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MODELS 164, 164TT

SPECIFICATIONS

calibrated at 25°C = 3°C

AS A DC VOLTMETER

RANGE: * 1 microvolt per digit {1mV tull range) to = 1000 volts
full range in seven decade ranges. 100% overranging to 1989
on all except the 1000-volt 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-millivoit range.

AC REJECTION:
NMRR: Greater than 80 dB above on digit for a voltage of
line frequency or twice line frequency on the most sensitive
range, decreasing to 60 dB ¢n the 100-millivoit 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 dc, 100 volts peak-to-peak ac maximum.

SETTLING TIME: Less than 2 seconds to rated accuracy.

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

AS A DC AMMETER

RANGE: 0.1 nanoampere per digit (0.1u A full range) to %=1
ampare full range in eight decade ranges. 100% overranging
to 1989 on al! ranges.

ACCURACY: =(0.2% of reading +1 digit) on the 100-
nancampere to 10-milliampere rangas, +(0.3% of reading
+ 1 digit} on the 0.1 and 1-ampere ranges.

INPUT RESISTANCE: 100 kilohms on the 0.1-microampere
range, decreasing 1o 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 OVERLCAD: 50 timas full scale continuous on all
ranges up ta a maximum of 3 amperes.

AS AN OHMMETER

RANGE: 0.1 chm per digit (1004} full range} to 1000 megohms
full range n aight decade ranges. 100°% overranging to 1999
on all ranges.

ACCURACY: =(0.3% of reading + 1 digit +0.1 ohm} on the
100-ohm to 1 megohm ranges, dacreasing t¢ =10% on the
100-megohm range. The 1000-megohm range is intended for
relative resistance measurements only (= 50%).

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

MAXIMUM OVERLOAD: 20 volts momentary, 1 volt continuous.

AS A MILLIOHMMETER

RANGE: 10 microhms per digit (10 milliohms full range) to 200
ohms in five decade ranges. 100% overrangihg to 1999 con all
ranges.

ACCURACY (OPERATE MODE): +(0.3% of reading + 0.1% of
range).

METHOD: 4-terminal constant current.
VOLTAGE ACROSS UNKNOWN:
VOLT-LIMIT MODE: 1 millivolt at full range. 20 millvolts
open circuit.
OPERATE MOCDE: 1 millivolt at full range, 15 V open circuil.
MAXIMUM ALLOWABLE LEAD RESISTANCE: 20 chms current
lead resistance; 100 ohms vollage igad resistance.
MAXIMUM ALLOWABLE INPUT: 20 volts momentary, 1 volt
continuous.

TRIP (184TT only)

Two trips; one high limit and one low limit on all functions

LEVEL: —200% to + 200% of full range for aach trip.

SET: £0.1% of full range read on 3-1/2 digit display.

INDICATION: Front panel lamps.

MODE: Non-latching.

REPEATABILITY: £0.1% of full range.

REFERENCE STABILITY: +0.1% per °C of full range. (See
GENERAL for instrumsnt stability.)

HYSTERESIS: Less than 0.6% of full range.

RESPONSE SPEED: Negligible with respect to instrumen! set-
ting time.

OUTPUT: One set of form A contacts per trip; 10 voit-amperes.
0.5 ampere, 120 volts rms a¢c maximum. 6 wattg, 0.5 ampere.
12 volts dc maximum.

CONTROLS: Front panel push-button-lamp trip indicators;
front panel trip level adjustments

CONNECTORS: Rear panel barrier strip for trip outputs

GENERAL

ANALOG QUTPUT: =1 volt dc at up 10 1 milliampere far tull
scale input, 100% averranging on all ranges except the 1000-
volt range.

POLARITY: Automatic.

ZEROQ STABILITY: 0.3 microvolt/°C, + 2 microvoits/day alter
1-hour warm-up.

OFFSET CURRENT: Typically less than 10 picoamperes.

ACCURACY STABILITY: +£0.01%/C (+=0.06%/°C on ohms,
+0.02%/°C on milliohms). Accuracy (after a 30-minute
warm-up) is maintained for at least 6 months.

DISPLAY: 3 digits plus 1 overrange digit; polarity and overload
indication; 2 readings per second.

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

POWER: 105-125 or 210-250 V (switch selacted), 50-60Hz, 25 W.
DIMENSIONS, WEIGHT: 6-1/2 in. high x 9 in. wide x 10-3/4 In.
deep (160 x 225 x 270 mm). Net weight, 10 pounds (4,5 kg).
ACCESSORIES SUPPLIED: Mode! 1641 Kelvin Test Lead Set.
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CAUTION

To ensure the integrity of the chassis to earth ground connection only a Keithley
part number C0-7 line cord should be used for replacement. |f a different line cord
is used ensure that the wiring polarity is the same as shown in the following dia-
gram,

NEMA
5-15P
GREEN g _\ (= GREEN
| = = (%
| f
| WHITE WHITE

Keithley Models to which this warning applies: 160, 163, 164, 165, 171, 180, 130, 227,
616, 6162, 702, 780

28775 AURORA ROAD *+ CLEVELAND, OHIQ 44138 - (218) 248-040C0
TELEX: 98-5469 « CABLE: KEITHLEY




MODELS 164, 164TT

GENERAL INFORMATION

SECTION 1. GENERAL INFORMATION
@
1-1, GENERAL. e, AC/DC Probe Accessory. The Model 1601 AC/DC
Probe permits ac voltage measurements to 250 valts
a. DMM Mode. The Model 164 serves as a line oper- rms over a span of 45 Hz to 45kHz. A probe mounted

ated 3-1/2 digit multimeter having wide ranges for
measurement of wvoltage, current, and resistance. In
the DMM mode, the 164 offers seven de voltage ranges
(from 1 microvolt per digit to 1000 volts), eight dc
current ranges (from 0.1 nancampere per digit to 2
amperes), and eight resistance ranges {(from 0.1 ohm
per digit to 2000 megohms).
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b. Milliohmmeter-Qhmmeter Mode. The Model 164
also provides five additional resistance ranges for
measurements requiring resolution to 10 microhms per
digit. Four-terminal measurement technique minimizes
the effects of lead and contact resistance in low-re-
gistance measurements.

¢. FElectronie High/Low Limit Trip Option, The
Model 164TT provides independent electronic trip
circuyits for high and low limits. The trips are
non-latching. In addition te front panel indica-
tor lamps, the Model 164TT offers rear panel re-
lay contacts.

d. Digital Output Accessory. The Model 1602 is a
field-installable BCD output which may be used to inter-
face the Medel 164 with a digital printer or computer.
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switch enables selection of ac or de coperation with-
out disconnecting the probe.

1-2. APPLICATIONS. The Model 164 {s a general pur-
pose instrument - used in Basic Research, Electronics
Development, and Process Control.

a. In the Research Lab - When used with a suitable
probe, transducer, or electronic circuit, Model 164
can be used for digital indication of volts, amps,
or ohms, or through conversion, any physical para-
meter such as temperature, pressure, and rpm.

b. 1In Electronlcs Development Activity - Useable
for basic electrical measurements of voltage, cur-
rent, or resistance.

¢. In Process Control Activity ~ Adaptable for
OEM equipment where repetitive measurements are
needed with analog or digital printout. Optional
electronic trips permit level control capability,

* OPEAATE

164 DIGITAL MULTIMETLR ")l

FIGURE 1.

Front Panel.

.



GENERAL INFORMATION

MODELS 164, Ll64TT

TABLE 1-1.
Front Panel Controls and Terminals
B
Control Functional Description Paragraph
RANGE SWITCH Sets the full range sensitivity and parameter to be measured (volts, 2-2b
amperes, or ohms in the DMM mode, or milliohms/ohms in the Mflliohm- ‘)Y
meter mode).
nV, V Provides seven voltage ranges from 1 millivelt full range to 1000 volts
full range.
nA, pA, mA Provides eight current ranges from 100 nancampere full range to 1000
milliamperes full range.
@, kQ, Mg Provides eight resistance ranges from 100 ohms full range to 1000 meg-
ohmg full range.
MODE SWITCH 2-2a
Power Contrels ac line power to lnstrument
DMM Sets instrument for DMM mode of operation
mil, 2 Sets instrument for any one of five resistance ranges from 10 milliohm
full range to 100 chma full range. (Millichm current source terminals
must be connected to unknowm,)
SOURCE SWITCH 2_2¢
Operate Sets instrument for normal milliohmmeter operation (non-voltage limit
mode).
Volt Limit Sets instrument for volt-limit operation such that maximum open-circuit 2-9e
voltage is limited to 20 millivolts. 1In this mode, measurement accuracy
is degraded depending on the resistance to be measured. See 2-9e.
Zero Sets Instrument for compensating thermal emfs in the milliohmmeter
mode. (Used in ceonjunction with the Zero control.)
ZERQ CONTROL Permits adjustment of display zero. 2-2d
m{t SOURCE TERMINALS 2=1la
Red Current source high (positive polarity)
Black Current Source low (negative polarity)
DMM TERMINALS 2-1a
Red Input high
Black Input low
Green Case ground
TABLE 1-2,
Rear Panel Controls and Terminals
Control Functional Description Paragraph
Line Switch Sets instrument for either 117 or 234 volt line power. 2-3a
(117-234V)
AC Power Receptacle Mates with 3-wire ac line cord. 2=4b
Zera Control Screwdriver adjustment for zeroing on 1 mV - 2-3b
Output Receptacle Analog Output. (+ 1 volt de at full range at up to 1 milliampere). 2-12
BCD Output Receptacle Optional BCD output available with Model 1602 Digital Output Kit. 2=-14 ‘\
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FIGURE 3. Rear Panel Controla & Terminals, Model 164,
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OPERATING INSTRUCTIONS

SECTION 2.

2-1. INPUT CONNECTIONS.

a. Binding Post Terminals.

L. DMM Mode. Linding post terminals are pro-
vided on the front panel for connections to input
HI (Red), input LO (Black), and chassis ground
(Green). For voltmeter, ammeter, aud ohmmeter
measurements, the source should be connected be-
tween the lower set of red and black terminals.

The green terminal may be coanected to input LO
by use of a shorting link when grounded cperation
is desired. See paragraph 2-11 for a discussion
of floating operation.

2. Milliohmmeter Mode. A separate pair of red
and black terminals is provided for use when making
four-rerminal resistance measurements. The milli-
ohm current scurce provides a positive de current
ar the HI (Red) terminal and 1s used in conjunction
with the DMM terminals. See paragraph 2-9 for a
digcugsion of milliohmmeter operation., The Model
1641 Kelvin Test Lead Set {furnished with the Model
L64) simplifies connections to the resistance to be
measured. The Test Lead provides clip-on connec-
tions for both voltage and current leads without
the need for separate cables.

b. Noise Considerations. The limit of resolution
in voltage and current wmeasurements is determined
largely by the noise generated in the source. Stray
low-level noise 1is present in some form in nearly all
electrical circults. The instrument does not distin-~
gulsh between stray and signal voltages since if mea-
sures the net voltage. When using the 1 mV and 10 mV
ranges, consider the presence of low-level electrical
phenomena such as thermocouples (thermoelectric ef-
fect), flexing of coaxial cables (triboelectric ef-
feck), apparent residual charges on capacitors {die-—
lectric obsorptien), and battery action of two dif-
ferent contact materials (galvanic action).

1. Thermal EMFs. Thermal emfs (thermcelectric
potentials) are generated by thermal differences
between two junctions of dissimilar metals. To
minimize the drift caused by thermal emfa, use cop-
per leads to comnnect the circuilt to the instrument.
The frent or rear panel ZERQ control can be used
to buck out thermal offsets if necessary,

The Keithley accessory Model 1483 Low Thermal Con-
nection Kit contains all necessary materials for
making very low thermal copper crimp conmnections
for minimizing thermal effects.

2. &-C Electric Fields. The presence of elec~
tric fields generated by power lines or other
sources can have an effect on instrument operation.
A-C voltages which are very large with respect to
the full-scale range sensitivity could drive the
a-c amplifier into saturation, thus producing an
erroneous d—c oytput.

MODELS 164, 164TT

OPERATING INSTRUCTIONS

NOTE

The instrument provides attenuation of line
frequency noise superimposed on an input
signal. The a-¢ rejection is specified as
follows:

MMRR: Creater than 80 dB above one digit
for a voltage of 1ine frequency or twice
line frequency on the most sensitive range,
decreasing to 60 4B 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 voles dc,
L00 volts peak—to-peak ac maximum

Proper shielding as described in paragraph 2-1,c

can minimize noise pick-up when the instrument is

in the presence of excessive a-c fields or when very
sensitive measurements are being made.

3. Magnetic Filelds. The presence of strong mag-—
netle fields can be a potential source of a-c noise.
Magnetic flux lines which cut a conductor can pro-
duce large a-c noise especially at power line fre-
quencies. The woltage induced due to magnetic f£lux
is proportional to the area enclosed by the circuit
as well as the rate of change of magnetic flux. An
effective way to minimize magnetic pickup is to o
arrange all wiring so that the loop area enclosed
is as small as possible {such as twisting Input leads).
A second way to minimize magnetic pickup is to use
shielding as described in paragraph 2-1,c.

c. Shielding.

1. Electric Fields. Shielding is usually neces-
sary when the instrument is in the presence of very
large a—-c flelds or when very sensitive measurements
are being made. The shields of the measurement cir-
cuit and leads should be connected together to ground
at anly one point. Thig provides a "tree"” config-
uration, which minimizes ground loops.

2, Magnetic Fields. Magnetic shielding is use—
ful where very large magnetic fields are present.
Shielding, which is avallable in the form of plates,
foil or cables, can be used to shield the measuring
circuit, the lead wires, or the instrument itself.

3. Other Considerations.
a) Voltmeter Measurements. Use shielded in-

put leads when source resistances are greater
than 1 megohm or when long input cables are used.
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b} Current Measurements. On the mA current
ranges, no special shielding precautions need be
taken. However, on the pA and nA ranges, shield-
ed input leads are recommended.

c} Resistance Measurements. Shielding of in-
put leads and source are recommended for measure-
ments on the 10 megohm through 1000 megohm ranges
to prevent erroneous readings.

2-2, FRONT PANEL CONTROLS.

a. Power/Mode Switch. This switch permits selec-
tion of operating mode. The DMM pesition allows the
Model 164 to be used as a voltmeter, ammeter, and
ohmmeter. The mi and { positions allow the Model 164
to be used as a feur-terminal resistance measuring
instrument. The Power CFF position disconnects line
power to the instrument.

b. Range Switch. This switch permits selection
of function and full range in the DMM mode.

1. Dial Nomenclature. The range switch dial is
marked in engineering units for voltage, current,
and resistance, that is mV, V (Voltage}, nA, p4, mA
{Current) and 2, k&, MQ (Resistance). For each
parameter, rotating the knob clockwise switches to
the less sensitive range. Decimal point is automa-
tically positioned.

2. Voltage Function. The voltage sectors of the
Range Switch are designated in millivolts (mV) and
valts (V) for full ranges from 1 millivelt to 1000
volts, A full stop at the 1003 volt range prevents
inadvertant switching te the nanoampere ranges with
clockwise switch rotation,

3. Resistance Function. The resistance (ohms)
sectors of the Range Switch are designated in ohms
(2}, kilohms (KQ), and Megohms(MQ) for full ranges
from 100 ohms to 1000 megohms.

4, Current Function. The current (amperes) sec-—
tors of the Range Switch are designated in nano-
amperes (nA}, microamperes (uA}, and milliamperes
{mA), for full ranges from 100 panoamperes to 1000
milliamperes.

c. Source Switch. This switch permits selection
of Operate, Volt Limit, or Zero cperation when using
the mf, 2 modes.

1. Operate Position. This position permits nor-
mal operation of the Model 164 as a four—-terminal
resistance measuring instrument.

2., Volt Limit Position. This position limits the
open-circuit voltage of the milliohm current source
to 20 millivolts, 1In this mode, measurement accu-
racy i1s degraded depending on the resistance to be
measured. For example, if a full range resistance
is connected {(such as 1% on the 10 Range) the meas-—
urement accuracy is degraded by 5% since a 200 re-
sistance 1s shunting the input.

0774
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3. Zero Position. This position disconnects the
current source from the unknown for zeroing the
Model 164 in the milliohmmeter mode only.

d. Zero Contrpl. This contrel 1s used in con-
junction with the Source Switch (Zero Position) to
zero the reading in the milliohmmeter mode. The con-
trol may also be used in the DMM mode for adjustments
on the 1 mV and 10 mV ranges. (A rear panel zero
adjustment is also provided for making coarse zero
adjustments.) Place a short across voltmeter ter-
minals before adjusting zero in Voltmeter mode.

2-3. REAR PANEL CONTROLS.
a. Line Switch, The 117/234V Switch sets the in-
strument for 117 or 234V rms line power, 50-60 Hz.

NOTE

Separate fuses are used for 117 or 234 volt
operation. The fuses are installed on print-
ed circuit board PC-254 (mother board) and
can be serviced by removing the top cover.
The Line Switch connects the appropriate

fuse into the primary of transformer T201.

Fuse Specifications

F20l; 1/2 ampere, 3AG, SLO-BLO, Keithleyv
Part No. FU-35.

F202: 1/4 ampere, 3ACG, SLO-BLCG, Keithley
Part No. FU-33,

b. Zero Control. This control is used for coarse
zero adjustments and may be used in conjunction with
the front panel ZERO Control. (Adjustment is usually
necessary only for extreme changes of ambient tem-
perature.) Place 4 short across voltmeter terminals
before adjusting zero in Voltmeter mode.

2-4, PRELIMINARY OPERATION.

a, Line Voltage Selection. Set the Line Switch
for the appropriate line voltage. For line voltages
from 105 to 125 volts, set the Line Switch to 117V,
For line voltages from 210 to 250 volts, set the
Line Switch to 234V.

b. Line Cord., Connect the line cord to a source
of 50-60 Hz line power within the ranges given above.
For maximum operator safety, connect the ground wire
of the line cord to earth ground. This will ensure
that the CASE is at ground potential,

¢. Warm-up, Set the Mode Switch to either DMM ar
any one of the MILLIOHMMETER positions to turn the
instrument on. Allow a 1/2 hour warm-up periocd for
measurements on 1 and 10 millivolt ranges,

d. Function/Ranpe Selection. Select the Function
and Sensitivity using the RANGE switch. In MILLI-
OHMMETER mode, the RANGE Switch is used in conjunc-
tion with the MODE Switch as described in paragraph
2-9.
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2-3, MODES OF OPERATION. The Model 164 permits meas-

urements in either of two modes of operation, 1) Multi-~
meter Mode (DMM) or 2) Ohmmeter-Millichmmeter Mode (92,

miZ).

a. Multimeter Mode (DMM). In the DMM mode, the
Model 164 permits measurement of veltage, current,
and resistance (to 0.1R per digit) for conventicnal
measurements. To select the DMM mode, set the Mode
Switch to the DMM position. Then set the Range
Switch to the appropriate function and range.

b. _Ohmmeter-Milliobmmeter Mode (%, mil). In either
the ii or mi modes, the Model 164 permits measurement
of resistance using a four-terminal voltage-current
method., To select the @ or nmi modes, set the Mode
Switeh to the desired “ohms" position. Separate
terminals are provided for current and voltage sen—
sing. The Model 1641 Kelvin Test Lead Set (furnish-—
ed with the Model 164) simplifies connecticns to the
resistance to be measured. The terminals identified
as "m?! SCQURCE" provide a current in five decades
from 10 microamperes to 100 milliamperes, corres~
ponding to positions on the Mode Switch identi-
fied as 1002, 100, 1%, 100mit, or 10mit. The ter-
minals normally used for NDMM measurements are for
voltage sensing when making four teyminal resis-
tance measurements. The Range Switch of the Model
164 must be set te the lmV function when using the
ohmmeter-milljiohmmeter modes.

2-6. VOLTMETER OPERATION (DMM Mode). This mode of
operation enables voltage measurements from *1 micro-
volt per digit (I millivolt full range) to +*1000 volts.

a. Range Selection. To select voltmeter operaticn
sat the Mode Switch to DMM, then set the Range Switch
to the appropriate full range voltage. As a volt-
meter, the Model 164 provides seven ranges as given
in Table 2-1.

TABLE 2-1.
Voltmeter Operation
Range Setting | Full Range Display | Overrange Display

I mv 1.000 mv 1,999 mV

10 mV 14,00 wmv 19.99 mv

100 mv 100.0 mv 199.9 av

1 v 1.000 Vv 1.999 ¥

10 v 106.00 v 19.599 Vv

100 v 100.0 v 19%9.9 Vv

| 1000 v 100Q. ¥ 1000, v

*Maximum aliowable input is 1000 volts continuous in-
put on l-volt to 1000-velt ranges. 1000 volts momen-—
tary, 300 volts continuous on lower ranges.

b, Measurement Accuracy. The voltage accuracy is
+(0.1% of reading + 1 digit) om all ranges.

¢. Qverload Recovery. The instrument will recover
from 300-volt overloads within five secoends on the
lmV range. Up to 100G volts peak may be applied
momentarily on any range without damaging the instyu-
ment.
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d. Input Resistance. The input has a resistance
of 10 megohms on the 10 millivolt and higher ranges,
1 megohm on the I-millivolt range, For lOmV and
higher ranges, a 1000 ohm soyrce resistance will
introduce only 0.01% error. To maintain rated accu-—
racy on the ImV range, the source resigtance should
not exceed 100 ohms,

€. Off-Ground Measurements. The instrument low
terminal can be floated #500 volts above CASE ground
for voltage measurements. Refer to paragraph 2-11
for complete instructions.

f. AC Voltage Adapter Probe. The Model 1601 AC/DC
Probe permits convenient a—c voltage measurements from
0.1 volt to 250 volts rms over a span of 45 Hz to 45
kHz. A probe-mounted switch provides convenient se-
lection of a-c or d-c operation without disconnecting

the probe. Therefore, the probe may be permanently
attached.
2=7. AMMETER OPERATION (DMM Mode)., This mode of

operation enables current measurements from 0,1 nano~
ampere per digit (100 nanocamperes full range) to 2
amperes with 100% overranging on all ranges.

4. Range Selection. To select ammeter operation,
sef the Mode Switch to DMM, then set the Range Switch
to the appropriate full range current. As an ammeter,
the Model 164 provides elght ranges as givem in Tazble
2-2.

b. Connections. Connect the input terminals so as
to place the Multimeter in series with the current to
be measured.

c. Measurement Acguracy. The current accuracy is ._f
specified as +0.2% of reading, *1 digit on all ranges,
Since the accuracy is specified at the input terminals,
the loading effects should also be considered. See
Table 2-2 for values of shunt resistors.

d. 0ff-Ground Measurements, The Model 164 low
terminal can be floated #5300 volts above CASE ground
for current measurements. Refer to paragraph 2-11
for complete instructions.

2-8. OHMMETER QPERATION (DMM Mode). This mode of
operation enables resistance measurements from 0.1
ohm per digit (100 ohms full range) to 2000 megohms.

a. Range Selection. To select ohmmeter operation
(DMM mode), set the Mode Switch to DMM, then set the
Range Switch to the appropriate full range resistance.
As an ohmmeter, the Model 164 provides eight ranges
as given 1in Table 2-3.

b, Voltage Acrogs the Unknown. Voltage drop is
100 millivolis at full range with 1.5 V max. into
an open circuit., Thus the current through the un-
known is determined by dividing the 100 millivolts
by the full range resistance,

c., Maximum Overload. Maximum voltage across the
input terminals is 20 volts momentary and 1 wolt
continuous,

d. Accuracy. As shown in Table 2-4. ‘))
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MODELS 164, l164TT OPERATING INSTRUCTIONS
TABLE 2-2.
Ammeter Operation
; . Range Setting Full Range Display Overrange Display Shunt R
100 na 100.0 nA 199.9 nA 10; 0
1 uA 1.000 pA 1.999 pA 103 0
10 pA 1G6.00 pA 19.99 uaA 102 a2
100 pa 100.0 uA 199.9 pA 107 Q
1 mA 1.000 mA 1.999 mA 10 =
10 mA 10.060 mA 19.99 ma 1 0
100 mA 100.0 mA 199.9 mA 0.1 %
1000 mA 100G, mA 1999. maA g.1 =
i
‘ TABLE 2-3,
Ohmmeter Operation
Range Setting Full Range Digplay Overrange Display Impressed Current
160 @ 100.0 ¢ 199.9 @ 1 mA
1 k& 1.000 k2 1,999 ki 0.1 mA
10 kf 10,00 k& 19.99 ki 0.01 mA
100 k{ 100.0 kQ 199.9 ki 1 ua
1 MQ 1.000 MQ 1,999 MQ 0.1 pA
10 MO 10.0C MQ 19.99 MQ 0,01 pA
100 M 100.0 M 199.9 MQ 1 nA
1000 MQ 1000, MR 1999. MR 0.1 nA
‘ . TABLE 2-4.

Chmmeter Accuracy

Full Scale Range Decimal Point Position Accuracy of Reading*

100 @ XX.X £0.3% £ 0.1 2
1 K ¢4 *0.3%
10 K@ XXX +0.3%
100 KQ XX.X +0.3%
1 MQ [9.6:4.4 +0.3%
10 MQ K. XX £0.3%
. 100 MQ XX.X +10%
] 10C0 Mo K. +50%

#*#+] digit on all ranges.



OPERATING INSTRUCTIONS

2-9. OCHMMETER-MILLTOHMMETER OPERATION (%, mi Mode).
In the /m& modes, the Model 164 permits measurement
of resistance from 10u{ per digit to 2009 using a
four—-terminal voltage-current method.

4.  Summary of Operation.

1. Connect DMM and mi Source terminals to resis-
tance to he measured.

2, Set RANGE to 1mV

3. Set Mode Switch to desired range:
100my, L, 104, or 1009,

10mie,

4., Set Source Switch to ZERO.
3. Adjust Zero Control for zerc display.

6. Set Source Switch to OPERATE (except for VOLT-
LIMIT operation). Refer to section 2-9e for Volt
Limit Operation,

b. Connections. Separate pairs of terminals are
provided for the current source and veltmeter to fa-
cilitate four-terminal resistance measurements. The
terminals identified as '"m SOQURCE" provide a current
which may be selected in five decade steps frem 10
microamperes to 100 milliamperes. The terminals nor-
mally used for DMM measurements {lower pair} are the
voltmeter terminals.

¢. Range Selection. In the m}/Q mode, the current
supplied at the "m{i SOURCE" terminals (upper pair)
may be selected in five decade steps from 10 micro-
amperes teo 100 milliamperes. When the Range switch
is set to I mV sensitivity, then the five positions
on the Mode switch correspond to full ranges of 10mifl,
100mft, 12, 102, or 10092. Since the full range resis—
tance is determined by the current impressed at the
"mit SOURCE" terminals and the voltage sensitivity,

e e
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the displaved reading must be interpreted by calcula-
ting Ohm's law where R = V/I, When using the 1 aV
Range setting, no calculation is necessary since the
Model 164 provides direct-reading ranges as marked

on the Mode Switch. If any other voltage range is

used (other than 1 mV) the resistance must be deter—.)
mined by calculation since all decimal points will !
be lighted (therefore the decimal point location will
be ambiguous). The direct-reading ranges available

on the Model 164 are shown in Table 2-5.

d. Current Source. The current spurce in the
Model 164 provides a constant current which may be
selected in five decade steps from 10 microamperes
to 100 milliamperes. The source can provide a com-—
pliance voltage up to 2 volts (in OPERATE mode only)
on all mG/Q mode settings. For example, the Model
164 may be used to furnish a current of 100 milli-
amperes to a load resistance of 20 ohms (giving a 2
volt drop). In the "OPERATE" mode, the Model 164
has an open-circuit voltage of approximately 15 velts.
In the "VOLT LIMIT" mode, the Model 164 has an open
circuit voltage of 20 millivolts.

NOTE

If the resistance to be measured is polarity
sengitive, then care should be taken te con—
nect the red (positive) terminal to the un-
known so that the desired polarity is obtain-
ed. ({Conventional current flow is out of the
red terminal and into the black terminal.)

The effect of lead and contact resistance is min-
imized through the use of the four-terminal vole-
meter-ammeter technique. A current source provides

a known current through a pair of leads connected E
at one set of terminals. A sensitive voltmeter
measures the voltage drop across the unknown re-
sistance by means of a pair of leads connected at

a second set of terminals.

, SOURCE

MODEL 164

O

HI LO

O

S O

Vi

ci

RESISTANCE UNDER TEST

R

—— A A——

____,—-VOLTAGE LEADS V1, V¥2

L

V2

l‘\.

c2

== CURRENT LEADS C1, €2

FIGURE 4.

Four-Terminal Resistance Measurements
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OPERATING INSTRUCTIONS

TABLE 2-5.
Full Ranges in mR and ¢ Modes

Mode Setting Kange Setting¥

(with 100% overranging)

Max. Reading

mi! Source

10 m2 1 mv* 19.99 mi 100 mA
100 mg 1 mv* 199.9 mit 10 mA

1L 0 1 mv* 1.999 ¢ 1 mA
10 ¢ 1 mV* 19.99 G.1 ma
100 @ 1 my=* 199.9 2 0.01 maA

*Decimal location is valid only when lmV range is selected.

Voltage Limit Operation. The VOLT LIMIT mode

iimits the open-circuit voltage across the mii SOURCE

4 terminals to 20 millivolts.

when
”d.ry

This feature is useful
testing relays and switches to determine if a
circuit” contact is present. (For a discussion

of "dry circuit"” measurements, refer to ASTM Specifi-
cation B539-70.)

NOTE
Measurements performed in VOLT LIMIT mode
should be used for approx. readings only
since a portion of the mi Socurce current
is shunted through the limit resistor
(R1210, 1211, 1212, 1213, or 1214) as
shown on schematic 26242D,

For "dry circuit! testing, set SOURCE switch to VOLT

LIMIT.

If an on-scale reading is indicated, then

switch to OPERATE mode and record resistance of the

display.
a "dry circuit" open cendition is present.

1f an over-range conditdion is indicated then
S5ince the

voltage is limited te 20 mV, the 164 cannot breakdown
the contact resistance unless switched te OPERATE
.where up to 15 volts can be applied).

IMPORTANT!
Care should be taken to avoid a transient
current pulse which may result from an over-
shoot of the SOURCE Switch when switching
from 2ERO to VOLT LIMIT positions. When
making dry circult measurements, the re-
commended procedure is to check the read-
ing in VOLT LIMIT mode, then switch to ZERO
to adjust for zero offsets before taking a
reading In OPERATE.

f. Power Dissipation in Unknown. The power dis-
sipated in the unknown is a function of the current
impressed by the Mcdel 164 current source. Power
developed, worst-case, 1s dependent on the range sel-
ected and the compliance limit.

1. Volt Limit Mode. In this mode, the compliance
voltage limit is set at 20 millivolts. The worst
case power dissipation would be a function of V x
as shown in Table 2-6.

TABLE 2-6.
Worst Case Power Dissipation - Volt Limit Mode
Mode Setting Volt Limit Power Dissipation

10 m@2 20 mV 2 milliwatts
100 m& 20 mv 200 microwatts

1 0 20 mv 20 microwatts

10 @ 20 mV 2 microwatts

100 9 20 mv 0.7 microwatt

2. OPERATE Mode. In OPERATE mode, the power
digssipation is a function of range selected as

shown in Table 2-7.

g. Milliohmmeter Zero Adjust. Set the Source
Switch to ZERO, the Mode Switch to 1002 (or the de-
sired range), and the Range Switch to 1 mV. Connect
the unknown to the four terminals as described in
paragraph 2-9a. Adjust the Milliohmmeter Zero con-
trol to give a zero reading with a flashing r display.

CAUTION
The transient voltage which can be generated
by avershecot of the SOURCE Switch could be as

large as 15 volts.

This voltage transient may

be sufficient to explode devices such as det-
onators and squibs if measured in the milli-

ohmmeter mode.

TABLE 2-7.
Power Dissipation in CPERATE Mode
Mede Setting Power at Full Range Power at 100¥ overrange
o

10 m 100 microwatts 200 microwatts
100 mQ 10 microwatts 20 microwatts

1 Q 1 microwatt 2 microwatts

10 @ 0.1 microwatt 0.2 microwatt
100 @ 0.01 microwatt 0.02 microwatt
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h. V-I Characteristic Meagurements, The Model
164 provides five decade currents for use when voltage
versus current measurements are required. Since the
mf current source in the Model 164 has a compliance
voltage range up to 2 volts, the Model 164 can be
used for material testing or semiconductor diode
checkout using the ranges given in Table 2-8.

TABLE 2-§.
V-1 Characteristic Measurements
Mode Setting Current Range Setting Full Range
10 nmQ 100 ma 1 mv 10 m&e
100 mf2 10 mA 1 mV 100 mf
1 Q 1 mA 1 mV L @
10 o 0.1 mA 1 mV 10 9
100 ¢ 0.01 mA 1 mv 100 @
10 ma 100 mA 10 mv* 100 mo*
100 mg: 10 mA 10 mV# 1 a*
1 a 1 mA 10 mV* 16 g%
10 @ 0.1 mA 10 mV* 100 Q*
100 @ 0.01 ma 10 mV* 1000 &*
10 mp 100 ma 100 mV* 1 O*
100 m@ 10 ma 100 mv* 10 0*
1 a 1 ma 100 mV* 110G a*
10 g 0.1 mA 100 mV#% 1000 0#*
100 2 0.01 maA 100 mv* 10 kO*
10 me 100 mA 1 v 10 o*
100 m@ 16 maA 1 V% 100 0%
1 2 1 mA 1 V% 1000 &
16 0 0.1 mA 1 v= 10 ko*
100 @ 0.01 ma 1 v 100 i*
#*NOTE: Decimal point location 1s not indicated when

the Range Switch is set to any position other than lmV,

since all decimal points will be lighted. However,

decimal point can be determined by a sample calcuylation

of V + I for a given range.

2-10. DIGITAL DISPLAY GPERATION.

a. Voltmeter Digital Display.

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

2. The Range Switch 1s designated in comvenient
engineering units, mV (millivelts} and V (volts)
with the decimal point automatically positioned in
the display.

3. The full voltage range is determined by the
Range Switch.

4. An overrange display up to a maximum of 1999
is provided by an overrange "1" indicator.
For an input greater than 1999, all digits will bhe
blanked except the overrange '1" indicator. The
polarity indicator will remain lighted indicating
the correct peolarity. To remove an overload con-—
dit{en, change the Range Switch to a less sensitive
position or decrease the input signal magnitude.

10
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NOTE

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

b, Ammeter Digital Display.

1. When the Range Switch is placed in Ampere ‘)J
positions 100 nA through 1000 mA, the Multimeter
digital display indicates the voltage across a
calibrated, self-contained resistor. The Range
Switch automatically selects the calibrated
range resistor for current measurements from 1 x
10~/ to 1 ampere full range.

2. The Range Switch is designated 1in conven-
ient engineering units, nA (nancamperes), pA
{(microamperes) and mA (milliamperes) with the
decimal point automatically positioned in the
display.

3. The full-scale current is determined by the
Range Switch. Refer to Table 2-9 for the full-

range current ranges available on the Model 164,

TABLE 2-9.
Current Display

Ampere Range Range Switch
F, Deslgnation

[
LT ]
=
o

na

pA

HA

HA

10 mA
mA

mA

mA

).

¢. Ohmmeter Display.

1. When the Range Switch is placed in Ohms posi-
tions 100 @ through 1000 M2, the Multimeter digital
display designates the voltage across the unknown
resistor with a fixed current applied.

2. The Range Switch is designated in convenient
engineering units, Q (ohms), K@ (kilohms) and MQ
(megohms) with the decimal point automatically
positioned 1n the readout.

3. The full-scale resistance 1s determined by
the Range Switch. Refer te Table 2-10 for the full-
range resistance ranges available on the Model 164.

TABLE 2-10.
Reslstance Display
Ohms Range Range Switch
Degignation
lx 10§ ]
1x 104 KQ
1x 105 K&
1x 106 K&
1 x lO7 M
1x 108 MQ
1x 109 MQ
1 x10 MQ "1
4
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2-11. FLOATING OPERATION.

a. The low terminal can be floated above CASE
ground by removing the shorting link between the LO
and CASE. TIsolation from circuit ground to chassis
ground is greater than 100 megohms shunted by less
than 0.02 microfarad. Circuit ground may be floated
up to *500 volts with respect to chassis ground in
the voltage and current modes.

b. When the instrument is used for cff-ground
voltage or current measurements, the low terminal is
at floating potential. The instrument case ground
should be connected to earth ground through the line
and ground terminal. The shorting link between LO
and CASE must be disconnected.

2-12., ANALOG OUTPUT. The instrument has an analog
output of *1 volt (nom-inverting) at up to 1 milli-
ampere for recording purposes. For off-ground aoper-
ation, the analeg *1 volt OUTPUT should not be con-
nected unless an external recorder is capable of
floating at 500 volts with greater than 100 megohms
isolation.

2-13. ZERO ADJUSTMENTS.

a. Short the input terminals with a low terminal
connection - preferably a short copper wire or clip

.lead .

b. Set the front panel Range Switch to the 1 mV
range.

c. Set the front panel zero cemtrol (R1215) ta
the full clockwise position.

d. TIf the digital display does not indicate +11
to +13 mV, use the rear panel ZERO Control to adjust
the instrument.

e. Readjust front panel zero. Zero is indicated
by flashing * polarity lights.

f. Check for zero reading on all ranges from 10 mV
to 1000 V.

ROTE

If there is an off zero reading on the 1 volt
range, it will be necesgsary to adjust the CUR-

RENT OFFSET ADJ. on the underside of the chassis.

Refer to Figure 18.

g. Set the Range Switch to Ohms positiona 1000 MQ
to 100 Q@ while checking the readout so that zero 1s
indicated on all ranges.

NOTE

If clip leads are used on the input terminals,
the lead resistance may be indicated on the

. 100 @ range since the last digit sensitivity
is 0.1 @ per digit.

0474
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h. Set the Range Switch to Amperes positiens 1000
mA to 100 nA while checking the readout so that zero
is indicated on all ranges.

i. Remove the shert circuit at the input terminals.

1. Volts Ranges. The instrument will normally
read off zero a small amount on the 1 mV through
100 mV ranges because of sensitivity to random
nolise. The readout should remain at zero on the
ranges 1V through 1000V,

2. Ohms Ranges. All Ohms ranges should indicate
a readout overload where all digits except a "1" in
the overrange position are blanked.

3. Amperes Ranges. All current ranges should
indicate a zerc readout, except for noilse fluctuations.

j. After the preceding checkout is made, the in-
strument should be useable for all measurements with
no further adjustments necessary.

2-14. DIGITAL OUTPUTS AND EXTERNAL CONTROLS.

2. General.

1. The Model 1602 Digital Output Kit provides
optional BCD outputs and controis.

2, Included is a 50-pin PRINTER/CONTROL Cennector
(receptacle) for mounting on the instrument rear
panel.

3. An output buffer card plugs Intc a prewired
connector on the chassis for either factory or user
installation. Buffer card replaces PC-255 inter-
connecting card.

b. Output Codes and Levels,

1. The PRINTER/CONTROL Outputs are Binary Coded
Decimal (BCD) Signals with 1-2-4-8 standard code.

2. The standard signal levels are as follows:
Output Logic "1% See Table 2-11 (pg. 12)

Output Logic "0"  See Table 2-11 {pg. 12)

3, The Buffer Stages utilize '"Open Collector"
output transistora.

¢, Output Information.

The Model 1602 Digital Output Kit provides various
BCD outputs and controls as described in Tables 2-11
and 2-12.
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TABLE 2-1°%.

Model 1602 Qutputs

DIGITAL OUTPUT: BCD (1, 2, 4, 8) open collector
logic (Motorcla MC 858P) represents each of 3
digits, overrange digit, overload ("1"), polar-
ity (+ = "1"), and decimal position (2 bits).

TIMING OUTPUTS:
Clock: Internal clock pulses (10 kHz count
rate).
Count Interval: Logic "0" appears during count
interval (i.e. pulse width is proportional to
analog input signal).
Flag: Logic "1" appears for a 300 millisecond
interval out of a conversion time of 500 milli-
seconds. No change in buffer storage is made
outside this interval.

OUTPUT LOGIC LEVELS:

Output Logiec "1": open transistor collector to
ground with less than 100 microamperes leakage.
+6 volts maximum allowable applied voltage.
Output Logic "0": transistor switch closure to
ground with less than 0.5 volt saturation volt-
age. +35 milllamperes maximum allowable current.

REMOTE CONTROLS:

Strobe: Open circuit to ground inhibits all out-
put lines from conducting (closure to ground en-
ables conduction).

Hold: Closure to ground retains result of last
conversion in both the output register and the
display.

L—-*ﬂ" INTEGRATE J

COUNT t

ZERO ——l

INPUT m,J

INTEGRATOR /\—

ZERQ
CROSSING

-

—

DETECTOR

BUFFER
STORE

PULSE

L

COUNT INTERVAL

A | |

b 200 M§ ———=be———— 200 m§ ——«h— 100 mS —

12

FIGURE 5.

Timing Diagram for A/D Converter.
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TABLE 2-12.
Model 1602 PRINTER/CONTROL Connector Pin Ideantification

OPERATING INSTRUCTIONS

Pin No Qutput Function Pin No. Output Function
1 1x 108 Data 26 Common —
2 2 x ]_00 Data 27 Common -
3 4 x 100 Data 28 Blank —-——
4 8 x 10 Data 29 10 kHz Clock
5 1 x 10l Data 30 Blank -—
6 2 x lOi Data 31 Blank -—
7 4 x lOl Data 32 Blank ——
8 8 x 10 Data 33 Blank -—
9 1 x 102 Data 34 Blank —
10 2 x 102 Data 35 Blank ——
11 4 x ].02 Data 36 Blank -—
12 8 x 10 Data 37 Blank ——
13 1 x 103 Data 38 Blank _—
14 + = Logic "1" Polarity 39 Blank -
15 1 x 10 Decimal Point 40 Blank -—
16 7 x 100 Decimal Point 41 Blank -—
17 Blank —_— 42 Blank _—
18 Logic "1" Overload 43 Blank —-—
19 Blank —_ 44 —_
20 Count Interval See Table 2-11. 45 Blank -
21 Blank —-— 46 Blank —_—
22 Blank — 47 Hold See Table 2-11.
23 Flag See Table 2-11. 48 Blank -—
24 Common ——— 49 Strobe See Table 2-11.
25 Common ——— 50 Blank —-—

+3.6Y

QuTPUT

COM

0774

‘ FIGURE 6. Typical Open-Collector Qutput.

FIGURE 7. Pin Designation For Printer Output.
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2-15. TRIP QPERATION (Model 164TT). The Model 164TT
is identical to the standard Model 164 except for the
addition of high and low 1limit non-latching trip cir-
cuits.

a. Trip Limits. The Model 164TT has two indepen-—
dently adjustable trips; one high limit and one low
limit type, non-latching.

b, Trip Levels. -2007% to +200% of full range for
each trip. For example, if the high trip level were
set to trip at a display reading of +1000, the Model
164 would indicate a "Trip'" level whenever the dis-
play exceeded +1000 regardless of the functien or
decimal point location.

c. Trip Setting. The Model 164TT provides front
panel screwdriver adjustments for the high and low
trip eircuits,

1. HI Trip. The front panel trip indicator lamp
serves as a HI level trip indicator and a momen-
tary contact pushbutton. When the button is de-
pressed, the Model 164TT will display the trip
reference setting. The display indicates both the
pelarity and reference level setting of the trip
circuit. A small chisel blade screwdriver is need-
ed to make the adjustment.

2. LO Trip. The front panel indicator lamp serves

as a LO level trip indicator and a momentary con-—
tact pushbutton. When the button is depressed,

MODELS 164, 1641T

the Model 164 will display the trip reference set-—
ting. The display indicates both the polarity and
reference level setting ¢f the trip circuit. A
small chisel blade screwdriver is needed to make
the adjustment. i’)

3. 8et Precision. The Model 164TT will indicate
a trip condition when the reading is within a tol-
erance 20.1% of full range with respect to the re-
ference setting. Repeatability is *0.1% of full
range. Reference stability is +0.1% of full range/
°C.

4. Hysteresis. The trip circuit has a hysteresis
of less than 0.6% of full range., For example, once
the trip circuit is "tripped" the input signal must
vary by at least 0.6% of full range before the trip
can reset.

d, Trip Indication.

1. HI and LO Indicators. The Model 164TT pro-
vides visual indication of trip point via front
panel indicator lamps.

2. Trip Contacts. One set of form A contacts
are furnished for each trip. Rear panel terminals
are provided.

3. Contact Ratings. 10 volt-amperes, 0.5 ampere,
120 volts rms ac maximum. 6 watts, 0.5 ampere, 12
volts de maximum.

LS T I O B Y 41
n___J | v
HY LIMLY SET  LO LIMIT SET
051302/51301  DS1301/58362
FIGURE 8, Front & Rear Panels, Model 164TT, : ‘)
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SECTION 3.

3-1. GENERAL.

a. DMM Mode. The bagic digital voltmeter consists
of two secticns packaged together in cne chassis: 1)
analog amplifier 2) analog to digital converter. The

analog amplifier utilizes a modulater/demodulator tech-

nique to achieve high dc stability. The analog-to-
digital converter is a dual-siope converter with two
readings/second conversion rate.

b. Milliochmmeter Mode, The millichmmeter circuitry
includes a current source which provides current in
decade steps from 10 microamperes to 100 milliamperes.
Twe additional terminals are provided on the front
panel to permit four-terminal resistance measurements.
The voltmeter circuitry of the basic instrument is
used to monitor the voltage drop across the DMM rer-
minals.

3-2. ANALOG AMPLIFIER OPERATION. A simplified block
diagram of the analog amplifier is shown in Figure 10.

a. Voltage Amplifier Operation. The amplifier has
a full-range sensitivity which is selected from 1
millivolt to 100 millivolts. Above 100 millivolts,
the input signal is divided down te the 100 mV full-
scale level. The signal flow path can be described
as follows: An input signal applied at the Input
High terminal is attenuated by a resistor divider, _
The signal is filtered and applied to a modulator ecir-
cuit, The a~c signal is then applied and demodulated,
A final variable gain d-c amplifier preovides a d-c
signal for the Analog ocutput and A-to-D converter.

The ocutput is fedback to provide overall gain stabilicy.

THEORY OF OPERATION

THEORY OF OPERATION

1. Input Resistor Divider. The input signal is
attenuated by a divider network for RANGE Switch
1v, 10v, 100V and 1000V full-range positions.

2. Filter Network. The filter network provides
filtering of Normal Mode noise.

3. Modulator Circuit. This circuit converts thwe
low level d-c input teo an a-c signal.

4. A-C Amplifier. This circuit uses negative
feedback te provide gain accuracv and stabilicwy.

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

6. D-C amplifier. This amplifier provides addi-
tional gain to drive the A& te D converter and analog
recorder output.

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

b. Ammeter Cperation (DMM Mode). The instrument
cperates as an ammeter by detecting the voltage drop
across a known shunt resistor. The sensitivity and
resistor values are shown in Table 13-1.

c. Ohmmeter Operation {OMM Mode). The instrument
provides a known constant current which is applied
to the unknown resistance. The voltage output is
proportional to the resistance measured.

X1 ;‘—“—O—Vrll
WA AMPLIFIER
+
MODULATCR| AC _ C A-D DIGITAL
. & AMPLIFIER DE " MPLIFIE CONVERTER DISPLAY
HI FILTER MODULATO )
o— oHms :
VOLTS ) A 1
INPUT AMPS - | OPTIONAL |
{ "~ BCO
— < 1 QUTPUT ¢
ANALOG L i
Lo OUTPUT
FIGURE 9. Multimeter Block Diagram.
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3-3. ANALOG AMPLIFIER CIRCUITRY.

a. General. The circuits described in this sec-
tion are located on the following sub—assemblies:

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

b. Voltage Amplifier Circuit. The voltage ampli-
fier circuit is composed of a chopper amplifier with
fractional feedback, The feedback resistors are se-
lected by the Range Switch so0 as to maintain low
feedback current. The feedback network, composed of
resistors R513, R516, R519, and R703, is formed from
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 10 and a full-scale output
voltage of *1 volt. Thus It is necessary te attenu-
ate signals greater than 100 millivolts to prevent
saturation of the chopper amplifier. The input at-
tenuater resistors R101, R102, and R103 through
R1l] are switched by the Range Switch S101.

2. Filter Network. The filter network provides
NMRR as specified for line frequency voltages
(either 50 or 60 Hz). The filter is a 2-section
RC 'ladder filrer composed of resistors R501 and
R502 and capacitors €501 and C502.

MODELS 164, 164TT

¥

3. Modulator Circult. The modulater circuit
utilizes MOS FET chopper switches to provide low
offset voltage and current, low input noise, and
low drive power. A series-shunt chopper configura-
tion maintains high input impedance. Transistors
Q701 and Q702 form the chopper.

4, A-C Amplifier., The a-c amplifier is a low
neise amplifier composed of transistors Q703 and
Q704 and an integrated circuit QA702.

5. Demodulator Circuit. The demedulator ucilizes
an FET shunt switch which 1s synchronized with the
input modulator. The FET Q705 switching action cre-
ates a rectified d-c signal with a large chopper
frequency a-c component. Resistors R717 and R718
with capacitor C710 provide a filtering acticn of
the demodulated signal.

6. D-C Amplifier. The d—-c amplifier utilizes
an integrated circuit QA703 to provide d-c gain
and capability of up to 1 milliampere at the analog
output.

7. Chopper Drive Circuit. The chopper frequency
signal is derived from the Oscillateor circuit.
Transistars Q706 and Q707 provide opposite phase
square waves used to drive MOS-FET chopper transis-
tors Q701 and Q702. Transistor Q708 provides a de-
modulator drive signal for FET Q705 which is syn-g
chronous with the modulator drive signals. Flip-
Flop circuits QA701A and QA701B divide down the
909.09 Hz from the oscillator by 4:1 for a chopper
drive of approximately 227.3 Hz.

CHOPPER
ZERQ
DRIVE
I
—  ATTEN FILTER MODULATOR l@ DEMOD
FIGURE 10. Analog Amplifier Block Diagram. ‘)
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8., Zero Adjustment Circuit. This circuit pro-
vides limited adjustment of zerc offset. 1t is
composed of potentiometer R505 and resistors R503,
R504, R506, R508, and R509 (See schematic 26244E)

. and R1215, R1216 (see schematic 26242D).

c. Ammeter Circuit (DMM Mode). The Iinstrument
utilizes the chopper amplifier described above with
various Range shunt resistors R116 through R122.
The chopper amplifier functions as a voltage ampli-
fier to provide an analog recorder output and drive
for the A-to-D converter.

TABLE 3-1.
- Full Range Shunt Resistor Full Range
Sensitivity {Chmg) Voltage Drop
Ed

1 x 10_2 102 10 mV

- 1 x 10_5 103 10 mV

1 x lO—A 102 10 mV

1 x lO_3 10 10 mV

1 x 105 10 10 mwv

1 x lO_l 1 10 mV

1 x 10 .1 10 mv

1 .1 100 mv

d. Onmmeter Circuit (DMM Mode). The instrument
pravides a2 constant-current using a voltage refer-
ence amplifier and series resistor R. The reference
voltage E limits the open-circuit voltage to 1.5
volts maximum. The voltage reference is composed of
integrated circult QA704 and reference diode D702.

. e, Milliohm Source. (See schematic 26242D)

1. AC voltage from T1201 is rectified by bridge
D1201, filtered and supplied to the pre-regulator
QA1201. This is a three-terminal 15 volt regula-
tor. The 15 volt cutput is connected through the
series pass transistor Q1201 to the Hi terminal of
the mit Source, J1204,

2, The pass transistor is controlled by the op-
ertional amplifier QAl1202. One input to QA1202 is
+10 volts (referred to power supply common). This
is obtained from two zener diodes, D1202 and D1203
and a divider network R1202, R1203, and R12Z04,

N R1203 is a potentlometer to permit compensation for

the tolerance of the zener dledes and the offset

voltage of QA1202, The other input is the voltage

drop across the selected current sensing resistor,

one of R1205 throuwgh R1209, which is in series with
the LO terminal, J1203.

3. When the current regulator is in balance, the
drop across the current sensing resistor is equal
to the reference valtage and the current delivered
by the m Source terminals is the proper value.

4. If the current source has no load, the volt-
é age across the terminals will approach 15 volts.

B When testing switches or relay contacts for "dry
circuit" applications, the voltage must be limited
to 20mV or less. This is done by setting 51202 in
the Volt Limit position. The cutput current is
then divided between the load and one of the volt

| ; limit resistors, R1210 through R1214. Even with

!‘ g . open-circuited load, the voltage at the source ter-—

L 0

minals will not exceed 20mV,

{ 0474

THEORY OF OFPERATION

3-4. ANALOG-TO-DIGITAlL CONVERTER OPERATION.

a. General. The analog-to-digital converter uses
a dual-slope technique which has inherent line-fre-
quency noise rejection. The analag signal is applied
to the integrator for 200 milliseconds which is an
even multiple of the line frequency of 50 or &0 Hz.
The analog signal is then removed from the integrator
input. The voltage on the integrator is then driven
to zero to complete the voltage-to-time conversion.
The time interval to reach a '"Zero Crossing" is
counted and displayed on the "Digital Readout" in
proportion teo the original analog signal. Before the
sequence 1s repeated, the integrator is rezeroed.

b. The A-to-D Converter is composed of eight major
circuits as follows:

Oscillater or Clock
BCD Counter
Program/Decoder
Integrator

Zero Crossing Detector
Buffer/Storage Register
Decoder/Driver

« Numerical Readout,

CO =~ O™ N P o RS

¢c. 0Qscillator or Cleck. The Oscillator produces
pulses at a rate of 10 kilohertz for either 50 or 60
Hz operation.

d. BCD Counter. The BCD Counter counts the Clock
pulses with a total range of 5000 counts. The
Counter 1s composed of 4 individual counters desig-
nated 1, 10, 100, and 1000.

1. The "1'", "10", and "100" counters have a
capacity of ten counts each.

2. The "1000" counter has a capacity of five
counts.,

3. The total capacity of all four counters is
5000 counts.

e. Program/Decoder. The Program/Decoder circuirc
produces event cemmands te control the overall se-
quence of events for a complete A-to-D conversions.

TABLE 3-2.
Summary of Event Commands
Command Functian
2 ZERO
3,4 INTEGRATE
L 0,1 COUNT

f. Integrator. The Integrator circuit operation
is composed of three periods.

1. Zero Period., During this period the integra-
tor amplifier is zerced by a feedback rezercing
circuit as shown in Figure 12. Switches 55, $§,

84 are open to prevent Integrator charging.

2. Integration Period. During this period,
switches Sp, Sg, and S4 are open. Switch 53 is
closed to permit charging by the analog voltage
for an even multiple of the line frequency.

17
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3. Discharge Period. During this peried, switch
8, 1s open to prevent further charging by the ana-
log signal. FEither switch 5. or 54 is closed to
drive the Integrator voltage to zero., A reference

. current of opposite polarity to the input current

I R

is applied through either switch 5, or 84. The
Discharge Period ends when the Zero Crossing Detec-
tor circuit detects a zero Integrator output.

g. Zero Crogsing Detector. The Zero Crossing De-
tector circuit provides a '"High" or "Low"” level out-
put depending on the polarity of the detected input.
Refer to Table 3-~3 for a description of voltage out-
puts of the Zero Crossing Detector.

TABLE 3-3.
Zero Crossing Detector Output Levels,
M N B c
ov -0.5V +1,5V ov
ov +3.5V ov +1.5V

h. Buffer/Storage Register. The Buffer/Storage
Register is composed of "flip-flops" arranged to
copy the states of the various BCD counters. The
Buffer/Storage Register requires a Buffer Store com-
mand before any information can be transferred.

The "flip-flep" circuits provide coded information
for Deceder/Driver and BCD outputs.

i. Decoder/Driver. The Decoder/Driver circuilt
decodes the BCD information from the Storage Regis-
ter into ten—-line decimal code. The Driver cirecuit
then drives the proper numeral in each of the Num—

.erical Readout tubes,

j. Numerical Readout. The Numerical Readout con-
gists of four numerical indicators and one polarity
indicator driven by the Decoder/Driver, Polarity and
Qverload Drivers.

THEORY OF QPERATION

k., Summary of Operation. 7The operation of the
A~-to-I} Converter can be described by considering
a cypical conversion cycle. The Clock provides
pulses at a rate of 10 kilohertz. The BCD Counter
serves as a master timing control for the A-to-D
conversion cycle. The timing is accomplished by
the '"1000" counter which has five coded states,
namely ¢, 1, 2, 3, and 4. The Program/Decoder
controls the sequency of commands based on the
coded states from the BCD Counter. The decoded
commands are described as shown in Table 3-2. The
"2" command initiates the integrater ZERO period
which removes any residual charge on the integra-
tor capacitor. The "3,4" command initiates the
INTEGRATE period which permits an integration of
the analog signal. At the end of the INTEGRATE
period, the "0,1" command initiates the COUNT period.
When the "3,4" command is given, the integrator is
charged by the analog signal for a period of 200
milliseconds. When the "0,1" command is given,
the analog signal 1s removed and the integrator
output is driven to zero by a reference current.
The Zero Crossing Detector senses a zero crossing
of the Integrator output and removes the refer-
ence current, The Detector provides ocutputs as
shown in Table 3-3. The +l.5 volt levels are pro-
vided for control eof the Integrator and Polarity
Sterage Register. A pulse command is also pro-
duced to initiate a Buffer/Store. When the Buffer/
Store command is given, the Buffer/Storage Register
coples the BCD Counter states at that instant of
time, The BCD coded information in the Register
is then available for the Dececder/Driver and ex-—
ternal printout. The Decoder/Driver decodes the
Buffer/Storage ocutput and drives the Numerical
Readout for a digital display. The conversion
cycle is completed when the BCD Counter reaches
2000 counts and the Program/Decoder provides a
"2" command teo initiate a new conversion cvcle,

c414’1.,

QA404A,B

——C

D4Q7-408

FIGURE 12, Integrator Simplified Diagram.
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3-5. ANALOG-TO-DIGITAL CONVERTER CIRCUITRY,

a. General. The circuits described in this
section are located on the following sub-assemblies,

1. Tube Board, PC-248
2, Integrator Beard, PC~250
3. Oscillator Clrcuit, PC-254.

b. ©scillater Circuit. The Oscillator circuit is
located on a pertion of printed circuit assembly PC-
254, Transisters Q601 and Q602, capacitors C601,
C602, and C603 and resistors R606 and R607 form an
oscillator. Potentiometer R605 ig used to provide
internal screwdriver adjustment of the oscillator
frequency. Transister Q603 serves as an emmitter-—
foliower to reduce output impedance. The chopper
drive is obtained by dividing down the escillator
frequency from 10 Kilohertz to 909.09 Hz using in-
tegrated circuit QABOLl, a 11:1 Divider circuit.

¢. Tube Beard. The Tube board contains portions
of five major circuits: the BCD Counter, the Pro-
gram/Decoder, the Buffer/Storage Register, the De-
cader Driver, and the Numerical Readout.

1. BCD Counter.

a) The Decade Counters designated '"1", "10",
and "100" are composed of individual integrated
circuit modules QA308, QA309, and QA310 respec-
tively.

b} The "1000" Counter is composed of integra-
ted circuit modules QA3014A, QA302A, and QA302B.

2. Program/Decoder. This circuit is composed
of gates QA304A, QA304C, QA305 (B, £, D, E, F}
QA306A and QA3073B,

3. Buffer/Storage Register. This circuit is
cdmposed of integrated circuit modules QA311,
QA312, and QA313.

4. Decader Driver. This circuit Is compesed
of integrated cirecuits QA314, QA315, and Qa3ileé.

5. Numerical Readout. V301, V302, V303 are
Readout Tubes for Units, Tens, and Hundreds re-
spectively.

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

a) Overrange Indicator Cirxcuit. This cir-
cuit is compeosed of integrated circuit module
QA301B, transistor Q301 and overlecad indicator
DS301.

b) Polarity Indicator Circuit. This eircuit
is ‘composed of transistors Q305 and Q306 and
Polarity indicator module DS302,

c) Display Rate/Hold Circuit. Gates QA303
(A, B, C, D) and QA304B, QA306B, and QA307A
provide capability for Display Rate and Hold
functions when used with additional Qutput
Buffer circuits.

20
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d. Integrator Board. The Integrator Board coun-

tains portions of three major circuits: the Inte-—
grator circuit, the Zero Crossing Detector Circuit,
and the Feedback Rezeroing Circuit.

1. Integrator Circuit. The operation of the w
Integrator is controlled by the positions of
switches Sz, Sh, Sc, and 54 (as shown in Figure 12},
Switch Sa is Q401l. Switch Sp is transistor (Q411.
Transistors Q404, Q405, Q408, Q409, and Q410 are
control circuits arranged to control the proper FET
switches depending on the signals at pins 12 and
13, The integrator amplifier consists of tran-—
sistors Q402 and Q403 and integrated circuit QA401.
The feedback capacitor is C406. Switches S, and Sq
control the current for 9-volt zener dicdes D401
and D402. Resistors R403, R404, R405, RAOY, R410,
and R411 are full-scale calibration resistors.
Potentiometers R402 and R408 are internal screw-
driver calibration adjustments.

2. Zero Crossing Detector Circuit. The high
gain amplifier is composed of cascaded amplifiers
Qa402 and QA403. Diode D411 provides a 6-volt
bias supply for QA403 and the cutput resgistor net-
work R444 and R445., The level-splitter circuit
consists of diodes D414 and D415, resistors R443
and R446 and gates QA404 (A and B).

3. Feedback Rezeroing Circuit. This circuit pro-
vides rezeroing of the Integrator circuit using
negative feedback from the Zerc Crossing Detector
output., Transistor Q411 is the equivalent of Switch
Sp in Figure 10. Resistor R434 and capacitor C4l4
form a feedback-loop filter circuit. Diodes D407
and D408 provide fast response for large input off—.
sets due to ipput overloads.

3-6. POWER SUPPLIES.

a. *15 Volt Supply.

1. The 15 volt supplies tap a-c power from a
secondary winding of transformer T20l. Dicdes
D203 (A, B, €, and D) and capacitors C204, C205,
€209, and C210 compose a full-wave rectifier with
filtering.

2. The +15 volt regulator circuit utilizes
integrated circuit QA201 which drives tramsistor
Q206 to series regulate the output voltage. Po-
tentiometer R209 provides calibration adjustment
of +15 volt supply. (Internal screwdriver adjust-
ment ).

3. Transistors Q211 and Q212 form a differential
amplifier which compares the wvoltage at R218 with
respect to low., The difference voltage is ampli-
fied by transistor Q210 and fed to Darlington tran-
sistor pair, Q207 and Q208, which series regulate
the -15 volt ocutput. Transistor Q209 limits the
current output to approximately 200 milliamps. .)/
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b. +3.6 Volt Supply.

1. The +3.6 vaolt supply taps a-c power from a
secondary of transformer T201. Dicdes D201 and
D202 and capacitor €201 form a full-wave rectifier
with filtering.

2. Transistor Q205 amplifies the difference be-
tween the +3.6 output and a reference voltage de-
rived from the +15 volt supply and determined by
resistors R203 and R204. The difference voltage
is applied by transistor (204 which drives a Darling-
ton transistor pair, Q201 and Q202. The Darling-
ton palr series regulates the +3.6 volt output.

3. Transistor Q203 1limits the output current
to about 3 amperes.

¢c. +210 Volt Output. The +210 volt supply is an
unregulated voltage supply using the half-wave fil-
tered voltage at diode D206 and capaciror C212,

d. +170 Velt Output.

1. Regulator. The +170 volts is derived from
the +210 volts at emitter of Q302 which series re-
gulates the +170V. Tramsistor Q303 provides a re-—
ference for the base of transistor (Q302.

2. Blanking Circuit. This circuit contrecls the
+170 voltage for the three right hand readout tubes
The "Q" ocutput of QA307B drives the base of tran-
sistor Q304 for normal regulator operation. When
an overload occurs, the '"Q" output is low turning
off transistor Q304. This results in a drop of
the +170 volt output causing blanking of the read-
out tubes.

e, Milliohm Scurce Supply. The primary windings
of T1201 are connected in parallel with transformer
T201. AC power for both is supplied from line con-
nector P201 via fuse F201 and switch 51201, The dual
primary windings are connected in parallel by switch
§202 for 117 volt operation and in series for 234
volt operation. In addition, fuse F202 is connected
in the circuit for 234 volts,

0474
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3-7. FELECTRONIC TRIP CIRCUITRY, The two trip cir-
cuits in the 164TT are essentially the same, differ-
ing only in that the LO trip output transistor 1is an
NPN type while the HI trip output transistor is a
PNP. The analog signal at J103 (schematle 26244E)
is a one volt signal for full scale input to the DMM.
This signal is applied to the inverting inputs of
0A1301 and QA1302 through resistors R1309 and R1314.
The reference voltage used to determine the trip
peint is derived from zener diode D1301l. The HI
limit is set by R1307 and the LD limic by R1308.
These limit voltages, either of which may be set
from -2 volts to +2 volts, are applied to the non-
inverting inputs of QAL301 and QAl302 through resis-
tors R1310 and R1315. If the HI limit is set at
+1.0 volt and the analog cutput is less than +1,0
volt, the output of QA1302 will be positive and the

HI cutput transistor Q1302, will be cut off. When the
analog output exceeds +1.0 volt, the output of QA1302
will become negative, turning on Q1302 and causing
relay K1302 to close and lighting the front-panel
trip lamp DS1302. A small voltage is developed across
R1320 which is connected back to the non-inverting in-
put of QA1302 through resistor R1317. This provides
some hysteresis so the relay will not drop out until
the input is somewhat less than the trip peint. The
LO limit circuit functions the same way except the
output of QA130]1 is normally negative. Since the
driver transistor (1301 is an NPH, it is cur off by
this voltage. Setting the trip points is done by
helding in 51301 or 51302 and adjusting the corres-
ponding limit contrel, R1307 or R1308. When the HI
limit switch S1301 is operated, the analog output of
the DMM is disconnected from the A/D converter. The
output of QAl302 is connected to the A/D converter

and also to the inverting input of QAl302, making it
into a untty-gain voltage follower for the trip point
voltage applied to the non-inverting input. Thus the
A/D converter indicates the magnitude of the trip
polnt voltage.

21



ACCESSORIES

SECTION 4.

ACCESSORIES

MODELS 164, 164TT

MODEL 1601 AC-DC PROBE

GENERAL, The Model 1601 is a combination ac-dc probe
that enables the user to measure voltages from 45 Hz
to 45kHz when used with the Model 164. The slide
switch (S10l) can be used to select either AC mode

or straight-through DC Mode.

SPECIFICATIONS:

DC MODE: Straight-through probe does not alter any
Model 160 or 163 specifications except: 1. 150
picofarads input capacitance, 2. 0.5 ampere max-
imum current, 3. 0.3 ohm resistive offset, 4. =+
20 microvolts thermal offset.

AC MODE (Voltage only):

ACCURACY (400 Hz): +1% of reading or *0.1 volt,
whichever is greater (rms of sine wave to dc
conversion).

FREQUENCY RESPONSE: ~2% at 45 Hz and 45kHz.

RANGE: 250 volts rms maximum.

MAXIMUM OVERLOAD: Peak ac plus dc bias must not
exceed 400 volts.

INPUT IMPEDANCE: 0.5 megohm, shunted by less than
20 picofarads.

OUTPUT IMPEDANCE: Output must be shunted by 10.2
megohms *1% for rated accuracy (Model 160 and
163 impedance on 1000, 100 and lLO-volt ranges).
10% variation in the 10.2 megohms causes 1%
additional error.

CONNECTOR: Shielded Banana Flug
DIMENSIONS, WEIGHT: 6" long x 3/4" diameter (150 x

20 mm), 3-ft. (1 m) cable, net weight 1/4 pound
(0.1 Kg).

ELECTRICAL PARTS LIST: ({See schematic 24669C)

MECHANICAL PARTS LIST:

Item No. Description Keithley Part Na.
1 Tip 246548
2 Body, Front 24656C
3 Body, Rear 24655C
4 Strain Relief 186768
5 Cable, Ground (13" long) SC-33
6 Clip, Alligator {(Ground) AC-10
7 Insulater (Black) AC~11
8 Cable (40" long) SC-30
9 Strain Relilef 186768

16 Can Shield 25128A

Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No.
J101 Banana Plug (2 req'd) 74970 108-750-2 BG-3

S101 Switech, AC-DC 80164 - SW=334
Cclol Capacitor, .047pF 97419 M2W-F Cl97-.047M
€10z Capacitor, 0.1uF 13050 MW1A C86-.1M
D101 Transistor 07263 2N3565 TG-39

D102 Transistor 07263 2N3565 TG=39%

D103 NHode 04713 1N4006 RF-38

R101 Resistor, 3.92MQ 91637 DC-1/4 R178-3.92M
R102 Resistor, Selected in Test 07716 CEA R88

R103 Resistor, 1M 91637 MFF-1/8 R179-1M
R104 Resigtor, 1004 R76-100

MAINTENANCE: Since the probe assembly should pravide
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 spe—
cial solvent. Therefore the probe should not be
disassembled. If repair is necessary, contact the
Keithley Representative in your area,.

44655 RCO7
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Model 1603 Extander Card Kit
. Degeription:

The 1603 Kit consists of two types of printed cir-

cult board extender cards and a shorting adapter. | KT SN I
Parts List: P 1 | e
1 FExtender Card, 44-pin, Keithley No. 24681C ? g i

2 Extender Card, 22-pin, Keithley Ne. 24570B
3 Shorting Adapter, Keithley No. 24789%A

Application:

These extender cards facilitate testing and trouble-
shooting of Models 164 and 164TT. Access to all pin
connections is provided. The shorting adapter is
not useable with Models 164 and 164TT.

Model 1000 Rack Mounting Kit

General: The Keithley Model 1000 Rack Mounting Kit Parts List:

includes all necessary parts for rack mounting one Item Description Keithley Part No.
ingtrument in a 19 inch panel., Rack heighr is 5-1/4 1 Panel Adapter 2606338

inches with 11 inches depth measured from the front 2 Angle Bracket 260628

panel. 3 Screw (4 required) #8 32Zx3/8", Phil Hd.

(1) PANEL ADAPTER

(2) ANGLE BRACKET

(3)
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SECTION b. SERVICING

ﬁl .

5-1. GENERAL. This section contains procedures for 1. Remove the two Phillips head screws from
servicing the instrument in the event of a malfunc- the underside of PC-254 as shown in Figure 16.
tion.

2. Remove the slotted screw and nut holding
5-2. SERVICING SCHEDULE. This instrument requires PC-248 and PC-250.
no periodic maintenance beyond the normal care re-
quired for high—quality electronic egquipment. 3. Remove the long slotted screw and fastener

as shown in Figure 16.
5-3. PARTS REPLACEMENT. Replace components using

only those parts specified in the REPLACEABLE PARTS 4. Remove the two standoffs holding PC-248
LIST or their equivalents. and PC-250.
S5-4., ASSEMBLY 5. Remove circuit board PC-253 and replace
with Extender Card 24681C (from Model 1603
WARNING Extender Card Kit}.

Use care when troubleshcoting an instrument
connected to line power and/or with Power
switch on. Whenever resistance checks are
made, remove all power to the instrument
and discharge power supply capacitors
through a low value resistor.

a. Top Cover Assembly. To gain access to test 5-5. CALIBRATION CONTROLS.
points and adjustments on printed circuit board
PC-254, remove the top cover by unfastening six a. Offset Current Adjust (R733). This control
slotted-head screws as shown in Figure 21. is a screw driver adjustment accessible from the

bottom cover as shown in Figure 18.
b. Chassis Assembly. To gain access to the re-
maining printed circuit boards the following pro- b. Ohms Cal Adiust (R738). This control is a
cedure should be used. screw driver adjustment accessible from the bottom ")
cover as shown in Figure 18.

1. Remove the front panel Range knob assembly

as shown in Figure 14. Loosen the two set screws c. DC Balance Adjust (R722). This control is
holding the switch coupler to the switch shaft an adjustment accessible from the bottom cover as
using a 1/16 hex size (Allen Head) screw driver. shown in Figure 18. Caution! Use an insulated
Figure 13 shows the proper orientation of the screw driver to aveid contacting the chassis.

Range knob for reassembly.
d. 15V Adj. (R209). This control is located on
2, Remove the front panel Allen Head screws PC-254. Remove the top cover for access to the
in two places as shown in Figure 14 using a 3/32 control.
hex size screw driver.

e. CLOCK Adj. (R605). This control is located
3. Remove the rear panel Phillips head screws on PC-254. Remove the top cover for access.
in two places as shown in Figure 14,

£, 1v, 10V, 100V, 1000V Controls (R1l1, R108,

4, Remove connector J906 which is wired between R106, R104). These controls are also located on
PC-254 and PC- 348, Replace connector with longer PC-254.
jumper cable (furnished in the Model 1603 Extender
Card Kit) which will apply power to the instrument. g. +CAL, —CAL Adjust. These controls are located
on PC-250.
5. Separate the circuit board assembly from the
chasgis as shown in Figure 15. 5~6. COMPONENT LAYOUTS AND OUTLINE DRAWINGS.
c. Printed Circuit Board Installation. The loca- a. Component Layouts. The component layouts iden-
tion of all circuilt boards is shown in Figure 16. tify all parts onr the printed cireuit boards using
To gain access to circuit boards PC-248, PC-250, and circuit designations from the schematic diagrams.

PC-255 the following procedure should be used.

L)
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SET SCREW SET SCREW
ol—‘ ». or— e
omo—l “ 100
[ 2]
&
200 Rt S
%! N
STEP 1. STEP 2
1000V POSITION Imy POSLTION
FIGURE 13. RANGE Knob Assembly.
FRONT PANEL, 2582;§7/;i§§§§ (14) SWITCH COUPLER, 24583
KNOB, KN-33
FIGURE 14. Chassis Assembly.
25
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FIGURE 15. Servicing of Chassis,
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TABLE 5-1.
Chassis Part Identification

SERVICING

Item Keithley
No, Description Part No.
1 Front Panel 25827cC
11 Screw, Hex socket #8 x 3/8
12 Screw, Phillips head #8 x 5/8
13 Knob KN-33
14 Switch coupler 245834
15 Printed Circuit Board PC-254
16 Switch, $101 SW-319
17 Cable harness -—=
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 #4 x 2-1/4
25 Fastener, hex nut #4-40
26 Standoff (2 req'd) 24193A
27 Screw, Phillips head #6 x 5/16
28 Screw, slotted #6 x 5"
29 Fastener FA-107

0474

FIGURE 16. PC Board Locations.
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PC-254

p1206 31209 31201
P1209 P1201

PC-348
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FIGURE 17. Side View of Chassis.
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SERVICING

TABLE 5-2.
Trouble-Shooting Procedure

Difficulty

Probable Cause

Solution

No front panel display
illimination.

Power failure

210V supply failure

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

Check fuse. If blown, check for an internal short
(breken wire, loocse hardware, etc.). Replace fuse
by removing top cover and unsoldering pig-tail fuse.

Check 210V supply voltage on PC-254.
rectifier diode D206.
No. RF-17,

If low, check
Replace with Keithely Part

Set switch to 117V.

Overlead Indication when
input is shorted.

Analog amplifier out of
balance.

Transistors Q402 and Q403

Oscillator Circult (Clock)

Check integrated circuit QA703 on analog board PC-251.
Replace with Keithley Part No., IC-2. 1If difficulty re-
mains, check MOS FET transistor Q701 and Q702. Replace
with Kelthley Part No. TG-51.

NOTE: These transistors are semsitive to static charges.
Therefore, drain static charge from hands and/or tools
using a foil grounding surface. Disconnect the solder-
ing iron from power before using.

Check for zero voltage level on pin 6 of integrated
circuit QA401. If not at zero, replace transistors
with Keithley Part No. TG-71.

Check CLOCK frequency at CLOCK test peint.
should be 10kHz *20 Hz. If out of tolerance, recali-
brate as in Section 6. If clock frequency is missing,
check transistors Q601, Q602, and Q603. Replace with
Keithley Part No. TG-62.

Frequency

Ohms ranges 1naccurate.
(Voltage ranges are
normal)

Ohms reference amplifier

Check integrated circuit QA704.

NOTE: Integrated circuit may have failed due to volt-
age applied in ohms mode. Replace QA704 with Keithley
Part No. IC-2. Also replace resistor R745 with Keithley
Part No. R168-10K. Recalibrate OHMS circuit. Select
R739 as necessary.

Current reading inaccurate
on cne range only

Shunt resistor out of
tolerance.

Replace shunt resistor for that particular range. Re-

sistors R1l6 through R122.

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

Transistor Q301 or inte-
grated circuit QA30L.

Replace transistor Q301 if shorted from collector to
emitter (Keithley Part No. TG~67). Otherwise, replace
QA301 with Keithley Part No. IC-9.

Overrange ''1" lighted con-
tinuously when it should
not indicate.

Transistor Q301 or inte-~
grated circuit QA301.

Replace as above.

Polarity signs remain
lighted or do not light
at all.

Transistors Q305 and Q306.
Integrated circuit QA305.

Replace transistors Q305 and Q306 with Keithley Part No.
TG-67. Replace QA305 with Keithley No. IC-7.

Digital Readouts incorrect.

Decoder driver circuit

Decade Counter circuit

Buffer Storage circuit

Replace either QA314, QA315, or QA316 with Keithley
Part No. IC-3. (These integrated circuits are not
soldered because of plug-in sockets.)

Replace either QA308, QA309, or QA310 with Keithley Part
No. IC-17

Replace either QA311, QA312, or QA313 with Keithley Part
No. IC-16.

0474
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CALIBRATTON

6-1.

GENERAL.

SECTION 6.

This section contains procedures for

checking the instrument to verify operation within
specifications,

6-2.

TEST EQUIPMENT.

Use test equipment recommended

in Table 6-1 for accuracy verification.

6-3. PROCEDURES.

a., Preiiminary.

1.

Warm-up Period.

With Power Switch ON, allow

the instrument to warm-up for a minimum of 30 min-

utes.

2.

Power Supply Checkout.

All the power supply

voltages can be measured at test points on printed
circult board PC-254 as shown in Figure 18.

TABLE 6-1.

CALIBRATION

MODELS 164, 164TT

TABLE 6-2.
Power Supply Voltages

Nominal Test Voltage

Voltage Point Limits
+15.00V dc +15V +14.95 to +15.05
-15.0V de -15v -14.6 to ~15.4
+3.6V de +3.6V +3.4 to +3.8
+210V de +210V +205 to +230
+170V dc +170V +165 to +175

b. Adjustments.

1. Power Supply.

The +15V supply should be ad-
justed for +15.00V dc +0.050V using potentiometer
R209 on PC-254 as shown in Figure 18.
and +3.6V supplies cannot be adjusted since the

+15V supply 1s used as a reference voltage.

Test Equipment

The -15V

Code Manufacturer
Letter Instrument Type Specification and Model No. Use
A Voltmeter, Digital *1luV to *1000V 20.1% Keithley, Model 160 Zero Adjustment
of reading
B Voltmeter, Differential | limit of error z0.01% | Keithley, Model 662 Voltage Calibration
of reading or 10uv Current Callbration
Resistance Calilbration
C Voltage Source .003% voltage mode Fluke, Model 3330RB Voltage Calibration
10, 100, 1000 volts Voltage Source 10, 100, 1000 volts
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
:3 Current Source .006% accuracy Fluke, Model 3330B Current Calibration

0.1 mA to 100 mA

Current Source

0.1lmA to 100mA ranges

.003% voltage mode

.02% resilstance
accuracy

Fluke, Model 3330B
Voltage Source (1.01V)

General Radio
Type 1433
Decade Resistor

Current Calibration

.00l to .0lmA ranges

30
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MODELS 164, 164TT

2. Clock Frequency. Measure the clock frequency
at the "CLOCK'" test poilnt on PC-254 as shown (n
Figure 16, The freguency should be adjusted for
a nominal LOkHz, t20 Hz using potentiometer R60S5
an PC-254 as shown in Figure 18.

3. Zero Adjust. Temporarily discomnect front
panel zero econtrol R1215 by removing connector
J1209 (located on PC-348), Place a shorting wire
across the Input Terminals (red and black). Con-
nect veltmeter (A} to the analog OUTPUT (J103}).
Adjust the rear-panel 2ERO Control (R305) for zero
on the | mV range.

4, The output should be adjusted to zere within
+1 miltlivolt.

5. DO Balance. With voltmeter (A) connected to
the OUTPUT adjust the CFFSET CURRENT ADJ. Control
(R733} for zerc on the 1V range. The QUTPUT should
be adjusted within #1 millivolt on the lmV range
and within *0.} millivolt on the 1V range. Repeat
the adjustments of R505 and R733 until the OUTPUT
i{s within tolerance on both the 1lmV and 1V ranges
simultaneously. NOTE

1f the OUTPUT cannot be adjusted to within

+1mV on the 1lmV range place a jumper between

input low and the junction of R503 and €504 on

PC-254, Then set RANGE switch to 100mV and

adjust DC balance pot R722 (on PC-251) for

zero at the OUTPUT. Remove jumper from R503

and repeat steps 4 and 5. After R505 and R733

are properly set, replace J1209 on P(-348 and

adiust front panel zero R1215 for flashing

zero on the ImV range. Then remcve the input

shoert,

CALIBRATICON

6. Analog Calibration.

a)., Voltage Ranges. Connect voltmeter (B) to
the analog OUTPUT. Connect volrage scurce (C)
to the Input Terminals (red and black). Measure
the analog OUTPUT voltage for each range as des-
cribed in Table 6-3. ©On the 100mV, 10mV, and
ImV ranges wire jumpers are uscd for calibration.
Oon the 1V, 10V, 100V, and 1000V ranges potentio-
meters R11l, R108, R106, and R104 should be
adjusted.

b). Resistance Ranges {(Model 160 only). Con-
cect decade rssistance box (D) to the Input Ter-
minals. Measure the analog OUTPUT for each range
as described in Table 6-4. Adjust the OHMS CAL
potentiometer {R738) for an OUTPUT of +1V :1.,0
millivolt on the 1ki range only. The remaining
reslstance ranges cannot be adjusted.

¢). Current Ranges (Model 160 only). Connect
current source (E} to the Input Terminals, Mea-
sure tha analeg OUTPUT for each current range as
described in Table 6-5. No calibration adjust-
ments can be made on any of the current ranges.

7. Digital Calibration.

a). Zero Check. Connect a shorting wire across
Input Terminals. Adjust the front-panel ZERO Con-
trol so that the Digital Display reading is 0-0-0-
0 on the lmV range with the Pelarity Indicator al-
rernating plus and minus. Measure the analog OUT-
PUT voltage which should be within 1 miilivelt of
zero.

ot Wi

OHug
[

HiTLEY .

F0N CATIEIL MEASHRENYS BEOKAIRE TFIST LISE

© - MBNDREAMNS AF & MANOAUPERE. TAE TRLEWOM PIACIDURL SMN BE USOD
Yl K PEAMIT THE NATANMENT TH WARM WP .

-

CLARDNT

THAN A LW MGERIYOLTS RE/EN A TEW

. ANGET THL (KP4 WITH CHPPRR {5 CLEKN PERE WAL B8,
SWIIEN T4, TN | DILNOLY NANAE UB ADUST YHC EIAN PAREL [ERD FON K TLASING | + -
L amrel ThTHE | VAL BANO KO ABNAT THC QUARCAT 93LAEL 482 DR A FLASHWG | 4 ~i

FIGURE 18. Chassis,
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b). Full-Scale Indication. Connect voltage
source (C) to the Input Terminals and adjuat the
source for +1.9992V measured at the analog QUTPUT.
Adjust the -CAL Control (R402) so that the Digital
Display has a reading which alternates between
1-9~9-9 and a blanked display (with only the over-
range ""1" lighted). Apply a negative input and
adjust the +CAL Control (R408).

¢). Linearity Adjustment. Connect an accurate
voltage source (C) to the Input Terminals and ad-
just for an analog OUTPUT of +0.9992V on the 1V
range. Verify that the Digital Display reading
is 0~9-9-9.  Readjust the voltage source for an
analog OUTPUT of +}.,9998V on the 1V range. Verify
a change of the Digital Dispiay from 0-9-9-9 to
1-0-0-0. ST N

L o

3 & SLA

L Ad;'\r,‘_‘:,

i

FIGURE

19. Calibration Controls,

MODELS 164, l64TT

8. Calibration of Milliohm Current Source.

a). Warm-~up period. With Power Switch ON, “
allow the inatrument to warm—up for a minimum
of 30 minutes.

b). <Connect resistance box to inputs using
four lead wires -- two connected to mili SOURCE
(current leads) and two connected to HI and

LO (voltage leads}.

¢). Set R box to zero resistance and read
residual resistance with 164, Set R box to
10.000 ohms including residual. Adjust R1203
for reading of 10.00 in Operate position after
zaroing out thermal EMF's in zero position.

o,

0474



MODELS lé4,

G474

=

164TT

TABLE 6-3.
Voltage Range Calibration
Summary of Calibration Controls and Test Points.
Analog Analog
Range Input Source CUTPUT OUTPUT Ref.
Setting Source Accuracy Voltage Accuracy, Desig. Control
100mv 100mv +,01% 1.000v 1 1lmV R520, R521 Jumper
10mV 10mv +,01% 1.000v +1mY R517, R518 Jumper
1lmV LmV +.01% L.000v +1lmV RS514, R515 Jumper
1V 1Lv +,01% 1.000v +1lmV R111 1V CAL
w0V 10 v +,01% 1.000v *imV R108 LoV
100 V 100 v £.01% 1.Goov +imV R106 100v
1000 Vv 1000 v +.01% 1.000v £1mV R104 1000V
TABLE 6-~4.
Resistance Range Calibration
Summary of Calibration Controls and Test Points.
Analog Analog _‘1
Range Input Source OUTPUT QUTPUT Ref.
Setting Source Accuracy Veltage Accuracy Degig. Control
1K§ 1KQ +,01% 1.000v +  1lmV R738 OHMS CAL
100 & 100 Q +,02% 1.000v + Imv —-—— None
10K 10KR +,02% 1.000v *  4mV —-——— None
100KR 100K +,02% 1.000V * 3mV — None
1M& 1M +,02% 1.000V t 3mV —— None
10MQ 10M0 t.4% 1.000V £ 40mV —— None
100MQ 100M0 1% 1.000vV +100mv —_—— None
100CMR LoooMs: +3% 1.000v +500mv —-—— None
TABLE 6-5.
Current Range Calibration
Analog Analog
Range Input Source QUTPUT QUTPUT
Setting Source Accuracy Voltage Accuracy
0. 1uA 0.1lua +.02% 1.000v £ 2mv
1uA 1ua £.02% 1.000v +  2mV
10uA 10uA +.02% 1.000v +  2mv
100pA 100uA +,02% 1.000v +  2mV
imA ImA +.,02% 1,000V £ ZmV
10mA 10mA +,02% 1,000V *  2mV
100mA 100mA *,02% i.o000v +  3mV
1000mA 1000maA +.02% 1.000v +  3mV
1000mA 100mA +.02% 0.100v *0. 3mV

CALTBRATION
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FIGURE 20. <Calibration of Milliohm Current Source.
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SECTION 7. R

7-1. REPLACEABLE PARTS LIST. This section contains
a list of components used 1n this instrument for user
reference. The Replaceable Parts List describes the
individual parts giving Circuit Designation, Descrip-
tion, Suggested Manufacturer (Code Number), Manufac-

REPLACEABLE PARTS

EPLACEABLE PARTS

turer Part Number, and Keithley Part Number. Also
included is a Figure Reference Number where appli-
cable. The complete name and address of the Manu-
facturers is listed in the CODE-TO-NAME Listing
following the parts list.

TAB
Abbreviati
A ampere F
Fig.
CbVar Carbon Variable
CerD Ceramic Disc GCb
Cer Trimmer Ceramic Trimmer
Comp Composition k
DCb Deposited Carbon n
Desig. Designation
M
EAL Electrolytic, Aluminum Mfg.
ETB Electrolytic, Tubular MtF
ETT Electrolytic, tantalum My
No. '

LE 7-1.
ons and Symbols
farad Q ohm
Figure
P pico (10-12)
Glass enclosed Carbon PC Printed Circuit
Poly Polystyrene
kilo (103)
Ref. Reference
micro (1079)
TCu Tinner Copperweld
Meg (100)
Manufacturer v volt
Metal Film
Mylar W watt
WW Wirewound
Number WWVar Wirewound Variable

7-2. ELECTRICAL SCHEMATICS AND DIAGRAMS. Schematics
and diagrams are included to describe the electrical
clrcuits as described In Section 3. Refer to Table
7-2 which identifies all schematic part numbers in-
cluded.

7-3. HOW TO USE THE REPLACEABLE PARTS LIST. This
Parts List is arranged such that the individual types
of components are listed in alphabetical order. The
parts for the instrument's Main Chassis are listed
followed by printed circuit boards and other sub-
assemblies. Refer to Table 7-3 for listing of cir-
cuit designation series assigned to each major sub-
assembly.

7=4, HOW TO ORDER PARTS.

a. Replaceable parts may be ordered through the
Sales Service Department, Keithley Instruments, Inc.
or your nearest Keithley representative.

b. When ordering parts, include the following in-
formation.

1. Instrument Part Number

2. Instrument Serial Number

3. Part Description

4, Schematic Circuit Designation
3. Keithley Part Number

c. All parts listed are maintained in Keithley
Spare Parts Stock. Any part not listed can be made
available upon request. Parts identified by the
Keithley Manufacturing Code Number 80164 should
be ordered directly from Keithley Instruments, Inc.

TABLE 7-2.

Description Circuit Designation Schematic Part Number
Switching — Maln Chassis Front Panel 26243E
Power Supply PC-254 26245D
Connectors PC-254, PC-255 26246D
Analog Amplifier PC-251 26244E
Integrator Beard PC-250 24690E
Tube Board PC-248 24688D
Tube Board PC-248 24689D
Milliohm Socurce PC-348 24642D
Trip Circuit (Model 164TT) PC-348 26225D
Digital Output (Model 1602) PC-287 24685D

— 24669C

u AC-DGC Probe (Model 1601)

0474
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TABLE 7-3.
Clrcuit Connector Page
Desig. Desecription Plug-In Series No.
- Main Chassis - 100 38-46
PC=254 Power Supply -= 200 38-46
PC-248 Tube Board Jg802 300 18-46
PC-250 Integrator Board J801 400 38-46
PC-254 Input Filter - 500 318-46
PC-254 Oscillator - 600 38~46
PC~-251 Analog Amplifier J902 700 38-46
PC-255 Connector Board J901 800 I8-46
PC-254 Connectors - 900 18-46
PC-348 mi} Source, Dual Trips - 1200, 1300 38-46,47
TABLE 7-4.
Mechanical Parts List
Guantity Keithley
Description Per Asgembly Part No.
1) Front Panel 1 25827C
2) Rear Panel 1 25828C
Top Cover Assembly - 260288
3) Cover, Sheet Metal 1 26021D
4) Screws, #6 x 3/8 slotted, pan head . 4 ——
Handle A;v.sembly —_— —-—
5) Handle 1 HH-18
6) Screws #6-32 x 3/8" R. H, Slotted 2 ——
Bottom Assembly ——— 260298
7} Bottom 1 26024C
8) TFastener 2 FA-34
Feet Assembly ——— —
9) Feet 4 243228
10) Ball 4 FE-6
11) Screws #6 x 7/16" Phillips, Flat Head 4 —-—
Tilt Bail Assembly —— —
12) Bail 1 171478
13) Kep Nut 4 —

36
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o

5) HANDLE

4) SCREW
3) COVER ////// FRONT PANEL
FIGURE 21. Top Cover Assembly.
12
) } TILT BAIL

10} BALL

1%} SCREW
9) FEET

7) BOTTOM
’ FIGURE 22, Bottom Cover Assembly.
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REPLACEABLE PARTS

Models 164,

. {See schematics 26243E, 26245D,
26246D, 26244E, 24690E, 24688D, 24689D, 24642D).

MODELS 164,

164TT

Circuit Mfr. Mfr. Keithley

Deaig. Description Code Deslg. Part No. Oty
C1l01 .0047uF, 500V, CerD. . 72982 801~-Z5U0-472M C22-,0047M 7
Cl02 .0047uF, 500V, CerD. N 72982 801-Z5U0-472M C22-,0047M ‘e
Cl03 .0047yF, 500V, CerD. . 72982 801-2500-472M C22-.0047M

C201 2000uF, 15v, EAL . . N 29309 3675020015C C93-2000M 1
€202 220pF, 1000V, CerD . . 71590 DD-221 C64-220P 3
c203 150pF, 1000V, CerD . . 71590 DD-151 C64=150P 1
C204 200pF, 35V, EAL. ., . 90201 MTV200N35 Cl77-200M 4
C205 200pF, 35V, EAL. . 90201 MTVZO0N35 C177-200M ‘e
C206 10uF, 2Qv, ETT . . . 17554 TSD1-20 C179-10M 11
C207 470pF, 1000V, CerD . N 71590 DD-471 Co4=470P 1
c208 125uF, 15V, ETB. . . 73445 C426=-125yF C3~125M 2
C209 200uF, 35V, EAL. . . 90201 MTV200N35 C177-200M f
€210 200uF, 35V, FAL. . . 90201 MTV200N35 C177-200M

C211 125uF, 15V, ETB. . . . 73445 C426-125uF C3-125M ‘e
c212 15uF, 300V, EAL. . 90201 PTCOLSM300 C173-15M 1
C3acl1 .0022uF, 500V, CerD. . 72982 831-25U00-222M C22-.0022M 2
€302 100pF, 1000V, CerD . . 71590 DD-101 C64~100P 2
C303 0.22yF, 10V, ETT . . 17554 TSD210226 C180-0.22M 1
C304 10pF, 1000V, CerD. . 71590 DD=-100 Cé64-10P 3
C401 10pF, 1000V, CerD. . 71590 DD-100 C64-10P

c402 10pF, 1000V, CerD. . N 71590 DD-100 C64-10P

C403 100pF, 1000V, CerD . . 71590 DD-101 C64-100P e
C404 1OpF, 20V, ETT . . . . 17554 TSD1-20 Cl79-10M s
C405 1.5pF, 600V, CerD. 71590 TCZ-15 c77-1.5P 1&,}3
C406 1pF, 100V, My. . . MF825 Cl85-1M 1
C407 .QO0LuF, 1000V, CerD. 72982 808-000-Z5R0102K Cb4—.001M 1
C408 Not Used . . . . Peene cetiena N

C409 220pF, 1000V, CerD . 71590 DD-221 C64-220P

G410 10pF, 20V, ETIT . 17554 TSD1-20 Cl79-10M

C4l1 10pyF, 20V, EIT . . 17554 TS§D1-20 Cl79-10M .
G412 22uF, 10V, EIT . . ' 17554 TSD2-10 Cl80-22M 1
C413 S5pF, 1000V, CerD . . 71590 DD-050 Ch4-5P 1
Cala 1yF, 50V, CerF . 72982 8131050651105  ¢237-1M 1
C415 .0047uF, 500V, CerD. 72982 801-Z5U0-472M C22-.0047M .
C4l6 390pF, 1000V, CerD . . 71590 DD-391 C64-390P 1
C417 10uF, 20V, ETT . . . . 17554 TSD1=-20 Cl79-1QM ..
C418 Q.1pF, 250V, MtF . . B 73445 C280AE Cl78-.1M 3
C4l9 10uF, 20V, ETT . . 17554 TSD1-20 Cl179-10M

C420 10uF, 20v, ETT . . . , 17554 TSD1-20 C1l79-10M f
C501 0.1uF, 200V, My. . . 13050 SM2A-, 1uF C143~.1M 2
c502 G.1pF, 200V, My, . . . 13050 SM2A-. 1uF Cl43—-.1M e
Cc503 2uF, 100V, My. . MF1195-2pF €188-2M 1
c601 LO047uF, 200V, My . . . . 1305Q SM2A=,047uF Cl43-.047M 1
c602 500pF, 500V, Silver Mica 14655 CD19FD501F03 C209-500P 2
€603 500pF, 500V, Silver Mica 14655 CD19FD501F03 €209-500P e
C604 1500pF, 500V, Silver Mica 14655 CD19FD152F03 C209-15007 1
€605 10uF¥, 20V, EIT . . 17554 TSD1-20 C179-10M N
Cc701 Not Used . . . . e e b h e s e s e s s n e e e e aesas tesares messeas ceea
¢702 0.01yF, 200V, My . . 13050 SM1A~.0lyF C47n OlM 1
€703 10uF, 20V, EIT . . . . . 17554 TSD1-20-10uF C179-10M .
C704 0.0047pF, 500V, CerD . . 72982 801~Z5U0-472M C22~.0047M .
C705 1.2yF, 20F, ETT. . . . 17554 T8D1-20-1.2uF C179-1.2M w
C706 1.2yF, 20V, ETT, . . . 17554 T8D1-20-L.2pF C179-1.2M .
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Models 164, 164TT.
CAPACITORS (Cont'd)
Circuit Mfr. Mfr. Keithley
Desig. Dagcription Code Desig. Part No. Qty.
c707 0.0047uF, 500V, CerD. . PP 72982 801-Z500-472M C22-.0047M
€708 220pF, 1000V, CerD. . . 71590 DD-221 C64-220PF
c70% 0.1u¥, 250V, MtF. . . . .o 73445 C280AE-.1,F Cl78-.1M ..
c710 0.22yF, 250V, MtF . . . . 73445 C280AE-. 22F Cl78-.22M 1
Cc711 0.1yF, 250V, MtF. e e e 73445 C280AE~,1F C178-.1M
801 Q0.001uF, 1000V, CerD, . . 72982 808000-Z5R0-102K C6H4-.001M 1
C1201 470yF, 40V, BAL . . .. . . Amperex ET471X040A2 C150-470M 1
C1202 0.0022pyF, 500V, CerD . . 72982 831Z5U0-222M C22-.0022M
€1203 0.01uF, 50V, My . . . . . 84411 601PE-.01F C41-,01M 1
DICDES
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qy.
0201 Rectifier ., . . . . . . 13327 184139 RF-34 2
D202 Rectifier . P 13327 1N4139 RF-34 ..
D203 Full Wave Bridge Rectifier . 83701 PD-10 RF-36 2
D204 Rectifier . P . . 01295 1N645 RF-14 8
D205 Rectifier . . . ' . 01295 1N&4S RF~14 .
D206 Rectifier . P . . 01295 1N3255 RF=-22 i1
D401 Zener, 9, 1/2W . . . . . .« ., . e e e 04713 1N936 DZ-5 3
D402 Zener, 9V, 1/2vW . . . e e e e e e s 04713 1N936 DZ-5 ..
D403 Transistor, Base-Emitter NPN Case TO-106 . . . 07263 2N3565 TG-39 2
D404 Transistor, Base-Emitter NPN, Case TO-106 ., 07263 2ZN3565 TG-39 ..
D405 Rectifier , . . . . P . 01285 1NG14 RF-28 13
D406 Rectifier . . . . . 01295 1N914 RF-28
D407 Rectifier . . . . 01295 1N914 RF-28
408 Rectifier . .. . . . . . 01295 1N914 RF-28
409 Rectifier , . . . . .. .. 01295 1N914 RF-28
D410 Rectifier . .. . . Ce e 01295 1N914 RF-28 ..
D411 Zener, 9. lV . PN . . . . 06751 IN713A DZ-38 1
D412 Rectifier . . . PN . . 01295 1NG14 RF-28
D413 Rectiffer . . . . . .. . . 01295 1NG14 RF-28
D414 Rectifior . . . . P o 01295 1N9214 RF-28
D415 Rectifier . . ., . s . . 01295 LN914 RF-28
D416 Rectifier ., . PN . o . PR 01295 1N9l4 RF-28
D417 Rectifier . . . .o . 01295 1N914 RF-28
D501 Rectifier . , , . .. . . . 01295 1N645 RF-14
D502 Rectifier . . - PR PO 01295 1N645 RF-14
D601 Rectifier . . ., . e . P e 01295 1N914 RF-28
D701 Rectifier . . . e e e 01295 1N645 RF-14 ..
D702 Zener, 9V, 1/2w . . PN 04713 1N936 DZ=5 .
D1201 Bridge Rectifier, 24, 100 PIV . , . . . . AP PD1Q RF=-36 ..
D1202 Zener, 6.2V, 0.4W . e e e e e e e e e e e s 06751 1N823 DZ-36 2
D1203 Zener, 6.2V, 0.4W . . e e e e e e e 06751 1N823 DZ-36 ..
D1204 Rectifier . P . e h e e e e e 01295 1N645 RF-14 ..
D1205 Rectifier . . . . . . s e e s 01295 1N645 RF-14 e
D1206 Rectifier . . . « + + ¢« o + + e e e e 01295 1IN645 RP-14
LAMPS & FUSES
Circuit Mfr. Mfr. Keithley
Degig. Description Code Desig. Part No. Qry.
'3301 Lamp, (OVERRANGE) . . . . . . . f e e e e e e 80164 PL-42 PL=-42 1
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REPLACEAELE PARIS

Models 164, 164TT.

LAMPS & FUSES (Cont'd)

MODELS 164, 164TT

Circuit Mfr. Mfr, Keithley

Desig, Description Code Desig. Part No, Oty.
DS302 Lamp, {(POLARITY}. . . . . . 80164 PL-48 PL-48 10 4

] §
F201 Fuse, 1/4A, 250V, 3aG, Slo~Blo. 71400 MDV-1/44A FU-33 1
F202% Fuse, 1/2A, 125V, 3AG, Slo-Blo. . 75915 315-500 FU-35 1
*Alternate
CONNECTORS

Clrcuit Mfr. Mfr. Keithley

Desig. Description Code Desig. Parr No. gcy.
J101 Binding Post, (HI)} Red. . . 58474 DF21RC BP-11R 1
J102 8inding Post (LO) Black . . . . 58474 DF21BC BP-11B 1 B}
Ji103 Connector, Analog Output. 02660 80PC2F Ccs-32 1
J104 Binding Post, (CASE) Green. 58474 DF21GC BP-11G 1
J201 Connector, Female, Berg . . . . .

J202 Connector, 5-pin. . . . . . . 22526 20052 Ccs-237 3
J203 Test Podnt. . + « . « + « .

J204 Test Peint. .

J205 Test Point.

J801 Connector, 22-pin, card-edge type 09922 PS8C4882212 CS5=-182 3
Jag2 Connector, 44-pin, card-edge type . 09922 PSC4DD2212 C8-205 1
J901 Connector, 22-pin, card-edge type . . 09922 PSC4552212 £5-182

J902 Connector, 22-pin, card-edge type . . 09922 PSC4S552212 Cs-132

J903 Receptacle, 1O-pin. . . . 22526 20052 £5-237 .
J904 Receptacle, 1l0O-pin. . . .. . . 22526 20052 €s-237 .
J905 Receptacle, 10-pin. . . . . . 22526 20052 c5-237

J906 Receptacle, 10-pin. ’ 22526 20052 C5-237

J1201 Housing, 10-pin . . . . . . 22526 20052 £s8-~237 S
J1202 Housing, 5-pin. e e 22526 20370 C§-251 &5)
J1203 Binding Post, (LO), Black . 58474 DF213BG BP11BLK 1
J1204 Binding Post, {(HI), Red . , . 58474 DF21RC BPL1R 1
J1205 Housing, 2-pin. PP . . . C5-261

J12G6 Housing, 5-pin. 22526 20370 £5-251

J1207 Berg Pin, Female. .

J1208 Housing, 3-pin. 22526 65039034 Cc5~-270

J1209 Housing, 3~pin. . N . 22526 65039034 C8~270

J1210 Housing, 3-pin. . 22526 65039034 Cs~270

P201 Receptacle, 3-pin, Line Voltage . P . 82389 EAC301 C8~254 1
P1201 Berg Pins (10). e . . . 80164 242494 10
P1202 Berg Pins (5) + « + v o« o v+ v . N 80164 242494 5 B
P1203 Not Used. . . . + . « « « . . Ceee eaeaes . e
P1204 Not Used., . . . « « « + o & + . e e e asaes aaeas ve aeaassas
P1205 Berg Pins (2} . . . + . « . .+ «. & . .o 80164 242494 2 .
P1206 Berg Pins (5) . . . . . . . . . . . 80164 242494 5
P1207 Berg Pin (1). . . . . . . . . . . . 80164 242494 1
P1208 Berg PInsg (3) . . . + « « . « . e 80164 242494 3
P1209 Berg Pins (3) . + . . + « . « .+ & N 80164 252494 3

TRANSISTORS

Circuit Mfr. Mfr. Keithley

Desig, Description Code Degig. Part No. Qtvy.
Q201 Power, NPN, Case TO-66. . . PR 02735 40312 TG-54 1
Q202 NPN, Case TO-104. . . . 02734 ZN5183 TG~68 1
Q203 NPN, Case TO-106. . . . . . . . . e e 07363 2N3565 1G6-39 2
Q204 NPN, Case TO-106. . . . . . . . . . . . 07263 2N3565 TG~39 .@l i
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Models 164, 164TT.
TRANSISTORS (Cont'd)

REPLACEABLE PARTS

Circuit Mfr. Mfr. Keithley
Desig. Description Cade Desip. Part No. Qty.
Q205 PNP, Case R110. . . . . . + . . 07263 517638 TG-33 6
Q206 NPN, Case TO-5. . . + « . + . . 02734 40317 TG-43 2
Q207 PNP, Case RL110. . . 07263 517638 TG=33 -
Q208 NPN, Case TO-5. P 02734 40319 TG-50 1
Q209 PNP, Case R110. . 07263 $17638 TG-33
Q210 PNP, Case RI110. 07263 517638 TG-33
Q211 PNP, Case RI110, . 07263 517638 TG-33
Q212 PNP, Case R110. . . . 07263 817638 TG-33
Q301 NPN, Case TO-104. , 07263 2ZN5184 TG—-67 3
Q302 NPN, Cage TO-5. PP 02735 40346 TG-44 2
Q303 NPN, Case TO-5. . . 02735 40346 TG-44 .
Q304 NPN, Case TO-106. . e e 07263 2N5134 TG-65 6
Q305 NPN, Case T0-104. . . . 07263 2N5184 TG-67
Q306 NPN, Case T0-104, . 07263 ZN5184 TG-67
Q401 N~-Chan, Fer . . 04713 2N4220 TG-42 4
Q402 FET, Case T0-92 . . 01295 T1870 TG-71 2
Q403 FET, Case T0-92 . . 01295 T1S70 TG~-71 -
Q404 PNP, Case TO-106. 07263 2N5139 TG-H6 3
Q405 NPN, Case T0-106. . v . . 07263 2N5134 TG-65,
Q406 Not Used. . . . . . e e e e e e e e e
Q407 Not Used. . . . . . e Ceraaee e
Q408 N-Chan, FET . . . e e e s 04713 2N4220 TG-42
Q409 PNP, Case TO-106. . . . . . . . 07263 2ZN5139 TG-66 .
Q410 NPN, Case TO0-106, PN P 07263 ZN5134 TG~65
Q411 N-Chan, FET . . e e e 04713 2ZN4220 TG-42
Q412 NPN, Case TO-106. . PR . . e 07263 2ZN5134 TG-65
Q413 PNP, Case TO-106. .. e e . 07263 2ZN5139 TG-66
Q414 NPN, Case TO-106. .. e 07263 2ZN5134 TG-65
Q415 PNP, Case TO-106. . e e e 07263 2NS139 TG-66
Q416 NPN, Case TO-106. . . 07263 2ZN5134 TG-65
Q601 NPN, Case TO-92 . . . . . . . . . 04713 2N5089 TG-62 6
Q602 NPN, Case TO~92 ., . ., . . . PP ' 04713 2N5089 TG=-62
Q603 NPN, Case T0-92 . .. . e 04713 2N5089 TG-62
Q701 N-Chan FET (Selected*)., . . e . 94145 RN1030 TG-51 (24598A)* 2
Q702 N-Chan FET (Selected*). 94145 RN1030 TG-51 (24598A)* ..
Q703 NPN, Case T0-92 (Selected¥*) 04713 2N5089% TG-62 (24219A}* ..
Q704 PNP, Case TO-92 . . . . . . 04713 2N5087 TG-61 2
Q705 N=-Chan FET. . . P 04713 MPF-103 TG-41 1
Q706 NPN, Case TO-92 . . . . 04713 2N5089 TG-62 ..
G707 NPN¥, Case TO-92 . . . N . 04713 2N5089 TG-62 e
Q708 PNP, Case TO-92 . . . + + + + & ' PR 04713 2N5087 TG=-61
Q1201 Transistor, e e e e e M . 07263 40317 TG-43

INTEGRATED CIRCUITS
Circuit Mfr, Mfr. Keithley
Desgig. Description Code Desig. Part No. Qty.
QA201 Regulator, l0-pin Case TO-100 . SN P 07263 US5R772-339 IC-14 1
QA301 Dual J-K Flip-Flop, l4-pin DIP, e e e e e s .o 04713 MC891F 1c-9 4
QA302 Dual J-K Flip—-Flop, l4=-pin DIP. . e e 04713 MCB91P I1c-9 ..
QA303 Quad 2-Input NOR, l4-pin DIF, . . .o 04713 MCB24P IC-5 3
QA304 Quad 2-input NOR, lé4=-pin DIP. . . 04713 MC824P IC-5 ..
QA305 Hex Inverters, l4-pin DIP . 04713 MC889P Ic~-7 1
QA306 Dual J-K Flip-Flop, l4~pin DIP. . . 04713 MC891FP 1c-9
QA307 Dual J-K Flip-Flop, l4-pin DIP. . . 04713 MC891P Ic-9 -
QA308 Decade Counter, l4-pin DIP. . .. 04713 MC880P I1C-17 3
QA309 Decade Counter, lé4-pin DIP, . . . . 04713 MC880P I1C-17 ‘e
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REPLACEABLE PARTS

Models 164, 164TT.

INTEGRATED CIRCUITS (Cont'd)

MODELS 164, 164TT

Circult Mfr. Mfr. Keithley
Desig. Degcription Code Desgig., Part No. Qty.
QA310 Decade Counter, Lé—pin DIP . . . , e e 04713 MC88OP 1C-17 .
QA311 Quad Latc¢h, 16~pin DIP . . . . . . . . P . 04713 MC867P IC-16 3
0A312 Quad Latch, 16=pin DIP . . . . . . . . - 04713 MCB&7P TIC-16 N
QA313 Quad Latch, 1l6-pin DIP . . . . . . . 04713 MC867P IC-~-16 e
QA3L4 Decoder/driver, 1l6-pin DIP . ., . , 07263 UGB996079K 1c-3 3
QA315 Decoder/driver, 16-pin DIP . PR 07263 UGB996079X IC-3
QA316 Decoder/driver, 1l6—pin DIP . . . 07263 UGB996079X 1c-3
QAa401 Amplifier, 8-pin, Case T0-99 ., . . . 07263 USB770939X 1Cc-1 3
QAGO2 Amplifier, 8-pin, Case TO-99 . . . . 07263 U5B770939X 1C-1 e
QA403 Diff, Comparator, 8-pin, Case T0-99. . . 07263 USB771039X IC=4 1
QA4LQ4 Quad 2-input, NAND, l4-pin DIP . . , 04713 MCB24P IC=5
QA701 Dual J-K Flip~Flop, lé-pin DIP . « e PN 04713 MC890P IC-8 L
QA702 Amplifier, 8-pin, Case T0-99 ., PR . 07263 U5B770939X 1c-1 .
QA703 Amplifier, 8-pin, Case T(G-99 . . . 12040 LM301AH 1C-2 2
QAT04 Amplifier, B-pin, Case T0-99 . . 12040 LM301AH Ic-2
QAB02 Binary Counter, l4-pin DIP . .. . 04713 MC-877P 1C¢-21 1
QA1201  Regulator, Case TO-220 . . . . . . . . . e 04713 MC7815CP 1C-96 1
QA1202  Amplifier, 8-pin, Case TO-99 . . . . . - . . 12040 1M308H 1C-67 1
RESISTORS
Circuit Mfr, Mfr. Keithley
Desig. Description Code Degig. Part No. Qty.
R101 10Ma, 1%, 172w, MtF. . . . . . . . . . . . 07716 MEH-10MG R170-10M 1
R102 200kQ, 1%, 1/2W, MtF , . , . . . . . . . 07716 MEH-200K0 R94-200K 1
R103 1k, 0.1%, 1/2W, MeP . . . . . . . ., . . . 91637 MPR-1X R169-1K 2')
R104 50, 20%, 2W, WW . . . . . . . . . e e e e 71450 1N8§-115-500 RP50--50 1
R105 10kQ, 0.1%, L/2W, MtF. . . . . . . . .. 91637 MFF-10K R169-10K 2
R106 500Q, 20%, 2W, WW. . . . . . . . . P . 71450 1NS-115~-5000 RP50-500 1
R107 100k, O.1%, 1/2W, MtF . . . . . . . P 91637 MFF-100KQ R169-100K 2
R108 Skit, 20%, 2w, WW . . . . . . . . . . . . . 71450 1NS-115-5K% RP50-5K 2
R109 MG, 0.1%, 1/2W, MEF . . . . . . . . . . 91637 MFF-1MQ R169~1M 2
R110 100ks, 1%, 1/8W, MtF . . . . . . . . . . . 07716 CEA-100KQ-1% R8B-100K 4
R11l1 50k, 20%, 1.75W, Cermet . . . . . . . . . 73138 77PR-50KQ RP64-50K 1
R112 1070, 2%, I, DCbe « v v v v v 4 v e e e e e e ., 91637  DC-1-107q R13~107 1
R113 109, 20%, 1/2W, Comp. . . . . . C e e 75042  GBT-108g R37-109 2
R1l4 1089, %, 2%, PCh. . . . . . . P 91637 De-2-1080 R14-108 1
R115 MQ, 0.1%, 1/2W, MEF & o v 0 0 w0 . e e e 91637 MFF-1MQ R169-1M .
Ril6 100kQ, 0.1%, L/2W, MEF . . . . . . . . e .. 91637 MFF-100KQ R169-100K .
R117 10k, 0.1%, 1/2W, MtF, . . . . . . . . AP . 91637 MFF-10KQ R169-10K .
R118 1kQ, 0.1%, 1/2W, MEtF . . . . . « . . . s e e e e 91637 MFF-1KQ R169-1K -
R119 99.99, 0.1%Z, 1/2W, MtF . . . . . . . . . 91637 MFF-99.9Q R169~99.9 1
R120 0.1q, 0.1%, 5W, WW . . . . . . . . . . e e e e 02985 TS=5W-.10 R167-.1 1
R121 19, 0.1%, L/4W, WW . . . . « . .« . . . P 01686 7009-10 R95-1 1
R122 10R, 0.1%, 1/4W, WW. . . . . . . . .. . P 01686 7009-100 R95-10 1
R123 220R, 10%, 1/4W, Comp. +» « « « « & 4+ . . e 01321 CB-221-10% R76~220 1
R201 6.8k0, 0%, 1/4W, Comp . . . . . . . . . . .. 01121 CB~682-10% R76-6.8K 1
R202 0,20, 20Z, TCU « v « 4 4 & & v v o 4 e 91637 CW-2-,29 R151-0.2 1
R203 1oke, 1%, 1/8W, MtF. o o v b v . . . . e e e e . 07716 CEA-10K-1% R88-10K 3
R204 2,49k0, 1%, 1/8W, MtF, . . ., . . . . . . . . 07716 CEA=-2,49K-1% R88-2.49K 1
R205 1k@, 10%, 1/4W, Comp . . « + & . « . . e 01121 CB-102-10% R76-1K 5
R206 30, 1%, 1/2W, DCb. .« . . . . . . . . 91637 DCF-1/2-30 R12-3 2
R207 1.8kq, 10%, 1/4W, Comp . . . . . e . . 01121 CB-182-10% R76-1.8K 1
R208 3,32k, 1%, 1/8W, MtF, . . . . 07716 CEA-3,32K-1% R88~3.32K 1
R209 1k, 20%Z, 2W, WW . « + & v 4« v + 4 & e e 71450 1NS-115-1K RP50~-1K 1
R210 3,01k, 1%, 1/8W, MtF. . . . . ., . . . e e e e s . 07716 CEA-3.01KR-1% R88-3,01K 3
R211 15kQ, 10%, 1/4W, Comp. . . . . . . . . .. . 01121 CB-153-10% R76=15K 1
R212 7.5k, 1%, L/8W, MtF . ., . . . . . e e e 07716 CEA-7.53K-1% R88-7.5K 8"
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Models 164, 164TT.
RESISTORS (Cont'd)

REPLACEABLE PARTS

Clircuit Mfr. Mfr. Keithley

Desig. Description Code Desig. Part No. qty.
R213 108, 10%, 1/2W, Comp . . 01121 EB-1060-10% R1-10 1
R214 33k, 10%, 1/4W, Comp. 01121 CB-333-10% R76-33K 8
R215 3, 1%, 1/2W, DCb. . . 91637 DCF-1/2-3¢ R12-3

R216 33ka, 10%, 1/4W, Comp. 01121 CB-333-10% R76~13K

R217 33k, 10%, 1/4W, Comp. . 01121 CB-333~10% R76-33K-10%

R218 7.5kQ, 1%, 1/8W, MtF . 07716 CEA~7.5K-1% R88-7.5K-1% ..
R219 8201, 10%, 1/2W, Comp . \ 01121 EB-B2R-10% R1-82 1
R220 1M, 10%, 1/4W, Comp . ! . . 01121 CB-105-10% R76—~1M 2
R301 100k, 10%, 1W, Comp . . oL121 GB-104-10% R2-100K 1
R302 1.5k, 10%, 1/4W, Comp . 01121 CB~152-10% R76-1.5K 9
R303 3,3k, 10%, 1/4W, Comp . . 01121 CB-332-10% R76-3.3K 2
R304 1.5kf, 10%, L/4W, Comp . 01121 CB-152-10% R76-1.5K

R305 1.5k, 10%, 1/4W, Comp . 01121 CB~152-10% R76-1.5K .
R306 100k, 10%, 1/2W, Comp . . 01121 EB-104-10% R1-100K 1
R307 47kG, 10%, 1/4W, Comp. . 01121 CB-473-10% R76-47K 3
R308 Not Ugsed . . . . . . . e Caresasan
R309 80.6ka, 1%, 1/2W, MtF. . e 07716 CEC-80.6K-1% R94-80. 6K 1
R310 7.87k, 1%, 1/8W, McF. . 07716 CEA-7.8K-1% R88-7.87K 1
R31L 1k8, 10%, 1/4W, Comp . . . 01121 CB-102-10% R76-1K

R312 1.5k, 10%, 1/4W, Comp . 01121 CB-152-10% R76-1.5K ..
R33 10kG, 1%, 1/72W, MEF. 07716 CEC-10K-1% R94-10K 3
R314 10k&t, 1%, 1/2W, MceF. 07716 CEC-10K-1% R94-10K

R315 10k2, 1%, 1/2W, MeF. . . 07716 CEC-10K-1% R94-10K

R401 10k, 10%, 1/4W, Comp. . . - 01121 CB~103-10% R76-10K 6
RAO2 10k, 20%, Cermet. . . . . 73138 77PR-10KR RP64-10K 2
R403 7.5kk, 1%, 1/8W, MtF . . 07716 CEA-7.5K0-1% RB8-7,5K

R404 7.5kR, 1%, 1/8W, MtF . . . 07716 CEA-7.5Kn~1% R88-7.5K

R405 7.5kQ, 1%, 1/8W, MtF . . . . . 07716 CEA-7.5K~1% R8B-7,5K

R406 Selected*), 1%, 1/8W, MtF, e . 91637 MFF-1/8~*% R177%

RAG7 10k, 10%Z, 1/4W, Comp. + « . .+ + .. 01121 CB-103-10% R76-10K

R408 10k, 20%, Cermet. . . . . . - 73138 77PRIOKD RPH4-10K

R409 7.5k, 1%, 1/8W, MtF . . 07716 CEA-7.5K0-1% R88-7.5K

R410 7.5k, 1%, 1/8W, MtF . . . 07716 CEA-7.5Ka-1% R88-7.5K

R&411 7.5kQ, 1%, 1/8W, MtF . e e e . 07716 CEA-7.5Ka-1% R88-7.5K

R412 Selected®n, 1%, 1/8W, MtF, . 91637 MFF-1/8-#% R177-% .
R413 49,9kR, 1%, 1/8W, MtF. . . . 91637 MFF-1/8-~49.9K R177-49.9K 2
R414 49,9k, 1%, 1/8W, MtF, . . . 91637 MFF-1/8-49.9K R177-49.9K .
R415 100k, 10%, 1/4W, Comp . . . 01121 CB-104-10% R76-100K 6
R416 100kQ, 10%, 1/4W, Comp . . 01121 CB-104-10% R76-100K .
R&417 1k, 10%, 1/4W, Comp . . . 01121 CB-102-10% R76-1K .
R418 301kQ, 1%, 1/8W, MtF . . 07716 CEA-301K-1% R88-301K 2
R419 301k, 1%, 1/8W, Mt¥ . . .. . 07716 CEA-301K-1% R88-301K

RA20 1.5kQ, 10%, 1/4W, Comp . e .. 01121 CB-152-10% R76-1.5K .
R421 680R, 10%, 1/4W, Comp. . - .. 01121 CB-681-10% R76-680 3
R&22 33k9, 10%, 1/4W, Comp. . . 01121 CB-333-10% R76-33K .
R423 4,7kQ, 10%, 1/4W, Comp . 01121 CB-472-10% R76-4.7K 4
R424 4,7kR, 10%, 1/4W, Comp . 01121 CB-472~10% R76-4.7K

R425 Not Used . . . . . . . . o . . . .e vebase eaeenae

R426 Not Used . . . . + + . . e e s P ‘e PP ve
R427 Not Used . . . . . . . . . . . W e s eeese eenes . .
R428 6808, 10%Z, 1/4W, Comp. . ... . 01121 CB-681-10% R76-680

RA429 4.7k, 10%, 1/4W, Comp . e . 01121 CB-472-10% R76-4.7K

R430 33%ka, 10%, 1/44W, Comp. . . 01121 CB-333-10% R76-33K

R431 4.7k9, 10%, 1/4W, Comp . .. .. 01121 CB-472-10% R76-4.7K-10%

R432 100kn, 10%, 1/4W, Comp . . . . . 01121 CB=-104-10% R76-100K ‘e
R433 100k, 10%, 1/4W, Comp . - . . 01121 CB-104-10% R76-100K -
R434 100k, 10%, 1/4W, Comp . . .. 01121 CB-104~10% R76-100K e
R435 474, 10%, 1/4W, Comp . . . . 01121 CB-47R-10% R76-47 4
R436 479, 10%, 1/4W, Comp . . . . 01121 CB-47R-10% R76=47 ..
R437 2.2kR, 10%, 1/4W, Comp . e e e . 01121 CB-222-10% R76-2.2K 3
R438 1.5k, 10%, 1/4W, Comp . e e e e . 01121 CB-152-10% R76-1.5K .
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RESISTORS (Cont'd)
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Cireuit MEe. MfT. Keithley @
Desig. Description Code Degig. Part No. Otvy.
R4 39 47Q, 10%, 1/4W, Comp . e 01121 CB-47R~10% R76-47

R440 479, 10%, 1/4W, Comp . e 01121 CB=47R~10% R76=47 ..
R441 8.87kq, 1%, 1/8W, MtF, . . 07716 CEA-8.87K-1% RB8-8.87K 1
R442 3.01ke, 1%, 1/8W, MtF. . e . 07716 CEA-3,01K-1% R88-3.01K

R443 2,.2kp, 10%, 1/4W, Comp . e e 01121 CB=-222-10% R76-2.2K .
Rébd 2.49k0, 1%, 1/8W, MtF. 07716 CEA-2.49K-1% R88-2.49K 1
R445 10kQ, 1%, 1/8W, MtF, . . .. 07716 CEA~10K-1% RE8-10K

R446 2.2k, 10%, 1/4W, Comp . . . 01121 CB~222-10% R76-2, 2K ..
R447 2379, 1%, 1/8W, MtF. 07716 CEA~237~1% R88-237 2
RG4S 56k, 10%, 1/4W, Comp. 01121 CB-563-10% R76-56K 2
R449 1k@, 1%, 1/8W, MtF , . e e e e e 07716 CEA-1K-1% R88-1K 2
R450 4.99ka, 12, 1/8W, MtF. . . 07716 CEA~4.99K-1% R88-4.99K 2
R451 27kq, 10%, 1/4W, Comp. . e . 01121 CB-273-10% R76-27K 1
R452 82ka, 10%, 1/4W, Comp. . . e e 01121 CB-823-10% R76-82K 1
R453 33kQ, 10%, 1/4W, Comp. . e e e e 01121 CB-333-10% R76-33K .
R4S4 6800, 10%, 1/4W, Coump. 01121 CB-681-10% R76-680

R455 237q, 1%, 1/8W, MtF, . e e e 07716 CEA-237-1% R88-237

R456 56ku, 10%Z, 1/4W, Comp. . 01121 CB-563-10% R76-536K

R457 4.99ka, 1%, 1/8W, MtF. . 07716 CEA-4.99K-1% RB8-4.,99K

R&458 100ks, 10%, 1/4W, Comp . e e e e e e 01121 CB-104-10% R76-100K

R501 150k, 10%, 1/2W, Comp . . 01121 EB-150K~10% R1-150K 1
R502 10kg, 10%Z, L/2W, Cemp. . . 01121 EB-10K-10% R1-10K 1
R503 1MQ, 1%, 1/8W, MtF . ., . . b e e e 07716 CRA-1MQ~1% R88-1M 1
R304 49,9k0, 1%, 1/8W, MtF. . e e . 07716 CEA-49.9K=~1% R88-49.9K 2
R505 100kp, 20%, Cermet . . . e e e 73138 77FR-100K RP64~100K 1
R506 49.9%q, 1%, 1/8W, MLF. . e .. . 07716 CEA~49,9K~1% R88-49.9K .
R507 Not Used . . « « « + « . e e e e e e s aeess eesassse daaamaas P
R508 1.5kq, 1%, 1/8W, McF . . e e 07716 CEA-1.5K-1% R88-1.5K 2
R509 1.5kq, 1%, 1/8W, MtF . . e 07716 CEA-1.5K-1% R88-1.5K ﬁ
R510 10Ma, 10%, 1/4W, Comp. . e e s 01121 CB-106-10% R76-10M

R511 1080, 20%, 1/2W, Comp. . . 75042  GBT-108g R37-10° 1
R512 109, 20%, 1/2W, Comp. . e 75042  ceT-10% r37-107 ..
R513 89.9kQ, 0.1%, 1/2W, MtF. e e e 91637 MFF-89. 9K R169-89.9K 1
RS14 1009, 1%, 1/8W, MtF. . . e e e e 07716 CEA-100-1% R8B-100 3
R515 100G, 1%, 1/8W, MtF. 07716 CEA-100-12 R88-100 ..
R516 8.99kq, 0.1%, 1/2W, MtF. . e . 91637 MFF-8. 99K R169~8.99K 1
R517 100, 10%, 1/4W, Comp . e e 01121 CBE-10R-10% R76-10 2
R518 109, 10%, 1/4W, Comp . . e 01121 CB-10R-10% R76~10 .
R519 899%, 0.1%, 1/2W, MtF. e 91637 MFF-899 R169-899 1
R520 1Q, 1%, 1/2W, DCb. . . . e e 91637 DCF-1/2-1¢ R12-1 2
R521 9, 1%, 1/2W, DCb. . . . e e e . 91637 DCF-1/2-14 R12-1 .
R601 3,01lkq, 1%, 1/8W, MrF, . e e e e e e 07716 CEA-3.01K-1% R88-3.01K .
R602 113k, 1%, 1/8W, MtF . e e e e e 07716 CEA-113K~-1% R88-113K

R603 1000, 1%, 1/8W, MtF. . . e 07716 CRA-100-1% R88-100 ..
R604 6.98kR, 0.1%, 1/8W, MtF. e e e e e 91637 MFF-1/8-6,98K R168-6.98K 1
R605 Ska, 20%, 2W, WW . . . . e e e e e e 71450 1NS~115-5K RP50-5K ..
R606 32.4kq, 0.1%, 1/8W, MtF. ... 91637 MFF-1/8-32.4K R168-32.4K 2
R607 32.4kR, 0.1%, 1/8W, Mt¥, e e e e e 91637 MFP-1/8-32.4K R168-32, 4K .
R608 1.5kQ, 10%, 1/4W, Comp ., . e e 01121 CB-152-10% R76-1.5K .
R609 3.9kQ, 10%, 1/4W, Comp . e e e e 01121 CB~152~10% R76-3.9K 1
R610 479, 10%Z, 1/4W, Comp . . e e e e e 01121 CB-152-10% R76-47 1
R611 10ke, 1%, 1/8W, McF. . . .. 07716 CEA-10K-1% R88-10K

R701 47kQ, 10%Z, 1/4W, Comp. . e e e e e . 01121 CB-473-10% R76-47K .
R702 1k@, 10%, 1/4W, Comp . . e e e e 01121 CB-102-10% R76-1K ‘e
R703 1009, 0.05%, 1/4W, WW. . e e e 17870 1352-1008 R157-100 1
R704 1MQ, 10%, 1/4W, Comp . . e . 01121 CB-105-10% R76-1M .
R705 1k, 10%, 1/4W, Comp . . e e e e e . 01121 CB-102-10% R76-1K .
R706 100kQ, 1%, 1/8W, MtF . e e . 07716 CEA-100K-1% R88-100K .
R707 10k, 10%, 1/4W, Comp. . e e e e e e 01121 CB-103-10% R76-10K 0
R708 33kq, 10%, 1/4W, Comp, . ... . 01121 CB-333-10% R76~33K .
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MODELS 164, L64TT

Models 164, 164TT.
RESISTORS (Cont'd)

REPLACEABLE PARTS

Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.
R709 3.3k, 10%, 1/4W, Comp . C e e e e e e e 01121 CB-332-10% R76-3, 3K
R710 Lokq, 10%, 1/4W, Comp. . f e e e e e e s 0l121 CB-103-10% R76-10K .
R711 iMG, 10%, 1/4W, Comp . . e e e e e e 01121 CB~105-10% R76-1M 1
R712 10k, 10%, 1/4W, Comp. . P e e e e e e e 01121 CB-103-10% R76-10K
R713 1,5kq, 10%, 1/4W, Comp . PN e . 01121 CB=-152-10% R76-1.5K ..
R714 470kq, 10%, 1/4W, Comp . e e 01121 CB-474-10% R76-470K 1
R715 33kp, 10%, 1/4W, Comp. . e e e e 01121 CB-333-10% R76~33K
R716 100k, 10%, 1/4W, Comp . e e e e 01121 CB=~104-107% R76-100K ..
R717 56k, 10%, 1/4W, Comp. . e e e e 01121 CB=563-10% R76~56K 1
R718 47k9, 10%, 1/4W, Comp. . e e e s 01121 CB=473-10% R76-47K .
R719 68kq, 10%, 1/4W, Comp. . e . 01121 CB-683-10% R76-68K 2
R720 680§, 10%, 1/4W, Comp. . e . 01121 CB-681-10% R76-680 2
R721 6809, 10%Z, 1/4W, Comp. . e e . 01121 CB-681-10% R76-680 e
R722 500Q, 1/4W, Carbon . . . C e e e e e e e 76055 MTC52L1-5004 &P 59-500 1
R723 68ka, 10%, 1/4W, Comp. . e e e e e 01121 CB-683-10% R76-68K
R724 100k, 10%, 1/4W, Comp . P 01121 CB-104-10% R76=100K .
R725 479, 10%, 1/4W, Comp . 01121 CB=-47R-10% R76-47 2
R726 470G, 10%, 1/4W, Comp. f e e e e 01121 CB=-471-10% R76=470 2
R727 4,75k, 1%, 1/8W, MtF. e e e e 07716 CRA-4, 75K-1% RB8-4.75K 2
R728 49.9k0, 1%, 1/8W, MtF. . e e e e 07716 CEA-49.9K-17% R88-49,.9K 2
R729 100k:, 10%, 1/4W, Comp . e e e 01121 CB-104-10% R76-100K
R730 1kg, 1%, 1/8W, MtF . . s e e e e e 07716 CEA-1K-1% R88-1K .
R731 4,75k, 1%, 1/8W, MtF. . e e e e e e e 07716 CEA-4.,75K-1% R88-4.,75K
R732 10k, 10%, 1/4W, Comp. . . e e e e e e e 01121 CBE-103-10% R76-10K .
R733 50kfy, 20%, 0.75W, Cermet e e e e e . 73138 77PR=-50KR RP64~50K 1
R734 49.9kq, 1%, 1/8W, MtF. e e e e e e 07716 CEA-49,.9K~1% R88-49.9K
R735 100k, 1%, 1/8W, MtF . e e e e e e 07716 CEA~100K~-1% R88-100K
R736 100kQ, 10%, 1/4W, Comp . b e e e e e 01121 CB-104-107% R76=100K
R737 1k, 1%, 1/8wW, MtF . . s e e e e e e s 07716 CEA-1K-1% R88-1K s
R738 2k, 20%, Q.75W, Cermet. o e e e 73138 77PR=2K RP64-2K 1
‘.1739 8.06ka, 0.1%, 1/8W, MtF. e e e e e 91637 MFF-1/8-8.06K R168-8. 06K 1
R740 9.9k, 0.1%, 1/8W, MtF . C e e e e e e 91637 MFF~1/8-9.9K R168-9.9K 1
R741 100Q, 0.1%, 1/8W, MtF. . e e e e e e . 91637 MFF-1/8-100 R168-100 1
R742 10kQ, 0.1%, 1/8W, MtF, . e e e e e e 91637 MFF-1/8-10K R168-10K 3
R743 10kQ, 0.1%, 1/8W, MtF. . s e e e e e e 91637 MFF-1/8-10K R168~10K o
R744 Not Used . . . . . . . e e e e e e e ceesae eaeases
R745 10kR, 0.1%, 1/8W, MtF. . e e e e e . 91637 MFF-1/8-10K R168-10K
R746 1.5k, 10%, 1/4W, Comp . C e e e e e 01121 CB=152-10% R76-1.5K
R747 470, 10%, 1/4W, Comp . . e e e e e e 01121 CB-47R~10% R76-47
R748 470, 10%, 1/4W, Comp. . b e e e e e e 01121 CB-471-107% R76=470
R801 10k, 10%, 1/4W, Comp. e e e e e 01121 CB~-103-10% R76-10K .
R1201 25Q, 5%, 5W, WW. . . . , “ e e e e e e s 91637 RS~5-25Q R4A=-25 1
R1202 8069, 1%, 1/2W, MtF. . c e e e e e s 07716 CEC-806-1% R94-806 1
R1203 5006, 0.75W, Cermet. . . e e e e e 73138 77PR-500 RP64~500 1
R1204 4.,02k5, 1%, 1/2W, McF, . e e e e e e e 07716 CEC~4020-1% R94~-4020 1
R1205 100g, 0.1%, 10W, WW. , o e e e e e e 02985 TS-10W-100 R221-100 1
R1206 1kq, 0.1%, 1W. . . . . P 01686 7040=-1K R70-1K 1
R1207 10kQ, G.17%Z, 1W . . - S e e e e e e s 01686 704010k R70-10K 1
R1208 100kq, 0.027, 1W, WW . . e e e e e e . 15909 1252-100K R152-100K 1
R1209 imMae, 0.1%, 1W. . e e e e e e s 01686 7040~-1M R70-1M 1
R1210 0.124, 5%, 2W, WW. . C e e e e e 73042 BWH-2W-.126G R201-.12 1
R1211 1.8Q, 5%, 2W, WW . . . . s e e e e e 75042 BWH=2W~1.38Q R201-1.8 1
R1212 20Q, 1%, 1/2W, MtF . . P 07716 CEC-20-1% R94-20 1
R1213 200Q, 1%, 1/2W, MtF. . . s e e e 07716 CEC-200-1% R94-200 1
R1214 2kQ, 1%, 1/2W, MtF . . . e e e e w4 e e 07716 CEC-2K-1% R94-2K 1
R1215 50kq, 20%, 2W, Cermet, . C e e e e e e e 71450 550-50KQ RP74=50K 1
R1216 3.33M0, 1%, 1/2w, DCb. . e e e e e e 91637 DCF=-1/2-3.33M R12-3.33M 1
R1217 2.2k, 10%, 1/2W, Comp . c e e e e e e . 01121 EB-2,2KG-10% R1-2.2K 1
R1218 226Q, 1%, 1/2W, MtF, . . e e e s s s 07716 CEC-226-1% R94-226 1
45

1074



REPLACEABLE PARTS

Models 164, 164TT.

MODELS 164, 164TT

MISCELLANEOUS
Circuit Mfr. Mfr. Keithley
Degig, Description Code Dasig. Part No. Qt@
5101 Switch, Rotary {(RANGE) . . . . . 80164 SW-3194 SW-319A 1
5201 Not Used . . . . « + « « v « « « & veeses i .
5202 Switch . . « &« 4 v o o 4 . N 80164 SW-318 SW-318
51201 Mode Switch, Rotary. . P . . 80164 SW-372 SW-372 1
51202 Source Switch, Toggle, . . . . . . . 80164 SW-197 SW-197 1
T201 Transformer. .+ « « + « v+ « « & . e e . 80164 TR=130 TR-130 1
T1201 TransfOrmer. . . « « o + & + & . 80164 TR-138 TR-138 1
V301 Tube, Readout. . . . . . P 80164 EV-841 EV~-841 3
V32 Tube, Readout. . . + « + + + « + =« . 30164 EV-841 Ev-841 .
V303 Tube, Readout. . . . . . . . . ., RN 80164 LV-841 EV-841
46
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MODELS 164, 164TT

’ Circuit

Model 164TT Version Only.

{See schematic 26225D)

REPLACEABLE PARTS

Mfr. Mfr. Keithley

Desig. Degeription Code Desig, Part No. Qry.

claol Capacitor, 470pF, 500V, CerDd, . . 56289 ..... C22-4707 2

1302 Capacitor, 470QpF, 500V, CerD. . . 56289  ..... Cc22-470p

D1301 Diode, zener, 6.2V, 0.4W. . 06751 1N823 DZ-36 T

PL302 Diode . . + + & v 4 . . . . . 01295 18645 RF-14 2

D1303 Diede . . . . . . . . . . 01295 1N645 RF-14

DS1301 Pilot Lamp, LO LIMIT. . . . 07137 RBL&41A1344 PL-45 2

DS1302  Pileot Lamp, HI LIMIT. . . P 07137 RBL41AL344 PL-45

Jog7 Connector, Housing, 10-pin. .o 22526 20052 €8-237

J1301 Connector, Housing, 3-pin . 22526 65039034 £s-270

J1302 Connector, Housing, 3-pin . 22526 65039034 c5-270

J1303 Connector, Housing, 5-pin . 22526 20370 C8-251

J1304 Connector, Housing, 5-pin . . 22526 20370 €§-251

J1305 Connector, Housing, 5-pin . . . 22526 20370 CS-251

K1301 Relay, Form A (SPST-NO) . . . . . 23020 191-TE1Al-5S RL-44 2

K1302 Relay, Form A (SPST-NO) . . 23020 191-TE1AL-5S RE-44

P1301 Connector, Berg Pins (3). . . . . . 80164 ..., 242494 3

P1302 Connector, Berg Pins (3). . . . . . 80164 242494 3

P1303 Connector, Berg Pins (5). . . . . 80164  ...-- 24249A 5

P1304 Connector, Berg Pins (53). . . e e s 80164 ... 242494 S

P1305 Connector, Berg Pins (5). . . . 80164  ..ee- 242494 5

Q1301 Transistor, NPN, Case T0-92 . . . 04713 2N3903 TG-49 1

QL3Q2 Tranaistor, PNP, Case TQ-92 , . . . 04713 283905 TG-53 1
.QAl301 Integrated Circuit, 8-pin DIP . . . . 07263 UGT7741393 1C=42 2

QA1302 Integrated Circuit, 8-pin DIP . e 07263 UGT7741393 IC-42 .

R1301 1kq, 1%, 1/2W, MtF. . . . . PN . 07716 CEC-1k-1% R94~1K 2

R1302 2000, 1%, 1/2wW, MtF . . . . . AN 07716 CEC-200-1% R94-200 2

R1303 2008, 1%, 1/2W, MtF . .. e 07716 CEC-200-1% R94-200 .

R1304 1k, 1%, 1/2wW, MeF, . ., . ., . 07716 CEC-1K-1% RO&4~1K e

R1305 2,74k, 1%, 1/2W, MtF . . . . . . 07716 CEC~2. 74K-1% R94-2. 74K 2

R1306 2.74k0, 1%, 1/2W, MtF ., ., . . . . . . 07716 CEC~2.74K-1% R94=2, 74K V.

R1307 2k, O.75W, Var . . . . . . . . . 73138 7BLR2ZKS6BW RP95-2K 2

R1308 2kQ, 0.75W, Var . ., . . . . . . 73138 78LR2K56BW RP95-2K .

R1309 10kq, 10%, 1/4W, Comp . e e 01121 CB-103-10% R76-10K 4

R1310 10kQ, 10%, 1/4W, Comp . . . . . . PO 01121 CB-103-10% R76-10K ..

R1311 4.7k, 10%, 1/4W, Comp. e . . . 01121 CB-472-10% R76=4.7K 2

R1312 10MQ, 10%, 1/4W, Comp . . . . . PP 01121 CB-106-10% R76-10M 2

R1313 6800, 10%, 1/4W, Comp . . . . . P 01121 CB-681-10% R76-680 2

R1314 10k@, 10%, 1/4W, Comp . . . . . e e 01121 CB-103-10% R76-10K e

R1315 10kq, 10%, 1/4W, Comp . . ., . . P P 01121 CB-103-10% R76-10K

R1316 4.7k, 10%, 1/4W, Comp. . . . . . e . 01121 CB-472-10% R76-4.7K .

R1317 10M7, 10%, 1/4W, Comp . . . . . v e e e . 01121 CB-106-10% R76-10M

R1318 680Q, 10%, 1/4W, Comp . . . . e e e e 01121 CB-681-10% R76~-680 .

R1319 1209, 10%, 1/4W, Comp . . . . ., . . e 01121 CB=-121-10% R76-120 2

R1320 120Q, 10%, 1/4W, Comp . + + . . P 01121 CB-121-107 R76-120

81301 Switch, Pushbutton (See DS1301)
51302 Switch, Pushbutton (See DS1302)

TB1301 Terminal Board. . . . . . . . .
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REPLACEABLE PARTS MODELS 164, 164TT
Model 1602 Digital Qutput, PC-287.
(See schematic 24685D)
CAPACITORS
Circuit Mfr, Mfr. Keithley
Desig. Description Code Desig. Part No. @
clo0L L.2uF, 20V, ETT . . 17554 TSD1-20 Cl79-1.2M 1
1002 .00luF, 1000V, CerD . . 72982 801000X5F0102K  C22-.001M L
1003 .0022pF, 1000V, CerD. 72982 811000X5FQ222K C22-.0022M 1
CONNECTORS

Circuit Mfr. Mfr. Keithley
Desig, Description Code Desig. Part No. Qry.
J1001 Receptacle, 10-Pin. . . . . . « « . . « « . 22526 20052 €5-237 3
J1002 Receptacle, 10-Pin. . . . . v « + . +« « « . 22526 20052 CsS=-237
J1003 Receptacle, 10-Pin. . . . . . . . . « « « « « . 22526 20052 £5=-237 .
J1004 Receptacle, 22-Pin., . . . v + v v v v 0 4 e 4 09922 PSC4852212 £s-182 1
J1085 Receptacle, 44-Pin. . . . . . . . . . 09922 PSC4DD2212 C5-205 1
J1006 Receptacle, 50-Pin. C e e e e 02660 57405001 €s=-221 1

Plug, Mate of J1006 (Not Supplied). 02660 57305001 €8-220 1

DIODES
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig, Part No, qty.
D100 Germanium . . .+ ¢ .+ 4 v e e e e e e e e e e . 15238 1K87 RF=-39 5
D1002 Germanium . . . + « « . . . 4 4 4 e e e e e 15238 1N87 RF-39 e
D1003 Germanium . . . . + « . « .« & . . 15238 1N87 RF-39
D1004 Germanium . .+ + + « + & o+ o« . a0 PN 15238 1N87 RF=-39 .
D1005 Germanium . . . . .« .« . 4 4 . . 15238 1N87 RF-39 -
D1G06 SIilicon . . 4 vt v e e e e e e e e e e e 01295 1N914 RF-28 .
D1007 SILICOM + & v v v s e e e e e e e 01295 1N914 RF-28 -
D1008 S I o o 01295 1N914 RF-28
DLO09, Silicom o & v v v v i e e e e e e e e e e e 4 . 01295 1N914 RF-28 .
D1010 Silicon . . . .« v o+ . 4 4 e 4 . 01295 1N914 RF-28
D1011 Silicon . . . . . . . .. .. C e . . 01295 1N914 RF-28
D1l012 S1licom & 4 v v i v e e e e e e e e e e e e 01295 1N914 RF-28
INTEGRATED CIRCUITS

Circuic Mfr, Mfr. Keithley
Desgig. Degeripticn Code Desig. Part No. aty.
QA1001  Quad, NAND Gate, l4-pin DIP, TO-116 . . . . . 04713 MCB58p I¢-22 6
QAl002 Quad, NAND Gate, 1i4-pin DIP, TO-116 . . . . . 04713 MC858P Ic-22 .
QALQ03 Quad, NAND Gate, l4-pin DIP, TO-116 . . . . . 04713 MC858P ICc=-22 ..
QAl004  Quad, NAND Gate, l4-pin DIP, TO-11l6 . . . . . 04713 MCB58pP ICc-22 ‘e
QALQ0S5 Inverter-Flip-Flop, l4-pin DIP, TQ-116. 04713 MCB87P 1C-23
QALQDG Quad, NAND Gate, l4—-pin DIP, TO-116 . . . . . [P 04713 MC858P Ig-22
QALQO7 Quad, NAND Gate, l4-pin DIP, TO-116 . . . . . 04713 MCB858P 1¢-22 .
QALl008 Binary Counter, l4-pin DIP, TO-11l6, . . . . 04713 MC877P Ic-21 1
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MODELS 164,

1647TT

Model 1602 Digital Output, PC-287.
{See schematlc 24685D)

REPLACEABLE PARTS

RESISTORS

Circuit Mfr, Mfr. Keithley

Degig. Rescription Code Desgig. Part HNo. QLY.
RLOOL 3.3kQ, 10%, 1/4W, Comp. 44655 RCO7-332-10% R76=3.3K 3
R1002 1.5kq, 10%, 1/4W, Comp. 44655 RCO7-152-10% R76-1.5K 2
RL0O3 1.5k, 10%, 1/4W, Comp. 44655 RCO7-152-10% R76-1.5K

R1004 3. 3kq, 10%, 1/4W, Comp. 44655 RCO7-332-10% R76-13.3K

R1005 1.5k, 10%, 1/4W, Comp. 44655 RCO7-152-10% R76-3.3K

R1006 1k, 10%, 1/4W, Comp. 44655 RCO7-102~-10% R76=1K 1
R1007 560kQ, 10%, 1/4W, Comp. 44655 RCO7-561-10% R76-560 1
R1008 10kf, 10%, 1/8W, Comp . 01121 BB-103-10% R143-10K 2
R1009 10kf, 10%, 1/8W, Comp . 01121 BE-103-10% R143-10K .o

R1010 100kQ, 10%, 1/4W, Comp. 44655 RCO7-104-10% R76-100K 2
R1011 27kq, 10%, L/4W, Comp . 44655 RCO7-273-10% R76=-27K 2
R1012 15kf, 10%, 1/4W, Comp . 44655 RCO7-153-10% R76-15K 3
R10Q13 47k, 10%, 1/4W, Comp . 44655 RCO7-473-10% R76-47K 1
R1014 15k, 10%, 1/4W, Comp . 44655 RCO7-153-10% R76-15K ..

R1015 8,45kq, 1%, 1/8W, McF . 07716 CEA-8.45k( R88=8. 45K 1
R1016 100kQ, 10%, 1/4W, Comp, 44655 RCO7-104-10% R76-100K

R1017 27k, 10%, 1/4W, Comp . 44655 RCO7-273-10% R76-27K .

R1018 15kq, 10%, 1/4W, Comp . 44655 RCO7-153-10% R76-15K ..

R1019 10kq, 10%, 1/4W, Comp . 44655 RCO7-103-10% R76-10K 2
R1020 10k§, 10%, 1/4W, Comp . 44655 RCD7-103-10% R76-10K
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REPLACEABLE PARTS MODELS 164, 164TT
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164, 164TT REPLACEABLE PARTS
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Reference:

REPLACEABLE PARTS

CODE—TO—NAME LIST

CODE TO NAME List of Suggested Manufacturers,
Federal Supply Code for Manufacturers, Cat&loging Handbook H4-2,

00656
00636
01121
01295
01686
02101
02660
02734
02735
02777
02985
03508
04009
04713
05079
05397
06751

06980

Aerovox Corp.
740 Bellaville Ave.
New Bedford, Masa, 02741

Film Capacitors, Inc.
100 Eighth St.
Passaic, N,J.

Allen-Bradley Corp.
1201 South 2nd St.
Milwaukee, Wisc. 53204

Texas Instruments, Inc.
Semiconductor-Components Div,
Pallas, Texas 75231

RCL Electronics, Inc,
195 MeGregor St.
Manchester, N.H. 03102

Varc Inc.
Electrokinetics Div,
Santa Barbara, Calif. 93102

Amphenol Corp.
2801 South 25th Ave.
Broadview, Ill. 60153

Radio Corp. of America
Defense Electronic Products
Camden, N.J.

Radio Corp. of America
Receiving Tube Div.
Somerville, N.J.

Hopkins Engineering Co.
12900 Foothill Blvd.
San Fernando, Calif. 91342

Tepro Electric Corp.
5 5t. Paul 5t,.
Rochester, N.Y. 14604

General Electric Co.
Semiconductor Products Dept.
Syracuse, N.Y. 13201

Arrow=-Hart & Hegeman Electric Co.
103 Hawthorme 5t.
Hartford, Conn. 06106

Motorcla Semicomductor Prod, Inc,
5005 E. McDowell Rd.
Phoenix, Ariz. 85008

Tansistor Electronics, Inc.
1000 West Road
Bennington, Ve, 05201

Union Carbide Corp,
Electronics Div.
New York, N,Y. 10017

Components, Inc.
Arizona Div,
Phoenix, Ariz, 85019

Varian Assoc. EIMAC Div.
301 Industrial Way
San Carlos, Calif. 94070

07137

07263

07716

08811

03052

09823

09922

10582

11502

11837

12040

12065

12697

12954

13050

13327

13934

14655

Translastor Electronica Corp.
Hwy., 169 -« Co. Rd. 18
Minneapolis, Minn. 35424

Fairehild Camera & Inst. Corp.
313 Frontage Road
Hountain View, Calif.

IRC, Inc,
2850 Mt, Pleasant
Burlington, lowa 52601

GL Electronics Div. of
GL Industries, Inc,
Weatville, N.J. 08093

Gulton Industries, Inc.
Alkaline Battery Div.
Metuchen, N.J,

Burgess Battery Co.
Div. ¢f Servel Inc.
Freeport, Ill.

Burndy Corp.
Richards Ave,
Norwalk, Conn. (06852

CTS of Asheville Inc.
Mills Gap Road
Skyland, M.C.

IRC Inc.
Greenway Road
Boone, N.C. 28607

Electro Scientific Indus,, Inc.
13645 MW Science Park Dr.
Portland, Or. 97229

National Semiconductor Corp.
Commerce Drive
Danbury, Conn, 06813

Transitron Electronic Corp.
l44 Addison St.
East Boaton, Masgs.

Clarostat Mfg, Co., Inc.
Lowar Washington St.
Dover, N.H. 03820

Dickson Electronicsa Corp.
302 5. Wells Fargo Ave.
Scottsdale, Ariz,

Potter Co,
Highway 51 N.
Wesson, Miss, 39191

Solttron Devices, Inc,
256 Oak Tree Road
Tappan, N,¥Y, 10983

idwec Corp.
602 Main
Oshkash, Nabr, 69154

Cornell-Dubilier Electric Corp.
50 Paris Street
Newark, N.J.

14659

15238

15909

16170

17554

23020

24655

27682

28520

29309

35529

37942

44655

53201

54294

56289

58474

61637

Sprague Electric Co.
P.0, Box 1509
Visalia, Calif. 93278

ITT Semiconductors
Biv. of ITT Corp.
Lawrence, Mass, 0184l

Daven Div. of T.A, Edison Ind.

McGraw Ediason Co.
Livingston, N.J.

Teledyne Systema Co.
Communications Div.
Los Angeles, Calif. 90066

Compconents, Inc.
Swith $St.
Biddeford, Ma. 04005

Genaral fAeed Co,
174 Main St,
Metuchen, N.J. 0BBA4Q

General Radio Co,
22 Baker Ave,
Weat Concord, Mass, 01781

Hacthaway Instruments, Inc,
5800 E, Jawell Ave.
Denver, Colorado 80222

Hayman Mfg. Co.
147 N, Michigan Ave.
Kenilworch, N.J.

Richey Electronics Inc.
1307 Dickerson Rd.
Nashville, Tenn. 37213

Leeds and Northrup
4901 Stenton Ave.
Philadelphia, Pa. 19144

Mallory, P. R, and Co., Inc.

3029 E. Washington St.
Indianapolis, Ind., 46206

Ohmite Mfg. Co.
3601 Howard St.
Skokie, Ill. 60076

Sangamo Electric Co.
1301 North llth
Springfield, Ill. 62705

Shalleross Mfg. Co.
24 Preston St.
Selma, N.C.

Sprague Electric Co.
North Adams,
Maasaachusetts

Superior Electric Co., The
383 Middle St.
Briatol, Conn. 06012

Union Carbide Corp,
270 Park Ave.

HNew York, N.Y. 10017

0670




REPTACEABLE PARTS

CODE TO NAME List (Continued),

63060

0309

70901

71002

71279

71400

71450

71468

71590

71785

72619

72653

72699

72982

73138

73445

73690

74276

74970

Victoreen Instrument Co.
5806 lough Ave.
Cleveland, Ohic 44103

Allied Control Co., Inc.
2 East End Ave.
New York, N.Y.

Belden Mfg, Co.
415 So. Kilpatrick
Chicago, Ili. 60644

Rirnbach Radio Co., Inc.
147 Hudsgon St.
New York, WN.Y.

Cambridge Thermionic Corp.
430 Concord Avenue
Cambridge, Mass.

Bussmann Mfg,
Div. of MeGraw=Edison Co.
5t. Louts, Mo.

CTS Corp.
1142 W, Beardsley Ave.
Llkhart, Ind.

ITT Cannon Electriec, Inc.
3208 Humbelt St.
Los Angeles, Calif. 90031

Centralab
Div. of Globe-Union, Inc.
Milwaukee, Wisc. 53212

Cinch Mfg. Co. and
Howard B. Jones Div.
Chicago, Ill. 60624

Dialight Corp.
60 Stewart Ave,
Breooklyn, N.Y. 11237

G-C Electronies Co.
400 5. Wyman
Rockford, Ill. 61101

General Instrument Corp,
Capacitor Division
Newark, N.J, 07104

Erie Technological Prods Inc.
644 W. 12th St,
Erie, Pa, 16512

Beckman Instruments, Inc.
Helipot Division
Fullerton, Calif. 92634

Amperex Electronic Co., Div. of
North American Philips Co., Inc,
Hicksville, N.Y¥.

Eico Reststor Co.
1158 Broadway
New York, N.XY.

Signalite Inc.
1933 Heck Ave.
Neptune, N.J. 07753

Johnson, E. F., Co.
297 Tenth Ave, 5.W,
Waseca, Minn, 56093

75042 IRC Inc.

400 North Broad Sc.
Philadelphia, Pa. 19108
75915 Littlefuse, Inc.

B00 E. Northwest Hwy.
Des Plaines, Ill. 60016
76055 Mallocy Controls, Div. of
Mallory P, R. & Co., Inc.
Frankfort, Ind.

76493  Miller, J. W. Co.

5915 5. Main St.

Los Angeles, Calif. 90003
76545 Mueller Electric Go.
1583 E. 3lst St.
Cleveland, Ohio 44114
71764 Registance Producta Co.
914 5. 13th St.
Harrisburgh, Pa. L7104
19727 Continental-Wirt
Electronics Corp.
Philadeiphia, Pa,
8Ol64 Keithley Instruments, Irc.
28775 Aurora Road
Cleveland, Ohio 44139
80294 Bourns, Inc.

6135 Magnolia Ave.
Riverside, Calif. 92506
81073 Grayhill, Inc.

561 Hillgrove Ave,

La Grange, I1l. 60525

81483
1523 East Grand Ave.
El Segundo, Calif.
82389 Switchcraft, Inc.
5527 N. Elston Ave.
Chicago, L[l1. 60630
83125 Generat Instrument Corp.
Capacitor Division
Darlingten, 5.C., 29532
83330 Smith, Herman H., Inc.
812 Snediker Ave.
Brooklyn, w.Y., 11207
83594  Burroughs Corp.
Electronic Components Div.
Plainfield, N.J. 07061
83701 Electronic Devices, Ine.
Brooklyn,
New York
84171 Arco Electronies, Inc.
Community Drive
Great Neck, N.Y, 11022
84411 TRW Capacitor Div.
12 W, First St.
Ogallala, Nebr.
B4970 Sarkes Tarzian, Inc,
E. Hillside Dr.
Bloomington, Ind,

International Rectifier Corp.

86684

87216

90201

90303

91637

91662

91737

31802

91929

93332

33656

94144

94154

94310

94696

95348

95712

97933

99120

Radio Corp. of America
Electronic Components & Devices
Harrison, N,J.

Philec Corp,
Lanadale Div., Church Rd.
Lansdale, Pa. 19446

Mallory Capacitor
3029 East Washington
Indianapelis, Ind. 46206

Mallory Battery Co.
Tarrytown,
New York

Dale Electronics, Iac.
P,0. Box 609
Columbus, Nebr. 68601

Elco Corp.
Willow Grove,
Pennsylvania

Gremar Mfg, Co., Inc.
7 North Ave.
Wakefield, Mass,

Industrial Devices Inc,
382 River Rd.
Edgewater, N.J. 7020

Honeywell Inc,
Micre Switch Div.
Freeport, Iil. 61032

Sylvania Electric Products, Inc.
Semiconductor Products Div.
Woburn, Mass.

Electric Cord Co.
1275 Bloomfield Ave.
Caldwell, N.J,

Raytheon Co., Industrial
Operation Components Div.
Quincy, Mass.

Tung=Scl Electric, Inc.
Newark,
New Jersey

Tru~Ohm Products
Memcor Components Div.
Huntington, Ind. 46750

Magnecraft Electric Co,
5579 North Lynch
Chicago, Til,

Gordos Corp.
250 Glenwood Ave.
Bloomfield, N.J. 07003

Nage Flectric Co., Inc.
Hurricane Road
Franklin, Ind.

Raytheon Co, Components Div.
Semiconductor Operation
Mountain View, Calif.

Plastic Capacitors, Inc,
2620 N. Clybourn Ave.
Chicago, I11.

0670
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CN164~-51 Sheet 1 of 1
0176,
‘l' KEITHILEY INSTRIUMENTS, 1IN .

INSTRUCTION MANUAL
CHANGE, NOTICE
MODEL 164 DIGITAL MULTIMETER

INTRODUCTION: Since Keithley Instruments is continually improving pro-
duct performance and reliability, it is often necessary to make changes
to Instruction Manuals to reflect these improvements. Also, errors in
Instruction Manuals occaslonally occur that require changes. Sometimes,
due to printing lead time and shipping requirements, we can't get these
changes immediately into printed Manuals. The following new change in-
L 7 formation is supplied as a supplement to this Manual in order to provide

the user with the latest improvements and corrections in the shortest
possible time. Many users will transfer this change information directly
to a Manual to minimize user error. All changes or additions are in-
dicated in italics.

CHANGES
PAGE 48
D1001 Germanium 15238 1N3592 RF-39 5°
D1002 Germanium 15238 IN3598 RF-39

¢ 1003 Germanium 15238 1N3592 RF-139 ..
D1004 Germanium 15238 183592 RF-39 -
D10Gs Germanium 15238 1N3592 RF-39
PAGE 45
R1207 10ke, 0.1%, 1W DALE MFF-10K R-169-10K 1
R1208 100kQ, 0.02%, 1W, WW  DALE MFF-100K R=-189-100K 1
R1209 M, 0.1%, 1w DALE MFF- 1M R-169~1M 1
28775 AURORA RAROAD * CLEVELAND, OHIO 44139 + (218) 248-Q0400

TELEX: 8B-B489 + CABLE: KEITHLEY
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KEITHLEY INSTRUMENTS, TNC.

CAUTION

To ensure the integrity of the chassis to earth ground connection only a Keithley
part number C0-7 line cord should be used for replacement, |If a different line cord

i is used ensure that the wiring polarity is the same as shown in the following dia-
| gram,

NEMA
5-15P
| GREEN gﬂ_\, C("" GREEN
j | g o
| !
WH1TE WHITE

Keithley Models to which this warning applies: 160, 163, 164, 165, 171, 180, 190, 227,
616, 6162, 702, 780

bm——“
e, Wb - o

e L TS

28776 AURORA ROAD + CLEVELAND, OHIO 44139 - (218) 248-0400
TELEX: 98-548689 + CABLE: KEITHLEY

P



KEITHLEY INSTRUMENTS, INC.
28775 AURORA ROAD
CLEVELAND, OHIO 44139

SERVICE FORM

MODEL NO. SERTAL NO. P.0. NO. DATE R~
'7 NAME PHONE
COMPANY
ADDRESS CITY STATE 1P

(]

=]

[]

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.).

%ist and describe all other equipment used in the experiment. Give control settings
or each.

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

What power line voltage is used? Variation? Frequency?
Ambient temperature? °F. Variation? °F. Rel. Humidity?
Other

Additional Information. (If special modifications have been made by the user,
please describe below.)
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