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/23 MANUAL CHANGES

-hp- MODEL 3468A

MULTIMETER

Manual Part Number 03468-30000

ERRATA

Page ii, Tabls of Contents. Make the following corrections:

Initial Inspection. . .. ... .. % b B b oD G oD pE 84
Preparation for Use, . I -+ |
Table 2-6. Self Test Error Messages ....... 25
Figure 5-2, PowerCables. . ... ... ... ... .. 86

Page 24, Other considerations #3. Correct the value of C to
equal 620pF. The equation would now read:

—{3#108)+(1200+620) {10~ 12)#{In(.001/100)} =63mS

The last paragraph should indicate that an additional allowance of
30 to 35 mA should be allowed.

Page 33, Sending Instructions to the 346BA (Cont'd). Correct the com-
mand to load the Alpha register to read:

ALPHA | F2R1RAZIN4T2 |ALPHA

Page 58, Data Logger (Cont'd). Correct the program listing as shown:

Ei#LBL "LOGGED® Label Logger B +LEL "REAE" Label READ

B2 WES *IMIG2" Execute initialize program #2 *THTA" _ o .
BRI ¥ED =pyOcc a7 # Ftnd.b_l.?:ﬂ“:ﬁlﬂg of DATA fila
a4 ~DATA" A4 SEEKR ¥

S . Ay t.8ie Set up logp counter far ten
EE- ngg;FITE f;:;p DATA file on cassette a. a7 ap l sets of readings

ir & dr+LBL Bi

e SEFKR A% 11,978 Read one zat of ten readings
Ba 1,816 Set up IuDrJ countar for ten oY FEADRY

16 575 86 sets of fesdings Dy e ] Print set

11e Bl B! Sat 11 to 20 B

i2 11,828 ;ur:fe;?;[?:;t:r e 12 156 88 l End if ten sets have been
13 STQ 81 12 GT0 81 read, else go to line O7F

15 TRIGGER Trigger the 3468A, input
raading and smr&

|
iqeliL 82 } i¢ EHD.
|
|
|
}

16 IHD

{7 STO IRD &1

15 154 ol If ten readings taken go o
L HE line 12, else go to line 14
28 11,824 Store ten readings on
71 HRTRY casserie tape

proe i s i Emd if ten sets of readings
23 CTi a1 have been taken, else go 1o

4 LN lime 11

Page 72, Figure 4-3, Status Byte and SRQ Mask. Bit 1 shouid read:
Invalili Range

Page 75. Correct the example to read:
P=SPOLL {2801)

Page, Figure 4.4, 3tatus Byte. Bit 1 shouid read:

Invalid Range

10 February 1882

Page 83, Table 5-3. Specifications. DC WVolts, Maximum Reading
Rate: Line Frequency 50Hz, auto-zero on, 4 1/2 digit resolution.
The reading rate should be 12 (the table shows .12),

Page 89, Table 5-3. Speecifications. Hesistance, Measurament Ac-

curacy, 5 1/2 Digit Mode. Correct the chart to read:

Cai. Temp + 1°C - Cal. Temp + 5°C

Range 24 Hours 90 Day 1 Year
3000 0.0040 +3 0.012 +4 0.017 +5
3k—300k} 0.0040 +2 0.011 +2 0.016 +2
3M 0.0050 +2 0.011 +2 0.016 +2
30MQ 0.036 +2 0.066 +2 0.078 +2

Supplement A for 03468-90000
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IMUAINTIAL

IMPORTANT NOTICE

Most -hp- service offices in the United States are NOT authorized
to service and repair 3468A DMM’s. Notify your local -hp- sales

office for specific information on where to send the instrument for
repair,

Any changes made in instruments manufactured after this print-
ing will be found in a ““Manual Changes’’ supplement supplied
with this manual. Be sure to examine this supplement, if one ex-
Ists for this manual, for any changes which apply to your instru-
ment and record these changes in the manual.

WARNING

To help minimize the possibility of electrical fire or
shock hazards, do not expose this instrument to rain
or excess moisture.

© Copyright Hewlett-Packard Company 1981
P.0. Box 301, Loveland, Colorado, 80537 U.S.A

Manual Part No, U03468-90000

November 1981 Microfiche Part No. 03468-90050
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Meet The 3468A

Introduction

Your new 3468A is a fully programmable HP-IL digital multimeter. HP-IL (Hewlett-
Packard Interface Loop) is a serial interface allowing the -hp- Model 41C/CV family
of calculators or desktop computers such as the -hp- Model 85 to control your
3468A. In an automatic test or on the bench, the 3468A offers 3 1/2 to 5 1/2
digit resolution for measuring dc volts, true RMS ac volts, 2- and 4- wire ohms,
and dc and RMS ac current. The 3468A offers dc voltage performance from
1uvolt sensitivity up to 300 volts (full scalel, true RMS ac voltage capability up to
300 kHz, and resistance measurements from 1 mQ sensitivity to 30MQ (full scale).
Its dc and true RMS ac current measuring capability is from 10pA sensitivity up to
3A. The optional battery pack provides up to 5 hours of continuous portable
operation.

By selecting the number of digits displayed and using the autozero feature, the
3468A allows you flexibility in measurement speed and accuracy. Up to 31
readings per second can be made with the 3468A in the 3 1/2 digit mode. The
fast autorange feature of the 3468A allows fast bench measurements over a wide

dynamic range.

The alphanumeric Liquid Crystal Display (LCD} gives you measurement units as
part of the reading for easy-to-read, unambiguous answers. The HP-IL talk, listen,
remote, and SRQ status information is also available with LCD annunciators. The
SRQ button can be used to flag or interrupt your calculator from the front panel of

the 3468A.

Furthermore, to lower your cost of ownership, the 3468A is calibrated elec-
tronically, either manually from the front panel or remotely in an automatic calibra-
tion system. There are no internal adjustments and the calibration of all functions
s done without the removal of covers, The self-test function verifies most of the
internal circuitry of the 3468A indicating proper operation of the multimeter.

How to Use This Manual

This Operators Manual has been designed with you the operator in mind; to serve
as a complete reference document for using the 3468A as a solution to vyour
measurement needs. [t covers both bench use and remote programming.
Maintenance procedures, such as installation, are placed later in the manual
Chapter V. If, however, you have just received your 3468A you may want to read
that information. A separate service manual for the 3468A contains the informa-

tion on calibration, performance testing, and service.
1



Familiarize yourself with the 3468A by looking through this manual. The best way
to feel at ease with the instrument is to sit down with this manual and the 3468A
and key in the examples shown. [t won't take long to become familiar with the in-
strument and its many features.

The following paragraphs will serve as a guide to direct you to the remaining
chapters in this manual. Acquaint yourself with the manual before using your new
Hewlett-Packard Model 3468A Digital Multimeter by reading through these
paragraphs.

Using the 3468A,
Chapter |

Chapter Il discusses each function and

feature of the 3468A in detail. This ‘mmrl

: E 5 E s
chapter also covers topics such as op- : : A B
JO - : 50V : 3.:11;"5__:*301‘.'l
timizing reading rates, alternate trigger- : L N ,
' . RANGE 5V i Levomy T 3 oy | I
ing modes, and the display. The | L L : :
. : 300mV !‘_E?m"-" ' 1 303aV : Ir
topics are alphabetically arranged for — S 1 : |
m r ? I I t
easy reference. Most of the informa- : ] 20-Lo; l t L
tion in this chapter will prove to be 5 £ & ©w o 2%
very helpful when you are remote pro- R "
gramming the 3468A. INPUT LEVEL
3 ~ DOWNRANGE POINT
m = UPRANGE FOIMT
F4TE/=E-E

Programming With The
-hp- Model 41C/CV,
Chapter HI

Ri+LBL “RERE- Label READ

g2 "BATA"

N Find beginning of DATA fil _

- ] G A " The -hp- Model 41 family of handheld
45 1.919 ’ Sot up loop counter for tan calculators can be used to program
86 570 26 sets of readings your 3468A. This chapter teaches you
g7eLBL 21 : .

39 i1.020 } Read one set of ten readings how 10 execute 5|mple, one-line com-
A9 RERDRY mands from vour calculator and then
in 11.628 l Print set shows you how to write simple pro-
11 PRREGX i

12 156 B8 } End if ten sets have been grams for controlling the 3468A. At
13 610 81 read, else go to [ine 07 the end of the chapter are several ap-
14 .EKD.

plications programs designed to solve

frequently encountered measurement
problems.
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Chapter IV

Desktop computers with HP-IL capabili-
ty, such as the -hp- Model 85, may
also be used to program the 3468A.
Chapter IV deals entirely with this sub-
ject and provides numerous examples
to enhance the discussion. Several ap-
plications programs are provided at the
end of the chapter.

Uperators Maintenance,
Chapter V

This chapter addresses installation pro-
cedures, a complete table of specifica-
tions, what to do if you suspect pro-
olems with the 3468A, and many
other items of special interest to the
operator.

Most -hp- service offices in the United
States are NOT authorized to service
and repair 3468A DMM'’s. Contact
your local -hp- sales office for specific
information on where to send the in-
strument for repair.

HP-IL {Hewlett-Packard Interface Loop) .__al T L ]
is an easy to use and understand inter- ACORESS 1 Adeess 2 J
face that allows handheld calculators, [m“ﬁhﬂ”“ sooness & s s | "ol
as well as desktop computers, to in- ‘ —
teract with the 3468A and perform it s
many versatile printer, mass storage
' and control operations. Appendix A
provides a complete description of the

HP-IL Interface.




Turning it On

Before applying ac power to the 3468A, check the rear panel line voltage option
label to be certain the instrument is set for the nominal line voltage in your area. If
necessary, refer to the installation information in Chapter V. As you press the line
switch, carefully watch the display as the 3468A goes through a complete inter-

nal self test.

DISPLAY

RESULT

The 3468A performs a complete inter-
nal self test at power-on. Carefully
watch the display, especially the 12
annunciators along the bottom. Every
segment in the display (except for the
top dot in the colon} is turned on for
approximately 2 seconds. Following
this, a complete turn-on seif test is
performed. The 3468A is then reset
and returns to its turn-on state. A
more complete description of the Self
Test is found in Chapter |l, page 25.
Should any of the five elements of the
self test fail, a message will be
displayed identifying the general circuit
area where the failure occurred. This
can greatly reduce initial trouble-
shooting time.

This entire process takes only a mo-
ment to complete. At this point the
3468A is ready to use and is set to
the following state:

Function: DC Volts
Range: Autorange on
Display: 5 1/2 Digits of Resolution
Trigger: Internal Trigger

Auto-zero: On
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The front panel of the 3468A is designed for
gase of use by logically grouping keys that
are functionally related. This chapter is in- Measurement
tended to provide a basic working knowledge

of the 3468A in making typical

measurements. Use the first six keys along
top row to select the typ

measurement you want to ma

Function Keys

DC Voltage

e —
=V
 p——
——

~ ¥ AC Voltage

T —
= A | DC Current
r—'_!

~ A AC Current
SiE—
et 2-wire Ohms

4-Wire QOhms

—

Number of //

Digits Displayed

The ”"SHIFTED” functions of the
range keys are used to seiect
alternate numbers of display

digits. This feature is provided as These
a means to increase reading proper
rates, but with a trade-off of ment.
noise rejection and resolution. Ee select
sure to read DISPLAY and QP- Note |
TIMIZING READING RATES in the dis
Chapter II.
AUTC
3 3 1/2 digit mode, MAN

auTo | (fastest reading rate,
MAN | least resolution and lit-
tle noise rejection).

&
4 1/2 digit mode. @

5 1/2 digit mode, {best
noise rejection, slowest
reading rate)

<) o)




Display

12 character alphanumeric display
with 12 dedicated annunciators.
The display is read directly in
engineering units, i.e., VDC for
DC Volts, MOHM for Meg-ohm

~ resistance, etc,

Blue Key

Ishift] pressed before another key
executes the function shown
above that key.

TIMETER

l@tﬁ EﬁEI.EEﬁ'HP HAHD

e - A s S S . "Siet-S—L-

I e o

i A U R AT R R B 0 E
- ol [ - - -

TR B P A et e
T R R L LA i . . e me

e ﬂﬁ.NEEIh Dh;l"" m“'""a J'JLLITE}

EE‘?E!

Range Keys

- keys are used to select the
r range for the measure-
Press any of the keys to
the manual range mode.
the M RNG annunciator in

splay.

)

Pressing this key tog-
gles between Autc and

Manual ranging.

] Upranging.

Downranging.

ENT
TRIG

These keys are used 1o select
special operating features of the
3468A. The next two chapters
provide a detailed explanation oi
these keys. The blue shift key
allows for selecting the
“SHIFTED” functions of the bot-
tom row of keys. You can always
tell when you have pressed the
Shift key; the SHIFT annunciator
will appear in the display. It will
disappear when the function is
executed or shift is pressed
again,

Internai Trigger is selected by this
key. In this mode, the 3468A
triggers itself for the fastest
possible reading rate.

SGL
TRIG

{}Sense

These terminals are use
voltmeter sense leacds w
ing 4-wire chms measur

: !E W1HE?

Additional Fea
Keys

Autozero is a function th.
you to enable or disable
nal zero-correction circui
ing Autozerc off incre
reading rate with a tra
long term stability.

Pressing the Single Tri
causes the 3468A to 1
reading and wait for the |

ger. Note the S TRG ani
in the display.

Test/Reset performs an inte
test then resets the 346!
turn-on state. Any error
self test are noted in the



(}Sense

Y These terminals are used for the
n voltmeter sense leads when mak-
iNng 4-wirg ohms measurements.

Additional Feature
Keys

Autozarc is a function that allows
you to enable or disable the inter-
nal zero-correction circuitry, Turmn-
ing Autozero off increases the
reading rate with a trade-off of
long term stability.

Pressing the Single Trigger key
SGL
TRIG causes the 3468A to take one
reading and wait for the next trig-

ger. Note the S TRG annunciator
in the display.

Test/Reset performs an internal self
test then resets the 3468A to its
turn-on state. Any errors in the
self test are noted in the display.

T

_,—-'_"'_'_.

Input

These are the wvoltmeter and
2-wire ohms input terminals.

A,

This is the Amps input terminal
and is used with the INPUT LOW
terminal. {3 Amp fuse protected)

SRO

LOCAL

The front panei SRO {Service He-
quest) key is an HP-IL operation
that enables you to manually in-
terrupt the controller. This key is
enabled by setting the SRQ mask.

The 3468BA HP-IL Address is
displayed in response to the Ad-
dress key.

Another HP-IL operation, Local
returns the 3468A to front panel
control from the REMOTE mode.

The 346BA features total elec-
tronic calibration. The Cal key is
used as part of that procedure.
See the 346BA Service Manual,
-hp- part number 03468-30001.

5/6



Using [The w4@ j

introduction

The -hp- Model 3468A Digital Muiltimeter is a very powerful bench instrument
equally at home in the lab or production areas. In the first chapter you saw the

very basic features of the 3468A; in this chapter you will learn to use those
features to solve your measurement needs. The chapter starts with a short table

of Operating Characteristics. Following this is detailed operating information ar-
ranged alphabetically by subject. This information in this chapter presents the
most comprehensive description of the multimeter's functions. Whether you use
your 3468A as a stand alone bench instrument or coupled with a computer or
handheld calculator for a measurement system, the information in this chapter will
prove invaluable.

Operating Characteristics

The Operating Characteristics of the 3468A are detailed in Table 2-1. This table is
an abbreviated set of specifications. You will probably find that this table answers
most of your guestions about the capabilities of the multimeter without poring

' over several pages of specifications. The complete Table of Specifications for the
3468A is given in Chapter V.

etailed Operating Instructions

The goal of this chapter is to provide easy to find answers to the vast majority of
questions you may have about using your 3468A. To this end, this chapter is
divided into 11 major subject headings. Each subject presents the most com-
prehensive information about a particular feature or function of the 3468A. At the
end of most subjects will be a short list of HP-IL remote programming commands
that pertain to that subject.

Table 2-1. Operating Characteristics

DC VOLTS 1Tavaolt sensitivity (.3V range) to 300V Full Scale AC AMPS 1pA sensivitity (.3A range) to 3A Full Scale
Zin: >10'%g, .3V and 3V range Maximum Shunt Resistance = .33Q
10 M2 + 1%, 30V and 300V range Bandwidth: 20Hz - 20kHz

Maximum Burden at Full Scale = <1V
AC VOLTS 1pvoit sensitivity {.3V range) to 300V fuil scale
True RMS Responding, Crest Factor = 4:1 at

full scale OHMS 1mfl sensitivity (300 obm rangel to 30
Bandwidth: 20Hz to 100KHz |300KHz on 30V megohms Full Scale
range) Open Circuit Voltage: <6.5V
Zin: 1 MQ + 1%, in parallel with < 8OpF Current through Rx: 3008, 3K{ range - TmA
' 30KQ range - 100xA
itivi 300K& range - 10gA
DC AMPS  10gA sensitivity to 3A full scale 3MQ range - 1pA

Maximum Shunt Resistance = .33

Maximum Burden at Full Scale = < 1V 30MQ range - 100 nAnA
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VW hat is Aultozero?

The autozerc key allows the user to selectively enable or disable the internal zero-
ing technique used in the 3468A. Enabling autozero insures the user that any off-
set errors generated internal to the 3468A are continuously nulled with each
reading. This renders the most accuracy. There are, however, many applications
where disabling the autozero is advantageous. With autozero off, the internal
reading rate nearly doubles. This would be important in programmable applications
where speed is critical. Furthermore, the 3468A input circuitry remains in a com-
pletely static state with autozero off. This is useful when making measurements in
extremely high impedance circuits where the internal switching transients of the
3468A may affect the reading accuracy. Of course, any range or function change
that takes place with autozero off is automatically accompanied with an autozero
update. The thermal stability of the measurement environment is the most impor-
tant factor in deciding whether or not to turn autozero off. By simply keeping the
temperature of the 3468A at a fixed value, you can turn autozero off without
adverse effects.

How It Affects Measurements

Do This
Turn the 3468A off, then on again.

Press: AUTO Notice that the display is being up-

- dated more frequently, indicating a

[ ] I ] faster reading rate. Also notice that
the AZ OFF annunciator is now on in
the display. The Autozero feature is
now turned off. Pressing the key se-
quence again will turn Autozero back

on.

TRIG

DC Voltage and Current

Autozero is used to correct for small offsets (thermal, etc) in the DC input
amplifier circuitry of the multimeter. With the Autozero feature enabled {Autozero
is enabled at power turn-on) the 3468A takes two measurements per reading: a
"zero” measurement and a measurement of the input voltage. The displayed
reading is the algebraic difference between the two measurements. The 3468A
makes the zero measurement by disconnecting the multimeter’s input terminals,
and then shorting the internal input circuitry to circuit common. It then switches
back for an input voltage measurement. All switching is internal and is automatic.

8




JTOZERO (Cont'd)

=

LI:][TF-

With autozero turned off, whenever a new function or range is selected the
3468A immediately takes one final zero measurement and stores the results in its
internal memory. Subsequent measurements of the input voltage subtract this one
zero measurement to correct the reading. Since only the input voltage is
measured, the reading rate almost doubles.

AC Voltage and Current

Since the input signal conditioning circuitry for these two functions is ac-coupled,
it is not necessary to correct for dc offsets in the input circuitry. Thus the auto
zero function is only used to null offsets in the A/D converter. Turning autozero
off in ac volts and ac current eliminates the zero reading of the A/D converter,
resulting in a faster reading rate.

Resistance Measurements

For 2-wire ohms measurements the autozero feature performs just as it does for
DC voltage measurements. Resistance measurements using the 4-wire mode re-
quire different considerations.

The zero measurement is normally made with the input amplifier shorted to circuit
common. [n the 4-Wire ohms mode, the input amplifier is shorted to the 4-Wire
SENSE LO terminal for the zero measurement. With autozero " ON”, the zero
reading is updated for each measurement cycle. With autozero " OFF”, the reading
is not updated and may cause an ohms measurement error if the resistance of the
test leads change. To prevent this error, a new zero reading should be taken by
changing or updating the state of the 3468A anytime test leads are changed.

See Also: Display (Integration Time) and Optimizing Reading
Rates

@ Commands

Z0 Turns autozero off
Z1 Turns autozero on
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One of the many features of the 3468A is electronic calibration. This represents a
totally new concept in Hewlett-Packard voltmeters. Before, voltmeters had to be
removed from their mounting, have their covers removed, and mechanical ad-
justments made. Then the voltmeter had to be reassembled and installed. But
now, calibration may be done by simply applying a stimulus and pressing a front
panel button. There is absolutely no disassembly required. It is beyond the scope
of this section to present the entire calibration procedure. For complete calibration
information refer to the 3468A Service Manual, -hp- part number 03468-90001.

Briefly, Electronic Calibration is done by applying a known voltage (or resistance or
current) to the voltmeter and telling it the exact value of that input. The voltmeter
then takes ten readings and compares the average of those readings to the known
value. A " CALIBRATION CONSTANT” is calculated to correct the reading to the
known value and then stored in the voltmeter's memory. These Calibration Con-
stants are generated for each range and function of the meter. All subsequent
measurements are corrected by the constants. The Calibration Constant memory is
backed-up by a long life battery to maintain the constants when power is turned

off.

Calibrate Enable

On the rear panel of the 3468A is a bank of eight small switches. Switch 8 (right-
most) is the CAL ENABLE switch and when set to the down position enables the
3468A to be calibrated. A 'C:"”" will appear between the numeric field and the
alpha field in the display when calibration is enabled. This switch should not be
set except when gualified service trained personnel are to perform the calibration
procedures. Enabling the CAL switch may cause loss of calibration if proper pro-
cedures are not followed carefully.

L
(= Commands

=

C Calibrate
(see the 3468A Service Manual)
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Measuring Current

Your 3468A has the capability of measuring DC or True RMS AC Currents up toc 3

amps. The current function is protected by a 3 Amp, 250V fuse. If the fuse
opens, refer to Chapter V before replacing. The illustration below shows the inter-
nal current shunt and fuse used in the 3468A. The unknown current flowing

through the current shunt produces a voltage which can then be measured.

Current inputs of greater than 1 amp may cause the current shunt to change value

slightly due to self heating (somewhat like a thermistor). Sufficient time should be
allowed for the circuitry to settle after the measurement is complete, before other
critical current measurements are made.

DC Current

The DC Amps key puts the 34868A into the dc current measuring mode. When

measuring currents, remove all other tests leads from the 3468A front panel.
There is one range available for dc current measurements: 3 amp range.

AC Current | ~ a [

Measuring ac current is identical to dc current, except that the AC Amps key is
used to select the measurement function. Also, two ranges are available for the
measurement.

Commands

F6 Selects DC Current mode
F6 Selects AC Current mode rffﬁ,":ff [L"::;

O%”FO

J00VAS

MAX
= 14
3A R R EHUNT
MAX
ALL TERM
+300Vpk
MA X
i BREAR
= 3A/250V CIRCUIT X
FUSE HERE
"Internal to the 34BBA DC OR AC

CURRENT
SOURCE

Figure 2-1. Current Measurements
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DISPLAY

(o

HOow 1T Is Used

Another of the unique features of the 3468A is the 12 character aiphanumeric
display with 12 dedicated annunciators. The alphanumeric display may be used in
one of three modes: NORMAL, MESSAGE, or USER GENERATED MESSAGE. The
annunciators are used to indicate the current state of the multimeter's features
(SRQ, autozero, 2- or 4- wire ohms, etc.).

Do This
press; TEST/ This puts the 3468A in its SELF TEST
- mode. For now, just watch the display
| and notice the 12 characters in the
[ display and the 12 annunciators.
Normal

in the NORMAL mode of operation the display i1s used to indicate the resuits of the
measurement, whether dc voltage or ohms, etc. The measurement is displayed In
the 2nd through 7th characters in the display. The first digit displays the polarity
{+ or —) of the reading. The measurement function {and, in some instances, an
indication of range} is given in the last four characters of the display. The max-
imum display is 301000 with the decimal point appropriately placed for the range.

Do This
press: This puts the meter in the dc wvolts
function, manual range mode. Note the
MAN : : .
M RNG annunciator in the display.
press. Press these keys several times and

watch the display as the decimal point

> \ OR @ moves across, and as the display in-
dicates VDC for Volts DC. The display
is always read directly. Do the same in
the 2-wire ohms mode. Watch as the
display indicates OHM, KOHM (kil-
ohms) and MOHM (Meg-ohms).

12




DISPLAY (Cont’d)
Abnormal Multimeter Readings

If a reading is larger than a particular range can display, the display will indicate an
"OVLD" (overload) with the measurement function and decimal point still
displayed.

it the A-D convertor is inoperative, the dispiay will indicate “"ERROR 8 or “A-D
ERROR”. The 3468A will continue to try to make a reading, and if it succeeds, it
will display the reading.

Message

it was demonstrated in the last two paragraphs that the 3468A is capabie of
displaying error messages. There are several other messages the 3468A may
display. For example:

Do This

press: CAL The display should now indicate
[ ] [mcm] “ENABLE CAL”. This message in-
dicates that the -calibration switch

must be set to the calibrate position
before - the instrument can be

calibrated.
OR ADRS
I I R The display now shows the HP-IL ad-
¢ dress of the 3468A.

-~ —_—

These are two more examples of messages which the 34868A may display. Other
possible messages will fall into one of three categories:

Table 2-2. 3468A Messages

ERROR MESSAGES (see Self Test)

ERROR 1 - Calibration RAM error

ERROR 2 - Internal microprocessor RAM error

ERROR 4 - Internal microprocessor ROM error

ERROR 8 - A/D converter error detected during Seif Test

A-D ERROR - An A/D converter error was detected while trying to take a reading.

It more than one failure is detected, then ""ERROR dd” will appear in the display. The decimal number, dd,
represents the summation of the individual error message numbers, For example, ERROR 9 would indicate
that errors 1 and 8 were detected.

13
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Table 2-2. 3468A Messages (Cont'd}

CALIBRATION MESSAGE (see the 3468A Service Manuall
INV CAL F&R
This indicates that the present function and range does not allow calibration constants
to be calculated. That is, it is either an invalid range or it uses a calibration constant
calculated by another function and range.

iINV CAL SIG
Indicates that the 34B8A cannot calibrate to the applied input signal.

iNV CAL ZERQ
This means that the zero calibration constant is not valid when attempting 1o calibraie
the gain.

ENABLE CAL
The CAL ENABLE switch must be set to the CAL position {down} in order to do a
calibration.

iNV CAL NUM
The number put in the display Is not an acceptabie number to calibrate to.

CAL RAM BAD
The calibraticn RAM did not accept the data written to it.

GENERAL USAGE MESSAGE

ADDRESS 22
This is the HP-IL address of the 3468A. The actual address of the the instrument wili
depend upon its position in the interface loop. See Chapters lll and IV. The factory
presct address is 22.

OVLD
This stands for overload and indicates that the input is too large for that particular
range.

INVALID
The selected combination of range and function is not a valid combination. This error
can only occur when the 3468A is being remote pragrammed,

User Generated Message

Under computer control the 3468A can display your own user messages of up to
12 characters. Refer to Chapter lll or Chapter IV, for more information on this.

yail d
ommands
-

D2text Places the message " text” into the dispiay
D1 Returns the 3468A to NORMAL display.

Changing the Number of Digits of Display

When you are displaying measurement results (NORMAL mode), you also have a
choice of the number of digits displayed, i.e., resolution of the reading. This not
only has a great effect on the reading rate but also affects the Normal Mode Re-

jection (NMVR).

14




Do This

press: ) This puts the 3468A into the 3 1/2
- digit display mode. This mode has the
l[ﬂﬁ,}] fastest reading rate but the lowest

resolution and little noise rejection.
The integration time in this mode is .1
power line cycle.

4 This 1s the 4 1/Z2 digit dispiay mode.

[—l 1@ ; This mode provides 59 db NMR with

an integration time of 1 power line cy-

cle {1666 mS at 60Hz, 20 mS at
50Hz).

UR

5 The b 1/2 digit display mode provides
' [ ‘][ ] the best resolution and greatest

@ amount of noise rejection. In this
mode, 10 readings are taken, each
with 1 power line cycle integration
time, and averaged together. This pro-
vides 80 db of noise rejection.

Integration Times

As mentioned above, changing the number of display digits does more than merely
change the resolution of the multimeter. it actually changes the " INTEGRATION
TIME® , which determines the reading rate. This in turn will greatly affect the Nor-
mal Mode Rejection (NMR) of the 3468A. The 3468A uses an integration type of
A/D converter. Integration is a process where the effects of line related noise are
averaged to zero over the period of an integral number of power line cycles
(PLCs} during an A/D conversion. The integration time is not the same as the time
for one measurement. The integration time is the time period, in PLC’s, during
which the input voltage is sampled by the voltmeter. At 4 1/2 digit display, the
time required for one integration cycle is one PLC: 16.66 mS at 60Hz line fre-
quency, 20 mS for BOHz. The integration time is determined by the setting of the

50/60Hz line switch on the rear panel. In the 3 1/2 digit mode, the integration
time is .1 PLC. Normal Mode Rejection (NMR)is the ability of a voltmeter to ac-
curately measure dc voltages in the presence of ac voltages at power line frequen-
cies. The 3468A has much better NMR at 4 1/2 digit display than it does at 3
1/2 digit display {69 db vs. 0Odb). The greatest amount of NMR is available from
the 5 1/2 digit mode (80 db) where ten (10) readings are taken at 1 PLC integra-
tion time and averaged together.
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The 12 display annunciators, located along the bottom of the dispiay, are used to
indicate the state of the 3468A.

Tabie 2-3. Annunciators

Annuneiator Indication

SRA The SRO annunciator indicates that the 3468A is trying to request service from
the controller. Refer to Chapter lll and Chapter IV,

LSTHN The LSTN {LISTEN) annunciator turns on when the 3468A is addressed to listen
via the HP-IL.

TLK The TLK annunciator means that the 3468A has been addressed to talk via the
HP-IL.

RMT RMT indicates that the 3468BA is under remote control. The front panel keyboard
is inactive except for the LOCAL and 5SRO keys (see LOCAL and LOCAL
LOCKOUT in the next chapter).

MATH MATH is not used on the 3468A.

AZ OFF The Autozero feature of the 3468A is disabied.

20 The 3468A is in the 2-wire ohms mode.

40 The 3468A is in the 4-wire ohms maode.

M RNG This annunciator indicates that the 3468A is in the manual ranging mode,; auto-
range is Inactive.

S TRIG Single trigger means that the internal trigger is5 disabied. The voltmeter idles until
gither the single trigger key is pressed again, or a8 TRIGGER message is received
over the Loop.

CAL The CAL annunciator will turn on if the 3468A requires calibration in the selected
range and function.

SHIFT  This annunciator indicates that the [SHIFT] key has been pressed, enabling the
shifted functions. The annunciator will go off when either the function is executed
or the [SHIFT] key is pressed again.

16



OPTIMIZING READING RATES

Why Optimize/?

There are several reasons why you would want to optimize the rate at which
readings are taken by the 3468A. Perhaps you are using a scanner to measure a
large number of points where a faster reading rate would mean a better picture of
what is happening at a single point in time. Or maybe you need to read fast so
that you don't waste valuable computer time waiting for a measurement result.
Whatever your reason for optimizing reading rates, the 3468A can solve many of
these application problems. Your maximum reading rate with the 3468A is in-
fluenced by several factors. These include the signal environment {line related and
broadband noise, thermals, etc.), the desired accuracy, and convenience features
such as autorange or autozero. The speed and timing of the A/D process is depen-
dent upon a number of factors. The number of digits of resolution selected,
whether or not the autozero feature is enabled, and the selected func_tiun deter-
mine how long it takes for the A/D to make a conversion.

Your Signal Environment

The signal that you are trying to measure is subject to line related and broadband
noise which can interfere with your measurement. The 3468A works to reduce or
reject this kind of noise by using a form of Analog to Digital (A/D) conversion call-
ed integration. Integration is a process where line related noise is averaged to zerc
over the period of an integral number of power line cycles {PLC’s) during an A/D
conversion. The measure of the ability of the multimeter to measure dc voltages in
the presence of ac voltages (at power line frequencies) is called Normal Mode Re-
jection (NMR). The NMR of the 3468A is dependent upon the number of digits
displayed. An important part of this process is to make certain that the 50/60 Hz
line switch (S1 on the rear panel) is set properly: up for 50Hz line frequency and
down for 60 Hz.

Integration Times

Changing the number of digits of dispiay does more than change the resolution of
the reading. It actually changes the “INTEGRATION TIME” which determines the
reading rate. The integration time is not the same as the time for one measure-
ment, the integration time is the time period, in PLC's, during which the voltmeter
samples the input voltage. At 4 1/2 digits of display, the time required for one in-
tegration period is one PLC: 186 2/3 mS at 60Hz line frequency or 20mS at bOHz.
At 3 1/2 digits of display, the integration time is .1 PLC. Normal Mode Rejection
(NMR)} is a measure of the ability of the voltmeter to accurately measure dc
voltages in the presence of ac voltages at power line frequencies. The 3468A has
much better NMR at the 4 1/2 digits of display (59 db) than at 3 1/2 digits {Odb)
because of the integration times. At 5 1/2 digits of display, the 3468A takes ten
(10) readings, spaced a fraction of a line cycle apart, in the 4 1/2 digit mode and

averages them together. This provides the greatest amount of noise rejection
(80db).

17



OPTIMIZING READING RATES (Cont'd)
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The thermal stability of the measurement environment is aiso a very important
consideration. If you are making measurements in a stabie temperature environ-
ment, disabling the autozero function can nearly double the reading rate with
almost no loss in accuracy. Any range or function change that takes place is
automatically accompanied by an autozero update which removes any ac-
cumulated offsets.

Other Factors Influencing the Reading Rate

1. You can speed the reading rate by selecting a fixed range instead of allowing
the multimeter to autorange every reading.

2. AC voltage measurements have a built-in 600mS settling time. Resistance
measurements can be made as fast as DC voltage measurements except on the
3Mohm and 30Mohm ranges where a settling time (20mS and 200mS respective-
ly) is needed for accurate measurements.

3. The maximum possible reading rate is with 3 1/2 digits displayed, autozero
off, any DC voltage function, 60 Hz power selected, manual range, a positive
voltage measured, and internal trigger selected.

4. It is important to note that even though the 3468A may be taking readings

at a faster rate, the display is only updated at a maximum rate of five times per
second. Faster reading rates are intended for and only accessible through HP-IL.

18




RANGING

What About Ranging?

Selecting the proper range on the 3468A may be done either automatically by the
multimeter, or manually with the front panel keys. The fast autoranging in the

o . _ ___._.-
. T ik
ram— = [ - -

=
-

ff 3468A provides quick bench measurements.

Reading the Display

Do This

.1 Short the 3468A's input terminais.

'f

h : press: Notice that the M RNG annunciator
turns on in the display. This indicates
i 5 that the meter is in the manual range
?. mode. Pressing this key again returns

the meter to the autorange mode.

press: Press each of these keys several
times. Watch the decimal point as it

@ S @ moves across the display. Also notice

the range annunciator in the display.

Try this in all the measurement func-

tion modes to see the possible range
displays.

The display is always read directly and gives an indication of the range as a com-
bination of decimal point and function display. Try connecting a variable dc power
E supply to the multimeter. Make sure that the meter is in the DC volts function and

i autorange mode. As you adjust the power supply, watch the display. The display
will momentarily go blank as the meter changes ranges. You might see a reading
]I such as .047215 VDC. Reading the display directly, this would indicate a
E measurement of 47.215 milli-volts dc.
i .
Table 2-4. Valid 3468A Ranges
Function Ranges Display Indication HP-IL Code
E DC Volts .3V,3V,30V,300V vVDC R1,R2,R3,R4
L
5 AC Volts 3V,3V,30V,300V VAC R1,R2,R3,R4
:-. DC Current 3A ADC R1
K
A AC Current | .3A AAC R1
| 3A AAC R2
Resistance 3000 QOHM R
3K, 30K, 300K KOHM R2,R3,R4
3MQ, 30MQ MOHM R5,RE

If the muitimeter is in the manual range maode, the display will indicate an overioad
{OVLD) when the input is greater than the particular range can handle.
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RANGING (Cont'd)

Autorange

Autoranging on the 3468A is done by taking readings internally in the 4 1/2 digit
mode. Measurements are made on successive ranges until one is found where the
reading is between full scale (301000 counts) and approximately 9% of full scale
{027000 counts).

e a—

HP-IL
%j _ Command

RA Selects autorange mode

Autorange Hysteresis

In the autorange mode, the muitimeter will up range (go to a higher range} if the
display reading exceeds (+} 301000 counts or it will down range (go to the next
lower range) if the display reading decreases below {(+) 027000 counts. This
assumes a b 1/2 digit mode. These numerical autorange points are irrespective of
decimal point placement. The difference between the two points is called the
autorange hysteresis and is illustrated in Figure 2-2 for DC Volts. Autoranging in
other functions is similar.

i
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Figure 2-2. Autorange Hysteresis

VManual Ranging (22| [ ] <]

The 3468A is put in the manual range mode in one of three ways: pressing the
AUTO/MAN {Autorange/Manual range) key, which will cause the meter to maintain

its present range; the UP-ARROW key, which will cause the meter to go to the
next higher range; or the DOWN-ARROW key to go to a lower range. In any case,
when the 3468A is in the manual range mode, the M RNG annunciator is on in
the display. Pressing the AUTO/MAN key restores autoranging.

HEIL
‘/1_ | | Command

see [able 2-4.
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REAR PANEL

What is on the Rear Panel?

Figure 2-3 illustrates the 3468A rear panel. Notice especially the line voltage op-
tion sticker, the HP-IL input/output plug, and the group of switches. Before plugg-
ing the 3468A into an ac power source make certain that the option marked on
the sticker coincides with the nominal line voltge of the source. The line voltage
option for the 3468A may be changed only by qualified service trained personnel.
See the 3468A Service Manual.

The Rear Panel Switches

Switch number 1, left-most switch, sets the 3468A to the HP-iL Talk-Only mode
when the switch is in the ““up’ position. See Chapter Ill and IV.

Switch number 2 and 4 are not used and are covered by the rear panel.

Switch number 3 (up) sets the power-on SRQ (PON SRQ) feature. When this
feature is enabled, i.e., the switch is up, the 3468A will generate an SRQ {Re-
gquest Service HP-IL message} whenever the ac power is cycled or test/reset oc-
curs.

Switch D is the 50/60 Hz line frequency switch. This switch should be in the up
position if a power line with 50Hz frequency is being used, or down if a 60Hz
power line is used. This switch changes the integration pericd (see OPTIMIZING
READING RATES) of the A/D converter so as to obtain the greatest NMR and EC-
MR rejection at the line frequency used. The reading rate is slightly slower when
5OHz is selected.

Switches 6, 7, at power-on, forces the 3468A into Digital Signature Analysis
routines for troubleshooting. Refer to the 3468A Service Manual, -hp- part number
03468-90001. These switches are not accessable from the rear panel.

Switch 8 is the Calibration Enable switch. When placed in the down position,
calibration is enabled. This switch should not be enabled by anyone other than
qualified service trained personnel. Enabling the CAL switch may cause loss of
calibration if proper procedures are not followed.

Switch
; S e i Definitions
[@gﬁ Sdﬁ&AMULTIMETEH
; 1”“; ’gng ;:»T S 4 HEWLEIT- Pncﬁhnﬂ :
4 A O 0B 2E R  MADEINUSA
g ene Cmamenvorron || GG
i i St i Me«:-__.:; T R
o JMBER E@ a A
- ; - T ...- ..“...:-.::_- - -
i
|5 HP-iL
F_-.
; Connector
i
Gy
Rear Panel
.
Switches

Figure 2-3. 3468A Rear Panel and Switches

21



EMENTS

RESISTANCE MEASURI

e e ""l .-"‘“.._l:-"":,-I

I = L &
'|II-;;."'I w@ﬁ“ﬁhﬂ Jla,,;l l“&-ﬁfihﬁmu_ Hi¥lw

The 3468A is capable of measuring resistance from .1 milli-ohm to 30 Megohms
in six ranges. Resistance measurements may be made in either 2- or 4-wire ohms
configuration. The illustrations in Figure 2-4 show how resistance measurements
are made. A known current is supplied by the 3468A and flows through the
unknown resistance. The DC voltmeter measures the attendant voltage across the
resistor and calculates the resistance. Table 2-5 shows the nominal current
through the unknown resistance for the individual ohms ranges. Resistances in ex-

cess of 30 Megohms may be measured using the extended ohms mode.

{1 SENSE INPUT {1 SENSE INPUT

(4 WIRE) {2 WIRE) - S {4 WIRE} (2 WIRE 1.02
1.02 .‘

O:|HI - S e 1.02

LEAD RESISTANCE

LEAD RESISTANCE

300V T I S * 300V I ; 2814
MAX SOURCE 28144 @ A CD SOURCE
ITYPE 4404
THERMISTOR
LO AT 20°C) e LD e
—— -
AT 3A S X
% o i3 R
ALL TERM 1.02 ALL TEEM Ul
*500Vpk A t500vpk A
M A X, MEASURED RESISTANLCE MAX
1 IS 2816.040 AN ERROR a
— SAS250V OF .07%. = 3AS250V
FUSE FUSE

*Internal

2-WIRE OHMS MEASUREMENT

o the 33b0B4A

4-WIRE OHMS MEASUREMENT

Figure Z-4. Resistance Measurements

Tabie 2-5. NMominal Currents through Unknown Hesistance

Currant Through Maximum Open

Range Unknown Circuit Veltage
3000 1mA 6.5 V
SKil 1mA 6.5V
30K 100uA 6.5V
300K T0uA 6.5 V
SMil TUA 6.5 V
30MQ 100nA 6.5V

2-Wire Ohms

The two wire ohms mode is used most commonly when the resistance of the test

leads is not critical.
mode if the resistance of the test leads is very high, i.e.,

22

Inaccurate results may occur when using the 2-wire ohms
long test leads. Suppose
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RESISTANCE MEASUREMENTS (Cont’d)

you are making temperature measurements with a type 44004 thermistor. Refer
to Figure 2-4. At 20°C, 40 feet of #24 A W.G. copper wire has a resistance of
1.02 ohms. Two such wires would have a total resistance of 2.04 ohms. With a
type 44004 thermistor this would result in an error of .1%.

%_ \ Command

F3 Selects 2-wire ohms mode

4-Wire Ohms

The use of 4-wire ohms measurements eliminates the errors caused by the test
lead resistance. Figure 2-4 illustrates this point. The current through the thermistor
is the same regardless of the lead resistance, and the voltmeter measures only the
voltage across the thermistor, not across the combined lead resistance. The 4-wire
resistance measurements are essential when highest accuracy is required, or
where long lead lengths are present.

HP-IL

-—@ Command

F4 Selects 4-wire ohims mode

Extended Ohms

The extended ohms feature of the 3468A is available only via the F7 remote pro-
gramming command. With extended ohms, the 3468A can be used to measure
resistances in excess of 30 Mohms. When in the extended ohms mode, the
3468A goes to the 30 Mohm range, 2-wire mode. An internal resistance of ap-
proximately 10 Mohms is placed in parallel with the input terminals by the
3468A. If this resistance is measured first and then vour unknown resistor con-
nected to the input terminals; the parallel combination can be measured. A calcula-
tion can then be performed to determine the unknown resistance. The formula for
the calculation is:

Ri » Rt
Ri — Rt

Rx =

Rx i1s the unknown resistance, Ri is the measured vaiue of the internal 10 Mohm
resistor and Rt is the measured value of the parallel combination. The test leads
used for the measurement should be very short, preferably a shielded twisted pair,
to redure noise pick up.

Programs to make the necessary measurements, perform the calculations, and
display the value of the unknown resistor is given in Chapters Ill and V.
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RESISTANCE MEASUREMENTS (Cont'd)

|G- B
%} w Command

F7 Selects the Extended Ohms function {aisc H7)
(2- wire mode)

Other Considerations

1. There are two situations in which the 3468A may indicate a negative
{minus) resistance. One is when small negative voltages exist on the circuit under
test. The second is where the inputs to the 4-WIRE SENSE and the input leads are
inverted from each other in the 4-wire ohms function.

2. Always use the shortest possible test leads. This is important on the lower
ranges to minimize errors due to lead resistance (2-wire ohms mode}, and on the
higher ranges to minimize noise pick up.

3. Additional settling time may be required when using the higher ohms ranges
under program control. This is important if there is more than %F shunt
capacitance connected externally as might be the case if you were using the

3468A with a scanner. Theoretically, the settling time necessary is:

— RC*Iin{P/100)
60
Where R is the resistance being measured, C is equal to 4#8pF plus any external
capacitance, and P is the desired percentage of step accuracy. For example, lets
say we want to measure a 3.0 Mohm resistor through a scanner with 1200pF
capacitance (High-to-Lo terminals). If a2 short was previousiy applied {short to 3.0
Mohms = step) and a .001% reading is desired, the settling time necessary is:

o 2
—(3*105}*(1200+Eﬂ-l*{10_121*{ln(.001f100]} — g&ms
Since on the 3 Mohm range there is an internal delay of 20mS, an additional delay

-
of to g mS should be allowed. The 30 Mohm range has an internal delay of
200 mS.
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TEST/RESET

What 1t Does

The 3468A self test performs several checks on the digital and A/D converter cir-
cuitry of the instrument. A failure in any of these four areas is indicated by an er-
ror message in the display. When the self test is complete, the 3468A resets to
its turn-on state.

Do This
press: 1EST/ This initiates the functional tests of
oL the digital circuitry in the 3468A. The
[ ' ‘ [THIG ] SELF TEST starts by turning every seg-

E ment in the display on {except the top
dot on the colon) for about 2 seconds.
E Following this, a complete power-on
| SELF TEST is performed. If the test
passes, the 3468A returns to its
power-on state. If the test fails, an er-
ror message appears on the display in-
stead. After the error message is
displayed, the 3468A attempts to
operate normally. The turn-on state for
the 3468A is:

Function: DC volts
Range: Autorange on
Display: 5 1/2 digits
| Trigger: Internal trigger |
Auto-Zero: on ]

Table 2-6. Seff Test Error Messages

ERROR 1 - Calibration RAM error. This may indicate that only certain func-
tion and range combinations are not calibrated as indicated by
the “"CAL'" annunciator. However, the 3468A will continue to
operate correctly on all other functions and ranges where the
CAL annunciator is not lit.

ERROR 2 - Intemal microprocessor RAM error
ERROR 4 - Intemal microprocessor ROM error
ERROR 8 — AfD Converter error

If more than one error is detected, then "ERROR dd’’ will appear in the dispiay.
The decimal number, dd, represents the summation of the individual error message
numbers. For example, ERROR 6 would indicate that errors 2 and 4 were
detected.

¥
1.
I
]

For all failures refer to the 3468A Service Manual.
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Triggering is simply the process that causes the 3468A to take a reading. There
are two triggering modes available on the 3468A. These are internal trigger and
single trigger. The 3468A can also be triggered remotely from a calculator.

Internal Trigger

in the internal trigger mode the 3468A triggers itseif to take readings at the max-
imum possible rate. This mode is automatically selected at instrument turn-on and
after performing Self Test. A settling delay has been added before each A/D con-
version in ac volts and current and the two highest ochms ranges to ensure ac-
curate readings.

-

¢_ Command

T1 Selects the Internal Trigger Mode

Single Trigger

The single trigger mode allows you to manuaily trigger the voitmeter from its front
panel. The first time you press the Single Trigger key the 3468 will take one
reading, display the results, and idle in the single trigger mode. Subsequently, each
time the key is pressed the muitimeter will make one reading, display the result,
and then idle, waiting for another trigger.

This sample and hold feature is useful when you’'re making measurements in tight
areas where the probe must not slip. What you do is this: press the Single Trigger
key and position your finger to press the key again. You can then place the probe,
press the Single Trigger key, and then remove the probe, all without taking your
eyes off of the probe. With the probe safely removed, the measurement is still
held on the display.

When the 3468A is in the Single Trigger mode and you change ranges or change

function, the left hand portion of the display will go blank (with the exception of
the decimal point) until another trigger impulse is received.

E@m
<D Command

T2 Selects the Single Trigger Mode
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Whether you use your 3468A on the bench or as part of a sophisticated test
system, probably most of your measurements will be voltage measurements. If
you have special requirements in taking voltage measurements, be sure to read the
sections on Optimizing Reading Rates, Display, Autozero, and Triggering modes. A
complete Table of Specifications is given in Chapter V of this manual.

DC Voltage Measurements

DC voltages measured on the 3468A are both simpie and straightforward. Press
the DC Voltage key and either select the appropriate range or allow the multimeter
to autorange. Read the display directly (no multiplying the reading by the range,

etc.) for the measured voltage.
HP-IL

Command
F1 Selects the DC Volits mode

AC Voltage Measurements | ~v ‘

Like DC voitage measurements, AC measurements are very straightforward. Press
the AC Voltage key and appropriate range key(s). The display is read directly for
the measured voltage.

The 3468A uses a True RMS AC to DC converter for AC voltage and current
measurements. Unlike ‘multimeters that use an average detector, the True RMS
converter allows accurate measurement of voltages that are often noisy, non-
periodic or non-sinusoid. The RMS converter will accurately measure the True RMS
value of sawtooth or triangle waveforms; squarewaves; or low repetition rate, high
crest factor (ratio of peak to RMS) pulse trains.

RMS measurements are made by calculating the instantaneous square of the input
signal, averaging it and taking the square root of the result. This provides a DC
voltage that is proportional to the RMS value of the waveform.

HEB-L] I
| 1 SENSE INFUT
;,—:1 | | Command (4 WIRE] (2 WIRE)
HI
!
F2 Selects the AC Voits mode 8 DC OR AC
F00VRS VOLTAGE

l e SOURCE

K
MAK

ALL TERM
*L00vpk A
MAX
L

= A/ 250V
FUSE

Figure 2-5. Voltage Measurements
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Chapter [l
Programming With The
-hp- Model 471C/41CV

introduction

Your -hp- Model 3468A Digital Muitimeter was designed to interface with a varie-
ty of calculators and computers over the Hewilett-Packard Interface Loop {HP-IL).
This chapter discusses the programming and remote control of the 3468A from
the -hp- Model 41C/41CV family of handheld calculators. The many features of
the 3468A combined with the computational power of the 41C/41CV calculator
provides for low cost, flexible measurement systems. In addition, printer/plotters
and cassette mass storage devices can easily be added to the interface. Chapter

IV shows remote programming using a BASIC language computer such as the -hp-
Model 85.

This chapter shows you how to execute simple, one line commands from the
calculator to control the 3468A, and then read measurement data back. Later
we'll discuss interface control operations and the development of powerful pro-
grams for controlling the 3468A. Last, you'll look at several application programs
including a simple data logger with a printer and cassette drive.

Before beginning this chapter you will want to have read Chapter I of this manual
so that you are familiar with the many features of the 3468A. You will also find it
helpful to have read the -hp- Model 82160A HP-IL Module Owners Manual {-hp-
part number 82160-90001) and the -hp- Model 41C/41CV Owners Handbook
and Programming Guide {-hp- part number 00041-90313).

What is HP-IL?

The Hewilett-Packard Interface Loop {HP-IL} is a two wire serial interface that pro-
vides programmable control of instruments while being easy to use and under-
stand.The calculator and all devices in the loop, including the 3468A, are con-
nected together in series, forming a continuous loop communications circuit. Any
information (instructions or data) that is transferred among HP-IL devices is passed
from one device to the next around the loop {one direction only). If the information
Is not intended for a particular device, that device simply passes the information
on to the next device in the loop. When the proper device receives the informa-
tion, that device responds as directed. In this way, the calculator or the 3468A
can send information to and receive information from each device in the loop, ac-
cording to the device’'s capability.
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What is HP-IL? (Cont’d)

The 3468A may be connected anywhere in the interface loop. The loop consists
of up to 30 devices. When installing or removing the 3468A {or any other device)
ALWAYS turn off the calculator first. Then simply disconnect the loop in one place
and connect the 3468A at that point. Remember, the interface cables must form
a continuous loop. All HP-IL. connectors are designed to ensure proper orientation
and indicate the direction of information transfer.

When the calculator is turned on it will automatically assign addresses to each
device depending on its position in the loop. The first device in the loop after the
calculator (in the direction of information flow) will have an address of “ 1. The
second device will have an address of “"2”, and so on around the loop. The
calculator has an address of “0”. The device must be " SELECTED” by its address
before any command or information can be sent to it.

For more specific information on HP-IL, refer to Appendix A in this manual and
also the -hp- Model 82160A HP-IL Module Owners Manual (-hp- part number
82160-90001).

Examples Format

The many examples in this chapter are designed to enhance your understanding of
programming using the HP-IL interface. The examples show the actual keystrokes
used in entering a command or program line from the -hp- Model 41C/41CV
calculator keyboard. Also shown is the calculator display for each line as it has
been entered. Enter the examples exactly as shown. If you make a mistake when
entering a program you can generally use the correction key |[«|, the Back Step
key [BSTI], or the Single Step key [SST] to edit the program. For more complete
-hp- Model 41C/41CV operating and programming information refer to the
Owner’'s Handbook and Programming Guide for the -hp- Model 41C/41CV.,
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What is HP-IL? (Cont'd)

Do This

Connect onily the 3468A in the interface loop to the 41C/41CV
calculator. Turn on only the 3468A.

]| sro ] ‘ G ,
:'-..er:i-zai:;:] [ The 3468A display will indicate its
default address of 22,

Now, turn the 41C/41CV calculator on and again press the following
keys on the 3468A:

= The caiculator readdressed the 3468A
ll [an ] and since it is the only device in the
loop it was given address 1. This
feature of HP-IL is called Autoaddress-

ing.

Execute the following instruction from the 41C/41CV calculator:

Note the RMT annunciator on the

[XEQ] [ALPHA| REMOTE [ALPHA 3468A display. This indicates that the
3468A is in the remote mode and
ready to receive instructions from the
calculator.

Sending Instructions to the 3468A

With the 3468A in the remote mode and the only device in the loop, we can start
sending commands or instructions to it. Let's try a very simple command; display
your name, or any message up to 12 characters long, in the 3468A display. Key
in the example below, replacing “YOUR NAME” with your own name or other
message,

Keystrokes Display
ALPHA| |+=] D2YOUR NAME |ALPHA

XEQ| {ALPHA| OUTA |ALPHA

D2YOUR NAME
XEQ OUTA

The message "YOUR NAME” should appear on the 3468A display. The LSTN
{Listen) annunciator appeared momentarily to indicate that the 3468A was listen-
ing to the calculator. "
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Sending Instructions to the 3468A (Cont'd)

Let's take a ciose look at what we did. First, the Alpha register in the calculator
was cleared with the correction key (left arrow) and then, the message “"D2YQUR
NAME” was put into the Alpha register. D2 is called the command code and tells
the 3468A that the message following it is to be displayed. Second, the com-
mand QUTA (OUTput Alpha register) was executed (XEQ). Since the 3468A was
the selected device, it received the instruction.

There are several command codes that the 3488A recognizes and responds to. j
The blue page at the end of this chapter shows the command codes, what they
mean and valid combinations of Function and Range codes. A list of command
codes is also located on the underside of the 3468A. Command codes may be rr
combined to form a string of commands so that all are sent at one time. |

For example, to take the 3468A out of the display message mode, send the com-
mand D1 (Display 1). After displaying a message, if D1 is not sent, the 3468A
continues to display the message sent to it. The command code for the 2-wire
ohms mode is F3 (Function 3). To set the 3468A to the 2-wire ohms mode, load
the calculator Alpha register with the code F3 and execute the OUTA instruction.
To set the multimeter to the 3 Kohm range use the command R2. The three com- _
mands can be combined in the alpha register and sent to the 3468A; ;._-

ALPHA| F3R2 |ALPHA
XEQ| [ALPHA| OUTA [ALPHA

Sample Problem

Suppose you need to make an ac voltage measurement that is known to be be- ff
tween .20 volts and 1.0 volt. You also want the Autozero feature on and the
measurement to be made in the 4 1/2 digit mode. What series of instructions will

accomplish this?

First, it is an ac voltage measurement, therefore use code FZ2. You don’t know
whether to use the 300mV range or the 3 Volt range, so use Autorange, com-
mand RA. The instruction for autozero on is Z1, and for the 4 1/2 digit mode, N4.
The command string now looks like:

e m—

“F2 RA Z1 N4~

Since you know the voitage to be measured is small, set the 34868A to a low i
range before it autoranges. The command R1 will do this. Furthermore, if you |
want the meter to take only one reading, add the instruction T2 to the end of the
string. By adding it at the end, the meter is setup for the measurement before be-
ing triggered. The complete string now looks like this:

“"F2 RT RA Z1 N4 T2”
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Instructions are implemented as they are received over the loop interface. in other
waords, the 3468A will be set to the ac volts function before it is set to the

lowest range. It will be set to the lowest range before autoranging, etc.

The complete string is sent to the 3468A by loading the string into the Alpha
register and executing the command OUTA:

ALPHA| F2R1 HA31 N4T2 |ALPHA

XEQ] |ALPHA| OUTA |ALPHA

Programming Hints

When more than one command is sent 1o the 3468A in one string, the commands
are executed as they arrive. Therefore, it is best to make the trigger statement the
last statement in the string. In this way, the 3468A will be set up for the
measurement, before the the multimeter is triggered. If you send the command
"F2F3”, the F3 command is the last one received and will be in effect.

instructions sent to the 3468A are in the form of 7-bit ASCIl characters. All iower
case letters, spaces, commas, semicoions and Carriage Return, Line Feed (CR, LF)
are ignored. They may be used to format commands for easy readability. All null
characters, Form Feed, and tab characters result in a syntax error (see INSTAT
command, Status Register). All other characters and sequences not explicitly
allowed (see the Command Codes) will also result in a syntax error. For example:

“"F 2 Ra 3” is the same as “"F2R3"

When a multicharacter command is received, if a character is received which does
not fit into the syntax of a command, the command will be aborted and a syntax
error generated. An attempt is made by the 3468A to process the character as if
it were the first character of another command. For example, the command
“FR3" will cause a syntax error (because the 34868A does not recognize FR) but
will then go to range 3, i.e.,R3.

Commands that require arguments, such as the D2 command, are exceptions to
the above rules. Any ASCIl character may be sent as part of the D2 text message.
Note, however, that the 3468A display recognizes only the lower six bits of the
ASCIl code, see Appendix B.
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Receiving Data From the 3468A

Not only can the 3468A be controlied by the -hp- Model 41C/41CV caiculator,
but it can also talk to the calculator. The calculator can then process the measure-
ment data or status information as necessary.

From the last section we saw how to program the 3468A to take one ac voltage
reading on the 300mV range. Now let’s see how to transfer the measurement
from the 3468A to the calculator.

Keystrokes Display
XEQ| |[ALPHA| IND [ALPHA

XEQ IND

That is all there is to it. The measurement will appear in the calculator’s display as
well as in the X-register. Since the reading is in the X-register it is ready to be
operated on by the calculator. You could take the log of the reading by pressing
the LOG key for example. IND {INput Decimal) is an instruction that causes the
3468A to talk (TLK annunciator) to the calculator, giving it the measurement data.

If you look closely at what we have done, we have actually written a very simpie
program. The program instructs the 3468A to take a particular type of measure-
ment and send the measurement results to the calculator. Later, you'll learn to
complete the program by adding a label and an END or return statement. Look at
the listing below and compare it to the instructions previously executed.

Bi#LBL “HOWOL {5
@7 "F2RIRBZ1HaTZ"
wi U
74 IHE
B EHI

HP-IL Interface Control

Before pursuing further the subject of program writing, let’s look at some special
HP-IL commands. In the examples we've looked at so far, commands like IND,
OUTA, or REMOTE were used. These commands are called Interface Control
Operations. Now vou’ll learn what these and other operations mean and how they
are used. The control operations allow you to directly specify a device to perform
a function, send or receive information, or control the interface loop. These control
operations also allow more than one 3468A to be used in the loop along with
almost any other HP-IL device.
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P-1L Interface Control (Cont'd)
Talk Only Mode

Many applications of the 3468A, such as a simple data logger, may require that
the multimeter take readings and output them to some device such as a printer.
All this is to be done without the aid of a controller. The 3468A’s Talk Only mode
allows just that type of transaction to occur,

Connect the 3468A to an -hp- Model 82162A Thermal Printer with two HP-IL
cables. Remember, the 41C/41Cv is not to be connected in the loop. The 3468A
is set to the Talk Only mode by setting switch number 1, on the rear panel, to the
up position. The 82162A printer is set to the Listen Only mode by holding both
PRINT and PAPER ADVANCE keys down while turning the printer on.

Measurement data is sent by the multimeter to the printer after each completed
reading. Function and range settings, autozero, etc., are set from the front panel
of the 3468A. The multimeter can be put in the single trigger mode and will out-
put readings only when triggered.

Interface Control Operations

The eleven Interface Control Operations are listed below with a brief definition of
each. Next, we’ll take a look at each of the operations and see what they do and
how they are used. You may also want to read the -hp- Model 82160A HP-IL
Module Owner's Manual.

OUTA Output the Alpha register to the selected device
IND Input decimal number from selected device
REMOTE Set the selected device to the Remote mode
LISTEN  Set selected instrument to listen or remove all listeners
LOCAL  Set selected device to the Local mode

TRIGGER Trigger all devices set to respond

INSTAT Input Status information from the selected device
SELECT Select a particular device or instrument

FINDID  Find address of specified device

MANIO  Set the interface to the Manual mode

AUTOIO Set the HP-IL interface to the Auto mode
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OUTA

Example

ALPHA| F2R3Z1N4 |[ALPHA

XEQ] [ALPHA] OUTA [ALPHA]

Comments

QUTA (OUTput Alpha register} causes the contents of the Alpha register to be
output to the selected device. in the example shown above, the Alpha register is
loaded with the command string: F2ZR3Z21N4.

When OUTA is executed (3468A is selected), the multimeter will be set to the ac Il
volts function (F2}, 30 volt range (R3), autozero on {£1), and 4 1/2 digit display
mode {N4).

Normally, the OUTA command is terminated with a Carriage Return {CR], Line
Feed (LF). The 3468A, however, ignores these characters.

IND

Exampile

XEQ| [ALPHA| IND [ALPHA

Comments

The IND (INput Decimal} command retrieves an ASCIl-coded numeric value from
the " SELECTED” device and places it into the X-register of the calculator, When
this command is executed and the 3468A is the selected device, the 3468A
becomes a talker and outputs one measurement value of 13 bytes in the form:

+/-d.dddddE +/-d CR LF

where “d” represents a single digit, CR is Carriage Return, and LF is Line Feed. If
the 3468A is in the 4 1/2 digit display mode, the last digit returned before the E
will be a 0. In the 3 1/2 digit mode, the last two digits will be O's. CR LF is a
standard end-of-line indicator and does not show in the display.

Overload conditions are sent through the loop as:

+8.99999E+9 CR LF
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REMOTE

Example

XEQ| |ALPHA| REMOTE [ALPHA

Comments

The REMOTE command is used to cause the 3468A to switch from local front
panel control to remote program control. For the 3468A, the REMOTE mode
means that the front panel keyboard (except the SRQ and LOCAL keys) is disabl-
ed. The RMT annunciator in the display turns on. The 3468A remains in the same
state after receiving the REMOTE command that it was in before receiving it. See
also - LOCAL.

LISTEN

Example

XeQ| [ALPHA| LISTEN |ALPHA

Comments

The LISTEN function makes a specified device a listener - that is, the device is
enabled to receive information. The number in the X-register of the calculator is
the address of the specified device and should be a number between 1 and 30.
However, if the number in the X-register is 31 when the LISTEN command is ex-
ecuted, all devices in the loop are removed from the listener mode.

The utility of this instruction is that more than one listener can be set up by ex-
ecuting the listen command for each device. For example, suppose we have four
3468A's in the loop. We need to trigger them simultaneously. By using the
LISTEN command all four can be made listeners. When the TRIGGER command is
executed, the 3468A's are triggered almost simultaneously. The alternative is to
select each device and trigger them individually.
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LOCAL

Example

1 XEQ] [ALPHA| LOCAL [ALPHA ‘

Comments

The LOCAL command clears the 34868A from the REMOTE operation mode and
restores front panel keyboard control. Pressing the 3468A LOCAL key ac-
complishes the same thing. See also - REMOTE.

TRIGGER

Example

XEQ| [ALPHA| TRIGGER |ALPHA i—'-'

Comments

If the 3468BA is in the listener mode or is the selected device, the TRIGGER
message will cause the multimeter to trigger for a new reading. If a reading is in

progress when the TRIGGER command is received, the reading will be aborted and
a new reading started.

INSTAT

Example

XEQ| |ALPHA| INSTAT [ALPHA

b rer———

Comments

The INSTAT {INput STATus} function causes the 3468A (or selected device) to
output its eight bit Status Byte. A decimal value is placed into the X-register of
the calculator. This value is the sum of the values of the bits that are set, within
the lower six bits. The entire eight bits are also transferred to user Flags 00
through 07 in the calculator, with status byte bit O placed in Flag 00, bit 1 to ;
Flag O1, etc. This allows testing of individual bits (Flags). \
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INSTAT (Cont'd)

Status Register

The Status Register in the 3468A is used to continuously monitor seven condi-
tions within the mulitimeter. The figure below illustrates the Status Register and
defines each bit. The bits are set when the indicated condition occurs and will be
cleared when the INSTAT message is sent to the 3468A, except as noted.

Status Byte

The Status Byte is an eight bit byte that may be used to determine the current
status of the 3468A. The Status Byte is output from the Status Register in
response to the INSTAT command.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Power-on RQS Cal Front Hardware Syntax Invalid Data
Reset Error Panel Error Error Range Ready
SRQO Function
Value: 128 E4 32 16 8 4 2 1

Bit 7 of the register will be set only if switch 3 (rear panel of the 3468A) is set to
the “UP” position and a power-on reset occurs. It is cleared when the INSTAT
message is sent to the 3468A.

Bit 6 of the Register will be set {a “ 1"} when the 3468A SRQ Mask has been set
for certain bits, specified by bits O through 5, and when those conditions occur.
The purpose of bit 6 is that, when set, the 3468A can interrupt the controller.
However, the -hp- Model 41C/41CV does not respond to an SRQ (Service Re-
quest) interrupt. Therefore, the SRQ Mask and bit 6 are discussed in the next
chapter where BASIC language controllers such as the -hp- Model 85 are discuss-
ed. Bit 6 is cleared when the condition for requesting service no longer exists.

Bit b will be true when an attempted calibration failed. The bit is cleared when IN-
STAT is executed.

Bit 4 is true when the 3468A front panel SRQ key is pressed. The bit is cieared
when INSTAT is executed.

Bit 3 is true when a hardware error is detected such as from the self test. it is
cleared when the Binary Status is read, see the B1 command code.

Bit 2 will be true when an invalid command is sent to the 3468A. It is cleared
when INSTAT is executed.
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INSTAT (Cont'ad)

Bit 1 is true if an invalid combination of function and range codes are sent to the
3468A, e.g.., F2Rbh. It is cleared when a valid range and function combination is

selected.

Bit O 1s cieared when the reading is read, a program command is executed that
changes the state of the A/D converter, or a Trigger command is received.

The Status Byte together with the Service Request {SRQ) Mask determine when
the Require Service (RQS) bit is to be set. Setting RQS causes SRQ to be sent on
the HP-IL. Execution of the INSTAT command for the 3468A will clear SRQ and it
will remain clear until another reason for setting RQS occurs. RQS on the other
hand, is set if one or more cerresponding bits in the Status Byte and SRQ Mask
are both set. RQS is cleared whenever all corresponding bits are not both set. IN-
STAT then, may cause RQS to be cleared but not in all cases. Bits 2, 4, 5, and 7
are cleared with INSTAT.

Let’s look at three short examples of how the INSTAT command can be used. The
first two examples will be used later in a Statistics program.

Example 1. Data Ready

The data ready bit (bit O in the Status register] of the 3468A, aliows the
calculator to determine when new measurement data is ready. Since the data
ready bit is bit O, it will be placed into the calculator’'s Flag 00 when the INSTAT
command is executed. Therefore, Flag 00 will be the flag tested to see if data is
ready. Before keying in the following example, make certain that the 3468A is in
the Single Trigger mode.

Keystrokes HP 41 Display Comments

XEQ| |ALPHA | INSTAT |ALPHA 1.0000 Bit O is set indicating Data
Ready. The value of this bit is

.I'.I'l‘]ff
[

| [Fs?] 00 YES The test to see if Flag 00 is
set returns a YES answer

XEQ| |ALPHA | IND [ALPHA The display will show the
3468A reading.

The data is no longer available.
It was read into the calculator.

Bit O is cleared and INSTAT
returns a ‘‘0"’.

XEQ| [ALPHA | INSTAT [ALPHA 0.0000

FS?| QO NO The Flag test now shows that
bit O in the status register is
clear.
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INSTAT (Cont’d)

When the 3468A was placed in the Single Trigger mode, it took one reading and
stored it internally. When the first INSTAT command was executed, the calculator
display showed a " 1”. This is because bit 0 of the 3468A Status Register was
set due to the measurement data being ready. When Flag 00 was tested (FS? 00)
it was set and the calculator displayed “ YES”.

With the IND command, the measurement data was sent to the calculator and
since the 3468A was in the Single Trigger mode, no new measurements were
taken. Therefore, no new data became available and bit O in the Status Register is
clear. This is evident by the second INSTAT command returning a “0” and the
test for Flag 00 being " NO”.

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

Example 2. Front Panel SRQ

The front Panel SRQ key on the 34688A can be used to signal the caiculator to,
for example, begin a data manipulation subroutine. As in the previous example,
we’'ll use the INSTAT and Flag test commands, except that we will test Flag 04.
Flag 04 represents bit 4 in the Status Register. Before beginning this example,
make sure that the 3468A is set to the internal trigger mode.

Keystrokes HP 41 Display Comments

XEQ| |ALPHA | INSTAT |ALPHA 1.0000 As In the previous example
this indicates Data Ready.

FS?| 04 NO Flag 04 (bit 4) is not set.

Now, press the 3468A front panel SRQ key.

XEQ| |ALPHA | INSTAT [ALPHA 17.0000 The display shows 17 for bits
4 (value 16) and 1 (value 1).

FS?| 04 YES Flag 04 (bit 4) is set because
the SRO key was pressed.

After the 3468A front panel SRQ key was pressed, bit 4 in the Status Register
was set. Consequently, when the INSTAT command was executed, Flag 04 was
set. The SRQ annunciator did not come on and the SRQ message was not sent
because the SRQ mask was not set for this bit.
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INSTAT (Cont d)

e — 7y

Example 3. Power-on SRQ “i

This example shows how the power-on SRQ feature can be used with the -hp-
Model 41C/41CV calculator. The Power-on SRQ bit is used to signal the calculator
that a power outage has occurred for the 3468A.

Without turning the 3468A off, locate the bank of switches just beiow the HP-IL
connector, on the rear panel of the multimeter. Set switch 3 to the " UP” position.

Again, execute the INSTAT command.

Keystrokes - HP 41 Display | Comments

XEQ| [ALPHA | INSTAT | ALPHA 1.0000 The calculator display shows
“1" for data ready.

FS?| 07 NO Flag 07 (bit 7) is not set. E

Now, turn the 3468A off and then on again. Notice the SRQ annunciator in the
display.

XEQ| {ALPHA| INSTAT [ALPHA 1.0000 Data is still ready.

FS?| O7 YES Flag 07 is set (bit 7} because
a power-on reset occurred.

Return switch 3 to its " DOWN" position.

SELECT i

Example :

XEQ| |ALPHA| SELECT |ALPHA

Comments

The SELECT command is used to determine which HP-IL device will be the
selected device in the loop - that is, which device will receive the information. The
X-register in the calculator must contain the address of the device to be selected
before SELECT is executed.
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ALPHA | HP3468A | ALPHA
XEQ | [ALPHA]| FINDID [ALPHA

Comments

The FINDID (FIND IDentity) function searches for a device with a specific identity
and determines the address of that device. The device identity is placed in the
Alpha register of the calculator before FINDID is executed. For the 3468A the
identity is: HP3468A. The decimal address of the device is returned to the
X-register of the calculator.

in the Auto mode, the interface searches the entire loop starting at the
"SELECTED” device. In the Manual mode, the interface checks only the
"SELECTED” device.

What happens when there are two or more 3468A’s in the loop? If the interface
is in the Auto mode when FINDID is executed, the address of the first 3468A is
returned and the search ends. If we then " SELECT” the device (see SELECT) after
the first 3468A and execute FINDID again, it will return the address of the second
3468A. In this manner, by selecting the device after the 3468A, we can find the
address of the next 3468A with FINDID.

MANIO

XEQ| |ALPHA | MANIO [ALPHA

Comments

The MANIO {(MANual 1/O} function sets the interface to the manual mode (sets
Flag 32 in the calculator}. This means that devices such as printers and mass
storage cassette drives must be manually selected. See also - AUTOIO.
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AUTOIO

Example

-

— —— E—

XEQ| |[ALPHA| AUTOIO [ALPHA

Comments

The 82160A interface module for the calculator controls the interface loop
according to the modules operating mode - either Auto or Manual (see MANIO).
The Auto mode is the easier mode to use with all HP-IL devices including the
3468A. This is especially true if you have one printer and/or one mass storage
device in the loop.

In the Auto mode, when you execute a printer or mdss storage gperation, the in-
terface automatically searches through the loop for the proper device to carry out
the instruction. Hence the name AUTOIO. For example, if you execute the PRA
{PRint Alpha register} function when the 3468A is selected, the printer in the loop
automatically performs the operation. In the Manual mode, the printer would have
to be " SELECTED” before the PRA function is executed.

Writing Programs

Earlier in this chapter we looked at a simple ac voltage measurement problem and
developed a simple -hp- Model 41C/41CV program. That program illustrates the
essentials of programming: 1, a Label; 2, setting up the 3468A for a particular
measurement{s); 3, triggering the multimeter; and 4, inputting the results. Of
course, the program must also have an END statement. For more specific informa-
tion on programming, refer to the Owner’'s Handbook and Programming Guide for
the -hp- Model 41C/41CV.

Let's look at the sample problem again:

HieLBL =dchulls-
Ac ~FARIRHZIN4TE"
BE R
44 IHI
#3 ERI

Line O1 is a title or " LABEL” for the program. Labeis are used to identify a pro-
gram or subroutineg. To run the program execute the “Label”, i.e.,

XEQ!| | ALPHA| ACVOLTS |ALPHA
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Writing Programs (Cont'd)

The second line sets up a string of commands which is sent to the 3468A by the
OUTA command of line 03. Line 04 is used to input the measured ac voltage to
the calculator; line Ob ends the program.

Programs such as this are very easy to write if the 3468A is the only device in
the loop with the caiculator. Often times, however, you’'ll want to include a
printer/plotter and a mass storage cassette drive along with the 3468A. In such
instances, the caiculator interface module should be initialized and the 3488A
selected and put in the remote mode.

initialization

The following program locates the 3468A in the loop {finds its address), selects it
to receive information, and puts the 3468A into the REMOTE mode. This program
should be executed before any other command or program is executed. This in-
itialization program need only be executed once unless a device is turned off or
the loop is broken to insert or remove a device. The 821680A HP-IL module must
be inserted in the calculator before entering the program.

Initialization Program

Keystrokes Display Listing
PRGM
e
LBL| [ALPHA| INI68 [ALPHA | 01 LBLTINIBS BlelBL “INIEE"

Az AuToIE

XEQ] [ALPHA] AUTOIO [ALPHA 02 AUTOIO -

— 03 CF17 :'-.= Lv' {

i [CF| 17 04 THP3468A 84 “HPI4a8R-

ALPHA] HP3468A [ALPHA 0% FINDID 33 FINDIL
B6 SELECT

XEQ| [ALPHA] FINDID [ALPHA 06 SELECT & pEwnTE

XEQ] [ALPHA] SELECT [ALPHA] 07 REMOTE A% RTH

XEQ| [ALPHA] REMOTE [ALPHA] 08 RTN A3 LEND.

__| [RTN

PRGM

The initialization program has now been entered. If you have not yet connected
your 3468A into the loop, do so now. Remember to turn your calculator off
before connecting the 3468A. The initialization program will not be lost in the
calculator with power turned off.
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Running the Program

To run the initialization program, press:

[ XEQ| |ALPHA

INIG8 | ALPHA

The calculator display will return with the HP-IL address of the 3468A. In addi
tion, the RMT (REMOTE) annunciator will turn on to indicate that the 3468A Is
ready to accept commands from the calculator. Let's go one step further and
assign this program to the calculator ¥+ key. This will make execution of the pro-

gram easier in the future.

.| [ASN] [ALPHA

INIB8 | ALPHA

(Z+

Now, when you need to execute the initialization program, put the caiculator in
the USER mode and press the ¥+ key.

INIG8

PROGRAM REGISTERS NEEDED: 5

ROW 1 {1 : 3)

ROW 2

ROW 3

i
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3lock Programming
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One approach to program writing uses ” Building Block” subprograms to simplify
programs. With this approach, you write a mainline program that uses sub-
programs that already exist. The following program provides seven measurement
subprograms and an eighth subprogram that sets-up the 3468A for the measure-
ment, triggers the multimeter, and reads the measurement data to the calculator.
The seven measurement subprograms are used to specify the type of measure-
ment to be made and then branch to the eighth subprogram.

Do not erase the INI68 program before loading the building biock program. This is
done by executing the following command before any other program is entered:

T
i@ (GTo

I 140LEL “HADC"
BieLBL "BLOCKS {5 “F5- Measure Amps DC
g2¢LBL "RVIC~ 16 CTO @8
33 HFIH WMeasure Volts DC i?ﬂ_BL iﬂnﬂgu
84 LT0 ae {8 “FgLe Measure Amps AC
#aelLBL ~M¥AC- 19 £70 A8
#g "F2- Measure Volts AC 4 - .
@7 CT0 B i?ﬁ:g!‘,;" HEGHR } Measure Extended Ohms
BB4LBL ~MZOHM- | 220 BL @

M Z-Wire Oh

B9 *F3° } castre < TS Lhms 23 *FRAZINGTZ" | Label 00. Autorange, Autc
18 670 @4 24 OUTR zero on, 4% Digit
1L o Slpiay Sno
iz ;?g“ﬁg Measure 4-Wire Ohms o BTH reading,.

2f JEHB,

The subprograms, by label and function are:
LABEL FUNCTION

MVDC Measure Volts DC. MVDC, along with subprogram 00, sets the 34G8A
to take one dc voltage measurement.

MVAC Measure Volts AC. MVAC, along with 'subprﬂgram 00, sets the 3468A
to take one ac voltage measurement.

M20OHM | Measure 2-wire ohms. M20HM, along with subprogram 00, sets the
3468A to take one, 2-wire resistance measurement.

M4 OHM Measure 4-wire ohms. M40HM, along with subprogram 00, sets the
3468A to take one, 4-wire resistance measurement.

MADC Measure Amps DC. MADC, along with subprogram 0O to set the 3468A
to take one dc amps measurement.

MAAC Measure Amps AC. MAAC, along with subprogram 00 to set the 3468A
to take one ac amps measurement.

MXOHM | Measure Extended ohms. MXOHM uses subprogram 00 to set the
3468A to take one, Extended ohms measurement. See later example.
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Building Block Programming (Cont'd)

The sample program that was used earlier to measure ac voits can now be reduc-
ed to three lines:

01 LBL TACVOLTS

02 XEQ "™MVAC
03 END

Although the reduction from five lines to three lines does not seem significant in
this example, the next three programs show how these building bilock sub-
programs may be used to simplify programming.

BLOCKS

PROGRAM REGISTERS NEEDED: 18

ROW 1 (1. &}

ROW 2

ROW 2

ROW 4 (8:11)

ROW & (11: 14}

AOW & (14 : 17)

ROW 7 (17 : 20)

ROW & (20 : 23)

FOW 8 (23 : 23]

ROW 10 (26 . 27)

(2:5)

TS
GT0)

UL
3
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EXTENDED OHMS

The extended ohms feature of the 3468A is available only via the F7 remote pro-
gramming command. With extended ohms, the 3468A can be used to measure
resistances In excess of 30 Mohms. When in the extended ohms mode, the
3468A goes to the 30 Mohm range, 2-wire mode. An internal resistance of ap-
proximately 10 Mohms is placed in parallel (internally) with the input terminals. If
this resistance is measured first and then your unknown resistor connected to the
input terminals; the parallel combination can be measured. A calculation can then
be performed to to determine the approximate value of the unknown resistance.
The formula for the calculation is:

Ri = Rt

Rx = R "Rt

Rx is the unknown resistance, Ri is the measured value of the internal 10 Mohm
resistor and Rt is the measured value of the parailel combination. The test leads
used should be very short, preferably a shielded twisted pair, to minimize noise

pick up.

A program to make the necessary measurements, perform the caicuiations, and
display the wvalue of the unknown resistor is given below. Follow the instructions
displayed on the -hp- Model 41C/41CV. First it will indicate: OPEN TERMS. This
means to remove the test leads from the 3468A. When the message - APPLY
RESIST. - appears, connect the unknown resistance to the 3468A. The value of
that resistance will be displayed on the calculator. Notice the use of MXOHM sub-
program in lines 0b and 11.

Label - Display Extended

#l#LBL *DXOHE® Ohms 18 L1488
g2 AEE "INigsg" Execute initialization program i3 {-¥
A: “DPEN TERMS.® Vo (el e Y 281 k6
ur nierna Orim ;
g: ;EEHP;Z{{!H*% resistor, use MXOHM from Ei*iﬁi - ?:EIEE}E value of unknown
3 ) 1 BLOCKS program P :
A5 174 Store inverted value in Reg. 77 FI¥ 2
a7 STD @6 o0 24 RHB
#E *HPPLY RESIST, Measure parallel resistor 23 CLE
W9 PROMPT combination 26 ARCL ¥
1A+ BL B Ersgegg]n}jGHM ek BHIEl 2f “F MOHNM" Display vaiue of resistor
11 AEG "HXDHM- 28 RYIEH
12 Ri=R7 29 &T0 8]
i3 G149 a2 i+ BL o8
4 7% Caiculate vaiue of unknown 31 =0OVERLDARE-
i5 BCL BA resistor 37 DVIEM Display it overioad
ic - 33 G106 a1
{7 Ri=@? 34 .ENR.
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DXOHM

PROGRAM REGISTERS NEEDED:

ROW 1 {1:2

s

ROW 2 (2:3)

ROW 3 (3 : 8)

ROW 4 (& :8)

I

ROW S (9:14)

ROW G (15: 23)

i

ROW 7 (24 : 29)

ROW 8 (29 : 33)

I

ROW 9

L
GTo)

il
[
LA

I
ll

34)

il

Il
[-J

il
|
AL

AT
JRAATHRI

JIRA

L]

16

HEWLETT PACKARD
3468A PROGRAM
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i

A

I
T
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HAATIHIA “*
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dBm MEASUREMENTS

The dBm program is used to calculate a power ratio using a 50 ohm impedance as
the reference. The dBm equation is:

dBm = 10+*LOG({XZ/R})/1 mW)

where X is the measured value, R is the reference impedance {50 ohms} and TmWw
is the 0dBm reference.

The dBm wvaiue is displayed on both the 3468A display and the -hp- Model
41C/41CV. Notice the use of subprogram MVAC in line 04.

#ieLBL “DBM- Label dBm Measurements
47 ¥EQ "IMNIS8= Execute initialization program

B L Execute MVAC f 1y "z~
B4 XEG ~M¥AC- y rom 16 ARCL X Disolav dB SAEBA
g5 %17 BLOCKS program {7 *F DEN- Isplay abm on
B5 5# 18 QUTH
g7 7 i9 {LA
g8 1 E-3 28 ARCL ¥ Display dBm on calculator
8% s 21 =F dbH-
Cal B
18 LOG aloulate dBm 22 AYIEW
- 11 1# 23 610 B4
| 12 = 24 LENL.
{3 FIR 2
14 RN
DBM HEWLETT PACKARD

3468A PROGRAM
PROGRAM REGISTERS NEEDED: 10

AOW 1 1. 2)

ROW 2 (2 : 8)
L
ROW 3 [B: 15)
L
ROW 4 (15 : 20)
L R A
ROW 5 20 : 24)

A

DL VT i LT lIIjl}IIIIHII

GTO
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TEMPERATURE MEASUREMENTS

The TEMF program computes the temperature, in °C, corresponding to the
resistance of a thermistor. The program has been designed to work with ther-
mistors exhibiting a 5.0000 Kohm resistance at 25°C such as a type 44007 {-hp-

part number 0837-0164) or equivalent.

The program was written for 2-wire resistance measurements which provides ac-
curate results if the thermistor is used at a temperature where its resistance is
much greater than the resistance of the test leads. For greatest accuracy from a
thermistor, 4-wire resistance should be made. To change from the 2-wire mode to
4-wire mode, change line 15 to read XEQ “M40HM” . This program is useful over

a range of —80°C to + 150°C.

BielBL “TEMP" Label Temperature measurements

B2 -6.768961227

a3 570 1 Conversion coefficients for
84 5314, 3197 resistances above 3134
85 ST0 82 ohms {36°C)

B6 32Z.887684

a7 5T0 83

B8 -3.95217242¢8

g9 5T) 11

18 4751,384293 Conversion coefficients for
11 ST0 12 resistances equal to or [ess
{3 EE;EEIEE than 3134 ohms (36°(C)
13§78 13

14 AER ~INI6E" Execute Initialization program

e - Execute measure 2-wire
1o XER "HZ0HN ohms from BLOCKS program

1e#LBL ~MEAS"
17 3134

18 ENTER?

19 TRIGGER

28 INE
21 570 @8
22 A7

Tests for resistance above
3134 ohms (36°C)
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23 Gi0 15
24 RCL 13
23 RCL 12

26 RCL 1
27 GT0 36
ZO+LEBL 15
2% BLL 8
38 REL 82
31 RLL 8§
J2eLBL 36
33 RCL @d
34 LN

EWRP AR |
36 -

i/

38 4
39 -

48 STG a6
41 FIA 2
42 =hz2°
43 RCL o8
44 ARCL ¥
43 *F BEG
46 QUTA

et coeftficients for

temperatures 36° and above

Get for

temperatures below 36°

iﬁesstmcc o temperature
E‘i

coefficients

CONversion

Dispiay temperature

47 GT0 "MEAS-

48 ,ENL,




TEMPERATURE MEASUREMENTS (Cont'd)

TEMP HEWLETT PACKARD
3468A PROGRAM

PROGRAM REGISTERS NEEDED: 23

ROW 1 i1 . 2}
i i
I

0
F'}'DW|5 (& : 109
e
OO A
i
O
AOW 12 (45 : 47)
O
I8 L6 LCEEETER T 1T (Y 01T

ROW 3 i4 : 6)

ROW 6 (10 : 14)

ROW 10 (27 : 38)

ROW 13 (47 : 48)

[+ ] (]

b3



STATISTICS

The STATS program computes four statistical values for a set of measurements
made by the 3468A. The four values; Mean, Standard Deviation, Minimum value,
and Maximum value, are displayed on the 3468A's display for easy readability. An
example of where this program might be used is in Component Test. You have,
for example, a batch of one hundred 1,000 ohm 5% resistors. Your job is to test
them to be sure that they are within specification and to check for trends such as
the mean value increasing between batches.

Running The Program

The program does not have provisions for setting the 3468A to your desired
measurement function, range, etc. You must either do this manually from the
3468A front panel, or modify line 03 to specify the function, range, etc.
Remember that the T2 command must be the last command in the string.

XEQ| |ALPHA| STAT |ALPHA

When the 3468A displays - S. TRIG - SRQ - connect your first device to be
sampled (first resistor, voltage, etc.) to the 3468A and press the multimeters
single trigger key.

The 3468A will take one measurement, display the reading, and send the result to
the calculator for storage and future analysis. The multimeter will return with the
same display - S. TRIG -SRQ.

Remove the first device from the 3468A and connect the second device. Again,
press the 3468A single trigger key.

Continue in this manner until all devices have been tested. At that time, press the
3468A SRQ key l(instead of the singie trigger key) to begin the analysis of the
measurements. First, the 3468A will display the number of samples or devices
tested:

N=XXX.0000

Press the 3468A’s SRU key, The 3468A will momentarily display the word
“MEAN” and then display the calculated mean wvalue.

MEAN
KAXXXXX

Press SRQ again. The next vaiue displayed is the standard deviation.

STANDARD DEV.
XXXXXXX

Press the SRQA key again to display the minimum value measured.

MINIMUM
XXXXXXX
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STATISTICS (Cont'd)
The maximum value is displayed next, press the SRQ key.
MAXIMUM
XXXXXXX

Pressing the SRQ key again causes the program to prompt with the display:
SRQ=RESTART

This means to press the 34868A SRQ key one more time to restart the statistics
program for new data.

RieLBL =STAT-
B2 AEL “INIed-

B3 =12~

a4 oUTR

B3 ZREG 11
6 CLE

87 9 E3

83 STO a8
19 CHS

16 5T &1

i1 EL3
12+ BL Be

13 D28, TRIG-SRE"

id4 QUTA
13 LGCAL
164LBL a1
17 INSTAT
id F57 B4
19 GT0 82

28 FL7 18
2l 10 Bi

22 IND
21 £+

24 RCL ae
23 LHSTX
26 £{Y?
27 576 ud
28 RLL @81
29 AW
I8 RMY?
Il 570 @1
3¢ Rt

33 G610 28
J4eLBL B2
I3 “D2H="

3 ARCL 1o

47 AEE B4

Label statistics
Execute Initialization program

} Set 3468A for Single Trigger

Register 11 is used for count-
ing number of entries

Upper and lower measure-
ment limits

Display message and set
3468A to local mode

input status byte

if flag 4 (SRUI is set go to
LBL 02 (line 34]

proceed to line 22, if not, go

} If data is ready (flag OU clear)
to LBL 01 (line 16)

Input reading and increment
Reg 11

Test reading In case of ex-

ceeding upper and lower
limits

Roll up and store reading

Go to LBL Q0 (line 12} for next reading
SRQ key pressed, all samples taken

Display number of samples
(lines 67-73)

5b

S8 "DZRERN-

29 GUTH
4§ “fiz-
4] MERK
42 HECEL Z
43 ZER B3
EE
43
45

47
43

(UTH
uﬁin
SHEY
AREL =
RER #2

"

.M
Ly

QUTR
uﬁ?:

¥EG B3

(ite
i s
HELL B
YED @3

s [ISE
AL ?5
2 F57 84

Do e N I T By By B B R By
WD ] CTh G b Cad gt pe

D

[ 1o T o
w] sk
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aa+LBL
66 PSE
hi#LEL
ﬁi GHIE
 GEAL
"E+LEL B3
'i IH3TRT
F27 84
KiH
F** Gl

Hi
g3

b

el

ad e ]
[ I 5 P - SN I"-..Il

., -r-,..I --1-.'_3

g
s |
"
Iy
o 14
Rt

HELL Be

Caiculate and display mean
value (lines 65-76]

“DZSTHNBHED BEY.®

Calculate and display stan-
dard deviation {lines 65-76)

"IN IRIHON"

Calculale and display

minimum vaiue {lires 65-76]

“DZMAEINbR-

Caicuiate and display max-
imum value (lines 65-76)

(lines 67-76)

3 LTh =STHT®

Pause (line 66}

Output message {line 68}
Enable 3468A keyboard {line
62)

Input status {line 71}

SRQ flag set test (line 72)
Data Ready flag test (line 74}

B=RESTHRET"
if SRQ key pressed start over



STAT HEWLET T PACKARD
3468A PROGRAM

|
PROGRAM REGISTERS NEEDED: 32 N,

Hiﬁ“ljlﬂﬂlﬂl A
O

A

il
e
0
A
A
S A
A A
A

0
I I
00T CER AR (R HE 304 1L (T I E T L

NRTANAAID

I
10 A
A

0
JRRHIII

A

I

ROW 12 (52 : 55)
ROW 13 (55 : 58)
ROW 15 (60 : 63)
ROW 17 (72 . 77)
00 y
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DATA LOGGER

The tollowing data logger program (LOGGER) illustrates the power and and flex-
ibility of an HP-IL system. The program takes ten sets of ten readings each, for a
total of 100 readings, and stores them on a cassette tape for future reference.
The program can easily be enhanced by adding a linearization routine between
fines 15 and 16. An example of linearization is the previous program where the
resistance of a thermistor was converted to a temperature. In this way,
temperature measurements rather than resistance measurements are stored on the

fape.

The program READ demonstrates how easily data can be read from the cassette
tape and listed on a printer. Again, this program can be enhanced by adding a
routine to plot the data on the printer. Of course, the data can also be printed or
plotted as the measurements are being taken in the LOGGER program.

Running the LOGGER Program

Make certain that the interface loop connections have been made between the
3468A multimeter, 41C/41CV calculator, 82161A Digital Cassette Drive, and the
82162A Printer. Turn all of the devices on.

Before data can be stored on the cassette tape, the tape must be initialized. This
Is done by executing the NEWM command (NEW Medium). Refer to the HP-IL
Owners Manual.

Line O3 executes the MVAC subprogram. This can be changed to suit your needs.
Deleting the line entirely gives you the freedom of setting the 3468A manually as
often as needed. When the device to be tested has been connected to the 3468A
input terminals and you are ready to begin, type:

XEQ| [ALPHA| LOGGER |ALPHA

How the Program Works

Space for storing the 100 readings must be aliocated on the cassette tape. This
space {or file) is created and given the name DATA in lines 04, 05, and 086. Lines
07 and 08 are used to return to the beginning of the DATA file on the cassette
for data storage.

Register OO is used as a loop counter to take ten sets of readings. The vaiue

1.010 is STOred into Register 00 (lines 09, 10) and is incremented and tested in
line 22.

57




DATA LOGGER (Cont'd)

Register 01 (lines 12, 13) ailso acts as a loop counter, but counts ten readings per
set (Register Q0Q). The value 11.020 stored into register 01 specifies registers 11
through 20 as temporary storage registers for the measurement data. Line 15 trig-
gers the 3468A and line 16 inputs the results. Line 17 stores the data in the
register pointed to by Register O1. Register 01 is incremented after each reading
to point to the next empty register in line 18.

Register 01 is also tested in line 18. Remember that program line 12 specified
Register 20 as the last register to be used. If Register 01 points to register 21
then the program prepares to store the ten readings on the cassette. Line 20 calls
out register 11 through 20 as data storage registers. The WRTRX command (line
21) writes the data from the storage registers to the cassette tape.

Register 00 is tested in line 22 to see if ten sets of ten readings each have been
made. If not, the program loops back (line 23) to label 01 {(line 11). When ten
sets of measurements have been made, the program ends.

Hisl gl “LBLGEE" Label Logger Bi+LBL "KEAD" Label READ
ds ZEl "[KIs3" Execute initialize program g7 “hHiA"
B3 ¥ED eMyare 83 @ Find beginning of DATA file
;'_ :;', o gﬁ on cassette tape
fwf fﬁ} k Set up DATA file on cassette b SEEKE
45 186 tape A3 1.8ig Set up loop counter for ten
6% CRERTE 85 5TC 88 sets of readings
87 ¢ ~ av+ BL 8
ac 5FEEKR . 7 Set up loop counter for ten 4% 11,870 Read one set of ten readings
s sets of readings
9 1,018 @3 RERDRY
18 570 88, Set up register 11 to 20 to 18 11,828 } Print set
it BL L store readings i1 PRREGH
iZ 11.8 12 156 @84 ] End if ten sets have been
13 51 B i1 670 Bi read, eise go to line G7
144 81 'f‘:" Trigger the 3468A, input 14 ,EHD.
{5 *?;"‘ggg reading and store
iv :Ei";'{i IHE i::ir’" | If ten readings taken go to
i 1%h &1 ) line 19, else go to line #3 /4
-
13 570 82~ |Store ten readings on
25 11.B5S ,..-J cassette tape
Z1 BRIRE .~ | End if ten sets of readings
73 1%0 @@ have been taken, else go to
s dw T 7 line 3@ H
23 g Al -
24 EHD.”
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DATA LOGGER (Cont'd)

LOGGER HEWLETT PACKARD
3468A PROGRAM

PROGRAM REGISTERS NEEDED: 11

ROW 1 {1: 2}

ROW 2 (2 : 4)

ROW 3 {(4:9)

il '||I|I|IIHIIIIIIIIIIIIII||II||NII||I| IIIHII'\IIIIIIIIHIIIII\IIHI!HI|| T

ROW 4 (9: 15)

HDWE (15 : 20)

FHIJWIIE (20 : 24)
LHTEINING e wem
610 & =

READ HEWLETT PACKARD
34686A PROGRAM

PROGRAM REGISTERS NEEDED: 7

ROW 1 {1: 2}

O

\IUIIIIIIHIIIIIHIIIIIIIIII\IIIIII\IIIIIHIIIIIIIIII A
A

ROW 4 (12 :14)

A

I IIIIIIIIIIII IIIIIIIIIIII

GTO
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E{The command codes are also found on the under side of the 3468A)

|
1

e

Range Codes
Function Code R1 R2 R3 R4 | ms RS RA
e Autorangs
|
DC Volts F1 3V 3V 30V 200V » ]
AC Volts 2. o[ .3V 3V 30V 300V - *
2-Wire F3 3000 3KQ 30KD J00KQ SMQ | 30NMO
QOhms
4-Wire F4 2008 3K} 30K 300K 3ML | 30MG
Ohms
DC Amps F5 3A [EREE * b .
AC Amps F6 S00mA 3A & X !
Extended F7 (default L e *
Qhms range)
10MQ//Rx

* Indicates an invalid combination of Function and Range codes.

Function | Qualifier

Other Program Codes:

Dascription

Example

N

T

Mbb

3.4.5

1,2

0,1

1.2

0O to 77
{octal)

1
L
(1

S —

Selects the number of digits of display.

Trigger Mode: Internai, Single.

Autozero mode: off,on.
Caiibrate (see 3468A Service Manuall.

Display mode: Normal, Text:

Set SRAQ mask to octal value bb. This
sets the lower 6 bits of mask. The Mbb
command is executed as sent.
Therefore, if the second “b” is not sent,
bits 3 to B are set by the "b” that is
received, :

N3 selects the 3 1/2 digit display mode.

T1 selects internal trigger, T2 selects
single.

Z0 turns Autozero off.

DZ2text displays the message "text” on
the 3468A display.

MO1 sets the 3468A for data ready SRQ.

Binary Status. The 3468A, if it is addressed to talk immediately after receiving the B1
command, will output its five binary status bytes. This command also clears the error

Byte 1: Function, Range, Number of Digits

Octal value of bits 7.6.5

R O | B | | B |
et BT L 6 ) JRET =S Y S S

Octal value of hits 4,3,2
HZ
R3
R4
R5
21s]

LR SRR | 0

Octal value of bits 1.0 invalid

Wh=C Db W -

LS| |

DC Volts

AC Volts

Z2-W Ohms
4-W Ohms

DC Amps

AC Amps
Extended Ohms

Range ‘R1

1registﬁr {byte 4). The meaning of the bytes is as follows:

5 1/2 digit
4 1/2 digit
3 1/2 digit
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Function | Qualifier Description Example

B i 1

I
|
%
5 Byte 2: Status bits

E Bits 7,6,5 are not used (always O}.

! Bit 4: " 1% is calibration ram enabled.

s Bit 3: " 1% is line frequency switch set to 50 Hz position. "0” s 60Hz position.
Bit 2:- 1" is Autozero on, 0" is Autozero off,

Bit 1: " 1" is Autorange on.

Bit O: " 17 is internal trigger, “ 0 is single trigger.

Byte 3: SRQ Mask

Bit 7; " 1% SRQ if power-on or Test/Reset set by rear panel switch #3.
Bit 6: not used (always “0").

Bit 5: “ 17 SRQ if calibration procedure failed.

Bit 4: " 1" SRQ if keybocard SRQ is pressed.

Bit 3: "1" SRQ if hardware error occurs.

Bit 2: "1" SRQ if syntax error occurs.

Bit 1: " 1% SRQ if invalid syntax error occurs.

Bit O: SHQ as each reading becomes available.

YT S

Byte 4: Error information

Bits 7,6.5,4 are not used (always "0"].

Bit 3: "1" A/D error detected.

Bit 2: “1" Microprocessor ROM error.

Bit 1: “ 1" Microprocessor RAM error,

Bit O: “ 17 Calibration RAM error, the calibration of the 3468A is suspect,

Byte 5: A/D Converter DAC Value

This byte will contain a value between O and 63 (decimal). This represents the set- ~
ting -of the internal Digital to Analog converter (DAC), and is primarily for diagnostic

| pUrposes.
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Chapter IV
Basic Language Programming

Introduction

In this chapter you will learn about remote programming your 3468A over the
Hewlett-Packard Interface Loop (HP-IL) using a computer / controller. The -hp-
Model 85 computer with an 82938A HP-IL interface module is used in the ex
amples. If you are not familiar with HP-IL or some of the terms used in this
chapter, Appendix A contains a concise description of HP-IL. Be sure that you
have read through or at least familiarized yourself with Chapter 2 of this manual
before starting this chapter. You will need to wunderstand the operating
characteristics of the 3468A before you begin programming it.

Do This

Turn off both the controller and 3468A. Connect the 3468A to the
controller HP-IL interface. Make sure that no other devices are con-
nected to the interface. Turn the 3468A on and wait until it finishes
its self test, but do not turn on the controlier.

L

Press: The 3468A will display its factory
[ ] [ SRQ ] preset address: ADDRESS 22.

Now, turn on the controller and wait a few seconds for the display to
come on.

Again, press: When the controller was turned on, it
— automatically assigned addresses to
] [ SRQ ] each device in the loop. Since the
— 3468A is the only device in the loop it
is assigned an address of 1.

Trying Out a Command

Before we actually begin the programming discussion, let’'s look at a simple exam-
ple that displays your name on the 3468A display. If you have an -hp- Model 85
or other HP-IL controller, enter the command as shown below. Use your own
name, or any message up to 12 characters (capital letters only), in place of “‘your
name’’.

Type The Message: Press:

OUTPUT 901,;""D2your name’” [END LINE]
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Actually, any message of up to 12 characters may be displayed in this manner.
The command “D2your name” tells the 3468A to display the message “ your
name” in its display; “"D2” is called the " COMMAND CODE”. The 3468A cannot
display lowercase letters, it displays unusual symbolis instead. It can display,
however, special characters such as ¢, %, &, #, etc. Try these characters in place
of "vyour name”.

At the end of the previous chapter is a biue page that describes each of the pro-
gram commands the 3468A will respond to, and how they are used.

Addressing

Each instrument that you connect to the interface loop has a unigue " address”,
and the 3468A is no different. The address provides a way for the controller to

send or receive data from one instrument on the loop when actually there are
several instruments connected together. In the previous example, where you
displayed your name, we used the statement "QUTPUT 9017. The "901” refers

to the controller interface select code (isc) which is @ and the 3468A address
which is Q1.

Remember that the controller automatically reassigns addresses to each device in
the loop. Addresses are assigned sequentially to devices in the loop in the direc-
tion of information flow. The first device in the loop, after the controller, will have
an address of “’1’'. The second device will have an address of ““2’’, and so on
around the loop. The 3468A may be connected anywhere in the interface loop;
the loop consisting of up to 30 devices. All the examples in this chapter assume
that the 3468A will be the only instrument in the loop and therefore addressed at
901.

When the controller tells a particular instrument to talk, i.e., send data over the In-
terface Loop, we say that the instrument has been ” Addressed to Talk”. Likewise,
when the controller tells an instrument to listen, i.e., receive data or instructions
from the Loop, the instrument is said to have been “ Addressed to Listen”. The
3468A Is capable of both talking and listening or it may be set to Talk-anly, In
which case it cannot listen to instructions or data coming over the Loop. There
can be only one instrument addressed to talk on the Loop at any one time.
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Command codes are used to cause the 3468A to change states, i.e., make an ac
measurement instead of a dc measurement, or perform a particular operation such
as output status information, etc. Look at the blue page at the end of the previous
chapter. It provides a description the Instruction Messages the 3468A will res-
pond to and how they are used. The underside of the 3468A also contains a table
of command codes.

Procedure

Decide what you want the instrument to do and determine the appropriate Com-
mand Codes. For example, the Command Code for DC Volts is F1 {Function 1},
the Code for the 3 volt range is R2 (Range 2). Let's look at an example and break
down the instruction message. To set the 3468A to the DC Volts function and 3
volt range, the following message would be sent:

interface 3468A

select code  address 2 instruction messages

\ / | linked together

QUTPUT 801, F1 R2"

sets range to 3 volt range
sets function to DC wolts
(F is mnemonic and 1 is qualifier;.

| computer output
command syntax
depends on the
computer being
used.

Figure 4-1. instruction Exampie

As you can see from the example, more than one instruction may be sent to the
3468A at one time; any number of instructions may be included in the command
string. Now, let’s take another look at using multiple instructions.

Sample Problem

Suppose you need to make an ac voltage measurement between .20 volts and T
volt. You also want Autozero on and the measurement to be made in the 4 1/2
digit mode. What series of instructions will achieve this?

First, it is an ac voltage measurement, therefore instruction “F2” is used. You
don’t know exactly what range to use, so use the autorange feature, "RA”. The
instruction for autozero on is “Z1”, and for the 4 1/2 digit mode, “"N4” . The
command string now looks like:

“F2 RA Z1 N4~
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Since you know the voltage to be measured is small, set the 3468A to a low
range before we autorange. The instruction “"R2” will do this. Furthermaore, if we
want the meter to only take one reading, add the instruction “T2” to the end of
the string. By adding it at the end, the meter is set up for the measurement before
the reading is actually triggered. The complete string, along with the OUTPUT
statement is:

OUTPUT 801; "FZRTRAZTN4TZ"

instructions are impiemented as they are received through the loop. in other
words, the 3468A will go to the ac volts mode before it goes to the lowest
range. It will go to the lowest range before autorange, etc. The last thing it will do
is trigger for the measurement.

Programming Hints

When more than one command is sent to the 3468A in one “OUTPUT” instruc-
tion statement, the commands are executed as they arrive. Therefore it is best to
make the trigger statement the last statement in the command string so that the
3468A will be set up for the measurement before it triggers. If you send the com-
mand “T2T1”, the "T1” command is the last one received and will be in effect.

Instructions are sent 1o the 3468A as a series of 8-bit ASCIH characters. All lower-
case letters, spaces, commas, semicolons, Carriage Return (CR) and Line Feed (LF)
are ignored and may be freely used to format commands for easy readability. All
null characters, form feed, and wvertical and horizontal tab characters result Iin a
syntax errror. All other characters and sequences not explicitly allowed (see the
Command Table) also result in a syntax error. Errors will be discussed later. For
example, sending the message:

OQUTPUT 801;” Function 1T Range 1”
would be the same as:
OUTPUT 901;"F1R1”

When a muiticharacter command is received, if a character is received which does
not fit into the syntax of the command, the command will be aborted and an error
will be generated. An attempt is made to process the character as if it were the
first character of another command. For example, the command “FR3" will cause
a syntax error but then go on to range 3 (that is, "R3").
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Commands which accept binary arguments (represented by x in the command
table} are exceptions to the above rules. Any of the 256 possibie 8-bit bytes may
be sent as a binary argument. Similarly, any ASCI| character may be sent as part
of a D2 text message. Note, however, that the 3468A display recognizes only the
lower six bits of the ASCIl code {Appendix B).

Receiving Data from the 3468A

The 3468A has the ability to talk to the computer or other instruments, giving the
results of measurements or status information. The controller must tell or ” ad-
dress” the 3468A to talk in order for it to send data.

Example. From the last section we saw how to make the voltmeter go to the DC
Volts function and 3V range. Now we will see how to read back the measured
voltage.

10 OUTPUT 801;,"F1R2” (from the last section|
20 ENTER 901; AS

30 DISP AS$

40 END

The 3468A is addressed 1o talk by the ENTER 901 command in the second line.
The measurement result is stored in the string variable A$ and displayed on the
controller’'s display. Remember that the actual computer syntax used (i.e., ENTER,
OQUTPUT, DISPLAY, etc.}) is dependent on the computer that you are using and
may be different than the examples given. You should refer to your computer’'s 1/0
programming manual.

Output Format
Messages are sent by the 346BA as 13 bytes in the following formats:

Voltmeter Reading: +d.dddddE+d CR LF
Overload: +9.99999E+9 CR LF

The character “d” represents a singie digit. If the 3468A is in the 4 1/2 digit
mode, the last digit returned before the "E” will be a 0. In the 3 1/2 digit mode
the last 2 digits will be O’s.
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So far we have seen how to program the 34868A for specific operations and how
to read back the data. But now it is time to move on and look at special HP-IL
commands and advanced programming topics.

3468A Response to Loop Messages

The following topics, arranged in alphabetical order, deal with BASIC language
controller HP-IL commands and the way the 3468A responds to them. Refer to
the I/O programming manual of your controlier for specific information on syntax
and actions taken by the HP-IL interface when sending the message. The examples
given apply to the -hp- Model 85 controller.

CLEAR

Examples

CLEAR S {device clear]
CLEAR 901 (selected device cilear}

Comments

Upon receiving the CLEAR message, the 3468A will be placed into its turn-on
state. Any partially compileted /O operation is aborted. The SRQ Mask is cleared
except for the power-on SRQ bit (bit 7) which is set by switch 3 on the rear
panel. The power-on state for the 3468A is: DC Volts function, Autorange, Inter-
nal Trigger, Autozerc On, and 5 1/2 digit mode.
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LOCAL S
LOCAL 901
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The LOCAL 901 message clears the 3468A from the REMOTE operation mode
and reenables front panel control. Pressing the front panel LOCAL key ac-
complishes the same thing, provided the key has not been disabled by the LOCAL
LOCKOUT Message. LOCAL 9 removes every instrument on interface 9 from the
remote mode.

If the 3468A is in Remote with Local Lockout set, the only way to return to front
panel control is to either turn power off and then on again or execute the Clear
Lockout / Set Local (CL/SL) message. For many controllers this is the same as the
LOCAL command, i.e., LOCAL 9. The command LOCAL 9 tzkes all instruments

out of Local Lockout that are on that loop. The command LOCAL 901 would
return the 3468A to front panel control but a subsequent REMOTE command {or

OUTPUT 901) would return it to LOCAL LOCKOUT.

LOCAL LOCKOUT

CXdimple

LOCAL LOCKOUT §

-::'?_ﬂ::' D N 4+ =
Yo LS PV i =2 R AR~

The LOCAL LOCKOUT message locks out the 3468A’'s front panel keys, including
the LOCAL and SRQ keys. The lockout will remain in effect until it is cleared over

the interface loop by sending the LOCAL message to the multimeter or cycling the
3468A’'s power,
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REMOTE
Examples

REMOTE S
REMOTE 901

Comments

As a general rule, the command REMOUTE 8 shouid be executed at the beginning
of each program. This ensures that the controller has reassigned addresses for
each device. The REMOTE command is used to enable the 3468A to switch from
local front panel control to remote pragram control. The 3468A must actually be
addressed before it will go into its Remote state.

The Remote state for the 3468A means that the front panel keyboard {except the
LOCAL and SRQ keys) is disabled. The RMT annunciator in the display is turned
on. The 3468A remains in the same state after it receives the REMOTE command
that it was in before receiving it. To disable the LOCAL and SRQ keys use the
LOCAL LOCKOUT command.
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SERVICE REQUEST (SRQ)

Another important feature of the 3468A is you can program it to interrupt the
controller when certain conditions are met. Of course, the controlier must also be
programmed to respond to the interrupt. The Require Service {SRQ) message is us-
ed to implement this and is independent of all other HP-IL activity. The 3468A
MUST BE PROGRAMMED for the interrupt before the interrupt will take place. The
following list gives the possible causes of interrupt that the 3468A can be pro-

grammed for.

1. Power-on/ Heset. The 3468A will interrupt the controller when the 3468A
power is turned on.

2. CAL Failure, The 3468A will interrupt the controller if an attempted calibra-
tion failed.

3. Front Panel Keyboard. You can use the front panel SRQ key on the 3468A
to interrupt the controller.

4. Hardware Error. If a hardware error occurs, the controller wouid be inter-
rupted.

5. Syntax Error. If the controller sent an invalid instruction, the 3468A would
interrupt the controller.

6. Data Ready. The 3468A would interrupt the controller after each completed
measurement,

7. Invalid Function and Range combinations.

How to use SRQO

When the Require Service message {(SRQ) is sent, the computer must determine
first which instrument is requesting service. This is done by conducting a SERIAL
POLL (SPOLL) of every device on the loop which is capable of requesting service.
When an instrument is polled, it responds by sending a “"STATUS BYTE” which
indicates whether it requires service, and if so, the nature of the request. If the
Status Byte for the instrument polled indicates that it was not requesting service,
the computer would continue to poll the other instruments on the loop until the
proper one is located. This, of course assumes that the controller has been pro-
grammed to respond to the SRQ interrupt.

The Status Byte together with the Service Request (SRQ) Mask determine when
the Require Service (RQS]} bit is to be set. Setting RQS causes SRQ to be sent on
the HP-IL. A Serial Poll of the 3468A will clear SRQ and it will remain clear until
another reason for setting RQS occurs. RQS on the other hand, is set if one or
more corresponding bits in the Status Byte and SRQ Mask are both set, RQS is
cleared whenever all corresponding bits are not both set. A Serial Poll then, may
cause RQS to be cleared but not in all cases. Bits 2, 4, b, and 7 are cleared with

a Serial Poll.
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The status register is used to monitor the seven possibie interrupt conditions. it is
possible for one or more bits of the Status Register to be true without the 3468A
causing an interrupt. The interrupt will only occur when the SRQ mask has been
set for particular conditions. Refer to Figure 4-2. If the SRQ mask is set for certain
conditions and one or more of those conditions occur, bit 6 of the status register
will go true {true being a ”1”). The SRQ annunciator in the display will turn on,
and the HP-IL SRQ message will be sent. The controller must be programmed to
respond to the SRQ message. For a more complete description of the Status Byte
bits, refer to SPOLL (Serial Poll).

The Status Byte is an 8-bit byte that may be used to determine the current status
of the 3468A regardless of whether an interrupt (SRQ) has occurred. The Status
Byte comes from the status register and is output in response to a serial poll
which is described in the next section.

Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

Power-on RQS Cal Front Hardware Syntax Invalid Data

Reset Failed Panel Error Error Range Ready
SRQ

Figure 4-2, Status Register

oetting the SKQ Mask

The SRQ mask can only be set to mask bits 0-5 on the Status Register. Defauit
mask value is 00. To set the mask first determine which conditions you want to
interrupt the controller, e.g., data ready, calibration procedure failed, syntax error,
etc. Determine the two digit octal code for those conditions. Then, output the
"M instruction mnemonic followed by the octal code as the qualifier, that is:
"Mbb”, where bb is the octal code. Think of the SRQ mask as a mask that sits
over the lower six bits of the status register and masks out those conditions you
don't want to cause an interrupt. Figure 4-3 shows the status byte and the SRQ
mask set for bit O, Data Ready.

\\\\

SAG _
Mask

= 7 {octail}
For Data
Ready SRG

Bit & Eit 5 Bit 4

Service Eal:
Hequast

Power-omn
Status
Register

Failure

Figure 4-3. Status Byte and SRQ Mask
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Example 1. Data Ready SRQ

Data Ready is a feature of the 3468A that allows it to interrupt the controlier
after each completed measurement (data ready). This means that the controller
doesn’t waste valuable computing time waiting for measurement data but pro-
ceeds with its work until interrupted. To enable the data ready feature on the

3468A, bit O on the SRQ mask must be set. Remember that bit O will be true in
the status register anytime data is ready but for the SRQ to occur the mask must
be set. The bit pattern for the mask would look like:

bit #: 5 4 3 2 1 O
value: 0 O O O 0O 1
™, Y 4
¢ 1 01 is the octal representation

{see also Figure 4-4)

Consequently, we would use the command: OUTPUT 201;"MO1” to set the mask
for Data Ready. Therefore, whenever the 3468A has data ready it will interrupt
the controller via the SRQ. The controller will only be interrupted if bit O is true,
meaning that data is ready. Bits 1 through 5 will not interrupt the controller if
they go true because the mask was not set for those bits. When data becomes
ready, the SRQ annunciator turns on in the display, and remains on, until the con-
troller responds by doing a serial poll, executing the CLEAR command, or entering
a measurement form the 3468A.

How would this look in a simple -hp- Model 85 program?

Line Description
40 Puts the interface into the remote mode.
50 Qutputs the SRQ mask.
IE i LH T H Eiﬁ?ﬂ’;p@?ﬁzﬂ’"ﬁ 60 Instructs the computer where to go {line
== :.hf:. L e 1000) when an interrupt (SRQ) occurs on
f Il ! A4e32H AT ROORESE Hid interface 9
| 22 BEMDNE a1 . enaie 70 ENABLE INTR9;8 actually enables the -hp-
[ 6;3 (it ¥I HTE- :::_; GDEUE‘ 1 BARA Model 85 to respﬂnd to the SRQ. SRQ is
; ’- EHF!E:LE IHTF; .5‘ P ﬂCtﬂI C{?de " E-” il"l thE‘ -hp" Mﬂd&l 85 COn-
28 1 The bodr of the Prosram 2o trol register.
2= heres ) g : ;
398 EHDO 80-980 ;’?::;:;nes contain the main body of the
1aah P=SPOLL 2@1 2
1816 ENTER 2@l ; R 1000 This is the start of the interrupt
iz DISP R subroutine. SPOLL returns the 3468A
1938 RETUREHN status byte to variable “P”. It also resets

bit 6, if it was set, of the status register.

1010-1030 Line 1010 reads the data and resets bit O
of the status register. Line 1020 displays
P the data. Line 1030 returns program con-

trol to where the program was interrupted.
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SRQ (Cont’d) |

Example 2. Front Panel SRQ

The front panel SRQ feature of the 3468A provides you with a way of manually
interrupting the controller from the multimeter front panel. This feature is enabled

by setting bit 4 of the SRQ mask, command “M20”. Once this is done, pressing
the 3468A front panel SRQ key causes the 3468A to request service (SRQ)} from

the controller. The SRQ annunciator turns on in the display until the controller

responds by doing a serial poll or the CLEAR command.

The following program shows how easily this can be accomplished.

Line Description
50 The "M20”" statement sets the 3468A to
18 | FXUMT PHNEL SR8 EXARMFLE respond to the front panel SRQ key.
;S : %:ETHEE&THEEEE:*EEE s 60 This tells the computer where to go (line
'l P A o b A i T R 2 1 '
45 REMOTE = | 1000} when an SRQ interrupt occurs.
Sa QUTHUT Fel s UhMEal _ 70 ENABLE INTR actually allows the controlier
BB OH IMIR 2 LOSUE 1aod to respond to interrupts.
TH EMAELE IHTR ;3 _ _
SR ! The bod» of the Prosram =o  80-980 These lines contain the body of the pro-
2S5 nepre gram.
23 EnD
iGFAE P=SPOLL.S@1 1000 SPOLL returns 3468A status b\y’tE to
1@16 IF BIT:P.4> THEH DISFE "SRR variable P. It also clears the status register.
- E L
ker Fressed 1010 Bit 4 of the status byte (P} is checked to

18268 RETUEH make sure itisa ”1”. If it is, the message

SRQ KEY PRESSED is displayed. If it isn’t,
then something else caused the interrupt.

1020 This line returns program control to where
it was interrupted.
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SPOLL
cxample
P=SPOLL (901)

Comments

Serial poll allow$ you to determine the current status of the 3488A. When the
3468A receives the serial poll message, it returns its status byte (status register).
Many controllers will display the byte as the sum of the values of the individual
bits that are set. If bits 7 and O are set, for example, the value would be shown
as 129 (129 = 128+ 1}. The 8 bits of the status byte and their respective values
are shown in Figure 4-4, followed by a description of the bits.

Bit 7 Bt 6 | Bit5 | Bit 4 Bit 3 Bit 2 Bit 1 Bt 0
Power-on RQS Cal Front Hardware Syntax /M,ﬁy Data
Reset Failed | Panel Errar Error (hiivaysf © | Ready
SRQ In f‘llé : sq._
Decimal
Value 128 64 32 18 58 4 2 1

Figure 4-4. Status Byte

Data Ready When this bit is set to 1, it indicates that the 3468A will out-
Bit O put a reading if it is addressed to talk. This bit will return to O
when the controller begins to accept the reading, or when
some change in the programmed state of the 3468A causes

the reading to be no longer available.

Bit 1 Bit 1 will be set to ““1"" when an invalid combination of Func-
tion code and Range code is sent to the 3468A. For example,
DC volts function (F1) does not have a range that corresponds
to range code R6. This bit will be cleared when a valid Func-
tion and Range combination is selected.

Syntax Error When set to 1 this bit indicates that a command has been
Bit 2 received over the HP-IL that is syntactically incorrect. It will be
cleared with a Serial Poll of the 3468A.

Hardware Error  This bit, when it is set to 1, indicates that a hardware error of

Bit 3 some sort has occurred. This may be the failure of a self test

routine, a problem with the A/D converter, or a checksum error

| in the calibration RAM. More information can be obtained

ﬁ about the error by reading the 3468A error register which will

; clear the bit (see the B1 command). The calibration RAM
" checksum is checked every time a reading is made.
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Front Panel SRQ When this bit is set to a 1 it indicates that the front panel
Bit 4 SRQ button has been pressed. This bit is cieared when the

3468A is Serial Polled.

Calibration Fail  This bit is used to indicate that an attempted calibration has
Bit 5 falled. The bit will be set to 1 under this condition. A Serial
Poll will clear this bit.

Require Service This bit is set to 1 whenever one of the events specified for
Bit 6 bits O through 5 above occurs at the same time that the cor-
responding bit in the mask register is set. The bit is also set at
power-on or when Test/Reset is executed if the PON SRQ
switch on the rear panel is turned on. This bit is cleared only
when the conditions for requesting service no longer exist, i.e.

bits 1-b and 7 are cleared.

Power-on Reset This bit 1s set to 1 when a power-on reset has occurred. If
Bit 7 switch 3 on the rear panel block of switches is set to the " 1”
or up position, bit 6 will be true and the SRQ message is sent.

Bit 7 is cleared when the 3468A is Serial Polled.

The Status Byte together with the Service Request {SRQ) Mask determine when
the Require Service (RQS) bit is to be set. Setting RQS causes SRQ to be sent on
the HP-IL. A Serial Poll of the 3468A will clear SRQ and it will remain clear until
another reason for setting RQS occurs. RQS on the other hand, is set if one or
more corresponding bits in the Status Byte and SRQ Mask are both set. RQS is
cleared whenever all corresponding bits are not both set. A Serial Poll then, may
cause RQS to be cleared but not in all cases. Bits 2, 4, 5, and 7 are cleared with
a Serial Poll.

Try this simpie exercise.

1. Reset the 3468A. This shouid be done by cycling the LINE switch. Without
setting the SRQ mask, perform a serial poll on the 3468A. Remember to check
the command structure for the controller you are using. The status byte returned
by the 3468A should indicate that bits O and 7 are true. Many controllers will
show a value of " 129”. Looking at Figure 4-4 we can see that the value 129 is
equal to the sum of the decimal values of bits O and 7. Bit 7 is true because of
the power-on/reset that occurred. Bit O indicates that a measurement has been
made and data is ready. This step of the exercise simply serves to show that bits
in the status register may be true without causing the Service Request message to
be sent. Remember that when Service Request is sent, the SRQ annunciator turns
on.
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2. Now turn the 3468A off. On the rear panel find the bank of switches and
set switch 3, Power-on SRQ, to the up (1) position. When you turn the 3488A
back on, the SRQ annunciator should be on in the display. Now do a serial poll.
The status byte returned by the 3468A shows a value of 193. This means that
bits 7, 6, and 1 were true (128+64+1=193). Bit 6 is true because of the
power-on SRQ condition. Bit 7 is true, as in the first step, because a power-on
reset occurred. Because the Power-on SRQ switch was " SET”, when the 3468A
was turned on, it sent the Service Request message (SRQ). After you do the serial
poll, the SRQ annunciator will turn off,

3. Finally, turn the 3468A off and return switch 3 to the down position. Turn
the 3468A on, notice that the SRQ annunciator is not on, and send it the
message "MO1”. MO1 sets the SRQ mask for the data ready condition. In just a
moment the SRQ annunciator will turn on in the display. Again do a serial poll.
The value returned should again be 193 (bits 7, 6, 1). This time the SRQ occurred
because the SRQ Mask was set for bit 0, Data Ready. Do another Serial Poll and
notice that the SRQ annunciator goes off momentarily until new data is available.
The value returned from this second Serial Poll is 65 because bit 7 was cleared by
the first poll.

The previous section on Service Request gave two example programs demonst-
rating SRQ interrupts. Look at the second program, FRONT PANEL SRQ. Change
line 70 to read: 70 GOTO 60 and run the program. Line 40 sets the SRQ mask to
front panel SRQ. Line 1000 performs a serial poll when, and only when, an SRQ
condition occurs (i.e., when you press the 3468A SRQ key). Line 1010 looks at
bit 4 of the Status Byte to verify that it was the front panel SRQ key that caused
the interrupt.
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TRIGGER

Examples

TRIGGER 9
TRIGGER 901

Comments

If the 3468A has been addressed to listen, the TRIGGER message (aiso known as
GET, for Group Execute Trigger) will trigger the multimeter for a new reading. If a
reading is in progress at the time the TRIGGER message is received, the reading
will be aborted and a new reading started.

Topics in Advanced Programming

The following five programs illustrate the flexibility and measurement power of the
3468A. The programs include wusing a thermistor to accurately measure
temperature, achieving the maximum reading rate, using the 3468A Status Bytes,

and more. Although the programs were developed on an -hp- Model 85 desktop
computer they may easily be modified to run on any other controller. In many

cases, suggestions are made for maodifying the programs to suit your individual
needs.
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EXTENDED OHMS

The extended ohms feature is available only via the HP-IL F7 commands. With ex-
tended ohms you can measure resistances above 30 Mohms. When in the Extend-
ed Ohms mode, the 3468A goes to the 30 Mohm range, 2-wire mode. An internal
resistance of approximately 10 Mohms is placed in parallel with the inputs. If this
resistance is measured first and then the unknown resistor connected to the in-
puts, the parallel combination can be measured and a calculation performed to
determine the approximate value of the unknown resistance. The formula for the
calculation is:

Ri = Rt
Ri — Rt

Rx =

Rx is the unknown resistance, Ri is the measured value of the internal 10 Mohm
resistor and Rt is the measured value of the parallel combination. The test leads

should be a very short shielded twisted pair to not pick up radiated noise.

A program that will make the necessary measurements, perform the calculations,
and display the value for the unknown resistor, is given in the following figure.

Lines Description
i D BEETEMDED OHMS EXAMFLE
20t —~hE- 29 LMEPSTIOHN 40-50 Line 40 sets the interface at select code 9
28 CLERFR to the REMOTE state. This ensures that all
448 REMOTE 2 instruments in the loop have been autoad-
<8 R1=3491 dressed. Line 50 sets variable A1 equal to
A OUTPUT 81 02 OPEN TERMS the select code of the 3468A, i.e., 901.
B OISE " EATENDOED GHHE ExAmM
FLE" # ISP 60-130 These lines display messages to open the
28 DISFP "Extended ohms iz a 2—u input terminals on the 3468A. Line 80
ire ohms" displays the message on the 3468A
#8 DISPF "measurement for reszist display.
ancez"
188 OIL5P "abowe 28 Maokms ¢ @ 015 140-150 The 3468A is set up for the extended
F ohms function (F7), 5% digit display (NB),
116 OISF "?PEE? éhglgg?aﬂ InEUt 1 autozero on (Z1), and single trigger (T2) in
erminais. = 2 line 140. Line 150 enters the readings of
126 EIISP "FRESS LCONTI TO BEGIM. the internal 10 Mohm resistor into va?iab!e
128 PRUSE il
%ég EH]TEIIE'ITHFII | -‘;’;FHE’ZITE" 180-210  These lines display messages to connect
" . 4 L :
168 OUTPUT AI , "OZAD0 RESISTOR ghfearf'ifaﬂfierﬁm:; IR 32 E03
178 CLERR @ DISP “Connect resist P *
ance 1o be”® 220-230  These two lines are identical to lines
lgl DISP "measured to the 2478R 140-150. The resistance of the parallel
190 EI?F.SEIE P combination is entered into variable R2,
a8 DISF & pIse * FREZS LCLO 240 Line 240 performs the calculation describ-
1 E;{H}:E ed above to determine the value of the
228 OUTPUT AL i “FPHSZITZ® LR LG et
238 EHTER Al ; RZ 250 The calculated resistance value is
248 RIA=R1IIRZ-(R1-RE2: displayed on the 3468A display.
228 QUTPUT Al i "0D2R=";R3-18~5
268 TLERR @ DISPF "THE RESISTANCE 260 The calculated resistance value is
IS: “;RASLBAE; "MOHMS M displayed on the -hp- Model 85 screen.
278 EMO '

79



TEMPERATURE MEASUREMENTS

The program shown in the following figure computes the temperature, in “C, cor-
responding to the resistance of a thermistor. The program has been desighed to
work with thermistors exhibiting a 5.000 KQ resistance at 25°C, such as a type
44007 (-hp- part number 0837-0164) or equivalent.

The program gives you the option of selecting either 2Z2-wire or 4-wire ohms
measurements to be made on the thermistor. As it stands, the program sets the
3468A for a 2-wire measurement which gives suitable results if the thermistor is
used at a temperature where its resistance is much greater than the resistance of
the test leads. For greatest accuracy from a thermistor, a 4-wire resistance
measurement should be used. To change to a 4-wire resistance measurement,
delete the exclamation mark from line 50. The program is useful over a
temperature range of —80°C to + 150°C.

The coefficients in lines 60, 70, and 80 may be changed for different thermistors.
For example, a thermistor exhibiting 22529 at 15°C - such as a type 44004 -
would have coefficients of: Q1 = .0014684, Q2 = 00023827, and

- Q = .00000010112. Consult the manufacturer's data sheet for information on
coefficients.
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Lines
40-50
P TEMIFERERTURE MERSUREMERT
bHITH TYFE 44867 THERMIZTOR
i -HF~- 85 WERSIOHN
QUTPLIT 9Bl ;"FIREIMa4Z71 ™ 60-80
PpUTRLT 9@l s YFIR4dNgS1T
Hliz AERAEEOESFE]
02= GEpzi2535
Hl= @Rl z=s 90
REMOTE <=
EHTER 981 : B
Rg=L GLCR>
F=1 - ¢(@1+03 % 0CR2+03 k238032 027
216 100
ISP F
LT @8 )
L 110-120
130-140

80

Description

Line 40 sets the 3468A to the 2-wire
ohms mode (F3), 30 Kohm range (R3),
4% digit display (N4}, and autozero on
(Z1}. Line 50 is used to select the 4-wire
ohms mode.

These three lines are the resistance 1o
temperature conversion coefficients for the
thermistor.

The REMOTE 9 command sets the inter-
face at select code 9 to the remote state.
This ensures that all devices in the loop
have been autoaddressed by the coniroller.

Line 100 enters the measured resistance
into variable B.

These two lines perform the resistance 1o
temperature conversion,

The calculated temperature is displayed by
line 130. Line 140 causes program execu-
tion to return for another resistance
measurement.,
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dBm MEASUREMENTS

The dBm Program is used to calculate a power ratio using a 508 impedance as the

reference. The dBm equation is:

dBm = 10+*LOG[(X2/R})/ 1mw]

where X is the measured value, R is the impedance reference {(50{'s) and 1mw is

the OdBm reference.

PodBn MERSUEEMERNT
Po-HF- 85 VERZSIOH
SQUTHUIOT Q81 "FZRRH4Z: 71
EHTER 281 ; E

P=i1@3ft OGCiE~2-58- GHE1 72
nIsSF P

GOTD 48

EMD

Lines
30

40-50

50

60-70C
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Description

The REMOTE 8 message sets the interface
at select code 9 to the remote mode. It
also ensures that each device in the loop
has been autcaddressed by the controller.

Line 40 sets the 3468A to the ac volts
mode (F2), autorange - (RA), 4% digit
display mode {(N4), Autozero on (A1), and
internal trigger (T1).

Line 50 performs the voltage to dBm con-
version,

The dBm value is displayed by Line 860.

Line 70 causes program execution to
return for another reading.
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STATUS BYTE

COMMAND

There are & byies, each 8 bit wide, which may be used to determine the current

state of the 3468A.

If the multimeter is addressed to talk after reception of the

“B1” command it will output the 5 bytes. The meaning of the individual bytes is
given in the table of 3468A programming commands.

The first of the feilowing two programs demonstrates how to get the binary

representation of the 5 bytes. The second program shows how the first three bits
of the first byte may be used to indicate the measurement function the 34868A is

set to. Similar steps may be used on the remaining bits and the other 4 bytes.

¢ BplHARY STHTUS EXAMFLE
I -HF- 3% YERSIGH
REMOTE 9

QUTFUT 3B1 ;"B1"
EMTER =01 USIHG
JE2,B3,. 84, B3
DISP "BYTE 1=";BIT(BLl.72:EBIT
(B1.e2;BITAEBL.S:;BITLEL. . 42;F
ITCRB1 . 22 BITI(EL . 22:BITCEL. 13

iBITCEL. B

OISF "BYTE Z=°;BITiB2.73:BIT
(B2 &0:BITLEB2,S52:BRITIEBZ,435;E
ITiR2., 32;BITLEBEZ. 2 BITIES. 12

sBITIBZ. B>

“LfiB2" L Bl

DISP "BYTE Z=";BITCBI.A0:BIT
(R :BITC(RBI . S2:BITLEZ. 4 =R
ITiB2,. 30 BITI(RI,ZH;BITVRBI 15
:BITIRZ,80

QISP "BYTE 4=";BITIB4.73:BIT
(B4.63:BIT(B4,.5);BITIRB4. 43R
ITiES, 20 BITIB4.22:BITCRB4. 13
sBITCE4 .G

DISP "BYTE S=";BIT(BS.72;EBIT
(RS . EX:BIT(EBS:S2BITLES. .43

ITIBS.Z23;BITIBS. 2 BITCES, 12
sEITORSD. &)

EMD

PSTHTE FPRUOLRFEHAIN

' -HPF- 25 YERSIOH

REMOTE =

F=0

QUIITPUT S0l *BELY

ENTER Sf31 (sIWG "I41BEX" @ Bl
IF BITCB1.7> THEH F=4

IF BITCEL .63 THEN F=F+2

IF BITCRLI,. S0 THEH F=F+1

IF F=1 THEHW G#="0C VYOLTS"

IF F=2 THEN GL&="HLC MOLTS"

IF F=3 THEHN G#="2-HIRE OHMZ"
IF F=4 THEHN L#="4-HWIRKE [OHMZ"
IF F=5 THEKM G¥="0L AMNFST

IF F=& THEMNW ="A/L AMPE"

IF F=7 THEH G#="EXTEHWHDED OHM
Ell

PRINT

PRINT "FLUNCTIDN: ":0#F

EHD

Lines
30

40

b0

60-100

Lines
30-60

70-80

100-160

170-180
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Description

The REMOTE 9 message sets the interface
at select code 9 to the remote mode. It
also ensures that each device in the loop
has been autoaddressed by the controller.

This line outputs the command B1 to the
3468A which instructs it to output its five
status bytes.

The five status bytes are input to the con-
troller by this line.

Each line displays a bit by bit representa-
tion of one of the status bytes.

Description

These lines perform the same tasks as
lines 30-50 in the binary status program.

These three lines test the first three bits of
status byte #1 and assign a value to F ac-
cordingly.

The value of F is tested and G$ is assign-
ed accordingly.

The value of G$, which is the function the
3468A is set to, is displayed on the -hp-
Model 85 display.
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Uperator Maintenance

Introduction

Your 3468A Digital Muitimeter was thoughtfully engineered for ease of use, ac-
| curacy, and perhaps most important, reliability. The instrument was carefully in-
spected before shipping and should be free of mechanical and electrical flaws and
should be in proper working condition.

The information in this chapter covers the initial setup and installation of the

3468A and should be read before the 3468A is installed for use. This chapter

also includes the specification table, warranty information, instructions about what
to do if you suspect the multimeter is malfunctioning, obtaining repair service,
| cleaning, etc.

Accessories

Table 5-1 lists the available accessories for your 3468A. These accessories are of-
fered to help you maximize the usability and convenience of your 3468A.

Table 5-1. Accessories

Accessory Number Description
3411718A Test Leads, Dual banana to probes with sefety
guard rings
10023A Temperature Probe
82167A HP-IL Cables (set of 2)
: 110004 Test Leads, Dual bunana both ends
| 110024 test Leads, Dual banana to dual alligator
11003A Test Leads, Dual banana to probe and alligator
110968 RF Probe
3417114 High Voltage Probe
Option 910 Additional Operators Manual and Service
Manual, -hp- Part Number 03468-30000,
03468-90001
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Initial Inspection

Your 3468A was carefully inspected before it left the factory. It should be free of
mars or scratches and in proper working order upon receipt. You should, however,
inspect the instrument for any damage that may have occurred in transit. If the
shipping container or cushioning material is damaged, it should be kept until the
contents of the shipment have been checked for completeness and the instrument
has been mechanically and electrically inspected. Procedures for checking the elec-
trical performance of the 3468A are given in the 3468A SERVICE MANUAL (-hp-
part number 03468-90001}. If there is any mechanical damage or the contents
are incomplete, or the instrument does not pass its performance tests, notify the
nearest Hewlett-Packard office (a list of the -hp- Sales and Service Offices is
located in the back of this manual). If the shipping container is damaged, or the
cushioning material shows signs of stress, notify the carrier as well as the
Hewlett-Packard office. Save the shipping materials for the carrier.

Preparation for Use

Power Requirements

The 3468A Digital Multimeter requires a power source of 100, 120, 220, or 240
Vac {(—10%, +5%], 48 Hz to 440 Hz single phase. Maximum power consump-
tion is 25 VA.

Line Voltage Selection

Refer to the rear panel of the 3468A for the line voltage option label. Make cer-
tain that the option marked on the label is the same as the nominal line voltage for
your area. Also check the left most switch (50/60Hz switch) for the proper set-
ting, i.e., up for BOHz and down for 60Hz. Table 5-2 lists the available power op-

tions.

Table 5-2. Line Voitage Options

Option No, Line Voltage Frequency

001 Add Batteries

3215 100 50
316 100 &80
325 120 50
326 120 60
335 220 B0
336 220 60
245 240 50
346 240 60
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CAUTION

Belfore connecting the multimeter to an ac power source,
verify that the ac power source matches the power re-
quirements of the multimeter as marked on the option label
on the rear panel of the instrument. Only qualified service
trained personnel are alfowed to reconfigure the 3468A for
the different line voltage options.
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Figure 5-1. 3468A Rear Panel

Grounding Requirements

To minimize shock hazard, the instrument chassis and cabinet must be connected
to an electrical ground. The instrument is equipped with a three-conductor ac
power cable. The power cable must either be plugged into an approved three-
contact electrical outlet or used with a three-contact to two-contact adapter with
the grounding wire (green) firmly connected to an electrical ground (safety ground)
at the power outlet. The power jack and mating plug of the supplied power cable
meet International Electrotechnical Commission (IEC) safety standards.
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Power Cords and Receptacles

Figure b-2 illustrates the different power cord configurations that are available to
provide ac power to the 3468A. The -hp- part number shown directly below the
individual power plug drawing is the part number for the power cord set equipped
with the appropriate mating plug for that receptacle. If the appropriate power cord
is not included with the instrument, notify the nearest -hp- Sales and Service of-
fice.

280 ¥ 250 V 250 ¥ 260 W
OPERATION OPERATION DFERATION OFERATION

--.-.- ...H--\.
W s T

PLUGT: SEV 101118568 24007

FLUG; CEET-V11 PLUG®: CEEZ2-W1 FLUG®: DHCR 107 TYPE 12
CABLE®: HP 8120-16392 CABLE*: HF 8120-1 860 CABLE*: HP 8120-2956 LABLE®: HP B120-2104
125 % - A" 250 W 250 W 250 % . GAT® 125 ¥ - BA* "
QOPERATION CPERATION
.-';IF- . ’
: & P 4 A
: . N /
i "x:_.) 7 :\w}".
. g L H‘“"‘ JQ;:\()_
PLUG™ MNERMA 1-15F PLUGY: NISS 198/AS T L E PLUG®: 853 1363a PLUG™: NEMA G-15F PLUG™: NEMA B-15F
CABLE®: HP 8120-0688% CABLE®: HF 8120-0696 CABLE®*: HF 8120-1703 CABLE™: HP 81 20-D656 CABLE®: HFP B120-15Z 1

STD-B-4195 [Rav.}

*The numbar shown for the plug is the industry identifier tor ihe plug only.
The number shown for the ceble iz an HP part number for 8 complete cable including the plug

* 2L liated for use in the United States of America ) .

Figure 5-2. Power Cables ‘

Bench Use

The 3468A is equipped with feet and Handle/Bail installed and is ready for use as
a bench instrument. The 3468A display viewing angle is adjusted by pulling out
on the Handle/Bail and rotating to a convenient position.
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Safety Considerations

General safety precautions must be adhered to during all phases of operation of
the 3488A. Failure to comply with thesc precautions or with specific warnings
elsewhere in this manual, violates safety standards of design, manufacture, and in-
tended use of the instrument. Hewlett-Packard company assumes no liability for
the -customer’s failure to comply with these requirements.

Operating personnel must not remove instrument covers. Component replacement
must be made by qualified maintenance personnel. Do not operate the instrument
in the presence of flammable gases or fumes. Operation of any electrical instru-
ment in such an environment constitutes a definite safety hazard.

Warnings or cautions precede any potentially dangerous procedures throughout
this manual. Instructions contained in the warnings and cautions must be follow-
ed. Safety Symbols used on the instrument or in the manual include the following:

The WARNING sign denotes a hazard. it calls attention to a

WARNING  procedure, practice, condition, or the like, which, if not cor-
rectly performed or adhered to, could result in Injury or
death to personnel,

The CAUTION sign denotes a hazard. It calls attention to

CAUTION  an operating procedure, practice, condition, or the like,
which, if not correctly performed or adhered to could result
in damage or destruction to all or part of the product.

NOTE The NOTE sign denotes important information. It calls at-
tention to a procedure, practice, condition, or the like,
which is essential to highlight.

Instruction Manual Symbol: the product will be marked with
A this symbol when it is necessary for the user to refer to the

instruction manual in order to protect against damage to
the instrument.

Indicates dangerous voltage (terminais fed from the interior
by voltage exceeding 1000 volts must be so marked).

N Alternating current.

r—— Direct current.
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Environmental Requirements

When the 3468A is calibrated, careful note should be taken of the ambient
temperature. In order to meet and maintain the specifications listed in Table 5-3,
the 3468A should be operated within = 5°C (+ 9°F) of the calibration
temperature, also called the reference temperature. As it comes from the factory,
the 3468A should be operated within an ambient temperature range of 23°C
+5°C (73°F =*=9°F). The instrument may be operated within an ambient
temperature range of 0°C to 55°C (+32°F to 131°F) but with reduced ac-
curacy,

WARNING

To prevent potential electrical or fire hazard, do not expose
the mufltimeter to rain or moisture.

Specifications

The specifications for the 3468A are the performance characteristics of the instru-
ment which are certified. These specifications are listed in Table b-3, and are the
performance standards or limits against which the multimeter is tested. Included in
the table are some supplemental characteristics of the 3468A and should be con-
sidered as additional and general information for you, the user. Because of the
many operational capabilities of the 3468A, exercise care when checking the in-

strument specifications.

Any changes in the specifications due to manufacturing changes, design, or
traceability to the National Bureau of Standards will be covered In a manual

change supplement.
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Yabie 5-3. Specifications

DC VOLTAGE

Input Charactaristics:

Temperature Coefficient:

T 0°C to (Cal. Temp. —5%C},{Cal. Temp. +5°Cj 10 55°C
Reading Resgiution b2 digit display, auto-zero ON
Range i5% Digit) 5% Digit 4% Digit 3% Digit + {% of reading + number of counts)/*C
el + 301000V 1uV 10pV 100pV Range _] Temperatura GCoefficiant
3V + 3.01000V 10uV 100pV Tmv
30V | +30.1000V 1004V 1mv | 10mV .3V, 30V ‘ 0.0008 + .5
300V +301.000V TmV 10mV | 100mV 3V, 300V 0.0007 + .05
input Resistance: Noise Rejection.
.3V, 3V ranges: - 1019 In dB, with 1kil imbaiance in Lo lead. AC rejection for 50,
30V, 300V ranges: 10MQ + 1% SR 23 Bb1)%00 AeEs-eE® Bl
Maximum Input Valtage: (non-destructive] X AL AC oe
Display NMR ECMR CMA
Hito Lo: 3071 Vrms or 450V peak
Hi or Lo to Earth Ground: =500V peak hlh digits a0 160 140
4% digits 58 130 140
Measurement Aceuracy: 3% digits 0 10 140
(% of reading + number of counts) Maximum Reading Rates: (readings/sec)
Auto-zero ON
First reading is correct within .1 count of final vaiue, whean on
5% Digit Made: correct range, triggered coincident with step input.
Cal. Temp = 1°C Cal. Temp. £5°C The reading rates are dependent on the speed of the controiier
Range 24 Haurs 90 Day 1 Year haing Lsed.
3V 0.005 + 4 C.009 + 5 0.02 + b Line Aute Resolution
3V 0.0035 + 2 0.007 + 2 0.018 + 2 Frequence Zero | 3% Digits | 4)% Digits | 5% Digits
30V 0.005 + 3 Q.009 + 3 0.02 + 3
300V 0.00566 + 2 0.009 + 2 .02 + 2 Off 32 21 3.7
60Hz On 25 13.4 2
4% and 3% Digit Made:
Off 32 18 3.1
Accuracy is the same as 5% digit mode for % of reading; use H0OHz2 On 2b *‘] 2 1.7
1 enunt for number of counts,
Maximum Reading Rate witk 41CV:
The Cal. Temp. {Calibration Temperature] is the temperature .
of the enviranment where the 3468A was calibrated. Cali- 2 readings/sec
bration should be performed with the temperature of the J _
environment between 20°C and 30¢C. Display Rate: (readings/sec)
Aute.Zera OFf: For 50 or 60 Hz operation.
(6% digit) for a stable environment (| + 1°C}, for <24 hrs., add % Digits | 4)% or 35 Digits
11 counts to accuracy specification for 3V and 30V ranges,
3 counts for 3V and 300V ranges. For 4% or 3% digits, Auto Zero off 4
Auto Zero On 4

multiply counts by 0.1.

input Characteristies:

RESISTANCE (Z-wire [, 4-wire {1}

Measurement Accuracy:

Maximum

Reading ~_ Haesolution
Range (5% Digit) 5% Digit 4% Digit 3% Digit
300 f{} 301.000 g Tmil 10mil 100m{
3 ki2 3.01000 k!t 10me 100mi} 1T 40
30 ki 30.1000 ki T00m 1 1 10 1
300 k& 301.000 k& 1 0 10 € 100 @
3MN 3.01000M{ 10 Q 100 0 T kil
S0M0 30.1000M4 100 1 kf 10 kil

Input Protection: (non-destructive)

Hi source to Lo source: =+ 350V peak

Hi sense 1o Lo sense: + 350V peak
Hi or Lo to Earth Ground:

+ H00V peak

—— e R —— e —
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+{% of reading + numizer of counts)
Auto-zero ON, 4-wire ohms.

5% Digit Moile:

Cai. Temp £ 1°C

Cai. Temp. £5°C

Range 24 Hours 90 Day T Yaar
3000 0.0040 + ¢3 | 0.012 + #4| 0.017 + 5
3k — 300k} 0.008p + 2 0.011 + 2 0.016 + 2
MO 0.0068 + 2 0.011 + 2 0.016 + 2
30MQ 0.036 + 2 0.066 + 2 0.078 + 2




Table 5-3. Specifications (Cont'd)

— ro—r

RESISTANCE {2-wire £}, 4-wire @2} (Cont'd)

Z-Wire Ohms Accuracy: Range Temperature Coefficient
Same as 4-wire ohms, except add a maximum of 100mil off- 2000 0.0009 + 0.5
set. 3k — 300k 0.0009 + 0.05
3M0 0.0021 + 0.05
Auto-Zera Oft: 30MQ 0.021 + 0.05

(5% digit) tor a stabie environment {= 1°C), for <24 hrg,, add

11 counts to accuracy specification for 300 range 3 counts TR ULGe U T

for 3k through 300k ranges, 8 counts for 3M2Q range, and Range: 2000 3k} 30kil 300kt 3Mi 30K

33 counts for 30MLZ range. Current: TmA  TmA  TOOuA 104 1z 100nA
Temperature Coefficiant: Maximum Open Circuit Voitage:

0°C to (Cal. Temp. = 5%C},(Cal. Temp. +5%C} to 55°C 6. 5\

5% digit display, auto-zero ON

+ (% of reading + number of counts)/*C Maximum Reading Rates:

Same as dc volts, except tor 3Mi and 30Mi ranges. For 3MQ
range, add 20ms; for 30M{ range, add 200ms per reading.

AC VOLTAGE i{true rms responding)

input Characteristics: Auto Zero OF:
Maximum (5% digitsi for & stabie environment {x 1°C), for <24 hrs., add 10
Reading Resolution counts to accuracy specifications for all ranges.
Range {5} Digit) 5% Digit 4% Dipit 1% Digit
3V .301000V TpV 10V 100uV Temperature Coefficiant:
3V 2.01000V 10uV 100V 1mV
Sﬂv 30 TUDDU .;Gﬂiv .-In{:.v 1{}2U DQC 1o “:-EL TEFTIFI = EQC],[EEI. TEITII:I. T 5:"':} TG 55&":,
) 5% digit display, auto-zerc QN,
300V 301.000V TmV 10mV 100mV For frequencies < 20kHz, £{0.016% of reading + 10 countsk~C

For frequencies > 20kHz, £{0.04% of reading + 10 counts}/®C
input Impedance:

TM2 + 1% shunted by < 60pF

Crest Factor:
Maximum Input Voltage: (non-destructive)

Hi to Lo: 207Vrms or 450V peak o
Hi or Lo to Earth Ground: =+ 500V peak Comman Maode Rejection:

With 1k{ imbalance in Lo lead, > 70dEB, dc to 80Hz.

=411 at ftull scale.

Measurement Accuracy:

) Maximum Reading Rates: (readings/sec)
+ {% of reading + number of countsj)

Auto-zero ON. 5% digit display. Accuracy is specitied for sine- First reading s comect within 70 counts of final value, when on
wave inputs only, > 10% of full scale. correct range, triggeed coincident with step input. Add 0.6 seconds for
1 Year, Cal. Temp. +5°C sach range change.
Ranne For 50 or 60Hz operaticn, auto-zero ON or OFF,
Has 3% or 4% digits: 1.4 readings/sec
Fraquency 3V V. 30V | 3oov 5 digits: 1.0 readings/sec
20Hz-50Hz 1.14 + 163 1.14 + 102 1.18 + 102
BOHz — 100Hz 0.46 + 163 0.46 + 103 0.5 + 102
100Hz — 20kH:z 0.29 + 163 0.26 + 102 0.33 + 102
20kHz — bOkHz 0.56 + 247 0.41 + 18O 0.5656 + 180
BOkHz — 100kHz 1.74 + B82 1.06 + 8256 1.26 + B26
100kHz — 300kH:z 10.1 + 3720
{30V range only}

DC CURRENT
input Characteristics: Measurement Acturacy:
Maximum + (% of reading + number of counis)
Reading B Resolution Auto-zero ON. B} digit display.
Range | 9% Digit] % Digit [ 4% Digit E 3% Digit
5 Cal. Temp. £5°C
3A +3.01000A 10pA [ 1001A I TmA Range 90 Days 1 Year
Maximum Input: {non-destructivel 3A, <1Ainput | 0.14 + 6| 017 + 6
3A>1AInput | 1.0 + 30| 1.0 + 30

3A from < 250V source: fuse protected




Tabile 5-3. Specifications {Cont'd)

Auto-Zero Off:

(62 digit) for a stable environment {+ 1°C), for < 24 hrs., add
11 counts to accuracy specification for 5% digit mode.

Temperature Coefficient:

0°C to (Cal. Temp. - 5°C},{Cal. Temp. +5°C) to 55°C
b2 digit display, auto-zero ON
+ (0.012 of reading + 0.5 counts}/°C

input Characteristics;

Maximum
Reading | Resolution
Range (5% Digit) % Dipit | 4Y: Digit ! 3% Digit
e ¥.. 1 3210004 Tuh 10uh 100A
3A 3.01000A TO0pA T100uA TmA

Maximum Input: (non-destructive)

3A from < 250V source; fuse protected

Measurement Accuracy:

+ (% of reading + number of counts)

Auto-zero ON. 5% digit display. Accuracy specified for sine-
wave inputs only > 10% of full scale.

1 YEAR, CAL. TEMP, =5°C

Rangas
Frequency J00mA JA
20Hz — BOHz 1.77 + 163 | 2.6 + 163
BOHz — TkHz 1.1 + 183 | 1.8 + 163
1kHz — 10kHz | 1.0 + 163 | 1.7 + 1863
10kHz - 20kHz=z 1.14 + 163 | 1.84 + 183

Operating Temperatuse:

0 to 55°C
Humidity Range:

35% R.H., O w40°C
Storage Temperature:

—40°C to 75°C
except for battery option, - 40°C ¢ +65°C

Warm-up Time;

1 hr. 1o meet all specifications.

integration Time:

Lin¢ Fraquency
Number of Digits 50Kz bllHz
S 200ms 166.7ms
4 e 20ms 16.67ms
3% 2ms 1.667ms

DC CURRENT (Cont'd)

Maximum Burden at Full Scale:
TV

Maximum Reading Rates:

Same as dc volts

AC CURRENT {true rmis respondingl

Auto-zero Off:

Ib¥ digits) for & stabie environment { £ 1YC}, for <24 tus.,
add 10 counts tc accuracy specification.

Temperature Coefficient

0vC to (Cal, Temp., =5%Cj}, (Cal. Temp. +5°*C) 1o 55°C.
bl digits, auto-zero ON.
+ {0.021% of reading + 10 counts)/°C

Maximum Burden at Full Scale:

v

Crest Factor:

=41 at full scsle

Maximum Reading Rates.

Same as ac volts

GENERAL INFORMATION

Power:

AC Line 48 - 440Hz; 86 - 250V, |see gonfiguration)

Battery: {Option 001)

Rechargeable lead-acid; minimum continuous operation for
© hours at 25°C; recharge time is 16 hours with 3468A off and
36 hours with 3468A on.

Maximem Power:

<13 VA

Size:

. dmm H x Z3E8.Tmm W x Z276.2mm D
13.88inHx9.38inWx 10.88in D)

Weight:

3468A - 2.1 kg (4.63 Ibs.}
3468A with Option 001 - 3.1 kg {6.83 Ibs.)
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Interface Connections

The -hp- Model 3468A is compatibie with the Hewlett-Packard Interface Loop (HP-
IL). HP-IL is an easy to use interface that allows interaction and control between
the -hp- 41 family of calculators and instruments such as the 3468A. Instruments
are connected together in series, forming the “‘loop’’. Refer to Appendix A for
specific information regarding HP-IL.

The 3468A may be connected at any point in the ioop. Refer to Figure b-3. HP-IL
connections to the 3468A are by two cables, one going to the previous instru-
ment in the loop (INI and the other going to the next instrument (OUT). All of the
interface cables must form a continuous loop. All connectors are designed for
proper orientation. To connect a device such as the 3468A, first turn off the
calculator and the device to be added to the loop. Then, disconnect the loop In

one place and connect the 3468A into the loop at that place. All devices must be
turned on for the interface to work properly. The calculator assigns new addresses

to each device at turn-on. Total cable length between any two consecutive
devices in the loop must not exceed 10 meters (33 feet} for standard cable.

Figure 5-3. Typical HP-IL Sysiem Interconnection
Address Selection

Each device in the loop is assigned a unique address - a number from 1 to 30 -
allowing the controller to specify and control individual devices. The 3468A has a
default address of 22, however, the system controller (calculator) is able to assign
new, sequential addresses to each device in the loop. These addresses start with
address 1 for the first device in the loop after the calculator in the direction of in-
formation transfer. In this way, each device has an unique address, which the
device stores internally.

Fuse Replacement
Amps Terminal Fuse

The Amps terminal fuse is located physicaliy inside the Amps (A} terminal on the
multimeter front panel. To replace the fuse, first remove the cable from the Amps
terminal and then turn the power off to the multimeter. Use the side slots on the
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"A” terminal to rolate the terminal counterciockwise. The terminal and fuse will
protrude from the front panel. Remove the terminal and fuse, replace the fuse with
a 3A/250V rated fuse, -hp- part number 2110-0003. Return the terminal and fuse
to the front panel.

Power Line Fuse

The power line fuse is located on the rear panel of the 3468A and should be
replaced only be qualified service trained personnei.

In Case of Trouble

If at any time you suspect that the 3468A is malfunctioning, perform the self test

as follows: TEST/

RESET

. SGL

This initiates the functional self test of the 3468A. The self test starts by turning

on every segment in the display (except the top dot on the colon) for about 2
seconds, blinks and repeats. Following this the seif test actually begins with any

discrepancies noted in the display. If there are no self test failures, the 3468A

returns to its power-on state. See Chapter Il for a complete discussion on the Self
Test,

If the Voltmeter self test fails, the display is blank, or it will not respond to the
front panel keys (3468A not in REMOTE mode), turn the multimeter off and per-
form the following steps.

1. Remove all cables.

2. Check the Line Voitage option marking on the rear panel of the 3468A to

ensure that it is set to the correct nominal line voltage in your area (i.e., 110,
120, 220, or 240 Vac).

3. Have a qualified service trained technician check the line fuse.

4. Check the AC power cord and piug it into the AC receptacle on the 346E8A.

o. Turn the 3468A on. Watch the display. At turn-on the multimeter should
display SELF TEST OK, and then begin to take readings in the dc volts mode. If
any part of the self test should fail an error message will be shown in the display.

6. If the display does not return or if the self test fails again, the 3468A re-
quires service. Call your local -hp- Sales and Service Office. A list of offices is pro-
vided in the back of this manual.
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Warranty Information

Certification

Hewlett-Packard Company certifies that this product rmet its pubilished specifica-
tions at the time of shipment from the factory. Hewleti-Packard further certifies
that its calibration measurements are traceable to the United States National
Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and
to the calibration facilities of other International Standards Organization members.

Warranty

This Hewiett-Packard product is warranted against defects in material and
workmanship for a period of one year from date of shipment. During the warranty
period, Hewlett-Packard Company will, at its option, either repair or replace pro-
ducts which prove to be defective.

For warranty service or repair, this product must be returned to a service facility
designated by -hp-. Buyer shall prepay shipping charges to -hp- and -hp- shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all ship-
ping charges, duties, and taxes for products returned to -hp- from another coun-

try.

Hewlett-Packard warrants that its software and firmware designated by -hp- for
use with an instrument will execute its programming instructions when properly In-
stalled on that instrument. Hewlett-Packard does not warrant that the operation of
the instrument, or software, or firmware will be uninterrupted or error free.

Limitation of Warranty

The foregoing warranty shall not apply to defects resuiting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environmental specifications for
the product, or improper site preparation or maintenance.

NC OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE

REMEDIES. HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, IN-
DIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER

BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
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Assistance

Product maintenance agreements and other customer assistance agreements are
available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Of-
fice. Addresses are provided in the back of this manual,

How to Obtain Repair Service

Most -hp- service offices in the United States are NOT authorized to service and repair 3468A
DMM's. Notify your local -hp- sales office for specific information on where to send the instrument
for repair. This will substantially reduce turn-around time. You may have vyaur
3468A repaired at a Hewlett-Packard repair center anytime it needs service,
whether the instrument is under warranty or not. There is a charge for repairs
after the one year warranty period. A list of offices is conveniently provided in the
back of this manual.

Serial Number

Each 3468A multimeter carries its own serial number on a plate on the rear panel.
It is recommended that owners keep a separate record of this number. Should
your unit be lost or stolen, the complete serial number is often necessary for trac-
ing and recovery, as well as any insurance claims.

General Shipping Instructions

Shouid you ever need to ship your 3468A, be sure it is packaged in a protective
package {use the original shipping container and cushioning material} to avoid in-
transit damage. Such damage is not covered by the warranty. Hewlett-Packard
suggests that you always insure shipments. Attach a tag to the instrument identi-
fying the owner and indicating the service or repair needed. Include the model
number and full serial number of the instrument. In any correspondence, identify
the instrument by model number and full serial number.

95



Further Considerations

Cleaning

Disconnect the 3468A from its ac power source before cieaning. The muitimeter
can be cleaned with a soft cloth dampened either in clean water or in water con-
taining a mild detergent. Do not use an excessively wet cloth, or allow water in-
side the instrument. Do not use any abrasive cleaners, especially on the display.
Do not press too hard on the display. The panel area surrounding the input ter-
minals should not be touched because oils on the surface caused by finger prints
may cause leakage paths and decrease the input impedance. To maintain the high
input impedance of the multimeter, the input terminal area should be cleaned
periodically with a cotton swab dipped in isopropyl alcohol.
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Appendix A

introduction

Hewlett-Packard Interface Loop (HP-IL) is a two wire interface that permits com-
munication from one device or instrument to another. As the name implies,
devices are connected in a serial loop structure. Data or information, in the form
of digital messages, travels from one device to the next around the loop. The
following discussion is controller independent but, where appropriate, is dependent
on the 3468A.

General HP-IL Description

The interface loop consists of a calculator/controller and up to 30 peripheral
devices such as the 3468A, printer/plotters, etc. Maximum cable length from one
device to the next should not exceed 10 meters to maintain noise immunity. Infor-
mation is transferred from one device to the next around the loop. If the informa-
tion is not intended for a particular device {see paragraph on addressing), the
device merely passes the information on to the next device in the loop. When the
information reaches the intended device, the device responds as directed by the
information. In this way, the calculator/controller can send information to and
receive information from selected devices in the loop according to the devices
capabilities. Figure A-1 shows a typical interface loop system.

CASSETTE PRINTER
> TALKER |
LISTENER LISTENER
ADDRESS 1 ADDRESS 2
ki
Eﬁhﬁg%ggﬂﬂ VYOLTMETER
LISTENER ADURESS O ADDRESS 3 TALKER
CONTROLLER LISTENER
T PLOTTER
- E-
L ISTENER
ADDRESS ¢ 3468 AP-1

Figure A-1. Typical HP-IL System

97



Functional Overview

Each device in the loop may possess one or more of the three basic device
capabilities: Controller, Taiker, or Listener. The controller, as the name implies, has
the responsibility to control loop activity. The -hp- Model 41C/41CV handheld
calculator and the -hp- Model 85 desktop computer are examples of devices which

can be used as controilers. They must, of course, be equipped with the proper in-
terface module. Controllers transmit all commands to other devices in the loop and

have Talker and Listener capabilities. The 3488A cannot serve as a controller. On-
ly one device in the loop may serve as a controller.

Talkers are devices that have the ability to send data or information {but not com-
mands) through the loop. Note that a talker will not actually send its data or infor-
mation until told to do so by the controller. The 3468A has Talker capsabilities.
When the 3468A is talking on the loop its TLK annunciator will turn on. In special
situations, one device may be classified as a Talk-only device and sends informa-
tion to Listen-only devices. Such a system would not have a controller. For exam-
ple, the 3468A can be configured for Talk-only mode and send measurement
results to a printer.

Listeners are devices with the capability to receive information over the loop.
When the 3468A is " listening” , its LSTN annunciator turns on. Listeners must re-
main inactive until instructed by the controller to receive the information.

Addressing

Each device in the icop is assigned an address by the controller. The assigned ad-
dress will probably be different than the factory preset address. The 3468A, for
example, has a preset address of 22. If the 3468A is the only device in the loop
with the controller, the controller will assign it an address of “1”. The address
permits the controller to specify or select a particular device in the loop when sen-
ding commands. Addresses are assigned to devices sequentially around the loop in

the direction of information flow. The first device after the controller is assigned
an address of “1”. The second device is assigned the address “2”, and so on

around the loop.

Look at Figure A-1 again. The devices are shown with their basic capabilities, lcop
address, and direction of information flow.
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HP-IL System Terms

The following paragraphs define the terms and concepts used to describe HP-iL
sysfem operations.

a. Address: Each device in the loop is assigned an address by the controlier. The
address is used to specify which device in the loop will receive information or
send information.

bb. Byte: A byte is a unit of information consisting of 8 binary digits called bits.
c. Device: Any instrument or unit that is HP-IL compatible is called a device.

d. Device Dependent: An action a device performs in response to information
sent through the loop. The action is characteristic of a particular instrument
and will probably vary from device to device.

e. Frame: Messages are sent through the loop as a sequence of eleven bits call-
ed a message “frame”.

f. Polling: Polling is a process typically used by a controiler to locate a device
that has requested service from the controller. There are two types of polling,
Serial Poll and Parallel Poll:

1. Senal Poll. When the controller executes a serial poli, the addressed device
sends one byte of operational information called a status byte. If more
than one device in the loop is capable of requesting service, each device
in the loop must be serial polled until the device that requested service is
located.

2. Parallel Poll. This method obtains a status bit from eight devices in the
loop. The 3468A does not respond to a paraliel poll

WVessages

Every message sent through the loop is sent as a sequence of eleven bits called a
message frame. Commands, such as Listen, are made up of one or more message
frames. The first bit in each message frame is a sync bit and is specially coded so
that each device can recognize the beginning of a frame. The sync bit and the two
following bits are called control bits and are used to determine the classification of
the message frame. There are three major classifications of frames: Command,
Ready, and Data. The remaining eight bits are the data bits and specify the par-
ticular message within the classification.
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Normally only one message is in transit around the loop at any given time. In
general, when a device sources a massage it waits until the message goes com-
pletely around the loop and returns before transmitting the next message. This Is
part of a process called loop handshaking and guarantees that talkers and con-
trollers do not send messages faster than other devices can accept them. It also
provides an excellent error-checking capability. Each message must pass through
each device. When a device receives a message, it does not pass it on to the next
device until it is ready to receive the next message. Consequently, when the
message returns to the sourcing device, it knows for certain that all devices in the
loop have received the message and are ready for the next.

3468A Loop Capabilities

The following table lists the HP-IL functional subsets that the 3468A responds to
and uses.

R The 3468A handshakes as a receiver

D Handshakes as a driver to the next device
AH Handshakes as an acceptor

SH1 Handshakes as a source

T1,2,3,5,6 Basic Talker, Send Status, Send Device ID, Talk Only, and unad-
dressed as a Talker when addressed to Listen

TEQ No extended Talker capability

L1,3 Basic Listener and unaddressed to Listen when addressed to Talk

LEO No extended Listener capability

CO The 3468A cannot serve as a controller

AAT Can be autoaddressed by the controller

AEQ No extended addressing capability

AMO No multiple addressing capability

DC2 The 3468A responds to a Device Clear and Selected Device Clear

DT The 3468A responds to a Device Trigger

RL2 Basic Remote, Local, and Local Lockout capability

SRz Basic Service Request and Asynchronous Service Request capabili-
ty

PPO The 3468A does not respond to a parallel Poll

MS1 The 34868A does have a manual Service Request

PDO The 3468A does not have a power-down capability

DDO The 3468A does not implement device dependent Taiker or

Listener commands
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ASCII Table
I

; ASCIE EQUIVALENT FORMS GASCH | EQUIVALENT FORMY ASCHE EQUIVALENT FORNS ASCH EQUIVALENT FORMS
! Char. inary Dctal Uisc. Char. Binary Dctal Diwc. Char. Binary Octal fec. Char. Binary Cetal Dac.
| NULL [ QQOQO000 Q00 G space | 20100000 040 32 @ Q1000000 100 G4 ’ 01100000 140 96
SOH | 0000000 Q01 1 I 20100007 041 33 A Q10000017 107 G5 8 D1 100001 141 97
| STxX ¢ 00000010 002 Z " 100010 042 34 B 01000010C 102 &6 o 01100010 142 LE
ETX | Q0000011 Q03 3 # 30100011 043 38 C Q1000011 103 g7 c 01100011 143 £l
EQT | 00000100 004 4 3 20100100 044 36 ¥ 01000100 104 68 d 01100120 1 44 100
ENGQ | 00000701 005 8 % 00100101 048 37 E C1000101% 108 69 e 1100101 146 101
ACK | 00000110 Q06 & & 0100110 D46 38 F 01000110 106 7o i G1700110 146 102
i BELL | QQOQO7T11 L ) ’ AOI00T17 047 3% G Q1000117 107 71 g 01100111 147 103
. 85 QO001Q00 010 B { Q101000 QB0 40 H 01001000 1a 7e F 01101000 150 104
HT | 00001001 011 g } 00101001 51 41 f Q1001007 111 73 i 1101001 191 105
3 LF 00001010 012 1 : Lo10I0C Q52 42 4 01001010 112 /4 i Q1101 o 152 106
YTAR Q0001011 N3 11 & Qo101011 0b3 43 K 01001071 113 i+ k 1107017 162 107
FF 00001 100 014 12 5 20101100 Q54 44 L 01001100 114 78 i 01101100 is4 108
R 00001101 016 13 - Qo101101 0565 45 A Q102711 115 77 e 01107101 156 10%
o SQ | 00001110 016 14 5 Q0101110 J58 46 M Q1001110 116 7B n 01101110 156 11¢
M Sl QooD1111 17 15 i Q0101111 067 47 O 1o 111 114 9 0 D1i101111 157 111
DLE Q0010000 Q20 16 O 30110000 060 485 F 210170000 120 a3l B 0111000C 160 114
DD: QOO 000T a2 17 1 Q0110001 061 S8 Q 010170001 121 & q 01110001 161 r13
i DL, | Q001000 Q22 18 Z 01 10010 062 ol i 01010010 122 ¥ r Q1110010 164 114
DCq | DO010011 023 19 3 Q0110017 063 51 8 01010011 123 83 5 01110011 163 11%
DC, | 0010100 024 20 4 00110100 064 52 T Q1010100 124 24 1 Q1110100 164 118
NAaK [ Q0010101 Q25 21 5 00116161 065 53 u 2131010 125 85 U 01110101 166 117
SYNC | 00010110 Q28 22 i QOO0 Q66 54 W C101071¢ 126 B0 W 01110116 166 118
ETBE oo010111 a2} 23 i al1 10111 0a7 5b w C1010111 127 87 w 1110111 167 118
CAN | 00017000 Q30 24 8 30111000 U770 56 X 01011000 136 88 X 21111000 170 120
EM | Q0011007 031 25 g 201171001 071 57 Y Q107110073 131 29 ¥ Q1111007 171 121
SUE | D0011010 032 26 : JWIT10T0 072 o8 Z 131016 132 o 2 Q111101G¢ 174 122
ESC | 00011017 033 27 ; 20111011 073 58 [ 01071101 133 21 { Q1111011 173 123
FS Qo011 100 034 28 < 20111100 074 G Q1011100 134 - s | 01111106 174 124
Gs | 00011107 Q3% 29 = 30111101 078 &1 | 0101111 136 93 h 01111101 175 125
RS | 00011110 Q36 20 = 30111110 076 862 01011110 136 ga - 011111106 178 126
Us Qo011111 Q37 31 ? Q01171111 077 83 - 01011111 137 25 DEL | 01111111 i 127

101




rage

A
Abnormal mulitimeter readings . . . . . ... .. ... 13
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Fuse replacement. . ., ., ... ... .. .. ....... 92

102

H
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Product Line Saies Suppori Key

Kay Product Ling

A Analytical

CM Componente

¢ Computer Systems

CP Computer Systams Primary Service Responsible Oifice (SRD)

C5 Computer Systems Secondary SRO

E  Electronic Instruments & Measurement Systems

B Medical Products

MP  Medical Products Primary SRO

MS Medical Products Secondary SRO

P Personal Computing Praducts

* Sales only for specific product ling
Support only for specific product line

iMPORTANT: These symbols designate generai product ling capability. They do not
Insure sales or support availability for alt products within a line, at all lpcations.
Contact your local sales otiice for Infarmalion regarding locations where HP

support is available for spezific products.

HP distributors are printed in italics.

ANGOLA

Telecira

Etmpresa Técnica de Equipamenias
tléctricos, S.ARL.

K. Barbosa Rodrigues, 47-1 0T,
(aixa Fostal G487

LUANDA

Tel: 35515 35518

A“EMF

ARGENTINA
Hewlelt-Packard Argenting 5.4

Avenida Santa Fe 2035
Martinez 1640 BUENQS AIRES
Tel: 798-5735, 782-1243
Telex: 122443 AR CIGY
Cable: HEWPACKARG
AECPP

Biotron SA.CLy M

Avenida Paseo Colon 221

G Piso

1389 BUENGS AIRES

Tel: 30-4846, 30- 1851, 3(-8384
Telex: {33)17505 BIONAR

Cable: BIOTRON Argentina

M

Fate 5.A. Elecironica
Bartolomeu Mitre 833
1036 BUENDS AIRES

fel 74-41011 74-48277
74-43459

Telex: 18137, 22754

o

AUSTRALIA

Adelaide, South Australia
Pty. Ltd.

Hewlett-Packard Australiz Ply.Lid.
153 Greenhill Road

PARKSIDE, 5.4, 5063

Tel: 272-5511

Telex; B2536

Cable: HEWPARD Adelaigs

A CMCSEMSP

Brisbane, Queensiand
Oftfice

Hewletl-Packard Ausiraliz Piy.Lid.
5th Floor

Teachers Lnign Building
485-499 Boundary Streel
SPRING HILL, Queensland 4000
Tel: 229-1544

Telex: 42133

Cable: HEWPARD Drisbane
ACMCSEMSP

Canbarra, Australia Capital
Office

Hewleti-Packard Australia Pry_ Ltd.
121 Wollengong Streel

FYSHWICK, A.C.T. 2069

Tel: 04244

Telex: 62650

Cable; HEWPARD Canberra

A* CMCSEMSP

Melbourne, Victoria Office
Hewlett-Packard Ausiralia Pty Lid.

31-41 Joseph Slreet
BLACKBURN, Victoria 3130
Tel: 89-6351

Telex: 31-024

{able: HEWPARD Meibourne
ACMCPEMEP

Perth, Wastarn Australia
Office

Hewlelt-Packard Austaia Ply.Lid.
14 1 Stirling Highway

NEDLANDS, W.A. 6009

Tel; 386-5455

Telex: 93859

Cable: HEWPARD Perih

A CM.CS,E M5, P

Sydnay, New South Waies
Office

Aewletl-Packard Ausiralia Pty.Lid.
17-23 Talavera Road

MORTH RYDE, N.5.W. 2113

P.0. Box 308

Tel: B87-1611

Telex: 21561

Cable: HEWPARD Sydney
ACMCPEMSF

AUSTRIA
Hewlelt-Packard Ges.m.b.n.
Groltenhofstrasse 94
Verkaufsburo Graz

BOS2 GRAZ

Tel; 21-5-66

Telex: 32375

CMC“E*

Hewletl-Packard Ges.m.b.l.
Wehlistrasse 29

P.0. Box 7

A-1205 VIENNA

Tel: (222} 35-16-210
Telex: 1358237135086
ACM CPEMSP

BAHRAIN
Green Salon
PO Box 557
BANRAIY

Tel 5503
Felex: 88414
f=

SALES & SUPPORT OFFICES
Arranged alphabetically by country

Wael Fhaimacy

P.0 Box 548
SAHRAIN

Tel: 54886, 56123
Telex: BS50 WAEL GJ
M

BELGIUM

Hewletl-Packard Belgiurm S.A /N.V.
Blvd de la Woluwe, 100
Woluwedal

8-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru
ACM,CP.EMP.P

BRAZIL

Hewlelt-Packard do Brasil el
Lida.

Alameda Rio Negro, 750
ALPHAYILLE 06400 Barueri 5P
Tel: 421-1311

Telex: 011 23602 H"BR-BR
Cable: HEWPACK Sas Paulg

A CM CP.EMS

Hewlelt-Packard do Srasil Le.C.
Lida.

Avenida Epilacio Pessoa, 4664
22471 RIO DE .JANEIRQ-RJ

Tel: 286-0237

Telex: 021-21905 H>BR-BR
Lable: HEWPACK Ric de Janeirc
A CM.E M5 P

BURUND]|
Typomeca S PKL
8P 553
BUJUMBURA

Tef: 2659

F

CANADA

Albkorta

Hewlelt-Packara (Canada) Lio.
210, 7220 Fisher Street 5.E.
CALGARY, Alberta T2H 2HE
Tel: (403) 253-2713

Telex: 610-821-6141

ACM CP.E* M3 P

Hewlett-Packard {Canada) Lt
116820A- 168th Stree!
EDMONTON, Alberla T5M 3TS
Tel: {403} 452-3670

Telex: 610-831-2431

A CM,CP.EMSP*

British Columbia
Hewletl-Packard {Canada) Lid.
106881 Shellbridge Way
RICHMOND, Brifish Coumbia
Vex WY

Tel, (B04) 270-2277

Telex: 610-822-5054
ACM.CP.E* M5 P*

Manitoba

Hewlett-Packard [Canada} L.
380-550 Cenlury Strzel
WINNIPEG, Manitoba R3H OY1
Tek: (204) 786-6701
ACMCS,EMS,P*

Nova Scotla

Hewleti-Packard {Canada) Ltd.
P.0. Box 831

400 Windmil Road

DARTMOUTH, Nowva Scotia B2Y 3726
Tel: (902 463-7820

Telex: 610-27 1-4482

CM,CPE* MSP*

Oniario

Hewlet!-Packard (Canadaj Lid.
552 Newbold Strezt

LONDON, Ontario NGE 255

Tel: (519} 686-9131

Telex: 610-352-1201

A CM,C5,E* M5 P*

Hewlett-Packard (Canada) Lig.
8877 Goreway Drive
MISSISSAUGA, Ontario LAY 185

Tel: (416) 678-9430
Telex: 10-402 4245

A,CM,CP E MP,P

Hewlelt-Packard {Canadaj Lia.
1020 Marrigan Drive

OTTAWA, Ontario K2H 8K7
Tel: (613) 820-6483

Telex; 510-563- 1638
ACMCPE* MSP*

Quebeac

Hewlelt-Packard (Canadaj Lig,
17500 South Service Road
Trans-Canada Highway
KIRKLAND, Quebec H3. 2MA
Tek: (514) 6O7-4232

Telex: 610-422-3022
ACMCPEMPP

CHILE

Jorge Calcagni v Cla. | ida,
Ariuro Burhle 065

Casilfa 168475

SANTIAGO 8

fel 220222

Telex: JOALCAGM

A CMEM

Diympia (Chite} Lid
Hodrico de Araya 145
Casifta 256-V
SANTIAGO 21

Tel: 25-50-44

Telex: 40-565

C.P

COLOMBIA
inslrumentacion

H A Langebaek & Kier A
Apariade Adreo 6287
BOGOTA 1, D.E
Carrera 7 No. 48-75
BOGOTA, 2 D.L.

fef: 287-8877

Telex. 44400

(able: AARIS Bogola
ACMEMP

COSTA RICA

Clentifica Costarricense 5.4,
Avenida 2 Calle 5

San Pedro de Montes e (ea
Apartade 10158

SAN JOSE

Tel- 24-38-20, 2408-19
Tefex: 2367 GALGUR

(able: GALGUAR

CMEM

CYPRUS

Telerexa Lig,

P.0. Box 480G

140 Sfassinos Avenue
MCOSHA

Tel: 45628

Tefex: 2864

EMP

CZECHOSLOYAKIA
Hewleli-Fackard

Obchodnd Zastupitelsivi v CSSK

Fosf. schranka 27
C5-118 01 PRAHA 11
Tei: 66-208

Telex: 121353 HHC

]
(3

DENMARK
Hewletl-Packard Ass

Datavej 52

DK -3460 BIRKEROD
Tel: (02) 81-66-10
Telex: 37403 hpas dk
A CM.CP EMSF

Hewlell-Packard AfS
Naverve] 1

DK-8600 SILKEBORG
Tel: {(6) 82-7 1-66
Telex: 37400 hpas dk
CM,CSE

ECUADOR

CYEDE Cia. Lida.

P.0. Box 6423 CCY
Avenida Eloy Affarc 1745
auiro

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
Cable: CYEDE-Quito

A CMLP

Hospitalar 5.4.

Casilla 3530

Fobles 625

QuiTo

Tel: 545-280, 545- 122
Cable: HOSPITALAR-Guit:
AM

EGYPT

Samitrp

Sani Amin Tradisg Office
18 Abde! Aziz Gawish
ABDINE-CAIRD

Tel: 24.932

P

international Enginearing Associales
24 Hussein Hegezi Strest
Kasr-el-Aini

CAIRO

Tel: 23-829

Telex: G3830

EM

informaltic For Computer Systems
22 Talaal Harh Sireat

CAIRG

Tel: 758006

Telex: 93938 FRANK UN

¢

EL SALVADOR
IPESA

Bowlevard de Jos Heroes
Edificio Sarah 1148
SAN SALVADOR

Tel: 252787
ACCMEF

FINLAND
Hewlett-Packard Oy
Hevantulentie ¥
5F-02100 ESPOQ 10
Tel: (80} 455-0211
Telex: 121663 hawpa st
A CM.CP.EMSP

FRANCE
Hewletl-Packard France

Le Ligoures

Bureau de Yente de
Aix-en-Provence

Place Romée de Vileneuve
F- 13080 AIX-EN-FROVENCE
Tel: (42) 59-41-02

Telex: 41077T0F
A,EH.ES,IE,MS,F‘
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SALES & SUPPORT OFFICES
Arranged alphabetically by country

FRANCE (Cont.) Hewleli-Packard France Hewleli-Fackaid GmioH “Flaisi" Bl Star Lo "
Hewletl-Fackard France 20 Chemin de la Cépiére Technisches Blro MUncnen G. Gerados Meerakshi Méndﬁram

Boite Postale No, 503 F-31081 TOULQUSE Cédex Eschenslrasse 5 24 Blournars Stresl AAXRV1379-2 M. . Foadg
F-25026 BESANCON Tel: (§1) 40-11-12 D-8021 TAUFKIRCHEN ATHENS COCHIN 682-018

28 Rue de [a Republigue Telex: 531538F Tel: (089} 6117-1 Tel 36-11- 160 Tel 32069

F-25000 BESANGON A.CM.CSEP* Telex: 0524985 Telex: 21 9492 Telex: 085-514

Tel: (81) B3-16-22 Hewlelt-Packard France ACMCPEMS P P Cable: BLUESTAR

G.M Bureau da Vente de Lille A’

Hewlelt-Packard France immeuble Péricenire HGHFAJE 3"?”" GUATEMALA Blue Star Lid

Bureau de Vente de Lyon Rue Van Gogh ewlell-Fackarad Lid. IPESA - i

Chemin des Mouilles ’ F-59650 wi—:uzuv& D'AST Tratalgar House Avenids Reforma 3-48 ﬁg;ﬂsdgg?am ﬂg;am gt e
Boite Postale Nn 162 Tel: (20) 91-41.25 Navigalion Road Zona 8 Tel: 82057

F-B9130 ECULLY Cédex
Tel, (¥8) 33-81-25

Telex: 160124F
CM,CS,EMS5 P*

ALTRINCH&M
Chesire WA14 1NU
Tel: (D611 928-6427

GUATEMALA CITY
Tel: 316627, 314786, 6647 15
Telex: 4182 Teletro Gu

Telgw: 04 1-378
Cable: BLUESTAR

Telex: 310617F Y
A.CM,CPE MP GERMAN FEDERAL Telex: 668068 ACCMEMP ik
Hewlell-Packard France REPUBLIC ACEM e Star Lid, |
immeuble France Evry Hewletl-Packard GmbH Hewlett-Packard Lig, HONG KONG Bhandari House, 7ih8i Floars
Tour Lorraine Technisches Biro Berlin Oakfield House, Qakiield Giove Hewlett-Packard Hong Kong, Lig. 91 Nehru Flace
Houlevard de France Keithsirasse 2-4 Clifton 5.P.0. Box 795 | HEi"l"ﬂELHI 170 024
F-01035 EVRY Cédex D-1000 BEFLIN 30 BRISTOL BS& 2BN 5th Floor, Sun Hung Kai Centre fel 682547
Tel: (60) 77-96-60 Tel: (030) £4-90-86 Tel; 368C6 30 Harbour Road TEfEr_ 031-2463
Telex: 6923 15F Telex: D18 3405 hpbin o Telex: 4442302 HONG KONG Cable: BIUESTAR
CMW.E ACMCSEXMP P Tel: 5-E323211 A CMC.EM
Hewlelt-Packard France Hewlett-Packard GmbH Hewlelt-Fackard Lid. E:It?l:- ﬁgag;:ﬁgmg: o ?R;E f:?,; ;’-Fd- o
Sth Avenue Raymond Chanas Technisches Bliro Biiblinger: 14 Wesley Slreet : g hang -1 Saropm Devi Road
ELCPF SECUNDERABAD 500 033
F-38320 EYBENS Herrenberger Strasse 110 CASTLEFCRD _ Tk 70126
Tel: (76) 25-51-41 D-7030 BOBLINGEN Yorkshire WF10 1AE Schmid" & Co. {Hong Kong) Lid ref |
Telex: 980124 HP GHENOB eyge  Tel (07031) 667-1 Tel: {0977) 550016 wing On Cenre, 28th Floor slex. 0155-450
CM.CS Telex: Q7265738 bbn or (7265745  Telex: 5557356 Connaught Road, C. iﬂ;ﬁe B UEFROST
Hewlett-Packard France A,CM,GP.E MP P C HONG KONG ]
Tel: h-455644 Giie Star fid

Baliment Ampére

Hewlett-Packard GmbH

Hewlelt-Packard Lid.
Fourier Hoyze

Telex: 74766 SCHMX Hix

T.C. 7603 Poornima

Rue de la Commime de Paris Technisches BUro Dusseldort

Boile Postale 300 Emanuel-Leutze-Strasse 1 257-263 High Street AM Eﬁfﬁﬁgﬂkfﬂf

F-93153 LE BLANC MESNIL D-4000 DUSSELDORF LOMDOMN COLNEY ICELAND ipigus ;g; 695 073

Tel: (01) 865-44-52 Tel: (0211) 597 1-1 Herts., ALZ2 1HA Eiding Trading Company e Telex: 0884-253

Telex: 211032F Telex: 0B5/36 533 hpdd d Tel: {0727) 24400 Hatnarmvoli-Tryggvagoty. Cable: BLUESTAR

CMLCPEMS A.CM,CP E MS.P Telex: 1-89527 16 P.0. Box 895 E

Hewlelt-Packaid France Hewlett-Pac<ard GmbH E IS-REYKIAVIK

Le Monlesquiey Verlriebszenirale Frankfurt Hewleit-Packard Lig felr 1-58-20, 1-63-03 INDONESIA

Avenue du Presidenl JF Kennedy Berner Strasse 117 Tradax House, SI. Mary's Walk M BERCA Indonesia P T

F-33700 MERIGNAC Postfach S60 140 MAIDENHEAD P O Box 40855kt

Tel: (56) 34-00-84 0-8000 FRANKFURT 58 Berkshire, 5L6 15T INDIA Jin. Abchul Muis 62

Telex: B50105F Tel: (06811} 50-04-1 Tel: {0828) 39151 Blre Sfar Lid JAKARTA

CM,CP E MS Telex: 04 13243 hpffm o EP Bhavdeep Tef: 373008

Hewlelt-Packard France A,CM,CP E MP.P Hewletl-Packard Lid. Stadium Road Telex: 31748 BERSAL i

32 Rue Lolhai Hewlelt-Packard GmbH 308/314 Kings Road AHMEDASAD 380 014 Cable: BERSAL JAKARTA
Tel: 42032 ACEMP

F-57000 MET2

Technisches BUro Hambiig

READING, Berk shire

Telex: 012-234

Tel: {87) 65-53-50 Kapstadiring 5 Tek 61022 BERCA Indonesia £ T
OM,CS D-2000 HAMBURG 60 Telex: 84-80-68 cavle: ELUEFROST P.O. Box 174/5by.
. Tel: {G-ﬂ-ﬂ} 638041 CM.P AL Kuted

Hewletl-Packard Frange L. Kutei No, 11

501947 Les Ulis CoexORSAY Telex: 21 83 032 hphh d Hewlet-Packard Lid. Blue Star L1d. SUBAEE-SURABAYA

Tel |:-1} G07-73-25 JEI,'EM,GF,E,”-S,P Duad[angE 11 Mﬁgﬂmfh Hoad Tal BR172

Telex: ROONASF Hewlelt-Packard GmbH 106-118 $lalion Road BANGALORE 560 025 Telex: 31146 BERSAL 50
REDHILL, Surrey Fei: 55668 Cable: BERSAL -SURABAYA

ACM CP.EMFF
Hewlett-Packad France

Technisches Blro Hannover
Am Grossmarkt §
D-3000 HANNOVER G1

Tel: (0737) 68ER5
Telex: 947234 CE

Teleyx: (1845-430
Cable: BLUESTAR

A'EMP

Faris Porte-Maillot 13, 15 25 -
Boulevard De L'Amiral Bruix Tel: (0511) 46-60-01 Hewlett-Packard Lid, S Lt .
elex; - e Star Lid, - A
F.75782 PARIS Cédex 18 Tel 092 3258 Westminsler House Biue Sfar Lid Hewlell PH.-II:I{EFH Tfﬂdlng 5.4
Tal: I:,E”} 502-12-20 A,GM,ES.E.MS,F 190 Siraliord Road Band Bex Hause Mansoor .:r[','lIr aBr3/7
Telex: 613663F Hewlett-Packard GmbH SHIRLEY, Solihul Prabhadsyi ?:f“mfd ,
CM,CP MS P Technisches Biro Mannfieri West Midlands B90 384 BOMBAY 400 025 £ 551-49-73
’ ] : Tel 425-3101 Telex; 2455 HEPAIRAQ 1K
Hewlett-Packard Fr Rosslauer Wzg 2-4 Tel: (021) 7458800
ance D-6800 MANVHEI Telex: 33610 Telex: 011-3751 cp
2 Allee de la Bo HEIM 5
F-35100 RENNES T s, C A M IRELAND
Tel: (09) 51-42-44 AEEEEI nglett-Packard Ltd, Bise Star Lid Hewleli-Packard Irejand Lig
Telex: 740912F My King Slree! Lane Fardtala Kestre House

GM,CS.E MS, P*
Hewleft-Packaid France

Hewletl-Packard GmbH
Technisches Bliro Neu Ul

WINNERSH, Wokingham
Berkshire RG11 5AR

4 14/2 Vir Savarkar Marg
Prabhadevi

Clanwiliam Courl
Lower Mount Strest

Messerschmiltsirasse 7 Tel: (D734) 784774 *
4 fue Thomas Mann D-7910 NEU ULM Tele:fr 847178 SOMBAY 400 025 N TR
F-67200 STRASBOURG € ks it Telex: 30439
Tel: (88) 28-56-46 Telex. ot ST ACCMEMP
c: (88) 28-56- CE GREECE Cable: FROSTBLUE e
Telex: BRO141F Kosfas Karaynns ACMEEM Cardiac Services Lid o
CM S EMS P Hewletl-Packard GmbH 3 Gmitou Sreet Kimaore Road i
Technisches Bilra Nurnberg U olree Give Star Lid. Arfang
Neumeyerslrasse 90 Lh 5 L2 7 Hare Streel DUBLIN 5, Eire
0-8500 NURNBERG Tel: 32-30-303, 32-37-37 1 CALCUTTA 700 00 1 Tel (01) 351820
Tel: (0911 56-30-83 Telex: 21 59 62 BKAR GR Tel 12-01-31 Tolex- ;m 29
Telex: 0623 860 EMP éﬂ";—' gi';g ﬁffq YRl
bl

CM,C5 EMS P

AM



isHAEL

Llacironics Engineeniig Ureisiors
Moltorola fsraef Lig,

16 Kremenelskr Sireel

P.{. Box 25016

TEL-AVfY 67899

fel: 338673

Telex: 33569 Mofif I,

Lathe: BASTEL Tel-Awiv

A CMCEMP

iTALY

Hewlelt-Packard ltaliana 3.5 4
Traversa B00C

Givlio Pelrone, 19

l-70124 BARI

Tel: (080) 41-07-44

M

Hewlell-Packard lallans 5.p.A
Via Marlin Luther King, 38/111
-40132 BOLOGHA

Tel: (051) 402394

Telex: 5116830

CM, G5 E M3

Hewlet!-Packard llaliang 5.p.A
Via Principe Nicola 43G/C
95126 CATANIA

Tel: (095} 37-10-87

Telex; 970291

C.P

Hewiell-Fackard Nahana 5.p.A
Via G. Di Vittorio 9

i-20063 CERNUSCO SUL NAVLIGLIG
Tal' {2} ON3EG1

Telex: 334632

A, CM.CP.E MP P

Hewletl-Packard italiara 5.p.4
Via Nuova san Rocoo A
Capodimonte, 62/A

i-80131 NAPOLI

Tel: (081) 7413544

A CM.CSE

Hewlell-Packard ltalidna 5.p A
Viale G. Modugno 33

i-16156 GENOVA PEGLI

Tei: (010) 68-37-07 E.C

Hewlelt-Packard ltaliana S.p.A
Wia Turazza 14

-35 100 PADOYA

Tel: (49) 664888

Telex: 430315
ACM C5 EMS
Hewlell-Packard lialianag 5.p A&
viale C. Pavese 340

00144 ROMA

Tel: {06) 54831

Telex: 610514

A CM.C5.EME.P-

newletl-Packard Nahana 5.p.A
Corso Giovanni Lanza 94
i-10133 TORING

Tel: (011) 682245, 659308
Telex: 221074

CM.CS.E

JAPAN
Yokogawa-Hewietl-Fackard Lid
ingue Building

1348-3, Asahi-chp

ATSUGI Kanagawa 243

Tel: (D462} 24-0451

CM.C* E
Tokogawa-Hewlen-Fackard Lig
3-30-18 Tsuruya-cho
Kanagawa-ku, Yokohama-Shi
KANAGAWA, 221

Tel. (045) 312-1252

Telex: 382-3204 YHP YOK
UM.CSE

Tk g wa - Hewlell-Fackal ¢ Lid.

Sannomiya-Daiichi Seimei-Bldg, 5F

8% Kyo-Machi [kula-Ku
XOBE CITY 650 Japan
Tel: {078} 392-4791
CE

Yokogawa-Hewlelt-Peckard Lid.
Kumagaya Asahi Yasoji Bldg 4F
4-3 Chome Tsukuba
KUMAGAYA, Saitama 360

Tel: (04B5) 24-6563

CM,CSE
Yokogawa-Hewletl-Peckard Lid
Mito Mitsui Building

4-73, San-no-mamy, 1-chome
MITO, Ibaragi 310

Tel: (0292) 25-7470

CMCSE

Yokogawa-Hewlelt-Packard Lig.
sumitomo Seimei Bldyg.

11-2 Shimo-sasajima-cho
Nakamura-ku

HAGOYA, Aichi A60

Tel: (052) 581-18b0
CM.C5.E MS

Yokogawa-Hewlelt-Packard Lid
Chug Bldg., 4th Floor

5-4-20 Mishinakajima, 5-chome
Yodogawa-ku, Osaka-shi
OSAKA, 532

Tel: {06) 304-6021

Telex: YHPOSA 523-3624
4,CM.CP.EMP P*

Yokogawa-Hewleit-Packard Lid.
29-21 Takaido-Higashi 3-chome
Suginami-ku TOKYO 168

Tel: (03) 331-6111

Telex: 232-2024 YHPTOK
A.CM,CPEMP P~

JORDAN

Mouasher Cousing Comparny
P.Q. Box 1387

AMMAN

Tel: 24807, 39907

Teiex: 21456 SABCC JU
EMP

KOREA

Samsung Eleclronics
3758 Shinkid, & Dong
Youngdeungpa-Ku,
SEQUL

fel: 8334311, 8334517
Telex: SAMSAN 27364
ACEMF

KUWAIT

Al-Khalidva Trading & Conlraciing
P.0. Box 830 Safaf

KUWAIT

Fef: 42-4910, 471- 1726

Telex: 24871 Areeg ki

A EM

Fhoto & Cine Equipmeni
P Box 270 Salal
KUWAIT

Tel: 42-2848, 42-38(1
Telox: 2247 Matin

2

LUXEMBOURG
Hewlelt-Packard Belgum S A /N
Blvd de la Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-434 palober bru

A, CM,CP E MP.P

MALAYSIA

Howlatl-Fackard Sdes (Molaysia;
Sdn. Bhd.

Suite 2.21/2.2¢2

dangunan Angkasa Raya

Jalan Ampang

KUALA LUMPUR

Tel: 483544

Telex: MAZ1011

A CPEMP®

Protel Engineering

Lot 319, Satok Rd

PO, Box 1917
KUGHING, SARAWAK

Tel; 535-44

Telex: MA 70904 Pomal
Cable: Proteleng

AEM

MEXICO

Hewlell-Packard Mexicana, 3.4 de
GV,

Avenida Periferico Sur No. 6501
lepepan, Xochimilco

MEXICO CITY 23, OLF.

Tel: (905) B76-4600

Telex: 017-74-507

ACPEMSP

Hewletl-Packard Mexicana, 5.2 de
GV,

Ao Volga 600

Colonia del Valle

MOMTERREY, M.L

Tel: 78-42-93, ¥8-42-40, 75-42-47
Telex: 038-410

G5

MOROCCO
Doftreair

871 rue Karaltchi
CASABLANCA

Tef 304 1-82, 306E-38
Telex: 23051, 22857

=
[ =

{Ferep

2 rue d'Agadir

Hoite Poslale 156
CASABLANCA

Tel: 272083, 272095
Tefex: 23 739

i
i

NETHERLANDS
Hewletl-Packard Nederiand B.v.
van Heuven Goedhertlaan 121
ML 1181KK AMSTELVEEN

P.0. Box B67

WL1080 AR AMSTELYEEM

Tel: (20) 47-20-21

Telex: 13 216

A CM.CPE MP P

Hewletl-Packard Nederfand 8.y
Bongerd 2

ML 2806VK CAPPELLE, A/D ligssel
P.0. Box 41

NL2900 AA CAPELLE, ljssel

Tel: (t0) 51-64-44

Felex: 21261 HEPAG NL

A, CM,CP

NEW ZEALAND
Hewleft-Packard (N.Z.) Lig.
169 Manukau Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: BB-7 159

Cable: HEWPACK Aickland
Gk, G5 ,EP”

- |

Hewlelt-Packard (N.Z.j Ltd.
4 12 Cruiclkshank Strect
P.0. Box 9443

tilbirnie, WELLINGTON 3

Tel: 877-199

Cable: HEWPACK Wellingiorn
CM,CP.E P

Narthrop fnstrumenis & Systems
Lid.

Eaen House, 44 Khyber Pass Hoad

£.0). Box 9687

Newmarkal, AUCKLAND

faf Faq-gdy

A.M

Norifrep Instruments & Sysiemis
Lid

Terrace Howse, 4 Oxford Terrace
20 Box 8358

CHRISTCHURCH

Tal: 64- 165

AM

Norihrop Inslrumenis & Systems
Lid

Sturdee House

85-87 (thuznee Streel

P 0. Box 2406

WELLINGTON

Tel: 820-081

Telex: N7 3380

4.0

NIGERIA

The Elscironics insirumeniations
ind

NeGAS7G Ova Road

useun House

FPMEB. 5402

FADAN

fel- 461577

felex: 31237 TEL NG

AEMP

Fhe Elacironics Inslrumenialions
Lid

144 Agege Motor Road, Mushin
.0, Box 6545

Mushin, LAGDS

AEMFP

NORTHERN IRELAND
Cardiac Services Company
854 Finaghy Road South
BELFAST BT 10 OBY

Tel: (0232) 625-566

Telex: 747626

M

NORWAY

Hewlelt-Packard Norge A/S

Folke Bernadoitesvei 50

P.0. Box 3558

N-5033 FYLLINGSDALEN (BERGEN)
Tel: {05) 16-55-40

Telex: 16621 hpnas n

M,CS.E

Hewletl-Fackard Norge A/S
QOesterndalen 18

P.0. Box 34

H-1345 OESTERAAS

Tel: (02) 17-11-80

Telex: 16621 hpnas n

A GM CPEMSP

OMAN

Khimji Ramdas

.0 Box 19

MUSCAT

Tel 72-22-17, 72-22-25

Telex: 3280 BROKER ME MUSCAT

f-d

Arranged alphabeticaily by cauhﬁf (A
3

PAKISTAN

Mushko & Company Lid
10 Bazar Road

Secfor (3-6/4

fSLAMABAD

Tel: 28624

Cable: FEMUS Rawalpindi
A E M

Mushko & Company Lid
Oosman Chambers

Abdiitah Haroon Road
KARACHY 03012

Tel: 511027 512027

Tefex: 28094 MUSHKO P
Cable: COOPERATOR Karachi
AEMEP*

PANAMA
Elecirdmnico Balboa, 5.4,
Apartado 4929
Fanama 5

falle Samuel [ewis
Edificio "Affa” ko, 2
CIIDAD DE PANAMA

fel 64-2700

Telex: 34800380

Gable: ELECTRON Fanama
ACMEMP

Fafo Infernacional, 5.4

P} Box 2068

Free Zone of Cofon

COLON 3

Tel- 45-2333

Telex: 485 12¢

Cabfe: IMPORT COLONFanamsa
o

PERU

Compama Elechc Médica 5.4

L og Flamencos 145, San lsidro
Casilia 1030

LA 1

Tel: 41-4325

Telex: Fub. Bocih 25424 SISI0RG
Cable: ELMED | ima

ACMEMP

PHILIPPINES

The Online Advanced Systems
Lorporation

Rico House, Amorsolo Cor. Herrera
Streat

Legaspi Village, Makali

PO Box 1510

Meire MANILA

Tef. 85-35-81, 85-34-891, 85-32.21
Telex: 3274 ONLINE

AGEM

Elecifronic Specialisis and
Proponanis inc.,

690-0 Epifanio de los Sanfos
Avenue

Gubao, QUEZON CITY

F.0. Box 2649 Wanila

fel- 98-06-81, 98-95-82, 98-95-83
Tefex: 742-40287

_'D

POLAND

Buro Informasyi Techmiczne
MHewlet-Packara

U Stawkr 2, 6P

FLOG-G50 WARSZAWA

Tel: 39-58-62, 39-67-43
felex: 812453 hepa pf



PORTUGAL
Telecira-Empreca Técrwea de
Equipmentos Fléciricos 5.a.1.1
Rua Rodrigo da Fonseca 103
P.O0. Box 25371

F-LISBON 1

Tel: (18) 686077

Telex: 12583

ACEFP

Mundinter

Imtercambio Mundtal de Dormercio

Sarl
A0 Box 2r61

Aveniga Anforio Augusto de Aguiar

138

F-LISEON

Tel (18) 53-21-31, 53-21-37
Telex: 16631 munter p

M

PUERTO RICO
Hewlatt-Packard Puerio Rico
F.0. Box 4407

CARCOLINA, PUEMD Hico UOBSE]
Calle 272 Edficio 203

Urb. Country Clut

A0 PIEDRAS, Puerto Rico 00924
Tel: (8089) 762-T255

Telex: 345 0514

ACP

QATAR

Nasser Traging & Contraciing
F.0. Box 1563

DOHA

fel: 22170

Telex: 4430 NASSER

M

Scitecnaratva
PO Box 2750
FO0HA

Tel: 328515

Telex: 4806 CMPARE
P

ROMARNIA

Hewlall-Fackard Reprezentania
Boulevard Nicolae Balcescu 16
BUCUREST

fel: 130725

Telgx.: 10440

SAUDI ARABIA

Modern Electronic Estabishment
PO Box 183

AL-KHOBAR

Tel- 44-678, 44.813

Telex: 670156

Cable; ELECTA Al -KHOBAR
CEMP

Modern Electronic Establishment
P.0. Box 1228, Baghdadiah Streei
JEDDAR

Tel: 27. 798

Tefex: 401035

Cable: ELECTA JEDDAH

CEME

Modern Electiomic Estabhstirment
PO Box 2728

AIVADH

Tel: 62-588, BE-232

Telax: 202048

SEMP

SCOTLAND
Hewlelt-Packard Lig.
Royal Bank Buildings
owan Street

BRECHIN, Angus, Scoliand
Tel: 3101, 3102

CM.CS

Hewlelt-Packard Lid.
SOUTH QUEENSFERRAY
West Lothian, EH30 9T
GB-Scotlland

Tel: (031} 3311000
Telex: 72682

A,CM.E.M

SINGAFORE
Hewlelt-Pazkard Singapote {Pry .}
Lid.

P.0. Box £8 Alexandra Post Office
BINGAPDRE, 3115

6th Floor, Inchcape House
450-452 Aexandra Road
SINGAPORE 0511

Tel: 631758

Telex: HPSGS0 RS 34204

Cable: HEWPACK, Singapore
ACPEMSP

SOUTH AFRICA
Hewlelt-Packard Soulhy Afnca {Pry
Ltd.

P.O. Box 120

Howard Place

Pine Park Center, Forest Drive,
Finelands

CAPE PROVINCE V450

Tel: 53-7955, K3-7956, 53-7957
Telex: 57-0008

ACM.CS EMS P

Hewlelt-Packard South Africa (Fty. )
Ltd.

F.0. Box 37066

Dverport

DURBAN 4067

Tel: 28-4178, 28-4179, 28-4 110
CM CS

Hewlet!-Packard South Africa {Ply.j
Lid.

P.0. Box 33345

Glenstantia 0010 TRANSYAAL

1st Floor East

Gonstantia Park Ridge Shopping
Cenlre

Constantia Park

PRETORIA Tel: 98-1126 or 98-1220
Telex: 32163

C.E

Hewleli-Packard South Africa (Ply.)
Lid.

Daphny Strael

Private Bag Wendywood

SANDTON 2144

Tel: B02-5111, BD2-H125

Telex: 89-£4782

Cable: HEWPACK Johannesburg

A CM.CPEMS P

SPAIN

Hewlelt-Packard Espafiola 3.4
c/Enlenza, 321

E-BARCELONA 29

Telk {3) 322-24-51, 321-73-54
Telex: 52603 hpbee

A, UM GP.E M5.P
Hewletl-Packard Espafinla S.A.
cfBan Vicente S/N

Edificio Albia 11,7 B

E-BILAAQ 1

Tel (944) 423-8306, 423-8206
A CM.EMS

Hewleit-Packard Espahola S.A.
Calle Jerez 3

E-MADRID 15

Tel: 458-2€00

Telex: 235°5 hpe

A CME MP P

[« | SALES & SUPPORT OFFICES
L(};j Arranged alphabetically by country

Hewigli-PFackard Espanoia 5.4
Colonia Mirasierea

Edificio .uban

c/o Costa Brava 13, 2.
E-MADRID 34

Tel: 734-8081, 734-1162
CM,CP

Hewleli-Packard Espaiiola 5.4
Ay Ramén y Cajal 1-9

Edificio Sevilla 1,

E-SEVILLA &

Tel: 64-24-54, 64-44-58
Telex: 72933

A, CM.CSMS P

Hewletl-Packard Espafiolz 5 A
C/Ramor Gordilio, 1 (Entlo.3)
E-VALENCIA 10

Tel: 361-1354, 361-1358
CM,CS.P

SWEDEN

Hewlelt-Packard Sverige AB
Enighetsviigen 3. Fack

PO, Box 20602

5-16120 BROMMA

Tel: {08) 730-085()

Telex: (854} 1072 1 MESSAGES
Cable; M=ASUREMENTS
STOCKHOLM

ACM.CPEMS P

Hewlett-Fackard Sverige AB
Sunnanvagen 14K

5-22226 LUND

Tel: {48} 13-69-72

Telex: (B34) 10721 {via BRUMMA
office)

CM.CS

Hewletl-Fackard Sverige AB
vasira Vintergatan 9

S-70344 OREBRO

Tel: (19) 10-48-80

Telex: (854) 10721 (via BROMMA
office)

CM,ES

Hewlelt-Packard Sverige AR
Fristallisgatan 30

$-42132 VASTRA-FROLUNDA

Tel: (031) 49-09-50

Telex: (854) 10721 {via BROMMA
office)

CM.CS.E =

SWITZERLAND
Hewletl-Packard (Schwerz) AG
Clarastrasse 12

CH-4058 BASLE

Tel: (61) 33-58-20

ACM

Hewleli-Packard (Schweiz) A
47 Avenue Blang

CH-1202 GENEVA

Tel: {022 32-30-05, 32-48-0(
CM.CP

Hewlett-Packard (Schweiz) G
29 Chemin Chateau Bloc
LH-12 19 LE LIGNON-Geneva
Tel; (022 96-03-22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva
A CM.EMS P

Hewlelt-Packard (Schweiz) AG
ZUrcherstasse 20

Allmend 2

CH-BUET WIDEN

Tel (57) 50-111

Telex: 59333 hpag ch

Cable: HPAG CH

A CM.CP.EMS P

SYRIiA

Gerneral Elecianic i,

Nuri Basha-Ahnal Ebn Kays Skreel
PO Bax 5787

DAMASCUS

Telr 33-24.8B7

Telex: 11215 ITiKAL

{able: ELECTROBOR DAMASCUS
E

Sawah & Co.

Place Azmé

Hoe Posfale 2308
DAMASCUS

Tel 168-367, 19-687, 14-268
Telex: 11304 SATACO 5Y
Cable: SAWAH, DAMASCUS
M

TAIWAN

Hewlet-Packard Far East Lig.
Kaohsiing Branch

68-2, Chung Cheng 3rd Road
Shin Shin, Chu

KACHSUNG

Tel £4-2318, 26-3253

CS,E M. P

Hewlell-Packard Far Easi Lid.
Taiwan Branch

alh Floor

205 Tun Hwa Morth Road
TAIPEI

Tel{02) 751-0404
Cable:HEWPACK Taipei
ACPEMS,P

Hewletl-Packard Far East Lig.
Taichung Branch

#33, Cheng Yih Strest

10th Flaor, Room 5
TAICHUNG

Tel: 289274

ing Lih Trading Co.

Jrd Floor 18, Po-la Roag
TAIPE]

Tel:

Telex:

Cable; WGLIH TAIPE

A

THAILAND

UNIMESA Co. Lid,

Eleom Research Building

2538 Sukhumvil Ave.

Bangotak, BANGKOKX

Tel: 393-2387, 393-0338
Telex: THET 160, 87938, 851038
Cable: UNIMESA Bangkok
ACEMN

Bangkok Business Equipment Lid,
5/5-6 Dejo Road

BANGKOX

fel: 234-8670 234-867 1
234-86772

Cable: BUSIQUIFT Bangkok

=

TRINIDAD & TOBAGO
Caribbean Tefecoms Lid

PO Box 732

B0/ Jerningham Avenue
PORT-OF-SPAIN

Tel: 6244213 624-4214
ACMEMF

TUNISIA

Turnsie Electronigue

371 Avenue de fa Liberle
TUNIS

Tel- 280- 144

LF

LG EiTid

7 ter. Av. de Larfhage
TUNIE

Tel- 253-821

Teler: 12319 CABAM TN
M

TURKEY

Tekrim Company Lid.
Aiza Sah Pehievi
Gaddesi No. 7
Kavaklidere, ANKARA
Tef 275800

Telex: 47 155

E

EMA, Muhendisiik Koilek it Sirkel
Medha Efdem

Sokzk 4178

Yllksel Cacldesi, ANKARA

Tef 17-56-22

Cabler Emalrade

M

UNITED ARAB EMIRATES

emifac Lid.

PO Box 1641
SHARJAH

Tel: 3541271, 354123
Tefex: 68136

EMEC

UNITED KINGDOM

see: GREAT BRITAIN
NORTHERN IRELAND

SCOTLAND

UNITED STATES

Alabama
Hewlelt-Packard Co.
700 Century Park Soulh
Suile 128

BIRMINGHAR, AL 35226
Tel; (206) 822-6802
CM.C5.MP

Fewletl-Packard Co.

F.0, Box 4207

28290 Whitesburg Drive, S.E.
HUNTSVILLE, AL 35802

Tel: (205) 881-459 1
CM,CPEM"

Alaska

Hewlelt-Packard Co,

1577 "C" Street, Suile 262
ANCHORAGE, AK 99510
Tel: {206) 454-3971
EM,ES‘ ]

Arizona
Hewletl-Packard Co.

2336 Easl Magnolia Streer
PHOENIX, AZ 85034

Tel: (602) 273-8000
ACMCP.EMS

Hewlelt-Packard Co.
2424 East Aragon Roag
TUCSON, AZ 85702

Tel: (602) 880-4631
CM,CS EMS""

Arkansas
Hewletl-Packard Co.

P.0. Box 5646

Brady Slalion

LITTLE ROCK, AR 72215
Tel: (501) 376-1844, (501}
664-8773

CM M3

it
il 1 i
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UNITED STATES {Cont.}

California
Hewiletl-Packard Co.
7621 Canoga Avenue
CANOGA PARK, CA 91304
Tel: (213) 702-8300
ACM,CPEP

Hewlelt-Packard Co.
1579 W, Shaw Avenue
FRESNO, CA 93771

Tel: (209) 224-0582

Ch MS

Hewlelt-Packard Co.
1430 East Orangethorpe
FULLERTON, CA 92631
Tel: {714) 870-1000
CM,CP.E MP

Hewlelt-Packard Co.

5400 W. Rosecrans Bouevard
LAWNDALE, CA 90260

P.0. Box 92105

LOS ANGELES, CA 90009

Tel: {213) 970-7500
M, CP MP

Hewlett-Packard Co.

3939 Lankershim Blvd.
NORTH HOLLYWOOD, CA 91604
Tel: (213) 877-1282

Regional Headquarters

Hewlett-Packard Co.
3200 Hillview Avenue
PALOALTO, CA 94304
Tel: {415} 857 -2000
CM.CPE

Hewletl-Packard Co.

46 W, Norih Markel Bodevard
SACRAMENTO, CA 95834

Tel; (818) 928.7222

A* CM.CPEMS

Hewlelt-Packard Co.

DB06 Aero Drive

P.O. Box 23333

SAN DIEGO, CA 92123
Tel: {714) 279-3200

CM.CP.E MP

Hewlelt-Packard Co,
3003 Scofl Boulevard
SANTA CLARA, CA 85050
Tel: {(408) 988-7000

A CM CP E MP

Hewlett-Packard Co.

454 Carlton Court

S0. SAN FRANCISCO, Ca 94080
Tel: (415) 8F7-0772

CM.CP

Coloradc
Hewletl-Packard Co.

24 Inverness Place, East
ENGLEWOOQD, CO 80112
Tel: (303) ¥71-3455
ACM.CP E M5

Connectlcut

Hewlet-Packard Co.
47 Barnes Industrial Roag South

P.0. Box 5007
WALLINGFORD, CT 06492
Tel: (203) 265-78(1
&,CM,CP.EMS

Florida

Hewlelt-Packard Co.

P.0. Box 24210

2727 HW. 62nd Streel
FORT LAUDERDALE, FL 3330g
Tel: (305) 973-2600
CM.CP E MP

Hewlelt-Packard Go.

4080 Woodcock Drive, #132
Brownelt Building
JACKSONYILLE, FL 32207

Tet: 1904} 398-0663

CMCT E® M5

Hewlell-FackaiQ Go.
P.0. Box 13910

8177 Lake Ellenor Dive
JRLANDG, FL 32809
Tel: (305) B59-2900

A CM,CP EMS

Hewlett-Packard Co.
6425 N. Pensacola Bivi.
Suite 4, Buiding 1
PENSACOLA, FL 32575
Tel: (904) 476-8422
ACMMS

Hewletl-Packard Co.

110 South Hoowver, Suie 120
Yanguard Bldg.

TAMPA, FL 336809

Tel: (813) 872-0900

A CMCSE* M*

Georgia
Hewletl-Packard Co.
P.0. Box 105005
2000 South Park Place
ATLANTA, GA 30339
Tel: (304} 955-1500
Telex: §10-766-4890
4,CM,CP E . MP

Hewletl-Packard Co.
Executive Park Suite 308
P.0. Box 8168

AUGUSTA, GA 30807

Tel: (404) 736-0592
CM.MS

Hewlelt-Packard Co.

P.0. Box 2103

1172 . Davis Drive
WARMER ROBINS, GA 31008
Tel: (312) 922.0440

CM.E

Hawati

Hewlett-Packard Co.
Kawaiahao Plaza, Suilte 190
B67 South King Streel
HONOLULY, HI 96813

Tel: (B08) 526-1555
ACM,CS.E,MS

idaho

Hewlelt-Packard Co.
11311 Chinden Boulevard
BOISE, ID 83707

Tel: {208) 376-6000
CM,CS M*

lllinols
Hewlett-Fackard Co.
211 Prospec! Road
BLODMINGTON, IL 8170
Tel: (309) 663-0383
CM,CS M5 "

Hewletl-Packard Co.

1100 31st Street
DOWNERS GROVE, IL G055
Tel: {312) 960-5760
CM.CP

Hewlett-Packard Co.

5207 Toliview Urnive
AQLLING MEADOWS, IL 5000S
Tel: (312) 2565-0800

A, CM,CF E MP

indiana

Hewlelt-Packard Co.

P.0. Box 50807

7301 No. Shadeland Avenue
INDIANAPQLIS, IN 46250

Tel: (317) 842-1000
ACMCS EME

lowa
Hewietl-Packard Co.
2415 Heinz Road
IOWA CITY, |A 522410}
Tel: (319} 351-1020
CM.CS.E* M5

SALES & SUPPORT OFFICES
Arranged alphabetically by country

Ransas
Hewlell-Pacrarg S

1644 5. Rock
WICHITA, KA 67207
Tel: (316) 265-5200
CM,CS

Kentucky
Hewlelt-Packaid Cg.
10170 Linn Station Raac
Suile K25

LOUISVILLE, KXY 40223
Tel: {502) 426-0100
ACM.CE MS

Louisiana
Hewlett-Fackard Co.
P.O. Box 1445

32249 Williams Boulevarg
KENNER, LA 70062

Tel; (504) 443-6201
ACM.CS.E MS

Maryland
Hewletl-Packard Co.

7121 Standard Drive
HAKOVER, MD 21076
Tel: (301) 796-TT00
A CM.CP E MS

Hewletl-Packard Co.
2 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: (301) 948-8370
Telex: T10-828-9685
A CM,CP E.MP

Massachusetis
Hewlett-Packard Co.
32 Harlwell Avehue
LEXINGTON, MA 02173
Tel: (617) 861-8960
A CM,CF EMP

Michigan
Hewlelt-Packard Co.
23855 Research Drive
FARMINGTON HILLS, Ml 48024
iel: [313) 47B-6400
A.CM,CP.EMP
Hewlalt-Packard Co.
4326 Cascade Road S.E.
(GRAND RAPIDS, MI 49E0B
Tel: (616) 957-1970
CM,CS MS

Minnesota
Hewlelt-Packard Co.
2025 W. Larpenteur Ave.
5T. PAUL, MN 55113

Tel: {612) 644-1100
ACM,CPEMP

Mississippi
Hewletl-Packard Co.
P.0. Box 5028

322 N. Marl Plaza
JACKSON, MS 39216
Tel: (B01) 982-9363
CM,MS

Missourl
Hewlell-Packard Co.
11131 Colorado Averus
RANSAS CITY, MO 64137
Tel: (816) 783-B000
Telex: 910-771-2087
ACM.CS EMS

Hewlelt-Packard Ca,
1024 Executive Parkway
ST. LOUIS, MO 63141
Tel: {314) 878-0200
A,CM,CP.E MP

Nebraska
Hewletl-Packard

7101 Mercy Road
Suite 107, 1BX Builcing
OMAHA, NE 68106

Tel: (402} 392-0943
CM, MS

MNavada
Hewletl-Packard Co.
Suite D-130

5030 Paradise Blvd.
LAS VEGAS, NV AQ11%
Tel: (702} T36-8612
CMMS**

New Jersey
Hewletl-Packard Co.
Cryslal Brook Professional Buiiding
Route 35

EATONTOWN, M 07724
Tel: (201) 542-1384
A" CM.C*E* P*
Hewletl-Packard Ca.
W120 Cenlury Road
PARAMUS, NJ 07652
Tel: (201) 265-5000
A,CM,CP EMP

Hewlelt-Packard Co.

60 New England Avenue West
PISCATAWAY, NJ (B354

Tel: (201) 981-1193
A,CM,CP.E

New Mexico
Hewlelt-Packard Co.

P.0. Box 11634

11300 Lomas Blvd. N.E.
ALBUQUERQUE, NM 871253
Tel: {5058) 292-1330
Telex: 910-989-1185

CM CP.E MS

New York
Hewlett-Packard Co.

5 Computer Drive South
ALBANY, NY 12205

Tel: (518) 458-1550
Telex: 710-444-46391

A CM,CS.EMS

Hewletl-Packard Co.
Q600 Main Streel
CLARENCE, NY 14031
Tel: (716) 759-8621
Telex: 710-523- 1843

Hewlett-Packard Co.

200 Cross Keys Oifice
FAIRPORT, NY 14450

Tel: (716) 223-9350
Telex: 510-253-0092
GM,CP.E M5
Hewlelt-Packard Co.

No. 1 Pennsylvania Piaza
&th Floar

34th Slreet & 8lh Avenue
NEW YORK, NY 10119
Tel: {212) 97 1-0800
CM,CPE® M"
Hewlelt-Packard Co,
5858 East Molloy Road
SYRACUSE NY 13211

Tel: {315) 455-2486
A,CM C5 E M3

Hewlett-Packard Co.

3 Crossways Park West
WOODBURY, NY 11737
Tel: {516) 921-0300
Telex: 510-221-2183

A CM.CPEMS

North Carolina
Hewletl-Packard Co.

P.0. Box 155790

2905 Guess Roag (27705]
DURHAM, NG 27704

Tel: (919) 47 1-8486

M

U3

Hewletl-Packard Co.
5605 Roanne way
GREENSBORQ, NC 27408
Tel: {919} 8521800

A, CM,CP.E M5

QOhio
Hewletl-Packard (o,
4920 Carver Road
CIMCINNAT!, OH 45242
Tel: (513) 891-9870
CM.CP MS
{ewlelt-Packard Go.
16500 Sprague Foad
CLEYELAND, OH 44130
Tel: (216) 243-7300
Telex: B10-423-34.30
ACM CP.EMS

Hewleli-Packard Co.
982 Crupper Ave,
COLUMBLS, OH 43224
Tel: (614) 436-1041
CM,CP.E*
Hewlelt-Packard Ce.
330 Progress Rd.
DAYTON, OH 45446
Tel: (513) BRD-B20Z
A,CMCPE* MS

Oklahoma
Hewlelt-Packard Co.

P.0. Box 366

1603 W. Gore Bivd., Suite #2
LAWTON, OK 73502

Tel: (405) 248-4248

C

Hewlett-Packard Go.

P.0. Box 32008

304 N. Meridan Avenue, Suile 4
OKLAHOMA CITY, CK 73107

Tel: (4056} 946-9499

A* CM CP.E* MS

Hewletl-Packard Co.
Suite 121

9920 E. 42nd Straei
TULSA, DK 74145
Tel: (918} 665-3300
A** CM.CSM"

Qragon

Hewletl-Packard Co.

1500 Valley River Drive, Suile 330
EUGENE, OR 97401

Tel: (503) 683-B075

C

Hewlelt-Packard Co.
9255 5. W, Pioneer Coun
WILSOMVILLE, OR 97070
Tel: {503) 682-8000
ACMCPE" M5

Pennsylvania
Hewlett-Packard Co.

1021 8lh Avenye

King of Prussia Indusiriai Park
KING OF PRUSSIA, PA 19406
Tel: (215} 265-7000

Telex: 510-660-2570
ACM.CPEMP

Hewletl-Packard Go.
111 Zeta Drive
PITTSBURGH, PA 15238
Tel: {412} 782-0400
A, CM.CP.E,MP

South Carolina
Hewletl-Packard Co.

P.0. Box 6442

5941-0 N, Trenharm Hoad
COLUMEIA, ST 28260

Tel: (803) 782-6493
CM,CS E. M3
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SALES & SUPPORT OFFICES
Arranged alphabetically by country

UNITED STATES {Cont.}

South Carolina {Cont.)
Hewletl-Packerd Co.

814 Wade Hampton Blvd.
Swite 10

GREENYILLE, S50 29809

Tel; (BO3) 232-0917

C

Tennasses
Hewlelt-Packard Co

P.0. Box 224480

224 Peters Road
Suite 102
KNOXVILLE, TH 37922
Tel: (615) 691-2371
AT CM,MS

Hewlelt-Packad Co.
3070 Directors Row
MEMPHIS, TH 38131

Tel; {901) 346-8370
4 CM,CS,MS

Hewlett-Packard Co.

Suite 103

478 Craigheac Stree
NASHVILLE, TN 37204
Tel: (615) 3839136
CMMS™ "

Texas
Hewlett-Packaid Co.
Suite 310W

7800 Shoalcreek Biva.
AUSTIN, TX 78757
Tel {2172) 454-3143
CM.E
Hewieti-Packard Co.
Suite C-110

4171 North Mesa

EL PASO, TX 79902
Tal: (915) 533-3555
CM,CS E* MS*"

Hewlelt-Packard Co.
020 Mark IV Parkway
FORT WORTH, T¥ Y6108
Tel: (817} B25-6361
CM.C*

Hewlelt-Packard Co.
P.0. Box 42816
10535 Harwin Street
HOUSTON, TX 77036
Tel: {713) 776-6400
A, CM,CP E MF

Hewletl-Packard Co.

3309 671h Slresat
Suite 24

LUBBOCK, TX 70413
Tel: {80G) 798-4472
M

Hewletl-Packard Co.
Q. Box 1270

930 E. Campbell Rd.
RICHARDSON, TX 7508 1
Tel: (214) 231-6101
A, CM,CP EMP
Hewlelt-Packard Go.
205 Billy Mitchell Road
SAN ANTONIO, TX TB226
Tel: {512} 434-B241
GM,C5 EMS

Utah

Hewletl-Packard Co.

3530 W. 2100 Soulh Sireet
SALT LAKE CITY, UT 84118
Tel: (801) 9741700
ALCM.CP.EMS

Virginia

Hewlett-Packard Co.

P.0. Box 9669

2914 Hungary Spring Road
RICHMOND, VA 23228

Tel: 1B04) 285-34.31

A CM,CP EMS

Hewlett-Paccard Co.

P.Q. Dox 4786

3110 Peters Creek Road, N.W.
ROANOKE, VA 24015

Tel: (703] 533-2205
CMCSE""

Hewlelt-Packard Co.

P.0. Box 12778

5700 Thursion Averue
Suite 111

VIRGINIA BEACH, VA 23458
Tel: (804) 460-2471
CM,CS MS

Washingion
Hewlelt-Packard Ca.
15815 S.E. 37th Stree;
BELLEVUE, WA SB00S
Tel: (206} 54.3-4000
A.CM.CP.E.MP

Hewlett-Packard Co.
Stnite A

708 Norlh Argonng Road
SPOKANE, WA 39206
Tel: {508) 922-7000
CM.CS

West Virginia
Hewleil-Packard Co.

4604 MacCorkle Ave., SE.
CHARLESTON WY 25304
Tel: (304) 925-0492

A CMMS

Wisconsin
Hewlett-Packard Co.

150 5. Sunny Slope Roaa
BROOKFIELD, W| 53005
Tel: (414} 784-8B00

A CM,C5.E™ WP

URUGUAY

Fablo Ferrando S.A.C. &1

Avenida lalia 2877

Casita de Correo 370

MONTEVIDED

fel 403102

Telex: 801 Public Booih Farg Fabio
Ferfando @ 19520

Cable: RADILM Mantevideo
ACME M

Guifermo Kraft def Uruguay S.4
Avda. Liberiador Brig. Graf,
Lavallgia 2083

MONTEWDED

Tel. 234588, 234808, 208830
Talax: A245 ACTOUR LY

P

U.5.5.R.

Hewlelt-Packard Co.
Representative Office
Pokrovsky Blvd, 4/97 K12
MOSCOW 101000 Tel: 204-2028
Telex: 7825 HEWPACK SU

VENEZUELA
Hewlelt-Packard de Veneriela A
Apartado 50833

JA Transversal Los Ruices Norte
Edificio Segre 2¥3

CARACAS 1071

Tel: 239-4133, 2384777,
239-4244

Telex: 25148 HEWPACK

Cable: HEWPACK Caracas
ACPEMSP

YUGOSLAVIA
iskra-Commerce-Represerntafion of
Hewlell-Packard

Sava Cenfar Delegaciia 30
Milentia Popovica 8

11170 BEOGRAD

Tel: 638-762

Telex: 12042, 12322 YU SAV CEN

fsira -Commerce-Repraserianon of
Hewlefl-Fackard

Koprska 46

& 1000 LAYBLJANA

Tel 327674, 315875

Tefex:

ZAMBIA

R, J. Tilbury {Zambiaj L 16,
P Box 2782

LUSAKA

Tel: 81243
AEMP

ZIMBABWE

Field Techvical Sales
45 Kelvin Boad, North
B 3458

SALISBURY

Tal:

& EMP

FOR COUNTRIES ARND
AREAS NOT LISTED:

CANADA

Ontario

Hewletl-Packard (Canada) Lid.
GBYT Goreway Drive
MISSISAUGA, Ontario LAY 1M8
Tel: (416) 678-9430

Telex: 610-492-4246

EASTERN USA

Maryland
Hewletl-Packard Co.
4 Choke Cherry Road
Rockville, MD 20850
Tel: (301) 268-2000

MIDWESTERN USA

lllinois

Hewletl-Packard Co.

5201 Tollvew Drive
AOLLING MEADOWS, IL 50008
Tel: (312) 255-8800

SOUTHERN USA

Georgia
Hewlelt-Packard Co.

P.Q. Box 106005

450 Interslale N. Parkway
ATLANTA, GA 30339

Tel: (404) 955-1500

WESTERN USA

California
Hewlelt-Packard Co.
3939 Lankersim Blvd.
LOS ANGELES, CA 91604
Tel: (213) 677-1282

EUROPEAN AREAS NOT
LISTED, CONTACT

SWITZERLAND
Hewlelt-Packard 5.A.

7 Aue du Bois-du-Lan
CH-1217 MEYRIN 2, Switzeriand
Tel: (022) §3-81-11

Telex: 27835 hpse

Cable: HEWPACKSA Genave

EAST EUROPEAN AREAS
NOT LISTED, CONTACT

AUSTRIA
Hewlett-Packard Ges.m.b.h.
Wehlistragse 26

PO Box 7

A-1205 VIENNA

Tel: (222} 35-18-210
Telex: 135823/ 135066

MEDITERRANEAN AND
MIDDLE EAST AREAS
NOT LISTED, CONTACT

GREECE

Hewletl-Packard S.A.
Mediterranean & Middle East
Operalions

35, Kolokotroni Street

Platia Kefallariou

GR-Kifissia, ATHENS, Greece
Tel: 808-0359, 808-0429
Talex: M1-6B588

Cable: HEWPACKSA Athens

INTERNATIONAL AREAS
NOT LISTED, CONTACT

OTHER AREAS
Hewlell-Packard Co.
Inlercontinental Headguarters
3485 Deer Creek Road
PALO ALTO, CA 24304

Tel: {415) 857-1501

Telex: 034-8300

able: HEWPACK

4720781
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