


WARRANTY

We warrant each of our products to be free from defects in material and
workmanship. Our obligation under this warranty is to repair or replace
any instrument or part thereof which, within a year after shipment,
proves defective upon examination. We will pay local domestic surface
freight costs.

To exercise this warranty, write or call your local Keithley represen-
tative, or contact Keithley headquarters in Cleveland, Ohio. You will be
given prompt assistance and shipping instructions.

REPAIRS AND
CALIBRATION

Keithley Instruments maintains a complete repair and calibration service
as well as a standards laboratory in Cleveland, Ohio.

A Keithley service facility at our Munich, Germany office is available for
our customers throughout Europe. Service in the United Kingdom can be
handled at our office in Reading. Additionally, Keithley representatives
in most countries maintain service and calibration facilities.

To insure prompt repair or recalibration service, please contact your
local field representative or Keithley headquarters directly before return-
ing the instrument. Estimates for repairs, normal recalibrations and
calibrations traceable to the National Bureau of Standards are available
upon request.
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MODEL 191 DMM

GENERAL INFORMATION

SECTION 1. GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The Keithley Model 191 is a 5-1/2 digit,
200,000-count, manual-ranging bench digital multi-
meter with dc volts and ohms ranges standard. It
provides highly accurate, stable, low noise and
fast-responding readings from 1uV to 1200 volts dc
on 5 voltage ranges, and 2 and 4 terminal measure-
ments from 1 milliohm to 20 megohms on 6 resistance
ranges. The 191 is capable of 0.0005% resolution
and TuV/Ime sensitivity. In addition, if you
purchased the Model 1910 AC Voltage Option, your DMM
will provide readings from 10uV to 1000 volts ac on
4 ranges. This option may also be purchased later,
and field installed.

Your DMM also has features and advantages tha't
Some of these are:

1-3.
might not be readily apparent.

® 5-1/2 digit LED display with appropriate de-
cimal point - 0.5 inch digits permit monitoring
measurements from across the room.

@ Pushbutton NULL - eliminates potentiometer
zeroing, corrects for lead resistance in 2-wire
ohms, bucks out thermal EMF's in low level dc
measurements and permits you to measure devi-
ations from a set value. The NULL Tight indi-
cates that the function is active for operator

! safety and to Tlessen the chance of measurement

error.

B2ky., 350v DC
CMAX S PEAK  ONLY

191 DIGITAL MULTIMETER

243, -pﬁ

20k 200k 2000k 20M

FIGURE 1-1. Model

191 Digital Multimeter
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GENERAL INFORMATION

1-3. Continued.

® A Micro-processor based design that
provides:
A Combination of single slope and charge balance
AD conversion - for faster response and better
Tinearity.
Automatic non-Tinear digital filtering - for
faster response and reduced noise on the
display.
A reduction in the number of parts while main-
taining high accuracy and speed of measurement -
simplifies high accuracy measurements and cali-
bration of the instrument and provides 'higher
mean time between failures.

e -IEEEEE error message indicates improper
uses of the instrument - prevents erroneous read-
ings and reduces possibility of injury to the
user or damage to the instrument.

@ Each range has:
Automatic polarity operation - minus sign dis-
played, positive implied.
Effective input overload protection.
Overrange indication - polarity and overrange
digit displayed.
Decimal point positioned by range pushbutton.

® Automatic 2/4 wire ohms operation - saves
time and simplifies 2-wire or 4-wire ohms
measurements.

® A full line of optional accessories that
exterd the measurement capability of your Model
191. Some of these accessory models are:

1600 High voltage Probe allows your DMM to
measure from 1200V to 40kV dc.

1901 Plug-In Current Adapter allows your DMM to
read dc current from 1nA/digit to 2000mA. \ith
the AC Voltage option, it reads from 10nA/digit
to 2000mA ac.

1682 High Frequency (RF) Probe allows your DMM to
measure from 0.25V to 30V rms ac over a frequency
rame of 100kHz to 100MHz. It can be used
without the AC Voltage Option.

1685 Clamp-On AC Current Probe (when used with AC
Vol tage Option) allows your DMM to measure from
zero to 200A rms ac.

1-2
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1651 50-Ampere Current shunt allows your DMM to
measure from 0-50A dc, amd with AC Voltage Option
from 10A to 50A rms ac.

NOTE

Refer to Section 4 for more detailed information
on these accessories.

1-4. WARRANTY INFORMATION.

1-5. The Warranty is given on the inside front cover
of this Instruction Manual. If there is a need to
exercise the Warranty, contact the Keithley
Representative in your area to determine the proper
action to be taken. Keithley maintains service
facilities in the United Kingdom and West Germany,
as well as in the United States. Check the inside
front cover of this Manual for addresses.

1-6. CHANGE NOTICES.

1-7. Improvements or changes to the instrument
which occur after printing of the Instruction Man-
ual will be explained on a Change Notice sheet
attached to the inside back cover.

1-8. SAFETY SYMBOLS.
1-9, Safety symbols used in this manual are as
follows:

IMPORTANT
The symbol can be found in various places in
this Manual. Carefully read the associated
CAUTION statements with regard to proper use and
handling of the instrument. Damage to the
instrument may occur if these precautions are
ignored.

Thi:‘!;; symbol can be found in various places in
this Manual. This symbol indicates those areas
on the instrument which are potential shock
hazards. Carefully read the associated WARNING
statements with egard to proper use and handling
of the instrument. Serious personal injury may
result if these precautions are ignored.

1-10. SPECIFICATIONS
1-11. Detailed specifications for the Model 191 are
given in Table 1-1.




MODEL 191 DMM

GENERAL INFORMATION

TABLE 1-1
SPECIFICATIONS
DC VOLTAGE
TEMPERATURE COEF. MAXIMUM
MAXIMUM ACCURACY = (% rdg + digits) + (% rdg + digits)/°C INPUT ALLOWABLE SETTLING
RANGE READING 24 Hr 22-24°C 1 yr 18-28°C 0-18°C & 28-50°C RESISTANCE INPUT TIME?
200mV 199.999 .005 + 2d! .007 + 3d! .0007 + 1.6d > 1000Mohm 1200V2 0.5 sect
2V 1.99999 .004 + 1.5d 007 + 2d .0007 +0.2d >1000Mohm 1200V 0.5 sec
20 V 19.9999 .004 + 1.5d .010 + 2d .0008 + 0.2d 10Mohm 1200V 0.5 sec
200 V 199.999 .004 + 1.5d .010 + 2d .0008 + 0.2d 10Mohm 1200V 0.5 sec
1200 V 1200.00 .005 + 1.5d .010 + 2d .0012 + 0.2d 10Mohm 1200V 0.5 sec
NMRR: > 60dB at 50 & 60 Hz. IWith zero set by Null function.
CMRR: >120dB at DC, 50 & 60 Hz (with 1kohm in either lead). 21 minute max., 700 volts continuous.
3To within 5 digits of final reading.
11.6 sec. for input changes <15 microvolts.
RESISTANCE
TEMPERATURE COEF. 4-TERMINAL
MAXIMUM ACCURACY = (% rdg + digits) + (% rdg + digits)/°C MAXIMUM OUTPUTS SETTLING LEAD
RANGE READING 24 Hr 22-24°C 1Yr 18-28°C 0-18°C & 28-50°C I short V open TIME:? RESISTANCE*
200 ohm 199,999 .006 + 2d! .012 + 3d! ‘0015 + 2d -4mA -400mV 1 sec.? 7ohm
2kohm 1.99999 .006 + 1.5d .012 + 2d 0015 +0.2d -4mA -4V 1 sec 220hm
20kohm 19.9999 .006 + 1.5d 012 + 2d .0015 + 0.2d -400pA 4V 1 sec. 700hm
200kohm 199.999 .006 + 1.5d 012 +2d .0015 + 0.2d -40 pA -4V 1 sec. 2200hm
2000kohm 1999.99 .01 +1.5d 03 +2d 002 +0.2d -4 uA -4 V 1 sec. 7000hm
20Mohm 19.9999 .04 +1.5d .08 +2d 000 + g.:d -4 A -4V 2 sec 22000hm

CONFIGURATION: 4 terminal or 2-terminal.
MAXIMUM ALLLOWABLE INPUT: 360V peak, 250V rms.

'With zero set by Null function.

*To within 5 digits of final reading.

33 sec. for input changes < 15 milliohms.

‘Maximum resistance per lead for additional 1 digit error.

AC VOLTAGE (Option 1910)

ACCURACY + (% rdg + digits)
(Above 1000 Counts)!

TEMPERATURE COEFFICIENT
+ (% rdg + digits)/°C

MAXIMUM 1 Year 18-28°C 0-18°C & 28-50°C
RANGE READING 50Hz-20kHz 20-50Hz & 20k-100kHz 50Hz-20kHz 20-50Hz & 20k-100kHz
2V 1.99990 0.10 + 10d 1.0 + 20d 0.015 + 0.5d 0.05 + 0.5d
20V 19.9999 0.10 + 10d 1.0 + 20d 0.015 + 0.5d 0.05 + 0.5d
200V 199.999 0.10 + 10d 1.0 + 20d 0.015 + 0.5d 0.05 + 0.5d
1000V 1000.00 0.15 + 10d? 1.0 + 20d* 0.020 + 0.5d: 0.05 + 0.5d*

RESPONSE: Average, calibrated in rms of a sinewave.

MAXIMUM ALLOWABLE INPUT: 1000V rms sine or DC, 2 x
107V e Hz..

SETTLING TIME: <1.3 seconds to within 0.05% of final reading
for zero to full-scale step input.

CMRR: >60dB at DC, 50 & 60 Hz. (1kohm in either lead)
INPUT IMPEDANCE: 2Mohm shunted by less than 50pF.

'With input shorted, display reads approximately 20 digits.
250Hz-10kHz.
320Hz-50Hz & 10kHz-20kHz.

GENERAL

NULL: Pushbutton allows zeroinf of on scale readings. Front panel
annunciator indicates null mode.

DISPLAY: Six 0.5 inch LED digits with appropriate decimal point.

CONVERSION SPEED: 4 readings/second on DC volts.

3 readings/second on ohms.
2 readings/second on AC volts.

POLARITY: Automatic, minus indicated, plus implied.

RANGING: Manual.

OVERLOAD INDICATION: Display indicates polarity and
overrange digit only.

INVALID RANGE/FUNCTION SELECTION: Display reads

=1EEEEE;

ISOLATION: Input LO to power line ground, greater than 1000
megohms shunted by approximately 300 picofarads. Maximum
input between LO and power line ground, 1400 volts peak, 5 x
105V e Hz.

WARMUP: 1 hour to rated accuracy.

ENVIRONMENTAL LIMITS:

Operating: 0°C to 50°C, 0% to 80% relative humidity up to 35°C.
Storage: -25°C to 65°C.

POWER: 105-125 or 210-250V (internal switch selected), 90-110V

available; 50-60Hz, 25Ve A maximum.

INPUT CONNECTORS: 5-way binding posts.

DIMENSIONS, WEIGHT: 85mm high x 235mm wide x 275mm
deep (3% in. x 9% in. x 10% in.). Net weight: 2.3kg (5 Ibs).
ACCESSORIES SUPPLIED: Instruction Manual.

AVAILABLE ACCESSORIES:
Model 1010 Single Rack Mounting Kit

Model 1017 Dual Rack Mounting Kit
Model 1600 High Voltage Probe
Model 1641 Kelvin Test Lead Set
Model 1651 50 Ampere Shunt

Model 1681 Clip-On Test Lead Set
Model 1682 RF Probe

Model 1683 Universal Test Lead Set
Model 1684 Carrying Case

Model 1685 Clamp-On Current Probe
Model 1901 Current Adapter

Model 1910 AC Volts Option

Model 1913 Calibration Cover




OPERATING INSTRUCTIONS

MODEL 191 DMM

P1006
MODEL 1910
AC OPTION
I
LINE FUSE LINE VOLTAGE

(F101)

SELECT SWITCH
(5102)

2-0

FIGURE 2-1. Location of Line Fuse and Line Voltage Select Switch.




MODEL 191 DMM

SECTION 2.

2-1. INTRODUCTION.

2-2. This section provides information needed for
incoming inspection, preparation for wuse and
operation of the Model 191 and its accessories.

2-3. UNPACKING AND INSPECTION.

2-4, The Model 191 was carefully inspected, both
mechanically and electrically before shipment. Upon
receiving the Model 191, unpack all items from the
shipping container and check for any obvious damage
which may have occured during transit. Report any
damages to the shipping agent. Retain and use the
original packaging materials if reshipment is
required. The following items are shipped with all
Model 191 orders:

a. Model 191 DMM.

b. A Copy of this Manual.

c. Installed or separate optional accessories, as
ordered.

2-5. PREPARATION FOR USE.

2-6. The Model 191 is shipped ready-for-use on the
line voltage marked on its rear panel. Instructions
on how to connect the Model 191 to your available ac
line power are contained in Paragraph 2-7 Line
Power.

2-7. LINE POWER

2-8. The Model 191 is provided with a 3-wire line
cord which mates with a 3rd wire earth grounded
receptacle. The dinstrument will operate on 3
voltage ranges of 60 or 50 Hertz ac power. Standard
voltage ranges are 105 to 125 volts and 210 to 250
volts. Either of these ranges may be selected by
positioning an internal slide switch and installing
the appropriate fuse for that range. An optional
Tine voltage range of 90 to 110 volts is available
by special order. Instruments with this range use a
different transformer. Connect the Model 191 to
your available ac power inaccordance with the
following procedures:

OPERATING INSTRUCTIONS

OPERATION.

NOTE
The line voltage setting of the instrument
is marked on the rear panel. The following

procedure can be used to either confirm the
factory setting, or to set up the instrument for
operation on another voltage range. If the line
voltage range is changed, the box next to the
selected line voltage should be appropriately
marked as an external reminder of the setting.
Use a water soluable marking pen.

2-9. Line Voltage Selection.
2-10. Set up the Model 191 to operate on your
available ac Tine voltage as follows:

a. Turn the DMM bottom side up and loosen the
four screws in the bottom cover. These screws are
held captive by rubber 0O-rings.

b. Hold the top and bottom cover together to
prevent their separation and turn the DMM over to
normal position. Remove the top cover.

c. Set switch S102 and install the proper rated
line fuse, as indicated in Table 2-1, for your
available input line voltage. These items are
shown in Figure 2-1.

d. Reinstall the top cover.

TABLE 2-1.
Line Voltage Selection.
INPUT SWITCH FUSE
VOLTAGE s102 F101
90-110v* 115v 1/4A
105-125V 115V 1/4A
210-250V 230V 1/8A

*Requires special factory installed
transformer.
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MODEL 191 DMM
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CAUTION: A
CONNECT ONLY TO =~
INDICATED VOLTAGE

RANGE

LINE RATING
50-60 Hz. AC ONLY
25 VA MAX

INTERNAL LINE SETTING:
VOLTAGE RANGE  FUSE 3AG SLO BLOW
90-10vV [ 14A
105-125v [ 14A
210-250v [] 18A

j

(@) SET POWER ON
(:; s

ELECT FUNCTION

*SEE TEXT, PARAGRAPH 2-15.

(@) CONNECT SOURCE

% L]}
191-0028-4
FIGURE 2-2. Rear View Showing Line Cord.
NULL POLARITY (NEGATIVE IS INDICATED, POSITIVE IS IMPLIED
FUNCT{ON* [ WHEN MINUS (-) DISPLAY IS OFF.)
<
191 DIGITAL MULTIMETER
g g T Sy S 0 [ el
[ R RN NI L o
. 200m 2 20 200 1000 2 SENSE
1 NULL | ACV DCV Q 200 2k 20k 200k 2000k 20M T
// I \\\ // \\ ///
7 /// l
74 // // /.
/ /o Va f
v X / 7 5
(3) SELECT RANGE #oubae

2-2

FIGURE 2-3.

Operating Controls.
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OPERATING INSTRUCTIONS

2-11. Connecting Line Power.

2-12. The Model 191 is provided with a 3-wire line
cord, shown in Figure 2-2, which mates with third-
wire grounded receptacles. Connect the instrument
to ac line power as follows:

\ WARNING

Ground the instrument through a properly earth-
grounded receptacle before operation. Failure to
ground the instrument can result in severe injury
or death in the event of short circuit or
malfunction. In addition, connect only to the
line voltage selected. Application of incorrect
voltage can damage the instrument.

a. Plug the power cord into a properly grounded

outlet of a source having the selected line
voltage.

b. Operate the Model 191 as described in
Paragraph 2-13.

2-13. OPERATING INSTRUCTIONS

2-14. The basic operating instructions for the
Model 191 DMM are outlined below, and Condensed
Operating instructions are provided on the bottom
cover of the instrument. These instructions should
only be used after becoming completely familiar with
the operation of the Model 191 through day-to-day
use. Until this familiarity has been achieved, best
performance and safest operation will be obtained by
using the individual instructions provided in this
section which describe how to make specific function
measurements.
DMM as follows:

/\ cAUTION

Do not exceed the Maximum Inputs limits given in
Table 2-2.

a. Turn on the power by depressing the ON/OFF
pushbutton. If the instrument is within 18-28°C,
it is useable immediately, but a 1 hour warmup is
required to obtain rated accuracy. Up to 1
additional hour may be required from temperature
extremes.

b. Select the function with the ACV, DCV or Q
pushbuttons.

c. Select the range by depressing the appropriate
pushbutton.

d. Connect the source to the INPUT terminals and
make the measurement. Accessories described in
Section 4 should be used as required.

Refer to Figure 2-3 and operate the

MODEL 191 DMM

TABLE 2-2
Summary of Maximum Inputs.
FUNCTION RANGE MAXIMUM INPUT
DCV 200mv, 2V 700V Continuous;
1200V for 1 minute
maximum.
20V-1200V 1200V Continuous
2(ohms) ALL 250V rms; 360V peak
ACV ALL 1000V rms sine or dc;
(Option) 2 x 107 V +Hz

2-15. NULL FUNCTION.

2-16. The NULL function is operable on all ranges
and functions. It is a switch selectable software
based function. The annunciator is Tighted when the
function is selected. When the NULL pushbutton is
depressed with an on-scale reading on the display,
that reading is subtracted from all subsequent read-
ings. The nulling process is merely a subtraction
of two numbers, and has nothing to do with the range
or function selected. For this reason, although
primarily designed to provide convenient pushbutton
compensation for test lead resistance and thermal
emf's generated in circuits connected to the DMM INPUT
terminals, the null function can also be used to
measure variations above or below a set value. For
example, +1.00000 VDC input could be used to null
the display, and variations above 10.0000M2 could be
made by switching to the 20M2 range and @ function.
This,is possible because the number being subtracted
is 100,000 (counts) in both instances, and the minus
sign is active for 2 (and ACV) in the NULL mode.

2-17. It is important to note that the use of NULL
reduces the dynamic range of measurement. For in-
stance, if +1.00000 VDC is the nulled value, input
voltages greater than 2V would still overload the
A/D converter (200,000 counts), even though over-
range would occur at =100,000 counts displayed, and
readings less than -1V would cause overrange (2V
less than +1V) because of the maximum display read-
ing of -199,999 counts. This reduction .in the
dynamic range of the measurement is illustrated in
Figure 2-4. In DCV function, both the Display
Dynamic Range and the input dynamic range can be
exceeded and thus, both can 1imit the dynamic range
of the measurement. In ACV and @, only the input
dynamic range can be exceeded.

2-3
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DISPLAY DYNAMIC RANGE

DN
/ NULL \
199,999 VALUE 199,999
o]

MEASUREMENT
DYNAMIC RANGE
IN NULL MODE

(SHADED)
-199,999 199,999
\ /
N
INPUT DYNAMIC RANGE
FIGURE 2-4. Effect of NULL function on Dynamic
Range of DCV Measurement.
2-18. The Use of NULL as pushbutton "zero" is 2-23. DC VOLTAGE MEASUREMENT.

described in DC Voltage and @ Measurement 2-24, The Model 191 reads dc voltages from 1
Procedures. microvolt/digit to 1200 volts. The maximum
displayed reading is 199999. Overrange is indicated
2-19. OVERRANGE INDICATION. by (-)1----- , except on 1200 volt range. On the

v 1200 volt range, the display can read beyond the

2-20. Overrange s indicated by the minus sign - b ;
maximum allowable input voltage. Maximum allowable

along with the overrange digit and the appropriate

decimal point. A1l of the remaining less signifi- tnputie 1200V, for 1 -minute maximum, 700 volts
cant digits are blanked. Example: (Hletmiay . continuous on the 200mV and 2V ranges; 1200 volts
Overrange is indicated whenever the dynamic range of continuous on the 20V-1200 volt ranges. Use the
DCV measurement is exceeded. With the NULL function Model 191 to measure dc voltage as follows:

off, this occurs above 199,999 counts. As

described in Paragraph 2-17, the dynamic range of

the measurement is reduced by an amount determined A CAUTION

by the size and polarity of the nulled signal when Do not exceed the maximum allowable input voltage
the instrument is in the null mode. limits. Instrument damage may occur.

2-21. ERROR INDICATION.
2-22. -1EEEEE is displayed when an improper range -
function is selected. These selections are: a. Turn on power with the ON/OFF pushbutton and

depress the DCV pushbutton.
ACV function - when AC option is not installed.

b. Select the desired range from the five ranges

20MQ range - with ACV or DCV function selected. available. The decimal point is positioned by the w
range pushbutton. The 1200 VDC range is selected
ACV function - with 2002, 200mV range selected. by the 1000 pushbutton.

2-4
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c. Ensure that the NULL pushbutton is out (Tight
off) unless measurements are to be made as
deviations from a preset value.

d. Connect the signal to be measured between the
INPUT HI and LO binding posts. The binding posts
accept wires, spade lugs or banana plugs for ease
of connecting the circuit to be measured. Low
thermal cabling and connections are recommended
for measurements on the 200mV range.

e. For the top four ranges, merely observe the
displayed digits, polarity sign and decimal point
locations. The top four ranges are direct-reading
in volts.

f. For the 200mV range, ZERO must set with the
NULL function to obtain rated accuracy. Zeroing
is necessary to compensate for thermal EMF's
generated by the connections to the circuit to be
measured. These voltages may be only a few
microvolts or several tens of microvolts. Set
zero as follows:

1) Set Model 191 to 200mV range.

2) Disconnect the test Teads at the circuit to
be measured and short them.

3) Depress the NULL pushbutton.

4) Reconnect the test lead and make the
measurement by applying the signal and reading
millivolts on the display.

OPERATING INSTRUCTIONS

g. The optional Model 1600 High voltage Probe can
be used with the Model 191 to measure dc voltages
up to 40 Kilovolts, at reduced accuracy. Refer to
Paragraph 2-30.

2-25. RESISTANCE (@) MEASUREMENT

2-26. The Model 191 DMM measures resistance from 1
milliohm/digit to 20 megohms. See Table 2-3 for
ramges. The Model 191 provides automatic 2-wire or
4-wire ohms operation. This means that if the ohms
sense leads are connected, the measurement is auto-
matically done 4-terminal. If the sense leads are
not connected, the measurement is done 2-terminal.
For 4-terminal measurements rated accuracy (+1
digit) can be obtained on the top five ramges as
Tong as the maximum lead resistances given in Table
2-3 are not exceeded. For 2-terminal or 4-terminal
measurements on the 2002 range, zero must be set by
the NULL function to obtain rated accuracy. Use the
Model 191 to measure resistance as follows:

ZCXCAUTION

MAXIMUM ALLOWABLE INPUT VOLTAGE (all ranges):
360V peak, 250V rms. Do not exceed maximum
voltage. Instrument damage may occur.

a. Turn on power and depress 2 pushbutton.

b. Connect the circuit to be measured to the
INPUT terminals and select the desired range from
the six ranges available. The decimal point is
positioned by the range pushbutton.

Resistance Ranges

RANGE MAX IMUM MAXIMUM OUTPUTS* 4-WIRE
SETTING READING I(Shorted)| V(Open) Max. o**
200 q*** 199.999 -400mV 0
2k @ 1.99999 -4y 220
20k @ 19.9999 -4y 700
200k @ 199.999 -4V 2200
2000k @ 1999.99 -4V 7009
20M @ 19.9999 -4y 22000
ALL RANGES
OVERRANGE : MAXIMUM
1. ALLOWABLE
INPUT :
360Vpeak, 250Vrms

* HI binding post (red) is negative.

** Maximum resistance per lead for additional 1 digit error.
*** 7ero must be set by NULL to obtain rated accuracy.

2-5
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c. For 4-terminal measurement connect the sense
leads to the circuit to be measured and to the @
SENSE terminals on the 191. This arrangement
eliminates the error due to the voltage drop
across the current-carrying leads.

d. Ensure that the NULL pushbutton is out (Tight
off) wunless measurements are to be made as
deviations from a preset value.

e. For the top five ranges of 2-wire or 4-wire
measurements, merely observe the displayed digits
and decimal point to make the measurement.

f. For a 2-wire or 4-wire ohms measurement on the
2002 range, ZERO must be set with the NULL
function to obtain rated accuracy. Zeroing is
necessary to compensate for test lead resistance

On 2-wire & Thermal Emfs on 2 & 4-wire. Set zero
as follows:

1) Disconnect the test leads at the circuit to
be measured, and short them.

2) Depress NULL pushbutton.

3) Reconnect the test leads and make the

measurement.
g. Diode Test. The 2KQ range is recommended for
diode testing. On this range the forward on
resistance of a silicon diode will read
approximately 190@. (High Terminal is Negative)

2-27.  AC VOLTAGE MEASUREMENT (WITH 1910 AC
OPTION).

2-28. With the Model 1910 option, the Model 191
reads ac voltages from 10 microvolts/digit to 1000

MODEL 191 DMM

volts. The instrument is average responding and

displays the root mean square value of a sine wave

with a frequency of 50Hz to 100kHz. Accuracy is
specified for 1000 counts and above. The maximum
reading is 199999. Overrange is indicated by (-)
1----- , except on 1000 volt range. On the 1000 volt
range, the display can read beyond the maximum
allowable input voltage. Maximum allowable input:
1000V rms or dc; 2 x 107V'Hz. Use the Model 191
to measure ac voltage as follows:

A CAUTION

Do not exceed maximum allowable input voltage.
Instrument damage may occur.

a. Turn on power with ON/OFF pushbutton and
depress the ACV pushbutton.

b. Select the desired range from the 4 ranges
available. The decimal point is positioned by the
range pushbutton.

c. Ensure that the NULL pushbutton is out (Tight
off) wunless measurements are to be made as
deviations from a preset value.

NOTE
Do not use NULL to zero the range. A small
residual zero reading is normal (approx. 200uV)
If NULL is used to zero this offset, readings in
specified accuracy range will be low by the
offset amount.

d. Connect the signal to be measured between the
INPUT HI and LO binding posts. The binding posts
accept wires, spade Tugs or banana plugs for ease
of connecting the circuit to be measured. Observe
the displayed digits and decimal point.

e. The Model 1682 RF Probe can be used with the
Model 191 to measure 0.25V to 30V rms ac signals
with a frequency 100kHz to 100MHz (and above at
reduced accuracy). Refer to Paragraph 2-36.
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PERFORMANCE
VERIFICATION

SECTION 3 PERFORMANCE VERIFICATION.

3-1. GENERAL.

3-2. Performance verification may be performed upon
receipt of the instrument to ensure that no damage
or misadjustment has occurred during transit. Veri-
fication may also be performed whenever there is
question of the instrument's accuracy, and following
calibration, if desired.

NOTE
For instruments that are still under warranty
(Less than 12 months since date of shipment),
if the instrument's performance falls outside
specifications at any point, contact your
Keithley representative or the factory immedi-
ately.

3-3. RECOMMENDED TEST EQUIPMENT.

3-4. Recommended test equipment for performance
verification is listed in Table 3-1. Alternate test
equipment may be used. However, if the accuracy of
the alternate test equipment is not at least 3 times
better than the instrument specifications, addition-
al allowance must be made in the readings obtained.
Some of the equipment listed in Table 3-1 is not 3
times better than the 191 specifications because
such equipment is not readily available. In these
instances, the verification procedures indicate the
equipment manufacturer's specified uncertainty, and
include the uncertainty in determining the allowable
reading for the Model 191.

3-5.
3-6.

ENVIRONMENTAL CONDITIONS.
A11 measurements should be made at an ambient

temperature within the range of 18° to 28°C (65° to
82°F), and a relative humidity of less than 80%.

3-7.
3-8.

PERFORMANCE VERIFICATION PROCEDURE.
Use the following procedures to verify the

basic accuracy of the Model 191 DMM for dc voltage,

resistance

and
Voltage Option -installed)

ac voltage

(with Model
measurements.

1910 AC
If the

instrument is out of specification at any point,

perform a
Section 6,

complete calibration as
unless the

instrument

warranty, as noted above.

NOTE

is still

described in
under

Performance verification should be performed by
qualified personnel using accurate and reliable
test equipment.

3-9.
3-10.

Initial Conditions.

Before beginning the verification procedure

the instrument must meet the following conditions:

a.

If the
extremes of temperature,

instrument has been

subjected to

allow sufficient time

for internal temperatures to reach cnvironmental

conditions specified in Paragraph 3-5.

Typically,

it takes one hour to stabilize a unit that is

10°C
range.

(18°F)

out of the

TABLE 3-1.
Recommended Test Equipment For Performance Verification.
ITEM| DESCRIPTION SPECIFICATION MFR. MODEL
A | DC Calibrator 10v, 100V, 1000V Fluke 343A
+0.002% or 20uV
B | AC Calibrator 0.1v, 1v, 10v, 100V H-P 745A
+0.022%
C | High Voltage Amplifier 1000V H-P 746A
(Used with Model 745A) +0.04%
D | Decade Resistor 190e, 1.9ke,19ke, ESI RS725
190ke,1.9Mn, 10MQ,
+0.01%
E | Kelvin-Varley Voltage .19V, 1.9V Fluke 720A
Divider with .2ppm Terminal
(Used with Model 343A) Linearity

specified temperature

3-1
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VERIFICATION

b. Turn on the Model 191 and allow it to warm up

[

MODEL 191 DMM

Connect the DC calibrator (A), Kelvin-Varley

?or one hour.
WARNING

Some procedures require the use of high volt-

age.

Take care to prevent contact with live

circuits which could cause electrical shock re-
sulting in injury or death.

3-11. DC Voltage Accuracy Check (20V to 1200V
Ranges).
a. Select dc voltage function.
b. Connect the DC calibrator (Item A, Table 3-1)
to the instrument.
c. Select the 20V range, and apply positive 10V

dc

d.

Euired voltage specified in Table 3-2.

to the DMM.

The reading must be within the
1imits specified in Table 3-2.

Select each remaining range and apply re-

that the reading is within specifications.

e.

Repeat all checks with negative voltage.

TABLE 3-2.

Verify

DC Voltage Performance Check (20V to 1200V Range).

Range

Applied
Voltage

Allowable Readings at 18° to 28°C

20V
200V
1200V

10.000V
100.000V
1000.00V

9.9986 to 10.0014
99.986 to 100.014
999.86 to 1000.14

3-12.

a.
b.

(A) and short them.
button.

DC Voltage Accuracy Check (200mV and 2V

Ranges) .

Select DCV and 200mV range.
Disconnect test leads at the DC calibrator

+0.001mV flashing.

Depress the Model 191 NULL
Verify a display indication of 00.000mV

3-13.

Voltage Divider (E) and Model 191 as shown in
Figure 3-1. Set the voltage divider (E) for
.0190000 output.

d. Temporarily disconnect the test Teads from
the DC calibrator (A) and short them. Depress
Model 191 NULL button for a display indication of
00.000 +00.001mV flashing.

e. Reconnect the DC calibrator (A) and set to an
output of +10.00000V.

f. Verify that the Model 191 reading is between
+189.978 to +190.022mV. Note that the allowable
reading includes a 6 digit allowance for the
uncertainty of the DC calibrator (A) and Voltage
Divider (E).

g. Repeat step d thru f with negative voltage.
h. Select the 2V range and release the NULL
button. Set the Kelvin-Varley Voltage Divider
(E) to .190000 output.

i. Verify that the Model 191 reading is between
+1.89981 and +1.90019V. Note that the allowable
reading includes +4 digits for DC calibrator (A)
uncertainty.

Jj. Repeat step i with negative voltage.

AC Voltage Accuracy Check (With Model 1910
AC Voltage Option Installed).

. Select ac voltage function.
. Connect the AC calibrator (Item B, Table 3-1)
o the DMM. Set the calibrator frequency to lkHz.

c. Set the DMM to the 2V range and apply 1V ac
to the DMM. The reading must be within the
limits specified in Table 3-3.

0o oo

d. Select the 20 and 200 volt ranges and apply
the required voltages as specified in Table 3-3.
Verify that the readings are within specifi-
cations.

+ 1.0 Kelvi
elvin -
DC 1
Calibrator ouT \\/g{t:g'e
(A) LOW Divider
- (E)

3-2

HIGH

N
LOW( ) ( ) MODEL
N 191

FIGURE 3-1.

Test Circuit For 200mV And 2V Accuracy Check.
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»

e. To check the 1000 volt range,

output

volts at lkHz.

of the AC
facturer's instructions.
output to the Model 191 INPUT terminals.
AC calibrator for amplifier output of 1000.00
Verify that the DMM reading is

within the specified limits in Table 3-3.

connect the
High Voltage Amplifier (Item C, Table 3-1) to the
calibrator per the manu-
Connect the amplifier
Set the

PERFORMANCE
VERIFICATION

f. To check accuracy at 50Hz, 20kHz, and 100kHz,
select the 20 volt range, apply the voltage
specified in-Table 3-3 at 50Hz, then repeat at
20kHz and 100kHz. Verify that the DMM readings
are within the specified Timits.

3-14. Resistance (2) Accuracy Check.

a. Select resistance function by depressing the
2 pushbutton.

* Manufacturer's specified uncertainty of the decade resistor (D) in digits.

This uncertainty has been added to the specified accuracy of the Model 191 to

obtain the allowable reading.

b. Select 200a range.
c. Connect the decade resistor (Item D, Table
3-1) to the DMM.
TABLE 3-3. ) to the _
AC Voltage Accuracy Check d. Set the decade resistor to zero and -compen-
sate for lead resistance by depressing the NULL
Range Applied Allowable Readings f a display indicati f 00.000 + 00.001
Voltage at 18° to 28°C or . splay 1 ron-o 10
flashing.
at 1kHz e. Set the decade resistor to 190R. Verify that
the reading for the 2000 ra i ithin th
2v 1.000V .99868 to 1.00132V s 9 ror nge 1s within the
20V 10.000V 9.9868 to 10.0132V Timits specified in Table 3-4.
200V 100.00V ggéSGB to i80.132v f. Select the 2kn range.
1000V 1000.0V -00 to 1002.00V g. Set the decade resistor to zero and reset the
at 50Hz NULL.
h. Set the decade resistor to 1.900ke. Verify
20v 10-000v 9.9868 to 10.0132V that the reading is within the limits specified
at 20kHz in Table 3-4.
- i. Continue by using the NULL to eliminate 1ead
20V 10.000V 9.9868 to 10.0132V resistance on each range and measure the next re-
at 100kHz slstapce as specified 1n.Table 3-4. Tesy eth
E— item in the table and verify that each reading is
20V 10.000V 9.90 to 10.10 within specifications.
TABLE 3-4.
Resistance Accuracy Check.
RANGE RESTSTANCE ALLOWABLE READING AT 18° to 28°C *
2000 190Q 189.955 to 190.045q +19 digits
2ka 1.900 ko 1.89956 to 1.90044 ka +19 digits
20kQ 19.00 ko 18.9956 to 19.0044 ka +19 digits
200ka 190.00 ka 189.956 to 190.044 ko +19 digits
2000k 1900.0 ke 1899.22 to 1900.78 ka +19 digits
20Ma 10.000 Ma 9.9908 to 10.0092 M@ +10 digits
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SECTION 4.

4-1. GENERAL.

4-2. This section describes the various accessories
and options available for use with the Model 191
DMM.

4-3. LINE POWER OPTION.

4-4, The Model 191 can be powered by a line voltage
of 90 - 110V, 50 - 60Hz with the special factory
installed transformer option. This option s
available by ordering a Model 191 DMM (90 - 110V, 50
- 60Hz).

4-5, MODEL 1600 HIGH VOLTAGE PROBE.

4-6. The Model 1600 extends the DMM to 40kV. It
has a 1000:1 division ratio which means that 1 volt
on the DMM corresponds to 1 kilovolt.

To Operate: Set the DMM to DCV and 200

Volt range. Connect the banana plug on the Model
1600 to the INPUT terminals. Connect the alli-
gator clip on the Model 1600 to source low. Connect
the probe tip to source high.

Specifications: Voltage Range: 0 to
40,000 volts DC.
Input Resistance:
1000 megohms.
Division Ratio:
Ratio Accuracy
+1.5% at 25kV, decreasing to
+2.0% at 20kV and 30kV
+3.0% at 10kV and 40kV, and
+4.0% at 1kV.
Ratio Stability: +0,01% per °C; #0.1% per year.
Heating Effects: Self-heating due to application of
high voltage for period in excess of 1 minute will
cause a maximum of 0.2% additional error at 40kV
(error is Tess at lower voltage).

1000:1.

4-7 ., MODEL 1651 50-AMPERE SHUNT

4-8 . The Model 1651 allows current measurements to
be made from 0 to 50 amperes DC and from 10 to
50 amperes AC with AC Voltage option. It is a
0.007Tohm +1% 4 terminal shunt. A fifty ampere
current will correspond to 50 millivolts.

To operate: Connect separate cur-
rent leads (not furnished) between
the source and the Model 1651 hex-head bolts. Use
leads that are rated up to 50 ampere capacity.
Connect the voltage leads (furnished) between the
Model 1651 screw terminals and the DMM INPUT

ACCESSORIES

ACCESSORIES

terminals. Set the DMM to ACV and 2V range or
DCV and 200 millivolt range. Use NULL to zero
on DC 200mV.

4-9, MODEL 1681 CLIP-ON TEST LEAD SET.

4-10, The Model 1681 contains two @} ?[!
leads 1.2m (48 inches) long, terminated J ’
with banana plug and spring-action clip-on

probe. -

4-11, MODEL 1682 RF PROBE.

4-12, The Model 1682 extends the AC
voltage response of the Model 191 from
100kHz to 100MHz,

To Operate: Set the DMM to DCV

and 200 Volt range. Connect the Model 1682

to the DMM INPUT terminals.

Specifications:

Voltage Range: 0.25 to 30 volts rms.

Transfer Accuracy: +0.5dB, 100kHz to 100MHz
peak responding calibrated in rms of a
sinewave.

Input Impedance: 4 megohm shunted by 3pF.

Maximum Allowable Input: 30V rms AC, 200V DC.

Accessories Supplied: straight tip, hook tip,
ground clip, hi adapter, banana plug adapter.

4-13, MODEL 1683 UNIVERSAL TEST LEAD KIT.
4-14, Two test leads, 1.2m (48 inches)
Tong with 12 screw-in tips - 2 banana

plugs, 2 spade Tugs, 2 alligator clips
with boots, 2 needle tips with chucks _
and 4 heavy duty tip plugs. [

4-15, Model 1684 Carrying Case
4-16. The Model 1684 is a hard
vinyl case with a fitted foam

insert with room for the Service _
Manual and small accessories. il

4-17, MODEL 1685 CLAMP-ON AC CURRENT PROBE.

4-18, The Model 1685 measures AC current by
clamping onto a single conductor. Interruption of
the current path is unnecessary. The Model 1685
detects current by sensing magnetic field produced
by current.
To Operate:
volt range.

Set the DMM to ACV and 20
Connect the Model 1685 to the DMM

4-1
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INPUT terminals. The DMM will display 0.1

volts per ampere.

Specifications:

Range: 2, 20
and 200
amperes rms.

Accuracy: 4% of range at
60Hz. 6% of range at 50Hz.

Temperature Coefficient: +0.05%/°C on the 20 and
200 ampere range. +0.3%/°C on the 2 ampere
range.

Maximum Allowable Current: 300 amperes rms.

Maximum Conductor Voltage: 600 volts rms.

Conversion Ratio: 0.1 volt rms per ampere.

4-19, MODEL 1010 SINGLE RACK MOUNTING KIT.

4-20. The Model 1010 is a single rack mounting kit
with overall dimensions 5-1/4 inches (133mm) high
and 19 inches (483mm) wide.

N

L, o \ o
MODEL 191
5 (o] (o]

4-21. MODEL 1017 DUAL RACK MOUNTING KIT.

4-22, The Model 1017 is a single/dual mounting kit
with overall dimensions 5-1/4 inches (133mm) high
and 19 inches (483mm) wide.

e ) )]

4-23. MODEL 1641 KELVIN TEST LEAD SET.

4-24, The Model 1641 test leads are for use in
making 4-terminal measurements. The test leads (1
pair) ‘are 1.2m (48 inches) long twin-lead cables.
Each cable is terminated by a twin-banana plug and a
spring-clip Kelvin contact. Plug twin banana plug
into DMM horizontally (HI to HI and LO to LO).

MODEL 191 DMM

4-25. MODEL 1901 CURRENT ADAPTER.

4-26. The Model 1901 allows your DMM to read dc
current from 1nA/digit to 2000mA. With the 1910 AC
Voltage Option it reads from 10nA/digit to 2000mA.
The Model 1901 plugs into the INPUT terminals of the
191. Maximum allowable continuous voltage drop
(full scale input voltage burden) is 200mV. Shunt
resistors are connected so as to eliminate contact
resistance errors. Use the Model 191 200mV dc range
and 2V ac range, for dc current and ac current
respectively. Input voltage burden can be reduced
by selecting the Tlowest shunt that provides the
necessary resolution.

4-27. MODEL 1910 AC VOLTAGE OPTION.

4-28. The Model 1910 (not shown) is a factory or
field installable option which allows your DMM to
read ac volts from 10uV/digit to 1000V. The Model
1910 is internally installed in the Model 191. It
is important to note that field installation or
removal/replacement of the Model 1910 requires
recalibration of ac voltage. Specifications for the
1910 are given in Table 1-1 and ac voltage
measurements are described in Paragraph 2-27.

4-29. MODEL 1913 CALIBRATION COVER KIT.

4-30, The 1913 (not shown) contains a
calibration cover and an Instruction/Service
Manual for the Model 191 DMM. The calibration
cover is installed in place of the normal 191
top cover during calibration. It allows the 191
to reach normal internal operating temperature
and has openings that are marked to facilitate
making the calibration adjustment.
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THEORY OF OPERATION

SECTION 5. THEORY OF OPERATION

5-1.

5-2. This section contains circuit descriptions for
the Model 191 DMM and the Model 1910 AC Voltage
option. The information is arranged to provide a
description of overall instrument operation, fol-
lowed by descriptions of individual functional cir-
cuit blocks. To facilitate understanding, the des-
criptions are keyed to accompanying simplified block
and schematic diagrams. Detailed schematics. of the
Model 191 and Model 1910 are provided in Section

GENERAL

s
5-3. OVERALL FUNCTIONAL DESCRIPTION
5-4. The Model 191 is a 5-1/2 digit, +200,000

count, bench DMM with 5 dc voltage and 6 resistance

0.0005% resolution. When the Model 1910 plug-in op-
tion is installed, ac voltage from 10uV/digit to
1000 volts can be measured. The most unique feature
of the Model 191 is its hybrid Analog-to-Digital
converter which uses both charge balance and single
slope conversion techniques, and operates under the
control of the microcomputer. Very high accuracy,
high conversion speeds and quick settling times are
some of the major benefits provided by this feature.
Other benefits and functions which can be attributed
to the use of the microcomputer are: a reduction in
the number of. component parts; non-linear digital
filtering; pushbutton nulling of any on-scale input
signal; and automatic 2/4 terminal ohms. These items

will be described in more detail later in this
ranges standard. It has 1uyV and 1m@ sensitivity, and section.
HI >—
Q SENSE A/D 0SCILLATOR
COMVERTER  pa200KHZ %
% o 4pev DIVIDERS
“id b VZERO
[r==————-- == AUTOZERO
Acy ! MODEL 1910 ACV 3y 4MHz,
i 0—1 AC VOLTAGE : o COMIT)‘OL 1MHz,
_—<k*ﬁ7ﬂﬁr L OPTIONM -2V FS ACVo VSIG ! 250kHz
INPUT Jncv P i
. S
LO +200mV/
+2V FS ouTPUTS |27 o
DCV ATTENUATOR/Q ad //r >
»  REF. RESISTORS ACV
& RANGE SWITCHING |, V/F MICRO-
[\e PULSES, | coMpuTER
ACV COMP, OUT ;
VREF
" 200
OHMS e LALIL Dcv DCV o5 »PB6
SOURCE =4y SMULL 7S lpay
2000 \V/
MULTIPLEXED
DISPLAY DATA
——o+15V
ot o -15V REFERENCE
A A POWER L 545V ANLG VOLTGE
o— —Ez+sv DSPL
+5V DGTL

FIGURE 5-1.

Simplified Signal Flow Block Diagram, Model 191 DMM.
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(a) Block Diagram.

200mV 200mv/2V
Reference
2V
" G T

MODEL 191 DMM

Single-Slope
Digitizing

uC

Display

l
l
Charge-Balance l___b
I
J

A/D Converter

Vref | Vsig | Vzero |

L0 o— ! I
Ll o
Decade
Input
Attenuator
(b) Timing.
—)-7 100msec [—=€—
Integration Phase| Vsig Vzero | Vsig
Reading Updates la——200msec >

FIGURE 5-2. Block Diagram of DC Voltage Measurements.

\

5-5. Figure 5-1 provides a simplified signal flow
block diagram of the Model 191. As previusly men-
tioned, operation of the Model 191 1is centered
around the A/D converter, operating under the con-
trol of the microcomputer. The A/D converter is
designed to handle input signals up to +2 Vdc, and
up to four separate signals (i.e., VZERO, VSIG, V@
and VREF). It can be seen from the diagram that
the function switches control which of the signals
that can be applied to the A/D converter, as well
as the signal conditioning path of the input signal
applied to the input terminals. The microcomputer,
through the A/D Control lines, controls the se-
quence and timing of signals applied to the A/D
converter. Timing includes a precise 100 milli-
second integration period for the charge balance
phase of conversion, up to 1 millisecond for single
slope conversion and the necessary delays to allow
an input signal to settle and to perform mathema-

5-2

tical calculations and housekeeping chores. The
microcomputer also provides the automatic zero and
automatic calibration corrections to eliminate zero
and gain errors from the signal to be displayed.
This is done mathematically and requires that more
than just VSIG be converted. Three signals are re-
quired for dc voltage mesurements, and four signals
for ohms and ac volts. Each signal required for
the measurement is applied to the A/D converter and
the resulting digitized value is stored in memory.
The microcomputer uses the stored values to calcu-
late the reading and sends it to the display. 1In
this way, the microcomputer corrects for zero and
gain errors, and the displayed reading is the digi-
tized value of the input signal within the speci-
fied accuracy of the instrument.
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5-6. DC Voltage Measurement.

5-7.  In dc volts operation, as shown in Figure
5-2, the input signal either goes directly to the
A/D or is connected across a decade attenuator with
a total resistance of 10 megohms. The attenuation
of the dc input signal is determined by the range
selected. As previously mentioned, three input
signals to the A/D converter are required for dc
volts operation (i.e., VSIG, VZERO and VREF). Each
signal is presented to the A/D input and measured
for 100 milliseconds (See A/D Converter discuss-
ion). Each digitized value is stored in memory and
then used to calculate a reading by the formula:

Vp1sp = 2 {VSIG-VZERO
VREF-VZERO

(a) BLOCK DIAGRAM

—LoomV/-4V

Voltage

Source
r=l=- eference Resistor Decade

THEORY OF OPERATION

It can be seen that the the zero error is sub-
tracted from both the signal and the reference, and
then the ratio is taken. Multiplication by 2 is
needed because the reference is 2 volts (or 200
milllivolts on the lowest DC range).

5-8. As shown in the timing portion of the dija-
gram, VSIG is measured every other time and VZERO
and VREF are alternated in in the other time slots.
This permits the display to be updated after every
two integration (charge balance) phases. Consider-
ing that up to an additional 70 milliseconds may be
required (to complete single slope conversions,
counting of the remainder in counters and mathema-
tical computations), a new display update can be
made approximately every 270 milliseconds, or
approximately 4 readings/second can be obtained.

e e e e e e e

Charge-Balance
Single-Slope

uC

Display

|Digitizer

(b) TIMING

INTEGRATION PHASE | DELAY | vsig | vZERO
READING UPDATE

FIGURE 5-3.

L___FT_J

A/D Converter

—{ 100ms ,-—

DELAY I Vo I VREF l

Block Diagram of Resistance Measurement.
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5-9. Resistance Measurement.

5-10. In ohms operation, as shown in Figure 5-3,
the ohms voltage source is connected as an input to
the A/D converter and to one end of the reference
resistor decade. The resistance reference resistors
are the same resistors that are use for dc volts
attenuation, but unlike dc volts, where only the
ratios affect accuracy, the absolute characteris-
tics of the resistors determine accuracy of the
ohms measurement. The value of the ohms reference
resistor (RQ) is determined by the range selected.
An ohms source voltage of -400 millivolts is used
on the 200@ range, and -4V is used for all other @
ranges. For resistance measurements, four input
signals to the A/D converter are required. Each
signal 1is measured for 100 milliseconds and its
digitized value is stored in memory. The microcom-
puter then calculates a reading using the formula:

aDIsp = YSIG - VZERQ
Va - VREF

It can be seen that V@ - VREF is the voltage across
Re (I2 x RR) and that VSIG - VZERO is the volt-
age acrossRx (1@ x Rx). therefore:

Vy = I9Ry = Ry
IoRQ RQ

Thus, the ohms reading depends only on the value of
the ohms reference resistor (Ra).

5-11. As shown on the timing portion of the
diagram, there are two 100 millisecond delays and
four 100 millisecond integration periods needed to
gather the information for calculating a reading
with the above formula. When the additional delay
times, as described for DC Measurements, are con-
sidered it might appear that approximately 2
seconds would be necessary for three readings.
However, in actual operation, approximately three
valid readings per second can be obtained by calcu-
lating a new reading after each 300 milliseconds,
using the new data and the stored data from the
previous 300 milliseconds.

5-12. Up to this point in the discussion, the
effect of Tlead resistance on the resistance
measurement has not been considered. As shown in
Figure 5-4, lead resistance can affect the
displayed ohms reading in both 2-terminal or 4-
terminal measurements. For this explanation,
resistances of the test leads have been designated

ASTRMR ) SRERFRR 1 718 J e O G VTSENSE S HI ™ and ThoL0
terminals are not connected to RX, the sensing
occurs at the HI LO INPUT terminals through

resistors Rs and the displayed reading

5-4

Vx

Rx

MODEL 191 DMM

jncludes  the resistance of R1  and Rg
added to the unkown (RX). For 4-terminal
measurements, the @ SENSE leads are connected to
RX and the effect of lead resistance can be
calculated as shown. It can be readily seen from
this discussion why the stated accuracy for the 200
Q range requires that the effect of lead resistance
be cancelled with the NULL pushbutton for both
2-terminal and 4-terminal measurements.

Va A/D INPUTS

Vo

In 2-terminal: @ = Ry + Rg + Rye
In 4-terminal: @ = Ry + R1R2 . R3Rg
R1+Rp+R¢ R3+Rg+Rg

If Rl = Rz 2R3 = Rg, and Rl (<R5,

2R12
2 Ry +

Rs
Example: R = 108 = R = R3 = Rq, Rg = 100ka

« R = Ryt 2(10)2 = Ry + 2mQ
105

FIGURE 5-4., Affect of Lead Resistance in @)

Ohms Measurements.
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A/D Converter

FIGURE 5-5. Block Diagram of AC Voltage Méasurements.

5-13. AC Voltage Measurement.

5-14. In ac volts operation, as shown in Figure
5-5, the Model 1910 AC Voltage Option is placed
between the input and the A/D converter. The 1910
converts the ac input voltage to a dc voltage be-
tween zero and -2 volts. On other than the 2V
range, the input signal is divided by 10, 100, or
1000 - depending on the range selected. For ac
voltage measurements, four input signals to the A/D
converter are required. Each signal is measured for
100 milliseconds and its digitized value is stored
in memory. The microcomputer then calculates a
reading using the formula:

Vac _ 2 (VSIG - VZERO)
(VREF - V@)

Where VSIG is the 1910 output, VZERO (AUTOZERO
line) is.its dc offset, VREF is the 2V reference
and Vo is signal ground. The 2 is required because
of the 2V reference. Since ac volts is a four
phase measurement, with the input signal measured
only once during the measurement, the maximum con-
version rate for ac volts is two valid readings/
second.

5-15. A/D Converter.

5-16. A simplified schematic of the A/D converter
is given in Figure 5-6, and its waveform is shown
in Figure 5-7. In operation, the microcomputer
provides time division multiplexing of the input
signals by controlling switches S; through Sg.

The sequence and timing of the switches is depen-
dent on the function selected (DC Volts, Ohms, or
AC Volts). Copper leaded JFETs are used for the
input MUX switches to achieve the necessary high
off resistance, low leakage current and low thermal

characteristics. The Input Buffer is a non-invert-
ing, high Z amplifier that looks at each input sig-
nal with either a x1 or x10 gain. A gain of x10 is
used on the 200mVDC and 2009 ranges, all other
ranges use x1. The output of the input buffer is
applied to the Transconductance Amplifier. This
amplifier provides two functions. It converts the
input voltage to a current, which goes to the inte-
grator when requested, and provides an offset cur-
rent so that its bipolar input voltages are con-
verted to unipolar output currents.

5-17. The A/D converter, as shown in Figure 5-7,
operates first in a charge balance (CB) phase, and
then in a single slope (SS) phase. A 100 milli-
second interval was selected to look at each input
as the best compromise to achieve good line rejec-
tion (50 and 60Hz) and relatively fast conversion
speed. A CB phase is begun when INPUT DISABLE goes
low. This occurs at the completion of a delay
period that allows the signal to settle after turn-
ing on the appropriate input MUX switch. The delay
is software generated and is dependent on the
function selected, as given is Table 5-1. When
INPUT DISABLE is released, I, is connected to
the integrator, and V, ramps positive. The D flip
flops then act as a comparator, providing timing
and control. After V, exceeds the D threshold of
U106A, Q; 9Joes high at the next positive going
clock edge. At the next clock edge (negative
going), Qp 9oes high and connects Igg to
the integrator. Icg 1s greater than 215,
maximum, and thus, Vo immediately ramps
negative.

Jpis also low at this time which sets and holds
Q1 low. At the next negative clock edge (1 cycle
later), Igg 1is turned off and D; is enabled
by Q2 going low again. What has happened to this
point is that Igg was turned on for one clock

5-5
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SINGLE-SLOPE
COMPARATOR
+

U107
- COMPARATOR
OUTPUT
SINGLE
INPUT INPUT SLOPE
MUX BUFFER ENABLE
VsiG TRANSCONDUCTANCE
AMPLIFIER
.
&
V-F
VZERO PULSE
OUTPUT
52 | INPUT
DISABLE
VREF
53 INPUT
Vo
— 1/0 LINES FROM uC.
Sy
FIGURE 5-6. Simplified A/D Schematic. q
cycle (2 microseconds) and then turned off. The Iss is shut off and the counting is stopped.
earliest it can be turned on again is one clock The amount of charge delivered by Igs in one
cycle Tlater. Each time Igg is turned on, a microsecond (IMHz period) is equal to 1/256 of the
counter is incremented by an inverted V-F PULSE . charge delivered by Icg in two microseconds.
trom Q2. It can be seen that the flip flops The microcomputer multiplies the CB counts by 256
divide the clock frequency by two, limiting the and adds the SS counts to it to obtain the com-
maximum number of charge balance integrations and . posite count (<6.4 million maximum).
output counts to one half of the clock frequency.
And, since 50,000 clock cycles occur in the precise TABLE 5-1
100 millisecond charge balance period, the maximum
number of times that Q2 can go high and be Settling Delays, S(") on to

counted is 25,000.

5-18. At the end of the charge balance phase, the
output of the integrator is resting at some posi-

Turn On of Integrator.

tive voltage. The single-slope comparator output is JFET  Delays (msecs)
also positive and it will not switch until the in- SWITCH _ DCV ACV Q
tegrator output crosses zero. The comparator output

is ANDed with a one millisecond pulse in the digi- S1 30 30 100
tal section to produce SINGLE SLOPE ENABLE. This S2 1 1 1
allows Igs to flow into the integrator. A 1MHz S3 1 1 100
clock is counted from the time SINGLE SLOPE ENABLE S4 X 1 1

went high until the single-slope comparator changes
state (Vo crosses zero). When this occurs,

-
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i % PHASE
={DELAY f== >>DELAY[=
INTEGRATOR INPUT
T =& DISABLED ]
o % FOR READOUT OF uP PRE-SCALE COUNTER
FIGURE 5-7. 191 A/D Waveform.
5-19. DIGITAL CONTROL and DISPLAY CIRCUITS. (U302), a 6821 peripheral interface adapter (PIA,

U303), and 1024 x 8 bytes of read only memory which
provides the control program and is contained on
either U305 (ROM) or U304 and U305 (PROMs). The
microprocessor contains a set of 72 variable length
instructions, and 128 x 8 bytes of random access

5-20. A functional block diagram of the digital
control and display circuitry is given in Figure
5-8. This diagram also shows location of the cir-
cuits by printed circuit board.

5-21. Microcomputer. memory (RAM) for temporary storage. The PIA con-
5-22. The microcomputer and its associated logic tains four bytes of memory and provides the
circuitry provide timing and control of both the Input/Output (I/0) control lines for interfacing
display and the A/D converter. Additional functions the microcomputer to the other circuits in the 191.
provided by the microcomputer include the NULL The microcomputer uses partial memory decoding.
function and digital filtering. The Null function When Al5 is a logic "0", either the 128 bytes of
is described in Paragraph 2-15 and digital RAM or bytes 129 through 132 in the PIA are selec-
filtering is described later in this section. Count ted. A7 then determines which is selected (A7 =
prescaling, and recovery from a transient or lost logic "0" RAM, logic "1" PIA). When Al5 is a logic
program are additional functions provided by the "1"  (high), read only memory is selected
logic circuitry. (ROM/PROMs), and A9 determines whether the Tlower
' 5-23.  The microcomputer is a MicroBus® based 512 bytes or the upper 512 bytes are selected. When
system that is comprised of a 6802 microprocessor A9 is high, the upper 512 bytes are selected.

®Registered Trademark of Motorola, Inc.
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FIGURE 5-9.

5-24. A/D Converter Control.

5-25. Looking at the A/D Controls Lines on Figure
5-8, a logic "0" on PA7 indicates that the NULL
function 1is selected and a logic "1" on PBY
indicates that the instrument is in DC volts. These
signals are from the front panel NULL and DCV push-
buttons, respectively. If not in DC volts mode, the
processor determines whether AC volts or Ohms has
been selected by looking at the value of the
reference voltage after it has been digitized.

5-26. Refer to Figure 5-8 and the timing diagram in
Figure 5-9 for the following discussion, A
Charge-Balance phase begins with the MASTER RESET
line pulsing low, clearing U309A and B flip flops.
As described in the A/D converter discussion, the
appropriate signal to its input amplifiers is then
enabled by S1, $S2, S3 or 54 going to a logic "1".
After the completion of the appropriate delay
period given in Table 5-1, the "D" input to U309A
is made a "1". This same signal is ANDed at this
time to clear the H-F PRescaling counter U307. The
next rising edge of the 2.5kHz clock sets the Q

Charge Balance Timing.

output of U309A low, enabling the input signal to
the integrator of the A/D. The processor now counts
250 interrupts from the 25kHz clock, and then sets
the "D" input to U309A to a "0". The next rising
edge of the clock sets INPUT DISABLE high again,
disabling the input to the integrator, and ending
the exact 100 millisecond integration period.

5-27. During the integration period above, V-F
PULSES are fed into counter U307. Each time the
counter overflows (after 256 counts) an interrupt
is generated which the processor counts in an
internal register. These interrupt counts become
the 8 most significant bits of the result.

5-28. At the end of the charge-balance phase, 8
bits of data are left on counter U307. This data is
obtained by pulsing the MASTER RESET line into the
counter, and waiting for the counter to overflow.
The number left on the counter is equal to 256
minus the the number of MASTER RESET pulses. This
data becomes the middle 8 bits of the 24 bit
result.

5-29. At the completion of remainder counting, the
Single-Slope phase is begun by the SINGLE SLOPE

5-9
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FIGURE 5-10. Single Slope Timing.

START/STOP signal going high, setting the "D" input

10

of U309B to a "1". On the next rising edge of the LATCH k—ﬁe-c—’l

IMHz clock, the SINGLE SLOPE BEGIN signal from Q of EWLE_—I_F

U309B goes high, and is ANDed with the COMPARATOR

OUTPUT signal to enable single-slope counting. The

1MHz clock is now fed to U307, and counted similar BUANKING L 20usec N
: LANKI I3 gl

to the charge balance phase. The single-slope INPUT

phase ends when COMPARATOR OUTPUT goes Tow, and | [

gates off the 1MHz clock to the counter. The
remainder left in the counter is again read, as in

the charge-balance phase. This result is added to

the charge-balance counts to generate the 24 bit VAUgAiimENT E%;;;;;;%;;Z;;I
(22 bit maximum) result. Timing for the single-

slope phase is shown in Figure 5-10.

5-30. Display. DATA Z-

5-31. The display circuits, as shown in Figure
5-8, consist of the LED digits, and the necessary
decoding and driver circuits. These operate under
the control of the microcomputer. The diagram shows NEW DIGIT DATA
the possible location of the decimal points, but BEG&:;'DR%SPLM ON PIA BUS
they are controlled by the range switching which is
not shown.

5-32. Display information is fed out on lines PAJ LATCH NEW

through PA6 of the PIA I/0 bus. It is updated at a SEGMENT DATA

2.5kHz rate, with each digit on for approximately i

400 microseconds. Since the display is fully multi-

plexed, 6 updates are required to turn each of the

six digits of the display on once. This means that

the entire display is updated 416 times a second. FIGURE 5-11. Display Timing.
An update begins by blanking the display and disab-

5-10
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FIGURE 5-12. Reset and Transient Recovery Circuit Timing.

ling the Tatch of U202. The display is blanked by
PA6 pulsing to a logic "0" for 20 microseconds, and
the latch is disabled by pulsing PA4 and PA5 to a
"1" for 10 microseconds. New segment data is now
presented on lines PA@ through PA3, and this data
is latched into U202 when PA4 and PA5 return Tow
after the 10 microsecond period. At the completion
of the 20 microsecond period, the display is
unblanked, while new digit information is on the
PIA bus. This results in the correct digit for the
latched segment data being turned on until the
beginning of the next update. Display timing is
shown in Figure 5-11.

5-33. Reset and Transient Recovery Circuit.

5-34. The reset and transient recovery circuit is
shown below the PIA on Figure 5-8. It consists of
two NAND gates, an AND gate, a 6800pF capacitor and
counter U308 which divides by 256. Its function is
to restart the system by resetting the Microproces-
sor and PIA whenever either the program is lost or
a long duration transient occurs.

5-35. Timing of this circuit is shown in Figure
5-12. The circuit has two input signals, the 2.5kHz

clock and LATCH ENABLE. The 2.5kHz clock is counted
by U308 and LATCH ENABLE is used to clear U308. In
normal operation, LATCH ENABLE pulses low for 10
microseconds every 400 microseconds (2.5kHz rate),
as described in the Display discussion. While LATCH
ENABLE is Tow, the voltage on the capacitor (Vc)
rises exponentially. When LATCH ENABLE returns
high, and while Vc is above the threshold of the
AND gate, a clear pulse is applied to U308. Thus,
normally U308 accumulates one count and is then
cleared. A transient can mask the LATCH ENABLE
pulses or a lost program can prevent their appear-
ance at all. If no pulses appear for 51 milli-
seconds, 128 counts from the 2.5kHz clock will
accumulate in U308 and its output will go high.
This high is NANDed with +5 volts to clear the
microprocessor and PIA. Coincidently, LATCH ENABLE
is forced low and Vc begins to rise to its maximum.
U308 continues to count the 2.5kHz clock and when
it overflows after 256 counts, its ouput returns
low. This removes the RESET and allows the micro-
processor to return to the proper Tlocation in the
control program. This completes the recovery
process.

5-11
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5-36. Digital Filtering.

5-37. When the 200mV or 200 Ohm range is selected,
a logic "0" is applied to PB7 of the PIA, which
tells the microprocessor to filter by averaging the
last 8 readings. For this condition, the last 8
readings are averaged together and displayed, as
long as the latest conversion is within digits of
the previous diplay. If the new conversion is more
than + digits away from the previous reading, the
new reading is displayed. Thus, speed is attained
for large signal changes, but random noise is re-
duced by a factor of 8. For all other ranges, the
microprocessor uses a threshold of +5 digits and
averages the last 4 readings. Thus, smaller signal
changes are responded to, while random noise is
reduced by a factor of 4.

5-38. Oscillator and Clock Divider.

5-39. These circuits are shown in block diagram
form in“the lower right corner of Figure 5-8, and
the complete circuits are shown on pdge 2 of
Schematic 30162D. Basically, the 4MHz crystal
control oscillator is a Pierce type oscillator. Its
4MHz output is fed direct to the clock divider
(u105), and it is buffered by a CMOS inverter
before application to the microprocessor (U302).
U105 provides three outputs by dividing 4MHz by 4,
8 and 16. [Its outputs are buffered by CMOS
inverters to provide zero to +4 volt square waves.
The 1MHz output is used for Single-Slope counting,
500kHz is used in the A/D converter for
Charge-Balance timing, and 250kHz is divided by 100
in U301 to produce the 2.5kHz clock.

5-12

Turning on JFET Switches.

5-40. A/D CONVERTER CIRCUITS

5-41. The A/D converter must have a high input
impedance and be linear to within a few parts per
million over the + 2 volt operating range. To meet
this critera, several innovative circuits had to be
designed. These circuits are described in the
following paragraphs.

5-42. Input Buffer.

5-43. The input buffer is a non-inverting, high
input impedance amplifier which Tooks at each input
with either x10 or x1 gain. Its input signals are
multiplexed by switches Sl through S4 under the
control of the microcomputer. One of the first
problems encountered was the high transients that
appear as the multiplexing switches are turned on.
The effects of these transients were eliminated by
the use of software generated delays. It was, how-
ever, necessary to drive the gate of the appropri-
ate JFET with the input signal voltage to turn it
on. This was accomplished with a bootstrap ampli-
fier (BSA) connected to the inverting terminal of
the input buffer (see Figure 5-13). When switch S
is opened, the gate of Q rises to the output of BSA
which equals the input voltage (Viy). This
turns Q on, which means that Vyy = Vs = Vg.
Note that this technique works regardless of input
buffer gain.
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FIGURE 5-14. Power Supply Common Bootstrapped to Input Voltage.

5-44. As previously mentioned, the A/D converter
was designed for linearity. This means that the
input buffer must be linear over the full measure-
ment range of +2V to no more than a few parts per
million. Since it also must be non-inverting, with
very high input impedance, its gain linearity would
normally be determined by common mode non-linearity.
Most amplifiers specify 80 dB8 CMRR, and since CM
non-linearity would typically be a factor of 10 or
better, one could expect 10 ppm non-linearity from
CM effects. Since this would be far too much
error, it was required that the common mode errors
be reduced. Common mode errors can be overcome
either by improving CMRR through critical selection
of devices, or by eliminating the common mode (CM)
voltage. The latter method was chosen, as shown in
Figure 5-14. First consider that, for non-
inverting operational amplifiers, the common mode
voltage (Vgy) is  equal to Viy - Vggy
(power supply common). Thus, it can be seen that if
VIN - Vcom could be made equal to zero,
common mode errors would be zero because Vgy =
0. To achieve this, it was necessary to bootstrap

the power supply common for the input amplifier at
the input voltage. This was accomplished by adding
2 zeners, 2 transistors, and a few resistors. The
power supply common is seen to be the junction of
VR105 and VR106 (the output of BSA), which is equal
to Vine Thus, Vem = VIN - VC0M$
0, and the common mode error is eliminated. Note
that this technique also raises input impedance
because:
iy = AVIy

AIIN

And, since there is no bias change on the input
FETs of the input amplifier, IiN= 0  and
Liy==. With the common mode error eliminated,
the only gain error is open loop gain nonlinearity
divided by loop gain. For closed loop unity gain,
non-linearity is 0.5 ppm since open loop gain non-
Tinearity is 10% and open loop gain is 200,000.
For x10 gain, nonlinearity is 5 ppm.
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FIGURE 5-15. Transconductance Amplifier Operation. @

5-45. Transconductance Amplifier. can be seen by looking at the integrator model in

5-46. This amplifier performs two functions. It , Figure- 5-16. '1f ‘a voltage step appears at Vi,
converts the input voltage to an output current the amplifier will not respond‘1mmed1ate1y,.and C
that is sent to the integrator on request. It also will initially be a short circuit. As shown in Fhe
provides an offset current so that its bipolar equation, the effect is that the wrong current will
input voltages are converted to unipolar output be applied to the capacitor until the amplifier re-
currents. Because of the current mode of covers. It can also be seen that if a bipolar input
amplifier was used for the integrator, charge could
be conducted away from the capacitor and cause
significant errors. To guard against these prob-
lems, the 191 uses an emitter follower on the inte-
grator output to keep R, small into the MHz reg-

operation, its linearity is excellent. Figure 5-15
shows how the circuit operates.

5-47. Integrator.
5-48. The integrator has been designed to guard

against the most common problems associated with
high speed integrator operation. Active integra-
tors have two major problems which limit their high
speed performance. One is the GAINBANDWIDTH of the
integrator amplifier, and the other is the output
resistance of the same amplifier. These effects

5-14

ion, and all inputs to the integrator are current
sources. Also, FET input operational amplifier is
used, which would allow a few volts to appear on
the summing junction with no loss in charge.
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Rin

For step voltage inputs:

FIGURE 5-16. Integrator Problems at High Speed.
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2.74k
REFERENCE Vv
DIVIDE
R L N
U102
a9.5k Y -  on
+2V Fel= = -1 .
: |
I
+.2V, 18k | I
I J 13.7k
2k U101

FIGURE 5-17. Simplified Schematic of Reference Supply.
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5-49. REFERENCE SUPPLY.

5-50. The reference supply is shown in Figure
5-17. As previously mentioned, the A/D converter
was designed for Tlinearity and Tow noise. This
means that stability and accuracy must be provided
by the reference. The heart of the reference cir-
cuit is a buried layer zener diode, with an on-
board heater, which was selected because of its
stability, low noise, Tow temperature coefficient
and low dynamic resistance. It is driven by a con-
stant current (nominally 1mA) developed by ampli-
fier U102. Since the zener current is well regu-
lated, it 1is immune to power supply variations.
For example: a 1 volt change in +V would only cause
a zener current change of about 150 nanoamperes.
And, since the dynamic resistance of the zener is
0.5 ohms, the zener voltage would only change 7.5
nanovolts. Super stable tracking resistors are used
in the reference divider to provide very stable 2
volt and 0.2 volt reference voltages. The input
resistors of the divider are specially selected
(depending on the zener voltage) to provide a
nominal 100 microamperes of current to the divider.
For example: the values of resistance shown in the
diagram would be for a zener voltage of 6.95 volts.

5-51. POWER SUPPLY.

5-52. Page 4 of Schematic 30162D contains the vol-
tage regulators, line transformer, 1line voltage
switching and full-wave rectifiers which make up
the power supply for the Model 191. There are three
integrated circuit regulators and one discrete
component regulator used. The plus and minus 15
volts dc is provided by VR101 and VR102, respect-
ively. These are 3-terminal regulators with + 10%
accuracy. They receive approximately +18 and -18
volts dc from T101 and CR102 when the minimum
selected line voltage is supplied to the instru-
ment. Input voltages are filtered by Cl11 and C114
and input currents are limited by R158 and R159.
Output voltages are filtered by C110 and C113.
VR104 provides the +5 volts used in the analog
(ANLG) circuitry. It is a 3-terminal regulator with
+ 5% accuracy. Its input voltage is supplied from
T101 and CR101, and 1is approximately 8 volts
(+0.5V) with minimum selected line voltage applied.
Input filtering is provided by Cl115, and output
filtering by Cl116. Q126 and Q127 comprise a series
regulator which provides +5 volts for the Digital
and Display circuitry. It is slaved to VR104, and
thus, has the same output accuracy. It receives
approximately 6.5 volts (+0.5V) from T101 and CR103
when minmum selected Tine voltage is applied. Input
filtering is provided by C109, and CR106 prevents
thermal runaway in the event of a circuit fault.

5-16
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The allowable zener voltage is between 6.6 and 7.3
volts, with the resistors matched accordingly.

5-53. MODEL 1910 AC VOLTAGE OPTION.

5-54. The Model 1910 is basically a plug-in ac/dc
converter with variable gain that conditions the ac
input voltage for application to the A/D converter.
The basic transfer function of the ac/dc converter
is shown on the simplified schematic (Figure 5-18).
The resistor values were selected so that 1 Vac
rms;y = -1 Vdcgyr- For ac input volt-
ages above 2 volts, the feedback resistance

(Rg) is reduced (by selection of a higher
range) to keep the output always less than -2Vdc.
The dc output is a half-wave rectified sine wave,
and the converter is average responding, calibrated
to the rms value of a sine wave. Capacitor C415
blocks dc inputs, and the dc offset voltage of the
amplifier is autozeroed out. Output filtering is
provided by the combination of resistors R404-R406
and capacitors C401-C405.

5-55. In actual circuit operation (as shown in
schematic 29960D, Section 7) the feedback resist-
ance of U401 is controlled by K401, K402 and K403.
With all three relays de-energized as shown, the
overall gain of the ac/dc converter is unity (i.e.,
1 Vac rmsyy = -1 VdCOUT). With both

K401 and K402 energized, gain is + 1000. Gain is +
10 when K403 is energized with K401 and K402 de-
energized. The relays are controlled by the front
panel range pushbuttons via the range select lines,
as shown on sheet 1 of schematic 30162D. See Table
5-2 for gain chart of the ac voltage ranges.

Table 5-2
Gain Chart for AC Voltage
U401 FDBK Energized
Range Attenuation Resistance (Rf)* Relays
2V e 499 ko None
20V + 10 49.7 ko K403
200V + 100 4.7 kQ K402
1000V + 1000 2602 11 K402,401

*See Figure 5-18.




*See Table 5-2 tor feedback resistance (Rf) versus range. g
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R1

IN R405 R406 ouT

.oy

O AUTO ZERO

C415

c403 €401 C405

Basic Transfer Function:

V2 i R3 (Rf +1
“V0yc= 5 Vipms W(ﬁ%

c404

FIGURE 5-18. Simplified Schematic of Model 1910.
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SECTION 6. MAINTENANCE

6-1. GENERAL laboratory conditions having an ambient temper-
6-2. This section contains information necessary aklre of ‘23" 1°C% ?"d a relative humidity.of s
to maintain the Model 191 DMM and the Model 1910 than 70%. If the instrument has been subjected to
AC Volts Option.  Adjustment/calibration, trou- temperatures outside of this range, or to higher
bleshooting, and fuse replacement procedures are humidity, allow one hour minimum for the instrument
provided. Calibration should be performed yearly to stabilize at the Specified nqenvironmental
(every 12 months) or whenever performance verifi- conditions before beginning the calibration
cation (see Section 3) indicates that the Model procedure.

191 is out of specifications. If any step in the 6-7. CALIBRATION PROCEDURE.

calibration procedure cannot be performed prop-
erly, refer to troubleshooting information in
this section or contact your Keithley represent-

6-8. Perform the following procedures and make
the adjustments indicated to calibrate the Model

ative or the factory. 191 DMM.
NOTE 6-9. Installation of the Model 1913 calibration
Calibration should be performed by quali- ' : cover. : i
fied personnel using accurate and reliable 6-10. Calibration should be performed using the
equipment Model 1913 calibration cover. This cover permits

access to the Model 191 adjustments, while allow-

6-3. RECOMMENDED TEST EQUIPMENT. ing the instrument to reach normal internal oper-

6-4. Recommended test equipment for calibration ating temperature. Install the cover as
is listed in Table 6-1. Alternate test equipment follows:

may be used. However, the accuracy of the alter- \

nate test equipment must be at Tleast 3 times WARNING

better than the Model 191 specifications, or Disconnect the 11ne'cord before removing
equal to Table 6-1 specifications. the cover. To discharge voltage on

capacitors, depress the OFF/ON push-
6-5. ENVIRONMENTAL CONDITIONS. button after disconnecting the 1line

6-6. Calibration should be performed under cord.
TABLE 6-1.
Recommended Test Equipment For Calibration.
Item| Description Specification Mfr. Model
A | DC Calibrator 19v,190v, 1000V Fluke 343A
+0.002% or 20uV
B | AC Calibrator 0.Iv, IV, 10v, 100V H-P 745A
+0.022%
C | High Voltage Amplifier 1000 V H-P 746A
(Used with Model 745A) +0.04%
D | Decade Resistor 190, 1.9KQ 190KQ ESI RS725
Certified to 50 ppm
E | Kelvin-Varley Voltage .19V, 1.9V Fluke 720A
Divider(Used with Model With 2 ppm
343A) Terminal Linearity

6-1
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a. Turn off power and disconnect the 1ine cord.

b. Turn the instrument over so that the bottom
cover is facing up, loosen the four screws in the
bottom panel. These screws are held captive by
rubber 0-rings.

c. Hold the top and bottom covers together to
prevent their separation and turn the DMM over to
normal position.

d. Carefully 1ift off the top cover.

e. Position the calibration cover in place on the
Model 191 and tighten the bottom panel screws.

6-11. Warm Up.

6-12. Connect the line cord and depress  OFF/ON
pushbutton to ON position. Allow a one hour warm-up
time before beginning the calibration adjustments.

6-13. Calibration Adjustments.

\ WARNING

Some procedures require the use of high voltage.
Take care to prevent contact with live cir-
cuits which could cause electrical shock re-
sulting in injury or death. Use an insulated
tool when making adjustments.

a. Refer to Table 6-2 and perform the listed ad-
justments in the sequence indicated. Note that
the step sequence is also indicated on the Model
1913 Calibration cover by box numerals. The
sequence must be followed exactly because the ad-
justments are interrelated and dependent on the
preceeding steps. Perform steps 1 through 8 to
calibrate the basic Model 191. If the Model 1910
AC Volts Option is installed, also perform steps 9
through 15.

b Following calibration, to insure that all
functions and ranges are operating properly, uti-
lize the Performance Verification procedure in
Section 3.

c. If calibration cannot be accomplished or the
performance Verification procedure indicates a
problem, proceed to Troubleshooting information in
this section.

6-14. TROUBLESHOOTING.

6-15. The troubleshooting instructions contained in
this section are intended for qualified personnel
having a basic understanding of analog and digital
electronic principles and components used in a pre-
cision electronic test instrument. Instructions
have been written to assist in isolating the defect-
jve circuit or subcircuit. Isolation of the specif-
jc defective component has been left to the tech-
nician.

MODEL 191 DMM

NOTE

For instruments that are still under warranty
(less than 12 months since date of shipment),
If the instrument's performance is outside of
specifications at any point, contact your
Keithley representative or the factory before
attempting troubleshooting or repair, other
than fuse replacement.

6-16. TROUBLESHOOTING PROCEDURE.

6-17. This section contains tables 1isting step-by
step checks of the major DMM circuits descibed in
Section 5, Theory of Operation. The following steps
outline the use of these tables and provide instruc-
tion for preparing the DMM for toubleshooting. Read
all of these steps carefully before troubleshooting
the instrument.
6-18. It may be necessary to remove the shields on
the mother board and the Model 1910 AC voltage
Option (if installed) to gain access to test points
and circuit components for troubleshooting.
NOTE

Recalibration of the Model 1910 AC Voltage

Option may be necessary if any of the follow-

ing occurs.

1) Removal/Replacement of Model 1910.

2) Disturbing position of Model 1910 in the
connector.

3) Removal/Replacement of shields on the Model
1910.

Refer to Section 3-13 to check AC Voltage
accuracy. If calibration is necessary perform
steps 9 through 15 in Table 6-2

6-19. Shield Removal/Replacement.

6-20. Perform the following procedures to remove/
replace shields on mother board and Model 1910 AC

Voltage Option.
\ WARNING

Disconnect the 1ine cord before removing the
case cover.

a. Turn off power and disconnect the Tine cord.
Remove four screws from the bottom of the case and
separate the top cover from the bottom cover.

b. Remove mother board shield by carefully 1ifting
shield from the retaining clips. To reinstall,
position shield on the four retaining clips so
that the small bent tab on side of shield is
positioned against the grounded retaining clip
(See Figure 6-2). This tab prevents the shield
from moving too far towards the rear of the mother
board. Press firmly on top of shield to engage
fully into retaining clips.

«
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FIGURE 6-1. Test Circuit For 200mVDC And 2VDC Calibration.

c. To gain access to shields on the Model 1910 AC

Voltage Option disconnect the brown and blue wires

at the pushbutton switch and completely remove the

Model 1910 from connector P1006. Detach shields

from PC board by removing the two retaining screws.
Refrain from any unnecessary touching of circuit

components. Handle the board by its edges. Re-

verse the procedure to reinstall the Model 1910.

The wiring instructions for the Model 1910 are

located on the mother board shield.

6-21. Special Handling of Static Sensitive
Devices.

6-22. CMOS devices are designed to function at very
high impedance levels for Tlow power consumption.
For this reason, a normal static charge build up on
your person or clothing can be sufficient to destroy
these devices. The following steps list the static
sensitive devices in your Model 191 and provide
instruction on how to avoid damaging them when they
must be removed/replaced.

a. Static sensitive devices:

Keithley Reference

Part Number Designation
LSI-8 U303
LSI-18 U302
1C-168 U202

b. The above integrated circuits should be
handled and transported only in protective con-
tainers. Typically they will be received in metal
tubes or static protective foam. Keep the devices
in their original containers until ready for use.

c. Remove the devices from their protective con-
tainers only at a properly gounded work bench or
table, and only after grounding yourself by using
a wrist strap.

d. Handle the devices only by the body. Do not
touch the pins.

e. Any printed circuit board into which a device
is to be inserted must also be grounded to the
bench or table.

f. Use only anti-static type solder suckers.

g. Use only grounded tip soldering irons.

h. After soldering the device into the board,

or properly inserting it into the mating
receptacle, the device is adequately protected and
normal handling can be resumed.

6-23. Line Power.

6-24. In general, start troubleshooting with Table
6-3, Line Power Checks to verify that the power
supplies are providing the correct voltages to the
electronic components.

6-25. A/D Converter and Display.

6-26. Proper operation of the A/D converter and
display should be verified before troubleshooting
the signal conditioning circuits. Check the A/D
converter and display per Tables 6-4 and 6-5
respectively.

6-27. AC Converter.

6-28. Problems with ac voltage may involve the
Model 1910 AC Voltage Option. Check this circuit
per Table 6-6.

6-3
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TABLE 6-2.
Calibration Adjustments.

Step Function Range Applied* Adjustment Desired Test

Input Point** Reading Equipment
la Q 2000 Dial "0" Ohms,

depress NULL 00.000 Decade Resistor (D)
1b Q 2000 190 R122 190.000 Decade Resistor
2a Q 2KQ Dial "0" Ohms,

reset NULL .00000 Decade Resistor
2b Q 2KQ 1.9Ke R123 1.90000 Decade Resistor
3 Q 200KQ Release NULL, 190.000 Decade Resistor

190Ke R124
4a DC V 200 mV Disconnect DC 00.000 See Figure 6-1

Calibrator,
Short Input
depress NULL

4b DC V 200 mv +190 mV R125 190.000 See Figure 6-1

5 DC V 2V Release NULL, 1.90000 See Figure 6-1
+1.9 V R126

6 DC V 200 v +190 V R132 190.000 DC Calibrator (A)

7 DC Vv 20 vV +19V R131 19.0000 DC Calibrator

8 DC V 1000 Vv +1000 V R130 1000.00 DC Calibrator

9 AC V 1000 v 1000V at 1k Hz R401 1000.00 AC Calibrator (B)

and High Voltage
Amplifier (C)

10 AC V 2V 1V at 1k Hz R410 1.00000 AC Calibrator
11 AC v 20 v 10V at 1k Hz R411 10.0000 AC Calibrator
12 AC V 200 V 100V at Tk Hz R409 100.000 AC Calibrator
13 AC V 200 V 100V at 50kHz C412 100.000 AC Calibrator
14 AC Vv 2V 1V at 50 kHz C411 1.00000 AC Calibrator
15 AC V 20V 10V at 50kHz ' (408 10.0000 AC Calibrator
* Connect to INPUT HI and LO terminals. SENSE terminals should not be used during
calibration.

** Refer To Figures 6-2 and 6-3 for location of Adjustment Points.

6-4
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MAINTENANCE

+5
-15
+15

R122
R123
: R124
R125

—R126

6-5



6-6

MAINTENANCE

FIGURE 6-3.

R409
R410
R411
€408

C411
c412

Model 1910 AC Voltage Option (Shields Removed)
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6-29. DC Attenuator and Ohms Source and Resistors.

6-30. Problems with dc voltage or resistance ranges
may involve these signal conditioning circuits.
Check these circuits per Tables 6-7 and 6-8.
NOTE
Dust, flux or other contamination will degrade
performance on resistance and dc voltage ranges.

6-31. Digital Board.

6-32. Problems may exist with the microprocessor or
associated circuitry. Check out per Table 6-9.
6-33. A1l measurements are referenced to analog
common (INPUT LO terminal), unless otherwise noted
in the tables.

MAINTENANCE

6-34. If a gross failure exists that indicates a
possible blown fuse (1ine power) refer to Paragraph
6-35 for fuse replacement instructions.

\ WARNING

Some procedures in the following tables
require the use of high voltage. Take care
to prevent contact with Tive circuits which
could cause electrical shock resulting in
injury or death. The mother board shield is
at INPUT LO Potential. An input voltage
floating high enough will create“a shock
hazard between the shield and earth ground.

TABLE 6-3.

Line Power Checks.

A

STEP

ITEM/COMPONENT

REQUIRED CONDITION

REMARKS

10

Il

12

S102 line Switch

F101 1ine fuse

P1014 line cord

+5V pad*, Analog
VR104, IN.

+5V pad*, Digital
Emitter of Q126
+15V pad*

VR101 IN.

-15 pad*

VR102 IN.

Must be set to 115V or 230V

as appropriate.**

Continuity

Plugged into Tive receptacle

Turn on power

+5 volts, #5%

+7.4 volts minimum
+5 volts, #5%

+6 volts minimum
+15 volts, *10%
+17.9 volts minimum
-15 volts, *10%

-17.9 volts minimum

Qutput of VR104
Input to VR104
Collector of Q126
Unregulated input
Qutput of VR101
Input to VR1O01
Qutput of VR102
Input to VR102

NOTE: Hot regulator

may indicate shorted
load.

* On main printed circuit board (see Figure 6-2).

D **On optional line voltage units set to 115V.

6-7
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TABLE 6-4.
A/D Converter.
STEP ITEM/COMPONENT REQUIRED CONDITION REMARKS
1 Turn on power. Select 1000 VDC.|NOTE: Some tests
here could fail
because of Digital
Board problems and
vice versa.
2 Display 000.00 *2 Digits
3* U104,pin 10 0 to +4 volt square wave 4 MHz clock (P1005,
at 4 MHz pin 2).
4* U104,pin 8 0 to +4 volt square wave 1 MHz Clock (P1005,
at 1 MHz. pin 7).
b% U104,pin 12 0 to +4 volt square wave 250 kHz clock (P1005
at 250 kHz pin 3).
6 U106 ,pin 3 0 to +4 volt square wave 500 kHz clock
at 500 kHz.
7 U106,pin 11 0 to +4 volt square wave 500 kHz clock
at 500kHz
8 R138 +2 volts for 100 milliseconds, | Input Buffer output
0 volts for 400 milliseconds
9 U113,pin 2 -2.5 volts, +7% ( 175mVolts) Transconductance Amp
bias.
10 Ull4,pin 2 +5 volts, +7% ( 350mVolts) Charge Dispenser
bias
11 Cl112 0 volts 15 mitlivolts Integrator input
12 C112 See waveform per Figure 5-7 Integrator output
13 Select 2 V DC Range
14 External voltage | Apply +1.90000 volts Calibrated point
source
1.5 Display 1.90000 +]0 digits If different, check
2 volt reference
(pin 7, 200mv
switch).
16 Select 200mV DC range
17 External_voltage | Apply .000000 volts Calibrated point
source
18 Depress NULL
19 Display 00.000 #1 digit Input offset nulled
20 External voltage | Apply +190 millivolts Calibration point
Source
21 Display 190.000 +10 digits If different, check
0.2 volt reference
(pin 9, 200mV
switch) or X10 gain
of Input Buffer.
* Skip these'steps, if steps 1 through 4 on Digital Board (Table 6-9) have been
performed.
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TABLE 6-5.
Display.

STEP

ITEM/COMPONENT

REQUIRED CONDITION

REMARKS

+5V Digital Pad*
or P1002, pin 4

U201, pin 1,2,6,
7,9 and 13

U202, pin 9,10,
11,12,13,14 and
15

U202, pin 4 and 5

J1002, pins 2,5,7
and 8

Turn on power. Select 1000

V DC range.
+5 volts #5%

Digit drive. Low=enabled

HI=enab1ed

Negative - going pulse (+5V

to OV) occurring every 400 sec.

(2.5kHz).

Appropriate DP line
high (on).

If Tow, check per
Table 6-3.

LED cathode

7 Segment outputs

Depress RANGE
pushbuttons to
checkall DP's.

* On main printed circuit board.

See Figure (6-2.)

MAINTENANCE
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TABLE 6-6.
AC Converter. (Model 1910)

MODEL 191 DMM

STEP ITEM/COMPONENT REQUIRED CONDITION REMARKS
1 Turn on power. Select NOTE: Full scale
2V DC range. input on all ranges
should produce
approximately -2V
DC at output. (pin
7, DC VOLTS switch).
2 Short input NOTE: Do not per-
form unless A/D
tests are completed.
3 Display .00020 +10 digits Normal zero offset
range.
4 Pin 7, DCV 10 millivolts Impedance meter to
Switch measure
(210%).
Qutput resistance is
300 ke
5 Pin 12, ACV Same as step 4, plus reading ACV Auto zero.
switch at step 3.
6 External voltage | Apply 1.00000 volts rms Calibration point.
source at 1kHz
7 Display 1.00000 +100 digits
8 Pin 7, DCV -1 volt, plus reading at DC output
switch step 4
9 Pin 12, ACV Same as step 5 Auto zero
switch
NOTE: If any of above checks
fail, proceed to bias checks,
step 18.
10 Select 20 VAC range
11 External voltage | Apply 10.0000 volts rms Calibration point
source at 1kHz
12 Display 10.0000 +100 digits Calibration point
13 External voltage | Select 200 VAC range
source and apply 100.000 volts rms.
14 Display 100.000 +100 digits
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TABLE 6-6. (Continued)
AC Converter. (Model 1910)

MAINTENANCE

STEPS

ITEM/COMPONENT

REQUIRED CONDITION

REMARKS

16

16

17

18

19

20

2l

22

23

24

External voltage
source

Display

Pin 2, U401

R405, CR401

R402, R406
Q404, base

Q403, emitter

Q401, base

Select 1000 VAC range

Apply 1000.00 volts rms

1000.00 +100 digits

TURN OFF POWER.

Remove Model 1910 AC

Voltage Option from Model
191. Remove shields and re-
install Model 1910 in Model
191. Select 2VAC range and
short INPUT. Turn on power.

0 volts +10 millivolts.

0 volts +10 millivolts

0 volts +10 millivolts
-7.5 volts *10%

+5.7 volts +10%

-3.6 volts +10%

Calibration point

NOTE: with shields
removed, display
will be noisy and

read many millivolts

of AC pickup. Dis-

play will also

change with operator

movement.

Summing junction,
AC amplifier.

DC output before
filter.

Feedback circuit
Base voltage

5 milliamp current
source.

Bias for C404
protection circuit.

NOTE: Model 1910 must be re-
calibrated if step 18 was per-
formed.
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TABLE 6-7.
DC Attenuator.

MODEL 191 DMM

STEP

ITEM/COMPONENT

REQUIRED CONDITION

REMARKS

External voltage

Display

External voltage
source

Display

External voltage
source

Display

Turn on power. Select
200V DC range.

Apply +190.000 volts

190.00 10 digits

Select 20V DC range

Apply +19.0000 volts

19.0000 +10 digits

Select 1000 VDC range

Apply +1000.00 volts

1000.00 %5 digits

NOTE: These checks
should not be made
if a problem exists
on the 200mV DC or
2VDC ranges.

Calibration point
100:1 Attenuator

(R129A,8,C,D, R124
wiper).

Calibration point.

10:1 Attenuator
(R129A,8,C,D, R131
wiper).

Calibration point.

1000:1 Attenuator
(R129A,8,C,D, R130
wiper).
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TABLE 6-8.
Ohms Source and Resistors.

STEP ITEM/COMPONENT REQUIRED CONDITION REMARKS
1 Select 200 range and short NOTE: Do not per-
INPUT with 18 gage (or lower) form unless A/D con-
copper wire. (tin plated OK). | verter and DC
attenuator tests are
completed.
2 Display Less than 00.010 Two wire offset, in-
cluding thermals.
3 Pin 5, ACV -0.4 volts +9% Ohms reference
switch ‘voltage
4 Pin 3, U103 -0.4 volts 7% Ohms reference
divider.
5 Select 2K range
6 Display .00000 #2 digits
7 Pin 5, ACV -4 volts 7% Ohms reference
voltage.
8 Pin 3, U103 -4 volts 7% Ohms reference
divider.
9 1.00000 k @ Apply to input Calibrated
(4-wire connection) resistance
10 Display 1.00000 10 digits Range resistors :
R107, R109. Q105 and
Q106 are protection
transistors.
11 Pin 5, ACV -4 volts +7% Ohms reference
voltage.
12 INPUT HI -2 volts #7% (half of step 11)| Voltage across un-
known.
13 10.0000k @ Apply to INPUT and select Calibrated
20kQ range resistance
14 Display 10.0000 10 digits Range resistors:
R107, R109, R129D,
R130.
15 Repeat Steps 11 and 12
16 100.000k @ Apply to INPUT and Calibrated
resistor select 200k range. resistance

MAINTENANCE
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TABLE 6-8 (Continued)
Ohms Source and Resistors.

MODEL 191 DMM

STEP ITEM/COMPONENT REQUIRED CONDITION REMARKS
17 Display 100.000 #10 digits Range resistors:
R107, R109, R129D.
R130, R129C, R124.
18 Repeat Steps 11 and 12 Use meter with high
input impedance
(210%).
19 1.0000M Apply to INPUT and select Calibrated
resistor 2000k range. resistance
20 Display 1.00000 #30 digits Range resistors:
R107, R109, R129D,
R130,, R129C, R124,
R1298, R131.
21 Repeat Step 18 Use meter with high
input impedance
(210%).
22 10.000 Mo Apply to INPUT and Calibrated
resistor select 20MQ range resistance.
23 Display 10.0000 +100 digits Range resistors:
R107, R109, R129D,
R130, R129C, R124,
R129B, R131, R132,
R129A, R119.
24

Repeat Step 18




MODEL 191 DMM

TABLE 6-9
Digital Board

STEP ITEM/COMPONENT REQUIRED CONDITION

REMARKS

1 Turn on power. Select

1000 VAC ramge*

2 U302 ,** 0 to +4 volt square wave

at 4 MHz
3 U302, pin 37 0 to +4 volt squarewave
at 1 MHz

4 U309, pin 11 0 to +4 volt square wave
at 1 MHz

5 U308, pin4 0 to +4 volt square wave
at 250 kHz \

6 U308, pin 13 0 to +4 volt square wave
at 2.5 kHz

7 U302, pin 40 +5volts 5%

8 J1004, pin 4 Negative going pulse
(+5V to OV) occurring
every 400 psec.

9 J1004, pin 9 Negative going pulse
(+5V to 0V) occurring
every 400 psec.

10 J1004, pin 8 Rectangular wave, +5V for
140 to 170 msec ard OV
for 370 to 400 msec.

11 J1004, pin7 Rectangular wave, +5V for
130 to 150 msec and OV for
390 to 420 msec

12 J1004, piné6 Rectangular wave, +5V for
110 to 140 msec ard OV for
400 to 430 msec.

13 J1004, pin 5 Rectamgular wave, +5V for
110 to 140 msec amd OV for
420 to 450 msec.

NOTE: Some tests
here could fail be-
cause of A/D Con-
verter problems and
vice versa.

4 MHz clock.

1 MHz clock.

1 MHz clock.

250 kHz clock.

2.5 kHz clock.

Reset line.

Latch enable for

Display Board.

Blanking input for
Display Board

S1 Tine for input
signal multiplex.

S2 Tine for input
signal multiplex.

S3 line for input
signal multiplex.

S4 1ine for input
signal multiplex.

* If Model 1910 AC Option is not installed, display should read—IEEE.EE.

** Pin 38 for Revision A and B Digital Board,
Pin 39 for Revision C amd above Digital Board.

MAINTENANCE

6-15



MAINTENANCE MODEL 191 DMM

Do not install fuse with higher rating than
specified. Instrument damage may occur.

6-35. LINE POWER FUSE (F101) REPLACEMENT. A CAUTION q

6-36. Fuse is located internally in the Model 191.

To replace fuse, proceed as follows:
e. F101 is now accessible without removing any

\ other components.
WARNING f. Remove F101, shown in Figure 6-2, and replace
Disconnect the line cord before removing the per Table 6-10.
case cover. ‘ . TABLE 6-10.
a. Turn off power and disconnect the line cord. Fuse Replacement.
b.  Turn the DMM bottom side up and Toosen the LINE FUSE KEITHLEY
four screws in the bottom cover. These screws are VOLTAGE F101 PART NO.
held captive by rubber 0-rings. 90-110V* | 1/4A,250V,3AG FU-17
c. Hold the top and bottom covers together to pre- 105-125V | 1/4A,250V,3AG FU-17
vent their separation and turn the DMM over to nor- 210-250V | 1/8A,250V,3AG FU-20
mal position. * Optional line voltage range.

d. Lift off the top cover.
v g. Replace the top cover.
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MODEL 191 DMM

SECTION 7.

GENERAL .

This section contains information for ordering
replacement parts. Panel and covers are shown sepa-
rately on Figure 7-1. The Replaceable Parts List is
arranged in alphabetical order of the Circuit Desig-
nations of the components. A cross-reference 1ist
of manufacturers, containing their addresses, is
given in Table 7-1.

7-3. ORDERING INFORMATION.

7-4. To place an order or to obtain information
concerning replacement parts contact your Keithley |,

7-1.
7-2.

REPLACEABLE PARTS

REPLACEABLE PARTS.

7-7. SCHEMATICS.
7-8. The Model 191 schematic (30162D) is comprised
of four pages:
a. Page 1 of 30162D - Signal Conditioning, Pg.
7-19.
Page 2 of 30162D - A/D Converter, Pg. 7-20.
- Page 3 of 30162D - Digital and Display, Pg.
-21.
. Page 4 of 30162D - Power Supply, Pg. 7-22.

7-9.  Model 1910 AC Voltage Option (AC Converter):
Schematic No. 29960D, Pg. 7-27.

|o
.

laa N0

representative or the factory. See the inside front 7-10. COMPONENT LAYOUTS.
cover for addresses. When ordering, include the 7-11.  Model 191 Mother Board, PC-489, Component
following information: Layout No. 29675D, Pgs. 7-23, 24.

a. Instrument Model Number. ' 7-12.  Model 191 Display Board, PC-486, Component

Instrument Serial Number.

Part Description

Circuit Designation (if applicable).
Keithley Part Number.

7-5. FACTORY SERVICE.

o oo |o
SRS

Layout No. 29667C, Pg. 7-25.
7-13. Model 191 Digital Board,
Layout No. 29679C, Pg. 7-26.
7-14. Model 1910 AC Voltage Option, PC-496,
Component Layout No. 29955C, Pg. 7-28.

PC 490, Component

7-6. If the instrument is to be returned to the 7-15. MODEL 1919 SPARE PARTS KIT.
O factory for service, please complete the Service 7-16. A spare parts kit is available that contains
Form which follows this section, and return it with

the instrument.

a complement of spare parts that can maintain up to
five Model 191/1910's for approximately one year. A
Tist of the spare parts is given in Table 7-2.

TABLE 7-1
Cross Reference of Manufacturers
FED FED
MFG. SUPPLY MFG. SUPPLY
CODE NAME AND ADDRESS CODE CODE | MAME AND ADDRESS CODE
A-B Allen-Bradley Corp. BRN Bourns, Inc.
Milwaukee, WI 53204 01121 Riverside,CA 92507 80294
A-D Analog Devices, Inc. Cc-D Cornel1-Dubilier
MNorwood, MA 02026 24355 Newark, NJ 07101 14655
A-p A-P Products C-W Continental-Wirt Electronic Corp.
Painsville, OH Warminster, PA 18974 79727
ACI American Conponents, Inc. CAD Caddock
Conshohochen, PA 19428 14298 Riverside, CA 92507 19647
AMI American Microsystems, Inc. CLB Centralab Division
Santa Clara, CA 95051 31471 Milwaukee, WI 53201 71590
AMP Amphenol coT Coto-Coil Co., Inc.
/D Broadview, IL 60153 02660 Providence, RI 71707
BRG Berg Electronic, Inc. DTN Dielettron (Consolidated)
NC New York City, NY 10013
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REPLACEABLE PARTS MODEL 191 DMM

TABLE 7-1 (CON'T)
Cross Reference of Manufacturers

FED FED ‘
MFG. SUPPLY MFG. SUPPLY
CODE MAME AND ADDESS CODE CODE MAME AND ADDESS CODE
ECI Electro Cube, Inc. MOT Motorola Semi Products, Inc.
San Gabriel, CA 91776 14752 Phoenix, AZ 85008 04713
EFJ E. F. Johnson Co. NAT National Semi. Corp.
Waseca, MN 56093 74970 Santa Clara, CA 95051 27014
ERI Erie Technological Products . NCG Nytronics Components Group, Inc.
Erie, PA 16512 72982 Darlington, SC 29532 83125
F-1 Fairchild Instrument Corp. NIC Michicon Corp
Mountain View, CA 94043 07263 Chicago, IL 60645
G-1 General Instrument cOrp. 72699 PRP PT‘E('T"I‘S'TOT'I Resistive Products
Newark, NJ 07104 Mediapolis, IA 53237
i SIE Siemens Corp.
HHS H. H. Smith
Brooklyn, NY 11207 83330 Iselin, NJ 08830 25088
INT If!tel"S"”, Inc. SPG Spr‘agqe Electric Co.
Cupertino, CA 95014 32293 Visalia, CA 93278 14659
K-1 Keithley Instruments, Inc. STD Standard Condensor
Cleveland, Ohio 44139 80164 Chicago, IL 97419
LsF Littlefuse, Inc. T-1 Texas Instruments, Inc.
Des P]aines, IL 60016 759156 Da]]as, TX 75231 01295
MEP Mepco, Inc. ucc United Chemi-Con, Inc.
Morristonn. NJ 80031 Rosemont, IL 60018 ‘
MOL Molex
Downers Grove, IL 60515 27264
TABLE 7-2
MODEL 1919 SPARE PARTS KIT
KEITHLEY KEITHLEY
QTY. PART NO. SCHEMATIC DESIGNATION QTY. | PART NO. SCHEMATIC DESIGNATION
2 DD-16 DS202 thru DS206 1 RL-57 (K401***) , K402,K403
1 DD-17 DS201 1 TG-47 Q107 thru Q110, Q119, Q404
2 FU-17 F101 1 TG-61 Q117, Ql123, Q402, Q403
1 1C-53 U108,U110 1 TG-62 Q127, Q401
T IC-93 VR104 1 TG-84 Q118, Q405, Q128
1 1C-96 VR101 2 TG-128 Q111 thru Ql16, Q120 thru Ql22, (qLo1)
1 1C-152 U401 1 TG-136 Q126
1 1C-174 VR102 1 TG-137 Q103
1 LSI-8* U303 1 28234 Q102, Q105, Ql06, Ql124, Q125
1 LSI-18* U302 1 30163 U113, (U102, U103, U109, ULll, Ull4)**
2 RF-28 CR401 thru CR408 1 30167 ul1z
* Anti-Static protection and handling required.
** Better Replacement Part.
*** Cut off extra pin to use.
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MODEL 191 DMM REPLACEABLE PARTS

REPLACEABLE PARTS LIST

CAPACITORS (C)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)

PC-Board

Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part No.

€101 .1yF ,16VDC, 2/D5 5/B2 CLB UK16 C-238-.1
CerD 104

€102 .1uF ,16VDC, 2/E5 6/B2 CLB UK16 C-238-.1
CerD 104

c103 68pF ,1000V, 2/D5 . 7/82 CLB DD-680 C-64-68p
CerD

c104 .1uF,16VDC, 2/E5 8/Cc2 CLB UK16 C-238-.1
CerD 104

€105 .1uF,16VDC, 2/G5 9/C2 CLB UK16 C-238-.1
CerD 104

C106 .1uF,16VDC, 2/H5 10/C2 CLB UK16 C-238-.1
CerD 104

€107 .1uF ,16VDC, 2/H5 11/C2 CLB UK16 C-238-.1
CerD 104

c108 .01pF 1200V, 1/c2 12/€2 STD PYW- C-286-.01
Poly R.01

C109 10,000uF ,10V, 4/ca 13/8B3 NIC 10ULA C-304-10,000
ETT 10000

€110 10pF ,20V, 4/E2 14/B3 ITT TAPA C-179-10
ETT 10uFK20

Cl11 470uF ,50V, 4/D2 15/B4 ucc 50VBSL C-276-470
ETT 470

Cl12 3600pF ,500VDC, 2/E3 16/Cc4 CLB CPR- C-138-3600p
Poly ’ 36004

C113 10pF ,20V, 4/E3 17/84 ITT TAPA C-179-10
ETT 10uFK20

Cl14 470uF ,50V, 4/D3 18/B4 ucc 50VBSL C-276-470
ETT 470

C115 1000uF ,10V, 4/D5 19/B4 NIC 10ULA C-304-1000
ETT 1000

Cl1e6 10uF 20V, 4/E4 20/B4 ITT TAPA C-179-10
ETT 10uFK20

c117 .1uF ,16VDC, 2/C5 21/ca CLB UK-104 C-238-.1
CerD

c118 .1uF,16VDC, 2/C5 22/C4 CLB UK-104 C-238-.1
CerD
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REPLACEABLE PARTS

7-4

CAPACITORS (C) (CON'T)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)

MODEL 191 DMM

PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
C119 8.2pF ,50V, 2/A3 23/D4 CLB C40C8 C-282-8.2p
TubCer R2K
C120 .1uF,16VDC, 1/E2 24/D2 CLB UK-104 C-238-.1
CerD
c121 47pF ,1000V, 2/E6 25/C3 CLB DD-470 C-64-47p
CerD
Cc122 .1uF,16VDC, 1/F3 26/D3 CLB UK-104 C-238-.1
CerD
c123 150pF ,1000V, 1/G5 27/G2 CLB DD-151 C-64-150p
CerD
"200" Series (Sch. 30162D - Pgs. 7-19, 20,21, 22)
(PC-Board 486 - Pg. 7-23, 25)
€201 4.7uF ,35V, 3/E2 3/E3 ITT TAPA C-179-4.7
EAL 4 .7uFK20
"300" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 490 - Pg. 7-26)
PC-Board
Circuit Sch. Pg/ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
C301 4.7yF 35V, 3/B6 4/B2 ITT TAPA75 C-179-4.7
EAL 4.7FK20
€302 6800pF ,500V, 3/C6 5/E2 ERI 851-75V0 C-22-6800p
CerD ! 682M
€303 .1yF ,16VDC, 3/F5 6/E2 CLB UK16-104 C-238-.1
CerD :
C304 .1uF ,16VDC, 3/F5 7/E3 ' CLB UK16-104 C-238-.1
CerD
Model 1910 AC Voltage Option
"400" Series (Sch. 29960D - Pg. 7-27)
(PC~Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No. Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
Cc401 .56uF ,50V, F3 5/B2 ECI 625B1A C-201-.56
MPF 5644
c402 10uF ,20V, F4 6/B3 ITT TAPA C-179-10
ETT 10uFK20
€403 3.3uF ,20V, F3 7/B3 ITT TAPA C-179-3.3
ETT 3.3uFK20
C404 680uF ,3V, E4 8/B3 SPG 199D687 C-297-680
Tant X0003F A2




MODEL 191 DMM

CAPACITORS (C) (CON'T)

Model 19

"400" Series (Sch. 29960D - Pg. 7-27)

10 AC Voltage Option

REPLACEABLE PARTS

(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No. Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
€405 56uF ,50V, G3 9/B2 ECI 625B1A C-201-.56
MPF 5644
C406 8820pF ,63V, D6 10/B2 DTN 8820pF , C-299-8820p
Poly 63V,1%
ca07 418pF ,500VDC, D5 11/C2 G-1 " RDM C-278-418p
Mica 15FD
c408 Adjustable Capacitor | D5 1z/c2 ERI 567-013 C-225
.8-18pF
c409 30pF ,500V, D4 13/¢2 C-D CD10ED3 C-236-30p
Mica 00J03
c410 1.5pF ,50VDC, c4 14/D2 ERI 301-000c0 C-282-1.5p
TubCer HO15ac
€411 .25-1.5pF ,2000V, D4 15/D2 EFJ 273-00.1- C-216
Trimmer 002
c412 .25-1.5pF ,2000V, Bl 16/E2 EFJ 273-0001- C-216
Trimmer 002
€413 .1uF,16VDC, c1 17/D3 CLB UK-104 C-238-.1
CerD
C414 10uF ,20V, c2 18/D3 T TAPA C-179-10
ETT 10 FK20
C415 .05pF ,1000V, B2 19/E2 SPG 41C16 C-298-.05
CerD 9AB
DIODES (CR)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg/ | Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
CR101 Rectifier, Silicon 4/Cc4 29/B2 G-I WO4M RF-46
CR102 Rectifier, Silicon 4/c2 30/B2 G-1 WO4M RF-46
CR103 Rectifier 4/c3 31/83 G-1 KBP0O2 RF-36
CR104 Rectifier 1/G5 32/D3 MOT 1N4006 RF-38
CR105 Diode 4/D3 33/85 F-I 1N4607 RF-41
CR106 Rectifier 4/E3 34/B5 MOT 1N4006 RF-38
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REPLACEABLE PARTS MODEL 191 DMM

DIODES (CR) (CON'T)

200 Series &Sch. 30162D - Pgs. 7-19, 20, 21, 22)
PC-Board 486 - Pg. 7-25)

7-6

PC-Board )
Circuit Sch. Pg./ | Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
CR201 Diode,Diffused, 3/E2 5/E2 T-1 1N915 RF-28
Silicon
CR202 Diode,Diffused, 3/E2 6/E2 T-1 1N915 RF-28
Silicon
Model 1910 AC Voltage Option
"400" Series (Sch. 29960D - Pg. 7-25)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
CR401 Diode,Diffused, F2 24/B3 T-1 1N915 RF-28
Silicon
CR402 Diode,Diffused, E2 25/B3 T-1 1N915 RF-28
Silicon
CR403 Diode,Diffused, D2 26/B3 T-1 1N915 RF-28
Silicon
CR404 Diode,Diffused, F5 27/B3 T-1 1N915 RF-28
Silicon
CR405 Diode,Diffused, E5 28/B3 T-1 1N915 RF-28
Silicon
CR406 Diode,Diffused, E5 29/B3 T-1 1N915 RF-28
Silicon
CR407 Diode,Diffused, B2 30/D2 T-1 1N915 RF-28
Silicon
CR408 Diode,Diffused, B2 31/E2 T-1 1N915 RF-28
Silicon \
DISPLAYS (DS)
"200" Series (Sch 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 486 - Pg. 7-25)
PC-Board
Circuit . Sch. Pg/ | Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part Mo.
DS201 Digital Display 3/D2 8/B2 F-1 FND DD-21
+]1 561
DS202 Digital Display 3/D2 9/C2 F-1 FND DD-20
560
DS203 Digital Display 3/D2 10/Cc2 F-1 FND DD-20
560
DS204 Digital Display 3/D2 11/D2 F-1 FND DD-20
560
DS205 Digital Display 3/E2 12/D2 F-1 FND DD- 20
560
DS206 Digital Display 3/E2 13/E2 F-1 FND DD- 20
560
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MODEL 191 DMM

DISPLAYS (DS) (CON'T)

200" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)

(PC-Board 486 - Pg. 7-25)

REPLACEABLE PARTS

PC-Board
Circuit g Sch. Pg./ | Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
DS207 Pilot Light, 3/D2 14/B3 H-P 5082- PL-63
LED 4494
FUSES (F)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 121, - 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./| Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
F101 Fuse,SLO-BLO, 4/ A5 36/A3 L-F 313. FU-17
1/4A/250V/3AG 250
F101 Fuse,SLO-BLO, 4/A5 37/A3 L-F 313, FU-20
1/8A/250V/3AG 125
CONNECTORS (J)
"1000" Series (Sch. 30162D - Pgs. 7-19, 20, 121 #22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./| Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
J1001 Connector,Female, Several 39/F5 A-P 929853~ CS-356-4
8 Contacts 04
J1002 Connector,Female, Several 40/F2 A-P 929853~ CS-356-4
8 Contacts 04
J1003 Connector, 3 pins, 4/Several MOL 2139-3 CS-287-3
For 1ine cord
J1004 Connector,Female, Several 42/D5 A-P 929853~ CS-356-6
12 Contacts 06
J1005 Connector,Female, Several 43/B5 A-P 929853~ CS-356-6
12 Contacts 06
J1006* Connector,Female, Several* | 34/C3* MOL 09-62- CS-337-12
12 Contacts 3121
J1007* Lug,Receptacle B2* 35/F1* AMP 42428-2 LU-90
J1008* Lug, Receptacle G2* 36/A3* AMP 42428-2 LU-90
J1009 Connector,Female, 1/F1 BRG 75691-5 CS-236
Mini-PV
J1010 Binding Post, 1/A2 46/G4 HHS 1517 BP-11-2
Red Red
J1011 Binding Post, 1/A2 47/G5 HHS 1517 BP-11-0
Black Black
J1012 Binding Post, 1/A1 48/H4 HHS 1517 BP-11-2
Red Red
J1013 Binding Post, 1/A1 49/H5 HHS 1517 BP-11-0
Black Black

*Located on Model 1910 AC Voltage Option (PC-496, Schematic 29960D) .
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REPLACEABLE PARTS MODEL 191 DMM

RELAYS (K)
Model 1910 AC Voltage Option
"400" Series (Sch. 299600 - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)

PC-Board
Circuit Sch. Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
K401 Relay, Reed C6 40/C2 coT UF-400 RL-56
Type 97
K402 Relay, Reed c5 41/c2 coT UF-401 RL-57
Type 03
K403 Relay, Reed c4 42/Cc2 coT UF-401 RL-57
Type 03
CHOKES (L)

"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)

PC-Board
Circuit Sch. Pg./| Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
L101 Choke,2.5MHz 2/E5 51/B3 NCG SWD CH-14
100
CONNECTORS (P)
"1000" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
PC-Board
Circuit Sch. Pg./| Item No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part No.
-P1001 Connector, Male, 3/C3,4 PC-486 A-P 929838~ CS-355-4
8 Contacts 17/A3 01-04
P1002 Connector, Male, 3/Several| PC-486 A-P 929838- CS-355-4
8 Contacts 18/F3 01-04
P1003 Connector, Male, 4/Several| PC-489 MOL A-2391- £S-288-3
3 Contacts 54/A4 3A
P1004 Connector, Male, 3/C3,4 PC-490 A-P 929838- CS-355-6
8 Contacts 12/83 01-06
P1005 Connector, Male, 3/Several| PC-490 A-P 929838~ CS-355-6
8 Contacts - 13/E3 01-06
P1006 Connector, Male, 1/Several| PC-489 K-I 29995
Modified CS-338-12 55/D2
P1007 Not Used
P1008 Not Used
P1009 Pin, 1 Contact 1/F1 PC-489 K-I 24249
56/E3
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MODEL 191

DMM

TRANSISTORS (Q)
"100" Series (Sch. 30162D-Pgs. 7-19, 20, 21, 22)
(PC-Board 489-Pgs. 7-23, 24)

REPLACEABLE PARTS

PC-Board

Circuit Sch. Pg/ Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part No.

Q101 N-Chan,JFET 2/E6 60/C2 INT ITE TG-77

4392

Q102 Transistor,NPHN, 1/G5 61/D2 K-1 28234
Case T0-106

0103 NPN,SiTlicon 1/H5 62/D2 T-1 TIP-49 TG-137

Qlo4* Transistor,PNP 2/G3 63/C3 A-D AD-820 TG-84
Case T0-92 .

Q105 Transistor,NPN, 1/C4 64/D4 K-1 28234
Case T0-106

Ql06 Transistor,NPN, 1/C4 65/D4 K-1 28234
Case T0-106

Q107 NPN, Switch 2/A5 66/D4 MOT 2M3904 TG-47

Q108 NPN,Switch 3/F3 67/E3 MOT 2N3904 TG-47

Q109 NPM,Switch 2/F3 68/C4 MOT 2N3904 TG-47

Q110 MNPM,Switch 2/C3 69/D4 MOT 2N3904 TG-47

0111 M-Chan,JFET 1/G2 70/D4 K-1 TG-128
Selected

Q112 M-Chan,JFET 1/G2 71/D4 K-1 TG-128
Selected

0113 N-Chan,JFET 2/D3 72/C4 K-1 1G-128
Selected

Q114 M-Chan,JFET 2/B3 73/D4 K-1 TG-128
Selected

Q115 N-Chan,JFET 2/B4 74/D4 K-1 TG-128
Selected

Ql16 M-Chan,JFET 1/E3 75/D4 K-1 TG-128
Selected

Q117 PNP,Silicon, 2/E1 76/B5 MOT 2N5087 TG-61
Case T0-92

Q118 PNP,Silicon 2/C6 77/C5 MOT 2N3906 TG-84

Q119 NPN,Switch 2/C5 78/C5 MOT 2N3904 TG-47

Q120 N-Chan,JFET 2/B4 79/D5 K-1 TG-128

Q121 M-Chan,JFET 2/B3 80/D5 K-1 TG-128

Q122 N-Chan,JFET 1/E4 81/D5 K-1 TG-128

Q123 PNP,Silicon, 2/E2 82/B5 MOT Z2N5087 TG-61
Case T0-92

Q124 Transistor,NPN, 1/H4 83/D5 K-1 28234
Case T0-106
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REPLACEABLE PARTS MODEL 191 DMM

TRANSISTORS (Q) (Con't)
"100" Series (Sch. 30162D-Pgs. 7-19, 20, 21, 22)
(PC-Board 489 -Pgs. 7-23, 24)

PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
Q125 Transistor,NPN, 1/H3 84/D5 K-1I 28234
Case T0-106
Q126 PNP,Silcon 4/D3 85/B5 T-1 TIP-32 TG-136
Q127 NPN,Case T0-92 4/pD4 86/B5 MOT 2N5089 TG-62
Q128* Transistor,PNP 2/G3 87/C4 MOT 2N3906 TG-84
Case T0-92

*In earlier units Q104 is a dual transistor (TG-121) and Q128 is not used.

Model 1910 AC Voltage Option
"400" Series (Sch 29960D - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)

PC-Board

Circuit Sch. Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location. Code Desig. Part No.

Q401 Transistor,NPN, E4 45/ A2 MOT 2N5089 TG-62
Silcon, Case T0-92

Q402 Transistor,PNP, E4 46/B2 T-1 2N5087 TG-61
Silcon, Case T0-92

Q403 Transistor, PNP, F2 47/B3 T-1 2N5087 TG-61
Silcon, Case T0-92

Q404 Transistor,PNP D2 48/B3 T-1 2N3904 TG-47
Silcon, Case T0-92

Q405 Transistor,PNP, C2 49/C2 MOT 2N3906 TG-84
Silicon, Case T0-92

RESISTORS (R)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23,24)

Circuit | Description Sch. Pg./ PC-Board Keithley
Desig. Location Item No./ Code Desig. Part No.
Location

R101 NOT USED

R102 229, 5%, 2/D5 93/B3 MEP CR25* R-76-22
1/4W,CarbF

R103 229, 5%, 2/E5 94/8B3 MEP CR25* R-76-22
1/4W,CarbF

R104 4.7k, 5%, 2/E6 95/B3 MEP CR25* R-76-4.7K
1/4W,CarbF

R105 4.7k, 5%, 2/E6 96/C3 MEP CR25* R-76-4.7K
1/4W,CarbF

R106 10Me, 10%, 2/D6 97/C3 MEP CR25* R-76-10M
1/4W,CarbF
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MODEL 191 DMM

RESISTOR (R) (Con't)

100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)

REPLACEABLE PARTS

(PC-Board 489 - Pgs. 7-23, 24)
Circuit Sch. Pg./ PC-Board Mfr. Mfr. Keithly
Design. | Description Location Item No./ Code Desig. Part No.
Location

R107 910Q, .1%, 1/C5 98/C3 ACI VAR-.1% R-263-910
1/10W ,MtF C6-910

R108 7352k s 1%4 1/C5 99/C3 PRP *k R-88-73.2K
1/8\ ,MtF

R109 107515052 :1% 1/C6 100/C3 ACI VAR-.1% R-263-101.15
1/10W,MtF C6-101.15

R110 8.06ke, 1%, 1/C6 101/C3 PRP & R-88-8.06K
1/8W,MtF

R111 1357kak 1%, 1/F3 102/C3 PRP 1741 R-88-13.7K
1/8W,MtF

R112 6.04ke, 1%, 1/F3 103/C3 PRP ¥ R-88-6.04K
1/8W ,MtF

R113 2.74ke, 1%, 1/F2 104/C3 PRP *#% R-88-2.74K

 1/8U,MtF

R114 Selected-Part 1/E2 105/D3 K-1 29996
of matched set

R115 Selected-Part 1/E2 106/D3 K-1 29996
of matched set

R116 162k, 1%, 1/E3 107/D3 PRP i R-88-162K
1/8W ,MtF

R117 220ke, 10%, 1/G5 108/D3 A-B EB-224- R-1-220K
1/2\,Comp 10%

R118 220ke, 10%, 1/G5 109/D3 A-B EB-224- R-1-220K
1/2W,Comp 10%

R119 200ke, 1%, 1/C2 110/E3 CAD MS-281 R-247-200K
8l 200K

R120 910ke, 5%, 1/G1 111/E3 MEP CR25* R-76-910K
1/4W,CarbF

R121 100@, 5%, 1/E2 112/D3 MEP CR25* R-76-100
1/4W,CarbF

R122 2ke, 10%, 1/C6 113/C3 BRN 3386F - RP-97-2K
Cermet Trimmer 1-202

R123 20ka, 10%, 1/C5 114/C3 BRN 3386F - RP-97-20K
Cermet Trimmer 1-203

R124 200@, 10%, 1/C4 11:57.¢3 BRN 3386F- RP-97-200
Cermet Trimmer 1-201

R125 100ke, 10%, 1/E3 116/D3 BRN 3299\~ RP-104-100k
Cermet Trimmer 1-104

R126 1009, 10%, 1/E2 117/D3 BRN 3299W- RP-104-100
Cermet Trimmer 1-101

R127 Thick Film 1/E2,E3 118/D3 K-1I TF-84
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REPLACEABLE PARTS

7-12

RESISTORS (R) (COM'T)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)

(PC-Board 489 - Pgs. 7-23, 24)

MODEL 191 DMM

PC-Board

Circuit Sch. Pg./ Item No/ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part No.

R128 Thick Film 1/H5 119/D3 K-1 TF-88

R129 Thick Film 1/Several 120/D3 K-1 TF-83

R130 20, 10%, 1/C4 121/D3 BRN 3386F- RP-97-20

1-200

R131 2k, 10%, 1/C3 122/D3 BRN 3386F- RP-97-2k
Cermet Trimmer 1-202

R132 20ke, 10%, 1/C3 123/D3 BRN 3386F- RP-97-20k
Cermet Trimmer 1-203

R133 Thick Film 2/Several 124/D4 K-1 TF-87

R134 9.09%ea, 1%, 2/C3 125/D4 PRP *x R-88-9.09k
1/8U MtF

R135 ke, 1%, 2/C4 126/D4 PRP *% R-88-1k
1/8W ,MtF

R136 47k, 5%, 2/ M4 127/D4 MEP CR25* R-76-47k
1/4\,CarbF

R137 Thick Film 2/Several 128/C4 K-1 TF-85

R138 4.99ka, 1%, 2/C3 129/B4 PRP &% R-88-4 .99k
1/8W ,MtF

R139 47ke, 5%, 1/D4 130/E4 MEP CR25* R-76-47k
1/4W,CarbF

R140 47k, 5%, 2/ A5 131/D5 MEP CR25* R-76-47k
1/4W ,CarbF

R141 330kq, 5%, 2/B3 132/D5 MEP CR25* R-76-330
1/4W,CarbF

R142 910ka, 5%, 1/E4 133/E5 MEP CR25% R-76-910k
1/4\,CarbF ;

R143 910k, 5%, 1/G4 134/D5 MEP CR25* R-76-910k
1/4W,CarbF

R144 910ke, 5%, 1/G3 135/E5 A-B CB-914- R-282-910k
1/4W ,Comp 5%

R145 2700, 5%, 4/D4 136/B5 MEP CR25* R-76-270
1/4W ,CarbF

R146 Thick Film 2/Several 137/C5 K-I TF-86

R147 390, 5%, 3/C2 138/F5 MEP CR25* R-76-390
1/4\ ,CarbF

R148 910k, 5%, 1/C4 139/E3 MEP CR25* R-76-910k
1/4M,CarbF

R149 820k, 5%, 1/C4 140/E3 MEP CR25% R-76-820k
1/4W,CarbF

R150 630ke, 5%, 1/03 141/E4 MEP CR25* R-76-630k

1/4W,CarbF




MODEL 191 DMM REPLACEABLE PARTS

RESISTORS (R) (CON'T)
0 "100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
R151 100k, 10%, 1/A2 142/G4 A-B GB-104- R-2-100k
1W, Comp 10%
R152 100ka, 10%, 1/A2 143/G5 A-B GB-104- R-2-100k
14, Comp 10%
R153 1.5Ma, 10%, 2/D3 144/C5 MEP CR25* R-76-1.5M
1/4\,CarbF
R154 4.02ke, 1%, 1/F5 145/E4 PRP S R-88-4.02k
1/8W,MtF
R155 35R7kn 11 %% 1/F5 ' 146/D4 PRP LA R-88-35.7k
1/8W ,MtF
R156 24.3ke, 1%, 1/F6 147/D4 PRP it R-88-24.3k
1/8W,MtF \
R157 27ke, 5%, 2/ A4 148/D4 MEP CR25* R-76-27k
1/4W, CarbF
R158 10@, 5%, 4/D2 149/B5 MEP CR25* R-76-10
1/4W ,CarbF
R159 10, 5%, 4/D3 150/B5 MEP CR25* R-76-10
. 1/4,CarbF
200" Series (Sch 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-25)
R201 Thick Film 3/F2 23/B3 K-I TF-90
R202 Thick Film 3/D2 24/C3 K-1 TF-82
R203 Thick Film 3/E2 25/E3 K-1I TF-91
"300" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
R301 3.3ka, 5%, 3/B5 16/B1 MEP CR25* R-76-3.3K
1/4W,CarbF
R302 3.3ke, 5%, 3/A3 17/B2 MEP CR25* R-76-3.3K
1/4,CarbF
R303 3:3ka,u5%, 3/B5 18/B2 MEP CR25* R-76-3.3K
1/4\l,CarbF
Model 1910 AC Volts Option
"400" Series (Sch. 29960D - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
R401 Pot,50@, 10%, F3 52/B2 BRN 3006P RP-89-50
’ 3/44 50
R402 2499, .1%, E4 53/B2 IRC MAR6 R-241-249
1/10W ,WW 249
R403 2191, .1%, F3 54/B2 IRC MAR6 R-241-2191
1/10W ,UW 2191 7213




REPLACEABLE PARTS MODEL 191 DMM

RESISTORS (R) (CON'T)
Model 1910 AC Volts Option
"400" Series (Sch. 29960D - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)

PC-Board

Circuit Sch. Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part MNo.

R404 150ke, 5%, G2 55/B2 MEP CR25* R-76-150K
1/4W ,CarbF

R405 150kQ, 5%, F2 56/B2 MEP CR25* R-76-150K
1/4W,CarbF

R406 10ke, 5%, F4 57/B3 MEP CR25% R-76-10K
1/4W,CarbF

R407 264.29, 5%,Part D6 58/B2 K-I R-266
of Match Set

R408 2409, 5%, D2 59/B3 MEP CR25*% R-76-240
1/4W,CarbF

R409 Pot, 100Q, 10%, D5 60/B2 BRN 3006P RP-89-100
3/4W 100

R410 Pot, 10ke, 10%, D3 61/B2 BRN 3006P RP-89-10K
3/4W 10K

R411 Pot,lke, 10%, D4 62/C2 BRN 3006P RP-89-1K
3/40 1K

R412 4,75k, .5%,Part C5 63/B2 K-1 R-266
of Matched Set

R413 54.7KQ, .5%, c4 64/B2 K-1 R-275-54.7K
Film

R414 Thick Film,5%, Several 65/C2 K-I TF-72
Special

R415 495kq, .5%,Part c3 66/C2 K-I R-266
of Matched Set

R416 33ka,.5%, D4 67/D2 MEP CR25* R-76-33K
1/4U,CarbF

R417 47k ,5%, Bl 68/E2 MEP CR25% R-76-47K
1/4W ,CarbF

R418 2Me, .5%,Part B2 69/E2 K-1 R-266
of Matched Set .

* Manufacturers Designation includes Part Description; e.g., CR 25, 22, 5%, 1/4W, Comp. for R102
** Manufacturers Designation is GP 1/4, 1%, T100, Resistance Value.
SWITCHES (S)

"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
PC-Board 489 - Pgs. 7-23, 24)

PC-Board
Circuit Sch. Pg. Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
S101 11 Station Several 194/E3-5 K-I 29994
Pushbutton
$102 Switch DPDT 4/A2 195/A4 C-W GF326-0006| SW-397
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MODEL 191 DMM REPLACEABLE PARTS

: TRANSFORMER (T)
"100" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board

Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
T101 Transformer, 4/B3 178/B2 K-I TR-173

Standard V3rsion
T101 Transformer, 4/83 179/82 K-1 TR-177

Japanese Version

INTERGRATED CIRCUITS (U)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)

PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location ‘| Location Code Desig. Part No.
U101 Selected-Part 1/E3 153/C2 K-1 29996
of Matched Set
U102 BI-FET,0P-Amp 1/F3 154/D2 K-I 30154
(Selected 1C-176)
U103 BI-FET,Op-Amp 1/G5 155/D2 K-1 30154
(Selected 1C-176)
U104 Hex Inverter 2/Several 156/B3 NAT 741504 1C-186
U105 Up/Down 2/F6 157/C3 MOT MC74LS I1C-214
f Counter 193p
U106 Dual D-Type 2/F3,G3 158/B3 MOT MC74S 1C-216
Flip-Flop 74P
u1o07 Voltage Comparator| 2/G2 159/C4 NAT LM311N IC-173
U108 Transistor array, 2/Several 160/B4 K-1I 29198
14-pin DIP
(Selected I1C-53)
U109 BI-FET,Op-Amp 2/E3 161/C4 NAT LF351N 1C-176
U110 Transistor array, 2/E3,E4 162/C4 K-I 29198
14-pin DIP
(Selected 1C-53)
U111 BI-FET,Op-Amp 2/C5 163/C4 NAT LF351N IC-176
U112 Itegrated Circuit 2/C3 164-D4 K-1 30167
(Selected IC-218)
U113 BI-FET,Op-Amp 2/D3 165/C5 K-1 30163
(Selected 1C-176)
U114 BI-FET,0p-Amp 2/E1 166/C5 K-1 30154
(Selected IC-176)
U115 Voltage Quad 2/A5 ,A6 167/D5 NAT LM339 1C-219
Comparator
. U116 Quad 2-Input 2/Several 168/B3 MAT 74L500 IC-163
’ Mand Gate
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REPLACEABLE PARTS

INTEGRATED CIRCUITS (U) (CON'T)

"200" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 486 - Pg. 7-25)

MODEL 191 DMM

PC-Board

Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part No.

U201 MOS to LED segment |[3/D3 28/B2 F-1 75492 1C-169
and Digit Driver

U202 BCD to seven segment |3/E2 29/E2 MOT MC145 1C-168
Latch/Decoder/Driver 11CP

"300" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board

Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley

Desig. Description Location Location Code Desig. Part Mo.

U301 Dual 4 Bit Decade 3/A6 21/B1 T-1 SN74LS 1C-212
and Binary Counter 390

U302 8 Bit Microprocessor|3/A4 22/C2 MOT MC6802 LSI-18

U303 Peripheral 3/B4 23/C3 AMI S6820L LSI-8
Interface Adaptor

U304* 4096 Bit Cmos 3/A2 D2 K-1 PRO-102-02
UV E-PROM

u305* 4096 BIT CMOS 3/B2 25/D3 K-1 PRO-101-02
UV E-PROM

U305* 1024 X 8 BIT 3/B2 25/D3 K-1I LSI-23
ROM

U306 Quad 2-Input 3/Several 26/E2 NAT 741500 1C-163
Nand Gate

u307 Dual 4 BIT Decade 3/E6 27/E2 T-1 SN74LS 1C-213
and Binary Counter. 2 393

U308 Dual 4 BIT Decade 3/B6 28/E2 T-1 SN74LS 1C-213
and Binary Counter 393

U309 Integrated Circuit |3/F5 29/E2 NSC DM74LS 1C-144
Flip-Flop 74N

U310 Quadruple 2-Input 3/Several 30/E2 NAT DM74L 1C-215
Positive-And Gate 508N

U311 Quad 2-Input 3/Several 31/E3 NAT 741500 1C-163
Nand Gate

* Revision A,B and some C Digital Boards use two E-PROMS (1C-220 Programmed). Al1 later
revisions use one ROM (LSI-23).

Model 1910 AC Voltage Option

"400" (Sch. 29960D - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
U401 Monolithic JFET G2 72/D2 NAT LF356H 1C-152
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MODEL 191 DMM REPLACEABLE PARTS

VOLTAGE REGULATORS (VR)
"100" Series (Sch 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board

Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
VR101 Three Terminal 4/D2 170/B3 MOT MC-7815 1C-96

Positive Voltage CP

Regulator
VR102 Three Terminal 4/E3 171/B4 NAT LM79 1C-174

Negative Voltage 15CT

Regulator
VR103 Zener Diode 1/D4 172/E4 MOT IN751 DZ-59
VR104 Three Terminal. 4/D4 173/B5 1. MOT MC7805 1C-93

+5V Voltage cp

Regulator
VR105 Zener Diode 2/C5 174/C5 MOT IN4577 DZ-58
VR106 Zener Diode 2/C6 175/C5 MOT IN4577 DZ-58
VR107 Zener Diode 2/C4 176/C5 SIE IN4571 DZ-60

CRYSTAL (Y)
"100" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfg. Keithley
: Desig. Description Location Location Code Desig. Part No.

Y101 Crystal,4.0MHz 2/D6 181/B2 CTS MP040 CR-10
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REPLACEABLE PARTS MODEL 191 DMM
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MODEL 191 DMM

REPLACEABLE PARTS
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REPLACEABLE PARTS

MODEL 191 DMM
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