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SPECIFICATIONS

MODEL 615

SPECIFICATIONS

AS A VOLTMETER:
RANGE: 100 millivolts fuli scale (100 microvolts, least sig-
nificant digit) to 100 volts in four decade ranges.

ACCURACY: +0.2% of reading +1 digit on all ranges exclu-
sive of noise and drift.

ZERO DRIFT: Less than 1 millivolt in the first hour ar subse-
quent 24.hour periods after l-hour warm-up. Less than
150 microvolts per °C.

MNOISE: -t 1 digit with input shorted on most sensitive rangs,

INPUT IMPEDANCE: Greater than 10!4 ohms shunted by
35 picofarads. Input resistance may also be selected in
decade steps from 10 to 10!! ohms.

NMRR: Greater than 60 dB on the most sensitive range de-
creasing to 40 dB on the 100-volt range at line frequency.

AS AN AMMETER:

RANGE: 10-'? ampere full scale (10-'5 ampere, least sig-
nificant digit) to 0.1 ampere in 12 decade ranges.

ACCURACY: +0.5% of reading, +1 digit on 0.1 to 1077
ampere ranges using optimum sensitivity control setting;
+2% of reading =1 digit on 10-% and 10-? ampere ranges
and +4% of reading +1 digit on 10-9 to 10°12 ampere
ranges exclusive of noise and zero drift.

NOISE: -4 digits with input open and shielded on most
sensitive range.

OFFSET CURRENT: Less than 5 x 10-!5 ampare.

AS AN OHMMETER:

RANGE: 10,000 ohms full scale (10 ohms, least significant
digit) to 104 ohms in eleven decade ranges.

ACCURACY: +0.5% of reading, 1 digit on 104 to 108 ohm
ranges using optimum sensitivity control setting; +4% of
reading =1 digit from 109 to 10'% shms exclusive of noise
and zero drift.

AS A COULOMBMETER:
RANGE: 10'!! coulomb full scale (10-'4 coulomb, least
significant digit) to 10-5 coulomb in seven decade ranges,

ACCURACY: 5% of reading -2 digits on all ranges. Drift
due to offset current does not exceed 5 x 10-15 coulombs/
second.

GENERAL:

DISPLAY: 4 digits from 0000 to 1999 on 0.1, 1.0, and 10.0
sensitivity settings; from 0000 to 999 an the 100.0 sensi-
tivity setting.

POLARITY SELECTION & OVERLOAD INDICATION: Auto-
matic,

OVERRANGING: 100% overranging on alt ranges except when
using sensitivity setting of 100.0.

PDISPLAY RATE: 24 readings per secand maximum (20 per
second on 50 Hz models); adjustable to two readings
per minute,

PRINTER OUTPUTS AND OUTPUT CONTROLS: Modet 4401
accessory provides BCD output and external controls.

ISOLATION: Circuit ground to chassis ground: Greater than
106 ohms shunted by 0.2 microfarad. Circuit ground may
be floated up to 100 volits with respect to chassis ground.

CMRR: For high open-circuit CMRR, residual unshielded
capacitance between input high and chassis ground is less
than 0.1 picofarad.

ANALOG OUTPUTS:

Unity gain: At dc, output is equal to input within 100 ppm,
exclusive of noise and zero drift, for output currents of
100 micrcamperes or less.

1 mA: +1 miltiampere at up to 1 volt tor full scale input,
1009% overrange capability except on 100.0 sensitivity
setting.

1 ¥V: 1 volt at up to 0.1 microampere for full scale input,
100% overrange capability except on 100.0 sensitivity
setting.

CONNECTORS: Input: Teflon-insulated triaxial. Analog out-
puts: Unity Gain; Binding Posts. 1 mA; Switchcraft N113B.
LV; Amphenol BO PC 2F. Printer output & controls: 50-pin
Amphenal Micro-Ribbon.

DIMENSIONS, WEIGHT: 5%" high x 19* wide x 10" deep
(132 x 433 x 280 mm); net weight, 20 pounds (9,1 kg).
POWER: 105-125 or 210-250 volts (switch selected), 60 Hz:

50 Hz modals available. 35 watts.

ACCESSORIES SUPPLIED:

Mode! 6011 Input Cable: 307 triaxial cable with triaxial
connector and 3 alligatar clips.

ii
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MOBEL 615 ELECTROMETER

SECTION 1.

1-1. GENERAL,

a, The Keithley Model 615 Digital Electrometer is a
fast, accurate and sensitive Electrometer with digital
display. It is a versatile, completely solid-state
instrument which measures a wide range of d-c voltage,
current, resistance and charge. The Electrometer's
input registance of greater than 10" ohms is the re-
sult of extensive instrument development with high in-
put impedance transistors. The Model 615 has all the
capabilities of conventional VIVMs, but it can also
make many more measurements without circuit loading.

b, The Electrometer has four decade voltage ranges
from 0,100 volt full scale to 100 volts, l2-decade
current ranges from 107 ampere full scale to 0.1 am-
pere, 11 decade linear resistance ranges from 10% ohms
full scale to 10!% ohms, and seven decade charge rang-
es from 10-11 coulomb full scale to 1073 coulomb,

c¢. The Model 615 employs matched insulated-gate
field-effect transistors followed by a transistor dif-
ferentjal amplifier and complimentary output stage.
A large amount of negative feedback is used for sta-
bility and accuracy.

1-2. TFBATURES.

a, Unique input circuit provides overlocad protec-
tion up to 500 volts on most ranges without damage.

b. Time stability is better than 1 wmillivolt/day
after l-hour warmup. Less than 150 microvelts per °C
zero drift with temperature.

c. Offset current legs than 5 x 1013 amperes min-
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GENERAL DESCRIPTION

imizes zero offset with high source resistance.

d. A front panel ZERC CHECK Switch permits check-
ing zero-offset without disturbing the measurement
circuit.

e. Operation up to #100 volts above case ground 1is
possible without affecting the reading. Isclatiom
from circuit low to case ground Is greater than 10
ohms shunted by 0.2 microfarad,

f. Analog output provided for I mA full scale re-
corders gsuch as the Keithley Model 370 Recorder or
other floating instrument.

g. Digital diasplay enables voltage measurements to
*0,2% of reading #1 digit.

h, Polarity is automatically indicated on the dis-
play,

i. Display rate is adjustable from 24 readings per
second to two readings per minute to accommodate the
mode of data retrieval.

j. Analog-to-digital converter 13 a dual slope in-
tegrating type circuit to provide immunity to line
power frequency pickup.

k. Model 440! Printer Qutput. Cards are available
for factory or user installation, This option pro-
vides BCD outputs for significant digits, range, pol-
arity, sensitivity and overrange. Various remote
control lines are also provided. The Output Buffer
cards are easily inserted into prewired, premounted
card-edge connectors on the Model 615 chassis.




OPERATION MODEL 615 ELECTROMETER

TABLE 2.
Model 615 Front Panel Controls and Terminals (Figures 1 & 3).

SENSITIVITY Switch Selects full-scale voltage sensitivity; also used to multiply
current, resistance and charge ranges on the Range Switch.
Automatically selects the proper decimal point position.

RANGE Switch Selects the mode which is to be measured; voltage, current, 2-2,2-3
resistance or charge,

FEEDBACK Switch Selects either NORMAL or FAST modes of operation, 2-2,2-4,2-5

POWER Switch Controls a-¢ line power to instrument (on/off). 2-2
DISPLAY RATE Control Determines number of analog-to-digital conversions per second. 2-3
ZERO Control Provides fine zero control adjustment.

ZERQ CHECK Switch Provides zero offset check without disturbing the source circuit,

INPUT Receptacle Connects source to inmput, Receptacle is a Teflon insulated
triaxial connector.

LG TERMINAL Providesa connection to input low.
*+Display Lights Indicates polarity of input signal.

Numerical Readout Indicates magnitude of input signal.

TABLE 3.
Model 615 Rear Panel Controls and Terminals (Figure 2).

Control Functional Description
R —

COARSE ZERO Switch Provides extended adjustment capability of the front panel
ZERO Countrol.

1 MA QUTPUT Receptacle Connects analog output to monitoring device,

PRINTER/CONTROL 50 pin comnector for BCD digital output: provides printer
Connector control and remote control when Model 4401 printer output
cards are installed.

SPARE Receptacle Blank hole with cover plate for mounting additional 50 pin
connector,

X1 QOUTPUT and Provides extremely linear unity gain operation. Also used
GUARD Terminals for guarded resistance measurements,

CASE GROUND Terminal Connected to Model 615 cabinet and outaide shell of input
connector.

. LO Terminal Provides connection to input low and front panel LO connection.
1 VOLT OUTPUT Provides 1 ‘volt output for calibration purposes.
Line Cord Connects line power to inatrument.

Fuse 3 AG Slow Blow. 117 volt - 3/4 A,
234 volt - 3/8 A,

117-234V Switch Sets instrument for either 117 or 234 volt a-c power operation.
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MODEL 615 ELECTROMETER

SENSITIVITY Switch
(51203)

RIS oMAaITAL ELECTROMETER

LT 7

FRUnmACK
CISFLAY AaTR nOMMAL  ERST
aa

DISPLAY ZERD FEEDBACK
RATE CONTROL Switch (S1204)

CONTROL (R1222)

(R1201)

GENERAL DESCRIPTION

(51201) (51202)

[T R e R T

INPUT
BINDING RECEPTACLE
POST (J1269)
(J1202)

FIGURE 1, Model 615 Front Panel Controls and Terminals.

I VOLT OUTPUT
Receptacle {J1207)

COARSE ZERO
Switch (51205)

X1 Cutput
(J1203%

GUARD  CASE 10 1 ™A OUTPUT SPARE

{Ql02)

Transigtor Transformer
Cover {T101)

Cord

(J1204) GROUND (J1210) Receptacle Receptacle Connector (J1212) Switech (F101) (P101)

(J1202) (JL206)

(5101)

FIGURE 2, Model 615 Rear Panel Controls and Terminals.
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OPERATION

SECTION 2.

2-1, INPUT CONNECTIONS.

a4, The INPUT Receptacle of the-Model 615 is a Tef-
lon insulated triaxial conmnector. The cencer termi-
nal 13 the high impedance terminal; the inner shield
is the low impedance terminal; the outer shield is
case ground, (See Figure 3).

b. The front panel LO Terminal is connected to
the inner shield or low impedance terminal. The LO
Terminal is connected to the rear panel LO Terminal.
When the shorting link on the rear panel is connected,
the LO is connected to cage ground.

FIGURE 3, Model 615 Triaxial Input Receptacle.

c. The Meodel 601l Tnput Cable (provided) 1is a 30"
triaxial cable with triaxial connector and 3 alligator
clipa, See Table 4 for color coding of the alligator
clips. The high impedance terminal is shielded by the
inner braid of the triaxial cable up to the miniature
alligator clip.

TABLE 4.
Color Coding of Alligator Clips for Model 6011 Input
Cable.

N kit —————
Lead Circuit Terminal
heavy wire with Input high Center
red clip cover
thin wire with Input low Inner Shield

black clip cover
thin wire with
green clip cover

Case Ground Quter Shield

hm——

MODEL 615 ELECTROMETER
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d. Carefully shield the input connection and the
source being measured, since power line frequencies
are well within the pass band of the Electrometer on
all ranges. Unless the shielding is thorough, pickup
may cause definite readout disturbances.

e. Use high resistance, low-loss materials - such
as polyethylene, polystyrene or Teflon - for insula-
tion. The insulation resistance of test leads and
fixtures should be several orders of magnitude higher
than the source resistance. Excessive leakage will
reduce accuracy. Use a low-noise type cable which
employs a graphite coating between the dielectric and
the surrounding shield braid.

£. Any change in the capacitance of the measuring
circuit to ground will cause disturbances in the read-
ing, especially on the more sensitive ranges. Make
the measuring setup as rigid as possible, and tie
down connecting cables to prevent their movement. TIf
a continuous vibration is present, it may appear at
the output as a sinusoidal signal and other precau-
tions may be necessary to isolate the instrument and
the connecting cable from the vibration.

NOTE

Clean, dry connections and cables are very
lmportant to maintain the value of all in-
sulation materials. Even the best insula-
tion will be compromised by dirt, dust,
solder flux, films of oil or water vapor.
A good cleaning agent is methyl alcohol,
which dissolves most common dirt without
chemically attacking the insulation. Dry
the cables or connections after washing
with alcohel or dry nitrogen if available.
If avallable, Freon is an excellent clean-
ing agent.

g. The accessories described In Section 7 are de-
signed to increase the accuracy and convenience of
input connections. Use them to gain maximum capabil-
ity of the Model 615.

h. For low impedance measurements — below 108
ohms or above 10°° ampere — unshielded leads may be
used,

1. When the Model 615 is used on the most sensi-
tive current range with the FEEDBACK Switch at FAST,
some insulators — such as Teflon — may produce ran-
dom signals which show up as erratic readout deflec-
tions. Insulation used in the Model 615 is carefully
selected to minimize these spurious sipnals.

j. 1t is advantageous to connect the Model 615 in-
put to the source only when a reading is to be made.
Use a high impedance transfer switch and well shield-
ed chamber if available.
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MODEL 615 ELECTROMETER

NOTE

In some cases, the offset current can charge
the external test circuitry. Omne example of
this occurs when measuring a capacitor's
leakage resistance by observing the decay of
the terminal voltage. If the leakage current
1s less than the offset current {less than 35
x 10-15 ampere), there may be no decay of the
terminal voltage when the Electrometer lis
left connected across the capacitor's termi-
nals.

k. The Model 6012 Triaxial-to-Coaxial Adapter en-
ables using coaxlal cables and accessories with the
Model 615 by adapting the triaxial INPUT connector to
the UHF coaxial type,

CAUTION
The Adapter connects circuit low to case
ground, The Model 615 cannot be used off-
ground when using the Adapter. The instru-
ment cabinet will be at the same potential
as the input low.

NOTE

Keep the shield cap (provided) on the INPUT
Receptacle when the Electrometer 1s wnot in
use to prevent overloads due to external
noise pickup.

2-2, PRELIMINARY OPERATING PROCEDURES.,

a, Check the 117-234V Switch for the proper AC line
voltage.

b. Check for proper rated fuse.

c. Set the front panel controls as follows:

ZERC CHECK Button LOCK

RANGE Switch VOLTS

SENSITIVITY Switch Fully Clock-
wise Position

FEEDBACK Switch NORMAL

POWER Switch OFF

d. Connect the power cord. Place POWER Switch ta
ON position. After one-half hour warm-up, adjust the
ZERO Control if necessary. Zero is indicated by con-
tinuously flashing + polarity lights.

NOTE

The rear panel COARSE ZERO Control may be
ad justed 1f a large zero offset is indicated.

e, After a few woments increase the voltage sensi-
tivity by advancing the Switch to one position count-
erclockwize. Continue zeroing with the FINE ZERO
Control,
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f, The Model 615 may have excessive drift or zero
offset after long periods of storage or after an over-
load, This may be corrected with the zero controls
although drifting may continue for several hours.

NOTE

If the Model 615 has been stored for a long
time, the offset current may exceed the
specification when first used, but should
decrease to below the specified amount
after one or two hours of use, This is an
inherent characteristic of the input tran-
sistors; the instrument is not faulty.

g. Although the offset current of the Electrometer
is much below that found in conventional voltmeters,
it can be observed on the readout since the offset
current charges the input capacitance, the Electrome-
ter appears to drift when the input is open. Use the
ZERO CHECK Button to discharge the charge build-up,

h. Follow the particular procedures in paragraphs
2-3 to 2-7 for measuring voltage, current, resistance,
and charge,

2-3. DIGITAL READOUT OPERATION.
a, Voltmeter Digital Readout.

1, When the RANGE Switch is placed in the VOLTS
position, the Electrometer digital readout desig-
nates the actual voltage measured using four numer-
ical digit readouts.

2. The SENSITIVITY Switch has four positions
which control the lighted decimal point location
and therefore the full scale voltage range, The
full scale voltage range for sach SENSITIVITY Switch
pogition is shown in Table 5.

TABLE 5.
R .
SENSITIVITY Switch Decimal Point
Position Position

Position 1 (fully 19.9.4.6.4
counterclockwisea)

Pogition 2 X XXX
Position 3 XX . XX
Pogition 4 (fully 1.6.0.00' ¢4
clockwise)

3. The fourth (left most digit) readout permits
an overrange display. The largest readlng that can
be displayed using all four digit readouts is 1999,
If there is'an overload condition, then all read-
outs will blank {none of the digital readout tubes
will be lighted). The polarity (%) display indica-
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tors remain lighted during an overload condition
indicating the correct polarity. Thus the Electrom-
eter display will indicate correctly within specifi-
cations with no ambiguous overload display.

4, To remove the overload condition, change the
SENSITIVITY Switch setting or decrease the input
signal magnitude.

b. Ammeter Digital Readout.

1. When the RANGE Switch is placed in the AMMETER
position, the Electrometer digital readout desig-
nates the voltage across an accurately known self-
contained resistor. The RANGE Switch selects the
calibrated range resistor for current measurements
from 10-! to 10-11 amperes. The range resistor is
the reciprocal value of the Range setting. The
readout indicates the voltage across the Range re-
sistor,

2. The full scale current range is determined by
multiplying the Range setting times the digital
readout digplay. The SENSITIVITY Switch operates
in the same fashion as for voltmeter measurements.
(Refer to preceding paragraph 2-3, a).

3. The full scale current range for various frount
panal control settings is shown in Table 6.

TABLE 6.
r Full Scale RANGE SENSITIVITY
Range Switch Switch Digital
J Amperes Setting Setting Readout
10-12 10-11 Position 1 L XXX
10-L1 10-10 Position 1 L XXXX
1071 10-11 Position 2 X, XXX
10-19 10-10 Position 2 X, KKK
10-10 10-9 Position 1 LXAXX
S——

c. Ohmmeter Readout,

1. When the RANGE Switch 1s placed in the OHMS
position, the Electrometer digital readout desig-
nates the actual voltage across the unknown resis-
tor as an accurately known current (internal to the
Electrometer) is applied to the unknowm,

2, The BANGE Switch selects the current for OHMS
measurements. The current is the reciprocal value
of the OHMS range setting from 105 to 1012 ohms,
The SENSITIVITY Switch operates in the same fasghion
as for voltmeter measurements.

3. The actual resistance measurement is deter-
mined by multiplying the RANGE Switch setting times
the digital readout display.

d. Coulombmeter Readout.
1. When the RANGE Switch 1s placed in the COU-

LOMBS poaition, the Electrometer digital readout
designates the actual voltage across & self-contained

MODEL 615 ELECTROMETER

accurately known capacitor since the Electrometer
is semsitive to the integral of the current applied
from the external unknown source.

2. The coulomb measurement 13 determined by mul-
tiplying the RANGE Switch setting times the digital
readout display.

e. DISPLAY RATE Control. (This control is a con-
tinuously variable control that permits the user to
select the rate of analog-to-digital conversion).

That 1s, the control determines the number of times

a new reading will be recomputed per unit of time.
This is useful for sampling a continuously varying in-
put current as well as for controlling slower external
devices such as paper tape punches and printers. With
the DISPLAY Control in the MAX Position the display
rate 1s 24 times per second (20 for 50 Hz models),.
When the control is varied clockwilase, the rate de-
creases to a minimum of about 2 per minute in the ex-
treme c¢lockwise position. The front panel DISPLAY
RATE Control applies to the digital circuitry only.

2=4, VOLTAGE MEASUREMENTS.

a, The Model 615 can measure an unknown voltage
when the low Ilmpedance terminal is up to 100 volts
off case ground. Safe operation of the Electrometer
is insured by grounding the case. To use the Model
615 for off ground voltage measurements, disconnect
the shorting link between LO and CASE GND Terminals
on the rear panel, (Refer to Figure 2),

CAUTION

Operating the Model 615 at more than 100
volts off ground may permanently damage
the instrument. The isolation betweean
circuit low and ground could break down
making the instrument unusable for gafe
off ground measurements.

Refer to Paragraph 2-6 for complete instructions for
making off ground measurements,

b. The Model 615 has been designed to measure volt-
ages up to 100 volts from very high resistance sources.
However, the Model 615 can also be used for measure-
ments from low source resistance and voltages up to 30
kilovolts with high voltage divider probe,

1, The input resistance can be decreased in or-
der to reduce the effects of stray pilckup with low
source resistances. Refer to Paragraph 2-4, £ for
complete inastructions.

2, For measurements of voltage up to 30 kilovelts
refer to Paragraph 2-4, g which describes various
divider probes available from Keithley.

c, The Model 615 can measure voltages In two modes:
Normal Mode and Fast Mode.

1. Normal Mode. In the Normal Mode — FEEDBACK
Switch at NORMAL — the unknown voltage is connected
to the INPUT Receptacle. Input impedance with th?
RANGE Switch in VOLTS position is greater than 10 4
ohms shunted by 35 picofarads.
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MODEL 615 ELECTROMETER

2. Fast Made. In the Fast Mode — FEEDBACK
Switch at FAST — the effects of input cable capaci-
tance may be reduced for measurements from very high
source resistances. Guarded voltage medsurements
may also be made.

d. Normal Mode Voltage Measurements.
1. Set the front panel controls as follows:

ZERO CHECK Button LOCK

RANGE Switch VOLTS
SENSITIVITY Switch Fully Clockwise
FEEDBACK Switch NORMAT

NOTE

To make off ground measurements, refer to
Paragraph 2-6.

2. Connect the Model 601l Triaxial Input Cable
to the unknown voltage as follows:

a) The heavy wire with red ¢lip cover should
be connected to the source high potential.

b) The thin wire with black clip cover should
be connected to the source low potential,

¢) The thin wire with greenclip cover should
not be connected when the shorting link between
LO and CASE Terminals on the rear panel is con-
nected.

3. Unlock the ZERO CHECK Button to make a mea-
surement.

4. Adjust the SENSITIVITY Switch ceounterclockwise
to increase the Mcdel 615 sensitivity. Readjust the
ZERQ contrel as necessary after each change in sen-
sitivity.

5. The voltage measured is indicated directly on
the digital display with the decimal point automat-
ically indicated. The polarity is automatically
indicated corresponding to the potential of the
Electrometer input high with respect to input low.

NOTE

The Model 615 has 100% overranging on all
ranges except for the 100 volt full range
sensitivity. An overload on any range is
indicated by a blanked digital display, a
feature which averts erroneous readings
when 200% of full range is exceeded. The
digital display is lighted when the over-
load is removed.

e. Fast Mode Voltage Measurements.

1. Set the front panel controls as follows:

ZERO CHECK Button LOCK
RANGE Switch VOLTS
SENSITIVITY Switch Fully Clockwise

FEEDBACK Switch FAST

0470
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NOTE

To make off ground measurements, refer to
Paragraph 2-6.

2. Connect che Model 6011 Triaxial Input Cable
to the unknown voltage as follows:

a) The heavy wire with red clip cover should
be connected to the source high potential.

b} The thin wire with black clip cover should
not be connected to source low. Instead, connect
the shorting link between CASE GND and GUARD Ter-
minals,

¢) The thin wire with the green clip cover
should be connected ro circuit low.

NOTE

The low impedance input of the Model 615
may be connected for use as a guard be-
tween the source high and low circuits.

3. Unlock the ZERO CHECK Button to make a4 mea-
surement.

4. Adjust the SENSITIVITY Switch counterclock-
wise to increase the Model! 615 sensitivity. Read-
just the zero setting as necessary after each change
in sensitivity.

3. The voltage measured is indicated directly on
the digital display with the decimal point automat-
ically indicated. The polarity is automatically
indicated corresponding te the potential of the
Electrometer input high with respect to Guard.

f. Voltage Measurements From [Low Resistance Sources.
When the input registance of the Model 615 is reduced,
the Electrometer measurement will be less sensitive to
stray electric fields for an open input. To decrease
the Electrometer input resistance, set the front panei
controls as follows:

10°1L ampeRES
NORMATL

RANGE Switeh
FEEDBACK Switch

The input resistance is then thflreciprocal value of
the current range in chms or 10 ohms as in this ex-
ample. The input resistance may be selected over the
range 10 ohms to 10'" ohms using this technique. The
full range voltage is salected by adjusting the SEN-
SITIVITY Switch. The voltage measured is indicated
directly on the digital display with the decimal point
automatically indicated. Connect the electremeter in-
put cable as stated in Paragraph 2-4, 4,

g. Voltage Measurements Up to 30 Kilovolts.

1. Model 6102A 10;1 Divider Probe for measure-
ments up to LDOD velts. This probe permits measure-
ments with overall accuracy of ¥4%. Input resis-
tance is 10 ohms maximuem. The actual voltage is
obtained by multiplying the Electrometer digital
display times the divider ratio.
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2. Model 6103A Divider Probe for measurements up
to 30 kilovolts, This probe permits measurements
with overall accuracy of +6%. Input resistance is
10*“ ohms maximum. The actual veltage is obtained
by multiplying the Electrometer digital display
times the divider ratio.

NOTE

The Model 6012 Triaxial-to-Coaxial Adapter
must be used with Models 6102A and 6103a
since the probes are terminated with a UHF
connector. When using the Model 6012, the
case ground 1is connected to Input low so
that the Electrometer may not be used for
off ground measurements.

2-5. CURRENT MEASUREMENTS.

a, The Model 615 can measure an unknown current

when the low impedance terminal is up to 100 volts off

case ground., Safe operation of the Electrometer 1s
insured by grounding the case. To use the Model 615
for off ground current measurements, disconnect the

shorting link between LO and CASE GND Terminals on the

rear panel. (Refer to Figure 2).
CAUTION

Operating the Medel 615 at more than 100
volts off ground may permanently damage
the instrument. The isolation between
circuit low and ground could break down
making the instrument unusable for safe
off ground measurements.

Refer to Paragraph 2-6 for complete Instructions for
making off ground measurewments,

b. The Model 615 can measure currents in two modes:

Normal Mode and Fast Mode.

1. Normal Mode. 1In the Normal Mode — used on
any range — the current 1s determined by measuring
the voltage drop across a gself-contained resistor
shunting the electrometer amplifier {nput. This
method permits a minimum noise measurement when re-~
gponse speed is not-critical.

2, Fast Mode, 1In the Fast Mode — for use only

TABLE 7.

MODETL 615 ELECTROMETER

below 10-3 ampere range — a self contained resistor
is connected between the electrometer amplifier in-
put and output (in the feedback loop). This method
permits faster response speed gince the effect of
input capacitance is minimized, The input voltage
drop is reduced to less than 100 microvolts on any
range. Refer to Table 7 for typical Response and
Neise performance for various values of input capac-
itance.

c. Normal Mode Current Measurements.

1. sSet the front panel controls as follows:

ZERQ CHECK Button LOCK

RANGE Switch 10-1 AMPERES

SENSITIVITY Switch Fully Counterclock-
wise

FEEDBACK Switch NORMAL

NOTE

To make off ground measurements, refer to
Paragraph 2-6.

2. Connect the Model 6011 Triaxial Inmput Cable
for meaguring an unknown current as follows.

a) The heavy wire with red clip cover should
be connected to the source high potential.

b) The thin wire with black clip cover should
be connected so &8s to place the Electrometer in
series with the current to be measured.

e¢) The thin wire with green clip cover should
not be connected when the shorting link between
10 and CASE GND Terminals on the vear panel is
connected.

3. Unlock the ZERO CHECK Button to make a mea-
surement.

4. Adjust the RANGE Switch to Increase the Elec-
trometer sensitivity for current measurements,

5. The full range current for the Electrometer
is determined by multiplying the digital display
times the RANGE Switch setting. The best accuracy
for current measurements is obtained by using a

Typical Effects of External Input Capacltance on Response Speed and Noise Performance in Current Measurements

with tha Model 615,

Rise Time (Seconds)

Output Noise (Peak-to-Peak)

J0pF 5000pF
2.0 2.0

.45 . 45*
.07 .07

.015 .015
.003 003

50pF
1,5 = 10714

10-13
® 10'12
x lp-tl
10-11
x 10-10
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SENSITIVITY Switch setting which permits the use of
The range resis-

the smallest value range resistor.
tor value is equivalent to the reciprocal of the
RANGE Switch setting.
the shunt resistor is indicated directly on the
Electrometer digital display.

NOTE

The SENSITIVITY Switch settings permit an
input voltage drop of 0.1, 1, 10, and 100
volts for current measurements in the

Normal Mode. On the 109 to 10-11 AMPERES
settings of the RAN%E Switch, the resistors
(109, 1010, and 19! ohms) used have a volt-
age coefficient of .02% per volt (nominal}.
If the SENSITIVITY Switch is adjusted for a
130 wvolt input drop, then an additional
error of 2% oc¢curs for the ¢urrent measure-
ment, Therefore it is recomended to select
the smallest input drop possible to minimize
voltage coefficient errors,

d. Fast Mode Current Measurements {for current be-
low 1073 amperes).

1. Set the front panel controls as follows:

ZERO CHECK Butten LOCK

RANGE Switch 105 AMPERES

SENSITIVITY Switch Fully Counterclock-
wise

FEEDBACK Switch FAST

NOTE

To make off ground measurements refer to
Paragraph 2-6.

2. Connect the Model 6011 Triaxial Input Cable
for measuring an unknown current as in 2-5, c-2,

3. Unloek the ZERQO CHECK Button to make a mea-
surement,

The input voltage drop across

CPERATION

NOTE

The ZERO CHECK Button provides a short
across the feedback of the Electrometer
Amplifier to enable zero adjustment.

Do not apply a short circuit across the
Electrometer input terminals since this
will ereate unstable ampliifier operation,

4, Adjust the RANGE Switch to increase the Elec-
trometfer sensitivity for current measurements.

5. The full range current for the Electrometer
is determined by multiplying the digital readout
times the RANGE Switch setting. The best accuracy
for current measurements is obtained by using a
SENSITIVITY Switch setting which permits the use of
the smallest value range resistor. The range resis-
tor value is equivalent to the reciprocal of the
RANGE Switch setting. The input veltage drop across
the shunt resistor is indicated directly on the
Flectrometer digital display.

NOTE

The source resistance of the circuit to be
measured should not be less than .1 times
the vange resistor used since adequate
feaedback voltage cannot be developed at the
input and zero stability is adversely af-
fected. The range resistor is the recip-
rocal of the AMPERES range in ohms.

CAUTION

For measurement of capacitor leakage cur-
rents using the Fast Mode, a very stable
voltage supply must be used. With a ca-
pacitor connected across the input, the
electrometer i3 extremely sensitive to
voltage transients with a resultant in-
crease in readout noise.

F _
YN 7 ro— o= -
|
| ! VW [ ? ] VVV |
| R 1 I Rin ]
[ i MEASURING | i
[ £ | POINTS | readout ||
I ] { * : ! readout !
| - O |
I sQURCE | f AMMETER i
b e — - S |
R+ Rin
I'=1 readout R
H.
% error in reading due to circuit loading = - 100 =—=<—
if Rip << R, | = | readoutand % error~0 = ¥ Rin
l’ —— — -l

FIGURE &,
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NULL DETECTOR

L1

O

MODEL 261

1

I

+  UNKNoWN ]

— CURRENT !
— |
1

CURRENT SOURCE

FIGURE 5. Galvanometric Current Measurements,

e. @Galvanometric Current Measurement Method,

L. Operate the Electrometer in the Fast Mode as
described in Paragraph 2-5, d.

2. Connect the Model 615 with an accurate refer-
_ence current source as shown in Figure 5. Xeithley
Models 225 or 261 may be conveniently used as a
bucking or zero suppression current source for this
purpose,

1, Adjust the Current Source to obtain a null on
the Electrometer digital readout, TIncrease the
Electrometer sensitivity as needed. The value of
the current which is suppressed is Indicated on the
Current Source setting.

NOTE

The connectlons for the Galvanometric Method
require the following accessories,

L - Model 261 Current Source

1 - Model 6012 Adapter

1 - UHF tee fitting, Part No. C5-171

1 - Low noise coaxial cable, Model 2611

1 - Low noise coaxial cable, Part No. 19072C,

2-6, QFF GROUND MEASUREMENTS.

a. The Model 615 can be used for measurements when
the low impedance terminal is up to 100 volts off case
ground. Safe operation of the Electrometer is insured
by grounding the case. To use the Model 615 for off
ground meagsurements, disconnect the shorting link be-
tween L0 and CASE GND Terminals on the rear panel.
(Refer to Figure 2),.

CAUTION

Qperating the Model 615 at more than 100
volts off ground may permanently damage
the instrument, The isolation between
circult low and ground could break down
making the instrument unusable for safe
off ground measurements.

10

b. Normal Mode Measurements. Disconnect the short-
ing link between LO and CASE GND Terminals on the rear
panel. Connect the Model 615 case securely to earth
ground for maximum operator safety. Operate the Elec-
trometer as described in Paragraphs 2-4 or 2-5,

¢. Fast Mode Measurements. Disconnect the shorting
link between 10 and CASE GND Terminals on the rear
panel. Connect the Model 615 case securely to earth
ground for maximum operator safety. Operate the Elec-
trometer as desctribed in Paragraphs 2-4 or 2-5.

WARNING

The 1MA analog output can only be used with
a recorder which will operate off ground
such as the Keithley Model 370,

NOTE

The Model 615 cannot be operated off ground
if the Model 6012 Adapter is used since the
input low and chassis ground are connected.

2-7. RESISTANCE MEASUREMENTS.

a. The Model 615 can be used to measure resistance
since the Electrometer permits accurate voltage or
current measurements from high resistance soutces,
Reslstance can be measured i{n the following three ways,

1. Normal Constant Current Technique.
2. Fast Congtant Current Technique,
3, Volt-Ammeter Method,

b. Normal Constant Current Resistance Measurement.

1. In the constant curreat method, the Electrom-
eter measures the voltage drop across the unknown
resistance when a constant current is applied, The
voltage drop is then proportional to the resistance
of the unknown.

2. The Normal mode is recommended for measure-

ments from 100 to 10! ohms. Above 10! ohms use
the Fast Constant Current technique.
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3. Set the front panel controis as follows: 2. Set the front panel controls as follows:
ZERD CHECK Button LOCK ZERO CHECK Button LOCK
RANGE Switch 10l omms RANGE Switch 1ol omms
SENSITIVITY Switch Fully Counterclock- . SENSITIVITY Switch Fully Countercleck-
wise wise
FEEDBACK Switch NORMAL FEEDBACK Switch FAST
4. Connect the unknown resistance between the 3. Connect the unknown resistance between the
Electrometer input high and low as for Normal Mode Electrometer input high and GUARD Terminal as for
Voltage Measurements. Fast Mode Voltage Measurements.
5. Unlock the ZERO CHECK Button to make a mea- 4, Unlock the ZERO CHECK Button to make a mea-
surement. surement .
NOTE 3. The unknewn resistance is determined by multi-
plying the digital display times the RANGE Switch
Do not open circuif the Electrometer on the setting.
OHMS ranges; the input will develop a large
voltage due to its constant current charac- 6. The low terminal of the INPUT Receptacle is
teristic. Keep the input shorted or the now a driven guard. It may be used to minimize che
ZERO CHECK Button locked. effects of capacity between high and low and errors

due to leakage resistance between high and low.

6. The unknown resistance is determined by multi-

plying the digital display times the RANGE Switch 7. The Model 6011 Input Cable, supplied with the
setting., Use the smallest RANGE Switch setting for Model 615, provides a convenient means of making
best possible accuracy. guarded resistance measurements. Connect the short-
ing link between the CASE GROUND and GUARD Terminals
7. The applied test voltage is indicated directly on the rear panel. This allows the CASE GROUND or
on the digital display in volts. blue test lead terminal to be connected to the low
impedance side of the unknewn resistance. The inner
8. The test current is the reciprocal of the OHMS shield or the black test clip is the GUARD Terminal,

Range setting.
d. Volt-Ammeter Resistance Measurement (to 1olb

NOTE ohms}.
Shield the input if the resistance sample 1. 1In the Volt-Ammeter method the voltage applied
exceeds 108 ohms. to the sample is arbitrarily set at any convenient
voltage. The current through the resistance sample
¢. Fast Constant Current Resistance Measurement. ig measured by the Electrometer. The resistance of
{Recommended for 10 to 10 ohms wmeasurements). the unknown Ls calculated in terms of the known

voltage impressed and the resultant measured current,
1. The Fast Mode permits faster response speed

when measuring very high resistances. 2. This method requires the use of the following

1

-
1

FIGURE 6. Volt-Ammeter Resistance Measurement.
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instruments and accessories.

1 - Voltage Source, such as Keithley Models
240A or 241.

1 - Shielded Switch, such as Keithley Models
6104, 3011 or 4194.

1 - Tast Cable, such as Model 6108

1 - Model 6012, WHF to Triax Adapter.

3. Connect the voltage source, switch, and un-
known resistance as shown in Figure 6. Since the
Electrometer is used for the measurement of current,
refer to Paragraph 2-5 for complete instructions.

HOTE

Refer to Paragraph 2-6 for complete instruc-
tions for making off ground measurements.

4. To make a resistance measurement, place Switch
5 in the "OFF" position as shown in Figure 6. Ad-
just the wvoltage source for a predetermined voltage.
Place Switch § in the "ON'" position to apply the
voltage across the unknown resistance. Allow a per-
iod of time for the current through the unknown re-
sistance to stabilize. Unlock the ZERO CHECK Button
to take a current reading. Adjust the RANGE Switch
and SENSITIVITY Switch to obtain a satisfactory
reading,

5, After a reading is made, place the ZEROC CHECK
Button to LOCK position and place Switch S to "QOFF"
position., Remove the unknown resistance and replace
with a second sample if necessary.

NOTE

If the voltage applied to the sample is not
100 times the Electrometer input drop, then
the unknown resistance is calculated as
follows:

_ Vgource = Vrnput Drop

R
* IMeasured

Eq. 1

where Ry = Unknown reslstance,
Vgource = Applied voltage,
Vinput prop = Electrometer input voltage
drop
and IMeagured = Current measured by Electrom-
eter.

2-8. CHARGE MEASUREMENTS.

a, Charge measurement or current integration can be
accomplished using the Model 615 in the coulombmeter
mode, The Electrometer indicates the voltage across a
very accurate self-contained capacitor. The Electrom-
eter output is therefore a voltage which is propor-
tional to the integral of the applied current.

NCTE

For a more complete discussion of current
integration, request the Keithley Product
Note entitled "Using the Electrometer Volt-
meter as a Current Integrating or Charge
Measuring Instrument."

12
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b. Set the front panel controls as follows:

ZERO CHECK Button LOCK

RANGE Switch 10-7 COULOMBS

SENSTITIVITY Switch Fully Counterclock-
wise

FEEDBACK Suitch FAST

c. Connect the Electrometer to the current source
to be measured as described in Paragraph 2-3.

d. Unlock the ZERD CHECK Button to make & measure-
ment, Adjust the SENSITIVITY Switch to obtain a sat-
isfactory reading. cChanging the SENSITIVITY Switch
setting does not affect the transfer of charge from
the source to Electrometer.

@, The coulombmeter reading is determined by mulci-
plying the digital display times the RANGE Switch
COULOMBS setting., TIf the RANGE Switch must be changed
to obtain a satisfactory reading, repeat steps b, c,
and d above,

NOTE

The input offset current of the Electrometer
contributes a charge of 5 x 10-15 coulomb
per second and should be subtracted from the
actual reading.

f. After a coulombmeter reading is made, discharge
the integrating capacltor in the Electrometer by
placing the ZERO CHECK Button to LOCK position. Dig-
charge capacitor for at least 20 seconds on the 10-7
COULOMB range before making another measurement.

NOTE

For information concerning Static Charge
measurements, request the Product Note
entitled "Electrometer Static Charge
Measurements'. The Model 615 should be
used with Keithley Models 2501 and 2503
Static Detector Probes for Static Charge
Measurements. Do not attempt to use the
Model 615 in the COULOMBS mede for Statie
Charge measurements since the Electrometer
is very gensitive to charge transients.

2-9. RECORDER OUTPUTS,

&. The Model 615 provides several outputs for mon-
itoring an analog or digital signal. The various
outputs are summarized as follows,

1. IMA QUTPUT. This output provides a ! milli-
ampere analog output corresponding to a full range
input.

NOTE

The Keithley Model 370 may be conveniently
used to obtain a chart record with 1% lin-
earity. The Model 370 has 10 speeds, re-
quires no preamp, and permits operation up
to ¥100 volts off ground when used with
the Model 615. A special phone plug such
as Switcheraft $-290 must be used with the
Model 615,
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2. 1 VOLT QUTPUT. This output provides a 1 volt
analog output cerresponding to a full range input.
The 1 VOLT OUTPUT is useful for meonitoring by oscil-
loscopes or voltmeters which will not load the Elec-
trometer output to exceed 0.! microamperes., This
output is also used fer calibration of the analog-
to-digital converter.

3. X1 QUTPUT (Unity Gain), This output provides
a unity gain signal for applications requiring very
accurate measurements from high impedance sources.
The output is equal te input within 100 ppm at dec,
exclusive of noise and zero drift, for ocutput cur-
rents of 100 microamperes or less.

4. DIGITAL OUTPUTS. Refer to Paragraph 2-10 for
a complete description of the PRINTER/CONTROL con-
nector and external controls,

b. Use of the Xl Qutput (Unity Gain).

1. YNormal Mode Measurements. y

a) Counnect the Electrometer to the unknown volt-
age source as described in Paragraph 2-4, d for
Normal Mode voltage measurements,

by Connect an accurate voltmetetr such as a
0.01% differential voltmeter between the X1 ODutput
and the GUARD Terminal as shown in Figure 7.

¢) Adjust the Model 615 ZERO Control te obtain
a null reading on the differential voltmeter with
the ZERO CHECK Switch in LOCK position.

2. Fast Mode Measurements.

a) Connect the Electrometer to the unknown volt-
age source as described in Paragraph 2-4, e for
Fast Mode voltage measurements.

b) Connect a recorder or oscilloscope between
the X1 Qutput and the GUARD Terminal. In the FAST
Mode, the X1 Qutput Terminal is connected to input
low. The GUARD Terminal provides an output for
recording purposes.

OPERATTON

2-10. TDIGITAL OUTPUTS AND EXTERNAL CONTROLS.
a. (General.

1. The Model 615 has provision for the installa-
tion of output buffer printed circuit boards to ob-
tain Binary Coded Decimal (BCD) outputs. Two 44-
pin card-edge connectors are installed and complete-
ly wired on the wain PC board.

2. A factery-wired 50-pin PRINTER/CONTROL Connec-
tor is also provided on the rear panel. This con-
nector Ls wired to provide signals as described in
Table 8. This Amphenol {Blue Ribbon Series) connec-
tor can be ordered with special wiring configura-
tioms,

3. Output buffer cards available from Keithley
as Model 4401 Printer Qutput Cards, may be ordered
factory instailed or ordered at a later date for
user installation, since no soldering or rewiring
is required. These Output Cards are available with
other codes (Standard Code is 1-2-4-8) on a custom
design basis,

4, Accessories.

a) Model 440l Printer Output Cards, include two
buffer output cards and a mating Amphencl connec-
tor,

b)Y A fifty line cable for hook-up to external
devices (printers, computers, etc.) is available.
Specify part number SC-51 and length desired.

b. Output Codes and Levels.

L. The PRINTER/CONTROL Qutputs are Rinary Coded
Decimal (BCD) signals with 1-2-4-8 Standard Code.

2. The Standard signal levels are as follows:
Logic "0" « +0.4 volt
Logic '"1'" > +10 volts at up to | milliampere.

e
1 1 Xt _/¢
! Rg ! INFUT NN
| AAA l))
W, I '
Vg =
1 T AN L KWNE<
| A7 1
| UNH??N [ |
i_ _VOLTAGE >| )
ELECTROMETER
FIGURE 7. Use of Xl Output {or Measurement from a High Resistance Source,.

0470



OPERATION

TABLE 8.
PRINTER/CONTROL Connector Pin Identifica

Output Function

MODEL 615 ELECTROMETER

tion. (Refer also to Figure 8).

Output Function

1 x 100
2 x 100
3 1 x 101 Data
4 2 x 10 Data
5 1 x 102 pata
6 2 x 102 pata
7 1 x 10° Data
8 Common -
VAN AN NI RS GE I SAN I AN A AN NN S AN SRR N AU NI NN NV EE NN SRS S S e
9 1 0
x 10 Range
10 2 x 100 Range
11 1 x 1ol Range
L2 Common i
13 1 x 109 Polarity
14 ——-
15
16

Data
Data

MA AR A NS AN NE R AR AR AN AN SR Ndd e e

1 = 100
2 x 100
+15v
+3. 6V

Sensitivity
Sensitivity

19 3lank
20 Blank
21 Blank
22 Elank

23 +14V Pulse Print Command

AN AN S EeA R SN AN GRS NI A I RPN A NS IG s anun AN A NSRS N A SN AN W
+8V Hi Reference
+2V Low Reference

108 Data
10 Data

PO T R Y L PR Y T Y Y TR LT YT

F
8
28 4 Data
29 8 x 10! Data
10 4 % 10° Data
31 8 x 102 Data
32 Common _———
33 8 x 1¢ Overload
34 4 x 10° Range
8 x 100 Range

Common

Cotrmon

38 Common

39 +15V

40
41

Common
Common

42 -15v

43 Common

44 Grounded Hold #1

45 Grounded Hold #2
46 Grounded
47 Blank

AN NI NN NSNS N AN NSRS I A A R P AN S AR RS

48 Blank
49 Blank
50 Blank

g

‘Trigger

o\

1

v/ O

o

FIGURE B. PRINTER/CONTROL Conne

L4

ctor Terminal Identification
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c, Qutput Information.

TABLE 9.
Model 4401 Printer Output Cards.

Model 4401 Printer QOutput Cards: Provide BCD out-
put and external control of Model 615; may be
purchased installed or separately for field in-
stallation (no wiring required).

Printer Qutputs: BCD positive output represents
each of the four digitsg, exponent, sensitivity,
polarity and overrange. Standard code is 1-2-4-
8. 'O &« +0.4 volt; "1™ > +10 volts at up to
one milliampere; 0=0000.

Print Command: Positive pulse of 14 volts from
a 2200-ohm source with 1 volt per microsecond
rise time, 100 micreseconds minimum pulse width.
Print command given after each A to D conversion.
Remote Controls:

Hold #l: Closure to ground inhibits A to D con-
version. at that instant.

Hold #2: Closure to ground inhibits A to D con-
vergion after reading has been completed.
Trigger: Closure to ground initiates one conver-
sion when in Hold #2., Integration period starts
8,3 ms (10 ms on 50-Hz models) after "Trigger"
or release of Hold #2.

Connector: 50-pin Amphenol Micro-Ribbon mounted
on Medel 615. Output mating connector supplied
with 4401,

QOPERATION

2. Overrange Indication, The fourth {from the
right) Numerical Readout Indicator represents the
overrange or most significant digit. An overload
condition is shown by a blanked readout with only
the polarity indicated. The Model 615 uses ane BCD
line to identify the overrange digit and overload
conditien as shown in Table 11

TABLE L1,
Cannectar Decimal Digits
Pin No, Quiput Generated
7 tox 107 0,1
8 Comman (2 x 10°) 0
32 Common (4 x 103) 0
33 overload (8 x 103) 8

3. Polarity Indication. The polarity is indicat-
ed automatically by the Pelarity Indicater Lights
and corresponding BCD output as shown in Table 2.

NOTE

The term 'Closure to Ground" or "Grounded

control line' means a short to common di-

rectly or through a saturated NPN transis-
tor (Vogp <« +0.4V). oOnly the '"COMMON' as

supplied at the PRINTER/CONTROL connector

should be used for closures to ground.

1, Full Scale Magnitude. The full scale magni-
tude for the Model 615 is indicated by three front
panel Numerical Readout indicator lights with cor-
responding BCD outputs as shown Iin Table 10.

TARLE 12.
Connector Decimal Digits
Pin No. Qutput Generated
13 Polarity (1 x L0O°) 0,1
14 +15v (2 x 109) 2
38 Common (4 x 109) 0
39 +15V (8 x 109) 8

TABLE 10,
Counector Decimal Digits
Pin No. Output Generated
1 1 x 109 0,1
2 2 x 109 2,3
26 4 x 109 4,5,6,7
27 8 x 100 8,9
3 i x lod 0,1
4 2 x 10! 2,3
28 4 x Lot 4.,5,6,7
29 8 % 1ol 8,9
5 1 x 102 0,1
6 2 x 102 2,3
30 4 x 102 4,5,6,7
31 8 x 102 8,9

Four pins may be used to obtain BCD polarity codes
for external printers, where 1010 = + and 101l =
- printer characters,

4. Sensitivity Indicatioen (Decimal Point Loca-
tion). The SENSITIVITY Switch has four positions
which automatically conttol the location of the
lighted Decimal Point Indicator. The decimal point
location is also represented by a BCD output as
shown in Table 13.

0470

TABLE 13.
Connector Decimal Digits
Pin No. Qutput Generated
15 Position 1,2 0,1
16 Position 3,4 2,3
40 Common -
41 Common -
A

5. Range Indication {Exponent). The Model 515
provides BCD outputs cerresponding to the exponent
of the RANGE Switch as shown in Table L4,
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by An external device can also be used for
TABLE 14. master control such as a high speed printer.
—

Connector Decimal Digita
Pin No. Output Generated

c) A completely independent "master clock"” can
be used for system control for maximum flexibility.

9 1 x 100 Exponent 0,1 3. Desecription of external controls.

10 2 x 100 Exponent 2,3

34 4 x 100 Exponent 4,5,6,7 a) "HOLD 1". This control inhibits A to D con-
35 8 x 100 Exponent 8,9 version at the instant a closure to ground 1is

11 1 x 10" Exponent 0,1 made. The conversion cycle will resume immediate-
12 Common - iy when the "HOLD 1" line is opened,

36 Common

Common by "HOLD 2". This ceontroel inhibits A to D con-
varsion after a complete reading cycle. Further
conversions are inhibited as long as & closure to

ground is made. The conversion cycle will resume

The print-out of the RANGE Switch exponent uses 2 immediately when the "HOLD 2" line is opened.
columns to represent information for exponents from

00 thru 12. The exponent must be interpreted as ¢) '"TRIGGER". This control initiates one com-
positive or negative depending on the parameter (am- plete conversion when "HOLD 2'' line 1is grounded.
peres, coulombs, or ohms). Closure to ground may be momentary or any longer

duration to initiate a conversion.
6. The Model 615 with Model 4401 Printer Qutput

Cards alsc provides vemote control commands for ex- d) "PRINT COMMAND!". This control provides a
ternal devices. These commands are described fully positive going pulse of 14 volts after a complete
in Paragraph 2-10, d. A to D conversion is made and all data line out-

puts are final readings.
7. Examples of & typical printer output for vari-

ous Model 615 readings are showm in Table 15, 1In 4, ©Power Supply Voltages., The PRINTER/CONTROL
the examples the printing device is assumed to con- Connector alsa provides power supply voltages of
tain fonts of digits 0 to 9. In this case, eight +15, ~15, and +3.6 volts as shown in Table 16.

columns are needed to print all data.

d. External Control,. TABLE 16,

1. To obtain optimum system performence, it is
often desirable to operate the Model 615 synchron~
ougsly with other digital equipment, such as printers,
paper tape punches, computers and other data handling
devices. Tha Model 615 with 440l Printer Cards in-
gstalled provides several printer control commands for
the purpose of synchronizing extarnal equipment to
achieve maximum conversion rates.

Maximum
Voltage Load Current Pin No.

+3.6V +50 mA 18
+15v +10 ma 14,17,39
-10 mA 42

2, Several alternate approaches may be used in de- 5. High and Low Reference. The PRINTER/CONTROL
signing the overall system control scheme. Connector provides two Reference Voltages, High
(+8V) and Low (+2V). These levels may be uged to
a) The Model 615 can be used to provide master define the “HIGH" and “LOW"™ digital ourput states
control of external devices so that the maximum for external printing or computer devices.

possible conversion rates can be obtained.

TABLE 15.

Front Panel Range Switch Significant
Digital Readout Setting Polarity Digit & Qverload Interpretation

+.275 x 1072 amp
+1.347 x 10% ohms
-86.4 volts
negative overload
positive overload
+00,00 voles
~-.1632 volts
+19.99 x 1077 amp

+0.275 1055 AMPERES
+1,347 107 onMs
-086.4 VOLTS

-(blank) 10~11 AvpERES
+({blank) 10-7 COULOMBS
+00.00 YOLTS

-.1632 VOLTS

+19.99 10=7 AMPERES

oo o ~O
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e. Summary of Digital Qutputs and Controls.

1. Standard OQutput Codes and Levels. The stand-
ard output cede for Model 4401 Printer Qutput Cards
is 1-2-4-8 Binary Coded Decimal (BCD). A binary
coded decimal digit is represented by a four-bit
binary code as shown in Table 17

a} The "ON' state is defined as an output great-
er than +10 volts into a resistance load of 10 kil-

ohms or greater.

b)Y The "OFF'" state is defined as an output less
than +0.4 volts.

TABLE 17.

Decimal

Number 4 bit 1 bit 2 bit 1 bit

oo~ N~ o
Ll o o B o i o B e B o B o T o
O, OO0 00
SO~ o0 Qg
e R = R = R

-

¢} Refer to Figure 19 for a c¢clrcuit diagram of
the Model 4401 Standard Printer OQutput buffer
stage.

2. PRINTER/CONTROL Connector. The PRINTER/CONTROL
Connector used on the Model 615 provides for connec-
tions to 50 pins as shown in Table 8. The mating
connector supplied with Model 4401 is an Amphenol
Part Number 57-30500 or Keithley Part Number CS-220,
available on special order.

3. Analog-to-Digital Conversion Cycle.

a) The analog-to-digital conversion cycle can
be initiated in any one of three ways.

1. DISPLAY RATE Control Set at MAX. With the
DISPLAY RATE Control set at MAY, the end of one
complete converslon triggers a second conversion
to obtain the maximum conversion rate of 24 read-
ings per second.

2. DTSPLAY RATE Control Set at Qther Than MAX.
With the DISPLAY RATE Control set at some posi-
tion other than MAX, (uncalibrated control set-
ting) the end of one complete conversion triggers
a second conversion which is delayed by a speci-
fic time interval (DELAY). The time delay is a
function of the position of a continuously 'vari-
able control to provide a conversion rate from
24 readings per second to 2 readings per minute.

3. '""HOLD 2" With TRIGGER Control. With the
"HOLD 2" command grounded, a closure to-ground of
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the "TRIGGER" command initiates one complete
conversion cycle. A second conversion will fol-
low only if the TRIGGER command is removed and
re-applied a second time. The maximum conver-
sion rate using-an external trigger is 24 read-
ings per second,

b} Conversion Cycle Timing. The Conversion
Cycle is composed of three timing periods, namely,
Integrator Zero, Integrator Sampling, and A-D
Counting period. Refer to Timing Diagram Figure

1

l. 1Integrator Zero Period (ZERQ). When a
trigger pulse initiates a new conversion cycle,
the Integrator circuit is zeroed for a period
not to exceed 8.33 milliseconds for 60 Hz oper-
ation. (The Integrator Zerc Period is 10.00
milliseconds for 50 Hz operation).

2. Integrator Sampling Period (INTEGRATE).
The Integrator Sampling Pericd follows automat-
ically the Integrator Zero Period and lasts for
a duration of 16.67 milliseconds for 60 Hz op-
eration. The Integrator Sampling Period lasts
for a duration of 20.00 milliseconds for 50 iz
oper.iigq.

3. " A-D Counting Period (COUNT). The A-D
Counting Period is initiated immediately follow-
ing the Tntegrator Sampling Period. The actual
counting time duration will depend on the actual
integrator voltage up to a maximum of 2000 clock
pulses or 16.67 milliseconds. Following the
counting period a Buffer/Storage command (s
automatically generated in order to store the
new reading in the output registers.

4. PRINT COMMAND, The PRINT COMMAND signal
is used to trigger external printers or paper
tape punches. The PRINT COMMAND signal is de-
layed 10 microseconds to allow the Storage Reg-
isters to settie. The PRINT COMMAND pulse width
is approximately 100 microseconds with a I volt/
microgecond rise time into a 1 kilohm load. The
pulse amplitude ls approximated by the following
equation:

eq = LAR/(R+2200). Eq. 2
where R ia the output load resistor.

The "OFF" state is less than +0.4 volt with ap-
proximately 1 milliampere sink current.

NOTE

. The data stored in the Qutput Registers will
not change for at least 25 milliseconds for
60 Hz operation. If the front panel con-
trols are changed, the Sensitivity or Range
BCD output may be affected.

2-11. 117-234V LINE POWER OPERATION. The Model 615
13 shipped for use with 117V a-c line power unless
ordered for 234V operation. To convert any instrument
for either 117V or 234V operation, use a screwdriver
to set the 117-234V Switch on the rear panel. The
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slide switch is identified for either 117 or 234V to
avoid an incorrect setting. The proper fuse must be
used for 117 or 234V and can be changed by removing
the fuse holder cap on the rear panel. Refer to Table
3 for proper type of fuse required.

2-12, 50 HZ LINE POWER FREQUENCY OPERATION. The Model
615 is shipped for use with 60 Hz line power frequency
unless ordered for 50 Hz operation. The Model 615 will
operate at elther 50 or 60 Hz but line frequency noise
rejection will be degraded. TField conversion from 60
Hz to 50 Hz is not recommended since the A to D con-

18
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Timing Diagram for Model 615.

verter would require recalibration. To convert the
line frequency operation, replace the oscillator crys-
tal Y501 as shown in Table 18.

TABLE 18,
S

Line Power Crystal Keithley
Frequency Frequency Part No.

50 Hz 100 Kilohertz CR-2

60 Hz 120 Kilohertz CRr-1

—
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SECTION 3.

3-1. GENERAL.

4. The Keithley Model 615 Digital Electrometer con-
sists of two separate sections (except for the power
supplies) packaged together in one chassis for optimum
performance and convenience: an Electrometer and an
analog-to-digiral converter.

b. The Electrometer is basically an extremely sta-
ble and linear DC voltmeter with a full-scale sensi-
tiviry of 100 millivolts and an input impedance of
101% ohms shunted by 35 picofarads. By using the
front panel controls, shunt resistors and capacitors
are selected to make measurements over a total of 120
voltage, current, resistance, and coulomb rarnges,
Current and resistance are measured using precision
resistance standards, from 10 ohm wirewound resistors
to 1011 ohm glass-sealed, deposited carbon resistors.
Coulombs are measured using close tolerance polysty-
rene film capacitor standards.

¢, The analog-to-digital converter ia a dual slope
integrating type converter with medium conversion
rate, cold cathode readout tubes, BCD output cptions
and external contrel.

3-2, EIECTROMETER AMPLIFTIER OPERATION.

a, The Model 615 electrometer amplifier employs
matched insulated-gate field-effect transistors fol-
lowed by a transistor differential amplifier with a
high-voltage complementary output stage. Refer to

CIRCUIT DESCRIPTION

CIRCUIT DESCRIPTION

Figure L0 which shows a block diagram of the Electrom-
eter.

b. The Electrometer amplifier is connected as a
unity-gain, voltage-to-current converter configura-
tion. Refer to Figure 1l for a simplified diagram of
the unity-gain amplifier in the Wormal Mode. The
Sensitivity selection circuitry is arranged such that
@ full-scale input voltage (ej) results in a 1l wmilli-
ampere output curvent through the Sensitivity resis-
The unity-gain voltage output

tor renrasantad hy B nu
tor repres By, utpu

anied oy

(eg) is determined as follows:

- ¥
e, = ey .~ Eq. 3
8 . Kl d

where K is the amplifier loop gain.

3-3. AMPLIFIER CIRCUIT.

a. The amplifier input stage is a pair of insulated-
gate fleld-effect transistors (IGFET) designated Q1201
and Q1202 connected in a differential configuration.
The "gate" terminal of transistor Q1202 is connected
to the unity-gain output.

b, The input stage is followed by a transistor Jif-
ferential amplifier composed of transistors Q1203 and
Q1204., Trangistors Q1207 and Q1212 make up a high
gain stage which prevents "fold-over'" and '"lock-up'
with positive input overloads. Diode Dl21l4 between

P
X
L
1 MA QUTPUT

TVOLTY QuUTPUT

CONVERTER

LO

r‘_(cnss GND

—
-

AJD

FIGURE 10.

0472R
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Voltmeter Normal Mode.
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base and emitter of transistor Q1209 prevents "fold-
over" and '"lock-up" under negative input overloads.

NOTE

Amplifier '"fold-over' is defined as a con-
dition where the instrument erroneously
indicates an on scale reading with a large
overload. '"Lock-up'" 18 a condition where
an amplifier stage saturates.

¢. Frequency compensation is provided by capacitors
C1l213 and Cl214, resistors R1240 and R1241, and capac-
itor C1215. The compensation networks provide a con-
trolled frequency response characteristic to Insure
stability under all conditions of input and output ca-
pacitance loading.

d, The complementary-output stage composed of tran-
sistors Q1210 and Ql21l1 is connected to the unity-gain
output to complete the unity-gain amplifier circuit.

e. The power supplies which provide #120 volta dc
for the output transistor stage are floating with re-
spect to chassis ground. The 9V power supplies for
the amplifier gain stages are referred to the unity-
gain output,

f. The SENSITIVITY Switch 51203 selects a resistor
network (represented by resistor Rg) to provide full
scale input ranges from 100 millivolts to 100 volts in
four steps. The output voltage to current conversion
is determined as follows:

L, = —=— Eg. 4

20
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where current i; = 1 williampere for full scale input.

g. The analog output signal for recorder outputs is
derived from a resistor divider network represented by
resistor Rp in Figure 10.

1. 1 VOLT OUTPUT (J1207). This output is derived
from the 1 milliampere current (for fuli scale in-
puts) which flows through a resistor network of
1010.1 ohms. This output has been designed to pro-
vide a reference voltage for the analog-to-digital
converter. The 1 VOLT OUTPUT Terminal may be used
for monitoring purpose where loading can be 0.1 mi-
croampere maximum.

2. 1 MA QUTPUT (J1206). This output provides a
one milliampere dc current for a full scale input
voltage of 100 wmillivolts, L volt, 10 valts, or 100
volts depending on the SENSITIVITY Switch setting.
The output connector used is a Switcheraft N1133 fe-
male phono jack which connects the output in series
with the reference voltage divider Rp.

3. Xl QUTPUT (JL1203). This output is the unity-
gain output as shown {n Figure ll. The X1 Output
provides a voltage eg which is equal to the input
according to the following ratio.

€g K

& T ral Eq. >

where K is the amplifier lcop gain.
3-4. AMMETER OPERATION.

a. Normal Mode. With the FEEDBACK Switch in the
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NORMAL position, an accurately known RANGE 5witch re-
sistor (CURRENT Range only} R1202 through R1212 is
connected in shunt across the Electrometer amplifier
input, Refer to Figure L0 for a block diagram of the
Electrometer., The amplifier measures the voltage drop
across the Range vresistor to determine the input cur-
rent. The digital readout display and analog outputs
are calibrated to indicate the magnitude and pelarity

of the veltage. The actual current is obtained by mul-

ciplying the readout times the current range selected.

b. Fast Mode. With the FEEDBACK Switch in the
FAST position, an accurately known RANGE Switch resis-
tor (CURRENT Range only) R1202 through R1212 is con-
nected across the amplifier feedback loop as shown in
Figure 12, The unity-gain output (Xl) is connected to
Input LO. In this mode the GUARD and X1 Terminals may
be used for monitoring purposes. The Fast Mode con-
figuration minimizes the slowing effects of input ca-
pacitance, The input vcltage drop is maintained at
less than 100 microvolts.

3-5. OHMMETER OPERATION.

a. The Model G613 ohmmeter circuit pravides a selt-
generated constant-current which is applied to the un-
known input resistance, The constant-current source
is represented by a voltage source E and series resis-
tor R as shown in Figure 13. The Electrometer ampli-
fier measures the voltage drop across the unknown
resistance Ry to provide a digital display and analog
output proportional to the unknown résistance.

b. The constant current source is composed of a +9
volt power supply and a resistor divider network se-
lected by the OHMS Range Switch. The CHMS Range re-~

MCDEL 615 ELECTROMETER

sistors are R1202 through R1212,

¢. Wermal Mode Operation. When the FEEDBACK Switch
is in the NORMAL position, the unknown resistor is
connected between the INPUT high and low as described
in the OPERATION section of this wanual, The actual
resistance is determined by multiplying the digital
readout display times the OHMS Range selected.

d, FTFast Mode Operation (Guarded Method). When the
FEEDBACK Switch is in the FAST position, the unknown
resistor is connected between the INPUT High Terminal
and the GUARD Terminal on the rear panel. In this
mode the unknown resistor provides feedback around
the Electrometer amplifier.

3-6. COULOMBRMETER OPERATION.

a, With the FEEDBACK Switch in the FAST poesition,
an accurately known RANGE Switch capacitor (COULOMBS
Range only) is connected across the amplifier feed-
back leoop as shown in Figure l4. The COULOMBS Range
capacitors are C1203 through Cl1212, The Llectrometer
digital readout display indicates the stored charge
praportional te the voltage across the capacitor,

The actual charge in coulombs is determined by multi-
plying the digital readout times the COULOMBS Range
Setting.

NOTE

The analog-to-digital converter circuit des~
cription can be found in paragraph 3-7.

This circuitry is separate from the analog
circuitry and is located on individual
printed circuit hoards.

r R — tr
R SENSITIVITY
—AA- {GuarD
RANGE
1voLT
OUTPUT
10M
INPUT )— ! -

A/ D

CONVERTER

FIGURE 12, Ammeter-Coulombmerer Fast Mode.
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FIGURE 14. Coulombmeter Fast Mode,
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3-7. ANALOG-TO-DIGITAL CONVERTER OPERATION.

a. General (refer to Figure 15 for a detailed block
diagram of the A-to-D converter). The analog-to-dig-
ital converter operates using 4 dual slope integration
technique which has inherent line frequency noise re-
jeection. The analog signal is applied to the integra-
tor for one complete line frequency cyele, therefore
integrating the line frequency noise, The analog sig-
nal 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 in-
terval to reach a "Zero Crossing" is counted and dis-
played on the "Readout in proportion to the original
analog signal. The sequence is then repeated for a
second reading. (Refer to the Timing Diagram shown
in Figure 9).

b. The A-to-D Converter is composed of nine major
circuits which perform the analog-to-digital conver-
sions and provide various control commands.

Oseillator or Clock
BCD Counter

Delay Hold
Program/Decoder
Integrator

Zero Crossing Detector
Buffer/Storage Register
Decoder/Driver
Numerical Readout.

oh o~ o WD

e. Oscillator or Clock. The Oscillator produces
pulses at a rate of 120 kilohertz for Electrometer
using 60 Hz line power. (The 50 Hz units have a pulse
rate of 100 kilohertz).

d. BCD Counter. The BCD Counter counts the Clock
pulges with a total range of 5000 counts. The Counter
ts composed of 4 individual counters designated 1, 10,
100, and 1000.

1. The "1", "10", and '"100" counters have a ca-
pacity 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, Delay Hold. The Delay Held circuit controls the
DISPLAY RATE function and external Hold and Trigger
commands (refer to Figure 16).

1. It determines the length of time between A-to-
D conversions when the fromt panel DISPLAY RATE Con-
trol is set to any position other than MAX. The
clock 1s stopped at the beginning of the ZERO (2)
period for a time determined by the rotation of the
DISPLAY RATE Control.

2., It ensured that when the Hold 2 is groundad
the conversion in process will be completed and new
dats will be stored in the output storage register.
Then the clock will be inhibited at the beginning of
the ZERO periocd (2). The instrument will remain in
this condition indefinitely until Hold 2 is released

24
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or until Trigger is shorted to ground. After con-
version, the instrument will again be inhibited at
the beginning of the period (2)}.

3. If both Switches §; and S, are clased, the
conversion cycle works in the following manner.

a} After the previous conversi{on has been com-
pleted, the leading edgs of the program command
(2) resets the flip-flop. 1In this new condition
J is high and, therefore, the clock gives no out-
put.

b) At that time, the unijunction timer begins
its cycle and, after the appropriate time, pro-
duces a pulse that sets the flip-flop. This
changes § to a low state and a new conversion
cycle begins, After the reading has been com-
pleted, the (2) command again resets the flip-
fleop and the timer again issues a new pulse to
set the flip-flop.

H%LD

TIMING
CIRCUIT

DISPLAY
+i5v RATE

FIGURE 16. Block Diagram of Delay Hold Circuik.

f. Program/Decoder. The Program/Decoder circuit
produces event commands to control the overall se-
quence of events for a complete A-to-D conversion.

g. Integrator. The Integrator circuit operation is
composed of three periods (refer to Figure 9).

1. Zero Perlod. During this period the integra-
tor amplifier is zerced by the closure of switch Sp.
Switches S, S., and S4 are open to prevent integra-
tor charging (refer to Figure 17).

2, Integration Period. During this period,

switch 8y, S¢, and 84 are open. Switch §; is closed
to permit charging by the analog voltage for a per-
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iod of one line cyecle.

3. Discharge Period. During this period, switch

Sz 1s open to prevent further charging by the analog

signal. Either switch ¢ or S§4 is closed ro drive
the I[ntegrator voltage to zero. A reference current
of opposite polarity to the input current is applied
through either switch 8; or S4. The Discharge Per-
iod ends when the Zero Crossing Detector circuit
detects a zero Integrator output.

Sa
A toD 100 k&
Input >—~V\-———/
Voltage
SC

oy , 450 k@

34
450 kn

-9y o—a”»o————dvv\——

FIGURE 17. 1Integrator Block Diagram.

h. Zero Crossing Detecter. The Zero Crossing De-
tector circuit provides a "High" or "Low'" level output
depending on the polarity ef the detected input. Re-
fer to Table 19 for a description of voltage outputs
of the Zero Crossing Detector {(refer to Figure i8}.

TABLE 19.
Zero Crossing Detector Qutput Levels.
M N B C
ov -D.5vV +1.5V Ov
oy +3.5V C oV +1.5v

i. Buffer/Storage Register. The Buffer/Storage
Register is composed of "flip-flops' arranged to copy
the states of the varicus BCD counters. The Buffer/
Storage Register requires a Buffer Store command be-
fore any information can be transferrved. The "flip-
flop" circuits provide coded information for Decoder/
Driver and the BCD outputs.

j. Decoder/Driver. The Deceder/Driver circuit de=
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HIGH GAIN
AMPLIFIER
ZERC
FIGURE 18. Zero Crossing Detector Block Diagram.

codes the BCD information from the Storage Register
inte ten-line decimal code. The Driver circuit then
drives the proper numeral in gach of the Numerical
Readout tubes.

k. Numerical Readout. The Numerical Readout con-
sists of four numerical indicators and one polarity
indicator driven by the Decoder/Driver, Polarity and
Overload Drivers.

l. Summary of Opevation. The operation of the 4&-
to-D Converter can be described by considering a typ-
ical conversion cycle.

1. The Oscillator or Clock provides pulses at a
rate of 120 kilohertz.

2, The Delay Hold circuit gates the output of
the Oscillator depending on the state of the "RrS
flip-flop" and the "Hold 1" contrel line. A uni-
junction timing circuit provides a delay period be-
fore a conversion is initiated. The time delay is
selected by the front panei DISPLAY RATE Control.

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

4. The Program/Decoder controls the sequence of
commands based on the coded states from the BCD
Counter. The decoded commands are described as
shown in Table 20. The "2" command initiates the
integrator ZERO period which removes any residual
charge on the integrator capacitor. The "3, 4" com-
mand initiates the INTEGRATE period which permits an
integration of the analog signal. At the end of the
TNTEGRATE period, the "0,1l'" command {nitiates the
COUNT period.
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TABLE 20.
S
Command Function
2 ZERO
3,4 INTEGRATE
0,1 COUNT

5. When the "'3,4" command is given, the integra-
tor is charged by the analog signal for a period of
1 line cycle or 16.67 milliseconds.

6. When the "0,1" command is given, the analog
signal is removed and the integrator output is
driven to zero by a reference current., The Zero
Crossing Detector senses a zero crossing of the In-
tegrator output and removes the reference current,
The Detector provides outputs as shown in Table 19.
The +1.5 volt levels are provided for control of the
Integratar and Polarity Storage Register. A pulse
command 1is also produced to initiate a Buffer/Store
and Print Command output.

7. When the Buffer/Store command is given, the
Buffer/Storage Register copies the BCD Counterstates
at that instant of time. The BCD coded information
in the Register is then available for the Decoder/
Driver and external printout.

8. The Decoder/Driver decodes the Buffer/Storage
output and drives the Numerical Readout for a digit.
al display.

9, The BCD Qutput information is available at the
Model 4401 Buffer Card outputs in the form of posi-
tive (+10 volt) true logic (1-2-4-8 BCD Code).

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

11. The Unijunction Timing Cirecuit will initiate
the ZERQ period after a preset time delay controlled
by the front panel DISPLAY RATE Control.

3-8. ANALOG-TO-DIGITAL COMVERTER CIRCUITRY.

a, General. The circuits described in this section

CIRCUIT DESCRIPTION

¥501, and phase shift capaciters C501, and €502 form
a "Colpitts" type oscillator. Capacitors C503 and
504 are used for trimming the oscillator frequency.
The output is taken from the collector of transistor
Q510 which is a common emitter gain stage used for
squaring the output. Transistor G507 serves as an
emitrer-follower to reduce output lmpedance.

2. Delay/Hold Circuit, There are three major
components in the Delay/Hold ¢ircuit: an "“RS" type
flip-flop circuit, & "Unijunction'" timing circuit
and a "Hold" gate circuit.

a) “RS" Type Flip-Flop Chrcuit. The flip-flop
gates the output of the clock depending on the
inputs at pins R and §. The RS flip-flop is con-
structed of gates QA501B and QA501C. The pins
are identified as shown in Figure 16.

b) "Unijunction™ Timing Circuit. The unijunec-
tion timing circuit determines the time delay be-
tween convecrsion cycles to abtain the desired con-
version rate as determined by the front panel DIS-
PLAY RATE Control. The circuit is composed of
transistors Q513 and Q514, timing capacitor €507,
and timing resistors R532 and R1269 (DISPLAY RATE
Control peotentiometer located on the front panel).

¢} 'HOLD" Gate Circuit. (Refer to Figure lé
for identification of switches 8 and 52). The
"HOLD" gate circuit is composed of gatas QASOLA,
QA501D, and QA502 (A, B, C, and D). Switch 35; is
gate QAS01A and 1{s controlled by either the "HOLD
2" external line or the '"MAX" position an the
DISPLAY RATE Control. Switch §, is transistor
Q513 which is controlled by either the "Q" output
of the flip-flop or the "HOLD 2" external line.
The "HOLD 1" circuit is composed of gates QA5028
and QAS02C.

3. Discharge-vVoltage Current Source Circuit.
The positive current source compogsed of transistors
Q502 and Q506 delivers a constant current of +7.5
mitliamperes to drive a 9-volt zener diode D602
(located on the Integrator Beard, PC-246) when +REF
Terminal (Pin 13) is greater than +0.7 volt. The
negative current source composed of transistors Q508
and Q509 delivers a constant current of ~-7.5 milli-
amperes to drive a 9-volt zener diode D601 (alsa
located on the Integrator Board, PC-246).

are located on the various Sub-Assemblies listed below c. Integrator Board. The Integrator Board consists
and in Table 22 of Section 4. of two major circuits: the Integrator circuit and the
Zero Crossing Detector circuit.
Dscillater Board, PC-217.
. Integrater Board, PC-246. 1. 1Integrator Circuit. (Refer to Figure 17 for
Display/Overload Board, PC-241 identification of switches Sg, 8y, S¢, and Sq). The
Readout Board, PC-229 operation of the Integrator is controlled by the
. Polarity Board, PC-207 positions of switches Sa, Sp, Se. and §4q. Switch
Qutput Buffer Board, PC-218 Sz 18 transistor Q603. Switch 8, is transistor
Qutput Buffer Board, PC-209 Q606., Transistors Q601 through Q604 are control
eircuits arranged to turn off the proper FET switches
depending on the signals at pins 1l and 12. The in-
tegrator amplifier consists of transistors Q607 and
Q608 and integrated circuit QA60L. The feedback ca-
pacitor {s CB03. Switches 5, and Sg (located on the
Oscillator Board, PC-217) control the current for
9-volt zener dicdes D501 and D602. Resistors R602

-~ O N W

b, QOscillator Board. The Oscillator Board contains
portions of three circuits: the Oscillator (clock)
circuit, the Delay/Hold circuit, and the Discharge-
Voltage Current Source c¢ircuit,

1. Oscillator Circuit. Transistor Q501, crystal
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througnh R61l are full-scale calibration resistors. gate QA204A. The -REF Control signal ig determined
by QA2024, QA203A, QAZ03B, QA202B, 0A202C, QA203C,

2. Zero Crossing Detector Circuit. (Refer to QA203D, and QA204B.

Figure 18). The high gain amplifier is composed of
cascaded amplifiers QA602 and QA603. The zero ad- 4. Buffer Store Command Circuit. The Buffer
justment network consists of resistors Rb645, R646, Store command is provided by J-K flip QA201B and
R648, R649, and R650, and diodes D6LL and D612, gates QAZ04C and QA207A.
Transistor Q60% and other components form a §-volt
supply for QA603 and the zero circuit. The level- 3. Overload Blanking Circuit. A porticn of the
splitter circuit consists of diodes D613 and D614, Overload Blanking circuit QAZ04D, QA206R, and QA207B
resistors R65L, R652, and R653 and gates QAG04 (A, is located on the Polarity Board. The remainder of
B,C). the circuit is located on the Display/Overload Board,
PC-241.
d. Display/Overload Board. The Display/Overload
Board contains a BCD Counter (''1000" counter), a Pro- g. OQutput Buffer Board, PC-218. This beoard con-
gram Decoder circuit, and an Overload Control circuit. tains 15 buffer circuits to provide BCD Data and Over-
load and Polarity Print signals. Buffer circuits "A"

L, The BCD Counter is composed of "“J-K" flip-flop through "P" consist of transistor buffer stages as
circuits QA30l and QA302. shown in Figure 19.

2. The Program Decoder circuit is composed of h. oQutput Buffer Board, PC-209. This board contains
gates QA303C and QA303D (3,4 Command)} and QA304A, six buffer c¢ircuits and various gate circuits to pro-
QA304B, QA304C, QA304D, QA305A, QA305B8, QA305C, vide Print Command and Range Signal Print signals.
QA305D, QA303E, Qa306a, QA3068, and QA306C (0,1, &

2 Commands}). L. Buffer Cireuits. Buffer circuits "A" through

"E" provide BCD Range information.
3. The Overload Control circult provides an over-

load signal if a zero crossing does not occur in the 2, Print Command Circuits. Buffer circuits com-
Discharge Period (0,l)., It controls the Numerical posed of transistors QLI1OL, Ql102, Ql104, Q1105,
Blanking circuit and provides an Overload Print sig- Q1106, and QL107 provide Print Command signals as
nal. determined by gates QA1101 (A,B,C, and D) and QAllO2

(A,B,C, and DY,
e. Readout Board. The Readout Board contains Dec-
ade Counter circuits, Buffer Storage circuits, and De- 3. Range Signal Circuit. Transistors QL108,
coder Driver and Display circuits. Q1109, and Ql110 comprise a Range Signal Buffer
stage contrclled by the Range Signal.
1. Decade Counter Circuits, F¥ach decade countex
is composed of four J-K flip-flops. Circuits DAZ01
through QA406 are Dual J-K Flip-Flop integrated cir-
cuits, R

2. Buffer Storage Circuits. The Buffer Storage
register is composed of Dual J-K Flip-Flop integrated 18
cireuits QA409 through QALl4, +15v

3. Decoder Driver Circuits. QAA4Ll5, QA4l6, and
QA4l7 are Decimal Decoder Driver integrated circuits. R:3_9k

4. Display Circuits. V40L, ¥402, and V403 are
Readout Tubes for Units, Tens, and Hundreds respec-
tively.

f. Polarity Board. The Pelarity Board contains INPUT
various circuits which are controlled by signals "g" >>
and "C" from the Zerc Crossing Detector signal as

shown in Figure 18, OUTPUT

1. Polarity Tndicator Control Circuit. This cir-
cuit drives the Polarity Indicator D520l to provide
a Polarity display. QAZ01A and QA206A are J-K Flip-
Flop circuits which control transistors Q201 and Q202.

2, Polarity Print Signal Circuit. The Polarity
Print signal is determined by the § output of J-K
flip-flop QA206A.

| .

3. Discharge Voltage Polarity Contrel Circuit.
The +REF Control signal ls determined by QA201a and FIGURE 19. Model 4401 Buffer Stage.
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CIRCUIT DESCRIPTLON

4, Reference Voltages, A High and Low Reference
voltage is provided by resistor divider Rl114, RIL1S5,
and RL116. The voltages are +8 volts (High) and +2
volts (Low).

3-9, POWER SUPPLIES (refer to Schematic Diagram
264044E} .,

a. %15 Volt Supply.

1. The #15 volt supplies tap a-c power from a
secondary of transformer T10l. Diodes D103, D105,
DLO7 and DLO8 and capacitors CLO4 and Cl0OS compose
a full-wave rectifier with filtering.,

2, Transistors Qll4 and Ql1l5 form a differential
amplifier which compares the voltage at R115 with
the voltage of zener diode D110. The difference
voltage is amplified by transistor Q109 and fed to
Darlington transistor palr, QLO6 and Q107, which
series regulate the output voltage.

3, Transistors QLl6 and Ql1l7 form a differential
amplifier which compares the voltage at R123 with
respect to lo. The difference voltage is amplified
by transistor Ql13 and fed to Darlington transistor
pair, Q110 and Qll1l, which series regulate the -15
volt output.

4, Transistors QLO8 and Ql12 limit the output
current to about 200 milliamperes.

b, +3.6 Volt Supply.

1. The +3.6 volt supply taps a-c power from a
secondary of transformer T10l.. Diodes D101 and D102
and capacitor G101 form a full-wave rectifier with
filtering.

2, Transistor QLO5 amplifies the difference be-
tween the +3.6 volt output and a reference voltage
derived from the +15 volt supply and determined by
resistors R103 and R104. The difference voltage is
amplified by transistor Ql04 which drives a Darling-
ton transistor pair, QLOl and Q102, The Darlington
pair series regulates the +3.6 volt output,

3. Transistor Ql0O3 limits the output current to
about 3 amperes.
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c. +170 Volt Supply.

1. The +170V supply taps a-c power from a second-
ary of transformer TL0L. Diode DLLl and capacitor
Cll2 form a half-wave rectifier with filtering.

2. Transistor QL19 amplifies the voltage devel-
oped by the resistor divider R128 and R129. The
output of QL19 controls the series regulator tran-
gsistor Ql1l8 to maintain the +L170 volt output.

3. When the electrometer is overloaded, and over-
load signal drives transistor Ql20 which in turn
controls the voltage at the base of transistor Q1L19,
The circuit composed of diode DLl12, transistor Q120,
and resistors R130, R131 and R132 reduces the +170
volt output to +80 volts when overloading occurs.
Grounding the overload input turns off transistor
Q120 causing diocde DI1Z to conduct and drive Q119.

4. The reduced +80 volt output causes blanking on
all Numerical Readout Tubes connected to the +170
volt supply.

d, +210 volt output., The +210 veolt supply is an
unregulated voltage supply using the half-wave £il-
tered voltage at diode Dtll and capacitor Cl12.

e, *9 Volt Supplies (shown on Schematic 24267E).

1. The %9 volt supplies tap a-c power from a sec-
ondary of transformer T120l or TL0l. Diodes D1201
to D12G4 and capacitors Cl216 and C1217 for a full-
wave rectifier with filtering,

2, Zener diodes D1205 to D1208 provide regulated
¥9 volt outputs,

f. %120 Volt Supplies.

1. The #120 volt supplies tap a-c power from a
secondary of transformer T1201, Diodes DL21l and
D1212 and capacitors C1218 and €1219 form a half-
wave rectifier with filtering.

2, Zener diodes Dl209 and D1210 provide regulated
t120 volt outputs.
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MODEL 615 ELECTROMETER

SECTION 4.

4-1, REPLACEABLE PARTS LIST. This section contains
a list of components used in the Model 615 Digital
Electrometer for user reference. The Replaceable
Parts Ligt describes the individual parts giving Cir-
cuit Designatiocn, Description, Suggested Manufacturer

REPLACEABLE PARTS

REPLACEABLE PARTS

{Code Number), Manufacturer Part Number, and the
Keithley Part Number. Also included is a Figure Ref-
erence Number where applicable. The complete name and
address of the Manufacturers is listed in Table 24.
(Refer also to Table 21 for Abbreviations and Symbols).

TABLE 21.
Abbreviations and Symbols
o -
A ampere F farad Q ohm
Fig. Figure
ChVar Carbon Variable D pico (10"12)
CerDd Ceramic Disc GCb Glass enclosed Carbon PC Printed Circuit
Cer Trimmer Ceramic Trimmer 3 Poly Polystyrene
Comp Composition k kilo (10™)
Ref. Reference
DCh Deposited Carbon 1 micro (10-6)
Desig. Designation TCu Tinner Copperweld
M Meg (10%)
EAl Electrolytic, Aluminum Mfg. Manufacturer v volt
ETB Electrolytic, tubular MtF Metal Film
ETT Electrolytic, tantalum My Mylar W watt
WW Wirewound
No. Number WwWVar Wirewound Variable

4-2, ELECTRICAL SCHEMATICS AND DJAGRAMS. Schematics
and diagrams are included to describe the electrical
circuits as described in Section 3, Refer to Table 22
which identifies all schematic part numbers included.

4-3, 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 subassem=
blies. Refer to Table 23 for listing of circuit des-
ignation serles assigned to each major sub-assembly.

4«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
5. Keithley Part Number,

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

TABLE 22,

r

Description

Circuit Designation

Schematic Part NHumber

Electrometer Bpoard
Electrometer Board
Power Supply

Polarity Board PC-207
0-1 Display/Overload Board PC-241
Readout Board PC-229
Oscillator Board PC-217
Integrator Beard PC-246
Output Buffer Beoard PC-218
Qutput Buffer Board PC~-209

Main Chassis, #2
Main Chassis, #1
Main Chassis, #3

2L267%
24151E
24044E
234490
24031D
23451F
23452D
24042E
234570
23481F

0472R
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REPLACEABLE PARTS

MODEL 615 ELECTROMETER

TABLE 23,
— . m
Page

Designation Description Series Number

Power Supply Power supply sub-assembly shown on Schematics 24267E and 24151E. 100 34

PC-207 Polarity P,C. Board., Plugs into counector J1214. 200 36

PC-241 -1 Display/Overload P.C. Board. Plugs into conmector J1215. 300 37

PC-229 Readout P.C. Board. Plugs into connectors J1216 and J1217. 400 38

PC-217 Oscillator P,C, Board. Plugs into connector J1218, 300 39

PC=246 Integrator P.C, Board. Plugs into connector J1219, 600 41

PC-218 OQutput Buffer P.C. Board. Plugs into connector J1212. 1000 43

PC-209 Qutput Buffer P.C. Board. Plugs into connector J1213, 1100 43
s sse—— ------I-I-IIlI-IIIlII-I--I-.-I-IILI-I-----II-IIIII-II

MAIN CHASSIS REPLACEABLE PARTS LIST
{(Refer to Schematic Diagram 24267E for circuit designations).
CAPACTTORS

Cireuit Mfg. Mfg. Keithley Fig
Desig. Value Rating Type Code Part No, Part No, Ref.
cl201 .01 wF 600V CexD 72982 ED~.01 €22-,01M 22
cl202 150 pF 600V CerD 72982 ED-150 €22-150P 21
1203 5 p¥ 200V Poly 00686 EL013-1 C31-57 30
Cl204 10 pF 500V Poly 71590 CPR-22J C138-10P 30
€1205 22 pF 500V Poly 71590 CPR-227J ¢c138-22P 30
cl206 47 pF 500V Poly 71590 CPR=-47J Cl38-47P 30
cl207 100 pF 200V Poly 84171 2PJ-101G C108-100P 30
cl208 L0010 F 200V Poly 84171 2PJ-102G C108-.001M 30
1209 .1 uF 200v Poly 84171 2PJ-104G ClLO8-, 1M 30
clz1o .01 uF 200V Poly 84171 2PJ-103G ClL08-.01M 30
cl211 001 uF 200v Poly 84171 2BJ-102G Cl08-.001M 30
cl212 100 pF 200V Poly 84171 2PJ-101G Cl08-100P 30
Ccl1213 .033 F 200V My 13050 SM2A Cl43~,033M 22
Cl214 033 pF 200V My 13050 SM24 Cl43-,033M 22
Cc1215 150 pF 600V CerD 72982 ED-150 €22-150P 22
Cclzlé 100 P 50V FAL 90201 MTV 100N 50 PDN  Cl86-100M 22
Cl217 100 pF 50V EAL 90201 MTV 100N 50 PDN  Cl86-100M 22
c1218 40 F 350V ETB 56289 TVA 1611 €23-40M 22
cl219 40 uF 350v ETB 56289 TVA 1611 G23-40M 22
C1220 .01 uF 600V CerD 72982 ED-.01 €22-.01M 22
cl221 L0047 uF 600V CerD 72982 ED-.0047 €22-,0047M 22
clLz222 L0047 uF 600V CerD 72982 ED~,0047 C22-.0047M 22
Cl223 L0047 uF 600V CerD 72982 ED-.0047 C22-.0047M 22
cl224 L0047 uF 600V CerDd 72982 ED-.0047 C22-.0047TM 22
Cl225 5 pF 600V CerD 72982 ED-5 €22-5P 22
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MODEL 415 ELECTROMETER

REPLACEABLE PARTS

CONNECTORS

Circuit Mfg, Mfg. Keithley Fig.

Desig. Description Code Part No, Part No, Ref,

J1213 Receptacle, 15 Pin, 09922 PSC-48815-2 C8-175 22
Display/Overload Board

J1216 Receptacte, 15 Pin, 73690 02-015-113-6-200 C5-226 22
Readout Board

J1217 Receptacle, 6 Pin, 73690 02-006-113-6-200 C8-225 22
Readout Beard

Jl218 Receptacle, 15 Pin, 09922 PSC-45815-12 CS-175 22
Oscillater Board

J1219 Receptacle, 15 Pin, 09922 PSC-48515-12 €s-175 22
Integrator Beard

J1201 Receptacle, Printed Circult 91662 02-005-113-6-200 €5-199 22

P1201 Contacts, Printed Circuit 91662 02-006-113-6-200 C5-200 22

J1202 Binding Post Terminal, 58474 DF21GC BP-11 (Green) 2
Green (Case GND)

J1203 Binding Post Terminal, Red (X1) 58474 DF21RC BP-11 {(Red) 2

J1204 Binding Post Terminal, 58474 DF21BC BP-11 (Blue) 2
Blue {(Guard)

J1205 Binding Post Termimal, Black (LO) 58474 DF21BC BP-11 (Black) 2

J1206 Receptacle, Phone Type 82389 N113B C8-231 2

J1207 Receptacle, Microphone Type 02660 80-PC2F Ccs-32 2

J1z08 Not Used

J1209 Receptacle, Triaxial, Input 95712 33050-2-NE34 C5-181 1

-—- Plug, Triaxial Mate of J1209 95712 2743-1-NT34 C5-141 -

e Cap, Input 02660 31-007 CAP-18 -

J1210 Binding Post Terminal, Black (LO) 58474 DF21BC BP-11 (Black) L

J1211 Receptacle, 50 Pin, 02660 47-40500-1 £§-221 2
Printer/Control

--- Plug, 50 Pin, Mate of J1211 02660 57-30500-1 ¢s-220 -

Jl212 Receptacle, 44 Pin, 09922 PSC4DD22-12 ¢5-205 22
Output Buffer Card

J1213 Receptacle, 44 Pin,
Output Buffer Card 09922 PSC4DD22-12 C5-205 22

J1214 Receptacle, 15 Pin, 09922 PSC48515-12 £S5-175 22
Polarity Board

- Plug, Phone Type, Mates with 82389 267 C5=244 -
J1206 DIODES

Circuit Mfig. Keithley Fig.

Desgig, Type Number Code Part No. Ref,

D1201% Silicon PD-10 83701 RF-36 22

D1202*

D1203* *(4-Diode Full-Wave Bridge Module)

D1204*

D1205 Zener VR-20 84970 DZ-31 22

D1206 Zener 1N936 04713 DZ-5 22

01207 Zener VR=-20 84970 DZ-31 22

D208 Zener 1N936 04713 DZ-5 22

D1209 Zener VR-1204 84970 DZ-32 22

Dl210 Zener VR-1204 84970 DZ-32 22

D1211 Silicon IN3256 02735 RF-22 22

DL212 Silicon IN3256 02735 RF-22 22

D1213 Silicon IN645 01295 RF-14 22

Dl214 Silicon 1N645 01295 RF-14 22
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REPLACEABLE PARTS

PRINTED CIRCUITS AND SUB-ASSEMBLIES

MODEL 615 ELECTROMETER

Circuit Schematic Fig.
Desig. Description Part Number Ref.
Power Supply Mother Board 24044F, 22
PC-207 Folarity P.C, Board. 23449D 23
PC-241 0-1 Display/Overload P.C. Board. 24031D 24
PC-229 Readout P,C. Board. 23451E 25
PC-217 Oscillator P.C. Board. 234520 26
PC-246 Integrator P.C. Board. 24042E 27
PC-218 Model 4401 Qutput Buffer P.C. Board, 23457D 28
PC-209 Model 4401 Qutput Buffer P.C. Board. 23481E 29
RESISTORS

Circult Mfg. Mfg. Keithley Fig
Desig. Value Rating Type Code Part No, Part No. Ref.
R1201 10 MQ 10%, 1/2 W Comp 01121 EB R1-10M 21
R1202 10 & .25%, 10 W WW 02985 TS~10 R163-10 30
R1203 100 Q .25%, 10 W WW 02985 T8-10 R163-100 30
R1204 1L KQ 1/4%, 1/2 W MtF 07716 CEC-TO R127-1K 30
R1205 10 KO /4%, 1/2 W MEF 07716 CEC-TO R127-10K 30
R1206 100 KO 1/4%, 1/2 W MtF 07716 CEC-TO R127-100K 30
R1207 1 MO /6%, 1/2 % MtE 07716 CEC-TO R127-1M 30
R1208 10 MQ 1%, L/2 W DCb 91637 DCF-1/2 R12-10M 30
R1209 108 n 1%, 2 W DCh 91637 DC-2 R14-108 30
R1210 109 o 3 -0% L/R W GCh 63060 R%-1 R20-107 30
R1211 1010 g +3 -0% L/R W GCb 63060 RX-1 R20-1010 30
R1212 10ll g +3 ~0% L/R W GCb 63060 RX-1 R20-1011 30
R1213 100 @ 5%, 1/2 W MEF 07716 CBC R61-100 22
R1214 900 5%, 1/2 W MtF 07716 CBC R61-900 22
R1215 10 ¢ 1%, L2 W DCh 91637 DCF-1/2 R12-10 22
RI216 2 K 20%, 2W WW 71450 INS-115 RP50-2K 22
R1217 7.15 KQ 1%, L/2 W MEF Q7716 CEC R94-7,15% 22
R1218 10 MQ 1%, 1/2 W DCh 91637 DCF-1/2 R12-10M 31
R1219 2.2 Mt 1%, 1/2 W DCb 91637 DCF-1/2 R12-2.2M 3l
R1220 100 KQ 10%, L/4 W Comp L4655 rRCO7 R76-L100K 22
R1221 68 K0 1%, /8 W MtF 07716 CEA R88-68K 22
R1222 10 XQ 5% —-- 07716 8400 RPS4~LOK 22
R1223 68 K@ 1%, 1/8 W MEF 07716 CEA R88-68K 22
R1224 226 Q 1%, 1/2 W MtF 07716 CEC R94-226 32
R1225 226 0 1%, /2 W MEF 07716 CLC R94~226 32
R1226 226 Q 1%, 1/2 W MCF 07716 CEC R94-226 32
R1227 226 Q 1%, 1/2 W MEF 07716 CEC RG4-226 32
R1228 226 Q 1%, 1/2 W MtF 07716 CEC R94-226 32
R1229 226 Q 1%, 1/2 W MtF 07716 CEC R94-226 32
R1230 226 Q 1%, 1/2 W MtF 07716 CEC R94-226 32
R1231 226 0 1%, L/2 W MLF 07716 CEC R94-226 32
R1232 226 0 1%, 1/2 W MtF 07716 CEC R94-226 32
R1233 226 O 1%, 1/2 W MtF 07716 CEC R94-226 32
R1234 34.8 KQ 1%, l/2 W MtF 07716 CEC R94-34.8K °2
R1235 200 K@ 1%, 1/2 W DCh 91637 DCF-1/2 R12-200K K
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MODEL 615 ELECTROMETER

RESISTORS (Cent'd.)

REPLACEABLE PARTS

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R1236 36.5 K2 1%, 1/2 W MtF 07716 CEC R94-36.5K 22
R1237 36.5 K22 1%, 1/2 W MtF 07716 CEC R94-36.5K 22
R1238 11.8 K2 14, 1/2 W MCF 07716 CEC R94-11.8K 22
R1239 200 K2 L, 1/2 W BCb 91637 DCF-1/2 R12-200K 22
R1Z240 2.2 K3 LO%, 1/2 W Comp 01121 EB RL-2.2K 22
R1241 2.2 K2 10%, 1/2 W Comp 01121 EB R1-2.2K 22
RL242 28,7 K2 14, L/2 W MtF 07716 CEC R94-28,7K 22
RL243 21.5 K2 1%, 1/2 W MtF 07716 CEC R94-21,5K 22
R1244 7.15 K@ 1%, 1/2 W MEF 07716 CEC R94-7.15K 22
RL245 270 K2 0%, 1/2 W Comp oLL21 EB R1-270K 22
R1246 100 K2 10%, 1/2 W Comp 01121 EB R1-100K 22
R1247 4.7 KD 10%, 1/2 W Comp 01121 EB Rl=4. 7K 22
R1248 15 KQ L%, 1/2 W MeR 07716 CEC RU4-15K 22
R124% 47 2 0%, L/&4 W Comp 44655 RCO7 R76-47 22
R1250 47 0 0%, L/4 W Comp 44655 RCO7V Rib-47 22
R1251 680 0 10%, 1/2 W Comp 01121 EB RL-680 22
R1252 1.8 K2 L0%, 1/2 W Comp oL121 EB Rl1-1.8K 22
R1253 680 2 10%, 1/2 W Comp 01121 EB R1-680 22
Ri254 1.8 K0 0%, V2 u Comp o1lzt EB Ri-1,8K 272
R1255 20 K& 5%, 5W WW 91637 RS -5 R4A-20K 22
R1256 20 KN 5%, 5W Wi 91637 RS-5 R4A-20K 22
R1257 L0D K% 1/2 W MtF 07716 CBC R&1-100K 31
R1258 1.0101 K& LOL% L33W Wi 17870 1250 R166-1.0101K 22
R1259 30,000 RQ L053% .33W WW 17870 1250 R165-90, 000K 3l
R1260 9.000 KQ L05% .33W WW 17870 1250 RL65-9.000K 3l
R1261 909.09 0 LO5% L 33w WW 17870 1250 R165-909.09 31
R1262 10L.0L @ L05% .33W WW 17870 1250 R165-101,01 31
R1263 10 K2 1%, /2 W McF 07716 CEC R94-10K 31
R1264 Not Used
RL265 Not Used
R1266 Not Used
RE267 Not Used
R1268 2K Q 2%, 2W WwW 71450 INS 115 RP50-2K 22
R1269 500K @ ¥20%, 1/4W CbVar 71450 GC45 RP75-500K 22
R1270 220 Q L10%, L/4 W Comp 44655 RCO7 R76-220 22
R1271 220 2 10%, L/4 W Comp 44655 RCO7 R76-220 22
R1272 220 o 10%, 1/4 W Comp 44655 RCO7 R76-220 22
R1273 220 Q 10%, L/a W Comp 44655 RCO7 R76-220 22
SWITCHES AND CONTROLS

Circuit Mfg. Keithley Fig.
Desig. Description Code Part No. Ref.
51201 Rotary Switch less components, RANGE 80164 SW-287 1

- Rotary Switch with components, Range Switch 80164 ---

- Dial Assembly, Range Switch 80164 24026A
51202 Limit Switch, ZERO CHECK 04426 SW-94 L

.- Knolbr Assembly, Zero Check Switch 80164 154614
$1203 Rotary Switch less comporents, SENSITIVITY 80164 SW-307 S

- Rotary Switch with components, Sensitivity Switch 80Ll64 ---

--- Knob Assembly, Sensitivity Switch 80164 213844
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REPLACEABLE PARTS MODEL 615 ELECTROMETER
SWITCHES AND CONTROLS (Cont'd.)

Circuit Mig., Keithley Fig.
Desig. Description Code Part No, Ref,
51204 Rotary Switch less components, FEEDBACK 80164 SW-308 1

- Rotary Switch with components, Feedback Switch 80164 ---

-— Knob Assembly, Peedback Switch 80164 213844

812058 Rotary Switch less components, COARSE ZERO 80164 8W-286 2

——— Rotary Switch with components, Coarse Zero Switch 80164 -

- Knob Assembly, Coarse Zero Switch 80164 16373A

$1206 Rotary Switch, DISPLAY RATE {See also R1269) 71450 RP75-500K 1

—-- Knob Assewmbly, Display Rate Control 80164 213844

TRANSTSTORS
Circult Mfg, Keithley Fig.
Desig, Humber Code Part No. Ref.
*Q1201 * These transistors should be replaced by ordering replacement FET Input Board No. 23733. 22
*Q1202 22
Q1203 NPN, Case TO-92 2N3903 04713 TG-49 22
Q1204 NPN, Case TO-92 243903 04713 TG~4% 22
Ql205 NPN, Case T0-92 2N3903 04713 TG=-49 22
Q1206 NPN, Case T0Q-92 2N3903 04713 TG-49 22
Q1207 NPN, Case T0-106 2N3565 07263 TG-39 22
Ql208 WNPN, Case TO-92 2M39013 04713 TG-49 22
Q1209 PNP, Case T0-92 2N3905 04713 TG-53 22
Q1210 NPN, Case TO-39 MM3003 04713 TG-58 22
Ql211 PNP, Case TQ-39 MM4003 04713 TG-59 22
Ql212 PNP, Case TO-92 2N3905 04713 1G6-53 22
POWER SUPPLY PARTS LIST
(Refer to Schematic Diagram 24044E for circuit designations).
CAPACITORS

Circuit Mfg. Mfg. Keithley Fig.
Desig, Value Rating Type Code Part No. Part No. Ref.
clol 2000 uF 15V EAL 29309 3675020015¢C €93-2000M 22
clo02 220 pF 1000v CerD 71590 DD-221~10% C22-220P 22
cl03 150 pF 1000V CerD 71590 DD-151-10% C22-150P 22
Cl04 200 pF 35V BAL 90201 MTV200R3SPDY C177-200M 22
Ccl05 200 WF i5v EAL 90201 MTV200N3 5PDN Cr77-200M 22
Cl06 200 uF 35v EAL 90201 MTV200N3SPDN Cl77-200M 22
Ccio7 200 pF 35V EAL 90201 MTV200N35PDN C177-200M 22
cL108 1.2 ¥ 20V ETT 17554 TSD120125 C179-1.24 22
Cclo9 5 pF 1000V CerD 71590 DD-050-10% €22-5P 22
c1l10 125 uF 15v ETB 73445 Ch426 €3-125M 22
clili 125 pF 15v ETB 73445 C426 C3-125M 22
c112 15 P 300V EAL 90201 PICOLISMI00PIE €173-15M 22
c113 Not Used

Cll4 68 pF 500V Mica 84171 DM15-680F C21-687F 22
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MODEL 615 ELECTROMETER REPLACEABLE PARTS

DIODES
Circuit Mfg., Keithley Fig.
Desig, _Type Number Code Part No. Ref.
plol Silicon 1N4139 13327 RF-34 22
nLo2 Silicon 1N4139 13327 RF-34 22
D103 Sil{icon 1IN645 01295 RF-14 22
D104 Silicon ING 45 01295 RF-14 22
D105 Silicon IN645 01295 RF-14 22
D106 Silicon IN645 01295 RF-14 22
Dla7 Silicon NG4S Q1295 RF-14 22
plos Silicon IN645 01295 RF-14 22
D1O9 Silicon LN64S 01295 RF-14 22
Dlio Zenet 1N936 04713 DZe5 22
Dl1l Silicon 1N3255 42735 RF-17 22
pll2 Silicon IN645 01295 RF-14 22

MISCELLANEQUS PARTS

Circuit Mfg. Mfg. Keithley Fig.
Desig, Description Code Part Wo. Part Ho. Ref.
F101 (117V) Fuse, slow blow, 3/4 A, 250V 71400 Type MDL FU-19 2
F101 (234V) Fuse, slow blow, 3/8 A, 250V 70400 Type MDL FU-18 2

.- Fuse Holder 75915 342012 FH-3 2
P101 Cord Set, 6 feet 93656 4638-13 CO0-5 2
510l Slide Switeh, 117-234v BOL164 SW-151 SW-151 2
5102 Toggle Switch, POWER 80164 SW=-265 SW-265 13
T101l Power Transformer 80164 TR-126 TR-126 2

RESISTORS

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part Wo. Part NWo, Ref.
R101 6.8 kQ 10%, 1/4 W Comp 44655 CB-682 R76-6.8K 22
R102 0.2 0 *10%, 4.25 W TCu 91637 Cw-2 R151-0.2 22
Ri03 10 k& 1%, 1/8 W MtF 07716 CEA-10KQ R88-10K 22
R104 1.1 k@ 1%, 1/8 W MtF 07716 CEA~1, 1K} R88-1.1K 22
R105 1 k& 10%, 1/4 W Comp 44655 CB-102 R76-1K 22
R106 100 Q 1%, 1/8 W MtF 07716 CEA-100Q RB8-100 22
R107 150 Q 1%, 1/8 W MtF 07716 CEA-150%0 RBB-150 22
R108 33 k@ 10%, 1/4 W Comp 44655 CB=333 R76=33K 22
R109 K] 1%, /2 4 DCh 91637 DCF-1/2-30 R12-3 22
R110 680G Q 10%, 1L/4 W Comp 44655 CB~681 R76-680 22
R111 3.3 kO 10%, 1/4 W Comp 44655 CB-332 R76-3.3K 22
R112 4.7 kQ 10%4, L/4 W Comp 44655 CB-472 R76-4.7K 22
R113 3.3 kR 10%, 1/4 W Comp 44655 CB=-332 R76-3.3K 22
RL14 4.75 k@ 1%, 1/8 W MtF 07716 - CEA~4.75KQ R88~4.75K 22
R115 2 kQ 20%, 2 W WWVar 71450 1NS 115-2KQ RP50-2K 22
R116 8,06 ki 1%, 1/8 W MtF 07716 CEA-8.06KR R88-8.06K 22
RLL7 18.2K 1%, 1/8 W Comp 07716 CEA-18. 2K R88-18.2K 22
R118 7.5 kft 1%, 1/8 W MtF 07716 CEA-T.5KQ R88-7.5K 22
R119 33 kQ 10%, 1/4 W Comp 44655 CB-333 R76-33K 22
R120 3R 1%, /2 W DCh 91637 DCF-1/2-3R R12-3 22
R121 33 kQ 10%, 1/4 W Comp 44655 CB-333 R76-33K 22
RLZ22 33 kQ 1Q%, L/4 W Comp 44655 CB-333 R76-33K 22
R123 7.5 ki 1%, 1/8 W MtF 07716 CEA-7.5KR R88-7.5K 22
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REPLACEABLE PARTS MODEL 615 ELECTROMETER

RESISTORS (Cont'd.)

Circuit Mfg. Mfg. Keithley Fig.
Deglg. Value Rating Type Code Part No, Part No. Ref.
R124 82 0 0%, 1/2 W Comp 01121 EB R1-82 22
R125 1 MR 10%, 1/4 W Comp 44655 RCCT R76-1M 22
R126 100 k@ 10%, i/4 W Comp L4655 RCO7 R76-100K 22
R127 56 & 10%, 1/4 W Comp 44655 RCO? R76-56K 22
R128 80.6 k0 1%, L/2 W MtF 07716 CEC R94-80.6K 22
R129 7.32 kN 1%, 1/8 W MtF 07716 CEA R88~7.32K 22
R130 1.5 k@ 10%, /4 W Comp 44655 RCO7 R76-1,5K 22
R131 1k 0%, 1/4 W Comp L4655 RCO? R76-1K 22
R132 12 k& 10%, 1/4 W Comp 44655 RCO7 R76-12K 22
R133 10 kQ 10%, 1/4 W Comp 44655 RCO7 R76-L0K 22
TRANSISTORS
Circuit Mfg. Keithley Fig,
Desig, Number Code Part No. Ref.
Qlol 2N5183 02735 TG-68 22
Q102 E5-3321 71279 TG-54 22
Q103 2N3565 07263 TG-39 22
QLO4 2N3565 07263 TG-39 22
QL05 517638 07263 TG-33 22
QL06 2N3563 07263 TG-39 22
qQLo7 40317 02734 TG-43 22
Qlo8 2N3565 07263 TG-39 22
Q109 2N3565 07263 TG-39 22
Q110 517638 07263 TG-33 22
Qlll 40319 02734 TG-50 22
QL12 517638 07263 TG-33 22
Q113 517638 07263 TG-33 22
QlL4 2N3565 07263 TG-39 22
QL15 2N3565 07263 TG-39 22
Qlle 517638 07263 TG-33 22
QL17 517638 07263 TG-33 22
Q118 40346 02735 TG=bd 22
QL19 40346 02735 TG-44 22
Ql20 2N3565 07263 TG~39 22

POLARITY BOARD (P.C,-207) REPLACEABLE PARTS LIST
(Refer to Schematic Diagram 23449D for circuit designations).

CAPACITOR
Circuit Mfg. Mig. Keithley Fig.
Dasig. Value Rating Type Code Part No. Part No. Ref,
c201 150 pF 600V CerD 72982 ED-150 €22-150P 23

INTEGRATED CIRCUITS

Circuit Mfg. Mfg. Keithley
Desig. Description Code Part No. Part No.
QA201 Dual J-K Flip-Flop 04713 MC890P 1C-8
QA202 Quad 2 Input Gate 04713 MC824P 1C-3
QA203 Quad 2 Input Gate 04713 MCB824P IC-5
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MODEL 615 ELECTROMETER

INTEGRATED CIRCUITS (Cont'd,)

REPLACEABLE PARTS

Circuit Mg, Mfg. Keithley
Desig. Description Code Part No, Part No,
QA204 Quad 2 Input Gate 04713 MC824P I1C-5
QA205 Quad 2 Input Gate 04713 MC824P IC-5
QA206 Dual J-K Flip=-Flop 04713 MC890P IC-8
QA207 Dual 3 Input Buffer, 04713 MCB88P 1C-6
non-iaverting
LAMP
Circuit Mfg. Mfg. Keithley Fig.
Desig. Description Code Part No. Part No, Ref,
Ds201 fpPolarity Pilot Light 91802 2330 Series PL-43 23
RESISTORS
Circuit Mfg. MEg, Keithley Fig.
Desig, Yalue Rating Type Code Part No. Part No. Ref.
R201 270 Q 10%, 1/2 W Comp 44655 RCO7 R76-270 23
R202 2.2 k0 10%, 1/4 W Comp L4653 RCO7 R76-2,2K 23
R203 1.5 k@ 10%, 1/4 W Comp 44655 RCO7 R76-1.5K 23
R204 L.5 k& 10%, 1/4 W Comp 44655 RCO7 R76-1.5K 23
TRANSISTORS
Circuit Mfg. Keithley Fig.
Desig. Number Code Part No. Ref.
Q201 2N5184 02735 TG=67 23
Q202 2N5184 02735 TG-67 23
0-1 DISPLAY/QVERLOAD BCARD (PC-241) REPLACEABLE PARTS LIST
(Refer to Schematic Diagram 24031D for circuit designatioms).
INTEGRATED CIRCUITS
Circuit Mfg, Mfg, Keithley Fig.
Desig. Description Code Part No, Part No, Ref.
QA301 Dual J-K Flip-Flop 04713 MCB90P IC-8 24
QA302 Dual J-K Flip-Flop 04713 MC890P Ic-8 24
QA303 Hex Inverter 04713 MC889P 1C-7 24
JA304 Quad 2 Input Gate 04713 MCB24P IC-5 24
QA305 Quad 2 Input Gate 04713 MCB24P IC-5 24
QA306 Quad 2 Input Gate 04713 MCB824P Ic-5 24
LAMP
Circuit Mfg. Mfg. Keithley Fig.
Desig, Degcription Code Part No. Part No. Ref.
0S301 Pilot Light, front panel thousands tube 80164 PL-42 PL-42 24
RESTISTORS

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R301 1.5 k2 10%, /4 W Comp L4655 RCCY R76-1.5K 24
R302 10 k2 1%, /2 W MtF 07716 CEC R94-10K 24
0671R 37



REPLACEABLE PARTS

RESISTORS (Cont'd.)

MODEL 615 ELECTROMETER

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R303 1.5 k0 10%, l/4 W Comp 446355 RCO7? R76-1,5K 24
R304 820 Q 10%, 1/4 W Comp 44655 RCO7 R76-820 24
TRANSISTORS
Circult Mfg. Keithley Fig.
Desig. Number Code Part No. Ref.
Q301 2N5184 02735 TG=-67 24
Q302 2N5184 02735 TG-67 24
READOUT BOARD (P.C.-229) REPLACEABLE PARTS LIST
(Refer to Schematic Diagram 23451E for circuit designatioms).
CONNECTORS
Circuit Mfg, Mfg. Keithley Fig.
Desig. Description Code Part No. Part No. Ref,
P401 Plug, 6 pins, comnects to J1206 73690 02-006-105-6-200 C5-223 25
P402 Plug, 22 pins, connects to J1207 73690 02-015-105-6-200 C8-222 25
INTEGRATED CIRCUITS
Circuit Mfg. MEfg. Keithley Fig.
Desig, Description Code Part No, Part No. Ref,
QALOL Dual J-K Flip-Flop 04713 MC891P 1C-9 25
QA402 Dual J-K Flip-Flop 04713 MCB91P IC-9 25
QA403 Dual J-K Flip~Flop 04713 MC89LP 1G-9 25
QA404 bual J<K Flip-Flop 04713 MC890P 1C-8 25
QA405 Dyal J-K Flip-Flop 04713 MC890P I1C-8 25
QAL406 Dual J-K Flip-Flop 04713 MC891F IC-8 25
QALD7T Quad 2 Input Gate 04713 MCB24P IC-5 25
QA408 Quad 2 Input Gate 04713 MCB24P IC-5 25
QA409 Dual J-K Flip-Flop 04713 MCBIOP 1c-8 25
QA410 Dual J-K Flip-Flop 04713 MCB890P I1C-8 25
QA411 Dual J-K Flip-Fleop 04713 MCB90P 1C-8 25
QA412 Dual J-K Flip~Flop 04713 Mca90rP 1c-8 25
QA4l3 Dyal J-K Flip-Flop 04713 MCB9QP ICc-8 25
QA4LS Dual J-K Flip-Flop 04713 MC890P IC-8 25
QA4L5 Decimal Decoder/Driver 07263 U6B996079X IC-3 25
QA4LLE Decimal Decoder/Driver 07263 UBB996079K I1C-3 25
QA417 Decimal Decoder/Driver 07263 UeB996079X I1C-3 25
READOUT TUBES

Circuit Mfg. Mfg. Keithley Fig.
Degig, Code Part Na, Fart Mo, Ref,
V40l Units Readout Tube 83594 B5750 EV=5750 25
V402 Tens Readout Tube 83594 B5750 EV-5750 25
V403 Hundreds Readout Tube 83594 B5750 EV-53750 25
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MODEL 615 ELECTROMETER

REPLACEABLE PARTS

RESISTORS
Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R4GL 10 k& 5%, L2 W Conp o112l ER=10KQ R19-10K 25
R&02 10 k& 5%, /2w Comp 01121 EB~10KQ R19-10K 25
R&403 10 kQ 5%, L/2 W Comp 01121 EB~10K{ R19-10K 25

OSCILLATOR BOARD (P.C.-217) REPLACEABLE PARTS LIST
(Refer to Schematic Diagram 23452D for circuit designations).
CAPACITORS

Circult Mig. Mig. Keithley Fig
Desig, Value Rating Type Code Part No, Part No. Ref
cs01 ,0022 uF 100v Poly 13934 E3FR=222-1-C Cl52-.0022M 26
502 ,001 uF 100v Poly 13934 E3FR~222-1-C C152-,001M 26
€503 4,5-25 pF 300V Cer Trimmer 71590 8024Z C76-4.5-25P 268
C504 22 pF 300V Mica 84171 DM15-220J C21-22P 26
C505 470 pF 600V CerD 72982 ED-470 C22-470P 26
€306 220 pF 600V CerD 72982 ED-220 C€22-220P 26
c507 56 uF 15V ETT 17554 CC201556610 C234-56M 26
c508 10 pF 20V ETT 17554 TSD2-20-106 C179-10M 26

CRYSTAL
Circuit Mfg. Mfg. Keithley
Desig. Description Code Part No, Part No.
Y501 Crystal for 60 Hz operation 80164 CR-1 CR-1

Crystal for 50 Hz operation 80164 CR-2 CR-2

DIODES
Circuit Mfg. Keithley Fig.
Desgig. Type Number Code Part No. Ref.
D501 Silicon 1N645 01295 RF=14 26
D502 Silicon 14645 01295 RF-14 26
D503 ilicon 1N914 01295 RF-28 26

INTEGRATED CIRCUITS

Circuit Mfg. Mfg. Keithley Fig.
Desig. Description Code Part No. Part No. Ref.
QA50L Quad 2 Input NOR Gate, l4-pin DIP 04713 MC824P I16-5 26
QA502 Quad 2 Input NOR Gate, l4-pin DIP 04713 MCB24P 1C-5 26

RESISTORS
Circuit Mfg. Mfg. Keithley Fig
Desig. Value Rating Type Code Part No, Part No. Ref.
2sol 1.3 ki 10%, /& W Comp 44655 CB~332 R76-3.3K 26
R502 33 k9 10%, L/4 W Comp 44655 CB-333 R76-33K 26
R503 68.1 0 1%, 1/8 W MtF 07716 CEA-68,10 R88-68.1 26
R504 4.99 k@ 1%, 1/8 W MtF 07716 CEA-4,99KQ R88-4,99K 26
R505 1 k@ 10%, 1/4 W Comp 44655 CB~102 R76-1K 26
R506 1 k0 10%, 1/4 W Comp 44655 CB-102 R76-1K 26
R507 1 k 1%, 1/8 W MtF 07716 CEA~1KQ R88-1K 26
R508 470 0 10%, 1/4 W Comp 44655 CB-471 R76-470 26
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REPLACEABLE PARTS

RESISTORS (Cont'd.)

MODEL 615 ELECTROMETER

Circuit Mfg. Mfg. Keithley Fig.
Desig, Value Rating Type Code Part No, Part No, Ref,
R509 4.7 kD 10%, 1/4 W Comp 44655 CB-472 R76-4, 7K 26
RSLO 56 k@ 10%, 1/4 W Comp 44655 CB-563 R76-56K 26
R511 4.7 k@ 10%, l/4uw Comp 44655 CB-472 R76-4, 7K 26
R512 470 0 10%, 1/4 W Comp 44655 CB-471 R76-470 26
R513 680 O 10%, L/4 W Comp 44655 CB~681 R76-680 26
R514 470 Q 10%, L/4 W Comp 44655 CB-471 R76-470 26
R515 237 @ 1%, 1/8 W MtF 07716 CEA~2370 RE88-237 26
R516 1 k& 1%, 1/8 W MtF 07716 CEA-1KS RB8-1K 26
R517 4.99 k& 1%, 1/8 W MtF 07716 CEA~4 . 99K RB8-4,99K 26
R518 56 kR 10%, l/4u Comp 44655 CB-563 R76-56K 26
R519 237 0 1%, 1/8 W MtF 07716 GEA-2378 R88-237 26
R520 3.3 k0 10%, 1/4 W Comp 44655 CB~332 R76-3,3K 26
R521 Used on Model 445 only

R522 Used on Model 445 only

R523 Used on Model 445 only

R524 1 ko 10%, L/4 W Comp 44655 CE-102 R76-~1X 26
R525 10 ko 10%, L/4 W Comp 44655 CB-103 R76-10K 26
R526 1 ko 10%, /4 W Comp 44655 CB-~102 R76-1K 26
R527 3.9 kG 10%, 1/4 W Comp 44655 CB-392 R76-3,9K 26
R528 3.9 kQ 10%, /4w Comp 44655 CB-392 R76-3.9K 26
R529 330 Q 10%, /4 W Comp 44655 CB~331 R76-330 26
R530 1.5 ki 10%, 1/4 W Comp 44655 Ce-152 R76-1,5K 26
R531 5.6 k0 10%, L/4W Comp 44655 CB-562 R76-5, 6K 26
R532 10 k0 10%, l/4 W Comp 44655 CE-103 R76-10K 26
R533 10 @ 10%, 1/4 W Comp 44655 CB~100 R76-10 26
R534 L.5 k@ 10%, /4w Comp 44655 CB~152 R76-1.5K 26
R535 1 ki 1%, 1/8 W MtF 07716 CEA-LKR R88-1K 26
R536 47 @ 10%, 1/4 W Comp 44655 CB-470 R76-47 26
R537 33 0 10%, 1/4 W Comp 44655 CB-330 R76=33 26
R538 Not Used — - — -— 26

TRANSISTORS

Circutit Mfg. Keithley Filg.
Desig. Number Code Part No, Ref,
Q501 NPN, Case TO-106  2N5134 07263 TG-65 26
Q502 NPN, Case TO-106  2N5134 07263 TG-65 26
Q503 NPN, Case TO-106 2N5134 07263 TG=-65 26
Q504 PNP, Case TO-106  2N5139 07263 TG-66 26
Q505 NPN, Case TO-106  2N5134 07263 TG~65 26
Q506 PNP, Case TO-106  2N5139 07263 TG-66 26
Q507 NPK, Case TO-106 2N5134 07263 TG-65 26
Q508 PNP, Case TO-106  2N5139 07263 TG-66 26
Q509 NPN, Case TO-106  2N5134 07263 TG-65 26
Q510 NPN, Case TO-106  2N5134 07263 TG-65 26
Q511 Used on Model 445 only

Q512 Used on Model 445 only

Q513 NPN, Case TO-106  2N5134 07263 TG-65 26
Q514  unijunction, 2N2646 03508 TG-52 26

Case TO-72
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MODEL 615 ELECTROMETER REPLACEABLE PARTS

INTEGRATOR BOARD {P.C.-246) REPLACEABLE PARTS LIST
{(Refer to Schematic Diagram 24042E for circuit designations).

CAPACITORS
Circuit Mfg. Mfg. Keithley Fig.
Desig., Value Rating Type Code Part No, Part ¥No. Ref .
€601 100 pF 600V CerD 72982 ED-100 €22-100P 27
c602 10 pF 500v Poly 71590 CPR-10J Cl38-10P 27
C603 0,082 ur rogov Poly 13934 E3FR-22-1-C Cl52-.082M 27
C604 10 uF 20V ETT L7554 TSD2-20-106 Cl79-10M 27
€605 L1000 pF 600V Cerd 72982 ED-1000 ¢22-.001 27
CH06 220 pF 600V CerD 72982 ED-220 C22-220P 27
C607 L0047 uF 600V CerD 72982 ED-,0047 C22-.0047M 27
C608 0.1 uF 250V 73445 C280AE/PLD0OK CL78-.1M 27
C609 10 uF 20V ETT 17554 TSD2-20-106 C179-10M 27
C6L0 350 pF Loogy CerD 56289 5GAQ390 C72-390P 27
chll 10 uF 20V ETT 17554 TSD2-20-106 Cl79-10M 27
G612 10 uF 20V ETT 17554 TSD2-20-106 Cl79-10M 27
Cal3 L3 uF 20V ETT 17554 TSD2-20-106 Cl79-10M 27
Cbl4 22 uF Lov ETT 17554 T8D2-10-226 cla0-22M 27
€615 1.5 pF 500V CerD 00656 cc22 c77-1.5Pp 27
C6lé 10 pF 500V CerD 72982 ED-10 C22-10P 27
cel7 1 uF 25V CerD 5628% 5C13 C85-1M 27
Col8 10 pF 500V CerD 72982 ED-10 C22-10F 27
DIODES
Circuit Mfg. Keithley Fig.
Desig. Type Number Code Part No. Ref.
D60l Zener IN936 04713 DZ~5 27
D602 Zener 1N936 04713 DZ-5 27
D603 Silicon 2N3565 07263 TG-39% 27
D604 Silicon 2N3565 07263 TG-39 27
D605 Silicon IN645 01295 RF-1l4 27
D606 Silicon 1N64S 01295 RF-14 27
D607 Silicon IN9Ll4 01295 RF-28 27
D608 Silicon IN914 01295 RF-28 27
D609 Silicon LN64S 01295 RF-14 27
D610 Silicon IN6&S 01295 RF-14 27
D611 Silicon LN&45S 01295 RF-14 27
D612 Silicon IN645 01295 RF-14 27
P63 Silicon LN9Ll4 01295 RF-28 27
Bela Silicon 1N L4 01295 RF-28 27
D615 Silicon IN645 01295 RF-14 27

INTEGRATED CIRCUITS

Circuit Mfg. Mfg. Keithley Fig,
Desig. Description Code Part No. Part No. Ref.
QA6BO01L Integrated Circuit 07263 U5SB770939X 1c-1 27
QAB02 Integrated Circuit 07263 UsB770939X Ic-1 27
QA603 High Speed Differential Comparator 07263 U5B771039X 1C-4 27
QABOL Quad 2 Input Gate 04713 MCB824P IC-5 27
RESISTORS
Circuit Mfg. Mfg. Reithley Fig.
Desig, Value Rating Type Code Part No. Part No. Ref.
R6C1 10 k& 10%, 1/4 W Comp 44655 RCO7 R76-10K 27
R602 % 1%, 1/8 W MeF 91637 MFF-1/8 R177% 27

*NOTE: This part selected in final test.
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REPLACEABLE PARTS MODEL 615 ELECTROMETER

RESISTORS (Cont'd.)

Circuit Mfg. Mfg, Keithley Fig.
Deslg. Value Rating Type Code Part No. Part No. Ref.
R603 7.5 ki 1%, 1/8 W MtF 07716 CEA R88-7.5K 27
R604 7.5 k@ 1%, 1/8 W MtF 07716 CEA R88~7.5K 27
R605 7.5 kQ 1%, 1/8 W MtF 07716 CEA R8B-7.5K 27
R606 10 k@ $20%, 3/4 W Cermet 73138 77PRLOK RP64-10K 27
R607 # 1%, 1/8 W MtF 91637 MFF-1/8 R177% 27
R608 7.5 k@ 1%, 1/8 ¥ MeF 07716 CEA RB8-7.5K 27
R609 7.5 kil 1%, L/8 W MtF 07716 CEA R88-7.5K 27
R610 7.5 k& 1%, 1/8 W MtF 07716 CEA R88-7,3K 27
R&11 10 kO *20%, 3/4 W Cermet 73138 77PR1OK RP64-10K 27
R612 10 k& 10%, l/4 W Comp 44655 RCO7 R76-10K 27
R613 100 k& 10%, 1/4 W Comp L4655 RCO7 R76-100K 27
R6L4 Not Used

R615 49.9 ki 1%, 1/8 W MeF 91637 MMF-1/8 RL77-49,9K 27
REL6 680 Q 10%, L/4W Comp 44655 RCAT7 R76-680 27
REL7 680 G 10%, 1/4 W Comp 44655 RCO7 R76-680 27
R618 33 ki 10%, L/4 W Comp 44655 RCO7 R76-33K 27
R619 4,7 kQ 10%, 1/4 W Comp 44655 RCO7 R76-4.7K 27
R620 33 k& 10%, 1/4 W Comp 44655 RCO7 R76-33K 27
R621 4,7 kQ 10%, /4 W Comp 44655 RCO7 R76-4. 7K 27
RbH22 4.7 ki 10%, L/4w Comp 44655 RCO7 R76-4.7K 27
R623 4.7 kQ 10%, 1/4 W Comp 44655 RCO7 R76-4.7K 27
R624 49,9 kfd 1%, L/8 W MtF 91637 MMF-1/8 R177-49.9K 27
R62S 100 kQ 10%, L/4 W Comp 44655 RCO7 R76-100K 27
R626 100 k& 10%, 1/4 W Comp 44655 RCO7 R76-100K 27
R627 301 kQ 1%, L/8 W MtF 07716 CEA R88-301K 27
R628 47 G 10%, 1/4 W Comp 44655 RCO7 R76-47 27
R629 49,9 kQ 1%, 1/8 W MtF 07716 CEA R88-49,9K 27
R630 100 k@ 10%, 1/4 W Comp 44655 RCO7 R76-100K 27
R631 L k& 10%, 1/4 W Caomp 44655 RCO7? R76-1K 27
R632 15 kil 10%, L/4 W Comp 44655 RCO7 R76~-15K 27
R633 30l k@ 1%, 1/8 W MtF 07716 CEA . R88-301K 27
RO34 1.5 k& 10%, 1/4 W Comp 44655 RCO7 R76-1.5K 27
R635 47 Q 10%, 1/4 W Comp 44655 RCO7 R76-47 27
R636 2.2 w& 10%, L/a W Comp L4655 RCO7 R76-2,2K 27
R637 47 Q 10%, 1/4 W Comp 44655 RCOY R76-47 27
R638 47 Q 10%, 1/4 W Comp 44655 RCO7 R76-47 27
R639 1.5 k@ 10%, 1/4 W Comp 44655 RCO7 R76-1,5K 27
R640 1.5 kQ 10%, 1/4 W Comp 44655 RCO7 R76-1.5K 27
R641 100 2 10%, 1/4 W Comp 44655 RCO7 R76-100 27
R642 10 Q 10%, 1/4 W Comp 44655 RCO7 R76-10 27
R643 3,01 kQ 1%, 1/8 W MtF 07716 CEA R88-3.01K 27
Rb &4 1 kQ 1%, 1/8 W MtF 07716 CEA R8B-1K 27
RE4S5 2.7 k& 0%, /4 W Comp 44655 RCO7 R76-2.7% 27
R646 10 k& 10%, 1/4 W Comp 44655 RCO7 R76-10K 27
RB647 10 0 10%, L/4 W Comp 44655 RCO7 R76-10 27
R648 100 k& 10%, 1/4 W Comp 44655 RCO7 R76-100K 27
R649 1 k2 10%, /4 W Comp 44655 RCO7 R76-~1K 27
R650 100 k@t 10%, 1/4 W Comp 44655 RCO7 R76-100K 27
RE51 3.3 k@ 10%, L/4 W Comp 44655 RCO7 R76-3.3K 27
R652 820 « 10%, /4 W Comp 44655 RCO7 R76-820 27
R653 2,2 k@ 10%, L/4 W Comp 44655 RCO7 R76-2.2K 27
R654 220 @ 10%, 1/4 W Comp 44655 RCO7 R76-220 27
R635 10 ki 10%, 1/4 W Comp 44655 RCO7 R76-10K 27

*NOTE: This part selected in final test.
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MODEL 615 ELECTROMETER REPLACEABLE PARTS

RESISTORS {(Cont'd.)

Circuit ' Mfg. Mfyg. Keithley Fig.
Desig, Value Rating Type Code Part No. Part Na, Ref. "~
R656 6.98 k& 1%, 1/8 W MtF 07716 CEA RB88-6.98K 27
R657 6.06 ki 1%, /8 W MtF Q7716 CEA RBB-6.04K 27
R658 Not Used - - - - -

R659 47 kQ 10%, /4 W Comp 44655 RCO7 R76-47K 27

TRANSISTORS

Circuit Mfg. Kelthley Fig.
Desig. Number Code Part No. Ref.
0601 2N5139 07263 TG-66 27
Q602 2N5139 07263 TG-66 27
Q603 2N5134 07263 TG-65 z7
Q604 2N5134 07263 TG-65 27
Q605 2N4220 04713 TG~42 27
Q606 2N4220 04713 TG-42 27
Q607 T1570 01295 TG-71 27
G608 T1570 01295 TG=71 27
Q609 517638 07263 TG=33 27
Q610 2N4220 04713 TG=42 27
Q6ll 2N5139 07263 TG-66 27
Q612 2N4220 04713 TG-42 27

MODEL 4401 QUILPUT BUFFER BOARD (P.C.-218) REPLACEABLE PARTS LIST
(Refer to Schematic Diagram 23457D for circuit designaticns)

NOTE
On Schematic Diagram 23457D there are L5 puffers labeled 'A' through 'P' not including 'I'. Each
buffer is composed of 4 resistors and 3 transistors, A sample buffer circuit is given in the lower

lefthand corner of the Schematic. Following is a typical replaceable parts list for each buffer.

BUFFER RESTSTORS (A thru P)

Circuit Mfg, Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No, Ref.
R1001 180 k& 10%, 1/4 W Comp 44655 RCO7 R76-180K 28
R1002 3,9 k@ 10%, 1/4 W Comp 44655 RCG7 R76-3.9K 28
R1GO3 120 ki 10%, 1/4 W Comp 44655 RCO7 R76-120K 28
R1004 10 kQ 10%, 1/4 W Comp 44655 RCO7 R76-10K 28

BUFFER TRANSISTORS (A thru P)

Circuit Mfg. Keithley Fig,
Desig, Number Code Part Na, Ref,
Qlo01 2N3565 07263 TG-39 28
Qloo2 2N3565 07263 TG-39 28
QL0003 IN3565 07263 TG-39 28

MODEL 4401 OUTPUT BUFFER BOARD (P.C,-209) REPLACEABLE PARTS LIST
(Refer to Schematle Diagram 23481E for circult designations).

CAPACITORS
Circuit Mfg. Mfg. Keithley Fig.
Desig. vValue Rating Type Code Part No. Part No. Ref.
cliol Q01 uF 600V CerD 72982 ED-.00L C22-.001M 29
Cl1102 L0033 uF 600V CerD 72982 Eb-,0033 £22-.0033M 29
Cc1103 L001 uF 600V CerD 72983 ED«, 001 C22-.001M 29
Cl104 0.1 uF 250v 73445 C280AE/PLOOK Cl78-0.1M 29
Cl105 100 pF 600V CerD 72982 ED-100 C22-100P 29
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REPLACEABLE PARTS

CAPACITORS (Cont'd.)

MODEL 615 FELECTROMETEI

Circuit Mfg. Mfg. Keithley Fig.
Desig, Value Rating Type Code Part No. Part No. Ref.
cll06 100 pF 600V CerD 72982 ED-100 C22-100P 29

clio7 470 pF 600V CerD 72982 ED-470 C22-470P 29

Cl108 470 pF 600V CerD 72982 ED-47C C22-470P 29

cl109 22 uF LoV ETT 17554 TSD2-10-226 Cl80-22M 29

Cl110 10 wF 20V ETT 17554 T8D2-20-106 C179-10M 29

INTEGRATED CIRCUIZS

Circuit Mfg. Mfg. Keithley Fig.
Desig, Description Code Part Na,. Part No. Ref,
QAl1101 Quad 2 Input Gate 04713 MC724P IC-5 29

QAll02 Quad 2 Input Gate 04713 MC724P 1C-5 29

RESISTORS

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating _Type Code Part No. Part No. Ref.
R1101 1 ki 10%, 1/4 W Comp 44655 RCO7 R76-1K 29

R1102 3.3 k@ 0%, 1/4 W Comp 44655 RCO7 R76-3.3K 29

R1103 1 ki 10%, 1/4 W Comp 44655 RCO7 R76-1K 29

R1104 3.3 k@ 10%, 1/4 W Comp 44655 RCO7 R76-3.3K 29

R1105 120 kQ 0%, 1/4 W Comp 54655 RCO7 R76-120K 29

R1106 10 kO 10%, 1/4 W Comp 446535 RCO7 R76-10K 29

R1107 180 k{ 10%, 1/4 W Comp 44655 RCO7 R76-180K 29

R1108 2.2 k0 10%, L/4 W Comp 44655 RCO7 R76-2.2K 29

R1LO9 L k{ 10%, 1/4 W Comp 44655 RCO7 R76-1K 29

R1110 10 k&G 10%, 1/4 W Comp 44655 RCO7 R76-10K 29

R1L11 120 k0 L0%, 1/4 W Comp 44655 RCG7 R76-120K 29.
R1112 180 k{ 10%, 1/4 W Comp 44655 RCO7 R76-180K 29

R1113 2.2 kQ 10%, /4 W Comp 44655 RCO7 R76-2.2K 29

R1114 6,98 ki 1%, 1/8 w MtF 07716 CEA R88-6.98K 29

RLIL1S 6.04 kG 1%, 1/8 W MtF 07716 CEA R88-6.04K 29

R1116 2 k@ 1%, 1/8 W MEF 07716 CEA R88-2K 29

RL117 120 ki 10%, /4 W Comp L4655 RCO7 R76-120K 29

RL118 10 kQ 10%, L/4 W Comp 44635 RCO7 R76-10K 29

RI119 180 k{ 10%, L/4 W Comp 44655 RCO7 R76-180K 29

R1120 3.9 kQ 10%, 1/4 W Comp L4655 RCO7 R76-3.9K 29

TRANSTSTORS

Circuit Mfg. Keithley Fig.
Desig. Number Code Part No. Ref.
Qliol 2N3565 07263 TG-39 29

Q1102 2N35365 07263 TG-39 29

Ql103 Not Used

Qlios 2N3565 07263 TG-39 29

QLLOS 2N3565 07263 TG-39 29

Q1106 2ZN3565 07263 TG-39 29

QqLl07 2N3563 07263 TG-39 29

Qllo8 2N3565 07263 TG~39 29

QlLi09 2N3565 07263 TG-39 29

QLl1i0 2N3565 07263 TG-39 29
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MODEL 615 ELECTROMETER

NOTE

REPLACEABLE PARTS

Cn Schematic Diagram 23481E there are 6 buffers labeled 'A' through 'F', Each buffer is composed of 5 resistors
and 3 transistors. A sample buffer circuit is given on the schematic. Following is a typical replaceable parts

i1ist for each buffer,

BUFFER RESISTORS (A thru F)

Circuit Mfg. Mfg. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R1121 10 kQ 10%, 1/4 W Comp 44655 RCO7 R76-10K 29
R1122 120 kD 0%, /4 W Comp 44655 RCO7 R76-120K 29
R1123 10 k0 10%, 1/4 W Comp 44655 RCO7 R76-10K 29
R1124 180 k& 0%, L/4 W Comp 44655 RCO7 R76-180K 29
R1125 3.9 ki 10%, 1/4 W Comp 44655 RCO7 R76-3.9K 29
BUFFER TRANSISTORS (A thru F)
Circuit Mfg. Keithley Fig.
Degig, Number Code Part Ne. Ref,
Ql1ll 2N3565 07263 16-39 29
Ql1lz 2N3565 07263 TG-39 29
Q1113 2N3565 07263 TG-39 29
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REPLACEABLE PARTS

Code List of Suggested Manufacturers.

(Based

TABLE 24,

MODEL 615 ELECTROMETER

on Federal Supply Code for Manufacturers, Cataloging Handbook H4-1).

01121

01295

01686

02660

02734

02735

03508

04713

05397

07263

07716

09922

12040

Allen~Bradley Corp.
1201 South 2nd Street
Milwaukee, Wis. 53204

Texas Instruments, Inc.
Semiconductor-Components Div.
13500 N, Central Expressway
Dallas, Texas 75231

RCL Electromics, Inc.
195 MeGragor Street
Manchester, N.H. 03102

Amphencol Electronics, Corp.
2801 Scuth 25th Avenue
Broadview, 1ll. 60153

Radio Corp, of America
Defense Electronic Products
Camden, New Jersey

Radio Corp. of America
Commercial Receiving Tube &
Semiconductor Division
Somerville, N.J.

General Electric Company
Semiconductor Products Dept.
Electronics Park
Syracuse, New York 13201
Motorola Semilconductor
Products, Inc.

5005 East McDowell Road
Phoenix, Ariz. 85008

Union Carbide Corp.
Electronics Division
270 Park Avenue

New York, New York 10017
Fairchild Camera & Instrument
Corp., Semiconductor Division
313 Frontage Road

Mountain View, Calif,

IRC, Inc.

2850 Mt. Pleasant
Burlington, Iowa 52601
Burndy Gorp.
Richards Avenue
Norwalk, Conn, 06852
National Semlconductor Corp.
Commerce Drive

Post Office Box 443

Danbury, Conn. 06813

13050

13327

13934

17554

24655

27682

44655

56289

58474

71279

71400

71450

71590

72982

Potter Co.
Highway 51 N,
Wesson, Miss, 39191
Solitron Devices, Inc,
256 Oak Tree Road
Tappan, New York 10983
Midwec Corp.
502 Main
Oshkosh, Nebr, 69154
Components, Inc,
Smith Street
Biddeford, Maine 04005
General Radio Co.
22 Baker Avenue
West Concord, Mass, 01781
Hathaway Instruments, Inc,
5800 E. Jewell Avenue
Denver, Colorade 80222

Onmite Mfg, Co.
3601 Howard Street
Skokie, Illinois 60076
Sprague Electric Co.
North Adams, Mass,

Superior Electric Co., The
383 Middle Street
Bristol, Conn. 06012

Cambridge Thermionic Corp.
430 Concord Avenue
Cambridge, Mass.

Bussmann Mfg. Div. of
McGraw=-Edison Co.

2538 W. University Street
St., Louis, Mo,

CTS Corp.
1142 W. Beardsley Avenue
Elkhart, Ind.

Centralab Division of
Globe-Union, Inc.

932 E. Keefe Avenue
Milwaukes, Wis, 53212

Erie Technological
Products, Inc,

644 W. 12th Street
Erie, Pa. L1A512

73138

73445

73690

75915

80164

83594

84171

84790

90201

91637

91662

21802

933656

95712

Beckman Instruments, Inc.
Helipet Division

2500 Harbor Blwvd.
Fullerton, Calif. 92634

Amperex Llectronic Co,, Div.
of North American Philips Co,
Hicksville, N.Y.

Elco Resistor Co.
1158 Broadway
New York, New York

Littlefuse, Inc.
800 E, Northwest Highway
Des Plaines, Ill, 600Ll6

Keilthley Instruments, Inc,
28775 Aurora Road
Cleveland, Ohio 44139

Burroughs Corp.

Electronic Components Diwv,
Post Office Box 1226
Plainfield, N.J. 07061l

Arco Electronics, Inc.
Community Drive
Great Neck, N.Y, 11022
Dura Corp.

Implement Div.-P.0. Box 231
Zanesville, Chio 43702

Mallory Capacitar
3029 West Washington
Post Office Box 372
Indianapolis, Ind. 46206
Dale Electronics, Inc.
Post Office Box 609
Columbus, Nebr. 68601

Elco Corp.
Willow Growe, Pa.

Industrial Devices, Inc.
982 River Road
Edgewater, New Jersey 07020

Electric Cord Cao.
1275 8loomfield Avenue
Caldwell, N.J.

Dage Electric Co., Inc.
Hurricane Road
Franklin, Indiana
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MODEL 615

SECTION 5.

5-1. GENERAL. This section contains procedures for
checkout and servicing the instrument. Follow the
step~by-step procedures for complete servicing.

5-2, SERVICING SCHEDULE. This instrument requires no
periodic maintenance beyond the normal care required
for high—quality electronic equipment.

5-3., PARTS REPLACEMENT, Refer to the Replaceable
Parts List, Section 4, for information regarding com-
ponent specifications and part numbers. Replace com-
ponents as indicated using replacement parts which
meet the listed specificationsa,

SERVIGING

SERVICING

5-4., TROUBLESHOOTING.

a, Test Equipment. Refer to Table 6-1 for recom=—
mended test equipment for servicing and calibrating
this instrument.

b. Troubleshooting Gulde. Refer to Table 5-1 for
troubleshooting information and corrective action.

NOTE
If the instrument problem cannot be readily
located or repalred, contact a Keithley rep-
resentative or the Sales Service Department,
Cleveland, Ohio,

TABLE 5-1.
Troubleshooting & Corrective Action

Difficulty Probable Cause

Solution

No front panel display. Power fallure
210V Supply failure
120V Supply failure

117V line input

Line switch set at 234V with

Check fuse. If blown, replace with rated
aize after checking for internal short,.
Check for voltage at capacitor Cll2 for
210V +20V.

Check for voltage at R128,

Set switch to 117V.

(Overload ilndication when input
is shorted. balance.

FET Board faulty

Analog amplifier is out of

Supply voltage is missing
Overload circuit malfunction.

Check analog output on rear panel.

Check the Ceoarse zero switch for offset.
If output is greater than 2 volts, replace
input FET board and recheck output.

Check +% volt supply; +120 volt supply.

1f voltages are normal, check transistor
Q120 for open collector malfunction,

Chms ranges lnaccurate.

Ohms reference faulty.

Check +3 volt reference voltage at D1206.

Current readings inaccurate on
one range.

Shunt resistor ocut of tolerance.

Replace shunt resistor with accurate value,

Transistor Q301.
Readout tuybe V301,

Overrange "1" not lighted when
it should indicate.

Replace transistor if "open" from collector
to emitter, Otherwise replace tube V301,

Polarity signs do not light.

Transistors Q201, Q202
Polarity display DS201.

Replace transistor if 'open" from collector
te emitter. Otherwise replace polarity
display DS201.
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CALIBRATION

SECTION 6.

6-1, GEMERAL. The following test and adjustment pro-
cedures, when completed, will ensure that the instru-
ment is calibrated to published specifications. If

any portion of the procedure cannot be performed due

to malfunction of the circultry, refer to the servicing
section of the manual or coentact a Kelthley Sales Ser-
vice representative.

6-2. TEST CONDITIONS, All measurements should be made
in a laboratory environment at approx. 25°C and less
than 50% relative humidity. Unlees otherwise speci-
fied the instrument should be powered by 117 volts

rms line at 60 Hz. (50 Hz for those instruments so
designated.)

6-3. TEST EQUIPMENT. All measurements should be made
using test equipment which meets or exceeds the mini-
mum specifications given in Table 6-1.

6-4, PRELIMINARY PROCEDURE. Set the POWER switch to
off before connecting the Ilne cord. Place a shield
cap (Keithley part no. CAP-18) on triaxial input. Con-
nect the line cord to 117 volts, 60 Hz (use a variable
transformer if necessary to obtain the proper voltage

MODEL 61

CALIBRATION

within +1 volt), Make certain that the third ground
plug on the line cord is connected to earth ground s
that the instrument chassis is not at a live potent-
Turn the instrument on and allow to warm-up for one
hour. (This will ensure that all thermal variations
within the instrument have been stabilized.)

6-5. ADJUSTMENT PROCEDURE.

a, Zero Adjustment. Set the

as follows:

front panel controls

Zero Check Button — Lock
Sensitivity Switch — 0.0000
Range Switch — Volts
Feedback Switch —- Normal

With the input capped, adjust the front panel zero c:
trol so that the polarity signs on the digital displ:
(+) light alternately with the same time interval fm
each polarity (adjust so that + flashing rate is maxi
mum). If the front panel zero control does not permd
sufficient zeroing capability, adjust the rear panel
COARSE zero control (S1205) until a polarity change {
noted.

TABLE 6-1.
Test Equipment
Code Instrument Manufacturer
Letter Type Specification and Model No.
A Voltmeter, Digital 4+0.1% of reading Keithley
1.000V to 1000 volts Model 163
B Recorder, Analog 1 volt full scale Keithley
Model 370
c Voltmeter, Digital H0.01% of reading Eldorado
1.0000V to 1,9999V Model 1820A
D Voltage Source +0.02% Fluke
W to 100V Model 341A
E High Megohm Resistors 108 to 10129 Keithley
+0.2% Model 5155
F Current Source +0.2%, 10-84, 10794 Keithley
F0.4%, 10104, 10-114 Model 261%
G Current Source +0.05%, 10714 to 1077a Fluke 34la
and GR1433
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NOTE*
To verify the accuracy on the 1084 through 10114
ranges a speclially calibrated Keithley Model 261
Picoampere socurce is required. The "three month"
accuracy for the Model 261 is +0.6% on 10784 to
10-1la., However, a Model 261 may be calibrated
to within +0.4% when used with a Model 5154
Megohm Bridge and a set of 5155 Megohm Standards
(traceable to the N.B.S.}. Since the resistors
exhibit a temperature coefficlent of approx. -0.1%
per °C it may be necessary to compensate for temp-
erature variations between the calibration area
and the measurement area. To minimize the effects
of drift in the value of the resistors it is im-
portant to recalibrate the Model 261 just prior
to making a calibration check on the Model 615.
Where it may not be necessary to verify the Model
615 current ranges to within +4%, a standard
Model 261 Picoampere source may be uged. To ver-
ify the accuracy on the 10714 to 10-64 ranges , a
Model 341A should be used with precision resis-
tors having +0.03% accuracy.

b. DC Bias Adjustment, Set the front panel controls
as above. To set the dc bilas, monitor the voltage
across resistor R1249 (test terminals D and E as shown
in Figure 22). Adjust the dc bias contrel (R1268) for
25 m¥ +3 mV using voltmeter (A}.

c. Power Supply Check. Set the Sensitivity con-
trol (51203) to the 100.0 volt range; the range switch
to VOLTS; the Feedback switch to FAST. With the line
voltage set to 117 volts measure the power supply
voltages aa follows:

TABLE 6-2.
Power Supply Voltages

+15V +50 mv (Adjust the +15V cal pot-
entiometer R115 as shown
in Figure 22,)

-15v +0.,4V

+3.6V H.1v

+170V (170 to 180QV)

+120V +12v

-120Vv +12v

+9.1V 0.9V

-9.1v +0.9v

d, Ohms Calibration. Measure the voltage across
resistors R1213 + R1214 (test terminals B and D as
shown in Figure 22). Adjust the OHMS CAL potentiometer
(R1216) for 1 volt +1 mV using voltmeter (A).

e. Analog Range Calibration. (Check zero before

each measurement.)

1. Voltage Range. Set the front panel controls
as shown in Table 6-3., Apply an input voltage in
decade steps from 1V to 100V +0.02%. Meagure the
analog cutput at J1207 for full scale indication on
each range. The 1 volt ocutput should be within
+0.2%.

0372
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2. Amperes Range. Set the front panel controls
as shown in Table 6-4. Apply an input current in
decade steps from 10~1a to 1071la, Measure
the analog output at J1207 for full scale indication
on each range. The 1 volt output should be within
40.5% on 10-la to 10-6a ranges; +2% on 10-7A and
10~84 ranges; +4% on 10~9A to 10-11A ranges.

3. Coulombs Range. Set the front panel controls
as shown in Table 6-5, Apply an input current in
decade steps from lO'éA to.10"11a +0.4%. Measure
the analog output at J1207 for full scale indication
on each range. The output should integrate to 1
volt within a period of 10 seconds +1/2 second (+5%).

4. Ohms Ranges. Set the front panel controls as
shown in Table 6-6. Apply resistance values at the
input in decade steps from 105 to 10120, Measure
the analog output at J1207 for full scale indication
on each range. The 1 volt output should be within
+0.5% on 10°0 to 106 ranges; +4% on 107G to 1012Q
ranges.

f. Offset Current. Set the front panel controls

as follows:
Zaro Check Button — Loek
Sensitivity Switch -~ 0,0000
Range Switch — 10-11 Amperes
Feedback Switch — Fast

Place a cap on the input receptacle and adjust the
zero control as necessary for a zero display. Un-
lock the zero check button. The digital display
should indicate less than 0.0005 x 10~11l amperes
(5 x 10-154),

g. Drift Check. Set the front panel controls as

follows:
Zero Check Button — Lock
Sensitivity Switch — 0,0000
Range Switch — 10-6 Amperes
Feedback Switch — Fast

Connect recorder (B) to the analog output (J1207)
and set for 1 V full scale sensitivity. Readjust
the zero control as necessary. Connect a 10 kilohm
resistor (1% tolerance; Kelthley RB8-10K) across the
input. Unlock the zero check button. Monitor the

1 V output on the recorder for a 24 hour pericd at
constant ambient temperature. The receorder output
should neot vary more than 10% of full scale during
the 24 hour period.

h. Clock Frequency Adjust. Locate the CLOCK test
point on the e¢scillator board PC-217 as shown in
Figure 26. Connect a digital frequency counter be-
tween the CLOCK teat point and low, Adjust trimming
capacitor C303 so that the frequency reading is 120 kHz
+1 Hz for instruments operated at 60 Hz, (The crystal
¥501 should be a Keithley CR-1 for 60 Hz; CR-2 for
50 Hz.) The frequency reading should be set to 100 kHz
+1 Hz for instruments operated at 50 Hz,
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TABLE 6-3.
Voltage Ranges
Range Sensitivity Feedback Input Full Scale
Switch Switch Voltage Qutput
Volts 0,1000 Normal 0,1000 +0.,02% 1.000 +0.2%
Volta 1.000 Normal 1.000 +0.02% 1.000 19 2%
Volts 10.00 Normal 10.00 +0.02% 1.000 +0.2%
Volts 100.0 Normal 100.0 +0.02% 1.000 +0.2%
TABLE 6-4.
Current Ranges
Range Sensitivity Input Full Scale
Switch Switch Feedback Current Qutput
107%a 1.000 Normal 10774 40.05% 1.000 +0.5%
1024 1,000 Normal 107%A ¥0.05% 1,000 +0.5%
10-3a 1.000 Normal 10735 $0,05% 1.000 #0.5%
107%A 1.000 Normal 104 ¥0.05% 1,000 +0.5%
10-54 1.000 Normal 10734 30.05% 1.000 %0.5%
10-6a 1.000 Fast 1074 #0.05% 1.000 #0.5%
10-6A 0.100 Fast 10774 $0.05% 1.000 ¥0.5%
10774 0.100 Fast 1078a F0.2% 1.000 2%
10-84 0.100 Fast 10794 Fo.2% 1.000 ¥2%
10-%4 0.100 Fast 10304 30.4% 1.000 *4%
10-104 0.100 Fast 104 F0.42 1.000 4%
10~11a 1.000 Fast 10-11a Jo0,42 1.000 ¥4%
TABLE 6-5.
Coulomba Ranges
Range Sensitivity Input Full Scale
Switch Switch Feedback Current Output
1079 1.000 Fast 10784 40.5% 1.000%
10‘8Q 1.000 Fast 10794 ¥0.5% 1.000#
10-? g 1.000 Faat 10-104 30.5% 1.000%
10~10q 1.000 Fast 10-11a $0.5% 1.000%
*The time interval for integration to 1.000 volts should be 10 secs. +5%.

TABLE 6-6.,
Ohms Ranges
Range Senaitivicy Input Full Scale
Switch Switch Feedback Resistance Qutput
10°0 0.1000 Normal 10%  +0.05% 1.000 +0,5%
10%¢g 0.1000 Normal 1099 ¥0.05% 1,000 +0.5%
1060 1.000 Normal 1000 30.05% 1,000 +0.5%
1080 10.000 Normal 1079 ¥0.05% 1.000 ¥0.5%
1089 100.0 Normal 1082 ¥0.05% 1.000 ¥0.5%
1078 10.00 Normal 1082 30.4% 1,000 +4%
1080 1.000 Normal 1080 F0.4% 1.000 4%
1099 1,000 Normal 1090 0.4% 1.000 *4%
103%g 1.000 Formal 1010g +o.4% 1.000 +4%
101ln 1.000 Normal 10110 Fo.42 1.000 ¥4%
1012 0.100 Normal 10110 30.4% 1.000 +4%
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i. Overload Blanking Check. Set the senaitivity
switch for 1.,0000 (with the Range set to volis).
Apply 1 volt at the input and increase until the read-
ing blanks. Blanking should occur just beyond 1.999
volts. Set the Sensitivity switch to 100.0 volts.
Apply 90 volts ar the input and increase until the
reading blanks, Blanking should occur }ust beyond
99.9 volts.

j. A-to=D Converter Calibration. Set the front

panel controls as follows:

Zero Check Button — Lock
Sensitivity Switch — 1,000
Range Switch — VOLTS
Feedback Switch ~ Normal

0372
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Connect digital voltmeter (B) to the 1 volt analog
cutput. Unlock the zero check button., Apply approx.
+2 volts at input using Voltage Source (D). Adjust
the input source so that the analog reading is +1.9995
volts. Adjust the +CAL potentiometer (R611) so that
the display indicates between +1.99% volts and a blank-
ed display (overload). (Display should alternate be-
tween readings.) After the +CAL is adjusted check

the reading by reducing the input voltage until the
digital display indicates between +0.999 volts and
+1.000 volta. The analog output should read between
0.999 volts and 1.000 volts, Repeat the above ateps
using -1.9995 volts and adjust the -CAL potentiometer
(R606) .,
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MODEL 615

SECTION 7. ACCESSORIES
7-1. GENERAL. The following Keithley accessories 7-2. OPERATING INSTRUCTIONS, A separate Instruction
can be ugsed with the Model 615 to provide additional Manual is supplied with each accessory giving complet:

convenience and versatility. operating information.

Model 6101A Shielded Probe

Desgcription:

The Model 61014 1s a shielded cable with a4 needle-point
probe and 30 inches of low noilse cable terminated by a .
UHF connector. =

Model 6101B Shielded Probe

Deacription:

The Model 6101B is a shielded cable with a "gripping

type" probe and 30 inches of low noise cable terminated
by a UHF connector.

Model 6103A Divider Probe

Description:

The Model 6103A is a shielded cable with a needle-point
probe and 30 inches of low noise cable terminated by a
UHF connector, The probe includes a 1000:1 voltage
divider with a 1012q input resistance. Accuracy is
+6% at 30 kilovolts.

Model 6102A Divider Probe

Description:

The Model 6102A is a shielded cable with a needle-point _
probe and 30 inches of low noise cable terminated by a ‘*-=§
UHF connector, The probe includes a 10:1 voltage di-

vider with 10100 input resistance. Accuracy is 4% at
1000 volts,
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Model 6104 Test Shield

Description:

The Model 6104 is a shielded test box for two-terminal

or three-terminal connections. The INPUT terminal is
teflon insulated.

J6
EXT "= ? g

TO 610C GUARD

INPUT

) b
yroy O—FH—KBNC 12
r
Jl
GND > + ’ CASE
n 6 o
J4 J5
Applications:

l. Two Terminal Connections. Hesistance measure-
ments can be made conveniently using the INPUT and
GROUND terminals on the Test Box. Connect the elec-
trometer to the BNC output. Use the electrometer in
NORMAL mode for ohms measurement.

2. Three Terminal Connections. The GUARD output
on the Model 615 electrometer can be used for re-
sistance measurements where the effects of cable capac-
itance may be significant., Connect the unknown between
INPUT and EXT terminals. Connect the EXT terminal to
the GUARD output on the electrometer. Use the elec-
trometer in FAST mode for ohms measurement.

Model 6105 Resistivity Chamber

Description:

The Model 6105 is a guarded test fixture for measure-
ment of surface and volume resistivities. The chamber
is designed in accordance with ASTM Standard Method of
Test for Electrical Resistance of Insulating Materials,
D257-66, The 6105 can be used in conjunction with an
electrometer and voltage supply.

Applications:

Resistivity can be determined by measuring the current
through a sample with a known voltage impressed. The
measurement can be made most conveniently when a set

of electrodes are used which can be calibrated in terms
of surface or volume resistivity. The Keithley Model
6105 Resistivity Adapter has been designed for use with
a Keithley electrometer and an optional high voltage
supply such as the Model 240A.
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MODEL 615
Model 6106 Electrometer Connection Kit
Description: Parts List:
Ttem Keithley
The Model 6106 contains a group of the most useful Description No. Part No.
leads and adapters for low current measurements., All
components are housed in a rugged carrying case with Cable, 30", UHF to clips 1 19072C
individual compartments, Cable, 24", UHF to UHF 2 18265C
Connector, UHF to UHF 3 C3~5
Adaptor, UHF to BNC 4 C5-115
Adaptor, UHF to BNC 5 £s-172
Adaptor Tee, UHF to UHF 6 Cc5-~171
Adaptor, Binding Post 7 190718

The two cables (Items 1 and 2) are coaxial shielded
leads useful for connections where low noise 15 esse:
tial, The 24" cable (Item 2) can be used to intercor
nect two instruments having UHF receptacles. The 30
cable (Item 1) can be used to connect to the circuit
under test through the use of clip leads. A binding
post adapter gives easy access to the electrometer
“high" terminal. Two UHF femal couplers (Item 3)
permit cables to be connected together. The UHF ''te
connector simplifies galvanometric current measureme
when using a curremt source and electrometer or pico
anmmeter. Adapters (Items 4 and 5) are useful for co
version from UHF to BNC terminations.

Models 2501, 2503 Static Detector Probes

Description:

The Models 2501 and 2503 are specially designed de-
tectors used to measure static charge on plane surfaces.
Either probe must be used with an electrometer such as
the 615,

Model 2501:

The 2501 is useful for measurements of charge on flat
surfaces. The statiec head is 3 inches in diameter.
Recommended spacing 15 :3/8" from the surface for
10,000:1 divider ratio. The 2501 is calibrated such
that a 1 volt deflection on the electrometer corre-
gponds to 10 kilovolts of static charge.

Model 2503:

The 2503 consists of a rigid probe 1/2 inches in di-

ameter., Operation 1s similar to the use of the 2501
probe,

Model 6107 pH Electrode Adapter r - —_— -:
Description: —> ? ! —t

| Jt ZERO 2
The Model 6107 is a test fixture which simplifies con- | INPUT CHECK T
nections to the electrometer when making pH measure- INPU _J
ments. The adapter cam be used with electrodes manu- -~ ™rEFiLowl - -~
factured by Leeds & Northrup, Coleman and Beckman. 73 V
The 6107 can be used for guarded measurements as shown \r
in the diagram. A voltage-to-pH conversion chart is €[ avp
supplied with the 6107. P2 1
X1 UHF
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MODEL 613

ACCRSSORIES

Model 399 Isolating Amplifier

Description: The Model 399 is a unity-gain aTglifier
that provides input isolation greater than 10'“ ghms,
It is useable for common mode input voltages up to 1500
volts peak, de or ac,

Application: The 399 can be used for "FIFQ" operation
where both input and output must be floated. It can
also be used to break ground loops within a4 system.

The 399 output will drive recorders up to 1 mA. When
used with the Model 615, the electrometer can be float-
ed up to 100 volts while driving & Model 370 recorder
up to 100 volts off ground.

Specificationsg: (condensed)

GAIN: X1, adjustable + 3%.

GAIN ACCURACY: 4+ 0.2% (as set at factory),

GAIN LINEARITY: Within 3 mV for signal levels below 1V,

FREQUENCY RESPONSE: Fast: dc to 100Hz; Slow: de¢ to
0,34z (-3 dp responge),

INPUT RESISTANCE: 10% ohma.

FULL SCALE INPUT: + 1 volt with l00% overrange,

MAXIMUM INPUT OVERLOAD: 100 voltjsz.

INPUT ISOLATION: Greater than 10 ohms at 50% relative
humidity and 25 ¢ shunted by less than 100 pF,

MAXIMOM COMMON MODE VOLTAGE: 1500 volts pesk, dc or ac.

OUTPUT TSOLATION: Creater than 108 ohms shunted by
less than 0.001 microfarad,

POWER: 105-125 or 210-250 volts (switch selected),
50-60 Hz, 5 watts.

Model 370

Description: The 370 is a compact, paper chart re-
corder which 1s compatible with most Keithley instru-
ments having a 1 wA output.

Applications: The 370 can be used directly with the
Model 615 up to 130 wvolts off ground, The Model 3701
cable supplied can be used for convenient connections
to the instrument.

T A ASY ¥
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ACCESSORIES

Degcription:

The Model 3001 is a bench mounting kit for use with

ingstrument to bench mounting complete with top cover,
handle assembly, non-skid feet and tilt bail assembly.

MODEL 61.

Model 3001 Bench Mounting Kit

Assembly:

1. Remove the rack angles attached to the rack mount
instruments 5-1/4" high x 17-1/2" wide x 10" deep. All Instrument. The four 10-32 slotted screws suppli
parts are included for conversion of a rack mounted

with the instrument should be used to install the

bench-style top cover (item 1).

2, Remove the bottom cover to facilitate the mountin

Parts List: of the non-skid feet and tilt bail assembly, Use
a screw driver to turn the pawl-type fasteners op
Item Qty, Per Keithley the cover (about one-half turn clockwise).
No, Degcription Agsembly Part No.
3. Install the bail supports (items 3 and 4) using
1  Cover Assembly 1 176048 6-32 screws (item 8).
2  Screw, Slotted 10-32x1/4 4 -
3  Bail Support, Right 1 19206B 4, Install the plastic feet (item 5) using 8-32 scre
4 Bail Support, Left 1 192058 (item 6) in four places.
5 Foot, plastic 4 FE-5
6 Screw, Phillips, 8-32x3/8 4 - 5, Install tilt bail {(item 9) as shown.
7 Rubber Foot Insert 4 FE-6
8 Screw, Phillips, 6-32x1/4 2 - 6. Install bottom cover using pawl-type fasteners.
¢ Tilt Ball 1 L4704B
/ T
)
——
B ITEM-2
DETAIL-A \
BOTTOM COVER
OF INSTRUMENT
[}
ITEM-4 i
ég le ' ITEM-5
; ‘ ITEM-6
% i ITEM-3 ITEM-7
E% ITEM-8
4
(5}
ITEM-9
SEE DETAIL "A*
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MODEL 615

ACCESSOQRIES
Model 6011 Input Cable
Description: The 6011 is a low-noise triaxial cable, Application: The 6011 may be used for measurements
30" leng, terwinated by three color-coded alligator vhich require a triaxial connection, especially when
clips, This cable mates directly with the triaxial the input LO is floated above CASE ground. The cable
input, The cable is fabricated using a Keithley part permits full use of the Model 615 capabilities.
no. G8-141 connector and part no. 3C-22 low-nolse cable.
sc-22
Model 6301 Guarded Probe
Description: The 6301 is a guarded triaxial cable, Application: The 6301 may be used for measurements
3 ft. long, terminated by a probe for making point-to- which require a triaxial cable with a guarded p

be
having an insulation resistance greater than 10fz chma.

e ———————————— e R i

8C-22 ¢s-141

point measurements.

Model 1531 Gripping Probe

Description: The 1531 i{s a triaxial cable, 3 ft. long, Applicarion: The 1531 may be used for measurements
terminated by & special gripping-type probe, The 1531 which require a triaxial cable. The probe permits -
insulation reslstance is greater than 1010 ohms, The convenient connections to the circuit under test due
probe 1s rated for off ground measurements up to 500 v to the gripping feature.

Hi """iﬁ!ﬂﬂm

Lo Lead 5C-32

Model 6012 Triax-to-Coax Adapter

triaxial input and UHF (coax) type connectors. This
adapter can be used with Models 610lA, 51018, 61034,
61024, etc.

Description: The 6012 is an adapter for mating the ;
¢

C5-64 Ccs~141
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ACCESBORIES

MODEL 615

Model 4401 Printer Output Cards

Description: The Model 4401 consista of two printer
output cards which may be installed at the factory or
in the field since no wiring is required. The output
cards plug into prewired connectors on the chassis.
BCD outputs are provided through the use of a 50-pin
prewired output coanector.

Model 4405 Terminal Box

Description: The Model 4405 consists of a 50-terminal
box with convenlent barrier-strip connections and a
3 ft. cable terminated with a CS-220 connector.

Model SC51 Fifty-Conductor Cable

Description: The Model SC51 cable is useful for fabri-
cating a cuastom-length cable for use with the Model
4401 Printer Output cards. The cable 1s sold in custom
lengths on special order.

Model 4406 Extender Cards

Degcription: The Model 4406 consists of two extender
cards and one extractor for pulling pc cards. The ex-
tender cards permit access to test points and cali-

bration controls on cards having either 13 or 22 pins.

Parts List:

Description Keithley Part No.

PC Card Extractor 4195
PC Card Extender (22 pins) PC-225
PC Card Extender (15 pins) PC-224

Model 4194 Shielded Input Switch

Description: The Model 4194 1is a remotely controlled
reed switch that permits shorting of the input during
sample changes, etc. The switech is useful in auto~
mated testing where it 18 important to keep the source
input ghorted when not being measured.

58
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MODEL 615 REPLACEABLE PARTS
Mechanical Parts List.
Item No. Description Quantity Per Assembly Keithley Part No.
1 Top Cover Asgembly - 17158¢C
- Cover 1 17162C
- Fastener 2 FA-54
2 Bottom Cover Assembly - 17960C
- Cover L 17957C
- Fastener 2 FA-34
3 Angle, Rack Assembly 2 146248
&4 Screw, Slotted, 10 - 32 x 1/4 4 -
5 Front Panel 1 23796D
) Chassis 1 241818
/® SCREW ([)COVER ASSEMBLY
{ @ ANGLE RACK
SCREW
///
L
//’
<~ —(5)FRONT PANEL
/ {4)SCREW
Y
HZICOVER ASSEMBLY {3) ANGLE RACK
scnew
FIGURE 20. Mechanical Assembly.
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4 l8
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~| = o )
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a & PC229 [- 8 -9 I SHIELPED iNPUT COMPARTMENT

|
|
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V30

[
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56203
Sizoi

FIGURE 21, Chassis - Top View. .
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MODEL 615 COMPONENT LAYOUT
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FIGURE 23. Component lLayout, PC207.
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