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WARRANTY
Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of I year from ciate of
shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable batteries,
diskettes, and documentation. -

During the warranty period, we will, at our option, either repair or replace any product that proves to be dcfcctive.-

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio. You will
be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service facility. Repairs
will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for the balance of the origi­
nal warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley's express written consent, or misuse of
any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from battery leakage, or
problems arising-from norrilaf"wear or failure to (ollo-v;. instructions. ------ --

THIS WARRANTY IS IN LIEU OF ALL OTHEil.-WAIl.RANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE: REMEDIES PROVIDED HEREIN ARE
BUYER'S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDI­
RECT, SPECIAL, INCIDENTAL OR CONSEQUENtIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRUMENTS AND
SOFTWARE EVEN IF KEITHLEY INSTRUMENtS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF
SUCH DAMAGES. SUCH EXCLUDED DAMAGES~HALLINCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL
AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON,OR DAMAGETO PROPERTY.

KEITHLEY
Test Instrumentation Group, Keithl,ey Instruments, Inc.' 28775 Aurora Road' Cleveland, Onio 44139· (216) 248-0400' Fax: (216) 248-6168

CffiNA: Keithley Instruments, Inc.· 3 Holiday Inn Lido· Office Building 404C· Beijing, China, 100004 ·861-4362871 ·861-4362871
FRANCE: Keithley Instruments SARL. 3 Allee des Garnys· 8.1". 60·91 121 Palaisea~ Cedex· 01-60-11-51-55· Fax: 01-60-0-17-26
GERMANY: Keithlcy Instruments GmbH. Landsberger Sir. 65.82110 Germering· 089-849307-0· Fax; 089-8.4930759
GREAT BRITAIN: Keithlcy Instruments. Ltd.• The MinSler • 58 Portman Road· Reading, Berkshire RG3 lEA· 0734-575666· Fax: 0734-596469
ITALY: Keithley Instruments SRL· VJale S. Girnignano 38 • 20146 Milario· 02~4830jOO:8·'-'hx; 02-48302274
JAPAN: Keithley Instruments Far East KK· Sumiyosbi 24 Bldg., Room 201·2-24-2 Sumiyoshi-cho· Naka-ku, Yokohama 231 ·81-45-201-2246· Fax: 81-45-201-2247
NETHERLANDS: Keithlc}' Instruments BV· Avelingen Wes149· 4202 MS Gorinchem· Poslbus 559:· 4200 AN Gorinchem· 01830-35333· Fax: 01830-30821
SWITZERLAND: Keithley Instruments SA· Kriesbachslrasse 4 • 8600 Diibendorf· 01-821-9444· Pax: 01-820-3081
TAIWAN: Keithley Instruments Taiwan· ~rd Floor, Number 6· Section 3,.Mic Chuan East Road· Taipei, R.O.C.· 886-2-509-4465· Fax: 886-2-509-4473
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The following safety precautions should be observed before
using this product and any associated instrumentation. Al­
though some instruments and accessories would nonnally be
used with non-hazardous voltages, there are situati6Ii.s where
hazardous conditions may be present

This product is intended for use by qualified personnel who
recognize shock hazards and are familiar with the safety pre­
cautions required to avoid possible injury. Read the operating
infonnation carefully before using the product.

Exercise extreme caution when a shock hazard is present. Le­
thal voitage may be present on cable connector jacks or test
fixtures. The American National Standards Institute (ANSI)
states that a shock hazard exists when voltage levels greater
than 30V RMS, 42.4V peak, or 60VDC are present. A good
safety practice is to expect that hazardous voltage is present
in any unknown circuit before measuring.

Before operating an instrument, make sure the line cord is
connected to a properly grounded power receptacle. Inspect
the connecting cables, test leads, and jumpers for possible
wear, cracks, or breaks before each use.

For maximum safety, do not touch the product, test cables, or
any other instruments while power is applied to the circuit
under test. ALWAYS remove power from the entire test sys­
tem and discharge any capacitors before: connecting or dis­
connecting cables or jumpers, installing or removing
switching cards, or making internal changes, such as install­
ing or removing jumpers.

Do not touch any object that could provide a current path to
the common side of the circuit under test or power line
(earth) ground. Always make measurements with dry hands
while standing on a dry, insulated surface capable of with­
standing the voltage being measured.

Safety Precautions

Do not exceed !:he maximum signal levels of the instruments
and accessories, as defined in the specifications and operating
infor.ma,tion, and a$ shown on the instru_ment or test fixture
rear panel, or switching card.

Do not connect switching cards directly to unlimited power
circuits. They are intended to be used with impedance limit­
ed sources. NEVER connect switching cards directly to AC
main. When connecting sources to SW'itching cards, install
protective devices to limit fault current and voltage to the
card.

When fuses are used. in a product, replace with same type and
rating for continued protection against fire hazard.

Chassis connections must only be used as shield connections
for measuring circuits, NOT as safety earth ground connec­
tions.

Ifyou are using a test fIXture, keep the lid closed while power
is applied to the device under test. Safe operation requires the
use of a lid interlock.

Ifa @screw is present on the test fixture, connect it fo safety
earth ground using #18 AWG or larger wire.

The f symbol on an instrument or accessory indicates that
~1000V or more may be present on the tenninals. Refer to the
product manual for detailed operating information.

Instrumentation and accessories should not be connected to
humans.

Maintenance should be performed by qualified service per­
sonnel. Before perforining any maintenance, disconnect the
line cord and all test cables.

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



SPECIFICATIONS

UNEARITY: Linearity is defined as the maximum deviation from a straight
line between the readings at zero and full range: 10ppm of range for
3V-300V ranges; 15ppm of range for 300mV range; at 23QC ±lQC.

MAXIMUM ALLOWABLE INPUT: 300V rms, 425V peak, whichever is
less~

DC VOLTS
(6'12 Digits)

ACCURAcy
l

TEMPERATURE
±(%rdg + counts) COEFFlctENT

INPUT 24 Hr./ 90 Days, 1 Year, ±(%rdg +counts)/OC
RANGE RESOlUTION RESISTANq '23" .:l;JOC l8°.-2c&°C _18°_28"C 0"_18" &,: ~s.°-50°c;..

300 mV 100 nV >1 en 0.0020 +.203 0.005 + 2.Cf 0.0.08 + 203 0.0006 + 10
3 V 1 p.V >1 ,GO - --O~OO13 + 10 0.003 + 20 OJ)03$ +".w 0.0004 + 1

3D. _V 10 p.V 11 MQ 0.0015 + 10 0.006 + 20 0.008 + 30 OJ)913" + 3
300 V 100 p.V 10.1 MO 0.003 + 10 0.009 + 20 0+009 + 3d 0.0013 +- 1

lFor SVi-digit accuracy, divide count error byJO. For 4Yz-cUgit ae<:uracy, count error is 5 (except 15 on 300mV range). For 3Y:z.digit
accuracy, count error is 5.

2Relative to calibration standards.
3When properly zeroed.

ANALOG SETTLING TIME: <1ms «2ms on 300mV range), to 0,01%
of step change.

CMRR: >UOdB at dc, 50Hz or 60Hz (±0,05%) with lldlin~eitherlea.d:

NMRR: >60dB at 50Hz or 60Hz (±0,05%),

TRMS AC VOLTS
(51.J~ Digits)

ACCURAcy1

±(O/ordg + l:o.unts) 1 YearT lS"-28°C _.'-~__

0.01 dB

0,01 dB

REsqgmoN

3'

0:4

1,1

0.2

20Hz-20kHzINPUT

-34 to +49 dB
(20mV to 3OOV)
...54 to -34 dB
(2mV to 2OmV)
ITypicaI.

TEMPERATURE COEFFICIENT (O"-18"C & 28"_50"0:
< ± (0.1 x applicable accuracy specification)/OC below 20kHzT

±(0.2x) for 20kHz to 100kHz.
CMRR: >60dB at 50Hz or 60Hz (±0.05%) with 1kll in either lead.
dB (Ref. ~ IV): ACCURACY idB

1 Year, 18"'-28"'C
20~z:-~09Jiliz.

RANGE RESOLUTION 20Hz-50Hz2 SOHz-200Hz2 200Hz-I0kHz2 lQklh-20kHz2 20kllz~100~J

300 mV 1 p.V 2 + 100 0.3 + 100 0.15 + 100 0.4 ... 200 2.0 + 300
3 V 10 p.V 2 + 100 0.3 + 100 -0.15 + 100 0.3 + 20IJ 1.5 + 300

30 V 100 p.V 2 + 100 0.3 + 100 0.15 + 100 OA 200 1.5 + 300
300 V 1 mV 2 + 100 0_3 .+ 100 0.15 + 100 OA ~OO 1.5 + 300

lFo. 4th_dlgit accuracy, divide count error by 10. For 3lh-digit accuracy, count error is 5. In 3lh· and 4lh·digit modes, specifk.aHons
apply for inputs >200Hz. . --

2Por sinewave inputs >2,000 counts.
3For sinewave inputs >20,000 counts.

RESPONSE: True root mean square, ac coupled.
CREST FACTOR (ratio of peak to rms): Up to 3:1 allowable.
NONSINUSOIDAL INPUTS: For fundamental frequencies <1kHz, crest

factor <3, add 0.25% of reading to specified accuracy for 300mV and
3V ranges; add 0.6% of reading to specified accuracy for 30V and 300V
ranges.

INPUT IMPEDANCE: IMll shunted by <l20pF.
3dB BANDWIDTH: 300kHz typical.
MAXIMUM ALLOWABLE INPUT: 300V =, 425V peak, 10' V'Hz,

whichever is less.
SETTLING TIME: 1 second to within 0.1% of change in reading.

OPEN CIRCUIT VOLTAGE: 5.5V maximum,
LINEARITY: Linearity is defined as the maximum deviation from a straight

line between the readings at zero and full range: 20ppm of range for
3000-30kO ranges, at 23°C ±1°C.

OHMS
(61ft Digits)

ACCURAcy
l

TEMPERATURE
± (o/ordg + counts) COEFFICIENT

NOMINAL 24 Hr.,s 9Q DaYI!l~ c 1.'ye..ar,. .±(%rdg + countsWe
RANGE RESOLUTION l-SHORT )30. .,#l°C - 18°_28"'C- 18°_28°C 0°_18'" '*' ,2,8°,-9qoC

300 02 100 p.O 1.7 rnA 0.0025 + 203 0.008 + 203 0.010 + 2Q3_ 0.001 + 7
3 kU2 1 m.O: 1.7 rnA 0'.0025 + 20 0'.005 + ·20 0.007 + 20 0.0Q1 + 1

30 ~ 10 mO 160 p.A 0.0025 + 20 0.005 + 20 0.007 + 20 OJ10l + 1
300 Idl 100 mIl 50 p.A 0.006 + 20 0.020 + 20 0,021 + 20 0.004 + 1

3 MO 1 0 5 p.A 0.007 -+ 20 O.OW + 20 0.021 + 20 0.004 + 1
30 MO 10 0 0.5 p.A 0.06 + 50 ILl + 50 0.1 +-50 0.030. + .1

3OOM04 1 kO O.5..p.A 2.0 _+ 5 2.0 + 5 2.0 + 5 0.30 + 1

lFor 5Vz-digit accuracy, divide count error by 10. For 41h-digif accuracy, count error is 5 (except 15 on 3000: range). For 31h-digit
accuracy, count error is 5.

24-wire accuracy, 3000-30kO ranges.
3When properly zeroed.
4Resolution on 3OOMO range is limited to 5Yl digits.
5Relative to calibration standards.

CONRGURATlON: Automatic 2- or 4-'Wire. Offset compensation available
on 3OOQ-30kO ranges, requires proper zeroing. Allowable compensation
of ± 10mV on 3OO11 range and ± 100mV on 3kll and 30kll ranges,

MAX. ALLOWABLE INPUT: 300V rms, 425V peak, whichever is Jess.
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DC AMPS ACCURAcY'
(5' h Digits) ±("/ordg H0unts)

RANGE _ RESOLUTION 1 Year, 18°-28°C

MAXIMUM
VOLTAGE
BURDEN

MAXIMUM READING RATES1
DCV, DCA, ACV, ACA READINGS/SECOND

TRMS AC AMPS ACCURAcY'
M.AXIMUM

(SIn Digits) 1 Year, ISO-28°C - VOLTAGE

RANGE RESOLUTION 20Hz-45Hz 45Hz-10klUBURDEN

ORM_S R,EADINGS1SECOND

Continuous into External Trigger into Triggered via
Internal Buffer Internal Buffer lEEE-48S Bus

RESOw Mt1X: MUX: MUX:
--LUTION Off On Off On Off On

3Y1-Digit 53 25 57 25 37 23
4V,·Digit 43 20 47 21 30 19

_..5V,cDigit 16 (13) 9.5 (7.5) 18 (15) 9.5 (7.5) IS (12.5) 9.5~(7.5)

6'1z.Digit' 9 (7.5) 0.3_(0.25) 0.3 (0.25)

Continuous into External Trigger into liiggered via
lntemal Buffer Internal Buffer IEEE-488 Bus

RESo- MUX: MUX: MUX:
LUTION Off On Off On Off On

3'h-Digit 1000 1000 237 80 112 58
c __ 4'h.Digit :ll3 333 145 _63 91 49

5'h-Digit 35 (29) 9 (1.5) 40 (33) 9 (7.5) 35(29) 9 (7.5)
6'h-Digit2 9 (1.5) 0.3 (0.25) 0.3 (0.25)

Offset Compensated Ohms: Rates are O.sx normal mux on ohms rates.

I Reading rates are for on-range on'scale readings with internal filter off, for 3V, 3kO,
and 3mA ranges. 6'h- and 5'h-digit rates are for 60Hz operation. Values in
parentheses are for 50Hz operation.

2lntemal filter- on.

IEEE-488 BUS IMPLEMENTATION
MULTILINE COMMANDS: DCL, LLO, SOC, GET, GTL, UNT, UNL,

.- SPE, SPD.

UNILlNE COMMANDS: IFC, REN,EOI, SRQ, ATN.

INTERFACE FUNcr:id'NS: SH1, AH1, T6, TEO, IA, LEO, SIU; RL1, FPO,
DCl, OIl, CO, El~

PROGRAMMABLE PARAMETERS: Range, Function, Zero, Integration
Period, Filter, EOI, Trigger, Terminator, Delay, SOO-Reading Storage,
Calibration, Display, Multiplex, Status, Semce Request, Self Test,
Output Fonnat, TRANSLATOR.

OAV
004 V
0.4 V
0.5 V
2 V

0,01 dB

0,01 dB

--
RESOLUTION

0.2

0.9

INPUT

-34 to +69 dB
(20IlA to 3A)

-5410 -34 dB
(4<A to 20IlA)

300 JLA 1 nA 0.09 + 20
3 rnA 10 nA 0.05 + 10

30 mA 100 nA 0.05 + 10
300 mA 1 p.A 0.05 + 10

3 A 10 p.A 0.09 + 10

'4lf,.digit count error is 20. 3Yt·digit count error is 5.

MAXIMUM ALLOWABLE INPUT: 3A, 250V.
OVERLOAD PROTECTION: 3A fuse (250V), accessible from rear panel.
TEMPERATURE COEFFICIENT (oo·lSoC & 2S°-50°C):

< ± (0.1 x applicable accuracy specification)f°c.

300 p.A 1 nA 2 + 100 0.9 + 100 0.4V
3 mA 10 nA 2 + 100 0.6 + 100 OAV

30 mA 100 nA 2 + 100 0.6 + 100 0.4V
300 mA l/tA :2 +100 0.6 + iCKl O.5V

3 A 10 JLA 2 + 100 0.6 + 100 2 V
, For sinewave inputs > 2000 counts. For 4V,-digit accuracy, _divide count error by
10. For 3'h-digit accuracy, count error is 5. In 3V,· and 4'12-digit modes, specifica­
tions apply for sinewave inputs >200Hz.

RESPONSE: True root mean square, ac coupled.
CREST FACTOR (ratio of peak to rms): Up to 3:1 allowable at 'h full scale.
NONSINUSOIDAL INPUTS: Specified accuracy for fundamental frequen.

cies <1kHz, crest factor <3.
SETTLING TIME: 1 second to within 0.1% of change in reading.
MAXIMUM ALLOWABLE INPUT: 3A, 250V.
OVERLOAD PROTECTION: 3A fuse (250V) accessible from rear panel.
TEMPERATURE COEFF£CIENT (OO-lS0C & :1,8°--5(1°C):

< ± (0.1 x applicable accuracy specificationWc.
dB (Ref. = lmA): ACCURACY ±dB

1 Year, ISO-28°C
20Hz-10kHz

GENERAL
RANGING: Manual or autoranging.

MAXIMUM READING: 3029999 counts in 6Yz-digit mode.

ZERO: Control subtracts on-scale value from subsequenf readings or allows
value to be progranuned.

CONNECTORS: Analog: Switch selectable front or rear, safety jacks.
Digital: TRIGGER input and VOLTMETER COl\IT:'LETE output on rear
panel, BNCs.

WARMUP: 2 hours to rated accuracy.

DISPLAY: 10, O.S-in. alphanumeric LED digits with decimal point and
polarity. Function and IEEE-488 bus status also indicated.

ISOLATION: Input La to IEEE Lo or power line ground: 500V peak 5x 10"
max. V·Hz product. >10°0 paralleled by 400pF.

DATA MEMORY: 1 to 500 locations, programmable. Measurement inter­
vals selectable from Ims to 999999ins or triggered.

BENCH READING RATE: 5 readings/second (2fsecond on 30MO and
3OOMO ranges).

FILTER: Weighted average (exponential). Programmable weighting, 1 to
1/99. ---

OPERATING ENVIRONMENT: 0°-50°<:' 0%-80% relative humidity up
to 35°C; linearly derate 3% RHloC, 35°Cw50°C (0%-60% RH up to 28°C
on 300MQ range).

STORAGE ENVIRONMENT: _25° to +65°C.

.POWER; 105wl25V or 210-250V, rear panel switch selected, 50Hz or 60Hz,·
--30VA max. 9o.:110V and 180-220V versions available upon request.

DIMENSIONS, WEIGHT: U7mm high x 216mm wide x 359mm deep
(5 in. x 8th in. x 14% in.). Net weight 3.7kg (8 lbs.). .

. .. ACCESSORIES AVAILABLE: .

ModeI1019A-l: S~-in. Single Fixed Rack Mounting Kit
. ModeI1019A-2: S~-in. Dual Fixed Rack Mounting Kit

Model 10195-1: Slf4-in. Single Slide Rack Mounting Kit
Model 10195-2: STU-in. Dual Slide Rack Mounting Kit
Model 1651: SO-Ampere Shunt
Model 1681: Clip-On Test Lead Set ~

Model 1682A: RF Probe .
Model 1685: Clamp-On Current Probe
Model 17S1: General Purpose Test Leads
Model 1754: Universal Test Lead Kit
Model 5806: Kelvin Qip Leads
Model 7007-1: Shielded IEEE-488 Cable, 1m
Model 7007-2: Shielded IEEE-488 Cable, 2m
Model 7008-3: IEEE-488 Cable, 3 ft. (0.9m)
Model 7008·6: IEEE-488 Cable, 6 ft. (1.8m)

Prices and specifications subject to change without notice.
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1.1 INTRODUCTION

SECTION 1
GENERAL INFORMATION

1.3 WARRANTY INFORMATION

The Keithley Model 196 System DMM is a five function
autoranging digital multimeter. At 6'12 digit resolution, the
LED display can display±3,030,OOO counts. Tfierange of
this analog-to-digital (AID) converter is greater than the nor~

mal ±1,999,999-countA/D converter used in many 6'12 digit
DMMs. The built-in IEEE-488 interface makes the instru­
ment fully programmable over the IEEE-488 bus. The Model
196 can make the following basic measurements:

1. DC voltage measurements from lOOnV to 30OV.
2. Resistance measurements from 1001'1l to300Mll.
3. TRMS AC voltage measurements from 11'V to 30OV.
4. DC current measurements from 1nA to 3A.
5. TRMS AC current measurements from 1nA to 3A.

In addition to the above mentioned measurement
capabilities, the Model 196 can makeAC dB voltage and
current measurements.

1.2 FEATURES

Some important Model 196 features include:

• 10 Character Alphanumeric Display-Easy to read 14-seg­
ment LEOs used for readings and front panel messages.

• High Speed Measurement Rate-lOoo readings per
second.

• Zero-Used to cancel offsets or establish baselines. A zero
value can be programmed from the front panel or over
the IEEE-488 bus.

• Filter-The weighted average digital filter can be set from
the front panel or over the bus.

• Data Store-Can store up to 500 readings and is accessible
only over the bus.

• Digital Calibration-The instrument may be digitally
calibrated from either the front panel or over the bus.

• User Programmable Default Conditions-Any instrwnent
measurement configuration can be established as the
power-up default conditions. .

• Translator Software-User defined words (stored in non­
volatile memory) can be used to replace standard com­
mand strings over the IEEE-488 bus.

• Offset Compensated Ohms-Used to correct for small er­
ror voltages in the measurement circuit.

Warranty information may be found on the inside front
cover of this.manual. Should it bec()me necessary to exer­
cise the warranty, contact your Keithley representative or
the factory to determine the proper course of action.
Keithley Instruments maintains service facilities in the
United States, United Kingdom and throughout Europe.
Information concerning the application, operation or ser­
vice of your instrument may be directed to the applications
engineer at any of these locations. Check the inside front
cover for addresses.

1.4 MANUAL ADDENDA

Information concerning improvements or changes to the
instrument which occur after the printing of this manual
will be found on an addendum sheet included with the
manual. Be sure to review these changes before attempt­
ing to operate or service the instrument.

1.5 SAFETY SYMBOLS AND TERMS

The following safety symbols and terms are used in this
manual or found on the Model 196.

The & symbol on the instrument denotes that the user
should refer to-the operating instructions in this manual.

The Mn the instrument denotes that a potential of
300V or more may be present on the terminaI(s). Standard
safety practices should be observed when such dangerous
levels are encountered.

The WARNING used in this manual explains dangers that
could result in personal injury or death.

The CAUTION used in this manual explains hazards that
could damage the instrument,

1.6 SPECIFICATIONS

Detailed Model 196 specifications may be found preceding
the Thble of Contents oHhis manual.

1-1
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GENERAL INFORMATION

1.7 INSPECTION 1.9 GETTING STARTED

The Model 196 System DMM was carefully inspected, both
electrically and mechanically before shipment. Mter un­
packing all items from the shipping carlon, check for any
obvious signs of physical damage that may have occurred
during transit. Report any damage to the shippingagent.
Retain and use the original packing materials in case reship­
ment is necessary. The following items are shipped with
every Model 196 order:

The Model 196 System DMM is a highly sophisticated in­
strument with many capabilities. To get the instrument up
and running quickly use the following procedure. For com­
plete information on operating the Model 196 consult the
appropriate section of this manual.

Power Up

Model 196 System DMM
Model 196 Instruction Manual
Safety Test Leads (Model 1751)
Additional accessories as ordered.

If an additional instruction manual is required, order the
manual package (Keithley Part Number 196-901-00). The
manual package includes an instruction manual and any
applicable addenda.

1. Plug the line cord into·the rearlanel power jack and
plug the other end of the cor into an appropriate,
grounded power source. See paragraph 2.2.1 for more
complete information.

2. Press in the POWER switch to apply power to the in­
strument. The instrument will power up in the 300v DC
range.

.Making Measurements

~ Connect safety shrouded test leads to the front panel
VOll'S HI and LO input terminals. Make sure the IN­
PUT switch on the rear panel is in the in (FRONT)
position.

2. To make a voltage measurement, simply connect the in­
put leads to a DC voltage source (up to 300V) and take
the reading from the display.

3. To change to a different measuring function, Simply
press the desired function button. For example, to
measure resistance, press the OHMS button.

1.8 USING THE MODEL 196 MANUAL

• Section 1 contains general information about the Model
196 including that necessary to inspect the instrument and
get it operating as quickly as possible.

• Section 2 contains detailed operating information on Using Front Panel Programs
using the front panel controls and programs, making con-
nections and basic measuring techniques for each of the Program selection is accomplished by pressing the PRGM
available measuring functions. button followed by the button(s) that corresponds to the

• Section 3 contains the information necessary to connect program number or name. For example, to select Program
the Model 196 to the lEEE-488 bus and program operating 31 (lEEE), press the PRGM button and then the 3 and 1
modes and functions from a controller. buttons. Thble 2-7 lists and briefly describes the available

• Section 4 contains performance verification procedures front panel programs. Once a program. is selected the
for the instrument. This information will be helpful if you following general rules will apply:
wish to verify that the instrument is operating in com-
pliance with its stated specifications. 1,. A displayed program condition can be entered by press-

• Section 5 contains a description of operating theory. ... ing the ENTER button.
Analog, digital, power supply, and lEEE-488 interface 2. Program conditions that prompt the user with a flashing
operation is included. . digit can be modified using the data buttons (0 through

• Section 6 contains information for servicing the instru- 9 and f).
ment. This section includes information on fuse replace- 3. Programs that contain alternate conditions can be
ment, line voltage selection, calibration and displayed by pressing one of-the range buttons. Each
troubleshooting. press of one of these buttons toggles the display between

• Section 7 contains replaceable parts information. the two available conditions.

This manual contains information necessary for operating
and servicing the Model 196 System DMM. The informa­
tion is divided into the following sections:

1-2

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



4. A program will be executed when the ENTER button is
pressed.

5. A program can be exited at any time and thus not ex­
ecuted, by pressing the PRGM button.

Paragraph 2.7 provides the detailed information for using
the front panel programs.

1.10 ACCESSORIES

The following accessories are available to enhance the
Model 196s, capabilities.

Models 1019A and 1019S Rack Mounting Kits-The Model
1019A is a stationary rack mounting kit with two front
panels provided to enable either single or dual side-by-side
mounting of the Model 196 or other similar Keithley in­
struments. The Model 1019S is a similar rack mounting kit
with a sliding mount configuration.

Model 1301 Temperature Probe-The Model 1301 is a rug­
ged low cost temperature probe designed to allow temper­
ature measurements from -55 to 150°C.

Model 1600B High Voltage Probe-The Model 1600B extends
DMM measurements to 40kV.

Model 1651 50-Ampere Current Shunt-The Model 1651 is
an external 0.0010 ±1% 4-terminal shunt, which permits
current measurements from 0 to 50A AC or DC.

Model 1681 Clip-on Test Lead Set-The Model 1681 con­
tains two leads, 1.2m (4 ft.) long terminated with banana
plugs and spring action clip probes.

Model 1682A RF Probe-The Model 1682A permits voltage
measurements from 100kHz to 250MHz. AC to DC transfer
accuracy is ±1dB from 100kHz to 250MHz at 1V, peak
responding, calibrated in RMS of a sine wave. .

Model 1685 damp-On AC Probe-The Model 1685
measures AC current by clamping on to a single conduc­
tor. Interruption of the circuit is unnecessary. The Model
1685 detects currents by sensing the changing magnetic field
produced by the currenUlow.

Model 1751 Safety Test Leads-Finger guards and shrouded
banana plugs help minimize the chance of making contact
with live circuitry.

GENERAL INFORMATION

1-3/1-4
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SECTION 2
BASIC DMM OPERATION

CAUTION
Be sure that the power line voltage agrees with
the indicated range on the rear panel of the In­
strument. Failure to observe this precaution
may result in instrument damage.

2.1 INTRODUCTION

Operation of the Model 196 can be divided into two general
categories: front panel operation and IEEE-488 bus opera­
tion. This section contains information necessary to use the
instrument from the front panel. These functions can also
be programmed over the IEEE-488 bus, as described in Sec-
tion 3. . 2.2.2 Power Up Sequence

2.2 POWER UP PROCEDURE

2.2.1 Line Power

Use the following procedure to connect the Model 196 to
line power and power up the instrument.

1. Check that the instrument is set to correspond to the
available line power. When the instrument leaves the fac­
tory; the internally selected line voltage is marked on the
rear panel. Ranges are 105V-125V or 21OV-25OV 50/60Hz
AC. If the line voltage setting of the instrument needs
to be changed, refer to Section 6, paragraph 6.2 for the
procedure. 1£ the line frequency setting of the instrument
needs to be checked andlor changed, utilize front panel
Program 32 (see paragraph 2.7.8) after the instrument
completes the power up sequence.

2. Connect the female end of the power cord to the AC
receptacle on the rear panel of the instrument. Connect
the other end of the cord to a grounded AC outlet.

WARNING
The Model 196 is equipped with a 3-wire power
cord that contains a separate ground wire and
is designed to be used with grounded outlets.
When proper connections are made, instrument
chassis Is connected to power line ground.
Failure to use a grounded outlet may result in
personal injury or death because of electric
shock.

The instrument can be turned on by pressing in the front
panel POWER switch. The switch will be at the inner most
position when the instrument is turned on. Uron power
up, the instrument will do a number of tests on Itself. Thsts
are performed on memory (ROM, RAM and PPROM). 1£
RAM or ROM fails, the instrument will lock up. If E'PROM
FAILS, the message "UNCA~'will be displayed. See para­
graph 6.7.2 for a complete description of the power up self
test and recommendations to resolve failures.

2.2.3 Default Conditions

Default conditions can be defined as setup conditions that
the instrument will return to when a pariicular feature or
command is asserted. The Model 196 will return to either
factory default conditions or user saved default conditions.

Factory Default Conditions

At the factory; the Model 196 is set up so that the instru­
. ment is configured to certain setup conditions on the
initial power up. These factory default conditions are listed
in Thbles 2-1 and 3-7 (located in Section 3). If alternate setup
conditions are saved (see User Saved Default Conditions),
the instrument can be returned to the factory default con­
ditions by runnin~ Program 37 (Reset). Th retain the fac­
tory default conditions as power-up default conditions, run
Program 30 (Save) immediately after executing Program 37
(Reset).

Sending device-dependent command 10 over the IEEE-488
bus is equivalent to running Program 37 (Reset) and then
Program 30 (Save).

2-1
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BASIC DMM OPERATION

Table 2·1. Factory Default Conditions

ControlfFeature Default Condition

Function DCV
Range 300v
Resolution (program 2) 6'12 Di~ts
Zero Disab ed
Zero Value (program ZERO) 000.0000
dB Disabled
dB Reference Value 1.000000
(program dB)
Filter Disabled
Filter Value (Program FILTER) 10
MX+B Status (Program 4) Disabled
MX+B Parameters (Program 34) M=1.000000

B=OOO.OOOO
Mul~lexer (Program 6)' Enabled
HII IPASS (Program 5) Disabled
HI/LO Limits (Program 35) +3.030000,

-3.030000
Ohms Compensation (program 0) Disabled

NOTE: The Model 196 is initially set for an IEEE addresR
of 7. The line frequency is set to 50 or 60Hz.

User Saved Default Conditions

Each function of the Model 196 "remembers" the last
measurement configuration that it was set up for (such as
range, zero value, filter value, etc). Switching back and forth
between functions will not affect the unique configuration
of each function. However, the instrument will "forget" the
configurations on power-down unless they are saved.

Unique setup conditions can be saved by running front
panel Program 30 (Save) or by sending device-dependent'
command L1 over the IEEE-488 bus. These' user saved
default conditions will prevail over the factory default con­
ditions on power-up, or when a DCL or SDC is asserted
over the bus.

IEEE Address and Line Frequency

Any IEEE address and line frequency setting can be saved
as default conditions by running Program 30 (Save) or by
sending L1 over the bus. See paragraph 2.7 for complete
information on Programs 31 (IEEE Address) and 32 (Line
Frequency).

NOTE
An "UNCAr' error will set the IEEE address to 7
and the line frequency to 60Hz.

2-2

2.3 FRONT PANEL FAMILIARIZATION

The front panel layout of the Model 196 is shown in Figure
2-1. The following paragraphs describe the various com­
ponents of the front panel in detail.

2.3.1 Display and Indicators

Display-The 10 character, alphanumeric, LED display is
used to display numeric conversion data, range and func­
tion mnemonics (i.e. mY) and messages.

Function Indicators-The indicator that is on identifies
which of the five operating functions is currently selected.

Range Indicator-When the instrument is in autorange the
AUTO indicator light will be on.

Modifier Indicators-When the zero feature is enabled, the
ZERO indicator will turn on. When filter is enabled, the
FIITER indicator will turn on.

IEEE Status Indicators-These three indicators apply to in­
'strument operation over the IEEE-488 bus. The RMT in­
dicator shows when the instrument is in the IEEE-488
remote state. The TLK and LSN indicators show when the
instrument is in the talk and listen states respectively. See
Section 3 for detailed information on operation over the
bus.

2.3.2 Controls

All front panel controls, except the POWER and CAL
ENABLE switches, are momentary contact switches. In­
dicators are located above certain buttons to show that they
are enabled. Some buttons have secondary functions that
are associated with front panel program operation. See
paragraph 2-7 for detailed information on front panel
pro17ams.

~ POWER-The POWER switch controls AC power to
the instrument. Depressing and releasing the switch once
turns the power on. Depressing and releasing the switch
a second time turns the power off. The correct positions
for on and off are marked on the front panel by the POWER
switch.

[!] FUNCTION GROUP

DCV-The DCV button places the instrument in the DC
volts measurement mode. The secondary function of this
button is to enter the ± sign. See paragraph 2.6.4 for DCV
measurements.
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Figure 2-1. Model 196 Front Panel

ACV-The ACV button places the instnunent in the AC volts
measurement mode. The secondary function of this but­
ton is to enter the number O. See paragraph 2.6.7 for ACV
measurements.

ll-The lJ button places the instrument in the ohms
measurement mode. The secondary function of this but­
ton is to enter the number 1. See paragraph 2.6.6 for
resistance measurements.

DCA-The DCA button places the instrument in the DC
amps measurement mode. The secondary function of this
button is to enter the number 2. See paragraph 2.6.8 for
DCA measurements.

ACA-The ACA button places the instrument in the AC
amps measurement mode. The secondary function of this
button is to enter the number 3. See paragraph 2.6.8 for
ACA measurements.

[9 RANGE GROUP

Manual-Each time the .A. button is pressed, the instru­
ment will move up one range, while the .,.. button will move

the instrument down one range each time it is
pressed. Pressing either of these buttons will cancel
autorange, if it was previous selected. The secondary func­
tions of these buttons are to enter the number 4 (.,..) and
number 5 (.A.).

Aura-The Aura button places the instrument in the
autorange mode. While in this mode, the instrument will
go to the best range to measure the applied signal.
Autoranging is available for all functions and ranges.
Autoranging may be cancelled by pressing the Aura but­
ton or one of the manual range buttons. The secondary
function of this button is to enter the number 6.

mMODIFIER GROUP

ZERO-The ZERO button turns on the ZERO indicator and
causes the displayed reading to be subtracted from subse­
quent readings. This feature allows for zero correction or
storage of baseline values. The secondary function of this
button is to select the ZERO program and enter the number
7. Refer to paragraph 2.6.2 for detailed information on the
zero feature.

2-3
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AMPS and W_The AMPS and LO terminals are used for
making DC current and AC current measurements.

The input terminals are intended to be used with safety
shrouded test leads to help minimize the possibility of con­
tact with live circuits. Note that the terminals are duplicated
sideways on the rear panel and that the INPUT switch (also
located on the rear panel) determines which set of terminals
is active.

the lOCAL button will be inoperative. See Section 3 for
information on operating the instrument-over the IEEE-488
bus.

2.3.3 Input Terminals @]

VotI's OHMS HI and W-The VOLTS OHMS HI and 1.0
terminals are used for making DC volts, AC volts and two­
wire resistance measurements.

dB-The dB button places the instrument- in the dB
measurement mode and may be used with the A0I and
ACA functions. Under factory default conditions, measure­
ments are referenced to lV or lmA. However, the dB pro­
gram may be used to change the reference IE!\'eL The secon­
dary function of this button is to select the aB program and ­
enter the number 9. See paragraph 2.6.9 for dB measure-
ments. -

FIUER-The FIll'ER bu.tton turns on the FIITER indicator
and causes the instrument to start weighted averaging (1
to 1199) the readings. The factory default weighted average
is 1110, but may be changed using the FIUER program (see
paragraph 2.7.16). See paragraph 2.6.3 for filter operation.
Selecting the FIUER program is one of the secondary func­
tions of this button. The other secondary function is to enter
the number 8.

PRGM-This button is used to enter the front panel pro­
gram mode.

OHMS SENSE HI and W_The OHMS SENSE HI and 1.0
ENTER-This button is used to enter program parameters. te~minals are used with. the V~:>I:rsOHMS HI and 1.0 ter­
This button will also trigger a reading when the instrument- mmals to make four-wrre resIStance measurements.
is in a one-shot trigger mode. -- --

[§] CONTROL GROUP

ffiI LOCAL-When the instrument is in the IEEE-488
remote state (RMT indicator on), the LOCAL button will
return the instrument to front panel operation. However,
if local lockout (Ll.O) was asserted over the IEEE-488 bus,

2.3.4 Calibration Enable Switch I:II
Calibration of the Model 196 can only be done if the CAL
ENABLE switch is in the enable position. See paragraph
6.4 for details.

2-4
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2.4 REAR PANEL FAMILIARIZATION

The rear panel of the Model 196 is shown in Figure 2-2.

2.4.1 Controls

[Q] LINE VOtrAGE-This switch matches the instrument
to the available line voltage. See paragraph 6.2 for the pro­
cedure to set this switch.

~ INPUT-The INPUT switch connects the instrument
to either the front panel input terminals or the rear panel
input terminals. This switch operates. in same m~nner as
the power switch. The front panel mput termmals are
selected when the switch is in the "in" position and the
rear panel input terminals are selected when the switch is..
in the "out" position.

2.4.2 Connectors and Terminals

lEI AC Receptacle-Power is applied through the supplied
power cord to the 3-terminal AC receptacle. Note that the
selected supply voltage is marked on the rear panel near
the line voltage switch.

[9 Input Terminals-The rear panel input terminals per­
form the same functions as the front panel input temrinals.
Paragraph 2.3.3 contains the description of the input
terminals.

.[!!] IEEE-488 Connector-This connector is used to con­
nect the instrument to the IEEE-488 bus. IEEE interface
functions are marked below the connector.

[]EXTERNAL TRIGGER Input-This BNCconnector is
used to apply pulses to trigger the Model 196 to take one
or more readings, depending on the selected trigger mode.

A B c

ADDRESS ENTERED WITH
fRONT PANEL PROGRAM 31

." t"
, , • - r .... ~ .... -,.

I--+---...j.j..;!---~0

IKEITHLEyl
M.....OE. \N u.s......

UNERATINQ
!SO-OOHz AC ONLY
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iNPUT..-
_ fROI'fT

LINE VOLT....GE
SELECTED

Q 90 -do\l 195-2
Ql05-125V 210-2

<> O--puf:.O-l I 30V
(n ~ ~ ~ ~ ~ I ii!!: Q 0 J~MAX-'

IEEE 488 I'lITERF....CE n7

H G F

Figure 2-2. Model 196 Rear Panel
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ill VOITMETER COMPLETE Output--TIUsBNC output
connector provides a TTI.rcompatible negative-going pulse
when the Model 196 has completed a reading. It is useful
for triggering other instrumentation.

2.4.3. Fuses

I]] LINE FUSE-The line fuse provides protection for the
AC power line input. Refer to paragraph 6.3.1 for the line
fuse replacement procedure.

ill CURRENT FUSE-The 3A current fuse pro~des pro­
tection for the current measurement circuits of the instru­
ment. Refer to paragraph 6.3.2 for the current fuse replace­
ment procedure.

2.5 ERROR DISPLAY MESSAGES

Table 2-2 lists and explains the various display messages
associated with incorrect front panel operation of the Model
196.

Table 2-2. Error Messages

Message Explanation

UNCAL E'PROM failure on power up. See
paragraph 6.7.2.

NO PROGRAM Invalid entry while trying to select
program.

O.vERFLO KG Overrange-Decimal point position
and mnemonics define function
and range (3kG range shown). The
number of characters in the
"OVERFLO" message defines the
display resolution (6Yzd resolution
shown).

TRIG-ERROR Trigger received while still pro-
cessing reading from last trigger.

ACONLY Selecting dB with instrument not
in ACV or ACA.

NO RANGE Pressing a range button while in
ACV dB or ACA dB.

CONFLICT 196 in invalid state (Le. dB func-
tion), when entering calibration
program.

2.6 BASIC MEASUREMENTS

The following paragraphs describe the basic procedures for
making voltage, resistance, current, anddB measurements.

2-6

High Energy Circuit Safety Precautions

To optimize safety when measuring voltage in high energy
distribution circuits, read and use the directions in the
following warning.

WARNING
Dangerous arcs of an explosive nature in a high
energy circuit can cause severe personal injury
or death. If the meter is connected to a high
energy circuit when set to a current range, low
resistance range or any other low impedance
range, the circuit is Virtually shorted. Dangerous
arcing can also result when the meter is set to
a voltage range if the minimum voltage spacing
is reduced.

When making measurements in high energy circuits use
test leads that meet the following requirements:

• 'lest leads should be fully insulated.
• Only use test leads that can be connected to the circuit

(e.g. alligator clips, spade lugs, etc.) for hands-off
measurements.

• Do not use test leads that decrease voltage spacing. This
diminishes arc protection and creates a hazardous
condition.

Use the following sequence when testing power circuits:

1. De-energize the circuit using the regular installed
connect-disconnect device such as the circuit breaker,
main switch, etc.

2. Attach the test leads to the circuit under test. Use ap­
propriate safety rated leads for this application.

3. Set the DMM to the proper function and range.
4. Energize the circuit using the installed connect­

disconnect device and make measurements without
disconnecting the DMM.

5. De-energize the circuit using the installed connect­
disconnect device.

6. Disconnect the test-leads from the circuit under test.

WARNING
The maximum common-mode input voltage (the
voltage between input LO and chassis ground)

- -- is 500V peak. Exceeding this value may create
a shock hazard.
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2.6.1 Warm Up Period

The Model 196 is usable immediately when it is first turned
on. However, the instrument must be allowed to warm up
for at least two hours to achieve rated accuracy.

2.6.2 Zero

The zero feature serves as a means of baseline suppression
by allowing a stored offset value to be subtracted from
subsequent readings. When the ZERO button is pressed,
the instrument takes the currently displayed reading as a
baseline value. All subsequent readings representthe dif­
ference between the applied signal level alld the stored
baseline.

A baseline level can be established for any or all measure­
ment functions and is remembered by each function. For
example, a lOV baseline can be established on DCV, a SV
baseline can be established on ACV and a 10kll baseline
can be established on OHMS. These levels will not be
cancelled by switching back and forth between functions.
Once a baseline is established for a measurement function,
that stored level will be the same regardless of what range
the Model 196 is on. For example, if lV is established
as the baseline on the 3V range, then the baseline will also
be lV on the 30V through 300V ranges. A zero baseline level
can be as large as full range.

NOTE
The following discussion on dynamic range is
based on a display resolution of 6% digits. At 5%d
resolution, the number of counts would. be reduced
by a factor of 10. At 41f,d resolution, counts would
be reduced by a factor of 100 and 311zd resolution
would reduce counts by a factor of 1000.

By design, the dynamic measurement range of the Model
196, at 61f,-digit resolution, is 6060000 counts. With zero
disabled, the displayed reading range of the instrument is
±3030000 counts. With zero enabled, the Model 196 has
the capability to-display ±6060000 counts. This increased
display range ensures that the dynamic measurement range
of the instrument is not reduced when using a zero baseline
value. The following two examples will use the maximum
allowable zero values OOסס303) counts and OOסס303-

counts) to show that dynamic measurement range will not
be reduced. It is important to note that the increased display
range does not increase the maximum allowable input level
to the instrument. For example, on the 3V range, the Model
196 will always overrange when more than ±3.03V is con­
nected to the input.

BASIC DMM OPERATION

Example 1-The instrument is set to the 3V DC range and
a maximum -3.030OOOV is established as the zero value.
When -3.030OOOV is connected to the input of the Model
196, the display will read O.OOOOOOV. When +3.030000v is
co.nnected to the input, the display will read +606oo00v.
Thus, the dynamic measurement range of the Model 196
is OV to 6.06V, which is 6060000 counts.

Example 2-The instrument is still set to the 3V DC range,
but a maximum +3.03OO00v is the zero level. When
+3.03OO0OY is connected to the input of the Model 196, the
display will read o.oooooov. When ,.,3.03OOOOV is connected
to the input, the display will read -6.060000V. Thus the
dynamic measurement range of the instrument is -6.06V
to OV, which is still 6060000 counts.

Zero Correction-The Model 196 must be properly zeroed
when using the 300mV DC or the 300ll range in order to
achieve rated accuracy specifications. To use ZERO for zero
correction, perform the following steps:

. 1- Disable zero, if presently enabled, by pressing the
ZERO button. The ZERO indicator will turn off.

2. Select the 300mV DC or the 3001l range.
3. Connect the test leads to the input of the Model 196 and

short them together. If four-wire resistance
measurements are to be made, connect and short all four
leads together. Allow any thermals to stabilize.
Note: At5'h and 6'h-digit resolution, low level measure­
menttechniques need to be employed. Use Kelvin test
leads or shielded test leads. See paragraph 2.6.5 for low
level measurement considerations.

4. Press the ZERO button. The display will read zero.
5. Remove the short and connect thetest leads to the signal

or resistance to be measured.
Note: Test lead resistance is also compensated for when

.. zeroing the 3OO1l range with the above procedure.

Baseline Levels-Baseline values can be established by
either applying baseline levels to the instrument or by set­
ting baseline values with the front panel ZERO program.
Paragraph 2.7.15 contains the complete procedure for using
the ZERO program. To establish a baseline level by apply­
ing a level to the Model 196, perform the following steps:

1. Disable zero, if preseritly enabled, by pressing the ZERO
button. The ZERO indicator will turn off.

2. Select-a function and range that is appropriate for the
anticipated measurement.

3. Connect the desired baseline level to the input uf the
Model 196 and note that level on the display.

2·7
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4. Press the ZERO button. The display will zero and the
ZERO indicator will be enabled. The previously
displayed reading will be the stored baseline. The zero
baseline value will also be stored in Program ZERO,
replacing the previous zero value.

WARNING
With ZERO enabled, a hazardous voltage
baseline level (±40V or more), not displayed,
may be present on the input terminals. If not
sure what is applied to the input, assume that
a hazardous voltage is present.

5. Disconnect the stored signal from the input and connect
the signal to be measured in its place. Subsequent
readings will be the difference between the stored value
and the applied signal.

Notes:

1. Disabling zero cancels the zero baseline value on that
selected function. However, since the zero value is
automatically stored in Program ZERO, the zero baseline
value can be retrieved by using the program as long as
the ZERO button is not again pressed (see paragraph
2.7.15 for details). Pressing the ZERO button, thus enabl­
ing zero, will wipe out the previous baseline value in Pr0­
gram ZERO. Baselines established on other functions are
not affected.

2. To store a new baseline on a selected function, zero must
first be disabled and then enabled again. The new value
will be stored with the first triggered conversion. The
baseline value will also be stored as~the zero value in
Program ZERO, cancelling the previously stored value.

3. Setting the range lower than the suppressed value will
overrange the display; the instrument will display the
overrange message under these conditions.

4. When the ZERO button is pressed to enable zero, the
ZERO indicator light will blink until an on scale reading
is available to use as a zero level.

2.6.3 Filter

The Model 196 incorporates two ruters; a digital filter con­
trolled from either the front panel or over the IEEE-488 bus,
and an internal filter controlled exclusively from over the
bus.

Digital Filter-The Model 196 utilizes a digital filter to at­
tenuate excess noise present on input signals. This filter
is a weighted average type.

2-8

The factory default filter weighting is 1/10, but can be
changed to a weighting from 1 (Ill) to-1199 with the use
of the FIU'ER program. While in the program, the Model
196 will only display the denominator of the filter
weighting. For example, if the current filter weighting is 1/10,
the FILTER program will display it as the value 10. Thus,
filter value as used in this discussion refers to the values
displayed by the Model 196 when in the FILTER program.

A ruter value can be set for any or ail measurement func­
tions and is remembered by each function. For example,
a filter value of 20 can be set for DCV and a ruter value of
55 can be setior ACV. These filter values will not be can­
celled by switching back and forth between functions.

An advantage of using the filter is to stabilize the reading
pf a noisy input level. A consideration of filter usage is that
the larger the weighting, the longer the response time of
the display. Perform the following procedure to use the
ruter:

1. If it is desired to check andlor change the ruter value,
utilize Program FIlTER as explained in paragraph 2.7.16.

2. Press the FILTER button. The FILTER indicator will turn
on.

Notes:

1. When the filter is enabled, readings will be rutered before
being displayed. See Digital Filter Theory.

2. Pressing the FIU'ER button a second time will disable
the ruter.

3. After a reading is triggered (continuous or one-shot), the
FIU'ER indicator light will blink for three time constants.
A time constant is measured in readings. The number
of readings in one time constant is equal to the filter
value. For example, for a filter value of 10, one time con­
stant is equal to 10 readings and three time constants
would be equal to 30 readings. The blinking duration will
be shorter in the 3'l2d mode since that has the fastest
reading rate.

4. In a continuous trigger mode, a reading that is outside
the filter window will cause the FIU'ER indicator to blink
for one time constant.

Digital Filter Theory-The mathematical representation of
the weighted average digital ruter is as follows:

(new reading -AVG(t-l)J
AVG(t) = AVG(t-l) +

F

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



Where,

AVG(t) = displayed average
AVG(t-1) = old displayed average
F = weighting factor (filter value)

As "With any filter, the Model 196 digital filter will affect
reading response time. The step response for this filterJs
of the form:
step response = 1-KIN+ll

Where,

t'K" is a constant based on the filter weighting factor

K d -(: )

tlri' is the reading number.

The step occurs when n=O. n=l is the first reading after
the step, n=2 is the second reading, etc.

Therefore:

(

1 ) n+l

step response = 1- 1- F

Example:
F=lO
n=5

Five readings after the step occurs, the display will be at
""'47% of the step change. Mter 10 readings (n=10), the
display will be at "'" 68% and after 20 readings, the display
will be at ~88%. The more the readings, the closer the
display will be to the step change.

To speed the response to large step changes, the Model 196
digital filter employs a "window" around the cUsplayed
average. As long as new readings are within this wmqow,
the displayed value is based on the weighted average equa­
tion. If a new reading is outside of this window, the

BASIC DMM OPERATION

displayed value will be the new reading, and weighted
averaging will start from this point. The step response was

__one reading to this change. The window in the Model 196
filter is 10,000 counts for 6Yzd resolution, 1000 counts for
51/zd, 100 counts for 41/zd and 10 counts for 31/2d.

Internal Filter-In addition to the front panel digital filter,
an internal running average digitalJilter jS used when mak­
ing high resolution and high sensitivity measurementS. The
enable/disable status of the filter is controlled over the IEEE
bus. However, under factory default conditions, the instru­
ment powers up with the filter enabled. When enabled,
this filtering only occurs when the instrument is in the 51/2
or 61fz-digit resolution mode.

Notes:

1. The front panel FIITER indicator light does not turn on
when the internal filter is activated. The indicator is only
used with the front- panel digital filter.

2. Controlling the internal filter (on/off) over the IEEE bus
is explained in paragraph 3.9.22.

3. In a one-shot trigger mode, the Model 196 will not out­
put a reading until both filters have settled. 11uee time
constants are used to allow the filters to settle. A time
constant is measured in readings. The number of
readings in one time constant is equal to the filter value.
For example, for a filter value of 10, three time constants
would be equal to 30 readings. If both the internal filter
and the front panel filter are in use, the time constant
is the sum of both filter values.

4. Filter windows for the internal filter function in the same
manner as the windows for the front panel filter.
However, the window sizes of the internal filter are much
smaller than the front panel filter "Window sizes.

2.6.4 DC Voltage Measurements

The Model 196 can be .. used to make DC voltage
measurements in the range of--±100nV to ±30OV. Use the
following procedure to make DC voltage measurements.

1. Select the DC volts function by pressing the DCV button.
2. Select a range consistent with the expected voltage or use

autorange.
3. Select the front or rear panel input terminals with the

INPUT switch.

NOTE
The 300mV DC range requires zero to be set in
order to achieve rated accuracy. The zero correc­
tion procedure can be found in paragraph 2.6.2.

2·9
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4. Connect the signal to be measured to the selected input
terminals as shown in Figure 2-3.

5. Thke the reading from the display.

Thus, an e. of O.635JLV would be displayed at 6:Jhd resolu~

tion as an additional six digits of noise on the Model 196.
To compensate for the displayed noise, use digital filtering
and then zero out the settled offset.

MODEL 19&

CAUTION:
MAXIMUM INPUT = 300V RMS. 425V PEAK

I NPUT RES 1STANCE = 300.V. 3V: > Jsn
30V: liMn
300V: lOJMn

o::=a- J ..LI I -1. * * • •10 -
I TG!Glr;:;]D •

'--

DC
VOLT~GE

SOURCE

Shlelding-AC voltages which are extremely large com­
pared with the DC signal may erroneously produce a DC
output. Therefore, if there is AC interference, the··circuit
should be shielded with the shield connected to the Model
196 input W (particularly for low-level sources). Improper
shielding can cause the Model 196 to behave in one or more
of the following ways:

1. Unexpected offset voltages.
2. Inconsistent readings between ranges.
3. Sudden shifts in reading.

Figure 2-3. DC Voltage Measurements

2.6.5 Low-Level Measurement Considerations

To minimize pick-up, keep~ the voltage source and the
Model 196 away from strong AC magnetic sources. The
voltage induced due to magnetic flux is proportional to the
area of the loop formed by the input leads. Therefore,
minimize the loop area of the input leads and connect each
signal at only one point.

e. = 6.35 x :LQ-l0 ";(1 X 106) (1)

Noise and Source Resistance-The limit of sensitivity in
measuring voltages with the Model 196 is deterntined by
the noise present. The noise voltage at the Model 1% in­
put increases with source resistance.

For high impedance sourcesl the generated noise can
become significant when using the most sensitive range
(300m\/;. 6:1f2d) of the Model 196. As an example of deter­
mining e. (noise voltage generation due to Johnson noise
of the source resistance), assume that the Model 196 is con­
nected to a voltage source with an internal resistance of
1MO. At a room temperature of 20°C, the p-p noise voltage
generated over a bandwidth of 1Hz will be:

e. = 6.35 x 1.Cr1Q "-'R x £

Accuracy Considerations-For sensitive measurements,
other external considerations besides the Model 196 will Thermal EMFs-Thermal emfs (thermo~lectricpotentials)
affect the accuracy. Effects not noticeable when working· are generated by thermal differences between the junction
with higher voltages are significant in nanovolt and of dissimilar metals. These can be large compared to the
microvolt signals. The Model 196 reads only the signal signal which the Model 196 can measure. Thermal emfs can
received at its input; therefore, it is important that this cause the following problems:
signal be properly transmitted from the source. The follow- .
ing paragraphs indicate factors which affect accuracy, noise, ._ ..1. Instability or zero offset is much higher than expected.
source resistance, thermal emfs and stray pick-up. 2. The reading is sensitive to (and responds to) temperature

changes. This can be demonstrated by touching the cir­
cuit, by placing a heat source near the circuit or by a
regular pattern of instability (corresponding to heating
and air-conditioning systems or changes in sunlight).

3. To minimize the drift caused by thermal emfs, use cop­
per leads to connect the circuit to the Model 196. A
banana plug is generally suitable ami generates just a
few microvolts. A clean copper conductor such as #10
bus wire is about the best for this application. The leads
to the input may be shielded or unshielded, as necessary.
Refer to Shielding.

4. Widely varying temperatures within the circuit can also
create thermal emfs. Therefore,· maintain constant
temperatures to minimize these thermal emfs. A card­
board box around the circuit under test also helps by

- ntinimizing air currents.
5. The ZERO control can be used to null out constant oU­

.. -set voltages.

e. = 0.6351£V
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2.6.6 Resistance Measurements

The Model 196 can make resistance measurements from
1OO1'1l to 3OOM1l. The Model 196 provides automatic selec­
tion of 2-terminal or 4-terminal resistance measurements.
This means that if the ohms sense leads are not connected,
the measurement is done 2-terminal. T£ the sense leads are
connected, the measurement is done 4-terminal. For
4-terminal measurements, rated accuracy can be obtained
as long as the maximum lead resistance does not exceed
the values listed in Table 2-3. For best results on the 3OO11,
3kll and 30kll ranges, it is recommended that 4-terminal
measurements be made to eliminate errors caused by the
voltage drop across the test lea4s which will occur when
2-terminal measurements are made. The Model 5806 Kelvin
Test Lead Set is ideal for low resistance 4-terminal
measurements.

Offset-Compensated Ohms--Qffset-compensated ohms is
used to compensate for voltage potentials (such as thermal
EMFs) across the device under test. This feature eliminates
errors due to a low level external voltage source configured
in series with the unknown resistor. Offsets up to lOmV
on the 30011 range and up to lOOmV on the other ranges
can be corrected with offset-compensalion. This feature can
be used for both 2-terminal and 4-terminal resistance
measurements up to 3Okll. Offset-compensation is selected
through front panel Program II (see paragraph 2.7.14).

During ohms offset compensated resistance measurements,
the Model 196 performs the following steps for each
conversion:

1. Makes a normal resistance measurement of the device.
In general, this consists of sourcing a current through
the device, and measuring the voltage drop across tIle
device.

2. Turns off the internal current source and again measures
the voltage drop across the device. This is the voltage
caused by an external source.

3. Calculates and displays the corrected resistance value.

Offset-Compensated ohms not only corrects for small er­
ror voltages in the measurement circuit, but also compen­
sates for thermal voltages generated within the Model 196.
In normal ohms, these thermal EMF offsets are accounted
for during calibration. Therefore, enabling offset-compensa­
tion will cause these offsets to appear in the readings,

BASIC DMM OPERATION

especially the 300ll r~e. After offset-compe!"'Sation is
enabled, the Model 1% should be properly zeroed.

To make resistance measurements, proceed as follows:

~ Select the ohms function by pressing the II button.
2. Select a range consistent with the expected resistance or

use autorange.
3. Select the front or rear panei input terminals using the

INPUT switch.
4. Tum of£set-compensation on or off as needed, using Pro­

gram ll.

NOTE
If offset-compensation is being used, the 300ll,
3kll and 30kll ranges require zero to be set in
order to achieve the best accuracy. The zero cor­
rection procedure is located in paragraph 2.6.2.

5. For 2-terminal measurements connect the resistance to
the instrument as shown in Figure 2-4. For 4-terminal
measurements connect the resistance to the instrument
as shown in FigUre 2-5.

CAUTION
The maximum input voltage between the HI
and LO input terminals is 425V peak or 300V
RMS. Do not exceed these values or instru­
ment damage may occur.

6. Take the reading from the· display.

SHIELDED OPTIONAL SHIELD
c= ~ CABLE r - - - ...,
I I

(:. ....ID~RESISTANCE I
gGJ~D UNDER TEST I

MODEL 196 L .J

Figure 2-4. lINo·Termlnal Resistance Measurements
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(l=~~~3~~§~~-=-=-=-=-+O~PT_l_0NA_L_S_H_l E~Ii I
~Qd6 RESISTANCE:

MODEL 196
'-----I::::' __ ._ .J

Figure 2·5. Four·Terminal Resistance Measurements

[C...11•••I~=== ;;V VSO}~Tt~EE
gQG::;JO!J L--_....J:r

MODEL 196

CAUTION:
MAX 1MUM 1NPUT =300V RMS, 425V PEAK, lO'V'Hz

1NPUT 1MPEDANCE =IMfi SHUNTED BY < 120pF

Figure 2·6. TRMS AC Voltage Measurement

Notes:

1. With ohms compensation active (progam Il), the Il in­
dicator light will blink when the ohms function is
selected.

2. Table 2-3 shows the current output for each resistance
range.

3. It helps to shield resistance greater than lOOkll to achieve
a stable reading. Place the resistance in a shielded
enclosure and electrically connect the shield to the ill
input terminal of the instrument.

4. Diode Test-The 3kll range can be used to test diodes as
follows:
A. Select the 3kll range.

2·12

.... B. Forward bias the diode by connecting the red terminal
of the Model 196 to positive side of the diode. A good
diode will typically measure between 3001l to lkll.

C.Reverse bias the diode by reversing the connections
on the diode. A good diode will overrange the display.

Table 2·3. Resistance Ranges

Maximum Test Lead
6'hd Nominal Resistance (Ill for

Range Resolution I-Short <1 Count Error (6'hd)

300 Il 100 I'll 1.7mA 1
3kll lmll 1.7mA 3

30 kll 10mll 160M 10
300kll 100mll SOjM\ 30

3MIl 1 Il SjM\ 100
30MIl 10 Il O.SM 300

300MIl 1 kll* 0.5jM\ 3k

*S'hd resolution only
NOTE: Typical open circuit voltage is SV.

2.6.7 TRMS AC Voltage Measurements

The instrument can make TRMS AC voltage measurements
from 11'V to 30OV. To measure AC volts, proceed as follows:

1. Select the AC volts function by pressing the ACV button.
2. Select a range consistent with the expected voltage or use

autorange.
3. Select the front or rear panel input terminals using the

INPUT switch.

NOTE
There is a small amount of offset (typically 150
counts at S'hd) present when using the ACV func­
tion. Do not zero this levelo_ut. Paragraph 2.6.10
provides an explanation of AC voltage offset.

4. Connect the signal to be measured to the selected input
terminals as shown in Figure 2-6.

S. Take the reading from the display.
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Qarifications of lRMS ACV Specifications: . 2.6.8 Current Measurements (DC or TRMS AC)

Maximum Allowable Input-The· f6110wing graph sum- The Model 196 can make DC or TRMS AC current measure~
marizes the maximum input based on the lO'VeHz ments from 1nA (at 5thd resolution) to SA. Use the follow-
specification. ing procedure to make current measurements.

en...
~ 200
c
>

MAXIMUM INPUT TRHS AC VOLTS

CURRENT
SOURCE

CONT I NUOUS INPUT:: 3A

I I
I.....IDI..1~-----J
f]GJ~D e

MODEL 196
CAUTION: MAXIMUM

=-

1. Select the DC current or AC current function by press­
ing the DCA or ACA button respectively.

2. Select a range consistent with the expected current or
use autorange.

3. Select the front or rear panel input terminals using the
INPUT switch.

4. Connect the signal to be measured to the selected input
terminals as shown in Figure 2:].

5. Take the reading from the display.

"
~

"~
"f'o...

I"....

t'-~ ....en
:J: 100a:...

u
<

::.:: ¥.::.::::.::

~ i ~ 51
FREa UENe Y- Hz

300

Settling TIme-lsec to within 0.1% of change in reading.
TIris time specification is for analog c:il'cuitry to settle and
does not include ND conversion time.

Figure 2-7. Current Measurements

Notes:

1. See paragraph 2.6.10 for TRMS measmemerilconsidei­
ations.

2. When making TRMS AC voltage measurements below
45Hz, enable the front panel filter modifier to obtain
stable readings. A filter value of 10 is recommended.

3. To make low frequency AC measurements in the range
of 10Hz to 20Hz:
A. The ACV function must be selected.
B. Digital filtering must be used to obtain a stable

reading.
C. Allow enough settling time before taking the reading.

2.6.9 dB Measurements

The dB measurement mode makes it po;;sible to compress
a large range of measurements into a much smaller scope.

. AC dB measurements can be made with the instrument in
the ACV or ACA function. The relationship between dB
and voltage and current,-can be expressed by the follow­
ing equations:

(Vi")dB"" 20 log _
V,.j

(rln )dB =' 20 log \i:;

2-13
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At the factory the instrument is set up to be a dBV meter
when ACV dB is selected. dBV is defined as decibels above
or below a lV reference. The instrument will read OdB when
lV is applied to the input. The IV reference is the ~actory

default reference. With ACA dB selected, the factory default
reference is lmA. The instrument will read OdB when 1mA
is applied to the input.

Reference levels other than lV and lmA can be established.
There are two methods that can be used to establish a dB
reference. One method is to use the zero feature. This
simply consists of applying a signal to the instrument and
pressing the ZERO button. That suppressed level is the dB
reference (OdB point). The alternate method is to utilize the
front panel dB program and enter the desired reference
value. An advantage of using the dB program is that-a
source is not needed to establish a reference.

The following procedure explains how to use the zero
feature to establish a reference:

1. Apply a voltage or current signal, that is to be used as
the dB reference, to the input of the Model 196.

2 Press the ZERO button. The ZERO indicator will tum
on and the display will zero. The reference is- now

- whatever the applied signal is.
3. Disconnect the signal from the instrument.

Program dB allows the user to check or change the dB
reference of the instrument. The recommended program­
mable voltage reference range is from lOttV to 9.99999Y. The
recommended programmabie current reference range is
from 10nA to 9.99.999mA. Paragraph 2.7.17 contains the in~

formation needed for using the dB program.

AC dB Measurements-Perform the following .steps to
make dB measurements:

1. Select the ACV or ACA function.
2. Select the front or rear panel input terminals with the

INPUT switch.
3. Check and/or change the dB reference as previously

explained.
4. Connect the signal to be measured to the input- of the

Model 196.
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5. Enable the dB measurement mode by pressing the dB
button.

6. Take the dB reading from the display.

WARNING
With dB enabled, a hazardous voltage baseline
level (±4OV or more), not displayed, may be pre­
sent on the input terminals. If not sure what is
applied to the input, assume that a hazardous
voltage is present.

dBm Measurements-dBm is defined as decibels above or
below a lmW reference. dB measurements can be made in
terms of impedance rather than voltage or current. Because
the instrument -cannot directly establish impedance
references, a voltage reference must be calculated and
established for a particular impedance reference. Use the
following equation to calculate the voltage reference need­
ed for _a particular impedance reference:

For OdBm, V,.j = -JImW. Zr./

Example: Calculate the voltage reference needed to make
dBm measurements referenced to 600n.

For OdBm, V,./ = ..j O.OO1W • 600U
- . = ~6 -

= .77456V

Once the -necessary voltage reference is known? it Can bJ~

established in the Model 196 with the _dB program. Subse. _
quent dBm readings will be referenced to the correspondN

­

ing impedance reference. Thble 2-4 lists the voltage
references needed for some commonly used impedance
references.

dBW Measurements-dBW is defined as decibels above or
below a lW reference. dBW measurements are made in the
same manner as dBm measurements; that is, calculate the
voltage reference for a particular impedance and set the in­
strument to it-with the dB program. The only difference
between dEm and dBW is the reference point; lmW VB lW.
The following equation can be used to calculate the voltage
reference-: - --
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Table 2-4. Corresponding Voltage Reference Levels resulting is no error in the average-type meter reading.
for Impedance References

Reference Reference Voltage
Impedance Level for:

(Ill OdBm OdBW

8 0.0894 2.828
50 0.2236
75 0.2739

150 0.3873 -- ---

300 0.5477
600 0.7746

1000 1.0000

Vr~f for OdBm = ...; 10-'WoZREF

VT~f for OdBW = ..J ZREF
.

2.6.10 TRMS Considerations

Most DMMs actually measure the average value of an in·
put waveform but are calibrated to read its RMS equivalent.
This poses no problems as long as the waveform being
measured is a pure, low-distortion sine wave. For complex,
nonsinusodial waveforms, however, measurements made
with an averaging type meter can be grossly inaccurate.
Because of its 1RMS measuring capabilities, the Model 196
provides accurate AC measurements for a wide variety of
AC input waveforms. "

TRMS Measurement Comparison-The RMS value of a
pure sine wave is equal to 0.707 times its peak value. The
average value of such a waveform is 0.637 times the peak
value. Thus, for an average-responding meter, a correction
factor must be designed in. This correction factor, K can
be found by dividing the RMS valued by the average value
as follows:

K = 0.707 / 0.637
= 1.11

By applying this correction factor to an averaged reading.
a typical meter can be designed to give the RMS equivalent.
This works fine as long as the waveform is a pure sine, but
the ratios between the RMS and average values of different
waveforms is far from constant, and can vary considerably.

Table 2-5 shows a comparison of common types of
waveforms. For reference, the first waveform is an ordinary
sine wave with a peak amplitude of lOV. The average value
of the voltage is 6.37V, while its RMS value is 7.07V. If we
apply the 1.11 correction factor to the average reading. it
can be seen that·both meters will give the same reading,

The situation changes with the half-wave rectified sine
wave. As"before, the peak value of the waveform is 1ov,
but the average value drops to 3.18V, The RMS value of
this waveform is 5V, but the average responding meter
wi» give a reading of353V (3.18 x 1.11), creating an error
of29.4%. .

A similar situation exists for the rectified square wave,
which has an average value of 5V and an RMS value of 5.OV.
The average responding meter gives a 1RMS reading of
5.55V (5 x 1.11), while the Model 196 gives a 1RMS reading
of 5V. Other waveform comparisons can be found in Table
2-5.

AC Voltage Offset-The Model 196, at 5'12d resolution, will
typically display 150 counts of offset on ACvolts with the
input shorted. This offset is caused by the offset of the
1RMS converter. This offset will not affect reading accuracy
and should not be zeroed out using the zero feature. The
following equation expresses how this offset (Voff_) is added
to the signal input (V,.):

Displayed reading = ...; (V,.)' + (VOff''')'

Example: Range = 2VAC
Offset = 150 counts (l.5mV)
Input = 200mV RMS

Display reading = ..J (200mV)' + (1.5mV)'

= ..J 0.04V + (2.25 x 10-'V)
= .200005V

The offset is seen as the last digit which is not displayed
at-5'12d resolution. Therefore, the offset is negligible. If the
zero feature was used to zero the display, the 150 counts
of offset would be subtracted from V,. resulting in an error
of 150 counts in the displayed reading.

Crest Factor-The crest factor of a waveform is the ratio of
its peak value to its RMS value. Thus, the crest factor
specifies the dynamic range of a TRMS instrument. For
sinusoidal waveforms, the crest is 1.414. For a symmetrical
square wave, the crest factor is unity.

The crest factor of other waveforms will, of course, depend
on the waveform in question because the ratio of peak to
RMS value will vary. For example, the crest factor of a rec­
tangular pulse is related to its duty cycle; as the duty cycle
decreases, the crest factor increases. The Model 196 has a
maximum crest factor of 3, which means the instrument
will give accurate TRMS measurements of rectangular .

" waveforms with duty cycles as low as 10%.
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Table 2-5. Comparison of Average and TRMS Meter Readings

AcCoupled
AcCoupled Average TRMS Averaging

Peak RMS Responding Meter Meter
Waveform Value Value Meter Reading Reading Percent Error

Sine 10V 7.07V 7.07V 7.07V 0%+10. __-:~

Half-Wave Rectified Sine 10V 5.00V 3.53V 5.00V 29.4%

+IO-:c;---D- .

Full-Wave Rectified Sine lOY 7.07V 7.07V 7.07V 0%

+'O-~TYS-

Square lOY IO.OOV 11.l0V IO.OOV 11%

+IO_:q;- .

Rectified Square Wave lOY 5.00V 5.55V 5.00V 11%

+':=0=0
Rectangular Pulse IOV lOY - {if 11.lV- 11 IOV -{if (l.11 fif -I) x 1009<+10Ji_L_rr-

°->ll<-.T .
TJ.: 'OUTY CYCLE"

Triangular Sawtooth lOY 5.77V 5.55V 5.77V 3.8%

IO~_~
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2.6.11 dB Applications

Measuring Circuit Gain/Loss-Any pOint in a circuit can
be established as the OdB point. Measurements in that cir­
cuit are then referenced to that pOint expressed in terms
of gain (+dB) or loss (-dB). To set the zero dB point pro­
ceed as follows:

1. Place the Model 196 in ACV and dB.
2. Connect the Model 196 to the desired location in the

circuit.
3. Press the ZERO button. The display will read OdB.
4. Gain/loss measurements can now be made referenced

to the OdB point.

Measuring Bandwidth-The Model 196 can be used to
determine the bandwidth of an ampllfier as follows:

1. Connect a signal generator and a frequency counter to
the input of the amplifier.

2. Set the Model 196 to ACV and autorange.
3. Connect the Model 196 to the load of the ampllfier.
4. Adjust the frequency of the signal generator until a peak

AC voltage reading is measured on the Model 196. This
is the center frequency.

5. Press the dB button and then press the ZERO button.
The OdB point is now established.

6. Increase the frequency input until the Model 196 reads
-3.00dB. The frequency measured on the frequency
counter is the high-end limit of the bandwidth.

7. Decrease the frequency input until the dB reading again
falls to -3.o0dB. The frequency measured on the signal
generator is the low-end limit of the bandwidth.

Note: The bandwidth of the Model 196 is typically 300kHz.
Do not use this application to check ampllfiers that exceed
the bandwidth of the Model 196.

Determining Q-The Q ofa tuned circuit" can be deter­
mined as follows:

1. Determine the center frequency and bandwidth as ex­
plained in the previous application (Measuring
Bandwidth).

2. Calculate Q by using the following formula:
Q "= Center Frequency/Bandwidth

2.7 FRONT PANEL PROGRAMS

There are 17 programs available from the front panel of the
Model 196. These programs are listed in Table 2-6. The
following paragraphs describe and explain the operation
of each program.

Table 2·6. Front Panel Programs

PrO!\l"am Description

o(Menu) Display software level and list
available front panel
programs.

2 (Resolution) Change display resolution
(3'hd, 4'hd, 5'hd or 6'hd).

4 (MX+B) Enable MX+B program.
5 (HI/W/Pass) Enable/disable HI/LO/Pass

program.
6 (Mux) Recail status, enable/disable

multiplexer.
30 (Save) Save current instrument set

up.
31 (IEEE Address) Recall/modify IEEE address.
32 (Line Frequency) Recall/modify line frequency

setting (SO/60Hz).
33 (Self Test) Enter self-test program.
34 (MX+B Parameters) Recall/modify MX+B program

values.
35 (HIIW Limits) Recall/modify HI/W limits.
36 (Calibration) Enter digital calibration

mode.
37 (Reset) Returns 196 to factory default

conditions.
\} Recall status, enableldisable

offset cOnipensation.
ZERO Recall/modify zero value.

"" FIU'ER Recali/modify fIlter value.
dB Recali/modify dB reference

value.
" .

Program Selection-Program selection is accomplished by
pressing the PRGM button followed by the button(s) that
corresponds to the program number or name. For exam­
ple, to select Program 31 (IEEE Address), press the PRGM
button and then the "3" and "1" buttons.

Data Entry-Program data is applied from the front panel
using the data buttons. The data buttons consist of the but­
tons labeled with the ±-polarity sign and numbers 0
through9. Data entry is accomplished by pressing the ap­
propriate number button at each cursor location. Cursor
location is indicated by the bright, flashing display digit.
The cursor moves one digit to the right every time a number
is entered. After entering a number at the least significant
display digit, the cursor will move back to the most signifi­
cantUigiL Polarity (± button) can be changed with the cur­
sor at any display character. Plus (+) is implied and thus,
not displayed.
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Once a program is selected, the following general rules will
apply:

1. A displayed program condition can be entered by press'
ing the ENTER button.

2. Program conditions that prompt the user with a flashing
digit (cursor) can be modified using the data buttons (0
through 9). Polarity (± button) can be changed with the
cursor on any character. Plus (+) is implied and thus,
not displayed.

3. Programs that contain alternate conditions can be
displayed by pressing one of the range buttons. Each
press of one of thes'e buttons toggles the display between
the two available conditions.

4. A program will be executed when the pressed ENTER
button causes the instrument to exit the program.

5. A program can be exited at any time and thus not ex­
ecuted, by pressing the PRGM button.

2.7.1 Program 0 (Menu)

This program displays the software revision level of the
Model 196 and lists the available front panel programs. Per­
form the following steps to use this program:

1. Press the PRGM button. The following prompt.will be
displayed:

PROGRAM?

2. Enter the number 0 by pressing the "0" button. The soft­
ware level of the instrument will be displayed. For ex­
ample, if the software level is Bl, the following message
will be displayed:

SOFTREV Bl

3. Use the manual Range buttons to scroll through the front
panel programs. The ... range button scrolls forward
while the T range button scrolls backward.

4. To exit from the menu, press the PRGM button. The in­
strument will return to the previous operating state.

2.7.2 Program 2 (Resolution)

Program 2 selects the number of display resolution digits.
The resolution available is dependent on function and
range. Table 2-7 lists the display resolution available for the
various function/range combinations. Display resolution
can be set for each function and is remembered by each
function as long as the instrument remains powered up.
Resolution can be remembered after power-down by run­
ning Program 30 (Save). To change the display resolution,
perform the following procedure:

2·18

1.. Set the instrument to the desired function and range.
2. Press the PRGM button. The following prompt will be

displayed:

PROGRAM?

3. Enter the number 2 by pressing the "'2:' button. The cur­
rent resolution status will then be displayed. For exam­
ple, if the selected function is currently set for 6]12 digits
of resolution, the following message will be displayed:

6'12 d

4. If an altered resolution is desired, use the manual Range
buttons to display the resolution. The T Range button
decreases resolution, while the ... Range button in­
creases resolution.

5. With the desired resolution displayed, press the ENTER
button. The instrument will return to the previously
selected function and range.

Table 2·7. Display Resolution

Available
Function Ranlle Resolution

DCV All 3'12d, 4'12d, 5'12d, 6'12d

ACV All 3]12d, 4'12d, 5'12d

II 30011, 3kll, 3Okll, 3'12d, 4'12d, 5'12d, 6'12d
300kO
3MO,30MO 5'12d, 6'12d
300Mll 5'12d

DCA All 3'12d, 4'12d, 5'12d

ACA All 3'12d, 4'12d, 5'12d

2.7.3 Program 4 (MX+B)

This program allows the operator to automatically multiply
normal display readings (X) by a constant (M) and add a
constant (B). The result (Y) will be displayed in accordance
with the formula, Y=MX + B. This program is useful when
slope calculations are required for a series of measurements.
The values of M and B can be changed by utilizing Pro­
gram 34. Perform the following steps to enable the MX +­
B feature:

1. Set the Model 196 to the desired function and range.
2. Connect the signal to be measured (X) to the input of

. the Model 196.
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3. If the values of M and B need to be checked or changed,
do so using Program 34.

4. Press the PRGM button. The following prompt will be
displayed:

PROGRAM?

5. Enter the number 4 by pressing the "4" button. The cur­
rent status of the MX+B program will be displayed. For
example, if the MX+B is currently disabled, the follow­
ing message will be displayed:

MX+B OFF

6. Any range button will toggle the display to the alternate
MX+B status. Therefore, press a Range button and the
following message will be displayed:

MX+B ON

7. With the message "MX+B ON" displayed, press the
ENTER button to enable MX+B. The instrument will
return to the function initially set.

8. All subsequent readings (Y) will be the result of the equa­
tion: Y=MX+B.

Notes:

BASIC DMM OPERATION

Table 2-8. Example MX + B Readings

196 Range Normal MX + B·
and Function Readine: (Xl Readine: (Y)

30VDC 8.00000VDC 17.00000VDC
30VDC -5.00000VDC -2.50000VDC
30VAC 6.30000vAC 14.4500OVAC
30kn 4.00000kl"l 1l.OOOOOkl"l

·where M = +1.5 and B = +5.

2.7.4 Program 5 (HI/LO/Pass)

.Program 5 is used to enable the HIIWIPASS program. With
this program, the Model 196 will indicate whether or not
a specific reading falls within a prescribed range. The fac­
tory default W limit is a negative full scale reading, with
the actual value dependent:on function and range. Con­
versely, the factory· default HI limit is a positive full scale
reading. With these ± full scale limits, the Model 196 will
display the HI or W message for CJVerrange readings and
the PASS message for on-range readings. The HI and LO
limits can be set to anyon-range value with Program 35
(HIIW Limits).

PROGRAM?

This feature is especially useful for component evaluation,
where certain component tolerances must be observed.
Once the limits are programmed into the instrument, the
operator need only monitor the display messages to deter­
mine the integrity of the device. Perform the following pro­
cedure to enable Program 5:

1. Select the desired function and range, and zero the in­
strument, if desired. These operating parameters can­
not be changed once the program is active without ex­
iting the program.

2. If the limits need to be checked or changed, do so using
Program 35.

3. Press the PRGM button. The following prompt will be
displayed:

1. The MX+Bfeature can be disabled by again running Pro­
gram 4. While in the program, press a range button un­
til the message "MX+B OFF" is displayed and then press
the ENTER button.

2. Once MX+B has been enabled, the Model 196 will show
the value of Y. If the value of Y is larger than can be
handled by the particular range, the overrange message
will be displayed, indicating the instrument must beswit­
ched to a higher range.

3. User selected values of M and B will be stored within
the Model 196 until the power is turned off (unless saved
by Program 30). These constants will be used whenever,
X+B is enabled. Note however, that the value of B is
scaled according to the range in use. Example: A value
of 19.00000 entered for B is actually 19.0000OV with the
instrument on the 30V range and 190.0000v with the in­
strument on the 300.0000v range.

4. An example of readings that will be obtained when
MX+B is enabled is shown in Table 2-8. Each of the olF 4 E te th b 5 b . th "5" butto Th. n r e num er y pressmg e n. e
tained values for Y assumes the following constants: following message will be displayed briefly:
M=+1.5; B=+5.

HI WPASS
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5. At this point, the instrument will run the program. No
numeric readings will be displayed. Instead, one of the
following messages will be displayed:
A. If the measured value is less than the low limit, the

following message will be displayed:

W

B. If the measured value is greater than the high limit,
the following message will be displayed:

HI

C. If the measured value falls within the high and low
limits, the following message will be displayed:

PASS

6. To disable the program, press the function button that
has the indicator light on. This will disable the program
without changing the measurement parameters (i.e.
function, range, etc.) of the instrument.

Notes:

MUXON

3. If the alternate multiplexer status is desired, press one
of the range buttons. The alternate status will be
displayed as follows:

MUXOFF

4. To enter the displayed multiplexer status, press the
ENTER button. The instrument will return to the
previous operating state.

NOTE
With the auto/cal multiplexer disabled, the internal
zero and calibration are affected by changing the
nominal input level, especially on ohms and the
300VDC range. Whenever the applied input level
changes, press the selected function button to per­
form an auto/cal routine, otherwise substantial
errors will result. Zero and calibration may also be
affected by time. Thus, it is recommended that the
selected function button be pressed periodically.

The following instrument operating parameters are saved
by this program:

Program 30 saves current instrument conditions set up by
the user. These user programmed conditions will then
replace the previously saved default conditions on power
up. Also, an SDC or DCL asserted over the IEEE-488 bus
will return the instrument to these saved conditions.

PROGRAM ?

2.7.5 Program 6 (Multiplexer, Auto/Cal)

1. Limits can be set using Program 35 with or without PJoc__2.7.6 Program 30(Save)
gram 5 enabled.

2. User selectable values of Land H will be stored within
the Model 196 until the power is turned off (unless saved
by Program 30). These constants will be used whenever
HI/W/PASS is enabled. Note however, that the value of
Land H are scaled according to the range in use.

3. Pressing any ofthe front panel controls, eXcept dB (unless
in AC), ENTER, and LOCAL, will disable the program
and select the feature associated with that button.

Function
Range

The multiplexer auto/cal routines may be defeated by run- Resolution
ning Program 6. Using the Model 196 with the auto zero/cal Zero status (on/off) and value
defeated increases measurement speed and is useful for Filter status (on/off) and value
making high impedance DC voltage measurementswhich ACdB status (on/off) and reference value
can be affected by the input multiplexing. Performthe
f II . t t thO - _lEEEaddresso OWIng s eps 0 run IS program:

Line frequency setting
1. Press the PRGM button. The following prompt will be MX+B status (on/off) and values

displayed: HI1W limits
Ohms compensation status (onloff)

2. Enter the number 6 by pressing the "6" button. The cur­
rent multiplexer status will then be displayed. For exam­
ple, if the multiplexer is on, the following message will
be displayed:

2-20

Perform the following procedure to use the save program:

1. Set up the instrument as desired or run Program 37_
(Reset) to return the instrument to the factory default
conditions. -
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2. Press the PRGM button. The following prompt will be
displayed:

PROGRAM?

3. Enter the number 30 by pressing the "3" and "0" but,
tons. The following message will be displayed briefly:

3. If it is desired to retain the displayed status value, proceed
to step 4. To change the status value, enter the address
number (0 to 30).

4. With a valid status displayed, press the ENTER button.
The instrument will return to the previously defined
state.

SAVE Notes:

FREQ=60Hz

PROGRAM ?

2. Enter the number 32 by pressing the "3" and "T' but­
tons. The current line frequency setting will then be
displayed. If the instrument is currently set to 60Hz, the
following message will be displayed:

1. If an invalid number is entered, the instrument will exit
from the program with the IEEE primary address being
set to 30.

2.To change the default address of the instrument, select
the desired IEEE acidress using this program and then
Program 30 (or L1 over the IEEE bus) to save it. Cycling
power, Program 37 (Reset), or an SDC, DCL or LO sent

. over the bus will not have any affect on the new default
address.

3. If the IEEE address is changed but not saved:
A. Cycling power will return the instrument to the default

address.
B. Program 37 (Reset), or an SDC or DCL sent over the

bus will not have any affect on the current address.
C. Sending LO over the bus will not change the current

IEEE address, and will save that address as the power
up default address.

4. An "UNCAIe' error will default the IEEE address to 7 and
the line frequency setting to 60Hz.

The Model 196 does not automatically detect the power line
frequency upon power up. This program allows the user
to check the line frequency settin?; of the instrumentand
to select the alternate frequency. 'I1i.e instrument can be set
to either 50Hz or 60Hz. Perform the following steps to check
andior change the line frequency setting of the Model 196.

1. Press the PRGM button. The following prompt will be
displayed.

ENTERED

PROGRAM?

2.7.7 Program 31 (IEEE Address)

Notes:

4. The following message will then be displayed:

ENTER ?

6. The instrument will return to the conditions set up in
step 1 and will now power up to those conditions.

5. To save the instrument set up conditions, press the
ENTER button. The following message wilIbe displayed
briefly:

2. Enter the number 31 by pressing the "3"and 'T' but­
tons. The IEEE address value will be displayed. Exam­
ple: If the current primary address of the instrument is
7, the following message will be displayed:

1. To exit the program without changing the previous
default conditions, press any front panel button except
the ENTER button. The instrument will return to the
operating states set up in step 1.

2. To return the instrument to the factory power up default
conditions, use Program 37 (Reset) and save the condi-
tions using Program 30. ·2.7.lfProgram 3:f(Line Frequency)

3. When using this program, make sure that the rest of the
instrument is in the desired operating state.

Program 31 allo~s the user to check andlor modify the ad­
dress of the IEEE-488 interface. The interface can be set to
any =ary address from 0 to 30. Detailed information on
the . -488 bus is provided in Section 3. Perform the
following steps to use this program:

1. Press the PRGM button. The following prompt will be
displayed:

07 IE
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3. If the displayed frequency setting matches the available
line frequency, proceed to step 4. If the alternative line
frequency selling is needed, press one of the Range but­
tons. The display will toggle to the alternate frequency
selling as shown:

FREQ=50Hz

4. With the correct frequency setting displayed, press the
ENTER button. The instrument will return to the pre­
vious operating state.

Notes:

1. To change the default line frequency selling of thl:! iIlstru­
ment, select the desired setling using this program and
then Program 30 (or 11 over the IEEE bus) to save it. Cycl­
ing power, Program 37 (Reset), or an SDC, DCL or La
sent over the bus will not have any affect on the new
default setting.

2. If the line frequency setting is changed but not saved:
A. Cycling power,or sending an SDCor DCL over the

bus will return the instrument to the defaulLs~_tling.

B. Program 37 (Reset) will not have any affect on the cur­
rent selling.

C. Sending LO over the bus will not change the current
line frequency setting, and wil1 save that setting as
the default setting.

3. An "UNCAl;' error will default the IEEE address to 7 and
the line frequency selling to 60Hz.

2.7.9 Program 33 (Diagnostic)

Program 33 is a diagnostic program designed to switch on
various switching FEI's, relays and logic levels to allow sig­
nal tracing through the instrument. Also, tests on the dis­
play and memcry are performed. Refer to paragraph 6.7.3 in
the maintenance section to use this program to troubleshoot
the instrument.

2.7.10 Program 34 (MX+B Parameters)

This program allows the operator to check/change the M
and B values for the MX+B feature (Program 4) of the
Model 196. The factory power up default value of M is
~OOOOOO and the value orB is 00000oo. To check/change the
values of M and B, proceed as follows:

1. Press the PRGM button. The following prompt will be
displayed:

PROGRAM ?

2-22

2. Enter the number 34by pressing the "3" and "4" buttons.
The current value ofM will now be displayed."If the fac­
lOry default value is the current value of M, then the
following message will be _displayed:

1.000000 M

3. If it is desired to retain the displayed M value, proceed
to step 4. If it is desired to modify the M value, do so
using the data buttons. Note that valid M values are in
the range of -9.999999 to +9.999999.

4. With a M value displayed, press the ENTER button.
5. The currentBvalue will now be displayed. If the factory

defualt-value is the current B value, the following
message will be displayed:

0000.000 B

Decimal point position is determined by the range that
the instrument was on when this program was selected.

6. If it is desired to retain the displayed B value, proceed
to step 7. If it is desired to modify the value of M, do
so using the data keys. Note that the B value range is
from ±O.OOOlxlO-' to ±9999.999 (including zero).

7. With a valid B value displayed, press the ENTER but­
ton. The instrument will return to the previously defin­
ed state of operation.

Notes:

1. User selected vluues of M andBwill be stored within
the Model 196 until the power is turnedoff (unless saved
by Program 30). These constants will be used whenever
MX+B is enabled. Note however,. that the value of B is
scaled according to the range in use. Example: A value
of 19.00000 entered for B is actually 19.00000v with the

_instrument on the 30V range and 190.0000v with the in­
strument in the 300V range.

2. The user can set the values for M and B as the power
up default values by running Program 30.

2.7.11 Program 35 (HI/LO Limits)

Program 35 is used to set the high and low limits for the
HIlLa/PASS program (program 5). The factory. default
limits are +3030000 counts (HI limit) and -3030000 counts
(La limit). The actual value of the limits is dependent on
the range. For example, the factory default HI limit on the
3V range is 3.03oo00v, w.hi1.. e the factory def.ault HI limit on
the 30V range is 3O.3OOOOV. Perfonn the following procedure
tosel HI and 10 limits:
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1. Place the Model 196 in the function and range that the
HI/La/PASS program (program 5) will be used.

2. Press the PRGM button. The following prompt will be
displayed:

PROGRAM?

3. Enter the number 35 by pressing the "3" and "5" but­
tons. The current LO limit will be displayed. For exam­
ple, if the LO limit is the factory default value, the follow­
ing message will be displayed:

-303.0000 LO

Decimal point position is determined by the range that
the instrumentwas on when this program was selected.

4. If it is desired to retain the displayed LO limit, proceed
to step 5. Otherwise, modify the displayed value using
the data buttons. The LO limit must be in the range of
-3030000 to +3030000 counts.

5. With the desired La limit displayed, press the ENTER
button. The current HI limit will be displayed. For ex­
ample, if the LO limit is the factory default value, the
following message will be displayed:

303.0000 HI

Decimal point position is determined by the range that
the instrument was on when this program was selected.

6. If it is desired to retain the displayed HI limit, proceed
to step 7. Otherwise, modify the displayed value uSi!lg
the data buttons. The HI limit must be in the range of
-3030000 to +3030000 counts.

7. With the desired HI limit displayed, press the ENTER
button. The instrument will retorn to the previous
operating state.

Notes:

1. User selected limits will be stored in the Model196 until
power is turned off (unless saved by Program 30). These
constants will be used whenever Program 5
(HI/LOIPASS) is enabled.

2. Limits set by the user will become the power up default
limits by running Program 30 (Save).

3. Entering an invalid value will result with the instrument
using the power up default limit.

BASIC DMM OPERATION

2.7.12 Program 36 (Calibration)

The user can easily perform front panel digital calibration
by applying accurate calibration signals using Program 36.
The calibration signals can be either prompted default
values or numbers entered from the front panel. Paragraph
6.4.5 descnres the basic steps for using this program, while
paragraphs 6.4.7 through 6.4.12 provide the c01Uplete front
panel calibration procedure.

2.7.13 Program 37 (Reset)

Program 37 resets instrument set up parameters back to fac­
tory default conditions. The factory default conditions are
listed in Tables 2-1 and 3-7. Perform the following steps to
run this program.

1. Press the PRGM button. The following prompt will be
displayed:

PROGRAM ?

2. Enter the number 37 by pressing the "3" and "7" but­
tons. The following message will be displayed briefly:

RESET

3. The_following prompt-will then be displayed:

ENTER?

4. Press the ENTER button. The following message will be
displayed briefly and the instrument-will return to the
factory default conditions.

ENTERED

Notes:

1. Program 37 (Reset) can be aborted by pressing any front
panel button, except the ENTER Dutton, when the
prompt "ENTER?" is displayed. The instrument will
return to the previous operating state.

2. Once the instrument is reset to the factory default con­
ditions with this program, Program 30 must be run if
it is desired to have the factory default conditions on
subsequent power ups.

3. Program 37 (Reset) will have no affect on the current IEEE
address and line frequency setting.

2-23

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



BASIC OMM OPERATION

the ranges. Example: If IV DC is set to the zero value of
t~e 3V DC range, the zero value in the program will be
displayed as 1.000000. On the 30V DC range the zero value
will still be IV DC, but will be expressed as 01.00000 in the
program.

1. Press the PRGM button. The following prompt will be
displayed:

2.7.14 Program {2

The ohms offset compensation program is used to compen­
sate for voltage potentials (such as thermal EMFs) across
the resistance to be measured. This feature can be used for
both 2-terminal and 4-terminal resistor measurements up
to 30kO. Additional information on ohms offset compen-
sation can be found in paragraph 2.6.6. Perform the follow- . i~~~ the following procedure to implement Program
ing steps to use the ohms offset compensation program:

1. Press the PRGM button. The following prompt will be
displayed:

PROGRAM? PROGRAM?

2. Press the 0 button. The current status of ohms compen­
~ation will be ?isplayed. For e~ple, if compensation
IS currently disabled, the followmg message will be
displayed: '

2. Press the ZERO button. The current zero value will then
be displayed. Example: If the instrument is on the 30V
DC range and the current zero value is +3V DC, the
following message will be displayed:

COMPOFF 03.00000 Z

3. If the alternate status is desired, press one of the Range
buttons. The alternate status will be displayed as follows:

COMPON

4. With the desired compensation status displayed, press
the ENTER button.
A. If ohms offset compensation was enabled, the instru­

ment will be placed in the ohms function with the
o indicator light flashing.

B. If ohms offset compensation was disabled, the instru­
ment will return to the previous operating state. When
the ohms function is selected, the 0 indicator light
will not flash.

3. If it is desired to retain the displayed zero value, press
the ENTER button. The instrument will return to the
previous operating state with the zero modifier enabled.
The displayed reading will reflect the entered zero value.

4. To modify the zero value, enter the new value and press
the ENTER button. The instrument will return to the
previously defined state with the zero modifier enabled
using the newly entered zero value.

Note: The factory default power up zero value is 0000.000.
lf it is desired to have a djfferent zero value displayed
on power up, modify thll zero value using Program
ZERO followed by Program 30 to save it.

2.7.16 Program FILTER
Notes:

1. The 0 indicatodight reveals the status of ohms offset
compensation. With the ohms function selected, a
flashing 0 light indicates that compensation is enabled,
and conversely, a non-flashing 0 light indicates that com­
pensation is disabled.

2. The status of ohms offset compensation can be saved as
a power up default condition by running Program 30.

Program FILTER allows the user to modify the weighting
of the digital filter. Valid filter values are from 1 to 99. More
information concerning the filter can be found in paragraph
2.6.3.

Perform the following steps to check andlor modify the
filter value.

2.7.15 Program ZERO
1. Select the desired function.
2. Press the PRGM button. The following prompt will be

displayed:

Program ZERO allows the user to check or modify the..zero
value. A complete explanation of the zero modifier can be
found in paragraph 2.6.2. Once a zero value is set on a
measurement function, that zero level is the same on all

PROGRAM?
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3. Press the FITTER button. The current filter value will then
be displayed. Example: If the filter value is 5, the follow­
ing message will be displayed:

BASIC DMM OPERATION

reference.on power up, modify the reference using Pro­
gram dB followed by Program 30 to save it.

05 F 2.8 FRONT PANEL TRIGGERING

4. If it is desired to retaln the displayed filter value, pro­
ceed to step 5. If it is desired to modify the filter value,
do so using the data buttons.

5. With the desired filter value displayed, press the ENTER
button. The instrument will return to the previously
defined state when the filter is enabled.

6. To check or change the filter value of another function,
select the function and repeat steps 2 through 5.

Notes:

1. The factory default power up filter value is 10. If it is
desired to have a different filter value on power up,
change the filter value using Program FILlER followed
by Program 30 to save it.

2. Entering a filter value of 00 will default the filter value
back to the previous value and return the instrum"n\ to
the previously defined state with the filter disabled.

2.7.17 Program dB

Program dB allows the user to check and/or modify the dB
reference. The programmable voltage reference"cari be up
to 9.999999V and the programmable current reference can
be up to 9.999999mA. Detailed information on dB measure­
ments is provided in paragraph 2.6.9. Perform the follow­
ing steps to use this program:

1. Press the PRGM button. The following prompt.will be
displayed:

PROGRAM?

2. Press the dB button. The current reference level will be
displayed. Example: If the reference is 1V or lmA, the
following message will be displayed:

1.000000dB

3. Modify, if desired, the dB reference level and press the
ENTER button. The recommended reference range is
10/,V to 9.999999V and 10nA to 9.999999mA. The instru­
ment will return to the previously defined state.

ENTERED

Note: The factory default power up voltage reference is
1.00000OV with the instrument in ACV and 1.000000mA
with ACA selected. If it is desired, to have a different

With the instrument properly configured over the IEEE-488
bus, readings can be triggered from the front panel using
the ENlER button. The following paragraphs provide
general procedures for one-shot front panel triggering and
front panel triggering into data store.

NOTE
The procedures in this section require lEEE-488 bus
programming. Refer to Section 3, particularly
para~K;S3.9.7 (triggering) and 3.9.9 (Data Store)
for d on programming the instrument over the
bus.

2:8.1 One-Shot Triggering·

On power up, the instrument is in the continuous trigger
mode with the conversion rate determined by the internal
time base. To place the instrument in a state where each
press of the ENTER button will trigger one reading, per­
form the following general procedure:

1. Place the instrument in the desired function and range.
2. Place the instrument in "one-shqt on external trigger" by

sending T7 over the IEEE-488 bus.
3. Press the LOCAL button to return control to the front

panel.
4. Each press of the ENTER button will trigger one reading.

2.8.2 Triggering Readings Into Data Store

The front panel ENTER button can be used to trigger-­
reading into data store. In the one-shot trigger mode, each
press of the ENlER button will store one reading in the
buffer. In the continuous trigger mode, the ENTER button
will start the storage process at the rate that was programm­
ed over the IEEE-488 bus. Perform the following general
procedure to trigger readings into data store from the front
panel:

1. Place the instrument in the desired function and range.
2. Place the instrument in the appropriate trigger mode:

A. To store one reading in the buffer after each press of
the ENlER button, send T7 (one-shot on external trig­
ger) over the bus.

B. To store a series of readings in the buffer after the
ENTER button is pressed, sendT6(continuous on ex­
ternal trigger) over the bus.

2·25
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3. Configure the storage interval and buffer size of the data
store by sending the appropriate Qn and I commands
over the bus (see paragraph 3.9.9).

4. Press the LOCAL button to return control to the front
panel.

5. Press the ENTER key to either store one reading in the
buffer or to start storage of a series of readings.

To use the external trigger, proceed as follows:

1. Connect the external trigger source to the rear panel BNC
EXTERNAL TRIGGER INPUT connector. The shield
(outer) part of the connector is connected to digital com­
mon. Since an internal pull-up-resistor is used, a
mechanical switch may be used. Note however, that de­
bouncing circuitry will probably be required to avoid im­
proper triggering.

2.9 EXTERNAL TRIGGERING

The Model 1% has two external BNC connectors on the
rear panel associated with instrument triggering. The EX­
TERNAL TRIGGER INPUT connector allows the instru­
ment to be triggered by other devices, while the
VOITMETER COMPLETE OUTPUT connector allows the
instrument to trigger other devices.

2.9.1 External Trigger

The Model 196 may be triggered on a continous or one­
shot basis. For each of these modes, the trigger stimulus
will depend on the selected trigger mode. In the continuous
trigger mode, the instrument takes a continuous series of
readings. In the one-shot mode, only a single reading is
taken each time the instrument is triggered.

CAUTION
Do not exceed 30V between digital common and
chassis ground, or instrument damage may
occur.

2. Place the instrument in the "one-shot on external trig­
ger" (T7) or "continuous on external trigger" (16) as ex­
plained in paragraph 3.9.7.

3. To trigger the instrument, apply a pulse to the external
trigger input. The instrument will process a single
reading each time the pulse is applied (one-shot), or start
a continuous series of readings.

Note: External triggering can be used to control the fill rate
in the data store mode with the data store enabled and one­
shot mode selected, each trigger will cause a reading to be
stored.

CAUTION
Do not exceed 30V between the VOLTMETER
COMPLETE common (outer ring) and chassis
ground or Instrument damage may occur•

. ~, '

2.9.2 Voltmeter Complete

TRIGGERS ON
LEADING EDGE

~TTLHIGH I IF----CZV-5V)

TTL LOll
C:5;O.BV) I I

~~fM~

The external trigger input requires a falling edge pulse at
TTL logic levels, as shown in Figure 2-8. Connections to
the rear panel EXTERNAL TRIGGER INPUT jack should
be made with a standard BNC connector. If the instrument
is in the external trigger mode, it will be triggered to take The Model 196 has an available output pulse that can be
readings while in either a continuous or one-shot mode used to trigger other instrumentation. A single TTL­
when the negative-going edge of the external trigger pulse -compatible negative-going pulse (see Figure 2-9) will ap­
occurs. pear at the VOLTMETER COMPLETE OUTPUT jack each

time the instrument completes a reading. To use the
voltmeter complete output, proceed as follows:

1. Connect the Model 196 to the instrument to be triggered
with a suitable shielded cable. Use a standard BNC con­
nector to make the connection to the Model 196.

Figure 2-8. External Trigger Pulse Specifications
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Figure 2-9. Voltmeter Complete Pulse
Specifications

LS TTL LO\t
(0.25V TYP I CAL) [ I

~10)1S~
MINIMUM

2. Select the desired function, range, trigger mode, and
other operating parameters, as desired.

3. In a continuous trigger mode, the instruIt'lent will out­
put pulses at the conversion rate; eacli. pulse will occur
after the Model196 has completed a conversion.

4. In a one-shot trigger mode, the Mode1196 will output
a pulse once each time it is triggered.

READING
DONE

•LS TTL HIGH
(3.·W TYP I CAL)

BEGIN NEXT
CONVERSION

•

BASIC DMM OPERATION

Figure~lO. U$eshielded cables with BNC connectors.
The Model 196VOLTMETER CO:rv.tPLETE OUTPUT jack
should be connected to the Model 705 EXTERNALTRIG­
GER INPUT jack. The Model 196 EXTERNAL TRIGGER
INPUT jack should be connected to the Model 705
CHANNEL READY OUTPUT. Additional connections,
which are not shown on the diagram, will also be
necessary to apply signal inputs to the scanner cards,
as well as for the signal lines between the ~anner and
the Model 196.

2. Place the Model 196 in "one-shot on external trigger" (17)
as explained in paragraph 3.9.7.

3. Programthe Model 705 scan parameters such as first and
last channel as required. Place the instrument in the
single scan mode.

4. Install the desired scanner cards and make the required
input and output signal connections. See the Model 705
Instruction Manual for details.

5. Begin the measurement sequence by pressing the Model
705 START1STOP button. The Model 705 will close the
first channel and trigger the Model 196 to take a reading.
When the Model 196 completes the reading, it will trig~

ger the Model 705 to go to the next channel. The pro­
cess repeats until all programmed channels have been
scanned.

2.9.3 Triggering Example

As an example of using both the external trigger input and
the meter complete output, assume that the Model 196 is
to be used in conjunction with a Keithley Model 705 Scan- .
ner to allow the Model 196 to measure a number of dif­
ferent signals, which are to be switched by the scanner. The
Model 705 can switch up to 20 2-pole channels (20 single­
pole channels with special cardS such as the low-current
card). In this manner, a single Model 196 could monitor
up to 20 measurement points.

By connecting1:he triggering inl?uts of thetwo instruments
together, a complete automahc measuremenT-sequence··
could be performed. Data obtained from each measurement
point could be stored using the data store of the Model 196.

Once the Model 705 is programmed for its scan sequence,
the measurement proCedure is set to begin. Wh.en the
Model 705 closes the selected channel, it triggers the Model
705 to scan to the next channel. The process repeats until
all channels have been scanned.

To use the Model 1% with the Model 705, proceed as
follows:

1. Connect the Model 196 to the Model 705 as shown in

/ I
CHANNa. EXTERNAL

I I REA~Y ;l6GER

0 ~ ~ 0

I I- -
0 0 0

8~ e
~

MODEL 705

,
~ e e

I e e e
0 0

I-- EXTERNAL ;; VOLTMET£R -
0 TRt86ER • COI'lPl.ETE 0INPUT OUTPUT 0

8< > - e
HODEL 196

Figure 2-10. External Triggering Example
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SECTION 3
IEEE-488 PROGRAMMING

Appendix B-Programming information for using the IBM
POXT computer with the Model 8573A interface.

Appendix C-Sample programs using a variety of different ·3.11
controllers with the Model 196. .

3.1 INTRODUCTION

This section contains information on programming the
Model 196 over the IEEE-488 bus. Detailed instructions for
all programmable functions are included; however, infor­
mation concerning operating modes presented elsewhere
is not repeated here.

AdditionalIEEE-488 information is provided in the follow­
ing appendices:

Appendix A-ASCII character codes and multiline inter­
face command messages.

3.7

3.8

3.9

3.10

Front Panel Aspects of- IEEE-488 Operation:
Describes the operation of the LOCAL key and bus
status indicators, and summarizes front panel
messages that may occur dUring bus operation.

General Bus Command Programming: Outlines
methods for sending general bus commands to the
instrument.

Device-Dependent Commands: Contains descrip­
tions of most of the programming commands used
to control the instrument over the bus.

Using the Translator Mode: Describes an alternate
programming method of using easily recognized.
user-defined words in place of device-dependent
commands.

Bus Data Transmission Times: Lists typical times
when accessing instrument data over the bus.

Appendix D-A detailed overview of the IEEE-488 bus.

Also, a tear out card listing the device-dependent com­
mands follows the appendices.

Section 3 contains the following information:

3.2 A SHORT-CUT TO IEEE-488 OPERATION

The paragraphs below will take you through a step-by-step
procedure to get your Model 196 on the bus as quickly as
possible and program basic operating modes. Refer to the
remainder of Section 3 for detailed information on IEEE-488
operation and progranUlling.

3.2

3.3

3A

3.5

3.6

A Short-cut to IEEE-488 Operation: Gives a
simple step-by-step procedure for getting on the bus
as quickly as possible.

Bus Connections: Shows typical methods for con­
necting the instrument to the bus.

Interface Function Codes: Defines IEEE standard
codes that apply to the instrument.

Primary Address Selection: Tells how to program
the instrument for the correct primary address.

Controller Programming: Demonstrates simple
programming techniques for a typical IEEE-488
controller. ..

Step 1: Connect Your Model 196 to the Controller

With power off, connect the Model 196 to the IEEE-488 in­
terface of the controller using a standard interface cable.
SQme controllers such as the HP-85 include an integral
cable, while others require a separate cable. Paragraph 3.3
discusses bus connections in more detail.

Step 2: Select the Primary Address

Much like your home address, the primary address is a way
for the controller to refer to each device on the bus in­
dividually. Consequently, the primary address of your
Model 196 (and any other devices on the bus, for that mat-

3·1
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ter), must be the same as the primary address specified
in the controller's programming language, qr you will not
be able to program instrument operating modes and ob­
tain data over the bus. Keep in mind that each device on
the bus must have a different primary address.

The primary address of your Model 196 is set to 7 at the
factory, but you can program other values between 0 and
30 by pressing PRGM, 3, 1, and then using the data entry
keys to change the primary address. Once the desired value
is displayed, press ENTER to program the value.

PLACE UN I T
IN REMOTE

More detailed information on primary address selection is
located in paragraph 3.5.

PROGRAM
OPERATING

HODES

50 ENTER 707; A$

60 DISP A$
70 GOTO 20
80 END

30 INPUT C$
40 OUTPUT 707,; C$

NO

OISPLAY DATA

REQUEST OAT A
FROM 196

Figure 3-1. Typical Program Flow Chart

10 REto10TE 707 Send remote enable.
20 DISP , 'COMMAND~ , i Prompt for command

string.
Input the command string.
Send command string to
196 .
Get a reading from the
instrument .
.Display the reading.
Repeat.

HP-85 Programming Example-Use the simple program
below to send programming commands to the Model 196
and display the data string on the computer CRT.

PROGRAM COMMENTS

Step 3: Write Your Program

Even the most basic operations will require that you write
a simple program to send commands and read back data
from the instrument. Figure 3-1 shows a basic flow chart
that a typical simple program will follow. Theprogranuning
example below follows this general sequence. This program
will allow you to type in command strings to program the
instrument and display data on the computer CRT.

3-2
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Step 4: Program Model 196 Operating Modes

You can program instrument operating modes by sending
the appropriate command, which is made up of an ASCII
letter representing the command, followed by one or two
numeric parameters separated by commas for the com­
mand option. Table 3-1 summarizes the commands used
to select function and range.

A number of commands can be grouped together in O:le
string, if desired. Also, you must terminate the command
or command steing with the X character in order for the
instrument to execute the commands in question.

If you are using the programming example from Step 3
above, simply type in the command steing when prompted
to do so. Some example strings are given below.

F3X: select DCA function.
FOR2X: select DCV function, 3V range.

IEEE-488 PROGRAMMING

Step 5: Get Readings from the Model 196

Usually, you will want to obtain one or more readings from
the Model 196. In the example program above, a single
reading is requested and displayed after each command.
In other cases, you may wish to program the instrument
configuration.at the beginning of your program, and then
obtain a whole series of measurements.

The basic reading steing that the Model 196 sends over the
bus is in ASCII characters of the form:

NDCV-1.234567E+0

where: N indicates a normal reading (0 would indicate an
overflow),
DCV shows the function in effect (in this case, DCV)
-1.234567 is the mantissa of the reading data,
E+O represents the exponent.

Table 3-1. IEEE-488 Commands Used to Select Function and Range

_..

Mode Command Description .. ... _.- a ~... ,~-.. ...,~. .,,, ..

Execute X Execute other device-dependent commands.
'""' .

Function FO DC volts
F1 AC volts
F2 Ohms
F3 DC current
F4 AC current
F5 ACVdB
F6 ACAdB
F7 Offset compensated ohms . _.. --. -_.. . . - .

.
Range Offset Compensated

DCV ACV DCA ACA Ohms ACVdB ACAdB O.hms

RO Auto Auto Auto Auto Auto Auto Auto Auto
R1 300mV 300mV 300iLA 300iLA 300 II Auto Auto 300 II
R2 3 V 3 V 3mA 3mA 3 kll Auto Auto 3 kll
R3 30 V 30 V 30mA 30mA 30 kll Auto Auto 30 kll
R4 300 V 300 V 300mA 300mA·~Okll Auto Auto 30 kll
R5 300 V 300 V 3 A 3 A 3Mll Auto Auto 30 kll
R6 300 V 300 V 3 A 3 A 30Mll Auto Auto 30 kll
R7 300 V 300 V 3 A 3 A 300Mll Auto Auto 30 kll

3-3
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3.3 BUS CONNECTIONS

Figure 3-3. IEEE·488 Connections

INSTRUMENTINSTRUMENTThe Model 196 is intended to be connected to the IEEE-488
bus through a cable equipped with standard IEEE-488 con­
nectors, an example of which is shown in Figure 3-2. The
connector is designed to be stacked to allow a number of
parallel connections at one instrument~Two screws are
located on each connector to ensure that connections re­
main secure. Current standards call for metric threads,
which are identified with dark colored screws. Earlier ver­
sions had different screws, which were silver colored. Do
not attempt to use these type of connectors on the Model
196, which is-designed for metric threads.

Figure 3~2. IEEE-488 Connector

A typical connecting scheme for a multiple-instrument test
set up is shown in Figure 3-3. Although any number of con­
nectors can be stacked on one instrument, it is recommend­
ed that you stack no more than three connectors on any
one unit to avoid possible mechanical damage.

Connect the Model 196 to the IEEE-488 bus as follows:

1. Line up the ·cable connector with the connector located
on the rear panel of the instrument. The connector is
designed so that it will fit only one way. Figure 3-4 shows
the location of the IEEE-488 connector on the instrument.

2. Tighten the screws securely, but do not overtighten them.
3. Add additional connectors from other instruments, as

required.
4. Make certain that the other end of the cable is properly

connected to the controller. Most controllers are
equipped with an IEEE-488 style connector, but a few
may require a different- type of connecting cable. Con­
sult the instruction manual for your controller for the
proper connecting method.

3-4
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Figure 3-4. IEEE·488 Connector Location

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. The maximum
cable length is 20 meters, or 2 meters times the
number of devices, which ever is less. Failure to
observe these limits may result in erratic bus
operation.

Custom cables may be constructed by using the informa- .
tion in Thble 3-2 and Figure 3-5. Table 3-2 lists the contact
assignments for the bus, and Figure 3-5 shows the contact
configuration.

IEEE-488 PROGRAMMING

Table 3·2. IEEE Contact Designation

Contact IEEE-488
Number Designation Type

1 0101 Data
2 0102 Data
3 0103 Data
4 0104 Data
5 EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFe Management

10 SRQ Management
11 ATN Management
12 SHIELD Ground
13 DI05 Data
14 0106 Data
15 0107 Data
16 DI08 Data
17 REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9)* Ground
22 Gnd, (10)* Ground
23 Gnd, (11)* Ground
24 Gnd, LOGIC Ground

*Numbersin parentheses refer to signal ground return
of referencen contact number. EOI and REN signal
lines return on contact 24.

3.4 INTERFACE FUNCTION CODES

CAUTION
IEEE-488 common is connected to chassis
ground and cannot be floated.

CONTACT 12

CONTACT 2+

CONTACT 1

CONTACT 13

The interface function codes, which are part of the IEEE-488
standards, define an instrument's ability to support various
interface functions, and they should not be confused with
programming commands found elsewhere in this mariual.
Interface function codes for the Model 196 are listed in Table
3-3 and are listed for convenience on the rear panel adja­
cent to the IEEE-488 Connector. The codes define Mode1196
capabilities as follows:

SH (Source Handshake)-SH1 defines the ability of the
Model 196 to properly handshake data or command bytes
when the unit is acting as a source.

AH (Acceptor Handshake)-AHl defines the ability of the
Model 196 to properly handshake the bus when it is ac­
ting as an acceptor of data or commands.

Figure 3-5. Contact Assignments

- ._....
T (Talker)-The ability of the Model 196 to send data over
the bus to other devices is defined by the T function. Model
196 talker capabilities exist only after the instrument has
been addressed to talk.
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The Model 196 must receive a llsten command before it will
respond to addressed commands over the bus. Similarly,
the instrument must receive a talk command before it will
transmit its data. These listen and talk commands are de­
rived from the primary address of the instrument, which
is set to 7 at the factory. Until you become more familiar
with your instrument, it is recommended that you leave
the address at this value because the programming ex­
amples in this manual assume the instrument is pro­
grammed for that address.

3.5 PRIMARY ADDRESS SELECTION

The primary address can be programmed for any value bet­
ween 0 and 30. However. each device on the bus must have
a unique primary address-. a factor that should be kept in
mind when setting the primary address of the Model 196.
Most controllers also use a primary address; consult the
controller instruction manual for details. Whatever address
is used, it must be the same as the value specified as part
of the controller's programming language.

SR (Service Request)-The SR function defines the ability
of the Model 196 to request service from the controller.

RL (Remote-Local)-The RL function defines the capabili­
ty of the Model 196 to be placed in the remote or local
modes.

L (Ustener)-The L function defines the ability of the Model
196 to receive device-dependent data over the bus. Listener
capabilities exist only after the instrument has been ad­
dressed to listen.

PP (Parallel Poll)-The Model 196 does not have parallel poll­
ing capabilities.

DC (Device Oear)-The DC function defines the ability of
the Model 196 to be cleared (initialized).

Dr (Device Trigger)-The ability for the Model 196 to have
its readings triggered is defined by the Dr function.

C (Controller)-The Model 196 does not have controller
capabilities.

TE (Extended Talker)-The Model 196 does not have extend- To check the presently programmed primary address, or
ed talker capabilities. to change to a new one, proceed as follows:

LE (Extended Listener)-The Model 196 does not have ex­
tended llstener capabilities.

E (Bus Driver Type)-The Model 196 has open-collector bus
drivers.

1. Press PRGM, 3, 1. The current primary address will be
displayed. For example, if the current address is 7, the
following message will be displayed:

(JJ IE

Table 3-3. Model 196 Interface Function Codes

Code Interface Function
SHI Source Handshake capability
AH1 Acceptor Handshake capability
T6 Talker (Basic talker, Serial poll, Unaddressed

to talk on LAG)
IA Listener (Basic llstener, Unaddressed to llsten

on TAG)
SRI Service Request capability
RLl Remote/Local capability
PPO No Parallel Poll capability
DCl Device Oear capability
DI1 Device Trigger capability
CO No Controller capability
El Open Collector Bus Drivers
TEO No Extended Thlker capabilities
LEO No Extended Listener capabilities·

•

2. To modify the address, key in a new value (0-30) with
the numeric data buttons.

3. With the desired address value displayed, press the
ENTER button. The address will be programmed and
the instrument will return to the previous operating state.

4. To store the address as the power up address, run Pro­
gram 30.

Note: For detailed information on using Programs 30 and
31, refer to paragraph 2.7.

3.6 CONTROLLER PROGRAMMING

A number of IEEE-488 controllers are available, each of
which has its·own programming language. In this section,
we will discuss the programming language for the Hewlett­
Packard HP-85.

3-6
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NOTE
Programming information for using the IBM POXT
equipped with a Model 8573A ffiEE-488 interface
is contained in Appendix B.

3.6.1 Controller Handler Software

Before a specific controller can be used over the IEEE-488
bus, it must have ffiEE-488 handler software installed. With
some controllers like the HP-85, the software is located in
an optional I/O ROM, and no software installation is
necessary on the part of the user. In other cases, software
must be loaded from a diskette and initialized, as is the
case with the Model 8573A interface.

Other small computers that can be used as ffiEE-488 con­
trollers may not support all ffiEE-488 functions. With some,
interface programming may depend on the particular in­
terface being used. Many times, little "tricks" are necessary
to obtain the desired results.

From the preceding discussion, the message is clear: make
sure the proper software is being used with the interface.
Often the user may incorrectly suspect that the hardware
is causing a problem, when it was the software all along.

3.6.2 BASIC Interface Programming
Statements

The programming instructions covered in this section in­
clude examples written in HP-85 BASIC. This computer was
chosen for the examples because of its versatility in control­
ling the IEEE-488 bus. A partial list of statements for the
HP-85 is shown in Table 3-4.

HP-85 statements have a one or three digit argument that
must be specified as part of the statement. The fIrst digit
is the interface select code, which is set to 7 at the factory.
The last two digits of those statements requiring a 3-digit
argument specify the primary address. In the examples
shown, the default Model 196 address (7) is shown. For a
different address, you would of course change the cor­
responding digits in the programming statement.

IEEE·488 PROGRAMMING

Someof the statements have two forms, with the exact con­
figuration depending on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command over
the bus, while CLEAR 7CJ7 sends the SDC command to a
device with a primary address of 7.

Table 3-4. BASIC Statements Necessary to Send
Bus Commands

.
Action HP-85 Statement

Transmit- string to device 7. OUTPUT 707; A$
Obtain string from device 7. ENTER 707; A$
Send GTL to device 7. LOCAL 707
Send SDC to device 7. CLEAR 707
Send DCL to all devices. CLEAR 7
Send remote enable. REMOTE 7
Cancel remote enable. LOCAL 7
Serial poll device 7. SPOll (707)
Send Local Lockout. LOCAL lOCKOUT
Send GET to device. TRIGGER 707
Send IFC. ABORTIO 7

3.7 FRONT PANEL ASPECTS OF IEEE·488
OPERATION

The following paragraphs discuss aspects of the front panel
that are part of ffiEE-A88 operation, including front panel
error messages, ffiEE-488 status indicators, and the LOCAL
key.

3.7.1 Front Panel Error Messages

The Model 196 has a number of front panel error messages
associated with ffiEE-488 programming. These messages
are intended to inform you of certain conditions that may
occur when sending deVice-dependent commands to the
instrument, as summarized in Table 3-5.

The following paragraphs discuss each of these messages
in detail. Note that the instrument may be programmed
to generate an SRQ (paragraph 3.9.13), and the Ul error
word can be checked for specific error conditions
(paragraph 3.9.16) if any of these errors occur.

3-7
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Table 3-5. Front Panel IEEE-488 Messages

Message Descrintion

NO REMOTE Instrument programmed "'ilb REN
false.

roDC illegal Device-dep.endent Command
roDCO illegal Device-dependent Command

Option
TRIG ERROR Instrument triggered while it is still

SHORT TIME
processing a previous trigger.
Instrument cannot store readings at
programmed interval. Readings will
be stored as fast as the instrUlIlent
can run.

BIG STRING Programmed display message ex-
ceeds 10 characters.

CALWCKED Calibration command sent with
calibration switch in the disable
position.

CONFLICT Data Store-Instrument cannot store
readings at a high speed interval (1
to 14ms) while in an invalid state.
Storage will not occur.

Calibration-Calibration cOmmand is
ignored when instrument is in an ill-
valid state (i.e. dB functiOIi.). ---

--

NOTE: Error messages associated with translator software
are located in paragraph 3.10.

No Remote Enor

A no remote error will occur if the instrument receives a
device-dependent command and the REN (Remote Enable)
line is false. In this instance, the following error message
will be displayed on the front panel:

NO REMOTE

Th" error condition can be corrected by placing the REN
line true before attempting to program the instrument.

HP-85 Programming Example-To demonstrate the NQ
REMOTE error message, type in the following lines:

LOCAL 7
OUTPUT 707; "R1X"

3-8

Note that the NO REMOTE error message is briefly
displayed when the second statement above is executed.

IDDC (Illegal Device-Dependent Command) Enor

An roDC error occUrs when the unit receives an invalid
command over the bus. For example, the command string
ElX includes an illegal command because the letter E is not
part of the instrument's programming language. When an
illegal command is received, the instrument will briefly
display the following error message:

roDC

To correct the error condition, send only valid commands.
Refer to paragraph 3.9 for device-dependent command pro­
gramming details.

HP-85 Programming Example-To demonstrate an roDC er­
ror, use the following statements:

REMOTE 707
OUTPUT 707; "E1X"

Note that the roDC error message is briefly displayed when
the second statement above is executed.

IDDCO (Illegal Device-Dependent Command Option)
Error

Se~ding the instrument a legal command with an illegal
option that cannot be automatically scaled within bounds
will result- in the following front panel error message:

roDCO

For example, the command Y9X has an illegal option (9)
that is not part-of the instrument's programming language.
Thus, although the command (Y) itself is valid, the option
(9) is not, and the roDCO error will result. -

To correct this error condition, use only valid command op­
tions, as discussed in paragraph 3.9.

HP-85 Programming Example-Demonstrate an roDCO er­
ror with the following statements:
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REMOTE 707
OUTPUT 707; "V9X"

Note that the IDDCO error message is briefly displayed
when the second statement above is executed.

'nigger Overrun Error

A trigger overrun error occurs when the instrument receives
a trigger while still processing a reading from a previous
trigger. Note that only the overrun triggers are ignored.
These overrun triggers will not affect the instrument ex­
cept to generate the message below. When a trigger over­
run occurs, the following front panel message will be
displayed for approXimately one second:

TRIG ERROR

HP-85 Programming Example-To demonstrate a trigger
overrun error, enter the following statements into the HP-85
keyboard:

REMOTE 707
OUTPUT 707; , 'T3X' ,

TRIGGER 707@ TRIGGER 707

Note that the trigger overrun message is displayed after the
END LINE key is pressed a third time. .

Big String Error

A big string error occurs when trying to display a message
(using the D command) that exceeds lOd1aracters. Blank
display digits used in the message countas characters. The
invalid message is ignored and the following message is
displayed briefly when a big string error occurs:

BIG STRING

HP-85 Programming Example-Enter the following state,
ments into the computer to demonstrate a big string error:

REMOTE 707
OUTPUT 707; "DH0W@ARmVoU1X"

When END LINE is pressed the second time the big string
error will occur because the message is made up of 12
characters.

IEEE-488 PROGRAMMING

Cal Locked Error

A cal locked error occurs when trying to calibrate the in­
strument over the bus with the front panel calibration
switch in the disable position. Calibration commands will
be ignored and the following message will be displayed
briefly:

CAL LOCKED

Short Time Error

A short time error occurs when the instrument cannot store
readings in the data store at the programmed interval (Q
cOriunand). However, the instrument will continue to store
readings as fast as it- can run. The following message is
displayed briefly when a short time error occurs:

SHORT TIME

HP-85 Programming Example-To demonstrate a short time
error, enter the following statements into the computer:

REt10TE 707
OUTPUT 707; , 'Q 100F2T2X' ,

TRIGGER 707

When END LINE is pressed the third time, the instrument
will start storing readings in the buffer. However, since the

. instrument cannot make resistance measurements (F2) at
the selected interval (Q100), short period errors will occur.

Conflict Error

A conflict error occurs when trying to store readings at a
high speed interval (lms to 14ms) while the instrument is
in an invalid state. After sending a command string that
contalns the interval command (Q), the following message
is displayed briefly when a conflict error occurs:

CONFUCT

The entire command string will be ignored and the data
store will not start.

Valid instrument states for high speed data storage are listed
in Table 3-11.

3-9
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A conflict error also occurs when trying to send a calibra·
tion command over the bus while the instrument is in an
invalid state, such as the dB function. The entire command
string is ignored when a conflict error occurs.

HP-85 Programming Example-Enter the following
statements into the computer to demonstrate a CONFLICT
error:

RE~10TE 707
OUTPUT 707; "Q1F2X"

When END LINE is pressed the second time, a conflict er­
ror will occur because data cannot be stored at the high
speed interval of 1ms (Q1) with the instrument in the ohms
function (F2). The entire command string will be ignored.

3.7.2 IEEE·488 Status Indicators and LOCAL
Key

The TLK, RMT, and LSN indicators show the present­
IEEE-488 statos of the instrument. Each of these indicators
is briefly described below.

STATUS INDICATORS

TLK RHT LSN
D D D

LOCAL

o

TALK-The TLK indicator will be on when the instrument
is in the talker active state. The unit is placed in this state
by addressing it to talk with the correct MfA (My Talk Ad­
dress) command. TLK will be off when the unit is in the
talker idle state. The instrument is placed in the talker idle
state by sending it-an UNT (Untalk) command, address­
ing it to listen, or with the IFC (Interface Gear) command.

REMOTE-The RMT indicator shows when the instrument
is in the remote mode. Note that RMT does not necessarily
indicate the state of the REN line, as the instrument must
be addressed to listen with REN true before the RMT in­
dicator will torn on. When the instrument is in remote, all
front panel keys except for the LOCAL key will be locked
out. When RMT is tomed off, the instrument is in the local
mode.

USTEN-The LSN indicator will be on when the Model 196
is in the listener active state, which is activated by address­
ing the instrument to listen with the correct MLA (My
Listen Address) command. LSN will be off when the unit
is in the listener idle state. The unit can be placed in the
listener idle state by sending UNL (unlisten), addressing
it to talk, or by sending IFC (Interface Gear) over the bus.

LOCAL-The LOCAL key cancels the remote mode and
restores local operation of the instrumento-

Since all front panel keys except LOCAL are locked out­
when the instrument is in remote, this key provides a con­
venient method of restoring front panel operation. Press­
ing LOCAL will also torn off the RMT indicator and retom
the display to the normal mode if user messages were
previously displayed with the D command.

Note that the LOCAL key will also be inoperative if the LLO
(Local Lockout) command is in effect.

Table 3·6. General Bus Commands and Associated BASIC Statements

HP-85
Command Statement Affect on Model 196

REN REMOTE 7 Goes into remote when next addressed.
IFC ABORTIO 7 Goes into talker and listener idle states.
LLO LOCAL LOCKOUT 7 Front panel controls locked out.
GTL LOCAL 707 Cancel remote.
DCL CLEAR 7 Retoms to default conditions:
SDC CLEAR 707 Retoms to default conditions.
GET TRIGGER 707 Triggers reading in T2 and 13 modes.

3·10
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3.8 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general purpose regardless of the in­
strument. Commands supported by the Model 196 are
summarized in Thble 3-6, which lists HP-85 statements
necessary to send each command. Note that commands
requiring a primary address assume that the Model 196
primary address is set to 7 (its factory default address).

3.8.1 REN (Remote Enable)

REN is a uniline command that must be asserted by the
controller to place the Model 196 in the remote mode.
Simply setting REN true will not actually place the instru­
ment in remote; instead, the unit must be addressed to
listen after REN is set true.

Generally, remote enable should be asserted before attemp­
ting to program the instrument over the bus. Once the in­
strument is in remote, all front panel ~controls except
LOCAL will be inoperative. Normal front panel operation
can be restored by pressing the LOCAL key.

To place the Model 196 in the remote mode, the controller
must perform the following sequence:

~ Set the REN line true.
2. Address the Model 196 to listen.

HP-85 Programming Example-Place the Model 196 in
remote with the following statement:

RE~10TE 707

When the END LINE key is pressed, the Model 196 should
be in the remote mode as indicated by the RMT annun­
ciator light. If not, check to see that proper bus connec­
tions are made, and that the instrument is programmed
for the correct primary address (7).

Note that all front panel controls except~LOCAL (and, of
course, POWER) are inoperative while the instrument is
in remote. You can restore normal front panel operation by
pressing the LOCAL button.

3.8.2 IFC (Interface Clear)

The !FC command is sent by the controller to place the

IEEE·488 PROGRAMMING

Model 196 in the talker and listener idle statesc The unit
will respond to the !FC command by cancelling front panel
1I\LK or LISTEN lights, if the instrument was previously
placed in one of those modes.

To send the !FCcommand, the controller need only set the
!FC line true for a minimum of lO0l'8ec.

HP-85 Programming Example-Before demonstrating the
!FC command, place the instrument in the talker active state
with the following statements:

REMOTE 707
ENTER 707; A$

At this point, the RMT and TLK indicators should be on.

The !FC command can be sent by typing in the following
statement:

ABORTIO 7

Note that the TLK indicator turns off when the END LINE
key is presse-d.

3.8.3 LLO (Local Lockout)

The LLO command is used to lock out operation of the
LOCAL key, thereby completely locking out front panel
operation of the instrument (recall that the remaining con­
trols are locked out when the instrument is placed in
remote).

To send the LLO command, the controller must perform
the following steps:

1. Set A1N true.
2. Place the LLO command byte on the data bus.

To cancel local lockout and return control to the front panel,
REN must be set false by sending the LOCAL 7 command
to the instrument.

Hp-85 Programming Example-To verify LLO operation,
enter the following statements:

REMOTE 707
LOCAL LOCKOUT 7

3-11
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After the second statement is executed, the WCAL key will . it does not set REN false.
be locked out.

HP-sS Programming Example-Place the instrument in the
To cancel LLO, type in the following statement: remote modewith the following statement:

LOCAL 7 REMOTE 707

When END LINE is pressed, control to the front panel will Verify that the instrument is in remote.
be restored.

3.8.4 GTL (Go To Local)

The GTL command is used to take the instrument out of
the remote mode and restore operation of the front panel
keys. -

Send GTL as follows:

LOCAL 707

Note that the instrument goes into the local mode, and that
operation of the front panel keys has now been restored.

To send GTL, the controller must perform the following 3.8.5 DCl (Device Clear)
sequence:

1. Set ATN true.
2. Address the Model 196 to listen.
3. Place the GTL command byte on the data lines.

The GTL command will not cancel LW (local lockout) since

The DCL command may be used to clear the Model 196
and return it to its default conditions. Note- that the DCL
command is not an addressed command, so all instruments
equipped to implement DCL will do so simultaneously.
When the Model 196 receives a DCL command, it- will
return to either the factory default conditions listed in Tables
2-1 and 3-7 or to the user saved default conditions.

Table 3-7. Factory Default Conditions

Mode - Command Status - -- -

Multiplex Al Enabled
Reading BO AID converter
Function FO DC volts
Data Format GO Send prefix with reading
Self.:r'est IO Clear
EOr KD Enable EOI and bus hold-off on X
SRQ MO Disabled
Internal Digital Filter Nl Enabled
Filter PO Disabled
Data Store Interval QO One-shot- into buffer
Data Store Size 11 One reading
Range R4 300v
Rate 53 6'hd, line cycle integration
Trira;er T6 Continuous on external trigger
De ay WO No delay
Terminator YO CRLF
Zero 20 Disabled
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To send the DCL command, the controller !nllst perform When the above statement is executed, the instrum.ent
the following steps: returns to the default configuration.

1. Set ATN true.
2. Place the DCL command byte on the data blls.

Notes:

1. DCL will retwn the instrument to the default line fre­
qllency setting.

2. DCL will not have any affect on the rurrent IEEE address.

HP-85 Programming Example-Place the l.lIlit in an operat­
ing mode that is not a default"condition. Now enler the
following statement into the HP-85 keyboard:

CLEAR 7

When the END LINE key is pressed, the instrllment rellIIns
to the default conditions.

3.8.6 SDC (Selective Device Clear)

The SDC command is an addressed command that per­
forms essentially the same function as the DCL command.
However, since each device mllst be individlla1ly address­
ed, the SDC command provides a method to clear only a
single, selected instrliment instead of clearing all in­
strliments simultaneollsly, as is the case with DCL. When
the Model 196 receives the SDC command, it will retmn
to either the factory default conditions listed in Tables 3-7
and 2-1 or to the lIser saved defaclt conditions.

To transmit the SDC command, the controller mllst per­
form the following steps:

1. Set ATN true.
2. Address the Model 196 to listen.
3. Place the SDC command byte-on the data bllS.

Notes:

1. SDC will retwn the instrument to the defaclt line fre­
qllency setting.

2. SDC will not have any affect on the rurrent IEEE address.

HP-85 Programming Example-Using several front panel
controls, alter instrllment states from the default configura­
tion. Send SDC with the following statement:

CLEAR 707

3.8.7 GET (Group Execute Trigger)

GET may be lIsed to initiate a Model 196 measllrement se­
qllence if the instrlIment is placed in the apprppriate trig­
ger mode (see paragraph 3.9). Once triggered, the instru­
mentwill perform the measllIement seqllence in accord­
ance with previollsly selected rate and sample parameters.

To send GET, the controller mllst perform the following
seqllence:

1. Set ATN low.
2. Address the Model 196 to listen.
3. Place the GET command byte on the data bllS.

HP-85 Programming Example-Type in the following
statements to place the instrliment in the correct trigger
mode for purposes of this demonstration:

REMOTE 707
OUTPUT 707; "T3X"

Now trigger the measllIement seqllence by sending GET
with the following statement:

TRIGGER 707

When the END LINE key is pressed, the measllIement se­
quence will be triggered.

3.8.8 Serial Polling (SPE,SPD)

The serial polling sequence is lISed to obtain the Model 196
serial poll byte. The serial poll byte contains important in­
formation about internal functions, as described in
paragraph 3.9.13. The serial polling sequence can also be
used by the controller to determine which instrliment on
the bus has asserted SRQ (Service Request).

The serial polling sequence is generally conducted as
follows:

1. The controller sets ATN true.
2. The controller then places the SPE (Serial Poll Enable)

command byte on the data bus. At this point; alI active
devices are in the serial 1'.011 enabled mode and waiting
to be addressed.

3·13

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



IEEE-488 PROGRAMMING

3. The Model 196 is then addressed to talk.
4. The controller sets ATN false.
5. The instrument places its serial poll byte on the data bus

to be read by the controller.
6. The controller then sets ATN true and I'laces the SPD

(Serial Poll Disable) command byte on the data bl,lS to
end the serial polling sequence.

Once instruments are in the serial poll mode, steps 3
through 5 above can be repeated by sending the correct talk
address for each instrument.

HP-85 Programming Example-The HP-85 SPaLL state­
ment automatically performs the sequence just-descnbed.
To demonstrate serial polling, type in the following
statements:

REt'lOTE 707
S= SPOLL (707)

DISP S

When the above statements are executed, the Model 196
is serial polled, and the decimal value of the serial poll byte
is displayed on the computer CRT. -

3.9 DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488 device-dependent commands are used with the
Model 196 to control various operating modes such as func­
tion, range, trigger mode and data format. Each command
is made up of a single ASCII letter followed by a number
representing an option of that command. For example, a
command to control the measuring function is programmed
by sending an ASCn "F" followed by a number represent­
ing the function option. The IEEE-488 bus actually treats ­
these commands as data in that ATN is false when the com­
mands axe transmitted.

A number of commands may be grouped together in one
string. A command string is usually terminated with an
ASCII "X" chaxacter, which tells the instrument to execute
the command string. Commands sent without the execute
character will not be executed at that time, but they will
be retained within an internal command buffer for execu­
tion at the time the X chaxacter is received. If any errors
occur, the instrument will display aPl?ropriate front panel
error messages and generate-an SRQ ifprogrammed to-do
so.

3-14

Commands that affect instrument operation will trigger a
reading when the command is executed. Thesebus COm­
mands affect the Model 196 much like the front panel con­
trols. Note that commands are not necessarily executed in
the order received; instead, they will be executed in
alphabetical order. Thus to force a particular command se­
quence, you would follow each command with the execute
character (X), as in the example string, LOXF2X, which will
reset the instrument to factory default conditio.ns and then
select the ohms function.

Device-dependent commands can be sent either one at a
time, or in groups of several commands within a single
string. Some examples of valid command strings include:

FOX-Single command string.
FOKlPOROX-Multiple command string.
T6 X-Spaces are ignored.

Typical invalid command strings include:

ElX-Invalid command, as E is not one of the instrument
commands.

Fl5X-Invalid command option because 15 is not an option
of the F command.

If an illegal command (lODC), illegal command option
(IDDCO), is sent, or if a command string is sent with REN
false, the string will be ignored.

Device-dependent commands that control the Model 196
are listed in Thble 3-8. These commands are covered in detail
in the following paragraphs. The associated programming
examples show how to send the commands with the HP-85.

NOTE
Programming examples assume that the Model
196 is at its factory default value of 7.

In order to send a device-dependent-command, the con­
troller must perform the following steps:

1. Set ATN true.
2. Address the Model 196 to listen.
3. Set ATN false.
4. Send the command string over the bus one byte at a

time.
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Table 3-8. Device-Dependent Command Summary
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Mode Command Descriution Paral!l'aph
Execute X Execute other device-dependent commands. 3.9.1
Function FO DC volts 3.9.2

F1 AC volts
F2 Ohms
F3 DC current--
F4 AC current
F5 ACVdB
F6 ACAdB
F7 Offset compensated ohms

Range 3.9.3
Offset

Compensated
DCV ACV DCA ACA Ohms ACVdB ACA dB Ohms

RO Auto Auto Auto Auto Auto Auto Auto Auto
R1 300mV 300mV 300 p.A 300 p.A 3OO11 Auto Auto 3OO11
R2 3 V 3 V 3mA 3mA 3kll Auto Auto 3kll
R3 30 V aomv 30mA 30mA 30kll Auto Auto 30kll
R4 300 V 300 V 300mA 300mA 300 kll Auto Auto 30 kll
R5 300 V 300 V 3 A 3 A 3Mll Auto Auto 30 kll
R6 300 V 300 V 3 A 3 A 30Mll Auto Auto 30 kll
R7 300 V 300 V 3 A 3 A 300Mll Auto Auto 30 kll

Zero ZO Zero disabled 3.9.4
Z1 Zero enabled
Z2 Zero enabled usin!\ a zero value (V)

Filter PO Filter disabled 3.9.5
Pn Filter on with a value of n (n=l to 99)

Rate Resolution 3.9.6
Offset

CompenSated
DCV ACV DCA ACA OHMS ACV dB ACA dB Ohms

50 3'hd 3V2d 3'1,d 3V2d 3'hd(RI-R4) SV2d S'f,d S'hd
SV2d(R5-R7)

51 4'1,d 4V2d 4'1,d 4V2d 4'1'd(R1-R4) SV2d S'hd SV2d
SY,d(R5-R7

52 SY,d SV2d S'hd SV2d SV2d SV2d SY,d S'hd
53 6'hd S'hd SY,d SV2d 6Y'd(RI-R6) SV2d S'hd 6V2d

S'hd(R7)

Integration period: 3'hd=318/LSec, 4'hd=2.59msec,
5'/,d and 6'hd=Line cycle

Trigger Mode 1U Continuous on Thlk 3.9.7
T1 One-shot on Thlk
T2 Continuous on GET
13 One-shot on GET
'PI Continuous on X
T5 One-shot on X
T6 Continuous on External Trigger
T7 One-shot on External Trigger
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Table 3-8. Device-Dependent Command Summary (Cant.)

- -
Mode Command Description Paragraph
Reading Mode BO Readings from A/D converter 3.9.8

Bl Readine:8 from data store
Data Store Size ro Continuous data store mode 3.9_9

In Data store of n (n=1 to 500)
Data Store Interval QO One-shot into buffer 3.9.9

Qn n=interval in milliseconds (lrnsec to 999999rnsec)
Value V±nn.nnnn or Calibration value, zero value 3.9.10

V±n.nnnnnnE+n
Calibration CO Calibrate finst point using value (V) 3.9.10

Cl Calibrate second point using value (V) ___
Default Conditions La Restore factory default conditions and save (11) 3.9.11

11 Save present machine states as default conditions
Data Format GO

.

Reading with prefixes. 3.9.12
Gl Reading without prefixes.
G2 Buffer readings with prefixes and buffer locations.
G3 Buffer readings without prefIxes and with buffer locations.
G4 Buffer readings with prefixes and without buffer locations.
G5 Buffer readings without prefIxes and without buffer

locations.
SRQ MO Disable 3.9.13

Ml Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
M16 Ready
M32 Error

EO! and Bus Hold-off KO Enable EOI and bus hold-off on X 3.9.14
Kl Disable EOI, enable bus hold-off on X
K2 Enable EO!, disable bus hold-off on X
K3 Disable both EOI and bus hold-off on X

Terminator YO CR LF 3.9.15
Y1 LFCR
Y2 CR - -

Y3 LF
Status UO Send machine status word 3.9.16

U1 Send error conditions
U2 Send translator word
U3 Send buffer size
U4 Send average reading in buffer
US Send lowest reading in buffer
U6 Send highest reading in buffer
U7 Send current value
U8 Send input switch status (front/rear)

Multiplex AO Auto/Cal multiplex disabled 3.9.17
Al Auto/Cal multiplex enabled
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Table 3-8. Device-Dependent Command Summary (Cant.)

.~ ;~: .. -,;-- -

Mode Command Description Paragraph
Delav Wn n~delav oeriod in milliseconds, (Omsec to 60000msec) 3.9.18
Self-test JO Th~.ROM,RAM,E2PROM 3.9.19-
Hit Button Hn Hit front Danel button number n 3.9.20
Display Da Display up to 10 character message. a~character 3.9.21

D Cancel diSolav mode
Exponential Filter NO Internal filter off 3.9.22

N1 Internal filter on
."..

NOTE
REN must be true when sending device-dependent
commands to the instrument, or it will ignore the
command and display a bus error message.

General HP-85 Programming Example-Device-dependent
commands may be sent from the HP-85 with the following
statement:

OUTPUT 707; A$

A$ iri this case contains the ASCII characters representing
the command string.

3.9.1 Execute (X)

The execute command is implemented by sending an ASCII
"X" over the bus. Its purpose is to direct the Model 196 to
execute other device-dependent commands such as F (func"
tion) or R (range). Usually, the execute character is the last
byte in the command string (a number of commands may
be grouped together into one string); however, there may
be certain circumstances where it is desirablli! to send a com­
mand string at one time, and then send the execute
character later on. Command strings sent Without the ex­
ecute character will be stored within an internal command
buffer for later execution. When the X character is finally
transmitted, the stored commands will be executed, assum­
ing that all commands in the previous string were valid.

HP-85 Programming EXample-Enter the tollowing state­
ments into the HP-85 keyboard:

REt10TE 707
OUTPUT 707 ;' 'X',

X character will be transmitted to the instrument. No mode
changes will occur withthis example because no other com­
mands were sent. Note that the instrument remains in the
listener active state after the command is transmitted.

3.9.2 Function (F)

The function command allows the user to select the type
of measurement made by the Model 196. When the instru­
ment responds to a function command, it will be ready to
take a reading once the front-end is set Ufo The function
may be programmed by sending one 0 the following
commands:

FO ~ DC Volts
Fl ~ AC Volts
F2 ~ Ohms
F3 ~ DC Current
F4 ~ AC Current
F5 ~ ACV dB
F6 ~ ACA dB
F7 ~ Offset Compensated Ohms

Upon power up, or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

HP-85 Programming Example-Place the instrument in the
ohms function by pressing the OHMS button and enter the
following statements into the HP-85 keyboard:

RH10TE 707
OUTPUT 707; , , FeX' ,

When END LINE is pressed the second time, the instru­
When the END LINE key is pressed the second time, the ment changes to DC volts.
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3.9.3 Range (R)

The range command gives the user control over the sen­
sitivity of the instrument. This conunand, and its options,
perform essentially the same functions as the front panel
Range buttons. Range conunand parameters and the
respective ranges for each measuring function are sUll1~

marized in Table 3-9. The instrument will be ready to take
a reading after the range is set up when responding to a
range conunand.

Upon power up, or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

HP-85 Programming Example-Make sure the instrument
is in the autorange mode and then enter the following
,statements into the HP-85:

REMOTE ?0?
OUTPUT ?0?; , 'R3X' ,

When the END LINE key is pressed the second time, the
instrument cancels the autorange mode, and enters the R3
range instead. --

3.9.4 Zero (Z)

Over the bus, the zero modifier can be controlled in the
same way that it is controlled from the front panel. Refer
to paragraphs 2.6.2 and 2.7.15 (zero program) for a complete
description of the zero modifier. The zero modifier is con­
trolled by sending one of the fullowingzero commands over
the bus:

ZO = Zero disabled.
Zl = Zero enabled.
Z2 = Zero enabled using a zero value (V).

Sending Zl has the same effect as pressing the ZERO but­
~t9n. Zero will enable, and the display will zero with the
input signal becoming the zero baseline level. The baseline
will be stored in Program ZERO.

The Z2 conunand is used when a zero value, using the V
conunand, has already been established. When the Z2 com­
mand is sent, subsequent readings represent the difference
between the input signal and the value of V. Also, the value
of V is stored in Program ZERO. For example, with 0.5V
on the input, sending the conunand strings V2XZ2X will
result with zero being enabled and the instrument reading
-1.5V (0.5 - 2.0 = -1.5).

Sending the Z2 command without a V value established
is the same as sending the Zl conunand. See paragraph
3.9.10 for more information on using the V command.

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 Wi.ll return to the default
condition. The value of V will reset to zero.

HP-85 Programming Example-Set the instrument to the
3V DC range. With the front panel ZERO button disable
the zero mode, if enabled, and enter the fullowing
statements into the HP-85 keyboard:

REMOTE ?0?
OUTPUT ?0?;" 'JIX"
OUTPUT ?0?; , 'Z2X' ,

Table 3-9. Range Command Summary

Ran!e
Offset Compensated

Command DCV ACV DCA ACA Ohms ACVdB ACAdB Ohms
RO Auto Auto Auto Auto Auto Auto Auto Auto
R1 300mV 300mV 300 pA 300pA 300 0 Auto Auto 300 0
R2 3 V 3 V 3mA 3mA 3 kO Auto Auto 3 kO
R3 30 V 30 V 30rnA 30mA 30k{) Auto Auto 30 kO
R4 300 V 300 V 300mA 300mA 300k{) Auto Auto 30 kO
R5 300 V 300 V 3 A 3 A 3MO Auto Auto 30 kO
R6 300 V 300 V 3 A 3 A 30MO Auto Auto 30 k{)
R7 300 V 300 V 3 A 3 A 300MO Auto Auto 30 kO
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Mter the END LINE key is pressed the third time, the
ZERO indicator will turn on with a zero baseline level of
1V DC. The zero value will also be stored in Program ZERO.

3.9.5 Filter (P)

The filter command controls the amount of filtering applied
to the input signal. The Model 196 filters the signal by
taking the weighted average of a number of successive
reading samples. Since noise is mostly random in nature,
it Can be largely cancelled out with this method. The
number of readings averaged (filter value) can be from 1
to 99. The filter value can be programmed by sending one
of the following commands: - --

PO = Filter disabled.
Pn = Filter on with a value of n. Where n can be from 1

to 99.

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

Notes:
1. A filter value sent over the bus is stored in Program

FIIT'ER, replacing the previous filter value.
2. Keep in mind that each function can have its own

unique filter value.

IEEE·488 PROGRAMMING

When the END LINE key is pressed the second. time, .the
fIlter will turn on and have a filter value of 20.

3.9.6 Rate (5)

The rate command controls the integration period and the
usable resolution of the Model 196. Thble 3-10 lists the usable
resolution on each function for the four 5 modes. The in­
tegration period is dependent-on usable resolution as
follows:

3'12d resolution = 318l'sec
4'12d resolution = 2.59msec
5'12d resolution ~ Line cycle'
6'l2d resolution = Line cycle'

*20msec for 50Hz, 16.6msec for 60Hz.

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

HP-85 Programming Example-From the front panel, set
the display of the Model 1% for DCV at 6'12d resolution.
Now enter the following statements into the HP-85:

REt'IOTE 707
OUTPUT 707;" S1X"

HP-85 Programming Example-With the front panel FIIT'ER When END LINE is pressed the second time, the 51 rate
indicator off, enter the following statements into the HP-85: will be selected.

REt10TE 707
OUTPUT 707; , , P20X' ,

Table 3-10. Rate Command Summary

Resolution
Offset Compensated

Command DCV ACV DCA ACA Ohms ACVdB ACAdB Ohms

50 3'12d 3'12d 3lf,d 3lf,d 3'hd(R1-R4) 5lf,d 5'12d 5'hd
5lf,d(R5-R7)

51 4lf,d 4lf,d 4'hd 4'hd 4'hd(R1-R4) 5lf,d 5'hd 5lf,d
5'12d(R5-1'V)

52 5'12d 5'12d 5'12d 5lf,d 5lf,d 5'12d 5'hd 5'12d
53 6'12d 5'hd 5'hd 5'hd 6'12d(R1-R6) 5lfzd 5lf,d 6'12d

5'12d(R7) _
Integration period: 3lf,d=318l'sec, 4lf,d=2.59msec, 5lf,d and 6Y,d=Linecycle.
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3.9.7 Trigger Mode (1)

Triggering provides a stimulus to begin a reading conver­
sion within the instrument. Triggering may be done in two
basic ways: in a continuous mode, a single trigger com­
mand is used to start a continuous series of readings; in
a one-shot trigger mode, a separate trigger stimulus is re­
quired to start each conversion. The Model 196 haseight
trigger commands as follows:

10 = Continuous on Talk
Tl = One-shot On Talk
1'2= Continuous on GET
13 = One-shot on GET
T4 = Continuous on X
T5 = One-shot on X
T6 = Continuous on External Trigger
T7 = One-shot on External Trigger

The trigger modes are paired according to the type of
stimulus that is used to trigger the instrument. In the 10
andTl modes, triggering is performed by addressing the
Model 196 to talk. In the T2 and 13 modes, the lEEE-488
multiline GET command performs the trigger function. The
instrument execute (X) character provides the trigger
stimulus in the T4 and T5 modes. External trigger pulses
provide the trigger stimulus in the T6and T7 modes.

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

NOTE
With the instrument in the T6 and T7 trigger
modes, the front panel ENTER button can be us­
ed to trigger readings. See paragraph 2.8 for details.

HP-85 Programming Example-Place the instrument in the
one-shot on talk mode with the following statements:

RHlOTE 707
OUTPUT 707;' , T1:t.' ,

One reading can now be triggered and the resulting data
obtained with the following statements:

ENTER 707.' A$

DISP A$

3·20

In this example, the ENTER statement addresses the Model
196 to talk, at which point a single reading is triggered.
When the reading has been processed, it is sent out over
to the bus to the computer, which then displays the result.

3.9.8 Reading Mode (8)

The reading mode command parameters allow the selec­
tion of the source of data that is transmitted over the
IEEE-488 bus. Through this command, the user has a choice
of data from the AID converter (normal DMM readings)
or the buffer (data store) . The reading mode commands are
as follows:

BO = AID converter readings
B1 = Data Store readings

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

When in BO, normal AID readings will be sent. In a con­
tinuous trigger mode, readings will be updated at the con­
version rate. The B1 command is used to access readings
from the buffer. When the B1 command is sent, subsequent
readings will be taken from consecutive buffer locations
beginning with the first memory location (001). Once all
readings have been requested, the unit will cycle back and
begin again.

HP-85 Programming Example-Enter the following
statements into the computer to send a reading over the
bus and display it on the computer CRT.

REMOTE 707 .
OUTPUT 707.' , 'B0X' ,

ENTER 707; A$
DISP A$

The second statement above sets the instrument to the AID
converter reading mode. The third and fourth statements
acquire the reading and display it on the CRT.

3.9.9 Data Store Interval (Q) and Size (I)

The data store is controlled by the interval command (Q).
and the size command (I).
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Interval

With the Q command, the user can select the interval that
the instrument will store readings or select the one-shot
mode. In one-shot, one reading will be stored each time
the instrument is triggered. The Q command is in the
following form:

QO=One~shot into buffer.
Qn=Sel storage interval in millisec (lmsec to 999999mSec).

To use the data store in the one-shot mode (QO), the in­
strument must be in a one-shot trigger mode (Tl, 13, T5
or T7). In the QOT1 mode, one reading willl:ie stored each
time the instrument is addressed to talk. In the Q0I3 mode,
each GET command will cause one reading to be storeci.
In the QOf5 mode, each instrument execute character (X)
will cause a reading to be stored. Finally, in the Q0I7 mode,
each external trigger pulse will cause a reitaing to be stored.
IT the instrument is in a continuous trigger mode (1D, TZ,
T4 or T6), an IDDC error will Occur. .

NOTE
With the instrument in the T7 trigger mode, the
front panel ENTER button can be used to manually
store readings into the buffer. Each press of the
ENTER button will store one reading in the buffer.
See paragraph 2.8 for details.

Th store readings at a selected interval (Qn), the instrument
must be in a continuous trigger mode (1D, TZ, ~'. T6). Whefl
the selected trigger occurs, the storage. process will
commence.

NOTE
With the instrument in the T6 trigger mode, the
front panel ENTER button can be used to start a
series of readings to be stored in the buffer. The
storage interval and buffer size are determined by
the Qn and I commands respectively. See
paragraph 2.8 for details.

Size

The size of the data store can be controlled by one of the
following I commands.

IEEE-488 PROGRAMMING

IO=Continuous storage mode.
In=Set data store size to n (1 to 500).

In the continuous data storage mode (IO), storage will not
stop after the buffer is filled (500 readings), but will pro­
ceed back to the first memory location and start overwriting
data. With the Innn command, the storage process will stop
when the defined number of readings have been stored.
In this case the buffer is considered to be full.

Notes:
1. When the Q or I command is sent, '!_--,' will be

displayed until the first trigger occurs.
2. The data store can be disabled by sending the F com­

mand. Storage will again resume when the appropriate­
trigger occurs.

3. The instrument must be in a valid operating state (see
Thble 3-11) in order to use the high speed data store
capabilities. The high speed intervals are 1msec through
14msec. The instrument display will blank while the in­
strument is storing readings at high speed. IT the instru­
ment is not in a valid operating state for high speed
storage, a conflict error will be displayed briefly and
storage will not occur.

4. The short time error message indicates that the instru­
mentcannot store readings at the programmed interval
rate. Instead, readings will be stored as fast as the in­
strument can run.

5. With 52 or 53 asserted, the fastest valid storage interval
(I) is 31msec and 35msec respectively. A shorter inter­
val will result in a short time error when the storage pro­
cess is started. Readings will be stored as fast as the in­
strument can run.

6. Either during or after the storage process, readings may
be recalled by using the B1 command as described in
the previous paragraph. Also, the highest, lowest and
average reading in a full buffer can be recalled by send­
ing the appropriate U commands. See paragraph 3.9.16
for information on using the U commands..

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

HP-85 Programming Example-Enter the program below
to enable data store operation and obtain and display 100
readings on the computer CRT:
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Digital Calibration-When performing digital cahbration,
two points must be cahbrated on each range. The first
cahbration value should be approximately full range and
the second calibration value should be approximately zero.
After the second calibration value is sent over the bus, per­
manent storage of the two values will occur.

Send remote enable.
Set trigger mode, and
storage parameters.
Start storage process.
Set read mode to data
store.
Set counter for 100
loops.
Get a reading.
Display reading.
Loop back for next
reading.

70 ENTER 707 i A$
80DISPA$
90 NEXT I

10 DIM A$ [25J
20 REMOTE 70,7
30 OUTPUT 707 ;

"T2Q300I100X' ,
40 TRIGGER 707
50 OUTPUT 707;

"B1G0X' ,
60 FOR 1=1 TO 100

:..P'-'R-"O-=G::.:RA::..:::M=-- -"C-=0c.::M:::M::.:E=N.::TS~o=o ~==. _Ip. this example, note that only as many significant digits
as necessary need be sent. In this case, the exact value is
assumed to be 30.00000 even though only the first two digits
were actually sent.

100 END

After entering the program, press the HP-85 RUN key. The
program will set the store size to 100 (line 30), enable the
data store (line 40), turn on the data store output (line 50),
and then request and display all 100 readings (lines 60-100).

CO=CaIibrate first point using value (V)
C1=Calibrate ~econd point using value (V)

The following example first sends a cahbration value of 3
and then a calibration of O.

3.9.10 Value (V) and Calibration (C) V3XCOX
VOXClX

Orie advanced feature of the Model 196 is its digital calibra­
tion capabilities. Instead of the more difficult method of
adjusting a number of potentiometers, the user need only
apply an appropriate calibration signal and send the cahbra­
tion value over the bus.

If the calibration value is greater than 3030000 counts (at
6'hd resolution) an IDDCO error message will be displayed
on the Model 196.

The V command is also used to program a zero value (see
paragraph 3.9.4).

The value command may take on either of the following
forms:
Vnn.nnnnn
Vn.nnnnnnE+n

. CAUTION
Precision calibration signals must be connected
to the instrument before attempting calibration,
otherwise instrument accuracy will be affected.
see Section 6 for complete details on calibrating
the instrument either from the front panel or over
the bus.

Thus, the following two commands would be equivalent:
V30
V3.0E+l

Table 3-11. High Speed Data Store

-_ .. -,,-<' . ..•... ,.-

Data Store Valid Reading Valid Valid Valid Date
Interval Rates Functions Ranges" Store Size'"

Ql, Q2 SO FO, Fl, F3, F4 RI-R7 Il-15oo

Q3-Q14 50,51 FO, Fl, F3, F4 RI-R7 Il-15oo

"Data store size 10 (continuous) and RO (autorange) cannot be used in
the high speed data store mode.
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3.9.11 Default Conditions (L)

The 10 command allows the user to return the instrument
to the factory default conditions. Factory default conditions
are set at the factory and are listed in Thbles 3-7 and 2-1.
The instrument will power up to these default conditions.
The current IEEE address and line frequency setting of the
instrument are not affected by the 10 command.

Thus, the current IEEE address and line frequency set­
ting are saved by L1.

2. Sending 10 is equivalent to running Program 37 (Reset)
and then Program 30 (Save), thus:
A. User saved defaults will be lost since factory default

conditions will be saved.
B. 10 will not change the current IEEE address and line

frequency setting, and will save them as the default
conditions.

The Ll command is used to save the current instrument
conditions. The instrument will then power up to these
default conditions.

HP-85 Programming Example-Set the Model 196 to the
ohms function, and enable zero and filter. Now, enter the
following statements into the computer:

Any of the options of the following device-dependent com­
mands can be saved as the default conditions:

REMOTE 707
OUTPUT 707;' 'LlX"

A (multiplex), F (function), N (internal filter), P (digital
filter), Q and I (data store interval and size), R (range), S
(rate), W (delay), and Z (zero).

After pressing END LINE the second time, cycle power on
the Model 196 and note that the instrument returns to the
conditions initially set in this example.

The L command options are as follows:

1O~Restore instrument to factory default conditions and
save (Ll).

Ll~Save present machine states as the default conditions.

Notes:

3.9.12 Data Format (G)

The G command controls the format of the data that the
instrument sends over the bus. Readings may be sent with
or without prefixes. Prefixes are the mnemonics preceding
the reading and the buffer memory location. Figure 3-6 fui­
ther clarifies the general data format. The G commands are
as follows:

1. Sending Ll is equivalent to running program SAVE.

OHMS I--

• MANTISSA 61j DIGITS riaUFFER LOCATION
PREFIX ~ .-l-. ~ L. (al MODE ONLY)

N=NORMAL yNDCV ±1.234567IE± I .B

l
500 Y

O~VERFLOV ~TERMINATOR
Z-ZERDED BUFFER PREFIX

(BI HODE ONLY)

EXPDNENT
DCV=DC VOLTS
ACV=AC VOLTS
OHM=OHMS
OCO=DFFSET COMPENSATED
DCI=DC AMPS
ACI=AC AMPS
dBV=AC dB VOL TS
dBI=AC dB AMPS

+NONE"NO READING5 IN
DATA STORE

Figure 3·6. General Data Format
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GO = Send single reading with prefixes. Examples:
NDCV-l.234567E+O (AID reading)
NDCV-l.234567E+O,BOOI (buffer reading)

Gl = Send single reading without pU'fixes. Examples:
-1.234567E+0 (AID reading)
-1.234567E+0,OOI (buffer reading)

G2 = Send all buffer readings, separated by commas, with
prefixes and buffer memory locations. Examples:
NDCV-1.234567E +0, BOOl,NDCV_1.765432E +
0,BOO2, etc...

G3 = Send all buffer readings, separated by commas,
without prefixes and with buffer memory locations.
Example: -1.234567E+O,OOl,-I.765432E+0,OO2, etc...

G4 = Send all buffer readings, separated by commas, with
reading prefixes and without memory buffer loca­
tions. Example:
NDCV-l.234567E+O,NDCV-l.765432E+0,etc...

G5 = Send all buffer readings, separated by commas,
without reading prefixes and without buffer memory
locations. Example:
-1.234567E+0, -1.765432E+0, etc...

Upon power up or after the instrument receives a DCL or
SDCcommand, the Model 196 will return to the default
condition.

Notes:

1. The B command affects the source of the data. In the
BO mode, the bus data will come from the AID converter.
In the Bl mode, the data will come from the buffer.

2. The Bl command must be asserted when using the G2
through G5 modes.

3. Programmed terminator and EOI sequences appear at
the end of each reading in the GO and Gl modes, but
are transmitted only at the end of the buffer in the G2
through G5 modes. No terminator is sent if in G2
through G5 modes while in BO (data from AID). ...

HP-85 Programming Example-To place the instrument in
the Gl mode and obtain a reading, enter the following
statements into the HP-85 keyboard:

REMOTE 707
OUTPUT 707;" B0XGlX"

ENTER 707; A$
DISP A$-

When the second statement is executed, the instrument will
change to the Gl mode. The last two statements acquire
data from the instrument and display the reading string
on the CRT. Note that no prefix or suffix appears on the
data string.

3.9.13 SRQ Mask (M) and Serial Poll Byte
Format

The SRQ command controls which of a number of condi­
tions within the Model 196 will cause the instrument to re­
quest service from the controller by asserting an SRQ. Once
an SRQ is generated, that serial 1'011 byte can be checked to
detennine if the Model 1% was the instrument that asserted
the SRQ and if so, what conditions can be checked by using
the Ul command, as described in paragraph 3.9.13.

.The Model 196 can be programmed to generate an SRQ
under one or more of the following condititms:

1. When a reading is completed or an overrange condition
occurs.

2. If a bus error occurs.
3. When the data store is full.
4. When the data store is '12 full.
5. If a trigger overrun error occurs.
0. When the bus is ready.

81T
POSITION

VALUE

DECIMAL
WEIGHTING

I=SRQ 8Y 1'36 (STATUS 8YTE ONLY

I=ERRO

l=READ

87 86 85 84 83 82 81 80

0 I/O I/O I/O I/O I/O I/O I/O

12B 64 32 16 B 4 2 I

:~ ~
I=READING OVERFLOW

1=8UFFER FULL

1=8UFFER HALF FULL

I=READING DONE

Figure 3-7. SRQ Mask and Serial Poll Byte Format

3-24

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



Upon power up or after a DCL or SDC commarid is re­
ceived, SRQ is disabled.

SRQ Mask-The Model 196 uses an internal mask to deter­
mine which conditions will cause an SRQ to be generated.
Figure 3-7 shows the general format of this mask.

SRQ can be programmed by sending the ASCn letter "M"
followed by a decimal number to set the appropriate bit
in the SRQ mask. Decimal values for the various bits are
summarized in '!able 3-12. Note that the instrument may
be programmed for more than one set of conditions
simultaneously. To do so, Simply add up the decimal bit
values for the required SRQ conditions. For example, to
enable SRQ under reading overflow and buffer full condi­
tions, send M3X. To disable SRQ send MOX. This command
will clear all bits in the SRQ mask.

Table 3·12. SRO Command Parameters

-_.... "" _.. -

Command Condition to Generate SRQ

MO Disable
Ml Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
M16 Ready
M32 Error

IEEE-488 PROGRAMMING

Bit 5 (Error)-Set when one of the following errors have
occurred:
1. Trigger Error
2. Short Time
3. Big String
4. Uncalibrated
5. Cal Locked
6. Conflict
7. No Remote
8. lODC
9. lODCO

10. Translator

The nature of the error can be determined with the Ul com­
mand as explained in paragraph 3.9.16. An explanation of
each error can also be found in paragraph 3.9.16.

Bit 6 (SRQ)-Provides a means to determine if an SRQ Was
asserted by the Model 196. If this bit is set, service was re-
quested by the instrument. . ..

Bit-7-Not used and always set to zero.

Note that the status byte should be read to clear the SRQ
line once the instrument-has generated an 5RQ. All bits
in the status byte will be latched when the SRQ is
generated. Bit 6 (RQS) will be cleared when the status byte
is read.

HP-85 Programming Example-Enter the following pro­
gram into the HP-85:Serial Poll Byte Format-The serial poll byte contains in­

formation relating to data and error conditions within the
instrument. The general format of the serial poll byte
(which is obtained by using the serial polling sequence, as
described in paragraph 3.8.8) is shown in Figure 3-7.

The bits in the serial poll byte have the following meanings:

Bit 0 (Reading Overflow)-Set when an overrange input is
applied to the instrument.

Bit 1 (Buffer Full)-Set when the defined buffer siZe isfu11.

Bit 2 (Buffer '12 Full)-Set when half the defined buffer size
is full.

Bit 3 (Reading Done)-Set when the instrument has com­
pleted the present reading conversion.

Bit 4 (Ready)-Set when the instrument has processed all
previously received commands and is ready to accept ad­
ditional commands over the bus.

PROGRAM

10 RUlOTE 7071l! CLEAR 7

20 OUTPUT 707; , 't132X' ,

30 OUTPUT 707; , 'K5X' ,

40 S=SPOLL<707:>

45 IF NOT BIHS, 5) THEN 40
50 DISP' 'B7 B6 B5 B4 B3 B2

Bl B0"
60 FOR I =7 TO 0 STEP-l
70 DISP BIT (S, I).:

80 NE,,:T I
90 DISP

100 END

COMMENTS

Set up for remote
operation, clear
instrument,· ­
Program for SRQ on
lODCO.
Attempt to program
ille~ option.
Senal poll the
instrument.
Wait for 5RQ error.
Identify the bits.

Loop eight times.
Display each bit
position.
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Once the program is entered and checked for errors, press
the HP-85 RUN key. The computer first places the instru­
ment in remote (line 10) and then programs the SRQ mode
of the instrument (line 20). Line 30 then attempts to pro­
gram an illegal command option, at which point the in­
strument generates an SRQ and sets the bus error bit in
its status byte. The computer then serial polls the instru­
ment (line 40), and then displays the status byte bits in pro­
per order on the CRT. In this example, the SRQ (B6) and
error (B5) bits are set because of the attempt 10 program
an illegal command option (K5). Other bils may also be set
depending on instrument status.

3.9.14 EOI and Bus Hold-off Modes (K)

The K command allows control over whether or not the in­
strument··sends the Ear command at the end of its data
string, and whether or not bus activity is held off (through
the NRFD line) until all commands sent to the instrument
are interriaIly processed once the instrument receives the
X character. K command options include:

KO = Send EOI with last byte; hold off bus until com­
mands processed on X.

Kl = Do not send Ear with last byte; hold off bus until
7 commands processed on X.

K2 = Send Ear with last byte; do not hold off bus on X.
K3 = Send no Ear with last byte; do not hold offbus on X.

Up_on power up, or after the instrument receives a DCL or
SDC command, the instrument will return to the default
condition.

The EOI line on the IEEE-488 bus provides a method to
positively identify the last byte in a multi-byte transfer se~ .
quence. Keep in mind that some controllers rely on Ear
to terminate their input sequences. In this case, suppress­
ing Ear with the K command may cause the controller in­
put sequence to hang unless other terminator sequences
are used.

The bus hold off mode allows the instrument to temporarily
hold up bus operation when it receives the X character until
it processes all commands sent in the command string. The
purpose of the hold off is to ensure thalthe front end FETs
and relays are properly configured before taking a reading.
Keep in mind that all bus operation will cease--not just ac­
tivity associated with the Model 1%. The advantage of this
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mode is that no bus commands will be missed :while the
instrument is processing commands previously received.

The hold off period depends on the commands being pro­
cessed. Table 3-13 lists hOld off limes for a number of dif­
ferent commands. Since a NRFD hold off is employed, the
handshake sequence for the X character is complete.

NOTE
With Kl} or Kl asserted, hold-off will also occur on
an Ear and a terminator. These delays allow for
proper operation of the Translator software, since
"X" cannot be used in Translator words.

HP-85 Programming Example-To J?rogram the instrument
for the K2 mode, enter the followmg statements into the
HP-85:

REMOTE 707
OUTPUT 707; "K2X"

When the second statement is executed, the instrument will
be placed in the K2 mode. In this mode, EOI will still be
transmitted at the end of the data string, but the bus hold­
off mode will be disabled.

Table 3-13. Bus Hold-off Times (Typical)

Commands Bus Held-off on X for:

Function (F) 100msec on DCV (Fa), Ohms (F2) and
Compensated Ohms (F7)
630msec on ACV (Fl), ACA (F4), DBV
(F5) and DBA (F6)
160msec on DCA (F3)

Range (R) lOOmsec on most range commands
l70msec on 30Mll (F2R6) and 300Mll
(F2R7) ranges
638msec per range command on ACV
(F2) and ACA (F4)

Calibrate (C) 9sec on most functions
18.5sec on 30Mll (F2R6) and 300Mll
(F2R7)ranges

Others 94msec to llDmsec depending on com-
mand sent
lsec for selftest aO) command
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3.9.15 Terminator (Y)

The terminator sequence that marks the end of the instru­
ment's data string or status word can be programmed by
sending the Y command followed by an appropriate
character. The default terminator sequence is the commonly
used carriage return, line feed (CR LF) sequence (YO). The
terminator will assume this default value upon power up,
or after the instrument receives a DCL or SDC command.
Programmable terminators include:

YO = CRLF
Y1=LFCR
Y2=CR
Y3 = LF
Y4 = No terminator

HP-85 Programming Example-To reserve the default (CR
LF) terminator sequence, type the following lines into the
computer.

REt10TE 707
OUTPUT 707; , 'Y0H' ,

When the second statement is executed, the normal ter­
minator sequence will be reserved; the instrument will ter­
minate each data string or status word with a (CR LF).

3.9.16 Status (U)

The status command allows access to information concern­
ing various operating modes and conditions of the Model
196. Status commands include:

UO = Send machine status word.
U1 = Send error conditions.
U2 = List Translator words.
U3 = Send a value indicating the buffer size.
U4 = Send the average reading in the data store.
U5 = Send the lowest reading in the data store.
U6 = Send the highest reading in the data store.
U7 = Send the present value (V). '.

U8 = Send input switch status (front/rear).

When the command sequence UOX is transmitted, the in­
strument will transmit the status word instead of its nor­
mal data string the next time it is addressed to talk. The
status word will be transmitted only once each time the
UO command is given. To make sure that correct status is
transmitted, the status word should be requested as soon
as possible after the command is transmitted.

IEEE-488 PROGRAMMING

The format of UO status is shown in Figure 3-8. Note that
the letters correspond to modes programmed by the respec­
tive device-dependent commands. The default values in the
status word are also shown in Figure 3-8. Note that all
returned values except for those associated with the ter­
minator correspond to the programmed numeric values.
For example, if the instrument is presently in the R3 range,
the second (R) byte in the status word will correspond to
an ASCII 3.

The Ul command allows access to Model 196 error condi­
tions in a similar manner. Once the sequence UlX is sent,
the instrument will transmit the error conditions with the
format shown in Figure 3-9 the next time it is addressed
to talk in the normal manner. The error condition word will
be sent only once each time the U1 command is transmit­
ted. Note that the error condition word is actually a string
of ASCII characters representing binary bit positions. An
error condition is also flagged in the serial poll byte, and
the instrument can be programmed to generate an SRQ
when an error condition occurs. See paragraph 3.9.13. Note
that all bits in the error condition word and the serial poll
byte error bitwill be cleared when the word is read. In ad­
dition, SRQ operation will be restored after an error con­
dition by reading Ul.

The various bits in the error condition word are des­
cribed as follows:

TRIG ERROR-Set when the instrument receives a trigger
while it is still processing a reading from a previous trigger.

SHOIIT TIME-Set when the instrument cannot run as fast
as the selected data Store interval.

BIG STRING-Set if more than a 10 character message is
sent using the display (0) command.

UNCAL-Set when E'PROM memory fails the self test. In­
strument calibration is invalid.

CAL LOCKED-Set when trying to cahbrate the instrument
with the calibration switch in the disable position.

CONFUCT-Set when trying to calibrate the instrument
while it is in an improper state. (i.e. dB function).

Translator Error (TRANSERR)-Set when anyone of ten
possible Translator errors occur. Table 3-15 in paragraph 3.10
lists and describes the Translator errors.

NO REMOTE-Set when a progamming command is
received when REN is false.

IDDC-Set when an illegal device-dependent command
(IDDC), such as ElX is received ("E" is illegal).

3-27

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



IEEE-488 PROGRAMMING

FACTORY DEFAULT
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o 0/1
CAL
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MODEL NUMBER PREFIX (196)

AUTO/CAL MULTIPLEX (AI
O=O!SABlED
1=ENABLEO

READING MODE (B)
O=AiO CONVERTER
1=DATA STORE: BUFFER

FUNCTION (F)
O=DC VOLTS
1=AC VOLTS
2=QHMS
3=OC CURRENT
4 ...AC CURRENT
5=ACV dB
6=ACA dB
7=OFFSET COMPENSATED OHMS

RANGE (Rl
Offset

Compensated
DCV ACV DCA ACA OHMS ACV dB ACAdB 0h.l!l~

0 Auto Auto Auto Auto Auto Auto Auto Auto
1 300mV 300mV 300 p.A 300p.A 300 0 Auto Auto~ 300 0

_2_ 3 V 3 V 3mA 3mA 3 kO Auto Auto 3 kO
3 30_V 30 V 30mA 30mA 30·kn -Auto' Auto 30 kD
4300 V·300 V 300mA 300niA 300 kQ Auto Auto "30kO

_5300 V 300 V 3 A 3 A '3MG Auto Auto 30 kO
6300 V 300 V 3,A 3 Ii. 30MG- Auto Auto 30 kO
7300 V 300 V 3 A 3 A 300MO Auto Auto 30 kO

RATE (5)
Offset

0Cl! ACA' dhms
Compensated

ACV DCA ACV dB Ar:;A dB Ohms

5Yid

5J6:d
6%d

5'hd

5%d
5'hd

5Yid

Slhd
5Yid

2 -5%d
3 6%d

a 3}5d 3~d- 3%d :31/.td 3'/2dIRl-R41 5%d
5YidIR5-R7J

J 4%d 4%d 4Y2d 4%d 4~d{Rl·R4) 5%d
5_}'2.9.1R5-R7l

5Yzd 5%d 5%d 5'hd
5%d 5'hd 6.%d(Rl-R6J 5Yzd

5%d{R7)
Integrated.Perlod: 3%d=318ttS9l;. 4'hd=2.59msec, 5Y2d and 6'hd=Line .cycle

DELAY (W)
nnnn-rr=OOOOOmsec to 60000mse·c

TRIGGER (T)
O=-CONTINUOUS ON TALK
1=ONE·SHOT ON TALK
2=CONTINUOUS ON GET
3=ONE-SHOT ON GET
4=CONTINUOUS ON X
5=ONE-SHOr.oN X
6=CONTINUOUS ON EXTERNAL TRIGGER
7=ONE·SHOT ON EXTERNAL TRrG~l::t(

DATA FORMAT (G)
O=RDG WITH f5FfEl=fXJ::S
1= ROG WITHOUT PREFIXES
2=BUFFER RDGS WITH PREFIXES AND a{JFi=I:A LOCATiONS
3=8UFFER ROGS WITHOUT PREFIXES AND WITH BUFFER

LOCATIONS
4=SUFFER RDGS WITH PREFIXES ANO WITHout BUj:1=i::R

LOCATIONS
5=BUFFER ROGS WITHOUT PREFIXES AND BUFFER

LOCATIONS

ED'; BUS HOLD-OFF (K)
Q=EOI AND HOLD-OFF
1=NO EOI AND HOLD·OFF
2=EOI AND NO HOLD-OFF
3=NO EOI AND NO HOLD-OFF

SELI'-TEST (J)
Q=INACT1VE
1=ROM, RAM and PPRQM PASSED
2=EZPROM FAILED

SRO (M)
MOO = DISABLED
M01=READING OVERFLOW
M02=DATA STORE FULL
M04=DATA STORE HALF FULL
MOB=READING DONE
M16=READY
M32=ERROR

EXPONENTIAL FILTER (N)
O=OISABLEO
1=ENABLEO

FILTER (P)
OO=FILTER DISABLED
nn=FILTER ENABLED WITH FILTER VALUE OF nn (01 to 99)

TERMINATOR (Y)
O=CR LF-
l=LF CR
2=CR
3=LF

ZERO (Z)
O=OISASLEb
l=ENABLED
2=ENABLEO USING ZERO VALUE

CALlBR.trION SWITCH
O=DISABLEO
l=ENABLED

DATA STORE RATE (0)
OOOOO:O=ONE-SHOT MODE
nnnnnn=INTERVAL (00000 1msec to 99999sec)

Figure 3-8. UO Machine Status Word and Default Values
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IDDCO-Set when an illegal device-dependent command' :.P~R~O~G~R.::A~M:=:... -=Cc::0:.::M::.:M:::E=Nc:.T.:.:S:o.... _
option (lODCO) such as 19X is received ("9" is illegal).

. After entering the program, run it by pressing the HP-85
RUN key. The machine conditions of the Model 196 will
be listed on the CRT display. To show that status is transmit­
ted only once, a normal reading is requested and displayed
last.

NOTE
The complete command string will be ignored if
an lODC, lODCO or no remote error occurs.

The U2 command lists the Translator words that have been
defined by the. operator. The list will be transmitted only
once each time the command is received.

The U3 command allows the user to find out the current
defined size ofthe buffer. The buffer size is'controlled by
the I command. When this command is transmitted, the
instrument will transmit the value the next time it is ad­
dressed to talk. This information will be transmitted only
once each time the command is received. The U3 value will
not be cleared when read; thus, the U3. value is always
current.

10 RE~IOTE 707
20 DH1 A$[40J
30 OUTPUT 707; , , U0tP ,
40 DISF' "mdlflBFGJKt1t1N

PPQC!QQQQRSTWW.jt·j.j'-(
Z*~ ,

50 ENTER707 ; A$

60 DISP-A$
70 EtHER 707; A$
S0 DISP A$
',0 END

Send remote enable.

Send UO command.

Obtain UO status from
instrument.
Display UO status word.
Get normal reading.
Display normal reading.

The U4 command sends the average of all the readings that
are in the data store. The US command sends the lowest
reading in the data store and the U6 command sends the
highest. When any of these commands are transmitted,the
instrument will send the appropriate reading the next time
the instrument is addressed to talk. A reading will only be
sent-once each time the appropriate command is received.
Transmission of U4, US and U6 will not occur until the buf­
fer is full.

The U7 command sends the present value. The value can
be a calibration value, or a zero value.' .

The US command sends a value that defines the status of
the input switch. A value of aindicates that thefronl panel
input terminals are selected, while a value of 1 indicates
that the rear panel input terminals are selected.

HP-8S Progamming Example-Enter the following
statements into the computer to obtain and display the
machine status word (UO).

3.9.17 Auto/Cal Multiplex (A)

The Model 196 has built-in multiplex routines that
automatically calibrate and zero the instrument, so as to
maintain its high accuracy. The multiplex routines can be
defeated, either through front panel Program 6 (paragraph
2.7.5) or through one of the following commands:

AD = Disable multiplex
A1 = Enable multiplex

Upon power up or after aDCL or SDC command, the in­
strument will return to the default'condition.

HP-8S Programming Example-Disable multiplex by enter­
ing the following statements into the HP-85:

REt'IOTE 707
OUTPUT 707; , , A0X' ,

When the END LINE key is pressed the second time, the
multiplexer routines will be disabled.
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3.9.18 Delay (W)

The delay command controls the time interval that occurs
from.the point the instrument is triggered until it begins
integration of the input signal. This feature is useful in
situations where a specific time period must transpire to
allow an input signa! to settle before measurement. Dur­
ing the delay period, the input multiplexing FETs are
switched on so the instrument is set to begin integration
up~nconclusion of the programmed delay period. A delay
penod can be programmed using the following command:

Wn

Here, n represents the delay value in milliseconds. The
range of programmable delay values is from Omsec to
60000msec.

Examples: For a delay of 0.002sec send W2X.
For a delay of 3O.05sec send W3005OX. ..
For a delay of 60sec send W60000X.

Upon power up or after receiving a DCL or SDCcorriInand; .
tile instrument will return to the default condition.

HP-85 Programming Example-To program a 250msec delay
period into the instrument, enter the following statements
into the computer:

REMOTE 707
OUTPUT 707; , 'W250X' ,

After the END LINE key is pressed the second time, the
instrument will wait for 250msec after each triggered con­
version before executing the next coversion period.

3.9.19 Self·Test (J)

The Jcommand causes the instrument to perform tests it
automatically performs upon power up. When the self-test
command is given, the Model 196 performs the following
tests:

1. ROM Test
2. RAM Test
3. E'PROM Test

J command parameters include:

IEEE·488 PROGRAMMING

JO = Perform self-test.

If the self-test is successful, the Jbyte in the UO status word
will be set to 1. If PPROM fails, the message "UNCAl:'
will be displayed and the Jbyte in the U1 status word will
be set to 2. An PPROM failure is also flagged in the U1
status word. If ROM and RAM fails, the instrument will
lock up.

See paragraph 6.7.2 for more information on these tests and
recommendations to resolve a failure.

HP-85 Programming Example-Enter the following
statements into the computer to perform the Model 196
self-test:

REMOTE 707
OUTPUT 707.; , 'J0X' ,

Y"hen the END LINE key is pressed the second time, the
mstrument performs the self-test. If successful, the self-test
byte min the UO status word will be set to 1.

3.9.20 Hit Button (H)

The hit button command allows the user to emulate vir­
tually any front panel control sequence. Through the use
of- the H command, the front panel programs may be
entered through commands given over the bus. The H com­
mand is sent by sending the ASCII letter followed by a
number representing a front panel control. These control
numbers are shown in Figure 3-10.

Examples:

H3X-Selects the ACA function.
HOX-Selects the ACV function.

HP-85 Programming Example-Enter the following
statements into the computer to place the instrument in the
ohms function:

REMOTE 707
OUTPUT 707;" H1X"

When the END LINE key is pressed the second time, the
instrument is placed in the ohms function.
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Figure 3·10. Hit Button Command Numbers

3.9.21 Display (D)

The display command controls the ASCII messages that
can be placed onto the Model 196 display. Messages are
controlled with the following commands:

Da = DIsplay character Jlcf~ where "cr represents a prinfable
ASCII character. Up to 10 characters (including
blanks) may be sent.

D = Restores display back to normal.

3·32

Notes:
1. In order to have spaces preceding the beginning of the

message and between message words, use the @ sym­
bol to represent each space. For example, to-display the
message "Model 196" starting atthe second display
character (one space), send the following command
shing:

, , DI~r10DEL@ 196::-::' ,

2. Spaces in a command string are ignored.
3. Sending a message that exceeds 10 characters will result

with the big string error message being displayed.
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HP-85 Programming Example-Enter the following state­
ments into the computer to display the message "MODEL
196":

f;U10TE 707
OUTPUT 707; , , D~t10DEU;H 9E. :,' ,

When the END LINE key is pressed the second time the
instrument model number will be displayed. Displayopera­
tion may be returned to normal by entering the following
statement:

OUTPUT 707.i ' , n::-::' ,

3.9.22 Internal Filter (N)

In addition to the digital filter (P), a running average filter
is used to provide additional filtering when making high
resolution and high sensitivity measurements. The inter­
nal filter is controlled by the following commands:

NO ~ Internal filter off.
N1 ~ Internal filter on.

The factory default condition of the internal filter is N1
(enabled).

IEEE-488 PROGRAMMING

HP-85 Programming Example-Enter the following
statements into the computer to turn the internal filter off:

REHOTE 707
OUTPUT 707; , 't-~0>!,' ,

When the END LINE key is pressed the second time, the
internal filter will disabled.

3.10 TRANSLATOR SOFTWARE

The built in Translator software allows the user to define
his own words in place of Keithley's defined device­
dependent commands. One word can replace a single com­
mand or a string of commands. For example, the word ACV
can be sent in place of Fl, and the word SETUP1 can be
sent in place of F3R1T2S0Z1UOM2P15. Also, Keithley COm­
mands can be translated to emulate functions of other units.
For example, the word RA, which is used by H-P to select
autorange, can be sent in place of RO. There are certain
words and characters that cannot be used as defined
Translator words. These reserved words and character make
up the Translator software syntax and are listed in Table
3-14.

Table 3-14. Translator Reserved Words and Character

,.

Word/Character Description

ALIAS Used at the beginning of a command string to define Translator words.
; Used to terminate the Translator string (one space must precede it).
$ Used to define wild card Translator words. Values sent with a wild card

Translator word select options of the equivalent DOC.
NEW Tells the Model 196 to recognize Translator words.
OLD Tells the Model 196 to only recognize the Keithley device-dependent

commands.
SAVE Saves'Translator words as power up default.
LIST Used to list the Translator words.
FORGET Used to purge Translator words from memory. ,
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3.10.1 Translator Format

The basic fonnat for defining a Translator word isshown
in the following example command string, which defines
the word SETUPl as a substitute for FlROX.

'~LIAS SETUPl FlROX ;"

Where:
ALIAS is a reserved word that precedes the Translator
word.
SETUPl is the desired Translator word.
FlROX is the Keithley command string.
; is a reserved character necessary to terminate the
Translatorstring._
(spaces) must be used to separate words and the ";"
character.

When SETUPl is sent over the IEEE-488 bus, the instru­
ment will go to the ACV function (Fl.) and enable autorange
(RO). - _.

Translator words that contain conflicting device-dependent
commands, such as F1 and PZ, can be defined. When send­
ing the command word over the bus, the device-dependent
command that was last entered will prevail. For example,
sending a Translator word In place of FOFlX will place the
instrument in the F1 function.

Notes:
1. Trying to define a Translator word that already exists will

cause an error message to be displayed briefly. That·
Translator word will retain its original definition.

2. k Translator word cannoi exceed 31 characters.
3. The Translator buffer can hold approximately 100

18-character Translator words.
4. The character X and $ cannot be used In Translator

words.
5. The Model 196 will not recognize an undefined Translator

word sent over the bus.
6. A valid Translator word sent over the bus while the in­

strument is In the OLD mode will not be recognized.
However, the Instrument will try to execute (on the next
X) the letters and numbers of the word as if they were
device-dependent commands. To avoid this problem, it
is recommended that NEW be sent before trying to ex­
ecuteTranslator words. See paragraph 3.10.3 for an ex­
planation of NEW and OLD.

7. Translator error messages are listed and described In
Table 3-15.

HP-SS Programming Example-Enter the following pro­
gram Into the computer to-define a Translator word
(SETUP1) to emulate-the command string FlROX:

RDI0TE 707
OUTPUT 707,' 'ALIAS SETUPl F1R0X ;"

OUTPUT 707; "SETUP1"

Table 3·15. Translator Error Messages

Display
ExolanationMessai!:e Ie Error String

TRANSERR9 No more memory left for Translator words. -
TRANSERR14 Use of more than one ALIAS In a definition. "ALIAS TESTl FlX ALIAS TEST2 RlX ;"
TRANSERR15 Translator word exceeds 31 characters. '~LIAS ITHINKTHlSISTHlRTYTWOCHARACf

ERS! FlX;"
TRANSERR16 Use of an X In a Translator word. '~LIAS XRAY FlX ;"
TRANSERR17 Trying to define a Translator wordthatalreaclY '~LIAS SETUP FlX ;"

exists. The second string In the example is the '~LIAS SETUP RlX ;"
error string.

TRANSERRlS Use of a $ In a Translator word. '~LIAS $200 FDC;" __
TRANSERR19 Sending the ; character. ".'1,
TRANSERR20 Use of UST In a Translator definition. '~LIAS DOG FlX LIST ;"
TRANSERR21 Use of FORGET In a Translatox_definition. '~LIAS DOG FlX FORGET ;"
TRANSERR23 Use of SAVE In a Translator definition. '~LIAS DOG FlX SAVE ;"

3·34

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



IEEE-488 PROGRAMMING

When END LINE is pressed the second time, the Translator 3.10.3 NEW and OLD
word will be defined to emulate the Keithley command
string. Whe'.t END LINE is pressed tJ:'e third time, the in- NEW is a reserved word that tells the instrument that the
strument will go to the ACV function (Fl) and enable__ ensuing commands may be defined Translator words. The
autorange (RO). instrument will then respond to the Translator words as

well as Keithley device-dependent commands. The re­
served word ALIAS automatically places the instrument

3.10.2 Wild Card ($) in the NEW mode. NEW is also used to combine Translator
words and is explained in paragraph 3.10.4.

An advanced feature of Translator software is its wild card
capabilities. By using the reserved character U$'~_ the same
basic Translator word can be used to select all options of- - OLD is a reserved word that prevents the instrument from
a command. With this feature, a DDC option number is responding to the defined Translator words. In this mode,
sent with the wild card Translator word. The format for only the Keithley device-dependent commands will be
using the wild card is shown in the following example, recognized over the bus.
which defines the word FUNCTION as a substitute for the
F command:

'~LIAS FUNCTION F$X;"
"FUNCTIONf'
"FUNCTION 2"

The first statement defines FUNCTION as the wild card
Translator word for the F command. The wild card ($) will
allow any valid option number of the F command (0
through 8) to be sent with the word. The second statement
which is the substitute for the FI command, will place the
instrument in the ACV function. The third statement is a
substitute for the F2 command, and will place the instru­
ment in the ohms function.

Notes:

1. When sending a wild card Translator word over the bus,
there must be a space between the Translator word and
the option number.

2. If a wild card Translator word is sent without an option
number, the instrument will default to option O.

HP-85 Programming Example-Enter the following pro­
gram to define a wild card Translator word to emulate the
P (filter) command.

REMOTE 707
OUTPUT 707; " ALIAS FILTER P$X ;"

OUTPUT 707; , , FILTER 20"

The second statement defines FIITER as the wild card
Translator word for the P command. The third statement
enables the filter with a filter value of 20.

HP-85 Programming Example-Enter the following state­
ments into the computer to place the instrument in the
NEW mode:

- - REMOTE 707

OUTPUT 707 J ' , HEW' '

When END-LINE-Is pressed the second time, the instru­
ment-will go into the NEW mode.

3.10.4 Combining Translator Words

Existing Translator words can be combined resulting in a
Translator word that contains the commands of the two (or
more) combined words. For example, existing Translator
words SETUPl and SETUP2 can be combined and
named SETUP3. When SETUP3 is sent over the bus, the
commands of both SETUP1 and SETUP2 will be executed.
The format for combining Translator words is shown in the
following example:

'~LlAS SETUP3 NEW SETUP1 NEW SETUP2 ;"

Where:
SETUP3 is the new Translator word.
SETUPl and SETUP2 are words to be combined.
NEW is a reserved word that tells the instrument that
SETUPl and SETUP2 are Translator words and not Keithley
device-dependent commands.

Even though the two words were combined to form
SETUP3, SETUPl and SET1JP2 still exist as valid Translator
words.
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Wild card Translator words can also be combiried with other
Translator words. The option number used with the new
word will apply ordy to the first wild card word in the
string. For example, assume that FILTER (emulating the P
command) and FUNCTION (emulating the F command)
are wild card Translator words that are to be combined with
the normal Translator word SETIJPl. The format might look
like this:

Where:
SETUP3 is the new Translator word.
SETUPl and SETUP2 are the existing words.
P1ZlX is the Keithley IEEE command string.
NEW tells the instrument that SETUPl and SETUP2 are
Translator words.

'~LIAS TEST NEW SETUPl NEW FUNCTION
NEW FIITER;"

When the Translator word SETUP3 is asserted over the bus,
the commands of the two Translator words and the Keithley
IEEE command string will be executed.

The new Translator word is TEST. Whenever TEST is sent,
the option value sent with that word will ordy affect func­
tion since FUNCTION is the first wild card command in
the string. For example, TEST might be sent over the bus
in the following format:

HP-85 Programming Example-The following program will
create'two Translator words and then combine them with
a Keithley IEEE command string to form a new Translator
word:

"TEST 3"

The "3" in the command string will ony affect the FUNC.
TION command. In this example the instrument will be
placed in the DCA function (F3). Since the FILTER com­
mand does not have an assigned option value (due to its
position in the string), it will default to 0 (disable).

HP-85 Programming Example-The following program will
create two Translator words and then combine them to form
a third Translator word:

REt10TE 7137
OUTPUT 7137 i ' 'ALIAS SETUP 1 FIX; , ,

OUTPUT 7137; , 'AL I AS SETUP2 RGX ; , ,

OUTPUT 7137 i" ALIAS SETUP3 NEW SETUP 1
HE.W SETUP2 P1Z1X i' ,

The second and third statements create two Translator
words. When END LINE is pressed the fourth time, the
two Translator words are combined to form the word
SlbIUP3.

RH10TE 7137
OUTPUT 7137 i" ALIAS SETUPl F1X "; "
OUTPUT 707; ;; !l ALIAS SETijp2 R0x ; , ,

OUTPUT 7137; , , ALI AS SETUP:; NEW SETUP 1 .1Bj
SETUP2.;' ,

3.10.6 Executing Translator Words and Keithley
IEEE Commands

Translator words (including wild card words) and Keithley
IEEE commands can be executed in the same command

. string. The format for doing this is demonstrated in the
following examples:

The second and third program statements ·define the two
Translator words. When END LINE is pressed a fourth
time, the two words combine to form the neW word
(SETUP3). ..

nsETUPl P1Z1X"
"FUNCTION 2 P1ZlX"

3.10.5 Combining Translator Words With
Keithley IEEE-488 Commands

When the first command string is sent over the bus, the
commands in SETUPl and the Keithley IEEE commands
will be executed. When the second string is sent, the se­
cond option of the wild card FUNCTION command and
the Keithley IEEE commands will be executed.

REMOTE 7137
OUTPUT 7137;" SETUPI PIZIX"'~LIAS SETUP3 NEW SETUPl NEW SETUPZl'1ZlX;" .

One or more existing Translator words (including wild card
words) can be combined with Keithley IEEE commands
resulting in a Translator word that contains the commands HP-85 Programming Example-The following program will"
of the Translator words and the Keithley IEEE commands. assert the cOmmands of an existing Translator word and
The format for combining Translator words with Keithley "" the standard Keithley IEEE ~omm"ands over the bus:
IEEE commands is shown in the following example:
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When END UNE is pressed the second time, the com'
mands of SETUP1 and the KeitWey IEEE commands
(P1Z1X) will be sent over the bus.

3.10.7 SAVE

Translator words can be remembered by the instrument as
p.ower up default words by sending the reserved word
SAVE. If SAVE is not sent, Translator words will be lost
when the instrument is turned off; Program 37 (Reset) is
run, or an SOC, DCL or 10 is sent over the bus.

When SAVE is sent, the instrument also remembers if it
was in NEW or OLD. If the instrument is in NEW when
SAVE is sent, it will power up in NEW. If the instrument
is in OLD when SAVE is sent, it will power up in OLD.

HP-85 Programming Example-With one or more Translator
words already defined, enter the following statements in­
to the computer to retain them as power up default words:

REMOTE 7137
OUTPUT 7137; , 'SAVE' ,

When END UNE is pressed the second time, current
Translator words will become power up default words.

3.10.8 LIST

LIST is a reserved word that can be used to list the existing
Translator words stored in temporary memory. The most
recent defined word will be listed first.

Notes:
1. The U2 command can also be used to list the Translator

words (see paragraph 3.9.16).
2. If there are no Translator words in memory, nothing will

be displayed when the llst is requested.

HP-85 Programming Example-With TranSlator words
already defined, enter he following program statements to
list them:

REt10TE 7137
OUTPUT 7137; , 'LIST' '

ENTER 7137; A$
DISP A$ -

IEEE-488 PROGRAMMING

The second and third statements will send the word. llst
to the computer. When END LINE is pressed a fourth time,
the Translator words will be displayed.

3.10.9 FORGET

FORGET is a reserved word that is used to pw;ge all Trans­
lator words from temporary memory. However, Translator
words that were saved in E'PROM by the SAVE command
will again be available after power to the instrument is
cycled, Program 37 (Reset) is RUN, or DCL, SOC or 10 is
sent over the bus.

To purge Translator words from £>PROM, first send the
FORGET command and then send the SAVE command.

HP-85 Programming Example-Enter the following
statements into the computer to purge all Translator words
from temporary memory:

REMOTE 7137
OUTPUT 7137; , 'FORGET' '

When ENDUNE is pressed the second time, the Translator
words are purged from temporary memory.

3.11 BUS DATA TRANSMISSION TIMES

A primary consideration is the length of time it takes to
obtain a reading once the instrument is triggered to make
a conversion. The length of time will vary somewhat de­
pending on the selected function and trigger mode. Table
3-16 gives typical times.

Table 3·16. Trigger To Reading-Ready Times
(DCV Function)

Configuration· Mode T1111e (typical)

SOAOGlNanx Maximum Reading 6msec
Rate (31f2d)

SlAOGlNanx 4'hd 8msec
SZAOGlNanx 5'hd 24msec
S3A1GlNanx 6'hd 106msec

(internal filter off)
S3A1GlN1TIX 61f2d 3.3sec

(internal filter on\

·Commands not listed are at factory default.
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4.1 INTRODUCTION

SECTION 4
PERFORMANCE VERIFICATION

4.3 INITIAL CONDITIONS

The procedures outlined in this section ma.y be used to
verify that the instrument is operating within the limits
stated in the. specifications at the front of this manual Per­
formance verification may be performed when the instru­
ment is first received to ensure that no damage or misad­
justment has occurred during shipment. Verification may
also be performed whenever there is a question of instru­
ment accuracy, or following calibration, if desired.

NOTE
If the instrument is still under warranty (less than
1 year from the date of shipment), and its perform­
ance falls outside the specified range, contact your
Keithley representative or the factory to determine
the correct course of action.

4.2 ENVIRONMENTAL CONDITIONS

All measurements should be made at 18 - 28cC (65: 82CP)
and at less than 80% relative humidity.

The Model 196 must be turned on and allowed to warm
up for at least two hours before beginning the verfication

_procedures. If the instrument has been subject to extremes
of temperature (outside the range specified in paragraph
4.2), additional time should be allowed for internal
temperatures to reach normal operating temperature.
Typically, it takes one additional hour to stabilize a tiriit that
is 10cC (18°P) outside the specified temperature range.

4.4 RECOMMENDED TEST EQUIPMENT

Table 4-1 lists all test equipment required for verification.
Alternate equipment may be used as long as the substitute
equipment has specifications at least as good as those listed
in the table. .

NOTE
The verification limits in this section do not include
test equipment tolerance.

Table 4-1. Recommended Test Equipment

Mfg Model Description Specifications

Fluke 5440A DC Voltage Calibrator 300mV, 3V, 30V, 300V ranges ±15ppm.
Fluke 5200A AC Voltage Calibrator 300mV, 3V, 30V ranges; 20Hz±O.1%;

50Hz-20kHz 0.02%; 100kHz ±O.33%.
Fluke 5215A AC Power Amplifier 300V range: 20Hz ±O.12%; 50Hz-20kHz ±O.04%;

100kHz ±O.l%
Fluke 5450A Resistance Calibrator 300Q-3MQ ranges ±15ppm; 30MQ ±32ppm;

Valhalla 2500E
300MQ rangem5ppm

AC-DC Current Calibrator 300J.l-3A ranges ±.03% DC, ±O.l% AC to 5kHz (at
full scale outout)

4-1
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4.5 VERIFICATION PROCEDURES

The following paragraphs contain procedures for venrying
the one year accuracy specifications of the instrument, at
5'hd resolution, for each of the five measuiing functions:
DC volts, TRMS AC volts, ohms, TRMS AC amps, and DC
amps. These procedures are intended for use only by quali­
fied personnel using accurate and reliable test equipment.
If the instrument is out of sFecifications and not under war­
ranty, refer to Section 6 for calibration procedures.

WARNING
The maximum common-mode voltage (voltage
between input low and chassis ground) is SOOV.
Exceeding this value may cause a breakdown in
insulation, creating a shock hazard. Some of the
procedures in this section may expose the user
to dangerous voltages. Use standard safety
precautions when such dangerous voltages are
encountered.

4.5.1 DC Volts Verification

With the Model 196 set to-5V,d resolution, verify the DC
volts function as follows:

CAUTION
Do not exceed 300V between the input HI and
LO terminals or damage to the instrument may
occur.

1. Select the DCV function and autorange.
2. Connect the DC voltage calibrator to the Model 196 as

shown in Figure 4-1.
3. Set the calibrator to OV and enable zero on the Model

196.·Yerify that the display is reading ooO.OoomY ±2
counts.

see that the reading for each range is within the limits
listed in the table.

7. Repeat the procedure for each of the ranges with negative
voltages.

Table 4-2. Limits for DC Volts Verification

196 Applied Allowable Readings
DCV Ranlte DC Yoltalte (18°to 28°q

300rnV 300.000mV 299.974 to 300.026
3 V 3.00000 V 2.99987 to 3.00013

30 V 30.0000 V 29.9973 to 30.0027
300 V 300.000. V 299.970 to 300.030

= HIj i. DC VOLTAGE
I.....10- j

CAUBRATOR

gQ[:;:]D~
LO MODEL 5HOA

MODEL 196

Figure 4-1. Connections for DC Volts Verification

4.5.2 TRMS AC Volts Verification

With the instrument set to 51f2d resolution, perform the
following procedure to verify the AC volts function:

CAUTION
Do not exceed 300V RMS 425V peak 10'V-Hz
between the input HI and LO terminals or instru­
ment damage may occur.

NOTE
Low measurement techniques should be used
when checking the 300mV DC range. Refer to
paragraph 2.6.5 for low level measurement
considerations.

1. Select the ACV function and autorange. Do not use zero
to cancel the offset in this procedure. Turn zero off, if
it is enabled.

2. Connect the AC calibrator to the Model 196 as shown in
Figure 4-2.

3. Set the calibrator to output 290rnY at a frequency of 20Hz
and verify that the reading is within the limits listed in
Table 4-3.

4. Set the calibrator to output +300mV and verify that the 4. Repeat the 290mV measurement at the other frequencies
reading is within the limits listed in Table 4-2. specified in Table 4-3.

5. Disable zero and leave it disabled for the remainder of . 5. Repeat the procedure for the 3V, 30V and 300v ranges
the DCV verification procedure. by applying the respective AC voltages listed in Table 4-3.

Check to see that the reading for each range is within
6. Check the 3V, 30\', and 300V ranges by applying the the limits listed in the table.

respective DC voltage levels listed in Table 4-2. Verify to

4-2
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Table 4-3. Limits for TRMS AC Volts Verification
"-- .

196 Applied Allowable Readin~s (18°C to28°C)
ACV Ranlle AC Voitalle 20Hz 50Hz 200Hz 10kHz 20kHz 100kHz

300mV 290.000mV 284.100 289.030 289.465 289.465 288.640 283.900
to to- to to to to

295.900 290.970 290.535 290.535 291.360 296.100

3 V 2.9000OV 2.84100 2.89030 2.89465 2.89465 2.88930 2.85350
to to to to to to

2.95900 2.90970 2.90535 2.90535 2.91070 2.94650

30 V 29.000OV 28.4100 28.9030 28.9465 28.9465 28.8640 28.5350
to- to to to to· to

29.5900 29.0970 29.0535 29.0535 29.1360 29.4650

300 V 29O.00OV 284.100 289.030 289.465 289.465 288.640 *
to to to to to

295.900 290.970 290.535 290.535 291.360

'Do not apply 290V at 100kHz to the input. This exceeds the V'Hz limit of the instrument.
Maximum TRMS AC volt input at 100kHz is 10OV. On the 300V range, allowable readings
witl;! 100V @ 100kHz applied to the input are 98.200 to 101.800. See paragraph 2.6.7 for
clarification of the V'Hz specification.

4.5.3 Ohms Verification

Figure 4-2. Connections for TRMS AC Volts
Verification

,.CAUTION
Do not exceed 425V peak or 300V RMS between
the input HI and LO terminals or damage to the
instrument may occur.

=
I !.
1.....10·
gQQO •

MODEL 1%

I HI POWER I AC VOLTAGE
INPUT AMPLIFIER ICALIBRATOR

LO MODEL 5215A IMODEL 5200A

1. Select the ohms function and autorange.
2. Using Kelvin test leads (such as the Keithley Model 1641)

connect the resistance calibrator to the Model 196 as
shown in Figure 4-3.

3. Set the cahbrator to the SHORT position and enable zero
on the Model 196. Verify that the display reads 000.000.

4. Set- the calibrator to output 19011 and verify that the
L----------------------J·----reading is within the limits listed in Thble 4-4.

5. Disable zero and leave it disabled for the remainder of
the ohms verification procedure.

6. Utilizing Figures 4-3 and 4-4, check the 3kll through
300MIl ranges by applying the respective resistance levels
listed in Table 4-4. Verify that the readings are within the
limits listed in the table.

With the Model 196 set to 5'hd resolution, verify the ohms
function as follows:

4-3
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Table 4-4. Limits for Ohms Verification

Applied Allowable Readings
196 Ranlle Set up Resistance (18°C to 28°C)

300 Q Figure 4-3 190.000 Q 189.979 to 190.021
3kQ Figure 4-3 1.90000 kQ 1.89985 to 1.90015

30 kQ Figure 4-3 19.0000 kQ 18.9985 to 19.0015
300 kQ Figure 4-4 190.000 kQ 189.958 to 190.042

3MQ Figure 4-4 1.90oo0MO 1.89958 to 1.90042
30MQ Figure 4-4 19.0oo0MQ 18.9808 to 19.0192

300MO Figure 4-4 loo.0ooMO 97.998 to 102.002

,- ---,_4.5.4 DC Current Verification

OUTPUT HI

=
I I SENSE HI RESISTANCEI.....10

I'~ CALIBRATORgQ~D •
SENSE LO I< MODEL S+SOA

MODEL 196

OUTPUT LD

Figure 4-3. Connections for Ohms Verification
(300Q-30kQ Range)

=
f\I !.

1.....10· OUTPUT HI

gQ~D~
'JI

SH IELDED
MODEL 196 CABLE

h

RESISTANCE
I'~ CALIBRATOR

I< MODEL 5+50A
OUTPUT LD

Figure 4-4. Connections for Ohms Verification
(300kQ-300MQ Ranges)

4-4

With the instrument set to 5'hd resolution, verify the DC
current function as follows:

CAUTION
Do not exceed 3A to the AMPS and LO input ter­
minals or the rear panel current fuse will blow.

1. Select the DCA function and autorange.
2. Connect the DC current calibration source to the Model

196 as shown in Figure 4-5.
3. Set the cah"bration source to output +300jLA and verify

that the reading is within the limits listed in Thble 4-5.
4. Repeat the procedure for the 3mA, 3OmA, 300mA and

3A ranges by applying the respective DC current levels
listed in Thble 4-5. Check to see that the reading for each
range is within the limits listed in the table.

5. Repeat the procedure for each of the ranges with
negative current levels.

Table 4-5. Limits for DC Current Verification

Applied Allowable Readings
196 Ranlle DC Current (18°C to 28°C)

300 (LA 300.000 (LA 299.710 to 300.290
3mA 3.00000mA 2.99840 to 3.00160

30mA 30.0oo0mA 29.9840 to 30.0160
300mA 300.oo0mA 299.840 to 300.160

3 A 3.00000 A 2.99720 to 3.00280
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2 C e t the AC current calibration source to the Model

mmals or the rear panel current fuse Will blow.

onn c
196 as shown in Figure 4-6.

= 3. Set the calibration source to output 300/<A at a frequen-I I•• LO OUTPUT cy of 20Hz and verify that the reading is within the limitsI···· .10•
QQ~D

listed in Table 4-6.
- HI OUTPUT 4. Repeat the 300/<A measurement at the other frequencies

MOOEL 1% specified in Table 4-6.

L
5. Repeat the procedure for the 3mA, 30mA, 300mA and

3A ranges by applying the respective AC current levels
CURRENT LO LO OC VOLTAGE listed in Table 4-6. Check to see that the reading for each

CALIBRATOR INPUT CALIBRATOR range is within the limits listed in the table.
'-- MODEL 2500E MODEL 5HOAHI HI

-

Figure 4-5. Connections for DC Current Verification = ~
I I •• LO OUTPUTI.....10.

4.5.5 TRMS AC Current Verification
QQ~D HI OUTPUT

MODEL 1%

With the instrument set for 51f>d resolution, verify the AC

[ CURRENT
current function as follows: LO LO AC VOLTAGE

CALIBRATOR INPUT CALIBRATOR
CAUTION '-- MODEL 2500E MODEL 5200AHI HI

Do not exceed 3A to the AMPS and LO input ler-. .

1. Seled the ACA function and autorange. Do not use zero
to cancel the offset in this procedure.

Figure 4-6. Connections for TRMS AC Current
Verification

Table 4-6. Limits for AC Current Verification

196 Applied Allowable Readines (18°C to 28°q
Ranee AC Current 20Hz 45Hz 5kHz
300 p.A 290.000p.A 284.100 287.290 287.290

to to to
295.900 292.710 292.710

3mA 2.900ooiriA 2.84100 2.88160 2.88160
to to to

2.95900 2.91840 2.91840

30mA 29.0000mA 28.4100 28.8160 28.8160
to to to

29.5900 29.1840 29.1840

300mA 290.000mA 284.100 288.160 288.160
to to to

295.900 291.840 291.840

3 A 2.90000 A 2.84100 2.88160 2.88160
to to to

2.95900 2.91840 2.91840
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SECTION 5
PRINCIPLES OF OPERATION

On the 300mV and 3V ranges, the signal is routed through
relay K5 and buffer U28A. On the 3V range, the signal pro­
ceeds through analog switch U21C and buffer U26B before
being applied to the lRMS converter (U27). On the 300mV
range, the signal is detoured through analog switch U21A
to U28B which is configured as a XlO amplifier. The
amplified signal then proceeds through analog switch U21B
and buffer U26B to the lRMS converter (U27).

ACV

On the 30V range, Q13 is on and Q3 is off routing the in­
put Signal in the multiplexer (Q35). On the 300v range, Q13
is off and Q3 is on routing the input signal to the multiplex­
er (Q35). On the 300mV and 3V ranges, the input signal
is removed from the resistor divider network (Q13 and Q3
off) and applies directly to the multiplexer through Kl and
R13.

The basic steps involved in ACV conditioning are as follows:

1. Relay K4 applies the ACV input to the gain circuitry. Here
the signal undergoes a gain factor of 10 (300mV range),
1 (3V range), 1/10 (30V range) or 1/100 (300V range).

2. The signal is then applied to the lRMS converter (U27)
where the AC signal is converted to a DC signal.

3. The DC signal is then applied to the multiplexer.

5.1 INTRODUCTION

5.2 OVERALL FUNCTIONAL DESCRIPTION

Divided by 10 on the 30V range.
Divided by 100 on the 300V range.

This section contains an overall functional description of-
the Model 196. Detailed schematics and component loca­
tion drawings are located at the end of this instruction
manual.

The analog section consists of the signal conditioning cir­
cuits, multiplexer, input amplifier, AID converter and con­
trol circuitry. The heart of the digital section is 68B09
microprocessor that supervises the entire operation of the
instrument. Additional digital circuitry includes the display
and IEEE-488 interface.

A simplified block diagram of the Model 196 is shown in
Figure 5-1. The instrument may be divided into two sec­
tions: analog and digital circuitry. The analog and digital
sections are electrically isolated from each other by the use
of pulse transformers for control and communicatlo_ns.
Separate power supplies for the analog and digital sections
ensure proper isolation.

The detailed circuitry of the Model 196 analog section is
located on schematic diagram number 196-126.

5.3 ANALOG CIRCUITRY

5.3.1 Input Signal Conditioning

Signal conditioning circuitry modifies the input to a signal
that is usable by the Model 196 and applies that signal to
the multiplexer.

In the 30V range, the signal is applied to U26A. Because
analog switch U23C is open on this range, amplifier U26A
has a feedback resistance of l18kO (R32) which results in
a gain factor of 1/10. The divided signal is then routed
through analog switch U23B and buffer U26B to the lRMS
converter (U27).

DCV

. .. . . On the 300V range, the signal is applied to U26A. Because
Signal condilI?mng .fo.r the 30V and 300V ranges IS per- analog switch U23C is closed on this range, amplifier U26A
formed by resIStor diVIder ne~?rk R17. On t~ese ranges, has a feedback resistance of l18kO (R32) in parallel with
K1 ~d K2 are open, and the diVIder network IS cOnl:,ected 13kO (R24), resulting in a gain factor of 1/100. The divided
to Slgn.al ground t:rrough.Qll~dU~. The fOllOWIng at- --signal is then routed through analog switch U23B and buf-
tenuation of the mput slgnalls prOVIded: fer U26B to the lRMS converter (U27).
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PRINCIPLES OF OPERATION

I'" - - - - - - - - - - - - - - - - -'-.,

I INPUT CONDITIONING I
I - .... -- I
I CURRENT DCA I

AMPS; SHUNTS I
I I
I I
I , ACA I---- ~

I . I
I I
I

AC ATTENUATI ONI
I

I
H

ACV, ACA I
I AC-DC I,

CONVERSIONI I
I'I' I
I ACV I

HI' I DCV, OHMS IDCV INPUT AID ~-, I
ATTENUATI ONI : IMULT IPLEXER

LO' I n REF RESISTORS AMPLIFIER CONVERTER
-, I I , ,

TL - - - - - ---1' - - - - ----"

I
CONTROL_

-- - - - - --- - ---- -- -- - - -- ------ -- - -1~ - - - --- -:f~LiA~-----
IEEE-488

MICROCOMPUTERJE--rINTERFACE FRONT PANEL I
BUTTONS-1

DISPLAY

--,.. -- "

VU REF HI - Vll REF LO

R..-F°(VU SENSE HI - VU SENSE ill)
Rx =--------,-------

By measuring the four inputs to the AID converter the
unknown resistance can be computed by the
microprocessor using this equation:

Figure 5-1. Overall Block Diagram

300kll range: R17A B R17C (lOOkll)
3MU range: R17A II R17B (lMll)
30Mll and 300Mll ranges: R17C (10MU)

OHMS

Resistance measurements are made using the ratiometric
technique (see Figure 5-2). When the resistance function
is selected, a series circuit is formed between the ohms
source, a reference resistor and the external unknown
resistance. A current flows through the reference resistor
and the unknown resistance. Since this current is common
to both resistances, the value of the unknown resistance
can be calculated by measuring the voltage across tpe
reference resistor and the voltage across the unknown
resistance.

The following ohms reference resistors are used (see Figure
5-3).

For the 3000 range V!l SENSE HI and VU SENSE LO are
actually multipled by a factor of 10 in the input buffer
circuit.

300U and 3kU ranges: R26 (2kU)
30kll range: R23 (30kll)

5-2
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Protection on the ohms ranges is accomplished by RU Q9
and Q16. For an input voltage applied to the {) input ter­
minals, Q9 and Q16 clamp the voltage to the reference
resistors to a safe limit. RTI limits the current to Q9 and Q16.

The Model 196 is equipped to make 2- or 4-terminal resis­
tance measurements. Generally, 4-terminal measurements
should be made on the 30011 range because the relatively
1aIge output current can develop a significant-voltage across
the test leads, affecting measurement accuracy.

Figure 5-2 shows the equivalent circuit of the input circuit.
Rx is the unknown measured resistance and Rl, R2, R3 and
R4 represent the test lead resistance. R2 and R3 are con­
nected only during 4-terminal measurements. When using
a 2-terminal configuration, all the current flows through the
test leads Rl and R4. If Rx has a low value, the amount-of
voltage developed across the test leads can be significant.

PRINCIPLES OF OPERATION

Since the voltage is sensed across the combined resistance
of R" Rx and R.; considerable error can be introduced into
the reading. To use a 4-terminal connection, a second set
of leads (R2 and R3) are connected to the unknown
resistance. The amount of current through R2 and R3 is
much smaller than the current through Rl and R4. Thus,
the voltage seen by the instrument is much closer to the
actual value across the measured resistance, minimizing the
error.

DCA and ACA

The resistor current shunt network R28 is configured so that
a full scale current input will result in a 300mV drop across
the network on all current ranges. For DCA, this voltage
is routed to the multiplexer through analog switch U24B.
For ACA, the signal is routed through U21Dto XlO amplifier
U28B. The amplifier signal then travels through analog
switch U21B and buffer U26B to the TRMS converter. The
converted DC signal is then routed to the multiplexer.

- . -- --

I vn ,
I I
I ,

FRONT PANEL I I vn REF HI
CONNECTOR I .). I

INPUT: : RREF I

A~~
I

HI I I
". I

:vnREF LO
I

:~ RsI I
r---,SENSEI I

r I .~2 I HI I I
• ... I ,

vnIHERHI I
:SENSE HI

Vx •
=R ICONN.l I

X I ONL Y I I I

4 I R3 I I I
, AU ,

L_Y.!"- "SENSEI I vn
LO I :~ R

ISENSE LO

I < S I
R4 I I... , I...

I NPU TI

~
I

LO I I
I I
I I, ,

RREF. Cvn SENSE HI - vn SENSE LtD
Rx = vn REF HI - vn REF LO

- - - -- ""-_. ,,,.

Figure 5-2. Input Configuration During 2 and 4-Terminal Resistance Measurement
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PRINCIPLES OF OPERATION
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::; 1.002kn
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~~ • 3k
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:~
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5.3.2 Multiplexer

RREF. (vn SENSE HI - vn SENSE LO)
RX = ------..:..:.:.....::..:::.:..:..::-=--.::..:.-.:..:.:....:..:..::..::-=--~

vn REF HI - vn REF LO

Figure 5-3. Resistance Measurement Simplified Circuitry

formed by the A/D converter, and the resultant data is
used by the microprocessor to calculate the final reading.

The multiplexer circuitry selects-among the various signals
that are part of the Model 196 measurement cycle and con­
nects them to the inputbuffer amplifier. Figure 5-4 shows
a simplified schematic of the multiplexer circuitry. The
Front/Rear INPUT switch detector U25B is not part of a
measurement cycle.

Figure 5-5 shows the general switching phases for the
various signals. During each phase, an integration is per-

5-4

The precharge amplifier (U20B) is momentarily selected by
Q31 just before signal FET Q30 is activated. The purpose
?f the precharge a:nplifier is to get the signal seen by the
mput buffer amplifier closer to the actual input-at signal
FET Q30. The precharge amplifier also provides the drive
to keep the FETs on until turned off by the control circuitry.
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PRINCIPLES OF OPERATION

SIGNAL (aOOaVOC. avoc) Q30

n SENSE HI

PRECHARGE C31

SIGNAL (DCA)
U248

SIGNAL (ACV. ACA)
U24C
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2.1V REFERENCE
U25C

C32

ZERO (EXCEPT 30V)
U250
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BUFFER

n REF LO (300~ 3kll) U24D
AMPLIFIER

U25A
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U24A
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ZERO (30V)
U22A
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Il REF LO (300k - 300MIl ) C34

SIGNAL (30VDC, 300VDC) C35

Il REF HI Q12

Figure 5·4. JFET MUltiplexer
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PRINCIP\..ES OF OPERATION
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Figure 5·5. Mutliplexer Phases
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5.3.3 +2.1V Reference Source

Voltage and current measurements are based on compar­
ing the unknown signal with an internal +2,lV reference
voltage source. During each measurement cycle, the
unknown signal is sampled and then compared with signal
common and the +2.1V reference values.

PRINCIPLES OF OPERATION

5.4 AJD CONVERTER

The Model 196 uses a: constant frequency, variable pulse
width, analog-to-digital converter. A simplified schematic
of the AID used in the Model 196 is shown in Figure 5-6.

5.3.4 Input Buffer Amplifier

The charge balance phase begins when the input enablel
disable line is set high. This occurs at the end of a software­

U34 provides a highly stable +6.95V reference, while un generated delay period thatallows the signal to settle after
and R10 provide a constant current to minimize zener the appropriate multiplexer FET is turned on. Once the in­
voltage variations. R36 and R37 divide down the +6.95V put is enabled, the signal from the buffer amplifier is added
value to the final +2.1V reference voltage. _ to the level shift curreni applied through RllC and RllD

or RllC only. In this manner, the ±3.03V bipolar signal from
the buffer amplifier is converted to a unipolar signal that
can be integrated.

The input buffer amplifier provides isolation between the
input signal and the AID converter. Q41 provides the low
noise, high impedance FET input for amplifier U35. The
amplifier can be configured for Xl or X10 gain with R41 and
R42 acting as the feedback network. When Xl gain is
selected by the mic;roprocessor, feedback is routed through
pin 12 of the analog switch U44A. At XlO gain, feedback
is routed through pin 13 of the multiplex switch. Amplifier
gain configurations for the various functions and ranges
are listed in Table 5-1. _

Table 5-1. Input Buffer Amplifier (U35) Gain
Configuration

Function Ran~e Gain

DCV 300mV X10
3-300v Xl

ACV All Xl
0 3000 XlO

3k-300MO Xl
DCA All X10
ACA All Xl

The integrator is made up of Q1, 019 and C32. When the
input to the integrator is applied, the integrator output
ramps up until its voltage is slightly higher than the voltage
applied to the inverting input ofthe duty cycle comparator
(USA). The charge balance current, whose duty cycle is pro­
portional to the input, is fed back to the integrator input
through R8 and Q4. Since the charge balance current- is
much larger than the sum of the input and level shift-cur­
rents, the integrator output now ramps in the negative
direction until Q of U8B goes low. The VIA then counts
the total number of pulses that occur during the charge
balance phase.

At the end of the charge balance phase, the output of the
integrator is resting at some positive voltage. Since the in­
tegrator output is connected to the non-inverting input of
the final-slope comparator (USB), the final-slope com­
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, Q4 is
turned off and the feedback is fed through U16 back to the
integrator input.-The fmal-slope comparator output is then
gated with the 3.84MHz clock and counted. Once the com­
parator output goes low, the VIA stops counting and the
reading can be computed.
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PRINCIPLES OF OPERATION
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Figure 5-6. AID Converter Simplified Schematic

5.5 CONTROL CIRCUITRY 5.6 DIGITAL CIRCUITRY

The signals for the circuitry that provides control of the
various FETs, relays, analog switches and logic levels are
supplied by the shift store registers U29, U30, U31, and U32
(see schematic 196-126, page 3). CWCK, DATA and
STROBE signals are sent from the VIA (U109) across the
pulse transformers TI03, Tl04 and TIOS (see schematic
196-106). The pulse transformers provide 500v isolation be­
tween the analog and digitill sections of.th~jnstrument.
DXfA is serially loaded into the shift store registers and a
STROBE pulse causes the registers to simultaneously~mt­

put the appropriate logic levels to the PET, analog switch
and relay drivers.

The Model 196 is controlled by an internal microcomputer.
This section briefly de.scribes the operation of the
microcomputer and associated digital circuitry. Refer to
schematic diagram number 196-106 for circuit details.

5.6.1 Microcomputer

The microcomputer centers around the 8-bit 68B09
microprocessor. The MPU has direct control over the
display, front panel switches, AID converter, IEEE-488 bus,
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as well as the VOlTMETER COMPLETE dutput and the
EXTERNAL TRIGGER Input. Timing for the micro­
processor is accomplished by the use of YlOl; an 8MHz
crystal. Internally, this frequency is divided down by four
to obtain a bus operating frequency of-2MHz.

Instrument operation software is stored in EPROMs UI05
and UI06. The revision level of this software is displayed
by Program 0 (Menu). Calibration constants, Translator
words and instrument set up conditions are ·stored in
E'PROM (V108). U107 is the RAM. Partial address decoding
is used in this system. The function selected is determine
ed by the state of All, A12, A13, A14 and A15 address lines.
These address lines determine which is selected by the
decoders (UlOl). Only one device (ROM, RAM, VIA, etc)
will have access to the data bus at anyone time.

The heart of the IEEE-488 circuitry is the GPIBA (V112). The
GPIBA is capable of performing all IEEE talker-listener pro­
tocols. The bidirectional data lines DO through D7 permit
the transfer of data between the microprocessor and the
GPIBA. The tran~ceiversUl13 and Ull4 are used to drive
the output. Data is buffered by Ul13 and U114 and is
transmitted to the bus via connector J15.

PRINCIPLES OF OPERATION

5.6.2 Display CircUitry

The display information is sent through display latches U110
and U111. Upon each display update, new segmentinfor·
mation is presented to the display latches and a clock pulse
is sent on PAD. The clock pulse to U4 and U5 (see schematic
196-116) shifts a digit enable bit to the next digit to be
enabled. Every 10 times the display is updated, a digit
enable it is generated at PAl and goes to the data input of
the shift register. U128 through U131 are the drivers for the
LED segments of the display digits and the LED indicators.

5.7 POWER SUPPLIES

The main power supplies of the Model 196 are located on
sheet 1 of 2 of schematic drawing number 196-106. Fuse FlOl
is the line fuse which is accessible from the rear panel. 5102
is the POWER ON/OFF switch and 5101 selects 115V or
230V operation by placing the transformer primary wind­
ings in parallel or series. The power transformer, TIOl, has
three secondary Windings; one for the +5V digital supply,
one for the +5V analog supply and one for the ±15V analog
supply. CR10l, CR102 and CRl03 provide fullwave rectifica­
tionfor the three supplies, while VR101 through VR104 pro­
vide the regulation.

5·9/5·10

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



6.1 INTRODUCTION

SECTION 6
MAINTENANCE

Table 6·1. Line Voltage Selection

This section contains information necessary to mamtain,
calibrate, and troubleshoot the Model 196. Fuse replacement
and line voltage selection procedures are also included.

WARNING
The procedures included in this section are for
use only by qualified service personnel. Do not
perform these procedures unless qualified to
do so. Many of the steps in this section may ex­
pose you to potentially lethal voltages that
could result in personal injury or death if nor­
mal safety precautions are not observed.

6.2 LINE VOLTAGE SELECTION

The Model 196 may be operated from either 105-125V or
210-25OV 50 or 60Hz power sources. The instrument was
shipped from the factory set for an operating voltage
marked on the rear panel. To change the line voltage, pro­
ceed as follows:

WARNING
Disconnect the line cord and all other equip­
ment from the Model 196.

1. Place the line voltage switch, located on the rear panel,
in the desired position. See Thble 6-1 for the correct
position.

2. Install a power line fuse consistent with the line voltage.
See paragraph 6.3.1 for the fuse replacement procedure.

CAUTION
The correct fuse type must be used to main­
taIn proper instrument protection.

3. Mark the selected line voltage on the rear panel for future
reference (to avoid confusion, erase the old mark).

Line Line Switch
Voltaee Freouencv Settinl';

105V-125V 50Hz-60Hz 105V-125V
21OV-25OV 50Hz-60Hz 210V-25OV

6.3 FUSE REPLACEMENT

The Model 196 has two fuses for protection in case of
overload. The line fuse protects the line power input of the
instrument and the current fuse protects the current func­
tion from excessive current. The fuses may be replaced by
using the procedures found in the following paragraphs.

WARNING
Disconnect the instrument from the power line
and from other equipment before replacing
fuses.

6.3.1 Line Fuse

To replace the line fuse, proceed as follows:

1. Turn off the power and disconnect the line cord and all
other test cables from the instrument.

2. Place the end of a flat-blade screwdriver into the slot in
the line fuse holder on the rear panel. Push in and rotate
the fuse carrier one-quarter turn counterclockwise.
Release pressure on the holder and its internal spring
will push the fuse and the carrier out of the holder.

3. Remove the fuse and replace it with the proper type
using Thble 6-2 as a guide.

CAUTION
Do not use a fuse with a rating higher than
specified or Instrument damage may occur. If
the instrument repeatedly blows fuses, locate
and correct the cause of the trouble before
replacing the fuse.

4. Install the new fuse and the carrier into the holder by
reversing the above procedure.

6-1
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Table 6·2. Line Fuse Replacement

Line Keithley
Voltaj1;e Fuse'I'vPe Part No.

90V-125V 114A, 250V, Slo-Blo, 3AG FU-17
180V-250V 1/8A,250V, Slo-Blo, 3AG FU-20

6.3.2 Current Fuse

The current fuse protects the 300pA through 3A ranges from
an input current greater than 3A. To replace the current
fuse, perform the following steps:

1. Turn off the power and disconnect the power line and
test leads.

2. Place the end of a flat-blade screwdriver into the slot in
the fuse holder on the rear panel. Press in slightly and
rotate the fuse canier one-quarter turn counterclockwise.
Release pressure and remove the fuse carrier and the
fuse.

3. Remove the defective fuse and replace it using Table 6-3
as a guide.

CAUTION
Use only the recommended fuse type. If a fuse
with a higher current rating is installed, instru­
ment damage may occur.

4. To replace the fuse carrier with the fuse, reverse the pro-
cedure in step 2. '

Table 6-3. Current Fuse Replacement

~e25~e3AG,Normal_Blo IKeithlriJ_~~NO' 'I

6.4 CALIBRATION

Calibration should be performed every 12 months, or if the
performance verification procedures in Section 4 show that
the Model 196 is out of specification. If any of the calibra­
tion procedures in this section cannot be performed pro­
perly, refer to the troubleshooting information in this sec­
tion. 1£ the problem persists, contact your Keithley represen­
tative or the factory for further information.

NOTE
Check that the instrument is set to the proper line
frequency before proceeding with calibration.

The entire calibration procedure may be performed without
having to make any internal adjustments ifhigh frequency
(70kHz) has been verified, as explained in paragraph 6.4.10,
step 5. Calibration can be performed from the front panel
(Program 36) or over the IEEE-488 bus.

NOTE
A "CONFLICT" error will be displayed, and the
CONFUCT error bit in the U1 status word will be
set when trying to calibrate the instrument while
it is in an improper state (Le. dB). Also, if-an
"UNCAl:' error occurs, be sure to check the line
frequency setting before performing calibration.

6.4.1 Recommended Calibration Equipment

Table 6-4 lists recommended calibration equipment. Alter­
nate equipment may be used as long as equipment accuracy
is at least as good as the specifications listed in the table.

Table 6-4. Recommended Calibration EqUipment

... "," . - -'. ., -,. ,. ... " '" ".

MfJ>; Model Description _._- Specifications
Fluke 5440A DC Voltage Calibrator 3OOmV, 3Y, 3oY; 300V ranges ±15ppm
Fluke 5200A AC Voltage Calibrator 300mY, 3V, 30V ranges; 20Hz ±0.1%;

50Hz-20kHz 0.02%; 100kHz ±0.33%
Fluke 5215A AC Power Amplifier 300V range; 20Hz ±O.12%; 50Hz-20kHz

±0.04%; 100kHz ±0.1%
Fluke 5450A Resistance Calibrator 300ll-3MO ranges; ±15ppm; 30MO

±32ppm; 300MO ±225ppm
Valhalla 2500E Current Calibrator 300pA-3A ranges ±0.025%

6-2

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



6.4.2 Environmental Conditions

Calibration should be performed under laboratory condi­
tions having an ambient temperature of 23°C ±loC and a
relative humidity of less than 70%.

6.4.3 Warm-Up Period

Tum on the instrument power and allow it to warm up for
at least two hours before beginning the calibration pro­
cedure. If the instrument has been subjected to extremes
of temperature or humidity, allow at least one additional
hour for the instrument to stabilize before beginning the
calibration procedure.

6.4.4 CAL ENABLE Switch

A switch, accessible from the front panel, disables or
enables front panel and IEEE-488 bus calibration. When the
switch is in the DISABLE position, calibration cannot be
performed. The following message will be briefly displayed
when attempting to enter the cahbration program while the
switch is disabled:

CAL LOCKED

Calibration can only be accomplished with the calibration
switch in the ENABLE position.

The switch operates in the same manner as the power
switch and is accessed from the front panel with a small
bladed screwdriver. In the "out" position, calibration is
disabled and in the "in" position, calibration is enabled.

6.4.5 Front Panel Calibration

The following information provides the basic procedure for
calibrating the instrument from the front panel. A detailed
calibration procedure is located in paragraph 6.4.Z

1. Place the calibration switch to the ENABLE position
to enable calibration. The switch is accessed from the
front panel of the instrument.

2. Select the function and range to be calibrated (DeY,
AeY, 0, DCA or ACA)'

3. Select the front panel calibration program as follows:
A. Press the PRGM button. The following message will

be displayed:

PROGRAM?

MAINTENANCE

B. Enter Program 36 by pressing the 3 and 6 buttons.
The following message will be displayed briefly:

CAL=

C. The default-calibration point, which is a high end
reading for the selected range and function, will now
be displayed. For-example, if the 3V DC range was
selected in step 2, the following calibration point will
be displayed:

3.000000 VDC

4. If a different calibration point is to be used, enter the
new value using the data buttons (0 through 9). Each
press of a data button displays the number at the cur­
sor location (identified by the bright flashing digit), and
moves the cursor to the next'digit. If the cursor is moved
past the least significant-digit, it-will move back to the
most-significant digit.

5. Connect the calibration signal to the instrument.
6. Press the ENTER button. The following message will

be displayed for several seconds:

WORKING

Z The low end calibration point will now be displayed.
For the 3VDC range, the following calibration point will
be displayed:

0.000000 VDC

Note: Calibration can be aborted with either the first
or second calibration pointprompt displayed by press­
ing the PRGM button. The instrument will leave the
calibration program without changing the previous
calibration constants.

8. If a calibration point other than the one displayed is to'
be used, then change the display to the desired value
as explained in step 4.

9. Set the level of the calibration signal to agree with the
displayed calibration point:-

10. Press the ENTER button. The following message will
be displayed for several seconds:

WORKING

11. The two calibration points will be stored in PPROM and
the instrument will now exit the calibration program.
Select the next range and function to be calibrated and
repeat steps 3 through 10.

NOTE: If the calibration source has an offset~set the
calibration points to agree with the actual output of the
source. For example, if the source has a l/LV DC offset
on the 300mV DC range, set the calibration points for
3oo.oolOmV and Ooo.OOlOmV.
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HP·85 Programming Example-The following simple pro­
gram demonstrates how to calibrate the Model 1% over the
bus. The program assumes that the instrument's primary
address is at 7.

.Th run the program, press the HP-85 RUN key. At the first
set of prompts, apply a full range (or near full range) cahbra­
tion signal to the instrument, type in the corresponding
calibration command and press the return key. The com­
puter CRT will then display the calibration value. At the
second set of prompts, apply a zero (or near zero) cahbra­
tion signal to-the instruDl~nt, type in the corresponding
calibration command and press the return key. The com­
puter will display the calibration value and store both
calibration constants into E'PROM.

MAINTENANCE

6.4.6 IEEE-488 Bus Calibration

IEEE-488 bus calibration is performed in a manner similar
to front panel calibration, except that calibration constants
are transmitted over the bus instead of being entered from
the front panel. By combining appropriate IEEE-488 com­
patible cahbration equipment with a suitable test program,
calibration of the Model 196 could be performed on an
automated basis. Refer to Section 3 for complete informa­
tion on using the IEEE-488 bus. The following information
provides the basic procedure for calibrating the instrument
over the IEEE-488 bus. The detalled calibration procedure
starts with paragraph 6.4.7.

Use the following basic procedure when calibrating the
Model 196 over the IEEE-488 bus:

1. Place the cahbration switch to the ENABLE position. The
switch is accessed from the front panel of the Model 196.

2. Program the desired range and function over the bus.
For example, to select the 300V DC range, send FOR4X.

3. The high end of the range is calibrated first. Apply a full
range (or near full range) calibration signal to the input
of the instrument. For example, for the 300V DC range,
apply 300v DC to the instrument. .

4. Send the required calibration value preceded by the V
command letter and followed by the CO calibration com­
mand. For example to calibrate the 300v DC range at the
300V calibration point, send V300xCOX.

NarE: Calibration can be aborted at this time by sen­
ding an SDC or DCL con:unand over the btis. Thecalibra­
tion constant sent in step 4 will not be stored in E'PROM.

PROGRAM

10 REMOTE 707
20 FOR 1=0 TO 1
30 DISP , , APPLY CAll

BRATION SIGfJAL' ,
40 D1SP , 'ENTER CAll

BRATION
COMMAND' ,

50 INPUT A$

60 OUTPUT 707; A$

70 ENTER 707; B$
80 DISP B$
90 NEXT I

100 END

COMMENTS

Send remote enable.
Set program for one loop.
Prompt· for calibration
signal.
Prompt for command.

Input command string from
keyboard.
Send command string to
196.
Get a reading.
Display reading.
Loop back one time.

5. The low end of the range is calibrated next. Apply a zero
(or near zero) cahbration signal to the input of the in­
strument. For example, for the 300V DC range apply OV
to the instrument.

6. Send the appropriate calibration commands for the sec­
ond calibration point. For example, to calibrate the zero
calibration point of the 300V DC range send VOXClX.
Note that C1 is used for the second calibration point.

7. Storage of the two calibration points into E'PROM
automatically occurs when the second calibration com­
mand is sent.

8. Repeat steps 1-7 for the remaining ranges and functions.

6-4

6.4.7 Calibration Sequence

Cahbrate the Model 196 in the order presented in the
following paragraphs. The basic sequence is:

1. DC Volts calibration
2. Ohms calibration
3. AC Volts calibration
4. DC Current calibration
5. AC Current-calibration
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6.4.8 DC Volts Calibration

To calibrate the DCV function, proceed as follows:

NOTE
For front FaneLcalibratioo,_o_mil_step 4 of the follow­
ing procedure. For IEEE-488 bus calibration, omit
step 3.

LSelect the DCV function and the 300mV range.
2. Connect the DC calibrator to the instrument as- shown

in Figure 6-1.

NOTE
Low level measurement techniques should be used
when calibrating the 300mV DC range. Refer to­
paragraph 2.6.5 for low level measurement con­
siderations.

3. For front panel calibration, select Program 36 and pro­
ceed as follows:
A. With the 300.0oo0mV DC calibration point displayed

on the Model 196, set the DC calibrator to output
+0.30oo000v.

B. After allowing sufficient time for the calibrator voltage
to settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

C. With the Ooo.OOOOmV DC calibration point displayed,
set the DC calibrator to output O.ooOOOOOV.

D. After allowing sufficient time for the calIbrator voltage
to settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

MAINTENANCE

E. The instrument will exit the calibration program and
return to the 300mVDC range.

F. Repeat the procedures in step 3 for the remaining DCV
ranges using Table 6-5 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the DC voltage calibrator to output +0.300oo00v.
B. After allowing sufficient time for the calIbrator voltage

to settle, send the following commands over the bus:
V300E-3XCOX.

C. Set the DC voltage calibrator to output O.OOooooOV.
D. After allowing sufficient time for the calibrator voltage

tosettle, send the following command over the bus:
VOXClX. Both calibration constants will be
automatically stored in EZPROM.

E. Repeat steps A through D for the remaining DCV
ranges using Table 6-5 as a guide.

= HII I. DC VOLTAGEI.....100
I

DIVIDER CALIBRATOR
QQQDc- OUTPUT

HODEL 5+401.
HODEL 19& LD

Figure 6-1. DC Volts Calibration Configuration
(300mV and 3V Ranges)

= HII _J. DC VOLTAGE
I••• •.ID~

I OUTPUT CALIBRATOR
QQQD 0

MODEL 5+401.
MODEL 19& LO

Figure 6-2. DC Volts Calibration Configuration
(30V-300V Ranges)

Table 6-5. DC Volts Calibration

196 DCV 196 Calibration DC Calibrator IEEE-488
~e Set-Up Point (DCY) Settin~ Bus Command
300mV Figure 6-1 3OO.o000mV .30oo000v V3ooE-3XCOX

ooO.oooOmv .00000OOV VOXClX
3 V Figure 6-1 3.000000 V 3.000000v V3XCOX

0.00000o V O.OOOOOOV VOXClX
30 V Figure 6-2 30.00000 V 30.oo000v V3OXCOX

00.00000 V OO.oooOOV VOXClX
300 V Figure 6-2 300.0000 V 300.oo00v V30OXCOX

000.0000 -V OOO.OOOOV VOXClX
" - _..
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6.4.9 Resistance Calibration

To calibrate the ohms (0) function, proceed as follows:

NOTE
For front panel calibration, omit step 4 of the follow­
ing procedure. For IEEE-488 bus calibration, omit
step 3.

1. Select the ohms function and the 3000 range.
2. Connect the resistance calibrator to the instrument as

shown in Figure 6-3.
3. For front panel calibration, enter Program 36; and pro­

ceed as follows:
A. With the 190.00000 calibration point displayed on the

Model 196, set the resistance calibrator to 1900.
B. After allowing sufficient time for the calibrator

resistance to settle, press the ENfER button. The
following message will be displayed for several
seconds:

WORKING

C. With the 000.00000 calibration point displayed, set the
resistance calibrator to SHORT (00). .

D. After waifuig sufficient time for the calibrator
resistance to settle, press the ENTER button. The
following message will be displayed for several
seconds:

WORKING

E. The instrument will exit the calibration program and
return to the 3000 range.

F. Repeat the procedures in step 3 for the remaining
ohms ranges using Thble 6-6 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the resistance calibrator to 1900.
B. After allowing sufficient time for the resistance

calibrator to settle, send the following commands over
the bus: V19OXCOX. . .

C. Set the resistance calibrator to SHORT (00).
D. After allowing sufficient- time for the resistance

calibrator to settle, send the following command over
the bus: VDXClX. Both calibration constants will be
:automatically stored in PPROM.

E. Repeat steps A through D for fue remaining ohms
ranges using Table 6-6 as a guide.

OUTPUT HI
= II I SENSE HII.....10 RESISTANCE

QG:U;:::;]O~ ~ CALIBRATOR

MODEL 19& SENSE LO MODEL 5450A

OUTPUT LO

Figure 6-3. Four-Wire Resistance Calibration
Configuration (300l"l-30kl"l Ranges)

Table 6-6. Resistance Calibration

.. ~~.

Resistance
196 Calibration Calibrator IEEE-488

196 Range Set-Up Point Setting Bus Commands
300 0 Figure 6-3 190.0000 0 1900 V190CXOX

000.0000 0 Short (00) VOXClX
3kn Figure 6-3 1.900000 kn 1.9kO V1.9E3XCOX

0.000000 kO Short (On) VOXClX
30 kO Figure 6-3· 19.00000 kO 19kO V19E3XCOX

00.00000 kO Short (00) . VOXClX
300 kO Figure 6-4 190.0000 kO 190kO VI90E3XCOX

000.0000 kO Short (00) VOXClX
3MO Figure 6-4 1.900000MO 1.9MO V1.9E6XCOX

O.oooOOOMO Short (00) VOXClX
30MO Figure 6-4 19.00000MO 19Mn VI9E6XCOX

OO.OOOOOMO Short (on) VOXClX
300Mn Figure 6-4 100.000MO 100MO V100E6XCOX

OOO.OOOMO Short (00) VOXClX

6-6

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



MAINTENANCE

= f\I I
I... · .10- OUTPUT HI

G!QG::;]O • ....
SHIELDED

HODEL 196 CABLE

4:;- - -...,

!: RES ISTANCE I
CALIBRATOR

I HODEL 5+50A I
OUTPUT LO ___ -1

Figure 6-4. Two-Wire Resistance Calibration
Configuration (300k!l-300Mfl
Ranges)

6.4.10 TRMS AC Volts Calibration

A full calIbration of the ACV function includes two inter­
nal, manual adjustments. However, if high frequency is
checked and found to be within the specifications, then the
internal adjustments on the 30VAC and 300VAC will not
have to be done. The following procedure includes these
checks. The flowchart in Figure 6-5 helps clarify the calibra­
tion procedure.

NOTE
For front panel calibration, omit step 4 of the follow­
ing procedure. For IEEE-488 bus calibration, omit
step 3.

1. Select the ACV function and the 300mV range.
2. Connect the AC calibrator as shown in Figure 6-6.

3. For front panel calibration, select Program 36 and pro--­
ceed as follows:

A. With the 300.0oomV AC calibration point displayed
on the Model 196, set the AC calibrator to output
3oo.000mV at 500Hz.

B. After allowing sufficient time for the calIbrator voltage
to settie, press the ENTER button. The following
message will be displayed for several seconds.

WORKING

C. With the 030.000mV AC calibration pOint displayed,
set the AC calibrator to output 30.0oomV at 500Hz.

D. After allowing the calibrator voltage to settle, press
the ENTER button. The following message will be
displayed for several seconds:

WORKING

E. The instrument will exit the calibration program and
return to the 3GOmV AC range.

F. Repeat the procedures in step 3 for the remalning
ACV ranges using Table 6-7 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the AC voltage calibrator to output 300.000mV at

500Hz. .
Bo-After allowing sufficient time fcir the calibrator voltage

to settie, send the following commands over the bus:
WOOE-3XaX. .

C. Set the AC calibrator to output 30.000mV at 500Hz.
D. After allowing sufficient time for the calibrator voltage

to settle, send the following command over the bus:
V30E-3XClX. Both calibration constants will
automatically be stored in E'PROM.

E. Repeat steps A through D for the remalning ACV
ranges using. Table 6-7 as a guide.

Table 6-7. TRMS AC Volts Calibration

196 ACV 196 Calibration AC Calibrator Voltage IEEE-488
Range Point Setting @ 500Hz Bus Commands
300mV 300.000mV 300.000mV WOOE-3XCOX

030.000mV 30.000mV WOE-3XClX
3 V 3.00000 V 3.00000 V WXCOX

0.30000 V .300000 V WOOE-3XClX
30 V 30.0000 V 30.0000 V WOXCOX

3.0000 V 3.00000 V V3XClX
300 V 300.000 V 300.000 V WOOXCOX

30.000. V 30.0000 V WOXClX
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5. High Frequency Check (70kHz):
A. With the ACV function, autorange and 51f2d resolu­

tion selected, connect the AC calibrator to the instru~

ment as shown in Figure 6-6.
B. Set the AC calIbrator to output 1OO.000v at a frequency

of 70kHz and allow sufficient time for the measure­
ment to settle.

C. If the reading is not 1OO.000v ±1500 counts, then omit
steps D through E and proceed to step 6.

D. Set the AC calibrator to output 1O.0000v at 70kHz and
allow the measurement to settle.

E. If the reading is not lO.OOOOV ±1500 counts, then high
frequency will have to be adjusted as explained in the
following procedure (step 6). If the high frequency
readings were within the defined range, step 6 does
not have to be performed and ACV calibration is
completed.

6. High Frequency Adjustment:
A. Remove the top cover to gain access to the

adjustments~

B. With the ACV function and S'l/2d resolution selected,
connect the AC calibrator to the instrument as shown
in Figure 6-6. .----

C.Set the Model 196 to the 300Vrange and set the AC­
calibrator to output 1OO.000v at-a frequency of 70kHz.

WARNING
Some procedures require, the use of high
voltage. Take care to prevent contact with live
circuits which could cause electrical shock
resulting In injury or death. The shield on the
analog board Is at Input low potential and may
have up to 500V on it. Use an insulated align­
ment tool to make the following adjustments.

D. After allowing sufficient time for the measurement
to settle, use an insulated alignment tool to adjust C49
(see Figure 6-7) for a display reading of 1OO.000v ±250
counts.

E. Set the Model 196 to the 30V range and set the AC
calibrator to output 1O.OOOOV at 70kHz.

F. After allowing the measurement to settle, adjust C48
for a display reading of 1O.0000v ±250 counts.

G. Repeat steps C through F until no other adjustments
need to be made.

H. Put the top cover back on.

6-8

PERFORM FRONT
PANEL OR IEEE
CAll BRATI ON.
STEP 3 OR ...

CHECK HIGH
FRECUENCY

(100KHz). STEP 5

ADJUST TRIM
CAPACITORS

STEP 6

Figure 6-5. Flowchart of AC Volts Calibration
Procedure

0:::::::::1

I I
I..•• .10
gGJG=~JI;::::;::::;]~

HODEL 196

I HI POWER T AC VOLTAGE
AMPLIFIER ICALU:lRATOR

LO MODEL 5215A I MODEL. 5200A

Figure 6-6. TRMS AC Volts Calibration
Configuration

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



MAINTENANCE

ANALOG BOARD SHIELD

300VAC RANGE
HIGH FREQUENCY ADJUST

30VAC RANGE
HIGH FREQUENCY ADJUST~--o~~

ANALOG BOARD

Figure 6-7. TRMS AC Volts High Frequency Calibration Adjustments (30V & 300V Ranges)

6.4.11 DC Current Calibration

Perform the following procedure to calibrate- DCA:

NOTE
For front panel calibration, omit step 4 of the follow­
ing procedure. For IEEE-488 bus calibration, omit
step 3.

1. Select the DCA function and the 300pA range.
2. Connect the DC current-calibrator to the instrument as

shown in Figure 6~8.

3. For front panel calIbration, enter Program 36 and pro­
ceed as follows:
A. With the 3OO.000pA DC calibration point displayed on

the Model 196, set the current calibrator to output
+300.000pA. ' -

B. After allowing sufficient time for them.easurement
to settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

C. With the OOO.OOOpA DC calIbration point displayed,
set the current calibrator to output OOO.OOOpA.

D.. After allowing sufficient time for the measurement
to settle, press the ENTER button~ The following
message will be displayed for sevdal seconds:

WORKING

E. The instrument will exit the calibratiotrprogram and
return to the 300fLA, range.

F. Repeat the procedures in step 3 for the remaining
DCA ranges using Table 6-8 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the current calIbrator to output 300.000fLA,.
B. After allowing sufficient time for the calibrator cur­

rent to settle; send the following command over the
bus: V300E-6XCOX.

C. Set th~ current calibrator to output OOO.OOOpA.
D. After allowing sufficient- time for the calibrator cur­

rent to settle, send the following command over the
bus: VOXClX. Both calibration constants will
automatically be stored in EZPROM.

E. Repeat steps A through D for the remaining DCA
ranges using Thble 6-8 as a guide.

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



MAINTENANCE

Table 6-8. DC Current Calibration

196 DCA 196 Calibration DC Current IEEE488
Range Point Calibrator Output Bus Commands
300 flA 300.000 pA 300.000 "A V300E-6XCOX

000.000 pA 000.000 "A VOXClX
3mA 3.00000mA 3.00000mA V3E-3XCOX

O.OOOOOmA O.OOOOOmA VOXClX
30mA 30.0000mA 30.0000mA V30E-3XCOX

OO.OOOOmA OO.OOOOmA VOXClX
300mA 300.000mA 300.000mA V3ooE-3XCOX

OOO.ooOmA OOO.OOOmA VOXClX
3 A 3.00000 A 3000.00mA V3XClX

0.00000 A OOOO.OOmA VOXClX

_. -

=
LO OUTPUTidE·. . .. HI OUTPUT

MOOEL 19&

L CURRENT La INPUT LO DC VOLTAGE
CALIBRATOR CALIBRATOR

- MOOEL 2S00E HI INPUT HI MODEL SHOA

Figure 6-8. DC Current Calibration Configuration

6.4.12 TRMS AC Current Calibration

Perform the following procedure to calibrate the ACA
function:

NOTE
For front panel calibration, orilit step 4 of the follow­
ing procedure. For IEEE-488 bus calibration, omit
step_3.

1. Select the ACA function and the 300pA range.
2. Connect the AC current calibrator to the instrument as

shown in Figure 6-9.
3. For front panel calibration, enter Program 36 and pro­

ceed as follows:
A. With the 300.000pA AC calibration point displayed on

the Model 196, set the current calibrator to output
300.oo0pA at a frequency of 500Hz. -

6-10

. --:6. After waiting sufficierit time for the measurement to
settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

C. With the 030.000pA AC calibration point displayed, set
the current calibrator to output 030.oo0pA at-500Hz.

D. After allowing the measurement to settle, press the
ENTER button. The following message will be
displayed for several seconds:

WORKING

E. The instrument will exit the calibration program and
return to the 300pA range.

F. Repeat the procedures in step 3 for the remaining ACA
ranges using Thble 6-9 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A. Set the current calibrator to output 300.0oopA at

500Hz.
B. After allowing sufficient time for the calibrator cur­

rent tosettle, send the following command over the
bus: V300E·6XCOX.

C. Set the current calibrator to output 030.0oopA at
500Hz.

D. After allowing sufficient time for the calibrator cur­
rent to·settle, send the following command over the
bus: V30E-6XClX. Both calibration constants will
automatically be stored in E'PROM.

E. Repeat steps A through D for the remaining ACA
_rangesusing Table 6·9 as a guide.

NOTE
After completing the calibration procedure, place
the calibration switch in the disable (out) position.
Also, it is a good idea to place a dated calibration
sticker Qver the switch access hole.
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Table 6-9. TRMS AC Current Calibration

- -_.- ..•__.-

196 ACA 196 Calibration Current Calibrator IEEE-488
Range Point Output @.500Hz Bus Commands
300pA 300.000 pA 300.000 I'A V300E-6XCOX

03O.0001'A 030.000 pA V30E-6XClX
3mA 3.00oo0mA 3.00000mA V3E-3XCOX

0.30000mA . 0.30000mA V300E-6XClX
30mA 30.0000mA 3O.0000mA V30E-3XCOX

03.0000mA 03.0000mA V3E-3XClX
300mA 300.000mA 300.000mA V300E-3XCOX

03O.000mA 030.ooomA V30E-3XClX
3 A 3.00000 A 300o.oomA V3XCOX

0.30000 A 0300.oomA V300E-3XClX

= - -----

I I 00 LO OUTPUTI.....10 0

gGJr;:;]O HI OUTPUT
MODEL 196

- ------_.-

L CURRENT La INPUT La AC VOLTAGE
CALIBRATOR CALIBRATOR

'""- MODEL 2500E HI INPUT HI MODEL 5200A

Figure 6-9. AC Current Calibration Configuration

6.5 DISASSEMBLY INSTRUCTIONS

If it is necessary to remove or replace a component, use
the following procedure and refer to Figures 6-10 and 6-11
to disassemble the Model 196. Note that each step oUhe
procedure is dependent upon performing the step before
it. To reassemble the instrument, reverse the procedural
steps.

WARNING
To prevent a shock hazard, always turn the in­
strument off and disconnect the line cord and
all other instrumentation from the unit before
removing the top cover.

1. Top cover removal:
A. Remove the top two retaining screws located at the

rear of the instrument.
B. Grasping the top cover at the rear, carefully lift it off

of the instrument;

Note: When installing the top cover make sure that
the three tabs at the front of the cover engage in the front
panel assembly. Also make sure that the ground clips
at the rear of the instrument make contact to the top
cover shield.

2. Analog board removal:
A. Remove the two screws securing the shield and

analog board to the mounting plate.
B. Carefully lift the shield off the analog board.
C. Disconnect the front and rear panel input terminal

wires Ol-JlO) at the analog board.
D. Unplug the connector 017) that connects the analog

board to the mother board. This connector is located
at the front of the analog board.

E. Carefully lift the analog board off of the mounting
plate.

3. Analog board mounting plate removal:
A. Remove the four screws securing the mounting plate

to the case.
B. Carefully lift the mounting plate off the four

standoffs.
4. Mother board removal:

A. Pull out the four standoffs used to support the
analog board assembly.

B. Remove the two screws at the rear panel that secure
the rear panel to the case.

C. IYIsconnect the ribbon cable that connects the display
board to the mother board.

D. Grasp the rear panel and the mother board, and
gently lift the mother board up and out of the case.

Note: When installing the mother board, make sure
the ground clips make contact with the bottom
shield, and the display ribbon cable is properly
mated to the mother board connector.

5. Display board removal:

6-11
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A. Remove the two screws that secure the front panel
assembly to the case. These screws are located near
the boltom edge of the display PC board.

B. Slide the front panel assembly up and out of the case.
C. .Remove the two screws that secure the display board

to the front panel.
D. Separate the display board from the front panel.

Note: When installing the front panel assembly in the
case, make sure the boltom edge of thedisplay PC
board is positioned between the card guides at the
boltom of the case.

J7 •••• J8
J6J9

•
JIO

CONNECTOR WIRE
NO. COLOR

JI GREEN
J2 REO
J3 BLACK
J~ GREY ANALOG BOARD

J5 WHITE
J6 GREEN
J7 REO
JB WHITE
J9 BUCK

JIO GREY

J~J3 J2 JI
J5- •• • •

JI7

10000000'
..

Figure 6·10 Analog Board Connectors

6·12

6.6 SPECIAL HANDLING OF STATIC·
SENSITIVE DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static charge that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly.
Static-sensitive devices are flagged in the replaceable parts
lists in Section 7. When handling these devices, use the
following precautions to avoid damaging them.

1. The devices listed in the replaceable parts list should be
transported and handled only in containers specially
designed to prevent static build-Up. Typically, these parts
will be received in anti-static containers of plastic or foam.
Keep these devices in their original containers until ready
for installation.

2. Remove the devices from their protective containers only
at a properly grounded work station. Also ground
yourself with a suitable wrist strap.

3. Handle the devices only by the body; do not touch the
pins.

4. Any printed circuit board into which the device is to be
inserted must also be grounded to the bench or table.

5. Use only anti-static type solder suckers.
6. Use only grounded tip solder irons.
7. Once the device is installed on the PC board, it is nor­

mally adequately protected and normal handling can
resume.

6.7 TROUBLESHOOTING

The troubleshooting information contained in this section
is intended for use by qualified personnel having a basic
understanding of analog and digital circuitry. The in­
dividual should also be experienced at using typical test
equipment as well as ordinary troubleshooting procedures.
The information presented here has been wrilten to assist
in isolating a defective circuit or circuit section. Isolation
of the specific component is left to the technician. Note that
schematic diagrams and component location drawings,
which are an essential aid in troubleshooting, are located
at the end of Section 7.
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Figure 6-11. Model 196 Exploded View
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6.7.1 Recommended Test Equipment

Success in troubleshooting complex equipment like the
Model 1% depends not only on the skill of the technician,
but relies on the use of accurate, reliable test equipment.
Table 6-10 lists the equipment recommended for trouble­
shooting the Model 196. Other equipment such as logic
analyzers and capacitance meters could also be helpful,
especially in difficult situations. ~ ~ -

6.7.2 Power Up Self Test

Upon power up, the instrument will do a number of tests
on itself. Tests are performed on memory (ROM, RAM and
E'PROM). Whenever one of the memory tests fails, the in­
strument will lock up and must be repaired. If all the tests
pass, then the current IEEE address and software revision
level of the instrument will be displayed. Immediately after
turning on the Model 196, the following sequence will take
place:

1. A digital check will be performed on the ROM circuitry.
If the test fails, the instrument will lock up with the
following message displayed:

0000000000

Replacing U105 and U106 may resolve the problem.
2. If the ROM test passes, a digital self-test will then be per·

formed on the RAM circuitry. If the RAM test fails, the
instrument will lock up with the following error message
displayed:

AAAAAAAAAA

Replacing U107 may resolve the problem.

3. Finally, the E'PROM circuitry where the calibration con­
stants, IEEE address and line frequency settings are
stored will be checked. If this test fails, the following
message displayed:

UNCAL

Pressing any front panel momentary button will return
~ the instrument to normal operation however, a complete
calibration will have to be performed, and the IEEE ad­
dress and line frequency setting should be checked. If
the test still fails after calibration, try replacing U10S
before recahbrating the instrument again.

4. The instrument will then go to the power up default
function.

6.7.3 Program 33 • Self Diagnostic Program

This front paneiprogram performs a display test-and the
same memory tests performed upon power up. Also in­
cluded is a troubleshooting test mode, that is designed to
switch on various switching FETs and relays to allow signal
tracing through the instrument. Perform the following pro­
cedure to utilize Program 33:

1. Press the PRGM button and then the 3 and 3 buttons.
First is the -display test. Segments of the display
characters will be sequentially displayed for a short
period of time. The front panel LEDs will also be on dur­
ing this test. This test allows the operator to note in­
operative display segments or LEDs. Self test- on the
ROM, RAM, and E'PROM will then be performed. These
are the same tests run on power up and are explained
in detail in paragraph 6.7.2.

Table 6-10. Recommended TroUbleshooting Equipment

Equipment Use
Five function DMM with 0.1% basic DCV accuracy, 10M Power supply and DC voltage checks;
input impedance analog signal tracing continuity, logic

levels.

Dual-trace, triggered sweep oscilloscope, DC t050MHz Digital and analog waveform checks.

Digital frequency counter Checking clock frequencies.
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2. The Model 196 will now go into the trouoleshooting
mode with the first N mode being displayed as follows:

NOI

The instrument is still on the same function and range
as it was before Program 33 was run.

3. Using Table 6-11, reference the N mode to the current
function and range to determine the proper working
status of the listed circuit components.

4. To change the N mode, use the ENTER button.
5.Xo troubleshoot-a different function andlor range; exit

the program by pressing any front panel momentary but­
ton (except ENTER), select the desired function and/or
range and again run Program 33.

MAINTENANCE

6.7.4 Power Supplies

Table 6-12 shows the various checks that can be made to
the power supplies of the Model 196. In addition to the nor­
mal voltage checks, it is a good idea to check the various
supplies with an oscilloscope for signs of noise or
oscillations.

6.7.5 Signal Conditioning Checks

These circuits can be checked by using the diagnostic pro­
gram (Program 33) as explained in the paragraph 6.7.3.

6.7.6 Digital and Display Circuitry Checks

The digital and display circuitry can be checked out by us­
ing the troubleshooting data found in Tables 6-13 and 6-14.

Table 6-11. Model 196 Troubleshooting Mode

Function Input
& Measurement Buffer Relays Range Switches Multiplex

RanJ;:e Phase NMode Gain Closed Closed Switches Closed

300mV OC SIG ZERO 01 XIO Kl Q1.1, U22A Q34
CAL ZERO 02 Xl Kl Q11, U22A U250, Q32

CAL 03 Xl Kl Q11, U22A U25C, Q32
SrG 04 XIO Kl Q11, U22A Q30

3VDC SrG ZERO 01 Xl Kl Q11, U22A Q34
CAL ZERO 02 Xl Kl Q11, U22A U25D,_Q32

CAL 03 Xl Kl Q11, U22A U25C, Q32
SrG 04 Xl Kl Q11, U22A Q30

30V OC SrG ZERO 01 Xl - Q13, Q11, U22A Q33
CAL ZERO 02 Xl - Q13, Qll, U22A U250, Q32

CAL 03 Xl - Q13, Q11, U22A U25C, Q32
SrG 04 Xl - Q13, Qll, U22A Q35

300v DC SrG ZERO 01 Xl - Q3, Q11, U22A Q34
CAL ZERO 02 Xl - Q3, Q11, U22A U250, Q32

CAL 03 Xl - Q3, Q11, U22A U25C, Q32
SrG 04 Xl - Q3, Q11, U22A Q35

300mV AC ZERO 01 Xl K4, K5 U21A, U21B U250, Q32
CAL 02 Xl K4, K5 U21A, U21B U25C, Q32
SrG 03 Xl K4, K5 U21A, U21B U24C, Q32

No Test 04 - - - -

3V AC ZERO 01 Xl K4, K5 U2lC. U25D, Q32
CAL 02 Xl K4, K5 U2lC U25C, Q32
SrG 03 Xl K4, K5 U21C U24C, Q32

No Test 04 - - - -
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Table 6-11. Model 196 Troubleshooting Mode (Cont.)

. -. .. .-- ~

Function Input
& Measurement Buffer Relays Range Switches Multiplex

Ranj1;e Phase N Mode Gain Closed Oosed Switches Oosed

30Y AC ZERO 01 Xl K4 U23B U25D, Q32
CAL 02 Xl K4 U23B U25C, Q32
SIG 03 . Xl K4 U23B U24C, Q32

No Test 04 - - - -
300v AC ZERO 01 Xl K4 U23C, U23B U25D, Q32

CAL 02 Xl K4 U23C, U23B U25C, Q32
SIG 03 Xl K4 U23C, U23B U24C, Q32

No Test 04 -- - - -

3000 SENSE 10 01 X10 K2,K3 Qll, U22D, U24D~ U22B, Q32
REF HI 02 Xl K2,K3 Qll, U22D, U24D Q35, Q12
REF 10 03 Xl K2,K3 Qll, U22Dr U24D U25A, Q32

SENSE HI 04 XlO K2,K3 Qll, U22D, U24D Q30

3k SENSE 10 01 Xl K2,K3 Qll, U22D, U24D U22B, Q32
REF HI 02 Xl K2,K3 Qll,U22D, U24D Q35,Q12
REF 10 03 Xl K2,K3 Qll, U22D, U24D U25A, Q32

SENSE HI 04 Xl K2,K3 Qll, U22D, U24D Q30
.

30k SENSE 10 01 Xl K2,K3 Qll, U22C, U24A U22B, Q32
REF HI 02 Xl K2,K3 Qll, U22C, U24A Q35, Q12
REFLO 03 Xl K2,K3 Qll, U22C, U24A U25A, Q32

SENSE HI 04 Xl K2,K3 Qll, U22C, U24A Q30

300K SENSE 10 01 Xl K2,K3 Q12, Q3, U22c, U24A U22B, Q32
REF HI 02 Xl K2,K3 Q12, Q3, U22C, U24A Q35
REF 10 03 Xl K2,K3 Q12, Q3, U22C, U24A Q34

SENSE HI 04 Xl K2,K3 Q12, Q3, U22C, U24A Q30

3M SENSE 10 01 Xl K2,K3 Q12, Q13, U22C, U24A U22B, Q32
REF HI 02 Xl K2,K3 Q12, Q13, U22C, U24A Q35
REF 10 03 Xl K2,K3 Q12, Q13, U22C, U24A Q34

SENSE HI 04 Xl K2,K3 Q12, Q13, U22C, U24A Q30

30M SENSE 10 01 Xl K2 Q12, U22C, U24A U22B, Q32
REF HI 02 Xl K2 Q12, U22C, U24A Q35

SENSE HI 03 Xl K2 Q12, U22Cr U24A Q30
No 'lest 04 - - - -

300M SENSE 10 01 - Xl K2 Q12, U22C, U24A U22B, Q32
REF HI 02 Xl K2 Q12, U22C, U24A Q35

SENSE HI 03 Xl K2 Q12, U22C, U24A Q30
No Test 04 - - - -

3ooi<A DC SIG ZERO 01 X10 - U23A U25D, Q32
CAL ZERO 02 Xl - U23A U25D, Q32

CAL 03 Xl - . U23A U25C, Q32
SIG 04 XlO - U23A U24B, Q32
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Table 6-11. Model 196 Troubleshooting Mode (Cont.)

MAINTENANCE

.
Function Input

&< Measurement Buffer Relays Range Switches Multiplex
Ranl:e Phase NMode Gain Closed Closed Switches Closed

3mAOC SIG ZERO 01 X10 - Q29, Q36 U250, Q32
CAL ZERO 02 Xl - Q29, Q36 U250, Q32

CAL 03 Xl - Q29, Q36 U25C, Q32
SIG 04 XlO - Q29, Q36 U24B, Q32

30mA OC SIGZERO 01 XIO - Q28, Q37 U250, Q32
CAL ZERO 02 Xl - Q28, Q37 U250, Q32

CAL 03 Xl - Q28, Q37 U25C, Q32
SIG 04 XIO - Q28, Q37 U24B, Q32

300mA OC SIGZERO 01 XlO - Q26, Q38 U250, Q32
CAL ZERO 02 Xl - Q26, Q38 U250, Q32

CAL 03 Xl - Q26, Q38 U25C, Q32
SIG 04 XIO - Q26, Q38 U24B, Q32

3AOC SIG ZERO 01 XIO - Q39, Q40 U250, Q32
CAL ZERO 02 Xl - Q39, Q40 U250, Q32

CAL 03 Xl - Q39, Q40 U25C, Q32
SIG 04 XlO - Q39, Q40 U24B, Q32

3OO~ AC ZERO 01 Xl - U23A, U21O, U21B U250, Q32
CAL 02 Xl - U23A, U21O, U2lB U25C, Q32
SIG 03 Xl - U23A, U21O, U21B U24C, Q32

No Test 04 -- - - -

3mAAC ZERO 01 Xl - Q29, Q36, U21O, U2lB U250, Q32
CAL 02 Xl - Q29, Q36, U21O, U2lB U25C, Q32
SIG 03 Xl - Q29, Q36, U210, U21B U24C, Q32

No Test 04 - - - -

30mAAC ZERO 01 Xl - Q28, Q3~ U21O, U218 U250, Q32
CAL 02 Xl - Q28, Q37, U21O, U218 U25C, Q32
SIG 03 Xl - Q28,Q3~ U21O, U218 U24C, Q32

No Test 04 - - - -

300mA AC ZERO 01 Xl - Q26, Q38, U21O, U2lB U250, Q32
CAL 02 Xl - Q26, Q38, U21O, U2lB U25C, Q32
SIG 03 Xl - Q26, Q38, U21O, U218 U24C, Q32

No Test 04 - - -

3AAC ZERO 01 Xl - Q39, Q40, 0210, U218 U250, Q32
CAL 02 Xl - Q39, Q40, U21O, U2lB U25C, Q32
SIG 03 Xl - Q39, Q40, U21O, U2lB U24C, Q32

No Test 04 - - - - -
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MAINTENANCE

Table 6·12. Power Supply Checks

-- - ._. -_. . _... - .._. -

Step Item/Component Required Condition Remarks
1 5101 Line Switch Set to 115~ or 230V as required. Line voltage selection
2 FlOl Line Fuse Check for ~continuity. Remove fuse to check
3 Line Power Plugged into live receptacle;

power on.
4 +5V Digital Supply VRlOl, pin 3 +Sv, ±S% Referenced to digital common
5 +5V Analog Supply VRI02, pin 3 +Sv, ±S% Reference to analog common
6 ±15V Analog Supplies VRI03, pin 3; +15V, -15V, ±0.75V 0 Referenced to analog common

VRI04, pin 3

Table 6-13. Digital Circuitry Checks

Step Item/Component Required Condition Remarks
1 VIOS, VI06, U107, VI08 - ~ .

Pass RAM, ROM and PPROM Display will lock if failure
self-test on power up. occurs

2 U109, pin 2 (PAO) TTL level pulses every lmsec VIA clock
3 U109, pin 3 (PAl) TIL level pulses every 15msec Data
4 VI09, piri6.(PA4) Switch data (+5V or OV) Data input to VIA
5 VI09, pin 7 (PA5) Switch data (+5V or OV) Data input to VIA
6 VI09, pin 8 (PA6) Switch data (+5V or OV) Data fuput to VIA
7 U109, pin 9 (PA7) Switch data (+5V or OV) Data input to VIA
8 U109, pin 19 Variable pulse train (OV to +5V) VIA Data Line
9 U120, pin 6 Variable pulse train (OV to +5V) Data output

10 U43, pin 13 Variable pulse train (OV to +5V) Output-of-AID converter
11 UI09, pins 12 through 16 Variable pulse train (OV to +5V) Analog data to VIA
12 U104, pin 3 1kHz pulses IRQ line
13 U104, pin 37 +5V, ±5% Reset line
14 U112, pin 9 +5V signal pulsed OV to +5V !NT line

every lmsec
15 VI12, pin 19 +SV (Logic "1") RESET line
16 Ul12, pin 18 ZMHz square wave at OV to +SV oock
17 Ul12, pin 28 Should go false (+5V) when ATN line

command is sent
18 U112, pins 28 (ATN), 24 (NDAC), Refer to Figure D-2 for required Handshake sequence

25 (NRFD), 26 (DAV), and the data conditions
lines
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Table 6-14. Display Circuitry Checks

MAINTENANCE

.... ..- . ", . -.,'-'

Ste]) Item/Component Required Condition Remarks
1 U4 and US, pins 2, 9 and 14 +S\', ±S%. +SV supply
2 Pl6, pins 6, 11 through 24 Variable pulses Segment drivers
3 Ul, pins 10 through 15; Variable pulses Digital drivers

U2, pins 13 through 16
4 US, pins 3, 4, 5, 6, 10, 11 and 12; lmsec negative going pulse every

U4, pins 1, 3, 4, S 10msec
S P16, pin 7 (50) Depress 51, 52, 53, 54 or 55 button Pulse present when button

pressed
6 P16, pin 5 (51) Depress 56, 57, 58 or 59 button Pulse present when button

pressed
7 P16, pin 3 (52) Depress 510, 511, 512, 513 or 514 Pulse present when button

button pressed
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SECTION 7
REPLACEABLE PARTS

7.1 INTRODUCTION

This section contains replacement parts information, com­
ponent location drawings and schematic diagrams for the
Model 196.

7.2 PARTS LIST

Parts are listed alphanumerically in order of their circuit
designations. Thble 7-1 contains parts list information for
the display board. Thble 7-2 contains parts list information
for the digital board. Table 7-3 contains parts list informa­
tion for the analog board. Table 7-4 contains a miscel­
laneous parts list for the Model 196.

Devices that are static-sensitive are flagged in the parts list
descriptions with the abbreviation SSD. Special handling
of these devices is explained in paragraph 6.6.

7.3 ORDERING INFORMATION

To place an orde!; or to obtain information concerning
replacement parts, contact your Keithley representative or
the factory. See inside front cover for addresses. When
ordering include the following information:

1. Instrument Model Number
2. Instrument Serial Number
3. Parts Description
4. Circuit Designation (if applicable)
5. Keithley Part Number

If an additional instruction manual is required, order the
manual package (Keithley Part Number 196-901-00). The
manual package contains an instruction manual and any
applicable addenda.

7.4 FACTORY SERVICE

If the instrument is to be returned to the factory for ser­
vice, please complete the service form which follows this
section and return it with the instrument.

7.5 SCHEMATIC DIAGRAMS AND
COMPONENT LOCATION DRAWINGS

Schematic diagrams and component location drawings
follow the appropriate replaceable parts list for that par­
ticular board.

7·1/7·2
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Table 7-1. Display Board. Parts List

REPLACEABLE PARTS

Circuit Keithley
Desitt. Description Part No.

Cl Capacitor, 1O,.E 25V, Aluminum Electrolytic C-314-1D
C2 Capacitor, D.l¢', 5W C-365-.1
C3 Capacitor, D.l¢', 5W C-365-.1
C4 Capacitor, D.l¢" 50V C-365-.1
C5 Capacitor, D.l¢" 50V

-_.-

C-365-.1

DSI-DS:i LED, Display, Dual 14-Segment DD-39
DS6-DS16 LED, Pilot, Red PL-71

P16 Connector, Display Cable CA-27-6

51-514 Switch SW-435

Ul IC, Darlington Translator Array, 2003, SSD IC-206
U2 IC, Darlington Translator Array, 2003, SSD IC-206
U3 IC, Hex Inverter, Open Collector Output, 74LSD5, SSD IC-l41
U4 IC, 8-Bit Serial In/ParalleLOut Shift Register, 74HCI164 IC-456
U5 IC, 8-Bit Serial In/Parallel Out Shift Register, 74HCTI64 IC-456
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REPLACEABLE PARTS
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List

Circuit Keithley
Desi~. Description

~ ~-

Part No.

ClOl Capacitor, 10,ODO"F, 25V, Aluminum Electrolytic C~387-10,000

CI02 CapaCitor, lO"E 2SY, Aluminum Electrolytic C-3l4-10
a03 Capacitor, l5OOI'E 25Y, Aluminum Electrolytic C-314-1500
CI04 Capacitor, 10J<f, ZSV; Aluminum Electrolytic C-314-10
ClOS Capacitor, 620"F; 3SY, Electrolytic C-309-680
CI06 Capacitor, 620/'E 25V, Electrolytci C-309-680
Cl07- Capacitor, 10J<f, 25V, AluminumElectrolytic C-314-10
ClOS Capacitor, lO"E 25Y, Aluminum EIectrolytic C-314-10
Cl09 Not Used
C110 Capacitor, 0.1/'E SOV C-365-.1 --

Clll Capacitor, O.l/'E Sov
~

C-365-.1
C112 Not Used
cm Capacitor, O.lJ<f, SOV C-36S-.1
C114 Capacitor, 0.11'f, SOV Cc36S-.1
Cll5 CapaCitor, O.ll'f, Sov - - -- - - ---- C-36S-.1
C1l6 Capacitor, 0.11'f, SOV C-36S-.1
C1l7 Capacitor, O.1I'f, SOV C-36S-.1
CllS Capacitor, 0.11'f, Sov ~- C-36S-.1
C1l9 Capacitor, 0,11'f, SOV C-36S-.1
C120 Capacitor, 0.11'f, Sov - - --- C-36S-.1
C12l Capacitor, O.1I'f, SOV C~36S-.l

C122 Capacitor, 0.11'f, Sov C-36S-.1
cm Capacitor. 0.11'f, SOV

.,...
C-36S-.1

C124 Capacitor, 15pF, 1OODV; Ceramic Disc C-64-15p
C125 Capacitor. 15pF, loOOV, Ceramic Disc

'-'-- .'.
C-64-15p

C126 Capacitor, 0.1/'E SOV C-36S-.1
C127 Capacr1or. lOJ<f, 25V, Aluminum Electrolytic C-314-lO
C128 Not Used
C129 Not Used
C13U Not Used - -

C131 Not Used
032 Not Used
C133 Capacitor, 0.11'f, SOV C-365-.1
C134 Not Used
C135 Not~Used

C136 Not~Used

C137 Capacitor, 0.11'f, SOV C-36S-.1
C138 Capacitor, 0.11'f, SOV C-36S-.1
C139 Capacitor, 4700p, l000v, Ceramic Disc - C-64-4700p
Cl40 Capacitor, 10"F, 25Y, Aluminum Electrolytic C-314-lO
Cl41 Capacftor, 0.11'f, SOV

- --- _.. -

C-36S-.1
C142 Capacitor, 0.11'f, SOV C-36S-.l
Cl43 Capacitor, 0.11'f, SOV

- -

C-365-.l
Cl44 Capacitor, 0.11'f, SOV C-36S-.1
Cl45 Not Used
Cl46 Capacitor, O.l"F, SOV

-

C-36S-.1
Cl47 Capacitor, lO"E 25V, Aluminum Electrolytic C-314-10
cm Capacitor, 0.11'f, 50V C-365-.1
Cl49 Not Used
C150 Capacitor, 0.011'f, SOOV, Ceramic Oisc C-22-.01
Cl51 Not Used - -- - - -.'_.
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Table 7-2: Digital Board, Parts List (Cont.)

Circuit
Desig. Description

REPLACEABLE PARTS

Keithley
Part No.

J13 Connector, 3-pin, Male
J14 Connector, AC Line
J15 Connector, Right Angle IEEE Mount Receptacle
J16 .. Connector, 26-pin, Male

C152
C153.

CRlO1
CRl02
CR103
CR104
CR105
CRl06
CR11J7
CRI08

Fl01
FlO1

P17

R101
R102
Rl03
Rl04
Rl05
R106
R11J7
R108
R109
R110
Rlll
Rl12
R1l3
RU4
Rll5
R116
Rll7
R1l8
RU9
R120
R121
Rl22
R123
R124
R125
R126
R127
R128

Capacitor, O.liLE 50V
Capacitor, O.liLE 50V

Diode, Bridge Rectifier, 5A,·PE05
Diode, Silicon, 1.5A, 4OOV, W04M
Diode, Silicon, 1.5A, 4OOV, W04M
Not Used
Diode, Silicon, IN4148
Diode, Silicon, IN4148
Not Used
Diode, Bridge Rectifier, lA, lOOPIV

Fuse, 'I ,.A, 25ov; 3AG, Slo-BIo
Fuse, '/,.A, 25ov; 3AG, SIo-BIo

Connector, Housing, 8-pin, Himale­
Connector, Contact for P17

Resistor, Thick Film
Resistor, Thick Film
Resistor, Thick Film
Resistor, Thick Film
Resistor, Thick Film
Resistor, 60.4k, 1%, 'I.W, Composition
Resistor, U.8k, 1%, 'I.W, Composition
Resistor, 26lkn, 1%, 'TaW, Comp.osition··
Not Used
Not Used
Resistor, 1000, 5%, 'AW, Composition
Resistor, 3.3kQ, 5%, 'AW, Composition .
Resistor, lOOn, 5%, 'AW, Composition
Resistor, 1Mn, 10%, 'I<W, Composition
Not Used
Not Used
Not Used
Not Used
Not Used
Resistor, lkn, 5%, 'AW, Composition
Not Used
Resistor, 2.4kn, 5%, 'AW, Compositioit­
Resistor, lOOn, 5%, 'AW, Composition .
Resistor, 4711 5%, 'AW, Composition
Resistor, 47012, 5%, 'AW, Composition
Resistor, 10012, 5%, '/<W, Camp_osition
Resistor, 2.4kn, 5%, 'AW, Composition
Resistor, lkn, 5%, 'I.W, Composition

C-365-.1
C-365-.1

RF-48
RF-46
RF-46

RF-28
RF-28

RF-52

FU-29
FU-40

CS-288-3
CS-388
CS-51J7
CS-389-3

CS-287-8
CS-276

TF-141
TF-141
TF-77
TF-77
TF-140
R-88-60.4k
R-88-U.8k
R-88-26lk

R-76-100
R-76-3.3k
R-76-100
R-76-1M

R-76-lk

R-76-2.4k
R-76-100
R-76-47
R-76-470
R-76~100

R-76-2.4k
R-76-lk
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List (Cont.)

Circuit Keithley
Desig. Description Part No.

R129 Resistor, 470. 5%, '14W, Composition R-76-47
R130 Resistor, 10011, 5%, '14W, Composition R-76-100·
R131 Resistor, 2.4kll, 5%, 'I.W, Composition R-76-2.4k
R132 Resistor, 1k!J, 5%, '14W, Composition R-76-lk
R133 Resistor, 470. 5%, ',I,W, Composition R-76-47
R134 Resistor, Wall, 5%, '14W, Composition

. --

R-76-1oo
R135 Resistor, 2.4kO, 5%, '14W, Composition R-76-2.4k
R136 Resistor, lkll, 5%, '!4W, Composition . R-76-lk
R137 Resistor, 470. 5%, '14W, Composition R-76-47
R138 Resistor, 47011, 5%, '14W, Composition R-76-470
R139 Not Used
R140 Not Used
R141 Resistor, 8211, 5%, '14W, Composition R-76-82
R142 Resistor, 8211, 5%, '14W, Composition R-76-82
R143 Resistor, 8211, 5%, '14W, Composition R-76-82

S101 Switch SW-318
S102 Switch SW-466
S103 Switch SW-469

1101 Transformer, Line, American TR-249
1101 Transformer, Line, Japanese - .. .. TR-250
T102 Transformer, Pulse TR-231
1103 Transformer, Pulse TR-231
1104 Transformer, Pulse TR-231
T105 Transformer, Pulse TR-231

U101 IC, Octal la-Input ANDIOR/INVERT Gate Array, PALlOL8, SSD IC-514
U102 IC, Quad 2-Input NOR Gate, 74HCID2, SSD IC-51O
UlO3 Not Used . -

..
-

U104 IC, a-Bit Microprocessing Unit, 68B09 LSI-65
UlO5 IC, 16k x 8UV Erasable PROM, 27I28; SSD 196-801"
U106 IC, 16k x 8 UV Erasable PROM, 27128; SSD 196-800"
U107 IC, 8192 Word x 8-Bit Static CMOS RAM, 6264LP-15 151-66
U108 IC, Programmable E'ROM, 2816A LSI-83
U109 IC, Versatile Interface Adapter (VIA), 6522 LSI-45
UllO IC, CMOS Tri-State Flip-Flop, 74HCI374, SSD IC-397
Ulll IC, CMOS Tri-State Flip-Flop, 74HCI374, SSD IC-397
Ull2 IC, GPIB Adapter, 9914 •... LSI49
Ull3 IC, Octal GPIB Transceiver, 75160A IC-298
Ull4 IC, Octal GPIB Transceiver, 75161A IC-299
Ull5 IC, Micropower Bipolar Monolithic, 82ll, SSD IC-177
Ull6 Not Used
Ull7 Not Used
Ull8 Not Used
Ull9 Not Used

*Order same software as presently installed. For example, if the software revision level is B8, then order 196-800-B8
and 196'801-B8. .
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Table 7·2. Digital Board, Parts List (Cont.),

REPLACEABLE PARTS

.. _.. --~- . ;- ... . - ....

Circuit Keithley
Desig. Description

--.-~--
- -- , Part No.

UUO IC, Quad 2-Input NAND Gate, 74HCOO, SSD IC-351
UUl Not Used
U122 Not Used
U123 IC, Dual 4-Bit Decade and Binary Counter, 74LS393, SSD IC-213
UU4 IC, Comparator, L1311A, SSD - - IC-526
U125 IC, Voltage Comparator, 1M311, SSD IC-173
UU6 IC, Voltage Comparator, IM311, SSD IC-173
U127 IC, Voltage Comparator, LM311, SSD IC-173
UU8 Ie, Transistor Array, MPQ3906 IC-396
UU9 IC, Transistor Array, MPQ3906 IC-396
U130 Ie, Transistor Array, MPQ3906 IC-396
U131 Ie, Transistor Array, MPQ3906 IC-396

VRlOl Regulator, IC, +5V, 309 IC-34
VRl02 Regulator, IC, +5V, 7805 IC-93
VRW3 Regulator, IC, +15V, 78M15 . 32472-1
VRl04 Regulator, IC, -15V; 79M15 32472-2
VRW5 Regulator, Diode, Silicon, 1N702A DZ-33
VRW6 Regulator, Diode, Silicon, 1N702A DZ-33

YJ.01 Crystal, 8MHz CR-24-1
,,'u .. ,,- ,

7·11

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



o

-@}-

D '"o
rn -miiU- ¥

-lmrn-
-=-~~o·

@) :oz
p
~

CDen
~
o
o

OJg
a.
~

g
3
'Do
;
a

1.

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



R o

FIBI
1/4'"
SlI-I2SV
IJIIA
1~O-2SIlV

III

JI4

tlSI

REPLACEABU~PARTS

~_-----£I;---_--L_----'-F_--_.-L...----Cl~~lilii

P---r--~--<) _5V OI_tTIlL

.1::1112
•• lH

r---,-----<) +5V RNIJ-~Ii

.nM
Ie

I"--+~...._-----o _15V AHl\L06

I"--~ ......~---"O -lSV {llRLOG

UOIt'S,
1. RU. Il£'il<ifIl< VRLUI!:5 RR~ I~ OI!HS lJII..ESS ~T1IOl'o'[SE t\J1ftIQlJ IK-KIL0III5, "-I'EGllHHSI.
2, fU [fll'!lCITll! V~[5 _ 1MM[~ WLESS OJJ£RVI5E lm£O (pF-PICllFRIIRU:;I.
~. W tIENOTtS ol'nl'll. CDHIIllIl.

~. V DElI0TE5 DISPLAY ttWlll~.

5. ~ Df:llQTES IWlLlIG SIGI*l. [(I\I1llIl.

G. m Ilt:W1E5 CtJI'''''' tlHIECTlOtL

7, (j] OFll.IJT~S HfJI"'F'RPJ'IIE GR.Ot»Il SCii:E'II ..

8, • 0£I;\]1t'5 1'lt0llT f'lll£L COOTRtt..

9, IIONOIES REM I'1Hl. MIJ\RH I ....

6
1:E11IUY 1N5TO\01EkfS '-NL

m.&-:=::..=-- --j

196 OM POVER SU'PLY

Figure 7-4. Digital Board, S.chematic Diagram. Dwg. No. 19;6-106 (sheet 1 of 3)

7..13/7-14

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



REPLACEABLE PARTS

R c r __~_--=- ~_-,-- ....f" _

t:t:t"""," •

DI 1~1~ SEt 1'1.6( THRtt

DL5M.AY D1GLT ~T tf!1VEr<5.

TO DISPLAY llDARD RIBSIIl l:AIll£ lllTERClllilOCf rl~.

'f-

2

r ;:l JIB
7

I

.5V

5 S S /I t
B 1 2 A L

r 0
R I:

~

----< TO *ET I. Plij l Of Ul~·'

AID COONTS

---< 70 SIiOr7 1. PlK III ~ tllft9

.svsoov 15~nTIOH

<! CI)I.'Wl-flIlQ(.~ +-__--.

fJ----El ,·15'1

~-15V

(~ +51' IW/IU. Rl~a
~ 471l

tlH
TIB

+5'1
RI28

~O
II:

5

cLCtt:

+5V
mlI.Oli

TO~
BlJRRO~. (2
PH DATA

+!Y

--~

S
illlOOE

19
H.C.

9
~lBI

~11l.E 19I! DlS1'LIlY~ COltt.
f'tID ra.sE XfRlIIS•

.---~~--~--,,----.....,...--- c E I I H

Figure 7-4. Digital Board, Schematic Di8gram, Dwg. No. t96~106 (sheet 2 of 3)

7-15f7-16

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



REPLACEABLE PARTS

c I n I

tNFlIIII
/iESET
FfLSE VRITt
FROTECTllll/.

E I I

- I--

-

-

L

B
U
5

I
E
E
E,
8
8

I.

.--""""'"KE'=I"'T...,tl.EY---:--cIU5TRUI'.ENT===S:-::IIC=-._-i
6

~'=:::.
I''''''MOOEI. 196 DI.HIlL BDleI

I

L-.L--'""""7 T4l UIIl9, FIN 39

TO SHEET 2. 19S-106

"c"

-0­

",,'

H.c.~'nt
H.C.-:!~

t--------"i8 ,IlS2
1----7:iRSl
1------"16 RS4l
1------:~lii'I'
1----'I51m£'r

[7 D7
[S 00
15 OS

14 0'
I----J"j~00

12 D2
Il 01
U oo

-.­.. .,...-

I

II
cu:

7#ICT374
s38lIIl-s3llff

~ 5 "0" J ,1;7 r'7
lIII r2,--"!!.o"__+

L~====~~iilllUjjJo~j1[fllEK~+-,L~~=d-l POI/Ell-U' OISl'LAY
" Il£l.RY. lifTlCIR..- :=n:Jut

~:If'(---------'''''='•

t--._-=2B"lY""

fl211 UlIl

fo·1 18
t---'---=-jGllD
I--..,.-.-~tt: i

IB 07
11 00
14 OS
[3 04

1--'----'8"l03
t----7'"102
t-----42j01
t-----3""llJll

.11
ClI:

UI200
I f

ElZ ~H.t.
00 IS ,

115 IS
g( 12
1l!l1:9:-- ...,""'e':-"_-}
112 ES'- "c'f...,"_-7

al f.5:-- ~__...,"::'1-="--}
00 l-'2'- "-'ec.."_-7

f~7 9 '-----..... H.t.',....,..,~
PR61-:8:-- ~ ~ ~_=S2'--.___7

PAS~7-----------------5~1:__-~ (
PR4 "'8'- .....,..,=-""'==~------"'sa'--~

5 CAl. flR!LEll)ISRBl.E
I'R3 =-- 5183. r--1 (fRONT PRHEL)
PR2 P'--'--l-"'--~~ W .
PAL 1:3'-l:::-=:-:::;---7iiir.,,_·--~---~llR~l'I;;:';;- _ ___7
p~ 2 0.00:; ::, ~».!~~L<:_011 -l------,D::li'l;==-----7

.5V~ -

E

L

J7 Pil7

~P88
I~ PBS
~P£14
~PB3

12 P82

cJJ Pil[

f..l!!Poo

3S RS3 I36 852
37 ASI
3S Rsa
21m
$4113
2B 07 18 D7
27 05 17 00:
2B os HIlS
29 04 [3 04
3S D3 8 03
3[ 02 02
32 01 4 '01
33 00 3 :00

2ll Vr:.c 2B V=

CllS UIll9 Cll9 UllB

8.1
1 Yss

6.1 18

--I:
Qdl

'-- DE

! "

~E m
t--f---,,22"l1lli IIS22

$2IMIGI-S2FFf

..1! CS[

I

-~ CIl2
L..j---t--"''"'''lCRI

.--_-\-_+-::18:!jC61
.---+----I1-:--'1"l9 C82

2lJ 18
DE m

CI17 Uloo

0.1 12 V's

[7 01
16 00
15 OS

14 0'
13 03
11 02
18 01

t----"19 118

1---r--...2,"IV""

I $2llIlll-S27ff
I '

I-----'[~~ RI8
22 R9
ZlA8

r----:-tl A7
t-------O.j2 RS
t-----"lJ AS

, ;t------~4A4
r---"-l5 R3
1-__--'6'1 R2
f-__~7 A[

t-----"l8 A8

I

826's__SlfFf

N.C...! H.C.
H--~2"lRI2

H--7Zl:!jAll
H--...21'-jRI8

2' R9
~ RB

H---3"iA1
H---':':lR6
H 5~flS

H---6"jR4
H 7'-1R3
H----'8:!jR2
H---c9"1m

[8 All

19 07
18 OS
[7 OS
[8

04
IS D3
13 D2

1-__",2,01
11 00

C

19 D7
18 116
17 05
IS 04
15 03
13 02
12 01
!loo

II

2B 22 A28 22
rr OE rr DE

"~~ m 1-__---.:2=qlI'm
R15 il; IV' 21C1lra 21C1~8
R14~ Kllllll-$ffff UIBHefff

It\31~2~1_--J-+-H-+ -.!26~RI3 t-----..,2S"'lRI3
m~ 2ll 2 R12 t-- ~2RI2
Ri11 19 23, All ' f----.-:23:':'1All
, , I [8 21 RI0 1-------.:2':11 A[B
~~ 4
~ [S 2' R9 i, 2 M
~ ~~ 25 U

: Ai [5 3 R7 3'R7
Ju 'RS 4 AS
RS 13 5 RS, 5 AS

I R4 12 8 114, SR'
F13 11 7 RS 7 A3

, R2 18 B R2' e R2
Al 9 9 Al 9 A[
~8 w~ rn~

01 2( 19 07
. 06f.'~",- -,I"'le 08

OS 2S 17 OS
0( 27 ISO(

. 03 28 15 03
02 29 13 02

, 01 38 12 01,
DB 3[ II OS

R

ClUBS
1t/914

:!P26 8

Rlll6 ,&11, J ~r2
HYST y~ 1C['9

68.41: RIIJ8 8211 JIIIIlIlp
CR I~ ~T~':---~I -'';'' - 2B[K UII5 ,..,
~ +N.C. C[53 C 5·TO REAR

[Ii'll( t------'---"-j3 TIflfS
v
_ I-'-H.C. 8.1 PlWEL HO!M£D U/!;. ~

CI27 RI81 L.-......11;:'-!S---' [ 'j'+5YTIBuf 11.81: w£'--------' TD PINS B1A12. UI211 CLOCK [(

-& ~;. TO 5l£ET 2 TO pINS 84,85. UI28 DRTR RI29 ~~~7 UIZl
V
""2 .~~13

PilVER-DOVlI RESET DET£OIOH 19S-1ll6 TO FINS 18,11. UI2I!I STROBE lK ~
TO PIN 7, UI24 -E/_-"RIlJ'-"-"'COO=HT"S'--_--jI-__--t__....1<l10: gO 6

1lCP-
~ 2 llJl oof±-
~[tLR. DRS

r----------1L~,..,ND=.,..,,--_....I r
'it7 74LS393

,SVo--r----/ r= 7 I ~ rO"

(113 U184 (114 r-------'- VppDIllS

il ';'1
!--- ,Y""I-'I~_~ -\.I~_··-lll14V""

<7 IEl TIlL XTAl.
3ll 39

GHD~ ~ SYSTEM MR5TER
(12( 8.'\l:l2 (125 DSCILUlT~.

ISif T TISif DIVlrE BY
W W ((21otlz1.

2, i

5

e

-

-

Figure 7-4" Digital Board, Schematic Diagram, Dwg" No. 196·106 (sheet 3 of 3)

7-1717·18

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



Table 7-3. Analog Board, Parts List

REPLACEABLE PARTS

Circuit KeitWey
Desig. Description Part No.

0 Capacitor, 330p, SOV C-64-,330p
CZ Capacitor, O.ll'!', SOV C-36S-.1
C3 Capacitor, O.ll'!', SOV C-36S-.1
C4 Capacitor, O.ll'!', SOV C-365-.l
CS Capacitor, O.ll'!', SOV C-365-.l
C6 Capacitor, O.ll'!', sov C-365-.l
C7 Not Used
C8 Capacitor, O.ll'!', SOV C-36S-.l
C9 Capacitor, O.ll'!', SOV C-36S-.l
ClO Capacitor, O.l",F, SOV C-36S-.l
Cll

.

Capacitor, O.ll'!', SOV C-365-.l
C12 Capacitor, O.ll'!', SOV C-36S-.1 .

C13 Not Used
04 Capacitor, 0.1i<F, 50V C-36S-.1
OS Capacitor, O.ll'!', SOV C-36S-.l
06 Capacitor, O.ll'!', SOV C-365-.l
C17 Capacitor, O.ll'!', 50V C-365-.l
C18 Capacitor, O.ll'!', 50V C-365-.l
C19 Capacitor, O.ll'!', 50V C-365-.l
CZO Capacitor, O.ll'!', 50V C-365-.l
CZl Capacitor, O.ll'!', SOV C-365-.l
C22 Capacitor, O.ll'!', 50V C-365-.l
C23 Capacitor, O.ll'!', 50V C-365-.l
CZ4 Not Used
C25 Capacitor, O.ll'!', SOV C-365-.l
CZ6 Capacitor, O.ll'!', SOV C-365-.l
C'27 capacitor, O.ll'!', SOV C-36S-.l
C28 Not" Used
CZ9 Capacitor, 82pF, lODOV, Ceramic Disc C-64-82p
00 Capacitor, lSpF, 1000\!, Ceramic Disc C-64-lSp
C3l Capacitor, lSOpE 1ODV; Ceramic C-372-lS0p
02 Capacitor, 0.0047I'!', lOO\!, Metalized Polypropylene C-306-.0047
03 Capacitor, 101'!', 25V, Aluminum Electrolytic C-3l4-l0
C34 Capacitor, 33pF, lOOO\!, Cerainic Disc C-64-33p
05 Capacitor, 33pF, 1000\!, Ceramic Disc C-64-33p
06 Capacitor, 330pF, lOOO\!, Ceramic"DiSi:" C-64-330p
07 Capacitor, 330pF, 1000\!, Ceramic Disc C-64-330p
08 Capacitor, 680pF, 50OV, Polystyrene C-138-680p
09 Not Used
C40 Capacitor, O.ll'!', 63OV, Metalized Polyester C-364-.1
C4l Capacitor, lOpF C-372-l0p
C42 Capacitor, l5pF, 50V, Tubular Ceramic C-282-l5p
C43 Capacitor, nOpE 500\!, Mica C-278-ll0p
C44 Capacitor, lSI'!', 2OV, Tantalum C-204-lS
C45 Capacitor, 21'!', 10OV, Polyester C-294-2
C46 Capacitor, 0.47",F, SOV, Metalized Polyester C-350-.47
C47 Capacitor, II'!', SOV, Metalized Polyester C-3S0-1
C48 Capacitor, Trimmer, 2.SpF to 6pE 500V C-359
C49 Capacitor, Trimmer, 4pF to 4OpF, 500V C-345
CSO Capacitor, O.lSl'!', 20OV, Polycarbonate C-22l-.0lS
CSl Capacitor, O.lSl'!', 20OV, Polvcarbonate C-22l-.0lS
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REPLACEABLE PARTS

Table 7·3. Analog Board, Parts List (Cant.)

Circuit Keithley
Desig. Description Part No.

C52 Capacitor, 100pF, l000V, CeraiiilcDlsc .. C~-I00p

C53 Capacitor, 68pF, SOOV, Polystyrene C-138-68p
C54 Capacitor, 15pF, lOOV, Ceramic C-372-15p
C56 C~-47p

C57 . C-64-22p

CRl-eR5 Diode, Silicon, IN4148 RF-28
CR6 Diode, Bridge Rectifier, PE05 RF-48
CR7 Diode, Silicon, MRSOl RF-34
CR8-CRll Diode, Silicon, Diffused, IN4149 RF-60
CR12 Diode, Silicon, IN4148 RF-28

Fl Not Used
F2 Fuse,3A, 250V, Normal-Blo FU-82

J17 Connector, Male, 6-Pin C5-288-8

KI-K2 Relay RL-99
K3-KS Relay RL-70

Ll Not Used
L2-L3 Choke 1R-245

Ql Transistor, Ql, Q4, R7, R8 and R57 are a matched set, SSD 196-602
Q2 Not Used
Q3 Trartsistor, N-Channel FET, PN4392, SSD 31841
Q4 Transistor (see Ql) -
Q5-Q9 Transistor, N-Channel FET, PN4392, SSD 31841
QI0 Not Used
Qll-Q13 Transistor, N-ehannel PET, PN4392, SSD 31841
Q14-Q15 Not Used
Q16-Q17 Transistor, N-Channel FET, PN4392, SSD 31841
Q18-Q19 Transistor, NPN, Silicon, 2N3904 TG-47

7-20

Artisan Scientific - Quality Instrumentation ... Guaranteed  |  (888) 88-SOURCE  |  www.artisan-scientific.com



Table 7-3. Analog Board, Parts List (Cant.)

REPLACEABLE PARTS

._, . ...~ .", . " . _.... .", .. ~' "."'''', ' ~"":"-
Circuit Keithley
Desi!\. Description Part No.

Q20 Not Used
Q21 Not Used
Q22 Transistor, NPN, Silicon, GE55818 TG-138
Q23 Not Used
Q24 Not Used
Q25 Not Used
Q26 Transistor, N-ChanneI FET, BUZ71, 550 580-601
Q27 Not Used
Q28 Transistor, N-ChanneI FET; BUZ71, 550 580-601
Q29 Transistor, M05 Power N-Channel PET; 2N7000, 550 TG-195
Q30 Transistor, N-Channel jFET, PF5301, 55D 193-603
Q31 Transistor, N-Channel ]'FET; PF5301, 5SD TG-139
Q32 Transistor; N-Channel FET; PN4392, 550 31841
Q33 Transistor; N-Channel FET; PN4392, 550 193-603
Q34 Transistor, N-Channel PET; PN4392, 550 31841
Q35 Transistor, N-Channel FET; PN4392, 550 193-603
Q36 Transistor, MOS Power N-Channel FET, 2N7000, SSD TG-195
Q37 Transistor, N-ChanneI FET; BUZ71, 550 580-601
Q38 Transistor; N-Channel FET; BUZ71, SSD 580-601
Q39 Transistor; MOSFET Power, PA75N855T; 550 580-601
Q40 Transistor, M05FET Power, PA75N855T; SSD 580-601
Q41 Transistor, MP842, SSD TG-175

R1 Resistor, lMlJ, 10%, '4W, Composition R-76-lM
R2 Resistor, lMlJ, 10%, '4w, Composition R-76-lM
R3 Resistor, lklJ, 5%, '4w, Composition R-76-lk
R4 Resistor, 82lJ, 5%, '4W, Composition R-76-82
R5 Not Used
R6 Resistor, 142.8ldl, 0.1%, 'I.W, Fixed R-176-142.8k
R7 Resistor, (see Q1) -
R8 Resistor, (see Ql) -
R9 Resistor, Thick Film TF-39
RlO Resistor, Thick Film TF-211
Rll Not Used
R12 Resistor, 100klJ, 1%, lW, Metal Film R-344-100k
R13 Resistor; 100klJ, 1%, lW, Metal Film R-344-100k
R14 Resistor, lOOklJ, 1%, lW, Metal Film R-344-100k
R15 Resistor, lOOldl, 1%, lW, Metal Film R-344-lOOk
R16 Resistor; 560lJ, 10%, '4W, Composition R-76-560
R17 Resistor, Thick Film TF-214
R18 Resistor, Thick Film TF-177-3
R19 Resistor; Thick Film TF-177-3
R20 Resistor, Thick Film TF-177-3
R21 Resistor, lOOldl, 1%, 'I.W, Composition R-88-100k
R22 Not Used
R23 Resistor, 30kll, 1%, 'I"W R-348-30k
R24 Resistor; 13kll, 0.1%, 'I,.W, Metal Film R-263-13k
R25 Resistor, lMlJ, 1%, 'I.W, Composition R-88-lM
R26 Resistor, 2kll, 1%, 'I,.W R-348-2k
R27 Resistor; 1.002kll, 0.1%, 'l,oW, Metal Film R-263-1.002k
R28 Resistor; Thick Film

.~..__ . TF-168-1
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Keithley
Desig. Description Part No.

-

R29 Resistor, 0.8981l, 0.1%, 5W, Wire Wound R-310-.898
R30 Resistor, o.m, 0.1%, 7.5W, Wire Wound R-262-.1
R31 Resistor, 22M1l, 10%, l/zW, Composiiton R-1-22M
R32 Resistor, 118kll, 0.1%, '/,W, Metal Film R-168-118k
R33 Resistor, 1.17MIl, 0.25%, 34W, Metal Film R-352-1.17M
R34 Resistor, 20kll, 5%, Wire Wound R-336-20k
R35 Resistor, 9.09kll, 0.1%, '/,.W, Metal Film R-263-9.09k
R36 Resistor, R36 and R37 are a matched set R-293
R37 Resistor, R36 and R37 are a matched set R-293
R38 Resistor, Thick Film TF-213
R39 Resistor, 13kll, 0.1%, '/sW, Fixed R-176_13k
R40 Resistor, 13kll, 0.1%, '/sW, Fixed R-176-13k
R41 Resistor, R41 and R42 are a matched set R-292
R42 Resistor, R41 and R42 are a matched set R-292
R43 Resistor, lOll, 5%,'4W, Composition R-76-10
R44 Resistor, lOll, 5%, '4W, Composition R-76-10
R45 Resistor, IMIl, 10%, '14W, Composition R-76-IM
R46 Resistor, IMIl, 10%, '4W, Composition R-76-lM
R47 Resistor, lMll, 10%, '14W, Composition R-76-lM
R48 Resistor, IMIl, 10%, '14W, Composition R-76-lM
R49 Resistor, lMn, 10%, '4W, Composition R-76-lM
RSO Resistor, IMIl, 10%, %W, Composition R-76-lM
RS1 Resistor, IMn, 10%, %W, Composition R-76-lM
RS2 Resistor, IMIl, 10%, '/.W, Composition R-76-lM
RS3 Resistor, 4701l, 5%, '4W, Composition R-76-470
RS4 Resistor, 32.4k1l, 1%, '/,W, Composition R-88-32.4k
RS5 Resistor, 20kll, 0.1%, '/,.W, Metal Film R-263-20k
R56 Resistor, 20kll, 0.1%, '/,.W, Metal Film R-263-20k
RS7 Resistor, (see Q1) -

R58 Resistor, 15.8kll, 1%, '/,W, Composition R-88-15.8k
RS9 Resistor, 7.78kll, 1%, '/.W, Composition R-88-7.87k
R60 Resistor, 5601l, 5%, '4W, Composition R-76-560k
R61 Resistor, 18.2kll, 1%, '/.W, Composition R-88-lK2k
R62 Resistor, 8.15kll, 1%, .'/.W, Composition R-88-8.15k
R63 Resistor, 14k1l, 1%, '/,W, Composition R-88-14k
R64 Resistor, lOkll, 1%, '/.W, Composition R-88-10k

RTI Thermister, FTC, 12201l, 15.5mA RT-9-2

Sl Switch, Pushbutton SW-468

TP1 Test Point CS-553
TP2 Test Point CS-553
TP3 Test Point CS-553
TP4 Test Point CS-553

U1 Not Used
U2 IC,Quad Comparator, LM339 IC-219
U3 IC, Quad Comparator, LM339 IC-219
U4 IC, Quad Comparator, LM339 IC-219
US IC, Quad Comparator, LM339 IC-219
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Table 7-3. Analog Board, Parts List (Cont.)

REPLACEABLE PARTS

- .,-_. .. '~'. - ""-,,,...,..,,,., ,

Circuit Keithley
Desig. Description Part No.

U6 IC, Quad 2-Input NAND Gate, 74LCOO;SSb IC-351
U7 IC, Dual D Flip-Flop, 74HC74, SSD IC-337
U8 IC, Dual D Flip-Flop, 74HC74, SSD IC-337
U9 Not Used
UlO Not Used
Ull IC, General Purpose Op Amp, MP5502, SSD IC-413
U12 IC, General Purpuse Op Amp, MP5502, SSD IC-413
U13 IC, General Purpose Op Amp, MP5502, SSD IC-413
U14 Not Used

..

U15 Not Used
U16 IC, Triple 2-Channel Analog Multiplexer, Selected, SSD 31847-1
U17 IC, Dual 4-Bit Decade Counter,74HC3~,SSD IC-500
U18 IC, Dual 4-Bit Counter, 74HCI393 IC-462
U19 IC, Inverting High Speed Op Amp, MP5501, SSD IC--414
U20 IC, Dual Low Power JFET Op Amp, Selected, SSD 196-601
U21 IC, Quad Monolithic SPST CMOS Analog Switch, DG211, SSD IC-320
UTI IC, Quad Monolithic SPST CMOS Analog Switch, DG21l, SSD IC-320
U23 IC, Quad Monolithic SPST CMOS Analog Switch, DG211, SSD IC-320
U24 IC, Quad Monolithic SPST CMOS Analog Switch, DG211, SSD IC-320
U25 IC, Quad Monolithic SPST CMOS Analog Switch, DG211, SSD IC-320
U26 IC, Wide Bandwidth )FET Input Op Amp, LF353 IC-246
U27 IC, lRMS-to-DC Converter, AD637, SSD IC-352
U28 IC, Dual)FET Input Op Amp, LF412, SSD IC-504
U29 IC, 8-Stage Shift-Store Register, 409;1; -SSD IC-251
U30 IC, 8-Stage Shift-Store Register, 4094, SSD IC-251
U31 IC, 8-Stage Shift-Store Register, 4094, SSD IC-251
U32 IC, 8-Stage Shift-Store Register, 4094, SSD IC-251
U33 IC, Darlington Transistor Array, 2003, SSD IC-206
U34 IC, Precision Reference, Selected 196-600
U35 IC, Linear Op Amp, LM30BA IC-203
U36 IC, Wide Bandwidth )FET Input Op Amp, LF35lN IC-176
U37 IC, Wide Bandwidth )FET Input Op Amp, Selected 30477
U38 Not Used
U39 Not Used
U40 Not Used
U41 Not Used
U42 IC, Quad Comparator, LM339 IC-219
U43 IC, Quad 2-Input NOR Gate, 74HC02, SSD - IC-412
U44 IC, Triple 2-Channel Analog Multiplexer, 4053, SSD IC283
U45 IC, Triple 2-Channel Analog Multiplexer, 4053, SSD IC-283

VR1 Regulator, Zener Diode, 4.3\', IN749A DZ-63
VR2 Regulator, Diode, IN702A DZ-33
VR3 Regulator, Zener Diode, 6.S\', IN4577 DZ-SS
VR4 Regulator, Zener Diode, 6.3\', IN4577 DZ-SS

WI Jumper J-3

Y1 Crystal, 3.84MHz CR-13
- --- - .
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Figure 7-6. Analog Board, Schematic Diagram, Dwg. No. 196-126 (sheet 1 of 4)
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Figure 7-6. Analog Board, Sehemalic Diagram, Owg. No. 196-126 (sheet 2 of 4)
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Figure 7-6. Analog Board, Schematic Diagram, Dwg. No. 196-126 (sheet 3 of 4)
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Table 7-4. Model 196 Miscellaneous Parts List

REPLACEABLE PARTS

Qtv
Keithley

Description Part No.

Bottom Cover Assembly
1 Bottom Cover 617-318
1 Shield 617-321
1 Tilt Bail 30544
1 Dress Panel for Tilt Bail 30587
1 Drive Pin for Tilt- Bail FA-143-1
4 Foot FE-14

Top Cover Assembly
1 Top Cover 30540
1 Shield 617-322

Front Panel Assembly
1 Front Panel 196-302
1 Display Window 196-303
1 Front Panel Overlay 196-312
2 Banana Jack, Black BJ-12-0
2 Banana Jack, Red BJ-12-2
1 Banana Jack, White BJ-12-9
8 Pushbutton, Light Brown 228-317-5
6 Pushbutton, Brown 228-317-6
1 Pushbutton, Red 29465-3

Rear Panel Assembly
1 Rear Panel 196-308
2 Ground Clip 775-306
2 BNC Connector CS-520
2 Banana Jack, Black BJ-12-0
2 Banana Jack, Red BJ-12-2
1 Banana Jack, White BJ-12-9 -
1 Pushbutton, Red 29465-3
1 Line Cord CO-7

Circuit Board Assemblies
L Analog Board Shield 196-306
1 Analog Board Mounting Plate 196-304
4 Spacer (Supports Plate of Mother Board) 31843-1

7-3317-34
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APPENDIX A
ASCII CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASOI IEEE-488 Messages'

0 00 NUL
1 01 SOH GTL
2 02 STX
3 03 ETX
4 04 EaT SOC
5 05 ENQ PPC
6 06 ACK
7 07 BEL

8 08 BS GET
9 09 HT TCT
10 OA LF
11 OB VT
12 OC FF
13 00 CR
14 OE SO
15 OF SI

16 10 OLE
17 11 DCl no
18 12 DC2
19 13 DC3
20 14 DC4 DCL
21 15 NAK PPU
22 16 SYN
23 17 ETB

24 18 CAN 5PE
25 19 EM gPO
26 1A SUB
27 1B ESC
28 lC FS
29 10 GS
30 IE RS
31 IF US

• Message sent or received with ATN true.

A-1
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APPEN.DIX A

ASCII CHARACTER CODES AND IEEE-4BB MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII IEEE-488 Messages'

32 20 SP MLAO
33 21 ! ·MLA 1
34 . 22 " MLA2
35 23 # MLA3
36 24 $ MLA4
37 25 % MLA5
38 26 & MLA6

39 27 MLA7
40 28 ( MLA8
41 29 ) MLA9
42 2A * MLA 10
43 2B + MLA 11
44 2C MLA 12
45 2D MLA 13
46 2E ~LA 14
47 2F I MLA 15

48 30 0 MLA 16
49 31 1 MLAV
50 32 2 MLA 18
51 33 3 MLA 19
52 34 4 MLA 20
53 35 .5__- MLA 21
54 36 6 MLA22
55 37 7 MLA23

56 38 8 MLA24
57 39 9 MLA25
58 3A MLA 26
59 .3B MLA27
60 3C < .. MLA 28
61 3D ~ MLA29
62 3E > MLA 30
63 3F ? UNL

* Message sent or received with PJN true. Numbers shown represent primary address resulting
in MLA (My Listen Address).

A-2
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APPENDIX A

ASCII CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASal IEEE-!88 Messages'

64 40 @ MTAO
65 41 A MTA 1
66 42 B MTA2
67 43 C MTA3
68 44 D MTA4
69 45 E MTA5
70 46 F MTA6

71 47 G MTA7
72 48 H MTA8
73 49 I MTA9
74 4A J MTA 10
75 4B K MTA 11
76 4C L MTA 12
77 4D M MTA 13
78 4E N MTA14
79 4F 0 MTA 15

80 50 P MTA 16
81 51 Q MTA 17
82 52 R MTA 18
83 53 5 MTA 19
84 54 T MTA20
85 55 U MTA21
86 56 V MTA22
87 57 W MTA23

88 58 X MTA24
89 - 59 Y MTA25
90 SA Z MTA26
91 5B [ MTA27
92 5C \ MTA28
93 5D 1 MTA29
94 5E n MTA30
95 5F UNT

• Message sent or received with XfN true. Numbers shown are primary address resulting in MTA
(My Thlk Address).

A-3
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APPENDIX A

ASCII CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII IEEE-488 Messages'

96 60 MSA O,PPE
'l7 61 a MSA 1,PPE
98 62 b MSA 2,PPE
99 63 c MSA 3,PPE
100 64 d MSA 4,PPE
101 65 e MSA 5,PPE
102 66 f MSA 6,PPE
103 67 g MSA 7,PPE

104 68 h MSA 8,PPE--
105 69 i MSA 9,PPE
106 6A j MSA 10,PPE
107 6B k MSA 11,PPE
108 6C I MSA 12,PPE
109 60 m MSA 13,PPE
110 6E n MSA 14,PPE
111 6F 0 MSA 15,PPE

112 70 P MSA 16,PPD
113 71 q MSA V,PPD
114 72 r MSA 18,PPD
115 73 s MSA 19,PPO
116 74 t MSA 20,PPO
117 75 u MSA 21,PPO
118 76 v MSA22,PPO
119 77 w MSA 23,PPO

120 78 x MSA 24,PPO
121 79 Y MSA 25,PPO
122 7A z MSA26,PPO
123 7B I MSA 27,PPO
124 7C MSA 28,PPO
125 7D } MSA 29,PPO
126 7E MSA 30,PPO
127 7F OEL

'Message send or received with ATN true. Numbers represent secondary address values resulting
in MSA (My Secondary Address).

A-4
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APPENDIX B
IBM PC/XT and MODEL 8573A PROGRAMMING

INTRODUCTION

This appendix contains general programming information
needed to control the Model 196 using the IBM POXT per­
sonal computer via the Keithley Model 8573A IEEE-488 in­
terface. Refer to the Model 8573A Instruction Manual for
complete programming information.

CONTROLLER HANDLER SOFTWARE

Before a specific controller can be used over the IEEE-488
bus, it must have the appropriate IEEE-488himdler soft­
ware installed. For the IBM computer, the necessary
handler software is provided on diskette, along with the
Model 8573A interface.

INTERFACE BASIC PROGRAMMING
STATEMENTS

This section covers the Model 8573A statements that are
essential to Model 196 operation. A partial list of program­
ming statements are listed in Table B-1. Each of these
statements uses the IBM BASIC CALL statement, with
various variables as shown in the table. The command
words such as IBCLR (Interface Bus Clear) and IBSRE (In­
terface Bus Send Remote Enable), are in fact BASIC
variables themselves, which must be initialized at the start
of each BASIC program.

SOFTWARE CONFIGURATION

Beforeusing the Model 8573A, you mustconfigure the soft­
ware by using the procedure below. Note that the binary
handler fIle called GPIB.COM and the system configura­
tion fIle called CONFIG.SYS must be present on the DOS
boot disk, as described in the Model 8573A Instruction
Manual.

1. Boot up your system in the usual, manner and enter
BASICA. -- -

2. Place the Model 8573A software disk into the default
drive and load the program called "DECL. BAS". Modify
the program by changing the XXXXX values in lines 1
and 2 to 16000.

3. Add the fo)lowing lines to the declaration fIle:
7 HA$=' , GPI B0' , 'CALL I BF I HD (~,A$,BRD0;~)

8 I'~A$=" D[I.,'0" •CALL IBFfHD(HA$-"MI96%;'
9 1)/;=7' CALL I BPAD 011 90.%,1):·0

4. Now save the modified declaration fIle for future use.
Remember that you must load and run this short pro­
gram before pwgramming the Model 196 over the bus.
Also; do not use the BASIC CLEAR or NEW command
after running this program.

Note: An example program using the IBM POXT and the
Model 8573A can be found in Appendix e.

Table B-1. BASIC Statements Necessary to Send Bus Commands

Action Model 8573A Statement
Transmit string to device 7. CALL I BURT O't 196:;, CMD$)
Obtain string from device 7. CALL IBRD (MI9o.%, RD$)
Send GTL to device 7. CALL I BLOC: 0'11 96%;'
Send SDC to device 7. CALL lI:CLR 0'1196:0
Send DCL to all devices. Cf'1D$=CHR$ (~,H 14;' 'CALL lI:CMD (BRD0:~, Cf'1D$;'
Send remote enable. 1)%=1' CALL IBSRE<BRD0:" I.);;)

Cancel remote enable. ~J;;=0' CALL IBSRE(BRD0:" \):0
Serial poll device 7. - CMD$=CHR:t C8,H 11;' • CALL I BCMD (Bf':D0/;, CMD$)
Send Local Lockout. CALL I BR8P (~11 96%, 8B/;;'
Send GET to device. CALL IBmG 0'11 %%)
Send !Fe. CALL IB8IC (BRD0;;)

-, .-
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APPENDIX C
CONTROLLER PROGRAMS

The following programs have been supplied as a simple aid to the user and are not intended to
suit specific needs. Each programallows you to send a device-dependent command string to the
instrument and obtain and display an instrument reading string.

Programs for the following controllers are included:

• ffiM PC or XT (with Keithley Model 8573A IEEE-488 Interface)
• Apple II (equipped with the Apple II IEEE-488 Interface)
• Hewlett-Packard Model 85
• Hewlett·Packard Model 9816
• Hewlett"Packard Model 9825A
• DEC LSI 11
• PET/CBM 2001

C·1
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APPENDIX C

IBM PC OR XT (KEITHLEY MODEL 8573A INTERFACE)

The following program sends a command string to the Model 196 from an IBM PC or XT come
puter and displays the instrument reading string on the CRT. The computer must be equipped
with the Keithley Model8573A IEEE-488 Interface and the DOS 2.00 operating system. Model 8573A
software must be installed and configured as described in the instruction manual.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 196 to 7.
2. With the power off, connect· the Model 196 to the IEEE-488 interface installed in the IBM

computer.
3. Type in BASICA on the computer keyboard to get into the IBM interpretive BASIC language.
4. Place the interface software disc in the default drive, tYPe LOAD''DE:Ct;and press the return key.
5. Add the lines below to lines 1-6 which are now in memory. Modify the address in lines 1 and

2, as descTIoed in the Model 8573A Instruction Manual.
6. Run the program and type.in the desired command string. For example, to place the instru­

ment in the ACV function arid autorange, type in FlROX and press the return key.
7. The instrument reading string will then appear on the display. For example, the display might

show NDCV+O.OOOOOOE+O.
8. To exit the program, type in EXIT at the command prompt and press the return key.

PROGRAM

10 CLS
20 NA$=' 'GPIB0' , 'CALL IBFIND

O,A$, BRD0:;)
:1:.0 rlA$.= , , IIH.11 " 'CALL Il::F I ND

(NA$,M19f'.,~)

40 U;';=7 'CALL I BPAD <111 96:; ,1.,1:,;)

50 I)%=~,H102' CALL I BPOKE (BRD0,~, Ii:·;)
60 U:;=1 'CALL IBSRE(BRDI3::, U:O
70 INPUT' 'COMt1A~<DSTRING" ;CMD$
80 IF OlD$= , , DU T' ' THE!, 151}
90 IF CMD$=" " THEN 70

100 CALL IBWRT(to1196,;,CMD$)
110 RD$=SPACE$ ( 100)
120 CALL IBRD<ll196%, F.:D$)
130 PRItH RD$
140 GOTO 70
150 l):;=0 ' CALL I BONL (M 196:'; ,I):U·
160 CALL I BONU BRII0%, I),:)
170 END

COMMENTS

Gear screen.
Find board descriptor.

Find instrument descriptor.

Set primary address to 7.
Set timeouts.
Set REN true.
Prompt for command.
See if program is to be halted.
Check for null input.
:Address 196 to listen, send string.
Defme reading input buffer.
Address 196 to talk, get reading.
Display the string.
Repeat.
Close the instrument file.
Close the board file.

NOTE: For conversion to numeric variable, make the following changes:

130 RD=l.JAL01ID$(RD$~5,14)
135 PRINT RD

C-2
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APPENDIX C

APPLE II (APPLE II IEEE-488 INTERFACE)

The following program sends a command string to the Model 196 from an Apple II computer
and displays the instrument reading string o_n the computer CRT.

The computer must be equipped with the Apple II IEEE-48B Interface installed in slot 3.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 196 to 7.
2. With the power off, connect the Model 196 to the IEEE-4BB interface installed in the Apple II

computer.
3. Enter the lines in the program below, using the RETURN key after each line.
4. Run the program and typdn the desired command string at the command prompt. For exam­

ple, to place the instrument in ACV and autorange, type in FlROX and press the return key.
5. The instrument reading string will then appear on the CRT. A typical display is:

NDCV+O.OOOOOOE+O.

PROGRAM

10 Z$=CHR$ (26)
20 I1,PUT' ' COt1rlAND STR I NG ? ' , ; B$
3(1 PR#3
40 m#3
50 PRIIH ' 'RA' ,
60 F'RHJT' 'fH' ";Z$.,B$
7'3 PRIIH "LF1"
8(1 PRIHT "RDG" ; Z$; : HiPUT" ".~-A$-

90 PRIHT "UP'
100 PR#0
110 IH#0
12(1 PR HJT A$­
13(1 GOm 20

NarES:

COMMENTS

Terminator.
Prompt for and enter command string.
Set output to IEEE-4BB bus.
Define input froriIIEEE-488 bus.
Enable remote. _ .
Address 196 to listen, send string. ­
Line feed on.
Address 196 to talk, input data.
UntaIk the 196.
Define. output to CRT.
Define input from keyboard.
Display reading string.
Reeeat.

1. If conversion to numeric varia!:>le is required, make the following changes:

12'3 A=IJAL 011 D$ (At, 5, 16»)
125 PRIHT A

2. The Apple II terminates on commas in the data string. To avoid problems, program the Model
196 for the BOGO or BOG1 data format to eliminate commas.

C-3
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APPENOIXC

HEWLETT-PACKARD MODEL 85

The following program sends a command string to the Model 196 from an HP-85 computer and
displays the instrument reading string on the computer CRT. The computer must be equipped
with the HP82937 GPIB Interface and an 110 ROM.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 196 to 7.
2. With the power off, connect the Model 196 to the HP82937A GPIB interface installed in the HP-85

computer.
3. Enter the lines in the program below, using the END LINE key after each line.
4. Press the HP-85 RUN key and type in the desired command string at the command prompt.

For example, to place the instrument in AOI and autorange, type in FlROX and press the END
LINE key.

5. The instrument reading string will then appear on the CRT. A typical display is:
NDOI+O.OOOOOOE+O.

PROGRAM

10 DIt1 AH251, B$[251
20 REt10TE 707
30 DISP" COMMAND STRING";
40 INPUT A$
50 OUTPUT 707; A$
60 ENTER 707; B$
70 DISP B$
80 GOTO 30
90 END

COMMENTS

Dimension strings.
Place 196 in remote.
Prompt for command.
Input command string.
Address 196 to listen, send string.
Address 196 to talk, input reading.
.Display reading string.
Repeat

NOTE: For conversion to numeric variable, change line 70 as follows:

70 DISP lJAL<B$[51)

C-4
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APPENDIX C

HEWLETT-P~KARD MODEL 9816

The following program sends a command string to the Model 196 from a Hewlett-Packard Model
9816 computer and displays the instrument reading string on the computer CRT. The computer
must be equipped with the HP82937 GPIB Interface and BASIC 2.0.

DIRECfIONS

1. Using the front panel program feature, set the primary address of the Model 196 to 7.
2. With the power off, connect the Model 196 to the HP82937A GPIB interface installed in the 9816

computer.
3. Type EDIT and press the EXEC key.
4. Enter the lines in the program below, using the ENTER key after each line.
5. Press the 9816 RUN key and type in the desired command string at the command prompt. For

example, to place the instrument in ACV and autorange, type in FlROX and press the ENTER key.
6. The instrument reading string will then appear on the CRT. A typical display is:

NDCV+O.OOOOOOE+O.

PROGRAM

10 REMOTE 707
15 DIt1 A$[25J, B$[25J
20 INPUT" COMMAND STRING", A$
30 OUTPUT 707 i A$
40 ENTER 707.: B$
50 PRINT B$
60 GOTO 20
70 END

COMMENTS

Place 196 in remote.

Prompt for and input command.
Address 196 to listen, send string.
Address 196 to talk, input reading.
Display reading string.
Repeat.

NOTE: For conversion to a numeric variable, change the program as follows:

40 ENTER 707; B
50 PRINTB

c·s
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APPENDIX C

HEWL:ETT-PACKARD MODEL 9825A

Use the following program to send a command string to-the Model 196 from a Hewlett-Packard
Model 9825A and display the instrument reading string on the computer printer. The computer
must be equipped with the HP98034A HPIB Interface and a 9872A extended 1/0 ROM.

DIRECTIONS

1. Fro!!f the front panel, set the primary address of the Model 196 to 7.
2. With the power off, connect the Model 196 to the 98034A HPIB interface installed in the 9825A.
3. Enter the lines in the program below, using the SIORE key after each line. Line numbers are

automatically assigned by the 9825A.
4. Press the 9825A RUN key and type- in the desired command string at the command prompt.

For example, to place the instrument in AOI and autorange, type in FlROX and press the CONT
key.

5. The instrument reading string will thenappear on the computer print out. A typical display
is: NDOI+O.OOOOOOE+O.

PROGRAM

[, dim AH25l, B$[25l
1 dev' .; 196' ~ ,71217
2 rem'; Ii' 196' ,
" ent' , Cor1MAI·jD 8TF: IHG' , ,B$
4 wrt~'; 196' ',B$
5 red' .; 196' , ,A$
6 prt A$
7 gto :5

COMMENTS

Dimension data strings.
Define 196 at address 7.
Place 196 in remote.
Prompt for command string.
Address 196 to listen, send string.
Address 196 to talk, input data.
Print data string on printer.
Repeat.

NOTE: For conversion to numeric variable, modify the program as follows:

6 prt vaIO::A$[5l)

e-6
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APPENDIX C

DEC LSI 11

The following program sends a command string to the Model 196 from a DEC LSI 11 minicom­
puter and displays the instrument reading string on the DEC CRT terminal. The LSI 11 must be
configured with 16K words of RAM and an IBV 11 IEEE-488 interface. The software must be con­
figured with the IB software as well as FORTRAN and the RT 11 oJ2erating system.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 196 to Z
2. With the power off, connect the Model 196 to the lBV 11 IEEE-488 interface cable.
3. Enter the program below, using the editor under RT 11 and the name IEEE.FOR.
4. Compile using the FORTRAN compiler as follows: FORTRAN IEEE.
5. Link with the system and IB libraries as follows: LINK IEEE,lBLIB.
6. Type RUN IEEE and press the RETURN key.
Z The display will read "ENTER ADDRESS".
8. Type in 7 and press the RETURN key.
9. The display will read "TEST SETUP".

10. Type in the desired command string and press the RETURN key. For example, to program
the instrument for ACV and autorange, type in FlROX and press RETURN.

11. The instrument data string will appear on the computer display. A typical display is:
NDCV+O.OOOOOOE+O.

PROGRAM

PROGRAM IEEE
INTEGER.,2 PRIADF~

LOGICAL.,l MSG(80),INPUT(80)
D02 1=1.10
CALL IBSTE":( 1,0)

2 CONTINUE
CALLIBSTER(15~5)

CALL IBTHI0(120)
CALL IBTERM(10)
CALL IBREN

4 T\'PE 5
5 FORt1AT (IX, 'EtHER ADDRESS", $)

ACCEPT 10, PR I ADR
10 FORt1AT (12)
12 TYPE 15
15 FORt1AT ( l:~, ' TE'3T SETUP' , , $)

CALL GETSTR (5, !'lSG, 72)
CALL IBSEOI (MSG,-l,PRIADR)

18 I=IBRECU (INPUT,80,PRIADR)
INPUT (1+1) = '3
CALL PUTSTR (7, INPUT, "3' )
CALL IBUNT
GOTO 12
EtjD

COMMENTS

Turn off merrorS.

Allow 5 error 15's.
Allow 1 second bus timeout.
Set line feed as terminator.
Turn on remote.

Input primary address.

Prompt for command string.
Program instrumento-
Address 196 to listen, send string.
Get data from instrument.

Untalk the 196.
Repeat.

e-7
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APPENDIX C

PET/CBM 2001

The following program sends a command string to the Model 196 Irom a PET/CBM 2001 com­
puter and displays the instrument reading string on the computer CRT. As the PET/CBM com­
puter has a standard IEEE-488 interface, no additional equipment is necessary.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 196 to 7.
2. With the power off, connect the Model 196 to the PET/CBM IEEE-488 interface.
3. Enter the lines of the program below, using the RETURN key after each line is typed.
4. TypeRUN and press the RETURN key. Type in the desired command string at the command

prompt. For example, to place the instrument in ACV and autorange, type in FlROX and press
the RETURN key.

5. The instrument reading string will then appear on the CRT. A typical display is:
NDCV+O.OOooooE+O.

PROGRAM

10 OPEN 1,7
20 INPUT' , CDt1MAND STR I NG' , ; B$
30 PRINT#l, B$
40 INPUT#l, A$
50 IF ST=2 THEN 40
60 PRINT A$
70 GOTO 20

NOTES:

COMMENTS

Open file 1, primary address 7.
Prompt for, input command string.
Address 196 to listen, send string.
Address 196 to talk, input data.
If bus timeout, input again.
Display reading string.
Repeat.

1. If conversion to numeric variable is required, modify the program as follows:

70 A =l)AUMID$(A$, 5,15»
80 PRINT' 'A=";A
90 GOTO 20

2. The PET terminates on commas in the data string. To avoid problems, program the Model 196
for the BOGO or BOG1 data format to eliminate commas.

C-s
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BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimiZe data transfer with
a minimum number of bus lines. In keeping with this goal,
the bus has eight data lines that are used both for data and
many commands. Additionally, the bus has five manage­
ment lines, which are used to control bus operation, and
three handshake lines that are used to control the data byte
transfer sequence.

A typical configuration for controlled bus operation is
shown in Figure B-1. A typical system will have one con­
troller and one or more devices to which commands are
given and, in most cases, from which data is received.
Generally, there are three categories that describe device
operation: controller, talker, and listener.

The controller does what its name implies: it controls other
devices on the bus. A talker sends data (usually to the con­
troller), and a listener receives data. Depending on the in­
strument, a particular device may be a talker only, a listener
only, or both a talker and a listener. The Model 196 has
both talker and listener capabilities.

There are two categories of controllers: system controller
and basic controller. Both are able to control other devices,
but only the system controller has absolute authority in
the system. In a system with more than one controller, only
one controller may be active at any given time. Certain
command protocol allows control to be passed from. one
controller to another.

The bus is limited to 15 devices, including the controller.
Thus, any number of devices may be present on the bus
at one time. Although several active listeners may be pre­
sent simultaneously, only one active talker may be present
on the bus, or communications would be scrambled.

APPENDIX D
IEEE-488 BUS OVERVIEW

TO OTHER DEVICES
~

DEVICE 1 .400 m1
ABLE TO

~TALK. LISTEN
AND CONTROL E
(COMPUTER) DATA BUS

OEVICE 2
ABLE TO

~TALK ANO DATA BYTELISTEN I:::
(196) TRANSFER

CONTROL

DEVICE 3
ONLY ABLE :::lO LISTEN = GENERAL

PRINTER) INTERFACE
MANAGEMENT

DEVICE +
:::ONLY ABLE

TO TALK =
,--} 0101 ••• 8 DATA

'-- ( 8 LINES)

'-OAV}--NRFD HANDSHAKE
-NDAC

"'}ATN BUS
SRQ MANAGEMENTREN
EOI

Figure 0-1. IEEE Bus Configuration

0·1
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APPENDIX 0

A device is placed in the talk or listen mode from the con­
troller by sending an appropriate talk or listen command.
These talk and listen commands are derived from an in­
strument's primary address. The primary address may
have any value between 0 and 30 and is generally set py
rear panel switches or programmed in from the front panel
(as in the case of the Model 196). The actual listen com­
mand value sent over the bus is derived by ORing the
primary address with $20 (the $ symbol preceding the
number designates a hexadecimal, or base 16 value). For
example, if the primary address is 7 (the default Model
196 value), the actual listen command byte value is $27 ($07
+ $20 = $27). In a similar manner, the talk command byte
is derived by ORing the primary address with $40. With
a primary address of 7, the actual talk command byte
would be $47 ($40 + $07 = $47).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary address
byte values lie in the range of$60-$7F. Note, however, that
many devices, including the Model 196, do not use secon­
dary addressing.

Once the device is properly addressed, bus transmission
sequences are set to take place. For example, if an.instru­
ment is addressed to talk, it will usually output Its-data
string on the bus one byte at a time. The liste.ning de~ce

(frequently the controller) will then read thiS information
as transmitted. 0

BUS LINES

The signal lines on the IEEE-48S bus are grouped into three
categories: data lines, management lines, and handshake
lines. The eight data lines handle bus data and many com­
mands, while the management and handshake lines en­
sure orderly bus operation. Each bus line is active low with
approximately zero volts representing logic 1 (true). The
following paragraphs briefly describe the operation of
these lines.

Data Lines

The bus uses eight data lines to transmit and receIve 'data
in bit-parallel, byte serial fashton. These lines use the con­
vention Dl01-DIOS instead of the more common 00-07.
DIal is the least significant bit, while DlOS is the most
significant bit. The data lines are bidirectional (with most
devices), and, as with the remaining bus lines, low is con­
sidered to be true.

0·2

Bus Management Lines

The five bus management lines ensure proper interface
control and management. These lines are used to send

o uniline commands.

ATN (Attention)-The state of ATN determines how infor­
mation on the data lines is to be interprete.d.

Il'C (Interface Qear)-IFC allows the clearing of active
talkers or listeners from the bus.

REN (Remote Enable)-REN is used to place devices in
the remote mode: Usually, devices must be in remote
before they can be programmed over the bus.

EO! (End Or Identify)-EO! is used to mark the end of
a multi-byte data transfer sequence. EOI is also used along
with ATN, to send the IDY (identify) message for parallel
polling.

-SRQ (Service Request)-SRQ is used by devices to request
service from the controller.

Handshake Lines

Three handsh<li<e lines that operate in an interlocked se-
o quence are used to ensure reliable data transmission

regardless of the transfer rate. Generally, data transfer will
occur at a rate determined by the slowest active device on
the bus. These handshake lines are:

DAV (Data Valid)-The source (talker) controls the state
of DAV to indicate to any listeners when data is valid.

NRFD (Not Ready For Data)-The acceptor (listener) con­
trols the state of NRFD. It is used to signal the transmit­
ting device to hold off the byte transfer sequence untll the
accepting device is ready.

NDAC (Not Data Accepted)-NDAC is also controlled by
the accepting device. The state of NDAC tells the source
whether or not the device has accepted the data byte.

Figure 0-2 shows the basic handshake sequen.ce for the
transmission of ohe data byte. This sequence IS used to
trarISfer data, talk and listen addresses, as well as multlline
commands.
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APPENDIX D

BUS COMMANDS

Commands associated with the IEEE-488 bus can be
grouped into the following three general categories. Refer
to Table D-l.

NRFO

NDAC

VALID

ACCEPTOR

IACCEPTOR

Uniline Commands-These commands are asserted by sel­
ting the associated bus line true. For example, to assert
REN (Remote Enable), the REN line would beset low
(true).

Multiline Commands-General bus commands which are
sent over the data lines with the ATN line true.

DATA
TRANSFER

BEGINS

DATA
TRANSFER

ENDS

Device-dependent Commands-Commands whose mean­
ings depend on the device in question. These commands
are transmitted via the data lines while ATN is false.

Figure 0-2. IEEE Handshake Sequence

Table 0-1. IEEE-488 Bus Command Summary

State of
Command Type Command ATN Line" Comments
Uniline REN (Remote Enable) X Sets up devices for remote oJ1eration.

EOI - X Marks end of transmission.
\FC (Interface Clear) X Clears Interface.
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.

Multiline
Universal LW (Local Lockout) Low Locks out local operation.

DCL (Device Clear) Low Returns device to default. conditions.
SPE (Serial Enable) Low Enables serial polling.
SPD Serial Poll Disable) Low Disables serial polling.

Addressed SDC (selective Device Clear) Low Returns unit to default conditions.
GTL (Go To Local) Low Returns device to local.
GET (Group Execute Trigger) Low Triggers device for reading.

Unaddressed UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.

Device-dependent High Programs Model 196 for various modes.

"Don't Care.

0·3
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APPENDIX 0

Uniline Commands

The five uniline commands include REN, EO!, IFC, ATN,
and SRQ. Each command is associated with a dedicated
bus line, which is set low to assert the command in
question.

REN (Remote Enable)-REN is asserted by the controller
to set up instruments on the bus for remote operation.
When REN is true, devices will be removed from the local
mode. Depending on device configuration, all front panel
controls except the LOCAL button (if the device is so
equipped) may be locked out when REN is true. General­
ly, REN should be asserted before attempting to program
instruments over the bus.

EOI (End or Identify)-EOI may be asserted either by the
controller or by external devices to identify the last byte.
in a multi-byte transfer sequence, allowing data words of
various lengths to be transmitted.

IFC Gnterface Clear)-IFC is asserted by the controller to
clear the interface and return all devices to the talker and
listener idle states.

.ATN (Attention)-The controller asserts ATN while sen­
ding addresses or multiline commands.

SRQ (Service Request)-SRQ is asserted by a device on
the bus when it requires service from the controller..

Universal Multiline Commands

Universal multiline commands are those commands that
required no addressing as part of the command sequence.
All devices equipped to implement these commands will
do so simultaneously when the commands are transmit­
ted. As with all multiline commands, these commands are
transmitted with fUN true.

LW (Local Lockout)-LLO is sent to instruments to lock
out front panel or local operation of the instrument.

DCL (Device Clear)-DCL is used to return instruments
to some default state. Usually, devices return to their
power-up conditions.

SPE (Serial Poll Enable)-SPE is the first step in the serial
polling sequence, which is used to determine which device
on the bus is requesting service.

0-4

SPD (Serial Poll Disable)-SPD is used by the controller
to remove all devices on the bus from the serial poll mode
and is generally the last command in the serial polling
sequence.

Addressed Multiline Commands

Addressed multiline commands are those commands that
must be preceded by an appropriate listen address before
the instrument will respond to the command in question.
Note that only the addressed device will respond to the
command. Both the command and the address preceding
it are sent with ATN true.

SDC (Selective Device Clear)-The SDC command per­
forms essentially the same function as DCL except that on­
ly the addressed device responds. Generally, instruments
return to their power-up default conditions when respon­
ding to SDC.

GTL (Go To Local)-GTL is used to remove instruments
from the remote mode and place them in local. With many
instruments, GTL may also restore operation of front panel
controls if previously locked out.

GET (Group Execute 'frigger)-GET is used to trigger
devices to perform a specific action that will depend on
device configuration (for example, perform a measurement
sequence). Although GET is an addressed command,
many devices may respond to GET without addressing.

Address Commands

Addressed commands include two primary command
groups, and a secondary address group. ATN is true when
these commands are asserted. These commands include:

LAG (Listen Address Group)-These listen commands are
derived from an instrument's primary address and are
used to address devices to listen. The actual command byte
is obtained by ORing the primary address with $20.

TAG (Talk Address Group)-The talk commands are de­
rived from the primary address by ORing the address with
$40. Talk commands are used to address devices to talk.

SCG (Secondary Command Group)-Commands in this
group provide additional addressing capabilities. Many
devices (including the Model 196) do not use these
commands.
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Unaddress Commands

The two unaddress commands are used by the controller
to remove any talkers or listeners from the bus. AIN is true
when these commands are asserted.

UNL (Unlisten)-Listeners are placed in the listener idle
state by UNL.

UNT (Untalk)-Any previously commanded talkers will
be placed in the talker idle state by UNT.

Device-Dependent Commands

The purpose of device-dependent commands will depend
on instrument configuration. Generally, these commands

APPENDIX D

are sent as one or more ASCII characters that command
the device to perform a specific action. For example, the
command string ROX is used to control the measurement
range of the Model 196.

The IEEE-488 bus treats these commands as data in that­
AIN is false when the commands are transmitted.

Command Codes

Command codes for the various commands that use the
data lines are summarized in Figure 0-3. Hexadecimal and
and decimal values for the various commands are listed
in Table 0-2.

0·5
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X .. oom CARE
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Table 0-2. Hexadecimal and Decimal Command
Codes

-
Command Hex Value Decimal Value

GTL 01 1
SDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
SGC 60-7F 96-127
UNL 3F 63
UNT SF 95

Typical Command Sequences

For the various multiline commands, a specific bus se­
quence must take place to properly send the command.
In particular, the correct listen address must be sent to the
instrument before it will respond to addressed commands.
Table D-3 lists a typical bus sequence for sendIng an ad­
dressed multiline command. In this instance, the SDC
command is being sent to the instrument. UNL is generally
sent as part of the sequence to ensure that no other active
listeners are present. Note that ATN is true for both the
listen command and the SDC command byte itself.

Table 0-3. Typical Addressed Command Sequence

. --,- -~

Data Bus
Step Command ATN State ASCII Hex Decimal

1 UNL Set low ? 3F 63
2 LAG* Stays low

,
T7 39

3 SDC Stays low EOT 04 4
4 Returns high

*Assumes primary address = 7.

Thble D-4 gives a typical device-dependent command se­
quence. In this instance, ATN is true while the instrument
is being addressed, but it is set high while sendIng the
device-dependent command string.

APPENDIX D

Table 0-4. Typical Device-Dependent Command
Sequence

Data Bus

Step Command ATN State ASCII Hex Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low

,
27 39

3 Data Set high R 52 82
4 Data Stays high 0 30 48
5 Data Stays high X 58 88

*Assumes primary address = 7.

IEEE Command Groups

Command groups supported by the Model 196 are listed
in Table D-5. Device-dependent commands are not includ­
ed in this list.

Table 0·5. IEEE Command Group

HANDSHAKE COMMAND GROUP
DAC=DATA ACCEPTED
RFD=READY FOR DATA
DAV=DATA VALID

UNIVERSAL COMMAND GROUP
ATN=ATIENTION
DCL=DEVICE CLEAR
IFC=lNTERFACE CLEAR
LLO=LOCAL LOCKOUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL POLL ENABLE

ADDRESS COMMAND GROUN
USTEN: LAG=USTEN ADDRESS GROUP

MLA=MY LISTEN ADDRESS
UNL=UNLISTEN

TALK: TAG=TALK ADDRESS GROUP
MTA=MY TALK ADDRESS
UNT=UNTALK
OTA=OTHER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND GROUP.
GET=GROUP EXECUTE TRIGGER
GTL=GO TO LOCAL
SDC=SELECTIVE CLEAR

STATUS COMMAND GROUP
RQS=REQUEST SERVICE
SRQ=SERIAL POLL REQUEST
STB=STATUS BYTE
EOI=BND

D-7/D-8
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Device-Dependent Command Summary

Mode Command Description
Execute X Execute other device-dependent commands.
Function FO DC volts

Fl AC volts
F2 Ohms
F3 DC current
F4 AC current
F5 ACVdB
F6 ACAdB
F7 Offset-compensated ohms

Range
Offset

Compensated
DCV ACV DCA ACA Ohms AcY dB ACA dB Ohms

RO Auto Auto Auto Auto Auto Auto Auto Auto
R1 300mV 300mV 300 ~A 300~ 300ll Auto Auto Auto
R2 3 V 3 V 3mA 3mA 3kll Auto Auto 3k II
R3 30 V 30mV 30mA 30mA 30kll Aulo Auto 30kll
R4 300 V 300 V 300mA 300mA 300 kll Auto Auto 30kll
R5 300 V300 V 3 A 3 A 3Mll Auto Auto 30kll
R6 300 V 300 V 3 A 3 A 30Mll Auto Auto 30 kll
R7 300 V 300 V 3 A 3 A 300Mll Auto Auto 30kll

Zero ZO Zero disabled
Zl Zero enabled
Z2 Zero enabled using a zero value (V)

Filter PO Filter disabled
Pn Filter on with a value of n (n=1 to 99)

Rate Resolution

Offset
Compensated

DCV ACV DCA ACA OHMS ACV dB ACA dB Ohms

50 3'kd 3Y,d 3'kd 3'kd 3'kd(Rl-R4) SV,d SV,d SY,d
SV,d(R5-R7)

51 4V,d 4
'
hd 4'kd 4V,d 4V,d(Rl-R4) SY,d SV,d SV,d

SV,d(R5-R7
52 S'kd S'kd S'kd 5'kd S'kd 5

'
M 5'kd 5V,d

53 6V,d SY,d 5'kd SY,d 6V,d(Rl-R6) 5V,d 5V,d 6Y,d
SV,d(R7)

Integration period: 3'hd=31Spsec, 4Y2d=2.59msec,
5'hd and 6'hd=Une cycle

Trigger Mode 10 Continuous on Talk
T1 One-shot on Thlk
T2 Continuous on GET
1'3 One-shot on GET
T4 Continuous on X
T5 One-shot on X
T6 Continuous on External Trigger
T7 One-shot on External Trigger

Reading Mode BO Readings from AID converter
B1 Readingsfrom data store
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Device-Dependent Command Summary (Cont.)

Mode Command DescriDtion
Data Store Size IO Continuous data store mode

In Data store of n (n=1 to 500)
Data Store Interval QO One-shot into buffer

Qn n=interval in milliseconds (lrnsec to 999999rnsec)
Value V±nn.nnnn or Calibration value, zero value

V±n.nnnnnnE+n
Cah"bration CO Calibrate first point using value (V)

Cl Calibrate second point usine value (V)
Default Conditions LO Restore factory default conditions

L1 Store present machine states as default conditions
Data Format GO Reading with prefixes

Gl Reading without prefixes
G2 Buffer readings with prefixes and buffer locations
G3 Buffer readings without prefixes and with buffer locations
G4 Buffer readings with prefixes and without buffer locations
G5 Buffer readings without prefIXes and without buffer

locations
SRQ MO Disable

Ml Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
M16 Ready
M32 Error

EOI and Bus Hold-off I<D Enable EOI and bus hold-off on X
K1 Disable EOI, enable bus hold-off on X
K2 Enable EOI, disable bus hold-off on X
K3 Disable both EOI and bus hold-off on X

Terminator YO CRLF
Y1 LFCR
Y2 CR
Y3 LF

Status UO Send machine status word
U1 Send error conditions
U2 Send translator word.
U3 Send buffer size
U4 Send average reading in buffer
U5 Send lowest reading in buffer
U6 Send highest- reading in buffer
U7 Sene! current value
U8 Send input switch status (front/rear)

Auto/Cal Multiplex AO Auto/Cal Multiplex disabled
Al Auto/Cal Multiolex enabled

Delav Wn n=delav period in milliseconds, (Ornsec to 6oooornsec)
Self-test JO Test, ROM, RAM, E'PROM
Hit Button Hn Hit front panel button number n
Display Da Display up to 10 character message. a=character

D Cancel dlSplav mode
Internal Filter NO Internal exponential filter off

Nl Internal exponential filter on
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KEITHLEY

Service Form

_________Serial No.Model No.

Name arid Telephone No.

Company

Date _

List all control sellings, describe problem and check boxes that apply to problem. _

o Intennittent

o IEEE failure
o Front panel operational

Display or output (check one)

o Drifts
o Unstable
o Overload

o Analog output follows display

o Obvious problem or;~power-up

o All ranges or functions are bad

o Unabletozero---

o Will not readapplied input

o Particular range or function bad; specify

o Batteries and fuses are OK
o Checked all cables

o Calibration only 0 Certificate of calibration required

o Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-<!oors, etc.)

What power line voltage is uSed?- Ainbient temperature? oF

Relativehwnidity? Other? _

Any additional information. (If specia1 modificationS have been made by the user, please describe.)

Be sure to indlld~ your name and phone number on this service form.
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Looking for more information?
Visit us on the web at http://www.artisan-scientific.com for more information:
• Price Quotations • Drivers· Technical Specifications. Manuals and Documentation

Artisan Scientific is You~ Source for: Quality New and Certified-Used/Pre:-awned ECJuiflment
• Tens of Thousands of In-Stock Items
• Hundreds of Manufacturers Supported

• Fast Shipping and DelIve1y
• Leasing / Monthly Rentals

• Equipment Demos
• Consignment

Service Center Repairs
Experienced Engineers and Technicians on staff in our
State-of-the-art Full-Service In-House Service Center Facility

InstraView Remote Inspection
Remotely inspect equipment before purchasing with our
Innovative InstraView-website at http://www.instraview.com

We bUy used equipment! We also offer credit for Buy-Backs and Trade-Ins
Sell your excess. underutilized. and idle used equipment. Contact one of our Customer Service Representatives todayl

Talk to a live person: 88EM38-S0URCE fB88-887-68721 I Contact us by email: sales@artisan-scientific.com I Visit our website: http://www.artisan-scientific.com




