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WARRANTY

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

To exercise this warranty, write or call your local Keith!éy repre-
sentative, or contact Keithley headquarters in Cleveland, Chio.
You will be given prompt assistance and shipping instructions.

REPAIRS AND
CALIBRATION

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

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

To insure prompt repair or recalibration service, please contact
your local field representative or Keithiey headquarters directly
before returning the instrument. Estimates for repairs, normal
recalibrations and calibrations traceabile to the National Bureau of
Standards are available upon request.

KEITHLEY

Keithley Insfruments, Inc./28775 Aurora Road/Cleveland, Ohio 44139/U.5.A./(216) 248-0400/Telex: 98-5469
WEST GERMANY: Keithley Instruments GmbH/Heiglhotstrasse 5/D-8000 Miinchen 70/(089) 714-40-65/Telex: 521 21 60

GREAT BRITAIN: Keithley Instruments, Ltd./1, Boulton Road/GB-Reading, Berkshire RG2 ONL/{0734) 86 12 87/Telex: 847047
FRANCE: Keithley Instruments SARL/2 Bis, Rue Léon Blum/B.P. 60/91121 Palaiseau Cedex/(6} 011.51.55/Telex: 600933F
NETHERLANDS: Keithley Instruments B.V./Leidsestraatweg 149/Postbus 1190 /NL-Woerden/ (03480} 13 643/ Telex: 40 311
SWITZERLAND: Keithley Instruments SA/Filiale Ditbendorf/Kriesbachstr. 4/CH-8600 Diibendorf/01 821 94 44/ Telex: 57 536
AUSTRIA: Keithley Instruments Handels-Gesellschaft m.b.H./Dioblinger Hauptstr. 32/A-1190 Wien/0222 314 289/Telex: 13 45 00



TABLE OF CONTENTS

SECTION TITLE

1 GENERAL INFORMATION ...t e e
1-1 INTRODUCTION Lo e e e e e e e,
1-4 P AT U RES e i
1-6 WARRANTY INFORMATION L. i e e e
1-8 MANUAL ADDENDUMS L.ttt et e e e e e e e
1-10 SAFETY SYMBOLS AND TERMS oottt ittt e e e e
1-12 UNPACKING AND INSPECTING L.\ttt v et e e,
1-14 SPE I AT N S e e e e
2 ACCES S ORIES ... i e
2-1 GENE R AL . e
2-2 MUTUAL ACCESSORIES . . e e e e,
2-10 MODEL 135 EXCLUSIVE ACCESSORIES . ..ottt e e e
2-13 MODEL 176 EXCLUSIVE ACCESSORIES . oottt
3 PERFORMANCE VERIFICATION .. .. .o e e e e
3-1 GEN R A L i e e e e
3-6 MGCDEL 135 PERFORMANCE VERIFICATION ... .t e e
3-12 MODEL 176 PERFORMANCE VERIFICATION L. i e e,
4 THEORY OF OPERATION .. . e e e e
4-1 GENERAL .ttt e i e e e e
4-2 MODEL 135 OVERALL FUNCTIONAL DESCRIPTION ... ittt
4-9 MODEL 176 OVERALL FUNCTIONAL DESCRIPTION ... e,
5 MAINTENANCE (TROUBLESHOOTING, CALIBRATION) . ... ...,
5-1 BN R A L i i e e
5-2 MODEL 135 CALIBRATION ..ttt e e e e
5-5 TROUBLESHOOTING . ittt i e et e e e e e e,
5-10 MODEL 176 CALIBRATION L. .. it e e e
.5-13 MODEL 176 TROUBLESHOOTING .. ..ot e e e
5-17 CURRENT FUSE REPLACEMENT .. o e e
5-18 MODEL 1766 TROUBLESHOOTING . ... it e et e
6 REPLACEABLE PARTS .. i e e e
6-1 GENE R AL .ttt e i e e et e

[aS]

[
e

[ [N YN
wirof -

|
—

sl raff -«

)

1

fa&&ha (9% V%] [ FERFN)

Giff— .

RN OYOon G on

v
ho R POl = — —

v en

(2]
N







MQODELS 1367176

GENERAL INFORMATION

Model 135/176 Service Manual
Section 1. General Information

1-1. INTROBUCTION

1-2. The Models 13587176 are low cost. 4-1/2 digit,
LCD display digital muitimeters. The two meters are
unique In that they are similar in electronic design yet
different in case design. The most obvious difference s
the physical difference. The 176 is designed intc a more
traditional DMM case white the 135 is designed into a
hand held case. The 1 76 has more currentranges and a
wider frequency span for ACV. They both have a bas:ic DC
accuracy of 0.05% and also a basic OHMS accuracy of
0.2%. They alsc basically have the same A/ D converter
1-3. This manual is a combination of service informatian
for both DMM’'s {135 and 176). It contains information
necessary to maintain. cahbrate and troubleshoot the
Mgdel 135 and the Model 1786,

1-4. FEATURES
1-5. The 135 and 176 have many distinct features and
advantages some of which are listed below:

® A 20000 count {4-1/2digit) hquid crystal display.
(LCD} with large 0.6 inch numerais. The 1786 has
function and range indicators. The 135 ang 176
have a low battery indicator that lights when there
is less than 10% battery Iife remaining. Appro-
priate decimal posnt and minus sign {-) are aiso dis-
played. positive polarity 1s /mplied.

® The Model 135 and 176 are builtrugged. The hand
heid case and the bench size case are molded trom
impact-resistant plastic. Effective input protection
prevents damage on all functions.

@ The 176 pushbuttons are color coded to the front
panei for quick and easy selection of funcuon and
range. The 13% rotary function and range switch
are easity positioned to calor coded functions and
ranges. The decimal point is automaticaily posi-
tioned by the range pushbutton/rotary switch. The
178 display annunciators :indicate the selected
function and range. Improper range and funcuon
combinations are indicated by contradicung func-
tion and/or range annuncialors appearing at the
same time.

® State of the art technology and stable precisien
components have been used In these two DMM'’s
10 provide fong term accuracy and minimize main-
tenance. Calibration s required only once a year.
if aikaline batteries are used {six C cells in the 176
or one 9 volt ce!l for the 135) battery life can be as
long as 1000 hours for the 176 and 100 hours for
the 135.

® Cptional accessories can be ordered to extend the
measurement capability of the 135 and 176, Some
of these accessories are:

High frequency {RF) probe allows your DOMM 10
measure from 0.25V to 30V rms AC over a fre-
quency range from 100KHz to 'O0OMH:z

50 ampere current shunt aliows vour OMM 10
measure up to S0A, AC or BC

Clamp on AC current probe allows yvour DMM 1o
measure up to 200A rms AC

High Voltage Probe allows your OMM tc measL-e
from 1000V to 40KV DC

NOTE

Refer to Section 2 formore detaiied irforma-
110N OnN 3CCessones.

1-6. WARRANTY INFORMATION

1-7. The warranty s given on the inside front cover of
this instruction manual. If there 1s a need 10 exercise the
warranty contact the Keithley Representative in your area
to determine the proper action to be taken Keithiey main-
tains service faciities in the United Kingoom. ‘West
Germany and n the United States Check the «nside front
cover of this manual for addresses

1-8. MANUAL ADDENDUMS

1-9. improvements or changes that affect these -nstru-
ments which occur after printing of the Instruction
Manual wiil be explained on anaddendum sheet attached
to the inside back cover.

1-10. SAFETY SYMBOLS AND TERMS
1-11. Safety symbols used in this manual are as follows

The svmbolﬁkon the instrument denotes that the user
shouid refer to the operating instructions

The symbol K on the instrument denoctes that 1000V
or more may be present on the terminal{s)

The WARNING used in this manual explains dangers
that couid result :\n personal injury or geatn

The CAUTION used 1n this manual explains hazards that
could damage the instrument.

1-12. UNPACKING AND INSPECTION

1-13 The Models-135 and 176 were carefully inspected
both mechanically and electrically before shipment. Upon
recewing either or beth of these instruments. unpack atl
items from the shipping container and check tor any obwvi-
pus damage that may have occurred duning transit Report
any damage to the shipping agent. Retain and use the
original packaging matenals if reshipment 1s necessary
The following items are shipped with all 135 and 178
orders-
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( 138 DIGITAL MULTWIETER

“Id 345

FIGURE 1-1
135 DIGITAL MULTIMETER

MODELS 135/176

Model 135 or 1786.

A copy of the appropriate Operator’s Manual.
Supphed Accessornies: 176 (Model 1768 Battery Pack
with batterres, Model 1691 Test Lead Set) 135 {9V
battery. Model 1891 Test Lead Set)

D. Installed or separate opticnal accessories. as ordereq.

OCm»

1-14. SPECIFICATIONS
1-15. Detailed specifications for both instruments are
given on the following pages

KEITHLEY] 178 MULTHIETER

FIGURE 1-2
176 DIGITAL MULTIMETER

176 SPECS
DC VOLTS TEMPERATURE AC VOLTS (abave 2000 counts) ACCURACY
ACCURACY COEFFICIENT MAXIMUM +%rdg + dighs)
MAXIMUM 1 %rdg + dighs! ti%rdg + digith C RANGE READING 18-
RANCE READING B8 C O-18C &28-50C XY ) T% + 15, $5Hz. 10kEz"
v e 0.05% + 1d 0.012% + 0.3d WV 19,909 1% + i5d, 45Hz 10k
Wy 19089 0.05% + 14 0.012% + 03 200V 100.99 1% + 15d. 45Hz- SWHz
200V 199.9¢ 01 %+ 1d 0.012% + 0 1000 ¥ 1000.0 1% + 154, 45Hr MkH:
1000 v 10000 0t %+ d 0012% + 0.3d ‘1% + 154, 10kHz-ZkHr

INPUT RESISTANCE: 10MQ.

NMRR: Greater than 60dB & S0Mz. 60Hz.

CMRR (1k{ unbalanct): Greater than 120dB @ DC. 50Hz & 60Hz.

MAXIMUM ALLOWABLE INPUT: 1000V continuous on 20V, 200V.
1000V ranges: 300V continuous on 2V range: 1000V momentary (3
seconds) on 2V range.

RESPONSE: Average responding, calibrated in rms of 2 sine wave.

INPUT IMPEDAMNCE: IME shunted by less than 100pF.

CMRR 1k unbalancet: Greater than 60dB (40dB on 1000V range} @ DC.
50Hz & 0Hz.

MAXIMUM ALLOWABLE INPUT: 1000V rms. 1400V peak continuous
on 20V, 200V, 1000V ranges: 300V rins continuous on 2V range, 1000V
momentary: [0*VeHz max.

TEMPERATURE COEFFICIENT: Less than (0.1 X  applicable
accuracy)/ G (9°-18°C & 28°.50°C).

DC AMPS TEMPERATURE
ACCURACY COEFFICTENT  MAXIMUM
MAXIMUM  ti%rdg + dights)  t{%rdy + digist'C  VOLTAGE
RANGE READING 1428 0-18°C & I8°-50°C _ BURDEN
ImA  19R 0.5% + ud 0.08% + 0.3 0.2V
0 mA 199 0.5% + 2d 0.08% + 0.X G235V
WmA 1909 0.5% + d 0.05% + 0.3d 03V
2000 mA e 0.5% + id 0.05% + 0 3d 07V

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

AC AMPS ACCURACY TEMPERATURE
45H: TuHa COEFRCIENT MAXIMUM
MAXIMUM  +i%ndg + dightst  $i%ndg + digits)/*C  VOLTAGE
RANGE READING 19°-18°C 05180 & 387-30°C  BURDEN
2mA 199 13% + 5d 015% + 0.5 0.15V
WmA % 5% + % 0.15% + d.54 0.25%
XOmA 199 1.5% + 5d 0.15% + ¢5d 0V
000 mA 1999 1.5% + 5d 0.15% + 0.%d 0.7 v

OVERLOAD PROTECTION: 1A fuse (250V), externally accessible.

OHMS TEMPERATURE

ACCURACY ‘COEFFICTENT MAX

MAXIMUM  =(%rdg + dighs}  t(%rig + digitsr’C TEST
RANGE READING 1" Q518 C & W°-30°C  CURRENT
2k 1909 288 + 5d 003% + 0.3d 2.5mA,
kil 199 02 % + M 0.01% + 0.5 00 aA
200 ki) 199.9%9 02 % +2d 8.01% + 0.8 N aA
W00k 19me 02 % +1d CO1% + 05d 5 aA
oM 19 073% + W 01 % + 0.5d 0.5 A

MAXIMUM ON-RANGE VOLTAGE: 2V,
MAXIMUM OPEN CIRCUIT YOLTAGE: 5V
OVERLOAD PROTECTION: 300V AC or DC on all ranges.

GENERAL

DISPLAY: 0.6” LCD digits with decimal and polarity indications, low bat-
tery waming. range and Function annunciators.

CONVERSION PERIOD: 400ma.

OVERRANGE INDICATION: Flashing leading digit.

MAXIMUM COMMON MODE VOLTAGE: 1400V,

OPERATING ENVIRONMENT: 0*-50*C: less than 80 % retative humadiry
up to 35°C. less than 70% refative humidity from 35°-50°C

STORAGE ENYIRONMENT: - 35°C 10 60°C.
POWER: Six 1.5V "C celly
BATTERY LIFE: 1000 hours (typicai) with alkaline “C** cells.
BATTERY INDICATOR: Display indicates "BAT when less than 10% of
life remains.
DIMENSIONS, WEIGHT: 85mm high X 233mm wide X 275w deep
{307 X 9™ X 10047). Net wetght 1.7kg (3.6 b}
ACCESSORIES SUPPLIED: Model 1788 Battery Pack with batteries,
Model 1691 Test Lead Set. Operator's Manual.
ACCESSORIES AVAILABLE:
Model 1010: Singie Rack Mounting Kit
Model 1017: Dual Rack Mounting Kit
Model 1301: Temperature Probe
Mode 1600A: High Voitage Probe
Model 1651: 30A Curent Shunt
Model 1681 Clip-On Test Lead Set
Mode] 16824 RF Probe
Model 1683: Universal Test Lead Kjt
Mode! t684: Hard Sheil Carrying Case
Moaodel 1685: Clamp-On Current Probe
Model 1691: Generai Purpose Test Leads
o 2 S
: Batvery Pack (For converting 17671766 to bat )
Model 1769: Spare Parts it " Y power
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GENERAL INFORMATION

135 SPECS
DC VOLTS TEMPERATURE DC AMPS
ACCURACY COEFFICIENT TEMPERATURL

MAXIMUM *(%rdg + digits) =i%rdg + digts) C ACCURACY COEFFICIENT MAX
RANGE READING 18°-28°C 0--18°C &k 38°-80°C MAXIMUM  Ti%udg * duptsr  =i%rdy + dign: 'C  VOLTAGE
IV 1 0000 o.05% + id 001Z% + 03d RANGI _READING 18°.23C 0 -10°C h 250°C  BURDEN

oV 19999 0.05% + 1d o00II% T 03d 20mA 1990 o5% 2 anse ~ 0 o 25V

00V 199,00 o1 % +1d o0z + 03d 0 A 1000 I % o+ 2d cos% » 03 31w

1000 ¥V 10000 ¢l % o+ jd 00i2% + 03d

INPUT RESISTANCE: 10M11.

NMRR: Greater than 60dB @ 50Hz. &0Hz.

CMERR (1D unbalancet: Greater than 12048 @ DC. 50Hz & &0Hz.

MAXIMUM ALLOWABLE INPUT: 1000V continzous on IOV, 200V
1000V ranges: 300V continuous on 2V range. 1000V momentary 1)
wconds) on 2V range.

AC VOLTS (above 2000 counts) ACCURACY
MAXIMUM =i%rdg + dighs
RAMNGE READING 13%2C
Y 19909 1% + 15d. 45Hz- 10kHZ"
v 19 909 1% + 154, 43H-5%00 He
00V 199 @ 1% + 15d. 48H3-120 Hy
0V 100 1% + 15d. 45H2-120 Hz

5% o r5d 10kHy20kHE
RESPONSE: Average responding. calibrated in rms of a sine wave
INPUT IMPEDANCE: 10M shunted by leas than 100pF

CMRR (1k0 unbadance’: Greater than 50dB (40dB on 1000V range) @ DC
50H:z & 60Hr.

MAXIMUM ALLOWABLE INPUT: 750V 3, 1000V peak conunucus on
20V. 200V. 750V ranges. 10°Vokz max: }0OV rms continuous on 2V
range, 750V momeniary

TEMPERATURE COEFFICIENT: Less than (0.1 % applicable accuracys-
+C 10°-18°C & 28°-80°C)

OHMS TEMPERATURE

ACCURACY COEMMCTENT MAX

MANIMUM  *(%rdg + dights} +t%rdg + dighs) 'C TEST
RAMNGE _ READING 18°-28°C 0 -18C & 38°-50°C  CURRENT
1%G 1.9000 0.25% + 5 aas% + 0. 2.5mA
Twsn 19 9% 02 % +2d 001% + 0.5d MG uA
200 &0 i 0% +2d ool + 0.5d 50 wA
2000 ki1 1999 01 %+ 0.01% + 0.5d 5 uA
MO 19 959 ! % -d 91 % +05d . 05uA

MAXIMUM ON-RANGE VOLTAGE: 1V
MAXIMUM OPEN CIRCUIT VOLTACGE: 3.5V
OVERLOAD PROTECTION: 300V AC or DC on all ranges.

OVERLOAD PROTECTION: 0 73A fuse {250V} emternaliy acceswbie
{104 nput: Z0A for 15s untused)

AC AMPS
ACCURACY  4SH-lube
MAXIMEM =i%rdg + dugist
RANGE READING 18 -°C
20mA 1969 15% « 5 F13% + 0%
10 A 1000 15% » 59 0% +0sd

OVERLOAD PROTECTION: 0 73A fuse (250V] exiernally acoessible
(10A inpur: 20A for 155 unfused)

GENERAL
DISPLAY: 0.6° LCD digits with decimal and polanty indications. jow bat-
2Ty wWarTung.
CONVERSION PERIOD: 400ms
OVERRANGE INDICATION: Flashing leacing digpi
MAXIMUM COMMON MODE VOLTAGE: 500V
OPERATING ENVIRONMENT: 0°-50°C. {eas than 80% relative humsiy
up to 35°C. le3s than 70% relative humidity trom 35°-50°C
STORAGE ENVIRONMENT: —35°C to 60°C
POWER: One 9V alkaline or carbon-ninc battery tNEDA 1604)
BATTERY LIFE: 100 hours {(typical} with aikalirve bactery
BATTERY INDICATOR: Dusplay :ndicaces BAT when less than 10% of
lite remains.
DIMENSEONS, WEIGHT: 178mm long % 78mm wice X 38mm thack t7 07
® 317 % 1.5} Net werght 282gm (10 oz.+
ACCESSCRIES SUPPLIED: Battery. Model 1691 Test Lead Set Model
1355 Operator s Manual,
ACCESSORIES AVAILABLE:
Model 1301. Temperature Probe
Model 1304: Soit Carrying Case & Stand
Model 1306: Deluxe Carrying Case
Model 1359 Spare Pars Kut
Model 1600A: High Voltage Probe
Mode! 1651: 50-Ampere Current Shuat
Mods] 1681: Clip-On Tesi Lead See
Model 1682A: RF Probe
Model 1683: Universal Test Lead Kae
Model 1685 Clamp-On Currert Probe
Modet 1691 General Purpose Test Lead Sel







MODELS 1357176

ACCESSORIES

Section 2. Accessories

2-1. GENERAL

This section describes the vanous accessories and
options available for use with the Modeis 135 and 1786.
Some of the following accessories are for use only with
the Mode! 135 and some are for use only with the Model
176. These accessories will be clearly pomnted out as to
which instrument they are used with.

2-2. MUTUAL ACCESSORIES
The following accessories can be used with either the
Model 135 or the Model 176.

2-3. Model 1600A High Voitage Probe
The Mode! 16800A extends the ODMM to 40kV. it has a
10001 division ratowhich meansthat 1voltonthe DMM
corresponds to 1kV.
To Operate: Set the ODMM 10 DCV and 200 Volt range.
Connect the alligator chip on the Model 1800A to source
low. Connect the probe tip to source high.
Specifications:Voltge Range: 0 to 40.000 volits DC
Input Resistance: 1000 megohms.
Dwvision Ratto: 1000:1
Ratio Accuracy:

1000 tc 1 *£2% terminated tn 10M£2

2000 to 1 %5% termunated in 1M

FIGURE 2-1
1600 HIGH VOLTAGE PRGBE

2-4. Model 1651 50 Ampere Shunt
The Modei 1851 allows current measurements to be
made from O to 50 amperes OC and from 10 to 50 am-
peres AC It1s a 0.001 ohm *1% 4-termuinal shunt. A fifty
ampere current will correspond to 50 millivolts.
To Operate: Connect separate current leads (not fur-
nished) between the source and the Model 1651 hex-
head bolts. Use ieads that are rated up to 50 ampere
capac:ty. Connect the voltage leads (furnished) between
the Model 1651 screw terminals and the DMM INPUT
terminals. Set the DMM to ACV and 2V range or DCV
and 2V rarige.

FIGURE 2-2
1651 50 AMPERE SHUNT

2-5. Model 1681 Clip-On Test Lead Set

The Model 1681 contains two leads 1 2 {48 inches)
long. that are terminated with banana plug and spring-
action clip-on probes.

FIGURE 2-3
CLIP-ON TEST LEADS

2-6. Model 1682A RF Probe
Model 1682A RF Probe allows voltage measurements
from 100kHz to 250MHz

To Operate: Set the DMM to DCV and appropriate range
Connect the Model 1682A 10 the DMM input jacks
Specifications

AC to DC Transter Accuracy: (23°C+5°C) *1dB from
100kHz to 250MHz at 1V, peak responding. calibrated
in rms of a sine wave, compatible with instruments with
T1OMEY input resistance

Voltage Range: 0.25V to 15V rms

Maximum Allowable Input: 50V AC peak, 200V (DC+
AC peak)

Maximum Common Mode Voitage: 30V rms. 42 peak
Input Capacgitance: 5pF Typicat

Cperating Temperature: 0° to 50°C

Cable Length: 1.5 maters

Accessories Supplied: BNC Adapter. insulating Tip.
IC Tip, Spring Hook. Carrying Pouch

——a s =

s ==

- e

FIGURE 2-4
1682 RF PROBE



ACCESSORIES

2-7. Model 1683 Universal Tast Lead Kit

Two test leads, 1.2m (48 inches) long with 12 screw-in
tips. 2 banana plugs, 2 spade lugs. 2 alligator chps with
beots. 2 needle tips with chucks and 4 heavy duty tip

olugs.

FIGURE 2-5
1683 TEST LEAD KIT

2-8. Model 1685 Clamp-On AC Current Probe
The Model 1685 measures AC current by ciamping onto
a single conductor. Interruption of the current path 1s
unnecessary. The Mcdel 1685 detects current by sensing
the magnetic field produced by the current flow.
To Operate: Set the DMM to ACV and the appropriate
range. The DMM will disptay 0.1V rms per ampere.

FIGURE 2-6
1685 CLAMP-ON AC CURRENT PROBE

2-9. Model 1691 General Purpose Test Lead Set

The Model 16981 General Purpose Test Lead Set consists
of two 0.91mm (36 inches) test leads with probe ups
terminated 1n banana plugs.

2-2

MODELS 1357176
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FIGURE 2-7
1691 TEST LEAD SET

2-10. MODEL 135 EXCLUSIVE ACCESSORIES

2-11. Model 1304 Soft Carrying Case and Stand.
The Model 1304 is a soft carrying case and stand {tlt
bail) for Keithiey’s line of hand held instruments.

The instrument can be secured inside the case with the
thumbscrew (supplied). if desired. The thumbscrew is
also used 10 secure the stand (tilt bail} to set the instru-
ment upnght.

FIGURE 2-8
SOFY CASE AND STAND

FIGURE 2-9
1306 DELUXE CASE

2-12. Model 1306 Deluxe Carrying Case.

Mode! 13086 Deluxe Case is a rugged DMM carrying case
that 15 large ¢nough to accommodate the 135 plus var-
1ous other DCMM articies such as a spare battery, test
leads. etc.
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2-13. Model 1359 Spare Parts Kit

The Madel 1359 s a spare parts kit for the Model 135
it consists of a complement of specially seiected spare
parts that will maintain several 135 DMM’s for one year
The parts are histed n Table 6-2 of Section 6. Replace-
able Parts.

2-14. MODEL 176 EXCLUSIVE ACCESSORIES

2-15. Modei 1010 Rack Mounting Kit
The Modet 1010 Rack Mounting Kit perm:ts the mount-
ing of a single DMM to a standard 5-1/4in x 19 1n rack

2-16. Model 1017 Rack Mounting Kit .

The Model 1017 Rack Mountung Kit permuts the mount-
ing of two DMM’s side by side in a standard 5-1/4 1n x
19 1n rack.

2-17. Model 1684 Hard Shell Carrying Case
The Model 1684 hard snell carrying case 1s a hard vinyl
case whichis 4 in x 13 v x 14.1n {100mm x 300mm x
350mm). It has a fitted foam insert with room for the
OMM, instruction book and small accessories

FIGURE 2-10
HARD CASE

2-18, Model 1766 Battery Eliminator

The Model 1766 Battery Elirminator permits the user ta
operate the 176 or 169 from line power. The 17686 pro-
vides the necessary DC voltage 1o operate the 176 or
169. The 1766 fits in piace of the battery pack (Model
1768) so therefore, precludes the use of the battery pack
(Model 1768). The Mode! 1766 is capabie of working
from a wide range of line voltages such as from 106VAC
to 250VAC to 50HZ or BOHZ.

ACCESSORIES

FIGURE 2-11
1766 ELIMINATOR

2-19. Model 1768 Battery Pack

The Model 1768 1s a battery pack tor the Mcagei 178
One Mode! 1768 with batteries 1s supplied ~itr eacn
176. The Model 1 768 1s positonad at the rear gf the ' 76
supported by the two spacers 125768281 There are
standard carbon zing “C" cells proviged inthe 1 768 wnich
give approximately 500 hrs {typican of pattery hife Witk
the 1768 instailed the Model 17615 cormrp etely Doftacie
Therefore. 1115 free 10 tackle “in the field” measurements
without the scmetimes cumtarsome ine cord

3y

BATTERY
BATTERIES HOLDER

P \
5.

FIGURE 2-12
BATTERY PACK

2-20. Model 1769 Spare Parts Kit

The Model 1769 15 a spare parts kit for the Model 176
it consists of a compiement of spec:ally seiecteo spare
parts that wilt maintain several 176 DMM's tor cne vear
The parts are listeg in Table 6-3 of Section 6. Repraceable
Parts.

ro
[9%)
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PERFORMANCE VERIFICATION

Section 3. Performance Verification

3-1. GENERAL

This section gives a Performance Verification procedure
for both the Model 135 and the Model 176. Each proce-
dure wiil be presented separateiy in order 1o avoid ¢on-
fusion.

3-2. Performance Verification may be performed upon
recetpt of gither instrument {1356 or 176) to ensure that
no damage or misadjustment has occurred duringtransit.
Verification may alsg be performed whenever there 18
questicn of either instrument’s accuracy and following
cahibration, f desired.

NOTE

For instruments that are still under warranty
(less than 12 months since date of ship-
ment), if the nstrument’s performance falls
outside specifications at any point, contact
your Keithley representative or the factory
immediately.

3-3. Environmantal Conditions For Both Instruments
in order to perform the Performance Verification the
instrument to be verified must be between 18°C to 28°C
at less than 80% R.H.

3-4, Recommended Test Equipment

Recommended test equipment tor performance verifi-
cation of both instruments is listed in Table 3-1 Alternate
test equipment may be used. However. If the accuracy 1s
not at least 3 times better than the instruments specifi-
cations. additional ailowance must be made in the read-
Ings obtained.

3-6. Initial Conditions

Before beginning the vernfication procedure the instru-

ments must meet the following conditions

A If the instrument has been subjected 1o extremes of
temperature. allow sufficient time tor internal tem-
peratures to reach normat operating conditions spec-
fled in Paragraph 3-3. Typically 1t takes one hour 1o
stabilize a untt that1s 10°C (18°F) out of the specified
temperature range.

B. Turn the instrument to be verihied on and check ior
low battery indication_ If the low battery incicator iBATH
is on, remove and replace the batlery ¢r catier.es

WARNING

All service information is intended for quali-
fied electronic maintenance personnel only.

WARNING
Some procedures require the use of high voit-
age. Take care to prevent contact with live
ctreuits which could cause electrical shock
resulting in injury or death.

CAUTION

Do not exceed maximum allowable input volt-
age. Instrumentdamage may occur. Maximum
allowable input s stated 10 the spec:fications

TABLE 3-1
RECOMMENDED TEST EQUIPMENT
ITEM DESCRIPTION SPECIFICATION MFR. MODEL

A DC Calibrator TV, 10V, 10CV. 1000V Fluke 343A
*0.002%

B AC Calibrator 1V, 10V. 100V H-P 745A
*0.022%

c High Voltage Amptifier 1000V H-P 746A

{(Used with Model 748A) | £0.04%

D Decade Resistor 1K, 10K, 100K, 1000K, 10M ESI pB62
+02%

E Current Calibrator TmA. 10mA. 100mA. 1000mA. Valhalla 2500A
10A
+.03% DCA. =.05% ACA




PERFORMANCE VERIFICATION

3-6. MODEL 135 PERFORMANCE VERIFICATION

3

8.
C.

7. DC Volts Verification

Select the DCV funcuon.

Connect the DC Calibrator (item A, Table 3-1} to the
135 V-£2 and COM terminals. Refer 1o Figure 3-1
Follow Table 3-2 and apply the required DC Voltage
for each range. Venfy that each reading s within spec-
ifications Listed n Table 3-2.

D. Repeat ali checks with negative volitage.
TABLE 3-2
DC VOLTAGE PERFORMANCE CHECK
Range Applied Alowable Reading
Voltage at 18°C to 28°C
2V 1.0000V .9594 to 1.0006
20v 10.000V 9 994 toc 10.006
200V 100.00V 99.8Gto0 100.11
1000V 1000.0v 998.9 10 1001 .1
@@@@@ﬂj y
FollFsTNe]
7~ aa
FIGURE 3-1

3.
A Select the ACV function.
8.
C

135 DC VOLTS VERIFICATION
8. AC Volts Verification

Connect the AC calibrator {Itern B, Table 3-1} to the
135 V-2and COM terminals. Refer to Figure 3-2.

. Foliow Table 3-3 and apply the required AC Voltage

for each range. Verify that the reading 1s within speci-
fications listed in Table 3-3.

TABLE 3-3
AC VOLTAGE PERFORMANCE CHECK

Allowable Reading

Range
at 18°C 1o 28°C

Applied Voitage

MODELS 1357176

( T |
52345
=
Q. o 2.9 0 @ =
. o w 9: 7N =
(== ST s o Rl o = - %
b ocogy )
745A =
Q@
“0Jo} |
_
FIGURE 3-2

135 AC VOLTS VERIFICATION

QO000
i
| P = -
7486A
FIGURE 3-3

136 HI VOLTAGE ACV VERIFICATION

3-9. Resistance Verification

A, Select the OHMS functon
B.
C

Connect the Decade Resistor {Item D. Table 3-1)tothe
135 V-£2 and COM terminals. Refer 10 Figure 3-4.

. Foliow Table 3-4 and apply the required resistance

for each range. Venfy that each reading is within spec-
ifications listed in Table 3-4

2V 1.0000V at 10KHz 89885 t0 1.0115

20V 10.000V at S00Hz 9.8861t0 10.1185
200V 100 00V ar 120Hz 98.85to0 101.15
750V 750.0V at 120Hz"* 7410 to 768.0

“High voltage Amplifer {ltem C) to be connectad to 745 AC

Calbrator 10 obtain 750V (See Figure 3-3)

3-2

2 BOBDOD |

DB62

FIGURE 3-4
135 RESISTANCE VERIFICATION
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TABLE 3-4
RESISTANCE PERFORMANCE CHECK

Range Appiied Allowable Reading
Resistance at 18°C to 28°C 343A

2K 1.0000KQ 19870 t0 1.0030 [ [00.00000) T
20KQ 10.000K2 9.978 to 10.022 < o 5
200K 100.00KQ2 99.78 to 100.22
2000K$2 1000.0K$2 9978 t0 1002.2
20MQ | 10.000MQ 2.898 to 10.102

o
@]
¥
3

3-10. DC Amps Verification = '
A Select the DC Amps function. 2500A
B. Connect the DC Calibrator {Item A, Table 3-1) to the
input of the Current Calibrator {item E. Tabie 3-1).
Connect the cutput of the Current Calibrator to the
135's mA and COM terminals. Refer to Figure 3-5. FIGURE 3-6
C. Select the 20mA range and apply 8 10.00mA current
to the 135. Verify that the reading 15 within 9.93 to 135 10A DC AMPS VERIFICATION
10.07.
D. Select the 10A range and connect the output of the
Current Calibrator to the 1358's 10A Hl and 10A LO
terminals. Refer 1o Figure 3-6.
E. Apply 10.00A to the 135 and verily that the reading
Is within 9.88 to 10.12. 745A

3-11. AC Amps Verification i o o o o o )
A. Select the AC Amps function and the 20mA range. b
B. Connect the AC Calibrator {ltem B, Tabie 3-1) to the
input of the Current Calibrator (Item E, Table 3-1) |
Connect the cutput of the Current Calibrator to the
135's mA and COM terminals. Refer to Figure 3-7 l .
C. Apply @ 10.00 mA current at 500Hz and venty that P, F
the reading is within 9.80 to 10.20. L]
D. Select the 10A range and connect the output cf the 25004
Current Catibrator 1o the 135°s 10A HI and 10A LO
terminals. Refer to Figure 3-8.
E. Appty a 10.00A current at 500Hz and verify that the
reading 1s within 9.80 to 10.20.

FIGURE 3-7
135 AC AMPS VERIFICATICN

| —
b :H.f
i [0]0.0/0/ 000V T /'_\,E‘
© L ° ==y 745A
g 2. 3.9 o O
H ==
E ) Tc CED I e . i
[ =] +
2500A
\ J 2 E O -,
= *
2500A
FIGURE 3-5 FIGURE 3-8
135 DC AMPS VERIFICATION 135 10A AC AMPS VERIFICATION
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3-12. MODEL 176 PERFORMANCE VERIFICATION

3-13. DC Volts Verification

A. Sefect the DC Volts function.

B. Connect the DC Calibrator {ltem A. Table 3-1} to the
176°s HI and LQO input terminals. Refer to Figure 3-9.

C. Follow Table 3-5 and apply the required DC Voltage
for each range. Venfy that each reading 1s wrthin spec-
ifications listed in Table 3-5.

D. Repeat all checks with negative voltage.

TABLE 3-5 .
DC VOLTAGE PERFORMANCE VERIFICATION
Range Applied Aliowabie Reading
Voltage at 18°C to 28°C
2V 1.0000V .9994 to 1.0008
20V 10.000V 9.994 to 10.006
200V 100.00v 899.89to0 100. 11
1000V 10000V 998.9to 10011

"keoo i3
Poe) : = s
ot 00gog ad
343A | = =
[ = == }
FIGURE 3-9

176 DC VOLTS VERIFICATION

3-14. AC Voltage Verification

A Select the AC Volts function.

B. Connect the AC Calibrator and HV Amplifier (ltems 8
and C. Table 3-1) to the 1768's Hl and LO terminals.
Refer to Figures 3-10 and 3-11.

" C. Follow Table- 3-8 and appty the required AC Voltage
for each range. Verify that each reading is within spec-
ifications listed in Table 3-6.

TABLE 3-6
AC VOLTAGE PERFORMANCE CHECK

Allowable Reading
at 18°C to 28°C

Range Applied Voltage

.988561t0 1.0115
98851t0 1.0115
948% 10 1.0515
988610 10.115
988510 10.115
848610 10.515
98.851t0 101,15

2V 1.0000V at 1KHz
2V 1.0000V at 10KHz
2V 1.0000V at 20K Hz
20V 10.000V at 1KHz
20V 10.000Vat 10KHz
20V 10 000V at 20KHz
200V 100 00V at 1KHz

1000V 1000.0V at 1KHz 988.5t0 1011.5

~3-4
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FIGURE 3-10
176 AC VOLTS VERIFICATION

Lol

746A

FIGURE 3-11
176 HIGH VOLTAGE ACV VERIFICATION

3-15. Resistance Verification

A. Select the OHMS function.

B. Connectthe Decade Resistor {item D. Table 3-1)tothe
176 HI and LG input terminals. Refer to Figure 3-12.

C. Follow Tabie 3-7 and apply the required resistance for
each range. Verify that each reading is within spectfi-
cations listed in Table 3-7.

TABLE 3-7
RESISTANCE VERIFICATION
Range Applied Allowable Reading
Resistance at 18°C 1o 28°C
2K§2 1.000CKS2 8970 10 1.0030
20K$2 10.000K2 9.878 10 10.022
200K 100.00K$2 99.78 10 100.22
2000KQ2 1000.0KE2 9497 810 10022
20MQ 10.000M0 9.823t0 10.077

BEIEes)

DB62

FIGURE 3-12
176 RESISTANCE VERIFICATION
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3-16. DC Amps Verification

A. Select the OC Amps function.

B. Connect the DC Calibrator (ltem A. Tabie 3-1) to the
input of the Current Caliprator {item . Table 3-1). Con-
nect the output of the Current Calibrator to the 178 Hi

and LO input terminals. Refer to Figure 3-13.

C. Follow Table 3-8 and apply the reguired current tor
each range Verify that each reading 15 within speci-
fications irsted in Table 3-8.

PERFCRMANCE VERIFICATION

3-17. AC Amps Verification

A, Select the

AC Amps function

B. Connect the AC Calibrator (Item B. Table 3-1) te the
input of the Current Calibrator {itemn £, Tabte 3-1). Con-
nect the cutput of the Current Cahibrator to the 176 Hi
and LO terminals. Refer to Figure 3-14

C. Foltow Table 3-9 and apply the required current for
each range. Ver:fy that each reading 15 within specifi-
cations listed n Table 3-8

TABLE 3-8 TABLE 3-9
DC AMPS VERIFICATICN AC AMPS VERIFICATION
Range Applied Allowable Reading Range Applied Current Allowable Reading
Current at 18°C to 28B°C at 18°C to 28°C
2mA 1.000mA .993 10 1.007 2mA | 1.000mA at 1KH2 98010 1020
20mA, 10.00mA 9.3 to 10.07 20mA | 10.00mA at 1KHz 980101020
200mA 100.0maA 99.3 to 100.7 200mA | 100 OmaA ar 1KHz 98010 10220
2Q00mA 1000 mA 993 to 1007 2000mA 1000 . mA at 1KHz 398G tc 1020
' s > i
123499, ,
‘ E_EQE;ET_'__ g‘;\";\
L !
H —
2500A
FIGURE 3-13 FIGURE 3-14

176 DC AMPS VERIFICATION

176 AC AMPS VERIFICATION

3-5






Section 4. Theory of Operation

4-1. GENERAL

This section contains the circuit descriptions for the
Model 135 and Model 176, The following d:scussions of
circuit theory wall be separated into 2 major sections. The
2 major sections are:

1) Model 138 Circuit Theory

2} Madel 176 Circutt Theary

The information contained i each of these sections is
arranged in the following manner.

1) QOverall Functional Description

2) Signal Conditioning

3) A/D Converter

4} Disptay

5] Power Supply

To facilitate understanding, each description (s accom-
panied with sstmphfied schematics, block diagrams, tables

and graphs. Detailed schematics of the Mocel 135 ang
Mode! 176 are provided 1n Section 6

4-2. MODEL 135 OVERALL FUNCTIONAL
DESCRIPTION

The Model 135 15 a 4-1/2 aigit. 220.000 count hand
heild DMM [t has 4 DC voltage ranges. 4 AC voltage
ranges. 5 resistance ranges. 2 DC current ranges ang 2
AC current ranges. Atong with these funcucns anc ranges
it has 100pvDC and AC VOIts sensitivity w.tn T30m 2
Resistance sensitivity The DC and AC current sensitivity
15 10UA.

The 135 was designed for high performance at :ow Cost
To meel these design goals the 135 1akes advaniage o
standard “off the shelf” components. The A/D converter
was designed from scratch using discrete components for
ower power consumpton and improved oerformance
over prasently availlable LSI A/D converters

Figure 4-1 shows the overadl blogk chagram for the moges
135

20mA —] 270
| CURRENT AC ‘
'} OA M1 SHUNTS ™1 CONVERTER CONVERTER j> DISPLAY
A AC REF HI
AC I
AC AND DC DC DC
V-§2 e ATTENUATOR I é?g’é“;
2 SOURCE i) Q
RESISTANCE 1
a iy
Qo#’o X ererEnce
ﬁ rﬂ
+8.4V -5V ANALOG
(AC CONVERTER ONLYH ROWER [ +5v ANALOG af
— 15V DIGITAL OHMS
s REFERENCE
. DIGITAL 2.5V
ANALOG

FIGURE 4-1
135 BLOCK DIAGRAM
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4-3. Signal Conditioning

The Signal Conditioning for the Mode) 135 includes DC

attenuation {except on the 2 Volt range). AC attenuation.

AC/DC conversion, Ohms conversion and current

shunts.

A. DCV Signa! Conditroning consists of one 10MQ pas-
sive divider. The taps from this divider are mputted
directly to the A/D converter through the rotary range
switch $102. Tabie 4-1 states the associated attenua-
tion with gach range. Potentiometer R113 trims the
gatn for the 20 Vcit range. The overload protection

MODELS 1357176

R111 establishes AC zero while R109 determines the
full scale gain (18060 counts). R105 and C108 pro-
vide the low pass filter to average the half wave recti-
fied output. Qverload protection 1s provided by dicdes
CR104 and CR105 and current limiting resistor R110.
Figure 4-2 shows a simpiified schematic of the AC
converter.

is provided by the limiting resistor R115. C. Resistance Signal Condition:ng is accomplished ratio-
- metrically. That 1s, a precision reference resistor and
Rx are put in series with a 2.5 volt reference. There-
TABLE 4-1 fore, the current developed in the two resistors 15 the
ACV AND DCV ATTENUATION same. Taking the ratic of the voltage drop across Rx 10
M the drop across Rreference COrrectly caicuiates ohms.
Range Attenuation The value of the voltage reference 1s irrelevant, as it
Factor only serves to apply a source of current to the resistors
{Rx and Rreterence). The preceding theory s iliustrated
2V =1 mathematically in the following equations. Refer to
20V _10 Figure 4-3.
200V =100
1000Vv* <1000
*750V range for ACV
[ = Vref
Rref + Rp + Rx
8. ACV Signal Conditoning consists of a 10ME2 passive
divider, AC buffer ampilifier and AC converter. The _ MinHlI-VinLO
scaling 15 accomphshed by the same 10MSlpassive Vdisplay Vref HY - vref LO X 10.000
divider that 15 used for DCV scaling. After the divider -
the signal 1s AC coupled nte U105 the AC Buffer . - 1[Bx] -0
Amplifier. The signal s then applied to the averaging Vdispiay I [Rref + Rp + Rx] -1 [Rp + Rx] X 10.000
precision rectifier U104 It s driven at low impedance
Cbythe AC coupled butfer U104 performs the AC con- vdi - |RAx ]
version. it then passes through a two stage low pass display I [Rref + Rp + Rx - Rp - Rx} X 10.000
filter whigh canverts 1t ta DC. This OC level 1s applied
to the A/ D converter. Input resistance for the AC con- . _ JBx - Bx
verter 1s 1OMSshunted by less than 100 pf. Vdisplay IRref X 10.000 Rret X 10.000
10ME DIVIDER
—0 2V
M2 AC
COUPLING BUFFER PRECISION TWGQ STAGE
20V 41—/ VA s RECTIFIER LOW PASS
uto4 FILTER
R105 €108
A/D
DISPLAY CONVERTER
FIGURE 4-2

4-2

SIMPLIFIED AC CONVERTER BLOCK DIAGRAM
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The precision reference resistors are available from
the DC divider. Rp and Q204 form the overioad pro-
tection for the Ref LO input. Vref s approximately 2.5
volts and is provided by pass transistor Q101 Q204
conducts much like a zener diode at approximately
9 voits to absorb the initial overtoad as Rp heats up,
its resistance goes from 1K te several megohms effec-
tively limiting current.

THEQRY OF QPERATION

CAUTION

Do not exceed maximum alfowable input.
Instrument damage may occur. 10A range
1s unfused.

4-4, A/D Converter
The A/D converter 1s really the heart of the instrument
It 15 engineered from discrete SS1 CMOS and 'ow power

vref anatog circuitry. The operation of the A/D converters of
Vref Hi the dual slope pringiple. The timing of the dual siope
measurement s divided into 3 pertods: Auto Zero. Signal
Rref Integrate and Reference Integrate. The foliowing three
steps illustrate the three measurement periods
: vref LO 1) Auto Zero
: The Auto Zero penpd s 100 msec in length woicr
KO204 carresponds to 10.000 clock pulses Duning this
YJF? pericd the reference voitage 1s stored on capacitor
C205. Capacitor C206 stores +Vos:-Vasz Reler tc
Vvin HI Figure 4-5
vin LO Vref BUFFER
INTEGRATOR
/7 c207
Fs
FIGURE 4-3 A
SIMPLIFIED OHMS SCHEMATIC K
’
e
D. AC/DC Current measurements have two ranges: the C208 4
20mA range and the 10A range. These two ranges are
3-1/2 digit readings in order to keep, the burden volt-
age under 250mV. The 20mA range is protected by
dicdes CR108, CR109 and Fuse F101. The current
shunt for the 10A range 1s designed to minimize
internal heating 1n the event of overtoad. Figure 4-4 .
is a simple block diagram showing AC/DC current FIGURE 4-5
measurements. AUTO ZERO
AC
AC A/D
O0— DISPLAY
20mA— CURRENT o CONVERTER CONVERTER
com—  SHUNT D%"'
10A HIl—  CURRENT
10A LO—f  SHUNT
FIGURE 4-4

BLOCK DIAGRAM FOR CURRENT MEASUREMENT
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2)

3}

Signal Integrate

As with the Auto Zero phase the Signal Integrate
phase s of 100 msec duration. The input ofthe A/D
converter s first bufferad by one half of U213 and
then the signal 15 integrated by the other half of
U213. When positive signais are apphedto the A/D
the integrator generates a negative going ramp.
This can be seen at the output of the integrator (pin
1). wWhen negatve signals are applied to the A/D
the integrator generates a positive going ramp,
The level of the integrated signal at the end of this
pertod (signal integrate) is proportional to the
average of the applied signal during th:s period.
Since Signal Integration is a constant 100 msec,
the converter exhibits high rejection at 50Hz and
B0Hz. Refer to Figure 4-6 for a simplified diagram
of Signal Integrate.

SIGNAL INTEGRATE (10K CCUNTS)

FIGURE 4-6
SIGNAL INTEGRATE

Reference Integrate

The Reference Integrate period for a full scaleinput
{20.000 counts) 15 200 msec. During this period
the integrator is returned to a baseling level by
applying a reference voltage of a polarnity apposite
to that of the signal. This is accomplished by
grounding the appropriate side of the reference
capacitor. The digital output is generated from the
latches within U101 which store the number of
ctock pulses required for the rntegrator to return
to baseline levels.

Far inputs less than full scale (full scale = 20,000
counts). the A/D automatically reverts to Auto
Zero. This happens in the tme period of the 200
msecs remaining after the return to baseline level.
Refer to Figures 4-7 and 4-8 for a simplified dia-
gram of Reference integrate.

NEGATIVE REFERENCE
INTEGRATE (20K COUNTS AT FULL SCALE)

NEGATIVE INPUTS TC A/D

Vref/R

Vost =Vref + Vos1

=r

Vos2

Y035 1-Vos?2
3

FIGURE 4-7
NEGATIVE REFERENCE INTEGRATE

MODELS 13571786

POSITIVE REFERENCE INTEGRATE
(20K COUNTSAT FULL SCALE)
Vref/R

Vret €207

POSITIVE
INPUTS
TO A/D

C206

Vos1-Vos2

FIGURE 4-8
POSITIVE REFERENCE INTEGRATE

Also included in the A/D are 2 adjustment poten-
vometers. R205 is part of a transiation network
which 1nsures that the comparator output during
autozere 1s at or near the threshoid of U204C,
which s the zero crossing flip flop. Therefore this
adjustment controls symmetry between positive
and negative inputs. Shorting C204 {as in the cal
procedure} and adjusting R205 for a reading of
.0000 accomphshes this symmetry adjustment.
The A/D gain controt (R102) 1s the other adjust-
ment. This potentiometer controls the reference
voltage and compensates for all gain errors within
the dual slope A/DC converter.

The A/D is ratiometric. with differential reference
inputs. Therefore

Vinput

Vdisplay = (ReTHT —= ReT L5} X 10,000

The full scale inputs for the A/D are as follows:

ACV.DCV.2.DCA.ACA = +2V {full scale input)

4-5. Input Buffer

The analog switches used for the A/D converter are
CMOS (U210. U211, U212} A low drift. low bias cur-
rent buffer (U214) precedes the A/D input. The offset for
this amplifier (U214} is nulied with potentiometer R207.

4-6. Reference Voltage

The reference voltage {Vrer) 15 provided by a divider net-
work placed acrgss a {emperature compensated zener
(CR110). One haif of U102 provides the zener with a self
regulating bias. The reference voitage is approximately
1.0 volts and can be finely adjusted by R102.

4-7. Display

The 4-1/2 digit Liguid Crystal Display s driven by LSI
counter/driver U101 The Backplane and the segments
of the digits are driven directly by U101, The zebra strip
connector transters the drive signals from the P-C board
onto the LCD.

A low battery indicator 1s detected and actuated by one
half of U102. This annunciator, the minus sign, and all



MODELS 136/176

decimal points are driven by the exclusive OR gate arrays
U201 and U202,

The digitized measurement data 1s presented by out-
put ines 1o the LCD. These lines are driven by a square
wave having the same amplitude and frequency as the
Backplane line. When the ines 1o the display segments
are driven 180° out of phase with the Backplane the seg-
ments are ON. Conversely, when in phase the segments
are OFF. The decimat points and the LO battery indicator
are turned OFF and ON simiarly.

4-8. Power Supply

The precision reference current source U102A also dou-
bles as the +5 volt supply, Pin 1 of U102 is the V+ supply
The & volt supply 15 generated by a power inverter circuit
(U103). This device charges capacitor C102 and then
reverses it. This effectively generates -5 volts. A voitage
doubler circuit consisting of C103, C104. CR101 and
CR102 generates +8.4 volts, This voitage 1s oniy used
an U104 which 1s the precision rectifier amplifier (U104}
of the AC converter.

4-9, MODEL 176 OVERALL FUNCTIONAL
DESCRIPTION
The Model 176152 4-1/2 digit. £20.000 countportable
bench DMM. It has 4 DC voltage ranges. 4 AC voltage
ranges. 5 resistance ranges. 4 DC current ranges and 4
AC current ranges. Along with these functicns andranges
it has 100uvDC and AC voits sensitivity with 100m£2
resistance sensitivity The DC and AC current sensitivity
15 A )
The 176 was designed for high performance at low cost
To meet these design goals the 176 takes advantage of
standard "cff the shelf” components, passive srgnal con-
ditioning and multifunction components and circuits,
The A/D converter was designed from scratch using
discrete 551 CMOS compenents for low power consump-
tion and improved performance-over presently available
LS| A/D converters.

THEQRY OF OPERATION

Figure 4-2 shows the overati biock diagram ror (ne Model
176

4-10. Signai Conditioning

The Signal Conamicming circuit'y Consisis 2f the viilase
dividers, current snunts, AC conrverter nput buffer a~¢
protection CiIrcLitry

4-11. DC Volts

The DC Volits Signal Condittoning ¢onsisls o' 3 £ass.e
diviger R107 and R1C8 The tans from tvis duigear are
apphied (0 the input of the Input Butfer Armpafer tnan 1o
the ArDconverter Taple -2 revealsthe assclialea 3isn .
uaticon with each range

The reference voitage 1 2V (attenuated to ! Vo 1! by
R113 and R115)1s gapphed 10 the A/D converter aur-rg
DOV measurements. Therefore the AsD comvertsr
accepts an input voltage between -2 Voits and =2 Valits
without going nto an overrange condtior Take ~ote
that the 2V calibration (R130} adjusts tre reference +g.1-
age and the 20V cahbration {(R107} adjusts the BC
divider. This means that miscalibration of the 2V ad;us:
(R130} will affett every functicn except Ohms Miscair
braton of the 20V adpust (R107) wll affect the 20V
200V and the 1000VDC ranges as well as the 20MQ2
range Refer to Figure 4-10 for a simphified schematic of
the DC Volits signal conditioning circuitry -

TABLE 4-2
ACV AND DCV ATTENUATION
Range Attenuation Factor
PAY =1
20v 190
200V =100
1000V =1000

OAMS
REFERENCE
VOLTAGE
[¢)
2y
o¢ DC A/D ISPLAY
HE =\ e |ATTENUATOR CONVEARTER :D DIS
A AC | ac |
ATTENUATOR CONVERTER Amgg?i}c:gsgoa
100kHz
[ ACA CLOCK
CURRENT |__" zrx
SHUNTS
LO +8.4V POWER ;SV
— ———-+5V DIGITAL
,1 {AC CONVERTER CNLY) SUPPLY T3y ANALOG
v
ANALOG
FIGURE 4-9 DIGITAL

176 BLOCK DIAGRAM
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R103

2V RANGE

. TO A/D INPUT BUFFER
=1 470K

20V PROTECTION
CAL

(-2 VOLTS TC +2
VOLTS)
20V RANGE

+10

200V RANGE
=100

1000 V RANGE
=1000

FIGURE 4-10
DCV SIGNAL CONDITIONING

4-.12. AC Volts

The AC Volts Signai Conditioning consists of a passive
dwvider {R109-R111.R114and C103-C106)andthe AC
converter. During AC Voltage measurements the meas-
ured signal s apphed to the divider and 15 attenuated by
1. 10. 100 cr 100G for the 2V, 20V. 200 or 1000V range
respectively. The capacitors (€103 - C108) are used for
compensation for stray capacitance and for frequency
characteristics of the resistors. There s no capacitor used
on the 2V range for frequency compensation. There are
aniy two capacitors inthe circuitforany otherrange. This
reduces Interaction between ranges and allows easy 1So-
lation of faulty capacitors. The output from the AC divider
1S applied to the AC converter where it 18 rectified and
scaled before being apphed to the A/D converter. Refer
to Figure 4-11.
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07 R116
=AAAATO AC CONVERTER
Q2uF

2V RANGE

R114
S00KNS 20V RANGES 100K 2 PROTECTION
S OPEN, C103. C104, C105
R111 DEPENCING ON RANGE
90K2S 200V RANGE

100
1000V RANGE

FIGURE 4-11
AC VOLTS DIVIDER

The AC converter 1s a precision half wave rectfier wath
high impedance nput and sufficient gain to produce 2
DC output equal to the rms value of a sine wave input.
Fotlowing the signat path, C107 15 used as a DC blocking
capactter so that DC offsets in the measurad signaldo not
atfect the reading. U108 s a unity gamn bufier used 1o
ehimnate loading of the AC divider and provide low 1m-
pedance drive for the actual AC converter U108 Capaci-
tors C109 and C110 eliminate any problem due to the
offset voltage of U108. R119 - R121 adjust the gain of
the AC converter required to convert from the rectified
waveform average to rms equivalent. Resistors R117 and
R118 adjust out any error at zero due to offsets in U108,
U109 uses feed forward compensation provided by C 114
and will become unstable when any capacitive load (such
as a scope probe) is attached near the output circuitry of
the op amp (U109} Refer tc Figure 4-12

R120 DC out
20K |CR106
AC Cal J\/W
CR1Q7
U108  C110 RIS IGARRA| P—rt
R116 R121
AC IN S AAA—SEN; C109 CIN
(G TO 2Vrms) 0.02uF 100K 6 pmi f——] |—4 NN
: 10ufF 20082 3.185K2

+5V

R118 50K82
ZERO ADJ

FIGURE 4-12
AC CONVERTER

4-6



MODELS 1357176

4-13. Ohms

The Ohms signal conditioning circuitry consists of refer-
ence resistors R107 and R108 and an ohms reference
voitage source The actual chms measurement 1s done
rattometricatly which means the displayed reading 1s the
ravio of the inputvoltage of the A/D converterto therefer-
ence voltage. This can be accomplished because the A/D
converter was designed (o have floating reference inputs
By placing a reference resistor in series with an unknown
resistor. the ratio of the two resistors is equal to the rano
of the voitage across each resistor. The reference resis-
tors R107and R108 are also the DCV dwvider. Using the
1K, 10K, 100KE, 1000K2 and 10 M2 taps on
the drvider for the 2K, 20KS§2, 200K, 2000KE2 and
20 M ranges, the displayed reading s the actual resist-
ance of the unknown resistor.

For ratiometric ohms. a stable. low impedance voltage
source 1s required. U108 1s used 1o supply the required
source without drawing excess current from the tatteries.
Refer ta Figure 4-13 and 4-14 for schemauc diagrams

20K2S3vs o, R129 REF HI

A 118
10K | PIN 15

C123
0.047uf

2K

8.9775M{2

R1O7 10KS2
BOKST PROTECTICN

©
20M0 Q104 R122

ci118
RT101 T
PROTECTION 0.7uF

INPUT >

rR103 TC A/D
INPUT
BUFFER
470K
PROTECTION

FIGURE 4-13
OHMS SIGNAL CONDITIONING
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+3V
- REF Hi

REFERENCE

Rref < RESISTOR

REF LO

PROTECTION

INPUT HI

UNKNQWN

Rx RESISTOR
J;INPUT LO
Input Hi - Input Lo = {Rx )i} = Rx
Ref Hi - Ref Lo = J[Rrefiil = Rref
FIGURE 4-14

OHMS SIGNAL CONDITIONING SIMPLIFIED

4-14. Ampares AC or DC

The Amps signal condiioning circuitry consists of the
current shunts and protection circuitry Durning AC Amos
measurement the AC converter 1§ switched into the ¢ir-
cuit. Cusrent 1s measured by placing 10082, 1062, 102, or
0.1021n series with the current signal for the 2mA. 20mA
200mA or the 2000mA range respectively and measuring
the voltage drop across the appropriate resistor

For DC current. the output voltage goes 10the A/ D rous
buffer ampiifier and for AC current the oulput vantage
appled to the AC converter Thereference that isapp.e
to the A/D converter 1s reduced from T voltic 5 1 voit
order 1o keep the burden voltagelow This maxkes tne A
converter operate at 0.2 voits fulr scale During the cu-
rent function the teast significant digit 15 blanked out oy
U105 and U106, This makes the display 3-1-2 digis
Refer to Figure 4-15 for a simplified schematic o Amaos
signal cond:ticning.

IS

)=

TO A/D INPUT BUFFER

Fiod OR AC CONVERTER
=&\ P
INPUT
R105
9002
R104
L9;
R1C6
CRIOT 08 2000mA
R106
01
INPUT

FIGURE 4-15
AMPS SIGNAL CONDITIONING
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4-15. Input Buffer

The input buffer consists of low drift op amp U110 and
1Its associated components. The nput buffer is piaced
between the signal condiuoning circuitry and the A/Q
converter. It preven!s the A/D from loading down the
signal condimoning. Refer 10 Figure 4-16. a simpiified
schematic of the 1nput buffer

FOLDOVER PROTEC-
TION RESISTOR ON
BOTTOM SIDE QF PCB
ON REV C PCB'S.

470KQ
_ A/ D
PROTECTION l WF U118 pin 6
R122  Input Hi)

arkg |

FILTER T
C118
0. 1uF

FIGURE 4-16
INPUT BUFFER

4-16. A/D Converter

The 176 A/D converter is essentiatly the heart of the
instrument. It has been engineered with discrete SSI
CMOS and low power analog circuitry. This A/D con-

BUFFER
utie ERR
INPUT HI%@E 5
INT
AZ
cy

INPUT Lol
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verter 15 very similtar to the model 135 A/D converter
The dual slope principle 13 employed by the A/D con-
verter. The uming of the dual siope measurement 15
divided into 3 periods; Autc Zero, Signal Integrate and
Reference integrate. The following three steps illustrate
the three measurement pertods.

1) Auto Zera
The Auto Zero period 18 100 msec in length which
corresponds ta 10,000 clock puises. Dunng this
period the refarence voltage 1s stored on capacitor
C117. Capacitor C120 stares +Vos: - Vosz. Refer to
Figure 4-17.
Signal Integrate
As with the Auto Zero phase the Signal integrate
phase s of 100 msec duratien, The input of the A/D
converter 15 first buffered by U110 and then it is
integrated by U111, When positve signals are
applied to the A/D the integrator generates a nega-
tive going ramp. This can be seen at the oulput of
the integrator (pin 1). When negative signals are
applied to the A/D the integrator generates a posi-
tive going ramp.
The ievel of the integrated signai at the end of this
period (signal integratel 1s proportional to the aver-
age of the appiied signal during this period. Since

Signal Integrate 15 & constant 100 msec. the A/D
" converter exhibits high rejection at 5CHz and 60Hz.
Refer 10 Figure 4-17.
Retference integrate
The Reference Integrate period for a fuil scale input
{20,000 counts)1s 200 msec. During this period the

INTEGRATOR

c119
0.22uF

2

3

—_—

COMPARATOR
(TRANSISTORS
Q101, 102. 103)

TOUI14 PIN 12

R125
100K
QA/D

ZERO
ADJ
R126
20K52

REF HI REF LO

. Phase
Control Lines Az nt DE
U112 A B C High for posiive Inputs. low for negative inputs /011201 170

I'nh Low during Tie phase, high all other tmes 1 1 o
U113 A8 C High dunng Az phase, ow all other umes 1 9] Q

Tnh Always ted low Q 0 Q
Uiia A B C High during Az phase. low all gther times 1 o] ¢}

Tnh High during Dephase. low all other tmes 0 [ 1

FIGURE 4-17
A/D CONVERTER
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integrator (s returned to a baseline level by appiying
a reference voltage of a poianty opposite to that of
the signal. This 1s acompiished by grounding the
appropriate side of the reference capacitor. The
digital output is generated from the latches within
U107 which store the number of clock pulses
required for the (ntegrator 1o return to baseline
levels. )

For inputs less than full scale (full scale = 20,000
countsh, the A/ D automatically reverts to Auto Zero.
This happens in the ime period of the 200 msec
remaiming after the return to baseline ievel

Also mcluded in the A/D are 2 adjustment poten-
rnometers. B125 15 part of a rransiation network
which insures that the comparator output durning
Aute Zero 1s at or near the threshold of U114C.
whichn 18 the zero crossing fhp flop. Therefore this
adjustment controis symmetry between positive and
negative inputs Shorting C118 (as inthe Cal Proce-
dure) and adjusting R125 for a reading of 0000
accomplishes thig symmetry adjustment.

The A/D gain control (R130) 15 the other adjust-
ment. This potentiometer controls the reference
voltage and compensates for all gain errors within
the dual stope A/D converter.

The A/ converter 15 ratiomeiric with differential
referance inputs. Therefore

: _ Vinput
Vdisplay = TRel A — Ref Lo X 10.00C

The full scale inputs for the A/D are as follows:
1. ACV = +2V {full scate input}

2. DCV = £2V (full scale input)
3. 8 = +2V {full scale input)
4 ACA = +.2V {full scale input)
5. DCA = £.2V (full scale input}

4-17. Protection Circuitry

A. DC Volits
in reference to Figure 4-10. 8103 protects the instru-
ment from damage by limiting the current to the input
buffer to about ZmA maximum. Extended appihcation
of greater than 300 volts on the 2VDC range may
damage R116.

B. AC Volts
in reference to Figure 4-11. R116 protects the instru-
ment from damage by limiting the current to the AC
converter to approximately 10mA maximum. Extended
application of greater than 300 volts on the 2V AC
range may damage R103.

C. Ohms
In reference to Figure 4-13. there are three compo-
nents that protact the instrument in the event voltage
1s apphed 1o the input while on the Ohms function
These components are R103. RT101and Q104 R1G3
works exactly hike itdoes for DC voltage measurements
by hirmtng current o the put buffer amglifier
0104 15 used as a low leakage zener with a break-
down voltage of approxtmately 10 volts. RT101 15 a
positive temperature coefficient thermistor, RTI101
limits the current going to Q104 by increasing s
resistance greatly when heated. This happens when
voltage above 10 volts s apphed to the input. When
voltages of much greater value than 300 volts are

THEORY OF QPERATION

applied to the input when in the Ohms function, Q104
usually taits by becoming ieaky or shorted causing
reading errors
D. Amps AC or DC

in reference 10 Figure 4-15. CR101 protects the :ow
currentrangeresistors by clamping the burdenvoitage
to approx:mately 2 volts. Above the clamping vollage
excessive current:s drawnwhich blows the 2 Amgp fuse
F10! On the high current ranges [200mA and
2000mA) FI1G1 protects the shunts By 1miting the
current to approximately 2A Take note that F10°!
15 the underlying protection for current measurements
and 1s onfy useful below 250 volts

4-18. Display and Annunciator Drivers

The 4-1/2 digit Liguid Crystal Dispiay 15 arnven by LSI
counter/drniver U107 This display is of the nonmuiti-
plexed type with a common backplane (BP) ang & sepa-
rate hine for each segment and annuncialc’ (¢ be cis-
played Tokeepany DC vottage from damaging ine a'spray
the backplane line 1s driven with a low frequency sguare
wave. When the ines to the display segments ang annun-
ciators are driven 180° out of phase with the backplane
they turn on. Conversely. when the iines to the segments
and annunciators are driven in phase. they turn cff The
backplane. signat 1s generated by U107 To_drive the
annunciators, the backplane sigrnal »s applied o one
input of an exclusive OR gate for each annunciator The
other input to each exclusive OR gate becomes the con-
trol line {1.e. +5 velts 1o the conurol ine causes the exciu-
sive OR gate to invert the backplane signal turming that
annunciator on. Zero volts tied to the controt npu!
causes the backplane signal to go through the exclusive
OR gate unchanged. This turns the annunciater off)
Ouring the Qhms measurements, the AC anrunciator is
forced cff (regardiess of the position of the AC switen}
by inverting the backptane signal twice {which s the same
as backplane) The "k” annunciator does the same thing
as it gets turned on with the " {2 " annunciatar and terned
off when the 20MQY buttan 15 depressed

The “BAT" annunciator 1s alse driven by an exclusive OR
gate. but the control hine for the gate {103Bi comes trom
U123 instead of the switch assembly U123 15 used as a
comparator to warn when the battery voltage gets toc
low UI05 and U106 are CMOS transmession gates.
When on they aliow U107 to hght the least significant
digit of the display.

During the Current measurements. U105 and U108 are
turned off K101 then pulls the 7 segment hines of that
digit (ieast significant digit) to the backplane sigral This
1s how the least significant digit1s blanked for the current
measurements

4-19. Powar Supply/Referencs Circuit

Refer to the schematic diagram ot the Model 178
3039470 Power s supphed by the battenes orfthe " 768
battery eliminator 1s instalied power 13 supphed througn
it. Diode CR110 protects the instrument from reverse
battery instaliation and will aiso fuse open in the event
of a severe short within the instrument.

Analog and digital power supply reguiation 1s accom-
phished by U123 and its asscciated comnonents The
regutated +5 volt supply powers CR111 (1 2V bana gap
reference). This voltage 1s fed back to U123 to reguiate
the +5 volit supply. The regulated +5 voits :5 applied to
U117 pin 8 and CR108's anode. U111 7isamighefficiency
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power converter which generates -5 vgits by charging
C127 with the +5V supply. then switching the positive
lead of C127 to ground and charging C130 tc -5 volts.
CR108. CR109. C124 and C126 form a2 simple voltage
doubler driven by C127 The resuit of the doubier equats
+8.4 vaits which is used exclusively by U109 in the AC
converter.

The +5 volt supply s split into two separate lines. One
for the analeg circwitry and ane for the digtal circuitry
The -6 voit supply 1s used for the comparater. the analog
switches and most of the op amps.

4-10
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The fact that CR111 s stable with time and temperature
enables it to also be used to derve the precise 1.0000
volt and 0.1000 volt reference signals that are used for
Volts and Amps. respectively. Dunng volitage measure-
ments the CR111 voitage 1s attenuated to 1.0000 volis
by R113, R115 and R130. The 1.0000V signal 1s fed
1o the A/D reference nput. During the Amps function
R115 is replaced by a section of R108. This attenuates
the 1.0000V to 0.1000V which 1s apphed to the A/D
reference input.
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MAINTENANCE

Section 5. Maintenance (Troubleshooting, Calibration)

5-1. GENERAL

Thrs section contains information necessary to maintan
the Maodels 135 and 176 In arder to avold confusian
between the two instruments, their maintenance informa-
tion will be discussed separately The maintenance infor-
mation inciudes: Adjustment/Cahbration, Troubleshoot-
ing, Battery replacement Fuse replacement. These sub-
sections wiil appear in the following order:

Model 135 Calibration

Model 135 Troubleshooung

Medel 135  Battery Replacement., Fuse Replacement
Model 176  Caiibrangn

Model 176  Troutreshooting

Model 176 Battery Reptacement. Fuse Replacement

Mode! 1766 Troubleshooting

5-2. MODEL 135 CALIBRATION

The Model 135 recommended calibratton equipment s
listed n Table 5-1. Alternate equipment may be used.
However. the accuracy of the aiternate equipment must
be at feast 3 umes bertter than the Model 135's specifi-
cations or equal te Table 5-1 specifications.

5-3. Environmantal Conditions

Calibration should be performed under laboratory condi-
tons having an ambrenttemperature of 23°C *1°Cand a
relabve humidity of iess than 70%. If the instrument has
been subjected to temperatures cutside of this range, or
tc higher hurmidity. allow cne hour mimimum for the
nstrument to stabthize at the specified environmental
conditions before beginning the calibration procedure.

.5-4, Calibration Procedure

NOTE

Calibration should be performed by quaiitied
personnel using accurate and reliable equip-
ment.

CAUTION

Do not exceed the maximum allowable input
voltage. Instrument damage may occur. Max-
mum atlowable inputs are stated In the spec-

Perform the following procedure and make the agjust-
ments indicated to calibrate the Model 135 In order 1o
reach thecabipration adjustments. the 135's boulom covear
must be removed. To do this use the following procedure

WARNING

To prevent a shock hazard., all test leads
should be removed from the INPUT terminais
before separating the instrument’s top cover
from the bottom cover.

Place the unit face down ©n a bench or other sim.'ar
surface and remove the battery compartment cover
Disconnect and remove the battery. Remove tne o
No. 4-40 x 778 retaining screws Graspo the bottom
cover and hft gently at the input jack eng
Then GENTLY Iift the botlom cover away from e P
board. The two latches securing the top arc sotic™
cover will disengage L.ttt the bottgm ccver com-
pletely away from the rest of the 135
The battery can now be reccnnected for froubie-
shooung and/or cabbration 7o reat Ine 2:Spay
some hght downward pressure at the top erd 92° the
circult board may be requirea in order to make cor -
tact, through the eiastomer contact strip. between
the circuit board and the LCD
With the adjustment points exposed you can NGw "¢ fow
thus procedure to cahibrate the 135
A Select the DCV function and also selec! the " 300y
range.
B Short C204 (there are two pads providec or tre A.
board in order to short C204 referto Frgure S-"iarc
adjust R2Q5% for 000 0

%]

3

Q&g 08D,

FIGURE 5-1

fication. SOLDER SIDE OF A/D BOARD
TABLE 5-1
RECOMMENDED CALIBRATION EQUIPMENT

ITEM DESCRIPTION SPECIFICATION MFR. MODEL

A OC Calibrator 1 100V, 1000V Fluke 3434
*002%

B AC Cahlibrator ™oV 10V 100V H-P 745A
+022%

tn



C. Ramove the shortfrom C204. Select the 2V range and
short the input terminals (VK2 to COM). Adjust R207

fAr OONON
0T VU,

D. Remove the short from the input terminals (V2 to
COM}. Apply +1.9000VDC to vtand COM and adjust
R102 for +1.8000.

£. Selectthe 20V range and apply +19.000VDC to V-§2
and COM and adjust R113 for +198.000.

F. Select the ACV function and the 750V range. Short
the input terminals {(V-§2 to COM) and adjust R111
for C0Q 0.

G. Select the 2V range. Apply 1.9000VAC at 560 Mz to
V-£2 and COM and adjust R109 for 1.9000.

RITT
R109 | R11
e
v W 2

1]

FIGURE 5-2
SIDE VIEWS OF CALIBRATION ADJUSTMENTS

5-5. TROUBLESHOOTING

The troubleshooting instructions contained in this section
are intended for qualified perscnnel having a bastc under-
standing of analog and digital circuitry used in a precision
test (nstrumeni. The instructions have been wntten o
assist In isotating the defective circuit or subcircuit. 150-
lating the defective component has been left to the tech-
mcian

NOTE

For instruments that are still under warranty
(less than 12 months since date of shipment).
if the instrument’s performance 1s outside of
specifications at any poimt. contact your
Keithiey representative or the factory before
attempting troubleshooting or reparr other
than battery or fuse replacement.

5-6. Special Handling of Static Sensitive Davices

CMOS devices are designed ta 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 10 destroy these devices. The
following steps fist the stalic sensitive devices in your
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Model 135 and provide instruction on how to avoid
damaging them when they must be removed or replaced.

A Static sensihive devices:
A IC sensihive S

foXE-11 f Levile

Reference Designation Keithley Part Number

uiol IC-286
U102 IC-288
U103 IC-287
uz2c1, uz2o2 IC-226
U203. U208 IC-103
U204 IC-284
U205 IC-285
U206 1C-139
U207 IC-138
U208 IC-102
U210 - U212 318479

B. The above integrated circuits should be handled and
transported only in protection contaners. Typically
they will be received tn anti-static tubes or electrically
conductive foam. Keep the devices in thetr priginai
sontainers until ready for use.

C. Remove the devices frorn their protective containers
only at a property grounded work bench or table. and
cnly after grounding yourself by using a wrist strap.

D. Handle the devices only by the body. Do not touch the
pmns.

E. Any printed circuil board into which a deviee s tc be
inserted must also be grounded to the bench or table.

F. Use oniy anti-static type solder suckers.

G. Use only grounded tip soldering rons.

H. After soldering the device into the board. or properly
inserting it into the mating receptacle. the device is
adequately protected and normal handiing can be
resumed.

6-7. Troubleshooting Procedure

This section contains tabies listing step-by-step checks

of the major DMM circuits described in Section 4. Theory

of Operation. The following steps outiine the use of these

tabies and provide instruction for prepaning the DMM

for troubleshooting. Read a!l of these steps before trou-

bieshooting the instrument.

To troubleshoot the instrument 1 15 necessary 1o dsas-

sembie the 135 case. To do this follow the steps outlined

in paragraphs 5-4-1, 6-4-2, 5-4-3.

A. Power Supply
Start off troubleshooting with the power supply. in
Table 5-1 there are several steps and checks that wiil
verify if the power supply 1s providing the approgriate
voitage to the circuitry. if all checks in Table 5-1 prove
to be correct then proceed to step B.

B. The next step is 10 check proper operation of the dis-
play and the A/D converter. Check these crrcuits by
following Tables 5-2 ang 5-3.

C. The signal conditioning circuitry should be next in
hne 1o be checked. Problems with DCV or Ohms may
involve the attenuator. Foliow Table 5-4 for DCV trou-
bleshootng procedure and Table 5-5 for Ohms
troubleshooting procedure.

NOTE

Make sure that the PC board !s free of contam-
mants {oil. dirt, etc.). Contaminants on the PC
board will degrade performance on DCV and
Ohms ranges.
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D. Problems with AC voltage or AC current may involve
the AC converter. Check this circuit by following Table
5-8. If the problem exists with AC current only see
step E

E. If problems occur with current readings. check the
shunts and related circuitry as cuthned in Tabie 5-7.
It should be noted that AC and OC current ranges use
the same shunts. therefore problems will occur on the
same ranges if the shunts are at fault,

F. If a gross failure exists that indicates a possible blown
fuse, refer 1o paragrapn 5-9 for fuse replacement
nstructions.

G. All measurements are referenced 10 analog common
{COM input jack) uniess otherwise noted 1n tables.

WARNING

Some of the procedures in the following tables
require the use of high voltage, Take care to
prevent cormtact with live circuits which could
cause electrical shock resulting in injury or
death.

MAINTENANCE

5-8. Power Supply Checks

Remove the two PC boards from the front cover Remove
the two screws (aiong with standoffs) that secure the two
boards together Gently separate the boards All cower
supply checks wiil be made on the switch boarg (PC-S681
To troubleshoot the power supply foilow Taple 5-°

NOTE

The absence of +5 volts can be the resu:t ot 3
short on the +5 volt suppiy or the -2 vo .t sup-
ply. Check the battery for excessive current
drain. Reassemble the two boards and check
to see that the digital board 1s not shorting the
power supply.

For troubleshooting the A/D converter the instroment
should bereassembled into the front cover so that you can
monitor the display while following Table 5-3 Some nght
pressure ¢n the back of the LCO will be necessary :n order
to allow the display o function properly

TABLE 5-1
POWER SUPPLY CHECKS .
Step item/Component Required Condition Remarks
1 J1019 Connected 10 a fresh +9v
battery
2 5101 Turn on power
3 U1G2. pin 1 +5 Volts £5%
4 CR110. cathode +1.25 Voits £5% Reference Zener
5 U103, pin 9 -5 Volis 5% Inverter Output
6 U1C3. pin 8 +5 Volts £5% From U102
7 CR101, cathode +8.4 Volts £10% Valtage Doubler
C104. +terminal Qutput
TABLE 5-2
DISPLAY CHECKS
Step Item/Component Required Condition Remarks
1 Turn on Power. select any
function or range except
ohms,
2 Uiot. pinl +5 Volts 5%
3 U101, pin 5 Backplane. 1QCHz -30QHz
square wave.
4 U101 pins 5 voit square waves in cr gut
2.3.4,6-26.37-40 of phase with backplane
signal
5 U201 pins9and 13 Backplane Waveform Bat. minus sign
U202 pins 1, 5.9, and decimal
13 pornt drivars
5 U202 pins 2, 6. 8. Appropriate DPimenigh{on) Select all ranges
12 to check all dec-
imal points.
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TABLE 5-3
A/D CONVERTER CHECKS
Step ltem./Component Required Condition Remarks
1 Turn on Power, setect 2vVDC
range, short Volts input.
2 Monitor Display 0000 %1 digit
3 U214 pin 8 0000 Volts Buffer Qutput, A/D
input
4 U211 pin 16 +1.00 Voits Reference Output
5 U211 short ping Connects reference
5and 15 cutput to A/D input
&} Monitor Display 1.0000 %310 digrts If steps 4 and 8 are
correct then the
AsD s functioring
properly,
7 U101 pin 32 0 to +5 Volt square wave Clock signal
100KHz *100Hz
8 Cc208 0.0 Volts #100m Volis Stored Auto Zero
Voltage
9 U213 pin2 0.0 Volts 2100m Volts Integrator Sum-
ming Junction
10 U213 pin 1 1Volt #0.3 Volis integrator Qutput
T U213 pin § 0 Voits Buffer Inpus
12 U213 pin 7 0 Volts £40m Volts Buffer Qutput
13 External DC supply Apply +1.9000V Calibrauon Point
such as 343A
14 Monitor Display 1.9000 *1 dignt If different check
U214 input
15 U213 pini Waveform as shown in tntegrator Qutput
Figure 5-3.
186 U204 pin 12 Waveform as shown in Comparator Qutput
Figure 5-4.
100MSEC 200MSEC
SIGNAL REFERENCE
JNTEGRATE INTEGRATE |
r—1 OOMS——E-—200MS
+1V I '

AUTO

ZERC

FIGURE 5-3
INTEGRATOR OUTPUT WAVEFORM

| COMPARATOR WAVEFORM "

IS A LOGICAL 1
DURIlNG RAMPING

!

|
SIGNAL REFERENCE
INTEGF(ATEI INTEGRATE
!
FIGURE 5-4

AUTO ZERO OF
NEXT CONVERSION

AUTC ZERO OF

| NEXT CONVERSION

COMPARATOR OUTPUT WAVEFORM
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For troubleshooting the DC attenuator follow Table 5-4

TABLE 5-4

DC ATTENUATION CHECKS

Step

Item/Component

Required Condition

Remarks

External OC supply
such as 343A
U214 pin 6
External DC supply
such as 343A
U214 pin 6
External DC supptly
such as 343A
U214 pin 6
External DC supply
such as 343A
U214 pin 6

Turn on power. select the
2V0C range. Short the input
and adjustR207 for 0000 at
output of U214

Apply +1.9000 Volts

1.9Volts

Select 20V range. Apply
19.000 Volts.

1.9 volts 210 digits

Select 200V range Apply
190.00 Volts.

1.9 Volts 220 digits

Select 1000V range. Apply
1000 Volis.

1.000 Volts +10 digits

Calibrated Input

Buffer Quiput
Calibrated Input

Buffer Output
Caiibrated Input

Suffer Quiput
“ahbrated input

- sffer Output

AC Converter

Since ACV and DCV use the same attenuator. venfication
of the DC attenuator s sufficient to insure that the AC
attenuator 1s functioning properly.

TABLE 5-5

AC ATTENUATION CHECKS

Step

item/Component

Required Condition

Remarks

L6 1 I (N P B (N ]

0~

10

11

Maonitor Display
External AC source
such as H-P745A
Wiper of R107

R108 pin &

External AC source
such as H-P745A
Monitor Display
External AC scurce
such as H-P745A
with 746A

Maonitor Display
External AC source
H-P745Awith 746A
Maonitor Display

Select the 2VAC range and
short the input.

0000 *5 digits

Apply 1.0000 Voit RMS at
1KHz

1 Volt RMS nominai

+1 Volt DC

Select 20VAC range and
apply 13.000V at 500Hz
19.000V Nominal

Select 200VAC range and
apply 1900V at 500Hz

190.00V Nominal

Select 1000Vac range and
apply 500V at 100Hz

500 0V Nominal

R111 zero adjust
Calibrated input

AC Buffer Output
AC Converter Input
Output of U104
Gain of U104 15 ad-
justed to provide + 1
VOC for 1 VoIt AC
Calibrated Input

Calibrated Input

Calibrated tnput

MAINTENANCE
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TABLE 5-6
OHMS ATTENUATION CHECK
Step item/Component Required Condition Remarks
1 Check A/D Converter
2 Select the 2k) range and
short the input
3 Monitar Display 0000 £1 digit
q R105 pin 4 Approximately 2.5 Vaolts
5 Input Hi to LO Remove short and connect It incorrect check
ammeter from InputHlto LO, Q101, RT101 or
Current is approximately Q204
2mA.
5] Input HI to LO Measure apen circuit volt-
age 3.5 Volts max
7 1KS2precision Apply to input Calibrated
resistor resistance
8 Manitor Display 1.0000 *30digits Checks acguracy of
R116 -1K2
9 10K precision Select 20KS2 range and appiy | Calibrated
resistor 10KE2 to input resistance
10 Monitor Display 10.000 £22 digits Checks accuracy of
R116 -9KO
11 100K precision Select 200KE2 range and Calibrated
resistor apply 100 K§2 to input resistance
12 Monitor Display 100.00 22 dign Checks accuracy of
R116-90K2
13 1000 KQ2precision Select 200KS2 range and Calibrated
resistor apply 1000 K2 to input resistance
14 Moenitor Display 1000.0 £22 digits Checks accuracy of
R116-900KS2
15 1OMElprecision Select 10MS} range and Calibrated
resistor apply 1C0ME2 to the input resistance
16 Monitor Display 10.000 *102 digns Checks accuracy of
R118-9M.Dleakage
of Q204 and leak-
age of C-211
TABLE 5-7
CURRENT SHUNTS CHECKS
Step Item/Component Required Condition Remarks
1 F101 Continuity .
2 AR112.R114 Correct shunt value for Apply a known 1/2
specifiad range fuil scale current
and measure volit-
age across shunt
3 Turn on power and select
DCA, 20mA range
4 External DC voltage 0 to 1 Volt Clamping must
........................... accur at £0.7 Volts

WARNING

Disconnect the test leads and turn the 135 off
before replacing the battery or fuse. Put the
covers back into place on the compartments
before resuming use of the instrument,.

5-9. Battary and/or Fuse Replacement

A. A 9V battery 15 supphied with the instrument but not
instalted. To install or replace the battery. remove the
caver fram the battery campartment by sliding « off in
the direction of the arrow located on the battery cover
The battery connector snaps on and off the terminal
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of the battery. Improper instaliation of the battary will
cause the connecting wires 10 be severed by excess
strain. Proper installation requires that the battery
be pesitioned in such a manner (shown in Figure 5-5})
that the leads protruding from the boot of the battery
connector face toward the cutside of the battery com-
partment. If the instrument 15 going 1o be stored for
aleng pericd of ume orin a high temperature enviran-
ment, remove the battery to prevent leakage damage

FIGURE 5-5

BATTERY INSTALLATION
B. A 7% amp fuse protects the 20mA range. To gain
access to the fuse. remove the fuse compartment
cover in the same manner as removing the battery
compartment cover Remaove the fuse by pulling out-
ward on the plastic tab that encircles the fuse body
install the plasuc tab on the new fuse and snap the
fuse back into the fuse holder Do notrepiacethefuse
with a higher rated value or instrument damage thatis

not covered by warranty may occur.

NOTE

Some fuse covers incorrectly indicate the
fuse value at 2A. O 75A is the correct vatue.

5.10. MODEL 176 CALIBRATION

The Model 176 recommended calhibration equipment (s
listed 1n Table 5-1 Alternate equipment may be used.
However. the accuracy of the alternate equipment must
be atieast 3 times better than the Mode! 176's specihica-
tions or equal to Table 5-1 specifications.

5-11. Environmental Conditions
The environmental conditions that are required to cali-
brate the 176 are outlined in paragraph 5-3.

5.-12. Calibration Procedure

Cabhibration should be performed by qualified personnel
using accurate and reliable equipment. Perform the fol-
lowing procedure and make the adjustments indicated to
calibrate the Model 176 To gain access tothe cahibrauon
adjusiments, the 176's top cover must be removed. Use
the following procedure toc accompiish this

WARNING

To prevent a shock hazard, all test leads
should be removed from the input terminais
before removing the top cover.

CAUTION

Do not exceed maximum allowabie nput
voltage. Instrument damage may occur.
Maximum allowable inputs are stated in
the specifications.

MAINTENANCE

A Turn off the power (if the Model 17686 s :nstalied.
disconnect the hine cora)

B. Turn the instrument over $0 that the bottom cover s
facing up. loosen the four screws in the bottom panet

C Hold the top and bottom covers together tc prevent
their separation and turn the 178 over 1o normail post-
tion

D. Carefully Lift off the top cover

The catrtbration adjustment points are shown crithe shieigd
of the 176 The scnemauc designations cf the adjus
ments are given betow in numbered sequence Trenum-
bered sequence corresponds to 1Ne numpered Sequence
cn the shield. Use the following procedure toc Zatibrate
the 176

1 Select the DCV function and the 20V range Place
a short across C118. Adjust R125 for a display ot
0.000 Remove the shortfrom 118 after the adust-
ment 1S made.

2. Select the 2V range and short the input terminals
(HI and LO) Adjust R102 for a display of 0000

3 Selectthe ACV funcuon and the 1000V range With
the short stil applied 1o the input terminais acjust
R118 for a display of 000.0 Remove the short frcm
the input terminals {(Hi angd LQO) after the adjustment
15 made. -

4. Select the DCV funcueon ana the 2V range. Apply
+1.9000V tothenputterminals (Hland LO) from the
DC cal:brator {Item A Table 5-1} Adpust R1301ora
display of 1.9000V

5. Select the 20V range and applv ~13 000V to the
input terminals (Hl ang LO) from the OC calbrator
{tem A, Table 5-1}. Adjust R107 for a dispray of
19.000V

B.  Salect the ACV function and the 2V range Apply
1V at 1KHz to the input terminals (Hl and LG} from
the AC calibrator (ltem B, Table 5-1} Adjust R11§
far a dispiay of 1.0000

7. Select the 200V range and apply 100 00V at 5KHz
to the input terminals from the AC caiibrator {ltem B,
Table 5-1). Adjust C106 for a reading of 100 00V

8. Select the 20V range and apply 10.000V at 10KHz
to the input terminals from the AC cahbrator iltem B,
Table 5-1}). Adjust C106 for a reading of 10.000V

5-13. MODEL 176 TROUBLESHOOTING

The troutleshootng instructons contained n this sec-
tion are intended for qualified personnel having a pas:c
understanding of analog and dig:tal circuntry used in 3
precisien tes! instrument. The instruct:ons and tatles
have been written to assist in isolating the defective cir-
cuit or subcircuit. Isolating the defective companent has
been ieft 15 the technician

NOTE

For instruments that are still under warranty
{less than 12 months since date of shipment),
it the mstrument’s performance s outsice of
specifications at any point. contact yours
Keithley representative ar the factory before
attempting troubleshooting or repair other
than battery or tuse replacement.
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5-14. Special Handling of Static Sensitive Devices
CMOS devices are designed to function at very high
impedance levels for low pawer consumption. For this
reason. a normal static ¢charge build uponyour personor
clothing can be sufficient to destory these devices. The
following table 15 a list of the static sensitive dewvices
located inyour 176 Instructions on how 1o avoid damag-
Ing these devices when they must be removed or replaced
are located in paragraph 5-6.

Static Sensitive Devices

Reference Designation Keithiey Part Number

Ulo1 - uio4 1C-226
U105, U106 IC-149
uig?z IC-286
Utt2, U113, U118 31847-1
Uuilia IC-284
U115 ’ 1IC-285
urig. y122 IC-103
Uiz IC-287
WRRE:] IC-138
U120 IC-139
U1z IC-102
U123 . IC-288

5-15. Troubleshooting Procedure
This secticn contains tables iisting step-by-step checks
of the major DMM circuns described in Sectien 4, Theory

MODELS 136/1786

of Operation. The following steps outline the use of these

tables and provide instruction for preparing the DMM for

troubleshooting. Read all of these steps before trouble-
shooting the instrument.

To troubleshoot the instrument it 1S necessary to remove

the top cover. This can be accomphished by foliowing the

procedure outlined in paragraph 5-11A. B, C and D.

A. Power Supply
Start off troubleshooting with the power supply. In
Table 5-8 there are severai steps and checks that wili
verify if the power supply is providing the appraopriate
voltage to the crrcwitry. if all the checks in Table 5-8
prove to be correct. then proceed to step B.

8. A/D Converter
The next step 1s to check proper operation of the A/D
converter. Check the A/D converter by following Table
5-9.

C. The next step 1s to check the signa! conditiening cir-
cutry. Depending on the discrepancy. start with the
appropriate attenuator. Table 2-10 outlines the DCV
attenuator. Table 5-11 outlines the ACV attenuator
and AC converter. Table B-12 outlines the current
attenuation.

0. Ohms source
The Chms source troubleshooting procedure 1s out-
lined 1n Table 5-13.

E. If a gross faure exists that indicates a possiblg blown
fuse. refer to paragraph 5-16 for fuse reptacement
INSIructions.

TABLE 5-8
POWER SUPPLY CHECKS
Step Item/Companent Required Condition* Remarks

1 Turn on Power

2 Batteries >6.5V 6 fresh “C” cells

3 Test Point 1 >6.2V CR11C check

TP1

4 P2 +5.0V *20% Analog +5V check.
This is supplied
from the batteries
through U123,

5 TP3 -5.0vV £20% Analog -5V check.
This 1s supplied
from Analog +5V
supply via U117,

8 TPS 1.20Vta 1.28V Band Gap Refer-
ence Check
(CR111)

7 U108 pin ? +8.4V nominal Analog +8.4V
check supplied by
U117, used only for
U108,

*All voltages are measured with respect to input LO.

5-8
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TABLE 5-9

A/D CONVERTER CHECKS

MAINTENANCE

Step Iltem/Component Required Condition Remarks
1 Turn on power and select the
2VDC range. Short the input
{H!l and LO)
z Monitor Display 0000V #*1 dignn
3 P86 +0.0001v U110 Input Buffer
Zera
4 TP7 +0.0001V ‘nput tc A/D
converter
5 UT18 pin 15 +1 00V Reference Voitage
8 Short U118 pin 5 topin 15
7 Monitor Disptay 1.0000 *3 diguts
a8 Remove the short on U118
pin S to pin 15. Shont U118
pin 150 U110 pin 3.
9 Monitor Display 1.0000 3 digits If steps 5. 7 anc 9
are correctthe A/D
15 funcnioning prop-
erly lf not continue
with step 10 Re-
mgve short on
U118 pin 15 to
U11C pin 3
10 U120 pin 10 100KHz nominal, G to +5V Master Osc:llater
square wave
11 U107 pin 28 10Hz, 0 to +5V square wave Diwvide by 10.000
12 U115 pin 1 5Hz, O to +5V square wave Trming
13 U115 pin 15 2.5Hz, O o +8V square wave Tirning
14 Uilt pin 3 +70mv Autc Zero Voitage
15 U111 pin 7 +30mv U111 check
16 U111 pin 1 Nominal +1 2V Auto Zero Loop
chack
17 External Voltage Apply +1.0V to Hl and LO
Source {343A) nput
18 Uit pin7 Figure 5-6 Buffer
19 U111 pin 1 Figure -7 Integrator
1 ) 1
t i
FOR +1 VOLT INTO THE A/D CONVERTER oy : | !
v . oML ! v NO:MINAL 1
ov A 1 1 :
| : L3 00ms= |
‘f ; ' | III\ITEGRATE !
| ! ! : AUTO ZEROQ :

FIGURE 5-6
BUFFER WAVEFCRM

DEINTEGRATE
! I

FIGURE 5-7

ALTC ZERC

INTEGRATOR WAVEFORM

wm

1 00M§ebe——200ms —n

1
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TABLE 5-10
DC ATTENUATOR CHECKS
Step item/Component Required Condition Remarks
1 Turn on power and select
2VDC range
2 External Source Apply +1.9V
(343A)
3 TP6 1.9V Input Buffer Check
4 Manitor Display 1.8000V R130 reference
adjust
5 Seiect the 20VDC range
6 External Source Apply +19V
{3434}
7 Momitor Display 19.000Vv R107 divide by 10
adjust
8 Select the 200V range
9 External Scurce Apply +190V
(343A}
10 Monttor Display 180.00V nominat Divide by 100 check
11 Select the 1000VDC range
12 External Source Apply 1000VDC
{343A)
13 Monitor Disptay 1000.0V nominal Divide by 1000 check
TABLE 5-11
AC CONVERTER CHECKS
Step ltem/Component Required Condition Remarks
1 Turn on power and select the
2VAC range
2 External AC Source Apply 1Vrms at 1KHz Calibrated input
{745A) ’
3 Uio8 pin 7 1.0Vrms Unity Gain 8uffer
4 R117 pin 9 +1.0vDC Qutput of AC con-
verter. R119 is ad-
justed to give 1.0
VDC output for 1.0
VAC input. (High
impedance measur-
ing here will load
down the reading.
Measuring at out-
put of U109 will
cause oscillation.
5 External AC source Select the 2VAC range and
(7454} apply 1VAC at 20KHz
6 Monitor Display 1.0000V nominal
7 External AC source Select 20VAC range and
{7454) apply 10Vims at 10KHz
8 Manitor Display 10.000V nominal High frequency re-
sponse {compensa-
tion C106. C105)
9 External AC source Select the 200VAC range
(745A) and apply 100Vrms at 5KHz
10 Monitor Disptay 10C.00 nominal High frequency re-
sponse (compensa-
tion C106. C104)
11 External AC scurce Select the 1000VAC range
{745A and 746A) and apply 1000VAC at 1KHz
12 Monitor Dispiay 1000.0V nominal High frequency re-

sponse {compensa-
tion C106. C103)
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TABLE 5-12
CURRENT CHECKS

WARNING

To prevent a shock hazard, all test leads shoulid
be removed from the input terminais before

removing the top cover.

sen ZP-6

BATTERIES

BATTERY

30313

ROLDER

|
X
+

FIGURE 5-8
BATTERY INSTALLATION

Step ltern/Component Required Condition Remarks
1 Turn on power and setect
the 2mADC range
2 Hland LO terminals 10082 nominal Check fuse continu-
ity. CR101 short, or
resistor open
3 R108 pin 4 +1.0V
4 R10B8 pin 5 +0 1V reference voltage
check
5 Uit8pn 15 +Q. 1V nomnal reference switching
check
6 U106 pin 8 ov cdigit blanking
signat
TABLE 5-13
OHMS CHECK
Step Item/Component Required Condition Remarks
1 Turn on power and select
2K range
2 U108 pin 1 +3V nominal Ohms reference
check
3 R108 pin 6 +3V nominal Check for Q104
short
4 Meter input +3V nominat RTI01 contnuity
check
5-16. Battery and/or Fuse Replacement
To replace the batteries the top cover must be remeoved.
To do this follow the procedure outlined in paragraph SATTERY
5-11 A, B, C and D. Install the batteries in the holder as CONNECTOR
shown 1n Figure 5-8. Instaltation of the battery pack is 30307
shown in Figure 5-3. STANDOFF

FIGURE 5-9
BATTERY PACK INSTALLATION

MAINTENANCE
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5-17. CURRENT FUSE REPLACEMENT

WARNING

To prevent a shock hazard, disconnect all
circuits from the INPUT terminals before
removing current fuse,

To remove the current fuse, turn the DMM over and lay 1t
carefully on 1ts top. Insert a small screwdriver blade into
the slot on the fuse holder, press gentlyand turn 1 /4-turn
counter-clockwise. Lift the hotder and fuse out of the
receptacle. The fuse can now be removed for checking or
repiacement. Replace with cne of the following types:
AU SA Use - 3AG 250V, 2A, Norma! Blow

B. Europe Use - 5 x 20mm. 250V, 2A, Normal Blow

CAUTION

installing a higher rated fuse than the one
specified could result 1n damage to the
instrument,

SLOT
Fri- A5
HOLDER

FUSE
2A, 250V

FH-2y

FIGURE 5-10
CURRENT FUSE REMOVAL/REPLACEMENT

5-18. MODEL 1766 TROUBLESHOOTING

The Model 1786 Battery Eliminator troubleshooting is
relatively simple when following the steps outlined in
Tabte 5-14.

MODELS 135/176

The Turns ratio between the primary winding and the
secondary winding 1s approximately § to 1. Measured
from the primary coil designated by pins 8 and 11 to sec-
ondary coil designated by pins 4 and 6.

5-19. Rotary Switch Rotation

Rotary switch S103 may be confusing when trying to
visualize the rotation of the contact wipers. The foliow-
ing Figures illustrate the five different positions of both
sides of S103.

FIGURE 5-11
SWITCH S103 IN THE OHMS POSITION

FIGURE 5-12
SWITCH S103 IN THE ACA POSITION

FIGURE 5-13
SWITCH S103 IN THE DCA POSITION

TABLE 5-14
MODEL 1766 TROUBLESHOOTING

Step Item/Componeant

Required Condition

Remarks

—_

F201 hine fuse

2 P1006
3 Emitter of Q201
4 Cathode C202

Continuity

Plugged into live receptacle.
Turn on power

+8.5V nominal

9.1V naminal

1768 output Volt-
age
Zener Voitage
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FIGURE 5-14
SWITCH S103 IN THE ACV POSITION

MAINTENANCE

FIGURE 5-15
SWITCH S103 IN THE DCV POSITION

U
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HEPLACEABLE PARTS

Section 6. Replaceable Parts

6-1. GENERAL

This section contains informanon for ordering repiace-
ment parts for the Models 135 and 176. The parts hists
are separated frcmeach otherinorder to avord confusion,
The parts hists are arranged n alphabetical order of the
circuit designations of their compaonents. Table 6-4 lists
the components of the Model 176. Table 6-5 lists the
components of the Model 135. A cross reference list of
manufacturers. including their addresses 15 g:veninTable
6-1

8-2. Qrdering information

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 ordering :nciude the following information:

A Instrument Mode!l Number

B Instrument Serial Numoper

C. Part Descriptron

O. Circunt Descriotion (if appiicable)
£. Ketthiey Part Number

6-3. Factory Service

If the instrument s to be returned 10 the factory for serv-
ice. piease photo copy and complete the service form
which follows this section and return i1 witn the nstro-
ment

6-4. Schematics

The Model 1786 schematic and PC layout are iocatec on
page 6-9 and page 6-10 respecuvely The Mcde! '35
schematic and PC layouts are located onpage6-11 5.2
and 6-13 respecuvely. The Mode! 1766 schematc s
located on page 6-14.

TABLE 6-1
CROSS REFERENCE OF MANUFACTURERS .
MFR Name and Address Federal MFR Name and Address Federal
Code Supply Code Supply
Code Code

A-B Alien-Bradiey Corp. INT Intersii. Inc

Milwaukee, Wl 53204 01121 Cupertino. CA 95014 32243
ACI American Components, Inc IRC IRC Dwasion

Conshohocken, PA 19428 14298 Burhington 1A 52601 07716
BRN Bourns, Inc. ITT ITT Semiconductor

Riverside. CA 92507 80294 Lawrance. MA (01841 15238
CAD Caddock L-F Little Fuse. Inc

Riverside. CA 92507 19647 Des Plains. tL 60016 75915
CLB Centralab Division MEP Mepco. Inc

Milwaukee, Wl 53201 71590 Morrnstown N 07960 80031
CNW Centinental Wirt Electronics MDW Midwest Components. Inc

Warminister, PA 76727 Muskegon. Mi 49443 04713
DLE Cale Electronics MOT Motorola Semt Products. inc

Columbus, NE 68601 91837 Phoermix. AZ 85008 3473
ECI Efectro-cube. Inc. NAT National Semi Corp

San Gabriel. CA 917786 83701 Santa Clara. CA 94086 18324
EDt Eiectronic Devices NIC Nichican Corp

Yonkers, NY 10710 83701 Chicago. iL 60645
EFJ E F Johnson PNC Panel Components Corp

Waseca, MN 56093 74970 Berkeley, CA 94710
ER! Erie Technological Products P&B Potter and Brumfield

Erie. PA 16512 72982 Princeton. IN 47670
G-E General Elecirnic Corp PLY Plessey CapacHors

Syracuse, NY 13201 03508 Westlake Viliage. CA 91361
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TABLE 6-1 CONTINUED

MOCDELS 1357176

MFR Name and Address Federal MFR Name and Address Federal
Code Suppiy Code Supply
Code Code
RCA RCA Corporation SPG Sprague Efectric Co.
Moorestown. NJ 08080 02734 Visalia. CA 93278 14679
R&H Reaves and Hoffman T-! Texas Instrument
Carhsle, PA 17013 82567 Dallas. TX 75231 01295
RIC Richey Electronics TRW TRW Electr. Components I1RC
Nashwille, TN 37207 2930% Boone, NC 28607 11502
SHG Shigoto
New York, NY 10036
TABLE 8-2
MODEL 1359 PARTS LIST
Qty. Keithley P/N Schematic Designation Description
1 IC-286 U101 Counter
1 IC-288 U102 CMOS OP Amp
1 31847-1 U210, U211, U212 Analog Switch,
Selected 1C-283
1 IC-226 uzo1-u2Q2 Exciusive OR gates
1 30985A CR110.R117 Resistor and
Zener Diode
1 TG-138 Q104 Transistor
1 RAF-38 CR103, CR108, CR109 Diode
2 RF-28 CR101, CR102, Diode
CR104-CR107
5 FU-14 F101 Fuse, 75A, 3AG
1 BH-29 J1019 Battary Clip
1 PA-130 Packing List
1 RT-7 RT101 Thermistor
TABLE 6-3
MODEL 1769 PARTS LIST
Qty. Keithiey P/N Schematic Dasignation Description
1 IC-286 uto?z Counter
1 IC-288 U123 CMQOS OP Amp
1 3184741 U112, U113. U118 Analog Switch,
Selected IC-283
1 iC-226 U101-u104 Exclusive OR gates
1 30986A (CR111, R113) Resistor and
. Zener Diode
1 TG-138 Q104 Transistor
1 RT-7 RT101 Thermistor
1 RF-39 CR110 Diode
2 RF-28 CR102-CR109 Diode
5 FU-13 F101 Fuse. 2A-3AG
5 FU-48 F101 Fuse. 2A, 5x20mm
1 PA-129 Packing List

6-2
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TABLE 6-4

REPLACEABLE PARTS LIST
PC-565 - SCHEMATIC 309470

REPLACEABLE PARTS

PC-Board
Circuit Sch. Item No./ Mfr. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
BAT Battery 1.5V "C” Celi HI — Ever- 935 BA-6
eady
€102 .01uF, 600V Polycarb B5 4/B4 P&B 4200F103M C-215-01
C104 390p. 1000V, Cer D B3 6/84 CciB DD-391 C-64-390p
105 1.9pt0 15.7p. 250V B3 7/C4 EFJ 187-0109- C-284-19 12
005 15 7p
C1086 Sp to 1.5p. 2000V B2 8/D4 EFJ 273-1-1 C-184-5tw ! Bp
C107 02,1000V, Cer D B1 9/0D3 SPG 5622-5VAA £-298-02
102AM203M
C108 10p, 1000V, Cer D D2 /03 cLB DC-100 C-64-10p
€109 10uF, 20V, ETT C1 11/D3 Ty Tap/F £-179-10
35V. 20%
Cc110 10uF. 20V, ETT C1 12/D3 ITT Tap/F C-178-10
35V. 20%
Cim 250uF. 25V, Alum E1 13/D4 NIC 25ULA25D-T C-314-2580
C112 O1uF. 1000V, Cer D Ccz2 14/04 SPG 10S85-S15 C-22- 01
C113 JuF. 200V, Polycarb C1 15/04 ECI 625B1C104 c-221-1
c14 150p. BOCV. Cer D L1 16704 CLB 0CD-151 C-22-150p
Cc115 Sp. 900V, Cer O 01 17/E4 cLs DO-050 C-22-5p
C1186 10p, 1000V, Cer D ch 18/B4 CLB eD-100 C-64-10p
c117 1uF, BOV. Polycarb B4 13/84 ECI 625B1A1056 C-215-
ci18 1uF, 200V, Potycarb B4 20/B5 ECI 625B1C104 C.221-1
C119 22uF, 80V, Polyprop Ch5 21/A5 TRW X363UwW C-2659- 22
Cc120 1uF. 50V, Polycarb D& 22/A5 EC! 825B1A105 C-2156-°
c121 100p. 1000V, Cer D H2 23/C5 CLB DD-101 C-64-100p
C122 JuF. 100V, M1l Poly D2 24/C5 PLY 160-0. TMFD C-3051
Cc123 047k 100V, Mt Poly B5 25/C5 PLY 160.047MFD C-305-047
C124 1OuF, 25V, Alum F1 26/D4 NIC 25ULA10D-T C-314-10
c125 .01. 1000V, Cer D D1 27/€4 SPG 1055-515 C-22- 01
C1286 1CuF. 25V, Alum F1 28,04 NIC 25ULA10D-T C-314-10
c127 10uF, 25V, Alum F1 29/D5 NIC 25ULA10D-T C-314-10
c128 10uF,.25V. Alum E1l 30/D5 NIC 25ULAI0D-T C-314-10
c129 4. 7uf, 25V, Alum D1 31/D5 NIC 25ULA4R7 C-314-47
D-T
C130 250uF, 25V. Alum D2 32/05 NIC 25ULA2Z50 C-314-250
D-T
c13 .07uF, 5OV, Polycarb D2 33/B4 ECH 625B1A105 C-215-01
c132 1QuF, 25V, Alum D2 34/E5 NIC 25AL2500-F C-314-10
CR102 Rectifiar, 75mA, 75V B1 39/D3 T-l tN914 RF-28
CR103 Rectifier, 75mA, 75V C1 40/D3 T-1 1NG14 RF-28
CR104 Rectifier. 76mA. 75V c4 41/8B5 T-l 1N814 RF-28
CR105 Rectifier. 76mA, 75V c4 42/B5 T-1 1N914 RF-28
CR106 Rectifier, 76mA, 75V D1 43/E4 T-1 IN914 RF-28
CR107 Rectifiar, 75mA, 75V D1 44/€4 T 1N314 RF-28
CR108 Rectifier. 75mA. 76V FT 45/D4 T-I 1N914 RF-28
CR109 Rectifier, 75mA. 75V F1 46/D4 T-I 1N914 RF-28
CR110 Rectifier H1 47/D5 MOT 1N4006 RF-38
*CR111 Low Voitage Reference En 48/D5 MOT LM38527 309864
(Zener)
CR112 Rectufier B5 43/B5% ITT IN5400 RF-34
CR113 Rectifier 50/B3 ITT IN5400C RF-34
CR114 Zener B1/E3 ITT IN7518 0Z-59
“CR111 1s part of a set for the reference circuit that 1s selected at the factory
I | | |
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(58]



REPLACEABLE PARTS MODELS 135/1786

TABLE 6-4 CONTINUED

PC-Board
Cirguit Sch. item No./ Mfr. Mmfg. Keithiey
Desig. Description Location Location Code Desig. Part No.
F101 Fuse. 2A, 250V, 3AG, A3 L-F 312002 Fiy-13
U.5.A. Models
F101 Fuse, 2A, 250V, 5x 20mm, A3 PNC 03415619 FU-48
European Models
J1Q01 Battery Clip H1 52/E6 SHG Y05/1893 H-28
BASE-12
Q101 Transistor, NPN C6 H3/A4 NAT 2N3304 TG-47
Q102 Transistor, PNP CH 60/B4 MOT 2N3906 TG-84
Q103 Transistor, NPN Ccé 61/A4 NAT 2N3904 TG-47
Q104 Transistor. NPN A5 62/C4 G-E GES-5818 TG-138
R101 Thick Film H3.4 67/B2 Epitek TF-130 TF-130
R102 100K, 10%, Cermet BS 68/A4 B8AN 3386-F-1- RP-97-100K
Trimmer 104
R103 470K, 10%, 2W. Comp BS 639/84 A-B HB4745 R-3-470K
R104 9€2. 1%, 1/2W. MtF 83 70/B3 IRC - R-135-9
R105 9002, 1%, 1/8W. MtF B3 71783 DLE MFF-1/8 R-179-90
R106 099940, 8991 A4 72/B3 DLE SPR-1012 R-297
R107 50K, 10%, Cermet Al 73/B4 BRN 3386F-1-053 RP-97-50K
Trimmer
R108 Thick Fitm A1,2 74/B84 CAD TF-126 TF-126
R109 1K. 1%, 1/8W, MtF B3’ 75/B4 DLE MFF-1/8 R-179-1K
R110 9K, . 1%, 1/8W. MtF .| B3 76/C4 DLE MFF-1/8 R-179-9K
R111 90K, . 1%, 1/2W, MtF B3 77/C4 IRC — R-135-30K
R113 Selected B1 79/D4 K- —_ 309864
R114 900K, . 1%, 2W. MtF B2 80/C4 ACH C-3CM-2 R-267-900K
R115 10K, .1%, 1/10W. MtF B1 81/D3 ACI — R-263-10K
R116 100K. 10%, 2W, Comp B1 82/D3 A-B HB R-3-100K
R117 Thick Film SEV 83/D3 Epitek TF-123 TF-123
R118 50K. 10%, Cermet c2 84/D4 BRN 3386F-1-063 RP-97-50K
Trimmaer
R11S 20082, 10%, Cermet C1 ) 85/D4 BRN 3386F-1-201 RP-97-200
Trimmer
R12C 20K, .1%. 1/8W. MtF Ci 86/E4 DLE — R-179-20K
R121 9.1K, .1%. 1 /8W, MtF C1 " B7/D4 ACI — A-179-9.1K
R123 316K, 1%, 1/8W, MtF D6 89/A5 R-88-316K
R124 1M, 5%. 1/4W, Carb E3 90/B5 A-B HB R-76-1M
R125 100K, 10%, Cermet c4 91/B5 BRN 3386F-1-104 RP-97-100K
Trimmer
R126 20K, 5%, 1/4W. Carb c4 92/B5 MEP CR25 R-76-20K
R127 47K. 5%, 1/4W, Carb H2 93/B5 A-B HB R-76-47K
R128 22M. 5%, 1/4W, Carb H2 94/Ch5 R-76-22M
R130 2008, 10%. 3/4wW C1 96/D4 BRN 3006P-1- RP-89-200
201
R131 Thick Film SEV 97/D6 Epitek TE-124 TE-124
R133 47K, 5%. 1/4W. Carb BS 98/A4 A-B HB R-76-47K
R134 10K, 5%, 1/4W. Carb B5 98/A4 A-B HB R-76-10K
R135 10K, 6%, 1/4W, Carb BS 100/A4 A-B HB R-76-10K
R136 10K, 5%. 1/4W. Carb ol 101/A4 A-B HB R-76-10K
R137 10K, 5%. 1/74W., Carb Cc8 102784 A-B HB R-76-10K
R138 10K. 5%, 1/4W. Carb C5 103/A4 A-B HB R-76-10K
R139 10K, 5%, 174W. Carb ce 104/A4 A-B HB R-76-10K
R140 47K, 5%, 1/4W. Carb £2 105/D5 A-B HB R-76-47K
RT1Q1 Thermustor, 8mA, 500V, A2 105/C4 MOW 180Q10200 RT-9
PTC
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TABLE 6-4 CONTINUED

PC-Board
Circuit Sch. item No./ Mifr. Mfg. Keithley
Desig. Description Location Location Code Desig. Part No.
5101 Switch SEV 107/C3 cLB — SW-429
Pin Cutting for 5101 309648
U101 CMQOS. Exciusve OR gates SEV T13/A2 RCA CD4C70 IC-226
uto2 CMOS. Exclusive OR gates SEV 114,82 RCA cD4070 IC-226
U103 CMOS. Exclusive OR gates SEV 115/A2 RCA cD407¢ 1C-226
U104 CMOS, Exclusive OR gates SEV 116/B2 RCA CDA070 IC-226
U105 CMOS, Quad Bilateral G3 117/B2 RCA CC4066AE IC-149
Switch
urce CMOS. Quad Biiateral H3 118/C2 RCA CD4066AE 1IC-143
Switch
U107 LCD Counter F.G2 118/D02 INT ICML7224 IC-286
U108 J FET OP AMP C1.A3 120/03 T-1 TLOB2CP 1C-2739
U109 Linear QP AMP D1 121/D4 NAT M308 IC-99
urlio Linear OP AMP 85 122/A4 MOT LM1I1CLN IC-315
VAR J FET OP AMP c.D8 123/A5 T-1 TLOB2CP 1C-273
Uz CMOS. Analog Multiplexer B4 124/8% MOT CD40538C ic-xx3
U113 CMOS. Analog Multipiexer B4 125/85 MOT CD4053BC C-483
U114 CMOS. D type Flip Flops SEV 126/CH MOT CD4017BC IC-284
uis CMOQS. J K type Flip Flops F2 127/C5H MQOT CD4027BC IC-285
U116 CMOS. D type Flip Fiops C.E3 128/D5 MOT CD4013 IC-103 _
U117 CMQAS, Voltage Converter F1 129/D5 INT ICL7660CPA IC-287
U118 CMOS, Anatog Multiplexer c4 130/B5 MOT CD4053BC re-2¢3
Uti9 CMOQOS, Two Input AND SEV 131/B5 RCA CD40B1BE iC-138
gates
U120 CMOS. Inverters SEV 132/CH RCA CD4069BE IC-139
Uizt CMOS. Two Input NAND SEV 133/C5H RCA ch4011 1C-102
gates
U122 CMCS. D type Flip Flops SEV 134705 MGCT cD4013 IC-103
U123 CMOS. Low Power OP AMP SEv 135/D5 INT ICL7621 iC-288
Y101 Crystal 100KHz H2 142/C5H R&H RH-170 CR-15
— Battery Holder Assembly — — — — 30313B*
**Assembly consists of Battery Holder BH-27 and a Battery Holder Plate 303038
Front Panel Assembly
— Front Panei — — — — 30816D
— Qverlay. Front Panel — - — — 30935C
— Liqutd Crystal Display — — — -— DD-286
— Connector, Zebra Strip - — — — CS5-376-3
— Liquid Crystal Spacer — — — — 314048
TABLE 8-5
REPLACEABLE PARTS LIST
PC-567 - SCHEMATIC 30554C
PC-Board
Circuit Sch. item No./ Mfr. Mfg. Keithiey
Desig. Description Location Locatien Code Desig. Part No.
c201 AuF, 50V Cer G1 4/B83 ERI 8121-050 C-237-1
625-104M
c202 10Cp, 1000V, Cer D D2 5/03 CLB DD-101 C-64-100p
C203 10p. 1000V. Cer D C5 B/E3 CLB DD-100 C-64-10p
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TABLE 6-5 CONTINUED

MODELS 135/178

PC-Board
Circuit Sch. Item No./ Mfr. Mtg. Keithley
Desig. Description Location Location Code Desig. Pant No.
Cc204 AuF, 50V, Cer B5 7/02 ERI 8121-050 C-237-.1
651-104M
c205 1uF. 50V, Polycarb C4 8/E2 ECI 625B1A105 C-215-1
C206 1uF, 50V, Polycarb D5 g/E2 EC! 625B1A105 €-215-1
C207 22uF, 50V, Polycart D5 10/€2 TRW X363UW C-269-.22
cz208 uF, 50V, Cer B5 11/F2 ECI 625B1A C-237-1
Cc209 J1uF, BOV. Cer F2 12/F2 ERI 8121-050 C-237-1
625-104M
c210 TuF, 50V, Cer G2 13/F2 ERI 8121-050 C-237-1
625-104m
C211 01, 50V, Polycard B4 14/F3 ECH 626B1A103 C-215-.01
CR201 Rectifier BS 18/E2 T-1 IN814 RF-28
CRE02 Rectifier B5 19/E2 T-I 1NS14 RF-28
Q201 Transistor. NPN Cc5 33/E3 NAT 2N3904 TG-47
Q202 Transisior, NPN (817" 34/E3 NAT 2N3304 TG-47
Q203 Transistor. PNP Ch 35/E3 NAT 2N33906 TG-84
Q204 Transistor. NPN Ad 36/E2 G-E GES-5818 TG-138
R201 1M, 5%. 1/4W. Carb E6 39/82 A-B HB R-76-1M
R202 Thick Film SEV 40/B2 Epitek | TF-129 TE-129
R203 22M, 5%, 1/74W, Carb D1 41/C3 R-76-22M
R204 47K, 5%. 1/4W. Carb D2 42/D3 A-B HE R-76-47K
R2056 100K, 10%., Pot C5h 43/03 BRN 3386H-1- RP-111-100K
104
R2086 Thick Film SEV 44/E3 Epitek TF-127 TF-127
R207 50K, 10%, Pot AD 45/F3 BRN 3386H-1- AP-111-50K
100
R208 10K, 5%. 1/4W, Carb B4 46/E2 A-B HB R-76-10K
R209 316K, 1%. 1/8W. MtF 05 47 /E2 R-88-316BK
R210 10K, 5%. 1/4W. Carb B5S 48/F2 A-B H-8 R-76-10K
R211 47K, 5%. 1/4W, Carb AB 49/E2 A-B H-B R-76-47K
U201 CMOQS, Exclusive OR gates SEV 52/B2 RCA cD4070 1C-226
uz2¢2 CMOS, Exclusive OR gates SEV 53/B2 RCA c4070 IC-2286
0203 CMOQS, D type Fitp Flops E4 54/82 MOT cD4013 IC-103
U204 CMOS. D type Flip Flops SEV 55/B2 NAT 74C175N IC-284
1208 CMOS, JK type Flip Flops EZ 56/B3 MOT cD40278BC IC-285
U206 CMOS, Inverter SEV 57/C3 RCA CD4069BE IC-139
U207 CMOS. Two Input AND SEV 58/B3 RCA CD40818E 1C-138
gates
uz208 CMOS, Two Input NAND SEV 59/C3 RCA CD4011 IC-102
gates
U209 CMNS, D type Flip Flops D3 60/D3 MOT CD4013BC IC-103
U210 CMOS. Anaiog Multiplexer c4 61/D2 MQOT CD4053BC 3184741
U211 CMOS, Analog Multipiexer B5S 62/D2 MQT cD40538C 31847-2
U212 CMOS. Analog Multiplexer ca 63/E2 MOT CD40538BC 31847-3
uz213 J FET OP AMP D5 64/E2 T-1 TLOB2P IC-279
U214 Lingar QP AMP A5 65/F3 NAT LM1TI1CLN 1C-294
Y101 Crystal, 100KHz Di 68/D3 R&H RH-170 CR-15
LCO Assembly _ — — _
LCD - — — DD-25
Connector, Zebra Strip - —_ — — CS-376.2
Window, LCD — - — 301954
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TABLE 6-5 CONTINUED

REPLACEABLE PARTS

PC-Board
Circuit Sch. Item No./ Mfr. Mfg. Keithiey
Desig. Description Location Location Code Desig. Part No.
Gasket — - — — 301724
Support. LCD — — — — 301944
Tape — — — — 30382A
BA101 G2 BA-14
C101 250uF, 28V, Alum G2 3/B2 RIC HC-4B-250 C-314-250
25-8P
C102 10uF, 18V, Alum G2 4,82 NIC 18ULAT1QDT C-313-1%
c103 10uF, 16V, Alum G2 5/B2 NIC 16ULAICDT C-313-'C
c104 10uF. 16V, Alum G2 6/82 NIC 16ULAI10DT C-313-10
C105 10uF, 16V, Alum G2 7/B2 NIC 18ULA10DT C-313-10
C106 10uF. 16V, Alum G1 8/B82 NIC 16ULAT0DT C-313-10
c107 4.7uF, 20V, Alum F3 9/C2 NIC 25ULA4 C-314-47
R7D-T
c108 1uF, B8OV, Cer F1 10/B3 ERI 8121-050 C-237-
625-104M
C108 10uF, 16V, Alum B3 11/B3 NIC 16ULA10DT C-313-10
C110Q YuF, 50V, Cer E1 12/A3 ERI 8121-050 C-237-1
625-104M
C111 JuF, BOV, Cer E1 13/A3 ERI 8121-050 C-237-1
625-104M
C112 10p. 50V. Cer E1 14/B4 SR151A C-237-10p
100KAA
c113 1QuF, 16V, Alum 83 15/B3 NIC 1BULATODT C-313-10
Cct14 2700p. BOOV, Cer D B1 16/C3 C-22-27C0¢
C115 5p. 1000V, Cer D E1 17/B4 CLB DD-050 C-64-5p
C116 150p. 1000V. Cer D E? 18/85 CLB CD-151 C-64-1530p
cr17 10uF. 16V, Alum D1 19/B4 NIC 16KUB10DK C-321-10
c118 10uF. 18V, Alum D1 20/B4 NIC 186KUB10DK C-321-10
C119 Q2uF. 300V, Cer D Ch 21/B4 ERI 811-000- C-316-02
Z5U
C120 .0 1uF. 30V. Polycarb A5 22/B6 EC! 625B1A103 C-215-01
c121 bpto 1.5p. 2000V B2 23/C2 EFJ 27311 C-183-1 6p
ci12z 1 5p, BOV. Cer D B2 24/C2 CLB DTZ1R5 C-291-1.6p
CR101 Rectifier G2 27/B2 T- IN914 RF-28
CR102 Rectifier G2 28/82 T-1 1NQ14 RF-28
CR103 Rectifier H2 29/A3 MOT 1N4CO6 RF-38
CR104 Rectufier D1 30/84 T-! TNS 14 RF-28
CR105 Rectfier c1 31/B4 T-1 INS14 RF-28
CR1086 Rectifier E1 32/84 T-i ING14 RF.28
CR107 Rectifier E1 33/84 T-1 1N914 RF-28
CR108 Rectifier A3 34/B6 MOT TN4QOB RF-38
CR109 Rectifier A3 35/B5 MOT 1N400B RF-38
CR110 Low Voltage Reference F1 36/C2 MOT LM385Z 30985A
(Zener)
F101 .7BA, Fuse, 250V Max A3 L-F 312750 FU-14
Q101 Transistor, NPN B3 56/C2 NAT 2N3904 TG-47
R101 Thick Film SEV BO/B2 Epitek TF-127 TF-128
R102 20080, 10%. 3/4W, Pot F3 61/C2 BRN 3006P-1. RP-89.200
201
R103 2.15K, 1%, 1/10W. MtF Fi 62/C2 ACI CR R-263-2 15K
R104 8.98K. 1%. 1/10W, MtF F2 63/C2 ACI CR R-263-8 98K
R105 Thick Film SEV 64/83 Epitek TF-131 TF-131
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TABLE 6-5 CONTINUED

MODELS 135/178

PC-Board
Circuit Sch, item No./ Mfr. Mfg. Keithley
Desig. Description Lecation Location Code Desig. Part No-
R106 3.3K, 5%. 1/4W. Carb E1 65/84 A-B Cc8 R-76-3.3K
R107 21.93K. .1%. 1/8W, MtF E1 66/B84 R-179-21.93K
R108 9.98K, .1%. 1/8W. MtF E1 67/B4 ACI CR R1-79-9.98K
R109 20080.10%. Pot 21 68/8B5 BRN 3386H-1- RP-111-200
201
R110 100K, 10%. 1W, Carb C1 69/B5 A-B CB R-2-100K
R111 100K, 10%. Pot D2 70/B5 BRN 3386H-1-1 AP-111-100K
104
R112 9.99, .1%. 1/8W., MtF A3 71/B5 ACI CR R-179-9.99
R113 50K, 10%. Pot B2 72/B5 BRN 338B6H-1- RP-111-850K
103
R114 018, 5% 1W, Ww A2 73/85 DLE — R-280-01
R115 470K, 10%. 1W, Carb Ab 74/8B86 IRC GBT1W R-2-470K
R116 Thick Film SEV 75/C2 CAD TF-126 TF-126
R117 * 1%, 1/8W, MtF F? 76/C1 — — R-B8-*
*Part of a set selected at the factary. (30885A) (The set inciudes CR110 and R117.)
AT101 Ad 78/B3 RT-7
5101 Switch H2 80/A2 CNW — Sw-417
5102 Switch. Rotary SEV 81/C3 cLB — SW-432
S103 Switch, Rotary SEV 82/C4 ciB — SW-433
[URRON| LCD. Counter G3 84/B1 INT ICML7224 IC-286
U102 CMOS, Low Power QP AMP F1 85/B2 INT ICL7621 IC-288
U103 CMQS. Voltage Converter G2 86/B2 INT ICL7680CPA IC-287
U104 Linear OP AMP E1 87/B4 NAT L.M308 IC-89
U105 JFET OF AMP D1 88/B4 Tl TLOBI1CP IC-227
— Test Lead Kit — — - —_ CA-8
Cover, Battery - — — —_ 301886C
Cover, Fuse - — - _ 30187¢C
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KEITHLEY

Test Instrumentation Group, Keithley Instruments, Inc. « 28775 Aurora Road » Cleveland, Ohio 44139 « (216) 248-0400 = Fax: (216) 248-6168

FRANCE: Keithley Instruments SARL » 3 Aflée des Garays « B.P. 60 = 91121 Palaisequ Cédex = 01-60-11-51-55 « Fax: 01-6G-11-77-26

GERMANY: Keithley Instruments GmbH « Landsberger Sir. 65 « 82110 Germering » 089-849307-0 « Fax: 089-84930759

GREAT BRITAIN: Keithley Enstruments, Ltd. « The Minster » 58 Portman Road » Reading, Berkshive RG3 1EA » 0734-575666 = Fax: 0734-596469

ITALY: Keithley Instruments SRL » Viale 5. Gimignane 38 « 20146 Milano - 02-48303008 « Fax: 02-48302274

JAPAN: Keithley Instruments Far East KK « Swmivoshi 24 Bldg., Room 201 » 2-24-2 Sumivoshi-cho = Naka-ku, Yokohame 231 » 81-45-201.2246 » Fux: 81-45-201-2247

NETHERLANDS: Keithley Instruments BV = Avelingen West 49 » 4202 MS Gorinchent « Postbus 559 « 4200 AN Gorinchem « 01830-35333 » Fax: 01830-30821
SWITZERLAND: Kcithley Instruments SA « Kriesbachsirasse 4 » 8600 Dithendorfs 01-821-9444 « Fax: 01-820-3081
TAIWAN: Keithley Instruments Taiwan = 3rd Floos, Number 6 « Section 3, Min Chuun East Road = Taipei, R.0.C. + 886-2-509-4455 = Fax: 886-2-509-4473
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