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WARRANTY

We warrant each of our products to be free
from defects in material and workmanship. Our
obligation under this warranty is to repair or
replace any instrument or part thereof which,
within a year after shipment, proves defective
upon examination. We will pay domestic
surface freight costs.

To exercise this warranty, call your local
field representative or the Cleveland factory,
DDD 216-248-0400. You will be given assist-
ance and shipping instructions.

REPAIRS AND RECALIBRATION

Keithley Instruments maintains a complete re-
pair service and standards laboratory in Cleve-
land, and has an authorized field repair facility
in Los Angeles and in all countries outside the
United States having Keithley field repre-
sentatives.

To insure prompt repair or recalibration serv-
ice, please contact your local field representa-
tive or the plant directly before returning the
instrument.

Estimates for repairs, normal recalibrations,
and calibrations traceable to the National Bu-
reau of Standards are available upon request.



MODELS 301, 301K

SPECIFICATIONS

SPECIFICATIONS

Specifications measured at 25°C.

DC VOLTAGE GAIN, OPEN LOOP:
Unloaded (Minimum)
Full Load (Minimum)

INPUT CHARACTERISTICS:

Common Mode
Resistance (Minimum)
Shunt Capacitance (Maximum)
Rejection (Minimum)
Voltage Limit

Between Inputs
Resistance (Minimum)
Shunt Capacitance (Maximum)

Overload Limit

Current Stability
Offset
vs. Time (worst case)
vs. Temperature (worst case)
vs. Supply (worst case)

Voltage Stability
Offset
vs. Time (worst case)

vs. Temperature (worst case)
vs. Supply (worst case)

Current Noise
0.1-10 Hz (Maximum peak-to-peak)

Voltage Noise
0.1-10 Hz (Maximum rms)
10 Hz—500 kHz (Maximum rms)

FREQUENCY:
Gain Bandwidth Product (Minimum)
Slewing Rate (Minimum)
Rolloff (Nominal)
OUTPUT:
Amplifier
Reference Voltage
Regulation

OPERATING TEMPERATURE:
CONNECTORS:

Input
All Other

POWER REQUIREMENTS:
Voltage (positive and negative)
+ Current (Plus output current)
—Current (Plus output current)

DIMENSIONS, WEIGHT:

ACCESSORIES SUPPLIED:

MODELS 301 AND 301K

50,000
30,000

5X10'2 ohms*
10 picofarads
60 dB

+11 volts

10'2 ohms

10 picofarads

+400 volts continuous either input
to ground or between inputs

10-'* ampere

107's ampere/ 24 hours
Doubles every 5°C
1075 ampere/ % (301K)

Adjustable to zero

2 millivolts/ week after
1-hour warm-up

150 microvolts/°C

300 microvolts/ % (301K)

5x10°'s ampere

10 microvolts
100 microvolts

500 kHz
0.3 volt/ microsecond
6 dB/octave

+11 volts @ 11 milliamperes
+15 volts @ 5 milliamperes (301)
+1.0% for 10% input change (301)

—25°Cto +85°C

2 Push-on Teflon-insulated coaxial
15 terminal ‘46’ card edge

19 to 30 volts unregulated,

2 volts p-p maximum ripple (301).
15 V regulated +0.1% (301 & 301K)
16 milliamperes (301)

5 milliamperes (301K)

16 milliamperes (301)

5 milliamperes (301K)

3%"" high x 4*’ wide x

1%2"" deep; 13 ounces

Mating card-edge connector and

2 push-on coaxial connectors
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MODEL 301, 301

SECTION 1.

The 301 Operational Amplifier offers better performance,
more versatility and greater convenience than found in
other high impedance amplifiers. It offers many features
which make it easy to design into new or existing circuits.

Low offset current allows the use of resistors as high as
1013 ohms in the Model 301 feedback loop. This allows large
voltage signals to be developed from very small currents,
increasing the sensitivity and stability of the instrument.
Increasing the feedback resistor also improves the signal-
to-noise ratio for current measurements in proportion to
the square root of the increase of resistance.

Common mode rejection is greater than 60 db. Common
mode voltage limit is +11 volts.

Drift due to offset current is very low: less than 10-15
ampere day. This allows much larger integration times than
usually possible with other types of operational amplifiers.

The advantage of MOS FET input circuits is demonstrated
by the outstanding voltage stability of the Model 301.
Voltage stability is 0.02% of full output per week with the
Amplifier connected in a unity-gain configuration. This
stability is comparable to that obtained with varactor-type
amplifiers without the problems of interference between
units, intermodulation products, limited bandwidth and
the necessity of shielding from modulation frequency.
Also, the Model 301 has higher impedance between in-
puts, lower input capacitance and lower offset current by
several orders of magnitude than varactor-type amplifiers.

The open loop frequency response of the Amplifier
closely follows a 6 db/octave rolloff. This, coupled with a
very low output impedance, allows the Amplifier to drive
large capacitive loads with no instability even in a unity-
gain configuration.

A unique input circuit provides complete overload protec-
tion without degrading the desirable features of the MOS
FET input. The Model 301 will withstand continuous over-
loads up to +400 volts—either input to ground or between
inputs—without damage. Input circuit elements can not
be damaged by induced static voltages.

The Model 301 will operate within specifications from
unregulated power supplies, batteries or standard 15-volit
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regulated supplies. It has built-in voltage regulators to
allow it to operate within specifications with unregulated
supplies from +19 to +30 volts at 16 milliamperes. The
regulators have series input diodes to protect them from
damage if the unregulated supply potentials are reversed.
Short-circuit proof regulated potentials of +15 volts at 5
milliamperes are available at the card-edge connector.

The inexpensive Keithley 3012 Power Supply is specially
designed to power up to three 301 Amplifiers. The Model
3012 can also be used floating if it is desired to float the
amplifier ground.

The Model 301K is identical to the Model 301 except it has
no voltage regulators and requires regulated supplies.
Specifications are based on +15 volt supplies. The Model
301K can also be operated from +12 to +18 volt regu-
lated supplies, but some specifications will be affected.

Besides its outstanding specifications, the Model 301 has
many built-in features which aid in connecting and using
the Amplifier in a circuit. It requires no accessory shields.
Mating connectors are furnished at no extra cost.

The Model 301 saves time and trouble in providing high
impedance connections. Teflon-insulated coaxial con-
nectors are used for the input, and all high impedance
points are mounted on guarded Teflon standoffs, provid-
ing maximum leakage resistance so essential in low cur-
rent measurements. Feedback, input and output divider
elements may be mounted within the unit, the case of which
guards against external electrostatic and magnetic pickup.

When range switchingis required, the 301 Amplifier can be
used with the 3011 Shielded Switch, a 3-pole, 8-position,
high impedance switch. The Model 3011 is constructed for
low leakage and to provide shielding for the components.
It can also be used with the 300 and 302 Amplifiers.

Voltage offset of the Model 301 is adjustable to zero. In
addition to the internal control, an external potentiom-
eter may be connected to allow remote zeroing.

The Model 301 can be used as a direct replacement for the
Model 300 in most applications, resulting in improved or
equal performance. It has the same dimensions as the
Model 300.



OPERATING INSTRUCTIONS

SECTION 2. OPERATING

CONNECTIONS:

MODELS 301, 301K

INSTRUCTIONS

Table 2.
Terminal Identification

All wiring to the Models 301 or 301K should be made
using the mating card-edge receptacle supplied with Pin No. Function
the amplifier. Input connections may be accomplished
by using the coaxial inputs or the unshielded card- 1 ALT. INPUT
edge terminals (1 and 2). Mounting dimensions for 2 GUARD
Keithley part no. CS-175-15 is given in Figure 2. 3 Remote zero control (B)
4 Remote zero control (A)
POWER SUPPLY: 5 Negative reference voltage (-REF OUT/IN)
6 Negative unreg. voltage (~UNREG. IN)
Model 301. This version may be powered by an unre- 7 Input protection drive (C)
gulated voltage between +19 and +30 volts with less 8 Output voltage
than 2 volts peak-to-peak ripple. Connections should 9 Positive reference voltage (+REF OUT/IN)
be made between GROUND and +UNREG and -UNREG ter- 10 Positive unreg. voltage (+UNREG. IN)
minals. 11 Not Used
12 Not Used
Model 301K. This version requires a regulated supply 13 Not Used
of +15 volts +0.1%. Connections should be made be- 14 FEEDBACK
tween GROUND and +REF (pin 9) and -REF (pin 5). 15 GROUND
Model 3012 Power Supply. This accessory is a full-
wave rectified voltage supply which provides unreg-
ulated +20 volts +25% for use with the Model 301 (mot
useable with Model 301K).
OUTLINE DIMENSIONS
FOR MODEL 301
- & |
3-1/2" o .
M - 3-1/4 ~ 21/64" dia.
< 2-15/16" -l for coaxial
connectors
| I E—— " ’
| e dia 2-7/16" ——— (2 req’d)
l I I 1 (2req’d) \ > [+ 1/4" I
s St ole
of o e 1-H@- '@‘TLT"—L“
33 oS L & \ '
S +32 & 32 O 2| Ly } ) Chassis Cutout - -
e s .- 5 7/32"
O° 11/32"
1y Model 301 Outline :
bottom view _4 9/16" |
FIGURE 2. Outline Dimensions.
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MODELS 301, 301K

FIGURE 4, Circuit Points
Within Models 301 and 301K.
These points are the same
in both models. Points are
used to construct various
circuits referred to in
Figures 5 through 17.
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FIGURE 3. Circuit Points
Within Models 301 and 301K.
These points are the same
in both models. Points are
used to construct various
circuits referred to in
Figures 5 through 17.
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OPERATING INSTRUCTIONS

MODES OF OPERATION:

(Refer to Figures 3 and 4 which indicate the various
terminals and jumpers on the circuit board. The Models
301 and 301K are shipped from the factory wired for
differential voltage operation with jumpers between
terminals M-N, N-O, 0-D, E-H, H-J, and F-L.)

1. Linear Current Amplifier (Without Fractional
Feedback). In this mode a feedback resistor R
connected as shown in Figure 6. The output voftage
is then proportional to the input current where V_ =
-I x R_.. When used in this mode check for jumpers
between terminals M-N, N-O, 0-D, E-H, H-J, and F-L.
Add a new jumper between terminals G-F.

2. Linear Current Amplifier (With Fractional Feed-
back). In this mode the feedback resistor is connect-
ed as shown in Figure 7. Two additional resistors
R and R, are connected as shown in Figure 7. Resistor
R replaces the jumper between terminals J-H. With

éls connection the output voltage is proportional to
the input current where V =-I xR, [(R, + R )/R 1.
The value of Rl + Ry shou d be greage an 1000 ohms
so that the output current does not exceed 11 milli-
amperes.

3. Differential Current Amplifier (Without Fraction-
al Feedback). 1In this mode two feedback resistors
Rfy and Rfp are connected as shown in Figure 8. The
output voltage is a function of the difference be-
tween input currents Ij and Iy where V, = (I - IR
(assuming Rg¢y = Rf2 = R).

4, Differential Current Amplifier (With Fractional
Feedback). In this mode the output voltage is a func-
tion of the difference between input currents Ij and
I3 where V, = (I - I])R[(Ry; + Rp)/Rp] (assuming Rgp =
Rf2 = R). Resistor Rj replaces the jumper between
terminals J-H. The value of Ry + Ry should be greater
than 1000 ohms so that the output current does not
exceed 11 milliamperes. Connections should be made as
shown in Figure 9.

5. Logarithmic Current Amplifier. In this mode a
semiconductor junction (either a diode or transistor)
is connected in the feedback path as shown in Figure
10. The output voltage is proportional to the log-
arithm of the input current where V5, = -A x logarithm
(I). The value of A is determined by the particular
characteristics of the diode junction. When using
only one diode the amplifier responds to only one
polarity of current. To measure positive and negative
currents two diodes must be used wired in parallel
and conducting in opposite directions. By adding two
or more diodes in series the output voltage may be
increased in direct proportion. Fractional feedback
may be used to increase A where Vo = -A [(R] + R2)/2
1n (I).

6. Differential Logarithmic Current Amplifier. In
this mode two diodes -are connected as shown in Figure
11. The output voltage is proportional to the dif—
ference of the logarithms of I; and Ij where V,

A (In Iy - 1In I;) =Aln [IZ/Il]

MODELS 301, 301K

e jumpers

FIGURE 5. Factory Wired Amplifier

Rf
—  AM——————

-INPUT

> o -

M N o0 oD h\\\\\\\ v
Lin + < o

> g * A PincC

+ INPUT I <

G - =

esme jumpers Vo = -IjnRg

FIGURE 6. Current Amplifier

Rf

AAA

VWA~
- INPUT
'\ a -
J V,
;7 M N O D 3 Vo
N L F ) -
R
< IneuT in C st <
G -
<
X jm
o jumpers Vo = ~InRy (RL * R2)

Ry

FIGURE 7. Current Amplifier
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MODELS 301, 301K

OPERATING INSTRUCTIONS

Rfl Rf)
—————AAA———— ————A——
-INPUT JIveur
1 - 1 o~ )
l > M N 0 D ’\ J Vo M N 0 D S J Vo
L F p) - L « L F
12 > * 2 “+INPUT ! —<
+INPUT
sz -—E< sz =
= E
G
G E H R,
K
eme jumpers — 4
= Vo = I2 Rg, — IiRg, o= jumpers -
Vo = IZsz — I)Rf; (R] + R2)
R2
FIGURE 8. Differential Current Amplifier FIGURE 9. Differential Current Amplifier
ol
D —
- INPUT
5 - JINPUT
M N 0 D 3 1 - R
Liy p Vo P77 % 8 o b N J ¢
N L F . L F —< V,
Pe o Pin C 1, . - f
neur “INPUT /
G ‘ H )
e E G E
= - jumpers -
Vo = A In 1
ems jumpers Vo = -Aln Lin 0
FIGURE 11. Logarithmic Current Amplifier

FIGURE 10.
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OPERATING INSTRUCTIONS

7. Current Integrator or Charge Amplifier. In this
mode a capacitor Cs is connected in the feedback loop
as shown in Figure 12. The output voltage is a func-
tion of the integral of current where

t
vV = %— [ I dt
° f o

When making a measurement in terms of charge the out-
put voltage is proportional to Q where

rgeE
£ £
8. Unity-Gain Voltage Amplifier. In this mode the
output voltage is directly proportional to the input
where

v -Vl[l +

[¢] CMRR]

Since the CMRR (common mode rejection ratio) is 60 dB
the common mode error is 0.1%. When using this mode
connect a jumper between terminals D-E. Remove the
jumper (if any) between terminals F-G. Apply the in-
put voltage V; between the + INPUT and GROUND. Con-
nections should be made as shown in Figure 13.

9. Unity Gain Voltage Amplifier (With Floating In-
put or Output). In this mode the input voltage is
applied between -INPUT and OUTPUT such that the input
is isolated from power supply ground. When using this

connection either the power supply or the input must be

floating. The gain accuracy is approximately 0.002%
or 20 ppm. The Keithley Model 3012 Power Supply per-
mits floating the ingut up to 500 volts off ground
with greater than 10° ohms isolation between low and
power supply ground. The output voltage is inverted
with the voltage developed between OUTPUT and GROUND.
Connections should be made as shown in Figure 14.

10. Voltage Amplifier (With Fractional Feedback).
In this mode the output voltage is a function of the
divider ratio established by Rj and R2 where V, =
Vi [(Ry + R2)/R2]. The common mode error and gain
error should be considered as additional sources of
inaccuracy. Connections should be made as shown in
Figure 15.

11. Voltage Amplifier (Summing Type). In this mode
the output voltage is a function of resistors Rj and
R¢ where

£
Vo B _Vl R,

Connections should be made as shown in Figure 16.

12. Voltage Amplifier (Differential Type). In this
mode the output voltage is a function of the differ-
ence in voltages V; and V, where

Re
o (V2~vl) R,

i
assuming Rgy = Rez = Rg, Ry = Ry = Ry). Connections
should be made as shown in Figure 17.

MODELS 301, 301K

Ct

j -

v

J
Vo
H
E
emss jumpers —
current integrator: Vo = -1 Iindt
- C¢

Charge Amplifier: Q = CgVy = Iyt

FIGURE 12.

Current/Charge Amplifier

esmse jumpers

Vo = Vin [+ chre

where CMRR = 1000.

FIGURE 13.

Unity-Gain Voltage Amplifier

Vo * Vin

FIGURE 14.

Unity-Gain Voltage Amplifier
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MODELS 301, 301K

-INPUT
>—— - J
M N D >

s L F . R,

+INPUT

Vin H Vo
— e E
L R,

em» jumpers

where CMRR = 1000

FIGURE 15. Voltage Amplifier
Re
- INPUT R
M N J
Vin
> e
+ INPUT |F

emms» jumpers Rf
Yo = “Vin ( Rin

FIGURE 16. Voltage Amplifier (Summing)

.
v L -
2 INPUT Ry,

—
\
\)
Inl

2 E H
G
- Vo= Rip Ry *RE) vy _ Rpy vy
Ry (Rpp  Rey) R,

emme jumpers

FIGURE 17. Voltage Amplifier (Differential)
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ACCESSORY POWER SUPPLY (Model 3012)

The Model 3012 can be used to power up to three indi-
vidual amplifiers (either Models 300 or 301). Con-
nections to the Model 3012 can be made using a mating
card-edge receptacle (supplied). The Model 3012 may
be powered from line voltages over the ranges 105-125
volts or 210-250 volts.

Line Connections 105-125 volts:

Connect the line cord between terminals A and D. Add
a jumper wire between A and B (which connects the
primary BLK to BRN windings). Add a second jumper
wire between C and D (which connects the primary BLK/
WHT to BRN/WHT windings).

Line Connections 210-250 volts:

Connect the line cord between terminals A and D. Add
a jumper wire between B and C (which connects the
primary BLK/WHT to BRN windings).

Connections to Model 301 Amplifier:

Connect the positive output of the Model 3012 to the
+UNREG IN terminal on the Model 301. Connect the neg-
ative output of the Model 3012 to the -UNREG IN ter-
minal. Then make a connection between GROUND terminals
on the Model 3012 and the Model 301. In floating op-
eration the CASE terminal should be connected to cir-
cuit ground which is isolated from power GROUND for

the amplifier.

NOTE
Two fuses are used in the primary windings of
the Model 3012 (Type 8AG, 1/8A).

FIGURE 18. Model 3012 Power Supply



THEORY OF OPERATION

SECTION 3.

3-1. GENERAL.

a. The Keithley Models 301 and 301K are differen-
tial input, single-ended output operational amplifiers.
The Amplifiers use a pair of high impedance matched
MOS FET's at their inputs followed by solid-state dif-
ferential amplifier stages. The Model 301 has posi-
tive and negative power supply regulators that enable
it to operate from a variety of inexpensive power
supplies. The Model 301K is distinguished from the
Model 301 by the fact that it does not have these reg-
ulators and it must operate from regulated supplies.

b. Use of negative feedback with the Models 301 and
301K achieves stable amplification. Negative feedback
is accomplished by connecting components between the
OUTPUT Terminal and the - INPUT Receptacle only. Con-
necting elements between the QOUTPUT Terminal and the
+ INPUT Receptacle establishes positive feedback and
the amplifier goes into saturation, cutoff or oscilla-
tion. Input and feedback elements are easily mounted
within the case of the Amplifiers to provide shielding
for the complete circuit, or may be externally mounted.
By using different components — such as resistors,
diodes, capacitors — in the feedback circuit, the
Models 301 and 301K can operate in various modes: lin-
ear current amplifier, logarithmic current amplifier,
current integrator and so forth.

NOTE
Circuit designations refer to schematic dia-

grams 21472E for the Model 301 and 21473D
for the Model 301K.

MODELS 301, 301K

THEORY OF OPERATION

3-2. MOS FET INPUTS.

a. Two matched MOS FET transistors, Q101 and Q102,
are used for the Amplifier inputs. These transistors
are selected for low noise and matched for threshold
voltages, temperature coefficients and transconduc-
tances to assure stable, low noise, high common mode
operation.

b. The MOS FET transistors are connected as a dif-
ferential amplifier. Their sources are driven by a
constant current amplifier, tramsistor Ql03. This am-
plifier is driven by a common emitter stage, transis-
tor Ql08, which is driven by the emitter of the last
differential stage, transistors Q111 and Ql12. This
arrangement provides a high common mode swing in both
directions.

c. Transistor QLO3 has its emitter connected direct-
ly to the power terminal. Stability for this stage is
obtained through use of feedback rather than by emit-
ter degeneration through a resistor.

3-3. PROTECTION CIRCUIT.

a. The input protection circuit, schematic designa-
tion 21728A, protects the MOS FETS from static volt-
ages and overloads. This circuit, under normal oper-
ating conditions, allows almost full utilization of
the MOS FETS' extremely high input impedance and low
leakage current.

—— == e—— o—— Z FEEDBACK |
| POSITIVE POWER |
| SUPPLY REGULATOR
- INPUT | I
— =]z NpPUT —-_.—$ MOS FET SOLID STATE I
DIFFERENTIAL DIFFERENTIAL
— + INPUT
= - INPUTS AMPLIFIER
!
- BIAS FEEDBACK
Z INPUT
|
NEGATIVE POWER
i SUPPLY REGULATOR

FIGURE 19.

Block Diagram of Model 301.
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MODELS 301, 301K

b. Overloads of any form may be supplied to the in-
puts in any way for long periods of time without dam-
aging the MOS FETS. Recovery from overloads to within
several millivolts of before overload condition is im-
mediate. This several millivolts change is due to
slight heating effects in the protection circuit and
possible polarization effects in the MOS FETS. Com-
plete recovery is achieved after a few minutes of re-
moval of overload condition.

c. The protection circuit, 21728A, is internally
driven by a 10 kilohm source, R108. Even better con-
ditions, however, can be obtained in many situations
by driving the protection circuit externally. The in-
ternal drive voltage can be overriden by applying an
external drive voltage from a low impedance source.
The Models 301 and 301K have provisions for driving
the protection circuit externally (See Section 2).

CAUTION

The external drive voltage must not exceed
+15 volts with respect to Amplifier ground,
or damage to the MOS FETS may result (See
also paragraph 2-3).

3-4. DIFFERENTIAL AMPLIFIER.

a. MOS FETS Q101 and Q102 drive a differential am-
plifier stage, transistors Q106 and Q107, which in
turn drives an emitter follower stage, transistors
Q109 and Q110. The emitter followers drive a differen-
tial pair, transistors Ql11l and Ql12, which is the last
voltage gain stage in the amplifier. The collector of
Qll2 drives an emitter follower stage, transistor Ql13,
which drives a complimentary symmetry output stage
formed by transistors Qll4 and Q115. Diodes D102 and
D103 and resistor R131 eliminate any crossover distor=-
tion and provide excellent temperature compensation
over the entire operating range of -25°C to +85°C.

b. The output overload protection circuit is com-
posed of resistors only, and is independent of power
supply current limiting. The circuit is such that the
output can be connected to ground or the plus or minus
supply almost indefinitely without damaging the Ampli-
fier. The only way to damage the output is to apply
high voltage, high current signals back into it from
an external source.

0175
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c. The Zero Adjust Potentiometer, R106, is located
in the drain circuits of Q101 and Q102. It adjusts the
drain load resistances to give equal gain to each side
which adjusts the output to zero.

d. The Protection Drive Voltage Adjust Potentiome-
ter, R114, adjusts the voltage across the input pro-
tection circuit to zero when the inputs are short cir-
cuited.

3-5. POSITIVE POWER SUPPLY REGULATOR (Model 301 only).

a. This circuit regulates the +19 and +30 volt un-
regulated power supply input to the Model 301. 1t
provides a regulated +15 volts for the amplifier and
can be used externally.

b. Diode D206 on the + UNREG. IN Terminal protects
the supply regulator against damage if voltages of the
wrong polarity are applied. The output of this regu-
lator current limits at approximately 40 milliamperes
and drives short circuits for a reasonable length of
time with no damage to the regulator.

c. The positive power supply regulator consists of
a pass transistor, Q205, and a dc amplifier, transis-
tor Q206, which monitors the difference between an out-
put divider, resistors R210 and R212, and zener diode
D205. Any difference is amplified by Q206 and fed to
the base of Q205. The base-emitter of current limit-
ing transistor Q204 is connected across resistor R214
which is in series with the supply regulator output.
The collector of Q204 is connected to the base of Q205.
When the output current of the regulator becomes ex-
cessive, Q204 is saturated and tries to reverse bias
the base of transistor Q205 and thus turn it off. If
Q205 is turned off, however, no current flows through
Q204 and it is turned off. A happy medium is reached
and current is limited.

3-6. NEGATIVE POWER SUPPLY REGULATOR (Model 301 only).
The negative regulator is the same as the positive reg-
ulator except the voltages are negative and PNP tran-
sistors are used instead of NPN type.



CALIBRATION MODELS 301, 301K

SECTION 4. CALIBRATION

5-1. GENERAL. 2. Connect the Model 662 between the Model 301
+REF, OUT/IN and GROUND Terminals and adjust poten-
a. The function of the calibration procedures is to tiometer R211 for a +15 volts %20 millivolts reading
provide a method of checking the Models 301 and 301K on the Model 662.
to make sure that they operate within the specifica-
tions a) Vary the external supply voltage to +22.5
volts. The reading on the Model 662 should not
b. The following procedures are recommended for change more than 150 millivolts.

calibrating and adjusting the Models 301 and 301K.
Use the equipment recommended in Table 5. 1If proper

facilities are not available or if difficulty is en- b) Set the external supply to +25 volts and
countered, contact Keithley Instruments, Inc., or its monitor the output current with the Model 602. It
representatives to arrange for factory calibration. should be 20 milliamperes t5 milliamperes.
NOTE 3. Connect the Model 662 between the Model 301
- REF. OUT/IN and GROUND Terminals and adjust poten-
Unless otherwise stated, the tests herein tiometer R202 for a -15 volt +20 millivolts reading
described are to be performed with the Am- on the Model 662.

plifier cover off. .
a) Apply +22.5 volts with the external supply.

c. If the Model 301 or 301K is not within specifi- The reading on the Model 662 should not change
cations after the calibrations and adjustments, follow more than 150 millivolts.
the troubleshooting procedures or contact Keithley
Instruments, Inc., or its nearest representative. b) Set the external supply to -25 volts and
monitor the output current with the Model 602. It
NOTE should be 20 milliamperes +5 milliamperes.
All the following procedures pertain to both b. Attach the Model 662 to the Amplifier OUTPUT Ter-
the Models 301 and 301K unless otherwise minal. Adjust potentiometer R106 making sure the out-
stated. put voltage swings at least 50 millivolts either_ side
of 0 volts. T o PV
5-2. PRELIMINARY CALIBRATION PROCEDURES. C TR T e
1. Construct a 1% resolutig ote Zero P entit!
a. Positive and negative power supply regulator ometer as shown in paragrap Set this poten-
checks (Model 301 only). tiometer at mid-range. - . \__~ i
1. Set the Model 301 up as a voltage follower 2. Adjust R106 to within 1 millivolt of 0; closer
unity-gain amplifier (see paragraph 2-10). Connect if possible. Then use the Remote Zero Potentiometer
a variable supply as described in paragraph 2-3 and to zero the output voltage within the limit of reso-
apply +25 volts. Short the + INPUT Receptacle. TABLE 3. lution.
Test Equipment Required.
-
Hewlett Packard Model 200CD Oscillator Frequency response check.
Hewlett Packard Model 211B Square Wave Generator Open loop gain and slewing rate checks.
Hewlett Packard Model 400GL AC Voltmeter Frequency response check.
Keithley Instruments Model 153 Microvolt-Ammeter Troubleshooting.
Keithley Instruments Model 602 Electrometer Preliminary calibration and common mode check.
Keithley Instruments Model 662 Differential Voltmeter Preliminary calibration and current offset check.
Tektronix 561 Oscilloscope Open loop gain and slewing rate checks.
110 V Batteries Common mode rejection check.
1000:1 Voltage Divider Open loop gain check.
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c. Next, connect the Model 662 across resistor R132
and measure the voltage drop. It should be between
8.1 and 27 millivolts. 1If it is not, change the value
of R131 to bring the voltage drop within the stated
limits. Decreasing the value of R131 increases the
voltage drop while increasing the resistance decreases
the voltage drop.

d. Adjust potentiometer R114 for O volts 25 milli-
volts at Terminal C. TIf this is not possible, select
a value for resistor R113 between 10 kilohms and 22
kilohms which will allow R114 to adjust for 0 volts.

e. Put the cover on the Amplifier and perform the
steps described in paragraphs 5-2b and 5-2c.

5-3. CURRENT OFFSET CHECK. (This check is a rather
difficult check and may be by-passed if proper facil-~

ities are not available).

a. Inverting (-) input offset.

1. Keep the Amplifier in the same mode as in para-
graph 5-2.

2. Check the voltage at Terminal C with the Model
662 for O volts 15 millivolts. If necessary, adjust
R114 for this value.

3. Attach Terminal C to GROUND Terminal.

4. Monitor the OUTPUT Terminal of the Amplifier
with the Model 662 and adjust the Remote Zero Poten-
tiometer for 0 volts 0.1 millivolt at the output.

5. Set the Model 301 or 301K up as a single-ended
linear current amplifier with a 1012 ohm resistor in
the feedback loop (refer to paragraph 2-7). Monitor
the output voltage to be 10 millivolts or less. A
10 millivolt output means that, with a 1012 ohm re-
sistor in the feedback loop, the current offset is
10-14 ampere.

b. Non-inverting (+) input offset.

1. Connect the ~ INPUT Receptacle to the output
and set the Model 301 or 301K up as a voltage fol-
lower amplifier.

2. Connect Terminal C to the OUTPUT Terminal.

3. Mount a 1012 ohm resistor from the + INPUT to
ground.

4., Short the + INPUT and adjust the Remote Zero
Control for 0 volts #0.1 millivolt at the output.

5. Remove the short and measure the output. It
should be 10 millivolts or less.

NOTE
If the current offset does not meet specifi-
cations, clean the Amplifier INPUT Receptacle
and Terminal before attempting other correc-
tive action.

5-4. COMMON MODE REJECTION.

a. Set the Amplifier up as in paragraph 5-2.

0175
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b. Connect Terminal C to GROUND Terminal.

c. Attach a battery to the Amplifier + INPUT Recep-
tacle. Adjust the battery for 10 volts output then
turn the battery off. Connect battery common to Am-
plifier GROUND Terminal.

d. Monitor the output from the Amplifier OUTPUT
Terminal with the Model 602. Adjust the Remote Zero
Potentiometer for a zero indication on the Model 602.

e. Apply 10 volts with the battery to the + INPUT
Receptacle and measure the output with the Model 602.
The output voltage should be less than 10 millivolts.

f. Repeat step e. using -10 volts.
5-5. OPEN LOOP GAIN.
a. Set up the Amplifier as in paragraph 5-2.

b. Apply a 0.2 volt peak-to-peak signal 1 Hz square
wave with the Model 211B through a 1000:1 divider to
the Amplifier - INPUT Receptacle. Monitor the output
with the Model 561 Oscilloscope. Adjust the Remote
Zero potentiometer, and potentiometer R106 if neces-
sary, to obtain a non-saturated 1 Hz square wave at
the output. The amplitude of the square wave observed
at the output should be at least 10 volts peak-to-peak.

c. Short the - INPUT Receptacle, and repeat step b.
applying a signal to the + INPUT Receptacle.

5-6. FREQUENCY RESPONSE.
a. Set the amplifier up as in paragraph 5-2.

b. Remove the short from the + INPUT Receptacle of
the Amplifier.

c. Apply a 50 millivolt rms 100 Hz sine wave from
the Model 200CD to the + INPUT Receptacle. Monitor the
output with the Model 400GL and note the dB reading.

d. Increase the frequency to 500 kHz and readjust
the 200CD output for 50 millivolts rms if necessary.
At 500 kHz the output should be within 3 dB of the
100 Hz reading.

5-7. SLEWING RATE.
a. Keep the same set-up as in paragraph 5-6.

b. Apply an 8 to 10 volts peak-to-peak 20 Hz square
wave signal with the Model 211B to the + INPUT Recep-
tacle.

c. Monitor the output with the Model 561 Oscillo-
scope. The slope of the leading edge of the square
wave observed at the output should be a minimum of
0.3-volt per microsecond.

NOTE
Read the slope in the linear portion of the
leading edge. This is the portion that is

at least 1 volt prior to the start or end
of the leading edge.

11
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FIGURE 20.

Component Location, Component Side of Board.
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FIGURE 21. Component Location, Circuit Tape Side of Board.
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REPLACEABLE PARTS

SECTION 5. REPLACEABLE PARTS

MODELS 301, 301K REPLACEABLE PARTS LISTS

MODELS 301, 301K

CAPACITORS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.
C101 150pF, 1000V, CerD. v & v & o & o o o o o o o o o o CENLB DD-151 C-64-150P 2
C102 150pF, 1000V, CerD. + & v & v v o & o o o o o« o o o« & CENLB DD-151 C-64-~150P .o
C103 1.2uF, 20V, ETT . &+ « v & o o o o o o o o o o o o o« & COMPI TSD120125 C-179-1.2M 1
Cl04 22pF, 1000V, CerD « v v v & & o o o o o o o o o o o CENLB DD-220 C-64~22P 1
C105 220pF, 1000V, CerD. v v v & & o o & & o o o o o o o CENLB DD-221 C-64-220P 1
C106 .0033uF, 500V, CerD ... v v & v v & o o o o o o o o ERIE 801-Z5U0-332M C-22~.0033M 1
c107 02uF, 500V, CerD v v v v v & v 4 o o o o 0 o e e e ERIE 811-Z5U0-203M C-22-.02M 1
Cc201 T.2uF, 20V, ETT . & « v v v 4 o o o o o o o o o s+ o o KEMET K1R2J20K C-80-1.2M 2
€202 .001pF, 1000V, CerD + v v v v o & o o o o o o o o o ERIE 808-000-z5R0102K "C-64~.001M 2
€203 100uF, 25V, ETT &+« « v v ¢ & o o o o o o o o o o o o TEI W100-25C2U1 C-96~100M 2
C204 L.2u0F, 20V, ETT & + & & o 4 o o o o o o o o o o o o & KEMET K1R2J20K C-80~1.2M
C205 .O001puF, 1000V, CerD « + & & & o & o o o o o o o o o ERIE 808-000-Z5R0102K C-64~.001M ;
C206 L100uF, 25V, ETT v &« & & o o o o o o o o o o o o o o TEI W100-25C2U1 C-96~100M
DIODES
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.
D101 SIlicom & v v v v ke v e e e e e e e e e e e e e e TEXAS 1N645 RF-14 4
DlOZ}* SILTiCOM & v v v o & ¢ 4 4 e 4 e e e e e e e e e e e TEXAS 1N914 RF—ZS}* 1
D103 SI1icom v v v v 4 e e e e e e e e e e e e e e e e e TEXAS 1N914 RF-28
D201 Silicon e s e e e e s e st e s e s e e e e e e TEXAS 1N914 RF-28 1
D202 Zener, 6 2V e e e e tie e e e e e e e e e e e e e e DICK IN709 DZ-21 2
D203 Silicom v v v v v v bt e e e e e e e e e e e e e e TEXAS 1N645 RF-14
D204 SITicon v v v v v v vt e e e e e e e e e e e e e e TEXAS 1N645 RF-14
D205 Zener, 6.2V . ¢ v 4 4 4 4 4 4 4 a4 e e e s e e e e DICK 1N709 DZ-21
D206 S11icom v v v v 4 4 e e e e e e e e e e e e e e e e TEXAS 1N645 RF-14 .
*Matched pair, order Keithley part no. 26607A.
MISCELLANEOUS PARTS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.
J101 Coaxial Receptacle, — INPUT . . . « « & & « &« « o« o & AMPNL FXR2175 CS~-178 2
J102 Coaxial Receptacle, + INPUT . . . e e e e e AMPNL FXR2175 CS-178 ..
—— (F) Plug, mate of J101 and J102, 2 req d AMPNL FXR30775 Cs-179 1
—-—— (F) Hooded shield for CS-179, 2 req'd.. . . . . . . . AMPNL FXR2275 CS-180 1
—— (F) Connector, Card edge. . . . . e e e e e e BURN PSC44SS15-12 CcS-175-9 1
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REPLACEABLE PARTS

RESISTORS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. Part No. Qty.M
R101 oM@, 10%, 1/4W, Comp . . A-B CB-105-10% R-76-10M 2
R102 100k, 10%, 1/4W, Comp. . A-B CB-104-10% R-76-100K 1
R103 ioMQ, 10%, 1/4W, Comp . . . . A-B CB-105-10% R-76-10M .
R104 100kQ, 10%, 1/4W, Comp. . . . . A-B CB-104-10% R-76-100K ..
R105 80.6kQ, 1%, 1/8W, MtF . . IRC CEA-80.6K R-88-80.6K 3
R106 10k, 10%, 1/2W, WwWVar. e . BOURN 3067P-1-103 RP-39-10K 1
R107 15kQ, 1%, 1/8W, MtF . e e IRC CEA-15K R-88-15K 2
R108 10k, 10%, 1/4W, Comp . . . . A-B CB-103-107% R-76-10K 1
R109 15kQ, 1%, 1/8W, MtF . . . IRC CEA-15K R-88-15K
R110 80.6kQ, 1%, 1/8W, MtF . . .. IRC CEA-80.6K R-88-80.6K ..
R111 12.1k®, 1%, 1/8W, MtF . . IRC CEA-12.1K R-88-12.1K 2
R112 49.9k@, 1%, 1/8W, MtF . IRC CEA-49.9K R-88-49.9K 3
R113 12kQ, 10%, 1/4W, Comp . A-B CB-123-10% R-76-12K 3
R114 10k, 1/4W, CbVar . . . MAL MTC1l4L1 RP-59-10K 1
R115 49.9kQ, 1%, 1/8W, MtF . . IRC CEA-49.9K R-88-49.9K
R116 80.6kQ, 1%, 1/8W, MtF . IRC CEA-80.6K R-88-80.6K ..
R117 60.4kQ, 1%, 1/8W, MtF . . IRC CEA-60.4K R-88-60.4K 2
R118 60.4kQ, 1%, 1/8W, MtF . . IRC CEA-60.4K R-88-60.4K .o
R119 1.2k9, 10%, 1/4W, Comp. . . . .. A-B CB-122-10% R-76-1.2K 2
R120 1.2kQ, 10%, 1/4W, Comp. . . . . . A-B CB-122-107% R-76-1.2K
R121 49.9kQ, 1%, 1/8W, MtF . . . . . .. IRC CEA-49.9K R-88-49.9K
R121 12.1kQ, 1%, 1/8W, MtF . . . . IRC CEA-12.1K R-88-12.1K .
R123 18.2kQ, 1%, 1/8W, MtF . IRC CEA-18.2K R-88-18.2K 1
R124 2.21kQ, 1%, 1/8W, MtF . IRC CEA-2.21K R-88-2.21K 1
R125 10kQ, 1%, 1/8W, MtF . . .. IRC CEA-10K R-88-10K 2
R126 10kQ, 1%, 1/8W, MtF . . IRC CEA-10K R-88-10K ..
R127 2.8kQ, 1%, 1/8W, MtF. . .. IRC CEA-2.8K R-88-2.8K 1
R128 4709, 10%, 1/4W, Comp . . .. A-B CB-471-10% R-76-470 1
R129 56.2kQ, 1%, 1/8W, MtF . . . . IRC CEA-56.2K R-88-56.2K 1
R130 22kQ, 10%, 1/4W, Comp . . . s . A-B CB-223-10% R-76-22K 1
R131 12kQ*, 10%, 1/4W, Comp. .« .. A-B CB-123-10% R-76-12K .o
R132 2709, 10%, 1/2W, Comp . ... . . A-B EB-270 R-1-270 2
R133 270Q, 10%, 1/2W; Comp . . . . . .. A-B EB-270 R-1-270
R134 12kQ, 10%, 1/4W, Comp . .- . A-B CB-123-10% R-76-12K
R201 5.6kQ, 10%, 1/4W, Comp. . . . A-B CB-562-10% R-76-5.6K 2
R202 2kQ, 1/4W, CbVar. o . MAL MTC23L1 RP-59-2K 2
R203 4.7xQ, 10%, 1/4W, Comp. A-B CB-472-10% R-76-4.7K 2
R204 1kQ, 10%, 1/4W, Comp. . A-B CB-102-10% R-76-1K 2
R205 Not Used. . . . . . . . . . . . e eeees Ceteseeesaaees seeeseeneneas e
R206 15Q, 10%, 1/4W, Comp. . . . A-B CB-150-10% R-76-15 2
R207 3309, 10%, 1/4W, Comp . . . . A-B CB-331-10% R-76-330 3
R208 2.2kQ, 10%, 1/4W, Comp. .. A-B CB-222-10% R-76~2.2K 4
R209 2.2kQ, 10%, 1/4W, Comp. . A-B CB-222-107% R-76-2.2K
R210 5.6k, 10%, 1/4W, Comp. A-B CB-562-10% R~76-5.6K
R211 2kQ, 1/4W, CbVar. . MAL MTC23L1 RP-59-2K
R212 4.7k, 10%, 1/4W, Comp. . . . . . A-B CB-472-10% R-76~4.7K
R213 1k@, 10%Z, 1/4W, Comp. . . . . . . . A-B CB-102-10% R~-76-1K .
R214 15Q, 10%, 1/4W, Comp. . . .. A-B CB-150-10% R-76-15
R215 330Q, 10%, 1/4W, Comp . . . A-B CB-331-10% R~-76-330
R216 2.2k, 10%, 1/4W, Comp. . . . A-B CB-222-10% R~76-2.2K .
R217 2.2k, 10%, 1/4W, Comp. . . . . . A-B CB-222-10% R-76-2.2K .
TRANSISTORS
Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig Part No. Qty.
Q101 FET . KI =~ ceeeienn .. 22376A%* 1
gloz  Fey’ Matched Pair . KT e, 22376A%% ..
Q103 PNP, Case R-110 . . . . . . . FAIR 517638 TG-33 7
Q104 NPN, Case T0-106. . FAIR 2N3565 TG-39 9
Q105 NPN, Case TO-106. . . . FAIR 2N3565 TG-39 .
Q106 NPN, Case T0-106. . . . . . FAIR 2N3565 TG-39
0175 15
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TRANSISTORS (Cont'd.)

Circuit Mfr. Mfr. Keithley
Desig. Description Code Desig. ) Part No. Qty.
Q107 NPN, Case TO-106. « ¢ ¢ ¢ ¢ o 4 o o o o o o o o o o FAIR 2N3565 TG-39
Q108 NPN, Case TO-106. . « +. « &« & & ¢ o o ¢ o o o o o« o & FAIR 2N3565 TG-39
Q109 PNP, Case R-=110 . . . . +. & &« 4 4 4 v o o o o o o o FAIR S17638 TG-33
Q110 PNP, Case R=110 . . ¢ & + v v 4 ¢ o o o« o o o o o o & FAIR 517638 TG-33
Q111 PNP, Case R-110 . + ¢« ¢ & v v v v o o o o o o o o o & FAIR 517638 TG-33
Ql12 PNP, Case R=110 . . « v « & v v v v ¢ o o o o o o o & FAIR 517638 TG-33
Q113 NPN, Case TO=106. « « & « &« o v o o o o o o o o o o« FAIR 2N3565 TG-39
Qll4 NPN, Case TO-106. . « « « &+ & v v & ¢ v o o o o o o & MOT 2N3565 TG-39 .o
Q115 PNP, Case TO-92 . . + & v v ¢« v 4 o o o o o o o o o & MOT 2N3905 TG-53 1
Q201 PNP, Case R-110 . . + v & & &« v 4 o o o o o o o o o ® FAIR 517638 TG-33 ..
Q202 PNP, Case TO-5. « + o & v o o 4 o o o o o o o o o o @ RCA 40319 .TG-50 1
Q203 PNP, Case R-110 . . « & v 4 ¢ v ¢ o v o o o o o o o @ FAIR 517638 TG-33 ..
Q204 NPN, Case TO-106. .+ + & & & &« &+ & o o o o o o o o o & FAIR 2N3565 TG-39 .
Q205 NPN, Case TO=5. . v v v v ¢ ¢ 4 o o o o o o o o o o RCA 40317 TG-43 1
Q206 NPN, Case TO-106. . ¢ v & ¢ v v & ¢ o o o o o o o o FAIR 2N3565 TG-39

TABLE 10.

Code List of Suggested Manufacturers.
(Based on Federal Supply Code for Manufacturers, Cataloging Handbook H4-1.)

ABREV. NAME AND ADDRESS ABREV. NAME AND ADDRESS
A-B Allen-Bradley Corp. FAIR Fairchild Instrument Corp.
Milwaukee, WI. 53204 Mountain View, CA. 94040
AMPNL Amphenol Corp. IRC IRC Division
Chicago, IL. 60153 . Burlington, IA. 52601
BOURN Bourns, Inc. KI Keithley Instruments, Inc.
Riverside, CA. 92507 Cleveland, OH. 44139
BURN Burndy Corp. KEMET Kemet Dept., Linde Division
Norwalk, CN. 06852 Cleveland, OH. 44107
CENLB Centralab Division MAL Mallory Capacitor
Milwaukee, WI. 53201 Indianapolis, IN. 46206
COMPI Components, Inc. MOT Motorola Semiconductor Products Inc.
Biddeford, ME. 04005 Phoenix, AZ. 85008
DICK Dickson Electronics Corp. RCA RCA Corporation
Scottsdale, AZ.. 85052 Somerville, NJ. 08876
ERIE Erie Technological Produéts, Inc. TEXAS Texas Instruments, Inc.
Erie, PA. 16512 Dallas, TX. 75231
TEI Transistor Electronics, Inc.
Bennington, VT. 05201
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KEITHLEY INSTRUMENTS. INC.

28775 AURORA ROAD * CLEVELAND, OHIO 44139 + (216) 248-0400
TELEX: 98-5469 * CABLE: KEITHLEY
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