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SAFETY PRECAUTIONS

The following safety precautions should be observed before operating the Model 193A.

This instrument is intended for use by qualified personnel who recognize shock hazards and are tamiliar
with the safety precautions required to aveid possible injury. Read over the manual caretully before operating
this instrument.

Exercise extreme caution when a shock hazard is present at the instrument’s input. The American National
Standards Institute (ANSI) states that a shock hazards exists when voltage levels greater than 30V rms or
42,4V peak are present. A good safety practice is to expect that a hazardous voltage is present in any unknown
circuit before measuring,.

lnSﬁect the test leads for possible wear, cracks or breaks before each use. If any defects are found, replace
with test leads that have the same measure of safety as those supplied with the instrument.

For optimum safety do not touch the test leads or the instrument while power is applied to the circuit under
test. Turn the power off and discharge all capacitors, before connecting or disconnecting the instrument.
Always disconnect all unused test leads from the instrument.

Do not touch any object which 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, in-
sulated surface, capable of withstanding the voltage being measured.

Exercise extreme safety when testing high energy power circuits (AC line or mains, etc). Refer to the High
Energy Circuit Safety Precautions found in paragraph 2.6 (Basic Measurements).

Do not exceed the instrument’s maximum allowable input as defined in the specifications and operation
section.






SPECIFICATIONS

DC VOLTS ACCURACY (51/2 Digits)** TEMPERATURE ‘
MAXIMUM + (%rdg + counts) COEFFICIENT ANALOG \
READING RESOLUTION  yNpyT 24 Hr., 90 Days, 1Yr, +(%rdg+counts}*C SETTLING |
RANGE (5% Digits) 6% 514 RESISTANCE 23°1+1°C  23°+5°C 23 +5°C 0°-18°C & 28--50-C TIME***
200mV  219.999mV 100 nV 1V >108% 0.003+2* 0.005+2* 0.008 + 2* 0.0003 + 1 < 2ms
20V 219999 Vo 1 uV 10 kV =160 0.002+1 0.005+2 0.007 +2 0.0003 +0.1 < lms
20V 219999 V10V 100 Vv 10MQ 0.003+1 0.007 + 1 0.009 +3 0.0007+0.1 < 1ms
200 V219999 V1004V 1mV 10MQ 0.003+1 0.007 + 1 0.009+3 0.0007 +0.1 < lms
1000 V 1000.00 V  1mV 10mV 10MQ 0.004 +1 0.007+1 0.009 +5 0.0007 +0.1 < lms

*When properly zeroed.

NMRR; Greater than 60dB at 50 or 60Hz.

CMRR: Greater than 120dB at dc and 50 or 60Hz
{(with 1kQ in either lead).

MAXIMUM ALLOWABLE INPUT: 1000V peak.

**Multiply digit error by 10 for 6%2-digit accuracy.

***To 0.01% of step change.

MAXIMUM MEASUREMENT RATES (into internal

memory, filter and multiplex off}:
3'%: Digit  4'» Digit 5 Digit 6 Digit

25 rdg:s

1000 rdg/s 333 rdg/ls 25 rdgis

TRMS AC VOLTS (Option 1930)

MAXIMUM ACCURACY (52 Digits)***
READING RESOLUTION B + (%ordg + counts) 1 Year, 18-28 C _
RANGE (52 Digits) 62 512 20Hz-50Hz* 50Hz-10kHz* 10kHz-20kHz* 20kHz-100kHz**
2V 2.19999V 1uV 10 pV 1+100 0.25+100 0.35 + 300 1+ 3500
20V 21.9999V 10 ¥V 100 pV 1+100 0.25+100 0.35+ 300 1+ 500
200V 219.999V 100 pV ImV 1+ 100 0.25+100 (}.35+ 30K T+ 500
700V 700.00 V imvV 10mV 1+ 100 .35+ 100 (15 +300 1+ 300

*Above 2000 counts. **Above 20000 counts; 3% +500 typical below 20000. ***Multiply digit error by 10 for 64:-digit accuracy |

RESPONSE: True rcot mean square, ac or ac+dc.

CREST FACTOR: Rated accuracy to 3. Specified for
pulse widths >10us, peak voltage <1.36 x full scale.

AC+DC: Add 60 counts to specified accuracy.

MAXIMUM INPUT: 1000V peak ac+dc, 2x107VeHz.

SETTLING TIME: 0.5s to within 0.1% of change in
reading.

INPUT IMPEDANCE: 1M shunted by less than 120pF.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):
Less than +(0.1x applicable accuracy specification)/°C
below 50kHz; (0.2x) for 50kHz to 100kHz.

3dB BANDWIDTH: 500kHz typical.

CMRR: Greater than 60dB at 50 and 60Hz {1k} un-
balance).

dBV (Ref. = 1V):  ACCURACY +dBV
o tYear, 18-28°C _
INPUT 20Hz-20kHz ZOkHz-rlﬂi{lEziiRiESOLUT_ION :
- 14 to +57dBV '
(200mV to 700V rms) 0.2 0.4 {10148V
-34 to —14dBV
(20mV to 200mV) 1.5 3 (.01dBV
“Typical

LOW FREQUENCY

AC VOLTS ACCURACY (1 Year)
(312 Digits)
+ (%rdg + counts)
RANGE RESOLUTION 18°-28°C

200mV 100 uV 2+3
2V 1mV 2+3

20 V 10mV 2+3

200 V 100mVv 2+3

700 V 1TV 243

RESPONSE: True root mean square, ac+dc.
BANDWIDTH: 0.1 to 10Hz.




OHMS

ACCURACY (5% Digits)*** TEMPERATURE
MAXIMUM CURRENT + (%rdg + counts) COEFFICIENT
READING RESOLUTION THROUGH 24 Hr., 90 Days, 1 Yr., + (%rdg + counts)/°C
RANGE (5% Digits) 61/ 5% UNKNOWN  23°+1°C  23°45°C  23°45°C  0°18°C & 28°-50°C
200 £ 219999 § 100 pQ 1mi? 1mA 0.0035+2*  0.007+2*  0.010+2* 0.001+0.7
2k 2.19999 kO 1me 10m{2 1mA 0.0035+2  0.007+2 0.010+2 0.001+0.1
20 k@ 21.9999 k@ 10m©r  100mQ 100 puA 0.0035+2  0.007+2 0.010+2 0.001+0.1
200 kT 219.999 k& 100mQ 10 10 pA 0.0035+2  0.007+2 0.010+2 0.001+0.1
2MQ 2.19999M 1 9 0 Q 1A 0.005 +2  0.010+2 0.010+2 0.001+0.1
20MO  21.9999MQ 0 9 100 @ 100 nA 0.040 +2  0.070+2 0.070 +2 0.010+0.1
200M  219.999MQ 100 @ 1k 100 nA** 3.2 +2 3.2 42 3.2 42 0.230+0.1

*When properly zeroed. **Nominal short circuit current.

***4-terminal accuracy 20002-20k range. Multiply digit error by 10 for 6%d accuracy.

CONFIGURATION: Automatic 2- or 4-terminal.

MAXIMUM ALLOWABLE INPUT: 350V peak or
250V rms,

MAXIMUM OPEN CIRCUIT VOLTAGE: -7V.

DC AMPS (Option 1931)

ACCURACY
(52 Digits) TEMPERATURE
RESO- (1 Year) COEFFICIENT

LUTION +(%rdg+counts) + (%rdg+counts)/°C

RANGE (5~ Digits) 18228°C 218°C & 28%50°C
200 pA InA 0.09+10 0.01+0.5
2mA 10nA 0.09+10 0.01+0.5
20mA  100nA 0.09+10 0.01+0.5
200mA 1A 0.09+10 0.01+0.5
2 A 10pA 0.09+10 0.01+0.5

OVERLOAD PROTECTION: 2A fuse (250V), externally
accessible.

MAXIMUM VOLTAGE BURDEN: 0.25V on 200pV
through 20mA ranges; 0.28V on 200mA range; 1V on
2A range.

TRMS AC AMPS (Options 1930 and 1931)

ACCURACY™*
45Hz to 10kHz
(5'/2 Digits) TEMPERATURE
RESO- {1 Year) COEFFICIENT

LUTION 4 (%rdg+counts) +(%rdg+counts)/°C

RANGE (52 Digits) 228°C 0218°C & 28%50°C
200 pA nA (1.6 +300 0.04+10
2mA 10nA 0.6+300 0.04+10
20mA 100nA 0.6+ 300 0.04+10
200mA TeA 0.6+300 0.04+10
2 A 10pA 0.6+ 300 (.04 +10

*Above 2000 counts.

RESPONSE: True root mean square, ac or ac+dc.
CREST FACTOR: Rated accuracy to 3. Specified for
pulse width >1ms, peak current =1.36 x full scale.

MAXIMUM VOLTAGE BURDEN: 0.25V on 200pV
through 20mA ranges; 0.28V on 200mA range; 1V on
2A range,

OVERLOAD PROTECTION: 2A fuse (250V), externally
accessible.
SETTLING TIME: 0.5s to within 0.1% of change in
reading,.
dB (Ref. = 1mA):
ACCURACY +dB
1 Year, 18°-28°C

INPUT 45Hz-10kHz RESOLUTION
—34 to +66dB
20uA to 2A 0.3 0.01dB
—54 to —34dB
24A to 20pA 2 0.01dB




TEMPERATURE (Thermocouple) (Over IEEE Bus Only)
THERMO- ACCURACY*
COUPLE (1 Year)
TYPE RANGE  RESOLUTION 18°-28°C
] -100 to + 760°C  0.1°C +0.5°C
K -100 to +1372°C  0.1°C +0.5°C
T ~-100 to + 400°C  0.1°C +0.5°C
E -100 to +1000°C  0.1°C +0.6°C
R Oto +1768°C 1 °C +3 °C
S Oto +1768°C 1 °C +3 °C

B +350 to +1821°C 1 °C +5 °C

*Relative to external 0°C reference junction; exclusive of ther-
mocouple errors. Junction temperature may be external.

TEMPERATURE (RTD)

4-WIRE
RESO-  ACCURACY* TEMPERATURE

RANGE LUTION 1 Yr, 18°-28°C COEFFICIENT

—100° to o +(0.0013% +
0.01°C 0.18°C

+630°C + 0.005°C)/°C

~ 148° to +(0.0013% +
0.01°F 0.36°F

+1100°F * 0.01 °F)/°C

*Excluding probe errors.

RTD TYPE: 10082 platinum; DIN 43 760 or IPTS-68, alpha
0.00385 or 0.00392, 4-wire.

MAXIMUM LEAD RESISTANCE {each lead): 4-wire,
106G.

SENSOR CURRENT: 1mA

COMMON MODE REJECTION: Less than 0.005°C/V at
dc, 50Hz and 60Hz (100€ unbalance, LO driven).

MAXIMUM ALLOWABLE INTPUT: 350V peak, 250V
ms.

IEEE-488 BUS IMPLEMENTATION

Multiline Commands: DCL, LLO, SDC, GET, GTL,
UNT, UNL, SPE, SPD.

Uniline Commands: IFC, REN, EQI, SRQ, ATN.

Interface Functions: SH1, AH1, TEO, L4, LEQ, SR1, RL1,
Pro, DC1, DT, CO, E1.

Programmable Parameters: Range, Function, Zero, Inte-
gration Period, Filter, dB Reference, EQI, Trigger, Ter-
minator, Delay, 500-rd§ Storage, Scaling, Calibration,
Display, Multiplex Off, Status, Service Request, Self
Test, Qutput Format.

GENERAL

DISPLAY: 14, 0.5-in. alphanumeric LED digits with
decimal point and polarity. Function and IEEE bus
status also displayed.

RANGING: Manual or fast autoranging,.

ISOLATION: Input LO to [EEE LO or power line
ground: 500V max., 5x10°VeHz; greater than 10°(}
paralleled by 400pF.

DATA MEMORY: 1 to 500 locations, programmabile,
Measurement intervals selectable 1ms o 999 99%9sec or
triggered.

BENCH READING RATE: 5 readings: sec, except 20M(,
200M$ range 2 readings/sec.

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

FILTER: Weighted average (exponential). Programmable
weighting: 1 to %,

WARMUP: 1 hour to rated accuracy.

OPERATING ENVIRONMENT: 0°-50° €, 0% to 80%
relative humidity up to 357C; linearly derate 3%
RH/°C, 35°C to 50°C (except 200MQ range: 0% to 6%
RH up to 28°C).

STORAGE ENVIRONMENT: -25" to +65-C.

POWER: 105-125V or 210-250V {internal switch selected),
50Hz or 60Hz, 40VA maximum. 90-110V & 180-220V
versions available upon request.

CONNECTORS: Analog: Switch selectable front or rear,
safety input jacks. Digttal: TRIGGER input and VOLT-
METER COMPLETE output on rear panel, BNCs.

DIMENSIONS, WEIGHT: 89mm high x 438mm wide
x 441mm deep (3% in. x 17% in. x 17% in.). Net
weight 33kg (15 1bs.).

ACCESSORIES AVAILABLE:

Model 1600A: High Voltage Probe

Model 1641:  Kelvin Test Lead Set
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
Meodel 1754 Universal Test Lead Kit
Model 1930:  True RMS ACV Option
Model 1931:  Current Option

Model 1938:  Fixed Rack Mounting Kit
Model 1939:  Slide Rack Mounting Kit

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

Specifications subject to change without notice.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Keithley Model 193A System DMM, with the TRMS
AC Volt and Current options installed, is a six function auto-
ranging digital multimeter. At 6% digit resolution, the LED
display can display +2,200,000 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%z digit
DMMs. The built-in IEEE-488 interface makes the instru-
ment fully programmable over the IEEE-488 bus. With the
TRMS ACV option and the Current option installed, the
Model 193A can make the following basic measurements:

. DC voltage measurements from 100nV to 1000V,

. Resistance measurements from 100x8 to 200MQ.

RTD temperature measurements from -100°C to 630°C.
TRMS AC voltage measurements from 14V to 700V.

. DC current measurements from 1nA to 2A.

. TRMS AC current measurements from 1nA to 2A.

N, I P R

In addition to the above mentioned measurement capa-
bilities, the Model 193A can make dB and TRMS AC + DC
measurements,

1.2 FEATURES

Some important Model 193A features include:

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

* High Speed Measurement Rate—1000 readings per
second.

e 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 for
1 to 99 readings from the front panel or over the bus.

» Data Store—An internal buffer that can store up to 500
readings is accessible from either the front panel or 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 can be used to
replace standard command strings over the [EEE-488 bus.

* Thermocouple (TC) temperature measurements can be
made over the IEEE-488 bus.

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 Keithley representative or
the factory to determine the proper course of action.
Keithley Instruments maintains service facilities in the
United States, United Kingdom and throughout Europe.
Information concerning the application, operation or ser-
vice of your instrument may be directed to the applications
engineer at any of these locations. Check the inside front
cover for addresses.

1.4 MANUAL ADDENDA

Information concerning improvements or changes to the
instrument which occur after the printing of this manual
will be found on an addendum sheet included with this
manual. Be sure to review these changes before attemp-
ting 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 193A.

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

The on the instrument denotes that a potential of
1000V or more may be present on the terminal(s). Stand-
ard 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.

1-1



GENERAL INFORMATION

1.6 SPECIFICATIONS

Detailed Model 193A specifications may be found preceding
the Table of Contents of this manual.

1.7 INSPECTION

The Model 193A System DMM was carefully inspected,
both electrically and mechanically before shipment. After
unpacking all items from the shipping carton, check for any
obvious signs of physical damage that may have occurred
during transit. Repart 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 193A order:

Model 193A System DMM
Model 193A Instruction Manual
Additional accessories as ordered.

If an additional instruction manual is required, order the
manual package (Keithley Part Number 193-901-00). The
manual package includes an instruction manual and any
applicable addenda.

1.8 USING THE MODEL 193A MANUAL

This manual contains information necessary for operating
and servicing the Model 193A System DMM, TRMS ACV
option and the Current option. The information is divided
into the following sections:

¢ Section 1 contains general information about the Model
193A including that necessary to inspect the instrument
and get it operating as quickly as possible.

* Section 2 contains detailed operating information on us-
ing 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 193A to the IEFE-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 interface
operation is included.

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

* Section 7 contains replaceable parts information.

1.9 GETTING STARTED

The Model 193A 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 193A consult the
appropriate section of this manual.

Power-Up

1. Plug the line cord into the rear panel 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 to the 1000VDC
range.

Making Measurements

1. Connect the supplied safety shrouded test leads to the
front panel VOLTS HI and LO input terminals. Make
sure the INPUT switch is in the out (FRONT) position.

2. To make a voltage measurement, simply connect the in-
put leads to a DC voltage surge (up to 1000V) 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 Data Store

Storing Data:

1. Press the DATA STORE button. The DATA STORE in-
dicator will turn on and a storage rate (in seconds) will
be displayed.

2. Select an interval, other than 000.000, using the < and
> and data buttons.

3. Press the ENTER button. The buffer size will be
displayed. Size 000 indicates that data will overwrite after
500 readings have been stored.

4, If a different buffer size is desired, enter the value us-
ing the number buttons (0 through 9),

5. Press the ENTER button to start the storage process.
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The data store mode can be exited at any time before the
start of the storage process by pressing the RESET button.
Once storage has commenced, the storage process can be
stopped by pressing any function button. See paragraph
2.7.1 for complete information on storing data.

Recalling Data:

1. Press the RECALL button. The buffer location of last
stored reading will be displayed.

2. To read the data at a different memory location, enter
the value using the number buttons (0-9).

3. Press the ENTER button. The reading and the memory
location will be displayed.

4. The A and ¥ buttons can be used to read the data in
all filled memory locations.

5. To read the highest, lowest and average reading stored
in the buffer, press the number 1, 2 and 3 buttons respec-
tively. Note that the memory location of the highest and
lowest reading is also displayed. The average reading is
displayed along with the number of readings averaged.

The recall mode can be exited by pressing the RESET but-
ton. See paragraph 2.7.2 for complete information on data
recall,

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
91 (IEEE status), press the PRGM button and then 9 and
1 buttons. Table 2-2 lists and briefly describes the available
front panel programs. 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 flashin
digit can be modified using the data buttons (0 throug
9 and +) and the cursor control buttons (manual range
buttons).

3. Programs that contain alternate conditions can be
displayed by Fressinfg ane of the manual 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 mode.

5 A pro(jgram can be exited at any time and thus not ex-
ecuted, by pressing the RESET button.

Paragraph 2.8 provides the detailed information for using
the front panel programs.

1.10 ACCESSORIES

The following accessories are available to enhance the
Model 193As, capabilities.

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 1641 Kelvin Test Lead Set—The Model 1641 has
special clip leads that allow 4-terminal measurements to be
made while making only two connections.

Model 1651 50-Ampere Current Shunt—The Model 1651 is
an external 0.001f2 +1% 4-terminal shunt, which permits
current measurements from 0 to 50A AC or DC.

Model 1681 Clip-On Test Lead Set—The Model 1681 con-
tains two leads, 1.2m (48’) 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 shroud-
ed banana plugs help minimize the chance of making con-
tact 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,
1-black}, two spade lugs, two standard banana plugs, two
phone tips {0.06 DIA.), two hooks and miniature alligator
clips (with boots).

Model 1930 TRMS AC Volt Option—The Model 1930 is a
True Root Mean Square (TRMS) AC plug-in option for the
Model 193A. This option allows the instrument to measure
the TRMS value of an AC signal. When the Model 1930
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is installed, AC + DC voltage measurements can be made.
Field installation or removal/replacement of the Model 1930
will require recalibration of the Model 193A and the Model
1930.

Model 1931 Current O&tiongThe Model 1931 is a plug-in
current option for the Model 193A. This option allows the

instrument to measure DC current up to 2A. When both
Models 1930 and 1931 are installed, the instrument can
make TRMS AC current measurements and TRMS AC +
DC current measurements. Field installation requires
recalibration of the Model 193A.

Model 1938 Fixed Rack Mount—The Model 1938 is a sta-
tionary mount kit that allows the Model 193A to be
mounted in a standard 19 inch rack.

Medel 1939 Slide Rack Mount—The Model 1939 is a sliding
mount kit that allows the Model 193A to be rack mounted
with the added feature of sliding the instrument forward
for easy access to the rear panel and top cover.

Modetl 7007 IEEE-488 Shielded Cables—The Model 7007 con-
nects the Model 193A to the IEEE-488 bus using shielded
cables to reduce electromagnetic interference (FMI). The
Model 70071 is one meter in length and has a EMI shield-
ed [EEE-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 193A to the IEEE-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 8573 IEEE-488 Interface—The Model 8573 is an
IEEE-488 standard interface designed to interface the IBM
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 8573 join
together to give the IBM advanced capabilities over
IEEE-488 interfaceable instrumentation.
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SECTION 2
BASIC DMM OPERATION

2.1 INTRODUCTION

Operation of the Model 193A may be divided into two
general categories: front panel operation and IEEE-488 bus
operation. 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 describ-
ed in Section 3.

2.2 POWER UP PROCEDURE

2.2.1 Line Power

Use the following procedure to connect the Model 193A 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 near the AC power receptacle. 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 92 (see
paragraph 28.11} after the instrument completes the
power-up sequence.

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

WARNING

The Model 193A 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 NVRAM). If
RAM or ROM fails, the instrument will lock up. If E*PROM
FAILS, the message “UNCALIBRATED” will be displaved.
See paragraph 6.9.2 for a complete description of the power-
up self test and recommendations to resolve failures.

2.2.3 Factory Default Conditions

At the factory, the Model 193A is set up so that the front
panel controls and features are initially configured to cer-
tain conditions on power-up and when program RESET is
run. These are known as the factory default conditions and
are listed in Table 2-1.

Table 2-1. Factory Default Conditions

Control/Feature Default Condition
Function DCV
Range 1000V
Resolution 62 [gits
Line Frequency "
IEEE Address v
RTD Alpha Value and scale 0.00392°C
Zero Disabled
Zero Value +(000000
dB Disabled
dB Reference Value 1V, ImA
AC + DC Disabled
Data Store Disabled
Recall Disabled
Filter Disabled
Filter Value 10

*Program 90 (save) can be used to establish the factory
default condition. However, an “UNCALIBRATED" error
will set factory default to an IEEE address of 10 and a fre-
quency setting of 60Hz.




QPERATION

2.2.4 User Programmed Conditions

A unique feature of the Model 193A is that each function
“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.

Certain configurations can be saved by utilizing front panel
Program 90. On power-up, these user saved default condi-
tions will prevail over the factory default conditions. Also,
a DCL or SDC asserted over the IEEE-488 bus will set the
instrument to the user saved default conditions. For more
information, see paragraph 2.8.9 (Program 90).

NOTE
Keep in mind that power-up default conditions can
be either factory default conditions or user saved
default conditions.

2.3 FRONT PANEL FAMILIARIZATION

The front panel layout of the Model 193A is shown in Figure
2-1. The following paragraphs describe the various com-
ponents of the front panel in detail.

2.3.1 Dispiay and Indicators

Display—The 14 character, alphanumeric, LED display is
used to display numeric conversion data, range and func-
tion mnemonics (i.e. mV} and messages.

Status Indicators—These three indicators apply to instru-
ment operation over the IEEE-488 bus. The REMOTE indi-
cator shows when the instrument is in the IEEE-488 remote
state. The TALK and LISTEN indicators show when the in-
strument 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 INPUT
switches, are momentary contact switches. Indicators are
located above certain feature buttons to show that they are
enabled. Included are AUTO (autorange), ZERO, FILTER,
RECALL and DATA STORE. Some buttons have secondary
functions that are associated with front panel program
operation. See paragraph 2-8 for detailed information on
front panel programs.

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

INPUT—The INPUT switch connects the instrument to
either the front panel input terminals or the rear panel in-
put terminals. This switch operates in same manner as the
power switch. The front panel input terminals are selected
when the switch is in the “out” position and the rear panel
input terminals are selected when the switch is in the “in”
position.

FUNCTION GROUP—The FUNCTION buttons are used
to select the primary measurement functions of the instru-
ment, These buttons also have secondary functions.

DCV—The DCV button places the instrument in the DC
volts measurement mode. The secondary function of this
button is to enter the number 0. See paragraph 2.6.4 for
DCV measurements,

ACV—With the ACV option installed, the ACV button places
the instrument in the AC volts measurement mode. The
secondary function of this button is to enter the number
1. See paragraph 2.6.6 for ACV measurements.

OHMS—The OHMS button places the instrument in the
ohms measurement mode. The secondary function of this
button is to enter the number 2. See paragraph 2.6.7 for
resistance measurements.

ACA—With the ACV option and current option installed,
the ACA button places the instrument in the AC amps

measurement mode. The secondary function of this but-
ton is to enter the number 3. See paragraph 2.6.8 for ACA

measurements.

DCA—With the current option installed, the DCA button
places the instrument in the DC amps measurement mode.
The secondary function of this button is to enter the
number 4. See paragraph 2.6.8 for DCA measurements.

TEMP—The TEMP button places the instrument in the RTD
temperature measurement mode. The secondary functions
of this button are to select the TEMP program (select alter-
nate alpha value and thermometric scale) and to enter the
number 5. See paragraph 2.6.9 for RTD temperature
measurements,

RANGE GROUP—The Aand V¥buttons are used for
manual ran%ing and the AUTO button is used for autorang-
ing. These buttons also have secondary functions.
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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 functions of these
buttons are associated with front panel program operation.

AUTO—The AUTO button places the instrument in the
autorange mode and turns on the AUTO indicator. 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 button or one of the manual range but-
tons. The secondary function of this button is to enter the

+ sign.

MODIFIER GROUP—The MODIFIER buttons activate
features that are used to enhance the measurement capa-
bilities of the Model 193A. These features in effect modify
the selected function. In addition to their primary tasks,
these buttons have secondary functions.

ZERQO—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, Refer to paragraph
2.6.2 for detailed information on the zero feature.

dB—The dB button places the instrument in the dB
measurement mode and may be used with the ACV and
ACA functions. Under factory default conditions, measure-
ments are referenced to 1V 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.
See paragraph 2.6.10 for dB measurements.

FILTER—The FILTER button turns on the FILTER indicator
and causes the instrument to start weighted averaging a
number (1-99) of readings. The factory default value is 10,
but may be changed using the FILTER program (see
paragraph 2.8.6). See paragraph 2.6.3 for filter operation.
Selecting the FILTER program is one of the secondary func-
tions of this button. The other secondary function is to enter
the number 6.

AC + DC—With the appropriate options installed, the AC
+ DC button (with ACV selected) places the instrument in
the AC + DC measurement mode. With the ACV option
installed, VAC + DC measurements can be made. With
both the ACV and current option installed, AAC + DC
measurements can be made. See paragraph 2.6.12 for AC
+ DC measurements. The secondary functions of this but-
ton are to select the AC + DC program (low frequency
TRMS measurements) and to enter the number 7.

CONTROL GROUP—The CONTROL buttons are features
that allow for the control and manipulation of various
aspects of instrument operation. All of these buttons, ex-
cept PRGM, have a secondary function.

RESOLN—The RESOLN button allows for the selection of
the number of digits of display resolution. Each press of
the RESOLN button increases resolution by one digit,
Pressing the RESOLN button after the maximum resolu-
tion is reached will revert the display back to the lowest
resolution. Diszf)lay resolution of 3%, 4Y2, 5% or 6'2 digits
can be selected for DCV and ACV. Display resclution of
4%2 or 5% digits can be selected for DCA and ACA. On
OHMS, 3Y2, 4¥: 5% and 6%2 digit resolution is available on
the 2009 through 200k{ ranges. On the 2M(Q and 20MQ
ranges, 5% and 6% digits can be selected. On the 200M{}
range, only 5%d resolution is available. The RESOLN but-
ton has no effect on low frequency AC + DC (I’rogram AC
+ DC), TEMP or dB measurements. The secondary func-
tion of this button is to enter the decimal point {.).

TRIGGER/ENTER—-The TRIGGER/ENTER button is used

as a terminator for data entry when the instrument is in
the front panel program mode and as a front panel trigger
when the data store is active.

STATUS/RESET

STATUS—Instrument status can be displayed when the in-
strument is in the normal measurement mode or logging
readings. When the STATUS button is first pressed, the
following current instrument conditions can be displaved
with the use of the & and ¥ buttons:

Software revision level

IEEE address

Line frequency setting
Multiplexer status (on/off)
MX+B status (on/off)

MX+B values

dB reference value

Filter value (00=filter disabled)
Zero status (on/off)

Zero value

Pressing the STATUS button a second time takes the in-
strument out of the status mode.

RESET—The RESET button is used to reset the instrument
back to the previously entered parameter. Keyed in
parameters are only entered after the ENTER button is
pressed. If RESET is pressed with the last parameter of a
program displayed, the program will be exited and the in-
strument will return to the previous operating state. This
button aborts back to normal operation when it is in one

of the following modes:
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1. The data store is prompting for parameters {(interval or
size).
2. The instrument is in the RECALL mode.

3. A front panel program has been selected (except Program

AC+DC which is treated as a normal measurement func-
tion (see STATUS).

Program RESET—Program RESET returns the instrument
to the factory default conditions. See paragraph 2.8.7 for
information on using this program.

DATA STORE—The DATA STORE button selects the 500
point data store mode of operation. Paragraph 2.7 contains
a complete description of data store operation. The secon-
dary function of this button is to enter the number 9.

RECALL—The RECALL button recalls and displays
readings stored in the data store. Paragraph 2.7.2 provides
a detailed procedure for recalling data. The secondary func-
tion of this button is to enter the number 8.

PRGM—The PRGM button places the instrument in the
front panel program mode. Table 2-2 lists the available pro-
grams. Paragraph 2.8 contains descriptions and detailed
operating procedures for each front panel program.

LOCAL—When the instrument is in the IEEE-488 remote
state (REMOTE indicator on), the LOCAL button will return
the instrument to front panel operation. However, if local
lockout (LLO) was asserted over the IEEE-488 bus, the
LOCAL button will be inoperative. See Section 3 for infor-
mation on operating the instrument over the IEEE-488 bus.

Table 2-2. Front Panel Programs

Program| Description
TEMP | Set RTD value and scale.
AC+DC| Low Frequency TRMS AC + DC.

dB Recall/modify dB reference value.
ZERO | Recall/modify zero value.

FILTER | Recall/medify number of readings aver-
aged (filter value).
RESET | Reset internal conditions to factory
default.
4 MX + B select.
90 Save current front panel setup.

9 Recall/modify IEEE address.

92 Recall/modify line frequency setting
(50/60Hz).

93 Self-test

94 Set values for MX + B program.

95 Multiplexer on/off.

96 Digital calibration.

2.3.3 Input Terminals

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
on the rear panel and that the INPUT switch determines
which set of terminals is active.

VOLTS OHMS HI and LO—The VOLTS OHMS HI and LO

terminals are used for making DC volts, AC volts and two-
wire registance measurements,

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

QHMS SENSE HI and LO—The QHMS SENSE Hl and L.O
terminals are used with the VOLTS OHMS HI and LO ter-
minals to make four-wire resistance measurements and
four-wire RTD temperature measurements.

2.3.4 Current Fuse

The current fuse protects the Model 1931 from input cur-
rent overloads. The instrument can handle up to 2A con-
tinuously or 2.2A for less than one minute. Refer to para-
graph 6.3.2 for the current fuse replacement procedures.

2.4 REAR PANEL FAMILIARIZATION

The rear panel of the Model 193A is shown in Figure 2-2.

2.4.1 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 connector,

Input Terminals—The rear panel input terminals perform
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 connect the

instrument to the IEEE-488 bus. [EEE interface functions
are marked above the connector.

External Trigger Input—This BNC connector is used to ap-
ply pulses to trigger the Model 193A to take one or more
readings, depending on the selected trigger mode.

2-4
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Voltmeter Complete Qutput—This BNC output connector
provides a pulse when the Model 193A has completed a
reading. It is useful for triggering other instrumentation.

2.4.2 Calibration Switch

Calibration of the Model 193A can only be done if the
calibration switch is in the unlock position.

2.4.3. 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.

2.5 ERROR AND WARNING DISPLAY
MESSAGES

Table 2-3 lists and explains the various display messages
associated with incorrect front panel operation of the Model
193A. Also included is a warning message that indicates
to the user that hazardous voltages (40V or more) are pre-
sent on the input terminals.

2-5/2-6
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Figure 2-2. Model 193A Rear Panel
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Table 2-3. Error and Warning Messages

Message Explanation
NEED 1930 Selected option not installed.
NEED 1931
NEED 1930-1931
“H" High Voltage: 40V or more on
input.
NO PROGRAM | Invalid entry while trying to

select program,
Overrange-Decimal point position
and mnemonics define function
and range (2k{ range shown).
The number of characters in the
“OVERFLO"” message defines the
display resolution (6%zd resolu-
tion shown).

TRIG-OVERRUN | Trigger received while still pro-
cessing reading from last trigger.
Trying to calibrate with instru-
ment in an improper state.
Selecting AC+DC or dB with in-
strument not presently in ACV or
ACA.

Instrument, as currently con-
figured, cannot run fast enough
to store readings at the selected
interval.

OVERFLO KOHM

CONEFLICT
NOT ACV or ACA

SHORT-PERIOD

2.6 BASIC MEASUREMENTS

The following paragraphs describe the basic procedures for
making voltage, resistance, current, temperature, dB, and
AC + DC measurements. An ACV option must be install-
ed for ACV measurements, the current option must be in-
stalled for DCA measurements and both options must be
installed for ACA and AAC + DC measurements.

High Energy Circuit Safety Precautions

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

WARNING
Dangerous arcs of an explosive nature in a high
energy circuit can cause severe personal injury
or death. If the meter is connected to a high
energy circuit when set to a current range, low
resistance range or any other low impedance
range, the circuit is virtually shorted. Danger-
ous arcing can result even when the meter is

set to voltage range if the minimum voltage
spacing is reduced.

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

» 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.

3. Set the DMM to the proper function and range.

4. Energize the circuit using the installed connect-
disconnect device and make measurements without
disconnecting the DMM.

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

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

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

2.6.1 Warm Up Period

The Model 193A is usable immediately when it is first turn-
ed on. However, the instrument must be atlowed to warm
up for at least one hour 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 C‘)ressed,
the instrument takes the currently displayed reading as a
baseline value. All subsequent readings represent the dif-
ferences between the applied signal level and the stored
baseline,
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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 193A is on. For example, if 1V is established as
the baseline on the 2V range, then the baseline will also
be 1V on the 20V through 1000V 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%
digit resolution, the number of counts would be
reduced by a factor of 10. At 4%2d resolution, counts
would be reduced by a factor of 100 and 3%d reso-
lution would reduce counts by a factor of 1000.

By design, the dynamic measurement range of the Model
193A, at 6% digit resolution, is 4400000 counts (excluding
the 1000VDC and 700VAC ranges). With zero disabled, the
displayed reading range of the instrument is 2200000
counts. With zero enabled, the Model 193A has the capabili-
ty to display +4400000 counts. This increased display range
ensures that the dynamic measurement range of the instru-
ment is not reduced when using a zero baseline value. The
following two examples will use the maximum allowable
zero values (+2200000 counts and —-2200000 counts) to
show that dynamic measurement range will not be re-
duced. 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 2V range, the Model
193A will always overrange when more than 2.2V is con-
nected to the input.

Example 1--The instrument is set to the 2VDC range and
a maximum —2.200000V is established as the zero value.
When -2.200000V is connected to the input of the Model
193A, the display will read 0.000000V. en -+2.200000V
is connected to the input, the display will read +4.400000V.
Thus, the dynamic measurement range of the Model 193A
is OV to 4.4V, which is 4400000 counts.

Example 2—The instrument is still set to the 2VDC range,
but a maximum +2.200000V is the zero level. When
+2.200000V is connected to the input of the Model 193A,
the display will read 0.000000V. When -2.200000V is con-
nected to the input, the display will read —4.400000V. Thus

the %ynamic measurement range of the instrument is —44V
to 0V, which is still 4400000 counts.

Zero Correction—The Model 193A must be properly zeroed
when using the 200mV DC or the 2008 range in order to
achieve rated accuracy specifications. To use ZFRO for zero
correction, perform the following steps:

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

2. Select the 200mV DC or the 200Q range.

3. Connect the test leads to the input of the Model 193A
and short them together. If four-wire resistance
measurements are to be made, connect and short all four
leads together.

Note: At 5% and 6Y: digit resolution, low measurement
techniques need to be employed. Use Kelvin test leads
or shielded test leads. See paragraph 2.6.5 for low level
measurement considerations.

4. Press the ZERO button. The display will read zero.

5. Remove the short and connect the test leads to the signal
or resistance to be measured.

Note: Test lead resistance is also compensated for when
zeroing the 200Q range with the above procedure.

Baseline Levels—Baseline values can be established by
either applying baseline levels to the instrument or by set-
ting baseline values with the front panel ZERO program,
Paragraph 2.8.5 contains the complete procedure for using
the ZERO program. To establish a baseline level by apply-
ing a level to the Model 193A, perform the following steps:

1. Disable zero, if presently 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 193A and note that level on the display.

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

WARNING
If £40V or more is present on the input ter-
minals, the Model 193A will display the
mnemonic “H” to indicate the presence of
hazardous voltage. For example, the display
‘‘00.0000HVDC”’ indicates than +40V or more
is present on the input.

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.
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Notes:

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

2. To store a new baseline on a selected function, zero must
first be disabled and then enabled again. The new value
will be stored with the first triggered conversion. The
baseline value will also be stored as the zero value in
Program 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 pressed to enable zero, the
zero indicator light will blink until an on scale reading
is available to use as a zero level.

2.6.3 Filter

When the filter is enabled, a number of measurements are
averaged before being displayed. The factory default
number is 10 , but it can be changed to a value from 1 to
99 with the use of the FILTER program. A filter value can
be set for any or all measurement functions and is remem-
bered 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 cancelled by switching back
and forth between functions,

An advantage of using the filter is to stabilize the reading
of a noisy input level. A consideration of filter usage is that
the larger the number of readings averaged, the longer the
response time of the display. Perform the following pro-
cedure to use the filter:

1. If it is desired to check and/or change the filter value,
utilize Program FILTER as explained in paragraph 2.8.6.

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

Notes:

1. Pressing the FILTER button a second time will disable
the filter.

2. 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 readings. The number
of readings in one time constant is equal to the filter
value. For example, for a filter value if 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.

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

Digital Filter—The Model 193A utilizes a digital filter to at-
tenuate excess noise present on input signals. The filter is
a weighted average type. The mathematical representation
is:

(new reading —-AVG(t-1))

AVG(H) = AVG(t-1) +
F

Where,

AVG(t) = displayed average

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

As with any filter, the Model 193A digital filter will affect
reading response time. The step response for this filter is
of the form:

step response = 1-K('

Where,

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

- 0)

“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.

'! LER}
1- - —
F

Therefore:

step response =
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Example:
F=1
n =

5
1 ]
1 - - — = 468
10

Five readings after the step occurs, the display will be at
=~47% of the step change. After 10 readings (n=10), the dis-
play 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
193A digital filter employs a “window” around the dis-
played average. As long as new readings are within this
window, the displayed value is based on the weighted
average equation. If a new reading is outside of this win-
dow, 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 Mode! 193A filter is 10,000 counts for 6%:d resolution,
1000 counts for 5%, 100 counts for 4%z and 10 counts for 3%.

Internal Exponential Filter—In addition to the front panel
digital filter, an internal exponential digital filter is used
when making high resolution and high sensitivity measure-
ments. Like the front panel digital filter, it is a weighted
average type. The enable/disable status of the filter is con-
trolled over the IEEE bus. However, under factory default
conditions, the instrument powers up with the filter
enabled. When enabled, exponential filtering only occurs
when the instrument is in the 5% or 6% digit resolution
mode. Table 2-4 summarizes this filter.

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. Internal filtering does not occur on ranges and functions
not listed in Table 2-4.

3. Controlling the internal filter (on/off) over the IEEE bus is
explained in paragraph 3.10.23.

4. In a one-shot trigger mode, the Model 193A will not out-
put a reading until both digital 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.

5. Filter windows for the internal filter function in the same
manner as the windows for the front panel filter. How-

ever, 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 193A can be used to make DC voltage measure-
ments in the range of +100nV to +1000V. Use the follow-
ing procedure to make DC voltage measurements.

1. Select the DC volts function by pressing the DCV buiton.
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.

Table 2-4. Internal Filter

5'2Digit Resolution 6'22 Digit Resolution
Internal Internal
Filter Filter
Range/Function Value Window | Range/Function Value Window
200mvVDC 5 6 digits | 200mVDC 35 60 digits
2-1000VDC 10 20 digits
200-200kQ 5 6 digits | 200-200kQ 40 60 digits
2MQ, 20M¢Q 10 40 digits | 2MQ, 20M© 40 400 digits
All DCA 5 6 digits | All ACV 10 20 digits
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NOTE
The 200mV DC range requires zero to be set in
order to achieve rated accuracy. The zero correction
procedure can be found in paragraph 2.6.2.

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

5. Take the reading from the display.

2.6.5 Low-lL.evel Measurement Considerations

Accuracy Considerations—For sensitive measurements,
other external considerations besides the Model 193A will
affect the accuracy. Effects not noticeable when working
with higher voltages are significant in nanovolt and
microvolt signals. The Model 193A 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,
source resistance, thermal emfs and stray pick-up.

Noise and Source Resistance—The limit of sensitivity in
measuring voltages with the Model 193A is determined by
the noise present. The displayed noise is inherent in the
instrument and is present in all measurements. The noise
voltage at the Model 193A input increases with source
resistance.

For high impedance sources, the generated noise can
become significant when using the most sensitive range
(200mV, 6%2d) of the Model 193A. As an example of deter-
mining e, (noise voltage generation due to Johnson noise
of the source resistance), assume that the Model 193A is
connected to a voltage source with an internal resistance
of IMQ2. At a room temperature of 20°C, the p-p noise
voltage generated over a bandwidth of THz will be:

e, =635 x 0° VR x f

e, = 635 x 10 V(1 x 104 (1)
e. = (.635uV

Thus, an e, of 0.635.V would be displayed at 6'%2d resolu-
tion as an additional 6 digits of noise on the Model 193A.
To compensate for the displayed noise, use digital filtering
and then zero out the settled offset.

Shielding—AC voltages which are extremely large com-
pared with the DC signal may erroneously produce a DC
output. Therefore, if there is AC interference, the circuit
should be shielded with the shield connected to the Model
193A input LO (particularly for low-level sources). Improper
shielding can cause the Model 193A 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 193A 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 193A can measure. Thermal emts
can cause the following problems:

1. 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 193 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.

L ]

— DC VOLTAGE

MODEL 183A

ey SOURCE

7

CAUTION: MAXIMUM INPUT = 1000V PEAK
INPUT RESISTANCE -

200mvV, 2Vv; >1GAQ
20V-1000V; 10MQ

Figure 2-3. DC Voltage Measurements
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4. Widely varying temperatures within the circuit can also
create thermal emfs. Therefore, maintain constant temp-
eratures to minimize these thermal emfs. A cardboard
box around the circuit under test also helps by minimiz-
ing air currents.

5. The ZERQO control can be used to null out constant offset
voltages,

2.6.6 TRMS AC Voltage Measurements

With the ACV option installed, the instrument can make
TRMS AC voltage measurements from 1V to 700V. To
measure AC volts, proceed as follows:

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

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

NOTE
There is a small amount of offset (typically 150
counts at 5%2d) present when using the ACV funec-
tion. Do not zero this level out. Paragraph 2.6.13
provides an explanation of AC voltage offset.

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

5. Take the reading from the display.

Clarifications of Model 1930 TRMS ACV Specifications:

Settling Time-—{0.5sec 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.

Crest Factor—Rated accuracy to 3 at full scale for pulse
widths >10usec and peak voltage <1.5 x full scale. For
crest factors >3 but <10, typical accuracy is degraded ac-
cording to the following calculation:

= (CF-3) x 0.36%

Where: AD is accuracy degradation
CF is the crest factor

Also, the peak signal must be less than 5 x full scale, but
not more than the maximum input specification.

Notes:

1. See paragraph 2.6.13 for TRMS measurement considera-
tions.

2. For TRMS AC+DC measurements, see paragraph 2.6.12.

3. To make low frequency AC measurements in the range
of 10Hz to 20Hz:

. The ACV option must be installed.

The ACV function must be selected.

Digital filtering must be used to obtain a stable

reading.

Allow enough settling time before taking the reading.

4. To make low frequency voltage measurements in the

range of 0.1Hz to 10Hz, use Program AC+DC (see
paragraph 2.8.3). The ACV option does not have to be
installed for these measurements,

50 NFp

NOTE
When making TRMS AC voltage measurements
below 45Hz (ACV function selected), enable the
front panel filter modifier to obtain stable readings.
A filter value of 10 is recommended.

AC VOLTAGE

MODEL 193A

CAUTION: MAXIMUM INPUT =
INPUT IMPEDANCE = TMQ SHUNTED BY < 120pF

SOURCE

1000V PEAK AC + DC, 2 = 107VeHz

Figure 2-4. TRMS AC Voltage Measurements
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Table 2-5. Resistance Ranges

Current Maximum Test Lead
6'2d Through Resistance (Q) for

Range | Resolution| Unknown <1 Count Error (6'2d)
200 Q 0.1mf imA 1
2 kQ m@ ImA 32
20 kQ 10mf? 100 pA 10
200 kO 100mE 10 pA 32
2MQ 1 9 1 uA 100
20M©Q 10 0 100 nA 320
200MQ 100 a 100 nA* 1k

*Short circuit current only.

2.6.7 Resistance Measurements

The Model 193A can make resistance measurements from
100u£2 to 200M$2. The Model 193A 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 2-5. For best results on the 2004, 2k
and 20kQ ranges, it is recommended that 4-terminal
measuremerts 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 1641 Kelvin
Test Lead Set is ideal for low resistance 4-terminal measure-
ments. To make resistance measurements, proceed as
follows:

1. Select the ohms function by pressing the OHMS 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.

NOTE
The 20012 range requires zero to be set in order to
achieve rated accuracy. The zero correction pro-
cedure can be found in paragraph 2.6.2.

4. For 2-terminal measurements connect the resistance to

the instrument as shown in Figure 2-5. For 4-terminal
measurements connect the resistance to the instrument
as shown in Figure 2-6.

CAUTION
The maximum input voltage between the Hl and
LO input terminals is 350V peak or 250V RMS.
Do not exceed these values or instrument
damage may occur.

5. Take the reading from the display.

Notes:

1. Incorrect readings will result if the resistance being
measured is part of a live circuit,

2. Table 2-5 shows the current output for each resistance
range.

3 It helﬁs 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 2k{2 range can be used to test diodes as
follows:
A. Select the 2kl range.

B. Forward bias the diode by connecting the red terminal
of the Model 193A to negative side of the diode. A
good diode will typically measure between 5000 to
1kG.

C. Reverse bias the diode by reversing the connections
on the diode. A good dicde will overrange the
display.
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Figure 2-7. Current Measurements

2.6.8 Current Measurements (DC or TRMS AC)

With the Model 1931 Current option installed, the Model
193A can make DC current measurements from 1nA (at
5%d resolution) to 2A. The same range of TRMS AC cur-
rent measurements can be made if both the current and
ACV options are installed in the instrument. Use the follow-
ing procedure to make current measurements.

1. Select the DC current or AC current function by pressing
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.
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Figure 2-8. RTD Temperature Measurements

2.6.9 RTD Temperature Measurements

The Model 193A can make temperature measurements from
-100° to +630°C (—148° to +1100°F) using platinum RTD
sensors. Resolution is 0.01 °C or °F. The front panel TEMP
program allows the user to select the alternate alpha value
{0.00385 or 0.00392) and the alternate thermometric scale
(°C or °F). See paragraph 2.8.2 for detailed information for
using the TEMP program, Use the following procedure to
make RTD temperature measuremernts.

1. Select the RTD temperature function by pressing the
TEMP button.

2. The instrument will now display one of the following
readings:

OVERFL °C PRTD or OVERFL °F PRTD

The display is overranged at this time because an RTD
sensor is not yet connected to the input. The °F or °C
indicates the current thermometric scale and PRTD indi-
cates the measurement mode (platinum resistance tem-
perature device),

3. To check and/or change the alpha value or thermometric
scale, utilize the TEMP program (see paragraph 2.8.2).

4. Select the front or rear panel input terminals with the
INPUT switch and connect the platinum RTD sensor to
the instrument as shown in Figure 2-8.

5. Take the reading from the display.

NOTE
With additional instrumentation, the Model 193A
has the capability of making temperature measure-
ments using thermocouple (TC) sensors. Selection
of the various TC modes can only be accomplished
over the IEEE-488 bus. See paragraph 3.10.22 for
more information.

2.6.10 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
dB = 20 log

A\

Il‘n
dB = 20 log

Lo

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 and is indicated on the display by the “V*

mnemonic. Thus, whenever "dBV” is dlSP]d\t’ the
operator will know that the reference is 1V. With ACA dB
selected, the factory default reference is ImA. The instru-
ment will read 0dB when 1ImA is applied to the input.

Reference levels other than TV 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 feature, This simp-
ly consists of applying a signal to the instrument and press-
ing 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.
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The following procedure explains how to use the zero
feature to establish a reference:

1. Apply a voltage or current signal, that is to be used as
the dB reference, to the input of the Model 193A.

2. Press the ZERQO 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 the user to check or change the dB
reference of the instrument. The recommended program-
mable voltage reference range is from 10xV to 9.9999%V. The
recommended programmable current reference range is
from 10nA to 9.99999mA. Paragraph 2.84 contains the in-
formation needed for using the dB program.

AC dB Measurements—Perform the following steps to
make dB measurements:

1. Select the ACV or ACA function.

2. Select the front or rear panel input terminals with the
INPUT switch.

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

4. Connect the signal to be measured to the input of the
Model 193A.

5. If AC + DC dB measurements are to be made, press the
AC + DC button.

Note: DC dB measurements can be made by selecting
the AC + DC modifier as long as there is no AC compo-
nent present on the input signal.

6. Enable the dB measurement mode by pressing the dB
button,

7. Take the dB reading from the display.

WARNING
If 40V or more is present on the input terminais,
the Model 193A will display the the mnemonic
““H” to indicate the presence of hazardous
voltage. For example, the display ‘‘60.00 dBV H”’
indicates that 40V or more is present on the
input.

The following information explains the displayed
mnemonics that are associated with dB measurements:

dBY = dB voltage measurement mode with the dB
reference at 1V.

dB = dB voltage measurement mode.

dBA = dB current measurement mode. Unlike dBV, this
message does not define the dB reference.

dBV A+D = AC+DC dB voltage measurement mode with
1V reference.

dB A+D = AC+DC dB voltage measurements.

dBA A+D = AC+DC dB current measurement mode.

H = High Voltage: 40V or more on input. This mnemonic
could be displayed with any of the above messages.

dBm Measurements—dBm is defined as decibels above or
below a ITmW 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, Vyef = V1mW o Zyof

Example: Calculate the voltage reference needed to make
dBm measurements referenced to 6002

For 0dBm, Vyef = Y 0.001W * 6002
-Ve
- ~ 7756V

Once the necessary voltage reference is known, it can be
established in the Model 193A with the dB program. Subse-
quent dBm readings will be referenced to the correspon-
ding impedance reference. Table 2-6 lists the voltage
references needed for some commonly used impedance
references.

dBW Measurements—dBW is defined as decibels above or
below a 1W referenice. 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; 1mW vs TW.
The following equation can be used to calculate the voltage
reference:

For 0dBW, Vyef = ¥ TWeZyef
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Table 2-6. Corresponding Voltage Reference Levels
for Impedance References

Reference Reference Voltage
Impedance Level for:
) 0dBm 0dBW
8 0.0894 2.828
50 0.2236
75 0.2739
150 0.3873
300 0.5477
600 0.7746
1000 1.0000
V.., for 0dBm = MO~WeZ,,
V.., for 0dBW = VZas

2.6.11 dB Measurement Considerations and
Applications

Typically, the Model 193A will perform better than its
published dB specification. The following example will il-
lustrate this point:

1. Using the Model 193A in the dB mode (0.7746V refer-
ence), measure a 100mV RMS, 1kHz source. Typically,
the Model 193A will read -17.79dBm.

2. The calculated dBm level for that source is —17.18dBm.

Tha NETAR arvar 12 ronciderahly hattor than the 1 54R

. LT VUi Cliva 1o \‘Ullaluclﬂul}’ AUl LIERCILL LRl d.J0vdrrs
specification. The specifications are intended to cover
worst case measurement conditions,

(o]

_A_ny pr_)mf 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 point pro-

ceed as follows:

Meagsurine Circuit Gain/Ings—.

1. Place the Model 193A in ACV, autorange and dB,

2. Connect the Model 193A to the desired location in the
circuit.

3. Press the ZERO button. The display will read 0dB.

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

used to

OWS!

Measurmg Bandw1dth——The Model 193A can b

RIS W NSRS N R

uEIE[‘II]lIlﬁ me UdI'lLlWlLllll Ul. an dlllPllllC as lUU

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

2. Set the Model 193A to ACV and autorange.
3. Connect the Model 193A to the load of the amplifier.

sk a2l Lo i i A ociorEy s S P

4. nu;u::l. tne uv:qul:'m._y of the ::151|cu BENeraror until a peak
AC voltage reading is measured on the Model 193A. 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 193A 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 193A is typically
500kHz. Do not use this application to check amplifiers
that exceed the bandwidth of the Mode! 193A,

Determining Q—The Q of a tuned circuit can be determined
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

2.6.12 TRMS AC + DC Measurements

With an ACV option installed, the instrument can make
voltage AC + DC (VAC + DC) measurements. With both
the ACV option and current option installed, the instru-
ment can make current AC + DC (AAC + DC) measure-
ments. Also, the dB mode can be used when making
AC + DC measurements. Perform the following procedure
to make AC + DC measurements:

1. Select one of the following functions:
A. ACV for VAC + DC measurements.
B. ACA for AAC + DC measurements.

2. Select an appropriate range or autorange.

Press the AC + DC button.

4. Select the front or rear panel input terminals with the
INPPUT switch.

5. Connect the signal to be measured to the appropriate ter-
minals.
A. VOLTS HI and LO terminals for VAC + DC measure-

ments.

B. AMPS and LO terminals for AAC + DC measure-
ments.
6. Take the AC + DC reading from the display.

W
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Perform the following procedure to make dB AC + DC
measurements,

1. Select one of the following functions:
A. ACV for VAC + DC measurements.
B. ACA for AAC + DC measurements.
. Select autoranging for optimum resolution.
3. Select the front or rear panel input terminals using the
INPUT switch.
4. Press the AC + DC button.
5. Check and/or change the dB reference of the instrument
as explained in paragraph 2.6.10.
6. Connect the signal to be measured to the instrument.
7. Press the dB button and take the reading from the
display.

]

The following information explains the displayed
mnemeonics that are associated with measurements:

VA+D = AC+DC voltage measurement mode.
AA+D = AC+DC current measurement mode.

dBV A+D = AC+DC dB voltage measurement mode with
1V reference.

dB A+D = AC+DC dB voltage measurement mode.
dBA A+D = AC4+DC dB current measurement mode.

LO VA+D = Low frequency AC+DC voltage measurement
mode (Program AC+DC).

H = High Vbltage: 40V or more on input. This mnemonic
could be displayed with any of the dB measurements.

Notes:

1. To make low frequency AC + DC measurements in the
range of 10Hz to 20Hz:
A. An ACV option must be installed.
B. The ACV function must be installed.
C. Digital Filtering must be applied.
D. Allow enough settling time before taking the reading.
2. To make low frequency AC + DC voltage measurements
in the range of 0.1Hz to 10Hz, use Program AC + DC
(see paragraph 2.8.3). An ACV option does not have to
be installed for these measurements.

2.6.13 TRMS Considerations

Most DMMs actually measure the average value of an in-
put waveform but are calibrated to read its RMS equivalent.
This poses no problems as long as the waveform being
measured is a pure, low-distortion sine wave. For complex,
nonsinusodial waveforms, however, measurements made

with an averaging type meter can be grossly inaccurate.
Because of its TRMS measuring capabilities, the Model
193A (with an ACV option installed) provides accurate AC
measurements for a wide variety of AC input waveforms.

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

K = 0.707/0.637
=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 vaues of different
waveforms is far from constant, and can vary considerably.

Table 27 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 707V. If we
apply the 111 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 5.00V, but the average responding me-
ter will give a 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
5.55V (5 x 1.11), while the Model 193A gives a TRMS
reading of 5V. Other waveform comparisons can be found
in Table 27.

AC Voltage Offset—The Model 193A, at 5%d resolution, will
typically display 150 counts of offset on AC volts with the
input shorted. This offset is caused by amplifier noise and
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 off-
set (Voffset) is added to the signal input (Vin):
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Displayed reading = Y (V..)! + (Vo)

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

Display reading = V(200mV)* + (1.5mV)y*

il

~ V004V + (2.25 x 10-V)
200005V

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

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

The crest factor of other wavetorms 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 193A has
a maximum crest factor of 3, which means the instrument
will give accurate TRMS measurements of rectangular
wavetorms with duty cycles as low as 10%.

Table 2-7. Comparison of Average and TRMS Meter Readings

Ac Coupled Average Averaging
Peak RMS Responding Meter
Waveform Value Value | Meter Reading Percent Error
Stne - —— 10V 7.07v 707V 0%
Half-Wave Rectified Sine 10V 5.00V 3.53V 29.4%
+10 — - —
o D—D—
Full-Wave Rectified Sine 0V 707V 707V 0%
+10 C—j —
0
Square 10V 10.00V 11.10V 1%
+10— ‘E| -
0
Rectified Square Wave 10V 5.00V 5.55V 11%
CITT
0
Rectangular Pulse 10V 10V ovq 11.1Ven (1.11v7 - x 100%
Ho=-HTT==
Ly nT
1! “DUTY CYCLE
Triangular Sawtooth 10V 577V 5.55V 3.8%
+10 —/\
’ \/
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2.7 DATA STORE

Data Store can store up to 500 readings, plus the minimum,
maximum and average reading. Data can be stored at a user
selectable rate.The rates span from lmsec to 16.67 minutes
(999.999sec). Manual triggering is available (one-shot
mode). In this mode, one reading is stored every time the
TRIGGER button is pressed. Also, while in the one shot-
mode, an external trigger source can be used to control the
fill rate of the data store.

High Speed Data Store—The data store must be utilized to
take advantage of the high speed measurement capabilities
of the Model 193A. With the data store set at its fastest
storage rate {1000 readings per second), up to a half second
burst of data (500 readings) can be stored. The stored

readings can be retrieved from the front panel or sent over
the IEEE-488 bus.

The data store is considered to be in the high speed mode,
whenever one of the four fastest intervals (Imsec, 2msec,
3msec and 4msec) is selected. In the high speed mode, the
data store will only operate if the instrument is in a valid
state. Table 2-8 lists the operating states that the instrument
must be in to achieve high speed data storage. If the con-
ditions in the table are not met when attempting to start
the storage process, the instrument will exit the data store
mode and return to the previous operating state.

NOTE: At 5%2d and 6%d resolution, the fastest valid storage
interval is 40msec. An interval less than 40msec will result
in a short period error when the storage process is started.

Readings will be stored as fast as the instrument can run.

2.7.1 Storing Data

Perform the following procedure to store data:

1. Press the DATA STORE button. The current storage
interval (in seconds) will be displayed. An interval of
000.000 indicates that the one-shot mode is selected.

2. If a storage interval other than the cone displayed is
desired, enter the desired interval as follows: Cursor
location is indicated by the bright flashing digit. Number
entry is accomplished by placing the cursor on the
character to be modified and pressing the appropriate
data button (buttons numbered 0 through 9). Cursor
control is provided by the <« and ™ buttons which move
the cursor left and right respectively. If the cursor is mov-
ed past the least significant digit, it will move back to
the most significant digit.

3. With the desired storage interval displayed, press the
ENTER bution. A message that defines the size of the
data store {up to 500 memory locations) will then be
displayed. The size number determines how many
readings will be stored before the storage cycle stops.
However, the size number 000 indicates that the storage
cycle will continue even after 500 readings have been
stored. After the 500th reading is stored, readings will
be stored beginning at the first memory location over-
writing the previously stored data. Exampie: The follow-
ing message will be displayed if the current size of the
data store is 100:

END = 100

Table 2-8. High Speed Data Store

Valid Data

Data Store Interval | Store Size*

Valid Functions

Valid Ranges | Valid Reading Rates

000,001, 3%d
000.002 DCV, ACV, DCA, ACA, All, except

000.003, 001-500 AC+DC (except low frequency Autorange 3d
000.004 AC+DC) 41hd

*Data store size 000 (continuous) cannot be used in the high speed data store mode.
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4. If it is desired to change the size of the data store, enter

the size value. The procedure to enter data is explained
in step 2. If an attemnt ig made to enter a data store gize

greater than 500, the size will default to 500.

NOTE: Up to this point, pressing the RESET button will
disable the data store and return to the previous state
of operation.

. With the desired data store size value displayed, press
the ENTER button. The following message will be
displayed briefly:
ENTERED

A prompt, indicating that the instrument is waiting for
a trigger to start the storage process will then be
displayed. For example, with the instrument on the
1000VDC range, at 6%d resolution, the following prompt

will be dlsplayed o o
————— VDC

Note that the data store indicator light will blink while

waiting for the trigger.

A. If a storage interval other than 000.000 is selected,
press the TRIGGER button.

Readings will then start storing at the selected inter-
val. The storage process is indicated by the flashing
DATA STORE indicator lifgjht. The light stops flashing
{remains on) when the data store is full.

NOTE: If a high speed interval is selected (1ms, 2ms,
3ms or 4ms), the display will blank for a short period
of time while the readings are being stored. If the in-
strument is in an invalid ogeratmg state for high
speed data storage (see Table 2-8), the instrument will
exit the data store mode.

B. If storage is to be done manually (one-shot mode
000000 interval selected), press the TRIGGER button.

Each press of the TRIGGER button will display and
store one reading in the data store. The DATA STORE
indicator light will continue to flash until the defin-
ed buffer size is filled. After the buffer fills, the light
will remain on.

C. If the storage rate is to be controlled by an external
trigger source (one-shot mode 000.000 interval

selected), connect the trigger source to the EXTER-
NAL TRIGGER INPUT connector on the rear panel

of the instrument (see naraeravh 2.10.1 for triccer

pulse sge::ih-c‘ghz)ns) and gr;ss the TRIGGER button.

Each subseguent trigger pulse will cause a reading
to be store

Notes:

1. Whenever numeric data entry is prompted for (storage
interval and buffer size), the decimal point button (")
will clear the display to all zeroes. "Hns is especially
useful when selecting the data store one-shot mode
(000.000).

2. When storing readings with AUTO range enabled, the
dlS lay will autorange as usual, but recailed readings will
eflect the range that the instrument was on when the

data store was enabled.

3. Once data storage has started, the data store can be
disabled by pressing any function button. That function
will then be selected. However, if RECALL is also en-
abled, the data store can only be disabled by pressing
the RESET button first and then a function button.

4. The front panel message “SHORT-PERIOD” indicates
that the instrument, as currently configured, cannot run
fast enough to store readings at the selected interval. For
example, the instrument cannot store readings at a
selected interval of 10msec if the unit is in the S3 rate
mode (16.7msec integration period). In this case, the in-
strument will only store as fast as it can run.

5. Enabling the data store does not clear the buffer of
previously stored readings. Instead, new readings will
averwrite old readings startmg at buffer location 001,

2.7.2 Recalling Data

Stored data may be recalled any time during or after the
storage process as follows:

1. Press the RECALL button. The RECALL indicator will

mav mzmd Blaa aasn ey Jamabiae af bha laot cbaeed

lulll WL alid Lllc ulculux_y L akiuit O1 I.IIC Last SLuiIcu
reading will be displayed. For example, if the last stored
reading was in memory location 20, then the following
message will be displayed:
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. It it is desired to read the data in the dislayed memory
location, then proceed to step 3. If it is desired to read
the data at a different memory location, then the
displayed memory location number must be changed as
follows: Cursor location is indicated by the bright,
flashing digit. Number entry is accomplished by plac-
ing the cursor on the character to be modified and press-
ing the appropriate data button (buttons numbered 0
through 9). Cursor control is provided by the <€ and »
buttons which move the cursor left and right respectively.
If the cursor is moved pass the least significant digit, it
will move back to the most significant digit.

. With the desired memory location number displayed,
press the ENTER button. The following message will be
displayed briefly:

ENTERED

Entering a number that is greater than the defined data
store size, will default the display to the highest memory
location defined by the data store size.

. The stored data will then be displayed along with the
memory location. For example, if 193.0000V is stored at
memory location 20, then the following message will be
displayed:

193.0000 020

. To read the stored data from all filled memory locations,
utilize the manual range buttons, The A button in-
crements the memory location number and displays the
data stored there. After the highest filled memory loca-
tion is read, the & button continues the reading pro-
cess at memory location 001. Conversely, the ¥ button
decrements the memory location number and displays
the data stored there. After memory location 001 is read,
the ¥ button continues the reading process at the
highest filled memory location.
. To read the highest, lowest and average reading stored
in the data store, proceed as follows:
A. To display the highest reading, enter the number 1
by pressing the “1” button. The following message
will be displayed briefly:

HI=

The highest stored reading along with the memory
location of that reading will be displayed.

B. To display the lowest reading stored, enter the
number 2 by pressing the “2” button. The following
message will be displayed briefly:

LO=

The lowest stored reading along with the memory
location of that reading will be displayed.

C. To display the average reading, enter the number 3
by pressing the “3” button. The following message
will be displayed briefly:

AVE=

The average reading along with the number of
memory locations used to calculate the average will
be displayed. Memory locations that have an over-
range reading will not be included in the average.

NOTE

With a HI, LO or AVE reading displayed, pressing
the AUTO button will return the display to the last
normal recalled reading. The A button performs
the same function as the AUTO button, except that
it increments the displa;to the next memory loca-
tion. Conversely, the ¥ button decrements the
memory location.

7. In the recall mode, the status of the Model 193A, while

it was storing readings, can be checked by pressing the
“0” button. The function that the instrument was in will
be displayed. For example, if storage was performed in
the DC volts mode, the following message will be
displayed when the “0” button is pressed:
vVDRC
Use the A and ¥ buttons to display the rest of the status
messages which include;
IEEE address
Frequency setting
Multiplexer status (on/off)
MX+B status (on/off)
M value
B value
dB reference value
Filter value
Zero status (on/off)
Zero value

8. To exit the status mode, press the STATUS button.
9. To exit the recall mode, press the RESET button.

Notes:

1. If the data store is enabled and full while in the recall

mode, DATA STORE indicator light will be on, but not
flashing.

2. Low, high and average readings will continue to be up-

dated as long as readings are still being stored in the data
store.

3. After the instrument is turned off, readings in the data

store will be retained for typically up to five days.
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4. Enabling the data store does not clear the buffer of pre-
viously stored readings. Instead, new readings will over-
write old readings starting at buffer location 001.

2.8 FRONT PANEL PROGRAMS

There are fourteen programs available from the front panel
of the Model 193A. These programs are listed in Table 2-2.
The following paragraphs describe and explain the opera-
tion of each program.

2.8.1 Cursor and Data Entry

Many of the Model 193A programs need data to be applied
from the front panel. After these programs are selected,
cursor location is indicated by a bright, flashing display digit
with the rest of the modifiable characters at normal
brightness.

Data entry is accomplished by placing the cursor on the
appropriate character to be modified and pressing the
selected data button (0 through 9, or decimal point}. Cur-
sor control is provided by the RANGE < and ™ buttons
which move the cursor left and right respectively. If the cur-
sor is moved pass the least significant digit, it will move
back to the most significant digit. Polarity (+ button) can
be changed with the cursor on any character. Plus (+) is
implied and thus, not displayed. When entering data, the
decimal point button (“”) can be used to clear the display
to read all zeroes.

2.8.2 Program TEMP

Program TEMP allows the user to select the alternate RTD
alpha value {0.00385 or 0.00392) and change the thermo-
metric scale (°C or °F). Paragraph 2.6.9 provides informa-
tion necessary for makmg RTD temperature measurements.
Perform the following steps to use this program:

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

PROGRAM 7

2. Press the TEMP button. The current alpha value will then
be displayed. If the instrument is currently set to the fac-
tory default alpha value, the following message will be
displayed:

RTD o = 0.00392

3. Pressing one of the range buttons will toggle the display
to the alternate alpha value as shown:

RTD o« = 0.00385

4. To enter the displayed alpha value, press the ENTER but-
ton. The following message will be displaved briefly:

ENTERED

5. The current thermometric scale will then be displaved.
If the instrument is currently on °C, the following
message will be displayed.

SCALE =

6. Pressing one of the range buttons will toggle the display
to the alternate scale as shown:

SCALE =

7. To enter the displayed scale, press the ENTER button.
The following message will be displayed briefly and the
instrument will return to the previous operating state.

ENTERED

Note: Alpha value 0.00392 and “C are the factory default
power-up conditions. If it is desired to have the alternate

alpha value and/or °F on Iiiower-up, select the alternate con-
dition(s) using Program TEMP followed by Program 90 to
save it (see paragraph 2.8.9).

2.8.3 Program AC + DC (Low Frequency AC)

Program AC + DC configures the Model 193A to make low
frequency (0.1 to 10Hz) TRMS AC + DC voltage
measurements at 3%d resolution. Keep in mind that the
ACV option does not have to be installed for these
measurements. Perform the following steps to use this
program:

1. Press the PRGM button. The following prompt will
bedisplayed:

PROGRAM?

2. Press the AC+DC button. The dlsplayed reading will be
accompanied by the mnemonic “LO VA+D"

3. Select a range that is appropriate for the anticipated
measurement. It is recommended that AUTO range not
be used.

4. Connect the signal to be measured to the input of the
Model 193A.
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5. The instrument will then start displaying readings that
will ramp to the final TRMS value.

NOTES:

1. The final reading will be achieved in approximately 3 to
4 minutes. This long time constant is due to the low fre-
quency cutoff of 0.1Hz.

2. It does not matter what function the instrument is in
when this program is selected.

3. To exit the program, press any function button.

2.8.4 Program dB

Program dB allows the user to check and/or modify the dB
reference. The programmable voltage reference can be up
to 9.99999V and the programmable current reference can
be up to 9.99999mA. Detailed information on dB measure-
ments is provided in paragraphs 2.6.10 and 2.6.11. Perform
the following 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:

REF = 1.00000

3. Modify, if desired, the dB reference level as explained
in paragraph 2.8.1 Cursor and Data Entry, and press the
ENTER button. The recommended reference range is
104V t0 9.99999V and 10nA to 9.99999mA. The following
message will be displayed briefly and then the instru-
ment will return to the previously defined state.

ENTERED

Note: The factory default power-up voltage reference is
1.00000V with the instrument in ACV and 1.00000mA
with ACA selected. If it is desired to have a different
voltage reference on power-ulp, modify the voltage
reference using Program dB followed by Program 90 to
save it (see paragraph 2.8.9).

2.8.5 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. For example: If 1V DC is set as the zero value
on the 2V DC range, the zero value in the program will be
displayed as 1.000000. On the 20V 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 7

2. Press the ZERO button. The current zero value will then
be displayed. Example: If the instrument is on the 20V
DC range and the current zero value is +3V DC, the
following message will be displayed:

Z = 03.00000

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 en-
abled. The displayed reading will reflect the entered zero
value.

4. To modify the zero value, do so as explained in
paragraph 2.8.1, Cursor and Data Entry, 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. If it is desired to have a different zero value
displayed on power-up, modify the zero value using Pro-
gram ZERO followed by Program 90 to save it (see
paragraph 2.8.9).

2.8.6 Program FILTER

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

Perform the following steps to check and/or 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 FILTER button. The current filter value will
then be displayed. Example: If the filter value is 5, the
following message will be displayed:

FILTER = 05

4, If it is desired to retain the displayed filter value, pro-
ceed to step 5. If it is desired to modify the filter value,
do so as explained in paragraph 2.8.1 Cursor and Data
Entry,

5. With the desired filter value displayed, press the ENTER
button. The following message will be displayed briefly
and the instrument will return to the previously defined
state with the filter enabled.

ENTERED

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 90 to save it (see paragraph 2.8.9).

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.

2.8.7 Program RESET

Program RESET resets all instrument setup parameters
back to factory default conditions. The factory default con-
ditions are listed in Table 2-1. Perform the following steps
to run this program:

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

PROGRAM  ?

2. Press the RESET button. The following message will be
displayed briefly:

PROGRAM RESET
3. The following prompt will then be displayed:
PRESS ENTER
4. Press the ENTER button. The following message will be
displayed briefly and the instrument wiil return to the

factory default conditions.

ENTERED

Notes:

1. Program RESET can be aborted by pressing any front
panel momentary button, except the ENTER button,
when the prompt “PRESS 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 90 must be run if
it is desired to have the factory default conditions on
subsequent power-ups.

2.8.8 Program 4

This program atlows 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 measure-
ments. The values of M and B can be changed by utilizing
Program %4 (see paragraph 2.8.13). Perform the following
steps to enable the MX + B feature:

1. Set the Model 193A to the desired function and range.

2. Connect the signal to be measured (X) to the input of
the Model 193.A

3. If the values of M and B need to be checked or chang-
ed, do so using Program 94,

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 M)e:r% program will be displayed. For
example, if the MX + B iscurrently disabled, the follow-
ing message will bedisplayed:

MX+B OFF

6. Any range button will toggle the display to the alter-
nate MX + B status, Thus, 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 following

message will be displayed briefly and the instrument will
return to the function initially set.

ENTERED

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

1. The MX + B feature can be disabled by again running
Program 4. While in the program, press a range button
until the message “MX+B OFF” is displayed and then
press the ENTER button.

2. Once MX + B has been enabled, the Model 193A 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 switched to a higher range.

3. An example of readings that will be obtained when
MX+B is enabled is shown in Table 2-9. Each of the ob-
tained values for Y assumes the following constants: M
= +15, B = +5.

Table 2-9. Example MX + B Readings

193A Range Normal MX + B*
and Function Reading (X) Reading (Y)
20vDC 8.00000VDC 17.00000VDC
20VDC =500000VDC [ —2.50000VDC
20VAC 6.30000VAC 14 45000VAC

20kQ 4.00000kQ 11.00000kQ

*Where M = +15and B = +5.

2.8.9 Program 90 (Save)

Program 90 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.

One function (including dB, AC+DC or low frequency
AC+DC) may be saved along with the following para-
meters:

Range

Resolution

Zero status (on/off) and value
Filter status (on/off) and value

On the other functions, filter and zero values are the only
parameters that are be saved.

Other instrument parameters, that are saved include:

RTD alpha value
Temperature scale (°C/°F)
dB reference

MX+B status {on/off)
MX+B values

IEEE primary address
Line frequency setting
Multiplexer status (on/off)

Perform the following procedure to use the save program:

1. Set up the instrument as desired or run Program RESET
(see paragraph 2.8.7) to return the instrument to the fac-
tory default conditions.

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

PROGRAM 7

3. Enter the number 90 by pressing the “9 and “0” but-
tons. The following message will be displayed briefly:

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

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

2. To return the instrument to the factory power-up default
conditions, use Program Reset (see paragraph 2.8.7) and
save the conditions using Program 90.

3. When using this program, make sure that the rest of the
instrument is in the desired operating state.
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2.8.10 Program 91 (IEEE Address)

Program 91 allows the user to check and/or modify the ad-
dress of the IEEE-488 interface. The interface can be set to
any primary address from 0 to 30. Detailed information on
the IEEE-488 bus is provided in Section 3. Perform the
following steps to use this program:

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

PROGRAM ?

2. Enter the number 91 by pressing the “9” and “1” but-
tons. The IEEE address value will be displayed. Exam-
ple: If the current primary address of the instrument is
10, the following message will be displayed:

IEEE=10

3. If it is desired to retain the displayed status value, pro-
ceed to step 4. To change the status value, enter the ad-
dress number {0 to 30) as explained in paragraph 2.8.1.

4. With a valid status value displayed, press the ENTER but-
ton, the following message will be displayed briefly and
the instrument will return to the previously defined state.

ENTERED

Notes:

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

2. To change the factory power-up default address of the
instrument, select the desired IEEE address using this
program and then Program 90 to save it.

2.8.11 Program 92 (Freq)

The Model 193A 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 193A:

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

PROGRAM ?

2. Enter the number 92 by pressing the “9” and “2” buttons.
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

3. If the displayed frequency setting matches the available
line frequency, proceed to step 4. If the alternate line tre-
quency setting is needed, press one of the manual range
buttons. The display will toggle to the alternate frequency
setting as shown:

FREQ = 50H:z

4. With the correct frequency setting displayed, press the
ENTER button. The following message will be displayved
briefly and the instrument will return to the previous
operating state.

ENTERED

Note: To change the factory power-up frequency setting
of the instrument, select the alternate frequency setting
using this program and then run Program 90 to save it.

2.8.12 Program 93 (Diagnostics)

Program 93 is a diagnostic program designed to switch on
various switching FET's, relays and logic levels to allow
signal tracing through the instrument. Refer to paragraph
6.9.3 in the maintenance section to use this program to
troubleshoot the instrument.

2.8.13 Program 94 (MX + B Status)

This program allows the operator to check/change the M
and B values for the MX + B feature (Program 4) of the
Model 193A. The factory power-up default value of M is
1.000000 and the value of B is 0000000. See paragraph 2.8.8
for complete information on the MX + B feature. To
check/change the values of M and B, proceed as follows:

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

PROGRAM ?

2. Enter the number 94 by pressing the “9” and "4” but-
tons. The current value of M will now be displayed. If
the factory default value is the current value of M, then
the following message will be displayed:

M= 1.000000
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3. If it is desired to retain the displayed M value, proceed
to step 4. If it is desired to modify the M value, do so as
explained in paragraph 2.8.1 Cursor and Data Entry. Note
that valid M values are in the range of -9.999999 to
+9.999999,

4, With a M value displayed, press the ENTER button. The
following message will be displayed briefly:

ENTERED

5. The current B value will now be displayed. If the factory
default value is the current B value, the following
message will be displayed:

B=0000.000

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

6. If it is desired to retain the displayed B value, proceed
to step 7. If it is desired to modify the value of M, do
so as explained in paragraph 2.8.1 Cursor and Data Entry.
Note that the B value range is from 0.0001x10°* to
+9999.999.

7. With a valid B value displayed, press the ENTER button.
The following message will be displayed briefly and the
instrument will return to the previously defined state of
operation.

ENTERED

Notes:

1. User selected values of M and B will be stored within
the Model 193A until the power is turned off (unless
saved by Program 90). 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. Exam-
ple: A value of 19.00000 entered for B is actually 19.00000V
with the instrument on the 20V range and 190.0000V with
the instrument on the 200.0000V range.

2. The user can set the values for M and B as the power-up
default values by running Program 90 (see paragraph
2.8.9).

2.8.14 Program 95 (Multiplexer)

The multiplexer auto zero/cal routines may be defeated by
running Program 95. Using the Model 193A with the auto
zerofcal defeated increases measurement speed and is
useful for making high impedance DC voltage measure-
ments which can be affected by the input multiplexing. Per-

form the following steps to run this program:

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

PROGRAM ?

2. Enter the number 95 by pressing the “9” and “5” buttons.
The current multiplexer status will then be displayed.
For example, if the multiplexer is on, the following
message will be displayed:

MUX ON

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

MUX OFF

4. To enter the displayed multiplexer status, press the
ENTER button. The following message will be displayved
briefly and the instrument will return to the previous
operating state.

ENTERED

2.8.15 Program 96 (Cal)

The user can easily perform front panel digital calibration
by applying accurate calibration signals and using Program
96. The calibration signals can be either prompted default
values or numbers entered from the front panel. Paragraph
6.6.5 describes the basic steps for using this program, while
paragraphs 6.6.7 through 6.6.12 provide the complete front
panel calibration procedure.

2.9 FRONT PANEL TRIGGERING

On power-up, the instrument is in the continuous trigger
mode with the conversion rate determined by the internal
time base. The instrument can be placed in the one-shot
trigger mode, which allows one reading to be triggered each
time the TRIGGER button is pressed. The one-shot trig-
ger mode is accessed through the data store. The basic pro-
cedure to place the instrument in the one-shot mode is to
turn on the data store, enter the one-shot mode and select
an appropriate buffer size. Each tri%%ered reading is then
stored in the data store. Paragraph 27 provides a detailed
procedure for using the data store and recalling the trig-
gered reading.
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2.10 EXTERNAL TRIGGERING

The Model 193A has two external BNC connectors on the
rear panel associated with instrument triggering. The
EXTERNAL 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.

2.10.1 External Trigger

The Model 193A 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 2-9. 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

—

TTL HIGH

{2V-BV)
TTL LOW
{< 0.8V 2ps
MINIMUM

Figure 2-9. External 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 will probably be required to avoid im-
proper triggering,.

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

2. Place the instrument in the one-shot mode as explained
in paragraph 2.9.

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. Note that the instrument
may also be triggered by pressing the TRIGGER button.

4. To return the instrument to the continuous mode, disable
data store.

Notes:

1. 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. The Model 193A must be in the appropriate tngger mode
to respond to external triggering. See paragraph 3.10.7
for information on how to place the instrument in the
proper trigger mode (T7) over the IEEE-488 bus.

2.10.2 Voltmeter Complete

The Model 193A has an available output pulse that can be
used to trigger other instrumentation. A single TTL-
compatible negative-going pulse (see Figure 2-10) will ap-
pear at the VOLTMETER COMPLETE OUTPUT jack each
time the instrument completes a reading. To use the volt-
meter complete output, proceed as follows:

1. Connect the Model 193A to the instrument to be triggered
with a suitable shielded cable. Use a standard BNC con-
nector to make the connection to the Model 193A.

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

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

3. In a continuous trigger mode, the instrument will output
pulses at the conversion rate; each pulse will occur after
the Model 193A has completed a conversion.

4. In a one-shot trigger mode, the Model 193A will output
a pulse once each time it is triggered.
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READING  BEGIN NEXT
DONE CONVERSION

by

LS TTL HIGH
(3.4V TYPICAL)

LS TTL LOW
{0.25V TYPICAL)

}——10#3——|

MINIMUM

Figure 2-10. Voltmeter Complete Pulse
Specifications

2.10.3 Triggering Example

As an example of using both the external trigger input and
the meter complete output, assume that the Model 193A
is to be used in conjunction with a Keithley Model 705 Scan-
ner to allow the Model 193A to measure a number of dif-
ferent signals, which are to 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 193A 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 mode of the
Model 193A.

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 193A with the Model 705, proceed as
follows:

1. Connect the Model 193A to the Model 705 as shown in
Figure 2-11, Use shielded cables with BNC connectors.
The Model 193A VOITMETER COMPLETE OUTPUT
jack should be connected to the Model 705 EXTERNAL
TRIGGER INPUT jack. The Model 193A EXTERNAL
TRIGGER INPUT jack should be connected to the Model
705 CHANNEL READY OUTPUT. Additional connec-
tions, 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 193A.

2. Place the Model 193A in the one-shot trigger mode as
explained in paragraph 2.9.

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 andmake the required
input and output signal connections. See the Model 705
Instruction Manual for details.

5. Begin the measurement sequence by pressing the Model
705 START/STOP button. The Model 705 will close the
tirst channel and trigger the Model 193A to take a
reading. When the Model 193A completes the reading,
it will trigger the Model 705 to go to the next channel.
The process repeats until all programmed channels have
been scanned.
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i
|
CHANNEL .
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EXTERNAL ‘
TRIGGER |
MODEL 705
METER EXTERNAL
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Figure 2-11.

External Triggering Example
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SECTION 3
IEEE-488 PROGRAMMING

3.1 INTRODUCTION

The IEEE-488 bus is an instrumentation data bus with hard-
ware and programming standards originally adopted by the
IEEE {Institute of Electrical and Electronic Engineers) in 1975
and given the IEEE-488 designation. In 1978, standards were
upgraded into the IEEE-488-1978 standards. The Model 193A
conforms to these standards.

This section contains general bus information as well as the
necessary programming information and is divided into the
following sections:

1. Introductory information pertaining to the IEEE-488 bus
in general is located in paragraphs 3.2 through 3.6.

2. Information necessary to connect the Model 193A to the
IEEE-488 bus is contained in paragraphs 3.7 and 3.8.
3. General bus command programming is covered in

paragraph 3.9.

4. Device-dependent command programming is des-
cribed in paragraph 3.10. These are the most important
commands associated with the Model 193A as they con-
trol most of the instrument functions.

5. Additional information necessary to use the Model 193A
over the IEEE-488 bus is located in the remaining
paragraphs.

3.2 BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimize data transfer
without using an excessive number of bus lines. In keep-
ing with this goal, the bus has only eight data lines that
are used for both data and with most commands. Five bus
management lines and three handshake lines round out
the complement of bus signal lines.

A typical set up for controlled operation is shown in Figure
3-1. Generally, a systemn will contain one controller and a
number of ofher instruments to which the commands are
given. Device operation is categorized into three operators:
controller, talker and listener. The controller does what its
name implies; it controls the instruments on the bus. The
talker sends data while a listener receives data. Depending

on the type of instrument, any particular device can be a
talker only, a listener only or both a talker and a listener.

There are two categories of controllers: system controller,
and basic controller. Both are able to control other in-
struments, but only the system controller has the absolute
authority in the system. In a system with more than one
controller, only one controller may be active at anv given
time. Certain protocol is used to pass control from one con-
troller to another.

The IEEE-488 bus is limited to 15 devices, including the con-
troller. Thus, any number of talkers and listeners up to that
limit may be present on the bus at one time. Although
several devices may be commanded to listen simultaneous-
ly, the bus can have only one active talker, or communica-
tions would be scrambled.

A device is placed in the talk or listen state by sending an
appropriate talk or listen command. These talk and listen
commands are derived from an instrument’s primary ad-
dress. The primary address may have any value between
0 and 30, and is generally set by rear panel DIP switches
or programmed in from the front panel of the instrument.
The actual listen address value sent out over the bus is ob-
tained by ORing the primary address with $20. For exam-
ple, if the primary address is 10 ($0A), the actual listen ad-
dress is $2A ($2A = $0A + $20). In a similar manner, the
talk address is obtained by ORing the primary address with
$40. With the present example, the talk address de-
rived from a primary address of 10 decimal would be $4A
(P4A = $0A + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses
lie in the range of $60-$7F. Note, however that many devices
do not use secondary addressing.

Once a device is addressed to talk or listen, the appropriate
bus transactions take place. For example: if the Model 193A
is addressed to talk, it places its data string on the bus one
byte at a time. The controller reads the information and the
appropriate software can be used to direct the information
to the desired location.
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3.3 IEEE-488 BUS LINES

The signal lines on the IEEE-488 bus are grouped into three
different categories: data lines, management lines and
handshake lines. The data lines handle bus data and com-
mands, while the management and handshake lines en-
sure that proper data transfer and operation takes place.
Each bus line is active low, with approximately zero volts
representing a logic 1 (true). The following paragraphs
describe the purpose of these lines, which are shown in
Figure 3-1.
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et —.

DEVICE 1 L—L[J_[L r
ABLETO |V
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NRFD | HANDSHAKE
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bﬂ —— ATN
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——— ——ReN
E0I

Figure 3-1. IEEE-488 Bus Configuration

3.3.1 Data Lines

The IEEE-488 bus uses eight data lines that transfer data
one byte at a time. DIO1 through DIO8 (Data Input/Out-
put) are the eight data lines used to transmit both data and
multiline commands and are bidirectional. The data lines
operate with low true logic.

3.3.2 Bus Management Lines

The five bus management lines help to ensure proper in-
terface control and management. These lines are used to
send the uniline commands that are described in paragraph
34.1.

ATN (Attention)--The ATN line is one of the more impor-
tant management lines in that the state of this line deter-
mines how information on the data bus is to be interpreted.

IFC (Interface Clear)—As the name implies, the IFC line
controls clearing of instruments from the bus.

REN (Remote Enable)—The REN line is used to place the
instrument on the bus in the remote mode.

EOI {End or ldentify)—The EOl line is usually used to mark
the end of a multi-byte data transfer sequence,

SRQ {Service Request)—This line is used by devices when
they require service from the controller.

3.3.3 Handshake Lines

The bus uses handshake lines that operate in an inter-
locked sequence. This method ensures reliable data
transmission regardless of the transfer rate. Generally, data
transfer will occur at a rate determined by the slowest ac-
tive device on the bus,

One of the three handshake lines is controlled by the source
(the talker sending information}), while the remaining two
lines are controlled by the accepting devices (the listener
or listeners receiving the information). The three handshake
lines are:
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DAV (Data Valid)—The source controls the state of the DAV
line to indicate to any listening devices whether or not data
bus information is valid.

NRFD (Not Ready For Data)—The acceptor controls the state
of NRFD. It is used to signal to the transmitting device to
hold off the byte transfer sequence.

NDAC (Not Data Accepted)—NDAC is also controlled by
the accepting device.

The complete handshake sequence for one data byte is
shown in Figure 3-2. Once data is placed on the data lines,
the source checks to see that NRFD is high, indicating that
all active devices are ready. At the same time, NDAC should
be low from the previous byte transfer. If these conditions
are not met, the source must wait until NDAC and NRFD
have the correct status. If the source is a controller, NRFD
and NDAC must be stable for at least 100nsec after ATN
is set true. Because of the possibility of a bus hang up, many
controllers have time-out routines that display messages
in case the transfer sequence stops for any reason.

Once all NDAC and NRFD are properly set, the source sets
DAV low, indicating to accepting devices that the byte on
the data lines is now valid. NRFD will then go low, and
NDAC will go high once all devices have accepted the data.
Each device will release NDAC at its own rate, but NDAC
will not be released to go high until all devices have ac-
cepted the data byte.

The sequence just described is used to transfer both data,
talk and listen addresses, as well as multiline commands.
The state of the ATN line determines whether the data bus
contains data, addresses or commands as described in the
following paragraph.

DATAX X SOURCE

DAV SOURCE
VALID [
NRED | I ACCEPTOR
! I
| ‘ |
| (
NDAC L | ACCEPTOR
T

I
|

DATA DATA
TRANSFER TRANSFER
BEGINS ENDS

Figure 3-2. IEEE-488 Handshake Sequence

3.4 BUS COMMANDS

The Model 193A may be given a number of special bus com-
mands through the IEEE-488 interface. This section briefly
describes the purpose of the bus commands which are
grouped into the following three categories:

Uniline Commands—Sent by setting the associated bus
lines true {low).

Multiline Commands—General bus commands which are
sent over the data lines with the ATN line true (low).
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Device-Dependent Commands—Special commands whose
meanings depend on device configurations; sent with ATN
high (false).

These bus commands and their general purposes are sum-
merized in Table 3-1.

3.4.1 Uniline Commands

ATN, IFC and REN are asserted only by the controller. SRQ
is asserted by an external device, EOI may be asserted either
by the controller or other devices depending on the direc-
tion of data transfer. The following is a description of each
command. Each command is sent by setting the correspon-
ding bus line true.

REN {Remote Enable)—REN is sent to set up instruments
on the bus for remote operation, Generally, REN should
be sent before attempting to program instruments over the
bus.

EOI (End Or Identify)—EQI is used to positively identify
the last byte in a multi-byte transfer sequence, thus allow-
ing data words of various lengths to be transmitted easily.

IFC (Interface Clear)—IFC is used to clear the interface and
return all devices to the talker and listener idle states.

ATN (Attention)—The controller sends ATN while transmit-
ting addresses or multiline commands.

SRQ (Service Request)—SRQ) is asserted by a device when
it requires service from a controller.

3.4.2 Universal Commands

Universal commands are those multiline commands that
require no addressing. All devices equipped to implement
such commands will do so simultaneously when the com-
mand is transmitted. As with all multiline commands, these
commands are transmitted with ATN true.

LLO (Local Lockout}—LLO is sent to the instrument to lock
out its front panel controls.

DCL (Device Clear)—DCL is used to return instruments to
some default state. Usually, instruments return to their
power-up conditions.

SPE (Serial Poll Enable)—SPE is the first step in the serial
ﬁolling sequence, which is used to determine which device
as requested 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.

Table 3-1. IEEE-488 Bus Command Summary

State of
Command Type Command ATN Line*| Comments
Uniline REN (Remote Enable) X Set up for remote operation.
EOI X Marks end of transmission.
IFC (Interface Clear) X Clears Interface
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Multiline
Universal LLO (Local Lockout) Low Locks out front panel controls.
DCL (Device Clear) Low Returns device to default conditions.
SPE (5erial Poll Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling,.
Addressed 5DC (Selective Device Clear) Low Returns unit to default conditions.
GTL (Go To Local) Low Sends go 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 193A for various modes.

*Don't Care.
**See paragraph 3.10 for complete description.
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3.4.3 Addressed Commands

Addressed commands are multiline commands that must
be preceded by the device listen address before that instru-
ment will respond to the command in question. Note that
only the addressed device will respond to these commands:

SDC (Selective Device Clear}—The 5DC command per-
forms essentially the same function as the DCL command
except that only the addressed device responds. General-
ly, instruments return to their power-up default conditions
when responding to the SDC command.

GTL (Go To Local)—The GTL command is used to remove
instruments from the remote mode. With some in-
struments, GTL also unlocks front panel controls if they
were previously locked out with the LLO command.

GET (Group Execute Trigger)—-The GET command is used
to trigger devices to perform a specific action that depends
on device configuration (for example, take a reading).
Although GET is an addressed command, many devices
respond to GET without addressing.

3.4.4 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 the UNL command.

UNT (Untalk)—Any previously commanded talkers will be
placed in the talker idle state by the UNT command.

3.4.5 Device-Dependent Commands

The meaning of the device-dependent commands will de-
pend on the configuration of the instrument. Generally,
these commands are sent as one or more ASCII characters
that tell the device to perform a specific function. For ex-
ample, the command sequence FOX is used to place the
Model 193A in the DC volts mode. The IEEE-488 bus ac-
tually treats these commands as data in that ATN is false
when the commands are transmitted.

3.5 COMMAND CODES

Each multiline command is given a unique code that is
transmitted over the bus as 7 bit ASCII data. This section
briefly explains the code groups, which are summarized
in Figure 3-3.

Addressed Command Group (ACG)—Addressed com-
mands and corresponding ASCII codes are listed in col-
umns 0(A) and 0(B).

Universal Command Group (UCG)—Universal commands
and values are listed in columns 1{A) and 1(B).

Listen Address Group (LAG)—Columns 2(A} through 3(B)
list codes for comumands in this address group. For exam-
ple, if the primary address of the instrument is 10, the LAG
byte will be an ASCII asterisk.

Talk Address Group (TAG)—TAG primary address values
and corresponding ASCH characters are listed in columns
4(A) through 5(B).

The preceding address groups are combined together to
form the Primary Command Group (PCG). The bus also
has another group of commands, called the Secondary
Command Group (SCG). These are listed in Figure 3-3 for
informational purposes only; the Model 193A does not have
secondary addressing capabilities.

Note that these commands are normally transmitted with
the 7 bit code listed in Figure 3-3. For many devices, the
condition of DIO8 is unimportant. However, many devices
may require that DIO8 has a value of logic 0 (high) to pro-
perly send commands.

Hexadecimal and decimal values for each of the commands
or command groups are listed in Table 3-2. Each value
assumes that DIO8 has a value of 0.

Table 3-2. Hexadecimal and Decimal Command

Codes
Command Hex Value Decimal Value

GTL 01 1
sSDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
UNL 3F 63
UNT 5F 95
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Figure 3-3. Command Groups
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3.6 COMMAND SEQUENCES

The proper command sequence must be sent to the instru-
ment before it will respond as intended. Universal com-
mands, such as LLO and DCL, require only that ATN be
set low when sending the comman%. Other commands re-
quire that the instrument be properly addressed to listen
first. This section briefly describes the bus sequence for
several types of commands.

3.6.1 Addressed Command Sequence

Before a device will respond to one of these commands,
it must receive a LAG command derived from its primary
address. Table 3-3 shows a typical sequence for the SDC
command; the example assumes that a primary address of
10 is being used.

Note that an UNL command is generally sent before the
LAG, SDC sequence. This is usually done to remove all
other listeners from the bus so that the desired device

responds to the command.

Table 3-3. Typical Addressed Command Sequence

Data Bus
Step | Command| ATN State ASCII |Hex [Decimal
1 UNL Set low ? 3F 63
2 LAG* | Stays low * | 2A 42
3 SDC Stays low EOT | 04 4
4 Returns high

*Assumes primary address = 10.

3.6.2 Universal Command Sequence

Universal commands are sent by setting ATN low and then
placing the command byte on the data bus. ATN would
then remain low during the period the command is
transmitted. For example, if the LLO command were to be
sent, both ATN and LLO would be asserted simultaneously.

3.6.3 Device-Dependent Command Sequence

Device-dependent commands are transmitted with ATN
false. However, a device must be addressed to listen before

these commands are transmitted. Table 3-4 shows the byte
sequence for a typical Model 193A command (FOX), which
sets the instrument for the DC volts mode of operation.

Table 3-4. Typical Device-Dependent Command

Sequence

 Data Bus i

Step |Command | ATN State ASCII | Hex | Decimal;
1 UNL Set low ? 3F : 63
2 LAG* | Stays low * 2A 0 42
3 Data Set high F 6 . 70
4 Data Stays high 0 30 0 48
5 Data | Stays high X | 58] 88

*Assumes primary address = 1.

3.7 HARDWARE CONSIDERATIONS

Before the Model 193A can be operated over the IEEE-488
bus, it must be connected to the bus with a suitable cable.
Also, the primary address must be programmed the cor-
rect value, as described in the following paragraphs.

3.7.1 Typical Controlied Systems

System configurations are many and varied and will de-
pend on the application. To obtain as much versatility as
possible, the [EEE-488 bus was designed so that additional
instrumentation could be easily added. Because of this ver-
satility, system complexity can range from the very simple
to extremely complex.

Figure 3-4 shows two possible system configurations. Figure
3-4(A) shows the simplest possible controlled system. The
controller is used to send commands to the instrument,
which sends data back to the controller.

The system in Figure 3-4(B) is somewhat more complex in
that additional instruments are used. Depending on pro-
gramming, all data may be routed through the contreller,
or it may be sent directly from one instrument to another.

In very complex applications, a larger computer could be
used. Tape drives or disks could be used to store any data
generated by the instruments.
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Figure 3-4. System Types

3.7.2 Bus Connections

The Model 193A is connected to the IEEE-488 bus through
a cable equipped with standard IEEE-488 connectors, an
example is shown in Figure 3-5. The connector is designed
to be stacked to allow a number of parallel connections.
Two screws are located on each connector to ensure that
connections remain secure. Current standards call for
metric threads, as identified by dark colored screws. Earlier
versions had different screws, which are silver colored. Do
not attempt to use these tyfe of connectors with the Model
193A, which is designed for metric threads.

A typical connecting scheme for the bus is shown in Figure
3-6, Each cable normally has the standard connector on
each end. These connectors are designed to be stacked to
allow a number of parallel connections on one instrument.

NOTE
To avoid possible damage, it is recommended that

you stack no more than three connectors on any
one instrument.

g L ]

Figure 3-5. Typical Bus Connections
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Figure 3-6. IEEE-488 Connections

Connect the Model 193A to the cable as follows:

1

Line up the connector on the cable with the connector on
the rear panel of the instrument. See Figure 3-7 for con-
nector location.

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

required.

. Make sure the other end of the cable is properly con-

nected to the controller. Some controllers have an
IEEE-488 type connector, while others do not. Consult
the instruction manual for your controller for the pro-
per connecting method.

IEEE 488 INTERFACE

ADDRESS ENTERED WITH
FRONT PANEL PROGRAM 91

T :gc:o,
v o Q00w

LEQ
SR1

w @
g ]

q

Figure 3-7. Model 193A IEEE-488 Connector

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. Also, the maxi-

mum cable length is limited to 20 meters, or 2
meters times the number of devices, which ever is
less. Failure to heed these limits may result in er-
ratic bus operation.

Custom cables may be constructed by using the informa-
tion in Table 3-5 and Figure 3-8. Table 3-5 lists the contact
assignments for the various bus lines, while Figure 3-8
shows contact assignments.

CAUTION
The voltage between IEEE-488 common and
chassis ground must not exceed 30V or instru-
ment damage may occur.

Table 3-5. IEEE Contact Designation

IEEE-488 :
Contact Number | Designation | Type
1 DIO1 Data
2 DIO?2 Data :
3 DIO3 Data ?
4 DIO4 Data ;
5 EQI (24)* Management |
6 DAV Handshake !
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground |
13 DIO5 Data '
14 DIOG Data
15 DIQ?7 Data
16 DIO8 Data :
17 REN (24)* Management
18 Gnd, (6)* Ground 1
19 Gnd, {7y Ground |
20 Gnd, (8)* Ground |
21 Gnd, {(9* Ground |
22 Gnd, (10)* Ground ;
23 Gnd, (11 Ground |
24 Gnd, LOGIC Ground

*Number in parenthesis refer to si&na] ground return of
reference contact number. EOI and REN signal lines return
on contact 24,
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CONTACT 12 CONTACT 1

CONTACT 24 CONTACT 13

Figure 3-8. Contact Assighments

3.7.3 Primary Address Programming

The Model 193A must receive a listen command before it
will respond to addressed commands. Similarly, the unit
must receive a talk command before it will transmit its data.
The Model 193A is shipped from the factory with a pro-
grammed primary address of 10. Until you become more
familiar with your instrument, it is recommended that you
leave the adéess at this value because the programming
examples included in this manual assume that address.

The primary address may be set to any value between 0
and 30 as long as address conflicts with other instruments
are avoided. Note that controllers are also given a primary
address, so you must be careful not to use that address
either. Most frequently, controller addresses are set to 0 or
21, but you should consult the controller’s instruction
manual for details. Whatever primary address you choose,
you must make certain that it corresponds with the value
specified as part of the controller’s programming language.

To check the present primary address or to change to a new
one, utilize front panel Program 91. See paragraph 2.8.10
for information on using this program.

NOTE
Each device on the bus must have a unique primary
address. Failure to observe this precaution will pro-
bably result in erratic bus operation.

3.8 SOFTWARE CONSIDERATIONS

There are a number of IEEE-488 controllers available, each
of which has its own programming language. Also, dif-
ferent instruments have differing capabilities. In this sec-

tion, we will discuss the programming language for the
HP-85. In addition, interface function codes that define
Model 193A capabilities will be discussed.

3.8.1 Controller Handler Software

Before a specific controller can be used over the IEEE-488
bus, it must have IEEE-488 handler software installed. With
some controllers, the software is located in ROM, and no
software initialization is required on the part of the user,
With other controllers, software must be loaded from disk
or tape and be properly initialized. With the HP-85, for ex-
ample, an additional I/O ROM that handles interface func-
tions must be installed.

Other small computers that can be used as IEEE-488 con-
trollers may have limited capabilities. With some, interface
programming functions may depend on the interface be-
ing used. Often little software “tricks” are required to ob-
tain 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.

3.8.2 Interface BASIC Programming Statements

Programming instructions covered in this section use ex-
amples written with Hewlett Packard Model 85 BASIC
statements. This computer was chosen for these examples
because of its versatility in controlling the IEEE-488 bus.
This section covers those HP-85 statements that are essen-
tial to Model 193A operation.

A partial of HP-85 statements is shown in Table 3-6. 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 argu-
ment, specify the primary address.

Those statements with a 3-digit argument listed in the table
show a primary address of 10 (the factory default primary
address of the Model 193A). For a different address, you
would, of course, change the last two digits to the required
value. For example, to send a GTL command to a device

usin§ a primary address of 22, the following statement
would be used: LOCAL 722.
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Some of the statements have two forms; the exact configura-
tion depends on the command to be sent over the bus. For
example, CLEAR 7 sends a DCL command, while CLEAR
710 sends the SDC command to a device with a primary
address of 10.

Table 3-6. BASIC Statements Necessary to Send
Bus Commands

Action HP-85 Statement
Transmit string to device 10. | ZUTFUT 7 A¢
Obtain string from device 10. | EMTER 71@: A%
Send GTL to device 10. LOCAL Fia
Send SDC to device 10. CLEAR P16
Send DCL to all devices. CLEAR 7

Send remote enable, REMOTE 7
Cancel remote enable. LoCaL 7

Serial poll device 10. SPOLL (718

Send Local Lockout.
Send GET to device.

LOCEL, LOCEQIT
TERIGGER V1

Send IFC. HAEORTIOF

3.8.3 Interface Function Codes

The interface function codes, which are part of the
IEEE-488-1978 standards, define an instrument’s ability to
support various interface functions and should not be con-
fused with programming commands found elsewhere in
this manual. The interface function codes for the Model
193A are listed in Table 3-7. These codes are also listed for
convenience on the rear panel adjacent to the IEEE-488 con-
nector. The codes define Model 193A capabilities as follows:

SH (Source Handshake Function)--5H1 defines the abili-
ty of the Model 193A to initiate the transfer of message/data
over the data bus.

AH (Acceptor Handshake Function)—AH1 defines the abili-
ty of the Model 193A to guarantee proper reception of
message/data transmitted over the data bus.

T (Talker Function)—The ability of the Model 193A to send
data over the bus to other devices is provided by the T func-
tion. Model 193A talker capabilities exist only after the in-
strument has been addressed to talk, or when it has been
placed in the talk-only mode.

L (Listener Function)—The ability for the Model 193A to
receive device-dependent data over the bus from other
devices is provided by the L function. Listener capabilities
of the Model 193A exist only after the instrument has been
addressed to listen.

SR (Service Request Function)—The SR function defines the
ability of the Model 193A to request service from the
controller.

RL (Remote-Local Function)—The RL function defines the
ability of the Model 193A to be placed in the remote or local
modes.

PP (Parallel Poll Function)—The Model 193A does not have
parallel polling capabilities.

DC (Device Clear Function)—The DC function defines the
ability of the Model 193A to be cleared (initialized).

DT (Device Trigger Function)—The ability for the Model
193A to have its readings triggered is provided by the DT
function.

C (Controller Function)—The Model 193A does not have
controller capabilities.

TE {Extended Talker Function)—The Model 193A does not
have extended talker capabilities.

LE {Extended Listener Function)—The Model 193A does not
have extended listener capabilities.

E (Bus Driver Type)—The Model 193A has open-coilector
bus drivers.

Table 3-7. Model 193A Interface Function Codes

Code | Interface Function
SH1 | Source Handshake Capability
AH1 | Acceptor Handshake Capability

T5 Talker (Basic Talker, Serial Poll, Talk Only
Mode, Unaddressed To Talk On LAQG)

L4 Listener (Basic Listener, Unaddressed To
Listen On TAG) '

SR1 | Service Request Capability .
RL1 | Remote/Local Capabilit
PP0 | No Parallel Poll apabi{ity ;
DC1 | Device Clear Capability :
DTl | Device Trigger Capability
Co No Controller Capability

El Open Collector Bus Drivers
TEQ | No Extended Talker Capabilities
LED | No Extended Listener Capabilities
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3.8.4 IEEE Command Groups

Command groups supported by the Model 193A are listed
in Table 3-8. Device-dependent commands, which are
covered in paragraph 3.10, are not included in this list.

3.9 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general meaning regardless of the in-
strument type. Commands supported by the Model 193A
are listed in Table 3-9, which also lists HP-85 statements
necessary to send each command. Note that commmands
requiring that a primary address be specified assume that
the Model 193A primary address is set to 10 (its default
address).

Table 3-8. IEEE Command Groups

Table 3-9. General Bus Commands and Associated
BASIC Statements

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 LOCKOUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL POLL ENABLE

ADDRESS COMMAND GROUP

LISTEN: LAG=LISTEN ADDRESS GROUP

MLA=MY LISTEN ADDRESS

UNL=UNLISTEN

TAG=TALK ADDRESS GROUP

MTA=MY TALK ADDRESS

UNT=UNTALK

OTA=0THER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND
GROUP
GET=GROUP EXECUTE TRIGGER
GTL=GO TO LOCAL
SDC=SELECTIVE DEVICE CLEAR

STATUS COMMAND GROUP
RQS=REQUEST SERVICE
SRQ=SERIAL POLL REQUEST
STB=STATUS BYTE
EOI=END

TALK:

HP-85 Affect on
Command | Statement Model 193A
REN RFEMOTE 7 Goes into remote
when next
addressed.
IFC ABORTIO T Goes into talker and
listener idle states.
LLO LOZal LOCKEDUT 7| Front panel controls
locked out.
GTL LOCaL T Cancel remote,
DCL CLEAR 7 Returns to default
conditions.
SDC CLE@aR Fia Returns to default
conditions.
GET TREIGEER 716 Triggers reading in
LocHl ¥ T2 an T3 modes.
Cancel LLO

3.9.1 REN (Remote Enable)

The remote enable command is sent to the Model 193A by
the controller to set up the instrument for remote opera-
tion. Generally, the instrument should be placed in the
remote mode before you attempt to program it over the bus.
Simply setting REN true will not actually place the instru-
ment in the remote mode. Instead the instrument must be
addressed after setting REN true before it will go into
remote.

To place the Model 193A in the remote mode, the controller
must perform the following sequence:

1. Set the REN line true.
2. Address the Model 193A to listen.

HP-85 Programming Example—This sequence is
automatically performed by the HP-85 when the following
is typed into the keyboard.

FEMOTE 718

After the END LINE key is pressed, the Model 193A will
be in the remote mode, as indicated by the REMOTE light.
If not, check to see that the instrument is set to the proper
primary address (10), and check to see that the bus con-
nections are properly made.
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3.9.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 193A in the local, talker and listener idle states. The

unit will re?fond to the [FC 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
TFC line true for a minimum of 100uxsec.

HP-85 Programming Example—Before demonstrating the
IFC command, turn on the TALK indicator with the follow-
ing statements:

FEMOTE 716
EHTER P16, a$

At this point, the REMOTE and TALK lights should be on.
The IFC command can be sent by typing in the following
statement into the HP-85:

AREORTIO Y

After the END LINE key is pressed, the REMOTE and
TALK lights will turn off, indicating that the instrument has
gone into the talker idle state.

3.9.3 LLO (Local Lockout)

The LLO command is used to remove the instrument from
the local operating mode. After the unit receives LLO, all
its front panel controls except POWER will be inoperative.
REN must be true for the instrument to respond to LLO.
REN must be set false to cancel LLO.

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

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

HP-85 Proiramming Example—The LLO command is sent
by using the following HP-85 statement:

REMOTE 7
LOCal LackodT 7

After the second statement is entered, the instrument’s
front panel controls will be locked out.

3.9.4 GTL (Go To Local) and Local

The GTL command is used to take the instrument out of
the remote mode. With some instruments, GTL. may also
cancel LLO. With the Model 193A, however, REN must first
be placed false before LLO will be cancelled.

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

1. Set ATN true.
2. Address the Model 193A to listen.
3. Place the GTL command on the bus.

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

FEEMOTE V18

Now send GTL with the following statement:

LOCAL 716

When the END LINE key is pressed, the front panel
REMOTE indicator goes off, and the instrument goes into
the local mode. To cancel LLO, send the following:

LOCRL 7

3.9.5 DCL (Device Clear)

The DCL command may be used to clear the Model 193A
and return it to its power-up 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 193A receives a DCL com-
mand, it will return to either the factory default conditions
listed in Table 3-10 or to the user programmed default
conditions.

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.
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Table 3-10. Factory Default Conditions

Default

Mode Value | Status

Function FO DC Volts

Range R5 1000V

Data Format G0 | Send prefix with data

Reading Mode BO A/D Converter

Self-test Jo Clear

EOI Ko Enable EQI and Bus
Hold-off on X

Digital Filter PO Disabled

Exponential Filter | N1 On

Zero Z0 Disabled

Delay WO no delay

SRQ MO Disabled

Rate 53 Line cycle integration,
6%2d

Trigger T6 Continuous on external
trigger

Multiplex Al Enabied

Terminator =: (CR)(LF)

Data Store Rate Qo One-shot mode

Data Store Size i0 Continuous

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

CLEAR T

When the END LINE key is pressed, the instrument returns
to the power-up default conditions,

3.9.6 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 ad-
dressed, 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 193A receives the SDC command, it will return

to either the factory default conditions listed in Table 3-10
or to the user programmed default conditions.

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

1. Set ATN {true.
2. Address the Model 193A to listen.
3. Place the SDC command on the data bus.

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

CLEAR ¥ 1iE

After END LINE is pressed, the instrument returns to the
power-up default conditions.

3.9.7 GET (Group Execute Trigger)

GET may be used to trigger the Model 193A to take readings
if the instrument is placed in the appropriate trigger mode
{more information on trigger modes may be found in para-
graph 3.10.7).

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

1. Set ATN true.

2. Address the Model 193A to listen,
3. Place the GET command byte on the data bus.

HP-85 Programming Example—Type in the following
statements into the HP-85 keyboard to place the instrument
in remote and enable the correct trigger mode for this
demonstration:

BEEMOTE V16
QUTPUT V18: * T2

Now send the GET command with the following state-
ment:

TRIGGER 714

When the END LINE key is pressed, the instrument will
process a single reading.

3.9.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model
193A status byte. The status byte contains important infor-
mation about internal functions, as described in paragraph
3.10.13. Generally, the serial polling sequence is used by the
controller to determine which of several instruments has
re(}uested service with the SRQ line. However, the serial
polling sequence may be performed at any time to obtain
the status byte from the Model 193A.
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The serial polling sequence is conducted as follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Serial Poll Enable)
command byte on the data bus. At this point, all active
devices are in the serial poll mode and waiting to be
addressed.

3. The Model 193A is then addressed to talk.

. The controller sets ATN false.

5. The instrument then places its status byte on the data
bus, at which point it is read by the controller.

6. The controller then sets ATN true and places the SPD
(Serial Toll Disable) command byte on the data bus to
end the serial polling sequence.

[Fo8

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. ATN must be true when the
address is transmitted and false when the status byte is
read.

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 into the HP-85:

FEMOTE V16
S=SROLL V1
DIZP =

When the END LINE key is pressed the second time, the
computer conducts the serial polling sequence. The decimal
value of the status byte is then displayed on the computer
CRT when the END LINE key is pressed the third time.
More information on the status byte may be found in
paragraph 3.10.13.

3.10 DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488 device-dependent commands are used with the
Model 193A to control various operating modes such as
function, range, trigger mode and data format. Each com-
mand is made up of a single ASCII letter followed by a
number representing an option of that command. For ex-
ample, a command to control the measuring function is
programmed by sending an ASCII “F” followed by a
number representing the function option. The IEEE-488 bus
actually treats these commands as data in that ATN is false
when the commands are transmitted.

A number of commands may be grouped together in one
string. A command string is 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 display appropriate front panel
error messages and generate an SRQ 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 193A much like the front panel con-
trols. Note that commands are not necessarily executed in
the order received; instead, thev will be executed in
alphabetical order. Thus to force a particular command se-
quence, you would follow each command with the execute
character (X}, as in the example string, LOXF2X, which will
reset the instrument to factory default 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:

FOX—Single command string.
FOKIPOROX—Multiple command string,.
Té X—5paces are ignored.

Typical invalid command strings include:

ElX—Invalid command, as E is not one of the instrument
commands.
F15X—Invalid command option because 15 is not an option
of the F command.

If an illegal command (IDDC), illegal command option
(IDDCO), is sent, or if a command string is sent with REN
false, the string will be ignored.

Device-dependent commands that control the Model 193A
are listed in Table 3-11. These commands are covered in
detail in the following paragraphs. The associated program-
ming examples show how to send the commands with both
the HP-85 and the IBM-PC/8573,

NCTE
Programming examples assume that the Model
193A is at its factory default value of 10.
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In order to send a device-dependent command, the con- General HP-85 Programming Example—Device-dependent

troller must perform the following steps: commands may be sent from the HP-85 with the following
statement:

1. Set ATN true.

2. Address the Model 193A to listen. AUTFUT ¥l nE

3. Set ATN false.

4. Send the command string over the bus one byte at a

Hme A$ in this case contains the ASCII characters representing
1 .

the command string.

NOTE
REN must be true when sending device-dependent
commands to the instrument, or it will ignore the
command and display a bus error message.

Table 3-11. Device-Dependent Command Summary

Mode Command Description Paragraph
Execute X Execute other device-dependent commands. 3.10.1
Function FO DC Volts 3.10.2
Fl1 AC Volts
F2 Ohms
3 DC Current
F4 AC Current
F5 Temperature in °F mode
Fo Temperature in °C mode
F7 ACV + DC
F8 ACA + DC
F9 Low Frequency ACV + DC
F10 ACV dB
F11 ACA dB
F12 ACV + DC dB
F13 ACA + DC dB
Range DCV ACV DCA ACA Ohms  Temp |3.103
RO Autc  Auto  Auto Auto  Auto Pt 385
R1 200mvV. 2V 200uA  200pA 200Q Pt 392
R2 PAY 20V 2ZmA 2mA 2k Type K
R3 20V 200V 20mA  20mA  20kQ Type ]
R4 200 700V 200mA  200mA  200k@  Type T
R5 W0V 700V 2A 2A 2M2 TypeE
R6 1000V 700V 2A 2A 20MQ  Type R
R7 1000V 700V 2A 2A 200MQ Type S
RS 1000V 700V 2A 2A 200MQ Type B
Zero Z0 Zero disabled 3.104
Z1 Zero enabled
Z2 Zero enabled using a zero value (V)
Filter PO Filter disabled 3105
Pn Filter on with a value of n {(n=1 to 99)
Rate 50 318usec integration at 3'%4d resolution 3.106
51 2.59msec integration at 4%d resolution
52 Line cycle integration at 5%2d resolution
53 Line cycle integration at 6'2d resolution
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Table 3-11. Device-Dependent Command Summary (Cont.)

Mode Command Description Paragraph
Trigger Mode TO Continuous on Talk 3107
T1 One-shot on Talk
T2 Continuous on GET
T3 One-shot on GET
T4 Continuous on X
T5 One-shot on X
Té6 Continucus on External Trigger
T7 One-shot on External Trigger i
Reading Mode BO Readings from A/D converter 3108
B1 Readings from data store s
Data Store Size I0 Continuous data store mode £310.9
In Data store size of n (n=1 to 500) o
Data Store Interval Q0 One-shot into buffer 3109
Qn n=interval in milliseconds (Imsec to 999999msec)
Value Vinn.nnnn or | Calibration value, zero value and reference junction | 3.10.10
Vin.nnnnnnE+n| temperature value. ]
Calibration 0 Calibrate first point using value (V) 3.10.10 ‘
C1 Calibrate second point using value (V) I
Default Conditions Lo Restore factory default conditions. 31011
L1 Store present machine states as default conditions. |~~~ .
Data Format GO Reading with prefixes. 310,12 :
Gi Reading without prefixes. ;
G2 Buffer readings with prefixes and buffer locations.
G3 Buffer readings without prefixes and with buffer i
locations. l
G4 Buffer readings with prefix and without buffer |
locations. g
G5 Buffer readings without prefixes and without buffer ’
locations. . o
SRQ MO Disable F31013
M1 Reading Overflow '
M2 Data Store Full
M4 Data Store half full
M8 Reading Done
M16 Ready
M32 Error
EOI and Bus Hold-off KO Enable EOI and bus hold-off on X. 310.14
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, o
Terminator YmX One terminator character 31015
YmnX Two terminator characters
YX No terminator

e ——— i
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Table 3-11. Device-Dependent Command Summary (Cont.)

Mode Command Description Paragraph
Status uo Send machine status word. 3.10.16
Ul Send error conditions,
U2 Send translator words.
us Send buffer size.
U4 Send average reading in buffer.
us Send lowest reading in buffer.
Ué Send highest reading in buffer.
u7 Send current value.
Multiplex A0 Multiplexer disabled 3.10.17
Al Multiplexer enabled
Delay Wn n=delay period in milliseconds (Omsec. to
60000msec.) 3.10.18
Self-test Jo Test ROM, RAM, NVRAM. 3.10.19
Hit Button Hn Hit front panel button number n. (see Figure 3-13). | 3.10.20
Display Da Display up to 1 character message. a=character. 3.10.21
D Cancel display mode.
Reference Junction 00 Measure reference junction. 3.10.22
O1 Here is reference junction temperature using value.
Exponential Filter NO Internal exponential filter off. 3.10.23
N1 Internal exponential filter on.
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3.10.1 Execute (X)

The execute command is implemented by sending an ASCII
“X” over the bus, Its purpose is to direct the Model 193A
to execute other device-dependent commands such as F
(function) 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 command string at one time, and then send the execute
character later on. Command strings sent without the ex-
ecute character will be stored within an internal command
buffer for later execution. When the X character is finally
transmitted, the stored commands will be executed, assum-
ing that all commands in the previous string were valid.

HP-85 Programming Example—Enter the following
statements into the HP-85 keyboard:

FEMOTE 71
CUTFUT P16 7 et

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.

3.10.2 Function (F)

The function command allows the user to select the type
of measurement made by the Model 193A. When the in-
strument 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:

FO0 = DC Volts
Fl = AC Volts
F2 = Ohms

F3 = DC Current
K = AC Current

F5 = Temp in °F mode

F6 = Temp in °C mode

F7 = ACV + DC

F8 = ACA + DC

F9 = Low Frequency ACV + DC

FI0 = ACV dB
F11 = ACA dB
F12 = ACV + DC dB
F13 = ACA + DC dB

Upon power-up, or after the instrument receives a DCL or
SDC command, the Model 193A 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:

FEMOTE V1603
OUTRLT P18, YFRes Y

When END LINE is pressed the second time, the instru-
ment changes to the DC volts mode.

3.10.3 Range (R)

The range command gives the user control over the sen-
sitivity of the instrument. This command, and its options,
perform essentially the same functions as the front panel
range buttons. Range command parameters and the respec-
tive ranges for each measuring function are summarized
in Table 3-12. The instrument will be ready to take a reading
after the range is set up when responding to a range
command,

Upon power-up, or after the instrument receives a DCL or
SDC command, the Model 193A 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 716
QUTPUT ¢l TREs T

When the END LINE key is pressed the second time, the
instrument cancels the autorange mode, and enters the R3
range instead.
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Table 3-12. Range Command Summary

Range
Command DCV ACV DCA ACA OHMS TEMP
RO Auto Auto Auto Auto Auto Pt. 385
R1 200mvV 2V 200 pA | 200 pA | 200 Q Pt. 392
R2 2V 20V 2mA 2mA 2 kO Type K
R3 20 V 200V 20mA 20mA 20 k2 ype ]
R4 200 VvV 700V 200mA | 200mA | 200 k&2 Type T
R5 1000 V 700V 2 A 2 A 2M1Q Type E
R6 1000 V 700V 2 A 2 A 20M0Q Type R
R7 1000 V 700V 2 A 2 A 200MQ Type 5
R8 1000 V 700V 2 A 2 A 200M0Q Type B

3.10.4 Zero (Z)

Over the bus, the zero modifier can be controlled in the
same way that it is controlled from the front panel. Refer
to paragraphs 2.6.2 and 2.8.5 (zero program) for a complete
description of the zero modifier. The zero modifier is con-
trolled by sending one of the following zero commands over
the bus:

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

Sending Z1 has the same affect as pressing the ZERO but-
ton. Zero will enable, and the display will zero with the
input signal becoming the zero baseline level. The baseline
will be stored in Program ZERO.

The Z2 command is used when a zero value, using the V
command, 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 input, sending the command strings V2X Z2X will
result with Zero being enabled and the instrument reading
-1.5V (0.5 -2.0 = -15).

Sending the Z2 command without a V value established
is the same as sending the Z1 command. See paragraph
3.10.10 for more information on using the V command,

Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193A will return to the default
condition. The value of V will reset to zero.

HP-85 Programming Example—Set the instrument to the
2VDC range. With the front panel ZERO button, disable
the zero mode, if enabled, and enter the following
statements into the HP-85 keyboard:

FEMOTE 716
QUTRUT 716 P e
OUTPUT V18 P22

After the END LINE key is pressed the third time, the
ZERQ indicator will turn on with a zero baseline level of
IVDC. The zero value will also be stored in Program ZERO.

3.10.5 Filter (P)

The filter command controls the amount of filtering applied
to the input signal. The Model 193A filters the signal by
taking the weighted average of a number of successive
reading samples. Since noise is mostly random in nature,
it can be largely cancelled out with this method. The
number of readings averaged (filter value) can be from 1
to 99. The filter value can be programmed by sending one
of the following commands:

PO = Filter disabled.
Pn = Filter on with a value of n. Where n can be from 1
to 99,

Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193A will return to the default
condition.
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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 712
QUTRUT FlE: * *PzExn" !

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

3.10.6 Rate (S)

The rate command controls the integration period and the
usable resolution of the Model 193A. The rate commands
are as follows:

S0 = 318pmsec integration at 3%d resolution

S1 = 2.59msec integration at 4%2d resolution
S2 = Line cycle integration* at 5%d resolution
53 = Line cycle integration* at 6%d resolution

* 20msec for 530Hz and 16.6msec for 60Hz

Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193A will return to the default
condition.

HP-85 Programming Example—Using the front panel
RESOLN button, set the display of the Model 193A for 6t2d

resolution. Now enter the followmg staternents into the
HP-85:

FEMOTE V14
COUTRUT P12 51t ?

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

3.10.7 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 Mode! 193A has eight
trigger commands as follows:

T0 = Continuous On Talk

Tl = One-shot On Taik

T2 = Continuous On GET

T3 = One-shot On GET

T4 = Continuous On X

TH = One-shot on X

T6 = Continuous On External Trigger
T7 = One-shot On External Trigger

The trigger modes are paired according to the tvpe of
stimulus that is used to trigger the instrument. In the T0
and T1 modes, triggering is performed by addressing the
Model 193A 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 tri
stimulus in the T4 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 193A will return to the default
condition.

HP-85 Programming Example-—Place the instrument in the
one-shot on talk mode with the following statements:

FEMOTE 718
AUTFUT 718 ** Tl

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

EMTER 716, AF
DISF A%

In this example, the ENTER statement addresses the Model
193A to talk, at which % oint a single reading is triggered.
When the reading has been processed, it is sent out over
to the bus to the computer, which then displays the result.

Each time the IBRD function is called, the instrument is
addressed to talk, at which time it is triggered. When the
conversion is complete, the reading is sent out over the bus
to the computer, which then displays the resulting data.
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3.10.8 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:

]

B0 = A/D Converter readings
Bl = Data Store readings

Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193A 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 Bl command is sent, subsequent
readings will be taken from consecutive buffer locations
beginnin%l with the first memory location (001). Once all
readings have been requested, the unit will cycle back and
begin again.

HP-85 Programming Example—From the front panel, store
some readings in the data store. Enter the following
statements into the computer to read the stored reading in
the first memory location of the buffer. The reading will
be displayed on the computer CRT.

REMOTE V18
OUTRUT Pl@: " *EL=?
EMTER V1E: AF
DISH n%

The second statement above sets the instrument to the buf-

fer reading mode. The third and fourth statements acquire
the reading and display it on the CRT.

3.10.9 Data Store Interval (Q) and Size ()

The data store is controlled by the interval command (Q)
and the size command (I). The storage process will start
when the appropriate trigger is received.

With the () command, the user can select the interval that
the instrument will store readings or select the one-shot
mode. In the one-shot mode, one reading will be stored
each time the instrument is triggered. The Q command is
in the following form:

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

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 QOT1 mode, one reading will be stored each
time the instrument is addressed to talk. In the QUT3 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 QOT7 mode,
each external trigger pulse will cause a reading to be stored.
If the instrument is in a continuous trigger mode (T0, T2,
T4 or T6), an IDDC error will occur.

To store readings at a selected interval (Qn), the instrument
can be in any trigger mode. When the selected trigger oc-
curs, the storage process will commence,

The size of the data store can be controlled by one of the
following I commands.

10=Continuous storage mode.
In=Set data store size to n {1 to 500).

In the continuous data torage mode (I0), storage will not
stop after the buffer is filled {500 readings), but will pro-
ceed back to the first memory locatlon 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. With the instrument in the T6 or T7 external trigger mode,
the storage process can be started by pressing the front
panel TRIGGER button after the instrument is returned
to local operation (LOCAL button).

2. The data store is disable by sending an F command that
places the instrument in a different function.

3. The instrument must be in a valid operating state in order
to use the high speed data store capabilities. The high
speed intervals are 1ms, 2ms, 3ms and 4ms. Valid com-
mands are listed in Table 3-13.

4. With 52 or 53 asserted, the fastest valid storage interval
(I) is 40msec. An interval less than 40msec will result in
a short period error when the storage process is started.
Readings will be stored as fast as the instrument can run.

5. Either during or after the storage process, readings may
be recalled by using the B1 command as described in the
last paragraph. Also, the highest, lowest and average
reading in a full buffer can be recalled by sending the
appropriate U commands. See paragraph 3.10.18 for in-
formation on using the U commands.
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Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193A 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:

PROGRAM COMMENTS

18 DIM A [25]
29 BEMOTE V16
2R OUTPLUT Fl1G;

Send remote enable.

§E MR SRO on buffer full.

27 QUTRUT V18: ¢ ¢TZx* ' Program 193A to trigger on
GET.

A OUTPUT 7 Set store size to 100 and
FERIAAT 1EE data store to 0.1sec rate.

25 TRIGGER 7id Start storage process.

48 E=EF0LLCTLED Serial poll the 193A.

58 IF HOT BITCSa 1> If not full, wait.
THEM 4i

B OUTPUT 718, Set read mode to data
'TREIGEART store.

YA FOR I=1TO 16/
SEEHTER V18 /%

Loop 100 times.
Get a reading.

28 DISF A% Display it.
19E HEXT 1 Loop back and get next
reading
11a EHD

After entering the program, press the HP-85 RUN key. The
program will set the Model 193A to trigger on GET (line
27), set the interval and size (line 30), enable the data store
(line 35), wait for memory to fill (lines 40 and 50), turn on
the data store output (line 60), and then request and display
all 100 readings (lines 70-100).

3.10.10 Value (V) and Calibration (C)

One advanced feature of the Model 193A is its digital
calibration capabilities. Instead of the more difficult method
of adjusting a number of potentiometers, the user need only
apply an appropriate caligration signal and send the calibra-
tion value over the bus.

The V command is also used to program a zero value (see
paragraph 3.104) and to set the reference junction tem-
perature needed to make thermocouple (TC) measurements
(see paragraph 3.10.22).

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

Vnn.nnnnn
Vn.nnnnnnE+n

Thus, the following two commands would be equivalent:

V20
V2.0E+]

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 20.00000 even though only the tirst 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 values should be approximately zero.
After the second calibration value is ent over the bus, per-
manent storage of the two values will occur.

Table 3-13. High Speed Data Store

Valid Data
Data Store Interval Store Size* Valid Functions Valid Ranges Valid Reading Rates
Q1, Q2 FQ, F1, F3 All, except SO
Q3, Q4 I1 - 1500 F4, F7, F8 RO S0, S1

*Data store size 10 (continuous) cannot be used in the high speed data store mode.
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In order to send calibration values over the bus, the calibra-
tion command (C) must be sent after the value commnd
{V) is sent. The calibration command takes on the follow-
ing form:

Co
C1

Calibrate first point using value (V)
Calibration second point using value (V)

The following example first sends a calibration value of 2
and then a calibration of 0.

V2XCOX
VOXCIX

If the calibration value is greater than 2200000 counts (at
6'%2d resolution) an IDDCO error message will be displayed
on the Model 193A (see paragraph 3.11.1).

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

NOTE
The calibration switch must be in the UNLOCK
position before calibration can be accomplished.

HP-85 Programming Example—The following statements
can be used to calibrate the instrument on the 200VDC
range:

FEMOTE @16
CUTFUT P18 P LA TR !
OLUTPRUT FLE: " P LT R !

When the second statement is executed, calibration of the
high end of the 200VDC range is performed, assuming that
the correct calibration value is applied to the instrument.
When the third statement is executed, calibration of the low
end of the 200VDC range is performed and permanent
storage of the two calibration points take place.

3.10.11 Default Conditions (L)

The LO comummand allows the user to return the instrument
to the factory default conditions. Factory default conditions

are set at the factory and are listed in Table 3-10. The in-
strument will then 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.

The L command options are as follows:

LO=Restore instrument to factory power-up default
conditions.

L1=Store present machine states as the power-up default
conditions.

HP-85 Programming Example—Set the Model 193A to the
ohms function, and enable zero and filter. Now, enter the
following statements into the computer:

FEMOTE 716
OUTEUT P18:2 L1k

After pressing END LINE the second time, cycle power on
the Model 193A and note that the instrument returns to
the conditions initially set in this example.

3.10.12 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 3-9 fur-
ther clarifies the general data format. The G commands are
as follows:

G0 = Send single reading with prefixes. Examples:
NDCV-1.234567E+0 (A/D reading)
NDCV-1.234567E+0,B001 (buffer reading)

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

—1.234567E+0,001 (buffer reading)

G2 = 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...

G3 = Send all buffer readings, separated by commas,
without prefixes and with buffer memory locations,
Example:

—1.234567E+0,001, -1.765432E+0,002, etc...
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G4 = Send all buffer readings, separated by commas, with
reading prefixes and without memory buffer locations.
Example:
NDCV-1.234567E+0,NDCV-1.765432E+0,etc...

G5 = Send all buffer readings, separated by commas,
without reading prefixes and witﬁout buffer memory
locations. Example:

—1.234567E+0, -1.765432E+0, etc...

UBOH power-up or after the instrument receives a DCL or
SDC command, the Model 193A 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.

2. The B1 command must be asserted when using the G2
through G5 modes.

3. Programmed terminator and EOI sequences appear at
the end of each reading in the GO and 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:

FEMDTE 716
ITPUT L& P PEAHEGLS
EMTER Y18 AF
DISF AaF

When the second statement is executed, the instrument will
change to the G1 mode. The last two statements acquire
data from the instrument and display the reading string
on the CRT. Note that no prefix or suffix appears on the
data string.

3.10.13 SRQ Mask (M) and Status Byte Format

The SRQ command controls which of a number of condi-
tions within the Model 193A will cause the instrument to
request service from the conroller by asserting SRQ. Once
an SRQ is generated, that status byte can be checked to
determine if the Model 193A was the instrument that
asserted SRQ, and if so, what conditions can be checked
by using the Ul command, as described in paragraph
3.10.16.

The Model 193A 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. 1f an IDDC, 1DDCQO, No Remote error occurs, or Self-
Test tails.

. When the data store is full.
. When the data store is ' full.

. If a trigger overrun error occurs.
. When the bus is ready.

o O e W

Upon power-up or after a DCL or SDC command is re-
ceived, SRQ is disabled.

SRQ Mask—The Model 193A uses an internal mask to deter-
mine which conditions will cause an SRQ to be generated.
Figure 3-10 shows the general format of this mask.

SRQ can be programmed by sending the ASCII letter "M”
followed by a decimal number to set the appropriate bit
in the SRQ mask. Decimal values for the various bits are
summarized in Table 3-14. 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 tull condi-
tions, send M5X. To disable SRQ, send MOX. This com-
mand will clear all bits in the SRQ mask.
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|

3
:PREFIX}
L

! BUFFER PREFIX (BT

MANTISSA 6% DIGITS MODE ONLY)
DEGC = °C BUFFER LOCATION

DEGF = °F {BY MODE ONLY}
[ —
NDCV +1.234567F + 1 BBOOCR LF
\TJ | L
N = NORMAL
O - OVERFLOW L TERMINATOR
7 - ZEROED
DCV - DC VOLTS T
ACY = AC VOLTS EXPONENT

OKM = OHMS

DCI - DC AMPS

ACl  AC AMPS

ADV - AC +DC VOLTS

ADI = AC +DC AMPS

LAV = LOW FREQUENCY
AC +DC VOLTS

4BV = AC dB VOLTS

dBl = AC d& AMPS

dAV = AC+DC dB VOLTS

dAl - AC+DC dB AMPS

Figure 3-9. General Data Format

Bit
Position B7| B6{ B5| B4 | B3 | B2 | B1 |BO

Value 0| 140 1/0] 1/0) 1/0|1/0[1/0 |10
Decimal
Weighting | 128 64| 32| 16| 8 4 2 1
1 = SRQ BY 193A (STATUS BYTE ONLY} ~—| | l——1 =READING OVERFLOW
1=ERROR t = BUFFER FULL

1=READY

1 =BUFFER HALF FULL

1 =READING DONE

Figure 3-10. SRQ Mask and Status Byte Format
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Table 3-14. SRQ Command Parameters

Command |Condition to Generate SRQ
MO Disable
M1 Reading Overflow
M2 Data Store Full
M4 Data Store Y2 Full
M8 Reading Done
M16  |Ready
M32 FError

Status Byte Format—The status byte contains information
relating to data and error conditions within the instrument.
The general format of the status byte (which is obtained
by using the serial polling sequence, as described in
paragraph 3.9.8) is shown in Figure 3-10.

The bits in the status (serial poll) byte have the following
meanings:

Bit 0 (Reading Overflow)—5Set 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 detined buffer size
is full.

Bit 3 (Reading Done)—Set when the instrument has com-
pleted the present reading conversion.

Bit 4 (Ready)—5et 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 following errors have
occurred:

. Trigger Overrun

. Short Period

. Uncalibrated

. Needs Model 1930
. Needs Model 1931
. Needs Model 1930 and 1931
. Cal locked

. Conflict

. Translator

. No Remote

. IDDC

L IDDRCO

. String Overflow

NN R BN =

S)

GBRE

The nature of the error can be determined with the Ul com-
mand as explained in paragraph 3.10.16. An explanation of
each error can also be found in paragraph 3.10.16.

Bit 6 {(SRQ)—DProvides a means to determine if SRQ was
asserted by the Model 193A. If this bit is set, service was
requested by the instrument.

Bit 7—Not used and always set to zero.

Note that the status byte should be read to clear the SRQ
line once the instrument has generated an 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

18 REMOTE V18 @ CLEAR ¥ Set up for remote opera-
tion, clear instrument.

2 0UTFUT P16 Program for SRQ on
Pt IDDCO.
I OUTPUT 716B:* TS Attempt to program illegal
option.
48 S=SPOLLCPLIE: Serial poll the instrument.
45 IF HOT BITOS S0 Wait for SRQ error.
THEH 48 .
S DISP **EY BES BES B4 Identify the bits.
EZ Bz BEi1 BR**
BE FOR [=7 TOASTEF -1 Loop eight times.
FTHIOISP BIT <S5sI0. Display each bit position.
2@ HEXT I
28 DISF
1@ END

Once the program is enetered 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.
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3.10.14 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 NRED 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 EQI with last byte; hold off bus until
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 EQI line on the IEEE-488 bus provides a method to
positively identify the last byte in a multi-byte transfer se-
quence, Keep in mind that some controllers rely on EQI
to terminate their input sequences. In this case, suppress-
ing EOI with the K command may cause the controller in-
put sequence to hang unless other terminator sequences
are used.

The bus hold off mode allows the instrument to temporarily
hold up bus operation when it receives the X character until
it processes all commands sent in the command string. The
purpose of the hold off is to ensure that the front end FETs
and relays are properly configured before taking a reading,.
Keep in mind that all bus operation will cease-not just ac-
tivity associated with the Mode] 193A. 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 3-15 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 KO 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—Io program the instrument
for the K2 mode, enter the following statements into the
HP-85:

FEMOTE 7168
OUTRUT 7163

[} | ot
- )

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 3-15. Bus Hold-off Times

Commands Bus Held Off On X for:

Function (F) 160mS typical (ACV and ACA
functions 660mS typical)
Depends on range and function
as the calibration is actually per-
formed during the hold off
time,

ex: 1000VDC = 9sec.

200M©Q = 19sec

17mS to 200mS typical depen-
ding on the command sent.

Calibrate (C)

Other

3.10.15 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 ASCII
character. The default terminator sequence is the commonly
used carriage return, line feed (CR LI} sequence
(CR=ASCII 13; LF=ASCII 10). The terminator will assume
this default value upon power up, or after the instrument
receives a DCL or SDC command.

The terminator sequence may be changed by sending the
desired one or two characters after the Y command. Any
ASCII character, except one of the following may be used:

1. All capital letters
2. All numbers

3. Blank

4. + -/, .and e

5. Semicolon (;)—Used exclusively as a reserved character
for Translator software.
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Special command sequences will program the instrument
as follows:

1. YmX = One terminator character.
2. YmnX = Two terminator characters.
3. YX = No terminator,

NOTE
Most controllers use the CR or LF character to ter-
minate their input sequences. Using a nonstan-
dard terminator may cause the controller to hang
up unless special programming is used.

HP-85 Programming Example—To reserve the default (CR

LF) terminator sequence, type the following lines into the
computer:

FEMDOTE 1@
CUTFUT F1a f ey Y S CHRE LA  CHREE 130 v et

When the second statement is executed, the normal ter-
minator sequence will be reserved; the instrument will ter-
minate each data string or status word with a (LF CR)
sequence.

3.10.16 Status (U)

The status command allows access to information concer-
ning various operating modes and conditions of the Model
193A. 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 current value (V).

When the command sequence U(OX 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
U0 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 UQ status is shown in Figure 3-11. Note that
the letters correspond to modes programmed by the
respective device-dependent commands. The default
values in the status word are also shown in Figure 3-11.

Note that all returned values except for those associated
with the terminator correspond to the programmed
numeric values. For example, if the instrument is present-
ly in the R3 range, the second (R) byte in the status word
will correspond to an ASCII 3. The returned terminator
characters are derived by ORing the actual terminator byte
values with $30. For example, a CR character has a decimal
value of 13, which equals $0D in hexadecimal notation. OR-
ing this value with $30 yields $3D, or 613y, which prints
out as an ASCII equal sign (=). This terminator conver-
sion step 15 necessary to convert the standard terminators
into displayable form, as they will not normally print out
on a computer CRT.

The Ul command allows access to Model 193A error con-
ditions in a similar manner. Once the sequence U1X is sent,
the instrument will transmit the error conditions with the
format shown in Figure 3-12 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
transmitted. Note that the error condition word is actual-
ly a string of ASCII characters representing binary bit posi-
tions, An error condition is also flagged in the status (serial
poll) byte, and the instrument can be programmed to
generate an SRQ when an error condition occurs. See
paragraph 3.10.15. Note that all bits in the error condition
word and the status byte error bit will be cleared when
the word is read. In addition, SRQ operation will be
restored after an error condition by reading Ul

The various bits in the error condition word are des-
cribed as follows:

Trigger Overrun—Set when the instrument receives a trig-
ger while it is still processing a reading from a previous
trigger.

Short Period—Set when the instrument cannot run as fast
as the selected data store interval.

String Overflow—Set if more than a 14 character message
is sent using the display (D) command.

Uncalibrated—Set when E?PROM memuory fails the selt
test.

Needs Model 1930—Set when the ACV function is selected
with the ACV option not installed.

3-29



IEEE-488 PROGRAMMING

FACTORY DEFAULT

3=D0C CURRENT
4=AC CURRENT
5=TEMP, I[N °F
6=TEMP. IN °C
7=ACV+DC
8=ACA+DC
9= LOW FREQ. ACV +DC
10=ACV d8
11=ACA dB
12=ACV+DC dB
13=ACA+DC dB

DATA FORMAT (G)

0=RADG WITH PREFIXES

1=ACG WITHOUT PREFIXES

2=BUFFER RDGS WITH PREFIXES AND BUFFER LOCATIONS

3 =BUFFER RDGS WITHOUT PREFIXES AND WITH BUFFER
LOCATIONS

4 =BUFFER RDGS WITH PREFIXES AND WITHOUT BUFFER
LOCATIONS

5=BUFFER RDGS WITHOUY PREFIXES AND BUFFER LOCATIONS

SELF-TEST ()

0=INACTIVE

1=ROM, RAM and E’PROM PASSED
2 =E*PROM FAILED

EQI; BUS HOLD-OFF (K}

0 =EQOI AND HOLD-OFF

1=NG EOI AND HOLD-OFF
2=EQ} AND NO HOLD-OFF
3=N0 EQI AND NO HOLD-OFF

SRQ M)

MO0 =DISABLED
MO1=READING OVERFLOW
MO2=DATA STORE FULL
MO4 = DATA STORE HALF FULL
MQEB =READING DONE

M16 =READY

M32 =ERROR

EXPONENTIAL FILTER (N}
0=DISABLED
1=ENABLED

FILTER (P}
00 =FILTER DIABLED
an=FILTER ENABLED WITH FILTER VALUE OF nn (D1 to 99}

DATA STORE RATE ()}
000000 = ONE-SHGT MODE
napnnn = Interval {00000 1msec 10 98999 %sec)

0= Tmsec INTEGRATION, 3lad
1=4msec INTEGRATION, 4ld

2 = LINE CYCLE INTEGRATION, &'%d
3=100msec INTEGRATION, 8 %2d

TRIGGER (T)

0=CONTINUOUS ON TALK

1=0NE-SHOT CN TALK

2=CONTINUQUS ON GET

3=0NE-SHOT QN GET

4=CONTINUQUS ON X

5=0NE-SHOT ON X

6 =CONTINUOUS ON EXTERNAL TRIGGER
7=0NE-SHOT ON EXTERNAL TRIGGER

DELAY (W)
nannn = 00000 to 6000¢ miliseconds

ZERQ (Z)

G =DISABLED

1=ENABLED

2=ENABLED USING ZERO VALUE

CURRENT OPTION
O =NOT INSTALLED
1=INSTALLED

ACV OPTION
Q=NOT INSTALLED
1=INSTALLED

CALIBRATION SWITCH
0=LOCKED POSITION
1 =UNLOCKED POSITION

FRONT/REAR SWITCH
0=FRONT INPUT TERMINALS SELECTED
1=REAR INPUT TERMINALS SELECTED

TERMINATOR (Y}

YmX =0NE CHARACTER
¥mnX =TW0 CHARACTERS
YX=NO TERMINATOR
=:=CRLF

t 0 00 0 0O 0O 00 1 00 000000 5 3 6 00000 QO 01 0 0/ 0/1 =
| ACV CAL F/R
193 A B FF G J K MMN PP QQQQRQ R S T WWWWW Z OP OP SW SW YY
MODEL NUMBER PREFIX {193) RANGE (R)
DCV ACY  DCA ACA  OHMS  TEMP.
(")"E’ETI;'::-;L"EE)A' 0=AUTO  AUTO AUTO  AUTQ  AUTO  PT.385
S ENADIED 1= 200mY 2V 2004A 200xA 200 R PT.382
- 2= 2V 20V 2mA 2maA 2 kQ2 TypakK
READING MODE (B) 3= 20 ¥ 200v  20mA  20mA  20kD  Typel
0=A/D CONVERTER 4= 200 V  J0OV 200mA  200mA  200k8  TypeT
1= DATA STORE (BUFFER) 5=1000 V 700V 2 A 2 A ZMQ  TypeE
61000 V 700V 2 A 2 A 20M2  TypeR
FUNCTION [F) 7=1000 V700V 2 A 2 A 200MR TypeS
0=DC VOLTS 81000 V 700V 2 A 2 A 200M  TypeB
1=AC VOLTS
2= OHMS RATE (S}

Figure 3-11. U0 Status Word and Default Values
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Needs Model 1931—Set when the DCA function is selected
with the current option not installed.

Needs Model 1930 and 1931—Set when the ACA function
is selected with both the ACV and current options not
installed.

Cal Locked—Set when trying to calibrate the instrument
with the calibration switch in the locked position.

Contflict—Set when trying to calibrate the instrument while
it is in an improper state.

TRANSERR 09—TYranslator error. Set when there is no more
memory left for Translator words.

No Remote—Set when a progamming command is receiv-
ed when REN is false.

IDDC—Set when an illegal device-dependent command
(IDDQ), such as E1X is received (“E” is illegal).

IDDCO—Set when an illegal device-dependent command
option (IDDCO) such as T9X is received (“9” is illegal).

NOTE
The complete command string will be ignored if
an IDDC, IDDCO or no remote error occurs.

TRANSERR 14—Translator error. Set when more than one
ALIAS is used in a definition.

TRANSERR 15—Translator error. Set when a Translator
word exceeds 31 characters.

TRANSERR l16—Translator error. Set when an X is used in
a Translator word.

TRANSERR 17-Translator error. Set when trying to define
a Translator word that already exists.

TRANSERR 18—Translator error. Set when a % is used in
a Translator word.

TRANSERR 19—Translator error. Set when the ; character
is sent while in the NEW mode.

TRANSERR 20—Translator error. Set when LIST is used in
a Translator definition.

TRANSERR 21—Translator error. Set when FORGET is us-
ed in a Translator definition.

TRANSERR 23—Translator error. Set when SAVE is used
in a Translator definition.

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 [ command. When this command is transmitted, the
instrument will transmit the value the next time it ts ad-
dressed to talk. This information will be transmitted only
once each time the command is received. The U3 value witl
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.
Transmission of U4, U5 and Ué will not occur until the buf-
fer is full,

The U7 command sends the current value. The value can
be a calibration value, zero value or temperature compen-
sation value.

HP-85 Programming Example—Enter the following
statements into the computer to obtain and display all the
status conditions (U0 through U7) of the Model 193A.

3-31



|EEE-488 PROGRAMMING

1=UNCALIBRATED -']
1=NEEDS 1930

1=NEEDS 1931
1=NEEDS 1930 & 1931 -
1=CAL LOCKED -
1=CONFLICT ~

1=TRANSERRC9 -

r 1 =TRIGGER OVERRUN

[’ 1 =SHORT PERIOD

[— 1=STRING OVERFLOW

1=NO REMOTE —

1=10DC

ALWAYS ZERO B

1=TRANSERR23 ‘I

ALWAYS ZERO —l

— 1=TRANSERR16

- 1=TRANSERR15

— 1=TRANSERR14

— ALWAYS ZERO

1=IDDCO

X

1=TRANSERR19

193 041 0/1 0/1 01 071 0/1 0/1 1 0/1 0/1 0/1 O/10/1 G0/ G/ O/ 0/ 00N O OMN00MO0

L 1 =TRANSERR21

=TRANSERR20

L 4 - TRANSERR18

L 1=TRANSERR17

Figure 3-12. U1 Error Status Word

PROGRAM COMMENTS
18 REMOTE 718 Send remote enable.
ZADIMAFRL4E]
TAOUTPUT FlaEs s m*?  Send UQ command.
48 DISP* s noL BEFFG.EHM Display U0 word
FIMNFFROEEEAAREST LR values.
HEwwwwy ' ?

SHEHTER V168 A%
eB DISF AF

FEOOLITRLT #1881 e
B EMTER Vi A%

]

(R
o8 A% 3

’.i..i

98 DISk O

e
R

186 OUTPUT #16;

[
116 EWTER V18 A%

126 DISF AF

ey

3 I—'UTF”T 1 [ h“‘:;fl:lly ]
3 EMTER 710 ¢ .

A TITSE ot

A D ISHF aF

o
[ R |

oy

Obtain U0 status
from instrument.
Display U0 status
word.

Send Ul command.
Get error condition
word.

Display error condi-
tion word.

Send U2 command.
Get data condition.
Display data condi-
tion,

Send U3 command.
Get data condition,

MNMignlayy Aada ~nm A
LASpildy ddia COLHAL-

tion.

1EE OUTFUT F18; & vligms?
178 EMTER 716; A%

186 DTSR pE

176 QUTRLUT F1@; & s LSer e
SEE EMTER P18 6%

218 DISF A%

i ot P

3

0h T Ty

Send U4 command.
Get data condition.
Display data condi-
tion.

Send U5 command.
Get data condition.
Display data condi-
tion.

Send Ué comimand.
Get data condition.
Display data condi-
tion,

Send U7 command.
Get data condition.
Display data condi-
tion.

Get normal reading.
Display normal reading

After entering the program, run it by pressing the HP-85
RUN key. All of the status conditions of the Model 193A

M lan Hgsnd

igmlax

Ak adado

b T A , ol 1l
Wil o€ ilsted on Lllc LI LllDl}lay lU SNOwW Llldl Sidrtiis lb
transmitted only once, a normal reading is requested and

displayed last.

3-32



IEEE-488 PROGRAMMING

3.10.17 Muitiplex (A)

The Model 193A has built-in multiplex routines that
automatically calibrate and zero the instrument, so as to

maintain its high accuracy. The multiplex routines can be
defeated, either through front panel Program 95 (paragraph

2.8.14) or through one of the following commands:

A0
Al

it

Disable Multiplex
Enable Multiplex

1l

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

HP-85 Programming Example—Disable multiplex by enter-
ing the following statements into the HP-85:

FEMOTE 716
OUTRUT T1E;: " Y aEss

When the END LINE key is pressed the second time, the
multiplexer routines will disable.

3.10.18 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.

Example: For a delay of 0.002sec send W2X.
For a delay of 30.05sec send X30050X.
For a delay of 60sec send W60000X,

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

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

REMOTE 710
OUTPUT 710;"W250X”

After the END LINE key is pressed the second time, the
instrument will wait for 250msec after each triggered con-
version before executing the next coversion period.

3.10.19 SelfTest (J)

The ] command causes the instrument to perform tests it
automatically performs upon power-up. When the self-test
command is given, the Model 193A performs the follow-
ing tests:

1. ROM Test
2. RAM Test
3. E'PROM Test

] command parameters include:

JO = Perform self-test.

If the self-test is successful, the | byte in the U0 status word
will be set to 1. If E?PROM fails, the message “UN-
CALIBRATED” will be displayed and the | byte in the Ul
status word will be set to 2. An E*PROM failure is also flagg-
ed in the U1 status word. If ROM and RAM fails, the in-
strument will lock up.

See paragraph 6.9.2 for more information on these tests and
recommendations to resolve a failure.

HP-85 Programming Example—Enter the following
statements into the computer to perform the Model 193A
self-test:

FEMOGTE Y14
DILTRUT Pl Y @

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 UQ status word will be set to 1. This byte may
be cleared by reading the UQ status word (see paragraph
3.10.16).
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3.10.20 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 3-13.

Examples:

H3X—Selects the ACA function.
HOX—Selects the DCV function.

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

FEMOTE 18
OUTFUT FLEs * P ez 0

When the END LINE key is pressed the second time, the
instrument is placed in the ohms function.

3.10.21 Display (D)

The display command controls the ASCII messages that
can be placed onto the Moel 193A display. The Model 193A
can only display messages in upper case. Messages entered
in lower case will automatically be converted to upper case.
Messages are controlled with the following commands:

a1 I

Da = Dlsplay character “a”, where “a” represents a print-
able ASCII character. Up to 14 characters (including
blanks) may be sent.

D = Restores display back to normal.

Note: 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 send the
message “I NEED IT BAD” starting at the second display
character (one space), send the following command string;:

CETRIEHEEDETI TERSDS" ?

Spaces in the command string, as shown in the following
examples, are ignored.

HP-85 Programming Example—Enter the following

statements into the computer to display the message
“KEITHLEY 193A":

BEMOTE V16
OUTFUT 71 ¢ D EEITHLEY 195 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 entering the following
statement:

DUTPUT P16 e ?

WETTHIEL Y

FUNCTION

— == mE )

e,

Figure 3-13. Hit Button Command Numbers
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3.10.22 Reference Junction (O)

The Model 193A can make temperature measurements us-
ing Type K, J, T, E, R, 5 and B thermocouples (TC’s). In
order to make TC temperature measurements the Model
193A must know the temperature of the reference junction.
When using the Keithley Model 705 or 706 Scanner with
the Model 7057A TC Scanner Card installed, the Model
193A can measure the reference junction. However, if other
TC setups are used, the Model 193A must be told the
temperature of the reference junction. The following two
commands are used to acquire the reference junction
temperature:

00
O

Measure the reference junction.

Here is the reference junction temperature using
Value (V).

I

The O0 command measures the reference junction
temperature and automatically makes the calculation for
the selected TC type. The O0 command can only be used
with the Model 705 or 706 with the Model 7057A installed.

NOTE

When the Q0 command is sent, an erroneous tem-
perature reading of the reference junction will be
displayed. This error occurs because the instrument
displays a thermocouple measurement of the
reference junction. However, this erroneous tem-
perature reading does not affect the integrity of the
thermocouple linearization process. Thus, when
Q0 is sent over the bus, ignore the invalid
temperature reading that will be displayed.

The O1 command is used for all other TC setups and is
used in conjunction with the V command. The V command

ir}[puts the unknown reference junction temperature to the
odel 193A, and the O1 command enters the value and

makes the required calculation for the selected TC type.

NOTE
Reference junction measurements should be made
at <30sec intervals due to possible reference junc-
tion temperature drift caused by ambient tempera-
ture variations.

Perform the following ﬁrocedure to make thermocouple
measurements using the Model 705 Scanner with the
Model 7057A. Thermocouple Scanner Card installed:

1. Select the temperature measurement mode by sending
F5X (for °F) or F6X {for °C) over the [EEE-488 bus.

2. Send one of the following commands over the bus to
select the desired thermocouple type:

R2X = Type K
R3X = Type ]
R4X = Type T
R5X = Type E
Ré6X = Type R
R7X = Type 5
RE8X = Type B

3. Connect the OUTPUT of the thermocouple scanner card
to the VOLI'S HI and LO input terminals of the Model
193A using copper test leads.

4. Connect a thermocouple to the desired channel (2
through 10) of the thermocouple card.

5. Close channel 1 of the scanner, which is connected to
the thermister bridge of the scanner card.

6. Send the following command over the IEEE-488 bus to
measure the reference junction temperature on the scan-
ner card: O0X.

7. Set the Model 705 to the channel that has the thermo-
cuple connected to it and close that channel.

8. Thermocouple temperature measurements can now be
taken directly from the display of the Model 193A.

HP-85 Programming Example—With the Models 705 and
7057A connected to the instrument, connect a Type K ther-
mocouple to channel 2 of the scanner card. make sure the
IEEE address of the Model 705 is at 17. Enter the following
program into the computer to make Type K thermocouple
temperature measurements.

PROGRAM COMMENTS ~
183 REMOTE Pi@s 717 Send remote enable.
19 CLEAR Y Clear all devices.

28 OUTFUT 7i@: P *F3RE2x* " Set 193A to Type KTC

and °F.

TOOOUTFUT P17 v E1C1% * Close channel 1 of 705.

48 QUTFUT 718 s «0ak"' Measure reference
junction.

56 OUTPUT P17 **EZC2R * Close channel 2 of
scanner.

& EHD

Run the program by pressing the RUN key. The Model 193A
will be configured for Type K thermocouples, read the
reference junction temperature and then take one tempera-
ture measurement,
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Use the following basic procedure to make TC temperature
measurements using the Q1 command:

1. Measure and note the temperature of the reference junc-
tion of the TC setup to be used.

2.Send the appropriate F and R commands over the bus
to select the desired scale nad TC type.

3. Connect the TC setup to the input of the Model 193A.

4. Using the V command, send the noted referenced junc-
tion temperature over the bus to the Model 193A. Send
the value in °C if I'6 was asserted and send the value
if °F if F5 was asserted. For example, if the instrument
is in the °C temperature mode (F6) and the reference
temperature is 25.3°C, then send the following command
over the bus: V253X,

5. Now send the following command to enter the
temperature value and make the required calculation for
the selected TC type: O1X.

6. TC temperature can now be taken directly from the
display of the Model 193A.

3.10.23 Exponential Filter (N)

In addition to the digital filter (I’), an exponential filter is
used to provide additional filtering when making high
resolution and high sensitivity measurements. The inter-
nal exponential filter is controlled by the following
commands:

NO = Internal exponential filter off
N1 = Internal exponential filter on

HP-85 Programming Example—Enter the following
statements into the computer to turn the exponential filter

off:

FEMOTE Fi@
CIETFLT PLE s s pfign e

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

3.11 FRONT PANEL MESSAGES

The Model 193A has a number of front panel messages
associated with IEEE-488 programming. These messages
are intended to inform you of certain conditions that oc-
cur when sending device-dependent commands to the
instrument.

The following paragraphs describe the front panel error
messages associated with IEEE-488 programming.

3.11.1 Bus Error

A bus error will occur if the instrument receives a device-
dependent command when it is not in remote, or if an il-
legal device-dependent command (IDDC) or illegal device-
dependent command option (IDDCO) is sent to the instru-
ment. Under these conditions, the complete command

string will be rejected and one of the following messages
will %e displayed:

NO REMOTE
IDDC
IDDCO

NOTE
Selecting the ACV, ACA or DCA function over he
bus with the appropriate options not installed, will
result in an IDDCO message.

In addition, the error bit and pertinent bits in the U1 word
will be set (paragraph 3.10.16) and the instrument can be
programmed to generate an SRQ under these conditions
(paragraph 3.10.13).

A no remote error can occur when a command is sent to
the instrument when the REN line is false. Note that the
state of REN is only tested when the X character is re-
ceived. An IDDC error can accur when an invalid com-
mand such as E1X is transmitted (this command is invalid
because the instrument has no command associated with
that letter). Similarly, an IDDCO error occurs when an in-
valid option is sent with a valid command. For example,
the command T9X has an invalid option because the instru-
ment has no such trigger mode.

HP-85 Programming Example—To demonstrate a bus error,
send an IDDC with the following statements:
REMOTE 718

OUTEUT F1E: * LR

When the second statement is executed, the bus error
message appears on the display for about one second.
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3.11.2 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 only the overrun triggers are ignored,
These overrun triggers will not effect the instrument except
to generate the message below. When a trigger overrun oc-
curs, the following front panel message will be displayed
for approximately one second:

TRIG-OVERRUN

HP-85 Programming Example—Io demonstrate a trigger
averrun error, enter the following statements into the HP-85
keyboard:

FEMOTE Y16
OUTFUT V1@ P TEs
TRIGGER F1a® TRIGGER 714

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

3.12 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 Ien%th of time will vary somewhat depen-
ding 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)
SO0AOGINOTIX | Maximum reading émsec
rate (3%d)
SOT1X 3%d mode 12msec
SIT1X 4%d mode) 1Hmsec
S2T1X 5%d mode 30msec
S3T1IX 6%2d mode 1.1sec

*Commands not listed are at factory default.

3.13 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 SETUP? can be
sent in place of F3R1T2S0Z1UOM2P15. Also, Keithlev 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 characters

make up the Translator software syntax and are listed in
Table 3-17.

3.13.1 Translator Format

The basic format for defining a Translator word is shown
in the foliowing example command string, which defines
the word SETUP1L as a substitute for FIROX.

"ALIAS S5ETUP FIROX ;"

Where:

ALIAS is a reserved word that precedes the Translator
word.

SETUP1 is the desired Translator word.

FIROX is the Keithley command string,

; is a reserved character necessary to terminate the
Translator string.

At least one space must be used to separate words and the

R

;7 character,

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

Translator words that contain conflicting device-dependent
commands, 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 FOF1X will place the
instrument in the Fl function.
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Table 3-17. 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 193A to recognize Translator words.
OLD Tells the Model 193A 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.

Table 3-18. Translator Error Messages
Display
Message Explanation Example Error String
TRANSERR 9| No more memory left for Translator words. —
TRANSERR14 { Use of more than one ALIAS in a definition. | “ALIAS TEST1 FIX ALIAS TEST2 RIX ;”
TRANSERR15 | Translator word exceeds 31 characters. “ALIAS ITHINKTHISISTHIRTYTWOCHARACT
ERS! FI1X ;"
TRANSERR16 | Use of an X in a Translator word. “ALIAS XRAY FIX ;”
TRANSERR17 | Trying to define a Translator word that already| “ALIAS SETUP FIX ;”
exists. The second string in the example is the | “ALIAS SETUP R1X ;”
error string,.
TRANSERR18 | Use of a $ in a Translator word. “ALIAS $200 F1X ;~
TRANSERR1S | Sending the ; character. “
TRANSERR20| Use of LIST in a Translator definition. “ALIAS DOG FI1X LIST ;~
TRANSERR21 | Use of FORGET in a Translator definition. “ALIAS DOG FIX FORGET ;”
TRANSERR23| Use of SAVE in a Translator definition. “ALIAS DOG FIX SAVE ;”
Notes: 7. Translator error messages are listed and described in

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

2. 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,

5. The Model 193A will not recognize an undefined Trans-
lator 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 tﬁe 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 3.13.3 for an ex-
planation of NEW and OLD,

Table 3-18.

HP-85 Programming Example—Enter the following pro-
ram into the computer to define a Translator word
%SETUPl) to emulate the command string FIROX:

REMOTE 718
DUTFUT F16. s sALTAS SETURL FIRER & '?
QUTPUT V1@ # sETLRL

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 auto-
range (R0O).
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3.13.2 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
F command:

“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 13) to be sent with the word. The second state-
ment 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 in-
strument in the ohms function.

Notes:

1. When sending a wild card Translator word over the bus,
there must be a space between the Translator word and
the option number.

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

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

FEMOTE 716
OUTPUT 7165 S ¢ ALIAS FILTER Py 5
OUTPUT 718; * *FILTER 26°°

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.

3.13.3 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 Translator 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 3.134.

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;

FEMOTE 718
QUTHEUT V1 SHEW'®

When END LINE is pressed the second time, the instru-
ment will go into the NEW tnode.

3.13.4 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
commmands 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.

SETUP1 and SETUP2 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.

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 SETUP1. The format might look
like this:

"ALIAS TEST NEW SETUP1 NEW FUNCTION
NEW FILTER
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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 atfect the FUNC-
TION command. In this example the instrument will be
placed in the DCA function (F3). Since the FILTER com-
mand does not have an assigned option value (due to its
position in the string), it will default to 0 (disable).

HP-85 Programming Example—The following program will
create two Translator words and then combine them to form
a third Translator word:

REMOTE 716
OUTPUT 7185 ' alIas SETURL FLx 0
OUTPUT 7187 P ALTAS SETURPE BB 7 *
OUTPLIT 7187 P ALIAS SETUFE MEM SETUFL HEH
SETUPZ ;77

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
(SETUFP3).

3.13.5 Combining Translator Words With
Keithley IEEE-488 Commands

One or more existing Translator words (including wild card
words) can be combined with Keithiey [EEE commands
resulting in a Translator word that contains the commands
of the Translator words and the Keithley I[EEE commands.
The format for combining Translator words with Keithley
IEEE commands is shown in the following example:

“ALIAS SETUP3 NEW SETUP1 NEW SETUP2 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 SETUP? are
Translator words.

When the Translator word SETUP3 is asserted over the bus,
the commands of the two Translator words and the Keithley
[EEE command string will be executed.

HP-85 Programming Example—The following program will
create two Translator words and then combine them with
a Keithley [EEE command string to form a new Translator
word:

FREMOTE F16@

QUTFOT P1a: Al TAs SETURLFLE 57
OUTFUT Fla: " sl Ias SETURZ By
OUTPUT F1@; * Al Tas SETURE MEL SETLE
HEH SETUPZ P1Z1s 510

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
SETUTP3.

3.13.6 Executing Translator Words and Keithley
IEEE Commands

Translator words (including wild card words) and Keithley
IEEE commands can be executed in the same command
string. The format for doing this is demonstrated in the
following examples:

“SETUP1 P1Z1X"
“FUNCTION 2 P1Z1X"

When the first command string is sent over the bus, the
commands in SETUP1 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 IEEE commands over the bus:

EEMOTE V16
OUTFUT 7185 8 SSETURL P1Z1H*

When END LINE is pressed the second time, the com-
mands of SETUP1 and the Keithley IEEE commands
(P1Z1X) wilt be sent over the bus.
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3.13.7 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.

When SAVE is sent, the instrument also remembers if it
was in NEW or OLD. If the instrument is in NEW when
SAVE is sent, it will power up in NEW. If the instrument
is in OLD when SAVE is sent, it will power up in OLD.

HP-85 Programming Example—With one or more Translator
words already defined, enter the following statements in-
to the computer to retain them as power up default words:

REMOTE v1i
OUTFLT P18 € s Sple*

When END LINE is pressed the second time, current
Translator words will become power up default words.

3.13.8 LIST

LIST is a reserved word that can be used to list the existing
Translator words stored in temporary memory. The most
recent defined word will be listed first.

Notes;

1. The U2 command can also be used to list the Translator
words (see paragraph 3.10.16).

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 716
QUTPUT 7la, s LI=T
EHMTER 714 A%
DISF &%

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.

3.13.9 FORGET

FORGET is a reserved word that is used to purge all
Translator words from temporary memory. However,
Translator words that were saved in E2PROM by the SAVE
command will again be available after power to the instru-
ment is cycled.

To purge Translator words from E!PROM, first send the
FORGET command and then send the SAVE command.

HP-85 Programming Example—Enter the following
statements into the computer to purge all Translator words
from temporary memory:

FEMOTE V16
QUTROT 1@ s s FORCET

When END LINE is pressed the second time, the Translator
words are purged from temporary memory.
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3.3.10 Program Modifications

In order for the Translator to function properly, a <CR>
<LF> terminator sequence must be appended to the end
of any Translator execution string sent to the instrument.
With normal device-dependent commands, the instru-
ment holds off the bus upon receipt of the “X” character
until it completes command execution. With Translator
words, however, “X” cannotbe included in the command
string, s0 no bus hold off occurs, and the commands can-
not execute properly. Adding the <CR> <LF> sequence
to the end of the Translator execution string ensures that
the bus is held off until the command is executed.

Model 8573A and National Instruments GPIB-PC
Cards

From BASIC, the <CR> <I.F> sequence can be added to
the Translator execution string as in the example below.

100 CMD$="ALIAS
RANGE ROX;”

110 CALL IBWRT
(M193A%,CMD#$)

Define Translator word.

Send word to unit.

120 CMD$="RANGE” Define Translator com-

mand.
130 CMD$=CMD$+ Append <CR> <LF> to
CHRS$(13)+CHR$(10)  string.
140 CALLIBWRT Send appended string,.
(M193A%,CMD$)

CEC PC-488 Cards

The necessary <CR> <LF> terminator sequence can be
added from BASIC as in the example shown below.

100 CMD$="ALIAS Define Translator word.
RANGE ROX;”

110 CALL SEND Send word to unit.
(ADDR%, CMD$§,
STATUS%)M193A%,
CMD#$)

120 CMD$="RANGE" Define Translator com-

mand.

130 CMD$=CMD$+ Append <CR> <LF> to
CHR$(13)+CHRS$(10)  string.

140 CALL 5END Send appended string.
(ADDR%,CMD#$,
STATUS%)
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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 occurred during shipment. Verification may
also be performed whenever there is a question of instru-
ment accuracy, or following calibration, if desired.

NOTE
If the instrument is still under warranty (less than
1 year from the date of shipment), and its perfor-
mance 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 193A must be turned on and allowed to warm
up for at least one hour 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 temper-
atures to reach 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.

4.5 VERIFICATION PROCEDURES

The following paragraphs contain procedures for verifying
the 1 year accuracy specifications of the instrument, at 52

diéit resolution, for each of the six measuring functions:
DC volts, TRMS AC volts, chms, TRMS AC amps, DC amps
and RTD temperature. These procedures are intended for
use only by qualified personnel using accurate and reliable
test equipment. If the instrument is out of specifications
and not under warranty, refer to Section 6 for calibration
procedures.

WARNING

The maximum common-mode voltage (voltage
between input iow and chassls ground) is 500V.
Exceeding this value may cause a breakdown in
insulation, creating a shock hazard. Some of the
procedures in this section may expose the user
to dangerous voltages. Use standard safety
precautions when such dangerous voltages are
encountered.
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Table 4-1. Recommended Test Equipment

Mfg Model | Description

Specifications

Fluke 5440A |DC Voltage Calibrator
Fluke 5200A | AC Voltage Calibrator

Fluke 5215A | AC Power Amplifier
Fluke 5450A |Resistance Calibrator

Fluke 5700A | Calibrator
Gen. Rad.| 1433T |Decade Resistance

200mV, 2V, 20V, 200V, 1000V ranges + 15 ppm.
2V, 20V, 200V ranges; 20Hz 1+0.1%;
50Hz-20kHz 0.02%; 100kHz +0.33%.

700V range: 20Hz +0.12%; 50Hz-20kHz

+0.04%; 100kHz +0.1%

2002-2MQ +15 ppm; 20M©2 +32 ppm; 200M(}

1225 ppm

200p-2A ranges +.03% dc, 0.1% ac to S5kHz

+0.01%

4.5.1 DC Volts Verification

With the Model 193A set to 5% digit resolution, verify the

DC wvolts function as follows:

CAUTION
Do not exceed 1000V between the input HI and
LO terminals or damage to the instrument may
occur.

. Select the DCV function and autorange.

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

6. Check the 2V, 20V, 200V and 1000V ranges by applying
the respective DC voltage levels listed in Table 4-2. Verify
to see that the reading for each range is within the limits
listed in the table.

7. Repeat the procedure for each of the ranges with
negative voltages.

Table 4-2. Limits for DC Volts Verification

. Connect the DC voltage calibrator to the Model 193A as 193A Applied Allowable Readings
shown in Figure 4-1. DCV Range| DC Voltage (18° to 28°C)
. Set the calibrator to OV and enable zero on the Model
193A. Verify that the display is reading 000.000mV +2 200mV 200.000my 199.982 to 200.018
counts. 2 Vv 200000 V | 199991 to 2.00009
NOTE 20 V| 200000 V | 199981 to 20.0019
Low measurement techniques should be used 200 V 200000 V 199.981 to 200.019
when checking the 200mVDC range. Refer to para- 1000 V 100000 V 99986 to 1000.14
graph 2.6.5 for low level measurement considera-
tions.
. Set the calibrator to output +200mV and verify that the
reading is within the limits listed in Table 4-2.
P HI
L I . P DC VOLTAGE
| ot e e e e e e . m oo CALIBRATOR
s ®
LO

MODEL 193A

MODEL 5440A

Figure 4-1. Connections for DC Volts Verification
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4.5.2 TRMS AC Volts Verification

With the Model 1930 installed and the instrument set to
5%z digit resolution, perform the following procedure to
verify the AC volts function:

CAUTION

Do not exceed 700V RMS 1000V peak 2x107VeHz
between the input Hl and LO terminals or instru-
ment damage may occur.

1. Select the ACV function and autorange. Do not use zero
to cancel the offset in this procedure. Turn zero off, if

it is enabled.

2. Connect the AC calibrator to the Model 193A as shown
in Figure 4-2,
Set the calibrator to output 2V at a frequency of 20Hz
and verify that the reading is within the limits listed in

3.

Table 4-3.
. Repeat the 2VAC measurement at the other frequencies

specified in Table 4-3.

. Repeat the procedure for the 20V, 200V and 700V ranges

by applying the respective AC voltages listed in Table 4-3.
Check to see that the reading for each range is within
the limits listed in the table.

L

]

o,

HI

LO

MODEL 193A

INPUT | AMIPLIFIER
MODEL 5215A ' MODEL 52004

T
I

POWER | AC vOLTAGE
CALIBRATOR

]

Figure 4-2. Connections for TRMS AC Volts Verification

Table 4-3. Limits for TRMS AC Volts Verification

193A Applied Allowable Readings (18°C to 28°C)
ACV Range AC Voltage 20Hz 50Hz 10kHz | 20kHz | 100kHz
PAY 2.00000V 1.97900; 1.99400( 1.99400 | 1.99000 | 1.97500
to to to to to
2.02100 2.00600 2.00600| 2.01000 | 2.025.00
20V 20.0000v 197900 19.9400, 19.9400 | 19.9000 | 19.7500
to to to to to
20.2100 200600 200600 | 2071000 | 20.2500
200V 200.000V 197900 199400 | 199400 | 199.000 | 197.500
" to to to to to
202.100 200,600 200600, 201.000 | 202.500
700V 65000 V 642.50| 64672 | 64672 | 64375 *
to to to to
657.50 653,28 653.28 656.25

*The following graph illustrates the maximum TRMS AC Voltage input up to 100kHz and is derived from
the Vsliz specification:
Maximum Input: 700RMS, 1000V peak AC + DC, 2 x 107 Veliz.
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MAXIMUM INPUT TRMS AC VOITS

plile

600

N

500

TRMS AC VOUTS

300

200

100

10k
20

z

&

FREQUENCY-Hz

N
»
$d % 3 & 348

Figure 4-3. Maximum input TRMS AC Voltage

4.5.3 Ohms Verification

With the Model 193A set to 5% digit resolution, verify the

ohms function as follows:

CAUTION
Do not exceed 350V peak or 250V RMS be-
tween the input Hl and LO terminals or damage
to the instrument may occur.

1. Select the ohms function and autorange.

. Using Kelvin test leads (such as the Keithley Model 1641)

connect the resistance calibrator to the Mode! 193A as
shown in Figure 4-4.

3. Set the calibrator to the SHORT position and enable zero

on the Model 193A. Verify that the display reads 000.000.

. Set the calibrator to output 1902 and verify that the

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

. Disable zero and leave it disabled for the remainder of

the ohms verification procedure.

. Utilizing Figures 4-4 and 4-5, check the 2kQ through

200M(} ranges by applying the respective resistance levels
listed in Table 4-4. Verify that the readings are within the
limits listed in the table.

OUTPUT Hi
{ ] ¢te -
it = SENSE HI RESISTANCE
|——-..______...___.__.. CALIBRATOR
SENSE LO
MODEL 193A MODEL 5450A
OUTPUT LO

Figure 4-4. Connections for Ohms Verification (2000-20k2 Range)
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Table 4-4. Limits for Ohms Verification

Applied | Allowable Readings
193A Range | Set-up | Resistance (18°C to 28°C)
200 @ Figure 4-4 | 190000 Q| 189.979 to 190.021
2k Figure 4-4 | 1.90000 k| 1.89979 to 18.9979
20 k@ Figure 4-4 | 19.0000 k@ | 1.90021 to 19.0021
200 k@ Figure 4-5 | 190.000 k@ | 189.979 to 190.021
2MQ Figure 4-5 | 1.90000M(1 | 189979 to 1.90021
20MQ Figure 4-5 | 19.0000MQ | 18.9865 to 19.0135
200M12 Figure 4-5 | 100.000MQ 96.798 to 103.202
- OQUTPUT Hi
| i > & i
--=---- 98 ® o RESISTANCE
__________ - - - - CALIBRATOR
3 @ || SHIFLDED CABLE
OUTPUT LO MODEL 54504
MODEL 193A

4.5.4 DC Current Verification

With the Model 1931 installed and the instrument set to
5% digit resolution, verify the DC current function as

tollows:

CAUTION

Do not exceed 2A (or 2.2A for more than 1
minute) to the AMPS and LO input terminals or
the front panel current fuse will blow.

Figure 4-5. Connections for Ohms Verification (200k2-200M(2 Ranges)

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

193A as shown in Figure 4-6.

. Set the calibration source to output +200xA and verify

that the reading is within the limits listed in Table 4-3.

. Repeat the procedure for the 2mA, 20mA, 200mA and

2A 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 cach of the ranges with

negative current levels.

Table 4-5. Limits for DC Current Verification

Applied Allowable Readings
193A Range DC Current (18°C to 28°C)
200 pA 200.000 pA 199.810 to 200,190
2mA 2.00000mA 1.99810 to 2.00190
20mA 20.0000mA 19.9810 to 20.0190
200mA 200.000mA 199.810 to 200.190
2 A 200000 A 1.99810 to 2.00190
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MODEL 193A

e
( ] o ol LOOUTPUT I cumrent  |LO Lo| bc voLTAGE
i CALIBRATOR INPUT CALIBRATOR
e e e e .~y .
HIEQUTPUT | viopeL 25008 |1 M1 mopeL 54404

Figure 4-6. Connections for DC Current Verification

4.5.5 TRMS AC Current Verification

With the Models 1930 and 1931 installed and the instru-
ment set for 5% digit resolution, verify the AC current func-
tion as follows:

CAUTION
Do not exceed 2A {or 2.2A for more than 1
minute) to the AMPS and LO input terminals or
the front panel current fuse will blow.

1. Select the ACA function and autorange. Do not use zero

to cancel the offset in this procedure.

2. Connect the AC current calibration source to the Model

193A as shown in Figure 4-7.

3. Set the calibration source to output 200pA at a frequen-

cy of 45Hz and verify that the reading is within the limits
listed in Table 4-6.

4. Repeat the 200pA measurement at the other frequencies

specified in Table 4-6.

5. Repeat the procedure for the 2mA, 20mA, 200mA and

2A ranges by applying the respective AC current levels
listed in Table 4-6. Check to see that the reading for each

range is within the limits listed in the table.

Table 4-6. Limits for AC Current Verification

193A Applied Allowable Readings (18°C to 28°C)
AC Range AC Current 45Hz 1kHz 5kHz

200 pA 200,000 nA 198.500 198.500 198.500
to o to

201.500 201.500 | 201.500

2ZmA 2.00000mA 1.98500 1.98500 | 1.98500
to to to

2.01500 2.01500 2.01500

20mA 20.0000mA 19.8500 19.8500 19.8500
to to {o

20,1500 20.1500 20.1500

200mA 200,000mA 198.500 198.500 198.500
to to to

201.500 201.500 | 201.500

2 A 2.00000 A 1.98500 1.98500 | 1.98500
to to to

2.01500 2.01500 2.01500
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MODEL 193A

- ] o
- - _—-- - LO QUTPUT CURRENT LO INPUT LO AC VOLTAGE
. ® CALIBRATOR CALIBRATOR
HI QUPUT MODEL 2500E HI INPUT HI MOQODEL 52004

Figure 4-7. Connections for TRMS AC Current Verification

4.5.6 RTD Temperature Verification

Model 193A RTD temperature verification is based on
substituting precise, known resistance values for the
temperature sensor and checking that the displayed reading
falls within the required range.

1. Select the TEMP function.

2. Using front panel program TEMF, select alpha value
0.00392 and the °C temperature scale. See paragraph
2.8.3 for information on using the TEMP program.

3. Connect the precision decade resistance box to the

Model 193 as shown in Figure 4-8. Four wire connections
must be used as shown on the diagram.

. Set the decade resistance box to 5948{} and verifv that

the reading is within the limits listed in Table 47

. Repeat steg 4 using the other resistance values listed for

the 0.00392 alpha value.

. Using front panel Programm TEMP, select the alternate

alpha value of 0.00385.

. Repeat the procedure by setting the decade resistance box

to the respective resistance values listed for the 0.00385
alpha value in Table 47. Verify that the readings are
within the limits listed in the table.

1
l

DLCADE .

1

:
o o ¢
® 9 ¢

MODEL 193A

RESISTANCE BOX
MODEL 14337

Figure 4-8. Connections for RTD Temperature Verification

Table 4-7. Limits for RTD Temperature Verification

Nominal = 0.00385 = 0.00392 Allowable Readings
Temperature | Resistance Value | Resistance Value (18°C to 28°C)
-100°C 60.250 59480 —100.18 to —-99.82
0°C 100.0082 100.00Q —-0.18 to 0.18
+100°C 138.508 139,260 99.82 to 100.18
+200°C 175.840 177.34Q 199.82 to 200.18
+400°C 247040 249.990 399.82 to 400.18
+600°C 313.590 317.930Q 599.82 to 600.18
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SECTION 5
THEORY OF OPERATION

5.1 INTRODUCTION

This section contains an overall functional description of
the Model 193A. Also included, is information pertaining
to the Model 1930 TRMS ACV option and the Model 1931
Current option. 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 193A 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 using
pulse transformers for control and communications.
Separate power supplies for the analog and digital 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 the 68B09
microprocessor that supervises the entire cperation of the
instrument. Additional digital circuitry includes the display
and IEEE-488 interface.

5.3 ANALOG CIRCUITRY

The detailed circuitry of the Model 193A analog section is
located on schematic diagram number 193A-126. Analog cir-
cuitry for the ACV and current options are found on their
respective schematic diagrams.

5.3.1 Input Signal Conditioning

Signal conditioning circuitry modifies the input to a signal
that is useable by the Model 193A and applies that signal
to the multiplexer.

DCV

Signal conditioning for DC volts is performed by resistor
divider network R181. The following attenuation of the in-
put signal is provided:

Divided by 10 on the 20V range.
Divided by 100 on the 200V range.
Divided by 1000 on the 1000V range.

On the 200mV and 2V ranges K102 is energized, which
removes the resistor divider network {R181) from the cir-
cuit and applies the input signal directly to the multi-
plexer through R180, R185 and range FET Q126. K102 is non-
energized on the rest of the DCV ranges. On the 20V range,
K103 closes and applies the divided input signal to the
multiplexer. On the 200V range, the divided input signal
is applied to the multiplexer through range FET Q125. On
the 1000V range, FET Q124 turns on and applies the divid-
ed input signal to the multiplexer.

ACV

The Model 1930 is an AC(+DC) to TRMS converter with
variable gain. The gain factor conditions the AC input
voltage for application to the multiplexer circuitrv.

The input signal is applied through C401 and R403 to Q408.
For AC + DC operation, C401 is shorted by relay K401. The
two stage amplifier is a variable gain inverting type with
gain from —0.001 to —1 (see Table 5-1). The gain is selected
accordingly by the double FET switches (3402-Q407. Two
FETs are used for each range. They are configured in a T-
type attenuator with the 10kQ resistors R413, R414 and R416
to effectively attenuate high frequency (100kHz) signals.

The op amp is a two stage amplifier. The first stage is con-
figured around dual FET Q408. Q408 allows the reduction
of input bias current. The second stage is configured
around U401. The output of U401 is applied to the TRMS
converter U403. The cutput of U403 is a DC signal which
is applied to the multiplexer.
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:

ACv | CUR
OPTION JQPTION
1

ATTENUATION/

INPUT
AMPLIFIER

A/D CONVERTER

HI
{! REF
MULTIPLEXER
LO>— RESISTORS/
 SOURCE

CONTROL

_T_ pigitaL -

ANALOG

IEEE-488
INTERFACE

MICRCCOMPUTER

FRONT PANEL
BUTTONS

DISPLAY

Figure 5-1. Overall Block Diagram

OHMS

Resistance measurements are made using the constant cur-
rent technique (see Figure 5-2). When the resistance func-
tion is selected, a series circuit is formed between the ohms
source, a reference resistor and the external unknown
resistance. A simplified circuit of the chms source is shown
in Figure 5-3. 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 chms source is a constant current source
on the 200 through 20MQ ranges. The current is the same
regardless of the value of the unknown resistance. On the
200M range, K102 is closed putting R181 resistor network
in parallel with the unknown resistance. Thus, the source
current is determined by the unknown resistance.
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V(I SENSE HI

O
VI SENSE LO

OHMS LO|

RREF* (Vi SENSE HI Vil SENSE LO)

Ry = ——
V{l REF HI - V{ REF LO

|
|
d
I
“S'
|
|

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

Table 5-1. Ranging Information

Range| Gain | Op Amp Feedback Resistance | Energized FETs
2V 1 M None
20V [ 1110 (217k + R406)i2M Q406, Q407
200V | 17100 (19.6k + R405)I2M Q404, Q405
700V | 1/1000 (2.12k + R404)l Q402, Q403
(19.6k + R405)I2M (Q404,Q405
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R193

O 1V REF
200k

U135

200x8

R191
200kQ

R171

RREF § {10

A'aaY

u134

__< RUNK |

Figure 5-3. OHMS Source (2kQ Range Shown)

The following reference resistors are used for each range.

A simplified circuit of resistance measurements is shown
in Figure 54.

R171 (1k(?) for the 2009 and 2kQ ranges

R170 (10k) for the 20k} range

R169 (100.7kQ) for the 200k range

R168 I R167 (IM®) for the 2MQ range

R167 {9.99MQ) for the 20M{ and 200M{Q ranges

By measuring the four voltages in the series circuit, the
unknown resistance can be computed by the micro-
processor using the equation:

Reer x (V2 SENSE HI — V@ SENSE LO
Rx =

V{ REF HI - VQ REF LO

For the 200Q range, VQ SENSE HI and VQ SENSE LO are
actually multiplied by a factor of 10 in the buffer circuit.

Figure 5-2 shows the equivalent circuit of the input circuit.
Ry 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 amount
of voltage developed across the test leads can be signifi-
cant. Since the voltage is sensed across the combined
resistance of R1, Ry and R4, considerable error can be in-
troduced into the reading. To use a 4-terminal connection,
a second set of leads (R2 and R3) are connected to the
unknown resistance. The amount of current through R2
and R3 is much smaller than the current through R1 and
R4. Thus, the voltage seen by the instrument is much closer
to the actual value across the measured resistance, minimiz-
ing the error.

DCA and ACA

Signal conditioning for DCA and ACA is performed by the
Model 1931 Current option. Current shunts R101 through
R105 are configured so that a full scale current input will
result in a 200mV drop across the shunts on all current
ranges. For DCA, this voltage drop is sensed (DC CUR-
RENT SENSE OUT) and applied to the multiplexer of the
Model 193A. For ACA, the sensed voltage drop is first
amplified by the X10 operational amplified (U102) before
it is sent to the ACV option. This amplified ACV signal is
then converted to DC and applied to the mutliplexer of the
Model 193A (See ACV).

TEMPERATURE

RTD temperature measurement readings are based on the
4-wire resistance measurements of a platinum RTD {resis-
tance temperature detector). As the probe temperature
rises, its resistance increases as well, although not in a
precisely linear manner. Signal conditioning is provided by
the 2000 and 2kQ) resistance ranges and automatically auto-
ranges (see OHMS).

Thermocouple (TC) measurements are based on the
measurement of voltages generated by the thermocouple
junction. Signal conditioning is provided by the 200mVDC
range {see DCV).
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tU135;
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Figure 5-4. Resistance Measurement Simplified Circuitry
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5.3.2 Multiplexer

The multiplexer circuitry selects among the various signals
that are part of the Model 193A measurement cycle and con-
nects them to the input buffer amplifier. Figure 5-5 shows
a simplified schematic of the multiplexer circuitry. The
Front/Rear INPUT switch detector FET (Q136) is not part
of a measurement cycle.

Figure 5-6 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.

Voltage and Current Measurements—During the reference
phase, the +2.1V reference is selected through Q141. Dur-
ing the signal phase, signal high is selected through 134,
Q142 or Q143. During the zero phase, the multiplexer selects
signal common through Q140 or Q138

Resistance Measurements—During the ohms reference high
phase, the reference signal high is selected through Q137.
During the ohms reference low phase and the ohms sense
high phase, the signals are selected through Q134. During
the ohms sense low phase, the sense signal low is selected
through Q139

The precharge amplifier (U136A) is momentarily selected
by Q136 just before signal FET Q134 is activated. The pur-
pose of the precharge amplifier is to get the signal seen by
the input buffer amplifier closer to the actual input at signal
FET Q134. The precharge amplifier also provides the guard
voltage for the input section and the drive to keep the FETs
on until turned off by the control circuitry.

SIGNAL Q134

{(EXCEPT ACV
AND CURRENT)

"

PRECHARGE Q135

"

FRONT/REAR
SWITCH Q136

[

{2 REF HI Q137

['E

20V ZERO (138

<
) |
'
I TO INPUT
AMPLIFIER
]
- ]
—4

° o
) SENSE LO Q139
ZERO 0140
{EXCEPT 20V} ]t
2.1V
REFERENCE Q141
° W
ACVY SIGNAL Q142
° RS
CURRENT
o SIGNAL 0143

rl:

Figure 5-5. JFET Multiplexer
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Figure 5-6. Multiplexer Phases
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5.3.3 +2.1V Reference Source

Voltage and current measurements are based on comparing
the unknown signal with an internal +2.1V reference vol-
tage source. During each measurement cycle, the unknown
signal is sampled and then compared with signal common
and the +2.1V reference values.

U105 provides a highly stable +6.95V reference, while U104
and R115 through R118 provide a constant current to mini-
mize zener voltage variations. R113 and R114 divide down
the +6.95V value to the final +2.1V reference voltage.

5.3.4 Input Buffer Amplifier

The input buffer amplifier provides isolation between the
input signal and the A/D converter. Q101 provides the low
noise, high impedance FET input to the noninverting
amplifier UT14. The amplifier can be configured for X1 or
X10 gain with R126 and R127 acting as the divider network.
When X1 gain is selected by the microprocessor, feedback
is routed through pin 5 of the analog multiplex switch
U131C. At XI10 gain, feedback is routed through pin 3 of
the multiplex switch.

5.4 A/D CONVERTER

The Model 193A uses a combination frequency, variable
pulse width, analog-to-digital converter. A simplified
schematic of the A/D used in the Model 193A is shown in
Figure 5.

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 add-
ed to the level shift current applied through R162 or R163.
In this manner, the +2.2V bipolar signal from the buffer
amplifier is converted to a unipolar signal that can be
integrated.

The integrator is made up of Q106, U129 and C124. When
the input to the integrator is applied, the integrator out-
put ramps up until its voltage is slightly higher than the
voltage applied to the inverting input of the duty cycle com-
parator (U122B). The charge balance current, that is propor-
tional to the input, is fed back to the integrator input
through R156 and Q107. Since the charge balance current
is much larger than the sum of the input and level shift
currents, the integrator output now ramps in the negative
direction until Q1 of U128 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 (U1224), the final-slope com-
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, Q107
is turned off and the feedback is fed through U127 back
to the integrator input. The final-slope comparator output
is then gated with the 3.84MHz clock and counted. Once
the comparator output goes low, the VIA stops counting
and the reading can be computed.
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Figure 5-7. A/D Converter Simplified Schematic
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5.5 CONTROL CIRCUITRY

The signals for the circuitry that provides control of the
various FETs, relays and logic levels are supplied by the shift
store registers U137, 1138, U139, U140 and U103 (Model
1931). CLOCK, DATA and STROBE signals are sent from the
VIA (U310) across the pulse transformers T302, T303 and
T304. The pulse transformers provide 500V isolation
between 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 and relay drivers.
During high speed measurements (500 readings to the buf-
fer), registers U138, U139 and U140 are not used.

5.6 DIGITAL CIRCUITRY

The Model 193A is controlled by an internal microcomputer.
This section briefly describes the operation of the micro—
computer and associated digital circuitry. Refer to schematic
diagram number 193A-106 for circuit details.

5.6.1 Microcomputer

The microcomputer centers around the 8-bit 68B09 micro—
processor. The MPU has direct control over the display,
front panel switches, A/D converter, IEEE-488 bus, as well
as the VOLTMETER COMPLETE Output and the EXTER-
NAL TRIGGER Input. Timing for the microprocessor is ac-
complished by the use of Y301; 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 U314
and U315, The revision level of this software is displayed
on power-up. Calibration constants and instrument set-up
conditions are stored in E2PROM (U312). U313 is the RAM
and has battery back-up. Partial address decoding is used
in this system. The function selected is determined by the
state of All, A12, A13, Ald and A15 address lines, These
address lines determine which is selected by the decoders.
The decoders are U303, U307 and U304. Only one device
(ROM, RAM, VIA, etc) will have access to the data bus at
any one time.

The battery (or capacitor) back-up circuitry turns on when
power is turned off. The battery (or capacitor) is connected
to the RAM circuitry. This retains the data in the buffer loca-
tions when the power is shut down. When power is lost,
transistors Q301 and Q302 turn off and the battery (or
capacitor) voltage is routed through R309 to the RAM
circuitry.

The heart of the IEEE-488 circuitry is the GPIBA (U316).
The GPIBA is capable of performing all IEEE talker-listener
protocols. The bidirectional data lines DO through D7 permit
the transfer of data between the microprocessor and the
GPIBA. The transceivers U308 and U317 are used to drive
the output. Data is buffered by U308 and U317 and is
transmitted to the bus via connector J1013.

5.6.2 Display Circuitry

The display information is sent through display latches
U309 and U318, Upon each display update, new segment
information is presented to the display latches and a clock
pulse is sent on PAO. The clock pulse to U403 shifts a digit
enable bit to the next digit to be enabled. Every 14 times
the display is updated, a digit enable bit is generated at
PA1 and goes to the data input of the shift register. U406
through U409 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 193A are located
on sheet 2 of 2 of schematic drawing number 193A-106. Fuse
F301 is the line fuse which is accessible from the rear panel.
5301 is the POWER ON/OFF switch and 5302 selects 115V
or 230V operation by placing the transformer primary wind-
ings in parallel or series. The power transformers, T301, has
three secondary windings; one for the +5V digital supply,
one for the +5V analog supply and one for the +15V analog
supply. CR302, CR303 and CR304 provides fullwave rectifi-
cation for the three supplies, while U301, VR301, VR302 and
VR303 provides the regulation,
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SECTION 6
MAINTENANCE

6.1 INTRODUCTION

This section contains information necessary to maintain,
calibrate, and troubleshoot the Model 193A. Fuse replace-

ment and line voltage selection procedures are also in-
cluded.

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 expose
you to potentially lethal voltages that could
result in personal injury or death if normal safety
precautions are not observed.

6.2 LINE VOLTAGE SELECTION

The Model 193A may be operated from either 105-125V or
210-250V 50 or 60Hz power sources. The instrument was
shipﬁ)ed from the factory set for an O'Ferating voltage
marked on the rear panel. To change the line voltage, pro-

ceed as follows:

WARNING
Disconnect the line cord and all other equipment
from the Model 193A before removing the top
cover.

1. Remove the top cover as explained in paragraph 6.7 to
gain access to the internally located switch.

2. Using a flat-blade screwdriver, place the line voltage
switch in the desired position. The line voltage selection
switch is located towards the front of the instrument near
the power switch. See Table 6-1 for the correct position.

3. 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 maintain
proper instrument protection.

4. Mark the selected line voltage on the rear panel tor future
reference (to avoid confusion, erase the old mark).

5. Replace the top cover and connect the instrument to the
line power.

Table 6-1. Line Voltage Selection

Line |  Line .  Switch

| Voltage Frequency Setting
105V—125V 50Hz—60Hz 115V :
210V-—250V 50Hz—-60Hz 230V

6.3 FUSE REPLACEMENT

The Model 193A has two fuses for protection in case of over-
load. The line fuse protects the line power input of the in-
strument and the current fuse protects the Model 1931 Cur-
rent option from excessive current. The fuses may be re-
placed by using the procedures found in the following para-
graphs.

WARNING
Disconnect the instrument from the power line
and from other equipment before replacing
fuses.

6.3.1 Line Fuse

To replace the line fuse, proceed as follows:

1. Turn off the power and disconnect the line cord and all
other test cables from the instrument.

2. Place the end of a flat-blade screwdriver into the slot in
the line fuse holder on the rear panel. Push in and rotate
the fuse carrier one-quarter turn counterclockwise.
Release Eressure 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 us-
ing Table 6-2 as a guide.
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Table 6-2, Line Fuse Replacement

Table 6-3. Current Fuse Replacement

CAUTION
Do not use a fuse with a rating higher than
specified or instrument damage may occur. If
the instrument repeatedly blows fuses, locate
and correct the cause of the trouble before
replacing the fuse.

4. Install the new fuse and the carrier into the holder by
reversing the above procedure.

6.3.2 Current Fuse

The current fuse protects the 200zA through 2A ranges of
the Model 1931 Current option from an input current
greater than 2A. To replace the current fuse, perform the
following steps:

NOTE
The front panel current fuse is rated at 2A. With
a 2,200,000 count display (at 6% digit resolution)
the 2A range can momentarily (approx. one
minute) read 2.2A before the fuse will blow. This
10% overrange will not harm the instrument.

1. Turn off the power and disconnect the power line and
test leads.

2. Place the end of a flat-blade screwdriver into the slot in
the fuse holder on the front panel. Press in slightly and
rotate the fuse carrier one-quarter turn counterclockwise.
Release pressure and remove the fuse carrier and the
fuse.

3. Remove the defective fuse and replace it using Table 6-3
as a guide.

CAUTION
Use only the recommended fuse type. If a fuse
with a higher current rating is installed, instru-
ment damage may occur.

4. To replace the fuse carrier with the fuse, reverse the pro-
cedure in step 2.

Keithley Keithley
Line Voltage| Fuse Type Part No. Model 193A Fuse Type Part No.
105V—125V | *A, 250V, Slo-Blo, 3AG FU-18 USA Models 2A, 250V, 3AG, FU-13
210V—=250V | */sA, 250V, Slo-Blo, 3AG FU-29 Normal-Blo
European Models| 2A, 250V, 5x20mm, FU-48
Normal-Blo

6.4 MODEL 1930 TRMS ACV OPTION
INSTALLATION

The Model 1930 expands the capabilities of the Model 193A
allowing it to make TRMS AC voltage measurements. If
urchased with the Model 193A, the Model 1930 will be
actory installed. However, the instrument may be upgrad-
ed in the field by installing the Model 1930 option as
follows:

WARNING
Disconnect the line cord and test leads from the
ingtrument before removing the top cover.

1. Remove the top cover of the instrument as explained
in the disassembly instructions in paragraph 6.7

2. Plug the Model 1930 into its mating receptacle on the
analog board as shown in Figure 6-1 and press the two
fasteners into the PC board.

3. Connect the two wires of the Model 1930 as follows:

A. If the Model 1930 is the only option installed, refer
to Figure 6-1(A) to connect the wires to the analog
board.

B. If both the Models 1930 and 1931 are installed, refer
to Figure 6-1(C) to connect the wires.

Note: The blue wire must be securely clamped to the
shield of the Model 1930 as shown in Figure 6-1.

4. Reinstall the top cover.

5. Perform the calibration procedure for TRMS AC volts
found in paragraph 6.6. It is strongly recommended that
the accuracy of tﬁe rest of the instrument be verified as
explained in Section 3.

NOTE
If the option is removed from the instrument, a
complete calibration on the Model 193A should be
performed. Removal of the option may also change
the IEEE address and line frequency setting of the
instrument.
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6.5 MODEL 1931 CURRENT OPTION
INSTALLATION

The Model 1931 expands the capabilities of the Model 193A
by allowing it to make DC current measurements. When
both the Models 1930 and 1931 are installed, the instrument
can make TRMS AC current measurements. If purchased
with the Model 1934, the Model 1931 will be factory in-
stalled. However, the instrument may be easily upgraded
in the field by installing the Mode! 1931 as follows:

NOTE
Field installation of the Model 1931 requires that
the entire instrument be calibrated.

WARNING
Disconnect the line cord and test leads from the
instrument before removing the top cover.

1. Remove the top cover of the instrument as explained in
the disassembly instructions in paragraph 6.7.

2. Plug the Model 1931 into its mating receptacle on the
analog board as shown in Figure 6-1 and press the two
fasteners into the PC board.

3. Connect the wires of the Model 1931 as follows:
A_If the Model 1931 is the only option installed, refer to

Figure 6-1(B) to connect the wires.
B. If both the Models 1930 and 1931 are installed, con-
nect the wires as shown in Figure 6-1(C).

Note: The red and blue wires must be securely
clamped to the shield of the Model 1931 as shown
in the illustrations.

4. Cut out Jumper W102. Jumper location is shown in
Figure 6-1. Remember to replace the jumper if the instru-
ment is to be operated with the Model 1931 removed.,

5. Reinstall the top cover.

6. Recalibrate the entire instrument as explained in para-
graph 6.6,

NOTE
If the option is removed from the instrument, a
complete calibration on the Model 193A should be
performed. Removal of the option may also change
the IEEE address and line frequency setting of the
instrument.

6.6 CALIBRATION

Calibration should be performed every 12 months, or if the
performance verification procedures in Section 4 show that
the Model 193A is out of specification. Calibration should
also be performed if the ACV or current option is removed
from the instrument. If any of the calibration procedures
in this section cannot be performed properly, refer to the
troubleshooting information in this section. I the problem
persists, contact your Keithley representative or the fac-
tory for further information.

The entire calibration procedure may be performed without
having to make any internal adjustments if AC input off-
set and high frequency (100kHz) have been verified, as ex-
plained in paragraph 6.6.10, steps 1 and 7. Calibration can
be performed from the front panel (Program 96) or over
the IEEE-488 bus.

NOTE
A ""CONFLICT" error will be displaved, and the
CONFLICT error bit in the U1 status word will be
set when trying to calibrate the instrument while it
is in an improper state. Also, if an “"UNCALL-
BRATED" error occurs, be sure to check the line
frequency setting before performing calibration.

6.6.1 Recommended Calibration Equipment

Table 6-4 lists recommended calibration equipment. Alter-
nate equipment may be used as long as equipment ac-
curacy is at least as good as the specifications listed in the
table.

6.6.2 Environmental Conditions

Calibration should be performed under laboratory condi-
tions having an ambient temperature of 23°C 1 1°C and
a relative humidity of less than 70%.

6.6.3 Warm-Up Period

Turn on the instrument power and allow it to warm up for
at least one hour 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.

6-3
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Table 6-4. Recommended Calibration Equipment

Mfg | Model |Description Specifications

Fluke | 5440A |DC Voltage Calibrator 200mV, 2V, 20V, 200V, 1000V ranges +
15 ppm.

Fluke | 5200A |AC Voltage Calibrator 2V, 20V, 200V ranges; 20Hz +0.1%;
50Hz-20kHz 0.02%; 100kHz +0.33%.

Fluke | 5215A [AC Power Amplifier 700V range; 20Hz +0.12%; 50Hz-20kHz |
+0.04%; 100kHz +0.1% ‘

Fluke | 5450A |Resistance Calibrator 2000-2MQ +15 ppm; 20MQ +32 ppm;
200MQ +225 ppm

Valhalla| 2500E | Current Calibrator 2004 A-2A ranges +0.025%

6.6.4 Calibration Switch

A switch, located on the rear panel, allows the disabling or
enabling of front panel and IEEE-488 bus calibration. When
the switch is in the LOCK position, calibration cannot be
performed. The following message will be briefly displayed
when attempting to enter the calibration program while
the switch is in the LOCK position:

CAL LOCKED

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

6.6.5 Front Panel Calibration

The following information provides the basic procedure for
calibrating the the instrument from the front panel, The
detailed calibration procedure starts with paragraph 6.6.7.

1. Place the calibration switch to the UNLOCK position to
enable calibration. The switch is located on the rear
panel of the instrument.

2. Select the function and range to be calibrated (DCV,
ACV, OHMS, DCA or ACA).

3. Select the front panel calibration program:

A. Press the PRGM button. The {ollowing message will
be displayed:

PROGRAM?

B. Enter Program 96 by pressing the 9 and 6 buttons.
The following message will be displayed briefly:

CAL=

C. The default calibration point, which is the normal
full-range reading for the selected range and func-
tion, will now be displayed. For example, if the
2VDC range was selected in step 2, the following
calibration point will be displayed:

2.000000 VDC

4. If a different calibration point is to be used, change the
displayed value as follows: The flashing bright digit
identifies the cursor position. At this time the cursor
is at the most significant digit (MSD). The calibration
point value is changed by placing the cursor on the
character to be modified and pressing the appropriate
data button (buttons numbered 0 through 9). The new
number will replace the previous one and the cursor
will move one character to the right. Additional cur-
sor control is provided by the two range buttons with
the left and right arrows, which move the cursor right
and left respectively. If the cursor is moved pass the
least significant digit, it will move back to the MSD.

5. Connect the calibration signal to the instrument.

6. Press the ENTER button. The following message will be
displayed for several seconds:

CALIBRATING

7. The low end calibration point will now be displayed.
For the 2VDXC range, the following calibration point swill
be displayed:

0.000000 VDC

Note: Calibration can be aborted with either the first
or second calibration point prompt displayed by press-
ing the RESET button. The instrument will leave the
calibration program without changing the previous cali-
bration constants.
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8. If a calibration point other than the one displayed is to
be used, then change the display to the desired value
as explained in step 4.

9. Set the level of the calibration signal to agree with the
displayed calibration point.

10. Press the ENTER button. The following message will
be displayed for several seconds:

CALIBRATING

11. 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 1.VDC offset
on the 200mVDC range, set the calibration points for
200.0010mV and 000.0010mV.

6.6.6 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 193A 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 Erocedure for calibrating the instrument
over the JEEE-488 bus. The detailed calibration procedure
starts with paragraph 6.6.7.

Use the following basic procedure when calibrating the
Model 193A over the IEEE-488 bus:

1. Place the calibration switch to the UNLOCK position.
The switch is located on the rear panel of the Model
193A.

2. Program the desired range and function over the bus.
For example, to select the 200VDC 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 200VDC range,
apply 200VDC to the instrument,

4. Send the required calibration value preceded by the V
command letter and followed by the CO calibration com-
mand. For example to calibrate the 200V DC range at the
200V calibration point, send V200XC0X.

NOTE: Calibration can be aborted at this time by sending
an SDC or DCL command over the bus. The calibration
constant sent in step 4 will not be stored in E’PROM.

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 200VDC range apply 0V
to the instrument.

6. Send the appropriate calibration commands for the se-
cond calibration point. For example, to calibrate the zero
calibration point of the 200VDC 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 calibration com-
mand is sent.

8. Repeat steps 177 for the remaining ranges and functions.

HP-85 Programming Example—The following simple pro-
gram demonstrates how to calibrate the Model 193A over
the bus. The program assumes that the instrument’s
primary address is at 10,

PROGRAM COMMENTS

18 REMOTE 718
28 FOR I=a 70O 1

Send remote enable.
Set program for one

loop.
I DISF ¢ ¢@PPLY CALT  Prompt for calibration
BRATION STGHAL® " signal.

4B DESP ¢ FEHTER CrLI
BRATION COMMARD
SE THPUT A#

Prompt for command.

Input command string
from keyboard.

Send command string to
193A.

Get a reading.

SA QUTRUT 7185 A%

vEEMTER V18 BF

20 DISF BF Display reading,.
S8 HERT 1 Loop back one time.
188 EHD

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.
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6.6.7 Calibration Sequence

Calibrate the Model 193A in the order presented in the
following paragraphs. The basic sequence is:

1. DC Volts calibration.

2. Ohms calibration,

3. AC Volts calibration (Model 1930 installed).

4. DC Current calibration {Model 1931 installed).

5. AC Current calibration (Models 1930 and 1931 installed).

6.6.8 DC Voits 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 200mV range.
2. Connect the DC calibrator to the instrument as shown in
Figure 6-2.

NOTE
Low measurement techniques should be used
when calibrating the 200mVDC range. Refer to
paragraph 2.6.5 for low level measurement consid-

3. For front panel calibration, select Program 96 and proceed
as follows:

A. With the 200.0000mVDC calibration peint displayed on
the Model 193A, set the DC calibrator to output
+0.2000000V.

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

CALIBRATING

C. With the 000.0000mVDC calibration point displaved,
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:

CALIBRATING

E. The instrument will exit the calibration program and
return to the 200mVDC range.

E Repeat the procedures in step 3 for the remaining
DCV ranges using Table 6-5 as a guide.

4. For IEEE488 bus calibration, proceed as follows:

A. Set the DC voltage calibrator to output +0.2000000V.

B. After allowing sufficient time for the calibrator voltage
to settle, send the following commands over the bus:
V200E~-3XCOX.

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:

erations. VOXCIX. Both calibration constants will be automati-
cally stored in E'PROM.
E. Repeat steps A through D for the remaining DCV
ranges using Table 6-5 as a guide.
HI
[ 1 L N
______ e DC VOLTAGE
e o e e e e DIVIDER CALIBRATOR
T e ® MODEL 5440A
MODEL 193A 5

Figure 6-2. DC Volts Callbration Configuration (200mV and 2V Ranges)
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Table 6-5. DC Volts Calibration

193A DCV 193A Calibration | DC Calibrator 1EEE-488
Range Set-Up Point (DCV) Setting Bus Command
200mV | Figure 6-2 200.0000mV .2000000V V200E-3XC0X
(000.0000mV .0000000V VOXCIX
2 V | Figure 6-2 2.000000 V 2.000000V V2XC0X
0.000000 VvV 0.000000V VOXC1X
20 V | Figure 6-3 20.00000 V 20.00000V V20XC0X
00.00000 V 00.00000V VOXC1X
200 V | Figure 6-3 200.0000 V 200.0000v V200XC0X
000.0000 V 000.0000V VOXC1X
1000 V | Figure 6-3 1000.000 V 1000.000V V1000XC0OX
0000.000 V 0000.000V VOXC1X
HI
[ ] *
------ PP DC VOLTAGE
oo e e ot e e . - - - QUTPUT CALIBRATOR
s 0 MODEL 5440A
MODEL 193A =

Figure 6-3. DC Volts Calibration Configuration (20V-1000V Ranges)

6.6.9 Resistance Calibration

To calibrate the ochms function, proceed as follows:

omit step 3.

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibration,

1. Select the ohms function and the 200Q range.
2. Connect the resistance calibrator to the instrument as
shown in Figure 6-4.
3. For front panel calibration, enter Program 96 as ex-
lained in paragraph 6.6.5, step 3 and proceed as

ollows:

A. With the 190.00002 calibration point displayed on the
Model 193A, set the resistance calibrator to 190Q.

B. After allowing sufficient time for the calibrator resis-
tance to settle, press the ENTER button. The follow-
ing message will be displayed for several seconds:

CALIBRATING

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

D. After waiting sufficient time for the calibrator resis-
tance to settle, press the ENTER button. The follow-
ing message will be displayed for several seconds:

CALIBRATING

E. The instrument will exit the calibration program and
return to the 2009 range.

F. Repeat the procedures in step 3 for the remaining
ohms ranges using Table 6-6 as a guide. Refer to
Figure 6-5.
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4. For IEEE-488 bus calibration, proceed as follows: D. After allowing sufficient time for the resistance
A. Set the resistance calibrator to 1900. calibrator to settle, send the following command
B. After allowing sufficient time for the resistance over the bus: VOXC1X. BOth,Cal'E’rat'”“ constants

calibrator to settle, send the following commands will be automatically stored in E’PROM.
over the bus: V190XC0X. E. Repeat steps A through D for the remaining ohms
C. Set the resistance calibrator to SHORT (00). ranges using Table 6-6 as a guide.
QUTPUT HI
¢ e
L ]
ai e I SENSE HI RESISTANCE
e e e e e e e e - - - - .o CALIBRATCR
SENSE LO MODEL 94504
MODEL 193A
OUTPUT LO
Figure 6-4. Four-Wire Resistance Calibration Configuration (2000-20k{} Ranges)
* e - |
L b . o . OUTPUT HI RESISTANCE ‘l
b e e e e - o o ‘Q CALIBRATOR !
® 9| sHIELDED CABLE MODEL 54504 ‘
OUTPUT LO |
MODEL 193A

Figure 6-5. Two-Wire Resistance Calibration Configuration (200k-200MQ Ranges)
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Tahle 6-6. Resistance Calibration

193A Calibration | Resistance Calibrator IEEE-488
193A Range | Set-Up Point Setting Bus Commands
200 Q Figure 6-4 1940.0000 Q 1900 V190XC0X
000.0000 @ Short (0£) VOXC1X
2 kO Figure 6-4 1.900000 k2 1.9k V1.9E3XC0X
0.000000 k& Short (0€2) VOXC1X
20 k0 Figure 6-4 19.00000 k& 190 VI9E3XCO0X
00.00000 k2 Short (09) VOXC1X
200 kQ Figure 6-5 190.0000 kO 190k V190E3XC0X
000.0000 k2 Short (0€) VOXCIX
™MQ Figure 6-5 1.900000M(¢? 1.9MQ V1.9E6XC0X
0.000000M¢2 Short (0) VOXC1X
20MQ Figure 6-5 19.00000MQ 19MQ V19E6XCOX
00.00000MG Short (0G) VOXC1X
200M22  |Open Input Open Input Open COX

NOTE: The 20Mf range must be calibrated before

6.6.10 TRMS AC Voilts Calibration B
A full calibration of the ACV function includes four inter- C
nal, manual adjustments. However, if input offset and high D
frequency are checked and found to be within the specifica-
tions, then the internal adjustments will not have to be E
done. The following procedure includes these checks. The
flowchart in Figure 6-6 helps clarify the calibration
procedure. F

NOTE

For front panel calibration, omit step 6 of the

following procedure. For IEEE-488 bus calibration,

omit step 5.
P A.
1. Input Offset Check: B.
A. Select the ACV function, AC + DC modifier, 5%d
resolution and autorange.
C
NOTE D
If the 2VDC range is way out of calibration, the
message *'NO OPTION'" may be displayed when E.
the ACV function is selected. To resolve the
problem: F
G

1. Calibrate the 2VDC range.
2. Cycle power on the instrument.
3. Repeat step A.

the 200MQ range.

. Connect the DC calibrator to the instrument as

shown in Figure 6-2.

. Set the DC calibrator to cutput -+ 1.000000V.
. Allow the measurement sufficient time to settle and

note the reading on the display of the Model 193A.

. Reverse the leads at the input of the instrument,

allow the measurement to settle and note the
reading on the display of the Model 193A.

. If there is =10 count change between the readings,

the input offset is within specification and need not
be adjusted, therefore, omit step 2. If there is =10
count change, the input offset is too high and needs
to be adjusted. Proceed to step 2.

2. Input Offset Adjustment:

With the instrument off, disconnect the line cord and
all other equipment from the Model 193A.
Remove the two screws securing the top cover to

the chassis and slide the the cover back far enough
to gain access to the Model 1930.

. Connect the line cord and power-up the Model

193A.

. Select the ACV function, AC + DC modifier, 5%d

resolution and autorange.

Connect the DC calibrator to the instrument as
shown in Figure 6-2,

Set the DC calibrator to output +1.000000V.

. After allowing the measurement sufficient time to

settle, adjust the DC calibrator until the display of
the Model 193A reads 1.00000V +10 counts.
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CHECK INPUT
OFFSET. STEP 1

QFFSET
<10 COUNTS ?

NO

l

ADJUST INPUT
OFFSET. STEP 2

PERFORM FRONT
PANEL OR IEEE
CALIBRATION.

STEP 5 OR 6

'

CHECK HIGH
FREQUENCY
(100kHz}. STEP 7

HIGH
FREQUENCY
IN SPEC ?

NO

!

ADJUST TRIM
CAPACITORS. YES
STEP B

ACV CALIBRATION
COMPLETE

Figure 6-6. Flowchart of AC Volts Calibration
Procedure

H. Reverse the leads at the input of the instrument, allow

the measurement to settle and note the reading on
the display.

. Adjust R411 for a display reading that is the average

of the two noted readings. For example, if the reading
in step H is 1.00400V, tﬁen adjust R411 for a display
reading of 1.00200V.

Repeat steps F through 1 until there is <10 counts
change between the two readings.

. Slide the top cover forward to help maintain internal

temperatures, but do not replace the screws at this
time,

3. Select the ACV function and the 2V range. Take the in-
strument out of AC + DC, if it is in that mode.

4. Connect the AC calibrator as shown in Figure 6-8.

5. For front panel calibration, select Program 96 as ex-
plained in paragraph 6.6.5, step 3 and proceed as follows:
A. With the 2.000000V AC calibration peint displayed on

E.

E

the Model 193A, set the AC calibrator to output
2.00000V at 500Hz.

. After allowing sufficient time for the calibrator voltage

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

CALIBRATING

. With the 0.200000VAC calibration point displaved, set

the AC calibrator to output 200000V at 500Hz.

. After allowing the calibrator voltage to settle, press

the ENTER button. The follewing message will be
displayed for several seconds:

CALIBRATING

The instrument will exit the calibration program and
return to the 2V AC range.

Repeat the procedures in step 5 for the remaining ACV
ranges using Table 67 as a guide.

6. For IEEE488 bus calibration, proceed as follows:
A. Set the AC voltage calibrator to output 2.00000V at

500Hz.

After allowing sufficient time for the calibrator voltage
to settle, send the following commands over the bus:
V2XCOX.

. Set the AC calibrator to output .200000V at 500Hz.
. After allowing sufficient time for the calibrator voltage

to settle, send the following command over the bus:
V20E-3XC1X. Both calibration constants will
automatically be stored in E’PROM.

. Repeat steps A through D for the remaining ACV

ranges using Table 67 as a guide.
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7. High Frequency Check (100kHz):

A. With the ACV function, autorange and 5%d resolu-
tion selected, connect the AC calibrator to the instru-
ment as shown in Figure 6-8.

B. Set the AC calibrator to output 100.000V at a fre-
quency of 100kHz and allow sufficient time for the
measurement to settle,

C. If the reading is not 100.000V +1500 counts, then
omit steps D through G and proceed to step 8.
D. Set the AC calibrator to output 1.00000V at 100kHz

and allow the measurement to settle.

E. If the reading is not 1.00000V +1500 counts, then
omit steps F and G and proceed to step 8.

F. Set the AC calibrator to output 10.0000V at 100kHz
and allow the measurement to settle.

G. If the reading is not 10.0000V +1500 counts, then
high frequency will have to be adjusted as explained
in the following procedure (step 8). If the high fre-
quency readings were within the defined range, step
8 does not have to be performed and ACV calibra-
tion is completed.

8. High Frequency Adjustment:

A. Slide the top cover back to gain access to the Model
1930. If the top cover is fastened to the chassis, per-
form steps 2A, 2B and 2C.

B. With the ACV function and 5%d resolution selected,
connect the AC calibrator to the instrument as shown
in Figure 6-8,

C. Set the Model 193A to the 100V range and set the
AC calibrator to output 100.000V at a frequency of
100kHz.

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

I o ™=

]

to settle, use an insulated alignment tool to adjust

C413 (see Figure 6-7) for a display reading of

100.000V +250 counts.

Set the AC calibrator to output 1.00000V at 100kHz

and set the Model 193A to the 2V range.

. After allowing the measurement to settle, adjust
(402 for a display reading of 1.00000V +50 counts.

. Set the Model 193A to the 20V range and set the AC
calibrator to output 10.0000V at 100kHz.

. After allowing the measurement to settle, adjust
C412 for a display reading of 10.0000V +100 counts,
Repeat steps C through H until no other adjustments
need to be made.

Turn the Model 193A off, disconnect the line cord
and test cables and fasten the top cover to the chassis.

Figure 6-7. TRMS AC Volts Calibration Adjustments
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Table 6-7. TRMS AC Volts (Model 1930) Calibration

193A ACV | 193A Calibration | AC Calibrator Voltage IEEE-488
Range Point Setting @ 500Hz Bus Commands
2V 2.000000 V 2.00000 V V2XCOX
0.200000 V 200000 V V200E-3XC1X
20V 20.00000 V 20.0000 Vv V20XCO0X
2.00000 V 2.00000 Vv V2XC1X
200 V 200.0000 V 200.000 V V200X COX
20.0000 V 20.0000 V V20XC1X
1000 V 650.000 V 650.000 V V650X COX
100.000 V 100.000 V V100XC1X
HI i
. I
L b ® POWER | AC VOLTAGE
| (0] AMPLIFIER | CALIBRATOR [ |
""""""" T T Tt Tt e MOOEL 52154 | MODEL 52004
|
MODEL 193A
1

Figure 6-8. TRMS AC Volts Calibration Configuration

6.6.11 DC Current Calibration

With the Model 1931 installed, perform the following pro-
cedure to calibrate DCA:

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibration,
omit step 3.

1. Select the DCA function and the 200.A range.

2. Connect the DC current calibrator to the instrument as
shown in Figure 6-9.

3. For front panel calibration, enter Program 96 as ex-
?Iained in paragraph 6.6.5, step 3 and proceed as
ollows:

A. With the 200.0000uA DC calibration point displayed
on the Model 193 A, set the current calibrator to out-
put +200.000xA.

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

CALIBRATING

C. With the 000.0000u4A DC calibration point displayed,
set the current calibrator to output 000.000A .

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

CALIBRATING

E. The instrument will exit the calibration program and
return to the 2004A range.

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

. For IEEE-488 bus calibration, proceed as follows:

A. Set the current calibrator to output 200.000pA.

B. After allowing sufficient time for the calibrator current
to settle, send the following command over the bus:
V200E-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: VOXC1X. Both calibration constants will auto-
matically 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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Tabie 6-8. DC Current Calibration

MODEL 193A

193A DCA | 193A Calibration DC Current IEEE-488
Range Point Calibrator Output | Bus Commands
200 pA 200.0000 A 200.000 gA V200E-6XCO0X
000.0000 gA 000.000 A VOXC1X
2mA 2.000000mA 2.00000mA V2E-3XCOX
0.000000mA 0.00000mA VOXC1X
20mA 20.00000mA 20.0000mA V20E-3XCO0X
00.00000mA 00.0000mA VOXC1X
200mA 200.0000mA 200.000mA V200E-3XC0X
000.0000mA 000.000mA VOXCIX
2 A 2.000000 A 2000.00mA V2XC0X
0.000000 A 0000.00mA VOXC1X
o0
( J . .o LO OUTPUT|  curment  LLO INPUT LO| (e volLTaGE
Do o e . CALIBRATOR CALIBRATOR
hd Hl OUTPUT | MODEL 2500E [TMomre— 1 MODEL 5440A

Figure 6-9. DC Current Calibration Configuration

6.6.12 TRMS AC Current Calibration

With both the Models 1930 and 1931 installed, perform the

following procedure to calibrate the ACA function:

NOTE
For front panel calibration, omit step 4 of the
following procedure. For TEEE-488 bus calibration,
omit step 3.

1. Select the ACA function and the 200xA range.

2. Connect the AC current calibrator to the instrument as

shown in Figure 6-10.

3. For front panel calibration, enter Program 96 as ex-
plained in paragraph 6.6.5, step 3 and proceed as

follows:

A. With the 200.0000pA AC calibration point displayed

C.

With the 000.0000pA AC calibration point displayed,
set the current calibrator to output 000.000xA at 1kHz.

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

CALIBRATING

E. The instrument will exit the calibration program and
return to the 200pA range.

E. Repeat the procedures in step 3 for the remaining

ACA ranges using Table 6-9 as a guide.

4. For IEEE-488 bus calibration, proceed as follows:
A.Set the current calibrator to output 200.000pA at

B.

on the Model 193A, set the current calibrator to out-

put 200.000A at a frequency of 1kHz.

B. After waiting sufficient time for the measurement to
settle, press the ENTER button. The following

message will be displayed for several seconds:

CALIBRATING

1kHz=.

After allowing sufficient time for the calibrator cur-
rent to settle, send the following command over the
bus: V200E-6XCOX.

. Set the current calibrator to output 000.000pA at

1kHz.

. After allowing sufficient time for the calibrator cur-

rent to settle, send the following commanad over the
bus: VOXC1X. Both calibration constants will
automatically be stored in E*PROM.

. Repeat steps A through D) for the remaining ACA

ranges using Table 6-9 as a guide.
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Table 6-9. TRMS AC Current Callbration

193A ACA| 193A Calibration Current Calibrator IEEE-488
Range Point Output @ 1kHz Bus Commands
200 A 200.0000 pA 200.000 A V200E-6XCOX
020.0000 zA 020.000 pA V20E-6XC1X
2mA 2,000000mA 2,00000mA V2ZE-3XCOX
0.200000mA 0.20000mA V200E-6XC1X
20mA 20.00000mA 20.0000mA V20E-3XCOX
02.00000mA 02.0000mA V2E-3XCIX
200mA 200.0000mA 200.000mA V200E-3XCeX
020.0000mA 020.000mA V20E-3XC1X
2 A 2000000 A 2000.00mA V2XC0X
0.200000 A 0200.00mA V200E-3XC1X
o0 _
( - _ . _ _ . . o LO QUTPUT| . jrRenT LO INPUT LO| ¢ yoLTaGE
CALIBRATOR CALIBRATOR
® O i outruT| MODEL 25008 [T3 NPuUT HI] MODEL 52004
MODEL 193A

Figure 6-10. TRMS AC Current Calibration Configuration

6.7 DISASSEMBLY INSTRUCTIONS

If it is necessary to troubleshoot the instrument or to replace
a component, use the following disassembly procedure.
Refer to Figures 6-11 and 6-12.

WARNING
Disconnect the line cord and any test leads from
the instrument before disassembily.

1. Remove the top cover as follows:

A. The top cover is secured to the chassis of the Model
193A by two screws located at the rear of the instru-
ment. Remove those two screws.

B. Slide the top cover towards the rear of the instrument
until it completely separates from the chassis.

2. Remove the bottom cover as follows:

A. If installed, remove the four plastic feet located on
the bottom cover. They are secured with four screws.

B. The bottom cover is secured to the chassis of the
Model 193A by two screws located at the rear of the
instrument. Remove those two screws.

(. Slide the bottom cover towards the rear until it com-
pletely separates from the chassis.

3. Remove the analog board as follows:

A. The top shield is snugly secured to the analog board
by four retaining clips. Remove the top shield by
carefully lifting it up and off the analog board.

CAUTION
Take care not to contaminate components or the
circuit board by touching , as this couid adverse-
ly atfect instrument performance.

B. Disconnect the input wires from both the front and
rear panel input terminals.

C. Disconnect P/] 1016 which is a six pin connector (five
pins used).

D. Disconnect and remove the wires that feed through
the four pulse transformers, When reinstalling, make
sure that the wires are fed through the transformer
cores in the correct direction as shown by the arrows
etched on the PC-board and in Figure 6-11.
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E. From the bottom, remove the five screws that secure
the analog board assembly to the mounting rails.
Carefully remove the analog board from the instru-
ment case taking care not to touch the PC board sur-
faces or any components.

F. The bottom shield is secured to the analog board by
two screws accessible from the component side of the
board. Again, be careful not to touch the PC board
surfaces or any components when removing the
shield,

. Remove the digital board as follows:

A.Disconnect the display board ribbon cable (P/] 1017),
located near the front of the instrument, from the
digital board.

B. Disconnect the EXTERNAL TRIGGER Input and
VOLTMETER COMPLETE wiring harness (P/] 1015).

C. Place the Model 193A on its side and remove the six
screws securing the digital board to the mounting
rails. The screws are accessible from the bottom,

D.Now place the instrument right-side up and remove
the two screws securing the IEEE-488 connector to the
rear panel.

E. Remove the four screws securing the rear panel to the
chassis.

F. Remove the green, powerline ground wire from the
rear panel. The ground wire is secured to the panel
with a pem nut.

G .Place the rear panel in a location that is clear of the
digital board.

H. Carefully lift the digital board out of the instrument.

. Remove the display board as follows:

A.Remove each of the four decorative strips from the

side panels as follows:

1. Place a thin blade screwdriver into one of the holes
where the decorative strip is secured.

2. Carefully push outwards until the strip disengages
from one of the fasteners.

3. Pull the strip away from the side panel.

Note: To reinstall, align the strip in the recessed
part of the side panel and then press the strip at
the locations of the fasteners.

B. Remove the four screws that secure the front panel
assembly to the side panels and disengage the front
panel assembly from the chassis.

C. Loosen the four Allen set screws securing the bezel
assemblies to the front panel. Remove the bezel
assemblies from the front panel.

. Lift the display board assembly from the front panel.

. To separate the jumper board from the display board,
disconnect the display ribbon cable at the display
board and remove the two retaining screws that are

accessible from the component side of the display
board.

o g

. The instrument can be re-assembled by reversing the

above procedure. Make sure that all parts are properly
seated and secured and that all connections are proper-
ly made. To ensure proper operation, shields must be re-
placed and fastened securely.

WARNING
To ensure continued protection against safety
hazards, power line ground (the green wire at-
tached to the AC power receptacle) must be
connected to the rear panel.
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Figure 6-11. Connectors
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MODEL 1931
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ASSEMBLY

2
/ l‘/ ‘/ﬁ
. i\

REAR PANEL

OECORATIVE STRIP (4)
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BOTTOM SHIELD

BEZEL ASSEMBLY (2

Figure 6-12. Model 193A Exploded View

6-19/6-20



MAINTENANCE

6.8 SPECIAL HANDLING OF STATIC-
SENSITIVE DEVICES

CMOS devices operate at very high impedance levels for
low gower 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.
Table 6-10 lists static-sensitive devices used in the Model
193A. When handling these devices, use the following pre-
cautions to avoid damaging them.

1. The devices listed in the table 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 install-
ation,

2. Remove the devices from their protective containers only
at a properly grounded work station. Also ground your-
self with a suitable wrist strap.

3. Handle the devices only by the body; do not touch the
ins.
4. gny 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.

6.9 TROUBLESHOOTING

The troubleshooting information contained in this section
is intended for use by qualified personnel having a basic
understanding of analog and digital circuitry. The indi-
vidual 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.

Table 6-10. Static-Sensitive Devices

Circuit Designation |

Keithley Part No.

Model 193A
Q101 TG-175
106 TG-175
Q108 TG-128
Q111 TG-128
Q112 TG-139
Q113-Q115 TG-128
Q16-Q118 TG-139
Q119 TG-128
Q120-Q143 TG-139
U104 IC-413
U106 1C-412
U118 1C-135
U119 IC-283
U120, U121 1C-337
U122 IC-343
U123 IC-351
Ui24 1C-417
U125, U126 1C-416
U127 IC-318471
U128 1C-337
U129 1C-414
U3 1C-98
U302 1C179
U303 1C-190
U304 1C-398
U305 1C-399
U306 IC-186
U307 IC-182
U309 1C-397
U312 LSI-67
U318 1C-397
U319 1C-213
U320 IC-351
U3zl 1C177
U323 1C-173
U402 1C-141
Model 1930 ]
Q402 TG-84
Q404-Q408 TG-128
Model 1931 ]
U102 1C-206
U103 1C-251
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6.9.1 Recommended Test Equipment

Success in troubleshooting complex equipment like the
Model 193A depends not only on the skill of the techni-
cian, but relies on the use of accurate, reliable test egu}p-

or

ment, Table 6-11 lists the equipment recommende

troubleshooting the Model 193A. Other equipment such
as logic analyzers and capacitance meters could also be

helpful especially in difficult situations.

6.9.2 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 E2PROM). Whenever one of the memory tests fails,
the instrument will lock up and must be repaired. Imme-
diately after furning on the Model 193A, the following se-
quence will take place:

1. A digital check will be performed on the ROM circuitry.
If the test fails, the instrument will lock up with the

following message displayed:

00000000000 000

Replacing U314 and U315 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:

AAAAAAAAAAAAAA

Replacing U313 may resolve the problem.

3. Finally, the E2PROM circuitry where the calibration con-
stants, I[EEE address and line frequency settings are
stored will be checked. If this test fails, the following
message displayed:

UNCALIBRATED

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 U312
before recalibrating the instrument again.

4, The instrument will then go to the power-up default
function.

Table 6-11. Recommended Troubleshooting Equipment

Equipment

Use

Five function DMM with 0.1% basic DCV
accuracy, 10M input impedance,

to 50MHz.

Digital Frequency Counter

Dual-trace, triggered sweep oscilloscope, DC

Power supply and DC voltage checks;
analog signal tracing continuity, logic levels.

Digital and analog waveform checks.

Checking clock frequencies.
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6.9.3 Program 93 - Self Diagnostic Program

nanel n

This f

A 4ia

panel program p |
same mernory 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 93:

orforms a rﬁsp]nv test and the

CHVAAs a M iy ol alls ik

1. Press the PRGM button and then the 9 and 3 buttons.
First is the display test. All segments of the display
characters and front panel LEDs will be simultaneously
displayed for a short period of time. This test allows the
operator to note inoperative display segments of 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 6.9.2.

2. The Model 193A will now go into the troubleshooting
mode with the first N mode being displayed as follows:

N 01

The instrument is still on the same function and range
as it was before Program 93 was run.

3. Using Table 6-12, 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 TRIGGER button.

5. To troubleshoot a different function and/or range, exit
the program by pressing any front panel momentary but-
ton (except TRIGGER), select the desired function andior
range and again run Program 93,

6.9.4 Power Supplies

Table 6-13 shows the various checks that can be made to
the power supplies of the Model 193A. In addition to the
normal voltage checks, it is a good idea to check the various

supplies with an oscilloscope for signs of noise or

oscillations.

6.9.5 Signal Conditioning Checks

These circuits can be checked by using the diagnostic pro-
gram (Program 93) as explained in the paragraph 6.9.3,

6.9.6 Digital and Display Circuitry Checks

The digital and display circuitry can be checked out by us-
ing the troubleshooting data found in Tables 6-14 and 6-15.
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Table 6-12. Model 193A Troubleshooting Mode

1930 Relay
K401
Input | Multiplex 1931 | 1930 | Energized
Range & | Measurement Buffer FET's Range Relays| Relays| FET's| (only if in
Function Phase N Mode| Gain On FET's On On On On | AC + DO
200mv SIG 01 X1 Q134 Q126 K102
DC SIG ZERO 02 X10 Q140 Q126 K102
CAL 03 X1 Q41 Q126 K102
CAL ZERO 04 X1 Q140 Q126 K102
2V DC SIG 0 X1 Q134 Q126 K102
ZERO 02 X1 Q140 Q126 K102
CAL 03 X1 QI Q126 K102
No Test 04 — — — —
20V DC SIG 01 X1 Q134 K103
SIG ZERO 02 X1 Q138 K103
CAL 03 X1 Q141 K103
CAL ZERO 04 X1 Q140 K103
200v DC SIG 01 X1 Q134 Q125
ZERO 02 X1 Q140 Q125
CAL 03 X1 Qi41 Q125
No Test 04 — — —
kv DC SIG 01 X1 Q134 Q124
ZERO 02 X1 Q140 Q124
CAL 03 X1 Q141 Q124
No Test 04 — — -
2V AC SIG 01 X1 Q142 K105 K107 X
ZERO 02 X1 Q140 K105 K107 X
CAL 03 X1 Q41 K105 K107 X
No Test 04 — — - — —
20V AC SIG 01 x1 Q142 K105 K107 | Q406 X
ZERO 02 X1 Q140 K105 K107 | Q406 X
CAL 03 X1 Q41 K105 K107 | Q406 X
No Test 04 — — — — — -
200V AC SIG 01 X1 Q142 K105 K107 | Q404 X
ZERO 02 X1 Q140 K105 K107 1 Q404 X
CAL 03 X1 Qul1 K105 K107 | Q404 X
No Test 04 — — — — — —
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Table 6-12. Model 193A Troubleshooting Mode (Cont.)

1930 Relay
K401
Input | Multiplex 1931 | 1930 | Energized
Range & | Measurement Buffer FET's Range Relays | Relays | FET's| (only if in
Function Phase N Mode| Gain On FET's On On On On | AC + DQ) |
700V AC SIG 01 X1 Q142 K105 K107 | Q402 X
ZERO 02 X1 Q140 K105 K107 | Q402 X
CAL 03 X1 Q41 K105 K107 | Q402 X
No Test 04 — - — — — — _
2009 REF HI 01 X1 | Q1250137 Q115,Q118,Q119| K101,K102 |
REF LO 02 X1 | Q127Q134 { Q115,Q118,Q119| K101,K102
SENSE HI 03 X10 | Q125Q134| Q115Q118,Q119| K101,K102
SENSE LO 04 X10 | Q125,Q139| Q1150118,Q119| K101,K102
2kQ REF HI 0 X1 | Q1250137 | Q115Q118,Q119( K101,K102
REF LO 02 X1 | Q127Q134 | Q1150Q118Q119( K101,K102 5
SENSE HI 03 X1 | Q125Q134| Q115,0Q118,Q119( K101,K102
SENSE LO 04 X1 | Q1250Q139| Q115Q118,Q119( K101,K102 |
20k REF HI 0 X1 | Q1250137 | Q114,Q117.Q119! K101, K102 1
REF LO 02 X1 | Q1270Q134 | Q114,0117Q119, K101, K102 3
SENSE HI 03 X1 | Q1250Q134| Q114,Q117.Q119| K101,K102 i
SENSE LO 04 X1 | Q125Q139| Q114,Q117.Q119; K101,K102 ;
|
200k0 REF HI 01 X1 | Q1250137 | Q116,Q113,Q119| K101,K102 I
REF LO 02 X1 | Q127Q134 | Q116,Q113,Q119| K101,K102
SENSE HI 03 X1 | Q1250134 | Q116,Q113,Q119| K101,K102
SENSE LO 04 X1 | Q125Q139| Q116,0113,0119| K101,K102
2MQ REF HI 01 X1 | Q125Q137) Ql16Q112, | K101,K102
Q119
SENSE HI 02 X1 | Q125Q134) Q116Q112 | K101,K102
Q119
SENSE LO 03 X1 | Q125Q139| Ql16Q112 K101,K102
Q119
No Test 04 — - — —
20MQ REF HI 01 X1 | Q125Q137 Qu6Q111 K101,K102
SENSE HI 02 X1 | Q125Q134] QUsQ1M1 K101,K102
SENSE LO 03 X1 | Q125Q139| Ql16,Q111 K101,K102
No Test 04 — — — —
200MQ REF HI 01 X1 | Q125Q137| Ql16Q111 K101
SENSE HI 02 X1 | Q125Q134| Ql16Q111 K101
SENSE LO 03 X1 | Q125Q139| Q160111 K101
No Test 04 — — — — ]
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Table 6-12. Model 193A Troubleshooting Mode {Cont.)

1930 Relay
K401
Input | Multiplex 1931 | 1930 | Energized
Range & | Measurement Buffer FET’s Range Relays | Relays | FET's| (only if in
Function Phase N Mode | Gain On FET's On On On On | AC + DO)
200uA SIG 01 X1 Q142 K106, X
AC K101
ZERO 02 X1 Q140 K108, X
K101
CAL 03 X1 Q41 K108, X
K101
No Test 04 — — — —
2mA AC SIG 01 X1 Q142 K106, X
K102
ZERO 02 X1 Q140 K106, X
K102
CAL 03 X1 Q141 K106, X
K102
No Test 04 — — — -
20mA SIG 01 X1 Q142 K106, X
AC K103
ZERO 02 X1 Q140 K106, X
K103
CAL 03 X1 Q141 K106, X
K103
No ‘Test 04 — — — —
200mA SIG 01 X1 Qua2 K106, X
AC K104
ZERO 02 X1 QU0 K106,
K104
CAL 03 X1 Q141 K106, X
K104
No Test 04 — — — —
2A AC SIG 01 X1 Q142 K106, X
K105
ZERO 02 X1 140 K106,
K105
CAL 03 X Q141 K106,
K105
No Test 04 -— — —
200pA 5IG 01 X10 Q143 K101
DC S5IG ZERO 02 X10 Q140 K101
CAL 03 X1 Q141 K101
CAL ZERO 04 X1 Q140 K101
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Table 6-12. Model 193A Troubleshooting Mode (Cont.)

1930 Relay
K401

Input | Multiplex 1931 | 1930 | Energized

Range & | Measurement Buffer FET’s Range Relays | Relays | FET's| (only if in

Function Phase N Mode| Gain On FET’s On On On On | AC + DO)
2mA DC SIG 01 X10 Q143 K102
SIG ZERO 02 X10 Q140 K102
CAL 03 X1 Q141 K102
CAL ZERO 04 X1 Q40 K102

20mA SIG o1 X0 | Qu3 K103 ‘

DC SIG ZERO 02 X10 Q41 K103
CAL 03 X1 Q140 K103
CAL ZERO 04 X1 Q143 K103
200mA SIG 0l X10 Q143 K104
DC SIG ZERO 02 X10 Q140 K104
CAL 03 X1 Q141 K104
CAL ZERO 04 X1 Q140 K104
2A DC SIG 01 X100 Q43 K105
SIG ZERO 02 X10 QU0 K105
CAL 03 x1 Q41 K105
CAL ZERO 04 X1 QM0 K105
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Table 6-13. Power Supply Checks

Step | Item/Component Required Condition Remarks
1 |S302 Line Switch Set to 115 or 230V as required. Line voltage selection.
2 |F301 Line Fuse Check for continuity. Remove fuse to check.
3 | Line Power Plugged into live receptacle;
power on.
4 | +5V Digital Supply U301, pin 2 +5V, +£5% Referenced to digital common.
5 | 45V Analog Supply VR301, pin 2 +5V, +5% Reference to analog common.
6 | £15V Analog Supplies VR302, pin 2; | +15V, -15V, +0.75V Referenced to analog common
VR303, pin 2
Table 6-14. Digital Circuitry Checks
Step | Item/Component Required Condition Remarks
1 | U312, U313, U3y, U315 Pass RAM, ROM and E2PROM Display will lock if failure occurs.
(RAM or ROM) self-test on power up.
2 | U310, pin 2 (PAQ) TTL level pulses every lmsec. VIA clock
3 | U310, pin 3 (PAD) TTL level pulses every 15msec Data
4 | U310, pin 6 (PAd) Switch data (+5V or OV) Data input to VIA
5 | U310, pin 7 (PA5) Switch data (+5V or 0V) Data input to VIA
6 (U310, pin 8 (PA6) Switch data (+5V or OV) Data input to VIA
7 | U310, pin 9 (PA7) Switch data (+5V or 0V) Data input to VIA
8 | U310, pin 19 Variable pulse train (OV to +5V) | VIA Data Line
9 |U320, pin 6 Variable pulse train (OV to +5V) Data Output
10 | U106, pin 13 Variable pulse train (OV to +5V) | Output of A/D Converter
11 { U310, pins 12 through 16 Variable pulse train (0V to +5V) Analog data to VIA
12 | U311, pin 3 1kHz pulses IRQ line
13 | U311, pin 37 +5V, +5% Reset line
14 U316, pin 9 +5V signal pulsed 0V to +5V INT line
every lmsec.
15 | U316, pin 19 +5V (Logic “17) RESET line
16 | U316, pin 18 2MHz square wave at 0V to +5V | lock
17 { U316, pin 28 Should go false (+5V) when ATN line
command is sent.
18 U316, pins 28 (ATN), Refer to Figure 3-2 for required Handshake Sequence
24 (NDAC), 25 (NRFD), conditions.
26 (DAV), and the data lines.
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Table 6-15. Display Circuitry Checks

Step | Item/Component Required Condition Remarks
1 | U403, pin 2 +5V, +5% +3V supply
2 | U406, U407, U408, U409, | Variable pulses Segment drivers
ins 1, 7 8 and 14
3 401, U404, pins 10 Variable pulses Digital drivers
through 16
4 | U403, U405, pins 3, 4, 5, | Imsec negative going pulse every
6, 10, 11 and 12 10msec.
J1018, pin 24 (51) Depress 5410, 5412, 5414, 5416 or 5418 Pulse present when button
button. pressed.
6 | J1018, pin 22 (S2) Depress 5411, 5413, 5415, 5417 or 5419 Pulse present when button
button. pressed.
7 | J1018, pin 21 (53) Depress 5406, 5407, 5408, 5409 or 5240 | Pulse present when button
button. pressed.
8 | J1018, pin 20 (54) Depress 5401, 5402, 5403, 5404 or 5405 | Pulse present when button

button.

pressed.
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SECTION 7
REPLACEABLE PARTS

7.1 INTRODUCTION

This section contains replacement parts information, com-
ponent location drawings and schematic diagrams for the
Model 193A.

7.2 PARTS LIST

Parts are listed alphanumerically in order of their circuit
designations. Table 7-1 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. A parts list for the Model 1930
option is contained in Table 7-4; while Table 7-5 contains
a parts list for the Model 1931 option. Table 7-6 contains
a mechanical parts list for the Model 193A.

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 193-901-00). The
manual package contains an instruction manual and any
applicable addenda.

7.4 FACTORY SERVICE

If the instrument is to be returned to the factory for ser-
vice, please complete the service form which follows this
section and return it with the instrument.

7.5 SCHEMATIC DIAGRAMS AND
COMPONENT LOCATION DRAWINGS

Schematic diagrams and component location drawings
follow the agnpropriate replaceable parts list for that par-
ticular board.




REPLACEABLE PARTS

Table 7-1. Display Board, Parts List

Circuit Schematic | Keithley
Desig. Description Location | Part No.
C401 Capacitor, 104F, 25V, Aluminum Electrolytic D5 C-314-10
C402 Capacitor, 0.1¢E 50V, Ceramic Film Ch C-237-1
DS401-DS407 Di%)l?/, Dual 14-Segment Sev DD-39
DS408-D5415 | LED, Red Sev PL71
J1018 (5-362-13
J1018 (5-363-13
R401 Resistor, Thick Film Sev TF-43
R402 Resistor, Thick Film Sev TE-43
R403 Resistor, Thick Film Sev TF77
R404 Resistor, Thick Film Sev TE77
5401-5420 Switch, Pushbutton Sev SW-435
U401 Darlington Transistor Array, ULN2003A B3 IC-206
U402 Hex Inverter, Open Collector Output, CD4012AE Sev IC-141
U403 8-Bit Serial-In/Parallel-Out Shift Register Z4AHCT164 Ch 1C-456
U404 Darlington Transistor Array, ULN2003A D3 [C-206
U405 8-Bit Serial-In/Parallel-Out Shift Register 4HCT164 D5 1C-456
U406 Transistor Array, MPQ3906 H4 IC-396
U407 Transistor Array, MPQ3906 T4 IC-396
U408 Transistor Array, MPQ3906 F4 IC-396
U409 Transistor Array, MPQ3906 G4 IC-396
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Table 7-2. Digital Board, Parts List

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
BT301 | Battery, NiCad, 3.6V 21G2 BA-36
C301 Capacitor, 10,000xF, 25V, Aluminum Electrolytic 2/D2 (-342-10,000
€302 Capacitor, 10 E 25V, Aluminum Electrolytic 2/E2 C-314-10
C303 Capacitor, 0.33x E 50V, Ceramic Film 2/D2 C-237-33
C304 Capacitor, 0.1¢ F, 50V, Ceramic Film 1/A1 C-237-1
C305 Capacitor, 0.1x F 50V, Ceramic Film 1/B1 C-237-1
C306 Capacitor, 0.1 F, 50V, Ceramic Film 1/C1 C.237-1
C307 Capacitor, 0.1x F 50V, Ceramic Film TG C-237-1
€308 Capacitor, 0.1x F 50V, Ceramic Film VE2 C-237-1
C309 Capacitor, 0.1g E 50V, Ceramic Film 1/E1 C-237-1
C310 Capacitor, 0.1x F, 50V 1/H3 C-365-.1
C3n Capacitor, 0.01x E 500V, Ceramic Disc 1/H3 C-22-M
C312 Capacitor, 0.1u F 50V 1/E4 (C-365-.1
C313 Capacitor, 0.1 E 50V 1K C-365-.1
C314 Capacitor, 0.1x F 50V, Ceramic Film 1/E4 C-2371
C315 Capacitor, 15pF, 1000V, Ceramic Disc 1/A5 C-64-15p
C316 Capacitor, 15pF, 1000V, Ceramic Disc 1/B5 C-64—15F
C317 Capacitor, 0.1y F, 50V 1/A4 C-365-.
C318 Capacitor, 0.1¢ F 50V 1/D4 C-365-.1
C319 Capacitor, 0.1z E 50V 1/C4 C-365-.1
C320 Capacitor, 10u E, 25V, Aluminum Electrolytic 2/G2 C-314-10
C321 Capacitor, 0.1x E 50V, Ceramic Film 1/C4 C-237-1
C322 Capacitor, 0.1p E 50V, Ceramic Film 1/B4 C-237-1
C323 Capacitor, 10u E 25V, Aluminum Electrolytic 1 A6 C-314-10
C324 Capacitor, 0.1x E 50V 1/H2 C-365-1
325 Capacitor, 0.1y E 50V 1/A5 C-365-.1
C326 Capacitor, 0.1 F 50V 1G4 C-365-.1
C327 Capacitor, 0.1 E 50V, Ceramic Disc 1/A6 C-22-01
328 Capacitor, 0.1z E, 50V 1/G4 C-365-.1
329 Capacitor, 0.1z E 50V 1/H2 C-365-.1
€330 Capacitor, 0.1z E 50V 1/Dé C-365-.1
331 Capacitor, 0.1 E 50V C-365-1
C332 Not Used
333 Capacitor, 2200x E 25V, Aluminum Electrolytic 2/D3 C-314-2200
C334 Capacitor, 10u F 25V, Aluminum Electrolytic 2/E3 C-314-10
C335 Capacitor, 10x F, 25V, Aluminum Electrolytic 2/E5 C-314-10
C336 Capacitor, 10x F 25V, Aluminum Electrolytic 2/E6 C-314-10
C337 Capacitor, 620u F, 35V, Electrolytic 2/D5 C-309-620
(338 Capacitor, 620u F 35V, Electrolytic 2/D5 C-309-620
C339 Capacitor, 0.1x F 50V VD6 C-365-.1
C340 Capacitor, 0.1u E 50V 1/B5 C-365-.1
Gl Capacitor, 0.1z E 50V 1/B5 C-365-.1
C342 Capacitor, 0.1u E 50V 1/B6 C-365-.1
C343 Capacitor, 10x F 25V, Aluminum Electrolytic 1/B6 C-314-10
344 Capacitor, 00047 E 500V, Ceramic Disc 1/B6 C-22-.0047
CR301 | Bridge Rectifier, 1A, 100PIV /D5 RE-52
CR302 | Bridge Rectifier, 5A, PEQ5 2/D2 RF-48
CR303 | Bridge Rectifier, 5A, PE05 2/D3 RF-48
CR304 | Diode, Silicon, 1.5A, 400V, WD4M 2/D5 RF-46
CR305 | Diode, Silicon, 1N4148 21G2 RE-28
CR306 | Diode, Silicon, 1N4148 1/A5 RE-28
CR307 | Diode, Silicon, 1N4148 1/A6 RE-28
*Page/Zone
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Table 7-2. Digital Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
F301 Fuse, %A, 250V, Slo-Blo, MDL 2/B4 FU-18
F301 Fuse, %sA, 250V, Slo-Blo, 3AG 21G2 FU-29
J1013 Connector, IEEE 1/H2 CS-501
J1014 AC Receptacle 2/B5 (C5-388
J1015 Connector, 3 pins 1/D5 C5-339-3
J1017 Connector, 26 pins 1G6 C5-389-3
Q30 Translator, NPN, Silicon, 2N3904 2/1G2 TG-47
Q302 Translator, PNF, Silicon, 2N3906 2/G2 TG-84
R301 Resistor, 1008, 5%, %W, Composition 1/C5 R-76-100
R302 Resistor, 1008, 5%, %W, Composition 1/D5 R-76-100
R303 Resistor, 3.3kQ, 5%, %W, Composition 1/D5 R76-3.3k
R304 Resistor, Thick Film 1/A3 TF-140
R305 Resistor, M, 10%, %W, Composition R76-IM
R306 Resistor, 4.7k, 5%, 1W, Composition 2/F2 R-76-4,7k
R307 Resistor, 15k§), 5%, %W, Composition 2/F2 R76-15k
R308 Resistor, 1k, 5%, %W, Composition 21G2 R76-1k
R309 Resistor, 1500, 5%, W, Composition 21G2 R-76-150
R310 Resistor, 61.9kQ, 1%, %W, Composition 1/A5 R-88-61.9k
R311 Resistor, 20kQ, 1%, %W, Composition 1/A6 R-88-20k
R312 Resistor, 261k}, 1%, %W, Composition 1/A6 R-88-261k

R313 Not Used
R314 Not Used
R315 Not Used
R316 Not Used

R317 Resistor, 4700, 5%, %W, Composition 1/Cé R76-470
R318 Resistor, 1kQ, 5%, %W, Composition 1/Dé6 R76-1k
R319 Resistor, 2.4k, 5%, %W, Composition 1iCe R76-2 4k
R320 Resistor, 1000, 5%, 4W, Composition 1/Ceé R76-100
R321 Resistor, 474, 5%, %W, Composition 1C6 R-76-47
R322 Resistor, 2.2k@2, 5%, %W, Composition 1D2 R76-2.2k
R323 Resistor, 821, 5%, %W, Composition 1Ch R76-82
R324 Resistor, 829, 5%, %W, Composition 1/C5 R76-82
R325 Resistor, 8212, 5%, %W, Composition 1/Cé R76-82
5301 Switch 2/B4 SW-466
5302 Switch 2/B3 5W-397
5303 Switch 1/Eé6 SW-318
T301 Transformer, USA 2/1C2 TR-210
T301 Transformer, Japan 20C2 TR-233
T302 Pulse Transformer 1/B5 TR-211
T303 Pulse Transformer 1/B5 TR-211
T304 Pulse Transformer 1/B6 TR-211
U301 5V Regulator, LM309%k 2/E2 IC-98
U302 Quad 2-Input Non Gate Z41S02 Sev 1C179
U303 Dual 2 to 4 Line Decoder/Multiplexer, 741.5139 1/B1 IC-190
U304 3 to 8 Line Decoder, ZAHCT138 1/C1 1C-398
U305 C-MOS Quad 2-Input NAND, AHCTO0 Sev 1C-399
U306 Hex Inverter, 741.504 Sev IC-186
U307 Decoders/Demultiplexers, 74L5138 1/E1 IC-182
U308 Octal GPIB Transceiver, 75161A 1/H4 IC-299
U309 C-MOS Tri-State Flip-Flop, MM7Z4HCT37 1/F4 I1C-397
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Table 7-2. Digital Board, Parts List

Circuit Schematic | Keithley

Desig. | Description Location* | Part No. .
U310 Versatile Interface Adapter (VIA), 6522A 1/E4 | 1SI45

U311 8-Bit Microprocessing Unit, MC68B09 A4 | LSI-65

U312 Programmable E? ROM, 2816A D4 LSI-83

U313 8197 Word x 8 Bit Static CMOS RAM, HM6264LP-15 1/C4 | LSI-66

U3l 1ok x 8 UV Erasable PROM, 27128 1:C4 - 193-800+

U315 8k x 8 UV Erasable PROM, 2764 1/B4 193-801**

U3le GPIB Adapter, 9914A 1/G4 1.51-49

U317 Octal GPIB Transceiver, 75160A 1/H3 1C-298

U318 C-MOS Tri-State Flip- Flop MM7ZHCT374 1/F4 1C-397

U3 Dual 4 Bit Decade and Binary Counter, 7415393 1/De 1C-213

U320 Quad 2-Input NAND Gate Sev 1C-351

U321 Microprocessor Bipolar Monolithic IC 1A 1C-177

U322 Not Used

U323 Voltage Comparator, LM311A 11C6 IC-526

VR301 | +5V Voltage Regulator, 7805 22 1 1C93
VR302 | Positive Voltage egulator 78M15CU 2/E3 1C-194
VR303 | Negative Voltage Regulator, 79M15CU 2/E4 1C-195 .
VR304 | Voltage Regulator Diode, Silicon, IN702A 1Cé DZ-33
Y301 Crystal, 8MHz 1/A5 CR-24-1

**Order same software as presently installed. For example, if the software revision level is C6 then order 193-800-Cé
and 193-801-Cé.
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Figure 7-4, Digital Board, Component Location Drawing, Dwg. No. 183-100
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List

Circuit Schematic | Keithley
Desig, | Desgcription Location* | Part No.
C101 Capacitor, 0.1x E 50V 2/B4 (C-365-.1
C102 Capacitor, 1p E 50V, Ceramic Film 3/A6 C-2371
C103 Capacitor, 1p E 50V, Ceramic Film 3/Cé C-2371
Cl104 Capacitor, 1p E 50V, Ceramic Film 31Ce C-2371
C105 Capacitor, 1x E 50V, Ceramic Film 3/Cé C-2371
C106 Capacitor, 0.015¢ E 200V, Polycarbonate 3/E2 C-221-015
C107 Capacitor, 0.0154 F 200V, Polycarbonate 3/E2 C-221-015
C108 Ca}t)acitor 100pE 1000V, Ceramic Disc 3/E2 C-64-100p
C109 Not Use
C110 Not Used
cin Not Used
C112 Capacitor, 0.1x E 50V 3/F5 C-365-.1
C113 Capacitor, 0.1 F 50V 3/F6 C-365-.1
Cl14 Capacitor, 0.1x E 50V 4/A4 C-365-.1
C115 Capacitor, 68pF, 1000V, Ceramic Disc 4/Ad4 C-64-68p
Cl16 Capacitor, 47pF, 1000V, Ceramic Disc 4/A5 C-64-47
C117 Capacitor, 0.1 F 50V 4/B2 C-365-.
cns Capacitor, 0.1x E 50V 4/B4 C-365-.1
C119 Capacitor, 0.1p E 50V 4/ -365-.1
C120 Capacitor, .10g E 25V, Aluminum Electrolytic 4/C3 C-314-10
C121 Capacitor, 0.1x E 50V 4/D3 C-365-.1
C122 Capacitor, 0.1x E 50V 4/D2 C-365-.1
C123 Capacitor, 15pF, 1000V, Ceramic Disc 4/E1 C-64-15
C124 Capacitor, 0.0047y E, 100V, Metalized Polypropylene 4/E1 C-306—.5)047
C125 Capacitor, 0.1 F, 50V 4/E1 C-365-1
Cl126 Capacitor, 0.1u F, 50V 4/H3 C-365-.1
C127 Capacitor, 1z F 50V, Ceramic Film 4/F4 C-3271
C128 Capacitor, 0.1u E 50V 4/F5 C-365-1
C129 Capacitor, 1x E 50V, Ceramic Film 4/F5 C-237-
C130 Capacitor, 0.1 E 50V 4/G4 C-365-1
C131 Capacitor, 0.1x F, 50V 4/G3 C-365-1
C132 Capacitor, 0.1u F 50V 4/G4 C-365-.1
C133 Capacitor, 10z E 25V, Aluminum Electrolytic 2iICe C-314-1
Cl134 Not Used
C135 Capacitor, 220pE, 500V, Polystyrene 1/B4 C-138-220p
C136 Not Used
C137 Capacitor, 150pE 500V, Polystyrene 1/B4 C-138-150p
138 Capacitor, 836) 7 1000V, Ceramic Disc 4/D2 C-64-82
C139 Capacitor, I O%F, 1000V, Ceramic Disc 4/B1 C-64-1000p
C140 Capacitor, 0.1 E 50V 32 C-365-.1
Cl41 Capacitor, 0.1x F 50V 3/F2 C-365-.1
Cl142 Capacitor, 0.1 E 50V 3/E6 C-365-.1
C143 Not Used
Cl44 Capacitor, 10p E 25V, Aluminum Electrolytic 2/Gh C-314-10
Cl145 Capacitor, 1u E 50V, Ceramic Film 4/G5 C-2371
Cl46 Not Used
C147 Capacitor, 1u E 50V, Ceramic Film 1/E2 C-2371
C148 Capacitor, 1u F, 50V, Ceramic Film 1E2 C-2371
C149 Capacitor, 330pF, 1000V, Ceramic Disc C-64-330p
C150 Capacitor, 330pF_1000V, Ceramic Disc C-64-330p
C151 Capacitor, 0.1xF, 50V C-365-.1
C152 Capacitor, 0.1uF, 50V C-365-.1
CR101 | Rectifier, IN4006 1/G1 RF-38
CR102 | Diode, Silicon, 1N4148 3/D5 RE-28
CR103 | Diode, Silicon, TN4148 3/D5 RF-28
CR104 | Diode, Silicon, 1N4148 RF-28
*Page/Zone
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
F101 Fuse, 2A, 250V, 3AG, Normal-Blo 1/A5 FU-13
F101 Fuse, 2A, 250V, 5x20mm, Normal Blo 1/A5 FU-48
J1001 Input Terminal, & Sense HI, Front 1/A3 BJ-12-2
J1002 Input Terminal, & Sense LO, Front 1/A3 BJ-12-0
J1003 Input Terminal, Input HI, Front 1/A2 BJ-12-2
J1004 Input Terminal, Input LO, Front 1/A4 BJ-12-0
}1005 Input Terminal, Amps Input, Front 1/A5 B}-12—9
1006 Input Terminal, € Sense HI, Rear 1/A3 BJ-12-2
J1007 Input Terminal, Q Sense LO, Rear 1/A3 BJ-12-0
J1008 Input Terminal, Input HI, Rear VA2 BJ-12-2
J1009 Input Terminal, Input LO, Rear 1/A4 BJ-12-0
11010 Input Terminal, Amps Input, Rear 1/A5 BJ-12-9
{1016 Connector 3/1H4 193-325
1020 Connector, Male — C5-463
J1021 Connector, Male — 5-463
J1022 Connector, Male — C5-463
J1023 Connector 2/D6 29995
J1024 Connector, Male TA2 (C5-463
}1025 Connector, Male 1/Fé CS-463
1026 Connector 1,2/Sev 193-326
J1027 Connector, Male 1/B5 (CS-463
J1028 Connector, Male 1/D5 CS5-463
J1029 Connector, Male 1/E5 C5-463
J1030 Connector, Male 1/E5 (C5-338-18
}1031 Connector, Male TA2 C5-463
1032 Connector, Male 1/82 C5-463
K101 Relay, 5V 1/B2, 2/F4 | RL-72
K102 Relay, 5V 1/B2, 2/F5 | RL-72
K103 Relay, Hi?h Voltage, 5V 1/B3, 2/F5 | RL-82
K104 Not Use
K105 Relay, High Voltage, 5V 1/A2, 2/F5 | RL-82
L101 Choke, 100xH 4/B4 CH-14
1102 Choke CH-29
103 Choke CH-29
1020 Connector, MAXI-PV (S-415
P1021 Connector, MAXI-PV C5-415
P1022 Connector, MAXI-PV CS-415
Q101 Transistor, MP-842 3/E2 TG-175
Q102 Transistor, NPN, Silicon, 2N3904 3/E3 TG-47

103 Not Used

104 Not Used
Q105 Transistor, N-Channel JFET 4/B5 TG-167
Q106 Matched component set (R154, R156, R217, Q106 and Q107) 4/E2 196-602
Q107 Matched component set (R154, R156, R217, Q106 and Q107) 4/E2 196-602
Q108 Transistor, N-Channel FET, 2N4392 4/F2 TG-128
Q109 Transistor, NPN, Silicon, 2N3904 4/G4 TG-47
Q110 Not Used
Q111 Transistor, N-Channel FET, 2N4392 1/A1 TG-128
Q112 Transistor, N-Channel FET, 2N4392 1/B1 TG-128
Q113 Transistor, N-Channel FET, 2N4392 1/B1 TG-128
Q114 Transistor, N-Channel FET, 2N4392 1/B1 TG-128
Q115 Transistor, N-Channel FET, 2N4392 1/C1 TG-128
Q116 Transistor, N-Channe! JFET, PF5301 1/D1 TG-139
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
Qu7 Transistor, N-Channel JFET, PF5301 1/iC1 TG-139
Q118 Transistor, N-Channel JFET, PF5301 1/C1 TG-139
Q119 Transistor, N-Channel JFET, 2N4392 1/82 TG-128
Q120 Transistor, N-Channe! JFET, PF5301 12 TG-139
Q121 Transistor, N-Channel JFET, PF5301 1/C2 TG-139
Q122 Transistor, N-Channel JFET, PF5301 V3 TG-139
Q123 Transistor, N-Channel JFET, PF5301 1/C3 TG-139
Q124 Transistor, N-Channel JFET, PF5301 1/C4 TG-139
Q125 Transistor, N-Channel JFE1, PF5301 1/C4 TG-139
Q126 Transistor, N-Channel JFET, PF5301 /D2 TG-139
Q127 Transistor, N-Channel JFET, PF5301 1/D1 TG-139
Q128 Transistor, N-Channel JFET, PF5301 1/D2 TG-139
Q129 Transistor, N-Channel JFET, PF5301 1/D2 TG-139
130 Not Used
131 Transistor, N-Channel JFET, PF5301 1/F3 TG-139
Q132 Transistor, NPN, Silicon, 2N3565 1/F1 TG-39
Q133 Transistor, High Voltage, NPN, TIP-49 1/F2 TG-137
Q134 Transistor, N-Channel JFET, Selected 1/F2 193-603
Q135 Transistor, N-Channel JFET, PF5301 1/F4 TG-139
136 Transistor, N-Channel }FET, PF5301 1/G1 TG-139
137 Transistor, N-Channel JFET, PF5301 1G2 TG-139
Q138 Transistor, N-Channel JFET, Selected 1/G3 193-603
Q139 Transistor, N-Channel JFET, PF5301 1G4 TG-139
Q140 Transistor, N-Channel JFET, Selected 1/G4 193-603
Q141 Transistor, N-Channel JFET, Selected 1/F5 193-603
Q142 Transistor, N-Channel }FET, PF3301 1/Fé TG-139
Q143 Transistor, N-Channel JFET, PF5301 1Gé TG-139
Ql44 Not Used
Q145 Not Used
Q146 Transistor, NPN, Silicon TG-138
R101 Resistor, 47, 5%, %W, Composition 2/A2 R76-47
R102 Resistor, 1002, 5%, %W, Composition 21A2 R-76-100
R103 Resistor, 2.4kQ, 5%, W, Composition 2/B2 R76-2 4k
R104 Resistor, 1k, 5%, %W, Composition 2iB1 R76-1k
R105 Resistor, 478, 5%, %W, Composition 2iA3 R-76-47
R10é Resistor, 100§, 5%, %W, Composition 2/1A3 R-76-100
RI07 Resistor, 2.4k{l, 5%, %W, Composition 2/B3 R76-2 .4k
R108 Resistor, 1kf2, 5%, Y“%w, Composition 2/B3 R76-1k
R109 Resistor, 47§}, 5%, %W, Composition 2IA5 R76-47
R110 Resistor, 1009, 5%, %W, Composition 2/A4 RZ76-100
R111 Resistor, 2.4k, 5%, W, Composition 2/B4 R76-2 .4k
R112 Resistor, 1k, 5%, %W, Composition 2/B4 R76-1k
R113 Resistor Set (R113 and R114 3/AS5 R-293
R114 Resistor Set §R113 and R114; 3/IA6 R-293
R115 Resistor, 649k, 1%, %W, Composition 3/B5 R-88-6.49Kk
Rl1l16 Resistor, 12.4k{}, 1%, %W, Composition 3/B6 R-88-12 4k
R117 Resistor, 2.1k}, 1%, %W, Composition 3/B6 R-88-2.1k
R118 Resistor, 1.24k, 1%, %W, Composition 3/B5 R-88-1.24k
R119 Resistor, 15k, 5%, %W, Composition 3/D2 R-76-15k
R120 Resistor, 12k{}, 5%, W, Composition 3/E3 R-76-12k
R121 Resistor, 13kQ, 0.1%, %W, Fixed 3/E2 R-176-13k
R122 Resistor, 15k, 1%, %W, Composition I/E3 R-88-15k
R123 Resistor, 13k}, 0.1%, %W, Fixed 3/E2 R-176-13k
R124 Not Used
R125 Not Used
R126 Resistor Set {R126 and R127) 3/ R-292 |
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
R127 Resistor Set (R126 and R127) 3/F4 R-292
R128 Resistor, 47082, 5%, %W, Composition 2/1G4 R-76-470
R129 Not Used

R130 Resistor, 3,4k2, 1%, %W, Compositicn 3/E5 R-88-34k
R131 Resistor, 100k, 1%, %W, Composition 3/E5 R-88-100k
R132 Resistor, 100k, 1%, %W, Composition 3/E5 R-88-100k
R133 Resistor, 34k, 1%, %W, Composition 3’E6 R-88-3.4k
R134 Resistor, 174kQ, 1%, %W, Composition 3/F5 R-88-174k
R135 Resistor, 174k2, 1%, %W, Composition 3/F6 R-88-174k
R136 Resistor, 1K), 5%, %W, Composition 3/F5 R76-10
R137 Resistor, 1002, 5%, W, Composition 3/F6 R76-10
R138 Resistor, 10k, 5%, %W, Composition 4/A1 R-76-10k
R139 Resistor, 220kQ, 5%, %W, Composition 4/A1 R-76-220k
R140 Resistor, 229, 5%, %W, Composition 4/A4 R-76-22
R141 Resistor, 10MQ, 10%, %W, Composition 4/A5 R76-10M
R142 Resistor, 3.9k0, 5%, %W, Composition 4/ R76-3.9k
R143 Resistor, 10k}, 5%, %W, Composition 4/C2 R76-10k
R144 Resistor, 4.7k{, 5%, W, Composition 4/B4 R-76-4.7k
R145 Resistor, 4.7k, 5%, %W, Composition 4/B5 R76-4.7k
R146 Resistor, 3k, 5%, %W, Composition 4/C2 R76-3k
R147 Resistor, 3kQ, 5%, %W, Composition 4/C2 R76-3k
R148 Resistor, 787k, 1%, %W, Composition 4/C3 R-887.87k
R149 Resistor, 10k{l, 5%, %W, Composition 4/D1 R-76-10k
R150 Resistor, 20k, 1%, %W, Composition 4/F1 R-88-20k
R151 Resistor, 20k, 1%, %W, Composition 4/E1 R-88-20k
R152 Resistor, 32.4kQ, 1%, %W, Composition 4/E2 R-88-32 4k
R153 Resistor, 1428k, 0.1%, %W, Fixed 4/E3 R-176-142 .8k
R154 Matched component set (R154, R156, R217, Q106 and Q107) 196-602
R155 Resistor, 10kQ, 5%, %W, Composition 4/F2 R76-10k
R156 Matched component set (R154, R156, R217, Q106 and Q107) 196-602
R157 Resistor, 10k, 5%, %W, Composition 4/F2 R76-10k
R158 Resistor, 2.8k}, 1%, %W, Composition 4/F4 R-88-2 8k
R159 Resistor, 7.15kQ, 1%, %W, Composition 4/F4 R-887.15k
R160 Resistor, 10k, 1%, %W, Composition 4/F5 R-88-10k
Rls61 Resistor, 11.5kQ, 1%, %W, Composition 4/G1 R-88-11.5k
R162 Resistor, 48.7kQ2, 1%, %W, Composition 4/G2 R-88-48.7k
R163 Resistor, 604kQ, 1%, kW, Composition 4/G2 R-88-60.4k
R164 Resistor, 14k, 1%, %W, Composition 4/G5h R-88-14k
R165 Resistor, 1k, 5%, %W, Composition 4/G4 R76-1k
R166 Resistor, Thick Film 1/Sev TE-108
R167 Resistor, 9.99M{2 Al R-294-9.99M
R168 Resistor, 1.108MQ, 0.1%, “W, Metal Film 1/B1 R-264-1.108M
R169 Resistor, 100k, 1%, %W, Metal Film 1/B1 R-348-100k
R170 Resistor, 10k, 1%, %W, Metal Film 1/B1 R-348-10k
R171 Resistor, 1k§2, 1%, %W, Metal Film 1/C1 R-348-1k
R172 Resistor, 333kQ}, 1%, %W, Metal Film 1/D1 R-94-333k
R173 Resistor, IMQ, 10%, '2W, Composition 1/B2 R-1-1M
R1A4 Resistor, IMQ2, 10%, %W, Composition 1/B2 R76-1M
R175 Resistor, 1.5MQ, 10%, 1W, Composition 1/A2 R-2-1.5M
R176 Resistor, 1M£2, 10%, 1W, Composition 1/A2 R-2-IM
R177 Resistor, 100k, 10%, 1W, Composition 1/AZ2 R-2-100k
R178 Resistor, 100kQ, 1%, ¥:W, Metal Film 1/B3 R-94-100k
R179 Resistor, 100k, 10%, 1W, Composition 1/A4 R-2-100k
R180 Resistor, 300k, 1%, 8W 1/B2 R-247-300k
R181 Resistor, Thick Film 1/Sev TF-215
R182 Resistor, Thick Film 1/Sev TE-201
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Schematic | Keithley

Desig. | Description Location* : Part No. B
R183 Resistor, 324kQ, 1%, %W, Composition 1/C4 R-88-324k

R184 Resistor, 232k, 1%, W, Composition 1/C4 R-94-232k

R185 Resistor, 33.2k(, 1%, %W, Composition 1C2 R-88-33.2k

R186 Resistor, 560Q, 5%, %W, Composition 1C3 R-76-560

R187 Resistor, Thick Film 1/Sev TF-108

R188 Resistor, 200kQ, 1%, 2W, Composition D2 R-94-200k

R189 Not Used

R190 Resistor, 10k}, 1%, %W, Composition 1/F3 R-88-10k

R191 Resistor, 10k, 1%, %W, Composition 1/F2 R-88-10k :
R192 Resistor, 200k, 1%, %W, Composition 1/F1 R-88-200k :
R193 Resistor, 200k, 1%, %W, Metal Film 1/F1 R-94-200k :
R194 Resistor, 1k, 5%, %W, Composition 1/F1 R76-1k :
R195 Resistor, 24kQ, 5%, %W, Composition 1/F2 R-76-2 4k
R1%6 Resistor, Thick Film 1/Sev TE108
R197 Resistor, Thick Film 1/Sev TE-108 |
R198 Resistor, 333kQ, 1%, W, Metal Film 1/G2 R-94-333k ;
R199 Resistor, Thick Film 1/Sev ! TK146

R200 Resistor, 953k, 1%, %W, Composition 1/G3 R-88-953k

R201 Resistor, 333kQ, 1%, ¥2W, Metal Film 1/G4 R-94-333k

R202 Resistor, 316k}, 1%, %W, Composition 1/F5 R-88-316k
R203 Resistor, 332k}, 1%, FW, Composition 1/F5 R-88-332k j
R204 Resistor, 10MQ, 10%, %W, Composition 1/F5 R76-10M :
R205 Resistor, 332kQ, 1%, kW, Composition 1/Gé6 R-88-332k
R206 Resistor, 332kQ, 1%, %W, Composition 1/Sev R-88-332k |
R207 Resistor, 1M, 1%, %W, Composition 1G6 R-88-1M I
R208 Resistor, 100kQ, 10%, 1W, Composition 1/F1 R-2-100k '
R209 Resistor, 49.9k{}, 1%, %W, Composition 1/C3 R-88-49.9%
R210 Resistor, 820, 5%, %W, Composition R-76-82 :
R211 Not Used

R212 Not Used

R213 Not Used

R215 Resistor, 3608, 5%, W, Composition 1F3 R-76-360

R216 Resistor, 3609, 5%, 4W, Composition 1/F R-76-360

R217 Matched component set (R154, R156, R217, Q106 and Q107) 196-602

$101 | Switch, Front/Rear | weass S - 59
S$102 Switch, Front/Rear 1/A4 SW-458

T104 Transformer 4/G3 TR-211

TP1TP6| Test Point Connector Pins Sev (S-339-1

U101 Voltage Comparator, LM31TIN 2/B2 1C173

U102 Voltage Comparator, LM311IN 2/B3 1C-173

U103 Voltage Comparator, LM31IN 2/B4 1C173

U104 Op Amp, MP5502DP 3/A5 1C-413

U105 Voltage %eference, Selected LM399 3/Ch 193-600

U106 Integrated Circuit, 74HC02 3/Sev 1C-412

U7 Quad Comparator, LM339 2/El IC-219

U108 8uad Comparator, LM339 2/E2 1C-219

U109 uad Comparator, LM339 2/E6 IC-219

U110 Quad Comparator, LM339 21G1 1C-219

U111 Quad Comparator, LM339 2/G2 1C-219 7
U112 Quad Comparator, LM339 2/G3 IQ-Z]Q
U113 Quad Comparator, LM339 2/G4 1C-219
U114 Linear Op Amp, 308A 3/E2 1C-203 i
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location* | Part No.
UTl5 Not Used

Ull6 Wide Bandwidth JFET Input Op Amp, LE35IN 3/E5 1C-176
U1z Dual JFET Input Op Amp, Selected LF353N 3/E5,6 30477
U118 BCD-to-Decimal Decoder 2/E3 IC135
U119 Triple 2-Channel Analog Multiplexer, CD4053BC 2,3/5ev | 1C-283
U120 Dual D Flip-Flop, 4HC7 4/Sev IC-337
U121 Dual D Flip-Flop, #HC74 4/Sev IC-337
122 Dual Voltage Comparator, LM393 4/Sev IC-343
U123 Quad 2-Input NAND Gate, 74HC00 4/Sev IC-351
U124 Synchronous Decade Up/Down Counter, 4AHC192 4/C5 1C-417
U125 Synchronous Binary Up/Down Counter, 4HC193 4/D5 IC-416
U126 Synchronous Binary Up/Down Counter, 74HC193 4/EH IC-416
U127 Iv%’ulti lexer, selected CD4053DC 4/{Sev 31847-1
U128 Dual D Flip-Flop, AHC# 4/Sev 1C-337
U129 Inverting High gpeed Op Amp, MP5501CP 4/D1 IC-414
U130 Not Used

U131 Triple 2-Channel Analog Multiplexer, CD4053BC 34/Sev | IC-283
U132 Op Amp, MP5502DP 4/G4 1C-413
U133 Op Amp, MP5502DP 4/G5 IC-413
U134 Selected 1C-218 1E2 30167
U135 Low Noise op-am 1/F2 1C-394
U136 Og Amp, Selecte 1/E3 193-602
U137 8-Stage Shift-Store Register, MC14094 2/D1 1C-251
U138 8-Stage Shift-Store Register, MC14094 2/D2 1C-251
U139 8-Stage Shift-Store Register, MC14049 2/D3 IC-251
U140 8-Stage Shift-Store Register, MC14049 2/D5 IC-251
U4 Darlington Transistor Array, ULN5003A 2/E4 IC-206
VRI01 | Diode, Zener, 6.3V 3/E5 DZ-58
VR102 | Diode, Zener, 6.3V 3/E5 1)Z-58
VRI03 | Diode, Zener, 4.3V 1/C3 DZ7-63
VR104 | Diode, Zener, 6.2V 1/Fa DZ-21
VR105 | Diode, Zener, 8,2V 1/F3 DZ-61
VR106 | Diode, Voltage Regulator 2iG5 DZ-33
Y101 Crystal, 3.84MHz 4/A4 CR-13

7-20







REPLACEABLE PARTS

ol Jecorne|  mEwe G101

ENO

A lioz3l [RELEASED

‘‘‘‘‘

#0436

/0518

(213

6 0S]

Vo2

ord

1085

AT

56

L)
IRPFEEE R ;—

193
P25t

Y

§ 550D *.—’ff“ - <:a§déb\'k,_f]-

-
_

3z b
X

N (Um | “ o [] s ul L ; | T ,,4,

Figure 7-6. Analog Board, Component Location Drawing, Dwg. No. 193-120

7-22



REPLACEABLE PARTS

rA0I IOV A | B i c | ) v E F = | "
pros ey preves v o e | oot
LN-CE || pemeemeeseen— 0145 REFERENCE RESISTORS —————————— o b
| - - - B V0562 | tor Mer EO7 7 3
1R -|6 + * * (3] [ 7 {005 | <oz Pz 2 0 d =
0 |iCeadiemof 25 iRy ook,
A E (1159t wlas 1.7 RLEEFEI NG | &t-aad
* lcownecTen 0 1
SMITCH
1930 OR 1935 IF AEAD FRONT/REAR
193 NOT INSTALLED, I—'
CONNECTED TO O
1931 IF 1931 ggséw:iﬁ [Nt
INSTALLED. [
RITS R g X -
1. M K i |
TO 1536 | |
2 JIO3F  HO3Z i 2
Dlwiaa el |1 i o amA—— A T T T — — e — e —— —— L T T e — = = — -
r —_———
!
l RI78
- : | 160K |
|
——
o
Mﬂm\_ﬁ o
REC ® RED & | 7] T
3 Vg&;éj J\OC:? Loz | ) 2
L W o1 mPu} B#Fggn
RED @ RE —18v RIS ZONE SEPAIE 3 {PLGE 3, ZONE D2
41008 | RITT '
. 439K
| 150K K 10 BOOTSTRAP
“OMMON
IPALE 3 ZONE 43
M oums e—
SENSE
W JREMR (TY®L.__ b —F-———-
RS9
4 4
OHMS
SENSE
Lo
5L ONVEOSENEHL
e’ T [
0
.
Gha’ el
Lo ~IB7K .
il 1M
s o) .
|
|
L ey 270N H
AMES b e e FROH RE e 026
€ &
—————— T
: NaTxw . | vt o7 Ayt <] QT
- m [olne
: e T
: T - e g e Dmaaen R S IR Y ) SOHEMATIC
: b ey T il B0y
Pt S, - R e — et
! O T L == - lel 33 - 126
A tew s ] rEv O B ] C ! D ? E ] <3 ] H FALE TR 4

Figure 7-7. Analog Board, Schematic Diagram, Dwg. No. 193-126
(sheet 1 of 4)

7-23/7-24



REPLACEABLE PARTS

c0TI A B c | D ¥ € | F | e | b
@1-081 P ——— FET DRVE SEN zove [ L [ecomo wvmion ens [ Date
44 P SERUAL TO PARALLEL CONVERSION mummmy ¥ +av IR T —
5n8 g Z00mv,2v I3 UHOD £ TEE A0 IS Wi A2,
‘ Y () ) o
| OTO PIN2 \UI2IA, PRGE 4, ZONE AD e Noww - GE-3AK OB E 008 2
| OT0 PN 14 US| ANGE 4, Z0NE 05 [T Uo7 2oy zERgl e, | MIOC & | isus | v 5o crzmraewer ol % |, oo
UR? e 12 L{T0 PIN L1 UILSA, RAGE 4, 20NE A2 SEL 4B )L@ b #5552 2o i Srmar] o
K Ve TO PINE LIZTE, FAGE 3, ZNE 2 Bt A 1
Q Te uiore 1000V | 7r,. X108 e ¥ et imapeeciioel I
> oK Q. p "é!>—© flows £ 881371 206 w5820
+av ‘; Pyt TO PINIO, UR3I B, PAGE 4, ZONE F2 ) At B8 Saok FECUREREIS
1 erg %’; READ SWITCH U '070 PRECHARGE] 5p. , 1ICA Rooen ¢ 2 03
g 1 4
R:Ed al L S ' 4 12 K208 wits £-7-B2K, low E
7 o—-'50u‘rpu'r0.6 ‘ | a5y -3V £ | roeas f’ﬁi“?&ﬁf’b’ii‘%&‘éﬂa £ienat—
RIO3 +5v  |ENABLE L0 ¢ TQ PINSUIZTC,PAGE 8,20NE D o+ o R2iZ £2i3 K214, i34 L, | 2
VY 8 Q| "‘ 116 PINDII9C PACE 4, TONE E4 5. _UIOBA NREF HY 1l yib £ i3, £ 194G =
‘ ﬁﬁ ® 10, O 10854 |SEF Po. ) Joep os icca [PF
% o : o ; RS,
500V +5v +5 < uIoRe SIGNAL (R
I1SOLATION S [ 7 F ,_é
WPD20 = 4»@—0 i
i [=
¢ uing
2 SINGLE TURN | 1o CLXK 'VDD élo ' 5 4“ gy | tip 2
THRU T302 | 2 PuB e |2 - i
RiCI [ !
! &t i - | Mo 4 X0 ; S o' 5 ASENSE L0} B o !
| R N | R £ | 3 3 L
NECE 0—1 K Gg : < ey 1 T
j | 120968 Q. 7 ’ L 2o
—] - TURRENT | LIp3 ;
I 5B G 14 2on O UBIC PING th a8
Gy 1BAGE 3 ZONE £ (i
l oLBlouteuT o 13 200K Mo L |1e] & 3 unzc
a - {! z g o~ |q
| ! +5v JERABLE °lI2 ou ‘ L >la 8 NC
| ! 8 ’ 12 22 7 L3128
| ! ‘ Be  oal! ! 1*‘61>~c
! 3 : 3
3 | P2 RIS i sy ] ‘ K A g < : S p UER
A — : N NC
| 100 | o i M 6 1 )
SINGLE TURN \ \ i 5 ! 2
THRU 7303 | RICS : Wh e 1o il b | _E_ZN R omy
i +3v
| 7 3 Voo LA g ‘ ‘ S5 200V L, SENSE HI ”E 3; :U"J*U
> CLK 6 i e
! 140G48 &2 € ‘ 1 li3a
' s iz % |l 1 20m 52
| 0K APREF LD ! \ESE
| Ll ila PRECHARGE 9 -8
| +3v [Enasle el oo 2ERO b I
8 v I} CIVIDER % JI13C
4 | 55 Qgp-- é 8 4
P 2 N4
| f i g [ e
| Jirmozz { + BV
| ! +5V .
| l e (f 7 . LIAB
SINGLE TURN STRORE O e o e “C
— THRY T304 i & —
| Vo, DAL RI26
l Voo PG, |6 ac Aoy
2 4
| Shok Q= = 1 i
N Oy PR N
} STE Gal—ne T ' .
- | afs — Y s, I
s a3l et Q;_.W#—‘M Ed ‘ =]
+.;’ ENABLE O.;—IE +§,') | @
F 4 Lo '
fwe e
: . 4 g
T e gL
T (LR \LE | —
2 o it eomtips] TPL \
i
T BaTE L] . e 7 \ v !
2om: g5 OT 7 N g L
. N e
o i - PV Y] L I i
\(. P(N‘CN: - (81 3 ;3- WO FRGE
u B A 470?‘}1’#”9%% 6 T‘g [?‘{"ELNE ce T Y R
: e A u e Ao I s T SOHEMATIC
H OIS TA . BLART ER] Algv m_.—.—_- _ - ,..,:vj",: ;‘:‘;&.\_l-\_{fn_m ] -
k e e e e p | 193-126
A e s | Aty o 8 I C I 4] $ E ] F ] I} ] H PAGE 2CF4

Figure 7-7. Analog Board, Schematic Diagram, Dwg. No. 193-126
(sheet 2 of 4)

7-25/7-26



REPLACEABI.E PARTS

Y

rH0CIOVd A b v E | c 8 | H
zonet [ e Jeco no REVISION Jeve | pate
92I-¢6| °”l A P35
B Yawce Ses PUSE 2O -
£ 170u05| See ¥ 4%
fa) tb% SEE P/ S
£ |5 HE 4T o
1
+vg
alery |
—
Qi
RI2I RIZE
13K 13K
RI13
15K § v 2
44
o o Sy
TO AI193,PINZC— o
(FAGE [ ZONE A2) I i
EEY
QTCAD INPUT, Rl
RET (PLGE4,Z0NE G1)
12K
ui3ic B
MaToweD sET 3
Vg
U138 PING
(PAGE 2ZONE E2)
o
F EOOTST;,’_P SUPPLY%
4
[ e ——ORIST, PIN 16
HPAGE 1, ZONE R
15
+ov
Rffﬂ« v
*HS5V
0 RISE sy I
tPAGE 3,ZONE F 4y A i 5
WATCHEC I e W. .
SET 253K /
I p—
i :
+2.0v REF O | th
10 R212 : T =
CPAGE 5 TONE T Rital  REF !
el T RIE. !
15 ] o |
| [
! o
TR OO T 5
LW G
v B R St nh 8 Jre T RA A e e T STHERATIC
LT R M_:&& }r"“-&ﬂ!ﬂi aneL sl BOERD
1 etes .:-:’t _“'-:9,. - ::-m__ ——— ID ].—‘ 18326
A s l Aty o ] C * 3 I F [ G ] r PAGE2OFS

Figure 7-7. Analog Board, Schematic Diagram, Dwg. No. 193-126

(sheet 3 of 4)

7-27/7-28



0€-L/62-L

(v J0 v 109ys)
9ZI-£61 'ON ‘BmQ ‘wesbeig onewayss ‘preog bojeuy 22 ainbiy

40100 101 vy e

L]

P4Ce 39%d H _ _ 3 * Q » o _ [ a >_..—, nitst wL v
- | e — a3y ) IR 62 1Y D] weo [ OND z20 [ 280ir 1014
% -ee —ﬁ_ e v v in ™ .# i1 | S -io0d STelin T porg [ 20M [ 2015 0L | SR
R R e . T o S i ] @9t ooio] con] o] sew | zmo
o i | | AR AN o e b MORRI ) 3 imia $I10NIQ bv L] 210 cors | e | oan soro !l pZiy | 60D KA IPiN | 90A | vO@3
R ]
= G TMONAL} Tywir, §3LOMICQ AV v gisn (oM aisn SNOLYNDISIO
° SNOILYNDISIAA DILYWIHIS JILYWIHIS LSIHDIH
AL PR I PRIE LI T FTRE Bt A T NOILISOJ INA NOLLNSHSNJ e et i
NCTLS Td 0D Ak, JHL NI MMONME JWY SINILIME NOLINEHSNd 1Y €
NOMMGH, InT SIRI0MS WGLIDHHSg Y e (SAYMYIOTe 49) QINNYW ITIMEIHLO SSITNN
10WLND] 1INYd INONYI SILONIQ O L] SAYNYAQWIIN Ml MY SINIYA NOLIZYVLYD 1Y Z
INTYA QRLI33IB ABOLIWL $ILONIO ¢ (SWHODIN W "SIMHOTIN W) INUVI ISIMYTHLO
ANiQd 1834 BILONIQ |0!;t L] SEIINN SWHO NI WY SINTVA MOLSISIH MY L
] FHAON w7 — $1108
F 35w NIL Y
o.mﬁ K3 3N0Z'E 3vg
2 L A, o
= "y =
S M 4
H 4| il uno,ﬂﬂ \ru/
ANNCD
2N
O od:
— el X,
A 3 o
o !
L MG
= RGH,%@_% R+
v THN bEE
#ge
=)+
LS
N , 2 2t SO T ¢ as }
— B0 O & 203N0Z'2 39V
ELake on LEIMINIG OL
g12in —
NN& 921 VOB size | =l b
o NOWY 15T WLIDC 0L WHOJ 3 AvM 3NV IVE ITHYHO N o 10 INOZ
g %8% [Z1] aa- AGCS SINPGT /% (2099611 A . w W ° 19] ]Nwmmuw:
€ v % i . #3566 T&mrmluz % _,mw Om__u NGILYHOZING 1 + H Y +
I 1209-961) 7 ni i + . NIENC(AG SHDIH F vIZIN
_ EBLL ggaen, TIHET g Ty T aB WA A
O . i) b e Strid VT T
AG+ GuvO8 Teli9id wind ! QL ¥* Gl 8zzin ey
1L HENOBHLIIC o 1 | Ligy w b e+ TR0 1o +
NEL 3TINIS | : =T v o
Gl | Hd
% €1 ..W.M/w\tn@_mﬂr@‘ o T migon
— v ! By o LA e 20
CAREIN el SHINQ YOI HIIH T [2)
F—aN IG 3NCZ'Z 30V \\ wen 4 v_r|| a o OF Mg &
s ot o' Nl GL 01— veain L - . T2 g &
=20 AQH LEIN i Nl S 10307 ¢ 33w 3] q_ o aozn
g Hid
agzm M ig—ON IMn+ 20 3NQZ'? 3% VOEI
gkd ZHI) 7 Agl— IR NS )
z [T €1 g ACI £
Sl ,U_a ™ P W2 ] X A+ o1
gieln 010 261y
&2 W % &
EN%& a 2 as mm_u A id
* ! 010 4928 751~ o
S T, Ry afIT ik mu,_w
— o] = i . oo Oean
- x5 120656 T %00-961) ~Jprow W e 2.
& 1€4 INGZ'E 9V &l <l 2| s2io e A At
IS Nl 01O gl sm,_: At - e L0dL00 T A mugutuo&t”na“ e 240001
s OZ HOIFHIILNT et pdl 5 34075 TyMiz
o H>B., mwa 1514 o@_.a )| o H. NIHMADI MO 5309
. Y N Gy —r 1 SIEE] nm_onﬁ 1 __ul_ % g
Sl
- _R“W“rhﬁw.. M..M.wk Ty - Aw +§ F 1S+ MOI
o e e AR OG-
£5.57 & b X 375} SO9ed T m’%_ Gt QN_U St
o e g \— S:m&,coml =
750 AV — 3d01S TNt .
[ava fea] [r—— e o3| s | ez HOLYYS3INT 3—125
H [ =) r 3 + a _ o _ a | v PACE4OF4

S1HVd 3719v30VId3Y



REPLACEABLE PARTS

Table 7-4. Model 1930, Parts List

Circuit Schematic | Keithley
Desig. | Description Location | Part No.
C401 Capacitor, 0.05F, 1000V, Metal Polystyrene A4 C-285-05
C402 Capacitor, 0.25pk-1 . 5pE 2000V, Trimmer C3 C-343
C403 | Capacitor, 1.0xF 50V, Aluminum Electrolytic B3 C-325-1.0
C404 Capacitor, 1.0xF, 50V, Aluminum Electrolytic B4 C-3251.0
C405 Capacitor, 330¥ * 500V, Polystyrene Cl C-138-330p
C406 Capacitor, 302p , 500V, Mica C2 C-236-30p
C407 Capacitor, 0. SeF-l.SPF, 2000V, Trimmer C3 C-216
C408 Capacitor, 1.2pE 50V, Metalized Polycarbonate Fd C-335-1.2
C409 Capacitor, 1.0uF. 50V, Metalized Polycarbonate F5 C-335140
C410 Capacitor, 1.0xF, 50V, Metalized Polycarbonate F5 C-335-1.0
C411 Capacitor, 33pE 500V, Mica D4 C-236-33p
C412 Capacitor, 6.8pF 50V, Tubular Ceramic D4 C-282-68p
C413 Capacitor, 0.25pF-1.5pF, 2000V, Trimmer B4 C-413
C414 Capacitor, 0.75pE, 50V, Tubular Ceramic B4 C-282-75p
CR401 | Diode, Silicon B2 RF-28
CR402 | Diode, Silicon BS RF-28
CR403 | Dode, Silicon C5 RF-28
K401 Relay RL-49
P1023 Connector, Female, 12 pin A2,G2 (5-337-12
P1024 | Connector, Female, Lug A5 LU-90
1025 Connector, Female, Lug G5 LU-90
Q401 Transistor, PNP B2 TG-84
Q402 Transistor, N-Channel, JFET, 2N4392 D2 TG-128
Q403 Transistor, N-Channel, JFET, 2N4392 E2 TG77
Q404 Transistor, N-Channel, JFET, 2N4392 D2 TG-128
Q405 Transistor, N-Channel, JFET, Selected 2N4392 E2 TG77
Q406 Transistor, N-Channel, JFET, 2N4392 D3 TG-128

407 Transistor, N-Channel, JFET, Selected 2N4392 E3 TG77

408 Transsitor, Dual FET C4 TG-118
R401 Resistor, 1k, 1%, %W, Metal Film B4 R-307-1k
R4(2 Resistor, 1k, 1%, “W, Metal Film B4 R-307-1k
R403 Resistor, 2M%, 0.5%, 1W, Metal Film B4 R-303-2M
R404 Resistor, Pot, 1009, 10%, %W C2 RP-89-100
R405 Resistor, Pot, 1k2, 10%, %W C2 RP-89-1k
R406 Resistor, Pot, 10k, 10%, %W C3 RPP-89-10k
R407 Resistor, Pot, 1k§}, 10%, %W o F5 RP-89-1k
R408 Resistor, 2.12kQ, 0.5%, %W, Metal Film C2 R-246-2.12k
R409 Resistor, 19.6k%, 0.5%, %W, Metal Film C2 R-246-19.6k
R410 Resistor, 217k, 0.5%, %W, Metal Film C3 R-246-217k
R411 Resistor, Pot, 100k, 10%, %W D5 RP-89-100k
R412 Resistor, TMQ, 10%, %W, Composition D2 R76-1M
R413 Resistor, 10kQ, 5%, 4 W, Composition D2 R-76-10k
R414 Resistor, 10k{}, 5%, W, Composition D3 R76-10k
R415 Resistor, 1M, 10%, %W, Composition D3 R76-IM
R416 Resistor, 10k}, 5%, %W, Composition D3 R-76-10k
R417 Resistor, IMQ, 10%, 4 W, Composition D3 R76-1M
R418 Resistor, 2M(1, 0.5%, %W, Metal Film C4 R-246-2.0M
R419 Resistor, 3.65k{l, 1%, %W, Composition D4 R-88-3.65k
R420 Resistor, 24k}, 5%, 4W, Composition F5 R-76-24k
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REPLACEABLE PARTS

Table 7-4. Model 1930, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location | Part No.
R421 Resistor, 100k, 1%, W, Composition F2 R-88-100k
R422 Resistor, 220, 5%, W, Composition G2 R76-22
R423 Resistor, 2.2k, 5%, %W, Composition F4 R76-2.2k
R424 Resistor, 3.3k, 5%, %W, Composition G4 R76-3.3k
R425 Resistor, 2.2k}, 5%, %W, Composition A2 R76-2,2k
R426 Resistor, Pot, 100k, 10%, -2W F2 RP-111-100k
R427 Resistor, 2.2k{},5%, %W, Composition 5 R76-2.2k
R428 Resistor, 4998, 1%, W, Composition E5 R-88-499
R429 Resistor, 56.2k, 0.5%, W, Metal Film C4 R-246-56.2k
R430 Resistor, 56,2k, 0.5%, LW, Metal Film C4 R-246-56.2k
R431 Resistor, 44.2k?, 1%, %W, Composition Ch R-88-44.2k
R432 Resistor, 100k, 5%, %W, Composition Ch R-76-100k
R433 Resistor, 1699, 1%, %W, Composition C5 R-88-169
Rd434 Resistor, 33k{l, 5%, 4W, Composition D4 R76-33k
R435 Resistor, 100, 5%, %W, Composition A3 R76-10
R436 Resistor, 10Q, 5%, %W, Composition A3 R76-10
U401 Monolithic JFET Input Op Am D4 1C-152
U402 Voltage Quad Comparator, LM339 E3 1C-219
U403 TRMS5-to-DC Converter F5 I1C-305
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Figure 7-9. Model 1930, Schematic Diagram, Dwg. No. 1930-106







REPLACEABLE PARTS

Table 7-5. Model 1931, Parts List

Circuit Schematic | Keithley
Desig. | Description Location | Part No.
Cln Capacitor, 10uF 25V, Aluminum Electrolytic E2 C-314-10
C102 Capacitor, 10uF, 25V, Aluminum Electrolytic E2 C-314-10
C103 Capacitor, 10pF, 25V, Aluminum Electrolytic C1 C-314-10
Cl104 Capacitor, 0.1uF, 50V, Ceramic Film B2 C-237-.1
CR101 | Rectifier, PE05 B5 RF-48
CR102 | Recitifer, Silicon, MR501 Bé RE-34
CR103 | Rectitier, Silicon, PK0 G2 RF-46

J1024 Contact Pin El 5-357
K101 Relay, 5V D2 RL-73

K102 Relay, 5V N3 RL73 !
K103 Relay, 5V D3 RL-59 ;
K104 Relay, 5V D4 RL-50 }
K105 Relay, 5V D5 RL-49

K106 Relay, 5V E1 RL-69

K17 Relay, 5V E1 RL-69
P1025 | Connector, Female, lug El LU-90
P1026 Connector, Female, 12 pin A2 CS5-337-12
1027 Connector, Female, lug B5 LU-90
P1028 Connector, Female, lug B6 LU-90
P1029 Connector, Female, lug Ab LU-90

R101 Resistor, (.18, 0.1%, 7.5W, Wirewound E5 R-262-0.1
R102 Resistor, 0.8980Q, 0.1%, 5W, Wirewound E5 R-310-.898
R103 Resistor, 99 E4 R-252-9
R104 Resistor, 9002, 0.1%, %W, Metal Film E3 R-169-90
R105 Resistor, 9002, 0.1%, %W, Metal Film E2 R-168-900
R106 Resistor, 1.005kQ, 0.1%, %W, Metal Film F3 R-263-1.005k
R107 Resistor, 8,95k{}, 0.1%, %oW, Metal Film F3 R-263-8.95k
R108 Resistor, 10k{2, 10%, 2W, Composition F2 R-3-10k
Ul01 Darlington Transistor Array, ULN2003A Sev 1C-206
uin2 Operational Amp., JFET E2 1C-342
U103 8 Stage Shift/Store Register, MC14094BCP B3 IC-251
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Figure 7-10. Model 1931, Component Location Drawing, Dwg. No. 1931-100
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Figure 7-11. Model 1931, Schematic Diagram, Dwg. No. 1931-106
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Table 7-6. Model 193A Mechanical Parts List

Keithley
Quantity | Description Part No.
2 Side Panel Assembl 193-310
2 Front Bezel Assembly 228-303
1 Front Panel 193-302
1 Front Panel Overlay 193A-303
1 Window 193-327
4 Banana Jacks (Black) BJ-12-0
4 Banana Jacks (Red) BJ-12-2
2 Banana Jacks (White BJ-12-9
8 LED Mounts (For Pilot Lights) MK-22-1 !
3 Pushbuttons (Range) 228-3174 ’
6 Pushbuttons (Function) 228-317-5 :
4 Pushbuttons (Modifier) 228-317-6
7 Pushbuttons (Control and Local) 228-3177
1 Pushbutton (Power) 29465-3
1 Pushbutton gIn ut) 29465-2
4 Supports {For Display Board) 228-318
1 Rear Panel Assemgly 193A-305
2 BNC Connectors (C5-249
3 Mounting Rails 228-319
2 Fuse Holders FH-21
2 Fuse Carriers FH-25
1 Fuse Carrier (European, Current) FH-26
1 Heat Sink (for VR301) Fi5-21
1 Heat Sink H5-22
1 Shield (Mother Board) 193-312
6 Fasteners (Mother Board) FA-167-3
6 Screws, Self Tapping (Mother Board) FA-166-1
4 Hole Plugs iAna og Board) HP-22
1 Shield (Analog Board, Top) 193-316
4 Fastener Clips gSecures Analog Board Shield) FA-99
1 Shield Assembly (Analog Board, Bottom) 193-171
5 Fasteners (Analog Board FA-167-5
5 Screws, Self Tapping (Analog Board) FA-166-1
1 Top Cover 228-312
1 Bottom Cover 228-313
2 Feet (Rear) 706-316
2 Feet (Front Assembly) ;’%_gg
2 Decorative Strips (To -
2 Decorative Strigs }Bo@om}? a2 - 222D 193-323
1 Line Cord CO7

Note: Some of these parts are shown in Figure 6-12,
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INSTRUMENTS
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.

OlIntermittent [CJAnalog output follows display [JParticular range or function bad; specify

ClIEEE failure OObvious problem on power-up [JBatteries and fuses are OK
CJFront panel operational CJAll ranges or functions are bad  [JChecked all cables

Display or cutput (circle one)

ODrifts OUnable to zero
[Unstable [(JWill not read applied input
COverload

[Calibration only CJC of C 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 turmned on or not).

Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

‘What power line voltage is used? Ambient Temperature?

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 on this service form.
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