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SPECIFTCATIONS

v

SPECIFICATIONS

AS A DC VOLTMETER

RANGE: ' 1 microvolt per digit {1 mV fuil range) to + 1000 voits full
range in seven decade ranges 100% overranging on all except the
1000-voll range.

ACCURACY: +(0.1% of reading, -+ 1 digit) on all ranges.

INPUT RESISTANCE: 10 megohms on the 10-millivolt and higher
ranges, 1 megohm on the 1-millivolt range

AC REJECTION:

NMRR: Greater than 80 dB above one digit for a voltage of line
frequency or twice line frequency on the most sensitive range,
decreasing to 80 dB on the 100-millivelt and higher ranges. 1000
volts peak-to-peak maximum.

CMRR: Greater than 120 dB above one digit at dc and 40 to 100 Hz
ac. 500 volts de, 100 volts peak-to-peak ac maximum.

SETTLING TIME: Less than 2 seconds to rated accuracy.

MAXIMUM OVERLOAD: 100 volts continucus input on 1-volt to 1000-
volt ranges. 1000 volts momentary, 300 volts continuous on lower
ranges.

AS A DC AMMETER (Mode! 160 only)

RANGE: + 0.1 nanoampere per digit (0.1 pA fulirange) to 1 ampere
full range in eight decade ranges. 100% overranging on all ranges.
ACCURACY: .(0.2% of reading -+ 1 digit) on the 100-nanocampere to
10-miiliampere ranges. -+ (0.3% of reading + 1 digit) on the 0.1 and

1-ampere ranges.

INPUT RESISTANCE: 100 kilchms on the C.i-micrecampere range,
decreasing to 0.1 ohm on the 100-milliampere and 1-ampere
ranges,

NMRR: 60 dB above one digit for a current of line frequency or twice
line frequency.

MAXIMUM OVERLOAD: 50 times full scale continuous on all ranges
up to a maximum of 3 amperes.

AS AN OHMMETER {(Model 160 only)

RANGE:; 0.1 ohm per digit (100 & full range} to 1000 megohms full
range in sight decade ranges. 100% overranging on all ranges.
ACCURACY: " (0.3% of reading + 1 digit + 0.1 ohm) on the 100-ohm
to T-megohm ranges, dacreasing to +10% on the 100-megohm
range. The 1000-megohm range is intended for relative resistance

measurements oniy ( -50%).

VOLTAGE ACROSS UNKNOWN: 100 mV at fubl scale, 1.5 volts
maximum into an open circuit.

MAXIMUM OVERLOAD: 20 volts momentary, 1 velt continucus,

GENERAL

ANALOG QUTPUT: ' 1 volt dc at up to 1 milliampere for full scale
input, 100% overranging on all ranges except the 1000-voitrange

POLARITY: Automatic.

ZERO STABILITY: ~ 0.3 microvolt/*C, -+2 microvolls/day after 1-
hour warm-ug.

OFFSEYT CURRENT: Typically less than 10 picoamperes.

ACCURACY STABILITY: +.0.01%/°C (+:0.08%/°C on ohms). Accu-
racy (rated at 23°C ambient after a 30-minute warm-up) 15 main-
tained for at least 6 months.

DISPLAY: 3 digits plus 1 overrange digit;
polarity and overioad indication;

2 readings per second.

ISOLATION: Circuit ground to chassis ground: greater than 100
megohms shunted by less than 0.02 microfarad. Circuil ground may
be floated up to -+ 500 volts with respect to chassis ground in the
voltage and current modes.

POWER: 105-125 or 210-250 volts (switch selected), 50-60 Hz, 20
watts.

DIMENSIONS, WEIGHT: 3% in. half-rack overall bench size 4% in.
high x 9 in. wide x 10% in. deep (105 x 225 x 265 mm); net weight 7
pounds (3,1 kg).

MODELS 160,163
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MODEL 160 DIGITAL MULTIMETER
MODEL 163 DIGITAL VOLTMETER

SECTION 1.

1-1. GENERAL.

a. The Keithley Model 160 is a completely solid-
state, line operated multimeter with the accuracy and
convenience of a digital display. It has seven d-c
voltage ranges from 1 millivolt full scale to 1000
volts full scale with 100% overranging on every range
except 1000 volts, The Model 160 also measures from
100 nanoamperes full scale to 1 ampere with 100% ocver-
ranging on each range. The ohms ranges are from 100
ohms full scale to 1000 megohws also with 100% over-
ranging.

b, The Keithley Model 163 is a Veltmeter-Only ver-
sfon of the Model 160 Digital Multimeter. It has all
the main features ol the Mode! 160 cxcept the ammeter
and ohmmeter functions are deleted.

c. With the use of Keithley Model 1601 AC/DC Probe,
a-¢ measurements can be wmade from 0.1 volt teo 250
volts rms over a span of 45 llz to 45 kHz, A probe-
mounted switch provides convenient selection of a-c or
d-c operation without disconnecting the probe.

1-2. FEATURES.
a. Accuracy is #0.1% *1 digit on any voltage rangc.
b. Input is protected for *1000 volts continucus
input on l-volt to 1000 volt ranges. Rated at #300

volts continuous input on 1 millivolt range.

¢, Zero stability is *2 microvolts/day after one
hour warmup.

GENFRAT, DESCRIPTION

GENERAL DESCRIPTION

¢, Single RANGE Control is designated in convenrient
enpineering units.

e, Circuit low to chassis ground isolation permits
safe off-ground measurements up to 500 volts,

f.  Instrument operates from cither 50 or 60 ilz,
117 or 234 volt power.

z. Convenient recorder output is =1 wolt at L mil-
liampere.

. Model 1602 Digital Output Kit provides optional
BCD Outpuc.

1-3., APPLICATICNS, The Model 160 is a general pur-
pose Instrument - used in Basie Research, Llectronics
Development, and Process Control,

1. In the Resecarch Lab - When used with a suit-
able probe, transducer, or clectronic circuit, Model
160 can be used to indicate digitally, veles, amps,
or ohms, or through conversion, any physical para-
meter such as temperature, pressure, rpm, etc,

2. In Electromics Development Activity - Useable
for basic electrical measurements of voltage, cur-
rent, or resistance., Fspecially suited tor fu-
circuit resistance measurements.

3. 1In Process Control Activity - Adaptable lor
OEM equipment where reperitive measutements are
needed with analog or digital priutout.

B - (L] |
BA_._' ! [

FIGURE 1. Model 160 Digital Multimeter - Front Panel

1171



GIENERATL DESCRIPTION MODEL 160 DIGITAL MULTIMETER
MODEL. 163 DIGITAL VOLTMETER

TABLE L-2.
I'ront Panel Controls and Terminals. (Refer also to Figure 2). This Table briefly describes the function of the

controls and terminals on the front panel, The paragraph indicated describes in detail the operation of the
controls,

Control Functional Description Paragraph

Range Switch Selects the full scale range and parameter to 2~2
be measured (volts, amperes, or ohms).

Power Switch Gontrols a-c line power to instrument (ON/OFF),

High Terminal (Red) Connects input high to signal source.

Low Terminal (Blaclk) Connects input low to signal source. Circuit
low is connected to chassis ground when the
shorting link is connected between L0 and CASE.
Case Terminal (Green) Connection to case ground,

Polarity Indicator indicates polarity of the input signal.

Numerical Readout Indicates magnitude of input signal,

TABLE 1-3.

Rear Panel Controls and Terminals. (Refer also to Figure 3). This Table briefly describes the fumction of the
controls and terminals on the rear panel, The paragraph indicated describes in detail the operation of the
controls.

Control Functional Description Paragraph

AU POWER Cord Connects a-c iine power to ingtrument. ‘ 2-4
50-60 11z

LLYV=~234Y Switch Sets instrument for either 117 or 234V a-c line
power,

NOTE:; Earlier versions-cf the Model L60 or 163
have a rear panel switelh that connects L0 to CASE,
When operating these versions the switch should be
set to FLOAT when using the instruments for off-
ground measurements,

ZERO Centrol Screwdriver adjustment for f{ine zero.

OULPUT Receptacle Conneects analog output to recording dewice.
Output is ¥l volt d-c at up to | milliampere.

BCH OUTPUT Cover plate for PRINTER/CONTROL connector furnished
only with optional Model 1602 Digital Output Kit.
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MODEL 160 DIGITAL MULTIMETER GENERAL DESCRTPTTON
MODEL 163 DIGITAL VOLTMETER

CAGO DIGITAL WILULTIME TE R f}
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FIGURE 2. Model 160 Front Pauel Controls and Tewminals.
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OPERRATION MODEL 160 DIGITAL MULTIMETER
MODEL 163 DIGITAL VOLIMETER

SECTION 2. OPERATION

3, Magnetic Flelds. The presence of strong mag-

2-1.  TNVPUT CONNECTIONS. netic fields can be a potential source of a-c noise.

Magnetic [lux lines which cut a conductor can pro-
a, Binding Post Terminals. Three binding pests are duce large a-c neise especially at power line fre-

provided on the front panel for all inpub connections. quencies. The voltage induced due to magentic flux

The terminals are color coded as follows: Red = Input is proportional to the area enclosed by the circult

High, Black = Input Low, Green = Case ground, as well as the rate of change of magnetic flux. For
example, the motion of a 3-inch diameter loop in the

b, Noise Considerations. ‘'The limit of resciution earth's magnetic field will induce a signal of sev-

in voltage and current measurements is determined eral tenths of a microvolt. One way to minimize

largely by the noise generated in the source. Stray magnetic pickup is to arrange all wiring so that the

low-level noise is present in some form in nearly all loop area enclosed is as smali as pessible (such as

electrical circuits. The instrument does not distin- twistcing input leads). A second way to minimize

guish between stray and signal voltages since it mea- magnetic pickup is to use shielding as described in

sures Lhe nel voltage. When using the 1 wV and 10 mV paragraph 2-1, c.

ranges, consider the presence of low-level electrical

phenomena such as thermocouples {thermoelectric ef- ¢c. Shielding.

fect), flexing of coaxial cables (triboelectric ef-

fect), apparent residual charges on capacitors (die- 1. Electric Fields, Shielding is usually neces-

lectric absorption), and battery action of two termi- sary when the instrument is in the presence cf very

nals (galvanic action). large a-c¢ fields or when very sensitive measurements
are being wade. The shields of the measurement

1. Thermal FMPa. Thermal emfs (thermoelectric cirvcuit and leads should be connected together to
potentials) are generated by thermal differences be- ground at only one point. This provides a "tree"
tween two junctjons of dissimilar metals. To mini- configuration, which wminimizes ground loops.
mize the drift caused by thermal eafs, use copper
leads to connect the circult Lo the instrument. The 2. Magnetic ¥Fields. Magnelic shielding iz useful
rear panel ZERO control can be used to buck out a where very large magnetic fields are present,
constant thermal oflset voltage if necessary. The Shielding, which is available in the form of plates,
Keithley accessory Model 1483 Low Thermail Connection foil or cables, can be used Lo shield the measuring
Kit contains all necessary materials for making very circuit, the lead wires, or Lhe instrument itsell.
low thermal copper crimp connections [or minimizing
thermal effiects. 3. Other Considerations.

2, A-C Flectric Fields. The presence of electric 4) Voltmeter Measurements. Use shielded input
fields penerated by power lines or other sources can leads when source resistances are greater than |
have an effect on instrument operation. A-C voltages Kilohm or when long inputl cables are used.
which are very large with respect to the [ull-scale
range sensitivity could drive the a-c amplifier into b) Current Measurements (Model 160 only). On
saturation, thus producing an erroneous d-¢ output. the mA and pA current ranges, no special shielding

precautions need be taken. However, on the 100
NOTE nanoampere range, shielded input leads are recom-
mended .
The instrument provides attenuation of line
[requency noise superimposed on an input c) Resistance Measurements {(Mode! 160 only).
signal. The a-c rejection is specified as Shielding of input leads and source are recommended
follows: for measurements on the 10 megohm through LOOO meg-

ohm ranges to prevent erroneous readings.
NMRR: Greater than 80 dB above one digit
for a voltage of line frequency or twice

line [requency on the most sensitive range, 2-2. TFRONT PANRIL CONTROLS,

decreasing to 60 dB on the L0O-millivolt

and higher ranges. 1000 volts peak-to-peak a. The Power Switch is an ON/OFF toggle switch that
maximum. controls the a-¢ line power to the instrument.

CMRR: Greater than 120 dB above one digit

at de and 40 Lo 100 Hz ac. 500 volos dec, NOTE

L0O volts peak-to-peak ac maximum,
The Polarity Tndicator serves as a pilot light.
Proper shielding as described in paragraph 2-1.,¢ can

minimize noise pick-up when the instrument is in the b. ‘The Range Switch is a convenient single T-handle
presence of large a-c fields or when very sensitive knob that controls the (ull scale range of the para-
measurements are being made. meter to be measured.
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MODELS 160, 163

1., The range switch dial is marked in cengincering
units for voltage, current, and reslistance, that fis
mV, V (Voltage), nA, pA, mA (Current) and 7, k2, M1
(Resistance). For each parameter, rotating the knob
clockwise switches to the less sensitive range.

2. The voltage sectors of the Range Switch are
designated in millivolts (wV) and volts (V) for full
scale ranges from 1 millivolt to 1000 volts, A full
stop at the 1000 volt range prevents inadvertant
switching to the nancampere ranges with clockwise
switch rotation.

3. The resistance (ohms) sectors of the Range
Switch (Model 160 only) are designated in ohms (7)),
kilohms (K0, and megohms (MQ) for full scale ranges
from 100 ohms to 1000 megohms.

4. The current (amperes) secltors of Che Range
Switceh (Model 160 only) are designated {un nancam-
peres (mA), wicroamperes (pA), and milliamperes
(mA), for full scale ranges from 100 nanoamperes Lo
1000 milliamperes.

¢. Digital Display. The digital display uses three
full digits plus an overrange "1",

2-3., REAR PANEL CONTROLS.

a, The L17-234 Volt Switch sets the instrument for
either 117 or 234V rms a-c line power at 50 or 60 lHz.

NOTE

The front panel Power Switech is fused lor
both 117 and 234V operation. The fuses are
installed on printed circuit board PC-254
and can be serviced by removing the Lop
covet. The rear panel 117-234 Volt Switeh
connects either a 1/4 A (FU-33) or 1/2 A
(FU-35) fuse for the selectad line voltage.

b. The ZERC Control provides fine zdéro adjustment
(usually required only [or extreme changes ot ambient
temperature). Thisg adjustment requires a screwdriver
or similar tool.

2.4, PRELIMINARY OPRRATING PROCEDURKS.

a. Check the 117-234V Switch for the proper a-c¢ line
voltage.

b. Connect the line cord to either LL7 or 234V a-c
power line.

¢. Set the Power Switch to ON. Allow a 30 minute
warmup period for measurements on 10 mV and lower
ranges.

1173

OPERATTON

-5, VOLTMETER OPRKATTON.

a.  The instrument can be convenienlly wsed tor d-c
voltage measurenents irom 1 microvoit to 1000 volts
hy connecting the sounrce to Lhe [ront pavel binding
post teruminals.

b, Overload Recovery. The instrument will recover
trom 300-volt overleads within {ive seconds on the |1

wy range,  Up to 1000 voles peak wav he appiied momen-

tarily o any range Witheot damacing the Tostrumen

[N lnpuat resistance is 18 mevobms o the [0 wioi-

vl and highero ranpges, wmegobm on the -miblivolt

a Loy o

Fange . For 10 mboand higtier SOUTCE

resistonce will introdeuco ooly .01 crror,

Lafn rated accnvacy on the oV range, the source re-
sistance shooid nor oxceed OO0 ohms.

d. The iastrument low rerwinal can be tloated =500
volts above CASE eround Tor voltage measurements.  Hee-
fer to paragraph 2-9 tor complele instructions.

€@, The Model adl AC/DH Probe permits coonvenient
a-c¢ voltage measurcements from 0,1 vole to 250 volls

rms over o ospaint ol A5 My ta 45 ke,
1

Aonrobe-mounted
switch provides convenient scelection o d-¢ or d-c¢
operation without disconpecting Lthe probe, Theretore,

Lthe probe may be permanently attached.
2-0.  AMMETER OPERATION (Model 1Too onlbyd.

a. The Model 1o can be conveatentty ased cor d-c

current wmeasurements trom 0.1 ganocampere to Sl oampere

with 1007 overrvanging on all ranpes.

i,  Connect the inpul terminals so as to place the
Multimeter in scries with the current to be measured,

¢. The current accuvacy s specitied as <027 o
reading, =0 digit on all ranges. Since the accuracy
is specitied at the inpurt terminals. the loading
eifecls as shown in Figure 4 should be considered.
Refer also to Table 2-1 for resistance and sensitivitwy
on each range,

d.  The Mode! 160 tow terminal can bhe tloated =500
volts above CASE ground tor currenl measurcwments.
instructions.

Reter to paragraph 2-9 for compicte

poe—rem
| i
Lo
| 8 i
I~ I
I |

!
Pl
I SOURCE !
[

I b e

EXEEESTINIAN

A TR L

PICURE 4, Ammeterv loading HEifects.



OPLERATLON

MODEL 160 DICITAL MULTIMETER
MODEL 163 DIGITAL VOLTMETER

TABLE 2-1. acale voltage ranges available.
Fuil Scale Range Shunt Resistor
Amperes Ohms (Rip) Sensitivity TABLE 2-3.
1 x 107 102 10 mv Full Scale Decimal Point Range Switch
L x 10°8 1oh 1O my Range Volts Position Designatiecn
I x 1072 103 L0 my S
I x lo-4 102 10 mv 1 ox 10'2 el nv
Ix 1p73 10 10 wv 1x 10"1 X.XX mV
s 10-2 1 10 mv 1 x 107 KKK mV
I x 1071 .1 10 mv 1 XXX v
L .1 100 mv s K. XX v
100 XX X v
1000 XXX v
2-7.  OHMMETER QPERATTCON {Model 160 only).
a. The Model 160 can be coenveniently used for re- 4. An overrange display up to a maximum of 1999

sTstance measurements from 0.1 ohm Lo 2000 megohms by
connecting Lhe unknown resistor across the front panel
sinding post terminals,

b, Voltage across the unknown is 100 millivolts at

tull-scale with 1.5 volts maximum into ah open circuit.

Thus the current through the unknown is determined by
dividing the 100 millivolts by the full scale resis-
tance.

¢.  Maximum overload across the input terminals is
20 velts momentary and 1 volt continuous.

d. Accuracy is specilied as shown in Table 2-2,

is provided by an overrange '"l'" indicator as shown
in Table 2-4.

NOTE

The maximum continuous input voltage is +1000
volts on the 1000 volt range.

For an input greater than 1999, all digits will be
blanked except the overrange '"l" indicator. The
polarity Indicator will remain lighted indicating
the correct polarity, To remove an overload condi-
tion, change the Range Switch to a less sensitive
position or decrease the input signal magnitude.

TARLE 2-2. TABLE 2-4.
. |
Full Scale BDecimal Point Accuracy of Toput Digital Range Switch
Range Position Reading* Volts Readout Designation
]
100 % AKX K 0.3% 0.1 @ 1.999 x 1073 1.999 my
KD KX 0,37 1.999 x 10‘% 19,99 my
Lo K X.XX &0, 37 1.999 x 107 199,9 mV
100 K@ XXX *0.3% 1.999 1.999 vV
1 M2 LXK =0, 3% 19.99% 19.99 v
10 M XXX 0. 3% 199.,9 199.9 v
100 Mo KX X 4107 1000 1000 \4
GO0 M 844 L50%
*(*1 digit on all ranges.)
b,  Ammeter Digital Display (Model 160 only).

2-8.  DIGLITAL DISPLAY OPERATTON,
a4, Voltmeter Digital Display.

L. When cthe Range Switch is placed in Voltage
positions 1 mV through 1000V, the digital display
indicates the actual voltage measured.

%. The Range Switch is designated in convenient
engineering units, mV (millivolts) and V (volts)
with the decimal point automatically pesitioned in
the display.

3. The full-scale voltage range is determined by
the Range Switch. Refer to Table 2-3 for the full-

1. When the Range Switeh is placed in Amperes
positions 100 nA through 1000 mA, the Multimeter
digital display indicates the voltage across a cal-
ibrated, self-contained resistor. The Range Switch
automatically selects the calibrated range resistor
for current measurements from 1 x 10°/ to 1 ampere
full scale.

2. The Range Switch is designated in cenvenient
engineering units, nA (nanoamperes), pA (microam-
peres) and mA (milliamperes) with the decimal peint
automatically positioned in the display.

3. The full-scale current is determined by the

Range Switch. Refer to Tahle 2-5 for the full-scale
current ranges available on the Model 160.
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MODELS 160, 163 OPERATTON

TABLE 2-5, volts with respecl to chassis ground in the voltdage
and current modes.
Scale Decimal Point Range Switch
Amperes Position Designatien Ir.  When the instrument is used Tor off-ground wvolt-
age or current measurements, the low terminal is at
XXX floating potential., The instrument case ground should
LKXX be comnected to earth ground throush the CASE TERMIMATL
X. XX on the front panel., The shorting link should be dis-
XXX connected so that LO to CASE is tloat Lo,
:6.4.4
X XX 2-10.  ANALOG OUTPUY.  The iastrument has aen asalog
XX.X output of =1 wvolt (not ifuvertingj at up te L ooiili-
XXX ampere for recording purposes,  Por oft-pground operation,
the analog +1 volt OUTPULD should not be connected o

less an external recovder is capable of floating at
+500 volts with greater than 100 megeohms isolation as

4. The overranging feature of the instrument per- the Keithley Madel 370 recorder.
mits 100% overrange with a 1999 maximum display us-
ing all four digits. An input greater than 1999 2-11.  ZERO ADJUSTMERNTS .
will cause a blanking of the three righthand read-
outs the same as for voltage measurements. a,  Short the inpul tevminals with a low thermal
connection - prelecably a short copper wire or olip
c. Ohmmeter Display (Model 160 only}. leads.
1., When the Range Switch is placed in Ohms posi- b, Set the [ront panel Rangoe Switceh to the 1T omV
tions 100 @ through 1C00 M, the Multimeter digital range.
display designates the voltage across the unknown
resistor with a fixed current applied. c. 1{ the digital dispiay does not indicate zers.
use the rear panel ZERO Concrol to adjust the ionstru-
2. The Range Switch is designated in convenient ment. “Zero is indicated by flashing ¢ polarity lights,
engineering units, @ {ohms), K2 (kilohms) and M2
(megohms) with the decimal point automatically posi- d.  Set the Range Swibtch to voltage positions [omy
tioned in the readout. to LODOV while checking the readout so0 that zero is

fndicated on all ranges.
3. The lull-scale resistance is determined hy the
Range Switch., Refer to Table 2-0 for the full-scale NOTL
resistance ranges available on the Medel 160.
If there is an oif zero reading on the | volt
range, it will be necessary to adjust the
TABLE 2-06, CURRENLT OFFSET ADJ on the underside of Lhe
chassis., Refer to Figure 173,

Full Scale Decimal Point Range Switch
Range Ohms Position Designation e. Set the Raunge Switch Lo Ohms positions 1000 M7
to 100 2 while checking the readoul so Lhdal zero s
1 x 102 XX.X ) indicated on all ranges (Model !0 only).
1 x 103 KKK '
1 x 104 XXX ; NOTE
1 x 103 XX.X
1 x 103 ’ XXX IT clip leads are used on the input terminals,
1L x 10 X.XX f the lead resistance may be indicated on the
1 x 108 XX. X i 100 0 range since cthe last digit sensitivity
1 x 109 XXX : is 0.] 2 per digit,

f. Set the Range Switch to Amperes positions 1000
mA to 100 nA while checking the readout so that uzers

4. The overranging feature of the instrument per- is indicated on all ranges (Mode! 160 onl2).
mits 100% overrange with a 1999 maximum display using
all four digits. An input greater than 1999 will 2. Remove the short circuit at the input terwinais.
cause & blanking of the three righthand readouts the
same as for voltage measurements. 1. Volts Ranges. The instrument will normalty
read off zero a small amounl on the | wV through
2-9. FLCATING OPERATION. 100 mV ranges because of sensitivity to random noise.
The readout should remain at zero on the ranges 1V
a. The low terminal can be floated above CASE ground through 1000V,
by removing the shorting link between the LO and CASIE,
Isolation from circuit ground to chassis ground is 2. Ohms Ranges (Model 160 onlw). Abl Ohws ranges
greater than 100 megohms shunted by less than 0.02 mi- should indicate a readout overload where all digits
crofarad. Circuit ground may be floated up to *500 except a "1 in the overrange position are blanked.

0572 /



OPERNTTON

The + polarity indicator should also be lighted.

3. Amperes Ranpges (Model 160 only).
ranges should indicate a zero readoul.

All current

h. After the preceding checkout is made, the instru-
ment should be useable for all measurements with no
turther adjustments necessary.

2-12.  DIGITAL OUTKFUTS AND EXTERNAL CONTROLS.
a, Ceneral,

. The Model 1602 Digital Output Kit provides
optional 3CH outputs and controls.

2o Tneluded is a 50-pin PRINTER/CONTROL Connector
{receptacie) for mounting on the instrument rear
panel,

3. An output buffer card plugs into a prewired
connector on the chassis for either factory or user
installation. Buffer card replaces PC-25% inter-
connecting card.

b, Output Codes and levels.

L. The PRINTFR/CONTROL Oulputs are Binary Coded
Pecimal (BCDY Signals with 1-2-4-8 standard code,

2. The standard signal levels are as follows:

OQutput Logic "1" » =5 volts with less than 100
microamperes leakage.

Qutput Logic "0" < «0.5 volts with 50 milli-
amperes maximum allowable current.

3. The Bulfer Stages utilize "Open Collector"
output transistors. ‘Therefore, the user must supply
a pull-up resistor R and external wvoltage Vpyyp ‘for
each buffered output as shown in Figure 5.

MODEL 160 DTGTTAL MULTIMETER
MODET. 163 DIGITAL VOLTMETER

c. Output Information.

The Model 1602 Digital Output Kit provides various
BCD outputs and controls as described in Tables 2-7
and 2-8.

TABLE 2-7.

specifications, model 1602

DIGITAL QUTPUT: BCD (1. 2. 4, 8) open-ccllectar logic {Motorola
MCB58P) represents each of 3 digits, overrange digit, overload
1), polarity (+ = 1"), and decimal positien (2 bit code).

TIMING QUTPUTS: Timing for one Conversion Cycle

T L

0 1 1 ] 1 L
b= t=1 1=200ms t=300ms t-400ms - 500ms
Q

t
5

t. proportional to display, 100 ms = fuil scale, 200 ms max
CLOCK: Internal clock pulses (10 kHz count rate)

REQUIRED CONTROL LOGIC LEVEL:
OPEN CIRCUIT = 4 kilohms® or + 2.1 to +12 volts.
CLOSURE - = 0.5 volt while sinking 7 milliamperes current.
“Pull-up pravisions permit lower resistances to be used.

QUTPUT LOGIC LEVELS:
QUTPLUT LOGIC STATE 1" = opsen transistor collector 1o ground
with less than 100 microamperes leakage. + 8 volis maximum
allowable applied voltage
QUTPUT LOGIC STATE 0" = transistor swilch closure to ground
with less than 05 volt saturation voltage. + 35 milliamperes maxi-
mum allowable current.

REMOTE CONTROLS:
STROBE: Closure te ground sets logic states for data transfer.
Open circuit te ground causes all output lines except “Flag™ to be
in logic state 1"
HOLD: Closure to ground retains result of last conversion in both
the BCD output and display and places “Flag' in logic state "1,
CONNECTORS: )
CQUTPUT: 50-pin Amphenol Micro-Ribbon type 57-40500. Mating
connector supplied.

FIGURE 5. Model 1502 Output Buffer Stage.
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TABLE 2-8,
Model 1602 PRINTER/CONTROL Connector Piu ldentification

Pin No. Cutput IFunction Pin No, Dutput fungtion I

L Data 26 Common -
2 2 x 1.0) hata 24 Comme ---
3 4 % ]U(_) Data 28 Blank -
& 8 % 100 DaLa 29
5 f 1 x 10l bata 30 Bank -
6 2 x 101 Nata 31 Blani e
7 4 % 10k Naca 2 Blank .
8 J g8 x (ol L Data 13 Blank ---

huscsrhdande st AN AN N

Cloek

9 | 1% 1.()2' Data 34 nank ---
i0 2 x L0? Data 15 Yiank -
L1 4w 102 Data 36 Blank --- i
12 8w 102 Data £y Blank -~

S FE U YD R, P PRI eaarruaen i Nbeanreeanssanass R

13 Lx 107 Data 5 5 Lasdk -

L4 + = Loglc "1" Polarity 34 slank ---

15 1% 100 becimal Point 40 slank ---

16 2 x 10 becimal Point A1 Hlank ---
N PR, T U - . IR RNy

17 Blank - A2 Slank ---

18 Logic ""I" Overload 43 Brank ---

19 Blank --- Al Veod O 1ot use

20 Count Interval See Table 2-7, I 5 1ank ---
e S T TLIIT LTI ITTA PTTT . TECTTELEL LTI PC RN EL LT R ENPEEEEE [ EELTTTETEREIEIEPFEEEEY TELIEREEREIEETTS o N T T T

21 Blank - iy Blank -

22 Blank --- Ay ilold See Table -7,

23 Flag See Table 2-7. 48 Blank ---

24 Common ——— 49 SLrobe Seo Table 2-7,

25 Common --- 70 Alapk ---
_—-—é

500 =«

EUTHGRA o f 4‘ >

200 H 200

COURT TNTERVAT e

(Moo | TR0 anly.y

INThGRATOR

ERTIANT B

DETEEC T

LT m——— ; —

G T e e — e v s 4

200 1010 S <L S

TR Pim]_np, Diagram,
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CIRCUIT DESCRIPTION

SECTION 3.

3-1. GENERAL.

a, The basic digital voltmeter consists of two sec-
tions packaged together in one chassis: 1} analog
amplifier 2) analog to digital converter,

b, The analog amplifier is a variable-gain chopper
amplifier.

¢, The analog-to-digital converter is a dual-slope
integrating type converter with two readings/second
conversion rate. A BCD output and external control
cptions are available when used with the Model 1602
Digital Output Kit.

3-2. ANATOG AMPLIFIER OPERATION. The analog amplifier
is shown in the simplified block diagram, Figure 7.

a. Voltage Amplifier Operation. The amplifier has
a full-scale sensitivity variable from 1 millivolt to
100 millivolts, Above 100 millivolts the input signal
{s divided down to the 100 mV full-scale level. The
signal [low path can be described as follows: An in-
put signal applied at the Input lligh terminal is atten-
uvated by a resistor divider. The signal is filtered
and applied to a modulator circuit. The a-¢ signal is
then amplified and demodulated. A final variable gain
d-¢ amplifier provides a d-c¢ signal for the Analog out-
put and Atrto-D converter. The output is fedback to
provide overall gain stability.

L. Tnput Resister Divider. The input signal is
attenuated by a divider network for RANGE Switch 1V,
1OV, 100V and 1000V full-range positions.

2. Tilter Network, The filter network provides
filtering of Normal Mode noisc,

MODEL 160 DIGITAL MULTIMETER
MODEL 163 DIGITAL VOLTMETER

CIRCUIT DESCRIPTION

3. Modulator Circult. This circuit converts the
low level d-c input to an a-~c signal,

4. A-C Amplifier. This circuit uses negative
feedback to provide gain accuracy and stability.

5. Demodulator Circuit. The demodulator is syn-
chronized with the input modulator. It converts
the amplified a-c signal to a d-c¢ signal.

6, D-C Amplifier. This amplifier provides addi-
tional gain to drive the A to D converter and Analog
recorder output.

7. Chopper Drive Circuit. This circuit generates
the drive voltage for the mod-demod choppers.

NOTE

The circuit description for the ammeter and
ohmmeter functions apply only for the Model
160 Digital Multimeter. Refer to Figure 8,

b. Ammeter Operation (Model 160 only). The instru-
went operates as an ammeter by detecting the voltage
drop across a lmown shunt resistor. The sensitivity
and resistor values are shown in Table 3-1.

¢, Ohmmeter Operation (Medel 160 only). The in-
strument provides a known constant current which is
applied to the unknown resistance., The voltage output
is proportional to the resistance measured,

3-3. ANALOG AMPLIFIWR CIRCUITRY,
a, General. The clrcuits described in this section

are located on the various sub-assemblies listed below
and in Table 7-3 of Section 7,

CHOPPER
BRIVE

INPUT

O~ ATTENUATOR FILTER MODULATOR

OuTPUT
DEMODRULATOR »

FIGURE 7. Analog Amplifier Block Diagram.
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TABLE 3-1.

Full Scale Range Shunt Resistor Voltage
Amperes Ohms Sensitivity
1 x 1977 10> L0 mv
1 x 1076 1o% L0 mv
L x 1075 103 L0 my
1 x 1p~% 102 10 my
L x 10-3 1o 10 mv
I x 10-2 1 10 mv
1 x o7t .1 L0 mv
1 .1 100 mv

1, *Mother Board, PC-254,
2. Analog Amplifier, PC-251,
3. ,Connector Board, PC-255,

b. Voltage Amplifier Circuit. The voltage amptli-
fier circuit is composed of a chopper amplifier with
fractional feedback. The feedback resistors are se-
lected by the Range Switch so as to maintain low feed-
back current, The feedback network, composed of re-
sistors R513, R516, R519 and R703, is [ormed [rom the
output of the d-c amplifier to the low side of the
modulator,

1. Input Resistor Divider. The chopper amplifier
has a minimum gain of L0 and a full-scale output
voltage of ¥1 velt. Thus it is necessary to attenu-
ate signals greater than 100 miliivolts to prevent
saturation of the chopper amplifier. “The input at-
tenuator resistors R1O01, R102, and RIO3 through R11l1
are switched by the Range Switch §101.

2. Filter Network, The [ilter network provides

CIRCUIT DESCRIPTION

NMRR as specified Yor line frequency voltages
(either 50 or 60 Hz). The lilter Is
ladder filter composed of resistors
and capacitors CHOL and €502,

secbion RO
aned R307

3. Modulator Circuit., Fhe modulator vironit
utilizes MOS TFET chopper switches Lo nrovide
ol fset voltage and currenl, low inpul norase, and

low drive power. A sorics-shunt chopper contis
tion maintains kvigh input impedance,  Transistors
Q701 and Q702 torm the chopper,

4. A-C Amplitier. The a-¢ eplitier is a Lo
noise amplifier composed of transistors Q70T an.
Q704 and an integrated circunit QAFD2,

5. Demodulator Civeuit, he demodulator

an FET shunt switch which is svichironized
input modulator. The FET Q705 switchiig
ates a rectitfied d-¢ signal with o larye chopoer

froquenecy a-c¢ component. HResistors K717 and 8703
with capacitor C/710 provide o filterivg drrion o
the demoduiated signal.

6. D-C Amplitierv. The d-¢ ampiitier
integrated circuit GA/UY Lo provide d-0
capability ot up to | milliawpore at thie ardio.s enr-
put.

7. Chepper Drive Circuit, The viopper réaueinoy
signal js derived from the Oscillator clircuir,
Transistors Q706 and 0707 provide opposite phasce
square waves used to drive MOS-FET chopper transis-
tors Q701 and 702, Transistor Q708 provides o Jde-
modulactor drive signal for vET Q709 which 1o wvne
chronous with the modulator drive sipnals,
Flop cireuits QAYOLA and QA7 18 Jdivide Jdown the
909,09 He from the oscillator by 4l tor LiJOE)':I‘l

drive of approximately 227.7% Hz.
§. Zero Adjustment Civeult. Ihis oirvvnit provides
-~
o [
l» =Vt
B 1 1 S S— —ﬂ\ingqu

[
’MODUIATOR

DN T
U\LTER: ! P

—— b
o—onms [/

—=0 VOLTS
AMPS

INPUT

AN

..

]

i ﬁ%vur;ﬁ>47 DE- l
Eorn S = T MODUlATORT

]

area

~ ﬁrf::';:-”w

i S !
\ | - -
C ! : !
VTR (T l : __AD ; DIGITAL
R 1 -I +--—CONVERTER DISPLAY
L i 1
s i i
:. : e e R —
+_J , ;
_ ' : | OPTIGNAL
j - BCD
é [ oo
: ANALOG
b e ieT

g S F B R R ‘S&EA

FIGURE 8, Multimeter Bloc¢k Diagram.
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Fimited adjustwent of zevro offset. Lt is composed
ol potent jometer R505 and resistors R503, R504, R506,

KRODE gl 109,

L mmneior Cireuit (Model 160 only). The instru-
wend ub bl ixes the chopper amplifier described above
with vacions Range shunt resistors R116 through R122,
The chioppe: amplifier functions as a voltage amplifier
an analog recorder output and drive for the
Sed ol coneorler.

Lo prow e

Jdoo Ohmscter Circuit (Medel 160 only)., The instru-
menl prowvides a constant-current using a voltage refer-
ence amplilier and series resistor R, The reference
fimits the open-circult voltage to 1.5 volts
maximni.  The veliage reference is composed of inte-
grated cireuit QA704 and reference diode D70Z,

val Lage I

e ARALOG-TO-DTGLTAL CONVERTER OPLRATION.

i, Ceneral, (reler to Figure 9 [eor a detailed block
diagran ol vhe A-Lo-D converter) The analog-to-
Piaital converter uses a dual slope integration tech-
sigue which has inherent line [requency noise rejec-
The analog signat is applied to the integrator
for 200 it iseconds which 1s an even multiple of the
i 1requency of 50 or 60 Iz,  The analog signal is
theu rewowed from the integrator inpub. The voltage
v ihe inleprator is then driven to zero to complete
the voliape-to-time conversion. The time Interval to
reach o "ero Crossing' is counted and displayed on
Lhe "Digical Readout" in proportion to the original
dive | op i 11, Belore the sequence is repeated, the
in rezerced. (Refer to the Timing Diagram
mre 6.)

L.

Tilary Idnias

ShOW L0

. The A-ro-D Converter 1s composed of eight major
crrouita,

i. Gsoillator or Clock
2.0 BOL Comter

b Program/Decoder

% intoprator

Aoero Urossing Detector
Buller/sStorage Register
Gecsader/Driver

B odemerical Readout.

F P

The Oscillatoer produces
rate ol L0 kilohertz for either 50 or 60

e wperEbion,

v e it haror or Clocek,

e

i, BN Connter,  The BCD Counter counts the Clock
pictses witle o total range of 5000 counts. The Counter

4

v ocomposerd ol 4 individual counters designated 1, 10,

FOG L amed o
oo rke TTEN IO and M100" counters have a capac-
iiv ol Uen ounts each.

Ao The "BOOOY counter has a capacity of five
Counis.

%, The tutal capacity ol all four counters is
BOOG conntbg.
c. Propran/tecader,  The Program/Decoder circuit
praduecs evont conmands to control the overall sequence

MOREL 160 DIGITAL MULTIMETER
MODEL 163 DIGITAL VOLTMETER

of events for a complete A-to-D) conversion.

TABLE 3-2. .
Command Function
2 ZERD
3.4 INTRGRATE
0,1 COUNT

f.  Integrator. The Integrator circuit operation
is composed of three periods {refer to Figure 6 ).

1. Zero Period. During this period the integra-
tor amplifier is zeroed hy a feedback rezercing cir-
cuit as shown in Figure 10, Switches S, 55, and Sy
are open to prevent integrator charging.

2, Integration Period. During this period
switches 8y, 8., and 83 are open. Switch 5, is
closed to permit charging by the analeg voltage [lor
an even multiple of the line frequency.

3. Discharge Pleriod., [During this period, switch
54 is open to prevent further charging by the analog
signal. Hither switch S, or Sy is closed to drive
the Integrator voltage to mero. A relerence current
of opposite polarity to the input current is applied
through either switch 8. or 54. The Discharge Per-
jod ends when the Zero Crossing Detector circuit
detects a zero lntegrator ocutput,

g. rZero Crossing Detector. The Zero Crossing De-
tector circuit provides a "High'" or '"Low" level output
depending on the polarity of the detected input. Re-
fer to Table 3-3 for a description of voltage outputs
of the Zero Crosslng Detector.

TABLE 3-3.
Zero Crossing Detector Outputl Levels,

I M N B3 C
v ~0.5V +1.5V ov
ov +3.5V ov +1.5V

h. Buffer/Storage Register. The Buffer/Storage
Register is composed of "[lip-Llops' arranged to copy
the states of the various BCD counters. The Buffer/
Storage Register requires a Buffer Store command be-
fore any infcormaticon can be transferred. The "flip-
flop" circuits provide coded information for Decoder/
Driver and the BCD outputs.

i. Decoder/Driver. The Decoder/Driver circuit de-
codes the BCD information Ffrom the Storage Register
into ten-line decimal code. The Driver circuit then
drives the proper numeral in each of the Numerical
Readout tubes.

j- MNumerical Readout, ‘The Numerical Readout con-
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CIRCUIT DESCRIPTION

SC
>
—o——-o/o-—-'VV\-—
v 5
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a

LEVEL
SPLITTER C b

e

FIGURE 10.

sists of four numerical indicators and one polarity
indicator driven by the Decoder/Driver, Polarity and
Overtoad Drivers.

k. Summary ol Operation., The operation of the A-
to-D Converter can be described by considering a typ-
ical conversion cycle.

1. The GClock provides pulses at a rate of 10
kilchertz.

2. The BCD Counter serves as & master timing con-
trol for the A-to-D conversion cycle, The timing is
accomplished by the "1000" counter which has five
coded states, namely 0, 1, 2, 3, and 4.

3. The Program/Decoder controls the sequence of
commands based on the coded states from the BCD
Counter. 7The decoded commands are described as
shown in Table 3-2. The ''2" command initiates the
integrator ZERQ period which vemoves any residual
charge on the integrator capacitor. The "3,4" com-
mand initiates the INTEGRATE period which permits an
integration of the analog signal. AL the end of the
INTEGRATE period, the "0,1" command initiates the
COUNT period.

4. When the "3,4" command is glven, the integrator
is charged by the analog signal for a period of 200
milliseconds,

5. When the "0,1" command is given, the analog
signal is removed and the integrator output is driven
Lo zero by a reference current. The “Zero Crossing
Detector senses a zero crossing of the Integrator
output and removes the reference current. “The Detec-
tor provides outputs as shown in Table 3-3. The +1.5
volt levels are provided for control of the Integra-
tor and Polarity Storage Register. A pulse command

14

Integrator Block Diagram.

is also produced to initiate a Buffer/Store.

6. When the Buffer/Store command ls given, the
Buffer/Storage Register copies the BCP Counter states
at that instant ol time. The BCD coded information
in the Register is then available for the Decoder/
Driver and external printout.

7. The Decoder/Driver decodes the Buffer/Storage
output and drives the Numerical Readout for a digi-
tal display.

8, The conversion cycle is completed when the BCD
Counter reaches 2000 counts and the Program/Decoder
provides a "2" command to initiate a new conversion
cycle.

3-5, ANALOG-TO-DIGITAL CONVERTER CIRCUITRY.

a. General. The circuits described in this section
are located on the various sub-assemblies listed below
and in Table 7-3 of Section 7,

1. Tube Roard, PC-248
2. Integrator Board, PC-250
3. O0Oscillator Circuit, PL-254.

b. Oscillator Circuit. The Oscillator circuit is
located on a portion of printed circuit assembly PC-
254, Refer to schematic diagram P/N 24691E for this
circuit., Transistors Q601 and Q602, capacitors C601,
C602, and C603 and resistors R606 and R607 form an
oscillator. Potentiometer R605 is used to provide in-
ternal screwdriver adjustment of the oscillator fre-
quency. Transistor Q603 zerves as an emitter-follower
to reduce output impedance. The chopper drive is ob-
tained by dividing down the oscillator frequency from
10 Kilohertz to 909.09 Hz using integrated circuit
QABOL, a 11:1 Divider circuit.
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¢, Tube Board. The Tube board contains portions of
five major circuits: the BCD Counter, the Program/
Decoder, the Buffer/Storage Register, the Decoder
Driver, and cthe Numerical Readout.

1. BCD Counter.

a) The Decade Counters designated "1, 10",
and "100" are composed of individual integrated
circult modules QA308, DA309, and QA3LOD respec-
tively,

b) The '"1000" Counter is compesed of integrated
circuit modules QA30LA, QAB0ZA, and QAJ02B.

2. Program/Decoader. This circuit is composed of
gates QAJ0&4A, QA304C, GA30S (B, C, D, I, F) QA306A
and QA307R.

3. Bulfer/Storage Register. This circuit is com-
posed of integrated circuit modules QA311, QA312,
and QA313.

4, Decoder Driver. This circuit is composed of
integrated circuits QA3LA, QAJLS, and GAJLO.

5, Numerical Readout. V30L, v302, V303 are Read-~
out Tubes for Units, Tens, and llundreds respectively.

6, Other circuits contained on the Tube Board are
described as follows.

a) Overrange Indicator Circuit. This circuit
is composed of integrated circuit module QA30ID,
transistor Q301 and overload indicator D3301L,

b} Polarity Indicator Circuit. This circuit is
composed of transistors Q305 and Q306 and Polarity
indicator module DS302.

¢) Display Rate/llold Circuit, Gates QA303 (4,
B, C, D} and QA304B, QA306B, and QA307A provide
capability for Display Rate and llold functiens
when used with addicional Cubtput Buifer circuits,

d. Integrator Beard. The Integrator Board contains
portions of three major circuits: the lntegrator cir-
cuit, the Zero Crossing Detector Circuit, and the Feed-
back Rezeroing Circuit.

1, Integrator Circuit, (Refer te Figure 10 feor
identification of switches 84, S, 5S¢, and 54). The
operation of the Integrator is controlled by the
positions of switches 55, Sp, 5S¢, and 5. Switch 54
is 0401, Switch Sp is transistor Q4ll. Transistors
Q404, 0405, 0408, Q409, and Q410 are control circuits
arranged to control the proper FET switches depending
en the signals at pins 12 and 13, The integrator
amplifier consists of transistors Q402 and Q403 and
integrated circuit QA40Ll, The feedback capacitor is
Ca406. Switches S¢ and S control the current for
9-volt zener dicdes D4HOL and D402, Resistors R403,
R404, R405, R&409, RA&10, and R4il are full-scale cal-
ibraticn resistors. Potentiometers R402 and R408
are internal screwdriver calibration adjustments,

2. Zero Crossing Detector Circuit. The high gain
amplifier is composed of cascaded asmplifiers QA402
and QA403. Diode D411 provides a 6-volt bias supply
for QA403 and the output reslstor network R444 and
R445., The level-splitter circuit consists of diodes
D4L4 and DALS, resistors R4a3 and R446 and gates
QALD4 (A and B),

CIRCULL DEICRIPTLON

3. Teedback Rezeroing Cireuit. This cirvcuit pro-
vides rerzeroing of the Integrator circuit using neg-
ative feedback from the Yero Crossing Detector aut-
put, Transistor Q411 is the equivalent of Switenh :
in Figure 10, Resistor R434 and capacitor Calb Dorm
a feedback-loop filter ¢ircuit, BHiades DACT and

D4AGE provide fast response tor tarpe
due to input overloads,

iapul o arrait s

J-6.  PONER SUPPLIES.
a, =15 Valt Supply,

1. The £15 wolt supplies tap a-c power trom
secondary winding ot transtorwer T
(A, B, ¢, and D} and capacitars O
and C210 compose a tull-wave vectilier with

i, diodes

v, Ll

T.0 The 15 wolt repulator cirvcuil uticisc
grated cireuic QA20L which drives tran ibar rlee
series regulate the outpur wvoltage. Polentlometor

R209 provides calibration adjustment o1 the -1%
supply.,  (Internal screwdroiver adostmentd.

3. Transistors Q211 and Q212 torm o ditterential
amplitier which coempares the voltage at R218 with
respect to low. The ditference voltage is ampliricd
by transistor Q210 and fed to Daclington transistor
pair, Q207 and 208, whicl sceries regulate the -15
velt output. Transistor Q709 limits the current
outpul to approximately 200 ailli

dmps
b, 3.6 Volt Supply.

1. The 3.6 volt supply taps a-c
secondary of transtformer i
and capacitor C20l form a rtull-wave rectirier wity
filtering.

',)l)'..‘(‘l‘ HE ST

Pral,s Dades Dn atd e

2. lransistor Q205 amplities the dittevence be-
tween the 3,06 output and & rercrence voitape de-
rived from the +15 volt supply and determiced by
resistors R203 and R204,  fhe ditterence voltaye
ampliiied by transistor Q204 which drives a Darcl
ton transistor pair, Q201 and 202, The Darlington
pair series regulates the 3.6 wvolt ourput.

3. Transistor Q203 limits the oubtput currest L
about 3 amperes.

¢, +210 Volt Output. The (210 volt supply [~ an
unregulated voltage supply using the halt-wave Til-
tered voltage at diode D206 and capacivor 212,

d, 170 Volt Output,

L. Regulator., The 170 volts i3 decvived trom the
4210 volts at emitter of Q302 which series regulates
the +170V. Transistor Q303 provides a reference tor
the base of translstor Q302

2. Blanking Circuir. This circuit controls the
FLYO voltage for the three right bhand readout
The "Q" output of QA3OYR drives the base ol
tor 304 for normal regulator operatiou.

Lubes.
transis-
Wien an
overload occurs, the "4 output [s low turning orf
transistor 304, AN
volt output causing blanking ol the readout tubes.

This vesults In a drop of the
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SECTION 4. ACCESSORIES

MODEL 160l AC-DC PROBE

GENERAL, The Model 1601 is a combination ac~de probe MECHANLCAL PARTS LIST:
that enables the user to measure voltages from 45 Hz
to 45 kHz when used with either the Model 16C or 163. ITtem No. Description Keithley Part No,

The slide switch (5101) can be used to select either

AC mode or straight-through DC Mode. i Tip 246548
2 Body, Front 24656C
SPECIFICATIONS : 3 Body, Rear 24655C
4 Strain Relief 186768
DC MODE: Straight-through probe does not alter any 5 Cable, Ground (13" long) SC-33
Model 160 or 163 specifications except: 1. 150 pico- 6 Clip, Alligator (Cround) AC-10
farads input capacitance, 2. 0.5 ampere maximum 7 Insulator (Black) AC-11
current, 3. 0.3 ohm resistive offset, 4. +20 micro-~ 8 Cable (40" long) 5C-30
volts thermal offset. 9 Strain Relief 186768
10 GCan Shield 25128A
AC MODE (Voltage only):
ACCURACY (400 Hz): +1% of reading or +0.1 volt,
whichever 1is greater (rms of sine wave to dc con-
version).
FREQUENCY RESPONSE: ~2% at 45 Hz and 45 klz,
RANGE: 250 volts rms maximum,
MAXIMUM OVERLOAD: Peak ac plus de¢ bias must not
excead 400 volts.
INPUT IMPEDANCE: 0.5 megohm, shunted by less than
20 picofarads,
OUIPUT IMPEDANCE: Qutput must be shunted by 10.2
megohms +1% for rated accuracy (Model 160 and 163
impedance on 1000, 100 and 10-volt ranges). 10%
variation in the 10.2 megohms causes 1% additional
error.
CONNECTOR: Shielded Banana Plug
DIMENSIONS, WEIGHT: 6" long x 3/4" diameter (150 x
20 mm), 3-ft. (1 m) cable, net weight 1l/4 pound
(0.1 Rg).
ELECTRICAL PARTS LIST: (See schematic 24669C)
Clrcuit Mfr. Mfr. Keithley
Desig. Description Code Part No. Part No,
J10L Banana Plug (2 req'd) 74970 108-750-2 BG-3
5101 Switch, AC-DC 80164 - SW-334
C101 Capacitor, ,047 uF 97419 M2W-F C197-.047M
c102 Capacitor, 0,1 pF 1305C MW1A C86-.1M
D10l Transistor 07263 2N3565 TG-39
D102 Transistor 07263 2N3565 TG-39
D103 Diode 04713 1NA4OD6 RF-38
R101 Resistor, 3.92 MQ 91637 De-1/4 R178-3,92M
1’102 Resistor, Selected in Test 07716 CEA R88
R103 Resistor, 1 MO 91637 MFF-1/8 R179-1M
RLO4 Resistor, 100 Q 44655 RCO7 R76-100

MAINTENANCE :

Since the probe assembly should provide good service
with normal handling no maintenance is usually necessary.
The probe body {Items 2 and 3) is fastened together at
the factory using a special solvent. Therefore the

probe should not be disassembled. If repair is neces-
sary contact the Keithley Representative in your area.
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MODELS 160, 163 ACCESSORIES

Model 1602 Digital Output

Installation: ‘The 1602 Digital Output Option is avail-
able either factory or field installed in a Model 160
or 163,

Applications: The 1602 can be used whenever binary
coded decimal outputs are needed for digital recording
or computing.

Specifications: The L1602 specifications are given in
Table 2-7 of the Instruction Manual.

Connections: Digital BCD outputs and controls are pro-
vided through a 50-pin receptacle (J1006) installed on
the rear panel of the instrument. The mating connector
is a Keithley Part No. C5-220,

Model 1603 Extender Card Kit
Description:

The 1603 Kit consists of two types of printed circuit
board extender cards and a shorting adapter.

e 1
Parts List:
1 TIxtender Card, 44-pin, Keithley No, 24681C

2 " " 22-pin X " 245708 =
3 Shorting Adapter, Reithley No., 24789A N

Application:

These extender cards facilitate testing and trouble-
shooting of Models 160 and 163. Access to all pin
connections is provided. The shorting adapter is
used to comnect power to the instrument.

Model 1005 Rack Mounting Kit.

General: The Keithley Model 1005 Rack Mounting Kit
has been designed for rack mounting either the Model
160 Digital Multimeter or Model 163 Digital Voltmeter.
The Kit includes all necessary parts for rack mounting
either one instrument or two instruments side-by-side.
Rack height is 3-1/2 inches with 10~1/2 inches depth
measured from the front panel.
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SERVICING MODELS 160, 163

SECTION 5. SERVICING

5-1., GENFRAT.. This section contains procedures for 1. HRemove the two Phillips head screws from the
servicing the instrument in the event of a malfunction, underside eof PC-234 as shown in Figure 13,

5-2. SERVICING SCHEDULE. This instrument requires no 2. Remove the slotted screw and nut holding PC-
periodic maintenance beyond the normal care required 248 and PC-250.

for high-quality electronic equipment.
3, Remove the long slotted screw and fastener as

5-3, TPARTS REPTLACEMENT. Replace components using only shown in Figure 13,

those parts specified in the REPLACEABLE PARTS LIST or

Lhelir cquivalents. 4. Remove the two standolfs holding PC-248 and
PC-250.

54,  ASSEMBLY
5. HRemove circuit board PC-255 and replace with
WARNING Extender Card 24681C {from Model 1603 Extender Card
Kit).
Use care when troubleshooting an instrument con-
nected to line power and/or with Power switch on.
Whenever resistance checks are made, remove all
power to the inastrument and discharge power supply
capacitors through a low value resistor.

4. 'Top Cover Assembly. To gain access to test points 5-5. CALIBRATION CONTROLS.
and adjustments on printed circuit board PC-254, remove

the top cover by rvemoving four slotted head type screws a. Offset Curvent Adjust (R733). This control is
as shown in Figurc 17. Refer to Figure 16 for cali- a screw driver adjustment accessible from the bottom
bration controls and test peints. cover as shown in Figure 15.

b. Chassis Assembly. To gain access to the remain- b. Ohms Cal Adjust (R738)., This control is a screw
ing printed circuit boards the following procedure driver adjustment accessible From the bottom cover as
should be used. shown in Figure L5.

1. Rewove the front panel Range knob assembly as c. DC Balance Adjust (R722)., This control is an
shown in Figure Llb. Loosen the two set screws hold- ad justment accessible from the bottom cover as shown
ing the switch counler to the switch shaft using a in Figure 15, Caution! Use an insulated screw driver
1/16 hex size (Allen Head) screw driver. Figure lla to avoid contacting the chassis.
shows the proper orientation of the Range kneb for
reassembly. d. 15V Adj (R209). This control is located on PC-

254, Remove the top cover for access to the control.

2. Remove the front panel Allen Head screws in two
places as shown in Figure Llb using a 3/32 hex size e. CLOCK Adj {R605). This control is located on
screw driver, PC-254, Remove the top cover f{or access,

3. Remove the rear panel Phillips head screws in £. 1v, 10v, 100V, 1000V Controls (K111, R108, R106
two places as shown in Figure 11b. R104). These controls are also located on PC-254,

4. Remove connector J906 which is wired to the g. HCAL, -CAL Adjust. These controls are located
front panel Power ON switch as shown in Figure 12, o . PC-250, ’

Replace connector with Shorting Adapter 24789A ([rom

Model 1603 Extender Card Kit) which will apply power 5-6. COMPONENT LAYOUTS AND OUTLINE DRAWINGS.

to the instrument. Caution! To turn off power to

the instrument remove the Shorting Adapter. a. Component Layouts. The component layouts identify

all parts on the printed circuit boards using circuit

5. Separate the circuit board assembly from the designations from the schematle diagrams,

chassis as shown in Figure 12,
b. Outliine Drawings. The outline drawinps identify

c. Printed Circuit Board Installation. The location the various pins for integrated cireuits and transis-
of all circuit boards is shown in Figure 13. To gain tors used in this instrument. The case outlines are
access Lo circuit boards PC-248, PC-250, and PC-255 the adapted from JEDEC standards for integrated circuit
following procedure should be used. and transistor packages.
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MODELS 160, 163 SERVICING
TARLE 5-2,

Trouble-Shooting Procedure

Difficulty

Prohable Cause

Solution

No front panel display
1llumination.

Power failure

210V supply fallure

Line switch set at 234V
with 117V line input,

Overload indication when
input is shorted.

Analog amplifier out of
balance.

Transistors Q402 and (403

Oscillator Circuit (Clock)

Check Tuse. 1f blown, check for an internal short
(broken wire, loose hardware, cte.,), Replace Tuse
by removing top cover and uwsoldering pig-tail Yuse,

Check 210V supply voltage on PC-254, |t low, chock
rectiflier diode D206, Keplace with Keithley Part

No. RF-17.

Ser switch ro L17V,

Check intoegrated cireuit (A7T0Y on aualor board Pu-231,
Replace with Keithley Part No. 10-2. i difficuley
remaing, check MOS FRT transistor 9700 mmd 702,
Replace with Keithley Part XNo. TG-51.

NOTE:  These transintors are sensitive fo static

charges. Therefore, drain stacic charge Trom hamds
and/or tools using a Yoi! prounding surface.  Di.-
connect the soldering iron from pover betore using.

Check for zero voltage level on pin 6 of inteprated
cireult QAAOY. 11 wot at zera, replace transistors
with Keithley Parc No. TG-V1.

Check CLOCK trequency at CLOCK test point, Freguency
should be IO klz +20 ilz. 1f out of tolerance, re-
calibrate as in Section 6. ii clock ifrequency is
missing, check transistors 2601, 0002 and BN,
Replace with Kelthley No. TG-62.

Ohms ranges inaccurate,
(Voltage ranges are
normal)

Current reading inaccurate
on one range only.

Ohms reference amplifier

Shunt resistor out of
tolerance.

Cheek integrated cirvouit QATOL.

NOTE:  integrated circulr may have taiied due to
voltage applied in obias mode .,
Keithley Part Mo, -2 Also ropidace resistor

R745 with Kelthley Part XNo. Rlo8-10%,  decalibrate UHNS
circuit.,  Seloct B/ as nevessarv.

Repliace shunt resiscor for that parcicular range.
Resistors KL16 through RY22,

Replace DAL with

Overrange "1" not lighted
when it should indicate,.

Transistor Q301 or inte-~
grated circuit QA30L,

Replace transistor Q301 if apen from collector
to emitter (Keithley Part No, TG-67)., Otherwise,
replace QA30!D with Keithley Part Yo, [C-9,

Overrange '"l1" lighted con-
tinuously when it should
not indicate,

Transistor Q301 or inte-
grated circuit QA30L.

Replace as above i1 Q301 is shovted from celtector
to emitter.

Polarity signs remain
lighted or do not light
at all.

Transistors (3053 and Q306,
Integrated circuit QA305.

Replace transistors 305 and 306 with Keithley lart
No, TG-67. Replace QA0S with Keithley No. [C-7.

Digital readouts incorrect.

Decoder driver circuit

Decade Counter circuit

RBuffer Storage circuit

Replace either (QA3L4, 0QA31S, or 0A316 with Keithley
Part Ne. IC-3, (These integrated circuits are not
soldered bLecause of plug-in sockers.)

Replace either QA3D8, GAJNY, or QAJIY with Keithlew
Part No. IC-17.

Replace either QA3LL, UAYLY, or QA3 with Reithley
Part Ne. 1C-16.
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MODELS 160, 163 CALTBRATION

SECTION 6. CALIBRATION

6-1, GENERAL. This section contains procedures for NOTE
checking the instrument to verifly operation within I the DUTPUT cannot be adjusted to within
specifications. Y on the oV range, adjust zero pot R50%
Lo approx. nidrange (7 turns). Place a
6-2, TEST EQUIPMENT, Use test equipment recommended jumper hetween input low and the junction
in Table 6-1 for accuracy verilication. ot R503 and €304 on PC-254.  also short
the input terminals of the Model 160, set
6-3.  PROCEBDURES. RANGCE Switeh to 100mV and adiust DO Bal-
ance pot R722 (lecated on PC-253L1) for zero
at the GUTPITT.  Remowve Junper at B0 and

repeat steps 4 and 5,

a, Dreliminary.

6. Analog Catibration,
L. Warm-up Period, With Power Switch ON, allow

the instrument to warm-up for a minimum of 30 min- a). Voltage Ranges. Connect voltmeter (43 to
utes, the analog OUTPUT. Cennect voltage source (U) to
the Input Terminals (red and black). Measure the
2. Power Supply Checkout. AllL the power supply analog QUTPUT voltage Vor each range as described
voltages can be measured at test points on printed in Table 6-3. On the LOO wv, 10O mV, and | nV
circuit board PC-254 as shown in Figure 16. ranges wire jumpers are usced tor calibracion. On

the 1V, L0V, LO0V, and 1000V ranges potentiometers
R11E, R10D8, RLO6, and RI04 should be adjusted,

TABLE 6-2,

Power Supply Veltages ). Resistance Ranges (Model 160 only). Conncct
decade resistance hox (1)) to the [nput Terminals.
Nominal Test Veltage Mcasure the analeg OUTPUT Yor each range as de-
Voltape Polnt Limits scribed in Table n-4. Adjust the OHMS CAL poten-
tiometer (R738) lor an OUTPUT or -1¥v 1.0 millivelt
15,00V de LISV +14.95 to +%5'05 on the | kil range only. The remaining resistance
-15.0V de -Liv -l4.6 ta -15.4 ranges cannot be adjusted,
+3.6V de 43,6V +3.4 to +3.8 )
+210V de +210v +203 vo +230 c). Current Ranges (Model 160 only). Comect
+170V dc +178V +165 Lo +175 curreht source (E) to the Input Terminals., Measure
the analog OUTPUT for each current range as de-
b. Adjustments, scribed in Table b -5, No calibration adjustments

can be made on any ol the current ranges.
L. Power Supply. The +L5V supply should be ad-

justed for +15,00V dc 0,050V using potentiometer Y. Dhigital Calibracion.,
R209 on PC-254 as shown in Figure 16. The -15V and
+3.6V supplies camnot be adjusted since the +15V a). Zero Check. Connect a shorting wire across
supply is used as a reference voltage. Input Terminals, Adjust the rear-panel ZERO Con-
trel so that the Digital Display reading is 0-0-0-0
2. Clock Frequency. Measure the clock frequency on the ! my¥ range with the Polarity Indicator alter-
at the "CTLOCK" test point on PC-254 as shown in Fig- nating plus and minus. Measure the analog OULPUT
ure 16. The frequency should be adjusted for a nom- voltage which should be within =1 millivolt of zevoe.
inal 10 kHz, +20 1lz using potentiometer R605 on PC-
254 as shown in Figure L4, b)., Full-Scale indication. Connect voltage
source (G} Lo the [nput Terminals and adjust the
3, Zero Adjust. Place a shorting wire across the source for +1.9992V measured at the analoy QUTPUT,
Input Termipnals {red and black}). Connect voltmeter Adjust the —CAL Controel {(R4D2) so that the bigital
(A) to the analog OULPUT {(J103). Adjust the rear- Display has a reading which alternates between
panel ZERC Control {R505) for zero on the L mV range. 1-9-9-9 and a blanked display (with only the over-
ramge "1 lighted). Apply a negative input and
4, The output should be adjusted within +1 milli- adjust the +CAL Control (R40B).
volt.
¢). Linecarity Indication. Conncct an accurate
5, DC Balance. With voltmeter (A) connected to voltage source (C) te the Input Terminals and ad-
the OUTPUT adjust the OFFSLET CURRENT ADJ Control just far an analog OUTPUT of +0.9992V on the |V
(R733) for zero on the 1V range. The OUTPUT should range. Verify that the Digital Display reading is
be adjusted within +1 willivolet on the lwV range and 0-9-9-9, Readjust the voltage source Yor an analog
within +0.1 miilivolt on the 1V range. Repeat the OUTPUT of +0,9998V on the 1V range. Verify a change
adjustmgnts of R505 and R733 until che OUTPUT is of the Digital BDisplay from 0-9-9-9 fo 1-0-0-0,

within tolerance on both the 1 mV and 1V ranges
simul tancously.,
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CALIBRATION

TABLE 6-1.

Test Equipment

MODELS 160, 163

Code Manufacturer
Letter Instrument Type Specification and Model No. Use
A Voltmeter, Digital +lpv to +1000V Keithley, Model 160 Zero Adjustment
10,1% of reading
B Voltmeter, Differ- Limit of error Keithley, Model 662 Voltage Calibration
ential +0,0Ll% of reading Current "
or 10py Resistance
¢ Voltage Source .003% voltage mode Fluke, Model 3330B Voltage Calibration
10, 100, 1000 volts Voltage Source 10, 100, 1000 velts
ESI type SR-1010 .001, .01, .1, 1 volts
Divider Ratio
D Resistance Box +.02% accuracy General Radio Resistance and
10 megohms maximum Type 1433 Current Calibration
Decade Resistor
E Current Source L006% Fluke, Model 33308 Current Calibration
0. LmA to 100mA Current Source 0.lmA to 100OmA ranges
.003% voltage mode Fluke, Model 3330B Current Calibration
Voltage Source (L.01V)
.00l to .0lmA ranges
.02% resistance General Radio
accuracy Type 1433
Decade Resistor

22
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FOR CRITICAL MEASUREMENTS REQUIRING DFFSET 4ESS THAK A FEW WICROVOLTS AND/OR A FEW
HUNOREDTES &F A MAMOAMFERE, THE FOLLOWMEG PROCEOUSE SHOULD BE USED:
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2
1
[l
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PERM[T THE WSTRUMENT T0 WARM UP,

SHEAT THE INPLT WITH COPPER | & CLEAN PENMY WILL 00 |

SWITCN T8 THE | MILLIVELT RANEE AND ADUST THE REAR PANEL ZERO FOR N FLASHING [+ —|.
. SWITCN TH TME ! YOLT RANGE AND ADJUST THE CURRENT DFFSET ADD FOR A FLASHING [ + -],
. REPEAT STEPS 1 AN 4

OFFSET
CURRENT

iy

T

FIGURE 15,

Chassis, Bottom View,
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CALIBRATION
TABLE 6-3.
Voltage Range Calibration,
Summary of Calibration Controls and Test Points.
Analog Analog
Range Input Source ourPur QuTPUT Reft.
Setting Source Accuracy Voltage Accuracy Desig. ontrol
100mv 100mv +.017% 1.000v +ImV R520, RS521 Jumper
10my 10wV . 0L% 1,000V +ImV R517, R5L8 Jumper
Imv Lmv .07 1. 000V S lmV RS54, R515 Jumper
v v +.01% L. 000y Slmy R111 1V CATL
LoV Lov +.01% 1,000V TlmV R108 Loy
100V Loov FMLY 1. 0oov T lmV R1LOG LOoV !
1000V 1000V £.01% L. 00OV Ty RLOA 1000V i
|
TABTE 6-4.
Resistance Range Calibration,
Summary of Calibration Controls and Test Pointu.
Analog Analog
Range Input Source ourPur OUTPUT Ret.
Setting Source Accuracy Voltage Accuracy Desiy. Control
1K KD L 01% 1.000y +1mv R738 OHME CAL
Leon 1000 $.02% 1,000V Loy - None
10K £ LOK D .02y L.000Y hmy - None
LOOKQ LOOK 2 +.02% L. 000y 3V - None
1M 1M +.02% 1, 000y +3my -—- None
10MD) LOMA +b 1.000v Gy - None
LO0MD 100M% +1% L. 000V +100my --- None
1000M5 LO0O0ME +37, L.0qov +500my --- MNone
TABLE 6-5,
Current Range Calibration,
Summary of Calibration Controls and Test Points.
Analog Analeog !
Range Input Source OUTPUT OUTPUT !
Setting Source Accuracy Voltage Accurdcy i
|
0.1 0.1lpa +.027 L.noov +2my \
LA Lus 027, 1,000V Hrmy :
LOpA 1.0pA +.02% L. 000V +2my
LOORA 100pA +.02% L. aoov L2mV
LmA TmA +.02% 1. 000V Pt
10mA LOma w02 1.000V r2my :
L1O0mA 100mA 027 I o000V A3mV ;
1.000mA 10CG0mA +. 027, 1. 000V +Himy i
LO0OmA 100mA +.02% 0.100v 0Ly '
i
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REPLACEABLE PARTS

SECTION 7.

7L REPTACEABLE PARTS 18T, This section contains
a list of components used (n this instrument for uscr
reference. The Replaceable larts List describes rhe
individual parts giving Circuit Besignation, bDescrip-
tion, Suggested Manufacturer (Code Number), Manufac-

MODELS 160, 163

REPLACEABILE PARTS

turer Part Number, and the Keithley Part Number,
Also inetuded 4 Figure
plicable.

iy Reterence Number where ap-

TABLE 7-1.
Abbreviations and Symbois
A ampere I farad him
Fig, Figure D

ChVar Carbon Varlable p pico (107}

CerD Ceramic Disc GO Glass enclosed Carbon PC Printed Circuit

Car Trimmoer Curamic Trimmer . Paly Palvstyrene

Comp Composition Ik kilo (10 S) ’

Rt Reteroence
DCh Deposited Carbon L1 micro {107 h)
Nesie. Designation T Tinner Lopperweld
M Meg (100

AL Electrolytic, Aluminum Mig. Manuiacturev v volt

ETH Electrolyiic, tubular MEE Metal Film

ETT Plectrolyeic, tantalum My Mvlar W watl

s Wirewound
No, Number WwVar Wirewound Varjiable

7-2. ELECTRTCAL SCHEMATLCS AND DIAGRAMS . Schematics V1 your nedrost Keithley veprescentative.
and dlagrams are included to describe the electrical
circuits as described in Scctien 3. Refer to tPable 7-7 h.  When ordering parcs, include the toilowing in-

which identifies all schemalic part numbers included,
7-3.  HOW TO USE THE REPLACBARLE
Parts List is arvanged such that the individual types
of components are listed in alphabetical orvder. 7The
parts for the instrument's Main Chassis are listed
Lollowed by printed circuit boards and orher sub-
assemblics. Refer to Table 7-3 tor listing ol circult
designation series assigoaed to each

PARTS [IST. This

mit jor sub-assembly.

7-4.  NOW TO ORDER PARTS.,
a. Replaceable parts may be ordered through the
Sales Service Department, Keithley nstruments, lnc.

TASLE

{ormation.

L. Instrument Pavt Number
. tnscrument Serial Number
3.0 Parec Description
4. Schematic Clircuit Designation
5. Xeithley Part Number
¢, Al parts lisced are maintained in Keithley

spare Parts Stock.
available

Any part not listed con be wmade
request.  larts identitied by the

Kelthley Manufacturing Code Number 801064 should be
ordered divecely from Keithley

upon

[nstruments, loc.

77

Degscription

Switching Main Chassis Front

Power Supply

Connectors PG-204,
Analog Amplilier Pe-

Tnteprator Board

Tube Board

Tube Board

Switching (Model 163)
Digitcal Qutput (Model 1607}
AG-DC Probe (Mode! 1601)

1171

Circult bDesiguation

PC-254

Pane 1 RENIR D
246940

PL-250 SA082D
25l 2H69LE
REARISIN

240KED

Schematic Part Number

JHh 84N
246910
24685D
246690

o
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REPTACEABLE PARTS MCDELS 160, 163

TABLE 7-3.

Connector
Description Plug~In Series

Main Chassis 100
PC-254 Power Supply
PC-248 Tube Board
PC-250 Integrator Board
PGC-254 Input Filter
PC-254 Oscillator
PC-251 Analog Amplifier J202
PG-255 Connector Beard J90l

PC254 Connectors

TABLE 7-4,
Mechanical Parts List

Quantity Keithley Fig.
Description Per Assemblz Part No. No.
(:)Chassis ....... S memnriamns . 1 (251223 (160)) 17, 18
251238 (163}
Cover Agsembly seasvussruessecvssausrsarmmasssasammcnansmnnnnas auwmamsmassmmmmsmngrsanursunas [ arrnr AR [ 17
@Cover, sheet metal 1 24008C
@Screws, #6 x 3/8" siotted , Pan Head 4 -
Foet AsSembly scveesacscsnsensnansnzmsncna srememsmmmanmtsunumuuui | wuusnrnn st esannnsnnnannnn | snavesEErusamr A E AN v AN 18

@ Teet 4 243228
@ Ball 4 FE-6

(::)Screws, #6 x 7/16" Phillips, Flat Head 4 -

Tilt Bail Aggembly.--.------.........-.---.-.-.-----------“u. wasmsnEmnmr R ARy uEnannsenrurr | Stk mamts e mE e T 18

@Bai_l I 171478
Kep nut, #6 4 -

Cover Plate Assembly, Rear Pancl «eresesuscsmmcascsesss Y [ PR NSO 3
Cover Plate 1 ZH294A

Screws, #6 x 1/4", Slotted

26 0572
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L1171

163

REPLACEARLE

TIGURE L/,
Cover Assembly, Refler to Table 7-4,

FIGUWE 185,
Chassis Bottom View - Tilt Bail and Feet Assemblies.

Refer to Table 7-4.

PARTS
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REPLAGCHABLE PARTS

MODELS 160, 163

Model 1005 Rack Mounting Kit

General: The Keithley Model 1005 Rack Mounting Kit
has been designed for rack mounting either the Model
160 Digital Multimeter or Medel 163 Digital Voltmeter.
The Kit includes all necessary parts for rack mounting
either one instrument or two instruments side-by-side.
Rack height is 3-1/2 inches with 10-1/2 inches depth
measured from the front panel.

Assembly:

Single Rack Mounting. Refer to Figure 19.
L. Tnstall brace "G'" using hardware supplied ("J",
"K', YH"} as shown.

2. TInstall side plate "F" using hardware "R'" supplied

with the instrument.

3. Install side plate "B" using hardward "E" supplied

with the instrument.

TARLE

Dual Rack Mounting.

Refer to Figure 20.

L.

*7,

FNOTE :

/=5,

Remove individual top covers from both instru-
ments.

Inatall shield plate "M" as shown. loosen the
serew on the rear panel of the chassis to allow
clearance for the shield plate.
when shiebd is in place,
Install bottom plate "C" using hardware ‘D",
Imstall special top cover "A",

Install gide plate "RB" in two places nuing hard-
ware "E'" supplied with the instrument.

Store individual covers and extva hardware {or
future conversion back Lo bench mounting.

Tighten screw

Shield plate "™'" is used to shield sensitive
circuitry in the instrumenl From Lhe brans-
former cirvcuit on the adjacent instrument when
dual rack mounting.

Model 1005 Rack Mounting Kit Parts [isL.

Quant ity Keithlew figure

B) Side Plate

C) Bottom Plate

D) Serew, #6x1/4, Phillips, Pan llead
E) Screw, #6x3/8, Phillips. Pan Head
M) Shield Plate

F) Side Plate, Single

G} Brace

H)Kep Nut, #8-32

J)} Screw, #8-32x3/8, Phillips, Flat liead
i) Screw, #8-32x3/8, Button ilead

Single Rack Mounting Assemb |y eawscameans Mummemsunaum, P

Description Per Assembly Pare Mo, Mer.
Dual Rack Mounting ASSembly suseesssssumsseussssssansamus amanvmnan - 200240 20
A) Cover 405N

1
2 247070
| KEYIE I

4 oo

"i [

| PABDLSE
- PAT2AC 14
1 207060

| DHTOER

2 L
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MODELS 160, 163 REPLACEABLE PARTS

FIGURE 19, Model 1005 Rack Mounting Kit (Single).
(Refer to Table 7-5.)

FIGURE 20, Model 1005 Rack Mounting Kit (Dual).
(Refer to Table 7-5.)}
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REPLACEABLE PARTS

{Circult designations are found on schematics 24687F, 246941, 24691L)

Components located on Mother Board,

PC-254.

MODELS 160,

163

Cclo1 D204 Q206 RLL8 R504
€102 D205 Q207 R119 R505
€103 D206 Q208 RLZ0 R506
0209 R121 R508
€201 D501 Q210 1122 R509
c202 D502 Q211 R123 R510
c203 Q212 Rb11
C204 D601 R201 R512
c205 D602 Q601 R202 R513
C206 D603 0602 R203 R514
€207 Q603 R204 R5.L5
c208 r201 R205 R516
C209 F202 QA201 R206 R517
Cc210 R207 R518
c211 J201 R1OL R208 R519
c212 J202z R10Z K209 R520
J203 R1G3 R210 R521
C501 J204 R104% R211
€502 J205 R109 R212 R601
€503 R1C6 R213 R602
C504 Jg01 R107 R214 R603
J902 R108 R2ZL5 RGO/
Cco0l J903 2109 R216 R605
€602 J904 R110 R217 R6EO6
€603 J905 RL11L R218 R&607
C604 J906 R112 R219 R608
€605 RLL3 R220 R609
Q202 R1LA R610
N201 Q203 R1i5 R501 R6IL1L
D202 Q204 R11lo6 R502
D203 Q205 R11L7 R503 5202
RIT4 g _ﬁ% é_géam 2 H‘EE csoa
& . 3073
eh @ g as1e =
i o - CimE. = . A518 "
B 3 ] g--ﬁ LI ns13 *
2 C
o ;0: - 15,
108 2 2 v P
i Rioz S o 518
A A o & o .
1903 004 = Prry veon EELs :::z
2z g 3
53 yg 3% . L.
. @402 § 2 @ 8% g <201
§ D £ Uognos -RMa20il c1o0 . €204
[) + é C) é;ﬁ <oz
Qe0 - Qe0d D O O ~ O 209
R&0Y 293 s <101
€401 Rel0 G 4 - [ 1204
caos & RI02 1202 g Q Q $10}
G E ¥ oTm
C603 k208 a0 16 ., Do 1208
b ” 2
Yo o X N
= QAZ01 oo s20s " e
g ou;:s é t::!%? Q207 g :;Z; ) - 5202
2 ! 4 +
» O < ® § = can
- g O " Q R214 4 .a ELLU 1906
am é & @209 21 203 A R
FIGURE 21. Component Layout, PC254.
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MODELS 160, 163 REPLACEABLE PARTS
.Components located on Tube Board, PC-248,
(Circuit designations are found on schematics 24688D, 24689D)
301 Q304 QA307 R301 R312
c3o2 Q305 0A308 R302 R313
303 Q306 QA309 R303 R314
QA3lo R304 R315
DS301 QA301 QA311 R305
DS302 QA302 QA3:2 R306 V3ol
QA303 QA3L3 R307 v3iGgz
Q301 QA304 QA314 R309 V303
0302 QA305 QA315 R310
Q303 QA306 0QA316 R311

D474

PR 5 ER3051_':_ Co
63_06 €301 e [ e

301 ., Q305

¢ ?L.')”.lJ .:.a;..:r'“.gw ';; fod 18 o

S L ~RIN2T TEREGE - GA3G6 . QASQ
& ole __.N,..,__ ol MOS  BAE. TEAN
S &S| Iﬁ 2 0302 Rsosd” ¢

5A314 °A3" GA308

~R313

FIGURE 22. Component Layout, PC248
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REPLACFARLE PARTS

Components located on [ntegrator Board, PC-250,
(Circuit desingations are found on schematic 246601,

C401
C402
C403
C404
CAOS5
C406
C407
C409
C4alo
C411
C412
C413
C4l4
C415
C4l6
Ca17
C418
C419
C420

D401
DLD2
D403

MODELS LGO

L63

>

32

D404 Q411 R4 R438
D405 (412 R&413 RA39
D406 0413 R4 14 R440
D407 (414 R4L5 R441
D408 Q415 R4 L6 R&42Z
D409 0416 1]417 RELT
D410 R4HLE R4 4
D411 QALOT R&4L9 R4 45
D412 QAL02 R4 20 RA44H
D413 Q44073 R421 RGHT
D4l4 QALD4 R422 R44 8
D415 R&42Z3 R449
3416 RADL R4Z24 R4B0
D417 RA0D2 RA28E R451
R&GG3 R429 R44H2
Q401 3404 R430 R403
Q402 k405 R473T R454
(403 R406 R4A32 R&55
G404 RAQO7 R433 R45H6H
0405 R&08 R4 34 RAST
Q408 R409 R43H RALE
0409 RALO R&36
0410 R4DE Ré17
QA40T
r T . QA40 _ "
8o B rrr oty g5 €420 o~ o173
3 ~ <+ Bin o —emin Tt 0 T 0
) oBned TINL0M03) 53 F IS
L b §30 7 23§50 V5§51 T
~R418— A —r <
Q40 A7 446 -Ra4a— 7L O
403 [S | 2R "~Rad3 L2 B N\Jq41
G - — o~ D414 + €319 © —R453-
~R434 C4]?_ L —R4527
R4z |204 T a0 |t A Q @
* -
T DAee . LR433- 04'60 45
A Q415
L Ra15-! @408 L gazgu o '—J‘R"'446 — R457_
. ()40] —R4294 O ~ . - L.R456..
r €403 g405 L-R43] —1 Ly i
2 —R424 ~R430- - | —RA4E~ S
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L p4o4 R422— 9410 0459 @ D402 paie
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FIGURE 23, Cowmponent Layout, PCZ250
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MODELS 160, 163 REPLACEABLE PARTS
Components located on Analog Board, PC-251.
(Circuits desipgnations are found on schematic 24691L)
Cr02 0706 R720
[SF RN Q707 R721
C704 Q708 R722
C705 R723
Cc706 JATOL R724
c707 nA702 R725
c708 QAT03 R726
709 QAT0O4 R727
C710 R728
C7L1 R701L R729
C712 R702 R730
G713 R703 R731
C714 R704 R732
C710 R705 R733
Cc716 R706 R734
c717 R707 R735
C718 R708 R736
C719 R709 R737
€720 R710 R7738
R711 R739
701 R712 R740
D7o2 R713 R741
R714 w742
0701 R715 R743
Q702 R716 R745
(3703 R717 R746
Q704 R718 R747
Q705 R719 R748
R744N (T QATOl—J—— iy R742-R 22 (R701N
\R726- IS0 e, "'[‘0  ORh Q7O w
& Q- © SN | Fod i dd
~R72B~ PN <F O AR ~RT0D2- o
Q707 x . N r _LoranwTom e}
S ]f{ RQA704 , -7/ TTRRECIO3 N
oy T .
QIoeY & e oy | B0 T
R73a0 K| SR7za-ke g L@ e O
\FZ 20-0' \R7189— 'k NE o TR o
\ ) ~ - al f“‘ﬂi*—‘ ) ~ o } Q702
\_RE:?%%__/ S0 SR7 Q \Ukm\ 5 '{_E -\gg < ~R704~
R733 w E w ~R721~ 705, qAT63 L n\:l\l rR7O5\O
[ AN 93 E fo - 318, SR708”
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FIGURE 24, Component Layout, PC251
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REPLACFABLE PARTS LIST

Circuit
Desig.

C1l01
CclLo2
€103

C201
c202
€203
C204
205
S 0206
G207
c208
€209
€210
€211
c21z2

C301
C302
C303
C304

€401
G402
C403
C404
€405
CA406
C407
C408
C409
G410
C411
C412
C413
Chl4h
CA4l5
C416
C417
C418
c419
G420

C501
€502
€503

€601
c602
603
C604
605

¢701
ci02
C703
C704
€705
C706

34

MODELS 160,

163

CAPACITORS
Mfr. MEr. Keithley
Description Code Desig. Part No. Qty.

L0047 uF, 500V, CerD . . . 72982 801-25U0~472M C22~.0047M 7
L0047 pF, 500V, CerDd . . . .o 72982 801-72500-472M C22-.0047M
L0047 yF, 500V, CerD . . . . 72982 801-25U0-472M C22-,0047M
2000 yF, 15V, EAL. . . . . . . 29309 3675020015C £93-2000M 1
220 pF, 1000V, CerD. . . . N 71590 nn-221 Co4—-2200 3
150 pF, 1000V, CerD. . 71590 DD-151 CH4-150P 1
200 pF, 35V, EAL . N 90201 MTVZ00N35 C177-200M 4
200 uF, 35v, EAL . . . PN . 90201 MTV200N35 C177-200M “s
10 wF, 20V, ETT. . 17554 TSD1-20 CL79-10M 11
47¢ p¥, 1000V, Coxh. . . .. . 71590 DD-471 CHa-470P 1
125 uF, 15V, ETB . . . . . 73445 C426~1250F C3-125M 2
200 pIr, 35V, EAL . . - 90201 MIV200N35 C177-200M
200 urF, 35V, TAL . . . . . PR 90201 MIV200N35 CL77-200M .
125 yF, 15V, ETB . . . . . PN 73445 C426-125uF C3-125M ‘e
15 ur, 300V, EAL . . . 90201 PTCO1OM300 €173-15M 1
LQ022 wF, 500V, CerxDd . . . PN 72982 831-75U0-222M C22-,0022M L
100 pF, 1000V, CerDd. , . P 71590 DD-101 C64~-100P 2
0.22 yu¥, 10v, ETIT. . . PN 17554 TSN210226 C180~0,22M 1
10 pF, 1000V, CerD ., . 71590 h-100 Co64-10P 3
10 pF, 1000V, Cerb . . . . 71590 DD-100 C64-10P .
10 pF, 1000V, CerDh . ., . . 71590 DD-100 CH4—-10p N
100 p¥, 1000V, Cerh, - NN 71590 DD-101 CH4—~100P \
10 pF, 20V, ETT. . . . . . . 17554 1TSD1-20 C179-10M -
1.5 pF, 600V, CerD ., . .o 71590 TCZ=15 Cc77-1.5P 1
1 p¥F, 10OV, My . .+ . . . . . MF825 C185~-1M 1
L001 yF, 1000V, Cerd . . . . 72982 808-000-75RC102K C64~.001H 1
Not Uged . . . . . . W e e aaees awna s e
220 pr, 1000V, CerD. . 71590 Nnp-221 CH4-220P
10 wF, 20V, IIT. . . 17554 TSD1-20 C1l76-10M .
10 y¥F, 20V, ETT, . . . . . I 17554 TSD1-20 ¢1.79-10M .
22 pF, 10V, ETT. . . . . . . 17554 T5D2-10 C180-22M 1
5 pF, 1000V, CerD. . 71590 Db-050 C64~5P 1
1 pF, 50V, CerkF. e 72982 8131050651105M  C237-1M 1
L0047 pF, 500V, CerDd . . . .. 72982 801-25U0-472M C22-.0047M .
390 pF, 1000V, CerD. 71590 nn—-391 C64-3907 1
10 uF¥, 20v, EFTT. 17554 T&D1-20 C179-10M .
0.1 pF, 250V, MtF, ., ., . 73445 C280AL Cl78—,1M 3
10 pF, 20V, ErT. . . . . . . 17554 TSD1-20 C179-10M .
10 u¥, 20V, ETT. . . . . - 17554 TS5D1-20 C179-10M .
0.1 urF, 200V, My . . . . . P 13050 SM2A~ . 1uF Ci43~.1M 2
0.1 pF, 200V, My . , . . 13050 SM2A-. 1uF C143-. 1M .
2 u¥F, 100V, My . . . . . . MFL195-2pF C188-2M i
047 uF, 200V, My. . . 13050 SM2A—.047uF Cl43-.047M 1
500 pF, 500V, Silver Mica. . 14655 CD19FDN501F03 C209-500P 2
500 pF, 500V, Silver Mica. . . . 14655 CD19TFD501F03 €209-500p .
1500 pF, 500V, Silver Mica . 14655 CD19FD152F03 ¢209-1500r 1
10 pF, 20V, EIT. ., . . . . . 17554 1'spl-20 ¢179-10M \
Not Used Ve e e e e e e e e e e e e e e e i e e e iaiaeaes ‘e
0.01 u¥, 200V, My, 13050 SM1A-.0Llpr C47~.01M 1
10 wF, 20v, ETT. . . . . . . 17554 SD1-20~-10uF 179-10M
0.0047 ulF, 500v, CerD., . . . 72982 801-25U0-472M €22-.0047M .
1.2 pyF, 20v, ETT . . . . . PO 17554 TSD1-20-1.2pF €179-1,2M 2
1.2 wF, 20V, ETT . . 17554 TSD1-20-1.,2uF C179-1.2M
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MODELS leG, 163

CAPACITORS (Cont'd}

REPLACEABLE PARTS

Circuit Mfr. Mir. Keithley
Desgig. Degcription Code Desig. Part No. Qty.
c707 0.0047 pF, 500V, CerD. 72982 801--£500-472M C22-,0047M
708 220 pF, 1000V, CerD. 71590 DDh-221 C64-220P
c709 0.1 pF, 250V, MtF. N ' . . . 73445 C280AL-. 1nF C178-.1M ..
C710 0.22 uF, 250V, MtF . . 73445 CZB0AL-,22uF C178-.22M 1
c711 G.1 pF, 250V, MtF. 73445 C280AL--. 1pF CL78- 1M
caol G.001 uF, 1000V, Cerl. « + + v v « v v v 0 v e e 72982 808000-25R0-102K CH4-.001H 1
DILODES
Circuit Mfr. Mfr, Keithley
Desig. Description Code Deslg. __Part No, Qry.
D201 Rectifier. e e 13327 1N4139 RF-34 2
D202 Rectifier. « « « + v v v v v v v v e e e e e e 13327 1N4139 RF-34 .-
D203 Full Wave Bridge Rectifier . . . . . . . . . 83701 PD-10 RF-136 1
D204 Rectifier. 01295 1N645 RF-14 5
D205 Rectdifier. . . . « + « v v o v v 0 e e e e e e 01245 1N64S RF-14 .
1206 Rectifier, 1A, BOOV. « « « o« v o v v e v v o e, 04713 1N4006 RF-138 1
D401 Zener, 9V, 1/2W. e 04713 1N936 DZ-5 3
D402 Zener, 9V, 1/2W. e e e e e e s 04713 1N936 DZ-5 -
D403 Transistor, Base-Imitter NPN, Case 1T0-106. . . . . . 07263 2N3565 TG-39
D404 Transistor, Base—Emitter NPN, Case TO-106. . ., 07263 2N3565 TG-39 .
D405 Rectifder. . . . . + « « v v v v v v e e e e e e e 01295 1N914 RF-28 13
n406 Rectifier. . . . ¢« « o v v 0000 0 e e e e e . 01295 1N914 RF-28 ‘s
D407 Rectifier. . . ¢« + + « v v v v v v v 0 e e 41295 IN9i4 RF-28 -
D408 Rectifier. 01295 1N914 RF-28 ..
D409 Rectdifier. 01295 1N914 RF-28 v
D410 Rectifier. . . . « v v « v v v« e v e e e e 0L295 1N914 RF-28 e
D411 Zener, 9.AV. « . o s v 0 v e e e e e e e e e 06751 1N713A DZ-38
D412 Rectifder. . . . « v v « « v v 4 v 4 4 0 e e e e 01295 IN914 RF-28 . e
D413 Rectifder. . . « & o v v v ¢ o 0 v h e e e e 01295 1N914 RF-28 .
D414 Rectifier. . + v + v v v v v v a0 0 w4 e 01295 1N9L14 RF-28 .
D415 Rectifdier. . . v « v ¢ v v v v v 0 e e e e e e s 01295 iNG1l4 RF-28 -
D416 Rectifier. « v v v v o v v o v v v e e e e e e e e 01295 1NG14 RF-28 e
D417 Rectifier. . . . + « « v« « + « & 01295 1Ng14 RF-28 ‘s
D501 Rectifier. . . . . + « v v 4+« 4« w0 0 e 4 01295 1N645 RF-14 .
D502 Rectifier. « v v v v v v v b v e e e e e e e e e e 01295 1N6A4AS RF-14 .e
D601 Rectdfler. « « v v v v v v v v e e e e e e e e 01295 1N914 R¥-28 -
D701 Rectlfder. . . v v & v v v v 0 4 0 s e e s e e e e s 1295 1N645 RE-14 “a
n7o2 Zener, 9V, 1/2W. « « v v« 0 b 4 v b e e e e 04713 1N936 DZ-5 .
LAMPS & FUSES
Circuit Mfx. Mfr. Keithiey
Deslg. Description Code Desig. Part No. Qry.
DS30L Lamp, (OVERRANGE). . + « © 4 & « & & ¢ + ¢ o« = o « » o 80164 PL~42 PL-42 1
Ns302 Lamp, {POLARITY} . . +« + & v + v v v « & 4 o + 4 « « « . 80164 P1-48 PL-48 1
F201 Fuse, 1/4A, 250V, 3AG, Slo-Blo . . . . +« « « « v + & & 71400 MDV--1/4A FU-33 1
F202 Fuse, 1/2A, 250V, 3AG, Slo-Blo . 71400 MDV-1/2A FU-35 1
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REPLACEABLE PARTS

MODELS 160, 163

CONNECTORS
Circuit Mfr. Mfr. Keithley
Desig. Degeription Code Desig. Part No. Qty.
J101 Binding Post, (HI} Red . 58474 DF21RC BP-11R 1
Jloz Binding Post, (LO) Black . 58474 DF21BC BP-11R 1
J103 Connecter, Analog OQutput . 02660 80PC2F ¢s-32 1
J104 Binding Post, (CASE) Green . 58474 BF21GC BP-11G 1
J201 Connector, Female, Berg.
J202 Connector, 5-pin . 22526 20052 £8-237 5
J203 Test Point . . .
J204 Test Point .
J205 Test Peint . . . . . . . R
Jagl Connector, 22-pin, card-edge type. 09422 PSC4882212 C8-182 3
JBoz Connector, 44-pin, card-cdge type. 09922 P8C4DD2212 C58-205 1
J90L1 Connector, 22-pin, card-edge type. 09922 P8C4552212 C5-182
Jooz Connector, 22-pin, card-edge type. . 09922 P8C4582212 €5~182
Joo3 Receptacle, 10-pin . P 22526 20052 C5-237
Jo04 Receptacle, lO-pin . 22526 20052 £5-237
J905 Receptacle, 10-pin . . . o 22526 20052 05-237
J906 Receptacle, 1l0~pin . . . 22526 20052 c8-251 .
F201 Receptacle, 3-pin, Line Voltage. 82389 FAC301 0S-254 1
TRANSISITORS
Circuit Mfr. Mfr. Keithley
Deslg. Degcription Code Desig. Part No. Qty.
Q201 Powyer, NPN, Case T0-66 . . 02735 40312 TG-54 1
Q202 NPN, Case T0-104 . 02734 2N5183 TG-b68 1
Q203 NPN, Case TC-106 . . . 07263 2N3565 TG-39 2
Q204 NPN, Case TO-106 . R 07263 2N3565 TG-39 ..
Q205 PNP, Case RI1LD . . . 07263 817638 TG-33 ]
Q206 NPN, Case TC-5 . 02734 40317 TG—-43 1
Q207 PNP, Case R110 . e 07263 517638 TG-33 -
208 NPN, Case TO-5 . 02734 40319 TG-50 1
Q209 PNP, Case R110 . 07263 517638 TG-33
Q210 PNP, Case R110 . 07263 517638 TG-33 .
Q211 PNP, Case R110 . 07263 517638 TG-33 .
Q212 PNP, Case RL10 . . 07263 517638 TG-33
Q301 NPN, Case TO-104 . 04713 2N5551 TG-67 3
Q302 NPN, Case TO-5 . . . . 02735 40346 TG-44 2
Q303 NPN, Case TO-5 . . e . 02735 40346 TG—bi ‘s
Q304 NPN, Case TO-106 . . 07263 2N5134 TG-H5 6
Q305 NPN, Case T0O-104 . . . 04713 2N5551 TG-67 .
Q306 NPN, Case TO-104 . . 04713 2N5551 TG=-67
Q401 N-Chan, FET. . 04713 ZN4Z220 TG—-42 3
Q402 FET, Case TO=92. N 01295 T1570 TG-71 2
Q403 FET, Case T0D-92. . . . . 01295 T1S70 TG-71 “a
Q404 PNP, Case TO-106 . . . . . 07263 2N5139 TG-b6 4
Q405 NPN, Case TO-106 . R . . (07263 2N5134 TG~65 .
Q406 Not Used . . . . . . . Cadas L wae "a
Q407 R O =< 2 .
Q408 N-Chan, FET. . 04713 2N4220 TG-42
Q409 PNP, Case TO-106 . 07263 2N5139 1G—-66
Q410 NPN, Case T0-106 . . . 07263 2N5134 TG-65 .
Q411 N-Chan, FET. . . . .o 04713 2N4220 TG-42 .
Q412 NPN, Case TC-106 . . 07263 2N5134 TG-65
Q413 FNP, Case TO~1006 . “ o 07263 2N5139 TG-60
Q414 NPN, Case T0-106 . . 07263 ZND134 TG-65
Q415 PNP, Case T0-106 . . . . 07263 2N5139 1G-66
Q416 NPN, Case T0-106 . .. 07263 2N5134 TG-65 .
36 0576



MODELS 160, 163 REPLACFABLE PARTS

TRANSISTORS {(Cont'd)

Circult Mfr. Mfr. Kelthley

Desig. Description Code Desig, Part No. __ Qry.
Q601 NPN, Case TO-92. . . . . . « ¢ v v v v v v v v v v 04713 2N5089 TG-062 6
Q602 NPN, Case TO-92. . . . . & . v v v v v v v v e e 04713 2N5089 TG-62

(G603 NPN, Case TO-92., . . . . & . v v v v v 4 v v v e 04713 2N5089 TG-62

Q701 N-Chan FET (Selected®) . . . . . . . . . . « . « . .. 94145 RN1030 TG-51 (24598A)% 2
Q702 N-Chan FET (Selected®) . ., . . . . . . . . . . .« . .. 94145 RN1030 TG-51 (24598A)% .
Q703 NPN, Case TO-92 (Selected®). . . . . . 4 + v « v « . . 04713 2N5089 TG=62 (24219M)% ..
Q704 PNP, Case TO-92. . . . . « v « v v v v 4 v v v e o o 04713 2N5087 TG-61 2
Q705 N-Chan FET . . . . . v« v v 0 v s v e e e e e v e e 04713 MPF-103 TG-41 1
Q706 NPN, Case TO-92, . . « v v v « v v v v v v e e 04713 ZN5089 TG-62

Q707 NPN, Case TO-92. . . ¢+ © . v v v v v v v v v e 04713 2N5089 TG-62

Q708 PNP, Case TO-92. . . . . ¢ v v v v v v i e e e e 04713 25087 TG-61

INTEGRATED CIRCUITS

Circuit Mfr. Mfr. Keithley
Desig. ; Description Coede Desig. Part No. __ Qty.
QA201 Regulateor, 10-pin Case TC-100. . . . . & v v v « « « . 07263 U5SR772-339 IC-14 1
QA301 Dual J-K Flip-Flop, l4-pin DIP . . . . . . . « + . . . 04713 MC891P Ic-9 4
QA302 Dual J-K Flip-Flop, Llé=pin DIP . . . & « 2 « o » + . . 04713 MC8YLP 1c-9 ..
QA303 Quad 2-input NOR, L4-pin DIP . + + « v « 4 0 4 v o v . 04713 MCB24P 1C-5 3
QA304 Quad 2-input NOR, l4-pin DIP . . . . . . . « « . + . . 04713 MC824P IC-5 v
GA305 Hex Inverters, l4-pin DIP. . . . . . . . + « v « « « . 04713 MC889P Ic-7 1
0A3C6 Dual J-K Flip-Flop, 14-pin DIP . . . . « v + v v « . . 04713 MCB91F -9 .
QA307 Dual J-IC Flip-Flop, Y4-pin DIP . . . . . . « + + « « . 04713 MC89LP IC-9 .
QA308 Decade Counter, l4-pin DIP . . . . . . . . .« « « . . . 04713 MCB80P [C~-17 3
QA309 Decade Counter, I4-pin DIP . ., . . . . . « v« + « « . . 04713 MCBB0P IC-17
QA310 Decade Counter, l4-pin DIP ., . . . . . . . . . . . . . 04713 MC8E0P IC-17 .
QA311 Quad Latch, le-pin DIP . . . . . . . . 4 - v . « v . . 04713 MCB67P I¢-16 3
QA312 Quad Latch, 16~pin BIP . . . . « . + . + v « v v « . . 04713 MCB&TP IC-16 .
QA313 Quad Latch, 16-pin DIP . . . ., + & . & &« v v v o « « 04713 MCB67P IC-16 .
QA314 Deceder/driver, 16-pin DIP . . . . . . . « « v « v « . 07263 UGBY96079X Ic-3 3
QA31S5 Decoder/driver, 16-pin DIP ., . . . . . v 4+ v v « v .« . 07263 UGB996079% IC-~3
QA316 Decoder/driver, 16~pin DIP . . . . . . . . « « v « « . 07263 UFﬂ996079X 1C-3

0
QA4CL pmplifier, 8-pin, Case TO-99 . ., . . . . . . .« . « . . 07263 U5B770939X IC-1 3
QA402 Amplifier, 8-pin, Case T0-99 . . . . . . . « + + . o« . 07263 U5B770939X ic-1 ‘e
QA403 Diff, Comparator, 8-pin, Case TC-99. . . . + + . .+ . . 07263 U5RB771039X IC-4 1
QAL04 Quad 2-input, NAND, lA4~pin DIP . ., . . . . . . « 4+ « . 04713 MC824P IC-5
QA701 Dual J-K Flip-Flep, l4-pin DIP . . . . ., . . . . . . . 04713 MCB890P Ic-8 1
QA702 Amplifier, 8-pin, Case TO-99 . . . . . . « « v « v v 07263 U5B770939% 1C-1 .
QA703 Amplifier, 8-pin, Case TO-99 , . . . . . . . . . . .. 12040 IM301AH 1¢-2 2
Qa704 Amplifier, 8-pin, Case 10-99 . . . . . . .+ . . . . . . 12040 LM301AH Ic-2 .
QA801 Binary Counter, l4-pin DIP . . . . . . « . « . « « . 04713 MC-877P Ic-21 1
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REPLACEABLE PARTS

MODELS 160, 163

RESTSTORS
Circuit Mfr. Mfr. Keithley
Desig, Description Code Desig. Part No. Qry.
R101 10M2, 1%, 1/2W, MtF. G 07716 MEH-10M: R170-10M 1
R102 200k, 1%, 1/2W, MtF . . N 07716 MEH-200Ks2 R94-200K 1
R103 1ks, 0.1%, 1/2W, MtF . . . . 91637 MFF-1KQ R169-1K 2
R104 506, 20%, 2W, WW . . 71450 1NS-115-50¢ RP50-50 1
R105 10ki2, 0.1%, 1/2W, MtF. . .o 91637 MFT-10K R169~10K 2
R106 5008, 20%, 2W, WW. . . . e e s 71450 INS-115-500% RP50-500 1
R107 100k, 0.1%, 1/2W, MtF . 91637 MFF-100KQ R169-100K 2
R108 Sk, 20%, 2W, WW . 71450 INS-115-5K8 RP50-5K 2
R109 M2, ©.1%, 1/2W, MLF . . 91637 MFF-1MQ R169-1M 2
R110 100k, 1%, 1/8W, MtF . e 07716 CEA-100K(-1% R88-100K 4
111 50k, 20%, 1.75W, Cermet . . . 73138 77PR-50K: RP64~50K 1
k112 1072, 1%, 1w, 2Cb. . 91637 DCc-1-1070 R13-1G7 1
RL13 1092, 20%, 1/2W, Comp. . . 75042 GBT-1080 R37-109 2
RL14 1089, 1%, 2W, DCb. . . e 91637  DC-2-1080 R14-108 1
R115 M2, 0.1%, 1/2W, MeF . .. 91637 MFF- 1M R169-1M .
R116 100ks, 0.1%, 1/2W, MtF . 91637 MPF-LOOK: R169-100K
R117 10k$, 0.1%, 1/2W, McF. . 91637 MFF- LOK{ R169-10K
R118 1k, 0.1%, 1/2W, MtF . . . 91637 MFF-1K R169-1K .
R11% 99,99, 0.1%, 1/2W, MtF ., 91637 MFF-99. 97 R169-99.9 1
R120 0.1, 0.1%, 5W, WW . 02985 TS-5W-. 1i R167-.,1 1
R121 6, 0.1%, 1/4W, WW . L1686 700910 R95-1 1
R122 109, 0.1%, 1/4W, WW. . 01686 7009-108 R95-10 1
R123 2208, 10%, 1/4W, Comp. 01121 CB-221-10% R76-220 1
R201 6.8k, 10%, 1L/4W, Comp . . 01121 Ch-682-10% R76-6.8K 1
R202 0.2%, 10%, TCu . .. 91637 CW-2-.20 R151-0.2 1
R203 10k8, 1%, 1/8W, MtF. . . . 07716 CFEA~L10K-1% R88-10K 3
R204 2.49kR, 1%, 1L/8W, MtF. . 07716 CEA-2 . 49K-1% R88-2.49K 1
R205 1k&, 10%, 1/4W, Comp . . . . 0112] CB-102-10% R76-1K 5
R206 3%, 1%, 1/2W, DCb. . . . 91637 DCP-1/2-3 R12-3 2
RZ07 1.8k, 10%, 1./4W, Comp . . 01121 CB-182-10% R76-1.,8K 1
R208 3.32k$, 1%, 1/8W, MtF. . 07716 CFA-3.32K-1% R88-3, 32K 1
R209 1k, 20%, 2W, WW . . . . 71450 1INS-115-1% RP50-1K 1
R210 3,01k, 1%, 1/8W, MtF. 07716 CRA=3,01K-~1% R&8-3,01K 3
R211 15k, 10%, 1/4W, Comp. . 01121 CB-133-10% R76~15K 1
R212 7.5k, 1%, L/8W, MtF , . 07716 CEA-7 .5K~1% R88-7.5K 8
R213 100, 10%, 1/2W, Comp . 01121 EB-100-10% R1~10 1
R214 33k, 10%, 1/4W, Comp. 01121 CE-333-10% R76-33K 8
R215 30, 1%, 1/2W, DCb. . . 91637 DCF~1/2-30 R12-3 .
R216 33k, 10%, 1/4W, Comp. 01121 CE-333-10% R76-33K .
R217 33k, 10%, 1/4W, Comp. 01121 CE-333-10% R76-33K-~10% .
R218 7.5k@, 1%, 1/8W, MtF , 07716 CEA-7.5K-1% R88-7.5K~-1% .
R219 820, 10%, 1/2W, Comp . 01121 EB-82R~10% RL~82 1
R220 M2, 10%, 1/4W, Comp . . 01121 CB-105-10% R76-1M 2
R3I01 190k, 10%, 1W, Comp . . 01121 GB-104-10% R2-100K 1
R302 1.5k, 10%, 1/4W, Comp . . 01121 CB-152-10% R76-1.5K g
R303 3.3kn, 10%, 1/4W, Comp . 01121 CB-332-10% R76-3.3K 2
R304 1.5ki, 10%, 1/4W, Comp . . 01121 CB-152-10% R76-1.5K .
R305 1.5k, 10%, 1/4W, Comp . 01121 €B-152-10% R76-1.5K .
R306 100k, 10%, 1/2W, Comp . e e e 01121 EB-104-10% R1-100K 1
R307 47k, 10%, 1/4W, Comp. 01121 CB~473-10% R76-47K 3
R308 Not Used . . P, e PPN .
R309 80, 6k0, 1%, 1/2W, MtF. 07716 CEC-80.6K-1% R94-80, 6K 1
R310 7.87k0, 1%, 1/8W, MLF. .. 07716 CEA~7.8K-1% R88-7.87K 1
R311 k2, 10%, 1/4W, Comp . . . 01121 CB-102-10% R76-1K .
R312 1.5k, 10%, 1/4W, Comp . ... 01121 CB-152-10% R76~1.5K .
R313 10ke, 1%, 1/2W, MtF. . 07716 CEC-10K-1% R94~10K 3
R314 10ks:, 1%, 1/2W, MtF, C e 07716 CEC-10K-1% R94-10K -
R315 10ks:, 1%, 1/2W, MtF. 07716 CEC-10K-1% R94-10K
38
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MODELS 160, 163

RESISTORS (Cout'd)

Circudt Mfr. Mfr.

Desig., Descripticon Cade Deslg.

R401 10k, 10%, 1/4W, Comp. 01121 CH~-103-10%
R402 10k, 20%, Cermet. . . - . 73138 77PR-10K&
R403 7.5k%, 1%, 1/8W, MtF . e 07716 CEA-7.5ku-17%
R404 7.5k, 1%, 1/8W, MtF . . 07716 CEA-7.,9K0-1%
RA405 7.53ke, 1%, 1/8W, MLF . . .. 07716 CEA-7.5K-1%
R406 Selected®Q, 1%, 1/8W, MtF. . . 91637 MFF-1/8~%*
R407 10ke, 10%, L/4W, Comp. . . . 01121 CB~-103-10%
R408 10k, 20%, Cermet. , e e . N 73138 77PRLOKI;
R409 7.5kp, 1%, 1/8W, MtF ., . . . . . . . . 07716 ClEA-T7.5K=-17
R410 7.5kq, 1%, 1/8W, MtF . . . . Ve 07716 CEA-7 . 5Ki-1%
R411 7.5k, 1%, 1/8W, MtF ., ., . R 07716 CEA-7.5Ki-1%
R412 Selected®, 1%, 1/8W, MtF. . - . 91637 MFF—~1/8-%
R413 49,9k, 1%, 1/8W, MtF. [N - 91637 MFF-1/8-49.0K
Ré414 49,9xH, 1%, 1/8W, MtF. . , . . 916137 MFF-1/8-49,9K
R415 100ks:, 10%, 1/4W, Comp . 01121 CB-104-10%
R416 100kn, 10%, 1/4W, Comp . . 01121 CB-104-10%
RAL7 1k, 10%, 1/4W, Comp . . . e 01121 CR-102-10%
R418 301kq, 1%, 1/8W, McF . . . . . . 07716 CFA-301K-1%
R419 301ke, 1%, 1/8W, MtF . . . . . PN . N 07716 CEA-301K-17
R420 L.5k9, 10%, 1/4W, Comp . . . . 01121 CB-152-10%
R421 6800, 10%, 1/4W, Comp. 01121 CR~681-10%
R422 33k, 10%, 1/4W, Comp. . 01121 CB~333-107
R423 4,7k, 10%, 1/4W, Comp . 01121 CR-472-10%
R&424 4,7k, 10%, 1/4%W, Comp . 01121 CB-472-10%
R425 Not Used . . . . . « . . e [N . IS

R426 Not Used .« « v v v v v e e v e e e e e e e e e e e e e

R427 Not Used N e

R428 6805, 10%, 1/4W, Comp, . . 01121 CB-681-10%
R429 4.7k, 10%, 1/4W, Comp . . . . 0l121 CB-472-10%
R430 33ks, LO%, 1/4W, Comp., . . . . e e o 01121 CB~333-10%
R431 4,7k0, 10%, 1/4W, Comp . . . . 01121 CB-472~10%
R432 100k&, 10%, 1/4W, Comp . 01121 CB~104-10%
R433 100ke, 10%, 1/4W, Comp . . 01121 CB-104-10%
R434 100k, 10%, 1/4W, Comp . . . e 01121 CB-104-10%
R435 47, 10%, 1/4W, Comp 01121 CB-47R-107
R436 472, 10%, 1/4W, Comp . . . . P 01121 CB-47R~-10%
R437 2. 2ké, 10%, 1/4W, Comp . . . e e 0ll21 CB-222-10%
R438 1.5kG, 10%, 1/4W, Comp . . . . . 01121 CB-152-10%
R439 47%, 10%, L/4W, Comp . . . . . 01121 CB-47R-10%
R440 473, 10%, 1/4W, Comp . . + . . 01121 CB-47R-10%
R441 8.87kn, 1%, 1/8W, MtF. . . . . . 07716 CEA-8.87K-17%
R442 3.01kp, 1%, 1/8W, McF. . . . . . 07716 CEA-3,01K~-1Y%
R&443 2.2kG, 10%, 1/4W, Comp . . . PR - 01121 CB-222-10%
R444 2,49k, 1%, 1/8W, MtF. . . . . 07716 CEA-2.49K-~1%
RH4S 10k, 1%, 1/8W, MtF. . . . . . e . . 07716 CEA-10K~1%
R&4E 2.2kq, 10%, 1/4W, Comp . . . . G e e e e e 01121 Cl-222-10%
R&47 237q, 1%, 1/8W, MtF, . . . . . . 07716 CEA-237-17
R448 s6kg, 10%, 1l/4W, Comp. . . e e e .. 0L121 CB-563-10%
R449 1k, 1%, 1/8W, MtF . . . . . . . . . 07716 CEA-1K-1%
R450 4,99k, 1%, 1/8W, MtF. . . . . PP . . 07716 CEA-4.99K-1%
R451 27k, 107, 1/4W, Comp. O N 01121 CR-273-10%
R452 82k, 10%, 1/4W, Comp. 01121 CR-823-10%
R453 33kQ, 10%, 1/4W, Comp. . . . 01121 CB-333-107
RAS4 6800, 10%, 1/4W, Comp. . 01121 CB-681-107
R455 237q, 1%, 1/8W, MtF. . v e e 07716 CEA-237-1%
R4 56 56k$, 10%, 1/4W, Comp. . . . 01121 CB-563-10%
R457 4,99k0, 1%, 1/8w, MtTF. . . . 07716 CEA-4,99K-1%
R458 100k, 10%, 1/4W, Comp . e 01121 CB-104-10%

0474

REPLACFARBLE

Keithley
Part No.

R76-10K
RP64-10K
R88-7.5K
RB8-7.5K
RAB-7 . 5K
R177*
R76-10K
RP6A-10K
R88-7.5K
R8E-7.5K
RBE~7.5K
R177-%
R177-49.9K
R177-49,9K
R76-100K
R76-100K
R76-1K
RE8-301K
RE8-301K
R76-1.5K
R76-680
R76-113K
R76-4 7K
R76-4,7K

R76-4.7K
R76-33K
R76~-4, 7K-10%
R76-100K
R76-100K
R76-100K
R76-47
R76-47
R76-2.2K
R76-1.5K
R76-47
R76-47
R88-8,87K
REB-3.0LK
R76-2,2K
R88-2, 49K
R88-10K
R76-2.2K
RB8-2137
R76-56K
RE8~1K
R88~4. 99K
R76-27K
R76-8B2K
R76-313K
R76-680
R88-2137
R76-56K
RE88-4.99K
R76-100K

PARTS

Ll ol SR SC R SO I SR
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RFPLACEABLE PARTS

RESTISTORS (Cont'd)

Circuit Mir.
Desig - L ___Description L Code
R501 150k%, 10%, 1/2W, Comp . 01121
R502 10k, 10%, L/2W, Comp. 01121
R5073 1M, 1%, 1/8W, MtF . e e e e e e 07716
R504 49,09k, 1%, L/8W, MeF. . . . . . - . .. 07716
R5G5 100k, 20%, Cermet « « v v o v 0 a o a a4 e s . 73138
R906 49,9k, 1%, 1/8W, MtF, 07716
R507 Not Used e e e e e e e e e e e e e e e e e
R308 1.5k, 1%, L/8W, MEtF . . . . . . o . . .. 07716
RS09 1.5ks, 1%, 1/8W, McF . . . . 07716
R510 10Me, 10%, 1/4W, Gomp. 01121
R511 108g, 20%, 1/2W, Comp. 75042
R512 10%;, 20%, 1/2W, Comp. . 75042
R513 89.9ke, 0.1%, 1/2W, MtF. 91637
R514 1004, 1%, 1/8W, MtF. e e e e e e 07716
RA15 100G, 1%, i/8W, MEF. .« o . . o 0 07716
RG16 8.99kg, 0.1%, 1/2W, MtF. 91637
R517 100, 10%, i1/4W, Comp . 01121
k918 LOw, 10%, 1/4W, Comp . . 01121
0519 8990, 0.1%, 1/2W, MtF. 01637
R520 1, 1%, L/2W, DCb. e e e A e e e 91637
k521 Ly, L%, 1/72W, DCb. o o o v 0 o 0 e e e - 91637
R6EOT 3,01kg, 1%, 1/8W, Mtl. e e e e e . 07716
R602 113ky, 17, L/8W, MEF o o o . o o v o v v w s N 07716
RGO3 1000, 1%, 1/8W, MUF. e e e e e 07716
R604 6,98k, 0.1%, 1/8W, MEF., . . .+ « + + « . . 91637
R605 Sk, 207, 2W, WW . .« « . . o .. 0 o e 71450
ROO6 32,04k, O01%, 1/8W, MtF. . o . . L . L . N G1637
R6O7 3204k, 0.01%, 1/8W, McF. 91637
608 1.5k, 10%, L/4W, Comp . Ve e . 01121
R609 3.9k, 10%, L/4W, Comp « .« « o 4 - 01121
R610 470, 10%, 1/4W, Comp 01121
R&E11 1L0ke, 1%, L/8W, MLF. 07716
R701 47%k8, 10%, 1/4W, Comp. L e e e e e 01121
R702Z Lk, 10%, L/4W, Comp . . . + & « « & v o & & 01iz1
R703 1090, 0.05%, L/4W, WW. .« .« « « « « o+« . . 17870
R704 Mg, L0%, 1/4W, Comp + + « v o &« = o« o o4 . 01121
R705 1k, 10%, 1/4W, Comp « 4 + + o v+ = o « 2 01121
R7086 100ki:, L%, 1L/8W, MtF . . 07716
R707 10kiz, 10%, 1/4W, Comp. D . 01121
R708 Yiaki, 10%, 1/4W, Comp. .« v &+« . . . 01121
R709 3.3k, LO0%Z, L/AW, Comp o« o 4 . o 0 . . . 01121
R710 10ks, 10%, 1/4W, Comp. + + « & v v & v« 4 01121
R711L MG, 10%, 1/4W, Comp + « v & « v v+ 4w oo 01121
R712 10ks, 10Z%, 1/4W, CompPe + « « & v v o« v v v 01121
R7L3 L.5ksy, 19%, 1/4W, Comp . . . . « « <« v 4 01121
R714 470kiy, 10%, L/4W, Comp « « + & « & + « & .« . 01121
R715 33kiz, 10%, L/4W, Comp. o v v« & v v 4 v o ow N 01121
R716 100k, 10%, 1/4W, Comp . . + « « v & o « & . 01121
R717 96kit, 10%, 1/4W, Comp. + « o v « « « o . . 01121
R718 47k, 10%, 1/4W, Comp. . 01121
R719 681y, 10%, 1/4W, Comp. . . . . . 01121
R720 6805, 10%, 1/4W, Comp. . . . . . . 01121
R¥21 680:, 10%, 1/4W, Comp. 01121
R727 5009, 1/44W, Carbon . 76055
R723 68k, 10%, 1/4W, Comp. 01121
R724 100k, 10%Z, 1/4W, Comp 01121
R725 4749, 10%, 1/4W, Comp 01121
40

MODILS 160, 163

Mfr. Keichley

Desig, _Part No. Qty.
EB-150K-10% R1-150K 1
EB-L0K-10% R1-LOK 1
CEA-IMO-1% k8&~1M 1
CEA—49.9K~1% R88-49.9K 2
77PR-100K RP64-100K 1
CEA—49.9K-1% R88-49, 9K
CEA-1.5K-1% R88-1.5K 2
CEA-1.5K-1% R88-1,5K .
CB-106~10% R76-10M 1
GBT-1080 R37-108 1
GBT-1090 E37-109 ..
MFF-89.9K R169-89.9K 1
CEA-100-17% R88-100 3
CEA-100-1% R88-100 .
MFF-8. 99K R169-8. 99K 1
CR-10R-10% R76-10 2
CB-10R~-10% R76~-10 ..
MFF-899 R169-899 1
DCF-1/2-152 R1Z2-1 2
DCF-1/2-10 R12-1 .
CEA-3.01K~-17% R88-3.01K .
CEA-113K~1% R88-113K 1
CRA-100-1% R&8-100 ..
MFF—-1/8—6.98K R1E8-6. 98K L
LNS—115-5K RI’50-5K .
MFV~1/8~32.4K R168-32.4K 2
MFF-1/8-32.4K RLES=32 . 4K
CB-152-10% R76-1.5K .
CB-152-10% R76-3.9K 1
CB-152-10% R76-47 1
CIiA—-10K-17% R88-10K

CB-473~10% R76-47K

CB-102-10% R76=-1K s
1352~1008 R157-100 1
CB-105-10% R76-1M

CB-102~-10% R76-1K
CEA-100K-17% R88-100K
CB-103-10% R76—-10K

CB-333-10% R76-33K

CB~332-10% R76~3, 3K
CB~103-10% R76-10K .
CB-105-10% v R76-1M 1
CB-103-10% R76-10K
CR-152-10% R76~1.5K .
CB~474-~10% R76-470K 1
CR-333-107% R76-33K N
CB-104-10% R76-100K ..
CB-563-107 R76-56K i
CR-473-10% R76-47K .o
CB-683-107 R76-68K 2
CB-681~-10% R76-680 2
CB-681-10% R76-680 ..
MTC52L1-5008 RP59-500 1
CR-683-10% R76~68K

CB-104-10% R76-100K ..
CB—47R-10% R76-47 2
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MODELS 160, 163

RESISTCRS (Cont'd)

REPLACEABLE PARTS

Circuit Mfr, Mfr, Ketthley

Desig. ___Desgeription Code Desig. Part No. Qry.

R726 4708, 10%, 1/4W, Comp. e e e e e e e e e e 01121 CR-471-10% R76-470 2

R727 4.75k8, 1%, L/8W, MtF. . . . « . . v v v v e, 07716 CEA-4.75K-1% R88-4. 75K 2

R728 49.9kG, 1%, 1/8W, MtF, . . . . . . . . C e e 07716 CEA-4G.9K-1% R88-49.9K 2

R729 100k, 10%, 1/4W, Comp . e e e e 01121 CB-104-10% R76-100K

R730 1k, 1%, 1/8W, MtF . . « v o v « 4 « « . 07716 CEA~1K-17% R88-1K

R731 4,75k, 1%, 1/8W, MtF. G e e e e e e e 07716 CEA-&.75K-1% R88~4. 75K

R732 10k, 10%, 1/4W, Comp. v v v v & 4 4 0 4 v« « v« v 01121 CB~103-10% R76-10K .

R733 50k, 20%, 0.75W, Cermet . . . . . . . . . 73138 77PR-50K: RP64-50K 1

R734 49,9k, 1%, 1/8W, MtF. 07716 CEA~49, 9K-17% REG-49. 9K

R735 100kq, 1%, 1/8W, MtF . e e e e e e e e 07716 CEA-100K-1% RE8-100K

R736 100k, 10%, 1/4W, Comp . « & & v v 4 @ w e e e e 01121 CB-104-10% R76-1L00K

R737 ks, 1%, 1/8W, Mt¥ e e e e e e e e e e e e 07716 CLA-1K-1% RE8-LK ..

R738 2k, 20%, 0,75W, Cermet. . . « + v & « & 4 & 4 4 o 73138 77PR-2K RP64-2K 1

R739 8,06k, 0.1%, L/8W, METF. . . &« v v v v v v a0 e e 91637 MFF-1/8-8.06K R168-8. 06K L

R740 9.9k, 0.1%, 1/8W, MtF . f e e 91637 MFF-1/8-9.9K R168-9.9K 1

R741 1000, 0.1%, 1/8W, MtF. . . . . « v v v v v v e e e . 91637 MFF-1/8-100 R168-1C0 1

R742 10k, 0.1%, 1/8W, MEF. . . . .« v v v v e v v e e e 91637 MFF-1/8-10K R168~10K 3

R743 10k, 0.1%, 1/8W, MEF. . .« . . . . o .. ... 91637 MFF-1/8-10K R168-10GK

R744 Not Used + v v ¢ v v v v v i v h et e e e e e e e e aeemees e

R745 10ky, 0.1%, 1/8W, MtF. . . . . , . . 91637 MFF-1/8-10K R168-10K

R746 1.5ke, 10%, 1/4W, Comp . 01121 CR-152-10% R76-1.5K

R747 472, 10%, 1/4W, Comp . 01121 CB-47R-10C% R76-47

R748 4708, 10%Z, 1/4W, Comp. 01121 CB-471-10% R76-470

R80L 10kq, 10%, 1/4W, Comp. . 01121 CB-103-10% R76-10K
MISCELLANEQUS

Circuit Mfr. Mfr, Kelthley

Desig. Descriptlion _ Code Desig. Part No. Qy.

5101 Switch, Rotary (RANGE) /60 . M‘% 80164 SW-3194 SW-319A 1

5201 Not Used . . . « o ¢ v 4 v v v b o 0 e e e e e e e e -

52062 Switch . 80164 SW-318 SW-318 1

T201 ! Transformer. . . . . . . . . 80164 TR~130 TR-130 )

V301 Tube, Readout. 80164 EV-841 EY-841 3

V302 lube, Readout. 80164 EV-841 EV-841

V303 Tube, Readout. 80164 FEV-841 lv-841

s‘/oﬂ" Svo i A Q

(,Qo.«ac) 1(930«116
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REPLACEABLE PARTS
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Model 1602 Digital output, PC-287,

MODELS 160, 163

CAPACITORS
Circuit Mfr, Mfr._ Keithley
Desig. Value Rating Type Code Part No. Part No.
¢1lo01 1.2 g 20 ¥ ETT 17554 TSD1-20 c179-1.2M
c1002 .00L uF 1000 Vv CexrD 72982 801000X5F0102K (C22~.001M
Cc1003 L0022 uF 1000 v CerD 72982 811000X5F0222K (C22-.0022M
CONNECTORS

Circuit Mfr, Mfr. Keithley
Desig. Type Code Part No. Part No.
J1001 - Receptacle, 10-Pin 22526 20052 €8-237
JL002 Receptacle, l0-Pin 22526 20052 C5-237
J1003 Receptacle, lO-Pin 22526 20052 C§-237
J1004 Receptacle, 22-Pin 09922 PSC48582212 £5-182
J1005 Receptacle, 44-Pin 09922 PSC4DD2212 C§-205
JL006 Receptacle, 50-Pin 02660 57405001 CSs-221

Plug, Mate of J1006, (Not Supplied) 02660 57305001 €S-220

DIODES
Circuit Mir. Mfr, Keithley
Desip. Type Code Part No. Part No.
D1001 Germanium, 20V, 50mA 15238 1N3592 RF -39
Dloa2 Germanium, 20V, 50mA 15238 1N3592 RF-39
D1oo3 Germanium, 20V, 50mA 15238 1N3592 RF-39
D1oC4 Germanium, 20V, 50mA 15238 1N3592 RF-39
D1005 Germanium, 20V, 50mA 15238 183592 RF-39
D1006 Silicon 01295 IN914 RF-28
D1007 Silicon 01295 1N9L4 RF-28
DLOOB Silicon 01295 1N914 RF-28
D1009 Silicon 01295 IN914 RF-28
D1OLO Silicon 01295 1N914 RF-28
D101 Silicon 01295 IN914 RF-28
DLo1? Silicen 01295 1N9L4 RF-28
INTEGRATED CIRCUITS

Circuit Mfr. Mfr, Keithley
Desig. Type Code Part No. Part No.
GA1001L Quad, NAND Gate, 14-Pin DIP, T0-116 04713 MC858P IC-22
QAL1002 Quad, NAND Gate, 't " " 04713 MC858P Ic-22
QA1003 Quad, NAND Gate, " " " 04713 MC858P 1c-22
QAL004 Quad, NAND Gate, " " " 04713 MCE58P IC-22
QAL005 Inverter~Flip-Flop, 14-Pin DIP, T0-116 04713 MC887P 1c-23
QA1006 Quad, NAND Gate, 14~Pin DIP, TO-116 04713 MCB58P Ic-22
QA1007 Quad, NAND Gate, " " " 04713 MC858P IC-22
QA1008 Binary Counter, 14-Pin DIP, TO-11i6 04713 MC877p 1c-21

0576



MODELS 160, 163 REPLACEABLE PARTS

Madel 1602 pipital Output, PC-287.

RESTSTORS

Circuit Mir, Mfr. Keithley
Desig. Value Rating Lype Code Part No. Part No.
R1001 3.3 K& 10%, L/4 W Comp 44655 RCO7-332-10% R/6-3. 3K
RLOOZ 1.5 KQ 10%, /4 W Comp 44655 RCO7-152-10% R76-1.5K
R1003 1.5 K@ 10%, L/4W Comp L4655 RCO7-152-10% R76-1.5K
R1004 3.3 KQ 10%, 1/4 W Comp H4L055 RCO7-312-10% X76-3.3K
R1005 1.5 KQ 10%, 1/4 W Comp 44655 RCO7-152-10% Rib-3,3K
R1G06 1 KQ 10%, /4 W Comp 44655 RCO7-102-10% R76-1K
R1CO7 560 Kt 10%, 1/4 W Comp 4AB55 RCO7-561-10% R76-560
R1008 10 KO 10%, L/8 W Comp 01121 BR-103-10% R143-TOK
R1009 10 Kf 0%, L/8 W Comp oLrzil BR-103-10% R142-10KR
R1010 100 K& 10%, 1/4 W Comp 44655 RCOT-104-10% RI-100K
R1011 27 KD 10%, 1/4 W Comp 40655 RCO/-2714-10% R76-27K
R1012 15 K@ 10%, 1/4 W Comp 44655 RCO7-153-10% R76-19K
RLO13 47 KN 10%, /4 W Comp L4655 RCOT-473-10% R1-47K
RLOLYG 15 K@ 10%, Y/4 W Comp HhGH5 RCO7-153-10% R/6-15K
R1015 8.45 Ki 1%, 1/8 W Ml 07716 CEA-8. 45K R8Y-8. 45K
R1016 100 K& L0%, L/4 W Comp 44655 RCO7-104-10% RI-1C0K
R1017 27 K4 0%, L/4 W Comp 44655 RCO7-273-10% R76-2/K
R1018 15 K@ 10%, L/4 W Comp 64655 RCO7-153-10% R76-15K
R1019 10 K& 10%, /4 W Comp 44655 RCO7-103-10% R76-10K
R1020 10 KD 10%, 1/4 W Comp 44655 RCOV-1031-10% R/6-LOK
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KEITHLEY PART NO. IC-1,2
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KEITHLEY PART NO. IC-7
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LEAD DESIG. TO-5
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MODELS 160, 163 SERVICING

TABLE 5-1.

Chassis Part Identification

Ttem Keithley
No. Description Part Wo.
1 - Chassis 240108
11 Screw, Hex socket #8 x 3/8
12 Screw, Phillips head #8 x 5/8
13 Knob KN-33
14 Switch coupler 24583A
15 Printed Circuit Board PC-254
16 Switch, 5101 SW-316
17 Cable harness -

18 Connector {(J906) C5-237
19 Sherting Adapter 24789A
20 Printed Circuit Board PC-251
21 Printed Circuit Board PC-255
22 Printed Circuit Board PC-248
23 Printed Circuit Board PC-250
24 Screw, slotted #4ox 2-1/4
25 Fastener, hex nut F4-40
26 Standeff (2 req'd) 24193A
27 Screw, Phillips head #6 x 5/16
28 Screw, slotted #6 x 5"
29 Fastener FA-107
SET SCREW SET SCREW
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L ] ——
o | o
? v %00 v
1000 1
STEP 1. STEP 2.
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FIGURE 11b. <Chassis Asscmdly.
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Chassis Part Idencification

Item Keithley
No. Description Part No.
1 Chassis 240108
11 Screw, Hex socket #8 x 3/8
12 Scraw, Phillips head #8 x 5/8
13 Knob KN-33
14 Switch coupler 245834
13 Printed Circuit 3oard PC~254
16 Switeh, S1OL SW-319
17 Cabie harmess ———

18 Comuector (J906) C5-237

19 Shorting Adapter 247894
20 Printed Circuit Board PC-251
21 Printed Circuit Board PC-255
22 Pripted Circuit Board PC-248
23 Printed Circuit Board PC-250
24 Screw, slotted #hox 2-1/4
23 Fastesner, hex nut #4-40
26 Standoff (2 reg'd) 241934
27 Screw, Phillips head #6 x 5/16
28 Screw, slotted #6 x 5V
29 Fastener FA-107
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FIGURE l13. <Chassis Assembly,
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KETTHLEY INSTRUMENTS, INC.
28775 AURORA ROAD
CLCVELAND, OHIO 44139

SERVICE FORM

MODEL NO._ SERIAL NO._ P.0. NO. DATE [E-

NAME _ PHONE

COMPANY

ADDRESS CITY STATE Z1p

]

]

=]

H

Describe problem and symptoms using quantitative data whenever possible (enclose
readings, chart recordings, etc.)

{Attach additional sheets as necessary).

Show a block diagram of your measurement system including all instruments connected
(whether power is turned on or not}. Also describe signal source.

List the positions of all controls and switches on both front and rear panels of
the instrument.

Describe input signal source levels, frequencies, etc.

List and describe all cables used in the experiment (length, shielding, etc.).

List and describe all other equipment used in the experiment. Give control settings
for each.

Environment:
Where is the measurement being performed? (Factory, controlled laboratory,
out-of-doars, etc.)

What power line voltage is used? Variation? ___ Frequency? _

Ambient temperature?  “F. Variation? __ “F. Rel. Humidity? _

Other B L i
Additional Information. (If spesial wodifications have been made by the user,

please describe below.)
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