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SAFETY PRECAUTIONS

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

This instrument is intended for use by qualified personnel who recognize shock hazards and are tamiliar
with the safety precautions required to avoid possible injury. Read over the manual carefully betore 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,.

Inspect 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.

Da 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 (54 Digits)** TEMPERATURE
MAXIMUM + (%rdg + counts) COEFFICIENT ANALOG
READING RESOLUTION  [NpuT 24 Hr, 90 Days, 1Yr., +(rdg+counts)*C SETTLING
RANGE (5% Digits) 6% 5%  RESISTANCE 23°+1°C  23°+5°C 23" 45°C 0°-18°C & 28 °'-50°C  TIME***
200mV  219.999mV 100 nV 1 pxV >1G0 0.003+2*  0.005+2*  0.008+2* 0.0003 + 1 <2ms
20V 219999 Vo 1aV o 104V >1G0 0.002 +1 0.005 +2 0.007 + 2 0.0003+ 0.1 < lms
20 V219999 V10 x4V 100 pV 10ME 0.003+1 0.007 + 1 0.009+3 0.0007 +0.1 < Ims
200 V219999 V100V ImV 10MQ 0.003 + 1 0.007 + 1 0,009 + 3 0.0007 + (.1 < Ims
1000 V100000 V. 1mV  10mV 10MQ 0.004 + 1 0.007 + 1 0.009+5 0.0007 + .1 < 1ms

*When properly zeroed.  **Multiply digit error by 10 for 6'%-digit accuracy. ***To 0.01% of step change.

NMRR: Greater than 60dB at 50 or 60Hz. MAXIMUM MEASUREMENT RATES (into internal
CMRR: Greater than 120dB at dc and 50 or 60Hz memory, filter and multiplex off):

{with 1kQ in either lead). 3'2 Digit  4'2 Digit  5'2 Digit ' Digit
MAXIMUM ALLOWABLE INPUT: 1000V peak. 1000 rdg/s 333 rdgis 25 rdgs 25 rdys

TRMS AC VOLTS (Option 1930)

MAXIMUM ACCURACY (52 Digitsy***
READING RESOLUTION .. ibrdgtrcounts) 1 Year, 18 -28 C _
RANGE (542 Digits) 62 L1 20Hz-50Hz* 50Hz-10kHz* l(]kHz-ZQl_(HZ_* o _2_(_)!\([_[_2._:1_0(!51]_1"
2V 2.19999V Tuv 10 pV T+100 0.25+ 100 (1.35+ 300 | 300
20V 21,9999V 10 uV 100 pV 1+ 1(%) 0.25+ 100 .35+ 30 ] + 500}
200V 219,999V 100 uV mv 1+ 100 0.25+ 100 .35+ 300 1 + 500
700V 700.00 V TmV 10mV 1+100 0.35+ 100 0.5 +300 [+ 500

*Above 2000 counts. **Above 20000 counts; 3% +500 typical below 20000, ***Multiply digit error by 10 for 6'2-digit accuracy

RESPONSE: True root mean square, ac or ac+dc. 3dB BANDWIDTH: 500kltiz tvpical.
CREST FACTOR: Rated accuracy to 3. Specified for  CMRR: Greater than 60dB at 50 and 60Hz (1k2 un-
pulse widths > 10us, peak voltage <1.36 x full scale. balance).
AC+DC: Add 60 counts to specified accuracy. dBV (Ref. = 1V):  ACCURACY :dBV
MAXIMUM INPUT: 1000V peak ac+dc, 2x107VeHz, _ o !Year18-28C |
SETTLING TIME: 0.5s to within 0.1% of change in __ INPUT = 20H2-20kHz 20kHz-100kHz RESOLUTION |
reading. ~14 to +57dBV :
INPUT IMPEDANCE: 1M shunted by less than 120pF.  (200mV to 700V rms) 0.2 0.4 0.01dBV
TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C): —34 1o —14dBV !
Less than +(0.1xapplicable accuracy specification)/*C (20mV to 200mV} 1.3 3 0 G1dByY :
below 50kHz; (0.2x) for 50kHz to 100kHz. *Typical
LOW FREQUENCY
AC VOLTS ACCURACY (1 Year) !
(32 Digits) i
+ {%ordg + counts) RESPONSE: True root mean square, ac+dc. ,
RANGE RESOLUTION 18°-28°C BANDWIDTH: 0.1 to 10Hz. :
200mV 100 uV 2+3
2V TmV 243
20V 10mV 2+3
200V 100mV 2+3

700 V 1V 243




OHMS

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

CONFIGURATION: Automatic 2- or 4-terminal.

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

ACCURACY (52 Digits)*** TEMPERATURE
MAXIMUM CURRENT + (%rdg +counts) COEFFICIENT
READING RESOLUTION THROUGH 24 Hr., 90 Days, 1 Yr., + (%rdg + counts)/°C
RANGE (542 Digits) 6/ 51/ UNKNOWN  23°1+1°C 23°+5°C 23° +5°C 0°18°C & 28°-50°C
200 9 219.999 Q 100 10 1m TmA 0.0035+2*  0.007+2* 0.010+2* 0.001+0.7
2 k{2 2.19999 k() 1mf 10mQ ImA 0.0035+2 0.007 +2 0.010+2 0.001+0.1
20 k@ 21.9999 k0 10mQ 100m{} 100 pA 0.0035+2 0.007+2 0.010+2 0.001+0.1
200 k9 219.999 k0 100m8 11 10 pA 0.0035+2 0.007 +2 0.010+2 0.001+0.1
2MGQ 2.19999M 1 0 10 Q 1pA 0.005 +2 0.010+2 0.010+2 0.001+0.1
20MG 21.9999M 0 10 Q 100 100 nA 0.040 +2 0.070+2 0.070+2 0.010+0.1
200M 219.999MQ 100 Q 1 kG 100 nA*> 3.2 +2 32 +2 32 +2 0,230+ 0.1

***4-terminal accuracy 2002-20k range. Multiply digit error by 10 for 6%d accuracy.

MAXIMUM OPEN CIRCUIT VOILTAGE: -7V,

DC AMPS (Option 1931)

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

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

RANGE (5" Digits) 18228°C 0218°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 TpA 0.09+10 0.01+0.5
2 A 10pA 0.09+10 0.01+0.5

L.

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

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

TRMS AC AMPS (Options 1930 and 1931)

ACCURACY*
45Hz to 10kHz
(52 Digits) TEMPERATURE
RESO- (1 Year) COEFFICIENT
LUTION +(%rdg+counts) = (%rdg+counts)/°C

RANGE (5Y: Digits) 18228°C 218°C & 2850°C
200 pA InA 0.6+ 300 0.04+10
2mA 10nA 0.6+300 0.04+10
20mA 100nA 0.6+300 0.04+10
200mA 1A 0.6+300 0.04+10
2 A 10pA 0.6+300 0.04+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. = TmA):

ACCURACY +dB
1 Year, 18°-28°C

INPUT 45Hz-10kHz RESOLUTION
—34 to +66dB
20pA to 2A 0.3 0.01dB
-54 to —34dB
2pA to 204A 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 0 to +1768°C 1 °C +3 *C
S 0 to +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-
moecouple 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%+
01° 0.36°

cooep OOTF $0.36°F 0.01 °F)/°C

*Excluding probe errors.

RTD TYPE: 1002 platinum; DIN 43 760 or IPTS-68, alpha
0.00385 or 0.00392, 4-wire.

MAXIMUM LEAD RESISTANCE (each lead): 4-wire,
10Q.

SENSOR CURRENT: ImA

COMMON MODE REJECTION: Less than 0.005°C/V at
de, 50Hz and 60Hz (1009 unbalance, LO driven).

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

IEEE-488 BUS IMPLEMENTATION

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

Uniline Commands: [FC, REN, EQOI, SRQ, ATN.

Interface Functions: SH1, AH1, TEQ, L4, LEOQ, SR1, RL1,
PPF0, DC1, DT1, C0, E1.

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

GENERAL

DISPLAY: 14, {1.5-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: 300V max., 5x{PVstz; greater than 100Q
paralleled by 400pF.

DATA MEMORY: 1 to 500 locations, programmable.
Measurement intervals selectable Tms to 999,999sec or
triggered.

BENCH READING RATE: 5 readings’sec, except 20Mf);
200MQ range 2 readings/sec.

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

FILTER: Weighted average (expanential). Programmable
weighting: 1 to 4,
WARMUP: 1 hour to rated accuracy.

OPERATING ENVIRONMENT: (0 -50°C, 0% to 80%
relative humidity up to 35°C; linearly derate 3%
RH/?C, 357C to 50°C (except 200ME! range: 0% to 60%
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. Digital: 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
Model 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 Cable, 1m
Model 7007-2: Shielded IEEE-488 Cable, 2m
Model 7008-3: IEEE-488 Cable, 3 ft. (0.9m)
Model 7008-6: IEEE-488 Cable, 6 ft. (1.8m)

Specifications subject to change without notice.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Keithley Model 193 System DMM, with the TRMS AC
Volt and Current options installed, is a six function
autoranging digital multimeter. At 6% digit resolution, the
LED display can display £2,200,000 counts. The range of
this analog-to-digital (Af[3) converter is greater than the
normal +1,999,999 count A/D converter used in many 64
digit DMMs. The built-in IEEE-488 interface makes the in-
strument fully programmable over the [EEE-488 bus. With
the TRMS ACY optien and the Current option installed,
the Maodel 193 can make the tollowing basic
measurements:

. DC voltage measurements from 1000V to 1000V,

. Resistance measurements from 100ufl to 200M82.
RTD temperature measurements from -100-C to 6307C.
TRMS AC voltage measurements from 1uV to 700V,
DC current measurements from InA 1o 2A.

. TRMS AC current measurements from InA to 2A.

W=

o e

In addition to the above mentioned measurement
capabilities, the Model 193 can make dB and TRMS AC
+ DC measurements.

1.2 FEATURES

Some important Model 193 features include:

* 14 Character Alphanumeric Display—FEasy to read 14
segment LEDs used for readings and front panel
Messages.

¢ High Speed Measurement Rate—1000 readings per
second.

¢ Zero—Used to cancel offsets or establish basclines. A
zevo value can be programmed from the front panel or
over the 1EEE-488 bus.

* Filter—The weighted average digital filter can be set for
1 to 99 readings from the front panel or over the bus.

s 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 cither the front panel or over the bus,

* User Programmable Default Conditions—Any instru-
ment measurement configuration can be established as

the power-up default conditions.

s Translator Software--User defined words can be used
to replace standard command strings over the [EFE-488
bus.

* Thermocouple (TC) temperature measurements can be
made over the IEEL-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 applicabons
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 193,

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

The ”mn the instrument denotes that a potential ot
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.
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1.6 SPECIFICATIONS

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

1.7 INSPECTION

The Model 193 System DMM was carefully inspected, both
electrically and mechanically before shipment. After un-
packing all items from the shipping carton, check for any
obvious signs of physical damage that may have occurred
during transit. Report any damage to the shipping agent.
Retain and use the original packing materials in case
reshipment is necessary. The following items are shipped
with every Model 193 order:

Model 193 System DMM

Model 193 Instruction Manual
Safety Shrouded Test Leads
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 193 MANUAL

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

* Section 1 contains general information about the Model
193 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 193 to the IEEE-488 bus and program operating
modes and functions from a controller.

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

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

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

* Section 7 contains replaceable parts information.

1.9 GETTING STARTED

The Model 193 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 193 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 supplicd safety shrouded test leads to the
front panel VOLIS 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
2,71 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
respectively. 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 seiection 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 sclected the
following general rules will apply:

1. A displayed program cendition can be entered by press-
ing the ENTER button.

2. Program conditions that prompt the user with a flashing
digit can be modified using the data buttons (0 through
9 and +) and the cursor control buttons (manual range
buttons).

3. Programs that contain alternate conditions can be
displayed by pressing one 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 program can be exited at any time and thus not ex-
ecuted, by pressing the RESET button.

“aragraph 2.8 provides the detailed information for using
the front panel programs,

1.10 ACCESSORIES

The following accessories are available to enhance the
Model 1935, capabilities.

Model 1301 Temperature Probe—The Model 1301 is a rug-
ged low cost temperature probe designed to allow tem-
perature measurements from -55 to 150-C.

Model 16008 High Voltage Probe—The Model 16008 ex-
tends 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.

Maodel 1651 50-Ampere Current Shunt—The Model 1651 is
an external 0.001Q +1% 4-terminal shunt, which permits
current measurements from ( 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
measurcments from 100kHz to 260MHz. AC to DC transtfer
accuracy is +1dB from 100kHz to 250MH2 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 ta 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—This test lead set is supplied
with every Model 193. Finger guards and shrouded banana
plugs help minimize the chance of making contact with
live circuitry.

Model 1754 Universal Test Lead Kit--The Model 1754 15 a
12 piece test lead kit, with interchangeable plug-in ac-
cessories. Included in the kit is one set of test leads (l-red,
1-black), two spade lugs, two standard banana plugs, two
phone tips (0.06 DIAL), two hooks and miniature alligator
clips (with boots).

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

Model 1931 Current Option--The Model 1931 is a plug-in
current option for the Model 193. 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. Ficld installation requires
recalibration of the Model 193.

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

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

Model 7007 IEEE-488 Shielded Cables—The Model 7007
connects the Model 193 to the IEEE-488 bus using shield-
ed cables to reduce electromagnetic interference (EMI), The
Model 70071 is one meter in length and has a EMI shield-
ed [EEE-488 connector at each end. The Model 7007-2 is
identical to the Model 70071, but is two meters in length.

Model 7008 IEEE-488 Cables—The Model 7008 connects the
Model 193 to the [EEE-488 bus. The Model 7008-3 is 0.9m
(3 ft.) in length and has a standard 1EEE-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 IEEL-488 Interface--The Model 8573 is an
IEEE-488 standard interface designed to interface the IBM
PCor XT computers to Keithley instrumentation over the
IEEE-488 bus. The interface system contains two distine-
tive parts: an interface board containing logic to perform
the necessary hardware functions and the handler soft-
ware {supplied on disk) to perform the required control
functions. These two important facets of the Model 8573
join together to give the IBM advanced capabilitics over
IIEE-488 interfaceable instrumentation,
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SECTION 2
BASIC DMM OPERATION

2.1 INTRODUCTION

Operation of the Model 193 may be divided into two
general categories: front panel operation and [EEE-488 bus
operation. This section contains information necessary to
use the instrument from the front pancl. 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 193 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
factory, 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 2.8.11) 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 193 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 per-
sonal 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). It
RAM or ROM fails, the instrument will lock up. If E?PROM
FAILS, the message “UNCALIBRATED” will be displayed.
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 193 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 i
Resolution 62 Digits
Line Freguency *

tEEE Address *

RTD Alpha Value and scale 0.00392°C
Zero Disabled
Zero Value + Q000000
dB j Disabled

dB Reference Value ™, TmA

AC + DC Disabled
Data Store Disabled
Recali Disabled
Fiiter 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
frequency setting of 60Hz.
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2.2.4 User Programmed Conditions

A unique feature of the Model 193 is that cach 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 af-
fect the unique configuration of each function. However,
the instrument will “forget” the configurations on
P()\;\’L‘l‘*d()\\f’ n.

Certain configurations can be saved by utilizing front panel
Program 9. On power-up, these user saved default con-
ditions will prevail over the factory default conditions.
Also, a DCI. 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 ('rogram 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 193 is shown in Figure
2-1. The following paragraphs describe the various com-
ponents of the front pancl in detail.

2.3.1 Display and Indicators

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

Status Indicators—These three indicators apply to instru-
ment operation over the IEEE-488 bus, The REMOTE in-
dicator shows when the instrument is in the IEEE-488
remote state. The TALK and LISTEN indicators show when
the instrument is in the talk and listen states respectively.
See Section 3 for detailed information on operation over
the bus.

2.3.2 Controls

All front panel controls, except the POWER and 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 1s in the “in”
position,

FUNCTION GROUP—The FUNCTION buttons are used
to seleet 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.

QHMS—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 mcasurements,

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. Sec 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 TEMI? program (sclect 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 Whuttons are used for
manual ranging and the AUTO button is used for
autoranging. 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 func-
tions of these buttons are associated with front panel pro-
gram 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
buttons. The secondary function of this button is to enter
the 4 sign.

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

ZERO—The ZERO button turns on the ZERO indicator
and causes the displayed reading to be subtracted from
subsequent readings. This feature allows for zero correc-
tion 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,
measurements are referenced to 1V or ImA. However, the
dB program may be used to change the reference level.
The secondary 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 in-
dicator 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 pro-
gram (see paragraph 2.8.6). Sce paragraph 2.6.3 for filter
operation. Selecting the FILTER program is one of the
secondary functions 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 op-
tion 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
button are to select the AC + DC program (low frequen-
cy TRMS measurements) and to enter the number 7.

CONTROL GROUP—The CONTRQOL buttons are
features that allow for the control and manipulation of
various aspects of instrument operation. All of these but-
tons, except PRCM, 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. Display resolution of 3%, 4%2, 512 or 6% digits
can be selected for DCV and ACV. Display resolution of
4% or 5% digits can be selected for DCA and ACA. On
QHMS, 314, 4% 5% and 6% digit resolution is available
on the 200Q through 200k ranges. On the 2M and 20MO
ranges, 5% and 62 digits can be selected. On the 200MQ
range, only 5%d resolution is available. The RESOLN but-
ton has no effect on low frequency AC + DC (Program
AC + DC), TEMP or dB measurements. The secondary
function 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 trig-
ger when the data store is active.

STATUS/RESET

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

Software revision level

IEEE address

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

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 1s pressed with the last parameter of
a program displayed, the program will be exited and the
instrument will return to the previous operating state. This
button aborts back to normal operation when it is in une
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 Pro-
gram AC+DC which is treated as a normal measure-
ment function (see STATUS).

Program RESET—Irogram RESET returns the instrument
to the factory default conditions. See paragraph 287 for
information on using this program.

DATA STORE—The DATA STORE button selects the 500
poirt data store mode of operation. Paragraph 2.7 contains
a complete description of data store operation. The secon-
dary function of this butten 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
function 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 avaitable 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
information on operating the instrument over the [EEE-488
bus.

Table 2-2. Front Panel Programs

| Program| Description 3
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/madify number of readings aver-
aged (filter value).
RESET Reset internal conditions to factory
default.
4 MX + B select.
Q0 Save current front panel setup.
91 Recall/modify IEEE address.
a2 Recall/modify line frequency setting
(50/60Hz}).
a3 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.

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

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

OHMS SENSE HI and LO—The OHMS SENSE HI and
LO terminals are used with the VOITS OHMS HI and LO
terminals 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
paragraph 6.3.2 for the current fuse replacement
procedures,

2.4 REAR PANEL FAMILIARIZATION

The rear panel of the Model 193 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 233 contains the description of the input
terminals.

[EEE-488 Connector—This connector is used to connect the
instrument to the IEEE-488 bus. IEEE interface functions
are marked above the connector.

External Trigger Input—This BNC connector is used to ap-
ply pulses to trigger the Model 193 to take one or more
readings, depending on the selected trigger mode.,
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Voltmeter Complete Qutput—This BNC output connec-
tor provides a pulse when the Model 193 has completed
a reading. It is useful for triggering other instrumentation.

2.4.2 Calibration Switch

Calibration of the Modet 193 can only be donc 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 replace-
ment 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 193. Also included is a warning message that in-
dicates to the user that hazardous voltages (40V or more)
are present on the input terminals.

2-5/2-6






OPERATION

4 OHMS VOLTS
KEITHLEY| 193 SYSTEM DMM SENSE OHMS
fr iy 4
(@ A ) ( MODIFIER w CONTROL w @ H @
’_( :_ : : —-: : =— \I/ : |--l --: D LISTEN D
1 — — — ZERO dB TRIGGER STATUS PRGM LOCAL A
\. e
() Ol J O4Jdiy
-
POWER RANGE FUNCTION N ENTER RESET T @ . @
O
OFF ON MAxX
iR - D e ~ 9] - = D D D INPUT "i‘ 250V Max
o I a AUTO DoV ACV OHMS ACA DCA TEMP FILTER AC + DC RECALL DATA STORE  RESOLN M FRONT
+
o oollo oo -0 o0 oo oo DO --0lg O
L w Iy FEAK 700V MAX 350V PEAK 2A MAX 2A MAX J k _) j - REAR
\ 24 250V AMPS
Figure 2-1. Model 193 Front Panel
1
EXTERNAL VOLTMETER LINE VOLTAGE
Hi KEITHLEY TRIGGER COMPLETE SELECTED (INTERNAL}
OHMS vOLTS iDL ML n INPUT GuTPUT 80—10v O 195—235v O @
SENSE OHMS 106=—126v O 210—250v 0
INSTALLED QRTINS
[ 30 TRMS Ay LINE RATING
& 0O 193 aMes IEEE 488 WTERFACE 50—60 Hz AC ONLY
[J 1925 THEAMAL TAMS Al ACDDRESS ENTERLD WITH 40 VA Max
@ @ LEE COMMON FRONT PANEL PROGRAM 91 LINE FUSE
Sony o WARNING: A 2e 5 go.o-. SLOWBLC
WAX NG INTERNAL OPERATOR SERVICEABLE PARTS. 2Isfiedzoaot . 3/BA 9O=125vy
2h0DV MAX SERVICE BY QUALIFIED PERSONNEL ONLY. YIGA 195=280v
= DISCONNECT LINE CORD AND INPUTS BEFORE CALIBRATION
SERVICING . FOR CONTINUED PROTECTION o
@ AMPS AGAINST FIRE HAZARD,REPLACE FUSE WITH

THE SAME TYPE AND RATING.

®

NSle

(L IRe I

30w
| I MaAx I

®

®

Figure 2-2. Model 193 Rear Panel

2-7/2-8



OPERATION

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 posi-
tion and mnemonics define
function and range {2k range
shown). The number cf
characters in the "OVERFLO"
message defines the display
resolution (6% d resolution
shown}.

Trigger received while stil! pro-
cessing reading from last
trigger.

Trying to calibrate with instru-
ment in an improper state.
NOT ACV or ACA | Selecting AC+DC or dB with in-
strument not presently in ACV
or ACA,

OVERFLO KOHM

TRIG-OVERRUN

CONFLICT

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 in-
stalled for ACV measurements, the current option must
be installed 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. Dangerous
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-oft
measurements.

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

Use the following sequence when testing power circuits:

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

2. Attach the test leads to the circuit under test. Use ap-

propriate safety rated leads for this application.

Set the DMM to the proper function and range.

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

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

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

W

WARNING
The maximum common-mode input voltage (the
voltage hetween input LO and chassis ground) is
b00V peak. Exceeding this value may create a
shock hazard.

2.6.1 Warm Up Period

The Model 193 is usable immediately when it is first turned
on. However, the instrument must be allowed 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 suppres-
sion by allowing a stored offset value to be subtracted from
subsequent readings. When the ZERO button is pressed,
the instrument takes the currently displayed reading as
a bageline 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 func-
tion, that stored level will be the same regardless of what
range the Model 193 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%d resolution,
counts would be reduced by a factor of 100 and
3'4d resolution would reduce counts by a factor
of 1000.

By design, the dynamic measurement range of the Model
193, 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 193 has the capabili-
ty to display +4400000 counts, This increased display
range ensures that the dynamic measurement range of the
instrument is not reduced when using a zero baseline
value. The following two examples will use the maximum
allowable zero values (+2200000 counts and -2200000
counts) to show that dynamic measurement range will not
be reduced. It is important to note that the increased
display range does not increase the maximum allowable
input level to the instrument. For example, on the 2V
range, the Model 193 will always overrange when more
than +2.2V is connected 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
193, the display will read 0.000000V. When +2.200000V
is connected to the input, the display will read
+4.400000V. Thus, the dynamic measurement range of
the Model 193 is OV to 4.4V, which is 4400000 counts.

Example 2—The instrument is still set to the 2VD)C range,
but a maximum +2.200000V is the zero level. When
+2.200000V is connected to the input of the Model 193,
the display will read 0.000000V. When -2.200000V is con-
nected to the input, the display will read -4.400000V. Thus
the dynamic measurement range of the instrument is -4.4V
to OV, which is still 4400000 counts,

Zero Correction—The Model 193 must be properly zeroed
when using the 200mV DC or the 2009 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 200€ range.

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

Note: At 5% and 6% 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 2000 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 us-
ing the ZERO program. To establish a baseline level by
applying a level to the Model 193, perform the following
steps:

1. Disable zero, if presently cnabled, by pressing the
ZERO button. The ZERQO 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 193 and note that level on the display.

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

WARNING
If +40V or more is present on the input ter-
minals, the Model 193 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 con-
nect 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: filter value. For example, for a filter value it 10, one time
constant is equal to 10 readings and three time constants
1. Disabling zero cancels the zero baseline value on that would be equal to 30 readings. The blinking duration
selected function. However, since the zero value is will be shorter in the 3'2d mode since that has the fastest
automatically stored in Program ZERQO, the zero reading rate.
baseline value can be retrieved by using the program 3. In a continuous trigger mode, a reading that is outside
as long as the ZERO button is not again pressed (see the filter window will cause the filter indicator to blink
paragraph 2.8.5 for details). Pressing the ZERO button, for one time constant.

thus enabling zero, will wipe out the previous baseline

value in Program ZERO. Baselines established on other  Digital Filter—The Mode] 193 utilizes a digital filter 1o at-

functions are not affected. tenuate excess noise present on input signals, The filter
2. To store a new baseline on a selected function, zero  is a weighted average type. The mathematical represen-

must first be disabled and then enabled again. The new  tation is:

value will be stored with the first triggered conversion,

The baseline value will also be stored as the zero value

in Program ZERO, cancelling the previously stored (new reading - AVG(t-1))
value. AVG(ty = AVG(t-1) + __ S
3. Setting the range lower than the suppressed value will I
overrange the display; the instrument will display the
overrange message under these conditions. Where,

4. When the ZERO button is pressed to enable zero, the )
zero indicator light will blink until an on scale reading ~ AYG(t) = dlsplayeld average
is available to use as a zero level. AVG(t-1) = old displayed average
F = weighting factor {filter value)

2.6.3 Filter
As with any filter, the Model 193 digital filter will affect

reading response time. The step response for this filter
is of the form:
step response = 1-K{N+1)

When the filter is enabled, a number of measuremerits 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
remembered by each function. For example, a filter value
of 20 can be set for DCV and a filter value of 55 can be
set for ACV. These filter values will not be cancelled by
switching back and forth between functions.

Where,

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

1
K i [ i <)
An advantage of using the filter is to stabilize the reading F .
of a noisy input level. A consideration of filter usage is n’’ is the reading number.
that the larger the number of readings averaged, the

longer the response time of the display. Perform the ‘ ‘ A )
following procedure to use the filter: The step occurs when n=0. n=11s the first reading, after
the step, n=2 is the second reading, etc.
1. If it is desired to check and/or change the filter value,
utilize Program FILTER as explained in paragraph 2.8.6. Therefore:

2. Press the FILTER button. The FILTER indicator will turn [ \n+1
on.
step response = 1 —(1 - )
F
Notes: Example:
1. Pressing the FILTER button a second time will disable ~ F = 10
the filter. n=>5

2. After a reading is triggered (continuous or one-shot), ‘
the filter indicator light will blink for three time con- 1
stants. A time constant is measured in readings. The 1 ={1 —_— ] = .468

number of readings in one time constant is equal to the 10
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Five readings after the step occurs, the display will be at
=47% of the step change. After 10 readings (n=10}, the
display will be at =68% and after 20 readings, the display
will be at =88%. The more the readings, the closer the
display will be to the step change.

To speed the response to large step changes, the Model
193 digital filter employs a “window’ around the
displayed average. As long as new readings are within
this window, the displayed value is based on the weighted
average 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 1o this change. The window in
the Model 193 filter is 10,000 counts for 6% d resolution,
1000 counts for 5%, 100 counts for 4% and 10 counts for
3.

2.6.4 DC Voltage Measurements

The Model 193 can be used to make DC wvoltage
measurements in the range of +100nV to +1000V. Use
the following procedure to make DC voltage
measurements.

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

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

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

NOTE
The 200mV DC range requires zero to be set in
order to achieve rated accuracy. The zero correc-
tion procedure can be found in paragraph 2.6.2.

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

5. Take the reading from the display.

2.6.5 Low-Level Measurement Considerations

Accuracy Considerations—For sensitive measurcments,
other external considerations besides the Model 193 will
affect the accuracy. Effects not noticeable when working
with higher voltages are significant in nanovolt and
microvolt signals. The Model 193 reads only the signal
received at its input; therefore, it is important that this
signal be properly transmitted from the source. The
following paragraphs indicate factors which affect ac-
curacy, noise, source resistance, thermal emfs and stray
pick-up.

Noise and Source Resistance—The limit of sensitivity in
measuring voltages with the Model 193 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 193 input increases with source
resistance..

For high impedance sources, the generated noise can
become significant when using the most sensitive range
(200mV, 6':d) of the Model 193, As an example of deter-
mining oy (noise voltage generation due to Johnson noise
of the source resistance), assume that the Model 193 is con-
nected to a voltage source with an internal resistance of
1ML, At a room temperature of 20°C, the p-p noise voltage
generated over a bandwidth of 1Hz will be:

ey = 635 x 10-0R % f

er = 6,35 x 10—10%1 x 106) (1)
er = 0.635uV

]

[ 1

DC VOLTAGE

*
- - - -=- 060
s e

MODEL 193

CAUTION: MAXIMUM INPUT -
INPUT RESISTANCE = 200mV, 2V; >1GQ

T SOURCE

1000V PEAK

20V-1000V; 10MQ

Figure 2-3. DC Voltage Measurements
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Thus, an ey of 0.635xV would be displayed at 6%2d resolu-
tion as an additional 6 digits of noise on the Model 193,
To compensate for the displayed noise, use digital filter-
ing and then zero out the settled offsct.

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
193 input LO (particularly for Jow-level sources}). Improper
shielding can cause the Model 193 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 193 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 gach
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 193 can measure. Thermal emfs
can cause the following problems:

1. Instability or zero offset is much higher than expected.

2. The reading is sensitive to (and responds ta)
temperature changes. This can be demonstrated by
touching the circuit, by placing a heat source near the
circuit or by a regular pattern of instability {correspon-
ding 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.

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

5. The ZERO control can be used to null out constant off-
set voltages,

2.6.6 TRMS AC Voltage Measurements

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

1. Select the AC volts function by pressing the ACY
button.

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

3. Sclect the front or rear pancl input terminals using the
INPUT switch.

NOTE
There is a small amount of offset {typically 150
counts at 5%d) present when using the ACV
function. Do not zero this level out. Paragraph
2,613 provides an explanation of AC voltage
offset.

4. Connect the signal to be measured to the selected in-
put 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 >10psec and peak voltage <1.5 x full scale. For
crest factors >3 but < 10, typical accuracy is degraded ac-
cording to the following caleulation:

AD = (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
considerations,

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:

A. The ACV option must be installed.
B. The ACV function must be selected.

213
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C. Digital filtering must be used to obtain a stable
reading.

D. Allow enough settling time beforc taking the
reading,

4. To make low frequency voltage measurements in the

range of 0.1Hz to 10Hz, use Program AC+DC (sec

paragraph 2.8.3). The ACV option does not have to be

installed for these measurements.

2.6.7 Resistance Measurements

The Model 193 can make resistance measurements from
1004£ to 200MQ. The Model 193 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 2-4. For best results on the 2008,
2k and 20k ranges, it is recommended that 4-terminal
measurements be made to eliminate errors caused by the
voltage drop across the test leads which will occur when
2-terminal measurements are made, The Model 1641
Kelvin Test Lead Set is ideal for low resistance 4-terminal
measurements. 1o make resistance measurements, pro-
ceed 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 20092 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. 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.

=

|
o o
L I AC VOLTAGE
: * & SGURCE
""" e B,
MODEL 193
CAUTION: MAXIMUM INPUT = 1000V PEAK AC 1 DC. 2 x 107VeHz
INPUT IMPEDANCE - 1M& SHUNTED BY < 120pF
Figure 2-4. TRMS AC Voltage Measurements
Tahle 2-4. Resistance Ranges
) m Maximum Test Lead
6lad Through Resistance ({1} for
Range | Resolution| Unknown <1 Count Error (6%d)
200 @ 0.1m& TmA 1
2 kQ Tme TmA 3.2
20 kQ 10m{ 100 uA 10
200 k& 100mg 10 pA 32
2M1 1 Q 1 uh 100
20MQ 10 100 nA 320
200MQ 100 € 100 nA~ 1k

*Short circuit current only.
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Notes:

1.

2.

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

Table 2-4 shows the current output for each resistance
range.

It helps to shield resistance greater than 100k to
achieve a stable reading. Place the resistance in a shield-
ed enclosure and electrically connect the shield to the
LO input terminal of the instrument,

. Diade Test—The 2k range can be used (o test diodes

as follows:

A. Select the 2k range.

B. Forward bias the diode by connecting the red ter-
minal of the Model 193 to negative side of the diode.
A good diode will typically measure between 5000
to 1k,

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

2.6.8 Current Measurements {DC or TRMS AC)

With the Model 1931 Current option installed, the Model
193 can make DC current measurements from InA (at 5'd
resolution) to 2A, The same range of TRMS AC current
measurements can be made if both the current and ACY
options are installed in the instrument. Use the followiny,
procedure to make current measurements.

1.

2.

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

Select a range consistent with the expected current or
use autarange,

. Select the front or rear panel input terminals using the

INPUT switch.

. Connect the signal to be measured to the selected in-

put terminals as shown in Figure 2-7.

. Take the reading from the display.

OPTIONAL SHIELD

r— ———— ——
T A 1 i
Y
[ ] i ' o
- - - - - - @ T I RESISTANCE
I v/ [ UNDER TEST I
------ - - === - - =-- 9@
| |
MODEL 193 t |
CAUTION: MAXIMUM INPUT - 350V PEAK OR 250V AMS L — — — — — — — = -

Figure 2-5. Two-Terminal Resistance Measurements

OPTIONAL SHIELD

MODEL 193

CAUTION: 360V PEAK OR 2560V RMS

RESISTANCE

R — |

L
"1

Figure 2-6. Four-Terminal Resistance Measurements
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CURRENT

"—————----——-a———-l

SOURCE

¢ &

MODEL 193

[

CAUTION: MAXIMUM CONTINUQUS INPUT = 2A

Figure 2-7. Current Measurements

2.6.9 RTD Temperature Measurements

The Model 193 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 measurements.

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 in-
dicates the measurement mode (platinum resistance
temperature device).

3. To check and/or change the alpha value or thermometric
scate, 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 193
has the capability of making temperature
measurements using thermocouple (TC) sensors.
Selection of the various TC modes can only be ac-
complished over the IEEE-488 bus. See paragraph
3.10.22 for more information.

.‘.-—T
L J

PLATINUM
RTD SENSOR

CAUTION: MAXIMUM INPUT - 350V PEAK, 250V RMS

Figure 2-8. RTD Temperature Measurements
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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:

Vin
20 log ( — )
Vref

Lin
20 log ( — )
Tref

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 displayed,
the operator will know that the reference is 1V. With ACA
dB selected, the factory default reference is ImA. The in-
strument will read 0dB when 1mA is applied to the input.

dB

dB

Reference levels other than 1V and 1mA can be established.
There are two methods that can be used to establish a dB
reference. One method is to use the zero feature. This
simply consists of applying a signal to the instrument and
pressing the ZERO button. That suppressed level is the
dB reference (0dB point). The alternate method is to utilize
the front panel dB program and enter the desired reference
value. An advantage of using the dB program is that a
source is not needed to establish a reference.

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

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

2. Press the ZERO button. The ZERO indicator will turn
on and the display will zero. The reference is now
whatever the applied signal is.

3. Disconnect the signal from the instrument.

Program dB allows the the user to check or change the dB
reference of the instrument. The recommended program-
mable voltage reference range is from 10uV to 9.99999V. 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 193.

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 com-
ponent present on the input signai.

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 terminals,
the Model 193 will display the the mnemonic
*H’’ to indicate the presence of hazardous
voitage. 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 wvoltage 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 ImW reference. dB measurements can be made
in terms of impedance rather than voltage or current.
Because the instrument cannot directly establish im-
pedance references, a voltage reference must be calculated
and established for a particular impedance reference. Use
the following equation to calculate the voltage reference
needed for a particular impedance reference:
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For OdBm, Vrof = \IlmW . Zref

Example: Calculate the voltage reference needed to make
dBm measurements referenced to 6008

\’_W
For 0dBm, Vyef = '0.00TW = 6000

= 16
77456V

il

Once the necessary voltage reference is known, it can be
cstablished in the Model 193 with the dB program. Subse-
quent dBm readings will be referenced to the correspon-
ding impedance reference. Table 2-5 lists the voltage
references necded for some commonly used impedance
references.

dBW Measurements—dBW is defined as decibels above or
below a 1W reference. dBW measurements are made in the
same manner as dBm measurements; that is, calculate the
voltage reference for a particular impedance and set the
instrument to it with the dB program. The only difference
between dBm and dBW is the reference point; TmW vs TW.
The following equation can be used to calculate the voltage
reference:

For 0dBW, Vief = 1WeZ of

Table 2-5. Corresponding Voltage Reference Levels
for Impedance References

Reference |Reference Voltage ]
impedance Level for:
{£2) 0dBm 0dBW
8 0.0894  2.828
50 0.2236
75 0.2739
150 0.3873
300 0.5477
600 0.7748
1000 1.0000
Vier, for OdBm = d10"3W°ZREF
Vet for OdBW = JZREF N

2.6.11 dB Measurement Considerations and
Applications

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

1, Using the Model 193 in the dB mode (0.7746V reference),
measure a 100mV RMS, 1kHz source. Typically, the
Madel 193 will read —17.79dBm.

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

3. The 0.61dB error is considerably better than the 1.5dB
specification. The specifications are intended to cover
worst case measurement conditions.

Measuring Circuit Gain/Loss—Any point in a circuit can
be established as the 0dB point. Measurements in that cir-
cuit are then referenced to that point expressed in terms
of gain (+dB) or loss (-dB). To set the zero dB point pro-
ceed as follows:

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

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

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

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

Measuring Bandwidth—The Model 193 can be used to
determine the bandwidth of an amplifier as follows:

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

2. Set the Model 193 to ACV and autorange.

3. Connect the Model 193 to the load of the amplifier

4. Adjust the frequency of the signal generator until a peak
AC voltage reading is measured on the Model 193. 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 193 reads
-300dB. 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 193 is typically 500kHz.

Do not use this application to check amplifiers that exceed

the bandwidth of the Maodel 193,

Determining Q—The Q of a tuned circuit can be deter-
mined as follows:

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

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

218
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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)
measurements. Also, the dB mode can be used when mak-
ing AC + DC measurements. Perform the following pro-
cedure 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
INPUT switch,
5. Connect the signal to be measured to the appropriate
terminals.
A. VOITS HI and LO terminals for VAC + DC
measurements.
B. AMPS and LO terminals for AAC + DC
measurements.
6. Take the AC + DC reading from the display.

W

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.
2. 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
mnemonics 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 = AC+DC dB current measurement mode,

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

H = High Voltage: 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 20H#:

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 RM5 equivalent.
This poses no problems as long as the waveform being
measured is a pure, Jow-distortion sine wave. For complex,
nonsinusodial wavetorms, however, measurements made
with an averaging type meter can be grossly inaccurate.
Because of its TRMS measuring capabilities, the Model 193
(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 value 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 wave, but the ratios between the RMS and
average values of different waveforms is tar from constant,
and can vary considerably.

Table 2-6 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 1.11 correction factor to the average reading, it
can be seen that both meters will give the same reading,
resulting in no error in the average-type meter reading,.
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Table 2-6. Comparison of Average and TRMS Meter Readings
o o AC ) *Average AC Coug;I;(-i. Averaging
Coupled Responding TRMS Meter
Peak RMS Meter Meter Percent
Waveform - Value Value Reading | Reading Error -
Sine 10V 7.07V 7.07V 7.07V 0%
+¥W0- - —-= -
"Qv
Half-Wave Sine 10V 3.86V 3.90V 3.88V 1%
F10 e e == = = - —
ANNA
Fuli-Wave Sine 10V 3.08V 2.98v 3.08v 3.2%
0=~ — mar 2 —
LY
Square 10V 10.00V 11.10V 10.00V 11%
+10——q——
0
Rectified Square Wave 10V 5.00V b.6bV 5.00V 11%
+10— -—-
0
Rectangular Pulse 10V 1088 K 22.2K 10 NK 2.22K¥ —K 1 x 100
AEnany e
0 _
ky —= D = X/¥
K = D-D°
Triangular Sawtooth 10V 5. 77V 5.55V 5.77V 4%
0.__
o Av_
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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 3.86V, but the average responding meter
will give areading of 3.53V (3.18 x 1.11), creating an error
of 11%.

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 193 gives a TRMS
reading of 5V. Other waveform comparisons can be found
in Table 2-6.

AC Voltage Offset—The Model 193, at 5'%2d 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 af-
fect reading accuracy and should not be zeroed out using
the zero feature. The following equation expresses how
this offset (Voffget) is added to the signal input (Vin):

Displayed reading = \I&{n)2 + (Voffset)?

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

‘\ e e . -
Display reading =%200mV)2 + (1.5mV)2
V0.04V 1 (2,25 % 10-6V)
200005V

o

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

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

The crest factor of other waveforms will, of course, de-
pend on the waveform in question because the ratio of
peak to RMS value will vary. For example, the crest fac-
tor of a rectangular pulse is related to its duty cycle; as
the duty cycle decreases, the crest factor increases. The
Model 193 has a maximum crest factor of 3, which means
the instrument will give accurate TRMS measurements of
rectangular waveforms with duty cycles as Jow as 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 Imsec
to 16.67 minutes (999.999scc). 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 193. 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 retricved 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, 2Zmsec,
3msec and dmsec) is selected. In the high speed mode,
the data store will only operate if the instrument is in a
valid state. Table 2-7 lists the operating states that the in-
strument must be in to achieve high speed data storage.
If the conditions in the table are not met when attemp-
ting to start the storage process, the instrument will exit
the data store mode and return to the previous operating
state.

NQOTE: At 5%d 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 pro-
cess is started. Readings will be stored as fast as the in-
strument 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 one 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 ap-
propriate 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 past the least significant digit, it will
move back to the most significant digit.

3. With the desired storage interval displayed, press the

ENTER button. 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. Example: The
following message will be displayed if the current size
of the data store is 100:

END = 100

Table 2-7. High Speed Data Store

Valid Data

Data Store Interval | Store Size*

Valid Functions

Valid Ranges| Valid Reading Rates

000.001, 3'2d
000.002 DCV, ACV, DCA, ACA, All, except

000.003, 001-500 AC+DC (except low frequency | Autorange 3%d
000.004 AC+DC) 4%d

*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 attempt is made to enter a data store size
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 a data store size displayed, start the storage pro-

cess as follows:

A. If a storage interval other than 000.000 is selected,
press the ENTER button. The following message will
be displayed briefly:

ENTERED

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

NOTE: If a high speed interval is selected (ims, 2ms,
3ms or 4ms), the display will blank for a short period
of time while the readings are being stored. If the
instrument is in an invalid operating state for high
speed data storage (see Table 2-7), the instrument will
exit the data store mode.

B. If storage is to be done manually (cne-shot mode
000.000 interval selected), press the ENTER button.
The following message will be displayed briefly:

ENTERED

The prompt for a trigger will then be displayed. The
following example display shows the instrument on
the 2VDC range:

vDC

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 paragraph 2.10.1 for trigger
pulse specifications), and press the ENTER button.
The following message will be displayed briefly:

ENTERED

The prompt for a trigger will then be displayed. The
following example shows the instrument on the
20V DC range.

VDC

Each subsequent trigger pulse will cause & reading
to be stored.

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. This is especially
useful when selecting the data store one-shot mode

{000.000).

. When storing readings with AUTO range enabled, the

display will autorange as usual, but recalled readings
will reflect the range that the instrument was on when
the data store was enabled.

. Once data storage has started, the data store can be

disabled by pressng 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.

. 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 53 rate
mode (16.7msec integration period). in this case, the in-
strument will only store as fast as it can run.

. Enabling the data store does not clear the butter of

previously stored readings. Instead, new readings wilk
overwrite old readings starting at butfer 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
turn on and the memory location of the last stored
reading will be displayed. For example, if the last stored
reading was in memory location 20, then the following,
message will be displayed:

LOC=020
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2. If 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 lecation, then the
displayed memory location number must be changed
as follows: Cursor focation 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 respective-
ly. 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
focation 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
displaved:

193.0000 020

. To read the stored data from all filled memory locations,
utilize the manual range buttons. The A button in-
crements the memaory location number and displays the
data stored there. After the highest filled memory loca-
tion is read, the A 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:

L =
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, press-
ing the AUTO button wili return the display to the
last normal recalled reading. The A butlon per-
forms the same function as the AUTO button, ex-
cept that it increments the display to the next
memory location. Conversely, the ¥ button
decrements the memory location.

7 In the recall mode, the status of the Modle 193 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 made, the following message will be
displayed when the “0” button is pressed:

vDC
Use the & 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

stare will be retained for typically up to five days.
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4. Enabling the data store does not clear the buffer of
previously stored readings. Instead, new readings will
overwrite old readings starting at buffer location 001.

2.8 FRONT PANEL PROGRAMS

There are fourteen programs available from the front panel
of the Model 193. 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 193 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
cursor 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 ther-
mometric scale (°C or °F). Paragraph 2.6.9 provides infor-
mation necessary for making 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 factory default alpha value, the following message
will be displayed:

RTD « = 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 displayed briefly:

ENTERED

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

SCALE = “C

6. Pressing one of the range buttons will toggle the display

to the alternate scale as shown:
S5CALE = °F

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 000392 and “C are the factory default
power-up conditions. If it is desired to have the alternate
alpha value and/or °F on power-up, select the alternate
condition{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 193 to make low
frequency (0.1 to 10Hz) TRMS AC + DC voltage
measurements at 3%2d reselution. Keep in mind that the
ACV option does not have to be installed for these
measurements. Perform the following steps to usce this
program:

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

PROGRAM?

2. Press the AC+DC button. The displayed reading will be
accompanted 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 193.

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 fow
frequency cutoff of 0.1Hz.

2.1t does not matter what function the instrument is in
when this program is selected.

3. To exit the program, press any function button.
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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
measurements 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. 'ress 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

. 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 to 9.99999V and 10nA to 9.99999mA. The follow-
ing message will be displayed briefly and then the in-
strument will return to the previously defined state.

ENTERED
Note: The factory default power-up voltage reference is
1.0000DV with the instrument in ACV and 1.00000mA
with ACA selected. If it is desired to have a different
voltage reference on powet-up, modify the voltage
reference using Program dB followed by Program 90 to
save it (see paragraph 2.8.9).

w

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 enabl-
ed 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 (sce
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 7

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. Tf 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 brief-
ly and the instrument will return to the previously defin-
ed 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).
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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 will 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 allows the operator to automatically multiply
normal display readings (X) by a constant (M) and add
a constant (B). The result {Y) will be displayed in accor-
dance with the formula, Y=MX + B. This program is
useful when slope calculations are required for a series
of measurements. The values of M and B can be changed
by utilizing Program 94 (see paragraph 2.8.13). Perform
the following steps to enable the MX + B feature:

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

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

3. If the values of M and B need to be checked or
changed, do so using Program 94,
4. Press the PRGM button. The following prompt will be
displayed:
PROGRAM 2?7
5. Enter the number 4 by pressing the 4" button. The
current status of the MX+ B program will be displayed.
For example, if the MX+B iscurrently disabled, the
following message will bedisplayed:
MX+ 18 OFF
6. Any range button will toggle the displav 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,

Notes:

1. The MX + B feature can be disabled by again running
Program 4. While in the program, press a range but-
ton until the message "MX +B QFF" is displayed and
then press the ENTER button.

2. Once MX + B has been enabled, the Model 193 will
show the value of Y. U 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 2-8. Each of the
obtained values for Y assumes the following constants:
M= +15 B = +5.

Table 2-8. Example MX + B Readings

193 Range Normal MX + B*
and Function Reading {X} Reading {Y}
20vDC 8.00000VDC 17.00000VDC
20vDC - 5.00000VDC | - 2.50000VDC
20VAC 6.30000VAC 14.45000VAC
20k 4.00000k(} 11.00000k(!

*Where M = +1.6and B = +5.
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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
parameters:

Range

Resolution

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

On the other functions, filter and zero values are the only
parameters that arc 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

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

Perform the following procedure to use the save progran:

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 butten. 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 (sec paragraph 2.87) and
save the conditions using Program 90.

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

2.8.10 Program 91 (IEEE Address)

Program 91 allows the user to check and/or modity 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
dislayed:

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. 1f 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
button, the following message will be displayed briefly
and the instrument will return to the previously defin-
ed state.

ENTERED

Notes:

1. If an invlaid number is entered, the instrument will ex-
it from the program with the IEEE primary address be-
ing 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.
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2.8.11 Program 92 (Freq)

The Model 193 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 193:

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

PROGRAM ?

2. Enter the number 92 by pressing the “9” and “2” but-
tons. The current line frequency setting will then be
displayed. If the instrument is currently set to 60Hz, the
following message will be displayed:

FREQ= 60HZ

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

FREQ = 50Hz

4. With the correct frequency setting displayed, press the
ENTER button. The following message will be displayed
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 193, The factory power-up default value of M is
1.000000 and the value of B is 0000000. See paragraph 2.88
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 7

2, Enter the number 94 by pressing the 97 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

3.1f 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 fac-
tory 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. 1f it is desired to retain the displayed B value, proceed
to step 7. If it is desired to modity the value of M, do
so as explained in paragraph 2.8.1 Cursor and Data En-
try. Note that the B value range is from 0.0001x107" to
+94999.999,

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

ENTERED
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Notes:

1. User selected values of M and B will be stored within
the Model 193 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. Ex-
ample: 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 rangc.

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 193 with the auto
zero/cal defeated increases measurement speed and is
useful for making high impedance DC voltage
measurements which can be affected by the input
multiplexing. Perform the following steps to run this
program:

1. Press the PRGM button. The following prompt will be
displayed:
PROGRAM 7
2. Enter the number 95 by pressing the 9" and "'5" but-
tons. 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
displayed as follows:
MUX OFF
4. To enter the displayed multiplexer status, press the
ENTER button. The following message will be
displayed 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. Para-

graph 6.6.5 describes the basic steps for using this pro-
gram, 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 trig-
ger mode with the conversion rate determined by the in-
ternal time base. The instrument can be placed in the one-
shot trigger mode, which allows one reading to be trig-
gered  each  time  the TRIGGER  button s
pressed. The one-shot trigger mode is accessed through
the data store. The basic procedure to place the instru-
ment in the one-shot mode is to turn on the data store,
enter the one-shot mode and select an appropriate butfer
size. Each triggered reading is then stored in the data
store. Paragraph 2-7 provides a detailed procedure for us-
ing the data store and recalling the triggered reading.

2.10 EXTERNAL TRIGGERING

The Model 193 has two external BNC connectors on the
rear panel associated with instrument triggering. The EX-
TERNAL TRIGGER INPUT connector allows the instru-
ment to be iriggered by other devices, while the
VOLTMETER COMPLETE OUTPUT connector allows the
instrument to trigger other devices.

2.10.1 External Trigger

The Model 193 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 con-
tinuous trigger mode, the instrument takes a continuous
series of readings. In the one-shot mode, only a single
reading is taken cach 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 instru-
ment is in the external trigger mode, it will be triggered
to take readings while in cither a continuous or one-shot
mode when the negative-going edge of the external trig-
ger pulse occurs.
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TRIGGERS ON
tEADING EDGE
TTL HIGH
(2V-5V)
TTL LOW
(<0 8V)

e

MINIMUM

Figure 2-9. External Pulse Specif}éations

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 common. Since an internal pull-up resistor is
used, a mechanical switch may be used. Note, however,
that debouncing circuitry will probably be required to
avoid improper triggering.

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

2. Place the instrument in the one-shot mode as ex-
plained 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 TRIG-
GER 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 193 must be in the appropriate trigger mode
to respond to external triggering. See paragraph 3.10.7
for information on how to place the instrument in the
proper trigger mode (17) over the IEEE-488 bus.

2.10.2 Voltmeter Complete

The Model 193 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 OQUTPUT jack each
time the instrument completes a reading. To use the
voltmeter complete output, proceed as follows:

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

CAUTION
Do not exceed 30V hetween 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 out-
put pulses at the conversion rate; each pulse will occur
after the Model 193 has completed a conversion.

4. In a one-shot trigger mode, the Model 193 will output
a pulse once each time it is triggered.

READING BEGIN NEXT
DONE CONVERSION

v v

LS TTL HIGH
13.4V TYPICAL)

LS TTL LOW
(0.25V TYPICAL)

|—10,‘5—|

MINIM UM

Figu;é éj10. Voltmeter rCompIete_f-_’“l_jls'é S';_)e(-:ifications‘

2.10.3 Triggering Example

As an example of using both the external trigger input and
the meter complete output, assume that the Model 193 i5
to be used in conjunction with a Keithley Model 705 Scan-
ner to allow the Model 193 to measure a number ot 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 193 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 measure-
ment point could be stored using the data store mode of
the Model 193,
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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 193 with the Model 705, proceed as
follows:

1. Connect the Model 193 to the Model 705 as shown in
Figure 2-11. Use shielded cables with BNC connectors.
The Model 193 VOLIMETER COMPLETE OUTPUT jack
should be connected to the Model 705 EXTERNAL
TRIGGER INPUT jack. The Madel 193 EXTERNAL
TRIGGER INPUT jack should be connected to the
Model 705 CHANNEL READY OUTPUT. Additional
connections, which are not shown on the diagram, will

also be necessary to apply signal inputs to the scanner
cards, as well as for the signal lines between the scan-
ner and the Model 193.

. Place the Model 193 in the one-shot trigger mode as ex-
plained in paragraph 2.9.

. 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.

. Begin the measurement sequence by pressing the Model
705 START/STOP button. The Model 705 will close the
first channel and trigger the Model 193 to take a reading.
When the Model 193 completes the reading, it will trig-
ger the Model 705 to go to the next channel. The pro-
cess repeats until all programmed channels have been
scanned.

CHANNEL
o I b B
EXTERNAL
TRIGGER
MODEL 705
METER EXTERNAL
o 0 COMPLETE @ TRIGGER
O o OUTPUT INPUT
© = =3 L 6

MODEL 193

Figure 2-11. Extel:nal Triggering Example
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SECTION 3
IEEE-488 PROGRAMMING

3.1 INTRODUCTION

The IEEE-488 bus is an instrumentation data bus with
hardware and programming standards originally adopted
by the [EEE (Institute of Electrical and Electronic Engineers)
in 1975 and given the IEEE-488 designation. In 1978, stan-
dards were upgraded into the IEEE-488-1978 standards. The
Model 193 conforms to these standards.

This section contains general bus information as well as
the necessary programming information and is divided in-
to 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 193 to the
IEEE-488 bus is contained in paragraphs 3.7 and 38.
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 193, as they con-
trol most of the instrument functions.

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

3.2 BUS DESCRIPTION

The TEEE-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 system will contain one controller and a
number of other instruments to which the commands are
given. Device operation is categorized into three operators:
controller, talker and listenor. 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 taiker 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 controlier has the absolute
authority in the system. In a system with more than one
controller, only one controller may be active at any 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
controller. 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
simultaneously, the bus can have only one active talker,
or communications 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 (30A), the actual listen ad-
dress is $2A ($2A = $0A + $20). [n 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
($4A = S0A + $40).

The [EEE-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 193
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 infor-
mation to the desired location.
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3.3 IEEE-488 BUS LINES

The signal lines on the [EEE-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.

TO OTHER DEVICES

Lt
DEVICE 1 k
ABLE TO I
TALK, LISTEN
AND CONTROL
(COMPUTER)
-} DATA BUS
i
! |
DEVICE 2
aglETo | ! ]
TALK AND
L('fggf‘ DATA BYTE
TRANSFER
pus CONTRQOL
i
DEVICE3 1
ONLY ABLE
TO LISTEN
{PRINTER) GENERAL
INTERFACE
1] MANAGEMENT
]
1
oevice 4 [ p
ONLY ABLE
TO TALK
. } D101...8 DATA (8 LINES}
OAV
L NRFD | HANDSHAXE
—— "~ NDAC
L ——IFC
L — — ATN
| — SRO > BUS MANAGEMENT
' " TREN
EOI

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 DIOS (Data Input/Qut-
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.

[FC {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 ¢n the bus in the remote mode,

EOI (End or Identify)—The EOI 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 remain-
ing two lines are controlled by the accepting devices (the
listener or listeners receiving the information), The three
handshake lines are:

3-2



IEEE-488 PROGRAMMING

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.

NREFD (Not Ready For Data)—The acceptor controis 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 NRFID) 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 con-
troller, 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 accepted 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 j SOURCE

DAV SOURCE
VALID
NRFD | I ACCEPTOR
I f —
i
|
i |
NDAC i | ACCEPTOR
L
| |
DATA DATA
TRANSFER TRANSFER
BEGINS ENDS

Figure 3-2. IEEE-488 Handshake Sequence

3.4 BUS COMMANDS

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

Uniline Commands—Sent by setiing 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. EOl may be asserted
either by the controller or other devices depending on the
direction of data transfer. The following is a description
of each command. Each command is sent by setting the
correspanding 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)—EOI 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.

[FC (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
transmitting addresses or multiline commands.

SRQ (Service Request)—5SRQ 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,
thesc commands are transmitted with ATN true.

LLO (Local Lockout)—LLO is sent to the instrament 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
polling sequence, which is used to determine which device
has requested service.

SPD (5erial Poll Disable)—5PI°D 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 LILO {Local Lockout) Low Locks out front panel controls.
DCL {Device Clear) Low Returns device to default conditions.
SPE (Serial Poll Enable) Low Enables serial polling.
SPD {(Serial Poll Disable) Low Disables serial poiling.
Addressed SDC (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 193 for various modes.

*Dan'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 in-
strument will respond to the command in question. Note
that only the addressed device will respond to these
commands:

SDC {Selective Device Clear)—The SDC 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 193 in the DC volts mode. The IEEE-488 bus actually
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 ASCIT 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 {B).

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

Listen Address Group (LAG)—Columns 2(A) through 3(B)
list codes for commands 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 ASCII 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 193 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 DIOS8 has a value of logic 0 (high) to pro-
perly send commands.

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

Table 3-2. Hexadecimal and Decimal Command

Codes
e
Command | Hex Value | Decimal Vaiue |

GTL 01 1 '

SDC 04 ' 4

GET 08 :‘ 8

LLO 1 17

DCL 14 20

SPE 18 24

SPD 19 25

LAG 20-3F 32-63

TAG 40-5F 64-95

UNL 3F 63

UNT _ __5_F_____ 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 in-
strument before it will respond as intended. Universal
commands, such as LLO and DCL., require only that ATN
be set low when sending the command. Other commands
require 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

these commands are transmitted. Table 3-4 shows the byte
sequence for a typical Model 193 command (F0X), which
sets the instrument for the DC volts mode of operation,

Tabie 3-4. Typical Device-Dependent Cemmand

Sequence
[ DataBus

Step | Command |ATN State | ASCHl |Hex Decimal

1 UNL Set low ? 3F 63

2 LAG* Stays low t2A 0 42 :

3 Data Set High F 146 ¢ 70

4 Data Stays high 0 .30 48

5 Data Stays high X 11 58 88

Data Bus
Step| Command| ATN State |ASCIl |Hex |Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low * 2A 42
3 s5DC Stays low EQT | 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

*Assumes primary addrgsé = 10.

3.7 HARDWARE CONSIDERATIONS

Before the Model 193 can be vperated over the IEEE-188
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 Controlled Systems

System configurations are many and varied and will de-
pend on the application. To obtain as much versatility as
possible, the IEEE-488 bus was designed so that additional
instrumentation could be easily added. Because of this ver-
satility, system complexity can range from the very sim-
ple 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
programming, all data may be routed through the con-
troller, 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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MODEL 193

B B
o o

A

CONTROLLER

(A} SIMPLE SYSTEM

—

— St 1 000 0@

A :

CONTROLLER INSTRUMENT

MODEL 193 INSTRUMENT

(B} ADDITIONAL INSTRUMENTATION

Figure 3-4. System Types

3.7.2 Bus Connections

The Model 193 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 design-
ed to be stacked lo 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 type of connectors with the Maodel
193, which is designed tor 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.

Tl I

Figure 3—57.‘”1-'ypicai Bus Connections
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INSTRUMENT INSTRUMENT

INSTRUMENT

CONTROLLER

Figure 3-6. IEEE-488 Connections

Connect the Model 193 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
connector location.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments, as
required.

4. 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,

meters times the number of devices, which ever
is less. Failure to heed these limits may result in
erratic 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 |EEE-488 common and
chassis ground must not excead 30V or instru-
ment damage may occur.

IEEE 488 INTERFACE

ADDRESS ENTERED WITH
FRONT PANEL PROGRAM 91

(o f
[ &)
&0585

— - [e) o=
bR EIEG
l % furc3,

RL1

Figure 3-7. Model 193 IEEE-488 Connector

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. Also, the max-
imum cable length is limited to 20 meters, or 2

Table 3-5. IEEE Contact Designation

IEEE-488

Contact
Number| Designation Type L
1 DIO1 Data
2 D102 Data
3 DIO3 Data
4 DI04 Data
b EOl (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
1 ATN Management
12 SHIELD Ground
13 DIOb Data
14 DIO6 Data
15 DIO7 Data
16 D08 Data
17 REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (71~ 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 signal
ground return of reference contact

number. EOl and REN signal lines return

on contact 24.
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CONTACT 12 CONTACT 1

CONTACT 24 CONTACT 13

Figure 3-8. Contact Assignments

3.7.3 Primary Address Programming

The Model 193 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 193 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 address 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
2810 for information on using this program.

NOTE
Each device on the bus must have a unique
primary address. Failure to observe this precau-
tion will probably 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 programming languages for two
typical controllers: the HP-85, and the IBM-PC interfaced

to the bus through a Keithley Model 8573 TEEE-488 inter-
face. In addition, interface function codes that define
Model 193 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 [EEE-488 handler software installed. With
some controllers, the software is iocated 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 /O ROM that handles interface func-
tions must be installed. With the Keithley Model 8573 in-
terface for the IBM-PC, software must be installed and con-
figured from a diskette.

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

Many of the programming instructions covered in this sec-
tion use examples written with Hewlett Packard Model 85
BASIC and Model 8573 Interface statements. These com-
puters and interfaces were chosen for these examples
because of their versatility in controlling the IEEE-488 bus.
This section covers those HP-85 and Model 8573 statements
that are essential to Model 193 operation.

A partial of HP-85 and Model 8573 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 argument, 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 193). 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
using 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 con-
figuration 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.

The Model 8573 statements, which are also listed in Table
3-6, take on a somewhat different form. Each of these
statements uses the IBM BASIC CALL statement, with
various variables passed as shown in the table. The com-
mand words, such as IBCLR (Interface Bus Clear) and
IBSRE (Interface Bus Send Remote Enable), are, in fact,
BASIC vartables themselves, which must be initialized at
the start of each BASIC program. In addition, you must
remember not to use these keywords for any other pur-
pose in your BASIC program.

Before using the Model 8573 examples throughout this sec-
tion, you must configure the software by using the pro-
cedure below. Note that the binary handler file called
GPIB.COM and the system configuration file called CON-
FIG.SYS must be present on the DOS boot disk, as des-
cribed in the Model 8573 Instruction Manual.

1. Boot up your system in the usual manner and enter
BASICA.

2. Place the Model 8573 software disk into the default drive
and load the program called “DECL.BAS". Modity the
program by changing the XXXXX values in lines 1 and
2 to 16000.

3. Add the following lines to the declaration file:

Ber s CHl L TEFTHD

= ! AL LT REFETHD
. HHff r11 .
e 1 L

w i I-.-' w

FEFAT

4, Now save the modified declaraion file for future use.
Remember that you must load and run this short pro-
gram before using the Model 8573 programming ex-
amples throughout this section. Also, do not use the
BASIC CLEAR or NEW commands after running this
program.

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
193 are listed in Table 3.7. These codes are also listed for
convenience on the rear panel adjacent to the IEEE-488
connector. The codes define Model 193 capabilities as
follows:

SH (Source Handshake Function)-—-SH]1 defines the abili-
ty of the Model 193 to initiate the transfer of message/data
over the data bus.

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

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

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

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

Action HP-85 Statement

Model 8573 Statement _

Transmit string to device 10.
Obtain string from device 10.
Send GTL to device 10.

Send SDC to device 10. L LFH 71
Send DCL to all devices. ClLEAR
Send remote enable. FE Hl iTi: i

Cancel remote enable.
Serial poll device 10.
Send Local Lockout.
Send GET to device.
Send IFC.

I .[.- IR F. TIOY

CELL TEHET CM12=

Chall TERSF
Crll IET
Ciall TE:

Mo CRDE

AL L 1L'B-r11 Ik
CALL
CELL '[EI...L F LAY
CHMOF=CHEF CRH14> - Calt TROMD SERIN . DRI
l..J?-:L:1 s CEALL TBSRECRREDE . U5
| K ECRRAY . L
F1Ii$ CHEE o HTHE

Cabl TRCMDG BRI

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

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

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

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

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

C (Controller Function)—The Model 193 does not have con-
troller capabilities.

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

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

E {Bus Driver Type)—The Model 193 has open-collector bus
drivers.

Table 3-7. Model 193 Interface Function Codes

_Code| Interface Function

SH1 | Source Handshake Capability

AH1 | Acceptor Handshake Capability

Th Talker {Basic Talker, Serial Poll, Talk Only
Mode, Unaddressed To Talk On LAG)

L4 Listener {Basic Listener, Unaddressed To
Listen On TAG)

SR1 | Service Request Capability

RL1 | Remote/Local Capability

PPO | No Parallel Poll Capability

DC1 | Device Clear Capability

DT1 | Device Trigger Capabhility

CO | No Controller Capability

E1 Open Collector Bus Drivers

TEQC | No Extended Talker Capabilities

LEG | No Extended Listener Capabilities

3.8.4 IEEE Command Groups

Command groups supported by the Model 193 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 193
are listed in Table 3-9, which also lists both HI>-85 and
Model 8573 statements necessary to send each command.
Note that commands requiring that a primary address be
specified assume that the Model 193 primary address is
set to 10 (its default address). If you are using Model 8573
programming examples, remember that the modified
declaration file must be loaded and run first, as described
in paragraph 3.8.2,

Table 3-8. IEEE Command Groups
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

TALK:

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

1 Affect On Model 193

LLO LOCAL, LOCEDLT & cEHIT

GTL (IENERY T
DCL CLEAR 7

SDC
GET

CALL TETEG ©M1

LOCAL 7

b TEEZREE CREREDAN '.."‘-;;7:3'

HP-85
Command| Statement Model 8573 Statement
REN EMOTE ¥ L= s O
IFC SBEOETIOF Callh CRERETIE 3

CALL TRCMI

L= CAall TESRECBRDMEN L5050

Goes into remote when next addressed.
Goes into talker and listener idle states.
Front panel controls locked out.

Cancel remote.
Returns to default conditions.

Returns to default conditions.
Triggers reading in T2 an T3 modes.
Cancel LLO

3.9.1 REN (Remote Enable)

The remote enable command is sent to the Model 193 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
instrument in the remote mode. Instead the instrument
must be addressed after setting REN true before it will go
into remote.

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

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

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

FEMOTE 716 CEMINLIHE

After the END LINE key is pressed, the Model 193 will
be in the remote mode, as indicated by the REMOTE light.
If not, check to see that the instrument is set to the pro-
per primary address (10), and check to see that the bus
connections are properly made.

Model 8573 Programming Example—To place the Model
193 into the remote mode, type the following lines into the
computer.
Vil CRLL TESREC BRI LD CRE TR 2
CHTE= 5 DLl TEURT CM1ISES s CHDE
CREETLIRR

The instrument will go into the remote mode when the
return key is pressed the second time.

3.9.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 193 in the local, talker and listener idle states. The
unit will respond to the IFC command by cancelling front
panel TALK or LISTEN lights, if the instrument was
previously placed in one of those modes.

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

HP-85 Programming Example—Before demonstrating the
IFC command, turn on the TALK indicator with the follow-
ing statements:
REMOTE @18 CEHD L IHE
EMTER P1@00F CEHD LIHED

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 HI>-85:

HEORTIO Y CEMD LIHE

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.

Model 8573 Programming Example-—Place the instrument
in the remote and talker active states with the following
statements:

3-13
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After the return key is pressed the second time, the in-
strument should be in the remote and talker active states,
as indicated by the respective indicators.

To send TFC, enter the following statement into the
IBM-PC:

ALl TERTOCERDEE D CRETURNY

After the return key is pressed, the instrument will return
to the local and talker idle states.

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

FEMOTE @ CEMD L THES
e, LOCEDLIT ¥ CERTE L THE

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

Model 8573 Programming Example—To send the LLO
command from the IBM-PC, type in the following
statements:

(e

After the return key is pressed, the Model 193 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 193, however, REN must first
be placed false before L1.O will be cancelled.

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

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

HP-85 Programming Example—[’lace the instrument in the
remote mode with the following statement:

FERCTE @1 E CRMD L THE S

Now send GTL with the following statement:
LR, 18 R L THE

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:

L sl ¥ I L THE S

Model 8573 Programming Example—Place the instrument
in the remote mode wnth the followmg statements:

Now send GTL with the following statement:
Call TRELOCCML SRS CRETT U

After return is pressed, the REMOTE indicator turns off,
and the instrument goes into the local mode. To cancel
LLO, send the fol]owing:

i DLl TRSRE ML

o L CRETT LIRS

3.9.5 DCL {Device Clear)

The DCL command may be used to clear the Model 193
and return it to its power-up default conditions. Note that
the DCL command is not an addressed command, so all
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instruments equipped to implement DCL will do so
simultaneously. When the Model 193 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.

Table 3-10. Factory Default Conditions

Default
Mode Value | Status
Function FO DC Volts
Range R5 1000V
Data Format GO 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 20 Disabled
Delay WOQ00.000| no delay
SRQ MO Disabled
Rate s3 100msec, 6Y%d
Trigger T6 Continucus on exter-
nal trigger
Multiplex Al Enabled
Terminator =: (CRHLF)
Data Store Rate Qo One-shot moede
Data Store Size 10 Continuous

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.

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:

CLEEE S CERD L TR

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

Model 8573 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the [BM computer:
T = CHEE o Tt TECMID
C R T RN LI

When the return 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
instruments simultaneously, as is the case with DCL.
When the Model 193 receives the SDC command, it will
return to either the factory default conditions listed in lable
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 193 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:

CLERE VL cErD L THE

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

Model 8573 Programming Example—Place the unit in an
operating mode that is not a power-up default condition.
Now enter the following statement into the IBM computer:

Cal L TECLECMISEN s CRETLREHD

After the return key 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 193 to take readings
if the instrument is placed in the appropriate trigger mode
(more information on trigger modes may be found in
paragraph 3.10.7).

To send GET, the controller must perform the tollowing
steps:
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1. Set ATN ftrue.
2. Address the Model 193 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:
FAEFICTE @ 180 CERI L THE
CDEITFLT VLE: =27t Ol L THE 2

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

ThIGGER V1 CERD L FME

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

Model 8573 Programming Example—Type in the follow-
ing statements to make sure the instrument is in the remote
and correct trigger modes for purposes of this
demonstration:

Uﬂ.-.” F

TR
CTLIR R G

Now send GET to the instrument with the following
statement:

Rl L TETREGOM LIRSS s CRETLIRRMS

When the return key is pressed, the instrument will pro-
cess a single reading.

3.9.8 Serial Polling (SPE,SPD)

The serial polling sequence is used to obtain the Model
193 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 requested service with the SRQ line. However, the
serial polling sequence may be performed at any time to
obtain the status byte from the Model 193.

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.

. The Model 193 is then addressed to talk.

. The controller sets ATN falsc.

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

. The controller then sets ATN true and places the SPD
{Serial Poll Diisable) command byte on the data bus to
end the serial polling sequence.

o W

[op

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:

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.

Model 8573 Programming Example—Use the following se-
quence to serial poll the instrument and display the
decim e status byte on the computer CRT:

AR L CRE TR

¢

When the return key is pressed the second time, the sertal
polling sequence is conducted. The status byte value is
displayed when the return key is pressed the third time.
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3.10 DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488 device-dependent commands are used with the
Model 193 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 displag appropriate front panel
error messages and generate an RS if programmed to do
so.

Commands that affect instrument operation will trigger a
reading when the command is executed. These bus com-
mands affect the Model 193 much like the front panel con-
trols. Note that commands are not necessarily executed in
the order reccived; instead, they will be executed in
alphabetical order. Thus to force a particular command se-
quence, you would follow each command with the execute
character (X), as in the example strinf;, LOXE2X, 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,
FOK1POROX—Multiple command string.
Te X—Spaces are ignored.

Typical invalid command strings include:

E1X—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
(IDDCQ), is sent, or if a command string is sent with REN
false, the string will be ignored.

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

NOTE
Programming examples assume that the Model
193 is at its factory default value of 10.

In order to send a dcvice-derendent command, the con-
troller must perform the following steps:

. Set ATN true,
. Address the Model 193 to listen.
Set ATN false.

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

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

General HP-85 Programming Example—Device-dependent
commands may be sent from the HP-85 with the tollow-
ing statement:

QUTFLT 716 af

A$ in this case contains the ASCI characters representing
the command string.

General Model 8573 Programming Example—Use the
following general syntax to send device-dependent com-
mands from the IBM-PC:

CELL TEHRTCMIREN S0

Again, CMD$ contains the command letters to program
the instrument. Remember that the modified declaration
file must be loaded and run before using any of the pro-
gramming examples.
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Table 3-11. Device-Dependent Command Summary

mgg Command Description o - Paragraph |
| Execute X Execute other device-dependent commands. 3.101
Function FO DC Volts 3.10.2
F1 AC Volts
F2 Ohms
F3 DC Current
F4 AC Current
F5 Temperature in °F mode
F& Temperature in °C mode
F7 ACv + DC
F8 ACA + DC
F9 Low Frequency ACV + DC
F10 ACV dB
F1 ACA dB
F12 ACV + DC dB
F13 ACA + DC dB
Range DCvV ACV DCA ACA Ohms Temp | 3.10.3
RO Auto Auto Auto Auto Auto Pt. 385
R1 200mv 2V 200uA  200uA 2000 Pt 392
R2 2V 20V 2ZmA ZmA 2k Type K
R3 20V 200V 20mA 20mA 20kQ Type J
R4 200V 700V 200mA  200mA 200k}  Type T
R5 1000V 700V 2A 2A 2MQ Type E
R6 1000V 700V 2A 2A 20MQ  Type R
R7 1000V 700V 2A 2A 200MQ  Type S
_ R 11000V 700V 2A 2A 200MQ  Type B
Zero 20 Zero disabled 3.10.4
Z1 Zero enabled
Z2 Zero enabled using a zero value (V)
Filter PO Filter disabled 310.56
N Pn Filter on with a value of n (n=1 to 99) o a
Rate S0 318usec integration at 3% d resolution 3.10.6
51 2.59msec integration at 4%d resolution
S2 Line cycle integration at ©%d resolution
S3 Line cycle integration at 6Y2d resolution i
Trigger Mode TO Continuous on Talk 3.10.7
T1 One-shot on Talk
T2 Continucus on GET
T3 One-shot on GET
T4 Continuous on X
T5 One-shot on X
T6 Continuous on External Trigger
T7 One-shot on External Trigger
Reading Mode BO Readings from A/D converter 3.10.8
B1 Readings from data store




IEEE-488 PROGRAMMING

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

Mode Command Description Paragraph '
Data Store Size 10 Continuous data store mode 3.10.9
In Data store size of n {n=1 to BOO) :
Data Store Interval Qo One-shot into buffer 3.10.9
Qn n=interval in milliseconds {Imsec to 999998%msec)
Value V+nn.nnnn or | Calibration value, zero value and reference junction 3.10.10
VinnnnnnnE+n| temperature value. :
Calibration Cco Calibrate first point using value (V) 3.10.10 :
C1 Calibrate second point using value (V) 4
Default Conditions LO Restore factory defauit conditions. 3101
L1 Store present machine states as default conditions. _‘
Data Format GO Reading with prefixes. 3.1012 ‘
G1 Reading without prefixes. .
G2 Buffer readings with prefixes and buffer locations. :
G3 Buffer readings without prefixes and with buffer
locations. :
G4 Buffer readings with prefix and without buffer
locations.
G5 Buffer readings without prefixes and without buffer
locations.
SRQ MO Disable 31013 |
M1 Reading Overflow
M2 Data Store Full
M4 Data Store half fuil
M8 Reading Done
M16 Ready
M32 Error k
EQI and Bus Hold-off KO Enable EQI and bus hold-off on X. 3.10.14 .
K1 Disable EOIl, enable bus hold-off on X.
K2 Enable EQI, disable bus hold-off on X. :
K3 Disable both EOIi and bus hold-off on X. .
Terminator YmX One terminator character 3.10.15
YmnX Two terminator characters
YX No terminator . n _ |
Status uo Send machine status word. 3.10.16 1
03 Send error conditions. !
u2 Send translator words.
u3 Send buffer size.
u4 Send average reading in buffer,
ub Send lowest reading in buffer.
ue Send highest reading in buffer.
u7z Send current value.
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Table 3-11. Device-Dependent Command Summary (Cont.)

Mode Command Description B Paragraph
Multiplex AO Multipiexer disabled 31097

Al Multiplexer enabled N n
Delay Wn _n=delay period (.000sec to 60sec.) 3.10.18
Self-test i JO Test ROM, RAM, NVRAM. 31019
Hit Button Hn Hit front panel button number n. (see Figure 3-13). 3.10.20 |
Display Da Display up to 14 character message. a=character. 3.10.21

L D Cancel display mode. o

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.

3.10.1 Execute {X)

The execute command is implemented by sending an
ASCI1 "X” over the bus. Its purpose is to direct the Model
193 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 com-
mands 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 execute character wilf be stored within an internal com-
mand buffer for later execution. When the X character is
finally transmitted, the stored commands will be executed,
assuming that all commands in the previous string were
valid.

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

FEMCTE ¥ 1 e CEME L THE S
DLITFLTT @ e * = R L THE D

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
commands were sent. Note that the instrument remains
in the listener active state after the command is
transmitted.

Model 8573 Programming Example—Enter the following

When the return key is pressed the second time, the X
character is transmitted to the instrument, although no
mode changes occur because no other commands are
transmitted. Note that the instrument remains in the
listener idle state after the command is transmitted because
IBWRT automatically sends UNT (Untalk) and UNL
(Unlisten) at the end of the transmission sequence.

3.10.2 Function (F)

The function command allows the user to select the type
of measurement made by the Model 193. When the instru-
ment responds to a function command, it will be ready
to take a reading once the front end is set up. The func-
tion may be programmed by sending one of the following
commands:

FO = DC Volts

F1 = AC Volts

F2 = Ohms

F3 = DC Current

F4 = AC Current

F5 = Temp in +F mode

F6 = Temp 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
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Upon power-up, or after the instrument receives a DCL
or SDC command, the Model 193 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 ¥ 16 CEMD L THES
DUTFLT @ les * 2 et * IV THE

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

Model 8573 Programming Example—Place the instrument
in the ochms function by pressing the OHMS button and
enter the following statements into the computer keyboard:
=1 Call. TESRECERIIDS « W CRETURM
D= 2 FEe DAl L TRMRET ML 2ZR CMDES
CRETURM

When the return key is pressed the second time, the in-
strument changes to the DC volts function.

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

respective ranges for each measuring function are sum-
marized 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 193 will return to the default
condition.

HP-85 Programming Example—Make sure the instrument
is in the autorange made and then enter the following
statements into the HP-85:
EEMOTE 718 CEMDLTHE
CLTHEUT 7@ P REST S CEHD L THE

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

Model 8573 Programming Example—Make sure the instru-
ment is in the autorange mode. Now enter the following
statements into the IBM-PC keyboard:
Li=1 CALL IBSRECEREDEN LN CRETURM
CHDE=" PRI CALL TEHRTOMISZ CHMDE D
CRETURH?

When the return key is pressed the second time, the in-
strument cancels the autorange mode and switches ta the
R3 range.

Tabie 3-12. Range Command Summary

Range

Command DCV ACV DCA ACA OHMS TEMP
RO Auto Auto Auto Auto Auto Pt. 385
R1 200mv 2v | 200 pA| 200 pA| 200 Q] Pt 392
R2 2V 20V ZmA 2mA 2k Type K
R3 20 V| 200V 20mA} 20mA| 20kQ| Type J
R4 200 V| 700V | 200mA| 200mA| 200 kQ| Type T
RE 1000 V| 700V A 2 A 2MQI  Type E
R6 1000 V| 700V A 2 Al 20M@i Type R
R7 1000 Vi 700V A 2 A| 200Mf2| Type S
R8 1000 VvV 700V A 2 A| 200MQ| Type B |

3
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3.10.4 Zero (Z)

Over the bus, the zero modifier can be controlled in the
same way that it ts 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:

70 = Zero disabled.

Z1 = Zero enabled.

72 — 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 ZERQO.

The Z2 command is used when a zero value, using the
V command, has already been established. When the 22
command is sent, subsequent readings represent the dif-
ference between the input signal and the value of V. Alse,
the value of V is stored in Program ZERO. For example,
with 0.5V on the input, sending the comnmand strings V2X
Z2X will result with Zero being enabled and the instru-
ment reading ~1.5V (0.5 2.0 = -1.5).

Sending the 72 command without a V value established
is the same as sending the 71 command. See paragraph
3.10.10 for more information on using the V command.

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

HP-85 Programming Example—Set the insirument 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:

TE P18 ORI L THE
Las® m ORI L THE
AT DT L TRE

After the END LINE key is pressed the third time, the
ZERQ indicator will turn on with a zero baseline level of
1VDC. The zero value will also be stored in Program ZERO.

Model 8573 Programming Example—Set the instrument
to the 2VDC range. With the front panel ZERQ button,
disable the zero mode, if enabled, and enter the follow-
ing statements into the computer keyboard:

When the return key is pressed the third time, the ZERO
indicator will turn on with a zero baseline level of TVDC.
The zero value will also be stored in the zero program.

3.10.5 Filter (P)

The filter command controls the amount of filtering ap-
plied to the input signal. The Model 193 filters the signal
by taking the weighted average of a number of successive
reading samples. 5ince 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 = Filier 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 193 will return to the default
condition.

Notes:

1. A filter value sent over the bus is stored in Program
FILTER, replacing the previous filter value.

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

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

MOTE

! _ T THE
OUITRLUT # i 3 1R

A CE D L THE

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

Model 8573 Programming Example—With the front panel
FILTER indicator off, enter the following statements into
the computer:
W= s DAl TRERE CERDES L CRETLRER
PPEEET - TALL TREETOML9ES CRTIE
CRE TR 5
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When the return key is pressed the second time, the filter
will enable 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 193, The rate commands
are as follows:

S0 = 318pmsec integration at 3'2d resolution

51 = 2.59msec integration at 4%2d resolution

S2 = Line cycle integration® at 5%d resolution

S3 = Line cycle integration® at 6%:d resolution

* 20msec for 50Hz and 16.6msec for 601z

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

HP-85 Programming Example—Using the front panel
RESOLN button, set the display of the Model 193 for 6Y2d
resolution. Now enter the following statements into the
HP-85:

FEMOTE ¥ 1 M L THE
DLTRLIT Fles 2o m et ORI L THE S

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

Model 8573 Programming Example—Using the front pancl

RESOLN button, set the display of the Model 193 to 5%d

resolution and enter the following statements into the
computer:

Lt s Ol TRSRE S BRTE

A B T RHE

TR

When the return key 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 cach conversion. The Model 193 has eight
trigger commands as follows:

T0 = Continuous On Talk
T1 = One-shot On Talk
T2 = Continuous On GET
T3 = One-shot On GET
T4 = Continuous On X

f

T5 = One-shot an X
Té = 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 TU
and T1 maodes, triggering is performed by addressing the
Maodel 193 to talk. In the T2 and T3 modes, the IEEE-488
multiline GET command performs the trigger tunction.
The instrument execute (X) character provides the trigger
stimulus in the T4 and T5 modes. External trigger pulses
provide the trigger stimulus in the Te and T7 modes.

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

HP-85 Programming Example—§'lace the instrument in the
one-shot on talk mode with the following statements:
EEMOTE V18 CEMDLTHE
GLITFLT 7les 3T S EHD L THE

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

ERITER VLed mE CEMI L EHE
DT mE CEHD L THE S

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

Model 8573 Programming Example—Dlace the instrument

in the T1 mode with the following statements:

el sl TRERE CRRDES LS CRE TURM
CALL TEURETOMLI2E5 CHIE D

CREETLIRR

The instrument can now be addressed to talk to trigger
a conversion, and the resulting data displayed with the
following st

Ik
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Fach 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.

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 com-
mands are as follows:

B0 = A/D Converter readings
B1 = Data Store readings

Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193 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, subsc-
quent readings will be taken from consecutive buffer loca-
tions beginning with the first memeory 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 P18 CEMD L IHE
CUTFLIT 718 P A R ORI L THE S
TR R 3 ¢ERINL THE
Dlse ad CRHD L IHES

15
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.

Model 8573 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 dtsplayed on the computer CRT

i Ii:'.|| K

CRETURM

MRt RIS R W W N
FETLIER

FRTHT BT CRETLIREMD

RIS E5 s FIED

The second statement above programs the reading mode
to access the buffer reading. The third statement addresses
the instrument to talk and reads the data string from the
instrument, while the fourth statement prints the data
string on the computer CRT.

3.10.9 Data Store Interval (Q) and Size (I}

The data store is controlled by the interval command ((})
and the size command (I). It is important to be aware at
this time that either command will start the storage pro-
cess. Thus, if both the interval and the size are to be
modified, they must be sent together in the same com-
mand string.

With the (Q 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 QQ command
is in the following form:

Q0=0ne-shot into buffer
Qn=5et storage interval in millisec {Imsec to 999999msec)

To use the data store in the one-shot mode (QO0), the in-
strument must be in a one-shot trigger mode (T1, T3, T5
or T7). In the QUT1 mode, one reading will be stored each
time the instrument is addressed to talk. In the QOT3
mode, each GET command will cause one reading to be
stored. In the QUT5 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 (10, T2, T or T6), an IDDC error will occur.

To store readings at a selected interval (Qn), the instru-
ment can be in any trigger mode. When the selected trig-
ger occurs, the storage process will commence.,

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

10=Continuous storage maode.
In=5et data store size to n (1 to 500).
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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 location and start over-
writing data. With the Innn command, the storage pro-
cess will stop when the defined number of readings have
been stored. In this case the buffer {s considered to be full.

Notes:

1. The storage process will start when either the Q or I
command is sent over the bus.

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
commands are listed in Table 3-13.

4. With S2 or 53 asserted, the fastest valid storage inter-
val (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 Bl command as described in
the last paragraph. Also, the highest, lowest and average
reading is a full buffer can be recalled by suing the ap-
propriate U commands. See paragraph 3.10.18 for infor-
mation on using the U commands.

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

HI-85 Programming Example—Enter the program below
to enable data store operation and obtain and display 100
readings on the computer CRT:

PROGRAM COMMENTS

1: DIF A L2510
20 EEMOTE 716
25 OUTPUT F16.

Send remote enable.
SRQ on buffer full.

() I.‘IL‘;’ :: a1

SEITRUT @16 Set store size to 100
FEIER] LRas and data store to
0.1sec rate.
A m=EPOL LT Serial poll the 193,
SEIFHOTEBITES 10 If not full, wait.
THEM 45

EE DUTFIAT P 1a;
hi 'lI‘ 1[‘1'“‘1"1 L]

Set read mode to
data store,

CECPOR T=1 TO 1 aw Loop 100 times.
2O EMNTER P18 % Get a reading.
20 DISF A% Display it.
L HEWT I Loop back and get
next reading
118 EHD

After entering the program, press the HP-85 RUN key. The
program will set the store size to 100 (line 30), enable the
data store (line 30), wait for memory to fill (lines 40 and
50), turn on the data store output (line 60}, and then re-
quest and display all 100 readings (lines 70-100),

Model 8573 Programming Example—To demaonstrate data
store operation, load the modified DECL.BAS file and
enter the program lines below:

Table 3-13. High Speed Data Store

Valid Data I ' o
Data Store Interval Store Size* Valid Functions | Valid Ranges | Valid Reading Rates |
Q1, Q2 FO, F1, F3 All, except S0 )
Q3 Q4 11 - 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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PROGRAM COMMENTS

Find the board

1B MEds
. descriptor.

P GR LR
LEF THDC s

Find the instrument
descriptor.

Set primary address
to 10.
Send remote enable.

SRQ on buffer full,
Set store size to 100

' and data store to
o L1 L0k 0.1sec rate,
SRP

oM :
60 CALL IB
Y

Get status byte.
If not full, wait,

Set read mode to
data store.

Loop 100 times.
Get a reading.

Display the reading.
Go back and get
another.

Close the board file.

Close the instru-
ment file.

Press the IBM F2 key to run the program. The store size
is defined (line 50), the store is enabled (line 50), the pro-
gram waits for memory to fill (lines 60 and 70), the output
is turned on (line 80), and 100 readings are then requested
and displayed (lines 90-120).

3.10.10 Value {V) and Calibration {C)

One advanced feature of the Model 193 is its digital calibra-
tion capabilities. Instead of the more difficult method of
adjusting a number of potentiometers, the user need on-
ly apply an appropriate calibration signal and send the
calibration 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
temperature 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.nnnnnnkE+n

Thus, the following two commands would be equivalent:
V20
V2.0E+1

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 2000000 even though only the first two
digits were actually sent.

Digital Calibration—When performing digital calibration,
two points must be calibrated on each range. The first
calibration value should be approximately full range and
the second calibration value should be approximately zero.
After the second calibration value is sent over the bus, per-
manent storage of the two values will occur.

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

C0=Calibrate first point using value (V)
Cl1=Calibrate 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
6Y%2d resolution} an IDDCO error message will be displayed
on the Model 193 (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.
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HP-85 Programming Example—The following statements
can be used to calibrate the instrument on the 200VDC
range:
FEMOTE ¥ 1@ CEMD L IME S
CLTRUT # 1@ " 2 L et CERD L THE
QUTEDT FPLEG FPLAS0EET Y CEMND L IHE

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 perma-
nent storage of the two calibration points take place.

Model 8573 Programming Example—Use the following
statements to calibrate the 200VDC range:
'-.-'-'-"‘“1 (CRLL TESREC EFI!H s L0500 CRETLIRM D
CrDge? * UZEEaCaya" * DAL LTEHRT
LR CHIE Y CRETURRMS
CHDE= RS0 T - 0al L TEHRET
MRS CHDFEDY CRETURM

When the A second statement is executed, calibration of
the high end of the 200VDC range is performed, assum-
ing that the correct calibration value is applied to the in-
strument. When the third statement is executed, calibra-
tion of the low end of the 200VDC range is performed and
permanent storage of the two calibration points takes place.

3.10.11 Default Conditions (L)

The LO command allows the user to return the instrument
to the factory default conditions. Factory default conditions
are set at the factory and are listed in 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:

L0=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 193 to the
ohms function, and enable zero and filter. Now, enter the
following statements into the computer:

FEMOTE 718 CEHTLTHE )
DLTFUT @1 2L 1 ORI D THE

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

Model 8573 Programming Example—Set the Model 193 to
the ochms function, and enable zero and filter. Now, enter
the following statements into the computer:
L5=1: I"'iilLL IE""F'E CERDGN W CREETURH S
CRDE=T L CALL IBHRTOMIDAN s CMOE 2
CREETLRH S

After pressing END LINE the second time, cycle power
on the Model 193 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
turther clarifies the general data format. The G commands
are as follows:

GO0 = Send single reading with prefixes. Examples:
NDCV-1.234567E+0 (A/D reading)
NDCV-1.234567E+0,B001 (buffer reading)

G1 = 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--1.765432L: + (3, B2,
etc...

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

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 without buffer memory

locations. Example:
—1.234567E+0,—1.765432E+0, etc...
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Upon power-up or after the instrument receives a DCL or
SDC command, the Model 193 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 B1 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 EQI 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 BO (data from A/D).

HP-85 Programming Example—Io place the instrument in
the G1 mode and obtain a reading, enter the foliowing
statements mto the HP 85 keyboard.:

T L TREE
Ok II}II THE.
,Iiill IHI

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

Model 8573 Programming Example—Type in the follow-
mg statements to place the instrument in the G1 mode:

LA I'I:"'"f'HI 4

When the second statement is executed, the instrument
will be placed in the G1 mode. The last two lines obtain
the data string from the instrument and display it on the
CRT. Note that the prefix and suffix are absent from 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 193 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 193 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 193 can be programmed to generate an SRQ
under one or mote of the following conditions:

1. When a reading is completed or an overrange condi-
tion occurs.

2. 1If an IDDC, IDDCO, No Remote error occurs, or Self-
Test fails.

When the data store is full,

. When the data store is 2 full,
If a trigger overrun error occurs.
When the bus is ready.

o U W

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

SR Mask-—The Model 193 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 SR} under reading overflow and buffer full con-
ditions, send M5X. To disable SRQ, send MOX. This com-
mand will clear all bits in the SRQ mask,

3-28



IEEE-488 PROGRAMMING

| [
r i
:PREFI)(:
| [
i |

BUFFER PREFIX (B1
MODE ONLY)

MANTISSA 6% DIGITS

DEGC - “C BUFFER LOCATION
DEGF  “F {B1 MODE ONLY]
| — r
NDCV 1 1.234567F + 1 BBOOCR LF
L 1 L4
N = NORMAL
O . OVERFLOW L TERMINATOR
Z - ZEROED
DCV - DC VOLTS ]
ACV = AC VOLTS EXPONENT
OHM - OHMS
DCl - DC AMPS
ACH - AC AMPS

ADV = AC+DC VOLTS
ADI = AC +DC AMPS

LAY - LOW FREQUENCY
AC+DC VOLTS
dBY - AC dB VOLTS

dBl = AC dB AMPS
dAY =« AC +DC dB VOLTS
dAl - AC+DC dB AMPS

Bit I ' |
Pasition | B7| B&| B5| B4 | 83 | B2 | B1 |BO

Value o | 10 10 10| 1010|170 10

Decimal
Weighting 128‘ 64| 32| 16| 8 4 2 1

| I__1 -READING OVERFLOW
1 -BUFFER FULL

1= BUFFER HALF FULL

1--SRQ 8Y 193 ISTATUS BYTE ONLY) —————J
1 - ERROR

1 - READY

1 READING DONE

S S —

Figure 3-10. SRQ Mask and Status Byte Format
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Table 3-14. SRQ Command Parameters

Command| Condition to Generate SRQ ]
MQ Disable
M1 Reading Overflow
M2 Data Store Full
M4 Data Store % Full
M8 Reading Done
M16 Ready
M32 Error

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 scrial 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 { {(Reading Overflow}—5et when an overrange input
is applied to the instrument.

Bit 1 (Buffer Full}—5et when the defined buffer size is full.

Bit 2 (Buffer 2 Full)—S5et when half the defined buffer size
is full.

Bit 3 (Reading Done)-—Set when the instrument has com-
pleted the present reading conversion.

Bit 4 (Ready)—Set when the instrument has processed all
previously received commands and is ready to accept ad-
ditional commands over the bus.

Bit 5 (Error)—Set when one of the following errors have
occurred:

. Trigger Overrun

. Short Period

. Uncalibrated

. Needs Model 1930
Needs Model 1931
. Needs Model 1930 and 1931
Cal locked

. Conflict

. Translator

10. No Remote

11. TDDC

12. IDDCO

13. String Overflow

W R =

O N DU

The nature of the error can be determined with the Ul
command as explained in paragraph 3.10.16. An explana-
tion of each error can also be found in paragraph 3.10.16.

Bit 6 (SRQ)}—Provides a means to determine if SRQ was
asserted by the Model 193. 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

PEVREMOTE TLa @ CLEAR T Set up for remote
operation, clear
instrument.
Program for SRQ
on IDDCO.
Atftempt to pro-
gram illegal option.
Serial poll the
instrument.

Wait for SRQ error.

S ITRUT @ iE v e Ezsrt

ERCQLITFLT Flas r r e

Identify the bits.
Loop eight times.

Display each bit
position.

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 SR} and sets the bus error bit in
its status byte. The computer then scrial polls the instru-
ment (line 40), and then displays the status byte bits in
proper order on the CRT. In this example, the SRQ (B6)
and error (B5) bits are set because of the attempt to pro-
gram an illegal command option (K5}. Other bits may also
be set depending on instrument status.
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Model 8573 Programming Example—load the modified
DECL.BAS file into the IBM computer (see the Mode! 8573
Instruction Manual) and add the lines below:

PROGRAM COMMENTS
T8 MEd=r PRI RA Y Find the board des-
oL TRE TR criptor.
ORI F]_'IL' 3

Find the instrument
descriptor.

Set primary address
to 10,

Send remote enable,
clear instrument,

28 Mepg= 0 e -
TEF ITMIC R E 313
L B I"" |"11l L Ik

TECLR ML
AT o 9 |1 Program for SRQ on

IDDCO.

Attempt to program
illegal option.
ldentify the bits.

Define bit mask.
Serial poll the
instrument.

Wait for SRQ error.

Loop eight times.

Mask off the bits
and display them.

Close the board file.

Close the instrument
file.

To run the program press the F2 function key. After plac-
ing the instrument in remote (line 40), the program then
sets the SRQ mode (line 50). An attempt is made to pro-
gram an illegal command option (line 60}, at which point
the instrument generates an SRQ} and sets the error and
SRQ bits in its status byte. Other bits may also be set
depending on instrument status. Lines 70-90 display the
bit positions, set the mask value to the most significant
bit, and serial poll the instrument. Since the status byte
is in decimal form, lines 100-130 are used to generate the
binary equivalent of the status byte value.

3.10.14 EOIl and Bus Hold-off Modes (K)

The K command allows control over whether or not the
instrument sends the EQl command at the end of its data
string, and whether or not bus activity is held off (through
the NRFD line) until all commands sent to the instrument
are internally processed once the instrument receives the
X character. K command options include:

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

K1 = Do not send EOI 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 EOI with last byte; do not hold off bus on X.

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

The EOI line on the IEEE-488 bus provides a method to
positively identify the last byte in a multi-byte transfer se-
quence. Keep in mind that some controllers rely on EOI
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 temporari-
ly 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 activity associated with the Model 193, 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.

HP-85 Programming Example—Io program the instrument
for the K2 mode, enter the following statements into the
HP-85:
REMOTE ¢ 1e ChuD L IHE
TR @18 s s gzt SEHD L THE S
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When the second statement is executed, the instrument
will be placed in the K2 mode. In this mede, EOI will still
be transmitted at the end of the data string, but the bus
hold-off mode will be disabled.

Model 8573 Programming Example—To place the instru-
ment in the K2 mode, enter the following statements into
the IBM computer:

The Model 193 will be placed in the K2 mode when the
second statement is executed, The EOI mode will be enabl-
ed, but the bus hold off will be disabled.

Tahle 3-15. Bus Hold-off Times

Bus Held Off On X for:

160mS typical (ACV and ACA
functions 660mS typical)
Depends on range and func-
tion as the calibration is actual-
ly performed during the hold

Commands
Function (F)

Calibrate (C)

off time.
ex: 1000VDC = 9sec.
200MQ = 19sec

Other 117mS o 200mS typical depen-

ding on the command sent.

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 common-
ly used carriage return, line feed (CR LF} 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

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:

FEMOTE FLE CREMILTHE
GLITFUT P 1E G » 5= s CHEE D HEEC LS

BAEE ORI L THE

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.

Model 8573 Programming Example—Use the following
statements to reverse the default terminator sequence:
W=l Gl TRERE R T '.."',." LR TLER D

e
3 nfe K :

T LR D

The terminator sequence will be reversed when the second
statement is executed.
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3.10.16 Status (U)

The status command allows access to information concer-
ning various operating modes and conditions of the Model
193. 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 UOX is transmitted, the in-
strument will transmit the status word instead of its nor-
mal data string the next time it is addressed to talk. The
status word will be transmitted only once each time the
UQ command is given. To make sure that correct status is
transmitted, the status word should be requested as soon
as possible after the command is transmitted.

The format of 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 611, which prints
out as an ASCII equal sign (=). This terminator conver-
sion step is 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 193 error condi-
tions in a similar manner. Once the sequence UIX 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
polly 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 U1.

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—5Set when E?PROM memory fails the self
test.

Needs Model 1930—5Set when the ACV function is selected
with the ACV option not installed.

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.

Conflict—Set when trying to calibrate the instrument while
it is in an improper state.

Translator—Set when trying to define a translator word
that already exists or when the translator buffer is full.

No Remote—Set when a progamming command is receiv-
ed when REN is false.

IDDC—Set when an illegal device-dependent command
(IDDC), such as E1X is received ("E” is illegal).

IDDCO—Set when an illegal device-dependent command
option {IDDCO) such as TIX is received ("9 is illegal).

NOTE
The complete command string will be ignored if
an IDDC, IDDCQO or no remote error occurs.

3-33



IEEE-488 PROGRAMMING

FACTQORY DEFAULT

1 -ROM, HAM and E‘PROM PASSED
2 =E’PROM FAILED

EQI; BUS HOLD-OFF (K)

0 =EQi AND HOLD-OFF

1 =NO EQF AND HOLD-QFF

2 -EOI AND NO HOLD-QFF
3=NO £0l AND NO HOLD -OFF

SRA (M}

MQOO = DISABLED

MO1 =READING OVERFLOW
MO2=DATA STORE FULL

MO4 =DATA STORE HALF FULL
MO8 = READING DONE

M16 = READY

M32 =ERROR

EXPONENTIAL FILTER (N}
0 -DiSABLED
1 =ENABLED

FILTER (P)
00 =FILTER DIABLED
nn =FILTER ENABLED WITH FILTER VALUE OF an (D1 10 89}

DATYA STORE RATE (Q)
000000 - ONE-SHOT MODE
nanonn = Interval (00000 1msec to 999999sec)

1 =INSTALLED

ACY OPTION
O -NOT INSTALLED
1 -INSTALLED

CALIBRATION SWITCH
0 -LOCKED POSITION
1=UNLOCKED POSITION

FRONT/REAR SWITCH
O - FRONT INPUT TERMINALS SELECTED
1:=REAR INPUT TERMINALS SELECTED

TERMINATOR (Y}

¥mX - ONE CHARACTER

¥mnX = TwW0 CHARACTERS

¥X =NO TEAMINATCR
:=CR LF

1.0 00 0 0 0 001 Q0 000000 5 3 6 00000 O O1 01 01 01 -
| ACV CAL F/R
193 A B FF G J K MM N PP [slalelelele] R § T wWwwww 7 op QP SwW SW oYY
MODEL NUMBER PREFIX {193 RANGE (R
oCv ACV  DCA ACA  OHMS  TEMP.
K*Bfé'}rff‘gé“’ 0-AUTO  AUTO  AUTO  AUTO  AUTO  PT.385
1 ':ENABLED 1= 200mv 2V 200 pA 200 A 200 @ PT.382
2. 2w 20v 2mA 2mA 2k TypeK
READING MODE (B} 3= 20 V200V 20mA 20mA  20kD  Typed
0 A/D CONVERTER 4= 200 Vv 700V 200mA  200mA 200 k(2 TypeT
1--DATA STORE {BUFFER) 5-1000 Vv 700V 2 A 2 A M4 Typet
61000 V 700V 2 A 2 A 20M! TypeR
FUNGTION () 7 1000 V 700V 2 A 2 A 200M2 TypeS
0=DCVOLTS 8=1000 vV 700V 2 A 2 A 200MQ  Iypeb
1. AC VOLTS
2= OHMS RATE (5)
3=DC CURRENT 0- 1msac INTEGRATION, 3%d
4 = AC CURRENT 1= 4msec INTEGAATION, 4'%d
5 TEMP. IN °F 2= LINE CYCLE INTEGRATION, B%d
6 -TEMP. N “C 3. 100msec INTEGRATION, 8%d
@ hen o S hous on Tauk
18;;%‘3’ :Sm' ACY+DC 1= ONE-SHOT ON TALK
S e 2 CONTINUOUS ON GET
e e 3: ONE-SHOT ON GET
13 -ACA +DC dB 4 =CONTINUQUS ON X
5=ONE-SHOT ON X
DATA FORMAT (G} 6 - CONTINUOUS ON EXTERNAL TRIGGER
0=HDG WITH PREFIXES 7 = GNE-SHOT ON EXTERNAL TRIGGER
;thG WITHOUT PREHHx;s o o DELAY tw)
- BUFFER RDGS WITH PREFIXES AND BUFFER LOCATIONS
3=BUFFER RDGS WITHOUT PREFIXES AND WITH BUFFER annnn =00.000 TO 60.00058C
LOCAT!ONS ZERO (2)
4 - BUFFER ROGS WITH PREFIXES AND WITHOUT BUFFER 0 = DISABLED
LOCATIONS 1=ENABLED
§ = BUFFER RDGS WITHOUT PREFIXES AND BUFFER LOCATIONS 2= ENABLED USING ZERC VALUE
SELE-TEST (J) CURRENT OPTION
0 - INACTIVE 0=NOT INSTALLED

Figure 3-11. UQ Status Word and Default Values
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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 is ad-
dressed to talk. This information will be transmitted only
once each time the command is received. The U3 value
will not be cleared when read; thus, the U3 value is always
current,

The U4 command sends the average of all the readings that
are in the data store. The U5 command sends the lowest
reading in the data store and the U6 command sends the
highest. When any of these commands are transmitted,
the instrument will send the appropriate reading the next
time the instrument is addressed to talk. A reading will
only be sent once each time the appropriate command is
received. Transmission of U4, U5 and U6 will not occur
until the buffer is full.

The U7 command sends the current value. The value can
be a calibration value, zero value or temperature compen-
sation value.

MODEL
NUMBER ALWAYS
PREFIX ZERO

1830 0N GO0 G000 T OO D

1 - TRIGGER Y= 1DDCO
CVERRUN

t - SHORT PERIOD 1-1DDC

1 STRING OVERFLOW 1 -NO REMCTE

1-UNCALIBRATED 1= TRANSLATOR

- CONFLICT
— 1 = CAL LOCKED

1 - NEEOS MODEL 1930
1 NEEDS MODEL 1931
1« NEEDS MODELS 1930 & 1831

Figure 3-12. U1 Error Status Word

HP-85 Progamming Example—Enter the following
statements into the computer to obtain and display
all the status conditions (UQ through U7) of the Model
193.

PROGRAM COMMENTS

Send remote enable.

Send U command.
Display Ul word

values.

]| E_I TLF 7 1%1 [SE3

Obtain U0 status
from instrument,
Display UQ status
waord.

Send Ul command.
Get error condition
word.

Display error condi-
tion word.

Send U2 command.
Cet data condition.
Display data condi-
tion.

Send U3 command.
Get data condition.
Display data condi-
tion.

Send U4 command.
Get data condition.
Display data condi-
tion.

Send US command.
PHE Get data condition,
Display data condi-
tion.

Send Ub command.
Get data condition.
Display data condi-
tion.

Send U7 command.
Get data condition.
Display data condi-
tion.

Get normal reading.
Display normal
reading

ol DIsF BE

FECHITRLIT 76 6 e e
S EHTER 710 A

ELUN IR 2

1B I'HITFIITTIH
L1 EXTER Y18
1ZR IR A

e
h |.||_J;.;!!|
MLt

| EEQITFUT Pl s sl
1B EMTER FL18;: 4%
156 DISF A%

B OLTFLT TLE 6 5 dp
THEMTER 718 118

N R SR

T FLE e 7
¢ T1E A

ZEN M

After entering the program, run it by pressing the HP-85
RUN key. All of the status conditions of the Model 193 will
be listed on the CRT display. To show that status is
transmitted only once, a normal reading is requested and
displayed last.
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Model 8573 Programming Example—Obtain and display
all the status conditions (U0 through U7) of the Model 193
as follows: Load the modified DECL.BAS file from disk
(see the Model 8573 Instruction Manual) and add the lines
from the program below:

PROGRAM COMMENTS

.. Find the board des-
¢riptor,

Find the instrument
descriptor.

Set primary address
to 10.

Send remote enable,

Send UQ command.

T ]
SRTHTE ¢ M

Identify word bytes.
Get status word
from instrument.

Display status word.
Send U1 command.

Get error condition
word.

Display error condi-
tion word.
Send U2 command.

Get data condition.
Display data condi-
tion.

Send U3 command.
Cet data condition.
Display data condi-
tion.

Send U4 command.

Get data condition.

SEE FRELHT BDE

Display data condi-
tion.
Send U5 command.

Get data condition,
Display data condi-
tion.

Send U6 command.
CGet data condition.
Display data condi-
tion.

Send U7 command.

Get data condition.

Display data condi-
tion.
Get normal reading.

11555
ALEPRTHTY Display normal
reading,.

Close the board file,

L TROML

EEE CalL TROML Close the instrument
O U R A B tile,

Press the computer F2 key to run the program. All of the
status conditions of the Model 193 will be listed on the CRT
display. To show that status is transmitted only once, a nor-
mal reading is requested and displayed last.

3.10.17 Multiplex (A)

The Model 193 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, cither through front panel Program 95
(paragraph 2.8114) or through one of the following
commands:

AD
Al

Disable Multiplex
Enable Multiplex

I

Upon power-up or after a DCL or 5DC command, the in-
strument will return to the default condition.
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HP-85 Programming Example—Disable multiplex by enter-
ing the following statements into the HP-85:

EOTE 18 CERD L THE
aE R THE 3

When the END LINE key is pressed the second time, the
multiplexer routines will disable.

Model 8573 Programming Example—Disable the multiplex
by entering the following statements into the computer:
Lim=1 ALl TEERE CREDES LD CRETLIRMS
CHIE= @i Oall TRHRT OSSN s CHTE D
CRETLIRM

When the second statement is executed, the multiplexer
routines will disable.

3.10.18 Delay (W)

The delay command controls the time interval that occurs
from the paint 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 seconds. The range
of programmable delay values is from 0.000sec to 60sec.

Examples: For a delay of 0.002sec send W.002X.
For a delay of 30.05sec send W30.05X.
For a delay of 60sec send W60X.

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:
L O N 5 R Y A 1
CHATFLIT P W 25t CEMD L THES

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.

Model 8573 Programming Example—TInter the following
statements into the computer to program the instrument
for a 250msec delay period:
W=t Call TESRECERTES » U5 (RETURH
CRIE=" W 20 Call TEHET
CRTRES S CMDE S CRETLRER

After the return key is pressed the second time, the in-
strument will wait for 250msec after cach triggered con-
version before executing the next conversion period.

3.10.19 Self-Test (J}

The ] command causes the instrument to perform tests it
automatically performs upon power-up. When the self-test
command is given, the Model 193 performs the following
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 UQ status word
will be set to 1. If E2PROM fails, the message “UN-
CALIBRATED” will be displayed and the ] byte in the Ul
status word will be set to 2. An EPROM failure is also
flagged in the U1 status word. If ROM and RAM fails, the
instrument 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 193
self-test:
FEMOTE $18 cEMD LIHE
QUTFUT P11 " Jast Y CEMDN L THE S

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 UO status word will be set to 1. This byte
may be cleared by reading the U0 status word (see
paragraph 3.10.16).
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Model 8573 Programming Example—Enter the following
statements into the computer to run the self-test:
Woa ] Call TEEREE

TR T e LI TR

When the return key is pressed the second time, the in-
strument performs the self-test. If successful, the self-test
byte {J) in the U0 status word will be set to 1. This byte
may be cleared by reading the U0 status word (see
paragraph 3.10.16}.

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
command is sent by sending the ASCII letter followed by
a number representing a front panel control. These con-
trol 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:

DT L THES
EE ORI L THE

When the END LINE key is pressed the second time, the
instrument is placed in the ohms function.

Model 8573 Programming Example—Enter the following
statements into the computer to place the instrument in
the ohms function.

Lige=1 - mld

P T =

o wRETURM
o LPTE

When the second statement is executed, the instrument
will be placed in the ohms function,
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RO Y] 193 svsiim omm

Figure 3-13. Hit Button Command Numbers

3.10.21 Display {D)

The display command controls the ASCI] messages that

can be placed onto the Moel 193 display. The Model 193

can only display messages in upper case. Messages entered

in lower case will automatically be converted to upper case.

Messages are controlled with the tollowing commands:

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;:
T T MR EETI® T TERATR

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 193"
REFETE ¥ L8 CebI L THE
DL F L @ 2T " R
CEHT L THES

When the END LINE Key is pressed the second time the
instrument model number will be displayed. Display
operation may be returned to normal by entering the
following statement:

CLETFIT P s e CEHD L THE »

Model 8573 Programming Example—Enter the following
statements into the computer to display the message
“KEITHLEY 193"
W= DAl L TESEECBRDE. 5 W05 CRETURE
CPDE= 0 T RETTHLE YR IS =7 - Dal i TEHRET
CMEER L CMIE Y CRETLRR

When the second statement is executed, the instrument
will diaplay its model number.

Display operation may be returned to normal operation

with the following statement:

CDd=s o Dt Ol L TBURET ORI SE s CMDE s
CRE TR 3

3.10.22 Reference Junction {(O)

The Model 193 can make temperature measurements us-
ing Type K, . T E, R, S and B thermocouples (TC's). In
order to make TC temperature measurements the Model
193 must know the temperature of the reference junction.
When using the Keithley Maodel 705 or 706 Scanner with
the Model 7057A TC Scanner Card installed, the Model 193
can measure the reference junction. However, if other TC
setups are used, the Model 193 must be told the
temperature of the reference junction. The following two
commands are used to acquire the reference junction
tempcrature:

00 = Measure the reference junction.

01 = Here is the reference junction temperature using
Value (V).
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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.

The O1 command is used for all other TC setups and is
used in conjunction with the V command. The V com-
mand inputs the known reference junction temperature
to the Model 193, and the Q1 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
temperature variations.

Perform the following procedure 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 FoX (for °C) over the IEEE-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
R6X = Type R
R7X = Type S
R8X = Type B

3. Connect the QUTPUT of the thermocouple scanner card
to the VOLTS HI and LO input terminals of the Model
193 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 thermistor 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 ther-
mocouple connected to it and close that channel.

8. Thermocouple temperature measurements can now be
taken directly from the display of the Model 193.

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 thermocou-
ple temperature measurements.

COMMENTS

E REMOTE V18« F17 Send remote enable.

15 CLEAR T Clear all devices.

EEOOLTFUT P1E P EPERZE Y Set 193 to Type KTC
and °F.

%! Close channel 1 of 705.

EEOGUTPUT #1758 fB1
S CTPUT P16 5 4 %

Measure reference
junction.

BEDUTRLUY 217 s RzCzs Close channel 2 of
SCanner,

7HEHD

Run the program by pressing the RUN key. The Mode] 193
will be configured for Type K thermocouples, read the
reference junction temperature and then take one
temperature measurement.

Model 8573 Programming Example—The following pro-
gram will display one temperature measurement on the
IBM CRT. With the Models 705 and 7057A connected to
the Model 193, connect a type K thermocouple to channel
2 of the scanner card. Make sure the [EEE address of the
Model 705 is at 17, Load the modified DECL.BAS file and
enter the following lines:

COMMENTS
Find 705 descriptor.

PROGRAM

Find 193 descriptor.

Set primary address to
17.

Set primary address to
10.

Send remote enable.

el Dl T

Clear 705.
TR L1 Clear 193.
SE CHOFsS FFRRER 0 Set 193 for Type K
TREHRETCML: o L TCs.
QE CrlEss PRICLHET Y LA Close channel 1 of

705,

Measure reference
junction.

Close channel 2 of 705.

TEWRET M

Close the board file.

Ll TEOML M1

. %0 Close the 193 file.
= I I 2 R I L

i1 Close the 705 file.

To run the program press the F2 function key. The Model
193 will be configured for type K thermocouples; read the
reference junction temperature and then take one
temperature measurement,
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Use the following basic procedure to make TC temperature
measurements using the O1 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 and TC type.

3. Connect the TC setup to the input of the Model 193.

4. Using the V command, send the noted reference junc-
tion temperature over the bus to the Model 193. Send
the value in °C if F6 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
temperautre is 25.3°C, then send the following com-
mand over the bus: V25.3X.

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 193.

3.10.23 Exponential Filter (N)

In addition to the digital filter (P), 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

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

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

A CEMT L THE
Rt R LT ME

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

Model 8573 Progamming Exampie—Enter the following
statements into the computer to turn off the exponential
filter:
=i s Al TREREE CER
N NIRRT

When the return key is pressed the second time, the ex-
ponential filter will disable,

3.11 FRONT PANEL MESSAGES

The Model 193 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 (IDDCQO) is sent to the in-
strument. Under these conditions, the complete command
string will be rejected and one of the following messages
will be displayed:
NO REMOTE
1DDC

1DDCO

NOTE
Selecting the ACV, ACA or DCA function over the
bus with the appropriate options not installed, will
result in an IDDCO message.

In addition, the error bit and pertinent bits in the Ul 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 lkine is false. Note that the
state of REN is only tested when the X character is re-
ceived. An IDDC error can occur 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 in-
strument has no such trigger mode,

3-41



IEEE-488 PROGRAMMING

HP-85 Programming Example—To demonstrate a bus er-
ror, send an IDDC with the following statements:
FEMOTE @16 CERHD L THE
CHITET FL@: " L= CEHI L THE

When the second statement is executed, the bus error
message appears on the display for about one second.

Model 8573 Programming Example—Type in the follow-
ing statements to demonstrate a bus error by sending an
IDDC:

i

The bus error message will be displayed for about one se-
cond when the second statement in executed.

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 instru-
ment except to generate the message below. When a trig-
ger overrun occurs, the following front panel message will
be displayed for approximately one second:

TRIG-OVERRUN

HP-85 Programming Example—Io demonstrate a trigger
overrun error, enter the following statements into the
HP-85 keyboard:
REMOTE V18 CEMD LIMHE:
GLUTRT P e w0 0 CEMD L IHES
TRIGHER #1668 TRIGGER @18 CEHD L INE

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

Model 8573 Programming Example—Enter the following
statements into the computer to demonstrate the trigger
overrun message:

Weie= ] Al L TERSRE CRRETHS U5 CRETURRD
INRIEE SR Ll TEMRET OR35S CHIDED
CRETLERM S
CElol TETEGOMIRES > - Call, TETREGOMLSES S

SRR

The trigger overrun error message will be displayed after
the third line is executed.

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 length of time will vary somewhat
depending 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)
SOAOGINOTIX | Maximum reading 6msec
rate (3%:d)
S0TIX 3%d mode 12msec
SITIX 42d mode) 15msec
S2T1X 5%d mode 30msec
S3T1X 6'%:d 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
command or a string of commands. For example, the word
ACV can be sent in place of F1, and the word SETUPPt can
be sent in place of F3RIT250Z1U0M2P15. Also, Keithley
commands 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 R0O. There are
certain words and characters that cannot be used as de-
fined Translator words. These reserved words and
character 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 following example command string, which defines
the word SETUP! as a substitute for FIROX.

"ALIAS SETUP1 FIROX ;”

Where;

ALIAS is a reserved word that precedes the Translator
word,

SETUP1 is the desired Transtator word.
FIROX is the Keithley command string,.

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

When SETUPI 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 Fl 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 F1 function.

Notes:

1. Trying to define a Translator word that already exists will
cause the error message “"TRANSLATOR-ERR” to be
displayed briefly. To clear the error, keep sending an “X”
over the bus until the Translator error message no longer
occurs.

2. A Translator error automatically takes the instrument out
of the NEW mode and places it in the OLD mode. See
paragraph 3.13.2 for an explanation on the NEW and
OLD modes.

3. A Translator word cannot exceed 32 characters.

4. The Translator buffer can hold approximately 100
18-character Translator words. When the buffer is full,
the message "TRANSLATOR-ERR” will be displayed.

5. The letter X cannot be used in Translator words.

6. The Model 193 will not recognize an undefined
Translator word sent over the bus.

7. A valid Translator word sent over the bus while the in-
strument is in the OLD mode will not be recognized.
However, the instrument will try to execute (on the next
X} the letters and numbers of the word as if they were
device-dependent commands. To avoid this problem, it
is recommended that NEW be sent before trying to ex-
ecute Translator words, See paragraph 3.13.2 for an ex-
planation of NEW.

HP-85 Programming Example—Enter the following pro-
gram into the computer to define a Translator word
(SETUP1) to emulate the command string F1ROX:

I|1L|1H|I
LT P hEs

ATi L T HE

LLITRLT @ Le s D5 TUR S MDD L ITHE S

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 instrument will go to the ACV function (F1) and
enable autorange (R0).

Model 8573 Programming Example—Enter the following
program statements into the computer to define a
Translator word (SETUP 1) to emulate the command string,
FIROX:
Ls ] DRl TRERECERDES U5 CRETIURH
CrltE= L Ta= SETUHRL Fleas 00 F'HLL
TEHETCMIZE%N CHMTE  CRETURHS
CHlE=* 1y ET UF1 ALl TRHET
CMLOEE CHIE S o EE"I'UPH

When the return key is pressed the second time, the
Translator word will be defined to emulate the Keithley
command string. When the return key is pressed the third
time, the instrument will go to the ACV function (F1) and
enable autorange (R0).

3.13.2 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 3.13.3.

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—FEnter the following state-
ments into the computer to place the instrument in the
NEW mode:

FEMOTE
CLITRLIT 714

TlE CERD L IHE S
TUHERT T CEMHINL THE

When END LINE is pressed the second time, the instru-
ment will go into the NEW mode.

Model 8573 Programming Example—Enter the following
program statements into the computer to place the instru-
ment in the NEW mode:

Wi Dl TRSRE CRERDES - U5 CRETURH
SR D= SHEN Y Dall TBURTCR1I9E cTHns
CRETLIEH
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When the return key is pressed the second time, the in-
strument will go into the NEW mode.

3.13.3 Combining Translator Words

Existing Translator words can be combined resulting in a
Translator word that contains the commands of the two
{or more) combined words. For example, existing Translator
words SETUP1 and SETUP2 can be combined and
named SETUP3. When SETUP3 is sent over the bus, the
commands of both SETUP1 and SETUI’2 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 SETUP?2 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, SETUIP1 and SETUP2 still exist as valid Translator
words.

HP-85 Programming Example—The following program will
create two Translator words and then combine them to
form a third Translator word:

FEMOTE

DLTFLIT 716,

ALTFUT 18 * e ..
mETLURE 5

The second and third program statements define the two
Translator words. When END LINE is pressed a fourth
time, the two words combine to form the new word
{SETUP3).

Model 8573 Programming Example—The following pro-

gram statements will create two Translator words and then

combine them to form a third Translator word:
LiSm ] s AL TRERECR TLIRER

= Rl Ty PEE Tl L TRERET

LH

SR Tl

. W
TN

1%
1 M
S T

CALL TEHET

The second and third statements define the two Translator
words. When the return key is pressed a fourth time, the
two words combine to form the new Translator word

(SETUP3).

3.13.4 Combining Translator Words With
Keithley IEEE-488 Commands

One or more existing Translator words can be combined
with Keithley [EEE commands resulting in a Translator
word that contains the commands of the Translator wotds
and the Keithley IEEE commands. The format for combin-
ing 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 SETUP2 are
Translator words.

When the Translator word SETUP3 is asserted over the
bus, the commands of the two Translator words and the
Keithley IEEE command string will be executed.

HP-85 Programming Example—The following program will
create two Translator words and then combine them with
a Keithley [EEE command string to form a new Translator
word:

QUTELT P16 *  fl ETL
MEM SETURS F 1215

The second and third statements create two Translator
words. When END LINE is pressed the fourth time, the
string to form the word SETUP3,

Model 8573 Programming Example—The following pro-
gram will create two Translator words and then combine
them with a Keithley [EEE command string to form a new
Translator word:
0 I I T I T
CRDE=""alTA
<l

B BRI LU s CRETTLIRE
ETLFL FLx o0 Cali, TEHRT
ol o CRETUIRE S
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The second and third statements create two Translator
words, When the return key is pressed the fourth time,
the two words combine with the Keithley IEEE command
string to form the word SETUP3.

3.13.5 Executing Translator Words and Keithley
IEEE Commands

Translator words and Keithley [EEE commands can be ex-
ecuted in the same command string. The format for do-
ing this is demonstrated in the following example:

"SETUP1 P121X”

When the above command string is sent over the bus, the
cammands in SETUPI 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:
REAOTE 738 CRHD LIHED
OLTFUT 1@ S SETURD FLE1E " CERMD LIHE

When END LINE is pressed the second time, the com-
mands of SETUP1 and the Keithley IEEE commands
{(P121X} will be sent over the bus.

Model 8573 Programming Example—The following pro-
gram will assert the commands of an existing Translator
word and the standard Keithley IEEE commands over the
bus:

When the return key is pressed the second time, the com-
mands of SETUP1 and the Keithley IEEE commands
{(P121X) will be sent over the bus.

3.13.6 LIST

LIST is a reserved word that can be used to list the existing
Translator words. 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:

FEMOTE 7ig cEHD L IHE
CUTRUT Vi, s s TST Y CREHDLIHE
EMTER 716 AF cEHDLIHE D
DISF AF CEHDLIHE

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.

=1 CALL IBSRECURDGN LI cFETUREH
CHDE=s s T2T** Lkl TBHRT 1325 Lrlg
CRETURM S
ROF=SFACEFC1EE ) CALL TERDOMI RIS RDE D
CRETLRH

FREINT #0F CRETURH

The second and third statements will send the word list
to the computer, When the return key is pressed a fourth
time, the Translator words will be displayed.

3.13.7 FORGET

FORGET is a reserved word that is used to purge all the
Translator words from memory.

HP-85 Programming example—Enter the following pro-
gram statements to purge memory of the Translator words:
REMOTE 718 CEHD LIHE
CUTFUT @18 S Y FORGET* * CERDL ITHE S

When END LINE is pressed the second time, the
Translator words will be purged from memory. The
Translator word list can be requested, as explained in
paragraph 3.13.6, to verify that the Translator words no
longer exist.

HP-85 Model 8573 Programming Example—Enter the
following program statements to purge memory of the
Translator words:
Ux=1:CAHLL TRERECERDAN L0 CRETHRHD
CHDF=s sFORGET* * - ChalL TEMRTOMIRES CHDE
rRETUREH
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When the return key is pressed the sccond time, the Translator word list can be requested, as explained in
Translator words will be purged from memory. The  paragraph 3.13.6, to verify that Translator words no longer
exist.

Table 3-17. Translator Reserved Words and Character

Word/Character | Description o o

ALIAS Used at the beginning of a command string to define
Translator words.
Used to terminate the Translator string {one space must
precede it).

NEW Tells the Model 123 to recognize Translator words.

OoLD Tells the Model 193 to only recognize the Keithley device-
dependent commands.

LIST Used to list the Translator words.

FORGET Used to purge Translator words from memory.
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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 per-
formance falls outside the specified range, con-
tact 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 - §2°F)
and at less than 80% relative humidity.

4.3 INITIAL CONDITIONS

The Model 193 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
temperatures 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 cquipment 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 verify-
ing the 1 year accuracy specifications of the instrument,
at 5'% digit resolution, for each of the six measuring func-
tions: DC volts, TRMS AC volts, ohms, TRMS AC amps,
DC amps and RTD temperature. These procedures are in-
tended for use only by qualified personnel using accurate
and reliable test equipment. If the instrument s out of
gpecifications and not under warranty, refer to Section 6
for calibration procedurces.

WARNING

The maximum common-mode voltage {voltage
between input low and chassis 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.

Table 4-1. Recommended Test Equipment

| Mig | Model Description n
Fluke 5440A! DC Voltage Calibrator
Fluke 5200A| AC Voltage Calibrator
Fluke 5215A AC Power Amplifier
Fluke 5450A]| Resistance Calibrator

Vathalla | 2500E| Current Calibrator
Gen. Rad. | 1433T| Decade Resistance

_ Specifications s L
200mv, 2V, 20V, 200V, 1000V ranges T‘
+ 1b ppm,.

2V, 20V, 200V ranges; 20Hz +0.1%:;
50Hz-20kHz 0.02%; 100kHz £0.33%.
700V range: 20Hz +0.12%);
50Mz-20kHz +0.04%; 100kHz +0.1%
2008-2MQ +15 ppm, 20M =32 ppm;
200MQ +225 ppm :
200u-2A ranges +0.025% :

»i0.0“’/g_
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4.5.1 DC Volts Verification

Wwith the Model 193 set to 5% digit resolution, verify the
DC volts function as follows:

CAUTION
Do not exceed 1000V between the input Hl and
LO terminals or damage to the instrument may
occur.

1. Select the DCV function and autorange.

2. Connect the DC voltage calibrator to the Model 193 as
shown in Figure 4-1.

3. Set the calibrator to 0V and enable zero on the Model
193. Verify that the display is reading 000.000mV +2
counts.

NOTE
Low measurement techniques should be used
when checking the 200mVDC range. Refer to
paragraph 2.6.5 for low level measurement
considerations,

4. Set the calibrator to cutput +200mV and verify that the
reading is within the limits listed in Table 4-2.

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

193 Applied Aliowable Readings
DCV Range| DC Voltage {18° to 28°C)

200mvV 200.000mv | 199.982 to 200.018

2V 2.00000 V| 199984 to 2.00016

20 V 20.0000 V| 18,9979 to 20.0021

200 VvV 200.000 V| 189.979 to 200.021

1000 Vv 1000.00 V| 999286 to 1000.14

4.5.2 TRMS AC Volts Verification

With the Model 1930 installed and the instrument set to
5% digit resolution, perform the following procedure to
verify the AC volts function:

CAUTION
Do not exceed 700V RMS 1000V peak
2x10°VeHz between the input HI and LO ter-
minals or instrument 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. Coennect the AC calibrator to the Model 193 as shown
in Figure 4-2,

3. Set the calibrator to output 200mV at a frequency of
20Hz and verify that the reading is within the limits
listed in Table 4-3.

4, Repeat the 200mVAC measurement at the other frequen-

cies specified in Table 4-3.

s & HI
C ] DC VOLTAGE
------ s
. CALIBRATOR
e T
LO
YP—— MODEL 54404

Figure 4-1. Connections for DC Volts Verification
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] T
™ i I
L ]
- - = - - - o)
* o POWER | AC VOLTAGE
I o e e o e e e . - R iINPUTT  AMPLIFIER | CALIBRATOR
MODEL 5215A ' MODEL 52004
MODEL %93

| ]

Figure 4-2. Connections for TRMS AC Volits Verification

- Table 4-3. Limits for TRMS AC Volts Verification

193 Applied Allowable Readings (18°C to 28°C) |
ACV Range| AC Voltage| 20Hz 50Hz 10kHz 20kHz 100kHz |
2V 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| 19.7900 | 19.9400| 19.9400| 19.8000 | 19.7500
to to to to to

20.2100 | 20.0600| 20.0600| 20.1000 | 20.2500

200V | 200.000v | 197.900 | 199.400| 199.400| 199.000 | 197.500
to to 1o 1 {s) to

202100 | 200.600( 200.600| 201.000 | 202.500

700V | 700.00 V| 69200 | 696.55 | 696.55 | 693.50 | 688.00
to to to to to

708.00 | 703.45 | 703.45 | 706.50 | 712.00

. Repeat the procedure for the 2V, 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.

4.5.3 Ohms Verification

With the Model 193 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.

. Select the ohms function and autorange.
. Using Kelvin test leads (such as the Keithley Model 1641)

connect the resistance calibrator to the Model 193 as
shown in Figure 4-3.

. Set the calibrator to the SHORT position and enable zero

on the Model 193. Verify that the display reads 000.000.

. Set the calibrator to output 200Q 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 4-3 and 4-4, check the 2k 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.
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Table 4-4. Limits for Ohms Verification

Applied Aliowable Readings
193 Range| Set-up Resistance {18°C to 28°C)
200 @ | Figure 4-3]190.000 Q] 189.979 to 190.021
2 k& | Figure 4-3 | 1.20000 k[ 1.892979 to 1.90021
20 k@1 | Figure 4-3 | 19.0000 k2| 18.9979 to 19.0021
200 k@ | Figure 4-4 | 190.000 kf2} 1892.979 to 190.021
2MQ | Figure 4-4 | 1.90000M| 1.89979 to 1.90021
20MQ | Figure 4-4 | 19.0000M{}| 18.9865 to 19.0135
200MQ | Figure 4-4 | 100.000MQ| 96.798 to 103.202
QUTPUT HI
o —
L L SENSE HI RESISTANCE
e e e e e = m e e = e = ® CALIBRATOR
MODEL 193 SENSELO MODEL 5450A
OUTPUT LO

Figure 4-3. Connections for Ohms Verification {200{-20k{} Range)

Fare N QUTPUT HI
[ 1 i
e - - - 8 e ,z,. RESISTANCE
b e e e e e e o= = - - = -, CALIBRATOR
® || SHIELDED CABLE
QUTPUT LO MODEL 5450A
MODEL 193

Figure 4-4. Connections for Ohms Verification (200k{-200M{} Ranges)

4.5.4 DC Current Verification 1. Select the DCA function and autorange.

. Connect the DC current calibration source to the Model
193 as shown in Figure 4-5.

. Set the calibration source to output +200uA and verify
that the reading is within the limits listed in Table 4-5.

. 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 each of the ranges with
negative current levels.

With the Model 1931 installed and the instrument set to
5% digit resolution, verify the DC current function as
follows:

CAUTION
Do not exceed 2A {or 2.2A for more than
1 minute) to the AMPS and LO input ter-
minals or the front panel current fuse will
blow.
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')
I ) L . _ o el tooutPuTl  cumment  [LO 10| e voLTAGE
I CALIBRATOR INPUT CALIBRATOR
e e m m e e m = =
HEOUTPUT | yiopeL 25008 | HIl mooEL 54404
MODEL 193

Figure 4-5. Connections for DC Current Verification

Table 4-5. Limits for DC Current Verification
Apvplied Allowable Readings

193 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 200.180
2 A 2.00000 A 1.99810 to 2.00190

4.5.5 TRMS AC Current Verification

With the Models 1930 and 1931 installed and the in-
strument set for 5% digit resolution, verify the AC cur-
rent function 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.

. Select the ACA function and autorange. Do not use zero

to cancel the offset in this procedure.

. Connect the AC current calibration source to the Model

193 as shown in Figure 4-6.

. 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.

. 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.

o O 1
|

( b .. . LQ QUTPUT CURRENT LO INPUT L0l ¢ voLTacs |
I CALIBRATOR CALIBRATOR !
““““““““““ = e 8- i
HI QUPUT MODEL 2500E | HIi INPUT  HI} MODEL 5200A |

MODEL 193

e — e

Figure 4-6. Connections for TRMS AC Current Verification
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Table 4-6. Limits for AC Current Verification

[ 193 Applied | Allowable Readings (18°C to 28°C) |
AC Range| AC Current 45Hz 1kHz ] 10kHz |
200 4V | 200.000 xA| 198.500 | 198.500 | 198.500

to to to
201500 | 201.500 | 201.500
omA | 2.00000mAl 1.98500 | 1.98500 | 1.98500
1o 1o 1]
B | 201800 | 201500 | 2.01500
20mA | 20.0000mA| 19.8500 | 19.8500 | 19.8500
to to 1]
1 201500 | 201500 | 201500
200mA | 200.000mA| 198.500 | 198.500 | 198.500
to to 1o
| 201.500 | 201.500 | 201.500
2 200000 A 198500 | 1.98500 | 1.98500
io 1o 1o
2.01600 | 2.01500 | 2.01500

4.5.6 RTD Temperature Verification

Model 193 as shown in Figure 47, Four wire connections
must be used as shown on the diagram,

Model 193 RTD temperature verification is based on 4. Set the decade resistance box to 59480 and verify that

substituting precise, known resistance values for the

the reading is within the limits listed in Table 47

temperature sensor and checking that the displayed 5. Repeat step 4 using the other resistance values listed for
reading falls within the required range.

1. Sclect the TEMP function.
2. Using front panel program TEMP, select alpha value 7 Repeat the procedure by setting the decade resistance

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

the 0.00392 alpha value.

6. Using front panel Program TEMP, select the alternate
alpha value of 0.00385.

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.

Table 4-7. Limits for RTD Temperature Verification

Nominal o = 0.0038b6 a = 0.00392 Allowable Readings
Temperature |Resistance Value | Resistance Value {18°C to 28°C) |
~-100°C 60.25Q £9.480( —-100.18 to —99.82
0°C 100.00Q 100.002 --0.18 to 0.18
+100°C 138.500 139.269Q 99.82 to 100.18
+200°C 175.840 177.34Q 199.82 to 20018
+400°C 247.044 249,990 399.82 to 400.18

+600°C 313.59Q 0 317.93¢ | 599.82 to 600.18 |
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MODEL 193

OECADE

RESISTANCE BOX
MODEL 14337
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Figure 4-7. Connections for RTD Temperature Verification
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SECTION b5
THEORY OF OPERATION

5.1 INTRODUCTION

This section contains an overall functional description of
the Model 193. 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 193 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 operation of the
instrument. Additional digital cireuitry inctudes the display
and IEEE-488 interface.

5.3 ANALOG CIRCUITRY

The detailed circuitry of the Model 193 analog section is
located on schematic diagram number 193-126. 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 193 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 divided input signal to the multiplexer.

ACV

The Model 1930 is an AC(+DC) to TRMS converter with
variable gain. The gain factor conditions the AU input
voltage for application to the multiplexer circuitry.

The input signal is applied through C401 and R403 to Q408.
For AC + DC operation, C401 is shorted by relay K40l
The two stage amplifier is a variable gain inverting type
with gain from -0.001 to —1 (sec Table 5-1). The gain is
selected accordingly by the double FET switches
Q402-Q407. Two FETs are used for each range. They are
configured in a T-type attenuator with the 10k resistors
R413, R414 and R416 to effectively attenuate high frequen-
cy (1WkHz) 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 output of U403 is a DC signal which
is applied to the multiplexer.
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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 ohms source is shown
in Figure 5-3. Current flows through the reference resistor
and the unknown resistance. Since this current is common

Figure 5-1. Overall Black Diagram

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 ohms source is a constant current source
on the 2000 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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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 110 {217k + R4086))2M 04086, 0407
200V | 1/100 {19.6k + R405)Hi2M Q404, Q405
700V [1/1000 {(2.12k + R404}l Q402, Q403
(19.6k + R40B}I2M 0404 Q405
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The following reference resistors are used for each range.
A simplified circuit of resistance measurements is shown
in Figure 5-4.

R171 (1kQ) for the 200Q and 2k ranges

R170 (10k) for the 20kQ range

R169 (100.7k§) for the 200k{} range

R168 I R167 (IMQ) for the 2M range

R167 (9.99M(1) for the 20MQ and 200M{ ranges

By measuring the four voltages in the series circuit, the
unknown resistance can be computed by the
microprocessor using the equation:

Rrer X (VR SENSE HI — V@ SENSE LO
Ry =

VQ REF HI - VQ REF LO

For the 200 range, V2 SENSE HI and V@ 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
connected 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 significant. Since the voltage is sensed across the com-
bined resistance of R1, Ry and R4, considerable error can
be introduced into the reading. To use a 4-terminal con-
nection, a second set of leads {R2 and R3) arc connected
to the unknown resistance. The amount of current through
R2 and R3 is much smaller than the current through Rl
and R4, Thus, the voltage seen by the instrument is much
closer to the actual value across the measured resistance,
minimizing the error.

DCA and ACA

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 193. 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 193 (See ACV).

TEMPERATURE

RTD temperature measurement readings are based on the
4-wire resistance measurcments of a platinum RTD
(resistance temperature detector). As the probe
temperature rises, its resistance increascs as well, although
not in a precisely linear manner. Signal conditioning is pro-
vided by the 20082 and 2k resistance ranges and
automatically autoranges (see OHMS).

Thermocouple (TC) measurements are based on the
measurement of voltages generated by the thermocouple
junction. Signal conditioning is provided by the 200mvVDC
range (see DCV),
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5.3.2 Multiplexer

The multiplexer circuitry selects among the various signals
that are part of the Model 193 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 (QQ136) 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 QM43. 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 (2139

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

£} REF HI Q137
20V ZERO Q138
{ SENSE LO Q139
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(EXCEPT 20V) ]{
2.9V

REFERENCE G141

"

ACV SIGNAL Q142

9

L ]

]

-9
I TO INPUT
AMPLIFIER

:

|

9

O

r[:

CURRENT
SIGNAL Q143

*

Figure 5-5. JFET Multiplexer
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5.3.3 +2.1V Reference Source

Voltage and current measurements are based on compar-
ing the unknown signal with an internal +2.1V reference
voltage source. During each measurement cycle, the
unknown signal is sampled and then compared with
signal common and the +2.1V reference values.

U105 provides a highly stable +6.95V reference, while U104
and R115 through R118 provide a constant current to
minimize 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 X10 gain, feedback is routed through pin 3 of
the multiplex switch.

5.4 A/D CONVERTER

The Model 193 uses a combination frequency, variable
pulse width, analog-to-digital converter. A simplified
schematic of the A/D used in the Model 193 is shown in
Figure 57.

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
input is enabled, the signal from the buffer amplifier is
added 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
comparator (U122B). The charge balance current, that is
proportional to the input, is fed back to the integrator
input through R156 and Q107. Since the charge balance cur-
rent 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 (U122A), the final-slope com-
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, 107
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 3.84MH?z clock and counted. Once
the comparator output goes low, the VIA stops counting
and the reading can be computed.
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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, U138, U139, U140 and U103
(Model 1931). CLOCK, DATA and STROBE signals are sent
from the VIA (U310) across the pulse transformers 1302,
T303 and T304. The pulse transformers provide 500V isola-
tion between the analog and digital sections of the instru-
ment. DATA is serially loaded into the shift store registers
and a STROBE pulse causes the registers to simullaneously
output the appropriate logic levels to the FET and relay
drivers. During high speed measurements (500 readings
to the buffer), registers U138, U139 and U140 are not used.

5.6 DIGITAL CIRCUITRY

The Model 193 is controlled by an internal microcomputer.
This section briefly describes the operation of the
microcomputer and associated digital circuitry, Refer to
schematic diagram number 193-106 for circuit details.

5.6.1 Microcomputer

The microcomputer centers around the 8-bit 68B09
microprocessor. The MPU has direct control over the
display, front panel switches, A/D converter, IEEE-488 bus,
as well as the VOLTMETER COMPLETE Qutput and the
EXTERNAL TRIGGER Input. Timing for the micro-
processor is accomplished by the use of Y301, an 8MHz
crystal. Internally, tﬁis 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 E2ZPROM (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, Al3, Al4 and A15 address lines. These
address lines determine which is sclected 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
locations 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 [EEE-488 circuitry is the GPIBA (U316).
The GPIBA is capable of performing all IEET talker-listener
protocols. The bidirectional data lines DO through 137 per-
mit the transfer of data between the microprocesser and
the GPIBA. The transceivers U308 and U317 are used to
drive the output. Data is buffered by U308 and U317 and
is transmilted o 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 PAD. The clock pulse to U403 shifts a digit
enable bit to the next digit to be enabled. Every 14 times
the display 1s updated, a digit enable bit 1s generated at
PAT 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 193 are located on
sheet 2 of 2 of schematic drawing number 193-106. Fuse
F301 is the line fuse which is accessible from the rear panel.
5301 is the POWER ON/OFF switch and S302 selects 115V
or 230V operation by placing the transformer primary win-
dings in parallet or series. The power transformers, 1301,
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 rectification 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 193. Fuse replace-
ment and line voltage selection procedures are also
included.

WARNING

The procedures included in this section are for
use only by qualified service personnel. Do not
petform 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 193 may be operated from either 105-125V or
210-250V 50 or 60Hz power sources. The instrument was
shipped from the factory set for an operating voltage
marked on the rear panel. To change the line voltage, pro-
ceed as follows:

WARNING
Disconnect the line cord and all other equipment
from the Model 193 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 selec-
tion switch is located towards the front of the instru-
ment near the power switch. See Table 6-1 for the cor-
rect 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 for
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
106V -126V 50Hz--60Hz . 115V
| 210V-250V | 50Hz--60H: | 230V

6.3 FUSE REPLACEMENT

The Model 193 has two fuses for protection in case of
overload. The line fuse protects the line power input of
the instrument and the current fuse protects the Model
1931 Current option from excessive current. The fuses may
be replaced by using the procedures tound in the follow-
ing paragraphs.

WARNING
Disconnect the instrument from the power line
and from other equipment before replacing
fuses.

6.3.1 Line Fuse

To replace the line fuse, proceed as follows:

1. Turn off the power and disconnect the line cord and all
other test cables from the instrument.

2. Place the end of a flat-blade screwdriver into the slot in
the line fuse holder on the rear panel. Push in and rotate
the fuse carrier one-quarter turn counterclockwise.
Release pressure on the holder and its internal spring
will push the fuse and the carrier out of the hoider.

3. Remove the fuse and replace it with the proper type us-
ing Table 6-2 as a guide.

CAUTION
Do not use a fuse with a rating higher than
specified or instrument damage may occur. If the
instrument repeatedly blows fuses, locate and
correct the cause of the trouble before replac-
ing the fuse.

4. Install the new fuse and the carrier into the holder by
reversing the above procedure,
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Table 6-2. Line Fuse Replacement

Keithley
Line Voitage | Fuse Type Part No.
1056V —126V | 3/8A, 2B0V, Slo-Ble, 3AG FU-18
210V —250V | 3/16A, 260V, Slo-Blo, 3AG FU-29

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
procedure in step 2.

Table 6-3. Current Fuse Replacement

Keithley

Model 193 Fuse Type Part No.

USA Models 2A, 250V, 3AG, FU-13
Normai-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 193
allowing it to make TRMS AC voltage measurements. If
purchased with the Model 193, the Model 1930 will be fac-
tory 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
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 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 the 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 193 should be
performed. Removal of the option may also
change the IEEE address and line frequency set-
ting of the instrument.
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6.5 MODEL 1931 CURRENT OPTION
INSTALLATION

The Model 1931 expands the capabilities of the Model 193
by allowing it to make DC current measurements. When
both the Models 1930 and 1931 are installed, the instru-
ment can make TRMS AC current measurements, If pur-
chased with the Model 193, the Model 1931 will be fac-
tory installed. However, the instrument may be easily
upgraded in the field by installing the Model 1931 as
follows:

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 in-
strument is to be operated with the Model 1931
removed,

5. Reinstall the top cover.

6. Recalibrate the entire instrument as explained in
paragraph 6.6.

NOTE
If the option is removed from the instrument, a
complete calibration on the Model 193 should be
performed. Removal of the option may also
change the IEEE address and line frequency set-
ting 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 193 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.
If the problem persists, contact your Keithley represen-
tative or the factory far further information.

The entire calibration procedure may be performed
without having to make any internal adjustments if AC
input offset and high frequency (100kHz) have been
verified, as explained in paragraph 6.6.10, steps 1 and 7.
Calibration can be performed from the front panel (Pro-
gram 96) or over the IEEE-488 bus.

NOTE

A "CONFLICT” error will be displayed, and the
CONELICT error bit in the U1 status wordwill be
set when trying to calibrate the instrument while
it is in an improper state. Also, if an “"UN-
CALIBRATED"’ errer 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°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.

6.6.4 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 can-
not be performed. The following message will be briefly
displayed when attempting to enter the calibration pro-
gram while the switch is in the LOCK position:

CAL LOCKED
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Table 6-4. Recommended Calibration Equipment

Mfg Mode! | 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 20002-2MQ 115 ppm; 20M + 32 ppm;
200MQ + 225 ppm

Valhalla| 2500E | Current Calibrator 2001A-2A ranges +0.025%

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 following 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 cur-
sor is at the most significant digit (MSD). The calibra-
tion point value is changed by placing the cursor on
the character to be modified and pressing the ap-
propriate 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. Addi-
tional cursor control is provided by the two range but-
tons 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 2VDC range, the following calibration point
will be displayed:

0.000000 VDC

Note: Calibration can be aborted with either the first or
second calibration point prompt displayed by pressing the
RESET button. The instrument will leave the calibration
program without changing the previous calibration
constants.

8. If a calibration point other than the one displayed is
to be used, then change the display to the desired
value as explained in step 4.

9. Set the level of the calibration signal to agree with the
displayed calibration point.

10. Press the ENTER button. The following message will
be displayed for several seconds:

CALIBRATING

11. The two calibration points will be stored in E?PROM
and the instrument will now exit the calibration pro-
gram. 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 tpVDC offset on
the 200mVDC range, set the calibration points for
200.0010mV and 00C.0010mV.
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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 193 could be performed on an
automated basis. Refer to Section 3 for complete informa-
tion on using the IEEE-488 bus. The following informa-
tion provides the basic procedure for calibrating the instru-
ment over the IEEE-488 bus. The detailed calibration pro-
cedure starts with paragraph 6.6.7.

Use the following basic procedure when calibrating the
Model 193 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 193,

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. ¥or 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 CQ calibration com-
mand. For example to calibrate the 200VDC range at the
200V calibration point, send V200XCOX.

NOTE: Calibration can be aborted at this time by sending
an 5DC or DCL command over the bus. The calibration
constant sent in step 4 will not be stored in E2PROM.

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 200V DC 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 VOXCI1X.
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 17 for the remaining ranges and functions.

HP-85 Programming Example—The following simple pro-
gram demanstrates how to calibrate the Model 193 over
the bus. The program assumes that the instrument’s
primary address is at 10.

PROGRAM COMMENTS
Le REMOTE V1@ Send remote enable.
2 LIk 1T Set program for one
loap.
FRFFEY DAL T Prompt for calibration
slGHALY Y signal,

P EHTES

“rl. T Prompt for command.

S THFLIT @ Input command string
from keyboard.
e DLTFUT Vi JF Send command string

to 193,

Get a reading,.
Display reading.
Loop back one time.

To run the program, press the HP-85 RUN key. At the first
set of prompts, apply a full range (or near full range)
calibration signal to the instrument, type in the correspon-
ding calibration command and press the return key. The
computer CRT will then display the calibration value. At
the second set of prompts, apply a zero (or near zero)
calibration signal to the instrument, type in the correspon-
ding calibration command and press the return key. The
computer will display the calibration value and store both
calibration constants into E’PROM.

Model 8573 Programming Example—Use the program
below to send calibration commands to the Model 193 from
an IBM computer equipped with a Keithley Model 8573
[EEE-488 interface. The lines below are to be added to the
DECL.BAS program, as described in the Model 8573 In-
struction Manual.

6-6



MAINTENANCE

PROGRAM COMMENTS
L@ HpgE=**GRTROM Y Find board descriptor.
CALL TRFIHD
CHAE BRIEKD
AE RlAE=Y  DELIE? Find instrument
CAkl TEFTHD descriptor.

CHEE MIEERD
P IHLLI[ FE

Send remote enable,
ly E THE S w L%

A =10 L»HL.L IEFAT  Set primary address
CHLRER D to 10.
SEFOR T=8T0 ] Set program for one
loop.
B8 FRIMT T ARPLY Prompt for calibration
CHLIBREATIOHN signal.

SIGHALY?
TEOIMFUT* PEMTER

CHALTERATIGH

SIGHELT ® ok
28 HLL II:LJFT

Input command string,.

Send command string
to instrument.
Get a reading.

CALL TERD

CHIFENsRDED

186 PRINT RDF Display reading.

11 Loop back one time.

123 L= CHll E]E:EIHL Close the board file.
) E'F TR o Vb

138 CalL I[I_tHL Close the instrument
CPLAE . 1N file.

After entering the program, run it by pressing the F2 func-
tion key on the computer. At the first set of prompts, ap-
ply a full range (or near full range) calibraticn signal to
the instrument, type in the corresponding calibration com-
mand and press the return key. The computer CRT will
then display the calibration values. At the second set of
prompts, apply a zero (or near zero) calibration signal to
the instrument, type in the corresponding calibration com-
mand and press the return key. The computer will display
the calibration value and store both calibration constants
into E?PRCM.

6.6.7 Calibration Sequence

Calibrate the Model 193 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 Volts Calibration

To calibrate the DCV function, proceed as follows:

NOTE
For front panel calibration, omit step 4 of the
following 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
considerations,

3. For front panel calibration, select Program 96 and pro-
ceed as follows:

A. With the 200.0000mVDC calibration point displayed
on the Model 193, 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 displayed.
set the DC calibrator to output 0.0000000V.

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

CALIBRATING

E. The instrument will exit the calibration program and
return to the 200mVDC range.
F. Repeat the procedures in step 3 for the remaining
DCV ranges using Table 6-5 as a guide.
4, For IEEE-488 bus calibration, proceed as follows:
A. Set the DC voltage calibrator to cutput +{.2000000V.

B. After allowing sufficient time for the calibrator
voltage to settle, send the following commands aver
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: VOXC1X. Both calibration constants will be
automatically stored in E’PROM,

. Repeat steps A through D for the remaining DCV

ranges using Table 6-5 as a guide.
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Table 6-5. DC Volts Calibration

193 DCV 193 Calibration | DC Calibrator IEEE-488
Range Set-Up Point (DCV) Setting Bus Command
200mV | Figure 6-21 200.0000mV 2000000V | V200E-3XCOX
000.0000mV | 0000000V VOXC1X
2 V |Figure 6-2| 2.000000 V | 2.000000V V2XCOX
0.000000 V | 0.000000V VOXC1X
20 V |Figure 6-3| 20.00000 V | 20.00000V V20XCOX
00.00000 V | 00.00000V VOXC1X
200 V |Figure 6-3| 200.0000 V | 200.0000V V200XCOX
000.0000 Vv | 000.0000V VOXC1X
1000 V| Figure 6-3| 1000.000 V 1000.000V V1000XCOX
0000.000 V | 0000.000V VOXC1X
| — HI
l 1 *
______ ° e DC VOLTAGE
o e o e e e DIVIDER CALIBRATOR
) MODEL 5440A
MODEL 183
LO
Figure 6-2. DC Volts Calibration Configuration (200mV and 2V Ranges)
. H
L I o ____ PN DC VOLTAGE
b e e e e Ll OUTPUT CALIBRATOR
s ® MODEL 5440A
MODEL 193 5

Figure 6-3. DC Volts Calibration Configuration {20V-1000V Ranges)

6.6.9 Resistance 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-
plained in paragraph 6.6.5, step 3 and proceed as
follows:

A. With the 190.0000Q calibration point displayed on
the Model 193, set the resistance calibrator to 1908,

To calibrate the ohms function, proceed as follows:

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibra-
tion, omit step 3.
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. After allowing sufficient time for the calibrator
resistance to settle, press the ENTER button. The
following message will be displayed for several
seconds:

CALIBRATING

. With the 000.00009 calibration point displayed, set
the resistance calibrator to SHORT (0).

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

CALIBRATING

. The instrument will exit the calibration program and
return to the 2000 range.

F.

A,
B.

Repeat the procedures in step 3 for the remaining
ohms ranges using Table 6-6 as a guide. Refer to
Figure 6-5.

. For IEEE-488 bus calibration, proceed as follows:

Set the resistance calibrator to 190Q.

After allowing sufficient time for the resistance
calibrator to settle, send the following commands
over the bus: V190XC0X.

. Set the resistance calibrator to SHORT (0Q).
. After allowing sufficient time for the resistance

calibrator to settle, send the following command over
the bus: VOXC1X. Both calibration constants will be
automatically stored in E*PROM.

. Repeat steps A through D for the remaining chms

ranges using Table 6-6 as a guide.

OUTPUT HI
( 1 e )
------ ¢ - SENSE HI RESISTANCE ;
el distiatiii I CALIBRATOR |
SENSE 1O MODEL 5450A | |
MODEL 193
OUTPUT LO 5

Figure 6-4. Four-Wire Resistance Calibration Configuration (200Q-20k(} Ranges)

OUTPUT HI |

MODEL 183

SHIELGED

RESISTANCE ;

CALIBRATOR

CABLE MODEL 5450A E
QUTPUT LO |

Figure 6-5. Two-Wire Resistance Calibration Configuration {200kQ-200MQ Ranges)
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Table 6-6. Resistance Calibration

193 Calibration | Resistance Calibrator IEEE-488
193 Range| Set-Up Point Setting Bus Commands
200 @ | Figure 6-4 | 190.0000 1900 V190XCOX
000.0000 Short {0) VOXC1X
2 kQ Figure 6-4 | 1.900000 k{2 1.9kQ V1.9E3XCOX
0.000000 k Short {Of)) VOXC1X
20 k2 Figure 6-4 | 19.00000 k{2 19kQ V1QE3XCOX
00.00000 k@ Short (O}) VOXC1X
200 kQ Figure 6-5 | 190.0000 kQ 190k V190E3XCOX
000.0000 k{2 Short (0Q) VOXC1X
2MQ | Figure 6-5 | 1.900000MQ 1.9MQ V1.9E6XCOX
0.000000MQ Short (0Q) VOXC1X
20MQ | Figure 6-5 | 19.00000MQ 19MQ V19E6XCOX
00.00000M( Short (0Q) VOXC1X
200M©Q | Open Input Open Input Open COX

NOTE: The 20M$ range must be calibrated before the 200MQ range.

6.6.10 TRMS AC Volts Calibration

A full calibration of the ACV function includes four inter-
nal, manual adjustments. However, if input offset and
high frequency are checked and found to be within the
specifications, then the internal adjustments will not have
to be done. The following procedure includes these
checks. The flowchart in Figure 6-6 helps clarify the

calibration procedure.

NOTE
For front panel calibration, omit step 6 of the
following procedure. For IEEE-488 bus calibra-
tion, omit step 5.

1. Input Offset Check:

A. Select the ACV function, AC + DC modifier, 5%d

resolution and autorange.

NOTE
If the 2VDC range is way out of calibration, the
message “"NO OPTION" may be displayed
when the ACV function is selected. To resolve
the problem:

1. Calibrate the 2VDC range.
2. Cycle power on the instrument.
3. Repeat step A.

B. Connect the DC calibrator to the instrument as
shown in Figure 6-2.

C. Set the DC calibrator to output +1.000000V.

D. Allow the measurement sufficient time to settle and
note the reading on the display of the Mode! 193.

E. Reverse the leads at the input of the instrument,
allow the measurement to settle and note the
reading on the display of the Model 193.

F. 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.

. Input Offset Adjustment:

A, With the instrument off, disconnect the line cord
and all other equipment from the Model 193.

B. 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.

C. Connect the line cord and power-up the Model 193.

D. Select the ACV function, AC + DC modifier, 5%d
resolution and autorange,

E. Connect the DC calibrator to the instrument as
shown in Figure 6-2,

F. Set the DC calibrator to output +1.000000V.

G. After allowing the measurement sufficient time to
settle, adjust the DC calibrator until the display of
the Model 193 reads 1.00000V +10 counts.

H. Reverse the leads at the input of the instrument,
allow the measurement to settle and note the
reading on the display.
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CHECK INPUT
OFFSET. STEP 1

OFFSET
<10 COUNTS ?

NO

&

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 8

ACV CALIBRATION
COMPLETE

Figure 6-6. Flowchart of AC Volts Calibration
Procedure

7.

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, then adjust R41t for
a display reading of 1.00200V.

J. Repeat steps F through [ until there is <10 counts
change between the two readings.

K. Slide the top cover forward to help maintain inter-

nal temperatures, but do not replace the screws at
this time.

. Select the ACV function and the 2V range. Take the in-

strument out of AC + DC, if it is in that mode.

. Connect the AC calibrator as shown in Figure 6-8.
. 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 point displayed
on the Model 193, set the AC calibrator to output
2.00000V at 500Hz,

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 0.200000VAC calibration point displayed,
set the AC calibrator to output .200000V at 500Hz.

D. After allowing 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 2V AC range.

F. Repeat the procedures in step 5 for the remaining
ACV ranges using Table 67 as a guide.

For IEEE-488 bus calibration, proceed as follows:

A. Set the AC voltage calibrator to output 2.00000V at
500Hz.

B. After allowing sufficient time for the calibrator
voltage to settle, send the following commands over
the bus: V2XCOX.

C. Set the AC calibrator to output .200000V at 500H .

D). 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,

E. Repeat steps A through D for the remaining ACV
ranges using Table 67 as a guide.

High Frequency Check (100kHz):

A. With the ACV function, autorange and 5'%2d resolu-
tion selected, connect the AC calibrator to the instru-
ment as shown in Figure 6-8.
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B. Set the AC calibrator to output 100.000V at a frequen-
cy of 100kHz and allow sufficient time for the
measurement to settle,

C.If the reading is not 100.000V 11500 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 41500 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 explain-
ed 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.

. 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 193 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 in-
sulated alignment tool to make the following
adjustments.

D. After allowing sufficient time for the measurement
to settle, use an insulated alignment tool to adjust
C413 (see Figure 6-7) for a display reading of
100.000V 4250 counts.

E. Set the AC calibrator to output 1.00000V at 100kHz

and set the Model 193 to the 2V range.

. After allowing the measurement to settle, adjust
C402 for a display reading of 1.00000V +50 counts.

. Set the Model 193 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 193 off, disconnect the line cord and

test cables and fasten the top cover to the chassis.

Iz O =

—

Table 6-7. TRMS AC Volts (Model 1930} Calibration

193 ACV |193 Calibration | AC Calibrator Voltage IEEE-488
Range Point Setting @ b0OHz | Bus Commands
2 V [2.000000 V 2.00000 V VZ2XCOX
0.200000 V .200000 V V200E-3XC1X
20 V | 20.00000 V 20.0000 V V20XCOX
2.00000 V 2.00000 V V2XC1X
200 V | 200.0000 V 200.000 V VZ00XCOX
20.0000 V 20.0000 V V20XC1X
1000 V 650.000 V 650.000 V VB50XCOX
100.000 V 100.000 V V100XC1X
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Figure 6-7. TRMS AC Volts Calibration Adjustments

5 HI 7!
- b . ° o POWER | AC VOLTAGE
oo e e e e o o L0 | AMPLIFIER |, CALIBRATOR
e 0 MODEL 5215A | MODEL 52004

MODEL 193 !

J— e ————

Figure 6-8. TRMS AC Volts Calibration Configuration

6.6.11 DC Current Calibration

With the Model 1931 installed, perform the following pro-
cecdure to calibrate DCA:

NOTE
For front panel calibration, omit step 4 of the
following procedure. For IEEE-488 bus calibra-
tion, omit step 3.

1. Select the DCA function and the 2004A 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-
plained in paragraph 6.6.5, step 3 and proceed as
foliows:

A. With the 200.0000xzA DC calibration point displayed
on the Model 193, set the current calibrator to out-
put +200.000pA.

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.

D.

E.

F.

With the 000.0000xA DC calibration point displayed,
set the current calibrator to cutput 000.000pA.
After allowing sufficient time for the measurement
to settle, press the ENTER button. The following
message will be displayed for several seconds:
CALIBRATING

The instrument will exit the calibration program and
return to the 200pA range.

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

. For 1IEEE-488 bus calibration, proceed as follows:
A.
B.

Set the current calibrator to output 200.000pA.

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 000.000xA.
. After allowing sufficient time for the calibrator cur-

rent to settle, send the following command over the
bus: VOXC1X. Both calibration constants will
automatically be stored in E*PROM.

. Repeat steps A through D for the remaining DCA

ranges using Table 6-8 as a guide.
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Tahle 6-8. DC Current Calibration

193 DCA 193 Calibration DC Current IEEE-488
AAAAA Range Paint Calibrator Output Bus Commands
200 uA 200.0000 pA 200.000 pA V200E-6XCOX
000.0000 pA 000.000 pA VOXC1X
2mA 2.000000mA 2.00000mA VZE-3XCOX
0.000000mA 0.00000mA VOXC1X
20mA 20.00000mA 20.0000mA V20E-3XCOX
00.00000mA 00.0000mA VOXC1X
200mA 200.0000mA 200.000mA VZ00E-3XCOX
000.0000mA 000.000mA VOXC1X
2 A 2.000000 A 2000.00mA V2XCOX
o 0.000000 A 0000.00mA |  VOXCI1X
o0
( ) . o ol LOOUTPUT]  cymrent  [LOINPUT LOL pe voLTAGE
b e e e e e e e e e e e CALIBRATCR CALIBRATOR
o i ouTeuT | MODEL 2500F [Toeeri™ ] MODEL 644CA
MODEL 193

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 IEEE-488 bus calibra-
tion, omit step 3.

1. Select the ACA function and the 200uA 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 200.00004A AC calibration point displayed

on the Model 193, set the current calibrator to out-
put 200.000u4A 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

C. With the 000.0000xA AC calibration point displayed,

set the current calibrator to output 000.000xA at
1kHz.

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

CALIBRATING

E. The instrument will exit the calibration program and
return to the 200uA range.

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

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

A. Set the current calibrator to output 200.000xA at
1kHz.

B. After allowing sufficient time for the calibrator cur-
rent to settle, send the following command over the
bus: V200E-6XCO0X.

C. Set the current calibrator to output 000.000pA at
1kHz.

D. After allowing sufficient time for the calibrator cur-
rent to settle, send the following command over the
bus: VOXCI1X. Both calibration constants will
automatically be stored in E*PROM,

E. Repeat steps A through D for the remaining ACA
ranges using Table 6-9 as a guide.
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Table 6-9. TRMS AC Current Calibration

193 ACA 193 Calibration Current Calibrator {EEE-488
Range Point Output @ 1kHz Bus Commands
200 pA 200.0000 pA 200.000 uA V200E-6XCOX
020.0000 pA 020.000 pA V20E-6XC1X
2mA 2.000000mA 2.00000mA V2E-3XCOX
0.200000mA 0.20000mA, V200E-6XC1X
20mA 20.00000mA 20.0000mA VZ2QE-3XCOX
02.00000mA 02.0000mA V2E-3XC1X
200mA 200.0000mA 200.000mA V200E-3XCOX
020.0000mA 020.000mA VZ20E-3XC1X
2 A 2.000000 A 2000.00mA V2XCOX
0.200000 A 0200.00mA V200E-3XC1X
')
{ I oo LO OUTPUT CURRENT LO INPUT LO
e e e e e o - - -, CALIBRATOR
HI OUTPUT | MODEL 2800E [ 4y jNPUT  HI
MODEL 193

AC VOLTAGE
CALIBRATOR
MODEL 52004

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 foliowing disassembly pro-
cedure. Refer to Figures 6-11 and 6-12.

WARNING
Disconnect the line cord and any test leads from
the instrument before disassembly.

1. Remove the top cover as follows:

A. The top cover is secured to the chassis of the Model
193 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 instru-
ment 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 193 by two screws located at the rear of the
instrument. Remove those two screws,

C. 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 componants or the
circuit board by touching , as this could adversely
affect instrument performance.

. Disconnect the input wires from both the front and

rear panel input terminals.
. Disconnect P/] 1016 which is a six pin connector (five
pins used).

. Disconnect and remaove 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.

. 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.
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. The bottom shield is secured to the analeg 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.

4. Remove the digital board as follows:

A,

G

H.

Disconnect the display board ribbon cable (P/] 1017),
located near the front of the instrument, from the
digital board.

. Disconnect the EXTERNAL TRICGER Input and

VOLTMETER COMPLETE wiring harness (P/] 1015).

. Place the Model 193 on its side and remove the six

screws securing the digital board to the mounting
rails. The screws are accessible from the bottom.

. Now place the instrument right-side up and remove

the two screws securing the 1EEE-488 connector to
the rear panel.

. Remove the four screws securing the rear panel to

the chassis.

. Remove the green, powerline ground wire from the

rear panel. The ground wire is secured to the panel
with a pem nut.

.Place the rear panel in a location that is clear of the

digital board.
Carefully lift the digital board out of the instrument.

5. 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 discngages
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 disptay 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.

6. 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 properly

made. To ensure proper operation, shickds must be re-
placed and fastened securely.

m g

WARNING
To ensure continued protection against safety
hazards, power line ground {the green wire at-
tached to the AC power receptacie) must be con-
nected to the rear panel.
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Figure 6-11. Connectors
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MODEL 1931

TOP SHIELD

MODEL 1930

FRONT PANEL
ASSEMBLY
REAR PANEL

DECORATIVE STRIP (4)

DISPLAY BOARD ASSEMBLY
(DISPLAY BOARD &

JUMPER BOARD! SIDE PANEL ASSEMBLY (2]

MOUNTING RAIL 13)

BOTTOM SHIELD

BEZEL ASSEMBLY (2)

Figure 6-12. Model 193 Exploded View
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6.8 SPECIAL HANDLING OF STATIC-
SENSITIVE DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static charge that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly.
Table 6-10 lists static-sensitive devices used in the Model
193. When handling these devices, use the following
precautions 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
installation.

2. Remove the devices from their protective containers only
at a properly grounded work station. Also ground
yourself with a suitable wrist strap.

3. Handle the devices only by the body; do not touch the
pins.

4. Any printed circuit board into which the device is to be
inserted must also be grounded to the bench or table.

5. Use only anti-static type solder suckers.
6. Use only grounded tip solder irons.

7. Once the device is installed on the PC board, it is nor-
mally adequately protected and normal handling can
resume,

6.9 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 in-
dividual should also be experienced at using typical test
equipment as well as ordinary troubleshooting procedures.
The information presented here has been written to assist
in isolating a defective circuit or circuit section. Isolation
of the specific component is left to the technician. Note
that schematic diagrams and component location draw-
ings, which are an essential aid in troubleshooting, are
located at the end of Section 7.

Table 6-10. ‘Static-Sensitive Devices

Circuit Keithiey
Designation Part No.
Model 193
Q101 TG-175
Q106 TG-1756
Q108 TG-128
am TG-128
an2 TG139
Q13-Q1ns T7G-128
Q116-Q118 TG-132
Q19 TG-128
Q120-0143 TG-139
uio4 IC-413
U106 IC-412
U8 IC-135
UN9 IC-283
U120, U121 IC-337
u122 1C-343
U123 IC-351
Ui24 1C-417
U125, U126 1C-416
tnz27v IC-31847-1
U128 1C-337
u129 1C-414
usm IC-98
U302 IC-179
U303 IC-190
U304 1C-398
U305 IC-399
u3oe IC-186
U307 IC-182
U309 1C-397
U3z LSI-67
U318 iC-397
U319 iC-213
u3zo IC-361
U321 IC177
U323 IC173
U402 1C-141
Model 1930
Q402 TG-84
404-Q408 TG-128
Model 1931
102 IC-206
U103 1C-2561
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6.9.1 Recommended Test Equipment

Success in troubleshooting complex equipment like the
Model 193 depends not only on the skill of the technician,
but relies on the use of accurate, reliable test equipment.
Table 6-11 lists the equipment recommended for trouble-
shooting the Model 193. 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
EZPROM). Whenever one of the memory tests fails, the
instrument will lock up and must be repaired. If all the
tests pass, then the current IEEE address and software revi-
sion level of the instrument will be displayed. Immediate-
ly after turning on the Model 193, the following sequence
will take place:

1. A digital check will be performed on the ROM circuitry.
If the test fails, the instrument will lock up with the
following message displayed:

000000000000 00

Replacing U314 and U315 may resolve the problem.

2. If the ROM test passes, a digital self-test will then be
performed 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, IEEE 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.

50MHz.

Digital Frequency Counter

Dual-trace, triggered sweep oscilloscope, DC to

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

This front panel program performs a display test and the
same memory ltests 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;

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 simultaneous-
ly 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 EPROM 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 193 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
button {except TRIGGER), select the desired function
and/or 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 193. In addition to the
normal voltage checks, it is a good idea to check the various
supplies with an oscilloscope far 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. Modsel 193 Troubleshooting Mode

1930 Relay
K401
tnput | 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 + DC}
200mv SIG 01 X10 Q134 Q126 K102
DC SIG ZERO 02 X10 Q140 Q126 K102
CAL 03 X1 Q141 Q126 K102
CAL ZERO 04 X1 Q140 Q126 K102
2v DC SIG o1 X1 Q134 Q126 K102
ZERO 02 X1 Q140 Q126 K102
CAL 03 X1 Q141 Q126 K102
No Test 04 — — — —
20V DC SIG 01 X1 Q134 K103
SIG ZERO 02 X1 Q138 K103
CAL 03 X1 Q14 K103
CAL ZERO 04 X1 Q140 K103
200v DC SIG 01 X1 Q134 Q125
ZERO 02 X1 Q140 Q126
CAL 03 X1 Q141 Q125
No Test 04 — — -
kv DC SIG 01 X1 Q134 Q124
ZERO 02 X1 Q140 Qi24
CAL 03 X1 Q1441 Q124
No Test 04 — — —
2V AC SIG 01 X1 Q142 K105 K107 X
ZERO 02 X1 Q140 K105 K107 X
CAL 03 X1 Q141 K105 K107 X
No Test 04 — — — — —
20V AC SIG o1 X1 Q142 K105 K107 | Q406 X
ZERO 02 X1 Q140 K105 K107 | Q406 X
CAL 03 X1 Q141 K105 K107 | Q406 X
No Test 04 — - — — — —
200V AC SIG o X1 Q142 K105 K107 | Q404 X
ZERO 02 X1 Q140 K105 K107 | Q404 X
CAL 03 X1 Q141 K105 K107 | Q404 X
No Test 04 — — - — — —
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Table 6-12. Model 193 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 + DC}
700V AC SIG 01 X1 Q142 K105 K107 | Q402 X
ZERO 02 X1 Q140 K106 K107 | Q402 X
CAL 03 X1 Q141 K105 K107 | Q402 X
No Test 04 — — -— — — —
2000 REF HI o1 Xi Q125,Q137| Q115,2118,Q119; K101,K102
REF LO 02 X1 Q127,0134| Q115,Q2118,0119! K101,K102
SENSE HI 03 X10 [Q125,0134] Q115,0118,0119| K101,K102
SENSE LO 04 X10 (0125,0139| Q115,0118,Q119| K101,K102
2kQ REF HI o1 X1 Q125,0137| Q115,Q2118,Q119| K101,K102
REF LO 02 X1 Q127,Q134| Q115,Q118,0119| K161,K102
SENSE Hi 03 X1 Q125,0134| Q115,Q2118,Q119! K101,K102
SENSE LD 04 X1 Q125,0139| Q115,Q118,Q119; K101,K102
20kQ REF Hi o) X1 0125,0137| Q114,0117,2119| K101,K102
REF LO 02 X1 Q127,0134| 0114,Q117,0119| K101,K102
SENSE HI 03 X1 Q125,0Q134| 0114,Q117,0119| K101,K102
SENSE LO 04 X1 Q125,0139| 0114,0117,0119| K101,K102
200kQ REF H! 8} X1 Q1250137 0116,0113,Q119! K101,K102
REF LO 02 X1 2127,2134| Q116,0113,0118| K101,K102
SENSE HI 03 X1 Q125,0134| Q116,0113,Q118| K101,K102
SENSE LO 04 X1 0125,Q139| 0116,0113,0119| K101,K102
2MQ REF HlI o1 X1 Q125,0137 Q16,012 K101,K102
Q119
SENSE HI 02 X1 Q1250134 Q116,Q112 K101,K102
Q119
SENSE LO 03 X1 01250139 Qne.anz K101,K102
Qng
No Test 04 — — — -
20MQ REF HI 01 X1 Q1250137 Q16,Q11 K101, K102
SENSE HI 02 X1 Q125,0134 Q16,011 K101,K102
SENSE 1O 03 X1 Q1250139 Q116,11 K101,K102
No Test 04 - — - —
200MQ REF HI 01 X1 Q125,Q137 Q116,111 K101
SENSE HI 02 X1 Q125,Q0134 a116,01m K101
SENSE LO 03 X1 Q125,0139 Q116,011 K101
No Test 04 — — —
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Table 6-12. Model 193 Troubleshooting Mode (Cont.)

Range & | Measurement
Function Phgvs”em ]
200uA SIG
AC
ZERO
CAL
No Test
2mA AC SIG
ZERO
CAL
No Test
20mA SIG
AC
ZERO
CAL
No Test
200mA SIG
AC
ZERO
CAL
No Test
2A AC SIG
ZERO
CAL
No Test
200pA SIG
DC SIG ZERO
CAL
CAL ZERC

1930 Relay
K401
Input | Multiplex 1931 | 1930 | Energized
Buffer FET's Range Relays Relays | FET's | (only if in
N Mode| Gain On FET's On On On On AC + DC}
01 X1 Q142 K106, X
K101
02 X1 Q140 K106, X
K101
03 X1 Q141 K106, X
K101
04 — — — —
01 X1 Q142 K106, X
K102
c2 X1 Q140 K108, X
K102
03 X1 Q141 K108, X
K102
04 — — — —
01 X1 Q142 K108, X
K103
02 X1 Q140 K106, X
K103
03 X1 Q141 K106, X
K103
04 — — — —
01 X1 Q142 K108, X
K104
02 X1 Q140 K108, X
K104
03 X1 Q141 K106, X
K104
04 — — — —
01 X1 Q142 K106, X
K105
02 X1 Q140 K106,
K105
03 X Q141 K106,
K105
04 — — —
o1 X10 Q143 K101
02 X10 Q140 K101
03 X1 Q141 K101
04 X1 Q140 K101
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Table 6-12. Model 193 Troubleshooting Mode (Cont.}

Input | Multiplex 1931

Range & | Measurement Buffer FET's Range Relays |Relays
Function Phase N Mode| Gain On FET's On On On
2mA DC SIG o X10 Q143 K102
SIG ZERO 02 X10 Q140 K102

CAL 03 X1 Q141 K102

CAL ZERO 04 X1 Q140 K102

20mA SIG o1 X10 Q143 K103
DC SIG ZERO 02 X10 Q141 K103
CAL 03 X1 Q140 K103

CAL ZERO 04 X1 Q143 K103

200mA SIG 01 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 X10 Q143 K105
SIG ZERO 02 X10 Q140 K105

CAL 03 X1 Q141 K105

CAL ZERO 04 X1 140 K105

1930
FET's

1930 Relay |
K401
Energized
{only if in

| AC + DC} .
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Table 6-13. Power Supply Checks

Step | tem/Component Required Condition Remarks
1 5302 Line Switch Set to 115 or 230V as Line voltage selection.
required.
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, +5V, 5% Referenced to digital
pin 2 common.
b +5V Analog Supply VR301, +5V, £5% Reference to analog
pin 2 common.
6 +16V Analog Supplies VR302, +15V, —16V, +0.75V Referenced to analog
pin 2; VR303, pin 2 common.
Table 6-14. Digital Circuitry Checks
Step | tem/Component Required Condition Remarks
1 1 U312, U313, U314, U315 | Pass RAM, ROM and E2PROM | Display will lock if failure
(RAM or ROM) self-test on power up. QCCUrs.
2 | U310, pin 2 (PAO) TTL level pulses every 1Imsec. | VIA clock
3 [ U310, pin 3 (PAT) TTL level pulses every 15msec | Data
4 | U310, pin 6 (PA4)} Switch data {+5V or OV) Data input to VIA
5 [ U310, pin 7 (PASB) Switch data (+5V or OV} Data input to VIA
6 | U310, pin 8 (PAB) Switch data (+5V or 0V} Data input to VIA
7 | U310, pin 9 (PAT) Switch data {(+5V or 0V} Data input to VIA
8 : U310, pin 19 Variable pulse train VIA Data Line
{0V to +5V)
9 | U320, pin 6 Variable pulse train Data Output
{OV to +5V)
10 | U106, pin 13 Variable pulse train Output of A/D Converter
{OV to +5V)
11 | U310, pins 12 through 16 | Variable pulse train Analog data to VIA
(OV to +5V)
12 | U311, pin 3 TkHz pulses IRQ line
13 | U311, pin 37 +BV, +t5% Reset line
14 | U318, pin 9 +5V signal pulsed OV to +5V | INT line
every 1msec.
15 | U316, pin 19 +5V (Logic 1) RESET line
16 | U318, pin 18 2MHz square wave at OV lock
to +5V
17 | U318, 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},
26 (DAV), and the data
lines.

conditions.
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Table 6-15. Dispiay Circuitry Checks

Step| Item/Component Required Condition Remarks o
1 U403, pin 2 +bV, +5% + 5V supply
2 1 U406, U407, U408, Variable pulses Segment drivers

U409, pins 1, 7, 8

and 14

U401, U404, pins 10
through 16

U403, U405, pins 3, 4,
5, 6, 10, 11 and 12
J1018, pin 24 (S1)

J1018, pin 22 {52)
J1018, pin 21 {83)

J1018, pin 20 {S4)

Variable pulses

Imsec negative going pulse

every 10msec.

Depress S410, 5412, 5414, 5416
or 5418 button.

Depress 5411, 5413, S415, S417
or S419 button.

Depress 5406, 5407, 5408, 5408
or 5420 button.

Depress 5401, 5402, 5403, 5404
or 5405 button.

Digital drivers

Pulse present when button
pressed.
Pulse present when button
pressed.
Pulse present when button
pressed.
Pulse present when 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 193.

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 Mode! 193.

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 appropriate replaceable parts list for that par-
ticular board.
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Table 7-1. Display Board, Parts List

Circuit Schematic | Keithley
Desig. Dascription tocation Part No.
C401 Capacitor, 10pF, 25V, Aluminum Electrolytic D5 C-314-10
Cc402 Capacitor, 0.14F, 50V, Ceramic Film ChH C-237-1
DS401-DS407 | Display, Dual 14-Segment Sev DD-39
DS408-DS415 | LED, Red Sev PL-71
J1018 CS-362413
J1018 CS-363-13
R401 Resistor, Thick Filrm Sev TF-43
R402 Resistor, Thick Film Sev TF-43
R403 Resistor, Thick Film Sev TF-77
R404 Resistor, Thick Film Sev TF-77
S401-5420 Switch, Pushbutton Sev SW-435
U401 Darlington Transistor Array, ULN2003A B3 IC-2086
U402 Hex Inverter, Open Collector Qutput, CD4012AE Sev 1C-141
U403 Integrated Circuit, SN74L5164 Ch 1C-127
U404 Darlington Transistor Array, ULN2003A D3 IC-206
U405 Integrated Circuit, SN74L5164 bb IC127
U406 Transistor Array, MPQ3906 H4 IC-326
U407 Transistor Array, MPQ3906 F4 IC-326
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 2/G2 BA-36
c301 Capacitor, 2/D2 C-342-10,000
C302 Capacitor, 10p F, 25V, Aluminum Electrolytic 2/E2 C-31410
C303 Capacitor, 0.33u F, 80V, Ceramic Film 2/D2 C-237-33
C304 Capacitor, 0.1 F, 50V, Ceramic Film 1/A1 C-237-1
C305 Capacitor, 0.1u F, 50V, Ceramic Film 1/B1 C-237-1
C306 Capacitor, 0.1 F, 50V, Ceramic Film 1/C1 C-237-1
C307 Capacitor, 0.1p F, 50V, Ceramic Film 1/G1 C-237-1
C308 Capacitor, 0.1u F, 50V, Ceramic Film HF2 C-237-1
C309 | Capacitor, 0.1x F, 50V, Ceramic Fim 1/E1 C-237-1
C310 Capacitor, 0.1 F, 50V 1/H3 C-3656-1
C3n Capacitor, 0.01x F, 500V, Ceramic Disc 1/H3 C-22-01
C312 Capacitor, O.1x F, 50V 1/E4 C-365-1
€313 Capacitor, 0.1u F, 50V 1/F4 C-365-1
C314 Capacitor, 0.1x F, 50V, Ceramic Film 1/E4 C-237-1
C315 Capacitor, 15pF, 1000V, Ceramic Disc 1/A5 C-64-15p
C316 Capacitor, 1bpF, 1000V, Ceramic Disc 1/86 C-64-156p
C317 Capacitor, 0.1p F, b0V 1/A4 C-365-1
€318 Capacitor, O.1p F, 50V 1/D4 C-365-1
€319 Capacitor, 0.1 F, 50V 1/C4 C-365-1
€320 Capacitor, 10 F, 25V, Aluminum Electrolytic 2/G2 C-314-10
€321 Capacitor, 0.1 F, 50V, Ceramic Film 1/C4 C-237-1
322 Capaciter, 0.1u F, 50V, Ceramic Film 1/B4 C-237-1
C323 Capacitor, 10u F, 25V, Aluminum Electrolytic 1/A6 C-31410
C324 Capacitor, 0.1u F, 50V YH2 C-365-1
C325 Capacitor, 0.1u F, 50V 1AS C-365-1
C326 Capacitor, 0.1x F, 50V 1G4 C-365-1
Cc327 Capacitor, 0.1x F, 50V, Ceramic Disc 1/A6 c-22.01
C328 Capacitor, 0.1 F, 50V /G4 C-365-1
C329 Capacitor, 01y F, BOV 1/H2 C-365-1
C330 Capacitor, 0.1p F, b0V 1/D6 C-365-1
€331 Capacitor, 0.1u F, 50V C-3656-1
C332 Not Used

€333 Capacitor, 2200u F, 25V, Aluminum Electrolytic 2/D3 C-314-2200
C334 Capacitor, 10u F, 25V, Aluminum Electrolytic 2/E3 C-314-10
C335 Capacitor, 10u F, 26V, Aluminum Electrolytic 2/EH C-314-10
€336 Capacitor, 10u F 25V, Aluminum Electrolytic 2/E6 C-314-10
C337 Capacitor, 620u F. 36V, Electrolytic 2/D5 C-309-620
€338 Capacitor, 620 F. 35V, Electrolytic 2/D% C-309-620
€339 Capacitor, 0.1u F, 50V 1/D6 C-365-1
C340 Capacitor, 0.1u F, 50V 1/B5 C-365-1
C341 Capacitor, 0.1u F, 60V 1/B5 C-365-1
C342 Capacitor, Q.1u F, b0V 1/B6 C-365-1
€343 Capacitor, 10x F, 25V, Aluminum Electrolytic 1/B6 C-314-10
C344 Capacitor, 0.0047, F, 500V, Ceramic Disc 1/B6 C-22-.0047
CR301| Bridge Rectifier, 1A, 100PIV 1/D6 RF-52
CR302| PBridge Rectifier, bA, PEQ5S 2/D2 RF-48
CR303| Bridge Rectifier, bA, PEQObS 2/D3 RF-48
CR304| Diode, Silicon, 1.5A, 400V, W04M 2/Db RF-46
CR305( Diode, Siticon, 1N4148 2/G2 RF-28
CR306| Diode, Silicon, 1IN4148 1/AB RF-28
CR307| Diode, Silicon, 1N4148 1/AB RF-28
F301 Fuse, %A, 250V, Slo-Blo, MDL 2/B4 FU-18
F301 Fuse, %sA, 250V, Slo-Blo, 3AG 2/G2 FU-29
*Page/Zone
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location Part No.
J1013 Connector, IEEE TH2 CS-501
J1014 AC Receptacle 2/Bb €5-388
J1015 Connector, 3 pins 1/D5 C5-339-3
J1017 Connector, 26 pins 1/G6 C5-389-3
Q30 Translator, NPN, Silicon, 2N3204 2iG2 TG-47
Q302 Translator, PNP, Silicon, 2N3906 2/G2 TG-84
R301 Resistor, 1008, 5%, W, Composition 1/Ch R-76-100
R302 Resistor, 10082, 5%, %W, Composition 1/Db R-76-100
R303 Resistor, 3.3k, 6%, %W, Composition 1/D5 R-76-3.3k
R304 Resistor, Thick Film 1/A3 TF-140
R305 Resistor, 1M, 10%, W, Composition R-76-1M
R306 Resistor, 4.7k, 5%, %W, Composition 2/F2 R-76-4.7k
R307 Resistor, 15kf2, 5%, %W, Composition 2/F2 R-76-15k
R308 Resistor, 1k, 5%, %W, Composition 2/G2 R-76-1k
R309 Resistor, 150Q, 5%, %W, Composition 2/G2 R-76-150
R310 Resistor, 681.9k{}, 1%, %W, Compasition 1/AB R-88-61.9k
R31% Resistor, 20k}, 1%, %W, Composition 1/AB R-88-20k
R312 Resistor, 261kQ, 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/C6 R-76-470
R318 Resistor, 470k}, 5%, %W, Composition 1/D8 R-78-470
R319 Resistor, 2.4k, 5%, %W, Composition 1/C6 R-76-2.4k
R320 Resistor, 1003, 5%, %W, Composition 1/C6 R-76-100
R321 Resistor, 470, 5%, %W, Composition 1/C6 R-76-47
R322 Resistor, 2.2k{}, 5%, %W, Composition D2 R-76-2.2k
R323 Resistor, 822, 5%, %W, Composition 1/C5 R-76-82
R324 Resistor, 822, b%, %W, Composition 1/ChH R-76-82
R325 Resistor, 82{, 5%, “WW, Composition 1/C6 R-76-82
5301 Switch 2/B4 SW-426
S302 Switch 2/B3 SW-397
$303 Switch 1/EBG SW-318
T301 Transformer, USA 2/C2 TR-210
T301 Transformer, Japan 2/C2 TR-233
T302 Pulse Transformer 1/B5 TR-211
T303 Pulse Transformer 1/B5 TR-211
T304 Pulse Transformer 1/B6 TR-211
U3t 5V Regulator, LM309k 2/E2 IC-98
U302 Quad 2-Input Non Gate 74LS02 Sev IC-179
U303 Dual 2 to 4 Line Decoder/Muitiplexer, 741.5139 1/B1 IC-190
U304 3 to 8 Line Decoder, 74HCT138 1/C1 IC-398
u3os C-MOS Quad 2-Input NAND, 74HCT0O Sev IC-399
U306 Hex lnverter, 74LS504 Sev |C-186
U307 Decoders/Demultiplexers, 74L5138 1/E1 IC182
U308 Octal GPIB Transceiver, 75161A 1/H4 IC-299
U302 C-MOS Tri-State Fip-Flop, MM74HCT374 1/F4 1C-397
U310 Versatile Interface Adapter (VIA), 6522A 1/E4 LSI-45
u3n 8-Bit Microprocessing Unit, MC68B09 1/A4 LSI-65
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REPLACEABLE PARTS

Table 7-2. Digital Board, Parts List (Cont.)

Circuit Schematic | Keithlay
Desig. | Description Location | Part No.
U312 Programmable E? PROM, X28004A /D4 LSI-67
U313 8192 Word x 8 Bit Static CMOS RAM, HM6264LP-15 1/C4 L.SI-66
U314 18k x 8 UV Erasable PROM, 27128 1/C4 193-800* "
U315 8k x 8 UV Erasable PROM, 2784 /B4 193-801+*
U316 GFIB Adapter, 9914A 1G4 LS1-49
U317 Octal GPIB Transceiver, 75160A 1/H3 IC-298
U318 C-MQS Tri-State Flip-Flop, MM74HCT 374 1/F4 IC-397
U319 Dual 4 Bit Decade and Binary Counter, 74L5393 1/D6 IC-213
U320 Quad 2-Input NAND Gate Sev IC-351
U321 Microprocessor Bipolar Monolithic IC 1/A6 1C177
U322 Not Used

U323 Voltage Comparator, LM311N 1/C6 1C173
VR301 +5V Voitage Regulator, 7805 2/E2 IC-93
VR302 | Positive Voltage Regulator, 78M15CU 2/E3 1C-194
VR303 | Negative Voitage Regulator, 79M15CU 2/E4 IC-195
VR304 | Voltage Regulator Diode, Silicon, IN702A 1/C6 DZ-33
w301 | Jumper 2/D3 J-3

Y301 Crystal, 8MHz 1/AB CR-24-1

**Order same software as presently instalied. For example, if the software revision level is C6 then order 193-800-C6
and 193-801-C6.
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List

Circuit Schematic | Keithley i

Desig. | Description Location* | Part No. |

Cc101 Capacitor, 0.1x F, 50V 2/B4 C-365-1 :

c102 Capacitor, 1p F, 50V, Ceramic Film 3/A6 C-2371

C103 Capacitor, 1y F, B0V, Ceramic Film 3/C6 C-23741

C104 Capacitor, 1p¢ F, B0V, Ceramic Film 3/C6 C-2371

C105b Capacitor, Tu F, b0V, Ceramic Film 3/C6 C-2371

C108 Capacitor, 0.016u F, 200V, Polycarbonate 3/E2 C-221.015

C107 Capacitor, 0.015u F, 200V, Polycarbonate 3/E2 C-221.015

C108 Capacitor, 100pF, 1000V, Ceramic Disc 3/E2 C-64-100p

€109 Not Used l—

CNno Not Used f

Cin Not Used |

C112 Capacitor, 0.1u F, 50OV 3/F5 C-365-1 {

c13 Capacitor, 0.1y F, b0V 3/F6 C-365-1

cn4 Capacitor, 0.1x F, 50V 4/A4 C-3656-1 ;

C115 Capacitor, 68pF, 1000V, Ceramic Disc 4/A4 C-64-68p !

C1e6 Capacitor, 47pF, 1000V, Ceramic Disc 4/A5 C-64-47p |

C17 Capacitor, O.1u F, 50V 4/82 C-365-1

c118 Capacitor, 0.1 F, 50V 4/84 C-365-1

C19 | Capacitor, 0.1y F, 50V 4/D1 C-365-1

C120 Capacitor, .10x F, 25V, Aluminum Electrolytic 4/C3 C-31410

ci2t Capacitor, 0.1 F, B0V 4/D3 C-365-1

c122 Capacitor, 0.1 F, 50V 4/D2 C-365-1

123 Capacitor, 15pF, 1000V, Ceramic Disc 4/E1 C-64-15p

C124 Capacitor, 0.0047u F, 100V, Metalized Polypropylene 4/E1 C-306-0047

C125 Capacitor, O.1x F, 50V 4/E1 C-365-1

C126 Capacitor, 0.1 F, 50V 4/H3 C-365-1

C127 Capacitor, 1p F, 50V, Ceramic Film 4/F4 C-327-1

128 Capacitor, 0.1u F, 50V 4/F5 C-365-1

129 Capacitor, 1p F B0V, Ceramic Film 4/F5 C-2371

€130 Capacitor, 01u F 50V 4/G4 C-365-1

C131 Capacitor, 0.1 F, 50V 4/G3 C-365-1

C132 Capacitor, 0.1u F, 50V 4/G4 C-365-1

C133 Capacitor, 10 F, 25V, Aluminum Electrolytic 2/C6 C-31410

C134 Not Used

C135 Capacitor, 220pF, 500V, Polystyrene /B4 C-138-220p

C136 Not Used

€137 Capacitor, 150pF, 500V, Polystyrene 1/B4 C-138-150p

C138 Capacitor, 82pF, 1000V, Ceramic Disc 4/D2 C-64-82p

132 Capacitor, 1000pF, 1000V, Ceramic Disc 4/B1 C-64-1000p

C140 Capacitor, O.1u F, b0V 3/F2 C-365-1

C141 Capacitor, 0.1 F, b0V 3/F2 C-365-1

C142 Capacitor, 0.1u F, 50V 3/EB C-365-1

€143 Not Used

C1a4 Capacitor, 10x F, 25V, Aluminum Electrolytic 2/GS C-314-10

C146 | Capacitor, 14 F, 50V, Ceramic Film 4/G5 C-237-1

C146 Not Used

C147 Capacitor, 1 F, 50V, Ceramic Film 1/E2 C-23741

C148 Capacitor, 1 F, 50V, Ceramic Film 1/E2 C-2371

€149 Capacitor, 330pF, 1000V, Ceramic Disc C-64-330p

€150 Capacitor, 330pF, 1000V, Ceramic Disc C-64-330p

CR101 | Rectifier, 1N40QE 1/G1 RF-38

CR102 | Diode, Silicon, 1N4148 3/bb RF-28

CR103 | Diode, Silicon, 1N4148 3/D5 RF-28

CR104 | Diode, Silicon, 1IN4148 RF-28

F101 Fuse, 2A, 250V, 3AG, Normal-Blo 1/A5 FU-13

F101 Fuse, 2A, 250V, 5x20mm, Normal Blo 1/AB FU-48
*Page/Zone




REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. | Description Location | Part No.
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 1AZ BJ-12-2
J1004 | Input Terminal, Input LO, Front 1/A4 BJ-12-0
J1005 | Input Terminal, Amps input, Front 1/A5 BJ-12-9
Ji1006 | Input Terminal, 2 Sense HI, Rear 1/A3 BJ-12-2
J1007 | Input Terminal, @ Sense LO, Rear 1/A3 BJ-12-0
J1008 | Input Terminal, Input HI, Rear 1/A2 BJ-12-2
J1009 | Input Terminal, Input LO, Rear 1/A4 BJ-12-0
J1010 Input Terminal, Amps Input, Rear 1/A5 BJ-12-9
J1016 Connector 3/H4 193-325
J1020 | Connector, Male — C5-33941
J1021 Connector, Male — C5-3391
J1022 | Connector, Male - C5-33941
J1023 | Connector 2/D6 29995
J1024 | Contact Pin 1/A2 CS-463
J1025 | Contact Pin 1/F6 CS-463
J1026 | Connector 1,2/Sev 193-326
J1027 Contact Pin 1/B5 CS-463
J1028 | Contact Pin 1/Db CS-463
J1029 | Contact Pin 1/ES CS-463
J1030 | Connector, Male 1/EB CS-338-18
J1031 Contact Pin 1/A2 CS5-463
J1032 | Contact Pin 1/B2 CS-463
K101 Relay, BV 1/B2, 2/F4 | RL-72
K102 Relay, 5V 1/B2, 2/F5 | RL-72
K103 Relay, High Voltage, 5V /B3, 2/F5 | RL-82
K104 Not Used

K105 Relay, High Voltage, 5V 1/A2, 2/F5 | RL-82
L101 Choke, 100pH 4/B4 CH-14
L102 Choke CH-29
L103 Choke CH-29
P1020 | Connector, MAXI-PV CS-4156
P1021 Connector, MAX|-PV CS-415
P1022 | Connector, MAXI-PV CS-415
Q101 Transistor, MP-842 3/E2 TG-175
Q102 Transistor, NPN, Silicon, 2N3904 3/E3 TG-47
Q103 Not Used

Q104 Not Used

Q105 Transistor, N-Channel JFET 4/B5 TG-167
Q106 Transistor, MP-842 4/€2 TG-175
Q107 Transistor, N-Channel JFET, 2N5434 4/F2 TG-174
Q108 Transistor, N-Channe!l FET, 2N4392 4/F2 TG-128
Q109 Transistor, NPN, Silicon, 2N3804 4/G4 TG-47
Q110 Not Used

Q1 Transistor, N-Channel FET, 2N4392 1/A1 TG-128
Q112 Transistor, N-Channel JFET, PF5301 1/B1 TG-139
Q113 Transistor, N-Channel FET, 2N4392 1/B1 TG-128
an4 Transistor, N-Channel FET, 2N4392 1/B1 TG-128
Q1156 Transistor, N-Channe! FET, 2N4392 1/C1 TG-128
Q116 Transistor, N-Channe! JFET, PF5301 1/D1 TG-139
Q117 Transistor, N-Channel JFET, PF5301 1/C1 TG-139
Q118 Transistor, N-Channel JFET, PF5301 1/C1 TG-139
Q119 Transistor, N-Channel JFET, 2N4392 1/B2 TG-128
Q120 Transistor, N-Channel JFET, PF5301 1/C2 TG-139
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REPLACEABLE PARTS

Table 7-3. Analog Board. Parts List {Cont.)

Circuit Schematic | Keithley

Desig. | Description Location Part No.

Q121 Transistor, N-Channel JFET, PF5301 1/C2 TG-139

Q122 Transistor, N-Channel JFET, PF5301 1/C3 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 JFET, PF5301 11C4 TG-139

Q126 Transistor, N-Channel JFET, PF5301 1/D2 TG-139

Q127 Transistor, N-Channel JFET, PF5301 1D TG-139

Q128 Transistor, N-Channel JFET, PF6301 /D2 TG-138

Q129 Transistor, N-Channel JFET, PF5301 1/D2 TG-139

Q130 Not Used

Q131 Transistor, N-Channel JFET, PF5301 1F3 TG-139

Qi32 Transistor, NPN, Silicon, 2ZN3565% 1/F1 TG-39

Q133 Transistor, High Voltage, NPN, TIP-49 1/F2 TG-137

Q134 Transistor, N-Channel JFET, PF5301 1/F2 TG-139 i
0135 Transistor, N-Channel JFET, PFE3Q1 1/F4 TG-139 §
Q136 Transistor, N-Channel JFET, PF5301 17G1 TG-138 !
Q137 Transistor, N-Channel JFET, PF5301 17G2 TG-13% [
Q138 Transistor, N-Channel JFET, PF5301 1/G3 TG-139
Q139 Transistor, N-Channel JFET, PF8301 1/G4 TG-139
Q140 Transistor, N-Channel JFET, PF5301 1/G4 TG-139 |
Q141 Transistor, N-Channei JFET, PFE301 1/F5 TG-139 |
Q142 Transistor, N-Channel JFET, PF5301 1/F6 TG-139 {
Q143 Transistor, N-Channel JFET, PF5301 1/G6 TG-139 i
Q144 Not Used

Q145 Not Used

Q146 Transistor, NPN, Silicon TG-138

R101 Resistor, 47, 5%, %W, Composition 2/A2 R-76-47

R102 Resistor, 1008, 5%, %W, Composition 2/A2 R-76-100

R103 Resistor, 2.4k{}, 5%, %W, Composition 2/82 R-76-2.4k

R104 Resistor, 1k, 5%, %W, Composition 2/B1 R-76-1k

R105 Resistor, 472, 5%, %W, Compaosition 2/A3 R-76-47

R106 Resistor, 100Q, 5%, %W, Composition 2/A3 R-76-100

R107 Resistor, 2.4kQ, 5%, %W, Composition 2/B3 R-76-2.4k

R108 Resistor, 1k, 5%, % w, Composition 2/B3 R-76-1k

R109 Resistor, 474, 5%, %W, Composition 2/A5 R-76-47

R110 Resistor, 100Q, 5%, %W, Compaosition 2/A4 R-76-100

R111 Resistor, 2.4kf2, 6%, %W, Composition 2/B4 R-76-2.4k

R112 Resistor, 1k{}, 5%, %W, Composition 2/B4 R-76-1k

R113 Resistor Set (R113 and R114) 3/Ab R-293

R114 Resistor Set (R113 and R114)} 3/A6 R-293

R115 Resistor, 6.49kQ, 1%, %W, Composition 3/B5 R-88-6.49k

R116 Resistor, 12.4kQ, 1%, 5W, Compaosition 3/B6 R-88-12.4k

R117 Resistor, 2.1k, 1%, %W, Composition 3/B6 R-88-2.1k

R118 Resistor, 1.24kQ, 1%, %W, Composition 3/85 R-88-1.24k

R119 Resistor, 15k, 5%, %W, Composition 3/D2 R-76-1Bk

R120 Resistor, 12k, 5%, W, Composition 3/E3 R-76-12k

R121 Resistor, 13k, 0.1%, %W, Fixed 3/E2 R-176-13k

R122 Resistor, 15k, 1%, %W, Compasition 3/E3 R-88-15k

R123 Resistor, 13k§2, 0.1%, %W, Fixed 3/E2 R-176-13k

R124 Not Used

R12b6 Not Used

R126 Resistor Set {(R126 and R127) 3/F4 R-292

R127 Resistor Set {R126 and R127) 3/F4 R-292

R128 Resistor, 4700, 5%, %W, Composition 2/G4 R-76-470

R129 Not Used

R130 Resistor, 3,4k, 1%, %W, Composition 3/E5 R]-88-3.4k
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REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List {Cont.}

Circuit Schematic | Keithley
Desig. | Description Location | Part No.
R131 Resistor, 100k, 1%, %W, Composition 3/Eb R-88-100k
R132 Rasistor, 100k, 1%, %W, Composition 3/EB R-88-100k
R133 Resistor, 3.4k, 1%, %W, Composition 3/EB R-88-3.4k
R134 Resistor, 17.4k{, 1%, kW, Composition 3/F5 R-88-17.4k
R135 Resistor, 17.4kQ, 1%, W, Compositiaon 3/F6 R-88-17.4k
R136 Resistor, 108, 5%, %W, Compaosition 3/F5 R-76-10
R137 Resistor, 104, 5%, %W, Compaosition 3/F6 R-76-10
R138 Resistor, 10k§), 5%, %W, Composition 4/A1 R-76-10k
R139 Resistor, 220kf, 5%, %W, Compaosition 4/A1 R-76-220k
R140 Resistor, 221, 5%, %W, Composition 4/A4 R-76-22
R141 Resistor, 10M{, 10%, %W, Composition 4/A5 R-76-10M
R142 Resistor, 3.9k%, 5%, %W, Composition 4/D1 R-76-3.9k
R143 Resistor, 10k{, 5%, %W, Composition 4/C2 R-76-10k
Rt44 Resistor, 4.7k}, 5%, “W, Composition 4/B4 R-76-4.7k
R145 Resistor, 4.7k, 5%, %W, Composition 4/B5 R-76-4.7k
R146 Resistor, 3k, 5%, W, Composition 4/C2 R-76-3k
R147 Resistor, 3k{, 5%, %W, Compasition 4/C2 R-76-3k
R148 Resistor, 7.87k{, 1%, %W, Composition 4/C3 R-88-7.87k
R149 Resistor, 10k}, 5%, %W, Composition 4/D1 R-76-10k
R150 Resistor, 20k, 1%, %W, Composition 4/E1 R-88-20k
R151 Resistor, 20k, 1%, %W, Composition 4/E1 R-88-20k
R162 Resistor, 60.4k$, 1%, %W, Composition 4/E2 R-88-60.4k
R163 Resistor, 142.8kQ, 0.1%, %W, Fixed 4/E3 R-176-142.8%
R154 Resistor, 1MQ, 0.1%, %W, Fixed 4/E3 R-176-1M
R1656 Resistor, 10k, 5%, %W, Composition 4/F2 R-76-10k
R156 Resistor, 7.78k{, 0.1%, %W, Fixed 4/F3 R-176-7.78k
R157 Resistor, 10k, 5%, “ W, Composition 4/F2 R-76-10k
R158 Resistor, 2.8k, 1%, %W, Composition 4/F4 R-88-2.8k
R159 Resistor, 716k, 1%, %W, Composition 4/F4 R-88-7.15k
R160 Resistor, 10k&, 1%, %W, Composition 4/F5 R-88-10k
R161 Resistor, 11.Bk, 1%, EW, Composition 4/G1 R-88-11.5k
R162 Resistor, 48.7k8, 1%, %W, Composition 4/G2 R-88-48.7k
R163 Resistor, 60.4k8, 1%, %W, Composition 4/G2 R-88-680.4k
R164 Resistor, 14kf, 1%, %W, Composition 4/G5 R-88-14k
R165 Resistor, 1kQ, 5%, %W, Composition 4/G4 R-76-1k
R166 Resistor, Thick Film 1/Sev TF108
R167 Resistor, 9.99MQ /A1 R-294-9.99M
R168 Resistor, 1.108MQ, 0.1%, %W, Metal Film 1/B1 R-264-1.108M
R169 Resistor, 100.7kQ, 0.1%, %,W, Metal Film 1/B1 R-263-100.7k
R170 Resistor, 10k, 0.1%, %W, Metal Film 1/B1 R-263-10k
R171 Resistor, 1k, 0.1%, %W, Metal Film 1/C1 R-263-1k
R172 Resistor, 333kQ, 1%, %W, Metal Film 1/D1 R-94-333k
R173 Resistor, 1M, 10%, %W, Compasition 1/B2 R-1-1M
R174 Resistor, 1M, 10%, %W, Compaosition 1/B2 R-76-1M
R175 Resistor, 1.6M{, 10%, TW, Composition 1/A2 R-2-1.6M
R176 Resistor, 1M, 10%, W, Composition 1/A2 R-2-1M
R177 Resistor, 100k, 10%, 1W, Composition A2 R-2-100k
R178 Resistor, 100k, 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
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REPLACEABLE PARTS

Table 7-3. Anaiog Board, Parts List (Cont.)

Circuit Schematic
Desig. Description Location
R181 Resistor, Thick Film 1/Sev
R182 Resistor, Thick Film 1/Sev
R183 Resistor, 324kQ, 1%, %W, Composition 1/C4
R184 Resistor, 232k(}, 1%, %W, Composition 1/C4
R185 Resistor, 33.2kQ, 1%, %W, Composition 1C2
R186 Resistor, b680%, 5%, %W, Composition 1/C3
R187 Resistor, Thick Film 1/Sev
R188 Resistor, 200k, 1%, %W, Composition 1/D2
R189 Not Used

R190 Resistor, 200kf, 1%, %W, Composition 1/F3
R191 Resistor, 200k82, 1%, %W, Composition 1/F2
R192 Resistor, 200k, 1%, %W, Composition 1/F1
R193 Resistor, 200k8, 1%, %W, Metal Film 1/F1
R194 Resistor, 1k, 5%, W, Composition 1/F1
R195 Resistor, 2.4k, 5%, %W, Composition 1/F2
R196 Resistor, Thick Film 1/Sev
R197 Not Used

R198 Resistor, 333k, 1%, »W, Metal Fitm 1/G2
R19¢g Resistor, Thick Fiim 1/Sev
R200 Resistor, 953k, 1%, %W, Composition 1/G3
R201 Resistor, 333k}, 1%, =W, Metal Film 1/G4
R202 Resistor, 316k, 1%, %W, Composition 1FH
Rz203 Resistor, 332k, 1%, %W, Composition 1/F5
R204 Resistor, 10M£, 10%, %W, Composition 1/F5
R205 Resistor, 332k, 1%, %W, Composition 1/GH
R206 Resistor, 332k}, 1%, %W, Composition 1/Sev
R207 Resistor, 1MS), 1%, %W, Compaosition 1/G6
R208 Resistor, 100k}, 10%, 1w, Compaosition 1/E1
R209 Resistor, 49.9k&, 1%, %W, Composition 1/C3
R210 Resistor, 820, 5%, %W, Composition

R211 Resistor, B.87kQ, 1%, LW, Composition 1/G3
R212 Resistor, 10k, 1%, %W, Composition 1/F3
R213 Resistor, TMQ, 10%, %W, Composition 1/F3
R214 Not Used

R215 Resistor, 3608, 5%, %W, Composition WF3
R216 Resistor, 3608, 5%, %W, Composition 1/F4
5101 Switch, Front/Rear —
$102 Switch, Front/Rear 1/A4
T101 Transformer 4/G3
TP1TP6| Test Point Connector Pins Sev
U101 Voltage Comparator, LM311N 2/B2
U102 Voltage Comparator, LM311N 2/B3
U103 Voltage Comparator, LM311N 2/B4
U104 Op Amp, MP5502DP 3/A5
U105 Voitage Reference, Selected LM329 3/Ch
U106 integrated Circuit, 74HCQ02 3/Sev
Uo7 Quad Comparator, LM339 2/E1
U108 Quad Comparator, LM339 2/E2
U109 Quad Comparator, LM339 2/E6
unao Quad Comparator, LM339 2/G1
Ut Quad Comparator, LM339 2/G2
Uiz Quad Comparator, LM339 2/G3
un3 Quad Comparator, LM339 2/G4
Ui4 Linear Op Amp, 308A 3/E2

R-88-324k
R-94-232k
R-88-33.2k
R-76-560
TF108
R-94-200k

R-88-200k
R-88-200k
R-88-200k
R-84-200k
R-76-1k
R-76-2.4k
TF108

R-94-333k
TF-146

R-88-953%k
R-94-333k
R-88-316k

C5-334841

1C173
IC173
1IC-173
1C-413
193-500
1C-412
1C-219
IC-219
IC-219
IC-219
IC-219
IC-219
1C-219
1c-203




REPLACEABLE PARTS

Table 7-3. Analog Board, Parts List (Cont.}

Circuit Schematic | Keithley
Desig. Description Location Part No.
Uiib Not Used

Uu1né Wide Bandwidth JFET Input Op Amp, LF351N 3/ED IC-176
unz Dual JFET Input Op Amp, Selected LF353N 3/EDB,B 30477
u118 BCD-to-Decimal Decoder 2/E3 1C-135
U119 Triple 2-Channel Analog Multiplexer, CD4053BC 2,3/5ev IC-283
U120 Dual D Flip-Flop, 74HC74 4/Sev IC-337
U121 Dual D Flip-Flep, 74HC74 4/Sev IC-337
U122 Dual Voltage Comparator, LM393 4/Sev IC-343
U123 Quad 2-Input NAND Gate, 74HCOO0 4/Sev IC-35b1
u124 Synchroncus Decade Up/Down Counter, 74HC192 4/ChH IC-417
U125 Synchronous Binary Up/Down Counter, 74HC193 4/D5 1C-416
U126 Synchronous Binary Up/Down Counter, 74HC193 4/EB IC-416
ui27 Multiplexer, selected CD4053DC 4/Sev 318471
U128 Dual D Flip-Flop, 74HC74 4/Sev IC-337
U129 Inverting High Speed Op Amp, MP5501CP 4/D1 IC-414
U130 Not Used

U131 Triple 2-Channel Analog Muktiplexer, CD4053BC 3.4/Sev iC-283
U132 Op Amp, MP5502DP 4/G4 IC-413
U133 Op Amp, MP5502DP 4/G5 1C-413
U134 Selected tC-218 1/E2 30167
U135 Op Amp, MP5502DP 1EF2 IC-413
U136 Op Amp, Selected 1/F3 193-602
U137 8-Stage Shift-Store Register, MC14094 2/D1 IC-251
U138 8-Stage Shift-Store Register, MC14094 2/D2 IC-251
U139 8-Stage Shift-Store Register, MC14049 2/D3 IC-251
U140 B8-Stage Shift-Store Register, MC14049 2/Db [C-251
U141 Darlington Transistor Array, ULN5003A 2/E4 IC-206
VR1ON Diode, Zener, 6.3V 3/EB DZ-58
VR102 Diode, Zener, 6.3V 3/E5 DZ-58
VR103 Diode, Zener, 4.3V 1/C3 DZ-63
VR104 Diode, Zener, 6.2V 1/F4 DZ-21
VR105 Diode, Zener, 8,2V 1/F3 DZ-61
VR106 Diode, Voltage Regulator 2/G5H DZ-33
w101 Jumper 1/B2 J-3
w102 Jumper 1/EB J-3
Y101 Crystal, 3.84MHz 4/A4 CR-13
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REPLACEABLE PARTS

Table 7-4. Model 1930, Parts List

Circuit Schematic | Keithley
Desig. | Description Location Part No.
C401 Capacitor, 0.05xF, 1000V, Metal Polystyrene A4 C-285-056
Ca02 Capacitor, 0.25pF-1.5pF, 2000V, Trimmer C3 C-343
C403 Capacitor, 1.0uF, 50V, Aluminum Eiectrolytic B3 C-3256-1.0
C404 Capacitor, 1.0pF, 50V, Aluminum Electrolytic B4 C-325-1.0
C405b Capacitor, 330pF, 500V, Polystyrene (0} C-138-330p
C4086 Capacitor, 30pF, 500V, Mica C2 C-236-30p
C407 Capacitor, 0.25pF-1.5pF, 2000V, Trimmer Cc3 C-216
C408 Capacitor, 1.2xF, 80V, Metalized Polycarbonate F4 C-336-1.2
c409 Capacitor, 1.0uF, 50V, Metalized Polycarbonate F5 C-335-1.0
C410 Capacitor, 1.0uF, 50V, Msetalized Polycarbonate F5 C-335-1.0
c4an Capacitor, 33pF, 500V, Mica D4 C-236-33p
c412 Capacitor, 6.8pF, 50V, Tubular Ceramic D4 C-282-6.8p
c413 Capacitor, 0.25pF-1.5pF, 2000V, Trimmer B4 C-413
C414 Capacitor, 0.75pF, 50V, Tubular Ceramic B4 C-282-75p
CR401 | Diode, Silicon B2 RF-28
CR402 | Diode, Silicon B5 RF-28
CR403 | Dode, Silicon Ch RF-28
K401 Relay RL-69
P1023 | Connector, Female, 12 pin A2G2 CSs-33712
P1024 | Connector, Female, Lug Ab LU-90
P1025 | 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 TG-77
Q404 | Transistor, N-Channet, JFET, 2N4392 D2 TG128
Q405 Transistor, N-Channel, JFET, Selected 2N4392 E2 TG-77
Q406 Transistor, N-Channel, JFET, 2N4392 D3 TG-128
Q407 Transistor, N-Channel, JFET, Selected 2N4392 E3 TG-77
Q408 Transsitor, Dual FET C4 TG-118
R401 Resistor, 1k, 1%, %W, Metal Film B4 R-307-1k
R402 Resistor, 1k, 1%, %W, Metal Film B4 R-307-1k
R403 Resistor, 2, 0.5%, TW, Metal Film B4 R-303-2M
R404 Resistor, Pot, 1008, 10%, %W c2 RP-89-100
R405 Resistor, Pot, 1k, 10%, %W c2 RP-89-1k
R406 Resistor, Pot, 10k, 10%, %W C3 RP-89-10k
R407 Resistor, Pot, 1k, 10%, %W F5 RP-89-1k
R408 Resistor, 2.12kQ, 0.5%, %W, Metal Film c2 R-246-2.12k
R409 Resistor, 19.6kQ, 0.56%, %W, Metal Fitm Cc2 R-246-19.6k
R410 Resistor, 217kQ, 0.5%, %W, Metal Film C3 R-246-217k
R41 Resistor, Pot, 100k, 10%, 3W Db RP-89-100k
R412 Resistor, 1TMQ, 10%, %W, Composition D2 R-76-1M
R413 Resistor, 10k, 5%, %W, Composition D2 R-76-10k
R414 Resistor, 10k, 5%, %W, Composition D3 R-76-10k
R415 Resistor, TMQ, 10%, %W, Composition D3 R-76-1M
R416 Resistor, 10k}, 5%, %W, Composition D3 R-76-10k
R417 Resistor, 1MS}, 10%, %W, Composition D3 R-76-1M
R418 Resistor, 2M{2, 0.5%, %W, Metal Film C4 R-246-2,0M
R419 Resistor, 3.656k, 1%, %W, Composition D4 R-88-3.65k
R420 Resistor, 24kQ, 5%, %W, 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. R
R421 Resistor, 100kQ, 1%, W, Composition F2 R-88-100k
R422 Resistor, 228, 5%, %W, Composition G2 R-76-22
R423 Resistor, 2.2k{}, 5%, %W, Composition F4 R-76-2.2k
R424 Resistor, 3.3kR, 5%, %W, Composition G4 R-76-3.3k :
R425 Resistor, 2.2k&, 5%, %W, Composition A2 R-76-2.2k ?
R426 Resistor, Pot, 100k, 10%, W F2 RP-111-100k :
R427 Resistor, 2.2k0,5%, %W, Composition £5 R-76-2.2k

R428 Resistor, 499Q, 1%, W, Composition E5S R-88-4399

R429 Resistor, 56.2kQ, 0.5%, %W, Metal Film C4 R-246-56.2k
R430 Resistor, 56,2k, 0.5%, %W, Metal Film C4 R-246-56.2k
R431 Resistor, 44.2kQ, 1%, LW, Composition ChH R-88-44.2k
R432 Resistor, 100kQ}, 5%, “ W, Composition Ch R-76-100k

R433 Resistor, 1694}, 1%, %W, Composition Ch R-88-169

R434 Resistor, 33k}, 5%, %W, Composition D4 R-76-33k

R436 Resistor, 108}, 5%, %W, Composition A3 R-76-10

R436 Resistor, 10, 5%, %W, Composition A3 R-76-10

U401 Monolithic JFET Input Op Amp D4 IC-152

U402 Voltage Quad Comparator, LM339 F3 1C-219

U403 Fb

TRMS-t0-DC Converter
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REPLACEABLE PARTS

Table 7-5. Model 1931, Parts List

Circuit Schematic | Keithley l
Desig. | Description Location Part No. J'
C101 Capacitor, 10xF, 25V, Aluminum Electrolytic E2 C-314-10 :
c102 Capacitor, 10uF, 25V, Aluminum Electrolytic E2 C-314-10

C103 Capacitor, 10gF, 25V, Aluminum Electrolytic C1 C-314-10

C104 Capacitor, 0.14F, 50V, Ceramic Film B2 C-237-1

CR101 | Rectifier, PEOD B5 RF-48

CR102 | Recitifer, Silicon, MR501 B6 RF-34

CR103 | Rectifier, Silicon, PF40 G2 RF-46

J1024 | Contact Pin E?Y CS-357

K101 Relay, 5V D2 RL-73

K102 Relay, bV D3 RL-73

K103 Relay, 5V D3 RL-59

K104 Relay, 5V D4 RL-50

K105 Relay, 5V Db RL-49

K106 Relay, 5V E1 RL-69

K107 Relay, bV E1 RL-69

P1025 | Connector, Female, lug El LU-90

P1026 | Connector, Female, 12 pin A2 C5-33712
P1027 | Connector, Female, lug Bb LU-90

P1028 | Connector, Female, lug B6 LU-80

P1029 | Connector, Female, lug AB LU-90

R101 Resistor, 0.1 0.1%, 7.5W, Wirewound Eb R-262-01
R102 Resistor, 0.898%Q, 0.1%, 5W, Wirewound ES R-310-898 :
R103 Resistor, 99 E4 R-2562-8 '
R104 Resistor, 909, 0.1%, %W, Metal Film E3 R-169-80 1
R106 Resistor, 9002, 0.1%, %W, Metal Film E2 R-168-300 i
R106 Resistor, 1.005k%, 0.1%, %.W, Metal Film F3 R-263-1.005k |
R107 Resistor, 8.95k81, 0.1%, %.W, Metal Fiim F3 R-263-8.95k '
R108 Resistor, 10k, 10%, 2W, Composition F2 R-3-10k

U101 Darlington Transistor Array, ULN2003A Sev IC-206

U102 Operational Amp., JFET E2 I1C-342

U103 8 Stage Shift/Store Register, MC14094BCP B3 IC-251
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REPLACEABLE PARTS

Table 7-6. Model 193 Mechanical Parts List

Quantity

Description

2

SNNNN, SO =SR2, =SS NNNWON 2R, @ ROWRWONPER -2 N

Side Panel Assembly

Front Bezel Assembly

Front Panel

Front Panel Overlay

Window

Banana Jacks (Black)

Banana Jacks {Red)

Banana Jacks {White)

LED Mounts (For Pilot Lights)
Pushbuttons {Range)

Pushbuttons (Function)

Pushbuttons {Modifier}

Pushbuttons (Control and Local)
Pushbutton (Power)

Pushbutton {Input)

Supports {For Display Board)

Rear Panel Assembly

BNC Connectors

Mounting Rails

Fuse Holders

Fuse Carriers

Fuse Carrier {European, Current)
Heat Sink (for VR301)

Heat Sink

Shield {(Mother Board)

Fasteners {Mother Board}

Screws, Self Tapping {Mother Board)
Hoie Plugs {Analog Board)

Shield {Analog Board, Top}

Fastener Clips (Secures Analog Board Shield)
Shieid Assembly {Analog Board, Bottom)
Fasteners {Analog Board)

Screws, Self Tapping (Analog Board}
Top Cover

Bottom Cover

Feet (Rear)

Feet (Front Assembly)

Decorative Strips (Top)

Decorative Strips (Bottom)

Line Cord

*Some of these parts are shown in Figure 6-12.

Keithley
Part No.
193-310
228-303
193-302
193-303
193-327
BJ-12-0
BJ12-2
BJ12-9
MK-22-1
228-317-4
228-317-6
228-317-86
228-317-7
29465-3
29465-2
228-318
193-305
C5-249
228-319
FH-21
FH-25
FH-26
HS-21
HS-22
193-312
FA167-3
FA-166-%
HP-22
183-316
FA-99
193171
FA-167-5
FA-166-1
228-312
228-313
706-316
706-317
193-323
193-323
CO-7

|

—
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