SERVICE MANUAL
Digital Multimeter

Model 178

© COPYRIGHT 1978, KEITHLEY INSTRUMENTS, I[NMC.
FIRST PRINTING, FEBRUARY 1978, CLEVELAND, OHIO, U. S. A.
SECOND PRINTING, FEBRUARY 1979, CLEVELAND, OQHIO, U. S. A.
DOCUMENT NO. 28970



Section

CONTENTS & v v v v v 4 v s & & & 4 »
'LLUSTRATIONS
SPECIFICATIONS v v v &« v & o & « & &

I

3.

GENERAL INFORMATICON

I=1, INTRODUCTION . « & & « «
1«2, WARRANTY INFORMATION

1-3., CHANGE NOTICES v o 2 » o &
OPERATION

2=1. GENERAL . . . + . + « o« .
INSPECTION

PREPARATION FOR USE . . .
OPERATION ON LINE POWER

1

BATTERY CHARGING

OPERATING INSTRUCTIONS , ,
OC VOLTAGE MEASUREMENT

AC VOLTAGE MEASUREMENT , .
RESISTANCE (£2) MEASUREMENT
. ZERO ADJUSTMENT . . . + &
2-12, ACCESSORIES

PERFORMANCE VERIFICATION ., . . .
3-1. GENERAL

3-2. RECOMMENDED TEST EQUIPMENT

[ I S B |
P e R

RPN NN RPN
]

— =D QO] OV e N

PR

CONTENTS

OPERATION ON BATTERY PACK POWER

L)

3-3. ENVIRONMENTAL CONDITIONS

3-4. PERFORMANCE VERIF{CATION PROCEDURE
CALIBRATION

b=lo GENERAL v 4 4 v ¢ 4 ¢ o v o o o &
4-2, RECOMMENDED TEST EQUIPMENT

h-3, ENVIRONMENTAL CONDITIONS . . . . .
4-4, CALIBRATION PROCEDURES
TROUBLESHOQTING .+ « ¢ v v & v & & & & &
5-1. GENERAL

5-2. TROUBLESHOOTING PROCEDURE ., . , .,
THEORY OF QPERATION

6=T. GENERAL 4 v ¢ & o « & v o o o & &
6~2. OVERALL OPERATION

6'3. ATTENUAT'ON LI T Y B A T T T ]
6-4, AC CONVERSION

6-5., OHMS CONVERSION + &+ & v v v v &
6-6. A/D CONVERTER

6-7. DISPLAY . 4 ¢ v v 4 o » « s .
6~8. AC POWER SUPPLY

6~9. MODEL 1788 BATTERY PACK ., , . .
REPLACEABLE PARTS

7'1. GENERAL - .‘n &+ 4 ¢ 4 & s v & &
7=2, ORDERING INFORMATION

7=3. MAINTENANCE KIT . , . . . s

INSTRUCTION MANUAL
Digital Multimeter
Model 178

-
-
.
.
-
. . .
(at] EaS N (WIS B o (R A6

3

1

i

¥

f

[;

1
— — = —po el — — —— — e e — — e  — — o v s e o = — —

-
-
-
-
-
-
.
v

. .

IR LN W] D‘\O\O\G\G\O\O\G\G\G\\.{)\h\ﬂ ;—krrrwwwwwwmmw

I

g
>



INSTRUCTION MANUAL
Digital Muitimeter
Madel 178

CONTENTS (Cont'd)

7-be FACTORY SERVICE 4 4 4 v @ v o v o o o o o o s o v 4 o o v o n o u e |72
7-5. SCHEMATIC 7-2
7-6. COMPONENT LAYOUT & & v v v s v e b a e b e e et et e e e e e w W72

TLLUSTRATIONS

Figure No, Title Page
1-1. Front Panel o o v v o 4 4 o o 5 o 2 v 2 28 0 8 v ® o » 5 s 2 4 v 0 s o|1"1
-2, Dimensional Data 1-2
1-3. Tilt Bail POSTLIONS 4w 4 4 4 v 4 o & o o ¢ o o o ¢ s s o o s o o o o o|1-3
2-1, Rear View Showing Line Switch 2-1
2-2, Battery Pack Installation . . & v ¢ ¢ 4 « o & o« = 4 o & « 2 o v o o o]|2=3
2-3, Operating Contrals 2-4
2-4, Model 1600 High Voltage Probe . 4 & 4 ¢ « « o + o o « o o o o« s o + «|2-6
2-5, Accessories 2=7
2-6, Model 1682 RF Probe and Model 1685 Clamp=-0On AC Current Probe . . . . .|2-7
2-7. Carrying Case and Rack Mounting Kits 2-8
5-1. Integrator and Comparator Waveforms . . & & & & v 4 v 4 o s o o o« s +15=4
6=1, Signal Flow Block Diagram, Model 178 DMM 6=
6-2, Attenuation and Ohms CONVErsion o . v 4 4 + o = & o 5 o s o o s o + o|B=2
6-3. A/D Converter Function (Sheet | of 2) 6=-7
6-3. A/D Converter Function (Sheet 2 of 2) 4 v v v v 4 ¢ o + s o « + » o «|6~8
7=, Schematic Diagram Model 178 Digit Multimeter 7-10
7-2. Component Layout, PC=447 . & 4 v ¢ 4 & 4 o ¢ o o o« o s o = o o o o o o|2=11
7-3. Component Layout, PC-449 7~12
7-4, Component Layout, PC=451 . ¢ 4 & v v 4 o & o & o o o« s s a« =« o o o » w|7-13







INSTRUCTION MANUAL
Digital Muitimeter
Modet 178

SPECIFICATIONS

DC VOLTAGE

ACCURACY {12 months)

Temperature Coefficient {09-18° and 28°-55°C):
+{0.006% + 0.2 digin/°C

fnput Resistance: 10M{] +0.1%

Settling Time: 1 second to within 1 digit of
final reading.

AC VOLTAGE

ACCURACY (12 months}
{abave 2000 caunts)

MAXIMUM 82-28%¢C MAXIMUM
RANGE READING +{% rdg + digits) ALLOWABLE INPUT
2V 1.9999 0.04% + 1d 1200V momentary
20V 19.999 0.04% + 1d 1200V
200V 199.99 0.04% + 1d 1200V
1200V 1200.0 0.04% + 1d 1200V

Normal Mode Rejection Ratio:

Graater than 6048 at 50H7z ang 6QHz

Common Mode Rejection Ratio {1k{) unbaiancel:

Greatrer than 120dB at OC, 50Hz and 60z

TEMPERATURE COEFFICIENT
09-189 and 28°%-55°C

Extended Frequency Accuracy:
(45Hz-100Hz) +(0.5% + 15 digits)
{10kHZ-20k Hz} +{1.0% + 15 digits)

Response: Average responding calibrated in rms
of a sinewave.

Settiing Tima: 2.5 seconds to within 10 digits
of final reading.

MAXIMUM 189-289C; 100Hz-10kHz +1% rdg + digits}/OC
RANGE READING +(% rdg + digits} 45Hz- 10k Hz 10kHz-20kHz
2V 1.9999 0.4% + 15d 0.04% + 0.5d 0.09% + 0.5¢
0V 19.999 0.3% + 15d 0.01% + 0.5d 0.03% + 0.5d
200 v 199.99 0.3% + 15d 0.01% + 0.5d 0.03% + 0.5d
1000 v 10Q0.0 0.3% + 15d 0.01% + 0.5¢ 0.03% + 0.50

Input !mpedance;

1M 82 + 1% shunted by less than 75pF
Maximum Allowable Input Voltage:

1000V rms, 1400V peak, 107V-Hz maximum.
Common Mode Rejection Ratio {1k} unbalance):

60dB at DC, 50Hz ang B0Hz.

RESISTANCE
ACCURACY (12 months) TEMPERATURE COEFFICIENT
MAX IMUM 189-28%¢ 0°-18° and 28°-55%¢ NOMINAL

RANGE READING +1{% rdg + digits) +{% rdg + digits}/°C APPLIED CURRENT
2k} 1.9999 0.04% + 2d 0.003% + 0.2d 1mA
20k} 19.999 0.04% + 1d 0.003% + 0.2 100u A
200 k{2 199.99 0.04% + 1d 0.003% + 0.2d 10u A
2000 k§} 1989.9 0.04% + 1d 0.003% + 0.2d Tu A
20MQ 19.999 0.10% + 14 0.02 % +0.2d 01u A

Maximum Alfowable Input: 250V rms sine, 350V peak.
Maximum Voltage Acrost Unknown: 2V within rangs,
5V open circuit.

GENERAL

DISPLAY: Five 0.5 LED digits, appropriate
decimal position and polarity indication.
CONVERSION PERIOD: 400 miHiseconds.
ENVIRONMENT:
Operating: 0°C to 559C;
0% to 80% ralative humidity up 1o 40°C.

Storage: -259C 10 +6569C,

Settling Time: 1 second to within 1 digit of final
reading except 2 s8conds on the 20M ) range.

POWER: 105-125 or 210-250 volts (switch satec-
ted), 90-110V available. 50-60Mz, 7 warrs.
Optional 6 hour battery pack, Model 1788.
DIMENSIONS, WEIGHT: 85mm high x 235mm
wiga x 279mm deep {3~1/2 in. x 9-¥/4 in. x
10-3/4 in.). Net weight: 1,7kg (3ibs., 13 oz).
OVERRANGE INDICATION: Display blinks alt
zaros above 19899 counts.
MAXIMUM COMMON MODE VOLTAGE: 1400V peak.




Kerthley Instruments, Inc warrants this product to be frée from defects in material and workmanship for a period of 1 year from datc of
-shlpmeut S

' Kerthley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cabies, rechargeable batienies,
: 'drskettes and documentauon :

. During the u_varramy.period, we will, at our option, either repair or replace any product that proves to be defective,

. To exercise thrs warranty, write or call your local Kerthley representatwe or contact Keuhley headquarters in Cleveland, Ohio. You will

be gwen prompt assistance and return instructiotis, Send the product, transportation prepaid, to the indicated service facility. Repairs
- will be made and the product returned, transponauon prepard Reparred or replaced products are warranted for the balance of the origi-
" nal warranty penod or at least 90 days _

| LIMITATION OF WARRANTY

' Thls warranty does ‘not apply to defects resulting from product mod:ﬁcatlou without Keithley’s express written consent, or misuse of
any product or part. This warranty ‘also does not apply to fuses, sofiware, non-rechargeable bancnes damage from battery leakage, or
'problems ansmg from normal wear or failure to follow instructions,

: ['HIS WARRANTY IS IN LI.EU OF ALL OTHER WARRANTIES EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
) WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PROVIDED HEREIN ARE
_BUYER S SOLE AND EXCLUSIVE REMEDIES

' NEITHER KEITHLEY INSTR.UMENTS INC NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDI-
- RECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRUMENTS AND
" SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC.,, HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF
SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL

- .':AND INSTALLATION LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.

3 KEITH LEY

'Test Instmmentatmn Group, Kerthley Instnunents, Inc.» 28775 Aurora Road « Cleveland, Ohio 44139 » (216) 248-0400 « Fax: (216) 248~ 6168

CHINA: . Keuhley Insfruments, Inc, < Holiday Inn Lido = Office Building 404C » Beijing, China, 100004 » Eﬁl -4362871 - 8614362871
FRANCE: Keithley Instruments SARL 3 Allée des Garays « B.P. 60 + 9122 Palaisean Cédex = 01-60-11-51-55 « Fax: 01-60-11-77-26
' GERMANY: * Keithléy Instruments GmbH ¢ Landsberger Sir, 65 » 82110 Germering + 083- 849307-0 » Fax: 089-84930759 -
.- GREAT BRITAIN Keithley !ns!rumems, I.4d, = The Minseer + 58 Poriman Road * Reading, Berkshire RGI0 1EA™ 01734-575666 - Fax: 01734-596469
o ITALY: ) Keithley Instruments SRL + Viale 8, Gimignano 38 » 20144 Milano « 02~ 48303008 + Fax: 02-48302274
- JAPAM: . - . - “Keithley Instraments Far East KK + Sumiyoshi 24 Bidg., Room 201 + 2-24-2 Sumiyoshi-cho - Naka-ky, Yokohama 231 « B1-45-201-2246 » Fax: 81.45-201-2247

NETHERLANDS: Keithley Instruraents BV » Avelingen West 49 = 4202 MS Gorinchem » Postbius 539 - 4200 AN Gorinchem » 01830-35333 « Fax: 0]830-30821
S\VITZERLAND Keithley lnstrumems SA Kﬂ:sbﬂchslmsse4 + 8600 Dubcndo:f'{)l B21-944d « Fax: 01-820-3081
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POLARITY (NEGATIVE 1S INDICATED, POSITIVE IS IMPLIED
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POWER ADJUST
TILT BAIL

FIGURE T~T. Front Panel.
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SECTION 1. GENERAL INFORMAT!ON

1=1. INTRODUCTION. The Model 178 DMM is a versatile digital multimeter useful for
measurement of both ac and dc voltages as well as resistance. Ranges and accuracies
are listed in the table of specifications on Page v. Ranges and functions are selected
with pushbuttons on the front of the unit. The Model 178 automatically indicates
pelarity and pesiticns the decimal point,

i~2. WARRANTY INFORMATION. The Warranty is given on the inside front cover of this
Instruction Manual. If there is a need to exercise the Warranty, contact the Keithley
Representative in your area to determine the proper action to be taken. Keithley main-
tains service facilities in the United Kingdom and West Germany, as well as in the
United States. Check the inside front cover of this Instruction Manual for addresses.

}1-3. CHANGE NOTICES. Improvements or changes to the instrument which occur after
printing of the Instruction Manual will be explained on a Change Notice sheet attached
to the inside back cover.

IMPORTANT

Theg{i&symboi can be found in variocus places in this Instruction Manual. Carefully
read the associated CAUTION statements with regard to proper use and handling

of the instrument, Damage to the instrument may occur if these precautions are
ignored.,

The symbol can be found in various places in this Instruction Manual. This
symbol indicates those areas on the instrument which are potential shock hazards.
Carefully read the associated WARNING statements with regard to proper use and
handling of the instrument. Serious personal injury may result if these pre-
cautions are ignored.

FIGURE 1-1. Front Panel



GENERAL INFORMATION INSTRUCTION MANUAL

Digital Multimeter
Model 178
288

276 -J L-(ll-3/8)

O (10-374) '

_ 1|aJ
i \
\-\N
85 ! 235
(3=1/2) (9=1/4)

DIMENSIONS N MILLIMETERS (INCHES)

FIGURE 1-2. Dimensional Data
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NORMAL BENCH POSITION LEVEL POSITION - TILTBAIL AT FRONT

GENERAL INFORMATION

e
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E /-Q HANGING POSITION
X
&

SHELF POSITION

== /-

LEVEL POSITION - TILTBAIL AT REAR

45° POSITION

FIGURE -3, Tilt Bajil Positions.
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SECTION 2. OPERATION

2-1, GENERAL. This section provides information needed for incoming inspection and
preparation for use.

2-2. INSPECTION. The Model 178 was carefully inspected both mechanically and electric-
ally before shipment. Upon receiving the instrument, check for any obvious damage which
may have occurred during transit. Report any damages to the shipping agent. To verify

the electrical specifications, follow the procedures given in Section 3.

2-3. PREPARATION FOR USE. The Model 178 is shipped ready-to-use. The instrument may
be powered from line voltage or from rechargeable batteries (when the optional Model 1738

Rechargeable Battery Set is installed).

2-4. OPERATION ON LINE POWER. The Model 178 is provided with a three-wire line cord
which mates with third-wire grounded receptacles. Connect the instrument to ac line

power as follows:

CAUTI10ON

Connect only to the line voltage seilected. Application of incorrect
voltage can damage the instrument.

a. Set the LINE VOLTAGE switch on the back of the instrument to correspond tc the
line voltage available. Ranges are 105 to 125 volts ac and 210 to 250 volts ac as
shown in Figure 2-1,

WARN ING

Ground the instrument through a properly grounded receptacle before
operation. Failure to ground the instrument can result in severe
injury or death in the event of shaort circuit or malfunction.

b. Plug the power cord into a properly grounded outlet. Operate the 178 DMM as
described in Section 2-7,

This adjustment is used only for
calibration, It is not intended for
adjustment durlng operation.

. Y

INYTERNAL FUBE LINL VOLTAOGS CAUTION & LINE RATING
SLOW BLOW 108128 E CONNECT ONLY TO 40 80H: AC ONLY

1aA JAG 210 -250v INDICATED LINE VOLTAGE TOVA RAAX
1 1, 1 1

FIGURE 2~], Rear View Showing Line Switch
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2-5. OPERATION ON BATTERY PACK POWER. The Model 178 DMM may also be operated from
rechargeable sealed lead~acid batteries contained in the optional Model 1788 Battery
Pack. The pack will operate the 178 DMM for up to 6 hours. Circuits within the battery
pack will automatically shut down the instrument when the battery charge is insufficient
to maintain accurate readings. Refer to Figure 2-1 and install the battery pack as
follows:

WARN ING
Disconnect the line cord before removing the case cover.

a. Turn off the power and disconpect the line cord. Remove four screws from the
bottem of the case and separate the top cover from the bottom cover.

b. Lift off the calibration shield, and save it for later use. The four plastic
spacers must remain in place on the upright studs projecting through the main circuit
board,

NOTE

Do not discard the calibration shield, This shield must be installed during
calibration as described in Section 4.

c. Set the BAT/LINE switch to the BAT position shown in Figure 2-2. MNote that the
battery pack will not operate properly if this switch is not in the BAT position.

d. Remove fuse F30] on the battery pack.

e. Install the battery pack in the instrument so that it rests on the plastic spacers.
The ground clip must make contact with the upper side of the battery pack plate.

f. Carefully align the battery pack plug with connector PI004 on the circuit board.
Push the plug firmly onto the connector until the lip on the plug engages the lip on the
connector to lock the plug in place.

CAUTION
A Make sure the connector is aligned so that all pins mate properly, other-
wise, damage to the DMM will result.
g. install fuse F301. Reinstall top cover and secure with four screws.
h. Charge the battery pack as described in Paragraph 2-6.
2-6. BATTERY CHARGING. The Model 1788 Battery Pack contains an integral battery charger.

To charge or recharge the battery pack, install the battery pack in the 178 DMM as de-
scribed above and proceed as follows:

a. Connect the instrument to line power as described in Paragraph 2-4.

b. With the power switch off, the battery charge circuitry is automatically enerqgized
to gharge the battery at the maximum rate. When the battery pack is first installed, or
if it has completely discharged, allow it to charge for at least 14 hours in this
condition,

NOTE
For maximum battery life, do not allow the battery pack to remain completely
discharged. Constant charging will not harm either the battery pack or the

instrument.

2-2 AA
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BATTERY FUSE F30]

LINE FUSE FI10I

CONNECTOR P1004

PLASTIC SPACER
(4 PLACES)

FIGURE 2-2, Battery Pack Installation,

¢. When the 178 DMM is in use on line power, the battery charger maintains a trickle
charge on the battery pack.
2-7. OPERATING INSTRUCTIONS. Refer to Figure 2-3 and operate the DMM as follows:

a. Turn on the power by depressing the ON/OFF pushbutton,

b. Select the function with the DCV, ACV or { pushbutton,

c. Select the range by depressing the appropriate pushbutton. For ac and dc¢ voltage
measurements there are four ranges available. For resistance measurements there are
five ranges. The pushbuttons are interlocked to avoid improper settings.

d. Connect the seurce to the INPUT terminals.

AA 2-3
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POLARITY (NEGATIVE IS INDICATED, POSITIVE IS IMPLIED WHEN MINUS (-) DISPLAY IS OFF)
~

KEITHLEY 178 DIGITAL MULTIMETER

; RN
—)

IR

ZERO*

e Ju 200 10ua

i
M| OFF ‘UCV aCwv Q 2k Z0k SO0k 2000k JOM ; 1=
Py Uy 350N
Max Max PEAK
D St o

l] TILT BAlL\ 4]/“&
- ———

/
SET POWER ON  @)SELECT FUNCTION  @)SELECT RANGE écommzm SOURCE

*ADJUST ZERQO AS REQUIRED FOR MEASUREMENT OF DC VOLTAGE AND RESISTANCE. SEE SEC. 2-11.

FIGURE 2-3. Operating Controls.

CAUTION
MAX IMUM RATENGS:Af>3
Dev s (2v): 450V rms continuous; 1200V peak, for 8 seconds per minute.
(20-1200V): 1200V peak.
ACY: (A1l Ranges): 1000V rms; 107V Hz.
Q: (A1) Ranges): 250V rms sine wave or 350V peak.

e. Accessories described in Paragraph 2-12 should be used as required.

2-8. DC VOLTAGE MEASUREMENT. Use the Model 178 DMM to measure dc volts as follows:
a. Turn on power and depress the DCV pushbutton.
b. Select the desired range from the four ranges available. The maximum reading is
19999. Overrange is indicated by a flashing 0000 except on the 1000-volt range.
CAUT]ON
Zf}soo not exceed the maximum ratings. Instrument damage may occur.

c. Negative polarity is displayed automatically. Positive polarity is impiied when
the minus (-) display is off.

d. Zero the instrument as described in Paragraph 2-11 before the first use, whenever

the instrument is used outside the temperature range of 18° to 28°C, and approximately
weekly during normal use,

2'“ AA
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2-9. AC VOLTAGE MEASUREMENT. Use the Model 178 DMM to measure ac volts as follows:

a. Turn on power and depress the ACV pushbutton,

CAUTION
Z!E Do not exceed the maximum ratings. Instrument damage may occur.

h. Select the desired range from the four ranges available, The maximum reading is
19999. Overrange is indicated by a flashing 0000 except on the 1000-volt range. The
instrument reads the root mean square value of a sine wave with a frequency of 45 to 20
kHz,

c. The Model 1682 RF Probe (see Paragraph 2-12e) should be used to measure ac voltages
with a frequency of 20kHz to 100MHz,

2-10. RESISTANCE (9) MEASUREMENT. Use the 178 DMM to measure resistance as follows:

a. Turn on power and depress the Q pushbutton.

CAUTION

ZCE;DD not exceed the maximum ratings. Instrument damage may occur,

b. Select the desired range from the five ranges available. The maximum reading is
19999. Overrange is indicated by a flashing 0000. The letter k refers to kilohms, and
M refers to megohms.

c. The HIl input terminal is positive and causes forward conduction of semiconductor
junctions.

d. Two velits is applied at full range with 5 volts maximum under open circui*t conditions.

e. Zero the instrument as described in Paragraph 2-11 before the first use, whenever
the instrument is used outside the temperature range of 18° to 28°C, and approximarely
weekly during normal use.

2-11. ZERO ADJUSTMENT. The zero adjustment nulls input offset on the 20, 200 and 1200
volt ranges and on all resistance ranges. Typically, this adjustment need not be per-
formed more often than once a week unless the instrument {s operated at ambient
temperatures outside the range of 18° to 28°C. Zero adjustment may also be used for lead
compensation on the & function. Zero the instrument as follows:

a. Turn on the power and select DCV and the 20 range.

b. Plug in test leads and short them. Adjust the zero adjust (pot R132) from the
front panel with a small screwdriver to obtain a reading of 0000 or -0000.

2-12, ACCESSORIES. A wide range of accessories is available to facilitate use of the
Model 178 DMM, extend its range and adapt it for additional uses.

a. Model 1600 High Voltage Probe. The Model 1600 High Voltage Probe (shown in Figure
2-4) extends the measurable dc voltage range up to 40 kilovolts. It has a 1000:I
division ratio, so that a reading of | volt on the DMM corresponds to 1 kilovolt (1000
volts). To use the probe, select DCV and the required range, connect the high voltage
probe banana plug to the instrument, connect the alligator ¢lip to source l'ow and touch
the probe tip to source high.

AA 2-5
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FIGURE 2-4, Model 1600 High Voltage Probe.

SPECIFICATIONS:

Voltage Range: 0 to 40,000 volts DC.

Input Resistance: 1000 megohms.

Division Ratio: 1000:1

Ratio Accuracy:
+1.5% at 25kV, decreasing to
£2.0% at 20kV and 30kY,
£3.0% at 10kV and bLOkV, and
t4.0% at 1kV.

Ratio Stability: +0.01% pér °C; t0.1% per vear,.

Heating Effects: Self-heating due to application of high voltage for period in
excess of | minute will cause a maximum of 0.2% additional errar at 40kV (error
is less at lower volitage).

WARNING

Be sure the alligator clip is connected to source low before touching probe
tip to source high. A shock hazard or damage to instrument may result.

b. Model 1651 50-Ampere Shunt. The Model 165] 50-Ampere Shunt (shown in Figure 2-5)
permits current measurements of up to 50 amperes ac or dc, The shunt has a resistance
of 0.001 ohm %1%, so that a 50-ampere current will correspond to a reading of 50 milli-
volts (0.0500 volt). Set the DMM to ACY or DCY and select the required range, To use
the shunt, connect the leads furnished with the shunt from tHe shunt screw terminals to
the DMM input terminals. Use separate leads (not furnished) to connect the source to
the hex head bolts, B8e sure to use leads with a,capacity of 50 amperes, or as needed.

c. Model 1681 Clip-On Test Lead Set. This set (shown in Figure 2-5) contains two

leads with banana plugs at one end and spring-action clip-on probes at the other end.
Plug the leads into the DMM and attach the probes to the source.

2-6 AA
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MODEL 1683 A
UNIVERSAL TEST 7|
LEAD K17
DK MODEL 1681
CLIP-ON TEST LEAD SET

e

ég ﬂg : o=—o
G MODEL 1651 — B —
S0-AMPERE SHUNT

FIGURE 2-5. Accessories.

d. Model 1683 Universal Test Lead Kit. This kit (shown in Figure 2-5) contains 2
test leads, 14 tips, 2 probes, & banana plugs 2 spade lugs and 2 pnone tips to permit
connection of the DMM to virtually any source within its range.

e. Model 1682 RF Probe. The Model 1682 RF Probe (shown in Figure 2-6). permits
measurement of ac voltages at frequencies of 20 kilchertz to 100 megahertz. Connect the
probe to the input terminals and select ACY and the appropriate range.

SPECIFICATIONS:

Voltage Range: 0.25 to 30 volts rms,
Transfer Accuracy: +0.5dB, 100kHz to 100MHz peak responding calibrated in rms

of a sinewave,
Input Impedance: &4 megohm shunted by 3pF.

Maximum Allowable input: 30V rms AC, 200V DC.
Accessories Supplied: straight tip, hook tip, ground clip, hi adapter, banana

plug adapter.

f. Model 1685 Clamp-0n AC Current Probe. The Model 1685 Clamp-On AC Current Probe
(shown in Figure 2-6) permits measurement of ac current by clamping around a single
conductor, eliminating the need to interrupt the current path. Plug the ac current
probe into the DMM and select ACY and the appropriate range. The DMM will display 0.!
volt rms per ampere.

MODEL 1682 RF PROBE

MODEL 1685
CLAMP-ON AC CURRENT PROBE

FIGURE 2-6. Model 1682 RF Probe and Model 1685 Clamp-On AC Current Probe.

2-7
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E (( MODEL 178 )
o] / e}

o Q

MOOEL 1010
SINGLE RACK MOUNTING KIT

| )
MODEL 178 i MODEL 178
J/

MODEL 1017
DUAL RACK MOUNTING KIT

MODEL 1684
CARRY ING CASE

FIGURE 2-7. Carrying Case and Rack Mounting Kits.

SPECIFICATIONS:

Range: 2, 20 and 200 amperes rms.

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

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

Maximum Allowable Current: 300 amperes rms.

Maximum Conductor Voltage: 600 volts rms.

Conversion Ratio: 0.1 volt rms per ampere.

g. Model 1684 Carrying Case. The Model 1684 Carrying Case (Shown in Figure 2-7) is
a hard vinyl case with a fitted foam insert to help protect the Model 178 DMM from damage.
There is also room in the case for this instruction manual and other small accessories.

h. Models 1010 and 1017 Rack Mounting Kits. The rack mounting kits {shown in Figure
2-7) permit mounting one or two Model 178 DMM's in a rack for convenient viewing.

2-8 AA
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SECTION 3. PERFORMANCE VERIFICATION,

3-1. GENERAL. Performance verification should be performed upon receipt of the instru-
ment to ensure that ne damage or misadjustment has occurred during transit. Verification
may also be performed whenever there is question of the instrument's accuracy and follow-
ing calibration, if desired.

NOTE

For instruments that are still under warranty {less than 12 months since date of
shipment), if the instrument's performance falls outside specifications at any
point, contact your Keithley representative or the factory immediately.

3-2. RECOMMENDED TEST EQUIPMENT. Recommended test equipment for performance verification
is listed In Table 3-1. Alternate test equipment may be used. However, if the accuracy
of the alternate test equipment is not at least 10 times better than the instrument
specifications, additional allowance must be made in the readings obtained.

3-3. ENVIRONMENTAL CONDITIONS. All measurements should be made at an ambient temperature
within the range of 18° to 28°C (65° to 82°F), and a relative humidity of less than 80%.

3-4. PERFORMANCE VERIFICATION PROCEDURE., Use the following procedures to verify the
basic accuracy of the Mode! 178 DMM for voltage and resistance measurements. If the
instrument is out of specifications at any point, perform a complete calibration as
described in Section 4, unless the instrument is still under warranty, as noted above.

TABLE 3-1.
Recommended Test Equipment for Perfarmance Verification.

ltem Description Specification Mfr. Mode |

A DC Calibrator 0.1y, 1y, 1oy, 100V, 1Q00V Fluke 3h43p
+0.002% or 20uV

B AC Calibrator a.1v, v, 10v, looV H-P 7454
+0.022%

C AC Calibrator/Amplifier 1000V @ *0.04% H-P 745A/746A

D Decade Resistor 1.9k, 19k, 190kR ES! RS725
F.oMG, 19Ma, +0.01%

HOTE

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

a. Initial Conditions., Before beginning the verification procedure the instrument
must meet the following conditions:

1} 1f the instrument has been subjected to extremes of temperature, allow the inter-
nal temperatures to stabilize for one hour minimum at the environmental conditions spec-
ified in Paragraph 3-3.
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1) Turn on the 178 DMM and allow it to warm up for 10 minutes. The instrument may
by operated from either line power or from battery pack power, as long as the battery
pack has been fully charged as described in Paragraph 2-6.

2) Zero the instrument as described in Paragraph 2-17.

WARN NG

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

b. DC Volts Checkout.
1) Select dc voltage by pushing the DCV pushbutton.

2) Connect the DC Callbrator {ltem A, Table 3-1) to the instrument.

3) Select the 2V range and apply positive 1.0000V to the DMM. The reading must be
within the 1imits specified in Table 3-2.

4} Select each remaining range and apply the required voliage as specifiéd in
Table 3-2. Verify that the reading is within specifications.

5) Repeat all checks with negative voltage.

TABLE 3-2.
DC Voltage Performance Check.
Range Applied Allowable Readings at 18° to 28°C
Voltage
2V 1.0000V 0.9995 to 1.0005vy
20V 10.000V 9.995 to 10.005y
200V 100,00V 99.95 to 100.05v
1200V V000.0V 999.5 to 1000.5y

c. AC Volts Checkout.
1) Select ac voltage by pushing the ACY pushbutton.

2) Connect the AC Calibrator (ltem B, Tahle 3-1}) to the DMM, Set the calibrator
frequency to lkHz.

3) Set the DMM to the 2V range and apply 1.0000V to the DMM. The reading must be
within the 1imits specifled in Table 3-3.

§) Select the 2, 20 and 200 volt ranges and apply the required voltages as specified
in Table 3-3. Verify that the readings are within specifications.

5) To check the 1000 volt range, connect the AC Calibrator/Amplifier {ltem C, Table
3-1) to the output of the AC Calibrator per the manufacturer's instructions. Set it
for an output of 1000.0V yms and verify that the DMM reading is within the specified
limits,

32 AA
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TABLE 3-3,
AC Voltage Performance Check.
Range Applied Allowable Readings at 18° to 28°C
Voltage

2V 1.0000V 0.9945 to 1.0055YV

20V 10.000V 9.955 to 10.045v
200V 100.00V 99.55 to 100.45Yv
1000V 1000.0V 995.5 to 1004.5V

d. Resistance Checkout.

1) Select resistance readings by pressing the @ pushbutton,
2) Push the 2kd button to select the required range,
3) Connect the Decade Resistor (ltem D, Table 3-1) to the DMM.

L) Set the Decade Resistor to zero and measure the resistance of the test leads.
Subtract this reading from the displayed reading in all of the following steps.

5) Set the Decade Resistor to 1.9000k. Verify that the reading is within the
specified limits in Table 3-4,

6) Select each remaining range and measure the next resistance as specified in
Table 3-4, Verify that each reading is within specifications. The displayed reading
must fall within specified 1imits for each resistance.

TABLE 3-4,
Resistance Performance Check

Range Resistance Allowable Reading at 18° to 28°C

2k 1.9000kQ 1.8983 to 1.9011ki

20k 19, 000kq 18.990 to 19.010k%
200k 190. 00k 189.90 to 190.10kQ
2000kQ 1.9000M9 1899.0 to 1901.,0k0
" 20MQ | 19.000MG 18.980 to 19.020Mg

AA 3-3
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SECTION 4, CAL!BRATION

h=1. GENERAL. Calibration should be performed yearly {every 12 months) or whenever
performance verification (see Section 3) indicates that the Model 178 DMM is out of
specifications. If any step in the calibration procedure cannot be performed properly,

refer to Section 5 for troubleshooting information, or contact your Keithley represents-
tive or the factory.

4-2. RECOMMENDED TEST EQUIPMENT. Recommended test equipment for calibration is listed
in Table 4-1. Alternate test equipment may be used. However, the accuracy of the
alternate test equipment must be at least 10 times better than the instrument specifica-
tion, or equal to Table 4-i1 specifications.

Table 4-1,
Recommended Test Equipment for Callbratlon
I tem Description Specification MFr, Mode
A DC Calibrator 0.1V, v, 1oV, 100v, 1000V Fluke 343A
£0.002% or 20pv
B AC Calibrator 0.1v, 1V, 10V, 100V H-P 7454
+0,022%
c Decade Resistor 1.9k, 190k, +0.01% ESI RS725

4L-3, ENVIRONMENTAL CONDITIONS., Calibration should be performed under laboratory con-
ditions having an ambient temperature of 20° to 26°C (68° to 78°F), and a relative
humidity of less than 80%,

h-4, CALIBRATION PROCEDURE. Perform the following adjustments to calibrate the Model
178 DMM and restore its operation to specified limits.

a. Calibration Shield iInstallation. |f the Mode! 1788 Battery Pack is installed in
the instrument it must be removed and the calibration shield reinstalled before cal-
ibration,

WARNING
Disconnect the line cord before removing the case cover,

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

2) Push back the ground clip (shown in Figure 2-2) from the upper side of the bat-
tery pack, and remove the battery pack from the spacers.

3) Calibration may be performed on battery power as long as the battery pack is
sufficiently charged. Leave the battery pack plugged into the instrument, but set
the battery pack behind the DMM on the bench or table. 1f the battery pack is not
sufficiently charged, operate from Ilne power,
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4) Set the calibration shield in place on the spacers. The shield should read
correctly when viewed from the front of the instrument.

5} Slide the ground c¢lip over the top of the calibration shield so that it con-
tacts the upper surface of the shield,

6) If battery power is not to be used, plug in the line cord.

b, Calibration Instructions

WARN I NG

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

1} Refer to Table 4-2 and to the calibration shield, and perform the listed adjust-
ments in the sequence indicated. The sequence must be followed exactly because
the adjustments are interrelated and are dependent on the preceding steps.

2) If the indicated adjustment cannot be made to obtain the specifled reading,
refer to Section 5 for troubleshooting information.

Table 4-2.
Calibration Procedure,
Step Function Range Input Adjustment Desired Test
Point Reading | Equipment*
1 DLV 20V Short R132 0.000 None
2 ACV 20V Short RI115 0.000 None
3 0 2kQ 1.9k R128 1.9000 Decade Resistor (C)
4 Q 200k | 190kQ R126 190.00 Decade Resistor (()
5 oev 2y +].9v R113 1.9000 DC Calibrator (A)
6 DCv 200V +190V R101 190.00 DC Calibrator (A)
7 bcv 20V +19V R125 19.000 DC Calibrator (A)
8 | ocv 1000V | +1000V R127 1000.0 DC Calibrator (A)
9 | ACv 2v 1V@ikHz Rite 1.0000 [ AC Calibrator (B)
10 ACY 200v 100v@10kHz| C119 100,00 AC Calibrator (B)
11 ACV 20v 10V@10kHz clis 10.000 AC Calibrator (B)
12 ACvY 2v V@1 0kHz C113 1.0000 AC Calibrator (B)
% See Table 4-1

AA
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SECTION §. TROUBLESHOOTING
5-1. GENERAL. The troubleshooting instructions contained in this section are intended
for qualified personnel having a basic understanding of analog and digital electronic
principles and components used in a precision electronic test instrument. Instructions

have been written to assist In isolating the defective circuit or subcircuit. lsolation
af the specific defective component has been left to the technician.

5-2. TROUBLESHOOTING PROCEDURE, This section contains tables listing step-by-step
checks of the major DMM circuits described in Section &, Theory of QOperation. Proceed
as follows:

a. In general, start troubleshooting with Table 5<1, Line Power Checks, to verify that
the nower supplies are providing the specified voltage to the electronic components.

b, If trouble occurs on battery power only, or if battery operating time jis sub-
stantially less than 6 hours after overnight charging, test the batteries and charg-
ing circuit per Table 5-2.

¢. Proper operation of the A/D converter display should be verified hefore troubte-
shooting the signal conditioning. Check these circuits per Tables 5-4 and §5-3, re-
spectively.

d. Problems with ac voltage ranges may involve either the ac attenuator or the ac
converter, Check these circuits per Tables 5-& and 5-8.

e. Check the dc voltage attenutator per Table 5-5 if problems occur with the de¢
voltage ranges. Check the resistance circuit per Table 5-7 if resistance measurements
are erratic.

f. All measurements are referenced to analog common (ground clip).
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Table 5-1.,
Line Power Checks
Step | tem/Component Required Condition Remarks
| S101 line switch Must be set to 106-125V
or 210-250V as appropriate.
2 S102 LINE/BAT switch Must be set to BAT for
use with battery pack.

3 F131 line fuse Continuity.

4 P1007 line cord Plugged into live receptacle.

5 Turn on power.

6 +5V pad* +5 volts x10%. Qutput of VRIOQ3,

7 TP7* +7 volts minimum, Output of CR105, input
to VRIQ3,

8 +15V pad* +15 volts *10%. Output of VRIO1,

9 TP1* +17.5 volts minimum, Output of CR106, input
to VR101.

10 ~-15V pad* -15 volts +10%. Qutput of VRI02,

11 TP2% =17.% volts mintmum, Output of CRI106, input
to VR102,
NOTE: Hot requlator
may indicate shorted
load.

e
[

On main printed circuit board.

AA
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TABLE 5-2.
Battery Power Checks,
Step|] item/Component Required Condition Remarks
1 Check AC Tine power per Table
5-1.
2 Turn off power.
3 §102 line/bat Move to BAT,
switch
b P1007 tine cord Plugged into live receptacle. | Charge circuit checks.
g F301 Remove fuge and connect No charge, see step SA.
ammeter to fuse clip. 0 to Correct charging but short bat-
500 mA charging rate, varies tery operating time, see step 6.
with line voltage and battery
state of charge.
5A | BT301 batteries Full charge is =#9.8 volts over | If voltage is low and adjustment
4 cells. R301 adjusts charg- of R301 does not start charging,
ing rate (float voltage). see steps 7 and following. If
voltage is low and adjustment of
R301 does start charging, see
Table 5-9 for adjustment of
battery charge voltage.
6 Each battery cell Less than 3 volts for any High voltage or zero indicates
voltage during cell. damaged cell.
charging.
7 0301 anode Full wave rectified Output of CR105,
voltage, 15 VDC nominal.
8 €304 + #17.5 volts minimum. Qutput of CRIO6. Triggers Q3CG1
gate thru R306 and (R30I unless
Q302 is on.
9 0302 Should saturate only when bat-
tery approaches full charge.
10 | VR30I 8.2V zener.
1 Unplug line cord and turn Discharge checks.
power on,
12 | P1004 pin 8 or 100 kHz; 5V square wave. Clock input. |If no input, see
U3nl pin 11, step 12A.
12A] TP7* +7 volts minimum, Battery voltage input to VRI103.
13 ) Q307 and Q308 Square wave, #0D.7 volits at Output of U3D1, + &,
base 25 kHz,
4 1 0307, 0308 col- Must oscillate from satura- Inverter,
lector, tion to twice battery voltage
(=19 volts) at 25 kHz.
15 C304, c305 +17.5 volts minimum (+25 volts | Inverter output; Input to VRIOI

typical with full charged
batteries).

and VR102Z,

* On main printed circuit board.
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TABLE 5-3.
Display
Step| !tem/Component Required Condition Remarks
] Turn on power. Any function
or range, except OHMS.
2 +Ey* +5 volts #10%, If low, check per Tabie 5-1.
3 u202, pins 2, 6, Digit drive. Low = enabled. LED cathode.
7, 9 and 13.
i U201, pins 1, 2, Hl = enabled. BCD input to U201 segment de-

6 and 7

coder/drive.

5 U201, pin &4 Positive-going signal lasting Leading digit suppression.
for 200 clock pulses. Qutput of UIO0LA.
6 J1002, pin 9 Palarity line (sign). Polarity output is inverted
HlI = off for 2VDC.
L0 =~
7 J1001, pins 1, Appropriate DP line high (on).
2, 3 and 4,
* On maln printed circuit hoard.
Integrator waveform for positive full scale input
1 ] i
| ' : )
: | i 1
“i.2V 1 1
ANE A
. [ ! ! |
) ! | i
S0V mm v m - - 4= —-3 ‘ \
:IOO ¢ 200 : 100 i
(MSEC!  mSEC mSEC ;
g | i
I ! | 1
AUTO 'S1G6~' REFERENCE' AUTO ZERO OF
ZERQ NAL INTEGRATE  NEXT CONVERSION
INTEGRATE
Comparator waveform (Logic 1 during ramping}
+5
0
FIGURE 5-1. Integrator and Comparator Waveforms,
5-4 AA
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TABLE 5-4.
A/D Converter.
Step] ltem/Component Required Condition Remarks
] Turn on power. Select 2 VDC On this function and range,
range, input H! connects thru R124 and
R117 to A/D, without attenuation.
2 Display L0000 =1 digit.
3 | TP8™ 0.0000 volts, Input to U106,
L TP10% +1.00 volrt, Reference cutput,
5 Tp3* 6.3 £.25Y, Reference zener voltage.
6 CLK* 0 to 45 volt square wave Clock input,
at 100 kHz.
7 TPg* +1.0 £0.1 volts, Stored autozero voltage.
8 uios, pin 11 +1.0 £0.) volts, Z-node voitage to integrator
in U105,
9 P11 ™ -1.2 +0.2 volts, UI05 integrator output voltage.
10 ulgs, pin 13 +1 volt, U105 buffer input,
11 U105, pin 9 +1 volt, U105 buffer output.
12 | Externa) voltage | Apply +1.9000 volts. Calibration point,
source,
13 | Display. 1.9000 %] digit. If different, check U10f input.
14 | TP8* 1.0000 volt, Input to U106,
15 | TP Waveform per Figure 5-1. Integrator output,
16 ) U105-2 Waveform per Filgure 5-1. Comparator output.
during ramping of integrator
output.

% On main printed circuit board,

5-5



TROUBLESHOOTING

INSTRUCTION MANUAL
Digital Multimeter

Model 178
Table 5-5.
DC Volts Attenuator
Step | tem/Component Required Condition Remarks
! Turn on power. Select 20 VDC range,
and short inputs.
2 RY32 Front panel adjustment must zero
the display,
3 uio3, pin 2 0.000 +0,005 volts,
4 External voltage Apply +10 volts from HI to LO, Calibrated input,
source
TPG* -1 volt (display must read 1.0000),
External voltage apply +100 and + 1000 volts on 200 Calibrated input.
source and 1000 volt ranges,
7 TPG# -1 volt, Qutput of U103 and feed-

back components,
including relays.

On main printed circuit board.

TABLE 5-6.
AC Volts Attenuator
Step | tem/Component Required Condition Remarks
] Turn on power. Select 2 VAC
range.
2 External voltage Apply 1 volt rms at 1 kHz. Calibrated input.
3 Tp5* ]l volt rms. Output of UI03 and feedback
components.
NOTE: Full scale inputs
should produce =2 volts output1
all ranges.
b External voltage Apply 10, 100 and 1000 volts Calibrated input.
source. rms on 20, 200 and 1000 volt
ranges.
5 TPE* 1 volt rms on all ranges. OQutput of U103 and feedback
components, including relays,
6 External voltage Apply 1, 10, 100V @ 20 kHz €113, €115, €116, C117 and
source. on 2, 20 and 200V ranges ciig,
respectively.
7 External voltage Apply 10V @ LSHz on 20V cr21,
source. range.
* On main printed circuit board.
5-6 AA
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Table 5-7.
Resistance Circuit
Step I tem/Component Required Condition Remarks
I Turn on power. Select 2, 200K range. Voltage attenuation
feedback resistors are
amplifier input
resistors on o function,
2 INPUT H! to LO 5 volts maximum open circuit, R118 and Q102 should
limit open circuit volts,
3 Ulo3 pin 2 Continuity to [nput HI, K105,
4 Q¢ switch pin 11 | +1v, Reference voltage,
5 short input TP8 | OV. A/D input,
6 100K resistor Apply to iaput,
7 | TP8* -1v, A/D input,
* On main circuit board.
TABLE 5-8.
AC Converter.
Step | Item/Component Required Condition Remarks
1 Turn on power. Select 20 VAC
range and short inputs.
2 0.0000 display. Calibration paoint.
3 Remove input short.
4 External voltage 10 volts rms, | kHz Calibrated input.
source,
g CR103 cathode. Half-wave rectification of Qutput of U102 and CRI103,
input (use scope): gain = 2,
6 TP8¥* Average value of rectified Converter output.
waveform = | volt dc.
7 Repeat steps § 10 volts rms, 45 Hz, Low frequency response,
and 6.
8 Repeat steps 5 10 volts rms, 20 kHz High frequency response.
and 6.

)

* On main printed circuit board.

5-7



TROUBLESHOOTING

INSTRUCTION MANUAL
Digital Multimeter

Madel 178
TABLE 5-9.
Adjustment of Battery Charge Voltage.
Step! !tem/Component Required Condition Remarks
i Instrument off.
2 R30! Turn full CCW,
(maximum charge rate),
3 BT301 Monitor battery voltage for Fully charged cells require
> 9,8v, several minutes to reach this
level, Discharged cells require
several hours,
&CAUNON - charging to > 10V
for longer than 30 minutes will
‘ reduce battery iife,
4 R301 When cells reach 9.8V, turn
DMM on and adjust to main-
tain 9.8V across BT301,

AA
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SECTION 6. THEORY OF OPERATION

6-1. GENERAL. This section contains circuit descriptions for the Model 178 DMM and for
the Model 1788 Battery Pack. An overall block diagram of signal flow is provided in

Figure 6-1. The overall schematic diagram, drawing 2B991E, is contained in the back of
this manual.

6-2. OVERALL OPERATION., The Model 178 DMM uses a 2-volt full scale analog-to-digital
{(A/D) converter with a 4-1/2 digit muttipiexed display. Signal conditioning permits the
A/D converter to handle full scale ac and dc voltages over 4 decades and to measure
resistance over 5 ranges.

a. Signal Conditioning. Signal conditioning includes dc attenuation {except on the
2-voit range), ac attenuation, ac-to-dc conversion and ohms conversion as shown in
Figure 6-2.

Q Re Q
oAV
HI Q0 > ’%¢) REFERENCE
AC +iV
Ri ATTEN-
UATOR CONVERTER
* 4
. | ACV
PROTECT | ON R | A/D T DISPLAY
Dcv
O N g
LO lﬁ pCv
CLOCK
[~—o +15§
o
ACmw | POWER — -15
o 1 SUPPLY +5
;?
OPTIONAL
BATTERY
PACK
FIGURE 6-1., Signal Flow Block Diagram, Model 178 DMM.
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‘/D-———’\/\/\—
- 0105 CONVERTER
+10, 100, 1000 +2V FULL SCALE
ATTENUATOR OVERLOAD
L°—$ PROTECTION
A i Doed
M R |
" - F Ciio s
° c1l2| Cll1 HALF —WAVE R118M A/D
] - VAW
cilg RECTIFIER i CONVERTER
+2V FULL SCALE
+1, 10, 100, 1000 I )
Loy ATTENUATOR FILTER
Y,
= VREF
H L
0
Q104
_ . F
ulo L AAN A/D
‘;Qms CONVERTER
ATTENUATOR =2V FULL SCALE
STAGE
FIGURE 6~2. Attenuation and Ohms Conversion.
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1) In the DCV mode, signal condlitioning to the A/D converter is an active attenuator.
The A/D input is -VHI-LO . Eﬂ , except on the 2-volt range or under overload conditions.

I

2) In the ACV mode, ac inputs pass through the attenuator on all ranges. The input
is scaled to 2~volts rms full scale and is applied to a half-wave rectifier. An RC
filter averages the signal before it is applied to the A/D converter,

b. Ohms Conversion. Resistance measurements are made by configuring the attenuator
section as a resistance-to-voltage converter. Attenuator stage voltage feedback
resistors Rg function as amplifier input resistance connected to the reference voltage.
The unknown resistance is connected as a feedback resistor around the attenuation
amplifier, The resulting voltage applied to the A/D converter is proportional to the

unknown resistance.

c. A/D Converter. The A/D converter is a large scale integration (LS1) ratiometric
device, Converter output is a multiplexed 5-=digit binary coded decima) number which is
equal to the ratio of input voltage to reference voitage. A separate clock circuit
supplies a 100 kHz timing input to the integrated circuit, which also multiplexes the
BCD cutput.

6-3. ATTENUATION. When measuring ac and dc voltages, input signal attenuation is
provided by inverting amplifier UI03 and additional components as described below.

a. DC Volis., Input resistance is set by resistors RY0! and R1V)1. During calibration,
RIOT is adjusted to obtain a total input resistance of 10 M2, Additional conditioning
is as follows:

1) On the 2-volt range, input Hi is connected to the A/D converter input through
protection resistors R117 and RI24., Diode-connected FETs QlO4 and 0105 clamp the A/D
input during overload.

2} On the 20, 200 and 1200 volt ranges, the amount of attenuation is selected by

switching feedback resistors into the attenuator with relays K101, K102 and K103, Gain
setting components and attenuation values are listed in Table 6-1,
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TABLE 6-1,
DC Attenuation Gain Setting Components
Range Gain Set Relay Attenuation
Components Energized
2V None None None
20 V R119, RI125 K101 0.1
200 ¥ R120, R126 Kio2 0.0}
1200 V R121, R127 K103 0.001
b. AC Volts. Input resistance is | MR {R110). Shunt capacitance is typically less

than 75pF, Additional conditioning is as follows:

1) On all ac voltage ranges, the amount of attenuation is selected by switching
feedback resistors into the attenuator with relays KI0) through K104, Gain setting
components and attenuation values are listed in Table 6-2.

TABLE 6-2.
AC Attenuation Gain Setting Components.
Range Gain Set Relay Attenuation Frequency Compensation
Components Energized Capaci tors
2V R119, RI125 K101 ] cl13, €119
20 ¥ R120, R126 K102 0.1 Cl1t5, C119
200 v R121, R127 K103 0.01 €116, C119
1000 Vv R122, R123, RI128 K104 0.001 cit7, c119

2) On the 2-volt and 20-volt ranges, high frequency compensation is adjusted with
with capacitors C113 and C115, respectively, as shown in Table 6-2, On the 200-volt
and 1000-volt ranges, adjustment is performed with Cl119. Low frequency rolioff is
determined by input blocking capacitor C12]1 and ac converter input capacitors CI10 and
cYHit.

6-4, AC CONVERSION. The ac converter is a conventional half-wave, average responding
circuit which is calibrated to the root mean square (rms) of a sine wave. Feed-forward
compensation of amplifier UI02 establishes a high unity-gain crossover frequency of
approximately 10 MHz, which minimizes high frequency errors. Potentiometer R116 corrects
gain errors in both the ac converter and the ac attenuator.

6-4 AA
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6-5. OHMS CONVERSION. During calibration, the 10 MQ input resistance (R101 and Ri!1)
and all attenuator feedback resistors are adjusted for both ratio and absolute value.
Therefore, these resistors can also serve as reference {current setting) for resistance
measurements. [n the 0 mode, the attenuation (feedback) resistors are disconnected from
the output of the attenuation amplifier (U103) and are connected instead to the A/D
converter reference voltage.

a. Range Selection. Operation of the range pushbuttons selects range resistors to
provide the reference current (IREF) listed in Table 6-3.

TABLE 6-13.
Resistance Range Setting Components

Range Range Resistors Effective Nominal Nominal
Relay/Switch VREF IREF

2 ki R122, R123, RI28 K104 T valt 1 mA

20 kQ R121, RI27 K103 | volt 100 uA
200 kQ R120, RI126 K102 1 volt 10 uA
2000 kq R119, Ri25 K101 1 volt 1 pA
20 MR R101, RI11 20M switch, I volt 0.1 pA

pins 8 & 9.

b. @ Circuit. For resistance measurements, relay KI05 and terminals 4, 5 and 6 of
the § pushbution connect the input HI terminal directly to the amplifier summing node.
Input LO is disconnected from ground and is connected to the amplifier output through
the overload protection components described below. The unknown resistance (Ry) then
becomes the amplifier feedback resistance.

1) Current flow in the unknown resistance is from input Hl to input LO. At full
scale, the voltage across Ry is 2 volts. Reference source loading does not affect
accuracy since the A/D converter is ratiometric.

2) Protection for the instrument is provided by Qi0}, Q102, CRIO4, CR112 and the
coltector junction of QI03. Under normal conditions, Q103 is saturated. Overloads
with input HI positive are sustained by CRIO4; Q103 and CRI12 sustain negative over-
loads. Input Hi terminal is clamped to analog common by Q101 and Q102. HMHetwork
resistors R118C, R118D and R118E keep open circuit terminal voltage below 5 volts,

6-6. A/D CONVERTER. The A/D converter operates on the dual slope principle. The
timing is divided into 3 periods as described below.

a. Auto-Zero, The auto-zero period (A, Figure 6-3) is 100 milliseconds in length,
which corresponds to 10,000 clock pulses. During this period, the reference voltage

(VREF) is stored on capacitcr C122, Capacitor C!24 stores VREF + VOSl'* UGSZ

b, Signal-integrate. The signal-integrate period (B, Figure 6-3) is also 100 milli-
seconds in length., The A/D Input is buffered and integrated by UI05. Positive signats
generate a negative-going ramp at the integrator output (Pin 14), while negative signals
produce a positive-going ramp. The level of the integrated signal at the end of the
signal - integrate period is proporticnal to the average of the applied signal during this
period. Since signal integration continues for 100 milliseconds, the A/D converter
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exhibits high normal mode rejection for ac signals in multiples of 10 Hz, particularly the
50 and 60 Hz line frequencies.

c. Reference-Integrate. The reference-integrate period (C or D, Figure 6-3) is 200
milliseconds, or 20,000 counts in length. During this period, the integrator is returned
to baseline level by applying a reference voltage of a polarity opposite to that of the
signal. A positive-going ramp is obtained by grounding the buffer input, while a
negative-going ramp is produced by the integration of 2 x V (that is, v + the vol-
tage stored on C122). The time, or number of clock pulses, required for discharge is
proportional to the signal input. Digital output is from latches within UTQ6.which store
the number of clock pulses required for the integrator to return to baseline level. The
maximum count during this period is 20,000, which corresponds to a discharge period of
200 mililseconds, or full scale input. VREF is provided by a divider across a
temperature-compensated zener diode. Operational amplifier U10l provides the zener with a
self-regulating bias.

6-7. DISPLAY. Five light-emitting diodes (LED) are driven by U201, which is a CMOS
BLD-to-seven segment decoder/driver with bipolar current-sourcing outputs. Segment
currents are limited to approximately 20 milliamperes peak by resistor network R202.

The LED readout is a multiplexed, common-cathode configuration with Darlington array U202
sequentially sinking current from each digit. Blanking of the overrange digit is accom-
plished by gates UIOAKA and UIOLB, Emitter-follower Q106 ensures that CMOS-compatible
levels are maintained on U1OLA, pin 1, regardless of the loading of U202. The minus
polarity readout is blanked on ac voltage and resistance ranges by a normally closed
zontact on the DCV pushbutton.

6-8. AC POWER SUPPLY. When the DMM is operated from ac line power, the power supply

furmished +5, +15 and -15 volts from regulators VR103, VRIO! and VRIQ2, respectively.

Full-wave rectified ac from bridge rectifiers CRI05 and CR106 is filtered by reservoir
capatitors C103, CI101, and C102 and Is applied to the linear voltage regulators.

6-9. MODEL 1788 BATTERY PACK. When the Model 1788 Battery Pack is installed in the DMM,
S102 must be set to the BAT position to provide additional secondary voltage for battery
charging. 5102 also switches the input to VR103 from bridge rectifier CR105 to batteries
BT30!. Four 2-volt, 2.5 ampere-hour lead-acid cells supply approximately 9.8 volts at
full charge. After six hours of use on battery power, the battery pack should be re-
charged to ensure long battery life.

a. Battery Charging Circuit. While the DMM is plugged into.line power and the battery
pack is installed, battery charging proceeds as follows:

1} Full-wave rectified voltage from CR105 is applied to the anode of Q30}, which is
an SCR which regulates charging voltage. When Q301 is triggered on by a sufficient
gate-cathode voltage differential, the batteries receive charge. Charging continues
as long as the bridge output voltage exceeds battery voltage by 1 volt or more,
Resistor R304 limits charging current when recharging a set of completely discharged
cells. A filtered positive output from CR106 (or T30!) provides the necessary gate
turn-on bias through R306 and diode CR301. Resistor R303 ensures proper high-tempera-
ture operation of (301,

2) When the battery voltages reach the preset float voltages of 9.8 volts, zener
VR301 conducts sufficient current to turn on Q302 and thus remove the gate trigger volt-
age from Q301. Float voltage is adjusted with R301, This is a factory adjustment which
will normally not need field readjustment.
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A, AUTO-ZERO (i0k COUNTS)

VREF

T VREF + Vos)

VREF + Vosi

TO LOGIC
—

BUFFER

COMPARATOR

(VREF + Yost1 - Vos2)

= VReE 1;

B, SIGNAL INTEGRATE (10k COUNTS)

VREF
v S — ____—\\
§ + VR N3
PN VS + VREF + VosI R
vg ., Cl22™/ Vosi \
vy
\\\ V%//
A PIN 14
ll!ll
Vos3
v

-~

Veer + Vos1 - Vosz

ci24

!

FIGURE 6=3. A/D Converter Function {Sheet | of 2)
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C. NEGATIVE REFERENCE INTEGRATE (20k COUNTS AT FULL SCALE)
(POSITIVE INPUTS-TO A/D)

Ji\;EEF + VoSl - Vos2

D. POSITIVE REFERENCE INTEGRATE {20k COUNTS AT FULL SCALE)
(NEGATIVE INPUTS TO A/D)

VREF ‘m_—d////ﬁ\\\.\
. ~

VREF + Vos1 -Vos2

FIGURE é6-3. A/D Converter Function (Sheet 2 of 2)
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h. Battery Operation and Shutdown Circuit., The DMM operates as follows an hattery
power:

1) When the power is turned on, the batteries are connected to the inmput of VRI03
to supply +5 volts for the logic, display and the clock circuit. The clock output is
applied to the A/D converter as described in Paragraph 6-6, and U30) which is a
divide~by=-four binary counter. The ocutputs of UI03 drive a dec-to-dc inverter which is
synchronized to the A/D converter to filter out inverter noise. The 25 kHz operating
frequency is optimal for the small transformer size and results in low switching losses.
Blocking capacitors C301 and €302 protect 0307 and Q308 from damage if the drive is
lost. Two half-wave rectifiers (CR304 and NR305) on the secondary af T30l provide
rectified ac to filter capacitors C304 and C305, which provide power to +15 and -15
volt regulators YRYD1 and VR1DZ.

2} To prevent permanent loss of battery capacity caused by deep discharge, a shut-
down circuit stops operation on battery power when the battery voltage drops below
approximately 7.2 volts. Shutdown is performed by micropower voltage detector U302.
The open-collector output (U302, pin 4) saturates low and turns off pass transistor
Q309 when the input voltage (at U302, pin 3) drops below 1.15 volts (typical).
Resistor R314 provides sufficient hysteresis to prevent discharge from resuming when
the battery voltage rises following disconnection of the load.
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SECTION 7. REPLACEABLE PARTS.
7-1. GENERAL. This section contains information for ordering replacement parts. The
parts list is arranged in alphabetical order of their Circuit Designations.

7-2. OQRDERING INFORMATION. To place an order or to obtain information concerning re-
placement parts, contact your Keithley representative or the factory. See the inside

front cover for addresses. When ordering, include the following information.
a. Instrument Model Number,
b. Instrument Serial Number.

c. Part Description.
d. Cirecuit Designation (if applicable).
e. Keithley Part Number.
7-3. MAINTENANCE KIT. A Maintenance Kit is available that contains a complement of

spare parts that will maintain up to ten Model 178 DMMs. Specify Part Number 29197A
when ordering.

TABLE 7-1.
Model 178 Maintenance Kit.
Oty. Keithley P/N Schematic Designation
Model! 178

] C-294-4 Cl12h

2 DD-16 DsS202, 203, 204, 205
1 DD-17 05201

5 Fu-13 F102

2 FU-20 F101

] 1C-93 VRI0L

1 1C-102 Uo7z

2 1C-165 uloi, 102

] 1C-168 U201

1 [C-169 u202

1 1C-170 VR102

] 1C-174 VR101
1 LSI-11 U1l06

1 LSI-12 ulo3

2 RL-59 Klol, 102, 103, 104, 105
i TF-G3 R118

1 T6-93 qro3

2 TG-128 Qiol, 102, 106, 107
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7-4. FACTORY SERVICE. |If the instrument is to be returned to the factory for service,
please complete the Service Form which follows this section and return it with the
instrument.

7-5. SCHEMATIC.

a. Model 178 4-1/2 Digit Multimeter: Schematic No. 28991E (Page 7-10). This
schematic also describes the Model 1788 Rechargeable Battery Pack.

7-6. COMPONENT LAYOQUT.
a. Model! 178 L-1/2 Diglit Multimeter (Page 7-11).
b. Display Board PC-485 (Page 7-12).
c. Model 1788 Rechargeable Battery Pack (Page 7-13).
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TABLE 7-1.
Cross-Reference of Manufacturers
FED. FED.

MFR., SUPPLY||MFR. SUPPLY
CODE | NAME AND ADDRESS CODE CODE MAME AND ADDRESS CQlE
A-B Allen-Bradley Corp DLE Dale Electronics Inc.

Milwaukee, Wl 53204 01121 Columbus, NE 6860 91637
A-0 | Analog Devices inc. BTN Dielettron (Consolidated)

Norwood, MA 02026 24355 Newr York City, NY 10C13
AC) American Components, Inc, ECI Electro Cube Inc.

Conshohocken, PA 19428 14298 San Gabriel, CA 91776 14752
AMP Ampheno! EDI Electronic Devices, Inc. 83701

Broadview, IL 60153 02660 Yonkers, NY 10710
APX Amperex EFJ E. F. Johnson Co.

Elkgrove Ylg, 1L 63007 73445 Waseca, MN 56093 74370
BEC Beckman Inst. !nc, ERI Erie Technological Prod.

Fullerton, CA 92634 73138 Erie, PA 16512 72982
BLD | Belden Mfq. Co. F=1 Fairchild Inst. Corp.

Chicago, IL 60644 70903 Mountaln View, CA 94043 07263
BRG | Berg Electronics Inc. FUS  Bussman Mfg. (Fusetron)

New Cumberiand, PA 17070 22526 St. Louis, MO 63107 714G0
BRN | Bourns, Inc. G-E General Electric Company

Riverside, CA 92507 80294 Syracuse, NY 13201 03508
BUS Bussman Mfg. Diwv. G-1 General Instrument Corp.

St. Louis, MO 43017 71400 Hewark, NJ Q7104 72699
C-1 Components, |{nc. GLD Gould, Inc.

Biddeford, ME 04005 06751 St. Paul, MN 55165 5243
C-W Continential-Wirt Elec, Corp. H-P Hewlett-Packard

Warminster, PA 18974 79727 Palo Alto, Ca 94304 50434
CAD Caddock INT intersi} inc.

Riverside, CA 92507 19647 Cupertino, CA 95014 32293
CAN ITT Cannon Electric IRC IRC Division

Santa Ana, CA 92702 71468 Burlington, IA 5260] 07716
CLB Centralab Division K-1 Keithley Instruments, Inc.

Milwaukee, Wl 53201 71590 Cleveland, Ohio LAl139 80164
CLR Clarostat Mfg. Co., Inc. L-F Littlefuse, Inc.

Dover, NH 03820 12697 Des Plaines, IL 60016 75915
CTS CTS Corporation MOL Mot ex

Elkhart, IN 46514 71450 Downers Grove, IL 60515 27264
Bic Dickson Electronics Corp. MOT Motorola Semi Prod. Inc.

Scottscale, AZ 85252 12954 Phoenix, AZ 85008 04713
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TABLE 7-1. (Cont'd)
FED. FED.

MFR, SUPPLY|JMFR. SUPPLY]
CODE | NAME AND ADDRESS CODE CODE NAME AND ADDRESS CCDE
NAT National Semi Corp. TEP  Tepro Electric Corp.

Santa Clara, CA 9505) 27014 Rochester, NY 146086 02985
NCI Mational! Components, Inc. TPL Temple

West Palm Beach, FL Tecate, CA 92030 29505
NEL | Northern Engr. Labs TRW  TRW Capacitor Div.

Burlington, Wl 53105 00815 Ogallala, NB 69153 Bhb1]
P&B Potter & Brumfield VIS Vishay Resistor Products

Princeton, IN 47670 12300 Malvern, PA 19355 18612
PAK Paktron VRN Vernitron

Vienna, VA 22180 Laconia, NH 03246 13150
POM Pomona Electric WAB Wabash-Magnetics

Pomona, CA 91766 05276 Wabash, IN 46992 01101
QTN Q-Tron

Santa Ana, CA 92705 25525
RAY Raytheon Company

Quincy, MA 941 bk
RCA RCA Corporation

Moorestown, NJ 08050 02734
RCL RCL Electronics, Inc.

Manchester, NJ 03102 01686
S1E Siemens Corporation

Iselin, NJ 08830 25088
SIG Signetics Corp.

Sunnyvale, CA 94086 18324
SIL Siliconix Inc,

Santa Clara, CA 95054 17856
SPG Sprague Electric Co.

Visalia, CA 93278 14659
SoL Solitron Devices Inc.

San Diego, CA 92123 22229
STD Standard Condensor

Chicago, IL 97419
T-1 Texas Instruments, Inc.

Dailas, TX 75231 01295
TEL Tel Labs

Manchester, NH 03102 94322
7-4 AA
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REPLACEABLE PARTS LIST

BATTERIES (8T)
Hodel 1768 Battary Pack
300" Serles (Sch, 28992E-Pg., 7-10)

Circuit Sch. PL=Board  HMfr, Mfr, Kelthley
Desig, Descriprion lecatlon  Loeation Code Deslg. Part Ho.
8T301 Sac of four "0 Cells, 8V Fé - *
* Lead-acid "'D'' ¢all, 2¥, 2,GAH
(Used for 87301, four required) G~-E GE0225 AA=33

CAPACETORS (C)
"'to0" Serles {(Sch, 28992E-Pg,. 7-10}
(PC~Board h92-pg, 7-11)

Cireuit Scha PC=Board Mfr, Mfr, Keith|ay
Desig, Pescriptlan Location Locatfon Code Desig, Part Mo,
cot Lr0iF, 35v, EAL. F-7 b5 NAC I5ELA470 c-289-470
cioz 470uF, 35v, EAL. JF-B 0-5 HAL ISELAGTO C-285-470
£103 2200uF, 15V, EAL . . .F=b E-4 HAC 16FLA2200 C-290-2200
crok JUF, 100V, +10%, HPF | LLE-2 E-4 POT 4309C-105K C-394- 1
LIos L, 7uF, 20v, ETT. 02 E-4 Het KNS 475A020K £-179-4.7
L1086 bo7uF, 20V, ETT. .0-3 £k HC I KNS U7SAD 20K C-179-4.7
cloy 150pF, 1000V, CerD . .0-2 E-b4 CLB 00=151 L-64= 1509
cio8 b 7uF, zov, ETT. L .G-6 E-h NCI KNS 475A020K C-179-4.7
clo9g bouR, 20V, ETT. .« . . . 66 E-4 NCI KNS475A020K C-179-u.7
cllo 33uF, ISy, ETT . D=2 £-3 HCI KNS IFE00ISK t-228-33
ciil 33uF, 15v, ETT . L -2 £-3 NG KNS 3360015k c-228-33
crz JI2UF, 100V, 20%, MPF. . . . . . . E-3 E-3 POT 4039¢ C-294- 12
L3 .25-1.5pF, 2000V, Teflon Trimmer . (-2 F-3 EFJ 273-101 C184
[ARL 100pF, 1000V, CerD « « + « - « . . .0=§ F-2 cLe DO-10} C-64-130P
[ARES 1.9-15.7pF, 500V0C, 250V, Trimmer. .0-2 F-3 EFJ 187-0109-005 C-284
t11é 110pF, 500VDC, £1%, Silver Mica. (-2 F-3 G- ROMIGFD) 12F03 €-278-110Gp
clly VI0OpF, S00MBC, 1%, Silver Hica . .B-1 6-1 G- ROMISFDI 1 1FO3 £-278-1100p
cIig -1, 100v, 20%, WPF N 21 6-3 POT 4039¢C C-294-.12
[ARE] 1.25-1,5pF, 2000, Teflon Trimmer. .B-2 G-4 EFJ 273-1-1 C-184
ciz0 1000pF, 500V, 5%, Polystyrene . .8-3 G-} cLa {PR-1000 C-138-1000
cizl 0. IKF, 1000V, WRF, . . . . . .. B3 G-3 5TD M2ZW~-F=0, | uF c-285-.
ti2z Luf | 100V, 20%, MPF. . F3 5-2 POT 0109-5432 C-294-4
cl23 .22uF, 200¥DC, +10%, MPF . .G6-3 G-2 TRW 22-200-10-X363UW t-269- .22
crzh 1ufF, 100V, -10%, MPF . JF=3 6-2 POT 43090~ 105K £-294-1

200" Series {Sch. 28991E-Pg.7-10)

(Pt-Board L8L-Pq.7-12)

£201 WoTWE, 20V, ETT. . . . . L. ... K=2 F-3 Hei KNS 475A020K C-i179-4.7

300" Series (Sch, 28991E-Pg. 7=19)

(PC-Board 451-Pg.7-13)
£301 GoJuF, 20¢, ETT. . . . o v v v v W L -6 E-} NI KNS475ADZ0K C-179-4.7
cloz GoFuF, 208, ETT. « . . . L . =Y E-}3 NGt KNS 475A020K C-179-4.7
cing 1.0uF, 250¥, MPy . . . . . . . . . .K-7 E-1 AMP C2B0AE/ATH C-256-1
C304 100uF, 35UC- + « + + « v v v 4 . . .H-] F-b NiC 15-ULA-100 C-295-100
c105 100%F, 35¥C. . . . . . « . + . - . .H-8 F-3 NIC 35-ULA-100 £-295-100
DIODES (CR}
100" serles (Sch, 28991€~-Pg.7-10)
{PC-Board 4h7-pPg.7-11)

CRIQT Rectifier, 75mA, 75V . G-7 E-5 T-1 IN9 | & AF-28
CRIO2 Rectifier, 75mA, 75V . . . . . . . .E-21 E-5 T-1 INGI 4 RF =28
CRIO3 Recitifar, 76mA, 75V . , . . . . . .E-2 E-§ T=1 18914 RF-28
CRIOL Recitifer, 1A, 80OV, . . . . . . . .c-3 G-5 MGT IN9 4 RF-38
CRTOS Bridge Rectifler, 100V, 2A . . . . .F-§ E-2 EQI #dI0 RF-36
CRIGE Bridge Rectiflier, 1A, hoov . JF-7 E-2 EDL PFL4Q RE-bf
trR107 NOT USED
CRIOB Silicon Rectifier, 1A, 1000V . . F-3 F-2 T-1 184007 RF-50
CRICY Rectifiar, 75mA, 75V - . LF-3 F-2 T 1H9 L AF-28
CRITO Rectifier, 75mA, 75V . . . . . . . .F-2 F-2 T-1 INg 14 RF-28
cRIT Rectifier, 75mA, 75V . . . .. F-2 L-2 T-1 IN9 1k aF-28
collz Rectifier, 1A, BOOW. . . . . . . . L-3 G5 HOT iNLOOG RF-38
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300" Series {Sch. 28991E-Pq.7-10)
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Circuit Sch. PC-Board  Hfr. Mfr. Keithiey
Cesig. Descriprion Location Location Code Jesig. Part Na.
CR301 Rectifier, 75mA, 75V. H=6 D=4 T~ THY I AF-28
CR302 Rectifier, 75mA, 75v. . J-6 E-3 T-1 FMGTh RF-28
CR3D3 Rectifier, 75mA, 7SV, . J-7 E-3 T-1 TNG 14 RF-28
CR3I0G Rectifier, 75mA, 75¥. H-7 Fb T-1 INGT4 RF-28
CR305 Rectifier, 75mA, 75V. H-8 F-i T-1 ING T4 RF-28
DISPLAYS (DS)
200" Series (Sch. 28991E-pg,7-10)
(PC-Board 485-Pg.7-12)
Circuit Sch, RLA ME . MEr Keitnley
Desig. Description Location Location Code Desig. Part No.
Ds201 - 1LED Digit- . H-2 £-2 F-1 FNDS6E) DD-17
05202 7-Segment LED Digit - . H-2 n-2 F-1 FND5A0 Dh-té
05203 7-Segment LED Digit . . H-2 D=2 F-1 FND560 DO~ 16
DS 204 7-Segment LED Digit . J-2 02 F-1 FMDSB0 bo-16
05205 7-Segment LEU Digit . H-2 -2 F-1 FNDE&G oup-16
FUSEs (F}
00" Series (Sch. 28991E-Pg. 7~10)
(PC-Board 4h7-pPg.7-11)
Circuit Sch, PC~-Board Mfr.  Mfr, Keithlay
Desig. Bescription Location Location Code Desig. Part No.
F101 §lo-Blo, 1/8A, 250V, 3AG. . 0-7 0-3 BLS MOL FU-20
100" Series {Sch. 28991E-pg.7-19)
{PC-Board 451 Pq.7-13)
Figl 24, 250V, 3AG, Quick. . K-§ c-3 L-F 312002 FU-13
CONNECTORS (J)
1000 Series (Sch. 28991E-pg.7=10)
(PC-Board 485-Pg.7-12)
Cirguit sch, PC-Board Mfr. Mfr, Keithley
Desig. Jescription Location Location Code Desig. Part No.
ool &-Pin Rignt Amgle . . . , . . H-2 83 MOL 22-15-2061 £S-34B-1
Jioo2 I1-Pin Right Angle, . . - . H-3 F-3 HoL 22-15-2111 L5-348-1
Jiog} Pin oy o s o . b8 D=5 MOL 2135-3 C5~287-3
J1o0k 8~Pin . . .. . ++ . H-5 b-5 MOL 2139-8 £5-287-8
Jloos Banana Jack, Black, . A-h --- POM 158t 8J4-11-0
J16o6 8anana Jack, Red. . . . . . A3 - PGM 1581 BJ=11-2
RELAYS {X)
100" Series {Sch. 28991E-Pg.7-10)
(PC-Board U47-Pg. 7-11)
Circuit sch. PC-Board  Mfr, Mfe, Keithley
Desig. Oescription Location Location Code Desig. Part No.
K101 5V, Reed Type . . . . . 8-2 E-# coT UF-40097 RL-56
Klo2 5V, Raed Type . , v . B-2 E-4 caT UF=40097 RL-56
K103 5V, Reed Type . . . . R B E-4 COT  UPTHDE9L RE-36 RL-5F
K104 5Y, Read Type . . . . . . . B-1 £=b COT  WR=Lags Ae=56 AL - & 7
Klos SV, Reed Type . . . .. 8- F-4 cor  UE=LOQ97 RL-56 R - 5
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CONNELTORS [P}
"I000 Series (Scn. 2399!E-pg. 7-10)
{PC-Board b47-Pq. 7=11)

Cicouit Lok, PC-Board EUN 5 Keitoiey
Jesig. Description Location Lacation  Code  Desig. Part Ho.
PIOOH 5-Pin . H=2 H-5 MOL 22-33-2061 CS-347-
P1002 I1-Pin. N YR | H-2 HOL 22-03-2061 C5-347-2
PIOO) MALE. . . . . . . . . . . . . .. . Dp-8 o-4 HOL A-2391-34 5-288-3
PIOCA MALE . k-5 E-3 MOL A-2391-3a (5-283-3
PlDDS NOT USED

P 1006 HOT USED

PIOOT7 wine Cord . .. - . . . . . . . . D-8 - K- - £3-9

TRANSISTORS {5)
"r00' Series (Sen. 28991E-Pg. 7-10}
(P -Board L47-Pg 7=11})

Circuit Sch. PC-Board Mfr, Mfr, Kegrthiey

Besig. Sascriprion Location Lucation  L[ode  Desig, Far: %o,

qtol N-Chan, JFET. B-2 Fely PT 1TE439?2 rg-77

qloz N-Cham, JFET. . . . . . . . . . .  B-2 Fob INT ITES392 677

103 M-Chan, JFET. . . . . . . .. . . (-3 6-5 INTITERI9? 677 Ter - 93
Q104 M-Chan, JFET. p-b G-1 -1 R ro-128

0109 N-Chan, JFET. E-5 G-3 %=1 -- TG-128

qtos NPN Switch. H-4 H=2 MOT ZH3G04 TGeLT

300" Series [Sch. 28991E-Pq.7-10)
{PC-Board 451-Pg.7~11)

Q301 Thyristor, SCR, . H-§ -4 MOT 108F1 rg-132
Q362 HPN Switch. . . . . . . . . H-6 -2 HOT 243904 To-47
Q303 PNP, Silicon, T0O-92 Lase. . -6 D4 HOT 2N3905 T3-351
g30h NPN, Switch P . -6 £-4 MOT 243904 TG-47
1305 HPN, Switch e e .47 E-% HOT 2H3904 Th-u7
3308 FNP, Silicon, T0-9Z Case. Y £-3 moT 2H3905 T56-51
Q307 HPN, Switch . P . K-6 £-1 MOT 43725 TG-13
Q308 NPN, Switch . . K=) £-3 HOT 2H3725 TG- 13
N309 PNP, Silicon. . . . . . . . J-5 0-3 MOT MPS-WAG TG-133
0310 PNP, Silicon, T0-92 Case. . -5 D-3 MOT 2H1903 TG-51
RESISTORS (R)
Y100 Series {Sch. 28991E-Pg.7-10)
(PC-Board Uu7-Pg.7-11)
Circuit Sch. PG -Board Hfr, Mfr. Ke:tniey
Oesig. Bescription Location Location fode  Desig. Part Mo.
RIO1 200K, 10%, Cermet Trimmer. . B2 F-5 HEL 89p RP-89-200K
RIG2 120K6, 10%, |/4W, Comp. L H=1 K-§ MEP CR25, 53 R-76-120
R103 9,88k, X, l/0w, MEF . . E-2 E-§ TR HAR-S R-263-9. 80
RIGY 10K2, 10%, /W, Comp . . E-2 E-5 A-8 cg-100-10% A-76-10K
RI0S Loz 1%, /4w, MtF . E-2 £-5 TRW MAR-S R-263-402
RI106 PART OF Z7699A. . . . . F-2 E-§ TRW MAR-5 R-263-+
RIG? 8065, 1%, 250V, /8w, . F-1 E-5 IRC CEA-TO-806 R-88-806
R108 6.49KD, 1%, 250v, 1/8w. . ... F-I -5 IRE CEA-TO-6.49K R-88-6 .45k
RIDY 3,65k, 1%, 250v, /8. . . . L, F-) F-5 IRC CEA-T0-3,65« R-BB-3.65k
RITQ 1M, £0.5%, 2w, MtF . . . . . . . . B=3 F-4 RYF PHMEBOTY R-267-1M
RIN1 9.88M, :0.5%, .5W, 1200V, MtF . B-2 F-5 PY¥F PHEBO R-265-9.88m
REI2 NOT USED
RII3 S0k, 20%, .75W, POT. | . E-2 b4 HEL 77PR=50K RP-64-50
RI1h Aobbhi, 1% L/hW, MeF . 0-2 -4 TR HAR- 5 R 2B3- 4 bR
RiLS S0KR, 10%, Cermet Trimmer . . D-3 E-4 BEC 72PMR RP-97-50K
RI16 1006, 0.5W, POT . . . . D-2 E-d BEC 72PHR- 100 RP+97-100
RIN7 100K2, 10%, 2W, Comp. . . D=4 G4 HAB arizi A~3- 100K
REIB{A-H} Thick Film, ., , . , . . . CDEF-384h E-3 TS SPECIAL TF-63
RI19 998KA, 1%, 1/bW, MLF . . -2 F-3 TRW MAR-T7, T13 R-264-998k
RYZD 99.8Ka, 1%, 174w, MLF, . C-2 (3] TRW MAR-5, T3 R-263-99.8k
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REPLACEABLE PARTS
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RESISTORS {R} {CON'T)

100" Series (Sch. 28991E-Pg.7-10}

(PC-Board 447-Pg.7-11)

INSTRUCTION MANUAL

Gircuit Sch. PC-Board Mfr. Mfe, Keitnley
Desig. Qescription Locatian Location Code Desig. Part No.
R121 9.98KG, 1%, M/10W, HMrF . L1 F-3 TRW MAR-5, T13 R-261-9.98K
R122 120¢, 10%, 1/4W, Comp . - . C-l F-3 MEP cR25, 5% R=76-120
R123 1.002%s, 1%, 1/10W, Mrf. . C-l F-3 TRW MAR-5, T13 R-263-1.002K
R124 100K, 10%, W, Comp. . . B-3 G-1 H-B 01121 R-3- 100K
RIZS SK:, 10%, Carmet Trimmer. . C-2 E-2 BEC FIPMR RP-97-5K
RI26 5005, 10%, Cermet Trimmer . . £-2 F-2 BEC T2PMR ARP-57-500
R127 50, 10%, Cermet Trimmer. . . . C-! F-2 BEC 72PMR RP-97-50
R)28 SOK:, 10%, Cermet Trimmer . RS F=2 BEC J2PMR RP-97+50K
R129 224, 10%, 1/4W, Comp. . E-% F-2 MEP CR25, 5% R=-76-47K
R130 L7KG, 10%, 1/4W, Camp . . D-§ F-2 MEP CR25, 5% R-76-47K
Hi131 100K, 1%, 1/)0W, MtF . - F-2 F-2 IRC CEA-TO- 100K R-88-100K
R132 856k, 1%, 1/10w, McF. .63 H-1 TRW MAR-5, T13 R-263-856
RI33 6.8M, 10%, 1/, Comp . . C-5 F-4 A-B CB-682-10% R-76-6.8M
R34 FART OF 27699A. . . | E-5 K~ SPECIAL R-88-x

1200 Series (Sch., 28991E-Pg. 7-10)

(PC-Board L8S5-pg,7-12)

A201 P0G, V0%, V/uM, Comp . Lo.oH=1 t-2 A-B L8-121-10% A~T6-128
RZ02 Thick Film e L oJ=2 E-2 DLE LDPI4-01-4706 TF-64

13007 Series (Sch. 28991E-Pg.7-10)

{PC-Board U51-pg.7-13)
R3CI 20KR, 0.5W, POT - H-6 -3 BEC 7 2PMR- 20K AP~97-20K
R302 3300, 10%, 1/4W, Comp . H-6 c-3 MEP £R25, 5% R=76-330
R303 TKS, 10%, 1/4W, Comp. H-6 h-b MEP GR25, 5% R-76-1K
R30H 3.9k, £20%, W, WW . H-6 D-4 TEP 153 R-268-1.9
R305 4, 7K, 10%, 1/4w, Comp. . H-6 D-3 MEP CR25, 5% R-76-4. 7K
R306 33KkQ, 16%, 1/4W, Comp . - H-7 c-3 A-B CB-332-10% R-76-3.3K
Ri07 82Kn, 10%, 1/4w, Comp . . . J-6 E-3 HMEP CR25, 5% R-76-82
R308 82K, 10%, 1/4W, Comp . . . J-7 E-3 MEP CR25, 5% R-76-82
R309 105, 10%, /4w, Comp, .o . . H-8 F-4 A-8 Ca-100-10% R-76-10
R310 100, 10%, /4w, Comp. . . -« H=? F-4 A-B CB-100-10% R-76-10
A311 100K, 1%, 1/BW, MLF. . . ., =5 E-3 A-B CB-104-10% R~76-100K
RI12Z 100KG, 1%, 1/8W, MEF. . J-5 E-3 A-B CA-104-i0% R=76-100K
R112 100KG, 13, 1/8W, MtF, J-5 E-3 A-B CB=104=10% R-76- 100K
R34 6.8M, 10%, 1/4w, Comp . . d-5 £-3 A-8 CB-68rR-10% R-76-6.8H4
R315 576K, 1%, /8w, MtF .. Jd=5 E-3 tRC CEA-TO-576K R-BB-576K
36 100KD, Y%, /8w, MrF. . J=5 E-3 1RC CEA-TG-100K R-BB- 100K
SWITCHES (S)
100" Series {Sch. 28991E-Pg.7-1D)
(PC-Board 447-Pg.7~11})
stoy Line Selector . . . . . D=6 o-3 C-W GG35CPCDPDT sW-318
102 Line Battery. . .- E-3 LS SPECIAL SW=337
5103 Switch . v 8-4 H-h CTL PB-10 SW-401
TRANSFORMERS
'M00" Series {Seh. 28991E-PG. 7-10)
(PC-Board L47-Pg.7=11)
Tiol Transformer, Power. . . . . . . . . E-§ D-2 K- --- TR-168
TiQl Transformer, Power (100/200V) . . . £-5 D-2 %) --- TR-169
"300" Series (Sch, 28991E-Pg. 7-10)
(PC-Board 451-Pg.7=13)

1301 Transformer, Power . . K-6 F<3 K- - TR=170

Digital Muitimeter

Modei 178

AA



INSTRUCTION MANUAL

Digital Multimeter
Madel 178

TEST POINTS (TP}
{$ch. 289%1€-Pg.7-10)

REPLACEABLE PARTS

Cirg.it Sch. PL-Board Mfr.  Mfr. Keitnley
Desig. Description Location Location  Code Desig. Part No.
TRI Test Poinc. . F-7 --- K- . .-
P2 Test Foint. . F-8 --- K-1 - -
TP3 Test Point. . OF-l --- K- a-- .-
TPY Test Point. . E-2 -—- K- 1 R -
TPS Test Foint. , (-2 - K- o L.
TPé Test Pointc- . 0-3 -—m -t i .-
TP? Test Point. . G-6 a1 .-
TP8 Test Point- . D-4 -== %=1 c.- .
P9 Tast Point. . F-1 R K- | A -
TRIO Test Point. L€t bl K-t .- --
TPl Test Point. . G-2 --- K- - .
INTEGRATEC CIRCUITS (U}
00" Series {Sch. 2899tE-Pg.7-10)
{PC-Board 447-pq.7-11)
Circuit Sen. PC~Board  #fr. Mir. Keithiey
Desig. Jescription Location Location Cude Desia. Parr HNa.
yiol 8-pin Op-Amp, DIP L Pl £-5 F-1 uGT7741353 1(-42
U102 3-Pia Op-Amp, DIP L ob-2 £-4 NAT LMI0TAN 1C-i67
ulol 8+Pin Qp-imp, TO-5. oL-2 F-4 AT LHOQ22{H 1165
U104 {A-C) 4011 CMOS Unburfereq. . L G-l Keu £-2 waT HMCILG1ICP 1c-152
y105 4-1/2 0igit Anaiog-Processor. . F-3 G-2 INT 30524 L81-12
Ulab 4+1/2 Digit Logic Processor . F-4 G-2 iNT 71634 LS1=f1=1
U200 Series (Sch. 28991E-Pg.7-10)
(PC-Boara 485-~Pq.7-12]
u201 Segment Drive . .oKk-2 F-2 HOT L5l 1{-168
u202 Digit Driver. . H=3 F-2 T-1 75492 V- 163
MI00" Series (Sch. 28991E-Pg.7-1Q)
{PC-Board WG1-pg.7-11)
u3o! Dual D-Type Flip-Flop, 14-Pin DIf J-7 0-1 RCA 3405 JAE 1£-103
4302 1.1V Micro-Pawer Detector . . . k-5 £-3 INT (eeBlricea 1C-177
YOLTAGE REGULATORS (VR)
100" Series (Sch. 28991E-Pg.7-10)
{PC-Board 447-Pq.7-11)
Circuit Sch. PC-Board Mfr. My Xeithley
Desig. Cescripticn Location Lagation Cade Lesiqg. Part No.
VRIDR +16¥, 3-Term, |0-Power. L Fey E-§ Mo T MEFGIECT C-i74
VRIO { +15V, 3-Term, LO-Power, . -2 E~5 HOT MC7BLISCP 1c-170
VR103 +5¥, 3-Term, T0-220 ., . . G-6 E-4 HOT ML 7B05CH tc-93
YR104 (PART OF 2756994}, . F-1 F~5 -0 TNUG?7 0Zz-58
1300 Series (Sch. 28%11E-Pa. 7-10)
¥rR30! 8.2 vVoit, Zener. . B-6 -3 MOT 1H765A 0z-61
SRYSTAL (V)
Q0" Series [Sch. 28991E-Pa.7-10)
(PC-Boara 447-PG.7~11)
Circuit S¢h. PC~-Board Mfr. Mfr. Keithiey
Desig. Description Location ‘ocalion Cove _Desiq, Part No.
¥
Yo Quartz, =0.01%, 100kHz. . 0-5 E-2 HEL NE3LPE tR-8
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