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MODEL 191 DMM

SECTION 1, GENERAL

1-1, INTRODUCTION.

1-2. The Keithley Mode! 191 14s 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 1u¥ to 1200 volts dc
on 5 voltage ranges, and 2 and 4 terminal
ments from 1 millichm to 20 megohms on & resistance
ranges, The 191 is capable of 0.0005% resolution
and Tu¥/Ime  sensitivity. In addition, 1if
purchased the Model 1910 AC Voltage Option, your MM
will provide readings from 10u¥ to 1000 volts ac on
4 ranges, This cption may also be purchased later,

and field installed,

neasure-

GENERAL INFORMATION

INFORMATION

1-3. Your DMM also has features and advantages that
might not be readily apparent. Some of these are:

e 5-1/2 digit LED display with appropriate de-
cimal point - 0.5 inch digits permit monitoring

measurements from across the room.

Pushbutton NULL -
zeroing, corrects for
ohms, bucks out thermal
measurements permits
ations from a set value. The NULL light
cates that the function is active for operator
safety and to lessen the chance of
error.

eliminates potentiometer
lead resistance
EMF's in

in Z2-wire
level dc
you to measure devi-

Tow
and
indi-

seasurement

200
200k

20k

1.2y
“REAX

NL-THAY
FLAK

318
amMy

1000
H00% 20M

FIGURE 1-1. Model 191 Digital Multimeter
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GENERAL INFORMATION

1-3, Continued,

e A Micro-processor based design that
provides:
A Combination of single slope and charge balance
AD conversion - for faster response and better
linearity.

Automatic non-Tinear digital filtering - for
faster response and reduced noise on the
display.

A reducticn 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 prevides higher
mean time between failures,

e -[EEEEE error message 1indicates 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 cperation - minus sign dis-
ptayed, positive implied.
Effective input cverload 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 A4-wire ohms
measurements.

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

1600 High voltage Probe allows your DMIT to
neasure from 1200V to 4CkV dc.

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

1682 High Frequency {Rf) Prabe allows your DMH to
measure from 0,25V to 30V rms ac wver a frequercy
rame of 100kHz to 100MHz. 1t can be used
without the AC Voltage Option.

1685 Clamp-0n AC Current Probe (when used with AC
Voltage Option) allows your DHH to measure from
zero to 200A rms ac.

MODEL 191 DMM

16561 50-Ampere Current shunt allows your DMM to
measure from 0-50A dc, and with AC Voltage Option
from 10A to 5CA 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 WNotice sheet
attached to the inside back cover.

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

IMPORTANT
The éizﬁ 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:ﬁig‘ 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 regard 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 Mode! 191 are
given in Table 1-1,



MODEL 191 DMM

TABLE

1-1

SPECIFICATIONS

GENERAL INFORMATION

DC VOLTAGE
ILMPERATURE COEE. MAXIMUM
MAXIMUM ACCURACY 1 (% rdg + digits) t (% rdg « digitshL INPUT ALLOWABLE SETTLING
RANGE READING 24 Hr 22-24°C 1yr 18-28°C 0-18°C & 28-50°C RESISTANCE INPUT TIME:
200mY 199.959 005 « 24t 007 + adt 0007 + 1ad - 1000Mohm 1200V AR I
Y 1 99999 004 + | 5d 007 + 2d 0007 ¢ 0 2d » 1000Motim 12000 ¢ RERTS
00V 19 9999 004 + 1.5d 010 « 2d 0008+ 0 2d 10Muhm 1200V RN
00V 199.999 004 + 1.5d o010 « 2d oaan > o 2d 1oMohm 1200\ AR
L2000V 1200.00 005 + 1.5d 010+ 2d ol o LoMohm Fzin AR

NMRR: > 60dB at 50 & 60 tiz.

CMRR: >»120dB at DC, 50 & 60 He (with tkohm in either lead}

‘With sero set by Null function
21 minute max., 700 volts continuous
“To withinn & digits of final reading

il.b sec

for input changes < 15 mirovoits

RESISTANCE

TEMPERATURE COLE.

+-TERMINAL

MAXIMUM ACCURACY ¢ (% rdg < digits) T (% rdg + digits)=C MAXIMUM QUIPUTS SETILING 1EAD

RANGE READING 24 Hr 22-29°C 1¥r 18-28°C 0-18°C & 28-50C 1 short ¥ open TIME: RESISTANCE-
200 ohm 194 9oy 00e + 2d- iz - 3 oala e X AmA A00m\ 1am e b
2kohm 1 9go9a 00+ | 5d 012 - 2d VOTA @ A 40N 1 we Iiohm
20kuhm 19,9600 Joe + | 5d GL2oeoud IS« 2 A00pA EIAY | e S
200kuhm 199 499 Qoo - 1 Sd Q12 - 2d Qs -0 2d RTVFTEY (I 1oane Srochm
roavkehm [y 9w gl 15 aso+oad (LA TR ETAY [RYRY S
oMohm 19 ogag o 1 Ad VA - A RS BT [INTEY [N 2 e et

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

TWith rero set by Null tunction

“Towithim 5 digits of final reading

3 sec tormput changes « 15 mithohms.

IMaximum resistance per lead for additional T dyat error

AC VOLTAGE (Option 1910)

ACCURACY - (s rdy - digits?
{Above 1000 Cunris):

TEMPERATULRE CORFRICIENT
S e rdp o digats) €

MAXIMUM I Year t8-28°C 0-18 C & 2850
RANCGE READING soHe-20kHz 20-50Hs & 20k- 100k Hz soHs-20kHe 10-50Hr & 20k 100kH!,
ha b avang RIS IEN| to-2od RIRTBIR IR St ad
30N Fur e RETURISTR| E0 20 AR I S e
RIVIELY pan gas v s od ta e ad GUES e 0 S0 g
[FULIRAN ANV G tade P e 20d SRR | T et e

RESPONSE: Average, calibrated in rms of a sinewave

MAXIMUM ALLOWABLE INPUT: 1000V rms sine or [, 2 x
10°V » M.

SETTLING TIME: <2 1.3 seconds to within 0.05% of final reading

CMRR: -00dB at DO, 50 & o0 Hzo tthohm in either leads
INPUT IMPEDANCE: 2Mohm ~hunted by fess than 50pl

tWith input shorted, display reads approximately 20 digits
2S0H z- 10kH ..

tor sera to full-scale step input.

20b7-50H s & 1OkE/-20kH .

GENERAL

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

DISPLAY: Six 0.5 inch LED digits with appropriate decimal point

CONVERSION SPEED: 1 readingsisecond on PO volts.

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

POLARITY: Automatic, minus indicated, plus implied.

RANGING: Manual.

OVERLOAD INDICATION:
overrange digit only

INVALID RANGEFUNCTION SELECTION: [isplay reads

~TEEEEE.

ISOLATEON: input LQO to power line ground, greater than 1000
megohms shunted by approximately 300 picofarads. Maximum
input between LU and power line ground, 1400 volts peak, 5 x
107V = Lo

WARMUP: | hour to rated accuracy

ENVIRONMENTAL LIMITS: .
Operating: 0°C to 50°C, 0% ta 80% relative humidity up to 35°C
Storage: -25°C to 85°C

POWER: 105-125 or 210-250V (internal switch selected), 90-110V
available; 50-60Hz, 25V*A maximum.

Display indicates  polarity and

INPUT CONNECTORS: 5-wayv binding posts

UIMENSIONS, WEIGHT: s5mm high « 235mm wide 2

Tamm

Lil‘i‘p (3o~ 9yin v 10 b Net wweight 2 3ky 03 {bs
ACCESSORIES SUPPLIED: Instruction Manual.

AVAILABLE ACCESSORIES:

Model
Model
Model
Model
Moadel
Model
Model
Model
Model
Model
Model
Model
Muodel

1010 Single Rack Mounting Kit
1017 Dual Rack Mounting Kit
Lle00 High Voltage Probe

leat Kelvin Test Lead Set
I651 50 Ampere Shunt

1681 Clip-On Test Lead Set
1682 R¥ Prabe

1e83 Universal Test Lead Set
1684 Carrying Case

1685 Clamp-On Current Probe
1901 Current Adapter

1910 AC Volts Oplion

1913 Catibration Cover

1-3



OPERATING INSTRUCTIONS

MODEL 191 DMM

2-0

— — -ﬁ
<
P1006
MODEL 1910
AC OPTION
115Y+——=230V
. 1
— A - T]m
/ =
e R
LINE FUSE LINE VOLTAGE
(F101) SELECT SWITCH
(5102)
FIGURE 2-1. Location of Line Fuse and Line Voltage Select Switch.
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SECTION 2.

2-1. INTRODUCTION.

2-2. This section provides information needed for
incoming inspection, preparation for use, 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 s
required, The following items are shipped with all
Model 191 orders:

a, Madel 191 OMM,

b. A Copy of this Manual.

c¢. Installed or separate optional accessories, as
ordered.

PREPARATION FOR USE.

2-6. The Model 191 is shipped ready-for-use on the
Tine voltage marked on its rear panel. Instructions
on how to connect the Model 191 to your available ac

2-b,

line power are contained in Paragraph 2-7 Line
Power.

2-7. LINE POMWER

2-8. The Model 191 is provided with a 3-wire line

cord which mates with a 3rd wire earth grounded
receptacle. The instrument will operate on 3
voltage ranges of 60 or 50 Hertz ac power, Standard
voltage ranges are 105 to 125 volts and 210 to 260
volts. FEither of these ranges may be selected by
positioning an internal stide switch and installing
the appropriate fuse for that range. An optional
1ine voltage range of 90 to 110 velts is availabte
by spectial order, Instruments with this range use a
different transformer, Connect the Model 191 to
your available ac power inaccordance with the
following procedures:

OPERATION.

2-9.
2-10.
available ac line valtaqg

iUPERATING INSTRUCTIONS

NOTE

The line voltage sefting of the

is marked on the r

procedure can

be uded

instrument
The following
confirm

par panel.

to either the

factory setting, or tjo set up the instrument for

operation on another
voitage range

selected tine volta

marked as an external

Use @ water soluable

Line Voltage Seled
Set up the Mode

a. Turn the DMM hot
four screws in the bot
held captive hy rubber
b, Hold the top an
prevent their Separati
normal position. Remgq

¢. Set switch S102 a

is changed,

voltage range. [f the line
the box next to the
je should be appropriately
reminder of the setting,
marking pen.

tion,
1 191
e as follows:

to operate on your

tom side up and loosen the

tom cover., These screws are
GO-rings.
H bottom cover together to

on and turn the OMM over to
ve the top cover,

nd install the proper rated

Tine fuse, as indicated in Table 2-1, for your
available inpput line|voltage. These items are
shown in Figure 2-1.
d. Reinstall the topcover.
TABLE 2-1.
Line Voltage Selection.
INPUT SWITCH FUISE
VOLTAGE S102 F101
90-110v* 1115V 1/4A
105-125Y 115V 1/4A
210-250V 230v 1/8A

*Requires special
transformer,

factory installed

2-1



OPERATING INSTRUCTIONS

MODEL 191 DMM

CAUTION INTERNAL LiNE SETTING LINE RATING
CONNECT ONLY TO vOLTAGE RANGE FUSE 3AG SLO deOw B0 B0 He AL ONLY

NDICATED VOLTAGE 90 nov ] Tan 25 VA MAX

RANGE 108 126w 1] LaA -
210 280V 7] 1BA [, ]
LLIL
L
R
FIGURE 2-2. Rear View Showing Line Cord.

NULL POLARITY (NEGATIVE IS INDICATED, POSITIVE [S IMPLIED
FUNCTION* | WHEN MINUS (=) DISPLAY IS OFF.)
N
STHLEY| 191 DIGITAL MULTIMETER
R Ry Sy B A B e |
' lu —— ' _' —
| On . B 200m 772 ) mi 20(1 1000
// . FARN /7
A ] < / 7 X / 7
i /4 //
4 / / y
(D) SET POWER ON () SELECT RANGE o
SELECT FUNCTION (:) CONNECT SOURCE
*SEE TEXT, PARAGRAPH 2-15,

FIGURE

2-2

2-3. Operating Controls,



OPERATING INSTRUCTIONS

2-11, Connecting Line Power.

2-12. The Model 191 is provided with a 3-wire line
cord, shown in Figure Z2-2, 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 cerd intec a properly grounded
outlet of a source having the selected Tine
voltage,

h. Operate the Model 191 as
Paragraph 2-13,

described in

2-13. OPERATING INSTRUCTIONS

2-14, The basic operating instructions for the
Model 191 {MM are outlined below, and Condensed
Operating instructions are provided on the bottom
cover of the instrument., These instructions should
oniy 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, Refer to Figure 2-3 and operate the

DMM as follows:
/ 1\ CAUTION

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

a. Turn an 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 ACY, DCV or
pushbuttons.

c. Select the range by depressing the appropriate
pushbutton.

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

MODEL 191 DMM

TABLE 2-2
Summary of Mgximum Inputs,
FUNCTICN RANGE MAX IMUM THPUT
DCV 200mv, 2 100V Continuous;
1200V for 1 minute
ma x i mum,
20V-1200 1200V Continuous
2({ohms) ALL 250V rms; 360V peak
ACY ALL : 1000V rms sine ar dc,
(Option) 2 x 187 v iz

2-15. NULL FUNCTION,
2-16. The NULL functi
and functions. [t is
based function. The an
function is selected.
depressed with an on-s
that reading is subtrac
ings. The nulling pro
of two numbers, and has
or function selected,

n is operable on all ranges
R switch sefectable software
hunciator is lighted when the
When the RULL pushbutton is
ale reading on the display,
ted from all subsequent read-
ess is merely a subtraction
nothing to do with the range

For this reason, although

primarily designed to grovide convenient pushbutton

compensatton for test

lead resistance and thermal

emf's generated in circufits connected to the DMM [NPUT
terminals, the null fynction can also bhe used to
measure variations above or below a set value. for

axample, +1.00000 VOC
the display, and variat

input could be used to null
ions ahove 10.0000M9 could be

made by switching to tHe 20M range and ©t function,

This, is possible becaus
is 100,000 {counts} in
sign is active for o (a

2-17. It is important
reduces the dynamic ra

stance, if +1.00000 VDI

voltages greater than

f the number being subtracted
poth instances, and the minus
nd ACYVY in the NULL mode,

to note that the use of NULL
nge of measurement. for in-
( is the nylled value, input
2¥ would still overload the

A/D converter (200,000 counts), even though over-

range would occur at =
readings less than -1
less than +1V) because

100,000 counts displayed, and
¥ would cause overrange (2V
of the maximum display read-

ing of -199,999 count|s. This reduction in the
dynamic range of the measurement is illustrated in

Figure 2-4, In DCV
Dynamic Range and the

function, both the Display
input dynamic range can be

exceeded and thus, bot# can limit 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

/
199,999

N\
199,999

MEASUREMENT
DYNAMIC RANGE
IN NULL MODE
(SHADED)

-199,999

o

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
described in  DC  Voltage and £  Measurement
Procedures,

2-19, OVERRANGE INDICATION.

2-20, Overrange is indicated by the minus sfgn
along with the overrange digit and the appropriate
decimal point. All of the remaining less signifi-
cant digits are blanked. Example: {(-1--.---).
Overrange is indicated whenever the dynamic range of
DCV measurement is exceeded. MWith the NULL function
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
by the size and polarity of the nulled signal when
the instrument is in the null mode.

2-21, ERROR INDICATION.
2-22. -~1EEEEE is displayed when an improper range -
function is selected. These selections are:

ACY function - when AC option is not installed.

20M0 range - with ACV or DLV function selected.

ACY function - with 2000, 200mV range selected.
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2-23, DC VOLTAGE MEASUREMENT.
2-24. The Model 191 reads dc voltages from 1

microvelt/digit to 1200 volts. The maximum
displayed reading is 199999. Overrange is indicated
by (=)}l---—-- , except on 1200 volt range. On the

1200 volt range, the display can read beyond the
maximum allowable input veoltage. Maximum allowable
input: 1200 for 1 minute maximum, 700 volts
continuous on the 200mV and 2V ranges; 1200 volts
continuous on the 20V-1200 volt ranges. Use the
Model 191 to measure dc voltage as follows:

Zi& CAUTION

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

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

b. Select the desired range from the five ranges
available. The decimal point is pasitioned by the
range pushbutton. The 1200 VDC range is selected
hy the 1000 pushbutton,
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¢. Ensure that the NULL pushbutton is out (1ight
off) unless measurements are to be made as
deviaticns 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 c¢ircuit 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, ZERD 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 leads at the circuit to
be measured and short them,

3} Depress the NULL pushbutton.

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

g. The optional Mode

OPERATING INSTRUCTIONS

1600 High voltage Probe can

be used with the Model 191 to measure dc voltages

up to 40 Kilovolts, at
Paragraph 2-30.

2-25, RESISTANCE {n) M
2-26. The Model
mitliohm/digit to 20

rames. The Model 191
4-wire ohms operation.

sense leads are connecfed,
matically dome 4-termipal.

not connected, the med
For 4-ternina}

digit) can he obtainec

medsurements

reduced accuracy. Refer to

EASUREMENT

191 DHMM measures resistance from 1

eqohms . See Table 2-3 for
provides automatic 2-wire or
This mearns that if the ohms
the measurement 13 auto-
If the sense leads are
surement is done 2-terminal.
rated  accuracy {+l
on the top five rames as

long as the maximum lepd resistances given in Table

2-3 are not exceeded.

measurements on the 20
the NULL function to of
Model 191 to measure rg

For 2-terminal or 4-termina)
R orame, zero rwst be sct hy

LCEXCAUTION

MAXIMUM ALLOWABLE IN
360V peak,
voltage. Instrument

a. Turn on power and

250V rms|
famage may occur.

tain rated accuracy. Use the
sistance as follows:
PUT VOLTAGE (al)l ranges):

Do not exceed maximum

depress @ pushbutton,

b. Connect the circuit tc be measured to the
INPUT terminals and sglect the desired range from

the six ranges availi
positioned by the ran

ble. The decimal
e pushbutton,

point is

TABLE 2-3
Resistance Ranges
RANGE MAX TMUM MAX TMUM OQUTPUTS* 4-WIRE
SETTING READING [{Shorted)| V(Open) Max. q**
200 q** 199,499¢ ~-4mA -400mv n
2k @ 1,99999 -4mA -4y 220
20k @ 19,9999 ~-400uA -4y 700
200k 2 199.999 -40uA -4y 2209
2000k 0 1999.99 =Auh -4y 7008
20M 19,9999 - JApA -4V 22000
ALL RANGES
OVERRANGE : MAX [MUM
. ALLOWABLE
INPUT:
360Vpeak, [250Vrms

* H] binding post (red) is negative,

** Maximum resistance per lead for additional 1 digit error.
**% Jerp must be set by NULL to obtain rated accuracy.
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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., FEnsure that the NULL pushbutton is out (light
off) unless measurements are to be made as
deviations from a preset value.

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

f. For a 2-wire or 4-wire ohms measurement on the
2006 range, ZERO must be set with the RNULL
function to obtain rated accuracy. leroing is
necessary to compensate for test lead resistance

On 2-wire & Thermal Lmfs on 2 & d-wire., Set zero
as follows

1} Discannect the test leads at the circuit to

be measured, and short them.

2) Depress NULL pushbutton.

3} Reconnect the test leads and make the

measurenent.
g. Diode Test. The 2Ko range is recommended for
diode testing. On this range the forward on
resistance  of a silicon diode will read
appraximately 1906, (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 microvoits/digit to 1000

2-6
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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 1is
specified for 1000 counts and above. The maxinum
reading is 189999, Overrange is indicated by (-}
[ R , except on 1000 volt range. On the 1000 volt
range, the display can vead beyond the maximum
allowable input voltage. Maximum allowable input

1000V rms or dc; 2 x 107yHz. Use the Model 191
to measure ac voltage as follows:

5{&) CAUTION

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

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

b, Select the desired range from the & ranges
available, The decimal point is positioned by the
range pushbuttcen.

.  [nsure that the NULL pushbutton is out {1ight
off) unless 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. 200uY)
[f 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 HY and L0 binding posts. The binding posts
accept wires, spade lugs 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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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
gquestion 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 imnmedi-
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

3-5.
3-6.

ENVIRONMENTAL COND
ATl measurements should be made at an ambient

PERFORMANCE
VERIFICATION

TIONS.

temperature within the rignge of 18° to 28°C {6%° to
B2°F), and a relative huhidity of less than 80%.

3-7.
3-8. Use the
resistance and
¥oltage Option
instrument is

perforn a
Section 6,

Performanc

PERFORMANCE VERIFI

CATION PROCEDURE .

following procedures to verify the
hasic accuracy of the Model 191 DMM for dc voltage,

ac  voel

installdd)
of specification at
complete
unless

warranty, as noted abovel

out
ca
the

e verific

{wvith Hodel 1910
measurements, Lf

AL
the
any point,
describee

still

tage

ibration
Yinstrument

as
is

mn
under

NOTE
ption should be performed by

qualified personnellusing accurate and reliable
test equipment.

the alternate test equipment is not at least 3 times 3-9. Initial Co"ditionsf
better than the instrument specifications, addition- 3-10.  Before beginning, the verificelion proceten
al allowance must be made in the readings obtained, the instrument must meet the following conditiors
Some of the equipment Tisted in Table 3-1 is not 3 a. If the instrumgnt has heen subjectes
times better than the 161 specifications because extremes of temperature, allow sufficient ¢
such equipment is not readily available., In these for internal temperatures to reach environnental
instances, the verification procedures indicate the cenditions specified 1n Paragraph 3-5. Typicaily,
equipment manufacturer's specified uncertainty, and it takes one hour td stabilize a unit that 1<
inciude the uncertainty in determining the allowable 10°C (18°F) out of [ the specified tenperatur
reading for the Model 191, range.
TABLE 3-1. i
Recommended Test Equipment For Performance Verification.
[TEM:! DESCRIPTION SPECIFICATION MFR, MODEL
A | DC Calibrator 10V, 100V, 1000V Filuke 343A
+0.002% or 20uV
B | AC Calibrator 0.1V, v, 10V, 100Y H-p 7457
+0,022%
C | High Yoltage Amplifier 1000V H-P 7464
{Used with Model 745BA) +0.04%
D | Decade Resistor 190, 1.9ka,19ka, ESI R$725
150k, 1.9M0, 10Mo,
+0.01%
£ Kelvin-Yarley Voltage A9V, 1.9y Fluke 720A
Divider with .2ppm Terminal
(Uscd with Model 343A) Linearity

3-1
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VERIFICATION

b. Turn on the Model 151 and allow it to warm up

for one hour,
WARNING

Some procedures require the use of high volt-
Take care to prevent contact with live
circuits which could cause electrical shock re-
sulting in injury or death.

age.

3-11.

DC Voltage Accuracy Check

Ranges).

Select dec veltage function.

2.
b. Connect the DC calibrator (Item A, Table 3-1)
to the instrument.

(20v to 1200V

c. Select the 20V range, and apply positive 10V

de to the DMM,
limits specified in Table 3-2.

The reading must be within the

d. Select cach remaining range and apply re-

Euired voltage specified in Table 3-2.

that the reading is within specifications.

c. Repeat all checks with negative voltage,

Yerify

TABLE 3-2.
DC Voltage Performance Check (20V to 1200V Range).
Range Applied Allowable Readings at 18° to 28°C
Voltage
20V 10.000vV 9.9986 to 10.0014
200V 100,000V 99.986 to 100.014
1200v 1000.00v 999.86 to 1000.14
3-12. DC Voltage Accuracy Check {200mV and 2V

Ranges).
Select DCV and 200m¥ range.

a.
b. Disconnect test
(A) and short them,

butten.

leads at the 0C calibrator
Depress the Model 191 NULL

Verify a display indication of 00.000mV
+0.00ImV flashing,

DC

Calibrator

(A)

3-13.
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c. Connect the DC calibrator {A}, Kelvin-Varley
Voltage Divider {(E) and Model 191 as shown in
Figure 3-1, Set the voltage divider (F) for
.0190000 output.

d. Temperarily disconnect the test Teads from
the DC calibrator {A) and short them. Depress
Model 191 MULL button for a display indication of
00.000 +00.001mY 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. MNote that the allowable
reading includes a 6 digqit allowance for the
uncertainty of the DC calibrator (A) and Voltage
Divider (E).

q. Repeat step d thru f with negative voltage.

h. Select the 2V¥ range and release the MNULL
butten. Set the Kelvin-Varley Voltage Divider
{(E) to .190000 ocutput.

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.

J. 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 1kHz.

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.

d. Select the 20 and 200 volt ranges and apply
the required voltages as specified in Table 3-3.

3-2

Kelvin -
Variley

Voltage
Divider

(E)

Verify that the readings are within specifi-
cations.
HIGH ~
LON( ) ( ) MODEL
N 191

+ 1.0
ouT
LOW
FIGURE 3-1.

Test Circuit For 200mV And 2V Accuracy Check.



MODEL 191 DMM PERFORMANCE

VERIFICATION
e. To check the 1000 volt range, connect the f. To check accuracy lat 50Mz, 20kHz, and 100kKz,
High Voltage Amplifier {Item C, Table 3-1) to the select the 20 volt Irange, apply the voltage
output of the AC calibrator per the manu- specified in-Table 3-3 at 50Hz, then repeat at
facturer's instructions. Connect the amplifier 20kHz and 100kHz. Vepify that the OMM readings
output to the Model 191 INPUT terminals. Set the are within the specifijed 1imits.
AC caltibrator for amplifier output of 1000.00 3-14, Resistance (Q) Acduracy Check.

volts at lkHz. Verify that the DMM reading is
within the specified Timits in Table 3-3.

a. Select resistance functior by depressing the
0 pushbutton. i

b. Select 200n rangeé

£. Connect the decabe resistor {Item D, Table
3-1) to the DMM.

TABLE 3-3. )
AC Voltage Accuracy Check d, Set the decade resistor to zero and compen-
- - sate for lead resistdnce by depressing the KulL
Range Applied Allowable Readings for a display indication of 00,000 » 00.001
Yoltage at 18° to 28°C i -
flashing,
at 1kHz e. Set the decade rgsistor to 1900. Verify that
the reading for thej 200 range is within th
2y 1.000¥ ,99868 to 1.00132V - rer 9e 15 witmin the
20v 10.000Y 9.9868 to 10.0132V limits specified in Table 3-4.
200V 100.00V 99.868 to 100,132V f. Select the 2kn  range.
1000V 1000.0¥ 998.00 to 1002.00V “

g. Set the decade registor to zero and reset the

at_50Hz HULL .
h. Set the decade repsistor to 1.,900kp. Verify
that the reading is within the limits specified
in Table 3-4.
i. Continue by using the NULL to eliminate lead
20V 10,000V 9.9868 to 10.0132V resistance on each range and measure the next re-
sistance as specified in Tabie 3-4. Test each

20v 10.000V 9.9868 to 10,0132y

at 20kHz

at 100kH
o KT item in the table and verify that each recading is
20V 10,000V 9.90 to 14.10 within specifications|.
TARLE 3-4,
Resistance Accuracy Check.
RANGE RESTSTAMCE ALLOWABLE READING AT 18° to 28°C *
2000 1900 189.955 to 190.045n +19 digits
ke 1.900 ko 1.89956 to 1.50044 kp *19 digits
20kq 19,00 ka 18,9956 to 19.0044 ko t19 digits
200kq 190.00 ko 189.956 to 19C.044 ka 19 digits
2000ks 1900.0 ko 1899.22 to 1900.78 ko H19 digits
20Ma 10,000 Mo 9,9908 to 10.0092 Mo #10 digits
* Manufacturer's specified uncertainty of the decade resistor {D) in|digits,
This uncertainty has been added to the specified accuracy of the Madel 191 to
obtain the allowable reading.
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SECTION 4.

4-1.
§-2.
and options available for use with the Model
DMM.

4-3, L INE 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 is
available by ordering a Model 191 DMM (90 - 110V, 50
- 60Hz).

GENERAL.
This section describes the various accessories
191

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 DCY and 200

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

Specifications: Voltage Range: O to

40,000 volts DC. -
Input Resistance:

1000 megohms, ‘4
Division Ratio;
Ratio Accuracy

+1.5% at 25kV, decreasing to

+2.0% at 20kY and 30kV

+3.0% at 10kV and 40kY, 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 peried in excess of 1 minute will
cause a maximum of 0.2% additional error at 40kV

{error is less 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 OC and from 10 teo
50 amperes AC with AC Voltage option. It is a
0.00Tohm *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 Madel 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 ACY and 2V range or
DCV and 200 millivelt wange, Use HULL to zero

on DC 200mv.

4-9 .,
4-10,

with banana plug and spri

MODEL 1681 CLIP-ON TEST LEAD SET.
The Model 1681 contains two
leads 1.2m (48 inchaes) lgng,

T 10
terminated ¢ 7 '
ng-action clip-on

A%

probe,
4-11, MODEL 1682 RF PROBE.
4-12. The Model 1682 extends the AC

voltage response of the NModel 191 from

100kHz to 100MHz,

To Operate: Set the DMM
and 200 Volt range.

to the DMM INPUT termina

Specifications:

Voltage Range: 0.25 to

Transfer Accuracy: #0.5
peak responding calibr
sinewave.

Input Impedance: 4 mego

Maximum Allowable Input:

Accessories Supplied: s
ground ctip, hi adapte

4-13,
4-14, Two test leads, !
long with 12 screw-in ti
plugs, 2 spade Tugs, 2 a
with boots, 2 needle tip

and 4 heavy duty tip plugs.

4-15, Model 1684 Carryt
4-16, The Model 1684 isl
viny! case with a fitted
insert with room for the
Manual and small accessq

4-17,
4-18,
clamping onto a single ¢

the current path is unnegcessary.

detects current by sensi
by current,
To Operate:
volt range.

Set the DMM

MODEL 1683 UNIVERSAL TEST LEAD KIT,

MODEL 1685 CLAMP-ON AC CURRENT PﬁOBi.
The Model 1685 measures AC current by

(17

to DCY

Connect the Madel 1682

S.

BO volts rms.
i, 100kHz to LOOMHz
hted in rms of a

hm shunted by 3Ipf.

30V rms AC, 200V OC.

traight tip, hook tip,

r, banana plug adapter,

2m (48 inches)
ps - 2 banana
11igator clips
s with chucks

ng Case
a hard
foam
Service
ries.

onductor. Interruption of

The Model 1685
ng magnetic field produced

to ACV and 2¢

Connect the Model 1685 to the DMM

A
iy =




ACCESSORIES

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 H0Hz.

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 Corductor Voltage: 600 volts rms.

Conversion Ratfo: 0.1 volt rms per ampere.

4-19, MODEL 1010 SINGLE RACK MOUNTING KIT,

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

4-21, MODEL 1017 DUAL RACK MOUNTING KIT.

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

MODEL 191 MODEL 191

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 Teads (1
pair) are 1.2m (48 idinches) Tong 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).

4-2
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4-25. MODEL 1901 CURRENT ADAPTER.

4-26, The Model 1901 allows your DMM to read dc
current from lnA/digit te 2000mA. With the 1910 AC
Yoltage Option it reads from 10nA/digit to 2000mA.
The Model 1901 plugs into the INPUT terminals of the
191, Maximum allowable continuous wvoltage drop
{(full scale input voltage burden) is 200m¥. 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 lowest 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 velts from 10pV/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 vrequires
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 OMM. The calibration
cover 1§ installed in place of the normal 191
top cover during calibration. It allows the 191
to reach normal internal operating temperature
and has apenings that are marked to facilitate
making the calibration adjustment.
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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 functicnal cir-
cuit blocks. To facilitate understanding, the des-
criptions are keyed to accompanying simplified block
and schematic diagrams. Detailed schematics. ef the

GENERAL

0.0005% resolution.
tion 1s installed, ac
1000 volts can be measu
of the Model 191 1is i
canverter which uses bo
slope conversion techni
control of the microco
high conversion speeds

some of the major benefi
Other benefits and funcy

Wher

THEORY OF OPERATION

the Model 1910 plug-in op-
voltage from 10uV/drgrt toe
ed. The most unigue featurc
ts hybrid Analog-to-Uigital
h charge balance and single
ues, and operates under Lthe
mputer. Very high accuracy,
ang quick settling times are
ts provided by this feature.
jons which can be attributed

Model 191 and Model 1910 are provided in Section
7. to the use of the microfomputer are: a reduction in
the number of componenk parts; non-linear digital
5f3' OVERALL FUNCTIONAL DESCRIPTION filtering, pushbutton nblling of any on-scale input
5-4.  The Model 191 is a 5-1/2 digit, +200,000 signal; and automatic 244 terminal ohms. These items
count, bench DMM with 5 dc voltage and 6 resistance will be described in |more detail later in this
ranges standard. [t has 1luV and lmg sensitivity, and section.
"L >
£ SENSE A OSCILLATOR
COMVERTER  ja2lCKH2 &
e nev DIYIDERS
LO > IR
mmm—m————q  AUTOZERO VZERD
Acy | MODEL 1910 ' ACY 3y MKz,
" °-—-NI AC VOLTAGE ! a0 Coﬁlﬁ)m 1Mz,
A(\T'W L OPTION _} -2V FS ACY,, ; bfvsw JEE 250kH2
INPUT DCV
[ =
LO - F200mv/
L2V £S5 TRUTS 27
DCY ATTENUATOR/Q _ /jv »
» REF. RESISTORS ACY
& RANGE swiTcHIng | . v/E M1CRO-
< Vs PULSES, COMPUTER
ACY COMP, OUIT ' '
VREF
- 20040 —
OHMS | =300mY_“ Dev DCY oS 4l Pa6
SOURCE -4Y SHULL 7S fpa7
2000 §§7
MULTIPLEXED
DEISPLAY DATA
—o+15Y
o o-15 REFERENCE
POMER +5VVANLG VOLTAGE
A7 | suppLy ° DISPLAY
o—— —E:+5V DSPL
+5Y DGTL
FIGURE 5-1. Simplified Signal Flow Block Diagram, Mcdel 191 DMM.
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{a) Block Diagram,

MODEL 191 DMM

Single-Slope

Digitizing

Display

Y

l

l
Charge-Balance l__,_
I

I

l

l

J

Vref 1 Vsig | Vzero |

200mV 200my/ 2V
Reference
2V
r= =
HI ' : r- ——————
20V 4 vref
]' !
200V § l
igl
INPUT I LIRS Eg —
1200V | !
o— |
Vzero @
: !
L e e e -
Lo ! A/D Converter
L
Decade
Input
Attenuator
{b) Timing.
— [ 00msec I—d—
Integration Phase| Vsig Vzero | Vsig
Reading Updates e 20050 C ——med

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 is centered
around the A/D converter, cperating 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., VZERG, VSIG, Va
and VREF). [t 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-
gquired for dc voltage mesurements, and four signals
for ohms and ac volts. Etach 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. In
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 Fiqure
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 menticned, three input
signals to the A/D converter arc required for dc
volts aperation {i.e., VSIG, VZERQ 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:

Vpisp = 2 f¥YSIG-VZERO
VREF-VZERO

THEORY OF OPERATION

It can be seen that the the zero error is sub-

tracted from both the s
then the ratio is tak
needed because the re
mitltivolts on the 1owd
5-8. As shown in the
gram, VSIG is measurad
and VREF are alternated
This permits the displs
two integration (charge
ing that up to an addit
required (to complete
counting of the remaing
tical computations), a
made approximately e

ignal and the reference, and
en. Multiplicaticn by 2 is
ference is 2 wvolts f{or 200
st DC range).
timing portion of the dia-
every other time and VZERO
in in the other time slots.
y to be updated after every
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—Loomv/-hy
Voltage
Source

eference Resistor Decade

-
|
! I
|
|
=
=

Vi

[

—
|
|
|
|
|
|
|

,

|
In—j yref |

lCharge-Balance
ISingle-Slope

|Digitizer

=

Display

C

A/D Converter

(b) TIMING

—{ 100ms r-——-

INTEGRATION PHASE | DELAY | VSIG | VZERO | DELAY ‘ Ya | VREF

READING UPDATE

FIGURE 5-3. 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 wvolts, 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 (Re) is determined by the range selected.
An ohms source voltage of -400 millivolts is used
on the 2000 range, and -4V is used for all other @
ranges. For resistance 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 microcom-
puter then calculates a reading using the formula:

aDIsp = YSIG - VZERO

VR - VREF

It can be seen that Vo - VREF is the voltage across
Re {19 x RQY and that ¥SIG - YZERD is the volt-
age acrossfx (I X By, therefore:

Vg - Loky . Ry
1oRq RG

Thus, the ohms reading depends only on the value of
the ohms referoence resister (Rp).

5-11. As shown on the timing portien of the
diagram, there are twe 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 cperation, approximately three
valid readings per second can he 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 te 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 vresistance <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

as Ry - Ra, IfF o SENSE  HI  and WO
terminals are not connected to R¥, the sensing
occurs at the HI LO INPUT terminals through

resistors Rg and the displayed reading

5-4

MODEL 191 DMM

includes  the  vesistance of Ri  and P2
added to the unkown (RX). For 4-terminal
measurements, the ¢ SENSE leads are connected to
Ry and the effect of lead resistance can be
calculated as shown. 1t can be readily seen from
this discussion why the stated accuracy for the 200
¢ range requires that the effect of Tead resistance
be cancelled with the HNULL pushbutton for both
Zz-terminal and 4-terminal measurements.

Vi A/D INPUTS
FRONT !

PAREL [ o'

CONN, f I
bRk '
! ]
| I
| | y
| n{)R
I 1
! PR
t I
| !
! I
| 1 v
] 1 7
: —O
l 1
| ;

1
1
| 1
|
In 2-terminal: @ = Ry + g + Ry
{n_4-terminal: o = Ry * Ripo . RaRy

RIH{?JTRS Rathg Ry

[T Ry = Ko = Ry =~ Rq, and Ry <Ry,
28,2

2 RX + oL

HS

Example; Ry = 102 = Kp = K3 = Ry, Rg = 100kq

L 6= Ryt 2(10)2 = Ry + 2mo
109

FIGURE 5-4, Affect of Lead Resistance in

Ohms Measurements.
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ul - Display

RANGE 2y
SWITCHES REFERENCE
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| —_———— = = =
| | I §
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HI O————=4 CONVERTER L ®——6—-Single—~3109e '
INPUT | ATTENUATOR : AUTO v Digitizer e
ZERQ Zero |
________ A Vg I
MODEL 1910 |
ACV OPTION J
A/D Converter
FIGURE 5-5. Block Diagram of AC Voltage Measurements.

5-13. AC Voltage Measurement.

5-14. In ac volts operation, as shown in Figure
§-5, the Mode! 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

yoltage measurements, four input signals to the A/D
converter are required. Fach signal is measured for
100 milliseconds and its digitized value is stored
in memory. The microcomputer then calculates a
reading using the formula:

v 2 (VSIG - VIERQ)

ac =

(VREF - vQ)
Where VSIG s the 1910 ocutput, VZERO {AUTOZERO
ine) is 1its de¢ offset, VREF is the 2V reference
and Vo is signal ground. The 2 is required because
of the ?¥ 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 Figqure 5-7. In operation, the microcomputer
provides time division multiplexing of the input
signals by controlling switches §1 through 54.
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, tow leakage current and Tow thermal

characteristics. The
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SINGLE-SLOPE
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+ * COMPARATOR
v OUTPUT
SINGLE
INPUT INPUT SLOPE —
BUFFER ENABLE
TRANSCONDUCTANCE }——Q
AMPLIFIER
U106A U106B
Dl Q] D2 Q _L""
2
CK CK — V-F
L P> Qr—  PULSE
INTEGRATOR ? ’__ QUTPUT
52
X10 p v
VREF
500kHz
CLOCK
5q INPUT
V.Q
— 1/0 LINES FROM uC.
Sy
FIGURE 5-6. Simplified A/D Schematic.
cycle (2 microseconds) and then turned off. The Isg is shut off and the counting 1is stopped.
earliest it can be turned on again is one clock The amount of charge delivered by Igg in one
cycle later. Each time Ipgg is turned on, a microsecond (1MHz period) is equal to 1/256 of the
counter is incremented by an inverted V-F PULSE charge delivered by Igg in twe microsecends.
trom Qp. It can be seen that the flip flops The microcomputer multiplfes the CB counts by 256
divide the c¢lock frequency by two, limiting the and adds the S$ counts to it to obtain the com-
maximum number of charge balance integrations and posite count (<6.4 million maximum).
output counts to ane half of the clock freguency.
And, since 50,000 clock cycles occur in the precise TABLE 5-%
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, Turn On of Integrator.
5-18. At the end of the charge balance phase, the
output of the integrator is resting at some posi-
tive voltage. The single-slope comparator output is JEET Delays (msecs)
also positive and it will not switch until the in- SWITCH _ DCY ACY Q
tegrator output crosses zero. The comparater output
is ANDed with a one millisecond pulse in the digi- 51 30 30 100
tal section to produce SINGLE SLOPE EMARBLE. This 52 1 1 1
allows Isg to flow into the integrator. A 1MHz 33 1 1 100
clock is counted from the time SINGLE SLOPE ENABLE 54 X 1 i

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

b-6
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FIGURE 5-7.

5-19. DIGITAL CONTROL and DISPLAY CIRCUITS.
5-20. A functional block diagram of the digital
control and display circuitry is given in Figure

5-8. This diagram alsc shows locatien of the
cuits by printed circuit board.

5-21.
5-22. The microcomputer and its associated 1
circuitry provide timing and control of both
display and the A/D converter. Additional funct
provided hy the wmicrocomputer include the

function and digital filtering, The Null func
is described in Paragraph 2-15 and
filtering is described Yater in this section, C
prescaling, and recovery from a transient or
program are additional functions provided by
Togic circuitry.

5-23.
system that

Microcomputer.

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

5-24,

5.25., Looking at the A/D Controls Lines on Figure
5-8, a logic "0" on PA7 indicates that the NULL
function is selected and a 1logic "1" on PB7
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 heen digitized.

A/D Converter Control.

5-26. Refer to Figure 5-8 and the timing diagram in
Figure 5-9 for the following
Charge-Balance phase begins with the MASTER RESET
line pulsing low, clearing U309A and B fTip flops.
As described in the A/D converter discussion, the
appropriate signal te its input amplifiers is then
enabled by 51, S2, S3 or 54 gaing 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 (

Charge Balance Timing.

discussion, A

cutput of U309A low,
the integrator of the
250 interrupts from
the "D"

disabling the input

input to U3CPA to a
edge of the clock sets

enabling the input signal to
AfD. The processor now counts
he 25kHz clock, and then sets
"0", The next rising
INPUT DISABLE high again,
o the integrater, and ending

the exact 100 millise¢ond integraticn period.

5-27.

PULSES are fed into

counter overflows (aflter 256 counts) an
the

is generated which

internal reqister, T
the 8 most significant
5-28. At the end of
bits of data are left

During the integration

period above, V-F
counter U307. Each time the
interrupt
processor ceunts in an
ese interrupt counts hecome
bits of the result,
the charge-batance phase, 8
on counter U307, This data is

obtained by pulsing the MASTER RESET line into the

counter, and waiting
The number left on t
minus the the number
data becomes
result.

5-29. At the completi
Single-Slope phase 19

the migdle

for the counter to overflow.
he ¢ounter is equal toc 256
of MASTER RESET pulses. This
8 bhits of the 24 bit

n of remainder coumting, the
begurn by the SINGLE SLOPE

5-9
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FIGURE 5-10.

START/STOP signal going high, setting the "D" input
of U3098 te a "1". On the next rising edge of the
IMHz clock, the SINGLE SLOPE BEGIN signal from Q of
U3098 goes high, and is ANDed with the COMPARATOR
OUTPUT signal to enable single-slope counting. The
IMHz clock is now fed to U307, and counted similar
to the charge balance phase. The single-slope
phase ends when COMPARATOR OUTPUT goes low, and
gates off the IMHz 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 tc generate the 24 bit
(22 bit maximum} result. Timing for the single-
slope phase is shown in Figure 5-10.

5-30. Display.

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
the possible location of the decimal points, bdut
thay are controlled by the range switching which is
not shown,

5-32, Display information is fed out on lines PAJ
threugh PAG of the PIA 1/0 bus. It is updated at a
2.5kHz rate, with cach digit on for approximately
400 micraseconds. Since the display is fully multi-
plexed, & 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.
An update begins by blanking the display and disab-

5-10

/

Single Slope Timing.

Wusec
LATCH l' ;l
EMABLE _L[
[ L 20usec
LANK ING 3
[NPU

L ¥

wagser 777777

VALID DIGIT EEZZEEEEZI E;zzzz;zzazz;zz;;
DATA L

NEW DIGIT DATA

BEGIN DISPLAY O PTA BUS

UPDATE

LATCH NEW
SEGMENT DATA
IN Y202

FIGURE 5-11. Display Timing.
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1ing 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 inte U202 when PA4 and PAS return low
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.
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 2.5kllz

Reset and Transient Recovery Circuit.

Reset and Transient Recovery Circuit Ti

clock and LATCH ENABLEL

by U308 and LATCH ENAR
normal operation, LAT
rfcroseconds every 40(
as described in the M
ENABLE s Tow, the v
rises exponentially.

high, and while Vc is
AMD gate, a clear pul
normally U308 accumul
cleared. A transient
pulses or a lost progn
arce at all, If no g
seconds, 128 counts
accumulate in Y308 ar
This high is NANDed
microprocessor and PIA
is forced Tow and Vc b
U308 continues to cour
it overflows after 25
low. This removes the
processor to return td

ming.

The 2.5kHz clock s counted
LE is used to clear U308, In
'H ENABLE pulses low for 10
microseconds ({2.5kHz rate),
splay discussion. While LATCH
ftage on the capacitor (Vc}
When | ATCH ENABLL returns
ahove the threshold of the
e is applied to U308,
htes one count and 1is then
can mask the LATCH [NABLE
am can prevent their appear-
ulses appear for 51 milli-
from the 2.5kHz clock will
d its output will go high.
with +5 volts to clear the
. Ceincidently, LATCH ENABLE
pGins to rise to its maximum.
t the 2,5kHz clock and when
b_counts, its ouput returns
RESET and allows the micro-
the preoper location in the

Thus,

control program. Th
process.

s completes the recovery
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5-36. Digital Filtering.

5-37. When the 200mV or 200 Chm range is selected,
a logic "0" is applied to PB7 of the PIA, which
tells the microprocessor to filter by averaging the
Tast 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 previcus diplay. If the new conversion is nore
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 cther ranges, the
microprocessor uses a threshold of +5 digits and
averages the last 4 readings. Thus, smaller signal
changes are responded to, while randam 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 Tower right corner of Figure 5-8, and
the complete circuits are shown on page 2 of
Schematic 30162D, Basically, the 4MHz crystal
control oscillator is a Pierce type oscillator. Its
4MHz outpet is fed direct to the clock divider
(U105}, and it is buffered by a CMOS inverter
before application toe the micreprocessor (U302).
U10% provides three cutputs by dividing 4MHz by 4,
8 and 16, Its outputs are buffered by CMOS
inverters to provide zero to +4 volt square waves.
The IMHz output is used for Single-Slope counting,
500kHz is  used in the A/D converter for
Charge-8alance 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 rust have a high input
impedance and be linear to within a few parts per
million over the + 2 volt operating range. To mect
this ¢ritera, 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 locks at ecach input
with either x10 or x1 gain. [ts input signals are
multiplexed by switches S1 through 54 under the
control of the microcemputer. One of the first
probiems 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-
aver, necessary to drive the gate of the appropri-
ate JFET with the input signal wvoltage to turn it
on. This was accomplished with a bootstrap ampli-
fier (BSA) connected to the inverting terminal of
the input huffer (see Figure 5-13). When switch §
is opencd, the gate of Q rises to the output of BSA
which equals the input voltage (¥yy). This
turns G on, which means that Yy = V¢ = Vg.
Hote that this technique works regardless of input
buffer gain.
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O+

Ql1o
Input
Amp VRIGT
Vin + Vo _
p11e
~ oK VR1G6
v 118
BSA f
1k :
Veom 4 O -V

FIGURE 5-14. Power Supply Common Bootstrapped to Input qo]tage.

5-44. As previously mentioned, the A/D converter
was designed for linearity. This means that the
input buffer must be jinear 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 dB CMRR, and since CM
nen-1linearity would typically be a factor of 10 or
better, one could expect 10 ppm non-linecarity from
CM effects. Since this would be far toc much
error, it was required that the common mode errors
be reduced. Common mode errors can be avercome
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 - Voo
(power supply commen). Thus, it can be seen that if
Viy - Veom could be made equal to zero,
common mode errors would be zero because Vpy =
0. To achieve this, it was necessary to bootstrap

the power supply common for the input ampiifier at
the input voltage. This was accomplished by addyng
2 zeners, 2 transistbrs, and a few resistors. The
power supply common Hs seen to be the junction of
YR105 and VR106 {the output of BSAY, which 1s equal
to Ve Thus, o Vew 7 Vi - Veopss
0, and the commen mpde error is eliminated. Yote
that this technique% aiso raises input imnpedance
because: :

LN = sV

Al

And, since there isino bias change on the input
FETs of the inpuﬂ amplifier, liya U and
Zin==. With the cbmman mode error eliminated,
the onlty gain error ﬁs open loop gain nonlinearity
divided by Tlcop gain} For c¢losed loop unity 4ain,
non-linearity is 0.5§pun since open loop gain non-
linearity is 10% and open loop gain is 200,000,
For x10 gain, nonlinefrity is S ppm.
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Transconductance Amplifier.

This amplifier performs two functions.
converts the

QuTPUT

LOFF <+-

L0
Lo = loff - lin
-V
loff s made . Vi Max.
Rin
Thus when Vin = Vip max, Ig~g  (pes. full scale)
Vin =0, Iy =lofs (zero)
Vin max

Vin = -Vip max. o= Ioff + -llk?;-ﬁ*t Loff (minus f.s.)

FIGURE 5-15. Transconductance Amplifier Operation.

It Figure 5-16. If a wvoltage step appears

input voltage to an output current

MODEL 191 DMM

can be seen by Tooking at the integrator model

the amplifier will not respond immediately,

that is sent to the integrator on request. [t also
provides an offset current so that its bipolar
input wvoltages are converted to unipolar output
currents. Because of the current mode of
operation, its lincarity is excellent, Figure 5-15
shows how the circuit operates.

5-47. Integrator.

5-48. The inteyrator has been designed to guard
against the most common problems associated with
high speed integrater 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

will initially be a short circuit. As shown in the
equation, the effect is that the wrong current will
be applied to the capacitor until the amplifier re-
covers. It can also be seen that if a bipolar input
amplifier was used for the integrator, charge could
he conducted away from the capacitor and cause
significant eorrors. 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-
ion, and all inputs to the integrator are current
sources. Also, FET input operational amplifier 1is
used, which would allow a few volts to appear on
the summing junctien with no lgss in charge.
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Rin

V'ino_ w

For step voltage inputs:

FIGURE 5-16. Integrator Problems at High Speed,

2.74k
REFERENCE Vv
DIVIDER
. +
U102
49.5¢ Y e - da
+2V [_____,,_,_____' .
| | |
1 | =
+.2V 18k | Z S |
I J 13.7k
2k ulo1l
Ry

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 linearity and low noise. This
means that stability and accuracy must be provided
by the reference. The heart of the reference cir-
cuit is a bhuried layer zener diode, with an on-
board heater, which was selected because of its
stability, low noise, low temperature coefficient
and low dynamic resistance. It is driven by a con-
stant current {nominally 1mA} developed by ampli-
fier Ul02. Since the zener current is well requ-
lated, it s 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
nanovoits. 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, line 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 VR1C1 and VRIGZ, respect-
ively. These are 3-terminal regulators with + 10%
accuracy. They receive approximately +18 and -18
volts dc from T101 and CR1CQZ when the minimum
selected 1ine voltage is supplied to the instru-
ment. Input voltages are filtered by Cl11 and Cl14
and input currents are limited by R158 and R159.
Qutput voltages are filtered by Cl10 and CIl13.
YR104 provides the +5 volts used in the analog
(ANLG) circuitry. It is a 3-terminal regulator with
+ 5% accuracy. lts input voltage is supplied from
Ti10l and CR1Q1, and 1is approximately &8 volts
{+0.,5Y) with minimum selected line voltage applied.
ITnput filtering is provided by C115, and output
filtering by Cl16. Q126 and Q127 comprise a series
requlator 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 (+0.5Y) from T101 and CR103
when minmum selected line voltage is applied. Input
filtering is provided by €109, 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
velts, with the resistors matched accordingly.

5-53. MODEL 1910 AC VOLTAGE OPTION.

5-54. The Model 1910 is basically a plug-in ac/dc
canverter 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
rmsiy = -1 Vdegyr. For ac input volt-
ages above 2 volts, the feedback resistance

{R¢) is  reduced (by selection of a higner
range) to keep the output always Tless 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 RA04-R406
and capacitors CA01-C405.

5-65, In actual circuit operation (as shown 1in
schematic 299600, 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.c.,
1 Yac rmspy = -1 VdcgyT). 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
panal range pushbuttons via the range select lines,
as shown on sheet 1 of schematic 30162D. See Table
-2 for gain chart of the ac voltage ranges.

Table 5-2
Gain Chart for AC Voltage
U401 FDBK Energized
Range Attenuation Resistance (Re)* Relays
2V + 1 469 ko Naone
20V + 10 49.7 ko K403
200V + 100 4.7 ko K402
1000V + 1000 250.2 @ K402 ,401

*See Figure 5-18.
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R
IN R4 05 R406 ouT
c415 !
403 €401 C405%
Re T
N
*499%q
Basic Transfer Function:
—{) AUTO ZERO
VO, _ Vipms 3 RE+ 1
de= ™ Ry \Rz 404 €403

*See Table 5-2 for feedback resistance (Rf) versus range.

FIGURE 5-18. Simplified Schematic of Model 191(
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SECTION 6.

6-1. GENERAL

6-2. This section contains information necessary
to maintain the Model 191 DMM and the Model 1810
AC Volts Option.  Adjustment/calibration, trou-
bleshooting, and fuse replacement procedures are
provided. Calibration should be performed yearly
{every 12 months) or whenever performance verifi-
cation (see Section 3) indicates that the Model
191 is out of specifications. If any step in the
calibration procedure cannat be performed prop-
erly, refer to troubleshooting information in
this section or contact your Keithley represent-
ative or the factory.

NOTE
Calibration should be performed by quali-
fied personnel using accurate and reliable
equipment

6-3. RECOMMENDED TEST EQUIPMENT.

6-4. Recommended test equipment for calibration
is listed in Table 6-1, Alternate test equipment
may be used. However, the accuracy of the alter-
nate test equipment must be at least 3 times
better than the Model 191 specifications, or
equal to Table 6-1 specifications.

6-5. ENVIRONMENTAL CONDITIONS.

6-6. Caltibration should be performed under

MAINTENANCE

MAINTENANCE

laboratory conditidns having an ambient temper-
ature of 23 +1°C, apd a retative humidity of less
than 70%. [f the instrument has been subjected ta
temperatures outsidé of this range, or to higher
humidity, allow oneihour minimun for the instrunent
to stabilize at the specified enviranmental
conditions before | beginning the calibration
procedure. :

6-7. CALIBRATION PROCEDURE.

6-8. Perform the &ollowing procedures and make
the adjustments indicated to calibrate the Model
191 OMM. :

6-9. Installation of the Model 1913 calibration
cover., :

6-10. Calibration lshould be performed using the

Model 1913 ca\ibratﬁon cover. This cover permits

access to the Model;lQl adjustments, while allow-

ing the instrument {o reach normal internal oper-

ating temperature, ; Ingtall the cover as

follows: ‘Eii‘
™ WARNING

Disconnectithe line cord befgre removing
the cover. To discharge voltage on
capacitors, depress the OFF/ON push-
buttaon afﬁer disconnecting the tline
cord. :

[teml Description

A | DC Calibrator

8 | AC Calibrator

G ] High Voltage Amplifier
(Used with Model 745A)

D | Decade Resistor
E | Kelvin-Yarley Voltage

Divider{Used with Model
343A)

TABLE 6-1. i
Recommended Test Equipment For Calibration. .
Specificatian Mfe..  Model
19v,190v, 1000V Fluké 3434
+0.002% or 20nV 1
0.1v, 1V, 10V, 190V WP, 7458
+0,022% g
1000 H-P 1 746A
+0.04% ;
1900, 1.9a  190Ka EST | RS725
Certified to 50 ppm
19V, 1.9v Fluke 7204
With 2 ppm _
Terminal Linearity

6-1
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a. Turn off power and disconnect the line 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 tegether to
prevent their separation and turn the DMM over to
normal positien.

4. 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  CFF/ON
pushbutton to ON position. Allow a one hour warm-up
time before beginning the calibration adjustments.

6-13. Calipbration 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 5-Z and perform the listed ad-
justments in the sequence indicated. MNote that
the step sequence is also indicated on the Model
1913 Calibration cover by box numerals. The
seguence must be follewed 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. Follewing calibration, to insure that all
functions and ranges are operating properly, uti-
lize the Performance WYerification procedure in
Section 3.

c. If calibration cannot be accomplished or the
Performance Verification procedure indicates a
probiem, proceed to Troubleshcoting 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-
jye circuit or subcircuit. Isoliation of the specif-
ic defective component has been left to the tech-
nician,
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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, centact  your
kKeithley representative or the factory before
attempting troubleshooting or repair, other
than fuse replacement.

6-16. TROUBLESHOOTING PROCEDURE.

6-17. This section contains tables listing 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 troubleshcoling
the instrument,
6-18. It may be necessary to remove the shields on
the mother bheoard and the Model 1910 AL 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
cannector,

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

Refer to Section 3-13 to check AL Valtage
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 tc remove/
replace shields an molher baoard and Model! 1910 AL

Voltage Option.
\ WARNING

Nisconnect the 1ine cord before removing the
case cover,

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

b. Remove mother board shield by carefully 1ifting
shield from the retaining clips. To reinstall,
position shield on the four retaining c¢clips so
that the small bent tab on side of shield s
positioned against the grounded retaining c¢lip
{See Figure 6-2). This tab prevents the shield
from moving too far towards the rear of the mother
board. Press firmily an top of shield toc engage
fully into retaining clips.
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D Kelvin -
i Varley T ] T )
Calibrator ouT Voltage LOW . M{]BSEL
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= (E) _]_
SET TO SET 70
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STEP 4b,
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STEP 5,

FIGURE 6-1. Test Circuit For 200mVDC And 2VDC Ca1ibr#ti0n.

c. To gain access to shields on the Model 1910 AC
Yoltage 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 bgard by its edges. Re-
verse the procedure to reinstall the Model 1910,
The wiring instructions for the Model 1910 are
located on the mether board shield,

6-21. Special Handling of Static Sensitive
Devices.

6-22. CMOS devices are designed to function at very
high impedance levels for low 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 1ist 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:

¥eithley Reference

Part Number Designation
LSI-8 U303
LSI-18 U302z
1C-168 U202

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

¢. Remove the devices from their protective con-
tainers only at a properly gounded work bench or
tabte, and only afte} grounding yourself by using
a wrist strap. ;

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

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

f. Use only anti-stdtic type soldar suckers.

g. Use only grounded tip soldering irons.

h. After soldering fhe device into the board,

or properly inserting it into the mating
recepiaclie, the devide is adequately protected and
normal handling can He 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.  Probloms with| ac woltage 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 2 2000 Dial "0" Ohms,

depress NULL 00.000 Decade Resistor (D)
1b & 2000 190 R122 160,000 Decade Resistor
2a Q K6 Dial "0" Ohms,

reset NULL .00000 Decade Resistor
20 4] 2K 1.9kn R123 1.90000 Necade Resistor
3 § 200Ka Release MULL, 190.000 Decade Resistor

180K R124
da pC oy 200 my Disconnect DC 00.000 See Fiqure 6-1

Calibrator,
Short Input
depress NULL

4b Dc v 200 my +190 my R125 190,000 See Migure 6-1

5 ne v 2y Release NULL, 1.90000 See Figure 6-1
+1.9 V¥ 126

5 o v 200 v +190 V R132 190.000 NC Calibrator (A}

7 pDe v 200 +19y R131 19,0000 NC Calibrator

8 bC v 1000 v +1000 Vv 130 1000.00 DC Calibrator

9 AC ¥ 1600 ¥ 1000V at lk Hz R401 1000.00 AC Calibrator (1)

and High Voltage
Amplifier (C)

10 AV 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 ¥ 200 v 100V at 1k Hz R409 100.000 AC Calibrator
13 AC vV 200 V 100V at 50kHz ca1? 100.000 AC Calibrator
14 AC ¥ 2V 1v at 50 kHz G411 1.060000 AC Calibrator
15 AC ¥ 20 ¥ 10V at 50kHz c408 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.
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FIGURE 6-2. Model 191 (Shield Removed)

6-5



6-6

MAINTENANCE

FIGURE 6-3.

GGG
STt

R409
R410
R411
C408
g - %
o o
! ¥ ¢
54008
C411
C412

Model 1910 AC Voltage Option (Shields Removed)
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6-29. DC Attenuator and Ohms Source and Resistors.
6-32. Problems with dc voltage or resistance ranges
may 1involve these signal conditioning circuits.

Check these c¢ircuits per Tables 6-7 and 6-8.
NOTE

6-34,

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.

TABLE 6-3.
Line Power Checks.

MATNTENANCE

1f a gross fdilure exists that 1ndicates a

possible blown fuse Q11ne power} refer to Paragraph
6-35 for fuse replaceent instructions.

\ WARNING
procedulres in

Scme | the following tables
require the use of high veltage., Take care
to prevent cdntact with live circuits which
could cause electrical
injury or death, Tne mother board shield is
at INPUT LO Potential. An  input wvoltage
floating nigh enough wil! create a shock
hazard between the shield and earth ground.

shock resulting an

5 +5Y pad*, Analog
6 VR104, IN.

7 +b5V pad*, Digital
8 Emitter of Q126

g +15V pad*

10 VR101 IN.

11 -15 pad*

12 VR102 TIN.

STEP ITEM/COMPONENT REQUIRED CONDITION REMARK S
1 5102 line Switch [Must be set to 115V or 230V
as appropriate.**
2 F101 Tine fuse Continuity
3 P1014 Tine cord Plugged into lTive receptacle
4 Turn on power

+5 volts, #5%

+7.4 volts mininum

+5 volts, 5%

+6 volts minimum

+15 volts, *10%

+17.9 valts minimum

-15 volts, =10%

-17.9 volts minimum

Outéut of VR104
Inpyt to VK104
Coliector of Q126
Unragu!ated input
Othut of YR101
Inpjt to VR101
Out@ut of VR102
IanE to VR1iO02

NUTE& Hot regulator

_may indicate shorted
load.

* On main printed circuit board (see Figure 6-2}.
**%On optional line voltage units set to 116V,
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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
nere could fail
because of Digital
Board problems and
vice versa.
7 Display 000.00 2 Digits
3* Uyiod,pin 10 0 to +4 volt square wave 4 MHz ¢lock (Pl0O5,
at 4 MHz pin 2).
a4* Ul04,pin 8 0 to +4 volt square wave 1 MHz Clock (P1005,
at 1 MHz. pin 7).
5% U104,pin 12 0 to +4 volt square wave 250 kHz clock (P100S
at 250 kHz pin 3).
6 Jio6,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 H0OkHz
8 R138 +2 volits for 100 milliseconds, | Input Buffer cutput
0 volts for 400 milliseconds
g Ull3,pin 2 -2.5 volts, £7% ( 175mVolts) Transconductance Amp
bias.
10 Ull4d,pin 2 +5 volts, +7% { 350mvolts) Charge Dispenser
bias
11 ci12 0 volts #15 millivolts Integrator input
12 c1i2 See waveform per Figure 5-7 Integrator output
13 Select 2 V DC Range
14 External voltage | Apply +1.90000 volts Calibrated point
source
15 Display 1.90000 10 digits If different, check
2 volt reference
(pin 7, 200mv
switch).
16 Select 200mv UC range
17 External voltage | Apply .000000 volts Calibrated point
source
18 Depress NULL
19 Display 00.000 1 digit Input offset nulled
20 External valtage | 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
N performed.

6-8
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TABLE 6-5.
Display.

STEP ITEM/COMPONENT

REQUIRED CONDITION

REMARK S

2 +5V Digital Pad*
or £1002, pin 4

3 y201, pin 1,2,6,
7,9 and 13

4 yz20z, pin 9,10,
11,12,13,14 and
15

5 uz202, pin 4 and 5

b J1002, pins 2,5,7
and 8

Turn on power. Select 1000
V DC range.

+5 volts 5%

Digit drive. Low=enabled

Hl=enahled

Negative - going pulse {+5V
to 0V) occurring every 400 sec.
(2.5kHzZ) .

Appropriate DP line
nigh {on}.

[f low,icheck per
Table 643.

LED cathade

7 Segment outputs

Depress | RANGE
pushbuttons to
checkal1 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/COMPOKENT REQUIRED CONDITION REMARKS
i 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
(>10%).
Output resistance is
300 ko
) Pin 12, ACV Same as step 4, plus reading ACY Auto zero.
switch at step 3.
6 External voltage | Apply 1.00000 volts rms Calibration peint.
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 lkHz
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. (fontinued)
AC Converter. {Model 1910)

MAINTENANCE

STEPS

ITEM/COMPONENT

REQUIRED CONDITION

I
REMARKS

15

16

17

18

19

20

21

22

23

24

External voltage
source

Display

Pin 2, U401

R405, CR401

R402, R406
Q404, base

0403, emitter

(401, 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 191¢ in Madel

191, Select 2VAC range and
short INPUT. Turn on power.

0 volts £10 miilivoits.

0 volts £10 millivolts

0 volts 210 millivelts
-7.5 volts +10%

+5.7 volts +10%

-3.6 volts +10%

Calibratfon point

NOTE: wiith shields
removed,] display
will be poisy and
read manf miliivolts
of AC pigkup. Dis-
play will also
change wfith operator
mevement |

Summing Junction,
AC amplifier.

nc outpui before
filter.

Feedhack icircuit
Base voltage

5 milliapp current
source.

Bias for; C404
protectifn circuit.

NOTE: Model 1910 must be re-
calibrated if step 18 was per-
farmed,

6-11
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6-12

TABLE 6-7.
DC Attenuator.

MODEL 191 DMM

STEP ITEM/COMPONENT REQUIRED CONDITION REMARKS
1 Turn on power, Select NOTE: These checks
200V DC range. should not be made

if a problem exists
on the 200my DC or
2VDC ranges.

2 External voltage | Apply +190.000 volts Calibration point

3 Display 190.00 =10 digits 100:1 Attenuator
{R129A,8,C,D, R124
wiper}.

4 Select 20V DC range

5 External voltage | Apply +19.0000 volts Calibration point.

sgurce

6 Display 19.0000 +10 digits 10:1 Attenuator
(R129A,8,C,D, R131
wiper).

7 Select 1000 VDC range

8 External voltage | Apply +1000.00 volts Calibration point.

source
9 Display 1000.00 +5 digits 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 shart NOTE: iDe not per-
INPUT with 18 gage (or lower) form uhless A/D con-
copper wire., (tin plated 0K}, verteriand DC
attenuptor tests are
completed.
? Display Less than 00,010 Two wipe offset, in-
c¢luding thermals,
3 Pin 5, ACY -0.4 voits 9% Ohms reference
switch voltagp
4 Pin 3, U183 -0.4 volts 7% Ohms reference
dividef.
5 Select 2Ka range
6 Display .00000 £2 digits
7 Pin 5, ACV -4 volts 7% Ohms reference
voltage.
8 Pin 3, U103 -4 volits 7% Ohms reference
dividef.
9 1.00000 k@ Apply to input Calibriated
{4-wire connection) resistance
10 Display 1.00000 +£10 digits Range resistors :
k107, R109., Ql0% and
0106 are protection
transistors.
i1 Pin 5, ACY -4 volts 7% Ohms reference
voltage.
12 INPUT HI -2 volts 7% {half of step 11)| Voltade across un-
known,
13 10.0000k @ Apply to INPUT and select Calibrated
20kQ range resistlance
14 Display 10.0000 +10 digits Range iresistors:
R107, R109, R1290,
R130.
15 Repeat Steps 11 and 12
16 | 100.000kR Apply to INPUT and Calibrated
resistor select 200kq range. resisfance

MAINTENANCE
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6-14

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

MODEL 191 DMM

STEP ITEM/COMPONENT REQUIRED CONDITICN REMARKS
17 Display 100.000 +10 digits Range resistors:
R107, R109, R1290.
R130, R129C, R124.
18 Repeat Steps 11 and 12 Use meter with high
input impedance
(210%).
19 1.0000M 2 Apply to INPUT and select Calibrated
resistor 2000ke 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 20M@ range resistance.
23 Display 10.0000 100 digits Range resistors:
R1G7, R109, R129D,
R130, Ri29C, R124,
R129B, R131, R132,
R129A, R119.
24 Repeat Step 18
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TABLE 6-9
Digital Baard

STEP ITEM/COMPONEMNT REQUIRED CONDITION REMARKSS

1 Turn on power. Select WOTE: Some tests

1000 YAC ramge* here could fail be-
cause of 1A/D Con-
verter problems and
vice verga,

P4 U302 ,** 0 to +4 volt square wave 4 MHz clock.
at 4 MHz

3 U302, pin 37 0 to +4 volt square wave 1 MHz cldck.
at 1 MHz

4 4309, pinll 0 to +4 volit square wave 1 MHz clack.,
at 1 Mz

5 U308, pind 0 to +4 volt square wave 260 kHz dlock.
at 250 kHz

6 308, pin 13 0 to +4 volt square wave 2.5 kHz dlock.
at 2.5 kHz

7 u302, pin 40 +5 volts +5% Reset lide.

8 J1004, pin 4 Negative going pulse Latch enable for
(+5Y to QV) occurring Display Board.
every 400 psec.

9 J1004, pin 9 Negative goim pulse Blanking [input for
(+5V to 0V) occurring Display Bpard
avery 400 usec,

10 JLon4, pin 8 Rectangular wave, +5Y for S1 lime fpr input
140 to 170 msec amd OV signal mufl tiplex.
for 370 to 400 msec.

11 J1004, pin? Rectamgular wave, +5V for SZ2 Tipe fpr input
130 to 150 msec ard OV for signal muf tiplex,
390 to 420 msec

12 J1004, pin 6 Rectangular wive, +5V for $3 line fpr input
110 to 140 msec ard OV for signal nufl tiplex.
00 to 430 msec.

13 J1004, pin 5 Rectanqular wave, +5V for S4 Tine fpr input

110 to 140 msec ard QV for
420 to 450 msec,

signal mul tiplex.

* 1f Model 1910 AC Cption is not instalied, display

** pin 38 for Revision A amd B Digital Board,

Pin 39 for Revision £ amd above Digital Board.

should read—1LEE.Ef.

MAINTENANCE
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6-35. LINE POWER FUSE (F101) REPLACEMENT.

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

To replace fuse, proceed as follows:

\ WARNING

Disconnect the line cord before removing the
case cover.

Turn off power and disconnect the Yine cord.

a.

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

c. Hold the top and bottom covers together fo pre-
vent their separation and turn the DMM over to nor-
mal positian.

d, Lift off the top cover.

6-16

MODEL 191 DMM

Ziék CAUTTON

Do rot install fuse with higher rating than
specified. Instrument damage may occur.

e. F101 1is now accessible without removing any
other componentis.

f. Remove F10l, shown in Figure 6-2, and replace
per Table 6-10.

TABLE 6-10.

Fuse Replacement.
LINE FUSE KEITHLEY
VOLTAGE F101 PART NO.

90-110y* | 1/4A,250V,3AG Fu-17
105-125Y | 1/4A,250V,3AG FU-17
210-250v | 1/8A,250V,3AG FU-20

* Optiocnal line voltage range,

g. Replace the top cover,
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SECTION 7.

7-1. GENERAL.

7-2. 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 Tist
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
representative or the factory. See the inside front
cover for addresses. When gordering, include the
following information:

Instrument Model Number.

Instrument Serial Number.

Part Description

Circuit Designation (if applicable).

Keithley Part Number.

7-5. FACTORY SERVICE.

7-6. If the instrument is to be returned to the
factory for service, please complete the Service
Form wnich follows this section, and return it with
the instrument,

o o to io

TABLE 7-1

REPLACEABLE PARTS

REPLACEABLE PARTS.

7-7. SCHEMATICS.
7-8. The Model 191 schematic (301620} is comprised
of four pages: L
a. Page 1 of 301640 - Signal Conditioning, Pg.
/-19. :
b. Page 2 of 301620 - A/D Converter, Pq. 7-20,
c. Page 3 of 301620 - Digital and Display, Pg.
7-21.
d. Page 4 of 301620 - Power Supply, Pg. 7-22.

7-9. Model 1910 AC Vogltage Option (AC Converter)
Schematic Ne. 299600, Plg. 7-27.

7-10. COMPONENT LAYOUTS.
7-11. Model 191 Mothler Board, PC-489, Component
Layout No. 296750, Pgs, 7-23, 24,

7-12.  Model 191 Display Board, PC-486, Component
Layout No. 29667C, Pg. ¥-25.

7-13. Model 191 Digitlal Board, PC 490, Component
Layout No, 29579, Pyq. |-26.

7-14. Model 1910 AC Voltage Option, PL-496,
Component Layout No. 299455C, Pg. 7-28.

7-15. MODEL 1919 SPARE IPARTS KIT.

7-l6. A spare parts kit is available that contains
a complement of spare parts that can maintain up to
five Model 191/1910's fgr approximately one year, A
list of the spare parts is given in Table 7-2.

Cross Reference of Manufacturers

FED . :
MFG. SUPPLY MEG. _ ; P!
CODE MAME AMD ADDRESS CODE CODE FIAHE AHD ADDRT SS cony
A-B Allen-Bradley Corp. BRN gourns, Inc. }
Milwaukee, HI 53204 01121 Riverside,CA 925@7 20294
A-D Analog Devices, Inc. C-D Cornel1-Dubilier E
Horwood, MA 02026 24355 Newark, MJ 071011 14655
i
A-P A-P Products C-Y Continental-Wirt fiectronic Corp.
Painsville, O Warminster, PA 18974 79727
ACT American Conponents, Inc. CAD Caddock
Conshohochen, PA 19428 14298 Riverside, CA 62407 19647
AMI American Microsystems, Inc. CLE Centralab Division
Santa Clara, CA 95051 3147 Milwaukee, I 53200 71580
AMP Amphenol coT Coto-Coil Co., Ing.
Broadview, IL 60153 02660 Providence, RI 71707
BRG Berg Electronic, Inc. DTH Dielettron {Consclidated)
NC New York City, HY | 10013

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

FED . FED
MFG. SUPPLY MFG. SUPPLY
CODE NAME AND ADDESS CODE CODE NAME AND ADDESS CODE
ECT Electro Cube, Inc. MOT Motorola Semi Products, Inc.
San Gabriel, CA 91776 14752 Phoenix, AZ 85008 04713
£ry E. £. Johnson Co. MNAT Maticnal Semi. Corp.
Waseca, MN 56093 74970 Santa Clara, CA 95051 27014
Ry Erie Technological Products NCG Nytrqnics Components Group, Inc.
Erie, PA 16512 72982 Darlington, SC 29532 83125
F-l Fairchild Instrument Corp. NIC fichicon Corp
Mountain View, CA 94043 07263 Chicago, IL 60645
G-1 seneral Instrument Corp. PRP Precision Resistive Products
I‘Iewar'k, MJ 07104 72699 Mediapo]is, TA 53237
; SIE Siemens Corp.
HHS H.o H. Smith
Brooklyn, NY 11207 83330 Iselin, HJ 08820 25088
; SPG Sprague Electric Co.
INT Intersil, Inc. . .
Cupertino, CA 95014 32292 Visalia, CA 93278 14659
. i STD Standard Condensor
K-1 Keithley Instruments, Inc. A
Cleveland, Ohio 44139 80164 Chicago, 1L 97419
L-F Littlefuse, Inc. T-1 Texas Instruments, Inc.
Des Plaines, IL 60016 75915 Dallas, TX 75231 01295
MEP Mepco, Inc. uece United Chemi-Con, Inc.
Morristown, NJ 80031 Rosemont, IL 60018
MOL Molex
Dawners Greve, IL 60515 27264
TABLE 7-2
MODEL 1919 SPARE PARTS KIT
KEITHLEY KETTHLEY
OTyY. PART NO. SCHEMATIC DESIGNATION QTyY. PART MNO. SCHEMATIC DESIGNATION
d bD-16 DS202 thru DS206 1 RL-57 {KaD1***), K402,K403
1 DD-17 ns201 1 TG-47 QL07 thru Q110, QL19, Q404
2 FU-17 F1G1 1 TG-61 Ql17, Qi23, Q402, 0403
1 1C-53 u108,Ulio 1 TG-62 Qi127, Q401
1 1C-93 VR104 1 TG-84 Ql18, Q405, Q128
1 1C-96 YR101 2 TG-128 Q111 thru Ql16, Q120 thru Ql22, (QlOl)
1 1C-152 U401 1 TG-136 Q126
1 1¢-174 YR102 1 TG-137 Q103
1 LSI-8* U303 1 28234 Ql02, Q105, Ql06, Q124, Qlé5
1 L SI-18* u3oz 1 30163 U113, (U192, U103, U109, UIll, UL14)**
2 RF-28 CR401 thru CR408 1 30167 i1z

* Anti-Static protection and handling required.
** Better Replacement Part.
*** Cut off extra pin to use.

7-2



MODEL 191 DMM | REPLACEABLE PARTS

REPLACEABLE PARTS LIST
CAPACITORS (C)
"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 Ho.

c1o0i .1uF ,16Y0C, 2/05 5/B2 CLB UK16 (-238-.1
CerD 104

c102 .1ufF L16Y0C, 2/E5 6/82 CLB UK16 £-238-.1
CerD 104

C103 68pF ,1000V, 2/b5 7/82 CLB DD-680 C-64-68p
Cerh ;

c104 .lufF,16VDC, 2/E5 8/c2 CLB UKle | (-238-.1
CerD 104

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

C106 L1pF ,16YDC, 2/H5 10/c2 CLB UKle C-238-.1
CerD 104

cLo7 .1ufF ,16V0C, 2/H5 11/C2 CLB UKi6 | £-238-.1
CerD 104 ‘

cio8 L01uF 1200V, 1/¢2 12/E2 STD PYV- C-286-.01
Poly R.01

109 10,000uF ,10V, 4/C4 13783 HIC 10ULA : (-304-10,000
ETT 10000

cl110 10uF 20V, 4/E2 14/83 77 TAPA (-179-10
ETT 10uFK20

cl11 470uF ,50¥, 4/02 15/84 ucc 50VB St (-276-470
ETT 470

c1iz 3600pF ,500VDC, Z2/E3 16/C4 CL8 CPR- C-138-3600p
Poly i 36004

cl13 10uF 20V, 4/E3 17/84 T TAPA C-179-10
ETT 10uFK20

cl114 470uF ,50V, 4/D3 18/84 ucc 50VBSL C-276-470
ETT 470

clis 10Q0uF 10V, 4/D5 19/B4 MIC 1CULA £-304-1000
ETT 1000

Cl16 10uF 20V, 4/E4 20/B4 17T TAPA €-179-10
ETT 10uFK20

€117 J1uF J1BVDC, 2/Ch 21/C4 CLB UK-104 C-238-.1
CerD

€118 L1uF L, 16YDC, 2/Ch 22/C4 CLB UK-104 €-238-.1
CerD
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REPLACEABLE PARTS

7-4

CAPACITORS (C) (coN'T)
“100" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22}
(PC-Board 489 - Pgs, 7-23, 24)

MODEL 191 DMM

PC-Board
Circuit Sch. Pg./ [tem No./ Mfg. Mfyg. Keithley
Desig. Description Location Location Code Desig. Part Mo.
Cl19 8.2pF 50V, 2/ A3 23/04 CLB caoce (-282~8<2p
TubCer RZK
€120 JduF L 16V0E, 1/E2 24/D2 CLB UK-104 C-238-.1
CerD
€121 47pF ,1000V, 2/t6 25/C3 CLB DD-470 C-64-47p
CerD
122 .1uf,16V0C, 1/F3 26/03 CLB UK-104 (-238-.1
CerD
123 150pF ,1000V, 1/G5 27/G2 CLB DD-151 C-64-150p
CerD
"200" Series (Sch. 301620 - 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. 7uFK28
"300" Series (Sch. 301629 - Pgs. 7-19, 20, 21, 22}
(PC-Board 490 - Pg. 7-26)
PC-Board
Circuit Sch. Pg/ Item No./ Mfg. Mfg. Keithley
Desig. Description Lacation Location Code Desig. Part No.
C301 &4 TuF 35V, 3/B6 4/B82 [T TAPA7S C-179-4.7
EAL 4.77K20
€302 6800pF 500V, 3/C6 5/E2 ERT 851-75V0 C-22-6800p
CerD 682M
€303 JuF S18V0C0, 3/F5 6/E2 CLB UK16-104 C-238-.1
CerD
304 L1uf,16VDC, 3/F5 T/E3 CLB UK16-104 C~238-.1
CerD
Model 1910 AC Voltage Option
"400" Series (Sch. 299600 - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. [tem No. Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part Mo.
ca0l .Dopf 50v, F3 5/B2 ECI 62581A C-201-.56
MPF 5640
c4A02 10pF 20V, F4 6/83 ITT TAPA C~179-10
ETT 10uFK20
403 3.3uF 20V, F3 7/83 ITT TAPA £-179-3.3
ETT 3.3uFK20
c404 680uF ,3V, E4 8/83 SPG 195De87 C-297-680
Tant X0003F A2

EF RN

O peildo

Fui

¢

7
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CAPAC
Model 19

"400" Series {Sch. 299600 - Pg., 7-27)

ITORS (C) (CON'T}
10 AC voltage Option

REPLACEABLE PARTS

(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. [tem No. Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part Ho.
c405 .56uF 50V, G3 9/BZ ECI 6Z5B1A C-201-.56
MPF 564
c406 8820pF 63V, D6 10/82 DTN 8820pF , (-299-8820p
Poly 63V,18
cae? 418pF ,500v0C, D5 11/C2 G-1! RDM C-278-418p
Mica 15FD
€408 Adiustable Capacitor | D5 12/C2 ERI 567-013 (-225
.8-18pF
c409 30pF 500V, D4 13/C2 C-D CDI1CER3 C-236-30p
Mica 00403
€410 1.5pF ,50VDC, c4 14/02 ERI 301-0D0Co C-282-1.5p
TubCer HO15ag
c4al11 .25-1.5pF ,2000V, D4 15/D2 EFJ 273-0p.1- C-216
Trimmer 002 !
c412 .25-1,5pF ,2000V, Bl 16/E2 EFJ 273-0P01— (-216 i
Trimmer 062
C413 Jduf,16V0C, Cl 17703 CLB UK—lOi £-238-.1
CerD
c414 10uF ,20V, c2 18/D3 7T TAPA | £-179-10
ETT 10 FKRO
C415 .05ufF ,1000V, B? 19/E2 SPG 41C16 C-298-.05%
CerD 9AR
DIODES (CR)
"100" Series {Sch. 30162D - Pgs. 7-19, 20, 21, 2p)
(PC-Board 489 - Pgs, 7-23, 24) :
PC-Beard
Circuit Sch. Pg/ Item No./ Mfq. Mfg. Keithley
Desiq. Description Location | Location Code Desig Part Mo.
CR101 Rectifier, Silicon 4/ca 29/B2 G-1 W04M RF-46
CR10? Rectifier, Silicon a/c2 30/82 G-1 HO4M ! RF-46
CR1O3 Rectifier 4/C3 31/B3 G-1 KBPO2 RF-36
CR104 Rectifier 1/G5 32/03 MOT 1K40G RF-38
CR10% Diode 4/D3 33/85 F-1 1NA60 RF-41
CR106 Rectifier 4/E3 34/B5 MOT 1N4GOS RF=-38

7-5



REPLACEABLE PARTS

7-4

DIODES (CR) {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./ | 1tem No./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desig. Part Mo.
CR201 Diode,Diffused, 3/E2 5/E2 T-1 1N915 RF-28
Silicon
CR202 iode,Diffused, 3/E2 6/E2 T-1 1N915 RF-28
Silicon
Model 1910 AC Voltage Opticen
"400" Series {Sch. 299600 - Pg, 7-25)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Item No./ Mfqg. Mfqg. Keithley
Desig. Description Location | Location Code Desiqg. Part Mo.
CRAOL Diode,Biffused, F2 24/B3 T-1 1915 RF-28
Silicon
CcR402 Dicde,Diffused, £2 25/B3 T-1 1N915 RF-28
Silicon
CRA0O3 Diode,Diffused, 02 26/B3 T-1 1915 RF-28
Silicon
CR4DA Diode,Diffused, F5 27/B3 T-1 1N915 RF-28
Siticon
CRADS Diode,Diffused, £5 28/B3 T-1 1N915 RF-28
Silicon
CRA0D6 Diode,Diffused, ES 29/B3 T-1 ING15 RF-28
Silicon
CRAD7 Diode,Diffused, B2 30/02 T-1 1N915 RF-28
Silicon
CR408 Diode,Diffused, B2 31/€2 T-1 1N915 RF-28
$ilicon
DISPLAYS (DS)
"200" Series {Sch 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Board 486 - Pg, 7-25)
PC-Roard
Circuit Sch. Pg/ [tem Ne./ Mfg. Mfg. Keithley
Desig. Description Location | Location Code Desiq. Part Mo.
Ds201 Digital Display 3/D2 8/82 F-I FND bD-21
+1 561
Ds202 Digital Display 3/p2 9/C2 F-1 FND Di-20
H60
DS203 Digital Display 3/02 10/c2 F-1 FND pp-20
560
Ds204 Digital Display 3/p2 11/D2 -1 FND po-20
560
psSz205 Digital Display 3/€2 12/D2 F-1 FND 0h-20
560
ns206 Digital Display 3/E2 13/E2 F-1 FND DD-20
560




MODEL 191 DMM REPLACEABLE PARTS

DISPLAYS (DS) (CON'T)
200" Series (Sch. 301620 - 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 Ho.
Ds207 Pilot Light, 3/D2 14/83 H-P 5082- PL-63
LED 4494
FUSES (F)

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

PC-Board
Circuit Sch. Pg./| Ttem Na./ Mfg, Mfyg. Keithley
Desig. Description Location | Location Code Desiy, Part Ho.
F101 Fuse,SLO-BLO, 4/ A5 36/A3 L-F 313. Fu-17
L/4A/2508/3AG 250
F101 Fuse,SLO-BLO, 4/n5 37/A3 L-F 313 | Fu-eo
1/8A/250V/3AG 125 ;

CONNECTORS {J)

"1000" Series (Sch. 30162D - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-23, 24)
PC-Board

Circuit Sch, Pg./| [tem No./ Mfg. Hfq. Keithley

Desig. Description Locatien | Lecation Code Desiq. Part lo.

Jiool Connector,Female, Several 39/F5 A-P 926853- £5-356-4
8 Contacts 04

Ji0o2 Caonnector,Female, Several 40/F2 A-P 9729853- £5-356-4
8 Centacts 04

J1003 Connector, 2 pins, 4/Several MOL 2139-3 (5-287-3
For line cord

J1004 Connector,Female, Several 42/D5 A-P 929853- £5-356-6
1?2 Contacts 06

J1005 Connector,Female, Several 43/BS A-P §29853- £5-356-6
12 Centacts 06

J1006* Connector,Female, Several* | 34/(3* MOL 09-62- Cs-337-12
12 Centacts 3121

J1007* Lug,Receptacle B2* 35/F1* AMP 42428-2 LU-90

J1008* Lug, Receptacle G2* 36/A3* AMP 42428-7 L1s=90

41009 Connector,Female, 1/F1 BRG 75691-5 £5-236
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

Jilolz Binding Post, 1/Al 48/H4 HHS 1517 Bp-11-2
Red Red

J1013 Binding Post, 1/A1 49/H5 HHS 1517 BpP-11-0
Black Black

*Located on Model 1910 AC Voltage Option (PC-496, Schematic 299600).
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REPLACEABLE PARTS
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RELAYS (X)

Model 1910 AC Voltage Option

“400" Series (Sch. 299600 - Pg. 7-27)

{PC-Board 496 - Pg. 7-28)

MODEL 191 DMM

PC-Board
Circuit Sch. Item No./ Mfg. Mfg. Keithlay
Desig. Description Location | Location Code Desig. Part Mo.
K401 Relay, Reed Co 40/C2 coT UF-400 RL-56
Type 97
K402 Relay, Reed C5 A1/c2 coT UF-401 RL-57
Type 03
Ka03 Relay, Reed 4 42/C2 coT Ur-401 RL-57
Type G3
CHOKES (L)
"100" Series {Sch. 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Board 848G - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./| Item No./ Mfg. Mfg. Keithley
Desiqg. Description Locaticon | Location Code Desiqg. Part No.
L101 Choke,2 oMz 2/E5 51/83 NCG SHD CH-14
100
CONMECTORS {P)
"1000" Series {Sch. 30162D - Pgs. 7-19, 20, 21, 2?)
PC-Board
Circuit $ch. Pg./| Item Mo./ Mfq. Mfg. Keithley
Desig. Description Location | Locaticn Code Desig. Part No.
-P1001 Connector, Male, 3/C3.,4 PC-486 A-P §29838- (5-355-4
8 Contacts 17/A3 01-04
P1002 Connector, Male, 3/Several| PC-486 A-P 929838- £5-355-4
8 Contacts 18/F3 01-04
P1003 Connector, Male, 4/Several| PC-489 MOL A-2391- £5-288-3
3 Contacts 54/74 3A
PLOOZ Connector, Male, 3/02,4 PC-490 A-P 929838- £S5-355-6
8 {ontacts 12/B3 01-06
p1005 Connector, Male, 3/Several| PC-490 A-P 929838- £5-355-6
8 Contacts 13/E3 01-06
P1006 Connector, Male, 1/Several| P{-489 K-1 29995
Modified C5-338-12 55/D2
P1007 Hot Used
£1008 Mot Used
P1009 Pin, 1 Contact i/F1 pC-489 K-1 24249
56/E3




MODEL 191 DMM REPLACEABLE PARTS
TRANSISTORS (Q)
“100" Series (Sch. 301620-Pgs. 7-19, 20, 21, 22}
(PC-Board 489-Pgs, 7-23, 24)
PC-Board
Circuit Sch. Pg/ ftem No./ Mfq. Mfg. Keithley
Desig. Description Location tocation Code Pesig Part flo.
Q101 N-Chan ,JFET 2/E6 60/C2 INT ITE TG-17
4397
Qloz Transistor ,NPH, 1/G5 61/D2 K-1 28234
Case TO-106
0103 NPM,Silicon 1/H5 62/02 T-1 TIP-49 T6-137
01oa* Transistor ,PNP 2/G3 63/C3 A-D AD-B2 TG-84
Case TD-92
0105 Transistor,NPN, 1/c4 64/D4 k-1 28234
Case TC-106
{106 Transistor ,NPN, 1/C4 65/04 Kol 28234
Case T0-106
Q107 MPM,Switch 2/ A5 66/D4 MOT 213904 TG-47
Qle8 MNPN,Switch 3/F3 67/E3 HMGT 213904 h-47
Q109 PN ,Switch 2/F3 68/C4 MOT ZH3904 TG-47
Q110 MPM,Switch 2/C3 69/D4 MOT 2M3504 T6-47
Oill H-Chan,JFET L/cz 70/04 K-1 : T6-128
Setected ;
Ql1? M-Chan,JFET 1/G2 71/D4 K-1 TG-128
Selected
G113 N-Chan,JFET 2/03 72/C4 K-1 TG-128
Selected
014 M-Chan,JFET 2/83 73/D4 K-1 ! TG~ 128
Selected i
0115 M-Chan,JFET 2/B4 74/D4 K- T6-128
Selected
Ql16 H-Chan JFET 1/E3 75/04 K-1 TG-128
Selected
Q117 PNP,SiTicon, 2/81 76/B5 MOT 2ZN508 7 TG-61
Case T(0-92
Q118 PNP,Silicon Z2/C6 717/Ch MOT ZN3904 TG-84
Q119 NPN,Switch 2/Ch 718/C5 MOT ZKN3904 TG-47
Ql20 N-Chan,JFET 2/B4 79/05 K- TG-128
izl M-Chan,JFET 2/B3 80/D5 K-1 TG-128
Qlzz N-Chan JFET 1/64 81/D5 K-1 TG-128
Q123 PNP,Silicon, 2/E2 B2/B5 MOT 2H5087 TG-61
Case T(Q-92
Q124 Transistor ,NPN, 1/H4 83/D5 K-1 28234
Case TO-106
7-9




REPLACEABLE PARTS MODEL 191 DMM

TRANSISTORS (G) (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. Mfq. Keithiey
Desig, Description Location Location Code Desiqg. Part No.
g1zs Transistor ,NPN, 1/H3 24/05 K-1 28234
Case TO-106
Q126 PHP,Silcon 4/03 85/B5 T-1 TiP-32 TG-136
nl27 NPM,Case T0-92 4/D4 86/B5 MOT ZNG0RY TG-62
Qlzg* Transistor,PNP 2/G3 87/c4 MOT ZH3906 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 299600 - Pg. 7-27)
{PC-Board 496 - Pg, 7-78)}

PC-Board

Circuit Sch. Ttem No./ Mfg. Mfg. Keithley

Desig. Description Lecation tocation. Code Pesig. Part No.

Q401 Transistor ,NPN, £q 45/A2 MOT ZN5089 1G6-62
Silcon, Case T0-92

0402 Transistor,PNP, E4 46/B2 T-1 2N5087 TG-61
Sifcon, Case T0-92

0403 Transistor, PNP, Fz 47/B3 T-1 ZN5087 TG-61
Silcon, Case T0-92

Q404 Transistor ,PNP D2 48/83 T-1 2M3904 TG-47
Silcon, Case T0-92

0405 Transistor,PHP, 2 49/C2 MOT 2N3806 TG-84
Silicon, Case T0-92

RESISTORS (R)
"100" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Beoard 489 - Pgs. 7-23,24)

Circuit | Pescription sch. Pg./ PC-Board Keithley
Pesig. Location Item MNo./ Code Desig. Part MNo.
Location

R101 NOT USED

R102 220, 5%, 2/05 93/83 MEP CR2H* R-76-22
1/80,CarbF

R103 22a, 5%, 2/E5 94/83 MEP CR25* R-76-22
1/44,CarbF

R104 4,7k, 5%, 2/E6 95/R3 MEP CR25* R-76-4.7K
1/4W,CarbF

R105 4.7%q, 9%, 2/E6 96/C3 MEP CR25* R-76-4.7K
1/4W,CarbF

R106 10Mo, 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. 301620 - Pgs. 7-19, 20, 21, 22}

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

REPLACEABLE PARTS

Circuit sch. Pg./ | PC-Board Mfr. Mfr., Keithly
Design.| Description Location Item No./ Code Desig. | Part No.
Location :

R107 910, .1%, 1/C5 98/C3 ACI VAR—.lﬂ R-263-910
1/10W MtF 6-910 !

R108 73.2k0, 1%, 1/Ch 99/C3 PRP o R-88-73.2F
1/8\ MLF :

R109 101.152, .1%, 1/Cé 160/C3 ACT VAR-.I% R-263-101.15%
1/10W,MEF C6-101,15

R110 8.06ka, 1%, 1/C6 101/C3 PRP ** R-88-8 .06k
1/8W MEF

R111 13.7ka, 1%, 1/F3 102/C3 PRP o R-88-13.7K
178 ,MtF

R112 6.04kn, 1%, 1/F3 103/C3 PRP bl it-28-6,041
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 29940
of matched set

R115 Selected-Part 1/E2 106/03 k-1 249996
of matched sot

R116 162ke, 1%, 1/E3 107/03 PR *x R-88-162F
1/84 ,MLF ;

R117 220ka, 10%, 1/05% 108/D3 A-B £ 228+ K-1-220kK
1/2W ,Comp 108

R118 220ka, 10%, 1/G5 109/D3 A-B [R-?Zﬂé H-1-220r
1/2W,Comp 109

R119 200ka, 1%, 1/C2 110/E3 CAD MS-ZRI% R-247-200F
84 200K

R1720 910ka, 5%, 1/G1 111/E3 MEP CR26% K-76-910K
1/4W,CarbF

R121 1000, 5%, 1/E2 112/D3 MEP CRZ5* R-76-100
1/44,CarbF

R122 2ka, 10%, 1/C6 113/C3 BRH 3386?—5 RP-97-2K
Cermet Trimmer 1-202

R123 20ke, 10%, 1/C5 114/L3 BRM 3386F-; RP-97-20K
Cermet Trimmer 1-203 ;

Riza 2000, 10%, 1/C4 115/C3 BRN 3386F—§ RP-9/-200
Cermet Trimmer 1-201

RiZH 100kg, 10%, 1/E3 116/D3 BRN 3299H—; RP-104-100k
Cermet Trimmer 1-104 :

R126 100e, 10%, 1/E2 117/D3 BRI 3299“-; RP-104-100
Cermet Trimnmer 1-101

R127 Thick Film 1/E2,E3 118/D3 K-1 ; TF-84
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REPLACEABLE PARTS
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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 Pesig, Part No.

R128 Thick Film 1/H% 116/03 K-1 Tr-88

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

R130 20¢, 10%, 1/C4 121/03 BRM 3386F - RP-97-20

1-200

R131 2k, 10%, 1/C3 122/03 BRM 3386F- RP-97-2k
Cermet Trimmer 1-202

R132 20ka, 10%, 1/C3 123/03 BRN 3386F- RP-97-20k
Cermet Trimmer 1-203

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

R134 9.09ka, 1%, 2/C3 125/D4 PRP hid R-88-9.09k
L/8U ,MtF

k135 ke, 1%, 2/C4 126/04 PRP *E R-88-1k
1/8W MtF

R136 47k, 5%, 2/ A4 127/04 MEF CR25* R-76-47k
1/4\,Carbf

R137 Thick Film 7/Several 128/C4 K-1 TF-85

R138 4.99ka, 14, 2/C3 129/84 PRP ad R-88-4 .99k
1/8W ,MEF

R139 47k, 5%, 1/04 130/E4 MEP CR25* R-76-47k
1/8U,Carbl

R140 a7ka, 5%, 2/ h5 131/D5 MEP CRZ5* R-76-47%
1/4W ,CarbF

Ri41 330ka, 5%, 2/B3 132/05 MEP CRe5* R-76-330
1/4W,CarbF

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

R143 910k, H%, 1/G4 134/D% MEP CR25* R-76-910k
1/44,CarbF

R144 910ks, 5%, 1/G3 135/E5 A-B CB-914- R-282-910k
1/44,Comp 5%

R145 270q, 5%, 4704 136/B% MEP CR25* R-76-270
1/4W,CarbF

R146 Thick Film ?2/Several 137/Ch K-1 TF-86

R147 3%0q, 5%, 3/C2 138/fF% MEP CRZ5H* R-76-390
/44 ,CarbF

R148 910xq, 5%, 1/¢4 139/E3 MEP CRZ5* R-76-910k
1/4W,CarbdF

R149 geoke, 5%, 1/C4 140/E3 MEP CRZ25* R-76-820k
1/4W,CarbF

R150 630ka, 5%, 1/D03 141/E4 MEP CR2b* R-76-630k
1/4W,CarbF




MODEL 191 DMM REPLACEABLE PARTS

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

{PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch. Pg./ Ttem No./ Mfg. Mfg. Keithley
Desig. Description Location Location Code Desig. Part Mo.
R151 100ka, 10%, 1/A2 142/G4 A-B GB-104- R-2-100k
1W, Comp 10%
R152 100ka, 10%, 1/A2 143/G5h A-B GB-104- R-2-100k
1W, Conp 10%
R153 1.5Mqa, 10%, 2/D3 144/C5 MEP CRZ5* R-76-1.5M
1/4\,CarbF
R154 4,02v0, 1%, 1/F5 145/E4 PRP e R-88-4,072k
1/84W ,MtF
R155 35.7k0, 1%, 1/F5 146/D4 FRP ** R-88-35.7k
1/8W MLF
R156 24.3ke, 1%, 1/F6 147/D4 PRP ** R-88-24.3k
1/84 ,MtF
R157 27kn, 5%, 2/ r 148/D4 MEP CR25H* R-76-27k
1/4v, Carbf
R158 10q, 5%, 4/02 149/B% MEP CRZ25* k-76-10
1/4W,CarbF
R159 100, 5%, 4/D3 15C/B5 MEP CR25* R-76-10
1/4il,CarbF
"200" Series (Sch 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Board 489 - Pgs. 7-25}
R201 Thick Film 3/F2 23/83 K-1 TF-30
R202 Thiek Film 3i/n2 24/C3 K-1 TF-82
R203 | Thick Film 3/E2 25/E3 k-1 TF-91
"300" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)
{PC-Board 489 - Pgs. 7-23, 24)
R301 3.3ka, 5%, 3/85 16/81 MEP {R25* R-76-3.3K
1/44,CarbF
R302 3.3ka, 5%, 3/A3 17/82 MEP CR25* R-76-3.3K
1/4%,CarbF
R303 3.3ke, 5%, 3/85 18/82 MEP CR25* R-76-3.3K
1/8y,Carhf
Model 1910 AC Volts Cption
"400" Series (Sch. 299600 - Pq, 7-27)
(PC-Board 496 - Pg. 7-28)
PC-Board
Circuit Sch. Ttem No./ Mfg. Mfq. Keithley
Desiq. Description Location Location Code Desig. fart No.
R401 Pot 500, 10%, F3 52/82 BRM 3006P RP-89-50
3/44 50
R402 2499, 1%, E4 53/B82 IRC MARG R-241-249
1710, W 249
R403 2191a, .1%, F3 54/B2 IRC MARG R-241-2191
1/100 1 2191 7-13




REPLACEABLE PARTS
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RESISTORS (R) {(CON'T}
Medal 1910 AC Volts Option

"400" Series (Sch. 299600 - Pa. 7-27)

{PC-Board 496 - Pg. 7-28)

MODEL 191 DMM

PC-Board )

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

Desig. Description Location Location Code Desig. Part MNo.

RAO4 150ke, 5%, G2 55/B2 MEP CRZ5* R-76-150K
1/4W,CarbF

R405 160ke, 5%, Fe 56/B2 MEP CR25* R-76-150K
1/44,CarbF

R406 10k, 5%, Fa 57/83 MEP CR25* R-76-10K
1/4W,CarbF

R407 264.29, 5%.Part D6 58/B2 K-1 R-266
of Match Set

R408 240, 5%, D2 59/B3 MEP CR25* R-76-240
1/44,CarbF

rR409 Pot, 1000, 10%, D5 60/B2 BRN 3006P RP-89-100
3/44 100

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

R411 Pot,lka, 10%, D4 62/02 BRN 3006P RP-89-1K
3/4u 1K

R412 4.75ke, .5%,Part 5 63/B2 K-1 R-266
of Matched Set

R413 54.7¥a, 5%, c4 64/B2 K-1 R-275-54,7K
Film

R414 Thick Film,5%, Several 65/C2 K-1 TF-72
Special

R415 495kn, Jb%,Part c3 66/C2 K-1 R-266
of Matched Set

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

R417 47ke 5%, Bl 68/E2 MEP CR25* R-76-47K
1/44 ,CarbF

R418 2Ma, 5% ,Part B2 69/E2 K-I R-266
of Matched Set

* Manufacturers Designation includes Part Description; e.g., CR 25, 22, 5%, 1/4W, Comp. for R10Z

** Manufacturers Designation is GP 1/4, 1%, T100, Resistance Value.

SWITCHES (S)

“100" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)

PC-Board 489 - Pqgs, 7-23, 24)

PC-Board
Circuit Sch. Pg. Ttem No./ Mfg. Mfg. Keithley
Desiqg. Description Location Location Code Desig. Part No.
S1¢1 11 Station Several 194/F3-5 K-1 ~£0994 S -
Pushbutton
s102 Switch DPDT 4/A2 195/A4 C-W GF326-0006| SW-397

s




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-BRoard : ’
Circuit Sch. Pg./ Ttem No./ Mfg. Mfq. Keithiey
Desiqg. Description Location Locatien Code Desig. Part Ho.
T101 Transformer, 4/B3 178/B2 K-1 TR=-173
Standard V3rsion
T101 Transformer, 4/B3 179/B2 K-1 TR-177
Japanese Version
INTERGRATED CIRCUTITS (U)
"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. Mfqg. Keithley
Desig. Description Location Lecation Code Desig. Part Ho.
U101 Selected-Part 1/£3 153/C2 K-1 29996
of Matched Set
U102 BI-FET,0P-Amp 1/F3 154/D2 K-t 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 MNAT 741504 1C-186
U105 Up/Down 2/F6 157/C3 MOT MC74LS 1¢-214
Counter 193p
U106 Dual D-Type 2/F3,G3 158/83 MOT HC7 48 [C-216
Flip~Flop 74p
uio7 Voltage Comparator| 2/G2 159/C4 HAT LM3LLIN 1C-173
U108 Transistor array, 2/S%everal 160/84 K-1 29198
14-pin BIP
(Selected 1C-53)
U109 BI-FET,0p-Amp 2/E3 161/¢4 NAT LF351H [C-176
U110 Transistor array, 2/E3,E4 162/C4 K-1 29198
14-pin DIP
(Selected 1C-53)
Ull1l BI-FET,0p-Amp 2/Ch 163/C4 HAT LF351H 1C-176
ull1z [tegrated Circuit 2/C3 164-D4 k-1 30167
(Selected 1C-218}
U113 BI-FET,0p-Amp 2/D3 165/C5 K-1 30163
(Selected I1C-176)
U114 BI-FET ,0p-Amp 2/E1 166/C5 -1 30154
(Selected IC-176)
u11s Valtage Quad 2/05,A6 167/05 MHAT LM339 IC-219
Comparator
Uiie Quad 2-Inptit 2/%everal 168/B3 MAT 741500 1C-163
Mand Gate
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REPLACEABLE PARTS
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INTEGRATED CIRCUITS (U} (CON'T)

"200" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)
(PC-Board 486 - Pg. 7-25)

MODEL 191 DMM

PC-Board
Circuit Sch. Pg./ Item No./ Mfg. Mfqg. Keithley
fesig. Description Locatian lL.ocatian Code Desig. Part No.
U201 MOS to LED segment |3/D3 28/B2 F-I 75497 1(-169
and Digit Driver
u202 BCD to seven segment |3/E2 29/t2 MQT MC145 1C-168
Latch/Decoder/Driver L1Cp
"300" Series (Sch. 301620 - Pgs. 7-19, 20, 21, 22)
{(PC-Board 489 - Pgs. 7-23, 24)
PC-Board
Circuit Sch., Pg./ Ttem No./ Mfg. Mfg. Keithley
Desig. Description tocation Location Code Desig. Part Mo.
U301 Dual 4 Bit Decade 3/h6 21/B1 T-1 SH74LS [c-212
and Binary Counter 390
U302 8 Bit Microprocessor|3/Ad 2z2/c2 MOT MC6807 LSI-18
U303 Peripheral 3/B4 23/C3 AMI S6820L 1LS51-8
Interface Adaptor
J304* 4096 Bit Cmos 3/A2 D2 K-I PRO-102-02
Uy¥ E-PROM
U3gs* 4096 BIT CMOS 3/82 25/03 K-1 PRO-101-02
Uy E-PROM
Uy305* 1024 X 8 BIT 3/82 25/D3 K-I LSI-23
ROM
U306 Quad 2-Input 3/Several 76/E2 NAT 741500 1C-163
Mand Gate
U307 Dual 4 BIT Decade 3/E6 27/E2 T-1 SH74L5 1C-213
and Binary Counter. 393
U308 Nual 4 BIT Decade 31/B6 28/E2 T-1 SN74LS IC-213
and Binary Counter 393
U309 Integrated Circuit |3/F5 29/E2 NSC DM7ALS 1C-144
Flip-Flop 74N
U310 Quadruple 2-Input 3/Several 30/E2 NAT pM74L 1C-215
Positive-And Gate 508N
U3l Quad Z-Input 3/Several 31/E3 HAT 74L500 I1C-163
Nand Gate
* Revision A,B and some C Digital Boards use twe E-PROMS (IC-220 Programmed)., A}l later
roevisions use one ROM {LSI-23),
Model 1910 AC Voltage Qption
"400" (Sch. 299600 - Pg. 7-27)
(PC-Board 496 - Pg. 7-28)
PC-~Board
Circuit Sch. Ttem No./ Mfqg. Mfg. Keithley
Desiq. Description Location Location Code Desig. Part Mo.
U401 Monolithic JFET (4 72/02 MAT LF356H [C-152




MODEL 191 DMM  REPLACEABLE PARTS

VOLTAGE REGULATORS (VR)
"100" Series {Sch 301620 - Pgs. 7-19, 20, 21, 22)
{(PC-Board 489 - Pgs. 7-23, 24)

PC-Board 5
Circuit Sch. Pg./ Item No./ Mfq. Mfg. © Keithley
Desig. Description Location Location Code Desig. i Part Mo.
VYR101 Three Terminal 4/02 170/83 MOT MC-7815 § 1C-906
Positive Veltage cp
Requlator
VR1Q2 Three Terminal 4/E3 171/84 HAT .M79 {OIC-174
Negative Yoltage L65CT
Regulator
YR103 Zener Diode 1/14 172/04 MOT 1751 ; n7-%9
VR104 Three Terminal 4,04 173/R5 MOT MC780% é 1{-93
+5Y VYoltage Lk :
Requlator
¥R1056 Jener Diode 2/Ch 17475 MOT IH4577 E /-5
VR106 Zener Diode 2/C6 175/C5 MOT 114577 5 N4-58
VR107 Zoner Oiocde 2/C4 176/Ch SIL THAGLT7 Y é N7-060
CRYSTAL (Y)
"100" Series (Sch, 301620 - Pgs. 7-19, 20, 21, 27} :
{PC-Board 489 - Pqgs. 7-23, 24) f
PL-foard !
Circuit sch. Pg./ [tem No./ Mfeq. Mfq. reithley
Desig. Description lLacation Location Code Nesiqg. Part Yo.
Y101 Crystal,d .0MHz 2/06 181/82 [ MPO40O Cit-10
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REPLACEABLE PARTS MCDEL 191 DMM

METALCAL
MC-235

6-32 x 1-1/4"
SCREW (4) ~

TOP
COVER
257 28F
|
OVERLAY
299840
gg?ggg \ BINDING POSTS
=T=EN =R
R e Py R RED BP-11-2

@\}BLK BP-11-0

7

INSERT
26090A

| \\\\\\\ FRONT
n

PANCL
29833C

METALCAL
MC-272

COVER
257217E

BANDLE _.-
257290

FIGURE 7-1. Covers and Panels




REPLACEABLE PARTS
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