadboard
Assembly is ovailable. This option permits you to custom design and build your own
measurement or control essembly.

All of the 3421A features ore completely programmable. A powerful instruction set
means that the 3421A is very easy to use in o wide variety of applicotions. The

major features are:

O AR I R cTICR aRT C  OLA T  he L | TI

* HPIB tHewlott Packard Inteetace Bush s Hewlent Packard's imprementanon of 1EEE Standard
ABB 1978 ond ANSI MC1 0.
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HP-IL interface for connecting to the HP-41C/CV calculator or computers such
as the HP-86. An aptional HP-IB interface Is available for interfacing to other
computers.

The 3421A may be combined with the HP-41C/CV handheld calculator,
HP-82162A thoermal printer/plotter, and HP-B2161A digital cassette drive for

a complate battery opoerated date acquisition system,

Fully programmable 6% digit voltmeter for measuring DC voltage, AC voltage,
and 2- wire and 4- wire resistonce measurements,

Progreimmable power down, standby mode to censerve battery power in
reamota location usagae.

Mamary starage for 30 reodings allows fast dota acqueisition fue later
manipulation.

Programmabie counter for frequency measuremaents up to 10kHz or otalizing
up to 6BB3b counts,

Low thermal offset switching with built-in reference junction.

Digltal 170 for process control and monitaring.

Introduction to Data Acquisition and Control

As the core of a data acquisition and control system, the 3421A is capable of being
usad In many opplicotion arens where data received from various trnnsducers needs
processing.

For example, In the sreas of production control, quality assurance, and final test,
the 3421A provides uniform and precise measurements. Using the 3421A 10 test
and monitor prototypes can mean better knowledge of the product and tharefore
shorter development times in tha R&D lah. bottery oparation and the 3421A%s light
weight ollow you to transpart the system to out-ot-the-way lucations,

All of this Is made possible because of the 3421A's ablility to perform several
measuremunt tasks under computer control. Tests cr easily be altered to fit other
applications. Instrument cost and setup time is gre stly reduced since the measuro-
ment system is contained in one package,

Tiir—— 0wt




A siinple solar heating demonstration will halp you to vinuglize where the 3421A fits
into 8 data acquisiton/control system. This Mustration shows the power and {lexehility
of the 3421A under computer cantiol, In the following illustration, several parameters
are to be mensured including the temperature at dilferent locations, fluid pressure
on both sides ol a pump, fluid flow and fluid level. Eurthermore, the pump and two
valves must be contralled, i.c., turnad an or off.

The 2421A, under computer control, measures the varlous temperatures and
transducer outputs ond seads the dsta to the computer. The computer analyzes,
records, ond plots the data. But mare than that, the computer mokes certain desi-
sions based upon the measured dats and instructs the 3421A to actuate (turn onl
the pump or volves. Seversl other functions may be included such as sounding an
alarm Il the pump pressure drops sharply or the liquid level in the tank is below
normal,
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How To Use This Manual @ :

This Operating, Programming, and Configuration Manual has been designed lor ydu .
to serve o5 8 complete referonce document far using the 3421A. It covers both pro-
gramming information and configuration/installation/connection information for the
cption assemblias. Information on Operator Maintenance, such as power raquitements
and specifications, are placed later In thie manual, in Chapter 7. If you have just
raceived your 3421A you will want to read this information, Chapters 8 and 9
discuss instelling the option assemblies and the brasdboard aption (Opt, 040}, rospec-
tivaly, and are Intended for use only by qualifled service troined personnel. A separate
sarvice manual for 'the 3421A contains information on calibration, performance
testing and sarvice,

Familiarize yourself with the 3421A by looking through this manual. The hast way
to feel at eese with the instrument (s to sit down with this manual, the 3421A, and
your calculatos and perform the examples shown, It wan’t teke lang to become
familiar with the Instrument and its many features,

The following paragraphs will serve as a guide to direct vou to the remalning chopters
in this manual, Acquaint yourself with the manual by reading through these
descriptions.

Section |, Operating and Programming

Getting Started
Chapter 2

P M b

e .86

. . LAl

Chapter 2 discusses each function and
feature of the 3421A. Mojor sections
are devoted to the voltingter, counter,
and temperoture maosuraments, Qther
topics include the power-down *'sleep”’
mode, battery operation, and optimizing
reading rates. This chapter shouid bLe
read beicra you begin programming the
3%421A as it sets a foundation for the
remainder of the manual,
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0 BASIC Languagr Programming |
Chapter 3 Y

Daesktop computers with HP-1L or HP-18 , L
copability. such as the -hp- Modal 86, ” ' : : i
may be usad to program the 3421A, . eyt :
Chapter 3 covers this subject and pro- WL
vides examples to enhance the discus-

ston. Sevaral application programs arg

provided throughout the chapter. Im-

mediately following this chapter arg

several blue pages called a Command

Directory. This directory explains each

commoand the 3421A responds to and e wee
provides simple program examples.

H
B
3

Programming With the -hp-
Model 41C/CV Calculator
Chapter 4

% The -hp- Model 41C femily of hand-held

calculators con be vsed to prugram your

3421A. This chapter teaches you how

to exccute simplae, one-line commands

from the colculator and theh shows you

how to write simple programs for con-

trolling the 3421A, At the end of the

chaptar are sevaral application pro-

grsms. Note thot the assumptlon is

_ made In this chapter thot you do not

1 heve the HP-444GBA Dats Acquisition

. Pac ROM for the 41C/CV (aption BA41

for the 3421A). If you dc have the
44460A, refer to its manual.
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44462A

10 Channel Multiplexing
Assembly

Chapter b

This chapter dascribes the features of
the 44462A (opt. 020, 021, or 022)
assembly and the many ways it can be
used. Topics include voltage measure-
ments, rasistance measurements {both
2- and 4- wirgl, temperoture moasure-
ments, and actustors. Several examples
are provided to aid you in undarstanding
and using the assembly,

44466A
8-Bit Digital 1/O Assembly
Chapter 6

The 8-bit Digital I/O assembly (opt. Gb0O)
can be used in 8 wide varisty of applica-
tions wharg on/off, present/not present,
gtc. conditions occur, This chapter
thows how the assembly can be used
to sense position oi imit switches and
control relays. Examples are scatterad
throughout the chapter.

Operators Maintenance
Chapter 7

This chapter addresses 3421A instulla-
tion procedures (option installotion |s
discussed in chapter B). It also contains
8 complete table of specifications, what
to do if you suspect a malfunction, and
many other items of special interest to
the operator.
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Section |l, O tion Assembly Installation and
Configuration

CAUTION

Only service trained personnel with an understanaing of elec-
tronic circuitry and the hazards involved should install or recon-
figure the option assemblies. The twa vhapters described below
contain installation and confijuratiun information.

Installation Yoo Do
Chapter 8 Py

BT ISTK T K
This chapter deteils the installation pro- L |
cadures for the option assemblies. Also \[n‘ GGEbEERGRERGGLBERRYEGE

figurations and connactions to the device

incltided are discussions of jumper con- b l
undaor test, .

o '[vuin-vt-.nrn.mm-mnnun -
Sl bk va s tasberrbr bt rns N

Y

44464A |
Crapter 8 Y | L

The Breadboard option {opt. 040) is
discussad in this chapter, Details are pro-
vided for using the assembly for custom
designed circuits, Specifications include s
component height, power dissipation, and
power supply requirements,
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Documentation Worksheeat .
Appendix A

All too often it s discovered that R . -
documentation has baen totally forgotten i L
Ty ' P v, vt R _
until the herdware and setup work have - B ! -
baen done. Fraquently this results in con- Sy mitias Bl -

siderahle atfort and In documentation that I I TR
daas not accurately reflect the work that L i i -
has been done. This appendix helps to Tl LD -
alleviate the problem by providing s sim- R TR S B
ple worksheet which can l.e completed e — - =
simultaneously with the hardwars and -
pragramming tasks, "
HP-IL/HP-IB Summary
Apcendix B
Appandix B provides 8 more detailed ex- L -
planaticn of the two interfaces then pro- HP-1B o
vided in the rest of the manual. Refer to | =
it for technical information on the HP-IL -
and HP-IB interfacaes. .

B
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Section |
Operating and Programming

WARNING

The 3421A uses latching relays on the multiplexer assembly
foption 020, 021, or 022} and on the mainframe. The state
of these relays can only be altered under program control,
This is an advantage in the sense that , under most condy-
tions of failure, the relays will remain in whatever state your
progrem has set them, However, in case of power or equip-
ment failure, any application requiring a failsafe method of in-
suring that the circuits under control are in a known state
must be provided by the installer,

WARNING

In case of a component failure or programming error, any
voltage that is input to o multiplexer assembly may be pre-
sent on any other terminal of any installed multiplexer
assembly as well as the 3421A front panel terminals.
Likewise, any voltage that is input to the 3421A front panel
terminals may be present on any other terminal of any
installed multiplexer assembly.
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Chapter 2
Getting Started

Introduction

As o data acquisiton/contral unit, the -hp- maodel 3421A Is a self contained measure-
ment system. A computer and of course your transducers are the only other devices
required for data gathering and analysis. !n the first chapter you saw the vary busics
of o data acquisition systam. With this chapter you will begin learning how the
features of the 3421A can solve many of your measurement needs, The Informa-
tion in this chapter represents a comprehensive descripdon of the 3421A and fts
many features. For inforination on the three option assemblies, refer to Chaptars b,
6, and 9, Chapter 6 covers the 44462A 10 Channel Multiplexing Assembly and
Chapter 6 covers the 44466A Digital I/O Assembly. The option 44463A Breadboard
Assembly is discussed In detall in Chapter 9,

Operating Characteristics

The main operating characteristics of the 3421A are detailzd in the table below. This
table Is an abbreviated sat of 3421A specifications, Yo, will probably find that this
table answers most of your questions about the capab lities of the 3421A without
laboring over several pages of spocifications, The complete Table of Specifications
for the 3421A can be found in Chapter 7 of this manusl,

DG Vaolta: Counter;
1pV sansitivity .3V range) 1o 300V tull scale Frequency response - 1Hz to 10kHz (> ).6mS
Ajy: >10'%, .3 and 3 V renges risetime)
10M3} £ 1%, 30 and 300V ranges Senstivity: 600mVp-p
Minimum pulse widih: 60,8
AC Volts: Input impedonce: JOMI + 1,-10%
100sV sonshtivity {3V ronge) to 30V lull scole Totalire:
Bondwidth: 20 Hr to 2kHz
Average respanding canverter Maximum count = GEBAG
Minimum pulse width {6V} = 80uS
Reslstance: Minimum pulse perind = 10045

1) sensitivity (300 1} rangel to 3OMI Tull scale
Maximum open circuit voltuge: 6.6 volts
Curtent through unknown resistancm:

Temparature {Typa T thermocoupls):

Tomperature Range = -200°C to + 400°C

300,313 ranges T 1 mA Internal refergnce [uhction for soltware compensation
30k rango - 100A ’
300ki] ronge - 1GpA

IMR range - A

anMit range - 0.1xA
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- AN OVERVIEW OF THE 3421A

x

PRt T

"
Input —
= ) These ate the voltmeter and coumter -
e o prer i sy et A TIPSR T T T LS et - . ' input terhunals, =—
s -
! w 3420A DATA ACOUITION/CONTROL LRET —
["ﬁ WEWLITT b #ACKRRD N =
- N wom =
s R T -
- Display | D, —
A 30 dgnt deploy s usenl an the S A — ) e m—— peeap—— -
DA2VA 10 indicste which ehannels are ' ; s ' e ' —
- closud. Qunng Wt on, thiy ot also -_
- used o idicate the sedl ot tolurens
1 and the HP B wddions 0F appropnshe) _
- Smwall “vrees't are used too duficate -_—
) when powst 15 on or when an oo - ; 2
= UxIbls :
~- ) Sense _
E Thesn tetminals are used 1o the o
= valtmetor sense (eads when making -
E A-wire ghms measurements. =

Rear Pane; HP-IB Option

N

- WIS G R s B SR Fuas s )
- Model and Serial Number Plate e ‘ | Yo -
_ : —
3 . AC Line Cord and Fuse —_—
- wiva Aomin R - / :
= ‘sonennn | SGSS N HP-IB Connector —
, HP-IL Cannector \ g
= 3 ' T A4 pes * e canbaenbies it n [\ " g =
’ WATHING: Juntn maases piars N HP-IL/HP-IB Switch _
- Lo 8 S AR (R SN T caen R LR A

Reset Switch

= Option Slots

) Thes roset syatch oy provaded b cgm
= There are throe stots e apbional HP-Il. Connector Pletely  remav e aperatog poweT s
_ assombies n the 3421A . Strn rehiot Reﬂr Pﬂne[ g as the s oy belg o fram the
- i provided for transducer wires 427N Tk i -
. < b Bk bre ninesl ory b Cae
Control Switches of Lature
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The 3421A in Detail

Becouse the gool of this chapter is to provide the most comprehansive dascription
of the 3421A ond its lestures, this chopter is dividad intr. 14 mojor subject heodings,
Ench subject detalls a particular feature or function of the 3421A, At the end ol maost
subjects will be a short list of Standard programming commands ralating to thot sub-
ject. The subject headings are:

Subject Page
TUFN-OM . o v e e e e e e et e e e e 17
Bottery Operation. .. ... . s 19
Callbratlon . . . .. . e 20
CRENNGBIS . « o o o e e e 21
CoOmmMONdS . . . o o e e e e e 22
COUNMEE . .« o o e e e e e 24
Disploy. . ... .27
HP-IL Power Down/Power Up.... ... ... ... ... .... 29
Optimizing Reading Rates. . . .................. .. 30
Rear Pancl. ... ... 33
Raosistance Maasurements. . .. ... ... .o 36
Temperature Measurements. . ... ... .. ... ... 37
Tast/Resat. . . . . e .39
VoltMELET . . o o e e 41
16
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TURN-ON

Bafore applying AC Power to the 3421A, chack the rear pancl ling voltago option
lahel to ba cartain tha instrument is set for the nominal Hne voltnge In your orea.
If nacesary, rafer to tha Installation infurmation in Chapter 7 of this monual. As you
press the POWER switch, vary carefully watch the display os the 3421A goas
through its turn-on sequence ond soll test,

What Happens at Turn-on

At turh-on, the 3421A performs o series of B Internal salf tests. If any of tham fall,
the ERROR Indicator is turned on In the disploy and the 3421A ottempts to inter-
rupt the computer {see SPOLL In chopter 31, A complete duscription of the self tast
will be gliven later In this chaptar.

Nuxt, you will hear o relay ‘click’ inside of the 3421A as all numbers in the display
light up (see phota). These numbers will be on for about 1 second. Afterwards, il
a failure s detected by any of the sell tests, une or mo*» numbers will light up in
the display (for 1 second} indicating which test(s) faited, These numbers are sssigned
as follows.

CQUISITION/CONTRON
523}& rDrAI A ﬂ:n ARD
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TURN-ON (Cont’'d)

Numiur it Salt Tost Folled
o’ Culibration RAM chacksum etror
1 ROM 1 bad
2 ROM 2 bad
3 A/D Slope crror
4 Microprocessor RAM had
6 internal RAM 1 had
6 Internat RAM 2 bad
7 Failed 1@ Mohm test (not within + 20%)

27 Low Bottary. See soction on Bottery Operation,

' Engr #0 will also occur o an aption AAAG2A 10 channel muluplexer 15

atdded o mnved 1 oo ditterent sior alter the 3421A was cohbrnted. This s
buceuse the tempendute mlarence wos not eolibentod.

Y Erear #7 will olio oceur il theas s anything connectaed to the front panel

imput terminpls or HCOM and LCOM an oo installed 444624 10 channel
muitiplesar assembly dunng the sell test,

Altar the self test, you will hear the relay ‘click’ ogoin. At this time, il the I1P-1B
add-on option is instollad toption 201) and Il the HP-IB/HP-IL switch is ‘in’ {for HP-IB),
the 3421A will indicate the HP-IB address. This addrass will be dispisyed for obout
1 second, After this, the 3421A will go to the following states:

® Al 44462A option boord{s) reloys ore open,

o All 44466A Digltal output hits are cleared (high impedance stote),

¢ Mainlrame input relays are open,

@ DC Volts funclon, Autorange on (storts on 300V rangel, Autozaero on, b 1/2
digits ol resolution assertod,

¢ Counter set to 1 second gate time,

)

Manitors rear pancl switches and rasponds uccordingly.

® The channel list (sue chapters 3 —G6) sat to all available multiplexar channals
fram lowest channel number to highest channel numbear.

¥ Roquest service from the computer if self test failed or Power-an SRQ enabled
{rear panal switch},

The ontire turn-on sequence taokes only 2 to 3 seconds to nomplete,

18

203 Lo 2 b yrer pakhala vty — " ¥ Sy priwiomis e e o SRR TR T




[

whd

TSN T TR, .

BATTERY OPERATION

Bafcre oparating the 3421A from fts intarnal batlery, ensure that the bottery is (ul-
ly charged, Connact tha instrument 1o an appropriote AC power source and ollow
16 hours for o full rechorge with the POWER switch OFF (out), A fully charged hat-
tery will provide a minimum operating time of 12 hours. Qperoting the 3421A with
the proper AC powaer source and the POWER switch ON (in) will provide & complete
hattery recharge in 21 howrs. 1f the HP-IB option Is being usad, operating time s
raduced to G hours,

Low Battery

CASE 1. If the bottary becomaes dischorged {low battery) while the 3421A Is in opara-
tion, the error Indicator will light and the 3421A will .equire service from the com:
nuter {sae REQUIRE SERVICE in Chapter 3). After 3 minutes, all relays, including
those on the 44462A Multiplexer Assemblies, will be opened and the 3421A will
nower down. This is dong to prevent the battery from hecoming discharged. The
HP-IL wakeup (see PWRUP in Chaptor 4) Is disabled when low bottery occurs and
will not be re-enabled until the battery Is charged {or AC power applied) and the
3421A front panol POWER switch s cycled on ond off.

During the three minute perfod after low hattery occuts, most 3421A commands (l.e.
DCV, FRQ, etc., see the hlue pagas ot the end of Chapter 3.) os well as interfoce
commands (i.e. TRIGGER, CLEAR, etc.} can he executed, This includes the laop
power down {see PWRDN in Chapter 4) but reinember that the 3421A cannot waoke
up {loop powaer up) until the battery is recharged or AC power connected to tha raor
panel. The 3421A commands thot cannot be executed during this three minute pariod
are: ML, MN, TOT, and DT.

Any commands exccuted duting this three minute period will reduce the time belore
the 3421A powars down,

It o CLEAR, Reset {RS), SPOLL, etc. is execut .4, the 3421A will cease to require
sarvice from the computer but will still power down alter the three minute period,

CASE 2, If a low battery Is detected 65 the 3421A is turned on, the numbar 27 will
appear in the display. The 3421A walts 3 seconds and then powers down, It will
not go through self test or respond to any commands.

NOTE

If a low battery occurs, connect the 3421A to an AC power
source and cycle the front panel LINE switch. If this is not
done, the HP-IL wake-up circuitry will not work properly.

19
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CALIBRATION

What is Electronic Calibration?

One of the mony features of the 3421A is electronic calibration. Although it |s
beyond the scope of this manual tn present the entire colibration procadure, there
are some points of intarest tha operator should be awaore of. For complete calibra-
tion Infarmation, refer to the 3421A Service Manual,

Brielly, electronic calibrotion is performed by applying o known stimulus {voltage,
resistance, otc.) to the 3421A, The 3421A is then told the exact vatue of that
stimulus. Ten rendings are token by the 3421A and the average is comparad 1o the
exact volue sent to the 3421A, A ""CALIBRATION CONSTANT'' is calculated to cor-
ruct the averaged vaolug to the known value. This Calibration constant is stored In
the 3421A’s calibration memary. Calibration constants are generated for cach
measurament function and range of the Instrumant. All subsequent meassuremants
are corrected by the colibration constants, The colibration constant memory s
bocked-up by a long life battery 1o maintain the constants aven when power is turned
off,

Temperature Calibration

If you are using thermocouples with the 3421A to measure temperature, eoch
44462A Multiplexing Assembly must hove its refarence junction colibrated. Refer to
the 3421A Sarvice Manual. Ideally, temperature calibration should be done with the
3421A in the sama physicol position as it will be usad. This Is to eliminate any ther-
mal gradients inside the case. Furthermore, 44462A assemblics must not be mov-
ed around inside the case, or plugged into a different slot, after catibrotion has been
parformad. If you send the 3421A to an -hp- service center for calibration, leave all
option assembiles instatled in the instrument case,

Calibration Enable

On the reor panel of the 3421A is @ bank of eight small switches. Three of the cight
switches are accessible without opening the 3421A case. Switch number B, the
rightmost switch, is the CALlbration Enable switch and when set to the down posi-
tion enables the 3421A to be calibrated. This switch slhiould not be set {down posi-
tion) except when qualified service treined personnel are to perform the calibration
procedures, Enabling the CAL switci may rasult in loss of calibratlon if proper pro-
cedures are not followed,

3421A COMMANDS

Cx—Calibrate to valug ''x"
(sce the 3421A and Service Manual)
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CHANNELS

What is a Channel?

Throughout this chaptar, rnd Indeed this manual, the words 'channel’ and "channel
oddress’ will be used. The word channal Is used two ways, Flrst, it represents one
reloy on o 44462A muiltiploxer gssembly. In other words, since the tnultiplexer
assembly hes 10 reloys, we cen refer to it a5 8 10 channel multiplexing nssembly,
The relays are numbared @ through 9. Therefore, whan we speak of channel b we
are talking shout relay number 6 on a spacific 44462A assembly.

The second way the word chonnel [s used is when we are referring to cither an out-
nut bit or an input bit on an option 44466A Digitol /0 Assembly. Generally though,
the word "'switch' will be used to indicate a digital output channel and the word
*hit'" to Indleate on input channel.

Channel Numbering and Addressing

Channel numbars are repeated on each 44462A (numbers 0-9} and 4446B6A
{humbars 0-7} sssembiies. Channel addresses, however, are determined by which
slot the aption assembly (s plugged into plus the channel number. For an assembly
in slot 1, channel 7 would be addressed as channel 17, The first digit stands for
the slot number, and the second digit is the channel numhar. Channel 7 for an
assembly in slot 2 would be addiessed as 27. The following table shows the ad-
d.assing scheme for the three difforent slots.

Channet Address [f
Channel Number® Assembly [s in Slot #:
Slot 0 | Siot 1 | Slot 2
0 00 10 20
1 o 11 21
2 02 12 22
3 03 13 23
4 04 14 24
b 0b 16 26
6 06 16 29
7 Q7 17 27
B o8 18 28
9 09 19 29
* The digital 1:0 assembly uses only channed numbers 0
through 7.
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COMMANDS

The blue pages st the and of Chapter 3 list all of the commands the 3421A
acknowledges. Thase commands are of two types; Standord and Advonced. The
Stendard commands pravide the simplast method of progremming the 3421A, Eoch
command paforms o complete meosuremant task., An exsmple of 8 Standard com-
mand [s DCV2-17. This command sats up s chennael list of channels 2 through 17,
tokes 8 DC voltage measurement from each channel, and storas ine readings for
future use.

Standard Coramands

The Standard commands are broken down Into b groups: Voltmeter, Temperature,
Counter, Channel, and Digital, Many of the commands ellow you to spacity one or
mare channals to make the measurement{s) from. This is colled a channel list. In
the foilowing discussion, brackets—||—are used to indicate the optional channel list,
Letters %, y, and z represent the channel addresses, If 8 command shows the Jet
ter 'x' without brackets, it means that a channel must be specified with the com-
mand or an arror will result, When the letter 'I’ Is used, It indicates a slot number,;
0, 1, or 2,

® Voltmeter Standsrd Commonds ([x,y,...z] Is optional channel list)

DCVI[x,y,...2] — DC Voltage measurements on optional channel list.
ACVIx,y,...z] — AC Voltage measurements an optional channal list,
TWOIx.y....z] — 2-Wire Ohms measurements an optional channal list.
FWOIx,y,...2] — 4-Wire Ohms measurements on optional channel list.

@ Temperature Standard Commands

TEMIx.y,...2] — Temparature Measurements {for T-type thermocouples only)
on optional channel list,

REF[x) — A temperoture meosurement on the 44462A reference
function,

8 Counter Standard Commands

FRQix,y....z] — Frequency measurements on optional channe! list,
TOT|x| — Totalize events from optional channel.
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o COMMANDS (Cont'd)

e Channel {multiplaxer, nctuator, or digital) Standard Commands

CLSx -~ Close spocified channel, whether multiplexer, actuator or
digital output switch,

CLP» - Close pairs (x and x+10 or if xt =20 than x and x-20)

OPNIx] — Opan channal x,or if x is not sent then open all channels,

e Digitol Stondard Commands

REDi — Read the digital inputs from sfot 'i",
WRTi,abe — Write the decimal valug [abc) to digital outputs in slot *I",
BIT xly,...2] — Ruad the digital input Lit values from bits x,y.... ond 2.

Advanced Commands

The Advenced Commands provide more programming flexibility than the Standard
Commands but ihey do not parform 8 complete meosurement task. The Advanced
Commands ire generslly used In groups to complete the task. For example,
FIRA1Z1NBLS2-17:T5 would be used to parform the same task as the DCV2-17

0 Standard Command. Though teo numerous to list here, the Advanced Commands
are discussed In detall in the blue puges at the und of Chapter 3.
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COUNTER

The 3421A Intarnal countar Is used to maeasure frequency to 10kHz or totalize avents
to 66b3b counts. Signal inputs 1o the counter are through the 44462A multiplexer
assemhbly or via the front panel INPUT terminals. Since the counter inputs are
multiplexad through the same circuitry as voltage inputs, no other measuremeants can
bhe made while the 3421A is measuring frequency or total.zing events, Onca tho
measuremant is complete, the 3421A s free to make other measuremants.

Frequency

The operation of the frequency counter is best understaod by describing how the
counter tekes 8 measuremant, If ‘'n’ is the number of cycles of a signal that occurs
during a known time pariod ‘t’', then tha frequency 'I’ Is determined by:

The counter measures the frequency of a signal by counting the number of com-
plete cycles, n, that occur during a specified time period t. This is demonstrated in
the following figure.

fres et @ s
JUUUUUUUULL = 0
J__ . _L freqs T & —f = 10Hz2
| |-»-——-— t=1sec. ——-—c-{

The time period ‘t' is known as the Gate time. It represents the tima period that the
counter spends counting the input signal. The longer the gate time, the greater the
resolution of the measurement. Three gate times are available with the 3421A Ad-
vanced commands. These three gate times and their respective rasolution are shown
in the following chart,

Advanced Resolution
Command Gote Time (5 digits)
G-1 .1 Sec 10 Hz
GO 1 Sec 1 Hz
G1 10 Sec .1 Hz
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COUNTER (Cont'd)

As b general rule, use tha shortest gote time, G-1, for the highest frequencias. Use
the longest gata timo, G1, for the lowest frequencies,

The Stendord command FRQ sets the 3421A to the frequency mode (F7) and 1
second gate time {GO), As with most Standard cammands, tho FRQ commauand con
ba ossocloted with a Channal List, for example: FRQIx.y,...2l. If 8 channel list is sent,
the 3421A muokas the measurements on the channels specified and stores the
readings. All the roadings will be sent to the computer in the order the readings ware
made.

If no channal list Is sent, no channels will change and only one measurement will
ba made, If no channel relays are closed, the signal con be input through the 34.1A
front ponel.

3421A COMMANDS:

Standard Advanced

FRQIx,y,...2] F7 Frequency
G-1 .1 Sec. Gate Time
GO 1 Scc. Gate Time
G1 10 Sec. Gote Time

Totalize

The totalize mode is used to simply count events, Each event is represented by a
pulse sant to the 3421A, The moximum number of events that the 3421A can count
is 66,636, The Standard command TOT s used to set tive 3421A to the TQTalize
moda.

Upon raceipt of TOT, the 3421A clears its counter and begins counting. Keaep in mind
that once the 3421A is In the TOTalize made, it will continue to count until the
1421A receives another command. If o TRIGGER command is sent to the 3421A,
the TOTalize mode will be abortad and the 3421A will take a frequency measure-
ment. While the 3421A is TOTalizing, the 3421A con he addressed to talk (see
ENTER statement in chapter 3 or IND in Chapter 4) and it will send the current sub-
total without rapetting the counter.

y T
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COUNTER (Cont'cg) .

The 44462A Multiplexing Assambly (option 020) Is used ta conncet the signal to
the Counter. Only ane channal car be specified with the TOTx command, If "%’ is
sent, and that channel is not a maltiplexer channel, an error will be gaeneratad, Chan-
nel ‘x" will remnin closed unti another camimoand opens It,

3421A COMMANDS

Standard Advanced

TOTIx|
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DISPLAY

How It Is Used

The 3421A disploy sarves two main functions, First, at turn-on or resat (RS com-
mand) the display provides the resuit of the internal Self Test and the HP-IB address
(if tha HP-IB option Is present snd switched In). Second, the display is used to in-
dicate any channels or digital cutput switches that are closed.

Turn-on/Reset

At turn-on you will hear an internal relay ‘click’ as the all numbers in the 3421A
turn on, This display will be on for shout 1 second. Then, if any of the seif tests
fall, o number will light up in the display for abrut 1 second and the error indicator
will turn on. Following this, a secand rolay ‘click’ Is heard Indicating that the sell
test has finishad. If the HP-IB option {option 201) is instalted and the HP-IB switch
is 'In’, the HP-IB address will b displayed next. After oll of this, the 3421A will go
to its turn-on state, The following chart shows the passible self test fallures and the
risplay number it:

Number Lit Salf Test Faolled

Calibration RAM Checksum Error
ROM 1 Bad

AROM 2 Bad

A/D Slope Error
Microprocessoi RAM Bad

Internal RAM 1 Bad

Internol RAM 2 Bod

Folled 10Mf} test {not within
4 20%)

Low DBattery, the 3421A will shut
itsalf off in three seconds,

-
-

NS W -0

N
~J

* Errgr O will ocur it on option 444G2A, 10 channul
multtplexer s added or moved to o different slot after the
IA2TA waos calibrotud, This is because the emperature
reference was nol calibroted,

** Error 7 will accur if there Is onything connected to the

front panel fnput weemials or HCOM and LCOM on an
Instolled 10 channel multiplexer assembly during sell test.
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DISPLAY (Cont'd)

Whan the 3421A is reset hy the RS command, it goes through its salf test rouune
just as if I* were turned on, The display will light up sil numbers for one secand,
followad by an error indication if any sell test feiled, The HP-IB address, however,
will not be displayed

Do This:

Simulate an errar hy shorting the front panel input terminals on the 3421A and cither
cycling the LINE switch off ond on or sending the RS command.

After all numbers light up on the

display, the numbar 7 should appaar for

Y Y one second and the error indication
should light.

{ih bhbel g

3421A COMMANDS:

Stendard Advanced
RS Reset

Channel Display

Asidg from the display being used to Indicate errors during the salfl test, the display
Is used to Indicate channel closures, The numbets lit on the display indicate chan-
nals or digital output switches that are closed, For example, if a 4446B6A Digital 1/Q
Assembly s located In slot Q1 and hos output switches 2, B, and 7 closed, the
numbers 2, b, and 7 will appear on the display. Furthermore, if a 44462A Multiplexer
Assembly is located In slot 1, and DCV19 is executed, then channel numbers 2, B,
7, ond 19 will be displayed. This Is because all these channels are closad,

3421A COMMANDS:

Stamdard Advanced
All but REF, OPN, and REDI DN, UC, SI1, Si0
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HP-IL POWER DOWN/POWER UP

Power Down

HP-IL Power Down can only be executed from the HP-41C/CV handheld caleulator,
Power down is used to put the 3421A in o low power standby moda. When the
powar down command (s receivad by the 3421A, the complete status of the instru-
ment Is stored away in Intarnal memory, The multiplexer and actuator (but not digital
output switchas) are left in the same state they were in previous to the command.
In other words, 8 channel that was closed prior to Power Down will remain closed
after Powar Down. Digital Qutput Switches go to a high impedance {open} state.

Power Up

When sny information Is sent through the HP-IL loop, the 3421A will powaer back
up, assuming that a low battery condition did not occur, if any Multiplexer or Digital
1JO assemblies ate changed ar reconfigured, or if the data stored is no langar valid,
the 3421A goes through its turn-on routine. If nothing has changad since the 3421A
powared down, it remains in the same state except for:

"1, TOT, it it was on, will now he off,
2. All digital output channels will be cleared (high impedance),
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OPTIMIZING READING RATES

Why Optimize

Thare are sevaral reasons why you may want to aptimize the rate at which readings
are taken by the 3421A, Perhaps your system s belng used to monitor a large
number of points whare o faster reading rate means a better picture of what is hap-
pening at a single point in time, Maybe you need to read quickly and not waste
valugble computer time walting for a mensurement result, Whatever your reason for
optimizing reading rotes, the 3421A can solve many measurement requiramaents.,

The maximum reading rate with the 3421A [s influenced by many factors. Thase
include the rignal environment {line related and broadband noise, thermal gradients,
etc.), the desired accuracy, and the type of measurement to be made. AC voltage
measurements have a bullt-in 600mS settling delay, Resistance measurements can
we made as fast 3s DC voltage measurements except an the 3 Mohm and 30 Mohm
ranges where g settling time {(20mS and 200mS respectively) is built in.

The speed and timing of the measuremant process Is dependent upon 8 number f
factors. These include the number of digits of resolution selected (N commands),
whether or not the autozero feature is enablaed (Z command), and the selected
function—-DC volts, resistance, etc.

Your Signal Environment

The signal that you are attempting to measure may be subject to power line frog Jen-
cy related nolse and broadband noise which can intarfere with your measurement.
The 3421A waorks to minimize or reject this kind of noise by using a form of Analog-
to-Digital {A/D) conversion called integration, Integration is a process whare line
related noise is averaged to zero over the time period of an integer number of powaer
line cycles.

The measure of the abllity of the voltmeter to measure a DC voltage in the presence
of AC voltages {at power line frequencies) is called Normal Mode Rejection (NMR).
The NMR of the 3421A s dependent upon the number of digits of resolution selected
(N3, N4, NB). Greatest NMR ({80db) Is provided with B digits of resolution but this
slso has the slowest reading rate. The 4% digit mode provides 63 db of NMR while
the 3% digit mode provides virtually no noise rejection. Another important part of
this process Is to make certain that the 6Q/60 Hz switch on the rear panel is set
properly: down for 60 Hz line frequency and up for 60 Hz,
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OPTIMIZING READING RATES (Cont’d)

Autozero

Tha tharmal stability of the messurement anvironment is also o vary Impaortant con-
sidaration. If the 3421A s in o stable temperature environment, disabling the
autozero function substantioliy increasaes the raading rote. Thare is very little loss of
occuracy. Any tange or function change raesults In an sutomatic outozero update
which removaes any accumulated offsots,

The Fastest Reading Rate

The maximum possible reading rate on one channel occurs when 3% digits of resolu-
tion is salacted (N3}, sutozero off {Z0), any DC voltage function (F1, F3, or F4),
GOHz line frequency set an the rear ponel switch, manual renging {not autoranging),
and a positive voltage measured. This assumas that the channal list is loaded with
thot one chonnel; for example; LS6-6.

The following tablas show the 3421A reading speeds assuming the readings are
stored In internal memory,




OPTIMIZING READING BRATES (Cont’d)

READINGS/SECOND

Repaatl on one channel:

| Z1F) | 70F 1 | 21F2° | Z0F2°* | ZIF3iFA*? 20F3(F4"* FG

NB 2,26 4.08 ’ 2,26 4.12 1.0b
N4 | 16,86 | 23.92 0.4 0.4 16.86 24,31 1.0b
N3 | 30.96 | 38.66 | 0.4 0.4 30.83 38.31 1.06

Random Channel

| mipe | ozor | miRac | 202 | ZIRIEATC | ZOFIFACC | FG

Nb 2.19 3.98 l - 2.19 3.99 .98
N4 | 13.18 | 18.34 0.4 | 0.4 13.20 18,61 .98
N3 | 22,22 | 26.89 0.4 0.4 22.18 26.01 .98

NG, N4, N3 = BY%, 4%, 3% digit mode (respectively)

Z0, 21 = Autozaro off, on
F1 = DC Volts, F2 = AC Volts, F3 = 2-Wire Ohms, F4 = 4-Wire Ohms,

F6 = Tempersture Measurements,
* There 15 a 1.8 second delay between AC valtage tradings. Consequently, the reading rate
can be stated os 2.0 seconds puer reading.

»»  Because of ntamnal delays, the 3 Mi) and 30 Mi ranges have reading rates of 2.1
Readings/Sec. and 1.6 readings/Sec., respectvely.
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REAR PANEL

What is on the Rear Panel?

Tha photo halow s of the 3421A rear panel, The Insert shows the 3421A with the
optianal HP-IB interface. Notice gspeclally the line voltage option siicker, the HP-IL
and/or HP-IB connector, and the reor panel control switches, Before plugging the
3421A into an AC power source, make cortaln that the aption marked on the label
colncidas with the nominal ling voltage In your area, The line voltage optlon for tha
3421A may be changed only by qualified service trained persannael.
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REAR PANEL (Cont’d)

The Resat Switch

Tha Rosaet switch on the rear panal is used to complotely reset the 3421A, In the
avant of a fallure whara the frant panal POWER switch connot turn the Instument
off, this resat switch Is used to remove all power to the instrument for as long as
you hald in the switch, As soon as you relsasa the switch, power will be reapplied
to the instrument,

The Rear Panal Control Switches

Of the aight rear ponel switches, three are accessible from the rear panel. Thesae swit-
chas are describad bolow. Two of the switchas that are not accessible are used for
troublashooting and the remaining throe ara not used, The switches are numberad
from left to right.

Switchos 2, 4, and 7 are not usad,

Switch 3 Is used to set the Power-on SRQ feature, When this festure is enabl-
ad, i.e, the switch Is up, the 3421A will generate a service request to the system
computar when the front panal LINE switch or rear panel Reset switch s cyclad.
Refer to REQUIRE SERVICE and SPOLL in Chapter 3 for more infarmation.

Switchas 1 and 6, at turn-on, forces the 3421A into Digitel Signature Analysis
routings for troubleshooting. Refer to 3421A Service Maonual for troubleshooting
procedures. These switches are not accessable from the rear panel,

Switch B is the bQ/60Hz line frequency switch, This switch should be In the down
position if & power line with BOHz frequancy is being used. Th.e switch should be
up for 6CHz line fraquency, This switch ¢hanges the Integration period (see op-
timizing raading rotes) of the A/D convertor 50 o to obtain the greatest NMR. The
reading rate is slightly lower {~ 17%) when 60Hz s sclected,

Switch 8 is tha Calibration Enable switch, When placed in the down paosition,
calibration is enabled. Enabling the Cealibration may result the loss of calibration
of the 3421A, This switch should remain in the up position except when the
3421A Is baing calibroted by qualified service personnel,

NOTE

On instrumenis with o serial number prefix of 2247A or
fower, switches 1, 2, and 7 are not used and switches 4 and
6 are used for Digitol Signature Analysis.
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RESISTANCE MEASUREMENTS

Measuring Resistance

The 3421A is capable of measuring resistances from 1 milli-ohm to 30 Mohms In
six tonges. Resistonce meosuramaents moy be made in gither 2- or 4- wire ohms con-
figuration. The fllustrations below show how resistance measuramants are made, A
knowr, current is supplied by the 3421A and flows through the unknown resistance.
The DC voltmeter maasures the resulting voltoge across the resistor and calculates
the resistance. The table shows the naminal current through the unknown resistance
for the individual resistance ranges.

Current Through Maximum Qpan

Ronge Unknown Rosistance Clreuit Voltage
300 0 I mA 6.6 V
3 kit 1 mA 6.6 V
30 ki 100 pnA 6.6V
300 k& 10 pA b.b V
3 Mi) 1A 4.6V
30 M%} 0.1 pA 4.6V

Nominal Current Through Unknown Resistance

The 3421A s factory calibrated in the 4-Wire ohms mode, If mast or all ol your
resistonce measuremants will be made in the 2-Wire ohms mada, the 3421A con
he recalibrated for best accuracy in the 2-Wire made. See the 3421A Service Manual,

There are two situations in which the 3421A may indicate a negative resistance:

either 8 small voltage exists on the circuit under test or the 4-Wire SENSE and the
INPUT leads are inverted from cach other in the 4-Wire ohms mode,
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RESISTANCE MEASUREMENTS (Cont’d]
2-Wire Resistance Measuramants

2.wire rasistonce {or ohms) meosuremants can be used whan the resistance ol the
tast leads is not critical, Generally, the larget the rasistance being meosurad, the less
you have to he concerned about the lead resistance, For axample, i the load
resistance of cach lead Is 6 ohms (10 ohms total), and you are measuring o fixed
resistance of 10k ohms, the introduced error is small {10/10000 = 001 = .1%).
However, o leod rasistonce of 10 ohms hecomes quite significant when measuring
small resistuncas. Suppose you are using leads with a resistance of 10 ohms and
attampt to measure the resistance of o temperature dependent resistor (RTD} that
is rated at 100 ohms at 0 °C, Here we have two prohblems, First, the lead rasistance
will add a significant error to the reading, even ot 0 °C. {10/100 = .1 = 10%}.
Tha temperature coefficient for this type of device is typically about .38% ohms/*C.
This means that if the RTD Is heing used to determine the temperature of some
gnvironmaent, the 10 ohm lead rasistance would couse an approximate 26 °C error
in the measurement, The sacond problem that arises is that If the temperature of
the RTD environment changoes, we cannot sccurately track the chonge. Such an ap-
plication would be bettar sulted to 4-wire ohms,

4-Wi.re Resistance Measurements

The use of 4-wire ohms measurements virtually eliminates the error caused by the
tast lead resistance. The current through the unknown resistance s the same
regardless of the lead resistance but the voltmeter measures only the voltage across
the resistance, not across the combined test lead and resistonce. The 4-wire ohms
mode Is essential when the highest occuracy s desired.

3421A COMMANDS:

Standard Advanced

TWOIxX,y,...zl — for 2-wie ohms —~ F3 (use LS for channel list)
FWOIx,y,...2] — for 4-wire ohms — F4 {use LP for channal list)
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TEMPERATURE MEASUREMENTS

Using Thermocouples to Measure Temperature

Because tharmocouples arg use,ul over a wider ronge of temperatures than RTD's
or themistors, they are frequantly used in temoeraiure measurements, The 3421A
and its 44462A multiplexer option assembly ore ideally sulted for temperature
maeasuremant using tharmacouples.

Supplied with this menual is -hp- Application Note 290 on Practical Temperoture
Measurements, Even if you are famillar with using thermocouples, you may want
to read this Application Note, Read very corefully the section on the Relerence Clr-
cult as software compuensation must be used with the 3421A. This will provide o
basls for the following discussion., The Application Note also providaes excellent sug-
gestions for increasing the integrity of tharmocouple measuraments,

The 44462A multiplexer assembly for the 3421A utilizes an integrated circuit
temparature sonsor to determine the temperature of the isotharmal terminal block,
In performing a software compensated thermocouple measurement, the following
5leps must occur;

1, The voltoge from the tempersture sensor on the multiplexer assembly is
measured. This valtage is used to compute the temperature of the terminal block
which is known as the Reference Temperaturg, This step is performed automatical-
ly by the REF command.

2. Convert the terminol block temperature to 8 thermacouple Reference Voltage.
The actual implementation of this step will depend on the type of thermocouple baing
compensated. It sllows the use of severel types of thermocouples to be used on the
same 44462A assembly,

3. Measure the voltage produced by the thermocouple.

4, Add the Reference Voltage (compured in step 2} to the voltage produced by
the thermocouple (step 3). This step produces the fcepoint compensation,

6. Convert the sum voitage (step 4} to a tempaerature.
Although these flve steps may seem cumhersome they are actually very easy to per-

form under compuier control. Complete examples, including conversion coefficients
for all thermocouples, are provided [n Chapters 3 and 4.
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TEMPERATURE MEASUREMENTS (Cont'd)

To simplity the matter aven further, tha 3421A was designed to automaticaily per-
form all of these steps for a T-type tharmocouple, The answer teturned will be In
degrees C. With other thermocouple types, the 3421A can perform steps 1 end 3
but the system computer must do steps 2, 4, and 5,

Measuring the Reference Temperature

The Reference Temparature can be measured with the REF command. A eingle chan-
nel should be specified with the REF command. Far example, if you will be measuring
the thermocouple voltage from channel b, you wili need to also execute the com-
mand REFB. This will give the Reference temperature of the terminal block in slot
0 which Is where channel B Is located, If no channel is specified, then the REF com-
mand whl simply default to the 44462A assembly where a8 multiplexer channal |s
closed. |f there are no multiplexer chonnels closed, the REF command defaults to
the 44462A assembly with the lowest slot number, If there are no 44462A
assemhlies In the 3421A, an error will be generated. See Reqguire Service in Chapter
3 for error information.

Using T-type Thermocouples to Measure
Temperatures

The TEM command is used to sutomatically perform a software reference junction
compensated conversion for T-type thermocouples. As with most Standard com-
mands, TEM can be used with a channel list. The TEM command makes use of the
REF command to obtain the Reference Temperature. The Referance tempe ature will
be taken on the same option board as the specified channel, if a channa! Is glven
with TEM, If no channels are specified, then the Reference Temperature measure-
meant will be made on the 44462A multiplexer assembly where a multiplexer chan-
nel is already closed. [f no multiplexer channels are closed, the Reference measure-
mant will be made on the 44462A assembly in the lowest numbered slot, If there
are no 44462A assamblies, an erraor will be generated,

3421A COMMANDS

Standard Advanced
Temperature  TEM[x,y,...2] F6
Reference REF([x}
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TEST/RESET
What it Does

At power on or Rasat (RS command), the 3421A performs o seties of B checks on
the digital logic and A/% converter. Il any of these chacks fail, the ERROR indicator
will turn on in the disploy and the 3421A will attempt to interrupt the computer (sac
Require Sarvice in choptor 3). The sequence of sell tests are as follows:

1. Micropracessor internasl RAM check, The microprocessor has Interrial Random
Access Mamory thot Is teste-d.

2, ROM Checksum. Both ROM's {Read Only Memory) are tested for proper
chacksums,

3, Calibration RAM Checksum®. The callbration RAM Is tested for proper
checksums,

4, Anolog-to-Digital (A/O) Slope test, This test is for the A/D converter,

B. Extarnal RAM Tests. The two RAMs, external to the microprocaissor, ore
tastart

6, 10 M} Test. This checks the 100:1 divider inside of the A/D input hybeid.

After the selfl tasts have been performed, the 3421A will light all channel numbers
in the display for shout 1 second. After this, if any fallures occurred during the self
tests, a number will light up to Indicate the failed self test. These numbaors are as
follows:

Numboer it Self Test Failed

Q* Caillbration RAM checksum arrar. The calibration of the 3421A Is
suspect.

1 ROM 1 bad.

2 ROM 2 bad

3 A/D Siope arror, This would indicate some error in the A/D con-
verter circuitry.

4 Mic;oprocessor RAM bad. Replace the microprocessor.

3 | Extarnal RAM 1 Is bad. This is ane of the RAM’s external to the
microprocassor.

5 Extaernal RAM 2 s bad. This is the second RAM external to the
microprocessor,

7" Failled the 10 MM} self test (it is not within + 20%)

* Error #0 will nlso accur il a 44462A 10 channel multiplexer nssembly is odded or moved to
another slot thot is not calibrated for the temperature lunction.

** Error #7 will aceur I there |s anything connected to the fromt ponel input 1onmingls or to
HCOM und LCOM on an installed multiplexer assembly during the sell test,
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TEST/RESET (Cont'd)

After the salf test, tha 3421A will go to tho lollowing states:

All 4446G2A option board ralays are open,

All 4446BA digitol output bits are clearad (high impedanca statel,

DC valts function, Autarange on, Autozaro on, B digits of resolution,
Counter set to 1 second gate time,

The 3421A manltors the rear panal switchaes ond octs accordingly.

The channel list Is set to all avalioble multiplexar channels from the lowost
number to the highest number,

® Roquest service fram the computer if self test falled or Power-on SHQ enabled
{rear panal switch).

3421A COMMANDS:

Standard Advancad

Rasot RS
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VOLTMETER

The Internal Voltmeter

Tho 3421A Intarnal voltmeter provides mony {eatures not commonly lound in o data
ncquisition voltmatar, The voltmater provides 3% to b% digit resolution for DC
voltoge nnd 2- or 4- wira reststance messurements, and 3% to 4% digit resolution
for AC voltoge measuraments, Of course the voltmeter is used In maoking tamperature
measurements, The voltmuter offers DC voltage maasuring performance ol 1uV sen-
sitivity to 300 volts maximum, AC voltage measurements con be made with 100uV
sensitivity to 30 voits maximum with o bandwidth of 30Hz to 1kHz. Qptional dividor
resistors are ovailoble for mensuring AC voltages up to 300 vults paok. Resistance
maasuramants ore from 1mf) sensitivity to 30MI} (full scolel,

By selecting the number of digits of resolution and using the outozero leature
{discussed lnoter), the voltmeter ollows you grapt flexibility in measurement spaed and
accurocy. Up to 30 readings per second {one chennal only with a 10 channal
muitiplexar assembly Installed) can Le made with the voltmaeter in the 3% digit mode,
The autorange feature of the voltmater oilows fast measurements over o wide
dynamic ronge,

To lower your cast of ownership, the voltimoter is collbroted electronically, There are
no internal ndjustments and the colibrotion of oll functions s accomplishad without
removing any covers. The sell test function verifies most of the internal clircultry of
tha 3421A Indicating pruper oparation of the voltmetar.

Autozero

Autezero is o function that ollows you to enable or disable the internal zaro-correction
circuitry of the voltmeter. Autozero on, which is the defsult condition, insures that
any offset arrors ganerated internal to the voltmater are continuously nullad with each
reading. This rendars the most accurocy. Turning autozero of{ will substantially in-
crease the reoding rate but with o trodeof! of long term stability and accuracy,

With the autozero function enabled, tho voltmetar takes two measuremants por
reading: 8 ''zero’’ measuremoent and a measureament of the input signol. The intor-
nal processor tokes the algebraic diffarence of the two readings and this [s the value
that s sent to the computer. The voltmater makes the zero measurement by discon-
nacting the input relay ond then shorting the internal input circuitry to circuit com-
mon. It then switchaes back for the inpul signal measurement,

With autozero turned off, whenever o new function or ronge is sclected, the
voltmetor immediately takes one zero meosuremant and stores the result In internal
memory. Subsequent measurements of the input signal use this stored zcro reading
for correction, Since only the Input signol Is measured, the reading rote nearly
doubles,
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VOLTMETER (Cont’d)

Thare sre some opplications whera disabling outozaro is advantageous. With autozero
off, the reoding rote Increases. This would he Important In applications where
mausurement speed Is critical, Furthermara, the valtmeter input circuitry remalns in
o complotely stotic state with outozero off. This is useful when making
measuremants In axtremely high impedance circultry whare the intaraal switching
ol the voltmater might affect the rending accurocy,

Since the input circuitry for AC voltage measurements Is capacitor coupled, it [s not
noecassory to correct for DC offsats, Tharefore, the autozero function is only used
to null offsets In the A/D convertar, Turning the outozero of{ for AC volts eliminates
the zero ronding of the A/D converter and results in o faster reading rote.

Calibration

it s beyond the scope of this saction to provide the complete calibration praocedures
for the 3421A, Refer to the 3421A Service Menuol for datalled information,

Briefly, Crlibrotion is accomplished by simply applying a stimulus, i.e., voltage,
resistance., otc,, ond informing the 3421A of the absolute volue of that stimulus.
Let's call this known value ""A’". The 3421A then takes ten readings of the input o
and oaverages tham together, The ovaroge s subsequently compared to ""A”. The
3421A then computes o “*Caolibration Constant’’ which {5 stored In its internal
memory. This 'Calibration Constant’’ is used to correct all subsequent readings.

Measurement Functions

The 3421A internal voltmeter |s copable of measuring OC voltoges, AC voltages, and
rasistances in either 2- or 4- wire mode. If you have spuclal requirements in mak-
ing voltage or resistance measurements, he sure to read the sections elsewhere in
this chapter on Optimizing Reading Rates, Autozera, Number of Digits of Resolution,
and Triggering Modas,

DC Voltage Measuremeants

DC Voltoge messurements with the 3421A Internal voitineter are simple and
stralghtforward. The Standard Command ""DCV'" can be used to take DC voltage
maasurements from the front penel if no channel relays are closed. With the optional
channel list, DC voltage measurements can be made from the specified channels.

Qf course the Advanced command F1 with associated ranging and triggering com- .
mands can also be usad, When using the Advanced commands, you can have more
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VOLTMETER {(Cont'd)

flexibility In your maasuraments, For axample, you can turn autozero off to Increase
the roading rate. Similarly, you con salect the number of digits of resolution (3%,
4%, or B /), Rand the saction in this chopter on Qptimizing Reading rates befora
attempting to use the Advanced commands,

AC Voltage Measuraments

Like DC voltage maoasurements, AC voltage measurements are stralghtforward. Use
the ACV Standard Command with the optional channel list. The Advanced Command
for AC voltage is F2. The numbaer of digits of resolution can be elther 3% or 4%,

The 3421A uses on Average responding AC to DC converter for AC voltage
measurements, This means that the voltmeter measures the average value of the
positive portion of the input and returns it as an RMS equlvolent for a pure sine
wave, Inputs thot ore non-stnusoldal, such as rectangular waves, will result in
maasurement errors,

Rasistance Measurements

An aentire section s devotad to resistance measuremaents carlier in this chapter, Please
refar to it for infcrmation on resistance measurements,

Number of Digits Of Resolution

With the 3421A internal voltmeter you have a choice in the number of digits of
rasolution, This choice provides several alternatives and tradeoffs, For axample, 3%
dinits of resolution provides the fastest reading rote but it also has the least amount
of nolse rejection, At 6% digits of resolution, the nolse rejaction (5 the greatest but
the reading rate Is much slowaer.

Changing tha number of digits of resolution actually changes the "Integration Time™
which determines the reading rate, integration is a method of Analog-to-Digital {(A/D}
conversion where the offects of power ling related noise averaged to 26ro over a
period of an integral number of power line cyclas {PLC's). The Integration time is
not the same as the time required for ong measurement. Rather, the integration time
is the time, in PLC’s during which the input signal Is sampled by the voltmeter. For
DC Voltage measuraments at 4% digits of resolution, the time required for one in-
tegrot'on cyclie is one PLC: 16.66 mS at 60Hz line frequency or 20 mS at 6OHz,
In the 3% diglc mods, the integration time is 0.1 PLC.

43

T R 2T o : eI - > e bein ol rasn e e it




VOLTMETER (Cont'd)

Normal Mode Reject'on (NMR) is the measure of the abllity of 2 voltmeter to ac-
curately muasure DC voltages in the presence of AC vollages st power line frequen-
cies. The 5421A vaoltmeter has much better NMR at 4% digits of resolution than
it doas et 3% digits (69db vs. OdB). The graatest amount of NMR Is available with
5% digits of resolution” BO dB. In this moda, ten {10) readings are taken ot 1 PLC
integration time and averoged togethar.

Ranging

Selecting the propar range on the 3421A voltmeter may be done either automatically
. ~sllgd putoronging - or manually. All of the Standard Commands utilize autorang-
ing. Tha fast sutozanging in the voltmater meons that signals with o wide dynomic
ranga, such as from channal to channel, are made quickly.

Autoranging

Autoranging In the 3421A voltmetar Is dane by taking readings in the 4% digit mode.
Maasurements are mode on successive ranges untll one range s found where the
reading Is betwaen full scale (30100 counts) and approsimately 8% of full scale
{02700 counts},

Autorange Hysteresis

In the autorange mode, tha voltmeter will uprange (go to the next higher range) when
the reading exceeds (+) 30100 counts, Canversely, it will downrange (go to the next
lower range) [f the reading decreases helow (+} 02700 counts, These figuras assume
o B% diglt mode. These numerical autorange paints are irrespective of decimal point
placemant, The difference between the two points is called the autorange hysteresis.
This Is lllustrated in the following figure for DC volts. Autoraenge hysteresis for other
functions Is similar.
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VOLTMETER {Cont’d)

Manual Ranging
The 3421A [s placad in the manual range mode by axecuting any of the manual

range commands or the RAQ command. It can be returned to autorange with the
RA1 command.

Valld 3421A Voltmeter Ranges

The following chart shows the various ranges available in the voltimaeter,

Propramming Code For
Function Ranges Muonunl Ranging
DC Volts | .3V,3V,30V,300V | R-1,R0,R1,R2 (respuectively)
AC Volts 3v,30v RGO,R1
Resistance 300¢), 3k, 30k(} R2,R3,R4,R5,RG,R7
300ki1, IMR,30MI}

If the vultmater Is in the manual range mode, the result returned to the computer
will be -+ 9.99999E+9 (6 1/2 digit mode) when the input is greatar than the par-
ticular range can measura.

Triggering

To trigger the voltmeter simply means that you instruct it to take a measuremant,
Of course, this assumes that you have previously set up the voltmetor for the type
of measurament with other commands, There are severnal methods of triggering the
3421A voltmeter. The Standard Commands trigger the voltm~er automatically,
However, the advanced commands allow you to trigger the voltmeter in four {4} dif-
ferent ways, These are exp.ained below.

Standard Commands

The Standard Commands DCV, ACV, TWQ, FWO, TEM, REF, FRQ, and TQT pro-
gram the respective measurements and than execute a software trigger {(sae T3 under
Advanced commands). The software trigger causes the voltmetaer or counter to take
one reading from each channel speciffed in the channel list, If no channel list is sent
with the command, one reading will be taken from a previously closed channel. |f
no channels are 'osed, the command can be used to make measuraments from the
front panel input terminals.
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Advanced Commands
The sot of Advenced Trigger Commands Include: TO, T1,T2, T3, DTia.

TO - TO is for hold (don't trigger} but enable the channel list scon and
reading storage. In other words, when TO is ssserted, the
voltmeter will not take any readings but will prepare the 3421A
{or readings from the channel list, To initiate the measuremants,
exacute an interfoce TRIGGER command {see Chapters 3 and 4},

T1 -~ T1 suts the voltmeter for intarnal trigger. This means thot the
voltmatar will trigger any time you ssk for a reading, such as us-
ing the ENTER command {see Chapter 3) or IND command (see
Chapter 4). T1 will not open or close any relays.

T2 — T2 is o saftwore trigger end causes the 3421A voltmeter to take
one measurament only, T2 will not open or clese any channals,

T3 — Trigger command T3 is used to initlate the measurements on the
channel list and store those readings. Note that if FO (ho measure- .
ment function} is asserted when T3 [s executed, an arror will
occur since the 3421A was not told what type of meosurement
was to be made,

DTix — The Digital Trigger command is used to implement an external trig-

ger. DT will cause 8 T3 trigger when digital input bit 'x’ on the
digital 1/0 option assembly In slot ‘I’ goes L.OW.
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Chapter 3
BASIC Language Programming

Introduction

The speed ond data hondiing copabllities of todays desktop computers support the
3421A in 8 Data Acquisition/Cantrol systam, In this chopter you will learn how to
use thosa powerful desktop computars te program and control the 3421A, Be sure
that you hava read through Chapter 2 of this maonual before starting this chapter,
You will nead to understond the operating characteristics of the 3421A boefore you
bagin programming It.

Scope

The descriptions prasented in this chapter are in general tarms to optimize the flow
of Infarmation regardless of the type of cemputer you are using, This means that
both the inexperienced user s well as the experienced programmar will be program-
ming the 3421A afficiently and productively with minimum nstruction time. There
are, howavar, moany example progroms given to enhance the discussion, oll of which
are given in the enhanced BASIC programming language such as the -hp- Moddl B6
Dosktop computer usas,

Trying Out a Command

Before we actually begin the programming discussion, let's look ot some simple ox-
smples that demonstrota how casy it is to program the 3421A. First, make certain
that your 34214 is connacted to o computer through cither the HP-IL interface or
the HP-IB intarface, Chapter 7 of this manual gives interface connaction instructions.
Dor. t forget to turn on both the 3421A end the computer.

If you don’t have one of the computers specifad In the following example, read
through this saction enyway as It provides a basis for later discussions. Gonsult the
I/0 programming manual for the computer you are using for information on sending
ond recoiving information through the Intarface.

Now, have the 3421A display o number, Using the chart balow as a guide, enter
the command exactly as shown, replacing "'x'" with a number from O to 29 li.e,,

DNB). Aftar you exacute the command, the number should appear on the 3421A’s
display,
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Intnrtnon/Computar Typn the RMassage Pruss
HP-IL, HP-86 QUTPUT 801;'DNx""  [END LINE]
HP-18, HP-BB, 9845, OUTPUT 709;"'DNx"  |EXECUTE]
9826 {BASIC] {on tha -hp- BB pruss,

[END LINE})

In tha QUTPUT statemants, the lettars DN ore colled o commond code and repre-
sant the massage: Disploy Numbaer x. The numbars in the 3421A display represent

chonnal numbers, We will learn more about this lster,

At the end of this chopter are

sevara) blue pagaes that describe eoch of the cammand codes the 3421A will res-
pond to, and how thay are used, The fallowing program will sequentially display cach

numbor from O to 29,

10 | -HP- 85 versian

20 1 HP-1IL Example

30 ! 34210 at address Y01

AD FOR X=0 TO 29 STEP 1 ¥ This line se

ts up the loop counter

50 OUEPUT 901 ("DN"iX ! DN’ 1s sent followed by value "X’

GO HWALT 500 ! Hart to sce the pumber
70 NEXT X
80 END

Let's try another example. Connact o bottery to the 3421A front panet INPUT ter-
minols, Since 8 badery s o DC voltoge, tell the 3421A to make a DC voltage

measuramant. This is done with ¢ DCV command:

HP-1B, HP-85, 9845, OUTPUT 709;”DCV"
9826 (BASIC}  ENTER 709; A
DISP A

Interfaca/Computer Type the Moessape Pross
HP-IL, HP-Bb QUTPUT 901;'DCV""  |END LINE]
ENTER 901; A [END LINE|
DISP A [END LINEI

[EXECUTE) or IEND LINE]|
[EXECUTE] or |END LINE]
[EXECUTE| or [END LINE]

Note. In the examples above, the 901 and 709 are the HP-IL address and HP-|B ad-
dress, raspectively, Addresses will be discussed in detoll loter, For now, simply pet-

form the exaercise,
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The value displayed is the measured battery voltage, The command DCV is called
p Stondord Comumand and parforms o specific meosuremant tosk,

HP-IL vs. HP-IB

With the 3421A you have a choice of computer interfaces, The Hewlett-Packard In-
torfoce Laop (HP-IL) is stondard with the 3421A ond Is idaaol in low cost, low powar,
ond medium distance applications. An aptional HP-IB* Intetfoce is also available for
the 3421A, From the progrommers viewpoint these two Interfaces ore vary similar
ond differ mainly In the Instrimant addrassing,

Appendix B in this maonual gives a brie! description of the HP-IL and HP IB interfaces.
Chapter 7 of this manual gives interface connactlon instructions,

Whan the computer tells a particular instrument ta send data over the interface, we
soy that the Instrumant hos been “Addressad to Taolk'". Likewise, when the com-
puter tells an Instrumaent Lo recelve duta ar instructions, the instrument Is soid to
be ""Addressed to Listen’’, The 3421A is capable of both ""Talking” and "Listen-
ing'’. These terms wre used throughout this chapter to describe various operations,
There can be only one instrument addressaed to talk at any one time.

Information Transfer

When operating with the HP-IL interface, most 3421A commands will *’"Hold-up’ the
computaer until all readings have been taken, This feature makes Data Ready SRQ
unnecessory for most measurements (Data Ready SRQ is described later in this
chapter), In othar words, suppose you have o 3421A, with three 44462A 10 chonnel
mu.tiplexer assemblias, programmed to toke 30 readings; one reading from each
channel. With a reading rote of approximately 2 readings per second, 15 seconds

*HP 1B [Hewlett-Packard Interface Buslh is Hewlert Packard’s implementotion of IEEE Standard 488-1976
and ANS] MC1.1.
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ore required to toke all 30 readings. The computer will not be able to parform ANY
task during this 16 second period while the 3421A s making the maasurements,
This Is demonstroted in the following program.

10 | EXAMPLE

20 QUTPUT 901 :’'DCV0-28"
30 FORI=0TQ 29

40 ENTER 901; All)

650 DISP All)

60 NEXT |

70 END

Altar ling 20 is exacuted, the 3421A will hold-up the computer while it takes the
30 rcadings.

The 3421A camm nds that do not hald-up the computer are* digital monitor com-
mands MN, MH, ond ML: TOTalize function; ond Digital Trigger (DT). An example
will be given latar in this chaptor demonstrating the DT command and interrupting
the computer.

The odvontage of this feature comes when you aie using othar devices with the
3421A. For exomple, let's say you are using the 3421A as o scanner - not usling
tha internal voltmater - with some measuring device such os a power meter. You
would fitst close a channgl on the 3421A and then trigger the powar meter, Trig-
gering cannot accur though, until the 3421A has closed the channel and freed the
computer. In other words, the power meter is preventad from triggering until the
3421A ralay Is known to be closed, thus preventing false measuraments.

With tha HP-IB aption and HP-IB selected, this computer hold-up feature is switch
salactoble. Access to tha switch, however, is gained by remaving the HP-IB option
cover and should be done by service trained personnei only. With Buffered Transfer
disabled {switch up, n mal position) the 3421A acts much the same as the HP-IL
interface, halding up the computar until sll measurements are taken, Bulfared transfor
disablad (switch up) is 2 frcrory setting of this switch, With the switch in the
DOWN paosition (buffered tiansfer anohled) the computer s released while the 3421A
tokes its measurements, This mode provides the fastest transfer of information baet-
waen the computer wnd the 3421A,

You should be aware howev~r, that if any of the digital monitor modes (MN, MH,
ML, or DT) are in eflfact in the 3421A, any communication through the interface will
couse the mode to be abortad. Thot s to say, if the 3421A is walting for a Digital
Trigger {DT} and the computer or another instrument sends any commands of data
through the interface, the 3421A will abort the Digital Manitor and will no longer
respond, It will need to be repragrammed for that moda.
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Moraover, when you hove the HP-IB option In the 3421A and are using the 3421A
in ona of the Digital Maonitor modaes, l.e,, MH, ML, MN or DT, the 3421A MUST be
set 1o unlisten, This is in order for the 3421A to interrupt the computer vin the SRQ
interrupt. For the -hp- 86 and 9826A (BASIC) this wauld take the form:

SEND 7 1t UNL

Othar computars will use o diffarent command syntax. Two examples using this cony-
mand are shown In the Require Service section later in this chopter,

Buffered Transfers

Buffered translars are enabled ond disabled by HP-IB switch segment #6. This switch
is accessed by ramoving the raer panel HP-IB aption caver and should be done by
qualified service trained personnel. When the switch is up (toward the pe board),
bulfered transfers are disobled {fectory presetl, When the switch is down, buffered
transfers are enabled,

When Is it appropriate to enable buffered transfers? Perhaps this quastion s best
answered by o discussion of what buffered transfers are, and a limitation that they
have, Whan buffered tronsfers ore NOT anabled, and several commands are sent to
the 3421A, cach command s exaecuted as it is received. The computer waits {or
the 3421A to exacute the command thot was just sent before sending the next
command. Thus, the computer is not able to perform any other task until the 3421A
executes the last command in the string. The 3421A holds up the computer by
delaying the HP-IB handshake (i.e., the 3421A doos not assert the NDAC handshike
line until it has executed a command). Furthermore, the more commands sent, the
longer the computer will be held-up,

When buffered transfers are enabled, the 3421A stores commands “: receives ih o
buffer (up to 39 bytes}). The computer [s released to perform other program tosks
as soon os the buffer storing is complete. The commands are then executed one aftur
the other from the buffer. Hence, the computer does not wait for the 3421A to
execute the buffer contents, As the 3421A executes the commands from the bulfer,
results are storad and then transferred to the computer when requested, Typically,
this would be done using o Data Ready SRQ programming technique,

A limitation of buffered trensfers is thot different types of readings cannot be
combined In the buffer. For example, do not specify a voltage and temperoture
measurement in the same command string. Furtheimore, once a measurement is
taken in the buffered transter mode, the results should he retrieved before another
measurement s taken,
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The bulfor size of 39 bytes should he more than adequate for the vast mojority of
applicotions. Howaver, in instances whera o suting of commands axceads 39 bytes,
the hulferad trensfer made is not recommandaed. If it Is used, the computer will again
be held-up once the buffer Is full, In other wards, it will defaat the hanelits datived
from using the buflered transfer modae.

Addressing

Eoch instrument that you connect to the interface, whether it be HP-IL or HP-IB, has
a unique ""address’’. The address provides a conveniont way for the computer to
send of recelve data from a particular instrument evan when there ore severnl con-
nected tngether,

In aatlier examplas, an Instruction such as QUTPUT 901 (HP-IL} or QUTPUT 709 {HP-
18) was used to send a message to the 3421A, The three digit number, 901 or 709,
is usad to specify the address of the 3421A, The first digit {9 or 7} is called the
intarfoce select code (is=), The isc for the HP-IB interfoce is 7; for the HP-IL intar-
face It Is 9. The remaini.q two digits, celled the instrument oddress, are used 10
specily the 3421A - or ary other instrumant - conhected to the same coriputer
interfoce,

interface 3421A

Sclect Cade Addruoss
\ /
OUTPUT 901;" TEM 27

L

Specifies channel
number 2.

Stondard Command
for Temperature
Meaasurements,
{Spaces ignored

by 3421A.)

— Computer Qutput
command
depends on the
computer being
used,
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HP-IL Addressing

The computer automatically reassigns oddresses to eoch instrument connecled in the
loop. This Is colled **Autoaddressing’’. Addresses are ossigned sequentially to in-
strumants in the loop in the direction of information flow. Rafar to the HP-IL disgram
holow. The lirst davice in the loop ofter the controller has an address of 1", The
sacond davice will have an address of '2", the third device on oddrass ol 3", and
50 on through the loop, A moximum of 30 devices, Including the computar, may bo
connectad in the loop, The 3421A may be connected anywhaere in the loop and wili
be autouddressed accordingly.
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All axamples In this chapter assume the 3421A s the only device conneated to the
computer HP-IL intaerface. Therefore, when autooddressed, the 3421A will have an
address of 1. Also, the -hp- 86 desktop computer with en B2938A HP-IL interface
is assumed to be the computer used In the exsmples. The 82938A HP-IL interface
has an intarface select code of ’9"", tharefore, the 3421A will be oddressed at 901,
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HP-IB Addressing

The 3421A with HP-IB apticn (Option 201} hos o switch selectable HP-B/HP-IL
Interface,

The HP-IB address for the 3421A is datermined by switch settings on the HP-18 op-
tion board. The 3421A has o {actory presat address of 08, If the address neads to
be changed, o qualified sarvice trained tachniclon will find the necessary informa-
tion In Chapter 8 of this monual, In the exomples where HP-IB sddrassing is
damaonstrated, the oddress will be 709, This refors to the computar HP-IB Interface
select cade '7" ond the 3421A address of 08, Note howavar, that if the rear panel
switch Is sat for HP-IL, the addressing will follow the Autoaddressing constraints of
HP-IL and will ignore the setting of the HP-IB address switchos,

Sending Instructions to the 3421A

Command codes are used to Instruct the 3421A to parform a specific meusurament
or task. At the end of this chapter ore several blue pages thot provide 3 descrip-
tion of oll of the commands the 3421A recognizes and responds to. Two catagories
of commands are provided,

A. Standard Commands set up the 3421A and then complete o measurement insk
For example, the command DCV2,7-9 couses the 3421A to take DC Voltage
measurements on channaels 2, 7, 8, and 9, and store the readings in its internaol
rnatory. One command causes o complete maasurement tosk to bie perforred. The
Standard Cominands make programming casy.

B, Advanced Commands provide more flexibility than the Standeia commands but
they do not perform a complete measurement task. Individual commands are used
to perform only one aspect of a measurement,

The Standard Commands are conveniently provitea tor the 3421A to anse the task
of programming. As & result, most of the examples in this chapter will use the Stan-
dard Commands, The Advanced Cnmmands gre avallable to those users who wish
to tailor thelr system for paicicular requirements,

Procedure

Decide what task or measurement you want the 3421A to parform and determine
the appropriate command. For example, if you are making temperature measurements
{using T-typs thermocouples) use the TEM command. If the thermocouple is con-
nected to channel 2 in the 3421A, exccute the command TEM2, The following
message would be sent:
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QUTPUT 901" 1EN2"

Sample Problem

The pravious Hustration shows how to sand the <ommand to toke o temparoturg
maasuremant from channal 2, Suppase thouyh, as will probably be the casg, you
hove mare than ona mensurament to make, They don’t have (o be temporature
mansurements, they could be voltage, rasistonce, or frequency mansuramaents. The
3421A Stondard Commands ollow you to specify o group of chonnals, callad o chan
nal list, for the command.

To lllustinte, sssume you have T-type thermocouples connactad to chonnels 2
through B and channel 14, The one command:

TEH?-'B.‘/]

will couse the 3421A tc toke temperature measuraments from thosa cight channels
snd store the messurements internally. The complete commuond, along with the QUT-
PUT statemant (s}

QUTPUT J01:"TEN2-B,14"

Later In this chapter, you will learn to read back thase cight tampatature readings.
For now, just ramamber that they ore stored in the 3421A’s Internal mematy. Up
to 30 reodings could be stored in this mannar,

Programming Hints

Maoke certoin that you have read the paragrophs undar HP-IL ws, HP-IB, Those
paragraphs deal with addressing and certain practices shd exceptions that you will
need to upderstond when programming.

Whan using the channel list the measuremants are taken sequantially and stored.
In other wards, as in the previous exsmple, chonnel 2 [s measured first and the
reading stored, Next, channel 3 s measured and its reading stored. This nattern con-
tinues Tor each channal until finally, channel 14 is measured and that reading stored,

Later, when you want to read back those measurements, the tempurature from chan-

pel 2 will be returned first, followed by the tempersture from channal 3, then
4,... and finally 14,
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Tha serles of channels specified In o chonnal list must follow thase rules.

8, The doefoult channal list tossertud ot power on or rest) consists of all multiplex-
ar channals I numaricel sequaence, The channal list con be loadad with multiplexar
ghonnals by the DCY, AGV, TWO, FWQ, TEM, FRQ, LS or LP cammands. [t con a so
ba londad with digital Input bit numbars by the BIT command. See chaptars 6 and
6 for more infarmations on the channal list,

b, Chunnal uddrosses nre separoted by commas, Howavar, o dosh may be used
to slgnify o contiguous set of channels, When using Advanced Commands, ony com-
mand that specities o channel must be separatad from subsequent commands by
alther o colon {1} or o semicolon G} but not o comma. For oxample:
FIRA1Z1NBLSE-8; T3, If the lost character in the command string s & comma, an
arror will ha generntad,

¢, No more thon 30 channels ore occepled into the channal list. Lagal channal
numbears are 00 through 28.

d, The mnemonic determines whot type of channel can he londed inta the chan.
nel list. In othar words, Il channal 1 s configured as an actuator channal, it should
not he specified for any type of maasurament {le.,, DCV1 or BIT1), If an attempt
15 made to Inad the channel st with on improper type of chunnel, 8 syntax arrar
is genarated (see SPOLLI and the command s aborted, If channals x-y are recelved
and some channals in between ond including x ond y “re the wrong typa of chan-
nals for tha commaond, they sre not loaded Into the list and the error massage is not
sant, The ramainder of the channals ore looded into the list,

0, Leading zeros are ignorad, thot is, DCV0O0019 means DCV10,

{. Al syntox following a dacimal point Is Ignhored oxcept for commas, dosh,
semicolon, cnlon, Corringe Return (i), or Line Foed (I}, DCV2.3 maons DCV2,

g. Exponents are not sllowed ond couse & syntex orror, The command is aborted.

h. All lowar cose letters are interprotad as uppor cose, Blonks ond the plus {+)
sign are ignored, Commas (,), colons {;}, and sericolons {;) are usac as terminators,
All other punciuation give o syntax error, In other words, De V 21 is the same os
bcv2,

I, Terminators are required ofter any commond (Standard or Advancad) that either
spaciiies o channal or o decimal volue, whan thot commond s to be followed by
pnothar command, For example, the "Mx' command s used to set the SRQ mask,
This cammand con have n decimal value 'x’ of between O and 266, Therefore, this
commond must be followad by o terminator if snother commaond is to follow [t} o.g.,
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OUTPUT B01: ""M1:TO". Valld terminotors nre o colon (), o samicolon (;), o Cor-
risge Raturn or Line Feaed; but not o comma {,),

Receiving Data From The 3421A

Tha 3421A hos the ability to talk to the computer or ather instrumants, giving the
rasults of maasuremonts or stotus information, The computer must tell or “oddrass'’
the 3421A to talk in ordar for it to send inlormation,

Example. In the lost section we sow how to send a command for a temperature
mensutement on channal 2. Now wo want to read burh the measured temperature,
The ENTER stotemant is used,

0 QUTPUT 901 "TEN2" | From 4 previous section
0 ENTER 901 : A
0 DISP A
0 END

1
2
J

A

The 3421A is oddressed to talk by the ENTER 901 command, The maasurad
tamperoture s stored in the voriable A and displayed on the computer's display.
Ramombar that the actunl computer syntax used (Le. ENTER, QUTPUT, DISP, etc.)
is dependent on the computer you are using and may be different than the the ex-
amples glven in this manual. You should refer to your computer’s O manual for
spacific infarmation,

You also learned in the last section how measurements could be made on several
channels using the channel list with o command. To read back those measurements,
vou will need one sariable for coch channel. Two eample progroms are provided to
Wustrate how that can be done,

10 QUTPUL 901 1"TEMZ2-8.,14" 1| From previous scchion
20 ENTER 901 ﬂ.B.C.D.E.F-G-H

30 DISP A,B.C,D,E.F,G.H

A0 END

OR

10 QUTPUT 9
20 FOR [=]
30 ENTER 90
AL DISE Bl
50 NEXT I
60 END

[I][:}"TEHZ-B.III" t From previous section

0
I
13 BCD
)

In tha first example, coch reading is stored In a separate varisble. An array is used
tn store the readings In the sacond example, Remember that in some computers you
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moy hovae to dimension the array.

Qutput Format

Meaasuremant dota Is sant by the 3421A a5 13 bytes in the following format (6 Y%
digit moda):

Measuramant: + d.dddndE £ d CR LF
Error: -B.B8BBBE + B CR LF
Qvarlond: +9,99999€ +9 CR LF

Digitol dota is sent as:

Digital: ddd CR LF (where 0 =ddd =266 decimal)
Jigital Error; B88 CR LF

The character *'d"’ represants a single dspit, CR and LF are Carringe Return and Line
Fead, raspoectivaly,

Readings Qutput Format

Rendings are sent os Indicoted above. The exponent 15 the sume as the voltinetar
range {unless the moasurentent s temperature or frequency). In other words, the
reading + 1,23466BE-1 means the measurement was taken on range R-1 (.3 volt) and
the measured value is . 123466 volts. If the measurement is entered into o numeric
variable the measurement will be adjusted to eliminate the exponent, Reler (o the
Advonced Cammands for more information on range codes. The number of digits
following the decimal point is the same as the number of digits of resolution asserted.
This means that if you have 2 digits of resolution essarted (N3), the reading will be
output as: d.dddE ¢ d. This change of output digits is also true for errors,

Error Fore o, Tha -8.88888E + B Indicates an errar and will be sant in place of the first
reading altar the crror occurs, Bit B of the Status Register will also be set, see SPOLL
later In this chapter. Conditiuns which will cause the error message are;

Hardware error

Calibration error

Command syntax not understood
Can’t execute cnmmand

Low battery

» Self Test falled

The error maessage will not be sent it the status byte is read (SPOLL or SR com-
mands) before the 3421A s addressed to talk. In this case the reading, if available,
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will be sent. This Is shown in the following two examples, The first example shows
the typical command and dats read sequaence. The second axample shows how to
resd tha status byte prior to requesting dota.

10 QUTPUT 401 "pcv3-/"
20 FOR I=1 10 5

30 EMTER 4901 & nAcD)

A0 NEXT ]

50 END

OR

10 OUTPUT 901 ;"DCV3-7"
20 P=5P0LL¢SG1)

30 FOR I=1 TO 5

A0 ENTER 301 : ACI}

50 NEXT I

60 END

If an error exists, the first progrom would return the error messoage instaad of the
first raading for A{1). In the second program the actual measuroment, If It were possi-
ble to make the measurcment, would be returned to A{l) insicod of the error
messoga.

The reading will not be avallable if;

1. No measureament has bean taken,
2. Function FO s asserted and the 3421A is triggered.
3, If the channal list Is empty and the 3421A is triggerad by T3, DT, » TRIGGER.

If an error occurrad during o digital read, the error message Is; 888,

Ovarlond Farmst, Thrae conditions will ca' se the overload message (+9.99939E + 9)
to be sent. Thrse ore:

1. Voltmeter overload

2. Counter overflowad In TOTalize mode (greater than 65636 counts).

3. REFerence temperature out of range. That is,tha REFerence Junction temyeraturag
is not between O and 60 degrees C or the measured thermocouple voltage [s not
betwaan G and 20 mV,

Simple Programming

We hove s0en how to sond simple commands to the 3421A end how to get
measurements from it. Now lets go one step further and look at a simple pragram.
This program tokes DC voltage moasuremants on channels 1, 2, and 3 and
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tamperoture meosuremants on chonnals 4 through 9, [t is important to notice that
tha DC voltoge readings ara read back to the computar (lines 30-60) balore the
temperotlure maosuraments were made. This is because the TEMA4-9 commaond sets
up a new chonnal list and the temperature measurements would ovaer wtite the DC
voltage maasurements in the 3421A reading storoge.

10
20
30
Al
50
60
70
80
0

b Sample program
QUEPUT 907 "DCV1I-3"
FOR I=t 10 3

ENTER 901 ; B<D)
NEXT [

QUTPUT 901 " TEMA-9"
FOR [=4 70 9

ENTER 901 ; B¢IL)
NEXT 1

100 FOR [=1 T0 9

110
120
130

DISP BCD)
NEXT [
END

3421A Interface Capabilities

The following tcpics, arranged in alphabetical order, deat with HP-IL and HP-IB in-
terface commands and the way the 3421A responds to them. Heler to the I/O pro-
gramming sectlon of your computer’s 110 programming manual for specific informa-
tion on syntox and actions taken by the interface when sending the message, The
examples given apply 1o the hp- 80 series desktop computers for HP-IL and HP-IB
and the -hp- Y846, and 9826 (BASIC) for HP-1B.
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CLEAR

Example
HP-IL HP-1B
CLEAR 39 {davice ciaar) CLEAR 7
CLEAR 901 ({sclected device clear) CLEAR 703
Comments

Upon receiving the CLEAR massage, the 3421A goas through its power-on/reset
routine. The power anfreset routine includos:

Self Test,

Opans all multiploxer and actuator channals.

Clears bits of the digital output ports (high impedance statel,

Voltm star set to: DC Volts, sutorsnge o, autozero on, 6 % diglt resolution,
internal trigger on,

Counter set to 1 second gate time.

HP-IL address is not changed.

Checks rear panel switches (60/60 Hz, Power-on SRQ, etc.).

Chanrael list set to all available multiplexer channels, addressaed sequantiolly
Raquast Service (SRQ) if self test failed.

Reading storage Is cleared,

LM

SCom~Nom

LOCAL
LOCAL LOCKOUT
REMOTE

Comments

The 3421A does not respond to these commands, This Is bacause the 3421A has
no front panel ond must be controlied by 8 computer through an Interface, The
3421A is alwsys in ramote statg,
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REQUIRE SERVICE (SRQ)

Comments

One important feature of the 3421A is its asbility to interrupt the computer whan
cartain conditions occur., Of caurse the computer must be programmed to respond
to the interrupt., The Require Sarvice message {SRQ) is used to implement on Inter-
rupt and s indepandent of all other activity, The 3421A MUST BE PROGRAMMED
to request sarvice before the Interrupt will take place. Several examples are included
in this section to explaln interrupt programming.

There are many conditions which can cause sn interrupt. The following is a list of
those conditions that can cause an interrupt,

1. Power-on/Resct. The 3421A can Interrupt the computer when the 3421A
power is turned on, receives 8 Device CLEAR or Selected Device CLEAR, or reset
via the rear panel resat switch, The 3421A rear panel switch nutmher 3 must be sot
to the up position for this interrupt to occur,

2, Data Ready.The 3421A can interrupt the computer after each compieted
measuremaent of, if a channel list is measured, the Interrupt can occur aft~r all
readings are taken. The following commands will set the data read bit: DCV, ACV,
TWQ, FWO, FRQ, TEM, REF, TOT, RED, BIT, T1, T2, T3, DT, MmH, ML, MN, and
GET. An example of this, using the DT command, wili be shown later in this section,

3. Self Tast Error, If any of the seven self tests fail, an interrupt will occur.

4, Event Qccurred. The 3421A can monitor the digital input ports and if a
speclified bit or 8-bit word occurs, It will inteniupt the controller. This provides flex-
ibility in timing events. An example of this will be shown later in this section.

6. Low Battery. If the 3421A is being powered by its internal battery, 1t will
generate an Interrupt when the battery voltage drops too low. After approximataly
three minutas, it will open all charnals and power down, The {ollowing instructions
cannot be executed after o low bhattery s detected: TOT, MH, ML, MN, DT,

6, Abnormal Condition. Abnormal canditions includa:

Hardwaig arror

b, Calibratinn Error

¢. Command not understood; e.g,, the command FR3 Is not a legitimate
3421A ¢cnmmand

d, Can't execute the command; a.g., the command DCV26 Is sent hut

channul 26 is o digital channel

=
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O SRQ (Cont'd)

¢. Salf Test falled

f. Low Battery [

g. Attempt to load channei list with more than 30 chnnels

h. Attempt to incrament channel list and trigger {T3) but channel list was

empty
Requested a reading when no data was available
J. Triggered internal voitmeter while function FO was asserted

How to use SRQ

When the Require Service message {SRQ) 15 sent, the computer must first determing
which instrumaent, If mare than one is cannected to the interface, is requesting ser-
vice. This is done by conducting a SERIAL POLL (SPOLL) of the devices connected
to the interface that are capable of requesting service, When an instrument is serially
polled, it responds hy serding its **STATUS BYTE" which indicates whethar or not
it raquested service. If it has, bit 6 will be set along with one or more of the other
bits to indicate the noture of the request. If the Status Byte for the instrument polled
indicates that it was not requesting service, the computer continues to poll the other
instruments until the proper one is located, All of these actions assume that the com-

. puter has been programmed to respond to the SRQ Interrupt as shown in the ex-
amples given later,

Status Register and Status Byte

The Statue Ragister manitors several different 3421A operating conditions and s
updated as events occur. If the 3421A SRQ mask Is set (set baing a **1"") for o
particular condition and that condition accurs, the 3421A will send an interrupt
message to the computer. Howevar, two bits of the 3421A SRQ mask (bit 2 and
hit 4) cannot be masked. These two bits correspond to sclf test error and low
battery, If gither of these conditions occur, the 3421A will always send the interrupt
message. For the remaining conditions, the SARQ mask must be set for the 3421A
to send the interrupt massage. Anytime the 3421A sends the Interrupt message,
regordless of whether it Is a masked or non-masked condition that caused It to be
saent, bit 6 of the Status Register will set. Bit G corresponds to ""Require Service'
and is usad by the computer to [dentify the device that necds attention, assuming
the computer is programmed to respond to tho interrupt message. The remaining hits
can be usad by the computer to identify the reason that the Interrupt occutred.

. Tha Status Byte is an B-bit byte that is saent from the 3421A to the computer In
response to the SPOLL massage. The Status Byte comes from the Status Reglster
ond s used to determine the current status of the 3421A,
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Setting the SRQ Mask

Think of the SRQ mask as a cover hiding thrae bits of the Status Register, To “'set’
the mosk you effectively poke holes in the cover, First, determine which conditions
you want to interrupt the computer, e.g., dats ready, sbnormal conditions, etc. Refer
to tne figure below, Add together the decimal values for the bits that you want to
intcrrupt the contraller, Then, output the "*M’" commond followed by the decimal
value, that [s, ""Mx"" whure x is the decimal value, The following diagram shows the
Status Register and tha SRQ mask,
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To set the SRQ mask for Event Occurred, for example, execuie the command: QUT-
PUT 701:"MB’*, For either Event Occurred or Data Ready to Interrupt the computer,
exccute: QUTPUT 701;"M9"",
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NOTE

Wihen you are doing interrupt programming; especially with
the digital monitor commands MN, MH, ML, and DT, the end
of line sequence should be suppressed. With most -hp-
desktop computers this is done with the OUTPUT USING
“#,.K'" command. The last choracter in the command string
must be either a cofon (], a semicolon (), a carriage return,
or a linefeed. The following program examples show how this
is done,

If you are using the 3421A with its HP-IB interface, the
3421A must be placed in an "UNLISTEN' maode before it can
interrupt the controller, With most -hp- desktop computers,
this is done with the SEND 7,UNL command. These lines are
shown in the following examples and may be deleted if you
are using the HP-IL interface,

Example 1. Event Qccurred
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This Is a simple example that demonstrates the usefulness of the SRQ interrupt, In
this example. wa will use Event Occurred to monitor one bit, bit 17, of a 4446EA
Digital /O assembly. When that bit goes low, the 3421A will signal the computer
that the event has occunied. Event accurred, as in this example, might be used to
monitor limit or position switches,

The associatad lllustration shows the external connections that will need to be made.
Remember that the Digital 1/O assembly must be in slot 1 for the program to work,
Type in the program and run it. After the computer displays ""READY"’, close the
switch. Notice that the program jumps down to the interrupt subroutine.
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HP-Il. Example

Line

40
60
GO

70

80

100-990

1000

1010

1030

1040

Gascription

Clears the display,
Clours the Status Register.

Sets the 3421A for SRQ
whan aevent occurs (M8) and
for monitor when bit 17 goes
low (ML17).

This line telis the computer
where to go when the intcr-
rupt occurs {line 1000).

ENABLE INTR 9;8 cnables
the computer to respond to
the Intertupt.

The main body of the pro-
gram goes here. Line 980 will
keep the main programming
running inaafinitely.

This Is the start ol the intet-
rupt subroutine.

SPOLL returns the value of
the Status Register (the
Status Byie} to variable P, It
also resats bit G of the Status
Registoer.

P is tested to determine what
caused the interrupt, Bit 6 of
the Status Register should he
set since an interrupt occur-
red. This bit has a value of
64. Bit 3 should also ke set
for Event Occurred. This bit
has 2 value of 8, Also, bit O
will he set. Combined, these
bits have a value of 73,

End of subroutine.
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HP-1B Example

Ling
10 1 Eesny accureed oy anele 40
2N ) =HP- 85 vertion
04 OTARIA v pldre_F TR 60
43 CLEAR
50 CLERR 7 1B MHAIT 50049
BN OUTPUYT 7083 "NgipLL?"
7R OSEHD P 3 UL
B3 OH IHTR ¥ GsUB 1800 60
90 EMRBLE ITHTR V.8
188 DISF "READY"
119 | Hein proursm 9oes here
580 GOTO [1Lo
993 END
10080 | Ser1al roll subroutipe 70
1019 PesSPOLLe?OR)
1020 STATUS ",1 » A
1330 [F Pe7Z THEN DISP "EVENT O
CURRED"
1940 RETURH
80
90
110-990
1000
1010
1030
1040
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Doscription

Clears the display.

Clears the Status Register;
walt B scconds or system
errar results,

Sets the 3421A for SRQ
when event occurs (MB) and
for monitor when hit 17 goes
low (ML17),

The UNL $ten commond pat-
mits the J421A to intarrupt
the computer. Note, this line
is not necessary il you pre
using HP-IL,

This fine tells the computar
where to go whon the inter-
rupt occurs {line 1000).

ENABLE INTR 7.8 enablos
the computer to iespond to
the Interrupt,

The main body of the pro-
gram goes here. wine 980 will
kaep the main programming
running indafinitely,

"his is the start of the inter-
rapt subroutine.

SPOLL returns the value of
the Stotus Register (the
Status Byte} to varisble P, It
also rasets bit 6 of the Status
Register, '

P is tasted to datermine what
cousud the interrupt, Bit 6 of
the Status Register should be
set since an interrupt occur-
rad, This bit has a velue of
64, Blt 3 should also be set
for Event Qccurred, This bit
has a volue of B, Also, bit O
will be set, Combinad, these
bits have o value of 73,

End of subroutine,
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Example 2. Abnormal Condition

There are several conditions which can caust: bit 6 {abnormal condition) in State
Ragister 1 (Status Ragister) to set. If any bit in State Registers 2, 3, or 4 is set,
then bit 6 ol the Status Register is set. The abnormal condition bit Is also set if hit
2 or bit 4 of the Status Register s set. Abnarmal conditions include:

1. Hardware Error

2. Calibration Error

3. Command na'. understood; e.g., the command FR3 is not a legitimate 3421A
command

4, Can't exacute the command; e,g., the command DCV?26 is sent but channel 26
ts a digital channel

5. Self Test foiled

6. Low Battary

7. Attempt to load channal 'ist with mora than 30 channels

8. Attempt to incremant channel list and trigger (T3} but channel list was empty

9, Requested o reading when no dats was avaliable

10. Triggered internal voltmeter while function FC was asserted

Tre fuestion arlses then as to which one actually caused the Interrupt. The following
example shows a progrom which will allow you to determine the exact nature of
the "'Abnormal Condition.’’ The program makes use of the SR command. This com-
mand sends 24 bytes which can tell you the exact status of the 3421A, However,
we are only Interested in the first 4 bytes ss they contain the error information, The
remaining 20 bytes ara described in the blue pages at the end of this chapter.
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Line Deseription

%g ; nbhnnrggl condition exanple 40 This line outputs the SRQ

-hp- BS version I dition.
30 1 3421A at address 901 mask for sbrormal condition
gg gﬂr?ﬂ}nﬂgkégﬁgﬁnm 60 Line 60 is used to tali the
60 ENAGLE INTR 9:8 _ computer where to gc? whan
70 OUTPUT 901 :"DCY” gr Interrupt occurs (line
80 GOTO 80 1000},
?gogngurpur 91 1"SR" 60 ENABLE INTR 9,8 enablos
1010 ENTER 90% : n,B.C.D the computer to respnnd to
1020 DISP "STATUS REGISTER VALUE: ":n interrupts.
1030 DISP "ERROR BYTE VNLUE: ™:B
1040 DISP "HARDWARE ERROR BYTE: "3iC 70 DCV s 8 legitimate 3421A
1050 DISP "CALIBRATION ERROR VALUC: "D command. Therofore there

1060 RETURN will be no interrupt. Replace

this commat.d with FR3 and
rerun the program,

B0O-90 The body of the progrom
goas herao.

1000 This is the first line of tha in-
terrupt subprogram. The
“SR" command s used to
tell the 3421A to send It
stotus information,

1010 The volues of the first 4
registers are entered into the
computer and stored  into
variables A, B, C, D.

' 102G-1060 The values for the registers
are displayed alcng with the
register name,

1060 This line causes the program
contral to return to where it
was intarrupted,

Line 7C In the program contains the command "DCV'’, This is a legitimate 3421A
command. Therefore, sirce there is no sbnormal condition the interrupt will not oc-
cur. Now replace the DCV command with the command ""FR3"" and rerun the pro-
gram, FR {5 not a legitimate command so an abnorihal condition will exist. However,
the 3421A will assume the R3 range. Compare the 4 values returned by the pro-
gram te the charts below. Ramember that the veiue returned Is thr, sum of the yalues
of the individual bits that are set,
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Example 3, Advanced SRQ Interrupt Programming Using
The Digital Trigger Command

Dato Ready Is o featura of the 3421A that allows it 1o interrupt the controller ofter
gach complated maeoasuremant or, whan used with a channai list, ench group of
measurements, Tyoisolly, the Data Ready feature Is used only with the Digital Triggur
command whila utilizing SRQ intarrupts. Diglital Triggering allows the vo''mater to
begin toking readings when a digitol input goes low. A digital input Is consldurod
to go low whan no current is possing through tha digitol part.

Abrormal conditions wara pravicusly explained under examplo 2.

To enable the Data Ready and Abnormal Condition features on the 3421A, you must
set bit 0 and bit B i« the SRQ mask. Remember that bit O in the stutus rogister will
be true (o 1"} onytia data [s taady and that bit 6 will be true anyume there is
an abnarmal condition. However, naither conditian will cause the 3421A to Intarrupt
the somputer unless the SRQ mask Is set accordingly, The pattern for the SAQ mask
for these coaditions would ook like:

Bit #: 7 6 &

4 3 0
Volue: 0 ¢ V+ O 0O 1

2 1
¢ 0 BUm 33

Therelere, use the command "M33'" to set the SRQ mask for dota ready and
abnormal condiuu.

Now, whanaver the 3421A has completed its measurement task it will interrupt the
computer via the SRQ data ready mterrupt. Likewise, it will interrupt the computar
wheneve! therg Is an abnormal condition. Looking at this from another perspective,
the computar will only be interrupted if bit O or bit 6 {or an unmaskable bit) in the
Status Register is true. Bits 1 and 3 cannot couse the interrupt becous: tha mask
was not set for those bits,

The fellowing programming example demanstrates the bundling of Data Reody,
Abnormal Condition, and all non-maskable interrupts, This progranmuning example, as
with mast SRQ progremming, requires o knowledge of advanced programnung prac-
tices. This progrom exhibits many of the considerations necessary ‘when creating
interrupt driven programs, inctuding:

Digltal Trigger Inftiation of channel list meosurementy;
detecting and displaying all Interrupt conditions;

and for obnormal (error} conditions, interrogates the
3421A 10 find out why the error occurred, '
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SRQ (Cont'd)

It is recommundad that the basic framework of this progrom be used when perform-
ing odvanced Interrupt progromming. it will be necessary, however, to maodify the
main body, the lattar part of subroutine #1 and oll of subroutine #3 to maut the
specific application,

1
2l
B8
413

270
2806
236
369
3148
321

330

34

350

CERErCoCEC S REEEREEREREERERRERER
HPZA21A SR interrurt dry-
wen channel li1gt messure-

ment Programming 2xamrle
[F-3-1-31:-2-1-3-132-3 331333331 31-1-31-2-3

1 AC3IY ML L))

¥
| 35 HPIB INTERFACE %5ELE
1)

Co0E
HP3421R HPIE RDDRESS

g
7oL !
LEAR ' SCREEN

-J

N =i 0 —

1

e rEcEbEEDEREEEEERESREERES
Inityalize 2ntire svsten

for Bh 1hterrupt FProaram
EECcreEREREFERSEEEEEEEREREEE

—er e e m {IZCOIT O = = — =~

STATUS L.1 + 5 | ASSURES SRN
EECE[UED FLAG IS CLEARED INH
OH IHTR L GOSUB S8@ ) IHTERR
UPT HANDLING SUBROUTIHE
ENRBLE IHTR L:B8 | GET READY
TO RECEIVE SRO INTERRUPTS FR

OM HP3421R
RESET HPIB IHSTRUN

CLEAR L !

ENT%

MALT %880 | ALLOW TIME FOR I
NSTUMENTS T RESET
QUTPUT M ,"FATA" |
421A POWER UP FUNTTIOHS ARD
I BUTQ TRIGGER S0 DRTA I8 KO
T ALWAYS REAODY

I UPON EHABLING OF DRTR RERD
13[NTERRUPT CCOMMAND M1 OR M
33)
S=5POLL¢M) ' ASBURE 1HE CLER
RING GF ALL STATUS BITS IH 3
g%%? CESPECIALLY DATA RENDY

EEEEErREEETRERSEREEECEESORS

Msin Progeram body
Y- 1333333133 1 3-4-4-4-11131 11 1]

THE FOLLOUWING LINES HRAVE B
EH INTENTIONALLY COMMENTED

T
THEIR EQUIVALENT FUNCTION
AH BE SENT A% ONE COMMAND R
IHLINE 44
OUTPUT M ,"Te" | ENBL CH L
DATAR STORAGE, WALT FOR T
TAKE DC

.
gn T3 TRIGGER
v NEASUREMENTS [N 30V RANGE

—NH— BT M — ———— —
=

UTPUT M +"FIRI" |

DISABLE 3

71

358

3798
380

390
488

410
428

430
448
450

160

470

488

430

51%1%]
510
520

53

540
558
5608
578
o1:1%)
590
51218
618
620
638
540

U QUTPUT M 28" 1 00 NOT US
£ AUTO ZERD (FASTER LHANHEL
LIST SEQUENCING)

PONTRUT MO "H4" L 4.5 DIGET
MEASUREMENTS

I QUTPUT M i"LS13-12,13-19,1

g 19,13-19,13, 14" | LOAD S1H

LE CHANHEL CLOSURPE LIST WIT

H

! THIS SEQUENCE

I QUTPUT M s "MN33" 1+ INTERRUP

T 85 WHEN MERSUREMENTS COMPL

ETED <OATA REARDY) OR UPCH

| ABHORMAL CONOITION (ERROR)
P QUTPUT M ,"DT?" ' INITIATE
A T3 TRIGGER WHEN DIGITAL P

ORT GOES LOMW C(IE. HIGH NOT ©

ONNECTED

b TO 5V, LOW NOT COMHECTED T

0 GROUND OR THE TWG SHORTED.
éT;IE. NO CURPENT THROUGH PO
t THE PREV]OUSE COMMAND SEQU

EMCE MAY BE SENT ALL RT OKRCE

AS IN

QUTPUT M ;"TBFIRLIZANALS13-19
p13-19,103~19,13-19, 13, 14:M33
ipTY?"

N=30 ¢+ SET RERD-BACK LCODNTER

EQUAL TO MNUMBER OF CHANHELS
LOADED IHTO CHRH LIST ABOVE
SENR L s UNL ' HECESSARY OR
ﬁg3g§lﬂ WILL NOT INTERRUPT T
F=@ + PROGRAM FLAG INMDICATIM
G THAT THE 3421R 1S RLL SET
FOR MEASUWREMENT TRIGGER
DISP "RERDY"
CLEARR | SCREEM
IF F=1 THEN GOTN 468 ) SET U
P FOR NEK TRIGGER OF MEASURE
MENTS498
GOTO 508 1 CAUSE PFADY 7O BL
INK UNTIL ITHTERRUPT IS RECEIL
VED <BIGITAL TRIG RCUD)
%HD
! - 3-4-4-1 4413413113313 3111 132313
! SUBROUTINE #)
| Interurt subroutine tu
I PPint type ot Interrupt
| recelrved and 1§ data
I ready read the stored
! walues from the HP3421R1
% internal bufter

EEncEcEESEREREETREERREREE



654
560
570
680

690
780

) .0
P 20
V38
48
7’59
ve8
v7e
y80
V940
516
820
830
B340

350

368

370
330

890

YgA

910
520
939
940
%0
350
570
J8a
950

1880 OUTPUT M

18108 ENTER ]

SRQ (Cont'd)

TUS L,1 + 5 | CLEARS SR1
CEIUED FLRL TN 8%

!

5

D

DIsp "IHTEPPUPT RECEIVED"

DISP Y"ceoemceemerecoecess?

S=5POLLCM) ! POLL (DUERY) I[N

STRUMEHT TO OETERMINE REASNN
FOR 5SRO

IF BIT«5,6,=1
IHTERRLUPT"
IF BIr<g,a)=1

READY" ’

TA
RE
&
IS

THER
THEH
THEHN
THEN

CISP "SRO
DISP "DRT
DISP "PNUW
DISP "SEL
THEH DISP "EVE
THEN LLISP "LOW
BDBNOT BITVS,5)=1 THEN GOTN

DISP "ABNORMSL COHDITION®

GOsUB 9228

DISP "eererccecereEErERRE=M

WARIT 2680 1 ALLOW USER TIME

T YIEW ERROR

F=1 | TELL PROGRAM ABOVE NOT
TO COHTINUE TO LOQP

I BUT RRATHER TO %0 WUP PHD SE
T UP FOR HEW TRIGGER FIRST

ENABLE THTR L8 | diIST REENA

BLE SRG THTERRUPT

IF BITu(S,12=1 THEN GOTO 919
I POWER OH RESET «RLSO rAUSE

S DATAR READY BIT TO BE SFT D

E

| T DEFAULT AUTO TRIG OCY

STRTL QF HP3421A, IH THIS MD
DE OATRA IS ALWAYS RERD)

IF BITK(S,2)=1 THEH GOTO 19

P SELF TEST ERROR

P <DID A PWR-ON OR DBEVICE CL
EAR WHICH AL50 CRUSES DATA R
ERDY BIT TO BE SET DUE

! TO DEFRAULT AUTO TRIG, DCVY

STATE OF HP3421R, IN THIS MO
NE DATA IS ALWAYS READY!)

e TIT(S,8)=1 THEN GOSUB (21
g ;TUHLID ORATA (S READY. RER
RETURN

3314434 3 d—FA-d ] -F-4-J-5 4 133333

SUBROUTINE &2
Subroutine jfor resding
error tyre fFrom HP3421R
and diseplavine

R R RN EEE S TR R EREE GRS

— i — o — T—

s "SR" 1 QUERY INST
RUMENT TO DETEPM WHHAT ERRNR

51,582,3 + GET 2N
D AND BPD STATUS REGISTERS
T DETERMINE ERROR

72

1828
1830

1640
1850

1969

1978
1988
1859

liga

1118

11249
1138
1148
1159
1160
1178
1188
1199

1284
1210
1226
1230
12406
1259
1260
12749
12808
1290
1300
1310

13208

13308
1348
1350

1360
1370
1389
1398
1490

FOR Ke=d TO 24

ENTER M ; S8 | EXTRAR READS

OF 3JTHER STATUS BYTES (ALSO
CLEARS INDICATOR ON HP3421

A DISPLAY)

NEXT K

IF BIT<S2,8)=1 THEN DISP "
TRIGGERED IN F® MODE"

IF BIT<S2,1)=1 THEHN DISP "
"REUUESTED DATA UNARVAILABLE

IF BIT<S2,2)=1 THEN DISP "
INVALID SYnTAX"

IF BIT(S2,3)=1 THEN DISP "
INVALID OPTION LOCATION"
IF BIT<(S2,4) =] THEN DISP "
D?ﬁTT LOW, WO TOT.MH.ML,MH,
IF BIT«52,5)=1 THEN DISP °
T3 TRIG WHEN CHAH LIST ENP

T \' n

IF BITi82,6)=1 THEN D]J3P *

FE&%EEDED CHAH LIST LIMIT N
3 "

IF BIT(S3,0)=1 THE DISP "

HVALID CAL RAM CHECK SUN“

F

1

IF BIT{S83,1)=1 THEH DISP
1NV
B

I

ALID ROM 1 CHECKSUM"
IF BIT(S3,2)=1 THEHN DISP "
RVALID ROM @ CHECKSUM"
IF BIT¢(S3,3)=1 THEN DI5SP ¢
R0 FAILED SLOPE TEST®
IF BIT«S3,+4)=1 THEM DISP "
PROCESSOR RAM FRAILED TEST“
IF BIT(53,5)=1 THEHN OISP
RAM U504 FAILED TEST"
IF BIT{S3,u):1 THEH BISP "
RAM USB3 FAILEU TEST"
IF BIT(S3,7)=1 THEN DISP "
190, 109:1 DIVIDER TEST FR
ILED"
RETURN

eSS o A e s EE D EEEE

SUBROUTINE #2
Subrowtine for reading
measurement values trom
the HP34218.

EeEERErERERETREEEERECEEEEDn

CLEAR ! SCREEN

DISP "RERODING MERSUREMEMTS®

5¥5§T " HP-3421A MEASUREME
o

PRINT "mmecememoeeenoscs=se

ceeee !

FOR I={ TO N STEP 1

EHTER M  A<I)

PRINT "MERSUREMENT #";1:" =
"3ACD)

NEXT 1

FOR He=l TO 5

PRINT } FORM FEED

NEXT H

RETURN
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SRQ (Cont’d)

The four ragisters will be clearad ofter oll four hove baen read by the ENTER com-
mand. The following chart shows the meaning of eoch hit in tha registers and its
value. Remembar thot the docimal velue returnad is the sum of the values of the
individual bits that are set within that register. There are sctually 24 reqisters that
can be read with the SR cominand, the remaining 20 are 3421A status raqistors,
These con he used to repurt what option assemblies arc available in the 3421A,
which channals are closed, the setting of the SRQ, XOR, und AND masks, etc, Reler

fleglstar Div Humhbar
1 6 ] 4 | 2 | )]
| Always SR0 Abnonmai Low Event Sult Powat an Datn
Bratus 0 Condition Botw. v Qeeunud Tort Heset Rerady
Register Enor
? Undul- Tned to Channal Bty Wrahy) tvald No Datp Fune
Etrut ined. load list is 5 fow type of Symiax ready FO
Register May bae chinnnl nmpty hut but tred option Lt Ad BEBUL s
for 0 st triged 1o ‘o do tor com- dressed Lt ‘
with uxpLUIe TOT MN, mandg 1o tall. i !
mare n 13 MH, ML Junng
than 30
channn's
3 10 M1 AM RAM Entor »P RAM AD Ertoe AOM O ROM 1 Cul.
Hardware st Eveon Errar Errae Errat nAM
Erroy errpr Chack
Lt
Erre,
4 Undet- AD Enar | CAL RAM CAL at- tnvald Invalid Invalhd Inyahid
Cal el Bad tmpted CAL CAL CAL CAL
Etron inay be hut not 2eto Signal Numbwt Function
|1 or O unabing at
Range
an 128 04 az 16 8 4 2 1
Vatwe
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SPOLL
(Serial POLL)

Example

HP-IL HP-1B

®-=SPOLL (901} P=SPOLL {708) (-hp- 85,9826A)
STATUS 709;P  (-hp- 9836,8B46A/B)

Comments

Seriol Poll allows you to determine the current status of the 3421A even i ng SRQ
mask has been established. When the 3421A receives the Sorial Poll message, it
returns its Status Byte (from the Status Register), The value returned s the sum of
the individual bits that are set, For example, if bits 6 and 1 are set the value would
be 66 (G4 +2=66), The 8 bite of the Status Byte and their respective valugs are
shown in the following figura. All of these hits were described in the previous sec-
tion, Require Service.

an 7 B G B b Bit 4 Bit 3 i 2 1| B )
NiA Abnarmpl Low Evunt Self Pawer on Dinta
Always SRO Condition | Battery Qccurted Tont Reyel Rerady
0 Erren
Ducunal 128 (1%} 32 16 8 4 2 1
Valun
- — o

Status Byte (Register)

Reading the status byte clears gll bits except for the data resdy bit {(bit O} and the
low battery bit (bit 4). The low battery bit is cleared only by cycling the front panel
on/off switch when the battery has been recharged. The data ready hit Is cleared
when the reading is read or no longer available,

All Status Register bits are reset hy a Device Clear message. Bits 1, 2, 3, and b
are cleared by a SPOLL if bit 6 was set. If bit 6 was a 0, indicating that the 3421A
was not generating the interrupt, no hits are changed. Bit 4 is cleared only by tur-
ning the line switch off and back on again. Bit 1 is cleared by entering the current
reading to the computer,
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TRIGGER

Example
HP-IL HP-1B
TRIGGER 9 TRIGGER 7
TRIGGER 901 TRIGGER 703
Comments

If the 3421A is an oddrassed listener, the TRIGGER statement will cause the
voltmeter to take one or more readings. For example, if scan trigger (T3) or
hold/enable scan trigger (TQO) is assertad, the TRIGGER command will initiate
meaasurements sequential'y fram the channel list,

If internal trigger T1 is asserted, no measurements will be taken by the voltmater
until either the TRIGGER command Is executed, & reading is asked for f{i.c.,

ENTERSQ1,A) or T2 is asserted,

The software trigger T2 will cause one reading to be taken. Subsequent readings
can be initiated by either TRIGGER or sending T2,

Neither T1 or T2 will open or close a channel before taking the reading.

Topics In Advance Programming

The following two programs illustrate the flexibility and measurement power of the
3421A. The programs include temperature measurements using either tharnmistors
or thermocouples. Although the programs were developed on an -hp- 85 desktop
compuier with an HP-IL interface, they can easily bae madified to run on other com-
puters, In some cases, suggestions are made for modifying the piograms to suit your
individual needs.




TEMPERATURE MEASUREMENTS

Thermistor

This first progrom computes the temperature, in °C, corresponding to the resistance
of a thermistor, The program is designad to work with thermistors exhibiting a
resistance of 5,000 kOQhms at 26 °C, such as a type 44007 (-hp- part number
0837-0164) or equivalent.

The program ¢lves you the option of selecting cithat 2- or 4-wire ohms
measurements tao be made on the thaermistor. As It stands, the program sets the
J421A for @ 2-w.re measuregment, This will give suitable results if the thermistor is
used ot a tamperature where its resistance Is much greater than the resistance ol
the connecting leads, For grentest accuracy from a thermistor, a8 4-wire measure-
ment should be usad, To convart the program to a 4-wire maasurement, delete the
cxclamation mark from line BO and make line 70 a caomment statement,

The program will prompt for a channel number {lines 60 and 70), type in one channel
number and press [END LINEL, The program will continually make measurements on
that one channel, convert the reading to “C and display the temparature,

Linas Dascription
;_8 : leTrnmtum t};;;.{;al_;ru?mnts 50-60 These two lines get the chan-
uith a type thermistor
28 ; 55‘"2,_ B5 wersion nel number,
1IN at address 901 . )

50 DISP "CHANNEL NUNBER 7" 70-80 Line 70 sots the 3421A up
60 INPUT C for a 2-wire resistance
gg ?Uéﬁl{;u?gélw}[ﬁg":g measurement on the therm-

‘ll ”: .
90 G3=,0000000941 istor. Line 80 can be used for
100 02+.00023595 4 wlre resistance meosure-
110 Q1=,001286 ments,
120 ENTER 901 ; B
130 Q4=LUG(B) 90-110 These three lines contain the
140 P=17(Q1+Q4=(Q2+UA=0Q4=03))-273,15 conversion coefficients for
150 ISP P
160 ¢OTQ 70 the 44007 thermistar,
170 END 120  Line 120 enters the measured

resistance from the 3421A.

130-140 These two iines convert the
measured resistance to the
corresponding temperature,

150  The calculated temperature is
displayed,

160 The GOTQ70 statement
returns the program to line
70 for anothar measurement,
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TEMPERATURE MEASUREMENTS (Cont’d)

Thermocouple

The TEM command can be used for temperature measurements as long as you use
T-type tharmaocouples. But what il you want to use other types of thermacouples?
This next program example demonstrates the procedure for making thermaocouple
tamperatute measurements, Although the program was written spacifically for J-type
thermocouples, it can easily be adaopted for other typas simply by changing the con-
varsion coeflicients. A chart is provideo listing the coefficients for several ther-
macouples, In this example program, the J-ltype thermocouple is connected to chan-
net 17,

Thore are five steps that must be performed in making accurate temperature
measurements from thermocouples. The following explanation of these steps are
referenced to line numbers in the program,

1. Lines 190 and 200, Measure the temperature of the 44462A assembly terminal
black. This is done with the REF commanrd and is known as the REFerence
Tempoarature, The Reference Temperature is used to effect icepoint compensation
of the thermocouple measurement,

2. Line 210. Convert the Reference Temperature to o thermocouple reference
voltage. The coelficients used In this step are determined by the type of thermocou-
ple being compensated, The equation used is: V= RO +(Tref*R1) ¢ {Tref?+R2). In this
equation, Traf is the Reference temperature and RO, R1, and R2 are the conversion
coofficlents. Later in this section, a chart is provided listing the coefficients for
various thermocouples.

3. Lines 230 and 24Q. Moasure the thermocouple voltage.

4, Line 260, Add the Reference voltage to the measured thermocouple voltaga.

b, Line 260. Convert the sum voltage (step 4) to its corressponding temperature
{(Degrees C). Line 270 is used to round the computed temperature to 2 decimal
places. The equation used in line 260 is:

Temparature = PO v (V*P1)+ V22 P2) + IV3eP3)+ (VA P4) + ...+ (VI PY)

In this equaton, V is the voltage computed in step 4. The coefficients PQ through
P9 are listed in the chart for various thermocouples.
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TEMPERATURE MEASUREMENTS (Cont’d)

J-type thermocouple pragram
-HP- B85 wversion

34210 at address 901
conversion coeflicients

50 R0O=-,00000075
G0 R1-,00005053

70 R2=.000000023
80 PO~-.36

90 P1=19750.9

100
110
120
130
140
150
160
170
180
190
200
210
220

P2=-176117

P3=1.8B21297E7

P4~ - 2831128000
P5=-271508380000
P6=-1.38014121E13
P7=3,79243843E14
PB=-5.3719255E15
P9=3.0BA0254E16

! Heasure and convert reference
QUTPUT 901 :"REF1?7”

ENTER 907 3+ R

Vi=RO+R=(R1+R=R2)

! Heasure and convert thermocouple voltage

230 OUTPUT 901 pevizee
240 ENTER S01 ; V
250 V=Yt
260 T1=PO+V=(P1 +Un(PZtUn{PTIUn(PAYR (DS Un (PR (P 7 Ve (PRWRPY)))DI)IDY)
270 T=INTC(T1=100+.5)/100
2B0 DISP "TEMPERNTURE = ":1
290 6OTC 190
300 END
Thermocouple Type
Line
Rurbar J 3 R K 5
(14] 76E 7 12 7 21 7 82 7 20F 1}
GG 6.O0L3E b b BLUGE b b 3JIE 6 3964 6 HAAZ2E O
70 23E B 4.6 B 12E B 16E B 1.1E 8
HO 36E 1 2E 1 1.6ECQ BIE 2 1 4EQ
90 1 07600E4 1.61299E4 1 72G4AbGED 2 ABBOJEA 1 73646ED
100 1.76117E6 2064 11ED 3.27669E7 J B2GG2FS 3.2G62067E7
110 1.821297E7 3 049432E7 7.7877B7ED 9.9661067E7 B 4773360
120 2.831128£9 2.0690242E9 1.13982693€12 1. 0B20G24E1C 1 327040612
130 2. 1V60B38E11 1. 428A968E1) 1.01306290€E14 G 0302B65E Y 1 2361123K %4
140 1 JBO14121F13 3.7221844E12 6 ABAZGO2ED 19109613 6.79267940E 15
160 3.79243843E14 6.3981272E13 1.741448B6E17 JATB2347E14 2 06GBY20AE1 7
160 65 371926bE15H 4.1066206E14 2.0236606E18 3 309102BEVD 2 BB7ABASE R
170 3 0B40264E16 1.277716GE1 B 1.9280744E19 1. 382BB14ELG B.2663728E38 J
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COMMAND DIRECTORY

This command table for the 3421A Is divided into two groups, Hrst the ‘Standard
Commands and second the Advenced Commands, The Standard Commantds are or-
ranged by command group: VOLTMETER, TEMPERATURE, COUNTER, DIGITAL, and
CHANNEL, Rafar to chapters 6 and 6 in this manual for more inforimation en chan-
nel addressing, etc. The Advoanced Commarnds are also arranged by fundction: A/D
{voltmater, countar), DIGITAL, CHANNEL, and INSTRUMENT. Tha following farmat
js usad to duscribe the commands,

Commaony

Function

Cammand lorma. and Desenption includes  command
Paramuotuts functigr  and  assembibos
contralliag.

DC VOLTACE MEASUREMENTS

- [+ o ST | Iv.y  #h+h cphnonl Channei Lia)

DCV aris the yolitmetes 10 tha DC Volty tund b sytorsrge en aclopeio gn. §'% dupls epohulion 30 (ke cplonal charpet il o annt
with the cnmmars, (ke channels are loasded us The chdrd tpcesed 8 meakutemend h imade Bigm each channel n sequence o g storeg
H g channel hsk o henk with (he comntged, 1o presioubly Bessrted charnoed hat temains at pliecd Fuithertnore any shannes ol wae
prevmunly clored temunns chived AN e mea. grewenl iy made rein Wthel «hanpel

Examples

QUTEST GOY OCVYY 16 7 1 WGets ug chanrg gt lor chynnels 1.3 B ang Fihrogph Y4 Mpastemtanls gié mate i vprh

oUIBUT ot Doy

MNotes

1 Chapire B grosules tone mibniimabon ghud esameples gang thes commegin?

7 ey, Hoarters to optanal chaneel BEE Buies tar yaeg the Channed Lint waen al the erd of the Standyic) Convginge

1 DCY alwsys cpena the dasl chanogl measyte telore closing the nes) chopn
mami the faat channed in the (sl iemagin closesd W no charnel bal was went the 14
i prne (o the comavamg

When the J321A i hinnlen gy rcuting the com
A learves chanerly gy the same 3'ate they weee

4 Whenthe JA2 VA i aciiiessey o Lalh sl reatngn woll e kent s the onter 1hat haey,
E Answer iebgpeit o barm aaditdital o o i th et moitel

—, N\

Fitr FAMEN (naime Goder an e ok el ey

Exutmnples are typicol BASIC languaye statements Notes iclude power-on state, where 1o loak for
with 3421A at HPIL adidress 801, matre information, and special operating holns,
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DC VOLTAGE MEASUREMENTS

OCVixy, ¢l [x.y, . #| 16 aptiongl Channal List

Description

DCV sets tho voltmeter to the 3C Valts lunchan, autorange an, autosra on, bl digits resclytion 11 the optignal channel Bist . eent
with the command. the channels s lopdnd in the arder nrcoived, 8 moasuremaent 15 mada ram gach chabnel, i sequence, and stord

11 ng channel iist e ol with the command, the previausly asserted channal st iemping w ottect Furthermorn, any channel (hat wirs
proveausly closed temann cinsed ond ane measurement & made rom that chanee!

Examples

QUTEUT 901.°0CV1,3.6,7 147 Suts up chanael st for channels 1, 3, B, und 7 thraugh 14 Measurements arg o made an each
channed and stard

QUTPUT 801, DCV Ho thes exampte, no chyonnel hstis sent. Theretore, one measurement will be teken 1 oo chan
s o closed, this command can be used to Mmake measupdnents fron they front ponel

Notes

¥ Chapter 6 provides inore informaton ard sxamples using this command
2 Ix.y.. ) welens 1o ophgnal channel ist. Rules for using the Channal List are given at the end of tha Stonddarg Commaneds

3

3. DOV always opens the {ost channel measured before closing the naxt channel Whan dhe 342 1A 5 st pxecuting the cum
mand, the last channul in the st ronuns closed. It no channel hst was sent, the 342 1A leaves channets in the spme state they woern

i prigt 1o the command
4. When tho 3421 A s sddressed to talk, st readings will be sent n the order that they were taken tsame ardiot as the channel hstt
6. Answer netumed i tarm e sododdedddE o« d cr 1F1BY% digat model.
G. W no pmameters e seol, then T2 (softwarte singhe tnggen s executed. IF pargmaotars ate ook, then T3 w axecutng

AC VOLTAGE MEASUREMENTS

ACViny, 71 Ix.y.. 2116 aphonal channe? Ilh'l_l

Description
ACY sits the valtmeter to the AC Volis tunction, sutorangn on, dulozare on, 3% digite reso'ution I the gpbional chananel bist s sont
with the command, the channels aty lopded i the arder recovaed, o measutement s mada fram each channel, i sequence, and stored

It no channel ist s sent with the command, the previously assertad channel st reming v efloct Furthetmare, any channel that wan
previously closed rempns closed and one measutment s mads lrom that channel

Examples
QUTPUT 901, ACVYH.1 3.21,22" FSetn up chanmed st o5, 6, 1, 2, 3, 21, and 22, Measurements ate miade onaach channel and
NGIGE
QUTPUT 901, ACY" e this oxpmiple, ng chanol ist s sent. Thendorne, one measuromant will e taken | og channels

arg closed, this command con be wied to make measureowents from the tant panel

Notes

1. Chapter & provides more informanon amd examples ysing this commyng

2. by, retees o optional channel bst. Rules tor osing the Channel List pre given gt the cod of the Stamdotd Commands

3. ACV always opens the Jast channel mugsured balare closing the naxt channl. When the 34214008 hinshed execuling the com
mad, the last channel in the bst wmang casrd. It no channed bst was sent, the 342 1A deaves channels in the samae stste they warg
iy pror to the commamd.

A, When the 342V A s adddressed to tall, pfl readings sl be sent i the order that they were tiken (some ordar as the channel hst).

B Answur returmod i formy v - doddddE v o of cr I

G. It no parameters e sent, then T2 soltware singie tiggert is executed. I parametors are eent, then T3 s executed,

— — ]
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2-WIRE RESISTANCE MEASUREMENTS

TWOIr y. 41 Ix.y, s aptignal channel st

Description

TWQ urty The voltmeln o the 2 wiare wesistance funcion, autorange an, autorzio on, B% digis reeolubon . IF the ophenal channal (ist
15 &ent with the command. the channals are toaded in e arder iecewved. a0 megsurement 1s mada lram each ehannel, in seaquence, gnd
stomd. Retet to T3 in Advanced Commanids

it na channal kst s sent with the cammand, the proviowaly ansetted channel st remamson oftect Furthenwae, any channel that v b
prviously closod remang cdosed and one measurement 5 made bom that channel Aefer to 72 i the Advanerd conimanids

Examples

QUTPUT 301, TWO1.3.6,7 14 - 1Sets up channet hst lor channeds 1 3, 5 and 7 thiough 14 Measurements aie mate on pach
channel ant stannd
QUIPUT 9301 " TWO i thas er smple, o channet sl et Thoerefore, gos measasemant will be taken I o chan

ety are clased, this command can e ysed to makn maasutemaents from the trant poanet

Notes

1. Refie 1o Chaptr 6 (or mote inlanmanon ang examples

2. Ixy,. 20 reters o aptional channel st Rules Lor using the Channel List are gaan ot the end ol the Standard Commgnds

3 TWO always opins Uw okt channel measynng befaor closimg the nest channel When the 382 1A s bmshed executing thy com
atid, the last channel w the st semang closed. U no ehannel st wos sent, the 342 1A Jeaves chonnels in the spme state thoy wete
i pror o the comman.

4 When the 34214 15 addressed to talk, sl ieadings witl b sent i the order that they were taken tsame arder a5 the ehannel hgt)

B. Answar returmwdg in form. e o JddddE o o I

G. Il neo porameters me sent, then T2 tsaltwate single tiggert is executed H parmeelens ame sent, then T35 executed.

4-WIRE RESISTANCE MEASUREMENTS

FWOIr.y. 21 In.y. 20w aptinnal chatiel hst

Description
FWO sets the volthuier to the b wire resislance tunchon, aaorange on, autogero o, B gty msoluton (1 the optional chateal ist
i5 soAt with the commaned, the channels are loaded w e onfer neceyed, s g surement s made from each channed, b, and stored

It ng chartned 1505 sent with the conunand, the previously aseaned channel st remans in oftect Furibeimane, any channpel thist was
previousty closed remmpns closed and one mueasoatement s mgde rom that cannM

Examples
QUTPUT 901" FWaQ b 1Sets up channel Bst ol chasnels © through 9 Channels 10 theough 19 will atso be usind
Measuternents are made air channel pans and stoed
QUTPUT 801, FWO™" fin this examplo oo channel bist s sent Thotefore, one measorement will b + s 18 po chan

nuls are closed, ths command can be usind 12 make easeremuns lom the ot panet

Notes

1 Reler to Chapter b for mare mlormaton and uxomples

2. Ixy,...2l relots 1o optional channel st Rules tor using the Channel List am ghiven at the end of the Starddard Comnvmels

3. Ideally [xy, .71 shoult be on the spnwe slet; n addresses 0 9. 10 10, or 20 29, Each channel i the chan hng o hatcslly
paed with s » 10,y « 10,7 » 10l unless [x,y, 2] are hetween 20 and 28 e this case thoy are paned with [x 20y 20, ¢ 201 Channul
pairs are closed simulianeausly. Use coution tharefore and know which channels you will be closing

4. FWQ always opens the last channel o pinr of channels measured betore closing the neat twao channels When the 342105 | mishend
erecuting the commaned, the iast channel i the hst remains clasud 1 no channel st was sent, the 342 1A leavus channels i the same
state they were in priar to the command.

6. When the 3421A s addressed 1o talk, afl readings will be sent in the order thisy thuy wero taken (same order as the chaqml hst)

G. Answaur returned 1 torm s g dddeddE ¢ o d o

7. 1 no porameters are sent, then T2 (software eingle tngget) s executed. M paramnters e sent, then T3 s oxecuted.

B1

R a— b i . e St B el g g T v S G [T by ce b S v mn mer e




TEMPERATURE MEASUREMENTS

[ RN

‘ TEM] v Ixy e apuinng chanoee bal i

Description

TEM 8 vt Cakar Ly pltunt mddsatdments rom T iype v nacouplen oy A saflwent te b ienee aitc o s onipiens bl concerbion
o made The answer el aomg g tha ealeulater o ow degrees C wth By digit resolution

g channed nt s sent th b command, the previagaly asrertesf channe! st remany an effect Furnthemmagie, any chane L that was
Breviogaly claed pmnrs <iosd ged one ieasaroment s ondde rom ot haonne!

Examiples
QuTPLT SO TEMYT 36 14 'Sots up coanmel st for chinmedy V3 B ana 2 ke g 1T Measuremes n are made an each
ool aret toresd
QUTPUT Oa8, " TEM - U thas mample, no ctonnel e aber e eent Thee lore e maaserement wall 2 oude from

whatover multipiexer chionne' e closed I g chaeacks gre clased the command can e used
ot emanurenients frony the trom panad

Notes

1o Reter to Chapyr B tor e ndotmategr and axpmiptes

2 ey, ehntere to cptiotad channel st Ruter tor usey e Crannel List are gevecal the omd of ©p Stamdas il Commamis

3 The REFeronc tempueatunt will e taken an e samae age and el as e chaaeed sp wahed I no channds aee speatond, the il Ference
tempersture measurment wall b made on the 440 624 anneidn, hat s g naultploer chae el elased 30 there soe no maliplosar chan
nels ol ored, the REF mpeanaramant wilt bz made G s 444624 a6 embly i the lnwerst numibiered slat B theh e no 444624 anseimblios,
an o wll Be geamrated

4 TEM always opens the tast chaniel oo Letare closeg) the o st channel Wha the 342 1A o tuushed asecgting) the coin
vaand, the st chy onal iy the Bt ermans Slosed I oo chanoet bst sean bent, the 342 1A 0 ves channels i the same ststn they wane
ut ot the cor g

b When the 3A25A w addiessind 1o talk . oll readings wedt bie sent m the ordor that they were taken tgame grder oy charnel st

6 Answer oy Jeggrees Cos retutomd o forne o of ditdeddE o+ o o 1Y

T o paran mters ate sent, then T2 teoltwore segle thggen o executed B pormeties are sent, then T3 s oxecuning

L

REFERENCE MEASUREMENT

[;ﬂElel [wd i gpticritl chapee) oumbaee

Description

REF s uned o deterimineg the leampertare of the reforomeg onction on he 3886 2A assombly whaete channel Db docated Thitimeasute
muent s pudd pemed by execyling a solbware smghe tngger Tz [ channed [xDis net sent, the measurement will be taken romy any 8462 A
anzethly where o multtose channebin closed U thene aoe no A3AG2A assemblins with i clasest channel the REE measaremaent wall
ba ruide Hom the AAIG2A assembly with the fowuost slot number 1 there ane no 38AG2A aseeinbibes, an etror we'l tsult. The answer
rtuned by QEF s n degrees C Reler o chapter B tor more intuomation

Examples
10 QUHUT A, REVYL Miaken o ifeience pnehon tempesiture megsutitent on 4462 A assembly i sfor Q
20 ENIER 901 A TARswer teturned s on digjrees C.
Notes

1. Floter to Chapter B Lo mote intaomation i BEFerence amd TEMperature nurpsuremients Also, theee aee oxgmplen s Chapioes 3
and 4 usmg the ALF command for thermocoupr measuniments

2. s an optangl channel ngming

3. The state of the 342 1A changes to REFerence Tunction (DL sutoreto on, O ware thgget 1720 and 4% dygt resedgton
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FREQUENCY MEASUREMENTS

\ FHOD 2 vy iy sptional charnel sy J

Desrription

FRO s ured 1 e the 532 0A Lo frue ey, mcangrements vl g 3 osecosd gate bnw amd Gagpe rosnlatan The measgtencent g petlormes?
Oy exergdingg o sottwate single g 1210 e optatial chaneed st e sent 1he channes e loaded e He giedet roosiacsd, b o sty
medas e mgde an o gach channel g scgenoe oiiel ntared

it no chanoel st ey sent oy the cammunad e prosaously as s ted channet bat eomghng o otbecr Purtharmare . any channel thal s
proveogaly clusee rempans cloned e ot tivogegtoeerent e nuple from thiat chpganed

Examples

OUTIEUT 900, FRQT 3 0OF 14 ey ap chatned hiet far chataeds 33 6 aned 7 thenggh U Mssinareme oty e made on eaeh
chaneed gl sttt

QUTPUT 901 FRO Hh Hob eeaple oo channel st oo sent Therobare thee mpgtatenter wall B tgede from gy
il e et o bgate ]l Yhat gy chieed 11 no channets aee clogsed, the commgmd o b ased L ik
it etients frgm the trant paned

Notes

U Reho to chapter b dor g oatarmutig e anid esoregibey
2 ey, 20 tetern to aptiong chaone! st Bules tar asing the Chanpet List are givenn b the cad al the Staocdatd Comnuineys

3 FRQ atvenyt opeos 1he st channal measated hohie Qogngg the mes e hannel When the 342 54 o boeglueg e ecutong the conimpng
the last chapnel oy the st temmns clased Hooe cbanoed st woy sent the 332V A maves channely o the rame state they wate i piree
ta e cenvenaneg

A When the 342 8 e sidirensed ter balk all tesieines aal Be senton the onder that they wers taken ianes areer g Py clgieel byl

TOTALIZE COUNTER

TOTir Ux | o nfpbugtet c Baroed owgnstes ]

Description

The TQTalae Lo b e umnt to cogrt evente ttoglalyet The mepasaremont o pertoried by execatiogg o sofbwan sungde taggee 121
acharn gl seng the 347 TA epens il athee mudupteoser channeds s loses the spessbest channel peron the counter Jem starts oy
Blpotiiurm count o, BB R3O 1o cirannwe b nat specbe? thon on channels are changed 1 e 3421400 adedtenued b tath .t gl s
ther catnrnnt subtotal wthout wilergptung the totaizor IMPGRTANT The TOT comprer temptg o ofhoct gntd gosther coirimand o teg ey
by the D2 TA causing ot to chatyge stotes

Example

) OQUIBAT BaY  1otae fThe TQ e bundben o cnounencml arr chpnnet 3
JOWAIT 1000
BOENTFR 90 A P The current sogbtabil op cotered aitn vanatde A

Notes

Reter *0 Chapter 5 T more infatitatidn it . saingilos

{rl v arc optnngt chnnel sumlser b ng s hgneeb s speaitund, the TQT faec i s erecaimt saith oo clianee s Canging slote

Lay W3 =

D e ot omalleptes s chacnei s e wall g
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n
ey _
- D READ DIGITAL INPUTS (8-bit word) O
E‘ [ NED 1 ospacihes the stol number to read Inem I
= | Description :
- REDy s usind 1o rend the digitsl tiopus waord (8 Ints) tram tho A44G65A Digal 10 assemnly w slot " The anawer retgemes by the 342 1A -
= I8 a decimal number 10 10 26b6) which 15 equal 1o the sum ol th values of thy mdwidual s that are st fefer 1o the B8 vidue chanl -
4 drdd 1o Chapter 6. -
= G { T 7 6 5 4 3 2 ! o i
El Value | 128 64 32 16 ] 4 " ) =
- Bit Value Chart )
~ Exampies
; I QUTPUT D01,"BEDS ! Readd the dyptal word from the AA466A assembly in , ot number 1 -
ENTER 901 A P Tha value A the sum ol the valuns of the set bits. -
Farmxatnple, b A 1 700hen s 2.6, 3 2, ond Ownte st 1328 ¢ 32 o 8 « 4 o 1 V731 Tins means that thae: anput il loonks ke
- 1 ¢ 1 0 3% 1 01
- T Notes
-1 1 Baeher to Chapter 6 for more intanmation and examplos. -
- : .
- WRTLab “rspmcihies that sfot number to wiite to. abc s o decmal vatue (0
- 1 200) to Im cent 1o booard -
= |. Description -
= Tho WRT commanit s used 1o whte o dgit! word tlabe)) 1o the SBIAGHA Digitad 1,Q assombly output portan slot 0" The value [abc) =
- is thet sum ol the vafugs ol the hits to be ser. Retet 1o the It vabwe chart. _
_ i« 7 6 5 4 3 2 1 o il
= Valan | v2R | 6a 32 16 ] 4 ? 1 -
= 8n Valye Chart =
- Examples _
: QUTPUT 901, WRTQ, 7 P Tins commprug woulld result wy turming on switehes 0, 1, and 2 on the 4A366A assembly inoslot O _
= Notes o
- =
il ¥ Heler to Chigter G tor more informatian amd exampins _
= _ -
- L!i.hl.v, F ks a mandotory b, ly,.. 2] 6 optanal Int hst, I -
iy Description e
. Thee BT conumand smads the dypst input b spoeihed by s The 33214 will teturn o value of + G.000E + O «f the It value 15 low, o -
= @+ 1.000E » Gl the Wk vatue s bigh, A by e, simidat ta s channel st can Lo sel up. Reter to Chapter G far mare inlormation, o
= "
= Example
] QUTPUYTY 901, BIT16™ F The Gth Int i stot 1 s read. Bis pee pumbered from 0 to 7 =
= ENTER 901;A !} The vanable A contains the volue the tnt, either Q ar 1. =
= Notes B
= 1. Digital b arg numburad: £/, 1017, 20 27, Numbers 98, 09, 18, 18, 28, and 28 are nat vale digital bit sonibers. =
2. Reler to Chopter & tor more wfammation ansg aanples. —
= 3. Erars otz semt as: B.888E + 8 =
= A, Do notuse T1 or T2 with the BIT caommand. =
- =
T
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Dsscription H

Upan raceipt af e CLS» carmyand _ the 302 VA will titermng 1the type of channe ! focated of addeess x The Tollowig chiart descnbues
whot will transpiee, depeosiingg an the type of channel at the specitied adidress

Actuatnr  Closns actuatcr relay at address x Legal actealar channel samliots e 0f a0 conhguredi- Q0. 0, 13, 11, 20 and 21
Multiplexer - Opuas ol multipleser channels 1hen oses chonnel

Digead  Sets bt x" Leggal 8 antedvesses are Q0 071017, pnit 20 77

Non pwistent Conbat vomply ety asserted tsee SPALLY andd an channels change

Example

QUTPYT 80" CLAOL Ty commane would clase channel gr aot it § depending an shat type ol option aaseimibily
i plugged ntg slot 0

Notles

1 Roter ta Chapter & and G tor thocointarmatian and examples
2 CLSH t5 the sam an CLEOB

CLOSE CHANNEL PAIRS E

= @ = I=

{ CLP» x 16 Mradatary value __]
» 1
Description
The CLPx cammunit {itst cousars all ondbiplessr channels o be opened and 1then coses chanmels s oamd > 0 10000 chanmed s betweeh
20 and 2, then ¢ snnals x and x 20 wilk b o clonest TEohar ot s paes s nat o muitipleser channel. the cannnt comply errar wall he I_

o pasertned Isee SPOLLE and po channals change state
Example

QUIAJT 8oy CLPrd I Chyneels 3 and 13 wall e closent.
QUIFUT 901 .'CLPr23 FChpnnels 23 and 3 wall be caresd

Notes

1 Ruter ty Chagster B tey g nfarmation amid examplhes

OPEN CHANNEL

, .
[ OPNIx » 6 an optional valye l

Description

Upan recapt of the QPN comanand, the 342 1A liest datesmmes whst typor of channel s specafiod by 07" and then peelorms the follnsay)

' nnl sent AN chy nnels troulbpinser, actuntor, switches [see UC command) opemng and sl dyptal aatput biss clearnmd
Actuatar  opens tdlay

Multiplexer  Qpens channel 1 1that channal had boen clased with g pane WCLE cammand) is pat wanld alsg b apened Far example,
il you sent CLPI, than chumnals 3 ot 13 would b closed H you then sont QPN 3 aor QPN 1.3 thes uth channels 3 aed 13 wouded be sponm)

Digital - Clears tut """
Switch  Ubase relays closed by the UC cammuardl, opens rolay "n°
“xonaa existent No o anmagls chonge, cabng comply etror asserted inee SPQLLY

Example

QUTPUT 801, APN3™ P Qpana chamets 3 (o clears tet 31 18 Channet 3w closimd with o pase ither chamuel §3 o
235 hat chanpel would also b opremed

Notes
c P Reler w Chapters B oot 6 far maee informaban and vrampies

8b
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CHANNEL LIST

The senes of Chaneels specibed moa channel st muast follow those rgles

1. The deloult crannel st tassertd At power ¢noor teset) s oll nuduplexer channels wy pymencal segquency The
channel hst can b loaded with multipioxer channpls by the GOV, ACY, TWQ, FWGO, TEM, FRG, LS or LP cammuands
It con also boe tgaded with dgital inpat it numibses by the BT coaunand. Soe chaptors B ohd G tar mate nhirmatian.

i
il

2. Channel umbues ang sopataicd Gy commas. Howeawer g dast may e used 1o ggnily o contiguout st of «han
nels o, DCV2 1 Any cammand that specibien o charmwd st e soperoted e sulywaunnt commagnds by oy
acelon U1, o senucaltan ), or o Canvage Botgen:Ciney Feed bot nat & commu. i 30e lakt chucton i Vg cortanaed sthng
16 0 coming, an ertor wailk be goneratod

!

3 Totake a buest of 30 madings on one adnegl, ieard thi chaneel bstowtb the channel numbet. Far caaimpie, DCVGG

walt take 30 DC Vaolage readings on evannet B

A The mpemaome detetvibes what type ot chanml can be londed oo the channel list by athup wotds, b channal
15 condiguted as an actuatar channol, it shoubd not b specibedd bor gey type, of measittemént o e, DCVL or BIT L
IF 50 attemptis made to (ead the chaniel st with animpropes tyge oF charnd, a syntax dteor iv gunntated Goee GROLL)
andg the cammand is abarted W chaniels x -y is received pmg some chpnnels in between ahd sciuding s aei! y ore the
wrang type of channaely Tor the command, they S im0t lgnfed o the st sed 10 ertg) meispge s 0ot gemrataed,
The resnaingar of the channets are toadad Yt tha Gkt

i ‘
b. Leading soros are goannd, thar i, V005 9 meons DEV R . !
G. Al syntax lallowing o decimyl poing s agoored excapt o rph-mna. rhash, seteoton, cobon, Cirnage Rebum i),
or Line Fomd (14} DC\'\:Z 2omeans QLA .

F o Exponents are not ptlawed and siuit @ syntay s, The command ol ihartad

; i
B No rhone than 30 chghneis ate accibnd into the channnl kst Lagiel chiano! nuimt ers e QO thraagh 23
, 1 ‘ .‘ . i '

0 AMewar case et g org fatermuing o oppes cuke ASCN chiwractere, othe Shun ™" " resalt i an e th ot
wprds, Uy V 21 is the same g DCVRT
. )

. , §s ' 1
10, Tur wiandes ore epaairgyd oltns any comindod 1Spsmbatd gr Adeasc ] that eher spoolas o channel of g decmal
silun, whon IHst commyoeris t o Inflcwesd by ahather cpmmand. Far axample, the "My’ consnvmd s used b sel
tha SHO neak ‘.‘Iu.-; conidand con hwve o decnmat votue v af Letwesn O ard 205 Thepdton:, thn conmany niust
ok Pt By 8 Lenmuy ar U anothiee ammdad g w follow itz ey OQUTPUT DAL METO™ Vald termanators ane
# colon £ ), o semicolon ), » Carriage Beture o kine Foms Lyt not 8 commes (7
‘ ' . ‘
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Advanced Commands

A/D { Voltmeter, Counter)
RAY = Auto Range ON

Aunge Codes RAD -+ Auto Range OFF
Funetlon, Command m RO ni R? i3 n4 (1] ng n
Al tunctinns aft, FO ' * ' ' ' . * 4 4
0C Valts, F AY Iv aov Joav * . * 4 4
AC Valis F2 ' av Jov 4 * ¢ 4 . *
2-Wan Qhmg, F3 * ¢ . 3001 3Kl J0k() | AqQOKnD | 3ML J0M
4 Wire Qluns, Fid ¢ ' ’ 2001 Ky 30K | 300K | 3m oMy,
NEFetnce, F& The Range 15 automatically set by the REF comimand
1Sen Standard com
mand AEF}
TEMpui,. . ute, F6 The Range 15 automalically set by the TEM cammand
tUsing T type Ther
macouples. See Stan
dord Command TEM |
Froquency, F7 Gate Times G-V - ) see., GO YV see, G 10 secs

' Ineicntes ananvahd combmnation ol lunchon and ranga codes
Valtmetar Autorern:

70 . Auto sera OFF
21 - Autae yoro QN

Numbuir ot Digas of Resalution
N3 3% digits
NA - AY digte
B B dipts
Tnger
TQ - Foable channel hst measutemaents and reading sturage but do not toke teadings. Wil tngger an mither T3, DT,
of HP-JBHP IL TRIGGER command tWith o A3 C-CV, the TRIGER command cousus o imeaut after 10 spconds. The
T3 commard s recammended o5 an slinmative
TV Interal trigger "o readings imtiated by o read commnd, v e, ENTER 801, tTnggers only on tead)
T2 - Soltware mgger Tokes ohe measuremant on currert channel.

T3 Toggers tmakes measurementst with channet list wrd reading storge

Note: it FQx assented and the 3421A receives either T1, T2 or T3, an errar voill e generated and B.BBBBBE « 8 wall
he sent.

DTix - Executes T3 it =" an Digisn! et st 1s1ot) 1" gues low (Le., na cuttent 1 passimg thtough the part
Note: Il any intotmplion 15 passed through the intetface pror to tho event Qrigger) the dignal tngger functian will e abarted.

Example

To set the J421A to AC Volts function, 3% digit resolutton, 1igger hald, execute the tallowing command:

QUTPUT 301;"F2NITO™
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Digital Control Commands

Monitor High (bit)

I MHx {x = digital bit addiess) |

Description

Sats it 3 tevent occutied) th Sttus Rugister whan the specilied it aquals a "' 17" {high) Theretore, an SRG neiupt
will e sent to the computer, Whan the 3421 A s addressad ta totk, it will semd the status of the digital input word
{B-hits) at the time the it went high.

Example

OuUTPUT 001;"'MB” t 5ot SAQ Mask far EVENT QCCURRED.
QUTPUT B0Y USING oK™ "MH15" 1 This command momitors bit 5 0 slot 1 {Digital 20}

Notes

1. Ahes satting the 3421A tor the mormitar camimand, ne futher commuriestion shauld he sllowad an the et lace
{HP-iL or HP-IB). Thu monitar command may be aborted o any communication geeurts.

2. Mt yau are using thie J421A with the H* 1B interlace, you will need to execute the cammand: SEND 7; UINL tor
s eguivalent) to Cunlisten’ the 342 1VA. 11 this 15 not dane, the 3I421A will not interrupt the computer.

Monitor Low (bit)

[ MLx (x - digieal b address) |

Description

Suts bit 3 ovent occurredt in Stotus Ruegister when the specilind b equals o 70" llaw). Tharetor, an SRO intatrupt
will be sent to the computer. When the 34214 15 addressed to talk, it will send e status of the digital input wani
t8-bits} ot the time the it went low

Example
QUTPUT 501.'M8"" I Set SAQ mosk tor EVENT QCCURRED.
QUTPUT 001 USING "# K, ""MLO2" b Moniter it 2 on stot O (Digitei 1:Q)
Notes

1. Alter setting the 3421A {or the maonitor command, nn turther commumcation shee il be alfowed on tho interloce
tHP-IL ar HP-BI. The maonitcr command may he ab~ted il any communication occurte

2.1 you are using the 3421A with the HP-B Intmrface, you will need to execte the command: SEND 7. UNL (or
its eguivalont) to "unlisten’ the 3421A, )1 this is not done, the 3421A will not interrupt the computer.
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. Monitor Slot (word)

[ MM Manitor Star *v” ]

Description

This instiachian meds digital Input port on stat 07, Exclusive ON's it with the XOR mash tsee XRlabe] ronummatl ANDS
thiy rgsult with the AND minsk [sew ANfabelt and o the inal resubt equals 2ero 1t sers bit 3 o the Status Registor. This
command daes oot autamastically set the ERQ Mask. An 3G interrupt will Be generatad s bt 3 0y the SRQ Mask 18
sot, see UM the Advancest Commaneds.

Example
OUTPUT 801, MB" f et SHQ mask lor EVENT OCCURRED.
QUIPUT B0 USING & K™ ; "MN2"" Manitor sl 2
Notes

1. After hetting the 34 21A for the mamtor cometand, 1o lurther communication should e allowed on the mter faen
tHP-tL or HP 1B} The manter commamt may by abarted ff any communication sceuns

7. W oyou are ysing the 3IA20A with the HP B nterlaca, you wilk nied 1o execute the command: SEND 7, UNL tar
its enuivatent) to Cunhsten’ the 34214 1 this s nat done, the 3421A will not inturiupt the camputer

Exclusive OR Mask (for MN command)

0 Xilahc) Exclusivie QR mask, alic] reprasents o decanal
numbiee Q 266,

Description

The value [abic] s the sum of tha values of the medivicual bits youo want senin the mask As e general il the XB mask
is sut to the bils you want b anturrupt an whea shoy go trae (11 10 no numiber 5 recoivind, (tha imask s st to all zetos
Seer Bit valuye chart in chaptar 6.

c:xample

QUTPUT 201, XAGI" 1515 thee Exclusive QR sk to bits 5, 4 2. and O 132+ 16 ¢4 0 B3}

AND Mask (for MN command)

ANTabe] AND Mask, [olie) represents o decimal number
0 200,

Description

The value [abe) s the sum ol ther values of the bit yao want 1o setan the mask. As o genoral rule, the AN mask s sit
ta the bLits you want to montor o cause the interrupt, 1 no number s received with the AN contand, the mash s
sot 1o all reros. Sex bit vatue chart in Chapter 6.

Example

. QUTPUT 801, AN1T3G" I Suet the AND mosk tobies 7, 2, 3, and Q. (12844 ¢ 2+ 135)
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Digital Set (word)

DSLtabe] P the slot number tor the Digitad 4G optiur label 15 o decimal
vilug you wish to set the word to.

Description

R o e traetst the digital outpot pont switches of the option card in slov " o the value labie] Al syatches
nei sped ad by fabel remain unchanged. [abe] s the sem ot the vatlues of th ndividual bits you sant sl

Example

10 QUTPUT 801,"D51.63" I Set the word 63" (bt §, 4, 2, and ¢ m slat 1

DIGITAL CLEAR

DCilabel s tha slat number for the Digital 3G ophon, labc) is the docen
vilun you want to set the word to.

Dascription

This comsmand “clears™ tha digitol ouput port switches of Hie opoon cord i slat *" o ihe vislue lobcl Al switches
not specttied by labe] remmn unchanged. labed s the sum of the volues of the indvidual tits you want cloannd

Example

10 QUTPUT 901.DC2.1 7" b Clear nts 4 amid Q n alot
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Channel Control Commands

READ CHANNEL LIST

I AL Read channal List l

Description

This commpmied minws you o reoad back 1o the compuler the curtant channel list of the 382 TA. The channed st b rrad
back v the samee ardar it was assigned 5 g place i the st s ompty, the place will be murked by 03"

Example
10 QUTRUT 903°LSE 1 et up channets 1 thraugh 7 as channel st
20 QUTPRUT 001, "HL" ! Head channed tist
ACFOR 1Y TQ 20
AQ ENTER AN I Enter nnd display the channal hst
60 ISP Ay
60 NEXT |

The Channel Lisk weuld e repd Dack an 1, 2, 3,4, 6, G, 7, 09, 88, 99, . untl 30 numbers ae read bick.

LOAD SINGLE CHANNELS
(into channel list)

[ LSIny, . 7l Load channels [x.y, 2] inta the channel st ]

Description

Use the LE commarned to land the channel st with single channels isee also LP cammand). if the volimetor or countor
in alsy st up, o T3 commang will open allbmdnplexer channels, close the first channelin the List, and imtate readings
on the « hannel hst and atare them. Tha channals may be iy any order,

Example

10 QUTPUT 901.°LS1 B, I Load channeis 1,2,3 4.6, and 7 mto the channet hst

LOAD CHANNEL PAIRS
(into channel list)

LPxy, 2] Loag channels Dxox;10y,y + 10, . 2.2 ¢ 30] o
channnl hgt,

Description

Use the LP cammand to load the channuol hat with channel pwrs. Channels x ang x + 10 nre clased simulteneously. 1
a channul number (oo, »  24) 1 greater than 29, then its paired channel wilk be x-20 {e.q., 4).

Example

1I0ONTRUT HOY.'LPI2 16 F Channel pairs 12822, 13823, 14524, 16525 are loaded into the
channel st

N
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CHANNF* LIST POINTER

[ s Scannne mcrement ]

Description

Opuns the currently efased multiptexer channel and closes the next channel i the st No nedsurenenls ae taken

[ S0 - fusm Pmmm_—[

Description

Rusets channel it pesniter t0 begmming ot channel st N channgls are opened of closin) aml no measotemenis g taknn

Example

10 QUTRUT 8y ,’'siv Fincrements muliipinanr

UNCONDITIONALLY CLOSE CHANNEL

I UC»  Uncandittanaity Clase channel x. I

Descrintion

The chanml specitied by """ s cfosed without openmg dany other channals. Also, o0 7% s a digital oot b, the
it will be s

WARNING ,

USE EXTREME CARE WITH THIS COMMAND 1T 1S POSSIILE ¥O HAVE TWO OR MQRE CHANNELE CLOSED
SIMULTANEQUSLY WITH THIS COMMAND. DAMAGE TO THE INSTRUMENT OR CUSTOMER TRANSDUCIHS OR
OTHER INSTRUMENTATION MAY QCCULS

Example

10 QUTPUT 901t 'yc2 I elose channel 12 reguardinss of what type o s




dh b |

Instrument Control Commands

RESET

PDascription

This command 1s used ta rasnt the 3V TA The 342 1A gaes thiough s itanal sall test and goes Dy the taltowing states:

1o Al et amd aciualir channels are opngd
2 A dyprol outpgd its are cheaned
3 Voltneder oy set to. DC Valls, Autarange an, Autugoio on, D' dayots eesotution, memal wyge
A Counter i set 1o 1 second (ate g,
B, lemds v panet swatchues and insponds accotdingly
fi  Channel hat 1y wubehzed @ all avalahite tugnphoae channals fram foveast nymba 1o bighest number.
7 BRO mtanupt gneratnd it solt tosg bk
B The HPIL mbdiess s not chamgig
3 Neading storage hutter is empt
Example
10 QUTPYT 908, 7RS I Reset the 34A21A
[ N x5 aptianil numbiers Q- 249 I
Description

The smnber x 160 t 281 wall be disphivyad on the 34214 dispiay. No chiinnels are changmd amd ho mvaturemmte
will b made Howoewaer, any channel aumibers pavigusly displiayed will sisnppuut,

Example

10 QUTPUT 801, ONG I This will shsplay the number B an thy 3421 A hsplay
Notes

1 Sending ON without x eetyens the 342 1A 1o noemal dinpiay tade

SET SRQ MASK

[ Minj ot SHQ Mask to vahue "n"l

Description

Thies command is usmd 1o et the SRAQ mask insnle the 3421A Cnly bits Q. 3. and 6 con be masked. Bt 1 s impekend
by the Power an SROQ switch an the rear ganel of e 3423A. The value "n™ s o dacimial vahue egual sy U suim of
ther valuag of the DIts you want g set. When o 110 conespondencer ol sel bits i the Ststus Higpster and sep its
in the SRQ mask nccors, an SAQ teergpt will e sent to the compater,

B 7 Bt G B b Bir 4 o 3 Bt 2 [tITI h O
NiA 5RQ Abnormal Low Evant Bnlt PWH on Dato
Condition an Qeeurrad Tusy Resal Ready
| Etror
Example

10 QUTPUT BO1:"MI1T 15ets SRQ mash lar Datn Ready
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READ STATE REGISTERS

18R read Btote Mg |

Dascription

Whaen the 342 EA iocmves this cammand, 24 decimal numbies will b sent 1o the compuler Esch ducimal number (0
v 2661 roptesents ome state register The state registers ane usgd to detoomme e nxact stutus of e 34294 The
tiest bous tegenters are error ngisters and ate used to deteraine the deact nature of ortore These erect pgsters are
cloaradg atine all four are reapd . Far LB, regisior Boimgst alvo be read usimg an gddional ENTER statwment. Tl niman
gy regsters are wked b derervine the cutrent atale of the 3421A, e, which option agsemibilors are avalabhht i the
L2 1A e curen) measurmmant funchion twietbee DC Volts, ahms, otc bomeasutement cange, winch muaiighoser amg
acluntar channals are closed, aned the satting of the vanous masks  Thase rgpstoes o not cleannd alter iending It
the 347 1A recenes another cammand beforn i has sent alt of the 29 regisiers, o wall stop seeding 1hem

Example

10 DIM Aa2dy

20 QUTPUT BOY, “5BIR
aFaR1- 1 TQ 24
AQ CNTER BG)Y, A
bO DISP Aib

HONEXT I

I This ine sends the Status Rogpster cammanid

P Thase Hiee hnes tead back the 24 mygisiney

The Inlfowirg descobes each of the mgsbnes, Thy value relumed tom each register s the sun ol 1he vitues of Jhe
s that are st Chaptae 3 han o shart BASIC laeggurage progran that walt reaed all 24 regestors and decinle thein an
it It by it Dasis

Registar 1: Status Register {(see SPOLL, Chapter 3)

e 7 | My 6 | i b | Ba A | an | 2 | e e 0
Always §H) Abneatimal Low Everny Bult Tunt Pawem an Onta
snin Condition Wasitory Qcrured Erron Ruzet Ny
(MN AL,
RAH}
Reglistar 2: Error
B 7 e ti O 6 4 Bt 3 Bt 2 (I Iht O
Not Tred to Cantdn T3 Can'tafy Optian 1wt Mabifrenpid Tnppoaant
Dohiang In3met sincye chon TAT MM, spaesliveg iy syhlax 1o vilk bt bul 10
channel RIS ATY ML MN, commang o dati annattind
hinl wath iy 07T wint ynes nny tkly
i Boliety in 2risl n
than 30 low Lhal slot
rhannuly
Reylster 3: Hardware Error {see 3421A Service Manual)
7 , B & | i & l Mt 4 I 3 | B 2 B | e 0
10 M1 ITAN naM Ut0d p? TAM A Slope ROM O RAOM 1 Cal NAM
st UHo3a Fenleant b Ereer choch chackauim cheek
tailnl totlaed BUIn grr 20y NTUIRTI]

Register 4: Callbration srror {see 3421A Service Manual)

7 | i 6 [t & I {1 | 1t 3 f i 2 ({13 | B 0
Not AD Col NAM Cil an- Invahd invnlul Inyalid l Inyalng
Dty et Ll tinpbitel CAL ruro Cal Cal cal
Cot RAM sigl vumbies function
nol en o ranype
phiod
MOYE. Thase ints specitind as Not Delined may ba wiher a "3 or ¢ Q"

: _o«-»-,-h‘.y---w titet [Tt R PRI TLE W TS ThL AT e

a-J
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Register 6: Status of the SRQ Mask (see SPOLL in Chapter 3)

i 7 6t | b I LN I Lt 34 | 2 l [HTT I B 0
Nt SHO 1 SHGQ A Lo, 1 SHQ ! Sult Tany TOBRA 1 hAe
Dotuwineg Libwiry s aligrnnl Id sty IR E YT Lindeey Pt ihalg
h critihtupn HTUCHFEC S bR RSE B LR A | Pl On gy Ml y
THEATIAY i DI B}

1

;
Yo The fpan biehat an Calways Vo aee il magkabiee Wihee the cvent gocares 1o SEC atrapt mesappe wt
L yoennt vy alie contialler

S0 Piwn bt ot Deatue an enabint shnabibeat by the BOWER GN 580 sweh an thi rear panel of e 34714

Register 6: Option Boards Avallable

meso b TN | it ' fhe 3 | e 2 it 1 1 0
Nt St § o St 1o Qlat O om RIECHTEN Slnt 2 s Sl 1oy gt Qoo

[Diehineat eptol Dapral Dt N s Wiy )
ifthan HI BT uptgn Hptuen nphian uhibgn

Register 7;: Actuator Channels Available

i/ mes o | o fat l t 3 a2 l By l it 0
Nal N [ LI TR YT 1 han l 1 oban 1 (han [ 1 han | ' vhan
{Jotount b3 heanag IO el ) il 11 net ¥¢ TN el 0
Reagister 8: Actuator Channels Closed
i 7 Hin Bt 4 1 8 it 3 e J Hat 1A N]
Hin Nt [T T O 1 Vooactuater ! | TR N1 1
[e NI [HILETR vhypiead 21 i bt haeeoet 11 RTR TR el 11 at byatar
1 et ¢ han o rybeer) £ han chomn] vhan
el 240 vl 10} el (G}
R NLYETS LY Cleryired

Registﬂrs 9 ﬂnd 1 O: Fa g tee B canbsns 1 chpenen ahdeess s 0w mglbpbe ser gl e lgsed

I hmineh paees wete closeet Beggenbor 10 ooty e gt «hanind

e bas | et | ot b3 | a2 Laaes | oo
Pt Patunng
S O 4] O 4] QO 4} Q Claseantd O
Sht t] 1 s} (} [{] 1 Chamut 1
1T 1 4] [§] ] i 4] Clupnd
4] Q I i Chagppel 3
4] 1 8] 4] Charnel o
Q 1 Q 1 Channet b
Q 1 1 4] Channel §
4] 1 1 i Chiannt J
1 0 3] Q Clyprnnet B
1 0 Q J Chansef 8
X X \ 1 } 1 iy channed close)

11 sttty for Begpsiers 3 anad 10 e e baine

NOTE  Thone lugs epeatanl as Nog Detses) iy b esthor 9 0 g

;mcgwmm_‘nm_ul ihmn o e Lo Ak AT I




Registars 11 through 16:

Reglster 11

tredie alen whachorelay channets weete gaed Dy thie UC canungng

o 7 10 1 | 1 6 | e 4 30 3 l it 9 | fit 1 l B0
Mot Net | N | 1 han 1 chan I 1 rhan | I chan I boochan
Liehinead SR irlneg A eyl RERDIYE] 2 rlane 1 cloneay € clipse
Register 12
W | o | B b | 1t it 3 | 2 e 1 | i 0
Mot | Bl | Mt | 1 han 1 vlum | 1 chan 1 vhan | I chan
[N INITE L ebiruen G rlysed ey I olneerd 6 clorn RGN
Register 13
1 7 thn e b | [t 4 B3 | Bt 2 l (LT w0
Nt Nl Mt \ 1 igpn 1 chan | 1 Lhan I I chuan 1 chan
I et Letunal [ beee] 14 ctamn] P clunmg LI AGTUT SR I B TN 140 cnod

Reglstar 14

fla 7 M s 6 it 4 3 3 | it | Bt 1 it 0
Mt Nat Nt Y oahan I chan | 1 thyn | 1 chun ! ¢hun
e hirimi Dl {¥ehieag 19 0 Lyt VB ol 17 tlnmn Y03 ¢ figendd 14 ¢ iyt
Register 16
e / 1t it b | Bt 4 [ | 1 2 | Bin 1 | Hil O
Nt Nt Al I Foochpn I chan T ohan | 1 chan | 1 1 han
thedhineat Dt o} Ditined 24 lono FREANIYEL 22 clond FARRTIYI| 20 vose
Register 16
lut / men | e Bt A 1 3 | T ] fut 1 3 0
Nt Nt ’ Not L chan 1 chan ‘ 1 vaan | 1 chan 1 ctamn
[Yedue of [hetioug Db o lagmand 2 AN LY 21 clgsnd 20 ikl Ao hin)

Register 17; Functions

i ! 1 6 | e & | [t 4 | 3
Mot Nut l Mot | Nt | Nat
el {Jehinpt Pulined flehirned Dt

No lunchony asserted

NG volly

AC Vahn

2 Wire Ohmn

A Wire Ohina

Refotrnoy Tompaiatone

Tanngraztaengtarer AT Pyper thurmacoupli

NOFE Those dnts specitand as Not {etinm]

& Nntihald it S aetud e M

Franuency

vy b watler o Y o 0T
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Reglster 18: Rangas

i ? [ it 1 o | e frd | w2 | omes | o
thn | Nt l
De it b
Caunhn ! Secgret () t) s} 4] Q Q NOT USED
Gty Dnte ! Sigoenp 1) 0 4] 4] Q 1 (3|
Contern 1O Beconmg ! 4] Q 1 0 [1{4]
4] ] | 1 fit Valtstet
t} 1 Q ] 1¥4 [y
4] ! 0 } IR] [SITI TN
0 t 1 (} Il
4] i I 1 21§]
1 9] 9] 0 K3}
1 ¢ 1) 1 1%}
Register 19; Voltmater status
Bn } B B e § tar 4 e 3 the 7 Ba t ht 0
1 Cal Nat 1 BOIy Foawo | 1 aetn 1 uuernd
ke et D havet (  GOH, Jub) ik | Ry oan gt
egthon 0 wutn| O auly
Lavne Jetg att o Gl
0 O Pagpger hoittd
qQ 1 4
| Q 12
i [ IR
Register 20: Number of Digits of Resolution
. [E i 1§ l My 4 Hit 4 T | th 2 i 1}
Nt Nul | Nt Moy i Nat | Nut
Duhmnt D-lwung e i {Jehiming Dttt i)
vl O 0
f75 bt tiry 3] i
LR T TR ! 0
K dapil rien 1 11
Register 21: Channel List
(L | Ba i i Bu f | Bat i 3 fist 7 it it 0
1 channed hay o Nal Nt Nt Nut Vooaal Neit Nt
hypetank bt {edamd Drhirna) Detinned (ot L han Hetuunal [ B
G chipnioel st s un
YRR T TN
Reglister 22: Display Mode
i 7 | i G | (T A A | Hit d | i 7 T e O
Bt Naot Not BY} Nut UODN mude Nal Nt
[Jartining el {h tiannst Uyobinrs Da:tievend an O DN [Tetised [T
muhe uitl

Register 23:
Register 24

NOTE  Those huts specibed as ot Outanal may e eather o 01 ar 2 707

a7

AND mask (set hy AN[abc| command)
Exclusive-OR Mask (set by XRlabc] command)
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CHAPTER 4
Programming With the
-hp- Model 41C/CV Calculator

Introduction

Your -hp- Model 3421A was designed to interface with a wide variety of calculatars
and computers over the Hewlett-Puckard interface Loop (HP-IL). In the [ast chapter
we sow how to use tha 3421A with BASIC language controllars. This chapter
discusses the remote operation and programming of the 3421A from the -hp-
41C/41CV family of handheld calculators, The many features of the 3421A com-
bined with the computational power of the 41C/CV calculator provides for a low
caost, flexible messurement and control system, In addition, plotter/orinters, cassette
mass storage drives and other HP-IL instruments can easily be added to the loop.

This chapter shows you how to execute simple, ane command instructions from the
calculator to contiol the 3421A and then read the measurement date back, Later
in the chapter, we'll discuss interface control and the development of powerful pro-
grams to solve your measurement needs. Last, you'll ‘ook at saveral application pro-
grams [ncluding 8 simple dsta logger with a8 printer and cassette drive.

Befora beginning this chapter you will want to hae read Chapters 1 and 2 of this
manual. Those chapters will familiarize you with 1the many features of the 3421A
and its command set. You will also find it helpful t¢ read the -hp- Maodel 41C/141CV
Owners +'andboock and Pragramming Guide (-hp- part number 0004 1-90313) and the
-hp- Model 82160A HP-IL Madule Owners Manual (-hp- part numbar 82160-90001).

Spacial Note. The Data Acquisition Control Pac ROM (-hp- part number 44468A) for
the 41C/CV provides friendliness for controlling the 3421A not afforded by the
calculator alone, Theretore, if you have the DA/C Pac it may not be nacessary to
raad this chapter, Read the manual provided with the ROM Pac instead. If you decide
to write your own custom programs using the subprograms provided with the ROM
Pac, this chapter provides a basis for program writing.

99

M p T

ik # e I, 7-_{n¢~u“yﬂrw|-v 2 & = " ok o . A A ek e e - oo o



Examples Format

The many examplas In this chapter are designed to enhance your understanding of
pragramming the 41C/CV to control tha 3421A. The examples shuw the keystrokes
used in entering 8 command or program line from the calculator keyboard. Also
shown is the calculator display for each line as it has been entered. Enter the pro-
groms as shown. If you make o mistake whan entering a command you con generally
use the corraction key {back arrow) to edit the line. If you are entering a program
line, use the Back Step key [BSTI or the Single Step key ISSTI. Reler to the Owner's
Handbook and Programming Gulde for more operating and programming Information
for the 41C/CV.

Sending Instructions to the 3421A,

Using a programmable colculator to control the 3421A allows for greater flexability
and control than offorded by a front panel. The calculator effectively becomes the
3421A’'s frant panel. Of course this involves both sending Instructions to the 3421A
and racaiving data from it. Let's begin by seeing how a simple instruction Is sent ,

Do This *
Conneact only the 3421A in the loop with the 41C/CV.
Keystrokes Comments 41C/CV Display

You can replace ‘b’

DNB with any number be- DNG
tween 0 and 29, e.g.,
DN27. Note that the
shift key is required to

[XEQ] [ALFHA] ouTA [ALPHA] enter numbers Into OUTA
the Alpha Register,

* I this example doesn’t wark, tern off both the 3421A ond the calculator. Moke curtain that the
HP-IL connections have baen made. Turn the 3421A on first and wait untid the display clears than tumn
the 41C/CV on, Try running the initializotion progrom shown later in this chopter,

Let's take a closer look at what you did. First, the message DNB was stored into
the alpha register. DN {(Display Number) is called a command code and tells the
J421A to display the number 6. Second, the command OUTA (0UTput Alpha register}
was exccuted (XEQ). Since the 3421A s the only device in the loop, it recelve | the
instruction and displayed the number. Try the command again using a different
number.
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You should now axecute the DN command without @ number to clear the 3421A
from the display number (DN} mode. That is:

[ACPHA] DN [ALPHA]

[XEQ) [ALPHA| OUTA [ALPHA

Thera are several command codes that the 3421A recognizes. The blue pages at
the end of the previous chapter describe the codas and give a briet example of how ¢
thay are used, -

Sample Problem

Suppose you need to make an AC voltage measuremsnt from channel 12. The
easiest way to do this would be to use the Standard command, ACV12, The se-
quence would look like:

o~ -

ALPHA] Acv12 [ALPHA]
[XEQ] [Ai.P113] OUTA [ALPHA]

" E! A"m

The command ACV12 mesns that an AC Voltage measurement is to be taken on
channel 12, QUTA (0UTput Aipiia register) is an instruction causing the contoents of
the Alpha register, in this case ACV12, to be sent ‘nrough the interface to the
3421A. When the 3421A recalves the command, the measurement is made,

Programming Hints

li the same type o’ measurement s to be made on several channels, all the chan-
nels can be specified in ona command. In other words, ACV12,13,16-19 spaecifics
an AC Voltage measurement on channels 12, 13, 16, 16, 17, 18, and 19, Chan-
nel 12 is measured first and the measured *solue is stored in the 3421A’s reading
storage. Then channel 13 is measured and the measured value stored, Finally, chan-
nel 19 Is measured and that value is stored.

Later, when you want to read hack the measured voltages {see the IND command
Ister in this chapter), the voltage from channel 12 will be read back fi.st, then from
channel 13, and so on untl the voltage from channel 19 is read back.

Instructions for the 3421A are sent as a series of 7-bit ASCH characters, If more
than one instruction or plece of data Is sent at one time, they must be separated
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by o colon (:), Charncters that ore ignored are blanks and plus {+). All other punc-
tuation and character saquences that are not racognized by the 3421A will rasult
in o syntax error, In other words, Dc V 21 Is intarprated exactly the same as DCV21,

The series of channels specified in this way defings a "'Channel List”’. The follow-
ing rules apply to the channal list;

8. The default channel list (asserted at power on or resat) hecomes all avoilahle
multiplexer channels is numerical sequence. The DCV, ACV, TWO, FWQ, TEM, FRQ,
LS and LP commands can be used to alter or load the channel list, It can also be
loaded with digital input hit numbers by the BIT command, See chapters b and 6
for more information,

b, Channel numbers are separated by commas. If the last charocter sent is o
comma an error will be generated., A dash may be used to signify a contiguous set
of channels (i.e. x-y]. When using the Advanced Commands, any command that
specifies o channel must be separsted from subsequent command by a valid ter-
minator. For example, FIRA1LS5-9;T3. If the last character in any command string
is @ comma, an error will he generated.

¢. No maore than 30 channels are accepted. Valid channel numbaers are Q through
29,

d. To take a burst of 30 readings from one channel, load the channel list with
that one channel number. For example, to take DC voltage readings from channel
b, execute: DCVE-6,

e. The mnemonic determines what type of channels are loaded into the list, In
other words, Wl channel 1 is configured as on actuator channel, it should not be
specified for any type of measurement (i.e. DC Voltage or bit 1, atc.). If an attempt
is made to load the list with an improper type af channel, a syntax error is sent {see
INSTAT} and the command is aborted, If x-y is received where channels between
and Including x and y are of the wrang type, they are not loaded into the channel
list and the arror massage is not sent, The remaindar of the channels are loaded into
the list

f. Leading zcros snd spaces are 1gnored; i.e., 00019 is channel 19.
g. Generally, all syntax following a decimal point is ignored except for comma,
dash, semicolon, colon, Carriage Return (cr), and Line Fead (if}). [.e.L52.345 loads

channel 2,

h. Exponents are not allowed and cause a syntax error; i.e., DCV2.345E + 1 would
cause an error and no channel list is accepted.
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. Receiving Data From the 3421A

Not only can the 3421A be controlled by the 41C/CV calculatyr, but it can also talk
to the calculator, The 3421A con send measuramant data wnd status information
shout the mainframe and the digital option cards. The calcuiator can then process
the measureament data or status information as nocessery.

s LRE

T

Frem the last section we saw how to progrom the 34214 to take sn AC voltage
measuremant from channel 12, Now let's see how to transfer the maasurement dato
from tha 3421A to the celculator,

Keystrokes Gommonts A1CICV Dieplay

AC Voltage
ALPHA| ACV12 |ALPHA measurement on ACV12

chennal 2.

[XEQ] [ALPHA| QUTA IALPHA] 0UTput Alpha OUTA
Registaor,

L [ L 1 LA UL BRI

o [XEQ| (ALPHA] IND [ALPHA | INput Decimal IND

number.

{(Measured Value)

IND {INput Declimal) is an instruction that causes the 3421A to talk to the calculator,
giving measurement or status Information, The measurement will appear in the
calculatar’s display as well as In the X-register. Since the reading is in the X-register
it is ready to be operated on by the calculator, For example, you could take the log
of the reading by simply pressing the LOG key,

If a channal list were sent out with the command, e.g. ACV12,13,16-19, the reading
from the first channel is sent the first time IND is executed, The second execution
of IND causes the reading from the second channel to be sent. Subsequent execu-
tions of IND cause the readings from the remaining channels to be sent to the
ralculator, The error message, -8,88888E + 8, will be sent if an error occurs —such
as If IND is executed after the last channel has been read.

'

Looking closely at what we have done so far, we can see the beginnings of a very
. simple program. A program Instructs the 3421A to do somathing (either make a
measurement or read the status, etc.) and then enter the result into the calculator.

L ]

= "
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The program will nead to he completed by adding a label and an END statement. Look
at the program listing helow and compara it to the aarlier example for reading tha
AC vaoltage on channel 12,

AYOLEL CACVRLTS  — Label

2 rAcY12 — Load the command into the Alpha registor
03 XEO "OuTR* — QUTput Alpha register command

fid XEO "IHD" — INput Decimal value from channal 12

¢35 END —~ END of program

HP-IL Interface Control

Before pursuing further the subject of program writing, let's look at some special
HP-IL commands, In the examples we've looked at so far, commands like IND,
QUTA, and INA have been usaed. These commands are called Interface Control com-
mands, Now, you'll learn what these and other commands mean and how they are
used, The control commands allow you to directly specily a davice to perform a func-
tion, sand or receive information, or control the interface loop. These control com-
mands also cllow you to use maore than one 3421A in the interface loop.

The aleven Interface Control Commands are listed below with a very briel explana-
tlon of what they do. After the list, we'll look at each one individually to see how
it Is used and to see more of what it doer. You may also want to read the -hp-
Modet 82160A HP-IL Module Owners Manual.

SELECT  Salect a particular device or instrument

QUTA Qutput the Alpha register to the selected device
IND Input decimal number from selected device
INA Input from selacted device to Alpha register

TRIGGER Triggers all devices previously set to Listen mode plus the

: salected device

INSTAT  Input the status byte from selected device

PWRDN  The Power-Down command sets all devices to the standby
power condition

PWRUP  The Power-Up command returns all devices to full operating
power cohditions

FINDID Find the HP-IL address of a particular device

AUTOIO  Set the HP-IL interface to the Auto mode (default)

MANIOQ Set the HP-IL interface to the Manual mode

REMOTE Set the selected device to Remote mode (Not needed for
3421A, it is always in remote)

LOCAL Set selected device to Local mode {Lacal not implemented on
the 3421A}

LISTEN Set selected device to Listen mode
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SELECT

Example

[XEQ| (ALPHA| SELECT [ALPHA

Comments
The SELECT command Is usad to detarming which HP-IL device will recelve com-
mands lrom the calculator —that is, become the "salected’” dovice, You must put

the HP-IL address of the device into the X-raglstar prior to executing the SELECT
command,

OUTA

Example

ALFHA] DCV12,13,15-19 [ALPHA
(XEQ] [ALPHA] OUTA [ALFHA

Comments

The command QUTA {aUTput Alpha ragister) causes the contants of the Alpha reglster
to be output to the selected davice. In the example shown abave, the alpha iegister
is loaded with the command string: ACV12,13,156-19,
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IND

Example

(XEQ] [ALPHA] IND [ALPHA]

Comments

The IND {INput Decimall commaond retriaves an ASCll-coded numeric volue from the
selected davice ard places it Into the X-registor of the calculotor, If the 3421A has
bean glvan a meossurement command {such as DCV) and then raceivas the IND com-
mand, the 3421A hacomes o talker snd outputs ane meastiretnent value in the form:

+/-d.dddddE +/-d CR LF (6% digit mode)

wharae d reprasents o single digit. The calculator automatically places the decimal
point to remove the expanent. If the 3421A s in the 4% digit mode, only the 4%
digits will be sent, i.e., +/-d.ddddE+/-d CR LF, In the 3% diglt mode, only the 3
112 digits will be sant. CR Iis Carrisge Return and LF is Line Feed. CR LF is a stan-
dord end-of-line terminator ond does not show in the display.

The message: +9,89899E+8 (6'% digit mode} indicates one of the following
conditions:

o. Voltmeter overload

h, Counter overflowed in TOT mode

¢, Temparature out of range, i.e,, reference not betwaen 0 and 60 degreos C or
thermocouple voltage not between 6 and 20 millivolts,

Error conditions caused by the voltmetar, channel list, etc. are Indicated by:
-8,.8B888BE + 8 (6% digit mode) The arror massage t ¢ digital /O errors is: 888,
Essantially there are 10 arror conditions:

a. Function FO Is asserted and the 3421A raceived o trigger command,

b, A hardware error such as the calibration RAM checksum arror or A/D slope
error,

¢. The 3421A is addressed to talk but it has nothing to send {i.e., it was not told
to take 8 measurement).

d, A syntax error occurred
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IND {Cont’d)

a. A command waos given but the appropriate option board does not exist in the
slot spacified.

f. An ottempt was made to load the channal list with more thon 30 channels,

g. An ottempt s moade lo increment the channel list ond teke o reading (T3} but
the channel list fs ampty.

h. The 3421A internol bottery is low but on attempt was made to execute TOT,
MH, ML, or MN.

i, A calibration arror {sae the 3421A Installation and Service manual).

j» Folled Self Tost,

An example Is given with the INSTAT command on using the SR commaond to read
the status bytas to determine which condition caused the error.
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INA

Example

(XEQ| [ALPHA ] INA [ALPHA |

Comments

The INA {INput Alpha register) command Inputs dota from the selected device and
storas the doto In the calculator's Alpha register but not In the X register.

TRIGGER

Example

(XEQ] [ALPHA] TRIGGER [ALPHA

Comments
The TRIGGER command will frequently be used in conjunction with the TO Advanced Q
Command. Considar the follawing program:
01 LBL "TRIG" 10 TRIGGER
02 AUTQIO 1 2.699mMm
03 CF 17 12 STO M1
04 "HP3421A" 13 & LBL "ENTER”
0b FINDID 14 IND
06 SELECT 16 PSE
07 "LS2-9:F1TH 16 ISG M
08 OUTA 17 GTQ ""ENTER"
09 PSE 18 END

Line 02 sets-up the 3421A with o channel list of channels O through 8, and for DC
valtage measurements (F1). The TO command prevents the 3421A from triggeting
but enables the scan through the channel list and reading storage. Therefore, when
the TRIGGER command Is executed, the 3421A reads each channel and stores the
measurement results. The readings are input to the calculator in iine 06.

NOTE

With the HP-41C/CV, the TRIGGER command sets up an in-
terface timeout that occurs in 10 seconds. If the 3421A has
not completed its measurements in 10 seconds, a TRANSMIT
ERROR results (for example, when storing 30 readings into
the 3421A internal buller). For this reason, we recommend
that the 3421A T3 trigger command be used instead of the
HPIL TRIGGER command in order to ensure proper operation,
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INSTAT

Exarnple

(XEQ] (ALPHA] INSTAT [ALPHA

Comments

Tha INSTAT {INput $TATus) command couses the 3421A {or sclected device) to out-
put its B-hit Status Byte, The entire clght bits are transferred to 41C/CV user fligs
00 through 07. Stotus Byta bit O is placed in flag 00, bit 01 Is placed in flag 11,
etc. This ollows tasting of Individual bits (Hags), Also, 4 decimal value [s placad in-
to the X-register of the colculotor, This decimal volue is equal to the sum of the
values of the least significant six bits that are set {8 ‘1’ or logic high).

Status Register

The Status Regylstor in the 3421A is used to continuously monitor six corditions
within the instrument, The Status Byte Is an 8-hit byte sant from the Status Regisier
in raspanse to the INSTAT command. The figure below illustrates the Statur, Ragister
and defines each bit. The bits are set {logic 1) when the indicated condition accurs
and will be cleared when the INSTAT messoge is received, except as noted,

gy 7 Bt & Bit & o 4 i 3 Bit 2 Bit 1 Biv 0
Always | Require Abnronma Low Evunt Sell Puwer on Dato
Zero Sarvice Conditign Bottery | Qccurred Test Ruset Ready
{RQS) See Bulow Faled | Qccurned
Bit L L
Value: 128 64 32 16 B 4 2 1

Bit 6 Bit 8 of the register will be set {a "*1'') when there is any ane-to-ong cor-
raspondence of bits in the Sarvice Request (SRQ) Mask and the lowoer 6 bits
of the Stotus Register. The bit will be cleared {a "'0"'} when the ong-to-one
corrgaspondence rio longer exists or, in the case of bits 0, 1, 2, 3, and b, with
the exscution of INSTAT.

Although the Require Servica Massage will be sent by the 3421A to the
calculotor when this bit is set, the 41C/CV is not capable of responding to
the massage. For this reason, the SRQ Mask and the Require Service Message
will not be discussed furthar in this chapter. BASIC language controllers, see
Chapter 3, are capable of ‘esponding and the SRQ mask Is discussed under
the topic of SPOLL, This means that the digital monitor commands MN, MH,
and ML cannot be used to Interrupt the 41C/CV.,
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Bit 6

Bit b

Bit 4

e 0 ghy L Ao Dbl [ TP chie Dbt REGEE o BT e o bl i

INSTAT (Cont’d)

Bit 6 of the reglster will be sot (8 ''1"']) when there Is ny one-ta-one cor-
respondance ol bits in the Service Requaost (SRQ) Mask and the lawer 6 bits
of tha Stotus Raglster. vha bit will be cleared {a *'0"’} when the ona-to-one
correspondence no langer exists or, in the case of bits 0, 1, 2, 3, and 6, with
the exacution of INSTAT.

Although the Require Service Messoge will be sent by the 3421A to the
calculator when this bit is set, the 41C/CV s not capable of respanding to
the message. For this reason, the SRQ Maosk snd the Require Sarvice Message
will not be discussed further in this chapter, BASIC language controllers, see
Chaptaer 3, ore capable of responding and the SRQ mask Is riscussed undar
the topic of SPOLL. This means that the digitel monitor commands MN, MH,
and ML cannot be used to interrupt the 41C/CV.

This bit will be set if any one of the following conditions are met. This bit
will be cleared by the INSTAT command.

1. Hardware Error, such as an A;D converter errar.

2. Colibration Error, This generally means a bad chacksum was found in
the calibration BAM. Tha «alibration of the instrument 15 suspect.

3. Syntax Not Understood. An invalid command code was sent to the
3421A,

4, Can't Execute Syntax, ¢.q., the 3421A does 't have an option board
in slot 2 hut was told to close a channel in that st ,

b. Low battery condition exists but an aitempt waos made to execute TOT,
MH, ML, or MN.

6. An attempt was made to load the channel list with more than 30
channels.

7. An attempt waes made ta increment the channel list and trigger (T3} but
the channel list was empty,

B. The 3421A was told to send its latest reading, but no reading was
available,

9. The Internal voitmeter received a trigger command but function FO was
asserted,

10, Self test failed.
This bit indlicates a low battery condition, The bit will be cleared only when

the 3421A is switched off and back on. This bit is not maskable with the
SRQ mask,
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Bit 2

Bit 2

Bit 1

Bit O

INSTAT (Cont'd)

P't 3 indicates that on event hos occurred as sensed by uither of the three
monitor functions; MN, ML, MH. Bit 3 is sutomatically enabled by the MH
and Ml commaends and s clearad by the INSTAT command. The MN, ML, and
MH commands are degcribed in chaptar G,

This bit indicates o (ailure In the 3421A self test, Note that it is not maskable

(see the M command). Refer to Chapter 2 for more informatiun on Self Test,

Bit 1 will be set whenever a power-on reset has occurred, The hit will be
clearcd when the INSTAT command is sent to the 3421A. Although this bit
may be true, an SRQ is not generated uniess it Is enabled hy the Power ON
SRQ switch an the rear panel,

When set ta a ''1'", this bit can show that *he 3421A has taken a reading
(voltmeter, counter, bit, etc.} and is waiting 1o output it to the calculutor. The
following commands will set the data ready bit: DCV, ACV, TWC, FWQ, FRQ,
TEM, REF, TOT, RED, BIT, T1, T2, T3, DT, MH, ML, MN, and GET, This bit
wiil be cleared if the rcading Is sent 1o the calculator (IND command) or the
reading is na longer available.

Let's jook ai two examples of how INSTAT may be used. The first of these examples
witl be used in later programs.,

Example 1. Data Ready

The dota ready bit {bit O in the Stotus Register) of the 3421A allows tne zalculator
to determine when new measurement data is ready. Since the data ready bit is bit
0, It will be placed into the colculatar's Flag Q0 when the INSTAT command [s ex-
ccuted. Therefore, we can test Flag 00 to sec if data is ready.




INSTAT (Cont'd)

Kaystrokns

(ALFHA] DCV12 [ALFHA]

[XEQ) [ALPHA] OuUTA

{XEQ] [ALPHA] INSTAT [ALPHA

A (Fs?)oo

[(XEQ| [ALPHA! IND [ALPHA]

@ (Fs?) 00

(XEQ) [ALPHA] INSTAT [ALFHA

Commaents

Instructions for o DC
vaitage reading on
channal 12

Output the Instruction
to the 3421A,

Bit @ is set indicating
data is ready. The
volue of this bitis "1,

The tgst to see if Flag
Q0 is set roturns 8
YES answar,

The displuy will show
the 3421A reading,

The data is no longer
available. It was read
into the calculator by
IND. Bit Q0 is cleored
and INSTAT returns a
'Q".

The Flag OO0 test now
shows that bit O in the
Status Registor is claar.

41C/CV Display

DCV12

1.0000

YES

{maasurod

reonding)

0.0000

NO

The DCV12 commaond coused the 3421A to wke one reading. When the first IN-
STAT command was executed, the calculator display showed a *’1', This is because
bit O in the Status Register was set due to the reading being ready. When Flag 00

was tested (FS? 00Q), it was set and the calculator displayad ''YES'',

With the IND command , the measuremeant was sent to the calculator and no new
muasummonts‘wnre taken, Therefore, no new readings became available and bit O
in the Stotus Feglster Is clear. This Is evident by the second INSTAT command retur-

ning a ""0" and ths Flag OG test answering NO,
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o INSTAT (Cont’d)

The FS? and FC? tests may be usad in progrems to branch to subroutines if data
is or 5 not roady.

Plense nate that the value returned after the st INSTAT command may he 3, This
would indicate that o powar-on resat of the 3421A hoas occurred; sae Bit 2 in the
Status Raglstor. This bit will be cleared with the INSTAT command. Thereforg, run-
ning through the example agein should produce the rosults shown,

Example 2. Abnormal Con-ition

As stated carliar, there are several things that can cause an error. Gne example ol
an errar caondition Is whan the 3421A racelves a command that it dogsn’t unders-
tand or cannct comply with, The following program shows how the INSTAT com-
mand and flog tests may be used in a program to detect crrors,

GIeLBL “FLAG
G2eLBL 9}

83 *DCvi2
84 OUTA

83 [HSTRY

e 86 F57 05
87 TOHE 5
02 FS? 80

39 THE

18 610 0J
I} END

Line 3 shouid be changad to reflact some channal that you do have In your 3421A,
If an error dues occur, bit 6 in the Status Ragister will be true. When Flag 056 is
tested the tone will sound. If the bit were not true (no error), the pragram would
skip ovar the TONE 6 instruction. Try [t by raeplacing line 3 with the command
DCV356. This would cause an syntax crror,

To find out exactly vihat caused the error, execute the SR command followed by

four IND commands, SR Is the command to send the Status Byte plus the three error
registers, Exacute the fallowing instructions.
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INSTAT (Cont'd)

Koystrokes Commants AICICY Display 0

A DC Valtoge measure-
mant on channel 3B

[ALPHA] Ccv3s (ALPHA is illegol. An arror will

accur,

[XEQ| [ALPHA| QUTA [ALPHA Qutput the command
DCV3b

[ALPHA| SR [ALPHA| SR s tha Status
Reglster command.

[XEQ] [ALPHA] OUTA [ALPHA Output the commond
SR

Input the [first reg-
ister which is the same
as the Stotus Byte

[XEQ] [ALPHA] IND [ALPHA] The Status Byte will 32
will be cleared after
this. The value 32 (hit 0
B) means an abnormal
condition,

Input the second Reg-
istar which is the
[XEQ] (ALPHA] IND [ALPHA] arror register. The 4
value 4 {bit 2) means
invalid syntax.

Input the third Reg-
istar which is the
[XeQ] [ALFHA] IND [ALPHA] hardware error regls- 0
ter. The wvalue QO In-
dicates no hardware
arror,

input the fourth BReg-
istar which Is the cal-

[XEQ] [ALPHA]IND [ALPHA Ibration error register. 0
The value 0 means no
calibration error, '
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PWRDN
(POWER-DOWN)

Example

(XEQ) (ALPHA] PWRDN [ALPHA

Comments

The Power-down command is used to put the 3421A and all other davices capable
ol power-down into thair lowest, standhy power condition, When the 3421A recelves
this command, it first stores its channel status in RAM bafore powsering down, All
multiplexar and actuator channals remain In the state they were In before the PWRDN
command was received, All digital output ports are returned to a high impedance
{switch openad) state, Also, the totalize mode is turned off,

The channel status information that is stored in RAM is used to remember which
slots had 44462A multiplexer assemblias or 44466A Digital 110 assemblies. The
stetus information also remembers which channels were actuators and which were
multipiexers. During power-up, the 3421A will check to determine if any of this in-
formation has changed. If not, the 3421A will go to its turn on conditions. [f
something has changed, such as reconfiguring an actuator to a multiplexer chonnel,
etc., the 3421A will go through its self test and resct state.

The 3421A will return to its full power-on state when there Is any communication
through the HP-IL interface. Refer to the PWRUP command for more information on
power-up.

SPECIAL NQTE ON LOW BATTERY. Since the 3421A Is a battery powered instrument, cer-
tain safeguards have been Included to prolong the life of the battery. When the bat-
tery voltage drops helow a predeterminad paint, the 3421A sets bits 6, B, and 4
in the Status Byte (see INSTAT), The error indicator also lights up on the display.
After approximately three minutes the 3421A will apen all relays and power down,
The Power-up (PWRUP} command wlill not cause the 3421A to power-up, The
3421A LINE switch must be cycled and the battery must be charged.

SPECIAL NOTE TO OPTION 040, 44464A BREADBOARD ASSEMBLY USERS, During power dawn,

the breadboard assembly will lose all power supplies. Therefore, you may want to
use latching relays if you need o relay closed during power-dawn,
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PWRUP
(POWER-UP)

Example
(ALPHA] PWRUP

Comments

The PWRUP command Is used to return all powered-down instruments to their full
opereting power conditions. Actually, the 3421A will return to normal aoperation when
thare is any communication through the HP-IL interface, When the 3421A powaers-
up, It first checks its status to see If any multiplexer bhoards were changed, If any
changes have heen made, the 2421A will go through its normal power-on reset and
self tast routing. If nothing has been changed, the 3421A remalns In the same state
that it was in prior to power-down. That is to say that all multiplexer or actuator
relays that were closed prior to power-down will remain closed after power-up, Note
that the power up command has no effect op instruments manually turned off,
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FINDID @

Example
ALPHA| HP3421A[ALPHA
[(XEQ] [ALPHA] FINDID [ALPHA

Comments

The FINDID (FIND IDentity) command sgarches for & device with a spacific identity
and returns with the HP-IL address of that vevice. The device identity must be piacad
in the Aipha register of the calculator before FINDID is exacuted. The identity of tha
3421A is: HP3421A, The address Is returned to the X-register of the calculator,

In the AUTOIO mode the cnlculator searches the entire loop starting at the
"'salected’’ device, In the MANIO mode, the catculotor checks only the ''selected’”’
devica far the identity.

What happens if there are two ar mare 3421A’s in the loop? If the Interface is in 0
the AUTOIO mode when FINDID is executed, the oddress of the first 3421A (star-

ting with the selected device) is returned and the search ends. If we then "'sclect”’

the device after the first 3421A (next address) and execute FINDID again, The

calculatar will return the address of the second 3421A, By selacting the device after

the 3421A, we can find the address of the next 3421A,
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AUTOIO

Example

[XEQ] [ALPHA] AUTQIO |ALPHA)]

Comments

The B2160A HP-IL interface module for the calculotor controls the interface loop oc-
carding tao the module's operating moda—elther Auto or Manual, The AUTOIO made
is the caslast to use with all HP-IL devices including the 3421A. This is especially
true it you have a printer and/or cassette drive in the loop.

In the AUTQIO (AUTO 1)0) mode, when you execute a printer or cassette drive opera-
tion, the interface automaticolly searches through the loop for the proper duvice to
carry out the operation. Hanca the name AUTQIQ, For example. if ynu axacute the
PRA (PRint Alphu register) command wihen the 3421A |s the sclected davice, the
printer in the loop automatically performs the operation. In the Monual moda, the
printar would have to be selectad hefore the PRA command could be executad,

MANIO

Example

[XEQ] [ALPHA] MANIQ

Comments

The MANIO (MAKual 1j0) mode, means that device such as printers and cassotte
drives, must be ''sclected’’ before used. When MANIQ is asserted, flag 32 is sot
in the 41C/CV calculator showing that the interface Is in the MANIOQ mode.
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REMOTE

Example
[XEQ] (ALPHA] REMOTE[ALPRA]

Comments

The REMOTE command Is used to couse the salected device to switch from local
front panel control to remote program control. The remote mode of the 3421A s
olways assorted since it deas not have a keyhoord front panel, For this reason, [t
is not necaessary to execute the REMOTE command if the 3421A is the only davice
in the loop. The 3421A ignores the REMOTE command,

LOCAL

Example
(XEQ] [ALPHA] LOCAL[ALPHA]

Comments

The LOCAL command Is used to clear the selected davice from the Remote mode
and rastore front panel operation. Since the 3421A does not have a front panal
kaeyboard for controi and must remain In the Remote mode, the LOCAL command

is fgnored.
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LISTEN

Example
(XEQ] [ALPHA] LISTEN

Comments

The LISTEN command makes the solected device a dedicated listenar, that |s, the
devica |5 enabled to racieve Information. A number must be placed into the X-
register, reprasanting the odrress of the sclectad device, prior to axecuting the
LISTEN command, The address In the X-ragister should be hetween 1 and 30,
Howaever, if the number is 31 and the LISTEN comimand Is executad, all devicas in
the loop ara removed from the Listen maoda,

This command allows more than one listanar to be setup by executing thae LISTEN
command for aach device. For example, suppase you have two 3421A's in the loop,
You need tham to trigger simultancously, Individually, both Instruments should he
made listanars, When the TRIGGER command Is executad, both voltmeters are trig-
gered almost simultaneously. The time differentiol is the time required for the TRIG-
GER massoge to troval from one device to the next. The alternative s to salact and
trigger each voltmetar individually,
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SAMPLE APPLICATION PROGRAMS

Writing Programs

Earliar in this chopter wae looked ot a simple oc voltage maasurement and developed
a simple program for the 41C/CV calculator, That program lllustrates the essantials
of programming, nomely; 1. a Label, 2. setting up the 3421A for the particular
measurement(s), 3. triggering or executing the command, and 4, inputting the results,
Of course, the program must slso have an END statement, For more specific infor-
mation on progromming the 41C/CV, refer to the Owner's Hondbaook and Program-
ming Gulde,

Initialization

The following program locates the 3421A in the HP-IL loop (finds its address) and
selects it to recelve informatian, This is especiolly important if more than ane davico
Is In the loop, This program s used by the rest of the example pragroms in this
chapter, The Initiolization program should be run before any other command or pro-
gram Is executed. This program neaed only be executed once unless an Instrumant
is turned off or the loop is brokan to reamove or insert an instrument, The 82160A
HP-IL Module should be inserted in the caiculator before entering the program,
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0 SAMPLE APPLICATION PROGRAMS (Cont’d)

Initialization Program

Knystrokes Commants Display

Bl (670 (1 (]

B (LBL] (ALPHA] INI3421 [ALPHA} INI3421 s the 01 LBL INI3421
program name,

[XEQ] [ALFHA| AUTOIO [ALPHA Sets interfoce 02 AUTOIO
to AUTO mada,

] 17 Specifies nor- 03 CF17
mal end-of-line
operation,
o ALPHA | HP3421A |ALPHA 3421A identity. 04 HP3421A
[XEQ| [ALPHA] FINDID [ALPHAI Searches for 0b FINDID
HP3421A.

(XEQ) (ALPHA] SELECT [ALPHA] Selocts 3421A 06 SELECT

. Raturns to 07 RTN
mainline
| nin orogram. PACKING
PRGM

The initialization program has now been entered. If you have not yet connected your

3421A Into the loop, do so now. Ramember to turn the calculator off befare con-

necting any instrumant to the loop. The initialization program will not be lost in the
O calculator with power turned off,
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SAMPLE APPLICATION PROGRAMS (Cont'd) .

Running the Program

To run the Initlalization progrom, execute the following command:

(XEQ] [(ALPHA] INI3421 [ALPHA]

The calculator will return with the HP-IL address of the 3421A. Now, let's go one
step further and ossign this progrom to the calculotor TAN kay. This will moke ex-
acution aasler in the future,

B (AsN] [ALPHA] INI3421 [ALPHA] (TAN]

Now, when you want to execute the program, put the calculator in the USER mods
and press the TAN key. The following is the -hp-Model 82163A Wand bar code for
the Initialization progrom,

GEeLBL “INI3421"
82 AUTOID

a3 CF 17

84 "HP34219*

05 FIROID

66 SELECT

87 RTH

88 ,EHD.

INITIALIZE
PROGRAM REGISTERS NEEDED: 6
nOW (12

e
s
I

IO R T
© &3

JOANE AR
TN

=
o
=
~
o

———

=
o
=
[
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@ SAMPLE APPLICATION PROGRAMS (Cont’d)
3421A Front Panel

This 41C/CV program allows the calculator to serve as a remote front panel for the
3421A. The top two rows of keys and the shiited keys of the top row are defined
by the program as the 16 rain functions of the 3421A. The key assignments are
shown In the keyboard rverlay below, The functions are automaticelly assigned
A1C/CV Local Labels A through J and a through e (shifted A through E). This is an
excullent progrom when used to setup and test your system,

Operation of the program is simple. Load the program, either manually by the
keybosrd or using the -hp- 82163A Wand and Bar Code, and assign "FP"" to the
shifted R/S key. Make sura that all key assignments from the top two rows of keys
are claarad, Put the calculator into the USER mode and press shift R/S to start the
program, Remember to duplicate the keybourd overlay because many of the keys
in the following examples are from the overlay.

Now If you want to imake s DC Voltage measurement on channel b,

simply press: &
o Tn read the temporature on channel 9, press: 9

To write the velue 32 to the digital I/Q card in slo: 1, press:
32 (ENTERT) 1 |Nep

To resat the 3421A, press: | RIS

There are a few things to keep in mind when using this program. First, only one
channel can ba spacified, no channel lists. Second, entries are only accepted while
the 41C/CV is PAUSED. This means that the first key entry In the sequence may
nead to be held down until the calculator responds by displaying the key pressed,
Qther things to be aware of are:

1, Make certain that the INI3421 program Is in the calculator,
2, Display format Is fixed at ENG b,
3, 0 " is displayec, it means no readings are avallable yet.
‘ 4. Repested readings are made by the program on the channel spacified. Flag 19

is used in the program to indicate repeated sending of the command and reading
of data.
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SAMPLE APPLICATION PROGHAMS (Cont'd)

gieLOL "FP*

062 AEQ "INI13424°

03 INSTRT
B4 CF 19
05 670 0§
G6eLBL N
87 *Dcy*

08 XEQ *Rx"
89 SF 19

10 676 02
JIeLBL B

12 “TEN*

13 XEQ “AX-
14 S5F 19

I3 6T0 02
J6eLBL C

17 *ThO"

I8 XED "AX"
19 SF 19
20 GT0 02
21eLBL D
22 "FRO*

23 XED X
24 SF 19
25075 02
260L0L E
27 *RED*

28 XEG "AX"
29 SF 19

ROW Y [1:2)

Bl
ROW 2 (2:7

FRONT PANEL

——m— T

I8 6TQ @2
JLLBL F
32 (LS
33 %30 e
J4CF 19

35 GTO 62
JoeLBL 6

37 *CLP*

38 XEQ “AX*
3% CF 19
40 G140 02
4ieLlBL I}
42 0Py’

43 ¥FQ *Ax*
4 CF 1Y
4% 610 82
4ReLBL |
AT BT

46 ¥EN X~
49 SF |9
58 GT0 82
SlelOL J
52 "RS*

53 QUTA

54 CF 19
59 G0 @2
S6eLBL a

57 *ACYy"
58 XEQ *n¥*

PROGRAM REGISTERS NEEDED: 46

il
I

126

59 SF 19

o8 GT0 62
GI0BL b

62 "REF*

63 XEG Nk~
64 5F 19

65 GT0 62
664L6L ¢

67 "FKO*

66 XEQ "AX*
69 SF 19

78 G610 02
718LBL d

72 *101"

73 XEQ *A%*
A CE 19

75 GT0 82
760BL ¢

77 "HRT*

78 XEG *AY*
79 CF 19

6@ GT0 82
BI+LBL 81
g2 r ~----- .
83 AVIEW

84 SF 28

85 SF 29
BoeLBL @2
87 EHG 5

i
[

|

l

il

I
I

il

I
I
|
I

68 PSE

89 IHSTRT
9 F$? 05
91 TOKE 5
92 FL? 04
93 6T0 02
34 IND

35 YIEK ¥
96 FS? 19
97 TRIGGER
98 670 02
994LBL "n¥*
108 FI¥ @
181 CF 28
162 CF 29
183 FS7C 22
184 ARCL ¥
165 ouTn
186 RTH
J87sLBL *AY*
jog F1x 8
169 CF 28
e ¢r 29
11 ARCL X
12 "k
H3 GRCL Y
114 auTp
115 RTH
116 .END,
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ROW 7 126: 30

ILLILTEL TG (L
)

nOW B (31 : 38)
ROW 0 m.:ml [ t I
ROW 10 (40 : 44
I I | ’ |

ROW 11 (A4 ; 4D}

| E ” I | l' I
ROW 12 140 : 64) | I ’
ROW 13 (b6 : 80) ) I

l , I“ 7]

ROW 14 (89 ; 63
ROW 15 (G4 : 68)

I | I “ I | I"I

;|

ROW 16 {66 : 73) " " I ‘ |
i mlml III "' l II‘I
now 113 T8 87)
il ”:“Hi | I“ | i " i |
AOW 20 (8D : 08)

|| | Ill || I
ROW 21 (06 100

{ I n il

ROW 22 {100 : 107)
AOW 23 (1075 1)
l i‘ (I”i':lim" I !"" I III III I I“I nl I ||| II
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SAMPLE APPLICATION PROGRAMS (Cont'd) O

Sample Programs

Tha following three examples illustrate progrom writing with the -hp- 41C/CV. Thay
also demonstrote the flexibility ond programming power of the 3421A and 41C/CV
combination. All three programs use the Initialization Program to set up the 3421A.
In addition to the progrom listings, bar codes are also provided for use with the
-hp- B2163A Wand,

Remamber thot these programs, or any programs, con be ossignod to individual keys
in the calculotor, Also, with simple madifications, the programs can be Incorporated
os subprograms into other mainline programs.
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TEMPERATURE MEASUREMENTS
(using a thermistor)

Tho thermistor tamparature progrom computas the temperoture, in degroes C, cor-
responding to the rasistanca of a tharmistor. The proegram hos baen dosignad to work
with tharmistors axhibiting a 5,000 kOhm resistonce at 269C, such as a type 44007
{-hp- part numbhar 0837-0164) or cquivalant.

The program waos written for a 2-wire resistence measurament on the spacifiud chan-
nal, This will provide accurate results In most cases, For greater occurocy at high
tamparatures, a 4-wire resistance measureament should be made. Change line J6 to
read ""FWO", This program is useful over o range ol -80°C to +160°C,

The squation used to convert the meosured resistance to a temperature s

1

Temperoture = - 273,16

A + BILGGIR) + C{LOG(R}3

whaere R is the muasured resistance and A, B, and C are the conversion coalficients
found in linas 24, 20, and 16, respectively. To use this program with 8 2262 Ohm
thermistor (26°C) change the coefficiants to: 1,4709 E-3 {line 24), 2,3779 E-4 (line
20}, ond 1.0326 £.7 {line 16),

@ioLBL "THERRIS® 19

2 XEQ *IHI3A2)" 20 2,36) £-4
83 “CHARKEL 7" 21 RCL a8

84 PRONPT 22 ¢

85 FIX @ 23 ¢+

86 *THo* 24 1,20%9 €-3
87 k- 23 ¢+

86 fRCL X 26 1%

a3 auTR 27 273,15
184LBL “NERS* 28 -

11 TRIGGER 29 FIX 2

12 18D 38 CLR

13 LK 31 ARCL ¥

14 ST0 60 32 *F DEG C*
15 9,3244 E-6 33 AVIER

1o RCL @@ 34 GT0 *MERS*
173 33 JEWB,

18 ¥tX
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TEMPERATURE MEASUREMENTS (Cont’d) @

THERMISTOR
PROGRAM REGISTERS NEEDED: 18

HOW ¢ 11 :2)

AT I,
N I
i ||
AN | I
T, I

Y |
(—————————— -~ ®
L
L e
I

JELILLRO T T
CJ CJ
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TEMPERATURE MEASUREMENTS
(using thermocouples)

Thara are two varsions of the tharmacouple teamperature progrom, The first sssumas
that only type T thermocouplas are used, Since the 3421A alrcady has tha convaer-
sion cocfiicleats designad into it for type T thermornouples, this makes the program-
ming tosk much ecasler,

The progrem s labeled TTEMP, It will prompt you for a channel number and than
procead to measure the tharmocouple and display the temperature (in degrees C) on
the colculator disploy.

Tha secend varsion Luows type J, E, K, R and S thermocouples, The program, THER-
MO was written for J type thermocouples, If you will be using other typaes of thar-
maocoup.~s, the coefficients in lines 17, 19, 27, 29, 32, 36, 38, 41, 44, 47, b0,
and b3 must be changed as per the table below,

Lines 11 through 23 provide the software compensation for the reference junction
temparature, The aequation for the compensation valtage Is: V=PO+ T+ (P1 +{T+P2}).
In this equation, T Is the measured reference temperature and V. is the compenso-
tion voltage. This voltege is added to thns measured thermocouple voltage V, (line
23) to compensate for the reference junction. Lines 24 through 64 in the program
convert this compensated voltage (V. + Vi} to a temperature in degrees C. The
equation uied s o ninth order polynomial of the form;

Tamperature = PO + VP1 + V2P2 4+ V3P3 + .., +VIpg,

Here, V is the compensated valtage and PO through P9 are the convarsion
caoacfficients,

Thermocouple Type

Aol

L]

LB T

Line

Numbet J E R K 5
17 23E 8 4.6E B 1.2E 8 1.GE - 8 1.1E B
19 5.OGB3E - 6 5.8G6E b 6.334E - G J.8G4E B BAA2E 6
27 3.08402B4E16 1.277746GGEV6 1.92B0744E10 V.dB28614AE1G B.2663728E1R
28 5.3710266EYH A4.1066285E14 2.9236506E18 3.3901028E16 2.86874840E18
a2 3.78243843E14) 6 3081272611 1.7414406E1 7 J.ATB2IATENA 2.06892084E17
36 VABOVAT2IEIZ] - 3.7221844E12 6.4842G02E16 1.8108E13 6.70267048E16
a8 2.716083BEN 1. A28406BE Y 1.01306289E12( G.0392866E11 1.23G1123E14
A1 - 2.B31128E9 - 2.8G90242E0 ¥.13982693E%2| - 1.0B20624E10 1.32704QE1 2
A4 1.821287E7 3.048432E7 1.787787E9 D.A6GI0BTET B.A77336ED
47 1.761 1 7ED 2.06411EG - 3.27G69E7 3.82G62ED - 3.26207E7
ho 1.97608E4 1 S1293E4 1.726A66GEB 2. AB603E4 1. 73BABED
63 J.6E1 2.1E 1 1.6EQ 5.1E- 2 1.4EQ
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TEMPERATURE MEASUREMENTS (Cont’d)

TTEMP

BIALBL *TTENP®
62 XEO “INI3421"
03 *CHAKREL *
04 PROKPT

05 *TEN"

B k-

87 ARCL X

68 0UTA

89 FIX 2

PROGRAM REGISTERS NEEDED: 8

RQW 1 (v 2)

ROW 2 (2 . 3)

B —
ity

ROW B (16 : 18)

I

[ Af)

BLOLBL " THERKO"
82 XEQ “INI3421*
B3 *CHANKEL?*
84 PROKPT

85 *DCY"

86 *+*

07 ARCL X

88 0UTA

89 IND

19 570 @1

L1 *REF*

12 0T

13 IND

14 CLA

15 ENTERt

NI

IReLBL B)

11 TRIGGEP
2 D

13 CLR

14 NRCL X

15 *F DEG C*
16 AYIEN

7 GTQ 0l

18 .EKD,

i
I
il

AT

LTS VTR
& ]

16 ERTERt

17 2,3 E-8

(B

|9 5,853 E-5

28 +

21 ¢+

22 RCL 8}

23 ¢+

24 EHTERt

25 ERTERt

26 EHTERt

27 1.8846254 Elb
28 e

29 -5,3719255 EIS
Je

132
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32 3.79243043 E14
33+

KU )

15 -1,384§4121 E13
16+

LY

38 2.7150838 EN)
19+

10 »

41 -2,831120 £9
42+

41

44 1,821297 £7
45+

4

A7 -1L7S1T7 E
48 +

49

58 1,97509 EA
5 ¢

3

53 -3.6 E-1
54 +

55 ARCL X

96 *F DEG C*
57 AVIEW

56 ,EKD,

Il

5
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THERMO COUPLE
PROGRAM REGISTERS NEEDED: 32

il 1
B
S ' i
L i
i
A
i I
B
O
I |

I
A
| .

|

IR0 Il
L
I AR |
A
AR (1l
AR
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Make cartain that the interfoce loop connactions have been made batwaen the 3421A,
A1C/CV coleulotor, B2161A Digital Cassette Drive, and the 82102A Printer, Turn all
of the davices on.

.:EJ:E
=
- DATA LOGGER ®
'_:' Tha following doto logger progrom (LOGGER]) illustrates the power and {lexibility of tha :
= 34A21A ond and A1C/CV combinatlon, The progrom tokes ten sets of DC voltage |
= maasuremants from ten consecutive channals of the 3421A, for o total of 100 reedings.
- The readings are stored on a cassette tape (or future referenca, Channal numbars )
= maasurad ora 10 through 19,
= The sacond program, READ, demonstrates how caslly data can be read from the cossatie ]
= and listed on o printar. Again, thera ote seversl ways to enhonce this pragram, For ax-
= ample, you could add a routing to plat the data an the printer insteod ol simply listing -
= it. Of course, the LOGGER and READ could be combinad to print or plot the dota os '
== it Is baing recordad. :
= Running The LOGGER Program
b |

Belore any data can bLe storad on the casselte tapa, tha tape must ba inftinlized. This
is done by exacuting the NEWM command (NEW Medium), Reler to the -hp- 82160A
HP-IL Module Ownurs Manual,

Whan all connections have begn maode to the device under test ond you are reody 1o
hegin, typa:

[XEQ] (ALPHA] LOGGER

(10 10 S

(Rl NUNN N ]

L

How the Programs Work

Logger

1

Space for storing 100 readings must be allocatad on the cassette tape. This space lor
file} Is created vnd glven the name DATA, This Is done in lines 03 through 06, Lines }
0G and 07 arc used to return to the beginning of the DATA file on the cassette prior .
to storing the measuraed data,

i\ll .u! widao S U

Reglister 00 is used os a loop counter to toke ten sets of readings. The value 1,010
is stored in register 00 (lines 08, 09) and Ig incremanted and tested in line 26. .
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DATA LOGGER (Cont’d)

Raglstar 01 acts as o channel countar to spaclfy which channal Is to be measurad, The
vilug 10,018, reprasenting channels 10 through 19, is stored In registar 01 tines 11
and 12). Registars 10 through 189 are tetmporary storoge reglstars for the measuremants
takaen. Line 20 stares the dota in the ragister pointed to by register O1, Raglster Q1 is
incramantad ofter nach reading to point to the next ampty raglster ond channel to ho
measurad by line 21,

Remambar |t program line 11 specified register 19 as the lost rogister to stara readings,
I registar 01 points to register 20 than the prograom praepores to store the tan readings
on the cassetto, Line 23 calls out registers 10 through 19 o5 dato storoge registors.
The WRTRX command {line 24) writes the dota, registar by register, onto the cossetlo
tapa,

Ragistar 00 is tustad in line 26 to see il ten sets of ton readings hoave baeh made, |
nat, the program loops back (line 2G) to lobal 00 {line 10), When ten sats of randings
have been maode the program ends.

Read

Lines 2, 3, and 4 are usaed to locate the beginning of the DATA file on tho cassotte
tape, Register 00 is used to count the ten 'sats’ of readings. The value 1.010 |s storud
In registar Q0 {lines 16 and O6) and Is tasted In ling 12,

Lines 08 and 09 are used to rend the meosured volugs into registars 10 through 19,
Note that thesa ore the ssma registers used in the logger pragram to spacity the chan-
nels to be measurad. These particulor registers are used In this progrom so thot when
tha volues ara printed, lines 10 and 11, the printout will show the channel numbaer along
with the reading I'om that channaol.
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LOGGER

DATA LOGGER (Cont'd)

areLpL *LOGGER"
62 XEQ "INI342)°
03 *ptne

84 100

85 CRENTE

3 o

87 SEEKR

08 1,010

49 570 08
1aeL0L 00

11 10,019

12 510 9)
13+L0L 0)

I4 RCL 0}

PROGRAM REGISTERS NEEDED: 12

HOW 1 {1:3)

=
3
=
o
Fx)
ny
=
=

IR
||
Il

IHImnim

I

[{CLE (LTS
.J CJ

15 FiX 2
16 *DCy*
I7 ARCL X
I8 QUTR
19 IHD

20 STO JHD 9l
21 186 B
22 610 ¢!
23 16,019
24 NRTRX
25 156 8
26 AT0 18
27 JEHD,

(T
T

| I
| il
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7

DATA LOGGER {Cont'd)

81 BL *REND
82 *paTn®
81 ¢

04 SEEKR
05 1,819
66 ST 18
G7eLBL BI
83 18,819
B89 READRY
I 18,019
J | PRREGX
12 156 28
13 GT0 @i
14 .EHD,

READ
PROGRAM REGISTERS NEEDED: 7

T
A
I

IGAREAAN AT

LT L LI
J €3
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USING THE ADVANCED COMMANDS

The Advanced Commands given in the Command Table {the hlun poges ot the end of
the pravious chapter) can also be executed from the 41C/CV. They follow the sama
constraints os the Stondard Commands, Refer to the sectlon on Programming Hints
aotlier in this chaptar,

When more than one command Is sent to the 3421A, such ns 'F1IRAZ1’, the commands
are executed as they arrive, This is espacislly important to understond with trigger com-
mands, For example, [ you sent ‘'T1T3’, the T1 command would be asserted only
mamantarily until the T3 commaond orrived. For this reason, it is best to make thu trig-
ger cammand the lust statemant in the command string. In this way, the 3421A will
be s4t up for the measuremant hefore the internal veoltnataer s trigered for the
meosuramant,

When a multicharacter command is receivaed by the 3421A, and one character does
not fit inta the syntax of the command, a syntax arror wiil rasult. For example, If you
send 'FR2'; the 34 . 1A does not racaognize ‘FR’ as o legitimate command, Therefore
thaere will be a syntax arror. Howavaer, the 3421A will attempt to exscute any com-
mand it can, and since it racognizes 'R2’ it will go to tha R2 range.

A tarminatar may havae to be added betwaen some commaonds to act as dividers. Suitable

terminotors are colons(:) ond semicolons (;), For example, when specifying a channal
list followed by other commands, a tarminator must be used: 'LS0-9:F1RAZ1’.

138







ekl Lot b Y coom nn, VR (i

Laal Lo T wll

ST P | ORI 1/ YT I U A

CHAPTER 5
44462A

10 Channel Multiplexer Option
Option 020
Option 027
Option 022

Introduction

Each 44462A assombly provides 10 channgls to switch signals to the 3421A
voltmater, countor, or to axternai Instrumants, Eoch reloy conslsts of two sots of
low thermal offset contacts; one sat for the HIGH tarminol and one for the LOW tar.
minal, The relays exhibit low thermal olfset characteristics making them idesl for
precision low level moosureaments of thermocouples, ote. In addition, two of the
roloys moy be configured os actustors for controlling motors, siorms, alc,

With two 44462A assamblies in the 3421A, 4-wire rasistance measurements may
bhe made, This is becouse the 3421A allows choannel pairs {1 per relay assembly)
to be closed simultangously, This Is important when measuring RTD’s or other
resistive transducaers,
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in this chopter you will laorn how to amploy tha 44462A 10 Channel Multiplaxing
Assembly faor various types of annlog signal measuramants and actuating. The powar-
ful 3421 A Instruction sl makes the option casy to use, Typical uses includa valtage,
tamperature, 2- and 4-wiro rosistance, and frequency maeasuramants, Mot exomplas
ara accompanied by o BASIC language program (such os used by the HP-BB) to
domonstrate the instruction, You'll also see many application examples such as us-
ing attenuators atid 4-20mA currunt loop transducaers,

Channels

A channel, os used In this chapter, refers to on individual reloy on n 4446G2A
ossembly. Tharalare, when wa spaok ol closing a channel, we are refarring to closing
a raloy, Channel sddresses are used to Indicate o spacific relay In a spocifie slot In
the 3421A. in other words, channel address 12 means channel number 2 in slot 1.
We will see more on channal numbaring loter,

Most of the channels on the 444G2A can be configured in different ways to sotisfy
particular requirements. For example, the first two channely on each assembly can
be configurad cithar as octuators (o simple switch closure to turn on or ofl) or as
multiplexers (to connect analog signaols to the voltmeter or countar), Whan properly
configured, the 3421A s able to sanse which chonnels are configured os actuatass
and which channels are multiplexars.

All but the Iost two chonnels on esch assembly can have attenuators built into the
signal path, This will be discussed later In this chopter.,

IMPORTANT NOTICE ON CHANNEL CONFIGURATION
When a 10 Channel Multiplexer Assembly s ordered factory installed, it can hove

one of three differant configurations (Option 020, 021, or 0Z2). This is outlined In
the following table.

Option # | Chepnels |  Configuration
020 0,1 Actuators
2-9 Multiplexing
021 0 Actuator
1-9 Multiplexing
022 0-9 Multiplexing
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Whan a 10 Charr)l Multiplexer Assembly |s ordercd for fleld installation (444G2A),
channals O ond 1 will ba configured as actustors ond channel 2-9 will be configurad
oy multiplexars.

Rogordloss of how the 10 Chonnal Multiplaxer Assembly is ardered, the bubt-in 10:1
divider ol channel 2 1s bypassad ot the factory (i.e., jumper In the "OUT'" positian),
On carly varsions of Option 020 and Kit 444G2A, the 10:1 divider was in ploca (l.o,,
Jjumper in the “IN'' position},

The factory configuration may be changed to fit your opplication. dumper and choannel
configuration nformation for the service technicion is provided in Chaptar 8 of this
manual. The simplified schemalic In Figure b-1 shows the foctory conliguration,

WARNING

Only qualified parsonnel with o knowledge of clactronic
cfreuitry should instoll or reconfigure the option boards.
Instaffation and conflguration information for this option board
Is provided In Chapter 8,

Channel Numbesring ar.d Addressing

Channel numbers ore rapeated on each 44462A assembly. This Is shown by the
numbaring on tha terminal block edge connector. Channal addresses, however, are
datermined by which slot the 44462A assembly Is In, For a 44462A assembly in
slot 1, far example, channgl numher 7 would be addressed ss 17, The following 1able
shows the channel addressing schame for the thrae different slots,

Chonnel address if assambly
is In slot 4
Channol # as shown on

the torminal block Slot 0 | Slot Slot 2

0 00 10 20

1 01 " 21

2 02 12 22

3 03 13 23

4 04 14 24

b 0b 16 26

6 06 16 26

7 07 17 27

B 08 18 28

9 09 19 29
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Channel nddrass It nssamhiy
{8 in slot &
Channal # as shown on

the torminal block Slot 0 | Slat 1 Slot 2

0 Q0 10 20

1 01 11 21

2 02 12 22

3 03 13 23

4 04 14 24

b 06 16 26

G 06 16 26

7 Q7 17 27

8 08 18 28

9 C9 19 29

Channel List

Many af the commands described in this chapter use an optional *'Channel List.”
The channel list Is 8 convenient mathod of grouping savaral channels under one type
of meosurement, If you necd to maeasure the DC Voltage from several channals, you
could use the command DCVIx,y,...z]. Where [x,y,...z] rapresents a list of channel
addresses. Tha channel list can be leaded with 8 maximum of 30 channel addrasses.

The channel list must follow a set of guidelines:

1. The defoult channal list (asserted at power on or reset) Is all multiplexer ad-
dresses in numerical sequence, The channal list can be loaded with multiplexer chan-
nels by the DCV, ACV, TWO, FWO, TEM, FRQ, LS, or LP commands. it can slso
ba loaded with digital input bit numbers by the BIT command.

2, Channel oddresses are separated by commas (i.e., DCV2,3,4,6}. However, a
dosh may be used to speclfy a contiguous set of channels (i.e., DCV2-6}, When us-
ing the Advanced Commands, any command that specifies a channel must be
separoted from subsequent commands by either a colon (:} or 8 semicaolon (:}. For
example, FIRA1LS6-9;T3. Do not use a comma.

3. To take burst readings on one channel, load the channel list with the channel
number, For example, to take a burst of 30 DC voltage readings from chennel 5,
execute DCVGE-B. If the last character in the command string Is 8 comma, an error
will be genaerated,
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4, Tha cammand mnemonic determinegs what type of channgl can be losded In-
to the channal list. In other words, if channel 1 s configured as an actuator, It should
not be spaclfied for any type of maosurement (l.e,, DCV1 or BIT1), If on attempt
ls madoe to lond the channal list with an impeoper type of channal, n syntax arror
will be gensarated and the conumand abortad, One possible exception waould be if o
contiguous set of channals Is spacified, such as x-y, and same channels within that
range linclusive of x and y} are the wrong type of channals for the command, In
such a list, the improper channals will not bae londed into thae list, but the properly
conligured channels will be londed, No srror will be generated.

6. Laading zeros are ignarad, that is, DCVOQO19 Is the same os DCV19,

6. All syntax follawing a decimal point Is ignored except for comma, dash,
samicolon, Carringe Return {cr) or Line Feed (I}, DCV2,345 means DCV2,

7. Expaonents are naot allowed and causa a syntax arror. The commaond will bo
aborted,

8. No more than 30 channels are acceptaed into the channal list, Legal numbers
arg Q0 through 29,

9. All lower case letters are intarpreted as upper case, In other words, Dc V 21
is interproted the same as DCV21,

Measurements

Multiplexing (also known as switching or sconning) involves simply switching various
inputs through the ralays on the 44462A assembly to sither the internal voltmoter
or counter, The type of command (DCV for DC Volts, FRQ for frequency, ete.) detor-
mines where the signal is measurad, Note also that signals can be input through tha
front panel terminals. This skould only be done though if no relays are closed, Con-
versely, signal input through the relays can be output through the front panel ter-
minals to an external voltmeter, countar, ¢tc,

WARNING

All power sources helng measured by the 3421A must be
fimited to T60VA maximum,

144



WANNING (Cont'l)

Damnge to the 3421A or external devices may result if
voltage inputs are made thraugh the front panal terminals and
the reloy inputs simultancously. Therefore, under no cir-
cumstances should a voltage be input through the front panal
tarminals while at the seme time o voltage is heing input
through the relay assembly,

The following examples af using tha 44462A multiplexar assembly are broken down
into four measurement typas: Voltaga, Resistance, Temperature {using ther-
mocouplas}, and Countar functions. Succaeding thase Is o brief discussion on ot
tenuotars, The 3421A Commaonds ossociated with each of thasg areas are olso
discussed. Actuators will be discussed later in this chapter, All progrum examplos
are for a BASIC language controller, specilically the HP-B5,

Voltage Measurements

Voltage measurements, whether AC or DC, are cosily made with tha 44462A
assembly. Each channel an ta assembly is provided with independant HIGH and
LOW connections on the terminal block, Furthermare, Channals 0 through 7 may he
conllgured with o divider network to attenuate voltages. In fact, Channel 2 s pro-
vided with o jumper seluctable 10:1 divider bullt-in, Latar in this chapter you wil
see how attenuntors are used. Information for the service techniclan to install the
attenuators 5 provided In Chaptor 8,

WARNING

In the power down mode, all relays on the 44462A
Assemblies remain in their pre-power down state. In other
wards, if a relay factuator or voltage input, ete.) was clos-
ed hefore power down, it will remain closed after power
down,

DCVIx.y,...z|

The DCV command sets the valtmeter to DC valts function, autorange, outazero ar,
and 6% digits resolution, The paramater {x,v,...2] 5€ts up an optional channal list,
A reading is token from each channal and stored In the sequence of the channael list,
When the 3421A Is oddressed to talk, the readings are sent in the order they ware
taken, i.e,, the chonnal list arder. The DCV command always opans the last chan-
nel before closing the next channel in the list. When the last channal has been
measured, that channel atays closed, This is true unless no channel list [s receiv-
ed. In that case, channals remain in the same state and one reading is taken,
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ACVix,y,...2| ‘

Tha ACV commauond acts just the some as the DCV command except that the AC
volts function ond 4% digit resolutlon are selected,

An gxample of using the 44462A assambly to mensure on AC voltege on channal
2 and DC voltsges on channels 3 through 8 is demonstrated in the following figure.
Ramambar that tha rolay assembly Is in slot O of the 3421A,

Notlce in Figure 6-2 thot «ha 10:1 divider [s usga for the AC voltege maeasuremaent,
Thatefore, the measurement token on channel 12 must be multiplied by 10 to got
tha actunl voltage. The progrom shown haside the illustration shows how easy it
is to maka the moasuraments and return the rusults to the colculator,
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Resistance Measurements

Rexstnnca muaesuramants, like DC voltoge mensuraments, are aosily made with the
A4462A ussambly, Rasistance measurements ora made by the 3421A sourcing o cur-
rant through the unknewn rasistance. The DC voltmeter maosures the ottendant
voltapg drop across tha rasistor ond coleulntas 1the resistonce, Two types of
rasistance munsuremants con be madae by the 3421A; Z-wirg and 4-wite,

The 2-wira ohms made Is usaed mast commonly whan the resistance of the test leods
is nat critical, Inoccurate results may occur whan using the 2-wire ohms moda il
the resistance of tha tost leads is very high, For axample, supposa you are making
a temperstura maeasurament using o tharmistor (2,262 kOhms @ 26°Ch. This ther
mistor s 40 feat away from the 3421A, At 20°C tha thermistor will hove o
rasistonce of 2814 ohms, Howaver, at 20°C, 40 fact of #24 AW.G. coppur wire
has o resistance ol approximatoly 1,02 ohims. Two wiras, anch 40 leet Jang would
produce on error ol 2.04 ahms. Using n 2-wire nhms measuramant results in o A%
rasistance arror, In addition, the 3421A hos o 2-wira Ghms olfset of up to 4 ohims,
adding on other .16% arror. See Figure 6-3.
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Figurs &3, 2.Wira vs, 4-Wira Resistance Measuramonts

The use of 3 4-wire ohms meosurement gliminotes the errar coused by the test load
resistance. Tha current through the thermistor is the same regardiass of the lead
resistance but the voltmeter measures only the voltage drop across the thaermistor,
not across the combined lead resistance, The 4-wire measurement is essantiol whare
long lead lengths are prese 't or where the highast accuracy is daesited, Two 44462A
relay nssemblies are neadea for 4-wire resistance measurements, one with the 4-Wire
Ohms Source jumpers in place and the other with the 4-Wire Ohms Sense jumpars

in place,
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TWO Ix,y,...zl, 2-Wire Rasistance Maasuremants

Flgura B-4 illustrates the procadure for making 2-wire rasistonce measutoments, The
commanid for o 2:wire moasuramaent is TWO [r,y,...2l. TWQ rapresents Two Wirg
Ohms, Tha paramater Ix,y,...2] is the channel iist to spacily which channels to maku
the maasurament on, I the figura helow, channels 2 through 6 n.d chaanals B and
9 nre used for thu resistonce moasuramant, Tharalore, the command to mako those
moosuremants could he: TW02-5,8,8. This Is domonstratad in the sample program
nssaciated with the illustratlion,

Tha TWO[x,y,...2} command acts identical to tha DCV{x,y,...2) command except thot
o 2-wire roeistonce measurement s madae,
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. FWOI[x,y,...z], 4-Wire Resistance Measuremants

4-wire raslstonce moeosuraments are essentiol whan the highost accurocy is required
or whara long lead lengths ore present, Using the 3421A to maoke 4-wire
meaguraments necessitotes two A4462A relay nssemblies, As mentioned pravious-
Iy, the rolay nssemblies will require a slight modification, infarmation for the sorvice
tachniclton to maoke this modification can be found in Chapter 8,

The FWO command octs Identical to the TWQO command except that o 4-wire
resistance measurement |s made, deolly, all addresses In the chennui list [x,y,...2]
should ba In the same dacade, that Is, the same 444G2A board, This Is bacause tha
chonnals are poirad with [x-+ 10,y +10,,..2+10], This [s true unless |x,y,...z] are bet-
woen 20 and 29, In which casoe they are paired with [x-20,y-20,,,.2-20],

CAUTION

“Anytim ¢ a channel fs speciffed with the FWO command, the
342 1A will attempt to closa the appropriate palr. If either the
specifled channel or its palr is not on a 44462A multiplexar
assembly, an error will be generated but no other action will
be taken, If both chonnels are on 44462A assemblies and ore
o configured as muftiplexers, both channels will be closed,
Make certain that you know what Is connected to both chan-
nels, and the configuration (i.e., acruator, ete.) belore ex-
acuting the FWO command,

Flgure 5-b damanstrates o typical 4-Wire Ohms measurement setup, The current
source leads are connected to one ralay sssembly. This assembly must have jumpars
JM3 und JMA removed and JM1 and JM2 Installad, A sacond 44462A assambly
5 ured to connect the 4-Wire Ohms Sense Leads, This assembly must have jJumpaers
JM1 and JM2 removed ond JM3 and JM4 Installed, The tw . assemblies must be
placed in adjacent slots, l.e.,, G and 1, 1 and 2, or 2 and O, This is bacause the
4-wire ohms command, FWQO, closes two channels, one on each assembly,

For example, if one assambly is placed [n slot 1 und the othar assambly in slot 2,

the command FWO12 would close channels 12 and 22, With this setup, all chan-
nels spacifted In the FWQ channal list must be In the same slot, that s, slot 1,
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Thermocouple Temperature Measurements

The 44462A ussembly is dosignad {or compensated thermocouple tempetature
measuremants, This assembly utilizes on integratad circuit tomperature sensor to
determine the temperoture of the terminal block. In performing a software compen-
sated thermocouple tamparature meassurement, tha following steps must oceur:

1. Measure the temperature transducer valtage from the relay assembly and com-
pute the terminal block temparsture. This is known as the relerence temperature.
The Standard REF command will parfarm this step automatically.

2. Convaert the terminal block temperature to a thermacouple reference voltage,
The implementation of this step is dependent upon the type ol thermocoupie heing
compensated and allows the use of different tharmocouple types on the samae
44462A ossembly,

3. Measure the voltage produced by thae thermocouple,

4. Add the refarence voltuge (computad in step 2} to the voltage praduced by the
thermocouple to elfect icepaint compensation,

b. Convaert the sum total voltage (step 4) to 8 tempersture in °C.

Note that if type T thermocouples are used, the 3421A TEM conunend purtorms all
of these steps outomatically and returns the measured temparature, Howaver, if other
thermocouple types are used, the 3421A can o steps 1 and 3, hut the system com-
puter must parform steps 2, 4 and b Exoemples are provided In both chapters 3 and
4 showing how this con he dane wnha listing the necessary conversion coafliclents,

TEM|x,y,...zl, REF[x]

The TEMIx,y,...z} command follows the same constraints as the DCVix,y,...z} com-
mund, The REFIx] command is usae to measure the temperature of the refergnce
junction (integrotod circuit tronsducer) on the multiplexar assembly where channal
‘" Is located. Tho answar returned is in degress C. If channel "x’ is not specifiod,
the REF commaond detaults to o 44462A ossembly that has o relay closed, If there
ore no rolays closed, the REF commund gous to the 44462A ossembly with the
lowest slot number. If there are no 44462A assemblies, 8 syntax error is generoted
{sac¢ Status Byte in chapters 3 and 4) and the error message -8.888BBBE + B Is sent,

Figure 6-6 pictoriolly illustrates how 6 type T taermocouples and one OC voltage
source arc connected to o 444G2A assambly, The program oassocioted with the -
lustration first meosures the D7 voltage and then the b thormocouples, The TEM
command, used with type T thermocouples only, sutomaticolly muasures the
reference voltage snd the thermocouple voltages and computes the temperal Jros.
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Figura &-0. Tamporature Moasuramants

For more Information on temperature measurements, whether using thermocouples,
thermistors, or RTD's, or for thermocouple diagnostics, rafer to -hp- Application Note
280, Proctical Temperature Measurements, One copy was provided with this manual.

Counter Functions

The 3421A haos the capabllity of measuring frequencies up to 10 kHz or totalizing

avents up to 8 maximum count of 66,635, A typical example for the counter Is to

measure the frequency of an audio osclilator, The totalize function can be used to

count the numbar of objects passing by on 8 conveyor balt or count the pulses from .
a8 liquid flow mater,
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FRQ[x,y,...z]

The FRQIx,y,...2] command sets up the 3421A to the frequency countar mode, 1
second gate time, and 65 » 24t resolution, If no channmi list [s sent, the frequen-
cy measuremant is mede frein whichever chunnel is closed, If a channel list [s sent,
frequency measurements are made and stored from each channel in the sequance
spaclfied,

TOTIx)

The totalize command, TOT(x| Is used 1o totalize events occurring on the channel
spacified by 'x’, TOT clears and starts the totalize countar, If 8 channel is not speclf-
ed, TOT totalizes on the currently closed chonnel. If the channel spacified is not a
muitivlexer channel an error is generated. Note that when the 3421A |s addressed
to talk, it wil output the current suhtotal from the counter without interrupting the
counter,
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Figure 6.0, Totelizing

Channel 'x'’ will remain closed untit another Instruction opens It. Note also that if
a trigger comimand Is recelved while TOT Is asserted, the 3421A will abart TOT and
begin taking frequency readings (FRQ),

Attenuators

Attenuators are used to reduce an input signal to a useable lavel. For example, the
3421A AC valtmetar has a maximum range of 30 valts, To messure 8 120V power
line, an attenuator s used, If a 10:1 attenuator is uead, the 120V power line is
reduced to 12.0 volts, well within the range of the voitmeter, Pracision components
should he used to maintain accuracy.

it was mentioned praviously that channel 2 on each multiplexer assembly hos a built
in 10:1 attenuator. This attenuator can be taken out of the <ircult {no attenuation)
by moving jumper JB on the assembly to the '‘OUT’ position, Any voltage meastured
from channel 2 with the jumper J8 In the ‘IN’ position must be multiplied by 10 to
obtain the correct va'lue,
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Channels 0, 1 and 3 through 7 have provisions for instslling your own components
{series and/or shunt) for attenuators, etc, Channels B and 9 have provisions for in-
stalling conponents In shunt {from HIGH to LOW terminals) with the signal path.
Chapter 8 provides Information sufficient for the service trainad technician to install
and reconligure the option bosrd assambly.

WARRING

Only qualified personnel with a knowledge of electronic cir-
cuitry should install and reeanligure the aption boards. In-
stallation and configuration information for this option board
is provided in Chapter 8.
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Actuators .

Channels O and 1, as the assembly |5 shippad from the lictory, ara configured as
octuators. Each relsy can be used to switch 160 VA moximum thue making tham
Ideal for switching power to external devices. Ralay contact prntection s provided
to minimize RFl and extend relay contact life. Two commands that are generally used
with the actuators ara CLSx and OPN[x].

Figure 6-10 illustrates how one actuator may be used to switch power to sound an
alarm, Chapter 8 provides sufficient information for the service trained technician to
install and reconfigure the actuators,

WARNING

Only qualified personns! with a knowledge of electronic cir-
eultry shouid install and reconfigure the option boards. In-
stallation and configuration information for this aption board
is provided in Chapter 8.
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Power Down/Power [ailure

Whan using the 3421A in control applications, it is imperative to know what the
stote of the actuator relay will be in during Power Down or in the event of powaor
fallure, When the 3421A recelves a Power Down command, the relays will not
change state. Moreover, thay cannot be changed until the 3421A is powered up.
Should the AC powaer line fail, the 3421A outomaticelly operates from its Internal
battery, so no change occurs. in tha event the battery shouid fail, still no relays
change state,

Please note that this applies anly the 44462A asctuators, The switches in the 4446BA
Digital Qutput port may olso be used as actuators. In the event of power down or
power failure, sl digital output port actustors will assume @ high impedance {open}
state.

Channel and Advanced Commands

There are severzl other commands that diractly relate to the 44462A 10 channel
multiplexer assembly. These commands are providad to further enhance the powar
and flexibility of the 3421A asnd its multiplexer opvion,

CLSx

CLSx s used to close a single relay, whether it 5 an actuator relay or 8 muitiplex-
er relay. If tha channel specified by "'x'* does net exist, a syntax error [5 ganerated,
See Stotus Byte In Chapter 3. Valid channef numbers for actuators are 0, 1, 10, 11,
20, and 21,

CLPx

The CLPx command is uscd to close a pair of channels simultaneously. It first upens
all multiplexer reloys and then closes channals x and x + 10 {e.g,, CLP12 closes chan-
nels 12 and 22}, if channel x is batween 20 and 29, then channels x and »-20 will
be closed {c.g., CLP26 closes channals 2b and b). If cither x or ts paolr s not a
multiplexer channel, then no channels will be openaed or closed and 8 syntax arror
generatad, This command Is useful for closing tv:o channels when making 4-wire
ohms measurements,

OPNIx]

The OPNI[x] command is used to apen the ralay specified by “'x"'. If "%’ [s not sent,
the OPN commond opens all relays. An error [5 generated If the channel specified
by "x'" dogs not exlst,
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LSx[,y,...2]

The LSx,ly,...z] command {Load Single multiplexar channels) can be usad to load the
channel list, The channals are loaded In the order raceived ond ths channel list pointer
Is rasat to tha first channel, If 8 T3 or SI1 command Is recelved 8l multiplexer chan-
nals will be opened and the first channel in the list will ha closed.

LPxl.y,...2]

LPx,[y,...z] is used to Load Pairs of scanner channals Into the channel list, Essen-
tially, this is the same as the LS command except that channels x ond x + 10, etc.,
are closed simultancausly, if x is grester than 20, then x and x-20 ore closed,

RL

To Read the currant channel List, the RL command is used. When the 3421A Is ad-
dressod to talk, the channel list is sent to the controllet in the same sequence that
they are sssigned. Channel numbers are separated by a Carriage Return, Line Feed,
If a place in tha list is empty, the place will be marked by **99", For example, if
you assign a channel list of 1-7,16,18 and then read it back, the response will be:
1,2,3,4,6,9, 7, 16, 18, 99, 99, 99, 99... until all 30 paositions in the list are sent.

S10, Si1

These two commands are called the Systermn Increment commands. SI0 is used to
initlalize the channal list pointer to the first channel in the list, No channals are apen-
ed or closed. The SI1 command, however, is used to incremant the channal list, The
currant channal is opened snd the next channel in the list is closed,

DTx

The DT command (DRigital Trigger) allows for extarnal triggering of the voltmeter or
countar. This feature looks at Digital Input bit ot address '’'x’’ and when that bit gocs
LOW, a T3 trigger is executed. T3 turns on reading storage and reads from the chan-
nel list. Considar the fallowing example. The channel list Is set up using the LS com-
mand, the voltmeter is set to DC Volts (F1)} and asutorange (RA1), etc, When input
bit **7" gaes low in slot "*1'" goes low, the valtmeter takes the readings, stores them
and then interrupts the computer via Data Ready SRQ. Lines 10 through 30 could
be combined into one OUTPUT statement but are separated here to make it casier
to follow the program,
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UCx

The UCx command is used to UNCONDITIONALLY Close a channel or set a digital
o bit (see chapter 6). No channels are openad when the UC command s exacuted.

NOTE
Use extreme caution when using this command, It is possi-
bie to have two or more channels closed simuftaneously with

this command. Damage to the instrument or to external
transducers or other instrunentation may result,
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Application Examples

The sample progtam In the DT command illustrates that ony of the voltmeter Ad-
vanced Commoands con be used with the 44462A assembly This of course applies
also to the counter Advenced Commands. T1e following Application Examples are
designed to show you how to enhance the maasuremant capabilities of the 3421A.

Burst Measurements

The following progtam shows how the 3421A cen take a burst of 30 readings from
a seclected chennel, In this case B, This burst will take tess than 1 second to
complete,

Line 20 sets tha 3421A to hold measurements but enahle the channel list scanner
(TO}. loads the entire channel list with channal b (LSE B), DC volts (F1), autozero
ofl {Z0), and 3% digits of display (N3). When the 3421A is triggerad (T3), it will
take 3Q raadings from channel 5 and store them. The readings are read back and
displayed In lines 40 through BOQ,

by b Bargsr meestibener tg
SOOI o Acien
FOOGUTPUT 201 s Talib-5F1I20NEY

ag FQR_[=1 TE 30

50 EHTER =01 J ®”OLY

€0 O13P "READING # ") 1) "READING
= "L,hRYED

P MECT I

s £l

Single Ended Measurements

Single ended measuraments sllow you to expand the multiplexing capability of your
3421A 1o a maximum of 66 inputs. Effectively, a single anded canfiguration changes
8 single channel Into two channels, Whan using this method, one of the installed
44462A Multiplexer Assemblies should have channels O and 1 configured as
actuators, The actuators are used to switch the Hl and LO relays of the remaining
channels to the /V Hi front panel terminal of the 342 1A, Input Common s shared
by all inputs, is not switched, and [s connected to the {;V LO front panel terminal.
A schematic of a single ended configuration is shown In Figure 6-11. In this exam-
ple, 44462A Multiplexer Assamblies occupy slot O and slot 1, The slot O assembly
has channels 0 and 1 configured as acluators for switching the remalning channels,

The 44462A Multiplexar Assembly thit Is configured with the two actuators for swit-
ching the inputs can provide 16 single ended channels; othar Installed Multiplexer
Assemblies can provide 20 single ended channals each.
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There are four Important rules pertaining to single ended massurements that must
be fullowed.

CAUTION

Failure to Comply with the following four rules could result
in equipment damage., :

Make certoln that only one actuator channel [s closed st any glven time,
if the two actuator channals are both closed at the sama time, damage 1o
the 3421A or the voltage source being measurnad couid resuit,

Any 44462A Multiplexer Assembly that is configured for single ended
measurements can only be used for single ended measurements. For ex-
ample, suppose you have two 444G62A Multiplexer A-isemblies nstolled but
nead 22 channel capability, By using the single ended mathod, 36 chan-
nels will be avallshle {16 + 20} but 14 will remain unused,

All inputs to he measured must he referenced to Input Common which [s
connected to the 3421A /V LO {ront panel terminal, This is the unswit-
ched voltmaeter input. Heavy gauge wire is recommended for this Input
Commaon connection to minimize common mode voltages, Use extreme cau-
tinn when making floating messureaments.

AC Voltages thet are input to the 3421A Internal voltmeter are limited to
30V RMS. Higher voltege must he attenuated to a maximum of 30V RMS
by external attenuation. Using the built-In attenuator on channel 2 of any
44462A Multiplexer Assembly configured for single ended measurements
fs not permitted.

If actuator channels O and 1 have been previously used In a high current application,
it would be a good idesa to perform the perfurmance verification procadure befora
using them in & single ended measurement application {see Section IV of the 10
Chanr.el Multiplexer Service Manual), A high current application could cause cotrosion
of the relay contacts which In turn could degrade input signal quality,

Once the single ended configuration Is made, channel selection Iis straight forward.
Channel lists may be specified the same as with any other type of measurament (eg.,
DCV2-19), When yau specify an input, the Input that will he read will depend upon
which actuator [s closed. In other words, the octuator channels are used to select
gither the HI or LO relay of the channel selacted when the DCV commaond is
executed. Far example, if your configuration Is like that shown In Figure B-11 .and
DCV2 is exacuted with actuator O closed, the Input will be the one connected to
the channel 2 LO relay; If actustor 1 Is closed, the input will be the one connected
to the channel 2 Hi ralay,
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i il
The following recommendaed procedure explains how to configure thrae 44462A —
Multiplexaer Assemblies to permit up to 66 single ended channels to be measured. =
- The procedure can be weasily modified if you have less thar thrae Multiplexer ==
= Assemblies to be configured, -

Step 1.  Remove JM1, JM2, JM3, and JM4 from each Multiplexer Assembly to
be uscd for single ended messurements. JM1 and JM2 are the anly
Jumpers installed at the factory, Remaoving thase jumpers opens the path
between the Multiplexer Assemblies and the 3421A intarnal voltmater.
The voltmater connections will be made to the 3421A front panel in o
later step,

& 'AIII'IMI\ Ii i \I

Step 2, Place JB on esach Multiplexer Assembly to be used to the ""OUT" posi-
tion, if it Is not In that position already. This removes the 10:1 sttenuator
oh channel 2,

B iE H 1 N
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otep 3.

Step 4,

Step 6.

Ltep G,

Step 7.

On *he Multiplaxar Assembly to occupy slat Q, place JG and J7 in the
1" hosition. This moy or may not be the factory confiovration,
dopending upon how tho Multiplexer Assembly waos orderad. The 3421A
logic circultry uses these setting to determine that channels O ond 1 on
this sssembly ore actuators and all other channels are multiplexars,

On the Multiplexer Assembly to occupy slot O, moke sure JMOB/18,
JM09/19, and JMO/10 are in place and that JMO6/16 and JM0OG/16 have
been removed, This may or may not he the factory configuration,
depending upon how the Multiplexer Assembly was orderud. This will
configure channels O and 1 as actuators,

On the Multiplexer Assemblias to occupy slots 1 and 2, pluce J6 and
J7 In the ""Q"" position. This may or may not be the factory contiguration,
dapending upon how tha Multiplexer Assembly was orderad, The 3421A
vglic clrcuitry uees these settings to determine that all channels on these
pssemblies are multiplexars,

This step hos two parts and will configure the assemblies in slots 1 ond
2 so that all channels are configured as multiplexers, This configuration
may or may not hove olreedy been parformed, depending upon how your
Muiltiplexar Assembly was ordered.

8. On the assemblies in slots 1 ond 2, solder jumpers at JMO/10,
JMO6/16, and JMQOG/1G,

b, On the assemblies in slots 1 and 2, remove jumpers at JMO8/18 and
JMQ9/19.

Refler to Figure B-12 and canfigure the terminal block edge connectors
os follows:

o. On the slot O terminal block edge connector make the following
connections:

HI Common to H1

LO Common to HO

L1 to LO

LO to the 3421A {4V HI Front Panal Tarminal

b. Interconnect the terminal block edge connactors of all Multiplexer
Assemblies to be used for single ended measurements as follows:

HI Common betweaen all terminal block edge connectors
LO Common between all terminal block edge connectors
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Step B, Connact the "+ " side of thae inputs to be read to the various points on
the terminal block edge connectors, The ' +'' does not necessarlly maan .
a positive voltage, but rather indicates the ""hot’’ side of the mput. In-
put V1 connects to L2 on the slot O terminal block; input V2 connects
to H2 on the slot O terrninal block, etc,,

Step 9. Connect the cammon side of all inputs together and then connect this
input commaon to the 3421A (V LO front panal terminal,

An HP-8b program example for the single ended configuration just explained is
provided.
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Figure B-12, Configuration for Single Ended Maasurements
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Shielding and Nolse Rejection

Inaccuracies caused by radiated and/or '"Common Mode Nolse'' are commeon pro-
plems with Data Acquisition Systems, These problems sre especiaily pronounced
when the signal being measured Is quite small, such as with thermacouples. The
3421A, however, helps to sliminate many of these types of problems. For exam-
ple, the 3421A internal voltmster uses a method aof Integration for analog to digital
convarsion. Integration Is 8 process whare nolse is averaged over a full power line
cycle. Thus, power line frequency related nolse and its harmonics are virtually
eliminated.

The purpose of this section is to demonstrate additional ways of reducing the ef-
fects of nolse on low signal level measurements.

Consider the following example. Severw: *harrr.ocouples are sttached to an automobile
engine to monlitor engine heating, The engine is located several hundred feet from
the Data Acquisition system, To further complicate matters, the thermocouple wires
have been pulled through the same conduit as & 220V AC power line. The
capacitance hetween the rower lines and the thermocouple wires will create an AC
nois: on the thermacouple wres. Shielding the thermucouple whiee and cannecting
the shield to the LC terminai on the 3421A serves to shunt the nalse away from
the voltmeter,
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ey i e R 2OV AL
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Figure 5:13. Shielding
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A second source of noise, called Cammon Mode Noise or Common Mode Voltaye
({CMV), occurs if there is a voltage difference between the engine ground and tha
Systam ground., Il this common mode voitage is very lerge, say 100VAC, potential
domage to the 3421A could result. To illustrate, Figure b-14 shows two ther-
mocouples attached to the base of a linht bulb,

Assumae, for tha moment, that channel 1 closed when the CMV was at its top peak.
This means the voltmete 1.0 tarminal would he at voltage V1, approximately + 141
volts, When channel 1 is opened the LO terminal remains at that voltage due to the
stray capacitance. Now if channel 2 Is closed when the CMV was at its bottom peak,
the LO terminal would immadiately drop to - 141 volts. This is an instantancous drop
of 282 volts and could concelvably damage the 3421A,

To eliminate this problem, dedicate one channel to a good earth ground, say for ox
ample channel Q. Now, hetween each measuremant, close channel 0. This brings
the L.O terminal to O volts which is a maximum step of only 141 volts which is quite
safe for the 3421A,
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Figure 5-14, Coemmon Mode Nojse
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4-20 mA Current Loop

The 444G2A assembly is capable of sensing the current in a 4-20 mA industrial cur-
rant loop. A rasistor must be placed in shunt with the the current path and the
3421A voltmeter used to monitor the resultant voltage drop. A suitable resistor is
60 Obmis, .1%, .6 watts {such as -hp- part number 0699-0064). The formula for
convarting the measured voltage drop to loop current is:

Measured Voltage
LQQI) Currant - e e e e

Shunt Resistance (60 Qhms)

Thus, the 50 ohm resistor converts the 4-20 mA signal to 0.2-1 volt signal.

)/yr ! VP A e gl dea g e b
. : ) R et n
th < : O .l' '4’ ( } . . NI [0 L T Y BT T T SR 1) |
rafl CHALEE T \ \ LLE DT e e
e Leg i : Lo
£ (}/vt) 3) LI (’ ) ! thibd (L1 L e nty
= Fibd RN R L
L 0O 1 ho

Vit

Figure b-16. 4.20 mA Current Loop

Specifications

The following specificotions are the critical specifications that must be considerad
in all applications. Expanded spacifications may be found in chapter 7 of this manual.

Voltage {multiplexer): 300VDC 260VAC RMS 160VA Maximum
{actuator): 300VDC 2BOVAC RMS 24 Maximum

Contact Resistance: < 1.4 Ohms
Thermal Offset (multiplexer): < 3uV

All reloys break-before-make

167




- T I T 1 AL T T I O V1T Y | PR T B B VTP It S 1] A T PO T W B 1 T THP B | NI T

il o
dﬂl! }

e T BT

I
r

g g e . o s sl . o 1 PRI NN AP pemer [——




Chapter 6

44465A

8 Bit Digital /0O Option
(Option 040)

Introduction

The 44466A Digltal 110 assembly glves you the capabllity of manitoring the closure
of position switches and clasing relays, In addition, you can use the assembly to
trigger the internal voltmeter when an event occurs, This chapter gives the aperating
instructions for the 44466A Digltal 1/Q option. Here you will Jearn how the option
can be used in 8 wide variety of applications. This assembly can be used almaost
anywhere you need on/off, present/absent type of information and control,

Seve:4l program examples are included to enhance your understanding and provide
you practice In using the commands. All computer pragrams in this chapter are writ-
ten In BASIC language such as used by the -hp- 85 computer. Fael free to experi-
maent with the pregrams and alter them to meet your individual needs,
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Each 44465A Digital I/O card provides one 8-hit input port and ane B-bit output port,
Each bit is electrically isolated froin the rest. Typical uses for the input port Include
limit and position switch monitoring and communicating with digital logic clrcuits.
The output port can be used In low voltage switching applications. Critical specifica-
tions for the cord are located near the end of this chapter.
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CAUTION

Only qualified personnel with a knowledge of electronic cir-
cuitry should install or reconfigure the option boards. Installa-
tion and configuration information for this option board is pro-
vided in Chapter 8,

Input Port Overview

Many maonitaring copabilities are provided at the input port. Typical uses for the in-
put port involve monitoring switches or valves to detsnnine If they ore open or clos-
ed. This can bast be described with an illustration, Imagine for 8 moment an overhead
trolley. As the trolley moves glong its track it must stop at several stations to per-
form some task. Positlon switches are used at each station to signal the controller
to stop the trolly motor. Each position switch is sansed by an Individual bit in the
digital input port, The reason it Is called a digital port is because it acknowledges
two diffarent stotes; I.e, either the switch is open or it Is closed,

/

The 8-bit Input port Is optically coupled to provide maximum [solation and prevent
noise and ground loops. A wide range of Input supply voltages (2.4 to 24 Vdc) coupl-
ed with a maximum current of 26 mA means that the input port can be used In a
wide variety of applications. Let's take a look at the command set bafore looking
at specific examples using the port.

Standard Commands

The two STA'NDAHD commands used most often with the input port are REDI {REaD
slot i} and BITx, REDI allows you to look at the entire B-bits (each "'bit”’ represents
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ong switch) from the slot spacitied by I, BITx, however, parmits you to selact in-
dividual bits to look &t. In the following discussion the words *'set’” and '"clear’ will
be used. Set means that a condition is true; a.g., o switch is closed, a logic "*1"
condition, etc, Clear meons just the opposite; I.a., the switch Is open, or a logic ""0"
condition. So you wan't ba confused by these terms, several examples are provid-
ed [n this section to lllustrate exactly what they mean.

REDI

The REDI cummand reads all digital Input bits associated with slot "'i'" and responds
with a decimal numbar between O and 266. This dacimal number corresponds to
the sum of the values of the individual bits that waere "'set’’. For example, if you
have a Digital /O card in slot 1 and bits 0,2 3, B, and 7 are "‘set’’ (ol others are
clesrad), the value 173 would be returned. Refer to the chart below.

——

Al Bumher H 6 B 4 k| ? 1 0

o value 2! " 2" 27 2* 2’ 2' 2
if st 128 (1L} a? 16 [t} A 2 1
Example: word ! 0 | (4] 1 1 0 1
Decinsst Value 1268 « 0 » 32 - Q0 8 v A 0 ' 1 V73
Bit Value Chart

The following is o program to assist you in decoding the decimal number and deter-
mining which biis are set. Line 10 sends the REDI command for slot 1. This line
should be changed t2 reflect the s'ot that your 44466A card is in. Line 20 is used
to enter the decimal value and the rest of the program decodes it and prints the
"’sat'’ bits,

10 QUTPUT 901 "REDI"

20 ENTER 3901 : A

30 IF A=0 THEN DISP "NO BITS SET"
40 IF A<128 THEN &0

50 A=A-128 @ DISP "BIT 7 SET"
60 IF n<64 THEN 80

70 A=A-64 @ DISP “BIT 6 SET"
80 IF A<32 THEN 100

90 A=A-32 @ DISP "BIT 5 SET”
100 [F A<16 THEN 120

110 A=A-16 @ DISP "BIT 4 SET"
120 IF A<8 THEN 140

130 A=A-8 @ DISP "BIT 3 SET"
140 IF A<4 THEN 160

150 A=A-4 @ DISP "BIT 2 SET"
160 IF A<2 THEN 180

170 A=A-2 @ DISP "BIT 1 SET"
180 IF A<1 THEN 200

190 A=A-1 @ DISP "BIT 0 SET"
200 END
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BITx

The BITx comm ind allows you to look at individual bits. The following table shows
the addressing echeme for Individual bits for 44466A cards In gach of the three siots
of the 3421A, Notice that bit addresses G8, 09, 18, 19, 28, and 29 are not allowed.
The 3421A sands a value +1,000E +0Q if the bit is sat and +0.000E +Q if the bit
Is clear.,

Bit Addross H card In Slot #
Bity Slot 0 Slot 1 Slot 2
0 0 10 20
1 1 11 23
2 2 12 22
3 3 13 23
4 4 14 24
b B 16 26
6 6 16 26
7 7 17 27

Bit Value Address Chart

Look mgain at the example given In the bit value chart eorlier. If you execute a
"BIT17" ({for bit 7 In slot 1) followed by an ENTER statemant, the calculator will
show a8 value of 1. The following program shows how this can be done. If you ax-
ecute a 'BIT12" (bit 2 in slot 1), the calculator will return with O becsuse the bit
Is clear.

10 QUTIPUT 901 "BITt7"
20 ENTER 901 : A

30 DISP A

40 END

3T can also be used with a channel list, e.g,, BIT17,16,13,11,10. The following
program shows how this can be done.

10 QUTPUT 901 "BIT17,15,13,11,10"
20 ENTER 801 ; ﬂuBnCiDlE

30 DISP A,B,C,D,E

A0 END

The command BITQO-27 sets the bit list {also called channel) to read all input port
bits in the 3421A
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Advanced Commands

The ndvanced Instruction set provides added capabilities for the inpat port. The three
commands In this group arg; MHa, MLe, MNI. These three may be used to cause
an intarrupt (SRQ) to signal the controllar, The MNJ command uses two ather com-
mands, XRlabel t nd ANJabe|, to specify the parameters that will cause the intarrupt,

MHx

The MHx {Monitor High) command monitors the bit speclfied by *'x"". Reler to the
bit value address cho;t shown earlier to determine the value of "x'’, When bit *'x'*
becomes set, the EVENT OCCURRBED bit in the Status Register ibit 3, see Chaptar
3, SPOLL) likewise bec anes set, If the appropriate SRQ mask bit were set, an in-
terrupy {(SRQ) is genarated to flag tne controller. Refer to chapter 3 under the topic
of SPOLL for more information on SRQ and the Status Register, When the 3421A
is addressed to talk It will output the a decimal number equal to the sum of the
valugs of the bits that were sot at the time of the interrupt (similar to & REDiI
command}.

NOTE

i the 3421A receives anather command after the the MHx,
MLx or MNi command, the monitor function will be turned
olf,

The proper way of sending the monitor commands o the
3421A is to eliminate the final end-of-line sequence, With the
-hp- 85 this is done with the format.

QUTPUT 901 USING "'#.K*;"MHx,"" (or MLx,MNi}

Note the use ol the semicolon terminator after MHx, A col
on 1) could have been used instead,

MLx

The MLx (Monitor Low) performe the same way as MHx except ""Event QOccurrad”’
maans the specified bit became cleared.

Example

Let’s look at an example of this, Assuine that you have a 4446bA card in slot 2
of your 3421A, You want to manitor bit 1 and when it becomes set, e.g., from a
switch closure, you want to print @ message. The following program shows how this
can be done,
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10 1 Digital monitaor program
20 1 -HP- 85 wversion

30 1 34210 at address 901
A0 QUTPUT 901 " MB"

50 OUTPUT 9G1 :"MH21"

60 ON INTR 9 GOTO 1000

70 ENABLE INTR 9:8

B0 ! BODY OF PROGRANM

980 GOTO 80

990 END

1000 STATUS 9,1 ¢+ A

1010 P=SPOLI1.¢901)

1020 IF BITCP,3% THEN DISP
"DIGITAL INTERRUPT"

1030 END

Ling

40

60

bb

60

70

80-990

1000

1G10

1020
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Dascriptian

Sats up the SRQ mask far
aevent occurred. See Chapter
3.

Sats the Monitor High comm-
and for bit 1 In slot 2,

The SEND 7;UNL commaond
is used only with the n/ 1B
aption, [t sllows the 3421A
to send the SRQ intarrupt to
the computer,

Instructs the computer whero
o go (line 1000} whan an in-
cerrupt {SRQ} occurs.

ENABLE INTR 9:8 cnablas
the -hp- B6 to respond to the
interrupt.

These lings form the hody of
the program, They could be
replaced by other program
statements. The program will
continua to run until an inter-
rupt occurs.

Line 1000 is the heginning of
the interrupt subrouwtine, The
STATUS command raads and
clnars the -hp- 85 so that it
can respond to  future
interrupts,

SPOLL places the volue of
the 3421A Status Reglster
into variable P, It also clears
the 3421A Stotus Regisiar.

Bit 3 of Status Byte (P) Is
chocked to moke sure that It
is a 1", If it Is, then the in-
terrupt was caused hy the
digital /O bhoard and the
massage s displayed. If the
bit Is o 0", something else
caused the intarrupt,
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MNi (AN[abcl|, XRlabcl)

The MNI command allows you to specify on entire word (8-bita) to cause an intor-
rupt. MNi uses the XRlabgcl, ANlabc] commands to extract only the bits you waont
to look at, XRlabe) Is called an Exclusive Or mask, It ollows you to spacily which
bits are to be sat to cause the Interrupt, The AND mask is sat up by the AN[abc]
carnmand and allows you to spacify which bits you want to monitar, In the discus-
sion to follow, it wili halp to remamber these two paints:

1. The XR commanu determines which bits are to he set to cause the interrupt.
2. The AN command determings which bits you want to look at.

The MNI command reads the Input bits from the card in slot |, performs a loglcal
Exclusive-OR with the XOR musk, takes the result and performs s logical AND with
the AND mask, If the final result equals 0, the EVENT OQCCURRED bit in the Status
Registar (hit 3} will ba set, If the SRQ Mask is sat for bit 3, an SRQ interrupt will
be geneoratad,

XRlabc]

The XRlabe] command sets the logical Exclusive-OR mask for the MN command, The
volue {abel reprasents a decimal number lrom O to 2bB5, Refer to the bit value chaort
shown catlier In this chapter. The Ev-,usive OR function performed by the MN com-
mand is done on a bit-by-hit basis. The following Truth Table and example show how
the XR mask works.

Logieal XOR Truth Table

Inpunt Mask
Rit Bit XO0R Rosult Example
0 0 0 10101100-XR mask = 172
G 1 [ 01110010 - Input Bits
1 0 1T e
1 1 0 117011 110- Logicol XOR Result

Whean you are sending a mask numbar, whethar XR or AN, to the 3421A, it is not
olways necessary to send all three digits [abcl. Leading zeros are automatically in-
sarted, In other words, XRb I the same as XRO0b. If no numbar Is receivad by the
3421A, the maoshk [s set to all 0's,
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AN(abc]

The ANlacbc) command sets tha AND mask. The value |abc] represents o decimal
nuibar betwaen O and 266. Refer to the bit velue chart given eorlier In this chapter.
The AND performed by the MN command is done on o hit by bit basls. For axaom-
ple, sending AN173 would reprasent a binary AND mask of 10101101 {27 + 25
+ 23 + 22 4+ 20 = 173), Suppose the digital inputs ware 10011000, The loglcal
AND would I'e 10001000, as shown in the followling illustration,

Logical AN Truth Table

Input Mask

Bit I} AND Rosult Example

0 0 0 10101101 -AN mosk = 173
0 i 0 10011000 -input Bits

1 0 0O e

1 ] 1 10001000 - Logical AND

As with the XR cominond, leading zaros are inserted, In other words, ANB Is the
samo o5 ANOGB. 1 no numbar |s received, the mask is set to all O's,

Lat's look at an example of how this works. Imagine we have a situation where tha
controller Is to be Interrupted only when bits 3, 6, and 6 are sat ond bits 4 and 7
ore clesred. We don’t care about bits 0, 1, and 2.

Q|1 {1 |O 1V {X|[X]|X = Desired Interrupt word

don’t cora

Remembar the first of the two rules mentioned eatlier; the XR mask consists of the
bits which are ta be set, In this exomple they would he bits 3, b, and B,

(I I T T O O O I ¢ B I ¢ = XR104 (XR Mask - bits to be sot)

Rule 2 states that the AN command specifies only the bits we want to look at. In
this example those are bits 3, 4, b, 6, ond 7.

= AN248 (AN Mask - bits we ore

1{1]111111]0]0]0
concarned with)
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Refarting to the bit value chart, we con see that the XR mask should be sot to vaolue
104, In othar words, execute the commaond XR104, The AND mask will ba set to
volue 248; .o, AN24B, The fallowing thrae tables show how the MN command
warks to praduce the final rasult, In A, all conditions are mat and the linal result
aquals 0. Remember that when the final result equals O, the computer will be in-
terruptad, In B we have an axample of hit 4 being set but all othar conditions be-
ing met. Toble C shows an axampie of bit 6 being cleared but all other conditions
haing mat.

A B C
Input 01101 xxx 0111 1xxx 00101xxx
XA mask 01101000 01101000 01101000
Rasuit 1 Q0000xxx 00010xxx 01000xxx
AN Mask 11111000 11111000 11111000
Final 000G0000 00010000 01000000
Rasult

In the examples "'x'* means that we don't care whether [t is set or cleerad, Notice
that aftar the XOR operation the "don’t care’ hits are not changad. However, oftor
the AND oporation, those bits are always O regordless of thelr previous state.

DTx

The Digltal Trigger command (DTx) provides a way to externally trigger the 3421A
voltmeter, The DT command monitors the bit at address *'x'’, and when it goas low,
o voltmeter T3 trigger command (s axecuted. Trigger commaond T3 is used to trig-
ger the voltmeter to make a measurement from each channel in the channal list and
store the raodings, The channel list and measurement function must be saet up prior
to asserting the the DTx command, An axample of using the DT command s pro-
vided In chapter 3.

If any Information Is passed through the intarface prior to the trigger, the digital
trigger function will be sharted.

Working With the Input Port

Essentiolly, only two things ara required when working with each bit of the input
port; an external puwer supply and a switch, The switch may be a mechanical
switch, @ discrate transistor or integrated circuilt, ate,
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The following lllustration shows one bit of the input port in o typical configuration.
Two connactions are neadad for cach bit input. Whun the switch is closed, or the
transistor turns on, the input hit light Isolator turns on. This [s the condition described
previvusly as being “'set’’. With the switch open the bit is "'cleared’’. If one power
supply Is to he used with all B-bits of the input paort, it shouid be capable of pro-
viding @ minimum of 200 mA per option card,
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The autput port contains 8 VMOS Fiald Effect Transistor (FET) switches, These swit-
ches are completely indupandent of each othar and ollow you to control such things
as alerms nnd reloys. A high switching voitage (<42VDC) and current (<300 mA)
maans thut the output port con he employed in many diffarent ways.

Standard Commands

The thrae STANDARD commands most commonly used with the output port are
CLSx, OPNx, and WRTI,[obc]. The first two, CLSx and OPNx, allow control of in-
dividual switches In the port. WRTI, on the other hand, permits one command to
control all B switches, In the discussion to follow, the word ""closed’’ means that
the switch Is closed (low Impedance) and "'clear’” means the switch Is open (high
impedance}.
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CLSx, OPNx

The command CLSx (CLosa Single switch x) ''closes” the switch specified by .
OPNx performs just the opposite task, it clears the switch specified Ly x. The tahle
below shows the switch oddress chart for the three different slots,

Switeh Addross If card In slotd
Switeh#f Slot 0 Sint 1 Slot 2
0 0 10 20

i i 11 21

2 2 12 22

3 3 13 23

4 4 14 24

b b 186 25

6 3] 16 26

7 7 17 27

If, for example, you have a digital I/0 card in slot i and you wanted to close switch
b, execute CLS6, Il you want to opan switch 3, execute OPN3,

WRTI,|ablc

To control all switches with one command use the WRTi,lablc command. The |
represents the slot number for the digital /O card. The value [ablc is a decimal
number(1 to 3 digits) equal to the sum of tha values of the switches that you want
closad. Saa the switch value chart below. if you want to close only switches 3, 4,
and b and open all other switches fn slot 1, regardless of their previcus condition,
exacute the command WRT1,66, This example is shown below,

Switch Number 7 6 B 4 3 2 1 0

Switch Value If Closed | 128 | 64 32 16 g 4 2 1

Example: 0+0+32+16+8+0+0+ 0 =056
To make iv eoslor fcr you to convert binary 1o decimal, herg’s a simple program to

do the convarsion for you. Simply enter the bit numbers thut you want to be set,
The program will return the decimal equivalent numker,
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0 A=

30 DISP "HOW HANY BITS DN YOU WANT TG SET”
A0 INPUT B& IF B>=9 THEN 30

50 FOR I=1 T0 B

50 DISP "BIT NUMBER?" @ INPUT N

70 n=A+2°N

80 MEXT I |
90 DiSF "DECIMAL VALUE =";A
100 END

Advanced Cornmands

The advanced instruction set provides added capabilities when using the output port,
The two [nstructions from this set are DS5I,labc), and DCilabcl.

DS),[abjc

The Digital SET command, DSi,[ablc, closes the output switche s on card “’I'’ to the

configuration specified by the decimal number abc. All switches not spacified L'y |abe]

remain unchanged. The value |abe| represents the sum of the values of the swit

ches you wish to close. Use the switch value chart shawn previously to determine

ina value abe, For example, If you want swiichec 1 and b ciosed in slot 2 and all 0
other switches to ramain I thelt previous state, exgcute the command DS?2,34.

The DS command differs from the WRT command In that DS {snd DC) affects only
the switches spacified In the command, The WRT cainmand affects all switches on
the assembly, For exaraple, suppose that on 8 44466A assembly (slot 0), switches
2, 3, and 4 are closed. Executing the command: DS0O,1 would close switch number
1. Switches 2, 3, and 4 would remain closed. However, if the WRTQ,2 command
had been executed, switch 1 would be closed but switches 2, 3, and 4 would be
opaned. (Remember that WRT uses the sum of the decimal velues rather than the
bit numbers.)

DCI,[ablc

The Digital Clear commaond, DCi,lablc, clears {opens} the switches specified in the
same manner as the Digital Set command closes switches,

Working With the Output Port

Although there are several ways to use the output port, the most common applica-
tion Is a switch closure to ground, in whatever way you use it, two things are re- .
quired, a8 power supply ond o load, The FET switches are desighed for 8 maximum

180

F i

I Y. =~y T o TOLL o 0 1 T P, AT 4 RS A g AT e B M 0
%_ Ih I L] ‘ |




powar supply voltage of 42 volts, The load must be designed to limit current through
the switch to 8 maximum of 300mA. Consider the following two examples.

Relay Control

In this flrst example, one bit of the digital output port is used to contral o ralay, In
this circuit, the relay was chosen because It has a 12 volt, 300 ohm colil. The 300
ohm coll limits the current to 40 mA, The dioda across the relay coll must be there
to prevent damage to the FET switch.

DIGITAL QUTPUT RELAY CONTROL
PORT +i2v
{1 OF 8 SHCOWN) F{
8 ‘E
39
| _—
e—t8
n

.............(r__q?

Digital Logic Interface

The second exarnple demonstrates how the output port could be used to com- '
municate with digital logic devices. The value of the pull-up resistors are determin-
ed by the type of logic family the output port will be driving. As a general rule, the
following values will suffice: standard TTL, use 2.2Kf); for LS TTL devices, use 10Kf;
for CMOS devices, use 6OKIl,

DIGITAL GQUTRUT DIGITAL LOGIC
PORT INTERFACE
{1 OF B SHOWN)

+5

PULL UP
RESISTER
(SEE TEXT}

S a :)3
+5 —

Fa
I

S
s

M2y
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Specifications

Input Port

Input Voltage Lavals:

Low Voltage Maximum: 8V

High Volitage Minimum; 24V

High Voltage Maximum: 240 V
Maoximwum Input Current for Low Stote: 100:A
Mintmum Input Currant for High State: 800nA
Maximum input current for High State (24V): 2bmA

Monitor Functions;

Minimum pulse width: 100;S
Time from trigger to SRQ: 300,S

Qutput Port

Logic 1 (Closed):  Low Impedonce, <2 Ohms, =<300mA current, <.6V
Drop across switch

Logle O (Opan}: High impedaonce, >10Mohms, = +42V across switch,
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Chapter 7
Operator Maintenance

Introduction

Your 3421A Data Acquisition and Control Unit wos englireered for ease of use, ac-
curacy, ond reliabllity., The Instrument was carelully inspected hefore shipping ond
shoula be free of machanical and electrical flaws and should be in proper working
candition,

The Infarmation In this chapter covers the Initial setup and installation of the 3421A
and should be read before the instrumant Is installed for use. This chapter alsa in-
cluders warranty infarmation, instructions on obtaining repair service, claaning, etc,
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Accessories

The following tohle lists the avaitabla occessories and options for your 3421A, Thase
occessaries are offared ta help you maximize the useshiiity and convanience of vour
3421A,

Uae this aumber when Usa this number when
Desciiption of QpilontAccesvaty ordming with J421A gidating sepacataly
HP-1B bantfaen Opuon 201 A4AG1A
JO-Channet Multiplesir withs thermaocoupin com Opuvon 020° A4AG2A
pensabion and conneclor hlock on’
022

Extta cannector block ter 10 channat Mulugleser 44634 A44063A
4 Bt hygiol 1,0 Assnmbly with connoctor blogk Opuon 060 A4AGHA
Brapdbnatd Aspumbly with conneciar hiock Ophon 040 AAAGAA
Exttn connecter block lor Digial /0 o Bread AMAGOA A4AGGA
honrd

Six pors ol resistors far 1001 divefer, ysed on A4AGOA AAAGOA

10 chagnnel muttplexer, One pan comaes promouning

lehannel 21 an wach pssembly.

12 Vot Batiery Option Quuon 212
Sife hantte Kit Option A0
Fram Hoamite Kit Option 8O7
Rack Maunt Kit Option 808

Rack Moumt Kit with Front Henole Qpton 809
Canty' ) Case with Pochat tor HP A1C CV 113414 11341A
Addiional set ol 3427A Documentation QOplon 410 Qrdet by pant numsbot
HP A1CV  calculntor, B21G0A  HPIL interlace, Option 641 Qrder compoanents
B2182A Time madule, nnd 44468A DA/C Pac separmely
HP U21GTA HPIL Digital Cassette Dnve Qphion 661 B2161A
HP-B2162A HPIL Printar Option 6G2 B2162A
Tompuiature Probe 10023A 10023A
500MH» RF Probe 1109G6A 11086A
Test fond kit Jnniga JA1BA

1 Moue HRIB Coble 10833A 10833A

2 Moewe HPIB Cable 108230 105338

A Motie HPIB Cabie 10833C 10833C

0.6 Metre HPIB Cable 108330 108330

0.5 Mette HP L Cabie 82167A 821G67A

1 Meite HPIL Cable B2678 821678
B Maire HPIL Cabile 1670 821670 i

* Option 022 - has sl YO channels conhigured {or mulhiplexing,
Option OV has channel G configarad as an actuator; channels 1 B conhgured tar multiptexing.
Option Q20 - has channels O amd 1 conhiguted as actuators; chanpels 2.9 conligured lor mulhplexing.
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Preparation For Use

Unpacking Instructions
When you are unpucking the 3421A for thae flrst time, make certain the optlons thot
you ordarad have been installed in your 3421A. The following list of items should

also be included with the 3421A:

aty. Itam

1 3421A Operating, Progromming, and
Configuration Manual.

1 3421A Service Manual.

Also, make certain that the Instrument and option assembiies that you ordared coin-
cide with what you recelved, This includes line voltage options as well as HP-IB and
othar option assemblies,

Initial Inspection

Your 3421A was carefully inspected before it left the factory. It should be free of
mars or scratches ond in proper working oider upon receipt. You should, howevar,
inspect the instrument for any damage thot may have occurred in transit. |f the ship-
ping container or cushioning material [s damaged, it should be kept until the con-
tents of the shipment hove been checked for completeness and the instrument has
been macharically and clectrically inspected. Procedures for checking the electrical
pertormance ol the 3421A are given in the 3421A SERVICE MANUAL (-hp-part
number 03421-90008), If there is any mecheanical domage, the contents are in-
comnplete, or the instrument falls to pass its performance tests, promptly notify the
nearest Hawlett-Packard office. A list of -hp- Sales and Service OFfices s loratad
in the back of this manual. If the shipping container is damaged, or the cushioning
material shows signs of stress, natify the carrler as well as the Hewlett-Packard of-
fice. Save the shipping materials for the carrler,

CAUTION

Before connecting the 3421A to an ac power source, verify
that the ac power source matches the power requirements
of the instrument as marked on the option label on the rear
panel of the instrument, Only qualified service trained petson-
nel should reconfiaure the 3421A for a different power line
voltage option.
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Powar Requiremants

The 3421A requires a power source of 100, 120, 220, or 240 VAC (-10%, + 5%},
48 to 440 Hz single phose, Maximum powar consumption is 6 VA. Rafer to the
3421A reor ponel for the line voltage option label, Make certain the option marked
on the labal is the same as the nominal line voltage for your area. Also chack the
60/60 Hz switch for the proper setting, |.a., up for @ 6O Hz line and down for a 6O
Hz line.

WATRSSS. oyt s e
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3421 Back Panul

Power Cords and Receptacles

The following illustration shows the various power cord configurations that are
avdlilable to provide power to the 3421A, The -hp- part number shown directly below
the individual power plug drawing is the part nuimber for the power cord complete
with plug. If the appropriate power cord s not included with the instrument, notify
the nearest -hp- Sales and Service Office.
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Grounding Requlremants

Tha Instrument is aquipped with a three-conductor ac power coble. The power cable
must either be plugged Into an approvad thrae-contoct elactrical outlet or used with
8 three-contact to two-contact adapter with the grounding wire {green) firmly con-
nacted to an electrical ground (safety ground}. The power jack and supplied powar
cable meet IEC (International E'actrotachnical Comimission} safety standards.

Power Line Fuse Replacement

The power line fuse s located on the rear panel of the 3421A in the lower right
corner, To replace the fuse, turn the instruments power switch off and remove the
power cord from tha rear of the instrument, With a small fiatblade screwdriver rotate
the fuse tarminal counterclockwise. Replane the fuse with the same type fuse.
Reinstall the terminal and apply power, The following table lists the available power
line optlans and the appropriate fuse.

Line Voltage Options

Optlon No. | Line Yollsge Frequengy Power Line Fuse

K3 1) 100VAC 60M 2 16A Time Dulay

316 1Q0 G0 [ hpy Parl Namber 20910 02341}
326 170 6O

326 120 GO

136 220 6O

336 220 GO

348 240 6O

346 240 60

Installation Considerations

There are two items to keep in mind whether you are installing the 3421A in a rack
or simply satting it on a test bench, First, do not set the 3421A where air blowing
into the instrument may cause thermal gradients and cause errors in temperature
measurements. Second, the REFerence junction on the 10-channel multiplexer
assembly was calibratad with the 3421A In a harizontal pesition, Consequently the
3421A should be used In a horizontal position or temperature gradients may again
cause errors [n measuremants. If the instrument Is to be used in another position,
the REFerence junction should be calibrated with the instrument in that position,
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WARNING

The 34214 uses latching relays on the 10-channel muitiplex-
ing assembly (option 020) and on the mainframe, The state
of these refays can only be altered under program control,
This s an advantage in the sense that, under most conditions
of faflure, the relays will remain In whatever state your pro-
gram has set them, However, in case of power or equipment
faflure, any application requiring a failsafe method of insur-
ing that the circuits under control are in a known state must
he provided by the installer,

Safety Considerations

General safety precautions must be adhered to during all phases of operation of the
3421A, Feilure to comply with thase precautions or with specific warnings elsewhere
in this manual, violates safety standards of design, manufacture, ond intended use
of this Instrument. The Hewlstt-Packard Company assumas no ligbllity for the
customer’s failure to comply with these requiremaents.

Operating personnel must not ramave [nstrument covers. Component replacement
must be made by qualified service trained personnel with a knowledge of the hazards
trvolved. Do not operate the Instrument [n the presence of flammable gases or
fumes. Operation of any electrical instrument In such an environment consitutes a
definite safety hazard.

Warnings and cautions precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings and cautions must be followe. Safety
symbols used on the Instrument or In the manual include the following:

The WARNING slign denotes a hazard. It calls attention tn o
procedure, practice, condition, or the like, which, if not cor-

WARNING
rectly performed or sdhered to, could result in injury or death
to personnel,
The CAUTION sign denotes a hazard, It calls attention to an
CAUTION operating procedure, practice, condition, or the ltke, which,

if not correctly performed or adhered to, could result in
damage or destruction to all or part of the product,

The NOTE sign denotes important information. It calls at-
NOTE tention to 8 procedure, practice, condition, or the like which .
is essential to highlight,
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INSTRUCTION MANUAL SYMBOL. Tha product will be mark-

A ed with this symbol when It Is necessary for the user to rafer
to tha Instruction monual in ordar to protect ogoinst damoge
to the instrument,

Indicates dangarous voltage {tarminal fed from the interior by
voltages aexceading 1000 volts must be so markaed}.

Y Alternating Voltage/Current

us— Direct Voltage/Current

Interface Connections

The -hp- Modal 3421A is compatible with the Hewlett-Packard Interfoce Loop
(HP-IL), HP-IL Is an easy to use interface thot ollows Interaction and control batwean
soveral -hp- controllers, such as the 41C/CV calculator or B6A desktop, and in
struments llke the 3421A or -hp- 346BA. Instruments are connacted togethaer n
saries, forming a "'loop'’. Relar to the figure below. The 3421A nlso hos an option
201 which provides switch selectable HP-IB or HP-IL, HP-IB (Hewlett-Packard in-
terface Bus) Is Hewlett-Pockord's implementation of IEEE Std, 488-1978, "'Stondard
Digital interface for Piogrammable Instrumantation.’’
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HP-IL

Although the 3421A may be connected anywhaere in the loop, dalays in triggering
will be reduced If the 3421A Is the first device in the loop. HP-IL connections to
the 3421A ore made by two cables, ane going to the previous instrument in the loop
{RECEIVE) and the other going to the next instrument in the loop (TRANSMIT). All
of the Iinterface cablas must form a continucus loop. All connectors are designed
for proper orlentation. To connect @ device, such os the 3421A, in the loop, first
turn off the calculator and the device to be added to the loop. Then, disconnect the
loop in one place and connect the 3421A into the loop at that place. All devices
must be turned on for the interface to work properly. The colculator/caontraller should
he the last device turned on as It re-assigns new addrasses to cach device when
turnad on, Total cable length between any two consecutive devices in the loop must
not excead 10 metres (33 faet} for standard HP-IL cable,
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HP-Il. Address Salection

Each davice in the loop is assighed o unique address - o numbar from 1 to 30 -
ollowing the controller to specily and control individusl daevices, Tha 3421A has b
dafault turn-on oddross of 09, howevar, the controllar will sequentinlly re-address
euch davice In the loop, Thae oddresses start with oddress 1 for the first davice In
the loop nfter the calculator in the diraction of infarmation transfar, In this way, eoch
Instrument has a unique oddrass, which it stores [ntarnally.

HP-IB

The 3421A with option 201 providas switch salectable HP-IL or HP-IB* intarfacas.
Tha photegraph helow shows the rear panel of the 3421A with the option and points
out tha switch, Connaction to HP-IB [s mode hy an interface coble to the 24 pin
HP-IB connactar located on the rear panel. A typical Interconnection Is shown below
in which system inteconnaction Is mace by two Interface cablas, The ends of the
cobles hovae both o male and femble conector to enable connections to other cablas,
As mony o5 1B Instrumants ({including the contraller} con be connacted by the some
interface bus, However, the maximim langth of cab!s that can clfectively be used
to connect 8 group of instrumants should not excead 2 metres (6.6 feet) timas the
numbar of instrumants to be connacted, or 20 metres (6b.G (eat), whichever s less,
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HP-IB Address Salaction

The HP-IB oddrass for the 3421A Is dotermined by the setting of live switches
logatad inside tha instrumant case. The 3421A leaves tha factory with the nddross
switchos sat to dacimnl cade '08"', Changing the HP-IB addrass requites a qualified
sorvice trained tachnician, Roler to the 3421A QOption 201 Sarvice Muanual,

Warranty Information

Certification

Hoewlatt-Packard Company certifies that this product met its published specifications
at the time of shipment from the foctory. Hewlett-Packard further certifies that its
cafibration measurements are troceable to the United States National Burcau of Stan-
dords, to the extent allowed by the bureau's calibration facility, and to the calibra-
tion facilitles of other International Standords Organization members.

Warranty

This Hewlutt-Pockard product is warranted ogainst defects In materiol and workiman-
ship for o porlad of one yem from the date of shipment, During the warranty pariod,
Howlett-Packard Company will, at its option, aither repair or replace products which
prove to bo delogtive,

For warranty sarvice or rapolr, this product must be raturned to a service facility
dosignated by -hp-. Buyar sholl prepay shipping charges to -hp- and -hp- shall pay
shipping charges to return the product to Buyer. Howavar, Buyar shall pay oll ship-
ping chorgas, dutles, ond taxes for products returned to -hp- from another country,

Hewlatt-Pockard warrants that its soltware and lirrmmware designataed by -hp- for use
with an Instrument will execute its pragramming Instructions when properly installed
on that Instrument, Hewlatt-Packard doos not warrant thaot the operation of tha in-
strumant, or software, or firmware will be uninterruptaed or arror free,

Limitation of Warranty
The faregoing warranty shell not apply to delects rasulting from Improper or inade-
quate maointenonce by Buyer, Buyer-supplied software or Interfacing, unosuthorized

modilication or misuse, operation outside of the environmantal specifications for the
product, or improper site preparation or molintenance.
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NO QOTHER WARRANTY IS EXPRESSED OR IMPLIED., HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remadies

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

Asslistance

Product maintenance agreements and other customer assistance ngraements are
avaflable for Hewlett-Packard products,

For any assistonce, contact your nearest Hewlett-Packard Sales and Service Office.
Addrassas are provided in the back of this manual,

In addition to the above warranty, the following LIMITATION OF WARRANTY ap-
plies to the option 040, Breadboard Assembly:

Limitation of Warranty for Qption 040

Thae foragoing warranty shall not apply to defects resulting from improper or inadae-
quate meintenance by Buygr. Buyer supplied software or Interfaring, unauthorized
madification or misuse, operation outside of the environmantal spurificetions for the
product, or improper site preparation or maintenance,

The dasign and Implementation of any clrcuit used on this product is solely the
rasponsibility of the Buyer. Hewlett-Packard Company does not warrant the Buyers
clreultry or malfunctions of the 3421A or plug-in options that result from the Buyers
clrcuitry. In addit on, -hp- does not warrant any damage that occurs as o rasult of
the Buyers cireu’t, including but not limited to the following:

1. Analog and digital sections are interconnacted.

2. 3421A powaer supply limitations are exceaded,

3, Componant halght/protrusion restrictions are violated,

4, Internal 3421A DVM voltage spacifications are violated,

6. Maximum Iinput voltage on the digital lines s excoeded,

8. The troce specifications listed i Chapter 9 of this manual are oxceedad,
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NO OTHER WARRANTY IS EXPRESSED OR IMPLIED, HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE,

Specifications

The spacifications for the 3421A are the performonce characteristics of the instri-
mant which are certifled. These specificaiions are listed ot the end of this chaptor,
ond ore the perfarmance standords or limits ogainst which the instrument is tested,
Includaed In the table are some supplemontal choractaristics of the 3421A. These
should be considored as ndditional and general information for you, the user, Becouse
of the many operotional capabilities of the 3421A, exercise care whan chacking the
instruments specifications,

Any changes [n spocifications due to monufacturing changes, design, or troco-
obllity to the National Burcau of Standords will be covered In 8 manusl chonge
supplement.

KOTE

Specitication for 40°C > 686% relative humidity are verified
by a & day type test.

Environmental Requiremaents

Whan the 3421A s calibrated, coreful note should be taken of the ambient
tamparaturag, In ordor to maet and maintain the spacifications listed in this chapter,
the 3421A should be opersted within £ B°C (£ 99F) of the amhient calibration
temparoture. This tamperature is olso ralled the reference temperatura. As it s ship-
ped from the factory, the 3421A should be operated within an ambient temparature
range of 23°C + B°C {73°F + 99F), The Instrument may be operated within on
amblent temperature range of 0°C to 56°C (+32°F to 131°F} but with reduced
agcuracy,

WARNING

Te prevent potential electrical or fire hazard, do not expose
the 3421A to rain or moisture,
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How to Obtain Repair Service

You may have your 3421A repaired at your local -hp- service center at anytime,
whathart it [s undar warranty or not, Therc is a charge for repairs ofter the one year
warronty pariod, Contact your local Salas and Service Office for shipping Instructions
prior to returning the instrument. A list of Soles and Service Offices Is locatad In
the back of this manuai,

Saerial Number

Each 3421A carrios its own serial numbaer on a plate on the rear panal, Each of the
3421A option assemblies will also have a Date Cede stamped on It, It is recommend-
ad that owners keep o soparote record of these numbers. Should your unit be lost
or stolen, the complate seriol number is often necessary for tracing and recovery,
os well as Insurance claims,

General Shipping Instructions

Should you ever naed to ship your 3421A, be sure it [s packaged in a protective
package (use the original shipping container and cushioning material) to avoid tran
slt damage. Such damage Is not covered by the warronty, Hewlatt-Packard suggests
that you always Insure shipments. Attach a tog to the instrument ldentiying the
owner ond Indicating the service or repair needed. Inciude the model number and
full sarial number of the instrument rnd/or option cards. In any correspondence, lden-
tify the Instrument by model number and full sertal number.

Further Considerations
Cleaning

Disconnect the 3421A from its ac power source before cleaning. Also, remove all
sources of powar from the option assemblies. The instrument can be cleaned with
a soft cloth dampened eithar In clean water or in water containing a mild detergent,
Do not use an excessively wet cloth, or allow water inside the Instrument. Do not
use any obrasive cleaners, especially on the display. Do not press hard on the display.

The panel area surrounding the input terminals should not be touched because olls
on the fnstrument surface caused by fingerprints may ceuse leakage paths and
decrease the Input impedance. To maintain the high input impedance of the 3421A,
the input terminal sree should be clear ad periodically with a cotton swab dipped in
isopropyl alcohol and then rinsed with deionized water, Let the ponel thoroughly dry
hefore using.
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. Detailed Specifications
DC VOLTAGE
Inpus Charecturistics
Meximim Resolutian l GANSC @ G5 -« AN = 856% Maximum
Display Input Input Input
Range 16% Digh) 5% Dipin A% Qigh 3% Digiv Resietance Reslstance Voitage
0.3v | .3010000 V| 10 v [ 100,V | 1010 10" + 360 Vpeak Hi earth,
3 v i 3.01000 10,V | 100, tmy | 10" 10" Hi Lo, or between any
30 v | 300100 100 4V P my 10myv | 1OM = 15 | TGN » 1% 8% two termingly
100 v | 307.000 ¥ mv 10my | 100mY | 10M « 1% | 10 » 1% - 8% » 160 Vpeak Lo-earth.

Mexsurament Accurmcy:

Auto-nairra an.
120"C = cahbration wempersture = 30VC)

+ 1% af reading + bumboe of counts)

reading -+

Tamgaratuie Comfliciont: Add 1o Measuremant Accuracy « 1% of

numbet of countsh"C tor each “C outsuie of
calibrauon temperatnre = B°C

W haure 23°C + V€ apurating tempessture alter 1 hout warmup, Range 6% Digih A% Digh 3% Digit
For luss thon 1 hour warmup use 80 day specs.
Q3v] 00008 « 06 0.0008 « YOB| Q0000 + O
. . , 3 vi{ 00007 + 0.06] 00007 + O 043007 + O
Range 6% Digit A% Digt T Digt 30 v| 00008 » 06 | 0.0008 » 0.06| C.0008 + O
200 v | 00007 - 00| Q0007 + O 00007 - 0
0.3V | 00680 «+ 6| QOGO .« 1 Q0K0 » 1
3 v)| 003b « 3| 0036 ¢ 1 0036 1
a0 v | 006Q - 3| QOGO » 0060 + 1 Auto e OH: Add to Measurement Accuracy ¢ (umber ol
0 v | 0066 « 3| 006G + 1 | 00Q6E « 1 counts) For 24 houts i a stable envirgnmuent (tempeeature
within + 17C of the temperature when guta s tumest oth
o Bt days: 23°C ¢+ B C opurabing temperature Range B% Digiv A% Bigit 3% Digit
fange B4 Oigh A% Digh T4 Bigit 013y i 1 o
v 3 0 0
03V | ooBg - 6 | OOCHB » QoBg + 1 0 v 1 1 0
3 v 0072 .-3| 0072 0072 « 1 300 Vv 3 0 0
30 v | 0087 « 3| oQ87 . o007 =
W0 v | ocs9 - 3| Qo8 0088 +
Hoise Rejeclion: Faor 6O, GO Hy + O 1% tdepending oh optioul
1 kI unbalonce n Lo, Auto setn oo
Vyear 23°C « B”C operating temperatuny —_
040°C @ 65% - [} - 85%
_ fange 5% Diph 4% Digit 3% Digh 6% % k} 6% A% I
In 4B Digh | Digle | Digit | Digh Digit  Digit
O3V |[.0194 « 6| 0181 » 1| 0194 i
3 v 01g1 + 3 g181 « 1 QIBY + 3 AC NMR 80 5O 0 20 by I 0
0 v | 0195 » 3| Q186 « 1 | 01896 .+ 1§ ACECMR | 140 | 120 GO 110 120 60
00 v | 0195 « 3| 0196 « 1 | 086 - 1 pc CMR 140 | 140 | 140 120 120 l|20
. RESISTANCE 2 wire 1. 4 wire th
Input Characiniisrics
. Maximum Current W x. Open
Reading Rusclulion Resolulion Nesolition Thiough Cireut
Range 5% Diglt 5% Digit 4% Dight I'% Digit Unknawn Voliage
300 1 301,000 1 mi} 10 mi} 100 m!) 1 mA 6.6
= Jk 3.01000 10 mi} 100 mi} 10 I mA 6.6
30k 30.1000 100 M2 T 10t 100 A 6.6
300 k 301.000 11 100 0o n 10 pA 6.6
am 3.01000 1010 Qo n 1 Ri2 1A 4.6
J0M 30.1000 100 1} 1 kit 10 ki} 100 hA 4.6
Nan destructive over Joad + 300 Valts peak.
Shatt-tetm overioad + 66O Volts penk.
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Detailed Specifications (Cont'd)
j RESISTANCE 2 witn 12, A-wirn th 1Continum I Dlgit Mode
Meanuzamunt Arcuracy: (% of reading » number of countsl Oparaling
Auto-pmo on. A wite ghms. Temperature FIC e 170 21°C 2 6°C 16 1 b°C
. B Cigit Mude fenge 24 Nour 81 Day ! Yoar
= I
petating 300 1} 0046 + 3 | 012 4 1 017 + 1
. Temjerature 13°C ¢ 1°¢ n°C ¢ 6°C 212°C ¢ b°C Tk 0036 - 1 PITEE 016 » 1
- J0 k 0036 + 1 01y v 1 016 « 3
Pange 24 Howr 80 Nay 1 Year 300k 0036 » 01+ [ ]
- IMe 16 e ) oB2 + 1 (411 7 S
300 1 0046 « 6 012 + 6 017 + 6 Jame Mmoo 8 -1 L
Ik o0dh » 3 011 + 3 0iG6 + 3
30 % Q036 + 3 01 + 3 016 + 3 P 3% digat 3K andg JOM spac s lor ac oprration with Hualing i
- 00 . 003k + 3 sl 016 + 3 put. Measurement najse will decreate with LQ conneciied 1o EARTH
IM a1+ 3 01+ 3 018 + 3 at In hattery operation in which cose the spic 15 the spme as for
- oM goz2 + 3 107 + 3 A6+ 3 B dhien with O counts offent.
, Oparating
; Npennting Envirenmunt 040°C @ 6b% <HRH=a5%
Envitanmant DAD®C @ 6B% <MK = 16%
- Range 24 Hour 0 Dy } Year
. Range 24 Hour 80 Day } Yuur
E 304N Go4AG + 1 12 1 017 vl
acon Q046 + 4 | 012 .o | 017 6 3k 0047 « 1 100 w017 .
3k 0047 3 | .01y +3 | 017 .3 30k 038 « 1 [ 08 + 1 | 03B 1
_ 30 k 0318 + 3 | 0336 + 3 [ o364 . 3 300 K AL TR N L L IR N Bt L1 T
360 k 36«3l 36 3] 36 43 am* 308 v 1 {3508 1 [308 )
aM a08 + 31 308 3 108 + 3 oM 26.2% + ) 20.4% ¢} 2B.2% « 3}
i oM 26.2% + 3 | 26.2% + 3 | 26.2% + 3
- 3% ot 3M and A0M spac s far ae aperation with taating
- put. Measurennt noise will decreasn with LO conneetind 1o EARTH
= arn hattery aperation in which case the spae s the same as tor
A'% Digit Mode 6% it with Q counts offgot.
Oprinting Fust ieading 15 in specilication with doelault delpy and 200 pf of
Tempuiatuin 1*C s 1°C 2276 ¢ 5°C ¢ ¢ 5°C capacitance.
Range 24 Hour BO Nay ) temt 2-wite ohms accurney 15 the samce s 4 wite ohms except add o
maximum ol 4{} oltsut.
3000 2046 + ) a1z e Q17 <
i KN Y 0036 + 1 Q1 e 016 « 1
agg: gggg : : g:: : : g:g : : Tempetature Confticlent of Measuramant Accuracy:
IM 010 14 Q18+ 1 " ., .
a0 M 087 o1 [ 4 e REER 0®C 1o 18°C, 26C 10 BG*C
a L. BY% digit display, auto-zuto on
_ ¢+ (% teading + number ol counts)/*C
i Opuinting l Tempersture
- Envirsnment BA0*C @ 6% <RIl =<05% Range Sonficien
Nunge 24 lowt 50 Day 1 Yuur Joon | 0009 « 6
- i 3k [.0008 ¢« OB
agon | 0046 « 1 [ o1z v | 017 e 300 & | o008 05
- Ik 0047 v Lo v o7 ey M -002|: o5
30 k 0318+ 0336 + 1 0364 + 1 20 M ‘021 '05
= 300 % R (- T ) 1 R I B ST R | o - :
J M 308 + ) 308 +1 308 1 )
For 4 digits, multiply counts by .3
30 M 25.2% + ! 26.2% ¢ | 26.2% » 1 For 3 digits multiply counts by .01
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. Detalled Specifications (Cont’d)

RESISTANCE (2-wire 1, A4 wie 01 iCantinuest RANGOM CHANNEL

Autarnro QN 1BY dwiis)

B Far o stable anyvitonmunt £+ G abd 11 counts tor 3001 ronyn, LA UL LU O LN B R n
== 3 counts Tor 3k through 300k rangues, B counts tar 3M and 33
’_:"' counts tor JOM mange. Far 4% or 3% dypts, mulnply counts 11 2100 1w 210 ass] a8 i gy 7Ly
- by .V ang Q1 respactively. Changes m inad resistance ane not e |ase| wadl so|vaor[vazol mer] on fen| o7
—_— carenciod n A wite ohms waith autn fero oll. KY |2222| 2000 036 | Y30 |22%0] 2600 OH [ @ 1
-an Cuternt Soneee Accunacy: 2.7 NG, N ND B A, 3% daypn modn
=
—] Marimum Luad Impedanee: 4 ware 1} 71 Auto Zuto On
20 Auta Zuro O
= It sense leads 10k All ranpas k1 NC valts
— {1 snurce la head 1410 al full scatn All tangne F2 AC Volis
E 1} soutca hi lead 1.3 ol lull scate Ik thraugh JOM F3 Ohig
- Ik} tar 3001} FG Tumperatate (T typnl
— F.7 Frequency
— G1 1 second galg bimp
] Sowrca Laad | 30000 [ 3k | Joky | 2o0k | amer | somu GO 1 second gate hme
— (e} 10 sucomd gale time
- Lo 10 | 100 | 1ok [roon | m
- HI 3k Th § 10k | 100k M| 10M i
- COUNTER
:‘: AC VOLTAGE AC coupled zuro crossing
= o Input Charncierisiicn Frequency tange:
Tty 10 Y0 RHy with nse lime « 1 B bs
Ml;l::i“l'lurm 4% Digh thput M:;L'I:rm 10 H2 10 Y0 kHy with nse e > 1 b me
i
Range | (4% Dighl | Resclutioin Nesistance Valtngse Sensitivitys 60O MV p p
3V 1 3.0100 | 100.V M Lo Minimum pufse width 15Y):
+ 3V peak
Lo teennnad B0 usec, 6% duty cycle mmmuem
Jov | i0.100 I my 10MIL 2 1% | to eanthy
1 * 160V puak Accuracy: .06% ol readng » 1 LSB

Marimum input voltage: 300V
Maasuramant Accurney*t @ (% Readingg + Counts) P 0

T TN [ e A o 1

(90 doys) Marimum DC allag: 2V
Tamprinture Coniticiant Input impadance: 10M » 1 0%
ti%Reading ¢ CounlpliC
20 Hp-AMitr | A5 My - 500 Hr 0-10°c, 28-66"C
3% Oigits 1+ 6 06 + 6 Qe 7
A% Dighs 1 + GO 0.6 + 60 ay 7 TOTALIZE MODE
*These specilications assume: V. > 0.3V 13V Ranget Minimum pulse witih (6Y:
V.. > 3V 130V Ramjuel

BO psae, B% duty cyehr nunimum Tor signals with penod 1 secand

Semltivity: GO0 my
3A21A READING SPEEDS - INTO
INTERNAL MEMORY (READINGS/SEC,
REPEAT ON ONE CHANNEL

Meximum counts: 66,636
Muximums siae time for signals lass than 10 Hr; 3.6 s

Minimum pulee pesied: 100 uxee

YRV | R0F | RMFR § ROFX | DIF3 | HOR) 1] i
Marimum nput vollage: 300V
M | 2.26] 408 226] As2fr06( Gi|na ,
¥ [16m6[2302) o0 [0 |vees| za 3] 106 oo ou Meximurs O afteat: 2v
N3 (30967 38866] 137 | A1 (3063 awas|vos] 61| input fmpedance: 10M + 1 10%
197 )
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Detailed Specifications

(Cont'd)

BATTERY LIFE

Maniesy fite om Wil chaige

PP L V72 howts munangm

HP R L Hnuts Aumimgm

Batiery ehusge rate liom minimnn te Wl eharge
16 hows of IAVA alt ar anlenp

2V nauts 0 34214 o an

OPTION 020, 021, D22
10 CHANNEL MULTIPLEXING ASSEMBLY

Vollage 15cant
iy v fetangls

» 160V perak Lo oratlh
760 Viur

160 VA Murvmum

30 Vi

250 Y

20 Mamum

Contact Bosistancs (Actunted ~ 1At
Thermal Qlfset tBean) PR Y
Avirage Bwatch Lile

Vollye (Aciuite)

Maxmmum Swatehing tane b0 ne

» AH0 V perak Hicanth, Hieto, or otween

REFERENCE JUNCTION COMPENSATION

Uperating Temperatme Aceviacy
21+ 5°C
Blala Eosatanmpmt 1
1o Y Cateviatienes
Dy £ nvdonnuas o
th Crbrp ot b C b
e nate ot changges

Temperature contficient for © 15 €78 83 C operating 1angee

Attt te) it bl ooty

OO C loreaeh " C oot o 27 - 6

TYPE T THERMOCOUPLE
COMPENSATION

Range:  2G0 C o« 300 C

Actwiaey: nedudes feleremoe e on pior thenig ottt o
vresr i cotve Wb I alir s not e e o enores

TYPL T THERMOQCOQUPLE
COMPENSATION

Hange 2007C to - AQG

i 10" operabnna wah
prapet conlact protection

Aocuricy  mwtiates eleieher e bt astrer et olba t thnpe
vt ot cooe 1 I does nat s e watie eernoe

Qpen Canact Capacitaner
Closeat Chaonal Capaetpnee

< A0 pl
= 00 gk wath Y Qplinn 070

» 130 pE owath 2 Qpion G20 Py 1Y Lo
217G pF with 3 Ohiran 070 I
Intirchannel Capacitones A0 pf
?
nA0c @ 040 @ ' .
Ivolution Resistance RN~ G5% | Gb%. RN~ Bbt
Hi to LD 0"’ 1" !
HI o EARTH 0 0"
LO Lo EARTH 10" 0" b
Fiequency Hesponee e
16O} wourcel 1 MHy 300 160} 1400 J00 00

U Mg sourery Y RHy

All rolay scang break hetore mpgke
Reloy conhigutabion ot shupment

Dpiion Chunnel Mude
020 0.1 Actuate
24 ol N Scon
160 VA M
on (] Actunte
19 Yol N Scin
100 VA Moy .
022 on 1 ol N Scan
160 VA MmJ

Tomperatun:

Trmparature Coelicient:

O C ) 1B C 2B bbb O

High Voltege Divider (piian 020 with 4446841
A, VM b,
C, - 26pF
Add 1V Remhing ertor whon ttirg) divnfer
Mirxiriam Input Vaoltage
260V HMS 1 Lo

+ 360 V peak
» 160V ek

Hu yerompnl b ety
L e to oarth

198




Detailed Specifications (Cont'd)

OPTION 060
DIGITAL 110 ASSEMDLY

Al gnmingls + 36OV max. to narth
Inofaled irput speem: B bits wain @ 7
nput vollags leveln:
Low voltaya maximum ay
High voltagy minomum 20V
High valtage naximum iHi Lo} 24.0V
Higlh vertager max et (hetwann any lrmanal gl warih ground)
t AQY
Maximum inpid currant at fow stara: 100 4 A
Minimum Input currant at high sisle: BOC A
Muxiimum Inpot current ai high state 124V inl: 26 mA
Logle potmityr Positive s
Manitor mode (ganernins SROJ:
Mimimum pulse waeith: Yms i DO, 10ms i DI
Trgiget laich: Jugh ot low lavn)
Masking: any comlpnpnon ol the B hits
T oo trigget to BAD: 1 1o 10ms
Enten 8 s tdched whe . ihgyger tecever
Jiointud sutput specs: B bos wide B 16 DMOS FETS

trput Qutput Charncieristics

Low mpadance
21, sk 300 nA, 1O vy
High impudance
10ME, 0 to + A2V across
switeh (1 walt potayr piotechion
for wductive londst, o1 betwaen
wny ol and eany graovmeg

Logic §

Logic ()

Ench it indwvutually controlimg

OPTION 040
BREADBOARD ASSEMBLY

Nomed Spacer 96 s cm_ 114 76w
Marimum Yallage: + 350 Vpeak Hiomarth, He Lo ar iebwonn any two
turhinnls
+ 160 Vieak Lo eanth
Power Available: 6 V., 36 mA, 6 V, 160 mA
Noly Bises: QAL
Mid: 100"
Conneclars: 22 pin idge isoliny)
Component Lend Length: O 26
Component Lead Height: O 6
Mazimuem Fawer Dinipetion: O 6 wotts

QPTION 212
12 VOLT BATTERY OPTION

NDTE

To mamntmn these specihcations the exivesal 12V
saurce st fiave good fosd reglotion and e feaf
resslance speclcitions authned e the Ophion 210
instatfatinn andd Service Manual must e ohsrived

tnput Valiage: 11V to 15 Ve

Input Rysteranin: VYV lehop out)*
12V (start upl*

[tectronic Shutdown (Crawbar Thrashali)
Voltage: 16 OV Wifc to Y6 B6WiIc

Comman Mode Rajection:
Undlet notmal opetaeng conthions, the de comiman moee 1
prztiin speaiheation s 1he spme as the inasdame spocilicobion
without Hus aptian (140481 Howevor, at 40°C, G6% wlative
hunuhity and ohove, the de common mmle epehnn
degraded 10 110 48 when the aption s ured with o grounded
ottty

" The st voltage and wput hysteresis specibeations ity tat
the punntrame power supply will start up with o musmom e
ternal saurce valtage of 12 Vele, and will contimae Le aperale
until the oxteinal source voltage diops to 33 Vdc (+ 2Valol




® Section |l
Option Assembly Installation
and Configuration

WARNING

Chapters 8 and 9 of this 34214 Operating, Programming, and
Configuration Manual were written for service tralned person-
nel only, Only qualified setvice trained personnel with an
understanding of electronic circultry and the hazards involv-
ed should remove, conflgure, and re-install the 342 1A option

assemblfes,
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Chapter 8
Installation and Corfiguration

Introduc..on

This chaptet has bean written spacificotly for tha trainad servica techniclon, It pro-
vides the necessary informatlon for o person with o knowledge of olectronics to
remova, conligure and install tha 3421A option assemblies, Currently avalilahle ap-
tion assamblies are: the 44462A 10 Chonnel Multiplexer Assombly, the 444G6A
Digited 110 Assembly, and tha 44464 A Brandhoord Assembly. Carefully raad through
this chapter and obsarve all coutions and warnings.

This chaptar Is divided into three sectlons; Ganeral Option Ramoval/instaliation Pro-
ceduras, Configuring the 44462A 10 Channael Multiploxing Assembly, and Wiring the
44466A B Bit Digital /O Astsembly, Cach section contains simplified schematics, il
kistratlons, and/or photogropht to enhance the description of the procedures. The
Brendboard assemily is covered In Chaptar 9.

WARNING

Only qualified service trained personnel should remove, con-
figure, and re-instalf the 3421A aption assemblies.

LETHAL voltnges may be prosent on the option assemblies
even though the 3421A is discornected from the AC power
line. Before ANY handling o servicing of the option
assomblies takes plice, make certain that all external sources
of electrical power to the option assemblies have been re-
maved, Read the Sa'ety Summary in Chapter 7 of this
manual,

Genearal Option Remaoval/lnstallation Procedures

This suction of the chapter provides general guldelinags to help toke some of the
guesswark out of removing, configuring and installing the option assemblies, In ad-
dition, this soction shows you how to set the address switches on the HP-IB op-
tien board,

The option assemblies should be removed from the 3421A belore they con ba re-

configured, If you need only to connget tha wires from your external tronsducers
to the option assemblies, refer to the spacific option later in this cheptar,
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WAIINING

Disconnect the 3421A powar cord from the back of the
3421A prior to ramoving the top cover,

Ta provant sarious parsonpal infury, caution must be exoreis-
od when working with the option assemblies. Electrical shock
honzards {up to 360 volts penk) may exist on the 444624
assembly from the davicefs) under test. Make certain that ol
wites to the option assembiies are free of voltage sources
prior to removing ar installing the option nssemblfes,

CAUTION

Use clean handling techniques and anti-static procedurns
when removing, configuring, and installing the option
assemblios, The 44462A Multinlexing Assembly is a high im-
petance circuft board and must ha kapt clean to ensure com-
plinnce with specifications. The option assemblies as well os
the 3421A motherboard contains CMOS devices which are
suseptible to statfc dischorges,

Disassembly/Option Removal

Il wiring connections to external devices or transducars have already been mado to
the aption assoembly tarminal blocks, you should first remove the termingl blocks,
This Is accomplished by:

I. Make cartain thot il externol sources of clectrical powar have been removed
from the terminal blocks hefore starting the ramoval proredures. Also, make certan
that the 3421A POWER switch is in the 'o!f’ pasition and the ac power cord
removad,

2, Removing the two scraws holding the hlock stroin reliefl bar.

3. Remove the gray "WARNING" safety cover. The two scroews holding the covar
are captive 1o the cover,

4. Loosen the two screws holding the terminal block to the option circuit board
and then remove the terminal block,
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To remove the option assomblies the 3421A case will need to he disesseimbled. Pur-
form thu following procedures very carefully. When remaoving the option assemblies
tnke careful note of which option was onginally instalted in esch slot. As you are
disassembling the 3421A, carefully observe the orlention of the various plugs ond
the cable routing s they must he properly teturned when re-assembling tha instru-
mant. In tha following discussion, the frant panol of the 3421A should be facing you.

NOTE

When re-mstalling the options, make certam that the option
that was removed from slfot O is returned to slat O, likewise
with slots 1 and 2. This 15 important for two reasons. Fir .,
il a computer progrim wias written for a certain option in a
known stot, reinstalling the option in a different slot may
cause the program or test to fail. Second, measurement er-
rors may result i a 44462A Multiplexer option is not re-
installed in the same siot it was removed from. This is due
to each board having an individual reference junction
calibration.
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3421A Disassambly .
To disassemble the instrument, do tha following:
1. Turn tha instrument upside down. This 16 prefersbly done on top of a protec

tive mat to raduce scrotching or marting the cahinet. Loasen the six scrows on tho
bottom of the instrumaent

REMOVE THLSL
SCHEWS

2. Halding the top cover in place, turn the instrument uptight, The six sctews are
coptive to the bottom cover ond wil not fall out, Remova the top cover.

3. Locote the main battery fuse toward tha right roar of the instrument and
raimove It fram its sockat, This will reduce the possibility ol an accidentally drop-
nod screw or standofl {rom cousing any problem.

4. 11 the black stain relief bwrs ond grey "WARNING' salety covers have not been
remaved [rom the rear panal, they should be ramoved at this time.

6. Remave the grey ribbon cable connector fruin the vation in slot 1. Be very
careful to lift the connactor straight up from the option so as not 1o bend any of
the pins on the connectaor. If the uptlon In slot 1 is o 44462A Multiplexer aption,
remove the 4-wire voltmeter input cable from u.a mothorboard.

G. Remove the four screws that hold the slot 1 aption in place.
7. Remove the option from slot ¥,
8. Unplug the ribbon coble connector from the option assembly in slot J. Il the o

aption in slot O is 0 44462A Muliplexer assembly, also remove the 4-wire voltmoter
zable,
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9. Uslng o 7/32" wrench, remave tha four hex screw standolls securing the op-
tiun assambly. Remove the slot O option fram the Instrumaent.

10. Leave the bottom hex stondoffs in place securing the matherboard to tha
chossis,

NOTE

The hex standolls securing the motherhoard to the chassis
are shorter than the hex standolfs separating the two options
in slots O and 1.

Some of the first instruments manufactured may have round
standoffs that are riveted to the matherboard and round
spacers between options stead of the hex screw-in stand-
offs. The raund riveted standoffs should be finnly secured to
the chassis with screws and round specers to establish a
ground connection when troubleshooting.

11, To remove the option occupylng slot 2, remove the tibban cable connector
and the 4 wite valtmetar cablo If present, Remove the four screws that hold the op-

tion assembly in place and remove the optlon,
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12, 11 tha HP-IE option toption 2Q1) is presant, do not rinove I8 Do not ramove
any ol the matal shinlds from the 3421A chassis,
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At this point, ol option assamblivs have been removad and are maody for raconfigur
ing. Ralur 1o the spacitic optlon later in this chapter for cantiguration mlormation,

Instaliing the Qption Assamblles

: Twa cises noed to be addimgsed whan instaling the option assemblios in the 3421 A

_ chassis, The fitst cose assumus that the sama options are baing installed that waore
praviously ramoved. I this case ramembar to install the options i the same slots
they ware removed fram. Tha socond casae 15 lor new options to e mstalled. In othar
wards, an option that was not proviously installad 15 now being stalled, As o
genaral rule, moltiplexing assombdies should bo instolled in slots Q and } bafore in
stolling them o slot 2.

- NOTE

In order 1o easure the highest accouracy on ol it
measurements, the 3421A should he recalibrated after install-
ng o A4462A Multiplexing Assembly. i the 3421A is not
recalihrated  with the multiplexer  assembly  installed,  the
IA21A sell tost will il tuncabibrated! and the first reading
returned 1o the calculknor will he an error messagoe.

L
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Butore Wstaling on opton assambly i slot 2, maka cnrin that the ibhon cablo fu
routuel around the shiold siandotls an shown in tha toltowing phatograph, This wil
pravant the thhon cable from intarlaning with the front paned POWER switeh, I the
option 201 HP-UY assembly is insteflad, this eoble will be bolow the HP-A cirealt
haonotd,

Lo your 34214 §s not equipped with the HRAB option, placa the slot 2 option
assmmbly dirsetly on top of tha bottom shiald stondotls, Put the lour long) scimwe
In place but do not tighten tham yet, Ga to stop 3,

2, 11 your AA21A is aquippad with the HP-1B option, maka cartain that all coldns
1o tha HP-10 option ata th placa and tha the HP-1B clreuit bowsrd s posinonad com-
panant slde down on top ol the bottom shinld swndotfs, Tha opton assambly for
slot 2 s mountad camponant side up oh tap of the HP-1B circuit homrd, Put the lour
long serews 0 ploce but do tighton yot,

J. Plug the approprinte tarminal hlock udge connactor anto the aption assembly
In slot 2.

A, Raeinstoll the gray "WARNING' safaty cover onto the 3421A hack panal Tor slog
2. Align the option assembly so thot the black stealn relief har con ba sorewad nts
place. Lootely attaching one screw through the block strain tallel bae will align hoth
holes, Finally, tightan down the four screws halding the option asseimbly
in ploca,

B. Plug the ribbon cable onto the aption assembly in slot 2, Make sure that tha
rad sitpe on the cable s orignted to the right, 11 the option assmnbly for slot 2 s
0 A4/ 62A Multiplexing Assambly, connect the 4 wirg voltmetar cabie to the optian.
This 4 wire coble should he orienind poer the Iabel on the circuit board and connectod
1o J100 on the mothmboard {groy to groy, otc.),

HLOT 2 APTION
CALLL POUTING

ROUTL CARLE ARGUND STANDOIN S
LTHIS CABLL ROUTING 15 THE BAMI
WHETHER HP IR QP HONIS INGTALLLD
Qi NOT )

P N A L TY UL RNt L P A ST IR



L o

‘iii i !illi‘illl --Ilhlll I 1 Lll\ ll\iiinlil " ,|| | \ I HI [N PP TR TR T

G, To sl an aption assambly 10 slot O, maka cartain that tha four hax stand. .
oltt are i placa i tha mothatbomd. DO NOT OVERTIGHTEN THESE STANDQFFS.
Excosnive torgua {11 inity mav break ol the scraw haads,

7. Routa the tihban eable frenn JHOO an tha mathathoard betwoean stondolls, Tha
raed s0ripe shoukd he otentd 1o the nght, Make st that it will not get pinched bho-
twuoah o stondall and tha option assambly that will he mountad in slot Q.

rLal o
CARLL HOUTING
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8. Sat the slot O optlon assambly in place, component side up, Make certain thm
the ribhon cable undernaonth is not pinched, Loosaly screw in the remaining 4 hox
stondofls. Do not tighten thase standofis ot this tme.

8. Plug the tibbon cebly into the slot O option assanbly, Moke sure that tha tod
wire s orlentad 1o the nght. If the slor O assembly is b A44462A Multiplexing
Assatbly, plug the 4-wire valunetar cable into the option assembly, Oriant tho 4-wirg
cable por the label aon the gpion board, Tha other and of this cable should bo con-
nactad to J110 on the mothatboard with the wires otlunted par the lobel on tha
motherhoard,
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10, Plug the approprinte tarmingl block odge connector onto the option nssembly,

0 Ruplaca tha rear paoal gray "WANNING' safoty covar. Align the option asseimbly with
the o ponel holes by inatalling one scraw of the black strain rallel bar, This will

autainiticilly align the othar sida,

NOTE

Do not overtighien the biack strain rdiel har. Qvaertightening
witl couse warping of the rear panel and therelore difficulty
in replacing the top cover of the 3421A. 10 the strain relief
har i mounted with hath screws, it should he loosely ot
tached until the top cover s instilled.,

11, Tighten the hax standol.s 1o secure the option assembly in slot Q. Do not
avartightan thoase stondof{s,

12. Routa the ribbon cable 1rm JBO1 across the slot O aption assembly, Maka
sure the rud stripe Is oriented to tha right.

5LOT Y
CABLE BOUTING

13. Set the option sssembly for slot 1 In place. Make sure that the ribbon coble
I not pihchad botwaen the standolls ahd the assembly, Loogscly screw the four
rerews 1o socure the option assembly in place, Do not tighten these screws yot.
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14, Plug the yibbon coble into the slot | option asembly making sure the red stripe

Is arianted to the viaht. If this assembly Is o A44AG2A Multiplexing Assambly, con-
nact the 4-wire voltmater cable to tha option, This 4-wire coble connocts to J120
oh the motherboard. Orlant the cable as por the labels on the maotherboard and tha
optioh astaimbly,

16, Plug the approprinte tenminal block edgn connector onto the slot 1 option
assombly.

1G. Raoploca tha rear panel "WARNING' safety cover for slot 1.

17, Align the option assembly with tha rear panel holes and loosely screw on the
black strain rehef bar,

18. Tighten down the fowr screws sacuring thae slot 1 option,

Ta replaca the top covoer, first moke sure the main battary fuse has buon roplocaed.
Then, locate the six plastic standaffs and place them aver the six cabinet scrows.
Muake sura that the end with the small hole is up and the large hole Is down.

Sat the 3421A flot on the workhanch. Make cartaln that the bail hondles an the front
fest ore collapsed. Align the top covaer and lower it in place. Be sure the gulding
groovas are proparly engaging the front and rear panels, If the grooves are propuarly
engaged but the top cover will not tower into place propetly, one of the plastic stand-
offs is praobably out of slignment. To correct this, move the top cover back and forth
el and right) until the standolfs align properly.

Finally, ance the top covar is in place, hold the two halves of the cose tagether and
turn the instrument upside down, Tighten the six bottom scrows,
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Strain Relief

Sama strain relief is provided by the 3421A for cables coming from thae external
transducars to tha option assemblies. This strain reliel s in the form ol 8 two piace
covar, The first piece is tha black strain relie! bar, It presses tha wires agoinst o plece
of foom. The second piece is the grey "WARNING™ covar,

The photograph below shows saveral wires coming out of the tarminal blocks and
through the strain reliel, Be sure to leave a small leop in the wire to avoid strass
in the terminol block connection, When installing the black strain reliel bor, attach
an and with the bar held down ond away from the instrument so it doasn’t beaor
on the Toam. Then rotate the bar up and connect the other end.

Ta protact wires smallar than 22AWG it is recommanded that these wires ba bundlod
together starting no more than 4™ from the back of the 3421A, Faiure to do so
may result in the wires breaking at the strain relief. To illustrate the nood for this,
0 26 AWG wire can survive only about 7 1o B pounds of tenston belore breaking,
A bupdle of 10, howavar, could surwve up tn 70 pounds of tension.
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HP-1B

The Option 201 HP-IB Assembly has o sat of efght switches near che back panal,
Thase switches are accassible by removing the grey nccass cavar, Mate that the two
nuts on the HP-IB connector will need to be removad.

HP-IB Switches

Option 201 for tha 3421A is an HP-IR interfoce. This option allows tha 3421A 1o
communicate to computers vio glther the HP-IB interface or the HP-IL interface but
not bath simultonaously, The option assembly Is mounted circuit side down In the
3421A cose and hos b sal ol eight switches near the back panel, These switches
oro accessible by ramoving the grey oaccess cover,

Tha HP-IB addrass of the 3421A is determined by the setting of the five right-most
switches, Thase switches are read and displayed at power-on by the 3421A HP-IR
processor to determine the HP-1B address, The 3421A Option 201 normally leoves
the factory with the address switches set to decimal; code 08", The correspond-
ing ASCII code 5 a Listen address code of *')'" and @ Talk address coda of 1", Refer
to the lollowing ligure f~r setting the oddress switches for other addresses.
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Tho next switch switch G) is the Bulfered Transfer Enable switch, Tho use of this
switch Iy doscribad in Chapter 3. As a ganaral rule, this switch should ba laft in the
un position unless the computar will be performing soma task while the 34271A [s
making maeasurgmants,

The last two switches are usad whan sarvicing the HP-IB circult hoard, For normal
aperation these swilchas must be in the up pasition,

Installing the 44462A Multiplexer Assembly
WARNIPG

The 3421A uses latching relays on the multivlexer assembly
foption 020, 021, and 022) and on the mainframe. The state
of these relays can only be altered under pragram control,
This is an advantage in the sense that, under most conditions
of failure, the relays will remain in whatever state your pro-
gram has set them, However, in case of power or equipment
failure, any opy.lication requiring a faflsafe methoa of ensur-
ing that the circuits under control arae in a kn-..vn state must
be provided hy the installer,

WARNING

In case of a component failure or programming error, any
voltage that is input to a ultiplexer ossembly may be
present on any other terminal of sny installed multiplexer
assembly as well as the 3421A front panel terminals.
Likewisa, any voltage that is inpu’ .2 the 3421A frant panel
terminals may I present on any other terming, of any
instalfed multipleser assembly.

Installation pracedures for the 44462A 10 Channel Multiplexer Assembly ore stroight
forward. Howaver, pay ottention 10 the mony jumpears on the assembly. The con-
dguring of these jumners s what villl he considered next,

These jumpers ~1n be divided into four groups, The first group is used to configure
channels O ond 1 as cither actuntors or as multiplexers. Tha second group of jumpers
are usad by the 3421A to determine which channels sre conligured as sctuatars ond
which are multiplexers, To moke 4-wire ohims measurements requires ramoving two
Jumpars and replacing two others; these {aur helong to the third sot of jumpers.
Finally, the fourth sot are used to install ettenuators in the signal paths,
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Actuator/Multiptaxer Jumpers

Channals O and 1 on 1ach mulithlexer assembly can boe configured as cithar actuotors
or a5 multiplexers, Several jumpers are provided on vach channel for this convar-
sten. Tha photograpt, below shows where these jumpers are locataed,

CHANMLL Q
JUMPLRS

CHANNLL
JUMPLAS

The diagram and chort helow show which jumpers need to be in place {or the chan-
nels to he configured as actuntars and which jumpers for multiplexers. Note, the
444G2A assembly is factory presot with channels O and 1 raonfigurard as octuators,

The following diagram and chart shows which jumpars need to be in place for
channe's @ and 1 to be conligured as actuatars and which jumpers need to ba in
place for channels O and 1 to he confiqured as multiplexers. When a 10 Channot
Multiplexer Assembly is ordered tactory installad, it can have ane of three diferent
configurations (Option 020, 021, or 022}, Optiun 020 has chonnels O and 1 con-
figured s actuatars and channels 2-9 configured as multiplexers. Option 021 haos
channel O configured as an actuotor and channels 1-9 configured as multiplexers.
Option 022 has all ten channels configured as multiplexers.

Whan a 10 Channel Multiplexer Assembily is ordered for fieki installation {44462A),
channels O and 1 will be conligured os uciuators and channals 2-9 will be configured
a5 multiplexers,

Regardless of how n 10 Chonnel Multiplexer Assembly is orderad, the built-in 101
divider an channal 2 ts bypassed the., jumper in the “OUT" position) at the factory.
Howavar, this was not the case on early versfons of @ multiplexer assembly {see the
lallowing note),

218

hao l e " WU W PEAT UMER T e

\-..l




H

TS
Lo
“ -~

ot = o o -

CONFIOURAT IO

CHAKNEL 0/1
- - BELAY

°

()

- 47
JMOOT/AT .07

Factary installed Option 020 and field installed Kit 44462A
have heen available since the introeduction of the 3421A,
Early versions of Option 020 and Kit 44462A had the same
channel configuration as current options, excet that they
also had the huilt-in 10:1 divider jumper of channel 2 in place
fi.e., in the "IN' position). The 101 divider has since heen
hypassed at the factory on all options (i.e., jumper in the
"QUT' position), Option 021 and 022 were introduced so
that the instrument could he ordered with a factory configura-
tion to ment most applications.
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Configuration ldentification Jumpers

The conhiguration jumpars, the second set, are locuted ns shown in the photagraph
below. These jumpers are used to indicute how the assembly is conligured and must
be set olong with any ather re-conhguring. I thase jumpers are not properly con
figured, an errar may result. For axample, f you have channel 1 caonfigured as o
multiplexet, but the configuration jumpers show it as oan octuator, sn error will result
when you ask for o measurement from that channel; i.e., DCV].

These jumpers set a code that is sent to the 3421A microprocessor 1o lot it know
the type of hoard as well ns s configuration. The possible combinations for the

jumpers are;

J§ | J6 | 47 Configurntion{Type

e U DU e e—

0 | No actuators, all 10 chinnels are configured as multiploxers.,
1 Channel O is an actuator, all others are multiplexers,

O | Charnel 1 is an actuator, channels O and 2-9 are multiplexers.
1 Chonaels O ond 1 are actuators, all other channels are multic

o o0

ploxars.

CAUTION

Your 44462A Muitiplexing Assembly may or muay not be
equipped with a jumper J5. If it is equipped with J5, it MUST
remain in the "0’ position. Moving JG ta the "1’ position will
cause the 3421A to think that the assembly is either non-
existent or Jhat it is a 44465A Digital )0 Assembly. This con
cause substantinl confusion when attempting o close cha
nels ar make measurements,
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2- and 4-wire Ohms Measuremants

There are four jJumpers locoted near the rear of the assembly. See the photograph
helow. For any measuremaits except 4-wite ohims measurements, jumpers JM3 and
JMA should be removed. Ta moke 4 wire obins measurements, two 444G62A
assemblies are requirad. One assembly il have jumpers JM3 and JM4 removed.
This assembly sarves as the olung current source multiplexer. The sacond assembly
will have jumpers JM3 and M istatied but jumpers JM1 and JM2 ramovaed. This
assemtly serves os the sense maltiploxer. Reler to the dingram helow.
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Attenuators
Pravisions are made on the 444G2A circuit board or attenuotors to be instolled on

all but vwa ~hannets (channels 8 and 91, An attenuator is composad ol two resistors
thot oot as o vehage divider, Considar the following dingram.,

(setlas eiement)

N
+ Rl +
Vg R? VO
SIGNAL {shunt element) SIGNAL
INFUT QUTPUT

Vo= Vi % (R2/(RI+R2))
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Chonnel 2 has a built-in, jumper sclectable, 10:1 attenuator. This attenuotor can ba
removed by moaving jumpar J8 from the 'IN’ position to the ‘QUT’ position. This at-
tenuator has on input impedsnce of 1 Mohm (R1+R2} to pravent loading of the
signal source,

Channals 0, 1 (when conligured as multiplexars) and channel 3 through 7 can all
have attenuators bulll inta their respective signal poths, The foliowing disgrams show
how this con be done, A packoge of seven paoirs of resistor (-hp- part number
44469A) are avallable for use as attenustors, These resistors ore the same values
ns those used In channal 2,
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Channels 8 and 9 can only have shunt elements buill suinss thalr signal paths, An
example of where this would be useful is with 4 - 20 imA trensducers, A 650 Qhm
resistor, + .1%, .6 watts {-hp- part number 0699-0064) can be placed across the
slgnal p* .h. The resultant voitage drop (transducer current through the rasistor) can
be measured by the 3421A Internol voltmeter, Thus, the BO Ohm resistor converts
the 4 - 20 mA signal to 0,2 -1 volt signal,
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CHANRLL 9

The Terminal Block Edge Connactor

Tha following photograph shows the channel connaction scquance lor the terminal
block, Extro terminal Mocks are avaoilable undor the -hp part number: A4463A.

When installing the terminol block on the multiplexer nssambly, make sura the tor-
minal block s firmly seoated and square against the multiplexer clrcuit board. Hond
tighten the captive screws into tha clevis™ an the circuit bowrd, Ramambuor, any wires
smaller thon 18 guage should be bundled together starting ideally no more than 4
from the terminal block.

CHANKEL O M) CHANNEL th 1)
i COMMON H)
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installing the 44466A Digital /O Assembly .

Bacnusa there are no jumpers to be configured on tha Digitol 17O assembly we will
concern oursalves in this section with the wirlng of the terminal block orlga con- |
nector, The chonnel connection sequence for the terminal block Is sBhown in the
photograph below. Extra terminal blocks me avallable using the -hp- part humber:
A446G0A.
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The Terminal Block Edge Connector

Tha wires to the external devices must be soldered to the lugs on the terminal black.
Use care whan saldering to the lugs to pravent breoking them off, Follow standard
soldaring practice such as making o good mechanical connection before soldaering,
Do not use too much soldnr. Use only rasin core solder, NEVER use acid core solder.
After the solder connactions have been made, caver each joint with heat shrinkable
tubing to aat as o strain raliel and prevent adjecent wires from shorting to each othar,
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Cleaning

Ciean hondling techniques should he used when configuring the option assemblies,
This is especially tiue of the 44462A Multiplexing Assembly where contamination
will decrease the board iripedance. If measutements are to be made under high
humnidity (>80%) and high tamperature {>90° F) environmental conditions, the cir-
cuit board and edge connector should be clesned. Also, it very high rosistance
maasurements, or voltage measurements in high impadance clrcuits the terminal block
adge connectar must he cleaned, The followling procedures can be used to clean the
clrcuit boards after configuration,

1. Removu all source of power from the option assambties. Then, remove the cir-
cuit boord from the 3421A,

2. Wash the circult board assembly with isopropyl olcohof.
3. Rinse the board thoroughly with de-lonized water.
4. Dry the circuit bowrd completely belore re-installing it in the 3421A.

b. The terminnl block adge connector should be cleonod using the same procedure.
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CHAPTER 9
44464A
Breadboard Option
Option 040

Introduction

This chapter provides the tachnical Information necessary for the design englneer or
elactronic tachnician to yse the 44464A breadboard assembly with the 3421A Data
Acguisition Control Unit, This chapter is NOT intended for use by non-technicol
parsonnal,

At the end of this chapter are two pspes, each showing a full size view of the front
and hock of the 4446G4A Breadboard assembly. These pages are provided to assist
you In designing and laying out your circults. You may want to tear one sheat out
and duplicate for future use.

The 44464A Breadbhoard consists of two areas:

1. A breadhoarding ares which includes two power supplies, +5 volts and the
battery voltage; a ground bus, which [s tied to the 3421A front panel 1.O (erminal,
a 22 pin adge connector, and provisions for ceonnecting to the 3421A Internal
voltmetar/countar,

2. Built-in design {you provide componants) for providing an B-bit digital input port
and an 8-bit output port. The two ports are controlled by the same commands that
control the 44465A Digltal /0 assembly, These commards will be discussed later
in the chapter, The two ports are referenced to the 3421A front panal LO terminal,
Therefore, care must be taken if [solation is needad.
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Before You Begin

Prior to deslgning and building any circuit on the breadboard, familiarize yoursell with
the signals available. Read through this entira chapter carnfully., The following
paragraphs describe certain hints and precoutions which, if carefully observed, will
cause your circuit and the 3421A to perform moare reliably,

Voltmeter Input Connections

In the lower feft corner of the 44464A assembly are four pins lobeled: 4WL, 4WH,
DCL, and DCH. These pins are tor making connections to the 3421A intarnal
voitmeter ar counter, The DCL {voltmieter Low) and DCH (voltmeter High} pins are
used for AC or DC voltage and 2-wire resistance measurements. They also connect
te the internal counter. Make certain that no more than 300 valts {peak) is ever ap-
plied to these terminals,

The 4WL and 4WH pins are used when making 4-wire resistance measurements.
They are to be used for this purpose only.

WARNING

Damage to the 3421A or external devices may result if
voltage inputs are made through the front panel terminals
and/or the 44462A Multiplexer and/or the 44464A bread-
board DCL and DCH connections simultaneousty. Under no
elrcumstances should a voltage be input through the front
panel terminals or the multiplexer relays (with a relay clos-
ed) at the same time a vaoltage is being input through the
breadboard assembly to the voltmeter.
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Parts Supplied

The following is a list of all parts supplied with the 444G4A Breadhoard assembly.

(R KT IR T T U

Quantity Aip- Part Number Description
1 1200-0864 14 Pin DIP Socket
1 44464-66506 Bread Board Circuit Board
i 1251-0233 Circuit Board Edge Connector
i 1261-7826 4-Terminal, Right Angle Caonnector
1 B120-3727 4-Conductor Cable Assembly _
1 8120-3678 14-Conductor, Flat Ribbon Cabln ?
1 4040-2133 Stroin Ralief ;-Z
1 4208-0416 Adhesive Backed Foam for Strain  Relief. —
90.1 X 9.9 mm —
2 2190-0879 Washer -
2 0610-0962 E-type Screw Retuiner -
2 1390-0624 Captive screw, 3.0 X 36 (Metric) =
2 1390-0630 Captive Screw 3.0 x 16 (Metiic) -
2 3060-0716 Flat Washer =
2 0380-0008 | Spacor _F
Parts Not Supplied =
=
Parts required but not supplied for the 8-bit input/output port are listed below. The -
location and usage of these parts will he described later in this chaptoer. =__
Quantity hp- Part Number Description ;_
1 1820-1746 CMOS Hex Buffer Integratud Circuit, such as =
CD4049, or MC14049UBCP =
1 1820-2232 CMQOS 8-Stage Statis Bidirectional Parallal/Serlal =
Input/Qutrut Bus Register such as CD4034 or v
MC14034BCP =
1 1820-22156 CMQS Tri-state. Qctal D-Type Latch such as —
MM74C373N =
1 1820-2638 CMQS Tri-state, Octal Buffer & Line Driver with —
Inverting Qutputs such as MM74C240N =
1 1820-2637 CMQS Tri-state Octal Buffer & Line Driver such =
as MM74C244N —
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Power Supply Limitations

The following power supply limitations must be adhered to:

Supply Available Current Comments
+ bV =36 mA Current Regulated Supply
+ GV Batt, =160 mA Internally Fuse Protected

Note: all power supplies are referenced to the LO input terminal on the front panel.
Battery Charging Restraints While the 3421A is Operating:

1,6y + Iy, s 20 mA then there is no change In the bettory charging
spacification,

20 mA = (5, + Iy = maximum specified above, then battery will
still charge but it will take substantially longer; up to 3 days for a full
charge.

Power Supply Filtering

It is recommended that bypess and filter capacitors always be used botwsen the
+ BV supply and ground. A good rule to follow is to use one 1uF tantalum filter
capacitor and two .01 pF ceramic bypass capacitors for avary eight {or less) IC's,

Thermal Gradients

Remember that thermal gradients caused by large power dissipations can cause er-
rars in thermocouple tamperature measurements on 44462A assamblies. Therefora,
power dissipation must be kept to under 1 watt on the breadboard assambly,

Switching Inductive Loads

if your application involves switching inductive loads, arc suppression circults may
be required. These suppression circuits serve to minimize radio frequency radiation
(RF1), voltage and current stirges, and relay contact breakdown,

The following simplified design equations for an RC arc suppression network, will

usually provide adequate protection. However, since the R and C values involve
parameters difficult to determine precisely, such as the type of relay used, wiring
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capacitance, atc,, tests to determine the efiectiveness in actual circuits should be
performed The design equations are only guidelings and are not warrantaed,

8, R is sclected os 8 compromise batween two valuas., The minimum value for
R is determined hy the maximum accepable relay contact current, Thus, tha minimum
value for R is Vp/l, whare Vp is the pesk value of the supply voltage and | Is the
relay current, The maximum value of R is usually aqual to the load resistance, R,
So, the limits on R are: Vp/l < B > Rl

b. To compute the value of C, use the equation; C = {{10/300)2)sL whare L is
the load Inductunce, lo is the current through L just before the relay opens, and C
is the total clrcuit capacitance.

To minimze Iintarference coused by high voltage switching, malntain maximum isola-
tion betwaan the switched voltages snd the 3421A logic circults, Choose relays that
have o low contact to coll capacitance,

RS aRc L
SUPPRESSION
RELAY NETWORK
CONTACT
Cf[ 1 RL
AN
&,

Radiated Noise

To ensure compliance with appliceble standards for Electromagnetic Interference, cir-
cuits shauld be canstructed using good RF practice. This means shielding connected
to a good earth ground, ete.
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The Circuit Board o

The figure halow shows the dimensions of the circuit board and exploins the com-
ponent haighi/protrusion raestrictions,
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Voitage and Resistance Measurements

As mentioned ecarlivr, connactions to the 3421A intarnal voltmetar are mada through
the DCL and DCH pins on the 44464A breadboord assembly, Keep in mind thot ony
voltage appearing on these pins will also appear on the 3421A front panel and on
any 44462A closed channel in the 3421A. Convaersely, any voltage being input
through the 3421A front panal terminals or through the multiplexer assambly will
appear on the breadboard DCL and DCH pins, Theretora, ony voltages to be
measured from the breadboard nssembly should be isolatad, preferably with a relay.
The 8-bit digital output port can be used to contrel the relay,

To make a DC, AC or 2-wire resistance measurement from the breadboard, three

steps should he taken, First, moke certain that all ralays on 44462A multiplexer
assetnblies are open. This can be done by executing the OPN command, .
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0 Sccond, close tha relay on the breadboord assembly. This con be dong with the BIT
cammand, dascribed later in this chapter,

Finally, execute DCV, ACV or TWQO, whichever is appropriate for the measuramant
you want to make, With no channal list following the comimand, the ingasurement
is mode from the broadhoord assembly., This process is shown in the following
axample,

) PART OF A44844 BREADIOAR)
T

RELAY

it
R
nen 1 eyl

K}

¢ bl
Aoy g.m -

(1]

T0 EXTEFNAL
YOLTAGE BOUCE

4-Wire Resistance Measurements

0 Essaentiolly, 4-wire resistonce measuroments follow the some constraints outlined
above for voltage ond 2-wire «esistance measureaments. The major difference is that
the AWL and AWH pins are used instecad of the INPUT pins. The figure below
demonstrates a8 4-wire rosistance measuremant using the 444G64A breadboord
assembly.
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Counter and Totalize

Counter and tctalize measurements, like voltage and resistance meosurements, are
mada through the DCL ond DCH pins. The same constraints apply as for voltage
measurements  except thot the FRQ command will he used for (raquancy
meuasuremants and TOT for totalizing,

Communication with the Mainframe

Each 44464A Yreadboard assembly is designed to provide communication with the
3421A mainframe, The necessary components arg not supplied with this breadboard.
Howavrr, If the corract ports are installed, then two parts allow contral or monitoring
of ralay s, othar digitel clrzults, ete, The some instruction set used with the 44466A
digital 1/Q hoord is usad to control eithar individual bits or an entire B-bit word on
the Input end output ports. The followling discussion s divided into the Input port
commuande and the output port commands, For additional infarmation and exaemples
on programming the ports, refor to chapter 6 of this manual,

Loading The Components

Earlier In this chapter we listed the components nacessary for bullding the digitel 1/0
ports, The following diagram shows whate to mount those components, Remember
to use clean handling tochniques and statlc protection, The integrated circults are
CMQS5 and suscoptible to clectrostatic discharge,

u
Mm%-up =) MM74C244N
(V)] 44404~
MMZACT 7N s
PULLDOWN
Ub — RESISTORS
100k
M 14099UB ]
U3
MM74C 240N

CAUTION
Only qualified service trafned personnel should install or con-
figure the hreadboord assembly. Make certain that all power
/s remaved from the breadboard before installing components.
Use clean handling techniques and anti-stotic precautions,
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At the end of this chapter is o short theory of operation dascribing the operation
of the /O ports,

Buffering the [/O Port Lines

Since the integroted circults installed on the breadhoord for the /O ports are CMOS
davice , ull 1/O lines should be buifered. The 8 digital output lines are capable of
driving one (1) standard T1' device.

\

Input. Port Commands

The command sat used to control the Input port [s tha same as that used with the
44466A 8 Bit Digital /O assembly. Two Standard Commands are used most often
with the Input port® REDI (REaD slot i) and BITx, REDI allows you to lock at the en-
tire B-bits from the slot specifiad by "'I''. BITx, however, permits you to seloct in-
dividual bits to look at. In the following discussion the words "'set’’ and '‘clear’” will
be used. Sat meons that a condition Is true; 8 high or logic '’1"" condition, etc. Clear
means just the oppasite; l.e., the bit Is low or a loglc 0" condition.

REDI

The REDi command reads the digital ihput port and responds with a decimal number
hetwean 0 and 266, This decimal numbaer corresponds to the sum af the values of
the individual bits that were “'set”. For example, if you hove a breadboard assembly
in slot 1 and bits 0,2 3, 6, and 7 are "’set”’ (all others are clearad), the volue 173

would ba returned. Refer to the chart below,

M Numbur 7 6 G 4 3 2 ! 0
Bt vahun i st 1283 64 32 16 B i} 2 |
Examythy; 126+ 0+ 32 ¢ 0O + B v 4 0 o+ ) 173

Bit Value Chart

BITx

The BITx cor»mand allows you to read individual bits, The following table shows the
addrassing scheme for the input port bits for 44464A cards In each of the three slots
of the 3421A. Notice that bit addresses 08, 09, 18, 19, 28, and 29 are not allowed.
The volue returned to the calculator will be +1,000E+0 if the bit Is set and
+0,000E + 0 if the bit is clear,
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Bit Addrass il cord in Slot #
Bit# Slot 0 Slot 1 Slot 2
0 0 10 20
1 1 M 21
2 2 12 22
3 3 13 23
4 4 14 24
b b 15 2b
6 6 16 2
7 7 17 27

Bit Value Address Table

Look ugnin at the example given in the bit value chart earlier. If you execute o
"BIT17" (fur bit 7 in slot 1) followad by an ENTER statement, the calculator will
show a value of + 1,000€ +Q, The following program shows how this can be done.
If you exccute 8 “'BIT11"* (hit 1 in slot 1}, followed by an ENTER statement, the
colculator will return with +0,000E + O because the bit is clear,

Uk ! Byt example
J000TRdT 03 BIN, e
Jib EHIER )Y 3 Ag

A DISE N

hiy LND

Advanced Commands

The advenced instruction set provides added cepobilities for the input port. The six
commands in this group are; MHia, MLia, MNIa, ANlabe), and XRjabcl. Three of
these; MH, ML, and MN, may be used to cause an interrupt {SRQ) tou signal the
controller,

MHx and MLx

The MHx {Monitor High) -:-ommand monitars the bit specified by ""x'', Refer to the
bit volue address table shown eatlier to determine the value of “*x’’. When bit "'x"’
becomes set, the EVENT OCCURRED bit in the Status Register (bit 3} Hkewise
becomes set, An interrupt (SRQ) Is generoted to flag the controller. Refer to chapter
3 under the toplc of SPOLL for more information on SRQ and the Status Raglster,
When the 3421A Is addressed to talk It will output a decimal number equal to the
sum of the values of the bits that were set ot the time of the interrupt (similar to
a REDI commaond}. The MLx {Monitor Low) performs the same way except that SRQ
fs generated whan the specified bit becomes cleared,
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MNi

The MNI command Is very unique in that It allows you to specify combinations of
set ond cleared bits to cause an interrupt, MNi uses the XRlabce|, ANJabc| commands
to extract only the bits you want to look at, XRlabc] sets up what is called an Ex-
clusive Or mask. It sllows you to specify which bits are to be set to cause the in-
terrupt, The AND mask s set up by the ANlahc) command and allows you to spacily
which hits you want to monitor. In the discussion to follow, it will help to remember
these two points;

1. The AN command determines which bits you want to look ot
2. The XR command detarmines which bits are to be set to cause the Interrupt,

The MNi command reads the Input bits from tha card in slot [, performs a logical
Exclusive-OR with the XOR mask, takes the result and performs a loglicai AND with
the AND rnask. If the final result equals O, the EVENT OCCURRED bit in the Status
Register (bit 3) will be set. If the Stotus Register bit 3 is not mosked, an SRQ in-
terrupt will be generated,

The XRlabc] command sets the loglcol Exclusive-OR mask for the MN command. The
value [abe] represents a decimal number from O to 266, Refer to the bit value chart
shown earliar in this chaptar. The Exclusive Or function performed by the MN com-
mand is done on a hit-by-bit basls. The following Truth Table and example show how
the X mask works.

Logical XOR Truth Table

Input Mask
Bit Bit XOR Result Example
0 0 0 10101100-XR mask
0 1 1 01110010- input Bits
1 0 1T
1 i 0 11011110- Logical XCR Result

in the [abc| value, if a or ab are not received, leading zeros are inserted, In other
words, XRb is the same as XROO06, If no nember s recelved, the mask is set to all
0's.

The ANlabcl command sots the AND mask, The value lobc| represents a daecimal
number between O and 266, Refer to the bit value chart glven earlier In this chaptar,
The AND performed by the MN command Is done on & bit by bit basis, For exom-
ple, If you send AN173 this would represent a binary AND mask of 10101101
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{bit7-bit0). Suppose the digitsl inputs ware 10011000. The logical AND would he
10001000. This is shown in the tcilowing illustration,

Logizn} AND Truth Table

Input Mask

Bit Bit AND Rnsult Example

0 0 0 10101101 -AN mask
0 1 0 10011900 -Input Bits

1 0 o -

1 1 1 10001000 - Logical AND

As with the XR command, il 8 or ab are not recelved, leading zeros are insertod,
in other words, ANb Is the somy 8s ANOOB. If no number is receivad, the mask is
sot to all O's.

Output Part Commands

The three STANDARD commands most conmnonly used with the output port are
CLSx, OPNx, and WRTi,labc). The first two, CLSx and OPNx, allow control of in-
dividual bits in the port, WRTi, on the other hand, permits one command to con-
trol all B bits. In the discussion to follow, the word *'set’’ means that the bit is high
and '‘clear’’ means the bit is low,

CLS

The command CLSx {CLose Single bit ») "’sets”" the bit specified hy x. OPNx per-
forms just tho opposite task, it clears the bit specified by x, The table below shows
the bit address chart for the three different slots,

Bit Address It card in slotd

Biry Syt 0 Slot 1 Slot 2
0 0 10 20
1 ] 11 21
2 2 12 22
3 3 13 23
4 4 14 24
5 6 16 26
6 6 16 26
7 7 17 27

If, for exemple, you have o digital /O card in slot 1 and you wanted to set bit 5
you would excecute CLS15. If you wanted to clear bit 3, execute OPN13.
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WRT

To control all bits with one command use the WRTi[abe] command, The | represents
the slot number for tha digital 1/0) card, The value {abc) Is 8 decimal number gqual
to the sum of the values of the bits that you want set. Sae the bit value chart beiow,
If you wanted to set only bits 3, 4, and 6 and all other bits cleareu in s'ot 1,
regardlass of their previous condition. oxecuta the command WRT1,66. This exam-
ple is shown below,

SwHeh Numbng 7 G b 4 a 2 1 0

Switch Vislue It Closnd 128 (L) a2 16 8 4 2 1

Example; 0+ 0+ 32+ 16+8+0+0+0" b0

Advanced Commands

The advanced Instruction set provides added capabilities when using the output port.
The two Instructions from this set are 0Si,{abe|, and DCllabce!,

DS

The Digltal SET command, DSi,labe), sets the output port hits on the card spes.ificd
by "I’ to the configuration specified by the decimal number {abcl. All bits not
specitied by lobel remaln unchanged. The value {abc| represents the sum of the
volues of the hits you wish to set, Uzse the bit value chart shown previously to deter-
mine the value [abcl. For example, if you want bits 1 and 6 set in slot 2 and all
other bits to remain in their previous state, exccute the command DS2,34,

DC

The Digital Clear command DCi,Jabe], clears the hits spacified in the same manner
8s the Digitnl Set command sat bits,

Theory of Operation

This stmplified theo*y of operation Is designed to help you understand the operation
of the 8-bit input/output ports, Also, should problems occur in the input/output port,
this information can assist you in troubleshooting. The following diagram illustrates
the major blocks of the paorts,
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Commmunlcnti:;n between the 3421A internal microprocessor and the 44464A
breadboard [s carried on serially, U1 is an 8-hit hidirectional parallel/serial input/output
bus register, This means that information from the Input port, through U4, is con
verted to serfal information by U1 and sent to the 3421A processor. Likewise, sarial
information from the processor is sent to U1, converted to porallel, and output
through U2, U3 is provided to read back the state of the output port.
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Appendix A
Documentation Worksheet

Introduction

it has long baeen recognized thot failure to document a measurement system, or
documenting the system ofter its devalopment, results In considerable extra effort.
This is espacially true when attempting to diagnose system fallures. It can be vary
frustrating, for example, to suspect a defective thermocouple, and because of in-
adequate documentation, replace the wrong one. This is not only time consuming
but costly, This appendix presents a simple mathod of dacumenting your measure-
ment system to help alleviote these problems and to help in the setup procedure.
Only two worksheets are provided, therefore you may want to tear one out and
duplicate it for future use.

Worksheets

The Documaentation Woarksheats presented here were desigued to be filled out while
you are wiring transducers to the 3421A, Later, they can oe used as a guide when
writing programs and testing. Instructions for completing the watksheets are found
on the hackside of the workshaets,

These worksheets serve only as a guide for your system. That is, they may not be
applicable to o'l situations and you may need to modify them for your Indivicual
needs. Figure A1 shows several examples of how workshaets may be filled out,
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Event Log O L
In addition to the Documentation Wrksheets, you may want to maintain an Event =
Log. Types of Event Log entries inchde changes in the setup, when and why the =
changes were made, transducer follures and any circumstances surrounding their g
failure, and changes in a process (a.g., use of a different brand of dotergent in a =
washerl, Each entry should include at least the following four items: i_—
1. What 1he event 15 and the extent of change. =
2. Where tne event took place or was observed. E;
3. Whun the occurrence happened or was noticed. ;:
4. The fix - if the event waes a foilure, =
An example of an Event Log entry would be; :_'
Powaer failure 10:43 a.m. 10/22 -
Changed T22 type K thermocouple 11:06 a.m. 10/22 :E
Oven #3 overheated to 1700°C 3:48 p.m. =
T22 sppears to be bad reading 4:10 p.m. 10/22 —
From the Event Log, apparently T22 was change to a type K thermacouple {it was £
=
a type J, sae Warkshest example), but the change was not entered into the pro- ‘ —
gram. While most problems are not solved this easily, the Event Log can provide -
valuable insight Into seemingly unexplained changes in a system. ==
BC.
Another piece of dacumentation you may find useful Is a single page cover sheot —
to identify the documentation package. This cover sheet might incorporate lineariza- %j—
tion equations, trensducer manufacturers and replacement part numbers, wire batch 5—

numbaers, and any other pertinent information. —
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DOCUMENTATION WORIKSHEET
INSTRUCTIONS

DATE[TIME: The date and/or time of the original setup should be entered here. Dates
and/or timas of minor alterations should he made In the left hand margin next to the
addition or oiteration,

SYSTEM NAME: The sctup name is used to identify a particuler measurement system,
This Is especially important when more than ane system is in use.

TEST AREA: This entry should bhe an overall description of where the system fs heing
used or what it is measuring.

SLOTICARD TYPE: Refer to chapters 2, 6, and 6 of this manual for a discussion of the
3421A slots. The slot number must be known and whether the slot contalns an B8-bit
Digital 110 card or a 10 channel multiplexer card.

CARD TERMINALS: Record the terminal blcck connector numbers for each transducer,
Refer to chapters 6 and 6 of this manual for discussions on card tarminals. As a
diagnostic aid it is important to record the terminal connections,

CHANNEL: This entry Is the channal number that you specify In your prograni. Refer
to chapters 6 and 6 for more information.

TRANSDUCER TYPE: Indicate the type of transducer used on that channel. For exam-
ple, J type thermocouple, prassure transducer, otc. You may also want to indicate
the replacement part number for that transducer,

UNITSILINEARIZATION: Enter the units of the measurement and any lnearization aqua-
tions. Examples Include pressure, liquid flow rate, FT/Lbs of torque,
°F=32.0+1.8°C, ctc,

VALUESILIMITS: List a typical valus for that measurement and the measurement units,
Some tests require that an action take place if certain limits are exceeded. The values
for these limits should be entered under MAX, and MIN.

COMMENTS, ACTIONS, ETC: This entry should include anything not already specified that

might be appropriate to the measurament. Passible antries include the specific loca-
tion of the transducer, actions taken if limits are exceaded, etc.
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DOCUMENTATION WORKSHEET
INSTRUCTIONS

DATEITIME: The date and/or time of the ariginal setup should be entared here. Dates
and/or times of minor altarations should be made In the left hard margin next to the

addition or aiteration,

SYSTEM NAME: The satup name is used to identify o particular measurement system,
This is especially important when more than one system Is in use.

TEST AREA: This entry should be an overall description of where the system Is being
usad or what It [5 measuring.

SLOTICARD TYPE: Refer to chapters 2, B, and 6 of this manual for a discussion of the
3421A slots, The slot number must be known and whether the slot contains an B-bit
Gigitol 1/O card or 8 10 channel multiplexer card.

CARD TERMIRALS: Record the terminal block connector numbers for ench transducaer.
Refer to chapters 6 and 6 of this manual for discussions on card terminals. As o
diagnostic aid it Is important to record the terminal connections,

CHANNEL; This entry Is the channel number that you specify in your program. Refer
to chapters 6 and 6 for more information.

TRANSDUCER TYPE: Indicate the type of transducer used on that channel. For exam-
ple, J tyue thermocouple, pressure transducer, etc. You may also want to indicote
the replacament part number for that transducer.

UNITS/LINEARIZATION: Enter the units of the measurenient and any linearization equa-
tions. Examples include pressure, liquid flow rate, FT/Lbs of torque,
°F=32.0+1.8°C, atc.

VALUESILIMITS: List o typical value for that measurement and the measurement units,
Some tests require that on action teke place If cartain limits are exceeded. The values
for these limits should be entered under MAX, ond MIN,

COMMENTS, ACTIONS, ETC. This entry should include anything not already specified that

might be appropriate to the measurement, Possible entties Include the epecific loca-
tion of the transducer, actions taken if limits are exceeded, etc.
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Appendix B
HP-IL/HP-IB

Introduction

An Interface is the means by which o computer and the 3421A or other instrument
communicate. This appendix provides a slightly more detalled overview of the two
interfoces used with the 3421A; HP-IL and HP-IB, Although the information in this
appendix is controller independent, the Information may he 3421A dependent.

General HP-IL Description

Hewlett-Packard Interface Loop (HP-IL} Is a two wire interface. As the name implies,
devices are connected in o sarial loop structure, Data or information, In the form ol
digital 'fromes’, travels from one device to the next around the loop.

The interface loop consists of a calculstor/computer and up to 29 peripheral devices
such os the 3421A, Information is transferred from one device to the next around
the loop in one direction, If the information is not intended for a particular device
{see porsgraph on addressiryl, the device meraly passes the Information on to the
next device, When the infurmation reaches the intended device, that deviue responds
as directed by the informadon. The Information [s then sent on to the next device.
In this way, the calculator/computaer can send Information to and receive informa-
tion from selocted devices in the loop according to the device's capabillities, The
following figure shows a typical interface loop system.

CALUE T CRINYER

( ;“1:::‘1 CILTERER |
i AMAAELD 3 ANHELS 2 l
CALCLL AT VIR TME TE R
TM KRR T ep e TALRER
r‘i}:'::[tt\(r‘f-{ill MNTELD O ACHESS 3| Hatedin

] ADDEE B ot T

PLOTIER J

I
: L ESTEN 5

Functional Qverview

Each device in the loop will possess one or more of the three basic device
capabilities: Controller, Talker, or Listener, The controller, as the name Implies, has
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tha rasponsibllity to control loop activity, The -hp- Model 41C/CV handhald calculator
and the -hp- Modal Bb desktop computer are examples of devicos which serve as
contrallers. They must, of course, be equipped with the proper interface modula, Con-
trollars transmit all commands to other devices in the loop and have Talker ond
Listenar capabilitias. The 3421A connot sarve as a contrallar, Only one davice in the
loop may serve as o cantroller,

Talkars are devices that have the ability to send data or informstion {but not com-
mands) through the loop. Note that o talker will not actuslly send data or Informa-
tion until told to do so by the controller. The 3421A has Talker capabilities. Tha
3421A does not have o Talk-only mode as do some Instruments.

Listeners are devices with the capabllity to receive Information through the loap.
Listenars must remaln Inactive untll told to listen py the controller. The 3421A has
Listengr capabilities.

Addressing

Each device in the loop Is assigned a unique address by the cantroller, For exam-
ple, If the 3421A Is the only device in the loop, other than the contraller, the con-
troller will assign it an address of ""1'", The address of the contraller Is always "'0"".
Addresses permit the controller to specify or "'select’” a particular davice in the loop
when sending commands. Addresses are assigned to devices sequentially arounc the
loop In the direction of informaticn flow. The first device in the loop after the con-
troller Is assigned an address of '"1''. The second device |s assigned an address of
2", and s0 on around the loop,

. Look at the figure of the typicai HP-IL system agsin. Individual devices ara shown

with their basic capabllities, loop addresses, and direction of Information flow.

Technical Overview

Fundamentally, HP-IL is a bit-serial, byte-serial, unidirectionai interface. It uses a two
wire balanced differential drive system and three leval encoding for bits, Messages
are sent through the loop as a sequence of eleven bits called a message frame. Com-
mands, such as Listen, ere made up of one or more message frames. There are three
major classifications of frames: Commaond, Ready, and Data, Three of the aleven bits
are used to specify the type of frame. Tha remalning eight bits are data bits and
specify the particular message within the classification.

HP-IL pratocol provides excellent error detection, Commands and data make a com-
plete circuit of the loop, In other words, the originating device must recelve the in-
formation back after all other devices have received and re-transmitted It. By com-
paring returning information with what was sent out, errois are automatically
detectsd,
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Normvlly, anly one message Is in tronsit around the loop ot any given time. In

o genernl, when a dovice sends a massage [t walts untll the message is returned befora
trensmitting thae next message. This part of the process is colled loop handshaking
and guaranteas thot Talkers and Controllers do not send Information faster than other
devices coan accept tham,

HP-IL has s theoretical maximum transmission speed of 20,000 bytes per second,
In a typical implementation though, this rate is lowered to somewhere between 3,000

and 6,000 bytes per second, This speed is sufficient to transmit more thon a full
single-spaced typewritten page of data every second,

3421A Loop Capabilities

The following table lists the HP-IL functions that the 3421A responds to and uses,

R The 3421A handshoakes as a racelver,

D Handshokes as a drivaer to the next device.
- AH Handshokes as an acceptor.,

SH1 Handshakes os B source,

T1,2,  Basic Talker, send Status, sénd Device ID, send Accassory
3.4,6 ID, Unaddressed as a talker when addressed ss Listener,

rEQ No extended Talker capability.
i o L1,3 Basic Listener, Unaddressed to listean when addressed to tolk
LEQ No extended listener,
Cco The 3421A cannot serve as a controller,
AA1 Can be outonddrassed by the controller,

AEOQ No auto-extendnd addressing capability.

AMO No multiple adJressing capability,

pc2 The 3421A responds to Device Clear and Selected Device Clear
interface commands,

DT The 3421A responds to a Device Trigger interface command,
- RLO Remote, Local, and Local Lockout are ignored since the 3421A
can only be controlled by a controller,
: SR2 Basic Service Raquest and Asynchronous Service Requast capability,

PPO The 3421A does not respond to parailel poll,

PD1 Tha 3421A has a power-down mode,

0DO The 3421 A does not implement device dependent Talker or Listaner
commands.

MSO The 3421A does not have manual service request capability,

General HP-IB Description

o The Hawlstt-Packard Interface Bus (HP-IB) is Hewlett-Packard’s implementation of |[EEE
Standard 488-1978, ''Standard Digital Interface for Programmable Instrumentation,”’
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itis a carefully definad interface whic stmplifies the intagration of various Instrumants
end computers Into systems, The inte,face pravide: Jor massages in digital form to be
transferrad hetween two or mare HP-IB compatible devices.

The HP-IB [s in paroliel bus of 16 active signal lines grouped into three sets, according

to function, to interconnact up to 16 davices, A pictorial view of the HP-IB connector
and its pin desfgnations are shown In the followling illustration. Also shown Is o diagram

of tha interface connectior 5 and Bus structure.
%
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13 D105 The 342 1A contams metie thieaded HPB cabile mouning st
4 DI06 s opprosud 1o Enghsh threads. Metric thieaded -hp 106314,
16 ploy B, 0r C HPIB cable lochscrows must be used 1o secute the cable
16 D108 o the mstrument, fdentdication of the twae types of manhing
b EQt Stls oned lockscrews is made hy their cofor. Enghsh thrsdvd
17 REN fasteners are colored siver pnef netrie threaded fasteners ive
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] NDAC threadded HP 1B coble hardware dlostrotons and paet manhiors
9 IFC foflow.
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18 PO TWISTED PAIR WITH PIN G -

18 P/O TWISTED PAIR WITH FIN 7 revibids

20 | PIOTWISTEDPAIRWITHPING [ THESEPiNs e one

n P/Q TWISTED PAIR WITHPIN B INTERNALLY -

22 P/O TWISTED PAIRWITHPIN 10| gnounpDED i

3 P/O TWISTED PAIR WITHP'N 1) FURG MOUNTIRG KTUD VHANT NOURYING $TLD
24 ISOLATED DIGITAL GROUND ' o caed oo

Eight signal lines, termed DATA lines, are In the first set. The Data lnes are used to
transmit data in the form of coded messages. These messages are used to program
the instrument function, transfer measurement data, coardinate instrument operation
and read its measurement data, Input and Qutput of messagas, in bit parallel - byte
serial form, ore also trensferred In the data lines. A 7-bit ASCIl code normally represents
each plece of data,

Data is transferrad by means of an interlocking *"handshake’’ technique which permits
data transfer {asynchronously) at the rate of the slowest active devine used in that
trensfer, The three DATA BYTE CONTROL lines coordinate the handshaking and form
the second set of lines,

The remaining five GENE,?AL INTERFACE MANAGEMENT lines are used to manage the
devices on the HP-IB. This includes activating all connected devices at once, clearing
the Interface, and others, For a detalled description of the HP-IB lines, commands, in-
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ternal operations, etc., refer to the HP-IB Abbreviated Description Manual, -hp- part
number 68655-2303. A condensed description [s also avallable In the Condensed Descrip-
tion of the Hewlett-Packard Interface Bus Manual, -hp- part number 53401-90090, The
manuals are available through your local -hp- Sales and Sarvice Office.

As with HP-IL, devices can be classified as sither Controllers, Talkers, or Lisceners, Thase
are definad as follows. '
\

a. Controlle;s: The device that can specify which device(s) on the Bus is a Talker
or Listener, There can be two types of controllers; an Active Controller and a System
Contraller, The Active Controller is the current controlling device. The System Controller
can, however, take control of the Bus even if it s not the Active Controller. There can
only be one Active controller at any given time, even if several controllers are on the Bus,

b. Talkers: A talkerIs any device that is able to send information over the Bus when

263

| = ki d i bty P Farkr 4 b e g




C L,

wnn

LN 1T

it has bear: addressed, Only one Tolker may be aciive at a time; ususlly the ana thot
fs currantly addressed to send data, All HP-IB computars, most HP-IB instruments and
of course the 3421A, ore Tolkers,

¢, Listanars: Davices which receiva infarmation over the Bus, whan they have haen
addressed to listen are caolled Listenars. A davice may or may not be hoth a Talker and
o Listaner, The 3421A has Listaner capabilities.

3421A Bus Capabliities

Thy 3421A interfoces to the HI*IB as defined by the IEEE Standard 488.1978. Tha
interface function subset which the 3421A implements s specified in the table
helow,

SH1 Source handshake capabilities,
AH1 Acceptar handshake .apabilities,
16 Bosic Talker, with Serial Poll, no Tolk only mode, and un-

addrossed to Talk when receives its Listen oddross,

TEO No extended Taliker.

LEQ No extended Listenar,

L4 Busic Listener, unaddressed to listen when receives its Talk
address.

SR1 Complete Service Request capsbility,

RLO Remate QOrly capability.

PPO No Parallel Poll capability.

DC1 Complete Device Clear capability.

DT1 Complete Device Trigger capability.

Co No Controller capability.

Interface Terms

The fcllowing Is used to dafine many of the terms and concepts used to daescribe
HP-IL and HP-IB systems operations.

¢ Address. Eech device connected to the intarface has a unique address assign-
ed to it. With HP-IL, the address Is assigned by the controiler. In HP-1B, the ad-
dress s set by switches in the instrument. The address is used to speclfy which
davice connected to the interface will receive (Addressed to Listen) or send {Ad-
dressed to Talk) Information.

* Byte. A l.‘)ym Iv @ unit of information conslisting of 8 binary digits catled bits,

* Clear, The Clenr‘molssage causes the listening device(s} or all the devices con-
nected to the interface to retur, to thelr predefined duvice-dependent state,
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Oevice. Any Instrumant or unit that is HP-IL {or HP-IB) compatibla is called a
"Device,"’

Device Depandent. An actian a davice performs in raspanse to information sant
through the Interfoce, The action Is a charactaristic of o particular instrument
ancd will probahly vary from device to device,

Polling. Polling is procass typically usaed by a controiler to locate a dovice that
has requestad service from the controllar, There are two types of polling: Serial
Pall and Paralle} Poll,

1. Sariol Poll. When the controller executes a sorfal poll, the addressed device
sands one byte of oparational information called o Stotus Byte, If more than one
dovice connected to the intarface is copoble of requesting service, each davico
must be serisl polled until the device that requaested service is locatad,

2. Parallel Poll. This mathod obtains a Status Bit from 8 devices connacted
to the Intarface. The 3421A does not respond to a Parallel Poll,

Require Service, A device can send this mossage ot any time to signify that
it noeds some type of intaraction with the controller, Of course the device must
be pre-programmed to send the Service Request and the controller must be pro-
programmed to raspond,
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K72 MANUAL CHANGES

-hp- MODEL 3421A

DATA ACQUISITION AND CONTROL UNIT

Manual Part Numbar 03421-00010

KHARGE N, 3, Applies 1o K4452A0 wiil ENC 2421 and Abaye.

Komplcte Manual, Chnnge all the 10 Channel Multiploxar Omian
refarances in the manual 1o Multipleror/Actusior Option,

Fage 140, Nosding: Chaanals, Change the thing paragraph to tha
laliowing:

All but the flirst two and last twa channols ean have sttenuators
bt intes tha signat path. This witl ba diecuesaed Intor i 1his chaptar,

Puge 145, Honding; Valtaga Mamsuramants. Change Channels 0 through
7 i tha third sumisnce of the fest paragraph to Ghannaly 2 Hnough

»

Page 154, Naading: Attanuninrs, Changa the second and third paragraphs
1o tha Inllowing:

It was mantionad proviously that channal 2 an aach multiplexur
assembly hos o builtbin 101 attanestor. This attenuntar ean be
placed into tho elreult by moving jumper JB an the nesembly to the
"IN ponitlon. When he jumpar is In this position, sny voltage
maasutad from chennel 2 must he multiplied by 10 1o abtain tha
cafrect vaiue. The allanunstor can ba 1aken out of tha clrewit ino
attanuntion) by maving jumpar J8 W the "QUT’ posilion,

Page 185, Hasdlng: Attaaiaters, Change Channois ©, 1 and 3 tywough
7 Intha firat sentenca aof the first paragraph 19 Channals 3 threugh 7.

Page 210, Ilawding: AcvuatosiMultipienar Jumpas. Change the Hrst two
poragraphs and tho st sontence of the third patngraph 1o the
following:

Channals O and 1 on aach multiploxsr assembly cnn be conligured
#s nithor actuntors or ns multiplaxers. Savaras jumpars arg providey
on ench channat for this convareion, The photograph below shows
tha focation of the jumpars on older agsemblies using soldersu-in
jumpars. The jumpers on the present assamblies are in the same
lacatfon, excopt thay are fiying logd jumpars.

The dingram below shaw which jumpars nead 10 bo in place for
the chennals to be co. figured as actuators or multiplexora, Tha
dingrary epplles for oldar assamblies that had soldered-in Jumpars,
Far tha prosent aseemblios that use flying lend jumpars, refer to
tha rssambly liself, Connect bath HO and LO to their corrasponding
WX point to contigure channel O us n mulliplexar, or connect
1o "ACI’ 1o conligura tha channel as on actuator, Use H1 snd L}
to contigure channgl 1,

Tha folfowing diagram and chart show which jumpars need to be
in pface for channals O and 1 to be conligured as actuntors and
which Jumpars naed to ba inplace for channals 0 and 1 to bo con-
figured as multiplexars, Tihe laltowing dlogrem s for older
assemblias. For the presen assemblles, uso tho Information on the
amsambly ftsell 10 datormine the conlljurotion lese previous
poragraph).

Page 221, linading: Attsnuators. Change the firas three paragrophs under
the heading as followat

Provisions are made op the 44462A circult board for altepuotors
to ke instalied on channels 2 through 7. On board provisians ara

31 Qatobaer 1884

not provided lor sttonuntars an channals 0, 1, B, and 0. An a1
tanuntar s camposad of two *esistars that act as o valtagn dividar.
Considur the tellowing dlagram.

Channal 2 has o bull-in, jumper calectabla, 10:1 attenuntar. This
attanuntor can be delnciad by moving jumpar J& from the ‘QUT’
1o the "IN* position, This attenuater has an input Impadance af )
Mahm 15+ R2) 1o prevent loading of the signal sourca.

Channeis 3 thrgugh 7 can oll have attenuators built into their Iespuc
tive sighal pathe, An clinr AAAG2A assembiia. | channgis O and
olwo hd provisions to insiall attanuatars, If Yha channals are con.
figurait as multiptoxers, The tollowling dingram shows how 1o in:
stall the attenustors. A package of seven palts of rasistors
bhp- parcnumber AS4GBA] is avmlable for use os attenuntors. Thuse
resiEtors are the same values ns those usad in channgl 2,

CHANGE K0, 2. Apphan to Al Surlab Numbens,
Page 184, Powar Conds Figure. Changa the hp- patt numbar af the NEMA

5-16P power cabla tlast cobla In the figuro) Irom "8120-1621"
o ""G120-1320",

Supplement A for 03421.90010






