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34218 Manual Beference

The following block diagrar shows the 3421 A mmanual documentation scheme. Dashed line barders
indicate those manuals that are shipped with the order of specific aptions; solid borders indicate those
manuais that are shipped with every instrument.

- - f—

5 4£A4E84 Datg Acguisitien 34214 Oparatirg, Programmirg, - 34214 Juick

! ROM Pzo Meanual znd Configuration Manua —— Refaranca Cuod

i

_— il — - r ' or ,
} 10 Channel Multiplaxing 1 Dugital O Assembiy : | HP-15 Irterface o 12 W Battary Cptior :
b Asserwly 10pr. 0720 | 0ot OBO) 444GEA 1 1 10ot. 201 444814 1 Dpr 2720 Instatation ]
! 444624 Service Manual ! Service Manual : ! ‘nstatiztion ano i I andd Servion Manua !
{ ! |1 Service Maraa: | | i
R U0 S NOUOORUTOREITPRINE S A S S i

JE2TA Onerating, Programuming, and Configuration Manual (03221-90010) for all usars. All features
and aptions of the 3421 A are discussed in this manual.

3421A Quick reference Card (03421-90002) for all users. This card is a quick reference 1o ail of the
3421A commands,

3421A Service Manuval (03421-90008) for the service technician. Theory of aperating, calibration, and
sroubleshiooting are discussed.

44462A Serviee Manual {(44482-90000) for The serviee technician, This manual covers installation and
iroublasiicoting for the option assembly,

444634 Serviee Manua! (444435-90000) for the service technician, This manual covers installation and
troubleshooting for the option assembly,

44461 A HP-IB Interface Installation and Service Manual (4446 1-90001) Tor the service techaician.
This manual covers installation and roublesiooting for the HP-I3 option asscmbty,

12V Battery Option {Opt. 212) Installation and Service Manual (03421-90009) for the service techni-

clan. 'L his manual explaing how (o connect the 12V Bartery Option to an external 12V sourge and
wonw o troubicshool the oplion assembly,
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Harstallerhescheinigeng

Higrmit wird bescheinigt, da3 das Gerat/System HP 3421A
in Ubereinstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentstdrt ist,

Der Deutschen Bundespost wurde das inverkehrbringen dieses Gerdtes/Systems angezeigt und
die Berechtigung zur Uberprifung der Serie auf Einhaltung der Bestimmungen eingerdumt.

Zusatzinformation fur Med- und Testgerats
Werden Mej- und Tesigerate mit ungeschirmtan Kabeln und/oder in offenen Megaufbauten

verwendet, so ist vom Betreiber sicherzustelien, dad die Funk-Entstdrbestimmungen unter
Betriebshedingungen an seinaer Grundsticksgrenze eingehalten werdan,

Manufacturer's declaratien

This is to cerlify that the equipment HE 34271A

is in accordance with the Radio Interference Reguirements of Directive FTZ 1046/84, The Ger-
man Bundespost was notifiad that this equipment was put into circulation, the right to check
the series for compliance with the reguirements was granted.

Additienal Iafermatian far Test- and Measuremant Equipmant
If Test- and Measurement Equipment is operated with unscreened cables and/or used for

measurements on open set-ups, the usear has to assure that under operating conditions the Radio
interference Limits are still met at the border of his premises,
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Chapter 1
leet The 342171A

Introduction

Weicame to the world of high performance, low cost data acquisition and control.
Your new -hp- Madel 3421A is a fully programmabie unit combining precision
measurement capability with process monitoring and contro! functions. When inter-
faced 1o an -hp- computer {such as the HPF-85}) or handheld calcusiator (such as tha
HP-21C/CV), the 3421A farrns a versatile, easy to use data acguisition and coniro!
system,

The standard 3421A consists of a mainframe, & builtin 5 1/2 digit voltmeter, a 10
kHz counter, and an HP-IL controller interface. Compensated tempearature conversion
using T-type thermocoupies is also built in. The mainframe can hold up to three
option assembiies. Available options include a 10 Channel Multiplexing Assembiy,
an 8-bit Digital I/O Assembly, and a Breadhoard Assembly for custem circuit design.
in addition, an optioral HP-IB* interface or a 12V Battery Opticn is available.

Typically, al least one Multiplexing Assembly (44462A or option 020, 021, or 022)
is used in the 3421A. This assembly provides 10 channels for signal input. A
temperature reference junction is built in to each assembly for thermocouple com-
pensation. In addition, two of the channels can be configured as actuators for
controlling motors, alarms, etc,

The 8-bit Digital /0 Assembly (44465A or aption 05O} provides an 8-kit input port
and ar 8-bit output port. Typical uses for this assembly include maonitaring limit or
posilion swilches, and low voltage actuating., The 34271A command set provides for
individual bit control as well as 8-bit word control,

i neither of these assemblies meet your needs, Option 040, the Breadboard
Assembly is available. This option permits you to custom design and buiid your own
measurement or contral assembly.,

Al of the 3421A features are completely programmable. A powerful instruction set

means thal the 3421A is very sasy to use in a wide variety of applications. The
maior feawires are: '

* HP IR iHowlct: Packard tmvtorfsce Bus) is Hewlett-Peckard’s implementation of IEEE Standard
AZR- 1978 and ANSI MCT.1. '
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® HP-IL interface for connecting to the HP-41C/CV caiculator or computers such
as the HP-85. An cptional BP-1B interface is available for interfacing to other
camplters,

® The 3427A may be combined with the HP-41C/CV handheld calculator,
HP-82162A thermal printer/plotter, and HP-82161A digital cassette drive for
a complete battery operated data acquisition system.

# Fully progremmable 5% digit voltmeter for measuring DC veliage, AC voitage,
and 2- wire and 4 wire resistance measursments.

® Pregrammable power down, standby mada (o conserve battery power in
remote location usage.

® Memory storage for 30 readings allows fast data acquisiton for later
manipation,

® Programmable counter for frequency measurements up to 1CkHz or totalizing
up to 65535 counts.

® |Low thermal offset switching with built-in reference junction.

®  Digital 'O for process control and monitering.

Introduction to Data Acquisition and Control

As the cors of 2 data acguisition and control system, the 3421A s capable of being
used in many application areas where data received from various transducers needs
processing.

For example, in the areas of production cortrol, quality assurance, and final test,
the 3421A provides uniform and precise measurements. Using the 34214 to test
and monitor prototypes can mean better knowledge of the product and therefors
shorter development times in the R&D lab. Batiery opersticn and the 3421A’s light
weight allow you to transport the system to out-of-the way locations.

All of this is made possible because of the 3421A's ability to perform several
measurement tasks under computer control. Tosts can easily be aitered to fit other
applications. instrument cost and setup time is greatly reduced since the measure.
mant system is contained in one package.
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A simple solar heating demonstration will heip you to visuslize where the 342TA fits
into a date acquisiton/control system. This illustration shows the power and flexability
of the 34214 under computer control. In the following illustration, several parameters
are to be measured including the temperature at different locations, fluid pressure
on both sides of a pump, fluid flow and fluid fevel, Furthermere, the pump and two
valves must be controlled, i.e., turned on or off.

The 3421A, under computer control, measures the various temperatures and
transducer outputs and sends the data to the computer. The computer analyzes,
records, and plots the daita. But more than that, the computer makes certain deci-
sions based upon the measurec data and instructs the 3421A to actuate {turn on)
the pump or valves. Several other functions may be included such as sounding an
alarm if the pump pressure drops sharply or the liguid 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 for you
1o serve as a complete reference document for using the 3421A. It covers both pro-
gramming information and configuration/installation/connection infermation for the
option assemblies. information on Operator Maintenance, such as power requirsments
and specifications, are placed later in the manual, in Chapter 7. If you have just
received your 34271A you will want to read this information. Chapters 8 and 9
discuss installing the option assemblies and the breadboard option {Opt. 040}, respec-
tively, and are intended for use enly by qualified service trained personnel. A separate
service manual for the 3427A contains information on calioration, performance
testing and scrvice.

Familiarize yourself with the 3421A by looking through this manual. The best way
to feel at ease with the instrument is to sit down with this maruai, the 3421A, and
your calculator and perform the examples shown. It wen't take iong to become
familiar with the instrument and its many fsatures.

The following paragraphs will serve as a guide to direct you to the remaining chapters

in this manual. Acquaint vourself with the manual by reading through these
descriptions.,

Section |, Operating and Programming

Getting Started
Chapter 2

Chapter 2 discusses each function and
feature of the 3421A. Major sections
are devoted to the voltmeter, counter,
and temperature measurements. Other
topics include the power-down ‘'sleep’’
mode, battery operation, and optimizing
reading rates. This chapter should be
reard before you begin programming the
3421A as it sets a foundation for the
remainder of the manual.
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BASIC Language Programming
Chapter 3

Desktop computers with HP-IL or HP-IB
capability, such as the -hp- Modst 8b,
may be used to program the 3421A.
Chapter 3 covers this subjact and pro-
vides examples to enhance ithe discus-
sion. Several application programs are
provided througheout the chapter. im-
mediately following this chapter arae
saveral blue pages called a Command
Directory. This directory explains each
command the 2421A responds t¢ and
provides simple program examples.

UPTLOMAL 1
CARPRTad_T GEYEIE

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

The -hp- Mode! 41C family of hand-held
calcuiators can be used to program your
3421A. This chapter teaches you how
to execute simple, one-line commands
from the calculator and then shows you
how to write simple programs for con-
troiling the 3421A. At the end of the
chapter are several applcation pro-
grams. Note that the assumption is
made in this chapter that you do not
have thae HP-44468A Data Acquisiticn
Pac ROM for the 41C/CV {opticn 541
for the 3421A% If you do have the
A44468A, refar 1o its manual.
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44462 A

10 Channel Multiplexing
Assembly

Chapter &

This chapter describes the Tsatures of
the 44462A iopt. 020, 021, or 022
assembly and the many ways it can he
used. Topics include voltage measure-
meants, resistance measurements (both
2 ard 4- wire], temperature measure-
ments, and actustors, Several examples
are provided to aid you in understanding
and using the assemhiy.

44465A
8-Bit Digital I/0 Assembly
Chapter 6

The 8-bit Digital 0 assembly {opt. 050}
can he used in 8 wide variety of applica-
tions where on/off, present/not prasant,
e¢tc. conditions occur. This chapter
shows how the assembly can be used
to sense position or limit switches and
control relays, Examples are scattered
throughout the chapter.

Operators Maintenance
Chapter 7

This chapter addresses 3421A installa-
tion procedures {option installation is
discussed in chapter &}, it also contains
a compilete table of specifications, wnat
to do if you suspect a maifunction, and
many other items of special interest to
the operator.
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Section I, Option Assembly Installation and
Configuration

CAUTION

Only service trained personnel with an understanding of elec-
tronic circuitry amd the hazards involved showld instali or recon-
figure the option assemblics. The two chapters described below
cortaln instalfation and configuration information.

Instailation
Chapter 8

This chapter details the installation pro-
cedures for the option assemblies. Also
included are discussions of jumper con-
figurations and connections to the device
under test.

s J-‘-?TFI"“MM i
TR |
L

.

44464 A
Breadboard Assembly
Chapter 9

The Breadboard option {opt. 04Q) is
discussed in this chapter. Details are pro-
vided for using the assembly for custom
designed c¢ircuits. Specifications include
component height, power dissipation, and
power supply requirements.
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Documentation Worksheet
Appendix A

All too often it is discovered that
documentation has been totaily forgotten
until the hardware and setup work have
been done. Frequently this results in con-
siderable effort and in documentation that
does not accurately reflect the work that
has been done. This appendix helps to
alleviate the problem by providing a sim-
ple worksheet which can be completed
simultaneously with the hardware and
programming tasks.

HP-IL/HP-1B Summary
Appendix B

Appendix B provides a more detailed ex-
planation of the two interfaces than pro-
vided in the rest of the manual. Refer to
it for technical information on the HP-IL
and HP-IB interfaces.

WHP-IB >
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Section |
Operating and Programming

WARNING

The 34214 uses latching refays on the muftiplexer assembly
{option G20, 0Z7, or 022) and an the mamiframe. The starte
of these relavs can only be altered under program controf
This is an advaniage in the sense that , under most conars
tions of farture, the refavs will remain in whatever siate vour
program has set them. However, in casc of power or equip-
ment fallure, any application requring a falsafe method of in
suring that the circuits under controf are in a known state
must he provided by the installer.

WARNING

In case auf & cornponent failure or programiming error, any
voftage that is input to a8 multiplexer assembly may be pre-
sent on any other ternunal of any installed multiplexer
assembly as well as the 34214 front panel terminals.
Likewrse, any voltage that is input ta the 34274 front panel
tarrinals may be present on any other terminal of any
installed multiplexer assembiyv.
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Chapter 2
Getting Started

introduction

As a data acquisiton/control unit, the -hp- mode! 3421A is a seif contained measure-
ment system. A computer and of course your transducers are the only other devices
required for data gathering and anaiysis. In the first chapter you saw the very basics
of a data acquisition system. With this chapter you will begin learning how the
features of the 3421A can solve many of your measurement nseds. The informa-
tion in this chapter represents a comprehensive description of the 23421A and its
many features. For information an the three option assamblies, refer to Chapters b,
6, and 9. Chapter 5 covers the 44462A 10 Channel Multiplexing Assembly and
Chapter 6 covers the 44465A Digital /O Assembly. The option 44463A Breadboard
Assembly is discussed in detail in Chapter 9.

Operating Characteristics

The main opsrating characteristics of the 3421A are detailed in the table below. This
table is an abbreviated set of 342 1A specifications. You will probably find that this
table answers maost of your guestions about the capabilities of the 3421A without
laboring over several pages of specifications. The complete Table of Specifications
for the 34214 can be found in Chapter 7 of this manual.

BC Yolts: Counter:
TuV sensitivity L3V range) 1o 300V full scale Freguency response—1Hz 1o 10kHz (= 1.5mS
Ri: »10'0, .3 and 3 V rangss risetime) ’
TOMO 1%, 30 zng 300V renges Sensitivity: 600mVp-p
Minimurm puisa width: 508
AG Volts: Input impedance: 10/ +1,.-10%
100,V sensitivity {3V rangse} to 30V full scale .
) Totalize:
Bandwicth: 30 Hz to 2kHz
Average rasponding converter Maximum count = 85535
Minirmurn puisa width {5V] = BQuS
Resistaney: Minimum pulse perdod = 100RS

TmQ sensitivity {300 O range) 10 30MQ full scale

y L ] Tomporaturs {Fype T thermecouple)
Maximum agen circuit voltage: 6.8 vaits

Cugrent through unknown resistancs: Temiporature Range = -200°C 0 +400°C
300, 3k ranges — 1 mA , . ]
internat rafarsnce junction for software compensation.
30K rangs —  100eA
300KkS range — 10zA
3ME range —  TeA
3OMG range — Ol

1
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N OVERVIEW OF THE 3421A
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The 3421A in Detail

Because the goal of this chapter is 1o provide the most comprehensive description
of the 34214 and its features, this chapter Is divided into 14 major subject headings.
Each subject details a particular feature or function of the 3421A. At the end of most
subjects will be a short list of Standard programming commands relating to that sub-
ject. The subject headings are:

Subject Page
Turm-on . ... .. ... L N
Battery Operation. ... ..... . ... ... ... . ... .... 19
Calibration. . ... . ... 20
Channels. . .. . 21
Commands. .. . . 22
Counter. . . ... 24
Display . . .. e 27
HP-tL Power Down/Power Up .. . .. ... . 29
Optimizing Reading Rates. . .. .. ... ... ... ........ 30
Rear Panel. ... ... .. . 33
Resistance Measuremenis. . . ... .. ... ... .. 35
Temperature Measuraments., .. .. ... ... ... . ... ..., 37
Test/Reset. . . ... ... .. ... .. .. ... .38
Valtmeter. .. ... e 41
15
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TURN-ON

Before applying AC Power to the 3421A, check the rear panel line voltage opticn
{abel ta be certain the instrument is set for the nominal line voltage in your area.
if necesary, refer to the installation information in Chapter 7 of this manual. As you
press the POWER switch, very carefully watch the display as the 3421A goes
through its turn-on sequence and self test.

What Happens at Turn-on

At turn-an, the 3421A performs a series of 8 internal self tests. If any of them fail,
the ERRQR indicator is turned on in the display and the 3421A attempts o inter-
rupt the computer isee SPOLL in chapter 3}, A complete description of the self test
will be given later in this chapter.

Next, yvou will hear a relay “click’ inside of the 3421A as all numbers in the display
light up (see photol. These numbers will be on for about 1 second. Afterwards, if
a fatlure is detected by any of the self tests, one or more numbers will light up in
the display (for 1 second) indicating which test{s} failed. These numbers arg assigned
as follows.

A D | ACCARSITION/ CONTRIM
E?iﬁi&% ?%&? % ACEATD

I LYY

17
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TURN-ON (Cont’'d)

Mumbear lit Selt Test Failed
ar Calibration RAM checksum error
1 ROM 1 bad
2 ROM 2 bad
3 A/D Slope error
4 Micronrocessor RAM bad

o) internal BAM 1 bad

¢ fnternal RAM 2 bad

JE* Failed 10 Mohm test {(not within + 20%!)
27 Low Battery. See section on Battery Operation.

* o BError £O will alse occwr B oan option 444624 10 chanrel multiplexer is
gtided or moved 1o a different slot after the 3421A was calibrated. This is

boeause the tomperature reforonce wes not calibrated.

Py

Errcr #7 witl also ocour H therg s anything connected to the front panel
input terminals or HCOM and LCOM on an instabed 44462A 10 channct
miultiptaxer assembly during the seld test,

After the self test, you will hear the relay ‘click’” again. At this time, if the HP-IB
add-on option is installed (option 201} and if the HP-IB/HP-IL switch is ‘in” (for HP-IB),
the 3421A will indicate the HP-1B address. This address will be displayed for about
1 second. After this, the 34214 will go to the following states:

All 444624 option boardis) relays are open.
All 44488A Digital owtput bits are cleared {high impedance state).
Mainframe input relays are open.

e & & B

DC Volts function, Autorange on {starts on 300V range), Autozero on, b 1/2
digits of resolution asserted.

@

Counter set to 1 second gate time.
® Monitors rear panel switches and responds accordingly.

€& The channel list {see chapters 3—8} set 1o all available multipleaxer channels
from lowest channal number to highest channel number.

® Request service from the computer if self test failed or Power-on SRQ enabled
(rear panel switch).

The entire turn-on sequence takes only 2 to 3 seconds to complete,

18
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BATTERY OPERATION

Before operating the 3421A from its internal battery, enstre that the battery is ful-
ly charged. Connect the instrument to an appropriate AC power socurce and aliow
16 hours for a full recharge with the POWER switch OFF {out). A fully charged bat-
tery will provide a minimum operating time of 12 hours. Operating the 3421A with
the proper AC power source and the POWER switch ON (in} will provide a complete
battary recharge in 21 hours. If the HP-1B option is being used, operating time is
reduced to 6 hours.

Low Battery

CASE 1. If the battery becomas discharged (low batteryl while the 3421A is in opera
tion, the error indicator will tight and the 3421A will require service from the com-
puter (see REQUIRE SERVICE in Chapter 3). After 3 minutes, all relays, including
those on the 44462A Multiplexer Assemblies, will be apened and the 3421A will
power down. This is done to prevent the battery from becoming discharged. The
MP-IL wakeup (see PWRUP in Chapter 4} is disabled when low battery occurs and
will not be re-enabled until the battery is charged lor AC power applied! and ths
3421A front panel POWER switch is cycled on and off.

Curing the three minute period after iow battery occurs, most 3421A commands {i.e.
DCV, FRQ, sto., see the blue pages at the end of Chapter 3.) as well as interface
commands (i.e. TRIGGER, CLEAR, etc.) can be executed. This includes the loop
power down {scc PWRDN in Chapter 4) but remember that the 3421A cannot wake
up {ioop power up) until the battery is recharged or AC power connected to the rear
panel. The 3421A commands that cannot be executed during this three minute periad
are: ML, MN, TOT, and DT.

Any commands executed during this three minute period will reduce the time hefore
the 3421A powers down.

If a CLEAR, Reset {RS}, SPOLL, etc. is executed, the 3421A wili cease 10 require
sarvice from the computer but will still power down after the three minute period.

CASE 2. If a low battery is detacted as the 34214 is turned on, the number 27 will
appear in the display. The 3421A waits 3 seconds andg then powers down. It will
not go through self test or respond to any commands.

NOTE

If a low battery occurs, connect the 34214 ro an AC pawer
source and cycle the front panel LINE switch. If this is not
done, the HP-It wake-up circuitry will not work properly.

19
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CALIBRATION

What is Electronic Calibration?

One of the many features of the 3421A is elecironic calibration. Althcugh it is
beyond the scope of this manua!l to present the entire calibration procadure, there
are some points of interast the operator should be aware of. For compiete calibra-
tion information, refer to the 3421A Service Manual.

Briefly, electronic calibration is performed by applying a known stimuius (voltage,
resistance, etc.) to the 3421A. The 34214 is then told the exact vsiue of that
gtimulus. Ten readings are taken by the 3421A and the average is compared to the
exact value sent to the 3421A. A "CALIBRATION CONSTANT’ is calculated to cor-
rect the averaged vaiue to the known value, This Calibration constant is stored in
the 3421A's calibration memory. Calipration constants are generated for each
measurement function and range of the instrument. All sthsequent measuremeris
are corrected by the calibration constants. The calibration constant memory is
backed-up by a fong life battery to maintain the constants even when power is tumed
off.

Ternperature Calibration

If you are using thermocouples with the 3421A to measure temperature, tach
44482A Multiplexing Assembly must have its reference junction calibrated. Refer to
the 3421A Service Manual. ldeally, temperature calibration should be done with the
3421A in the same physical position as it will be used. This is to eliminate any ther-
mat gradients inside the case. Furthermore, 444824 assemblies must not be mov-
ed arpund ingide the case, or plugged into a different siot, after calibration has been
performed. |f you send the 3421A to an hp- service center for calibration, leave all
ontion assembiies installed in the instrument case.

Calibration Enable

On the rear panel of the 3421A is a bank of eight small switches. Three of the eight
swiiches are accessible without opening the 342171A case. Switch number B, the
rightmost switch, is the CAlibration Enable switch and when set to the downr posi-
tion enables the 34214 to be calibrated. This switch should not be set {down posi-
tion) except when gualified service trained personnel are to perform the calivration
procedures. Enabling the CAL switch may result in foss of calibration if proper pro-
cedures are not foliowed, '

3421A COMMANDS

Cx—Calibrate to value “'x
{see the 3421A and Service Manuall

20
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CHANNELS

What is a Channel?

Throughout this chapter, and indeed this manual, the words “channel” and ‘channzl
addrass’ wili he used. The word channel is used two ways. First, it represanis one
relay on a 44462A multipiexer assembiy. In other words, since the multiplexer
assembly has 10 relays, we can refer to it as a 10 channel multiplexing assembly,
Theo relays are numbered O through 8. Therefore, when we speak of channel 5 we
are lalking about relay number b on a specific 44462A asscmbly.

The second way the word channe! is used is when we are referring to either an out-
put bit or an input bit or an aption 44465A Digital VO Assembly. Generally though,
the word “switch’” will be used to indicate a digital output ¢channal and the word
“bit” to indicate an input channel.

Channel Numbering and Addressing

Channel numbers sare repeated on each 444862A {numbers 0-8} and 44465A
inumbers 0-71 assemblies. Channel addresses, however, are determined by which
slot the option assembly is plugged into pius the channel numbear. For an assambly
in slot 1, channe! 7 would be addressed as channel 17. The first digit stands for
the slot number, and the second digit is the channel number. Channel 7 for an
agsembly in siot 2 would be addressed as 27. The following table shows the ad-
dressing schems for the three different siots.

Channel Address if
Channel Number® fissemhly is i Slot #:

Slot 0 Slot 1 | Siot 2
0 0o 10 20
1 Q1 11 i
2 02 12 22
3 03 13 23
4 G4 14 24
) 813 15§ 2B
4] 06 ¢ 26
7 o7 17 27
B 08 18 28
9 09 1] 29

* The digita YO assembly uscs only channel nambsrs O
througn 7.

21
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COMMANDS

The blue pages at the .end of Chapter 3 list all of the commands the 3421A
ackriowledges. These commands are of two types: Standard and Advanced. The
Standard commands provide the simplest method of programming the 3421A. Each
command peforms a complete measurement task, An example of a Standard com-
mand is DCV2-17. This command sets up a channe! list of channels 2 through 17,
takes a DC voltage measurement from each channel, and stores the readings for
future use.

Standard Commands

The Standard commands are broken down into 5 groups: Voltmeter, Temperature,
Counter, Channel, and Digital. Many of the commands allow you to specify one or
more channels to make the measurementis) from, This is called a channel iist. In
the fellowing discussion, brackets—{]-—are used to indicate the optional channel list.
Letters x, y, and 2z represent the channel addresses. If a command shows the let-
ter ‘X' without brackets, it means that a channel must be specified with the com-
mand or an error will resuit. When the letter i is used, it indicates a slot number;
0,1, or 2.

® Voltmeter Standard Commands {ix,y,...z} is optional channel list)

DCVix,y,...z] — DBC Voltage measurements on optional channel list.
ACVIx,y,...z] - AC Voltage measurements on optianal channa! list.
TWOIx,y,...z2} — Z-Wire Ohms measurermeants on optional channel iist.
FWODxy,...z1 — 4-Wire Ohms measurements on optional channe! list.

® Temperature Standard Cammands

TEM{x,y....2} — Temperature Measurements (for T-type thermocouples only)
on optional channel list.

REF[x] — A temperature measdrement on the 444624 refsrence
junction.

€ Counter Standard Commands

FROix,y,...z} — Frequency measurements on optional channel list.
TOTIxt - Totalize events from optional channel.
22
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COMMANDS {Cont'd)

& Channel {muitipiexer, actuator, or digitah) Standard Commands

®

Ci8x - Close specified channel, whether multiplexer, actuator or
digital autput switch.

CLPx — Close pairs (x and x+ 10 or if xT =20 then x and x-20}

OPN[x] — Open channel x,or if X i5 not sent then open ali channeis.

Bigital Standard Commands

REDI — Read the digital inputs from slot ‘i,
WRTi,abc Write the decimal value [abc] to digital outputs in slot “i"
BIT xly,...2] - Read the digital input bit values from bits x,v.... and z.

Advanced Cormmands

The Advanced Commands provide more programming fiexibility than the Standard
Commands but they do noi perform a complete measurement task. The Advanced
Commands are generally used in groups to complete the task. For example,
FIRATZINBLS2-17,T3 would be used to perform the same task as the RCVZ-17
Standard Command. Though too numerous 1o list here, the Advanced Commands
are discussad in detail in the blue pages at the end of Chapter 3.

23
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COUNTER

The 3421A internal counter is used to measure frequency to 10kHz or totalize avents
to 65635 counts. Signal inputs to the counter are through the 44462A multiplexer
assembly or via the front panel INPUT terminals. $ince the counter inputs are
multipiexed through the same circuitry as voltage inputs, no other measurements can
be made while the 3421A is measuring frequency or totalizing events. Once the
measurement is complete, the 3421A is fres to make other measurements.

Freguency

The operation of the frequency counter is best understood by describing how the
counter takes a measurement. If ‘'n’ is the number of cycles of a signal that occurs
during a known time period ‘t’, then the frequency V' is determined by:

The countsr measures the frequency of a signal by counting the number of com-
plete cycles, n, that occur during a specified time periog 1. This is demonstrated in
the foliowing figure.

The time period 't" is known as the Gate time, it representis the time period that the
counter spends counting the input signal, The longer the gate time, the greater the
resolution of the measurement. Thres gate times are available with the 3421A Ad-
vanced commands. These three gate times and their respective resclution are shown
in the following chart.

&dvancad Resolution

Command Gate Tims (5 digits)

G-1 .1 Sec 10 Hz

GO 1 S&c 1 Kz

G1 10 Sec .1 Hz
24
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COUNTER (Cont’'d)

As a general rule, use the shortest gate time, G-1, for the highest frequencies. Use
the longest gate time, G1, for the lowest frequencies.

The Standard command FRQ sets the 3421A ta the frequency mode (F71 and 1
second gate time (GO}, As with most Standard commands, the FRO command can
be zssociated with a Channe! List, for example: FRQix,v,...z]. if a channal list is sent,
the 34214 makes the measurements on the channeis specified and stores the
readings. All the readings will be sent tc the computer in the order the readings were
made,

if no channel fist is sent, no channels wiil change and oniy one measurement wil
be made. if no channel relays are closed, the signal can be input through the 3421A
front panel.

3421A COMMANDS:

Standard Advanzed

FRGIx,y,...z} F7 Frequency
G-1 .1 Sec. Gate Time
GO 1 Sec. Gate Time
G171 10 Sac. Gate Time

Totalize

The totalize mode is used to simply count events. Each event is represented dy &
pulse sent to the 3421A. The maximum number of events that the 3421A can count
is 65,535, The Standard command TQOT is used to set the 3421A to the TOTalize
mode.

Upon receipt of TCT, the 3421A clears its counter and begins counting. Keep in mind
that once the 3421A is in the TOTalize mode, it will continue to count until the
342 1A receives another command. If a TRIGGER command is sent 1o the 3421A,
the TOTalize mode will be aborted and the 34271A will take a fraguency measure-
ment. While the 3421A is TOTalizing, the 3421A can be addressed to talk (see
ENTER statement in chapter 3 or IND in Chapter 4) and it will send the currant sub-
total without resetting the counter.

25
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COUNTER (Cont'd)

The 44482A Multiplexing Assembly {option 0201 is used to connect the signal to
the Counter. Only one channel can be specified with the TOTx command. If ‘% is
sent, and that channel is not & multiplexer channe!, an arror will be generated. Chan-
nal x" will remain closed until another command opens it.

34Z21A COMMANDS

Standard Advanced
TOTIx]

26
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DISPLAY

How It Is Used

The 3421A display serves two main fungtions. First, at turn-on ar raset (RS com-
mand} the display provides the result of the internal Self Test and the HP-IB address
(if the HP-IB option is present and switched in). Second, the display is used to in-
dgicate any channeis or digital output switches that are ciosed.

Turn-on/Reset

At turn-on yvou will hear an internal relay ‘click” as the all numbers in the 3421A
turn on. This dispiay will be on for about 1 sccond. Then, if any of the self tests
fail, @ number will light up in the display for about 1 second and the error indicator
will tuen on. Following this, a second relay ‘click’ is heard indicating that the self
test has finished, If the HP-IB optior {(option 201} is instalied and the HP-IB switch
is ‘in’, the HP-iB address will be displayed next. After all of this, the 3421A will go
to its turn-on state. The tollowing chart shows the possible self test faikires and the
display number hit:

Mumber kit Self Test Failed
0* Calibration RAM Checksum Error
1 ROM 1 Bad
2 ROM 2 Bad
3 A/D Siope Error
4 MicroprocessorBAM Bad
5 internal RAM 1 Bad
8 internal RAM 2 Bad
FEE Failed 10MQ test [rot within
+ 209%)
27 Low Battery, the 3421A will shut

itself off in three seconds.

* Error O wif occur if an option 444824, 10 charnsl

muttiplaxer is added or movad to a different slot aftzr the
3421A wes calibrated. This is beceuse the tempersiure
reference was not cakbrated.

2 Error 7 will gccur i there is anything connected to the
front panel input terminals or HCOM and LCOM on an
ingralled 10 chanrel multiptexer assembly during seif test.
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DISPLAY (Cont'd)

When the 34214 is reset by the RS command, il gaes through its self test routine
st as if it were turnad on. The digpiay will light up all numbers for one second,
foliowed by an errar indication if eny self test failed. The HP-IE address, hawever,
will not be displayed.

Do This:

Simuiate an error by shorting the front panel input terminais on the 3421A and either
cycling the LINE switch off and on or sending the RS command,

- After all numbers light up on the
display, the number 7 shouid appear for
v Y one second and the error indication
should light.
I ERROR

3421A COMMANDS:

Standard Advanced

RS Rese:

Channel Display

Aside from the display being used to incicate errors during the self test, the dispiay
is used to indicate channel closures. The numbers lit on the dispiay indicate chan-
nels ar digitai output switches that are closed. For example, if a 44465A Digital 1/0
Assembly is located in slot 01 and has output switches 2, B, and 7 closed, the
numbers 2, &, and 7 will appear on the display. Furthermore, if a 444682A Multipiexer
Assembly is located in slot 1, and DCV19 is executed, then channe! numbers 2, 5,
7, and 19 will be displayed. This is because all these channels are closed.

3421A COMMANDS:

Standard Advanced

Ad but REF, OPN, and RED;i DN, UC, SIt, 8i0

28

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



HP-IL POWER DOWN/POWER UP

Power Down

HP-1L Power Down can only be executed from the HP-41C/CV handheld calculator.
Power down is used to put the 3421A in a low power standby mode. When the
power down commuand is received by the 3421A, the complete status of the instru-
ment is stared away in internai memory. The multiplexar and actuator {but not digital
output switches) are left in the same state they were in previous to the command.
in other words, a channel that was ciosed prior t¢ Power Down wili remain closed
after Power Down. Digital Output Switches go to a high impedance (open} state.

Power Up

When any information is sent through the MP-iL loop, the 3421A will power back
up, assuming that a low battery condition did not ocour. If any Multiplexer or Digital
I/O assemblies are changed or reconfigured, or if the data stored is na longer vaiid,
the 3421A goes through its turn-on routine. If nothing has changed since the 3421A
powered down, it remains in the same state except for:

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

Why Optimize

There are several reasons why you may want to optimize the rate at which readings
are taken by the 3421A. Perhaps your system is being used to monitor a large
number of points whera a faster reading rate means a better picture of what is hap-
pening at a single point in time. Maybe you need to read QLJickly and nol waste
vaiuable computer time waiting for a measurement result. Whatever your reason for
optimizing reading rates, the 3421A can solve many measurement requirements.

The maximum reading rate with the 3421A is influgnced by many factors. These
include the signal environment (line related and broadband noise, thermal gradients,
stc.), the desired accuracy, and the type of measurement to be made. AC voltage
measurements have a built-in 800mS settling delay. Resistance measurements can
be made as fast as DC voltage measurements except on the 3 Mohm and 30 Mohm
ranges where a settling time (20mS and 200m$S respectively} is built in.

The speed and timing of the measurement process is dependent upon a number of
factors. These include the number of digits of resolution selected (N commands,
whether or not the autozero feature is enabled {Z commandl, and the selectsed
function--DC volts, resistance, etc.

Your Signal Environment

The signal that you are attempting to measure may be subject to power line frequen-
cy related noise and broadband noise which can interfere with your méasurement,
The 3421A works 1o minimize or reject this kind of noise by using a form of Analog-
to-Digital (A/D) conversion called integration. [ntegration is a process where line
related noise is averaged to zero over the time period of an integer number of power
line cvycles.,

The measure of the ability of the voltmeter to measure a DC voltage in the presence
of AC veltages {at powaer line frequencies) is called Normal Mode Rejection (NMR).
The NMR of the 3421A is dependent upon the number of digits of resolution selected
N3, N4, N5). Greatest NMR (80db) is provided with 5% digits of resolution but this
also has the slowest reading rate. The 4% digit mode provides 58 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 50/60 Hz switch on the rear panel is set
properly: down for BO Hz line frequency and up for 60 Hz.

30

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



OPTIMIZING READING RATES (Cont'd)

Autozero

The thermal stability of the measurement gnvironment is also a very important con-
sideration. 1f the 3421A is in a stable temperature envirunment, disabling ths
autozero function substantially increases the reading rate. There is very little loss of
accuracy. Any range or function change resuits in an automatic autozero update
which removes any accumuiated offsets.

The Fastest Reading Rate

The maximum possible reading rate on one channel occurs when 332 digits of resolu-
tion is selected (N3}, autozero oft (Z00, any DO voltage function {(F1, F3, or F44,
B60Hz line frequency set an the rear panel switch, manual ranging {not autoranging),
and a positive voltage measured. This assumes that the channel list is loaded with
that one channel; for axample: L55-5.

The following tables show the 3421A reading speeds assuming the readings are
stared in internal memaory,
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OPTIMIZING READING RATES (Cont’d)

READINGS/SECOND

Repeat on one channel:

| ziF1 | zoFt | ;F2r | ZoF2t | ZUR3FACT | ZOF3FATT 0 FB
NG | 226 | 408 | - 2.26 412 | 1.05
N4 | 15.85 | 23.92 | 0.4 | 04 15.85 24.31 ‘ 1.05
N3 | 30.96 | 38561 04 | 04 30.93 38.31 1.05

Randam Channel

\ 21F1 g Z0F1 } Z1E2* | Z0F2* | 21F3/F4=" 26F3/F5™ r8
NS | 2.19 | 388 | - 2.19 3.99 | .98
N4 | 13.18 | 18.34 | 0.4 0.4 13.20 1861 .98
N3 | 22.22 | 25.88 0.4 0.4 22.19 26.01 | o8

NGB, N4, N3 = 5%, 4%, 3% digit mode (respectively)

20, 21 = Autozero off, on

Ft = DC Vols, F2 = AC Volts, F3 ~ 2Z2-Wire Ohms, F4 = 4-Wire Ohms,
F& = Temperature Measurements.

*  There i3 a 1.8 second delay between AC voltage readings. Consaguently, the reading rate
ran bha statad as 2.5 seconds per reading.

*  Because of internal celsys, the 3 M3 anc¢ 30 MO ranges have reading rates of 2.1
Reudings/Sec. and 1.5 ssadings/Sec., respactively.
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REAR PANEL

What is on the Bear Panel?

The photo below is of the 3421A rear panel. The insert shows the 3421A with the

~opticnal HP-IB interface. Notice aspecially the line voliage option sticker, the HP-iL
and/or HP-1B connector, and the rear panel control switches, -Before plugging the
3421A into an AC power source, make certain that the option marked on the label
coincides with the nominal line voltage in your area. The line voltage option for the
3427A may be changed only by gualified service trained personnel,
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REAR PANEL (Cont'd)
The Reset Switch

The Reset switch on the rear panel is used to completely reset the 3421 A. in the
avent of a failure where the front panel POWER switch cannot turn the instument
off, this reset switch is used ta remaove all power to the instrument for as long as
vou hold in the switch. As soon as you release the switch, power will be reapplied
to the instrument.

The Hear Panel Control Switches

Of the eight rear panel switches, three are accessible from the rear panel. These swit-
ches are described below. Two of the switches that are not accessible are used for
troubleshooting and the remaining three are not used. The switches are numbered
from left to right.

Switches 2, 4, and 7 are not used.

Switch 3 is used to set the Power-an SRQ feature. When this feature is enabl-
ed, i.e. the switch is up, the 3421A will generate a service request to the system
computer when the front panel LINE switch or rear panel Reset switch is cycled.
Refer to REQUIRE SERVICE and SPOLL in Chapter 3 for more information.

Switches 1 and 6, at turn-con, forces the 3421A into Digital Signature Analysis
routines for troubleshooting. Refer to 3421A Service Manual for troubleshooting
procedures. These switches are not accessabie from the rear panel.

Switch 5 is the 50/60Hz line frequency switch. This switch should be in the down
position if a power ling with BOHz frequency is being used. The switch should be
up for 60Mz line frequency. This switch changes the integration period (see op-
timizing reading rates} of the A/D-convertor so as 1o obtain the greatest NMR. The
reading rate is slightly fower (~ 17%)} when 50Hz is selected.

Switch 8 is the Calibration Enable switch. When nlaced in the down paosition,
calibration is enabled. Enabling the Calibration may result the loss of calibration
of the 3421A. This switch shouid remain in the up position except when the
3421A is being calibrated by quslified service personnel,

BOTE
On instruments with a serial number prefix of 22474 or

fower, switches 1, 2. and 7 are not used and switches 4 and
& are used for Digital Signature Analysis.
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RESISTANCE MEASUREMENTS

Measuring Resistance

The 3421A is capable of measuring resistances from 1 milli-ehm to 30 Mohms in
six ranges. Resistance measurements may be made in either 2- ar 4- wire ohms con-
figuration. The illustrations below show how resistance measurements are made. A
known current is supplied by the 3421A and flows through the unknown resistance.
The DC voltmeter measures the resulting voltage across the resistor and calculates
the resistance. The table shiows the nominal current through the unknown resistance

for the individual resistance ranges.

Range

Curreat Through
Unltnown Resistance

iaximum Gpen
Circuit Voltage

300 @
3 k2
30 k2
300 k&
3 MQ
30 MQ

1T mA
1 mA
100 kA
10 pA
1A
0.1 kA

6.5V
6.5 V
6.5V
55V
45V
4.5V

Nominal Current Through Unknown Resistance

The 3421A is factory calibrated in the 4-Wire ohims mode. If most or all of your
resistance measurements will he made in the 2-Wire ohms mode, the 3421A can
be recalibrated for best gccuracy in the 2-Wire mode. See the 3421A Service Manual.

There are two situations in which the 3427A may indicate a negative resistance:
either a small voltage exists on the circuil under test or the 4-Wire SENSE and the
INPUT leads are inverted from each other in the 4-Wire ohms mods,

356

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



RESISTANCE MEASUREMENTS (Cont'd)

2-Wire Resistance Measurements

2-wire resistance (0r ohms) measurements can be used when the rasistance of the
test leads is not critical. Gengrally, the larger the resistance being measured, the iess
you have to he concerned about the lead resistance. For exampie, if the lead
resistance of each lead is & ohms {1Q ohms totall, and you are measuring a fixed
resistance of 10k ohms, the introduced error is small {10/10000 = 001 = .1%).
However, a lead resistance of 10 ohms becomes quite significant when measuring
smal! resistances, Suppose you are using leads with a resistance of 10 ohms and
attempt to measure the resistance of a temperature dependent resistor {RTD) that
is rated at 100 ohms at 0 °C. Here we have two problems. First, the lead resistance
wilt add a significant error to the reading, even at O °C, (10100 = .1 = 10%).
The temperature coefficient for this type of device is typically about .385 ohms/°C.
This means that if the RTD is heing used 10 determine the temperature of some
environment, the 10 ohm lead resistance would cause an approximate 28 °C error
in the measurement. The sacond problem that arises is that if the temperature of
the RTD environment changes, we cannot accurately track the change. Such an ap-
plication wouid be hetter suited 1o 4-wire ohims,

s RiC
3 OIga AT O

PLELRES

4-Wire Resistance Measurements

The use of 4-wire ohms measurements virtually eliminates the error caused by the
test lead resistance. The current through the unknown resistance is the same
regardless of the lead resistance but the voltmeter measures only the voltage across

the resistance, not across the combinad test lead and resistance. The 4-wire ohms

mode is essential when the highest accuracy is desired.

3421A COMMANDS:

Standard Advanced

TWOix,y,...z1  for 2-wire ohms - #3 (use LS for channel list)
FWOQOIx,y....2] — for 4-wire chms — F4 {uge LP for channel list)
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TEMPERATURE MEASUREMENTS

Using Thermocouples to Measure Temperature

Because thermocouples are useful over a wider range of temperatures than RTD's
or themistars, they are frequently used in temperature measurements. The 3421A
and its 44462A muitiplexsr option assembly are ideally suited for temperature
measurement using thermocouples.

The 44462A multipiexer assembly for the 3421A utilizes an integrated circuit
temperature sensor to determine the temperature of the isothermal terminal block.
in performing a software compensated thermocouple measurement, the following
steps must occur:

1. The voltage from the temperature sensor on the multiplexer assembly Is
measured. This voltage is used to compute the temperature of the terminal block
which is known as the Reference Temperature. This step is performed automatical-
iy by the REF command.

2. Convert the terminal block temperature to a thermocouple Reference Voltage.
The actual implementation of this step will depend on the type of thermocouple being
compensated. |t allows the use of several types of thermocouples to be used on the
same 44462A assembly.

3. Measure the voltage produced by the thermocouple.

4. Add the Reference Voltage (computed in step 2) to the voltage produced by
the thermocoupie (step 3). This step produces the icepoint compensation.

5. Convert the sum voltage {step 4} to a temperature.
Although these five steps may seem cumbersome they are actually very easy to per-

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

To simplify the matter even further, the 3421A was designed to automatically per-
form all of these steps for a T-type thermocouple. The answer returned will be in
degrees C. With other thermocoupie types, the 3421A can perform steps 1 and 3
but the system computer must do steps 2, 4, and b,

Measuring the Reference Temperature

The Reference Temperature can be measured with the REF command. A single chan-
nel should be specified with the REF command. For example, if you will he measuring
the thermocoupie vohltage from channel 5, you will need to also execute the com-
mand REFE. This will give the Reference temperature of the terminal block in silot
G which is where channel 5 is located. if no channel is specified, then the REF com-
mand will simply default to the 44462A assembly where a multiplexer channe! is
closed. If there are no multiplexer channels closed, the REF command defaults to
the 44462A assembly with the lowest slot number. I thers are no 44462A
assemblies in the 3421A, an error will be generated. See Require Service in Chapter
3 for error intformation. :

Using T-type Thermocouples to Measure
Temperatures

The TEM command is used to automatically 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 Reference temperature will
be taken on the same option board as the specified channel, it a channel is given
with TEM. If no channels are specified, then the Reference Temperature measure-
ment will be made on the 44462A multiplexer assembly where a multiplexer chan-
nel is already closed. If no multiplexer channels are closed, the Reference measure-
ment will be made on the 44462A asssmbly in the lowest numbered slot. If there
are no 44462A assemblies, an error will be generated.

3421A COMMANDS

Standard Advanced
Temperature TEMIX,vy,...z] F&
Referance REFIx]
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TEST/RESET
What it Does

At power on or Reset {RS command), the 3421A performs a series of 8 checks on
the digital logic and A/D converter. If any of these checks fail, the ERROR indicator
will turn on in the display and the 3421A will attempt tc interrupt the computer (see
Require Service in chapter 3). The sequence of sell tests are as foilows:

1. Microprocessor internal RAM check. The microprocessor has internal Random
Access Memory that is tested.

2. ROM Checksum. Bath ROM's (Read Only Memory) are tested for proper
chacksums.

3. Calibration BAM Checksum*. The calibration RAM is tested for proper
checksums.

4. Analog-to-Digital (A/D) Slope test. This test is for the A/D converter.

5. External RAM Tests. The two RAMs, external to the microprocessor, are
testad.

6. 10 M{ Test. This checks the 100:1 divider inside of the A/D input hybrid.

After the self tests have heen performed, the 3421A will light ail channel numbers
in the display for about % second. After this, If any tailures occurred during the self
tests, a number will light up to indicate the failed self test. These numbers are as
foliows;

Rumber lit Seif Test Failed

o* Calioration RAM checksum error. The calibration of the 342%7A s
suspect.

1 ROM 1 bad.

2 ROM 2 bad

3 A/D Slope error. This wouid indicate some error in’ the A/D con-
verter circuitry.

4 Microprocessor RAM bad. Replace the microprocessar.

5 Externat RAM 1 is bad. This is one of the RAM's external 1o the
MICrOpProcessor.

6 External RAM 2 is bad. This is the second RAM external to the
MIiCroprocessor.

P Failed the 10 MO self test {it is not within = 20%}

* Errer #0 will alsa ocour o g 444624 10 channel multipiexer assembly s added ar maved to
gnother slot that is not calbratad for the temperature function.

*» Error #7 wit ocour H thare I8 anything connecied to the frant panel input terminals or to
HCOM and LCOM on e installed multplexar assembly during the self test.
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TEST/RESET (Cont'd)

After the seif test, the 3421A will go to the following statss:

All 44482A option board relays are open,

All 24465A digital output bits are cleared (high impedance state).

DC volts function, Autorange on, Autozero on, 5% digits of resolution.
Counter set to 1 second gate time.

The 3421A monitors the rear panel switches and acts accordingly.

& & & % & &

The channel list is set to all available multiplexer channels from the lowest
number to the highest number.

#® Recuest service from the computer if self test failed or Power-on SRQ enabted
{rear panel switch).

3421A COMMANDS:

Standard BAdvanreed
Reset RS
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VOLTMETER

The Internal Voltmeter

The 3421A internal voltmeter provides many features not commonly found in a data
acquisition voltmetsr. The voltmeter provides 3% to B2 digit resoiution for DC
voltage and 2- or 4 wire resistance measurements, and 3% to 4% digit resolution
for AC voltage measurements. Of course the voltmeter is used in making temperature
measurements. The voltmeter offers DC voitage measuring performance of TuV seo-
sitivity to 300 volits maximum. AC voltage measurements can he made with 100uV
sensitivity 1o 30 voits maximum with a bandwidth of 30Hz to 1kHz. Optional divider
resistors are availabie for measuring AC voltages up to 300 volts peak. Resistance
measurements are from 1mil sensitivity 1o 30MQ (full scate],

By selecting the number of digits aof resolution and using the autozero featurs
[discussed later), the voltmeter allows you great flexibility in measurement speed and
acouracy. Up to 30 readings per second (one channel only with a 10 channel
multipiexer assembly instailed} can be made with the voltmeter in the 3% digit mode.
The autorange festure of the volimeter allows fast measurements aver a wide
dynamic range.

To lower your cost of ownership, the volimeter is calibrated electronically. There are
no internal adjustments and the calibration of ali functions is accomplished without
removing any covers. The self test function verifies most of the internal circuitry of
the 3421A indicating proper operation of the voltmater. '

Autozero

Autczero is a function that allows you to enable or disable the internal zero-correction
circuitry of the voltmeter. Autozero on, which is the default caondition, insures that
any offset errors generated internal to the voltmeter are continuously nulied with each
reading. This renders the most accuracy. Turming autozero off will substantially in-
crease the reading rate but with a tradeoff of long term stability and accuracy.

With the autozero function enabled, the veltmeter takes two measurements per
reading: a “‘zero’’ measurement and a measurement of the input signal. The inter-
nal processor takes the algebraic difference of the two readings and this is the vaiue
that is sent 1o the computer. The voltmeter makes the zero measurement by discon-
necting the input refay and then shorting the internal input circuitry to circuit com-
mon. It then switches back for the input signal measurement.

With autlozero turned off, whenever a new function or range is selected, the
voltmeter immedistely takes one zero measurement and stores the result in internal
memory. Subseguent measurements of the input signal use this stored zere reading
for correction. Since only the input signal is measured, the reading rate nearly
doubles.
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VOLTMETER (Cont'd)

There are some applications where disabling autozero is advantageous. With autozero
off, the reading rate increases, This would be important in applications whers
measurament speed is critical. Furthermore, the voltmeter input circuitry remains in
a completely static srate with autozero off. This is useful when making
measurements in extremely high impedance circuitry where the internal switching
af the voltmeter might affect the reading accuracy.

Since the input circuitry for AC voltage measurements is capacitor coupled, it is not
necessary to correct for DC offsets. Therefore, the autozero function is only used
to null offsets in the A/D converter. Turning the autozero off for AC volts eliminates
the zero reading of the A/D converter and resuits in a faster reading rate.

Calibration

it is beyond the scape of this section to provide the complete calibration procedures
for the 3421TA. Refer to the 3421A Service Manual for detailed information.

Briefly, Calibration is accomplished by simply applying a stimulus, i.e., voltage,
resistance, otc., and informing the 3421A of the absolute value of that stimulus.
Let’s call this known value A", The 3421A then takes ten readings of the input
and averages them together. The average is subsequently compared to “A’". The
3421A then computes a “‘Calibration Constant” which is stored in its internal
memaory. This “"Calibration Constant’” is used to correct all subsequent readings.

Measurement Functions

The 3421A internal voltmeter is capable of measuring DC voitages, AC vohtages, and
resistances in either 2- or 4- wire mode. If you have special requirements in mak-
ing voltage or resistance measurements, be sure to read the sections elsewhaeare in
this chapter on Optimizing Reading Rates, Autozero, Number of Digits of Resoclution,
and Triggering Modes.

DC Voltage Measurements

DC Voltage measurements with the 3421A internal voltmeter are simple and
straightforward. The Standard Command “'DCV’’ can be used to take DC voltage
measurements from the frent panel if no channel relays are closed. With the optional

channel fist, DC voltage measurements can be made from the specified channels,

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

flexibility in your'measurements. For exampie, you can turn autozero off o increase
the reading rate. Similarly, you can selact the number of digits of resolution {3%,
4%, or 5%). Read the section in this chapter on Optimizing Reading rates before
attempting 1o use the Advanced commands.

AC Voitage Measurements

Like DC voitage measurements, AC voltage measurements are straightforward. Use
the ACV Standard Command with the optianal channel tist. The Advarced Command
for AC voltage is F2. The number of digits of resoiution can he either 3% or 4%,

The 3421A wuses an Average responding AC to DC converter for AC voltage
measurements. This means that the volimeter measures the average value of the
positive portion of the input and returns it as an RMS equivalent for a pure sine
wave. inputs that are non-sinusoidal, such as rectangular waves, will resuit
measurement errors.

Resistance Measurements

An entire section is devoted 1a resistance measurements earlier in this chapter. Please
refer to it for information on resistance measurements.

Number of Digits Of Resolution

With the 3421A internal voltmeter yvou have a choice in the number of digits of
resolution, This choice provides several aliematives and tradeoffs. For example, 3%
digits of resoiution provides the fastest reading rate but it alsc has the least amount
of noise reiection. At 5% digits of resclution, the noise rejection is the greatest but
the reading rate is much slower.

Changing the 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}
canvarsion where the effects of power line related noise averaged to zero over a
periad of an integral number of power line cycies (PLC's). The integration time is
not the same as the time required for one measurement. Rather, the integration time
is the time, in PLC s during which the input signal is sampled by the veltmeter. For
DC Voltage measurements at 4% digits of resolution, the time required for one in-
tegration cvcie is one PLC: 18.66 mS at 60Hz line freguency or 20 m$S at 50Hz.
In the 3’2 digit mede, the integration fime is 0.1 PLC.
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VOLTMETER {(Cont'd)

Normal Mode Rejection (NMR] is the measurs of the shility of a voltmeter to ac-
curately measure DC voltages in the presence of AC voltages at power line frequen-
cies. The 3421A voltmeter has much better NMR at 4% digits of resclution than
it does at 3% digits (58db vs. 0dB). The greatest amount of NMR is available with
5% digits of resclution: 80 dB. In this mode, ten (10} readings are taken at 1 PLC
integration time and averaged together.

Ranging

Selecting the proper range on the 3421A voltmeter may be done either automatically
- called autoranging - or manusglly. All of the Standard Commands utilize autorang-
ing. The fast autoranging in the voltmeter means that signals with a wide dynamic
range, such as from channel to channel, are made quickly.

Autoranging

Autoranging in the 34271A voltmeter is done by taking readings in the 4% digit mode.
Measurements are made on successive ranges until one range is found where the
reading is between full scale (30100 counts! and approximately 9% of full scale
{02700 counts).

Autorange Hysteresis

In the autorange mode, the veltmeter will uprange {go to the next higher range) when
the reading excesds {+} 30100 counts. Conversaly, it will downrange (go to the next
lower range] if the reading decreases below () 02700 counts. These figures assume
a 5% digit mode. These numerical autorange points are irrespective of decimal point
placement. The difference between the twoe poinis is called the autorange hysteresis.
This is illustrated in the following figure for DC voits. Autorange hysteresis for other
functions is similar.
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VOLTMETER (Cont'd)

Manual Ranging
The 3421A is placed in the manual range mode by executing any of the manual

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

Valid 3421A Voltmeter Ranges
The following chart shows the various ranges available in the voltmeter.

Programming Code For
Function Ranges Manual Ranging

BC Volis 3V.3VY,30V,300V 1 R-1,R0,R1,R2 {respectively)
AC Volts 3V,30V RO,R?

Resistance 3000, 3k0,30x0 RZ2,R3,R4,R5,R6,RY
300k, 3ML, 30MQ

f the voltmeter is in the manual range mode, the resull reiurned to the computer
will be +9.89988E+9 {5 1/2 digit mode! wher the input is greater than the par-
ticular range can measure.

Triggering

To trigger the voltmeter simply means that you instruct it to take a measurement.
Of course, this assumes that you have previousty set up the voltmeter for the type
of measurement with other commands, There are several methods of triggering the
3421A voltmeter. The Standard Commands trigger the voltmeter automatically.
However, the advanced commands allow you to trigger the volimeter in four (4) dif-
ferant ways. These are explainad below.

Standard Commands

The Standard Commands DCV, ACV, TWO, FWQO, TEM, REF, FRQ, and TOT pro-
gram the respective measuraments and then execute a scftware trigger {see T3 under
Advanced commands). The software trigger causes the voltmeter or counter to take
ane reading from each channel specified in the channel list. If ne channe! list is sent
with the command, one reading will be taken from a previously closed channsl. if
no channels are closed, the command can be used 10 make measurements from the
front panel input termingls.
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VOLTMETER {Cont'd)

Advanced Commands

The set of Advanced Trigger Commands include: TG, T1,T2, T3, DTia.

TO - TO is for hold idon't trigger) but enable the channel list scan and
reading storage. In other words, when TO is ssserted, tha
voltmeter will not take any readings but will prepare the 3421A
for readings from the channei list. To initiste the measurements,
execute an interface TRIGGER command (see Chaptars 3 and 4).

T - T1 sets the voitmeter for internal trigger. This means thal tha
voltmeter will trigger any time you ask for a reading, such as us-
ing the ENTER command (see Chapter 3) or IND command {sea
Chapter 4}, T1 will not open or close any relays.

T2 - T2 is a software trigger and causes the 3421A voltrmeter to taka
cne measuremeant only. T2 will not open or close any channels.

T3 — Trigger command T3 is used to initiate the measuremeants on the
channel list and store those readings. Nete that if FO (no measure-
ment function) is asserted when T3 is execuied, an error will
geour singe the 3421A was not told what type of measuremant
was to he made.

DTix — The Digital Trigger command is used to implement an external trig-
ger. DT will cause a T3 trigger when digital input bit ‘x" on the
digital /0 option assembly in slot ‘i’ goes LOW.
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Chapter 3
BASIC Language Programiming

introduction

The speed and data handling capabilities of todays desktop computers support the
3421A in a Data Acquisition/Control system. In this chapter you will learn how 1o
use those powerful desktop computers to program and contrel the 3421A. Be suwre
that you have read through Chapter 2 of this manual hefore starting this chapter.
You will need to understand the operating characteristics of the 3421A before you
begin programming it.

Scope

The descriptions presented in this chapter are in general terms to optimize the flow
of infarmation regardiess of the type of computer you are using. This means that
hoth the inexperienced user as well as the experienced programmaer will be program-
ming the 342 1A efficiently and productively with minimum instruction time. There
are, however, many example programs given to enhance the discussion, all of which
are given in the enhanced BASIC programming language such as the -hp- Maodel 85
Desktop computer uses.

Trying Out a Command

Before we actually begin the programming discussion, let’s look at some simple ex-
amples that demonstrate how easy it is to program the 3421A, First, make certain
that your 3421A is connected 1o a computer through either the HP-IL interface or
the HP-IB interface. Chapter 7 of this manual gives interface connection instructions,
Don't forget to turn on both the 3421A and the computer.

if you don't have one of the computers specifed in the following example, read
through this section anyway as it provides a basis for later discussions. Consult the
/O programming manual for the computer you are using for information on sending
and receiving information through the interface,

Now, have the 3421A display a numhber. Using the chart below as a guide, enter
the command exactly as shown, replacing “'x” with a number from O to 29 [i.e,,

DN5). After you execute the command, the number should appear on the 3421A's
disptay.
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Interface!Computer Type the Message Press

HP-iL, HP-8b CUTPUT 801;""DNx"” IEND LINET

HE-1B, HP-85, 9845, QUTPUT 708, DNx"” [EXECUTE]
9826 {BASIC) {on the -hp- 85 press,

tEND LINED

in the QUTPUT statements, the letters DN are calied a command code and repre-
sent the message! Display Bumber x. The numbers in the 3421A display represent
channel numbers. We will iearn more about this {ater. At the end of this chapter are
several blue pages that describe each of the command codes the 3421A will res-
pond to, and how they are used. The following program will sequentially display each
number from 0 to 28.

10 ¢} ~HP- 8% verc:ion

20 1V HP-IL Exampie

38 ! 34214 at address S061

A4 FOR X=0 TO 29 STEP 1 ¢ This line sets up the loop counter
50 QUTPUT 907 "DN™:X ' "DN’ :ic sent followed by value "X7
60 HWALT 500 ' Hait to see the number

70 KREXT X

g0 END

Let's try another example. Connect a battery to the 3421A front panel INPUT ter-
minals. Since a battery is a DC voitage, tell the 3421A to make a DC voltage
measurement. This is done with a DCV command:

Interface/Computer Type the Message Prass
HP-1., HP-85 OUTPUT 961,'DCV'"  [END LINE]
ENTER 201; A [END LINE]
ISP A LEND LINE]
BP-IB, HP-85, 2845, OQUTPUT 709:"DCV"  [EXECUTE} or [END LINE]
9826 (BASIC) ENTER 709; A [EXECUTE] or |[END LINE]
DiISP A [EXECUTE] or [END LINE}

Note. In the examples above, the 801 and 709 are the HP-IL address and HP-IB ad-
dress, respectively. Addresses will be discussed in detail later. For now, simply per-
form the exercise.
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The value displayed is the measured battery voitage. The command DCV is called
a Standard Command and performs a specific measurement task.

HP-1L vs. HP-IB

With the 3421A you have a choice of computer interfaces. The Hewlett-Packard In-
terface Loop [HP-IL) is standard with the 3421A and is ideal in low cost, low power,
and medium distance applications. An optional HP-IB* interface is also available for
the 3421A. From the praogrammers viewpoint these two interfaces are very similar
and differ mainly in the instrument addressing.

Appendix B in this manual gives a brief description of the HP-IL and HP-1B interfaces.
Chaprer 7 of this manual gives interface connection instructions,

When the computer tells a particular instrument 1o send data over the interface, we
say that the instrument has been “Addressed to Talk”. Likewise, when the com-
puter tells an instrument to receive data or instructions, the instrument is said to
be ‘‘Addressed to Listen”. The 3421A is capable of both “"Talking”™ and "Listen-
ing”’. These terms are used throughout this chapter to describe various operations.
There can be only one instrurnent addrassed to talk at any one time.

information Transfer

When operating with the HP-IL interface, most 3421A commands will “Hold-up” the
computer until all readings have been taken. This feature makes Data Ready SRQ
unnecessary for most measuremenis {Data Ready SRQ is describad later in this
chapter). In other words, suppose you have a 3421A, with three 44482A 10 channel
multiplexer assemblies, programmed to take 30 readings; one reading from each
channel. With a reading rate of approximately 2 readings per second, 15 seconds

*HP-R [Hewiett-Packard Interface Bus} is Hewlett-Packard's implementalion of IEEE Standard 488-1975
and ANSI MCT. T,
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are required to take ali 30 readings. The computer will not be able to perform ANY
task during this 15 second period while the 3421A is making the measuremenis.
This is demonstrated in the following program.

10 | EXAMPLE

20 OUTPUT 801 "DCVO-29”
30 FORiI=0TO 28

40 ENTER 201; A

50 DISP All)

60 NEXT !

70 END

After line 20 is executed, the 3421A will hold-up the computer while it takes the
30 readings.

The 3421A commands that do not hold-up the computer are: digital monitor com-
mands MN, MH, and ML; TOTalize function; and Digital Trigger (DT). An example
will be given later in this chapter demonstrating the DT command and interrupting
the camputer.

The advantage ot this feature comes when you are using other devices with the
3421A. For example, let’'s say you are using the 3421A as a scanner - not using
the internal voltmeter - with some measuring device such as 3 power meter. You
would first close a channel on the 3421A and then trigger the power metsr. Trig-
gering cannot cccur though, until the 3421A has closed the channel and freed the
computer. In other words, the power meter is prevented from triggering until the
3421 A relay is known 1o be closed, thus preventing false measurements,

With the HP-IB option and HP-IB selected, this computer hold-up feature is switch
selectable. Access to the switch, however, is gained by removing the HP-IB option
cover and should be done by service trained personnel only. With Buffered Transfer
disabled (switch up, narmal position) the 3421A acts much the same as the HP-IL
interface, holding up the computer until all measurements are taken. Buffered transfer
disabled {switch upl is the factory setting of this switch. With the switch in the
DOWN pasition {buffered transfer enabled) the computer is released while the 3421A
takes its measurements. This mode provides the fastest transfer of information bet-
ween the computer and the 34214,

You should be aware however, that if any of the digital monitor modes (MN, MH,
ML, or DT) are in effect in the 3421A, any communication through the interface will
cause the mode to be aborted. That is to say, if the 3421A is waiting for a Digital
Trigger (DT} and the computer or another instrument sends any commands or data
through the interface, the 3421A will abort the Digital Monitor and will no longer
respond. It will need to be reprogrammed for that mode.
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Mareaver, when you have the HP-iB option in the 34214 and are using the 3421 A
in one of the Digital Monitor modes, L.e., MH, ML, MN or DT, the 3421A MUST be
set to unlisten. This is in order for the 3421A 1o interrupt the computer via the SRQ
interrupt. For the -hp- 88 and 2826A (BASIC) this would take the form:

SEND / 1+ UNL

Other computers will uge a different command syntax. Two examples using this com-
mand are shown in the Reguire Service section later in this chapter,

Buffered Transfers

Buffered transfers are erabled and disabled by HP-IB switch segment #6. This switch
is accessad by removing the rear pane! HP-IB option cover and shouid be done by
qualified service trained personnel. When the switch is up {toward the pc boardl,
buffered transfers are disabled {factory preset). When the switch is down, buffered
transfers are snabled.

When is it appropriate to enable buffered transfers? Perhaps this question is best
answered by a discussion of what buffered transfers are, and a limitation that they
have. Whan buffered transfers are NOT enabled, and several commands are sent 1o
the 3421A, each command is execuled as it is received. The computer waits for
the 3421A to execute the command that was just sent before sending the nexy
command. Thus, the computer is not able to perform any other task untii the 3421A
execltes the last command in the string. The 3421A holds up the computer by
delaying the HP-IB handshake {Le., the 3421A does not assert the NDAC handshake
line urtil it has executed a command). Furthermore, the more commands sent, the
longer the computer will be held-up.

When buffered transfers are enabled, the 342 1A stores commands it receives in a
buffer {up to 38 bytes). The computer is released to perform other program tasks
as soon as the buffer storing is complete. The commands are then executed one after
the other from the buffer. Hence, the computer does not wait for the 3421A 1o
aexacule the bulfer contents. As the 3421A executes the commands from the buffer,
resuits are stored and then transferred lo the computer when reguested. Typically,
this would be done using & Data Ready SRQ programming technique.

A limitation of buffered transfers is that different types of readings cannot be
combined in the buffer. For example, do not specify a voltage and femperature
measurement in the same command string. Furthermore, once a measuremant is
taken in the buffered transfer mode, the resuits should be retrisved before another
measuremeni is taken.
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The buffar size of 39 bytes should be more than adequate for the vast majority of
applications. However, in instances where a string of commands exceeds 39 bytes,
the buffered transfer mode is not recommended. If it is used, the computer will again
be held-up once the buffer ig full. In other words, it will defeat the benefits derived
from using the buffered transfer mode.

Addressing

Each instrument that you connect to the interface, whether it be HP-IL. or HP-IB, has
a unique “‘address’’. The address provides a convenient way for the computer to
send or receive data from a particular instrument even when there are several con-
nected together.

In earlier examples, an instruction such as QUTPUT 9071 (HP-LY or QUTPUT 709 (HP-
1B) was used to send a message to the 3421A. The three digit number, S01 or 709,
is used to specify the address of the 3421A. The first digit (9 or 7) is called the
interface select code {iscl. The isc for the HP-IB interface is 7; for the HP-IL inter-
face it is 9. The remaining two digits, called the instrument address, are used 1o
specify the 3421A - or any cther instrument - connected fo the same computer
interface.

Interface 3421A
Sefect Code Address

Y /
A

OUTPUT 9G1;" TEM 27

b Specifias channel
number 2.

—— Standard Command
for Temperature
Measurements,
{Spaces ignored

by 3421A.)

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

The computer automatically reassigns addresses to cach instrument connected in the
loop. This is called ""Autoaddressing’’. Addresses are assigned sequentiaily to in-
struments in the loop in the direction of information flow. Refer to the HP-IL diagram
below. The first device in the loop after the controlier has an address of 1. The
second device will have an address of '2’7, the third device an address of '3"', and
50 on through the loop. A maximum of 30 devices, including the computer, may be
connected in the loop. The 3421A may he connected anywhere in the loop and will
be autoaddressed accordingly.

‘ | 34214
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P - ;
: 5 i

i P S —
! i R T
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¢ORHTGEY e r|—‘5—_‘rs:m-.. Ll
FLEE: - PLS
tEil
0 -

np BRA DN [HIRLER 34744 3-k

All examples in this chapter assume the 3421A is the only device connected 1o the
computer HP-IL interface. Therefore, when autoaddressed, the 34214 will have an
address of 1. Also, the -hp- 85 deskiop computer with an 82938A HP-IL interface
is assumed to be the computer used in the examples. The 82938A HP-IL interface
has an inlerface select code of 7’97, therefore, the 3421A will be addressed at 801,

53

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



HP-1B Addressing

The 3421A with HP-IB option (Option 201) has a switch selectable HP-1B/HP-1L
interface.

The HP-IB address for the 3421A is determined by switch setiings on the HP-1B op-
tion board. The 3421TA has @ factory preset address of 09, If the address need: to
be changed, a qualified service irained technician will find the nscessary informa-
tion in Chapter 8 of this manual. In the examples where HP-IB addressing is
demonstrated, the address will be 708, This refers to the computer HP-IB interface
selact code "'V and the 3421A address of $9. Note however, that if the rear panel
switch is set for HP-iL, the addressing will follow the Autoaddressing constraints of
HPIL and will ignore the setting of the HP-IB address switches,

Sending Instructions to the 3421A

Command codes are used to instruct the 3421A to perform a specific measurement
or task, At the and of this chapier are several blue pages that provide a descrip-
tion of all of the commands the 3421A recognizes and responds to. Two categories
of commands are provided,

A. Standard Commands set up the 3421A and then complete a measurement task.
For example, the command DCV2,7-9 causes the 3421A to take DC Voltage
measurements on channels 2, 7, 8, and 9, and store the readings in its internal
memory. One command causes a complete measurement task 1o be performed. The
Standard Commands make programming easv.

B. Advanced Commands provide more flexibility than the Standard 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 provided for the 34214 to ease the task
of programming. As a result, most of the examples in this chapter will use the Stan-
dard Commands. The Advanced Commands are available to those users who wish
to tailor their system for particuiar requiremeants.

Procedure

Decide what task or measurement you want the 3421A to perform and determine
the appropriate command. For example, if you are making temperature measurements
{using T-type thermoceouples) use the TEM command. If the thermacouple is con-
nacted to channet 2 in the 34214, execute the command TEM2. The following
message would be sent:
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DUTPUT 907137 TENMZ™
Sample Problem

The previous itustration shows how 1o send the command to take a temperature
measuremant from channel 2. Suppose though, as will probably be the case, you
have mors than one measurement to make. They don't have to be temperature
measurements, they could be voltage, resistance, or frequency measurements. The
34214 Standard Commands allow you 1o specify a group of channels, called a chan-
nel tist, for the command.

To illustrate, assume you have T-type thermocouples connected to channels 2
through 8 and channel 14. The one command:

will cause the 3421A to take temperature measurements from those eight channels
and store the measurements internally. The complete command, along with the OUT-
PUT statement is:

BUTPUT 80717 TEMZ-8,14"

Later in this chapter, you will learn to read back those eight temperature readings.
For now, just remember that they are stored in the 3421A’s internal memory. Up
to 30 readings could be stered in this manner.

Programming Hints

Make certain that you have rgad the paragraphs under HP-IL vs. HP-IB. Those
paragraphs deal with addressing and certain practices and exceptions that you will
need to undersiand whean programming.

When using the channel list the measurements are taken sequentially and stored.
in other words, as in the previous example, channel 2 is measured first and the
reading stored. Next, channe! 3 is measured and its reading stored, This pattern con-
tinues for each channel untit finally, channel 14 is measured and that reading stored.

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

nel 2 will be returned first, followed by the temperature from channel 3, then
4.... and finally 14.

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



The series of channels specifiad in a channel list must follow these rules.

a. The default channel list {asserted at power oh or reset} consists of all mukiplex-
er channels in numerical sequence. The channel list can be loaded with multiplaxer
channels by the DCV, ACV, TWOC, FWQ, TEM, FRQ, LS or LP commands. It can aiso
be loaded with digital input bit numbers by the BIT command. See chapters 5 and
& for more information on the channel list,

b. Channel addresses are separated by commas. However, a dash may be used
to signify a contiguous set of channels. When using Advanced Commands, any com-
mand that specifies a channel must be separated from subsequent commands by
either & calen {1} or a semicolon {} but not a comma. For exampie:;
FIRATZINSLS5-2:T3. If the last character in the command string is a comma, an
error will be generated.

c. No more than 30 channels are accepted into the channel list. Legal channel
numbers are 00 through 28. '

d. The mnemonic determines what type of channel can be loaded into the chan-
nel list. In othar words, if channel 1 is configured ag an actuator channel, it should
not be specified for any type of measurement {i.e., DCV1 ar BiT1). if an attempt
is made to lead the channel list with an improper type of channel, & syntax error
is generated {see SPOLL} and the command is aborted. If channels x-y are received
and some channels in between and including x and y are the wrong type of chan-
nels for the cormmand, they are not loaded into the list and the error messags is not
sent. The remainder of the channels are loaded into the list.

e. leading zeros are ignored, that is, DCVO0O019 means DCV19,

f. All syntax following a decimal point is ignored except for commas, dash,
sermicolon, colon, Carriage Return {cr), or Line Feed {Ifi. DCV2.3 means DCV2.

d. Exponenis are notl allowed and cause a syntax error. The command is aborted.

h. All lower case letters are interpreted as upper ¢ase. Blanks and the plus {(+)
sign are ignered. Commas {,), colons (1), and semicolons (;) are used as terminators.
All other punctuation give & syntax error. In other words, De V 21 is the same as
DCwv21.

i. Terminators are required after any command (Standard or Advanced) that either
specifies a channel or a decimal value, when that command is to be followed by
another command. For example, the 'Mx’ command is used to set the SBRQ mask.
This command can have a decimal value ‘%' of between 0 and 255, Therefore, this
command must be followed by a terminator if another command is to follow it; e.g.,
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GUTPUT 901; “"M1;TO". Valid terminators are a colon [1), a semicolon {;), a Car-
riage Return or Line Feed; but not a comma ().

Receiving Data From The 3421A

The 3421A has the ability to talk to the computer or other instruments, giving the
results of measurements or status information. The computer must tell or “address’’
the 3421A to talk in order for it 1o send information.

Example. In the last section we saw how to send a command for a termperature
measurement an channel 2. Now we want to read back the measured temperature.
The ENTER statement is used.

10 QUTPHT 401 "TEMZ" ¥ From a previous section
20 ENTER 901 ¢+ 6

30 DISP A

4l END

The 3421A is addressed to taltk by the ENTER 801 command. Tthe measurec
remperature is stored in the variable A and displayed on the computer’s display.
Remember that the actual computer syntax used {i.e. ENTER, OUTPUT, DISP, stc.]
is dependent on the computer you are using and may be different than the the ex-
amples given in this manuai. You should refer to your computer’s /O manual for
specific information.

You also learned in the iast section how measurements could be made on several
channels using the channel list with a command, To read back those measurements,
vou will need one variable for each channel. Two sample programs are provided 1c
illustrate how that can be done,

10 OUTPYUT 96% :"TEM2-8.14" ' From previous section
20 ENTER 901 : A.B.C.D.E.F,G.}F

3¢ DisP A,.B.C.DEF.G,H

4G END

OR

10 OUTPUT 401 "TEMZ2-8.14" ' From previous section
20 FOR I-1 1O 8

30 ENTER 89071 3 BC(D

401 DISP B(I1»

50 NEXT T

640 END

In the first example, each reading is stored in a separate variable. An array is used
to store the readings in the second exampile. Remember that in some computers you
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may have to dimension the array.

Cutput Format

Measurement data is sent by the 3421A as 13 bytes in the following format (B %
digit model:

Measurement: ~¢addddE +d CR LF
Error: -8 . 88888E+8 CR LF
Overload: —9.89899E+9 CR LF

Digital data is sent as:

Digital: ddéd CR LF (where Q=ddd <255 decimal)
Digital Error: %88 CR LF

The character 'd" represents z single digit. €8 anc LF are Carriage Return and Ling
Feed, respectively.

Readings Output Format

Readings are sent as indicated above. The exponent is the same as the volimetser
range {unless the measurament is temperature or frequencyl. n other words, the
reading - 1.23456E-1 means the measurement was taken on range R-1 {.3 volt) and
the measured value is 1234568 volis. [f the measurement is entered intc a numeric
variable the measurement will be adiusted to eliminate the exponent. Refer to the
Advanced Commands for more information on range codes. The number of digits
following the decimal point is the same as the number of digits of resglution asserted,
This means that if you have 3 digits of resolution asserted N3}, the reading will be
outpul as: +d.dddE+d. This changs of output digits is also true for errors.

Ersor Format. The -8.88888E + 8 indicates an error and will be sent in place of the first
reading after the error oceurs. Bit 5 of the Status Register will also be set, see SPOLL
fater in this chapter. Conditions which will cause the error message are:

Hardware error

Calibration error

Command syntax not understood
Can't execute convnand

Low battery

Self Test failed

R

The error maessage will not be sent if the status byte is read {SPOLL or SR com-
mands) before the 3421A is addressed 1o ralk. In this case the reading, if available,
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wili be sent. This is shown in the following two examples. The first example shows
the typical command and data read sequence. The second exampie shows how to
read the status byte prior 1o requesting data.

10 DUTPHT S0% . DCVE-7-
20 FOR I=1 70 5

30 ENTER 901 : ACD

40 NEXT 1

50 END

OR

10 GUTPUT 301 ;"DCvz-7"
20 P=SP0LL (901

30 FOR =71 10 5

40 ENTER 301 ; A

S50 NEXT T

60 END

It an error exists, the first program would return the error message instead of the
first reading far Al1). In the second program the actual measurement, if it were possi-
hle to make the measurement, would be returned to A{1} instead of the error
message.

The reading will not be availgble i,

1. No measurementi has been taken.
2. Function FO is asserted and the 3421A is triggered.
3. If the channel list is empty and the 34214 is triggered by T3, DT, or TRIGGER.

if an error occurred during a digital read, the error message is: B88.

Oyerlead Format. Three conditions will cause the overload message (+ 8.98999E+ 8)
io be sent, These are;

1. Voltmeter overload

2. Counter overflowed in TOTalize mode (greater than 65530 counts).

3. REFsrence temperature out of range. That is,the REFerence junction temperature
i3 not between O and 60 degrees C or the measured thermocouple voltage is not
between 6 and 20 mV.

Simple Programming

We have seen how to send simple commands to the 3421A and how to get
measurements from it. Now leis go one step further and look at a simple program.
This program takes DC voltage measurements on channels 1, 2, and 3 and
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temperature measurements on channels 4 through 8. It is important to notice that
the BC voliage readings are read back to the computer (lines 30-50) befeore the
temperature measurements were made. This is because the TEM4-9 command sets
up a naw channel list and the temperature measurements would over write the DC
veltage measurements in the 3421A reading storage.

10 t Sample program

20 QUTPUT 901 :“DCVI-3"
30 FOR I=1 10 3

40 ENTER 901 ¢ B(ID)

50 NEXT I

K0 OQUTPUT 901 " TEMA-9”
0 FOR 1=4 70 9

80 ENTER 861 : B<D)

90 NEXT I

100 FOR I=1 10 9

110 DISP B(I}

120 NEXT I

130 END

342 1A Interface Capabilities

The following topics, arranged in alphabetical order, deal with HP-IL and HP-IB in-
terface commands and the way the 3421A responids to tham. Refer to the /0 aro-
gramming section of your computer’s IO programming manuat for specific informa-
tion on syntax and actions taken by the interface when sending the message. The
exampies given apply te the -hp- 80 series desktop computers for MHP-IL and HP-IB
and the -hp- 9845, and 9826 (BASIC) for HP-B.
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CLEAR

Example
HP AL HP-IB
CLEAR 9 {device clear) CLEAR 7
CLEAR 901 iselected device cleari CLEAR 7089
Comments

Upon receiving the CLEAR message, the 3421A goes through its power-on/reset
routine. The power-on/reset routine includes:

Salf Test.

Cpens all multiptexer and actuator channels.

Clears kits of the digital output ports {high impedance statel.

Voltmetsr set to: DC Vults, autorange on, autczera on, 5 % digit resolution,
internal trigger on.

Counter set to 1 second gate time,

HP-il. address is not changed.

Checks rear pane! switches {50/60 Hz, Power-on SRQ, stc.).

Channel st set 1o all available multiplexer channels, addressed seguentially
Reguest Service {SRQ) if seif test failed.

Reading storage is cleared.

f= 0RO

Coo~Neo

LOCAL
LOCAL LOCKOUT
REMOTE

Comments

The 342%A does not respond 1o these commands. This is because the 3421A has
no front panal and muist be controlied by a computer through an interface. The
3421A 15 always in remote state.
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REQUIRE SERVICE (SRG)

Comments

Ore important feature of the 3421A is its ability to interrupt the computer when
ceriain conditions accur. Of course the computer must be programmed to respond
to the interrupt. The Require Service message (SRQ) is used to implement an inter-
rept and is independent of all other activity. The 34214 MUST BE PROGRAMIMED
to request service hefore the interrupt will take place. Several examples are included
in this saction 1o explain interrupt programming.

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

1. Power-on/Reset. The 3421A can interrupt the computer whan the 3421A
power is turned on, receives a Device CLEAR or Selectad Device CLEAR, or resset
vig the rear panel reset switch, The 3421A rear panel switch number 3 must be set
to the up position for this interrupt to occur.

2. Data Ready.The 34271A can interrupt the computer after cach completed
measurement or, # a channel list is measured, the interrupt can occur after all
readings are taken. The following commands will set the data read bit: DCV, ACV,
TWO, FWQ, FRQ, TEM, REF, TOT, ReED, BIT, T1, TZ, T3, DT, MH, ML, MN, and
GET. A example of this, using the DT command, will be shown later in this section.

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

4. fvent Occurred. The 3421A can menitor the digitai input ports and if a
specified bit or 8-bit word occurs, it wilt interrupt the controlier. This provides flex-
ibility in timing events. An example of this will be shown later in this section.

5. Low Battery, If the 3421A is being powered by is internal battery, it will
generate an interrupl when the hattery voltage drops too low. After approximateiy
three minutes, it will open ail channels and power down. The Tellowing instructions
cannat be executed after a low battery is detected: TOT, MM, ML, MN, DT.

6. Abnormal Condition. Abnormal conditions include:

a. Hardware error
Calibration Ercor
Command not understood; e.¢g., the command FR3 is not a legitimate
3421A cammand

d. Can’t exescute the command; e.g.. the command DCV25 is sent but
channel 2% is a digitai channe!

g2
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SRO (Cont'd)

Salf Test failed

Low Battery

Attempt to lead channel list with more than 30 channels

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

i, Requested a rsading when no data was available

i. Triggered internal voitmeter while function FO was asserted

0 T

How to use SRG

When the Require Service message {SRC} is sent, the computer must first determine
which instrument, if more than ong is connected 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 by sending its ““STATUS BYTE’" which indicates whether or not
it requested service, If it has, bit 8 will he set along with one or more of the other
bits to indicate the nature of the request. I the Status Byte for the instrument polled
indicates that it was not requesting service, the computer continues to poll the ather
instruments until the proper one s located. Al of these actions assume that the com-
puter has been programmed to respond to the SRQ interrupt as shown in the ex
ampies given later.

Status Register and Status Byte

The Siatus Register monitors several different 342 1A operating conditions and is
updated as events occur. [f the 3421A SRQ mask is set {set being a 17} for a
particular condition and that condition oceurs, the 3421A will send an interrupt
message to the computer. However, two bits of the 3421A SRQ mask (bit 2 and
nit 4} canno? be masked. These two bits correspond to self test error and low
hattery. If either of these conditions aceour, the 3421A will always send the interrupt
message. For the remaining conditions, the SRQ mask must be set for the 3421A
to send the interrupt- meassage. Anytime the 34214 sends the interrupt message,
regardiess of whether it is a masked or non-masked condition that caused it to be
sent, bit 8 of the Status Register will set. Bit 6 corresponds to “‘Require Service””
and is used by the computer to identify the device that needs attention, assuming
the computer is programmed 10 respond to the intarrupt message. The ramaining bits
can be used by the computer to identify the reason that the interrupt ceccurred.

The Status Byte is an 8-bit byte that is sent from the 34271A to the computer in
respanse to tha SPCOLL message. The Status Byte comes from the Status Register

and is used 1o determine the current status of the 3421A,
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SRQ (Cont'd)

Bit 7 2it 8 Bit B Gz 4 2t 3 Bt 2 Bit gix 3
NSA Radquire £ Lowe Batt Everit Setf Power o Dty
falways Sarvice friot Qeeurred Tast Heset Ready
zeral ino mask) maskable} creor Dzourred
earlign ot [awitsh
maskehle! mask ondyd

Status Register

Setting the SRQO Mask

Think of the SRQ mask as a cover hiding three bits of the Sratus Register. To “set’’
the mask yvou effectively poke holes in the cover, First, determine which condmons
you want to interrupt the computer, e.g., data ready, abnormat conditions, etc. Refer
to the figure below. Add together the decimal values for the bits that you want fo
interrupt the controller. Then, output the "M command followed by the decimal

value, that is, "“"Mx'" where x is the decimal value. The follawing diagram shows the
Status Register and the SRQ mask.

N\ (ALWAYS \ SERVICE | J\|:r-wAL\ Law EVENT
\ EOLEST c:m::—.“r\\ BATTERY rw:r:mw)
\hnf\ HIEh\ \HI14 S0
DRCTRAL ™ £
VALLE

Ta set the SRO mask for Event Gecurred, for example, executs the command: OUT-
PUT 701;"MB". For either Event QOccurred or Data Ready to interrupt the computer,
execute: QUTPUT 701;"Ma"".

64

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



SRO {(Cont'd)
NOTE

When you are doing fnterrupt programming, especially with
the digital monitor commands MN, MH. ML, and DT, the end
of line sequence should be suppressed. With most hp-
deskiop computers this is done with the OUTPUT USING
K command. The last character in the command string
must be either 8 colon 12), & semicolon {;j, a carriage return,
or 8 linefeed. The following program exampies show how this
/s done.

if vou are using the 34271A with its HP-IB interface, the
342 1A must be placed in an "UNLISTEN' mode before it can
interrupt the corntrofler. With mest -hp- desktap computers,
this is done with the SEND 7,UNL command. These fines are
shoven in the following examples and may be deleted it vou
are wsing the HP-IL interface.

Example 1. Event Occurred

This is a simple example that demonstrates the usefulness of the SRQ interrupt. In
this example, we will use Event Cccurred to monitor ene bit, bit 17, ot a 44465HA
Digital Y0 assembly., When that bit goes low, the 3421A will signal the computer
that the event has occurred. Event occurred, as in this example, might be used to
monitor limit or position switches.

The associated #tlustration shows the external connections that will need to be made.
HRamember that the Digital IO assembiy must be in siot 1 for the program to work,
Type in the program and run it. After the compuier displays “"READY"™, close the
switch., Notice that the program jumps doewn to the interrupt subroutine,

L EEENT L TMITING e
et HRT et o esy
A & POWER SUPELY

» e
¥ A o
- W
o i iy
i N \
e ' )
AT \:% \"L
7 1 ™ % >
; Len AN R
/ 14K | . w1
[ dio 4 Sool& Lnat
/ b k EWITCR
| Lo T St .
y i _ ."f e
B b [IWER K
R = e
. SLOPLY
GRCND -

A2as 33
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SRQ (Cont'd)

HP-IL Example

Line
40
5C
GO
Opl LRTE X
FHERLE TR
Dlee “"REROWT
VoMl Frodram Ioes hiers
SOTO tGe
E i 70
3 Dar Eall Swbeoautiee
B
o1 H
THER Brisifs "EUSEnT (1D
SRRSO g0
PR RETURM
100-890
1000
1010
1030
1040

84

Description

Clears the dispiay.
Clears the Status Regyister.

Sets the 3421A for SRQ
whan event occurs (M8} and
for menitor when bit 17 goes
low (ML17].

This line tells the computer
whare to go when the inter-
rupt oceurs {line 1000

ENABLE INTR 9:8 enablas
the computer to raspond 1o
the interrupt.

The main body of the pro-
gram goes here. Ling 880 will
keep the main programming
running indefinitely.

This is the start of the inter-
rupt suproutine,

SPOLL returns the valug of
the Status Register (the
Status Bytel to variable P. f1
aiso resets bit 6 of the Status
Register.

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

End of subroutine.
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SRQ (Cont'd)

HP-1B Example

Tawamy aoodrred awvamele
&% version
2221 st sddresy TE9
@ ouRIT Sana
K. »_J . 11 F,‘g 1 '!.‘ﬁ!l '{ _" il
10 T Pl

T MTR T GESHE

IHTR T4

r
bAA
plergu il

S
i

bl

£
£

STRTHS Y1 0 8B

PF F=772 THER Dlne "EWENRT
CUReEn®

EETLUHH

e
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Line

40
50

680

70

80

o0

110-980

1000

1010

1030

1040

Description

Ciears the display.

Clears the Status Register;
wait § sesconds or system
arrer results.

Sets the 3421A for SRG
when event occurs (M8} and
for monitor when bit 17 goes
fow {MLT 7,

The UNListen command per-
mits the 3421A to interrupt
the computer. Note, this line
is not necessary if you are
using HP-IL.

This line tells the computer
where 1o go when the inter-
rupt ccours {line 1000).

ENABLE INTR 7:8 enables
the computer to respond o
the interrupt.

The main body of the pro-
gram goas here. Line 980 will
keep the main programming
runaing indefiniely.

This is the start of the inter-
rupt subroutine.

SPOLL returns the wvalue of
the 3Status Register ({the
Sratus Bytel to vardabie P. It
also resets bit 8§ of the Status -
Register.

P is tested to deiermine what
caused the interrupt. Bit 6 of
the Starus Register should be
set since an interrupt occur-
red., This hit has a value of
B4. Bit 3 should also be set
for Event Occurred. This bit
has & value of 8. Also, bit O
will be set. Combined, these
hits have a value of 73.

End of subroutine.



5RO (Cont’d)

Example 2. Abnormal Condition

There are several conditions which can cause bit 5 {abhnormal condition) in State
Register 1 (Status Register} to set. If any bit in State Registers 2, 3, or 4 is set,
then bit 5 of the Status Register is set. The abnormal condition bit is also set if bit
2 or bit 4 of the Status Register is set. Abnormal conditions include:

1. Hardware Error

2. Calibration Error

3. Command not understood; e.9., the command FR3 is not a legitimate 3421A
command

4. Can't execute the cornmand; e.g., the command DCV25 is sent but channel 25
is a digital channel

5. Seif Test failed

8. Low Battery

7. Attempt to lead channe! list with more than 30 channeals

8. Atiempt to incrament channel list and trigger (T3} but channel list was empty

9. Beguested a reading wnen no data was available

10. Triggered internal voltmeter while function FO was asserted

The question arises then as 1o which ong actually caused the interrupt. The following
example shows a program 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 as they contain the error information. The
remaining 20 bytes are described in the blue pages at the end of this chapter.
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1)
24
30
40
34
bl
70
a0
30

1600
1610
1020
1030
1640
105
1060

SRQO (Cont’d)

tine

! Gbnormal condition example 40
I ~-hp- 85 wersion

i 34210 at address 901

auTPuY a0t M3zt 5
Ok INTR 9 GOSUB 1000

FRNABLE INTR 9:83

guirPul 91 DCV™

GOTH 80

ENT

DUTPUT a1 ;"SR™ 60
EMNTER 881 ¢ A,B.C.D

DISPE "STATUS REGISTER VALUE: ":A

DISP “ERROR BYTE VALUE: ™R

DISF "HARDWARE CRROR BYTE: ":C 70
0 DISP "CALIBRATION ERROR vALUL: ;D
RETURN

80-90

1000

1010

1020-1050

1060

Dascriptien
This line outputs the SRQ
mask for abnormat condition.

Line B0 is used to gl the
compuier where to go when

an interrupt occurs (line
10003,
ENABLE INTR 9;8 enables

the computer to respond to
interrupts.

DCV is a legitimate 34271A
command. Therefore there
will be no interrupt. Replace
this command with FR3 and
terun the program.

The body of the program
goes here.

This iz the first line of the in-
terrupt subprogram. The
SR command is used to
tell the 34271A to send it
status information.

The values of the first 4
registers are entered into the
gomputer and stored into
variables A, 8, C, D.

The values for the registers
are displayed along with the
register name,

This line causes the program
control to return to where it
was interrupted.

Line 70 in the program contains the command ‘DCV'*. This is a legitimate 3421A
command. Therefore, since there is no abnormal condition the interrupt will not oc-
cur. Now replace the DCV command with the command “'FR3’" and rerun the pro-
gram. FR is not a legitimate command so an abnormal condition will exist, However,
the 3421A will assume the R3 range. Compare the 4 values returned by the pro-
gram to the charis below. Remember that the value returned is the sum of the values

of the individual bits that are set.
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SRC {(Cont'd)

Example 3. Advanced SRQ Interrupt Programming Using
The Digital Trigger Command

Data Ready is a faature of the 3421A that allows it 1o interrupt the controller after
each completed measurement or, when used with a chanrnel list, sach group of
measuremants. Typically, the Data Ready feature is used oniy with the Digital Trigger
command while utilizing SRQ interrupts. Digital Triggering ailows the vohimeter 1o
begin taking readings when a digital input goes fow. A digital input is considered
to go low when no current is passing through the digital port.

Abrormal conditions were previousty explained under example 2.

To enable the Data Ready and Abnormal Condition features on the 342171A, you must
set bit O and bit 5 in the SRQ mask. Remember that bit O in the status register will
be true (a8 17} anytime data is ready and that bit & wili be true anytime there is
an abnormal condition. However, reither condition will cause the 3421A to interrupt
the computer unless the SRQ mask is set accordingly. The pattern for the SRO mask
for these conditions would look lke:

Bit #:

7 6 b
Value: 0 O 1

4 3 2 10
0 0 0 0 1 sum == 33
Therefore, use the command “"M33"" 1c set the SRQ mask for data ready and

abnormat condition.

Now, whenever the 3421A has completed its measurement task it will interrupt the
computer via the SRC data ready interrupt. Likewise, it will interrupt the computer
whenever there is an abnormal condition. Looking at this from another perspective,
the computer will oniy be iterrupted if bit O or bit & {or an unmaskable bt} in the
Status Register is true. Bits 1 and 3 cannot cause the interrupt because the mask
was not set for those bits.

The following programming example demonstrates the handiing of Data Ready,
Abnormal Condition, and all non-maskable interrupts. This programming example, as
with most SRO programming, requires a knowledge of advanced programming prac-
tices. This program exhibits many of the considerations necessary when creating
intersrupt driven programs, including:

Digital Trigger initiation of channet list measurements;
detecting and displaying all interrupt conditions;

and for abnormal {error) conditions, interrogates the
3421A to find cut why the error occurred.
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SRAO (Cont'd)

It ts recommended that the basic framework of this program be used when perform-
ing advanced interrupt programming. 1t will be necessary, however, to modify the
main body, the latter part of subroutine #1 and all of subroutine #3 to meet the
specific application.

i
1Fy
L&

VOalTruUT Mo tEZaT b D NOT LS
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[
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EF I ment Bro’rammin? examcle. 7@ Y OUTPUT B "M P 4 5 DIGIT
S | =smssowssssooooomssRossssT MEBSUREMERTS
veod 3I2@ P OBUTPUT M sYLSi3-19.13-1%.1
S0 [PM FEZBY L ML LT 2-19,13~-19, 132,14 ! LO8D SIN
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SR
i
STRATUS L.1 : & 1 CLERRS SRE
RECEINED FLAE TN &5
DISP " i
ISP "IWTERERUPT RECEIVEDT
[II&sF "socosmsssoooooumsmx®
S=SPOLLIMY 1 POLL (QUERYY IM
STRUMENT 70 BETERMIMNE RERSOHW
FOR SRS
IF BITIS.Si=1 THEHN BISP "SRG
IMTERRLPTH
IF gIT(S.ar=1 THEM BISP "ORT
5 READY™
IF BITHIE, 1la=1 THEH DISP PO
ER OH PEﬁET"
IF BITOS.23=1 THEWN DISF "SEL
F TEST EPRUP" _
IF BITCSE.32=1 THEH DISP “EVE
HT OCOURREDY
IF BITES.45=1 THEN GESPE L0
BATTERY™ :
ITF HOT BITCS.S5)=1 THEN GOTO
g9
DISFE "ABHORMAL DOMDITIOM®
GOsUR 978
ISP "oomemessos oo 8
MEIT 2888 | ALLOW USER TIWME

T3 YIEW EREOR

F=1 t TELL PROGRAM ABOUE HOT
T COMTIMUE Ta LODP

P BUT RATHER TO G0 UF AHD SE
T UP FOR MEM TRIGGER FIRST

ENRELE THTRE L8 t HMUIST REEHA
BELE SR THTERRIUPT

IF BITY S, 1i=1 THEHK GOTH 216
b POWER OH RESET CALSO CAIISE

SEDHTH BEADY BIT TO BE SET O

e

P Y0 BEFAULT AUTY TRIG. OO

STRTE OF HFZ421A. IH THIS m0

OE GATA 1% ALMAYES REARDY!)

IF BIT(S.,2 =1 THEH LAOTD 918
' SELF TEST ERROR

P oID A PRE-0OH DF DEVICE CL

EAR WHICH RAL3G GCASES DRTA R

ERDY EIT TG BE SET DUE

Y78 DEFAULT RUTO TRIG, DCY

STHTE OF HP342iQ. IN THIS HO

DE DAYA TS ALHAYS READY

IF BITCS.680=1 THEH GOSUEB 121

g 1 VaLIn pATR 12 REARDY. RER

01T

RETURHN

SUBROUTIHE #2
Subroutine for readine
srror tyee $from HFZ421R
and disrlaring

DUTEUT M "ERY | QUERY INGT

RUMENT TO DETERM WHAY ERROR
1%

EMTER 1 1.52,82 F LGET 24

0 AHO 3RO STATUS REGISTERS
Ta CETERMINE ERROR

(Cont’d)

18248
@36

1548
1@he

1868

a7 a
1886
1994

1183

it

1132
1148
1154
1i68a
1176
1188
1134

12605
1218
1224
12328
1248
1250
1268
12V
1225
1298
13688
121a

[ N Y [T sk
BRIV AN T B VR TS 1Y N
ot ER oIt s R | B Y I
WATERH RN &
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FORE k=4 TO 24

ENTER M : S8 ! EXTRA RERDS

OF OTHER STATUS BYTES {ALSD
CLERRE INDICATOR OGN HP3421
i OISPLAY )

HEST K

IF BIT(S2,@y=1 THEHN DISP *®
TRIGGERED IN F& MODE"

IF BIT(SZ2,Lx=1 THEHN DIISP ™
EEQUESTED DATR UNMAVAILABLE

IF BITaEZ2,2)=1 THEH nr&p *
INVRLID SYNTRR

IF BETCG2, 2r=1 THEW DIGF *
INMUARLIO ORPTION LOUAYION
IF BITC{RZ.4=1 THEW OIZp *
BRATT LOW. HO TOT.MH.HL.MH.

OT“

IF BITCS2,Tx=1 THEH DISPp @
T2 TREIG HHEN CHAN LIST EMP

Ttr'll

IF BITOS2,63=1 THEN QISP ®
EXCEERED CHAMN LIST LIMIT O

F' '?EH

IF BITCSZE, #a=1 THEH DIGP ™
THVALID CAL RAM CHECE aUN”
IF BITCSZ, 1= THEH DIBP
THYREL IO EOM 1 CHECKSURY

IF BIT{S3,20=1 THEH QISP *
IRYALTID ROM B CHECKSUMY

IF BITCSE,32=1 THEW DIEF
BA00 FAILED 5LOPE TEST™

IF BITER23,43=1 THEHM DIISPp *
PROCESE®OR HAM FAILED TEST®
I BITCEI.Sr=1 THEN DISF ¢
RAM LUS584 FAILELD TEST®

IF BITYS3.,8)=1 THEH DISP ©
REAM U382 FAILED TEST"

IF BITLSZ,7Fr=1 THEH QISP ¥
149M, 168:1 DIVINER TEST FA
TLERQ"

RETUEH

!

I - T I D I oo e mm m m mn TTOTIT ONTR IR MM A bk
SUBROUTINHE #3
Subrouting for readins
measurensnt valyes {from
Fothe HP34218.
!
CLEAR ' SCREEN
DISF "REARGING
FPRINT "
HT!“'H
PPIﬂT U s e e i v o — o o o

FOR le TG H STEFP 1

EHYEE M : AJL»

PRINY "MERSUREWMENT #¥:1:®
YRTY

HEXT 1

FOR H=1 T §

FRINT ' FORM FEED

MEXT M

KETURK

{
i
1
:

MEASUREMEHTS "
HP~3421R MEASUREME

i

Guaranteed | (888) 88-SOURCE | www.artisantg.com =



SRQ {Cont’d)

The four registers will be cleared after ali four have been read by the ENTER com-
mand. The following chart shows the meaning of each bit in the registers and its
value. Remember that the decimal value returned is the sum of the vaiues of the
individual bits that are set within that register. There are actually 24 registers that
can be read with the SR command, the remaining 20 are 34271A status registers.
These can he used to report what option assembiies are available in the 3421A,
which channels are closed, the setting of the SRQ, XOR, and AND masks, etc. Refer

to the blue pages at the end of this chapter.

fiagistar Hit Mumber
7 8 1 4 3 2 1 g
1 Always SR Abnoramal Liw Event Saif Powear-on Drata
Status G Condition Battery Ocourred Test Resat Ready
Ragister Esror
2 Undef- Tried 1o Channet Bazlory Wresng Iryvatid Mo Data Fure,
zrror incd. lzad list is ia low type of Syntax rizady FC
Reqister May be channel empwy but but tried ot But A zssarted
Taor G fist rried to to do for com- dressed out
with gRECUtE TOT, M, mand to tatk trig-
more a T3 MH, ML cergd
thar 30
channels
3 10 M2 RAM RARM Error ul RAM AT Erar R O A0M 1 Cai
Hardware tast Error Errar Errar Error RAM
Ervor arrar Check-
sUM
Erren
4 Unctef- M Eerar CAL RAM CAL a1- Invalic ivalid Irwalid invaiid
Cal inad. Bec tempied CAL CAL CAaL CAL
Error may be hut nat Zarp Signal Number Funotion
1 orQ enableg oF
Renge
Bit 128 84 32 16 a 4 2 1
el i
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SPOLL
{Serial POLL)

Example
HRF-1L HME-R
P-SPOLL 1901 P=5SPOLL {709 hp- 25,3828A)
STATUS 709.P (-hp- 98355 98454/8)
Comments

Serial Poll aflows you to determine the current status of the 3421A even if no SRC
mask has been established. When the 3421A receives the Seriai Poll message, it
returns its Status Byte (from the Status Register). The value returned is the sum of
the individual hits that are set. For example, if bits 6 and 1 are set the valus would
be 66 (64 +2=068}. The 8 bits of the Status Byte and their respective values are
shown in the following figure. Ail of these bits were described in the previcus sec-
tion, Require Service.

Bit 7 Bi. & Bit & Bit 4 Bix 3 Bit 2 Bir 1 Bit
[STEN Abnermal Low Cvent Salf Powerjon Data
Alvways SO Condition Battary Qeeurrag Tesi R ERTEN Ready
o Error
Cecirral 128 fd 32 15 B 4 2 1
Vaklug

Status Byte {Register)

Reading the status byte clears all bits except for the data ready bit (bit Q) 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 bit is clearad
whan the reading is read or no longer availabie.

All Status Register bits are resst by a Device Clear message. Bits 1, 2, 3, and 5
are clearad by a SPOLL if bit 8 was sct. 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 709
Comments

If the 3421A is an addressed listener, the TRIGGER statement will cause the
voltmeter to take one or more readings. For exampie, if scan trigger (13} or
hald/enable scan trigger (170} is asserted, the TRIGGER command will initiate
measurements sequentially from the channel list,

if internal trigger T1 is asserted, no measurements will be taken by the voltmeter
untit either the TRIGGER command is executed, a reading is asked for lie.,
ENTERB01:AY or TZ 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 ciose a channel before taking the reading.

Topics In Advance Programiming

The following two programs illustrate the flexibility and measurement power of the
3421A. The programs include temperature measurements using gither thermistors
or thermocouples. Although the programs were developed on an -hp- 8% desktop
computer with an HP-iL interface, they can easily be maodified 1o run on other com-
puters. In some cases, suggestions are made for modifying the programs to suit your
individua! needs.
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TEMPERATURE MEASUREMENTS

Thermistor

This first program computes the temperature, in °C, corrasponding to the resistance
of a thermistor. The program is designed to work with thermistors exhibiting a
resistance of 5.000 kOhms at 25 °C, such as a type 44007 {-hp- part number
0837-0164) or equivalent.

The program gives you the option of selecting esither )2— or 4-wire ohms
measurements to be made on the thermistor. As it stands, the program sets the
3421A for a 2-wire measurement. This will give suitable results if the thermistor is
used at a temperature where its resistance is much greater than the resistance of
the connecting leads. For greatest accuracy from a thermistor, a 4-wire measure-
ment should he used. To convert the program to a 4-wire maasurement, delete the
exclamation raark from ling 80 and make line 70 a comment statement.

The program will prompt for a channel number {lines 80 and 70}, type in one channel
number and press [END LINE]. The program will continually make measurements on
that one channe!, convert the reading to °C and display the temperature.

Lines Baseription

;g ' Tamperature measurements 50-80 These two lines get the chan-
Y with a type 44007 thermistor

3¢ ¢ -HP- B% vercion nel number.
40 ¥ 34210 at address 901 . i :
50 DISP “CHANNEL NUMBER?™ 70-80  Line 70 sets‘ the 34?1»& up
60 INPUT C for & 2-wire resistance
70 QUTPYT ?g:} TR0 measurement on the therm-
80 ' DYTPUTSO1 :"FuR”;C i ; ;
90 G3- 0000000941 |st0r.. Line 30 can be used for
100 Q2~,00023595 4-wire resistance measure-
1140 Q1=.001296 ments.
120 ENTER 901 ; R . )
130 84-L0G(B)» 80-110 These three lines contain the
TAD P=1/¢Q1+Q4=(Q2+04»04%Q3>)~273.15 conversion coefficients for
150 DISP P he 44007 th .
166 GDTQ 70 Ine tnarmistor.
170 END . . ,

120 Line 120 enters the measured

rasistance from the 3421A.

130-140 These two lines convert the
measured resgistance to the
corresponding temperature.

150 The calculated temperature is
displayed.

160 The GOCTO70 statement
returns the program to line
70 for anothsr measurement.

78

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



TEMPERATURE MEASUREMENTS (Cont’d}

Thermocouple

The TEM command can be used for temperature measurements as long as you use
T-type thermocouples. But what if you want to use other types of thermocouples?
This next program example demonstrates the procedure for making thermocouple
remperature measurements. Although the program was written specifically for J-type
thermaocoupies, it can easily be adapted for other types simply by changing the con-
version cosefficients. A chart is provided listing the coefficients for several ther-
mocouples, In this example program, the J-type thermocouple is connected to chan-
nel 17,

There 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 180 and 200. Measure the temperature af the 44482A assembly terminal
block. This is done with the BEF command and is known as the REFerence
Temperature. The Reference Temperature is used to effect icepoint compensation

of the thermocouple measurement,

2. Line 210. Convert the Reference Temperature to a thermocouple refarence
voltage. The coefficients used in this step are determined by the type of thermocou-

gquation, Tref is the Referance tempersture and RO, R1, and R2 are the conversion
coefficients. Later i this saction, a chart is providaed listing the cosfficients for
various thermocouples.

3. Lines 230 and 240. Measure the thermocouple veoltage.

4. Line 250. Add the Reference voltage to the measured thermocouple voltage,

5. 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
piaces, The equation used in line 260 is:

Temperature = PO+ {V+P1) 14 V24P2) + (V3=P3) + {(V42P4) + ...+ (VZ«PY)

In this eguaton, V is the voltage computed in step 4. The coefficients PC through
P9 are listed in the chart for varicus thermocouples.
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TEMPERATURE MEASUREMENTS {Cont'd)

10 ¥ J-type thermocouple program
20 ¥ ~HP- 85 versian

30 ¢ 34218 at address 961

4G ! conversion coefficients
50 RG--. 00060675

60 R1=.00005053

70 RZ=.40900000023

88 PO=-.36

30 P1=19756.9

100 P2= 175117

10 PI=1.821297E7

120 P4d=~ 2831128000

136 PS=2715083806040

140 Pe=~-1.380141218E13

158 P7=3.79243843E145

160 PB=-5.3718255E15
170 P9=3.0840254E16
180 ¢ fHeasure and converi reference
180 QUTPUTY 881 “REFI?™
20D ENTER 9871 ¢ B
Z10 VT=RE+R=(R1+R=R2>
220 ! Measure and convert thermoucouple vollage
230 BUTPUT 301 ;"BCYi7™
240 ENTER QdG1 @
250 ¥=Y+y1
260 T1=PO+Y=(P1+Us{P2+YuiPI+Yn(PA+U= PS4y (PH+Y= (PT+U={PR:V=PGY 1313 3D}
270 T=INT{Ti=104+.5) /100
280 DISP "TEMPERATURE = ;7
29¢ &OTa 15
300 END
Thermecouple Type
Ling
Numher 4 £ R K 8
O | -7.BE-7 1.2E~7 2 AE -7 —-8.2F-7 —20E-7
80 5.054E-5 5.868E-5 5.334F -8 3.9B4E~ B 5.A442E -6
70 2.3F-8 4.EE-8 1.28 -8 1.86 & 118 8
80 | ~3.86-1 2161 - 1.550 —5.1E-2 1 ARG
ac 1.8750884 1.812B8E4 1.726458E5 2.48303E4 1.73845E3
100 | ~1.7511765 -~ 2.0BAT1EG —3.2765057 - 3 82662E6 ~3.262H7E7
116 1,821207E7 2,04343287 7.787787L2 8 965106767 8.477336E8
120 | - 2.831128E% - 7.9690242ED 11598250387 2]  1.C820824E10 | —~1.32704CE12
13¢ 2.7150838E11 1.4284358E11 1.01336298E14]  6.0382AR5E1S 1.2361123F14
140 T.E8014 121613 - 3.7221944E12 | - 5.4842602815 | —1.9109513 —B.79267848C15
160 379243843814 5.39R127IE13 1.7414486817 2.47B2347E14 2.DB8929487
16C | -B.2719255E13 | —4.1036285E14 | - 2.6235505518 | — 3.3991C28E15 | —2.68748409E R
176 3.0B40254E18 1,277 71468k1E 1. 9Z80744E19 1.3828514E18 B.26683728EE
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COMMAND DIRECTORY

This command able for the 34214 s divided inte two groups, first the Siandard
Commands and sscond the Advanced Commernda. The Standard Commands are ar
ranged by command 5;r'o'ug::: VOLTRMLTER, TEMPERATURE, COUNTER, DIGITAL, and
CHANNEL . Refer to chapters 5§ and & in this manual for more information on chan-
nel addressing. etc. The Advanced Commands are also arrenged by function: A/D
(voltreter, counter), DIGITAL, CHARNEL, and INSTRUMENT, The following format
iz used to desoribe the commands.

Lommand

Function
o Tormal ol Deeccrintion incledas cormmand
Pararasters functian and ssgamhia:

cortrollzd.

""""""""" BC VOLTAGE MEASUREMENTS

WGV L,

{uvw ] s cpttonal Thanoe! List, 1

b el
ach sharael, in

CHTEV TR 17k [H'_:\a’i(J'J W osEEEE

gty ATt Farlhsrng, 2ay chang sl thet was
S ENG G TR LG TIE ;

sl

o thet o

Examples

CEVIFER ©0F LW S -1 hst for chanmeiz T, 5 %.and 7 theguoh b Measarssends arn imate o sich

ORI 50T 0y :ny. Toerefore, one measuremint will e takan, 1§

s to reske mcRELrEmEnT (e e

aviges mede iformetion

ko aptisna channel 51, § Clerverrarnds.

Ly Thee gy

IR EH R LT
in iy 1 the Semmeend

£ wWhen toe b2 A s addrzssed o tell ) all reagiags will e rent in the order that they
e Al e e e B Ay mcde],

£Fe LERER [SAME @raar At the chanps! st
EooAnmwer pepurned o fnpn

Examples are typical BASIC lonpuage statements Motes isclude powss Gnestate, whee to ook for
with 3431A at HPL address 901, more information, and spacisl operating notes.
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DC VOLTAGE MEASUREMENTS

DUVIv,y,..2)

Fey, . 2bis optionst Channgl List,

Description

DCY sets the voltmeter o the DO Volts function, autorange an, autozero on. 5 dighs resolution i the aptionsl channs! fist @ sent
with the ocommiang, the channags are loads:d i the order receivad, a massuremant is made from 2ach channal, in sequence, and starad,

cricd charnned el romaine in efost Furthormorne, sy chonnet that was
e trarm that channef,

oo channe! st o seel wilh the comgmiand, e provioasly ;@
previeusly clossd remain: closed and one measurernent is mad

Examples
OUTPRJT 501 7DUV1.8,5% 7147 186t up chanasi st for channeh: %, 30 %, eod 7 dhwough 14 Measuremeants gre made on each
charmel and stored.

CUITPOIT S0 Ry lin this example, ne chasie st is sent. Yherefors, ane messuraement wilt be taken. 1f no chan-
ks ot chosce, this comimang can be used 0 make meascrcments from the frond pansl,

Notes

o Chapier b provites more mlarmuelion and cramples wsing this cormmand.

20 By szl refers 1o optdonzl channgl dst, Rulzs Tor using the Channel List are givern et the end of the Standard Commands.

S0ORCY always opens the last channel mezgurad hafare closing the next channel. When the 34214 5 finlshed execating the com-
prared, the last channet in the G0 remsing closed # oo chansod Hist was sent, the 347 TA lzavse channels In tha sarne siste they wers
in wgror to the cormmeand.

4. ¥When the 34214 s addressed o talk, &l readings will be zent In the arder thaz they were taken {same order 83 the channel lisy,

B, Anewer returmed (0 forme o+ o doidddE 4 ad or B Y gigis endal,

B, no perarneers gsent, hen T2 software single iggerd s excouted, i persmetors sroosent, then T3 s oxcouled.

AC VOLTAGE MEASUREMENTS

ALV, 2] by, .2l is optional channef list)

Pescription
ALY ety the volimetzr to the AC Voit: funcbon. guiorange orn, sulezero on, &% digits resolotion 1 the optional chanrel st is sent
with the cormmand, the channels are loaded In the order received, 1 measurament is made from esch channel. in sequence, and stared.

# no channal st = sent with the carnmand, the previously asserted channel fist remaing in effect. Fusthermaors. sny channel that was
previously closed remaing cleseg and one measarement is made from that channel.

Examples
GUTFUT 901 “ACWE, T 3,041,227 1Sets op channel fist as: G, 1, 2, 3, 21, and 22 Measurements are resde on gach channel and
stored. )
GUTPUT 801, ACYW" in this example, no channel listis sent. Therefare, sre measurernent will be taken.t no channgls

are clased, this corrmand can be used to maka measurements from the frant panai.

Notes

1. Chaptor b pravides moee infarmation and examples using this command.

ioobay,.sBrefers to optionat channel list, Rulus for using the Channgl List are given at the ord of the Standard Commands.

3. ACY always opens the last channel measured before closing the naxt channz!l, When the 34274 is finished executing the com-
mand, tha last shannel ie the list ramaing clased. if no channel figtr was sent, tha 34214 igavas channeals in the same state they were
11 prict 1o the eommand.

4. When the 3421A is addressed 1o talle, aii readings wiil be sentin the order that they wvere token Same order a3 the charne! iisi;

b, Answer raturned in forme o+ r-doddddT + -6 or If

8. If no parameters are sent, then 77 (sofnware single trigger) is axecuted. |f parametars are sent, then T3 & exacutad.
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2-WIRE RESISTANCE MEASUREMENTS

i TWO Ty, 2] [®y . b s optianal channel st

Description

TWE satz the voltrmster 1o the 2-wire resistance funciivn, sutoronge e, wtoero on, 8% digits restution. If the optional channel st
o sznt with the command, the chanrals are ioaded in the order received, s measurement i e Trorm cach channe, 0 sequence, and
stored, Ruefor 1o T3 in Agvanced Commands, .

If ne channet list is sent with the command, e provinesly asserted channel Bat ramzing in effect. Furthermore. any channe! that was
previously closso remaing closed and cne measurement is nwuede from (hat chaanel, Reler to T2 in the Advarced commaznds.

Exarmples
OuUTPUT 9G 17" TWO1,5,5,7 14" et Lp channel bst for channsis 1,3, 5, el 7 through 14 Measurements are made on aach
channe! ang storsd.

DUTRUT D0y Twg o1 this vipie, o channet list iz cant Therstore, ane maeasurerment will be waken. ¥ no chan-
izl itre elosed. this commasd can ha usad to make meastraments from the front panal

Notes

1. Refer to Chaoter 5 for more informetion and examplos,

2. [y, ..z] tefars ™ aptionat chanrel Tzt Rules for using the Channsl List are geven ot the cnd of the Standad Commards,

A TWI chwaye opens the last channel measured before closing the next channgl, When the 3421A s Hnished eoxcouting Lhwe com
miand, the st channet i bhe st reoscine clioeed. If no channel list wag sent, the 342 1A jeaves channels in The same steis they wers
in prior 1o the command.

4. When the 3421A is addressed 1o talk, =l reagings will 93 zent in the order hal they wicre taken {same order as the channet lst).

B, Answer returned in farm: + fd. dddddl A or IF

8. N no parameters are sonl, then T2 {software single frigoen = executed If parameters sro sanz, then T3 is execurted.

A-WIRE RESISTANCE MEASUREMENTS
FYO [y, .7 D0 y,... 2] §s aptional channed _|';]'r
Description |

VWO sets the woibimeter to (ho £ wirs resistance fupofiorn, antarznge on, sutczers on, 5% digits ressiution. I the optienal channe! list
is sent with the commund, the chenngls gre lnaded in Ui order rizceived, a fesasurament s made from cach chennel, in seauence, and storad.

¥ no chanrel et is zent with the command, the previousiy asserted channel st remwsing iy offect, Furthermore, any shannel that was
peoviously closed remairs clnsed and one measurement is made from that channel.

Examples
OUTFLT 901" FW00-9” 1Sers up chanrel Hat of channels O through 9. Channels 10 through 19 will also he used.
Meaasuramants ara made on channel pairs end stored.

QUTPUT 4501 FWO™ ln this exarepie no channei list s sert. Therafora, one measurament witl be taken, if nc chan-
: nels are ctosed, this cummand can be used o make meassurements from the frant panal.

Notes

1. Refer to Chaptar B for more information and excmples.

2. ey, w1 rafers to aptional channe! list. Rules for using the Channel List are given at the end of the Stundard Commiands.

3. ideuly [x,y,.. .} should be on the same slat; ia. addeaszas 0-9, 10-13, or 20-29. Eech channal in the channel kst is aultmmaticstly
pairad with [x 5 10,y + ¥0,...2 | 10 unbess [x,y,...2) are betwaen 20 and 28. In this case thay are paired with {x-20,y-20,,..2-20}. Thanned
naits are closed simultaneously, Use caution thersfore end kaow whsch chanocls you will be closing.

4. FWO abways opens the last channel os peir of channels measured before ciosing the next nvo channais, Whan the 34214 is finishad
executing the command, Ehe fast channal in tha st remains closed. F no channsi fist was sent, the 3421A leaves chennels in the sume
state they were in prior (o the command.

&. When the 34214 is addressed to talk, 2if readings will b sent in the order Lhat they were taken (zame ordar as the chaanel lst).

6. Answar returned in form: + /-d.ddddeE + 4 or 1f

7. If no parametors are serd, then T2 (software single trigged is executed, If garameters arg sent. then T2 s execuied.
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TEMPERATURE MEASUREMENTS

TEMEx.y, . 7} By,

"y 8 ‘3 'S
Description
suraments from T-type thermncouples nrby & sofoware rofercnee junaction componsaicd conversion
Glisbier,

7| s aptional charnel fict ]

TEM I3 Lsed wo taks temperature mes
i ade. The answea: raturned U0 the cairulaton i3 in degrees Cowith B4 oegs re

rted channel list remaing in offect. Uerthermore, oy channed that was

de from that channel

1 with the: commuand, the pravioush
Alremens s m

Examples

1 e chraanng |
pravicisly closed rameins elosad and one mas

OUTEUT Q0 FEMT 30, 714 Bers up channel list for shasnels 13,05, and 7 thraugh 14, Maasurernenss are made on sanh
channel snd stoed,
DUTRUT 90t ' TEM Un this sxamole, na charmes nomber et Thea serpernt will bhione PO

* s chonng L the commard can be Leed

pangl

wi ronultiploxer o el is clos

measarerents from the Fron

MNuotes

t Rafer to Chapten § farom irforraation amd sz

T to opirongl chanmel st Rules for using the Channel List s

30 The Beberence Temperature will be taken oncthe game option board as the of
tEmperature meastrerment will be made or the A44G24 asrembly that has o muliipls
nits closed. the BEF seasurament will be made Trom the 444820 issciably b fow
anoerrol adll o rated.

4. TEM always epens the last channsl measured bafore ciosing the next channel, When the 342100 0n finished esve
mengl the last chepnel in the it remaing clesed M no channasl gt was sent, the 347 1A leavas channeis in the som
in prior to the rrasd.

Do When the 34316 b addre

tard Conwrand
sl thar R

s, e e Abiphex nan-
e ne AEAGZA ansemblies,

Qiven at the end of the Srane
SpE s HET HEls e e
s chanael chesed,
midmibered ot 1f there i

e lers

tihe o
ey wers

RAHE

ssed ook, all readinggs will be sent i the ordar that thny were teken (same order a8 channel fish.

k.
‘ B Arvuawer o degrees O b returned in torme - g gadddE 4 0d o if
; 7. ng parameters are sent, then T2 iscftwars single triggen) s executed. H paramaters are cent, then T3 0 ox b
5 REFERENCE MEASUREMENT

i REFEs] (] 4% apthaest channel romber.

Deascription

REF s us
ment iz performed by executing a sotiware single thgsier. T2 1T channs! (1]
aszembiy where & multiplexer chennelis clezed. If there are
b roada fr the 44467 A asaambly with the lowest sl nu
retuined by BEF i dogeces £ Refor to chaptor B far more intormation.

ed @ dewnming the tenperetur of e reference |enction on tne 444582 A assembly where channal i bs loeated. The meas:
st tha massuremmerd will e (aican from any 44487,
sptbles with s closcd channel, (he BEF measaremant wall
mizhies, onoarror wiEl result. The answear

Examples

1O OUTPWLT 30617 HiEr1 Makes o relererce junction tEmoarstdrs meassuremeant on 4438248 sosembly in skt O
2O ENTET 9074 Tanswet returned i3 in dagr i

Notes

1. Refer to Chagter & for more irformation on fEFerence and TEMparatura measuraments  Also. thore o cxarephes in Chapters 3
anet 4 using tha REF carmmand for therrmocoupls measoreronis,
2. {0 s any aptionad chianng! suanber .

F. The stete of the 34214 cherges to BEFerence fuaction (75, suterero on, sofeware 1hgger (T2 and 4% digit resoiution.
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grmmmrren e

FREQUENCY MEASUREMENTS

[ ROy el brovoozt s optionst channsd list, I

Description

ong gate thve and 5 dight resolution, The measurament is parformad
vhannsis are loaded in tee ordar recaeivaed, 5 measure-

FRO S oo o ses Fre 342TA for fregnancy messuraments with a7 oo
by exeouting o sobbwere single wyger, 72011 the optional channs| kst iy sent, the
ment :& mate on each chonnel in zequente, and stored

H nochaneal g is sent with the command, the previcushy asserted chennegd Hat remaing i effect Furthermore, sy channel that wes
pravously closed -emairs civssd ano one measdrament (g made from that channed

Examples

QUTAUT 207;FROY 35,7147 et tp charael lisi for channasks 10 2,5, and 7 through 14, Measuraments ere made on gach
chonel e storod
OUTSUT 2617 TRo i this exermple, 1o chan fist xosend. Therefure, the spcasurcmend waill ne made froree any

uro closed, the comemand can e wsed 10 ek

multiplexer channel that is closad. ¥ noe channels
messuraTHnTs from the front pansi,

Notes

1. Refer to chipler 8 for more informatinn s examples.
aregn aé Lhe eng of dwe Slaeaiard Coramands,

2. b,z refers 1o optional channet st Rules for using the Thanms List an

3. FRQ always opena the last channel measured befors closing the next channel. When the 34214 s finished sxsouting the command,
iz lzst clannel in the list ramaing closad . if ma channel list was sent, ths 34214 leaves chaarels in the sams stete they were in prict
to ther cormnd

4. When the 34214 i acdressed o talk, at readings will be sentin the ordir that ey weore tokon {serao ondon ag the ohoannel st

TOTALIZE COUNTER

TOT = %] & opricnal channal number, !

Description

The TOTalize functon is used o count events {atalizo) The measuremant is performerd by executing 2 saftware. single trigger, T2, if
a channetl is sent, the 315 1A opens all other muliiplexer channels, closes the specilicd cngrmel zeras the counter and starts counting.
Maximum count is 85,538, If a channel is net specified, then no channels ere chenged. if the 34254 Is sddressed to talk, it wifl sund
Hhe current sishinta: withaut interi:pting tha totalize:, IMPORTANT: The TOT cormmasnd ramainz in effect untll another commard is received
by the 34214 wausing it o change stotes,

Example

10 QUTPUT 801, TGTA" EThe TOTalve fenctinn is commreanced on channel 3.
20 WAIT 1000 :
30 ENTER 201,A ! The eurren: subtotal is enterad into variabla A.

Motes
1. Refer 1o Chanter & for more infarmation and examples. )
2. [x}is an splonal chanrel number, ¥ na channesl is spazified, the TOT function is sxascutad with na channels changing state.

3. 1f ix: is not a muliglexer channed, an error will oo,
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READ DIGITAL INPUTS (8-bit word)

E R i N spocies the slot number to read fmm\]

é Dascription

RED iz used to read the digital input word 48-hits} fram the 3344654 Digitd KO assembly b slol 787 The answer refurned by the 34214
ie a gecimal number {0 to 2HB} which is cgua o the som of the values of the individue! bits that are set. Refer 1o the bit value charf
and 1o Chaptoer B

Bit # 7 & B 4 3 2 i o
Vit 178 54 3% E 1] g 4 i 1

Bir Vaille Chart

Examples
E CUTRUT 801, 'R

! Aeed the digitet word from the 344858 ageembly mn slet rumber 1.
ENTER 9014

P The value & is the sum of the valuss of the st bite,
forgxampla, if & - 173 theabite 7,5, 3, 2. and O were st {328 4+ 30 + B 4+ 4 + 1

? LU © R T ¢ R S B € I

Notes

Aefer to Chapter € {or mare infarmaation and cremples.

= 173 This irwsans Lhat the input port looks like:

1.

SiEFAL WERE

WHRT: ahg “Vesproifies the slot nunber o wreste to. abe iz 2 denimal velae (O
to 2%4] to be serd (o board.
a, Description

The WRT carmand is used to write a digitsf waord (fabolt to the 444854 [hgital YO assembly sutped port in slot %' The value [abel
i= the sum of the values of the bits w be set. Reter to the bit value chart.

Bt | 7 6 5 4 3 ; 1 o
velue | 198 | s4 | 32 | 18 Gl 4 2 3

it Valus Char
Exampies
QUTPUT 81 WHIQ, 7 t This coramand woukd result in turning on switcher O, 1 and 2 on the 4448684 assembly in slor O
MNotes

1. Refer to Chapter & for more information and sxampies,

READ DIGITAL INPUT BIT

|8y,

X is a mendatory bit, Ly, .zl iz optional it st l
Description

The BITx command reads the digital input bit specified by x. The 34214 will return a valuz of + Q.000E +Q if the bit valus is law. or
a ! 7.0C0E ¢ Oif the bit valug is high, A bit lisz, similar w a channel list can be ser up. fefer to Chapter 6 for more iInfarmatian.

Example

QUTPUT BOT " BIT1 e

I The $th bit in slot 1 i fead. Bits are nurnbered from O to 7.
ENTER 3014

| The variable A containg the vaiue the bit, either G or 1.
Motes
Digital bits wre nurmoared: 0 7, 16-17, 20-27. Mumbers 08, 02 18, 19, 28, and 29 are not valid digital bit numbers.

Refer to Chagter & for mare information and exampies.
Errors are sent as: -8.888E+- 8

Do not iae T1 or T2 with the BIT command,

Bl
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CHANNEL LIST

The seriee o channels scified i s chaene b sl st follow these nules:

1. Fhe default channel Hat lagserted &1 powsr on or reget) is 2l midtiplexer chasneds in numarical ence, Fho
charnet st can be laaded with multiplexer chanmais by the ROV, AV, WO, FINWG, TEM. FRO, LS or LF commands
i ean alwo be Inaded with rligital inpat B2 nuadses By the BIT comnand See chaptars % and @ for maore irdermation,

grify a zantigoons sst of chane
ool conunands by cither
fusl charucter e the command string

2. Charrel rumosrs are separsted by commas, However, a ¢
nalz fi.e., DOVZ 9} Any commanc that s
a crdon {01, s semicolar (), or z Carris
I O, G crroe weil] ber gon:

&, The mnermonic determines what type of channel cor he loeded into tha charnel list. [n other wards, if ¢
1 s configured es an actaator channsi, it zhould rot be specified for any tvpe of messurement fe, DOV or
If an artemnpt is made to load the channet izt with animpiper type of channel, a syntax sror s generated [see SPOLL
and the cormmend is sboeted, [T chanaels <y is recoved and some channels in between snd incluging ¥ and v are the
wieng typo of channegis for the command, they are not leaded into the fst and the grror message is not ganetated.
The remainder of the channels are laaded nto the list

5o Laadivg reras are igaored, thet s, DOVODINTS neans PCYTS,

&, All syntax following o decimal paint i ignorad except for comnas, daghk, semicolon, colon, Carriage Ratum (o,
or Lineg Fead 01, B0V 2 3 maans DOV

T Expovents aic not chowed and ceuse g syntax enor. The command is aboried.
6. Mo more than 30 channals ars ascepted into the channet list, Legal channal numbers ave O0 throuyh 29,

S, Al lowsr coe fetfers are interpreted ws upper case, ARCI characters, other than 7, 1 result in an error. [t other
words, Do ¥ 27 is the same as DCV21,

G, Tarminators are requirad after any cammand (Standad o Advanced) thot wther specifics @ channel or 2 decimal
value, when that command s o be followsad by snother command. For example, the Me command is used to set
the SRU mausk. This command zan have a decimal value "<" of between O and 288, Therefars, this commeand must
b followed by a terminator it another command iz 1o follow ity 5., QUTPUT 901; “"M:TG" Valid terminalurs are
& calon {5, a semicalon (), & Dartdage Raturn or Ling Feed; But not a comma {3

ag
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Advanced Commands

A/D [ Voltmeter, Countar)

RAT = Awte Hamge OF

Bange Dodes : BED = Auto Bange OFF _
Fanetion, Commsnd 3 341 1] f12 K] B4 Y Hi 87
A fumttioﬁ:& ol FO * * “ 4 f 3 . . 5
D wfolts, F1 LY A a0 300 * * ¢ =
A Walts, Fr * v a0V ‘ N ® h * =
2-Wire Ohms, 3 * * * $000 axg ‘ 300§ 300K | 3O 30MG
A Wire Ohrns, F * * ' 3008 3K E B0k T 300KE T MO SOML

AtFercnca, FH The Ramge s oavioatcally sot by the PEF command
iGps Stardard  com-
s REF)

TCMperaiure, FE e Fanic s aulomatically sal by the TEV command
itising T wype The:-
mocouples [
dard Comiman

Frasuency, F7 Date Times: G101 zec, GO=1 sew., 31=10 sues.
*Indicates znoinvehid combination of furchion and rares codes

Valtmetar Autozern:

tl

- At corg OFF
Auto rero ON

20
Z1

u

Mumber of {git= of Resolutinn:
M3 o= 3 digivs
M4 = 4% digite
BE - G digits
Triggen
TO =: Fnable shannel lizt measurements ang reading storage byt do not teke readings. Will tngger on gither T3, DT,
vt HPIBHP L TRIGGER cormmand. (With a 41C/CY, the TRIGGLR command causes a tirmeout after 10 seconds, The
T3 commant iy recommended a5 an alternstive.)
T Intarnal trigger for readings initiated by & read command, i.a., EMTER 907, [Trigyers vnly on road)
12 = Software tngoer. Tekes one measurement ar current channel

T3  riggers imzkes measuremants! with channgl list and reading sierage.

Plota i FO s asserted and the 3427 A raceivas either T1, T2 or T3, an error witl ba generated and -8.88888E + 8 will
be sent.

OThe = Fxecures T3 f 6it %’ on Digital Input port {slotd i7" zoes iow {i.e,, no current is passing through tha port).
Mate: Hany infonmation s passed thrauch the interfase gricr fo the event itviggen the digital igger function wiil be aborted,

Example
Tu st the 3427 A 1o AC Volts funcrion, 3% digit rasaiutios, trigger hald, exscuts the following command:

CUTPUT 901, F2NATO"

37
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Dhigital Control Commands

Monitor High (bit)

[ MHx fx = digital biv sddezal ’

LDrescription

ecificd bit eguals o 717 dhighy, Therefore, sre SRO nteirupt
sed o Al it will send the statues of the digital Input word

Sets bit 3 levent ocourred) in Status Beogsslor when the s
will be sent 1o the computar. When ths 542714 is addre
[B-kite) at the "me the bit went high

Example
CUTPUT 901;'M8"" | Sa1 BRG Mask for CYERT OOCURRED.
CUTPUT 901 USING ¥ K "MHTEY I it eommand mbnitcrs bit 5 in stot © {Migital B0
Notes

1. After zetting the 3321 A Tor the morior corenand, no furthey communicaton shogld be allowed on the ntey (e
HE-L a7 BP-igt, The monitor command may be aborted if any communication OGCLms.

2 Af you are usiag the 342104 with the HPAB interfaee, you will nead 1o execute the command: SEMD 7, UNL ior
its equivilend) to “unlisten” the 343 TAL H this s nof done. the 34214 will net interrupt the corrputes.

Monitor Low {bit)

[MLx T« = digital bit sddress) |

Description

5 0 {lawt. Theretore, an SRO interr:pt
send the status of thoe digiial input word

Sets bl 3 favent ocewrrad) in Stetis Register when the spacifiad bit sgaals
will b sent 1o the computer, Whon the 5342 1A is wldressed 1o talk i will
18-hits} &t the ime the hit went iow. ’

Example
QUTPUT 80T, MEB™ 1 Het BRO) mazk tor EVENT CUCURRED.
OUTPUT 801 USING 2K “MLO2" 1 Monitos bit 2 on slot O (Digital 113}
Motes

1 AHRer settitg the 3421 A {or the mordtor command, no further communicatian should be alfowed rn tha interface
[HB-IL or HP-iB). The monitor command may be abortad if any cammunicanion oeeurms.

2.1 you ara using the 342748 with the HP-EB [nterface, you will need 10 executs the command. SEMD F: UNL {or
e equivalent] to “urdistan” the 3427TA, H this is not dana, tha 34214 wili not intarrupt the compoter,

#3
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Monitor Slot (word)

[ mni Monitor Sl i ]

Description

This instruction reads digitsl input oot on glot i, Exclusive GRS Uwith the XOR mask isea XRishe] cormand), ANDS
the recult with the AND mask (see ANlabol) and if the final result eauats foro it scts bit 3 in the. Status Hegicter, This
comimand doss not auntomaticaily sat the 5RO Mask, An SRQ intarrupt witt be genersted it bit 3 in the SROQ Mask o
get, see MY the Advanced Commands.

Example

GUTFUT 9071, " M8’ Faet SRO mask for EVENT OCCURRED.
GUTEUT 901 USING 7K 0 ML b idonitar slot 2

MNotes

1. After serting the 34% 14 for thg roniter command, no further communicatisr shoukd be allewod on the interfare
{HP-IL or HF-EY The monitar camsmand may be sborted i ary communiCation acourrs.
.9 you gre using the 34214 with the HEE inteanface, you will nead to exacote the command: SEND 7 UNL {or
its equivalent! to “unlisten’ the 3421A. If this is not done, the 3421A will not interrant the computer

Exclusive OR Mask (for MM command)

#R[abe] Exclusive OR mask, sbol represents o def;imﬂ

rumber G-256,

Description

The value labe! is the sum of the valuss of the individoeal bits you want set in the mask As a general ruia, the XR mask

is g6t 16 the bits vou want 1o iIntsrrupt on when they go true (13 1 no number is received, the mask is set to all zeras.
See Bit value chart in chaptar B,

Example

GUTPUT 201 "XRE3 1Seats the Exclusive-OR mask 1o pits %, 4, 2, and [ {32 +168+4+1 = H3t

AND Mask (for MN command}

AN[ahc] AMD Masi, [abe] represents a decimal nur;{i)er"
J-265.

Desgcription

The valuea {abe] s the sum of the values of the bil vou want to set in the mask. As a general ruig, the AN mask is set
10 the bits you want to monitor to cause the interrupt. If no number is recobved with the AN command, the mask is
eet to all 7aros. See bit value chart in Chapter &,

Example

GUITPUT 801 'AN135" t Set the AND mask to bits 7, 2. %, and 0. {128 1 44 2 £ 136}
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Digital Set (word)

i slol nurnber {er the Chagilet PO apuan {2
walee o wish 12 37 the word 1o,

Description

This command ““sets” the dicital output port switehes of the aoption card in sl 787 w0 the valuz [abe] AR swiiches

Aot wpectiiied By fsbe tmain onchanged, [ Fog db suiny of dhe valucs of the adividaal Dits you wand set,

Example

10 OUTPUT 80T, 051 53 f5el the word B3 dats &, 4, 2 and O o slot 1.

DIGITAL CLEAR

00 bt S s the stot nuimiber for the Digite! 110 optien, fabo] i3 the decime! %
value you want to set the waord 19, ;

Dlescription

Thiz command “clears’ the digitai cutput port swhches af 1he option card o slom 07 1o the valus fabicl Al switches
not specificd Dy fsbel remain unchanped. [abe] s the sune of the valoues of the ndredual Bits you st claared,

Example

$0 OUTPUT G901, 70E2, 17 I Creat bit: 4 and O in siol 2.

gC
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Channe!l Control Commands

READ CHANNEL LIST

[ R Read C!‘ianr1el_i_.£s§__i"__|

Description

This command aliows vou o read hack o the computer the current channel list of the 342 1A, Tne channel list i read
back in the same order it wes sssigned. T o place e the st is empty, the place will be marked oy 997,

Example
10 QUTFPUT SG077L81 7 'Set up channels 1 shrough 7 as channsl st
20 QUTPUT 901, 'RLY U Reed chanael s
JOFOR 1 TQ 30
40 ENTER AL i Enter and display the channel fist.

L0 DIEE All
G0 MERT i

Tiu: Choninel List would ne raad bér:k as: 1, 2, 3,4, 5,6, 7,89, 99, 89, ... unti! 30 numbers e road bock.

LOAD SINGLE CHANNELS
{into channel list)

LSix,y,. ad Lo channels [xy,.. 7] irto the rha%r‘ﬁ[llst l

Description
Usz the L4 cornmand to [oad the channel list with single channels [sex also LF command). i the volometer ar anuntar

is aleo set up, @ T3 command will open all muttipiexer channelz, close the first chaoned in the list. end initate readings
on the chennel st and siore thern, The channsls may be in any order.

Example

POQUTRUT 801;7Lst-6 70 I Laad channais 1,2,3 4,5, and 7 into the channal fist.

LOAD CHANNEL PAIRS
{into channel list)

LRy .zl Laad channels {x.x10.y v+ 10, 2,z 10] intn
channed list.

Description

Use e LP corarand to 1oad the channed list with channal pairs. Channels x and X+ 10 are closed simultaneously. i
a cnannel number {e.g., x= 241 5 greater tan 20, then ds paired channel will ba £-20 [e.g., 4).

Example

| Channel pairs 12872, 13823, 14424, 16&25 are loaded into the

10 QUTPUT 96t "ERPT2 157
channal list.

21
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CHANNEL LiST POINTER

| 511 = Scannet NCrement ]

Description

pens the cernently desed mulipleser channet and closes the next channel in the lst. No meanirgments are taken,

set Pointer |

Description
2 chwrne] st podnger to beginning of channel lizt. No channels sre opaned or Closed and no mazsurements are taken.

Example

10 QUTST 901,758 I therements multiplexer

UNCONDITIONALLY CLOSE CHANNEL

|_ UCx = Unconditionally Close clanne! x. §

Description
The channel specified by 71" i closed without opening any other channels, Also, if '»' g g digitel output bit, the
bit will be et
WA RMING

USE EXTREME CARE WITH THIS COMMAND. IT 15 FOSSIBLE TG HAVE TWO O MORE CHANNELS CLOSED
SIMULTANEQUSLY WITH THIS COMMAND NAMAGE TQ THE INGTRUMMENT OR CUSTOMER TRANSDUCERS OR

OTHER INSTRUWENTATHON MaY OCCIUER.
Example

O QUTPUT 0T U1 2" b etose channel 17 regardless of what tyne it s,
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Instrument Control Commands

RESET

LS Rew
Description

This command g used 10 reset the 3425 1A, The 34214 goos Brough its infernat seif teet snd goes 1o the fellowing statss

1. Al mcltiplexer ard actusator chanoegls are opened,
2o Al dicHad ouknot hits are cleared.
G waitmeter is set o0 DC Volis, Autorange on, Aatozern o, BY% digits resolution, internad trigger.
4, Counter s set o 1 seqond gote timea,
£ Reads rear panal switches and responds acoordingly.
B Chaneel fiss i initialized 1o all avallable moedtipleger channeis from iowest number to baghest numbe:
FORBE interrup: genicraied #§oaad test faited.
8. The HP-IL address s not changoed.
G Reading storage buffer iz empty.
Example
10 GUTRLE G0 /s T Roset the 3427708

DISPLAY NUMBER

| Dl ¥ is opt:onal numosrs

c-29 |

Description

The raamber ©x' 0 1o 79} will be displayed on the 34214 display, No channels are changed o oo medsuromengs
will b rads. Howewrr, any channel numbers previoustly displayad will diseprear.

Example

10 QUTRUT 01, "DiNg" I This will dizsplay tha number 5 or the 3427A dispisy.

Notes

1 Sending DN witheut % ceturns the 3421A to nomnal displey mods,

SET SRO MASK

[ AMHnl Set SR Mask to vadus 'n''

1

Description

This command is used 10 zet the SAC rmask nside the 34214, Orky bits O, 3, and § can ba masked. Bit 1 is masked
hy the Powar-on SRO switch on the rear pangl of the 2421A. The value "'n'” 1 o docimal valus eaual ta ths sum of
the vaites of the hits yau want to et Whan a 1-to-1 correspondence of set bits in the Status Hogister ood sef bits

in the SRO mazk ccoars, an SRO interrupt will be sent to the somputer,

Bit7 | Bi6 Bit 5 Bit 4 Bit 3 Bt 2 Bt1 ! HitO
MIA SAG | Abnormal Low Event GeH PWH: an ; Datg
Crnditian Batr Occurred Test Rezat | Ready
Error
Example
TR QUTRUT 801;7"M17 1Sers 5SRO mask far Rata Ready
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READ STATE REGISTERS

] SR read Saie Reggisvers

Description

When the 24214 receives this command, 24 decirnal numbears wil! e sent to the compoter. Baoh deocrrnul numise 10

tor B0 restpaents one stae !Tl';l"“! Th_ stako ruy Aers are ysod fo delermine the exoct stetes of the 34214, The
lirsi foue r ML UIIGE TR aive the axact natirs of errors, Those error registers are

cleazed after aif {our are read. For HE-IB. register & must alse be read using sn additionst ENTER statement. The reimain-
Ir',g rﬁgalﬂte ra are ussd 1o derermines the cirrant state of the 347 1A, Le., which opticn assemiblics are avaiigble in the

AT AL the repant maasuresient function dwhether DE Volts, chias eie )l inessurement tange . ehich multinlexsr and
wixlar chan sied, and thoe selbng ol the vaerious masks. These registers are not oie aftar reading. If

th 24514 receives enother command beiore it nes sent ali of the 24 registers, it will stop sending ther,

Example

10 [HM Az

AQ GUTPUT 201, 8R"
A0 ToRI=-1 70 24

A0 FNTER #01; A

B0 DISP Al

SONEXT |

! This Bne sends the Status Register cammans.

{ These three lincs reod baek e 24 regstens.

The tollowing describes cach of .ho roginters.
bits that are et Chaplor 3 Hizs
U bt By by basis.

The vatne retorned from cach wegisier is the
shorl, BASIC laniguage program that well sead all 24 regis

s af e values of the
wers a&nd decode them on

Register 1: Status Register {see SPOLL, Chapter 3}

Bt 7 Bt ¢ Bir & Bir d By 3 Rit 2 it i Bii O
Always SR Abnos sl Lo Evert Self fest Power-on Datn
EOILY Conditien Battery Deocurad Errot Resat Rescty
{MM, ML,
MIH}
Register 2: Error
Bit 7 Bit 13 Bt 5 Bit & Bil 3 Rit 2 gir 1 Biv &
Mot Tried 1o Can't de T3 Can’t do Dption invalid !\ddm%ed Triggoes e
Cefined toad since chan- TOT KN, specifisd in syntax, tor talk bul bul #C
channel nek list 1= ML, AN, connand no data aszerted
fizl weith LInpy 27 while toes not ready
more Battery is axist in
than 30 Clow thar st
channels
Register 3: Hardware Error (see 3421A Service Manual)
g7 1 oBte | Bit & [ Bit 4 1 Bit 3 Bit | Bit 1 ‘ Bit @
10 ME? :5 AAM RAM LIS0A = RAM ' ADC iope ROM ’J RIS % Cal Rakl
test usa3 failer failad Frrow chack- cheyksns cheek:
faled failed SUM &r7or error SUM EBTTOF

Register 4. Calibration error (see 342714 Service Manual)

Bin 7P Bad | Bll b
Mot Al Ca HA'VI
Patirad errGr had

NOTE. Thosa hits specifed as Not Defined me

Artisan Technology Group - Quality Instrumentation ...

Ent 4 i Bit 3 Bit 2 | Bit ¢ | Bit O
Cal att- I imealicl tvalid Invalic irvehid
e CAL zoro Cal Cal Cal
Cal RAM signat numper function
not en- or range

ahlad

ty b ooisher g 1
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Register B: Status of the SRO Mask {ses SPOLL in Chapter 3)

Bir 7 Oit&s | Bit & | By 4 | Bit 3 N | Ei O
Mot i 1= 5SRO L 1w mRGEE fo0 ARG
Defined : abrirmat bamery | seent vcours : oo b elata
: 1 f condition {always (VML MU MH | abweys FEFET OCCUrE ‘ Fedny
; Cie L il (B i 13

* Tme bits lobeled as Cubeeays 177 s ot mpskable, Whon ho event occorrs, e 380 inferrist mensage aill
k!
be sent w the contraflar,

<= This Bt oor fostire s arsblad/dizebled by ke POWER-ON RO switch on the -ear pansl of the 34214,

Hegister 6: Opiion Bosrds Available

Bit 7 it £ Bit 5 Bit & Hiy 2 Bit 2 BiL % Bit 0
Not Slot 2 s Shot 1 I8 Glet 2 s Slot 1 s Slot Qs

D tined hegptol [hgitedd | : MK el oK
cption option boouniion ottty apiom apTicn

Hegister 7: Actuator Channels Available

it 7 | i € [ Br1s | Bita Bit Bt 2 Bil 1

Nk | ferl { 1 = actuaro, 1 chan- Poinhane 1 chan- 1 chan-
Defined Lieciinedd chanmel 23§ nel 2Q aul 11 nel 10 net i
Register 8: Actuator Channels Closed
Tmt 7 ! Bir € | Bit & ‘ Bit 4 ‘ it 3 g2 Bit 1 Bit 0
Fdct B T = aciuatar b= o= gutuatin 1= 1= anutastor 1=
Gafined Dedined chanrzt 21 aeator channgl 11 actustor et 01 aukugior
olcead chan- closed chan- . closed chan-
el 200 nal 14 nel 00
vioecd clmgad rilosed

ﬁegist@fﬁ 9 and 10: Register © containg the channel address whern a miltiplexer channal g cicesd.
It channe! pairs were clasad, Register 10 contzing the paircd charnsel

Bir 7 Bt B Bit B 8ir 4 A 3 f3it 2 Bt 1 Bt &
Mot Batied
Hint 0 0 0] 0 O 0 2 LChannel O
3ot b { 1 0 0 0 i :Channel i
Siol 2 1 ) ] 0 1 O Chanret 2
o] ] k 1 Cnannet 3
o i 1 o i 9 :Chanrel 4
o it VR B :Chanret §
4] : 1 1 0 Chanret 6
0 ] H 1 Cnannet 7
1 G G §] :Channet 8
i G ) 0 Channel 9
k¢ k4 1 1 i ki ‘no channel closed

Bit definition frr Avgisters 8 aod 10 are the sama.

NOTE. Those bits specified as Not Defined may ke gither 2 717 or » 7’07,

&b
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Hgﬁgigt&"fﬁ 11 th E’@Lﬂgh 16: Indicates which relay snannels wers closed by the U commens,

Hegister 11

ey L oBes | omis Lomea | stz sz | Bt C

Mot P Met ‘ Mot ; i = chan | E ‘ 1 [ {<chan {1 chan
Defined | Dafined Definad o oebosadg ? ciosec X 1 closed H I

Hegister 12
Aty BAG ‘ Bit I ait 4 | Bit & ‘ Rit 2 r
i —

Not ‘ Mot ‘ Not ‘ 1w chan | e ChEn ‘ ‘

Defined Dafined Defingd 5 closed & clozen

Register 13

grr | mire Bit B ‘ Eit 4 | Fit 3 l Bit ¢ ‘
Rt Mot Mot ‘ | N I 1 e chan 1 T = chan ‘
Detined [afineg [efined 14 ciosed 13 clesed 12 closed

Register 14

Bit 7 ‘ Bit & 1 Bit & ‘ Rit 3 | Btz | B ‘ B )
I
Not ‘ Mot l Mol l T o cinn i 1= ghan ‘ ‘ 1 ohsn
Detined Vetined Lretined 18 lpsed 17 closad 1% clospd

Register 156

Bit 7 ] Bit & | Sit & 1 it 4 [ Bit 3 | Btz | b ‘ Sh 0
Mot 1 Mot | Nert 1 } i chan s clan FEREE 1= chan
Dafined fxefired be hinezd 2 clused @ closed | 21 cigsed 20 closed

Register 16

Bit 7 Bt 8 20t 6 i Bil 4 [ pit 3 | B2 1 Bt ‘ 8ir 0
hot Nat Nt | 1= mnan ‘ 1 == chan 1= chan : ‘ 1 = ohen
Bofined Drefined Flofned 29 cluszd 25 closed 27 closed 25 closed
Register 17 Functions
Bit / Bit & Bi & Bit & ‘ Bit 3 | Btz ¢ Bt 2it
Mot MNat Ne Mot ‘ Not ’
Nefired [refired Defined Dhifined Cefined
Mo furctions asserted. O 0 ]
DO Vaks O n 1
AL Volts © T iy
2-Wire Ohms O 1 1
L-\Wire Ghma: Q 0
Refarance Tamperarirea: 1 {O i
Tempereratire (T-type thermocauper 1 1 i
’ Froguengy: 1 1

NOTE. Thase bits spacifies as Noy Daefined may be aither a 17 ar a4 0"
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Register 18; Ranges

Rt 7 j Bit & | Bt B ‘ pira | mea ez !oRitl | BRO
Mot | Mot !
Drefined Definzd
Cointer 1 Second O 0 0 0 G 0 NOGT USED
Gate Time 1 Second 1 D L 0 ¥ i - R
{odes 190 Second 1 i 1 4] 4] i 4] R
4] 4] 1 1 11 ol ter
0 i G G - RY Ange
[ i o 1 R Codes
0 i 1 O - R4
&3 1 1 1 He
i 0 0 0 - Rb
1 0 Q 1 - R?
Register 19: Volimeter status
Hir 7 | pit G Bt | mra | B3 ] Bt 2 | Bit 1 Bit O
1+ Lzl | Mot o RO st 1 autn: 1 interna
erabled Defined ZUTDOON b rgne un beigigger
: O -auto] O auto
zero off 1 range off
¥ - 1O Uingoer huaid)
G =T
0-T
1 1 T3

Register 20: Number of Digits of Resolution

Rit 7 BE | Bith | @id | 13 | Bit ¥ | st1 | BiG
i H
Mt Nor Net i Mot i Not | Nt |
Db Dafined Definad 1 Definad Dofined Definad
irwekid 0 4]
5% digitres: O 1
. "1 0
i
Register 21: Channel List
Bit 7 | Bit 6 | Bit & git & Br2 | Bu2 #it 1 Bit ©
1w channet fist is Mot Nt Not Not i1 TOT Mot ! kot
i xplinud De:fincd Defined Defined ¢ function Dafined ' Defined
bt iw ; o, B
R ShEnnels i
Register 22: Display Mode
Bt 7 ‘ Bit | Bit 5 ‘ Bit 4 Bit 3 Bit 2 ‘ Bit 1 Bit O
Not ‘ Not N Noi Mt } 7= TR maria Mot Nat
Dafined | Definad Definad Defined Defined ¢ on O=DM Dafined Defined
| moce off. :

Register 23: AND mask (set by ANlabcl command)
Register 24 Exclusive-OR Mask (set by XR[abc] command)

MGTE. Those bits specified gs Not Definec may be ¢ither & 1" or 2 707",
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CHAFPTER 4
Programming With the
Vicdel 41C/CV Calculator

“ﬁﬁw

Introduction

Your -hp- Model 3421A was designed to interface with a wide variety of caiculators
and computers over the Hewlett-Packard Interface Loop {HP-IL}. In the last chapter
we saw how o use the 3421A with BASIC language controilers. This chapter
giscusses 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
cost, flexible measurement and control system. In addition, plotter/printers, cassette
mass storage drives and other HP-IL instruments can easily be added to the loop.

This chapter shows you how to execute simple, one command instructions from the
calculator 1o control the 3421A and then read the measurement data back, Later
in the chapter, we'll discuss interface control and the development of powerful pro-
grams to salve your measurement needs. Last, you'll look at several appiication pro-
grams including a simple data logger with a printer and cassette drive.

Before beginning this chapter you will want to have read Chapters 1 and 2 of this
manual. Those chapters will familiarize you with the many features of the 3421A
and its command set. You will also find it helpful to read the -hp- Model 41C/41CV
Cwners Handbook and Programming Guide {-hp- part number 00041-90313} and the
-hp- Medel 82160A HP-IL Module Owners Marnwal {-hp- part number 82160-90001).

Special 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. Therefore, if yvou have the DA/C Pac it may not be necessary to
read this chapter. Read the manual provided with the ROM Pac instead. If you decide
1o write your owr custom programs using the subprograms provided with the ROM
Pac, this chapter provides a basis for program writing.
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Examples Format

The many examples in this chapter are designed to enhance your understanding of
programming the 41C/CV to control the 3421A, The examples show the keystrokes
used in entering a command or program line from the calculator keyboard. Also
shown is the calculater display for each line as it has been entered. Enter the pro-
grams as shown. If you make a mistake when entering a command you can generally
use the correction key {back arrow! to edit the line. If you are entering & program
line, use the Back Step key {BST] or the Single Step key [S5T]. Refer to the Ownar's
Handbook and Programming Guide for more operating and programming information
for the 41C/CV.

Sending Instructions to the 3421A.

Using a programmable caiculator to control the 3421A allows for greater flexability
and control than afforded by a front panel. The calculator effectively becomaes the
3421As front panel. Of course this involves hoth sending instructions to the 3421A
and receiving data from it. Let’s begin by seeing how a simple instruction is sent .

Do This *
Connect only the 3421A in the loop with the 41C/CV.
Keystrokes Cotments 41G/CY Display

You can replace ‘5’
DNb with any number be DNS
tween 0 and 28, e.g.,
DN27. Note that the
shift key is required to

[XEQ] [ALPHA| OUTA [ALPHA enter numbers into OUTA
the Alpha Register.

* i this example doesn’t work, turn off both the 34214 and the caloulzator. Make certain that the
HP-IL connantions have besn made. Turn the 34214 on first and wait until the display clears ther wirn
the 41C/CY on. Try running the initialization program shown later in this chapter,

Let’s take a closer look at what you did. First, the message DNS was stored into
the alpha register. DN (Display Bumber) is called a command code and tells the
3421A to display the number B, Second, the command QUTA (BBTput Alpha register)
was execuied (XED). Since the 3421A is the only device in the loop, it received the
instruction and displayed the number. Try the command again using # different
number.

100

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



You should now execute the DN command without a number 1o clear the 3421A
from the dispiay number (DN} mode. That is:

[ALPHA] DN [ALPHA

[XEQ] [ALPHA| OuUTA

There are several command codes that the 3421A recognizes. The blue pages at
the end of the previcus chapter describe the codes and give a brief example of how
they are used.

Sample Problem
Suppose you need o make an AC volitage measurement from channel 12, The

easiest way to do this would be to use the Standard command, ACV1Z. The se-
quence would look like:

ACV12

[(XEGQ| [ALPHA] CUTA [ALPHA]

The command ACV12 means that an AL Voltage measurement is 1o be taken on
channel 12, OUTA (QUTput Alpha register} is an instruction causing the contents of
the Alpha register, in this case ACV1Z, to be sent through the interface to the
3421A. When the 3421A receives the command, the measurement is made.

Programming Hints

If the same'type of measurement is to be made on several channels, all the chan-
nels can be specified in one command. In other words, ACV12,13,15-18 specifies
an AC Voltage measurement on channels 12, 13, 15, 18, 17, 18, and 19. Chan-
nel 12 is measured first and the measured value 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 10 read back the measured voltages {see the IND command
later in this chapter), the veitage from channel 12 will be read back first, then from

channel 13, and so on until the voltage from channe! 18 is read back.

Instructions for the 3421A are sent as a series of 7-bit ASCl characters. If more
than one instruction or piece of data is sent at one time, they must be separated
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by a colon (). Characters that are ighored are blanks and plus (+). All ather punc-
tuation and character sequences that are not recognized by the 3421A will result
in a syntax error. In other words, Dc V 21 is interpreted exactly the same as DCV21.

The series of channels specified in this way defines a “"Channel List”. The follow-
ing rules apply to the channe! ligt:

a. The default channel list {asserted at power on or reset) becomes all available
rmultiplexer channels is numerical sequence. The DCV, ACV, TWO, FWO, TEM, FRQ,
LS and LP commands can be used to alter or load the channel list. It can also be
loaded with digital input bit numbers by the BIT command, See chapters 5 and 6
for mare information.

b. Channet numbers are separated by cormmas, if the last character sent is a
comma an error will be generated. A dash may ba used 1o signify a contiguous set
of charnels {i.e. x-y). When using the Advanced Commands, any command that
specifies a channel must de separated from subsequent command by a valid ter-
minator. For example, F1RATLS5-8;T3. H the iast character in any command string
is & comma, an error will be generated.

¢. No more than 30 channels are accepted. Valid channel numbers are O through
29.

d. To take a burst of 20 readings from one channel, lvad the channel iist with
that ong channel number. For example, to take DC voltage readings from channegl
5, execute: DCV5E-5.

e. The mnemonic determines what type of channels are loaded into the list. In
other words, if channel 1 is configured as an actuator channel, it should not be
specified for any type of measurament {i.e. DC Voltage or bit 1, etc.). If an attempt
is made to load the list with an improper type of 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 wrong type, they are not loaded into the channc!
list and the error message is not sent. The remainder of the channels are loaded into
the list

f. Leading zeros and spaces are ignored; i.e., 00019 is channal 19,
g. Generally, all sx}ntax following a decimal point is ignored except for comma,
dash, semicolon, colon, Carriage Return {or), dnd Line Feed (If). 1.6.L52.345 loads

channeal 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 calculator, but it can also talk
to the caiculator. The 3421A can send measurement data and status information
about the mainframe and the digital option cards, The calculator can then process
the measurement data or status information as necessary.

From the last section wg saw how 1o program the 3421A to take an AC voltage
measurement from channel 12. Now let’s sece how to transfer the measurement data
from the 3421A to the calculator.

Keysirakes Comments 47L/CV Display
AC Voltage
[ALPHA} ACV12 [ALPHA measurement on ACV12

channel 12,

[XEQ! [ALPHA] CUTA [ALPHA BUTput flpha OUTA
Register.

[XEQ] [ALPHA] IND |ALPHA] Mput Decimal IND
number,

(Measured Value!

IND {INput Decimal) is an instruction that causes the 3421A to talk to the caloulator,
giving measurement or status information. The measurement will appear in the
calculator'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 G key.

If a channel list were sent out with the command, e.g. ACV12,13,15-19, the reading
from the first channe! 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
calculator. The error message, -8.88888E + 8, will be sent if an error occurs—such
as it IND is executed after the iast channe! has been read.

Looking closely at what we have done so far, we can ses the beginnings of a very
simple program. A program instructs the 3421A to do something {either make a
measurement or read the status, ete.} and then enter the result into the calculator.
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The program will need to be completed by adding a label and an END statement. Lool
at the program listing below and compare it to the earlier example for reading the
AC volitage on channel 12,

afelgl, ALY - Lehel

BY CALYLE” -+ Load the command into the Alpha register
B3 XEQ ~0UTH — QUTput Alpha register command

34 ¥EQ “IKD" — [Nput Becimal value from channei 12

a% eHE . END of program

HPE-H. Interface Control

Before pursuing further the subject of program writing, let's lock at some special
HP-IL commands. In the examples we've looked at so far, commands like IND,
QUTA, and INA have been used. These commands are called Interface Controt com-
mands. Now, yvou'll learn what these and other commands mean and how they are
used. The control commands allow you to directly specify a device to perform & func-
fion, send or receive information, or control the interface loop. These control com-
mands aiso allow you to use mare than one 3421A in the interface loop.

The gleven interface Control Commands are listed below with a very brief explana-
tion of what they de. After the list, we'll look at each one individually to see how
it is used and to see more of what it does, You may also want to read the -hp-
Model 82160A HP-IL Module Owners Manual.

SELECT Select a particular device or instrument

OUTA Cutput the Alpha register to the selected device
INT input decimal number from selected device
INA Input from selected device to Alpha register

TRIGGER Triggers all devices previously set to Listen mode plus the
selected 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 devicas to Tuill cperating
power conditions

FINDID Find the HP-IL address of a particular device

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

MANIO 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 (Local 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 used to determine which HP-Il. device will receive com-
mands from the calculator—that is, become the '‘selected’ device. You must put

the HP-IL address of the device into the X-register prior to executing the SELECT
cammand.

QUTA

Example

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

Comments

The command OUTA @UTput Alpha register) causes the contents of the Alpha register
to be output to the seiected device. In the example shown above, the alpha regist_er
is loaded with the command string: ACV12,13,15-19.
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IND

Example

[XEQ] [ALPHA | IND

Caomments

The IND (INput Decimali command retrieves an ASCll-coded numeric value from the
selected device and places it into the X-register of the calculator. H the 3421A has
been given a measurement command (such as DCV} and then raceives the IND com-
mand, the 3421A becomes a talker and outputs one measuremeant value in the form:

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

where d represents a single digit. The calculator automatically places the decimal
point to remove the exponent. If the 3421A is in the 4% digit mode, only the 4%
digits will be sent, i.e., 4 /-d.ddddE-/-d CR LF. In the 3% digh mode, oniy the 3
1/2 digits will be sent. CR is Carriage Return and LF is Line Feed. CR LF is a stan-
dard end-of-line terminator and does not show in the display.

The message: +9.99999E+8 (6% digit mode) indicates one of the following
conditions:

a. Volimeter overload

b. Counter ovarflowed in TOT mode

c. Temperature out of range, i.e., reference not between O and 80 degrees C or
thermocouple voltage not between 6 and 20 millivolts,

Error conditions caused by the voltmeter, channel list, etc. are indicated by:
-8.88B88BE + 8 (8% digit mode} The error message for digital /O errors is: 888.
Essentially there are 10 error conditions:

a. Function FO is asserted and the 3421A received a trigger command.

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

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

d. A syntax error occurred.
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IND (Cont’d)

e. A command was given bul the appropriate option board does not exist in the
siot specified.

f. An attempt was made to load the channe! list with more than 30 channels.

g. An attempt is made to increment the channsl iist and take a reading (T3] but
the channel list is empty.

h. The 3421A internal battery is low but an attempt was made to execute TOT,
MH, ML, or MN.

i. A calibration error {see the 3421A Instaliation and Service manual).

j. Faitled Self Test.

An example is given with the INSTAT command on using the SR command to read
the status bytes to determine which condition caused the serror,
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INA
Example

[XEQ] [ALPHA] INA [ALPHA

Comments

The INA {lllput 8lpha register) command inputs data from the selected device and
stores the data in the calculator's Alpha register but not in the X register,

TRIGGER

Example

(XEQ) [ALPHA) TRIGGER [ALPHA]

Comments

The TRIGGER command will fregquently be used in conjunction with the TO Advanced
Command. Consider the foliowing program:

01 LBL "TRIG™ 10 TRIGGER

02 AUTOIO 17 206907

3 CF 37 12 STO @1

04 YHP34Z1AT 13 4 LBL "ENTER"
05 FINDIR 14 IND

06 SELECT i5 PSE

07 LS2-9:F1TaY 16 1SG 41

08 OUTA 17 GTC “'ENTER"”’
09 PSE 18 END

Line 02 sets-up tha 3421A with a channel list of channels O through 8, and for DC
voltage measurements (F1). The TO command prevents the 3421A from triggering
but enables the scan through the channel fist and reading storage. Therefore, when
the TRIGGER command is executed, the 3421 A reads cach channel and stores the
measurement resulis. The readings are input to the calculator in line 08,

NMOTE

With the HP-41C/CV, the TRIGGFR command sels up &an in-
terface timeowut that ccours in 10 seconds. If the 342714 has
not completed its measurements in 10 seconds, a TRANSKFIT
ERROR results (for example, when sioring 30 readings into
the 3427A internal bufferl, For this reascn, we recommend
that the 34214 T3 trigger command be used instead of ihe
HFP-IL TRIGGER cormamand in order 1o ensure proper operation.
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INSTAT

Example

(XEQ] [ALPHA] INSTAT [ALPHA]

Comments

The INSTAT {INput STATus) command causes the 3421A (or selected device} to out-
puit its 8-bit Status Byte. The entire eight bits are transferred to 41C/CV user flags
00 through 07. Status Byte bit O is placed in flag 00, bit 01 is placed in flag 01,
etc. This allows testing of individual bits (flags}. Also, a decimal value is placed in-
to the X-register of the calculator. This decimal value is equal to the sum of the
values of the least significant six bits that are set {a '1" or logic high).

Status Register

The Status Register in the 3421A is used to continuously manitor six conditions
within the instrument. The Status Byte is an 8-bit byte sent from the Status Register
in response to the INSTAT command. The figure below illustrates the Status Register
and defines each bit. The bits are set {logic 1} when the indicated condition cccurs
and will be cleared when the INSTAT message is received, except as noted.

8it 7 Bit & Bt & Bit 4 Bit 3 Bit 2 it 1 Bit 0
Always Reguive Abrormat Low Evant Salt | Powsr-on Data
Faro Service Conditian Ballery | Oecurred Tost Reset Ready
A0S} See Below Failed ! Goeurred
Bit :
Vaiue: 148 64 32 16 B 4 2 1

Bit 8 Bit 6 of the register will be set {a "1'") when there is any one-to-one cor-
respondence of bits in the Service Request {SRQ Mask and the lower 6 bits
of the Status Register. The hit will be cleared {a "0} when the one-to-one
carrespondence no longer exists or, in the case of bits 0, 1, 2, 3, and 5, with
the execution of INSTAT.

Although the Require Service Message will be sent by the 3421A 1o the
calculator when this bit is set, the 41C/CV is not capable of responding to
the message. For this reason, the SRQ Mask and the Require Service Message
will not be discussed further in this chapter. BASIC language controllers, sce
Chapter 3, are capable of responding 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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INSTAT {(Cont’d)

Bit 6 Bit 6 of the register will ha ser {a ""1'"} when there is any one-to-one cor-
responderce of bits in the Service Request (SRQ) Mask and the lower 6 bits
of the Status Register. The bit will he claared {& "'O""} when the one-to-one
correspondence no longer exists or, in the case of bits O, 1, 2, 3, and 5, with
the execution of INSTAT.

Although the Require Service Message will be sent by the 34Z21A to the
calculator when this bit is set, the 41C/CV is not capable of responding to
the message. For this reason, the SRQ Mask and the Require Service Message
will not be discussed further in this chapter. BASIC language controllers, see
Chapter 3, are capable of responding 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.

Bit 5 This bit will be sat 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 arror,

2. Calipration Error. This generaliy means a bad checksum was found in
the calibration RAM. The calibration of the instrument is suspect.

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

4. Can't Execute Syniax, e.g., the 3421A doesn’s have an option board
in sict 2 but was told to close & channel in that siot.

5. Low battery condition exists but an attempt was mads to execute TOT,
MiH, ML, or MN.

6. An attempt was made to load the channel list with more than 30
channels,

7. An attempt was made to increment the channel list and trigger (T3) but
the channel list was empty.

8. The 3421A was told to send its latest reading, but no reading was
available.

9. The internal volimeter received a trigger command but function FO was
asserted.

10. Self test failed.

Bit 4 This bit indicates a low battery candition. The bit will be cleared only when
the 3421A is switchad off and back on. This bit is not maskable with the
SRQ mask.
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Bit 2

Bir 2

Bit 1

Bit O

INSTAT (Cont’d)

Bit 3 indicates that an event has occurred as sensed by either of the three
manitar functions; MN, ML, MH. Bit 3 is automeatically enabled by the MH
and Ml commands and is cleared by the INSTAT command. The MN, ML, and
MH commands are described in chapter 8.

This bit indicates a failure in the 3421A self test. Note that it is not maskable
{sce the M commandct, Refer to Chapter 2 for mare information on Self Test.

Bit 1 will be set whenever a power-on resat has ocecurred. The bit will be
cleared when the INSTAT command is sent to the 3421A. Although this bit
may be true, an 5SRO is not gensrated unless it is enabled by the Power ON
SRQ switch on the rear pane!,

Wher set 1o a 1", this bit can show that the 3421A has taken a reading
ivoltmater, counter, bit, etc.) and is waiting to output it to the calculater. The
foliowing commands will set the data ready bit: DCV, ACV, TWQ, FWO, FRQ,
TEM, REF, TOT, RED, BIT, T1, 72, T3, BT, MH, ML, MN, and GET. This bit
wiil be cicered if the reading is sent to the calculator (IND command} or the
reading is no longer avaiiable.

Let's look at two examples of how INSTAT may be used. The first of these examples
will be used in later programs.

Example 1. Data Ready

The data ready bit {bit O in the Status Registar) of the 3421A allows the calculater
to determine when new measurement data is ready. Since the data ready bit is bit
0, it will be placed into the calculator's Flag 00 when the INSTAT command is ex-
ecuted. Therefore, we can test Flag Q0 to see if data is ready.
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INSTAT {(Cont'd}

Keystrolies Comments 41CICY Display

Instructions for a DC

[ALPHA} DCV12 [ALPHA] voltage reading on DCV12

channel 12

Qutput the instructien
[XEQ] [ALPHA] OUTA [ALPHA to the 3421A.

Bit 0 is set indicating
(XEG] [ALPHA] INSTAT [ALPHA] cdata is ready. The 1.0000
value of this bit is "1,

The test to see if Flag

B Fs7io0 00 is set returns a YES

YES answer.

The display wilf show {measured
(XEQ] [ALPHA] IND the 3421A reading. reading)

The data is no longer
avatiable. H was read
[XEQ) [ALPHA] INSTAT into the calculator by 0.0000
IND. Bit O is cleared
and INSTAT returns a
0.

The Flag 00 test now
] 00 shows that bit O in the NO

Status Register is clear.

The BUV1Z command caused the 34271A to take 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? 00), it was set and the caiculator displaved "'YES'.

With the IND command , the measurement was sent to the calculator and no new
measurements were taken. Therefore, no new readings became available and bit O

in the Stalus Register is clear. This is evident by the second INSTAT command retur-
ning a "0’ and the Flag 00 test answering NG,
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INSTAT {(Cont’d)

The F8? ang FC? tests may be used in programs to branch 1o subroutines if data
is or is not ready.

Please note that the value returned after the first INSTAT command may be 3. This
wouid indicate that a powar-on reset of the 3427A has occurred; see Bit 2 in the
Status Register. This bit will be cleared with the INSTAT command. Therefore, run-
ning through the example again should produce the rasulis shown,

Examplie 2. Abnormal Condition

As stated earlier, there are several things that can cause an error. One exampie of
an error condition is when the 3421A receives a command that it doesn’t unders-
tand or ¢cannot comply with. The following program shows how the INSTAT com-
mand and flag tests may be used in a program to detect errors.

BielBL “FLAG"
BaslBL 81
B3 -OCYi2-
#4 GUTR

#% IHITAT
86 F57 85
BY TONE 5
8% F57 89
89 14T
AR
11 EWD

Line 3 should be changed to reflect some channst that you do have in yvour 3421A,
i an error does occur, bit 5 in the Status Register will be true. When Flag 05 is
tested the tone will sound. If the bit were not true (no error}, the program would
skip over the TONE b instruction. Try it by replacing line 3 with the command
DCV35. This would cause an syntax error.

To find out exactly what causad 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. Execute the following instructions,
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INSTA

T {(Cont’d)

Heysirokes

ALPHA] DCV35 [ALPHA

(XEQ] [ALPHA| OUTA [ALPHA]

LALPHA | SR [ALPHA

IXEG) [ALPHA] CUTA [ALPHA

(XEQ) [ALPHA) IND [ALPHA]

[XEQ] [ALPHA] IND [ALPHA]

IXEQ! [ALPHA! IND | ALPHA]

(XEQ] [ALPHA] IND [ALPHA]

Comments

A DC Voltage measure-
ment an channel 35
is llegal. An ersor will
OCCUr,

Output the command
DCV3E

SR is the Status
Register command.

QOutput the command
SR

input the first reg-
ister which is the same
as the Siatus Byte
The Status Byte will
will be cleared after
this. The value 32 (hit
B} means an abnormal
condition.

input the second Reg-
ister which is the
arror  register. The
value 4 (bit Z) means
invalid syntax.

Input the third Reg-
ister which is the
hardware error regis-
ter. The value 0 in-
dicates no hardware
error,

input the fourth Reg-
ister which is the cal-
ibration error register.
The value 0 means no
calibration error.

41EIEY Display
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INSTAT {Cont’d)

The four arror registers will be cleared after all four have been read by the IND com-
mand. The following chart shows the meaning of each bit in the registers and is
value. Remember that the decimal value returned is the sum of the values of the
individual bits that are set within that register. There are actually 24 registers that
can be read with the SR command, the remairing 20 are 3421A status regisiers.
These can be used to report what option assemblies are available in the 3421A,
which channels are closed, the setting of the SRQO, XOR, and AND masks, etc. Refer
to the blue pages at the end of the preceeding chapter.

Register Bit Numher
1 i § 4 k! 2 1 8
H Always S5AC Abnarmal Low Event Saeif Power-on Daia
Stawus 3 Condition Batzery Ducurred Test Razut Reudy
Register Frror
? Teiac to Channel Bareary Weong Irywatid MNa Dara Fune.
Error foad list i3 is low type of Svntex ready FGoas-
Reqgister * channet cmply bot but ried oplion fut Ad- sorted
list tried o to do for come drassed bt
with execute TOTAMN, mand io tulk irig-
more a T3 MH, Mi qared
than 3C

channels

3 10 MO HAM RAM Error wF FA A0 Error RO O BOM 1 Cal.
Harcwara test Eeror Error Crrar Errar HAM
Error failed Check-
SLH

Errgr
4 A/D Errot CAL RAM CAL at- Invalid Invalid irvalic invalid
Ca Bad tomgtoo CAL CAalL Al Cal
Erroyr * nut not Zero Sigral MNurmnber Funet-
enabled o1
Range

Bt 128 &4 a2 1% 8 4 L2 1

Value ;

* Thass bits are undefined and may be either 2 1 or a O.
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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 devices capable
of power-down into their lowest, standby power condition. When the 3421A receives
this command, it first stores its channet status in RAM before powering down. Al
multiplexer and actuator channels remain in the state they were in before the PWRDN
command was received. All digital output ports are returned to a high impedance
{switch opened) state. Also, the totalize mode is turned off.

The channel status information that is stored in BAM is used to remember which
slots had 444B2A multiplexer assemblies or 44465A Digital /Q assemblies. The
status information also remembers which channels were actuators and which were
multiplexers, During power-up, the 3421A will check to determine if any of this in-
formation has changed. If not, the 3421A will go to Hs turn on conditions. If
something has changed, such as reconfiguring an actuator to a multiplexer channel,
ete., the 3421A will go through its self test and reset state.

The 34271 A will return 1o 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 MOTE OGN LOW BATTERY. Since the 3421A is a battery powered ingstrument, cer
tain safeguards have been included to prolong the life of the battery. When the bat-
tery voltage drops below a predetermined point, the 3421A sets bits 6, 5, and 4
in the Status Byte (see INSTAT). The error indicator also lights up on the display.
After approximately three minutes the 3421A will open all relays and power down,
The Power-up (PWRUP) command will not cause the 3421A to power-up. The
A421A LINE switch must be cycled and the battery must be charged.

SPECIAL MOTE TO OPTION D40, 444644 BREADBOARD ASSEMBLY USERS. During power down,
the breadboard assembly will lose all power suppiies. Therefore, you may want to
use latching relays if you need a relay closed during power-down.

116

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



PWRUP
(POWER-UP)

Fxample

IXEQ] [ALPHA]PWRUP [ALPHA

Comments

The PWRUP command is used to return all powered-down instruments to their full
operating power conditions. Actually, the 342714 wili return to normal operation when
there is any communication through the HP-IL interface. When the 3421A powers-
up, it first checks its status to see if any multipiexer boards were changed. If any
changes have been made, the 3421A will go through its normal power-on reset and
self test routine. if nothing has been changed, the 3421A remains in the same state
that it was in prior to power-dewn. That is to say that all multiplexer or actuator
relays that were closed prior 1o power-down will remain closed after power-up. Note
that the power up command has no effect on instruments manuaily turned off.
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FINDID

Example

ALPHA

ALPHA | HP3421A

(XEQ] [ALPHA] FINDID [ALPHA]

Comments

The FINDID {FIRD IDentity} command searches for a device with a specific identity
and raturns with the HP-IL address of that device. The device identity must be placed
in the Alpha register of the calculator before FINDID is executed. The identity of the
3421A is: HP3421A. The address is returned to the X-register of the calculstor,

in the AUTOI0 mode the caiculator searches the entire loop starting at the
"selected’’ device. In the MANIO mode, the calculator checks only the “'selected’”
device for the identity.

What happens if there are two or more 3421A's in the loop? If the interface is in
the AUTOIQ mode when FINDID is executed, the address of the first 3421A [star-
ting with the selected device} is returned and the search ends. if we then “‘select”
the device after the first 3421A (next address) and execute FINDID again. The
calculator will return the address of the second 3421A. By selecting the device after
the 3421A, we can find the address of the next 3421A,
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AUTOIO

Example

[XEQ] [ALPHA AUTOID

Comments

The 82760A HP-IL interface module for the calculator controls the interface loop ac-
cording to the module’s operating mode—either Auto or Manual. The AUTQIO mode
is the casiest to use with all HP-IL devices including the 3421A. This is especiaily
true if you have a printer and/or cassette drive in the loop.

In the AUTOIO {ALUTE {8} mode, when you execuie a printer or cassette drive opera-
tion, the interface automatically sesarches through the loop for the proper device to
carry out the operation. Hence the name AUTOIO. For example, if you execute the
PRA (PRint Alpha register) command when the 3421A is the selected device, the
printer in the loop automatically performs the operation. in the Manual mods, the
printer would have to be selected before the PRA command could be exacuted.

MANIO

Exampie
(XEQ] [ALPHA] MANIO

Comments

The MANIO (MA&Nual I8} mode, mesns that device such as printers and cassette
drives, must be “'selected”’ before used. When MANIO is asserted, flag 32 is set
in the 41C/CV calculator showing that the interface is in the MANIO mode.
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REMOTE

Example

[XEQ] [ALPHAIREMOTE|ALPHA

Comments

The REMOTE command is used to cause the selected device to switch from local
front panel control to remote program control. The remote mode of the 3421A is
always asserted since it does not have a keyboard front panel. For this reason, it
is not necessary to execute the REMOTE command if the 3421A is the only device
in the loop. The 3421A ignores the REMOTE command.

LOCAL

Example

[XEG] [ALPHA) LOCAL [ALPHA)

Comments
The LOCAL command is used to clear the selected device from the Remote maods
and restore front panel operation. Since the 3421A does not have a front panel

keyboard for contrel and must remain in the Remote mode, the LOCAL command
is ignored.
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LISTEN

Example

[XEQ) [ALPHA] LISTEN [ALPHA)

Commenis

The LISTEN command makes the selected device a dedicated listener, that is, the
device is enabled to recieve information. A number must be placed inte the X-
register, representing the address of the selected device, prior to executing the
LISTEN command. The address in the X-register should be between 1 and 30.
However, if the numhber is 31 and the LISTEN command is executed, all devices in
the loop are removed from the Listen mode.

This command allows more than one listener to be setup by executing the LISTEN
command for each device. For exampls, suppose you have two 3421A%s in the loop.
You need them to trigger simultaneously. Individually, both instruments shouid be
made listeners. When the TRIGGER command is execuied, both voltmeters are trig-
gered almost simuitaneously. The time differential is the time required for the TRIG-
GER message to travel from one device to the next. The alternative 1$ to select and
trigger each voltmeter individually.
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SAMPLE APPLICATION PROGRAMS

Writing Programs

Earlier in this chapter we looked at a simple ac voitage measurement and developed
3 simple program for the 41C/CV calculator. That program illustrates the essentials
of programming, namely; 1. a Label, 2. setting up the 3421A for the particular
measurementls}, 3. triggering or executing the command, and 4. inputting the resuls,
Qf course, the program must also have an END statement. For more specific infor-
mation on programming the 41C/CV, refer to the Qwner's Handbook and Program-
ming Guide,

Initialization

The following program locates the 3421A in the HP-IL loop {finds its address] and
selects it to receive information. This is especially important if more than one device
is in the loop. This program is usad by the rest af the example programs in this
chaptar. The initialization program should be run before any other command or pro-
gram is executed. This program need-only be executed once unless an instrument
is turned off or the loop is broken to remove or insert an instrument. The 82160A
HP-Il. Module should be inserted in the calculator before entering the program.
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SAMPLE APPLICATION PROGRAMS {(Cont'd)

Initialization Program

Keystrokes Comments Dispiay

6] (1 1Y

[LBL] [ALPRA] INI3421 [ALPHA] INi3421 is the 01 LBL INi3421
pragram name.

[XEQ] [ALPHA| AUTOIC [ALPHA Sets interface 02 AUTOIO
to AUTO mode.

Specifies nor- 03 CR17
mal  end-of-iine
operation.

[ALPHA] HP3421A [ALPHA] 3421A identity. 04 HP3421A

[XEQ] [ALPHA]| FINDID [ALPHA Searches for 05 FINDID
HP3421A.

[XEG! [ALPHAL SELECT [ALPHA Selects 34214 06 SELECT

e Returns to 07 RTN
mainline
ikl brogram. PACKING
PRGM

The initialization program has now been entered. !f you have not yet connected your
3421A into the loop. ¢o so now. Remember to turn the calculator off before con
necting any instrument to the loop. The initialization program will not be lost in the
calcutator with power turned off.
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SAMPLE APPLICATION PROGRAMS (Cont'd)

Aunning the Program

Ta run the initialization program, sxecute the following command:

(XEQ] [ALPHA] NI3421 [ALPHA

The calcufator will return with the HP-IL address of the 3421A. Now, let's go one
step further and assign this program to the calculator TAN key. This will make ex-
ecution easier in the future.

M [ASN] (ALPHA] INI3421 [ALPHA] [TAN)

Now, when you want to execute the program, put the calculator in the USER mode
and press the TAN key. The following is the -hp-Model 82153A Wand bar code far

the initialization program.

INITIALIZE

PROGRAM REGISTERS NEEDED: &

ROW 1 [1:7)

"

ROV 2 {3 &)

I
MR

i
WO n

s

|

[T

11 G ]
_ 3!

‘GTO;

I!

el

Il
|

I

IR

BieLEL ~INI3421-
B2 RUTAIN

B3 OF 12

B4 =HP34219"

85 FIMBIE

B& SELECT

87 RTH

48 .ERD.

A
A

AT

124

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



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 shifted keys of the top row are defined
by the program as the 15 main functions of the 3421A. The kay assignments are
shown in the keyboard overlay below. The functions are automatically assigned
41C/CV Local Labels A through J and a through e (shifted A through E}. This is an
excelient program when used to setup and test your system.

Operation of the program is simple. Load the program, either manually by the
keyboard or using the -hp- 82153A Wand and Bar Code, and assign ""FP'’ 10 the
shifted R/S key. Make sure that all key assignments from the top two rows of keys
are cleared. Put the calculator inte the USER mode and press shift R/S to start the
program. Remember to duplicate the keyboard overlay because many of the keys
in the following examples are from the overlay.

Now If you want to make a DC Voitage measurement on channel 5,

To write the value 32 to the digital 1O card in slot 1, press:

32 [ENTERT] 1 E‘Q’Eﬂgi

To reset the 3421TA, press: |

There are a few things to keep in mind when using this program. First, only one
channe! can be specified, no channel lists, Second, entries are only accepted while
the 41C/CV is PAUSED. This means that the first key entry in the seguence may
need to be held down until the calculatar 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 5.

B O | B " is displayed, it means no readings are available yet.

4. Repeated readings are made by the program on the channel specified. Flag 19

is used in the program to indicate repeated sending of the command and reading
of data.
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SAMPLE APPLICATION PROGRAMS (Cont'd)

g1¢l8l ~Fp- I8 4T B2 39 5F 19 85 PEE

B2 XEG “INTI4Z2L- LB F B8 GTo &2 £ IMSTA7
83 IHETRT 32 0. bielBL b -9 FST B8
54 CF 19 3T EER CEEe 68 *REF- 3 TOME 5
a5 &1 #1 4 CF 1% 63 KEQ A%~ 92 FL7 BB
ApsLEL B 3% ST 82 &4 5F 19 97 BTG 82
87 "Iy J64LEL 4 55 QT8 @2 34 40

23 XE§ -f¢- K ‘ELP“ 604lBL ¢ 25 WIEE ¢
ga SF 19 38 REg gk 67 “FU 96 F57 19
ig .TO B2 g CF t9 68 HER Az 97 TRIGGER
ilelBL £ 48 GT0 82 A% SF 19 98 G156 82
12 “TEHe 41480 H 78 70 B2 EELIN
13 ¥ED -x- 42 *{EH TielBi d 188 FiX #
14 5F 19 43 ¥EG =g 2 ~Tar- i@l EF 28
5 [T 82 44 £F 1% 73 BEL Y- 42 CF 23
jheill © 45 610 #2 MLF 19 183 Fe2L 22
7 TR 4hetBL 1 75 6T a2 184 ARCL &
18 HEg UREC 47 *giT- FoeiBl @ i#5 OUTR

19 5F 19 43 XEQ -Az- ¥7 "HRT" 166 RTH
og LTH A2 43 5F 19 ’3 XEg -Q¥- {B7+LBL =gy-
Z1eLBL B o8 79 82 [ R o 168 FIX &
el L SieLBi . a8 670 &2 1BY LF 28
27 XEG A% 52 “RS* 8148l B 118 £F 29
24 §F 19 53 OUTH B2 e * 111 RRCL X
25 GT0 B2 >4 CF 19 G3 AYIEW IS

264 BL E a9 LT0 & B4 5F 22 153 R0l Y
27 <RED® eolBL & 83 5F 29 114 OUTH

28 ¥ER "AR a7 “QAlY- paslBL &2 115 RTH

29 5F 19 -8 XEQ - 87 [HG 5 lie .EHD.

FRONT PANEL

PROGRAM REGISTERS NEEDED: 45

A
U
I
S
o
I

ROW 1 (1:2)

e ]

AN
JRIRAI
AT
I
MR
MR
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I
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I

2z
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SAMPLE APPLICATION PROGRAMS (Cont’d)

Sample Programs

The following three exampies illustrate program writing with the -hp- 41C/CV. They
also demonstrate the flexibility and programming power of the 34271A and 41C/CV
combination. All three programs use the Initislization Program to set up the 3421A.,
In addition to the pregram fistings, bar codes are also provided for use with the
-hp- 8BZ153A Wand.

Remember that these programs, or any programs, can be assigned to individual keys
in the caiculator. Alsa, with simple modifications, the programs can be incorporated
as subprograms into other mainline programs.,
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TEMPERATURE MEASUREMENTS
(using a thermistor)

The thermistor temperature program computes the temperature, in degrees C, cor-
responding to the resistance of a thermistor. The program has been designed to work
with thermistors exhibiting a 5.000 kOhm resistance at 25°C, such as a type 44007
{-hp- part numbear 0837-0184) or equivalent.

The program was written for a 2-wire resistance measurement on the specified chan-
nel. This will provide accurate results in most cases. For greater accuracy at high
temperatures, & 4-wire resistance measurement should be made. Change line 08 to
read: "FWQ''. This program is useful over a range of -80°C to +180°C.

The equation used to convert the measured resistance to0 & temperature is:

1
Temperature = — 273.15
A + BILOG{R)} + C{LOGIRYS

where R is the measured resistance and A, B, and C are the conversion coefficients
found in lines 24, 20, and 15, respectively. To use this program with a 2252 Obm
thermistor {25°C)} change the coefficients to: 1.4709 E-3 {line 24}, 2.3779 E-4 {ine
20}, and 1.0326 E-7 {line 15).

BielBL ~THERRIS® 9%

g2 AF0 “THI3421- 28 8.31 -4
@1 =CHAHNEL 2 21 ECL Bg

b4 PROHPT 22 e

B FIX @ 23+

é5 “THD" 24 1.2855 £-3
T o 25 4

23 GRCL 3 26 143

#9 OUTH 20 73 E
{A+ BL “HERS- X -

1 TRIGGER MEIX 2

12 IHB L

13 LH 31 HREL ¥

14 570 66 32 ~F BEG L
19 3.3244 E-5 33 AYIEH

16 RCL 68 24 510 “RERS"
i7 3 3 LR

18 ¥
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TEMPERATURE MEASUREMENTS (Cont’'d)

THERBMISTOR

PROGRAM REGISTERS NEEDED: 18

BOW 1 (1.8

R
L LT
A J
N AT
O
T
O

T
A

ROW 10 RS

e

[ll_lllllil!ii!!l?lll NG HHENEE
(€75} 0} 3

et g
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TEMPERATURE MEASUREMENTS
{using thermocouples)

There are two versions of the thermocouple temperature program. The first assumes
that only type T thermocouples are used. Since the 3421A already has the conver-
sion coefficients designed into it for type T thermocouples, this makes the program-
ming task much easter.

The program is labeled TTEMP. {t will prompt you for a channel number and then
proceed to measure the thermocouple and display the temperature {in degrees C) on
the calculator display.

The second version allows type J, E, K, R and S thermacouples. The program, THER-
MO, was written for J type thermocouples. 1T you will be using other types of ther-
maocouples, the coefficients in lines 17, 19, 27, 28, 32, 35, 38, 41, 44, 47, 50,
and 53 must be changed as per the table bslow.

Lines 11 through 23 provide the software compensation for the referencs junction
temperaiure. The equation for the compensation voltage is: V=PO+T#{P1+(T=P2}).
In this equation, T is the measured reference temperature and V. is the compensa-
tion voltage. This voltage is acded to the measured thermocouple voltage V, lline
23) to compensate for the reference junction. Lines 24 through 54 in the program
convert this compensated voltage (V. + V,} to a temperature in degrees C. The
equation used is a ninth order polynomial of the form:

Temperature = PO + VP! + V2P2 + V3P3 + +VIPg,

Here, V is the compensated voltage and PO through P9 are the conversion
coefficients.

Thermocouple Type

tine

Humber & E R E¢ 8
37 2368 4.6F-8 1.2E~8 1.86-8 1.1 8
ig 5.C53E-& 5.886E -5 2334k 8§ 3.5648 -6 H.A4ZE-B
27 2.0840254E16 1. 277 TAGRES 1.9280744E19 $.3828514E1%8 8, 2683728818
28 - §.3719253E18 | -4,1085295E14 | -2.9235505E18 3. 3991028E18 ; —2.8874848818
3z 4. 79243843E14 5.3981272E13 174144858817 34782347014 2.0689294E17
36 —1.38014421513] - 3.7221944E12 | - 5.4B42Z602E15 | —1.9100E13 6. /9267948815
36 2. 7156833E11 1.4284958E11 103138629812 0382865811 1.2361123E14
4 2.H831128E9 - 2 9B8024208 -1 13982893F12| —1.0820624E10 | —1.327040E12
44 1.821287E7 3.049432E7 7.787787ES S.568100787 3. A477336F9
a7 -1.751T17E5 2.08411ES - 3. 276697 - 3.82662F5 —3.28257E7
680 1 87 60SE 1 &1239E4 1.726456EE 2.48503E4 HAACLY L3
53 -~ 3.8E1 21E-1 -1, 5E0 B fE-2 = 1.4ED
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