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THE 6940B MULTIPROGRAMMER...
YOUR KEY TO SUCCESSFUL
AUTOMATIC TEST AND CONTROL o
With the 6940B Multiprogrammer,

Your HP Desktop or Mini Computer Becomes a Reliable,
Easy-to-Use Automatic Test or Control System
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RESPONSE STIMULUS
® A/D ® Voltage & Current D/A
® Temperature Measurement ® Stepping Motor Control
® Pulse Counting ® Power Supply Control
® Frequency Measurement ® Pulse Qutput
® Time Interval Measurement ® Time Base Reference
® Event/Alarm Sensing @ Digital Output
® Scanning ® Resistance Output
® Digital Input ® Relay Switching

YOUR TEST
OR -

PROCESS

MULTIPROGRAMMER FEATURES

® Digital data storage is on plug-in cards to reduce controller processing overhead.
® Pacing can be accurately controlled internally or externally.
® Functions can be contrelled individually or in groups.

® The system can be programmed to a neutral state in case of emergency.
® The controller can be interrupted when digital lines change state.
@ All analog inputs and outputs are isolated from data common,
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Multiprogrammer buil

INTERFACE KITS

Include hardware and software for
operating the Multiprogrammer from HP-IB
or 16-bit I/0 cards in HP computers.

59500A INTERFACE is for computers with

HP-IB I/0.

14550B INTERFACE is a 16-bit parallel in-
Use your HP Desktop Computer or HP Minicomputer as the terface for HP minicomputers.
systemn controller that programs each plug-in card in the 98032A (Option 040,340, or 440) is for HP
Multiprogrammer and Multiprogrammer Extender mainframes Desktop Computers with 16-bit 1/0

to control, measure, and monitor system variables. capability.




ding=block components

6940B MULTIPROGRAMMER Up to 6941B EXTENDERS
‘ - 30 meters i :
separation
2939089509890080
Controls the bidirectional transfer of data be- Each Extender mainframe accommodates up to
tween the computer and the plug-in cards (shown fifteen programmable plug-in cards. Up to fif-

teen extenders can be chain-cabled together to
obtain up to 240 individually addressable 1/O
channels. Extenders may be separated from one
another by up to 30 meters.

below) installed in the 6940B Multiprogrammer
and the 6941B Extender Mainframes. The 69408
has a basic 15-channel (plug-in card) 1/0
capacity.

6940B/69418B
MAINFRAME
{Door Removed)



APPLICATIONS

The Multiprogrammer provides flexible and convenient 1/O expansion and conversion capability for computers and calcu-
lators. This versatility has made the Multiprogrammer an important part of many different types of automatic systems.

Production Testing

l. C. Testing o—
Functional testing of digital integrated circuits involves the use of 69331A Digital Output Cards to establish
pre-determined logic states at the inputs to the device, and 69431A Digital Input Cards to read the device oO—
outputs back to the controlier for comparison with expected results. Analog |.C.'s are stimulated with pro-
grammed voltage levels from the 693218 Digital-to-Analog Voitage Converter or 69370A Digital-to-Analog
Current Converter and measured with the 69422A High Speed A/D Card. These tests are often performed on
semiconductor wafers as part of the [.C. manufacturing process, and repeated on the packaged 1.C. for final
inspection.

Electronic Subassembly Testing

The digital and analog inputs and outputs of the Multiprogrammer are connected through fixtures to
printed circuit modules, cables, and other assemblies such as D/A and A/D converters, filters, and oscil-
lators for incoming inspection, production, calibration, and troubleshooting. During the test, 68501A
Resistance Qutput cards control the outputs of DC Power Supplies that bias the subassembly. Adjust-
ment of critical circuits is performed by a 69335A Stepping Motor Control Card that operates a motor,
translator, and flexible shaft as an automatic screwdriver. Multicanductor cables are tested for continuity,
with 69331A Digital Output and 69431A Digital Input Cards.

Electromechanical Component Testing

A wide variety of tests on relays and solenoids are performed with Multiprogrammers, including operational
tests in which the 69332A Open Collector card applies power to the coil, and 69431A Digital Input Cards
check for proper contact action. Hysteresis in the relay is often measured by generating a staircase func-
tion from a programmable power supply under control of a 69501A Resistance Output Card. Time delays are
measured with a 69435A Counter Card and 69601B Frequency Reference Card. Contact and coil resistance
at various current levels are measured by using a 69370A Digital-to-Analog Current Converter or Constant
Current DC Power Supply and the 69422A High Speed D/A Card. Production tests of other elec-
tromechanical devices such as process control valves, flowmeters, tachometers, gauges, switches, and
detectors are performed with Multiprogrammer-based automatic systems.

Instrument Quality Control Testing

Complete instruments such as modular power supplies are checked for conformance with line and load
regulation, accuracy, transient response, and other specifications by using the Multiprogrammer to control
programmable loads through 69321B Digital-to-Analog Voltage Converter Cards, to set the sampling time
of a DVM with a 696008 Programmable Timer Card, and to control an AC line regulator with 69330A
Relay Output Cards. Digital panel meters, setpoint controliers, and other instruments with digital or
analog inputs or outputs are tested for accuracy, linearity, and operation under stress conditions with Mul-
tiprogrammer systems that save time and improve product quality.

Research and Development

Environmental Testing

Multiprogrammer 1/O cards are not only capable of operating analog and digital instruments under environ-
mental test and measuring their performance, but are also well suited to control of environmental chamber
parameters such as temperature, pressure and humidity during the test cycle. In other types of environ-
mental testing, such as operation of shake tables for small structures, and control of hydraulic rams for
large structures and vehicles, 69321B Digital-to-Analog Voltage Converters are programmed to synthesize
the waveforms that simulate actual transportation and shock conditions. Designers can alter parameters
during the lab test to analyze the effect of severe stresses and abusive treatment. Temperature of the test
chamber and various parts of the unit can be measured with the 69423A, Low Level A/D and Scanner.



APPLICATIONS B

Margin Testing

Today's markets demand increased attention to reliability and margins of safety in early stages of product

development. The flexibility and convenience of the Multiprogrammer make it a valuable too! in the lab- "'m A
oratory to perform repetitive tests on prototypes under simulated worst-case electrical, mechanical, and wm
thermal conditions. At the completion of the development phase, the Multiprogrammer iab system be-

comes a cost-effective solution for automatic testing of the new unit on the production fine.

Life Testing

Automatic control of life tests with the Multiprogrammer saves labor and reduces the possibility of human
error; also, automatic control ensures impartial and repeatable test conditions. The 69600B Programmable
Timer card is often used to initiate each portion of the test sequence at pretise intervals. x

The 69331 A Digital Qutput Cards operate solid-state AC and DC switches that replace conventional relays
for automatic programmed disconnect of faulty units during the test. Power supplies under contro! of the
69501 A Resistance Qutput card vary electrical bias for units under test. Up to 2,880 digital inputs or out- i t
puts can be controlled or monitored with a chain of one 6940B Multiprogrammer and fifteen 6941B Mul-

tiprogrammer Extenders for large scale life testing.

Component Evaluation

Frequently, product designers must evaluate a number of similar components from a number of potential
suppliers to select the best parts for their product. The ease with which the Multiprogrammer can be re-
configured with various plug-in cards enables a design engineer to quickly construct versatile test sets for
thorough evaluation of electrical, electronic, and electromechanical components. The equipment used for
vendor qualification in the lab can be used later in production for automatic incoming inspection of the
components.

Monitoring and Control

Power Management

Power companies calculate demand charges on the basis of peak power consumed. Connection of the
69435A Counter Card to the contact outputs of the wattmeter and connection of the 69434A Event
Sense Card to the time interval contact at the wattmeter provide the information needed to sense an im-
pending abnormal peak interval and temporarily shut down sheddable loads such as heating and ventila-
ting equipment. Temperature is measured with the 69423A Low Level A/D and Scanner. 69331A Digital Out-
put cards are used to operate solid-state AC switches or electromechanical interposing control circuits for
the sheddable loads. When the demand charge portion of the total energy bill is not large enough to justify
investment in a demand-limiting system, the Muitiprogrammer can be used in a system that automatically
turns off loads when they are not needed.

Process Automation

Multiprogrammer capabilities are used to interface with conventional process controllers by using the
0-20mA output of the 69370A Digital-to-Analog Current Converter Card or pulses from the 69335A Step-
ping Motor Control Card to adjust the setpoint in supervisory control systems. Multiprogrammers are also
used in direct digital control systems where conventional analog control loops are replaced by Multipro-
grammer analog and digital 1/0O cards operating with a software algorithm for proportional, rate, and reset
control. The flexibility and expandability of the Multiprogrammer is particularly useful for pilot plant
automation and process experiments that may require many changes in configuration during installation
and development of the final system.

Data Acquisition and Signal Distribution

Data acquisition systems employ a 69433A Relay Output Card as scanner for routing analog signals to the o—
69422A High Speed A/D Card for measurement. Temperature can be measured with the 69423A Low Level

A/D and Scanner. Digital Input Cards monitor DC logic levels directly, or are connected to optically isolated  _ _ oO—
signal conditioners for monitoring 115 and 230Vac signals. Control signals up to 100 volts DC or AC rms are

distributed directly to the process with 63433A or 69330A Relay Output Cards, while 69331A Digital Output 0

Cards control solid-state AC or DC relays for controlling voltages above 100 volts. The Multiprogrammer

mainframes can be separated by up to 100 feet (30 meters) , so that proper location of mainframes used for o—

scanning and distribution can significantly reduce cabling costs to sensors and indicators.
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HARDWARE

Convenience

Local “Swilch. Register- =~ An .important - aid" ‘in. .System - checkout “and
troubleshooting, - these ~ switches ~permit - manual - programming « of . all
Muitiprogrammer outpit, input-and: control functions: Fault isolation lo-a
functional .area -of the system (computer, ‘multipragrammer . -or- gxternal
devices); -as:well as:mainframe arid: plug:in.card-troubleshosting can-all be
accomplishad from-the:69408 front-panel.

AC Power Module = Selects ‘sither 100,120 220: “or -:240Vac;
A8-440Hz as power Source: - A safety: interlock makes it-impossible
to change the AC:voltage selection without:first refoving the:power
cable.

Togic probes.

Cable-Channel — All cabling-hetween the multiprogrammer: plug-in
cards and external devices are ‘routed through:this channel and out
the back of the mainframe.

Extractor Handles With 1D- ~ Fatilitate ‘easy renioval-of £ards from
méinframe; The card designatioh-is stamped on the handle;

venienge in wWiring-to external devices.

DC.-Power: ‘Supiplies: ~ Power for @il plug-in ‘cards, including four
isolated-+15.valt suppligs for up 16:15 analog 1/0 cards; are byiltin
to the mainframes, regulated by the 693518, :

Modularity

Cable-Together Mainframes — Up to fifteen 69418’ Extender maifv
fraies  tan- be: ehigin-cabled on. to-a 69408 :Multipragfammier to
obtain up 16:240 programmable 1/0slots:

Plug:In 1/0 Cards — Un t6:15 1/0 cards can hé pragrammed thraugh
egch mainframe.-The cards can be mixed in any-arderand type,”

Keyedl Mainframe Corinectors = Prevent tards from-being pligged
inte ' Wroiig connectors.

Operating Features

Emergency Shutdown = Many models-of putput tards can be sim- -

ultaneousty sét-to a'safé state {outpt shorted-or opened) Under firo:
gram controk

Tiieh-08 Preset < Most-outplt-cards dte set-to'an initial-lsafe) state
iipon power turn-on.

Synchronized: Outputs = ‘MuHipte analog and: digital output-cards
can be programmed to output data-in synchronized groips:

Computer-Interrupt — Most inipud cards can-rediest interrupt Service
from the compyter.

Automatic Tiniing ~ Qotput cards Hhat control relatively slow:de-
vices: like stepping motors, solenoids, and power supplies can-bie pro-
grammed to interrupt the computer wheﬂ the gutput fias been com-
pleted.

Isolation = Pulse- Transformers of optlcally cnupled |salators on
some plug-in cards avoid ground o ops.

L ogie Probe Connector —-Provides 5Vde power for operatmg HP ‘ :

Molded Edge Connector — Supplied: with: most /0 ‘cards for-con- -

Typical Qutput Card
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HARDWARE

Front View of 6940B Rear View of 69408

LL)

Computer
Museun

§940B with Door Open




CONTROLLERS FOR THE 6940B

Here are some of the HP Computers used
with the 6940B - (See also configuration
checklist on page 58).

98255

The 9825S features 23K bytes of user read-write memory, a 32
character LED display, a 16 character printer, and a tape car-
tridge drive. The 9825S is programmed in the HPL language. It
interfaces with the 6940B via 16-bit duplex or HP-IB. A Soft-
ware Library {model 14556A) and Throughput Analysis (AN
282-1) are also available with the 9825S.

9835
The 9835 features a 12 CRT, up to 246K bytes of user read-
write memory, and a tape cartridge drive. The 9835A can be

programmed using BASIC or assembly language. It interfaces
with the 6940B via 16-bit duplex or HP-IB.

9845

The 9845 features a 12" CRT with full graphics, an 80
character line printer, dual tape cartridge, and 62K bytes of
user read-write memory. The 9845 is programmed in BASIC. It
interfaces with the 6340B via 16-bit duplex or HP-IB.

HP-1000

The HP-1000 computer system offers a multiple user and
multiple station operating system, high speed and perfor-
mance, and up to 2048K bytes of read-write memory. BASIC,
FORTRAN, and assembly language may be used with the HP-
1000. Interfacing with the 6940B may be done via 16-bit duplex
or HP-IB.




LEARNING TO OPERATE THE 6940B

14556A Software Library

The 14556A Software Library offers 9825 users a simplified
way to operate the Multiprogrammer. Simply select from the
40 high level routines, those which you would like to use. The
Autoloader will load these from the Library tape and append
them to your program ready for your use.
To read analog voltage, the program will look like this:

0: cll ‘Analog Input’ (5,X)

T:prt X

2: end
The voltage from the A/D Card in slot 5 of the Multiprogram-
mer is printed as a decimal value.
The Library tape contains routines for both HP-IB and 16-bit
duplex systems. It comes complete with an easy-to-use
manual with step by step instructions on the tape’s use.
The following routines are contained on the Library Tape:

Auto Loader

File Lister

Analog Input
Single Ended Scan

Double Ended Scan
Frequency Measurement
Time Interval

Voltage Serial Output
Voltage Parallet Output
Current Serial Output
Current Parallel Output
Timer Pulse

Relay Output

Motor Output

J Thermocouple

T Thermocouple

E Thermocouple

R Thermocouple

S Thermocouple
Thermocouple Reference
B Thermocouple

K Thermocouple

Set Counter

Read Counter

Serial Output

Parallel Output

Simple Output
Interrupt Output

Serial Input

Paralle!l Input

Simple Input

Clear Unit

Arm

Serial Poll

Recycle

Disarm

Time Out

Reference Word

11
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LEARNING TO OPERATE THE 6940B (Cont.)

Multiprogrammer Training Course

The fastest way to learn to use the 6340B Multiprogrammer is
to enroll in the Multiprogrammer Training Course, given once
a month at Hewlett-Packard’'s New Jersey Facility. At the
Multiprogrammer School you will receive three days of in-
depth training from Multiprogrammer experts. The school also
gives you the chance to ask the experts questions regarding
your particular application. The school offers a hands-on ap-
proach to get you programming the 63408 fast.

For more information, ask your Field Engineer for data sheet
5952-4026.

Throughput Analysis

To find out how much time is required for all various
Multiprogrammer operations when operated with a 9825A
computer, ask your HP Field Engineer for a copy of AN 282-1,
“’System Throughput Analysis’’. This application note will tell
you what throughput rates you will encounter, whether you
are using HP-1B or 16-bit duplex. Also included in AN 282-1
are the throughput rates when using the 14556A Software
Library.

Comprehensive Users Guide

Each desktop computer interface kit for the 6940B
Multiprogrammer is shipped with a Users Guide to help get
you started on your own. Examples are given showing how to
use each Multiprogrammer plug-in card. For the advanced
programmer, the Guides also show how to use techniques
such as high speed input and output and subprogram writing.
Also included are chapters on operating theory and number
theory.



INTERFACING

HP-1B: 59500A Multiprogrammer Interface Kit

The 59500A Multiprogrammer Interface Kit converts the serial
ASCIH alphanumerics of the HP-IB to the 16-bit parallel format
required by the 6940B/6941B Multiprogrammer.

The kit includes:
1. 59500A Interface Unit

Dimensions:
31/4"H 16 3/4"W 18 1/4"D
(82.6mm) (425.5mm (463.6mm)

Weight: 12 Ibs. (5.4kg.)
Power requirements:
100/120/220/240Vac (selectable 48-440Hz, 15W.

2. Chaining cable model 14541A for connection to 6340B
Multiprogrammer. (Up to 100 feet on special order.)

3. 59500A operating and service manual.

4. An HP-IB Multiprogrammer User’s Guide that includes
a tutorial description of Multiprogrammer operation, a
discussion of the functions of the 59500A Interface
Kit, installation instructions, diagnostic software, pro-
gramming fundamentals, utility subroutines ,number
theory, and sample programs for every plug-in card.
NOTE: The HP-IB cable that connects the 59500A to the HP-
IB controller or other HP-IB instruments is NOT provided in

the 59500A Interface Kit. Refer to page 58 for cable informa-
tion.

Typical HP-IB Multiprogrammer with one 6941B Extender
Unit.

For Desktop Computers and Minicomputers using the HP-IB,
the 59500A will interface the Multiprogrammer to the bus. By
using the HP-IB, you need not dedicate an 1/0 port of your:
computer to the Muiltiprogrammer, rather only one of 31
possible bus addresses is required. You also have the benefit
of using an international standard: |EEE 488.

The HP-IB cable length is restricted to 2 meters times the
number of devices, or 20 meters, whichever is less. For
distances greater than this, the HP 37201A HP-IB Extender
may be used. The 37201A extends the HP-IB up to 1km using
twisted-pair wire or unlimited distance when modems are us-
ed.

37201A HP-IB Extender

13
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98032A: 16-bit Duplex for HP Desktop Computers

For HP Desktop Computers with 16-bit duplex capability, the
98032A Interface may be used to connect the 6340B with the
computer. An option must be specified so that you get the
proper interface for your system:

Desktop 16-Bit Duplex
Computer Interface
9825 98032A opt 040
9835 98032A opt 340
9845 98032A opt 440

A Users Guide with programming examples, installation and
operation instructions, and theory is included with each
98032A.

The length of the 98032A cable is 15 feet. The cable comes
ready to plug into the desktop computer and the 6340B.

145508: 16-bit Duplex for HP-1000 Computer
System

This kit provides all the equipment necessary to install, verify,
and operate a 6940B Muttiprogrammer with an HP-1000 Com-
puter.

The kit includes:

1. A specially modified 12566B Ground True Microcircuit
Interface Card, tested with logic sense jumpers in pro-
per positions for the Multiprogrammer. This is a 16-bit
duplex register card that plugs into the HP computer.
Hardware manuals, a test connector and a software
verification routine for the Microcircuit card are pro-
vided in the kit.

2. The 14540A Multiprogrammer-to-12566B 12-foot cable
with service manual. (Up to 100 feet on special order.)

3. A 69431A Digital Input Card with option 095, 63331A
Digital Output Card, 14550-60001 Slot Verification
Cable, and 14910A Complete Diagnostic. This equip-
ment is used to completely test the digital paths bet-
ween the computer and the Microcircuit card, 14540A
cable, Multiprogrammer Mainframe, 14541A Chaining
Cables, 6941B Muttiprogrammer Extenders and each
Multiprogrammer plug-in 1/0 slot. The diagnostic also
tests the front panel lamps and switches by interfac-
ing with the operator.

4. Instructions that allow you to completely test the In-
terface Kit and Mainframes. On-site installation by hp
is not included with the kit. The kit is designed to
help you become familiar with the Multiprogrammer
as you install it and verify its operation.

5. The following software and manuals are provided with
the kit and may be ordered separately:

Name Part Number

RTE DVR 61 REV 840 14907-60001
RTE LIBRARY REV B 14912-60001
Verification REV B 14910-60001
Manual 14550-90022




Connector Assembly Model 14555A

This assembly connects digital /O cards with external signals.
One 14555A is provided with each digital 1/0 plug-in.

62413A Cooling Unit

The 62413A Cooling Unit is not necessary in most
Multiprogrammer applications, but is a convenient 1 3/4-inch
high, 456 CFM fan for use in equipment racks where
temperatures would otherwise exceed 55°C. Refer to page 17
of OEM Modular Power Supply Brochure HP #5952-3979 for
specifications.

Rack Slides for HP Cabinets

To mount the 6940B or the 59500A in an HP cabinet, you will

require one adapter and either a fixed or a pivot slide pair:
69408B: Adapter: 1490-0721

Pivot Slides: 1490-0719

Fixed Slides: 1490-0714

Adapter: 1490-0722

Pivot Slides: 1490-0719
Fixed Slides: 1490-0714

59500B:

INTERFACING

Pocket Programmer, Model 14533B

WP 145338 FOCKET.
msmsnwnsa
I, wewmrsenronran 1 L

The Pocket Programmer is used to check the digital input/out-
put connector J1 of the 6940B Multiprogrammer Mainframe.

Changes in the manual switch positions on the Pocket Pro-
grammer are visible on the front panel of the 6340B and the
outputs of the 6340B proximity switches are available at test
points on the Pocket Programmer.

Pocket Programmer Cable, Model 14534A

The Pocket Programmer plugs directly into the rear of the
Multiprogrammer. The 3-foot 14534A Extender Cable is a con-
venience that allows you to operate the Pocket Programmer in
front of the 6940B.

Main Input Cable Assembly, Model 14540A

The 12-foot (up to 100 feet on special order) cable connects
the Multiprogrammer to the specially Modified Ground True
12566B Microcircuit Cad. This cable is included in the 14550B
Interface Kit.

15
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OPERATING FEATURES

Input /Output Expansion

The Multiprogrammer expands a single 16-bit input, 16-bit
output register of a computer or calculator to control up to
240 12-bit input or output channels. Four types of 16-bit
words are exchanged between the computer and the Multi-
programmer to achieve this expansion:

A CONTROL WORD is sent from the computer to the Mul-
tiprogrammer to select one of several output or input modes
of operation, and to specify which mainframe (in the chain
of one 6940B Multiprogrammer Mainframe and up to 15
6941B Multiprogrammer Extender Mainframes) is to res-
pond to subsequent words from the computer. The four
most significant bits in a control word are always logical 1°s.
The Multiprogrammer stores the unit address portion of a
controf word that specifies one of the 16 mainframe units,
and also stores the mode information contained in bits 4-8
of the CONTROL WORD.

Bits 0, 1, 2, 3: Unit Address. This selects which unitin a
chain of up to 16 will receive the data words that follow.

Bit 4: Timing Mode Enable (TME). When programmed to a
logical 0, data is transferred to the Multiprogrammer at
the maximum possible rate. When programmed to a
logical 1, the computer waits until Multiprogrammer
cards have finished their operations before proceeding to
program the next data transfer.

Bit 5: System Enable (SYE). Programming SYE to logical
1 enables the outputs of most models of output cards to
assume their programmed values. Setting SYE to zero
disables the outputs.

Bit 6: Data Transfer Enable (DTE). By programming this
bit to a logical 1, any pre-programmed combination of
output cards, such as those needed to drive an X-Y dis-
play will simultaneously update their output data.

Bit 7: Input Select (ISL). Programming this bit to a logical
1 allows subsequently addressed input cards to send 12
bits of input data to the computer. This bit is program-
med to alogical 0 when output cards are to be addressed.

Bit 8: Interrupt Enable (IEN). When this bit is set to a
logical 1, cards that have interrupt capability and have
been armed to generate interrupts are allowed to send
interrupts to the computer.

Bits 12, 13, 14, 15: These bits are all logical 1’s to disting-
uish CONTROL WORDS from the other types of words.

A DATA WORD is sent from the computer to an output
card in the particular mainframe unit that was selected by a
previous CONTROL WORD. The four most significant bits
of the DATA WORD represent the slot address of the out-
put card that will store the other 12 bits of the DATA
WORD. The slot address of an output card is determined
by its physical location in one of the 15 input/output slots
in each mainframe. g

The data portion of the DATA WORD is stored on the out-
put card fo establish the desired magnitude of digital or
analog output in the form of contact closures, bit patterns,
pulses, resistance, voltage or current.

An ADDRESS WORD selects a slot that holds an input card
in the mainframe unit specified by the previous CONTROL
WORD. Only the four most significant bits of an ADDRESS
WORD are used to specify the physical slot location of the
input card. The 12 least significant bits are ignored by the
input card in the input mode.

When an input card is addressed from the computer output
register with an ADDRESS WORD, it sends data back to the
input register of the computer with a RETURN DATA
WORD. The 12 least significant bits of this word. contain
the input data. If this input card is the one that had
generated an interrupt to the computer (via the Multipro-
grammer flag line), the most significant bit of the RETURN
DATA WORD bit 15 will be a logical 1.

9876543 :
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To summarize, the Multiprogrammer makes input/output
expansion possible by accepting CONTROL WORDS to
select mainframes and the modes of operation, DATA
WORDS to select and control output cards and ADDRESS
WORDS to select input cards that send data back to the
computer with RETURN DATA WORDS.

Noise Immunity

Systems using the Multiprogrammer may often be located in
electrically noisy environments, such as manufacturing
plants. The Multiprogrammer deals with this situation in

two ways: first, the maximum data transmission rate 50
microseconds per transmission) is fast enough to allow effic-
ient operation with most computers and output devices, but



vet is not so fast that extreme noise sensitivity is a problem.
Second, the particular method of data transfer employed
(Gate/Flag) greatly reduces noise sensitivity.

A typical data transmission sequence utilizing the Gate/Flag
method is as follows: first, the data lines are set at the com-
puter to represent the data word being transmitted (these
lines are set in the dc sense and do not carry pulses). Second,
the Gate {“‘encode”) line is set at the computer to indicate
the presence of valid data and to request that it be stored.
The Multiprogrammer then waits about 5 microseconds
to insure that all data lines have settled firmly into their as-
signed states. Next, the data lines are sampled within the
Multiprogrammer and the bits are stored on the selected out-
put card. In response, the Multiprogrammer immediatley sets
its Flag output to inform the computer that the data has
been received and stored. Since all information is being sent
as dc level changes through band-limited input circuits, and
since the data is sampled at a particular instant of time, the
system is relatively insensitive to externally introduced noise
pulses.

Internal Storage

The design of hardware for a computer controlied system
often has a direct bearing on the relative ease with which
the associated computer programs can be written. Since the
cost of writing programs can represent a significant portion
of the system cost, saving programming time can be as im-
portant as reducing the hardware cost. As a means of saving
programming time, the Multiprogrammer System incorpor-
ates a 12-bit storage register on each output card; this regis-
ter maintains the last data word transmitted and therefore
allows the program writer to forget about an output channel
once he has set it. Data is needed from the computer only
when one of the output cards is to be set to a new value.

1 anaLos
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Many of the digital input cards also have internal storage.
Some input cards such as the Isolated Digital Input card
have no storage so that “live” or real-time inputs can be
continuously monitored by the computer.

Dual Rank Storage

A common problem in high speed systems is the difficulty
of simultaneously updating output channels. The voltage
and current D/A cards provide dual-rank storage to handle
this problem. With these cards, a previously set output
value can be maintained on the output by means of one
data register while new data is stored in another register.
Transfer of the stored data to the output is accomplished
by making use of the control word. The seventh least signif-
icant bit in the word is assigned the name, “‘Data Transfer
Enable” (DTE). When this bit is set to 1, a signal is sent
through the system which causes all cards having dual-rank
storage to transfer the new data into the second storage reg-

OPERATING FEATURES

ister, thus simultaneously changing the outputs of all such
cards to the previously stored new values.

System Protection

A common characteristic of instruments for generating stim-
uli and control is that of a high potential for causing damage.
Consider a power supply programmed by the Multiprogram-
mer to provide 5 volts for microcircuits. If it erroneously
gets set to 15 volts during system turn-on, it will cause mass
destruction. The Multiprogrammer system contains a con-
trolled system turn-on function to handle this problem.

Each output card is provided with a protection circuit that
keeps the card output in a safe state until a special command
is transmitted by the controlling computer, regardless of the
data stored on the card. For example, resistance cards (used
to program power supplies) are provided with a normally
closed pair of relay contacts connected directly across the
output terminals. When the relay is not energized, the out-
put of the card (and thus the power supply output) is main-
tained safely at zero. A single data line running throughout
the system controls this relay and similar protective devices
on other output cards; the line is automatically set to the
safe (0) state at initial system turn-on. The computer con-
trols this line by again making use of the control word.
The sixth least significant bit in this word is assigned the
name, ‘‘System Enable’ (SYE). When this bit is set to 1, all
the output cards in the system are enabled. Thus it is possi-
ble to preset the data stored on each of the cards to the de-
sired initial value and then activate the entire system by
transmitting a single control word.

The System Enable function also provides protection against
various other system failures. In addition to being under
computer control, the SYE bit is automatically set to the
safe (0) state if input power is removed from the system, if
the data input cable is unplugged, or if the internal main-
frame power supply crowbars.
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Automatic Timing

In a typical test system, the test program follows the se-
quence of first setting test conditions {supply voltages, load
conditions, etc.), and then causing appropriate measure-
ments to be made. This sequence ordinarily requires the
computer programmer to know how much time is required
to set up the outputs so he can prevent any measurements
from being made before the system is ready. However, in
the Muitiprogrammer System, the timing is a function of the
hardware and not a concern of the programmer.

This is accomplished as follows: The resistance output,
stepping motor and D/A cards are provided with adjustable
timing circuits that are triggered whenever the card outputs
are programmed. The timing period can be set to match the
response time of almost any device that might be connected
to the Multiprogrammer. The relay and digital output cards
are provided with Gate outputs (a contact pair and a logic
level line, respectively) for triggering an external timing cir-
cuit.

After one or more output cards have been programmed
with DATA WORDS, the computer sends a CONTROL
WORD with bit 4, TME, Timing Mode Enable, turned on.
The flag line from the Multiprogrammer to the computer
will now indicate when the programmed outputs have timed
out.

Isolation

In many cases, it is desirable to provide analog output signals
which do not share a common ground with the data input.
A particulary necessary requirement for such isolation oc-
curs when power supplies are controlled by a D/A card. De-
pending on which of the power supply’s output terminals is
grounded, it is possible to end up with the common side of
the analog output connected to the high voltage output of
the power supply. The Multiprogrammer eliminates this pro-
blem by providing complete isolation between analog out-
puts and data inputs. This isolation is achieved through the
use of relays or pulse transformers, depending on the partic-
ular card. In addition, four isolated bias supplies are pro-
vided in each mainframe to independently power the output
circuitry of up to four groups of analog output or input
cards with a separate ground for each group if desired.

ANALOG
QUTPUT
CIRCUIT

Optically coupled isolators in the Isolated Digital Input card
enable monitoring of active circuits at potentials that are
referenced above or below computer ground.

Polling and Interrupting

Many types of digital inputs are initiated by the computer.
To read the status of switches in a network under test, for
example, the computer issues a control word with ISL,
Input Select bit 7 on, and then sends an address word to a
digital input card. The Multiprogrammer then sends the
data to the computer using a return data word. This is
called "“polling”.

However, polling is not practical for certain types of alarm
inputs or momentary or transient inputs. When rapid sys-
tem response to a digital input is necessary, continuous rap-
id polling may consume inordinate amounts of computer
time, and is an unnecessary burden for the software pro-
gram author. To solve these problems, the Multiprogrammer
uses plug-in cards like the Event Sense card to generate a
computer interrupt via the Multiprogrammer flag when dig-
ital inputs being monitored change state. A control word
with IEN, Interrupt Enable, and TME, Timing Mode Enable
both turned on is an important part of the procedure that
enables the Event Sense card to interrupt. Only when an
interrupt is detected is the computer required to poll the
cards, resulting in considerable savings of both computer
time and software writing effort.

Troubleshooting

A primary aid in troubleshooting is the manual switch register
on the front panel of the Multiprogrammer. These 19 switches
permit entering data by hand; this allows the computer and
computer program to be eliminated as possible trouble
sources. In addition to data entry, the front panel switches
allow manual duplication of all normally computer controlled
functions. As a result, this feature is useful not only in
troubleshooting but also in initial checkout of a system.



SPECIFICATIONS

(Data Subject to Change)

GOt Wons 7exy




20

MULTIPROGRAMMER AND
EXTENDER MAINFRAMES

689408
Multiprogrammer

BUSBELIBPLEEEREED
. 2999

Plug-in 1/0 Card Positions: Maximum of 15 plug-in output
or input cards per mainframe. Side-hinged front panel
provides access to card slots.

Data Input and Output Connectors: Two 50-contact, rear-
mounted, female ribbon connectors. The connector for
the computer or calculator is shown below.

Data Transfer Rate: 20K words/sec.

Maximum Data Resolution: 12 bits per plug-in card.

Operating Position: Limited to maximum of 30° displace-
ment from horizontal in any direction when using output
cards with mercury wetted relays. These cards include:
69330A, 69433A, and 69500-69513A.

Accessories Furnished: Data Input Piug {HP Part No. 1251-
0086), PC Board Extender Card {(HP Part No. 5060-7901).

Cooling: Natural convection.

Temperature Range: 0°C to +55°C operating, —40°C to

+75°C storage.

Power: 100/120/220/240Vac {selectable}, +5%, —10%,48
to 440Hz, 230 watts.

Front Panel Controls: Power ON/OFF switch and indicator
lamp, REMOTE/LOCAL switch for selecting computer
or manual control, and 19 switches for manual data entry
and control.

Interfacing: A 6940B mainframe equipped with the standard
interface card is designed to interface with binary sources
employing TTL or DTL microcircuit logic. Information regar-
ding interfacing kits containing the necessary hardware and
software to interface the 6940B with HP computers is found
in the interface section of this brochure.

Receiver Specifications: The 6940B receiver circuit used
for each of the 16 data bits and the Gate input is shown
below with its specifications.
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Driver Specifications: The 6940B driver circuit used for
the Flag output and the 16 monitor bits is shown below
with its specifications.




SPECIFICATIONS

Museum’

Weight (without plug-in I/O cards): 35.0 Ibs. (15.9 kg) net, 69418 Extender
43.0 Ibs. (19.5 kg) shipping.

Dimensions:

Plug-in 1/0 Card Positions: Maximum of 15 plug-in output
or input cards per mainframe. Side-hinged front panel
provides access to card slots.

Data Transfer Rate: 20K words/sec.
Maximum Data Resolution: 12 bits per plug-in card.

Operating Position: Limited to maximum of 30° displace-
ment from horizontal in any direction when using output
cards with mercury wetted relays. These cards include:
69330A, 69433A, 69500-69513A, and 69325 A-69328A.

Accessories Furnished: PC Board Extender Card (HP Part
No. 5060-7901).

Options Available Cooling: Natural convection.
For 6940B & 6941B Temperature Range: 0°C to +55°C operating, —40°C to
Option 910: Extra operating and service manual (one +759°C storage.

manual supplied per instrument)

H +5%, —10%
Option 908: Rack Mounting Kit Power: 100/120/220/240Vac (selectable), +5%, —10%,

48 to 440Hz, 230 watts.

Chaining Cable, Model 14541A Front Panel Controls: Power ON/OFF switch and indicator
lamp.

Interfacing: 6941B Extender mainframes are designed to
be operated only in conjunction with a 6940B main-
frame; all interfacing for the system is accomplished in
the latter mainframe.

Weight (without plug-in 1/0 cards): 33.5 Ibs. (15.2 kg) net,
40.3 1bs. {18.3 kg) shipping.

Dimensions: Same as 6940B

Rear View of 6940B/6941B

The 14541A Chaining Cable connects 6940B to 6941B
mainframes and connects 6941B to other 6941B mainframes.
Standard length is 18 inches. Extra length cables up to 100
feet (30 meters) are available on special order.
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ANALOG OUTPUT

69321B D/A Voltage Converter Card

This is a 12-bit D/ A with voltage output in the range of + 10V
at 5mA. The card can control analog instruments, drive analog
recorders, stimulate units under test, and generate user defin-
ed waveforms under software control. The card features
emergency shutdown and dual rank storage for simultaneous
outputs. If more than + 10 volts at 5mA is required, the output
of the 693218 can be boosted with an HP 6827A Power Sup-
ply/ Amplifier.

69322A Quad D/A Voltage Converter Card

Four voltage outputs of 10-bits resolution each are provided
by the 69322A. The outputs are + 10 volts at 5mA. This card
offers a lower cost alternative to the 69321B where multiple
outputs of only 10-bit resolution are required. The dual rank
storage feature is not available on this card. The four outputs
on the card are referenced to the same common which is
isolated from the data common.

69370A D/A Current Converter Card

The 0-20mA current output of this card operates electro-
mechanical actuators, stimulates semiconductors, and acts
as a signal for resistance measurement with an A/D Card. For
currents higher than 20mA, power supplies under control of
the 69510A-69513A Resistance Output Cards are an alternative
to the 69370A.

69500A-69513A Resistance Output Cards

These cards control a variety of unipolar DC power supplies
with outputs up to 100 volts and 1000 amps. The outputs
of all power supplies are isolated from ground and from each
other by the relay/resistor network on these cards.

69351B Voltage Regulator Card

One 69351B Voltage Regulator Card must be inserted in the
Voltage Regulator slot in any 6940B Multiprogrammer or
6941B Multiprogrammer Extender Mainframe to provide
isolated * 15 volt power supplies through the backplane for all
the 69321B D/A Voltage 69322A Quad DAC, 69422A and
69370A D/A Current Cards used in that mainframe. Isolation
of the analog input and output cards powered by the 63351B
Voltage Regulator Card is often necessary for proper system
operation. The following paragraphs explain why isolation is
important.

Computers are designed with the digital 1/0 data common line
(the reference wire for all electrical interface signals) wired to
the third conductor in the AC power cord, the earth ground
conductor. The data common line at earth ground potential
runs through the HP-1B or 16-bit duplex interface cable to the
6940B Multiprogrammer backplane. Some plug-in cards such
as the 69431A Digital Input Card and the 69331A Digital Out-
put Card bring the data common line out to the card edge con-
nector. It is standard practice in most, if not all, computer and
calculator systems to have the data common line for all digita/
170 connected to earth ground at only one point through onfy
one wire to achieve maximum immunity from noise on the
digital signal lines. However, analog 1/0 must often be
isolated from earth ground as shown by the examples below.

The diagram below shows a non-isolated digital-to-analog
converter being used to stimulate a unit under test which has
been grounded to protect the people operating the system.

The use of a non-isolated D/A in this system has formed a
low resistance (perhaps 500 milliohms) path through the
computer, D/A, and unit under test. Stray magneti¢ fields
will induce circulating currents that appear as noise on the
output of the D/A and in the unit under test.

If the unit under test is grounded at a second electrical out-
let as shown below, the same noise problem and increased
probability of a more serious problem exist.

If for some reason a fault occurs at outlet number three, a
very large amount of current {(up to thousands of amps for a
few milliseconds) can surge down the ground conductor to
earth ground. Since the resistance of the ground conductor
between outlet #2 and outlet #1 can be comparable to the
resistance.of the path through the UUT, non-isolated D/A,
and computer, some of the AC current created by the fault
at outlet #3 will surge through the system, with possible
damage to equipment or injury to personnel. The isolation of
digital lines on 69321B Voltage D/A, 69322A Quad DAC,
69370 D/A Current Converter, 69422A High Speed A/D,
69423A Low Level A/D and Scanner and isolation of the
power supplies by the 69351B Voltage Regulator prevents for-
mation of these ground loops.



ANALOG OUTPUT

D/A Voltage Converter Card
Model 693218

This card provides a high speed, bipolar output voltage that
is the analog of the digital input data. Dual-rank storage, a
feature that allows all D/A cards in a system to change their
outputs simultaneously, is provided on 693218 cards.

Voltage Regulator Card, Model 69351B must be used in
each mainframe in which one or more of these output cards
are used. Because the Voltage Regulator Card contains four
isolated supplies, up to four analog outputs in any one main-
frame can have isolated grounds; any additional outputs
must share a common ground connection with one of the
four isolated outputs. Jumpers on the 69321B connect the
card to any one of the four isolated supplies in the main-
frame.

Control Signals:
SYE: System enable relay contacts hold output open un-
til SYE is programmed on and the card is addressed.
DTE: The second rank of storage and thus, the output
on all 69321B cards is updated to the value stored
in the first rank when DTE is programmed on.
TME: Allows timing flag signals from cards to control
“busy’’ period of Multiprogrammer flag to compu-
ter. The timing flag period on the D/A cards is
30usec. Refer to Operating Features Section for
details.

DTE Timmg Diagram

Data Input: 12-bit data word representing output voltage
in 2's complement form.

Output: —10.240V to +10.235V with through-zero pro-
gramming.

Minimum Step Change (Resolution): 5mVdc.

Accuracy: 5mV at 25°C +5°C, when delivering 0-5mA.

Programming Speed: Digital data transfer to card: approx-
imately 10usec. Analog voltage conversion: 30usec max-
imum to within bmV of final value.

Load Regulation: 3mV maximum at output terminals for a
load change of 5mA.

Ripple and Noise: 2mV p-p maximum, DC to 400kHz.
Temperature Coefficient: 600uV/°C from 15°C to 55°C.

Stability: 3mV maximum total drift for 24 hours after 1
hour warm-up.

Output Protection: Can withstand indefinite short circuit.

Breakdown Voltage: Potential difference between any one
output terminal and chassis ground must not exceed 100
Vdc or 100V rms.

Temperature Range: 0°C to +70°C operating in mainframe
{allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any {no restrictions).

Output Terminals: Two-contact terminal block (size 6

spade).
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Quad D/A Voltage Converter Card
For 69408 Multiprogrammer
Model 69322A

This card provides four individually programmable, bipolar
output voltages that are the analog of the digital data input.
Two of the 12-input data bits specify which output is pro-
grammed and the remaining 10-bits represent the desired
output voltage. The card’s four outputs share a common
ground connection which is isolated from the data input
ground.

Voltage Regulator Card, Model 69351B, must be used in
each mainframe in which one or more of the 69322A cards
are used. Because the Voltage Regulator Card contains four
+15V isolated supplies, up to four 69322A cards in any one
mainframe can have isolated grounds. Remember, however,
that the four outputs on individual 69322A cards share a
common ground connection. Jumpers on the 69322A con-
nect the card to any one of the four isolated supplies in the
mainframe. Each Quad D/A card will draw 100mA from
the isolated £15V supply.

Each of the four individually programmable output circuits
on the 69322A card consists of a 10-bit storage latch and a
10-bit digital-to-analog converter (DAC). When the card is
addressed and data strobed (DST), bits 0-9, representing the
desired bipolar output voltage, are transferred into the
storage latch specified by bits 10 and 11. The latch will
retain this data until it is selected again and reprogrammed
with new data. The associated DAC converts bits 0-9 into
the equivalent output (—10.24V to +10.22V). The data bit
configuration required to program each output and the cor-
responding output terminal are as follows:

Data Bits *
9 (MSB}—@ (LSB)

Output Output
No. Terminal {11 | 18

* *

—m T ——————

Represent Bipolar
Output Voltage (2's

HWN =
mogo w >
-—e = s

Complement Coding)

*

0 - programmed off
1 - programmed on
** Analog output ground (common) terminals C and F
are isolated from the data input ground {common).

The —10V to +10V programmable output voltages available
at each of the four outputs on the card can be used to con-
trol or test a variety of analog devices. Quad D/A Cards are
often used in control applications that require voltage
signals to change at programmed intervals of time. Up to
160 Quad D/A cards (up to 10 per mainframe) provide up
to 640 D/A’s (4 per card) which can be individually control-
led from a single chain of Multiprogrammer Mainframes.
The time interval between programmed changes can be as
short as 100usec or as long as desired. The time intervals
can be established by using a 696008 Programmable Timer
Card or by reading a clock made from a 69435A Pulse
Counter Card and a 696018 Frequency Reference Card.

Control Signals:
SYE: System enable relay contacts hold the card’s four
outputs open until SYE is programmed on and the
card is addressed.

TME: Allows timing flag signals from cards to control
"busy’ period of Multiprogrammer flag to com-
puter. The timing flag period on Quad D/A cards
is 700usec.

ADDR: Selects card that receives the voltage program-
ming data.

DST: Transfers programmed data into the selected out-
put storage latch.



Specifications: The following are performance character-
istics of the 69322A which are warranted.

Data Input: 12-bit word (2 output address bits, 10 data
bits). The 10-data bits represent the output voltage in
2’'s complement form.

Output: 4-individually programmable outputs; —~10.24V to
+10.22V at GmA,

Minimum Step Change (Resolution): 20mVdc (LSB).
Accuracy: +20mV at 26°C + 3°C.

Programming Speed: Digital data transfer to setected out-
put: 60usec.

Analog Voltage Conversion: 30usec maximum foraQto *
full scale change (to within 20mV of final value).

Load Regulation: 3mV maximum at each output when
delivering 0-bmA.

Isolation: 100Vdc between data input lines and analog
output terminals.

Quad D/A

Process Control

The 69322A outputs can be used to control flow valves and
analog displays. The DAC is also often used to control other
process control equipment such as function generators.
Special waveforms necessary in some processes may be
created by calculator software and the 69322A.

Production Testing

Analog signals from the DAC can be used to automatically test
analog IC's, A/D converters, and IF strips. The DAC’s can
also control programmable loads used in automatic testing.

ANALOG OUTPUT

Temperature Coefficient: 2mV/°C from 0-70°C.

Output Protection: Card can withstand an indefinite short
circuit {one output at a time).

Breakdown Voltage: Potential difference between any out-
put terminal and chassis ground must not exceed 100Vdc
or 100V rms.

Temperature Range: 0°C 10 +70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +556°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Output Terminals: Six-contact terminal block.

Ripple and Noise: 2mV p-p typical.

Stability: 2mV (typical) total drift for 24 hours after 1/2
hour warmup.

Output Current: Maximum output current is 5mA over the
0-70°C temperature range. However, when the ambient
temperature is maintained at 25°C, the maximum output
current is typically 10mA.

Applications

R&D

In the lab, environmental chambers and shake tables can be
controlled with the help of 69322A supplied synthesized
waveforms. The analog outputs are also used in margin
testing and component evaluation.

In the classroom, various electronic functions can be
demonstrated with the 69322A and the Multiprogrammer
system.

Data Acquisition and Logging

Strip chart recorders and plotters use the outputs of the
69322A to drive their analog inputs.
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Resistance OQutput Cards
Models 69500A-69513A

These cards provide a programmed value of resistance as
their output. Twelve magnetically shielded, mercury-wetted,
reed relays select the resistance values by modifying the val-
ue of a series string of high-accuracy, binary weighted resis-
tors. A maximum of 15 Resistance Output cards may be
used in any one mainframe.

Model 69500A is supplied without output resistors. Customers
may select and load their own resistors. Models
69501A —69506A are single output, 12-bit resolution cards
designed to program the voltage output of a single HP power
suppiy equipped with Option 040. Models 69510A—69513A
are dual output, 6-bit resolution cards designed to program
the current outputs of two HP power supplies equipped with
Option 040.

Control Signals:

SYE: Used on Models 69500A-69506A only. Output
terminals are shorted until SYE is programmed on.

TME: Aliows timing flag signals from cards to contro!
“busy’’ period of multiprogrammer flag to compu-
ter. The period of the timing flag on each card may
be adjusted from 100usec to 20sec by changing
components on the card. Refer to Operating Fea-
tures Section for details.

Data Input: 12-bit binary. Logical 1 = resistor in circuit;
logical O = resistor short circuited.

Output Channels: Models 69500A—-69506A, one 12 ele-
ment, variable resistance channel. Models 69510A—
69513A, two independent, 6 element, variable resistance
channels.

Resistance Output and Resolution:

MODEL MAX. RESISTANCE RESOLUTION
{ohms) {ohms)
69500A unloaded —
69501A 8,190 2
69502A 30,7125 7.5
69503A 61,425 15
69504A 40,950 10
69505A 81,900 20
69506A 204,750 50
69510A 252 4
69511A 945 15
69512A 1,260 20
69513A 1,890 30

Accuracy: 0.1% of resistance value programed +2, — 0 chms.
Power Rating: All resistors are 1/8 watt, 5ppm/°C TCR.

Programming Speed: Digital data transfer to card: approx-
imately 10usec. Analog resistance conversion: 6msec
maximum.

Breakdown Voltage: Potential difference between any one
output terminal and chassis ground must not exceed 100
Vdc or 100V rms.

Temperature Range: °C to 70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Cards are mounted vertically in main-
frame. The use of mercury-wetted relays limit tilt to 30°
maximum displacement from vertical in any direction.

Output Terminals:
spade).

Four-contact terminal block (size 6

The following table lists the HP dc power supplies which
have been tested for operation with the Multiprogrammer.
Option number 040 is assigned to these power supplies.
The option (as performed by the factory) consists of (1)
special calibration, and (2) protection checkout. The form-
er procedure insures (by addition or adjustment of caiibra-
tion controls) that the power supply can be accurately set
to zero and the maximum rated output voltage or current
when programmed by the Multiprogrammer; the latter pro-
cedure insures (by modifications of internal circuitry, if
necessary) that the power supply will not be damaged by
the rapid, repetitive programming possible with the Multi-
programmer. Other HP power supplies under 100 volts not
listed in the table are available with modifications equivalent
to Option 040 on special order.



Multiprogrammer Resistance Card Selection Table
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Use this table to select appropriate cards for the model 6940B Multiprogrammer when controlling output voltage or current of

specific power supplies equipped with Option 040.

HP POWER SUPPLY

VOLTAGE PROGRAMMING

CURRENT PROGRAMMING

Volts Amps  Model Resistance Card Volt/Step Accuracy T Resistance Card § Amp/Step Accuracy 1
075 0-5 6281A 69501 A 10mV 1% * 20mV 69501A 10mA 10% * 65mA
0-8 0-1000 6464C 69501 A 10mV 1.0% £ 5mV 89501A 2A 1.0% £ 2A
0-10 0-2 6113A 69504 A 10mV 0.1% £ 2mv 69512A 40mA &
0-10 0-10 6282A 69501 A 10mV 1% % 20mV 69501A 20mA 10% * 65mA
010 0-20 6256B 69501 A 10mv 1.0% £ 10mV 69510A 0.4A 10% £ 85mA
0-10 0-50 62598 69501 A 10mV 1.0% * 8mV 59510A 1A 10% * 65mA
010 0-100 6260B 69501 A 10mVv 1.0% £ 10mV 69510A 2A 10% * 205mA
0-16 0-600
or 6466C 69501 A 10mvV 1.0% £ 5mv 69501A 3A 1.0% * 2A
0-18 0-500
0-20 0-0.6 62058 2 Each 10mVv 1% ¥ 20mV Current Limit Not Adjustable
0-40 0-0.3 69501A
Dual Output; Dual Range
0-20 0-1 6111A 69504 A 10mv 0.1% £ 2mv 69512A 20mA ¢
0-40 0-1 6114A t1| 69505A 10mv .025% £ 1mV 69512A 40mA 2% * 5mA
0-20 0-3 6284A 69501A 10mVv 1% £ 20mV 69513A 60mA 10% * 60mA
0-20 0-3 6253A * 2 Each 10mVv 1% * 20mvV 69513A 60mA 10% * 60mA
69501A
0-20 0-10 62638 69501A 10mV 1.0% £ 9mvV 69512A 0.2A 10% * 50mA
0-20 0-20 6264B 69501A 10mvV 1.0% £ 10mV 59510A 0.4A 10% * 85mA
0-20 0-50 6261B 69501A 10mVv 1.0% ¥ 8mV 69510A 1.0A 10% % 65mA
0-24 0-3 62248 63501A 10mV 1.0% £ 15mV 69513A B80mA 10% * 35mA
0-25 0-1 6220B 69502A 25mV 1%  50mV 69512A 20mA 10% T 20mA
0-25 0-2 6227B * 2 Each 10mv 1% * 25mV 69512A 40mA 10% * 15mA
69501 A
0-36 0-300 6469C 69501 A 10mV 1.0% £ 5mv 69501 A 06A 1.0% £ 1A
0-40 0-0.5 6112A 69504A 10mv 0.1% * 2mV 69512A 10mA O
0-40 0-1.5 6289A 69501 A 10mVv 1% * 20mV 69511A 30mA 10% * 30mA
0-40 0-1.5 6255A* 2 Each 10mvV 1% * 20mV 69511A 30mA 10% * 30mA
69501A
0-40 0-3 6265B 69501A 10mv 1.0% £ 7Imv 69512A 60mA 10% * 12mA
0-40 0-5 62668 69501 A 10mVv 1.0% * 8mV 69512A 0.1A 10% * 20mA
2-40 0-10 6267B 69501 A 10mV 1.0% * 8mv 69512A 0.2A 10% * 30mA
0-40 0-30 6268B 69501 A 10mV 1.0% * 8mV 69510A 0.60A 10% ¥ 40mA
0-40 0-50 62698 69501A 10mV 1.0% £ 8mvV 69510A 1.0A 10% % 65mA
0-50 0-0.5 62208 69502A 25mV 1% * 25mV 69512A 10mA 10% * 10mA
0-100 0-0.4 6115A tt| 69506A 25mvV .025% * 1mV 6951 1A 15mA 2% + BmA
0-50 01 62288 * 2 Each 26mv 1% % 25mV 69512A 20mA 10%  15mA
69502A
0-50 0-1.5 62268 69502A 25mV 1.0% + 15mVv 69511 A 30mA 10% £ 18mA
0-60 01 6294A 69502A 25mVv 1% % 50mV 69512A 20mA 10% 1 20mA
0-60 0-3 6271B 69502A 25mVv 1.0% £ 6mV 69512A 60mA 10% £ 12mA
0-60 0-15 6274B 69502A 256mv 1.0% £ 7mv 69512A 0.3A 10% * 5B0mA
0-64 0150 6472C 69502A 25mvV 1.0% % 25mV 69501 A 0.3A 1.0% 1A
0-100 0-0.75 6299A 69502A 25mv 1% £ 15mV 69511A 15mA 10% * 15mA

§
1
o

*

The 69501A card has only one output channel but is used for current programming of certain high current supplies.
The accuracy specification refers to the combination of the power supply and the programming card; it includes the effects of load,
line and internal temperature changes in the supply.
These supplies are constant voltage/current limit, rather than constant voltage/constant current.
11 No special Option 040 modifications are necessary for these supplies.
Dual Output.
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D/A Current Converter Card
Moaodel

This card provides a high speed, constant current output
that is the analog of the binary digital input data. The card
provides dual-rank storage, a feature that allows all D/A
cards in a system to change their outputs simultaneously.
The DTE timing diagram on page 24 also applies to the
69370A.

Voltage Regulator Card, Model 69351B must be used in
each mainframe in which one or more of these output cards
are used. Because the Voltage Regulator Card contains four
isolated supplies, up to four analog outputs in any one main-
frame can have isolated grounds; any additional outputs
must share a common ground connection with one of the
four isolated outputs. Jumpers on the 69370A interconnect
each card with any one of the four isolated supplies in the
mainframe.

The 0-20mA current output of the 69370A is designed for
test or control of devices with input impedances of up to
500 ohms. Many types of electrical-to-mechanical,
-hydraulic, or -pneumatic converters utilizing 1-5 or 4-20mA
inputs can be controlled by the 69370A.

The 69370A Current D/A Converter Card and the 69321B
Voltage D/A Converter Card are often used in control appli-

69370A

cations that require voltage or current signals to change at
programmed intervals of time. In automatic test systems,
the application is frequently called arbitrary waveform gene-
ration. The waveforms can be used to control instruments,
operate the unit under test, or act as supervisory signals that
control stresses during a life test. Up to 240 independently
controlled D/A’s {up to 15 per mainframe) can be control-
led from a single chain of Multiprogrammer Mainframes.
The time intervals between programmed changes of the
D/A’s can be as short as 50 microseconds (if the computer
or calculator can program outputs at 5Qusec speeds) or as
long as desired (seconds, hours, even months). The time
intervals can be established by using the 69600B Program-
mable Timer or by reading a clock made from a 69435A
Pulse Counter Card and a 69601A Frequency Reference

Control Signals:

SYE: System enable relay contacts hold output open un-
til SYE is programmed on and the card is addressed.

DTE: The second rank of storage on all 69370A cards is
updated to the value stored in the first rank when
DTE is programmed on. See timing diagram on
preceeding page.

TME: Allows timing flag signals from cards to control
"busy’’ period of Multiprogrammer flag to compu-
ter. The timing flag period on the D/A cards is
30usec. Refer to Operating Features Section for
details.

Data Input: 12-bit data word representing output current
in binary form.

Output: 0to 20.475mA, at up to 10.5V.
Minimum Step Change {Resolution): BuA

Accuracy: 5uA at 26°C £5°C when delivering up to 10.5V.

Programming Speed: Digital data transfer to card, approxi-
mately 10usec. Analog output conversion: 30usec max-
imum to within 5uA of final value.

Transients: Less than 2uA,

Load Regulation: 3gA maximum at output terminals for a
load change from 0-10.5 volts.

Ripple and Noise: 2uA p-p maximum.

Temperature Coefficient: 600nA/°C from 15°C to 55°C.

Stability: 3uA maximum total drift for 24 hours after 1
hour warm-up.

Output Protection: Can withstand indefinite short or open
circuit.

Breakdown Voltage: Potential difference between any one
output terminal and chassis ground must not exceed 100
Vdc or 100V rms.

Temperature Range: 0°C to 70°C operating in mainframe
{allow +15° internal rise when operating in mainframe at
up to +55°C ambient}; —40°C to +80°C storage.

Operating Position: Any {no restrictions).

Qutput Terminals: Two contact terminal block (size 6

spade).
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Voltage Regulator Card
Model 69351B

This card provides four regulated, isolated bias supplies for the
following analog cards: 63321B D/A Voltage, 69322A Quad
DAC, 69370A D/A Current, 69422A High Speed A/D,
and 69423A low Llevel A/D and Scanner. One voltage
regulator must be used in each mainframe in which one or
more of these analog cards are used. The regulator card is in-
serted in a slot reserved for this purpose in each mainframe,
and does not take up an 1/0 card slot.

The 69351B Voltage Regulator outputs are routed via the
Multiprogrammer backplane to all 15 1/0 card slot connectors
when the 633518 is inserted in the slot reserved for it, adjacent
to the 15 plug-in I/0 card slots. The current output capability
of each of the four + 15 volt supplies is shown in the table
below.

Power Supply #1 #2 #3 #4

Rating 750mA }150mA | 150mA | 150mA

The current used by each of the five types of plug-in cards that
require the 69315B Voltage Regulator Card are shown below.
below.

The analog cards (69321B, 69322A, 69370A, 69422A, and
69423A) have three jumpers at the backplane edge of the
board that you position to select the + 15V supply that will
operate the card.

Plug-in Card Current Requirement
69321B 47mA

69322A 100mA

69370A 47mA

69422A 140mA

69423A 70mA

As shipped from the factory, 69321B D/A Voltage Cards,
69322A Quad D/A Voltage Cards, 63422A High Speed A/D,
and 69423A Low Level A/D and Scanner are jumpered to sup-
ply 1. The 69370A D/A Current Cards are jumpered to supply
4,

These factory installed jumper positions should be changed if:
(1) more that three 69370A D/A Current Cards are to be putin
the same mainframe or (2} more than five 69422A High Speed
A/D Cards are to be put in a mainframe or (3) more than ten
69423A Low Level A/D and Scanner Cards are to be putin a
mainframe or (4) more than seven 69322A Quad D/A Voltage
Converter Cards are to be put in a mainframe or (5) you need
the cards isolated from each other.

When jumpers are changed, the current required from each
supply should not exceed its rating, and the following points
must be observed.

Combining A/D’s and D/A’s in One Mainframe:

1. 69370A cards should not be operated from those
+ 15V supplies that are connected to other analog
cards: (ie. 69321B, 69322A, 69422A, and 69423A). The
LO terminal of the 69370A is connected to the — 15V
output, but the LO terminal of the other analog cards
are connected to the * 15V common output. In the
event of the 69370A is connected to the same + 15V
supply, a fuse will blow on the 69351B Voltage
Regulator Card. Spare plug-in fuses are located on
the card.

2. This isolated + 15V supply that is connected to an
analog card becomes referenced to the common input
of that card. If other cards are operated from this
same t 15V supply, they also will be referenced to
this common input.
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Temperature Measurement

Temperature measurements using thermocouple wire can be
made with the 63423A Low Level A/D and Scanner Card. This
card has six channels of input, plus a seventh reference chan-
nel. This seventh channel eliminates the need for an ice bath.
The 69423A data sheet is on pages 34 and 35.

General Low Level Voltage Measurement

Voltages in the range of +20mV may be measured using the
69423A Low Level A/D and Scanner Card. For general pur-
pose voltage measurement, the input signals are attached to
the six input terminals. Source impedance should be kept
below 500%} for best results in this type of application. The
69423A data sheet is on pages 34 and 35.

General High Level Voltage Measurement

The 69422A High Speed A/D is the Multiprogrammer Analog
Input Card for monitoring signals in the ranges of +100mV,
1V, £10V, and +100V. This card features high speed—up
to 33,000 conversions per second —and 12-bit resolution. The
69422A data sheet is on pages 32 and 33.

A/D Per Channel Capability

Up to eight 69422A High Speed A/D’s may be placed in a
mainframe without using any external power supplies. All of
the A/D’s will be isolated from data common, but all eight
cards will not be isolated from each other. The cards can be
grouped into four sets, with each set being isolated from each
of the other sets. Each extender mainframe can contain its
own 69351B Voltage Regulator which provides power to add-
tional sets of isolated A/D’s located in those extender main-
frames.

Multiplexed A/D Capability (Scanning)

By using a 69433A Relay Card with the 69422A High Speed
A/D, 12 single-ended or 6 double-ended signals can be scan-
ned. Up to fourteen 69433A Relay Cards can be used in the
same mainframe with one 69422A A/D for 168 single-ended,
or 84 two-wire multiplexed channels. A 12-channel, single-
ended scanner is shown below.

Channel capacitance at 100kHz is 10pF open, 25pF closed,
and 20pF interchannel. Frequency response is flat to within
+0.2dB from DC to IMHz. Crosstalk is better than —60dB
from DC to THMz with a 50 ohm open channel termination
and better than —30dB from DC to TMHz with a 1 megohm
open channel termination. Thermal offset voltages are * 100
microvolts per relay. Relay resistance is less than 300
milliohms.

Waveform Analysis and AC Measurement

Time-varying waveforms and transients of less that + 102V
peak are mreasured with the 69422A High Speed A/D paced
by the 69601B Frequency Referency when using the 16-bit
duplex interface. The configuration of this operation is shown
below.

The configuration shown takes a sample every 100usec. Using
the 69601B, samples can alternatively be taken at the follow-
ing intervals: 1ms, 10ms, 100ms, 1s. The high speed
waveform digitization is possible only when using the 16-bit
duplex interface, it is not possible with HP-IB. This is because
the buffered transfer capability of the 16-bit duplex interface is
used.

Paced A/D Measurements

An easily implemented technique for making voltage
measurements with the 69422A High Speed A/D Card at pro-
grammable intervals of time is to use the 69600B Program-
mable Timer Card to hold off the computer program between
readings. The time intervals can be as short as 7 milliseconds
or as long as 47 days. The Timer Card can generate an inter-
rupt, if desired, at the end of each interval.

Simultaneous Readings With Several A/D’s

Simultaneious readings {within * 1us) by 69422A High Speed
A/D’s are initiated by providing a 1us (min) TTL pulse at the
external trigger input (pin C) of the cards. External triggering
of several High Speed A/D Cards is particularly useful in fault
analysis applications where an external pulse signals the onset
of an error or emergency condition that demands immediate
and simultaneous measurements.



Delayed Simultaneous Readings
The 69600B Programmable Timer is used as a programmable
delay for the triggering of simultaneous measurements with
up to eight High Speed A/D Cards.

The End of Output Pulse (pin N) on the 69600B in connected
to the External Trigger input (pin C} of each High Speed A/D
Card. The program presets the 69600B to the desired delay
time, but the timer does not begin to time out until it receives a
program command or an external trigger (EXT) signal.

Current Measurement

The current flowing in circuits under test and in analog control
loops can be measured if the circuit can (or does already) in-
clude a resistor of suitable ohmic value, accuracy, and
temperature coefficient. The input impedance of the 63422A
High Speed A/D is 10109, which means that the resistor used
for sensing current can be up to 100K without losing ac-

ANALOG INPUT

curacy. The accuracy of this resistor should be 1% or better,
including drift due to self-heating in the resistor. The current is
measured by using software to divide the voltage reading in
volts by the resistor value in ohms. The accuracy of the
measurement is the sum of the accuracy and drift of the
resistor plus the absolute accuracy specification on page 33
plus the ratio of the resistor to the input impedance of the
69422A High Speed A/D Card.

Resistance Measurement

Resistance measurements can be made with the 63422A High
Speed A/D and the 69370A D/A Current Card. The combina-
tion becomes a digitally programmable two-wire or four-wire
ohmmeter.

Accuracy of Resistance Measurements

Resistance Being
Measured A/D Voitage Range Accuracy
100K 10 6%
10KQ 10 1%
1KQ 10 0.3%
100© 1 0.2%
10Q 0.1 0.2%

Four terminal connections are required for resistances less
than 100Q. For measurements of high-current, low-resistance
contacts, 10% accuracy measurements in the milliohm region
are possible when constant current power supplies with OP-
tion 040 {see page 27) provide 10 amps or more to contacts
under test that are monitored with the 69422A High Speed
A/D.
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Hi Speed A/D
Voltage Converter Card
Model 69422A

This card monitors bipolar dc voltages in one of four
ranges, +100mV, + 1V, £10V, or £ 100V, and returns
a 12-bit, digital word to the controller to indicate the
magnitude and sign of the measured voltage. Three
manually settable range switches select the +100mV,
+ 1V, or +£10V range. Input voltages in the +100V
range are connected to the card’s divide-by-ten at-
tenuator.

Instructions for modifying and recalibrating the card for
other bipolar and unipolar ranges are provided in the
Operating and Service manual.

The card uses a high performance sample/hold
amplifier and successive approximation A/D converter
which provide a high conversion speed and excellent
accuracy characteristics. The dc input voltage is guard-
ed to maintain high input impedance.

Up to 20,000 voltage readings per second can be
transferred from the card to the computer through the
Multiprogrammer Mainframe. The readings can be in-
itiated by program commands or by an external trigger
signal applied to the card edge connector. Data is also
available at the card auxiliary output data bits on the
front edge connector for transfer to external data
receivers at up to 33,000 readings per second. The
69422A can interrupt the computer when data is ready.

Voltage Regulator Card, Model 69351B, must be used in
each mainframe in which one or more 69422A cards are
used. Because the Voltage Regulator Card contains
four =15V isolated supplies, up to four 69422A cards in
any one mainframe can have isolated grounds. Jumpers
on the 69422A card connect to any one of the four
isolated supplies in the mainframe. Each High Speed
A/D card will draw 140mA from an isolated + 15V sup-
ply in the 6940B mainframe. Up to eight 69422A cards
can be used in a single Multiprogrammer Mainframe us-
ing all four of the internal + 15V supplies. Up to 15 cards
can be used per mainframe by supplying external + 15V
bias at the card edge connector.

Multiprogrammer Control Interface Signals:
ADDR, DST, and ISL: Commands card to take
reading (converts and stores) if internal trigger
jumper is installed.
ADDR: Puts converted data on Multiprogrammer
backplane.
ADDR and ISL: Allows controller to read in data.

Interrupt Mode (External Trigger Jumper installed,
Internal Trigger Jumper removed)

To arm card for computer interrupt:
Individual arm — ISL on, ADDR, DST.
Batch arm — IEN on

Program interrupt mode:
IEN and TME: Enables all armed input cards
to operate in interrupt mode. The 69422A
card will generate an interrupt when external
trigger is received and conversion is com-
pleted.

To poll for interrupting cards:
The controller polls each input card, examin-
ing the state of bit 15 (IRQ) of each return
word. Bit 15 will be true if the addressed card
requested an interrupt. The controller should
read in the 12 return data bits from any ad-
dressed input card whose associated IRQ bit
is true.

Input Voltage Ranges
Attenuator Input:
+ 100V (+102.35 to — 102.40V), 50mV
resolution



Switch Selectable:
+ 10V (+10.235 to —10.240V), 5mV resolution
+1V{+1.0235 to — 1.024V), 500V resolution
+100mV (+0.10235 to —0.10240V), 50uV
resolution

Static Accuracy:

Accuracy
Output Range 20 - 30°C 0 -50°C
100mV, 1V, 10V | +0.15% of f.s|] +0.4% of f.s.
100V +400mV +750mV

Conversion Time:
30usec (33k conversions per sec) for external data
output.
50usec (20k conversions per sec max.) through
Multiprogrammer Backplane.

Dynamic Characteristics:
Settling Time: To within 0.01% of step change
for a step equal to 50% of the full scale range
(e.g., a 10 volt step on the 10 volt range). The set-
tling time includes settling times of the input
amplifier and sample/hold amplifier and the slew
rate limiting effects.

Range Max. Settling Time
100mVv 40usec

1v 16usec

10V 15usec

100V Tmsec

Aperture Time: Less than 200 nanoseconds

Delay with respect to external trigger: Less
thanlusec.

Isolation:
100Vdc between analog circuits and data common.

Input Impedance:
100mV, 1V, 10V Ranges: 10'° ohms shunted by 15pF
100V Range: 10° ohms shunted by 20pF

Common Mode Rejection:
With 1 ohm in low input lead
120dB @ 60Hz
80dB @ 10kHz
With 1k ohm in low input lead
60dB @60Hz
20dB@ 10kHz

External Digital Inputs and Qutputs
Data Outputs:
12 bits positive true 2's complement binary data.
Low power Schottky TTL outputs.

'ANALOG INPUT |

External Trigger:
Positive or negative true (jumper selectable)
1usec (min.) pulse. Low power Schottky TTL
input: 0.5mA sink required.

End of Conversion Outputs:
0.5 to 2usec wide negative true pulse. Low
power Schottky TTL output.

Busy:
Indicates that the conversion cycle is in pro-
gress. Approximately 25usec wide negative true
pulse. Low power Schottky TTL output.

Temperature Range: 0°C to 70°C operating in
mainframe (allows + 15°C internal rise in main-
frame at up to +55°C ambient); —40°C to
+80°C storage.

Operating Position:
Any (no restrictions).

Output Connector: One 15-pin dual (30-pin total)
edge connector. Mating female connector assem-
bly supplied {HP Part No. 14655A). This connector
accommodates up to 15 wires with outside
diameters of up to 66 mils each.
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Low Level A/D and Scanner
Model 69423 A

Six channels of thermocouples or other low level dc sources
in the range of +20mV can be monitored with this card. The
card returns a 12 bit digital word to the controller to indicate
the sign and magnitude of the measured voltage on the
selected channel, The selection of either the unipolar or
bipolar range and the desired channel are programmable from
the controller.

The signal being measured passes through an amplifier into a
multiple slope integrating A/D. The excellent noise rejection
60Hz is achieved by controlling the A/D integration period
with a crystal controlled oscillator. An option is available for
50Hz environments. Low thermal EMF reed relays are used to
select one of the six input channels.

A seventh channel on the card is used to read back the
temperature of the isothermal input terminal block. Use of this
seventh channel eliminates the need for an ice bath in ther-
mocouple applications with the 69423A. Instead of using the
ice bath, the reference junction temperature is automatically
compensated for in software.

This card, which is especially useful in thermocouple applica-
tions, can also be used in general low level dc input applica-
tions. When using this card in general purpose dc measure-
ment of applications best results will be obtained by keeping
source impedance below 5002 and normal mode noise plus
signal below 110% of full scale.

Voltage Regulator Card, Model 69351B, must be used in each
mainframe in which one or more 69423A cards are used. The
69351B has its own slot in the mainframe and does not take up
one of the 15 1/0 slots. Because the Voltage Regulator Card
contains four * 15V isolated supplies, up to four 69423A cards
in any one mainframe can have isolated grounds. Jumpers on
the 69423A card connect to any one of the four isolated sup-
plies in the mainframe. Each 69423A will draw 70mA from an
isolated * 15V supply in the mainframe. Up to 15 69423A’s
can be used per mainframe by using all four of the internal
+ 15V supplies.

Using the 69423A Low Level A/D and Scanner

The simplest method of programming the 69423A from the
9825A Desktop Computer is with the HPL Software Library,
Model 14556A. To take a temperature measurement a soft-
ware call is made to the proper library routine from the Soft-
ware Library.

For example, if a type T thermocouple is wired to channel 2 of
a 69423A in slot 6 of the 6940B Multiprogrammer, the program
would look like this:

cll ‘T Thermocouple’ (6.2, A)

prt A

end
The temperature at the thermocouple is printed as a decimal
number of degrees Celsius. For more information on the Soft-
ware Library, see page 11.

Using the 69423A Low Level A/D and Scanner
Without the 14556A Software Library

A sequence of control words and data words must be sent
from the controller to the 6940B Muiltiprogrammer to read
back data from the 69423A.

A control word is sent with the ISL mode bit off to put the
6940B into output mode. If an indication is desired to notify
the controller when the 69423A has completed its reading, the
TME mode bit may also be programmed on. One of the seven
input channels on the 69423A is selected by sending a data
word to the 69408,

To read the converted data back into the controller, the
Muitiprogrammer is first put into input mode by turning on the
ISL mode bit with another control word. The 69423A is
selected for readback with an address word and the controller
stores the data returned in the return data word.

The Operating and Service Manual explains each of these
steps in detail and shows how to convert the thermocouple
and reference voltages into degrees Celsius. Examples in the
manual show how to program the 69423A from the 9845,
9835,9825, and HP1000 controllers.

Input Ranges:

Standard 0 to 20mV; 5.V LSB
+20mV; 10uV LSB

Option 050 0 to 50mV; 12.5,V LSB
+ 100mV; 25uV LSB

Option 100 0 to 100mV; 25,V LSB

+100mV; 504V LSB
Resolution: 12 bits

Accuracy:
Standard +40uV @25°C £5°C
Option 050 + 100V @25°C +5°C
Option 100 +200xV @25°C +5°C
Temperature Coefficient:
Standard 1wV/°C @0 to 70°C
Option 050 2.5uV/°C @0 to 70°C
Option 100 5uV/°C @0 to 70°C

Conversion Time: 140ms (155ms Option 005) max.
Input Resistance: 500K min.
Max. Normal Mode Voltage: * 20 volts



Isolation Voltage: 20Vdc or 40Vdc (no restriction)
50Vdc or 100Vdc (when the 69423A’s use internal power
supplies to which no other plug-in card types are con-
nected. Jumpers allow analog |/O cards to be connected
to any of the four internal power supplies.)
Normal Mode Rejection: For signal plus noise less than
110% of full scale.
60Hz +£0.1% > 50 dB
50Hz £0.1% > 50 dB (Option 005)

Effective Common Mode Rejection: For common mode
voltages up to 100V p-p.
1Q imbalance in low lead.
60Hz £0.1% > 120 dB
50Hz +0.1% > 120 dB (Option 005)
dc > 120 dB

Reference Junction Accuracy: 1°C

Temperature Range: 0°C to 70°C operating in mainframe
{allows + 15°C internal rise in mainframe at up to +55°C
ambient); —40°C to +80°C storage.

ANALOG INPUT

System Accuracy in Thermocouple
Applications

The following table shows accuracies to be expected from
systems consisting of the 69423A Low Level A/D and Scanner
in the 6940B Multiprogrammer and using the 14556A Software
Library with the 9825A Desktop Computer. These accuracy
figures include error from both hardware and software
sources. The 14556A Software Library Manual indicates the
proper values for the constants in the temperature utility
routines that should be used with the desired temperature
range. In cases where the temperature to be measured will not
go below the reference temperature (usually 20-30°C), the
unipolar range of the 69423A may be used for greater resolu-
tion.

Accuracy may be improved by approximately a degree Celsius
by going to special accuracy thermocouple wire. The sources
of error are approximately 85% hardware related and 15%
software related.

System Accuracy Using 14556A
Software Library
Unipolar/ Including
Thermocouple Bipolar Not Including Thermo Wire
Type Scale Range Resolution | Thermo Wire (Standard Wire)
J Uni 30 to 400°C1 0.1°C t2°C +4.2°C
K Bi - 200 to 400°C! 0.2°C +2.6°C +4.8°C
Uni 30 to 400°C! 0.1°C +2.6°C +4.8°C
T Bi — 200 to 400°C 0.2°C +2.3°C +(2.3°C+2%)
Uni 30 to 400°C 0.1°C +2.3°C +(2.3°C+0.75%)
E Bi —200 to 300°C1 0.2°C +2.8°C +5.0°C
Uni 30 to 300°C’ 0.1°C +2.3°C +4.5°C
R.S Uni 30 to 1700°C 1.0°C +16-13°C +18-15°C
B Uni 800 to 1700°C 0.7°C +7°C +(7°C+ % %)

1These ranges can be increased by a factor of 2.5 (decreasing the resolution and the accuracy not including thermocouple wire by 2.5) and a factor

of b (decreasing the resolution and the accuracy not including thermocouple wire by 5%) by options 050 and 100 respectively.

HP Model Number Description Prerequisite
69423A Low Level A/D and 6 channel scanner | 6340B Multiprogrammer
plus reference channel 69351B Voltage Regulator
Option 005 50Hz Option - -
Option 050 50mV full scale ] ]
Option 100 100mV full scale
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FUNCTIONAL CARDS

69600B Programmable Timer Card (One-Shot)

This card can be used to hold off computer operation for a
programmable period of time when making periodic readings
or generating outputs at specific intervals. The card can also
be used to supply a one-shot output or to interrrupt the com-
puter at programmable times.

69601B Frequency Reference Card

The output from this card is a crystal-controlled square wave
which is used to pace A/D measurements. The square wave
outputs are available for external use.

69435A Pulse Counter Card

This card totalizes logic level or contact closure pulses. Count
up and count down inputs are provided. The count can be
read without disturbing the counting process, and the counter
can be preset under software control. As a totalizer, the
69435A is used to count objects on production lines, to ac-
cummulate counts from AC power meters, and to monitor
units under test.

69335A Stepping Motor Control Card

This card produces a programmable number of pulses at either
of two outputs to drive stepping motor translators, and other
actuators and converters that respond to pulse train inputs.
The pulse outputs of this card are also used in testing sequen-
tial logic circuitry and subassemblies.

Frequency Measurement

The 69435A Pulse Counter Card is paired with the 69600B
Timer Card as shown on page 37 to measure frequency. Fre-
quencies up to 200 KHz can be measured with this set-up.
Signals from industrial drivers such as flowmeters,
tachometers, contact closures, and cam operated switches
are well suited to this application.

Time Interval Measurement

The 69436A Pulse Counter Card is paired with the 69601B Fre-
quency Reference Card to measure time intervals. This set-up
is shown on page 37. The resolution of this arrangement is
from 10 us to 1 second in 6 decades. The range can be expand-
ed from 4095 times the resolution to 17 million times the resou-
tion by adding another Pulse Counter Card. Programmable
ranging can be added by using a 69433A Realay Card to ac-
cess different frequency outputs of the 69601B Frequency
Reference Card.

Time of Day

By driving the 69435A Pulse Counter Card with the 69601B
Frequency Reference Card, an elapsed time clock can be im-
plemented. this set-up is shown on page 37. With two
69435A’'s the resolution is from 10 us (max count is 2.8
minutes) to 1 second {(maximum count is 194 days).



FUNCTIONAL

Frequency and Time Applications
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Programmable Timer Card
Model 69600B

This card generates a crystal-controlled one-shot output and
end of output pulse each time it is commanded by the pro-
gram. The duration of the output is determined by the
combination of two factors: (1) the number of programmed

time increments, from 1 to 4095; and (2) the selected period

of the increments, from 1usec to 0.1sec. Period selection

can be accomplished by fixed jumpers on the 696008 card

or brought under program control by using a 69330A Relay

QOutput Card. The timed output and end of output pulse

are available in both positive-true and ground-true form.
One or more (up to 15) timers may be used in a mainframe
to either hold off or interrupt the computer or calculator
program for the purpose of pacing input or output opera-
tions with other plug-in cards or instruments. Known-inter-

val outputs generated by this card can be connected to the
count enable input of 69435A Pulse Counter Cards as a

period-reference for frequency measurements. The output

of the 696008 can be used to turn off a normally-on relay

or circuit that is connected to an audible alarm, safety inter-

lock switch, or other ""fail-safe’’ circuit. At regular intervals,

the computer or calculator re-programs the 696008 to dis-

able the fail-safe circuit. If, for any reason, the controller
does not re-program the 69600B as scheduled, the fail-safe
circuit is activated at the end of the previously programmed
timer interval. This is commonly known as a watchdog timer
or stall alarm.

Control Signals:
To load binary number representing desired number of
time increments:

ISL off: Allows controller to output data to card.

ADDR: Selects card to receive increment count data
(in binary form).

DST: Strobes programmed increment count into
storage on card.

DTE on: Allows output to begin immediately upon
receipt of DST. If DTE is off; the 69600B card
will store data but will not begin output until DTE
is turned on in a subsequent control word, thus
permitting the 69600B output to be synchronized
with outputs from other cards having the DTE
function. With jumper W4 out and W5 in, outputs
stored on the card may be initiated by an external
trigger signal (EXT). As shipped from the factory
both functions are disabled, but may be enabled
via manually selectable jumpers.

To arm card for computer interrupt:
Individual arm — ISL on, ADDR, DST
Batch arm — |EN on
To poll for interrupting cards:
ISL on; ADDR. Note the state of IRQ. If true, that
card has requested an interrupt.

Timed Output Duration: 1 to 4095 programmable incre-
ments. The period of each increment is jumper selectable
in six decades from X1usec to X1 05usec {or 1 to 4095usec
to 0.1 to 409.5sec). Longer periods are available on
special order.

End of Output Pulse Duration:

Output Drivers: Outputs available in positive-true and
ground-true form. Each output can drive 10 TTL stand-
ard loads, or 10 count enable inputs of 69435A puise
counter cards.

Accuracy: 0.01% of programmed time interval £100nsec.

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 15 wires with outside diameters of up to 66 mils
each.

Temperature Range: 0° to 70°C operating in mainframe
(allow +15° internal rise when operating in mainframe at
up to +565°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).



FUNCTIONAL

Frequency Reference Card
Model 696018

Output Drivers: Supplied as open collector outputs with
50mA sink capability. A pullup resistor to +5V, +12V,
or an external supply up to 30V can be added to each
output.

This card provides six square-wave outputs at fixed frequen-
cies from 1Hz to 100kHz, derived from a 1MHz crystal.
The outputs may be turned off with the low state of an ex-
ternal TTL logic gate or external contact closure between
the inhibit line {pin 13) and common (pin 15).

Temperature Range: 0°C to 70°C operating in mainframe
(allows +15°C internal rise in mainframe at up to +565°C
ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 15 wires with outside diameters of up to 66 mils
each.

The 69601B Frequency Reference Card is used in conjunc-
tion with the 69435A Pulse Counter Card for measurement
of time intervals. In this application, each of the six outputs
of the 69601B can drive up to three count inputs on separ-
ate 69435 A Pulse Counter Cards. The time interval signal be-
ing measured is connected to the enable line of the counter.

The outputs of the 69601B are suitable for other applica-
tions such as pacing external A/D and D/A converters and
serving as a time base for event markers on strip chart re-
corders.

To use the 69601B as a frequency divider for TTL signals,
the internal oscillator is replaced with an external source at
the auxitiary oscillator input, pin 14,

Fixed Output Frequencies: 1Hz, 10Hz, 100Hz, 1kHz,
10kHz, 100k Hz.

Accuracy: 0.01% of nominal frequency.

Inhibit Line: A contact closure or low state TTL logic level
applied between pin 13 and common (pin 15) turns off
the oscillator.
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Pulse Counter Card
Model 6G9435A

This card will count pulses, up or down, in the range of 0 to
4095. A carry or borrow pulse is generated as the count
goes above 4095 or below 0. These pulses allow multiple
counter cards to be cascaded for greater counting capability
or they can serve as alarm signals. The card can also be used
as a pre-set counter.

Separate enable lines associated with the UP and DOWN
count inputs allow the 69435A to be used as a frequency
counter. This is done by simply connecting a known time
interval signal to the enable line and the unknown frequency
to the related count input. Programmable Timer Card
69600B can be used as a time interval reference for the
69435A. The complement of the frequency measurement
technique permits time interval measurements. In this case,
a known-frequency pulse train is connected to the up-
count line and a pulse of unknown duration is connected to
the up-enable line. Duration measurements with up to Susec
resolution are possible using this technique.

Control Signals:
In output mode to preset counter:
ISL off: Allows computer to output data to card.
ADDR: Selects card to receive preset count (in binary
form).
DST: Strobes programmed data into storage on card.

In input mode to read in count:
ISL on: Allows computer to read in data from card.
ADDR: Selects card to input count (in binary form).

Carry Output: Goes HI when count is incremented above
4095. Drive capability is 10 TTL standard loads.

Borrow Output: Goes Hl when count is decremented below
zero. Drive capability is 10 TTL standard loads.

Counter Outputs: 12-bit binary. Drive capability is 1 TTL
standard load.

Input Receivers:

SIGNAL
CONDITIONING:
REQUIRES
510 pA OF
DRIVER

CURRENT

Enable Receivers: Open circuit or TTL HI = Enable, short
circuitor TTL LO = Disable.

Input Count Frequency: Up to 200kHz square wave. Other
wave shapes can be counted providing the Rise Time is
< Busec. {Slower rise times can be accommodated by
making minor component changes on the card.)

Minimum Pulse Width: 2.5usec.
Maximum Rise Time: Susec.

Breakdown Voitage: Potential difference between isolated
input terminals B through L and chassis ground must not
exceed 100Vdc or 100Vrms.

Temperature Range: 0°C to 70°C operating in mainframe
(allow +15° internal rise when operating in mainframe at
up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Input Connector: One 15-pin dual (30-pin total) edge con-
nector. Mating female connector assembly supplied (HP
Part No. 14555A). This connector accommodates up to
30 wires with outside diameters of up to 44 mils each.
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Stepping Motor Control Card
Model GO9335A

The 69335A can be programmed to generate from 0 to 2047
square wave pulses at either of two output terminals of the
card. The user may also configure the card to program from 0
to 4095 square wave pulses. When applied to a stepping
motor translator {such as the Superior Electric Co. ST101)
these pulses are converted to clockwise and counterclockwise
drive pulses for an associated stepping motor. The square
wave outputs of the 69335A can also be used for pulse-train
update of supervisory control stations.

BIT {1 (CW OR'CCW CONTROL) ;
L COUNTER SQUAR

- AND - ZERO . WA
 STORASE ~ DETECTOR  GENER

External Flag Output: Signal is available at pin 13 when
jumper W5 is in position B. A HIGH leve! (+2.4 to 5.0V}
indicates that an output count is in progress (''busy”
state). A LOW leve! (0 to 0.5V, 16mA sink) specifies the
“ready’’ state.

Control Signals:

SYE: Prevents card from generating pulses until SYE is
programmed on.

TME: Allows flag signals from cards to control busy per-
iod of Multiprogrammer flag to computer.

Data Input: 11-bit binary (B@@-B10@) specifies total num-
ber of steps from 1 to 2047. 1 bit (B11) specifies direc-
tion of rotation

Drive Pulse Qutputs:

Drive Pulse Frequency: Nominally 100Hz. Can be adjusted
from 10Hz to 2kHz by changing R or C value on card or
connecting external programming resistor across pins 4-6.
When externally programmed, frequency can be calcu-
lated by 107

=107
Rp

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 15 wires with outside diameters of up to 62 mils
each.

A e

Temperature Range: 0°C to 70°C operating in mainframe
{allows +15"C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.
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DIGITAL OUTPUT

69331A Digital Output Card

This general purpose output card has discrete transistor out-
puts that can provide 5 or 12 volt logic levels to instruments,
solenoid drive circuits, and solid-state AC switches. The
card has storage for 12 output bits, power-on preset circuits,
system enable/disable capability, and gate/flag handshake
capability to ensure orderly transfer of data to external
digital devices.

69332A Open Collector Output Card

The 69332A can switch more voltage and current than the
69331 A Digital Output Card. The Open Collector Output
Card does not use the SYE capability, and its outputs are
random at power-on.

69433A Relay Output with Readback Card

This is the card to use for analog scanning applications. Tim-
ing circuits on the card assure that the relays are closed before

a measurement is taken with an A/D card. The ability to read
back contact status means that subroutines can check the
state of the contacts before programming a change. Distribu-
tion trees and matrices can be easily wired with this card. No
external handshaking is available with the 69433A.

69330A Relay Output Card

The gate/flag handshake capability of this card make it use-
ful for controlling instruments that are programmed with
contact closures. Handshaking guarantees that the twelve
data relays have had sufficient time to operate before the
gate relay is actuated.

Breadboard Qutput Card

For user-designed output circuit mounting, refer to the Bread-
board Card section on page 53.



DIGITAL OUTPUT

Digital Output Card
Model G9331A

Control Signals:

SYE: Holds all digital outputs in the logical O state until
SYE is programmed on. With SYE on, the card
will respond to programmed data.

DTE:Part of programming sequence that generates a
signal to tell the external device to accept the dig-
ital outputs of the 69331A. The device signals
back to the 69331A that the transfer is complete
via a device flag.

TME: Allows flag signals from cards to control “busy”

This card provides 12 bits with TTL/DTL-compatible logic period of Multiprogrammer flag to computer. Re-
levels as its output. The card uses the Gate/Flag timing fer to Operating Features Section for details.
method of digital data transfer. A maximum of 15 Digital
Output cards may be used in any one mainframe.

Gate Output: A HIGH (+2.4 to 5.0V) to LOW (0 to +0.5V,
32mA sink) transition of the GATE OUTPUT signals the
external device to read the digital outputs of the 69331A.

Flag Input: A LOW (0 to 0.5V) to HIGH (+2.4 to 5.0V)
transition of the flag input signals the 6933 1A that the
data transfer to the external digital device is complete.

Data Input: 12-bit binary. Logical 1 =low output; logical
0 = high output. Option 073 reverses the sense of the
outputs.

Digital Outputs:

NOTES:

1. Gare and flag logic senses are the same for the stan-
dard 69331A and the 69331A with Option 073.

2. If the gate/flag feature is not used, a jumper should
be connected between the gate-out and flag-in pins of
the 69331A.

3. If a pulse is used to drive the Flag Input, the pulse
width must be 2us minimum.

Temperature Range: 0°C to +70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 15 wires with outside diameters of up to 62 mils
each.
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Open Collector Output Card
Model G9332A

This digital output card is designed to drive lamps and relay
coils utilizing an external dc power source. Digital storage
circuits on the cards allow a single computer 1/0 channel to
control up to 2,880 lamps or relay coils with a chain of 16
Multiprogrammer mainframes. Twelve IC buffers on the
card act as switches for voltages up to 30 volts dc and cur-
rents up 10 40mA.

Output Circuit Ratings: 30 volts dc breakdown, 40mA max-
imum sinking capability. Reverse protection or free-
wheeling diodes must be placed across relay coils or
other inductive loads to prevent inductive voltage kicks
from damaging the 69332A.

Control Signals: SYE and Flag functions are not used on
Model 69332A.

Data Input: 12-bit binary. Logical 1 = driver ON; logical
0 = driver OFF.

Digital Output:

Temperature Range: 0°C to +70°C operating in mainframe
(allows +15°C internal rise in mainframe at up to +55°C
ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 15 wires with outside diameters of up to 62 mils
each.




This card provides the same basic 12, independent, SPST,
mercury-wetted normally open contact pairs as the Model
69330A Relay Output Card. In addition, the 69433A Relay
Output/Readback Card allows the computer to examine the
status of the relay coil drive circuits on the card, before and
after the contacts are actually changed. The external gate
and flag relays used on the 69330A are omitted from the
69433A.

 D.Cocircuits,

Control Signals:

SYE: Holds relays in deenergized state until SYE is pro-
grammed on. With SYE on, the relays will respond
to programmed data.

ISL: Allows computer to read-in status of relay driver
outputs. Refer to Operating Features Section for
details.

TME: Allows flag signals from cards to control “busy”

period of Multiprogrammer flag to computer. Re-
fer to Operating Features Section for details.

Data Input: 12-bit binary. Logical 1 = contact pair closed;
logical O = contact pair open. (This relationship can be
reversed by the user if required.)

Data Readback: 12 bits, logical 1 = relay driver ON; logical
0 = relay driver OFF.

" DIGITAL OUTPUT

Relay Output with Readback Card
Model 69433 A

Relay Data:
Type: Twelve form A (SPST normally open), magneti-
cally shielded, mercury-wetted reed relays.
Pull-in Time: 3.Bmsec
Release Time: 3.5msec
Contact Resistance: 300 milliohms maximum at full
loading over rated life (108 operations).
Contact Loading: 100Vdc or ac 1.0A switching, 28VA
maximum.
Thermal Offset: £100 microvolts maximum per relay.
Channel Capacitance: 10pF open, 25pF closed, 20pF
channel to channel, where a channel is any two adja-
cent reley contacts.
Frequency Response:
DC to TMHz.
Crosstalk: Better than —60dB from DC to 1MHz with 50
ohm terminations.
Better than —30dB from DC to 1MHz with 1
megohm terminations.
Digital Qutputs:

Flat to within *0.2dB from

Breakdown Voltage: Potential difference between any one
output terminal and chassis ground must not exceed 100
Vdc or 100V rms.

Temperature Range: 0°C to 70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +65°C ambient}; —40°C to +80°C storage.

Operating Position: Cards are mounted vertically in main-
frame. The use of mercury-wetted relays limit tilt to 30°
maximum displacement from vertical in any direction.

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 30 wires with outside diameters of up to 44 mils
each.
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Relay Output Card
Madel 69330A

This card provides 12, independent, SPST, normally open
mercury-wetted contact pairs. A maximum of 15 cards may
be used in any one mainframe {12x 15=180 independent
sets of contacts available for switching functions). Two
additional relays are provided for external circuit Gate/Flag
operation.

Control Signals:

SYE: Holds relays in deenergized state until SYE is pro-
grammed on. With SYE on, the relays will respond
to programmed data.

DTE: Part of programming sequence that generates a gate
signal to tell the external device to accept the digi-
tal outputs of the 69330A. The device signals
back to the 69330A that the transfer is complete
via a device flag.

TME: Allows flag signals from cards to control “"busy”
period of Multiprogrammer flag to computer. Refer
to Operating Features Sections for details.

Data Input: 12-bit binary. Logical 1= contact pair closed;
logical 0 = contact pair open. (This relationship can be
reversed by the user if required.)

Relay Data:

Type: Twelve form A (SPST normally open), magneti-
cally shielded, mercury-wetted reed relays.

Pull-in Time: 3.5msec

Release Time: 3.bmsec

Contact Resistance: 300 milliohms maximum at full
loading over rated life {108 operations).

Contact Loading: 100Vdc or ac 1.0A switching, 28VA
maximum.

Thermal Offset: +100 microvolts maximum per relay.
Channel Capacitance: 10pF open, 25pF closed, 20pF
channel to channel, where a channel is any two adja-
cent relay contacts.
Frequency Response:
DC to 1MHz.
Crosstalk: Better than —60dB from DC to 1MHz with 50
ohm terminations.
Better than —30db from DC to 1MHz with 1
megohm terminations.

Flat to within $0.2dB from

Digital Qutputs:

Device Command (Gate) Output: One SPST, normally open
or normally closed {user selectable) contact pair. Change
in contact status indicates data is present on card output.
Contacts revert to original status either at start or end
(user selectable) of external device response period.

Device Signal (Flag) Input: Can be either contact closure
(sink 15BmA maximum) or 12Vdc *20% (source 15mA
maximum). Presence of signal indicates external device
has received data. End of signal indicates external de-
vice has completed response period. If external Flag in-
put signal is not desired, Gate output can be connected
directly to Flag input.

Breakdown Voltage: Potential difference between any one
output terminal and chassis ground must not exceed 100
Vac or 100V rms.

Temperature Range: 0°C to +70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: The card is mounted in the mainframe
with the relays vertical. The use of mercury-wetted re-
lays limits tilt to 30° maximum displacement from the
vertical in any direction.

Output Connector: One 15-pin dual (30-pin total) edge
connector. Mating female connector assembly supplied
(HP Part No. 14555A). This connector accommodates
up to 30 wires with outside diameters of up to 44 mils
each.



DIGITAL INPUT

69430A Isolated Digital Input Card

When digital signals in a test or process must remain iso-
lated from ground and from each other, the 69430A Iso-
lated Digital Input Card is used. The external digital lines
must be capable of supplying at least 3mA to each optically
coupled isolator on the 69430A. The card has no storage or
gate/flag handshake capability.

69431A Digital Input Card

This is the general purpose input card that has storage,
gate/flag handshake capability, and the ability to interrupt the
computer when the flag line is set by the external device. The
card is used to read data from digital instruments, switches,
IC’s, contacts, and other digital data sources.

Gate/Flag Handshaking

Handshaking is necessary in many digital input operations
where an orderly exchange of data is important. For example,
suppose a computer is to be programmed to read a BCD
number that an operator at a test station has set on a thumb-
wheel switch register. The interface must be made in a manner
that ensures that the computer does not read the register at
the moment the operator is changing the switches. One way
to accomplish this is to connect the gate line of the 69431A
Digital Input Card to a light emitting diode lamp next to the
thumbwheel, and to connect the flag line of the 69431A to a
pushbutton next to the thumbwheel. The 12 data bits of the
69431A (and bits from as many other 69431A’s as necessary
for large numbers) are connected to the BCD outputs of the
thumbwheel. First, the computer addresses the Digital Input
Card, causing the gate lamp to light as a signal that the

operator may now change the thumbwheel settings. After
changing the thumbwheels, the operator pushes the flag
pushbutton to let the computer know he’s ready. Pressing the
flag pushbutton automatically stores data on the 69431A,
turns off the gate lamp (because the computer has not yet
read the new data) and can even interrupt the computer if the
program has been written to respond to the interrupt. Hand-
shaking is not always necessary in switch reading and other
digital input applications, but is nearly always used for reliable
communication between digital instruments and computers.
When not used, the gate and flag on the 69431A Digital Input
Card are simply wired together in the card edge connector.

Reading More Than 12 Bits of Data Simultaneously

Each Digital Input Card is a 12-bit card, but several cards
can be used when 16, 24, 32, or any number of bits are to
be read in parallel. One way to make sure that data is simul-
taneously stored on a group of 69431A Digital Input Cards
is to connect all their flag lines together.

Breadboard

For user-designed input circuit mounting, refer to the Bread-
board Card section on page 53.

Interrupt

When computer time cannot be wasted waiting for an input or
event to occur, the interrupt systems of the Multiprogrammer
and the computer may be used. Refer to page 50 for informa-
tion on this topic.
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Isolated Digital Input Card
Model 6S430A

{Must Specify One Option When Ordering)
: ' Data Input (from external device): 12-bit binary.

The resistor R (in illustration below) in each input circuit
determines the voltage levels that the 69430A will monitor.
One of the following standard options or a special option
may be selected by the user. External device must supply
3mA minimum.

HI appears as| LO appears as

LO Level HI Level Logical 1 Logical 1

(Option) {Option)
0to 0.4V [3.5to6V 073 069
Ground loops are one of the most persistent and annoying 010 0.4V 1610 12V 087 084
. . 0to 0.4V [121t0 25V 088 085

problems in automatic test and control systems. The

69430A Isolated Digital Input Card breaks the path of po- 0t0 0.4V 2510 50V 089 086
tential ground loops by using photoisolators in each input 0to —0.4V|-3.5t0 —6V 073 069
line. O0to —0.4V|—6to —12V 087 084
Isolation between the ac earth-grounded 1/O and external 0to —0.4V]—12 10 —25V 088 085
circuitry is necessary when the circuits being monitored are 0to —0.4V| —25 to —50V 089 086

biased by power supplies that are isolated from ac earth
ground (for safety or noise immunity purposes) or that are
floating up to 100 volts dc above ac earth ground.

NEGATIVE
TERMINAL

Since the need for isolation arises from power supply ' En:tl‘f;;s
grounding circumstances, the card is designed to monitor e '”’Diobﬁ,,
only circuits that are active, not passive. Simple relay con- ;
tacts that have no connection to a power supply are inher-
ently isolated, and there is no further need for isolation. Re-
lay contacts that are “‘dry’’ (i.e. no voltage or current) are
monitored with 69431A or 69434A cards. ‘‘Dry’’ contacts
cannot be monitored with the 69430A.

The card may be ordered with any of eight different op-
tions. These options allow the 69430A to be used with in-
puts having either ground-true or positive-true logic sense
and to accommodate a wide range of logic levels.

: SUGGESTED CONFIGURATION
et 70 DRIVE THE 69430A INPUTS WITH TTL SINALS
, EXTERNAL ol

DEVICE . 694304

sy - 5

o TTLOPEN
Ao L colecTor
NG OUTPUT

Breakdown Voltage: Potentia! difference between any in-
put terminal and chassis ground must not exceed 100
Vdc or 100V rms.

Temperature Range: 0°C to 70°C operating in mainframe
{allow +15° internal rise when operating in mainframe at
up to +55°C ambient): —40°C to +80°C storage.

Control Signals: Operating Position: Any (no restrictions).

ADDR: Card reads-in 12-bits from external device when Input Connector: One 15-pin dual (30-pin total) edge con-
unit (mainframe) and card addresses are issued. nector. Mating female connector assembly supplied (HP
ISL: Allows computer to read-in data. Part No. 14555A). This connector accommodates up to

TME, SYE: Not used with 69430A. 30 wires with outside diameters of up to 44 mils each.



DIGITAL INPUT

Digital Input Card
Model G9S431A

(Must Specify One Option When Ordering)

This card allows the computer to read 12 bits of logic level
or contact closure data that is referenced to the computer
logic common (ac earth ground). Inputs may be stored on
the card or examined live. Gate/Flag circuits are provided
on each 69431A to allow external input devices to use the
interrupt system of the computer.

The card may be used to examine digital inputs at a point
in time selected by the computer program {(dedicated input
mode} or by an external device connected to the flag line
{(interrupt search mode).

READ  12-8IT  RECEIVER EXTERNAL
| GATES  STORMGE CIRCUITS DEV ICE
'4 : T O-r ‘I(Y
| ! ) ' il

i |
INPUT DATA | | ,I
L}
I 1 1 | II
| | 1 i
e )
| PENABLE  $ STORE
faooR) | bATA |
DRESS DEVICE
sooress o are | leate_ |
[inpuT SELECT (ISL) "1 I |"'""“-~ ~
INTERRUPT ENABLE (TEN * \
\NTERRUPT ENABLE (1EN) o { conrRoL loctice| 7
| TIMING FLAS {CTF) Fas |/
INPUT_REQUEST (IRQ)

% GATE CAN BE DIRECTLY WIRED TO FLAG IF HANDSHAKE IS NOT NEEDED

Control Signals:
In Dedicated Input Mode:

ISL on: Allows computer to read in data.

ADDR: Puts stored input data on Muttiprogrammer
backplane.

DEVICE GATE: Tells external device that computer
is ready to read in new data.

DEVICE FLAG: Updates 12-bit storage register with
new data for read in.

TME/CTF: Coordinates computer-device input cycle.

interrupt Search Mode:

IEN and TME: Activates all input cards. The cards in
turn generate an output gate signal to tell the external
devices that the computer is ready to accept input
data.

ISL and ADDR: The computer polls each input card,
examining the state of bit 15 (IRQ) of each return
word. Bit 156 will be true if the addressed card re-
quested an interrupt. The computer should read in
the 12 return-data bits from any addressed input card
whose associated |RQ bit is true.

Data Input (from external device): 12-bit binary. One of
three standard Options (070, 069, and 073) may be sel-
ected to monitor different types of digital inputs.

OPTION 070
OPEN COLLECTOR OR
CONTACT INPUTS

OPTIONS 0689 AND 073
TTL,DTL LOGIC INPUTS

CONTACT

I
+12v | +5v
[
K 1 I 113 I
s sC
2K —i | RECEIVER — N
GATE
Eoc Eqc
10K J [ '
R &
Isc (MAX)=I5mA | Igc (MAX) = 6mA
Eoc (MAX.1= 10V [ Egcimax) =5V
LOGICAL 0= 6 TOI4Y OPEN | LOGICAL 1] LOGICAL 0
CONTACT OPTION 069
LOGICAL ¢= 0 T0 IV CLOSED ’I GROUND TRUE |0 T008Y [ 2TOSV
I

POSITIVE TRUE 08V v

Device Command (Gate) Qutput: A high-to-low transition
signals the device that the card is ready to receive new
data. Signal levels for the three options are:

OPTIONS 073 and 069: HI=2.0to 5.0V; LO=0 to 0.8V.

OPTION 070: H1=8t0 13V; LO=01t0 0.5V.
Device Signal (Flag) Input: A low-to-high transition of the

flags’ trailing edge causes the input card to store the digi-

tal input data from the device. Signal requirements for

the three options are:

OPTION 070: HI =6 to 14V or open contact; LO =0 to
1V or closed contact.

OPTIONS 069 and 073: HI=2.0 to 5V; LO=0 to 0.8V.

A 5us (minimum) wide pulse may be used to drive the Flag

input.

Input Connector: One 15-pin dual (30-pin total) edge con-
nector. Mating female connector assembly supplied {(HP
Part No. 14555A). This connector accommodates up to
15 wires with outside diameters of up to 62 mils each.

A | B0

8 2 B@l

c 3 8@2

D 4 B3

E 5 B@4

47 Lt

H 7 B@BE
NOT § 8 B@7
USED | o B8

L 10 BBS

M 1 B1O

(NE/di2 BT

GATE OUT P 13 GATE OUT

FLAG RETURN. R 14 FLAG RETURN

vs lsv

Option 095: Inputs compatible with 69331A.

Option 096: Logic levels and sense are compatible with the
digital outputs of 69421A and 69435A cards.

Temperature Range: 0YC to 70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any {no restrictions).
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INTERRUPT CARDS

When to Use Interrupts

When an input is expected to occur at an unpredictable time,
the interrupt systems of the Multiprogrammer and computer
may be used rather than forcing the computer to waste time
waiting for the input. When the input is ready, the
Multiprogrammer tells the computer to stop what it is doing
and service the input. Interrupts may also be used to notify the
computer of emergency conditions, requiring immediate at-
tention.

During the time while the Multiprogrammer is programmed to
listen for interrupts, it cannot perform any other operations. If
you want the Multiprogrammer to do something else while it is
still listening for interrupts, you must temporarily disable the
interrupt system to perform the operation. In most cases, the
cards will catch interrupts that occur during this period and
save them until the interrupt system is re-enabled. In the case
of the 69434 A Event Sense Card however, only events that oc-
cur while the interrupt system is enabled are detected. The
other interrupt cards can be programmed to store interrupts
even when the interrupt system is disabled.

69434A Event Sense Card

This card interrupts the computer when the 12-bit digital ex-
ternal word being monitored is unequal to the 12-bit reference
word stored on the card by the computer. Jumpers on the
card can be positioned to generate the interrupt when the ex-
ternal word is unequal to, equal to, greater than, or less than
the 12-bit reference word. Filters on each input line make the
card ideal for use in relay contact monitoring applications.
The card has storage for 12 external lines. The interrupting bit
(or bits) are identified. This card is for word-oriented contact

closure events, while the 69436A Process Interrupt Card is for
bit-oriented TTL events.

69436A Process Interrupt Card

This card interrupts the computer when any one or more of
twelve lines being monitored change state. The card has
storage for 12 external lines. Up to 24 lines can be monitored
by one 69436A if identification of the interrupting line is not
needed. The card stores data that lasts for 100 nanoseconds or
more. The interrupting bit (or bits) are identified. The card can
be programmed to store events which occur while the inter-
rupt system is off. This card is for bit-oriented TTL events,
while the 63434A Event Sense Card is for word-oriented con-
tact closure events.

69422A High Speed A/D Card

This card can be programmed to interrupt the computer when
it is externally triggered to take a reading. The 69422A data
sheet is on page 32.

69431A Digital Input Card

A flag signal from an external device can be used to generate
an interrupt with this card. The 69431A data sheet is on
page 49.

696008 Timer Card

This card can be programmed to generate an interrupt when
the programmed time interval expires. The 63600B data sheet
is on page 38.

Output Cards

The Multiprogrammer can also be set up to interrupt the com-
puter when output operations (such as turning a stepper
motor) complete.



INTERRUPT

Event Sense Card
Model 69434 A

This card monitors up to 12 external contact closures and
interrupts the computer when one or more contacts change
state with respect to 12 reference bits stored on the card.
Jumpers on the card allow the user to reconfigure the card
to interrupt when the 12 bits being monitored are equal to,
not equal to, greater than, or less than a programmed 12-bit
reference pattern stored on the card. This flexibility allows
the Multiprogrammer to act as an alarm sensor, freeing the
computer to perform other tasks during non-alarm condi-
tions.

Signal conditioning circuits for each input line discriminate
between bona fide contact changes and noise or contact
bounce.

See page 50 for more on the 69436A versus the 69434A.

CONTROL

Control Signals:

The following steps outline a typical programming sequence
used to load a reference word into an event sense card, acti-
vate the card, sense an event, pol! for the interrupting card,
and read in the data from that card. The state of the control

signals involved in each step is listed along with the associ-
ated step.

(1)Load reference word into storage registers on add-
ressed event sense card (ISL and TME off).

(2)Activate card (ISL on, TME off) so that it can gener-
ate a computer interrupt when an event takes place
and the multiprogrammer is set to the interrupt en-
able mode.

(3)Program interrupt enable mode (IEN and TME on,
ISL off).

(4)Detect an event and notify the computer of this con-
dition (flag to computer goes busy).

(5)Program the interrupt search mode (IEN and TME
off, ISL on).

(6)Poll event sense cards (by issuing card addresses with-
out a computer gate) and note the state of bit 15
(IRQ) of the return word. Bit 15 will be true if the
addressed card had previously sensed an event. The
computer should accept the 12 return-data bits from
any addressed event sense card whose associated |IRQ
bit is true.

Digital Inputs: The 69434A is designed to monitor contact
closures or openings lasting at least 20 milliseconds and
to filter out contact bounce and noise lasting less than 5§
milliseconds.

Event sense detection is based on system consideration
such as number of event sense cards, operating system
and processing programs utilized.

Temperature Range: 0°C to +70°C operating in mainframe
(allows +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Input Connector: One 15-pin dual (30-pin total) edge con-
nector. Mating female connector assembly supplied (HP
Part No. 14556A). This connector accommodates up to
15 wires with outside diameters of up to 62 mils each.

51



52

Process Interrupt Card
Model 69436A

This card provides TTL and open collector compatible edge
detectors; one positive and one negative for each of 12
storage latches. Logic transitions lasting 100nsecs or longer
are detected, stored, and used to generate an interrupt signal
to be sent to the controller. The 69436A can monitor up to
24 input lines (from other cards or from external sources),
providing a high speed interrupt when any line makes an
appropriate transition. If an input line is connected to more
than one edge detector, software routines permit the control-
ler to determine the polarity of the interrupting transition.

See page 50 for more on the 69436A versus the 69434A.

[‘ ____________________ ™
e - , |

b e READ 12T EDGE 1298

| GATES STORAGE DETECTORS | - [INPUTS
| * [T
| |

| |

' CLEAR l

| GATES |

| |

| I

g |
ADDRESS |
{St_UINPUT SELECT)

{EN LINTERRUPT ENABLE) CONTROL |

I CTF (TIMING FLAG) [

1, IRQ{INPUT REQUEST) |

s T T e L i

External Inputs (From Logic Circuits): Twelve inputs from
external TTL or open collector circuits. Each input is
connected to a corresponding positive and/or negative
edge detector circuit on the card.

POSITIVE-GOING NEGATIVE:GOING
INPYT INPUT

‘Pasitive Going

Transition . —"T1"-— F'—TS—.I :

T —— \ HI
LO -l— Lo
a—Ts—p Negative Going — T1 -
Transition

HI = 2.5V (min) to +5.25 (max)}
LO = OV (min to + 0.4V (max)

Logic Levels:

Rate of Rise:
Rate of Fall:
Set Up Time (TS):

5V/usec minimum

5V/usec minimum

Input must remain LO (HI for negative-
going input) for a minimum of 1.Qusec
before it switches HI.

Puise Duration (T1): 0.1usec minimum.

External Input Circuit Current Sink:
When connected to a positive or a negative edge detector
circuit: may sink 0.5mA max at logic Hl (5.25V)
must sink 2.6mA min at logic LO (OV)
When connected to a positive and a negative edge detector
circuit: may sink 1.0mA max at logic HI (5.25V)
must sink 4.4mA min at logic LO (OV)

Control Signals:
Output Mode (ISL, IEN, TME off, ADDR true):
a. Initialize card by sending a data word with logical
ones in bit positions B@O thru B11; or
b. Resetcard by sending a data word with logical ones
in the bit positions where transitions were detect-
ed; or
c. Disarm card by sending a data word with logical
zeros in bit positions BO@ thru B11.
Input Mode (ISL on, ADDR true):
a. Input data to controller; or
b. Arm card by sending DST
Interrupt Mode (1IEN, TME on):
a. Allows card to control CTF and interrupt the con-
troller.
b. Arms card automaticatly if jumper W6 is installed
(the 69436A card is shipped with W6 installed).

Temperature Range: 0° to 70°C operating in mainframe
(allow +15°C internal rise when operating in mainframe
at up to +55°C ambient); —40°C to +80°C storage.

Operating Position: Any (no restrictions).

Output Connector: One 15-pin dual (30-pin total) edge con-
nector. Mating female connector assembly supplied (HP
(HP Part No. 14555A). This connector accommodates
up to 30 wires with outside diameters of up to 44 mils
each.

(B0 A B0
BO1 B 2Bl
8@z ' C 3. BE2
NEGATIVE | BO®3 D 4 pga| POSITIVE
' GOING
Gy Bea € 5804 NpUTS
INPUTS
BG5S F 6. 805 oy
+Vm  ees w4 7 Bos| ovd
o i
o [T 8 BO7| UDTOHI
TRANSITIONS) | B8 K 9 Bge | TRANSITIONS)
b Bo9 L 10 BOY
SBI@ M 1. Bl@
LB N 2. 8Il
NC. P 3. N.C:
NC R | 4. N.C.
NC. '8 5 COMMON S/




BREADBOARD CARDS

General

Each breadboard card has space on it for mounting custom
user-designed circuitry. The various power supplies of the
Multiprogrammer may be tapped through the breadboard
cards to power external circuitry.

The major differences between the three breadboard models
are as follows:

69480A -  Has input buffer gates for driving the 6940B
backplane with input data.

69380A -  Has output storage buffers for using
backplane output data to drive external or
custom circuits.

69280A - Has no circuits at all, only a generalized grid

pattern.

Power Limitations
The following limits should be observed for each breadboard
card to ensure that the current drawn from the +5V, + 12V,

and — 12V power supplies will not exceed the maximum cur-
rent.

Power consumption from the % 15V supplies must be kept to
the limits shown in the following table.

Power Supply Maximum Current | Maximum Current
Per Mainframe Per Card
+5V 3A 200mA
+12V 2.7A 180mA
—-12v 750mA 50mA

Power Supply #1 #2 #3 #4

Rating 750mA 150mA 150mA 150mA

The other Multiprogrammer cards which use these + 15V sup-
plies draw current from the supplies as shown in the following
table.

Plug-in Card Current Requirement
69321B 47 mA
69322A 100 mA
69370A 47 mA
69422A 140 mA
69423A 70 mA
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Breadboard Card
Model 69280A

For Mounting Custom Circuitry

The HP 69280A Breadboard offers Multiprogrammer owners a
generalized grid pattern for the mounting of custom circuitry
used with the Multiprogrammer. Resistors, IC’s, capacitors,
and other types of components can be mounted on the 9% "' x
4" grid area of the card. The grid area is composed of plated
through holes spaced 0.1 apart. The holes are connected
by traces in groups of 3 to facilitate point-to-point wiring of
components on card. Up to thirty signal/power lines may be
connected to the board through the connector supplied.

Such circuits as input amplifiers, active and passive filters,
level converters low level signal conditioning, and special relay
configurations may be mounted on this card. UP to 60 16-pin
IC packages can be installed on the card with ample space to
run wiring. The drilled holes are 0.044” in diameter and will ac-
commodate most low power components.

For Accessing The Power Supplies Of The
Multiprogrammer

Through the 69280A, the various power supplies of the 6940B
Multiprogrammer can be tapped to power external circuitry.
These power supplies are the +5V, +12V, and — 12V sup-
plies, tied to the controller common, and the four + 15V sup-
plies, isolated from the controller common.

The supplies can be used to drive the circuits mounted on the

breadboard card or can be brought through the output con-
nector to the outside world. To use the * 15V supplies, the HP
69351B Voltage Regulator Card must be installed in slot 600 of
the mainframe. The +5V and * 12V supplies require no add-
tional cards.

Power consumption from the + 5V, + 12V and — 12V supplies
should be kept to the limits shown in the Tables on page 53 to
ensure that the ratings of these supplies will not be exceeded,
regardiess of the number of breadboard cards installed in the
mainframe. If external power is dissipated on the card, you
should verify that the temperature within the mainframe is no
more than 15°C above the ambient temperature outside the
mainframe. The 62413A Cooling Unit may be used when
necessary.

Dimensions: (all are nominal)
Overall: 114.30mm x 279.40mm/ 4.5” x 11.0”
Custom Component Mounting Area: 234.95mm x
107.95mm/9.25" x 4.25"
Max.Component Height Off Card: 10.16mm/0.4"
Grid Hole Size: 1.118mm/.044"
Grid Hole Spacing: 2.54mm/.100"

Maximum Trace Current: 5 Amps

Maximum Voitage: 100V dc or 100V rms between chassis
ground and any point on the card.

Operating Pasition: Any (no restrictions)

Temperature Range:
0°C to +70°C operating in mainframe (allows +15°C in-
ternal rise when operating in mainframe at up to 55°C am-
bient; —40°C to 80°C storage.)

Output Connector:
One 30-pin dual contact edge connector supplied. HP
model number 14555A. This connector accommodates up
to 15 wires with outside diameters up to 62 mils each or up
to 30 wires with outside diamters up to 44 mils each.

Signals Available on Card:
All Muitiprogrammer backplane signals are available unbuf-
fered on the card. All power supplies in the Multiprogram-
mer are also available on this card. To use the £ 15V sup-
plies, the HP 69351B Voltage Regulator Card is required.



BREADBOARD

Breadboard Output Card
Model 69380A

User-designed output circuits can be mounted on this card
to implement a special function that is under computer con-
trol through the Multiprogrammer. The card is supplied
with storage flip-flops and address decoding circuits. The
SYE, DTE, and common flag lines are buffered on the card
for interaction with custom circuits. General-purpose printed
circuit patterns on the card allow the user to mount up to
twelve 16-pin dual in-line packages, and approximately 30
other transistors, resistors, capacitors, or other. small elec-
tronic components. The components are interconnected by
the user with point-to-point hand-soldered wiring. The in-
ternal Multiprogrammer +5V, +12V, and —12V power sup-
plies are available for use on the card, and the four isolated
115V supplies are available when the 69351B Voltage Reg-
ulator Card is installed in the Multiprogrammer Mainframe.

T T ToamTEpciRCUT 1
_sTORAGE PADSFOR |
EIETIaR e

— O | THESE CONTROL LINES
BTE O L ARE BUFFERED AND ARE
AVAILABLE FOR USER'S |-

o | circuits

To ensure that the current drawn from the +5V, +12V, and
—12 volt power supplies will not exceed the maximum cur-
rent, regardless of the number of custom-made cards the user
installs in the mainframe, each card should be designed to
draw less than the values shown in the tables on page 53
Also, the user should verify that temperatures within the main-
frame remain at less than 15°C above ambient temperature
outside the mainframe if external power is dissipated on the
card. The 62413A Cooling Unit shown on page 15 can be used
when necessary.

Typical Applications

@ Parallel-to-Serial Converters
@ Latching Relay Outputs

® Form-C Relay Outputs

® Logic Window Control

® Programmable Amplifiers
@® Line Driver Qutputs

® Buffer Memory

@ D/F Converter

® Non-Linear DACS
@® Multiplying DACS
® Code Converters
® TTY Interface

Digital Outputs

QUTPUT
= DATA
BITS

,’
fé
é
%
¢
//
{
é
f
‘;
/z
é
,‘

o
Al
B
c
E]
W
s
K.
n
L
e
lr
s

v

Digital Outputs: The twelve digital outputs from three low
power quad bistable latches (SN 74L75N) are available
at the edge connector.

Logical 1 = 2.4V min. @ 200uA output
Logical 0 = 0.4V max., sinking 8mA

Temperature Range: 0°C to +70°C operating in mainframe
(allows £15°C internal rise when operating in mainframe
at up to +55°C ambient): —40°C to +80°C storage.

Dimensions:

Overall: 114.30mm x 279.40mm 4.5” x 11.0"” (nominal)
Customer Component Mounting Area: 76.20mm x
117.80mm 3" x 7" {nominal}

Max Component Height off Card: 10.16mm 0.4”
{(nominal)

Output Connector: One 30-pin dual contact edge connec-
tor supplied. HP Part No. 145565A. This connector
accomodates up to 15 wires with outside diameters up
to 62 mils each, or up to 30 wires with outside diameters
up to 44 mils each.

Cofn me ter
Misaim.
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Breadboard Input Card
Model 69480A

User-designed input circuits can be mounted on this card to
implement a special monitoring function with the Multipro-
grammer. The card is supplied with address decoding cir-
cuits. The ISL, 1EN, interrupt request, data strobe, and
common flag lines are buffered on the card for interaction
with custom input circuits. General-purpose printed circuit
patterns on the card allow the user to mount up to twelve
16-pin dua! in-line packages, and approximately 30 other
transistors, resistors, capacitors, or other small electronic
components. The components are interconnected by the
user with point-to-point hand-soldered wiring. The internal
Multiprogrammer (+5V, +12V, and —12V) power supplies
are available for use on the card and the four isolated +15
volt supplies are available when the 69351B Voltage Regu-
lator Card is installed in the Multiprogrammer Mainframe.

To ensure that the current drawn from the +5V, + 12V, and
—12 volt power supplies will not exceed the maximum cur-
rent, regardless of the number of custom-made cards the user
installs in the mainframe, each card should be designed to
draw less than the values shown in the tables on page 53.
Also, the user should verify that temperatures within the main-
frame remain at less than 15°C above ambient temperature
outside the mainframe if external power is dissipated on the
card. The 62413A Cooling Unit shown on page 15 can be used
when necessary.

Typical Applications

® Code Converters
® Limit Switches

@ TTY Interface

@ Line Driver Inputs

@ Serial-to-Parallel Converters

® Shaft Position Encoders
® Threshold Detectors
® Go/No Go Logic Testing

Digital Inputs:
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Digital Inputs: The twelve digital inputs to three open
collector quad two-input nand gates (SN 7438N) are
available at the edge connector.

Logical 1 = 2V min. @ 40uA output.
Logical 0 = 0.8V max., sinking 1.6mA.

Temperature Range: 0°C to +70°C operating in mainframe
{allows +15°C internal rise when operating in mainframe
at up to +55°C ambient): —40°C to +80°C storage.

Dimensions:
Overall: 114.30mm x 279.40mm 4.5 x 11.0” (nominal)
Customer Component Mounting Area: 76.20mm x
117.80mm 3" x 7" (nominal)
Max Component Height off Card: 10.16mm 0.4
(nominat)

Input Connector: One 30-pin dual contact edge connec-
tor supplied. HP Part No. 14555A. This connector
accomodates up to 15 wires with outside diameters up

to 62 mils each, or up to 30 wires with outside diameters
up to 44 mils each.



SERVICE KIT
Model 14551A

GRAMMER
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The HP Model 14551A Multiprogrammer Service Kit is a
diagnostic and service aid for the Hewlett-Packard Model
6940A/B Multiprogrammer subsystems. It is used by HP field
offices in support of service contracts, and by users with a
need for the shortest possible down time.

Like the Multiprogrammer itself, the standard kit is flexible and
can be specifically configured to meet each user’s needs. The
14661A contains a selection of the most frequently needed
replacement assemblies and spare parts, and documentation
for trouble isolation. It allows Multiprogrammer users to make
most repairs on-site, with resulting minimum down time.
The 14551A is designed to be used with an HP computer in the
HP 1000 series, a 9825A desktop computer, or by the 6940B
operating alone in the LOCAL mode.

The standard 14551A Service Kit consists of an attache-
type case containing:

W 6940B A2, A3, and A5 mainframe plug-in cards.

M Parts for modifying these cards so that they may be used
in a 6940A mainframe if desired.

MW Various quantities of 38 different selected components
for these cards and the mainframe assemblies.

M Programs and instructions on a 9825A tape cartridge for
HP-IB verification of the mainframe and all currently
available input and output cards; 16-bit duplex mainframe
verification routines.

N A paper tape for HP-1000 series computer verification of
the mainframe.

B A 69331A Output Card and a 69431A option 085 Input
Card for these tests.

W A LED test card and connecting cables for HP-IB card
verification.

H A 5060-7901 extender card, an instruction manual for the
6940B and 14551A, operating note, parts list.

M Several additional slots are provided in the case for
spare input or output cards.

Dimensions: The 14551A is 46 cm wide by 38 cm deep by 14
cm high (18 in. by 15in. by 5-1/2 in.). Net weight is 5 kg. (11
Ibs.). Shipping weight is 8 kg. (17 Ibs.).

Accessory Available: A 69330A Relay Output Card
facilitates testing of 69430A cards other than option 069.

Special Configurations: The spare parts in the standard
14551A Kit are also used on some input and output cards. Ad-
ditional parts and cards can be supplied to support any com-
bination of cards and extenders, by a program that eliminates
duplication. See your HP Field Engineer for more information
on special configurations.

Special Kit: Your HP Field Engineer can supply you with the
special kit quotation form.
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Configuration Checklist

This checklist will help you compile a complete list of the
equipment necessary to configure your system.

1. Controller

Model No. Roms Interface
968213A/14A/16A 16-bit duplex: 98032A opt 040
OR
98255 98210A HP-IB: 98034A and 59500A
(Note: these are included
with the 98255 )

9835 or 983324 16-bit duplex: 98032A opt 340

98358 OR
HP-IB: 98034A and 59500A

9845A or 984324 or opt 34 16-hit duplex: 98032A opt 440
98455 OR
HP-IB 98034A and 59500A
16-bit duplex: 145508 (Contains
software drivers and hardware
HP 1000 interface)
OR

HP-B: 593108 and 59500A

2. Additional HP-IB Cables

(for HP-1B systems only)

] The 98034A comes with a cable and connector for the first
instrument to be connected to the bus. Additional instruments
require one of the following cables:

10631A HP-IB cable Tm (3.3 ft)
10631B HP-IB cable 2m (6.6 ft)
10631C HP-IB cable 4m (13.2 ft)

3. Mainframes
[] 6940B: Holds up to 15 1/0 Cards plus one 69351B Voltage
Regulator Card.

[16941B and 14541A: For each additional set of 15 |/0 Cards

4. Plug-in Cards

1 One option for logic level and logic sense must be specified
when ordering 69431A Digital Input Cards or 63430A Isolated
Digital Input Cards.

[0 One 69351B Voltage Regulator card must be placed in each
69408 or 6941B Mainframe that contains one or more 69321B
Voltage DAC, 69322A Quad DAC, 69370A Current D/A,
69422A High Speed A/D, or 69423A Low Level A/D and
Scanner.

5. Extra Manuals

[0 One operating and service manual is provided with each
product. To order additional manuals, specify option 910 at
additional cost.

6. Rack Mount Hardware

[0 To order rack mounting hardware for 6940B and 6941B,
specify option 908 at additional cost.

7. Extra Plug-in Card Connectors

0 One 30-pin connector assembly model 14555A is provided
with each plug-in 1/0 card {except models 63321B, 69370A,
69423A, and 69500A through 69513A, which have screw ter-
minal blocks). Model 14555A Connector Assembly is available
for separate purchase. Unterminated 15-conductor cable, HP
Part No. 8120-1903 is convenient for use with the 14555A con-
nectors. Two 15-conductor cables can be used in each con-
nector hood. Order the wire by the foot.

8. Software Library

0 For 9825 systems, the 14556A contains routines for
simplified Multiprogrammer Operation.

9. Customer Training Seminar

3 6940B Option M32 for three days of hands-on training with
the 6940B Multiprogrammer and any of these controllers:
9825, 9835, or 9845.



HEWLETT [hp; PACKARD

SALES & SERVICE OFFICES

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectra

Empresa Técnica de
quipamentos
Eléctricos, S.A.R.L.

R. Barbosa Rodrigues, 42-°DT.°

Caixa Postal, 648

Luanda

Tel: 355156

Cable: TELECTRA Luanda

AUSTR;
Hawlen-Packam Australia

31-41 Joseph Street
Blnckbum. Victoria 3130
P.D. Box 36

Tel: 8
Telex: 31-024
Cable: HEWPARD Melbourne

Hewlett-Packard Australia

Doncntor East, Victoria 3109
896351

. L.
31 Bridge Street
Pymble
New South Wales, 2073
Tel: 4496566
Telex: 21561

Cable: HEWPARO Sydney
Hewlett-Packard Australia

lsg%reanmll Road
Parkside, S.A., 5063
Tel: 2725911

Telex: 82536

Cable: HEWPARD Adelaide
Hewfett- Packard Austrafia

141 glmlnq Hlnnway
Nedllnd. A. 600
T 3565455

9385
Clbla: HEWPARD Perth
Hewlett-Packard Australia
Ltd

121 'olloﬁnon Slreel
Fylhwlck ACT. 2608
1: 804244

Telex 62650

Cable: HEWPARD Canberra

Hewlert Packard Australia
Ltd

Sth Floor

Teachers Union Building
495-499 Boundary Strest
Sprin% Hill, Queensland 4000
Tel: 2291544

Cable: HEWPARD Brisbane

BANGLADESH

The General Electric Co.
of Bangiadesh Ltd.

Magnet House 72

Dilkusha Commercial Area

Moti|nell, Dacca 2

Tel: 52415 252419

Telex: 734
Cable' GECDAC Dacca

ETHIOPIA
Abdella Abduimahk
P.0. Box 2635
Addia Ababa
Tel: 1193 40

GUAM

Medical Only

Guam Modu:al Supply, Inc.
Suite C, Airport Plaza

Cable: EARMED Guam
HONG KONG

Schmidt & Co. Hong Kong) Ltd.

Wing On Centre, 28th Floor
Connauam Road, C.

Hon on

Tor: 84

Telex: 74766 SCHMC HX

iNDIA

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd
Bomba) 400 020
Tel: 2

Telex: 011-2156
Cabte: BLUEFROST

Blue Star Ltd.

as
4142 Vir Savarkar Marg
Prabhadevi

X: 011
Cable FROSTBLUE
Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
Tel: 45 73 01
Telex: 011-3751
Cable: BLUESTAR
Blue Star Ltd.
Bhavdeep
Stadium Road
Ahmedabad 380 014
To! 42880

X: 234
Cabia: BLUEFROST

Biue Star Ld.
7 Hare Street
P.0. Box 506

Cable: BLUESTAR

Blue Star Ltd.
Bhandari House

New Deihi 110 024
Tel: 634770 & 635166
Telex: 031-2463
Cable: BLUESTAR

Biue Star Ltd.

Blue Star House

11/11A Magarath Road

Blngloro 5§60 025

Tel: 55668

Telex: 043-430

Cable: BLUESTAR

Blue Star Ltd.

Meeakshi Mandiram

xxx/1678 Mahatma Gandhi Rd.

Cochin 682 016

Tel: 32069,32161,32282

Telex: 0885-514

Cable: BLUESTAR

Blue Star Ltd.

1-1-147A1

Sarojini Devi Road

Secunderabad 500 003

Tel: 70126, 70127

Telex: 015-458

Cable: BLUEFROST

Blue Star Ltd

2134 Kodambakkam High Road
600 034

x: 041-
CIDIE BLUESTAR

INDONESIA

BERCA indonesia P.T.
P.0. Box 496.Jkt.
Jln Abdul Muis 62

karta
Tel 349255, 349886
Telax: 46748 BERSIL 1A
Cable: BERSAI
BERCA Indonesla P.T.
P.0. Box 174/Sby.
23 Jin. Jimerto
Surabaya
Tel: 42027
Cabie: BErcacon

ISRAEL

Electronics Engineering Div.
of Motorola Israsl 1.id.

16, Kremenetski Street

P.0.Box 25016

Tel-Aviv

Tel: 3897

Telex: 33569, 34164

Cable: BASTEL Tel-Aviv
JAPAN

Yokogawa-| Hewim Packam Ld.
Chuo Bldg..

4-20, lemnaka |ma 5 -chome
Yodoaawa-lm saka-shi

8,532
Tal: 06—304-6021
Telex: 523-3624
Yokogawa-Hewlett-Packard Ltd.
29-21, Takaido-Higashi 3-chome
Suginami- ku Tokyo 168
Tel: 03-331
Telex: 232-: 2024 YHP-Tol
Cable: YHPMARKET TOK 3 724

Yokogawa-Hewlett-Packard Ltd.
Nakamo Building
24 Kami Sasajima-cho
Nakamura-ku, Nagoys, 450
Tel: 052 571-5171
Yokogawa-Hewlett-Packard Ltd.
Tanigawa Building
2-24-1 Tsuruya-
Kanagawa-ku
Yokohama, 221
Tel: 045-312-1252
Telex: 382-3204 YHP YOK
Yokogawa-Hewilett-Packard Ltd.
Mito Mitsui Building

1-chome, San-na-maru
Mito, Ibaragi 310
Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Ltd.
Inoue Building
1348-3, Asahi-cho, 1-chome
Klnanawa 24
- 0462-24-0452
Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi
Hachijuni Building
4th Floor
34, Tsukuba
Kumagaya, Saitama 360
Tel: 0485-24-6563

KENYA

Advanced Communications Ltd.
P.0. Box 30070

Nairobl

Tel: 331955

Telex: 22639

Medical 0 rr

lpntamatlona Aeradio E.A. lLtd.
Nairobi Alrpon

Nairobl

Tel: 336055/56

Telex: 2220122301

Cable: INTAERID Nairobi
Medical D"IY

Intemauona Aeradlo EA) L.
P.0. Box

Nombau

KOREA
Samsung Electronics Co., Ltd.
15th Fl,m')(rA Daeyongak Bidg.,

gnoo'nn-Moo -Ro, Chung-Ku,

Tel: (23)6811 778-3401234
Telex: 22575

MALAYSIA

Hewlett-Packard Sales SON BHD
Suite 2.2172.22

Bannunan Anakasa Raya

Jalan Am)

Ttl: 23320&”431

Protel Enqineen’na

Ln\ 259, Satok Road
Kuchln Slrwnk

1: 53
Cabla: PROTELENG

MOZAMBIQUE

AN. Goncalves, Ltd.

162, 1° Apt. 14 Av. D. Luis
Cavxa Postal 107

Tel 1927091 27114
Telex: 6-203 NEGON Mo
Cable: NEGON

NEW GUINEA
Hewiett- Packard Australia

Develog szem Bank Buitding
Ground Floor

Ward Strip

Port Monlby. Paupua
Tel: 258933

NEW ZEALAND
Hewlett-Packard (N.Z.) Lid.
4-12 Cruickshank Street
Kilbirnie, Wellington 3

P.0. Box 9443

Courtney Place
Vldlln?!on

Tel: 877-199

Cable: HEWPACK Wellington
Hewlett-Packard (N.Z.) Ltd
Pakuranga Professlonal Cantre
267 Pakuranga Highway
Box 51092

Plkurunga

Tel: 569-651

Cable: HEWPACK Auckland
Analytical Medical Dnly
Medical Supplies N.Z. Ltd.
Scientific Division

78 Cartton Gore Road, Newmarkst
P.0. Box 1234
Auckiand

Tel: 75-289

Cable: DENTAL Auckiand
Analytical Medical Only
Medical Supplies N.Z. Ltd.
Norrie and Parumoana Strests
Porirua

Tel: 75098

Telex: 3858

Analytical Medical Only
Medical Supplies N.2. Ltd.
P.0. Box 309

239 Stanmore Road

9
Cable: OENTAL Christchurch
Analytical Medical Only
Medical Supplies N.Z. le
303 Greal King Street
ox 233
Duned

Tel: 88-817
Cable: OENTAL Dunedin

NIGERIA

The Electronics
Instrumentations Ltd.

N6B,770 Dyo Road

Dluseun House

P.M.B. 5402

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

Cable: THETIEL ibadan

The Electronics instrumenta-
tions Ltd.

144 Agege Motor Road, Mushin

P O B 6645

Cable: THETEIL Lagos

PAKISTAN

Mushko & Company Ltd.
Qosman Chambers
Abdullah Haroon Road

Karachi-3

Tel: 511027, 512927

Telex: 2894

Cable: COOPERATOR Karachi
Mushko & Company, Ltd.

388, Satellite Town
lenlgzlndl
I: 41

Cable: FEMUS Rawalpindi

PHILIPPINES

The Online Advanced
Systems Corporation

Rico House

Amorsolo cor. Herrera Str.

LoBasgi Villa?e. Maiati

Metro
Tel: 85- 35 Bl 85-34-91,85-32-21
Telex: 3274 ONLINE

RHODESIA

Field Technical Sales

45 Kelvin Road North
0. Box 3458

Tel: 7052?1 (5 lines)
Telex: RH

SINGAPORE
Hewlett-Packard Singapore
Pte. ) Ltd

1150 D ot Road

Alexandra P 0. Box 58
Singapore 4

Tel: 27D-2355

Telex: HPSG RS 21486
Cable: HEWPACK, Singapore
SOUTH AFRICA

Hewlett PaLcléard South Africa

Private Bag Wendywi

Sandton, rlnsvul 2144
Hewlett-Packard Centrs

Daphne Street, Wendywood,
Sandton, 2144

Tel: 802-10408

Telex: 8-4782

Cable: HEWPACK Johannesburg

Hewlett-| Packard South Africa
P.O. &ox 120

Howard Place, Cape Province, 7450

Pine Park Centrs, Forest Orive,
Plnol nds, Cape Province, 7405
7955

Telex 57- 0006

SAI LANKA
Metropolitan A'aanms Ld.
ace

209/ Union Pl

Colombo 2

Tel: 35947

Ttlex 1377METROLTOD CE
Cable: METROLTD

SUDAN
Radison Trade
P.0. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN

Hewilett-Packard far East Ltd.
Taiwan Branch

39 Chung Hsiao West Road

Section 1, 7th Floor
Taipel
Tel: 3819160-9.3141010

Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd.
Taiwan Branch

?(8 -2, Chunq Cheng 3rd. Road
tel: m) 242318 -Kaohsiung
Analytical Onjy

San Kwang Insnumenls Co.. Lid.
20 Yung Sui Road

alpei
Tel: 3615446-9  lines
Telex: 22894 SANKWANG
Cable: SANKWANG Taipei
TANZANIA
Medical Ot Y
Imemaﬂona Aeradlo €.A) Ld.
P.0. Box

Dar es Snlnm

Tel: 21251 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co. Ltd

Elcom Research Building

2533 Sukumvnl Ave
ngchak,B

Tel 932387, 39 0335

Cable: UNIMESA 8angkok

UGANI
Medu:al Dnrr
ngm:hon AeradioE.A.), Ltd.

Tel: 54388
Cable: INTAERID Kampaia
AT
.J. Tilbury Zambia) Ltd.
P.D. Box %92
Lusaka
Tel: 73793
Cable: ARJAYTEE, Lusaka

OTHER AREAS NOTLISTED, CONTACT:

Hewlett-Packard Intercontinental
3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 856-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

CANADA

ALBERTA

Hewtett-f Pack:vd (Clnadz) Ltd.
11620A - 1681 est
Edmonton TSM 3T9

Tel: 403) 452-3670

TWX: 610-831-2431
Hewlett-Packard anada) Ltd.
210 7220 Flsh r S.E

8
Tal (40’!)253 2713
Twx: 610-821-6141

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
10691 Shollbnsge wa7y

Tei: 604) 270-2277
TWX: 610-925-5059

MANITOBA
Hewlett- Packard Canada) Ltd.
380-550 Cen

Tel: 2
TWX: 61 -671-3531

NOVA SCOTA
Hewlett-Packard {Canada) Ltd.
800 Windmill Road
Dartmouth B3B8 1L1

Tel: (902) 469-7820

TWX: 610-271-4482

ONTARIO
Hewleft-Packard (Canada) Ltd.
1020 Morrison Or.
Ottswa K2H 8K7
Tel: (613 820-6483
-563-1636
Hmm Plckard Canads) Ltd.
877 Goreway Drive
isal

Te.

TWX: 61 4924246
Hewlett- P:ckard (Canadz) Ltd.
552 NMoI

London SS

Tel: (519)686 9181

QUEBEC
Hewlett-f Plckard Canada) Ltd.
275 Hymus BI

Pointe Cllln HBR 167
Tel: (514) 69742
TWX: 610-4: 22-3022
TLX: 05-821-521 HPCL

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard {Canada)
Ltd. in Mississauga.

CENTRAL AND SOUTH AMERICA

ARGENTINA
geAwlen-Packard Argentina

Av. Leandro N. Alem 822 - 12°

1001 Buenoa Aires

Tel: 31-6063.4,5,6

Telex: 122443 AR CIGY

Cable: HEWPACKARG

Biotron S.A.C.L.y M.

Bolivar 177

1066 Buenos Alrea

Tel: 30-4846, 34-9356, 34-0460,
33-2863

Telex: 011-7595

Cable: Biotron Baries

BOLIVIA

Casa Kavlin S.A.

Calle Potosi' 1130

£.0. Box 500

La Pax
Tel: 41530,53221
Telex: CWC BX 5298,ITT 3560082
Cable: KAVLIN
BRAZIL
Hewlett-Packard do Brasil
1.e.C. Ltda.
Alameda Rio Negro, 750
Alphaville
00 Baruerl SP

Tel. 429-3222
Cable: HEWPACK Sao Paulo

Hevgm Slckard do Brasit
Rua Padru Chagas, 32

Tal 051 &22 zﬂ 22- 5621
Cable: HEWPACK Poto Alegre

IHevdn'l. Zunrd do Brasil
e.C
Av. Epitacio Pessoa, 4664

%oﬂoo.mo de Jeneiro-RJ

|
Telex: 021-21905 HPBR-BR
Cable: HEWPACK
Rio de Janeiro
CHILE
Jorge Calca; c&n y Cia. Lida

Vieuna Ml ennaa Ofic. 1204
Casilla 1

(T:orroo 9, smllgo

ol

Telex: JCALCAGNI

COLOMBIA
Instrumentacidn
Henrik A, Lannebaek & Kier $.A.
Carrera 7 No. 48-75
Apartado Aéreo 6287

otd, | 0.E.
TBOT:QZSB-GBW
Telex: 44400
Cable: AARIS Bogotd
Instrumentacion
H.A. Langebaek & Kier S.A.
Carrera 63 No. 49-A-31
Apartado 54098

Medellin

Tel: 304475

COSTA RICA

Cientifica Costarricanse S.A.
Avenida 2, Calle

San Pedro de Montes de Oca
Apartado 10159

San Jose

Tel: 24-38-20, 24-08-18
Telex: 2367 GALGUR CR
Cable: GALGUR

ECUADOR

Computadoras y Equipos
Electrdnicos del Ecuador
P.0. Box 6423 CCI

Eloy Atfaro No. 1824,3°Piso
Quito

Tel: 453 482

Telex: 2548 CYEDE ED
Cable: CYEDE-Quito
Medical Only
Hospitalar S.A.

Casilla 3590

Robles 625

Quito

Tel: 545-250

Cable: HOSPITALAR-Quito
EL SALVADOR

1PESA

Bulevar de los Heroes 13-48
San Salvador

Tel: 252787
GUATEMALA

IPESA

Avenida Reforma 3-48,
Zona 8

Guatemala C

{
Tel: 316627,314786,66471-5,0xt.9
Telex: 4192 Teletro Gu

MEXICO

Hewlett-Packard Mexicana,
S.A. deC.V

Av. Penlénco Sur No. 6501
Tepepan, Xochimileo
Mexico

Tel: 905-676-4600

Telex: 017-74-507

gmm %ackard Mexicana,
Ave Consmucvdn No. 2184

nterr
Ttl 48-71 !Z 48-7184
Telex: 036-410

NICARAGUA
Roberto Terdn G.
Apartado Postal 689
Edificlo Teun

Tel: 25114 23412,23454,22400
Cable: ROTERAN Manaaua
PANA

Eleclrdmco Balboa, S.A.
Aparatado 4929

Panama 5

Calle Samuel Lawis

Editicio “Alfa”, No.2

Culdad de Panama

Tel: 64-2700

Telex: 3483103 Curundu,
Canal Zone

Cable: ELECTRON Panama

PERU

Compafila Eiectro Médica S.A.
Los Hamencos 145

San Isidro Casilla 1030

Lima 1

Tel: 41-4325

Telex: Pub. Booth 25424 SISIDRD
Cable: ELMED Lima

SURINAME

Surtel Radio Holland N.V.
Grote Hotstr. 3-5

P.0. Box 155

Paramarlbo
Tel: 72118, 77880
Cable: Surte!

TRINIDAD & TOBAGO
CARTEL

Garibbean Telecoms Ltd.
P.0. Box 732

69 Frederick Street

Port-ot-Spain
Tel: 62-53068

URUGUAY

Pablo Ferrando S.A.C.el.

Avenida Itafia 2877

Casilla de Correo 370

Montevl

Tel: 40-3102

Telex: 702 Public Booth Para
Pablo Ferrando

Cable: RADIUM Montevideo

VENEZUELA
HeMen Packard de Venezuela

X 0 Box 50933
Caracas 105

Los Ruices Norte
3a Transversal
Edmcco Sa re

Cara: 07

Tel: 239 4133 0|mesb
Telex: 25146 HEWPA
Cable: HEWPACK Cmcas

FOR AREAS NOT LISTED, CONTACT:

Hewlett-Packard

inter-Americas

3200 Hillview Ave.

Palo Ano California 94304
856-1501

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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EUROPE, NORTH AFRICA AND MIDDLE EAST

UNITED STATES
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AUSTRIA

Hewlett-Packard Ges.m.b.H.
Handelskai 52

P.0. Box 7

A-1205 Vienns

Tei: 351621-27

Cable. HEWPAK Vienna
Telex: 75923 hewpak a

BAHRAIN
Medical Only
Wael Pharmacy
P.0. Box 648

Bahrain

Tel: 54886, 56123
Telex: 8550 WAEL GJ
Cable: WAELPHARM
Analytical Onl: ]y

Al Hamidiya Trading
and Contracting

P.0. Box 20074

lanama
Tel: 259978, 259958
Telex: 8895 KALOIA GJ

BELGIUM
gewlen -Packard Benelux

Avenue du Col-Vert, 1,
{Groenkraaglaan}

B-1170 Brusseis

Tel: {02) 660 50 S0
Cable: PALOBEN Brussels
Telex: 23-494 paloben bru

CYPAUS

Kypronics

15 Gregorios Xenopoulos Street
P.0. Box 1152

Nicosia

Tel: 45628129

Cable: Kypronics Pandehis
Telex: 3018

CZECHOSLOVAKIA
Vyvo|ova a Provozni Zakladna

Vyzkumnych Ustavu v Bechovicich
C SR 25097 Bechovice u Prahy

Telex 12133
Institute of Medical Bionics

Vyskumny Ustav Lekarskej Bioniky

Jediova 6
CS-88346
Brstisiava-Kramare

el: 4251
Telex: 93229

ODR
Entwicklungslabor der TU Dresden

Borschungsinﬂ'nul Meinsberg
w.ldhnlm/!hlnnborg
Tel: 37 667

I 37
Telex: 518741

Export Contact AG Zuerich
Guenther Forgber
Schiegelstrasse 15

1040 Berlin

Tel: 42-74-12

Telex: 111889

DENMARK
Hewlett-Packard A/S
Da vej 52

DK-3460 Birkerod
Tel: ©02) 81 66 40
Cable: HEWPACK AS
Telex: 37409 hpas dk
Hewlett-Packard AS
Navervej 1
OK-8800 Slikeborg
Tel: 06)82 71 66
Telex: 37409 hpas dk
Cabie: HEWPACK AS

FINLAND
Hewlett-Packard 0Y
Nahkahousunti 5
P.0. B

. Box
SF-00211 Helsinkl 21
Tel: 90) 6923031
FRANCE
Hewlett-Packard Frarice
Avenue des Tropiques
Les Ulis

Boite Postale No. 6
91401 Orsay-Cedex
Tel: (1)907 78 25
TWX: 48F

Hewlett-Packard France
Chemin des Mouilles
B.P. 162

69130 Ecull

Tel: (78) 33 81 25,
TWX: 310617F
Hewilett-Packard France

Péncenlre de la Cépiére
Toulouse-Le Mirsil

THB‘SJ 40 11 12

Hewlett- Packam France
Le Ligoures

Bureau de vente de Marseilies
Place Rouse de Villenueve
13100 Aix-en-Provence
Tel: (42) 59 41 02
Hewlett-Packard France
2, Allee de la Bourgnette
35100 Rennes

Tel: 89)51 42 44

TWX: 740912F

Hewlett-Packard France
18, rue du Canal da Ia Marne
67300 Schiltighel
Tel: 1833033 08 10
X: 89014

Hewlen-Packzm France
immeuble péricentre

Rue van Gogh

$9650 Vllhnouv' 0 Ascq
Tel: QU&EH 41

Hewlm Packard France
Bureau de Vente

Centre d attaires Paris-Nord
BAtiment Ampére

Rue de la Commune de Paris
8.P. 300

93153 Le Bianc Mesnil Cédex

Tel: 101)931 88 50
Hewlett-Packard France
Av. du Pdt. Kennedy
33700 Meriguac

Tel: (56) 97 22 69
Hewlett-Packard France

“France-Evry” immeuble Lorraine

Boilevard de France

91035 Evry-Cedex

Tel: 077 96 60

Hawlm Packard France
60, Rue de Metz

57130 Jouy aux Archea
Tei: 87) 69 45 32

GERMAN FEDERAL REPUBLIC

Hewiett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117

Postfach 560 140

D-6000 Frankturt 56

Tel: ©0811) 50-04-1
Cable: HEWPACKSA Frankfurt
Telex: 04 13249 hpttm d
Hewlett-Packard GmbH
Technisches Buro Bblingen
Herrenberger Strasse 11

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Bliro Hannover
Am Grossmarkt 6

D-3000 Hannover 91

Tel: 0511)46 60 01

Telex: 092 3259
Hewlett-Packard GmbH
Technisches Buiro Niirnberg
Neumeyerstrasse 90
0-8500Nurnberg

Tel: «)911556 3083

Telex: 0623 860
Hewlett-Packard GmbH
Technisches Buro Mnchen
Eschenstrasse 5

D-8021 Tlulklu:hon

Tel: (089) 61

Hewlett-| Packzrd GmnH
Technisches Buro Berfin
Kaithstrasse 2-4

Tel: (030) 24 90 4
Telex018 3405 hpbin d
GREECE

Kostas Karayannis
8 Omirou Sireet

Athens 133
Tel: 32 30 30382487 731
Anal ical Only

INTECO
G Papathanassiou & Co.
17 Mav |S eet

Tll: 5522 915ﬁ221 989
Telex: 21 5329 INTE GR
Cable: INTEKNIKA
Medical Only
Technomed Hellas Ltd.
52 Skoufa Street
Athens 135

Tel: 3826 972

HUNGARV

Mllszenloy és Médréstechnikai
Szolgalata

Hewlett-Packard Service

Lenin Krt. 67, P.0.Box 241

1391Budapest Vi

Tel: 42 03 38
Telex: 22 51 14

ICELAND

Medical Only

Elding Traqu{ Company Inc.
Hafnamvoll ryggvagotu

I-R khv!k
Tei: 1 58 2071 63 0:
Cable: ELDING Rsquavnk

IRAN

Hewlett-Packard Iran Ltd.
No. 13, Fourteenth St.
Mir Emad Avenue

P.0. Box 41,2419
Tehran

Tel: 851082-5

Telex: 213405 hewp ir

IRELAND
Hewilett-Packard Ltd.
King Street Lane
Winnerah, Wohnqnam
Berks, AG11

Cable: Hewpie London

Hewlett-Packard Ltd.
2C Avonbe; Ingusuial Estate

\TALY
Hewlett-Packard Ilagluna S.pA.

Via G.Di Vittorio
20063 Cernusco
Sul Navmllo ™)
1 (2) 90

Tslex kil 1046 HEWPACKIT

Hewlett-| chkzrd Maliana §.p.A.
a

Via Turazz:
35100 P-dov-
Tel: (49) 664888
Telex: 41612 HEWPACK|

Hewdett-Packard Mgnanz S.pA.

Via G. Armellini 1

1-00143 Roma

'TI'O: (06) 54 69 61

ele

Cable HEWPACKIT Roma

Hewlett-Packard italiana S.p.A.

Ic%so gmvanm Lanza 94
Tel:011) 682245659308

Medical Calculators Only

Hewlett-Packard Italiana S.p.A.

Vla Principe Nicola 43 GC
95126 Catania
el 095) 37 05 04

prlm -Packard Italiana S.p.A.

Via Nuova San Rocco A.
Capodimonte, 624

1-80131 Napoll

Tel: (081) 7913544

Hewlett-Packard Italiana §.p.A.

Via E. Masi, 98
1-40137 Bologna
Tel: (051) 307887/300040

JORDAN
Mouashar Cousins Co.
P 0 1387

Tel: 2‘907/39%7
Telex: SABCO JO 1456
Cable: MOUASHERCO

KUWAIT
Al-Khaldiya Trading &
Contractiny
P.0. Box 830-Safat
it

Kuwal
Tel:d42 491041 1726

LUXEMBURG
g e:len-Paclum Benelux

Avenue du Col-Vert, 1
sﬁroankmolnn)

-1170 Brussala
Tel: ©02) 672 22 40
Cable: PALOBEN Brussels
Telex: 23 494

MOROCCO
Dolbeau

81 rue Karatchi
Casablenca

Tel: 3041 82
Telex: 23051/22622
Cable: MATERIO
Gerep

3, rue d'Agadir
Casablenca

Tel: 2720935
Telex: 23739
Cable: GEREP-CASA

Cogedir

31 rue Omar Slaoui
Casablanca

Tel: 27 65 40
Telex: 21737/23003
Cable: COGEDIR

NETHERLANDS
Hewlett-Packard Benelux N.V,
Van Heuveﬁrzi ?oodhanlzan 121

POLAND X
Biuro Informacii Technicznej
Hewlett-Packard

Ul Stawki 2, 6P

00-950 Werszawa

Tel: 33.25.88/39.67 43
Telex: 81 24 53 hepa pi

UNIPAN

Biuro Obslugi Technicznej

01447 Warszawa

ul Newslska 6

Poland

Zaklady Naprawcze Sprzetu
ycznego

Plac Kumuny Paryskiej 6

90-007 Ldd:

Tel: 33441 337 83

Telex: 886981

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.|.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lisbon 1

Tel: (1?[%68 60 72

Cable: TELECTRA Lisbon
Telex: 12598

Medical only

Mundinter

Intercamblo Mundial de Comércio
Sa

P 0 Box 2761
Avenida Antonio Augusto
de Aqular 138

Tel (19%653 21 31/7
Cable INTERCAMBIO Llsnon

QAT
Nasser Traw & Contracting
P.0. Box 1

Doha

Tel: 22170

Telex: 4439 NASSER
Cable: NASSER

RUMANIA

Hewlett-Packard Reprezentanta
Bd.n. Ba cu 16

Bucure

Tel: 15 80 23/13 88 85

Telex: 10440

A.U.C

Inmprmderea Panllu

Intretinerea
Si Repararea Utitajsior de Calcul
B-dul Prof. Dimitrie Pompei 6
Bucurestl-Sectorul 2
Tel: 88-20-70, 88-24-40, 88-67-95
Teiex: 118

SAUDI ARABIA

Modern Electronic

Establishment Head Office)

P 0 Box 1228, Baqndadlah Street

Tel 27 798

Telex: 40035

Cable ELECTA JEOOAH
Modern Electronic
Eslabhsnmenl @rancn)
P.0. Bo

Taz 62596 66232
Cable: RAQUFCO

Modemn Electronic
Establishment Branch)
P.0. Box 193

Al-Khobar
Tel: 4467844813

Hewlett-Packard Espahnla S.A.
Av Ramdn y Cajal

Edlllcno Sevnlla plama 9°

-Seville §

Tel: 64 “ 54/58

Hewlett-Packard Espafiola 5.A.
Editicio Albia 1l 7°

E-Bilbao 1

Tel: 23 83 06/23 82 06
Hewlett-Packard Espafiola 5.A.
CMamon Gordillo

il Ennu )

Tel: 96361 13 54/361.13.58

SWEDEN
Hewlett-Packard Sverige AB
Eﬂl% etsvagen 3, Fac

Tel: (08) 730 05 50

Telex: 10721

Cable: MEASUREMENTS
Stockhol

Hewiett-| Packzrd Sverige AB

Frdtaiisgatan 30

5421 32 Vlnrl Frdlunda

Tel: (031; 08 50

Telex: 10721 via Bromma oftice

SWITZERLAND
Hewett-Packard {Schweiz) AG
ancnerstrasse 20

P.0. Box 307
CH-8952 Schlleren-Zurich
Tel: ﬂ1&7305240
Telex: 53933 hpag ch
Cable: HPAG CH
Hewlett-Packard (Schweiz) AG
Chiteau Bloc 19
CH-1219 Le Li non—Gon-n
Tel: 022&96 0
Telex: 27333 8 Kx
Cable: HEWPACKAG Geneva

SYRIA
General Electronic in

Nuri Basha-Ahnaf Ebn Kays Street

P.0. Box 5781
Damascus

Tel: 33 24 87
Telex: 11215 ITIKAL

Cable: ELECTROBOR DAMASCUS

Medical Personal Calculator only
Sawah & Co.

Place Azmé
B.P. 2308

Damascus
Tei: 16 367-19 697-14 268
Suleiman Hilal € Miawi

0. Box
Mamoun Bitar Street, 56-58
DamaescuaTel: 11 46 63

TUNISIA
Tunisie Electronique
31 Avenue de la Liberte

Tunis

Tel: 280 144

Corema

1 ter. Av. de Carthage
nls

Tel: 253 821

Telex: 12319 CABAM TN

TURKEY

TEKNIM Company Ltd.
Riza Sah Penlm
Caddesi No.
Kavaklidere, Anklu
Tel: 275800

Telex: 42155

Teknim Com., Ltd.
Barbaros Bulvari 55/12

Ankara

Tel: 2503 09 - 17 80 26
Telex: 42576 OZEK TR
Cable: OZYUREK ANKARA

UNITED ARAB EMIRATES
Emitac le,sg'lsad QOtfice)
P.0. Box 1641

Emitac L(d (Branch Office )
P.0. Box

Ahu Dhlbl

Tel: 3313701

UNITED KINGDOM

Hewilett-Packard Ltd.

King Street Lane

Wmnonh Wokingham
1

1
Tel (0734) 784774
Telex 8471789
Hewlett-Packard Ltd.
Tratalgar House
Navigation Road
Altrincham
Cheshire WA14 1NU
Tel: (061) 928 6422
Telex: 668068

Hewlett-Packard Ltd.
Hyoun Court

ereward Rise
Oudiey Road

Halesowen,
West Midlands B62 85D
Tel: 021) 550 9911
Telex: 339105
Hewlett-Packard Ltd.
Wedge House
799, London Road
Thornton Hesth
Surre CR4 6XL
61)6840103
Telex 6825
Hewlett-Packard Ltd
10, Wesley St.
Culloﬂord
Yorks WF1
Tel: 0977) 5500!6
Telex: 557355
Hewlett-Packard Lid
1, Wallace Way
Hitchin
Hertlordshire, SG‘ DSE
Tel: (0462) 311
Telex: 82.99. 81

USSA

Hewilett-Packard

Representative Dffice USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000

Tel: 294.2

Telex: 7825 nawpak U

YUGOSLAVIA
Iskra-Standard Hewlett-Packard
Muklosaceva 38AMH

Tel 31 JB 7352 1674

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:

Hewdett-Packard Ges.m.b.H
Handelskai 52

P.0. Box 7

A-1205 Vienna, Austria
Tel: 0222)35 16 21 to 27

MEDITERRANEAN AND
MIDDLE EAST COUN

IES
NOT SHOWN PLEASE CONTACT:

i SPAIN Besikyas, {stanbul Hewlett-Fackard S.A.
EGYPT DD oo argen: e i 32 Be N Ammstahroen 1134 Hewleti-Packard Espafiola, SA.  Tel: 613 546 Mediterrariean and Middie
Cable: HE\)IPACK Bablingen Tel: 01) 514322 Tel: {020) 47 20 21 Calle Jerez 3 Telex; 23540 East Operations
lmemanonal Engineering Associates ; -Madrid 16 35, Kolokonom Street
24 Hussan HogaziSteet T T o L‘:"a"‘“’;” 1o 014582600 00 i) Medical only Piata Ketallriou
Sr-el- ewlett-Pac m ” Telex: 23515 h GR-Kifissia-Athens, Greece
Ld. NORWAY Muhend»shk Kollektit Sirketi
?J-"z% 829 E:\‘L‘n"u".?"ﬁué‘ﬂg.?ﬂ’é:'..";ﬂn) Eﬁ'm“a’f. %’SA‘“ {relang) Lua Hemn Pacurd Norge A5 Hewlett- Packzm Espadfiola S.A. Medma Eldem Soluk e Tel: 8080337/259429
Telex: 93630 eldor! Artane Osterdalen 18 Colonia Mirasierra ls Cad FOR OTHER AREAS
Cable: INTENGASSO Tel: (0211) 59711 Dublin 5, Eire P.D. Box 34 Edificio Juban NOT LISTED CONTACT
SAMITRO Telex: 08586 533 hpdd d Tel: ©01) 315820 134_5 Ostersas ;:(‘Z’D:ggava. 13 E:Ib 1755;2Agl’zﬁADE Ankas Hewlett-Packard S.A.
Sami Amin Trading Otfice Hewlett-Packard GmbH Medical Only T 0%%;2711 180 - le Ankara 7, rue du Bois-du-Lan
18 Abdel Aziz Gawish Technisches Buro Hamburg Cardiac Semces Co. elex: hpnas n Hewlett-Packard Espafiola, S.A. Analytical only
AbdlnoCnIro Wendenstrasse 23 95A Finaghy Rd. Soum Hewlett-Packard Norge A/S Milanesado 21-23 Yilmaz Ozyurek CH 1217 Meynn 2 - Geneva
0-2000 Hambur Beltest %Ty Nypaardsgaten 114 E-Barcelons 17 Milli Mudafaa Cad 1646
Cable SAMDTRD CAIRO Tel: 040)24 13 93 GB-Northern Iraland Bergen Tel: (3) 203 6200 (5 lines) Kizilay Tal (022)32 70 00
ALABAMA 9606 Aero Drive ILLINOIS MINNESOTA NEW YORK OREGON P.0. Box 42816
P.0. Box 4207 P.0. Box 23333 5201 Tollview Dr. 2400 N. Prior Ave. 6 Automation Lane 17890 SW Lower Boones 10535 Harwin Dr.
8290 Whitesburg-Or. San Diego 92123 Rolling Meedows 60008 St. Paul 55113 Computer Park Ferry road Houston 77036
Huntaville 35802 Tel: (714) 279-3200 Tel: 312)255-9800 Tel: 612) 636-0700 Allunr 12208 Tualetin 97062 Tel: (713) 776-6400
Tel: (205) 8814591 ‘“Tarzana TWX: 910-687-2260 MISSISSIPRI Tel: (518) 458-1550 Tel: (503) 620-3350 *Lubbock
8933 E. Roebuck Bivd. Tel: 213) 705-3344 TWX: 710444-4961 Medical Service onl
INDIANA 322 N. Mart Plaza N e PENNSYLVANIA .
Blrmingham 35206 COLORADO 7301 North Shadeland Ave. Jackaon 39206 650 Perirtan Hill Otfice Park 111 Zeta Drive Tel: B06) 799-447.
Tel: @05) 836-22032 5600 DTC Parkway indianapoile46250 Tel: (501) 982-9363 Fairport 14450 0 Pittaburgh 15238 205 Billy Mitchell Road
ARIZONA Englawood 80110 Tei: 617 842-1000 er 5530002 Tel: @412) 782-0400 San Antonio 78226
233% E Magnota 1. Tel: @03) 7713455 -260-1797 o 40 Ave e 1021 8 Averue Tel: §12) 4346241
Phoe CONNECTICUT |°WA Kanass City 64137 55 flogr T2 King of Prussia Industrial Park

Tel: (502)2“ -1361
2424 East Aragon Rd.
Tucson 85706

Tel: (602) 8894661
“ARKANSAS
Medical Service Only
P.0. Box 5646

Brady Station

Little Rock 72215
Tel: (501) 376-1844

CALIFORNIA
1579 W. Shaw Ave.
Freeno 93771
Tel: (209) 224-0562
1430 East Orangethorpa Ave.
Fulierton 9.
Tel: (714) 870-1000
3939 Lankershim Boulevard
North Hollywood 31804
Tel: e13)8 7-1282

X: 910-499-2671
5400 Wast Rosecrans Blvd.
P.0. Box 92105
World Way Posul Center
Loa A e 950009
Tel: (213§ 776-7500
TWX: 910-325-6608
“Los Angeles
Tel: 213) 776-7500
3003 Scott Boulevard
Ssnta Clara 95050
Tel (409)983 7000

Tel 1‘)“6-8165
646 W. North Market Bivd
Sacramanto 95834
Tel: @16) 929-7222

12 Lunar Orive

New Haven 06525
Tel: (203) 389-6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2727 N.W. 62nd Street

Ft. Lauderdele 33309

Tel: 305) 973-2600

4428 Emerson Street
nit 103

Jacksonville 32207
Tel: (904) 725-6333
P.0. Box 13910
6177 Lake Ellenor Or.
Orlando 32809

Tei: (305) 859-2900
P.0. Box 12826
Suite 5, Bidg. 1
Otfice Park North
Pensacola 32575
Tel: 804) 476-8422

GEORGIA
P.0. Box 105005
450 Interstate North Parkway
Atlanta 30348
Tel: 404} 955-1500
Medical Service Only
*Augusta 30903

04) 736-0592
P.D. Box 2103
1172 N. Davis Drive

Warner Robins 31098

Tel: ©12) 922-0449

HAWAN
2875 So. Km&sme!

Tel lBOB) 955-4455

2415 Heinz Road
lowa City 52240
Tel: 319) 338-9466

KENTUCKY

Medical Only

3901 Atkinson Dr.

Suite 407 Atkinson Square
Loulsvllle 40218

Tel: (502) 456-1573

LOUISIANA

P.0. Box 1449

3229-39 Williams Boulevard

Kenner 70063

Tel: (504) 4436201

MARYLAND

7121 Standard Drive

Parkway Industrial Center

Henover 21076

Tel: 9013 796-7700
10-862-1943

2 Choke Cherry Road

Rockvllle 20850

Tel: 301) 948-6370

TWX: 710-828-9684

MASSACHUSETTS

32 Hartwell Ave.

Ltlln?!on 02173

ﬁ

MICHIGAI

23855 Research Orive
Farmington Hille 48024
Tel: §13) 476-6400

724 West Centre Ave.
Kalamazoo 49002
Tel: (506) 323-8362

Tel: (816)763-8000
TWX: 910-771-2087

1024 Executive Parkway
St. Louis 63141

Tel: (314) 878-0200
NEBRASKA

Medical Onl

701 Mercy Road
Suite 01
Omasha 68106
Tel: (402)392-0948
NEVADA
‘Las Vegaa
Tel: (702) 736-6610
NEW JERSEY
W. 120 Century Rd.
Pnrlmul 07652

01) 265-5000
TWX 710-990-4951
Crystal Brook Protessional

Building, Route 35

Eatontown 07724
Tel:201) 542-1384

NEW MEXiCO

P.0. Box 11634
Station E

11300 Lomas Bivd., N.E.
Albuquergue 87123
Tel: }292-1330
TWX: 910-989-1185
156 Wyatt Drive

Las Cruces 83001
Tel: (505) 526-2484
TWX: 910-9983-0550

34th street & 8th Avenue
New York 10001

Tei: 212) 971-0800
5858 East Molloy Road
Syracusa 13211

Tor (315) 455-2486

1 Crossways Park West
woodaurz

Tel: (516) 921-0300
NORTH CAROLINA
5605 Roanne Way
Greensboro 27405
Tet: 919)852-1800

OHIO
Medical,Computer Only
Bldg. 300

1313 E. Kemper Rd.
Cincinnati 45426
Tel: {513) 671-7400
16500 Sprague Road
S

el (216) 243-
TWX‘.eEi -423-9430
330 Progress Rd.
Dayton 45449

Tel: (513) 859-8202
1041 Kingsmiil Parkwey
Columbus 43229

Tel: (614)436-1041
OKLAHOMA

P.0. Box 32008
8301 N. Meridan Avenue
Oklahoma City 73112
Tel: @405) 721-0200
9920 E. 42nd Street
Suite 121

Tulss 74145

King of Prusala 1
Tel: 215) 265-7000
TWX: 510-660-2670

PUERTO RICO
Hewlett-Packard Inter-Americas
Puerto Rico Branch Office

Calle 272,

Edif. 203 Urg, Country Club
Carolina 00924

Tel: (809) 762-7255

Telex: 345 0514

SOUTH CAROLINA
P. D. Box 6442
69410 N. Trenhoim Road

Columbla 29260
Tei: (803) 782-6493

TENNESSEE
8914 Kingston Pike
Knoxville 37922
Tei: (615) 523-0522

3027 Vanguard Or.
Oirector’s Plaza
Memphia 38131
Tel: (901) 345-8370

“Neshville

Medical Service onl
Tel: (615) 2«.544&

EXAS
‘171 North Mesa

Tel: @15) 533-3555
P.0. Box 1270

201 E. Arapaho Rd.
Richardaon 75080
Tel: 214) 2316101

UTAH

2160 South 3270 West Street
Sait Lske City 84119

Tel: (801) 9724711

VIRGINA
P.0. Box 12773
Norfolk 23502
Tel: (804) 460-2671
PO, Box 0689
14 Hungal rings Road
Richmon r! szﬂ o
Tel: (804) 285-3431

WASHINGTON
Bellefield Dftice Pk.
1203-114th Ave. S.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202
Tel: (509) 535-0864

"WEST VIRGINIA

Medical Analytical Only
arleston

Tel: (304) 345-1640

WISCONSIN

9004 West Lincoln Ave,
West Allls 53227

Tel: (414) 541-0550

FOR U.S. AREAS NOT LISTED:

Contact the regionaj office
nearest you: Allanta, Georgia. ..
North Hollywood, California...

Rockville, Marylan. ., Rolling Meadows,

Illingis. Their complete
addresses are listed above.

“Service Only
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