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3468A/B/3478A |
Service Card

Refer to Chapter V of your Operators Manual to diagnose a
3468A/8/3478A malfunction. The warranty period for your multimeter
and/or accessory is one year from date of purchase. Should service
be required, please return this card with your 3468A/B/3478A instru-
ment protectively packaged (refer to Chapter V of the Operators
Manual) to avoid in-transit damage. Such damage is not covered under

warranty.

HEWLETT
H&q PACKARD

Inside the Y.S.A.
Attention: HP Service repair in the 1.S.A. for the 34G8A/B and 3478A
is only available at the following location:

Hewlett-Packard
instrument Service Center
P.0. Box 7922/690 Middlefield
Mountain View, CA 94842

We advise that you insure your ?c.&ﬁmﬁmq and use priority {AIR} mail
for distances greater than 300 miles to minimize transit times. Al units
will be returned by the fastest practical means.

Butside the U.S.A, Return your unit to the nearest designated Hewlett-
Packard Sales and Service Office. Check the back of your Operators
Manual or Service Manual for the address.

tt**it*****#**#*#***x***#*x**#*t***n!*****t****
Preferred method of payment for out-of-warranty repairs is a purchase
order for companies with established Hewlett-Packard credit . {Include

copy of purchase erder with shipment.}

.0, Number Model No. , Serial No.

Authorized Signature ’
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3468A/B/3478A
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Refer to Chapter V of your Operators Manual to diagnose a
3468A/B/3478A malfunction. The warranty period for your multimeter

_anb/or accessory is one year from date of purchase. Should service
beirequired, please return this card with your 346BA/B/3478A instru-
mént protecvively packaged (refer to Chapter V of the Operators
Manual) to avoid in-transit damage. Such damage is not covered under
warranty.

m__.q_.wmm the U.S.A.
Attention: HP Service repair in the U.S.A. for the 3468A/B and 3478A
is only available at the following location:

Hewlett-Packard

instrument Service Center
P.0. Box 79221690 Middiefield
Mountain View, CA 94042

We advise that you insure your multimeter and use priority {AlIR} mail
for distances greater than 300 miles to minimize transit times. All units
wiil be returned by the fastest practical means.

» Dutside the U.S.A. Return your unit to the nearest designated Hewlett-
" Packard Sales and Service Office. Check the back of your Operators
Manual or Service Manual for the addsess.
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Préferred method of payment for out-of-warranty repairs is a purchase
order for companies with established Hewiett-Packard credit . (Include
copy of purchase order with shipment.)

P.0. Number Model No. ' - Serial No.

Authorized Signature
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Service Information

This card must be completed and returnad with your unit.

[l
3

]

Company Name Date
Company Contact {Name) Phone
Street Address City

State Zip

What Is the Prohlem Area?

Self-Test Faii

Accuracy (specify function
and range}

Noise {specify function and
range)

Display/Keyboard

Intermittant prablem
{please describe below)

Instrament Serial Number

g ocoo o

Rechargeable Battery
{346BA/B anly}

HP-IL (3468A/B only)*
HP-1B {3478A only)

Unable to calibrate
{error message occurs)

Other
Application”

Describe Problem

*Before sending the 3488A/8 in for an HP-L problem, be sure that itis
the instrument causing the problem.

S ————————————

Service Information
L
This card must be complated and returned with your unit,

Company Name Date

Company Contact (Name) Phone -
Sireet Address ’ City

State Zip instrument Serial Number

What s the Problem Arga?

{1 Seif-Test Fail O Rechargeable Battery
(7 Accuracy (specify function (3468A/B only)
and range) O HP-IL {3468A/B only}*
1 Moise {specify function and [ HP-IB (3478A eoniy}
range) 3 Unable to calibrate
0O Display/Keyboard (error message occurs)
O | Intermittant problem [ Other
{please daescribe Ummos;. [ Application*

Describe Problem

*Before sending the 3468A/8 in for an HP-IL problem, be sure that it is
the instrument causing the problem.
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i | Chapter |
| Meet The 3478A

Introduction

Your new 3478A is a fully programmable HP-IB* digital multimeter. In an auto-
matic test or on the bench, the 3478A 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 3478A offers dc voltage performance from 100 nanovolt sensitivity
up to 3‘50'vo-its’{fuli scale), true RMS capability up to 300 kHz, and resistance
measurements from 100xQ sensitivity to 30MQ {full scale}. Its dc and true #MS ac
current measuring capability is from TuA sensitivity up to 3A. The fast autorange
capabiiity of the 3478A allows you to make measurements over a wide dynamic
range without sacrificing throughput rates. .
By selecting the number of digits displayed and using the autozero feature, the
3478A allows you flexibility in measurement speed and accuracy. Up to 71
readings per second can be made with the 3478A in the 3 1/2 digit mode, The
b 3478A has a fast trigger mode which lets you bypass the built-in settling time-
delay to make fast true RMS ac measurements in systems applications.

The alphanumeric Liquid Crystal Display (LCD) gives you measurement units as
part of the reading for easy-to-read, unambiguous answers. The HP-IB talk, listen,
remote, and SRQ status information s 3iso avaitable with-LCB-annunciators,-The ————

SRQ button can be used to flag or interrupt your computer from the front panel of
the 3478A.

Other system features of the 3478A include the Voltmeter Complete signal and s
External Trigger input, both available on the rear panel, to synchronize with scan- ;
ners or to other external devices. The switchable front/rear inputs let you easily
connect to the 3478A for either bench or systems operation. The systems

package of the 3478A offers convenient rack mounting in a system.

Furthermore, to lower your cost of ownership, the 3478A 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 3478A for an indication of the proper operation of the
multimeter.

+ HPIB {(Hewlett-Packard interface Bus) is Hewlett-Packard's implementation of IEEE Standard
488-1978 and ANSI MC1.1.



How to Use This Manus|

as a complete reference document for using the 3478A as g solution to your
measurement needs. |t Covers both bench use and remote programméng,
Maintenance Procedures, such ag instatlation, were intentfonally placed later in the
manual -Chapter 4 - because thig information is seldom referred to. If, however,
you have just receijved your 3478A youy may want to read that information, A
Séparate service manual for the 3478A contains the information on calibration,
performance t'esting, and service,

Familiarize Yourself with the 3478A by looking through this Mmanual. The begt way
Instrument is to sit down with this manuyai and the 3478A
and key in the examples shown, |t won’t take long to become familiar with the jn-
strument and jts many features. '

The next foyur pParagraphs describe the remaining chapters and appendix in this
Cperators Manual. Read through these baragraphs to acquaint yourself with the

Using thwe 3478A,
Chapter |

,,,Chaptertﬂ—iizbegi;:a where Chapter | i i
closes by discussing each function ang soov:
feature of the 3478A in much more _ O:{‘;E‘Gﬂ/ﬁ%ﬁ
detail. This chapter also covers topics ) A A guunr= 10

such as Optimizing reading rates, alter-
nate triggering modes, the rear panet
features, ang the display. The topics

FA/250y
FUSE

are alphabeticaliy arranged for easy ' f v
reference. Most of the information in Gonent
this chapter will prove to be wvery

helpful when YOu are remote program-

ming the 3478A,
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Operators Maintenance,
Chapter IV

Operators maintenance information is
found in Chapter V. This chapter ad-
dresses installation procedures, a com-
plete table of specifications, what to
do if you suspect problems with the
3478A, and many other items of
special interest to the operator.

Most -hp- service offices in the United

States are NOT authorized to service
and repair 3478A DMM’'s, Notify your
focal -hp- sales office for specific infor-
mation on where to send the instru-
ment for repair.
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ABLE TO TALK,
LISTEN AND CONTROL

te.q. CALCULATOR) %

Remote Programming,
Chapter Il

If your needs are in the area of remote
programming the 3478A, then Chapter
HI is where you need to look for pro-
gramming information.’ Numerous ex-
amples are given to enhance the pro-
gramming discussion. At the end of
this Chapter are several application
program examples designed to solve
frequently encountered measurement
problems. Remember that you will
want to read Chapter | prior to begin-
ning Chapter Hi.

34788 VERIFICABTION PROGRAN

. REMOYE RALL INSTRUBENTS -
FRON THE BUS EXCEPT 3478A.

. DO HOT' PREGS ARY 3478R
KEYE DURIHG THIS TEST _
UNTIL INSTRUCTED T0 DO SO

. REMOVE RALL INPUT CHBLES
FRON THE 3478A.

TEST PROCRESS IS SHOMN ON THE'
DISFLRY, ERRORS ARE HOTED OH
THE PRINTER. PRESS ECGHTI KEY
T0 BEGIM. .

HP-IB Description,
Appendix A

HP-1B is Hewlett-Packard's implemen-
tation of IEEE standard 488-1978
Standard Digital Interface for Program-
mable Instrumentation. Appendix A
provides a general description of the
HP-1B Interface. This information is
controlier independent, but gives
specific information about the 3478A
as it relates to HP-IB.




Turning it On

Before applying ac power to the 3478A, check the rear panel i
o be certain the instrument is set for the nominai line vo
necessary, refer to the installation information

switch, Carefully watch the display as the
self test and disp!ays_its HP-iB address.

DISPLAY

3478A goes through a complete internal

ne voltage option label
ltage in vour area. If
in Chapter 4. As you bress the line

RESULT

The 3478A displays ""SELE TEST"
during the period of time it is perform-
ing the tests. It will then display “‘SELF
TEST OK” or an appropriate error

message upon completion of the Seif
Test, '

The message shown here affirms that
the 3478A is ready for measurements,

The factory preset HP-IB address for the

3478A is "'23", This address may be &R
easily changed to fit YOUr system needs
by means of five switches on the rear
panel. The 3478A may also be set for
TALK-ONLY, in which case the display
would indicate: HPIR ADRS.T.O. Note, ‘
if_the self test does—Tiot paEss, this

NOTE

Most 34784 produced prior to

display *‘SELF TEST oK,

sttt st e

message would be replaced by an error
message.

This entire process takes only a moment
10 complete. At this point the 3478A is
ready to.use and is set to the following

o i bt

state: &
Function: DC Volts
Range: Autorange on
Display: 5 1/2 Digits of Display {
Trigger: internal Trigger !
Autc-zero:  QOn }

January 1983 wily not




Test/Reset

Even though the 3478A went through its Self Test during Turn-on, let's go through
it manually. As we do, carefully watch the display, especialiy the 12 annunciators
along the bottom. Every segment in the display (except for the top dot in the
colon) is turned on for as long as you hold the Self Test button down. When the
button is released, the display will remain for approximately 2 seconds while the Self
Test is performed. The 3478A is then reset and returns to its turn-on state. A more
complete description of the Self Test is found in Chapter I, 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 troubleshooting
time.

Do This , DISPLAY

- TEST/
RESET ]
press: SoL
TRIG |
NOTE

Most 3478A’s produced prior to January 1983 will turn on
every display segment for the duration of the Self Test (ap-
proximately 2 seconds) regardless of how long the Self Test
button is depressed.
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. | Chapter [/ *
| | Using The 3478A

Introduction

The -hp- Model 3478A Digitai 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 3478A; in this chapter you will iearn to use those
features to solve your measurement needs. The detailed operating information in
this chapter presents the most comprehensive instruction about all of the
multimeter's functions. Whether you use your 3478A as a stand alone bench in-
strumeht. or coupled with a computer for a measurement system, the information
in this chapter will prove invaluable,

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 3478A. To this end, this chapter is
divided into 12 major subject headings. Each subject presents the most com-
prehensive information about a particuiar feature or function of the 3478A. At the
end of most subjects will be a short list of HP-IB remote programming commands
that pertain to that subject. For more information on remote programming, refer to
Chapter Il.

Operating Characteristics

The Operating Characteristics of the 3478A are detailed in Table 2-1. This table is
not the comprehensive table of specifications, but rather an abbreviated set. 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.
Should you ever need to refer to them, the complete Table of Specifications for
the 3478A is given in Chapter 4.

Table 2-1. Operating Characteristics

DC VOLTS. 100 nanevolt resolution (30mv range) to 300V AC AMPS 1A resolution {300mA range} to 3A Full Scale
Full Scaile Maximum Shunt Resistance = .30
Zin: >10'°Q, 30mV,300mV, and 3V range Maximumn Burden at Full Scale = <900mV
10 MQ %= 1%, 30V and 300V range Bandwidth: 20Hz - 20kMz
4 AC VOLTS 1xV resolution {300mV range} to 300V fudl OHMS 10040 resolution {30 ohm range) to a0
scale True RMS Responding, Crest Factor = megohms Full Scale
4:1 at full scale Open Circuit Voltage: <6.3V
Bandwidth: 20Hz to 100KHz (300KHz on 30V Current through Rx: 300,3000, 3KQ range -1mA
range) ) . 30KG range - 100zA
. Zin: 1 M & 1%, in parailel with 75pF 300K range - 10sA -
i DC AMPS 1A resolution {300mA range} to 3A fuill scaie 3MQ range - TuA
Maximum Shunt Reslstance = .30 30MQ range - 100 nA

Maximum Burden at Full Scale = <800 mV




AUTOZERO

What is Autozero?

The autozero key allows the user to selectively enable or disable the internal zero-
ing technique used in the 3478A. Enabling autozero insures the user that any off-
set errors generated internal to the 3478A 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 3478A input circuitry remains in a com-
pletely static state with autozero off, This is useful when making measurements in

extremely high impedance circuits where the internal switching transients of the

3478A may affect the reading accuracy. Of course, any range or function change

that takes place with autozero off is automatically accompanied with an autozerp
update. The thermal stability of the measurement environment is the most impor-
tant factor in deciding whether or not 10 turn autozero off. By simply keeping the

temperature of the 3478A at a fixed value, you can turn autezero off without
adverse effects,

How it Affects Measurements

DC Voltage ané:! Current

Do This
—TFun the-3478A off,~then—onagain.
press: AUTO Notice that the display is being up-
ZERO dated more frequently, indicating a
faster reading rate. Also notice that

the AZ OFF annunciator is on in the
display. The Autozero feature is now
turned off. Pressing the key sequence
again will turn Autozero back oh.

- 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 3478A 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 3478A
makes the zero measurement by disconnecting the multimeter’s input terminals,
and then shorting the internal input circuitry to circuit common. it then switches
back for an input voltage measurement. All switching is internal and is automatic.

8
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AUTOZERO (Cont’d)

With autozero turned off, whenever a new function or range is selected the
3478A immediately takes one final zero measurement and stores the results in its
internal memory. Subsequent measurements of the input voltage subtract this one
zeroc measurement to correct the reading. Since only the, input voltage is
measured, the reading rate almost doubles.

AC Volts and Current

AC voltage and current measurements use different input circuitry than dc voitage
and cyrrent measurements. However, with autozero on, a zero measurement is
made to null any errors in the A/D converter. Turning autozero off has the same
effect as on dc volts and current.

Resistance Measurements

For 2-wire chms 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
ground. 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 autozerc " OFF”, the reading

_is-not-updated and.may cause an_chms 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 3478A anytime test leads are changed.

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

(DS

izlzd12® Commands
SYSTEMS

Z0 Turns autozero off
Z1 Turns autozero on



CALIBRATE

What is Electronic Calibration?

One of the many features of the 3478A 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 pressing a front panel button and there is ab-
solutely no disassembly required. It is beyond the scope of this section to present
the entire calibration procedure. For complete calibration information refer to the
3478A Service Manual, -hp- part number 03478-30001.

Briefly, Electronic Calibration is done by applying a known voltage {or resistance or
current} to the voltmeter and telling it the exact value of that voltage. The
voltmeter then takes ten readings' and compares the average of thoss 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 Constants are generated for each range and function of the meter. Al
subsequent measurements are corrected by the constants. The Caiibration Cons-
tant memory is backed-up by a long life battery to maintain the constants when
power is turned off. ' ‘

Calibrate E‘hab!e

On-the-front—panel—of—the—3478A s 3 sl rotary switch labéled CAL. This

switch, when rotated so that the slot is vertical, enables the calibration procedure
of the 3478A. This switch should not be turned except when qualified service
trained personnel are to perform the calibration procedures. Enabling the CAL
switch may cause loss of calibration if proper procedures are not followed careful-

R

Commands

€ Calibrate
{see the 3478A Service Manual)

10




CURRENT

Measuring Current

Your 3478A has the capability of measuring DC or True RMS AC Currents up to 3
amps in two ranges. The current function is protected by a 3 Amp, 250V fuse. i

the fuse opens, refer to Chapter IV before replacing. The illustration below shows

the internal current shunt and fuse used in the 3478A. 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

sfightly due to. self heating (somewhat like a thermistor). This may cause inac-

curacies in the measurement. Sufficient time should be allowed for the circuitry to

settle after the measurement is complete, before cther critical current
measurements are made.

DC Current -

Press the DC Amps key and select the appropriate range {or let the 3478A
autorange). When measuring currents, remove all other test leads from the 3478A
front panel. There are two ranges available for current measurements: the 300

miliiamp range and the 3 amp range. Up to 10 microamps of noise may be seen on
the 300 milliamp range.

AC Current

Measuring ac current is identical to dc current, except that you use the AC Amps
key to select the measurement function. The specified range of the AC ammeter is
30 milliamps to 3 amps. Lower accuracy readings down to 1T mi mamp 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.

{1 SENSE NPUT
A WIRE) 12 WIRE}
Commands "
F5 Selects DC Current mode (also H5) o /—'——
F6 Selects AC Current mode {also H8) O’
mx R guunr= 8
MAY 34
AL TERM
2532:;“ A
BREAK
- 3A/250V CIRCAHY
FUSE HEHE

DG Of AC
CURRENT
SOURCE

v
Figure 2-1. Current Measurements
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DISPLAY

How it is Used

Another of the unigue features of the 3478A 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 multimeter’s features
{SRQ, autozero, 2- or 4- wire chms, etc.).

Do This
press: et/ This puts the 3478A in its SELF TEST
RESET mode. For now, just watch the display
ang 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 voitage 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 yeading. 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 303098 with the decimal point appropriately placed for the range,

ool

Do This
press. This puts the meter in the dc volts
i =y ] AUTO] function, manual range mode. Note the
el M BNG annunciator in the display.
press: Press these keys several times and

watch the display as the decimal point
l@‘ ] OR [O] moves across, and as the display in-
dicates MVDC for milli-volts DC, and
then VDC for Volts DC. The display is
always read directly. Do the same in
the 2-wire ochms mode. Watch as the
display indicates OHM, KOHM (kil-
ohms) and MOHM {Meg-ohms).

12
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DISPLAY (Cont’d)

Abnormal Multimeter Readihgs

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

if the A-D convertor is inoperative, the display will indicate " A-D TEST FAIL" or
" A-D LINK FAIL” . The 3478A will continue to try to make a reading, and if it suc-
ceeds, it will display the reading.

-

Message

[t was demonstrated in the last two paragraphs that the 3478A is capable of
displaying error messages. 1here are several other messages the 3478A may
display. For example:

=

Do This

press: caL The display should now indicate
"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-IB ad-
dress of the 3478A.

These are two more examples of messages which the 3478A may display. Other.
possible messages will fall into one of three categories:

Table 2-2. 3478A Messages

ERROR MESSAGES {see Self Test)
.C. RAM FAIL
The 3478A has falled Hs internal RAM self test.

U.C. ROM FAIL
The 3478A has failed its ROM self test, indicating an error in the ROM.

CAL RAM FAIL
An attempt to write to the calibration RAM during calibration was unsuccessiul.

UNCALIBRATED ,
The CAL RAM has an incorrect checksum. The calibration of the 3478A is suspect.

13




DISPLAY (Cont'd)

Tahle 2-2. 347BA Messages (Cont'd)

A:D LINK FAIL
The internal processor is unable to communicate with the A/D convertor.

A:D SLOPE ERR
The A/D convertor is not able to converge upon a result properly,

A:D TEST FAIL
The A/D convertor has failed its self test.

CALIBRATION MESSAGE {see the 3478A Service Manual)
CALIBRATING
The CAL key has been pressed and a calibration is in progress.

CAL ABORTED

Either an invalid key was pressed, an overlvad was detected, or an A/D caonvertor error
was detected. The calibration is aborted.

CAL FINISHED
A calibration cycle has been successfully completed,

ENABLE CAL

The CAL ENABLE switch must be turned to the CAL (verticall pesition in order 1o do a
cafibration,

VALUE ERRCR
The 347BA is unable to calibrate to the requested value, This massage would result if;

a. A zero calibration is attempted and the 3478A reads a raw value outside the
range of + 50000 to — 40000 {assumes 5 1/2 digit mode}

b, A gain calibration is attempted with & negative applied voltage.

c. A gain calibration Is attempted which is cutside the range avallable, approximately

S0 of Tl scale. e e e e e o e e
d. An AC voltage caiibration is attempted and the applied voltage is not 3VAC,
e. A calibration is attempted via the bus with the "C” command, and a valid target
number was not found in the display.

ACH VALUE ERR .
At the end of an AC voltage calibration when the 3478A attempted to compute the
calibsration constant for AC current, it computed a number outside of the aliowed range.
This could be caused by an invalid calibration constant on sither the 300mVY DC range
or the 3A DC range. The ac voltage calibration is valid however,
o

HPIB ADRSxx
This is the HP-IB address of the 3478A. xx indicates the actual address of the the in-
strument (decimal) and may be altered by the address switches on the rear panel.

oviD

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

14
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DISPLAY (Cont’d)

User Generated Message

Under computer control the 3478A can display your own user messages of up to
12 characters. Refer to Section lll, Remote Programming, for more information on -
this.

PHP-IB

'SYSTEMS

Commands

D2text Places the message "text” into the display
D3text - Places "text” into display but the dispiay is not updated.
D1 Returns the 3478A to NORMAL display.

Changing the Number of Digits Displayed

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

Do This

press: This puts the 3478A into the 3 1/2
digit display mode. This mode has the
fastest reading rate but the lowest

The integration time in this mode is .1
power line cycle,

" This is the 4 1/2 digit display mode.
This mode provides 59 db NMR with
an integration time of 1 power line cy-
cie (16.66 mS at 60Hz, 20 mS at
50Hz).

The 5 1/2 digit display mode provides
5 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.

15
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DISPLAY (Cont'd)

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 3478A. The 3478A 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: 16.68 mS at 60Hz line fre-
quency, 20 mS for 50Hz. The 3478A determines the line frequency by the set-
ting of the 50/60Hz switch on the rear panel. In the 3 1/2 digit mode, the integra-
tion time is .1 PLC. Normal Mode Rejection (NMRJis the ability of a voltmeter to
accurately measure do voitages in the presence of ac voltages at power line fre-
quencies. The 3478A 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.

ngnmands

N3 Selects 3% digit display
N4- -Selects—4¥ digitdisplay —
NE Selects 5% digit display

16
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DISPLAY (Cont'd)

Annunciators

The 12 display annunciators, located along the bottom of the display, are used to

indicate the state of the 3478A,

Tahle 2-3. Annunciators

.SRQ

LSTN
TLK

RMT

MATH
AZ OFF
29

44

S TRIG

CAL

SHIFY

Annuncigtor

s e -RNG

{ndication

The SRQ annunciator indicates that the 3478A is trying to request service from

the controller, Refer to Chapter .
-

The LSTN {LISTEN! annunciator turns on when the 3478A is addressed to fisten
via the HP-IB.

The TiK annunciator means that the 3478A has been addressed to talk via the
HP-1B,

RMT indicates that the 3478A is under bus control, that fé, it is under remote

operation. The front panel keyboard is inactive except for the LOCAL and SRQ
keys {see LOCAL and LOCAL LOCKOQUT in the next chapter}.

MATH is not used on the 3478A,
The Autozero featurs of the 3478A is disabled.
The 3478A is in the 2-wire ohms mods.

The 3478A is in the 4-wire ochms mode.

Thig--annunciator indicates that-the 3478A is-in-the manual ranging mode; aulo . . ..

range is inactive.

Single trigger means that the internal trigger is disabled. The voitmeter idles until
either an external trigger pulse is received, the single trigger key is pressed again,
or a TRIGGER message is received over the Bus.

The CAL annunciator will blink if the 3478A requires calibration in the selected
range and functien,

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

17




OPTIMIZING READING RATES

Why Optimize?

There are several reasons why you would want to optimize the rate at which
readings are taken by the 3478A. 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 resuit.
Whatever your reason for optimizing reading rates, the 3478A can solve many of
these application problems. Your maximum reading rate with the 3478A is in-
fluenced by several factors. These include the signal environment {iine 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. The reading speed is
also affected by the value of the measured voltage {or current or resistance} and
whether the display is turned on or off (HP-IB D3 command turns the display off,
see Chapter 3},

Your Signal Environment

The signal that y8u are trying to measure is subject to line related and broadband
noise which can interfere with your measurement. The 3478A works to reduce or

reject this kind of noise by using a form of Analog to Digital (A/D)_conversion call- . .

ed integration. Integration is a process where the effect of line related noise is
averaged to zero over the period of an integral number of power line cycles
(PLCs) 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 3478A is largely 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 pahel) is set properly: up for
50Hz line frequency and down for 80 Hz. Y

Integration Times

Changing the number of digits of display does more than change the resoiution 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 m$S at 60Hz line frequency or 20mS at 50Hz.

18




At 3 1/2 digits of display, the integration time is .1 PLC. Norma! Mode Rejection
{INMR)} 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 3478A has
much better NMR at the 4 1/2 digits of display (60 db) than at 3 1/2 digits {Odb)
because of the integration times. At 6 1/2 digits of display, the 3478A takes ten
{10) readings from the 4 1/2 digit mode and averages them together. This pro-
vides the greatest amount of noise rejection (80db).

Autozero

The thermal stability of the measurement environment is also a very important
consideration. By simply keeping the temperature of the 3478A at a fixed value,
you car‘:sfﬁeérh} double your reading rate by turning autozero off, without adverse
effects. Although the 3478A is slightly less accurate, the faster reading rate may
be worth it. In addition, any range or function change that takes place is
automatically accompanied by an autozero update which removes any ac-
cumulated offsets. if the measurement environment is quiet encugh to disregard
NMR then only accuracy and resolution are the measuremént speed factors and
autozero may be turned off.

Other Factors Influencing the Reading Rate

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

-9 ACvoltage 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 (30mS and 300mS respective-
ly) is needed for stable measurements. The T5 Fast Trigger command (HP-1B} is
the same as the T3 command except that the delay is omitted. H more than one
reading is required because of autoranging, etc, the delay will occur normally.

3. Consider the time it takes to transfer data over the HP-IB. For example, the

TRANSFER command is much faster than the ENTER command on the -hp- 85
computer,

4. The maximum possible reading rate is with 3 1/2 digits displayed, autozero
off, any DC voltage function, 60 Hz power selected, manual range, display turned
off (see HP-IB command D3), a positive voltage measured, and internal trigger
selected. ' '
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RANGING

What About Ranging?

The task of selecting the proper range on the 3478A may be done either
automatically by the multimeter, or manually with the front panel keys.

Reading the Display

Do This
Short the 3478A’s input terminals.
press: Notice that the M RNG annunciator
Auto | turns on in the display. This indicates
MAN that the meter ig in the manua! 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
<> ORl e l

moves across the dispiay. Also notice

the range annunciator in the display.

¥ For example, if the meter is in the DC

Voits function, the disptay shouid in-

the range selected. Try this in the
other measurement modes.

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 muitimeter. 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 47.215 MVDC. Reading the display directly, this would indicate a
measurement of 47.215 milli-volts dc (047215 volts). It should be apparent that
the multimeter is in the 300 milli-volt range; the reading is too large to be read on
the 30 milli-volt range.

20
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RANGING (Cont'd)

Table 2-4. Valid 3478A Ranges

Function \ Ranges \Bisptay Indication ‘ HPB Code
DC Volts 30myV, 300mv MVvDC R-2,.R-1
3V,30V,300V vDC HO,R1.R2 |,
AC Volts 300mV MVAC -1
3V,30V.300V VAC 80,R1,R2
e Cutrent 300mA MADC R-1
3A ADC RO
3 ﬁ\C Current 300mA MAAC R-1
3A AAC RO
Rasistance 300, 3000 OHM R1,R2
3K, 30KQ,300KE KOHM R3,R4.RE
aMi, 30MQ MOHM RE,R7 J

If the multimeter is in the manual range mode, the display “will indicate an OVLD
when the input is greater than the particular range can handle. R—2 selects the
most sensitive range on any function.

Autorange

Autoranging on the 3478A is done by taking readings in the 4 1/2 digit mode on

successive ranges until it finds the proper range that will aitlow for a display bet-
“ween full scale 1303099 —counts}) and approximately 9% of full scale “{927000

counts).

DESIGHED FOR

=P Command
EMS

RA Selects autorange mode

In the autorange mode, the multimeter will up range (go to a higher range} if the
display reading exceeds (£) 303088 counts or it will down range (go to the next
lower range) if the display reading decreases pelow (+)} 027000 counts. This
assumes a b 1/2 digit mode. These numerical autorange points are irrespective of
decimal point placement. The difference between the two points is called the

autorange hysteresis and is illustrated in Figure 2-2 for DC Volts. Autoranging in
other functions is similar.
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RANGING (Cont’d)
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Figure 2-2. Autorange Hysteresis

¥

Manual Ranging (3] (2] (&)

The 3478A 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 3478A is in the manual range mode, the M RNG annunciator is on in
the display. Pressing the AUTO/MAN key restores autoranging.
&

The highest or lowest possibie range depends on the function seiected. For exam-
ple, 30 mV is the lowest DC voltage range but 300mV is the lowest AC voltage
range. If the 3478A were set to the 30mV DC range and you pressed the AC
Voits key, the meter would default to the nearest valid range, i.e., 300mV. The
meter wili default to the nearest valid range when a function change is made.

Command

See Table 2-4,
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REAR PANEL

What is on the Rear Panel?

Figure 2-3 illustrates the rear panel of the 3478A. The Rear Panel input terminals
are selected by the F/R switch on the instrument front panel. There are two BNC
connectors. One is for outputting a Voltmeter complete pulse at the end of an A/D
conversion. The second BNC connector is used to input an external trigger pulse.
See VOLTMETER COMPLETE and TRIGGER for more information on these connec-

“tors. And of course there is the HP-IB connector.

The Rear Panel Switches

Also on the rear panel of the 3478A is a set of 8 switches. See Figure 2-3, These
switches are “on”, or in the " 17 position when they are up. Switch number 1,
farthest to the left, is the 5OHz/60Hz select switch. This switch should be in the
up position if a power line with BOHz 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 AC NMR and
CMR rejection at the line frequency used. The reading rate is slightly slower when
5QHz is selected. This switch is read approximately once each minute and at
power-on/reset.

Switch number 2 is not used.

- gwitch-number-3-is--used to- select the. Power-on. SRQ {PWR ON SRQ) feature.

When this feature is enabled, i.e., the switch is up, the 3478A will generate an
SRQ (Request Service HP-IB message) whenever the power is lost and then return-
ed, such as a momentary power blackout.

Switches 4 through 8 are used to select the HP-IB talk/listen address for the
3478A. The factory preset positions for these switches are, from left to right: up,
down, up, up, up for a selected address of 723" . In order to select the talk-only
mode, all five switches must be in the "on” of up positicn. For more information
on the HP-IB address switches refer to Appendix A.
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Figure 2-3. 3478A Rear Panel and Switches

24

Valtmeter
Complete
Output

g



RESISTANCE MEASUREMENTS

Measuring Resistance

The 3478A is capable of measuring resistance from 30 milliohm to 30 Megohms
in seven ranges. Resistance measurements may be made in either 2- or 4- wire ohms
configuration. The iltustrations in Figure 2.4 show how resistance measurements are
made. A known current is supplied by the 3478A and flows through the unknown
resistance. The DC voltmeter measures the attendant voltage drop. The 3478A is
factory calibrated in the 4-wire ohms mode. If most of alt of your resistance
measurements  will be made in the 2-wire ohms mode, the 3478A may be
recalibrated in the 2-wire ochms mode. See the 3478A Service Manual. Resistances
in excéés of’SO’Megohms may be measured using the extended ohms mode {remote
operation only, see Chapter 3).

How Resistances are Measured

Resistances are measured by the 3478A sourcing a known current through the
unknown resistance. A dc voltage measurement is made across the resistance.
The value of the resistance can then be determined (Ohm’s Law, Resistance =
Voltage/Current). Figure 2-4 shows the current source and the voltmeter connec-
tions for both 2- and 4- wire ohms measurements. Table 2-5 shows the nominal cur-
rent through the unknown resistance for the individual ohms ranges. Variations in cur-
rents are compensated for by the calibration constants.

... Table 25. Nominal Currents through Unknown Resistance

Gurrent Through Maximum Open

Range Unknown Circait Voltage
3040 1mA 6.3V
3000 1mA 5.3V
3K TmA 6.3V
30KG 100uA 5.8V
300K 10ul 5.8V
IMQ TuA 5.8 V
30MG 10GnA 5.8 V

There are two situations in which the 3478A 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 3478A may show 10 counts or more of noise on the
30 ohm and 30 Megohm ranges. 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

The two wire ohms mode is used most commoniy 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 would result in an error of 1%,

Command

F3 Selects 2-wire ohms mode (alsc H3)

4-Wire Ohms

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

» Commang

F4 Selects 4-wire ohms mode {also H4)

Extended Ohms

The extended ohms feature of the 3478A is available only via the F7#remote pro-
gramming command. With extended ohms, the 3478A can be used to measure
resistances in excess of 30 Mohms. When in the extended ohms mode, the
3478A goes to the 30 Mohm range, 2-wire mode. An internal resistance of ap-
proximately 10 Mohms is placed in paralle] with the input terminals. |f this
resistance is measured first and then your unknown resistor connected to the in-
put terminals; the parallel combination can be measured and a calculation perform-
ed to determine the approximate value of the unknown resistance. The formula for
the calculation is:
Ri = Rt

Bl
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RESISTANCE MEASUREMENTS (Cont’d)

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, perform the calculations, and

display the value of the unknown resistor is given in Chapter Il

@lals» Command
YSTEMS

P

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

LEAD RESISTANCE .

r )| 1.02 F LEAD RESISTANCE
1 SENSE INPUT ; {1 SENSE INPUT | AN
{4 WIRE) {2 WIRE) -~ {4 WIRE) 1,02
H -~ 1.02
o . ¥ 2814
300va: Tsource 28140 Lsource g
{TYPE 4404
THERMISTOR
Lo AT 20°C)
e AAA il
AARS BT
MAx S AnA— ax e A A
ALL TERM 1.02 ALL TERM 102
e b ook A B e i e e e e o B BTN DR I S
MAX MEASURED RESISTANCE MAX T -
i IS 2816.049 AN ERROR i
=3 3A/250V OF .07%. e 3A/250V
FUSE FLSE
h i etk

*internal to the 3478A

2-WIRE OMMS MEASUREMENT 4-WIRE OHMS MEASUREMENT

Figure 2-4. Resistance Measurements
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RESISTANCE MEASUREMENTS (Cont’d)

Other Considerations

1. Always use the shortest possible test leads, especially at the higher

resistance ranges. Ideally, the test leads should be a shielded, twisted pair to
reduce noise pick-up. '

2. For best resuits, especially at 3 1/2 digits display, the input LO terminal
should be connected to the 3478A chassis {earth ground).

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
3478A 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 exampie, lets _
Sa8y we want to measure a 3.0 Mohm resistor through & scanner with 1200pF ‘.ﬁ :

i3
i

capacitance {Migh-to-Lo terminals}. If a short was previously applied (short to 3.0 -
Mohms = steng and a .001% reading is desired, the settling time necessary is:

-*(3*106)*(12004—620}*(?0‘32)*(!1‘}(-001/100}) = 63mS

Since on the 3 Mohm range there is an internal delay of 30mS, an additional delay

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

TEST/RESET

The 3478A self test performs severai checks on the digital and A/D converter cir-
cuitry of the instrument, A failure in any of these four areas is indicated by an er-
ror message in the display. When the self test is complete, the 3478A resets to

its turn-on state.

This initiates the functional tests of the
digital circuitry in the 3478A. The SELF
TEST starts by turning every segment in
the display on (except the top dot on
the colon). These segments will remain

on for as long as the Self Test button

is held down. When the button is
released, the display will remain for ap-
proximately 2 seconds as the self test
is performed. It will then display 'SELF
TEST OK'* or an appropriate error
message. If the self test passed the
HP-IB address will be displayed and the
3478A returns to its power-on state. If
an error was detected, and the error
message displayed, the HP-IB address

will not be displayed but the 3478A will

attempt to operate normaliy.

Table 2-6. Self Test Error Messages

U.C. ROM FAIL -

UNCALIBRATED

A:D TEST FAIL

A:D LINK FAIL -

J,C. RAM FAIL . This indicates that the micro-computer's internal RAM (not CAL RAM} has

faited its self test.

The 3478A internal ROM has failed its self test. This indicates an error in the
ROM, '

The rendom access memory that containg the calibration constants has an in-
correct checksum. The calibration of the 3478A is suspect.

The A/D converter has failed its self test.

The microcomputer is unable to communicate with the A/D converter.

For all failures refer to the 3478A Service Manual.

SESNED FOR

SYSTEMS

Command

Use the HP-IB CLEAR command.

(See Chapter I

)
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TRIGGER MODES

What is Triggering?

Triggering is simply the process that Causes the 3478A to take a reading. There

are three basic triggering modes available on the 3478A. These three modas are
described after we look at the trigger indicator.

Trigger Indicator

The decimal point that is farthest right in the display will blink every time a
reading is completed. If a colon or comma is placed there by a remote operation

(D2 command, see Chapter III), the display will alternate between a comma and a
colon,

Internal Trigger T

after performing Self Test, A settling delay has been added before each A/D con-

version in the ac volts and current and the two highest ochms ranges to ensure ac-
Curate readings. - |

Cogamand

T1 Selects the internal trigger mode

Single Trigger

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 3478 will take one
reading, display the results, and go to the single trigger mode. Subsequently, each
time the key is pressed the multimeter will make one reading, displa¥ the resuit,

and then sit idle, waiting for another 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 vour

eyes off of the probe. With the probe safely removed, the measurement is still
held on the display.
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TRIGGER MODES (Cont’q)

When the 3478A is in the Single Trigger mode #id you atte
or change function, the left hand portion of the display wiy

ception of the decimal point} until another tdger impulse |
/

9o blank (witp
th .
s TEBCef'Ved' € ex

]

T3 Selects the Single Trigger Mode

Externa) Trigger

The external trigger mode is enabled by the & trigger Key and i« -
the single trigger mode except that the triggePulse jg applied 'S identical ¢,
to a B

nector on the rear panel of the 3478A. Tiérnaj Trigger in 8 BNC con-
compatible or may be actuated by a simp/Ch Closyre Thep*;’f '$ TTL logic
gered on the negative edge of the TTL pulaih Must pe a-ming 478A s trig-
duration. If a trigger pulse is received whilé'Ng is in progressmum of 100ns
ignored.  the Mpulse jg
Command

T2 Selects the External trigger -
. Associated HP-IB Commands

T4 Selects the Trigger Hoid |

!
T5 Fast Trigger. Same as T§1,r the Settling delay jg
Omitted op

ni
AC Volts and current, a Shest ohms ranges

. . 8y also ha - .
From any Irlgger moa',/, i /nf?f@fs?a-' by

the HP-IB GET commi 0 'S Iisableq b, 4
T1, 73, T4, or T5 ¢




VOLTAGE MEASUREMENTS

Measuring Voltages

Whether you use your 3478A on the bench or as part of a sophisticated test system,
probably most of your measurements will be voltage measurements. If you havsa
special requirements in taking voltage measurements, be sure to read the sections
on Optimizing Reading Rates, Dispiay, Autozero, and Triggering modes. A complete
Table of Specifications is given in Chapter 4 of this manual.

DC Voltage Measurements

DC voltages measured on the 3478A are both simple and straightforward. Press the
BC 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. Up to 1 microvolt of noise may be seen on the 30 millivolt
range,

:» Command

S
F1 Selects the DC Volts mode (aiso H1}

AC Voltage Mgasurements

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 voitage

The 3478A uses a True RMS to DE converter for AC voitage 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 repetiti gn rate, high

crest factor {ratic of peak to RMS) pulse trains.
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VOLTAGE MEASUREMENTS (Cont'd)

RMS measurements are made hy calcuiating 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 10 the RMS value of the waveform. A DC voltage
measurement is then made by the A/D converter.

it should be noted that the AC voltmeter accuracy is specified only for inputs greater
than 10% of full scale. Hence the specified range is 30 millivolts to 300 volts. The
300 millivolt range is useful for lower accuracy readings down to 1 mitlivolt. Up to
several hundred counts of residual offset may be seen on the 5% digit disptay with
the input;‘shqrted.ﬂ

® Command
SYSTEMS i

£2  Selects the AC Volts mode (also H2)

Figure 2-5. Voitage Measurements

33

rn SENSE INPUT
14 WIRE] (2 WIRE}
O N Capur—r
n DC OR AC
00V VOLTAGE |
MAX SOURCE
AR
MAX
4 -ALLTERM - - _ o
+500Vpk T e e e
X e -
A
- 3A/250V
FUSE
L 3476-2-5%

e AT SIS
. ]




VOLTMETER COMPLETE

What is Voltmeter Complete?

The Voltmeter Complete BNC connector on the rear panel of the 3478A provides

a pulse at the completion of every A/D cycle. This pulse is used to indicate that
the 3478A is ready to output an answer or he retri

ggered. The puise is 3 negative
going TTL compatible puise of about 14S duration

Using the Voltmeter Complete Pulse

The following illustration shows one way to use the the Voltmeter Complete andg
External Increment feature of the 3478A in conjunction with the -hp- Model
3497A Data Acquisition Controi Unit, Once the connections are made, the 3497A
advances to the next channel with each Voltmeter Complete pulse. '

Figure 2-6. Using Veltmeter

iy

£
§
%
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Chapter Il
Remote Programming

Introduction

in this chapter you will learn about remote pfogramming your 3478A over the
Hewlett-Packard Interface Bus (HP-1B) using a computer / controller. |f you are not
familiar with HP-IB or some of the terms used in this chapter, Appendix A contains
a concise description of HP-IB. Be sure that you have read through or at jeast
familiarized yourself with Chapter 2 of this manual before starting this chapter.
You will need to understand the operating characteristics of the 3478A before
you beg’ih programming it.

Scope

The descriptions presented in this chapter are in general“terms 10 optimize the
flow of information regardiess of the type of controller you are using. This means
that both the inexperienced user as well as the experienced programmer will be
programming the 3478A efficiently and productively with minimum instruction
time. There are, however many exampie programs given to enhance the discus-
sion, most of which are given in an enhanced BASIC (Beginners All-purpose Sym-
bolic Instruction Code) programming language such as the Hewlett-Packard Model
-hp- 85 uses.

Trying Out a Command

Befare we actually begin the programming discussion, let’s look at a simple exam-
ple that displays your name 0N the 3478A display If you have one of the con-
srollers shown below, type in the commands as shown. Even if you don’t have
one of the controllers listed, read through this section anyway as it provides a
basis for later discussions. Enter the command exactly as shown using your own
name capital letters - in place of “your name” .

Cemputer Type The Message: Press:

-hp- 9825 wrt 723,”D2your name” [EXECUTE]
-hp- 9835, gg45, 85 OUTPUT 723:” D2your name” [EXECUTE]

{on the -hp- 85,
PRESS [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 3478A to display the message “your
name” in its display; “D2” is called the “"COMMAND CODE”. The 3478A cannot
display lowercase letters, it displays unusual symbols instead. It can display,
however, special characters such as $, %, &, #, etc. Try these characters in place
of "vyour name” .

At the end of this chapter are several blue pages that describes each of the pro-
gram commands the 3478A wil respond to, and how they are used, As an added
plus, at the back of the manual is a Command Quick Reference Guide that you
¢an tear out and keep with your 3478A.

Addressing

Do This

press: ADRS The 3478A will display its HP-IB ad-

£ dress in the form: HPIB ADRS XX. XX
2 represents the.actual address which is

factory preset to 23.
Each instrument that YOu connect to the interface bus has a unique ”address”,
and the 3478A is no different. The address provides a way for the controller to
send or receive d@ta from one instrument on the bus when actually there are
several instruments connected together. In the previous example, where you

displayed your name, we used the statement "OUTPUT 723", The 723" refers

to- the -controller interface ‘select eode (isc) which is 7 and. the 3478A factory
preset address which is 23. If You need to change the address of the 3478A refer
to the installation information in Chapter 4. All the examples in this chapter
assume that the 3478A will be addressed at 723 (which is also called the device
select code, dsc).

When the controller tells a particular instrument to talk, i.e., send data over the In-
terface Bus, we say that the instrument has been ” Addressed to Taik”é." Likewise,
when the controlier telis an instrument to listen, i.e., receive data or instructions
from the Bus, the instrument is said to have been ” Addressed to Listen”. The
3478A 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 Bus. There can
be only one instrument addressed to taik on the Bus at any one time,
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Sending Instructions to the 3478A

The Instruction Message is one specific form of an HP-1B Data message (see Ap-
pendix A). It is used to cause the 3478A 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 biue pages at the end of this
chapter. They describe each of the Instruction Messages the 3478A will respond
to and how they are used. An abbreviated table is given in the Command Quick
Reference Guide.

Look at Figure 3-1. The instruction message may contain from one to three parts
as shown: the Operation Mnemonic, Qualifier, and Data. The Operation Mnemonic
is a single. letter "which is always used, The Qualifier and Data portion of the
message are used as defined by the operation 10 be performed. An example of a

command which requires only the operation mnemonic is the " S8” command. A

function or range command requires the mnemonic plus a qualifier, e.g., “E27 or
R-1. The "D2" or "D3" commands require the mnemonic ” D", a qualifier (either
2 ot 3), and data, which is the text to be displayed. The diagram also shows that
instructions may be linked together forming a string of instructions.

. ,‘?C,om,pgter,‘ " Operation
Output Mnemonic____
{ Command
Note 1

t Data

ste 1. The computer or controller output command as shown in the figure in-
cludes the HP-iB address of the tnstrument to which the instruction Message is
being directed, i.e., 723, It also includes any delimiters required by the computer
language syntax. A deiimiter is a character that is used sither 1o separate one ex-
pression from another, or to terminate & fist. Delimiters include semicolons, quois-
tion marks, commas, spaces, e, When linking instructions # is not necessary 1o
add delimiters between instructions.

Note 2. Some computers and controllers generate a Carriage Return/Lineg Feed
{CR/LF) automatically as part of the output command. Check the output command

syntax for your specific computer. The CR/LE is a delimiter that terminates a fist.
The 3478A ignores the CR/LF except in the D2 or D3 commands.

Figure 3-1. Sending Instructions
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Procedure

Decide what YOU want the instrument to do and determine the appropriate Opera-
tion Mnemonics;). For example, the Operation Mnemonic for function codes is F,
the Mnemonic for range codes is R, etc. Specify the Qualifier and Data as
necessary. Let’s look at an example and break down the instruction message. To

set the 3478A to the DC Voilts function and 30 volt range, the following message
would be sent:

interface 3478A
select code address

2 instruction messages
linked together
QUTPUT 723;~ F1 R1~

[\ sets range to 30 volt range
sets function to DC volts

{F is mnemonic and 1 is qualifier).

computer output
command syntax
depends on the
computer being
used. See Note
1 above,

Figure 3-2. Instruction Example

[{+]

mieasurement, therefore instruction *Fo” (Function 2
is used. We don’t know exactly what range to use, so let's use the autorange
feature, “RA” (Range Auto). The instruction  for autozero on is "zZ1”
{Zero 11, and for the 4 1/2 digit mode, " N4~ (Number of digits 4 ). Our com-
mand string now looks like:

First, it is an ac veltag

"F2RAZ1N4g"

38




Since we know the voltage to be measured is small, let’s set the 3478A to a low
range before we autorange. The instruction “R-2" {(Range —2) will do this for
us. Furthermore, if we want the meter to only take one reading we could add the
instruction “ T3” (Trigger mode 3} 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 trig-
gered. The complete string, along with the OUTPUT statement is:

OUTPUT 723; “F2R-2RAZIN4AT3” :

Instructions are implemented as they are received over the Bus. In other words,
the 3478A will go to the ac volts mode before it goes to the lowest range. It will
go to the lowest range before autorange, it will autorange before turning autozero
on, etc. The last thing it will do is trigger for the measurement.

A very imporfanf matter to keep in mind is to use the proper computer syntax.
Remember that the examples given in this chkapter were written for a computer
such as the -hp- 85F. Check your computer /O manual for the correct syntax and
in the examples given, use that syntax.

Home Commands

There is a series of eight preset commands conveniently provided in the 3478A
which greatly ease programming. These commands, called HOME commands, set
the 3478A to predetermined states as defined in Table 3-1. In the sample pro-
gram given earlier, we ended with a string of six commands which could actually
be replaced with one HOME command, "H2".

Table 3-1. Home Commands

“Comthand - - o oo - -- — - Deseription- ~ - - - -

HG HOME Commend. The 3478A is placed into the DC voits function {F1}, autorange
(RAl, trigger hold {T4}, 4 1/2 digit display (N4, and autozero on {Z1). Any result
ready to be output to the bus or display is erased. External trigger input is disabled.
This command is equal to: "F1T4R-2RAZIN4G". The meter will wait for a trigger
command such as T3 or T&.

H1 Measure DC Voits. This function is the same as the HO command except that a
single trigger occurs, and if the 3478A is addressed to talk will output the reading.
This command is equivalent to; "F1R~ 2RAZTINAT3"

H2 Measure AC Volts. This command is the same as H1 except that an AC Voltage
measurement is taken. Equivalent to: "F2R~2RAZ1N4T3"

H3 Measure 2-Wire Ohms, identical to H1 except takes a Z-wire ohms measurement.

H4 Measure 4-Wire Ohms. \dentical to H1 except takes a 4-wire chms measurement.

H5 Measure DC Current. identical to HY except takes a DC Current measurement.

HE Measure AC Current. ldentical to H1 except takes an AC Current measurement.

H7 Measure Extended Ohms, identical to H1 except take an extended ¢hms measure-
ment.
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Using the Home Commands

You can use the HOME commands just as they are or combined with other com-
mands, For example:

OUTPUT 723; "H1”

would set the 3478A to the DC Volts function and take one reading. If you want
the 3478A to be in the internal trigger mode you could send:

QUTPUT 723; "H1T1”

in order for “T1” to be in effect, it must follow the "H1” command, otherwise
the “"H1” command will put "T3” in effect.

Programming Hints

When more than one command is sent to the 3478A 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
3478A will be set up for the measurement before it triggers. If you send the com-
mand “T3T1”, the “T1” command is the last one received and will be in affect,

Instructions are sent to the 3478A as a series of 7-bit ASCIH characters {parity bit
is ignored}. All lowercase letters, spaces, commas, and semicolons are ignored and
may be freely used to format commands for easy readability. All null characters,
carriage return, line feed, form feed, and vertical and horizontal tab characters are
also ignored. AIE other characters and séquences not explicitly allowed (see the

Command Table) will result in an error, Errors will be discussed later. For example,

_sending the message:
OUTPUT 723;” Function 1 Range 1”

would be the same as:
QUTPUT 723:"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 aborteg 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"), See Require Service,
Status Register. '

Commands which accept binary arguments {represented by x in the command
table) and the D2 and D3 commands are exceptions to the above rules. Any of
the 256 possibie 8-bit bytes may be sent as a binary argument, any ASCH
character greater than 31 (decimal) may be sent as part of a text message (see
Appendix B). Note, however, that lowercase aipha characters are not represented
as alpha characters in the display, ‘
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Receiving Data from the 3478A

The 3478A has the ability to talk to the computer or other instruments, giving the
results of measurements or status information. This is another specific form of the
HP-IB Data Message. The controller must tell or ”address” the 3478A 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 30V range. Now we will see how to read back the measured
voltage. '

10 OUTPUT 723:"F1R1”  {from the last section)
,20 ENTER 723; A$

30 DISP A$

40 END

The 3478A is addressed to talk by the ENTER 723 command in the second line.
The measurement result is stored in the string variable A$ and displayed on the
controller's display. Remember that the actual computer syntax used (i.e., ENTER,
QUTPUT, 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 manuat.

let's try another very simple example. You can use your controller to determine
the setting of the 3478A’s Front /Rear switch. This is done by sending the pro-
gram command ”“$“ and then reading the output.

Do This

Enter the foliowing program and run it

10 QUTPUT 723; "S8”
20 ENTER 723; 81
30 DISP 81

40 END

if the value'read back from the 3478A (variable S1 in the example shown} is 70"
the rear panel terminals are selected. If the value is “ 17 the front panel terminals
are selected. Try this program with the switch in both positions. If the 3478A is
in the single trigger mode (S TRIG annunciator on) this program will not work.
Either press [LOCAL} [INT TRIG! keys or reset the voltmeter.
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Output Format

Messages are sent by the 3478A 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 3478A is in the 4 1/2 digit
mode, the last digit returned before the "E” will be a "0”, In the 3 1/2 digit
mode the last 2 digits will be " 0" 's,

3478A Bus Capabilities

So far we have seen how to program the 3478A for specific operations and how
to read back the data. But now it is time to move on and fook at special HP-IB
commands and advanced programming topics.

Talk Only Mode
3

Many applications of the 3478A, a simple data logger for example, may require

that the instrument take readings and output them to some device such as a

printer."All this is to be done without the aid of a controlier, The 3478A’s TALK
ONLY mode allows just that type of transaction to occur.

The 3478A is set to the talk only mode by setting the 5 HP-IB address switches,
on the 3478A rear panel, to the * 1" (up) position. Refer to Chapter 4. Measure-
ment data is output after each completed reading. Function and range settings,
etc., are done from the front panel keyboard. '

3478A Response to Bus Messages

The following topics, arranged in alphabetical order, deal with HP-IB commands
{see Appendix A} and the way the 3478A responds to them. Refer to the /O pro-
gramming manual of your controller for specific information on syntax and actions
taken by the HP-IB interface when sending the message. The examples given app-
ly to the -hp- 85, 9835, 9845 computers, except where noted,
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CLEAR

Examples

Comments

Upon receiving the CLEAR message, the 3478A will be placed into its test/reset
routine. The routine starts with the 3478A performing its internal self test and
reading its rear panel HP-IB address switches. Any errors in the self test will be
noted in the voltmeter display and will cause the hardwsve error bit to be “set” in
the status register and the appropriate bits to be set in the error register. If there
are no errors, the HP-IB address will be displayed for approximately 2 seconds,
The power-on state for the 3478A is: DC Volts function, Autorange, Internal Trig-
ger, Autozero On, and 5 1/2 digit mode. v
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LOCAL

Examples

LOCAL 7
LOCAL 723

Comments

The LOCAL 723 message clears the 3478A 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 7 removes every instrument on interface 7 from the
remote mode. '

I¥ the 347BA 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 7. The command LOCAL 7 takes all instruments
out of Local Lockout that are on that bus. The command LOCAL 723 would return
the 3478A to front panel control but a subsequent REMOTE command {(or OUT-
PUT 723} would return it to LOCAL LOCKOUT.

¥
LOCAL LOCKOUT

Example

~“LOCAL LOCKOUT 7

Comments
&

The LOCAL LOCKQUT message locks out the 3478A’s front panel keys, including
the LOCAL and SRQ keys. The lockout will remain in effect until it is cleared over
the interface bus by sending the LOCAL message to the multimeter or cycling the
3478A's power.
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REMOTE

Examples

_ REMOTE 723

Comments

The REMOTE command is used to enable the 3478A to switch from local front
panel control 10 remote program control. The 3478A must actually be addressed
before it:will go into its Remote state.

The Remote state for the 3478A means that the front panel keyboard {except the
LOCAL and SRQ keys) i8 disabled. The REM annunciator in the display is turned
on. The 3478A remains in the same state after it receives the REMOTE command
that it was in before receiving it. To disable the LOCAL and SRQ keys use the
LOCAL LOCKOUT command.

You will seldom find it necessary 1o execute +he REMOTE command. The REMOTE

‘message is independent of other HP-IB activity and is sent on a single interface

Bus line called REN {see Appendix A}. Some controliers set the REN line true at
power-on, 0Of when reset, which has the same effect as sending the Remote
message with only the interface select code, i.e., REMOTE 7. Before any instru-
ment will actually go into the Remote state it must be addressed. Therefore, when

- the 3478A is. first addressed, such as QUTPUT 728, it will actually go to the

remote state.
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REQUIRE SERVICE (SRQ)

Another important feature of the 3478A is that 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
used to implement this and is independent of all other HP-IB activity. SRQ is sent
on a single Interface Bus fine called the SRQ fine (see Appendix A). The 3478A
MUST BE PROGRAMMED for the interrupt before the interrupt will take place. The
following list gives the possible causes of interrupt that the 3478A can be pro-
grammed for,

1. Power-on/ Reset. The 3478A will interrupt the controller when the 3478A
power is turned on, it received a Device CLEAR or Selected Device CLEAR, or the
3478A was reset,

2. CAL Failure, The 3478A wili interrupt the controlier if an attempted calibra-
tion failed.

3. Front Panel Keyboard. You can use the front panel SRQ key on the 3478A
to interrupt the controller.

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

5. Syntax Erro® If the controller sent an invalid instruction, the 3478A would
interupt the controller.

6. Data Ready. The 3478A would f_n;e;rup; the controlier after each completed
measurement,

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 conduct:’%g a SERIAL
POLL (SPOLL} of every device on the bus which is capable of requesting sefvice.
When an instrument is polled, it responds by sending a " STATUS BYTE” which
indicates whether it requested service, and if so, the nature of the request. If the
Status Byte for the instrument polied indicates that it was not requesting service,
the computer would continue to poll the other instruments on the bus until the
proper one is located. This, of course assumes that the controlier has been pro-
grammed to respond to the SRQ interrupt.
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- Status Register and Status Byte

The status register is used to monitor the six possible interrupt conditions. it is
possible for one of more bits of the status register to be true without the 3478A
causing an interrupt. The interrupt will only occur when the SRQ mask has been
set for particular conditions. Refer 1o Figure 3-3. If the SRQ mask is set for certain
conditions and one of more of those conditions occur, bit 6 of the status register
will go true {true Lbeing a "1”), the SRQ annunciator in the disptay will turn on,
and the HP-IB SRQ message will be sent. The controller must be programmed 10
respond 10 the SRQ message.

The Status Byte is an 8-bit byte that may be used to determine the cusrent status
of the 3478A regardless of whether an interrupt (SRQ) has occurred. The Status
Byte comes from the status register and is output in response 10 @ serial poll
which is described in the next section. '

8it 3 Bit 2 Bit 1

Hardware Syntax N/A

Errar Error {aiways O]

Figure 3-3. Status Register

Setting the SRQ Mask

The SRQ mask can only be set 1o mask bits 0-5 on the Status Register. Default
_mask_value is 00. To set the mask first determine which conditions you want 1o

interrupt the contr'o"l'lef,'"'é";'g'l',""'d'éta"read-y---,--c—a-li-b.ratio.n procedure failed, syntax errof,

etc. Determine the two digit octal code for those conditions. Then, outpat the "~ =~ =~

M7 instruction mnemonic. followed by the octal code as the qualifier, that is:
Mxx", where xX is the octal code. Think of the SRQ mask as @ 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 3.4 shows the status register and the
gRQ mask set for bit 0, Data Ready.

SRQ _ o o o = 01 loctal

Mask . For Qate
fieagy SAT

o
=]

git 2
Syriax
grror

Bit 6

[Always
O

Hardware

Service
Request

Status
Register

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

Data Ready is a feature of the 3478A that allows it to interrupt the controller
after each completed measurement (data readyl. This means that the controller
doesn’t waste valuable computing time waiting for measurement data but pro-
ceeds with its work until interrupted. To enable the data ready feature on the
3478A, bit 0 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 0O
value;, 0 O O O 0 1
\ E !/ \ : ¥

0 1 01 is the octal representation
{see also Figure 3-4)

Consequently, we would use the command: QUTPUT 723;"MO0O1” to set the mask
for Data Ready. Therefore, whenever the 3478A has data ready it will interrupt
the controller via the SRQ line. The controiler will only be interrupted if bit O is
true, meaning that data is ready. Bits 1 through 5 will not interrupt the controller
if they go true because the mask was not set for those bits. When data becomes
ready, the SRQ annunciator turns on in the display, and remains on, until the con-
troller responds by doing a serial poll, executing the CLEAR command, outputting
the "K” instruction, or entering a measurement from the 3478A. '

- line Deseription
| 40 QOutputs the SRQ mask. The “K” com-
mand clears the status register {except bit
o 0} .

50 Instructs the computer where to go (line
: 1000) when an interrupt (SRQ} occurs on

18 ¢ ORTR RERDY ESANMPLE interface 7.

o] -hp- 25 WERSION

3 347 A ODRESS 723 60 ENABLE INTR7;8 actually enables the

TEMa -hp-85 to respond to the SRQ. SRQ is oc-

tal code ”“8” in the -hp- 85 control

register.

70-880 These lines contain the main body of the
program &

1000 This is the start of the interrupt

subroutine, SPOLL returns the 3478A
status byte to variable "P”. It also resets
bit 6, if it was set, of the status register.

1010 The STATUS command reads and clears
the -hp- 85 Status/Control register so that
it can respond to the next interrupt.

1020-1040 Line 1010 reads the data and resets bit O N
of the status register. Line 1020 displays (
the data. Line 1030 returns program con- '
trol to where the program was interrupted.
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Example 2. Front Panéi SRQ

" The front panel SRQ feature of the 3478A provides you with a way of manually

interrupting the controller from the muitirﬁeter front panel.

This feature is enabled

by setting bit 4 of the SRQ mask, command “M20”. Once this is done, pressing
the 3478A front panel SRQ key causes the 3478A to request servic_:e (SRQ) from

the controlier.

responds by doing a serial poll {or the CLEAR command, of

Line Description
40 The "M20” statement gets the 3478A 1o
respond to the front panet SRQ key. The
. N ’O K” clears the status register, except bit
50 This telis the computer where to go (line
1000} when an SRQ interrupt OCCLES.
1@ ! FROWT PHRHEL cRE EXRAMFLE 60 ENABLE INTR actually allows the controller
2@ 1 -khp— B3 VERS T to respond to interrupts.
26 1 F47EH a7 ADDRESS 3
48 QUTFUT 723 P TRMzaet _ 70-890 These lines gontain the body of the pro-
si oM INTR 7 GOSUR 1aai gram. . '
@ EMABLE INTR P . . _ .
g | The bodr of the proaram 20 1000 Line 1000 is the beginning of the interrupt
) ez here subroutine. The STATUS command reads
368 END and clears the -hp- 85 Status/ Control
/me@ STATUS 7,1 i H register so that it can respond to the next
1818 F=SPOLL(T23 _ interrupt.
1eza IF RIT(P.4) THEHN pDISP "SRAE
vEY FRESSEDR® ' 1010 gPOLL returns 3478A status byte to
1#2Z@ RETURN variable P. It also clears the status register.
1020 git 4 of the status byte {P} is checked t0
make sure itisa” 17, I it is, the message
S s e - ___SRQO KEY PRESSED is displayed. it it isn't
then something else caused-the interrupt. .
1030 This line returng program control to where
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The SRQ annunciator turns on

in the display until the controller

v K" instruction).

it was interrupted.




SPOLL

as 128 (129 = 128+1). The 8 bits of the status byte and their respective values
are shown in Figure 3-5, followed by a description of the bits.

Syntax Error

Bit 2

Hardware Error

Bit 3

Bit 7 Bit6 | Bits | Bit g Bit 3 Bit 2 Bit 1 Bit O
power-on SRQ Cal Front Hardware Syntax N/ A Data
Raset Failed Panel Error Error (always O} Ready
SRQ
Decimal
Value 128 64 32 16 8 4 2 1
Figure 3.5. Status Byte
Data Ready When this bit is set to 1, it indicates that the 34784 will out- - -
U BtO T T puta reading if it is addressed to talk. This bit will return to 0
when the controller begins to accept the reading, or when
some change in the programmed state of the 3478A causes
the reading to be no longer available.
Bit 1 This bit is always 0.

&
When set t¢ 1 this bit indicates that a command has been
received over the HP-IB that is syntactically incorrect,

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 seif 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 3478A error register {see the B
and E bus commands). The calibration RAM checksum is
checked every time a reading is made.
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SPOLL (Cont'd)

Front Panel SRQO When this bit is set to a 1 it indicates that the front panel
Bit 4 SRQ button has been pressed.

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.

Service Request This bit indicates that the 3478A has requested service via the
Bit 6 SRQ line. The bit is set to 1 whenever one of the events
specified for bits O through 5 above occurs at the same time
., that the corresponding bit in the mask register is set. The bit is
also set at power-on time if the PWR ON SRQ switch on the

rear panel is turned on. This bit is reset by a serial poll.

Power-on Reset This bit is set 1o 1 when a power-on reset has‘occurred. Hf
Bit 7 switch 3 on the rear panel biock of switches is set to the " 1”7
or up-position, bit 6 will be true and the SRQ message is sent.
Bit 7 will be cleared if a reset due to the HP-1B CLEAR com-
mand occurs or the TEST/RESET key is pressed. [t is also
cleared when the 3478A is Serial Polled.

All status register bits described above are reset by a Device Clear Message. Bits
2 through 7 are aiso reset by a serial poli if bit 6 was read as a 1. if bit 6 is read
as a 0, indicating that the 3478A was not generating an SRQ, no bits are chang-

_ed. See also the K_command in the Quick Reference Guide.

Try this simple exercise.

1. Reset the 3478A, This shouid be done by cycling the LINE switch. Without
setting the SRQ mask, nerform a serial poll on the 3478A. Remember to check
the command structure for the controfler you are using. The status byte returned
by the 3478A should indicate that bits QO and 7 are true. Many controllers will
show a value of ” 129", Looking at Figure 3-5 we can see that the value 129 is
equal to the sum of the decimal values of bits O and 7. Bit 7 is true because of
the power-on/reset that occurred. Bit O indicates that a measurement has been
made and data is ready. This step of the exercise simply serves to show that bits
in the status register may be true without causing the Service Request message 1o
be sent. Remember that when Service Request is sent, the SRQ annunciator turns
on.
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SPOLL ({Cont’d)

2. Now turn the 3478A off. On the rear panel find the bank of 8 switches and
set switch 3, Power-on SRQ, to the up {1} position. When you turn the 3478A
back on, the SRQ annunciator should be on in the display. Now do a serial poll.
The status byte returned by the 3478A shows a value of 183. 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 occured. Because the Power-on SRQ switch was "SET”, when the 3478A
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 3478A off and return switch 3 to the down position. Turn
the 3478A on, notice that the SRQ annunciator is not on, and send it the
message “"MO1”. MO1 sets the SRQ mask for the data ready condition. In just a
moment the SRQ annunciator will turn on in the display. Again do a serial poll.
The value returned should again be 193 (bits 7, 6, 1). This time the SRQ occurred
because the SRQ Mask was set for bit 0, Data Ready. Do another Serial Poll and
notice that the SRQ annunciator goes off momentarily until new data is available,
The value returned from this second Serial Poll is 65 because bit 7 was cleared by
the first poll,

The previous section on Service Request gave two example programs demonst-
rating SRQ inteMupts. Look at the second program, FRONT PANEL SRQ. Change
fine 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 -SRO-

~ condition occurs {i.e., when you press the 3478A 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.

5
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TRIGGER

Examples

TRIGGER 7
TRIGGER 723 -

Comments

1f the 3478A 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. If a reading is in progress when the
TRIGGER message is received, there may be a delay {up to 1/2 second) for the
previous A/D cycle to be aborted and the new reading to commence.
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Topics in Advanced Programming

The following five programs illustrate the flexibility and measurement power of the
3478A. The programs include using a thermistor to accurately measure
temperature, achieving the maximum reading rate, using the 3478A Status Bytes,
and more. Although the programs were developed on an -hp- 85 desktop com-
puter they may easily be modified to run on any other controller, In many cases,
suggestions are made for modifying the programs to suit your individual needs.

TEMPERATURE MEASUREMENTS

work with thermistors exhibiting a 5.000 K0 resistance at 25°C, such as a type
44007 (-hp- part number 0837-0164) or equivalent.

. the program sets the
3478A for a 2-wire measurement which gives suitable results i the thermistor i

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 gz
temperature range of -80°C to +150°C.

e linag— — e - ~ " Description -
40-50 Line 40 sets the 3478A up for a 2-wire
. resistance measurement on the thermistor.
11;21 i ;EN&ERHTURE MEASUREMEET The 3478A is also set to the 30 Kohm
280 WIT TYPE 4487 THERMISTOR .4 1/2 digit di la de,
3 ; VERS DN R range git aisplay mode, Autozero
=5 i+ .

on, and internal trigger. Line 50 is the

Same except the measurement function s
4-wire mode.

60-80 These three lines contgin the conversion
cosfficients for the 44007 thermistor,

90 Line 90 enters the measured resistance
from the 3478A.

100-110 These two lines convert the measured
resistance to a temperature,

120 The calculated temperature is dispiayed,

130 The GOTO 90 statement returns the pro-
gram to line 90 for another resistance

measurement. _ % '
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EXTENDED OHMS

The extended ohms feature is available only via the HP-IB F7 or H7 commands.
With extended ohms you can measure resistances above 30 Mohms. When in the
Extended Ohms mode, the 3478A goes 1o the 30 Mohm range, 2wire mode. An
internal resistance of approximately 10 Mohms is placed in paraliel with the in-
puts. If this resistance is measured first and then the unknown resistor connected
to the inputs, the parailel combination can be measured and a calculation perform-
ed to determine the approximate value of the unknown resistance. The formula for

the calcuiation is:
o Ri * Rt
: RX = —
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 paraliel 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, i given in the following figure.

1 EXATEHCDED ORMS EXAMFPLE

g | —-hp- BS WERSION . .
@ CLEAR o o Lines Description
48 A1=7Z3 ‘

3ORL=PEI o SN 10-40 These lines title the program, clear the

S Ol Rl AR COPEN TERMS " _ ; 7

ég gigguf '5'1-'.'EKEQE:NSES%gﬁt‘%ﬂé}éﬂ-m -hp-85 display and set the variable A1 to
" RLE" ® DISP. AR 723 which is the HP-IB address ©

MExtended 3478A.

3w Mohns .t B

FA7A Inewt t

48 ENTER H1-
158 QUTPUT AL DEADD RETIST
T ance to be" 0

measurement to the -hp- 85.

. o ST RUNE R -.a 230 Line 230 uses the formula above to
— oA G e . e R a3
1‘_‘@_ E’i?ﬁtn'---m-‘"’."_’.:f-""_‘_"ed-_”T" tgh'-d_ ‘hH calculate the value of the unknown
156 DISP fperminals. t oo resistor.
%?U %IT%F.: & DISP : PRESS LLOH . 240 The value of the resistor is displayed on
26@ PAUSE : o the 3478A display in this line. The value
218 QUTPUT A1 :*H7" . - . is read directly in Mohms.
e ] R i RE . . . :
% %%1%%*212;“3_&2) 2580 In this line, the value of the resistor 18
A OUTPUT AL “OPR=%;RI-18~6 displayed on the -hp- 85 display.

=5@ CLEAR @ DISP "THE RESISTANCE
15: "iR3I-18~6; "MOHMS .Y
6B END

55

T 50-740  ~ These lines are-used-to-make-the measure-
ment of the internal 10 Mohm resistor.
The actual measurement is made in line
130 and input to the -hp- 85 in tine 140.
Line 50 displays a message on the 3478A
display to open the input terminals.

150-220 in this set of program lines, the measure-
ment of the parallel resistor combination is
made. Line 210 causes the 3478A to take
the measurement and line 220 inputs the




dBm MEASUREMENTS

The dBm Program is used to caiculate a power ratio using a 50Q impedance as the
reference. The dBm equation is:

dBm=10+LOG[{X2/R)/1mw]

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

Lines Bescription

30 This line uses the H2 Home command to
18 | SBm MEASUREMEMT §ett thef ?§78A to the ac volts mode. T1 is
2B | ~HP- 25 YERSION Internal trigger.
29 QUTPUT 723 5 SHETLIY . 40 The ac voltage measurement is input to
460 ENTER 723 5. B - -« the -hp- 85 in this line
20 PELORLOG (B2 GG BB )
e Oorsp poooo o BO This line performs the dBm conversion.
T8 OGOTO 48 -« 0 o 5
28 END 80 Line 60 displays the dBm value on the

-hp-85.
70 This line causes the program to return to

line 40 for another rmeasurement,

b
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VIAXIMUM READING RATE

The maximum possible reading rate is with 3 1/2 digits selected, autozero off,
display off, manual ranging, the line frequency switch (3478A rear panel) set to
the 60Hz position, and positive de voltages, current and resistance measurements.
Remember though, there is a setthng delay on the two highest ohms ranges.

The program in the following figure sets the 3478A for these conditions with two
exceptions. First, you must manually set the 50/60 Hz line switch 1o the 60Hz
position. This switch is on the rear panel of the 3478A. Second, the program sets
the 3478A 10 the autorange mode. if you know the approximate value of the
voltage to be measured you can change the "RA" command in line 50 to reflect
an appropr%até range.

The program accepts 100 readings from the 3478A and stores them into @ buffer
. B§. When all the readings have peen taken the readings are printed. Wwith the
-hp- 85 computer, the 100 readings are accepted in approximately 1.4 seconds.

Lines Description

30-40 B$ is setup as an 1/O Buffer to storé 1300
byies of data. The 3478A outputs 13
bytes per reading in the form: =d.ddd-

ddE+d Cr LF. Therefore, for 100 readings
the buffer must be dimensioned 10 1300.
The eight extra pytes are for overhead in

the -hp- 85.
50 Line 50 programs the 3478 0 dgc volts,
) B autorange oOn, 3 1/2 digit display mode,
Liﬁ RE?%&%‘J RATE autozero off, dispiay off, You may want 10
= ol )

reptace @A to reflect an appropriate range.-

60 The TRANSFER _statement is_the fastest
possible means 1o transfer data from the =~~~
3478A {address 723} to the O buffer

B4. FHS is Fast Handshake. COUNT 1300
means that only 1300 bytés_wiil be ac-

cepted.

70-80 These two lines set up two variabies, | and
J, to pult out individual measurements
from B$. | is incremented in steps of 13

because the 3478A sends 13 characters
par reading. We aré only cancerned with
the first 11 characters though (CR LF is ig-
nored). Therefore, J is specified as 10
characters beyond 1.

30 Line 90 prints an individual substring of
gs specified by | and J.
100 Line 100 refers pack to fine 70 and in-

crements | for the next reading.
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B ke~ gs VERSION

38 1 347ap ADODRESS = Fa
48 GUTPUT 7oz itgn

8 ENTER 7283 USING "SCiEyv B

3 1 BIMARY STATUS EXAMPLE

1

-,

EZ.B3,B4, 55 Statug Bytes Program
B8 DIgp “BYTE 1=";E‘:ETCBIJ?);E€IT
f-:E:i:ﬁ)iBIT(EI;S}FEIT{BI.rQ-?JEE Lines ﬁescriptiun
IT{BIJE);BIT{BI,E').:BIT(E’I,1}
JEBITCBL.a> 40 The B Command instrycts the 3478A to
e DIsp "BYTE 2=" rEITQEEJ; ?:’JBIT Qutput its five status bytesi
Q’E::E':E);BIT*:’BB;.'E};BITCBE,%);E:
IT{BE'J?:‘-};BIT(E{Z,21:-;811’(82.- 1 50 The five bytes arg entered into variableg .

iBITERE2, @53 BT through B5,

28 prsp "BYTE 32“581T683;?)5ﬁIT . . )
(B3, 6)iBITcRZ, SYiRITeR:, 45: B 60-100 Each line displays the individual bits of ong
IT{BEJ3};BIT(B3;2?JBIT(BE,13 byte.

JEITORZ, @y . ,

2@ nrsp "BYTE 4:HJBIT{84J?}5BIT
KE4J€>;BIT684:W)sBIT(B4;4}sB
I?(Bd%.-3'}.:E¢IT(84;2.‘J.:BIT(B4;1)
iBIT(B4. @) 3

i prgp "BYTE 5=“;81T€85;?);BIT
{BSJEB;EITtBS,ShsBIT{BS!4);E
IT{BS,3>;EIT<BS,2>;BITc85,1) e
iEIT(ES, gy~ 'C7082 i B,

-

- B -ENp -
18t 247z ZTRTE PROGRAM ;
26 1 “hee ge YERSTION Measurement Functign Program
38 ! z47eR ADDRESS = FEz
48 F=gq “ Lines Bescription
S8 GUTPYT 723 ;vpn )
58 ENTER 723 usine "ICIBYY Ry 40 Line 40 Sets up variable F,
'8 IF BITe 1,73 = , )
;;_;;3 1F 81715381}.5;) g;ijgg ,rf—::;,,,z 50-60 As in the other Program, these two fines
78 IF BIT(R1,S THEM F=F+i : caﬂfm‘mefﬂﬁusbvws
i = r = b LY
iﬁg i,’i E:é :m%}:l gi___ugg i)gt¥§ " 70-90 The three highest bits of byte 1 are tested
126 IF F=3 THEN GE="2-UTIRE OHMS and F is valued accordingly,
138 IF F=q THEN Gg=w - i} " ; :
1;8 IF F=5 THi:f“.EN G$=“3C F{!’{?;:S JHMs 100-160  The value of F is testeq and G$ assigned.
158 IF F=g THEN G$="AC Anpg» 170. ; is printed.
168 IF F=7 THEN Ge=vexTinpey OHM 2180 The value of Gs is printeg |
S" : ;
176G PRINT YDi
88 PRINT "FUNCTION - "iG%
138 Enp
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347

84 Programming Commands

An invaiid rang

—
Type Command r Explanation
Measurement
Function F1 DC Volts function
F2 AC Volts function
F3 2-wire ohms function
F4 4-wire ochms function
F5 DC Current function
F6 AC Current function
F7 Extended ohms function
Range
R-2 30mVY DC range
R-1 300mV AC or DC range or the 300mA AC or DC range
RO 3V AC or DC range or 3A AC or DC range
R1 30V AC or DC range or the 30 ohm range
R2 300V DC or AC fange or the 300 ohm range
R3 3K ohm range :
R4 30K ohm range
R 300K ohm ranga
R6 3M ohm range
R7 30M ohm range
RA Selacts Autorange

e for a given function defaults to the most sensitive range if the range specified is too low, or
the least sensitive range if

the specified range is too high

Display

N3 Selects the 3 1/2 digit display. Fastest reading but fittle nolse rejection. .1 Pcwe{
kine Cycle integration, T s e e e o

N4 Selects the 4 1/2 digit display, 1 PLC integration,

N5 Selects the 5 1/2 digit display. Best resoiution and gréatest noise rejection. 10
PLC integration.

Trigger

T1 -internal trigger

T2 External trigger. Any reading in Progress is aborted, and the 34784 waits for zn
external trigger pulse to cceur. Triggeting ceours on the negative going edge of
the pulse. Readings may also be initiated by an HP-18 GET command.

T3 Single Trigger. Thig causes a single measurement 1o commence. Further readings
may be initiated by an MP-iB GeT command, but not an external trigger pulsa,

T4 Trigger Hold. Any reading in progress is aborted and the 3478A remains idle, The
3478A will still respond to an HP-IR GET tommand but not to an external trigger,

T8 Fast Trigger. Fast Trigger works the same as T3, except that in AC Volits, AC
Current, or the two highest ohms range the injtia! settling delay is omitted, If
more than one reading is necessary because of auto-ranging or ¥ the DMM must
change ranges or funetions to perform the measurement, the delay will accur nor-
maily




3478A Programmi

Explanation
Autozers
Z0 Autozerg off
21 Autozerc on
Write To
Display

D1 Return from D2 or D3 to NORMAL BisPLAY,

D2text | The "B2" command places the message "text” into the 3478A.display. The
message can contain any of the 64 Ascy characters fram decimai 32 through
95, inclusive The message may be ag long as necessary to fii up the 12
characters in the display. Note that the period, comma, angd semicolon go bet-
ween characters, Thig command is terminated by any controt character, sych as a
<CR>. If more than 12 characters are SNt the extra characters are ignored yn-
til a controf character s received. If the terminating controf character ig anything
but an HT, LF, VT, FF, or CR, It will resul in & syntax error. This commangd also
locks the display until an BITOr occurs, g D1 command is received, a devire clear
is received, or a front panef key is pressed.

D3text | Like the D2 Command above, this places the Mmessage "text” intg the display, |t
also turns off all dedicated anaunciators and then Stops updating the display, This
temmand takes about 30mS 1o complete, aftar which the considerable overhead
af updating the display is bypassed (meang a faster reading rate}. This enables the
3478A 1o respond to commands mere rapidly in certain tonditions, If the display
is not updated for about ten minutes, it wiil blank out completely, The display can
be restored by pressing the LOCAL_” key, or by éxecuting & D1, D2, or D3 com-
mandg,

Preset w
Commands o
HO Home Command. Thig mt_:Qmmandwpla-ces»vthe~*3¢"78A" e the DC Voits funetion,
ST T T T AU Rangs, Single Trigger state, 4 13 digit display, with Auto-Zero on. Any
o : result ready to be Qutput 1o the bus or dispiay is erased. The external trigger input
Is disabled. This command is equivalent to ”F1T4Rv~2RAZTN4".

H1 Measure DC Voits, This tomimand causes cng DO Voitage meésurement to be
made, following which &N enter command from the controfier wi access the
result, This command is like the HO command except that a trigger occurs This
command is equivalent 1o ”F1H-2RAZ1N4?3”,

M2 Measure AC valts, identical to M1 except for the functien. £

H3 Measure 2-wire Ohms. ldentica 1o H1 “except for the function.

+Ha Measure 4-wire Ghms, ldenticat to H1 except for the function.

H5 Measure Do Current. Identical to M1 except for the function.

H6& Measure AC Current, identical to #1 except for the function,

L M7 Measure Extended Ohms, Identical 10 M1 except for the function

ng Commands (Cont’d)
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3478A Programming Commands (Cont’d)

Type

Command

Explanation

Birary Status

Binary Status. If the 3478A is addressed to talk after reception of the “B” com-
mand, it will cutput five bytes which indicate its currently programmed state.
This command alsp clears the error register {byte 4}, The meaning of the five

bytes is:

Byte 1: Function, Range, and Number of Digits.,

If Octal value of bits

7.8,5

then DC Volts

then AC Volts

then 2-wire Ohms
then 4-wire Ohms
then DC Current
then AC Current
then Extended QOhms

1
N DO R W N -

If Gctat value of bits

4,3,2

= 1 then 30mV DC, 300mV AC, 30 chm, 300mA
AC or DC, Extended Ohms

= 2 then 300mV DC, 3V AC, 300 ohm 3A AC or DC

then 3V DC, 30V AC, 3K ohm

then 30V DC, 300V AC, 30K ohm

thers 300V DC, 300K ohm

then 3IM ohm

then 30M ohm

|
~N Mo s W

IF Octal value of bits

1.0

= _ 1 then 5 1/2 digit mode. . ..
= 2 then 4 1/2 digit mode
= 3 then 3 1/2 digit mode

Byte 2: Status Bits

Bit
Bit
Bit
Bit

Q = M WA~
|

Aiways zero

then External trigger enabled

then Cal RAM enabied

then Front/Rear switch is in the front position
then 3478A is set up for 50Hz operation
then Auto-Zero is enabled

then Auto-Range is enabled

then Internat trigger is enabled

— ol o s

S S—y

Byte 3: Seriai Poll Mask (SRCQY

8it 7 =

Bit 6
Bit 5
Bit 4
Bit3 =
Bit 2
Bit 1

0

t then PON SRQO switch was on the fast time power was turned
on or a device clear message was received

Always zero

then SRQ if CAL procedure failed

then SRQ if keyboard SRQ is pressed

then SRQ it hardware srror occurs

then SRQ if syntax error sCCuUrs

not used

1 then SRQ as every reading is availabe to the bus

R Y
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Chapter IV
Operators Maintenance

Introduction

Your 3478A 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 bg in proper electrical working condition.

The information in this chapter covers the initial setup and installation of the
3478A and should be read before the 3478A 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 4-1 lists the available accessories for your 3478A. These accessories are of-.

fered to help you maximize the usability and convenience of your 3478BA.

Tahle 4-1. Accessories

o T—_Accassuﬂ Numbaer Description
10023A Temparature Probe . B
10631A HP-1B Cable, 1 Meter {38.37 inches}
1063218 HE-1B Cable, 2 Meters {78.74 inches)
10631C HP.IB Cable, 4 Meters (157,48 inches)
1068310 HP-IB Cabie, 0.5 Meters {19.89 inches)
11000A Test Leads, Dual banana both ends
11002A Test Leads, Dual banana to dual alligator
11C03A Test Leads, Dual banana to probe and aliigator
110968 RF Probe
24111A High Voltage Probe
34118A Test Leads, banana to probes with safety
guard rings
Option 907 Front Handie Kit
15061-1088)
Option 808 Hack Mounting Kit
{B061-Q072}
Option 910 Additional Operators Manual and Service
Manua!, -hp- Part Number 03478-80000,
03478-90001
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Initial Inspection

Your 3478A was carefully inspected before it left the factory. It should be free of
mars or scratches and in proper working order upon receipt. You should, however,
inspect the instrument for any damage that may have occurred in transit. If the
shipping container or cushioning material is damaged, it should be kept until the

trical performance of the 3478A are given in the 3478A SERVICE MANUAL (-hp-
part number 03478-30001). if there is any mechanical damage or the contents
are incomplete, or the instrument does not pass its performance tests, notify the
nearest Hewlett-Packard office {a list of the hp Sales and Service Offices is
located in the back of this manual). if the shipping container is damaged, or the
cushioning material shows signs of stress, notify the carrier as well as the
Hewiett-Packard office. Save the shipping materials for the carrier,

Preparation for Use

Power Requirements

The 3478A DigitaE Multimeter requires a power source of 100, 120, 220, or 240
Vac (—10%, +5%), 48 Hz to 440 Hy single phase. Maximum power consump-
tion is 25 VA,

¥
Line Voltage Selection

- Refer to the rear panel of the 34784 for the line voitage option label. Make cer.
‘tain that the option marked on the label is the same as the nominal line voltage for
your area. Also check the left most switch (50/60Hz switch) for the proper set-
ting, i.e., up for 5OHz and down for 60Hz, Table 4-2 lists the available power op-
tions.

Table 4-2. Line Vaoitage Options

Option No. Line Voitags Fraquancy Powar Lline Fusa &
318 166 50 250 ma
{-hp- part number
2110-0004)
316 100 60 250 mA
325 120 50 280 mA
326 120 80 250 mA
335 220 5O 125 mA
{-hp- part number
2110-0318)*
336 220 80 125 mA
345 240 50 125 mA
348 240 60 128 mA
* _slo-blo fuse_J
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CAUTION

f@_efare' connecting the . multimeter to-an-ac power source,

verify that the ac po wer_source “matches ‘the power re-

ments of the multimeter as ma

ed-on the option Jabel
y quallfied service .

- quir

Power Cords and Receptacles

Figure 4-1 illustrates the different power cord configurations that are available to
provide &t power to the 3478A. The -hp-part number shown directly below the in-
dividual power plug drawing is the part number for the power cord set equipped
with the appropriate mating plug for that receptacle, If the appropriate power cord
is not included with the instrument, notify the nearest -hp- Sales and Service of-
fice.

280 ¥ 250V 250V ‘ 280V
OPERATION GPERATION - OPERATION OPERATION

PLUG®: SEV 1011.185%-24507
PLUGY: CEET-VT 1 PLUG*: CEE22-V1 PLUG®: DHCR 107 TYPE 12
CABLE®: HP 8120-1682 CABLE*: HP 8120-1860 CABLE®: HP 8120-2358 CABLE*: HP 8120-2104

260 V - BA** 125 V- BA®®

125V - 6A*" 250V 250V
QPERATION OPERATION

PLUG® NEMA 1-1BP PLUG*: NZ8S 19B/AS C1 12 PLUG*: BS 1363A PLUG*: NEMA G-15P PLUG"; NEMA B-15F
CABLE®: Hp 8120-0684 CABLE®: HP 8120-0698 CABLE®: HP 8120-17C3 CABLE®: HP 8120-0698 CABLE®: HP 81201521

STD-B-4195 {Rev.} «¥he number-shown for the plug la the industry identitier for the plug only,
The nupnber shewn For the cablé is an HF part aumber tor a compiste eable including the plug.

» o3t listed for use in tha Upited Statas of. America

Figure 4-1. Power Cables
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 rwo-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 suppﬁed'power cable
meet International Electrotechnical Commission (IEC) safety standards.
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Safety Considerations

General safety precautions must be adhered to during ail phases of operation of
the 3478A. Failure to comply with these precautions or with specific warnings
elsewhere in this manual, violates safety standards of design, manufacture, and in-
tehded use of the instrument, Hewlett-Packard company assumes no liability for
the customer’s failure to comply with these requirements. This is a Safety Class 1
instrument. ' '

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

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

WARNING The WARNING sign denotes 3 hazard. It calls attention to g
procedure, practice, condition, or the like, which, if not cor-
rectly performed or adhered to, could result in injury or

-death to personnel.

CAUTION The CAUTICON sign denotes a hazard. It calis attention to
%n operating procedure, practice, condition, or the tike,
which, if not correctly performed or adhered to could result
-~~~ indamage-or destruction to all or part of tha product.

NOTE The NOTE sign denotes important information. [t 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:
this symbol when it is necessary for the user to to gefer 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 3478A is calibrated, careful note should be taken of the ambient
temperature. In order to meet and maintain the specifications listed in Table 4-3,
the 3478A should be operated within & 5oC {+ 9°F) of the calibration
temperature, also called the reference temperature. As it comes from the factory,
the 3478A should be operated within an ambient temperature range of 23°C
+5°C (73°F +9°F). The instrument may be operated within an ambient
temperature range of 0°C to 55°C (+32°F to 131°F) but with reduced ac-

-curacy.

Specifications

The specifications for the 3478A are the performance characteristics of the instru-
ment which are certified. These specifications are listed in Table 4-3, and are the

performance standards or limits against which the multimeter is tested. Included in.

the table are some supplemental characteristics of the 3478A and should be con-
sidered as additional and general information for you, the user. Because of the
many operational capabilities of the 3478A, exercise care when checking the in-

struments 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.

interface Connections

The -hp- 3478A is compatible with the Hewlett-Packard Interface Bus (HP-IB), HP-
IB is Hewlett-Packard’s implementation of IEEE Std. 488-1978, ” Standard Digital
interface for Programmable Instrumentation.” Refer to Appendix A for specific in-
formation regarding HP-1B.
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The 3478A’s HP-IB connection is made by an HP-iB Interface cable to the 24 pin
HP-IB connector located on the rear panel. A typical interconnection of HP-IB is
shown in Figure 4-2 in which system interconnection is made by three interface
cables. The ends of the cables have both a mate and a female connector to enable
connections to other instruments and cables. As many as 15 instruments can be
connected by the same interface bus. However, the maximum length of cable that
can effectively be used to connect a group of instruments should not exceed 2
meters (6.5 feet) times the number of instruments to be connected, or 20 meters
(65.6 feet) total, whichever is less.

v  Figure 4-2. Typical HP.IB System Interconnection

Address Selection

The"HP-IB “address of the 34784 'is determined by the settin
most switches on the rear panel, These switches are read at power-on, whenever
the ADRS key is pressed, or whenever an HP-IB CLEAR message is received over
the bus. Turning on {up) all five switches selects the 3478A Talk-Only mode., The
3478A normally leaves the factory with the address switches set to decimal code
"23". The corresponding ASCH code is a listen address code of “7” and a talk
code of “W” . Refer to Figure 4-3 for the factory address switch setting.

@

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 muitimeter. Use the side siots on the
"A” terminal to rotate the termina!l counterclockwise. The terminal and fuse will
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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
1o the front panel.

pPower Line Fuse

The power line fuse is located on the rear panel of the 3478A in the lower right
corner. To replace the fuse, turn the multimeter’'s power switch off and remove
the power cord from the rear of the instrument. With a small flatblade screwdriver
rotate the fuse terminal counterclockwise. Replace the fuse with the appropriate
fuse as shown in Table 4-2. Reinstall the fuse and terminal and apply power.

3478A DVM
- " INSTRUMENT
NOT USED\ ADDRESS
1 ‘

: : Shown at Factory

1 Befault Address

1233, This number

O is called the

Primary Address.

ASCI Code
Character Address Switches 5-bit

Listen Talk Decimal Code

<
wxmmmcnm>@

R

}

22

2 34— Factory Defauit
24

25

28

27

28

29

30

Select Codes can
pe any integer 1
thru 12, Primary
Addresses can be
any integer O thru
30, 31 is not &
valid HP-IB ad-
dress.

-wmﬂmmxxwm—‘&\-

J
K
L
M
N
G
P
Q
R
]
T
U
v
W
X
Y
Z
t

]

Talk Only

VoA

Figure 4-3. 3478A Address Codes
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In Case of Trouble

If at any time YOu suspect that the 3478A is maifunctioning, perform the self test

as follows: TEST/
RESET

SGL
TRIG

This initiates the functional self test of the 3478A. The self test starts by turning
on every segment in the display {except the top dot on the colon) for about 2
seconds. Following this the self test actually begins with any discrepancies noted
in the display. If there are no self test failures, the HP-IR address is displayed and
the 3478A returns to its power-on state. The following is a list of possible self
test failures:

press:

U.C. RAM FAIL - This indicates the internal mi.crocomputer {U.C.)
RAM {not CAL RAM) has failed its self test.

U.C. ROM FAlL - The 3478A has failed its internal ROM self test,

UNCALIBRATED - The RAM that contains the calibration constants
has an incorrect checksum, the calibration of the
3478A is suspect

A:D TEST FAIL - The A/D converter has failed its self test.

A}
A:D LINK FAIL - The microprocessor cannot communicate with the
A/D converter.
If the Voltmeter self test fails, or the display is blank, or it will not respond to the
front panel keys (3478A not in REMOTE mode), turn the multimeter off and per-
form the foliowing steps.

1. Remove the HP-IB connector, External Trigger, Voltmeter Complete and
power cables, ' ‘
&
2. Check the Line Voltage option marking on the rear panel of the 3478A to
ensure that it is set to the correct nominal tine voltage in your area {i.e., 110,
120, 220, or 240 Vac),

3. Ensure that the correct power line fuse is installed and that it is intact.

4. Check the AC power cord and plug it into the AC receptacle on the 3478A.
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5. Turn the 3478A on. Watch the digplay. At turn-on the multimeter will
display SELF TEST, then the HP-1B address, and then start taking readings in the
dc volts mode. If any part of the self test shouid fail an errof message will be
shown in the dispiay instead of the HP-1B address.

6. If the display does not return or i the self test fails again, the 3478A re-
quires service. Notify your local -hp- Sales and Service Office for specific informa-
tion on where to send the instrument for repair.

Remote

At the end of this chapter is a program that you can use 10 verify the operaticnal
readiness of the 3478A, Although the program was written for the -hp- 85 com-
puter, tije attendant flowcharts may be used to convert the program to run on
other computers. The program was not designed to troubleshoot the 3478A but
the information gathered by running the program can be a great help in
troubleshooting.

Before running the program make cer-
tain that the 3478A is the only instru- ‘ , .
: . REHOVE ALL INGTRUMENTS
ment on the Bus. Remove the test "7 FrOM THE BUS EXCEPT 24?39.
. 2. po HOT- PRESS ANY Z478R.
leads and external trigger and VM KEYS DURING THIS TEST
; . UNTIL INSTRUCTED TO DO SO
c_omplef{e cables. Foliow the instruc S  REMOVE ALL INPUT CABLES
tions given on the CRT. ¥ FROM THE 347ER.
i TEST PRUGRESS IS SHOMN ON THE
DISFLAY .. ERRGRS ARE HOTED O

” [ THEJPRI&TER. FPRESS ECONTI KEY
Response: Press the "CONT” key . To BEGIH.

24786 VERIFICATION PROGRRAY

uHAT 1S RODRESS OF THE z47887

Response: If the addiess of the ____<FACTORY RODRESS=723)
3478A is 723, then just S KEY
press the END LINE key. If
the address is different,
enter the new address {3
digits}, and press END

LLINE.
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{ SELF TEST = . L

X% SELF TEST PASSES gx

Response: Press the 3478A SRQ  HEREETSTTIRI IRy SRa
key. The calculator will

continue to beep every 10

' "PRESS 347SH FROHT FANEL sgpa

seconds until the key is P
pressed. '
- TESTING FOR PROGRAM cosEs’
Response:  You will be asked to FASSES ILLEGAL coDE vesy
disni | HATCH Z4P8R DiseLay . o
watc.h the 3478A display PRSSES RANGE. FUNCTION.
as It completes the AUTOZERD TEST :
e . . PASSES DISPLAY TEST
verification, The final : PRSSES TRIGGER TEST
. _— : PROSES PRESET CONNANDS Tegt
"hp-85  display indicates | READINGS TEST PRSSES

that all tests passed.

ES T VERIFICATION COMPLETE g3y
¥ END OF VERIFICATION PROGRAR %

-

¥
What the Test Does

Test 1. SELF TEST.

This test verifies that the 3478A responds to the HP-IB CLEAR command and per-
forms its internal seif test, '

Test 2. PROGRAM CODES,

The test starts by verifying that the 3478A can send an SRG angd f{wat the com-
puter will respond to it. Next, an illegal code is sent to the 3478A to be certain
that it rejects it. Then, all possible combinations of autozero, function and range
codes are sent to the 3478A. in addition, ali display modes, trigger modes and the
preset commands are tested. Finally, two readings are taken. One from the the
300V dc range that is checked to be sure there are no offsets. The second
reading checks for an overload condition from the 2-wire ohms mode.
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Warranty Information
Certification

Hewlett-Packard Company certifies that this product met its published specifica-
tions at the time of shipment from the factory. Hewilett-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 ca{fbration facilities of other International Standards Organization members.

Warranty

This Héwlett-Padkard 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 returnéd 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 pregramming instructions when properly in-
stalled on that instrument. Hewlett-Packard does not warrant that the operation of

"~ $he ihstrument, or software, or firmware will be uninterrupted -or -error free... -

Limitation of Warranty

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD

SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.
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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.

Assistance

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service OFf-
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 autherized to service and repair 3478A
DMM’s. Contact your local -hp- sales office for specific infermation on where to send the instru-
ment for repair. This will substantially reduce turn-around time. You may have your
3478A repaired by Hewlett-Packard anytime it needs service, whether it is under
warranty or not. There is a charge for repairs after the one year warranty period.
A list of sales offices is conveniently provided in the back of this manual. Outside
of the Unhcedg States, repair service may be obtained at your local -hp- service
center, :

‘Serial Number

Each 3478A multimeter carries its own serial number on a plate on the rear panel.
It is recommended that owners keep a separate record of this number. Should
your unit be lost or stolen, the complete serial number is often necessary for trac-
ing and recovery, as well as any insurance claims.

%

Generai Shipping Instructions

Should you ever need to ship your 3478A, 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.
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Further Considerations

Cleaning

Disconnect the 3478A from its ac POWEer SOurce before cleaning. The multimeter
can be cleaned with & soft cloth dampened either in clean water or in water ¢on-
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 teo 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 jeakage paths and decrease the input impedance. To maintain the high
input impedance of the multimeter, the input terminal area shouid be cleaned

periodically with a cotton swab dipped in isopropy! alcohol.
N - E
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Verification Program and Flow Chart
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“*arification Program

UM ZELF TEZRT

and Flow Chart {Cont’d)
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Verification Program and Flow
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\-’q;iﬁcation Program and Flow Chart (Cont’d)
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Table 4-3. Specifications

nput Charactaristics:
Maximum
Reading Resolution
Rangs {8% Digiy) 5% Digit | 4% Digit | 3% Digit
30mv +30.3089mv 100nV 1V 10uV
300my +303.099mV 1uV 10V 100uV
3V +3.03088 Vv 10uV 100V TmV
30 v +30.3083 Vv 100sV itmv 10mV
300 v +303.089 v 1mvV 10mV | 100mv
Input Resistance:
30mV, 300mV,3V ranges: >1010%
30V, 300V ranges: 10MQ + 1%
Maximum laput Voltage: Inon-destructive)
HitoLo: 303V rms or 460V peak
Hior Lo to Earth Ground: =500V peak
Measuremeant Accuracy:
£1{% of reading + number of counts)
Autoc-zero ON
5% Digit Mode:
Cal. Tamp + 1°¢ Cal Tomp. z5°¢C
Range 24 Hours 99 Day 1 Year
30mV | 0.030 + 41 |0.040 + 41 | 0.044 + 41
300mv | 0,007 + B 0020+ 85 |0.018+ 5
3 Viooee + 2 0018+ 2 | 0018 + 2
30 V| 0.007 + 3§ 0020+ 3 |0019+ 3
300 viooos+ 27|0020+ 2 |0.019+ 2

4% and 3% Digit Moda:

DG VOLTAGE

Accuracy.is.the. sameas-5% digit mode for % of reading; use -

1 ceunt for number of counts on ail ranges except 30mV
range use 4 counts,

The Cal. Temp. {Calibration Temperature) is the temperature
of the environment whers the 3478A was caiibrated. Cati-

bration should be performed with the temperature of the
anvironment between 20°C and 30°C,

Aute-Zuro 0ff:

6% digitl for a stable environment (£ 1°0)
110 counts to accuracy specification for
counts for 300mV and 30V ranges,
range.

Temperature Coefficient:

for <24 hrs,, add
30mV range, 11
3 counts for 3V and 300v

0°C to (Cal. Temp. —5°C},{Cal. Termp, +59C) tg B5°C

BY% digit display, auto-zerc ON
* (% of reading + number of counts)/eC

fange | Temperature Coefficient
30mv 0.0028 + 5
300my 0.0005% + 0.5
3V 0.0004 + 0.085
30 Vv G.0006 + 0.5
300 v 0.0004 + Q.05

Noise Rejsction:

I dB, with 1kl imbalance in Lo lead. A

60Hz + 0.1%. Auto-zaro ON.

AC At oe

Display I KMR | ECMR E CMR
5% digits 80 140 140
4% digits 59 120 140
3% digits 0 80 140

Maximum Reading Rates: (readings/sec)

C rejection for 5O,

First reading is correct within .1 count of final value, when on
carrect range, triggered coincident with step input.

The reading rates are dependent on the speed of the controller

AC VOLTAGE{true rms responding)

Input Characteristies:

Maximum
Reading Resolution
Range {5% Digit) 5% Digit | 4% Digit ] 3% Digit
300mv 303.099mv TuV 10uV 100uV
3 v 3.03089 v 10uV 100V Tmv
3 Vv 30.3099 v 100uV Tmy 10mvy
300 Vv 303.089 v 1mv 1CmV | 100mv

Input Impedance;
1M + 1% shunted by <B0pF

Maximum Input Voltege: (non-destructivel

Hito Lo: 303Vims or 450V peak
Hior Lo to Earth Ground: + 500V peak

80

Measurament Accuracy:

#

#{% of reading + number of counts)
Auto-zero ON. 5% digit display. Accuracy is specified for sina-

wave inputs only, > 10% of full scale.
1 Year, Cal. Temp. £5°C

being used‘ o —-— = e e
Line Auto . Rasolution
Fraguence Zaro | 3% Digits ¢ 4% Digits | 5% Digits
Off 71 33 4.4
60Hz On 53 20 2.3
Off 67 30 3.7
50Hz On 50 17 1.9

Ranges
Freguancy 308mv 3V, 3gv 300V

20Hz-50Hz 1.14 + 163 1.14 + 102 1.18 + 102
S0Hz~ 100Mz C,46 + 163 0.46 + 103 0.5 + 107
100Hz - 20kHz .29 + 163 0.26 + 102 0.33 + ¥
2CkHz - 50kHz 0.66 + 247 0:41 + 180 0.5 + 1.
80kHz ~ 100kHz 1.74 + 882 1.06 + 828 1.26 + 825
100kHz — 300kHz 10.1 + 3720

{30V range only}




)

Auto-Zero Off:

(5% digits) for &

stabie environment

Table 4-3. Specifications

{Cont'd)

AC VOLTAGE {true rms responding {Cont'd)

counts to accuracy speciﬁcations tor all ranges.

Tomparaturs {oefficient:

o°C 1o {Cal. Temp. - 52C),{Cal Temp. +8°C) to 85°C,

5% digit display. auto-zero ON.
Eor frequencies < 20kHz, £
Eor frequencies >

Crest Factor:

= 4:1 at full gcale.

input Characteristics:

Maximum
Reeding
{8% Digit!

Rangs

{0.016% of readin
20kHz, +10.04% of reading

5% Digit

t£1°C), for <24 hrs,, add 10

g + 10 counts/°C
+ 10 counts)/®

C

Commot Mode Bejection:

With 1k imbalance in Lo lead, = 70dB, dc 0 HOMz.

Maximum Reading Rates: {readings/ sec)

First reading 8 correct within 70 counts of final velue, when o0
carrect range, triggerad colncident with step nput. Add 0.6 seconds for
sach range change.

Reading rates afre the same as dc volts using fast wigger {T51. Using Nor-
mal Trigger (T1, T2, T3k

£or 50 or 60HZ operation, auto-zerc ON of QFF.
3% or 4% digits: 1.4
51 digits! 0

RESISTANCE (2-wire Q, 4-wire 93]

Resolution
4% Digit

3% Digit

30,3089 O 10mg
300 © | 303.089 Q 100mg
3k | 3.03099 kO R
30 kG | 30.3098 31 10 @
300 ki 303.099 kO 100 ¢
3aMG 3.03099M0 1 kQ
30MQ 30.3089MQ 10k
input Protection: (non-destructivel
Hi source to Lo soufce + 350V peak
Hi sense to Lo sense: + 350V peak
HiorLoto Earth Ground: * 500V peak
) @agsqmmam Ascuracy:
+{% of rearfn“ihr.wg“ + number 8f séuntsi T T 7 7
Auto-zerc ON. 4-wire ohms.
5Y Digit Mode:
cal. Temp = 1°C cal, Temp. £5°C
Range 24 Hours \ 31 Day | 1 Year
300 ©.023 5 10.027 + 41 0.034 + 41
3004 0.0045 + 4 0.012 + B 0.017 + B
3y — 300k0 0.0035 + 2 1 0.011 + 2 1006+ 2
M0 0.0082 + 2 0.01% + 2 0.016 + 2
30MQ D03 + 2 |0.068+ 2 [0.078+ 2

Input Characteristics:

Niaximum
Reading
5% Digit)

+303.099mA
+3.03089 A

Maxjmem lnput: (non-des’cructive}

3A frem < 2HOV SOUrce:

Raselution

5% Digit | 4% Digit l 3% Digit

1A
10sA

10pA
100pA

EA3

suse protected

100pA
TmA

9.Wire Ohms Accuracy:

Same ag 4-wire ohms, except add a maximum of 1C5inG off-
sat. On the 3ME range add an additional offset of 0.0018%
ot reading. On the 30MQ range zdd an sdditional offset of
5.0083% of reading.

Auto-Zers O

_ {B¥ digith
" 110 counts to accuracy
for 3008, 3 counts for
for 3ME range, and 33 counts

for a stable environment {1 agy, for <24 hrs. add
specification tor 300 range, 11 cOUNts
aKG through 360K ranges, 8 counts
for 30MG range.

Temperature Coefficient:

QoC to (Cal. Temp. 10 55°C
5% digit display, auto-zero ON

+ {--% of reading + number of counts)/°C
g

—5ogy,(Cal. Temp. +5°C}

Range Temperature Coefficient

300 + B
SA000 . . .. c.0009 + 5
Ak — BO0KN TTO.0009 -05 -
3MQ 0.0021 + 0B
30MR g.021 + .05

Current Through Unknawn:

300&2,3%(9!30}61,BOOKQ,SMQ,BOMQ
A, 1 COuA, 10a,12,1000A

Range: 304,
Cutrent; 1mA, 1mA,

fRaximum Open girsuit Yoitage:

8.5V

Maxman Restding Rates:

Same as d¢ volts, except for 300 and 30M{l ranges. For 3MQ
range. add 30ms; for 20N range, add 300ms per reading.

DG CURRENT

81

Heasurament Accuracy:

+ {% of reading + number of counts}
Auto-zers ON

Cal. Temp, £5°C

Range 80 Bays | 1 Year
300mA 0.11 + 401 0,15 + 40
3A, < 1A input G4+ 6] 0174 6
3A,>1AMput | 1.0 T 31 1.0 +30



Table 4-3. Specifications {Cont'd)

DC CURRENT (Cont'd)

Aute-Zero OFf:

(5% digit) for a stable environment [+ 1°C), for < 24 hrs., add
110 counts to accuracy specification for 300mA range, 11
counts for 3A range,

Teamporature Cosfficient:

0°C to {Cal. Temp, ~£°C),(Cal. Temp. +5°C) to 58°C
5% digit dispiay, auto-zero ON
* {% of reading + number of counts)/°C

Ranga H Tamperature Coofficient
300mA $5.012 + 5
3 A 8.012 + 0.5

Maximum Burdsy at Fult Seale:

v

Maximum Reading Rates:

Same as de¢ volts

AC CURRENT (true rms responding)

input Charscteristics:

Maximam
Readiny Resaletion
fiangs (5% Digit) 5% Digit | 4% Digit } 3% Digit
300mA 303.099mA TuA 10uA 100:A
3 A 3.03C99 A 10uA 100:A TmA
Maxizum inputs {non-destructive)
3A from <250V source: fuse protected

Measuremant Accuraoy:

% (% of reading + number of counts)

Auta-zerg ON, 5% digit display, accuracy specified for sine-
wave inputs only > 10% of full scale.

T YEAR, CAL. TEMP. £ 5°C

Autp-zero OFf:

{6% digits) for a stable environment {+ 1 2C), for <24 hrs.
add 10 counts to accuracy specification,

T

Tamperature Cosfficient:

0°C to {Cal. Temp. —5°C}, (Cal. Temp. +5°C) to 55°C,
B% digits, auto-zero ON.
+.“8021% of reading + 10 countsi/°C

" .um Burden at Full Scals:
v
Crest Factor;
>4:1 at full scaie
Maximum Reeding Rates:

Same as ac volts

GENERAL INFORMATION

Ranges
Frequency 300mA ; 3A
20Hz -~ 50Hz -1.84 + 163 | 2.24 + 163
B0Mz - 1004z B1 + 163 1.5 + 183
100Hz ~ 1kHz 81 + 163 ] 1.5 + 163
kM2~ 10kHz | .72 + 163 | 1.42 + 163
- 10kFHz - 20kHz .86 + 163 | 1.56 + 163
Operating Temperaturs:
0 to 55°C
Humidity Renge:
98% R.H., 0 to 40°C
Storage Tempersture:
-40°C to 75°C
Warm-up Time:
1 hr. to meet ali specifications.
Integration Yime:
' Line Fraguency
Number of Digits 50H;z | 60Hz
5% 200ms 168.7ms
4% 20ms 16.67ms
3% 2ms 1.667ms

82

Powar:

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

Maximum Power:

<12 watts
&
Size;

102mm H x 2185mm W x 358mm D
BinHx8inWx 14inD)

Waight:
3Ky {6.5 Ibs.)



APPENDIX A

Introduction

“This appendix contains a general description of the Hewlett‘Packard Interface Bus
(HP-IB}. HP-IB is Hewlett-Packard’s implementation of IEEE Standard 488-1978,
" grandard Digital Interface for Programmable instrumentation” . The information is
non-controlier dependent but, where appropriate, is dependent on the 3478A.

General HP-1B Description

The Hewlett-Packard interface Bus (HP-1B} is & carefully defined interface which
simplifies the integration of various instruments, calculators, and computers into
systems. The interface provides for messages in digital form 10 be transferred bet-
ween two or maore HP-1B compatible devices. A compatible device can be an in-
strument, calculator, computer, of peripheral device that is designed to be interfac-
ed using the HP-I1B.

4 The HP-IB is a parallel bus of 16 active signal lines grouped into three sets,
é*) according to function, to interconnect up 1o 15 instruments. Figure A-1 provides a
% pictorial view of the HP-1B connector and its pin designation. A diagram of the in-
1 terface Connections and Bus Structure is shown in Figure A-2.

:

Lo

glg; 'he 34784 contains mEiC. Y
p103 . studs as.apposed;;@-gpgﬁaﬁ
D104 r CHP-1B table
D105
D108
2107
Dioe
Q1
REM
DAV
NRFD bers-follow:
#‘%AC - 1LOCKSCREW LONG MOUNTING STUD SHORT MOUNTING STUD
SRQ 1 30,03{) 0380-0643 0380-%_44

4.8mm

ATN

SHIELD-CHASS!S GROUND

P/0 TWISTED PAIR WITH PIN 6

P/0 TWISTED PAIR WITH PIN 7 THESE PINS
£/0 TWISTED PAIR WITH PIN 8 ARE
PIG TWISTED PAIR WITH PIN 8 INTERNALLY
BIp TWISTED PAIR WITH PIN 10 GROUNDED
PiO TWISTED PAIR WITH PIN 11

|SOLATED DIGITAL GROUND

Figure A-1, HP-IB Connector
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DEVICE A

ABLE TO TALK,
LISYEN AND COWTROL

te.g. CALCULATCRD r DATA BUS

< (8 FigunL LiNESEH

DEVISE B

ABLE TQ TaLx
AMD LISTEN

[

te.g. DIGETHL YOLTMETER) = OATA BYTE TRANSFER CONYROL .

).
E-kﬂ-!" [3 SrguaL LiNES)

Et LINES

DEVICE ¢

ONLY ABLE YO LISTEK

{o.q. 5IGNAL GENERATOR = E T
" ! o ™ GENERAL |NTERFAGE MANAGEMENT

15 S10MAL LINES!

MANAGEMENT [CONTAQLI LINES

7
i
v
1
RV
S

PEVICE &

ONLY ABLE TO Tauk

te.q. TAPE REAGER) L 0 1-8

b QAN
R —
i W3

e — 1

ATH
L ottt SR
REN

e B s

Figure A-2. Interface Connection and Bus Structure

Eight Signal lings, termed as DATA Lines, are in the first set. The Data Lines are
used to transmit data in the form of coded messages. These messages are used to

-program the instrument function, transfer measurement data, coordinate instru-
ment-operation, -and -to-manage-the system. This-allows- you to-set-up-the instru---- - -

ment and read its measurement data. Input and Output of meaasges, in bit parallel
byte serial form, are also transferred in the Data Lines. A 7-bit ASCIl code normal-
ly represents each piece of data.

Data is transferred by means of an interlocking ” handshake” technigue which per-
mits data transfer {asynchronously) at the rate of the slowest active device used
in that particular transfer. The three DATA BYTE CONTROL iines@, coordinate the
transfer and form the second set of lines.

The remaining five GENERAL INTERFACE MANAGEMENT lines are used to manage
the devices on the HP-IB. This includes activating all connected devices at once,
ciearing the interface, and others. For a detailed description of the HP-IB lines,
commands, internal operations, etc. refer to the HP-IB Abbreviated Description
Manual, -hp- part number 5855-2803. A condensed description is aiso available in
the Condensed Description of the Hewlett-Packard Interface Bus Manual, -hp- part
number 59401-90080. The manuals are available through your local -hp- Sales
and Service Office.
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HP-IB System Overview

* The following paragraphs define the terms and concepts used to describe HP-1B

(Bus) system operations.

HP-IB System Terms

a. Address: The characters sent by 8 controlling device 1o specifyfwhich device
will send information on the HP-IB and which devicels) will receive that informa-
tion. Addressing may also be accomplished by hardwiring a device t0 only send in-
formation or only receive Enformation}

k. Byte: A unit of information consisting of 8 binary digits (bits).
c. Device: A unit that is compatible with the IEEE Standard 488-1978.

d. Device Dependent: An action a device performs in response to information
sent over the HP-1B. The action is characteristic of an individual device and may
vary from device to device. ' i

a. Polling: This process typically is used by a controller to locate a device that
needs to interact with the controller. There are two types of polling, as follows:

1. Serial Poll: This method obtains one byte of operational information
about an individual device in the system. The process must be repeated for
each device from which information is desired.

5 ‘parallel Pollr This- methods_obtains_information about a group of devices
simultaneously. The 3478A does not respond to a Parallel Poll. ~ 77 77 °

Basic Device Communication Capabilities

Devices which communicate along the interface bus can be classified into three
basic categories:

a. Talker: Any device that is able 10 send information over the HP-IB when it
has been addressed. Only one talker may be active at a time; usually the one that
is currently directed to send data. All HP-IB type calculators and computers are
generally talkers.

b. Listener: Devices which receive information over the HP-18, when they have
been addressed. A device may or may not be both a talker and a listener.
Caiculators and computers are generally both a talker and a tistener (at different
fimes).
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¢. Controller: The device that can specify which device(s) on the bus is a talker
or listener. There can be two types of controllers, an Active Controller and a
System Controller. The Active Controller is the current controlling device, The
System Controller can, however, take control of the HP-IB even if it is not the Ac-
tive Controller. There ¢an also be only one Active Controller at a time, even if
several controliers are on the Bus.

HP-IB Messages

Different types of information can be passed over the HP-IB to one or more
devices, Some of this inforamtion is in the form of messages, most of which can
be separated into two parts. One part can be classified as the address portion
specified by the controller and the information that comprises the messages. The
second part can be classified as HP-I8 management messages. These message are
compriéed of twelve messages and are called Bus messages,

a. Data: The actual information {binary bytes) sent by a talker to one or mere
listener. The information {data} can either be in numeric form or a character string.

b. Trigger: The Trigger message causes the listening device or devices to per-
form a device dependent action when addressed.

c. Clear: The Clear message causes the listening device(s) or all the devices on
the HP-IB to return to their predefined device-dependent state,

d. Remote: This message causes the fistening device(s} to switch from local

_ front panel control to remote program control. when_addressed. to listen — - - -

e. Local: This message clears the REMOTE message from the listening device(s)
and returns the device(s) to local front panel control,

f. Local Lockout: This message prevents a device operater from manually in-
hibiting remote program control, '

g. Clear Lockout and Set Local: With this message, ali devices*are removed
from the local lockout mode and revert to local. The remote message is also
cleared for all devices.

h. Require Service: A device can send this message at any time to signify the

device needs some type of interaction with the controfler. This message is cleared
by the device’s STATUS BYTE message if the device no longer requires service.
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i Status Byte: A byte that represents the current status of a single device on

we HP-1B. One bit indicates whether the device sent the require sevice message

.and the remaining seven bits indicate optional conditions defined by the device.

This byte is sent from the talking device in response to a ” Serial Poll” operation
performed by the controiler.

j. Status git: A byte that represents the operational conditions of a group of
devices on the HP-18. Each device responds on 2 particular pit of the byte thus
identifying a device dependent condition. This bit is typically sent by devices in
response to @ paratlel poll operation.

k. Pass Control The bus management responsibility is transferred from the ac-
tive controller- 1o another controlier by this message.

H

LT I

t  Abort: ‘The system controlier sends this message 10 unconditionally assume
control of the HP-1B from the active controller. The message will terminate all bus
communication but does not implement the CLEAR message.

3478A Bus Capabilities
The 3478A interfaces to the HP-iIB as defined by the |EEE Standard 488-1978.
The interface functional subset which the 3478A implements is specified in Table

A-1.

Tahle A-1. 3478A Device Capability

SH1 gource Handshake complete capability .
i AH1 Acceptor‘ Handshake complete capability
B Basic—-talker, with seriat poll, talk onty

mode, and unaddress with MUAL 7T k‘ R

!} -
| |
% TEC No extended tatker

L4 Basic listenef, unaddress when MTA
L.EO No extended listenef
SR1 Service request complete capability
RL1 Bemots-Local complete capability
PPC No paralie! poli capability
DC Device Clear campiete capabiiity

| pT Device Trigger complete capability

1 €O

No controiler capability
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HP-IB Worksheet

The HP-IB worksheet (Table A-2} can be used to determine the HP-IB capabilities
of the other HP-IB Compatible instruments in a system. The sheet may be filled in
with the bus message applicability for your controller and for each HP-IB device.
The bus capability for the 3478A has already been filled in. Refer to your con-
trolter manual and the manual(s} of your other device(s) for their Bus Message
Capabilities. Once the sheet is filled out, you should then have the HpP.|g
capabilities of your device(s),

Table A-2 HP-IB Worksheet

Message Devies
INSTRUMENT MODEL MOBEL
IDENTIFICATION S478A

LISTEN —
AND VEe LISTEN

TALK TALK
HP-1B kS
ADDRESS 5 BIT 5 BT

VALUE 23 VALUE
DATA S&R
TRIGGER R
CLEAR R
LOCAL R
REMOTE R
LocAL R
LOCKQUT
g
CLEAR LD & R
SET LOCKOUT
4 —
REQUIRE | B R T T I )
SERVICE
STATUS s
BYTE
STATUS N
BiT
PASS N
CONTROL
ABCRT N ¥
H | H
S = SENDONLY R = RECEIVE ONLY S 4R = SEND AND RECEIVE N = NOT IMPLEMENTED
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Pys Message Implementation |
. ¢ following eleven figures provide a déscription of the implementation of the Bus
Messages using the 3478A. The codes used in the figures are:

T = True F = False
X = Don't Care’ oct = Octal Code

3

Trigger Message (from Controller to Device(s])
To send the TRIGGER Messagg__(Groué Execute Triggerh: '

Aessage {Controller to 3478A}.

i Data from the contioller to the 3478A first:

Bus Management Lines

ATN] 1eC | srQ | REN | EO!
T el x D rix

Bus Management Lines

atn | ec | sra | nent Eol '
Tle |l x 1 11x

Sent gn Data lines Sent on Data Lines

7 _ U 7 _} 4 7 ect019
Universal Unlisten "I t ‘L 3478A Listen Address . Universal Unlisten Trigger Command
— Controller Talk Address Controller Talk Address 3478A Listen Address
Bus M t Li - :
us Management Lines ‘ Remote Message .-
ATN| IFC i SRQ% REN | EO! To Enter the REMOTE Mocie"
Fl sl x 111X ~ =
Sequence on Data Lines ' . Sus Management Lines . .
_ | aTN| e sra | ren| Eo i
_ Instrument S _ S EE RN AREERR" i
< Y. Program Codes ' : T E - ‘ IR R
Sent on Data Lines oy
T : P U7 ' LA
e(M}essaﬂa (3478A to  Controller or Gther ' o Universal Unlisten"J i -L34—7'8A Listen Address
selsl,

Controller Talk Address
ind Data from the 347B8A to the controller, first:

e e e _To Remnain in the REMOTE Mode:

Bus Management Lines

ATN] trC | SRG| REN | ECI
T Pl xt x 1! x

Bus Management Lines

ATn! et spa | ReN| EO1
FLEI Xt x 1 x

Sequence on Data Lines
Local Message

TW S
Universal Unlisten g : l T-Ccntreﬁer Listen Address Toenter the LOCAL Mode;
) 3478A Talk Address

R T SR TR A 8

-k,

Bus Management Lings

_ _ ' _ “atndrc] smolren| soi
: . TIrl xttle

4
e
i
R

Bus Management Lines o Sent on Dats Lines
0 ATN | 1FC | SRQ | REN | EO1 : 1u7 1001
- F i F X 1 x ! X Universal Unlisten Go to Local instruction
Controller Talk Address 3478A Listen Address -
Sent on Data Lines o .

L' S Output DATA

: from 3478BA
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- Clear Message
To send the CLEAR Message:

Bus Management Lines

ATN | IFC | SRQ | REN | EOI
R ERERES

"Sent on Data Lines
octD04

Clear Command

Bus Message Implementatlon (Cont’d)

Require Service Message
To send REQUIRE SERVICE MESSAGE:

Bus Managemaent Lines .

ATN | IFC | SRQ | REN | EO}
x | x 1 11T XxTX

Local Lockout Messagé

To enable LOCAL LOCKOUT:

e e 34T 8A Listen Address!

To send the CLEAR MESSAGE Only 1o the 3478A:;

ATNUFC% SHQ{RENIEOi
FiF-X | 71X
Sent on Data Lines
? B oct CO4

" Universal Unliste}m‘
3478A Listen Address

Status Byte Message

Ciear Qcmmand

To Serial POLL the 3478A {obtain Status Byte):

Bus Management Lines

“ATN] IFC [

'SRQ | ReN | eol

T F ]

X T X | F

Sent on‘pata Lines
16 0ctD3CW S

Universal Uniisten

Serlal Poli Enable —

then:

ontrolier Listen Address
_13478A Talk Address_

Bus Management Lines

ATN | JEC | SRQ*{REN] EOL -

F i‘Fi X |IXT ¢

Sent on Data Lines

. 3478A Status Byte
*1f SRQ was true, it will switeh to the false state.

and finaliy:

" Bus Management Lines

SRQ | REN | EO

beroat

T seriat Poll Disable

ATN ] IFC
TIF] FI X F
Sent gn Data LINes oo oreicrnrosmmar

90

Bus Management Lines

ATN | IFC | SRQ |REN| EOI -

F] X [T F

Sent on Data Line_s
oct 021

'/ | |

i

Locat Lockout instruction

to maintain LOCAL LOCKOUT:

Bus Management Lines

ATN | IFC | SRQ |REN | EOI

X | X { X | 7T{Xx

Clear Lockout/Set Local Message
To CLEAR LOCAL LOCKOUT and set LOCAL:

Bus Management Lines .

v i e e e — ATNLIEC 1 SRO SRENLEQL . .

X X X ¥ X

Abort Message
To send the ABORT Message:

Bug Managemeni Lines
ATN | "IFC |, SRQ | REN | EOI

X | T X1 x X%




__ APPENDIX B
ASCIl Character Codes ST

FQUIVALENT FORMS ASCY

EQUIVALENT FORMS _ASCil EQUIVALENT FORMS ASEH EQUIVALERT FORMS

Binary Detel  Dee, Thar. Binary Beind Do Char, Hinary Octel  Dec, Cher. Binesy fctal. Dwe,
00000000 000 o spacel OCT00000 040 3z @ 01000000 100 84 ! 0110000¢ 140 96
60000001 001 1 1 eozo‘eoc{ 041 . 33 A 01000001 101 65‘ & 01100001 141 87
0eO00C10 002 2 4 00100010 042 34 B 01000010 102 66 5 01100010 142 58
0000001t 003 3 # 0oto0011 043 35 c 01000011 103 87 = ‘oamoon 143 85
H000O10G 004 & $ 0Q10010C 044 38 D 01000100 104 B8 d 01100100 144 - 150
OC00101 21 5 % 0c10010t G456 37 £ 21000101 108 89 8 07100101 1453 101
00000.110 Qo8 ] 00106}10 '. 048 as F C1000110 106 70 £ BII00Y10 146 102
20000114 cov‘." iy r 00100111 047 33 6 | owoo11 107 - 71 - g | o1t00111 147 103
00001000 010 8 { CO1C1000 050 40 M 01001000 110 72 h 1101000 150 104
00001001 011 s } 00101001 081 41 ! 01001001 11t 73 i 61101001 15t 108
00001010 012 10 . 00101G10 0582 42 J 01001019 112 74 i 9110-1010 152 108

gl 000CIOTT 013 11 + 00101011 053 43 K 21001011 113 ';5‘ "k 01101011 183 107
00001100 014 12 \ £0101100 054 a4 L 01001100 114 76 ! 01101100 154 108
00001101 015 13 . 001101101 658 45 M 01001101 118 77 m | 6110118t 185 109

* _;5,9%?10 ot T 14, ogigsiio. 088 46 N | 0%00111_0 _11e 78 5. Q101130 186 110
N 0090111.1 017 H- ! 00101111} 057 &7 c 01004111 117 78 ¢ | ononn 187 114
QoD1000G 020 18 0 Q0110000 060 48 t G1010000 120 80 [ 01110000 160 112
00010001 o2t 17 1 00110001 061 49 a 01010001 129 81 El 01110061 161 113

1 cociomio 022 18 2 00110010 062 50 g oioiocie 122 82 r 1110010 182 114

T T R e

' 0Ccg10100 Kerls 20 4 20110100 064 52 T c1010100 124 84 t‘ 01110100 164 116
¢ | oocrotor oz 21 5 00110101 065 53 u o100t 128 B u 01110101 '155 17
W€ 00010110 026 22 B 00110110 08§ 84 V1 pioiotio 126 88 v 01110110 166 118
: 00010111 027 23 7 0011011t Q&7 55 Wl 1010111 127 87 w C1110111 187 118
N ooonéoo 030 24 8 co1t1000 070 58 X} op1ot1000 | 130 CL:| X 01117008 170 120
00o11001 o 285 ) g6ii1001 o7 §7 . Y | 01011001 34 &9 ¥ QI111001 17T izt

B Go;e‘nom 032 28 : 60%11010 o7z £8 Z 01011010 132 80 z grriioe 172 0 122
31 00011011 033:.. 27 ; Co111011 072 e o C1011011 133 81 { o111101 173 123
| ooot1100 034 28 < 00111100 074 o V] ototiioe 134 82 ; 01111100 174 124
* 00011101 035 29 - 00111101 ©7§ &1 o] orwort1oy 135 93 } 01111101 175 128
0Co11110 Q38 ac > oo1It1IC 078 62 ~ 01011110 138 84 - 01111110 1768 128

k _,Jmnu 037 N ? ooty 7% 87 =1 oto11$11 137 88 DELE o1111131 1r7 27
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COMMAND QUICK REFERENCE GUIDE

Rangs Code
Function Coda " R2 R1 RO Rl R2 R3 R4 RS RS R? RA
) ‘ {Auterange!
bC Volts  F1 30mvV 300mV 3V 30V 300V + + + + *
AC Volts  F2 + 300mV 3V 30V 300V +. + + 0 e
2-W Ohm F3 * * * 300 3000 3Ko 30KG 300k 3MD 30MD
4-W Ohm F4 * * * 300 3000 3KQ 30KO 300KRD 3MO SGMQ_ '
bC Amps  FB * ICOmA 3A  + + + + + + +
AC Amps F8 * 300mA 3A  + + + + + + +
Enhanced  F7 '
Ohms
Notes: .
* indicates that the range code selects the lowest {most sensitivel range for that function
Lo e A . . ]
+ ‘ipdicates that the range code selects the highest {least sensitive) range for that function
Other Program Codes:
Fanctian
Mnemonis Qualifier Dascription Exampis
N 3,4,5 | Selects the number of digits of | N3 selects the 3 1/3 digit display
qisplay
T 1-5 “Trigger meode; internal External, | T2 selects external trigger
Single, Hold, Fast :
z 0,1 ' Autozero 70 tums Autozero off
Z1 turns Autozero on
8] 1-3 Display D1 selects normal display
D2text prints message “text” on -
e dRRY. L _
H 0-7 Home (preset)
MO =F1T4R-2ZRAZTN4
H1=F1R-2RAZIN4T3
H2=F2R-ZRAZINAT3
H3=F3R-2RAZINATY
M4 =F4AR-ZRAZTINATS
HE=F5R-ZRAZINAT3
HE = F6H-2RA_Z1 NAT3
H7 =F7R-2RAZIN4T3
B ‘Qutput Binary status
c Calibrate (see service manual)
K Ciear serial poll register
£ read and clear error register
T Mxx 0 to 77 | Set SRQ mask to ootal
{octall § value xx
s Return value of Front/Rear switch
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