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3421A Manual Reference

The following block diagram shows the 3421 A manual documentation scheme. Dashed line borders
indicate those manuals that are shipped with the order of specific options; solid borders indicate those
manuals that are shipped with every instrument.
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3421A Operating, Programming, and Configuration Manual (03421-96010) for all users, All features
and options of the 3421 A are discussed in this manual.

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

3421A Service Manual (03421-90008) for the service technician. Theory of operating, calibration, and
troubleshooting are discussed,

44462 A Service Manual (44462-90000) for the service technician. This manual covers installation and
troubleshooting for the option assembly.

44465 A Service Manual {44463-90000) for the service technician. This manual covers installation and
troubleshooting for the option assenibly.

44461 A HP-[B Interface Installation and Service Manual (44461-90001) for the service technician.
This manual covers installation and troubleshooting for the HP-IB option assembly,

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

cian, This manual explains how (0 connect the 12V Battery Option to an external 12V source and
how to troubleshoot the option assembly.
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Herstellerhescheinigung

Hiermit wird bescheinigt, dag das Gerat/System HP 3421A
in Ubereinstimmung mit dan Bestimmungen von Postverfligung 1046/84 funkentstdrt ist,

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

Zusatzinformation fur Me3- und Testgerate

Werden Mes- und Tesigerdate mit ungeschirmten Kabeln und/oder in offenen Megaufbauten
verwendet, so ist vom Betreiber sicherzustellen, dag die Funk-EntstGrbestimmungen unter
Betriebsbedingungen an seiner Grundstlicksgrenze eingehalten werden.

Manufacterer's declaration

This is to certify that the equipment HP 3421A

is in accordance with the Radio Interference Requirements of Directive FTZ 1048/84. The Ger-
man Bundespost was notified that this equipment was put into circulation, the right to check
the series for compliance with the requirements was granted.

Additienal Information for Test- and Measurement Equipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.
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Chapter 1
Meet The 34271A

introduction

Weicome to the world of high performance, low cost data acquisition and control.
Your new -hp- Model 3421A is a fully programmable unit combining precision
measurement capability with process monitoring and controt functions. When inter-
faced to an -hp- computer (such as the HP-85) or handheld calculator {such as the
HP-41C/CV), the 3421A forms a versatile, easy to use data acquisition and control
system,

The standard 3421A consists of a mainframe, a built-in 5 1/2 digit voltmeter, a 10
kMHz counter, and an HP-IL controller interface. Compensated temperature conversion
using T-type thermocouples is also built in. The mainframe can hold up to three
opticn assemblies. Available options include a 10 Channel Multiplexing Assembly,
an 8-bit Digital /O Assembly, and a Breadboard Assembly for custem circuit design.
in addition, an optional HP-IB* interface or a 12V Battery Opticn is available.

Typically, at 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 /O Assembly (44465A or option 050} provides an 8-bit input port
and an 8-bit output port, Typical uses for this assembly include monitoring limit or
position switches, and low voltage actuating. The 3421A command set provides for
individual bit control as well as 8-bit word control

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

All of the 3421A features are completely programmable. A powerful instruction set
means that the 3421A is very easy to use in a wide variety of applications. The
major features are: '

* HP-IB {Hewlett-Packard interface Bus) is Hewlett-Packard's implementation of [EEE Standard
488-1878 and ANSI MC1.1. '



® HP-IL interface for connecting to the HP-41C/CV calculator or computers such
as the HP-85. An optional HP-IB interface is available for interfacing to other
computers,

® The 3421A may be combined with the HP-41C/CV handheld caiculator,
HP-82162A thermal printer/plotter, and HP-821681A digital cassette drive for
a complete battery operated data acquisition system.

® Fully programmable 5% digit voltmeter for measuring DC voitage, AC voltage,
and 2- wire and 4- wire resistance measurements.

& Programmable power down, standby mode tc conserve battery power in
remote location usage.

® Memory storage for 30 readings allows fast data acquisition for later
manipulation,

® Programmable counter for frequency measurements up to 10kHz or totalizing
up to 65535 counts.

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

® Digital I/O for process control and monitoring.

introduction to Data Acquisition and Control

As the core of a data acquisition and control system, the 3421A is capable of being
used in many application areas where data received from various transducers needs
processing.

For example, in the areas of production control, quality assurance, and final test,
the 3421A provides uniform and precise measurements. Using the 3421A 1o test
and monitor prototypes can mean better knowiedge of the product and therefore
shorter development times in the R&D lab. Battery operation 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. Tests can easily be altered to fit other
applications. Instrument cost and setup time is greatly reduced since the measure-
ment system is contained in one package.



A simple solar heating demonstration will hefp you to visualize where the 3421A fits
into a data acquisiton/control system. This illustration shows the power and flexabiiity
of the 3421A 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, fiuid flow and fluid level. Furthermore, 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 data. But more than that, the computer makes certain deci-
sions based upon the measured 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 liquid level in the tank is below
normal.
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How To Use This Manual

This Operating, Programming, and Configuration Manual has been designed for you
to serve as a complete reference document for using the 3421A. It covers both pro-
gramming information and configuration/installation/connection information for the
option assemblies. information on Operator Maintenance, such as power requirements
and specifications, are placed later in the manual, in Chapter 7. If you have just
received your 3421A 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 only by qualified service trained personnel. A separate
service manual for the 3421A contains information on calibration, performance
testing and service,

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 manuai, the 3421A, and
your calculator and perform the examples shown. It won't take fong to become
familiar with the instrument and its many features.

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

in this manual. Acquaint yourself with the manual by reading through these
descripticns.

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 cperation, and optimizing
reading rates. This c¢hapter should be
read before you begin programming the
3421A as it sets a foundation for the
remainder of the manuai.




BASIC Language Programming
Chapter 3

Desktop computers with HP-IL or HP-IB
capability, such as the -hp- Model 85,
may be used to program the 3427TA.
Chapter 3 covers this subject and pro-
vides examples to enhance the discus-
sion. Several application programs are
provided throughout the chapter. Im-
mediately following this chapter are
several blue pages called a Command
Directory. This directory explains each
command the 3421A responds tc and
provides simple program examples.

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

The -hp- Model 41C family of hand-held
calculators 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-
trofling the 3421A. At the end of the
chapter are several application pro-
grams. Note that the assumption is
made in this chapter that you do not
have the HP-44468A Data Acquisition
Pac ROM for the 41C/CV {opticn 541
for the 3421A). If you do have the
44468A, refer to its manual.
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44462A

10 Channel Muitiplexing
Assembly

Chapter 5

This chapter describas the features of
the 44462A (opt. 020, 021, or 022)
assembly and the many ways it can be
used. Topics inciude voltage measure-
ments, resistance measurements (both
2- and 4- wire), temperature measure-
ments, and aciuators. Several examples
are provided to aid you in understianding
and using the assembly.

44465A
8-Bit Digital 1/0 Assembly
Chapter 6

The 8-bit Digital /O assembly (opt. 050)
can be used in a wide variety of applica-
tions where on/off, present/not present,
etc. conditions occur. This chapter
shows how the assembly can be used
to sense position or limit switches and
contro! relays. Examples are scattered
throughout the chapter.

Operators Maintenance
Chapter 7

This chapter addresses 3421A installa-
tion procedures {option installation is
discussed in chapter 8). It alsc contains
a complete table of specifications, what
to do if you suspect a malfunétion, and
many cother items of special interest to
the operator.
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Section ll, Option Assembly Installation and

Configuration

CAUTION

Only service trained personnel with an understanding of elec-
tronic circuitry and the hazards involved should install or recon-
figure the option assemblies. The two chapters described below
contain instalfation and configuration information.

Installation
Chapter 8

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

44464 A
Breadboard Assembly
Chapter 9

The Breadboard option {opt. 040) is
discussed in this chapter. Details are pro-
vided for using the assembly for custom
designed circuits. 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 totally forgotten
until the hardware and setup work have
been done. Frequently this results in con-

" siderable effort and in documentation that

does net 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-IB 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.
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Section |
Operating and Programming

WARNING

The 3421A uses latching relays on the multiplexer assembly
foption 020, 027, or 022) and on the mainframe. The state
of these relays can only be altered under program control.
This is an advantage /n the sense that , under most cond/-
tions of failure, the relays will remain in whatever state your
program has set them. However, in case of power or equip-
ment failure, any application requiring a failsafe method of in-
suring that the circuits under control/ are in & known state
must be provided by the installer.

WARNING

In case of a component failure or programming error, any
voltage that is input to a multiplexer assembly may be pre-
sent on any other terminal of any installed multiplexer
assembly as well as the 3421A front panel terminals.
Likewise, any voltage that is input to the 34271A front panel
terminals may be present on any other terminal of any
installed multiplexer assembiy.






Chapter 2
Getting Started

Introduction

As a data acquisiton/control unit, the -hp- model 3421A is a self contained measure-
ment system. A computer and of course your transducers are the only other devices
required for data gathering and analysis. 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 34271A can solve many of your measurement needs. The informa-
tion in this chapter represenis a comprehensive description of the 3421A and its
many features. For information on the three option assemblies, refer to Chapters b,
6, and 9. Chapter 5 covers the 44462A 10 Channel Multiplexing Assembly and
Chapter 8 covers the 44465A Digital /O Assembly. The option 44463A Breadboard
Assembly is discussed in detail in Chapter 9.

Operating Characteristics

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

GG Volts: Counter:
1uV sensitivity {.3V range) to 300V full scale Frequency response— 1Mz to 10kHz {x1.5mS
R;n: = 1010 . B3 and 3V ranges risetime)}
10ME +1%, 30 and 300V ranges Sensitivity: 800mVp-p
Minimum puise width: 505
AL Volts: Input impedance: 10MQ +1,-10%
100pV sensitivity {3V range) to 30V full scale .
. Totalize:
Bandwidth: 30 Hz to 2kHz
Average responding converter Maximum count = 85535
Minimum puise width {8V} = B5OuS
Resistance: Minimum pulse pariod = 10045

1mE sensitivity {300 Q range) to 30MQ full scaie

X Temperature {Eype T thermecouple):
Maximum open circuit voltage: 6.5 voits P P P

Current through unknown resistance: Temperature Range = -200°C to +4006°C
300,3k8 ranges — 1 mA ) . .
internat reference junction for software compensation.
30k range —  100pA
300k range w 10pA
3ME range — 1pA
30M1 range — Q. 1pA

11






N OVERVIEW OF THE 3421A

Input

These are the: veltmeter and counter
input terminals,
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(} Sense

These terminals are used for the
voitmeter sense leads when making
4-wire ghms measurements.

B car Panel

AC Line Cord and Fuse

HP-ll. Connector

Reset Switch

This reset switch is provided to com-

pletely remove operating pawer {as
long as the switch is held in} from the
34214, This is to be used only in case
of failure.




The 3421A in Detail

Because the goal of this chapter is to provide the most comprehensive description
of the 3421A and its features, this chapter is divided into 14 major subject headings.
Each subiject 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
Turn-on. . .. 17
Battery Operation. . ... ... ... . . ... 19
Calibration. . . ... .. . 20
Channels. . .. ... 21
Commands. .. ..., 22
Counter. .. ... ... 24
Display. . .. . 27
HP-iL. Power Down/Power Up. ... ... ... . ... . . .. 29
QOptimizing Reading Rates. . ...... ... ... .. .. ..... 30
Rear Panel. .. ... ... . 33
Resistance Measurements. . . . .. .. . ... ... ... .. ... 35
Temperature Measurements. . .. ... .. .. ... .. ... .. 37
Test/Reset. . ... . ... .. 39
Voltmeter. . ... . e 41
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TURN-ON

Before applying AC Power to the 3421A, check the rear panel line voltage opticn
fabel to 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-on, the 3421A performs a series of 8 internal self tests. If any of them fail,
the ERROR indicator is turned on in the dispiay and the 3421A attempts to inter-
rupt the computer {see SPOLL in chapter 3). A compleie description of the self test
will be given later in this chapter.

Next, you will hear a relay ‘click’ inside of the 3421A as ali numbers in the display
light up (see photo). These numbers will be on for about 1 second. Afterwards, if
a failure is detected by any of the self tests, one or more numbers wili light up in
the display (for 1 second) indicating which test(s) failed. These numbers are assigned
as follows.

34214 DATA AGOUISITION/ CONTROL

HEWLETT = FACKAHRD
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TURN-ON (Cont'd)

Number lit Self Test Failed
o* Calibration RAM checksum error
1 ROM 1 bad
2 ROM 2 bad
3 A/D Slope error
4 Microprocessor RAM bad
5 internal RAM 1 bad
6 Internal RAM 2 bad
7EE Failed 10 Mohm test {not within = 20%)

27 Low Battery. See section on Battery Operation.

%

Error #0 will also occur if an option 44462A 10 channel multiplexer is
added or moved to a different slot after the 3421A was calibrated. This is
because the temperature reference was not calibrated.

oK

Error #7 will also occur if there is anything connected to the front panel
input terminals or HCOM and LCOM on an installed 44482A 10 channel
multipiexer assembly during the self test.

After the self test, you will hear the refay ‘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-IB address. This address will be displayed for about
1 second. After this, the 3421A will go to the foliowing states:

Al 44462A option board{s) relays are open.
All 444865A Digital output bits are cleared {high impedance state).
Mainframe input relays are open.

@ ® @ @

DC Volts function, Autorange on {starts on 300V range), Autozero on, 5 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 to all available multiplexer channels
from lowest channel number to highest channel number.

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

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

18



BATTERY OPERATION

Before operating the 3421A from its internal battery, ensure that the battery is ful-
ly charged. Connect the instrument to an appropriate AC power source and allow
18 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
battery recharge in 21 hours. If the HP-IB option is being used, operating time is
reduced to 6 hours.

Low Battery

CASE 1. If the battery becomes discharged (low battery} while the 3421A is in opera-
tion, the error indicator will light 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 opened and the 3421A will
power down. This is done to prevent the battery from becoming discharged. The
HP-IL wakeup (see PWRUP in Chapter 4} is disabled when low battery occurs and
will not be re-enabled until the battery is charged {(or AC power applied} and the
3421A front panel POWER switch is cycled on and off.

During the three minute period after low battery occurs, most 3421A commands [i.e.
DCV, FRQ, etc., 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 (see 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 period
are: ML, MN, TOT, and DT.

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

If a CLEAR, Reset (RS), SPOLL, etc. is executed, the 3421A will cease to require
service from the computer but will still power down after the three minute period.

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

NOTE

If a low battery occurs, connect the 34214 to an AC power
source and cycle the front panel LINE switch. If this is not
done, the HP-IL. wake-up circuitry will not work property.
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CALIBRATION

What is Electronic Calibration?

One of the many features of the 3421A is electronic calibration. Although it is
beyond the scope of this manual to present the entire calibration procedure, there
are some points of interest the operator should be aware of. For complete calibra-
tion information, refer to the 3421A Service Manual.

Briefly, electronic calibration is performed by applying a known stimulus (voltage,
resistance, etc.) 1o the 3421A, The 3421A is then told the exact value of that
stimulus. 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 value to the known value. This Calibration constant is stored in
the 3421A's calibration memory. Calibration constants are generated for each
measurement function and range of the instrument. All subsequent measurements
are corrected by the calibration constants. The calibration constant memory is
backed-up by a long life battery 10 maintain the constants even when power is turned
off.

Temperature Calibration

If you are using thermocouples with the 3421A to measure temperature, each
444862A 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-
mal gradients inside the case. Furthermore, 44462A assemblies must not be mov-
ed around inside the case, or plugged into a different slot, after calibration has been
performed. If you send the 3421A to an -hp- service center for calibration, leave all
option 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
switches are accessible without opening the 3421A case. Switch number 8, the
rightmost switch, is the CALibration Enable switch and when set to the down posi-
tion enables the 3421A to be calibrated. This switch should not be set {down posi-
tion) except when qualified service trained personnel are to perform the calibration
procedures. Enabling the CAL switch may result in loss of calibration if proper pro-
cecdures are not followed.

3421A COMMANDS

Cx—Calibrate to value "'x
{see the 3421A and Service Manual)
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CHANNELS

What is a Channel?

Throughout this chapter, and indeed this manual, the words ‘channel’ and ‘channel
addrass’ will be used. The word channel is used two ways. First, it represents one
relay on a 44462A multiplexer assembly. In other words, since the muitiplexer
assembly has 10 relays, we can refer to it as a 10 channel multiplexing assembly.
The relays are numbered O through 9. Therefore, when we speak of channel 5 we
are talking about relay number b on a specific 44462A assembly.

The second way the word channel is used is when we are referring to either an out-
put bit or an input bit on an option 44465A Digital /O Assembly. Generally though,
the word ““switch’” will be used to indicate a digital output channel and the word
“bit"”" to indicate an input channel.

Channel Numbering and Addressing

Channel numbers are repeated on each 44462A (numbers 0-9) and 44465A
inumbers 0-7) assemblies. Channel addresses, however, are determined by which
slot the option assembly is plugged into plus the channel number. For an assembly
in slot 1, channel 7 would be addressed as channel 17. The first digit stands for
the slot number, and the second digit is the channel number. Channel 7 for an
assembly in slot 2 would be addressed as 27. The following table shows the ad-
dressing scheme for the three different slots.

Channel Address if

Channel Number* Assembly is in Slot #:
Slot 0 Slot 1 | 8ot 2

0 00 10 20
1 01 11 21
2 02 12 22
3 03 13 23
4 04 14 24
5 05 15 25
6 06 16 26
7 07 17 27
8 08 18 28
9 09 19 29

* The digital /O assembly uses only channel numbers O
through 7.
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COMMANDS

The blue pages at the end of Chapter 3 list ail of the commands the 3421A
acknowledges. 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 channel 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 measurement{s) from. This is called a channel list. In
the following discussion, brackets—[]--are used to indicate the optional channel list.
Letters x, y, and z represent the channel addresses. If a command shows the iet-
ter 'x’ without brackets, it means that a channel must be specified with the com-
mand or an error will result. 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,...zI — DC Voltage measurements on optional channel list.
ACVIx,y,...z — AC Voltage measurements on optional channel list.
TWOIx,y,...21 — 2-Wire Ohms measurements on optional channei list.
FWOIx,y,...z — 4-Wire Ohms measurements on optional channel list.

& Temperature Standard Commands

TEMIx,y,...z2| — Temperature Measurements (for T-type thermocouples only)
on optional channsl list.

REF[x] — A temperature measurement on the 44462A reference
junction.

# Counter Standard Commands

FRQix,y,...zZ} — Frequency measurements on optional channel list.
TOTIx] — Totalize events from optional channel.
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COMMANDS (Cont’d)

& Channel (multipiexer, actuator, or digital) Standard Commands

CLSx — Close specified channel, whether multiplexer, actuator or
digital output switch.

CLPx — Close pairs (x and x+ 10 or if xt =20 then x and x-20)

OPNIx] - Open channel x,or if x is not sent then open all channels.

# Digital Standard Commands

REDI — Read the digital inputs from slot i,
WRTi,abc — Write the decimal value [abc] to digital outputs in slot ‘i’
BIiT x[y,...z] — Read the digital input bit values from bits x,y,... and z.

Advanced Commands

The Advanced Commands provide more programming fiexibility than the Standard
Commands but they do not perform a complete measurement task. The Advanced
Commands are generally used in groups to complete the task. For example,
FIRA1Z1NbBLS2-17;T3 would be used to perform the same task as the DCV2-17
Standard Command. Though too numerous to list here, the Advanced Commands
are discussed in detail in the blue pages at the end of Chapter 3.
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COUNTER

The 3421A internal counter is used to measure frequency to 10kHz or totalize events
tc 65535 counts. Signal inputs to the counter are through the 44462A multiplexer
assembly or via the front panel INPUT terminals. Since 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 free to make other measurements.

Frequency

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 ‘f' is determined by:

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

}aﬁ— n=10 ———sd
U UyL

] | —
Eﬂ—--— t=lsec. M&Di

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

Advanced Resolution
Command Gate Time {6 digits)
G-1 .1 Sec 10 Hz
GO 1 Sec 1 Hz
G1 10 Sec .1 Hz
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COUNTER (Cont'd)

As 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 FRQO sets the 3421A to the frequency mode (F7) and 1
second gate time (GO}, As with most Standard commands, the FRQ command can
be associated with a Channe! List, for example: FRQix,y,...z]. If a channel list is sent,
the 3421A makes the measurements on the channeis specified and stores the
readings. All the readings will be sent to the computer in the order the readings were
made.

If no channel iist is sent, no channels will change and only one measurement will
be made. If no channe! relays are closed, the signal can be input through the 3421A
front panel.

3421A COMMANDS:

Stardard Advanced

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

Totalize

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

Upon receipt of TOT, the 3421A clears its counter and begins counting. Keep in mind
that ocnce the 3421A is in the TOTalize mode, it will continue to count until the
3421A receives another command. If a TRIGGER command is sent to the 3421A,
the TOTalize mode wili be aborted and the 34271A will take a frequency 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 current sub-
total without resetting the counter.
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COUNTER (Cont’d)

The 44462A Multiplexing Assembly {option 020) is used to connect the signal to
the Counter. Only one channel can be specified with the TOTx command. If ‘x’ is
sent, and that channe! is not a multiplexer channel, an error will be generated. Chan-
nel ‘x" will remain closed until another command opens it.

3421A COMMANDS

Standard Advanced

TOTIx]
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DISPLAY

How It Is Used

The 3421A display serves two main functions. First, at turn-on or reset (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-
dicate any channels or digital output switches that are closed.

Turn-on/Reset

At turn-on you will hear an internal relay ‘click” as the all numbers in the 3421A
turn on. This dispiay will be on for about 1 second. Then, if any of the self tests
faif, a number will light up in the display for about 1 second and the error indicator
will turn on. Following this, a second relay ‘click’ is heard indicating that the self
test has finished. If the HP-IB option (option 201} is installed and the HP-IB switch
is ‘in’, the HP-IB address will be displayed next. After all of this, the 34271A will go
to its turn-on state. The following chart shows the possible self test failures and the
display number lit:

Number Lit Self Test Failed
o* Calibration RAM Checksum Error
1 ROM 1 Bad
2 ROM 2 Bad
3 A/D Siope Error
4 MicroprocessorRAM Bad
3] Internal RAM 1 Bad
6 Internal RAM 2 Bad
7** Failed 10M test (not within
= 20%)
27 Low Battery, the 3421A will shut
itself off in three seconds.

*  Error O will occur if an option 44462A, 10 channel
muitiplexer is added or moved to a different slot after the
3421A was calibrated. This is because the temperature
reference was not cailibrated.

**  Error 7 will occur if there is anything connected to the

front panel input terminals or HCOM and LCOM on an
installed 10 channel multiplexer assembly during seif test.
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DISPLAY (Cont'd)

When the 3421A is reset by the RS command, it goes through its self test routine
just as if it were turned on. The display will light up all numbers for one second,
followed by an error indication if any self test failed. The HP-IB address, however,
will not be displayed.

Do This:

Simulate an errer by shorting the front panel input terminais on the 3421A and either
cycling the LINE switch off and on ¢r sending the RS command.

After all numbers light up on the
dispiay, the number 7 shouid appear for

one second and the error indication
T T should light.

aN ERRCR

3421A COMMANDS:

Standard Advanced
RS Reset

Channel Display

Aside from the display being used to indicate errors during the self test, the displiay
is used to indicate channel closures. The numbers lit on the display indicate chan-
nels or digital output switches that are closed. For example, if a 44465A Digital I/0
Assembly is lccated in slot 01 and has output switches 2, 5, and 7 closed, the
numbers 2, 5, and 7 will appear on the display. Furthermore, if a 44482A Multiplexer
Assembly is located in slot 1, and DCV19 is executed, then channei numbers 2, 5,
7, and 19 will be displayed. This is because all these channels are closed.

3421A COMMANDS:

Standard Advanced
All but REF, OPN, and REDi DN, UC, SIt, Si0
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HP-IL POWER DOWN/POWER UP

Power Down

HP-IL Power Down can only be executed from the HP-41C/CV handheld calcuiator.
Power down is used to put the 3421A in a low power standby mode. When the
power down command is received by the 3421A, the complete status of the instru-
ment is stored away in internal memory. The multiplexer 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 closed prior to Power Down wili remain closed
after Power Down. Digital Qutput Switches go to a high impedance (open} state.

Power Up

When any information is sent through the HP-IiL loop, the 3421A will power back
up, assuming that a low battery condition did not occur. If any Multiplexer or Digital
I/O assemblies are changed or reconfigured, or if the data stored is no longer valid,
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, will now be off.
2. All digitat 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 where a faster reading rate means a better picture of what is hap-
pening at a single point in time. Maybe you need to read quickly and not waste
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 influenced by many factors. These
include the signal environment (line related and broadband noise, thermal gradients,
etc.), the desired accuracy, and the type of measurement to be made. AC voltage
measurements have a 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 settiing time (20mS and 200mS$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 command}, and the selected
function—DC volts, resistance, etc.

Your Signal Environment

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

The measure of the ability of the voltmeter to measure a DC voltage in the presence
of AC voltages (at power line frequencies) is called Normal Mode Rejection (NMR).
The NMR of the 3421A is dependent upon the number of digits of resolution selected
(N3, N4, Nb). Greatest NMR (80db} is provided with 5% digits of resolution but this
also has the slowest reading rate. The 4% digit mode provides 59 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 5O Hz line frequency and up for 60 Hz.
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OPTIMIZING READING RATES (Cont'd)

Autozero

The thermal stability of the measurement environment is also a very important con-
sideration. If the 3421A is in a stable temperature environment, disabling the
autozero function substantially increases the reading rate. There is very little loss of
accuracy. Any range or function change results in an automatic autozero update
which removes any accumulated offsets,

The Fastest Reading Rate

The maximum possible reading rate on one channel occurs when 3% digits of resolu-
tion is selected (N3}, autozero off (Z0), any DC voltage function (F1, F3, or F4),
80Hz line frequency set on 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 example: LS5-5.

The following tables show the 3421A reading speeds assuming the readings are
stored in internal memory.
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OPTIMIZING READING RATES (Cont’d)

READINGS/SECOND

Repeat on one channel:

] Z1F1 t Z0F1 | Z1F2* [ 20F2* ] Z1F3(F4** Z0F3/F4** F&

NbB 2.26 4.08 2.26 4.12 1.05
N4 | 15.85 | 23.82 0.4 0.4 15.85 24.31 1.05
N3 | 30.96 | 38.56 0.4 0.4 30.93 38.31 1.05

Random Channel

| Z1F1 } Z0F1 { Z1F2* | Z0F2* 1 21F3/Fa*~ Z0F3IF4** F6

N5 2.19 3.98 2.19 3.89 .98
N4 | 13.18 | 18.34 0.4 0.4 13.20 18.61 .98
N3 | 22.22 | 25.99 0.4 0.4 22.19 26.01 .98

Nb, N4, N3 = b'%, 4%, 3% digit mode (respectively)

20, 21 = Autozero off, on

F1 = DC Volts, FZ2 = AC Volts, F3 = 2-Wire Ohms, F4 = 4-Wire Ohms,
F6 = Temperature Measurements.

* There is a 1.8 second delay between AC voltage readings. Consequently, the reading rate
can be stated as 2.5 seconds per reading.

**  Bagause of internal delays, the 3 MQ and 30 MQ ranges have reading rates of 2.1
Readings/Sec. and 1.5 readings/Sec., respectively.

32



REAR PANEL

What is on the Rear Panel?

The photo below is of the 3421A rear panel. The insert shows the 3421A with the
optional HP-IB interface. Notice especially the line voltage option sticker, the HP-IL
and/or HP-IB connector, and the rear panel control switches. Before plugging the
3421A into an AC power source, make certain that the option marked on the [abel
coincides with the nominal line voltage in your area. The line voltage option for the
3421A may be changed only by qualified 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 3421A. In the
event of a failure where the front panel POWER switch cannot turn the instument
off, this reset switch is used to remove 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 Rear 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-on SRQ feature. When this feature is enabl-
ed, i.e. the switch is up, the 3421A will generate a service request 1o 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-on, forces the 3421A into Digital Signature Analysis
routines for troubleshooting. Refer to 3421A Service Manual for troubleshooting
procedures. These switches are not accessable from the rear panel.

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

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

NOTE

On instruments with a serial number prefix of 22474 or
lower, switches 1, 2, and 7 are not used and switches 4 and
6 are used for Digital Signature Analysis.
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RESISTANCE MEASUREMENTS

Measuring Resistance

The 3421A is capable of measuring resistances from 1 milli-ohm to 30 Mohms in
six ranges. Resistance measurements may be made in either 2- or 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 shows the nominal current through the unknown resistance
for the individual resistance ranges.

Current Through Miaximum Open

Renge Unknown Resistance Cireuit Voltage
300 @ 1T mA 6.5 V
3 ki T mA 6.5 V
30 k@ 100 pA 6.5V
300 k@ 10 pA 55V
3 MQ 1A 4.5V
30 MQ 0.1 pA 4.5V

Nominal Current Through Unknown Resistance

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

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

gither a small voltage exists on the circuit under test or the 4-Wire SENSE and the
INPUT leads are inverted from each other in the 4-Wire ohms mode.
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RESISTANCE MEASUREMENTS (Cont’d)

2-Wire Resistance Measurements

2-wire resistance (or chms) measurements can be used when the resistance of the
test leads is not critical. Generally, the larger the resistance being measured, the less
you have to be concerned about the lead resistance. For exampie, if the lead
resistance of each lead is 5 ohms {10 ohms total), and you are measuring a fixed
resistance of 10k chms, the introduced error is small {10/10000 = .001 = .1%]).
However, a lead resistance of 10 ohms becomes quite significant when measuring
smali 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
will add a significant error to the reading, even at O °C. {10/100 = .1 = 10%].
The temperature coefficient for this type of device is typically about .385 ohms/°C.
This means that if the RTD is being used to determine the temperature of some
envirecnment, the 10 ohm lead resistance would cause an approximate 26 °C error
in the measurement. The second problem that arises is that if the temperature of
the RTD environment changes, we cannot accurately track the change. Such an ap-
plication would be better suited to 4-wire ohms.
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4-Wire Resistance Measurements

The use of 4-wire ohms measurements virtuaily 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 combined test lead and resistance. The 4-wire chms
mode is essential when the highest accuracy is desired.

3421TA COMMANDS:

Standard Advanced

TWOIx,y,...z] — for 2-wire ohms — F3 (use LS for channel list}
FWOIx,y,...z] — for 4-wire ohms — F4 {use 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 themistors, they are frequently used in temperature measurements. The 3421A
and its 44462A multiplexer 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-
ly 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. It 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 thermocouple (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.

37



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 thermocouple types, the 3421A can perform steps 1 and 3
but the system computer must do steps 2, 4, and 5.

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 be measuring
the thermocouple voltage from channel 5, you will need to also execute the com-
mand REF5. This will give the Reference temperature of the terminal block in slot
0 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 channel is
clesed. If there are no multiplexer channels closed, the REF command defaults to
the 44462A assembly with the lowest slot number. If there are no 44462A
assemblies in the 3421A, an error will be generated. See Require Service in Chapter
3 for error information. :

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, if 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 assembly in the lowest numbered slot. If there
are no 44462A assemblies, an error will be generated.

3421A COMMANDS

Standard Advanced
Temperature TEMIxX,y,...z] F&
Reference 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 to interrupt the computer (see
Require Service in chapter 3). The sequence of self tests are as follows:

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

2. ROM Checksum. Both ROM’'s (Read Only Memory) are tested for proper
checksums.

3. Calibration RAM Checksum®*. The calibration RAM is tested for proper
checksumes.

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
tested.

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

After the self tests have been performed, the 3421A will light all channel numbers
in the display for about 1 second. After this, if any failures occurred during the seif
tests, a number will light up to indicate the failed self test. These numbers are as
foliows:

Rumber lit Self Test Failed

0* Calibration RAM checksum error. The calibration of the 3421A is
suspect.

1 RCOM 1 bad.

2 ROM 2 bad

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

4 Microprocessor RAM bad. Replace the microprocessor.

5 External RAM 1 is bad. This is one of the RAM's external to the
MICrOProcessor.

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

7R Failed the 10 MQ self test (it is not within = 20%}

* Error #0 will also occur if a 44462A 10 channel multiplexer assembly is added or moved to
another slot that is not calibrated for the temperature function.

% Error #7 will occur if there is anything connected to the front panel input terminals or to
HCOM and LCOM on an installed multiplexer assembly during the self test.
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TEST/RESET (Cont’d)

After the self test, the 3421A will go to the following states:

All 444862A option board relays are open.

All 44465A digital output bits are cieared (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,

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

3421A COMMANDS:

Standard Advanced
Reset RS
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VOLTMETER

The Internal Voltmeter

The 3421A internal voltmeter provides many features not commonly found in a data
acquisition voltmeter. The voltmeter provides 3% to 5% digit resolution 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 voltage measuring performance of 1uV sen-
sitivity to 300 volts maximum. AC voltage measurements can be made with 100uV
sensitivity to 30 volts maximum with a bandwidth of 30Hz to 1kHz. Optionai divider
resistors are available for measuring AC voltages up to 300 volts peak. Resistance
measurements are from Tm@ sensitivity to 30MQ (full scaile).

By selecting the number of digits of resoiution and using the autozero feature
(discussed later), the voltmeter allows you great flexibility in measurement speed and
accuracy. Up to 30 readings per second (one channel only with a 10 channel
multiplexer assembly installed) can be made with the voltmeter in the 3% digit mode.
The autorange feature of the voltmeter allows fast meéasurements over a wide
dynamic range.

To lower your cost of ownership, the voltmeter is calibrated electronically. There are
no internal adjustments and the calibration of all 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 voltmeter.

Autozero

Autozero is a function that allows you to enable or disable the internal zero-correction
circuitry of the voltmeter. Autozero on, which is the default condition, insures that
any offset errors generated internal to the voltmeter are continuously nulled with each
reading. This renders the most accuracy. Turning 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 voltmeter 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 to the computer. The voltmeter makes the zero measurement by discon-
necting the input relay and then shorting the internal input circuitry to circuit com-
mon. It then switches back for the input signat measurement.

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

There are some applications where disabling autozerc is advantageous. With autozero
off, the reading rate increases. This would be important in applications where
measurement speed is critical. Furthermore, the voltmeter input circuitry remains in
a completely static state with autozero off. This is useful when making
measurements in extremely high impedance circuitry where the internal switching
of 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 scope of this section to provide the complete calibration procedures
for the 3421A. Refer to the 3421A Service Manual for detailed information.

Briefly, Calibration is accomplished by simply applying a stimulus, i.e., voltage,
resistance, etc., 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
memory. This “"Calibration Constant” is used to correct all subsequent readings.

Measurement Functions

The 3421A internal voltmeter is capable of measuring DC voltages, AC voltages, 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 elsewhere in
this chapter on Optimizing Reading Rates, Autozero, Number of Digits of Resolution,
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 front panel if no channel relays are closed. With the optional
channel list, 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 example, you can turn autozero off to increase
the reading rate. Similarly, you can select the number of digits of resolution (32,
4%, or 5%). Read the section in this chapter on Optimizing Reading rates before
attermpting to use the Advanced commands.

AC Voltage Measurements

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

The 3421A uses an Average responding AC to DC converter for AC voltage
measurements. This means that the voltmeter measures the average value of the
positive portion of the input and returns it as an BRMS equivalent for a pure sine
wave. Inputs that are non-sinusocidal, such as rectangular waves, will result in
measuremeant errars.

Resistance Measurements

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

Number of Digits Of Resolution

With the 3421A internal voltmeter you have a choice in the number of digits of
resolution. This choice provides several alternatives and tradeoffs. For example, 3%
digits of resolution provides the fastest reading rate but it alsc has the least amount
of noise rejection. At 5% digits of resolution, 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}
conversion where the effects of power line related noise averaged to zero over a
period of an integral number of power line cycles (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 voltmeter. For
DC Voltage measurements at 4% digits of resclution, the time required for one in-
tegration cycle is one PLC: 16.66 mS at 60Hz line frequency or 20 mS at 50Hz.
In the 3% digit mede, the integration time is 0.1 PLC.
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VOLTMETER (Cont’'d)

Normal Maode Rejecticn {(NMR) is the measure of the ability 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 {59db vs. OdB). The greatest amount of NMR is available with
5% digits of resolution: 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 manually. 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 3421A 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 voltmeter will uprange {go to the next higher range} when
the reading exceeds {£} 30100 counts. Conversely, it will downrange (go to the next
lower range) if the reading decreases below (1) 02700 counts. These figures assume
a 5% digit mode. These numerical autorange points are irrespective of decimal point
placement. The difference between the two points is called the autorange hysteresis.
This is illustrated in the following figure for DC voits. Autorange hysteresis for other
functions is similar.

A50V AT S C————

i

: # * |

A0V DR e 304V
| .

| |

| |

AANGE *
WANGE — e 301V

3V

I
|
I
I
I
1
3
300mV :

30my

i

3

3
' :
| £
| s
| t
| s
| :
| 3
| :
| £
| s
1 £

i
:
3
:
£

30V L

=
[S43

300V
MaX

INFUT LEVEL

# = DDWNAANGE POINT
®* = URPFANGE POINT

44



VOLTMETER (Cont’'d)

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

range commands or the RAO 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 voitmeter.

Programming Code For
Function Ranges Manua! Ranging
DC Volts .3V,3V,30V, 300V | R-1,R0,R1,R2 (respectively}
AC Volts 3V,30V RO,R1
Resistance 3000, 3k(2,30kQ R2.R3,R4,R5,R6,R7
300k, 3MQ,30MQ

If the voltmeter is in the manual range mede, the result returned to the computer
will be +8.8999%E+ 9 (5 1/2 digit mode} when the input is greater than the par-
ticular range can measure.

Triggering

To trigger the voltmeter simply means that you instruct it 1o take a measurement.
Of course, this assumes that you have previcusly 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-
ferent ways. These are explained below.

Standard Commands

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

Advanced Commands

The set of Advanced Trigger Cemmands include: TO, T1,T2, T3, DTia.

TO

T1

T2

T3

DTix

- TO is for hold (don't trigger} but enable the channel list scan and

reading storage. In other words, when TO is asserted, the
voltmeter wili not take any readings but will prepare the 3421A
for readings from the channel list. To initiate the measurements,
execute an interface TRIGGER command (see Chapters 3 and 4}.

- T1 sets the voltmeter for internal trigger. This means that the

voltmeter will trigger any time you ask for a reading, such as us-
ing the ENTER command (see Chapter 3) or IND command (see
Chapter 4). T1 will not open or close any relays.

T2 is a software trigger and causes the 342 1A voltmeter to take
one measurement only. T2 will not open or close any channels,

Trigger command T3 is used to initiate the measurements on the
channel list and store those readings. Note that if FO (no measure-
ment function) is asserted when T3 is executed, an error will
occur since the 3421A was not told what type of measurement
was to be made.

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
digitat I/O option assembly in slot ‘i’ goes LOW.
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Introduction

The speed and data handling capabilities of todays desktop computers support the
3421A in a Data Acquisition/Contro! system. In this chapter you will learn how to
use those powerful desktop computers to program and control the 3421A. Be sure
that you have read through Chapter 2 of this manual before 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 information regardless of the type of computer you are using. This means that
both the inexperienced user as well as the experienced programmer wili be program-
ming the 3421A 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- Model 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 to 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
I/0 programming manual for the computer you are using for information on sending
and receiving information through the interface.

Now, have the 3421A display a number. Using the chart below as a guide, enter
the command exactly as shown, replacing "'x’” with a number from 0 to 29 (i.e.,
DN5G). After you execute the command, the number should appear on the 3421A’s
display.
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Interface/Computer Type the Message Press

HP-iL, HP-85 OUTPUT 901;""DNx"" [END LINE]

HP-1B, HP-85, 9845, OQUTPUT 709;”DNx"" [EXECUTE]
9826 (BASIC) {on the -hp- 85 press,

[END LINED

in the OUTPUT statements, the letters DN are calied a command code and repre-
sent the message: Display Number x. The numbers in the 3421A display represent
channel numbers. We will learn more about this later. At the end of this chapter are
several blue pages that describe each of the command codes the 3421A wili res-
pond to, and how they are used. The following program will sequentially display each
number from O to 29.

10! ~HP- 85 version

20 ' HP-IL Example

30 ¢ 34214 at address 801

A0 FOR X=0 TQ 29 STEP 1 ! This line sets up the loop counter
50 QUTPUT 807 :"DN"™:X ' "DN’ is sent followed by value "X’
60 HAIT S00 ' Hait to see the number

70 NEXT X

80 END

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

Interface/Computer Type the Message Press
HP-IL., HP-85 QUTPUT 901;"DCV""  [END LINE]
ENTER 901; A [END LINE]
DISP A [END LINE]
HP-1B, HP-85, 9845, OUTPUT 7C9;”DCV’" [EXECUTE} or [END LINE]
9826 {BASIC} ENTER 709; A [EXECUTE] or [END LINE]
DISP 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 voltage. The command DCV is called
a Standard Command and performs a specific measurement task.

HP-IL 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 programmers 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-IB interfaces.
Chapter 7 of this manual gives interface connection instructions.

When the computer tells a particular instrument to send data over the interface, we
say that the instrument has been “"Addressed to Talk'’. Likewise, when the com-
puter tefls 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 instrument addressed to talk at any one time.

information Transfer

When operating with the MP-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 measurements {Data Ready SRQ is described later in this
chapter). In other words, suppose you have a 3421A, with three 44462A 10 channel
multiplexer assemblies, programmed to take 30 readings; one reading from each
channel. With a reading rate of approximately 2 readings per second, 1b seconds

*+P-IB (Hewiett-Packard Interface Bus} is Hewlett-Packard’s implementation of IEEE Standard 488-1975
and ANSI MC1.1.
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are required to take all 30 readings. The computer will not be able to perform ANY
task during this 15 second period while the 3421A is making the measurements,
This is demonstrated in the following program.

10 I EXAMPLE

20 OUTPUT 901 :’DCV0-29"
30 FOR1=0TQO 29

40 ENTER 901; A{l}

50 DISP Al

60 NEXT |

70 END

After line 20 is executed, the 3421A will hoid-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; TQOTalize function; and Digital Trigger (DT}. An example
will be given later in this chapter demonstrating the DT command and interrupting
the computer.

The advantage of 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 a power meter. You
would first close a channel on the 3421A and then trigger the power meter. Trig-
gering cannot occur though, until the 3421A has closed the channel and freed the
computer. In other words, the power meter is prevented from triggering until the
3421A relay is known to 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, normal 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 up} is the factory setting of this switch. With the switch in the
DOWN position {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 3421A,

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 compuier 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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Moreover, when vou have the HP-IB option in the 3421A and are using the 3421A
in one of the Digital Monitor modes, L.e., MH, ML, MN or BT, the 3421A MUST be
set to unlisten. This is in order for the 3421A to interrupt the computer via the SRQ
interrupt. For the -hp- 85 and 9826A (BASIC) this would take the form:

SEND 7 ¢ UNL

Cther computers will use a different command syntax. Two examples using this com-
mand are shown in the Require Service section later in this chapter.

Buffered Transfers

Buffered transfers are enabled and disabled by HP-IB switch segment #6. This switch
is accessed by removing the rear panel HP-IB option cover and shouid be done by
qualified service trained personnel. When the switch is up (toward the pc board),
buffered transfers are disabled (factory preset). When the switch is down, buffered
transfers are enabled.

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. When buffered transfers are NOT enabled, and several commands are sent 10
the 3421A, each command is executed as it is received. The compuier waits for
the 3421A to execute the command that was just sent before sending the next
command. Thus, the computer is not able to perform any other task until the 3421A
executes the last command in the string. The 3421A holds up the computer by
delaying the HP-IB handshake (i.e., the 3421A does not assert the NDAC handshake
line until it has executed a command). Furthermore, the more commands sent, the
tonger the computer will be held-up.

When buffered transfers are enabled, the 3421A stores commands it receives in a
buffer {up to 39 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 to
execute the buffer contents. As the 3421A executes the commands from the buffer,
results are stored and then transferred to the computer when requested. Typically,
this would be done using a 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 temperature
measurement in the same command string. Furthermore, chce a measurement is
taken in the buffered transfer mode, the resuits should be retrieved before another
measurement is taken.
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The buffer 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 is 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 particutar instrument even when there are several con-
nected together.

In earlier examples, an instruction such as QUTPUT 801 HP-IL) or QUTPUT 709 (HP-
IB) was used to send a message to the 3421A. The three digit number, 901 or 709,
is used to specify the address of the 3421A. The first digit {9 or 7) is called the
interface select code (isc}. 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 to
specify the 3421A - or any other instrument - connected to the same computer
interface.

interface 3421A

Seiect Code Address

N/
OUTPUT 901:* TEM 2"

Specifies 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 each instrument connected in the
loop. This is called ‘‘Autoaddressing’’. Addresses are assigned sequentially 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 controller has an address of ““1"". The
second device will have an address of 2", the third device an address of '’'3"', and
so on through the loop. A maximum of 30 devices, including the computer, may be
connected in the loop. The 3421A may be connected anywhere in the loop and will
be autoaddressed accordingly.

‘ ] 3421

CPTIONAL HP-TL —
| COMPATABLE DEVICE j

- |
: a

!

/
/! R
/i L
i

hp B5A CONTROLLER 3471A 303

All examples in this chapter assume the 3421A is the only device connected to the
computer HP-IL interface. Therefore, when autoaddressed, the 342TA will have an
address of 1. Also, the -hp- 85 desktop computer with an 82838A HP-IL interface
is assumed to be the computer used in the examples. The 82838A HP-IL interface
has an interface select code of '9", therefore, the 3421A will be addressed at 901.
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HP-IB Addressing

The 3421A with HP-IB option (Option 201} has a switeh selectable HP-IB/HP-IL
interface.

The HP-IB address for the 3421A is determined by switch settings on the HP-IB op-
tion board. The 3421A has a factory preset address of 09, If the address needs to
be changed, a qualified service trained technician will find the necessary informa-
tion in Chapter 8 of this manual. In the examples where HP-IB addressing is
demonstrated, the address will be 709. This refers to the computer HP-IB interface
select code 7' and the 3421A address of 09. Note however, that if the rear panel
switch is set for HP-IL, the addressing will Tollow the Autoaddressing constraints of
HP-IL 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 end of this chapter 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 to be performed. The
Standard Commands make programming easy.

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 3421A 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 particular requirements.

Procedure

Decide what task or measurement you want the 342 1A to perform and determine
the appropriate command. For example, if you are making temperature measurements
(using T-type thermocouples) use the TEM command. If the thermocouple is con-
nected to channel 2 in the 3421A, execute the command TEMZ, The following
message would be sent:
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JUTPUT 901 ;" TEMZY

Sample Problem

The previous illustration shows how tc send the command to take a temperature
measurement from channel 2. Suppose though, as will probably be the case, you
have more than one measurement 1o make. They don’t have to be temperature
measurements, they could be voltage, resistance, or frequency measurements. The
342 1A Standard Commands allow you to specify a group of channels, called a chan-
nel list, for the command.

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

TEMZ2-8.14

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:

DUTPUT 301;"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 stored in this manner.

Programming Hints

Make certain that you have read the paragraphs under HP-IL vs. HP-IB. Those
paragraphs deal with addressing and certain practices and exceptions that you will
need to understand when 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, channel 3 is measured and its reading stored. This pattern con-
tinues for each channel until 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.
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The series of channels specified in a channel list must follow these rules.

a. The default channel list (asserted at power on or reset} consists of all multiplex-
er channels in numerical sequence. The channel list can be loaded with multiplexer
channels by the DCV, ACV, TWO, FWQO, TEM, FRQ, LS or LP commands. it can aiso
be loaded with digital input bit numbers by the BIT command. See chapters 5 and
6 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 a colon {:}) or a semicolon (;} but not a comma. For example:
FTRATZINSGLS5-9;T3. If the last character in the command string is a comma, an
error will be generated.

¢. No more than 30 channels are accepted into the channel list. Legal channel
numbers are 00 through 29.

d. The mnemonic determines what type of channel can be loaded into the chan-
nel list. In other words, if channel 1 is configured as an actuator channel, it should
not be specified for any type of measurement {i.e., DCV1 or BIT1}). If an attempt
is made to load the channel list with an improper type of channel, a syntax error
is generated {see SPOLL) and the command is aborted. i channels x-y are received
and some channels in between and including x and y are the wrong type of chan-
nels for the command, they are not loaded into the list and the error message is not
sent, The remainder of the channels are loaded into the list.

e. Leading zeros are ignored, that is, BCV0O0019 means DCV19,

f. All syntax following a decimal point is ignored except for commas, dash,
semicolon, colon, Carriage Return {cr}, or Line Feed (If}. DCV2.3 means DCV2.

g. Exponents are not allowed and cause a syntax error. The command is aborted.

h. All lower case letters are interpreted as upper case. Blanks and the plus {+)
sign are ignored. Commas (,), colons (i), and semicolons {;) are used as terminators.
All other punctuation give a syntax error, In other words, De V 21 is the same as
DCv21.

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 SRQ mask.
This command can have a decimal value 'x’ 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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QUTPUT 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 to send information.

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

10 OUTPUT 901 "TEMZ2" ' From a previous section
20 ENTER 901 : A

30 DISP A

40 END

The 3421A is addressed to tatk by the ENTER 901 command. The measured
temperature 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, etc.]
is dependent on the computer you are using and may be different than the the ex-
amples given in this manual. You should refer to your computer’s /O manuai for
specific information.

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

10 OUTPUT 901 :"TEMZ2-8.14" ! From previous section
20 ENTER 901 : A,B.C.D.,E.F.G,H

3¢ DISP A,B.C,D.E.F,G,H

40 END

OR

10 QUTPUT 401 "TEMZ2-8.14" ' From previous section
20 FOR I=1 70 &

30 ENTER 9071 ; B(I)

40 DISP B(I)

50 NEXT I

650 END

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

Output Format

Measurement data is sent by the 3421A as 13 bytes in the following format (5 %
digit mode}:

Measurement: +d.dddddExd CR LF
Error: -8.88888E+8 CR LF
Overload: +9.99999E+9 CR LF

Digital data is sent as:

Digital: ddd CR LF (where 0 =ddd=255 decimal)
Digital Error: 888 CR LF

The character "'d"’ represents a single digit. CR and LF are Carriage Return and Line
Feed, respectively.

Readings Output Format

Readings are sent as indicated above. The exponent is the same as the voltmeter
range (unless the measurement is temperature or frequency}. In other words, the
reading +1.23456E-1 means the measurement was taken on range R-1 {.3 volt} and
the measured value is .123456 volts. [f the measurement is entered into a numeric
variable the measurement will be adjusted 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 resclution asserted.
This means that if you have 3 digits of resolution asserted (N3}, the reading will be
output as: +d.dddE+d. This change of ocutput digits is also true for errors.

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

Hardware error

Calibration error

Command syntax not understood
Can't execute command

Low battery

Self Test failed

R e

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

14 QUTPUT 501 "DCV3-/"
20 FOR I=1 T0 5

30 ENTER 901 @ AcD

40 NEXT 1

50 END

OR

10 QUTPUT 901 ;"DCV3-7"
20 P=5POLLCS0T1Y

30 FOR I=1 70 5

40 ENTER 3801 : A(D

50 NEXT I

60 END

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

The reading will not be available if;

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

if an error occurred during a digital read, the error message is: 888.

Qverlead Formai. Three conditions will cause the overload message (+ 9.99989E + 9)
to be sent. These are:

1. Voltmeter overtoad

2. Counter overflowed in TOTalize mode {greater than 65535 counts).

3. REFerence temperature out of range. That is,the REFerence junction temperature
is not between 0 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 lets go one step further and locok 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 9. It is important to notice that
the DC voltage readings are read back to the computer (lines 30-50) before the
temperature measurements were made. This is because the TEM4-9 command sets
up a new channel list and the temperature measurements would over write the DC
voltage measurements in the 3421A reading storage.

18 1 Sample program

20 0UTPUT 901 "DCViI-3"
30 FOR I=1 70 3

40 ENTER 901 ;3 B(I)

50 NEXT I

60 QUTPUT 9061 ;" TEMa-9*
70 FOR I=4 TO 9

80 ENTER 9G1 ; B(D)

S0 NEXT I

100 FOR I=1 T8 9

110 DISP B(I»

120 NEXT I

130 END

3421A Interface Capabilities

The following topics, arranged in alphabetical order, deal with HP-IL and HP-IB in-
terface commands and the way the 3421A responds to them. Refer to the /O pro-
gramming section of your computer’'s VO programming manual for specific informa-
tion on syntax and actions taken by the interface when sending the message. The
examples given apply 1o the -hp- 80 series desktop computers for HP-IL and HP-IB
and the -hp- 9845, and 9826 (BASIC) for HP-1B.
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CLEAR

Example
HP-IL HP-IB
CLEAR 9 {device clear) CLEAR 7
CLEAR 801 (selected device clear) CLEAR 708
Comments

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

Self Test.

Opens all multiplexer and actuator channels.

Clears bits of the digital output ports (high impedance state}.

Voltmeter set to: DC Volts, autorange on, autozero on, 5 % digit resolution,
internal trigger on.

Counter set to 1 second gate time,

HP-IL address is not changed.

Checks rear panel switches (50/60 Hz, Power-on SRQ, etc.).

Channel list set to all available multiplexer channels, addressed sequentially
Reqguest Service {SRQ) if self test failed.

Reading storage is cleared.

PN

Coo~Nemo

LOCAL
LOCAL LOCKOUT
REMOTE

Comments

The 3421A does not respond to these commands. This is because the 3421A has
no front panel and must be controlled by a computer through an interface. The
3421A is always in remote state.
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REQUIRE SERVICE (SRO)

Comments

One important feature of the 3421A is its ability to interrupt the computer when
certain conditions occur. Of course the computer must be programmed to respond
to the interrupt. The Require Service message (SRQ) is used to implement an inter-
rupt and is independent of all other activity. The 3421A MUST BE PROGRAMMED
to request service before the interrupt will take place. Several examples are included
in this section to explain interrupt programming.

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

1. Power-on/Reset. The 3421A can interrupt the computer whan the 3421A
power is turned on, receives a Device CLEAR or Selected Device CLEAR, or reset
via 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 3421A can interrupt the computer after each completed
measurement or, if 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, RED, BIT, Tt, T2, T3, DT, MH, ML, MN, and
GET. An example of this, using the DT command, wiil be shown later in this section.

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

4. Event Occurred. The 3421A can monitor the digital input ports and if a
specified bit or 8-bit word occurs, it will interrupt the controlier. This provides flex-
ibility in fiming events. An example of this wili be shown later in this section.

5. Low Battery. If the 3421A is heing powered by its internal battery, it will
generate an interrupt when the battery voltage drops too low. After approximately
three minutes, it will open all channels and power down. The following instructions
cannot be executed after a low battery is detected: TOT, MH, ML, MN, DT.

6. Abnormal Condition. Abnormal conditions include:

a. Hardware error

b. Calibration Error
Command not understood; e.g., the command FR3 is not a legitimate
3421A command

d. Can't execute the command: e.g., the command DCV25 is sent but
channel 25 is a digitat channel
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SRQO (Cont'd)

Self Test failed

Low Battery

Attempt to load channel list with more than 30 channels

Attempt to increment channel list and trigger {T3) but channel list was
empty

i, Requested a reading when no data was available

j. Triggered internal voitmeter while function FO was asserted

T o oo

How to use SRQ

When the Require Service message (SRQ} is sent, the computer must first determine
which instrument, if more than one 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
polied, it responds by sending its “STATUS BYTE'" which indicates whether or not
it requested service. If it has, bit 6 will be set along with one or more of the other
bits to indicate the nature of the request. If the Status Byte for the instrument polled
indicates that it was not requesting service, the computer continues to polt the other
instruments until the proper one is located. All of these actions assume that the com-
puter has been programmed to respond to the SRQ interrupt as shown in the ex-
amptles given later.

Status Register and Status Byte

The Status Register monitors several different 3421A operating conditions and is
updated as events occur, If the 3421A SRQ mask is set {set being a "1"") for a
particular condition and that condition occurs, the 3421A will send an interrupt
message to the computer. However, two bits of the 3421A SRQ mask (bit 2 and
bit 4} cannot be masked. These two bits correspond to self test error and low
battery. If either of these conditions occur, 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 message. Anytime the 3421A sends the interrupt message,
regardless of whether it is a masked or non-masked condition that caused it to be
sent, bit 6 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 to respond to the interrupt message. The remaining bits
can be used by the computer to identify the reason that the interrupt occurred.

The Status Byte is an 8-bit byte that is sent from the 3421A to the computer in
response to the SPOLL message. The Status Byte comes from the Status Register
and is used to determine the current status of the 3421A,
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SRO (Cont'd)

8t 7
N/A
{always
2810}

Bit 6
Require
Service

{no mask)

Bit 5
Abnormal
Condition

{see

earlier}

Bit 4
Low Bait.
(not
maskable}

Bit 3
Event
Ceoourred

Bit 2
Self
Test
Error
inot
maskable}

Bit 1
Power-on
Reset
Occourred
{switch
mask only)

Bit C
Data
Ready

Status Register

Setting the SRQO Mask

Think of the SRQ mask as a cover hiding three bits of the Status Register. To ‘‘set”’
the mask you effectively poke holes in the cover. First, determine which conditions
you want to interrupt the computer, e.g., data ready, abnormal conditions, etc. Refer
10 the figure below. Add together the decimal values for the bits that you want to
interrupt the controller. Then, output the "M’ command followed by the decimal
value, that is, “"Mx’" where x is the decimal value. The following diagram shows the
Status Register and the SRQ mask.
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To set the SRQ mask for Event Occurred, for example, execute the command: OUT-
PUT 701;”M8"". For either Event Occurred or Data Ready to interrupt the computer,

execute: OUTPUT 701;,"M8"".
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SRQ {Cont'd)

NOTE

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

It you are using the 342714 with its HP-IB interface, the
34214 must be placed in an ‘UNLISTEN' mode before it can
interrupt the controller. With most -hp- desktop computers,
this is done with the SEND 7,UNL command. These lines are
shown in the following examples and may be deleted if vou
are using 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 QOccurred to monitor one bit, bit 17, of a 444658A
Digita! I/0 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 ilustration shows the external connections that will need to be made.
Remember that the Digital 1/O assembly must be in siot 1 for the program to work.
Type- in the pregram and run it. After the computer displays "'READY"’, close the
switch. Notice that the program jumps down to the interrupt subroutine.

"3? TS +5V

POWER SUPPLY

CLRRENT L IMITING
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10 prsITal. FL i
INPUT POAT & Y
BIT #7
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POWER SUPRLY
GREAUND

34314 3-3
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HP-IL Example

Line

40
50
60

70

80

100-8980

1000

1010

1030

1040

Descriptien

Clears the display
Clears the Status Register.

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

This line tells the computer
where to go when the inter-
rupt occurs (line 1000).

ENABLE INTR 9;8 enables
the computer fo respond to
the interrupt.

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

This is the start of the inter-
rupt subroutine.

SPOLL returns the wvalue of
the Status Register (the
Status Byte} to variable P. ft
also resets bit 6 of the Status
Register.

P is tested to determine what
caused the interrupt. Bit 6 of
the Status Register should be
set since an interrupt occur-
red. This bit has a value of
64. Bit 3 should also be set
for Event Qccurred. 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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HP-1B Example

Line
40
1516]

60

70

TEWVEHMT OO

80

90

110-990

1000

1010

1030

1040

67

Description

Clears the dispiay.

Clears the Status Register;
wait b seconds or system
error results.

Sets the 3421A for SRQO
when event occurs (M8) and
for monitor when bit 17 goes
iow (ML17).

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 to go when the inter-
rupt occurs {line 1000},

ENABLE INTR 7;8 enables
the computer to respond to
the interrupt.

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

This is the start of the inter-
rupt subroutine.

SPOLL returns the wvalue of
the Status Register (the
Status Byte} to variable P. It
also resets bit 6 of the Status
Register.

P is tested to determine what
caused the interrupt. Bit 6 of
the Status Register should be
set since an interrupt occur-
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.



SRQ (Cont’d)

Example 2. Abnormal Condition

There are several conditions which can cause bit 5 {abnormal condition) in State
Register 1 (Status Register} to set. If any bH 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. Catibration Error

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

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

5. Self Test failed

8. Low Battery

7. Attempi to load channel list with more than 30 channels

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

9. Requested a reading when no data was available

10. Triggered internal voltmeter while function FO was asserted

The question arises then as t¢ which one 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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SRQO (Cont'd)

Line

fibnormal condition example 40
~hp- 85 version
34210 at address S01

40 QUTPUT 901 "M327 50
50 ON INTR 9 GOSUB 16606

60 ENABLE INTR 3:8

70 QUTPUT 301 :"DCV™

g0 6078 80

90 END

1000
1010
1020
1030
1040
1050
1060

QUTPUT 901 ;"SR™ 60
ENTER 901 : A,B.C.D

DISP "STATUS REGISTER VALUE: *:f

DISP "ERROR BYTE VALUE: "B

DISP "HARDWARE ERROR BYTE: ":C 70
DISP “CALIBRATION ERROR VALUE: ;D
RETURN

80-90

1000

1010

1020-1050

1060

Description

This line outputs the SRQ
mask for abnormal condition,

Line B0 is used to tell the
computer where to go when
an interrupt occurs (line
1000},

ENABLE INTR 9;8 enables
the computer to respond to
interrupts.

DCV is a legitimate 3421A
command. Therefore there
will be no interrupt. Replace
this command with FR3 and
rerun the program.

The body of the program
goes here.

This is the first iine of the in-
terrupt subprogram. The
“SR"" command is used to
tell the 3421A 1o send it
status information.

The wvalues of the first 4
registers are eniered into the
computer and stored into
variables A, B, C, D.

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

This line causes the program
control 1o 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 wili 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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SRQ (Cont’'d)

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

Data Ready is a featurs of the 3421A that allows it to interrupt the controller after
each completed measurement ot, when used with a channel list, each group of
measurements. Typically, the Data Ready feature is used only with the Digital Trigger
command while utilizing SRQ interrupts. Digital Triggering allows the voltmeter to
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.

Abnormal conditions were previously explained under example 2.

To enabie the Data Ready and Abnormal Condition features on the 3421A, you must
set bit 0 and bit 5 in the SRQ mask. Remember that bit 0 in the status register will
be true {a "1"") anytime data is ready and that bit b will be true anytime there is
an abnormal condition. However, neither condition will cause the 3421A to interrupt
the computer unless the SRQ mask is set accordingly. The pattern for the SRQ mask
for these conditions would look like:

Bit #:

7 6 564 3 2 10
Value: 0 O 1 0 0 O 0 1 sum = 33
Therefore, use the command “M33" to 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 SRQ data ready interrupt. Likewise, it will interrupt the computer
whenever there is an abnormal condition. Looking at this from another perspective,
the computer will only be interrupted if bit O or bit 5 {or an unmaskable bit}) 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 handling of Data Ready,
Abnormal Condition, and ail non-maskable interrupts. This programming exampie, as
with most SRQ programming, requires a knowledge of advanced programming prac-
tices. This program exhibits many of the considerations necessary when creating
interrupt driven programs, including:

Digital Trigger initiation of channe!l list measurements;
detecting and displaying ali interrupt conditions;

and for abnormal {error) conditions, interrogates the
3421A to find out why the error occurred.
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SR_Q (Cont’d)

It is recommended that the basic framework of this program be used when perform-
ing advanced interrupt programming. It 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.

S 6@ Y QUTRUT M o "E8Y L DO NOT S
] mrooEsssssspmrooonoooToooN E RUTD ZERD (FESTER CHH;@HEL
B OHPI4Z21R/ SRE interrurt dri— LIST SEQUENCINGD
g ! wven chanmel lizt measure-~
B | ment Proframming examrle. AFE 4 GUTFUT M oG "WHd® 1 4.3 DIGIT
A | —coasssrssscoooossssosss=ss MEASUREMERNTS
8o Fge O GUTPUT M "L 813-12,13~-15,1
G OOIM A4Z80  Maols 013 3-19,13-192,13. 14" U LORD SIN
g L=7 | 2% HPI& IMTERFALCE SELE GLE CHRHNMEL TLOSUEE LIST WIT
T COODE H
8 M=Fai | HFI4ZIAR HPIE ADDRESS 398 1 THIS SEQUERCE
8 CLEARR | SOREEH 4@a | OUTPUT ® 5 "M3E3" 1 INTEERUF
@ o1 T 8% WHEM MEASUEEMENTS COMPL
A | moocorosossssmemsooonomooT ETED <(ORTH RERLOY» OF UPOH
B 1 Initialize sntire srziem G168 ¢ ABRMORMARL COMDITIOH (ERROR:
B! for an intervurl Frog9ram 426 + QUTPUT # ;"DT7" + IMITIATE
B | mmsrooorooosemmsmmma oo o A T3 TRICGER HHEM DIGCITAL P
a8 1 ORT GLRES LOW (IE. HIGH HOT C
a STHTUS L.1 : & ! ASSURES SRE OHNECTED
RECEIVED FLALG IS CLERREELR IN 4368 1 TO SV, LOW HOT COMMECTED T
85 0 GROUME Ok THE THO SHOETED.
3 OH O IMTR L GOSUE 226 1 IHTERER 448G 1 {IE. MO CURREHT THROUGH FO
LHPT HANDLIHG SUBROUTIHE RT3
‘B EMRBLE IHTR L:%2 | GET RERADY 358 | THE PREVIDUSE COMMAND SEQU
TO RECEIVE SRE INTERBUPTE FR ENCE MAY BE SENT RLL RT OHCE
OM HPI4Z21R RS I
218 CLERR L ' FRESETY HFIE IMSTRLUN 4668 DUTPUT M “ToFIRIZGN4LE1IZ-13
ENTE 1319131591319, 13,14 :M232
22A WALT Sasa | ALLOW TIME FOR I Ty
NETUMERTES T EBESET 476 H=38 1 SET REAG~-EACE COURNTER
2Z8 QUTPUT M S “F&78" ! DISABLE 3 ERUAL TO HUNMBER OF CHAMHELSD
4721FA POMER 4P FUNCTIOGHS AHD LOADED THTO CHARH LIST REOVE
248 1 RUTO TRIGGER SO DATA IS HO 488 SEND L WL 1 HECESSARY OF
T ALMAYS BERDY HPEZa21A WILL MOT IHTERRUPT T
256 1 UPON EMABLING OF DORTH REERD HE 2%
¥ OINTERRUPT <COMMAND MI OF M 290 F=@ | PROGRAM FLAG INDICATIN
F33 G THAY THE 34z21if IZ ALL SET
SR S=SPOLLECMY P RSSURE THE CLER FOR MEASUREMERT TRIGGER
FIMG OF ARLL STRTUS BITS IWH 3 S8 DISP “"REARDYY
421A TESPECIALLY DRATH REARDY Sia CLERR ' SCREEM
BEIT: S52z8 IF F=1 THEW GOTD 465 ' SET U
g ! P FOR MEW TRIGGLER OF MEASURE
f | rremr oSS TR RRR R R MEKTS490
B Main program body 538 GOTO Séa | CRUSE FEARDY T4 BL
B! so=s=s=csooooomsssrsasnmes IMK UHTIL IHMTEREUFT IS RECEI
15 I VED (OIGITRL TRIG RLOUDS
# ! THE FOLLGWING LIHES HAYVE B S48 EMHD
EEM THTEHTIOHALLY COMMEMTED 558 1
Uy SR | cooommssmmosnmmae e e o s o
B! THEIR EQUIVHALENT FUNCTION 378 SUERDUTINE #1
CRM BE SEHT AS OHE COMMAMD A 5808 | Interurt subroutine 1o
S INLIHE 468 S9E 1 oprint trre of interrupt
84 QUTPUT M s TBeY 1 EMBL CH L B8 | received and 1§ data
ST. DATA STORAGE, MWARIT FOR T 618 | resdyr read the stored
2 0OF TZ TRIGGER 28  walues {from the HFI4218
By UTPUT M G YFLIRLY P THREE OO 638 1 internal bufter
Y HMERSUREMENTS IN 28V EANGE Sdfl | semssmesroosssSss==s=s===
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SRC (Cont’'d)

Gal |
sEB STRATUS L.1 3 S 1V CLEARS SRD 1028 FOR K=4 T0 24
RECEIVED FLAG IN 85 1628 ENTER M : S8 | EXTRA READS
7| oIisp oo OF OTHER STATUS BYTES (RLESD
&88 DISP *IWTERRUPT RECEIVED® CLEARS IHOICATOR ON HP3471%
698 ISP '"sooowmesscoooroe=om? R DISFLAY
TEA S=3POLLOM ! POLL (QUERYY IN 1m46E HEXT ¥
STRUMEHT TO DETERMINE EEASOH 1856 IF BIT(SE,f =1 THEN DISp *©
FOR SRG TRIGGERED IN Fi MODE"
Fi8 IF BITOZ.€ =1 THEN OISP “"SRQ 1ged IF BITC(SZ2,12=1 THEM OIgP ®
IMTERRIIPTY REGUESTED DATH UNAVAILABLE
ved IF BIT(S.@x=1 YHEHW QISP "DORT "
A RERDY™ 1876 1IF BITeoZ,22=1 THEM DIGSP *®
738 IF BIT(S.1=1 THEM DISP "PhOW IHUBLID SYHTRA®
ER OW RESET® iagg IF EIT'SQ,?* I THEM DISP *
748 IF BIToS,25=1 THEN DISF "SEL INYARLID OPTION LOCATION®
F TEST ERROR® . 1699 IF BIT(SZ,4%=1 THEM OISP *
TE8 IF BIT(S.32=1 THEH DISP “EVE BRTT LOW, HNO TOT.MH.ML.MH.
HT QCCURRED" oy"
reB8 IF BITCS.4)2=1 THEH OLlSP "L0OW 1188 IF BIT(SZ,52=1 THEH COISP "
BRTTERY ™ TZ TRIL WHEN CHRM LLIST EMF
FYE OIF NOT BIT<Z.83x=1 THEN GOTO Tv"
oan 1118 IF BITIEZ2,&60=1 THEN QISP *
FER DISE "ARMORMAL COMDITION® EXCEEDQED CHAM LIST LIMIT O
784 GOEUE 924 F Ze
208 DISP "ss=szssssssocosssooz= 1128 IF BIT(SZ,dr=] THEWM DISpPp
818 WARIT 2e86 ! ALLOW USER TIME ITHVRLTID CRL RAM CHECE SHM®
TO VIEW ERROR 1138 IF BITC53,1>»=1 THEMW OIisp *»
828 F=1 ! TELL PROGRAM AEBOUE HOT IHVRLID ROM 1 CHECKSUMY
TO COMTINUE TO LOOP 1146 IF BIT(SZ,2»=1 THEN DISp *
838 | BUT RRTHER TO GO UF AND SE IRVALID ROM @ CHECKSUM™
T UP FOR HEM TRIGGER FIRST 115a IF BITCS3,2)=1 THEN OIspP *
548 ENABLE INTR L8 | MUST REEHR A-0 FRILED SLOPE TE=T™
BLE SR IHTERRURPT 116 IF BITCS3Z,45=1 THEHW OISp »
954 IF BITCS.1s=1 THEH GOTO 21la PROCESSOR FERM FRILED TEST®
b POWER OH RESET {RLSDO CAUSE 1178 IF BITCS23,S)=1 THEN OIGF *
S OATA READY BIT T BE SET O RAM UBP4 FRILED TEST™
UE 1186 IF BIT(SZ,&)=1 THEM DISP
SEB L TO DEFALILT AUTO TRIG. [OCY RAM USB3 FAILED TEST®
STRTE OF HF3Z421A. IH THIS mMO 1138 IF BIT.SZ.,7>»=1 THENWN DISP "
OE DGATA IS ARLWAYS RERDY) 1M, 168:1 DIVIDER TEST E#H
g7 IF BIT(S.2»=1 THEN GOTO 9i@ ILED"
I SELF TEST ERROR 1206 RETURN
288 ' (DID A PWR-ON OFR DEVICE ©L 1218 !
ERR WHILCH RLSO CAUSES DRATA & 12708 | moomomese e s ec oo o o e
EADY BIT TG BE SET DUFE 12368 | SUBREDUTINE &=
B3 4 TO DEFAULT AUTO TRIG., OCY 1246 | Subroutine for readins
STRATE OF HRP3421A., IN THIS MO 1256 | measurement values from
DE DATA IS ALHAYS READY !> 1268 1 the HPI421AR.
9@@ IF BIT(S-@)xl THEH GDSUB 121 12?@ [ Y L -
g ! URLID DATA IS READY. RER 128G ¢
LoIT7 1298 CLERAR ! SCREEN
18 EETURN 1368 DISP “RERDING MEARSHUREHMEMTS!
Sz8 1 1218 PRINT " HP-3421R8 MEASUREME
QA | memsmam oo o mo e s e e e e — NTRE"
S48 | 'E;UE:F'GUTIHE #3 132@ FJPIHT U o o e e o o o e e e e o o o
REG P Subroutine for readins pepnp—
[l | =rror tyvee from HP3Z421R 1336 FOR 1_1 TO M STEFR 1
978V oand disrlaring 1346 ENTEE M ; ACID
GO | moco-osssooomems oo oems oo mms 132508 PRINY "MERSUREMENT #":1:* =
3594 ! R = R
18868 OQLTPUTY M ;"SR™ | QUERY INST 1268 MEXT 1
RUMEMT TO DETERM WHRT ERROR 1278 FOR H=1 TO 5
1% 1383 PRIMY ! FORWM FEED
1@te EMTER M @ S1,.52.33 1 LET 2H 1398 NEXT H
0 AMDO 3RD ZITRTUS RECISTERS 1480 RETURH

T DETERMIME ERROR
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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 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 remaining 20 are 3421A status registers.
These can be used to report what option assemblies 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.

Registar Bit Number
7 6 5 4 k! 2 t 0
1 Always SRQ Abnormal Low Event Seit Power-on Data
Status 0 Condition Battery Cecurred Test Resset Ready
Register Error
2 {Undef- Tried to Channet! Battery Wrong Invalid No Data Func.
Error ined. load list is is low type of Syntax ready FG
Register May be channe! empty but but tried option but Ad- asserted
1TorC fist tried to 1o do for com- dressed but
with execute TOT,MN, mand to talk trig-
more a T3 MH, ML gered
than 30
channels
3 10 MO RAM RAM Error uP RAM A/D Error RGM O ROM 1 Cal.
Hardware test Error Errcr Error Error RAM
Error arror Check-
sum
Error
4 Undef- AID Error CAL RAM CAL at- Invalid invalid Invalid Invalid
Cal ined. Bad tempied CAL CAL CAL CAL
Error may be but not Zaro Signal Number Function
1orQ enabled or
Range
Bit 128 84 32 16 8 4 2 1
Value ’
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SPOLL
{Serial POLL)

Example
HP-IL HP-1B
P=—SFOLL (901) P=SPOLL (708} (-hp- 85,98286A)
STATUS 709.P {-hp- 9835,9845A/8)
Comments

Serial Poll allows you to determine the current status of the 3421A even if no SRQ
mask has been established. When the 3421A receives the Serial Poll message, it .
returns its Status Byte {from the Status Register). The value returnaed is the sum of
the individual bits that are set. For example, if bits 6 and 1 are set the value would
be 66 (64 +2=066). The 8 bits of the Status Byte and their respective values are
shown in the foliowing figure. All of these bits were described in the previous sec-
tion, Require Service,

Bit 7 Bit 6 Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit G
N/A Abnormat Low Event Self Powerfon Data
Always SRQ Condition Battery Occurred Test Reset Ready
6] Error
Decimal 128 64 32 16 8 4 2 1
Value

Status Byte (Register)

Reading the status byte clears all bits except for the data ready bit (bit 0) 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 cleared
when the reading is read or no longer available.

All Status Register bits are reset by a Device Clear message. Bits 1, 2, 3, and 5
are cleared by a SPOLL if bit 6 was set. If bit 6 was a 0, indicating that the 3421A
was not generating the interrupt, no bits 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-IB
TRIGGER & TRIGGER 7
TRIGGER 801 TRIGGER 709
Comments

if the 3421A is an addressed listener, the TRIGGER statement will cause the
voltmeter to take one or more readings. For example, if scan trigger {T3} or
hold/enable scan trigger (TO) 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 volimeter
untit either the TRIGGER command is executed, a reading is asked for fli.e.,
ENTER901;A) or T2 is asserted.

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

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

Topics in Advance Programming

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

Thermistor

This first program computes the temperature, in °C, corresponding 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 either 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 be used. To convert the program to a 4-wire measurement, delete the
exclamation mark from line 80 and make line 70 a comment statement.

The program will prompt for a channel number (lines 60 and 70), type in one channel
number and press [END LINE]. The program will continually make measurements on
that one channel, convert the reading to °C and display the temperature.

Lines Dascription
;8 : Temperature Ezgﬂa?rements 50-60 These two lines get the chan-
! with a type thermistor
gg : -HP- 8% version nel number.
T 34218 at address 301 . :
50 DISP “CHANNEL NUMBER?™ 70-80 If_me 70 setsl the 34?1A up
60 INPUT C or a Z2-wire resistance
{733 QUTPUY 301 ;"THO™:C measurement on the therm-
! QUTPUTI0T ;"FHO" . C ; ;
30 Q3=.0000000%41 IS'EO!’.. Line 30 can be used for
100 Q2=.00023585 4-wire resistance measure-
110 Q1=.0601286 ments.
120 ENTER 901 : B . .
130 Q4=L06G(B» 90-110 These three lines contain the
1449 P:1I(QT+Q4*(92+Q4*Q[‘*Q3) »-273.15 conversion Coefficients for
150 DISP P he 44007 th \
160 6078 70 the thermistor.
170 END 120 Line 120 enters the measured

resistance from the 3421A.

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

180 The calculated temperature is
displayed.

160 The GOTO70 statement
returns the program to line
70 for another measurement.
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TEMPERATURE MEASUREMENTS (Cont’d)

Thermocouple

The TEM command can be used for temperature measurements as iong 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
temperature measurements. Although the program was written specifically for J-type
thermocouples, it can easily be adapted for other types simply by changing the con-
version coefficients. 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 190 and 200. Measure the temperature of the 44462A assembly terminal
block. This is done with the REF 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 reference
voltage. The coefficients used in this step are determined by the type of thermocou-
ple being compensated. The equation used is: V =R+ (Tref*R1}+ (Tref2+R2). In this
equation, Tref is the Reference temperature and RO, R1, and R2 are the conversion
coefficients. Later in this section, a chart is provided listing the coefficients for
various thermocouples.

3. Lines 230 and 240, Measure the thermocouple voltage.

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

5. Line 280. 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)+V2+P2) +(V3+P3) 4+ (V4+P4) + ...+ (VI+PO)

in this equaton, V is the voltage computed in step 4. The coefficients PO through
P9 are listed in the chart for various thermocouples.
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IENTS (Cont'd)

TEMPERATURE MEASUREI

10 ¥ J-type thermocouple program

20 ' -HP- 85 version

30 ¢ 34218 at address 901

4G ! conversion coefficients

58 RG=-.040000075

60 R1=.00005053

70 RZ2=.000000023

80 P0=-.36

90 P1=197508.9

100 P2=-176117

110 P3=1.821297E7

120 P4= 2831128000

130 P5=2715083800090

140 Pe=-1.38014121E13

190 P7=3.78243843E14

160 P8=-5.3719255E15

170 P3=3.06840254F16

180 ! Heasure and converi reference
190 OQUTPUT 501 ;"REF17™

200 ENTER 901 : R

Z10 V1=RO+R=(R1+R=R2})

220 ! Heasure and convert thermocouple voltage
230 DUTPUT 901 DCvi7”

240 EMTER 901 : ¥

250 V=U+\1

260 TT1=PO+Vs=(PT1+Yn(P2+Y= (P34 (P4 +Va{PS+Yx{PE+U=(P7+V={(PB+Y=PSI 1)) )33}
270 T=INT(T1=100+.53/100

280 DISP "TEMPERATURE = =T

294 6070 199

300 END
Thermocouple Type

Line

Number J E R K S
50 - 7.8E-7 1.2E~7 -2 -7 -8.2E-7 -20E-7
80 5.053E-5 5.866E-5 5.334E-6 3.964E -5 5.442E 6
70 2.38-8 4 5E—-8 1.2E-8 1.6E--8 1.1£-8
BO - 3881 2.9E-1 —1.5E0 -BiE-2 | - 1.4E£0
a0 1.87508E4 1.61288E4 1.726456E5 2.48503k4 1.73545E5
100 -~ 1.78117E5 - 2.05411E5 - 3.27668E7 —3.82662E8 | - 3.26287E7
110 1.821297€7 3.048432E7 7.787787ES 2.9661057E7 8.477335£9
120 ~2.831128E9 - 2.9680242E9 —1.13882593E12] —1.0B20624E10 | ~ 1.327040E12
130 2.7150838E11 1.4284858E11 1.01396298E£14 6.03928585E11 1.2361123£14
140 -1.3801412%E13| —~3.7221844E12 | - 5.4842802E15 —1.9109e13 —6.79267948E15
150 3.79243843E14 5.3981272E13 1.7414488E17 3.4782347E14 2.06822%4817
160 -B.3719255E15 —4. 1058285814 | - 2.8235505BE18 —3.3991028E15 —2.8874849E18
170 3.0840254E16 1.2777468E15 1.9280744E19 1.3828514E16 8.2663728&18
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COMMAND DIRECTORY

This command table for the 34214 is divided into two groups, first the Standard
Commands and second the Advanced Commands. The Standard Commands are ar-
ranged by command gm'up: VOLTMETER, TEMPERATURE, COUNTER, DIGITAL, and
CHANNEL. Refer to chapters B and 6 in this manual for more information on chan-
nel addressing, etc. The Advanced Commands are also arranged by function: A/D
(voltmeter, counter), DIGITAL, CHANNEL, and INSTRUMENT. The following format
is used to describe the commands.

Command

Function
Command format and Description  includes command
Farameters function and assemilies
controfled.

DC VOLTAGE MEASUREMENTS

et o, .
B [ GOV y, o ix.y....z] s optional Channel Lest 1
. N . MMM
Description =e-—"
DOV sets the voltmeter 1o the DC Vaits funoiion, autor digits resolution. 1 the optionat chanrel list s sent

are loaded in the order receive

wath

w command, the channels

tis sent wihth he command, the provigusly 2 51 remaine in effect. Furthermore. any channel that was
rermaing clesed and one measurement in made from thet channel

¥ no shannet
previcusly clo

Examples

OUTPUT SO "DOCVE, 2.5 7147 1Sets up chan

channel ane ¢
COUTPUT 301 DCVY Hn this e
nels are

for channels 1, 3, %, and 7 through 14, Measdrements are (natde on gach

1 Chapter & o
F, ...z refe

3
mand, the tast channel in the iz
in prior to the command

4. When the 34214 s aacldwsaem talle, oll readings will B2 sent in the order that mever(: waken {same order a3 the channst s
-~d.dciddd[l & or {5 % digit mode), %

4. Answer returned tn tormu

Examples are typical BASIC language statermsnts Notes include power-on state, where 1o look for
with 34214 at HP-IL address 901, more information, and special operating notes.
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DC VOLTAGE MEASUREMENTS

DEVx,y, ...} [x,v,...z] is optional Channel Lisy,

Description
0OCV sets the voltmeter to the DO Velts function, autorange on, autozero on, 5% digits resolution. H the optional channel fist s sent
with the command, the channels are loaded in the order received, a measurement is made from gach channel. in sequence, and stored.
if no channel list 13 sent with the command, the previously asserted channel list remaing in effect. Furthermaore, any channel that was
previcusly closed remain: closed and ene measurement s made from that channel,

Examples
QUTPUT 301,°DCVY1.3,5,7.147 1Sets up channel fist for channels 1, 3, 5, and 7 through 14, Measurements are mads on each
charnel and stored.
QUTPUT 01,7 DLV lin this example, ne chaniel st is sent, Therefore, one measurement will be taken. If no chan-

nels are closed, this command can be used o make measurements from the front panel.

Notes

1. Chapter 5 provides more information and examples using this cornmand.

2. by,...z] refars 1o optional channel list., Rules for using the Channel List are given at the end of the Standard Commands.

3. DCV always opens the last channel measured before closing the next channel. When the 3421A is finished executing the com-
mand, the last channet in the list remaing closed. H no channel list was sent, the 342 1A leaves channels in the same state they were
in prior to the cormmand.

4, When the 3421A is addressed to 1alk, all readings will be sent in the arder that they were taken (sarme order az the channel list).

b, Answer returned in {form: -+ /-d. dddddE + /-d cr if {B'% digit mode}.

6. if no parameters are sent, then T2 (software single trigger} s executed. ¥ parameters are sent, then T3 is executed.

AC VOLTAGE MEASUREMENTS

ACVIxX,y,...z] Dy, ...2] is optional channel list

Description
ACY sets the voltmeter to the AC Vokts function, autorange on, autezero on, 4% digits resolution. 1f the optional channel list is sent
with the command, the channels sre loaded in the order received, a measurament is made from each channel, in sequence, and stored.

if no channel list Is sent with the cornmand, the previously asserted channel list remains in effect, Furthermore, any channel that was
previously closed remains closed and one measurement is made from that channel.

Examples
GUTPUT 901:""ACV5,1-3,21,22" iSets up channel list as: 6, 1, 2, 3, 21, and 22. Measurements are made on each channel and
stored.
CUTPUT 901, ACY" iln this example, no channet ist is sent. Therefore, one measurernent will be taken.f no channels

are closed, this command can be used to make measurements from the front panel

Notes

1. Chapter 5 provides more information and examples using this command.

Z. Ixy,..zErefers to optionat channel list, Rutes for using the Channel List are given at the end of the Standard Commands.

3. ACV always opens the last channel measured before closing the next channel. When the 34214 is finished executing the com-
mand, the last channel in the list remaing closed. If no channel fist was sent, the 3421A leaves channels in the same state they were
in prior to the command.

4. When the 3421A is addressed 1o talk, all readings will be sentin the order that they were taken {same order as the channei iist).

b, Answer returned in form: + /-d.ddddE+/-d or If

6. If no parameters are sent, then T2 {software single trigger} is executed. If parameters are sent, then T3 is executed.
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2-WIRE RESISTANCE MEASUREMENTS

TWOIxy, .7 [x,y....2} is optional channel list.

Description

TWO sets the voltmater 1o the 2-wire resistance function, autorange on, autozero on, 5% dights resolution. If the optional channel| list
iz sent with the command, the channels are loaded in the order received, a measurement is made from eact channel, in sequence, and
stored. Refer 1o T3 in Advanced Commands, :

If ne channet tist iz sent with the command, the previously asserted channel list remains in effect. Furthermore, any channel that wasg
previously closed remaing closed and one messurement is made from that channel. Refer to T2 in the Advanced commands,

Examples

QUTPUT 901" TW01,3,5,7-14" {Sets up channel Bist for channels 1, 3, 5, and 7 through 14. Measurements are made on gach
channet and stored. .

OUTPUT 901" TWQ"' lin this exarmple, no channet list is sant. Therefore, one measurement will be taken. If no chane
nels are closed, this command can be used to make measurements from the front panel.

Notes

1. Refer to Chapter § for more information and examplss,

2. Ix.y,. zl refers to optional channel list. Bulas for using the Channel List are given at the end of the Standard Commands.

3. TWO always opens the last channel measured before closing the next channel. When the 3421A is finished executing the com-
mard, the last channel in the list remains clesed. If no channel list was sent, the 342 1A leaves channels in the same state they ware
in prior to the command.

4. When the 3421A is addressed to talk, sll readings wilt be sent in the order that they were taken {same order as the channet list).

5. Answer returned in form: +/-d.dddddE +/-d cr If

&. If no parameters are sent, then T2 {zeftware single trigger) is executed. i parameters are sent, then T3 s executed.

4-WIRE RESISTANCE MEASUREMENTS

FWOIx,y,...7| {x,¥,...2] i5 optional channel list.

Description
FWO sets the voltmeter to the 4-wire resislance funciion, aulorange on, autczero on, 5% digits resolution. if the optional channet list
is sent with the command, the channels are loaded in the order received, a measurement is made from sach channel, in sequence, and stored.

i no channel list s sent with the command, the previously asserted channel list remains in effect. Furthermore, any channel that was
previously closed remains closed and one measurement is made from that channel.

Examples
QUTPUT 901;"FWQ0-8" 1Sets up channel list of channels O through 9. Channels 10 through 19 will also be used.
Measurements are made on channel pairs and stored.
QUTPUT 301, FWQO"’ lir this exampie no channel list is sent. Therefore, one measurement will be taken, if no chan-

nels are closed, this command can be used to make measurements from the front panel.

Notes

1. Refer to Chapter 5 for more information and examples.

2. bx,y,...z1 refers to optional channet list. Rules for using the Channel List are given at the end of the Standard Commands.

3. tdealiv [x,y,...z1 should be on the same slot; i.e. addresses 0-9, 10-19, or 20-29. Each channel in the channel list is automatically
paired with [} + 10,y + 10,...2+ 10l uniess Ix,y,..,z} are between 20 and 29. In this case they are paired with Ix-20,y-20,...2z-20]. Channel
pairs are closed simultaneously. Use caution therefore and know which channels you will be closing.

4. FWO always opens the last channel or pair of channels measured before closing the next two channels. When the 342 1A is finished
executing the command, the last channel in the list remains closed. Hf no channel list was sent, the 3421A leaves channels in the same
state they were in prior to the command.

5. When the 342 1A is addressed to talk, ali reacings will be sent in the order that they were taken {same order as the channel list}

6. Answer returned in form: +/-d.dddddE +/-d or If

7. If no parameters are sent, then T2 (software single trigger) is executed. If parameters are sent, then T3 is executed.
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TEMPERATURE MEASUREMENTS

TEM{x.y,. .z} Ix,v, ...zl is optional channel list.

Description
TEM is used to take temperatire measurements from T-type thermocouples cnly. A sofiware reference junction compensated conversion
H ¥ F Y i P
is made. The answes returned to the caleulator s in degrees C with 5% digit resclution,
If no channe! list is sent with the command, the praviously asserted channel list remzins in effect. Furihermore, any channel that was
previcusty closed remeing closed and one measurement is mads from that channgl,

Examples
QUTPUT 907, TEM1,3.5,7- 147 1Sets up.channel list for channels 1.3, %, and 7 through 14, Measurements are made on sach
channel and stored.

QUTPUT 901, ' TEM IIn this example, ne channel number is sent. Tharefors, the measurement will be mads from
whatever multiplexer channel is clossd, If no channels are closed, the command can be used
o make measurements from the from panel

MNotes

1. Raefer to Chapter b for mare information and examples.

2. ey oz refers to optional channel ist, Rules for using the Channel List are given at the end of the Standard Commands.

3. The REFerence temperature will be taken on the same option board as the channe ffled. 1f ne channels are specified, the REFerence
temperature measuremant witl be made on the 444624 assembly that has s multiplexer channel closed. If there are no multiplexsr chan
nets closed, the BEF measzurament will be made from the 44482 A assembly in the lowest numbered siot. If thers are no 444624 emblies,
an error will be generated.

4. TEM always opens the last channs! me
mand, the last channgl in the list remaing closed. I no channet list was
in prior 1o the comraand.

. When the 34214 is addressed to talk, ail readings will be sent in the order that they were taken (same order as channel Hist).

6. Answer in degrees C s returned in form: +/-d dddddE +/d or If

7. H no paremeters are sent, then T2 {software single trigger) s executed. I parameters are sent, then T3 is executed

sured before closing the next channel. When the 3421A is linished executing the com-
sent, the 342714 leaves channels in the same state they were

REFERENCE MEASUREMENT

REFEx [%] iz optional channe! number.

Description

REF is used to determine the temperature of the reference junction on the 44467A assembly where channal [x] is ocated. The measure
rnent is performed by executing a software single trigger, T2, If channe! [x]is not sent, the measurement will be taken from any 444824
aszambly where s multiplexer channel is clesed, If thern are no 44462 A sssemblies with a zd channel, the BEF measurement wilt
he made from the 44462 A assembly with the lowest slot number. 1 there sre ne 44462 A assemblies, an error will resuit, The answer
returned by REF is in degrees C. Refer to chaptar & for more information.

Exampies
10 QUTRUT 801, REF1 Makes a reference junction emperatire measurement on 444620 assembly in shot O,
20 ENTER 901;:A lAnswer returned is in degrees .

Notes

1. Refer to Chapter & for more information on REFerence and TEMperature measurements. Alst, there are sxamples in Chapters 3
and 4 using the REF command for thermocouple measurements,

2. {x}is an optiona! channel numbper.

3. The state of the 3421A changes to BEFercnce function (F5), autorero on, software trigger (T2) and 4% digit resolution.
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FREQUENCY MEASUREMENTS

ROy, . .2] by, .zl s optional channel bst,

Description

FRO s used 10 set the 3421A for frequancy measurements with a1 second gate time and 8 digit resolution. The measursment s parformaed
by excouting a software single trigger, T2, If the optional channel list is sent, the channels are loaded in the order received, a measure-
ment 18 made on gach channel in sequence, and stored

i no channel list is sent with the command, the previously asserted channet st remains in effect. Furthermore, any channe! that was
areviously closed remaing clused and one measurement s made from that channel,

Examples
QUTPUT Q01" FROT, 25,7147 IBets up channiel list for channels 1, 3, 5, and 7 through 14, Measurements are made on each
channel ard stored.
QUTPUT BG1;FRQ"Y fin this example, no channel fist is sent, Therefore, the measurement will be made from any

multiplexer channel that is closed. H no channels are closed, the command can be used to maks
measuraments from the front pansd,

MNotes

1. Refer to chapier 5 for more information and examples.
2. Ixy,. ..z} refers to optional channet list. Rules for using the Channe! List are given at the end of the Standard Commands.

3. FRQ always opans the last channet measured before closing the next channel. When the 34212 s finished exscuting the command,
the last channel in the list remaing closed. If no channel list was sent, the 3421A leaves channels in the same state they were in prier
to the command.

4. When the 3421A iz addressed 1o talk, alt readings will be sent in the order that they were taken {same order as the channel list}.

TOTALIZE COUNTER

TO¥{x] Ixl i optional channel number.

Description

The TOTalize function is used to count events (totalize}. The measurement is performed by exccuting a software single trigger, T2, H
a channet is sent, the 342 1A opens all other multiplexer channels, cleses the specified channel, zeros the counter and starts counting.
Meaximum count is 65,535, If a channel is not specified, then no channels are changed. i the 3421A is addressed to talk, it will send
the current subiotal without interrupting the totalizer. IMPCRTANT: The TOT command remains in effect until another command is received
by the 3421A causing it to change states.

Example
10 OUTPUT 201, TOT3 ! The TCOTalize function is commenced on channel 3.
20 WAIT 1000
30 ENTER 301,A . 1 The current subtotal is entered into variable A.
Notes

1. Refer to Chapter 5 for more information and examples. )
2. [x1is an optional channel number, if no channel is specified, the TOT function is executed with no charnels changing state.
3. If [x}is not a multiplexer channel, an error will ocour,
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READ DIGITAL INPUTS (8-bit word)

{ REDi i specifies the slot number to read fmmw!

Description

REDI iz used te read the digital input word (8-bits) fram the 44465A Digital VO assembly i slot “'i”". The answer returned by the 3429 A
is a decimal number (O t2 258} which 15 equal to the sum of the values of the individual bits that are set. Refer to the bit value chart
and to Chapter 6.

Bit # 7 6 3] 4 3 2 H O
Vatue: 128 &4 3% H g 4 2 1
Biz Vatue Chart
Examples
OUTRUT 801;"'RED T ! Read the digitai word from the 44465A azzembly in slot number 1.
ENTER 901.A | The value A is the sum of the values of the set bits.

Forexample, if A = 173 thenbits 7,5, 3, 2 and O were set {128 + 32 + 8 + 4 + 1 = 173}, This means that the input part looks like:
101 0 1 1 0 1

Notes

1. fefer to Chapter & for more information and examples.

DIGITAL WRITE

WRTi, abe " specifies the slot number to write to, ahc is a decimal value (0
to 255} to be sent to board.

Description

The WRT command is used to write a digital word (fabcl} to the 444854 Digital /0 assembly autput port in slot i The value [abel
iz the sum of the values of the bits to be set. Refer to the bit value chast,

Bit # 7 g 13 4 3 Z 1 0
Value 129 &4 32 16 8 4 2 1
8it Value Chart
Examples
CUTPUT 901" WRTO, 7" ! This command would result in turning on switches 0, 1, and 2 on the 444864 assembly in siot G,
Notes

1. Refer to Chapter & for more information and examples.

READ DIGITAL INPUT BIT

I BITx[y,. .z % is a mandatory bit, Ly,. .z] i optional bit fist. ]

Description

The BITx command reads the digital input bit specified by x. The 3421A will return a value of + Q.000E + O if the bit vaiue is low, or
a +1.000E+ 0O if the bit value is high. A bit list, similar to a channet list can be set up. Refer to Chapter & for more information.

Example
QUTPUT 901,"BITTH" I The $th bit in slot 1 s read. Bits are numbered from 0 to 7.
ENTER 901;A | The variable A contains the value the bit, either O or 1.
Notes

Digital bits are nurnbered: 0-7, 10-17, 20-27, Numbers 08, 09, 18, 18, 28, and 29 are not valid digital bit numbers.
Refer to Chapter €& for maore information and exampies.

Errors are sent as: -8.888E+ 8

Do not use T1 or T2 with the BIT command.

L pa =
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CHANNEL LIST

The series of channels specified in & channel list must follow these rules:

1. The default channel list {asserted at power on or reset) is all moultiplexer channels in numerical sequence. The
channgal list can be loaded with multiplexer channels by the DCV, ACV, TWO, FW(O, TEM, FRQ, LS or LP commands.
tt can also be leaded with digital input bit numbers by the BIT coramand. See chapters B and 6 for more information.

2. Channel numbers are separated by commas. Mowever, a dash may be used to zignify a contiguous set of chan-
nels {i.e., DCVZ-9). Any command that spacifies a channel must be seperated from subsequent commands by either
# colon (0}, a semicalon (5), or & Carriage Return/Line Feed but not & comrma. If the last character in the comrmand string
15 @ comma, an error will be generated.

3. To take a burst of 30 readings on one channed, load the channet st with the channe! number. For example, DCVS-&
will take 30 D Voltage readings on channet 5.

4. The mnemonic determines what type of channel can be loaded into the channel list. In other words, if channel
¥ is configured as an actuator channel, it should not be specified for any type of measurement {i.e., DCV1 or BITT).
If an attempt is made to load the channel list with an improper type of channel, & syntax srror is generated (see SPOLL)
and the command is aborted. If channels x-y is received and some channels in betwesn and including x and v are the
wrong type of channels for the command, they are not loaded into the st and the error message is not generated,
The remainder of the channels are loaded into the list.

5. Leading zeros are ignored, that is, DCVO0019 means DCV19,

6. Al syntax following a decimal point is ignored except for commas, dash. semicolon, colon, Carriage Return (or),
or Lineg Fead (), BCVZ.3 means DOV2.

7. Exponents are not allowed and cause a syntax error. The command is aborted.

&. No more than 30 channels are accepted into the channet list, Legal channel numbers are 00 through 29.
. All lower case letters are interpreted as upper cage. ASCH characters, other than ™, ;2" result in an error, in other
words, De V 21 is the same as DICV21,

10, Terminators are required after any command (Btandard or Advanced) that either specifies 8 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 SRQ mask. This command can have a decimal value " of between O and 2565, Therefore, this command must
be followed by a terminator if another command is to follow ity e.g., OUTRUT 901; “M1;T0". Valid terminators are
a colon {3, a semicolon (), a Carrtage Return or Line Feed; but not a comma ().
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Advanced Commands

A/D { Volimeter, Counter)

fA1 = Auto Ramge DN

Bange Codes : RA&D = Auto Hange DFF
Funetion, [ommand R1 4] By B2 R R4 R& ] R?
Al functions off, FO * ¥ ¥ ! * # ¥ * ¥
DC Volts, F1 3V 3V a0V 300V * * * “ *
AC Volts, F2 v 3V 30V - * * * * *
3-Wire Ohms, F23 * ¥ * 3009 3K J0KG | 300K: | 3MQ 30MQ
4-Wire Ohms, F4 * * * 3000 3K 30KG | 300KG | 3MQ 30MQ
REFerenca, FH The Range is automatically set by the REF command
{See Standard com-
mandg REF)
TEMperature, FG The Fange is automatically set by the TEM command
{Using T type Ther-
maocouples. See Stan-
dard Command TEM.)
Fraguency, F7 Gate Times: G 1= .1 sec., GO=1 sec.,, G1 =10 secs.

* Indicates an invalid combinaticn of function and range codes
Voltmetar Autozero:

Z0 = Auto zero OFF
Z1 = Auto zero ON

Number of Digits of Resolution:
N3 = 3% digits
N4 = 4% digits
NE = Bl digits
Trigger:
TO = Enable channel list measurements and reading storage but do not take readings. Will trigger on either T3, DT,
or HP-IB/HP-IL TRIGGER command. {With a 41C/CV, the TRIGGER command causes a timeout after 10 seconds, The
T3 command is recommended as an alternative.)
T1 = Internal trigger for readings initiated by a read command, i.e., ENTER 8017, {Triggers only on read)
T2 = Software trigger. Takes one measurement on current channel.

T3 = Friggers {makes measurements) with channel list and reading storage,

Note: if FG is asserted and the 342 1A receives either T1, T2 or T3, an error will be generated and -8.8888BE + 8 will
be sent.

DTix = Executes T3 if bit ’x'* on Digital Input port {slot] i’ goes low {i.e., no current is passing through the port},
Note: if any information is passed through the interface prior to the event (triggen the digital trigger function will be aborted.

Example

To set the 347 1A 10 AC Volts function, 3% digit resolution, trigger hold, execute the following command:

QUTPUT 801, F2N3TO""
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Digital Control Commands

Monitor High (bit)

z MHx (% = digital bit address) ]

Description

Sets bit 3 (event ocourred) in Status Register when the specified bit equals a 1" {hight. Theretore, an SRO interrupt
will be sent 1o the computar. When the 3421A is addressad to talk, it will send the status of the digital input word
8-bitg) at the time the bit went high.

Example
CUTPUT 801;"M8"" | Set SRQ Mask for EVENT OCCURRED.
OUTPUT 901 USING “#,K7" ; “"MH1b5" ! This command rnonidters bit & in stot 1 {Digial 1G)
Notes

1. After setting the 342 1A for the monitor command, no further communication shauld be allowed on the interface
{HP-IL or HF-i8). The monitor cormmand may be aborted if any communication oceuris.

2. 4f you are using the 342 1A with the HP-IB interface, you will need 1o execute the command: SEND 7, UKL (or
its equivalent) to “unlisten” the 342 1AL if this is not done, the 3421A will not interrupt the computer,

Monitor Low (bit)

[ MiLx {x = digital bit address) ]

Description

Sets bit 3 {event occurred) in Status Register when the specified bit equals 2 0" {low). Therefore, an SRQ interrupt
will be sent to the computer. When the 34214 is addressed to talk, it will send the status of the digital input word
(8-bits} at the time the bit went low. ’

Example
QUTPUT 8061, 'M8" 1 Set SRQ mask for EVENT GCCURRED.
QUTPUT 01 USING ""#.K'"; “MLO2" 1 Monitor bit 2 on slot O (Digitel YO}
Notes

1. After setiing the 342 1A for the monitor command, no further communication should be allowed on the interface
{HP-IL or HP-iB). The monitor command may be aborted if any communication occurrs.

2. 1f you are using the 34214 with the HP-IB interface, you will need 10 execute the command: SEND 7; UNL {or
e equivalent) to “uniisten’’ the 3421A, i this is not done, the 3421 A will not interrupt the computer.
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Monitor Slot (word)

| MNi Manitor Slot i |

Description

This instruction reads digital Input port on slot 717, Exclusive-OR's it with the XOR mask (see XRlsbc] command), ANDS
the result with the AND mask (see ANfabel) and if the final result equale zero it sets bit 3 in the. Status Register. This
command does not automatically set the SRQ Mask., An SRQ interrupt will be generated if bit 3 in the SRQ Mask is
set, =ee MY in the Advanced Commands.

Example
QUTPUT 801, M8’ I Set SRO mask for EVENT OCCURRED.
OUTPUT 901 USING “# K7 "MN2Y I Monitor slot 2
Notes

1. After setting the 34%1A for the monitor command, no further communication should be allewed on the interface
{HP-IL ar HP-iB). The rnonitor command may be aborted if any communication accurrs.

2. 1f you are using the 3421A with the HP-IB interface, you will need to execute the command: SEND 7; UNL {or
s equivalent) to ‘unlisten’ the 342140 If this is not done, the 34214 will not interrupt the computer.

Exclusive OR Mask (for MN command)

KR[abgl Exclusive OR mask, abc] represents a decimal
number G-2556.

Description

The vailue [abel is the sum of the values of the individual bits you want set in the mask, As a general ruie, the XR mask

is set to the bits you want to interrupt on when they go true (1), If no number is received, the mask is set t¢ all zeros.
Sec Bit value chart in chapter 6.

Example

OUTPUT 801" XRE3"" 1%ets the Exclusive-OR mask to bits 5, 4, 2, and 0, (32 +168+4+1 = 53}

AND Mask (for MN command)

AN[abc) AMD Mask, [abc) represents a decimal number
0-255.

Description

The value [abc) is the sum of the values of the bit you want to set in the mask. As a general rule, the AN mask is set

10 the bits vou want to monitor to cause the interrupt. If no number is received with the AN command, the mask is
set to all zeros. See bit value chart in Chapter 6._

Example

CUTPUT 801;""AN135" t Set the AND mask to bits 7, 2, 1, and 0. {?28+4+2+.‘| = 1356}

O
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Digital Set (word)

D& Jabe] YECis the stot number for the Digitat O option {abet is a decimal
vahie you wish o set the waord to.

Description

This command “‘sets” the digital output port switches of the option card in sfot 71" 1o the value [azhe]. Al switches
not specitied by label remain unchenged. [abcl s the sum of the values of the individusl hits you want set,

Example

10 QUTPUT 901;'DS1,537 f Set the word ‘537 thits B, 4, 2, and O} inslot 1.

DIGITAL CLEAR

DG, (shel i s the slotnumber for the Digital V0 option, fabe] is the decimal
value you want to set the word to.

Description

This command ““clears’ the digital cutput port switches of the option card in slot 77 1o the value [abe]. A1l switches
not specified by labei remain unchanged. [abcl is the sum of the values of the individual bits you want cleared,

Example

10 QUTPUT 801;7DC2,17 ! Ciear bits 4 and 0 in slof 2.
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Channel Control Commands

READ CHANNEL LIST

I RI. Read channel List |

Description

This command aliows you ta read back to the computer the current channet list of the 3421A. The channel list is read
back in the same order it was assigned. if a place in the list is empty, the place will be marked by 98",

Example
10 QUTPUT G017ES1-7 15et up channels 1t through 7 as channel tist
20 QUTPUT 961 RLY ! Read channel list
30F0R 11 TO 30
40 ENTER ALl t Enter andg display the channel fist.
HhO DISP A(b
GO NEXT §

The Channel List would be read back as: 1, 2, 3, 4, 5, 6, 7, 94, 99, 98, .. untit 30 numbers are read back.

LOAD SINGLE CHANNELS
(into channel list)

| {Six,v,...2} Load channels {x,y,...z} into the channel dist

Description

Use the LS command o load the channel list with single channels (see also LP command}. if the voltmeter or counter
is also set up, a T3 command will open all muitiplexer channels, close the first channet in the list, and initiate readings-

on the channel list and store them. The channels may be in any order,

Example

1) CUTPUT 801,7LS81-5,7"" | Load channeis 1,2,3 4,6, and 7 into the channel list.

LOAD CHANNEL PAIRS
{into channel list)

LPIx,y,...2} Load channels {x,%10,y.y+ 10, ...z,z+10] into
channel list.

Description

Use the LP command to load the channei list with channel pairs. Channels x and x + 10 are closed simulianeously. if
a channel number {e.g., x=24) is greater than 20, then fis paired channel wilt be x-20 (e.g., 4).

Exampile

10 QUTPUT 901%,"LP12-157 | Channel pairs 12&22, 13823, 14824, 16&25 are loaded into the
channel list.
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CHANNEL LIST POINTER

I 811 = Scanner increment |

Description

Opens the cureently closed multiplexer channed and closes the next channal in the fist. No measuraments are taken,

{ S0 Reset Pointer l

Description
Rezets channel st pointer to beginning of chiannel list. No channels are opened or closed and no measurements are taken.

Example

10 GUTPUT 901,758 | increments multiplexer

UNCONDITIONALLY CLOSE CHANNEL

[ UCx = Unconditionally Close channel x. i

Description
The channel specified by "%’ is closed without opening any other channels. Also, if "%’ is g digital cutput bit, the
hit will be set.
WARNING

USE EXTREME CARE WITH THIS COMMAND. IT 1S POSSIBLE TG HAVE TWO OR MORE CHANNELS CLOSED
SIMULTANEOUSLY WATH THIS COMMAND. DAMAGE TO THE INSTRUMENT OR CUSTOMER TRANSDUCERS OR

OTHER INSTRUMENTATION MAY OCCUR.
Example

10 OUTPUT 90%;"UCT12” | close channel 12 regardless of what type it is.
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instrument Control Commands

Description

This command is used to reset the 342 1A, The 342 1A goes through its internal self test and goes to the following states:

1. Al multiplexer and actuater channels are opened.
2. Ali digital output bits are cleared.
5. Voltmeter is set to) DC Vohs, Autorange on, Autozero or, 5% digits resolution, internal trigger.
4. Counter s set to 1 second gate time,
5. Reads rear panal switches and responds accordingly.
£. Channel list is initizlized to ali available multiplexer channels from lowest number to highest number.
7. SR interrupt genersted i self test faited.
8. The HP-IL address is not changed.
9. Reading storage buffer is empty.
Example
10 QGUTFRUT G01;R8” I Reset the 34214

DISPLAY NUMBER

| D x x is optional numbers G?QJ

Description

The number “'x"’ {0 to 29} will be displayed on the 3421A display. No channels are changed and no measuraments
will be made. However, any channel numbers previousty displaved will disappear.

Example

10 QUTPUT 301;7DNE"’ I This will display the number 5 on the 3427A display.

Notes

1. Sending DN without x returns the 3421A to normal display mode.

SET SRQ MASK

{ Minl Set SRO Maszk to value nz

Description

This command is used to set the SRQ mask inside the 3421A. Only bits 0, 3, and 5 can be masked, Bit 1 is masked
by the Power-on SRQ switch on the rear panel of the 3421A. The value 'n’’ is o decimal value equat to the sum of
the vatues of the bits you want to set, When a 1-to-1 correspondence of set bits in the Status Register and set bits
in the SRQ mask occurs, an SRA interrupt will be sent to the computer.

Bit 7 Bi 8 Bit 8 Bit 4 Bit 3 Bit 2 Bit 1 git O
N/A SRG Abnormal Low Event Self PWHR-on Drata
Condition Batt Occusred Test Reset Ready
Error
Example
10 QUTPUT 801;"M1” 1Sets SRQ mask for Data Ready
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READ STATE REGISTERS

I SR oread Srate Registers I

Description

When the 342 1A receives this command, 24 decimal numbers will be sent to the computer. Each decimal number (0
to 256} represents one state reqister. The state registers are used to determine the exact status of the 3421A. The
first four reg s are errof registers and are used to determine the exact nature of errors. These error registers are
cleared after all four are read. For HP-IB, register & must also be read using an additionat ENTER statement. The remain-
ing registers are used to determine the current state of the 3421A, ie., which option assembiies are available in the
3421 A, the culrent measurement function {whethar DC Volts, ohms, ete.}, measurement range. which multiplexar and
actuator channels are closed, and the setting of the various masks. These registers are not cleared after reading. |
the 3421A receives another command bafore it has sent all of the 24 registers, it will stop sending them.

Example

10 DM A(24)

20 GUTPUT 201, "SR
30 FORI=1TO 24

AC ENTER 801; A

50 DISP Al

60 NEXT |

I This ling sends the Status Register command.

! These three lines read back the 24 registers.

The tollowing describes each of the registers. The valus returned from each register is the sum of the values of the
bits that are set. Chapter 3 has a short BASIC language program that will read all 24 registers and decode them on
a bit-by-bit basis.

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

Bit 7 Bit & Bit B Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Always SR Abnormal Low Event Self Test Pawer-on Data
810 Condition Battery Occurad Error Reset Ready
(MN, ML,
MH)
Register 2: Error
Bit 7 Bit € Bit 5 Bit 4 Bit 3 8it 2 Bit 1 Bit 0
Not Tried to Can't do T3 Can't do Option invalid Addressed Triggered
Defined ioad since chan- TOT, MH, specifiad in syntax. 12 talk but but FO
channel ned list is ML, MM, command no data asserted
fist with empty 27 while goes not ready
more Battery is axist in
than 30 " low that siot
channels
Register 3: Hardware Error (see 3421A Service Manual)
Bit 7 ! Bit 6 | Bit 5 } Rit 4 ‘ Bit 3 } Bit 2 ] Bit 1 | Bit O
10 MG RAM RAM LiB04 uP RAM AD Slope ROM 0 ROM 1 Cal RAM
test Us03 failed failed Error chack- checksum check-
falled failed sum error error sum error
Register 4:; Calibration error (see 3421A Service Manual)
Bit 7 ; Bi G | 8it 5 ‘ Bit 4 ; Bit 3 I Bit 2 I Bit 1 | Bit 0
Not AD Cal RAM Cal att- invalid Invalid Invalid invalid
Defined error bad empied CAL zerp Cal Cal Cal
Cal RAM signat number function
not en- Or range
abled

NOTE. Those bits specified as Not Defined may be either a 1" ora ‘0",
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Register 5: Status of the SRQ Mask (see SPOLL in Chapter 3)

Bit 7 Bit 6 | Bit & ] Bit 4 | Bit 3 § Bit 2 ] Bit 1 [ Bit O
Mot SRO 1= 5RQ i Low 1= SRG Self Test = SRA if 1=5R0
Defined {always abrormal hattery event oocurs fatled Power-on if data
1% condition: {always (VN ML MM {always reset oceurs readdy
OCLUFS 1} [T 1)
* The bits labeled as “abways 177 are not maskable, When the event occurrs, the SRO interrupt message will

he sent to the controller.

#* This bit or feature is ensbled/disabled by the POWER-ON SRO switch on the rear panel of the 3421A.

Register 6: Option Boards Available

Bit 7 Bit & | Bit & | Bit 4 | Bir 3 Bit 2 Bit 1 Bit 0

Not Slot 2 s Slot 1 is Slot O is always Slot 2 is Slot 1 s Slot O is
Defined diggital Diggital Digyital ZETO mux mux %
option option cption option option optien

Register 7: Actuator Channels Available

Bit 7 | Bit 6 i Bit 5 t Bit 4 ! Bit 3 | Bit 7 1 Bit 1 | Bit 0

Not ’ Aot l 1 = actuator
Definad Detined channel 23

1 = chan- l T =chan ‘ = chan- i 1= chan- ‘ 1= chan-
nel 20 nel 11 nel 10 nel i net O

Register 8: Actuator Channels Closed

By 7 ! Bit 6 i Bit & | Bit 4 | ait 3 ; Bit 2 Bit 1 Bit 0
Not Nt 1= actuator 1= 1 = gotuater 1 1= acutator 1=
Defined Defined channel 21 actuator channegl 11 actuator channst 01 actuator
clusad chan- closed chan closed chan-

nel 20 nel 10 | nel 00
ciosed closed closed

Register‘s 9 and 10: Register 9 contains the channel address when a multiplexer channegl is closed.,
If channet pairs were closed, Register 10 contains the paired channel

Bit 7 Bit6 Bit 5 Bit 4 8it 3 Bit 2 Bit 1 Bit O
Not Defined
Slot O 0 0 o) 4] 4] o] LChannel O
Slot 1: 6] 1 o] 0 0 1 :Channel 1
Slot 2 1 0 [¢] 0 1 0 :Channe} 2
o} o] H i :Channel 3
0 1 O Q :Channel 4
0 i O 1 :Channel &
0 3 1 0 :Channel 6
0 1 H 1 :Channel 7
1 G G 8] :Channel 8
1 o] G G :Channel 9
X X 1 1 1 3 :no channel closed

Bit definition for Registers 8 and 10 are the same.

NQTE. Those bits specified as Not Defined may be either @ “'1" or a "'0".
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Registefs i q thr@ugh 1 6: Indicates which relay channels were

Register 11

closed by the UL command.

Rit 7 i Bit 6 | Bit § Bit 4 1 Bit 2 Bit 2 Bit 1 Bit 0
Not ! Mot ‘ Not 1= chan | 1= chan 1 = char 1 = chan 1= ohan
Defined Defined Defined 4 clogsad 3 closed 2 closed 1 closed 0 closed
Hegister 12
Bit 7 ; Bit 6 | Bit & Bit 4 | Bit 3 Bit 2 Bit 1 Bit 0
Not | Not ' Not 1= chan ‘ 1w chan 1 = chan 1+ chan 1= chan
Defined Defined Detined 9 closed 8 closed 7 closed B closed B closed
Register 13
Bit 7 | Bit 6 ‘ Bit & | Bit 4 | Bit 3 Bit 2 | Bit 1 Bit O
Not ’ Nat ! Not ‘ 1= chan l 1 = chan 1= chan ‘ 1= chan 1 chan
Defined Defined Deafined 14 closed 13 closed 12 closed 11 closed 10 closed

Register 14

Bit 7 | Bit 6 ; Bit & | Bit 4 ; Ait 3 ; Bit 2 | Bit 1 | Bit O
Not ‘ Not | Mot } 1= chan l 1= chan , 1= chan ‘ 1= chan ‘ 1w chan
Defined Detined Defined 19 closed 18 losed 17 closed 16 closed ihoclosed
Register 15
Bit 7 l Bit & | Bit & I Bit 4 1 Bit 3 ] Bit 2 E Bit 1 | Bit O
Not ‘ Mot ‘ Not , 1= chan ’ i =chan 1 = chan ! 1= chan ' 1 C.?laﬁ
Defined Defined Defined 24 closed 23 closed 22 closed 21 closed 20 closed
Register 16
Bit 7 ‘ Bit & | Bit & t Bit 4 1 Bit 3 | Bit 7 ; Bit 1 | Bit O
Not I Not ‘ Not I 1= chan l 1 =chan 1= chan l 1= chan I 1 =¢han
Defined Oefined Defined 29 closed 28 closed 27 closed 26 rlosed 25 closed
Register 17; Functions
Bit 7 ' Bit € j Bit & | Bit 4 | Bit 3 | Bit 2 Bit 1 Bit 0
Net ‘ Mot ; Not ‘ Not ‘ Not ’
Defined [Defined Defined Befined Defined
No functions ass ] 0 0
O 0 1
o] 1 0
Z2-Wire Chmsg: 0 1 1
4-\Wire Ohms: 1 0 0
Reference Temperature: 1 O 1
Tempererature {T-type thermocoupie): 1 1 0
Frequency: 1 1 1

NOTE. Those bits specified as Not Defined may be either a /1" or a 0",

986




Register 18: Ranges

Bit 7 l Bit & E Bit B l git 4 Bit 3 Bit 2 Bit 1 Bit O
Not } Noi t
Defined Dietined
Counter 1 Second O o] 0 s G ] NGOT USED
Gate Time T Second O 4] 0 6] ¢ 1 R
Codes 10 Second 1 1 ] 4] i 0 RO
4] 4] 1 1 R Voltimeter
4] i G 0 12 Hnge
[ 1 O 1 23 Codes
G 1 1 0 R4
G | 1 1 RE
1 0 0 o] RE
1 0 ¢ T - RHY
Register 19: Voltmeter status
Bit 7 | Bit 6 gits | Bit4 Bit 3 ’ Bit | Bit 1 Bit O
1= Cal ‘ Not 1 =50Hz 1owaute-| 1= auto 1 =internal
enabled Defined O = H50Hz ZEFO 0N { range on trigger
integration 0 = auto 0= auto
tirmie raro off 1 range off
G G - TO (Trigger hold)
O 1-T1
1 O-T2
1 1-71T3

Register 20: Number of Digits of Resolution

Bit 7 | Bit 8 i Bit 5 i Bit 4 i Bit 3 ! Bit 2 l gt1 | BitO
Not ’ Not ’ Not i Not ’ Not ’ Not ‘
Defined Dafined Defined Defined Defined Defined
invalid: 0 0
% digitres: 0 1
4Y: digit res 1 0
3% digitres.. 1 H
Register 21: Channel List
8it 7 | Bit & | Bit & ! 8it 4 Bit 3 Bit 2 Bit 1 Bit O
1w channel list is Not Mot Not Not 1=TGT Not Not
digital bita. Defined Defined Defined Defined function Defined Defined
Q= channet list is on.
mux channels
Register 22: Display Mode
Bit 7 | Bit 6 | Bit & | Bit 4 Bit 3 Bit 2 Bit 1 8it 0
Not Not Not Not Not 1= DN mode Not Not
Defined Defined Defined Defined Defined on. O=DN Defined Defined
mede off.

Register 23:
Register 24:

AND mask (set by ANl[abc] command)
Exclusive-OR Mask (set by XR[abec] command)

NOTE. Those bits specified as Not Defined may be either a ""1"" or a2 70",
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CHAPTER 4
Programming With the
odel 47C/CV Calculator

mhp.ﬂ

introduction

Your -hp- Model 3421A was designed to interface with a wide variety of calcuiators
and computers over the Hewlett-Packard Interface Loop {HP-IL). In the last chapter
we saw how to use the 3421A with BASIC language controllers. This chapter
discusses the remote operation and programming of the 3421A from the -hp-
41C/41CV family of handheld calculators. The many features of the 3421A com-
bined with the computational power of the 41C/CV calculator provides for a low
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 to 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 solve your measurement needs. Last, you'll look at several application 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 heipful to read the -hp- Model 41C/41CV
Owners Handbook and Programming Guide {-hp- part number 00041-90313) and the
-hp- Model 82160A HP-IL Module Owners Manual (-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 you 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
to write your own 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 calculator 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 a program
line, use the Back Step key [BST] or the Single Step key [SST]. Refer to the Owner’s
Handbook and Programming Guide for more operating and programming information
for the 41C/CV.

Sending Instructions to the 3421A.

Using a programmable calculator to control the 3421A allows for greater flexability
and control than afforded by a front panel. The calculator effectively becomes the
3421A's front panel. Of course this involves both 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 Comments 41C/CV Display

You can replace ‘B’
DN5 with any number be- DN5
tween O and 29, e.g.,
DN27. Note that the
shift key is required 1o

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

* |f this example doesn’t work, turn off both the 3421A and the calculator. Make certain that the
HP-IL connections have been made. Turn the 3421A on first and wait until the display clears then turn
the 41C/CV on. Try running the initialization program shown later in this chapter.

Let's take a closer look at what you did. First, the message DNG was stored into
the alpha register. DN (Display Bumber) is called a command code and tells the
3421A 1o display the number 5. Second, the command OUTA (BUTput Alpha register)
was executed (XEQ). Since the 3421A is the only device in the loop, it received the
instruction and displayed the number. Try the command again using a different
number.
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You should now execute the DN command without a number to clear the 3421A
from the display number (DN} mode. That is:

[ALPHA] DN [ALPHA]

[XEQ) [ALPHA] OUTA [ALPHA

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

Sample Problem
Suppose you need to make an AC voltage measurement from channel 12. The

easiest way to do this would be to use the Standard command, ACV12. The se-
quence would look like:

ALPHA| ACV12 |ALPHA
[XEQ] [ALPHA] OUTA [ALPHA

The command ACV12 means that an AG Voltage measurement is to be taken on
channel 12. QUTA (OUTput Alpha register) is an instruction causing the contents of
the Alpha register, in this case ACV12, 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, ACV12,13,15-19 specifies
an AC Voltage measurement on channels 12, 13, 15, 16, 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 to read back the measured voltages (see the IND command
later in this chapter), the voltage from channel 12 will be read back first, then from

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

Instructions for the 3421A are sent as a series of 7-bit ASCIH 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 ignored are blanks and plus (+). All other punc-
tuation and character sequences that are not recognized by the 34271A 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 channel list:

a. The default channel list (asserted at power on or reset) becomes all available
multiplexer 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 more information.

b. Channel numbers are separated by commas. If the last character sent is a
comma an error will be generated. A dash may be used to signify a contiguous set
of channels {i.e. x-y). When using the Advanced Commands, any command that
specifies a channel must be separated from subseguent command by a valid ter-
minator. For example, FIRATLS5-9;T3. If the last character in any command string
is a eomma, an error will be generated.

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

d. To take a burst of 30 readings from one channel, load the channel list with
that one channel number. For example, to take DC voltage readings from channel
5, execute: DCV5E-b.

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 measurement {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 channel
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 channel 19,
g. Generally, all syntax following a decimal point is ignored except for comma,
dash, semicolon, colon, Carriage Return {cr), and Line Feed (If). i.e.L52.345 loads

channet 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 we saw how to program the 3421A to take an AC voltage
measurement from channel 12. Now let’s see how to transfer the measurement daia
from the 3421A to the calculator.

Keystrokes Comments 41C/CV Display
AC Voltage :
ALPHA I ACV12 JALPHA measurement on ACV12

channel 12.

[XEQ] [ALPHA| OUTA [ALPHA 0UTput Alpha QUTA
Register.

(XEQ] [ALPHA] IND [ALPHA] Iput Decimal IND
number.

{Measured Value)

IND {INput Decimal) is an instruction that causes the 3421A 1o talk to the calculator,
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 LOG key.

if a channel list were sent out with the command, e.g. ACV12,13,15-19, the reading
from the first channel is sent the first time IND is executed, The second execution
of IND causes the reading from the second channel to be sent. Subsequent execu-
tions of IND cause the readings from the remaining channels to be sent to the
calculator. The error message, -8.88888E+ 8, will be sent if an error occurs—such
as if IND is executed after the last channei has been read.

Looking closely at what we have done so far, we can see the beginnings of a very

simple program. A program instructs the 3421A to do something {either make a
measurement or read the status, etc.) 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. Look
at the program listing below and compare it to the earlier example for reading the
AC voltage on channel 12.

ajelBL -ACYILTS — Label

B2 -ALYLZ” — Load the command into the Alpha register
3 ¥E§ -MiTRe - QUTput Alpha register command

a4 XEG IKD- - Nput Decimal value from channei 12

a% NI — END of program

HP-IL Interface Control

Before pursuing further the subject of program writing, let's look at some special
HP-Il, commands. In the examples we've locked at so far, commands like IND,
OUTA, and INA have been used. These commands are called Interface Control com-
mands. Now, you'll learn what these and other commands mean and how they are
used. The control commands aliow you to directly specify a device to perform a func-
tion, send or receive information, or control the interface loop. These control com-
mands also allow vou 1o use more than one 3421A in the interface loop.

The eleven Interface Control Commands are listed below with a very brief explana-
tion of what they do. After the list, we'll look at each one individually to see how
it is used and to see more of what it does. You may also want to read the -hp-
Model 82180A HP-IL Module Owners Manual.

SELECT Select a particular device or instrument

QUTA Qutput the Alpha register to the selected device
IND 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 devices to full operating
power conditions

FINDID Find the HP-IL address of a particular device

AUTGIO  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
command.

OUTA

Example

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

Comments

The command OUTA {BUTput Alpha register) causes the contents of the Alpha register
to be output to the selected device. In the example shown above, the alpha register
is loaded with the command string: ACV12,13,15-19.
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Example

[XEQ] [ALPHA] IND [ALPHA]

Comments

The IND (INput Decimal) command retrieves an ASCll-coded numeric value from the
selected device and places it into the X-register of the calculator. if the 3421A has
been given a measurement command (such as DCV) and then receives the IND com-
mand, the 3421A becomes a talker and ouiputs one measurement 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., +/-d.ddddE+/-d CR LF. In the 3% digit mode, only 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: +9.89999E+9 (5): digit mode) indicates one of the following
conditions:

a. Voltmeter overload

h. Counter overflowed in TOT mode

c. Temperature out of range, i.e., reference not between 0 and 60 degrees C or
thermocouple voltage not between 6 and 20 millivolts.

Error conditions caused by the voltmeter, channel list, etc. are indicated by:
-8.88888E+8 (5% digit mode) The error message for digital I/0O 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
to iake a measurement).

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

e. A command was given but the appropriate option board does not exist in the
slot specified.

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

g. An attempt is made to increment the channel 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. Failed 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 error.
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INA
Example

[XEQ] [ALPHA ] INA [ALPHA]

Comments

The INA {INput Alpha 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 freguently be usad in conjunction with the TO Advanced
Command. Consider the following program:

01  LBL “TRIG" 10 TRIGGER

02  AUTOIO 11 2.60901

03 CF17 12 STO @1

04  ""HP3421A" 13 & LBL “ENTER"
05  FINDID 14 IND

06  SELECT 15 PSE

07  “LS2-9:F1T@" 16 1SG #1

08  OUTA 17 GTO “ENTER”
09  PSE 18 END

Lire 02 sets-up the 3421A with a channel list of channels 0 through 9, and for DC
voltage measurements (F1). The TC command prevents the 3421A from triggering
but enables the scan through the channel list and reading storage. Therefore, when
the TRIGGER command is executed, the 3421A reads each channel and stores the
measurement results. The readings are input to the calculater in line 08.

NOTE

With the HP-41C/CV, the TRIGGER command sets up an in-
terface timeout that occurs in 10 secornids. If the 3421A has
not completed its measurements in 10 seconds, a TRANSMIT
ERROR results (for example, when storing 30 readings into
the 34214 internal buffer]. For this reason, we recommend
that the 3421A T3 trigger command be used instead of the
HP-IL TRIGGER command in order to ensure proper operation.
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INSTAT

Example

[XEQ] [ALPHA]INSTAT

Comments

The INSTAT (INput STATus) command causes the 3421A {or selected device) to out-
put 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 ailows 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 monitor 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 occurs
and will be cleared when the INSTAT message is received, except as noted.

Bit 7 Bit & Bit & Bit 4 Bit 3 Bit 2 Bit § Bit 0
Always Require Abnormal Low Event Self Power-on Data
Zero Service Condition Battery | Occurred Test Reset Ready
{RQS) See Below Failed 1 Occurred
Bit
Value: 128 64 32 16 g 4 2 1

Bit 6 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 bit will be cleared (a "'0'") when the one-to-one
correspondence 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 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.
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Bit 6

Bit 5

Bit 4

INSTAT (Cont'd)

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 bit will be cleared {a "'O"') when the one-to-ons
correspondence no fonger exists or, in the case of bits 0, 1, 2, 3, and 5, with
the executicn of INSTAT.

Although the Require Service Message wiill be sent by the 3421A 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.

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

1. Hardware Error, such as an A/D converter error.

2. Calibration Error. This generally 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’t have an option board
in slot 2 but was toild to close & channel in that slot.

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

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

7. An attempt 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 voltmeter received a trigger command but function FO was
asserted.

10. Self test failed.

This bit indicates a low battery condition. The bit will be cleared only when
the 3421A is switched off and back on. This bit is not maskable with the
SRG mask.
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Bit 2

Bit 1

BRit C

INSTAT (Cont'd)

Bit 3 indicates that an event has occurred as sensed by either of the three
monitor functions; MIN, ML, MH. Bit 3 is automatically enabled by the MH
and Mi commands and is cleared by the INSTAT command. The MN, ML, and
MH commands are described in chapter 6.

This bit indicates a failure in the 3421A self test. Note that it is not maskable
(see the M command). Refer to Chapter 2 for more information on Self Test.

Bit 1 will be set whenever a power-on reset has occurred. The bit will be
cleared when the INSTAT command is sent to the 3421A. Although this bit
may be true, an SRQ is not generated unless it is enabled by the Power ON
SRQ switch on the rear panel.

When set to a ‘1", this bit can show that the 3421A has taken a reading
{voltmeter, counter, bit, etc.) and is waiting to output it to the calculator. The
foliowing commands will set the data ready bit: DCV, ACV, TWO, FWO, FRQ,
TEM, REF, TOT, RED, BIT, T1, T2, T3, DT, MH, ML, MN, and GET. This bit
will be cleared if the reading is sent to the calculator (IND command) or the
reading is no longer available.

Let's look at two examples of how INSTAT may be used. The first of these exampies
wili be used in fater programs.

Example 1. Data Ready

The data ready bit (bit O in the Status Register) of the 3421A allows the calculator
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 00 to see if data is ready.



INSTAT (Cont'd)

Keystroles

DCV12 [ALPHA]

(XEQ] [ALPHA] OUTA [ALPHA

(XEQ] [ALPHA] INSTAT

| [Fs7j00

[XEQ] [ALPHA | IND |ALPHA

[XEQ] [ALPHA] INSTAT [ALPHA

W (Fs?] 00

Cemments

Instructions for a DC
voltage reading on
channel 12

Output the instruction
to the 3421A.

Bit O is set indicating
data is ready. The
value of this bit is ‘17,

The test to see if Flag
00 is set returns a
YES answer.

The display will show
the 3421A reading.

The data is no longer
available. [t was read
into the calculator by
IND. Bit 0 is cleared
and INSTAT returns a
‘0.

The Flag OO0 test now
shows that bit O in the
Status Register is clear.

41CICY Bisplay

DCV12

1.0000

YES

{measured

reading)

0.0000

NO

The DCV12 command caused the 3421A 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? OO), it was set and the caiculator displayed ""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 Status Register is clear. This is evident by the second INSTAT command retur-

ning a O’ and the Flag 00 test answering NO.




INSTAT {Cont’d)

The FS? and FC? tests may be used in programs to branch to subroutines if data
is or is not ready.

Please note that the value returned after the first INSTAT command may be 3. This
would indicate that a power-on reset of the 3421A 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 results shown.

Example 2. Abnormal Condition

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

gielBL =FLAG"
B¢ BL B1
83 ~Bfviz»
84 QUTH
B3 IHETAT
#a F5? 85
@7 TOKE §
85 FS7 88
89 IHE

18 470 8t
11 EMND

Line 3 should be changed to reflect some channel that you do have in your 3421A.
If an error does occur, bit b 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 caused the error, execute the SR command followed by

four IND commands. SR is the command to send the Status Byte plus the three error
registers. Execute the following instructions.
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Keystrekes

DCV35 [ALPHA]

[XEQ] [ALPHA] OUTA [ALPHA]

LALPHA | SR [ALPHA

[XEG] [ALPHA] OUTA [ALPHA

[XEQ] [ALPHA| IND [ALPHA]

[XEQ)] [ALPHA] IND [ALPHA]

[XEQ! [ALPHA] IND [ALPHA |

[XEQ] [ALPHA | IND [ALPHA]

fomments

A DC Voltage measure-
ment oh channel 35
is illegal. An error will
occur.

Output the command
DCV35b

SR is the Status
Register command.

Output the command
SR

Input the first reg-
ister which is the same
as the Status Byte
The Status Byte will
will be cleared after
this. The value 32 (bit
5} means an abnormal
condition.

input the second Reg-
ister which is the
error register. The
value 4 (bit 2) means
invalid syntax.

Input the third Reg-
ister which is the
hardware error regis-
ter. The wvalue O in-
dicates no hardware
error.

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

41CICY Display

32
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The four error registers will be cleared after all four have been read by the IND com-
mand. The foliowing chart shows the meaning of each bit in the registers and its
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 remaining 20 are 3421A status registers.
These can be used to report what option assemblies 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 the preceeding chapter.

Register Bit Mumber
7 § § 4 k! 2 1 1
1 Always SRG Abnormal Low Event Seif Power-on Data
Status 0 Condition Batzery Occurred Test Reset Ready
Register Error
2 Ttied to Channel Battery Wrong Invalid No Data Func.
Error ioad list is is low type of Syntax ready FO as-
Register * channet empty but but tried option but Ad- sarted
list tried to 1o do for com- dressed but
with execute TOT.MN, mand to talk trig-
more a T3 MH, ML gered
than 30
channels
3 10 MQ RAM RAM Error 3P RAM AJSD Error ROM O AROM 1t Cal.
Hardware test Error £rror Errar Esror RAM
Error faited Check-
sum
Error
4 A/D Error CAL RAM CAL at- © nvalid Invalid Invalid Invalid
Cai Bad tempted CAL CAL CAL CAL
Efror * put not Zero Signal Numbar Funct-
enabled ion or
Range
Bit 128 64 32 16 8 4 2 1
Value

¥ These bits are undefined and may be either a 1 or a 0.



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 channel status in RAM before powering down. All
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 RAM is used to remember which
slots had 44462A muitiplexer assemblies or 44465A Digital I/O 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 its turn on conditions. If
something has changed, such as reconfiguring an actuator to a multiplexer channel,
etc., the 3421A will go through its self test and reset state.

The 3421A will return to its full power-on state when there is any communication
through the HP-IL interface. Refer to the PWRUP command for more information on
power-up.

SPECIAL NOTE ON LOW BATTERY. Since the 3421A is a battery powered instrument, cer-
tain safeguards have been included to prolong the life of the battery. When the bat-
tery voltage drops 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
3421A LINE switch must be cycled and the battery must be charged.

SPECIAL NOTE TO OPTION 040, 44464A BREADBOARD ASSEMBLY USERS. During power down,

the breadboard assembly will lose all power suppilies. Therefore, you may want to
use latching relays if you need a relay closed during power-down,
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PWRUP
(POWER-UP)

Example

IXEQ] [ALPHA]PWRUP

Comments

The PWRUP command is used to return all powered-down instruments to their full
operating power conditions. Actually, the 3421A will 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 multiplexer 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-down, That is to say that all multiplexer or actuator
relays that were closed prior to power-down will remain closed after power-up. Note
that the power up command has no effect on instruments manuaily turned off.
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FINDID

Example

ALPHA] HP3421A

[XEQ] [ALPHA] FINDID [ALPHA!

Comments

The FINDID (FIND iDentity) command searches for a device with a specific identity
and returns 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 calculator,

In the AUTOIO mode the calculator 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 AUTOIO 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] AUTOIO

Comments

The 82160A HP-IL interface module for the calculator controls the interface loop ac-
cording to the module’s operating mode —either Auto or Manual. The AUTOIO mode
is the easiest 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 {AUTG H8) mode, when you execute a printer or cassette drive opera-
tion, the interface automatically searches 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 mode, the
printer would have to be selected before the PRA command could be executed.

MANIO

Example
[XEQ] [ALPHA] MANIO [ALPHA]

Comments
The MANIO (MARual 1I8) mode, means 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] [ALPHA] REMOTE [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

[XEQ] [ALPHA | LOCAL|ALPHA

Comments

The LOCAL command is used to clear the selected device from the Remote mode
and restore front panel operation. Since the 3421A does not have a front panel
keyboard for control and must remain in the Remote mode, the LOCAL command

is ignhored.
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LISTEN

Example

[XEQ) [ALPHA] LISTEN [ALPHA

Comments

The LISTEN command makes the selected device a dedicated listener, that is, the
device is enabled to recieve information. A number must be placed into 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 number 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 example, suppose vou have two 3421A’s in the loop.
You need them to trigger simultaneously. Individually, both instruments should be
made listeners. When the TRIGGER command is executed, both voltmeters are trig-
gered almost simultaneously. The time differential is the time required for the TRIG-
GER message to travel from one device to the next. The alternative is 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 voltage measurement and developed
a 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
measurement(s}, 3. triggering or executing the command, and 4. inputting the results.
Of course, the program must also have an END statement. For more specific infor-
mation on programming the 41C/CV, refer to the Owner’s Handbook and Program-
ming Guide.

Initialization

The following program locates the 34271A 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 used by the rest of the example programs in this
chapter. The initialization program should be run before any other command or pro-
gram is executed. This pregram 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 Display

@ (Go) (0

@8 [(BL) [ALPHA] INI3421 [ALPHA] INI3421 is the  O1 LBL INI3421
program name.

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

[ 17 Specifies nor- 03 CF17
mal end-of-iine
operation.

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

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

[XEQ] [ALPHA| SELECT [ALPHA Selects 3421A 06 SELECT

n Returns to 07 RTN
mainline
& nan orogram. PACKING

The initialization program has now been entered. If you have not yet connected your
3421A into the loop, do 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
calculator with power turned off.
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SAMPLE APPLICATION PROGRAMS (Cont’'d)
Running the Program

To run the initialization program, execute the following command:

{XEQ] [ALPHA] INI3421 [ALPHA

The calcuiator 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.

B [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 for
the initialization program.

BielBL ~INIZ421(-
82 puTeIn

83 €F 17

B4 -HPI4218"

85 FINDID

B6 SELECT

87 RTH

83 EHD.

INITIALIZE

PROGRAM REGISTERS NEEDED: 5

ROW 1 (1:2)

O
O
JHHE T

ROW 3 (6:
i

LG (TR
= 3

s
o
o am——
ettt
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SAMPLE APPLICATION PROGRAMS (Cont'd)
3421A Front Panel

This 41C/CV program allows the calculator to serve as a remote front panel for the
3421A. The top two rows of keys and the shifted keys of the top row are defined
by the program as the 15 main functions of the 3421A. The key 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’ to the
shifted R/S key. Make sure that all key assignments from the top two rows of keys
are cleared. Put the calculator into 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 Voltage measurement on channel b,

simply press: 5

To write the value 32 to the digital /O card in slot 1, press:

To read the temperature on channel 9, press: 9

32 |[ENTERt] 1

To reset the 3421A, press: '

There are a few things to keep in mind when using this program. First, only one
channel 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 sequence may
need to be held down until the calculator responds by displaying the key pressed.
Other things to be aware of are:

1. Make certain that the INI3421 program is in the calculator.

2. Display format is fixed at ENG b.

3. I e " 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)

GlelBL “FP- I8 GTo 82 39 5F 19 85 P5E

g2 $EG “INIZd21" Ji¢iRL F 68 GTB a2 89 IHSTRT
53 IMSTAT I2 ~LLss blelBL b 9 FL7 @5
84 CF 19 32 ¥ER "pY- 62 “REF- 91 TOHE 5
85 610 81 4 CF 1% 63 XER “f¥- 32 FC? ag
BoelBL A 35 6T #2 64 5F 19 93 TG 82
87 ~Bly- 648 65 GTi 82 94 INE

B3 XEQ -pE- 7 -LLpe ohelBL © 95 VIEK ¥
g9 3F 19 55 2EQ ~fd- &7 <FHi" 95 FS? 19
18 TG 82 i3 CF 19 68 XEQ “A%" 97 TRIGGER
iielB B 48 470 82 &% 5F 19 38 GT0 82
PZ TEN- 414080 H 78 670 82 9+LBL "R~
11 XER AR~ 42 =(PH" FlelBi d 186 FIX ¢
14 5F {9 43 REG “A¥" 72 -Tare 18 CF 28
15 470 42 44 OF 19 73 RER "R¥- 182 CF 2¢
[641BL € 43 GT0 #2 74 CF 19 193 F22L 22
17 »THl" 464l Bl 1 75 G140 a2 184 ARCL ¥
18 ZEg -RE" 47 "BIT" 7oelBL e 185 QUTH

19 SF {9 48 ¥EQ “RX- 77 CHRT" 166 RTH

28 GT0 A2 49 5F 19 78 KER "AY- 187eLBL =AY~
Zi#BL B 98 GTO 82 79 CF 19 188 FIX &
37 ~FRY" SielBl J 88 G0 ez 18% CF 28
23 ¥EB -A%- 532 “Rg- gislBL 81 {18 £F 29
24 5F 19 33 0uTe B2 % emmeee = 111 ARCL ¥
2% GT0 82 3 CF 19 B3 AVIEN 12 ==
264l BL E 53 470 @2 B4 3F 23 113 BRCL ¥
27 =REB- belBL a 83 §F 29 114 AUTH

2B ¥EE "AR" 57 =ACy- heelBL 82 115 RTH

23 5F 19 58 ¥EQ -fx- 87 EMG 3 fie .EHD.

FRONT PANEL

PROGRAM REGISTERS NEEDED: 45

(I
AR
JAMHAAIAD
L
JUIOHN
(U

ROW 1 {1:2)

o

Il
M
IO
I
|
|

I
A
T
AT
[T
IHIHIEND
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Il
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I
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il
I
Il
(I
NI

il
i
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I
I
I

it

ROW

|l

IR btpimrr
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0
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A
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A
0
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SAMPLE APPLICATION PROGRAMS (Cont'd)

Sample Programs

The following three examples illustrate program writing with the -hp- 41C/CV. They
also demonstrate the flexibility and programming power of the 3421A and 41C/CV
combination. Ali three programs use the Initialization Program to set up the 3421A.,
In addition to the program listings, bar codes are also provided for use with the
-hp- 82153A Wand.

Remember that these programs, or any programs, can be assigned to individual keys
in the caiculator. Also, with simple modifications, the programs can he incorporated
as subprograms into other mainline programs.
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TEMPERATURE MEASUREMENTS
{using a thermistor)

The thermistor temperature program compttes 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 number 0837-0164) 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, a 4-wire resistance measurement should be made. Change line 06 to
read: “'FWQ'’. This program is useful over a range of -80°C to +150°C,

The equation used to convert the measured resistance to a temperature is:

1
- 273.15

Temperature =
A + B(LOG(R}))} + C(LOG(R))3

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 Ohm
thermistor {25°C)} change the coefficients to: 1.4709 E-3 (line 24}, 2.3778 E-4 lline
20}, and 1.0326 E-7 lline 15).

BieLBL "THERHIS" 19 =*

@2 ¥EQ “INI3421- 24 2,361 -4

83 ~CHRMNEL 7= 21 FLL g

#4 PROAPT 22 %

45 FIX & R

86 ~Tul~ 24 1, 2855 £-3
T 25 +

#8 RRLL 4 26 173

8% ouTH LT b

i@+ EL “HEAS" &8 -

11 TRIGGEER IR 2

12 IHE 38 ILA

13 LK 31 8REL &

14 874 88 32k BEG L

15 9.3244 E-8 13 AYIEE

16 RCL G@ 34.GT0 HERS"
17 3 33 (LKL

18 vii
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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 easier.

The program is labeled TTEMP. it 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 thermocouples. The program, THER-
MO, was written for J type thermocouples. If you will be using other types of ther-
mocouples, the coefficients in fines 17, 19, 27, 29, 32, 35, 38, 41, 44, 47, 50,
and b3 must be changed as per the table below.

Lines 11 through 23 provide the software compensation for the reference junction
temperature. The equation for the compensation voitage 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 added to the measured thermocouple voltage V; (line
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 + VP1 + V2P2 + V3P3 + ... +VIpP9.

Here, V is the compensated voltage and PO through P9 are the conversion
coefficients.

Thermocouple Type

Line

Humber d E R K S
17 2.36-8 4.6E-8 1.2E—8 1.6£-8 1.1E-8
18 5.083E-5 5.B668E 5 5.334E-6 3.864E-5 5.442E-6
27 3.0840254E16 1.2717466E15 1.9280744E19 1.3828514E16 8.2663728E18
29 —5,3719255E15 | —4.1055295E14 - 2.9236506E18 | —3.3891028E15 | —2.8874849&18
32 3.79243843E14 5.3981272E13 1.7414495E£17 3.4782347E14 2.0689294E17
35 —1.38014121E13] --3.7221944E12 - 5.4842602E15 | —1.9108E13 —-6.79267948E15
38 2.7150838E11 1.4284958E11 1.01396288E12 603982855811 1.2361123€14
41 —-2.831128E¢ —2.9690242E8 —1.13982593F12| —1.0820824E10 | —1.32704CE12
44 1.821297E7 3.049432E7 7.787787ES 8.9661067E7 8.477338E9
47 -1.78117€5 -2.05411E8  § - 3.27669€E7 —3.82662E5 —3.26257£7
50 1.97508E4 1.61288E4 1.726458EE 2.486503E4 1.73645E5
53 - 3.B8E1 21E-1 f - 1.5EQ B IE -2 - 1.4EC
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TEMPERATURE MEASUREMENTS (Cont’d)

BieLBL “TTEMp- iReLBL 81
B7 UE0 "INIZ421" 11 TRIGEER
A% “CHANNEL 7- 12 148

B4 FROMPT 13 CLR

g5 =TER® 14 fRCL %
85 *F- 15 =+ DEG C*
a7 fRoL % 16 AYIEN

8BS TR 1? GYG 81

g3 Flv 2 18 .END.

TTEMP
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GI)
@leLBL "THERHO® 16 ENTERY K 4h #
82 XER =INI3421- 17 2.3 £-8 32 379243347 £id 47 -1.75117 ES
83 ~CHAWKEL?" I8 = 33+ 48 +
84 PROKPT 19 5.653 E-5 34 % 49 &
85 =By~ 28 + 35 -1.38014121 £13 S8 1.975089 L4
6 "k 2l ¥ 36+ 51 +
B7 ARCL X 22 RCL B 7 57 %
a8 GUIR 23 ¢ 38 2.7158838 £l 8% -1.6 E-1
g9 IND 74 EHTERt 9+ 54 +
i@ 57g 81 25 ENTER% 48 % 55 BRCL ¥
{1 “REF" 26 ENTERY 41 -2,831128 E9 56 *F DEG C*
12 ouTA 27 7,8548254 E16 42+ 57 BYIEN
13 4D 8 # 43 * 58 .END.
14 £if 29 -3, 3719255 KIS 44 1.821297 EF
15 EHTERY 36 + 45 +
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DATA LOGGER

The following data logger program (LOGGER) illustrates the power and flexibility of the
3421A and and 41C/CV combination. The program takes ten sets of DC voltage
measurements from ten consecutive channels of the 3421A, for a total of 100 readings.
The readings are stored on a cassette tape for future reference. Channel numbers
measured are 10 through 19.

The second program, READ, demonstrates how easily data can be read from the cassette
and listed on a printer. Again, there are several ways to enhance this program. For ex-
ample, you.could add a routine to plot the data on the printer instead of simply listing
it. Of course, the LOGGER and READ couid be combined to print or plot the data as
it is being recorded.

Running The LOGGER Program

Make certain that the interface loop connections have been made between the 342 1A,
41C/CV calculator, 82161 A Digital Cassette Drive, and the 82162A Printer. Turn all
of the devices on.

Before any data can be stored on the cassette tape, the tape must be initialized. This
is done by executing the NEWM command (NEW Medium}. Refer to the -hp- 82160A
HP-IL Module Owners Manual.

When all connections have been made to the device under test and you are ready to
begin, type:

{XEQ| [ALPHA| LOGGER [ALPHA

How the Programs Work

Logger

Space for storing 100 readings must be aliocated on the cassette tape. This space {or
file} is created and given the name DATA. This is done in lines 03 through 05. Lines
06 and 07 are used to return to the beginning of the DATA file on the cassette prior
to storing the measured data.

Register 00 is used as a loop counter 10 take ten sets of readings. The value 1.010
is stored in register 00 (lines 08, 09) and is incremented and tested in line 25.
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DATA LOGGER (Cont'd)

Register 01 acts as a channel counter to specify which channel is to be measured. The
value 10.019, representing channels 10 through 19, is stored in register 01 (lines 11
and 12). Registers 10 through 19 are temporary storage registers for the measurements
taken. Line 20 stores the data in the register pointed to by register 01. Register 01 is
incremented after each reading to point to the next empty register and channel to be
measured by line 21,

Remember that program line 11 specified register 19 as the last register to store readings.
If register 01 points to register 20 then the program prepares to store the ten readings
on the cassette. Line 23 calls out registers 10 through 19 as data storage registers.
The WRTRX command (line 24} writes the data, register by register, onto the cassette
tape.

Register 00 is tested in line 25 to see if ten sets of ten readings have been made. If
not, the program loops back {line 26} 1o tabel 00 {line 10). When ten sets of readings
have been made the program ends.

Read

Lines 2, 3, and 4 are used to locate the beginning of the DATA file on the cassette
tape. Register 00 is used to count the ten "sets’ of readings. The value 1.010 is stored
in register 00 (lines 0b and 06) and is tested in line 12.

Lines 08 and 09 are used to read the measured values into registers 10 through 19.
Note that these are the same registers used in the logger program to specify the chan-
nels to be measured. These particular registers are used in this program so that when
the values are printed, lines 10 and 11, the printout will show the channel number along
with the reading from that channel.
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DATA LOGGER (Cont'd)

gielBL *LOGGER" 15 FI¥ 2
g2 KEQ “INT342%- 16 <DLy~
83 “DATH" 17 ARCL 2
8¢ 188 18 QUTR
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B2 {.0i8 22 G706 A
#9 570 &8 2% 18,819
18+LBL A8 24 WETRY
i1 16,819 25 ISG @
12 870 81 26 GTO B2
1341 BL 81 27 LMD,
14 RCL 81
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DATA LOGGER (Cont'd)
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USING THE ADVANCED COMMANDS

The Advanced Commands given in the Command Table (the blue pages at the end of
the previous chapter) can alsc be executed from the 41C/CV. They follow the same
constraints as the Standard Commands. Refer to the section on Programming Hints
earlier in this chapter.

When more than one command is sent to the 3421A, such as 'F1RAZ1’, the commands
are executed as they arrive. This is especizally important to understand with trigger com-
mands. For example, if you sent ‘T1T3’, the T1 command would be asserted only
momentarily until the T3 command arrived. For this reason, it is best to make the trig-
ger cornmand the last statement in the command string. In this way, the 3421TA will
he set up for the measurement before the internal voltmeter is trigered for the
measurement.

When a multicharacter command is received by the 3421A, and one character does
not fit into the syntax of the command, a syntax error will result. For example, if you
send ‘FR2'; the 3421A does not recognize ‘FR’ as a legitimate command. Therefore
there will be a syntax error. However, the 3421A will attempt to execute any com-
mand it can, and since it recognizes 'R2’ it will go to the R2 range.

A terminator may have 10 be added between some commands to act as dividers. Suitable

terminators are colons({:} and semicolons {;}. For example, when specifying a channel
tist followed by other commands, a terminator must be used: 'LS0-8:F1RAZ1".
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444624
lultiplexer Option
ption 020
intion 0217
Option 022

10 Channel

introduction

Each 44462A assembly provides 10 channels to switch signals to the 3421A
voltmeter, counter, or to external instruments. Each relay consists of two sets of
low thermal offset contacts; one set for the HIGH terminal and one for the LOW ter-
minal. The refays exhibit low thermal offset characteristics making them ideal for
precision low level measurements of thermocouples, etc. In addition, two of the
relays may be configured as actuators for controlling motors, alarms, etc.

With two 44462A assemblies in the 3421A, 4-wire resistance measurements may
be made. This is because the 3421A allows channel pairs {1 per relay assembly)
to be closed simultaneously. This is important when measuring RTD's or other
resistive transducers.
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In this chapter you will learn how to employ the 44482A 10 Channel Multiplexing
Assembly for various types of analog signal measurements and actuating. The power-
ful 3421A instruction set makes the option easy to use. Typical uses include voltage,
temperature, 2- and 4-wire resistance, and frequency measurements. Most examples
are accompanied by a BASIC language program (such as used by the HP-85) to
demonstrate the instruction. You'll also see many appiication examples such as us-
ing attenuators and 4-Z20mA current joop transducers.

Channels

A channel, as used in this chapter, refers to an individual relay on a 444862A
assembly. Therefore, when we speak of closing a channel, we are referring to closing
a refay. Channel addresses are used to indicate a specific relay in a specific slot in
the 3421A. In other words, channel address 12 means channel number 2 in slot 1.
We will see more on channel numbering later.

Most of the channeis on the 44462A can be configured in different ways to satisfy
particular requirements. For example, the first two channels on each assembly can
be configured either as actuators (a8 simple switch closure to turn on or off) or as
multiplexers (to connect analog signals to the voltmeter or counter). When properly
configured, the 3421A is able to sense which channels are configured as actuators
and which channels are multiplexers.

All but the last two channels on each assembly can have attenuators built into the
signal path. This will be discussed later in this chapter.

IMPORTANT NOTICE ON CHANMNEL CONFIGURATION
When a 10 Channel Multiplexer Assembly is ordered factory installed, it can have
one of three different configurations (Option 020, 021, or 022). This is outlined in

the following table.

Option # Channegls Configuration

020 0,1 Actuators
2-9 Multiplexing

021 0 Actuator
1-9 Multiplexing

022 0-9 Multiplexing
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When a 10 Channel Multiplexer Assembly is ordered for field installation (44462A),
channels 0 and 1 will be configured as actuators and channel 2-9 will be configured
as multiplexers.

Regardless of how the 10 Channel Muitiplexer Assembly is ordered, the built-in 10:1
divider of channel 2 is bypassed at the factory {i.e., jumper in the “"OUT"" position).
On early versions of Option 020 and Kit 44462A, the 10:1 divider was in place (i.e.,
jumper in the "IN position).

The factory configuration may be changed to fit your application. Jumper and channel
configuration information for the service technician is provided in Chapter 8 of this
manual. The simplified schematic in Figure 5-1 shows the factory configuration.

WARNING

Only qualified personnel with a knowledge of electronic
circuitry should install or reconfigure the option boards.
Installation and configuration information for this option board
is provided in Chapter 8.

Channel Numbering and Addressing

Channel numbers are repeated on each 44462A assembly, This is shown by the
numbering on the terminal block edge connector. Channel addresses, however, are
determined by which slot the 44462A assembly is in. For a 44462A assembly in
slot 1, for example, channel number 7 would be addressed as 17. The following table
shows the channel addressing scheme for the three different slots.

Channel address if assembly
is in slot #
Channel # as shown on

the terminal hlock Slat O Slot 1 Slot 2

0 00 10 20

1 01 11 21

2 02 12 22

3 03 13 23

4 04 14 24

5 0b 15 25

6 08 16 26

7 07 17 27

8 08 18 28

9 09 19 29
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Figure 5-1. Simplified Schematic
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Channel address if assembly
is in siot #:
Channel # as shows on

the terminal block Slot 0 Slot 1 Slot 2
0 00 10 20

1 01 11 21

2 02 12 22

3 03 13 23

4 04 14 24

5 0b 15 25

6 06 16 26

7 07 17 27

8 08 18 28

2] 09 19 29

Channel List

Many of the commands described in this chapter use an optional ““Channel List.”
The channel list is a convenient method of grouping several channels under one type
of measurement. If you need to measure the DC Voltage from several channels, you
could use the command DCVIx,y,...zl. Where [x,y,...z] represents a list of channel
addresses. The channel list can be loaded with a maximum of 30 channel addresses.

The channel fist must follow a set of guidelines:

1. The default channel list (asserted at power on or reset) is ali multiplexer ad-
dresses in numerical sequence. The channel list can be loaded with multiplexer chan-
nels by the DCV, ACV, TWO, FWO, TEM, FRQ, LS, or LP commands. It can also
be loaded with digital input bit numbers by the BIT command.

2. Channel addresses are separated by commas {i.e., DCV2,3,4,5). However, a
dash may be used to specify a contiguous set of channels {i.e., DCV2-5). When us-
ing the Advanced Commands, any command that specifies a channel must be
separated from subseqguent commands by either a colon {:) or a semicolon (;}. For
example, FIRA1LS5-9;T3. Do not use a comma.

3. To take burst readings on one channel, load the channel list with the channel
number. For example, to take a burst of 30 DC voltage readings from channel b,
execute DCV5-5. If the last character in the command string is a comma, an error
will be generated.
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4. The command mnemonic determines what type of channel can be loaded in-
to the channel list. In other words, if channel 1 is configured as an actuator, it should
not be specified for any type of measurement (i.e., DCV1 or BIT1). If an attempt
is made to load the channel list with an improper type of channel, a syntax error
will be generated and the command aborted. One possible exception would be if a
contiguous set of channels is specified, such as x-y, and some channels within that
range (inclusive of x and y) are the wrong type of channels for the command. In
such a list, the improper channels will not be loaded into the list, but the properly
configured channels will be loaded. No error will be generated.

5. Leading zeros are ignored, that is, DCV0O0019 is the same as DCV18.

6. All syntax following a decimal point is ighored except for comma, dash,
semicolon, Carriage Return {cr} or Line Feed {If). DCV2.345 means DCVZ.

7. Exponents are not allowed and cause a syntax error. The command will be
aborted.

8. No more than 30 channels are accepted into the channel list. Legal numbers
are 00 through 29,

9. Ail lower case letters are interpreted as upper case. In other words, Dc V 21
is interpreted the same as DCV21.

Measurements

Multiplexing {aiso known as switching or scanning) involves simply switching various
inputs through the relays on the 44462A assembly 1o either the internal voltmeter
or counter. The type of command {DCV for DC Volts, FRQ for frequency, ete.) deter-
mines where the signal is measured. Note also that signals can be input through the
front panel terminals. This should only be done though if no relays are closed. Con-
versely, signal input through the relays can be output through the front panel ter-
minals to an external voltmeter, counter, etc.

WARNRING

All power sources being measured by the 342714 must be
limited to TEOVA maximum.
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WARRING (Cont'd)

Damage (o the 34214 or external devices may result if
volftage inputs are made through the front panel terminals and
the relay inputs simultaneously. Therefore, under no cir-
cumstances should a voltage be input through the front panel
terminals while at the same time a voltage is being input
through the relay assembly.

The following examples of using the 44462A multiplexer assembly are broken down
into four measurement types: Voltage, Resistance, Temperature (using ther-
mocouplesi, and Counter functions. Succeeding these is a brief discussion on at-
tenuators. The 3421A Commands associated with each of these areas are also
discussed. Actuators will be discussed later in this chapter. All program examples
are for a BASIC language controlier, specifically the HP-85.

Voltage Measurements

Vohtage measurements, whether AC or DC, are easily made with the 44462A
assembly. Each channel on the assembly is provided with independent HIGH and
LOW connections on the terminal block. Furthermore, Channels O through 7 may be
configured with a divider network to attenuate voltages. In fact, Channel 2 is pro-
vided with a jumper selectable 10:1 divider built-in. Later in this chapter you will
see how attenuators are used. Information for the service technician to install the
attenuators is provided in Chapter 8.

WARNING

In the power down mode, all relays on the 444624
Assemblies remain in their pre-power down state. In other
words, if a relay (actuator or voltages input, etc.] was clos-
ed before power down, it will remain closed after power
down.

DCVIx,y,...z]

The DCY command sets the voltmeter to DC volts function, autorange, autozero on,
and 5% digits resolution. The parameter {x,y,...z] sets up an optional channel list.
A reading is taken from each channel and stored in the sequence of the channel list.
When the 3421A is addressed to talk, the readings are sent in the order they were
taken, t.e., the channel list order. The DCV command always opens the last chan-
nel before closing the next channel in the list. When the last channel has been
measured, that channel stays closed. This is true unless no channel list is receiv-
ed. In that case, channels remain in the same state and one reading is taken.
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ACVIx,y,...z]

The ACV command acts just the same as the DCV command except that the AC
volts function and 4% digit resolution are selected.

An example of using the 44462A assembly to measure an AC voltage on channel
2 and DC voltages on channels 3 through 9 is demonstrated in the following figure.

Remember that the relay assembly is in slot O of the 3421A.

Notice in Figure 5-2 that the 10:1 divider is used for the AC voltage measurement.
Therefore, the measurement taken on channel 12 must be multiplied by 10 to get
the actual voltage. The program shown beside the illustration shows how easy it
is to make the measurements and return the results to the calculator.

A4A62A 18 CHANNEL

TNTERAL 1 : TERMINAL
3421A MATNFRAME MU“”F’?—EﬁE AGEEMELY BLOCK
A
¢ R N N
S CHARNEL ©
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Baps INTERWAL OVM | e S Gl
OR COUNTER i
W AS ACTUATOR
i SLOT 0 ANALOG L0
‘ COMNECTION
M e
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f iy >3 11 eoeon
sLAck . ME
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JUMPERS &
WM
ORANGE.
| i GRAY
Hil  wol RI[ g
& & &8 &
£ SENSE INPUT
(4 WIRE Q) {2 WIRES —<
VOLTS) H
''''' h|%< aar 1 h cHaner 4 {02V
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110 DISP “CHANNEL ;
120 NEXT T

130 EXD

]
"1i*t RERDING ~ “:ALD>

g S tes

Figure 5-2. Veltage Measurements
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Resistance Measurements

Resistance measurements, like DC voltage measurements, are easily made with the
44482A assembly. Resistance measurements are made by the 3421A sourcing a cur-
rent through the unknown resistance. The DC voltmeter measures the attendant
voltage drop across the resistor and calculates the resistance. Two types of
resistance measurements can be made by the 3421A; 2-wire and 4-wire.

The 2-wire ohms mode is used most commonly when the resistance of the test leads
is not criticat. inaccurate results may occur when using the 2-wire ohms mode if
the resistance of the test leads is very high. For example, suppcse you are making
a temperature measurement using a thermistor (2.252 kOhms @ 25°C). This ther-
mistor is 40 feet away from the 3421A. At 20°C the thermistor will have a
resistance of 2814 ohms. However, at 20°C, 40 feet of #24 A.W.G. copper wire
has a resistance of approximately 1.02 ohms. Two wires, each 40 feet long would
produce an error of 2.04 ohms. Using a 2-wire ohms measurement results in a .4%
resistance error. In addition, the 3421A has a 2-wire Ohms offset of up to 4 ohms,
adding an other .15% error. See Figure 5-3.

CURRENT
SOURCE HI LEAD
—% RESISTANCE
RESISTANCE VOLTAGE 1.020
MEASURED HERE GENGE 28140
IS 28185.040 - (TYPE 4404
= -1% p AMISTER
AND ERROR OF -1% P lﬁEgggng
CURRENT
SOURCE LO
LEAD
= AESISTANCE
CURRENT
SOURCE HI
T AN
VOLTAGE ¢ 140
SENSE
- (TYPE 4404
i THERMISTER
CURRENT AT 20°C)
SOURCE 1.0
AT
dﬂm

dazd-5-3

Figure 5-3. 2-Wire vs. 4-Wire Resistance Measurements

The use of a 4-wire ohms measurement eliminates the error caused by the test lead
resistance. The current through the thermistor is the same regardless of the lead
resistance but the voltmeter measures only the voltage drop across the thermistor,
not across the combinad lead resistance. The 4-wire measurement is essential where
long lead lengths are present or where the highest accuracy is desired. Two 44462A
relay assemblies are needed for 4-wire resistance measurements, one with the 4-Wire
Ohms Source jumpers in place and the other with the 4-Wire Ohms Sense jumpers
in place.
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TWO [x,y,...zI, 2-Wire Resistance Measurements

Figure 5-4 illustrates the procedure for making 2-wire resistance measurements. The
command for a Z-wire measurement is TWO [x,y,...z}. TWO represents Two Wire
Ohms. The parameter [x,y,...z] is the channel list to specify which channels to make
the measurement on. In the figure beiow, channels 2 through 5 and channels 8 and
9 are used for the resistance measurement. Therefore, the command to make those
measurements could be: TW02-5,8,9. This is demonstrated in the sample program
associated with the illustration.

The TWOIix,y,...zI command acts identical to the DCV[x,y,...z] command except that
a 2-wire resistance measurement is made.
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Figure 5-4. 2-Wire Resistance Measurements
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FWOIx,y,...z], 4-Wire Resistance Measurements

4-wire resistance measurements are essential when the highest accuracy is required
or where long lead lengths are present. Using the 3421A to make 4-wire
measurements necessitates two 44482A relay assemblies. As mentioned previous-
ly, the relay assemblies witl require a slight modification. Information for the service
technician to make this modification can be found in Chapter 8.

The FWO command acts identical to the TWO command except that a 4-wire
resistance measurement is made. ldeally, all addresses in the channel list [x,y,...2]
should be in the same decade, that is, the same 44462A bhoard. This is because the
channels are paired with [x+ 10,y -+ 10,...z+ 10]. This is true unless Ix,y,...z] are bet-
ween 20 and 29, in which case they are paired with {x-20,y-20,...2-20].

CAUTION

Anytime a channel is specified with the FWO command, the
34274 will attempt to close the appropriate pair. If either the
specified channel or its pair is not on a 444624 multiplexer
assembly, an error will be generated but no other action will
be taken. If both channels are on 444624 assemblies and are
configured as multiplexers, both channels will be closed.
Make certain that you know what /s connected to both chan-
nels, and the configuration (i.e., actuator, etc.) before ex-
ecuting the FWQ command.

Figure 5-b demonstrates a typical 4-Wire Ohms measurement setup. The current
source leads are connected to one relay assembly. This assembly must have jumpers
JM3 and JM4 removed and JM1 and JM2 instalied. A second 44462A assembly
is used to connect the 4-Wire Ohms Sense Leads. This assembly must have jumpers
JM1 and JM2 removed and JM3 and JM4 installed. The two assemblies must be
placed in adjacent slots, i.e., O and 1, 1 and 2, or 2 and O. This is because the
4-wire ohms command, FWO, closes two channsls, one on each assembly.

For example, if one assembly is placed in slot 1 and the other assembly in slot 2,

the command FWOQO12 would close channeis 12 and 22. With this setup, all chan-
nets specified in the FWO channel list must be in the same slot, that is, slot 1.

149



Figure 5-5. 4-Wire

Resistance Measuremenis
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Thermocouple Temperature Measurements

The 44462A assembly is designed for compensated thermocouple temperature
measurements. This assembly utilizes an integrated circuit temperature sensor to
determine the temperature of the terminal block. In performing a software compen-
sated thermocouple temperature measurement, the following steps must occur:

1. Measure the temperature transducer voltage from the relay assembly and com-
pute the terminal biock temperature. This is known as the reference temperature.
The Standard REF command will perform this step automatically.

2. Convert the terminal block temperature to a thermocouple reference voltage.
The implementation of this step is dependent upon the type of thermocouple being
compensated and allows the use of different thermocouple types 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
thermocouple to effect icepoint compensation.

5. Convert the sum total voltage (step 4) to a temperature in °C.

Note that if type T thermocouples are used, the 3421A TEM command performs all
of these steps automatically and returns the measured temperature. However, if other
thermocouple types are used, the 3421A can do steps 1 and 3, but the system com-
puter must perform steps 2, 4 and 5. Examples are provided in hoth chapters 3 and
4 showing how this can be done and listing the necessary conversion coefficients.

TEMIx,y,...z], REF[x]

The TEMIx,y,...z} command follows the same constraints as the DCV[x,y,...z}] com-
mand. The REF[x] command is used to measure the temperature of the reference
junction lintegrated circuit transducer} on the multiplexer assembly where channel
‘X’ is located. The answer returned is in degrees C. If channel-'x’ is not specified,
the REF command defaults to a 44462A assembly that has a relay closed. If there
are no relays closed, the BREF command goes-to the 44462A assembly with the
lowest slot number, I there are no 444862A assemblies, a syntax error is generated

(see Status Byte in chapters 3 and 4) and the error message -8.88888E + 8 is sent.

Figure 5-6 pictorially illustrates how b type T thermocouples and one DC voltage
source are connected to a 44462A assembly. The program associated with the il-
lustration first ‘measures the DC voltage and then the b thermocouples. The TEM
command, used with type T thermocouples only, automatically measures the
reference voltage and the thermocouple voltages and computes the temperatures.
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Figure 5-6. Temperature Measurements

For more information on temperature measurements, whether using thermocouples,
thermistors, or RTD’s, or for thermoccouple diagnostics, refer to -hp- Application Note
280, Practical Temperature Measurements,

Counter Functions

The 3421A has the capability of measuring frequencies up to 10 kHz or totalizing
events up to a maximum count of 85,5635, A typical exampie for the counter is to
measure the frequency of an audio oscillator. The totalize function can be used to
count the number of objects passing by on a conveyor belt or count the pulses from

a liquid flow meter.
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Figure 5-7. Frequency Measurements

FRQIx,v,...zZ]

The FRQIx,y,...z} command sets up the 3421A to the frequency counter mode, 1
second gate time, and 5 ¥ digit resolution. If no channel list is sent, the frequen-
cy measurement is made from whichever channel is closed. If a channel [ist is sent,
frequency measurements are made and stored from each channel in the sequence
specified.

TOTIx]

The totalize command, TOTI[x] is used to totalize events occurring on the channel
specified by ‘x’. TOT clears and starts the totalize counter. If a channel is not specif-
ed, TOT totalizes on the currently closed channel. If the channel specified is not a
multiplexer channel an error is generated. Note that when the 3421A is addressed
to talk, it will output the current subtotal from the counter without interrupting the
counter.
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Figure 5-8. Tetalizing
Channel “x"" will remain closed until another instruction opens it. Note also that if

a trigger command is received while TOT is asserted, the 3421A will abort TOT and
begin taking frequency readings (FRQ).

Attenuators

Attenuators are used to reduce an input signal to a useable level. For example, the
3421A AC voltmeter has a maximum range of 30 volts. To measure a 120V power
line, an attenuator is used. If a 10:1 attenuator is used, the 120V power line is
reduced to 12.0 volts, well within the range of the voltmeter. Precision components
should be used to maintain accuracy.

It was mentioned previously that channel 2 on each multiplexer assembly has a built
in 10:1 attenuator. This attenuator can be taken out of the circuit {no attenuation)
by moving jumper J8 on the assembly to the ‘OUT’ position. Any voltage measured
from channel 2 with the jumper J8 in the ‘IN’ position must be multiplied by 10 to
obtain the correct value.

154



JUMPER J8

ey
gyt =

KRR

Hr B B

L

Channels 0, 1 and 3 through 7 have provisions for installing your own components
{series and/or shunt) for attenuators, etc. Channels 8 and 9 have provisions for in-
stalling components in shunt (from HIGH to LOW terminals) with the signal path.
Chapter 8 provides information sufficient for the service trained technician to install
and reconfigure the option board assembly.

WARNIRG

Only qualified personnel with a knowledge of electronic cir-
cuitry should install and reconfigure the option boards. In-
stalfation and configuration information for this option board
is provided in Chapter 8.
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Figure 5-9. Attenuators
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Actuators

Channels O and 1, as the assembly is shipped from the factory, are configured as
actuators. Each relay can be used to switch 150 VA maximum thus making them
ideal for switching power to external devices. Relay contact protection is provided
to minimize RF! and extend relay contact life. Two commands that are generally used
with the actuators are CLSx and OPNix].

Figure 5-10 illustrates how one actuator may be used to switch power to sound an
atarm. Chapter. 8 provides sufficient information for the service trained technician to
install and reconfigure the actuators.

WARNING

Only qualified personnel with a knowledge of electronic cir-
cuitry should install and reconfigure the option boards. In-
stallation and configuration information for this option hoard
/s provided in Chapter 8.
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Figure 5-10. Actuator
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Power Down/Power Failure

When using the 3421A in control applications, it is imperative to know what the
state of the actuator relay will be in during Power Down or in the event of power
failure. When the 3421A receives a Power Down command, the relays will not
change state. Moreover, they cannot be changed untii the 3421A is powered up.
Should the AC power line fail, the 3421A automatically operates from its internal
battery, so no change occurs. In the event the battery should fail, still no relays
change state.

Please note that this applies only the 44462A actuators. The switches in the 44465A
Digital Qutput port may also be used as actuators. In the event of power down or
power failure, ali digital output port actuators will assume a high impedance (open)
state.

Channel and Advanced Commands

There are several other commands that directly relate to the 44482A 10 channel
multiplexer assembly. These commands are provided to further enhance the power
and flexibility of the 3421A and its multiplexer option,

CLSx

CLSx is used to close a single relay, whether it is an actuator relay or a multiplex-
er relay. If the channel specified by ‘‘x’’ does not exist, a syntax error is generated.
See Status Byte in Chapter 3. Valid channel numbers for actuators are 0, 1, 10, 11,
20, and 21.

CLPx

The CLPx command is used to close a pair of channels simultaneously. It first opens
all multiplexer relays and then closes channeis x and x+ 10 {e.g.. CLP12 closes chan-
nels 12 and 22). i channel x is between 20 and 29, then channels x and x-20 will
be closed (e.g., CLP25 closes channels 25 and 5). If either x or its pair is not a
multiplexer channel, then no channels will be opened or closed and & syntax error
generated. This command is useful for ciosing two channels when making 4-wire
ohms measurements.

OPNIx]

The OPNix] command is used to open the relay specified by “'x’". If ”'x"" is not sent,
the OPN command opens all relays. An error is generated if the channel specified
by “'x"" does not exist.
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LSxLy,...2]

The LSx.iy,...z] command {Load Single multiplexer channels} can be used to load the
channel list. The channels are loaded in the order received and the channel list pointer
is reset to the first channel. If a T3 or Si1 command is received all multiplexer chan-
nels will be opened and the first channel in the list will be closed.

LPx[,y,...z]

LPx,ly,...z] is used to Load Pairs of scanner channels into the channel list. Essen-
tially, this is the same as the LS command except that channels x and x+ 10, etc.,
are closed simultaneously. If x is greater than 20, then x and x-20 are closed.

RL

To Read the current channel List, the RL command is used. When the 3421A is ad-
dressed to talk, the channel list is sent to the controller in the same sequence that
they are assigned. Channel numbers are separated by a Carriage Return, Line Feed.
If a place in the list is empty, the place will be marked by “99"'. For example, if
you assign a channel list of 1-7,15,18 and then read it back, the response will be:
1,2,3,4,5,6, 7, 15, 18, 99, 99, 99, 99... until all 30 positions in the list are sent.

SI0, SIt

These two commands are called the System Increment commands. SIO is used to
initialize the channel list pointer to the first channel in the list. No channels are open-
ed or closed. The SI1 command, however, is used to increment the channel list. The
current channel is opened and the next channel in the list is closed.

DTx

The DT command {Digital Trigger) allows for external triggering of the voltmeter or
counter. This feature looks at Digital Input bit at address “‘x’* and when that bit goes
LOW, a T3 trigger is executed. T3 turns on reading storage and reads from the chan-
nel list. Consider the following example. The channel list is set up using the LS com-
mand, the voltmeter is set to DC Volts {F1} and autorange {RA1), etc. When input
bit 7" goes low in slot "*1"" goes low, the voltmeter takes the readings, stores them
and then interrupts the computer via Data Ready SRQ. Lines 10 through 30 couid
be combined into one OUTPUT statement but are separated here to make it easier
to follow the program.

158



FA M

Ee

%

LH

.

Ty ey

(i BN e |

UCx

The UCx command is used to UNCONDITIONALLY Close a channel or set a digital

No channels are opened when the UC command is executed.

bit {see chapter 6).

NOTE

Use extreme caution when using this command. It is possi-

ble to have two or more channels closed simuftaneously with
this command. Damage to the instrument or to external

transducers or other instrumentation may result.
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Application Examples

The sample program in the DT command illustrates that any of the voltmeter Ad-
vanced Commands can be used with the 444862 A assembly. This of course applies
also to the counter Advanced Commands. The following Applicaticn Examples are
designed to show you how to enhance the measurement capabiiities of the 3421A.

Burst Measurements

The following program shows how the 3421A can take a burst of 30 readings from
a selected channe!, in this case 5. This burst will take less than 1 second to

complete.

Line 20 sets the 3421A to hold measurements but enable the channel list scanner
(TO), loads the entire channel list with channel 5 (LS5-8), DC volts {F1), autozero
off {Z0), and 3% digits of display {N3). When the 3421A is triggered (T3), it will
take 30 readings from channel 5 and store them. The readings are read back and
displayed in lines 40 through 80,

Single Ended Measurements

Single ended measurements allow you to expand the multiplexing capability of your
3421A to & maximum of 56 inputs. Effectively, a single ended configuration changes
a single channel into two channels. When using this method, one of the installed
44462A Multiptexer Assemblies should have channels 0 and 1 configured as
actuators. The actuators are used to switch the Hi and LO relays of the remaining
channels to the /V HI front panel terminal of the 3421A. Input Common is shared
by all inputs, is not switched, and is connected to the Q/V LO front panel terminal.
A schematic of a single ended configuration is shown in Figure 5-11. In this exam-
ple, 44462A Multiplexer Assemblies occupy stot O and slot 1. The slot O assembly
has channels O and 1 configured as actuators for switching the remaining channels.

The 44462A Multiplexer Assembly that is configured with the two actuators for swit-
ching the inputs can provide 16 single ended channels; other instalied Multiplexer
Assemblies can provide 20 single ended channels each.
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There are four important rules pertaining to single ended measurements that must
be followed.

CAUTION

Failure to Comply with the following four rules could result
in equipment damage.

Make certain that only one actuator channel is closed at any given time.
If the two actuator channels are both closed at the same time, damage to
the 3421A or the voltage source being measured could resuit.

Any 44482A Muitiplexer Assembly that is configured for single ended
measurements can only be used for singlé ended measurements. For ex-
ample, suppose you have two 44462A Multiplexer Assemblies installed but
need 22 channel capability. By using the single ended method, 36 chan-
nels wili be available (16 + 20} but 14 will remain unused.

All inputs to be measured must be referenced to Input Common which is
connected to the 3421A Q/V LO front panel terminal. This is the unswit-
ched voltmeter input. Heavy gauge wire is recommended for this Input
Common connection to minimize common mode voltages. Use extrems cau-
tion when making floating measurements.

AC Voltages that are input to the 3421A internal voltmeter are limited to
30V RMS. Higher voltage must be attenuated to a maximum of 30V RMS
by external attenuation. Using the built-in attenuator on channel 2 of any
44462A Multiplexer Assembly configured for single ended measurements
is not permitted.

if actuator channels O and 1 have been previously used in a high current application,
it would be a good idea to perform the performance verification procedure before
using them in a single ended measurement application (see Section IV of the 10
Channel Multiplexer Service Manual). A high current application couid cause corrosion
of the relay contacts which in turn could degrade input signal guality.

Once the single ended configuration is made, channel selection is straight forward.
Channel lists may be specified the same as with any other type of measurement l{eg.,
DCV2-19}, When you specify an input, the input that will be read will depend upon
which actuator is closed. In other words, the actuator channels are used to select
either the HI or LO relay of the channel selected when the DCV command is
executed. For example, if your configuration is like that shown in Figure 5-11 and
DCV2 is executed with actuator O closed, the input will be the one connected to
the channel 2 LO relay; if actuator 1 is closed, the input will be the one connected
to the channel 2 HI relay.
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Figure 5-11. Single Ended Measurements

The following recommended procedure explains how to configure three 44462A
Multiplexer Assemblies to permit up to 56 single ended channels to be measured.
The procedure can be easily modified i you have less than three Multiplexer
Assemblies to be configured.

Step 1. Remove JM1, JM2, UM3, and JM4 from each Multiplexer Assambly to
be used for single ended measurements. JM1 and JM2 are the only
jumpers installed at the factory. Removing these jumpers opens the path
between the Multiplexer Assemblies and the 3421A internal voitmeter.
The veltmeter connections will be made to the 3421A front panel in a
later step.

Step 2. Place J8 on each Multiplexer Assembly to be used to the "OUT" posi-
tion, if it is not in that position already. This removes the 10:;1 attenuator
on channel 2.

162



Step 3.

Step 4.

Step b.

Step 6.

Step 7.

On the Multiplexer Assembly to occupy slot O, place J6 and J7 in the
1" position. This may or may not be the factory configuration,
depending upon how the Multiplexer Assembly was ordered. The 3421A
logic circuitry uses these setting to determine that channels O and 1 on
this assembly are actuators and ali other channels are multipiexers.

On the Multiplexer Assembly to occupy slot O, make sure JMOB/18,
JMOS/19, and JMO/10 are in place and that JMO5/15 and JMO6/16 have
been removed. This may or may not be the factory configuration,
depending upon how the Multiplexer Assembly was ordered. This will
configure channels O and 1 as actuators.

On the Multiplexer Assemblies to occupy slots 1 and 2, place J6 and
J7 in the 0" position. This may or may not be the factory configuration,
depending upon how the Multiplexer Assembly was ordered, The 3421A
togic circuitry uses these settings to determine that all channels on these
assemblies are multiplexers.

This step has two parts and will configure the assemblies in slots 1 and
2 so that all channels are configured as multiplexers. This configuration
may or may not have already been performed, depending upon how your
Muitiplexer Assembly was ordered.

a. On the assemblies in slots T and 2, solder jumpers at JMO/10,
JMOB/15, and JMOB/16.

b. On the assemblies in sicts 1 and 2, remove jumpers at JMO8/18 and
JMOCS/19.

Refer to Figure 5-12 and configure the terminal block edge connectors
as follows:

a. On the slot O terminal block edge connector make the foliowing
connections:

HI Common to H1

LO Common to HO

L1 to LO

LO to the 3421TA (/V HI Front Panel Terminal

b. Interconnect the terminal block edge connectors of all Multiplexer
Assemblies to be used for single ended measurements as follows:

HlI Common between all terminal block edge connectors
LO Common between all terminal block edge connectors
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Step 8.

Step 9.

An HP-85 program example for the single ended configuration just explained is

provided.

rr

Connect the " +

the terminal bleck edge connectors. The
a positive voltage, but rather indicates the “"hot’’ side of the input. in-
put V1 connects to L2 on the slot O terminal block; input V2 connects

side of the inputs to be read to the various points on
+ " does not necessarily mean

i

to H2 on the slot O terminal biock, etc..

Connect the common side of all

inputs together and then connect this

input common o the 3421A Q/V LO front panel terminal.
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Figure 5-12. Configuration for Single Ended Measurements
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Shielding and Noise Rejection

Inaccuracies caused by radiated and/or “"Common Made Noise’' are common pro-
blems with Data Acquisition Systems., These problems are especiaily pronounced
when the signal being' measured is quite small, such as with thermocouples. The
3421A, however, helps to eliminate many of these types of problems. For exam-
ple, the 3421A internal voltmeter uses a method of integration for analog to digital
conversion. Integration is a process where noise is averaged over a full power line
cycle. Thus, power line frequency related noise and its harmonics are virtually
eliminated.

The purpose of this section is to demonstrate additional ways of reducing the ef-
fects of noise on low signal level measurements.

Consider the following example. Several thermocouples are attached to an automobile
engine to monitor engine heating. The engine is located several hundred feet from
the Data Acquisition system. To further complicate matters, the thermocouple wires
have been pulled through the same conduit as a 220V AC power line, The
capacitance between the power lines and the thermocouple wires will create an AC
noise on the thermocouple wires. Shielding the thermocoupie wires and connecting
the shield to the LO terminal on the 3421A serves to shunt the noise away from
the voltmeter.

DISTRIBUTED
C?ACETANCE 220V AC
"-x,/) i

LINE

KDESTQ%BU?ED
LEAD RESISTANCE

WITHOUT SHIELD

220V AC
LINE

conneet A

O Lo

WITH SHIELD

Figure 5-13. Shielding
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A second source of noise, called Common Mode Noise or Common Mode Voltage
{CMV), occurs if there is a voltage difference between the engine ground and the
System ground. If this common modse voltage is very large, say 100VAC, potential
damage to the 3421A could result. To illustrate, Figure 5-14 shows two ther-
mocauples attached to the base of a light bulb.

Assume, for the moment, that channel 1 closed when the CMV was at its top peak.
This means the voltmeter LO terminal would be at voltage V1, approximately + 141
volts. When channel 1 is opened the LO terminal remains at that voltage due to the
stray capacitance. Now if channel 2 is closed when the CMV was at its bottom peak,
the LO terminal would immediately drop to — 141 voits. This is an instantanecus drop
of 282 volts and could cenceivably damage the 3421A, '

To eliminate this problem, dedicate one channel to a good earth ground, say for ex-
ample channel 0. Now, between each measurement, close channel 0. This brings
the LO terminal to O volts which is a maximum step of only 141 volts which is quite
safe for the 3421A.

------------------------------------------------------------------ —S
CHANNEL 1
& P el
Lo
W
P -
- CHANNEL. 2 o
20V S == 1> """""""" £ o LM
=g L0 | sTaay
? T CAPACTTANCE
E = SHEET METAL
OGN CHASSTS
VOLTAGE
: A
170V | WM?]’F
ov — 340V STER

170V

170V PK fﬁi
120VmMg \\{_/ TIME

VOLTAGE
-170v PK

170V

-170V

3421 514

Figure 5-14. Comman Mode Naise
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4-20 mA Current Loop

The 44482A assembly is capable of sensing the current in a 4-20 mA industrial cur-
rent loop. A resistor must be placed in shunt with the the current path and the
3421A voltmeter used to monitor the resultant voltage drop. A suitable resistor is
50 Ohms, .1%, .5 watts {(such as -hp- part number 06938-0064}. The formula for
converting the measured voltage drop to loop current is:

Measured Voltage

Loop Current =
Shunt Resistance (50 Ohms)

Thus, the 50 ohm resistor converts the 4-20 mA signat to 0.2-1 volt signal.

HE 19 1 4-20 mA cyrrant loop examele
" ﬂ 20 1 -HP- 9% version
= I : E ; 4-20mA 3001 34218 gt aua(r:eea 1
' T 4 OQUTPUT 981 DCvs"
o =0fk 5> CHANNCL d CLaEn: o ENIER 907 : A
= foste R w-@»mw—m - e 60 C+A/50
: TRANSINCER 70 JISP “LOOP CURRENT = "iC
Lo 80 END
A421 515

Figure 5-15. 4-20 mA Current Loap

Specifications

The following specifications are the critical specifications that must be considered
in all applications. Expanded specifications may be found in chapter 7 of this manual.

Voltage (multiplexer): 300VDC 250VAC RMS 150VA Maximum
{actuator): 300VDC 250VAC RMS 2A Maximum

Contact Resistance: < 1.4 Ohms
Thermal Offset (multiplexer}: <3uV

All relays break-before-make
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Chapter

44465A

Bit Digital /O Option
(Option 040)

Introduction

The 44465A Digital /0 assembly gives you the capability of monitoring the closure
of position switches and closing relays. In addition, you can use the assembly to
trigger the internal voltmeter when an event occurs. This chapter gives the operating
instructions for the 44465A Digital /O option. Here you will learn how the option
can be used in a wide variety of applications. This assembly can be used almost
anywhere you need on/off, present/absent type of information and control.

Several program examples are included to enhance your understanding and provide
you practice in using the commands. All computer programs in this chapter are writ-
ten in BASIC language such as used by the -hp- 85 computer. Feel free to experi-
ment with the programs and alter them to meet your individual needs.

Each 44465A Digital /0 card provides one 8-bit input port and one 8-bit output port.
Each bit is electrically isolated from the rest. Typical uses for the input port include
limit and position switch monitoring and communicating with digital logic circuits.
The output port can be used in low voltage switching applications. Critical specifica-
tions for the card are located near the end of this chapter.
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CAUTION

Only qualified personnel with a knowledge of electronic cir-
cuitry should install or reconfigure the option boards. Installa-
tion and configuration information for this option board is pro-
vided in Chapter 8.

Input Port Overview

Many monitoring capabilities are provided at the input port. Typical uses for the in-
put port involve monitoring switches or valves to determine if they are open or clos-
ed. This can best be described with an illustration. Imagine for a moment an overhead
trolley. As the trolley moves along its track it must stop at several stations to per-
form some task. Position switches are used at each station to signal the controller
to stop the trolly motor. Each position switch is sensed by an individual bit in the
digital input port. The reason it is called a digital port is because it acknowledges
two different states; i.e, either the switch is open or it is closed.

The 8-bit input port is optically coupled to provide maximum isolation and prevent
neoise and ground loops. A wide range of input supply voltages (2.4 to 24 Vdc) coupl-
ed with a maximum current of 25 mA means that the input pert can be used in a
wide variety of applications. Let's take a look at the command set before looking
at specific examples using the port.

Standard Commands

The two STANDARD commands used most often with the input port are REDi (REaD
stot i} and BiTx. REDi allows you to look at the entire 8-bits (each ‘‘bit"’ represents
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one switch) from the slot specified by *'i"’. BITx, however, permits you to select in-
dividual bits to look at. In the following discussion the words “'set’”” and “'clear’’ will
be used. Set means that a condition is true; e.g., a switch is closed, a logic “'1"'
condition, etc. Clear means just the opposite; i.e., the switch is open, or a logic 0"
condition. So you won't be confused by these terms, several examples are provid-
ed in this section to illustrate exactly what they mean.

REDi

The REDi command reads all digital input bits associated with slot “'i"" and responds
with a decimal number between O and 255. This decimal number corresponds to
the sum of the values of the individual bits that were “'set’’. For example, if you
have a Digital 1/O card in slot 1 and bits 0,2 3, 5, and 7 are ''set’” (all others are
cleared), the value 173 would be returned. Refer to the chart below.

Bit Mumber 7 § 5 4 3 2 1 ]
Bit value 27= 8 2%= 2% 2%8= 2% 2= 2=
if set 128 64 32 16 8 4 2
Example: word 1 4] 1 O 1 1 ] 1
Deacimal Value = 128 + o + 32 +  + 8 4+ 4 + O 4 1 =173

Bit Value Chart

The following is a program to assist you in decoding the decimal number and deter-
mining which bits are set, Line 10 sends the REDi command for slot 1. This line
should be changed to reflect the slot that your 44465A card is in. Line 20 is used
to enter the decimal value and the rest of the program decodes it and prints the
“‘set"’ bits.

16 QUTPUT 3901 ;"RED1"

20 ENTER 301 : A

3¢ IF A=0 THEN DISP "NO BITS SET"
40 IF A<128 THEN 60

50 A=A-128 @ DISP "BIT 7 SET”
60 IF A<64 THEN 80

70 A=A-64 @ DISP “BIT &6 SET”
80 IF A<32 THEN 100

90 A=A-32 @ DISP "BIT 5 SET"
100 IF A<16 THEN 120

110 A=A-16 @ DISP "BIT 4 SET™
120 IF A<B8 THEN 140

130 A=A-8 @® DISP "BIT 3 SET™
140 IF A<4 THEN 160

150 A=A-4 ® DISP "BIT 2 SET”
160 IF A<2 THEN 180

170 A=A-2 8 DISP "BIT 1 SET™
180 IF A<1 THEN 200

1906 A=A-1 @ DISP "BIT 0 SET"
200 END
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BITx

The BITx command allows you to look at individual bits. The following table shows
the addressing scheme for individual bits for 44465A cards in each of the three siots
of the 3421A. Notice that bit addresses 08, 09, 18, 19, 28, and 29 are not allowed.
The 3421A sends a value + 1.000E-+ 0 if the bit is set and +0.000E +0 if the bit
is clear.

Bit Address if card in Slot #

Bit# Slet O Siot 1 Slet 2
0 0 10 20
1 1 11 21
2 2 12 22
3 3 13 23
4 4 14 24
5 5 15 25
6 6 16 26
7 7 17 27

Bit Value Address Chart

Look again at the example given in the bit value chart earlier. If you execute a
BIT17 (for bit 7 in slot 1) followed by an ENTER statement, the calculator will
show a value of 1. The following program shows how this can be done. If you ex-
ecute a “BIT12" (bit 2 in slot 1), the calculator will return with 0 because the bit
is clear.

10 BUTPUT 801 "BIT17"
20 ENTER 801 @ A

30 DISP A

40 END

BIT can also be used with a channel list, e.g., BIT17,15,13,11,10. The following
program shows how this can be done.

10 BUTPUT 901 "BIT1/7.15,13,11,10"
20 ENTER 981 ¢ A,B.C,D.E

30 DISP A,B,C.I.E

40 END

The command BITO-27 sets the bit list (also called channel) to read all input port
bits in the 3421A
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Advanced Commands

The advanced instruction set provides added capabilities for the input port. The three
commands in this group are; MHa, MbLa, MNi. These three may be used to cause
an interrupt (SRQ) to signal the controller. The MNi command uses two other com-
mands, XRlabc] and ANlabcl, 1o specify the parameters that will cause the interrupt.

MHx

The MHx (Monitor High} command monitors the bit specified by “'x’'. Refer to the
bit value address chart shown earlier to determine the value of “'x’". When bit """’
becomes set, the EVENT OCCURRED bit in the Status Register (bit 3, see Chapter
3, SPOLL} likewise becomes set. If the appropriate SRQ mask bit were set, an in-
terrupt {SRQ) is generated to flag the controller. Refer to chapter 3 under the topic
of SPOLL for more information on SRQ and the Status Register. When the 3421A
is addressed to talk it will output the a decimal number equal to the sum of the
values of the bits that were set at the time of the interrupt (similar to a REDi

command).
MOTE

If the 3421A receives another command after the the MHx,
MLx or MNi command, the monitor function will be turned
off.

The proper way of sending the monitor commands to the
3421A is to eliminate the final end-of-line sequence. With the
-hp- 85 this is done with the format:

OQUTPUT 801 USING “#,K';"MHx;”" (or MLx, MNi)

Note the use of the semicolon terminator after MiHx. A col-
on () could have been used instead.

MLx

The MLx (Monitor Low) performs the same way as MHx except “"Event Occurred’”’
means the specified bit became cleared.

Example

Let's look at an example of this. Assume that you have a 44465A card in slot 2
of your 3421A. You want to monitor bit 1 and when it becomes set, e.g., from a
switch closure, you want to print a message. The following program shows how this
can be done.
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10 ¥ Digital monitor program
20 ¥ -HP- 85 wversion

30 1 34210 at address 901
40 DUTPUT 901 ;"M8"

50 OUTPUT 901 "HHZ1™

o ON INTR 9 GOTO 1000

70 ENABLE INTR 9:8

80 ' BODY OF PROGRAM

980 GOGTO 80

390 END

10006 STATUS 9.1 ¢+ B

1010 P=SPOLL(S01)

1020 IF BIT(P.3> THEN DISP
“DIGITAL INTERRUPT™

1030 END

80-990
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Line

40

50

55

60

70

1000

1010

1020

Bescription

Sets up the SRQA mask for
event occurred. See Chapter
3.

Sets the Monitor High comm-
and for bit 1 in slot 2.

The SEND 7;UNL command
is used only with the HP-IB
option. It allows the 3421A
to send the SRQ interrupt to
the computer.

Instructs the compuier where
to go (line 1000} when an in-
terrupt (SRQJ occurs.

ENABLE INTR 9:8 enables
the -hp- B5 to respond to the
interrupt.

These lines form the body of
the program. They could be
replaced by other program
statements. The program will
continue to run until an inter-
rupt OCCUrs.

Line 1000 is the beginning of
the interrupt subroutine. The
STATUS command reads and
clears the -hp- 85 so that it
can respond to future
interrupts.

SPOLL places the value of
the 3421A Status Register
into variable P. it also clears
the 3421A Status Register.

Bit 3 of Status Byte (P} is
checked to make sure that it
is a 1", if it is, then the in-
terrupt was caused by the
digital /O board and the
message is displayed. If the
bit is a "'0"’, something else
caused the interrupt.



MNi (AN{abc], XR[abcl)

The MNi command aliows you to specify an entire word (8-bits) to cause an inter-
rupt. MNi uses the XRlabcl, ANfabc] commands to extract only the bits you want
to look at. XRlabc] is calied an Exclusive Or mask. It allows you to specify which
bits are to be set to cause the interrupt. The AND mask is set up by the AN[abc]
command and allows you to specify which bits you want to monitor. In the discus-
sion to follow, it will help to remember these two points:

1. The XR command determines which bits are to be set to cause the interrupt.
2. The AN command determines which bits you want 1o look at.

The MNi command reads the input bits from the card in slot i, performs a logical
Exciusive-OR with the XOR mask, takes the result and performs a logical AND with
the AND mask. If the final result equals 0, the EVENT OCCURRED bit in the Status
Register {bit 3} will be set. If the SRQ Mask is set for bit 3, an SRQ interrupt will

be generated.

XRlabc]

The XRlabc] command sets the logical Exclusive-OR mask for the MN command. The
value [abc] represents a decimal number from O to 255. Refer to the bit value chart
shown earlier in this chapter. The Exclusive OR function performed by the MN com-
mand is done on a bit-by-bit basis. The following Truth Table and example show how
the XR mask works.

iogical XOR Truth Table

input Mask
Bit Bit XOR Result Example
0 0 0 1T0101100-XR mask = 172
0 1 1 01110010 - Input Bits
1 0 1
1 1 0 11011110- Logical XOR Result

When you are sending a mask number, whether XR or AN, to the 3421A, it is not
always necessary to send all three digits [abc]. Leading zeros are automatically in-
serted. In other words, XR5 is the same as XROO5. If no number is received by the
3427A, the mask is set to all O's.
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ANfabc]

The AN[abc] command sets the AND mask. The value [abc] represents a decimal
number between O and 255. Refer to the bit value chart given earlier in this chapter.
The AND performed by the MN command is done on a bit by bit basis. For exam-
ple, sending AN173 would represent a binary AND mask of 10101101 (27 + 25
+ 23 4+ 22 + 20 = 173). Suppose the digital inputs were 10011000. The logical
AND would be 10001000, as shown in the following illustration.

Logical AND Truth Table

Input Mask

Bit Bit ANDG Result Example

0 0 0 16101101-AN mask = 173
0 1 0 10011000 - Input Bits

1 0 L

1 1 1 10001000 - Logical AND

As with the XR command, leading zeros are inserted. In other words, ANS is the
same as ANOOS. If no number is received, the mask is set to all 0's.

Let's look at an example of how this works. Imagine we have a situation where the
controller is to be interrupted only when bits 3, 5, and © are set and bits 4 and 7
are cleared. We don’t care about bits O, 1, and 2.

011 T1O0 1T XXX = Desired interrupt word

e
don’t care

Remember the first of the two rules mentioned earlier; the XR mask consists of the
bits which are to be set. In this example they would be bits 3, b, and 6.

01 1101110100 = XR104 (XR Mask - bits to be set)

Rule 2 states that the AN command specifies only the bits we want to lock at. In
this example those are bits 3, 4, 5, 6, and 7.

= AN248 (AN Mask - bits we are
concerned with}

1 1 1 1 1 10 0
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Referring to the bit value chart, we can see that the XR mask should be set to value
104. In other words, execute the command XR104. The AND mask will be set to
value 248; i.e. AN248. The following three tables show how the MN command
works to produce the final result. In A, all conditions are met and the final result
equals 0. Remember that when the final result equals O, the computer will be in-
terrupted. In B we have an example of bit 4 being set but ali other conditions be-
ing met. Table C shows an example of bit 6 being cleared but alt other conditions
being met.

A B C
input 0110 Txxx 0117 Txxx 0010 1xxx
XR mask 01101000 01101000 01101000
Result 1 Q0000xxx 000 10xxx 01000xxx
AN Mask 11111000 11111000 11111000
Final 00000000 00010000 01000000
Result

In the examples 'x’" means that we don’t care whether it is set or cleared. Notice
that after the XOR operation the “don’t care’’ bits are not changed. However, after
the AND operation, those bits are always O regardless of their previous state.

DTx

The Digital Trigger command (DTx) provides a way to externally trigger the 3421A
voltmeter. The DT command monitors the bit at address “x’", and when it goes low,
a voltmeter T3 trigger command is executed. Trigger command T3 is used to 1rig-
ger the voltmeter to make a measurement from each channel in the channel list and
store the readings. The channel list and measurement function must be set up prior
to asserting the the DTx command. An example of using the DT command is pro-
vided in chapter 3.

If any information is passed through the interface prior to the trigger, the digital
trigger function will be aborted.

Working With the Input Port
Essentially, only two things are required when working with each bit of the input
port; an external power supply and a switch. The switch may be a mechanical

switch, a discrete transistor or integrated circuit, etc.
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The following illustration shows one bit of the input port in a typical configuration.
Two connections are needed for each bit input. When the switch is closed, or the
transistor turns on, the input bit light isolator turns on. This is the condition described
previously as being “'set’”’. With the switch open the bit is "‘cleared’’. If one power
supply is 10 be used with all 8-bits of the input port, it should be capable of pro-
viding a8 minimum of 200 mA per option card.

SWITCH CLOSURE

DIGITAL INRPUT TS GROUND DIGITAL LOGIC
PORT 45 to +040 INTERFACE
{1 OF 8 SHOWN;] t
i g
PHOTO ‘ (0P TONAL)
TSOLATOR [
+[5 1K o
! e Ay
M T‘ HEF
¥ L0V
i 4 i 1 "
o L & 7ENEn | oA
% DICDE '
7 3804} Lo ;
; AN
E J) W

_ OR
3421 B2 Y

Output Port Overview

The output port contains 8 VMOS Field Effect Transistor (FET) switches. These swit-
ches are completely independent of each other and allow you to control such things
as alarms and relays. A high switching voltage (<42VDC} and current (<300 mA)
means that the output port can be employed in many different ways.

Standard Commands

The three STANDARD commands most commonly used with the output port are
CLSx, OPNx, and WRTi,labcl. The first two, CLSx and OPNx, allow control of in-
dividual switches in the port. WRTIi, on the other hand, permits one command to
control all 8 switches. In the discussion to follow, the word 'closed’”’ means that
the switch is closed {low impedance)] and “‘clear’”” means the switch is open {high
impedancej.
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CLSx, OPNx

The command CLSx {CLose Single switch x) ““closes’’ the switch specified by x.
OPNx performs just the opposite task, it clears the switch specified by x. The table
below shows the switch address chart for the three different slots.

Switch Address if card in slot¥
Switch# Slot G Slot 1 Slot 2
0 0 10 20

1 1 1 21

2 2 12 22

3 3 13 23

4 4 14 24

5 5 15 25

6 6 16 26

7 7 17 27

if, for example, you have a digital [/O card in slot 1 and you wanted to close switch
5, execute CLS5. If yvou want to open switch 3, execute OPN3.

WRTi,[ablc

To control all switches with one command use the WRTi [ablc command. The i
represents the slot number for the digital /O card. The value [ablc is a decimal
number{1 to 3 digits} equal to the sum of the values of the switches that you want
closed. See the switch value chart below. If you want to close only switches 3, 4,
and 5 and open all other switches in slot 1, regardiess of their previous condition,
execute the command WRT1,56. This example is shown below.

Switch Number 7 &6 5 4 3 2 1 O

Switch Value If Closed | 128 | 64 32 16 8 4 2 1

Example: O0+0+32 +16 +8+0+0+ 0= 56
To make it easier for you to convert binary to decimal, here’'s a simple program to

do the conversion for you. Simply enter the bit numbers that you want to be set.
The program will return the decimal equivalent number.

179



16 ¢ ?INQRY T DECIMAL CONVERSTON

20 fA={

30 DISP "HOW HANY BITS DI YOU WANT TO SET™
40 INPUT B@ TIF B>=3 THEN 30

50 FOR I=1 TU0 B

60 DISP "BIT NUMBER?"™ @& INPUT N

70 A=A+2"N

80 NEXT 1

90 DISP "DECIMAL VALUE ="":A

100 END

Advanced Commands

The advanced instruction set provides added capabilities when using the output port.
The two instructions from this set are DSi,labc}l, and DBCifabel.

DSi,[ablc

The Digital SET command, DSi,[ablc, closes the output switches on card "i’" to the
configuration specified by the decimal number abc. All switches not specified by [abc]
remain unchanged. The value [abc] represents the sum of the values of the swit-
ches you wish to close. Use the switch value chart shown previously to determine
the value abc. For example, if you want switches 1 and b closed in slot 2 and all
other switches to remain in their previous state, execute the command DS2,34.

The DS command differs from the WRT command in that DS (and DC) affects only
the switches specified in the command. The WRT command affects all switches on
the assembly. For example, suppose that on a 44465A assembly {slot O}, switches
2, 3, and 4 are closed. Executing the command: D50,1 would close switch number
1. Switches 2, 3, and 4 would remain closed. However, if the WRTO,2 command
had been executed, switch 1 would be closed but switches 2, 3, and 4 would be
opened. {Remember that WRT uses the sum of the decimal values rather than the
bit numbers.)

DCi,[ab]c

The Digital Clear command, DCi,[ablc, clears [opens) the switches specified in the
same manner as the Digital Set command closes switches.,

Working With the Gutput Port

Although there are several ways 10 use the output port, the most common applica-
tion is a switch closure to ground. In whatever way you use it, two things are re-
aguired, a power supply and a load. The FET switches are designed for a maximum
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power supply voltage of 42 volts, The load must be designed to limit current through
the switch to a maximum of 300mA. Consider the following two examples.

Relay Control

In this first example, one bit of the digital output port is used to control a relay. in
this circuit, the relay was chosen because it has a 12 volt, 300 ohm coitl. The 300
ohm coil fimits the current to 40 mA. The diode across the relay coil must be there
to prevent damage to the FET switch.

DIGITAL OUTRPUT RELAY CONTROL
PORT Y

(4 OF 8 SHOWN) !

— !
ey

|

3600 COIL
mmo&(;}1

Digital Logic Interface

The second example demonstrates how the output port could be used to com-
municate with digital logic devices. The value of the pull-up resistors are determin-
ed by the type of logic family the output port will be driving. As a general rule, the
following values will suffice: standard TTL, use 2.2K{; for LS TTL devices, use 10K{;
for CMOS devices, use BOK{,

DIGITAL QUTRPUT DIGITAL LOGIC
PCAT INTERFACE
(4 OF 8 SHOWN) +5

PULL UP
RESISTER
(SEE TEXT)
D,

3421 &8
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Specifications

Input Port

Input Voltage lLevels:

Low Voltage Maximum: 8V

High Voltage Minimum: 2.4V

High Voltage Maximum: 240V
Maximum Input Current for Low State: 100nA
Minimum Input Current for High State: 800uA
Maximum input current for High State {24V): 25mA

Monitor Functions:

Minimum pulse width: 100.5
Time from trigger to SRQ: 30045

Cutput Port

Logic 1 (Ciosed): Low impedance, <2 Ohms, =300mA current, <.6V
Drop across switch

Logic O {Open}: High impedance, >10Mohms, = +42V across switch.
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Chapter 7
Maintenance

Operator

introduction

Your 3421A Data Acquisition and Control Unit was engineered for ease of use, ac-
curacy, and reliability. The instrument was carefully inspected before shipping and
should be free of mechanical and electrical flaws and should be in proper working
condition. '

The information in this chapter covers the initial setup and instaliation of the 3421A

and shoutd be read before the instrument is installed for use. This chapter also in-
cludes warranty information, instructions on obtaining repair service, cleaning, etc.
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Accessories

The foilowing table lists the available accessories and options for your 3421A. These
accessories are offered to help you maximize the useability and convenience of your
3421A.

Use this number when Use this number when
Bescrigtion ef Option/Accessery ordering with 34214 ordering separately
HP-1B Interface Option 201 444814
10-Channel Multiplexer with- thermocouple com- Option 020~ 44482 A
pensation and connector block o2t
022~

Extra connector block for 10 channel Multiplexer 4448634 44463A
8-Bit Digital /O Assembly with connector block Option 00 444650
Breadboard Assernbly with cennector block QOption 040 444644
Extra connector block for Digital VO or Bread- 444884 44486A
board
Six pairs of resistors for 10:1 divider, used on 44468A 44469A
10-channe! multiplexer. Gne pair comes premounted

{channel 2} on each assembly.

12 Voit Battery Option Option 212 e e
Side handie Kit Option 401 e e s
Front Mandle Kit Option 907 e
Rack Mount Kit Option 808 e
Rack Mount Kit with Front Handle Option 909 e
Carrying Case with Pocket tor HP-41C/CV 11341A 11341A
Additional set of 3421A Documentation Option 910 Order by part number
HP-41CV  calculator, 821604 HP-IL  interface, Option 541 Order components
82182A Time module, and 44468A DA/C Pac separately
HP-82161A HP-IL Digital Cassette Drive Option 561 82161A
HP-82162A HP-IL Printer QOption B62 82162A
Temperature Probe 10023A 10023A
50CMHz RF Probe 110886A 11086A
Test lead kit 34118A 34118A

1 Metre HP-IB Cable 10833A 10833A

2 Metre HP-IB Cable 108338 108338

4 Metre HP-1B Cable 10833C 10833C
0.5 Metre HP-IB Cable 108330 168330
0.5 Metre HP-IL Cable 82187A 82167A

1 Metre HP-H Cable 82167B 821678

5 Metre HP-IL Cable 821870 821670

* Qption 022 - has all 10 channels configured for multiplexing.
Ootion 021 - has channel O configured as an actuator; channels 1-9 configured for multiplexing.
Option 020 - has channels O and 1 configured as actuators; channeis 2-9 configured for mutliplexing.
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Preparation For Use

Unpacking Instructions
When you are unpacking the 3421A for the first time, make certain the options that
you ordered have been instalied in your 3421A. The following list of items should

aiso be inciuded with the 3421A:

Giy. ltem

1 3421A Operating, Programming, and
Configuration Manual.

1 3421A Service Manual.

Also, make certain that the instrument and option assemblies that you ordered coin-
cide with what you received. This includes line voltage options as well as HP-IB and
other option assembilies.

Initial Inspection

Your 3421A was carefully inspected before it left the factory. It should be free of
mars or scratches and in proper working order upon receipt. You should, however,
inspect the instrument for any damage that may have cccurred in transit. If the ship-
ping container or cushioning material is damaged, it should be kept until the con-
tents of the shipment have been checked for completeness and the instrument has
been mechanically and electrically inspected. Procedures for checking the electrical
performance of the 3421A are given in the 3421A SERVICE MANUAL {-hp-part
number 03421-90008). If there is any mechanical damage, the contents are in-
complete, or the instrument fails to pass its performance tests, promptly notify the
nearest Hewlett-Packard office. A list of -hp- Sales and Service Offices is located
in the back of this manual. If the shipping container is damaged, or the cushioning
material shows signs of stress, notify the carrier as well as the Hewlett-Packard of-
fice. Save the shipping materials for the carrier.

CAUTION

Before connecting the 34274 to an ac power source, verify
that the ac power source matches the power reguirements
of the instrument as marked on the option label on the rear
panel of the instrurment, Only gualified service trained person-
nel should reconfigure the 34214 for o different power line
vaftage option.
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Power Requirements

The 3421A recuires a power source of 100, 120, 220, or 240 VAC -10%, +5%),
48 to. 440 Hz single phase. Maximum power consumption is 8 VA, Refer to the
3421A rear panel for the line voltage option label. Make certain the option marked
on the label is the same as the nominal line voltage for your area. Also check the
50/60 Hz switch for the proper setting, t.e., up for a 80 Hz line and down for a b0

Hz line.

3421 Back Panel

Power Cords and Receptacles

The following illustration shows the various power cord configurations that are
available 1o provide power to the 3421A. The -hp- part number shown directly below
the individual power plug drawing is the part number for the power cord complete
with plug. If the appropriate power cord is not included with the instrument, notify
the nearest -hp- Sales and Service Office.

POWER CORDS

78 L0 gy e —
IR /e & e e QLNI * &LN&E*-
£ L <, [4 H
= \r‘ A "\:/) Lgfm)
AUSTRALIA ENMARK, EUROPE GREAT BRItAn SWITZERLAND  UNTTED STATES UNITED STATRS
(e 2409
— T
i Country Part Number © Opt. Voliage
Austratia 8120-1359 ant 250V 6A
Benmark 8126-2058 412 250V 6A
| Europe E120-1688 802 | 250V 6A
i Great Britain £120-1351 00 250V BA
§ Switzetland 81202104 Q08 ¢ ZBOV &4
i "United Statas 8120-1376 903 120V DA
| "United States  ©  8120-0638 904 240V 104

Fower cords suppiled by HP have polaritles matched to the power input socket on e Instrument:
* L = iine or Active Conductor (also catfed "live® or "hot®),

* N o= Neutral or lentitieg Conducior

® E = Earth or Safety Grounc
NGYE: Plugs are viewed from connector end. Shape of mofdad plug may vasy within country.

* G8A certification inciudes onty Ihese Powor Prugs

Power Cords
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Grounding Requirements

The instrument is equipped with a three-conductor ac power cable. The power cable
must either be plugged into an approved three-contact electrical outlet or used with
a three-contact to two-contact adapter with the grounding wire {green) firmly con-
nected to an electrical ground {safety ground). The power jack and supplied power
cable meet IEC {International Electrotechnical Commission) safety standards.

Power Line Fuse Replacement

The power line fuse is located on the rear panel of the 3421A in the lower right
corner. To replace the fuse, turn the instruments power switch off and remove the
power cord from the rear of the instrument. With a small flatblade screwdriver rotate
the fuse terminal counterciockwise. Replace the fuse with the same type fuse.
Reinstall the terminal and apply power. The following tabte lists the available power
line options and the appropriate fuse.

Line Veltage Options

Option fo. tine Voltage Frequency Power Line Fuse

315 100VAC 50Hz 15A Time Delay

316 100 80 {-hp- Part Number 2110-0234]
325 120 50

326 120 80

335 220 50

336 220 80

345 240 50

346 2490 60

installation Considerations

There are two items to keep in mind whether you are installing the 3421A in s rack
or simply setting it on a test bench. First, do not set the 3421A where air biowing
into the instrument may cause thermal gradients and cause errors in temperature
measurements. Second, the REFerence junction on the 10-channel multipiexer
assembly was calibrated with the 3421A in a horizontal position. Consequently the
3421A should be used in a horizontal position or temperature gradients may again
cause errors in measurements. If the instrument is to be used in another position,
the REFerence junction should be calibrated with the instrument in that position.
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WARNING

The 3427A uses latching relays on the T0-channel multiplex-
ing assembly (option 020} and on the mainframe. The state
of these relays can only be altered under program control.
This is an advantage in the sense that, under most conditions
of fatlure, the relays will remain in whatever state vour pro-
gram has set them. However, i case of power or equiprment
failure, any application requiring a failsafe method of insur-
ing that the circuits under controf are in a known state must
be provided by the installer.

Safety Considerations

General safety precautions must be adhered to during all phases of operation of the
3421A. Failure to comply with these precautions or with specific warnings elsewhere
in this manual, violates safety standards of design, manufacture, and intended use
of this instrument. The Hewlett-Packard Company assumes no liability for the
customer’s failure to comply with these requirements.

Operating personnel must not remove instrument covers. Component replacement
must be made by qualified service trained personnel with a knowledge of the hazards
involved. Do not operate the instrument in the presence of flammable gases or
fumes. Operation of any electrical instrument in such an environment consitutes a
definite safety hazard.

Warnings and cautions precede potentially dangerous procedures throughout this
manual. Instructions contained in the warnings and cautions must be followed. Safety
symbols used on the instrument or in the manual include the following:

The WARNING sign denotes a hazard. It calls attention to a
procedure, practice, condition, or the like, which, if not cor-

WARNING o
rectly performed or adhered to, could result in injury or death
to personnei.
The CAUTION sign denotes a hazard. It calls attention to an
CAUTION operating procedure, practice, condition, or the like, which,

if not correctly performed or adhered to, could result in
damage or destruction to all or part of the product.

The NOTE sign denotes important information. It calls at-

NOTE tention to a procedure, practice, condition, or the like which
is essential to highlight.
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INSTRUCTION MANUAL SYMBOL. The product will be mark-
ed with this symbol when it is necessary for the user to refer
to the instruction manual in order to protect against damage
1o the instrument.

% Indicates dangerous voltage {terminal fed from the interior by
voltages exceeding 1000 volts must be so marked).
N

Alternating Voltage/Current

p— Direct Voltage/Current

interface Connections

The -hp- Model 3421A is compatible with the Hewlett-Packard Interface Loop
{HP-1L}. HP-IL is an easy to use interface that allows interaction and control between
several -hp- controllers, such as the 41C/CV calculator or 85A desktop, and in-
struments like the 3421A or -hp- 3468A. Instruments are connected together in
series, forming a ““loop’’. Refer to the figure below. The 3421A also has an option
201 which provides switch selectable HP-I1B or HP-IL. HP-IB (Hewlett-Packard In-
terface Bus) is Hewlett-Packard’s implementation of IEEE Std. 488-1978, “'Standard
Digital Interface for Programmable Instrumentation.”

4 i.e BADIA P:el’\‘ﬂcﬂ
TALKER LISTERR
LIBTENER

AGORESS 4 ADDREES 2

CALCLE.ATOR

ADDRESS O ADCRESS 3

L. =
CONTRGELER

HP-IL

Although the 3421A may be connected anywhere in the loop, delays in triggering
will be reduced if the 3421A is the first device in the loop. HP-IL connections to
the 3421A are made by two cables, one going to the previous instrument in the loop
(RECEIVE} and the other going to the next instrument in the loop {TRANSMIT). All
of the interface cables must form a continuous loop. All connectors are designed
for proper orientation. To connect a device, such as the 3421A, in the loop, first
turn off the calculator and the device to be added to the ioop. Then, disconnect the
loop in one place and connect the 3421A into the loop at that place. All devices
must be turned on for the interface to work properly. The calculator/controlier should
be the last device turned on as it re-assigns new addresses to each device when
turned on. Total cable length between any two consecutive devices in the loop must
not exceed 10 metres (33 feet} for standard HP-IL cable.
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HP-IL Address Selection

Each device in the loop is assigned a unigque address - a number from 1 to 30 -
allowing the controller to specify and contro! individual devices. The 3421A has a
default turn-on address of 08, however, the controller will sequentially re-address
each device in the toop. The addresses start with address 1 for the first device in
the loop after the calculator in the direction of information transfer. In this way, each
instrument has a unique address, which it stores internally.

HP-1B

The 3421A with option 201 provides switch selectable HP-IL or MP-IB* interfaces.
The photograph below shows the rear panel of the 3421A with the option and points
out the switch. Connection to HP-IB is made by an interface cable to the 24 pin
HP-IB connector located on the rear panel. A typical interconnection is shown below
in which system inteconnection is made by two interface cables. The ends of the
cables have both a male and female connector to enable connections to other cables.
As many as 15 instruments (including the controller) can be connected by the same
interface bus. However, the maximum length of cable that can effectively be used
to connect a group of instruments should not exceed 2 metres (6.5 feet) times the
number of instruments to be connected, or 20 metres (65.6 feet), whichever is less.

EP-IB and Two Cable System
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HP-IB Address Selection

The HP-iB address for the 3421A is determined by the setting of five switches
located inside the instrument case. The 3421A leaves the factory with the address
switches set to decimal code 09, Changing the HP-IB address requires a qualified
service trained technician. Refer to the 3421A Option 201 Service Manual.

Warranty Information

Certification

Hewlett-Packard Company certifies that this product met its published specifications
at the time of shipment from the factory. Hewlett-Packard further certifies that its
calibration measurements are traceable to the United States National Bureau of Stan-
dards, to the extent allowed by the bureau’s calibration facility, and to the calibra-
tion facilities of other International Standards Organization members.

Warranty

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

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

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

Limitation of Warranty

The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance.
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NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies

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

Assistance

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided in the back of this manual.

In addition to the above warranty, the following LIMITATION OF WARRANTY ap-
plies to the option 040, Breadboard Assembly:

Limitation of Warranty for Option 040

The foregoing warranty shall not apply to defects resulting from improper or inade-
gquate maintenance by Buyer. Buyer supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance.

The design and implementation of any circuit used on this product is solely the
responsibility of the Buyer. Hewlett-Packard Company does not warrant the Buyers
circuitry or malfunctions of the 3421A or plug-in options that result from the Buyers
circuitry. In addition, -hp- does not warrant any damage that occurs as a result of
the Buyers circuit, including but not limited to the following:

Analog and digital sections are interconnected.

3421A power supply limitations are exceeded.

Component height/protrusion restrictions are violated.

Internal 3421A DVM voltage specifications are violated.

Maximum input vcltage on the digital lines is exceeded.

The trace specifications listed in Chapter 9 of this manual are exceeded.

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

Specifications

The specifications for the 3421A are the performance characteristics of the instru-
ment which are certified. These specifications are listed at the end of this chapter,
and are the performance standards or limits against which the instrument is tested.
included in the table are some supplemental characteristics of the 3421A. These
should be considered as additional and general information for you, the user. Because
of the many operational capabilities of the 3421A, exercise care when checking the
instruments specifications.

Any changes in specifications due to manufacturing changes, design, or trace-
ability to the National Bureau of Standards will be covered in a manual change
supplement.

NOTE

Specification for 40°C >65% relative humnidity are verified
by a 5 day type test.

Environmental Requirements

When the 3421A is calibrated, careful note should be taken of the ambient
temperature. In order to meet and maintain the specifications listed in this chapter,
the 3421A should be operated within + B°C {£9°F) of the ambient calibration
temperature. This temperature is also called the reference temperature. As it is ship-
ped from the factory, the 3421A shouid be operated within an ambient temperature
range of 23°C + 5°C (73°F =+ 9°F). The instrument may be operated within an
ambient temperature range of 0°C to 55°C (+32°F to 131°F) but with reduced
accuracy.

WARNING

To prevent potential electrical or tire hazard, do not expose
the 3427A to rain or moisture.
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How to Obtain Repair Service

You may have your 3421A repaired at your local -hp- service center at anytime,
whether it is under warranty or not. There is a charge for repairs after the one year
warranty period. Contact your local Sales and Service Office for shipping instructions
prior to returning the instrument. A list of Sales and Service Offices is located in
the back of this manual.

Serial Number

Each 3421A carries its own serial number on a plate on the rear panel. Each of the
3421A option assemblies will also have a Date Code stamiped on it. it is recommend-
ed that owners keep a separate record of these numbers. Should your unit be lost
or stolen, the complete serial number is often necessary for tracing and recovery,
as well as insurance claims.

General Shipping Instructions

Should you ever need to ship your 3421A, be sure it is packaged in a protective
package (use the original shipping container and cushicning material) to avoid tran-
sit damage. Such damage is not covered by the warranty. Hewlett-Packard suggests
that you always insure shipments. Attach a tag to the instrument identifying the
owner and indicating the service or repair needed. Include the model number and
full serial number of the instrument and/or option cards. In any correspondence, iden-
tify the instrument by model number and full serial number.

Further Considerations
Cleaning

Disconnect the 3421A from its ac power source before cleaning. Also, remove all
sources of power from the option assemblies. The instrument can be cleaned with
a soft cloth dampened either in clean water or in water containing a mild detergent.
Do not use an excessively wet cloth, or allow water inside the instrument. Do not
use any abrasive cleaners, especially on the display. Do not press hard on the display.

The panel area surrounding the input terminals should not be touched because oils
on the instrument surface caused by fingerprints may cause leakage paths and
decrease the input impedance. To maintain the high input impedance of the 3421A,
the input terminal area should be cleaned periodically with a cotton swab dipped in
isopropyl alcoho! and then rinsed with deionized water. Let the panel thoroughly dry
before using.
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Detailed Specifications

0C VOLTAGE
Input Characteristics
Maximum Resolution 0-40°C @ 65% < RH=85% Maximum
Display Input {nput Input
Range (5% Bigit} BY% Digit 4% Bigit 3% Digit . Resistance Resistance Voltage
0.3V | .3010000 Tav T 10wV | 100 aV 1012 10° + 350 Vpeak Hi-earth,
3 V| 3.01000 10V 1 100 Tmv | 10 108 Hi-Lo, or between any
30 vV 30.0100 100 pV T mV 10OmV | 1OM + 1% | 10M + 1% - 9% two terminals,
300 VvV { 301.000 1mv 10 mV | 100mV | 10M = 1% | 10M + 1% - 9% + 150 Vpeak Lo-sarth.

Measurement Accuragcy: + (% of reading + number of counts).

Auto-zero on.

{20°C = calibration temperature £ 30°C)

Temperature Cosfficient: Add to Measurement Accuracy ={% of
reading + number of counts)/®C for each °C outside of
calibration temperature = 5°C

24 hours: 23°C £ 1°C operating temperature after 1 hour warmup. Rangs §Y% Digit % Digit 3% Digit
For tess than 1 hour warmup use 90 day specs.
0.3V | 0.0008 + 0.5 0.0008 + 0.05 | 0.0008 + ©
T . . 3 V| 0.0007 + 0.05; 0.0007 + O 0.0007 + ©
Range 5% Digit &% Digit 3% Digit 30 Vi 00008 + 0.5 | 0.0008 + .05 | C.0008 + O
300 Vi 0.0007 + 0.05; 0.0007 + C 0.0007 + O
0.3V | .0C50 + 5 | .0080 + 1 0080 + 1
3 VvV | 0035 + 3 | 0035 + 1 L0038 + 1
30 V | 0G50 + 3 | .0080 + 1 0050 + 1 Autozere Off: Add to Measurement Accuracy + (number of
300 V | 0055 + 3 | 0055 + 1 L0.0088 + 1 countst, For 24 hours in a stable environment {temperature
within = 1°C of the temperature when auto-zero is turned off).
a0 days: 23°C + 5°C operating temperature Range 5% Digit 4% Digit 1% Digit
Range 5% Digit 4% Digit 3'% Digie 0.3V 11 1 0
3V 0 0
0.3V | .0088 + B | .0088 + 1 0088 + 1 30 vV 11 1 o
3 v | 0072 + 3} .0072 + 1 0C72 = 1 300V 3 0 0
30 V| 0087 + 3| 0087 + 1 0087 + 1
300 V| 0089 + 3 | .0089 + 1 0089 4+ 1
Noise Rejection: For 50, 60 Hz = 0.1% (depending on option}.
1 kit unbalance in Lo. Auto-zero on.
1 year: 23°C + 5°C operating temperature
040°C @ 65% <RH=<85%
Range BY% Digit 4%, Digit 3% Digit 5% &% 3% 5% 4l 3%
In dB Bigit Digit Bigit Digit Digit Digit
023V | 0184 + 6 1 .0184 + 1 | 0194 + 1
2 vV | .0181 + 31 .0181 + 1 | 0181 + 1 AC NMR 80 58 0 80 59 G
30 vV j 0185 + 3 1 0188 + 1 | 0195 + 1 AC ECMR 140 120 60 140 120 80
300 v | 0185 + 3 ¢ 0185 + 7 | 0185 + 1 DC CMR 140 140 140 120 120 120
RESISTANCE (2.wire 2, 4-wire O}
Input Characteristics
Maximam Current Max. Open
Reading Resolution Resokution Resolution Through Circuit
Range 5% Digit 5% Digit 4% Bigit 3% Digit Unkaown Voltage
300 0 301.000 1 mil 10 mi 100 mi 1 mA 6.5
3k 3.01000 10 mi 100 m} 10 1 mA 8.5
30k 30,1000 100 mf 14 100 100 pA 8.5
300 k 301.000 10 10 Q 100 8 10 pA 5.5
3Mm 3.01000 100 100 @ 1 k8 1 nA 4.5
30M 30.1000 100 O 1 k2 10 k& 100 nA 4.5

Non-destructive over load = 300 Volts peak.
Shert-term overlead = 650 Volts peak.
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Detailed Specifications (Cont’d)

RESISTANCE (2-wire 0, 4-wire ¢ (Continued)

Measurement Accuracy: £ {% of reading + number of counts).

Auto-zero on. 4-wire ohms.

5% Digit Mode

3% Digit Mode

Operating

Temperature 23°C + 1°C 23°C = 5°¢C 23°C 2 B°C
Rangs 24 Houy 90 Day 1 Year

300 Q 0045 + 1 012 + 1 017 + 1
3k L0036 + 1 011 + 1 018
30 k 0035 + 1 011 + 1 0186 + 1

300 k 0035 + 1 D11 + 1 016 + 1
3 M* 076 + 1 082 + 1 087 + 1
30 M* 74 + 1 78 + 1 78 o+ 1

* 3% digit 3M and 30M spec is for ac operation with floating in-
put. Measurement noise will decrease with LO connected to EARTH
or in battery operation in which case the spec is the same as for
5% digit with 0 counts offset.

Operating
Environmeat 8-40°C @ 5% <RH<95%
Ranga 24 Hour 96 Day 1 Year
300 8 0046 + 1 012+ 1 G174
3k 0047 + 1 .01 + 1 017 o+t
30k 0318 + 1 0318 + 1 0318 + 1
300 k 315+ 1 3150 + 01 315 4t
3 M 3.08 + 1 3.08 <+ 1 308 + 1
30 M 26.2% + 1 26.2% + 1 25.2% + 1

Operating
Temperature 23°C + 1°¢C 23°C 1 5°C 23°C z 5°C
Range 24 Hour 80 Day 1 Year
300 Q 0048 + 5 C12 + 86 L17 + 6
3k 0035 + 3 011 + 3 016 + 3
30 k 0035 + 3 011 = 3 016 + 3
300 k 0035 + 3 011 + 3 016 + 3
IM 010 + 3 014 + 3 018 + 3
30 M 082 + 3 107 + 3 15 + 3
Operating
Environment $-40°C @ 65% <RH=85%
Range 24 Hour 36 Bay 1 Year
300 Q 0046 + 4 012 + 6 017 .+ 8
3k 0047 &+ 3 011+ 3 017 + 3
30 k 0318 + 3 0336 + 3 0354 + 3
300 k 315+ 3 315 + 3 315 + 3
3 M 3.08 + 3 3.08 + 3 308 + 3
30 M 25.2% + 3 25.2% + 3 25.2% + 3
4% Digit Mode
Operating
Temperature 23°C £ 1°¢ 23°6 £ 5°C 23°C + 5°C
Range 24 Hour 38 Bay 1 Year
300 ¢ 0045 + 1 012 +1 017 + 1
3k 0035 + 1 011 + 1 016 + 1
30k 00356 + 1 D11 + 1 0186 + 1
300 k 0035 + 1 011+ 016 + 1
I M 010 + 1 014 + 1 018 + 1
30 M 087 + 1 114+ 1 123 + 1
(perating
Envirenment 0-40°C @ 65% <AH=85%
Rangs 24 Hour 90 Day 1 Year
300 Q 0046 + 1 012 + 1 017 +1
3k 0047 <+ 1 017 + 1 017 + 01
30 k 0318 + 1 0335 + 1 0354 +1
300 k 315+ 1 315+ 1 318+ 1
3 M 3.0 + 1 3.08 4+ 1 3.08 =1
30 M 25.2% + 1 25.2% + 1 25.2% + 1

* 3% digit 3M and 30M spec is for ac operation with floating in-
put. Measurement noise will decrease with LO connected to EARTH
or in battery operation in which case the spec is the same as for
5 digit with O counts offset.

First reading is in specification with default delay and 200 pF of
capacitance.

2-wire ohms accuracy is the same as 4-wire ohms except add a
maximum of 4{ offset.

Temperature CoeHiciant of Measurement Aczuracy:

0°C to 18°C, 28°C to B5°C
5% digit display, auto-zers on
+ (% reading + number of countsd/°C

Temperaturs

Range Coefficient
3008 1 0009 + &
3k 1 .0009 + 0B
30k | 0009 + 08
300 k | .0009 + .05
IM 0021 + 05
30 M | 021 + .05

For 4 digits, multiply counts by .1
For 3 digits, multiply counts by .01



Detailed Specifications (Cont’'d)

RESISTANCE (2.wire &, 4-wire 1) (Continued)
Auto-zero OHf: (5% digits)

For a stable environment { = 1°Ch add 11 counts for 300Q range,
3 counts far 3k through 300k ranges, 8 counts for 3M and 33
counts for 30M range. For 4% or 3% digits, multiply counts
by .1 and .01 respectively. Changes in iead resistance are not
corrected in 4-wire ohms with auto-zero off.

Current Source Accuracy: 2.7%
Maximum Lead Impedance: 4-wire
All ranges

All ranges
3k through 30M

1 sense leads 10k

@ source lo lead 130 of full scale

1 source hi lead 1/3 of full scale
3k for 3000

Source Lead | 30600 | 3k 30k 300k0 3IMO | 30MO

Lo 10 100 1% 10k 100k 1M
Hi 3k Tk | 10k 100k O TOM
AC VOLTAGE
input Characteristies
Maximum Maximum
Display 4% Digit Input Input
Range | (4% Digitl | Resolutisin Resistance Voltage
3V | 3.0100 100pV Hi— Lo
+ 3V peak
Lo terminal
30V | 30,100 T mV TOMQ = 1% | to earth:
+ 150V peak

Measurement Accuracy™: + {% Reading + Counts}

{90 days)
Temperatare Coefficient
+{%Reading + Countsli®C
20 Hz-1kHz | 45 Hz-500 Hz g-18°¢, 28-55°C
3% Digits 1+ 8 0.5+ 8 01 + 7
4% Digits 1 + 60 0.5 + B0 01+ 7

*These specifications assume:  V,, > 0.3V {3V Range)
> 3V {30V Range}

3421A READING SPEEDS - INTO
INTERNAL MEMORY (READINGS/SEC)
REPEAT ON CRE CHAMREL

Z1F1 MEY | IR | 24F2 | Z1F3 1 ZGF3 FG F?

NE 2.28] 4.08 2.26] 412105 G1] 84
nNa 16.85) 23.92 91 1111 [15.851 24.31] 1.051 GO .88
N3 30.88¢ 38.66| 1.37 | 1.41 |30.83§ 38.31]| 1.05 | G !

RANDOM CHANNEL

Z21F1 ZOF1 | Z1F2 § T0F2 | Z1F3 | ZBF3 Fi& )

NG 2.18| 3.98 2,18/ 398 .88 | Gt 7.68
Ng 131811834 80 | 1.8 [ 13.20; 18.61| .98 | GG 87
N3 222212588 1.36 | 1.39 22181 2601 8B | Gt A

N5, N4, N3 = 8%, 4%, 3% digit mode

Z1 = Auto-Zero On
= Auto-Zero Off
F1 = DC Volis
F2 = AC Volts

™~
[&]
|

F3 = Chms

F& = Temperature (T-type)
F7 = Freguency

G-1 = .1 second gate time
GO = 1 second gate time

G1 = 10 second gate time
COUNTER

AC coupled zero crossing
Frequency range:

1 Hz to 10 kHz with rise time  <1.Bb ms
10 Hz to 10 kMz with rigse time  >1.5 ms

Sensitivity: 800 mV p-p
Minimem pulse width (BV}:

50 psec, 5% duty cycle minimum
Accuracy: .05% of reading = 1 L5B
Maximum input voltage: 300V
Maximum DC affset: 2V

Input impedance: 1OM + 1T — 10%

TOTALIZE MGDE

Minimum pulse width (BV):
50 psec, 5% duty cycle minimum for signals with penied 1 second
Sensitivity: 600 mV
Maximum counts: 65,535
Maximum rise time for signals less thar 10 Hzz 1.5 ms
Minimum pulse perisd: 100 psec
Maximum input veltage: 300V
Maximum OC offset: 2V

Ingut impedance: 10M + 1 - 10%
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Detailed Specifications (Cont’d)

BATTERY LIFE

Battery fife from fuli charpe:

FHE-L 12 hours minimum

HE-I3 6 hours minimom

Battery charge rate from minimum te fulf charge:
16 hours if 34271A off or asleep

21 hours if 3421A s on

GPTION 020, 021, 022
10 CHANNEL MULTIPLEXING ASSEMBLY

Voltage (Scani + 350V peak Hi-earth, Hi-Lo, or between
any two terminals

+ 150 V pesk Lo-earth

280 Vac

1BO VA Maximum

30 vde

280 Vac

2A Maximum

Contact Resistance {Actuate) < 1.40

Thermal Qffset (Scani < 3uV

Average Switch Life 5x 106 pperations with
proper contact protection
50/sac.

<15 pF

<80 pF with 1 Option 020
< 130 pF with 2 Optien 020
<170 pF with 3 Option 020

Voltage {Actuate;

Maximum Switching Rate
Open Contact Capacitance
Closed Channet Capacitance

Interchannel Capacitance < 30 pF
9.40°C @ t-49°C @
[safation Resistance RH = 65% 65% < RH =95%
Ml to LO 107 109
HI to EARTH 0! 10%
LO to EARTH 10" 107
Frequency Response
{500 sourcel 1 MHz
{1 Meg source} 1 kHz
All reiay scans break before make,
Refay configuration at shipment:
Optier Charnel Mode
020 0,1 Actuate
2-8 1 of N. Scan.
150 VA Max.
021 ¢} Actuate
1-8 1 of N. Scan.
150 VA Max.
022 0-9 1 of N. Scan.
‘ 150 VA Max.
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REFERENCE JUNCTION COMPENSATION

Operating Temperature
23 £ 5%

Accuracy

Static Envirornment
{2 1°C deviations}

Dynamic Environment
15°C step or 5°Crhour
maximum rate of change)

Temperature coefficient for §-18°Ci28-50°C operating ranges

Add o measurement accuracy:
05°C for each °C outside of 23 = B°C

TYPE T THERMOCGUPLE
COMPERSATION

Range: -~ 200°C 10 -~ 400°C

Accuracy: includes reference junction error, thermal offset, dvm
error and curve fit. It does not include wire errors,

TYPE T THERMOCOUPLE
COMPENSATION
Range: - 200°C to 4+ 400°¢C

Accuracy: includes reference junction error, thermal ofisat, dvm er
ror and cruve fit, 1t does not include wire errors.

Type T FC Error
2.5
2
1.5
1
5
-300 -100 100 300 500

Temperature {°C}

Temperature Coefficient:

06°C/eC {0 18° C, 28 - bB=()

High Veoltage Divider (Gption 020 with 4445%A)%

Zoo VMR o= 1%
Ci: = 25 pF

Add 1% Reading error when using divider
Maximum Input Voliage:
250 VvV RMS Hi-Lo

+ 350 V peak -
+ 150V peak —

Hi terminal to earth
Lo terminal to earth



Detailed Specifications (Cont’d)

GPTION 050
DIGITAL IIG ASSEMBLY

All terminals £ 360V max. to earth
Isplated input specs: 8 bits wide & — 7
Input veltage levels:

Low voitage maximum 8V

High voltage minimum 2.0V

High voltage maximum (Hi-Lo} 24.0V

High voltage maximum {between any terminal and earth ground)

Maximum input current at low state: 100 p A
Minimum input current at high state: 800 pA
Maximum input curren? at high state (24Y ing 25 mA
Logic polarity: Positive true
Maonitor mode (gensrates SRO):
Minimum pulse width: 1ms in DCG; 10ms in DI
Trigger lateh: high or low level
Masking: any combination of the 8 bits
Time from trigger to SRO: 1 to 10ms
Entire 8 bits latched when trigger received
Isolated output specs: 8 bits wide 8 -~ 15 DMOS FETS

Input Qutput Characteristies

Logic 1 Low impedance

20, sink  300'mA, 180 mW
Logic O High impedance

10MQ, © to + 42V across
switch {1 watt zener protection
for inductive loads}, or between
any terminal and earth ground.

Each bit individually controlled

OPTION 040
BREADBOARD ASSEMBLY

Board Space: 95 sq. cm. {14.75 sq. in
Maximum Voltage: + 350 Vpeak Hi-earth, Hi-Lo or between any two
ferminals
+ 150 Vpeak Lo-earth
Power Available: 5V, 35 mA; 6 V, 150 mA
Hole Sizes; .046
Gride 100"
Connectors: 22 pin edge {solder)
Component Lead Length: 025"
Component Lead Height: 0.5
Maximwmn Power Dissipation: 0.5 watts

OPTION 212
12 VOLT BATTERY OPTION

NOTE

To maintain these specifications the external 12V
source must have good load regulation and the lead
resistance specifications outlined in the Option 212
Installation and Service Manual must be observed.

input Valtage: 11Vdc to 15.3Vde*

Input Hysterasis: 11V (drop out}™
12V istart up}®

Elactronic Shutdewn (Crewbar Threshold)
Yoltage: 16.01Vdc to 16.86Vdce

Common Mode Rejection:
Under normal operating conditions, the dc commoen mode re-
jection specification is the same as the mainframe specification
without this option {140 dB). However, at 40°C, 65% relative
humidity and above, the dc common moede rejection is
degraded to 110 dB when the option is used with a grounded
battery.

*Thednput voltage and input hysteresis specifications imply that
the-mainframe power supply will start up with a minimum ex-
ternal source voltage of 12 Vdc, and will continue 1o gperate
untii the external source voltage drops to 11 Vde {+ .2Vdc).

199






Section I

ption
and Config

207






Chapter 8
Installation and Configuration

introduction

This chapter has been written specifically for the trained service technician. It pro-
vides the necessary information for a person with a knowledge of electronics to
remove, configure and install the 3421A opticn assemblies. Currently available op-
tiont assemblies are: the 44462A 10 Channel Multiplexer Assembly, the 44465A
Digital 1/O Assembly, and the 44464A Breadboard Assembly. Carefully read through
this chapter and cbserve all cautions and warnings.

This chapter is divided into three sections; General Option Removal/installation Pro-
cedures, Configuring the 444624 10 Channel Multiplexing Assembly, and Wiring the
44465A 8 Bit Digital /0 Assembly. Each section contains simplified schematics, il-
lustrations, and/or photographs to enhance the description of the procedures. The
Breadhoard assembly is covered in Chapter 9.

General Option Removal/installation Procedures

This section of the chapter provides general guidelines to help take some of the
guesswork out of removing, configuring and installing the option assernblies. In ad-
dition, this section shows you how to set the address switches on the HP-1B op-
tiocn board.

The option assemblies should be removed from the 3421A before they can be re-

configured. If you need only to connect the wires from your external transducers
to the option assemblies, refer to the specific option later in this chapter.
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Disassembly/Option Removal

H wiring connections to external devices or transducers have already been made to
the option assembly terminai blocks, vou should first remove the terminal blocks.
This is accomplished by:

1. Make certain that all external sources of electrical power have heen removed
from the terminal blocks betore starting the removal procedures. Also, make certain
that the 3427TA POWER switch is in the ‘off’ position and the ac power cord
removed.

2. Removing the two screws holding the black strain relief bar.

it

3. Remove the grey "WARNING' safety cover. The two screws holding the cover
are captive to the cover.

4. Loosen the two screws holding the terminal block to the option circuit board
and then remove the terminal block.
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TERMINAL BLOCK
SCREWS

ELACK STRAIN
HELIEF BAR

SAFETY COVER

To remove the option assemblies the 3421A case will need to be disassembled. Per-
form the following procedures very carefully. When removing the option assemblies
take careful note of which option was originally installed in each slot. As you are
disassembling the 3421A, carefully observe the oriention of the various plugs and
the cable routing as they must be properly returned when re-assembling the instru-
ment. In the following discussion, the front panel of the 34214 should be Tacing vou.

HOTE

When re-installing the options, make certain that the option
that was removed from slot O is returned to slot O, Fkewise
with slots T and 2. This is important for two reasons. First,
if a computer program was written for & certain option in a
known slot, reinstalling the option in a different slot may
cause the program or test to fail. Second, measurement er-
rors may result if a 444624 Multiplexer option is not re-
installed in the same siot it was removed from. This is due
to each board having an individual reference junciion
caliration.
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3421 A Disassembly
To disassemble the instrument, do the following:
1. Turn the instrument upside down. This is preferably done on top of a protec-

tive mat to reduce scraiching or marring the cabinet. Loosen the six screws on the
bottom of the instrument.

I

REMOVE THESE  ~
SCREWS Ny

2. Helding the top cover in place, turn the instrument upright. The six screws are
captive to the bottom cover and will not fall out. Remove the top cover.

3. Locate the main battery fuse toward the right rear of the instrument and
remove it from its socket. This will reduce the possibility of an accidentally drop-
ped screw or standoff from causing any preblem.

4. If the black strain relief bars and grey "WARNING' safety covers have not been
removed from the rear panel, they should be removed at this time.

5. Remove the grey ribbon cable connector from the option in siot 1. Be very
careful to lift the connector straight up from the option so as not to bend any of
the pins on the connector. If the option in slot 1 is a 44482A Multiplexer option,
remove the 4-wire voltmeter input cable from the motherboard.

6. Remove the four screws that hold the slot 1 option in place.
7. Remove the optlion from slot 1.
8. Unplug the ribbon cable connector from the option assembly in slot 0. if the

option in slot O is g 444624 Multiplexer assembly, also ramove the 4-wire voltmeter
cable.
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KEMOVE
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BATTERY
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SLOT O OPEION

§REMC}V£ HEX

MP,,,.-::
/ STANDOFFS

UNPLUG =

8. Using a 7/32"" wrench, remove the four hex screw standoffs securing the op-
tion assembly. Remove the slot O option from the instrument.

10. Leave the bottom hex standeffs in place securing the motherboard to the
chassis,

HOTE

The hex standoffs securing the motherboard to the chassis
are shorter than the hex standoffs separating the two options
in slots O and 1.

Some of the first instruments manufactured may have round
standoffs that are riveted to the motherboard and round
spacers between options instead of the hex screw-in stand-
offs. The round riveted standoffs should be firmiy secured 1o
the chassis with screws and round spacers to establish a
ground connection when troubleshocting.

11. To remove the option cccupying slot 2, remove the ribbon cable connector
and the 4 wire volimeter cabie if present. Remove the four screws that hold the op-
ticn assembly in place and remove the sption.
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SLOT 2 OPTION

REMOVE

12. I the HP-1B option (option 201) is present, do not remove it. Do not remove
any of the metal shields from the 3421A chassis.

HE-IB OFTION
(DO NOT REMOYE)

SHIELD

R
-

3421A WITH HP-IB
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SHIELD
{0 NOT REMGVE}

3421A WITHGUT HP-IB

At this point, all option assemblies have been removed and are ready for recontfigur-
irng. Fefer 1o the specitic option later in this chapter for configuration information.

installing the Option Assemblies

Twao cases need 1o be addressed when installing the option assemblies in the 34274
chassiz. The first case assumes that the same optionz are being installed that were
previously removed. in thiz case remember to install the options m the same slots
they were removed from. The second case is Tor new options to be installed, In other
wiords, an option that was not previously installed is now being installed. As a
genaeral rule, multiplexing assemblies should be installed in slote O and 1 before in-
stalling them in slot 2.

NOTE

In order to ensure the highest accuracy on alf temperature
measuremenis, the 34214 should be recalibrated after instalk
ing a 444624 Multiplexing Assembly. if the 34214 is not
recalibrated with the multiplexer assembly installed, the
342 1A self test will fail funcalibrated) and the first reading
retuined to the calcufator wilf be an error message.
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Before instaliing on option assembly in slot 2, rnake certain that the ribbon cable is
routed around the shield standefis as shown in the following photograph. This will
prevent the ribbon cable from interferring with the front panel POWER switch. If the
option 201 HP-18B assembly is installed, this cable will be below the HP-IB circuit
board.

1. I yvour 3421A is not equipped with the HP-IB option, place the slot 2 option
assembly directly on top of the botiom shield standoffs. Put the four long screws
in place but do net tighten them yet. Go to step 3.

2. i vour 3421A is equipped with the HP-1B option, make certain that all cables
to the HP-IB option are in place and that the HP-B cireuit beard is positioned com-
nonent side down on top of the bottom shield standoffs. The option assembly for
stot 2 is mounted component side up on top of the HP-IB circult board. Put the four
long screws in place but do tighten vet.

3. Plug the appropriate terminal block edge connector onto the option assembly
in stot 2.

4. He-instalt the grey "WARNING' safety cover onto the 3421A back panel for slot
2. Align the option assembly so that the black strain relief bar can be screwed into
place, Loosely attaching one screw through the black strain relief bar will align both
holes. Finally, tighten down ihe four screws holding the option assembiy
in place,

5. Plug the ribbon cabie onto the option assembly in slot 2. Make sure that the
red stripe on the cable is oriented 1o the right. if the option assembly for slot 2 is
a 444624 Multiplexing Assembly, connect the 4 wire voltmeter cable to the option,
This 4 wire cable should be oriented per the label on the circuit board and connected
to J100 on the motherboard {grey 1o grey, etc.}.

SLOT 2 OPTION
CABLE ROUTING

ROUTE CABLE ARCUND STANDOFFS
{THIS CABLE ROUTING & THE SAME
WHETHER HP-1B OPTION IS INSTALLED
OR NOT.)
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6. To install arn option assembly in slot O, make certain that the four hex stand-
offs are in place in the motherboard. DO NOT OVERTIGHTEN THESE STANDGFFS.
Excessive torgque (> 11 in/lb} may break off the screw heads.

7. Houte the nibbeon cable from JB00 on the motherboard between standofis. The
red stripe should be oriented to the right. Make sure that it will not get pinched be-
tween a standoff and the option assembly that will be mounted in siot O

SL0T O
CABLE ROUTING

H. Set the slot O option assembly in place, component side up. Make certain that
the ribbon cable underneath is not pinched. Loosely screw in the remaining 4 hex
standofis. Do not tighten these standoffs at this time.

9. Phlug the ribbon cable into the slot O option assembly. Make sure that the red
wire is oriented to the right. If the slot O assembly Is a 444624 Multiplexing
Assembly, plug the 4-wire voltmeter cable into the option assembly. Orient the 4-wire
cable per the label on the option board. The other end of this cable should be con-
nected to J110 on the motherboard with the wires oriented per the iabel on the
motherboard,
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10. Plug the appropriate terminal block edge connector onto the option assembly.
Replace the rear panel grey "WARNING' safety cover. Align the option assernbly with
the rear panel holes by installing one screw of the black strain relief bar. This will
automatically align the other side.

METE

Do not overtighten the black strain refief bar. Qvertighterimg
will cause warping of the rear panel and therefore difficulty
in replacing the top cover of the 3421A. If the strain relief
har is mounted with both screws, it should be loosely at-
tached untif the top cover is instafled.

11. Tighten the hex standoffs to secure the option assembly in slot 0. Do not
overtighten these standofis.

17. Route the ribbon cable from JBOT across the slot O option assembly. Make
sure the red stripe is oriented to the right.

SLOT
CABLE HOUTING

13. Set the option assembly for slot 1 in place. Make sure that the ribbon cable
iz not pinched between the standoffs and the assembly. Loosely screw the four
screws to secure the option assembly in place. Do not tighten these screws yet.
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14, Plug the ribbon cable into the slot 1 option asembly making sure the red stripe
is oriented to the right. If this assembly is a 44462A Multiplexing Assembly, con-
nect the 4-wire voltimeter cable to the option. This 4-wire cable connects to J120
on the motherboard. Orient the cable as per the labels on the motherboard and the
option assembly.

15, Flug the appropriate termninal block edge connector onto the slot 1 option
agsembly.

16. Replace the rear panel 'WARNING’ safety cover for slot 1.

17. Align the option assembly with the rear panel holes and foosely screw on the
black strain relief bar.

18. Tighten down the four screws securing the slot 1 option.

To replace the top cover, first make sure the main battery fuse has been replaced.
Then, locate the six plastic standoffs and place them over the six cabinet scrows.
Make sure that the end with the small hole is up and the large hote is down.

Set the 3421A flat on the workbench. Make certain that the bail handles on the front
feet are collapsed. Align the top cover and lower it in place. Be sure the guiding
grooves are properly engaging the front and rear panels. If the grooves are properly
engaged but the top cover will not lower into place properly, one of the plastic stand-
offs is probably out of alignment. To correct this, move the top cover back and forth
{left and right) until the standoffs align properly.

Finally, once the top cover is in place, hold the two halves of the case together and
turn the instrument upside down. Tighten the six bottom screws.
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Strain Relief

Some strain refief is provided by the 3421A for cables coming from the external
transducers 1o the option assemblies. This strain relief is in the form of 2 two pééﬁsﬁﬁe
~over. The first piece is the black strain relief bar. It presses the wires against a piece
af foam. The second pigce is the grey “"WARNING" cover.

The photograph below shows several wires corning out of the terminal blocks and
thtough the strain relief. Be sure to leave a small loop in the wire to avoid siress
in the terminal block connaction. When installing the black strain relief bar, attach
gne end with the bar held down and away from the nstrument so it doesn’t bear
o the foamn. Then rotate the bar up and connect the other end.

To protect wires smaller than 22AWG it is recommended that these wires be bundled
together starting no more than 4" from the back of the 3421A. Failure to do so
may resutt in the wires breaking at the strain reliet. To Hlustrate the need for this,
a 26 AWG wire can survive only about 7 1o 8 pounds of tension before breaking.
A bundle of 10, however, could survive up to 70 pounds of tension,
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HP-1B

The Option 2071 HP-IB Assembly has a set of elght switches near the back panel.
These switches are accessible by remaoving the grey access cover. Note that the two
nuts on the HP-IB connector will need to be removed,

HP-18 Switches

Option 201 for the 34214 is an HP-IB interface. This option allows the 3421A to
communicate to computers via either the HPE interface or the MP-IL interface but
not both simultaneously. The option assembly is mounted circuit side down in the
34274 case and has a set of eight switches near the back panel. These switches
are accessible by removing the grey access cover.

The HP-IB address of the 3421A iz determined by the setting of the five right-most
switches, These switches are read and displaved at power-on by the 3421A HP-IB
processor to determineg the HP-IB addrass. The 3421A Option 201 normally leaves
the factory with the address switches set 1o decimal; code 08", The correspond-
" and a Talk address code of 717, Refer
to the following figure for setting the address switches for other addresses.

ing ASCIH code is a Listen address code of ')

Swgfteh Segmest
Adiress E a3 21

T P €8] Q0060
01 o0 0 0
02 a0 60
0% a0 0 11

H (4 o C G0

‘ 05 0o 1

a5 08 00 o

o7 [} 1

| . o o [ 0

|t ZEEEER SO

1 0

P P o s INGTEUMERT ™ I I ;
FOUBLE SHLD TNG ACTREEE ¢

14 0 L

BUF FERED TRAMSFER 15 P2 T I

Sm*{c; S 100 0 0

el i 100 01

b= 18 10010

1% IRV

20 1ot 0o

21 16 1 01

2 101 10

93 101 1 1

24 11000

96 1700 1

26 1101 0

110 11

28 11100

25 11 1 0 1

30 111 10
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The next switch {switch 6) is the Buffered Transfer Enable switch. The use of this
switch is described in Chapter 3. As a general rule, this switch should be left in the
up position unless the computer will be performing some task while the 3421A is
making measurements.

The last two switches are used when servicing the HP-IB circuit board. For normal
operation these switches must be in the up position.

Ingtalling the 44462A Multiplexer Assembly

Installation procedures for the 44462A 10 Channel Multiplexer Assembly are straight
forward. However, pay aitention to the many jumpers on the assembly. The con-
figuring of these jumpers is what will be considered next.

These jumpers can be divided into four groups. The first group is used to configure
channels 0 and 1 as either actuators or as multiplexers. The second group of jumpers
are used by the 3421A 1o determine which channels are configured as actuators and
which are multiplexers. To make 4-wirg ohms measurements requires removing two
jiumpers and replacing two others; these four beloeng to the third set of jumpers.
Finally, the fourth set are used to install attenuators in the signal paths.
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Actuator/Multiplexer Jumpers

Channels O and 1 on each mulitplexer assembly can be configured as either actuators
or as multiplexers, Several jumpers are provided on each channel for this conver-
sion. The photograph below shows where these jumpers are located.

CHANNEL 0 conmpene
JUMPERS

CHAMNEL 1
SUMPERS

The diagram and chart below show which jumpers need to be in place for the chan-
nels to be configured as actuators and which jumpers Tor multiplexers. Note, the
44462A assembly is factory preset with channels O and 1 configured as actuators.

The following diagram and chart shows which jumpers need to be in place for
channels 0 and 1 to be configured as actuators and which jumpers need to be in
place for channels O and 1 to be configured as muktiplexers. When a 10 Channel
Multiplexer Assembly is ordered factory installed, it can have one of three different
configurations {Option 020, 021, or 022). Option 020 has channels 0 and 1 con-
figured as actuators and channels 2-8 configured as multiplexers. Option 021 has
channel O configured as an actuator and channels 1-9 configured as multiplexers.
Option 022 has all ten channels configured as muitiplexers,

When a 10 Channel Multiplexer Assembly is ordered for field installation {(44462A),
channels O and 1 will be configured as actuators and channels 2-9 wiil be configured
as multiplexers.,

Regardless of how a 10 Channel Multiplexer Assembly is ordered, the buiit-in 10:1
divider on channel 2 is bypassed {i.e., jumper in the ""OUT" position} at the factory.
However, this was not the case on early versions of a multiplexer assembly (see the
following note).
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ROTE

Factory installed Option 020 and field installed Kit 444624
have bean available since the introduction of the 34271A.
Farly versions of Option 020 and Kit 444624 had the same
channe! configuration as current options, except that they
also had the buift-in T10:7 divider jumper of channel 2 in place
fi.e., in the "IN position). The 107 divider has since been
bypassed at the facrory on all options (le., jumpsr in the
COUT position). Option 027 and 022 were introduced so
that the instrument could be ordered with a factory configura-
tion to meet most applications.

CHANNEL. 0/1
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e FUSE
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Do o MULTIELEXING | ACTUATOR
; | cuT UM 08/18 UM 0B/ 16 i
B JUMPERS JM 08748 JM 05/15
- INSTALL UM 0/10 oM 0740
b o SUMPERS JM 0B/1E M 08719
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W 07/17 , SERIES ELEMENT. JM 0/10 34214 B2
. 1 04 SHUNT ELEMENT: JM 08/18
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Configuration ldentification Jumpers

The cornfiguration jumpers, the second set, are located as shown in the photograph
below. These jumpers are used to indicate how the assembly is configured and must
be set along with any other re-configuring. If these jumpers are not properly con-
figured, an error may result. For example, if yvou have channel 1 configured as a

rauitiplexer, but the configuration jumpers show it as an actuator, an arrar will resuit
when you ask for a measurement trom that channel: e, DOV,

These jumpers set a code that is sent to the 3427TA microprocessor to let it know
the type of board as well as its configuration. The possible combinations for the

jumpers are;

J5 46 47 Configuration/Type

0 G 0 | No actuators, all 10 channels are configured as multiplexers.
0 0 1 Channel O is an actuator, all others are multinplexers.

O 1 O | Channe! 1 is an actuator, channels O and 2-8 are muhliplexers,
0 1 1 Channels O and 1 are actuators, all other channels are multi-

plexers,
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2- and 4-wire Ohms Measurements

There are four jumpers located near the rear of the assernbly, See the photograph
below. For any measurements except 4-wire ohms measurements, jumpers JM3 and
JM4 should be removed. To make 4-wire ohms measurements, two 444624
assemblies are required. One assembly will have jumpers JM3 and JM4 removed.
This assembly serves as the ohms current source rultiplexer. The second assembly
will have jurmpers JM3 and JM4 instailed but jumpers JM1 and JM2 removed. This
assembly serves as the sense multiplexer. Refer to the diagram below.

JMd S M2 M

Attenuators
Provisions are made on the 44462A circuit board for attenuators to be installed on

all but two channels {channels 8 and 9). An attenuator is composed of two resistors
that act as a voltage divider. Consider the following diagram.

{(series element)

: Y +
Vi rR2 Vo
SIGNAL {shunt element} SIGNAL
INPUT QUTPUT

Vo = Vi % (R2/{Ri+R2))
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Channel 2 has a built-in, jumper selectable, 10:1 attenuator. This attenuator can be
removed by moving jumper J8 from the ‘IN" position to the ‘OUT’ position. This at-
tenuator has an input impedance of 1 Mohm (R1+R2) to prevent loading of the
signal source,

Channels O, 1 (when configured as multiplexers) and channel 3 through 7 can all
have attenuators built into their respective signal paths. The following diagrams show
how this can be done. A package of seven pairs of resistor (-hp- part number
44468A) are available for use as attenuators. These resistors are the same values
as those used in channel 2.

TEFMINAL

BLOCK
| SELESD

P ¢ lement,
B S Y,

A . 11 T! g FU

= skt FELAY

i\}< l lement -

Lo L CHANMNEL S 07

SIMEL T TED
ATTERNUATOH

A .
BT £
t'/ ‘[ wnt
i 1 =L ement
o ’
L \--"}4 v CHAMPELS 8 & ©
[ o provisions
I For series

elements)

INFUT VOLTAGE = MEASURFD VOLTABE x ( !

NOTE:
USE UM 0740 FOR SEFRIES
ELEMENT AND JM B/18 FOR
SHUNT FLEMENT ON CHANNELS
0 AND 4. JUMPER UM 00/1G
/ DOIN PLACE AS WELL
AL UM O0E/1S AND UM 08/ 16
REMOVE M (7417 .

Hagy-i-q

Channels 8 and 9 can only have shunt elements built across their signal paths. An
example of where this would be useful is with 4 - 20 mA transducers. A 50 Ohm
resistor, + .1%, .5 watts {-hp- part number 0699-0064) can be placed across the
signal path. The resultant voltage drop (transducer current through the resistor) can
be measured by the 3421A internal voltmeter. Thus, the B0 Ohm resistor converts
the 420 mA signal to 0.2 -1 volt signal.
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JUMPER J8
{CHANNEL 23
.,

T

CHANNEL 3

INSTALL SHUNT

ELEMENT
REFLACE JUMPER
WITH SERIES ELEMENT ]
CHANNEL 7
— CHANNEL &

wms CHANNEL 9

The Terminal Block Edge Connector

The following photograph shows the channel connection sequence for the terminal
block. Extra terminal blocks are avatlable under the -hp- part number: 444863A.

When installing the terminal block on the multiplexer assembly, make sure the ter-
minal block is firmly seated and square against the multiplexer circuit board. Hand
tighten the captive screws into the clevis” on the circuit board. Remember, any wires
smaller than 18 guage should be bundled together starting ideally no more than 4"
from the terminal block.

CHANNEL 0 HI - (CHANNEL & HI
~——COMMON Hi

CHANNEL 0 LO st CHANNEL 9 LO
COMMON LO
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installing the 44460A Digital VO Assembly

Because there are no jumpers to be configured on the Digital /O assembly, we will
concern ourselves in this section with the wiring of the terminal block edge con-
nector. The channel connection sequence for the terminal block 15 shown in the
photograph below. Extra terminal blocks are available using the -hp- part number:

444864,

COMPONENT SIE OF
CIRCUT BOARD SHOWHN

TSRMET AL CLEWES

-CAPTIVE SCREW

DIGITAL CGUTPNR DHGETAL INPUT
HE CONNECTIONS BED Hi COMNECTIONS LSED
.

DIGITAL QUTFUT o DIGITAL INPUT NOT
LG CONNECTIONS £ 10 CONNECTIONS LISED

The Terminal Block Edge Connector

The wires to the external devices must be scoldered to the lugs on the terminal block.
Use care when soldering to the lugs to -prevent breaking them off. Follow standard
soldering practice such as making a good mechanical connection before soldering.
Do not use too much solder. Use only rosin core solder, NEVER use acid core solder.
After the solder connections have been made, cover each joint with heat shrinkable
tubing to act as a strain relief and prevent adjacent wires from shorting to sach other.
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PROPER SOLDER
JOINT

WITH HEAT SHEINK

GOCGD MECHANICAL TUBING APPLIED

CONRNECTION \\

Cleaning

Clean handling techniques should be used when contiguring the option assemblies.
This is especially true of the 44462A Multiplexing Assembly where contamination
will decrease the board impedance. If measurements are to be made under high
hurnidity {>80%) and high temperature {>90° F) environmental conditions, the cir-
cuit board and edge connector should be cleaned. Also, if very high resistance
measurements, or voltage measurements in high impedance circuits the terminal block
edge connector must be cleaned. The following procedures can be used to ciean the
circuit boards after configuration.

1. Remove all source of power from the option assemiblies. Then, remove the cir-
cuit board from the 3421A.

2. Wash the circuit board assembly with isopropyl alcohol.

3

3. Rinse the board thoroughly with de-ionized water.

¢

4. Dry the circuit board completely before re-installing it in the 3421A.

5. The terminal block edge connector should be cleaned using the same procedure.
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Introduction

This chapter provides the technical information necessary for the design engineer or
electronic technician to use the 44464A breadboard assembly with the 3421A Data
Acquisition Control Unit. This chapter is NOT intended for use by non-technical
persennel,

At the end of this chapter are two pages, each showing a full size view of the front
and back of the 4448644 Breadboard assembly. These pages are provided to assist
vou in designing and laying out your circuits. You may want to tear one sheet out
and duplicate for future use.

The 44484A Breadboard cgonsists of two areas:

1. A breadboarding area which includes two power supplies, +5 volis and the
battery voltage; a ground bus, which is tied 1o the 3421A front panel LO terminal,
a 22 pin edge connector, and provisions for connecting tc the 3421A internal
voltmeter/counter. : '

2. Built-in design (vou provide components) for providing an 8-bit digital input port
and an 8-bit output port. The two ports are conirolied by the same commands that
control the 44465A Digital /O assembly. These commands will be discussed later
in the chapter. The two ports are referenced to the 3421A front panet LO terminal.
Therefore, care must be taken if isolation is needed.
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Before You Begin

Prior to designing and building any circuit on the breadboard, familiarize vourself with
the signals available. Read through this entire chapter carefully. The following
paragraphs describe certain hints and precautions which, if carefully observed, will
cause your circuit and the 3421A to perforim more reliably.

Voltmeter Input Connections

In the fower left corner of the 444644 assembly are four pins labeled; 4WL, 4WH,
DCL, and DCH. These pins are for making connections to the 3421A internal
voltmeter or counter. The DCL {voltmeter Low) and DCH {voltmeter High) pins are
used for AC or DC voltage and 2-wire resistance measurements. They also connact
to the internal counter. Make certain that no more than 300 volts {(peak) is ever ap-
plied to these terminals,

The 4WL and 4WH pins are used when making 4-wire resistance measurements.
They are to be used for this purpose only.
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Parts Supplied

The following is a list of all parts supplied with the 44484A Breadboard assembly.

Quaniity hp- Part Number Bescription

1 1200-0854 14 Pin DIP Socket

1 44464-66505 Bread Board Circuit Board

1 1251-0233 Circuit Board Edge Connector

1 1251-7825 4-Terminal, Right Angle Connector .

1 8120-3727 4-Conductor Cable Assembly

1 8120-3678 14-Conductor, Flat Ribbon Cable

1 A040-2133 Strain Relief

1 4208-0416 Adhesive Backed Foam for Strain Relief.
0.1 X 9.9 mm

z 2190-0879 Washer

2 0510-0852 L-type Screw Retainer

2 1380-0824 Captive screw, 3.0 X 36 (Metric)

2 1390-0630 Captive Screw, 3.0 x 16 (Metric)

2 3060-0716 Flat Washer

2 0380-0008 Spacer

Parts Not Supplied

Parts required but not supplied for the 8-bit input/output port are listed below. The

location and usage of these parts will be described later in this chapter.

Buantity hig- Part Bumber Deseription

1 1820-1746 CMOS Hex Buffer Integratad Circuit, such as
CD4049, or MC14048UBCP

1 1820-2232 CMOS 8-5Stage Statis Bidirectional Parallel/Serial
Input/Qutput Bus Register such as CD4034 or
MC140348BCP

1 1820-2215 CMOS Tri-state, Octal D-Type Latch such as
MM74C373N

1 1820-2538 CMOS Tri-state, Octal Buffer & Line Driver with
Inverting Outputs such as MM74C240N

1 1820-2537 CMOS Tri-state Octal Buffer & Line Driver such
as MM74C244N
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Power Supply Limitations

The following power supply limitations must be adhered to:

Supply Available Gurrent Commants
+ BV =35 mA Current Regulated Supply
+ 6V Batt. =150 mA Internally Fuse Protected

Note: all power supplies are referenced to the LO input terminal on the front panel.
Battery Charging Restraints While the 3421A is Operating:
Hi,g, + Iy = 20 mA then there is no change in the battery charging

speacification.

H 20 mA = {l,g, + I, = maximum specified above, then battery will
still charge but it will take substantiaily longer; up to 3 days for a full
charge.

Power Supply Filtering

It is recomimended that bypass and filter capacitors always be used between the
+ 5V supply and ground. A good rule to follow is to use one 1uF tantalum filter
capacitor and two .01 uF ceramic bypase capacitors for every eight {or jess) iC's,

Thermal Gradients

Remember that thermal gradients caused by large power dissipations can cause er-
rors in thermocouple temperature measurements on 44462A assemblies. Therefors,
power dissipation must be kept to under 1 watt on the breadboard assembly.

Switching Inductive Loads

if your application involves switching inductive loads, arc suppression circuits may
~ be required. These suppression circuits serve to minimize radio frequency radiation
(RFY, voitage and current surges, and relay contact breakdown.

The following simplified design equations for an BC arc suppression network, will

usually provide adequate protection. However, since the R and € wvalues involve
parameters difficult to determine precisely, such as the type of relay used, wiring
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capacitance, eic., tests to determine the effectiveness in-actual circuits should be
performed. The design eqguations are only guidelines and are not warranted.

a. R is selected as a compromise between two values, The minimum value for
R is determined by the maximum accepable relay contact current. Thus, the mirdmum
value for R is Vp/l, where Vp is the peak value of the supply voltage and | is the
relay current. The maximum value of R is usually equal to the load resistance, RL
S50, the limits on R are: Vp/l < R > Rl

b. To compute the value of C, use the equation: C = (llo/300)2)«L where L is
the lead inductance, lo is the current through L just before the relay opens, and C
is the total circuit capacitance.

To minimze interference caused by high voltage switching, maintain maximum isola-
tion between the switched voltages and the 3421A logic circuits. Choose relays that
have a low contact to coil capacitance.

B2 arc L
SUPPRESSION
P NE TWOFK
CONTAC
0= By

| A0
° Q>

Radiated Noise

To ensure compliance with -applicable standards for Electromagnetic Interference, cir-
cuits should be constructed using good RF practice. This means shielding connected
to ‘@ good earth ground, etc. '
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The Circuit Board

The figure below shows the dimensions of the circuit board and explains the com-
ponent height/protrusion restrictions.

147mm |
! 7 34 in) |

Ak

: t17mmn
: {4 /16 in)
= Grid Mole Spacing ,,,h,i%:ﬁg,
/ 2.54mm{. 1in) ﬁﬁ*ﬂ@mmmmM. -
. 10 { 55in)
OO ;i/ Q {.4in} maximum
olelerc=1y St 3
O C) O C—}—‘- - Sid ; ! " Smirn [L2in)
‘ Side view o maximar
COOO Grid Hole rounted carmpenents. AR
Inside See Section 1V for —T
Diameter details aodt ot
1.17mmi(.048in .

Voltage and Resistance Measurements

As mentioned earlier, connections to the 342 1A internal volimeter are made through
the DCL and DCH pins on the 44464A breadboard assembly. Keep in mind that any
voltage appearing on these pins will also appear on the 3421A front panel and on
any 44462A ciosed channel in the 3421A. Conversely, any voltage being input
through the 3421A front panel terminals or through the multiplexer assembly will
appear on the breadboard DCL and DCH pins. Therefore, any voltages to be
measured from the breadboard assembly should be isolated, preferably with a relay.
The 8-bit digital output port can be used to control the ralay,

To make a DC, AC or Z-wire resistance measurement from the breadboard, three

steps should be taken. First, make certain that all relays on 44462A multiplexer
assemblies are open. This can be done by exscuting the OPN command.
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Sscond, close the relay on the breadboard assembly. This can be done with the BIT
command, described later in this chapter.

Finally, execute DCV, ACV or TWO, whichever is appropriate for the measurement
you want 1o make. With no channel list following the command, the measurement
is made from the breadboard assembly. This process is shown in the following
gxample. '

PART OF 444644 BREADEOARD
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4-Wire Resistance Measurements

Essentially, 4-wire resistance measurements follow the same constraints outlined
above for voliage and 2-wire resistance measurements. The maijor difference is that
the 4WL and 4WH pins are used instead of the {NPUT pins. The figure below
demonstrates a 4-wire resistance measurement using the 44464A breadboard
assembly.
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Counter and Totalize

Counter and totalize measurements, like voltage and resistance measurements, gre
made through the DCL and DCH pins. The same constraints apply as tor voltage
measurements  except that the FRO command will be used for frequency
measuraments and TOT for totalizing.

Communication with the Mainframe

Each 44464A Breadboard assembly is designed to provide communication with the
3421A mainframe. The necessary components are not supplied with this breadboard.
However, if the correct parts are installed, then two ports allow control or monitoring
of relays, other digital circuits, etc. The same instruction set used with the 444654
digital /O board is used to control either individual bits or an entire 8-bit word on
the input and output ports. The following discussion is divided into the input port
commands and the output port commands. For additional information and examples
on programming the ports, refer to chapter § of this manual. '

Loading The Components

Earlier in this chapter we listed the components necessary for building the digital /O
ports. The following diagram shows where te mount those componenis. Remember
to usk clean handling techniques and static protection. The integrated circuits are
CMOS and susceptible to elactrostatic discharge.
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At the end of this chapter is & short theory of operation describing the operation
of the /O ports.

Buffering the /O Port Lines

Since the integrated circuits installed on the breadboard for the /O ports are CMOS
devices, all /0O lines should be buffered. The 8 digital ouwtput lines are capable of
driving one (1) standard TTL device.

Input Port Commands

The command set used to control the input port is the same as that used with the
444654 8 Bit Digital /O assembly. Two Standard Commands are used most often
with the input port: REDI (REaB slot i) and BITx. REDI allows vou to lool at the en-
tire 8-bits from the slot specified by 7. BlTx, however, permits you to select in-
dividual bits to look at. In the following discussion the words “set’” and “'clear™ will
be used. Set means that a condition is true; a high or logic 1" condition, etc. Clear
means just the opposite; i.e., the bit is low or a logic 077 condition.

REDI

The REDI command reads the digital tnput port and responds with a decimal number
between 0 and 255, This decimal number corresponds to the sum of the values of
the individual bits that were “"set’’. For examgle, if you have a breadboard assembly
in slot 1 and bits 0,2 3, 5, and 7 are “set’”’ (all others are cleared), the value 173
woilld be returned. Refer to the chart below.

Bit Number | 7 8 5] 4 3 2 1 O
Bit value if set 128 64 32 18 8 4 2 i
Exampte: 28+ O 4+ 32 + G 4+ 8B + 4 + 0 1 w373

Bit Value Chart

BITx

The BITx command allows vou to read individual bits, The following table shows the
addressing scheme ftor the input port bits for 44464A cards in each of the three slots
of the 3421A. Notice that bit addresses 08, 02,.18, 19, 28, and 29 are not allowed.
The value returned to the calculator will be. -+ 1.000E+0 if the bit is set and
+0.000E + 0 if the bit is clear. -



Bit Address # card in Slet #

Bkt Slot O Slot 3 Slet 2
0 O 10 20
1 1 11 21
2 2z 12 22
3 2 13 23
4 4 14 24
5 5 15 25
6 5] 16 26
7 7 17 27

Bit Value Address Table

Look again at the example given in the bit value chart earlier. If vou execute a
YBITY? {for bit 7 in slot 1} followed by an ENTER statement, the calculator will
show a value of + 1.000E+ Q. The following program shows how this can be done.
I you execute a “'BIT11" (bit 1 in slot 1}, followed by an ENTER statement, the
calowlator wilt return with +0.000E +0 because the bit is clear.

1 ¢ Bit example

20 QUTPUT 901 (“BIT17”
30 ENTER 801 ; A%

40 DISP A%

50 END

Advanced Commands

The advanced instruction set provides added capabilities for the input port. The six
commands in this group are; MHia, MLia, MNia, AN[abcl, and XRlabc]. Three of
these; MH, ML, and MN, may be used to cause an interrupt (SRQ} to signal the
controller.

MHx and MbLx

The MHx (Monitor High) command monitors the bit specified by 'x’’. Refer to the
bit value address table shown earlier 1o determine the value of “x'". When bit “'x’’
becomes set, the EVENT OGCCURRED bit in the Status Register (bit 3) likewise
becomes set. An interrupt (SR0O) is generated to flag the coniroller. Refer 1o chapter
3 under the topic of SPOLL for more information on SRQ and the Status Register,
When the 3421A is addressed to talk it will output a decimal number equal to the
sum of the values of the bits that were set at the time of the interrupt (similar to
a REDi command). The MLx (Monitor Low) performs the same way except that SRQ
is generated when the specified bit becomes cleared.
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MNi

The Mii command is very unigue in that it allows vou to specify combinations of
set and cleared bits to cause an interrupt. MNi uses the XR[abcl, AN[abc] commands
to extract only the bits you want to look at. XRfabc) sets up what is called an Ex-
clusive Or mask. It allews you to specify which bits are to be set to cause the in-
terrupt. The AND mask is set up by the AM[abc] command and allows you to specify
which bits you want to monitor. In the discussion to follow, it will help to remember

these two points:

1. The AN command determines which bits you want to look at.

2. The XR command determines which bits are to be set to cause the Interrupt.

The MNi command reads the input bits from the card in siot i, performs 3 logical
Exciusive-OR with the XOR mask, takes the result and performs a logical AND with
the AND mask. If the final result equals 0, the EVENT OCCURRED bit in the Status
Register (bit 3) will be set. If the Status Register bit 3 is not masked, an SRQ in-
terrupt will be generated.

The XRlabcl command sets the logical Exclusive-OR mask for the MN command. The
value {abc] represents a decimal number from 0 to 255. Refer to the bit value chart
shown earlier in this chapter. The Exclusive Or function performed by the MN com-
mand is done on a bit-by-bit basis. The following Truth Table and éxampie show how
the XE mask works.

Legical OB Truth Tahie

Input Wask
Bit Bit KOR BResult Example
0 0 0 10101100 -XR mask
0 i i C1110010- input Bits
1 0 T e e e e e
i 1 0 11011110- Logical XOR Result

In the [abel value, if a or ab are not received, leading zeros are inserted. In other
words, XR5 is the same as XRGO05. If no number is received, the mask is set to all

s,

The AN[abcl command sets the AND mask. The value [abcl represents a decimal
number between 0 and 255, Refer to the bit value chart given earlier in this chapter.
The AND performed by the MN command is done on a bit by bit basis. For exam-
ple, if you send AN173 this would represent a binary AND mask of 10101101
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(bit7-bith). Suppose the digital inputs were 10011000, The iogical AND would be
100010600, This is shown in the following Hlustration.

Logical ARD Truth Table

input Mlask
Bit Bit AND Result  Example
0 0 O 101011061 AN mask
0 1 0 10011000 - Input Hits
1 O 0 .
1 1 1 10001000 - Logical AND

As with the XR command, if a or ab are not received, leading zeros are inserted.
In other words, ANG is the same as ANOOS. if no number is received, the mask is
set to all O's.

Output Port Commands

The three STANDARD commands most commaonly used with the output port are
CLSx, OPNx, and WRTi abcl. The first two, CLSx and OPNx, allow conirol of in-
dividual bits in the port. WRTi, on the other hand, permits one command to con-
trol all 8 bits. In the discussion to follow, tha word “set’” means that the bit is high
and “‘clear’’ means the bit is low, ' '

CLS

The command CLSx (Close Single bit x) ""sets’’ the bit specified by x. OPNx per-
forms just the opposite task, it clears the bit specified by <. The table below shows
the bit address chart for the three different slots.

Bit Address it card in slotd

ity Siot 8 Slot ¢ Slot 2
0 4] 10 20
ST i 11 21
2 2 12 27
3 3 13 23
4 4 14 24
5 5 15. 25
6 4] 16 26
7 7 17 27

if, for example, you have a digital /O card in slot 1 and you wanted to set bit &
vou would execute CLS15. If you wanted 1o clear bit 3, execute OPN13.
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WRT

To contro! all bits with one command use the WHTilabe] comimand. The | represents
the slot number for the diginal /O card. The value [abc] is a decimal number equal
to the sum of the values of the bits that you want set. See the bit value chart below.
If you wanted to set only bits 3, 4, and b and &ll other bits cleared in slot 1,
regardless of their previous condition, execute the command WRT1,56. This exam-
ple 12 shown below.

Switch Mumber 7 & 5 4 3 2 1 G
Switch Value 1 Clossd 128 64 32 16 8 4 2 1
Example: O+ Q0 + 32 + 16+ 8+ 0+ 0+ 0 = BB

Advanced Commands

The advanced instruction set provides added capabilities when using the output port.
The twa instructions from ihis set are D3ilabel, and DCilabcl.

DS

The Digital SET command, D% labc], sets the output port bits on the card specified
by 1 to the configuration specified by the decimal number label. Al bits not
values of the bits you wish to set. Use the bit value chart shown previously to deter-
mine the value labcl. For example, if yvou want bits T and 5 set in slot 2 and all
other bits to remain in their previous siate, execute the command D52,34.

oC

The Digital Clear command DCi labcl, clears the bits specified in the same manner
as the Digital Set command set bits.

Theory of Operation

This simplified theory of operation is designed to help you undersiand the operation
of the B-bit input/output ports. Alsc, should problems cccur in the input/output port,
this information can assist vou in troubleshooting. The following diagram illustrates
the major blocks of the ports.
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Commmunication between the 3421A internal microprocessor and the 44464A
hreadboeard is carried on serially, U1 is an 8-bit bidirectional parallel/serial input/output
bus register. This means that information from the input port, through U4, is con-
verted to serial information by U1 and sent to the 3421A processor. Likewise, serial
information from the processor is sent to U1, converted to pdrailel, and output
through U2. U3 is provided to read back the state of the cutput port.
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Appendix A
Documentation Worksheet

Introduction

It has long been recognized that failure to document a measurement system, or
documenting the system after its development, resuits in considerable extra effort.
This is especially true when attempting to diagnose system failures. it can be very
frustrating, for example, to suspect a defective thermocouple, and because of in-
adeduate documentation, replace the wrong one. This is not only time consuming
but costly. This appendix presents a simple method of documenting your measure-
ment system to help alleviate these problems and to help in the setup procedure.
Only two worksheets are provided, therefore you may want to tear one out and
duplicate it for future use.

Worksheets

The Documentation Worksheets presented here were designed to be filled out while
you are wiring transducers to the 3421A. Later, they can be used as a guide when
writing programs and testing. Instructions for completing the worksheets are found
on the backside of the worksheets.

These worksheets serve only as a guide for your system. That is, they may not be
applicable to all situations and you may need to modify them for your individual
needs. Figure A1 shows several examples of how worksheets may be filled out.

BatelTime: System Mame: ‘test Arear
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" @ I iz ‘s 254 % - - -t
i £ R - N 45 8% - - A2
. t & 213 . © A-3
» & T2z 138 |2 wore 329,15 & +F.5 "¢ Campudnr Eomitrts
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Figure A-1. Worksheet Examplos Page No.
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Event Log

In addition to the Documentation Worksheets, you may want to maintain an Event
Log. Types of Event Log entries include changes in the setup, when and why the
changes were made, transducer failures and any circumstances surrounding their
failure, and changes in a process {e.g., use of a different brand of detergent in a
washer}. Each entry should include at least the following four items:

What the event is and the extent of change.
Where the event took place or was observed.
When the occurrence happened or was noticed.
The fix - if the event was a failure.

Pown =

An example of an Event Log entry would be:

Power failure 10:43 a.m. 10/22

Changed T22 type K thermocouple 11:05 a.m. 10/22
Oven #3 overheated to 1700°C 3:48 p.m.

T22 appears to be bad reading 4:10 p.m. 10/22

From the Event Log, apparently T22 was change to a type K thermocouple {it was
a type J, see Worksheet example}, but the change was not entered into the pro-
gram. While most problems are not solved this easily, the Event Log can provide
valuable insight into seemingly unexplained changes in a system.

Another piece of documentation you may find useful is a single page cover sheet
to identify the documentation package. This cover sheet might incorporate lineariza-
tion equations, transducer manufacturers and replacement part numbers, wire batch
numbers, and any other pertinent information.
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DOCUMENTATION WORKSHEET
INSTRUCTIONS

DATEITIME: The date and/or time of the original setup should be entered here. Dates
and/or times of minor alterations should be made in the left hand margin next to the
addition or alteration.

SYSTEM MAME: The setup name is used to identify a particular measurement system.
This is especially important when more than one system is in use.

TEST AREA: This entry should be an overall description of where the system is being
used or what it is measuring.

SLOTICARD TYPE: Refer to chapters 2, 6, and 6 of this manual for a discussion of the
3421A slots. The slot humber must be known and whether the slot contains an 8-bit
Digital 1/O card or a 10 channel multiplexer card.

CARD TERMINALS: Record the terminal block connector numbers for each transducer.
Refer to chapters 5 and 6 of this manual for discussions on card terminals. As a
diagnostic ‘aid it is important to record the terminal connections.

CHANNEL: This entry is the channel number that you specify in your program. Refer
to chapters 5 and 6 for more information.

TRANSBUCER TYPE: Indicate the type of transducer used on that channel. For exam-
ple, J type thermocouple, pressure transducer, etc. You may also want to indicate
the replacement part number for that transducer.

UNITS/LINEARIZATION: Enter the units of the measurement and any linearization equa-
tions. Examples include pressure, liquid flow rate, FT/Lbs of torque,
°F=32.041.8°C, etc.

VALUES/LIMITS: List a typical value for that measurement and the measurement units.
Some tests require that an action take place if certain limits are exceeded. The values
for these limits should be entered under MAX. and MIN.

COMIMENTS, ACTIONS, ETC.: This entry should include. anything not already specified that

might be appropriate to the measurement. Possible entries include the specific loca-
tion of the transducer, actions taken if limits are exceeded, etc.
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DOCUMENTATION WORKSHEET
INSTRUCTIONS

BATE/TIME: The date and/or time of the original setup should be entered here. Dates
and/or times of minor alterations should be made in the left hand margin next to the
addition or alteration.

SYSTEM NAME: The setup name is used to identify a particular measurement system.
This is especially important when more than one system is in use.

TEST AREA: This entry should be an overall description of where the system is being
used or what it is measuring.

SLOT/CARD TYPE: Refer to chapters 2, 5, and 6 of this manual for a discussion of the
3421A slots. The slot number must be known and whether the slot contains an 8-bit
Digital 1/0 card or a 10 channel multiplexer card.

CARD TERMINALS: Record the terminal block connector numbers for each transducer.
Refer to chapters 5 and 6 of this manual for discussions on card terminals. As a
diagnostic aid it is important to record the terminal connections.

CHANNEL: This entry is the channel number that you specify in your program. Refer
to chapters 5 and 6 for more information.

TRARSDUCER TYPE: Indicate the type of transducer used on that channel. For exam-
ple, J type thermocouple, pressure transducer, etc. You may also want to indicate
the replacement part number for that transducer.

UNITS/LINEARIZATION: Enter the units of the measurement and any linearization equa-
tions. Examples include pressure, liquid flow rate, FT/Lbs of torque,
°F=32.0+1.8°C, etc.

VALUES/LIMITS: List a typical value for that measurement and the measurement units.
Some tests require that an action take place if certain limits are exceeded. The values
for these limits should be entered under MAX. and MIN.

COMMENTS, ACTIONS, ETC.. This entry should include anything not already specified that

might be appropriate to the measurement. Possible entries include the specific loca-
tion of the transducer, actions taken if limits are exceeded, etc.
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Appendix
-IL/HP-I1E

Introduction

An interface is the means by which a computer and the 3421A or other instrument
communicate. This appendix provides a slightly more detailed overview of the two
interfaces used with the 3421A: HP-IL and HP-IB. Although the information in this
appendix is controller independent, the information may be 3421A dependent.

General HP-IL Description

Hewlett-Packard Interface Loop (HP-IL) is a two wire interface. As the name implies,
devices are connected in a serial loop structure. Data or information, in the form of
digital ‘frames’, travels from one device to the next around the loop.

The interface loop consists of a calculator/computer and up to 29 peripheral devices
such as the 3421A. Information is transferred from one device to the next around
the loop in one direction. f the information is not intended for a particular device
(see paragraph on addressing}, the device merely passes the information on to the
next device, When the information reaches the intended device, that device responds
as directed by the information. The information is then sent on to the next device.
In this way, the calculator/computer can send information to and receive informa-
tion from selected devices in the loop according to the device’s capabilities. The
following figure shows a typical interface loop system.

hes-TT- PRINTER
Eﬁi T ng;azpﬁ LISTENER
‘ ADDRESS 1 ADPRESS 2
i
CAL.CLLA TOR VOLTMETED
L£é§§§§Q ADDRESS © ADDRESS 3 LE%%?N&R
CONTROLLER “NE!
1 ADDRESS 4
g PLOTTER
L TSTENER

Functional Overview

Each device in the loop will possess one or more of the three basic device
capabilities: Controller, Talker, or Listener. The controller, as the name implies, has
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the responsibility to control loop activity. The -hp- Model 41C/CV handheld calculator
and the -hp- Model 85 desktop computer are examples of devices which serve as
controllers. They must, of course, be equipped with the proper interface module. Con-
trollers transmit all commands to other devices in the loop and have Talker and
Listener capabilities. The 3421A cannot serve as a controller. Only one device in the
loop may serve as a controller.

Talkers are devices that have the ability to send data or information (but not com-
mands) through the loop. Note that a talker will not actually send data or informa-
tion until told to do sc by the controller. The 3421A has Talker capabilities. The
3421A does not have a Talk-only mode as do some instruments.

Listeners are devices with the capability to receive information through the loop.
Listeners must remain inactive until told to listen by the controller. The 3421A has
Listener capabilities.

Addressing

Each device in the loop is assigned a unique address by the controller. For exam-
ple, if the 3421A is the only device in the loop, other than the controlter, the con-
troller will assign it an address of “*1"". The address of the controller is always "'0’".
Addresses permit the controller to specify or “'select’’ a particular device in the loop
when sending commands. Addresses are assigned to devices sequentially around the
ioop in the direction of information flow. The first device in the loop after the con-
troller is assigned an address of "1"". The second device is assigned an address of
27, and so on around the loop.

Look at the figure of the typical HP-IL system again. Individual devices are shown
with their basic capabilities, loop addresses, and direction of information flow.

Technical Overview

Fundamentally, HP-IL is a bit-serial, byte-serial, unidirectional interface. It uses a two
wire balanced differential drive system and three level encoding for bits. Messages
are sent through the loop as a sequence of eleven bits called a message frame. Com-
mands, such as Listen, are made up of one or more message frames. There are three
major classifications of frames: Command, Ready, and Data. Three of the eleven bits
are used to specify the type of frame. The remaining eight bits are data bits and
specify the particular message within the classification.

HP-IL. protocol provides excellent error detaction. Commands and data make a com-
plete circuit of the loop. In other words, the originating device must receive the in-
formation back after all other devices have received and re-transmitted it. By com-
paring returning information with what was sent out, errors are automatically
detected.
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Normaily, only one message is in transit around the loop at any given time. In
general, when a device sends a message it waits until the message is returned before
transmitting the next message. This part of the process is called loop handshaking
and guarantees that Talkers and Controllers do not send information faster than other
devices can accept them.

HP-IL has a theoretical maximum transmission speed of 20,000 bytes per second.
In a typical implementation though, this rate is lowered to somewhere between 3,000

and 5,000 bytes per second. This speed is sutficient to transmit more than a full
single-spaced typewritten page of data every second.

3421A Loop Capabilities

The following table lists the HP-IL functions that the 3421A responds to and uses.

R The 3421A handshakes as a receiver.

D Handshakes as a driver to the next device.

AH Handshakes as an acceptor.

SH1 Handshakes as a source.

T1.2, Basic Talker, send Status, send Device 1D, send Accessory
3,46 D, Unaddressed as a talker when addressed as Listener.
TEO No extended Talker capability.

1,3 Basic Listener, Unaddressed to listen when addressed to talk
LEO No extended listener.

CO The 3421A cannot serve as a controller.

AA1 Can be autoaddressed by the controller.

AEO No auto-extended addressing capability.

AMO No multiple addressing capability..
DC2 The 3421A responds to Device Clear and Selected Device Clear
interface commands.

DT The 3421A responds to a Device Trigger interface command.

RLO Remote, Local, and Local Lockout are ignored since the 3421A
can only be controfled by a controller.

SR2 Basic Service Request and Asynchronous Service Request capability.

PPO The 3421A does not respond to paratiel poll.

PD1 The 3421A has a power-down mode.

DDO The 342 1A does not implement device dependent Talker or Listener
commands.

MSO The 3421A does not have manual service request capability.

General HP-1B Description

The Hewlett-Packard Interface Bus {HP-1B} is Hewlett-Packard’s implementation of IEEE
Standard 488-1978, *'Standard Digital Interface for Programmable Instrumentation.””
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tt is a carefully defined interface which simplifies the integration of various instruments
and computers into systems. The interface provides for messages in digital form to be
transferred between two or more HP-IB compatible devices.

The HP-IB is a parallel bus of 16 active signal lines grouped into three sets, according

to function, to interconnect up to 156 devices. A pictorial view of the HP-IB connector
and its pin designaticns are shown in the following illustration. Also shown is a diagram

of the interface connections and Bus structure.

PIN

1 STD - B - 4030

2

3 | Di03 CAUTION

4 D104

13 DI05 The 3421A contains metric threaded HP-18 cable mounting studs
14 D106 as opposed to English threads. Metric threaded -hp- 1063714,
1% o7 B, gr C HP-IB cable lockscrews must be used to secure the cable
16 D108 to the instrument. Identification of the two types of mounting

5 EQY studs and lockscrews is made by their color. English threaded
17 REN fasterners are colored silver and metric threaded fasteners are

[ DAV cofored black. DO NOT marte silver and black fasteners to each

7 NRFD other or the threads of either or both will be destroyed. Metric

8 NDAC threaded HP-1B cable hardware iflustrations and part numbers

9 EC follow,

10 S$RQ

11 ATN L]

12 SHIELD—~CHASSS GROUND ‘i""“
18 PO TWISTED PAIR WITHPIN &

18 F/O TWISTED PAIR WITH PIN 7 pesineaing

20 | P/OTWISTED PAIRWITHPING | THESEFINS

21 P/O TWISTED PAIR WITHPIN 8 INTERNALLY

22 P/O TWISTED PAIR WITH FIN 10 GROUNDED

23 P/O TWISTEDPAIRWITHPINIY Y | LONG MOUNTING $TUD SHORT MOUNTING STUD
24 ISOLATED DIGITAL GROUND “3ac-08543 O3a0-08As

Eight signal lines, termed DATA lines, are in the first set. The Data lines are used to
transmit data in the form of coded messages. These messages are used to program
the instrument function, transfer measurement data, coordinate instrument operation
and read its measurement data. Input and Output of messages, in bit parallel - byte
serial form, are also transferred in the data lines. A 7-bit ASCIl code normally represents
each piece of data.

Data is transferred by means of an interlocking ""handshake’’ technique which permits
data transfer {asynchronously) at the rate of the slowest active device used in that
transfer. The three DATA BYTE CONTROL lines coordinate the handshaking and form
the second set of lines.

The remaining five GENERAL INTERFACE MANAGEMENT lines are used to manage the
devices on the HP-IB. This includes activating all connected devices at once, clearing
the interface, and others. For a detailed description of the HP-IB lines, commands, in-
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DEVICE A

Y 1

ABLE TG TALK,
LiSYEN AND CONYROL

te.q. CALCULATORI (:Tﬂgi\l BATA BLS
" {8 SiGMAL LINES!

DEVICE B

ABLE TO TALK
AND LISTEN

te.g. DIGITAL VOLTMETER) e DATA BYTE TRANSFER CONTROL
| ALE STGNAL L INES)

vy

{HANDSHAKS ) LINES

DEVICE &

ONLY ABLZ TO LIiSTEN

fe.g. 5iGNAL GENERATOR! L1 e - A
Y GENERAL INTERFACE MANAGEMENT 0o es
‘ l | A D SIGNAL LINES)
. I [
DEVICE D ;
ONLY ABLE 70 TALK .
te.g. TAPE READER; ﬂmo ;]
oAy
e NEFD
s NDAC
{FC
ATN
$RQ
REN
BOBOA-E02 ECH

ternal operations, etc., refer to the HP-IB Abbreviated Description Manual, -hp- part
number 5855-2903. A condensed description is also available in the Condensed Descrip-
tion of the Hewlett-Packard interface Bus Manual, -hp- part number 59401-80080. The
manuals are available through your local -hp- Sales and Service Office.

As with HP-IL, devices can be classified as either Controllers, Talkers, or Listeners. These
are defined as follows.

a. Controllers: The device that can specify which device(s}) on the Bus is a Talker
or Listener. There can be two types of controllers; an Active Controller and a System
Controller. The Active Controller is the current controlling device. The System Controller
can, however, take control of the Bus even if it is not the Active Controller. There can
only be one Active controller at any given time, even if several controilers are on the Bus.

b. Talkers: A talkeris any device thatis able to send information over the Bus when
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it has been addressed. Only one Talker may be active at a time; usually the one that
is currently addressed to send data. All HP-IB computers, most HP-1B instruments and
of course the 3421A, are Talkers.

c. Listeners: Devices which receive information over the Bus, when they have been
addressed to listen are called Listeners, A device may or may not be both a Talker and
a Listener. The 3421A has Listener capabilities,

3421A Bus Capabilities

The 3421A interfaces to the HP-IB as defined by the |IEEE Standard 488-1878. The
interface function subset which the 3421A implements is specified in the table
below.

SH1 Source handshake capabilities.
AH1 Acceptor handshake capabilities.
16 Basic Talker, with Serial Poll, no Talk only mode, and un-

addressed to Talk when receives its Listen address.
TEO No extended Talker.

LEC No extended Listener.

L4 Basic Listener, unaddressed tc listen when receives its Talk
address.

SR1 Complete Service Request capability.

RLO Remote Only capability.
PPO No Paraliel Poll capability.

DCH Complete Device Clear capability.
DT1 Complete Device Trigger capabitity.
Co No Controller capability.

interface Terms

The following is used to define many of the terms and concepts used to describe
HP-IL and HP-IB systems operations.

e Address. Each device connected to the interface has a unique address assign-
ed to it. With HP-IL, the address is assigned by the controller. In HP-IB, the ad-
dress is set by switches in the instrument. The address is used to specify which
device connected to the interface will receive (Addressed to Listen) or send (Ad-
dressed to Talk) information.

¢  Byte. A byte is a unit of information consisting of 8 binary digits called bits.

o (lear. The Clear message causes the listening device(s) or all the devices con-
nected to the interface to return to their predefined device-dependent state.
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Device. Any instrument or unit that is HP-IL {or HP-IB) compatible is calied a
“Device.”’

Device Dependent. An action a device performs in response to information sent
through the interface. The action is a characteristic of a particular instrument
and will probably vary from device to device.

Polling. Polling is process typically used by a controller to locate a device that
has requested service from the controller. There are two types of polling: Serial
Poll and Parallel Poll.

1. Serial Poll. When the controlier executes a serial poil, the addressed device
sends one byte of operational information called a Status Byte. If more than one
device connected to the interface is capable of requesting service, each device
must be serial polled until the device that requested service is located.

2. Parallei Poll. This method obtains a Status Bit from 8 devices connected
to the interface. The 3421A does not respond to a Parallel Poll.

Require Service. A device can send this message at any time to signify that
it needs some type of interaction with the controller. Of course the device must
be pre-programmed to send the Service Request and the controller must be pre-
programmed to respond.
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Strain Relief. . ... .. .. . ... ... .0 215
Switch Configuration. . ... ... ... .. ... 216
Switching Inductive Loads. .. .. ... ...... . 230
System Increment. ... ... ... .. L, 158
T
T-Type Thermocouples. . .. ....... ... ... .. 38
Temperature Calibration. .. ... ...... ... ... 20
TEMPERATURE MEASUREMENTS. .. .. 37,76,82
Temperature Measurements. . . .. .. 129,131,161
Terminal Block Edge Connector. .. .. ... 223,224
TEST/RESET .. .. .. . e 3¢
Theory of Operation (Breadboard}. . ... ... .. 238
Thermal Gradients (Breadboard:. ... ... .. .. 230
Thermistor .. .. ... . ... ... . . . ... 76,129
Tharmocouple . ... ... .. ... ... 77
Thermocouple Temperature

Measurements . . . ... . ... ... .. ..... 37,151
Thermocouples . ... ... .. ... . ... . ..., 131
Totalize . . ... ... ... 25
TOTALIZE COUNTER. ... .. ... ... .. ...... 83
Totalize Counter. . . ... ... ... ... 1H3
TRIGGER .. ... 75,108
Triggering . . ... 45
TURN-ON. . .. e 17
Tum-on/Reset . . .. ... ... e 27
TWO-WIRE RESISTANCE

MEASUREMENTS . ... .. ......... 36,871,148
u
Unconditionally Close. . .. ... ... ... ... .. 158
Unpacking Instructions. ... ... . ... .. .. ... 185
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Product Line Safes/Support Key

Key Product Line

A Analytical

CH¥ Componsnts

€ Computar Sysiems Sales only

CH Computer Systems Hardware Sales and Services
CS Computer Systems Software Sales and Setvices
E Electronic instruments & Measurement Systems

M #edical Products

MP Medical Products Primary SRO

MS Medical Products Secondary SRO

P Personal Computation Products
Sales only for spacific product line
Support only for spacitic product line

MPORTANT: These symbois designate general product line capability. They do not

Insure salas or suppor! avallabillly for all products within a line, at alt locations,

Contact your local sales office for Information regarding locations where HP support

is avaifable for specific products.
HFP distributors are prinfed in ialics.
HEADQUARTERS OFFICES

if there is no sales office Bsied for your area, contact one of these

headquarters offices.

NORTH/CENTRAL AFRICA
Hewlelt-Packard S.A.

7. Rue du Bois-du-Lan

CH-1217 MEYRIN 2, Switzerland

Tel: (022) 83 12 12

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

ASIA

Hewielt-Packard Asia Lid.

Bth Floor, Sun Hung Kai Centre
30 Harbour Rd.

G.P.O. Box 795

HONG KONG

Teh: 5-832 3211

After Jan. 1, 1984

41h Floor, China Resources Bidg.
26 Harbour Rd., Wanchali
HORG KONG

Telex; 66678 HEWPA HX
Cabie: HEWPACK HONG KONG

CANADA

Hewleit-Packard (Canada; Lid.
6877 Goreway Drive
HISSISSAUGA, Ontario L4V 18
Tel: (416) 678-9430

Telex: 610-4G2-4246

EASTERN EURQPE
Hewletl-Packard Ges.m.b.h.
Lieblgasse 1

P.G.Box 72

A-1222 VIENMA, Austria

Teh (222 2365110

Telex: 1 3 4425 HEPA A

NORTHERN EUROPE
Hewleti-Packard S.A.
Ultenstede 475

P.0.Box 999

NL-1180 AZ AMSTELVEEN
The Netherlands

Tel: 20 437771

SOUTH EAST EUROPE
Hewleti-Packard S.A.

7, Rue du Bois-du-Lan

CH- 1217 MEYRIN 2, Switzerland
Tel: (022) 83 12 12

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

OTHER EUROPE
Hewielt-Packard S.A.

P.0. Box

150, Rie du Nant-D'Avril
CH-1217 MEYRIN 2, Switzerfand
Tei: (022} 83 8111

Telex: 22486 hpsa

Cable: HEWPACKSA Genave

MEDITERRANEAN AND
MIDDLE EAST
Hewlel-Packard S.A.
Mediterranean and Middle East
{perations

Afrina Centre

32 Kifissias Ave.
Paradissos-Amarousion, ATHENS
Greece

Tel: 682 88 11

Telex: 21-6588 HPAT GR
Cable: HEWPACKSA Athens

EASTERN USA
Hewlett-Packard Co.
4 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: {301) 258-2000

MIDWESTERN USA
Hewiett-Packard Co.

5201 Tollview Drive

ROLLING MEADOWS, iL 60008
Tel: {312} 255-8800

SOUTHERN USA
Hewlett-Packard Co.
2000 South Park Place
P.0, Box 105005
ATLANTA, GA 30348
Tel: (404) 855-1500

WESTERN USA
Hewleti-Packard Co.
3939 Lankershim Bivg.
P.C. Box 3018

LOS ANGELES, CA 91604
Tel; {213) 506-3700

OTHER INTERNATIONAL
AREAS

Hewiett-Packarg Go.
Intercontinental Headquarters
3495 Deer Creek Acad

PALO ALTO, CA 94304

Tel: {415) 857-1501

Telex: 034-8300

Cabie: HEWPACK

SALES & SUPPORT OFFICES

Arranged alphabetically by country

ANGOLA

Teleclra

Empresa Técnica de Equipamenios
R. Barbosa Rodrigues, 41-1 DT.
Caixa Posial 6487

LUANDA

Tel: 35515,35516

EFP

ARGENTINA
Hewletl-Packard Argentina S.A.
Avenida Sanfa Fe 2035
Martinez 1640 BUENOS AIRES
Tel: 798-5735, 782-1293
Telex: 17585 BICNAR

Cable: HEWPACKARG
AECHCSP

Biotron SACIM el

Av Paseo Colon 221, Fiso 9
1369 BUENOS AIRES

Tei: 30-4846, 30-1851
Telex: 17585 BIONAR

M

AUSTRALIA

Adelaide, South Australia
Office

Hewilett-Packard Ausiralia Lid.
153 Greenhili Road

PARKSIDE, S.A. 5063

Tel: 272-5811

Talex: 82536

Cable: HEWPARD Adelaide

A CHOM, EMSP

Brisbane, Quesnsiand Office
Hewlell-Packarc Austradia Lid.

10 Payne Road

THE GAP, Queensiand 4061

Tek 30-4133

Telex: 42133

Cable: HEWPARD Brisbane
ACHCM.EMP

Canberra, Australia
Capitai Territory
Office

Hewlet-Packard Australia Lid.
121 Wollongong Street
FYSHWICK, A.C.T. 2609

Tel: 80 4244

Telex: 62650

Cable: HEWPARD Canberra
CHCME P

Malbourne, Victoria Office
Hewlett-Packar¢ Austalia 11d,
31-41 Joseph Street

BLACKBURN, Victoria 3130

Tet: 895-2895

Telex: 31-024

Cable: HEWPARD Melbourne
ACH,OM.CS EMS,P

Perth, Western Australia
Office

Hewlelt-Packard Australia Ltd.
261 Stirling Highway
CLAREMONT, W.A. 8010

Tel: 383-2188

Telex: 93858

Cable: HEWPARD Perth
ACH,CM.EMSP

Sydney, New South Wales
Oifice

Hewledt-Packard Australia Lid.
17-23 Talavera Road

P.C. Box 308

NORTHRYDE, NS.W. 2113

Tel: 887-1611

Telex: 21561

Cable: HEWPARD Sydney

A CH.CM,CS EMS P

AUSTRIA
Hewlett-Packard Ges.m.b.h.
Grollenhofstrasse 94
A-B052 GRAZ

Tel: (0316} 2015 65
Telex: 32375

CHE

Hewlett-Packard Ges.m.p.h.
Liebigasse 1

P.O. Box 72

A-1222 VIENNA

Tel: (0222) 23 65 11-0
Telex: 134425 HEPA A
ACH.CM,CS EMS.P

BAHRAIN

Green Salon

F.O Box 557
Manama

BAMRAIN

Tel: 255503-255950
Telex: 84419

P

Wael Pharmacy

P.0. Box 648
BAHRAIN

Tel 256123

Telex: 8550 WAEL BN
ECM

BELGILUM

Hewlell-Packard Beigium S.A/HN.V.
Bivd de la Woluwe, 100
Woluwedal

B- 1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paichen bru
A,CHCMCS EMPP

BRAZIL

Hewlett-Packard do Brasit 1.e.C. Lida.
Alameda Rio Negro, 750
Alphaville

0640C BARUER! SP

Tel: (011) 421.1311

Telex: {G11) 33872 HPBR-BR
Cable: HEWPACK Sao Paulo
ACHCM,CSEMP
Hewiett-Packard do Brasil Le.C. Ltda.
Avenida Epilacic Pessca, 4664
22471 RIO DE JAKEIRO-RJ

Tet: {02)) 286.0237

Telex: 021-21805 HPBA-BR
Cable: HEWPACK Rio de Janeiro
ACHCME MS P

ANAMED LC.EL Lida.

Hua Bage, 103

4012 SAO PAULO

Tel: (011) 570-5726

Telex; 021-21905 HPBR-BR

M

K
&
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SALES & SUPPORT OFFICES

Arranged alphabetically by country

CAMADA

Alberta

Hewlet!-Packard {Canada} Ltd.
3030 3rd Avenue N.E.
CALGARY, Alberta T24 677
Tel: (403) 235-3100
A.CH,CM.E™ MS.P*
Hewiell-Packard (Canada) Lid.
11120A-178th Street
EDMORTON, Aberla T5S 1P2
Tel: (403) 486-6666
ACH,CM,CS,EMS P

British Columblia
Hewlett-Packard (Canada) Lid.
106891 Shelbridge Way
RICHMOND,

Brilish Columbia VX 2W7
Tel: {604} 270-2277

Telex: 616-922-5059
ACH,CM,CS.E" MS P*

Manitoba

Hewiett-Packard (Canada) Lid.
380-550 Century Street
WINNIPEG, Manitoba R3H 0Y1
Tel: (204) 786-6701
ACHOMEMS P

Mova Scotla
Hewlett-Packard {Canada) Lid.
P.0. Box 931

800 Windmill Road

DARTMOUTH, Nova Scotia B2Y 376

Tel (802} 469-7820
CHOMLSE* M5.P*

Ontario

Hewlet-Packard {Canada) Ltd.
3325 N. Service Rd., Unit 6
BURLINGTON, Ontario P3A 2A3
Tek: {416) 335-8644

CSM*

Hewlett-Packard (Canada) Lid.
552 Newbold Street

LOKMDON, Dniario NBE 255
Tel: (519) 686-9181
ACHLOME" MSP*
Hewlelt-Packard {Canada) Lid.
6877 Goreway Drive
MISSISSAUGA, Ontario LAY 1M8
Tel: (416) 678-6430
A,CH,CM,CS E MR P
Hewle!l-Packard {Canada) Ltd.
2670 Queensview Dr.
QTTAWA, Onlatic K2B 8K1
Tel: (613) 820-6483
A.CH.CMCSE* MSP*
Hewietl-Packard (Canada) Ltd.
220 Yorkiand Blvd., Unit #11
WHLOWDALE, Ontaric M2J 1R5
Tel: (418) 499-9333

CH

Guebec

Hewlett-Packard {Canada) Lid.
17500 South Service Road
Trans-Canade Highway
KIRKLAND, Quebec HEJ 2M5
Tel: (514} 697-4232
ACH,CM,CS,EMP P
Hewleit-Packard {Canada) Ltd.
Les Galeries du Vallon

2323 Du Versont Nord

STE. FOY, Quebec G1N 4C2
Tel: (418) 687-4570

CH

CHILE

Jdorge Calcagni y Cia. Lida.
Av. Nalia 834 Santiago
Casilla 16475

SANTIAGO &

Tel: 222-0222

Telex: Public Booth 440001
A CMEM

Olympia (Chile} Lida.

Av. Rodrigo de Araya 1045
Casila 256-V

SANTIAGO 21

Tel: (02) 22 55 044

Telex: 240-565 OLYMF (L

Cable: Clymplachife Santiagachile

CHLSP

CHINA, Peopie’s Republic of
China Hewlelt-Packard Rep. Office

PO Box 418

14 Lane 2, Luchang S1,
Befwei Rd., Xuanwu District
BEIING

Tel: 33-1947, 33-7426
Telex: 22601 CTSHP CN
Cable: 1920
ACHCMCSEP

COLOMBIA
Instrumentacitn

H. A Langebaek & Kier S.A.
Carrera 44 No. 524-26
Apartado Aerep 6287
BOGOTA 1, D.E.

Tel: 212- 1466

Telex: 44400 INST CO
Cable: AARIS Bogola
CMEM

Casa Humbold! Lida.
Carrera 14, No. 98-80
Apartado Aereo 51283
BOGOTA 1, D.E.

Tel: 256- 1586

Telex: 45403 CCAL CO.
A

COSTA RICA

Lienlifica Cosiarricense S.A.
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

SAN JOSE

el 24-38.20, 24-08-19
Telex: 2367 GALGUR CR
CM.EM

CYPRUS

Telerexa Lid,

F.0. Box 4808

14C Stassings Avenue
NICOSIA

Tel: 62698

Telex: 2894 LEVIDO CY
EMP

DENMARK
HewleH-Packard A/S
Datavel 52

DK-3460 BIRKEROD
Tel: {02) 81-66-40
Telex: 37409 hpas dk
A,CH,CM,CS E MS,P
Hewleti-Packard A/S
Rolighedsvej 32
DK-8240 RISSKOV, Aarhus
Tei: (08} 17-80-00
Telex: 37408 hpas dk
CH.E

DOMINICAN REPUBLIC
Microprog S.A.

Juan Tomds Mejia y Coles No, 60

Arroyeo Hondo
SANTO DOMINGO
Tel, 565-6268

Tejex: 4510 ARENTA DR (RCA) P

ECUADOR

CYEDE Cia. Lida.

Avenida Eloy Alfarc 1749
Casilla 6423 CCY

auro

Fel: 450-975, 243-052
Telex: 2548 CYEDE ED
CMEP

Hospitaiar S.A.

Robies 625

Casilla 3550

auiro

Tel: 545-250, 545-122
Telex: 2485 HOSPTL ED
Cable: HOSPITAL AR-Quite
M

EGYPY

International Enginesting Associates

24 Hussein Hegazi Street
Kasr-el-Aini

CAIRO

Tel: 23828, 21641
Telex: IFA UN 93830
CHEOSEM

EGYPOR

P.0.Box 2558

42 £f Zahraa Sireet
CAIRO, Fgypt

Tel: 65 00 21

Telex: 93 337

P

El SALVADOR
{PESA de EI Safvador S.A.
28 Avenida Norlg 1218
SAN SALVADOR

Tel: 26-6658, 26-6868
Tefex: 20539 IPESASAL
ACHCMCS.EP

FINLAND
Hewlett-Packard Oy
Revontulentie 7

PL 24

SF-02101 £§P0O0 10
Tel: (80) 4550211
Talex: 121563 hewpa sf
CH,CM,CS,P
Hewlett-Fackard Oy
{Oarinluoma 7)

PL 24

02101 ESPOO 10
Tel: (80) 4521022
AEMS
Hewieil-Packard Qy
Aatoksenkaty 10.C
SF-40720-72 JYVASKYLA
Tel: (941) 216318
CH

Hewlett-Packard Qy
Kainvuntie 1-C
SF-90140-14 QULY
Tel: (981) 338785
CH

FRANCE
Hewlett-Packard France
Z.i Mercure B

Rue Berthelot

F-13763 Les Milies Cedex
AIX-EN-PROVENCE

Tel: 16 (42) 59-41-02
Telex: 410770F
A,CHEMS P
Hewlet!-Packard France
84, rue Marchand Saillant
F-81000 ALENCON

Tel: 16 (33) 29 04 42
Hewlell-Packard France
Hoite Postale 503
F-25026 BESANCON

28 rue de la Republique
F-25000 BESANCON
Tel: 16 {81} 83-16-22
CHM

Hewiett-Packard France
13, Place Napoleon i
F-29000 BREST

Tet 16 (98) 03-38-35
Hewlett-Packard France
Chemin des Mouiles
Bolte Postale 162
F-69130 ECULLY Cedex (Lyon)
Tel: 16 (78) 833-81-25
Telex: 310617F
A,CH,CS,E MP
Hewlett-Packard France
Tour Lofraine
Boulevard de France
F-91035 EVRY Cedex
Tel: 16 6 077-96-60
Telex: 892315F

E

Hewlett-Packard France
Parc o Activite du Bois Briard
Ave. du Lac

F-81040 EVRY Cedex
Tel: 16 6 077-8383
Telex: 6923 15F

E

Hewle-Packard France
5, avenue Raymond Chanas
F.38320 EYBENS (Grenoble)
Tek: 16 (76) 25-81-41
Telex: 980124 HP GRENOB EYRE
CH
Hewiati-Packard France
Cenire d’Affaire Paris-Nord
Bétiment Ampédre 5 étage
Rue de la Commune de Paris
Beite Postale 300
F-83153 LE BLANC MESHIL
Tet: 16 (1) 865-44-52
Telex: 211032F
CH,CS,E.MS
Hewlett-Packard France
Parc d'Activités Cadera
Quartier Jean Mermoz
Avenue du Président JF Kennedy
F-33700 MERIGNAC (Bordeaux)
Tel: 16 (56) 34-00-84
Telex: 550105F
CH.EMS
Hewieti-Packard France
Immueble “Les 3B
Nouvesu Chemin de la Garge
ZAG de Bois Briand
F-44085 HANTES Cedex
(T:ei: 15 (40) 50-32-22

o e
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FRANCE {Cont’'d)
Hewiett-Packard France

125, rue du Faubourg Bannier
F-45000 ORLEANS

Tel: 16 {38) 68 01 63

Hewleti-Packard France
Zene Industrielle de Courlaboeut
Avenue des Tropigues
F-91047 Les Ulis Cadex ORSAY
Tel: {6) G07-78-25

Telex: 600048F
A,CH.CM.CS.EMPP
Hewleti-Packarg France
Paris Porte-Maifiol

15, Avenue de L'Amiral Braix
F-75782 PARIS CEDEX 18
Tel: 16 {1) 502-12-20
Telex: 613663F

CH.MS,P

Hewieli-Packard France
124, Boulevard Tourasse
F-64000 paY}

Tek: 16 (59) B0 38 02
Hewleti-Packard France

2 Aliée de la Bourgonnette
F-35100 RENNES

Tel: 16 (99) 51-42-44
Telex; 740912F
CH,CM.E M5 P*
Hewlett-Packard France

98 Avenue de Bretagne
F-76100 ROUEN

Tek: 16 (35) 63-57-66

CH** LS

Hewlett-Packard France

4 Rue Thomas Mann

Bofte Posiale 56

F-§7033 $TRASBOURG Cedex
Tel: 15 (88) 28-56-46
Telex: 89C141F

CH,E.MS,P”

Hewiett-Packard France

L& Péripote

20, Chemin du Pigeonnier de la
Gépigre

F-31083 TOULOUSE Cedex
Tel: 16 {81) 40-11-12
Telex: 531836F
ACHCSEP"
Hewledl-Packard France

9, 1ue Baudin

F-26000 VALENCE

Tel: 16 {75) 42 76 16
Hewieti-Packard France
Carolor

ZAC de Bois Briand
F-57640 VIGY (Metz)

Tel: 16 (8) 771 20 22

CH

Hewlett-Packard France
Immeuble Péricentre
F-59658 VILLENEUYE D'ASCH Cedex
Tel: 16 £20) 91-41-25
Telex: 16G124F

CH.E MS,P*

GERMAN FEDERAL
REPUBLIC
Hewleti-Packarc Gmbh
Geschifissielle
Keithslrasse 2-4

D-1000 BERLIN 30

Tel: (030} 24-90-86
Tetex; 018 3405 hpbln d
A CHE WP

Hewlelt-Packard GmbH
Geschiftsstelle
Herrenberger Strasse 130
D-7030 BOBLINGER

Tel: (7031) 14-0

Telex:
ACH,CM CS EMPP
Hewlelt-Packard GmbH
Geschiftssielle
Emanuel-Leutze-Sirasse 1
D-4000 DUSSELDORF

Tel: (0211) 58711

Telex: 085/86 533 hpdd d
ACHCSEMSP
Hewlett-Packard GrabH
Geschafisstelle

Schieefstr. 28a

D-4600 DORTHMUKD-Aplerback

Tah {0231) 450061
Hewleft-Packard GmbH
Veririebszentraie Frankdurt
Berner Strasse 117
Posifach 560 140
D-6000 FRANKFURT 56
Tel: (0811) 50-04-1
Telex: (4 13248 hpfim d
A,CH,CM,CS.EMPP
Hewlelt-Packard GmbH
Geschifisstelie
Aussensielle Bad Homburg
Louisensirasse 115
B-6380 BAD HOMBURG
Tel: {068172) 109-0

Hewlett-Packard GmbH
Geschifisstelle
Kapstadtring 5

D-2000 HAMBURG 80
Tel: (040} 63804-1
Telex: 021 83 032 hphk d
ACH,CSEMS.P
Hewleli-Packard Gmbk
Geschaftsstelle
Heidering 37-39
D-3000 HANNOVER 61
Tel: (9511) 8708-0
Telex: 092 3259
ACH,CM.EMS,P
Hewlett-Packard GmbH
Geschiftsstele
Rossiauer Weg 2-4
D-6800 MANNHER

Tek (D621) 70050
Telex: 0462105

ACE

Hewleti-Packard GmbH
Geschifisstelie
Messerschmittstrasse 7
[-7910 NEU ULK

Tel: 0731-70241
Telex: G712816 HP ULM-D
ACE"
Hewleti-Packard GmbH
Geschéitsstelle
Ehhericherstr. 13
0-8500 HURKBERG 10
Tel: (0911) 5205-0
Telex: 0623 860

CH CMEMS P
Hewiett-Packard GrmbH
Geschifissielle
Eschenstrasse 5
D-8028 TAUFKIRCHEN
Tel: {089) 6117-1
Telex: 0524985
ALHCMEMSP

SALES & SUPPORT OFFICES E

Arranged alphabetically by country m

GREAT BRITAIN
See United Kingdom

GREECE

Koslas Karaynnis S.A.

& Omirou Street

ATHENS 133

Tel: 32 30 303, 32 37 371
Telex: 215962 BKAR GR
ACHOMCS EMP

PLAISIO S.A.

G. Gerardos

24 Stournara Streel
ATHENS

el 36-11-160

Telex: 221871

-

GUATEMALA

IPESA

Avenida Reforma 3-48, Zona 8
GUATEMALA CITY

Tel: 316627, 314786

Telex: 4192 TELTRO GU
ACHCMCS EMP

HONG KONG
Hewlett-Packard Hong Kong, Lid.
G.P.0. Box 795

5th Floor, Sun Hung Kai Cenire
30 Harbour Road

HONG KONG

Tel: 5-8323211

Telex: 66678 HEWPA HX
Cable: HEWPACK HONG KONG
E.CHCS.P

CET Lid.

1402 Tung Wah Mansion
189-203 Hennessy Ad.
Wanchia, HONG KONG

el 5-728376

Telex: 85148 CET HX

oM

Schmidt & Co. (Hong Kong} Lid.
Wing On Cenire, 28th Floor
Connaught Road, C.

HONG KONG

Tel: 5-455644

Telex: 74766 SCHMX HX

AM

ICELAND

Eiding Trading Company Inc.
Hafnarnvoli-Tryggvagolu
P.C. Box 895

IS-REVKJAVIK

Tel: 1-58-20, 1-63-03

M

INDIA

Computer products are sold through
Blue Star Lid, All computer repairs and
mainienance service i done through
Computer Mainfenance Corp.

Blue Star Lid.

Sabri Comples I Floor
24 Residency Rd.
BANGALORE 560 025
Tel: 55660

Telex: 0845-430
Cable: BLUESTAR
ACH* CM.CS " E

Blue Slar Lid.

Bandg Box House
Prabhadevi

BOMBAY 400 025

Tel: 422-3101

Telex: 011-3751

Cabie: BLUESTAR

AM

Blue Star Lid.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400 025

Tel 422-6155

Telex; 011-4083

Cable: FROSTBLUE

ACH* CMCS* EM

Biue Star Lid.

Kalyan, 18 Vishwas Coiony
Alkapuri, BORODA, 390 005
Tel: 65235

Cable: BLUE STAR

A

Biue Star Lic,

7 Hare Street

CALCUTTA 700 0071

Tel: 12-01-31

Telex: 021-7655

Cable: BLUESTAR

AM

Biue Star Lid.

133 Kodambakkam High Road
HADRAS 600 034

Tel: 82057

Telex: 041-379

Cable: BLUESTAR

AM

Blue Star Lid.

Bhandari House, Tih/8ih Floors
g1 Nehru Place

NEW DELHY 110 024

Tel: 682547

Telex: 031-2463

Cable: BLUESTAR

ACH CMCS " EM

Blue Star Lid.

15/16.C Wellesley Rd.
PUNE 411611

Tel: 22775

Cable: BLUE STAR

A

Bive Star Lid.
2-2-47/1108 Bolarum Rd.
SECUNDERABAD 500 003
Tel: 72057

Telex: 0165-458

Cable: BLUEFROST

AE

Blug Star Lid.

T.C. 7/603 Poornima
Maruthankuzhf
TRIVANDRUK 695 013
Tel: 85799

Telex: 0884-259

Cable: BLUESTAR

E

Computer Maintenance Corporation
Lid.

115, Sarojini Devi Road
SECUNDERABAD 500 003
Tel: 310-184, 345-774
Telex: 031-2960

CH™



SALES & SUPPORT OFFICES

Fw Arranged alphabetically by country
(D

INDCNESIA

BERCA Indonssia P.7.
F.0.Box 4967kt

S Abaul Muis 62
JAKARTA

Tel: 21-373009

Telex: 46748 BERSAL 14
Cable: BERSAL JAKARTA
P

BERCA Indonesia P.T.
P.O.Box 2497/4kt

Antara Bldg., 17th Floor
J. Medan Merdeka Selatan 17
JAKARTA-PUSAT

Tel: 21-344-181

Telex: BERSAL W
ACSEM

BERCA Indonesia P.T.
P.0. Box 174/SBY.

A Kutei No. 11
SURABAYA

Tel 68172

Telex: 31146 BERSAL SB
Cable: BERSAL-SURABAYA
A EMP

IRAG

Hewlett-Packard Trading S.A.
Service Operation

Al Mansoor City 88/3/7
BAGHDAD

Tei: 551-49-73

Telex: 212-455 HEPAIRAG IK
CH,CS

IRELAND
Hewlett-Packard irefand Lid.
82/83 Lower Leeson Strest
DUBLIN 2

Tel: 0001 608800

Tetex: 30439
ACHEMCSEMP

Cardiac Services Lid.
Kilmore Road

Arlane

DUBLIN 5

Tel (01 351820

Telex: 30439

M

ISRAEL

Eldan Electronic Instrument Lid
P.0.Box 1270

JERUSALEM G 1000

16, Chaliav S,

JERUSALEM 94457

Tel: 533 221, 553 242

Telex: 25231 AB/PAKRD 1.

A

Electronics Engineering Division
Motorola Israel Lid!

16 Kremenetski Street

P.O. Box 25016

TEL-AVIV 67899

Tel: 3 88 388

Telox: 33569 Mol It

Cable: BASTEL Tel-Aviv
CHOMCS.EMP

ITALY

Hewlett-Packard Htafiana S.p.A
Traversa 99C

Via Giulic Peironi, 19
I-70124 BARI

Tel: (080} 41.07-44

¥

Hewlett-Packard Haliana S.p.A.
Via Martin Luther King, 38/
1-40132 BOLOGNA

Tel: {051) 402394

Telex: 511630

CHEMS

Hewlett-Packard Itafiana S.p.A.
Vig Principe Nicola 43G/C
1-95128 CATANIA

Tet: (095) 37-10-87

Telex: 970231

crP

Hewlett-Packard ltaliana S.p.A,
Via G. Dt Vittorio 9

1-20063 CERNUSCO SUL NAVIGLIO
{Milano)

Tel: (02) 923691

Telex: 334632
ACH.CM,CS £ MP.P
Hewiett-Packard Haliana S.p A,
Via C. Colombo 48

1-20080 TREZZAKO SUL NAVIGHIO
{Miiano)

Tel: {02) 445904 %

Telex: 322116

C.M

Hewlelt-Packard Italiana 8.p.A.
Via Nuova San Rocco a8
Capodimonte, 62/A

1-80131 NAPOLI

Tel: (081) 7413544

Telex: 710698

ACHE

Hewlett-Packard italiana S.p.A.
Vizle G, Modugno 33

16156 GENOVA PEGLI

Tel: {010} 68-37-07

Telex: 215238

EC

Hewiett-Packard laliana $.p.A.
Via Pefizzo 15

[-35128 PADOVA

Tel: {049) 664888

Telex: 430315

ACHEMS

Hewlett-Packard ltatiana 5.p.A.
Viale C. Pavese 349

1-00144 ROMA EUR

Tek (06) 54831

Telex: 610514
ACH.CM,CS.EMSP"
Hewlett-Packard itakana S.p.A.
Via di Casellina 87/C

50018 SCANDICCI-FIRENZE
Tel: (055) 753883
Hewieit-Packard Haliana $.p A,
Corso Svizzera, 185

1-10144 TORINO

Tel: (011) 74 4044

Telex: 221679

CHE

JAPAN
Yokogawa-Hewlett-Packard Lid.
152-1, Onna

ATSUGI, Kanagawa, 243

Tet (0462} 28-0451

CMCYE
Yokogawa-Helwett-Packard t1d,
Meifi-Seimei Bidg. 6F

3-1 Hon Chiba-Cho

CHIBA, 280

Tel: 472 25 7701

E.CHCS

Yokogawa-Hewlelt-Packard Lid.
Yasuda-Seime! Hiroshima Bldg.
8-11, Hon-dorf, Naka-ky
HIRCSHIMA, 730

Tel: 82-241-0611

Yokogawa-Hewlell-Packard Lid.
Towa Building

2-3, Kaigan-dori, 2 Chome Chuo-ku
KOBE, 650

Tel: (078} 392-4791

CE

Yokogawa-Hewlelt-Packard Lig.
Kumagaya Asahi 82 Bidg

3-4 Tsukuba

KUMAGAYA, Sallama 360

Tel: {0485} 24-6563

CH.CM.E
Yokogawa-Hewletl-Packarg Lid.
Asahi Shinbun Daiichi Seimei Bleg.
4-7, Hanabata-cho
KUMAMOTO,860

Tel: (0963) 54-7311

CHE
Yokogawa-Hewlett-Packard Lid,
Shin-Kyeto Center Bidg.

614, Higashi-Shickoji-che
Karasuma-Nishiiru

Shiokoji-dort, Shimogyo-ku
KYOTO, 600

Tel: 075-343-0921

CHE
Yokogawa-Hewiett-Packard Lid.
Mio Mitsui Bldg

4-73, Sannc-maru, 1 Chome
MITO, lbaraki 310

Tel {0292) 25-7470

CHCME
Yokogawa-Hewletl-Packard Lid.
Sumitomo Seimei 14-9 Blag,
Meigkl-Minami, 2 Chome
Nakamura-ku

NAGOYA, 450

Tel: {052) 571-51714
CH.CM,CS £ M8
Yokogawa-Hewletl-Packard Ltd.
Chuo Bldg.,

4-20 Nishinakaima, 5 Chome
Yodogawa-ku

OSAKA, 532

Tel: (06) 304-6021

Telex: YHPOSA 523-3824
ACH,CM,CS EMP P~
Yokogawa-Hewlett-Packard Ltd.
27-15, Yabe, 1 Chome
SAGAMIHARA Kanagawa, 228
Tel: 0427 59-1311

Yokogawa-Hewlel-Packard Lid.
Daiichi Seimet Bidg.

7-1, Nishi Shinjuku, 2 Chome
Shinjuku-ku, TOXYQ 160

Tel: 03-348-46 11

CH.E
Yokogawa-Hewlet!-Packard Ltd.
29-21 Takaido-Higashi, 3 Chome
Suginami-ku TOKYD 168

Tel: {03) 331-611

Telex: 232-2024 YHPTOK
ACH.CM.CSEMPP*
Yokogawa-Hewlelt-Packard Lid.
Daiichi Asano Buiding

2-8, Odorl, 5 Chome
HTSUNCMIYA, Tochigi 320

Tek: (0286) 25-7155

CHCS.E

Yokogawa-Hewiell-Packard Lid,
Yasuda Seimei Nishiguchi Bldg.
30-4 Tsuruya-cho, 3 Chome
YOKOHAMA 221

Tel: (045) 312-1252

CH.CME

JORDAN

Mouasher Cousins Company
P.0. Box 1387

AMMAN

Tel: 24907, 39907

Telex: 21456 SABGO J0
CHEMP

KENYA

ADCOM Lid., inc., Kenya
P.0.Bex 30070

NAIROB!

el 331955

Telex: 22639

EM

KOREA

Samsung Electronics HP Division
12 F. Kinam Bldg.

San 75-31, Yeoksam-Dong
Kangnam-Ku

Yeongdong P.O. Box 72

SEOUL

Tol: 555-7555, 555-5447
Telex: K27364 SAMSAN
ACHOMCS.EMP

KUWAIT

Al-Khaldiya Trading & Confracting
P.C. Box 830 Safat
KUWAMT

Tel 42-4910, 41-1728
Telex: 22481 Areeg ki
CHEM

Photo & Cine Equiprnent
P.0. Box 270 Safat
Kuwarr

Tel: 42-2846, 42-3801
Telex: 22247 Matin kt
P

LEBANON
G.M. Dofmadjian
Achrafieh

P.0. Box 185167
BEIRUT

Tel 290263

MPe

Computer informalion Systems
P.0. Box 11-6274
BEIRUT

Tel 894073
Telex: 22259

¢

LUXEMBOURG
Hewlett-Packard Belgium S.A/N.V.
Bivd de la Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru
ACHCM,CS.EMP P

MALAYSIA

Hewlett-Packard Sales {Malaysia)
Sdn. Bhd.

1st Floor, Bangunan Brilish
American

galan Semantan, Damansara Heights
KUALA LEMPUR 23-03

Tel: 843022

Telex: MA31011

ACHEMP*
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GREAT BRITAIN (Cont'd)
Hewlett-Packard Lid.

Avon House

435 Stralford Road

Shitley, SOLIHULL, West Midlands
880 4BL

Tel: 021 745 8800

Telex: 3331065

CHOSEP

Hewiett-Packard Lid.

Wes! End House

41 High Straet, West End
SOUTHAMPTOR

. Hampshire 503 30Q

Tei: 04218 6767
Telex: 477138
CHCS,P
Hewlett-Packard L1d.
Eskdale Rd.

Winnersh, WOKINGHAM
Berkshire RG11 5DZ
Tel: 0734 698622
Yelex: 848884

£

Hewlett-Packard Lid.
King Sireet Lane
Winnersh, WOKINGHAM
Berkshire RG11 5AR
Tel: 0734 784774
Telex: 847178
ACHCSEMMPP
Hewlett-Packard Lid.
Nine Mie Ride
Easthampsicad, WOKINGHAM
Berkshire, 3RG11 3LL
Tel: 0344 773100
Telex: 848805
CHCSEP

IRELAND

NORTHERN IRELAND
Hewlett-Packard Lid.
Cardiac Services Buiding
95A Finaghy Road South
BELFAST BY 10 0BY

Tel: 0232 825-566

Telex; 747626

CHLS

SCOTLAND
Hewlett-Packard Lid.
SOUTH QUEENSFERRY
West Lothian, EH30 9TG
Tel: 031 331 1188
Telex: 72682
CH,CM,CSEMP

UNITED STATES

Alabama
Hewleft-Packard Co.
760 Century Park South, Suite 128
BIRMINGHAM, AL 35226
Tel: (205) 822-8802
ACHM
Hewlett-Packard Co.
420 Wynn Drive
HUNTSVR.LE, AL 35805
P.C. Box 7700
HUNTSVILLE, AL 35807
Tei: (205) 830-2000
CH,CM,CS E.M*

Arizona

Hewlet-Packard Co.

8080 Pointe Parkway West
PHOENE, AZ 85044

Tel: (802) 273-8000
A,CHCM,CS,EMS

Hewlett-Packard Co.
2424 East Aragon Road
TUCSON, AZ 85706

Tai: {602) 889-45631
CHEMS"*

California
Hewlett-Packard Co.

98 South Hig Dr.
BRISBAME, LA 94005
Tel: (415) 330-250C
CH,C8

Hewlett-Packard Co.
P.0. Box 7830 (33747}
5080 £. Clinton Avenug, Suite 102
FRESMO, CA 93727

Tel: (209) 252-9652
CH,CS MS
Hewlett-Packard Co.
P.0O. Box 4230

1430 East Crangethorpe
FULLERTON, CA 82631
Tel: {714) 870-100C
CH,CM,CS.E MP
Hewleli-Packard Co.
320 S. Keliogg, Suite B
GOLETA, CA 93117

Tei: {B05) 967-3405

CH

Hewlett-Packard Co.
5400 W. Rosecrans Bowlevard
LAWNDALE, CA 90260
P.0. Box 92105

LOS ARGELES, CA 90008
Tel: (213) 970-7500
Telex: 810-325-6608
CH,CM,CS MP
Hewleti-Packard Co.
3185 Porler Oaks Drive
PALO ALTO, CA 84304
Teh: (415) 857-8000
CHCS,E
Hewlet!-Packard Go.
4244 So. Market Cour, Suite A
P.0O. Box 15876
SACRAMENTO, CA 95852
Tel: (§16) 929-7222
A*CH,CSEMS
Hewlett-Packard Co.
9606 Aerc Drive

P.0. Box 23333

SAN DIEGO, CA 82139
Teh (619) 279-3200
CH,CM,CS,EMP
Hewleti-Packard Co.
2305 Caming Ramon “C”
SAN RAMON, CA 94583
Tel: (415} 838-5900
CH,CS

Hewlett-Packard Co.
3005 Scol Boulevard
SANTA CLARA, CA 95050
Tel: (408) 988-7000
Telex: 910-338-0586
A,CH,CM,CS.E MP
Hewlett-Packard Co.
5703 Corsa Avenue
WESTLAKE VILLAGE, CA 91362
Tel: (213) 706-8800
E=,CH*.CS*
Colorado
Hewlett-Packard Co.

24 Inverness Place, East
ENGLEWOOD, CO 80112
Tei: {303) 649-5000
£,CH,CM,CS £ MS

Connectlicut
Hewlett-Packard CGo.

47 Barnes industrial Road Scuth
P.C. Box 5007

WALLINGFORD, CT 06492

Tel: {203) 265-7801
A,CHOM,CS.E.MS

Florida

Hewieit-Packard {o.

2901 N.W. B2nd Strest

P.0. Box 24210

FORT LAUDERDALE, Fl, 33307
Tel: {305) 973-2600
CH,CSEMP

Hewlelt-Packard Co.

6177 Lake Ellenot Drive

P.G. Box 13910

ORLARDO, FL 32859

Tel: (305) 853-2800
A,CHGM,CS EMS
Hewlelt-Packard Co.

57508 N. Hoover Bivd., Suile 123
P.0. Box 15200

TAMBA, FL 33614

Tel: {813) 884-3282

A* CHCOMCSE® M*

Georgia
Hewlett-Packard Co.
2000 South Park Place
P.0. Box 105005
ATLANTA, GA 30348
Tel: (404) 855-1500
Telex: 810-766-4880
A,CH.CM,CS E MP

Hawaii

Hewlelt-Packard Co.
Kawaiahao Plaza, Suite 180
567 South King Street
HONOLULY, Hi 96813

Tel: (808} 526-1555

A,CHE WS

I#inoils

Hewleit-Packard Co.

304 Eidorado Road

P.0. Box 1607
BLOOMINGTON, IL 61701
Tel: {309) 662-9411
CHM8* "

Hewlelt-Packard Co.

1100 31st Street, Suite 100
DOWNERS GROVE, il 680515
Tel: (312} 960-5760

CH,CS

Hewlett-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, IL 60008
Tek (312) 2585-9800

Telex: 910-687-1066
A,CH,CM,CS,E MP

indiana

Hewlett-Packard Co.

7301 No. Shadeland Avenug
P.C. Box 30807
INDIANAPOLIS, IN 46250

Tel: (317) 842-1000
A,CH,CM,CS.E.MS

iowa

Hewlett-Packard Co.

1776 22nd Strest, Suite 1
WEST DES MOINES, 1A 50265
Tel: (515) 224- 1435
CHMS®”

Kansas

Hewleti-Packard Co,

7804 East Funsion Road, #203
WICHITA, KS 67207

Tel: {316) 684-8481

CH

Kentucky

Hewlet-Packard Co.

10300 Linn Staticn Road, #100
LOUISVILLE, KY 40223

Tel: (502} 426-0100
ACHCS.MS

Louisiana
Hewleti-Packard Co.
160 James Drive East
$1. ROSE, LA 70087
£.0. Box 1449
KENNER, LA 70063
Tel: (504) 467-4100
ACHCSEMS

Maryland
Hewlett-Packard Co.
3701 Koppers Street
BALTIMORE, M 21227
Tek: £301) 644-5800
Telex: 710-862-1943
ACHOMCS EMS
Hewlett-Packard Co.

2 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: {301) 948-8370
A,CH,CM,CS E MP

Massachusetts
Hewiett-Packard Co.
1775 Minuleman Read
ANDOVER, MA (1810
Tel: {617} 682- 1500
ACCHES CMEMP P
Hewleti-Packard {o.
32 Hartwell Avenue
LEXINGTON, MA 02173
Tel: {617} 861-8960
CHUSE

Michigan
Hewlelt-Packard Co.
432% Qascade Road S.E.
GRAND RAPIDS, Ml 49508
Tel: {618} 957-1870
CH.CS MS
Hewlett-Packard Go.
1771 W. Big Beaver Road
TROY, MI 48084

Tel (313) 643-6474
CH.CS

Minnesota
Hewlatt-Packard Co.
2025 W. Larpenteur Ave,
ST. PAUL, MN 55113

Teb {612} 644-1100
ACH.CM,CS EMP

Missouri
Hewletl-Packard Co.
11131 Colorado Avenue
KANSAS CITY, MO 64137
Tel: (816} 763-8000

A CHCM,CS EMS
Hewlelt-Packard Co.
13001 Hollenberg Drive
BRIBGETON, MO 63044
Tel: {314} 344-5100
ACH,CS,EMP



SALES & SUPPORT OFFICES

g5 Arranged alphabetically by country
D)

UNITED STATES (Cont'd)

Nebraska
Hewlett-Packard

10824 Old Mili Rd., Suite 3
OMAHA, NE 68154

Tel: (402) 334-1813
CM,MS

New Jersey
Hewlett-Packarg Co.
120 W. Century Road
PARAMUS, NJ 07852
Tet: {201) 265-5000
A,CH,CM,CS E.MP
Hewlett-Packard Co.
60 New England Av. West
PISCATAWAY, NJ 0B854
Tel: {201) 981-1198
ACH.CM,CSE

Mew Mexico
Hewlett-Packard Co.
11300 Lomas Blvd. N.E.
P.Q. Box 11534
ALBUQUERQUE, NM 87112
Tei: {505) 282-1330
CH,CS E.MS

New York
Hewiait-Packard Co.

5 Computer Drive South
ALBANY, NY 12205

Tel: {518) 458-1550
ACHEMS
Hewlett-Packard Co.
9600 Main Slreet

P.0. Box AC

CLARENCE, NY 14031
Tel: {716) 759-8621

CH

Hewlett-Packard Co,
200 Cross Keys Office Park
FAIRFORT, NY 14450
Tel: (716) 223-9950
CH,CMCSEMS
Hewlell-Packard Co.
7641 Henry Clay Blvd,
LIVERPGOL, NY 13088
Tel (315) 451-1820
A,CH,CM,EMS
Hewlelt-Packard Co.

No. 1 Pennsyivania Plaza
55th Floor

34th Street & 8lh Avenue
MAKHATTAN NY 10119
Tel: (212) 97 1-0800
CRCSE* M*
Hewielt-Packard Co.
250 Wesichesier Avenue
WHITE PLAINS, NY 10604
Tel: {914} 684-6100
CM,CH,CS E
Hewlett-Packard Co,

3 Crossways Park West
WOODBURY, NY 11707
Tel: (516) 921-03C0
ACH.CM,CS EMS

Morth Carolina
Hewleti-Packarg Co.
5805 Roanne Way

£.0. Box 26500
GREENSBORO, NC 27420
Tel: ($19) 852- 1800
ACH,CM.CSEMS

Qhio
Hewle!t-Packard Co,
89920 Carver Road
CINCINNATE, OH 45242
Tel: (513) 891-0870
CH.CS,MS
Hewleit-Packard Co.
18500 Sprague Road
CLEVELAND, OH 44130
Tel {216) 243-73G0
A,CH.CM,CS EMS
Hewlett-Packard Co.
962 Crupper Ave.
COLUMBUS, OH 43229
Tel: (614) 436-104 1
Eff: Nov. 25, 1983
675 Brooksedge Bivd.
WESTERVILLE, OH 43081
CH,CM,CSE*
Hewlel-Packard Co.
330 Progress Rd.
DAYTON, OH 45449
Teh {513) 859-8202
AGHCME* MS

Okiahoma
Hewlell-Packard Co,

304 N. Meridian, Suite A
P.0. Box 75608
OKLAHOMA CITY, OK 73147
Tel: {405) 946-8499

A* CHE" M8
Hewleit-Packard Co.

3840 §. 103rd £. Avenue, #100

P.0. Box 35747
THLSA, OK 74153
Tet: {918) 665-33G0
A CHOS M”

Creagon
Hewle-Packard Co.
9255 S. W. Pioneer Court
P.C. Box 328
WILSONVILLE, OR 97070
Tel: (503) 682-800C
ACHCSE* MS

Pennsylvania
Hewlett-Packard Co.
111 Zeta Drive
PITTSBURGH, PA 15238
Tet: (412) 782-0400
ACH.CS.E MP
Hewlelt-Packard Co.
2750 Mornvoe Boulevard
PG Box 713

VALLEY FORGE, PA 10482
Tel: (215) 666-800G
A,CH,.CM,E M

South Carclina
Hewleit-Packard Co.
Brookside Park, Suite 122
1 Harbison Way

P.0. Box 21708
COLUMBIA, SC 29221

Tek: {B0O3) 732-04C0
CHEMS

Hewielt-Packard Co.
Koger Exscutive Center
Chesterfieid Bldg., Suile 124
GREENVILLE, SC 20615
Tel: (803) 297-4120

Tennessee
Hewielt-Packard Co.

224 Paters Road, Suite 102
P.Q. Box 22490
KNOXVILLE, TN 37922

Tet: (615) 891-2371

A* CHMS

Hewlett-Packard Co,
3070 Directors Row
MEMPHIS, TN 38131
Tel: {801) 346-8370
ACHMS

Texas
Hewleti-Packard Co.
4171 North Mesa

Suite C-110

EL PASO, TX 79902

Tel: (315} 533-3555
CH.E* MS**
Hewletl-Packard Co.
10535 Harwin Drive
£.0. Box 42816
HOUSTON, TX 77042
Tel {713} 776-6400
ACH,CM CS E MP
Hewieli-Packard Co.
§3C E. Campbell Rd.
P.G. Box 1270
RICHARDSON, TX 75080
Tel (214) 231-8101
A.CH,CM.CS.E MP
Hewle#t-Packard Co.
1620 Central Parkway South
P.0. Box 32693

SAN ANTONIO, TX 78216
Tek {512) 454-9336
CH,CS.EMS

Utzh

Hewietl-Packard Co.

3530 W. 2100 South
SALT LAKE CITY, UT 84119
Tel: (801) 974-1700
ACH,CS,E M8

Virginia
Hewlett-Packarg Co.
4305 Cox Road

GLEN ALLER, VA 23060
P.0. Box 9669
RICHMOND, VA 23228
Tet: (B04) 747-7750
ACHCSEMS

Washington
Hewleti-Packard Co.
15815 S.E. 37th Street
BELLEVUE, WA 98G08
Tel: (208) 643-4000
ACHCM.CS £ MP
HewleH-Packard Co.
Suite A

7C8 North Argonne Road
SPOKANE, WA 99212
Tel: (508) 822-7000
CHCS

West Virginia
Hewtelt-Packard Co.
4804 MacCorkle Ave.
P.C. Box 4297
CHARLESTON, WV 25304
Tel: (304) §25-0492
AMS

Wisconsin
Hewlet-Packard Co.

150 S. Sunny Slope Read
BROOKFIELD, W1 53005
Tel: {414) 784-8800
ACHCSE* MP

URUGUAY

Pablo Ferrando SA.C. el
Avenida ltafia 2877
Casilla de Correc 370
MONTEVIDEOQ

Tel: 80-2588

Telex: Public Booth 801
ACMEM

VENEZUELA

Hewleti-Packard de Venezuela C.A.
3RA Transversal Los Auices Norle

Edificio Segre 1,2 & 3
Apartado 50933
CARACAS 1071

Tel 238-4133

Telex: 251046 HEWPACK
A CHCSEMSP

Hewlet!-Packard de Venezuela C.A.
Calfle-72-Entre 3H y 3Y, No. 3H-40

Edificic Ada-Evelyn, Local B
Aparlade 2646

4001, MARACAIBO, Estado Zuia

Tel: (061} 80.304
CE"

Hewlett-Packard de Venezuela C.A.

Calle Vargas Rondon -

Edificio Seguros Carabobo, Pise 10

VALENCIA

Tet (041) 51 385
CHCS P

Biselectronica Medica C.A.
Calle Buen Pastor

Edif. Cota Mi-Piso 2 y Semi Solano 1

Boleita Norte

Apartado 50710 CARACAS 10504

Tel: 239 84 41
Telex: 26518

ZIMBABWE

Field Technical Sales
45 Kelyin Road, North
F.B. 3458

SALISBURY

Tel: 705 231

Telex: 4-122 RH
CEMP

July 1983 5952-6300

indicates main office

HP distribuiors are printed in Halics.



MAYLAYSIA (Cont'd)
Protel Engineering

P.0.Box 1817

Lol 6624, Section 64

2374 Pending Road
Kuching, SARAWAK

Tel: 362599

Telex: MA 70504 PROMAL
Cable: PROTELENG

AEM

MALTA

Philip Toledo Lid.
Nolabile Rd.

MRIEHEL

Tel: 447 47, 455 65
Telex: Media MW 649
tEF

MEXICO

Hewieti-Packard Mexicana, S.A.
de L.V,

Av, Periferico Sur No, 8501
Tepepan, Xochimilco

16020 MEXICO D.F.

Tel 6-76-46-00

Telex: 17-74-507 HEWPACK MEX
ACH,CS EMS,P
Hewlefi-Packard Mexicana, $.A.
de C.V.

Ave. Colonia del Valle 409

Col. del Valle

Municipio de Garza Garcia
MONTERREY, Nuevo Lech

Tel 78 42 414

Telex: 038 410

CH

ECISA

José Yasconcelps No, 218

Col. Condesa Deleg. Cuauhtémoc
MEXICO D.F. 06140

Tel: 553- 1206

Telex: 17-72755 ECE ME

M

MOROCCO

Dotbeau

81 rue Karatohi
CASABLANCA

Tel: 304 1.82, 3068-38
Telex: 23051, 22822
£

Gerep

2 rue d'Agadir

Boile Pestale 156
CASABLANCA

Tel: 272093, 272095
Telex: 23 739

P

NETHERLANDS
Hewlett-Packard Nederland B.V.
Van Heuven Goedharflaan 121
NE 1181KK AMSTELVEEN

P.0. Box 667

NL1180 AR AMSTELVEEN

Tel: {0206) 47-20-21

Telex: 13 216 HEPA NL
ACHCMCSEMPP

- Hewtelt-Packard Nederland B.Y.

Bongerd 2

NL 2906V CAPELLE A/D {JSSEL
P.0. Box 41

NL 2900AA CAPELLE A/D 1JSSEL
Tel: {10) 51-64-44

Telex: 21261 HEPAC NL
ALHCSE

Hewletl-Packard Nederland 8.V,
Pastoor Petersstraat 134-136
NL 5612 LV EINDHOVEN

P.0. Box 2342

ML 5600 CH EINDHOYEN

Tel: (G40) 326611

Telex: 51484 hepae nl

ACH " EM

NEW ZEALAND
Hewleil-Packard (N.Z.) Lid.

5 Owens Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: 687-159

Cable: HEWPACK Aucklang
CHCMEP”

Hewlett-Packard (N.2.) Ltd.
4-12 Cruickshank Siree!
Kilbirnie, WELLINGTON 3

P.O. Box 9443

Courtenay Place, WELLINGTON 3
Tel: 877-199

(Cabie: HEWPACK Wellington
CH,CMEP

Northrop nslruments & Systems Lid.
369 Khyber Pass Road

P.0. Box 8602

AUCKLAND

Tel: 794-081

Telex: 60605

AM

Northrop Instruments & Systems Lid.
110 Mandevilie St

P.0. Box 8388

CHRISTCHURCH

Tel: 466-928

Telex: 4203

AM

Northrop Instruments & Sysfems Lic,
Shurdee House

85-87 Ghuznee Street

P.C. Box 2406

WELLINGTON

Tei: 850-081

Telex: NZ 3380

AM

MNORTHERN IRELAND
See United Kingdom

NORWAY
Hewletl-Packard Norge A/S
Folke Bernadottes vei 50
£.0. Box 3558

N-5033 FYLLINGSDALEN (Bergen}
Tel: 0047/5/16 55 40
Telex: 16621 hpnas n
CH,CS.EMS
Hewielt-Packard Norge A/S
Osterndaten 16-18

P.O. Box 34 .

N-1345 OSTERAS

Tei: D047/2/17 11 80
Telex: 16621 hpnas n
ACHCMCSEMP

OMAN

Khimjit Ramdas

P.C. Box 19

MUSCAT

Tel; 722225, 745601
Telex: 3289 BROKER MB MUSCAT
P

Suhail & Saud Bahwan
P.Q.Box 169

MUSCAT

Tel: 734 201-3

Telex: 3274 BAHWAN MB

SALES & SUPPORT OFFICES

Arranged alphabetically by country

PAKISTAN

Mushko & Company Lid,
1-B, Street 43

Sector F-8/1

ISLAMABAD

Tel: 51071

Cable: FEMUS Rawalpindi
AEM

Mushko & Company Lid.
Oosman Chambers
Abduliah Haroon Road
KARACH! 0302

Tel 524131, 524132
Telex: 2894 MUSKO PK
Cabiz: COOPERATOR Karachi
AEMP"

PANAMA

Electrdnico Balboa, S.A.
Calle Samuel Lewis, Ed. Alfa
Apariade 4829

PANAMA 5

Tel: 63-6613, 63-6748
Telex: 3483 ELECTRON PG
A CMEMP

PERU

Cia Elpctro Médica S.A.

Los Flamencos 145, San Isidro
Casilla 1030

LigA 1

Tol: 41-4325, 413703

Telex: Pub. Booth 25306
CMEMP

PHILIPPINES

Tha Onfine Advanced Syslems
Corporation

Rico House, Amorsoic Cor. Herrera
Streel

Legaspi Village, Makali

P.O. Box 1510

Melro MANILA

Tel: 85-35-81, 85-34-G1, 85-32-21
Telex: 3274 ONLINE

ACHOSEM

Elecironic Specialists and Proponents
ne.

680-8 Epifanio de los Santos Avenue
Cubao, QUEZONK CITY

P.0. Box 2649 Maniia

Tel- 98-96-81, 58-56-82, 95-96-83
Telex: 40018, 42000 ITT GLOBE
MACKAY BOOTH

P

PORTUGAL

Mundinter

Intercambio Mundial de Comércio
SARL.

P.0. Box 2761

Av. Anlonio Augusic de Aguiar 138
P-LISBON

Tel: (19} 53.21.31, 53-21.37
Telex: 16681 munter p

M

Soquimica

Av. da Liberdade, 220-2
1298 LISBOA Codex

Tel: 56 21 81/2/3

Telex: 13316 SABASA

P

Telectra-Empresa Técnica de
Equipmentos Elécticos S.ARL.
Rua Rodrigo da Fonseca 103
P.O. Box 2531

F-LISBON |

Tel: {19} 68-60-72

Telex: 12598

CHLSEP

PUERTO RICO
Hewleti-Packard Puerto Rice
Ave. Muhoz Rivera #101
Esq. Calle Ochoa

HATO REY, Puerio Rico 00918
Tek: {809) 754-7800
Hewlett-Packard Puerio Rico
Calle 272 Edificio 203

Urb. Country Club

RIO PIEDRAS, Puerto Rice

P.0. Box 4407

CARQLINA, Pueric Rico 00628
Tel: (80G) 762-7255

ACHECS

QATAR
Compulearbia

P.0. Box 2750
DOAHA

Tel: 883555

Telex: 4806 CHPARB
P

Eastern Technical Services
FP.OBox 4747

DOHA

Tel: 329 893

Telex: 4156 EASTEC DH

Nasser Trading & Confracting
P.O.Box 1563

DOHA

Tel: 22170, 23538

Telex: 4439 NASSER DH

M

SAUD! ARABIA
Modern Elecironic Establishment
Hewlell-Packard Division
P.O. Box 22015

Thtiobah

AL-KHOBAR

Tel: B95-1760, 895-1764
Telex: 671 106 HPMEEK Sd
Cable: ELECTA AL-KHOBAR
CH.CS.EM

Modern Electronic Esiabiishment
Hewletl-Fackard Division
PO Box 1228

Redec Plaza, 6th Floor
JEDDAH

Tel: 644 38 48

Telex: 4027 12 FARNAS 5J
Cable: ELECTA JEDDAH
CHOSEM

Modern Electronic Establishment
Hewletl-Packard Division
P.0.Box 22015

RIYADH

Tel: 491-97 15, 401.63 87
Telex; 202048 MEERYD §J
CHOSEM

Abdut Ghani ET Ajou

PO Box 78

RIYADH

Tel 4041717

Telex: 200 832 L AJOU

P

SCOTLAND
See United Kingdom

SINGAPCRE

Hewlett-Packard Singapore (Sales)
Ple. t1g.

#08-00 Inchcape House

450-2 Alexand#a Road

P.0. Box 58 Alexandra Rd. Post Office
SINGAPORE, 9115

Tel: 631788

Telex: HPSGSO RS 34209

Cable: HEWPACK, Singapore
ACHCSEMSP

I
t



O

SALES & SUPPORT OFFICES

Arranged alphabetically by country

SINGAPORE (Cont'd)
Dynamar International Lid.
Unit 05-11 Block 6

Kolam Ayer Industrial Fstaie
SINGAPORE 1334

Tel: 747-6188

Telex: RS 26283

M

SOUTH AFRICA

Hewlelt-Packard So Africa (Pty.) Lid.

P.0. Box 120

Howard Place CAPE PROVINCE 7450
Pire Park Centsr; Forest Drive,
Pinelands

CAPE PROVINCE 7405

Tel: 53-7954

Telex: 57-20006

ACH.CMEMSP

Hewlett-Packard So Africa {Pty.) Ltd.

P.0. Box 37G99

92 Overport Drive

DURBAKN 4067

Tel: 28-4178, 28-4179, 28-4110
Telex: 6-22954

GH,CM

Hewlett-Packard So Africa (Piy.} L1d,

8 Linton Arcade

511 Cape Road
Linton Grange

PORT ELIZABETH 6000
Tel: 041-3G2 148

CH

Hewlett-Packard So Africa (Pty.) Lid.

P.C.Box 33345

Glenstantia (010 TRANSVAAL
tst Floor East

Constandia Park Ridge Shopping
Centre

Constantia Park

PRETORIA

Tel: 982043

Telex: 32163

CHE

Hewlelt-Packard Se Africa (Ply.} Lid.

Private Bag Wendywood
SANDTON 2144

Ted: 802-5111, 802-5125
Telex: 4-20877

Cable: HEWPACK Johannesburg
ACHCOMCSEMSP

SPAIN

Hawlett-Packard Espafiola S.A.
Calle Entenza, 321
E-BARCELONA 2G

Tel 322.24.51, 321.73.54
Telex: 52603 hpbee
ACH.CSEMS.P
Hewleti-Packard Espafiola S.A.
Calle San Vicente $/No

E£dificio Atbia #

£-BILBAO 1

Tel: 423.83.06

A,CH,E MS

Hewlel-Packard Espafiola 5.A.
Cria. de fa Sorufia, Km, 18, 400
Las Rozas

E-MADRID

Tei: (1) 637.00.11

CHLOS M

Hewleit-Packard Espafiola S.A,
Avda. S. Francisco Javier, 8/no
Piantz 10. Edificio Sevila 2,
E-SEVILEA &

Tel: 64.44.54

Telex: 72933

A,CSMS.P

Hewiglt-Packard Espafiola S.A.
Calle Ramon Gordio, 1 {Entlo.3}
E-VALENCIA 10

Tel: 361-1354

CHP

SWEDEN )
Hewleft-Packard Sverige AB
Sunnanvagen 14K

§-22226 LUKD

Tel: (046) 13-69-78

Telex: (854; 17886 {via Spinga’
office)

CH

Hewlett-Packard Sverige AB
Ostra Tuligatan 3

S-21128 MALKO

Tel: (040) 70270

Teiex: (B54) 17886 (vie Spanga
office}

Hewiell-Packard Sverige AB
Vastra Vintergatan 9

$-70344 OREBRO

Tel: {19} 10-48-80

Telex: (854} 17886 (via Spanga
office)

CH

Hewleli-Packard Sverige AB
Skahciisgatan 9, Kista

Box 19

S-16393 SPANGA

Tel: {08} 750-2000

Telex: (854) 17886

Telefax: (08} 7527781
A,CH,CM,CS.EMS P
Hewiell-Packard Sverige AB
Friftalisgalan 3¢

S-42132 VASTRA-FROLUNDA
Tei: (031) 48-09-5G

Telex: {854) 17886 (via Spanga
office}

CHEP

SWITZERLAND
Hewletl-Packard {Schweiz) AG
Clarastrasse 12

CH-4058 BASEL

Tel: {61) 33-59-20

A

Hewlelt-Packard (Schweiz) AG
7, rue du Bois-cu-Lan

Case Postale 365

CH-1217 MEYRIN 2

Tek {0041) 22-83-11-11
Telex:27333 HPAG CH
CH,CM,CS

Hewletl-Packard (Schweiz) AG
Allmend 2

CH-BGET WIDEN

Tel: (0041} 57 3121 11
Telex: 53933 npag ch

Cable: HPAG CH
ACHCM.CS.E MS P

SYRIA

General Elecironic Ine.

Nuri Basha Ahnaf Ebn Kays Street
P.O. Box 57871

DAMASCUS

Tel: 33-24-87

Telex: 411 215

Cable: ELECTROBOR DAMASCUS
£

Middle Fast Fleclronics
P.0.Box 2308

Abu Rumnaneh
DAMASCUS

Tel: 334 592

Telex: 411 304

M

TAIWAN

Hewlet!-Packard Far East Lid.
Kaohsiung Office

2/F 88-2, Chung Cheng 3rd Road
KAQHSIUNG

Tel: {07} 241-2318

CHCSE

Hewlett-Packard Far East Lid.
Taiwan Branch

8th Floor

337 Fu Hsing North Road
TAIPE!

Tel: {02} 712-0404

Telex: 2443% HEWPACK
Cable:HEWPACK Taipet
A,CH.CM.CS,E MP

Ing Lih Trading Co.

3rd Fioor, 7 Jen-#i Road, Sec. 2
TAIPE! 100

Tel: (02) 3948181

Cable: INGLIF TAIPE!

A

THAILAND

Unimesa

30 Paipong Ave., Surfwong
BANGKOK 5

Tel: 235-5727

Telex: 84439 Simonco TH
Cable: UNIMESA Bangkok
ACHES.E M

Banghok Business Equipment Lid.
5/5-8 Dejo Road
BANGKOK

Tel: 234-8670, 234-8671
Telex: B76639-BEQUIPT TH
Cable: BUSIQUIPT Bangkok
P

TRINIDAD & TOBAGD
Caribbean Teiecoms Lid
S50/4 Jerningham Avenue
P.0 Box 732
PORT-QF-SPAIN

Tel: 62-44213, 62-442 14
Telex: 235,272 HUGLO WG
CHEMP

TUNISIA

Tunisie Electronique

31 Avenue de fa Liberte
TUNIS

Tel: 280- 144

EP

Corema

1 fer. Av. de Carthage
TUNIS

Tel: 253-821

Telex: 12319 CABAM TN
M

TURKEY

Teknim Company Lid.
fran Caddesi No. 7
Kavakiidere, ANKARA
Tel: 275800

Telex: 42155 TKNM TR
3

EMA.

Medina Eidem Sokak No.41/6
Yuksel Caddesi

ANKARA

Tel: 175 622

Telex: 42 56171

M

UNITED ARAB EMIRATES
Emitac Lid

P.O. Box 27171

ABU DHABI

Tel: 82 04 19-20

Cable: EMITAC ABUDHAB!

Emitac Lid

P.C. Box 1641
SHARJAH

Tel: 5971 181

Telex: 68138 Emitac Sh
CHOSEMP

UMITED KINGDOM

GREAT BRITAIN
Hewleit-Packard Lid.
Trafalgar House
Navigation Road
ALTRINCHAM

Cheshire WA4 TNU

Tel: 061 928 6422

Telex: 668068

ACH CS,EMMS P
Hewlett-Packard Lid,
Eistree House, Elstres Way
BOREHAMWOOD, Herts WD6 154
Tel: 01 207 5000

Telex: 8052716
E.CHCS.P
Hewlett-Packard Lid.
Cakfield House, akfield Grove
Clifton BRISTOL, Avon BSS 2BN
Tet: 0272 736806

Telex: 444302

CH,CSEP
Hewlett-Packard Ltd.
Bridewell House

Bridewell Place

LONDON EC4V 68S

Tel: G1 583 8565

Telex: 288183

CH,CSP

Hewlett-Packard Lid,
Fourier House

257-263 High Street
LONDON COLNEY

Heris. AL2 tHA, St Albang
Tel: 0727 24400

Telex: 1-8952716

CH,CS

Hewlett-Packard Lid.
Pontefract Road

NORMANTON, Waest Yorkshire WFE 1RN

Tel: 0924 835566

Teiex: 857355

CHCSP

Hewlett-Packard Ltd.

The Quadrangie

106-118 Station Road
REDHILL, Surrey RH1 1S
Tel: 0737 88655

Telex: 947234
OH,CSEP



