INSTRUCTION MANUAL

MODEL 167

AUTO-PROBE™
DIGITAL MULTIMETER

© COPYRIGHT 1972

KEITHILEY INSTRUMENTS, 1 NCC.

2B7765 AURORAA AOAD +» CLEVELAND. OMHIO 44139 « (216) 248-0400
TELEX 88 - 5469 . CABLE KEITHLEY

FRINTED AN LLSA



CONTENTS

SECTION CONTENTS PAGE

Title Page . L

Contents . . id

List of lllustrations 1i1

Specificacions . iv

1. General Tnformation. L
I-1. Introducrion . ., . FEFEREN 1
L-2. Warranty lnformatiun e e e e e, 1
1-3. <Change Wotice. L]
L-4. Applications L2

2. 1Initial Preparation. . . 3
2-1. General. PPN 3
2-2, Inspection 3
2-3. VPreparation for Usc L 3]

3. Operating Instructions & |
3-1. General, . 4
3-2 Turn-on Procedure. I
3-3. Connections. L4 |
3-4 Function Selection . 6
3-5. Operation as & Voltmeter . LG
3-6. Operation as an Ohmmeter . | 8 |
3-7. Operation as an Ammeter. E
3-8, Battery Operatjion. . . . 112_|
3-9. Line Operation . P L4
3-~10. Auxiliary Power Operatinn .. 14
3-11. Battery Life . |14 |
312, Msplay. . . . . . . . ..., 116 |

4. Theory of Operation. 18
4-1. General, . Coe e
4-2., Analog Circu1try PR (1o ]
4-3, Digital Circuitey. . , . 20 |
4-4, DC Voltage Operation . ., 25
4-5. AC Voltage Operation . . .

4-6. OHMS Operatien . . . . .
4-7. Power Supply . .

5. Maintenance. . 29|
5-1. General. . . . 29
5-2. Reguired Test Equipment 29
5-3 Performance Checks 129 _|
5-4. Adjustment and Cali_bration Procedurc 33|
5-5, Troubleshooting. Ce e e &1 |
5-6. DBattery Test . . . 41
5-7 Battery Replacement. 141 |
5-8. Battery Charging Ez::

6. Replaceable Parta. . . . . , 25 ]
6-1, General. PR . 45
6-2. Ordering Info:mﬂtion . . 145 |
6-3. Cross Reference. . . . . . , 47 |
6-4, Parts Liat , ., . . [48_]
6-5. Gode-to-Name List. 62|

7. Schematic Diagrams P
7-2. Block Diagram, No 25354D. %
7-3. Power System, No. 25340D .

7-4, Analog Circuitry, No. 25342D , [E]
7=5, Digital Clrcuitry, No. 253430, F |

Append ix

e

MODEL 167



MODEL 167

TLLUSTRATTONS

ILLUSTRATIONS
Figure No. Title Page No.

1 Front Panel with Probe Installed 1]
2 Front Panel with Probe Removed 5
3 Rear Panel, Auxiliary Power Receptacle =
4 Operation as a Voltmeter [ 7]
5 Cperation #s an Ohmmeter E
6 Measurement of Diode Resistance E
7 Operation as an Ohmmeter [ 10]
8 Digital Display [ L1]
9 Battery Installation L3
10 Battery Compartment L L5 ]
11 Overall Block Diagram E
12 Full Wave Rectifier E
13 LSI Block Diagram 21|
14 A/D Converter Block Diagram | 21|
15 Identification of Segments 24
16 Tdentification of Multiplex Lines 1 24 ]
17 DC Voltage Operation 1 25 |
18 AC Voltage Gperation [ 26 |
19 OHMS Operation 27
20 Top Cover Assembly 34
21 Chassis Assembly -

22 Calibration Controls | 37 ]
23 Auxiliary Power & Battery Check | 43|
24 Test Points on Circuit Board E
25 Component Layout, Resistors E
26 Component Layout, Capacitors [ 54 ]
27 Component Layout, Transistors 55
28 Printed Circuit PC-307 56
29 Case Qutlines 57
30 Case Outlines 58
31 Case Qutlines, Resistor Networks 59
3z Case Qutline, LSI-! 60
a3 Probe Assembly 61

QL72




SPECIFICATIONS

SPECIFICATIONS

AS AN AUTORANGING DC VOLTMETER

RANGE: +1 millivolt per digit to 221000 volts.

ACCURACY: +0.2% of reading +1 digit.

INPUT IMPEDANCE: 55 megohms shunted by approxi-
mately 220 picofarads.

NMRR: Greater than 55 dB above 50 Hz to 60V p-p.

AS AN AUTORANGING AC VOLTMETER

RANGE: 1 millivolt per digit to 500 volts rms.

ACCURACY: Up to 200 volts; 1% of reading +2 digits
20 Hz to 10 kHz, 2% of reading =4 digits to 20 kHz.
200 volts to 500 volts;+2% of reading =2 digits 20 Hz
to 1 kHz, =5% of reading +4 digits to 20 kHz.

INPUT IMPEDANCE: 50 megehms shunted by approxi-
matefy 220 picofarads.

AS AN AUTORANGING OHMMETER

RANGE: 1 chm per digit to 20 megohms.

ACCURACY: +0.3% of reading =1 digit +1 ohm.

TEST CONDITIONS: Current; 1 milliampere to 0.1 micro-
ampere_depending on range. Voltage; 1 volt at 1000
digits, 9 volts maximum inte an open circuit.

GENERAL

READING TIME: Less than 2 seconds to rated accuracy.

DISPLAY: 3% digits, appropriate decimal position, polarity
indication and indication of function (DC, AC, k1!, MQ) all
on probe. Upranges at 2000, downranges at 0189,

POLARITY: Automatic.

RANGING: Fully automatic on each function,

OVERLOAD INDICATION: Display blinks when beyond spec-
ified maximum range.

MAXIMUM OVERLOAD: 1200 volts dc + peak ac on volt-
age ranges. + 130 volts dc - rms ac on chms,

STABILITY: 1:0.02% of reading +0.2 digit per "C. Cali-
arated @ 23" C.

ENVIRONMENT: Operating: 0°C to 50°C. 0% to 70% Rela-
tive Humidity up to 35°C. Storage: —25"C to 1 65°C.

FOWER:

Supfl(ad & D' GCafls for Lite with Life with
internat mounting cantinuous push-ta-raad
Model {Any type useahle) eporation switeh*
167 Alkaline 20 hours typ. 3 months typ.
bl . 12 hours** 1 month per
1671 Nickel-Cadmium per charge tyo. | charge typ.

FHeolding prabie turns instrument on. Instant warmup permits finai
reading within 2 seconds.

**Recharging of internal Nickel-Cadmium batteries and/or line op-
eration is provided hy power source inctuded in Made| 1671.

External-power connector permits use of Model 1672 accessory
iing pawer source, a “‘batlery eliminator’, external batteries,
and use with automotive systems or other 7 to 15-yoit dc power
sources.

BATTERY TEST: Test point for measuring battery voltage
with instrument itself provides indication of battery
condition.

CONNECTORS: Probe tip and aiii%ator ground clip. When
proble is stored in instrument, banana jacks.

DIMENSIONS, WEIGHT: Prebe; 7% in. x % in. (188 x 15
mm), 1% in, x 3 in, {31 x 18 mm) display area, 4% ft.
150G mm} cable. Electronics Pack; 3 in. high x 6% in,
wide x 104 in. deep (75 x 170 x 265 mm), net weight
{with Alkaline cells} 4 pounds (1.9 kg).

ACCESSORIES FURNISHED: Ground lead, attached probe.

iv
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MUDEL 167 GENERAL INFORMATION

SECTION 1. GENERAL INFORMATION

1-1. INTRODUCTION. The Model 167 is a compact, versatile, autoranging digital
muitimeter useful for measurement of voltage, resistance, and current (when
used with the optional accessory Model 1673 Current Shunt). The Model 147
automatically indicates ac voltage from 1 mV to 500 volts nms, dc voltage from
1 mV to +£1000 volts, and resistance from 1% to 20 M, When the Model 1673 is
used, current measurements also can be made from 100 nancamperes to 2 amperes
ac or dc.

1-2. WARRANTY INFORMATION. The warranty 1s given on the inside front cover
of the manual. If there is a need for service, fill out the Service Form
supplied at the back of the manual,

1-3. CHANGE NOTICE. Improvements or changes to the {nstrument not incovpo-
rated into the manual will be explained on a yellow change notice sheer at-
tached to the inslide back cover.

ACY eV OHME OFF } [— INPUT
L LIS e g FUNCTION -

S AT O PRUOGHE
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GENERAL INFORMATION MODEL 167

L-4. Applications,

a. Probe Measutrements. The Model 167 is useful for electrical measure-
menks wherever a portable battery-operated instrument is needed. Since the
digital display is in the probe, measurements can be quickly and easily made
by simpiy moving the probe from point-to-point such as when servicing ¢lec-
trical circuits.

b. Bench Measurements. The Model 167 is also useful as a bench cperated
multimeter with Lhe probe installed in the frent panel. The frount panel
Lerminals arc used to make all connections for normal multimeter operation.

FIGURE 2a. Recommended Cable Position for Probe Measurements




MODEL 167 INITIAL PREPARATION

SECTION 2. INITIAL PREPARATION

2-1. GENERAL. This section describes procedures for incoming inspection and
preparation for use.

2-2. INSPECTION. The Model 167 was carefully inspected both mechanically and
electrically 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 test the instru-
ment using the Performance Check procedure in Section 5.

2-3, PREPARATION FOR USE, The Model 167 is shipped ready-to-use with six
alkaline batteries installed in the battery compartment. The probe is installed
in the front panel with the cable wrapped around the base of the chassis. The
ground lead is stored in the opening on the bottom of the instrument.

a. Battery Operation Using Alkaline Cells. The Model 167 is useable for up
to 20 hours of centinuous operation from a set of six alkaline batteries. The
battery condition may be checked at any time using the probe for a self-test.
To test the batteries, remove the probe from the front panel, depress the 'DCV"
pushbutton and '"push-to-read" switch along the top of the probe. Touch probe
tip to the rear panel "BATTERY TEST'" terminal and read the display. The read-
ing should he greater than 6 volts for satisfactory battery condition. If the
Model 167 fails to turn on, check for proper installation of the batteries as
shown in Figure 9. If the voltage is too low, replace with new batteries as
explained in paragraph 3-8c,

b. Battery Operation Using Nickel-Cadmium Cells., The Model 167 can also be
powered by rechargeable nickel-cadmium batteries for up to 12 hours continuous
operation. The battery condition may be checked at any time using the probe for
a self-test. To test the batteries, remove the probe from the front panel, de-
press the "DCV'" pushbutton and "push-to-read" switch along the top of the probe.
Touch probe tip to the rear panel "BATTERY TEST'" terminal and read the display.
The reading should be greater than 7 volts for satisfactory battery condition.
1f the Model 167 fails to turn on, check lor proper installation as shown in
Figure 9. 1If the batteries are installed properly and the voltage is too low,
connect the accessory Model 1671 Recharger as described in paragraph j-8d and
recharge the batteries. To ensure that the nickel-cadmium batteries are fully
charged, recharge the batteries at least 16 hours, Since the Model 1671 Re-
charger is uscable as a line power adapter, the Medel 167 can be operated con-
tinugusly even while recharging the batteries.

¢. Line Operation Using the Model 1672. The Model 1672 converts the Model
167 to line operation when commected as described in paragraph 3-9.

0172 3



OPERATING INSTRUCTIONS MODEL L67

SECTION 3. OPERATING INSTRUCTIONS

3-1. GENERAL. This section describes the procedures for operating the Model
167 as a voltmeter, ohmmeter, and ammeter.

3-2.  TURN-0ON PROCADURE., When the probe is installed in the Lront pancl the
Model 167 can be turned on by depressing any one of the front panel push-
buttons identitied as "ACY', "DCV', or "OmMS'". When the probe is removed
from the front pancl the "push-to-read' bar along the top of the probe must

be depressced and held in this position te turn on the instrament, The display
in the probe is lighted whenever the instrument is turned on and therefore
serves as a "power on' indication., When the "push-to-read' bar on the probe
is released the instrument will be turned off therchby conserving battery
power. When the probe is installed in the front panel the Model 167 will be
turned on continuously unless che [ront panel "OFF" pushbutton is depressed,

3-3. CONNECTIONS. The Model 167 has two front panel terminals identified as
"HT" (red) and "LQ'" (black). These terminals mate with "banana'’ plugs similar
to Keithley part no. BG-5. 7The probe tip can also be used for connmections to
"HI'" instead of the front panmel "H1" terminal.

a., Probe Measurements. The Model 167 probe can be used [or in-circuit meas-
urements with the convenlence of a display visible right at the point of meas-
urement. To make a measurement, rvemove the probe from the front panel, unwind
the probe cable, select the desired FUNCTION, depress the 'push-to-read" bar,
and use the probe and front panel "LO'" terminal for input connections. When
the probe is used for measurements the front panel "HI" terminal is automati-
cally disconnected. The accessory ground lead, which is stored in the bottom
of the instrument, may be used for conmection to the '"LO" terminal.

b. Bench Measurements. The Model 167 can be used for making measurements
with both front panel "HI" and "LO" terminals connected to the input. To make
a measurement, install the probe in the front panel and select the desired
FUNCTION. The front panel "HI" is activated only when the probe is installed
in the front panel opening designated 'PROBE". The accessory ground lead may
be used for connection to the "LO" terminal. A similar lead may be used for
connection to the "HI'" terminal. Since the front panel terminal spacing is
3/4", a dual "banana' plug (such as Keithley part BG-7 ) may be used for quick
connections to both terminals.
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MODEL 167 OPERATING LNSTRUCTIONS

PROBE TNSERTED
FOR BENCH USE

FRONT PANEL
[ERMINALS

“1OM GLIP LEAD STORED 1
IN BOTTOM PANIEI, \

T0 TURN-0ON, DEPRESS
TOP OF PROBE

\\\ R ol CARLE UNWINDS

TO FIVE FIET

PROBE TIP =
Is INPUT "HT"

s DISPLAY TN PROBE

FIGURE 2, #Front Panal With Probce Removed.

FIGURE 3., Rear Panel, Auxiliary Power Receptacle.
0172 5



OPERATING INSTRUCTIONS MODEL 167

3-4, PFUNCTION SELECTION. Four front panel pushbuttons are used for selection
of ac volts (ACV), dc volts (DCV), resistance {(OHMS), or power off (OFF).

NOTE
When any one pushbutton is depressed, all three remaining buttons are
released. However, a condition may exist where all four buttons are
released. This condition is a non-useable mode where the input "HI"
is disconnected and the display indicates 0-0-0 k&. If this occurs,
depress the desired functilon.

3-5, OPERATION AS A VOLTMETER. The Model 167 can be used to measure ac or
de voltage from 1 mV to 500 Vac or to 1000 Vde.

a. DCV Operation. The Model 167 automatically indicates dc voltages from
1 mV to 999V with polarity automatically indicated.

1. Measurement Procedure. Depress the "DCV" pushbutton to select dc
voltage measurements. Make input connections using the prebe or front panel
YHI" and "LO" termlnals as described in paragraph 3-3. Depress the "push-
to-read" switch to turn-on the display. The Model! 167 automatically ranges
to the proper range with decimal point and polarity automatically indicated.
A lighted "minus'" sign is displayed for negative dc voltages. A positive
polarity is not indicated but is implied when the "minus™ sign is turned off.

2. Input Impedance. The input resistance 1s 55 megohms over the entire
voltage range. The shunt capacltance is approximately 220 picofarads. The
high input resistance allows measurements to be made without significant
circuit loading errors.

3. Accuracy. The Model 167 accuracy is specified as +0.2% of reading *1
diglt over the entire voltage range.

4. Maximum Input. The maximum input voltage which can be applied is
specified as 1200V (dc + peak ac). The Model 167 display flashes when the
input exceeds +999 volts although the reading will be displayed up to the
maximum de input.

6 1272R



MODEL 167 QPERATIRG INSTRUCTIONS

b. ACV Operation. The Model 167 automatically indicates ac voltages from
L mV to 499 volts over a range of frequencies from 20 Hz to 20 kHz.

1. Measurement Procedure. Depress the "ACV" pushbutton to select ac volt-
age measurements., Make input connections using the probe or front panel '"HI"
and "LO" terminals as described in paragraph 3-3, Depress the "push-to-read"
switch to turn-on the display. The digital display is described fully in
Figure 8 and the caption below the illustration.

NOTE
The Model 167 automatically ranges to the proper range with decimal point
automatically indicated.

2. Input Impedance. The input resistance 1s 50 megohms over the entire
voltage range. The shunt capacitance is approximately 220 picofarads.

3, Accuracy. The Model 167 is an average-reading meter which is calibrated
in terms of the rms value of a sine wave. The baslc accuracy 1s 1 % of
reading + 2 digits {up to 200V, 20 Hz te 10 kHz).

4, Maximum Input. The maximum input voltage which can be applied is
specified as 1200V (dc + peak ac). The Model 167 display flashes when the
input exceeds 499 volts rms although the reading will be displayed up to
the maximum allowable input.

Y FUBCTION

A

PULAEE Y FINE TS fas

+ X
REGLLIVE U INPEE

FIGURE 4. Operatlon As A Voltmeter.
ol72




OPERATING INSTRUCTIONS MODEL 167

3-6. OQPERATION AS AN OHMMETER. The Model 167 can be used to measure resistance
from 1 ohm up to 20 megohms.

a. Measurement Procedure. Depress the '"OHMS'" pushbutton to select resistance
measurements. Make input connections using the probe or front panel "HI" and
"LO™ terminals as described in paragraph 3-3. Depress the 'push-to-read'" switch
to turn-on the display., The digital digplay 1s described fully in Figure 8 and
the caption below the illustration.

NOTE
The Model 167 automatically ranges to the proper range with the decimal
point indicated automatically. The appropriate range symbol (either kQ
or MQ) is indicated automatically by the '"lighted bar" adjacent to either
the ki or M{ symbol.

b, Test Current. The Model 167 delivers a test current from 0.09 pA to
G,% wA as shown In Table 3~4, The "LO" terminal is positive with respect to
the "HI" terminal. The terminal voltage is approximately 1.8 volts for a max-
imum reading on any range. The maximum open circuit voltage is approximately
9 volts in series with 50 megohms.

c. Accuracy. The Model 167 accuracy is specified as +0.3% of reading 31
digit +1 ohm.

d, Maximum Input, The maximum input voltage which can be applied to the
input when in the "OHMS' mode 1s 130V de or ac rms, 1If this voltage is exceeded
and connected for more than a few seconds, overheating of the range reslistors
may occur wlth subsequent change to the accuracy.

B LTI

PECHIE

FITNUT BN Ak ! S
sk R AR LLY AT

FIGURE 5, Operation As An Ohmmeter.
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MODLEL 167 OPERATING INSTRUCTIONS

e. Diode Test, When using the Model 167 to measure the forward and roe-
verse resistance of a semicenductor junction (p-n junction of a transistor or
diode), the following precedures should be followed to obtain consistent
results.

1. Forward Resistance. When the Model 167 fnput is shorted in Lhe OHMS
mode, the autoranging circuit down-ranges to the 2 kilohm ranpge. On this
range the test current supplied is 0.9 mA. This current is sufficient to
cause conduction of most silicon junctions. ‘Therefore, when checking the
forward resistance of a junectlon, short the Model 167 input terminals and
connect the diode as shown in Figure 6. Then, with the Model 167 in the
UHMS mode, remove the short circuit and read the resistance displayed on
the Model 167, TFor a silicon diode, the forward resistance should indicate
less than 1000 ohms (typlically 600 ohms) for a normally conducting junction.
[T the short circuit is not applied prior to connecting the diode to the
input, the Model 167 may up-range to the 20 megohm range where the rest
current may not be sufficient to cause the diode to conduct. For a silicon
diode, the display should read approximately 5 megohms or less.

2. Reverse Resistance. The reverse resistance of a semiconductor junction
should indicate greater than 20 megohms (flashing display)

Hicl

DIRECTION OF CURRENT FLOW

F1GURE 6, Measurement ol Diode Resistance
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OPERATING INSTRUCTIONS MODEL 167

3-7. OPERATION AS AN AMMETER., When the Model 167 is used with the optional
accessory Model 1673 Current Shunt, current measurements can be made up to

2 amperes, Connect the Model 1673 te the Model 167 front panel terminals.
Set the shunt resistor te 1 ohm and connect the source in serles with the
1673 terminals, Select either "ACV" or "DCV'" FUNCTION on the Model 167.
Install the probe in the {ront panel and observe the reading on the display.
[nerease the Shunt Resistor until the maximum display is achieved. The cur-
rent should then be calculated from the formula: ecurrent = V/R. For con-
venience the shunt can be set for use as a direct-reading ammeter. Use the

i ohm shunt for direct reading in amperes or the 1 kilohi shunt for direct
reading in milliamperes, 'The total inaccuraecy when making a current measure-
ment should include the basic accuracy of the Shunt Resistor (which is £3.3%),
the Model 167, and the loading effects. The loading error in percent of
reading can be calculated when the source resistance is known. The % error
is equal to 100R/(Rs + R) where R = Shunt Resistance, Rs = Source Resistance.

CAUTION
If the voltage across the shunt exceeds 2 volts the accuracy may be de-—
graded and permanent damapge may result.

SHOMT TNPUT
TERMINALS

YVOLTAGE SELECTOR
LISFPLAY SWLTCH

FIGURE 7. Operation As An Ammeter
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MODEL 167 OPERATING TINSTRUCTLONS

OVERRANGE }"UNCTION )

!
= AC

1353 109

N
T e
|

1
LIGHTED BAR
DECIMAL POINT

FIGURE 8, Digital Display
The digital display indicates three digits plus an over-
range "1'", decimal location, polarity, and function. A
lighted bar identifies the function selected. When "DCV"
is selected, the polarity for megative inputs is indicated
by a "minus'" sign. A positive polarity is not indicated
but is implied when the minus sign is off.
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OPERATING INSTRUCTIONS MODEL 167

3-8. BATTERY OPERATION. The Model 167 is shipped from the factory with six
alkaline 'D'" cells installed in the battery compartment so that the Model 167
is ready-to-use,

a, Battery Types Used in Model 167. The Model 167 operates from either of
two types of batteries listed in Table 3-1. The alkaline cells are non-re-
chargeable and should be replaced when batteries are worn out, The nickel-
cadmium cells are rechargeable when used with the optional Model 1671 Recharger.

b, Battery Test. To test the battery voltage while the Model 167 is op-
erating, depress the "DCV" pushbutton and touch the probe to the "BATTERY TEST"
terminal on the rear panel. Depress 'the "push-to-read" bar along the top of
the probe and read the voltage displayed on the probe. Replace the alkaline
cells if the voltage is less than 6 volts, If nickel-cadmium cells are in-
stalled, recharge using the Model 1671 Recharger if the voltage is less than
7 volts. The battery voltage should be at least 7 volts under load to ensure
that the instrument will turn on.

NOTE
The 167 contains an automatic shut-down feature which turns off the instru-
ment 1f the power input voltage 1s too low or a fault occurs inside the
instrument.

c. Battery Replacement. The battery compartment is accessible from the
underside of the Model 167 chassis. Remove the battery cover (Item 3) by un-
screwing the three slotted screws (Item 5) as shown in Figure 9. Grasp the
battery cover using the opening as a handle and gently lift the cover while
pulling toward the front panel to release the tabs, Remove the worn cut bat-
teries, Replace with new batteries as recommended in Table 3-1. When install-
ing batteries, observe the polarity marked in the battery compartment. Replace
the battery cover by aligning the four tabs to mate with the four slots on the
chassis toward the rear panel, Make certain the tabs are fully engaged so that
the 3 screw holes align preoperly. Replace the 3 screws to complete the reassem-
bly,

d. Battery Charging., To recharge the nickel-cadmium cells, counnect the cable
from the Model 1671 Recharger to the "AUXILIARY POWER" receptacle on the Model
167 rear panel. C(Connect the line cord on the Model 1671 to a 50-60 Hz line valt-
age as indicated on the recharger case. The Model 1671 Recharger automatically
charges the Model 167 whenever line voltage is comnnected. The charging rate is
sufficient to completely recharge a set of nickel-cadmium cells within 16 hours.
Since overcharging will not affect the batteries or the Recharger, the Model 167
can be recharged unattended without any problem. The Model 167 may be operated
while the recharger is connected although the charging time will be longer.

CAUTION

Do not charge alkaline, zinc-carbon, or mercury batteries since the
cells may leak or explode causing subsequent damage to the instrument,
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OPERATING INSTRUCTIONS MODEL 167

3-9. LINE OPERATION, The Model 167 can be powered from line power when used
with the optional Model 1672 Line Adapter. To operate from line power, connect
the cable from the Model 1672 Line Adapter to the "AUXILIARY POWER" receptacle
on the Model 167 rear panel., S8et the '"Line" switch on the Model 1672 to "117V"
for veltages over the range of L05 to 125V rms or to "234V" for voltages over
the range of 210 to 250V rms. Connect the line cord on the Model 10672 to a
50-60 Hz line volcage. The Model 1672 automatically powers the Model 167 when-
cver line voltage is connected. When batteries are installed the Model 1672
automatically switc¢hes to line operatcion as soon as the line cord is connected
so that battery power is not used. If a line voltage [aililure occurs or the
Model 1672 is disconmected, rhe Model 167 automatically switches to balbtery
operation. If no batteries are installed, set the instrument to "OFF" before
the line adapter is connected Lo énsure proper turn-on.

3-10. AUXILIARY POWER CPERATION. The Model 167 can be powered from an auxil-
iary power source supplying +7 to +15 velts de¢ at 2 watts. Connections should
be made using the optional Model 1677 Power Cable which wates with the "AUXIL-
TARY POWER' receptacle on the rear panel of the Model 167,

NOTE
The Model 167 has an automdtic circuit that switches from battery oper-
ation te auxiliary power whenever an auxiliary veoltage is applied which
is greater than the battery test voltage. If the auxiliary voltage is
remeved or is less than the battery voltage, the Model 167 automatically
switches to battery power.

3-11. BATTERY LIFE. The expected battery life is determined by usage per day,
ambient temperaturc, and charge time (for Ni-Cad rechargeable batteries only).

a, HNon-rechargeable Type (Alkaline}. The useful battery life for this type
will depend on the ambient temperature and the frequency of use. Alkaline bat-
teries are rccommended for up to 20 hours of centinuous operation. When the
"push-to-read" switch is used intermittently, the 167 operates for a much longer
time. Since alkaline cells give maximum efficiency under intermittent drain,
the actual useful life can be as great as 25,000 measurements (assuming about 3
seconds time per medsurement). Battery life is reduced when operated at tem-
peratures below 709F although the instrument will operate down to 329F.

b. Recharpeable Nickel-Cadmium Cells. The useful battery life for this type
will depend on the temperature, frequency of use, and frequency and time of re-
charging prior to use. WNi-Cad cells are recommended for up to 12 hours continu-
ous operation., Since the 167 utilizes a '"push-to-read' bar, power is drawn from
the batteries only when the bar is depressed to turn-on the instrument. Ni-Cad
cells icse approximately 1% of potential per day when not used; therefore, re-
charging should be accomplished at least once per week to ensure adequate battery
voltage. When using the Keithley accessory Model 1671, Ni-Cad cells should bhe re-
charged at least 16 hours to epsure a full charge. Over-charging will not harm
the cells or the Recharger,

14 1272k



MODEL 167 OPERATING INSTRUCTIONS

TABLE 3-1.
Recommended Baktery Types

Keithley Manufacturer
Description Part No. and Part No.
Alkalipne "D" Cell BA-26 Matlory MN1300
Nickel Cadmium '"D'" Cell BA-27 Gould 4.0SCB

BATTERTES [NSTALLED
WITIH POLARTTY SHOWN

"IAY CLIP LEAD
STAORED [N OPENINC

PROBE CABLE
STORED I[N BOTTOM

FIGURE 10. Battery Compartment
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OPERATING INSTRUCTIONS MODEL 167

3-12, DISPLAY, The Model 167 display consists of a compact LED module install-
ed in the probe. The display indicates 3 full digits plus overrange "1",
automatic decimal location, automatic polarity, and range as showm in Figure 8.
The individual digits are composed of seven-segments and are readable from a

wide viewing angle since they are in one plane, A lighted bar identifies
the function selected as either "ACV', "DCV", or "OHMS". When "PCV'" is ge-
lected, the polarity is indicated as "-" for a ncgative input, A positive input
is implicd 1f the "='" sign is turned off. The lighted bar indicates either "kQ"

(kilobms) or ™" (megohms) when Lhe "OMMS'" function is selecled.

a. AC Volts. The 167 has four ranges for measurement of ac voltages, When
"ACV'Y funcbion is selected, the 167 automatically ranges to one of the ranges
shown in Table 3-2. The 167 downranges whenever the input goes below 1-9-0.
Upranging occurs whenever the input exceeds 1-9-9-9. When the input signal
exceeds 499 volts rms, the display flashes on-and-off to indicate an over-
voltage condition. The display continues to read up to the maximum allowable
input.

TABLE 3-2.
AC Voltage DBisplay (ACV)
Range Min. Display Max. Display
2V 000 - AC 1.999 - AC
20V 1.90 - AC 19.99 - AC
200v 19.0 - AC 199.9 - AC
500V 190 - AC 499 - AC

b. DC Volts. The 167 has [our ranges for measurement of dec voltages. When
"DCV" function is selected, the 167 automatically ranges to one of the ranges
showm in Table 3-3. The 167 downranges whenever the input goes below 1-9-0.
Upranging occurs whenever the input exceeds 1-9-9-9. When the input signal
exceeds +999 volts, the display flashes to indicate an overvoltage condition.
The dispiéy continues to read up Fo the maxiwmum allowable inpub.

TARLE 3-3.
DC Valtage Display (DCV)
Range Min. Display Max, Display
v +.000 - DC +1.999 - DC
20V +1.90 - DC +19,99 - DC
200V +19,0 - DC +199.9 - DC
1000V +190 - DC +£999 ~ DC
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c. OHMS., The 167 has five ranges for measurement of resistance. When
"OMMS' function is selected, the 167 automatically ranges to one of the ranges
shown in Table 3-4. The 167 downranges whenever the input goes below 1-9-0,
Upranging occurs whenever the input exceeds 1-9-9-9. When the measured re-
gistance exceeds 19.99 M, the display flashes to indicate an overrange con-
dition.

TABLE 3-4,
OIMS Display
Range Min. Display Max. Display Test Current
2 ki L0000 - kQ 1.999 - k S00 A
20 kQ 1.90 - kQ 15.99 - ki 30 A
200 kD 19.0 - ki 199.9 - k0 9 A
2 MO . 190 - MQ 1.999 - M{ 0.9 A
20 MG 1.90 - MQ 19.99 - M L09 A

0L72 17




THEORY OF OPERATION MODEL 167

SECTION 4. THEORY OF OPERATION

4-1, GENERAL, This section contailns information to describe the Model 167
cilrcuit operation,

a, All circuitry is located on a single, glass-epoxy printed circuit board
for ease of assembly and maintenance.

b. Compactness and high reliability are provided through the use of a dig-
ital LSY, a completely solid-state LED display, and thick-film resistor net-

works.

c. Low power dissipatfion is achieved through the use of an efficient switch-
ing regulator and all solid state construction.

167 BLOCK DIAGRAM

-
IN INPUT FULL WAVE A—=D
O AMP 1 RECTIFIER [™ | CONVERTOR

. ]

R |

LSI N
CHIP DRIVEP; = DISPLAY

RANGE

Y

FIGURE 11, Overall Block Diagram
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4=2. ANALOG CIRCUITRY.

a. Input Amplifier. The analeg amplifier is a high gain, negative feedback
amplifier. High input impedance is provided by the use of an FET input stage
composed of Ql03A and B. Potentiometer R104 is used to set input zero. Rang-
ing is accomplished by switching the feedback resistors between the gate of
QLO3A and the output of integrated circuit QA101,

b, Full Wave Rectifier, This circuit develops a positlve de output for
all inputs, ac or dc. An ac signal is full-wave rectified and fiitered by the
FWR. Integrated circuit QAlO2 is used for signal transfer for one polarity
only, TIf the input to the rectifier is negative, QAl03 provides a gain of -1
so that the output is positive., When the input to the rectifier is positive,
QAL103 provides a gain ol -1 {(the same as for negative inputs) except the out-
put of QAL02 is summed to provide a net gain of +1. QAlD2 provides an invert-
ing gain of -2 which is summed at the "inverting input' of QA103. When the in-
put to the rectifier is negative, the blocking action ef diode DLQ7 prevents
the output of QALO2 from going positive. Transistor 108 conducts to maintain
feedback around QAl02 and also provides polarity information in the "DCV" fune-
tion,

LULL WAVE RECTIFIER

—
Fie.

20K

TO LSI CHIP
FOR POLARITY
INFORMATION
OC ONLY

FIGURE 12, Full Wave Rectifier,
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4-3. DIGITAL CIRCUITRY. All the digital circuitry is included in the LSI.

4, A-to-D Converter. The a-to-d converter operates on a charge balancing
principle. The circuit operates only with unipolar inputs. A block diagram of
the converter is shown in Figure 14. The positive output of the rectifier
tends te drive the integrator output negative (amplifier QA104). The rate of
integration is a function of the input, resistor RN103-2 and capaciter Cl20.

As the integratoer goes negative the threshold detector (amplifier QA105) output
goes to a positive level. A positive level represents a '"1'" at the J input of
the J-K flip-flop (the X input is a "0'" due to the NAND gate). The charge and
discharge periods for the integrator are determined by the state of the § out-
put on the J-K flip-flop. When the Q output is high, diode QAl07-1 is back
biased off and the integrator can only be charged by the FWR output., When the

Q output is low, diode QA107-1 is forward biased and discharge of the integrator
is possible., Since the Q and { states can be changed only when a clock pulse

is present, the charge/discharge periods are & function of the clock frequency
as well, The a-to-d converter operates in a free running manner. The timing
period is a total of 2016 counts. The reading is derived by counting the total
number of clock pulses in the discharge period aover a span of 2016 counts. This
is accomplished by an AND gate as shown in Figure 20. For example, a 1 volt
input would result in a total discharge period of 1000 counts. An input of 250
millivolts would represent 250 counts out of 2016. However, an input of 2.1
volts would cause the 167 to uprange since the total count would exceed 2000
which is the upranging level. The input filter ahead of the integrator pro-
vides up to 18 dB filtering at line frequencies. (The total normal mode fil-
tering is approx. 55 dB at 60 Hz.)

NOTE
One complete conversion cycle is 2048 counts. The BCD counter looks at
the threshold for 2016 counts. The remaining 32 counts are used to stop
the BCD counter, strobe the BCD counter information inte latches, reset
the BCD counter to zero, and initiate uprange or downrange or overrange
if necessary. 2048 counts at a 10 kHz rate is approx. 0.2 secs. per con-
version {or 5 readings per second}.

b. Autoranging Circuit. This circuitry is located on the 1LSI module Q4201
with exception of decoding diodes D101 through D105, and FET switches Q104
through QL0O7 which are lecated on the main circuit board, The threshold input
(TH) and current switch {CS) signals are used to determine the proper range.
The range information is coded by three outputs identified as R1, Rp, and Ry
as shown in Tables 4-2 and 4-3, Ranging is bidirectional so that en a given
range the 167 will either uprange or downrange to the adjacent range.

When on the lowest range the 167 is prohibited from downranging, and when on
highest range it is prohibited from upranging.
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FUNCTION
NFL
LS CHIP
CSo—wf 4.0 oBED

CONV. UNTER FUNCTION
THeo: _ L DECODER

CLOCK
O———

IMING |
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HANGE RANGE
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————— MULTIPLEXER [éfTPANGE

| 7 SEGMENT
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FIGURE 13, LSI Block Diagram
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FICURE 14, A/D Converter Block Diagram
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TIEORY OF OPERATION MODEL 167
TABLE 4-1.
Pin Tdentification for LSI
Pin Nao. Designation Funckion Voltage Levels

1 RZ Range phY = logic ", -12¢ = logic "OU
2 RL Range 5y = logic "1', =12y = logic "DV
3 r2 Function 15¢ = logic "1, -12V = logic "OV
4 Fi Function 19 = lagic "I', -12¢ = logic "O"
5 -i2v Power, -12V -2y

6 1z No connection Ne connection

7 CLK Clock Approx, 1l0kilz, #5V to -12V

8 TH Threshold input tOV or -12V

9 ] Current switch +5V = integrate mode

10 T0 Multiplex line b5V = ON, 0V = OFF

1L Tl Multiplex line +9V = CON, OV = OFF

12 T2 Multiplex iing +5V = ON, OV = OFF

13 T3 Multiplex iine +5V = ON, GV = OFF

14 a Segment drive 5V = ON, OV = OFF

15 b Scgment drive 15V = ON, Ov = OFI

16 c Segment drive +3¥ = ON, OV = OFF

17 d Segment drive +5V = ON, OV = OFF

13 e Segment drive +5V = ON, OV = OFF

19 £ Segment drive +5V = ON, OV = OFF

20 2 Segment drive +3¥ = ON, OV = OFF

21 dp Decimal point +5¥ = ON, OV = OFF

22 CoM Common or ''LO" oy

23 15V Power, +5V +5Y

24 R4 Range +5V = logic ™', -12V = lagic "0
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TABLE 4-2.
Ranging Logic for ACV and DCV
Range (Y] Ry
2V 0 0
20V ! 0
200v 0 1
1000V { L
TABLE 4-3.
Ranging lLogic for OIMS
Ohms Ry Ko Ry,
2k 0 Q 1
20 k 1 i 0
200 k 0 1 3]
2 M L 0 0
20 M 4] 0 ¢l
TABLE 4-4,
Function Logic
Designation
Function Fy k2
ACY L 0
DCV+ | 1
nev- 0 |
OHMS 3 4]
NOTE

With 3 range lines Ry, Ry, and Ry there are 8 possible states of which
four are used on ACYV and DCV, five on OIMS, The remaining states may be
established at instrument turn-on. The 167 logic is designed so that il
these prohibited states occur at turn-on the logic circuitry will automat-

ically shift into a defined state at end of first count cycle (0.2 seconds
or less).
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THEORY OF OPERATTON MODEL 167

c. Digital Display. The display is a completely solid-state, 7-segment dis-
play which was custom-designed for the 167. The LED (light emitting diode) was
chogsen for its small size, ruggedness, and low power dissipation. Since each
digit is turned on by a separate multiplex line, only eight lines are driven at
any one time, Each segment 1s identified as shown in Figure L5.

:

f——~——q>| l-ﬁ—-—-— b
B

€ e | e

& N — dp

FIGURE 15, 1Identification of Segments,

d, Multiplexing Circuit. The multiplexing circuit is also ineluded in inte-
grated circuit QA201. The digital display is controlled by the four multiplex-
ing lines which turn on the cathodes of each seven segment readout. Three of
the lines are used for each of the three digits., The T, line is used to iIndi-
cate polarity, one, decimal point and the four FUNCTION bars. As a result,
only 12 lines are required to operate the display. The multiplex lines are
identified as Te, T}, Ty, and Ty as shown in Figure 16,

E...TO...E E...Tl...i E---Tz...i E...Tj‘..i g

— — — — E

O ]
(G T T A O

dp

—

SEAASEAmskLasamann

FIGURE 16, TIdentification of Multiplex Lines,
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4-4., DC VOLTAGE

a. Gain.

OPERATTON,

Tn the dc¢ mode the inp
volt range decreasing to 0.90 x 107

gt

amplifier has a gain of 0.90 on the 2
on the 1000 volt range.

range is determined by the feedback resistors as shown in Table 4-5.

THEORY OF OPERATION

The gain for each

TABLE 4-5.
Gain in DC Mode
Range Ry Rp Gain
2y 55.5M 50M 0.90
20V 55.5M 5M 0.09
200V 55.5M 500K 0.009
Laooy 55.5M 50K 0.0009

Since the input resistance is a constant value (55.5 MQ), the source loading
does not vary as the 167 changes range.

b. CGCalibration. 1Iwo internal adjust potentiometers RLL2 and RI13 are used
for calibrating the DCV function.

c. Yiltering., In the dc mede, filtering is provided by capacitor Cll0 in
the feedback loop. Additicnat filtering is accomplished by weans of capacitors
Cll4 and Cl15. The total filtering of the input amplifier is greater than 55
dB at line frequencies. Additional filtering is included in the 'WR and a-d
converter. 1f ac is superimposed on 1 Vde input, typical NMRR is greater than
90 dB. The only time the low figure of 55 dB NMRR is achieved is when no de
is present at the input.

DC OPERATION

FiL,
&
SOM-50K
ALWAYS
5K FULL POSITIVE
O AAA— AN WAVE |—O
5,5M 50M EEC,

FiL,
7

DC Veltage Operation.

FIGURE 17,
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THEORY OF OPERATION MODEL 167

4-5, AC VOLTAGE OPERATION.

a. QGain. In the ac mode the input amplifier has & gain of | on the 2 volt
range decreasing to (.00l on the 500 volt range. The gain for each range is
determined by the feedback components as shown in Table 4-6.

TABLE 4-6.
GCain in AC Mode
Range Cr#* Ry Rp Cp Cain
AY 55 pF 50M 50M 55 pF 1
20V 55 pF 50M 5M 530 pF 0.1
200V 55 p¥ 50M 500K 0.0055 uF 0.01
500V 55 pTF 5M 50K 0.055 wF .001

*In addition to €y the input cable from the probe adds approx. 165 pF
capacity because there is a shielded coax cable inside the probe cable
to carry the input signal. Thus, tota! input C as seen by the source is
approximately 220 pF.

b. Trequency Response. The frequency response is from 20 Hz to 20 kHz,
The ac ranges are calibrated through the use of three trimming capacitors
€102, €105, and C107.

AC OPERATION

SOM-50K

A

S50M 5K FULL
o— — \A———WAVE —O
FiL. REC.

FIGURE 18. AC Voltage Operation
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4-6., OHMS OPERATION. In the OHMS mode the input terminals ('HI' and "LG")
are connected in the feedback path so as to reduce the slowing effects of
cable capacitances, When the OHMS mode is selected a constant current is ap-
plied between the input terminals such that the LO terminal is positive. The
current reference is composed of integrated circuit QAlLO6 and range resistors
RN10l~3, -4, =5, and -6 which are used on voltage modes. An additional resis-
tor R105 is used on the | kI range. The test current is determined by the
-4.5Y reference voltage and the range resistor. The voltage developed across
the terminals is proportional to the measured resistance. For example, when a
15 megohm resistor is connected, the voltage developed is (4.5V & 50M) x 15M =
1.35¥. Potentiometer R115 is the adjustment for the 1O KQ range. This control
sets the output of QALD6 to approximately -4.5 volts. Potentiometer RLO& is
the adjustment for the 1 Ki range,.

1272R

TABLE 4-7.
Test Current in ONMS Mode
Test Range Voltage
Range Current Resistance At Full Range
2 ki 300 pA 5 k 1.8V
20 k& 90 pA 50 k 1.8V
200 ki 9 pA 500 k 1.8V
2z MQ 0.9 pA 5 M 1.8V
20 Mu 0.09 A S0 M 1.8V
O-———RX-——= OHMS
I
Fil.
5K FULL
[ b—— AAA y WAVE O
REC.
50M— 5K lF’L-
OHMS
REF.
FIGURE 19. OHMS Operation
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THEQRY OF OPERATION MODEL 167

4-7. POWER SUPPLY.

&. Input Power.

l. Battery Pack, The 167 cperates fram 6 "D'" cell batteries over a volt-
age range of 7V to +15V. The batteries are wired in series so as to pro-
vide a nominal 9 volts from six 1.5 volt cells. A blocking diode (D301}
protects against wrong polarity when installing batteries. Thus, neither the
batteries nor the instrument are harmed by a wrong polarity. The rear panel
connector (P301) has a BATTERY 'I'EST terminal which can be used to check the
battery voltage at any time. The !67 probe can be used to self-check the
battery voltage by merely touching thc probe to terminal 2.

2. External Power. External! power can be applied to the 167 through pin
3 of the rear panel connector. The 167 operates from any voltage over a

range of 7V to rl5V. Blacking diede D302 protects against inadvertent
polarity reversal. Thus, neither the external source nor the instrument
are harmed by a wrong polarity. Diodes D30l and D302 also perform a switch-

ing function when both internal batteries and external supply are connected,
Whenever the external supply voltage is greater than the battery voltage,
diode D301 is back biased off. 1[ the external voltage is removed, diode
D301 conducts and the instrument is powered by batteries (when installed in
instrument).

b. Turn-on. The 167 power is controlled by the OFF pushbutton (S5101) which
shuts off the switching regulator. The PUSH-TO-READ switch (5§301) is a normal-
ly-open type which is connected in series with the power switch 5101. Thus,
the 167 is powered only when S181 is closed and §30| is depressed. The turn-
on time is less than 30 m$; therefore, the use of the PUSH-TO-READ switch ex-
tends useful battery life without sacrificing reading time.

c. Regulator Operation. The regulator is a switching-type which has high
efficiency. Turn-on time is typically 30 mS. Transistors Q301 and Q302 al-
ternately connect the battery supply to provide both +5V and -12V regulated
power., Transistor Q303 controls the base current to the switching transistors
in the event of a power failure. Integrated circuit QA30l is a regulating
circuit which includes a reference amplifier (QA301B). The CILOCK waveform is
provided at the collector of transistor Q305.
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SECTION 5. MAINTENANCE

5-1. GENERAL. This section contains Iinformation necessary to maintain
the instrument. Included are procedures for electrical Performance Checks,
Calibration, Troubleshooting, Battery Replacement and Charging.

5-2, REQUIRED TEST EQUIPMENT. Recommended test equipment for checking and
maintaining the instrument is given in Table 5-1. Test equipment other than
recommended may be substituted if specifications equal or exceed the stated
characteristics.

5-3. PHRFORMANCE CHECKS. Use the following procedures to verify proper op-
cration of the instrument. All measurements should be made at ambient temper-
ature of approx. 25°C and relative humidity below 50%. Tf the instrument is
out ol specification at any point, perform a complete calibration as given in
Paragraph 5-4.

NOTE
If it is necessary to recalibrate the instrument, the complete Calibration
Procedure must be performed to ensure that all specifications are within
tolerance.

TABLE 5-1.
Test Equipment
Item Description Specification Mfr Model
A Digital Voltmeter I mv to 1000V 0, 1% [Keithley 160
B Voltage Saurce LV to 1000V 10.05% |Keithley 24
C Oscillator 20 e to 20 kiiz tHewlect Packard| 202C
D Resistance Source 1 k2 te 10 mi10.03%General Radio 1433
12 Chmmeter (Flectrometer)| 100 to Lotéy 137 Keithley 6100
G AC Calibrator 1 mv to 1000V.0,027% Hewlett Packard] 7454/
20 Hz to 20 ki=z, 746A
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MATINTENANCE MODEL 167

a. Battery Check.

1. Check for proper installation of the batteries in the battery compart-
ment.

2. Depress the '"DCV" pushbutton and measure the "BATTERY TEST" terminal on
rear panel using the probe.

3. If alkaline batteries are installed, the voltage should be greater than
+6 voles, Replace the batteries if the voltage is too low.

4, 1L Ni-Cad batteries are installed, the voltage should be greater than
+7 volts. Recharge the Ni-Cad batteries if the voltage is too low.

b. Accuracy Check.

L. DCV Function., Use Veltage Source (B) or equivalent test equipment.
a) Install the probe in the front panel.
b) Apply & de voltage as given in Table 5-2 between "HI' and '"LO".

¢}y Verify that the reading on the display is within the tolerance stated.

TABLE 5-Z.
Accuracy Check for DCV
Source Source

Input Accuracy Reading Tolerance

1v +0.02% 1.000 +3 digits

10V +0,02% 10.00 +3 digits

100V +0.027% 100.0 +3 digits
1000V +0.027% 1000, +3 digits

2, ACV TFunction. Use AC Calibrator (C) or equivalent test equipment.

a) TInstall the probe in the front panel.
b) Apply an ac voltage as given in Table 5-3.

¢y Verify that the reading on the display is within the tolerances
stated.
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TABLE 5-3.
Accuracy Check for ACY

Source Scurce
Input Accuracy Reading Tolerance
1v @ 8 kHz +0.1% L.000 +12 digits
10V @ B kHz +0.1% L0. 00 +12 digits
Loy i 8 kHe LU A Loa.,a +12 digits
500v @ 1 kH= +0.2% 500 +12 digits

3. OHMS Function. Use Resistance Source (D) or equivalent test equip-
ment.

a) Install the probe in the front panel.
b) Apply a resistance as given in Table 5-4.

c) Verify that the reading on the display is within the tolerances

stated.
TABLE 5-4.
Accuracy Check for OHMS

Source Source
Input Accuracy Reading Tolerance
1 k@ +0.03% L.000 ki +5 digits
10 ki +0.03% LG.00 k2 4 digits
100 k@ +0.03% 100.0 ko +4 digits
L M +0.03% L.000 M 4 digits
10 M +0.03% L0, 00 Mik +4 digits

¢. Input Impedance.

1. Depress the "DCV" pushbutton.

2. 1Install the probe in the front panel.

3. Measure the input resistdance using Ohmmeter E.
4, The resistance should be 55.5 M +5%.
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d. Frequency Responsea.

l. Depress the "ACV" pushbutton.

2. TInstall the probe in the front panel,

3. Apply AC Calibrator (F) to input.

4. Set the amplitude (or 1.000V reading at 20 liz.

5. Maintain a fixed amplitude input and check readings for frequencies at
20, 50, 1 k, 5 k, 10 k, and 20 kliz (or any other convenient steps within 20

Hz to 20 Kkiiz).

6. Readings should not vary more than +12 digits from 20 Hz to 10 kHz.
kReadings should not vary more than 124 digits from 20 Hz to 20 khz.

e. AC Rejection.

1. Depress the "DCV" pushbuttoen.

2. Tnstall the probe in the front panel.

3. Apply a 60 Nz sine wave using Oscillator (C).
4. Set oscillator cutput for 1V p-p.

NOTE
Reference oscillator should be transformer coupled so that no dc eoffset
is introduced.
5. Connect a L.5V battery in series with the oscillator signal,

6. The Mode! 167 should read approximately 1.5 volks.

7. When the 60 Hz signal is applied, the reading should not vary more
than +l digit.
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S-d. ADJUSTMENT AND CATIBRATION PROCEDURE. The following adjustments should
be pertormed when any specilication has been determined Lo be out-of-tolerance.
The Performance Check given in paragraph 5-3 should be pertormed pricr te this
Calibracion Procedure. [f any step in the Calibration Procedure camnot be per-
formed properly, refer to the Troubleshooting Vrocedure {(paragraph 5-5) or con-
tact your Keithley representative or the lactory,

a.  Chassis Disassembly., Mo gain access to the printed civcuit board, vemove
the Lour slotbed screws on the bottom panel as shown in Figure 20,0 Litec the
top cover at the rear panet and open as shown in Figure 21, Before the cali-
bration is performed, disconnect the leads attached to the input terminals on
the tront panel,  Place the top cover on top ol the printed circuit board such
that the metcal shield on the cover faces up. Make a temporary connection be-
tween  M'common' on the circuit board and the metal shield using a clip lead.
The top cover now serves as an electrostatic shicld when the calibration pro-
cedure is performed. Add jumper leads from the chassis to the front panel ter-
minalas so that the terminalg are uscable. When the calibration is completed,
reconnect the ront panel terminals and replace the top cover as shown in
Figure 20,

NOTHE
Follow the exact calibration sequence since the controls are interrelated.

b, Power Supply Check, Measure the de voltages using Voltmeter A,

L. Measure the power supply voltage at integrated circuit QALOL, pin 7.
Use input "LO" as commen. The voltage should be within the range from +4,75

-

te +5.25 volks,
2. Measure the power supply voltage at integrated circuit QALOLl, pin 4.

Use input "LO" as common. The voltage should be within the range from -1{.4
to -12.6 volts.
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c¢. DCV Calibration.

{Use the 'Calibration Shield" for all adjustments.)

1. Tnput Amplifier Zero.

a) Depress the "DCV pushbutton.
b} Place a short circuit between "HI" and "1L0".

¢) Install the preobe in the front panel,

approximately 0,000 Vde.)
d) Connect Digital Voltmeter (A) between "RP1" and '"LO".
e} Adjust input zero potentiometer {(RL04) so that the volrage at "TPL"

is 0.0000 +100 pv.

2. Absolute Value/A-to-D Converter Zero.

before making the following adjustments.)

a) Depress the '"DGV' pushbutton,

b) Apply +10 mV between "HI" and "LO'",
c) Adjust display zero potentiometer (R111) for +0.009 to +0.010 Vde display
d) Apply -10 aV between "HI" and "LO".
e) Adjust RECT zero potentiometer {(R110) for -0.009 to -0.010 Vdc display
f) Repeal steps b) rhrough [) to ensure that both adjustments are with-

in tolerance.

3. DCV Accuracy Adjust.

a) Depress the 'DGV'" pushbutton,

b) Apply +1.000V +0,02% between "HI" and "LO".
¢} Install the probe in the front panel.

d) Adjust + DC CAL potentiometer (RL1i2) for +1.000V to +L.00LlV display

reading.,

e) Apply -1.000V +0.02% between "HL" and "LO",

(Set the input amplifier zero

f) Adjust -DC CAL potentiometer (R113) for -1.000V to -1.001V display

MODEL 167

(The display should indicate

reading.
TABLE 5-5.
Summary of Calibration Adjustments
Source Display Ref.
Input Accuracy Reading Control Desig.
Shorted - +100 ¥ at TP1 INPYUT ZERO R104
+10 wv +1% 10.009 to +0.0L0V DISPLAY ZERO R1L1
1 -10 mv 1% -0.00% to -0,0L0V RECT ZERO K110
+1.000V 30.02% +1, 000V +DC CAL R112
-L.000v +0.02% -1.000V -DC CAL R113
10 kf +0.03% 10.00 ko 10 ki CAL ®115
L ko +0.03% 1.000 k 1 ki CAL RLO6
LOOV rms (8 kHz) +0.1% 1G0.0V 100V AC CAL cloz
1V rms (8 kHz) +0.1% 1.000V 1V AC CAL c105
’ 10V rms (8 kHz) To.1% 12.00V 10V AC CAL c107
i 36 1272R
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+DC CAL R112

. 10ka CALRI1S
— DISPLAY ZERD R1i1

-DC CAL R113

lkg CAL R106

cloz
10V AC CAL

1V AC CAL
Ccl05

100V AC CAL
clo2

RECTIFIER ZERO R110

INPUT ZERO R104

AMPLIFIER ZERO
TEST POINT TP1

0172

FIGURE 22, Calibration Controls
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d. OHMS Calibraticn. (Perform the DCV Calibration before making the follow-
ing adjustments.)

1. Reference Calibration.

a) Depress the "OHMS" pushbutton.

h) Apply a 10 kilohm resistance (+0.03%) between "HI'" and "LO".

¢) Install the probe in the front panel.

d) Adjust 10 k& CAL potentiometer (RLL5) for 10.00 kI display reading.

2. Range Adjust (1 k{).

a) Depress the '"OHMS" pushbutton,

b) Apply a | kileohm resistance (+0.03%) between "HI" and *"LO".

¢) Install the probe in the front panel.

d} Adjust 1 ki CAL potentiometer (R106) for 1.000 k@ display reading.

e. ACV Calibration. (Perform the DCV calibration before making the following
ad justments.)

NOTE
Perform the adjustments in the exact sequence given so that proper cali-
bration of accuracy results.

1. "10GV'" Range Adjustment. (This calibration also sets the 500V range.)

a) Depress the '"ACV" pushbutton.

b) Apply a 8 kilohertz sinusoidal wave form using AC Calibrator (G). Set
the amplitude for 100V rms.

¢) 1Install the probe in the front panel,

d) Adjust 100V AC CAL trimming capacitor (Cl02) for l00.0V display reading.

2, "IV' Range Adjustment.

a) Depress the "ACV' pushbutton.

b) Apply a 8 kilohertz signal using AC Calibrator (G). Set the ampli-
tude for 1V rms.

c) Install the probe in the front panel.

d) Adjust trimming 1V AC CAL capacitor (Cl05) for 1.000V display reading.

3. "10V" Range Adjustment,

a) Depress the "ACV" pushbutton.

b) Apply a 8 kilohertz signral using AC Calibrator (G). Set the ampli-
tude for 10V rms.

¢} Install the probe in the front panel.

d) Adjust trimming 10V AC CAL capacitor (Cl07) for 10.00V display reading.
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TABLE 5-6.

MATNTENANCE

Troubleshooting Procedure

Difficulty

Probable Cause

Solution

(a) Display is blank

1) Batteries run down

2) Malfunction of
Push-to-Read switeh

3) Malfunction of
power supply.

4) Malfunction of di-
gital ¢cipcuitry.
5) Malfunction of

display drivers.

Replace with alkaline "D" cells
as explained in paragraph 9-7
{Recharge Ni-Cads ii{ installed.)

kemove tep cover, UDepress "OFF".
Depress 'push-to-recad' bar on
probe and measure resistance be-
tween pins 6 and 9 on connector
J20i. A low resistance reading
indicates proper operation of
switch.

Check red, blue, and black power
leads for proper connection to
circuit board.
for proper locations. Check de
Pin 7 should be +5V +5%.
Pin 4 should be -12V +5%.
{1f voltages missing, see (¢)
below.)

Check for supply voltages on each
integrated circult of the follow-
ing:

0A201

QAZ02

QA203

QA204

Check for multiplex voltage on
integrated circuit QA20! pins
11, 12, or 13 using dc coupled
oscilloscope. Waveform should
measure between +4.5V and +0.5V.
1f voltages are measured, prob-
able cause is QA204. 1f no volt-
ages, probable cause is QA201l or
QAZ04,

1G,

Refer to Figure 21

voits on integrated circuit QALOL:

0172

(b) Display is blank
except for 1 digit.

1) Clock waveform is
missing.

2) Integrated cir-
cuits QA201 or QAZ04.

Check voltage at collector ol
transistor Q305 using dc coupled
oscilloscope. Waveform should
measure between +5V and -12V at
approx. 10 kHz. If waveform is
present, probable cause is QAZ0L.
1f waveform [s not present, prob-
able cause is Q305.

Check multiplex signal as in (a5}

above.
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TABLE 5-6.

MODFTL, 167

{Cont'd)

Troubleshooting Procedure

Difficuley

Probable Cause

Solutien

{c) No power supply
voltages on QALQL,

1} Switching transis-
vors G301, Q302.

2) 1f display blinks
and shuts down, prob-
able cause is an out-
put short circuit,

Keplace transistors (301 and 302,

Check for flaulty connection,
shorted capacitor, diode, or tran-
sistor. Also check for loose
solder, hardware, etc.

(d) Display flashes Analog amplifier out- | Check analeg section as follows:
on-dru -0 on all put is saturated. l. Short input terminal
FUNCTLONS . 2. Measure TPL for wero. f
output ig high, check QO3
and QAIOL for proper supply
voltages. [f supply volt-
ages are normal, replace
QLO3 and QALOL and recheck
Zera.
3. It 1 - 0, check TP2 for
aero (within +5 mv). I
rez2 = 0, check QA102 and
ALOY.
4. 1f TP2 =0, cheeck QALD4 and
QALQS.
() Minus signa! does| lutegrated circuit Replace QAIOT.
not operate Lor -DC QALD7.
input.
(1) One or more seg- [Cable, driver circuits]Check wiring to display. 1f prob-

ments do not light
when ifuput is shorted.

or display module.

lem persists, replace intepratced
circult QA203. [{ an entire digit
is blank, replace QAZ204, 1 just
one sepgment of one digit malfune-
tions, then probable cause is dis-

play.

(g) Display indicates
"l when ACY Qs de-
pressed.,

Integrated circuit
GALOT.

Replace QALOY.

(h) Display indicates| Improper wiring to Check for continuity between front

0-0-0 when input is front panel "LO", panel "LO' and circult low. Il

open on “OHM§'". IFai lure of QAl06, wiring is normal, check pin 6 of
QALO6 for -4.5 voles. If zero,
replace QALUG.

(i} 10 ki range is Resistor network RNLOL|Replace RN1OT.

out ol tolerance
(other ranges are
within spec.)

out of tolerance.
{Probably due to an
overload on OHMS.)

40
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5-5. TROUBLESHOOTING. LIf the instrument is out-of-tolerance for any speciti-
[ication, perform the Calibration Procedure given in Paragraph 5-4. If during
the calibration an instrument malfunction Is apparent, then proceed with the
troubleshooting steps as given in Table 5-6.

5-6. BATTERY TEST. The |67 operates from battery voltages over the range of
7V to l5V. ‘“The instrument automatically turns of{ whenever the bhattery voltage
is too low [or proper operation. Il the instrument shuts down or fails to turn
on, simply replace the battery cells as explained in the [ollowing paragraph
5-7. When using Ni-Cad cells, recharge as explained in paragraph 5-8. To test
the hattery voltage (at any time when the Model 167 is operating), set the
FUNCTION to "DCV" and use the probe to measure the "BATTERY TEST" terminal om
the rear panel. Recharge Ni-Cad cells using the Recharger {f voltage is below
7 volts. For all other battery types, replace the batteries if the voltage is
less than & volts.

NOTE
To propevly determine the battery potential, the cells must be measured
in the 167 with power on, so that batteries are under leoad. Use the 167

probe to measure the "BATTERY TFST" terminal on the rear panel. To meas-
ure the battery potential with the cells outside the instrument, a 504
7 watt resistor should be connected to simulate a load. The battery
voltage should be at least 7 volts under lvad o ensure that the instru—
ment will turn on,
5-7. BATTERY REPLACEMENT, The six "D" size battery cells used in the Model
167 are contained in the battery compartment as shown in Figure 10,

a. Replacement Batteries. The battery characteristics are given in Table
5.7. Worn out batterieos should be replaced with the recommended types given
in Table 5-8 to cnsurc optimum performance.

TABLE 5-7.
Battery Characteristics
Volts Ampere Hour Max imum
Description Per Cell Rating Dimensions
Alkaline, '"D" size L.5v 10 1.31" dia. x 2.37"
(Non-rechargeable) (33.3 mm x 60,2 mm)
Type NEDA 13A
Nickel-Cadmium, "'D" size 1.25v 4 1.34" dia, x 2,417
{Rechargeable) (34.0 mm x 61.1 mm)
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TABLYE 5-8.
Replacement Batteries

Keithley Sugpgested Mlr
NDescription Part No. and Part No.
Alkaline, Primary Cetl BA-26 Mallory MN 300
(Order set
of 6 as
Model 1679)
Nickel-Cadmium Cell BA-27 Gould 4,08C1B
{Order set
ol 6 as
Model 1678)
b. Battery Installation. The battery compartment is accessible from the
underside of the Model L67 chassis. Remove the battery cover (Item 3) by un-

screwing the three slotted screws (ltem 5) as shown in Figure 9. CGrasp the
battery caver using the opening as a handle and gently lift cover while pull-
ing toward the front panel te release tabs. Remove the worn out batteries.
Replace with new batteries as recomnmended in Table 5-8. When installing bat-
teries, observe the polarity marked in the battery compartment. Replace the
battery cover by aligning the four tabs to mate with the four slots on the
chassis toward the rear panel. Make certain the tabs are fully engaged so
that the 3 screw holes align preperly. Replace the 3 screws to complete the
reassembly.

NOTE
The Model 167 is completely protected in the event of accidental polarity
reversal. 1f the instrument fails to turn on after the replacement bat-

teries have been installed, clheck each cell for corvect polarity orienta-
tion. The batteries should supply at least 7 volts under lead to ensure
that the instrument will turn on.

5-8. BATTERY CHARGING, The Model 167 can be powered by rechargeable Ni-Cad
batteries for up to 12 hours continuous aperation. Ni-Cad cells should be re-
charged periodically se that they do not become fully discharged.

NOTE
If any onc cell becomes discharged, the total voltage drops [rom approx-
imately 7.5 volts to 6.25 volts. The instrument batteries should be
recharged since reverse charging of the faulty cell may occur. If two
cells discharge completely the voltage will drop below 6 volts and the
instrument automatically shuts down,
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a. Battery Charging. To recharge nickel-cadmium cells, connect the cable
from the Model 1671 Recharger to the "AUXILIARY POWER' receptacle on the Model
L67 rear panel. Connect the line cord on the Model 1671 to a 50-60 Hz line
voltage as specified on the recharger case. The Model 1671 Recharger auto-
matically charges the Model 167 whenever line voltage is connected. The charg-
ing rate is sufficient to completely recharge a set of nickel-cadmium cells
within 16 hours. Since overcharging will not affect the batteries or the Re-
charger, the Model 167 can be recharged unattended without any problem.

CAUTICN
Do not charge alkaline, zinc-carbon, or mercury batteries since the cells
may leak or explode.

b. Battery Test. After recharging or replacing Ni-Cad cells, turn on the
Model 167 to verify proper operation. If the instrument does not turn on,
check the pelarity orientation of each cell. If instruement turns on normally,
check the battery voltage using the probe at the "BATTERY TEST" terminal on
the rear panel. The voltage should be at least 7.2 wvolts for a fully charged
set of Ni-Cad cells. Tf voltage is low, recharge at least eighl more hours.*
If in doubt, replace with a new set of Ni-Cad batteries. Order replacement
batteries by specifying the Model 1678 Rechargeable battery kic.

*NOTE
The Model 167 can be used for continuous operation with the Model 1671
connected, since the Recharger supplies power to the instrument automat-
ically. The battery cells will be charged at a reduced rate, therefore,
a longer recharging time will be required.

BATTERY TEST
PIN 2

AUXILIARY POWER
PIN 3

FIGURE 23. Auxiliary Power & Battery Check
L272R 43
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Q305
cLock—t
PIN 1 = B
QA 106 ] |
|
OUMS REF /
-4.5Y
TPZ ——

-]2\7—\

PIN 1-—-']" -
t 104101

TPL ‘,‘"'
+5V FICURE 24.
44

MODEL 167

+———————=—[BATT

TEST
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PIN 1
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SECTION 6. REPLACEABLE PARTS

6-1. GENERAL. This section contains information for ordering replacement
parts. Table 6-2 lists the individual parts in alphameric order of their Cir-
cuit Designations giving location and corresponding Keithley stock part number.
Table 6-3 lists the parts by the Circult Designation number giving quantity per
assembly, complete description, suggested manufacturer, manufacturer's desig-
nation, and Keithley part number used when ordering parts from the factory.
Table 6-1 gives the abbreviations and symbols used in the instruction manual.

A manufacturer code to name listing is given in Table 6-5.

6-2. ORDERING INFORMATION. To place an order or obtain information concern-
ing replacement parts, contact your Keithley representative or the factory.
When ordering parts, include the following information:

a, Instrument Model Number

b. Instrument Serial Number

c. Part Description

d. Circuit Designation (if applicable)
e. Keithley Stock Part Number

NOTE
Any part which is identified as a Keithley code 80164 1s a custom designed
or selected part available only from the factory.
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TABLE b-1.

MOD

Abbreviations, Symbols, and Besignators

anpere

ansembly
batiery

capacitor
carbou va

sited carbon
ignation

wde {all cype
double-pale double-throw
double-pale singte-throw
L amp

wlectrolytic
encapsolated
electrobytic, aluminum
alecirolytic, tubutar
electrolylbic, tantalum
favad (- 107% rarad)

:r“m effect Lransistor

red

figure

Tuse

pallium arsenide
plass enclosed carbon

BeTmanium

#round

henry (ul = —Clo henry)
Mercury

herkz {eyeles per sccond)
insi{de diameter

fnchoes (1 in = 25.4 wm)
jack .

kile (107,
kilohm (107 olyms)
kilohercz (107
relay
inductor
Linear
logarithmic
larpe scale

copraded clreuit

vac
wele

meter or Meg :cf
milli (10"
wegolun (106 )
williamperes (107343

mill Hmcnc:m 4 1072 seconds)
ne 0 (Lo¥a)y

metal Film

anul dcCurer

mount inp

by Loy

nancampere (10794)

niunbe £

norma | 1y ¢ losed

norma 1 ly open

obims

order by description
outside digmeter

co A_z-wwv

peak
prinked ¢
picoiarad (1 tarad)
peak Ilnverse voltage
plug

cuit
-2

polysiyroene
potentiomerer (variable resistor)
peak-to-peak

Iien

it {(all typey)

reference
resistor network

oot -mean-square
Wi s
wwle-pole double-throw
gle-pole

1

[ngle-chrow
transtormer

tanta e

temperature coetiicient
tolerance

trimuer

valt or vacuum tube {all type
voles; alternating current
walts, direct current
wat{

wirewound

07z
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REPLACEABLE PARTS

6-3. CROSS REFERENCE. The clircuit designacions given in Tavle b-2 reter to
circuitry shown on the schematic diagrams. The location number Yor cach part
Ls shown on the component side of printed circuit PC-307. The Keithley part
number is the stock number to be used when ordaring replacenent parts. The
complete information for each part is given in Table 6-13.

TAALE 6-2.

ANALOG CIRCULTRY
Schematic 253421

Circuit Keithley Circult Keithley tircuit Keithtey
Deslg. Loc. Part Na. Desig. Loc. pPart No. Desig. Loc, Part Ne.
clol 49 C224-.01M plol 67 RF-28 RIOT 45 Hitb-1M
cioz2 56 C225-.8-18PF nplo2 68 RF-28 RLOZ H0 EBB-09.9K
c103 50 c226-39p Dlo3 66 RF-28 RIG3 39 HBB-4Y.9K
€104 54 C226-13r DLg4 69 RF-28 Ri04 41 REBS-20K
Cla5 57 €225-.8-187 plas 65 RE-28 R105 59 R34-4. 5%
106 60 C209-485P ploe 75 nz-41 Ri06 63 RIP89-1K
cLo7 58 ¢225-,8-18p DLO7 iz RF-28 R107 29 R7&- K
¢lo8 52 C222-.0055M D108 70 RF-28 R1OB 10 KI6- 1208
clo9 53 $222-.0495M Qlol 64 TG-43 % R109 St R7T6-12K
clLio 62 c221-.001M ql02 33 TG-43 * RO 5 RPBI-500
clil 61 ©221-.00334 Q103 318 T5-89 Rill 24 RP8Y-10K
£112 37 C22-470F Qo4 T4 TG-88 RLE3 27 RPBY-1K
clz 42 Lh4-5P Qlos 73 TG-88 R112 24 RIEG-TK
ClLl4 4 £228-39M QLl06 72 TG-88 R114 36 R76-B20
ClLS 47 €228-39M Q107 7l 1G-88 RIL5 25 KEHI-2K
cLis 33 Coh-5P QLo8 3t TG-61 Rite - RIb-47
Ccllz 34 Cb4-150F QAlOL 19 1C-24 R/ - RIL- 270K
clls 28 £221-1HM QALO2 18 IC-24 RNIOL 131 TF-4
Cii9 76 C228-394 QAl03 12 1C-42 EN102 2 TF-2
cl120 Lo7 Cl43-.1m QALOL 15 IC-42 RN LOD 3 TF-3
cl12i L4 C22-, 001 QA105 16 I1C-42 RM 104 4 -5
QAL0b 13 1C-42 101 132 SW-152
QALO7 4 TC-53

*Gelected part, 2350%A.

DIGITAL CIRCUITRY
Schematic 253430

L201 109 C22-.001M c207 118 C22-,001M (213 17 L22-.001M
c202 108 £22-.001lM co8 112 G22-.001M 214 111 C22-. 001
c203 o €22-.001M 204 122 C22-.01lM J20t 10 Su-66
C204 11l ©22-.001M czlo 121 C22-.01M QAZOL 11 LsI-1
€205 120 C€22-.001M c2ll LS €22-,001M (QA202 8 1C-38
C206 119 €22-.001M c212 116 €22-.001H QAZ03 7 1C-148

QAZ04 9 L(-52

—
POWER SYSTEM
Schematic 253400

€301 91 C179-10M biol 96 RF-42 QA3D2 L4
€302 90 Gl79-10M p3jo2 97 RF-42 G301 B0 '
C303 21 €179-2.2M n3i03 22 RF-2H Q302 -3 PE-90
CI04 89 €179-1,2M D304 100 RE-28 303 79 TU-4Y
C305 33 Cl79-2.2M D305 101 RF-28 Q304 105 T4-6Y
G306 126 €229-1000M n306 Loz RF-28 2305 23 To-94
307 84 Co4=470 D307 77 RF-28 301 88 R201-.1
C308 20 CHi=-5P n308 82 RF-41 R302 87 K20~ |
c30% 123 C22-.0tHM D309 78 RF-41 R303 a5 R20L-.39
c310 45 Ci79-10M Liol 103 CH-14 R304 86 K20L-.16
o311 Gh Cl79-10M 1302 104 CH-14 R305 39 #88-10
c312 106 Uh4-150F p3nz 129 242494 R306 98 R76-180
cil3 125 CEO0-1a00M P303 128 2H249A RN 1 F -4
Cilh 92 C179-10M P304 127 24249A RN302 17 TF-1
Cc315 93 CL79-10M QAJDL [} 1C-25 T30l 124 TR-144
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6-4. PARTS LIST, The complete information for each component is given in
Table 6-3. Each part is listed by the circuit designatioms, followed by the
description, manufacturer, manufacturer's designation, Keithley Part Number,
and total quantity per assembly. In general the description of each part is
given in the following crder. Value, tolerance, rating, and type.

TABLE 6-3.
Replaceable Parts List
Circuit Mfr. Keithley
Desig, lDescription Mfr. Desig. lart No, Qty.
CAPACITORS

Clot LOluF, 20%, 600V, MIC 14752 625B1F103-20% Cl24-.01M 1
c1o02 .8-18pF, 750V, Var, Glass 72982 567-013 C225-.8-18p 3
cl103 39pl, 5%, 00V, Cer 72482 Q302043C0GU3I90.T C226-39p 1
clo4a 33pF, 5%, 500v, Cer 72982 030204300G03307 C226-33P 1
G105 .B-18pF, 750V, Var, Glass 72982 567-013 C225-,8-18P -
tlua 4B5pY, 1Y, 500v, Silyer Mica 14655 CD15FDABSTO] C209-485T 1
[t .B-18pF, 750V, Var, Glass 72982 567-013 C225-.8-18P -
€108 -0055uF, 1%, 200V, MPC 14752 625B1CS552F-1% C222-.0055M 1
€109 -0495,F, 1%, 200V, MPC L4752 625B1C4952F 17 C222-.0495M 1
€110 L0000, 209, 200V, My L4752 625B1C102-20% G221-.001M 1
Cl11 L0033 .F, 20%, 200V, My 14752 625B1C332-20% €221-,0033M 1
Cl12 470pF, 0%, 600V, CerD 72982 831000K5F0-471K C22-470p 1
Cli3 5pF, L0%, 1000V, CerD 71590 DDO50-10% G64-5P 3
Clia 39, 10%, 15V Epoxy 17554 TD&4-015-396-10 C228-39M 3
Cclis 39uF, 10%, L5V Epoxy 17554 TD4-015-3956-10 C228-39M -
Clle 5pF, 10%, 000V, CerDd 71590 DDOSO-LO% Cb4-5p -
Cli7 150pF, 10%, 1000V, Cerhd 71590 DD15L-10% Ce4-1501r 2
Cll8 LuF, 20%, 200V, My 14752 625R1C105-20% c221-14 1
c119 39uF, LO%, L5V Epoxy 17554 TD4-015-396-10 C228-39M -
c120 LLpR, 209, 200V, MPC 97419 M2WR-104-207 CL43-.1M i
clz2l L00Lur, 10%, 600V, CerD 72982 B01000K5F0- 102K C22-.001M 13
c201 .Q0lyF, 10%, 600V, CerD 72982 801000K5F0- 102K C22-.00LM -
c202 L0001, 10%, 600V, CerD 72982 801000X5F0- 102K €22-.001M -
c203 001wy, 10%, 600V, CerD 72982 801000X5F0-102K C22-,001M -
C204 L00LWF, L0%, 600V, CerD 72982 801000X5F0-102K C22-,001M

C205 L001pF, 10%, 600V, CerD 72982 S0LOO0XSFO-102K C22-.001M -
C206 00y, Log, 600V, CerD 72982 80L000X5F0- 102K €22-.001lM ~
G207 L0YpF, 10%, 600V, CerD 72982 801 000X5F0~ 102K C22-,001M -
208 L00LLF, LO%, 8O0V, CerD 72982 801000X5F0- 102K C22-,001M -
C209 L00LWF, LD%, 600V, CerD 72982 B01000X5F0-102K C22-.001M -
c2l0 L00LF, 0%, 600V, CerDd 72982 801000X5TF0- 102K C22-,001M -
c2Ll 001, LOE, 600V, CerD 72982 801000X5F0- 102K C22-.001M -
C212 L00lpF, 107, 600V, CerD 72882 80LODOXSFO-102K C22-.001M -
€213 .DOLpF, 0%, 600V, Cerd 72982 801 000X5F0- 102K ¢22-.001M -
C214 SO0LuF, 10%, 600V, CerD 72982 80LODOX5FO-102K C22-.001M -
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Circuit Mfr, Keithley
Desig. bDescription Mir. Deslig. Part No. qQey.
CAPACITORS {cont'd)
C30L lowr, 20%, 20V, Tant 17554 TD2-20-106-20 CL79-10M 6
302 10uF, 20%, 20V, Tant 17554 TD2-20-106-20 C179-10M -
G303 2.2uF, 20%, 20V, Tant 17554 TD1-20-225-20 Cl179-2.2M 2
C304 l.2pF, 20%, 20V, Tant 17554 TDE-20-125-20 CcL79-1.2M 1
£305 2.2uF, 20%, 20V, Tant 17554 Ipi-20-225-20 C179-2.2M -
Cl06 1000uF, 10%, 6.4V, FAL 73445 C437AK/C1000 €229-1C00M 1
€307 47pF, 10%, 1000V, CerD 71590 npayo-Lo% CHa-47p 1
€308 5plF, L0%, lO0OV, CerD 71590 DDO50-10% Cb4-5P -
c309 LO01pF, 10%, 600v, CerD 56289 SGAS-S10-103 C22-.01M 3
c310 10pF, 20%, 20v, Tant 17554 TD2-20-106-20 CH79-10M -
cill LouF, 20%, 20v, Tant 17554 Tb2-20-106-20 C175-10M -
c3l2 150pF, 10%, 100CV, CerD 71590 DN151-10% ChA-150P ?
c313 1L000pF, 25V, EMC 73445 ET102X0254A03 C160-1000M 1
c3la LOpF, 20%, 20V, Tant 17554 TD2-20-106-20 C179-10M -
C315 10pF, 20%, 20V, Tant 17554 TDZ2-20-106-20 Cl79-10M -
DIODES

nLaL Silicon 01255 1IN9L4 RF-28 12
D102 Silicon 01285 IN914 RF-28 -
Dlo3 Silicon 01295 IN9 L4 RF-28 -
DlG4 Silicon 01295 IN9L4 RF~-28 -
D105 Silicon 01295 IN9L4 RF-28 -
D106 Zener 06751 18937 DZ-41 2
nlay Silicen 01295 ING14 RF-28 -
D108 Silicon 01295 1NG 14 RF-28 -
p301 Rectifier Q4713 MR751 RF-42 2
D302 Rectifier 04713 MR751 RF-42 -
0303 Silicon Q1295 IN9L4 RF-28 -
304 Silicon 01295 1N914 RF-28 -
D305 Silicon 01295 IN9L4 RF-28 -
D306 Silicon 01295 LNG14 RF-28 -
D307 Silicon 01295 LN L4 RF-28 -
D308 Rectifier 07263 LN&4bO7 RF-41 2z
D309 Rectifier 07263 LN&607 R¥F-41 -
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Cireuit Mfx, Keithley

Desig. Description MEv. Desig. Part No. Qty.

. TNTREGRATED CTIRGULTS

Qalol Cperational amplifier,8-fin DIP 12040 LM301AN 1C-24 2
QAL02 Operational Amplifier,8-Pin DIF [2040 LM3IO1AN 1e-24 -
QA LOZ Operational Amplifier,8-Fin D1P 07263 UST7741393 e-42 5
QAlCA Operational Amplifier,8-Pin DID 07263 UST7741393 TC-42 -
QA1DS Operational Amplifier,8-Pin DID 07263 U9T7741393 [C-42 -
AL06 Operational Amplifier,8-Pin DIP (7263 U9T7 741393 1C-42 -
QAl07 Transistor Array, l4-pin DIP 86684 CAJ086 14-53 -
QA20L Tntegrated Ci{ircuit 24-Pin DIP a80l64 L5T-L 1.50-1 1
QAZ02Z NAND Gates, 14-Pin DIP 18324 N74004 1C-38 Z
QAZ0D NAND Qates, l4-1Pin DIP 18324 N7 4004 TC-38 -
QAZDN RAND Gates, 14-Pin DLP 4713 MCB58T 1C-52 \
QA30L voltage Reguiator, l4-rin DLP 07763 I6A7723393 LC-25 1
QA302 Operational Ampliflier,8-Pin DIP 07263 U9T7741393 TC-42 -

RES ISTORS

R1GL IMQ, 10%, 1/4 W, Comp (RCO7) L4655 cB-105-10% R76-1M 1
RLO2 49 59K, 1%, 1/8 W, MCF 91637 MFF-1/8-11-493 88-49. 9K 2
H103 499K, L7, 1/8 W, MtF 91637 MFF-1/8-T1-493 RBB-49, 9K -
k104 20K, 10%, .75 W, Comp Var 73138 89PR20K RPA9-20K 1
k105 4 5K, LY, 10W, W 9637 R5-10-453-1%, R34-4. 5K 1
RLOG ¥, 10%, .75 W, Comp var 73138 B9PRIK REBI-1K 3
107 1K, 0%, 1/4 W, Comp (RCOV) 44655 CB-103-10% R76-1K 1
R108 L20K5, 10%, L/4 W, Comp (RCOTY 44655 CB-L24-10% R76-120K |
R10OY 12K, 10%, 1/4 W, Comp (RCO7) 44655 CB-123-10% R76-12K 1
R110 5004, 0%, .73 W, Comp Var 73138 89PR500 RP89-500 1
RILL 10K, 0%, .75 W, Comp Var 73118 BIPRLOK RP89I-10K 1
R112 1Ku, 10%, .75 W, Comp Var 73138 BIPRIK REBY-1K -
RIS Lxi, 10%, .75 W, Comp Var 73138 RIPRIK RiPB9 - LK -
RIi& 820, 10%, L/4 W, Comp (RCO7Y 44655 CB-821-10% R76-820 i
R115 2Riy, LO%, .75 W, Comp Var 73138 89PRIK RPBY-2K 1
R1lB 470, 0%, /4 W, Comp 44655 CB-470-10% R76-47 1
R1LY 270K, 0%, 1/4 W, Comp 44655 Ci-274-107% R76-270K 1
K301 Sy 5%, 2 W, WW 75042 BWH-2W-0. 1-5% R201-~.1 2
m302 Ly, S, 2 M, WW 75042 BWH-2W-0.1-5% R20L-.1 2
R303 395, 5%, AW, WW 75042 BWIT-2W-0.39-5% R201-.39 !
R304 LB, 5, 2 W, WW 75042 BWH-2W-0. L6-5% R201-.16 1
R305 0w, 1%, 1/8 W, McF 91637 MFF-1/8-T1-100 RBH-10 i
R306 180:t, 10%, 1/A4 W, Comp (RCO7) 44655 CB-181-10% R76-180 |
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MODEL 167 REPLACEABLE PARTS

Circuit Mfr. Keithley
Desig. Description Mfr. Desig. Part No. Qty.

THICK FILM NETWORKS

RN1C01 Resistor Network 80164 TF-6 TF-6 1
RN102 Resistor Network 80164 TF-2 IF-2 1
RN103 Resistor Network a0l64 TF-3 TF-3 1
RN301 Resistor Network 80164 TF -4 TF-4 1
RN302 Resistor Network 80164 TF-1 TF-1 1
TRANSISTORS

QLO1 PNP Silicon, TO-5 Case(selected)02734 40317 TG-43 (25505A) 2
Qio2 PNP Silicon, TO-5 Case(selected)02734 40317 TG-43 (25505A) -
lo3 Dual N-Channel FET TO-71 Casge 32293 TTS53736 TG-89 1
Qloa N-Chapnel FET TO0-18 Case 32293 1T53538 TG-88 4
Q105 N-Channel FET TO-18 Case 312293 1TS3538 TG-88 -
Q106 N-Channel FET TC-18 Case 32293 ITS3538 TG-88 -
qloy N-Channel FET TO-l8 Case 32293 IT83538 TG-B8 -
Q108 PNP, Silicon, TO-92 Case 07263 2N5087 TG-61

Q301 NPN, TO-106 Case 12040 IN4355 TG-90 2
Q302 NPN, TC-106 Case 12040 ZN4I55 TG-90 -
Q303 NPN, Silicon, TO-92 Case 07263 2N3903 TG-49 2
Q304 NPN, Silicon, T(0-92 Case 07263 2N3903 TG-49 -
0305 PNP, Silicon, T0-92 Case 07263 2N3905 TG-53 1

MISCELLANEOUS

Bl Battery, D-Cell, Alkaline 90303 MN1300MOD1 BA-26 &
B2 Rattery, D-Cell, Alkaline 90303 MN1300MOD1 BA-26 -
B3 Battery, D-Cell, Alkaline 30303 MN13C0MODL BA-26 -
B4 Battery, D-Cell, Alkaline 90303 M 1300M0D1 BA-26 -
B5 Battery, D-Cell, Alkaline 90303 MN1300MOD1 BA-26 -
B& Battery, D-Cell, Alkaline 90303 MN1300M(D1 BA-26 -
J102 Banana Jack, Black 83330 2058 8J-7B 1
J103 Banana Jack, Red 83330 205R BJ-7R 1
Jz0l Socket, dual-in-line, l4-pins 71785 L4-DIP $0-66 1
L301 Choke, 100pH 72259 SWD-100 CH-14 2
L302 Choke, LOCupH 72259 SWD-100 CH-14 -
T301 Transformer 80164 TR~44 TR-44 1
——- Digital Display 80164 DD-1 DD-1 1
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REPLACEABLE PARTS MODEL 167
TABLE 6-4,
Chassis and Probe Assemblies
Keithley
Assembly Descriprion Parc No,
Top cover (:)Cover, plastic with overlay and shield installed 25518
Cover, plasric 24621
Overlay, front panel 25173
Banana jack, black RJ-7B
Banana jack, red BJI-7R
Shield plate 25184
Metalcal, rear panel MC-178
Lug (for banana jack), 2 regquired LU-46
(:)Screw, #6-32 x 5/16 slotted, 4 Tequired obd
Battery box (:)Box, plastic with <lips, probe connector, and foam 25517
Box, plastic 24620
Clips, 6 required 24536
Prcobe connector TJ-11
Guide, probe tip 24624
Screw, #6-32, slotted, 3 required 25368
Base plate, plastic, with &4 feet (FE-6) 25519
Circuit board Board, with components PC~-307
Screw, #6-32 x 5/16, Phillips Hd., & required abd
Stand-off, 2 required 8T-111
Cable with socket 24604
Probe Probe top, plastic 24618
Metalecal for top MC-180
Probe bettom, plastic, with windew 25516
Probe bottom, plastic 24619
Probe window, plastic 24623
Probe switch (PC-308 with components) 25344
Probe beard PC~-308
Contact, Push-to-read, 2 required 24549
Probe bracket 25190
Probe tip bracket 24581
Screw, #4-40 x 3/8, Phillips Hd., 1 vequired obd
Screw, #4-40 x 3/16, Phillips Hd., 1 required obd
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MODEL 167 REPLACEABLE PARTS

D302
301

Licl
RN3G2
b3o0s
D304
R305

FIGURE 25, Component Layout, Resistors
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REPLACEABLE PARTS MODEL 167
G313 €305
c306
€304 €302
¢315 C301
C3la
C310

C119
C31]
€312 (121
cL20
Clde
C214
CL18
c202
ca01 Cl10
Cl17
CLLl2
Ci02
109
cz07
czl3
c212 CcloL
309 Cl13
¢211 2115
114
[ Cl08
FIGURE 26. Component Layout, Capacitors.
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MODEL 167 REPLACEABLE PARTS

QA302
0AL07
s ; B ——0a 106
QA3OL - JE N : Q105
Q104 ' N o - gL07
QAl05 o | ! 0106
QALOA a7 ' v QALO3
0A203 —Qlcs
QA201 Qlot

QALGE

Q162

qlo3

QALQOL

Q362
3301
Q303

03405

FIGURE 27. Component Layout, Translstors.
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REPLACEABLE PARTS MODEL 167

FIGURE 28, Printed Cirecuit PC-307.
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MODEL 167

REFLACEABLE PARTS

KEITHLEY PART NO. IC- 24

6.7 [& (5
] e
iINEREIRE

ONGNONO

>

vomis - Laer ERT v
HEFRATICHR L ANyl LrTEE

KEITHLEY PART NO. 1C-25

0 (13 (72) (70 1RO [ 7D,

E JEDEC TO-116

[AIRFIRkiNEigtiariatian

é"ﬁ@@

.

5@

KEITHLEY PART NO. IC-38

JEDEC TO-116

é%é@

KEITHLEY PART NO. IC-42

[ 7 1& (%

IERF] [4]

® ©® ©® ©

>

LbEslT RTINS e v
CEEHAT JUBAE AMELTrIER

FIGURE 29. Case
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REPILACEABLE PANTS MODEL La7

KEITHLEY PART NO. IC-52 KEITHLEY PART NO. IC-53

5 e S oo
RCROR: DOOe
s = G
&)
ORONORe OROROROCRORe
LEAD DESIG. TO-5 LEAD DESIG. TO-92

TO-92

LEAD DESIG. TO-106 KEITHLEY PART NO. TG-89

2 5
[l D
o
o ot 3 Sog
005,
3 B s
10-71 i 4
TE YL,

TO-106

54 FIGURE 30, Case Dutlines. 7
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REPTACEABLE PARTS MODEL 167

PIN | is [lattened as shown
1 [:1(2 J[] 24
[ v |]
[ couf |
O oh
e h
b 0
ECLIK e[ ]
e b
s {1
[ o b]]
g 1]
12 DTIZ T3:| 13
N J

FIGURE 32. Case Qutiine, LSI-1.
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MODEL 167 REPLACEABLE PARTS

MC-150

METALUAL

Covdidc .-{m
sapindbd

S

4€a¢+(»#u;ﬁ0

PIOIBE T

PHOBL BOARD

145w
BRACKL|

SCREW #4040
FLNL dhan

BRACKET

nEIN0

ProBl ULy

924!6 C):;d

PROBE BorTom

5 adiordy
D —

{BﬁszjV\*'UJM4d;ﬂAr
LS e

PROKE WENDOW

2623

FIGURE 33. TProbe Assembly
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Reference :

CODE—TO—NAME LIST

CODE TO MAME List of Suggested Manufaclurers,
Fedeval Supply Code for Manufacturers, Cataloging

Handboek -2,

006%6

D0HBG

gl

0L2es

01686

02101

02660

IYET

02735

02777

(HGHS

01508

04009

04713

03079

05347

06751

06980

Aerovor Corp.

MNew Bedtord, Mass. 02741
Film Capacitors, Inc.
Pagsaic, N0,

Ablen-Bradley torp.
Milwankee, Wise., 5204
Texas Instruments, Inc.
Semiconductor  Div.
Ballas, Texas 753211

KOL Blectronics, fne,
Manchestoer, N,H, 03102
Vara Lne.

Flectreokinoegics Div.

danta Barbara, Calif. 43102
Amphenol Corep.

Broadview, 1it, 6015}

RGA

Befense Eleceranic Products
Camden, K..I.

ROA

Receiving Tube Div,
Somevville, N, F,

tiopkins Engineering Co.

5an Fernando, Celii. SL342
Tepre lMlectric Corp.
Rochester, M,Y. 14604

General Rlectric Co,
Semiconductor Producks
Syracuse, N.Y, 1320l

Arrow-liarc & legeman [lec.

Harcford, Conn. 0616
Motorols Semiceon., I'rod.
Phoeniy, Ariz. 85008

Tangistoer Electranics
Bennington, vr, 05201

Union Carbide Corp.
Llectronlcs Div.

New York, MN.Y. 10017
Components, fnc,
Arizona Div.

Thoenix, Ariz. 25019

Varian Assoc., EIMAC Div,
San tarlos, Catif. 4070

07137

07261

niiie

08811

09452

982y

09422

F0582

11502

11534

11837

12040

12065

12697

12954

L3050

1311327

13934

L4655

Transistor Electromics Corp.

Minneapalis, Mino. Yhh24
Faicchild Camera & [nst.
Mountain Vivw, talirl,
e, Inc.

Burlington, luwa 52601
UL Electronics Div.

CL o Industries, Ine.
Westville, NoJ, SEDR R
Gulton Industries, lnc.
Alkaline Ratcevy Div,
Metuchen, M.,

Burgess Battery Uo,

Biv, of Servel Inc.
Freeport, 111,

Burndy Corp.

Norwalk, Conn. U685
CTs of Ashevitle lnc.
Skyland, N1,

IRE T,

Boone , N,C, 28607
PDuncan Electronics, luc.,
lusta Mesa, Calil, 92626
Blectro scientific Ind,

Portland, Oc. 97224

Mational Semiconductor Carp.

Danbury, Conn. 06813

Transitron Electronic Corp.
East Boston, Mass.

Clarostat Mig. Co., Inc.

Daver, N,H. 03820

Dickson Electronics Corp.
Scottsdale, Ariz.

Potter Co.

Wesson, Miss. 3491091
Solitron Devices, Inc.
Tappan, N,Y, 104983

Midwec {orp.

Oshkosh, Nebr, 6Y154

Cornell-Dubilier Elec.
Newark, N...

Corp.

14659

L4752

15238

| 59089

14170

17554

L7856

18124

2525

23020

24655

27682

28520

29309

12293

35529

37942

44655

53201

Electric
Galif.

Ga.
9278

Spraguu
Misalia,

Flectro Cube Ino.
San Gabrfel, Calit, 91776
[TT semiconductors

Div., of [TT Corp.
Lawrence, Mass.  Olaal
Baven Div.

MeGraw bFdison Co.
Livingston, 4.1,

Te ledyne Systems Co.
Communications
los Angeles, Calit,

Biv.
YOG

Components, 1nc.
Biddetord, Ma. HGG0 5
Siliconix Ine,
Sunnyvale, Calit., 940806
Signetics dorp.
Sunayvale, dalit. 41180
Ine.
L7070

Berg Electronics,
Hew Cumberland, Ta.

feed Co.
N..T1,

{enexal
Metuchen, GHBAD
Ceneral Nadie Co.
West Concord, Mags, 01781
Hathaway Instruments, Inc,
Deunver, Colorada 80222

Heyman Mig. Uo,
Yenilworth,

Richey Electronfcs Inc,

Nashville, Teon. 372171
Intersil, Inc.

Cupertino, Calii. DRI
Leeds and Northrup
Philadelphia, ka. 19144
Mallory, P. R. and Co.
Indianapolis, Ind. 46206
Ohmite Mig. Co.

Skakie, 111. 60076

Sangamo Electric Co.

Springlield, 111. 62705
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CA To R

AME Lisc (Cond iuned) .

S04

S6H2H9

58474

Glady

G060

709

FUU0Y

F1002

71273

7lang

71450

71468

71590

71785

72N

FELAY

Fen5d

72699

72un2

73im

IR TR

Shalicrony
“elma, N,

Mig, o,

Spraguc Flectric o,
Morth Adaoes, Maus .

Superior Flectric Co,
Bristol, Comi. 060712

ion Carbide Carp.
New York, MN,y. [0tk 7

Vietoreen Justrument Co.
Cleveland, ohio Al

Allled Control Cu., 1ac,
New York, KV,

Belden Mg, o,
Chicago, [11. b
Hirnhach
MNew York,

Radio Coo, loe.
WY,

Cambridge Thernionic Corp.
Cambridge, Mass,

Bussmann Mig.
Biv. of MeGraw-Edinon Co,
5t. Louis, Mo.

CTsS Corp.

Elkhart, lud.

1T Cannen Electric, Inc,
Los Angeles, Calit, w0011
Centralab

Div. of Globe-lmion, inc.
Milwavkee, Wisc. 53212
Cineh Mfg. Co,

Howard B, Jonws Div.
Chicage, [11. 60624
Nytrondcs, Inc.

Paltham Manor, N.Y. 10803
Dialight Corp.

Hrooklyn, W.Y. L1237

Electropics Co.
Thl. alltn

G-L
gockiord,
General [ustoument Corp.
Capacitor Division
Mewark, M_.J. G714
Frie Technological Prods.
Frie, Pa. 16512

Heckman lustruments, Inc.
Helipat Divisiou
Fullercon, catif. 92644

Amperex Floctronie Div,,
Horth American Ihilips Co.
Hickaville, N,¥.

73640

70276

7H370

7042

75915

760455

THA9Y

0544

7704

Tairy

80164

HO2a4

Bl

81441

HLi4y

RN

Hin

41594

83701

dal s

Haall

Bha i

Eleo Hesistar Co,
Kow York, K.Y,
Signatite Inoe,

Neptune, N

Jobngan, .t

Tt

Minn,

Waseci,

IRC Inc.,

Phi lade ]l phiia, Pra, Tuiod
Tattletuse, Ing.

PBos Plaines, 1t1. aonly

Mallory Controls v, ,

Mallary IR,
Frankloee, lwd.

G oo, Ine,

Miller, J. W. Co,

Tos Anpedes, Galii. S0000
Mueller lectric Lo,
Gleveland, Ubhio 44114

Products Co.
L7104

Resistance
Hareishurgh, Pa,

tontlnental -Wirt
Electronics Corp.
bhiladelphia, pra.

Keithley lnstruments, Ione.

Cleveland, Ohio Anlig
Bourons, Lo,

Kiverside, Calil. 24500
crayiill, Inc.

La trange, 111, hHilhn

internationzl Rectilier
L Sagundo, talit.

sitchorart,
[

e,
[FIsliN1}

0]

Cliicaga,
Ceneryd]  Justrument
Capeac | tor
Darlinataon,

Lotp.

Iiwvinion

24532

Smith,
Braoklyn, H.Y,

Heeman Ho, e,
LLiaz

Burrouphs= Corp.

Components Div,
Plaintield, N0, nyanl
Flevtronic Devices, lne.
Hromklyn, Hew York

Arco Plectronics, foe,
Greal Heck, oYL [ RS

TRW tlrpacitor Div,
eallala, Mebr.

Sarkes Tarsian, Ine.
Blosmingtor, lud.

nbhE

81126

U]

EIR TN

M

Jhn6?

w7y

H1y02

PARFA

ERRR R

WG

Hilhd

94194

waslo

YhHGGE

95207

95348

95712

ERIaR)

DEUEY

RERI)]

HUA
Plevtironie Companens

lare pson, M.,

Flii Lea dorp.,
Lansdale Diwv,
Lansdale, Pa, [IRE:Y5)
Mallory Uapacitor
Indianapalis, T, 48200
Mallory Battery Lo,

Tarrytown, K.V,

[N
el

Dale Electronics,
Coluwbus, Kebr.

Flea Gaorp.
Wil low Grove, Pa.
Gremar Mig. Co., Do,
Wako U ield, Mo

Induserial Devices Ine.

Fdpewater, N1, niorn
Honeywe Il Ine.

Miceo Switell Diw,
Freepore, 111, [ERE L
Sylvania Slectrvic Prod.
Sewmlcamdue tor srod. Div,
Woburn o Masy,

Electeie Cord Co,

Valdwel I, K0,

Riaytheon Go,, Industrial

aperation Cemponents Div,
Guiney, Mass.
Tung-Hol Flectric, Inc,

Newark, Moew Jersey

Tru-ohm I'rodue
Hewceor Components [y,
Hunt ing too, A6 /50

Indl.

Mapnecrale Electric Co.
Chicapgo, 11,

Lecverart Mf Co. o Jee,

Lol, City, o 1101
tiordus Uarp,
Bloomi e ld, K, .0, (SRR N

Dage Flectric to,, Ine.

Franklin, lod.

Condenser Uo.
[ TS TR

standard

Clhoicaps,

Haytheon Co.
i comtue ton

Components Div.

Upseration
Calil,

Havmtain View,

Plascic capacitors, ne.

Clicaga, 117,




MODEIL 167 SCHEMATICS

SECTION 7. SCHEMATIC DIAGRAMS

7-1. GENERAL., The schematic diagrams which describe the circuitry of the
Model 167 are arranged in lour scparate diagrams as follows:

a. Block Diagram, Ne. 25354, This diagram shows the interconnections be-
tween the probe display as well as the relationship of the major circuits.
The regulated power supply is shown on Schematic No. 25340D. ‘The 31 chip
and display drivers are shown on Schematic 25343D.

b, Power System, No. 253400, This diagram shovs the circuitry used in the
regulated power supply including the Auxiliary Power connectiens and battery
supply. The "Push-to-Read" switch is shown on Block Diagram, No. 25354D.

c. Analog Circuit, No. 253421, This diagram shows the circuitry used in
the analog amplifier and range switching. To lully understand the operation
of the analog-to-digital converter and the automatic ranging circuitry refer
to pages 20, 21, and 22 for identilication of the LST inputs and outputs.

d. Digital Circuitry, No. 253431, This diagram shows the interconnections
between the LSI (QA201) and the display drivers. The intermal circuitry of
the Large Scale Integrated Circuit (1S1) is Keithley proprietary information
and is not shown on any ol the schematic diagrams. A discussion of the LSI
operation is given in Section 4 of the instruction manual.
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SCHEMATIC DIAGRAMS

MODEL 167

TABLE /7-1.

Symbols Used On Schematic Diagrams

Symbol

Description
p

e

A
—ie

=

w
o

o

]
o

resistor, fixed or variable

capacitor, fixed or variable

diode, pn-junction

diode, zecner reference

inductor, fixed

transformer, [Fixed

amplifier, integrated circuit type

rransistor, npn-type

battery, single cell

transistor, field-effect (FETL) n-type

logic gate, NAND type

chassis common or LO

internal secrewdriver adjustment

plug and jack connectiocn

switch, normally-open type

46
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SERVICE FORM

MODEL 167 R-
SERIAL NO,

Fill out and return this form with the Model 167 toc ensure prompt service.

SHIP INSTRUMENT & FORM TC: FROM:
SALES SERVICE DEPT. USER'S NAME
KEITHLEY INSTRUMENTS, INC, RETURN ADDRESS
28775 AURORA ROAD
CLEVELAND, OHIO 44139 CITY
STATE Z1P

l. DESCRIPTION OF PROBLEM OR DEFICIENCY.

2. OPERATING CONDITIONS. Check apptopriate box,

[ _]alkaline batteries installed.
[ ] Rechargeable Nickel-Cadmium batteries installed.
[ ]#odel 1671 Recharger utilized.
[ JLine operation using Model 1672.
117V
(] 234v
[:] External power source used. Voltage level used is
Ambient Temperature
Humidity

3. ADDITIONAL INFORMATION. Please indicate any other pertinent information
which may help the Keithley Repair and Calibration Dept.

Who should we contact for more information?

Name

Title
Dept;
Telephone

1272
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