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WARRANTY

Keithley Instruments, Inc. warrants this product to be {ree from defects in material and workmanship for a period of 1 year from date of
shipment.

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

Puring the warranty peried, we will, at our option, cither repair or replace any product that proves to be defective.”

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 wriften 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 Tromi northal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, 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. =~ 77~ o

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDI-
RECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING QUT 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 SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL
AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

TR TR G T LY

The following safety precautions should be observed before
using this product and any associated instrumentation. Al-
though some instruments and accessories would normaily be
used with non-hazardous voltages, there are situations 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
information 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
fixtiires. 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 poss;ble
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 infernal 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 mpable of with-
standing the voltage being measured.

‘use of a lid interlock.

- Do not exceed the maximum signal levels of the instruments

and accessories, as defined in the specifications and operating
information, and as shown on the instrument 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 swifching cards directly to AC
main. When connecting sources fo switching 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.

I you are using a test fixture, keep the lid closed while power
is applied to the device under test. Safe operation requires the

Ha @ screw is present on the test fixture, connect itfo 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 terminais. 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 performing any maintenance, disconnect the
line cord and all test cables.



SPECIFICATIONS

. ) 1
DC VOETS ACCURACY TEMPERATURE
(6%: Digits) +{%rdg + counts) COEFFICIENT
] INPUT 24 Hr 90 Days, 1 Year, £ (%rdg +counts)/°C T
RANGE RESOLUTION _ RESISTANCE 23° £1°C_ | 18°-28°C . 18°28°C °-18° & 28°-50°C
300 mV 100 nV >1 G0 0.0020 + 2°  0.005 + 20° 0.008 + 20° ~ 0.0006 + 10
3V 1,V >1.G0 00013 + 10 0.003 + 20 0.0038 + 20 0.0004 + 1
30V 10 gV 11 MD 0.0015 + 10 . 0.006 + 20 0008 + 30 0.0013 + 3
30 V 100 xV 10.1 M0 0003 + 120 0.009 + 20 ° 0.009 + 30 0.0013 + 1

*For 5%-digit accuracy, divide count error by 10. For 4%-digit accuracy, count error is 5 (except 15 on 300mV range). For 3%-digit
agcuracy, count error is 5.

ZRelative to calibration standards.

*When properly zeroed.

ANALOG SETTLING TIME: <1ms (<2ms on 300mV range), to 0.01% LINEARITY: Linearity is defined as the maximum deviation from a straight

of step change. line between the readings at zero and full range: 10ppm of range for
CMRR: >120dB at dc, 50Hz or 60Hz (£0.05%) with 1k in either lead. ~ “3V-300V ranges; 15ppm of range for 300mV range; at 23°C +1°C.
. . - . MAXIMUM ALLOWABLE INPUT: , & k, whi i
NMRR: >60dB at 50Hz or 60Hz (£0.05%). o iy 300V xms, 423V peak, whichever is
TRMS AC VOLTS o B © ACCURACY'
(5% Digits) +(%rdg + counts) 1 Year, 18°-28°C - Lo e
RANGE  RESOLUTION 20Hz-50Hz® 50Hz-200Hz®  200Hz-10kHz> 10kHz- 201&1: zOkHz—mokan .
300 mV 1 uv 2 10 0.3 + 100 0.15 + 100 0.4 + 200 2.0 + 300
3 Vv 10 pv 2 4 100 0.3 + 100 015 + 100 0.3 + 200 15 + 200
0 v 100 pv 2 + 100 0.3 + 100 0.15 + 104 04 + 200 15 + 300
. LINNAY 1mV 2+ 100 . 03+ 100 0.15 + 100 0.4 + 200 1.5 + 300

"Bor 4%-digit accuracy, divide count errox by 10. For 3%-digit accu:acy, count error is 5. In 34~ and 4%4-digit modes, specsfxcatmns
apply for inputs >200Hz. N -
For sinewave inputs >2,000 counts. . ___ o D
*For sinewave inputs >20,000 counts. ; ) o
RESPONSE: True root mean square, ac coupled. TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
CREST FACTOR (ratio of peak to rms): Up to 3:1 allowable, < #£{0.1 x applicable accuracy specification)/°C below 20kHz,

NONSINUSOIDAL INPUTS: For fundamental frequencies < 1kHz, crest £(0.2x) for 20xHz to J00KFz.
factor <3, add 0.25% of reading to specified accuracy for 300mV and CMRR: >60dB at 50z or 60Hz (£0.05%) with 11‘9 in either lead.

3V ranges; add 0.6% of reading to specified accuracy for 30V and 300V dB (Ref. = 1V): ACCURACY :dB
ranges. 1 Year, 18°-28°C
INPUT IMPEDANCE: 1M shunted by <120pF. MIN"U:; — 20Hz20kHz ~ 20kHz-100kHz . RESQLUTION
; - &
3dB BANDWIDTH: 300kHz typical. (20mV to 300V) 0.2 - 0.4 0.01 dB
MAXIMUM ALLOWABLE INPUT: 300V rms, 425V peak, 107 V'Hz, 54 to =34 dB
hichever is less. o "
w 2mV to 20mV) 1.1 3 0.01dB
SETTLING TIME: 1 second to within 0.1% of change in reading. “Fypical.
OHMS ACCURACY? TEMPERATURE
(6% Digits) %(%rdg +counts) COEFFICIENT
- NOMINAL 24 Hr° 90 Days, | ___ 1Year, = 1(%rdg + counis)/°C
RANGE  RESOLUTION  T-5HORT 33° $1°C 18°-26°C T T 18%280C T T 0°418° & 28°-50°C
3 o 100 0 1.7 mA 0.0025 + 20° 0,008 + 20° 0.010 + 20°_ 0001 + 7
3 1* 1m2 17 mA 0.0025 + 20 0008 + 20 0007 + 20 0.00L + 1
30 ko? 10 mQ 180 pA 0.005 + 20 0005 + 20 0.007 + 20 0.001 + 1
300 ko 100 m@2 50 pA 0.006 + 20 - 0,020 + 20 . 0.021 + 20 0.004 + 1
3IMQ 1 0 5 pA 0.007 + 20 0.020 + 20 0.021 + 20 0.004 + 1
30 Mg 10 Q 0.5 pA 0.06 + 350 01 o+ 30 .01 +50 0.030 + 1
300 Ma* 1 ko 0.5 pA 20 _+ 5 20 + 5 20 + 58 030 +1

Far 5Y-digit accuracy, divide count errar by 10. For 4%-digit aceuracy, count error is 5 (except 15 on 3009 range). For 3‘!’2 -digit
Jecuracy, count errer is 5,
24 wire accuracy, 3000-30kQ ranges.
:’When properly 2eroed.
“Resolution on 300M@ range is limited to 5% digits.
SRelative to calibration standards,
CONFIGURATION: Automatic 2- or &-wire. Qffset compensation available QPEN CIRCUIT VOLTAGE: 5.5V maximum.
on 3000-30kQ ranges, requires proper zeroing. Allowable compensation LINEARITY: Lirtearity is defined as the maxdmum deviation from a straight
of +10mV on 3000 range and +100mV on 3k{t and 30k{} ranges. line between the readings at zero and full range: 20ppm of range for
MAX. ALLOWABLE INPUT: 300V rms, 425V peak, whichever is less. . 3000-30kQ ranges, at 23°C +£1°C. .



DC AMPS

Do LAy, e ?ﬂfﬁ’cﬁﬁi”‘”‘;&:@?ie
RANGE . RESOLUTION 1 Year, 18°-28°C BURDEN Contin CA RtE Mm:l ™ OND o Trivsered vi
- - - o ontinuous into rgger in ered via
30 b Jna 009+ 20 oy loternal Butfer  Yntornal Bofrer | TEERA58 Bus
30 mA 100 nA 0.05 + 10 04V RESO- MUX: MUX: MUX:
303 mj: 12.' ﬁ g.gg + %g gsg LUTION Off On Qff On = Of  On
14%;-digit count error Is 20, 3%-digit count error b, L | FaDgt 100 1000 z7 80 112 58
s 41 Digit 333 333 145 63 91 49
MAXIMUM ALLOWABLE INPUT: 34, 250V, . S%-Digit  35(29) 9.5 4033 93 /R 975
OVERLOAD PROTECTION: 3A fuse (250V), accessible from rear panel tS’/z-ngxt2 9 {7.5) 0.3 (0.25) 0.3 {0.25)
TEMPERATURE COEFFICIENT {0°-18°C & 28°50°C): o
<#{0.1 x applicable accuracy specification)/°C. LT OHMS READINGS’ SECOND e
- Continuous intoe  External Trigger into Triggered via
TRMS AC AMPS ACCURACY! MAXIMUM Internal Buffer Internal Buffer IEEE-488 Bus
(5%: Digits) 1 Year, 18°-28°C “VOLTAGE RESO- T MUK ’ MUX: L OMOX:
RANGE  RESOLUTION  20Hz-f5Hr  45Hz-10kHz ~ BUKDEN ~ T IDTION  Off on T Off On  Off  On
300 pA 1nA 2 + 100 0.9 + 100 0.4V I%-Digit 53 25 57 25 37 23
Jm o Am o BB BB W sem e w5 om »  »
300 mA 13A "2+ 100 0.6 + 100 05V _S%-Digit  16(13) 95(75) 18(15) 95(75) 15(125) 95(7.3)
3.A 10 p&s 2+ 100 0.6 + 100 2V .. | 6:-Digit? 9 (7.5) 0.3.(0.25) 0.3 (0.25)

! For sinewave inputs >2000 counts. For 4Y-digit accuracy, divide count error by
10. For 3%:-digit accuracy, count error is 5. In 3%- and 4%2-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 %5 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: 34, 250V.
OVERLOAD PROTECTION: 3A fuse (250V) accessible from rear panel.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
<+ (0.1 x applicable accuracy specification)/*C.

dB (Ref. = ImA): ACCURACY +dB
1 Year, 18°-28°C

Offset Compensated Ohms: Rates are 0.5x normal mux on chms rates.

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

*Internal filter on.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT, UNL,

- SPE, SPD. e

UNILINE COMMANDS IFC REN, EOQI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, Té, TEC, L4, LEO, SR1, RL1, PF0,
DC1, DT1, CO, EL.

PROGRAMMABLE PARAMETERS: Range, Function, Zero, Integration
Period, Filter, EOI, Trigger; Terminator, Delay, 500-Reading Storage,
Calibration, Display, Multiplex, Status, Service Request, Self Test,
Output Format, TRANSLATOR,

INPUT 20Hz-10kHz RESOLUTION
—34 10 +69 dB
(2044 to 3A) 0.2 0.01 dB
—54110 —34 dB »
(A to 20uA) 0.9 0.01 dB
GENERAL

RANGING: Manual or autoranging.

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

ZERO: Control subtracts on-scale value from subsequent readings or aIlows
value to be programmed.

CONNECTORS: Analog: Switch selectable front or rear, safety jacks.
Digital: TRIGGER input and VOLTMETER COMPLETE output on rear
panel, BNCs.

WARMUP: 2 hours to rated accuracy.

DISPLAY: 10, 9.5-in. alphanumeric LED digits with decimal point and
polarity. Function and JEEE-488 bus status also indicated.

ISOLATION: Input Lo to [EEE Lo or pawer line ground: 500V peak. 5.x 1(*
max. V-Hz product. >10°Q paralleled by 400pF.

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

BENCH READING RATE: 5 readings/second (2/second on BOMQ and
300MQ ranges).

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

OPERATING ENVIRONMENT: 0°-50°C, 0%-80% relative humidity up
10 35°C; linearly derate 3% RH/°C, 35°C-50°C (0%-60% RH up to 28°C
on 300MQ range}.

STORAGE ENVIRONMENT: -25° to +65°C.

. POWER: 105-125V or 210-250V, rear panel switch selected, 50Hz or 60Hz,

T30VA max. 90-110V and 180-220V versions available upon request.

DIMENSIONS, WEIGHT: 127mm high x 216mm wide X 359mm deep
(6 in. x 8% in. x 1£4Y% in.}. Netwexght37kg(8ﬁss) ’

" ACCESSORIES AVAILABLE:

Model 1019A-1: 5%-in. Single Fixed Rack Mounting Kit
. Model 1019A-2: 5%-in. Dual Fixed Rack Mounting Kit

Model 1019S-1: 5%-in. Single Slide Rack Mounting Kit

Model 10195-2: 5%-in. Dual Slide Rack Mounting Kit

Model 1651:  50-Ampere Shunt

Model 1681:  Clip-On Test Lead Set _
Model 1682A: RF Probe .

Model 1685: ©  Clamp-On Current Probe
Model 1751: General Purpose Test Leads
Model 1754: Universal Test Lead Kit
Model 5806:  Kelvin Clip Leads

Model 7007-1: Shielded IEEE-488 Cable, 1m
Model 7007-2: Shielded IEEE-488 Cable, 2m
Mode] 7008-3: IEEE-488 Cable, 3 ft. (0.9m)
Model 7008-6: IEEE-488 Cable, 6 . (1.8m)

Prices and specifications subject to change without notice.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Keithley Model 196 System DMM is a five function
autoranging digital multimeter. At 6% digit resolution, the

LED display can display +3,030,000 counts. The range of
this analog-to-digital (A/D) converter is greater than the nor-
mal +1,999,999-count A/D converter used in many 6% 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 100nV to 300V.

2. Resistance measurements from 100pQ to 300MDQ. _
3. TRMS AC voltage measurements from 14V to 300V.
4. DC current measurements from InA to 3A.

5. TRMS AC current measurements from InA to 3A.

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

1.2 FEATURES

Some important Model 196 features include: T

¢ 10 Character Alphanumeric Display—Easy to read 14-seg-
ment LEDs used for readings and front panel messages.

* High Speed Measurement Rate—I000 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 accessibIe
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 instrument
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.

1.3 WARRANTY INFORMATION

Warranty information may be found on the inside front
cover of this manual. Should it become necessary to exer-
cise the warranty, contact your Kelthley representatxve 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 A symbol on the instrument denotes that the user
should refer tothe operating instructions in this manual.

The Mn the instrument denotes that a potential of
300V or more may be present on the terminal(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 precedmg
the Table of Contents of this manual.,
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1.7 INSPECTION

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

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.

1.8 USING THE MODEL 196 MANUAL

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

® 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 the front panel controls and programs, making con-
nections and basic measuring techniques for each of the
available measuring functions.

* Section 3 contains the information necessary to connect
the Model 196 to the IEEE-488 bus and program operating
modes and functions from a controller.

® Section 4 contains performance verification procedures
for the instrument. This information will be helpful if you
wish to verify that the instrument is operating in com-
pliance with its stated specifications.

* Section 5 contains a description of operating theory.
Analog, digital, power supply, and IEEE-488 mterface
operation is included. -

* Section 6 contains information for servicing the instru-
ment. This section includes information on fuse replace-
meni, line volitage selection, calibration and
troubleshooting.

® Section 7 contains replaceable parts information.

1.9 GETTING STARTED

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

1. Plug the line cord into the rear dpanel power jack and
plug the other end of the cord 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

1. Connect safety shrouded test leads to the front panel
VOLTS 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.

Using Front Panel Programs

Program selection is accomplished by pressing the PRGM
button followed by the button(s} that corresponds to the
program number or name. For example, to select Program
31 (IEEE), press the PRGM button and then the 3 and 1
buttons. Table 27 lists and briefly describes the available
front panel programs. Orice a Frog’rami 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 can be modified using the data buttons (0 through
9 and +).

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




GENERAL INFORMATION

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 bution.

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
10194 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 10195 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 0.0012 11% 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 Clamp-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 current flow.

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

Model 1754 Universal Test Lead Kit—The Model 1754 is a
12 piece test lead kit, with interchangeable plug-in ac-
cessories, Included in the kit is one set of test leads (1-red,
I-black), two spade lugs, two standard banana plugs, two
phone tips (0.06 DIA.), two hooks and miniature alligator
clips (with boots).

Model 5804 Test Lead Set—The Model 5804, used for
4-terminal measurements, includes: two test probes with
spring-loaded plunger clip adapters to fit test probes, two
spring-loaded plunger test clips with in-line banana jacks,
and four solid copper alligator clips with insulator boots.

Model 5805 Kelvin Probes—The Model 5805 includes two
spring-loaded Kelvin test probes (one red, one black), with
48-inch banana plug cable assemblies. A set of eight re-
placement contacts for the Model 5805 Kelvin test probes
s also available (Keithley P/IN CS-551).

Model 5806 Kelvin Clip Lead Set—The Model 5806 includes
‘two Kelvin clip test lead assemblies with banana plug ter-

- mination (one red, one black). A set of eight replacement

rubber bands for the Model 5806 is also available (Keithley
P/N GA-22).

Model 7007 IEEE-488 Shielded Cables—The Model 7007 con-
nects the Model 196 to the IEEE-488 bus using shielded
cables to reduce electromagnetic interference (EMI). The
Model 70071 is one meter in length and has a EMI shield-
ed IEEE-488 connector at'each end. The Model 70072 is
identical to the Model 70071, but is two meters in length.

Model 7008 IEEE-488 Cables—The Model 7008 connects the

- Model 196 to the ITEEE-488 bus. The Model 7008-3 is 0.9m

(3 ft.) in length and has a standard IEEE-488 connector at
each end. The Model 7008-6 cable is identical to the Model
7008-3, but-is 1.8m (6 ft.} in length. _

. Model 8573A TEEE-488 Interface—The Model 8573A is an
. IEBE-488 standard interface designed to interface the [BM
PC or XT computers to Keithley instrumentation over the
IEEE-488 bus. The interface system contains two distinc-
tive parts: an interface board containing logic to perform
the necessary hardware functions and the handler software
(supplied on disk) to perform the required control func-
tions. These two important facets of the Model 8573A join
together to give the IBM advanced capabilities over
IEEE-488 interfaceable instrumentation.

1-3/1-4



SECTION 2
BASIC DMM OPERATION

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 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 210V-250V 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. If the line frequency setting of the instrument
needs to be checked and/or 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 pane] 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.

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.

- 2.2.2 Power Up Sequence

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. Upon power
up, the instrument will do a number of tests on itself. Tests
are performed on memory {(ROM, RAM and E*PROM). If
RAM or ROM fails, the instrument will Jock up. If EEPROM
FAILS, the message “UNCAL" will be displayed. See para-
graph 6.7.2 for a complete description of the power up self
test and recommendations to resolve faflures.

2.2.3 Default Conditions

Default conditions can be defined as setup conditions that
the instrument will return to when a particular feature or
command is asserfed. 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 Tables 2-1 and 37 (focated 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 running Program 37 (Reset). To 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 L( over the IEEE-488
bus is equivalent to running Program 37 (Reset) and then
Program 30 (Save).
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Table 2-1. Factory Default Conditions

Control/Feature Default Condition

Function DCV

Range 300V

Resolution (Program 2) 6% Digits

Zero Disabled

Zero Value (Program ZERO) 000.0000

dB Disabled

dB Reference Value 1.000000

(Program dB)

Filter Disabled

Filter Value (Program FII'TER) 10

MX+B Status (Program 4) Disabled

MX+B Parameters (Program 34) M=1.00000C. ...
B=000.0000

Mulh lexer (Program 6) ~ Enabled

:’PASS (Program 5) Disabled

HIILO Limits (Program 35) +3.030000,
-3.030000 ...

Ohms Compensation (Program () Disabled

NOTE: The Model 196 is initially set for an IEEE address.
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 “UNCAL" error will set the IEEE address to 7
and the line frequency to 60Hz.

2.3 FRONT PANEL FAMILIARIZATION

The {ront panel layout of the Model 196 is shown in Figure
2-1. The following p aphs 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. mV) 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
AUTQ indicator light will be on.

Modifier Indicators--When the zero feature is enabled, the
ZERQ 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 27 for detailed information on front panel
programs.

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 0111 and off are marked on the front panel by the POWER
switc

. 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 2.64 for DCV
measurements.
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Figure 2-1. Model 196 Front Panel

ACV-The ACV button places the instrument in the AC volts
measurement mode. The secondary function of this but-
ton is to enter the number 0. See paragraph 2.67 for ACV
measurements.

(-The @ 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.

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}.

AUTO-The AUTO 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 AUTO but-
ton or one of the manual range buttons. The secondary
function of this button is to enter the number 6.

E] MODIFIER 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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FILTER—The FILTER bution turns on the FILTER indicator
and causes the instrument to start weighted averaging (1
to 1/99) the readings. The factory default weighted average
is 1/10, but may be changed using the FILTER program (see
paragraph 2.7.16). See paragraph 2.6.3 for filter operation.
Selecting the FILTER TErogi'am is one of the secondary func-
tions of this button. The other secondary function is to enter
the number 8.

dB—The dB button places the instrument in the dB
measurement mode and may be used with the ACV and
ACA functions. Under factory defauli conditions, measure-
ments are referenced to IV or ImA. However, the dB pro-
gram may be used to change the reference level. The secon-

dary function of this button is to select the dB program and |
enter the number 9. See paragraph 2.6.9 for dB measure- .

ments.

CONTROL GROUP

PRGM—This button is used to enter the front panel pro-
gram mode. : S e ]

ENTER—This button is used to enter program parameters.

This button will also trigger a reading when the instrument—

is in a one-shot trigger mode.

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

the LOCAL button will be inoperative, See Section 3 for
information on operating the instrumentover the IJEEE-488
bus.

2.3.3 input Terminals [D}

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.

VOLTS OHMS HI and LO—The VOITS OHMS HI and LO
terminals are used for making DC volts, AC volts and two-
wire resistance measurements.

AMPS and LO—The AMPS and LO terminals are used for
making DC current and AC current measurements.

OHMS SENSE HI and LO—The OHMS SENSE HI and LO
terminals are used with the VOLTS OHMS HI and LO ter-
minals to make four-wire resistance measurements.

2.3.4 Calibration Enable Switch [E]

Calibration of the Model 196 can only be done if the CAL
ENABLE switch is in the enable position. See paragraph
64 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

LINE VOLTAGE—This switch matches the instrument
to the available line voltage. See paragraph 6.2 for the pro-
cedure to set this switch.

INPUF-The INPUT switch connects the instrument
to either the front panel input terminals or the rear panel
input terminals. This switch operates in same manner as
the power switch. The front panel input terminals 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

@ 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.

Input Terminals—The rear panel input terminals per-
form the same functions as the front panel input terminals.
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.

[ZIEXTERNAL TRIGGER Input—This BNC connector is
used to apply pulses to trigger the Model 196 to take one
or more readings, depending on the selected irigger mode.

e

ADDRESS ENTEHED WITH
FRONT PANEL PROGRAM 31
\, Os0-1i0v
gi0s-125v

) [k T
Zipd«853E0288s l_m
IEEE 488 INTERFACE 37

- LINE VOLTAGE
SELECTED

|

VOLTS e e e

OHMS WARNING: A
NO INTERNAL OPERATOR SERVICEABLE
PARTS, SERVICE 8Y QUALIFIED
PERSONNEL ONLY. DISCONNECT UME

2 CORD AND INPUTS BEFORE SERVICING.
FOR CONTWNUED PROTECTION AGAINST
FIRE HAZARD, REPLACE FUSE WITH
THE SAME TYPE AND RATING.

KEITHLEY

HADE I US.A.

LNE RATING
%0=680Hz AC ONLY
JOVA MAX

WNPA198-280v

LY

Figure 2-2. Model 196 Rear Panel
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@ VOLTMETER COMPLETE Output—This BNC output

corinector provides a TTL-compatible negative-going pulse
when the Model 196 has completed a reading. It is useful
for triggering other instrumentation. ,

2.4.3. Fuses

@ 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.

. B| CURRENT FUSE—The 3A current fuse provides 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 Explaniiiu'nﬁw B

UNCAL E?*PROM failure on power up. See
paragraph 6.7.2.

Invalid entry while frying to select
program. '
Qverrange-Decimal point position
and mnemonics define function
and range (3kQ range shown). The
number of characters in the
“OVERFLO” message defines the
display resolution (6%d resolution
showny).

Trigger received while still pro-.
cessing reading from last trigger.
Selectmg dB with instrument not
in ACV or ACA.

Pressing a range button while in
ACV dB or ACA dB.

196 in invalid state (i.e. dB func-
tion), when entering calibration

NO PROGRAM
QVERFLQ KQ

TRIG-ERROR
AC ONLY
NO RANGE
CONFLICT

program.

2.6 BASIC MEASUREMENTS

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

High Energy Circuit Safety Precautions

To optimize safety when measuring voltage in high energy
distribution circuits, read and use the duecnons 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:

e Test 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.

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 mstalled connect-
disconnect device.

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

@

WARNING
The maximum common-mode input voltage (the
voltage hetween input LO and chassis ground)
" is 500V peak. Exceeding this value may create
shock hazard.

2-6
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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 represent the dif-
ference between the applied signal level and 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 10V baseline can be established on DCV, a 5V
baseline can be established on ACV and a 10k 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 1V is established
as the baseline on the 3V range, then the baseline will also
be 1V 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 4%:d resolution, counts would
be reduced by a factor of 100 and 3%d resolution
would reduce counts by a factor of 1000.

By design, the dynamic measurement range of the Model
196, at 6%-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 (3030000 counts and -—3030000
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 1+3.03V is con-
nected to the input.

Example 1-The instrument is set to the 3V DC range and
a maximum —3.030000V is established as the zero value,
When -—3.030000V is connected to the input of the Model
196, the display will read 0.000000V. When +3.030000V is
connected to the input, the display will read +6060000V.
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 +3.030000V is the zero level. When
+3.030000V is connected to the input of the Model 196, the
display will read 0.000000V. When —3.030000V 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 3002 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 ZERQ indicator will turn off.
2. Select the 300mV DC or the 3008 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: At 5% and 6%--digit resolution, low level measure-
ment techniques need to be employed. Use Kelvin test
leads or shielded test leads. See paragraph 2.6.5 for low
level measurement considerations.
Press the ZERO button. The display will read zero.
5, Remove the short and connect the test leads to the signal
or resistance to be measured.
Note: Test lead resistance is also compensated for when
- zeroing the 3002 range with the above procedure.

L

Bageline Levels—Baseline values can be established by
either applying baseline levels to the instrument or by set-
ting baseline values with the front panel ZERQ 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 of the
Model 196 and note that level on the display.
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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 ZERQ,
replacing the previous zero value.

WARNING
With ZERO enabled, a hazardous voliage
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 Pro-
gram ZERQ, Baselines established on other functions are
not affected.

2. To store a new baseline on a selected function, zero mutst
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 ZERQ, 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 presséd to enable zero, the
ZERQ 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 filters; 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 Mode! 196 utilizes a digital filter to at-
tenuate excess noise present on input signals. This filter
is a weighted average type.

The factory default filter weighting is 1/10, but can be
changed to a weighting from 1 {1/1) 1o 1/99 with the use
of the FILTER 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 filter value can be set for any or all measurement func-
tions and is remembered by each function. For example,

- a filter value of 20 can be set for DCV and a filter value of

55 can be set for 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

. of anoisy 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
filter:

1. If it is desired to check and/or change the filter value,
utilize Program FILTER as explained in paragraph 2.7.16.

2. Press the FILTER button, The FITTER indicator will furn
on.

Notes: _

1. When the filter is enabled, rea&fngs will be filtered before
being displayed. See Digital Filter Theory.
2. Pressing the FIITER button a second time will disable

- the filter.

3. After a reading is triggered (continuous or one-shot), the
FILTER indicator light will blink for three time constants.
A time constant is measured in readmgs 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%2d 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 FIITER indicator to blink
for one time constant.

Digital Filter Theory—The mathematical representation of
the weighted average digital filter is as follows:

(new reading _AVG(t—'l)j U
AVG(-1) +

AVG(t) = :
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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 filter is
of the form:

step response = 1-Ki*!
Where,

"K” is a constant based on the filter weighting factor

1
K=1-{_
(F)

n” is the reading number.

The step occurs when n=0. n=1 is the first reading after
the step, n=2 is the second reading, etc.

Therefore:

1 n¥l
step response = 1- (1— —-)
F

)

Five readings after the step occurs, the display will be at
=47% of the step change. After 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 displayed
average. As long as new readings are within this window,
the displayed value is based on the weighted average equa-
ton. If a new reading is outside of this window, the

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 6%d resolution, 1000 counts for
51%d, 100 counts for 4%d and 10 counts for 3%d.

Internal Filter—In addition to the front panel digital filter,
an internal running average digital filter is used when mak-

ing high resclution and high sensmv;ty measurements. The
enableidxsable 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 5%
or 6%-digit resolution mode.

Notes:

1. The front panel FILTER 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. Three 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 +300V. 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.
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4. Connect the signal to be measured to the selected input  Thus, an e, of 0.635zV would be displayed at 6%d resolu-

terminals as shown in Figure 2-3.
5. Take the reading from the display.

== [ L o

—— VOLTAGE

| T SOURCE

MODEL 196

CAUTION:
MAXIMUM INPUT

INPUT RESISTANCE

u

300V RMS, 425V PEAK

300aV, 3V: > 160
30V; 1IMA
300V; 10.IMN

18

Figure 2-3. DC Voltage Measurements

2.6.5 Low-Level Measurement Considerations

Accuracy Considerations—For sensitive measurements,
other external considerations besides the Model 196 will
- affect the accuracy. Effects not noticeable when working
with higher voltages are significant in nanovolt and
microvolt signals. The Model 196 reads only the signal
received at its input; therefore, it is important that this
signal be properly transmitted from the source. The follow-

ing paragraphs indicate factors which affect accuracy, noise, - -1.

source resistance, thermal emfs and stray pick-up.

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

For high impedance sources, the generated noise can

become significant when using the most sensitive range

(300mV, 6%d) 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
IMQ. At a room temperature of 20°C, the p—p noise voltage
generated over a bandwidth of 1Hz will be:

e, = 635 x W VR x §
= 635 x 107 V(1 x 10%) (1)
e, = 0.635xV

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.

W’Shj'eldmg—AC voltages which are ‘éxtfemeiyularg'e" com- 'A

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 LO (particularly for Iow-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.

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.

Thermal EMFs—Thermal emfs (thermoelectric potentials)
are generated by thermal differences between the junction
of dissimilar metals. These can be large compared to the
signal which the Model 196 can measure. Thermal emfs can
cause the following problems:

Instability or zero offset is much higher than expected.
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 and 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

" minimizing air currents.
5. The ZERO control can be used to null out constant off-
- set voltages.
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2.6.6 Resistance Measurements

The Model 196 can make resistance measurements from
100422 to 300MQ. 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. If 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 3008,
3k and 30k ranges, it is recommended that 4-terminal
measurements be made to eliminate errors caused by the
voltage drop across the test leads 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—Offset-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 10mV
on the 3000 range and up to 100mV on the other ranges
can be corrected with offset-compensation. This feature can
be used for both 2-terminal and 4-terminal resistance
‘measurements up to 30k2. Offset-compensation is selected
through front panel Program (2 (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 resistanice measurement of the device.
In general, this consists of sourcing a current thrmiﬁh
the device, and measuring the voltage drop across the
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,

especially the 3000 range. After offset-compensation is
enabled, the Model 196 should be properly zerced.

To make resistance measurements, proceed as follows:

1. Select the ohms function by pressing the Q button.

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

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

4. Turn offset-compensation on or off as needed, using Pro-
gram {2,

NOTE
If offset-compensation is being used, the 3002,
3k and 30k 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
cagLe  (oTIONAL SHIELD
A
e/ L restsTance |
UNDER TEST |

MODEL 196

L —

Figure 2-4. Two-Terminal Resistance Measurements
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CPTIOMAL SHIELD

.. 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 3002 to 1kQ.

C.Reverse bias the diode by reversing the connections

— T _i on the diode. A good diode will overrange the display.
BRI | S RESISTANCE
MODEL 196 : I Table 2-3. Resistance Ranges
e e e _
Maximum TFest Lead
B 6l2d Nominal Resistance (2) for
Figure 2-5. Four-Terminal Resistance Measurements | -~2ng¢ |Resolution| F-Short | <1 Count Error (6%:d)
300 0] 100,02 | 17mA 1
) 3k Imi 1.7mA 3
_ 30ka| 10mg | 160pA 10
AC 300k2| 100mQ S50pA 30
..... . - VOLTAGE
AT SOURCE IMQ 1 Q 5pA 100
~ - 30MQ 10 Q 0.5pA 300 .
MODEL 136 300MR]  1k0* | 054 3K
CAUTION:

MAXIMUM INPUT =300V RMS, 425V PLAK, 107V-Hz
INPUT IMPEDANCE = IMfi SHUNTED BY <120pF

Figure 2-6. TRMS AC Voltage Measurement

Notes:

1. With ohms compensation active (Progam ), the & 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 100k to achieve
a stable reading. Place the resistance in a shielded
enclosure and electrically connect the shield to the LO
input terminal of the instrument.

4. Diode Test—The 3k{ range can be used to test diodes as
follows:

A. Select the 3k{2 range. =

*5%d resolution only
NOTE: Typical open circuit voltage is 5V.

'73.6.7 TRMS AC Voltage Measurements

The instrument can make TRMS AC voltage measurements
from 14V to 300V. 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 vo]tage or use
autorange.

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

“NOTE
There is a small amount of offset (typically 150 .
counts at 5%z2d) present when using the ACV func-
~ tion. Do not zero this level out. 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.

5. Take the reading from the display.
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Clarifications of TRMS ACV Specifications:
Maximum Allowable Input—The féllowing graph sum-

marizes the maximum input based on the 10VeHz
specification.

MAXIMUM INPUT TRMS AC YOLTS
300 *
wn
—
-Ql 200
= N
¥ P
w W\.\
E 100
z
b4 "4 2 -4 k4 M N XX
T 8 ¢ B8 3 R8RS
FREQUENCY-Hz

Settling Time—1isec to within 0.1% of change in reading.
This time specification is for analog circuitry to settle and
does not include A/D conversion time.

Notes:

1. See paragraph 2.6.10 for TRMS measurement consider-

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.

2.6.8 Current Measurements (DC or TRMS AC)

The Model 196 can make DC or TRMS AC current measuze-
ments from InA (at 5%d resolution) to 3A. Use the follow-
ing procedure to make current measurements.

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 27.

5. Take the reading from the display.

CURRENT

MODEL 196
CAUTION: MAXIMUM CONTINUOUS INPUT= 3A

Figure 2-7. Current Measurements

2.6.9 dB Measurements

The dB measurement mode makes it possible 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
20 log ( ‘ )
Vn_f
Iln
20 log ( )
Tof

dB

]

dB

it
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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 1V reference. The instrument will read 0dB when
1V is applied to the input. The 1V reference is the factory
default reference. With ACA dB selected, the factory default
reference is ImA. The instrument will read 0dB when TmA
is applied to the input.

Reference levels other than 1V and ImA can be established.
There are two methods that can be used to establish a dB
reference. One method is to use the zero featuve. This
simply consists of applying a signal to the instrument and
pressing the ZERO button. That suppressed level is the dB
reference (0dB 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, 1o the input of the Model 196.

2. Press the ZERO button. The ZERO indicator will turn
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 102V to 9.99999V. The
recommended programmable current reference range is
from 10nA to 9.99999mA. Paragraph 2.7.17 contains the in-
formation needed for using the dB program.

AC dB Measurements—Perform the followmg 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 andfor change the dB reference as previously
explained.

4. Connect the signal to be measured to the input of the
Model 196.

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 (+40V 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 ImW 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 0dBm, V,,, = vImW & Z,,

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

For 0dBm, V., = ~OOOIW » 6000
_ : LI
= JH56V

Once the necessary voltage reference is known, it can be
established in the Model 196 with the dB program. Subse- .
quent dBm readings will be referenced to the correspond- -

impedance reference. Table 2-4 lists the voltage
r erences needed for some commonly used impedance
references.

dBW Measurements—dBW is defined as decibels above or
below a TW 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 dBm and dBW is the reference point; ImW vs TW.
The following equation can be used to calculate the voltage
reference:

For 0dBW, V,.,, = VIWeZ,,,
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Table 2-4. Corresponding Voltage Reference Levels
for Impedance References

Reference Reference Voltage
Impedance Level for:
Q) 0dBm 0dBW
8 0.08%4 2.828
50 0.2236
75 0.2739
150 03873 .. . C e
300 0.5477
600 0.7746
1000 1.0000
V.s for 0dBm = V 10-WeZg.r
V,,f fOr 0dBW = ¥ 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, measuremenis made

with an averaging type meter can be grossly inaccurate.

Because of its TRMS measuring capabilities, the Model 196
provides accurate AC measurements for a wide variety of
AC input waveforms. T

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
=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 10V. 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,

resulting is no error in the average-type meter reading.

The situation changes with the half-wave rectified sine

" wave. As before, the peak value of the waveform is 10V,

but the average value drops to 3.18V. The RMS value of
this waveform is 5V, but the average responding meter
will givea reading of 3.53V (3.18 x 1.11), creating an error

of 29.4%.

A similar situation exists for the rectified square wave,
which has an average value of 5V and an RMS value of 5.0V.
The average responding meter gives a TRMS reading of
555V (5 x 1.11), while the Model 196 gives a TRMS reading
of 5V. Other waveform comparisons can be found in Table
2-5. oo :

AC Voltage Offset—The Model 196, at 5%d resolution, will
typically display 150 counts of offset on AC volts with the
input shorted. This offset is caused by the offset of the
TRMS 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 (V. is added
to the signal input (V..):

Displayed reading = vV (V.)> + (Voge)®

BExample: Range = 2VAC
Offset = 150 counts (1.5mV)
Input = 200mV RMS

Display reading = v (200mV)* + (1.50V)?

V004V + (2.25 x 10°V)
200005V -

The offset is seen as the last digit which is not displayed
at5%d 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 28 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

maximumn 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

10 e

]

Ac Coupled
Ac Coupled Average TRMS Averaging
Peak RMS Responding Meter Meter

Waveform Value Value | MeterReading { Reading Percent Error
Sine . S L 10V 707V 7.07v 707V 0%

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

+10 cn g m e = - -

YAWNA

Full-Wave Rectified Sine 10V 707V 707V 7.07v 0%

FA= = -

LY

Square 10V 10.00V 1110V 10.00v 11%

+10-— E‘—-- :

o

Rectified Square Wave 10V 5.00V 5.55V 5.00v 11%

+ 10— —-—

0
Rectangular Pulse 0V |10V ed|  1L1Ven | 10V o4 (L1147 -1) X 100%
+10 -ﬁr-f——-th- -
=
T): "DUTY CYCLE"

Triangular Sawtooth 10V 577V 5.55V 577V 3.8%
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2.6.11 dB Applications

Measuring Circuit Gmn([nss—Any point in a circuit can
be established as the 0dB 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 pomt 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 0dB.

4. Gain/loss measurements can now be made referenced
to the 0dB point. '

Measuring Bandwidth—The Model 196 can be used to
determine the bandwidth of an amplifier 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 Mode! 196 to the load of the amplifier.

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 0dB 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 —3.00dB. 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 amplifiers that exceed

the bandwidth of the Model 196.

Determining Q—The Q of a 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

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

of each program.

mode. .

37 (Reset) Returns 196 to factory default -
conditions.

Q Recall status, enable/disable

offset compensation.
ZERO Recall/modify zero value.
-| FILTER Recall/medify filter value,

dB Recall/modify dB reference

value.

Table 2-6. Front Panel Programs

Program Descriptidn

0 (Menu) Display software level and list
- | available front panel
programs.

Change display resolution
(3%2d, 4%d, 5%d or 6%d).

2 (Resolution)

4 (MX+B) Enable MX+B program.

5 (HI/LO/Pass) Enable/disable HI/LO/Pass
program.

6 (Mux) Recall status, enable/disable
multiplexer.

30 (Save) Save cuurent instrument set

up.
Recall/modify IEEE address.
Recall/modify line frequency
setting (50/60Hz).

Enter self-test program.
Recall/modify MX+B program
values.

Recall/modify HI/LO limits.
Enter digital calibration

31 (IEFE Address)
32 (Line Frequency)

33 (Self Test) .
34 (MX+B Parameters)

35 (HI/LO Limits)
36 (Calibration)

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
through 9. 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-
cant digit. 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 these 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:

L. Press the PRGM button. The followmg 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 B1, the following message
will be displayed:

SOFTREV B1
3. Use the manual Range buttons to scroll through the front

panel programs. The A range button scrolls forward
while the ¥ 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 27 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:

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% digits
of resolution, the following message will be displayed:

6% d

4. If an altered resolution is desired, use the manual Range
buttons to display the resolution. The ¥ Range button
decreases resolution, while the A 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| Range Resolution
DCV | All 3%d, 4%d, 5%d, 6%d
ACYV | Al 3%d, 4%d, 5%d
Q 3000, 3kQ, 30kQ, | 3%d, 4%d, 5%d, 6%d
300kQ
3MQ, 30MQ 5%d, 6%d
300M1Q 5%d
DCA | Al 3%d, 4%d, 5%d
ACA | A 3%d, 4%d, 5%d

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) tothe 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~
fion: Y=MX+B.

Notes:

1. The MX+B feature 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 be swit-
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 19.00000V with the
instrument on the 30V range and 190. OOOOV w1th the in-
strument on the 3000000V range.

4. An example of readings that will be obtained when

MX+B is enabled is shown in Table 2-8. Each of the ob-..

tained values for Y assumes the following constants:
M=+1.5; B=15.

Table 2-8. Example MX + B Readings

196 Range Normal MX + B*
and Function | Reading (X) Reading (Y)
30vDC 8.00000VDC 1700000VDC .
30vDC —5.00000VDC | —2.50000VDC
30VAC 6.30000VAC 14.45000VAC
30k 4.00000kQ 11.00000k<2

*where M = 415 and B = +5.

2.7.4 Program 5 (HI/LO/Pass)

~ Program 5 is used to enable the HI/LO/PASS program. With

this program, the Model 196 will indicate whether or not
a specific reading falls within a prescribed range. The fac-
tory default LO 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 LO message for overrange readings and
the PASS message for on-range readings. The HI and LO
limits can be set to any on-range value with Program 35
(HI/LO Limits).

This feature is espedially useful for component evaluation,
where certain component tolerances must be observed.
Once the limits are programmed into the instrument, the
operafor 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
Prograrm 35.

* 3. Press the PRGM button. The following prompt will be

~ displayed: _
" PROGRAM ? |

4, Enter the number 5 by pressing the “5” button. The
following message will be displayed briefly:

HI LO PASS
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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:

LO

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 i

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 (Le.
function, range, etc.) of the instrument. '

Notes: o ) o L

1. Limits can be set using Program 35 with or without Pro-__

gram 5 enabled. _

2. User selectable values of L and 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/LO/PASS is enabled. Note however, that the value of
L and H are scaled according to the range in use.

3. Pressing any of the front panel controls, except dB (unless ~

in AC), ENTER, and LOCAL, will disable the program
and select the feature asscciated with that button.

2.7.5 Program 6 (Multiplexer, Auto/Cal)

The multiplexer auto/cal routines may be defeated by run-
ning Program 6. Using the Model 196 with the auto zero/cal
defeated increases measurement speed and is useful for
making high impedance DC voltage measurements which
can be affected by the input multiplexing. Perform the
following steps to run this program: T

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

PROGRAM ?

2. Enter the number 6 by pressing the “6” button. The cuzr-
rent multiplexer status will then be displayed. For exam-
ple, if the multiplexer is on, the following message wilt
be displayed: S o T

MUX ON

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

MUX OFF

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 autofcal 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.

2.7.6 Program 30 (Save)

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.

The following instrument operating parameters are saved
by this program: '

Function

Range

Resolution

Zero status (on/off) and value

Filter status {on/off) and valne

ACdB status (on/off) and reference value
“JEEE address

Line frequency setting

MX+B status (on/off) and values

HI/LO limits

Ohms compensation status {onfoff)

Perform the following procedure to use the save program:
1. Set up the instrument as desired orfrtirn 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

SAVE
4. The following message will then be displayed:
ENTER ?

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

ENTERED

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

Notes:

1. 7o exit the program without changing the previous

default conditions, press any front panel button except
the ENTER buiton. The instrument will retrn 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-___._ e -
R .- 2,7.8 Program 32 (Line Frequency)

tions using Program 30. -
3. When using this program, make sure that the restof the
instrument is in the desired operating state.

2.7.7 Program 31 (IEEE Address)

Program 31 allows the user to check and/or modify the ad-
dress of the JEEE-488 interface. The interface can be set to
any %ﬂsaddress from 0 to 30. Detailed information on
the {EE] 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:

PROGRAM ?

2. Enter the number 31 by pressing the “3” and “1” but-
tons. The IEEE address value will be displayed. Exam-

ill 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.

Notes:

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 address 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 L0 sent
~_over the bus will not have any affect on the new default
address.
3. If the IEEE address is changed but not saved:
AC drec]i{lg power will return the instrument to the default
address, S '
B. Program 37 (Reset), or an SDC or DCL sent over the
bus will not have any affect on the current address.
C. Sending L0 over the bus will not change the current
IEEE address, and will save that address as the power
up default address.
4. An "UNCAL 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 setting of the instrument and
to select the alternate frequency. The instrument can be set
to either 50Hz or 60Hz. Perform the following steps to check
and/or change the line frequency setting of the Model 196.

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

PROGRAM ?

2. Enter the number 32 by pressing the “3” and “2” 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:

FREQ=60Hz

ple: If the current primary address of the instrument is o

7, the following message 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 alternmative line
frequency setting is needed, press one of the Range but-
tons. The display will toggle to the alternate frequency
setting 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 setting of the instru-
ment, select the desired setting using this program and
then Program 30 (or L1 over the IEEE bus} to save it. Cycl-
ing power, Program 37 (Reset), or an SDC, DCL or LO
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 SDC or DCL over the

bus will return the instrument to the default setting,.
B. Program 37 (Reset) will not have any affect on the cur:
rent setting,. -
C. Sending L0 over the bus will not change the current
line frequency setting, and will save that setting as
the default setting. _
3. An “UNCAL" error will default the IEEE address to 7 and
the line frequency setting to 60Hz. ,

2.7.9 Program 33 (Diagnostic)

Program 33 is a diagnostic program designed to switch on

various switching FET’s, relays and logic levels to allow sig-

nal tracing through the instrument. Also, tests on the dis-
play and memery 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 %ower up default value of M is
1.000000 and the value of B is 0000000. To check/change the
values of M and B, proceed as follows:

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

PROGRAM ?

~ to set HI and LO limits:

2. Enter the number 34 by pressing the “3” and “4” buttons.
The current value of M will now be displayed.’If the fac-
tory 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 yalue, do so

" -using the data buttons. Note that valid M values are in
the range of —9.999999 to +9.959999.

4. With a M value displayed, press the ENTER button.

5. The currént B value 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
s0 using the data keys. Note that the B value range is
from £0.0001x107* 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 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
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
HI/LO/PASS program (Program 5). The factory default
limits are +3030000 counts (HI limit) and —3030000 counts
(LO limit). The actual value of the limits is dependent on
the range. For example, the factory default HI limit on the
3V range is 3.030000V, while the factory default HI limit on
the 30V range is 30.30000V. Perform the following procedure
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1. Place the Model 196 in the function and range that the
HI/LO/PASS program (Program 5) will be used.

2. Press the PRGM button. The following prompt will be R

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 instrument was 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 LO limit displayed, press the ENTER
button. The current HI limit will be displayed. For ex-
ample, if the LO limit is the factory detg t 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 using

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 return to the previous
operating state.

Notes:

1. User selected limits will be stored in the Model 196 until

power is turned off (unless saved by Program 30). These

constants will be used whenever Program 5
(HI/LO/PASS) 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.

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
64.5 describes the basic steps for using this program, while
paragraphs 64.7 through 6.4.12 provide the complete 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 37. 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 button, 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.
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2.7.14 Program Q

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 30kQ. Additional information on ohms offset compen-
sation can be found in paragraph 2.6.6. Perforin the follow-
ing steps to use the ohms offset compensation program:

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

PROGRAM 7

2. Press the @ button. The current status of ohms compen-
sation will be displayed. For example, if compensation
is currently disabled, the following message will be
displayed:

COMP OFF - : e

ess one of the Range
e displayed as follows:

3. I the alternate status is desired,
buttons. The alternate status will

COMP ON

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
Q indicator light flashing.

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

Notes:

1. The @ indicator light reveals the status of ohms offset
compensation. With the ohms function selected, a
flashing © light indicates that compensation is enabled,
and conversely, a non-flashing 2 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.

2.7.15 Program ZERO

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

the ranges. Example: If 1V DC is set to the zero value of =
the 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 1V DC, but will be expressed as 01.00000 in the

program.

Perform the following procedure to implement Program

- ZERO.

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

PROGRAM ?

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:

0300000z

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.
K it is desired to have a different zero vatue displayed
on power up, modify the zero value using Program
ZERO followed by Program 30 to save it.

2.7.16 Program FILTER

Program FILTER allows the user to medify the weighting
of the digital filter. Valid filter vatues are from 1 to 99. More

méormauon concerning the filter can be found in paragraph
263

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

1. Select the desired function.

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

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

05 F

4.1f it is desired to retain the displayed filter value, pro-
ceed to step 5. If it is desired to modify the filtervalue,
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 FILTER 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 instrument 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 can be up
10 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 ImA, 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

10xV 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
1.000000V with the instrument in ACV and 1.000000mA.

with ACA selected. If it is desired, to have a different _

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

- 2.8 FRONT PANEL TRIGGERING

With the instrument propexly configured over the JEEE-488
bus, readings can be triggered from the front panel using
the ENTER 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 IEEE-488 bus
programming. Refer to Section 3, particularly

para hs 3.9.7 (Tnggermg) and 3.9.9 (Data Store)
for detags 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 ERTTER 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-shot 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
Eress of the ENTER button will store one reading in the

uffer. In the continuous trigger mode, the ENTEK 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 ENTER 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, send T6 (continuous on ex-

' ternal trigger) over the bus.
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3. Configure the storage interval and buffer size of the data
store by sending the appropriate Qn and T 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.

2.9 EXTERNAL TRIGGERING

The Model 196 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 ftriggered by other devices, while the
VOLTMETER COMPLETE QUTPUT connector allows the
instrument to trigger other devices. R

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.

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
readings while in either a continuous or one-shot mode
when the negative-going edge of the external trigger pulse
OCCurs,

TRIGGERS ON
LEADING EDGE

TTIL HIGH |
(2v-5v)
TTL LOW
(<0.8Y) (P Y—
MINTMUM

Figure 2-8. External Trigger Pulse Specifications

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 w:]]y probably be required to avoid im-
proper iriggering. :

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” (T6) 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.

2.9.2 Voltmeter Complete

The Model 196 has an available output pulse that can be
used to trigger other instrumentaton. A single TTL-
—compatible negative-going puise (see Figure 2-9) will ap-
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,

CAUTION
Do not exceed 30V between the VOLTMETER
COMPLETE common (outer ring) and chassis
ground or Instrument damage may occur.
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2. Select the desired function, range, trigger mode, and
other operating parameters, as desired.

3. In a continuous trigger mode, the instrument will out-
put pulses at the conversion rate; each pulse will occur
after the Model 196 has completed a conversion.

4. In a one-shot trigger mode, the Model 196 will cutput
a pulse once each time it is triggered.

READING BEGIN NEXT
DONE CONVERSION

i {

LS TTL HIGH
(3.4V TYPICAL)

LS TTL LOW
(0.25v TYPICAL)

rot— {Qpaa —m

MINIMUM

Figure 2-9. Voltmeter Complete Pulse
Specifications
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 Keithiey 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 connecting the triggering inputs of the two instruments

together, a complete automatic measurement sequence

could be performed. Data obtained from each measurement
point could be stored using the data store of the Mode} 196.

Once the Model 705 is programmed for its scan sequence,
the measurement procedure is set to begin. When 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 196 with the Model 705, proceed as
follows:

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

Figure 2-10. Use shielded cables with BNC connectors.
The Model 196 VOLTMETER COMPLETE OUTPUT jack
should be connected to the Model 705 EXTERNAL TRIG-
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 scanner and
the Model 196.

2. Place the Model 196 in “one-shot on external trigger” (T7)
as explained in paragraph 3.9.7.

3. Program the 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 Madel 705
Instruction Manual for details.

5. Begin the measurement sequence by pressing the Model

705 START/STOP 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.

( CHANNEL EXTE]I!NAL
READY TRIGGER

@ B
O 2 o O
O ° O

§ @@J

MODEL 705
2\ o|\o A
| ololo
O O
EXTERNAL VOLTHMETER
of Theer ot © O
= " )

MODEL 196

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

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.

Additional IEEE-488 mformatlon is pr0v1ded in the follow-
ing appendices:

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

Appendix B—Programming information for using the IBM
PC/XT computer with the Model 8573A interface.

Appendix C—Sample programs using a variety of different

controllers with the Model 196.
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: Gives a
simple step-by-step procedure for gettmg on the bus
as quickly as possible.

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

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

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

36 Controller Programming: Demonstrates simple

programming techniques for a typical [EEE-488
controller.

31

37 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.
38 General Bus Command Programming: Outlines
‘ methods for sending general bus commands to the
instrument.

3.9 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.

3.10

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

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 IEEE488
operation and programming.

Step 1: Connect Your Model 196 to the Controlier

With power off, connect the Model 196 to the [EEE-488 in-
terface of the controller using a standard interface cable.
Some 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-
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ter), must be the same as the primary address specified
in the controller’s programming language, or you will not

be able to program instrument operating modes and ob-
tain data over the bus. Keep in mind that each device on START

the bus must have a different primary address.
The primary address of your Model 196 is set to 7 at the PILNA CREF. HUGNTIET
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.
PROGRAM

More detailed information on primary address selection is , OPERATING
located in paragraph 3.5. MODES
Step 3: Write Your Program REQUEST DATA

, , , , , FROM 196
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. The programming
example below follows this general sequence. This program DISPLAY DATA
will allow you to type in command strings to program the
instrument and display data on the computer CRT.

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.

END
PROGRAMT

PROGRAM COMMENTS

18 REMOTE vay Send remote enable.

28 DISF ¢ fCOMMAMD? * ; Prompt for command
string.

28 INPUT C# ~ Input the command string.

48 QUTPLUT 7E7; C# Send command string to
196 o - . .

J2 ENTER 70175 A% Get a reading from the Figure 3-1. Typical Program Flow Chart
instrument.

&8 DISF af Display the reading.

78 GOTO 28 Repeat.

S EWD

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. T

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

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

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

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 string 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 (O would indicate an
overflow),
DCV shows the function in effect (in this case, DCV)
—1.234567 is the mantissa of the reading data,
E+0 represents the exponent.

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

Mode Command Descriftioﬁ_ ~ . w
Exécute X Execute other device-dependent commands.
Function FO DC volis

F1 AC volts

2 Ohms

F3 DC current

|2 AC current

F5 ACV dB

Fé ACA dB

F7 Offset compensated ohms _ .
Range Offset Compensated

DCV AV DCA ACA Ohms ACVdB ACAdB Ohms
RO Auto Auto Auto  Auto Auto Auto Auto Auto
R1 300mV 300mV 300uxA 300pA 300 Q Auto Auto 300 @
R2 3V 3V 3mA 3mA 3 kD Auto Auto 3k
R3 30 V 30 V 30mA 30mA 30kD Auto Auto 30 kD
R4 300 V 300 V 300mA 300mA 300 k0 Auto Auto 30 kQ
R5 300 V30V 3 A 3 A 3MQ Auto Auto 30 k@
R6 300 V300 V 3 A 3 A 30MQ Auto Auto 30 k2
R7 300 v300V 3 A 3 A 300M2  Auto Auto 30 k@
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3.3 BUS CONNECTIONS

The 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. Cuwrrent 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.

o T2
o

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.

INSTRUMENT INSTRUMENT

INSTRUMENT

CONTROLLER

Figure 3-3. IEEE-488 Connections

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 IEFE-488 connector on the instrument.

. 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.
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ADDRESS ENTERED WITH
FRONT PANEL PROGRAM 31

Figure 3-4. IEEE-488 Connector Location

NOTE
The IEEE-488 bus is limited to a maxdmum 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 Table 3-2 and Figure 3-5. Table 3-2 lists the contact
assignments for the bus, and Figure 3-5 shows the contact
configuration. '

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

CONTACT 12 —'\‘ [—CONTACT t
Q@ ©)
CONTACT 24—/ \-——CONTACT 13

Figure 3-5. Contact Assignments

Table 3-2. IEEE Contact Designation

Contact | IEEE-488
Number | Designation Type
1 DIO1 Data
2 DIO2 Data
3 DIO3 Data
4 DIO4 Data
5 EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IEC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground
3 DIOS Data
14 DICs6 Data
15 DIO7 Data
16 DIOS 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

*Numbers in parentheses refer to signal ground return
of referenced contact number. EOl and REN signal
lines return on contact 24.

3.4 INTERFACE FUNCTION CODES

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 manual.

-- 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 TEEE-488 connector. The codes define Model 196
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)—AH1 defines the ability of the
Model 196 to properly handshake the bus when it is ac-
ting as an acceptor of data or commands.

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.

3-5
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L (Listener)—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.

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. o

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

DC (Device Clear)—The DC function defines the ability of
the Model 196 to be cleared (initialized). '

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

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

TE (Extended Talker)--The Model 196 does not have extend-
ed talker capabilities.

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

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

drivers.

Table 3-3. Moadel 196 Interface Function Codes

Code | Interface Function

SH1 | Source Handshake capability

AH1 | Acceptor Handshake capability

T6 Talker (Basic talker, Serial poll, Unaddressed
to talk on LAG)

L4 Listener (Basic listener, Unaddressed to listen
on TAG)

SR1 | Service Request capability

RL1 | Remote/Local capability

PP0 | No Parallel Poll capability

DC1. { Device Clear capability

DI1 | Device Trigger capability

C0 | No Controller capability

El Open Collector Bus Drivers

TEC | No Extended Talker capabilities

LEC | No Extended Listener capabilities -

3.5 PRIMARY ADDRESS SELECTION

The Model 196 must receive a listen 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.

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.

To check the presently programmed primary address, or
to change to a new one, proceed as follows:

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:

07 IE

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 fo 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 conirollers are available, each of
which has itsown programming language. In this section,
we will discuss the programming language for the Hewlett-
Packard HP-85.
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NOTE
Programming information for using the IBM PC/XT
equipped with a Model 8573A TEEE-488 interface
is contained in Appendix B.

3.6.1 Controller Handler Software

Befare a specific controller can be used over the IEEE-488
bus, it must have TEEE-488 handler software installed. With
some controllers like the HP-85, the software is located in
an optional I'O ROM, and no software instailation 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 IEEE-488 con-
trollers may not support all IEEE-488 functions. With some,
interface progranmuning 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.

Some of the statements have two forms, with the exact con-
figuration depending on the command to be sent over tha
bus. For example, CLEAR 7 sends a DCL command over
the bus, while CLEAR 707 sends the SDC command to a

device with a primary address of 7.

Table 3-4. BASIC Statements Necessary to Send

Bus Commands

HP-85 Statement

Action

Transmit string to device 7. OUTPUT ¥87;: 8%
Obtain string from device 7. | ENTER 787: af
Send GTL to device 7. LOCal 7o7
Send SDC to device 7. CLE&R 7RV
Send DCL to all devices. CLEAR 7

Send remote enable. REMOTE ¥
Cancel remote enable. Lacal 7

Serial poll device 7. SPOLL <787
Send Local Lockout. Local LocKouT
Send GET to device. TRIGGER 787
Send IEC. ARORTIOT

3.7 FRONT PANEL ASPECTS OF IEEE-488
OPERATION

The following paragraphs discuss aspects of the front panel
that are part of IEEE-488 operation, including front panel
error messages, [EEE-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 IEEE-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.
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Table 3-5. Front Panel |IEEE-488 Messages

Message Description

NO REMOTE | Instrument programmed with REN
false.

Dlegal Device-dependent Command
Nliegal Device-dependent Command
Option

Instrument triggered while it is still
processing a previous trigger.
Instrument cannot store readings at
programmed interval. Readings will
be stored as fast as the instrument
can run.

Programmed display message ex-
ceeds 10 characters. -
Calibration command sent with
calibration switch in the disable
position.

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

IDDC
IDDCO

TRIG ERROR
SHORT TIME

BIG STRING

CAL LOCKED

CONFLICT

Calibration—Calibration command is
ignored when instrument is in an in-

valid state (1 e. dB funcﬁon)

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

No Remote Error

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

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

HP-85 Programming Example—To demonstrate the NO

REMOTE error message, type in the following lines:

LocAL 7
CUTPUT vBV: s fRLK??

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

IDDC (Iflegal Device-Dependent Command) Error

An IDDC error occurs when the unit receives an invalid
command over the bus. For example, the command string
E1X includes an illegal command because the letter E is not
part of the instrument’s programuming language. When an
illegal command is received, the instrument will briefly
display the following error message:

IDDC

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 JDDC er-
ror, use the following statements:

REMOTE 787
QUTPUT FEvs s5E14Y

. Note that the IDDC error message is briefly displayed when

the second statement above is executed.

- IDDCO (Illegal Device-Dependent Command Option)

Error

Sending 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:

IDDCO

For example, the command Y9X has an'ﬂlegal option (9)
that is not partof the instrument’s programming language.
Thus, although the command (Y) itself is valid, the option
(9) is not, and the IDDCO 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 IDDCO er-
ror with the following statements:
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REMOTE @y
OUTRUT 787 oyay??

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

Trigger Overrun Error

A trigger overrun error occurs when the instrument receives
a trigger while still processing a reading from a previous
trigger. Note that orily 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 v@&v
QUTPUT P77 f s TER?
TRIGGER Fa7 & TRIGGER 7a7

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 10 characters. Blank
display digits used in the message count as 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 V&7
OUTPUT F@7s ¢ ¢ DHEWEARERYOLI?R® *

When END LINE is pressed the second time the big string

error will occur because the message is made up of 12
characters.

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
command). However, the instrument will continue to store
readings as fast as it-can run. The following message is
displayed bneﬂy 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:

REMOTE 7y
OUTPUT Pav: s ‘Q1AEF2TZR*
TRIGLER FET7

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 (Ims to 14ms) while the instrument is
in an invalid state, After sending a command string that -
contains the interval command (Q), the following message
is displayed briefly when a conflict error occurs:

CONFLICT

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 frying 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:

REMOTE V&7
DUTPUT ¥@7; ffR1F2Hr*

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 Ims (Q1) with the instrument in the chms
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-

TEEE-488 status of the instrument. Each of these indicators
is briefly described below.

STATUS INDICATORS

TLK RMT LSN

O O 0ad

LOCAL

CJ

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 MTA (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 tolisten, or with the IFC (Interface Clear) command.

REMOTE—The RMT indicator shows when the instrtument
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 turn on. When the instrument is in remote, ail
front panel keys except for the LOCAL key will be locked
out. When RMT is turned off, the instrument is in the local
mode.

LISTEN—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 Clear) over the bus.

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

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 turn off the RMT indicator and return
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 ¥ Goes into remote when next addressed.
IFC AEORTIOT Goes into talker and listener idle states.
LLO LOCaL LOCKOUT 7 Front panel controls locked out.
GTL LacaL 7y Cancel remote.
DCL CLEAR T Returns to default conditions.*
SpC CLEaAR 7ar Returns to default conditions.
GET TRIGGER 787 Triggers reading in T2 and T3 modes.
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3.8 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those comumands such as DCL
that have the same general purpose regardless of the in-
strument. Commands supported by the Model 196 are
summarized in Table 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 conl:roller
must perform the following sequence: S

1. 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:

REEMOTE 787

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 IFC command is sent by the controller to place the

Model 196 in the talker and listener idle states: The unit
will respond to the IFC command by cancelling front panel
TALK or LISTEN lights, if the instrument was previously
placed in one of those modes.

To send the IFC command, the controller need only set the
IFC line true for a minimum of 100usec.

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

REMOTE 7&7
ENTER 787 A$

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

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

AEORTIOT

Note that the TLK indicator turns off when the END LINE
key is pressed.

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 ATN 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 7a@v
LOCAL LOCEOUT 7

3-11
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After the second statement is executed, the LOCAL key will |

be locked out.

To cancel LLO, type in the following statement:

LOCAL ¥

When END LINE is pressed, control to the front panel will
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. - :
To serid GTL, the controller must perform the following

sequence:

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

The GTL comumand will not cancel LLO (local lockout) since

it does not set REN false,

HP-85 Programming Example—Place the instrument in the
remote mode with the following statement:

 REMOTE 7@7
Verify that the instrument is in remote.

Send GTL as follows:

LOCAL Fav

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

3.8.5 DCL (Device Clear)

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
réturn to either the factory default conditions listed in Tables
21 and 37 or to the user saved default conditions.

Table 3-7. Factory Default Conditions

Mode Status

Multiplex Al Enabled

Reading BO A/D converter

Function FO DC volts

Data Format GO Send prefix with reading
Self-Test 10 Clear

EOL Ko Enable EOI and bus hold-off on X
SRQ _ MO Disabled

Internal Digital Filter N1 Enabled

Filter PO Disabled

Data Store Interval Qo One-shot into buffer

Data Store Size 1 One reading

Range R4 300V

Rate S3 6%d, line cycle integration
Trigger Té Continuous on external trigger
Delay Wo No delay

Terminator Y0 CRLF

Zero Z0 _ | Disabled
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To send the DCL command, the controller must perform
the following steps:

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

Notes: . e

1. DCL will return the instrument to the default line fre-
quency setting.
2. DCL will not have any affect on the current IEEE add.ress

HP-85 Programming Example—Place the unit in an operat-
ing mode that is not a default condition. Now enter the
following statement into the HP-85 keyboard:

CLEAR 7

When the END LINE key is pressed, the instrument retums
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 must be individually address-
ed, the SDC command provides a method to clear only a
single, selected instrument instead of clearing all in-
struments simultaneously, as is the case with DCL. When
the Model 196 receives the SDC command, it will return
to either the factory default conditions listed in Tables 37
and 2-1 or to the user saved default conditions.

To transmit the SDC command, the controller must 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 bus.

Notes:

1. SDC will return the instrument to the default line fre-
quency setting.
2. SDC will not have any affect on the current IEEE address.

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

CLEAR 7&a¥

When the above statement is executed, the instrument
returns to the default configuration.

3.8.7 GET (Group Execute Trigger)

GET may be used to initiate a Model 196 measurement se-

- quence if the instrument is placed in the appropriate trig-

ger mode (see paragraph 3.9). Once triggered, the instru-
ment-will perform the measurement sequence in accord-

- ance with previously selected rate and sample parameters.

To send GET, the controller must perform the following
sequence:

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

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

REMOTE 7@y
QUTPUT var: fETaN??

Now trigger the measurement sequence by sending GET
with the following statement:

TRIGGER 7&7

When the END LINE key is pressed, the measurement se-
quence will be triggered.

3.8.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model 196
serial poll byte. The serial poll byte contains important in-

- formation about internal functons, as described in

paragraph 3.9.13. The serial polling sequence can also be
used by the controller to determine which instrument 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 coniroller then places the SPE {Serial Poll Enable)
command byte on the data bus. At this point;-all active
devices are in the serial poll enabled mode and waiting
to be addressed.
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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 places the SPD
(Serial Poll Disable) command byte on the data bus 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 SPOLL state-
ment automatically performs the sequence just-described.
To demonstrate serial polling, type in the following
statements:

FEMOTE 787
S=SPOLL (FE72
DIZF &

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. B

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 ASCII “F” followed by a number represent-

ing the function option. The IEEE-488 bus actually treats

these cornmands as data in that ATN is false when
mands are transmitted.

€ Com-

A number of comunands may be grouped together in one
string. A command strin%lis usually terminated with an
ASCII X" character, 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 character is received. If any errors
occur, the instrument will displagr appropriate front panel
error messages and generate an R(S if programmed to-do
s0.

Commands that affect instrument operation will trigger a
reading when the command is executed. These bus 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, LOX¥2X, which will
reset the instrument to factory default conditions 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:

FOXFSiIlgle command string.
FOKIPOROX—Multiple command string.

T6 X—Spaces are ignored.

Typical invalid comumand strings include:

EIX—Invalid command, as E is not one of the instrument
commands.

FI5X—Invalid command option because 15 is not an option
of the F command. -

If an illegal command (IDDC), illegal command option
(IDDCO), is sént, 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 Table 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 Iisten.
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

Mode Command | Description Paragraph
Execute X Execute other device-dependent commands. 391
Function: o DC volts 3.9.2
Fi1 AC volts
F2 Chms
F3 DC current-—
K4 AC current
F ACV dB
6 ACA dB
F7 Offset compensated ohms
Range 3.9.3
Offset
Compensated
DCV ACV DCA ACA  Ohms ACVdB ACAdBE  Ohms
RO Awto  Auto  Auto  Auto Auto Auto  Auto Auto
R1 300mV 300mV 300 pA 300 A 300 € Auto  Anto 300 0
R2 3V 3V 3mA 3mA 3k0 Auto  Auto 3k
R3 30 V 3oV 30mA 30mA 30 ke Auto Auto 30 k@
R4 300 V300 V300maA 300mA 300 ko Auto  Auto 30k
R5 300 V30 V 3 A 3 A amQ Auto Auto Dk
R6 300 V300 V 3 A 3 A 30MD Auto  Auto 30 k@
R7 300 V300 V 3 A 3 A 300MQ Auto  Auto 30 k0
Zero z0 Zero disabled 3.94
Z1 Zero enabled
z2 Zero enabled using a zero value (V)
Filter PO Filter disabled 3.95
Pn Filter on with a value of n {n=1 to 99)
Rate Resolution 3.96
QOffset
Compensated
DCV ACV DCA ACA OHMS ACV dB ACA dB Ohms
S0 3%d 3%d 3%d 3%d 3%dRIR4) 5%d  5%d 5144
5%d(R5-R7)
S1 4%5d  4%d 4%d 4%d L£LHARIRL) 5lhd 5%d 5%d
5%A(R5-R7
S2 5%d 5%d 5%d 5%d 5id 5%d  5%d Blad
S3 . 6%d 5%d 53%d  5¥%ad 6%JRIRE) 5%d 5iad 612d
5%4(R7)
Integration period: 3%2d=318psec, 4%2d=2.59msec,
5%d and 6%d=Line cycle
Trigger Mode T0 Continuous on Talk 397
Ti One-shot on Talk
T2 Continuous on GET
T3 One-shot on GET
T& Continuous on X
TS One-shot on X ' : -
Té Continuous on External Trigger
T7 One-shot on External Trigger
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Table 3-8. Device-Dependent Command Summary (Cont.)

Mode Command Descrigtion ‘ Paragraph
Reading Mode BO Readings from A/D converter 398
Bl Readings from data store
Data Store Size 10 Continuous data store mode 3.9.9
o In Data store of n (n=1 to 500) )
Data Store Interval Qo0 One-shot into buffer 3.9.9
Qn n=interval in milliseconds {Imsec to 999999msec)
Value Vann.nnnn or | Calibration value, zero value 3.9.10
V+n.nnnnnnE+n| o
Calibration C0 | Calibrate first point using value (V) 3.9.10
, 1 Calibrate second point using value (V)
Default Conditions Lo Restore factory default conditions and save (L1) 3.9.11
11 Save present machine states as default conditions
Data Format GO Reading with prefixes. ' 3912
G1 Reading without prefixes. o
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. . . L B : )
SRQ Mo Disable 3.913
M1 Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
Mi6 Ready
M32 Error
EQI and Bus Hold-off Ko Enable EQI and bus hold-off on X 3.9.14
K1 Disable EQI, enable bus hold-off on X
K2 Enable EQI, disable bus hold-off on X
3 Disable both EOI and bus hold-off on X
Terminator YO CRLF 3.915
Y1 IFCR
Y2 CR _.
Status uo Send machine status word 3.0.16
Ul Send error conditions
u2 Send translator word
[BK] Send buffer size
U4 Send average reading in buffer
U5 Send lowest reading in buffer
U6 Send highest reading in buffer
U7 Send current value
U8 Send input switch status (front/rear)
Multiplex AQ Auto/Cal multiplex disabled 3977
Al Auto/Cal multiplex enabled
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Table 3-8. Device-Dependent Command Summary (Cont.)

Mode Command-_ | Desc_ription o . ] .‘ Paragraph
Delay - B Wn n=delay period in milliseconds, (0msec to 60000msec) 3.9.18
Self-test . JO Test, ROM, RAM, EPROM 3.9.19
Hit Button Hn Hit front panel button number n , 3.9.20
Display Da Display up to 10 character message. a=character 3.9.21

D Cancel display mode
Exponential Filter NO Internal filter off 3.9.22

N1 Internal filter on

NOTE
REN must be true when sending device-dependent
comunands 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:

QUTPUT 7E7; AF

A$ in this case contains the ASCIT characters representing
the command string,. o

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 desirable 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 siring were valid.

HP-85 Programming Example—Enter the following state-
ments into the HP-85 keyboard: ST

REMOTE Y&v
QUTPUT FA7:* f8r?

When the END LINE key is pressed the second time, the

X character will be transmitted to the instrument. No mode

 changes will occur with this 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 up. The function

- may be programmed by sending one of the following

commands:

F0 = DC Volts

F1 = AC Volts

F2 = Ohms

F3 = DC Current

F4 = AC Current N
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:

REMOTE 7@7
AUTFUT 787 : 2 P FE8*?

When END LINE is pressed the second time, the instru-
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 command, and its options,

erform essentially the same functions as the front ganel
nge buttons. l%;nge command parameters and the

Z0 = Zero disabled.
Z1 = Zero enabled.
Z2 = Zero enabled using a zero value (V).

Sending Z1 has the same effect as pressing the ZERQO bui-

respective ranges for each measuring function are sum- _fon. Zero will enable, and the display will zero with the

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 command. ' ST

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:

FEMOTE vay
OUTPUIT 7&7; * "R "

When the END LINE key is pressed the second time, the
instrument cancels the autorange mode, and enters the R3
range instead. T

3.9.4 Zero (£)

Over the bus, the zero modifier can be conirolled 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.
trolled by sending one of the following zero commands over
the bus:

e zero modifier is con- - --

- input signal becoming the zero baseline level. The baseline

will be stored in Program ZEROQ.

The Z2 command is used when a zero value, using the V

“cominand, 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 ZERQ. For example, with 0.5V
on the intﬁut, sending the command strings V2XZ2X will
result with zero being enabled and the instrument reading
~15V (0.5 -2.0 = -15).

Sending the Z2 command without a V value established
is the same as sending the Z1 command. 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 will 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 following
statements into the HP-85 keyboard:

REMOTE 767
QUTPUT 7B7; 7 1N ?
OUTFUT 78757 * 228"

Table 3-9. Range Command Summary

Range
Offset Compensated
Command| DCV | ACV DCA ACA Ohms | ACVdB | ACA dB Ohms
RO Auto Auto Auto Auto Auto Auto Auto Auto
ki 300mV | 300V | 300 gA |300 A | 300 Q Auto Auto 300 @
R2 3 v 3V ImA 3mA 3k Auto Auto 3k
R3 30 V| 30 V| 30mA | 30mA 30 kO Auto Auto 30 k2
R4 300 V(300 V |300mA [300mA | 300 kQ Auto Auto 30 k2
R5 300 V300 V 3 A 3 A 3MQ Auto Auto 30 ke
Re6 300 V|300 V 3 A 3 A 30MQ Auto Anto 30 k2
R7 300 V|30 V 3 A 3 A | 300MQ Auto Auto 30 k@
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After the END LINE key is pressed the third time, the
ZEROQ 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: T

PO = Filter disabled.

Pn = Filter on with a value of n. Where n can be from 1
t0 99, ’ ST - .

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
FILTER, replacing the previous filter value.

2. Keep in mind that each function can have its own
unique filter value.

HP-85 Programming Example—With the front panel FILTER
indicator off, enter the following statements into the HP-85: .

REMOTE vYEF ST
OUTPUT FB7. * *P2OH"?

When the END LINE key is pressed the second, time, the
filte_r will turn on and have a filter value of 20.

3.9.6 Rate (S)

The rate command controls the integration period and the
usable resolution of the Model 196. Table 3-10 lists the usable
resolution on each function for the four S modes. The in-
tegration period is dependent on usable resolution as
follows:

3%d resolution = 318psec

4%d resolution = 2.5%msec

5%d resolution
6%d resolution

Line cycle*
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 196 for DCV at 6%d resolution.
Now enter the following statements into the HP-85:

REMOTE 787
OUTPUT FE7: *IS1K 2

When END LINE is pressed the second time, the 51 rate
will be selected.

Table 3-10. Rate Command Summary

" Resolution
Offset Compensated
Command | DCV { ACV |DCA | ACA | Ohms ACV dB| ACA dB Ohms
S0 3%d | 3%d 3%d 3%d | 3%2d(RI1-R4) 5%d 5%d 5%:d
5%d(R5-R7)
51 4%d | 4%d 4%2d 42d | 4%Rd4(R1L-R4) 5%d 524 5%d
5%d(R5-R7)
S2 5lad 5%d 5%d 5ted 5%d S%d 5%d 5%d
S3 6%d | 5%d 5%d 5%d | 6%2d(R1-R6) 5%d 5%d 6%2d
5%d(R7)
Integration period: 3%2d=318usec, 4%2d=2.59msec, 5%d and 6%d=Line cyde.
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3.9.7 Trigger Mode (T)

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 has eight
trigger comiands as follows:

T0 = Comtinuous on Talk

Tl = One-shot on Talk

T2 = Continuous on GET

T3 = One-shot on GET

T™ = Continttous on X

T5 = One-shot on X

T6 = Continuous on External Trigger

T7 = One-shot on External Trigger = = AU

The trigger modes are paired according to the type of
stimulus that is used to trigger the instrument. In the T0
and T} modes, triggering is performed by addressing the
Model 196 to talk. In the T2 and T3 modes, the IEEE-488
multiline GET command performs the trigger function. The
instrument execute (X) character provides the trigger
stimulus in the ™ and T5 modes. External trigger pulses
provide the trigger stimulus in the T6 and 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—Flace the instrument in the
one-shot on talk mode with the following statements:
REMOTE v@y
QUTRUT PBYV**TLK®?

Omne reading can now be triggered and the resulting data
obtained with the following statements:

ENTER 77 A%
DISF &%

In this example, the ENTER statement addresses the Model
196 to talk, at which point 2 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 (B)

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 A/D converter (normal DMM readings)

- or the buffer (data store). The reading mode commands are

as follows:

BO = A/D converter readings
Bl = Data Store readings

Ul;oﬁ power ui: or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition.

When in B0, normal A/D readings will be sent. In a con-
tinuous trigger mode, readings will be updated at the con-
version rate. The Bl 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 7&7
OUTFUT 787 * * BEx®
EMTER F87: &%
DISF A$

The second statement above sets the instrument to the A/D
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 conirolled 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:

Q0=0ne-shot into buffer.
Qn=Set storage interval in millisec (Imsec to 999999msec).

To use the data store in the one-shot mode (Q0), the in-
strument must be in a one-shot trigger mode (T1, T3, T5
or T7). In the QUT1 mode, one reading will be stored each
time the instrument is addressed to talk. In the Q0T3 mode,
each GET command will cause one reading to be stored.
In the QOT5 mode, each instrument execute character (X)
will cause a reading to be stored. Finally, in the QUI7 mode,
each external trigger pulse will cause a reading to be stored.
If the instrument is in a continuous trigger mode (10, T2,
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.

To store readmgs at a selected interval (Qn), the instrument
must be in a continuous trigger mode (T0, T2, ™, T6). When
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 fo 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.

10=Continuous storage mode. o
In=5et data store size to n (1 to 500)

In the continuous data storage mode (I0), 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,
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
. Table 3-11) in order to use the high speed data store
- capabilities. The high speed intervals are Imsec through

l4msec. The instrument display will blank while the in-
strument is storing readings at high speed. If 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-
ment cannot store readings at the programmed interval
rate. Instead, readings will be stored as fast as the in-
strument can run.

5. With S2 or S3 asserted, the fastest valid storage interval
(1) is 3lmsec 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 rim,

6. Either duxing or after the storage process, readings may
be recalled by using the Bl 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. -

“___ will be

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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PROGRAM

COMMENTS

16 DIM A% [25]

28 REMOUTE rar

38 QUTPUT 7a7;
FET2ZEAT 180K Y

48 TRIGGLER 767

5@ QUTPUT Fav;
EEEIGEYT?

&0 FOR I=1 TO 188

Send remote enable.
Set trigger mode, and
storage parameters.
Start storage process.
Set read mode to data
store.

Set counter for 100

loops.
78 ENTER 787 A% Get a reading.
88 DISP A% Display reading.
98 NEXT I Loop back for next
reading,
166 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).

3.9.10 Value (V) and Calibration (C)

~

_ In 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,

Digital Calibration—When performing digital calibration,
two points must be calibrated on each range. The first
calibration 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.

In order to send calibration values over the bus, the calibra-
tion command (C) must be sent after the value command
(V) is sent. The calibration comimand takes on the follow-
“ing form

CO=Calibrate first point using value (V)
Cl=Calibrate second point using value (V)

The following example first sends a calibration value of 3
and then a calibration of 0.

V3XCOX
VOXCI1X

One 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 calibra-
tion value over the bus.

The V command is also used to program a zero value (see
paragraph 3.94).

The value command may take on either of the following
forms:

Vnn.nnnon
Vi.nnnnnnE+n

Thus, the following two commands would be equivalent:
V30
V30E+1

If the calibration value is greater than 3030000 counts (at
6%d resolution) an IDDCO error message will be displayed
on the Model 196.

. CAUTION
Precision calibration signals must be connected
to the instrument before attempting calibration,
otherwise instrument accuracy will be aifected.
See Section 6 for complete details on calibrating
the instrument either from the front panel or over
the bus.

Table 3-11. High Speed Data Store

Data Store| Valid Reading | Valid “Valid | Valid Date
Interval Rates_ Functions | Ranges*| Store Size*
Q1, Q2 S0 FO, F1, F3, F4| RI-R7 11-1500
Q3-Q14 80,51 | FO, FL, F3, F4| RIRY 11-1500

*Data store size I0 (continuous) and R0 {autorange) cannot be used in

the high speed data store mode.
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3.9.11 Default Conditions (L)

The LO 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 Tables 37 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 LO command.

The L1 command is used to save the current instrument
conditions. The instrument will then power up to these
default conditions. '

Any of the options of the following device-dependent com-
mands can be saved as the default conditions:

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).

The L command options are as follows:

LO=Restore instrument to factory default conditions and
save (L1).

L1=Save present machine states as the default conditions.

Notes: _ -

1. Sending L1 is equivalent to running program SAVE.

Thus, the current IEEE address and line frequency set-
ting are saved by L1.
2. Sending L0 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. LO will not change the current IEEE address and Iine
frequency setting, and will save them as the 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:

- REMOTE vav
OUTPUT FBv:? FLLK??

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.

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 fur-
ther clarifies the general data format. The G commands are

‘as follows:

MANTISSA 6% DIGITS
! BUFFER LOCATION
FREFIX# l {Bl MDDE ONLY)
S#NONE=NO READINGS IN — .
DATA STORE NDCY %1234567 E * | ,BS00 CR LF
_ I_’_I | IR | 1
N=NORMAL _I
0=0VERFLOW L —TERMINATOR
Z=ZERDED BUFFER PREFIX
DCY=DC VOLTS - (st MODE ONLY)
ACY=AC VOLTS —EXPONENT
DHM=DHMS
DCO=0FFSET COMPENSATED OHMS
DCISDC AMPS
ACISAC AMPS
dBY=AC dB VOLTS i
dBI=AC dB AMPS

Figure 3-6. General Data Format
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GO = Send single reading with prefixes. Examples:
NDCV-1.234567E+0 (A/D reading)
NDCV-1.234567E+0,B001 (buffer reading)

Send single reading without prefixes. Examples:
-1.234567E+0 (A/D reading)

—1.234567E+0,001 (buffer reading)

Send all buffer readings, separated by commas, with
prefixes and buffer memory locations. Examples:
NDCV-1.234567E+0,B001, NDCV-1.765432E +
0,B002, etc...

Send all buffer readings, separated by commas,
without prefixes and with buffer memory locations.
Example: —1.234567E+0,001, —1.765432E+0,002, etc...

"Send all buffer readings, separated by commas, with
reading prefixes and without memory buffer loca-
tions. Example:
NDCV-1.234567E+0,NDCV—1.765432E+0,etc. ..
Send all buffer readings, separated by commas,
without reading prefixes and without buffer memory
locations. Example:
—1.234567E+0, ~1.765432E+0, etc...

Gl =

G2 =

G3

Upon power up or after the instrument receives a DCL or
SDC command, the Model 196 will return to the default
condition,

Notes:

1. The B command affects the source of the data. In the
B0 mode, the bus data will come from the A/D converter.
In the Bl mode, the data will come from the buffer.

. The Bl command must be asserted when using the G2
through G5 modes.

. Programmed terminator and EOI sequences appear at
the end of each reading in the GO and G1 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 B0 (data from A/D). .

HP-85 Programming Example—Io place the instrument in
the G1 mode and obtain a reading, enter the following
statements into the HP-85 keyboard:
REMOTE TET
OUTPUT 7&7: T PBEXKGLEY?
EHTER 787:R%
LISk A

When the second statement is executed, the instrument will

%e to the G1 mode. The last two statements acquire

om the instrument and display the reading string

01'1 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 2 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 poll byte can be checked to
determine if the Model 196 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 conditions:

1. When a reading is completed or an overrange condition
occurs.

2.Tf a bus error occurs.

3. When the data store is full,

4. When the data store is ¥ full.
5. I a trigger overrun error occurs.

"6, When the bus is ready.

BIT

posiTion |B7

B6|B5

B4(B3|bB2| Bl B0

VALUE 0 [1/0p/0

1/01/011/0(1 /01 /0

BECIMAL
WEIGHTING

—

2B 64|32

2411

1=SRQ BY 196 (STATUS BYTE ONLY)
1=ERROR
1=READY

-

I1=READING OVERFLOW
1=BUFFER FULL
I=BUFFER HALF FULL
1=READING DONE

=

Figure 3-7. SRQ Mask and Serial Poll Byte Format
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Upon power up or after a DCL or SDC command 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 37 shows the general format of this mask.

SRQ can be programmed by sending the ASCI letter “M”
followed by a decimal number to set the appropriate bit
in the SRQ) masl<. Decimal values for the various bits are
summarized in Table 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 M(X. This command
will clear all bits in the SRQ mask.

Table 3-12. SR@ Command Parameters

Command | Condition to Generate SRQ
MO Disable
M1 Reading overflow
M2 Data store full
M4 Data store half full
M8 Reading done
Mis6 Ready i
M32 | Error

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 37.

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 is full.

Bit 2 (Buffer % 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.

Bit 5 (Error)—Set when one of the fdlioii\}mg errors have
occurred: ’
. Trigger Error
. Short Time

. Big String

. Uncalibrated
Cal Locked
Conflict

. No Remote
IDDC

. IDDCO

. Translator

W N oUW N

Y
o

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.

Bit7—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 SRQ. 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:

PROGRAM COMMENTS

Set up for remote
operation, clear
instrument:--- -
Program for SRQ on
IDDCO. .
Attempt to program
illegal option.
—Senggll pgll the
instrument.

Wait for SRQ error.
Identify the bits.

19 REMOTE 787 @ CLEAR 7
28 OUTPUT 7B7; ¢ s ME2K
A QTRUT 7@7; 5 75K

48 S=EF0LLCYET

45 TF HOT BITCS. 50 THEN 48

o8 DISP **EF BS BD B4 BE B2
Ei po*?

68 FOR I=F TO @ STEF -1

Loop eight times.
FAOISP BIT c5aln;

Display each bit
position.

B HERT 1 e -

P8 DISP

186 END
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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 to program
an illegal command option (K5). Other bits 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 EOI command at the end of its data
string, and whether or not bus activity is held off (through
the I\PIRFD line) until all commands sent to the instrument
are internally processed once the instrument receives the
X character. K command options include:

K0 = Send EOI with last byte; hold off bus until com-
mands processed on X.

K1 = Do not send EOI with last byte; hold off bus until

7 commands processed on X.

K2 = Send EOI with last byte; do not hold off bus on X.
K3 = Send no EQI with last byte; do not hold off bus on X.

Upon power up, or after the instrument receives a DCL or
SDC command, the instrument will return to the default
condition.

The EOQI line on the TEEE-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 EOI
to terminate their input sequences. In this case, suppress-

ing EQI with the K command may cause the controller in-

put sequence to hang unless other terminator sequences
are used. S -

The bus hold off mode allows the instrument to temporazily
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 that the front end FETs
and relays are propetly configured before taking a reading.
Keep in mind that all bus operation will cease--not just ac-
tivity associated with the Model 196, The advantage of this

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 times 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 K or K1 asserted, hold-off will also occur on
an EOI 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 program the instrument
for the K2 mode, enter the following statements into the
HP-85:

REMOTE 7FB7
OUTPUT 787 ©<KZRr*?

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 (F0), Ohms (F2) and

Compensated Ohms (F

630msec on ACV (F1), ACA (F4), DBV

(F5) and DBA (F6)

160msec on DCA (F3)

100msec on most range commands

170msec on 30MQ (F2R6} and 300MQ
ranges

gﬁ%%%?sec p%? range command on ACV

(F2) and ACA (F4)

Calibrate (C) 9sec on most functions

18.5sec on 30MQ (F2R6) and 300MQ

(F2R7) ranges

94msec to 110msec depending on com-

mand sent

Isec for selftest (J0) command

Range (R)

QOthers
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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 (Y0). The
terminator will assume this default value upon power up,
or after the instrument receives a DCL or SDC command.
Programmable terminators include:

Y0 =CRIEF
Yl =LECR
Y2 = CR
Y3 = LF

¥4 = No terminator

HP-85 Programming Example—Io reserve the default (CR
LF) terminator sequence, type the following lines into the
computer.

REMOTE Farf
QUTFUT 7PE7s ¢ s Yaer !

When the second statement is executed, the normal ter-
minator sequence will be reserved; the instrument will ter-
minate each data sfring 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:

U0 = Send machine status word.

Ul = 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).

Il

il

When the command sequence U0X 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
UQ 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.

The format of U0 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 Ul 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 bit will be cleared when the word is read. In ad--

ition, SRQ operation will be restored after an error con-
dition by reading Ul. S

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.

SHORT TIME—Set when the instnunent 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 (D) command.

UNCAL—Set when E?PROM memory fails the self test. In-
strument calibration is invalid.

CAL LOCKED—Set when trying to calibrate the instrument
with the calibration switch in the disable position.

CONFLICT—Set when trying to calibrate the instrument

" while it is in an improper state. (i.e. dB function).

Translator Error (TRANSERR)—Set when any one of ten
possible Translator errors occur. Table 3-15 in paragraph 3.10
lists and describes the Translator errors.

NO REMOTE—Set when a progamnling command is
received when REN is false.

IDDC—Set when an illegal device-dependent command
(IDDC), such as E1X is received ("E” is illegal).
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FACTORY DEFAULT
1 0 4] 0 0 0 00 1 00 000000 4 3 6 00000 0 0 011
CAL
196 A B F G J K MM N PP QaQaQQ R 3 T WwWwwww Y z sw
MODEL NUMBER PREFIX (196) RANGE (R)
Offget
AUTO/CAL MULTIPLEX (A) Compensated
O=DISABLED . DCV  ACY DCA  ACA OHMS ACVdJE ACAdB ~ Ohms
1=ENABLED . -
O Auto Auto Auto Auto Auto Auto Auto Auto
5%9&“&3?5@ , 1 300mv 300mV 300 xA 300uA 300 €  Auto ' Aute. 300 @
= p R -2 3V 3V 3mA 3mA 3k Auto  Aute 3k0
1=DATA STORE BUFFER 3 80_V 30 V 30mA 30mA  30kQ ' CAUS  Aute  30kQ
4300 V.300 V 300mA 300mA 300 kQ Aut  Auto 30 ki
FUNCTION () .5300 V300 V 3 A 3 A aM2  Auto  Auto . 30k
0=Dc O'-T “6300 V300 V 3. A 3 A 30MQ  Auto  Auto 30 k0
;_igHJsLTS ' 7300 V300.¥V 3 A 3 A 300M2  Autc  Au 30k
3=DC CURRENT . aATE fev : o N
4=AC CURRENT RATE () —_
5?“3\; dg ’ ) o Compensated
g:SFFsg'r COMPENSATED OHMS DCY  ACY  DCA  ACA|  Ohms ACVGB ACAGB _ Ohms
DATA FORMAT (G) 0 3%d 3%d 3%kd 3%d 3%dIRI-R4 5hd 5%d 5%d
0=RDG WITH PREFIXES ) ) ' : 5%d[RS-R7)
1=RDG WITHOUT PREFIXES : 1 4¥%d  4%d  4ld 4%d 4kdIR1-R4Y  Blad 5%d 5%d
2=BUFFER RDGS WITH PREFIXES AND BUFFER LOCATIONS ' - ' . " 5%d(R5-R7) , . S
3=BUFFER RDGS WITHOUT PREFIXES AND WITH BUFFER 2 5%d 5lkd 5hd B%d 5%d 5%d  5%d 5k%d
LOCATIONS 3 6%d B¥%d &Skd 5%d 6%dRI-AE) 5%d . Skd  B%d
4=BUFFER RDGS WITH PREFIXES AND WITHOUT BUFFER - 7 B%ART) )
LOCATIONS ’ T Integratad Period: 3% d=318gsec. 4%d=2.59msec, S%d and 6% d=Une cycle
5=BUFFER RDGS WITHOUT PREFIXES AND BUFFER ’ ) '
LOCATIONS ST - . TRIGGER (T) )
0=CONTINUOUS ON TALK
SELFTEST (J) 1=0ONE-SHOT ON TALK
0=INACTIVE © 2=CONTINUOUS ON GET
1=ROM, RAM and E*PROM PASSED 3=0NE-SHOT ON GET
2=E2PROM FAILED 4=CONTINUOUS ON X
5=0NE-SHOT ON X
EOl; BUS HOLD-OFF (K) &=CONTINUOUS ON EXTERNAL TRIGGER
0=EO| AND HOLD-OFF 7=0ONE-SHOT ON EXTERNAL TRIGGER
1=NO EQt AND HOLD-OFF ) Co =
2=F0l AND NG HOLD-OFF ~ " DELAY (W) _
3=NO EQ{ AND NQ HOLD-OFF TIninniT=00000msac to S0000msec
SRQ (M) TERMINATOR (Y)
MO0 =DISABLED 0=CR LF
MO1=READING QVERFLOW 1=LF CR
MO2 =DATA STORE FULL' | 2=CR
MO4=DATA STORE HALF FULL . 3=LF
MOB=READING DONE :
M16=READY ZERO (7)
M32=ERRCOR o O=DISABLED
1=ENABLED )
EXPOMNENTIAL FILTER (N} 2=ENABLED USING ZERQ VALUE
0=DISABLED : ’ o T
1=ENABLED CALIBRATION SWITCH
0=DISABLED
FILTER (P) T=ENABLED
00=FILTER DISABLED . SR
nn=FILTER ENABLED WITH FILTER VALUE OF nn {01 1o 99)
DATA STORE RATE (Q)
000000=0NE-SHOT MODE . } e
nnnnnn=INTERVAL (00000 Imsec to 99999sec)

Figure 3-8. U0 Machine Status Word and Default Values
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IDDCO—Set when an illegal device-dependent command

option (IDDCQ) such as T9X is received (“9” is illegal).

NOTE
The complete command string will be ignored if
an IDDCp IDDCO 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 of the buffer. The buffer size is controlled by
the I command. When this comumand 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.

The U4 command sends the average of all the readings that

are in the data store. The U5 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.

:fl"ransmfliﬂslsion of U4, U5 and U will not occur until the buf-
er 15 .

The U7 command sends the present value. The value can
be a calibration value, or a zero value.

The U8 command sends a value that defines the status of
the input switch. A value of 0 indicates that the front panel
input terminals are selected, while a value of 1 indicates
that the rear panel input terminals are selected.

HP-85 Progamming Example—Enter the following
statements into the computer to obtain and display the
machine status word (U0).

PROGRAM COMMENTS

1& REMOTE 7387

26 DI Aaff4a]

36 OUTPUT 7PE75 ¢ S Ex "

4@ DISF ¢ ¢ mdlABFG K MMM
PRAGREARS THHHMNLY
it o

S8 ENTER ?idf i ﬁ-‘ﬁ

Send remote enable.

Send U0 command.

Ohtaj'n U0 status from

instrument.
60 DISF A% Display U0 status word.
V@ EMTER VEv; A ‘Get normal reading.
28 DISF AF Display normal reading.
28 END

. 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.

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 accu:az The multiplex routines can be
defeated, exther through front panel Program 6 (paragraph

'2.75) or through one of the following commands:

AQ = Disable multiplex
Al = Enable multiplex

Upon power up or after a DCL or SDC command, the in-
strument will return to the default condition.

HP-85 Programmmg Example—Disable muttiplex by enter-
ing the following statements into the HP-85:

REMOTE F@7¥
OUTPUT 7E7: * 2 ABRY*

When the END LINE key is pressed the second time, the
multiplexer routines will be disabled.
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1=TRIG ERROR
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1=UNCAL
ALWAYS ZERO-
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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 signal to settle before measurement. Dur-
ing the delay period, the input multiplexing FETs are
switched on so the instrument is set to begin integration
upon conclusion of the programmed delay period. A delay
period 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. L i

Examples: For a delay of 0.002sec send W2X.
For a delay of 30.05sec send W30050X.
For a delay of 60sec send W&0000X.

Upon power up or after receiving a DCL or SDC command,
the instrument will return to the default condition.

HP-85 Programming Example—Io program a 250msec delay
period into the instrument, enter the following statements
into the computer:

REMOTE V&7
QUTPUT 7Fav; * P H208R

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 J command 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:

JO = Perform self-test.

If the self-test is successful, the J byte in the U0 status word
will be set to 1. If E*PROM fails, the message “UNCAL’
will be displayed and the ] byte in the Ul status word will
be set to 2. An E?’PROM failure is also flagged in the Ul
status word.  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 faflure,

HP-85 Programming Example—Enter the following
statements into the computer to perform the Model 196
self-test:

REMOTE 7F&7T
OUTPUT 7E7;:* " 18K "

When the END LINE key is pressed the second time, the
instrument performs the self-test, If successful, the self-test
byte (J) in the U0 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. o

Examples:

H3X—Selects the ACA function.
HOX—5Selects the ACV function.

HP-85 Programming Example—Enter the following
statements into the computer to place the instrument in the
ohms funiction:

REMOTE 7@v
QUTEUT 7EF; " THIK®?

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 “", where “d” represents a printable
ASCII character. Up to 10 characters (mcludmg
blanks} may be sent.

D = Restores display back to normal.

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 at the second display
character (one space), send the following command
string:

CEDEMODELRISSER?
. 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.

Mo
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HP-85 Programming Example—Enter the following state-
ments into the computer to display the message “"MODEL
196™:

FEMOTE F&¥
QUTRUT 7E7 ;5 ¢ < DEMODELELDE K *

When the END LINE key is pressed the second time the
instrument model number will be displayed. Display opera-
tion may be returned to normal by entermg the following

statement: . . .

AUTRUT FE7; I

3.9.22 Internal Filter (N)

In addition to the digjtal 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:

NOQ = Internal filter off.
N1 = Internal filter on.

The factory default condition of the internal filter is N1
(enabled).

HP-85 Programming Example—Enter the following
statements into the computer to turn the internal filter off:

EEMOTE PHE7Y
DUTPUT 767 % ¢ g »

When the END LINE key is pressed the second time, the
internal filter will disabled. o

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 F1, and the word SETUPT can be
sent in place of F3R1T2S0ZIU0M2P15. 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 R0. 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
314,

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 DDC.

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 format for defining a Translator word is shown
in the following example command string, which defines
the word SETUP1 as a substitute for FIROX. '

"ALIAS SETUP1 FIR0X ;”

Where: :
ALIfitS is a reserved word that precedes the Translator
word.

SETUPI is the desired Translator word,

FIROX is the Keithley command string. S

; Is a reserved character necessary to terminate the
Translator string. R
(spaces) must be used to separate words and the “;”
character.

When SETUP1 is sent over the IEEE-488 bus, the instru-
ment will go to the ACV function (F1) and enable autorange
(RO). bk SEMREEAR

Translator words that contain conflicting device-dependent

comrands, such as F1 and F2, 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 FOFIX will place the
instrument in the F1 function.

Notes:

1. Trying to define a Translator word that already exists will
cause an error ntessage to be displayed briefly. That--
Translator word will retain its original definition.

2. A Translator word cannot 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. o '

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-
ecute Translator 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-85 Programming Example—Enter the following pro-

gram into the computer to define a Translator word

(SETUPI) to emulate-the command string FIROX:

REMOTE 7a&v
GUTPUT 787 *ALIAS SETUPL FIRGEK ; *°
OUTPUT PE7: <SETUPL !

Table 3-15. Translator Error Messages

Display
Message Explanation Example Error String
TRANSERR 9! No more memory left for Translator words. - : e e o
TRANSERR14 | Use of more than one ALIAS in a definition. | “ALIAS TEST1 F1X ALIAS TEST2 RIX ;”
TRANSERR15 | Translator word exceeds 31 characters. “ALIAS ITHINKTHISISTHIRTYTWOCHARACT
ERS! FIX ;”
TRANSERR16 | Use of an X in a Translator word. “ALTIAS XRAY FiX ;”
TRANSERRI7 | Trying to define a Translator word that already| “ALIAS SETUP FIX ;”
exists. The second string in the example is the | “ALIAS SETUP RIX ;”
error siring,.
TRANSERRI8 | Use of a $ in a Translator word. "ALIAS $200 FIX ;" .
TRANSERR19 | Sending the ; character. “r
TRANSERR20| Use of LIST in a Translator definition. “ALIAS DOG FIX LIST ;~
TRANSERR21| Use of FORGET in a Translator definition. “ALIAS DOG FiX FORGET ;”
TRANSERR?3| Use of SAVE in a Translator definition. “ALIAS DOG FIX SAVE ;”
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When END LINE is pressed the second time, the Translator
word will be defined to emulate the Keithley command
string. When END LINE is pressed the third time, the in-

strument will go to the ACV function (F1) and enable

autorange (R0).

3.10.2 Wild Card ($)

An advanced feature of Translator software is its wild card
capabilities. By using the reserved character “$”, the same

basic Translator word can be used to select all options of —

a command. With this feature, a DDC option number is
sent with the wild card Translator word. The format for
using the wild card is shown in the following example,
which defines the word FUNCTION as a substitute for the
¥ commmand:

“ALIAS FUNCTION F$X ;”
“FUNCTION 17
“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 F1 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 chms 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. T

2.If a wild card Translator word is sent without an option
number, the instrument will default to option 0.

HP-85 Programming Example—Enter the following pro-
gram to define a wild card Translator word to emulate the
P (filter) command.

REMOTE 787
OUTPUT 787; ‘ALTAS FILTER P$y !
OUTPUT 77 s *FILTER 2@*°*

The second statement defines FILTER as the wild card
Translator word for the P command. The third statement
enables the filter with a filter value of 20.

3.10.3 NEW and OLD

NEW is a reserved word that tells the instrument that the
ensuing commands may be defined Translator words. The
instrument will then respond to the Transiator words as
well as Keithley device-dependent commands. The re-
served word ALIAS automatically places the instrument
in the NEW mode. NEW is also used to combine Translator
words and is explained in paragraph 3.104.

OLD is a reserved word that prevents the instrument from
responding to the defined Translator words. In this mode,
only the Keithley device-dependent commands will be
recognized over the bus.

HP-85 Programming Example—Enter the following state-
ments into the computer to place the instrument in the
NEW mode:

T T T REMOTE VETV
OUTPUT 7@z * *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 SETUP1 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:

"ALIAS SETUP3 NEW SETUP1 NEW SETUP2 ;”

Where:
SETUP3 is the new Translator word.
SETUF] and SETUFP2 are words to be combined,

NEW is a reserved word that tells the instrument that
SETUP1 and SETUP2 are Translator words and not Keithley
device-dependent commands.

Even though the two words were combined to form
SETUP3, SETUP1 and SETUP2 still exist as valid Translator
words.
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Wild card Translator words can also be combined with other
Translator words. The option number used with the new
word will apply only 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 SETUPL. The format rmght look
like this:

“ALIAS TEST NEW SETUP1 NEW FUNCTION
NEW FILTER ;"

The new Translator word is TEST. Whenever TEST is sent,
the option value sent with that word will only 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:

“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 riot 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:

REMOTE 787
OUTPUT v&7; * "ALIAS SETURL F1x

DUTPUT FOT;: AL IAS SETUPZ REX ;77

OUTRUT 7&7:? *ALTAS SETUPS HEW SETUFL MEH
SETURZ L -

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).

3.10.5 Combining Translator Words With
Keithley IEEE-488 Commands

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
of the Translator words and the Keithley IEEE commands.

The format for combl.mng Translator words with Ke1th1ey_

IEEE commands is shown in the following example:

“ALIAS SETUP3 NEW SETUP1 NEW SETUPZ2 P1Z1X ;”

Where:

SETUP3 is the new Translator word.
SETUP1 and SETUP2 are the existing words.
P1Z1X is the Keithley IEEE command string.

NEW tells the instrument that SETUP1 and SETUP2 are
Translator words.

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.

" HP-85 Programming Example—The following program will
" create two Translator words and then combine them with

a Keithley IEEE command siring o form a new Translator

word:

REMOTE 787
QUTPUT 787:* *ALIAS SETUPL Fi1x i *?
OUTPUT #87;: * *alIas SETURZ REXK 5 °
QUTPUT 7G7:* *ALIAS SETUFS HEW SETUFL
HEM SETUPZ F1Z21K ;! :

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

SETUP3.

3.10.6 Executing Translator Words and Keithley
IEEE Commands

Translator words (mdudmg wﬂd card words) and Kexthley
IEEE commands can be executed in the same command

“string. The format for doing this is demonstrated in the

following examples:

“SETUP1 P1ZIX”
“FUNCTION 2 P1Z1X"

When the first command string is sent over the bus, the
commands in SETUPI 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.

 HP-85 Programming Example—The following program will

assert the commands of an existing Translator word and

_the standard Keithley TEEE ¢commands over the bus:

~ REMOTE 787
QUTPUT 787 ¢ SETUPL P1Z1X??
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When END LINE is pressed the second time, the com-
mands of SETUP1 and the Keithley IEEE commands
(P1Z1X) will be sent over the bus.

3.10.7 SAVE

Translator words can be remembered by the instrument as
power 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 SDC, DCL or L0 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:

HEMOTE FB7 R
QUTFUT 7E7; ¢ s SAVE**

When END LINE is pressed the second fime, 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 fixst.

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 list is requested.

HP-85 Programming Example—With Translator words
already defined, enter he following program statements to
list them:

REMOTE 7@7
OUTPUT PEF ;¢ 6LIST"?
EHTER v@v; A%

DISP A%

The second and third statements will send the word list
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 purge 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, SDC or L0 is
sent over the bus.

To Eu e Translator words from E*PROM, first send the
FORGET command and then send the SAVE commiand.
HP-85 Programming Example—Enter the following

statements into the computer to purge all Translator words
from temporary memory:

REMOTE 7@¢
OUTPUT 707, ¢ ¢FORGET?*

When END LINE 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 Time (typical)

SOAOGINCTIX | Maximum Reading émsec
Rate (3%2d)

STIAQGINOTIX | 4%d 8msec

S2A0GINOTIX | 5%d 24msec

S3AIGINOTIX | 6%d S 106msec
(internal filter off)

S3A1GINITIX | 6%2d 3.3sec
(internal filter on)

*Commands not listed are at factory default.
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SECTION 4
PERFORMANCE VERIFICATION

4.1 INTRODUCTION

The procedures outlined in this section may 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 accurred 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 - 28°C (65 - 82°F)
and at less than 80% relative humidity.

4.3 INITIAL CONDITIONS

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 {0 réach normal operating temperature.
Typically, it takes one additional hour to stabilize a unit that
is 10°C (18°F) 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 +0.1%;
50Hz-20kHz 0.02%; 100kHz #0.33%.

Fluke 5215A | AC Power Amplifier 300V range: 20Hz 30.12%; 50H2-20kHz £0.04%;
100kHz +0.1% .

Fluke 5450A | Resistance Calibrator 300Q-3MQ ranges +15ppm; 30MQ £32ppm;
300MQ range £225ppm

Valhalla 2500E AC-DC Current Calibrator | 3001-3A ranges +.03% DC, #0.1% AC to 5kHz (at

full scale gutput)
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4.5 VERIFICATION PROCEDURES see that the reading for each range is within the limits

listed in the table.

The following paragraphs contain procedures for verifying 7. Repeat the procedure for each of the ranges with negative
the one year accuracy specifications of the instrument, at ~ voltages.

5%d resolution, for each of the five measuring functions: -

DC volts, TRMS AC volts, ohims, TRMS AC amps, and DC : '

amps. These procedures are intended for use only by quali- Table 4-2. Limits for DC Volits Verification
fied personnel using accurate and reliable test equipment.

If the instrument is out of specifications and not under war-

ranty, refer to Section 6 for calibration procedures. 196 Applied Allowable Readings
DCV Range | DC Voltage (18°to 28°C)
WARNING -
The maximum common-mode voltage (voltage Sng‘_:ff g’%%gggm“\; %9;9378%2 %030%212
between input low and chassis ground) is 500V. 30 V 3b 0000 V 2;) 9973 to 3(') 0027
Exceeding this value may cause a breakdown in 300 V 306_000 v 29;) 970 to 30'0_030

recautions when such dangerous voltages are ———
gncountered. ’ 9 { e HIlpc voLTAGE
| SIS [ | 1 CALIBRATOR
| B e [ ] 0 |MODEL 54404
4.5.1 DC Volts Verification MDDEL 196

With the Model 196 set to5%d resolution, verify the DC
volts function as follows:

et

. Disable zero and leave it disabied for the remainder of

insulation, creating a shock hazard. Some of the
procedures in this section may expose the user
to dangerous voltages. Use standard safety

Figure 4-1. Connections for DC Volts Verification

CAUTION 4.5.2 TRMS AC Volts Verification
Do not exceed 300V between the input Hl and

LO terminals or damage fo the instrument may With the instrument set to 5%d resolution, perform the

occur. following procedure to verify the AC volts function:
. Select the DCV function and autorange. . ) CAUTION
. Cotinect the DC voltage calibrator to the Model 196 as Do not exceed 300V RMS 425V peak 10°VeHz
shown in Figure 4-1. between the input Hl and LO terminals or instru-
. Set the calibrator to OV and enable zero on the Model ment damage may occur.
196. Verify that the display is reading 0000000V +2 . |
counts. ’
1. Select the ACV function and autorange. Do not use zero
to cancel the offset in this procedure. Turn zero off, if
NOTE it is enabled.
Low measurement techniques should be used 2 Connect the AC calibrator to the Model 196 as shown in
when checking the 300mV DC range. Refer to Figure 4-2.
paragc;'aph 265 for'low level measurement 3. Set the calibrator to output 290V at a ﬁequency of 20Hz
considerafions. and verify that the reading is within the limits listed in
Table 4-3.
. Set the calibrator to output +300mV and verify that the 4. Repeat the 29})@\' measurement at the other frequencies
reading is within the limits listed in Table 4-2. _specified in Table 4-3.

5. Repeat the procedure for the 3V, 30V and 300V ranges
by applying the respective AC voltages listed in Table 4-3.

the DCV verification procedure. Check to see that the reading for each range is within

. Check the 3V, 30V, and 300V ranges by applying the the Limits listed in the table.

respective DC voltage levels listed in Table 4-2. Verify to
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Table 4-3. Limits for TRMS AC Volts Verification

196 Applied Allowable Readings (18°C to 28°C) _ o
ACV Range| AC Voltage] 20Hz | 50Hz | 200Hz | 10kHz | 20kH=z | 100kHz
300mV 290.000mV 284100 | 289.030 | 289465 | 289465 | 288.640| 283.900
to to— to to to to
295.900 | 290.970 | 290,535 | 290.535 | 291.360| 296.100
3 VvV 2.90000V 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
30V 29,0000V 284100 | 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| 294650
300 V 290.000V 284100 | 289030 | 289465 | 289465 | 288.640 *
to fo to to to
295900 | 290.970 |290.535 | 290.535 77.27917.360

*Do not apply 290V at 100kHz to the input. This exceeds the VeHz limit-of the instrument.
Maximum TRMS AC volt input at 100kHz is 100V. On the 300V range, allowable readings
with 100V @ 100kHz applied to the input are 98.200 to 101.800. See paragraph 2.6.7 for
clarification of the VeHz specification.

o s .- CAUTION _

Do not exceed 425V peak or 300V RMS between
= ) B : the input Hl and LO terminals or damage to the
. : - instrument may occur.

MODEL. 196 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
HIl' power ! AC VOLTAGE shown in Figure 4-3. S
InPUT{ AMPLIFIER l CALIBRATOR 3. Set the calibrator to the SHORT position and enable zero
L0 MODEL 5215A | MODEL 5200A on the Model 196. Verify that the display reads 000.000.
4. Set-the calibrator to output 1908 and verify that the
— —reading is within the limits listed in Table 4-4.

5. Disable zero and leave it disabled for the remainder of
the ohms verification procedure.

6. Utilizing Figures 43 and 4-4, check the 3k through
300MQ ranges by applying the respective resistance levels
listed in Table 4-4. Verify that the readings are within the

4.5.3 Ohms Verification limits listed in the table.

Figure 4-2. Connections for TRMS AC Volts
Verification

With the Model 196 set to 5%d resolution, verify the ochms
function as follows:
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ION

Table 4-4. Limits for Ohms Verification

With the instrument set to 5%2d resolution, verify the DC

Figure 4-3. Connections for Ohms Verification
(3000—30kQ Range)

= ) A

[w-_——_: 1t DUTPUT HI

...... g | Y

L
B S | P ) SHIELDED
MODEL 196 CABLE
RESISTANCE
CALIBRATOR
MODEL S450A
QUTPUT LD

Do not exceed 3A to the AMPS and LO input ter-
minals or the rear panel current fuse will blow.

Applied | Allowable Readings
196 Range Set up Resistance (18°C to 28°C)
300 @ Figure 4-3 190000 @ 189.979 to 190.021
3 ko Figure 4-3 1.20000 k2 1.89985 to 1.90015
30 k2 Figure 4-3 19.0000 k2 18.9985. to 19.0015
300 k@ Figure 4-4 190.000 k2 189.958 to 190.042
3M Figure 4-4 1.90000MQ 1.89958 to 1.90042
30MQ Figure 4-4 19.0000MQ 18.9808 to 19.0192
300MQ Figure 4-4 100.000MQ 97.998 to 102.002
4.5.4 DC Current Verification
QUTPUT HI
—— ) ] current function as follows:
% — ISENSE HI| | RESISTANCE
]EIEII: CALTBRATGOR
= —— | |5ense Lol MODEL 54504 CAUTION
MODEL 196
QUTPUT LO

. Select the DCA function and autorange.
. Connect the DC current calibration source to the Model

196 as shown in Figure 4-5.

. Set the calibration source to output +300xA and verify

that the reading is within the limits listed in Table 4-5.

. Repeat the procedure for the 3mA, 30mA, 300mA and

3A ranges by applying the respective DC current levels
listed in Table 4-5. Check to see that the reading for each
range is within the limits listed in the table.

. Repeat the procedure for each of the ranges with

negative current levels.

Table 4-5. Limits for DC Current Verification

Figure 4-4. Connections for Ohms Verification
(300k2—300M<! Ranges)

Applied Allowable Readings
196 Range DC Current (18°C to 28°C)
300 pA 300.000 pA 299.710 to 300.290
3mA 3.00000mA 2.99840 to 3.00160
30mA 30.0000m.A, 29,9840 to 30.0160
300mA. 300.000mA 299.840 to 300.160
3 A 3.00000 A 2.99720 to 3.00280
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2. Connect the AC current calibration source to the Model

196 as shown in Figure 4-6.
| "1 3. Set the calibration source to output 3004A at a frequen-
_____ ———[¢¢| LO OUTPUT 3 cy of 20Hz and verify that the reading is within the limits
Ala e listed in Table 4-6.
——————=/ HI DUTRUT 4. Repeat the 300uA measurement at the other frequencies
MODEL 196 specified in Table 4-6.
5. Repeat the procedure for the 3maA, 30mA, 300mA and
L Lo Lo 3A ranges by applying the respective AC current levels
CURRENT DC VOLTAGE listed in Table 4-6. Check to see that the reading for each
CAL IBRATOR INPUT CALIBRATOR range is within the limits listed in the table.
MODEL 2500E Iy H1|MODEL 5440A
Figure 4-5. Connections for DC Current Verification =
————Jled| Lo ouTPUT
----- . * LA
g . HB o of{e o of| T
5.5 TRMS A rrent Verification HL OUTPUT
4 C Cu tVe MODEL 196
With the instrument set for 5%d resolution, verify the AC
t ti follows:
current function as follow L CORRENT L0 LO [ AC VOLTAGE
CAL 1BRATOR INPUT CALIBRATOR
CAUTION MODEL 2500E [1; H1|MODEL 52004
Do not exceed 3A to the AMPS and LO input ter-

minals or the rear panel current fuse will blow.

Figure 4-6. Connections for TRMS AC Current

1. Select the ACA function and autorange. Do not use zero Verification
to cancel the offset in this procedure. .

Table 4-6. Limits for AC Current Verification

196 Applied | Allowable Readings (18°C to 28°C)
Range AC Current 20Hz 45Hz 5kHz
300 zA 290.000 zA 284700 | 287290 287.290

to to to

295.900 292.710 292710

3mA | 2.90000mA | 284100 | 288160 | 288160
to to to
2.95000 | 291840 | 2.91840

30mA 29.0000mA 284100 28.8160 28.8160
1o to to
29.5900 29.1840 291840

300mA 290.000mA 284100 288.160 288.160
to to fo
295.900 291.840 261.840

3 A 290000 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

5.1 INTRODUCTION

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.

5.2 OVERALL FUNCTIONAL DESCRIPTION

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 communications.
Separate power supplies for the analog and dlgltal sections
ensure proper isolation. .

The analog section consists of the signal conditioning cir-
cuits, multiplexer, input amplifier, A/D converter and con-
trol circuitry. The heart of the digital section is 68809
microprocessor that supervises the entire operation of the
instrument. Additional digital circuitry includes the display
and TEEE-488 interface.

5.3 ANALOG CIRCUITRY

The detailed circuitry of the Model 196 analog section is
located on schematic diagram number 196-126.

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.

DpCcv

Signal conditioning for the 30V and 300V ranges is per-
formed by resistor divider network R17. On these ranges,
K1 and K2 are open, and the divider network is connected
to signal ground through Q11 and U22A. The following at-
tenuation of the input signal is provided:

-—Sign

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 ((035). 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 K1 and
R13.

ACV

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), /10 (30V range) or 1/100 (300V range).

2. The signal is then applied to the TRMS converter (U27)
where the AC signal is converted to a DC signal.

3. The DC signal is then applied to the multiplexer.

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 TRMS converter (U27). On the 300mV
range, the signal is detoured through analog switch U21A
to U28B which is configured as a X10 amplifier. The
amplified signal then proceeds through analog switch U21B
and buffer U26B to the TRMS. converter (U27).

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 118kQ (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 TRMS
converter (U27).

On the 300V range, the signal is applied to U26A. Because
analog switch U23C is closed on this range, amplifier U26A
has a feedback resistance of 118k2 (R32) in parallel with
13kQ (R24), resulting in a gain factor of 1/100. The divided
al is then routed through analog switch U23B and buf-
fer U26B to the TRMS converter (U27).
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F—mTE ST e e e AR — “1
: INPUT CONDITIONING :
: ]
CURRENT DCA
A"P5>T"“ SHUNTS :
I I
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| 1
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| AC ATTENUATION/ | Acy, ACA [
! CONVERSION ,
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| |Acy ‘
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ATTENUATION MULTIPLEXER
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EEE-488
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INTERFACE FRONT PANEL
BUTTONS
DISPLAY

Figure 5-1. Overall Block Diagram

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 the
reference resistor and the voltage across the unknown
resistance.

The following ohms reference resistors are used (see Figure
5-3).

300Q and 3kQ ranges: R26 (2kQ)
30kQ range: R23 (30k{2)

300kQ range: R17A | R17C (100k2)
3Mf! range: RI7A | R17B (1M12)
30M@ and 300MQ ranges: R17C (10M%)

By measuring the four inputs to the A/D converter the
unknown resgistance canm be computed by the
microprocessor using this equation:

 Reer*(VE SENSE HI ~ V@ SENSE LO)

X T

V@ REE HI — V@ REF LO

For the 3002 range V2 SENSE Hi and V@ SENSE LO are
actually multipled by a factor of 10 in the input buffer
circuit.




PRINCIPLES OF OPERATION

Protection on the ohms ranges is accomplished by RT1, Q9
and Q16. For an input voltage applied to the @ input ter-
minals, Q9 and Q16 damp the voltage to the reference
resistors to a safe limit. RT1 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 3000 range because the relatively
large 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.
R, is the unknown measured resistance and R1, 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 R1 and R4. If Ry has a low value, the amountof
voltage developed across the test leads can be significant.

Since the voltage is sensed across the combined resistance
of Ry, Ry 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 ito the unknown
resistance. The amount of current through R2 and R3 is
much smaller than the current through R1 and R4. Thus,
the voltage seen by the instrument is much closer to the
actual value across the measured registance, 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 U21D to X10 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.

1 vn ]
H .,? I
i 1
FRONT PANEL ! b'va REF HI
CONNECTOR ! §R !
INPUT: REF ]‘
Rl il 4 I
- O
: : ¥t REF LO
| S |
r———SENSE] I
1 R2 a1 !
— Oy [~ "
14TERMI ! 1
v R ICONN.1 ) ISF.NSE HI
X X | DNLY ¢ I I
I RI I I :
— —o0— o
L———<S5ENSE] { ¥
Lo |SENSE L0
; Rs !
L 1
O} I
INPUTI I
Lo | |
t I
) i
1 1
qu = RREF @ (¥l SENSE HI- VA SENSE L0
X vQ REF HI - ¥0 REF LD

Figure 5-2. Input Configuration During 2 and 4-Terminal Resistance Measurement
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.1

Nl SENSE HI

. N SENSE LD

INPUT

+5Y ' -
012 e A Nt REF HI | 1p g35 OFf
?MULTIPLEXER
REFERENCE RI7A gnns ;Rr{c R23 ;st
RESISTORS 1080 LIIMA 110.95kN 10k 1.002kN
Py ft REF LO . 1g u24A OF
(30kn)  _MULTIPLEXER
fi REF LO . 1o U24D OF
(300n. arn) ~ MULTIPLEXER
¢ ]
ma:l ) aa:l
uz22¢ u22p
INPUT ol
N HI . ft REF LO }Tg Q34 OF
(300kn - 300Mn ) ~MULTIPLEXER

> 170 Q30 BF MULTIPLEXER

[~/ > T0 U22B OF MULTIPLEXER

LD n, - TREF e (V0 SENSE RI- ¥ SENSE LO)

x =

¥l REF HI - Vi REF L0

Figure 5-3. Resistance Measurement Simplified Circuitry

5.3.2 Multiplexer

The multiplexer circuitry selects among the various signals
that are part of the Model 196 measurement cycle and con-
nects them to the input buffer 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-

formed by the A/D converter, and the resultant data is
used by the microprocessor to calculate the final reading.

The precharge amplifier (U20B) is momentarily selected by
Q31 just before signal FET Q30 is activated. The purpose
of the precharge amplifier is to get the signal seen by the
input 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.

5-4
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_SIGNAL (300mvDC, 3VDC) Q30
A SENSE HI 14
o
_PRECHARGE . . . 03!
U248 JT_"
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i N
[y
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_ZERD (EXCEPT 30V) ugg
U240
_ L REF LG (3000, 3kn) ®
¢ U25A
v2en 1
_ft REF L0 (30kn) R
U228
i SENSE LO %
U224
_ ZERO (30v) ® Q33
=
_ Nt REF LO (300K - 300MA ) Q34
=
_ SIGNAL (30vDC, 300vVDC) 035
er
_ il REF HI a12
4
]

) TO INPUT
——— e
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Figure 5-4. JFET Multiplexer
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Nt REF LO
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A READING

8. TYPICAL RESISTANCE MEASUREMENTS

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 +2:1V reference
voltage source. During each measurement cycle, the
unknown signal is sampled and then compared with signal
common and the +2.1V reference values.

U34 provides a highly stable +6.95V reference, while U13
and R10 provide a constant current to minimize zener
voltage variations. R36 and R37 divide down the +6.95V
value to the final +2.1V reference voltage.

5.3.4 Input Buifer Amplifier

The input buffer amplifier provides isolation between the
input signal and the A/D converter. Q41 provides the low
noise, high impedance FET input for amplifier U35. The
amplifier can be configured for X1 or X10 gain with R41 and
R42 acting as the feedback network. When X1 gain is
selected by the microprocessor, feedback is routed through
pin 12 of the analog switch U44A. At X10 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. R

Table 5-1. Input Buffer Amplifier (U35) Gain

Configuration

Function Range Gain
DCV 300mV X0

3-300V X1

ACV Al X1

Q 3000 X10

3k-300M% X1

DCA All X10

ACA All X1

5.4 A/D CONVERTER

The Model 196 uses a constant frequency, variable pulse
width, analog-to-digjtal converter. A simplified schematic
of the A/D used in the Model 196 is shown in Figure 5-6.

The charge balance phase begins when the input enable/
disable line is set high. This occurs at the end of a software-
generated delay period that-allows the signal to settle after
the appropriate multiplexer FET is turned on. Once the in-
put is enabled, the signal from the buffer amplifier is added

_ to the level shift current applied through R11C and R11D

or R11C only. In this manner, the +3.03V bipolar signal from
the buffer amplifier is converted to a unipolar signal that
can be integrated.

The integrator is made up of Q1, U19 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 of the duty cycle comparator
(U5A). 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 (U5B), 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 final-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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Figure 5-6. A/D Converter Simplified Schematic

5.5 CONTROL 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). CLOCK, DATA and
STROBE signals are sent from the VIA (U109) across the
pulse transformers T103, T104 and TI05 (see schematic
196-106). The pulse transformers provide 500V isolation be-
tween the analog and digital sections of the instrument.
DATA is serially loaded into the shift store registers and a
STROBE pulse causes the registers to simultaneously out-
put the appropriate logic levels to the FET, analog switch
and relay drivers.

5.6 DIGITAL CIRCUITRY

The Model 196 is controlled by an internal microcomputer.
This section briefly describes the operation of the
microcomputer and associated digital circuitry. Refer to
schematic diagram number 196-106 for circuit details.

5.6.1 Microcomputer

The nﬁcrocohﬁ)ﬁter centers around the 8-bit 68B09
microprocessor. The MPU has direct control over the
display, front panel switches, A/D converter, IEEE-488 bus,
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as well as the VOLTMETER COMPLETE Cutput and the

EXTERNAL TRIGGER Input. Timing for the micro-
processor is accomplished by the use of YI01; 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 U105
and U106. 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 (U108). U107 is the RAM. Partial address decoding
is used in this system. The function selected is determin-
ed by the state of A11, A12, A13, Al4 and AT5 address lines.
These address lines determine which is selected by the
decoders (U101). Only one device (ROM, RAM, VIA, etc)
will have access to the data bus at any one time.

The heart of the IEEE-488 circuitry is the GPIBA (U112). 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 transceivers U113 and Ul14 are used fo drive
the output. Data is buffered by Ull3 and Ull4 and is
transmitted to the bus via connector J15.

5.6.2 Display Circuitry

The display information is sent through display latches UT10
and U111. Upon each display update, new segment infor-
mation is presented to the display latches and a clock pulse
is sent on PAQ. 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 PA1 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 F101
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, T101, has
three secondary windings; one for the +5V digital supply,
one for the +5V analog supply and one for the +£15V analog
supply. CR101, CR102 and CRI103 provide fullwave rectifica-
tion for the three supplies, while VR101 through VR104 pro-
vide the regulation.

5-9/5-10



SECTION 6
MAINTENANCE

6.1 INTRODUCTION

This section contains information necessary to maintair,
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
couid 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
210-250V 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
Disconnett 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 Table 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).

Table 6-1. Line Voltage Selection

Line Line Switch
Voltage Frequency Setting,
105V—125V 50Hz—60Hz 105V=125V
210vV—250V 50Hz—60Hz 210V—250V

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 oné-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 Table 6-2 as a guide.

CAUTION
Do not use a fuse with a rating higher than
specified ot 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.
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Table 6-2. Line Fuse Replacement

Keithley |

Line
Voltage | Fuse Type | Part No.,
9OV—125V | 1/4A, 250V, Slo-Blo, SAG FU-17
180V—250V| 1/8A, 250V, Sle-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. Tarn 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 fuge carrier one-quarter turn counterclockwise.
Release pressure and remove the fuse carrier and the
fuse.

3. Remove the defective fuse and replace it usmg 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

Fuse Type Keﬂhley PartNo

3A, 250V, 3AG, Normal- Blo

FU-82

6.4 CALIBRATION

Cahbrahon should be performed every 12 mouths orif 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-
petly, refer to the troubleshooting information in this sec-
tion. If 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 if high frequency
(70kHz) has been verified, as explained in paragraph 64.10,
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
CONFLICT error bit in the Ul status word will be
set when trying to calibrate the instrument while
it is in an improper state (i.e. dB). Also, if-an
“UNCAL” error occurs, be sure to check the line
frequency setting before performing calibration.

6.4.1 Recommended Calibration Equipment

Tuble 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

Mfg | Model | Description Speczflcatmns o

Fluke | 5440A | DC Voltage Calibrator 300mv, 3V, 30V, 300V ranges ilSppm

Fluke | 5200A | AC Voltage Calibrator 300miV, 3V, 30V ranges; 20Hz +£0.1%;
S50Hz—20kHz 002%; 100kHz £0.33%

Fluke | 5215A | AC Power Amplifier ' 300V range; 20Hz +0.12%; 50Hz—20kHz
+0.04%; 100kHz +0.1%

Fluke | 5450A | Resistance Calibrator 30002—3ME ranges; +15ppm; 30MQ
+32ppm; 300MQ +225ppm

Valhalla | 2500E | Current Calibrator 3004A—3A ranges +0.025%
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6.4.2 Environmental Conditions

Calibration should be performed under laboratory condi-

tions having an ambient temperature of 23°C +1°Cand a

relative humidity of less than 70%.

6.4.3 Warm-Up Period

Turn 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 calibration program while the
switch is disabled:

CAL LOCKED

Calibration can only be accomplished with the calibration
switch in the ENABLE position.

The swiich 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 defailed
calibration procedure is located in paragraph 64.7.

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 (DCV,
ACV, @, DCA or ACA).

3. Select the front panel calibration program as follows:
A. Press the PRGM button. The following message will

be displayed: I

PROGRAM ?

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

. If a different calibration point is to be used, enter the

- new value using the data buttons (0 through 9). Each

10.

11.

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.

. Connect the calibration signal to the instrument.
. Press the ENTER button. The following message will

be displayed for several seconds:
WORKING

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 point prompt displayed by press-
ing the PRGM button. The instrument will leave the
calibration program without changing the previous

calibration constants.

. 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.

. Set the level of the calibration signal to agree with the

displayed calibration point=
Press the ENTER button. The following message will
be displayed for several seconds:

WORKING

The two calibration points will be stored in E*PROM 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 1xV DC offset
on the 300mV DC range, set the calibration points for
300.0010mV and 000.0010mV.

6-3
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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 calibration 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 detailed 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 calibration switch to the ENABLE position. The
switch is accessed from the front pane] 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 C0 calibration com-
mand. For example to calibrate the 300V DC range at the
300V calibration point, send V300XCOX. -

NOTE: Calibration can be aborted at this time by sen-
ding an SDC or DCL command over the bus. The calibra-
tion constant sent in step 4 will not be stored in EFPROM.

5. The low end of the range is calibrated next. Apply a zero
(or near zero) calibration signal to the input of the in-
strument. For example, for the 300V DC range apply 0V
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 VOXCIX.
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 cahbratlon com-

mand is sent,
8. Repeat steps 17 for the remaining ranges and functions.

HP-85 Programming Example—The following simple pro-
gram demonstrates how to calibrate the Model 196 over the
bus. The program assumes that the instrument’s primary
address is at 7.

PROGRAM COMMENTS

Send remote enable.

Set program for one loop.
Prompt for calibration
signal.

Prompt for command.

18 REMOTE 7@7

ZAFOR I=BTO 1

I8 DISE **APPLY CalLT
 BRATIONSIGHAL?®

4@ DISP * "ENTER CALI

ERATIOH
COMMatD* *
SE IHPUT A% Input command string from
keyboard.
&8 OUTPUT 787 ;4% Send command string to
196.
78 ENTER 787 B Get a reading.
23 DISF E¥ Display reading.
98 NEXT T Loop back one time.
L6a END

“To run the program, press the HP-85 RUN key. At the first

set of prompts, apply a full range (or near full range) calibra-
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) calibra-
tion signal to the instrument, 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.

6.4.7 Calibration Sequence

Calibrate 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 Currentcalibraton
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6.4.8 DC Volts Calibration

To calibrate the DCV 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 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. Yor front panel calibration, select Program 36 and pro-
ceed as follows: o
A. With the 300.0000mV DC calibration point displayed
on the Model 196, set the DC calibrator to output
+0.3000000V.

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 000.0000mV DC calibration poinf displayed,
set the DC calibrator to output 0.0000000V. .

D. After allowing sufficient time for the calibrator voltage
to settle, press the ENTER button. The following
message will be displayed for several seconds:

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 +0.3000000V.

B. After allowing sufficient time for the calibrator voltage
to settle, send the following commands over the bus:
V300E - 3XCOX. o

C. Set the DC voltage calibrator to output 0.0000000V.

D. After allowing sufficient time for the calibrator voltage
to settle, send the following command over the bus:
VOXC1X. Both calibration constants will be
automatically stored in EPROM.

E. Repeat steps A through D for the remaining DCV
ranges using Table 6-5 as a guide.

— HI
o DC VOLTAGE
.. DEVIDER]cALIBRATOR
guTPUT
) MODEL 54404
MODEL 196 Lo

Figure 6-1. DC Volts Calibration Configuration
: (300mV and 3V Ranges)

HI

DC YOLTAGE
CALIBRATOR

MODEL 5440A

OUTPUT

MODEL 196 Lo

Figure 6-2. DC Volis Calibration Configuration
(30V-300V Ranges)

WORKING
Table 6-5. DC Volts Calibration
196 DCV | 196 Calibration | DC Calibrator IEEE-488
Range Set-Up Point (DCV) _ Setting Bus Command
300mvV Figure 6-1 300.0000mV 3000000V . | V3B00E-3XCOX
000.0000V 0000000V VOXCIX
3V Figure 6-1 3.000000 V 3.000000V V3XCOX
0.000000 V 0.000000V VOXCIX
30 V Figure 6-2 3000000 V 30.00000V V30XC0X
00.00000 V 00.00000V VOXC1X
300 V Figure 6-2 3000000 V 3000000V V300XC0X
000.0000 'V 000.0000V VOXCIX
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6.4.9 Resistance Calibration

To calibrate the ohms () function, proceed as follows:

4.
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 300Q range. 7
2. Connect the resistance calibrator to the instrument as
shown in Figure 6-3.
3. For front pane] 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 190G,

E. The instrument will exit the calibration program and
return to the 3002 range.

F. Repeat the procedures in step 3 for the remaining
ohms ranges using Table 6-6 as a guide.

For TEEE-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: VIOOXCOX.

C. Set the resistance calibrator to SHORT (00Q).

D. After allowing sufficient—time for the resistance
calibrator to settle, send the following command over

" the bus: VOXCIX. Both calibration constants will be
-automatically stored in E?PROM.

E. Repeat steps A through D for the remaining ohms

ranges using Table 6-6 as a guide.

B. After allowing sufficient-time for the calibrator
resistance to settle, press the ENTER button. The
following message will be displayed for several

seconds:
WORKING

C. With the 000.0000Q calibration point displayed, set the
resistance calibrator to SHORT (0Q). ~

D. After waiting sufficient time for the calibrator

QUTPUT HI

—_! SENSE HI RESISTANCE

CALIBRATOR

R | | sense Lo | MobEL 5450A
OUTPUT LO

resistance to settle, press the ENTER button. The
following message will be displayed for several
seconds:

WORKING

Figure 6-3. Four-Wire Resistance Calibration

Configuration (300Q2-30k? Ranges)

Table 6-6. Resistance Calibration

Resistance

196 Calibration]| Calibrator IEEE-488
196 Range Set-Up Point Setting ] Bus Commands
300 @ Figure 6-3 190.0000 @ 19002 VIS0CX0X
000.0000 © Short (0Q) VOXCIX
3k 0 Figure 6-3 1.900000 kf2 1.9kQ V1.9E3XCOX
0.000000 k2 Short (002) VOXCIX
30 k2 Figure 6-3° 19.00000 kg 19k VI9E3XCOX
00.00000 k2 Short-(02) VOXCEX
300 kO Figure 6-4 190.0000 ke 190k VI90E3XCOX
000.0000 k@ Short (0Q) VOXCIX
MK Figure 6-4 1.900000M$2 1.9M@ VL9E6XCOX
0.000000M2 Short (002) VOXCIX
30MQ Figure 6-4 19.00000M© 19MQ VI9E6XCOX
(00.00000MQ Short (082) VOXC1X
300MQ Figure 6-4 100.000MQ 100M12 VIOGE6XCOX
000.000M% Short (092) VOXCIX
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3. For front panel calibration, select Program 36 and pro-—

ceed as follows:
ln_l OUTPUT HI A. With the 300.000mV AC calibration point displayed
v on the Model 196, set the AC calibrator to output
SHIELDED 300.000mV at 500Hz.
MODEL 196 CABLE B. After allowing sufficient ime for the calibrator voltage
o to settle, press the ENTER button. The following
1 message will be displayed for several seconds.
I RESISTANCE
CALIBRATOR WORKING

MODEL 5450A
OUTPUT LO S 1 C. With the 030.000mV AC calibration point displayed,
- set the AC calibrator to output 30.000mV at 500Hz.

~-D. After allowing the calibrator voltage to settle, press
the ENTER button. The following message will be

Figure 6-4. Two-Wire Resistance Calibration displayed for several seconds:
Configuration (300k(-300MQ
Ranges) WORKING

E. The instrument will exit the calibration program and

. . return to the 3G0mV AC range.
6.4.10 TRMS AC Volts Calibration F. Repeat the procedures in step 3 for the remaining

A full i . L , ACV ranges using Table 67 as a guide.
calibration of the ACV function includes two inter- ., g, IEEE-488 bus calibration, proceed as follows:
nal, manual adjustments. However, if high frequency is ,
checked and found to be within the specifications, then the . A. Set the AC voltage calibrator to output 300.000mV at

internal adjustments on the 30VAC and 300VAC will not 500Hz. ) . ) ] )

have to be done. The following procedure includes these B:—After allowing sufficient time for the calibrator voltage
checks. The flowchart in Figure 6-5 helps clarify the calibra- to settle, send the following commands over the bus:
tion procedure. V300E-3XCOX.

C. Set the AC calibrator to output 30.000mV at 500Hz.
D. After allowing sufficient time for the calibrator voltage

~ NOTE to gettle, send the following command over the bus:
For front panel calibration, omit step 4 of the follow- V30E-3XC1X. Both calibration constants will
ing procedure. For IEEE-488 bus calibration, omit automatically be stored in E*PROM.
step 3. E. Repeat steps A through D for the remaining ACV

ranges using Table 67 as a guide.

1. Select the ACV function and the 300mV range.
2. Connect the AC calibrator as shown in Figure 6-6.

Table 6-7. TRMS AC Volts Calibration

196 ACV | 196 Calibration AC Calibrator Voltage IEEE-488
Range Point Setting @ 500Hz Bus Commands
300mvV 300.000mV 300.000mV V200E-3XC0OX

030.000mV 30.000mV V30E-3XCIX
3V 3.00000 V 3.00000 V VaXCox -
030000 V 300000 V V300E-3XCIX
30V 30,0000 V 30.0000 V V30XCOX
3.0000 V 300000 V V3XCIX
300 V 300000 V 300000 V V300XC0x
30000 V 30.0000 V V30XC1X
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5. High Frequency Check (70kHz): -

A. With the ACV function, autorange and 5%d resolu-
tion selected, connect the AC calibrator to the instru-
ment as shown in Figure 6-6.

B. Set the AC calibrator to output 100.000V ata Erequency
of 70kHz and allow sufficient time for the measure-
ment to settle.

C. If the reading is not 100,000V +1500 counts, then omit
steps D through E and proceed to step 6.

D. Set the AC calibrator fo output 10.0000V at 70kHz and
allow the measurement to settle.

E. If the reading is not 10.0000V +1500 counts, then high
frequency will have to be adjusted as explained in the
following procedure (step 6). i the high frequency
readings were within the defined range, step 6 does
not have to be performed and ACV calibration is
completed.

. High Frequency Adjustment:

A.Remove the top cover to gain access to the
adjustments.

B. With the ACV function and 5%d resolution selected,
connect the AC calibrator to the instrument as shown
in Figure 6-6. A

C. Set the Model 196 to the 300V range and set the AC -

calibrator to output 100.000V ata 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 67) for a display reading of 100.000V +250
counts.

E. Set the Model 196 to the 30V range and set the AC
calibrator to output 10.0000V at 70kHz,

E After allowing the measurement to settle, adjust C48
for a display reading of 10.0000V +250 counts.

G. Repeat steps C through F until no other adjustments
need to be made.

H. Put the top cover back on.

PERFORM FRONT
PANEL OR IEEE
CALIBRATICN,
STEP 3 OR 4

CHECK HIGH
FREQUENCY
(100kHz), STEP 5

HIGH
FREQUENCY
IN SPECT

NO

]

ADJUST TRIM
CAPACITORS
STEP &

ACV CALIBRATION
COMPLETE

Figure 6-5. Flowchart of AC Volts Calibration
Procedure

= —
——
I--.‘.l'..

\2/n]mman
MODEL 196

LI.‘ I

HIT power VAC VOLTAGE
AMPLIFIER | CALIBRATOR

Lo | MODEL 5215A,MODEL 5200A

Figure 6-6. TRMS AC Volts Calibration
Configuration
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300VAC RANGE
HIGH FREQUENCY ADJUST

30¥AC RANGE
HIGH FREGUENCY ADJUST

FRONT OF UNIT

ANALOG BOARD SHIELD

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 300.000¢A DC calibration point displayed on

the Model 196, set the current calibrator to output

+300.000¢A.

B. After allowing sufficient time for the measurement
to settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

C. With the 000.000pA DC calibration point displayed,
set the current calibrator to output 000.0004A.

D. After allowing sufficient time for the measurement
to settle, press the ENTER button. The following
message will be displayed for several seconds:

WORKING

E. The instrument will exit the calibratiorfprogram and
return to the 300pA range.

FE. Repeat the procedures in step 3 for the remaining
DCA ranges using Table 6-8 as a guide.

. For [EEE-488 bus calibration, proceed as follows:

A. Set the current calibrator to output 300.0004A.

‘B. After allowing sufficient time for the calibrator cur-

rent to settle, send the following command over the
bus: V300E-6XCOX.

C. Set the current calibrator to output 000.000xA.

D. After allowing sufficient-time for the calibrator cur-
_rent to settle, send the following command over the
bus: VOXCIX. Both calibration constants will
automatically be stored in E*PROM.

E. Repeat steps A through D for the remaining DCA
ranges using Table 6-8 as a guide.
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Table 6-8. DC Current Calibration

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, omit step 4 of the follow-
ing procedure. For IEEE-483 bus calibration, omit
step 3. -

1. Select the ACA function and the 300sA range.

2. Connect the AC current cahbrator to the 1nst1-ument as
shown in Figure 6-9.

196 DCA| 196 Calibration DC Current IEEE:=488
Range Point Calibrator Qutput| Bus Commands
300 zA 300000 pA 300.000. A V300E-6XC0X
000.000 pA 000.000 A VOXCIX
3mA 3.00000mA 3.00000mA. V3E-3XCOX
(.00000mA 0.00000mA VOXC1X
30mA 30.0000mA 30.0000mA V30E-3XC0X
00.0000mA 00.0000mA VOXCIX
300mA 300.000mA 300.000mA V300E-3XC0X
000.000mA 000.000mA VOXCIX
3 A 3.00000 A 3000.00mA V3XCIX
0.00000 A 0000.00mA VOXCIX
_—...—B. After waiting sufficient time for the measurement to
settle, press the ENTER button. The following
= - message will be displayed for several seconds:
C———Jkd| Lo oureur 8 i
HI—JI‘H_[% L WORKING
oLt i = i) HI OUTPUT
MCODEL 196 C. With the 030.000zA AC calibration point displayed, set
the current calibrator to output 030.000pA at-500Hz.
D. After allowing the measurement to settle, press the
l__ CURRENT |LO INPUT LO[ne vor TASE ENTER button. The following message will be
CALIBRATOR CALIBRATOR displayed for several seconds:
MODEL 2500E [T TNPUT n1LMODEL 5440A WORKING

E. The instrument will exit the calibration program and
return to the 300xA range.

F. Repeat the procedures in step 3 for the remaining ACA
ranges using Table 6-9 as a guide.

4. For TEEE-488 bus calibration, proceed as follows:

A.Set the current calibrator to output 300.000pA at
500Hz.

B. After allowing sufficient time for the calibrator cur-
rent o settle, send the following command over the
bus: V300E-6XCO0X.

C.Set the current calibrator to output 030.000pA at
500Hz.

D. After allowing sufficient time for the calibrator cur-

" rent tosettle, send the following command over the
bus: V30E-6XCIX. Both calibration constants will
automatically be stored in E*PROM.

- E.Repeat steps A through D for the remaining ACA
ranges using Table 6-9 as a gu;de

3. For front panel calibration, enter ngram 36 and pro-

ceed as follows:

A. With the 300.000uA AC calibration point d1sp1ayed on
the Model 196, set the current calibrator to output
300.000¢A at a frequency of 500Hz. -

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 gver 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
300 A | 300000 pA 300.000 A V300E—-6XC0X
030.000 zA 030.000 zA V30E—6XCIX
3mA 3.00000mA 3.00000mA V3E-3XC0X
0.30000mA 0.30000mA V300E-6XCI1X
30mA 30.0000mA. 30.0000mA V30E-3XCOX
03.0000mA 03.0000mA, V3E-3XCIX
300mA | 300000mA 300.000mA V300E—-3XC0X
030.000mA 030.000mA V30E-3XCIX
3 A| 300000 A 3000.00mA V3XCOX
0.30000 A 0300.00mA V300E-3XC1X
- Note: When installing the top cover make sure that
the three tabs at the front of the cover engage in the front
PE———, . .- N
—_— panel assembly. Also make sure that the ground clips
I_"_=: LO OUTPUT at the rear of the instrument make contact to the top
cover shield.
HEIEL - LA W ouTPUT
MODEL 196 2. Analog board removal:
. A. Remove the two screws securing the shield and
PUT analog board to the mounting plate.
CURRENT |LQ INPUT LOFac voLTAGE B. Carefully lift the shield off the analog board.
CALIBRATOR CALIBRATOR C. Dlsconnect the front and rear panel input terminal
e D. Unplug the connector (J17) that connects the analog

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 of the
procedure is dependent upon performing the step before
it. To reassemble the instrument, reverse the procedu:al
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 11ft it off
of the instrument;

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. Disconnect 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 dips make contact with the bottom -

shield, and the display ribbon cable is properly
mated to the mother board connector.

5. Display board removal:
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A. Remove the two screws that secure the front panel

assembly to the case. These screws are located near

the bottom edge of the display PC board.
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 bottom edge of the display PC
board is positioned between the card guides at the
bottom of the case.

J7e o o o]
J6 J9
L ]
J10
CONNECTOR|WIRE
NDO. COLOR
J1 GREEN
Je RED
J3 BLACK
J4 GREY ANALOG BOARD
J5 WHITE
Je GREEN
J7 RED
Jg WHITE
J9 BLACK
J1o GREY
J4J3Ja2 i
J5eese o o
J17

00 00C00 O

Figure 6-10 Analog Board Connectors

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 gualified 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 written 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.

6-12



MAINTENANCE

TOP SHIELD,
ANALOG BOARD

ANALOG BOARD

MOUNTING PLAT

STANDOFFS(4)

MOTHER BOARD

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 196 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 helpfuli_m

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 w:th 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, JEEE 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 1108
before recalibrating the instrument again.

4. The instrument will then go to the power up default
function.

6.7.3 Program 33 - Self Diagnostic- Pro.gram

This front panel program 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 dlsﬁlay
characters will be sequentially displayed for a s
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

input impedance

Digital frequency counter

Five function DMM with 0.1% basic DCV accuracy, 10M

Dual-trace, triggered sweep oscilloscope, DC to 50MHz

Power supply and DC voltage checks;
analog signal tracing continuity, logic
levels.

Digital and analog waveform checks.

Checking clock frequencies.
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2. The Model 196 will now go into the troubleshooting
mode with the first N mode being displayed as fo]lows

N Ol

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. To troubleshoot-a different function and/or range, exit
the program by pressing any front panel momentary but-
ton (except ENTER), select the desired function and/for
range and again run Program 33. :

€.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
Range Phase N Mode | Gain | Closed Closed Switches Closed
300mV DC SIG ZERO 01 X10 K1 Q11, U22A Q34
CAL ZERQ - 02 X1 K1 Q11, U22A U25D, Q32
CAL 03 X1 K1 Qu, U22A UJ25C, Q32
SIG 04 X0 K1 Q11, U22A 30 '
AV DC SIG ZERO il X1 K1 Q11, U224 Q34
CAL ZERO 02 X1 K1 Q11, U22A U25D, Q32
CAL 03 X1, X1 Q11, U22A V25C, Q32
SIG 04 x1 K1 Q11, U22A Q30
gV DC | SIG ZERO 01 X1 — Q13, QI1, URA Q33
CAL ZERO 02 X1 — Q13, Q11, U22A U25D, Q32
CAL 03 X1 — Q13, QN, U224 TU25C, Q32
S5IG 04 X1 - Q13, 11, U22A. Q35
300V DC . | SIG ZERO 01 X1 - Q3, Q11, U22A Q34
CAL ZERQ 02 X1 — Q3, Q1l, U22A U2sD, 032
CAL 03 X1 — Q3, Q11, U22A U25C, Q32
SIG 04 X1 — Q3, Q11, U22A Q35
300mv AC ZERO 01 X1 K4, K5 U21A, U21B U25D, Q32
CAL 02 X1 K4, K5 U214, U21B U25C, Q32
SIG 03 X3 K4, K5 U21A, U21B U24C, Q32
No Test 04 — — — —
3V AC ZERC. o X1 K4, X5 u21c . U25D, Q32
CAL 02 X1 K4, K5 U21C U25C, Q32
SIG 03 X1 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
Range Phase N Mode | Gain |Closed Closed Switches Closed
30V AC ZERQ 01 X1 K4 U23B U25D, Q32
CAL 02 X1 K4 U23B U25C, Q32
SIG 03 - X1 K4 U23B U24C, Q32
No Test 04 — —_ — —_—
300V AC ZERO 01 X1 K4 U23C, U23B U25D, Q32
CAL 02 X1 K4 U23C, U238 U25C, Q32
SIG .- 03 X1 K4 U23C, U238 U24C, Q32
No Test 04 — — — —
3002 SENSE LO 01 X10 |K2, K3 Qu, U22D, U24D U228, Q32
REF HI 02 X1 |K2, K3 Q11, U22D, U24D Q35, Q12
REF LO 03 Xl K2, K3 Q11, U22D, U24D U254, Q32
SENSE HI 04 X10 |Kz2 K3 Q11, U22D, U24D Q30
3k SENSE LO 01 Xt |K2 K3 Q11, U22D, U24D U22B, Q32
REF HI 02 Xl |K2, K3 Q11,.U22D, U24D Q35, Q12
REF LO 03 Xl |K2 K3 Q11, U22D, U24D U25A, Q32
SENSE HI 04 X1 |K2 K3 Q11, U22D, U24D Q30
30k SENSE LO 01 Xl |K2 K3 Q1, U22C, U24A U228, Q32
REF HI 02 Xl |K2, K3 Q1i1, U22C, U24A Q35, Q12
REF LO 03 X1 |K2, K3 Qu, U22C, U24A U254, Q32
SENSE HI 04 Xl K2, K3 Q11, U22C, U24A Q30. ..
300K SENSE 1O 01 X1 (K2, K3 Q12, O3, U22C, U24A U228, Q32
REF HI 02 X1 {K2, K3 Q12, Q3, U22C, UM4A Q35
REF LO 03 Xl (K2, K3 Q12, Q3, U22C, U24A Q34
SENSE HI 04 X1 |K2 K3 Q12, Q3, U22C, U24A Q30
3M SENSE LO 01 X1 |K2, K3 Q12, Q13, U22C, U24A U22B, Q32
REF HI 02 Xl |K2, K3 Q12, Q13, U22C, U24A Q35
REF LO 03 X1 (K2, K3 Q12, Q13 U22C, U24A Q34
SENSE HI 04 Xl K2 K3 Q12, Q13, U22C, U24A Q30
30M SENSE LO 01 X1 K2 Q12, U22C, U24A U228, Q32
REF HI 02 X1 K2 Q12, U22C, U24A Q35
SENSE HI 03 X1 K2 Q12, U22C, U24A Q30
No Test 04 — - — —
300M SENSE LO 01 X1 K2 Q12, U22C, U24A U22B, Q32
REF HI 02 X1 K2 QI2, U22C, U24A Q35
SENSE HI 03 X1 K2 Q12, U22C, U24A Q30
No Test 04 - — — —
300zA DC | SIG ZERO 0 X10 — U23A U25D, Q32
CAL ZERO 02 X1 - U23A U25D, Q32
CAL 03 X1 — U23A U25C, Q32
SIG 04 X10 — U23A U24B, Q32
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Table 6-11. Model 196 Troubleshooting Mode (Cont.)

Input

Function
& Measurement Buffer | Relays Range Switches Multiplex
Range Phase N Mode | Gain | Closed Closed Switches Closed
3mA DC SIG ZFRO 01 X10 — Q29, Q36 25D, Q32
CAL ZERO 0z X1 — Q29, Q36 U2s5D, Q32
CAL 03 X1 — Q29, Q36 U25C, Q32
SIG 04 X10 — Q29, Q36 U24B, Q32
30mA DC | SIG ZERO a1 X10 — Q28, Q37 U25D, Q32
CAL ZERO 02 X1 - Q28, Q37 U25D, Q32
CAL 03 X1 — Q28, Q37 U25C, Q32
SIG 04 X10 — Q28, Q37 U24B, Q32
300mA DC | SIG ZERO 01 X10 — Q26, Q38 U25D, Q32
CAL ZERO 02 X1 — Q26, Q38 U25D, Q32
CAL 03 X1 - Q26, Q38 U25C, Q32
SIG 04 X10 - Q26, Q38 U24B, Q32
3A DC SIG ZERO 0 X10 — Q39, Q40 U25D, Q32
CAL ZERO 02 X1 — Q39, Q40 U25D, Q32
CAL 03 X1 - 39, Q40 U25C, Q32
SIG 04 X10 — Q39, Q40 U24B, Q32
300pA AC ZERO 01 X1 — U234, U21D, U21B U25D, Q32
CAL 02 X1 — U23A, U21D, U218 U25C, Q32
SIG 03 X — U23A, U21D, U21B U24C, (32
No Test 04 — — — —
3mA AC ZERO 01 X1 . — Q29, Q36, U21D, U21B U25D, Q32
CAL 02 X1 — Q29, Q36, U21D, U21B U25C, Q32
SIG 03 X1 — Q29, Q36, U21D, U21B U24C, Q32
No Test 04 - — - —
30mA AC ZERO 01 X1 — Q28, Q37, U21D, U21B U25D, Q32
CAL 02 X1 —_ Q28, Q37, U21Db, U2iB U25C, Q32
SIG 03 X1 — Q28, Q37 U21D, U21B U24C, Q32
No Test 04 - — - o —_ = —
300mA AC ZERO 01 X1 - Q26, Q38, U21D, U21B U25D, Q32
CAL 02 X1 — Q26, Q38, U21D, U218 U25C, Q32
SIG 03 X1 - Q26, Q38, U21D, U21B U24C, Q32
No Test 04 - — —
3A AC ZERO 01 X1 — Q39, Q40, U21D, U21B U25D, Q32
CAL 02 X1 — Q39, Q40, U21D, UZ1B U25C, Q32
SIG 03 X1 - Q39, Q40, U21D, U21B U24C, Q32
No Test 04 - — — —
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Table 6-12. Power Supply Checks

Step | Item/Component Required Condition Remarks
1 |S101 Line Switch Set to 115 or 230V as required. | Line voltage selection
2 |FI01 Line Fuse Check for continuity. Remove fuse to check
3 |Line Power Plugged into live receptacle;
i power on.
4 | +5V Digital Supply VR101, pin '3 +5V, +5% Referenced to digital common
5 | +bV Analog Supply VRI02, pin 3 +5V, +5% Reference to analog common
6 | +15V Analog Supplies VR103, pin 3;| +15V, 15V, 075V Referenced to analog common
VR104, pin 3

Table 6-13. Digital Circuitry Checks

Step | Item/Component _| Required Condition Remarks
1 | U105, U106, U107, U108 Pass RAM, ROM and E*PROM | Display will lock if failure
self-test on power up. OCCurs )
2.1 U109, pin 2 (PAO) TTL level pulses every 1msec VIA cock
3 [ U109, pin 3 (PA1) TTL level pulses every 15msec | Data
4 | U109, pin 6.(PA4) Switch data (+5V or OV) Data input to VIA
5 | U109, pin 7 (PA5) Switch data (+5V or OV) Data input to VIA
6 | U109, pin 8 (PAS) Switch data (+5V or OV) Data input to VIA
7 | U109, pin 9 (PA7) Switch data (+5V or (V) Data input to VIA
8 |U109, pin 19 Variable pulse train (V to +5V) | VIA Data Line
9 |Ul20, pin 6 Variable pulse train (OV to +5V) | Data output
10 | U43, pin 13 Variable pulse train (0V to +5V)} | Outputof"A/D converter
11 | U109, pins 12 through 16 Variable pulse train (0V to +5V) | Analog data to VIA
127 | U104, pin 3 IkHz pulses TIRQ line
13 | U104, pin 37 +5V, +5% Reset line
14 U112, pin 9 +5V signal pulsed OV to 45V INT line
every lmsec
15. 1 U112, pin 19 +5V (Logic “17) RESET line
16 |UT12, pin 18 2MHz square wave at 0V to +5V| Clock
17 (U2, pin 28 Should go false (+5V) when ATN line
command is sent
18 {UI12, 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

Step| ltem/Component __ [ Required Condition Remarks
1 |U4 and U5, pins 2, 9 and 14 +5V, +5%. +5V supply
2 |P16, 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 U5, pins 3, 4, 5, 6, 10, 11 and 12;| Imsec negative going pulse every
U4, pins 1, 3, 4, 5 10msec .
5 |P16, pin 7 (S0) Depress 51, S2, 53, 54 or S5 button | Pulse present when button
pressed '
6 [Pl pin 5 (S1) Depress 56, S7, 58 or §9 button Pulse present when button
N pressed :
7 |P16, pin 3 (52) Depress S10, S11, S12, S13 or S14 Pulse present when button

butto_r_l_

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. Table 71 contains parts list information for
the display board. Table 7-2 contains parts list information
for the digital board. Table 7-3 contains parts list informa-
tion for the analog board. Table 74 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 order, 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 manuat 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 refurn 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.
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REPLACEABLE PARTS

Table 7-1. Display Board, Parts List

IC, 8-Bit Serial In/Parallel Out Shift Register, ZAHCT164

Circuit Keithley

| Desig,. Description Part No.
C1 Capacitoy, 10xF, 25V, Aluminum Electrolytic C-31410
Cc2 Capacitor, 0.1uF, 50V C-365-.1
c3 Capacitor, 0.1xF, 50V C-365-1
C4 Capacitor, 0.1xF, 50V C-365-.1
5. Capacitor, 0.14F, 50V . C-365-1
DS1-DS5 | LED, Display, Dual 14-Segment DD-39
DS6-DS16} LED, Pilot, Red ' PL71
P16 Connector, Display Cable CA-27-6
51-514 Switch SW-435
U1 IC, Darlington Translator Array, 2003, SSD IC-206
U2 IC, Darlington Translator Array, 2003, SSD IC-206
U3 IC, Hex Inverter, Open Collector Qutput, 741505, SSD IC141
U4 IC, 8-Bit Serial In/Parallel Out Shift Register, AHCT164 IC-456
Us

IC-456
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REPLACEABLE PARTS
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List

Circuit Keithley
Desig. | Description , o e | Part No.
C101 | Capacitor, 10,000xF, 25V, Aluminum Electrolytic C-387-10,000
C102 | Capacitor, 10xF, 25V, Aluminum Electrolytic o 7 C-314-10
Ci03 | Capacitor, 1500xE 25V, Aluminum Electrolytic C-314-1500
C104 | Capacitor, 10xF, 25V, Aluminum Electrolytic _ C-314-10
C105 |Capacitor, 6204F 35V, Electrolytic | C-309-680
Ci06 | Capacitor, 6204F 25V, Electrolytci 7 C-309-680
Cl07 . | Capacitor, 104F 25V, Aluminum Electrolytic N C-31410
CI08 ' | Capacitor, 10yE 25V, Aluminum ETé_Etrolytlc C-314-10
CI09 | Not Used S o o

CII0 | Capacitor, 0.1xF 50V S o o GB65-1
Cll | Capacitor, 0.1xF 50V - C-365-.1
Ci12 | Not Used _ o S

C13 Capatitor, 0.1xF 50V~ . . R ) B .| C-365-1
Cl14 | Capacitor, 0.1F, 50V - C365-1
Cl15 | Capacitor, 0.1xF, 50V . : - C-365-1
Cl16. | Capacitor, 0.14F, 50V o - C-365-.1
C117 | Capacitor, 0.14F, 50V S : - , C-365-1
C118 Capacitor, 0.14F. 50V ... : e e : : C-365-.1
Cl9 | Capacitor, 0,1gF, 50V C-365-1
C120 | Capacitor, 0.1xF, 50V : e o _ , C-365-.1
Cl21 | Capacitor, 0.14F 50V I . C-365-.1
C122 | Capacitor, 0.1xF, 50V o | C365-1
CIZ3 | Capacitor, 0.14F, 50V - - ' C-365-1
CI24 | Capacitor, 15pF, 1000V, Ceramic Disc S . | G-64-15p
Cl125 | Capacitor, 15pF, 1000V, Ceramic Disc ‘ ' | C6415p
Cl26 | Capacitor, 0.14F, 50V o - C-365-1 .
C127 | Capacitor, 10gF 25V, Aluminum Electrolytic C-314-10

C128 | Not Used

C129. | Not Used

C130  {Not Used ' o
Ci31 Not Used .
C132 | Not Used _
C133 | Capacitor, 0.1xF, 50V C-365-.1
Cl134 Not Used

C135 Not-Used
Cl136 Not Used

C1537 | Capacitor, 0.14F 50V o o P - | C365-1
138 Capacitor, 0.1uF 50V C-365-.1
C139 | Capacitor, 4700p, 1000V, Ceramic Disc ~ ' o C-64-4700p -
C140 | Capacitor, 10uF, 25V, Aluminum Electrolytic o ] 7 ) C-31410
C141 | Capacitor, 0.1xF, 50V o - ' | C-365-1
C142 | Capacitor, 0.1xF, 50V _ , ) | C-3865-1
Cl43 | Capacitor, 0.1uF, 50V n ' ' _ C-365-1
Cl44 | Capacitor, 0.1xF, 50V C-365-.1
C145 | Not Used _ -

Cl46 | Capacitor, 0.1xF, 50V S ' C-365-1
Cl47 | Capacitor, 10xE 25V, Aluminum Electrolytic C-314-10
C148 | Capacitor, 0.1F, 50V C-365-1
C149 | Not Used _

C150 Capacitor, 0.014F, 500V, Ceramic Disc - T ) . o C-22-01

CI51 | Not Used _ o




REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List {Cont.)

Circuit Keithley
Desig. | Description - Part No.
Ci52 | Capacitor, 0.14F, 50V C-365-.1
C153 | Capacitor, 0.14F, 50V C-365-1
CR101 | Diode, Bridge Rectifier, 5A, PE05 RF-48
CR102 [ Diode, Silicon, 1.5A, 400V, W04M RF-46
CR103 | Diode, Silicon, 1.5A, 400V, W04M RF-46
CR104 | Not Used
CRI05 | Diode, Silicon, 1N4143 RF-28
CRI106 [Diode, Silicon, 1N4148 RFE-28
CR107 | Not Used
CR108 |Diode, Bridge Rectifier, 1A, 100PIV RE-52.
F101 Fuse, 3/,6A, 250V, 3AG, Slo-Blo FU-29
Fi01 Fuse, YA, 250V, 3AG, Slo-Blo FU-40
13 Comnnector, 3-pin, Male CS-288-3
J14 Connector, AC Line CS-388
115 Connector, Right Angle TEEE Mount Receptacle CS5-507
J16 | Connector, 26-pin, Male CS-389-3
P17 Connector, Housing, 8-pin, Female CS-287-8
Connector, Contact for P17 . C5-276
Ri01 Resistor, Thick Film TF-141
R102 Resistor, Thick Film TF-141
R103 | Resistor, Thick Film TE77
Ri104 Resistor, Thick Film TE77
R105 Resistor, Thick Fim ' TE-140
RI06 | Resistor, 604k, 1%, */,W, Compos1t1on R-88-60.4k
R107 Resistor, 11.8k, 1%, */sW, Composition R-88-11.8k
RI108 | Resistor, 261kQ, 1%, /sW, Composition R-88-261k
R109 Not Used
R0 Not Used
RIN | Resistor, 1002, 5%, %W, Composition R76-100
R112  |Resistor, 3.3kQ, 5%, %W, Composition R76-3.3k
R113 Resistor, 1002, 5%, %W, Composition R¥76-100
R114 Resistor, 1M12, 10% W, Composmon R76-1M
Ri115 Not Used ) '
R16 Not Used ' A
R117 Not Used
R118 Not Used
Ri19 Not Used :
R120  |Resistor, 1kQ, 5%, %W, Composnwn R76-1k
Rizl Not Used
Ri122 Resistor, 24k, 5%, %W, Composition R76-2 4k
R123 | Resistor, 1000, 5%, %W, Composition R76-100
R124 |Resistor, 479, 5%, %W, Composition R-76-47
R125 Resistor, 4709, 5%, %W, Composition R76-470
R126 Resistor, 1000, 5%, %W, Composition R76-100
R127  |Resistor, 24k, 5%, %W, Composition R76-2.4k
R128 Resistor, 1k, 5%, %W, Composition R76-1k
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List (Cont.)

Ull6 Not Used
Uz Not Used
U118 Not Used
U9 Not Used

Circuit Keithley
Desig. | Description Part No.
R129 | Resistor, 470, 5%, %W, Composition R76-47
R130 Resistor, 1008, 5%, %W, Composition R-76-100
R131 Resistor, 24kQ, 5%, %W, Composition RY6-24k
R132 Resistor, 1k, 5%, 4W, Composition R76-1k
R133 | Resistor, 47€, 5%, %W, Composition R76-47
R134 | Resistor, 1008, 5%, W, Composition o R76-100
R135 Resistor, 2.4kf}, 5%, %W, Composition R76-2.4k
Ri36 |Resistor, 1k2, 5%, W, Composition R-76-1k
Ri37 Resistor, 479, 5%, %W, Composition R76-47
R138 Resistor, 4700, 5%, %W, Composition R7-470 _ .
R139 Not Used

R140 Not Used

R141 | Resistoz, 829, 5%, %W, Composition R76-82
R142 Reszstor, 820, 5%, %W Composition R-76-82
R143 | Resistor, 820, 5%, %W, Composition R76-82
S101 Switch SW-318
S102 Switch SW-466
S103 Switch SW-469
Ti01 Transformer, Line, American TR-249
Ti01 | Transformer, Line, Japanese TR-250
T102 Transformer, Pulse TR-231
TI03 Transformer, Pulse TR-231
T4 Transformer, Pulse TR-231
T105 Transformer, Pulse TR-231
U101 | IC, Octal 10-Input AND/OR/INVERT Gate Array, PALIOL8, SSD IC-514
U102 }IC, Quad 2-Input NOR Gate, 4HCT02, SSD : IC-510
U103 | Not Used :

U104 |IC, 8-Bit Mlcroprocessmg Umt 68B09 LSI-65
U105 |IC, 16k x 8 UV Erasable PROM, 27128; SSD 196-801*
Ul06  |IC, 16k x 8 UV Erasable PROM, 27128; SSD 196-800%
U107, 11IC, 8192 Word x 8-Bit Static CMOS RAM, 62641L.P-15 LSI-66
U108 |IC, Programmable E*ROM, 2816A LSI-83
U109 | IC, Versatile Interface Adapter (VIA), 6522 LSI-45
Une [ IC, C-MOS Tri-State Flip-Flop, ZHCT374, SS5D 1C-397
Ui IC, C-MOS Tri-State Flip-Flop, AHCT324, SSD 1C-397
Ul12 | IC, GPIB Adapter, 9914 LSI-49
Ul13  |IC, Octal GPIB Transceiver, 75160A IC-298
Ul14 |} IC, Octal GPIB Transceiver, 75161A IC-299
Utls | IC, Micropower Bipolar Monolithic, 8211, SSD 1C177

*QOrder 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.)

Keithley

Circuit

Desig. | Description . . Part No.
U0 |IC, Quad 2-Input NAND Gate, 4HC00, SSD IC-351
U121 | Not Used

U122 | Not Used

U123 | IC, Dual 4Bit Decade and Binary Counter, 4L5393, SSD IC-213
U124 |IC, Comparator, ET311A, SSD IC-526
U125 |IC, Voltage Comparator, LM311, SSD 1C173
Ul26 |IC, Voltage Comparator, LM311, SSD IC-173
U127 | IC, Voltage Comparator, LM311, 55D IC173
U128 | IC, Transistor Array, MPQ3906 IC-396
U129 .| IC, Transistor Array, MPQ3906 IC-396
U130 | IC, Transistor Array, MPQ3906 IC-3%6
U1 IC, Transistor Array, MPQ3906 IC-396
VRI01 | Regulator, IC, +5V, 309 IC-34
VR102 | Regulator, IC, +5V, 7805 IC-93
VRIO3 |Regulator, IC, +15V, 78M15 . 32472-1
VR104 |Regulator, IC, -15V, 79M15 324722
VRI05 |Regulator, Diode, Silicon, IN702A DZ-33
VR106 | Regulator, Diode, Silicon, 1IN702A DZ-33
Y101 Crystal, 8MHz CR-24-1
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List

Circuit Keithley
Desig. | Description Part No.
C1 Capacitor, 330p, 50V C-64-330p
c2 Capacitor, 0.1uF, 50V . C-365-.1
C3 Capacitor, 0.1xF, 50V C-365-.1
C4 Capacitor, 0.1xF, 50V C-365-.1
5 Capacitor, 0.1xF, 50V C-365-.1
Cé Capacitor, 0.1uF, 50V C-365-.1
c7 Not Used

C8 Capacitor, 0.1xzF 50V C-365-1
9 Capacitor, 0.1xF 50V (C-365-.1
C10 Capacitor, 0.1xF, 50V C-3653-1
CI1 Capacitor, 0.1¢E 50V C-365-.1
C12 Capaditor, 0.1xF, 50V C-365-1
CI3 Not Used

Cl4 Capacitor, 0.1xF, 50V C-365-.1
Cl5 Capacitor, 0.1aF 50V -365-.1
Cl6 Capacitor, 0.1uF, 50V C-365-.1
c7 Capacitor, 0.1uF, 50V (C-365-.1
C18 Capacitor, 0.1uF, 50V C-365-.1
C19 Capacitor, 0.1uF, 50V C-365-1
C20 Capacitor, 0.1pF, 50V C-365-.1
C21 Capacitor, 0.14F 50V C-365-1
C22 Capacitor, 0.1uF, 50V C-365-1
C23 Capacitor, 0.14F, 50V -365-.1
C24 Not Used

C25 Capacitor, 0.1xF, 50V C-365-1
C26 Capacitoz, 0.1uF 50V C-365-1
C27 Capacitor, 0.1xF 50V C-365-1
C28 Not-Used

C29 Capacitor, 82pF, 1000V, Ceramic Disc C-64-82p
C30 Capacitor, 15pF, 1000V, Ceramic Disc C-64-15p
C31 Capacitor, 150pE 100V, Ceramic C-372-150p
C32 Capacitor, 0.0047pF, 100V, Metalized Polypropylene C-306-.0047
C33 Capacitor, 10uF 25V, Aluminum Electrolytic C-314-10
C34 Capacitor, 33pF, 1000V, Ceramic Disc C-64-33p
C35 Capacitor, 33pE, 1000V, Ceramic Disc C-64-33p
C36 . | Capacitor, 330pE 1000V, Ceramic Dis¢ C-64-330p
C37 Capacitor, 330pE, 1000V, Ceramic Disc C-64-330p
C38 Capacitor, 680pF, 500V, Folystyrene = C-138-680p
C39 Not Used ' oo

C40 Capacitoy, 0.1xF 630V, Metalized Polyester C-364-1
c4 Capacitor, 10pF : C-372-10p
Cca2 Capacitor, 1.5pF, 50V, Tubular Ceramic C-282-1.5p
C43 Capacitor, 1I0pE 500V, Mica C-278-10p
C44 Capacitor, 15xF 20V, Tantalum C20415 .
C45 Capacitor, 2xF, 100V, Polyester C-294-2
C46 Capacitor, 047pF, 50V, Metalized Polyester C-350-47
C47 Capacitor, 1pF, 50V, Metalized Polyester C-350-1
C48 Capacitor, Trimmer, 2.5pF to 6pE 500V C-359
C49 Capacitor, Trimmer, 4pF to 40pE 500V C345 .
C50 Capacitor, 0.15xF 200V, Polycarbonate C-221-015
C51 Capacitor, 0.15xF 200V, Polycarbonate C-221-015
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Table 7-3. Analog Board, Parts List (Cont.)

Circuit Keithley
Desig. Description Part No.
C52 Capacitor, 100pF, 1000V, Ceramic Disc C-64-100p
C53 Capacitor, 68pF, 500V, Polystyrene C-138-68p
C54 Capacitor, 15pF, 100V, Ceramic C-372-15p
C56 C-64-47p
C57 C-54-22p
CRI-CRS | Diode, Silicon, TN4148 RF-28
CR6 Diode, Bridge Rectifier, PE05 RF-48
CR7 Diode, Silicon, MR501 RF-34
CR8-CR11 | Diode, Silicon, Diffused, 1N4149 RF-60
CRI2 Diode, Silicon, 1N4148 RF-28
F1 Not Used
F2 Fuse, 34, 250V, Normal-Blo FU-82
Ji7 Connector, Male, 6-Pin C5-283-8
K1-K2 Relay | RL99
K3-K5 Relay RL-70
L1 Not Used
12-13 Choke TR-245
QL Transistor, Q1, Q4, R7, R8 and R57 are a matched set, SSD 196-602
Q2 Not Used

1 Q3 Transistor, N-Channe] FET, PN4392, SSD 31841
Q4 Transistor {see (J1) —_
Q509 | Transistor, N-Channel FET, PIN4392, 55D 31841
Q10 Not Used
Qi1-Q13 | Transistor, N-Channel FET, PIN4392, SSD 31841
Qi14-Q15 | Not Used
Q16-QQ17 | Transistor, N-Channel FET, PIN4392, SSD 31841
Q18-0Q19 | Transistor, NPN, Silicon, 2IN3904 TGA7
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Table 7-3. Analog Board, Paris List (Cont.)

Keithiey

Circuit

Desig. | Description N Part No.
Q20 Not Used

Q21 Not Used ‘

Q22 Transistor, NPN, Silicon, GES5818 TG-138
Q23 Not Used

Q24 Not Used

Q25 Not Used

Q26 Transistor, N-Channel FET, BUZ71, 55D 580-601
QX7 Not Used

Q28 Transistor, N-Channel FET, BUZ71, S5D 580-601
Q29 Transistor, MOS Power N-Channel FET, 2N7000, 55D TG-195
Q30 Transistor, N-Channel JFET, PF5301, SSD 193-603
Q31 Transistor, N-Channel JFET, PF5301, SSD TG-139
Q32 Transistor, N-Channel FET, PN4392, SSD s
Q33 Transistor, N-Channel FET, PN4392, SSD 193-603
Q34 Transistor, N-Channel FET, PN4392, SSD 31841

Q35 Transistor, N-Channel FET, PN4392, 55D 193603
Q36 Transistor, MOS Power N-Channel FET, 2N7000, SSD TGA95
Q37 | Transistor, N-Channel FET, BUZ71, SSD S 580-601
Q38 Transistor, N-Channel FET, BUZ71, S5D 580-601
Q39 Transistor, MOSFET Power, PA75NS5ST, SSD 580-601
Q40 Transistor, MOSFET Power, PAYSNS55T, SSD 580-601
ofn Transistor, MP842, 55D TGA75

R1 Resistor, TM{}, 10%, %W, Composition R76-IM
R2 Resistor, IMQ, 10%, %W, Composition R76-1M
R3 Resistor, 1k@2, 5%, %W, Composition R76-1k
R4 Resistor, 822, 5%, %W, Composition R76-82
R5 Not Used

R6 Resistor, 142.8kQ, 0.1%, /sW, Fixed R-176-142 Bk
R7 Resistor, (see Q1) —

R8 Resistor, (see Q1) -

R9 Resistor, Thick Film TE-39

R10 Resistor, Thick Film TE-211

R11 Not Used

R12 Resistor, 100k, 1%, 1W, Metal Film R-344-100k.
RI3 Resistor, 100kQ, 1%, W, Metal Film, R-344-100k
R Resistor, 100kQ, 1%, 1W, Metal Film R-344-100k
RI5 Resistor, 100k2, 1%, 1W, Metal Film R-344-100k
R16 Resistor, 5602, 10%, %W, Composition R76-560
R17 Resistor, Thick Filmn TE214
Ri18 Resistor, Thick Film TEI773
R19 Resistor, Thick Film TE1773
R20 Resistor, Thick Film TEI77-3
R21 Resistor, 100k2, 1%, */sW, Composition R-88-100k
R22 Not Used

R23 Resistor, 30kQ, 1%, Y:uW R-348-30k
R24 Resistor, 13k, 0.1%, /W, Metal Film R-263-13k
R25 Resistor, TM@, 1%, */sW, Composition R-88-1M
R26 Resistor, 2kQ, 1%, /W R-348-2k
R27 Resistor, 1.002k2, 0.1%, Y,oW, Metal Film R-263-1.002k
R28 Resistor, Thick Film TE1681
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Table 7-3. Analog Board, Parts List (Cont.)

Circuit Keithley
Desig. | Description Part No.
R29  [Resistor, 0.839882, 0.1%, 5W, Wire Wound R-310-.898
R30 [Resistor, 0.1Q, 0.1%, 7.5W, Wire Wound R-262-.1
R31 Resistor, 22MQ, 10%, %2W, Composiiton R-1-22M
R32. Resistor, 118k, 0.1%, */:W, Metal Film R-168-118k
R33 Resistor, 1.17M1, 0.25%, %W, Metal Film R-352-1.17M
R34 Resistor, 20kQ, 5%, Wire Wound R-336-20k
R35. Resistor, 9.09kQ, 0.1%, */,,W, Metal Film R-263-9.09k
K36 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 TE-213
R39 Resistor, 13kQ, 0.1%, Y/sW, Fixed R-176-13k
R40 Resistor, 13k, 0.1%, */zW, Fixed R-176-13k
R41 Resistor, R41 and R42 are a maiched set R-292

R42 Resistor, R41 and R42 are a matched set R-292

R43 | Resistor, 1092, 5%, %W, Composition R76-10
Rd4 Resistor, 10Q, 5%, %W, Composition R76-10
R45 Resistor, 1MQ, 10%, %W, Coniposition R76-1M
Rd6 Resistor, IMQ, 10%, %W, Composition R76-1M
R47 Resistor, 1MQ, 10%, %W, Composition R76-1M
R48 Resistor, 1IMQ, 10%, %W, Composition R76-1M
R49 Resistor, 1M, 10%, %W, Composition R76-1M.
R50 Resistor, 1IMQ, 10%, %W, Composition R76-1IM
R51 | Resistor, 1M, 10%, %W, Composition R76-1IM
R52 Resistor, 1M, 10%, %W, Composition R76- 1M
R53 Resistor, 470Q, 5%, %W, Composition R-76-470
R54 Resistor, 32.4k@, 1%, '/sW, Composition R-88-324k
R55 Resistor, 20k@, 0.1%, '/,,W, Metal Film R-263-20k
R56 Resistor, 20k, 0.1%, */;,W, Metal Film R-263-20k
R57 Resistor, (see Q1) —

R58 Resistor, 158k, 1%, /sW, Composition R-88-15.8k
R59 Resistor, 7.78kQ, 1%, /sW, Composition R-88-7.87k
R&0 Resistor, 5608, 5%, %W, Composition R76-560k
R61 Resistor, 18.2kf}, 1%, */;W, Composition R-88-18.2k
R62 Resistor, 8.25k{}, 1%, .!/sW, Composition R-88-8.25k
R63 . | Resistor, 14kQ, 1%, Y/sW, Composition R-88-14k
Ro64 Resistor, 10k2, 1%, */sW, Composition R-88-10k
RT1 Thermister, PTC, 1220, 15.5mA RT-9-2

51 Switch, Pushbutton SW-468
TPl Test Point CS-553
TP2 Test Point C5-553
TP3 Test Point CS-553
TP4 Test Point (C5-553
Ul 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, 1L.M339 I1C-219
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Table 7-3. Analog Board, Parts List (Cont.)

Circuit Keithley
Desig. | Description . Part No.
U6 IC, Quad 2-Input NAND Gate, Z4LC00, SSD IC-351
U7 IC, Dual D Flip-Flop, AHCZ, SSD IC-337
Us IC, Dual D Flip-Flop, A4HC7, 55D IC-337
U9 Not Used

U10 Not Used

Ull IC, General Purpose Op Amp, MP5502, 55D 1C-413
U2 IC, General Purpose Op Amp, MP5502, SSD IC-413
U13 IC, General Purpose Op Amp, MP5502, SSD IC413
U4 Not Used

U1l Not Used

Uis IC, Triple 2-Channel Analog Multiplexer, Selected SSD 318471
U IC, Dual 4-Bit Decade Counter, AHC390, SSD IC-500
[OyE:S IC, Dual 4-Bit Counter, ZAHCT393 IC-462
U1 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 1C-320
U22  {IC, Quad Monolithic SPST CMOS Analog Switch, DGZ[l 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 1C-320
U25 IC, Quad Monolithic SPST CMOS Analog Switch, DG211, SSD IC-320
U2é IC, Wide Bandwidth JFET Input Op Amp, LF353 IC-246
U27  |IC, TRMS-to-DC Converter, AD637, SSD IC-352
Uz8 IC, Dual JFET Input Op Amp, LF412, SSD IC-504
U29  {IC, 8-Stage Shift-Store Register, 4094, SSD IC-251
U30 IC, 8-Stage Shift-Store Register, 4094, SSD IC-251
U3l 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, LM308A IC-203
U36 IC, Wide Bandwidth JFET Input Op Amp, LE35IN IC-176
Us7 IC, Wide Bandwidth JFET Input Op Amp, Selected 30477
U3s 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, 74HC.02 SSD IC-412
U44 IC, Triple 2-Channel Analog Multiplexer, 4053, SSD 1C-283
U45 IC, Triple 2-Channel Analog Multiplexer, 4053, SSD 1C-283
VRI  |Regulator, Zener Diode, 4.3V, INA9A DZ-63
VR2 Regulator, Diode, IN702A DZ-33
VR3 Regulator, Zener Diode, 6.3V, IN4577 DZ-58
VR4 Regulator, Zener Diode, 6.3V, 1N4577 DZ-58
W1 Jumper J-3

Y1 Crystal, 3.84MHz CR-13
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REPLACEABLE PARTS

Table 7-4. Model 196 Miscellaneous Parts List

Keithley
Qty | 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 156-312
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 1%6-308
2 Ground Clip 775-306
2 BNC Connector C5-520
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 Co7
Circuit Board Assemblies
1 Analog Board Shield 196-306
1 Analog Board Mounting Plate 196-304
4 Spacer (Supports Plate of Mother Board) 31843-1
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APPENDIX A

ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII ' "~ TEEE-488 Messages*

0 00 NUL

1 01 SOH.. GTL
2 02 STX

3 03 ETX

4 04 EOQT 5DC
5 05 ENQ PPC
6 06 ACK

7 07 BEL

8 08 BS GET
9 09 ' HT TCT
10 0A LF

n 0B VT

12 oC FF

13 oD CR

14 0E SO

15 OF SI

16 10 DLE

17 11 DC1 LLO
18 12 DC2

19 13 DC3

20 14 DC4 DCL
21 15 7 NAK PPU
22 16 SYN

23 17 ETB

24 18 CAN SPE
25 ) EM .. SPD
26 1A SUB

27 18 ESC

28 1C FS

29 1D GS

30 1E RS

31 1F us

* Message sent or received with ATN true.

A



APPENDIX A

ASClt CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII o IEEE-488 Messages*
32 20 5P - MLAO
33 21 l. ‘MLA 1
34 . 22 " - MLA 2
35 23 # MLA 3
36 24 $ MLA 4
37 25 % MLA 5
38 26 & MLA 6
39 27 ! MLA 7
40 28 ( MLA 8
41 29 ) MLA 9
42 2A * MLA 10
43 2B + MLA 11
44 2C ; MLA 12
45 - 2D - MLA 13
46 2E . "MLA 14
47 2F / MLA 15
48 30 -0 MLA 16
49 31 1 MLA 17
50 32 2 -MLA 18
51 33 3 MLA 19
52 34 4 MLA 20
53 35 - MLA 21
54 36 6 MLA 22
55 37 7 MLA 23
56 38 8 MLA 24
57 39 9 MLA 25
58 3A : MLA 26
59 -3B ; MLA 27
60 3C <. MLA 28
61 3D = MLA 29
62 3E > -MLA 30
63 3F ? . ..UNL

* Message sent or received with ATN {rue. Numbers shown represent primary address resulting
in MLA (My Listen Address).
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APPENDIX A

ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII

IEEE-488 Messages*

64 40
65 41
66 2
67 43
68 a4
69 45
70 46
71 47
72 48
73 49
74 4A
75 4B
76 N
77 4D
78 4E
79 4F
80 50
81 51
82 52
83 53
84 54
85. 55
86 56
87 57
88 58
89" 59
90 " BA
91 . 5B
92 5C
93 5D
94 5E
95 5F

>0

| D N X E<CHOEOT OZECR—==IQ mEUONw

MTA 29
MTA 30
O

* Message sent or received with ATN true. Numbers shown are primary address resulting in MTA

My Talk Address).
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APPENDIX A

ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII JEEE-488 Messages*
9% 60 ' © MSA Q,PPE
97 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 7PPE
104 68 h MSA §PPE—
105 69 i MSA 9 PPE
106 6A j MSA 10,PPE
07 6B k MSA 11,PPE
108 6C 1 MSA 12,PPE
109 6D m MSA 13,PPE
110 6E n MSA 14,PPE
m 6F o- MSA 15,PPE
112 70 P MSA 16,PPD
113 71 q MSA 17.PPD
T4 72 t MSA 18,PPD
115 73 s MSA 19, PPD
16 74 t MSA 20,PPD
117 75 u MSA 21,PPD
118 76 v’ MSA 22,PPD
119 77 w MGSA 23,PPD
120 78 X MBSA 24 PPD
121 79 y MSA 25 PPD
122 7A z MSA 26,PPD
123 7B { MSA 27, PPD
124 7C | MSA 28 PPD
125 7D } MSA 29,PPD
126 7E ~ MSA 30,FFD
127 7F DEL

*Message send or received with ATN true. Numbers represent secondary address values resulting
in MSA (My Secondary Address).
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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 PC/XT 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-488 handler soft-
ware installed. For the IBM computer, the necessary
handler software is provided on diskette, along thh the
Model 8573A interface. o

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 [BCLR (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

Before using the Model 8573A, you must configure 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 following lines to the declaration file:

7 HAS=¢ i GFTIEA" Y : CALL IBFIMDCHAF BRDEY
S HAaf=cfTENE?* :CALL IBFTHDCHASTMISEX
Q=T CALL TERPATICHMI 9N, Uxs

4. Now save the modified declaration file for future use.
Remember that you must load and run this short pro-
gram before programming 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 PC/XT and the
Model 8573A can be found in Appendix C.

Table B-1. BASIC Statements Necessary to Send Bus Commands

Action

Model 8573A Statement

Transmit string to device 7.

Obtain string from device 7.

Send GTL to device 7.
Send SDC to device 7.
Send DCL to all devices.
Send remote enable.
Carncel remote enable.
Serial poll device 7.
Send Local Lockout.
Send GET to device.
Send [FC.

Cal.t IBHRET (M196MH, CWD-‘F'
CALL IEBRD ciisox: ROF)
CALL ITBLOC (M198%)

CALL IBGLE {M1i98Xs
CMO$=CHR* TeH14 5 CALL TECMD (BRIOG, LHDIE
Uii=1+ CALL TBERECBRIEN UXD

Ui=08: CALL IESRECBRIAY, LJX2

CHIOE=CHRE (&H112: CaLL IBCHMD CEEDDRX, CMIE:
Cabl IBERSP (M15SH: 5B
Cat.l LETRG cM19&k)
CALL LBSIC (ERDEX)
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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 program allows 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:

¢ IBM PC or XT (with Keithley Model 8573A IEEE-488 Interface)
¢ Apple II (equipped with the Apple II TEEE-488 Interface)

¢ Hewlett-Packard Model 85

® Hewlett-Packard Model 9816

e Hewlett-Packard Model 9825A

e DECLSI T

¢ PET/CBM 2001



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 com-
puter and displays the instrument reading string on the CRT. The computer must be equipped
with the Keithley Model 8573A JEEE-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.

. Type in BASICA on the computer keyboard to get into the IBM mterprehve BASIC language
. Place the interface software disc in the default drive, type LOAD"DECL, 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 described 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 and autorange, type in FIRGX and press the return key.

7. The instrument reading string will then appear on the display. For example, the display might
show NDCV+0.000000E+0.

8. To exit the program, type in EXIT at the command prompt and press the return key.

H=

PROGRAM _ COMMENTS )

1B CLE Clear screen.

268 Mag=" "GRIEG" ' :Call IPFIHII . * Find board descriptor.

CHAE s BRIEN
TH HAF=f CDEVL T OALL IBFIND Find instrument descriptor.
CHAFs M1D8K)

4@ UE=F: CALL TBPADCALISEK LN Set primary address to 7.

58 Ux=3H1BZ: CalL TEPOKECERDEN UKD Set timeouts.

gE Uk=1 LAl IBSRECERDE S LI Set REN true.

T8 IHPUT COMMAMD STRING?® * 5 CMIE Prompt for command.

S8 IF CHMI=SSEXIT*® THEM 158 h See if program is to be halted.

3 IF CHD$=¥ ¢ ** THEW 7B Check for nuil input.
168 CALL TRURTCM19&5s CHIS: “Address 196 to listen, send string.
118 RDE=EPACESC1BED T Define reading input buffer.
128 CALL IERD{MISaREDE) Address 196 to talk, get reading. -
128 PRINT RID#% Display the string.
148 GOTO FE ' Repeat.
156 W= CALL TEOML CMLISes W Close the instrument file.
166 CALL IBOHL CBRIMR Y WD Close the board file.
173 EMD

NOTE: For conversion to numeric variable, make the following changes:

128 RO=URL CMIDFCRDE s 1300
LZ3 PRINT BD



APPENDIX C

APPLE Il (APPLE Il 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 on the computer CRT.

The computer must be equipped with the Apple Il IEEE-488 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-488 interface installed in the Apple I

computer.

3. Enter the lines in the program below, using the RETURN key after each line.

4. Run the program and type in the desired command string at the command prompt. For exam-
ple, to place the instrument in ACV and autcrange, type in FIROX and press the return key.

5. The instrument reading stnng will then appear on the CRT. A typical display is:

NDCV+0.000000E+0.
PROGRAM - COMMENTS
16 Z8=CHREC 282 Terminator.

28 IMPUT:  CAOMMAND STRIMG T *? ; BE
Z6 FR#Z

45 THFS

S8 FRIHT iR ?
Sl FRINT § 5T 20
FAPRINT €5LF17*
S8 FRINT ¢« RDG* * ;2%
P8 FPRIMT 8UT*#?

iek:B¥

sIMPLETE S * 2

A

Prompt for and enter command string.
Set output to JEEE-488 bus..

‘Define input from IEEE-488 bus.
Enable remote.

Address 196 to listen, send stnng

Line feed on.

Address 196 to talk, input data.
Untalk the 196.

184 PRE&A Define output to CRT.

LG IH$#E Define input from keyboard.
126 PRI HT ﬁ&‘_ Display reading string.
12| G070 2 ____ Repeat.

NOTES:

1. if conversion to numeric variable is required, make the following changes:

128 A=UALCHMIDFECAS s Ts 1|: a3
125 FRIMT &

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.
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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 IO 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 I-IP—SS
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 ACV and autorange, type in FIRGX and press the END
LINE key.

5. The instrument reading strmg will then appear on the CRL. A typical display is:
NDCV+0.000000E+0.

PROGRAM COMMENTS

186 DIMA$L25], E-E[ES:I ' Dimension strings.

28 REMOTE 7@y T Place 196 in remote.

I8 DISPF ¢ COMMAND STRING® * Prompt for command.

48 INFUT A% ' ~  Input command string,

S8 OUTPUT 767 A% Address 196 to listen, send string.
& ENTER 787 B¥ Address 196 to talk, input reading.
78 DISP B$ . : : -Display reading string,

=9 GOTO 39 Repeat

58 EMD ' R

NOTE: For conversion to numeric variable, change line 70 as follows:

78 DISP UALCEBRLSI
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HEWLETT-PACKARD 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.

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 9816
computer.

. Type EDIT and press the EXEC key.

. 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 siring at'the command prompt. For
example, to place the instrument in ACV and autorange, type in FIROX and press the ENTER key.

6. The instrument reading string will then appear on the CRT. A typical display is:

NDCV+0.000000E+0.

i o

PROGRAM ~ COMMENTS

16 REMOTE vay Place 196 in remote.

15 DIMAFLETTy BFLED] :

28 INPUTE ¢ COMMAND STRING? #» F?1$ Prompt for and input command.
2O QUTPUT 78v; A% Address 196 to listen, send string.
48 ENTER 787 B% ' ~Address 196 to talk, input reading.
9@ PRINT B ' Display reading string.

&8 GOTO 26 , ’ Repeat.

78 END

NOTE: For conversion to a numeric variable, change the program as follows:

48 ENTER Y87 B
58 FRIMTE
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C-6

HEWLETT-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 I/O ROM.

DIRECTIONS

. Fromi the front panel, set the primary address of the Model 196 to 7.

. With the power off, connect the Model 196 to the 98034A HPIB interface installed in the 9825A.

. Enter the lines in the program below, using the STORE key after each line. Line numbers are
automatically assigned by the 9825A. _ _

. Press the 9825A 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 FIR0X and press the CONT
key.

5. The instrument reading string will then appear on the computer print out. A typical display

(AN O )

.

is: NDCV+0.000000E+0.

PROGRAM COMMENTS

8 dim a$l251-BEI2T] Dimension data strings.

1 devé# 1R&! ", FET === "Define 196 at address 7.

2 rem¥ F 195 ' Place 196 in remote.

Zoent® f COMMEHD STRIMNG *«BE Prompt for command string.

4 wrtf F 136" ' BE Address 196 to listen, send string.
Gredif 198" TafE Address 196 to talk, input data.

£ prt A% —~..... . Print data string on printer.

T gto & Repeat.

NOTE: For conversion to numeric variable, modify the program as follows:

Gprt valtaE[ S
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DEC LSl 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 operating system.

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 IBV 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;IBLIB.
6. Type RUN IEEE and press the RETURN key.
7. The display will read “ENTER ADDRESS”.
8. Type in 7 and press the RETURN key.
9. The display will read “TEST SETUP".

=y
o

- Type in the desired command string and press the RETURN key. For example, to program

the instrument for ACV and autorange, type in FIROX and press RETURN.

=
Y

NDCV+0.000000E+0.

PROGRAM

. The instrument data string will appear on the computer display. A typlcal display is:

COMMENTS

PREOGREAM IEEE
INTEGER#Z PRIADR : '
LOGICAL#%1 MSGCSEY IHFUT{':‘EI“'
Ohz2I=1s18 —
CALL IBSTERC I 82
2 COMTIMUE
Calbl TESTERCIS S
CaLL IBTIMOCLIZEY .
CaiL TETERMC1E:
CREL TEREH
4 TYPE = )

5 FORMAT ¢ 18s SENTER ADDRESS: . *ﬁ"‘ _. _

RTCERT 18: F‘RIFIIIF‘
19 FORMAT <122
12 TYFE 15
1S FORMAT (1= *TEST SETUP: * « £2
CALL GETETR (S HM5G. 72y
CALL TESEQT {M3Gs -1 PEIGDED
t I=IBRECW ¢ IHF‘”T: HE:FF‘IF{I!F‘!
IMPUT ¢ I+13
Call PUTS TR LTs IHF‘UT: ‘D’ 3
Call TBEUMT
GATO 12
EMD

=
Len}

Turn off IB eITOorS.

Allow 5 error 15%.

Allow 1 second bus timeout,
Set line feed as terminator.
Turn 6h remote.

__I_nput primary address.

Prompt for command string.
Program instrument.—

Address 196 to listen, send string.
Get data from instrument.

Untalk the 196.
Re_peat. ' )

C-7
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PET/CBM 2001

The following program sends a command string to the Model 196 from 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. 7

4. Type RUN 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 FIR0X and press
the RETURN key.

5. The instrument reading string will then appear on the CRT. A typical display is:
NDCV+0.000000E+0. o T

PROGRAM COMMENTS

IBO0PEM 1.7 o Open file 1, primary address 7.

Z@ INPUTE S COMMAMD STRIMG? * : BF Prompt for, input command string.
I8 PRIMT#14B% : Address 196 to listen, send string,
45 IMFLUTH#1A¥f Address 196 to talk, input data.

SH IF 57 =2 THEHM 48 If bus timeout, input.again.

£8 PRIMT Af Display reading string.

78 GOTO 28 . . Repeat.

NOTES: . T

1. i conversion to numeric variable is required, modify the program as follows:

v o =Ual (MIDELAE S 1550 : : ——
S8 FRINT s fa="";n
S8 GOT0 249

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.
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IEEE-488 BUS OVERVIEW

BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a paralle] 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 contro] the data byte
transfer sequence.

A typical configuration for controlled bus operation is
shown in Figure D-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 ancther.

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.

TO OTHER DEVICES

/__-JL—\
ABLE T0 [N\
TALK. LISTEN
AND CONTROL
( COMPUTER ) 4 oataBus
DEVICE 2 |
ABLE TO [T
—Ye
TALK AP DATA BYTE
(195> TRANSFER
g CONTROL
DEVICE 3 K;
ONLY ABLE 4]
7o L1STEN GENERAL
PRINTER ) INTERFACE
piiiiy MANAGEMENT
oEvice 4+ (g
ONLY ABLE =34
T6 TALK
L\ D101 ... 8 DATA
- { 8 LINES)
_ pav
| NRFD > HANDSHAKE
L NDAC
L— 1rc
ATN
BUS
SRQ
| SRO > MANAGEMENT
EO1

Figure D-1. IEEE Bus Configuration
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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 by
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 (840 + $07 = $47).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary address
byte values lie in the range of $60-57F. 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 listening device
(frequently the controller) will then read this information

as transmitted. .

BUS LINES

The signal lines on the IEEE-488 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 fashion. These lines use the con-
vention DIOT-DIOS instead of the more common D0-D7,
DIO1 is the least significant bit, while DIOS3 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.

D-2

Bus Management Lines

The five bus management lines ensure proper interface
control and management. These lines are used to send

- uniline commands.

ATN (Attention)—The state of ATN determines how infor-
mation on the data lines is to be interpreted.

IFC (Interface Clear)—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.

EOI (End Or Identify)—EOQI is used to mark the end of
amulti-byte data transfer sequence. EQOl is also used along
with ATN, to send the IDY (identify) message for parallel
polling.

'SRQ (Serviceﬁf-i&;ﬁé;st-)—SRQ is used by devices to Tequest

service from the controller.

Handshake Lines

‘Three handshake lines that operate in an interlocked se-

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 until 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 D-2 shows the basic handshake sequence for the
“transmission of one data byte. This sequence is used to

transfer data, talk and listen addresses, as well as multiline
commands.
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DATA X

X SOURCE

DATA SOURCE
VALID
NRFD ! ; ACCEPTOR
i I
I |
I i
| 1
NDAC | | | AccEPTOR
] .
: ,
DATA DATA

TRANSFER TRANSFER

BEGINS

ENDS

Figure D-2. IEEE Handshake Sequence

BUS COMMANDS

Cofimands associated with the IEEE-488 bus can be
grouped into the following three general categories. Refer
to Table D-1.

Uniline Commands—These commands are asserted by set-
ting the associated bus line true. For example, to assert
REN (Remote Enable), the REN line would be_set low
{true).

Multiline Commands—General bits commands which are
sent over the data lines with the ATN line true.

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.

Table D-1. IEEE-488 Bus Comimand Summary

State of
Command Type | Command ATN Line*} Comments
Uniline REN (Remote Enable) X Sets up devices for remote operation.
ECI e X Marks end of transmission.
IFC (Interface Clear) X (lears Interface.
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device. .
Multiline
Universal LLO {Local Lockout) Low Locks out local operation.
DCL (Device Clear) Low Returns device to defanlt 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.

*Dor't Care.

D-3
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Uniline Commands

The five uniline commands include REN, EQI, 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 (Interface 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.
Al 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 ATN frue.

LLO (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.

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 fo 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 Trigger)—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. ATN 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 corumands will depend
on instrument configuration. Generally, these comumands

are sent as one or more ASCH characters that command
the device to perform a specific action. For example, the
command string R0OX is used to control the measurement
range of the Model 196.

The JEEE-488 bus treats these commands as data in that-
ATN is false when the commands are transmitted.

Command Codes

Command codes for the various commands that use the
data lines are summarized in Figure D-3. Hexadecimal and
and decimal values for the various commands are listed
in Table D-2.

D-5
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Table D-2. Hexadecimal and Decimal Command

Table D-4. Typical Device-Dependent Command

Codes Sequence

Command |  Hex Value Decimal Value | " Data Bus_
GIL 01 1 Step| Command| ATN State ASCIH | Hex| Decimal
SDC 04 4 1 UNL | Set low ? | 3F 63
GET 08 8 2 | LAG* |Stayslow 27| 39
LLO 1 7 3 Data | Set high R | 52| 82
DCL 4 20 4 Data | Stays high 0 | 30| 48
SPE 18 24 5 Data Stays high X 58 88
SPD 19 25 -
LAG 20-3F 32-63 . .- *Assumes primary address = 7.
TAG 40-5F 64-95
SGG 60-7F 96127
UNL 3F 63 IEEE Command Groups
UNT 58 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

comumand 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 D-3. Typical Addressed Command Sequence

Data Bus ___
Step| Command| ATN State ASCII| Hex| Decimal
1 UNL | Set low ? 3F 63
2 LAG* |Stays low ! 27 39
3 SDC | Stays low EOT | 04 4
4 Returns high

*Assumes primary address = 7.

Table 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.

" Command groups supported by the Model 196 are listed

in Table D-5. Device-dependent commands are not includ-
ed in this list.

Table D-5. IEEE Command Group

HANDSHAKE COMMAND GROUP
DAC=DATA ACCEPTED
RFD=READY FOR DATA
DAV=DATA VALID

UNIVERSAL COMMAND GROUP
ATN=ATTENTION
DCL-DEVICE CLEAR
IFC=INTERFACE CLEAR
LLO=LOCAL LOCKQUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL POLL ENABLE

ADDRESS COMMAND GROUN _

LISTEN: LAG=LISTEN 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=END

D-7/D-8



Device-Dependent Command Summary

Maode Command | Description
Execute X Execute other device-dependent commands.
Function FO DC volis
£l AC volis
F2 Ohms
F3 DC ciirrent
F4 AC current
E5 ACV dB
Fé ACA dB
E7 Offset-compensated ohms
Range
Offset
Compensated
DPCV  ACV DUCA  ACA Ohms ACV dB ACA dB Ohms
RO Auto  Auto Auto Auto Auto Auto  Auto Auto
K1 300mV 300mV 300 LA 300 A 300 Q Auto  Auto Auto
R2 3V 3V 3mA 3mA 3k Auto  Auto 3k
R3 30 V 30mV 30mA 30mA  30k0 Auto  Auto 30 ki
R4 300 V300 V300mA 300maA 300 k0 Auto  Aufo 30 k2
R5 300 V300 V 3 A 3 A 3Me Auto  Autko 30 ke
Ré 300 V300 V 3 A 3 A 30MR Auto  Auto 30 k0
R7 300 V300 V 3 A 3 A 300MD Auto  Auto 30 k0
Zero 70 Zero disabled
Z1 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 DPCA ACA OHMS ACV dB ACA dB Ohms
S0 3%d 3%d 3%d 3%d 3%dRI-RY) Std 5lad 5lnd
5%dR5-R7)
51 4%d  4%d  4%d  4%hd  4%dRLR4) 5%d  5Bhd 5%d
5%d(R5-R7
S2 5%d  5ld S%d  Slkd 5tad 5%d  S5%ad S5thd
S3 6%d 5%d 5%d 5%d 6%dRLRE) 5%d  5%d 6lad
5%4(R7)
Integration period: 3%d=>318psec, 4%2d=2.59msec,
5%d and 6%d=Line cycle
Trigger Mode T0 Continuons on Talk
Tl One-shot on Talk
T2 Continuous on GET
T3 One-shot on GET
™ Continuous on X
TS One-shot on X
Te Continuous on External Trigger
T7 One-shot on External Trigger
Reading Mode BO Readings from A/D converter
Bl Readings from data store




Device-Dependent Command Summary (Cont.)

Mode Command BDescription
Data Store Size I0 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 (Imsec to 999999msec)
Value Vinn.nnnn or | Calibration value, zero value
Vi+n.nnnnnnE+n _ _ .
Calibration Co Calibrate first point using value (V)
Cl Calibrate second point using 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
M1 Reading overflow
M2 Data store full
M4 Data store half full
M3 Reading done
Mil6 Ready
M32 Error
EQI and Bus Hold-off Ko Enable EQI and bus hold-off on X
K1 Disable EQI, enable bus hold-off on X
K2 Enable EQI, disable bus hold-off on X
K3 Disable both EOI and bus hold-off on X
Terminator Y0 CRLF
Y1 LF CR
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 Send current value
Us Send input switch status (front/rear)
Auto/Cal Multiplex A0 Auto/Cal Multiplex disabled
Al | Auto/Cal Multiplex enabled
Delay Wn _| n=delay period in milliseconds, (Omsec to 60000msec)
Self-test Jo Test, ROM, RAM, F?PROM
Hit Button Hn Hit front panel button number n
Display Da Display up to 10 character message. a=character
D Cancel display mode
Internal Filter NO Internal exponential filter off
N1 Internal exponential filter on




KEITHLEY

Service Form

Model No. Serial No. Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

(¥ Intermittent ' Analog output follows display [ Particular range or function bad; specify
[ IEEE failure a Obvioué problem on power-up - [ Batteries and fuses are OK.
[ Front panel operational [ Al ranges or functions are bad [ Checked all cables

Display or output {check one)

[ Drifts - [ Unabletozero

QO Unstable [ Will not read applied input i
Q Overload R o

L] Calibration only ' [ 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 furned on or not).
Also, describe signal source. Lo o : T

Where is the measurement being performed? {factory, controlled laboratory, cut-of-doors, eic.)

What power line voltage is used? Ambient temperature? . °F

Relative humidity? ' Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number un this service form.



. . L Looking for more information?
@ AM Visit us on the web at http://www.artisan-scientific.com for more information:

QUALITY INSTRUMENTATION ... GUARANTEED = Price Quotations = Drivers = Technical Specifications, Manuals and Documentation

Artisan Scientific is Your Source for Quality New and Certified-Used/Pre-owned Equipment

Talk to a live person: 888-88-SOURCE (888-887-6872) | Contact us by email: sales@artisan-scientific.com | Visit our website: http://www.artisan-scientific.com






