Errata

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, semiconductor products and chemical analysis
businesses are now part of Agilent Technologies. We have made no changes to this
manual copy. The HP XXXX referred to in this document is now the Agilent XXXX.

For example, model number HP8648A is now model number Agilent 8648A.

About this Manual

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

Support for Your Product

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

www.tm.agilent.com

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

Agilent Technologies
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Herstellerbescheinigung

Hiermit wird bescheinigt, dag das Ger#t/System HP 3468A/8
in Ubereinstimmung mit den Bestimmungen von Postverfugung 1046/84 funkentstort ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerdtes/Systems angezelgt und
die Berechtigung zur Uberprdfung der Serie auf Einhaitung der Bestimmungen eingerdumt.

Zusatzinformation fur MeS- und Testgerite

Werden MegB- und Testgeréite mit ungeschirmten Kabeln und/oder in offenen MeBaufbauten
verwendet, so ist vom Betreiber sicherzustellen, daf die Funk-Entstbrbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze eingehaiten werden.

Manufacturer’s declaration

This is to certify that the equipment HP 3468A/B

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

Additional information for Test- and Measurement Equipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
Interference Limits are still met at the border of his premises.
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Chapter /
Meet The 3468A/B

Introduction

Your new 3468A/B 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/B. in an automatic test or on the bench, the 3468A/B 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/B offers dc voitage perfor-
mance from 1uvolt sensitivity up to 300 volts (full scale), 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
10uA 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/B allows you flexibility in measurement speed and accuracy. Up to 31
readings per second can be made with the 3468A/B in the 3 1/2 digit mode. The
fast autorange feature of the 3468A/B 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/B.

Furthermore, to lower your cost of ownership, the 3468A/B 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
is done without the removal of covers. The self-test function verifies most of the
internal circuitry of the 3468A/B indicating proper operation of the muitimeter.

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/B as a solution to your
measurement needs. It 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/B you may want to
read that information. A separate service manual for the 3468A/B contains the in-
formation on calibration, performance testing, and service.
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Familiarize yourself with the 3468A/B 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/B and key in the examples shown. It won’t take long to become familiar

with the instrument and its many features.

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

Using the 3468A/B,
Chapter |l

| 300V § b e
Chapter Il discusses each function and 30V 2.V TS0y |
feature of the 3468A/B in detail. This RANGE 3V 270w T 3.0av! :
chapter also covers topics such as op- 300V g Jo1av] : !
timizing reading rates, alternate trigger- 30mv 30.1m¥, 3
ing modes, and the display. The > > > > > > =
. . [} £ E hel = (="
topics are alphabetically arranged for a g mRF
. Lzl
easy reference. Most of the informa- INPUT LEVEL
tion in this chapter will prove to be < - DOMNRANGE POINT
very helpful when you are remote pro- 3476A-2-2

gramming the 3468A/B.

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

8140 BL “RERD* Label READ

82 “DATA"

o e } o Sasete 1ape A fle The -hp- Mode! 41 family of handheld
85 1.918 ’Set up loop counter for ten calculators can be used to program
gﬁofgg :‘l’ sets of readings your 3468A/B. This chapter teaches
g'g 11.029 }Readonesel of ten readings you how to execute simple, one-line
@9 READRX commands from your calculator and
i? é;ﬁgé; } Print set then shows you how to write simple
12 1SC 99 ’ End if ten sets have been programs for controlling the 3468A/B.
12 GTO 81 read, else go to line 07 At the end of the chapter are several

1 'E"P‘ applications programs designed to

solve frequently encountered measure-
ment problems.




BASIC Language
Programming,
Chapter IV

Desktop computers with HP-IL capabili-
ty, such as the -hp- Model 85, may e

aen

also be used to program the 3468A/B. \\\\J’w
Chapter IV deals entirely with this sub- v

01 wcian

ject and provides numerous examples '“-..m-“‘s..‘.“N:{‘“.’.,... S
to enhance the discussion. Several ap- - "'"NN """;»N N
plications programs are provided at the -

end of the chapter.

Operators Maintenance,

Chapter V
' This chapter addresses installation pro-
W cedures, a complete table of specifica-
tions, what to do if you suspect pro-

blems with the 3468A/B, and many

L other items of special interest to the

) operator.

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

HP-IL Description,
Appendix A

HP-IL (Hewlett-Packard Interface Loop)
is an easy to use and understand inter-
face that allows handheld calculators, ey e
as well as desktop computers, to in- poonss 3 doonrss 2

teract with the 3468A/B and perform LA

50 VOLTMETER
L ADORE: AODRISS 3 TALRDY
ro’-’\"w"ﬁ'n LISTENER

many versatile printer, mass storage
and control operations. Appendix A
provides a complete description of the
HP-IL Interface.

PLOTTER
LIsTERER

ADORESS 4 bamibat



Turning it On

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

ternal seif test.

DISPLAY

RESULT

The 3468A/B performs a complete in-
ternal 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 self test is
performed. The 3468A/B is then reset
and returns to its turn-on state. A
more complete description of the Self
Test is found in Chapter I, 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/B 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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Chapter [/
Using The 3468A/B

Introduction

The -hp- Model 3468A/B Digital Multimeter 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/B; 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/B 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/B 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 questions about the capabilities of the multimeter without
poring over several pages of specifications. The complete Table of Specifications
for the 3468A/B is given in Chapter V.

Detailed 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/B. 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/B. At
the end of most subjects will be a short list of HP-IL remote programming com-
mands that pertain to that subject.

Table 2-1. Operating Characteristics

DC VOLTS 1uvoit sensitivity (.3V range) to 300V Fuil Scale

Zin: >10°G, .3V and 3V range
10 Mg = 1%, 30V and 300V range

Maximum Shunt Resistance ‘= .330
Bandwidth: 20Hz - 20kHz
Maximum Burden at Full Scale = <1V

AC VOLTS 1uvolt sensitivity (.3V range) to 300V full scale

True RMS Responding, Crest Factor = 4:1 at
full scale OHMS

Bandwidth: 20Hz to 100KHz (300KHz on 30V megohms Full Scale

Open Circuit Voftage: <6.5V

AC AMPS 14A sensivitity (.3A range} to 3A Full Scale

1ml sensitivity {300 ohm range) to 30

DC AMPS

range)
Zin: n1g MQ + 1%, in parallel with <60pF Current through Rx: 300Q, 3KQ range - 1mA

10pA sensitivity to 3A full scale
Maximum Shunt Resistance = .330
Maximum Burden at Full Scale = <1V

30KQ range - 100uA
300KQ range - 10g4A
3MQ range - 14A

30MQ range - 100 nAnA




AUTOZERO

What is Autozero?

The autozero key allows the user to selectively enable or disable the internal zero-
ing technique used in the 3468A/B. Enabling autozero insures the user that any
offset errors generated internal to the 3468A/B 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/B input circuitry remains in a
completely static state with autozero off. This is useful when making
measurements in extremely high impedance circuits where the internal switching
transients of the 3468A/B may affect the reading accuracy. Of course, any range
or function change that takes place with autozero off is automatically accom-
panied with an autozero update. The thermal stability of the measurement environ-
ment is the most important factor in deciding whether or not to turn autozero off.
By simply keeping the temperature of the 3468A/B at a fixed value, you can turn
autozero off without adverse effects.

How it Affects Measurements

Do This

Turn the 3468A/B off, then on again.

press: auto Notice that the display is being up-
— dated more frequently, indicating a
TRIG 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.

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/B 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/B
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.
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AUTOZERO (Cont’'d)

With autozero turned off, whenever a new function or range is selected the
3468A/B 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. In 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/B anytime test leads are changed.

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

@ Commands

Z0 Turns autozero off
Z1 Turns autozero on



CALIBRATION

What is Electronic Calibration?

One of the many features of the 3468A/B 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 informa-
tion refer to the 3468A/B Service Manual.

Briefly, Eilectronic 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/B 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/B to be calibrated. A 'C:’’ will appear between the numeric field and
the alpha field in the dispiay when calibration is enabled. This switch should not
be set except when qualified service trained personnel are to perform the calibra-
tion procedures. Enabling the CAL switch may cause loss of calibration if proper
procedures are not followed carefully.

P
<\3 Commands

C Calibrate
(see the 3468A/B Service Manuai)
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CURRENT

Measuring Current

Your 3468A/B has the capability of measuring DC or True RMS AC Currents up to
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 internal cur-
rent shunt and fuse used in the 3468A/B. 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 | =a

The DC Amps key puts the 3468A/B into the dc current measuring mode. When
measuring currents, remove all other test leads from the 3468A/B front panel. There
is one range available for dc current measurements: 3 amp range.

AC Current | .,

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 measure-
ment. The specified range of the AC ammeter is 30 milliamps to 3 amps. Lower ac-
curacy readings down to 1 milliamp may be taken on the 300 milliamp range. Up
to several hundred counts of residual offset may be seen on the 5% digit display
with the input open.

T 1 SENSE INPUT
(4 WIRE) (2 WIRE)

300V
MAX
@ Commands O-i A —

ra)

ans R gHUNT= -18
F5 Selects DC Current mode Max -
F6 Selects AC Current mode ALL TERM LG_l
: ok A
MAX
. -+ BREAK
= 3A/250V , CIRCUIT )
FUSE HERE
[ S S \\
*internal to the 3468A/B DC OR AC

CURRENT
SOURCE

Figure 2-1. Current Measurements
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DISPLAY

How it is Used

Another of the unique features of the 3468A/B is the 12 character alphanumeric
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 muitimeter's features
(SRQ, autozero, 2- or 4- wire ohms, etc.).

Do This
press: TEST! This puts the 3468A/B in its SELF
o TEST mode. For now, just watch the
TRIG display and notice the 12 characters in
the display and the 12 annunciators.
Normal

In the NORMAL mode of operation the display is 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 volts
=v _AFUATTO function, manual range mode. Note the
M BRNG annunciator in the display.
press: Press these keys several times and

watch the display as the decimal point
S lor | 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 dispiay, the display will indicate an
““OVLD’" (overload) with the measurement function and decimal point still
displayed.

If the A-D convertor is inoperative, the display will indicate ’ERROR 8°' or “ A-D
ERROR”. The 3468A/B 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/B is capable of
displaying error messages. There are several other messages the 3468A/B may
display. For example:

Do This
press: cAL The display should now indicate
LocAL "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 .
The display now shows the HP-IL ad-
SRQ dress of the 3468A/B.

These are two more examples of messages which the 3468A/B may display.
Other possible messages will fall into one of three categories:

Table 2-2. 3468A/B 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 Self Test

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

If 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



DISPLAY (Cont’'d)

Table 2-2. 3468A/B Messages (Cont'd)

CALIBRATION MESSAGE (see the 3468A Service Manual)
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.

INV CAL SIG
indicates that the 3468A/B cannot calibrate to the applied input signal.

INV CAL ZERO
This means that the zero calibration constant is not valid when attempting to calibrate
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 acceptable number to calibrate to.

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

GENERAL USAGE MESSAGE

ADDRESS 22
This is the HP-IL address of the 3468A/B. The actual address of the the instrument will
depend upon its position in the interface loop. See Chapters Ill and IV, The factory
preset 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/B is being remote programmed.

User Generated Message

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

Commands

D2text Places the message “text” into the display
D1 Returns the 3468A/B 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 (NMR).

14



DISPLAY (Cont’d)

Do This

press: This puts the 3468A/B into the 3 1/2

digit display mode. This mode has the
Ao fastest reading rate but the lowest
resolution and little noise rejection.
The integration time in this mode is .1
power line cycle.

4 This is the 4 1/2 digit display mode.
This mode provides 59 db NMR with
an integration time of 1 power line cy-
cle (16.66 mS at 60Hz, 20 mS at

50Hz).
OR
5 The 5 1/2 digit display mode provides
O 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/B. The 3468A/B 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 (PLC’s) 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 50Hz. 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 voitmeter to ac-
curately measure dc voltages in the presence of ac voltages at power line frequen-
cies. The 3468A/B has much better NMR at 4 1/2 digit display than it does at 3
1/2 digit display {59 db vs. Odb). 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.

15




DISPLAY (Cont’d)

Annunciators .

The 12 display annunciators, located along the bottom of the display, are used to
indicate the state of the 3468A/B.

Table 2.3. Annunciators

Annynciator indization

SRQ The SRQ annunciator indicates that the 3468A/B is trying to request service from
the controller. Refer to Chapter {ll and Chapter IV.

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

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

RMT RMT indicates that the 3468A/B is under remote control. The front panel
keyboard is inactive except for the LOCAL and SRQ keys (see LOCAL and LOCAL
LOCKOUT in the next chapter).

MATH MATH is not used on the 3468A/B.

AZ OFF The Autozero feature of the 3468A/B is disabled.
2% The 3468A/B is in the 2-wire chms mode.
4Q The 3468A/B is in the 4-wire ohms mode.

M RNG This annunciator indicates that the 3468A/B is in the manual ranging mode; auto-
range is inactive.

S TRIG Single trigger meaﬁs that the internal trigger is disabled. The voltmeter idles until
either the single trigger key is pressed again, or a TRIGGER message is received
over the Loop.

CAL The CAL annunciator will turn on if the 346BA/B 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.
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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/B. 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 resulit.
Whatever your reason for optimizing reading rates, the 3468A/B can solve many
of these application problems. Your maximum reading rate with the 3468A/B 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 function 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/B works to reduce
or reject this kind of noise by using a form of Analog to Digital (A/D) conversion
called integration. Integration is a process where line related noise is averaged to
zero over the 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 Rejection (NMR). The NMR of the 3468A/B 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 fre-
quency and down for 60 Hz.

Integration Times

Changing the number of digits of display 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: 16 2/3 mS at 60Hz line frequency or 20mS at 50Hz.
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/B
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/B
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 re-
jection (80db)..
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OPTIMIZING READING RATES (Cont’d)

Autozero

The thermal stability of the measurement environment is also a very important
consideration. If you are making measurements in a stable 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 mulitimeter 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
voitage measured, and internal trigger selected.

4. It is important to note that even though the 3468A/B 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.
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RANGING

What About Ranging?

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

Reading the Display

Do This
Short the 3468A/B’s input terminals.

press: Notice that the M RNG annunciator

AUTO turns on in the display. This indicates

MAN 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
G OR O moves across the display. Also notice
: the range annunciator in the dispiay.
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
supply to the multimeter. Make sure that the meter is in the DC volts function and
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
such as .047215 VDC. Reading the display directly, this would indicate a
measurement of 47.215 milli-volits dc.

Table 2-4. Valid 3468A/B Ranges

Functien Ranges Display Indieation HP-IL Code
DC Voits .3v,3v,30v,300V vDC R1,R2,R3,R4
AC Volts .3V.,3V,30v,300V VAC R1,R2,R3,R4
DC Current 3A ADC R1
AC Current .3A AAC R1

3A : AAC R2
Resistance 3000 OHM R1

3KQ, 30KQ,300Kn KOHM R2,R3,R4

3MQ, 30MQ MOHM R5,R6

If the multimeter is in the manual range mode, the display will indicate an overload
{OVLD) when the input is greater than the particular range can handle.
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RANGING (Cont’d)

Autorange

Autoranging on the 3468A/B 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).

HPAL
@ Command

RA Selects autorange mode

Autorange Hysteresis

in the autorange mode, the multimeter 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 5 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.

1
i
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) ‘ . H ® et
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30V . ' DLy 30 v !
i 1 t ’ ¥ '
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RANGE 3V F270ev T 1 01y ! :
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INPUT LEVEL

¢ =« DOWNRANGE POINT
» « UPRANGE POINT

Figure 2-2, Autorange Hysteresis

Manual Ranging |4 || | <

The 3468A/B 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/B is in the manual range mode, the M RNG annunciator is on in
the display. Pressing the AUTO/MAN key restores autoranging.

Command

see Table 2-4.
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REAR PANEL

What is on the Rear Panel?

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

The Rear Panel Switches

Switch number 1, left-most switch, sets the 3468A/B to the HP-IL Tali{-OnIy
mode when the switch is in the ‘‘up’’ position. See Chapter Il 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/B will generate an SRQ (Re-
quest Service HP-IL message) whenever the ac power is cycled or test/reset oc-
curs.

Switch 5 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 period (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
50Hz is selected.

Switches 6, 7, at power-on, forces the 3468A/B 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
Line Vohage Definitions
Option Label
~ume A > 3aesamuLTIMETER SWITCHES
13.0VA MAX 48-440 Mz WEWLETT - PACKARD —ov:n on
freattooed MADE % US4 ,“ .l °’°:"
[»] - N
D;{:‘_::',J o ) BATTERY OPTION t M;_’
3 L r
i ——-:—-— HP-IL
! : Connector
e st
Rear Panel
Switches

Figure 2-3. 3468A/B Rear Panel and Switches
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RESISTANCE MEASUREMENTS

Measuring Resistance

The 3468A/B is capable of measuring resistance from .1 milli-ohbm 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/B 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 excess of 30 Megohms may be measured using the extended ohms
mode.

9 r — Y LEAD RESISTANCE
T 0 SENSE INPUT LEAD RESISTANCE 0 SENSE weur | A
14 WIRE) (2 WIRE) 7 VY 13 WRE) 1.02
1.02 .
H : 1.02
300V ' L .2 I . 2 2814
dov OURCE® 28140 OURCE p
w (TYPE 4404
THERMISTOR
Lo AT 20°C)

3A% N
M 1.02

[ ——AA—
ALL TERM 1.02 ALk TERM 1.02
$500vpk A 2500vpk A
MAX MEASURED RESISTANCE ) MAX
4 IS 2816.040 AN ERROR a1

= 3A/250V . OF .07%. = JA/250V
FUSE FUSE
| v | *Internsi 1o the 3468A/B = W |
2-WIRE OKMS MEASUREMENT 4-WIRE OHMS MEASUREMENT

Figure 2-4. Resistance Measurements

Table 2-5. Nominal Currents through Unknown Resistance

Current Through Maximum Open

Range Unknswa Circuit Veltage
3000 1mA 6.5V
3KQ 1mA 6.5V
30Kg 100uA 6.5V
300K¢ 10uA 6.5V
3mMmp 1uA 6.5V
30MQ 100nA 6.5V

There are two situations in which the 3468A may indicate a negative (minus)
resistance: either small negative voltages may exist on the circuit under test, or the
inputs to the 4-WIRE SENSE and the INPUT leads are inverted from each other in
the 4-wire ohms function.

In the 5% digit mode, the 3468A may show 10 counts or more of noise on the 30
Megohm range. If the 3% digit mode is used on the 30 Megohm range, special
grounding and shielding may be required (due to the absence of AC normal mode
rejection).
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RESISTANCE MEASUREMENTS (Cont’d)

2-Wire Ohms |[2wre

0

The two wire ohms mode is used most commonly when the resistance of the test
leads is not critical. inaccurate results may occur when using the 2-wire ohms mode
if the resistance of the test leads is very high, i.e., long test leads. Suppose 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 wouid result in an error of .1%.

@ Command

F3 Selects 2-wire ohms mode

4-Wire Ohms [* 9"

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 regardiess 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. :

@ Command

F4 Selects 4-wire ohms mode

Extended Ohms

The extended ohms feature of the 3468A/B is available only via the F7 remote
programming command. With extended ohms, the 3468A/B can be used to
measure resistances in excess of 30 Mohms. When in the extended ohms mode,
the 3468A/B goes to the 30 Mohm range, 2-wire mode. An internal resistance of
approximately 10 Mohms is placed in parallel with the input terminals by the
3468A/B. If this resistance is measured first and then your 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
RBx = B we
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
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RESISTANCE MEASUREMENTS (Cont’d)

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 lil and IV.

@ Command

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

Other Considerations

1. There are two situations in which the 3468A/B 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 200pF shunt
capacitance connected externally as might be the case if you were using the
3468A/B with a scanner. Theoretically, the settling time necessary is:

—RC+In(P/100)

Where R is the resistance being measured, C is equal to 620pF 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 a short was previously applied (short to 3.0
Mohms = step) and a .001% reading is desired, the settling time necessary is:

—{3+106)+(1200+620)*(10~12)*({In(.001/100)) = 63mS
Since on the 3 Mohm range there is an internal delay of 20mS, an additional delay

of 30 to 35 mS should be allowed. The 30 Mohm range has an internal delay of
200 mS.
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What it Does

TEST/RESET

The 3468A/B self test performs several checks on the digital and A/D converter
circuitry of the instrument. A failure in any of these four areas is indicated by an
error message in the display. When the self test is complete, the 3468A/B resets

to its turn-on state.

Do This
press: resT/ This initiates the functional tests of
RESET the digital circuitry in the 3468A/B.
TSR% The SELF TEST starts by turning every
segment in the display on (except the
top dot on the colon) for about 2
seconds. Following this, a complete
power-on SELF TEST is performed. If
the test passes, the 3468A/B returns
to its power-on state. If the test fails,
an error message appears on the
display instead. After the error
message is displayed, the 3468A/B at-
tempts to operate normally. The turn-
on state for the 3468A/B is:
Function: DC volts
Range: Autorange on
Display: 5 1/2 digits
Trigger: Internal trigger
Auto-Zero: on
Tahle 2-6. Self 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/B will continue
to operate correctly on all other functions and ranges where
the CAL .annunciator is not lit.
ERROR 2 - Internal microprocessor RAM error
ERROR 4 - Internal microprocessor ROM error
ERROR 8 — A/D Converter error

If more than one error 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 6 would indicate that errors 2 and 4 were

detected.

For all failures refer to the 3468A/B Service Manual.
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TRIGGER MODES
What is Triggering?

Triggering is simply the process that causes the 3468A/B to take a reading. There
are two triggering modes available on the 3468A/B. These are internal trigger and
_ single trigger. The 3468A/B can also be triggered remotely from a calculator.

Internal Trigger | fae

In the internal trigger mode the 3468A/B triggers itself to take readings at the
maximum possible rate. This mode is automatically selected at instrument turn-on
and after performing Self Test. A settiing delay has been added before each A/D
conversion in ac volts and current and the two highest ohms ranges to ensure ac-
curate readings.

Command

T1 Selects the Internal Trigger Mode

SGL

Single Trigger | tric

The single trigger mode allows you to manually trigger the voltmeter from its front
panel. The first time you press the Single Trigger key the 3468A/B will take one
reading, display the results, and idle in the single trigger mode. Subsequently, each
time the key is pressed the multimeter 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 dispiay.

When the 3468A/B 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 excep-
tion of the decimal point) until another trigger impulse is received.

HP:
@ Command

T2 Selects the Single Trigger Mode
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VOLTAGE MEASUREMENTS

Measuring Voltages

Whether you use your 3468A/B 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 voitage 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 | =v

DC voltages measured on the 3468A/B are both simple 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.

Command
F1 Selects the DC Volts mode

AC Voltage Measurements | ~v

Like DC voltage 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/B 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.

The specified range of the AC voltmeter is 30 millivoits to 300 volts. Lower accuracy
readings can be taken down to 1 millivolt. Up to several hundred counts of residual
offset may be seen on the 5% digit display with the input shorted.

Command a;em

OC OR AC
VOLTAGE

F2 Selects the AC Volts mode ™ SOURCE
O +—

AT
MAX

ALL TERM
2500vor A
waAx
ot
= 3a/250v
FUSE

Figure 2.5. Voitage Measurements
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Chapter I/
Programming With The
-hp- Model 41C/41CV

Introduction

Your -hp- Model 3468A/B Digital Multimeter was designed to interface with a
variety of calculators and computers over the Hewlett-Packard Interface Loop (HP-
IL). This chapter discusses the programming and remote control of the 3468A/B
from the -hp- Model 41C/41CV family of handheld calculators. The many features
of the 3468A/B 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 inter-
face. 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/B, and then read measurement data back. Later
we’ll discuss interface control operations and the development of powerful pro-
grams for controlling the 3468A/B. Last, you'll look at several application pro-
grams including a simple data logger with a printer and cassette drive.

Before beginning this chapter you will want to have read Chapter |l of this manual
so that you are familiar with the many features of the 3468A/B. 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 Hewlett-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/B, 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/B
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/B may be connected anywhere in the interface loop. The loop consists
of up to 30 devices. When installing or removing the 3468A/B (or any other
device) ALWAYS turn off the calculator first. Then simply disconnect the loop in
one place and connect the 3468A/B 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 [E] the Back Step
key [BST], 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.

The applications programs at the end of this chabter show the printer listing and a
general description of the program. Bar codes are provided to permit loading the
programs into the 41C/41CV with the -hp- Model 82153A Optical Wand.
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What is HP-IL? (Cont’d)

. Do This

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

Press: ADRS

SRQ

The 3468A/B display will indicate its
- defauit address of 22.

Now, turn the 41C/41CV calculator on and again press the following

keys on the 3468A/B:

Aome The calculator readdressed the

SRQ 3468A/B and since it is the only
device in the loop it was given address
1. This feature of HP-IL is called
Autoaddressing.

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

| Note the RMT annunciator on‘ the
IXEQ] (ALPHA] REMOTE [ALPHA 3468A/B display. This indicates that

the 3468A/B is in the remote mode
and ready to receive instructions from
the calculator.

Sending Instructions to the 3468A/B

With the 3468A/B 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/B
display. Key in the example below, repiacing " YOUR NAME” with your own name
or other message.

Keystrokes Display

(=] D2YOUR NAME
[XEQ) (ALPHA] OUTA [ALPHA

D2YOUR NAME

XEQ OUTA
. The message "YOUR NAME” should appear on the 3468A/B display. The LSTN
(Listen) annunciator appeared momentarily to indicate that the 3468BA/B was

listening to the caiculator.
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Sending Instructions to the 3468A/B (Cont’d)

Let’s take a close look at what we did. First, the Alpha register in the calculator
was cleared with the correction key (left arrow) and then, the message “D2YOUR
NAME” was put into the Alpha register. D2 is called the command code and tells
the 3468A/B that the message following it is to be displayed. Second, the com-
mand OUTA (OUTput Alpha register) was executed (XEQ). Since the 3468A/B
was the selected device, it received the instruction.

There are several command codes that the 3468A/B recognizes and responds to.
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/B. Command codes may be
combined to form a string of commands so that all are sent at one time.

For example, to take the 3468A/B out of the display message mode, send the
command D1 (Display 1). After displaying a message, if D1 is not sent, the
3468A/B 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/B 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 commands can be combined in the alpha register and sent to the 3468A/8B:

F3R2
[XEQ] [ALPHA] OUTA

Sample Problem

Suppose you need to make an ac voltage measurement that is known to be be-
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 F2. 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:

“F2 RA Z1 N4~

Since you know the voltage to be measured is small, set the 3468A/B to a low
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 R1 RA Z1 N4 T2"
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Sending Instructions to the 3468A/B (Cont’d)

Instructions are implemented as they are received over the loop interface. In other
words, the 3468A/B 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/B by loading the string into the Alpha
register and executing the command OUTA:

F2R1RAZ1N4T2
[XEQ] [ALPHA] OUTA

Programming Hints

When more than one command is sent to the 3468A/B in one string, the com-
mands are executed as they arrive. Therefore, it is best to make the trigger state-
ment the last statement in the string. In this way, the 3468A/B will be set up for
the measurement, before the the muitimeter 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/B are in the form of 7-bit ASCIl characters. All
lower case letters, spaces, commas, semicolons 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 IN-
STAT command, Status Register). All other characters and sequences not explicit-
ly allowed (see the Command Codes) will also result in a syntax error. For exam-

ple:
"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/B 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 3468A/B 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 ASCII character may be sent as part of the D2 text message.
Note, however, that the 3468A/B display recognizes only the lower six bits of the
ASCIl code, see Appendix B. :
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Receiving Data From the 3468A/B

Not only can the 3468A/B be controlled by the -hp- Model 41C/41CV calculator,
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/B to take one ac
voltage reading on the 300mV range. Now let’'s see how to transfer the measure-
ment from the 3468A/B 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/B to talkk (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 simple
program. The program instructs the 3468A/B to take a particular type of measure-
ment and send the measurement results to the caiculator. 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.

BleLBL "RCVOLTS-
82 “F2RIRRZIN4TZ"
#3 QUTR
64 IND
85 END

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 you’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/B to be used in the loop along with
almost any other HP-IL device.
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HP-IL Interface Control (Cont’d)

Talk Only Mode

Many applications of the 3468A/B, such as a simple data logger, may require that
the mulitimeter 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/B’s Talk Only
mode allows just that type of transaction to occur.

Connect the 3468A/B 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/B 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 muitimeter to the printer after each completed
reading. Function and range settings, autozero, etc., are set from the front panel
of the 3468A/B. The multimeter can be put in the single trigger mode and will
output 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-IiL
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
LOCAL Set selected device to the Local. mode

LISTEN Set selected instrument to listen or remove all listeners
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

AUTOIO Set the HP-IL interface to the Auto mode

MANIO Set the interface to the Manual mode
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OUTA

Example
F2R3Z1N4
[XEQ] [ALPHA] OUTA
Comments

OUTA (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: F2R3Z1N4.

When OUTA is executed (3468A/B is selected), the multimeter will be set to the
ac volts function (F2), 30 volt range (R3), autozero on (Z1), and 4 1/2 digit
display mode (N4).

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

IND

Example

[XEQ] [ALPHA] IND

Comments

The IND (INput Decimall command retrieves an ASCll-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/B is the selected device, the 3468A/B
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/B is in the 4 1/2 digit display mode, the last digit returned before the
E will be a O. 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:

+9.99999E+9 CR LF
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REMOTE

Example

[(XEQ] [ALPHA| REMOTE

Comments

The REMOTE command is used to cause the 3468A/B to switch from local front
panel control to remote program control. For the 3468A/B, the REMOTE mode
means that the front panel keyboard (except the SRQ and LOCAL keys) is disabi-
ed. The RMT annunciator in the display turns on. The 3468A/B 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

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/B’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/B's are triggered almost simultaneously. The alternative is to
select each device and trigger them individually.
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LOCAL

Example

(XEQ] [ALPHA] LOCAL

Comments

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

TRIGGER

Example

[XEQ] [ALPHA] TRIGGER

Comments

If the 3468A/B 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

Comments

The INSTAT (INput STATus) function causes the 3468A/B (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 OO
“through 07 in the calculator, with status byte bit O placed in Flag 00, bit 1 to
Flag 01, etc. This allows testing of individual bits {Flags).
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INSTAT (Cont’d)

Status Register

The Status Register in the 3468A/B is used to continuously monitor seven condi-
tions within the multimeter. 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/B, 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/B. 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 tnvalid Data
Reset Error Panel Error Error Range Ready
SRQ Function
Value: 128 64 32 16 8 4 2 1

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

Bit 6 of the Register will be set (a “1”) when the 3468A/B SRQ Mask has been
set for certain bits, specified by bits O through 5, and when those conditions oc-
cur. The purpose of bit 6 is that, when set, the 3468A/B can interrupt the con-
troller. However, the -hp- Model 41C/41CV does not respond to an SRQ (Service
Request) 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 5 will be true when an attempted calibration faile'd. The bit is cleared when IN-
STAT is executed.

Bit 4 is true when the 3468A/B front panel SRQ key is pressed. The bit is cleared
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/B. It is cleared
when INSTAT is executed.
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INSTAT (Cont’d)

Bit 1 is true if an invalid combination of function and range codes are sent to the
3468A/B, e.g., F2R5. It is cleared when a valid range and function combination is
selected.

Bit O is cleared 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/B 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. 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/B, allows 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 OO will be the flag tested to see if data is
ready. Before keying in the following example, make certain that the 3468A/B is
in the Single Trigger mode.

Keystrokes HP 41 Display Comments
[XEQ] [ALPHA] INSTAT 1.0000  Bit 0 is set indicating Data
‘ Ready. The value of this bit is

II1”
.

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/B 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

= 00 NO The Flag test now shows that
bit 0 in the status register is
clear.
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INSTAT (Cont’d)

When the 3468A/B 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 O of the 3468A/B Status
Register was set due to the measurement data being ready. When Flag 00 was
tested (FS? O0) it was set and the calculator displayed " YES”.

With the IND command, the measurement data was sent to the calculator and,
since the 3468A/B 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 "O” 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 3468A/B can be used to signal the calculator to,
for example, begin a data manipulation subroutine. As in the previous example,
we'll use the INSTAT and Flag test commands, exceépt that we will test Flag 04.
Flag 04 represents bit 4 in the Status Register. Before beginning this example,
make sure that the 3468A/B 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.

] 04 NO Flag 04 (bit 4) is not set.

Now, press the 3468A/B front panel SRQ key.

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

. 04 YES Flag 04 (bit 4) is set because
the: SRQ key was pressed.

After the 3468A/B 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)

Example 3. Power-on SRQ

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/B.

Without turning the 3468A/B off, locate the bank of switches just below the HP-
IL connector, on the rear panel of the multimeter. Set switch 3 to the " UP” posi-
tion. Again, execute the INSTAT command.

Keystrokes HP 41 Display Comments

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

B 07 NO Flag 07 (bit 7) is not set.

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

(XEQ] [ALPHA] INSTAT [ALPHA - 1.0000 Data is still ready.

u 07 _ YES Flag 07 is set (bit 7) because
a power-on reset occurred.

Return switch 3 to its “DOWN” position.

SELECT
Example
[XEQ] [ALPHA] SELECT
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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FINDID

Example

ALPHA | HP3468A |ALPHA
OR

ALPHA | HP3468B |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 identity for the 3468B is: HP3468B. The decimal ad-
dress 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/B’s in the loop? If the interface

is in the Auto mode when FINDID is executed, the address of the first 3468A/B is
returned and the search ends. If we then "SELECT” the device (see SELECT) after
the first 3468A/B and execute FINDID again, it will return the address of the se-
cond 3468A/B. In this manner, by selecting the device after the 3468A/B, we can
find the address of the next 3468A/B with FINDID.

MANIO

Example

[XEQ] [ALPHA] MANIO [ALPHA

Comments
The MANIO (MANual 1/0) 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

[(XEQ] [ALPHA] AUTOIO

- 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/B. 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 mass storage operation, 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/B 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/B 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:

dielBL ~ACHILTS"
2 “F2RIRAZIN4T2"
83 OUTR
84 IND
85 END

Line 01 is a title or “LABEL"” for the program. Labels are used to identify a pro-
gram or subroutine. 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/B by
the OUTA command of line 03. Line 04 is used to input the measured ac voltage
to the calculator; line 05 ends the program.

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

Initialization

The following program locates the 3468A/B in the loop (finds its address), selects
it to receive information, and puts the 3468A/B into the REMOTE mode. This pro-
gram should be executed before any other command or program is executed. This
initialization program' need only be executed once unless a device is turned off or
the loop is broken to insert or remove a device. The 82160A HP-IL module must
be inserted in the calculator before entering the program.

Initialization Program

Keystrokes Display Listing
[ oin
Bl ((80) [ALPHA] INI68 01 LBLTINIES BIeLBL *INI6G"
[XEQ) (ALPHA] AUTOIO g; é;’:;"o o
B 17 04 THP3468A 84 “HP3468A°
HP3468A 05 FINDID 22 gggg
[XEQ) (ALPHA] FINDID 06 SELECT a7 RENOTE
[XEQ] [ALPHA] SELECT 07 REMOTE 88 RTH
[XEQ) [ALPHA] REMOTE 08 RTN 85 .END.
|

NOTE

If you have a 34688, replace program line 4 with HP34688.

The initialization program has now been entered. If you have not yet connected
your 3468A/B into the loop, do so now. Remember to turn your calculator off
before connecting the 3468A/B. The initialization program will not be lost in the
calculator with power turned off.
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Initialization (Cont’d)

Running the Program

To run the initialization program, press:

[XEQ] (ALPHA] INI68 [ALPHA

The calculator display will return with the HP-IL address of the 3468A/B. In addi-
tion, the RMT (REMOTE) annunciator will turn on to indicate that the 3468A/B 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.

B8 [ASN] [ALPHA] INI68 [ALPHA

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

INI68
PROGRAM REGISTERS NEEDED: 5

ROW 1 (1:

l
A
T

LT T 1L
) ey

INI68B

PROGRAM REGISTERS NEEDED: 5

ROW 1 (1:

T
O
O

WU DI ®
8] 08
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Building Block Programming

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/B for the
measurement, triggers the multimeter, and reads the measurement data to the
calculator. The seven measurement subprograms are used to specify the type of

measurement to be made and then branch to the eighth subprogram.

Do not erase the INI68 program before loading the building block program. This is

done by executing the following command before any other program is entered:

__jGepain

14¢LBL “MADC"

B1eL8L =BLOCKS* 15 *F5° } Measure Amps DC

@2¢4LBL “M¥DC-

a3 “fF1°
84 GT0 @8

86 “F2°
87 GT0 @9

B8eLBL ~M20HN"

89 °F3°
18 670 @8

11eLBL ~M40HN"

12 *F4-
13 670 89

85¢LBL “MVAC- } 19 GT0 00

16 GTO 68
Measure Volits DC 17¢LBL "MAAC"

18 *Fé" } Measure Amps AC

Measure Volts AC 2B¢LBL “NXOHN"
21 “F?-
22+LBL 08

, Measure Extended Ohms

Measure 2-Wire Ohms

Measure 4-Wire Ohms 26 RTN reading

27 .END.

The subprograms, by label and function are:

LABEL FUNCTION

MvDC Measure Volts DC. MVDC, along with subprogram 0O, sets the 3468A/B
to take one dc voltage measurement.

MVAC Measure Volts AC. MVAC, along with subprogram OO, sets the 3468A/B
to take one ac voltage measurement.

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

M40OHM |Measure 4-wire ohms. M4OHM, along with subprogram 00, sets the
3468A/B to take one, 4-wire resistance measurement.

MADC Measure Amps DC. MADC, along with subprogram OO to set the
3468A/B to take one dc amps measurement.

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

MXOHM | Measure Extended ohms. MXOHM uses subprogram OO to set the

3468A/B 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 volts can now be reduc-

ed to three lines: .

01 LBL TACVOLTS
02 XEQ TMVAC
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 block sub-
programs may be used to simplify programming.

BLOCKS

PROGRAM REGISTERS NEEDED: 18

ROW 1 (1:2)

ROW 3 (5:8)

ROW 4 (8: 11)

ROW 8 (20 : 23)

ROW 9 (23 : 25) | I
ROW 10 (26 : 27) .

NVERIHEENN e W
& )

;—""D
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EXTENDED OHMS

The extended ohms feature of the 3468A/B is available only via the F7 remote
programming command. With extended ohms, the 3468A/B can be used to
measure resistances in excess of 30 Mohms. When in the extended ohms mode,
the 3468A/B goes to the 30 Mohm range, 2-wire mode. An internal resistance of
approximately 10 Mohms is placed in paraliel (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 = ———
X Ri — 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 parallel 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, perfor'm the calculations, and
display the value 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/B. When the message - APPLY
RESIST. - appears, connect the unknown resistance to the 3468A/B. The value of
that resistance will be displayed on the calculator. Notice the use of MXOHM sub-
program in lines 05 and 11.

Label - Display Extended

@1elBL =DXOHH- Ohms {8 GTO 9@

82 XEQ =INI&S~ Execute initialization program {9 1/%

83 “OPEN TERMS." M ) | 10 Moh 28 1 E6

84 PROMPT re:iasiz:a :;teerRAaXOHM f‘:‘; 217 Calculate value of unknown
85 XEG ~MXOHN" BLOCKS program 22eLBL @2 resistor

45 /Y Store inverted value in Reg. 23 FIY 2

87 ST0 98 o0 24 RND

88 “APPLY RESIST. ) measure parallel resistor 23 CLR

#9 PRONPT combination 26 ARCL ¥

18+LBL B1 sz r';”mXOHM from BLOCKS 27 “F MOHM- Display value of resistor
11 ¥e@ -Mxonm- ) P9 28 AYIEN

12 X{=9? 29 GT0 81

13 GT0 92 36+LBL 90

14 17% Calculate value of unknown 31 =OVERLOAD-{ _

15 RCL 88 resistor 32 AVIEN Display if overload

i6 - 33 GTO 61

17 X{=8? 34 .END.
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EXTENDED OHMS (Cont'd)

DXOHM

PROGRAM REGISTERS NEEDED: 16 ‘

W1 (1:2)

i ||IIII|lIIIIIIIII||||||I|||||IIIIIII||I||||||IIIII||||IIIl|||l|||IIIIIIIlI||||I|||||IIIIIIIIIIII||||I|I|||||I|I||I|I|I|
A
A
A
A
[
IIIIIII|I||||||I|lIIIIIlIIIII|II||I||||IIIIIIIIIIIIIIIIIIIIII||II|I|IIIIII|II||||||||IIIIIIIIIIIIIIIII|||||I|||I|||IIIIIIIIIIIIlIII
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|I|III|I|II||IIII|II||I|||||I|I|||||III|II|||||I|I|||IIIIIIIIIIIIIIIIIIIII
l|||IIIIIIII|||l|||||I|||||I|I||I||I||||I|||||III|I|I|II|II|

D
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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({X2/R)/1mW)

where X is the measured value, R is the reference impedance (50 ohms) and 1TmW
is the OdBm reference.

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

@1¢LBL *DBN" Label dBm Measurements
82 XEQ "INI68" Execute initialization program

B34LBL B9 Execute MVAC from 15 12"

gg :Eg "W¥AC" 5 0CKS program ig ?ﬁCle:_ Display dBm on 3468A/8
66 58 18 0UTA

a7 / 19 CLA

88 1 E-3 - 20 ARCL ¥ Display dBm on calculator
?g {OG Calculate dBm gé ;’:Igg"‘

11 18 _ 23 GT0 @8

12 = 24 LEND.

13 FIX 2

14 RHD

DBM

PROGRAM REGISTERS NEEDED: 10

ROW 1 (1:2)
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TEMPERATURE MEASUREMENTS

The TEMP 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 resuits 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 "M40OHM”. This program is useful over
a range of —80°C to + 150°C.

23 GT0 35
B1eLBL “TEMP" Label Temperature measurements 24 RCL 13 Get coefficients for
82 -6.760961227 gg :gl' 12 temperatures 36° and above
83 510 @1 'Conversion coefficients for L1l
27 670 36
gg 2311146318? resistances above 3134 350 8L 35
4 chms (36°C) -
86 322.887684 29 RCL @3 Get coefficients for
87 STO @3 38 RCL @2 temperatures below 36°
85 -5.952179426 31 RCL 81
89 STO 11 32¢LBL 36
}? ;;gli334293 Conversion coefficients for gi Egl- L
2 resistances al t | :
12 383.33182 thaln 3134 oel'?r:s (3% ‘?é) o 35 XY
13 §T0 13 36 - Resistance to temperature
14 XE@ "INI68" Execute Initialization program - :3’1}8, ; conversion
Y
- « Execute measure 2-wire
12.:-(23 .:"E’?S".' ohms from BLOCKS program 32 ;TU a8
41 FI1Z 2
17 3134 -
42 =p2-
4
:2 iTE:IlEngP Tests for resistance above 43 RCL o8
i ) 3134 ohms (36°C) 44 ARCL ¥ Display temperature
ﬁ‘; ;’T‘g " 45 *F DEG C*
£ 46 OUTA
22 77 47 GTO “NERS*
48 END.
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TEMPERATURE MEASUREMENTS (Cont’d)

' TEMP

PROGRAM REGISTERS NEEDED: 23

ROW 1 (1: 2) v
AR
ROW 2 (2: 4)
0 00 A
ROW 3 (4 : 6)
AT
ROW 4 (6 : 8)

O A
ROW 5 (8 : 10)
i
ROW 6 (10 : 14)
O
ROW 7 (14 : 15) . '
1 A
®
uwwmmmwmmmwmmmmwwwmmmmmmmmmmmmmwmmmwmmm
wwmmmmmmmmmmmmmmmmwmmmmwwwmmwnmmmmmmmw
MMWNMWWWWWWNWWWWWWWWNWNWWWMMMMMWM
mwmmMmmwmmmmmmmmmmmwmmmwmmmwmmmmm
A
ROW 13 (47 : 48)
L

I IIIIIlIIIIIl !l!jlllllllll
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STATISTICS

The STATS program computes four statistical values for a set of measurements
made by the 3468A/B. The four values; Mean, Standard Deviation, Minimum
value, and Maximum value, are displayed on the 3468A/B’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/B to your desired
measurement function, range, etc. You must either do this manually from the
3468A/B 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

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

The 3468A/B 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/B and connect the second device. Again,
press the 3468A/B single trigger key.

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

N=XXX.0000
Press the 3468A/B’'s SRQ key. The 3468A/B will momentarily display the word
“MEAN” and then display the calculated mean value.

MEAN
XXXXXXX
Press SRQ again. The next value displayed is the standard deviation.

STANDARD DEV.
XXXXXXX

--Press the-SRQ 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 3468A/B SRQ key one more time to restart the statistics

program for new data.

@1eLBL "STAT" Label statistics
82 XEQ "INI68" Execute Initialization program

83 12" } Set 3468A/B for Single Trig-
94 OUTR ger
85 ZREG 11 } Register 11 is used for count-
@6 CLE ing number of entries
87 9 E9
88 ST0 69 Upper and lower measure-
#9 CHS ment limits
18 ST0 0t
i1 CLX
12¢LBL @0
13 *D2S. TRIG-SRO* | Display message and set
14 0UTA 3468A/B to local mode
15 LOCAL
16eLBL 81
17 INSTAT Input status byte
18 F5? 94 } If flag 4 (SRQ) is set go to
19 670 62 LBL 02 (line 34)
If data i dy (fiag OO0 clear)

26 FC? @0 } pmta:tez:istr:?inz Zg,g if nc::tfe :ro
21 670 81 to LBL O1 (line 16)
22 IND } Input reading and increment
23 I+ Reg 11
24 RCL 00
25 LASTX
26 ¥Y? Test reading i .

* Test reading in case of ex-
3; :EE g? Iqegding upper and lower
o imits
29 XOY
38 DY?
31 STO 61
32 Rt Roll up and store reading

33 GT0 68 Go to LBL 00 (line 12) for next reading
34¢LBL 82 SROQ key pressed, all samples taken

35 “D2N="
36 ARCL 16
37 XEG 04

Display number of samples
(lines 67-73)
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. b2 FS7 04

38 “D2MEAN-
39 0UTA

48 -Dpz-

41 MEAN

42 ARCL ¥
43 XEQ 03
44 "D2STANDARG DEY.=
45 0UTA

46 *D2"

47 SDEY

48 ARCL X

49 XEG 83

38 ~D2ZMINIMUN-

31 OUTH

32 *p2-

53 ARCL

34 XEG @3

33 “D2HAKINUK"

96 OUTR

97 °bz-

3% ARCL B!

39 XEQ @3

68 "D25RO=RESTART®
b1 XEQ @4

Calculate and display mean
value (lines 65-76)

dard deviation {iines 65-76)

Calculate and display
minimum value (lines 65-76)

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

If SRQ key pressed start over
X {lines 67-76)

83 GYG “STHT"
64 GTD @@
654LBL 82

66 PSE
67¢LBL 84

68 OUTA Pause (line 66)

&9 LOCAL Output message (line 68)
7AeLBL 85 >_Enable 3468A/B keyboard

: (line 69)
71 INSTRT Input status (line 71)
72 FS? 04

SRQ flag set test (line 72)
73 RTH Data Ready flag test (line 74)
74 FS? 80

75 RTH }
76 GT0 85
77 .END.

Calculate and display stan-



STATISTICS (Cont’d)

STAT

PROGRAM REGISTERS NEEDED: 32 .

ROW 1 (1:2)

e T
A
R

ROW 5 (18 : 25

e

ROW 6 (26 : 35)

ROW 7 (35 : 38)

ROW 8 (38
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DATA LOGGER

The following 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
lines 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
tape.

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/B 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 03 executes the MVAC subprogram. This can be changed to suit your needs.
Deleting the line entirely gives you the freedom of setting the 3468A/B manually
as often as needed. When the device to be tested has been connected to the
3468A/B 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 allocated on the cassette tape. This
space (or file) is created and given the name DATA in lines 04, 05, and 06. Lines
07 and 08 are used to return to the beginning of the DATA file on the cassette
for data storage.

Register 00 is used as a loop counter to take ten sets of readings. The value

1.010 is STOred into Register 00 (lines 09, 10) and is incremented and tested in
line 22.
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DATA LOGGER (Cont’d)

Register 01 (lines 12, 13) also acts as a loop counter, but counts ten readings per
set (Register 00). 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/B and line 16 inputs the results. Line 17 stores the data in the
register pointed to by Register 01. Register O1 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 O1 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. f not, the program loops back (line 23) to label 01 (line 11). When ten
sets of measurements have been made, the program ends.

,.ioijL =i QGGER- Label Logger #1eBL "RERD" Label READ

#2 ¥F% ~IMIGB® Execute initialize program g2 “Dhp- ) o ]

82 XEG =Kvare 83 @ ’ Find beginning of DATA file
. . on cassette tape

a4 =IpTp- #4 SEEKE

BS 1ed 85 (.80 Set up dop counter for ten

Ag L-QEﬂTE Set up DATA file on cassette #6 5T0 09 sets of readings

ek tape -

87 8 #7eLBL 81

as SEEKF‘ 88 11.028 Read one set of ten readings

ga 1 alg ’ Set up loop counter for ten 89 READRY

18 5'0 ae sets of readings 18 11.028 } Print set

11e(BL 8! i1 PRREGY

{2 1i.02¢ Set up register 11 to 20 to 12 [5G 98 ’ End if ten sets have been

13 510 A1 store readings 12 GT0 81 read, eise go to line 07

i4eLBL 82 {4 .END.

15 TRICCER Trigger the 3468A/B, input

N reading and store

i6 IND

17 ST IRD 8¢

18 155 @t If ten readings taken go to

19 €76 A2 line 19, else go to line 14

28 11.829 Store ten readings on

2Y HETRE cassette tape

g?- 156 ae I End if ten sets of readings

23 GT0 &1 have been taken, else go to

24 .ENB, line 11
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DATA LOGGER (Cont’d)

LOGGER

. PROGRAM REGISTERS NEEDED: 11

ROW 1 (1:2)
O
ROW 2 (2: 4)
O G
ROW 3 (4:9)
O

ROW 4 (9: 15)

O OO

ROW 5 (15 : 20) ’
0 0l
ROW 6 (20 : 24)

O

IIIIIIIIIIIIIIIIIIII IIIIIIIIIIII II%I“IIIII

GTO

READ

PROGRAM REGISTERS NEEDED: 7

ROW 1 (1:2)
ROW 2 (3:8)

LT CEECCTE (R
o) ©
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Command Codes

{The command codes are also found on the under side of the 3468A/B)

Rangs Codes
Functios Code A1 R2 Rl R4 R5 A6 RA
Autorange
DC Volts F1i .3v 3v 30v 300V hd .
AC Voits F2 .3V 3v 30V 300V . .
2-Wire F3 3000 3K | 30KQ 300K | 3MQ | 30MQ
Ohms
4-Wire F4 3000 3K0 | 30KQ 300KQ | 3MmQ | 30MQ
Ohms
DC Amps F5 3A o .. M . .
AC Amps F6 300mA 3A . * . .
Extended F7 (default . * * . .
Ohms range)
10MQ//Rx
* indicates an invalid combination of Function and Range codes.
Other Program Codes:
Function Qualifier Description Example
N 3.4,5 | Selects the number of digits of display. N3 selects the 3 1/2 digit display mode.
T 1,2 Trigger Mode: Interna!, Single. T1 selects internal trigger, T2 selects
single.
Y4 0,1 Autozero mode: off,on 20 turns Autozero off.
C Calibrate (see 3468A Service Manual).
D 1,2 Dispiay mode: Normal, Text. D2text displays the message "'text” on
the 3468A/B display.
Mbb 0 to 77| Set SRQ mask to octal-value bb. This | MO1 sets the 3468A/B for data ready
SRQ.
{octal) | 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 6 are set by the “b” that is
received.
B 1 Binary Status. The 3468A/B, if it is addressed to talk immediately after receiving the

B1 command, will output its five binary status bytes. This command also clears the er-

ror register (byte 4).

The meaning of the bytes is as foliows:

Byte 1: Function, Range, Number of Digits

Octal value of bits 7,6,5

([T (I L 1

Octal value of bits 4,3,2

Octatl value of bits 1,0 invalid

nann

AC Amps

5 1/2 digit
4 1/2 digit
3 1/2 digh
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Command Codes (Cont’d)

Function

Qualifier

Dascription Exampls

8

Byte 2: Status bits

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

Bit 4: “1“ is calibration ram enabled.

Bit 3: ~"1" is line frequency switch set to 50 Hz position. “0” is 60Hz position.
Bit 2: "1~ is Autozero on, “O” is Autozero off.

Bit 1: ”1” is Autorange on.

Bit 0: “1” is internal trigger, " O” 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 “07).

Bit 5: ~ 1" SRQ if calibration procedure failed.

Bit 4: ~1” SRQ it keyboard 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: SRQ as each reading becomes available.

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: “1“ Calibration RAM error, the calibration of the 3468A/B 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 1o 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/B over the
Hewlett-Packard Interface Loop (HP-IL} using a computer / controller. The -hp-
Mode! 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 understand the operating
characteristics of the 3468A/B before you begin programming it.

Do This

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

Press: The 3468A/B will display its factory
SR B 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/B 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/B 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/B to display the message ” your
name” in its display; “D2” is called the “COMMAND CODE". The 3468A/B can-
not display lowercase letters, it displays unusual symbols instead. It can display,
however, special characters such as $, %, &, #, etc. Try these characters in place
of "your name”. A

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

Addressing

Each instrument that you connect to the interface loop has a unique ” address”,
and the 3468A/B 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 “OUTPUT 901”. The “ 901" refers
to the controlier interface select code (isc) which is 9 and the 3468A/B address

which is 01. '

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/B 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/B 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/B is capable of both talking and listening or it may be set to Talk-only, 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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Sending Instructions to the 3468A/B

Command codes are used to cause the 3468A/B 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/8
will respond to and how they are used. The underside of the 3468A/B also con-
tains 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/B to the DC Volts function and
3 volt range, the following message wouid be sent:

interface 3468A/B
select code  address 2 instruction messages

\ / I T linked together
OUTPUT 901;” F1 R2”

I —L— sets range to 3 voit range
sets function to DC voits

(F is mnemonic and 1 is qualifier).

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

Figure 4-1. Instruction Example
As you can see from the example, more than one instruction may be sent to the

3468A/B at one time; any number of instructions may be included in the com-
mand 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 1
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/B to a low
range before we autorange. The instruction "R2” will do this. Furthermore, 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 901; “F2R1RAZ1IN4T2"

instructions are implemented as they are received through the loop. In other
words, the 3468A/B 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/B 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/B will be set up for the measurement before it triggers. If you send the
command “T2T1”, the "T1” command is the last one received and will be in ef-
fect.

Instructions are sent to the 3468A/B as a series of 8-bit ASClHl characters. All

lowercase 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 vertical and horizontal tab
characters result in a syntax errror. All other characters and sequences not ex-
plicitly allowed (see the Command Table) also result in a syntax error. Errors will
be discussed later. For example, sending the message:

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

When a multicharacter 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 possible 8-bit bytes may
be sent as a binary argument. Similarly, any ASCIl character may be sent as part
of a D2 text message. Note, however, that the 3468A/B display recognizes only
the lower six bits of the ASCIl code (Appendix B).

Receiving Data from the 3468A/B

The 3468A/B 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/B 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 901;"F1R2” (from the last section)
20 ENTER 901; A$

30 DISP A$

40 END

The 3468A/B is addressed to talk by the ENTER 901 command in the second line.
The measurement result is stored in the string variable A$ and displayed on the
controlier's display. Remember that the actual computer syntax used (i.e., ENTER,
OUTPUT, 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 /O
programming manual.

Output Format
Messages are sent by the 3468A/B 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 single digit. If the 3468A/B is in the 4 1/2 digit

mode, the last digit returned before the “E” will be a O. In the 3 1/2 digit mode
the last 2 digits will be O’s. '
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3468A/B Bus Capabilities

So far we have seen how to program the 3468A/B 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/B Response to Loop Messages

The following topics, arranged in alphabetical order, deal with BASIC language
controller HP-IL commands and the way the 3468A/B responds to them. Refer to
the 1/0 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 9 (device clear)
CLEAR 901 (selected device clear)

Comments

Upon receiving the CLEAR message, the 3468A/B will be placed into its turn-on
state. Any partially completed /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/B is: DC Volts function, Autorange, In-
ternal Trigger, Autozero On, and 5 1/2 digit mode.
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LOCAL

Examples

LOCAL 9
LOCAL 901

Comments

The LOCAL 901 message clears the 3468A/B 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/B 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 takes all in-
struments out of Local Lockout that are on that loop. The command LOCAL 901
would return the 3468A/B to front panel control but a subsequent REMOTE com-
mand (or OUTPUT 901) would return it to LOCAL LOCKOUT.

LOCAL LOCKOUT

Example

LOCAL LOCKOUT 9

Comments

The LOCAL LOCKOUT message locks out the 3468A/B’s front panel keys, in-
cluding 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 muiltimeter
or cycling the 3468A/B’s power.
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REMOTE

Examples

REMOTE 9
REMOTE 801

Comments

As a general rule, the command REMOTE 9 should 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/B to switch
from local front panel control to remote program control. The 3468A/B must ac-
tually be addressed before it will go into its Remote state.

The Remote state for the 3468A/B means that the front panel keyboard (except
the LOCAL and SRQ keys) is disabled. The RMT annunciator in the display is turn-
ed on. The 3468A/B remains in the same state after it receives the REMOTE com-
mand 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/B is you can program it to interrupt the
controller when certain conditions are met. Of course, the controller 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/B
MUST BE PROGRAMMED for the interrupt before the interrupt will take place. The
following list gives the possible causes of interrupt that the 3468A/B can be pro-
grammed for.

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

2. CAL Failure. The 3468A/B will interrupt the controller if an attempted
calibration failed.

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

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

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

6. Data Ready. The 3468A/B would interrupt the controller after each com-
pleted measurement. '

7. Invalid Function and Range combinations.

How to use SRQ

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 3 “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/B 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.
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SRQ (Cont’d)

Status Register and Status Byte

The status register is used to monitor the seven possible interrupt conditions. It is
possible for one or more bits of the Status Register to be true without the
3468A/B 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 pro-
grammed 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/B 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 6 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

Setting the SRQ Mask

The SRQ mask can only be set to mask bits 0-5 on the Status Register. Default
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.

SRQ _ = 01 (octal)
Mask For Data
Resdy SRQ
i
I
|
]
1
Bit 0
Dsta
Ready

Figure 4-3. Status Byte and SRQ Mask
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- SRQ (Cont’'d)
Example 1. Data Ready SRQ

Data Ready is a feature of the 3468A/B that allows it to interrupt the controller
after each completed measurement (data ready). This means that the controller
doesn’t waste valuable computing time w'aiting 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 0
value: 0 O O O O 1
\ Y 4

AN /

o) 1 01 is the octal representation
(see also Figure 4-4)

Consequently, we would use the command: OUTPUT 801;” MO1” to set the mask
for Data Ready. Therefore, whenever the 3468A/B 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 controlier 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/B.

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

Line
40
50

I DRTAH RERDY ESAMPLE 60
1 -he~- 85 VERSIOHN

! 3468R/E RT RDDRESS 22

REMOTE 9 70
QUTPUT 9081 ;"MOL1"

ON INTR 9 GOSUB 1@80

ENRELE INTR 9;8

I The body ot the program a¢

es here
END 80-990

1088 P=SPOLL (991>

1810 ENTER 9@1 ; R 1000
1820 DISP R

1638 RETURN

1010-1030
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Description
Puts the interface into the remote mode.
Outputs the SRQ mask.

Instructs the computer where to go (line
1000) when an interrupt (SRQ) occurs on
interface 9.

ENABLE INTR9;8 actually enables the -hp-
Model 85 to respond to the SRQ. SRQ is
octal code "8” in the -hp- Model 85 con-
trol register.

These lines contain the main body of the
program

This is the start of the interrupt
subroutine. SPOLL returns the 3468A/B
status byte to variable "P”. It also resets
bit 6, if it was set, of the status register.

Line 1010 reads the data and resets bit 0
of the status register. Line 1020 displays
the data. Line 1030 returns program con-
trol to where the program was interrupted.



SRQ (Cont'd)

Example 2. Front Panel SRQ '

The front panel SRQ feature of the 3468A/B 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/B front panel SRQ key causes the 3468A/B to request service (SRQ)
from the controller. The SRQ annunciator turns on in the display until the con-
troller responds by doing a serial poli or the CLEAR command.

The following program shows how easily this can be accomplished.

Line Description
50 The "“M20” statement sets the 3468A/B
1% ' FRONT PANEL SEQ EXRMFLE to respond to the front panel SRQ key.
g4 ! -he- 85 YERSION 60 This tells the computer where to go (line
jg ésﬁgf}’gﬂge AT ADDORESS 961 1000) when an SRQ interrupt occurs.
gg ggTFI‘mRE’gl Ga;ggﬁi 000 70 ENABLE INTR actually altows the controller
78 ENASLE INTR 9,8 to respond to interrupts.
28 ! The bodr of the prosram 9o 80-990 These lines contain the body of the pro-
€3 here gram.
3993 END
1608 P=SPOLL(981) 1000 SPOLL returns 3468A/B status byte to
1819 IF BIT(P.4) THEN DISP "SRQ variable P. It also clears the status register.
key pPressed”

1928 RETUPRN 1010 Bit 4 of the status byte (P) is checked to
: make sure itisa " 1”. If itis, 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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Example

SPOLL

P=SPOLL (901)

Comments

Serial poll allows you to determine the current status of the 3468A/B. When the
3468A/B 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 in-
dividual 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 respec-
tive values are shown in Figure 4-4, followed by a description of the bits.

Bit 7 Bit6 | Bit5 | Bit4 Bt 3 Bit 2 Bit 1 Bit O
Power-on RQS Cal Front Hardware Syntax invalid Data
Reset Failed Panel Error Error Range ‘| Ready
SRQ
Decimal
Value 128 64 32 16 8 4 2 1
Figure 4-4. Status Byte
" Data Ready When this bit is set to 1, it indicates that the 3468A/B 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/B causes
the reading to be no longer available.

Bit 1 Bit 1 will be set to ‘“1’° when an invalid combination of Func-

Syntax Error
Bit 2

Hardware Error
Bit 3

tion code and Range code is sent to the 3468A/B. For exam-
ple, DC volits function (F1) does not have a range that cor-
responds to range code R6. This bit will be cleared when a
valid Function and Range combination is selected.

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

This bit, when it is set to 1, indicates that a hardware error of
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
about the error by reading the 3468A/B 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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SPOLL (Cont'd)

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 cleared when the
3468BA/B is Serial Polled.

Calibration Fail  This bit is used to indicate that an attempted calibration has
Bit 5 failed. 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 1-5 and 7 are cleared.

Power-on Reset This bit is 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/B 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/B 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 simple exercise.

1. Reset the 3468A/B. This should be done by cycling the LINE switch.
Without setting the SRQ mask, perform a serial poll on the 3468A/B. Remember
to check the command structure for the controller you are using. The status byte
returned by the 3468A/B should indicate that bits O and 7 are true. Many con-
trollers 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 0 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 an-
nunciator turns on.
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SPOLL (Cont’d)

2. Now turn the 3468A/B 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 3468A/B
back on, the SRQ annunciator shouid be on in the display. Now do a serial poll.
The status byte returned by the 3468A/B 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/B 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/B off and return switch 3 to the down position. Turn
the 3468A/B 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 O, 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/B 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/B has been addressed to listen, the TRIGGER message (also 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/B. The programs include using a thermistor to accurately measure
temperature, achieving the maximum reading rate, using the 3468A/B 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 controlier. In
many cases, suggestions are made for modifying the programs to suit your in-
dividual 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/B goes to the 30 Mohm range, 2-wire mode. An inter-
nal 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
inputs, 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
Rx = —M—
Ri — 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 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.
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{ EXTENDED 0OHMS EXRMPLE Lines Description
| —he- 25 VERSION : ,
CLERF 40-50 Line 40 sets the interface at select code 9
REMOTE 9 to the REMOTE state. This ensures that all
AL1=281 instruments in the loop have been autoad-
OUTPUT A1 :“DZOPEN TERMS " dressed. Line 50 sets variable A1 equal to
i gll.‘é":' ; [lI'=‘l!:;'>{TENEEcl OHMS ExAN the select code of the 3468A/B, i.e., 901.
ODISP "Extended ohms 15 3 2-w 60-130 These lines display messages to open the
ire ohms" ‘ ) input terminals on the 3468A/B. Line 60
Eng‘enmeasurement tar resist displays the message on the 3468A/B
- DISP "abowve 2@ Mohms." & 0I5 display.
Foo , 140-150  The 3468A/B is set up for the extended
DIsp Oren b Tepoh B inrut ohms function (F7), 6% digit display (N5),
cp on c T e autozero on (Z1), and single trigger (T2) in
EI_P PRESS LCONTJ TO BELIN. line 140. Line 150 enters the readings of
FAUSE the internal 10 Mohm resistor into variable
QUTPUT AL ; “F7NSZ21T2" R1.
53.11:%57&;1' ;E;JZHDD RESISTQR"® 160-210  These lines display messages to connect
CLEAR @ DISP "Connect resizt the resistance to be measured to the
ance to be" 3468A/B input terminals.
. [} 2 .
gl?gpu?fasured to the 3458 220-230 These two lines are identical to lines
DISP “terminals." 140-150. The resistance of the parallel
DISP @ DISP * PRESS [CO combination is entered into variable R2. .
2;335 240 Line 240 performs the calculation describ-
QUTPUT AL ; *F?NSZ1T2" ed above to determine the value of the
ENTER Rl ; R2 unknown resistance.
R3=R1XR2/7(R1-R2> . ]
CUTPUT A1 ;:"D2R=";R3/18+€ 250 The calculated resistance value is
CLEAR @ DISP "THE RESISTANCE displayed on the 3468A/B display.
1S: *“;R3716/6;"MOHMS . " ) .
END 260 The calculated resistance value is

displayed on the -hp- Model 85 screen.
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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 designed to
work with thermistors exhibiting a 5.000 K@ 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 2-wire or 4-wire ohms
measurements to be made on the thermistor. As it stands, the program sets the
3468A/B 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 225202 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. ‘

Lines Description

40-50 Line 40 sets the 3468A/B to the 2-wire
ohms mode (F3), 30 Kohm range (R3),

P TEMRERRTURE MERSUFEMENT 4% digit display (N4}, and autozero on
P UTITH TYFPE 44087 THERMIZTOR (Z1). Line 50 is used to select the 4-wire
b ~HF~ 25 VERZION ohms mode.

DUTPUT 981 "F3R3H4Z1"

CAUTPLT 2@t "FIRANGTLY 60-80 These three lines are the resistance to
Q3= . HEPARER9Y 1 temperature conversion coefficients for the
2= . 6enz2359% thermistor.

R1=.0881286 90 The REMOTE 9 command sets the inter-
REMOTE 2

face at select code 9 to the remote state.

T cal
ENTER 1 & This ensures that all devices in the loop

Q4=LOGCE Y

P=1/(R1+03XCR2+DAXV4E0R I ¥ -27 have been autoaddressed by the controller.
.16 100 Line 100 enters the measured resistance
DIsP P into variable B
GOTO 1me o ’
END 110-120 These two lines perform the resistance to

temperature conversion.

130-140 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 502 impedance as the
reference. The dBm equation is:

dBm= 10+LOGI(X2/R)/ 1mw]

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

Lines Description

30 The REMOTE 9 message sets the interface
at select code 9 to the remote mode. It
also ensures that each device in the loop

I dBm MERSUREMENT has been autoaddressed by the controller.
i —-HF- 85 YERS .

suTonT Say el e T 40-50  Line 40 sets the 3468A/B to the ac volts
ENTER 9R1 : B . mode (F2), autorange (RA), 4% digit
P=1R¥LOGIE~Z-S8 A@1Y display mode (N4), Autozero on (A1}, and
OISP P internal trigger (T1).

2380 4@ 50 Line 50 performs the voltage to dBm con-

version.

60-70 The dBm value is displayed by Line 60.
Line 70 causes program execution to
return for another reading.

81



va

&ga

oa

18a

118

108
110

i3e
140
150
160

17e
180
19¢

STATUS BYTE COMMAND

There are 5 bytes, each 8 bit wide, which may be used to determine the current
state of the 3468A/B. 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/B programming commands.

The first of the following 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 3468A/B
is set to. Similar steps may be used on the remaining bits and the other 4 bytes.

! BEINARY STATUS EXAMPLE
b -HP- 8% VERSION
REMOTE 9

CUTPLT 981 ;"B1°
ENTER 981 USING "SC1BE>" ; Bt
.B2.B3,B4.ES

DISP "BYTE 1=":BITC(B1,7);BIT
(B1,&2:;BIT(BL,5»;BRIT(R1.4):R
ITCRL1.3);BIT(B1.2>:BIT(BL, 1>
iBITCEL.B2

DISP “BYTE 2=";BIT(RZ2.7}:RIT
(B2.2);:BIT(BZ.S5X;BIT(B2.4);BE
ITCB2.33;BIT(B2.2>;BIT(EZ, 1)
;BITCBEZ. @O

DISF “BYTE 3=";BIT(BZ,7);RIT
(B3.6):BIT(B3.S»;BIT(R3,45:E
ITCB3.3>;BIT(RZ.22;BIT(BI. 1D
;BITCB3.0)

ISP "BYTE 4=":BIT(B4.7):BIT
(B4.€£5;:BITC(B4,S>;BIT(B4.45;FB
IT{B4.35,;BIT(B4,2>;BIT(B4.1)
;BIT(EB4.08)

DISP "BYTE 5=":BIT(BS.7);BIT
(BS.€X:BIT(BS,SY;BIT(BS5.4»;B
IT(BS.32;8BITBS,23;BIT(BS. 1)
JBITOBS. @)

END

' STATE PROGERAM

! -HP- 85 VERSION

REMOTE @

F=@

QUTPUT 9841 :"BL"

ENTER 961 USING “"SJ{1BX" ; Bl
IF BIT(B1.7)> THEN F=4

IF BIT<{B1.6)> THEN F=F+2

IF BIT(B1,S5) THEN F=F+1

IF F=1 THEN G$="DC VOLTS"

IF F=2 THEN G$=“"RAC VYOLTS"

IF F=3 THEN G$="2-WIRE OHMS"
IF F=4 THEN G$="4-WIRE OHMS"
IF F=S THEN Gs$="DC RMPE"

IF F=6 THEN G$="AC AMPS"
éF‘F;Z_IHEN G$="EXTENDED OHM
PRINT .

PRINT “FUNCTION: “;G$

END

Lines
30

40

50

60-100

Lines
30-60

70-90

100-160

170-180

82

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/B 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/B is set to, is displayed on the -hp-
Model 85 display. )




Chapter V
Operator Maintenance

Introduction

Your 3468A/B Digital Multimeter 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/B and should be read before the 3468A/B 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/B. These accessories are
offered to help you maximize the usability and convenience of your 3468A/B.

Table 5-1. Accessories

Accessory Number Description
34118A Test Leads, Dual banana to probes with safety
guard rings
10023A Temperature Probe
82167A HP-IL Cables (set of 2)
11000A Test Leads, Dual banana both ends
11002A Test Leads, Dual banana to dual alligator
11003A Test Leads, Dual banana to probe and aliigator
110968 RF Probe
34111A High Voitage Probe
Option 910 Additional Operators Manual and Service Manual.
Option 001 Rechargeable Battery
5061-1170 Front Handle Kit (34688 only)
{Option 907)
5061-0173 Rack Mounting Kit (34688 only)
(Option 908)
5061-1171 Side Handte Kit (3468B only)
{Option 401)




Initial Inspection

Your 3468A/B 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 tran-
sit. If the shipping container or cushioriing material is damaged, it shouid be kept
until the contents of the shipment have been checked for completeness and the
instrument has been mechanically and electrically inspected. Procedures for check-
ing the electrical performance of the 3468A/B 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 Ser-
vice 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/B Digital Multimeter requires a power source of 100, 120, 220, or
240 Vac {(-10%, +5%), 48 Hz to 440 Hz single phase. Maximum power con-
sumption is 13 VA.

Line Voltage Selection

Refer to the rear pane! of the 3468A/B 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 50/60Hz switch for the proper setting, i.e., up for 50Hz
and down for 60Hz. Table 5-2 lists the available power options.

Table 5-2. Line Voltage Options

Option Ne. Line Voltage Frequency

001 Add Batteries

315 100 50
316 100 60
325 120 50
326 120 60
335 220 50
336 220 - 60
345 240 50
346 240 60
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CAUTION

Before 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 allowed to reconfigure the 3468A/B
for the different line voltage options.

~une A " 3468 MULTIMETER SWITCHES
o emer-sacasns o e |
: 0106-128~V MADE W U.S.A. ALK g::aé
’ Orressrnv . Deareavormion O oeons y
M| [ . ) r HPHL NG
N =‘ PR - . e e e e e N .
(F LN

Figure 5-1. 3468BA 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 5-2 illustrates the different power cord configurations that are available to
provide ac power to the 3468A/B. 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.

POWER CORDS

e

AUSTRAL IA DENMARK EUROPE GREAT BRITAIN SWITZERLAND  UNITED STATES UNITED STATES
128V 240V

Country Part Number | Opt. Voltage

Australia 8120-1369 901. | 250V 6A

Denmark 8120-2956 912 | 250V 6A

Europe 8120-1689 902 | 250V 6A

Great Britain 8120-1351 900 | 250V 6A

Switzerland 8120-2104 906 | 250V 6A

“United States 8120-1378 903 | 120V 10A

“United States 8120-0698 904 | 240V 10A

Power cords supplied by HP have polarities matched to the power input socket on the instrument:
* L = Line or Active Conductor (also calied "live" or "hot").
* N = Neutra! or Identified Conductor
e E = Earth or Safety Ground
NOTE: Plugs are viewed from connector end. Shape of molded plug may vary within country.
* CSA cenrtification includes only these Power Plugs

Figure 5-2. Power Cables

Bench Use
The 3468A/B is equipped with feet and Handle/Bail installed and is ready for use

as a bench instrument. The 3468A/B display viewing angle is adjusted by puliing
out on the Handle/Bail and rotating t0 a convenient position.
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Safety Considerations

General safety precautions must be adhered to during all phases of operation of
the 3468A/B. Failure to comply with these 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 foliow-
ed. Safety Symbols used on the instrument or in the manual include the following:

_ The WARNING sign denotes a hazard. !t 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 (terminals fed from the interior
by voltage exceeding 1000 volts must be so marked).
~ Alternating current.
e Direct current.
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Environmental Requirements

When the 3468A/B 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/B 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/B should be operated within an ambient temperature range of 23°C
+5°C (73°F x9°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 multimeter to rain or maoisture.

Specifications

The specifications for the 3468A/B are the performance characteristics of the in-
strument which are certified. These specifications are listed in Table 5-3, and are
the performance standards or limits against which the multimeter is tested. Includ-
ed in the table are some supplemental characteristics of the 3468A/B and should
be considered as additional and general information for you, the user. Because of
the many operational capabilities of the 3468A/B, exercise care when checking
the instrument 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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Table 5-3. Specifications

0C VOLTAGE
Input Characteristics: Temperature Costficient:
Maximem 0°C to {Cal. Temp. —5°C),(Cal. Temp. +5°C) to 55°C
Resding Resolution 5% digit display, auto-zero ON
Range (5% Digit) 5% Oigit | 4% Digit 3% Digit + (% of reading + number of counts}/°C
.3v | +.301000V W | 10sv | 100sv Range | Tomperaturs Coefficient
3v +3.01000V 10xV 100uV imv
30v | +30.1000v | 100xv 1mv | 10mv -3V, 30V 0.0008 + .5
300v | +301.000V 1mv | 10mv | 100mv 3v, 300v 0.0007 + .05
Input Resistancs: Woise Rejection:
.3V, 3V ranges: >10'% In dB, with 1kQ imbalance in Lo lead. AC rejection for 50,
30V, 300V ranges: 1OMQ + 1% 60Hz + 0.1%. Auto-zero ON.
Maximem input Veltage: (non-destructive) AC AC oc
yimem tepa Display | WMR l ECMR | CMR
Hito Lo: 301 Vrms or 450V peak
Hi or Lo to Earth Ground: +500V peak 5% digits 80 150 140
4% digits 59 130 140
Messurement Accuracy: 3% digits 0 70 140
+(% of reading + number of counts) : : . :
Auto-zero ON Msximum Reading Rates: (readings/sec) )
First reading is correct within .1 count of final value, when on
5% Digit Mode: correct range, triggered coincident with step input.
Cal. Temp + 3°C Cal. Tomp. £5°C The reading rates are dependent on the speed of the controller
Range 24 Hours 80 Day ! 1 Year being used.
.3v 0.005 + 4 0.009 + & 002 +5 Line Asto Resclution
3v 0.0035 + 2 0.007 + 2 0.018 + 2 Fregusace Zero | 3% Digits l 4% Digits | 5% Digits
30v 0.005 + 3 0.009 + 3 002 +3
300V 0.0055 + 2 0.009 + 2 0.02 + 2 Off 32 21 3.7
. 60Hz On 25 13.4 2
4% and 3% Dipit Mede:
Yiand 3% Oiyi off 32 19 3.1
Accuracy is the same as 5% digit mode for % of reading; use 50Hz On 25 12 1.7
1 count for number of counts.
Maximum Reading Rate with 41CV:

The Cal. Temp. (Calibration Temperature} is the temperature
of the environment where the 3468A/B was calibrated. Cali-
bration should be performed with the temperature of the
environment between 20°C and 30°C.

2 readings/sec

Display Rate: {readings/sec)

AutoZero Off: For 50 or 60 Hz operation.
{5¥% digit) for a stable environment (£ 1°C), for <24 hrs., add
11 counts to accuracy specification for .3V and 30V ranges,
3 counts for 3V and 300V ranges. For 4% or 3% digits,
multiply counts by 0.1.

5% Digits | 4% or 3% Digits

Auto Zero off 4 4
Auto Zero On 2 4

RESISTANCE (2-wire 02, 4-wire )

Input Characteristics: Messuremant Accuracy:
Maximom +(% of reading + number of counts)
Rezding Resslution Auto-zero ON. 4-wire ohms.
Range {5% Digit) 8% Digit I 4% Digit 3% Digit
300 2 | 301.000 © 1m2 | 10mQ | 100mQ 5% Digit Meda:
3 k2 3.01000 k2 10mg | 100mQ 10 o o
30 k2 | 30.1000 k0 100mp 12| 1008 Cal. Temp + 1°C Cal. Tomp. +5°C
300 k2 301.000 k@ 10 10 Q 100 @ Rangs 24 Hours 90 Day 1 Year
3Mn 3.01000MQ 10 @ [100 Q 1 k0
30MQ 30.1000MQ 100 & 1 kQ 10 k0 3000 0.0040 + 3 0.012 + 4 0.017 + 5
3k - 300kQ 0.0040 + 2 0.011 + 2 0.016 + 2
input Protection: (non-destructive) amo 0.0050 + 2 0011 +2 | 0.016 + 2
3omMg 0.036 + 2 0.066 + 2 0.078 + 2

Hi source to Lo source: + 350V peak
Hi sense to Lo sense: 350V peak
Hi or Lo to Earth Ground: + 500V peak
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Table 5-3. Specifications (Cont'd)

RESISTANCE (2-wire 0, 4-wire 1) (Cont'd)

2-Wirs Ohms Accuracy:

Same as 4-wire ohms, except add a maximum of 200m{ off-
set. On the 3M( range add an additional otfset of 0.0016%
of reading. On the 30MQ range add an additional offset
of 0.0083% of reading.

Auto-Zero Off:

{5 % digit) for a stable environment {+ 1°C), for <24 hrs,, add
11 counts to accuracy specification for 3000 range 3 counts
for 3kQ through 300k ranges, 8 counts for 3MQ range, and
33 counts for 30MQ range.

Tamperature Coefficient:

0°C to (Cal. Temp. — 5°C),(Cal. Temp. +5°C) to 65°C
5% digit display, auto-zero ON
+ {% of reading + number of counts)/°C

AC VOLTAGE (true rms responding)

Input Charscteristics:
Maximum
" Reading Resolution
Range 5% Digit) 5% Digit I 4% Digit | 3% Digit
.3v .301000V 13V 10pV 100pV
3v 3.01000V 10sV 100pV 1mv
30v 30.1000V 100uV 1mv 10mv
300V 301.000V imVv 10mv | 100mV
Input impedance:

iMQ £ 1% shunted by <60pF

Maximsm Input Voltage: (non-destructive)

Hito Lo: 301Vrms or 450V peak
Hi or Lo to Earth Ground: + 500V peak

Measursment Accaracy:

+(% of reading + number of counts)

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

1 Year, Cal. Temp. £5°C

_— _Ranges 3% or 4% digits: 1.4 readings/sec
Frequancy 3V ! 3V, 3W { 300V 5% digits: 1.0 readings/sec
20Hz2-50Hz 1.14 + 163 1.14 + 102 1.18 + 102
S50Hz - 100M2 0.46 + 163 0.46 + 103 0.5 + 102
100Hz - 20kHz 0.29 + 163 0.26 + 102 0.33 + 102
20kHz - 50kHz 0.56 + 247 0.41 + 180 0.55 + 180
50kHz - 100kHz 1.74 + 882 1.056 + 825 1.26 + 825
100kHz - 300kHz 10.1 + 3720
(30V range only)
DC CURRENT
input Characteristics: ‘Measurement Accuracy:
Maximom + (% of reading + number of counts)
Reading Resslution Auto-zero ON. 5% digit display.
Range (5% Digit} 5% Digit &% Digit 3% Digit
Cal. Temp. £5°C
3A | +3.01000A 10xA 100A TmA Range 90 Days | 1 VYear
Maximum Inpat: (non-destructive) 3A,<tAinput| 0.14 + 6| 0.17 + 6
3A,>1Ainput] 1.0 + 30| 1.0 + 30

-3A from < 250V source; fuse protected

Renge Temperature Cosfficient
3000 0.0009 + 0.5
3k - 300kQ 0.0009 + 0.05
M 0.0021 + 0.05
3omMma 0.021 + 0.05
Carrent Through Unkmnown:
Range: 3000 3k 30k 300kn0 3MQ  30MQ
Current: imA 1mA 100xA 10s tz 100nA

Maximum Open Circuit Voltage:
6.5V

Maximum Resding Rates:

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

Asto-2ero Oft:

(5% digits) for a stable environment (+1°C), for <24 hrs., add 10
counts to accuracy specifications for all ranges.

Temperature Costficient:

0°C to (Cal. Temp. — 5°C).(Cal. Temp. +5°C) to 55°C,

6% digit display, auto-zero ON.
For frequencies < 20kHz, +(0.016% of reading + 10 counts)/°C
For frequencies > 20kHz, ={0.04% of reading + 10 counts)/°C

Crest Factor:
>4:1 at full scale.
Cemmon Made Rejsction:
With 1k} imbalance in Lo lead, > 70dB, dc to 60Hz.
Maximem Readiag Rates: (readings/sec)
First reading is correct within 70 counts of final value, when ony
correct range, triggered coincident with step input. Add 0.6 seconds for]

each range change.

For 50 or 60Hz operation, auto-zero ON or OFF.
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Table 5-3. Specifications (Cont'd)

DC CURRENT (Cont'd

ott:

11 counts to accuracy specification for 5% digit mode.

Tempersture Cosfficient:

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

(5% digit) for a stable environment (+ 1°C), for <24 hrs., add

faput Characteristics:
Maximem
Reading Resolution
Range {5% Digit) 5% Digit | 4% Digit | 3% Digit
.3A ] .301000A 1A 10uA I 100sA
3A 3.01000A 104A 100pA 1mA

Maximum Input: (non-destructive)

3A from <250V source; fuse protected

——

+ (% 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

O to 55°C

Homidity Rangs:
95% R.H., 0 to 40°C

Storage Temperature:

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

Warm-ap Time:

1 hr. to meet all specifications.

)

Integration Time:
Line Frequancy
Number of Digits 50H: | 80M:z
5% 200ms 166.7ms
4% 20ms | 16.67ms
3% 2ms 1.667ms

Maximem Burden at Full Scale:
v

Maximum Reading Rstes:

Same as dc volits

AC CURRENT (true rms responding)

Auto-zere Off:

{5% digits) for a stable environment (+ 1°C), for <24 hrs.,
add 10 counts to accuracy specification.

Temperature Cosfficient:
0°C to (Cal. Temp. - 5°C), (Cal. Temp. +5°C) to 55°C.
5% digits, auto-zero ON.
+ {0.021% of reading + 10 counts)/°C
Maximum Burdsn at Full Scale:
v
Crest Factor:
>4:1 at fuil scale

Maximum Reading Rates:

Rany Same as ac volts
Fregusncy 300mA | 3A
20Hz - 50Hz 1.77 + 163 | 2.6 + 163
50Hz - 1kHz 1.1 +163 [1.8 + 163
1kHz~10kHz { 1.0 + 163 1.7 + 163
10kHz - 20kHz 1.14 + 163 11.84 + 163
GENERAL INFORMATION
Operating Temparature: Power:

AC Line 48 ~440Hz; 86 — 250V, (see configuration)

Battery: (Option 001)

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

Maximum Powar:
<13 VA
Size:

98.4mm H x 238.1mm W x 276.2mm D
{3.88inHx9.38inW x 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/B is compatible with the Hewlett-Packard Interface Loop
(HP-IL). HP-IL is an easy to use interface that allows interaction and control bet-
ween the -hp- 41 family of calculators and instruments such as the 3468A/B. In-
struments are connected together in series, forming the "‘loop’’. Refer to Appendix
A for specific information regarding HP-IL.

The 3468A/B may be connected at any point in the loop. Refer to Figure 5-3. HP-
IL connections to the 3468A/B are by two cables, one going to the previous in-
strument in the loop (IN) 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/B, 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/B into the loop at that place. All devices must
be turned on for the interface to work properly. The calculator assigns new ad-
dresses to each device at turn-on. Total cable length between any two con-
secutive devices in the loop must not exceed 10 meters (33 feet) for standard

e

\/\!l
Lo

Figure 5-3. Typical HP-IL System 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/B 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 information 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 physically 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 rotate the terminal counterclockwise. 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/B and should be
replaced only be qualified service trained personnel.

In Case of Trouble

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

test as follows:

TEST/
RESET

SGL

press: TRIG

This initiates the functional self test of the 3468A/B. The self test starts by turn-
ing on every segment in the display (except the top dot on the colon) for about 2
seconds, blinks and repeats. Following this the self test actually begins with any
discrepancies noted in the display. If there are no self test failures, the 3468A/B
returns to its power-on state. See Chapter |l for a compiete discussion on the Self
Test.

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

1. Remove all cables.

2. Check the Line Voltage option marking on the rear panel of the 3468A/B 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 plug it into the AC receptacle on the
3468A/B.

5. Turn the 3468A/B 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/B re-
quires service. Call your local -hp- Sales and Service Office. A list of offices is pro-
vided in the back of this manual.

93



Warranty Information

Certification

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

Warranty

This Hewlett-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 resulting from improper or inade-
guate 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.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE 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/B
DMM's. Contact your local -hp- sales office for specific information on where to send the instru-
ment for repair. This will substantially reduce turn-around time. You may have your
3468A/B repaired by Hewlett-Packard anytime it needs service, whether the in-
strument 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. Outside of the United States, repair service may be obtained at your local
-hp- service center.

NOTE

If you purchased the 3-Year Extended
Hardware Support option for your HP
3468A/B (Option W30), then you have
two additional years of return-to-HP
hardware service support. This optional
service support begins after the stan-
dard one year warranty expires, thereby
providing a total of three years of hard-
ware service coverage. Option W30
covers defects in material and
workmanship in the multimeter.

Serial Number

Each 3468A/B muitimeter 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 tracing and recovery, as well as any insurance claims.
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General Shipping Instructions

Should you ever need to ship your 3468A/B, 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.

Further Considerations

Cleaning

Disconnect the 3468A/B from its ac power source before cleaning. The multimeter
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 alcohoi.

96




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/B.

General HP-IL Description

The interface loop consists of a calculator/controller and up to 30 peripheral
devices such as the 3468A/B, printer/plotters, etc. Maximum cable length from
one device to the next should not exceed 10 meters to maintain noise immunity.
Information is transferred from one device to the next around the loop. If the infor-
mation 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
CALTCAl&/E\gﬂR VOLTMETER
LISTENER ADDRESS © . ADDRESS 3 TALKER
CONTROLLER LISTENER
h
PLOTTER
LISTENER
ABDRESS 4 3486 AP-1

Figure A-1. Typical HP-IL Systsm

97



Functional Overview

Each device in the loop may possess one or more of the three basic device
capabilities: Controller, Talker, 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 exampies of devices which
can be used as controllers. 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 3468A/B cannot serve as a controller.
Only one device in the loop may serve as a controller. '

Talkers are devices that have the ability to send data or information (but not com-
mands) through the loop. Note that a talker will not actually send its data or infor-
mation until told to do so by the controlier. The 3468A/B has Talker capabilities.
When the 3468A/B 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 in-
formation to Listen-only devices. Such a system would not have a controller. For
example, the 3468A/B can be configured for Talk-only mode and send measure-
ment results to a printer.

Listeners are devices with the capability to receive information over the loop.
When the 3468A/B is “listening”, its LSTN annunciator turns on. Listeners must
remain inactive until instructed by the controller to receive the information.

Addressing

Each device in the loop is assigned an address by the controller. The assigned ad-
dress will probably be different than the factory preset address. The 3468A/B, for
example, has a preset address of 22. If the 3468A/B 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, loop
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
system operations.

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

b. 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 controller to locate a device
that has requested service from the controller. There are two types of polling,
Serial Poll and Parallel Poll:

1. Serial Poll. When the controller executes a serial poll, 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 polied until the device that requested service is
located.

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

Messages

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 message 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 tatkers 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/B Loop Capabilities

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

R The 3468A/B 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

TEO No extended Talker capability

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

LEO No extended Listener capability

Cco The 3468A/B cannot serve as a controller

AA1 Can be autoaddressed by the controller

AEO No extended addressing capability

AMO No multiple addressing capability

DC2 The 3468A/B responds to a Device Clear and Selected Device
Clear '

DT1 The 3468A/B responds to a Device Trigger

RL2 Basic Remote, Local, and Local Lockout capability

SR2 Basic Service Request and Asynchronous Service Request capabili-
ty

PPO The 3468A/B does not respond to a parallel Poll

MS1 The 3468A/B does have a manual Service Request

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

DDO The 3468A/B does not implement device dependent Talker or

Listener commands
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Appendix B
ASCI/l Table

ASCE COUTVALENT ascn CQUIVALENT FORMS ASCH EQIVALENT FORMS
Cher. Binary Octal Bse. Cher. Binery Oetal Dec. Cher. Qimary Octal Dec.
NULL | 00000000 000 [+] space | 00100000 040 32 e 01000000 100 64
SOH | 00000001 001 1 ! 00100001 041 33 A 01000001 101 -1
STX | 00000010 002 2 - 00100010 042 34 B8 01000010 102 66
ETX | 00000011 003 3 ’ 00100011 043 3s [ 01000011 103 67
EOT | 00000100 004 4 $ 00100100 044 36 2] 01000100 104 68
ENQ | 00000101 005 S % 00100101 045 37 E 01000101 105 69
ACK | 00000110 006 6 & 00100110 046 38 F 01000110 106 70
BELL | 00000111 007 7 ’ 00100111 047 39 G 01000111 107 71
es 00001000 010 8 { 00101000 050 40 H 01001000 110 72
HT 00001001 on 9 } 00101001 051 41 1 01001001 m 73
LF 00001010 012 10 * 00101010 052 42 J 01001010 112 74
Vrap | 00001011 013 1 + 00101011 083 43 K 01001011 113 75
FF 00001100 014 12 . 00101100 054 44 L 01001100 114 76
CR 00001101 015 13 - 00101101 085 ‘45 ™M 01001101 18 77
SO 00001110 016 14 00101110 056 46 N 01001110 116 78
Si 00001111 017 15 / 001011'” 057 47 o} 01001111 nuz 79
DLE | 00010000 020 16 <] 00110000 060 48 P 01010000 120 80
0C, | 00010001 021 17 1 00110001 061 49 Q 01010001 121 81
DC2 00010010 022 18 2 00110010 062 -] R 01010010 122 82
DC3 00010011 023 19 3 00110011 063 51 S 01010011 123 - 83
0C, { 00010100 024 20 4 00110100 064 52 T 01010100 124 84
NAK | 00010101 025 21 5 00110101 08s 63 V] 01010101 126 85
SYNC | 00010110 026 22 6 00110110 066 54 v 01010110 126 86
ETB | 00010111 027 23 7 00110111 087 55 w 01010111 127 87
CAN | 00011000 030 24 8 00111000 070 56 X 01011000 130 [-1:]
&M 00011001 031 25 9 00111001 o7 87 Y 01011001 131 89
Sus | 00011010 032 26 00111010 072 68 4 01011010 132 20
‘ESC | 00011011 033 27 H 00111011 073 59 | 01011011 133 21
FS 00011100 034 28 < 00111100 074 o} 01011100 134 92
GS 00011101 035 29 - 00111101 075 61 ) 01011101 136 93
RS 00011110 036 30 > 00111110 078 82 01011110 136 94
us 00011111 037 an ? 00111111 077 63 - 01011111 137 95

101

Ascn EQUIVALENT FORMS

_Char. Bisary Octa! _ Dec.
’ 01100000 140 96
s | 01100001 141 97
b | 01100010 142 98
c | 01100011 143 99
d | 01100100 144 .loo
e | 01100101 145 101
t | o1100110 146 102
g | 01100111 147 103
n | o1101000 150 104
i 01101001 151 105
i 01101010 152 106
k | 01101011 153 107
I 01101100 154 108
m | otiom10 155 109
n | 01101110 156 110
o [ o101 157 1
p { 01110000 ° 160 112
q | 01110001 161 13
r ] 01110010 162 114
s | o1t10011 163 115
t | onioioo 164 116
u | 01110101 165 117
v jonioito 186 18
w | 01110111 167 119
x | 01111000 120 120
y | o1111001 171 121
z {onnoo 172 122
{ 01111011 173 123
| 01111100 174 124
} o1111101 178 125
~ jonio 176 126
DEL 1 01111111 177 127
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