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MODEL 103A AMPLIFIER

SPECIFICATIONS

SPECIFICATIONS

INPUT: Differential or single-ended (front-panel
switch-selected).

GAIN: 100 to 10,000 in three calibrated decade
steps, continuously adjustable between steps to
a minimum gain below 10.

GAIN ACCURACY: +1% at 100 liz,

GAIN STABILITY: Better than 0,05%/°C.

INPUT IMPEDANCLE: Differential: 1000 megohms shunted
by 20 pT either input to ground, Single-ended:
50 megohms shunted by 30 pF.

FREQUENCY RESPONSE (Wideband): -3 dB at 0.1 Hz and
300 kHz; +1% 1 Hz to 30 klz.

FREQUENCY CUTOFFS: Hi Cuts: -3 dB at 10 Hz to 300
kHz in 1X and 3X steps. Lo Cuts: -3 dB at 0.1
Hez, 1 Hz and 10 Hz to 10 kHz in 1X and 3X steps,

INPUT NOISE FIGURE*: Better than 3 dB from a 1
kilohm source between 2 kHz and 10 kHz, also
from 100 kilohms to 100 megohms below 1 kliz.
Typically better than 0.02 dB at 1 kHz from 300
kilohms,

NOISE* (Input Shorted): Less than 4.2 nanovolts
rms per root Hz at 2 kHz. Less than 15 nanovolts
rms per root Hz at 10 Hz,

(* 8ingle-ended input noise is specified; multiply

voltage noise by 2 for differential input.)

CMRR: Greater than 70 dB, 10 He to 10 kHz.

CMV: 1 wvolt peak-to-peak maximum to 10 kHz, de-
creasing vto 30 mV p-p at 300 kilz,

MAXIMUM INPUT OVERLOAD: 20 volts peak-to-peak
normal-mode or common-mode,

OVERLOAD INDICATION: An indicator lamp shows in-
put or cutput overload to 100 kilz and common-
mode overload to 10 kiz.

TOTAL HARMONIC BDISTORTION: ILess than 0,175,

QUTPUT: 10 volts peak-to-peak to 100 kiz, 3 ¥
p-p to 300 kH=z,

OUTPUT RESISTANCE:; 1 kilohm,

WARM-UP: 15 minutes.

CONNFCTORS: 1Input and Output {({front), BNC;, Power
{rear), Amphenol 126-1429,

POWER: 418 wvolts de +5% regulated to +10.1%, 50
milliamperes from both + and -,

DIMENSIONS, WEIGHT: Style M 3-1/2" half-rack,
overall bench size 4" high x 8-1/2" wide x 12~
1/4" deep (100 x 217 % 313 mm). Net weight, 6
lbs, (2,6 kg).

ACCESSORIES FURNISHED: One Model 1083 Power (able,
3 feet, connects Model 103A to Model 103LA Powcer
Supply or to Model 840 AUTOLOCTM Amplifier aux-
iliary power output.

KIEITITLEY
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GENERAL DESCRIPTION

SECTION 1.

GENERAL DESCRIPTION

MODEL 103A AMPLIFIER

1-1, GENERAL. The Model 103A Nanoveolt Amplifier is b. Adjustable Frequency Response, A combination of

an ac amplifier intended for use in high-gain low-

nolse applications,

1-2. TFEATURES,

a. Selectable Input Mode, The input mode can be
set for either single-ended or differential configura-

tion to match the source.

¢, Overload Indication.

high cut and low cut filter sections permit selection
of optimum frequency bandwidth,

An automatic overload in-

dication circuit detects overloads under various oper-

ating conditions.

d. High Output Level,

The full scale output is ten
volts pk-to-pk (d-c coupled) to easily drive a recorder,
amplifier, or oscilloscope without further amplification.

TABLE 1-1.
Front Panel Controls and Terminals

Control or Terminal

Functional Description Paragraph

INPUT Switch (S201B)
A-B Input
-B Input

QVERLOAD RESET Switch (S201A)

3 dB FREQ Hz Switch
HIGH Filter (S301A)

LOW Filter (S301B)

Sets input mode as follows:

Differential Mode, 2-4, a
Single Ended Mode. 2-4, a
Activates overload reset circuitry. 2-4, a
Sets overall amplifier frequency response. 2-4, a

Sets High Cut
Sets Low Cut

GAIN Switch (8302 Sets overall gain, in 20 dB steps. 2-4, a
GATN_ADJUST Control (R3I06) Adjiusts gain over 20 dB span. 2-4, a
INPUT A (J202) Non-inverting Input receptacle, 2-2, a
INPUT B (J201) inverting Input receptacle, 2-2, a
HIGH OUT (J301) High output receptacle. 2-2, b
Low ouT (J302) Low output receptacle, 2-2, b
OVERLOAD Lamp {(DSIO1) Indicates overload condition. 2-5, 4d
TABLE 1-2. !

Rear Panel Controls and Terminals

Control or Terminal Functional Description Paragraph
POWER INPUT (P301) Input receptacle for +18V power. 2-2, ¢
DC QUTPUT ADJ, Adjusts dc output offsets. 2-5, i

Control #1 (R312)
Control #2 (R311)
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OPERATION

SECTION 2.

2-1, THEORY OF OPERATION.

a. General. The Model 103A Nanovolt Amplifier is
a high gain voltage amplifier designed for use with
single ended or differential inputs. The amplifier is
essentially composed of two high impedance input am-
plifiers, a summing amplifier, a combination high-~low
cut filter section, two stages of X10 gain, and an
output buffer amplifier as shown in Figure 4,

b. Single-Ended Mode (-B INPUT). In this mode the
input amplifiers are connected together to form a
single-ended inverting amplifier as shown in Figure 5.
The signal at INPUT B will be amplified and inverted,
The signal at INPUT A is not connected., Amplifiers
A" and "B" are summed to provide very low noise char-
acteristies.

¢, Differential Mode (A-B INPUT). In this mode the
input amplifiers are connected as separate amplifiers
which are summed differentially as shown in Figure 6.
The output is & function of A-B times the gain of the
amplifier,

MODEL 103A AMPLIFIER

OPERATION

2-2, CONNECTIONS.

a. Input, The Model 103A has two input receptacles
designated "INPUT A" and "INPUT B'. These receptacles
(J201 and J202) are BNC types which mate with coaxial
cables such as Keithley Models 8201 and 8202 coaxial
cables, The inner contact of each receptacle is the
circuit high. The outer shell is the circuit low
which is floating with respect to the Model 103A chas-
sis. Only INPUT B should be used for single-ended
input operation. For differential operation both in-
puts should be used., A complete discussion of input
modes is given in Section 2-3.

b, Output. The Model 103A has two output recepta-
cles designated "LOW OQUT" and '"HIGH GUT'. These re-
ceptacles (J301 and J302) are BNC types which mate
with coaxial cables such as Keithley Models 8201 and
8202 coaxial cables. The inner contact of "LOW ouT"
receptacle is at circuit low (the same as the outer
shell of INPUT A and INPUT B). The inner contact of
"HIGH QUT" is the ampltified output. The outer shell
of each "OUT" connector is at chassis ground. There

HIGH - LOW CUT FILTER
"Ct - pr 7

HIGH OUT

FIGURE 4. Overall Block Diagram,
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TO FILTER

INPUT A -

o
INPUTE X10
-
w 70 FILTER
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INPUT A XI0

FIGURE 5. Single-Ended Mode,

FIGURE 6, Differential Mode,
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FIGURYK, 7a. Power Receptacle,

is no connection between circuit low and chassis
ground within the Model 103A itself. Connectien can
be made via the power supply used with the Model 103A.
A complete discussion of low to ground cornections is
given in Section 2-2 c.

c. Power Input. The Model 103A has a special four
terminal receptacle on the rear panel for input power
connections. This receptacle (P301} is an Amphenol
126-214 connector which mates with Keithley Model LOB3
Power Cable. The four terminals are designated A, B,
C, and D as shown in Figure 7a. The Model 1083 Power
Cable can be used to connect with the Model B840 Aux~
iliary Power receptacle or any one of three power re-
ceptacles on the Model 1031A. To avoid unnecessary
ground loops the Model 103A has been designed so that
circuit low to chassis ground connection is made at
only one point in the power supply (either Model B840
or Model 1031A). If a different power supply is used
(a regulated supply or batteries) the connection be-
tween circuit low to chassis ground should be made at
the supply using a 10 ohm resistor.

2-3. MEASUREMENT CONSIDERATIONS.

a., Noise Sources. The electrical source applied
to the input of any amplifier can be composed of volt-
ages or currents which obscure the signal of interest.
These extraneous noise signals represent the electri=
cal uncertainty and can be classified in three general
categories: Random, "1/f'", and discrete frequency.

1. Random Noise. This type of noise has a char-
acteristic of constant energy per unit bandwidth,
Random ncoise should be distinguished as to noise
generated in the source and neise in the signal re-
covery system. An essentlal characteristic of re-
sistive sources is thermal or "Johnson'' noise, due
to the thermal motion of electrons in the material
of the resistor. Its instantaneous amplitude is
unpredictable, but the statistical probability that
it will have an amplitude in an interval dV volts
is piven by p(V)dV, where p{V) is the Caussian prob-
ability density function:

pv)y = __ 1 -vi2e”Y ng. L
(2rG 2y ( © )
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FEGURE 7b. Power Inpul Conneclion,

where the parameter ¢ is the rms value or the
fluctuations and the quantity universally accepted
to describe the noise output from a resistor,

o= By = (GKTRB) 3 bq. 2
where k = Boltzmann's constant = 1,38 x 10723 J/OK;
T = resistor temperature, O, R, = resistance,
ohms; and B = noise bandwidth, hertz. Johnson noise
is '"white neise'™; that is, its rms value per unit
bandwidth (rms density)} is vonstant f{rom de to ire-
quencies extending into the infrared region. lor

analytical purposes, the noisy resistor i¢ represented
by a noiseless resistor and a noise voltape generator.
The source-resistance Johnson noise is the minimum
poessible noise that can accompapy the signal. Uther
types of neise from other sources may obscure the
signal as well, but the Johnson noise will always be
present. Besides the Johnson noise that arises in

the source resistance, there is add:itional Johns=on
noise produced by resistors in the amplirier.

JOHNSCON NOISE (VOLTS RMS)

102 10 10?2 10t 1wt wd o wt 1w’ ot

SOURCE HESISTANCE [O#inS)

FIGURE 8. Juhnson Noise/Jfz Versus Source Resistance.
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OPERATION

2. Flicker noise (1/f). This noise has a char-
acteristic of constant energy per percent bandwidth.
Random nolse such as generated by tubes and trans-
istors shows & low frequency characteristic or 1/f
relationship.

3. Discrete Freguency Noise. This is noise gen-
erated by various discrete frequency sources such
as power lines, radio frequency generators, etc.

L. Shielding.

1. Electric Fields, Shielding is usually necesg-
sary when the instrument is in the presence of very
large ac fields or when very sensitive measurements
are being made. The shields of the measurement cir-
cuit and leads should be connected teogether to ground
at only one point. This provides a "tree" configura-
tion, which minimizes ground loops.

2. Magnetic Fields. Magnetic shielding is useful
where very large magnetlc fields are present. Shield-
ing, which is available in the form of plates, foil
or cables, can be used to shield the measuring cir-
cuit, the lead wires, or the instrument itself.

c. Grounding. The Model 103A has been designed to
operate with either the Model 1031A Power Supply or
the Model 840 Amplifier. The circuit low is iselated
from chassis ground by a 10 ohm resistor in the power
supply. For best results, no other comnection should
be made between circult low and chassis ground. Since
the Model 103A chassls is conmnected to earth ground
through the accessory power cable, it is not necessary
to connect the Model 103A chassls to ground. When the
Model 103A is connected to the Model 840 differential
input (as shown in Figure 153), the CMRR of the Medel
840 minimizes the effects of ground loops.

MODEL 103A AMPLIFIER

2-4, CONTROLS.

a, Front Panel,

1. INPUT Switches (S201B). These switches are
pushbutton types with two normal configurations. The
switch positions are designated as "A-B" and "-B",
These two pushbuttons are interlocked so that depress-
ing one will release the other automatically. However
it is possible to depress both or have both buttons
released but these conditions are not useable modes
of operation.

2. OVERLOAD RESKET Switch (S201A). This switch is
a momentary contact pushbutton type. The overload
reset circuit is activated only when the pushbutten
is depressed. When the OVERLOAD Indicator light goes
off the reset has been accomplished.

3, 3dB FREQ Hz (5301). This switch is a dual-
concentric type., The inner dial sets the ‘HIGH Cut"
filter in ten positions from 10 Hz to 300 kHz. The
outer dial sets the "LOW Cut'" filter in nine posi-
tions from 0.1 to 10 kH=z,

4. GAIN, Gain is set by use of a dual-concentric
CAIN switch 8302 and GAIN ADJUST contyrol R306. The
GATN ADJUST control has a "CAL" position when set
to fully clockwise.

b. Rear Panel,

1, DC OQUTPUT ADJ "1" (R312). | These controls adjust
the de output offset.

2. DC QUTPUT ADJ "2'" (R31l).
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2-5, COPERATING CONSIDERATICONS.

a, Input Mode. The Model 103A provides several inp-
put modes to accommodate either single ended or dif-
ferential input connections. The INPUT Switch (52018B)
has two pushbuttons designated "A-B" and "-E" respec-
tively.

1. Single-ended Operation. This mode of opera-
tion is selected by depressing the '"'-B" pushbutton.
The amplifier is thereby connected as an inverting
amplifier such that a positive going signal at
INPUT B will result in an amplified negative going
output, When the "-B'" pushbutton is depressed
(completely) the "A-B" pushbutton is released auto-
matically thereby disabling INPUT A (such that a
signal connected to INPUT A will not be amplified).

OPERATION

2. Ditferential Operation. This mode of opera-
tion is selected by depressing the "A-B'" pushbutton.
The amplifier is thereby comnnected as a differentiail
amplifier such that the output will be the algebraic

difference between the signals siwmultaneously applied

to INPUT A and INPUT B. When the “"A-B'" pushbutton
is depressed (completely) the "-B" pushbutton is
released automatically. The signal applied to TN-
PUT A will always be amplified noninverting such
that the output polarity will be the same as the
input pelarity at INPUT A.

NOTE
The INPUT mode switch (§2018) is designed such

that a total oi four switch configurations are
possible, These are summarized ay in Table 2-1,

TABLE 2-1.
INPUT Mode Switch Configuration

Pushbutton Positions

Outpur With Positive Signal Applied Simultaneousty

AwB -B Gain to INPUT A and INPUT B
Released Depressed Normal INPUT B is amplified and inverted.
Depressed Released Normal TNPUT A minus INPUF B is amplified.
Depressed Depressed Uncalibrated Do not use this mode.

Released Released Uncalibrated Do not use this mode,

b, LOW-HIGH Cut Filters. The LOW and HIGH Cut
Filters are adjustabie by means of a dual-concentric
switch degignated S30l. The filter positions repre=-
sent the '""3d3 down" frequencies for the overall am-
plifier. The LOW switch (5301B) has nine positions
calibrated in steps from 0.1 liz te 10 kHz. The HIGH
switeh (S301A) has ten positions calibrated in steps
from 10 Hz to 300 kHz. Since the twe switches are
designed to function in overlapping frequency steps,
it is possible to set the switches for a LOW cut at

10 kHz and a HIGH cut at 10 Hz, although the amplifier
response (for this condition) would be extremely com-
pressed. Therefore, for hest resulrs, the switches
should always be set such that the LOW cut switch
position does not overlap the HIGH cut switch position.
The gain accuracy ot the amplifier is affected by the
position of the LOW and HIGH cut filters. The error
introduced by speciiic filter positions is given in
Table 2-2,

TABLE 2-2.
Gain Attenuation Due to Filter Settings,

Operating LOW Cut HIGH Cut Amplitude Error
Frequency Setting Setting at Operating Frequency

Hz iz 1z ]

1 k 100 100 & 1/2 %

1k 10 10 k 1/2 %

1k 100 10 k 1 P

1k 300 10 k 9 %

1k 100 3 k 5 “

1l k 300 3k 10 e

1 k 300 L k 32 s

1 k Tk bk 50 s
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MODEL 103A AMPLIFIER

TABLE 2-3.
Gain Settings of Model 103A
GAIN Switch GAIN ADJUST Overall Gain Calibrated
Setting Setting (G) Possible (Yes or No)
100 CAL G = 100 (40 dB) YES
100 Fully CCW G =< IO NO
1k CAL G = 1000 (60 dB) YES
1k Fully CCW G < 100 NO
10 k CAL G = 10000 (80 dB) YES
10 x Fully GCW G < 1000 NO
€. Gain, The gain of the Model 1034 is set by a 2, Prefilter Overloads. Overloads can occur ahead

dual-concentric GAIN control composed of GAIN switch
5302 and GAIN ADJUST control R3G6. The GAIN ADJUST
control is a variable gain-attenuation potentiometer,
This control can be adjusted from 0 to over 20 dB
attenuation. The outer GAIN switch (53302) provides
amplifier gains in three steps; 100 (40 dB), 1k (60 dB),
and 10k (80 dB). The gain of the Model 103A is cali-
brated only when the GAIN ADJUST is set to "CAL" or

0 dB position. The gain can be set through the use of
both controls as shown in Table 2-3.

d. Overloads. Although the Model 103A amplifier is
dac coupled to the input, the amplifier has been designed
to have a very low frequency response. Therefore the
internal circuits have very long time constants. The
long time constants affect the operation of the Madel
1034 under input overloads and power turn-on conditioms.
Three types of overloads must be considered in this
discussion.

1, Transient Overloads. Transient averloads can
oceur from power turn-on, dec input transients, and
severe line voltage transients. When power is applied
to the Model 103A power input terminals the long time
constants of the +18 volt filtering circuits can cause
a transient overload condition as indicated by the
OVERLOAD lamp (DS101). The lamp may remain lighted
up to two or three minutes until the transient con-
ditjon is diminished. After approximately one minute
the OVERLOAD RESET pushbutton should be depressed to
reduce the effects of the transient overload. 1f a
large dc offset is applied to the input terminals a
transient overload condition can occur indicated by
the OVERLOAD lamp. The OVERLOAD RESET pushbutton
can be depressed to reduce the effects of the
transient overload, Very severe power line trans-
ients can cause & transient overload very similar
to power turn-on overloads.

NOTE

When the Model 103A is set for maximum gain (LOk)
overloads up to 100X full scale (100 mV P-P) can

be applied and the Model 103A will recover as

soon as the overload is removed. This feature

is a result of d-c coupled amplifiers (post filter)
which have fast recovery times,

of the HIGH-LOW cut filter which may not cause an
overload at Lhe output. Since a prefilter overload
may occur due to large amplitude noise signals, the
overload Is sensed and the OVERLOAD indicator is
lighted whenever an overload condition is present.
However, prefilter overloads above 100 kHz may not
be detected.

3. Steady-State Overloads, Overloads can occur in
the output stages due to saturation, Since the out-
put will saturate when driven beyond 10 volts peak-
to-peak, the OVERLOAD indicator will be lighted as
long as this condition exists. To remove the over-
load condition, the GAIN setting can be reduced, the
input signal can be attenuated, or filtered through
the use of the HIGH-LOW cut filters. The OVERLOAD
RESET button can be used to restablish normal bias
conditions in the amplifier.

NOTE
When the RESET button is depressed, the input
impedance is reduced as follows:
Input to ground is 50 ki (for single-ended)
Input teo ground is 100 ki, (for differential)

e, Power Supply.{Model 1031A)., The Model 1CG3A
must be powered by an external power supply since
no internal power is provided. The power required
by the Model 103A is +18 volts at up to 50 milli-
amperes current. Since the Model 103A is primarily
designed for use with the Model 840 AUTOLOC Amplifier,
the power for the Model 103A can be supplied by the
Model 840 auxiliary power output. In this situation,
the Model 103A would be energized only when the Model
840 power switch was on, When the Model 103A is used
separately, the Model 10314 Power Supply should be
used.
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f, Signal-to-Neise Ratio, The Signal-to-Noise Ratio A popular figure of merit based upon the SNR is called

(SNR) is a quantitive expression for the relative the amplifier '"Noise TFigure''. The Hoise Figure (KI)
amount of noise which would tend to obscure the signal is usually expressed in decibels according to the
of interest. In order to evaluate the SKNR for the following definition. by, ba
amplifier it is necessary to identify all noise sources
associated with the amplifier as well as the source NP o= 10 lag g ('fO!ﬂl Baise )3
itself, TFor the purposc of evaluating the Model 103 Thermal Doise of Sourve
the equivalent circuit of Figure 10 will be used. The
Model 103A has been characterized as a noiseless am- Using the parameters derived from the cquivalent cir-
plifier with the following noise generating or fre- cuit ol Figure L0 the FF ter the Model 1033 can ne

| quency dependent factors, expressed as follows: {for a ! iy noise bands

: 1. Noise Generators AhTHe 4+ € ldw i .”-1 T

g in = Voltage Noise of Amplifier. NF = 10 logq ( (L e ek —

In = Current Neise of Amplifier. TR -
ERL = Voltage Noise (Thermal) oif Input ) -
* & ( ) P An analysis of NF as shown in equation uh indicates the

Resistor. . .
A - o . o following.
ERS = Voltage Noise (Thermal) of Source :

Resistor. - i
1. For an amplifier driven from a voltage source

ES the NIF is maxi whe _—
2. Impedance Factors is maximum when Rg 8]

%Rl = Resistance of the Amplifier Input.

*Rg = Resistance of the Source.

Gy = Capacitance Shunting the Input {Total).

Ry // Ry = Equivalent Resistance at
Input.

2, For a given source resistance, the smallest
NI indicates the least noisv amplifier Theretoro

tes the least noisv amplificr. Therecior
a '"noiscless amplifier has a NF of 0 d5 since By =
0, Iy = 0.

)

¥ or Re

However consideration should be given to the useabil-

The output of the Model 103A is the amplified signal , . )
ity of very low NF when measuring a relartivelv noisy

Eghy plus the rotal noise referred to the output Ep

wherpe : or high-level signal., An example would be a compari-
N 2.2 . son ¢f two different amplifiers under the <ame exper-
B _ 4kTRe In"Re Ea L imental conditicns where Rg - 106G ohms and 1 - }“Q o,
T = 5 2.7 + En ) fu® Ao Eg. 3 Assume amplifier 1 has a NF of 20 di while amplificr
lrus"Re“C l4wRe"C” 2 has a NF ol 3 d¥%., VFrom the comparison ampliiicr Z
would appear to be tihe better amplifier altnough at
fy = noise handwidth ) - : S . PR A
N nelse dandwidcin greater expense, The toral equivalent noisc (referred
_ ] . ) te the input) would be 130 n¥ and 18 nV for amplitiers
Therefore SNR = EgA, Eq. 4 1 and 2 respectivelyw. However it the input signal
T Jevel for the particular experiment was l-2V rms then
the noise contribution from either amplifier is smal!l
compared to the signal of interest. Thus the less ex-
pensive instrument (ampiificr 1) would be the cholce
where economy is important,
SOURCE
: SIGNAL VOLTAGE
| NOISE LOW _
?‘ ——| : —— (En) A PASS |
a . . w} o _ o
§ j { { 7 FiTer| M
i | NOISELESS
J F-—t-—-- F——t-—7 = AMPLIFIER
g lioere R i | |
|RESISTANCE, H ISOURCF i |
* {RESISTANCE =G ! Lu ﬁ‘éﬁ‘;‘"”
‘ ' INPUT | '
Eauw. (E Er |
I uas | CAPACH!
Lhess L TAanNCE L — — - J
CINPUT
RESISTOR
° L0
FIGURL 10. Equivalent Circuit For Noise Analvsis,
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g.  Impedance Matching, The maximum SNR can be ob-
tained by optimizing both frequency and source imped-
ance., Since the frequency is usually established by
the particular experiment or reference generator, im-
pedance matching will provide the most significant
improvement of SNR for the majovity of applications.
The optimum resistance R,pp is determined as {ollaws:

E -
Ropt TE {ohms) kq. 6a
N

A matching transformer such as Keithley Model 1037 can
be used to improve the SNR when using very low source

resistances. For an ideal transformer the resistance

reflected across the amplifier input can be expressed

as follows:

R = almg Eg. &b
where a = turns ratio of transformer

R = reflected resistance as a function of the
actual source resistance Rg.

MODELI037
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FIGURE 11, Usc of Model 1037 Transformer,

MODEL t03A AMPLIFIER

h. Noise Bandwidth. For a wide band amplifier the
noise bandwidth can be defined in terms of the estab-
lished signal bandwidth. The signal bandwidth for the
Model 103A is a function of the high and low cut 3 dB
frequencies as in equation 7.

Signal Bandwidth = Af = (f2 - fl) Eq, 7

The noise bandwidth (NBW) for rms random noise in a
spectrum from 0 lz to & is given by equation 8,

«©
NBW = 1 ./f Iaglt af  Eq. 8
A2 4
where A = Gain Setting
Ag = System Gain

System gain can be defined in terms of the 3 dB fre-
guencies of the Model 103A ag in equation 9.

A

System Gain (A = Eq.
¥ (Ag) (l—j El)(l+j - )
T 7
where f = operating frequency
f1 = Lower 3 dB frequency
f3 = Upper 3 dB frequency

Thus the equivalent noise bandwidth is given in equa-
tion 10,

2
W= 5 () - ) w0
2~

If f, »> fy,then NBW =

(a5)

eI E

SIGNAL BANDWIDTH AF

]

LOW CUT )

Pive-

£y HICH CUT

NOLSE BANDWIDTH NBW

FIGURE 12, Noise Bandwidch,
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L. Noise Figure Contours., The noise figure for an
amplifier can be expressed in terms of a set of data
for all possible operating conditions. One way to
graphically portray this data is the noise figure con-
tour. The contours are essentially the loci of data
points for a specified noise figure as a function of
source resistance and frequency of interest. For
example, the Noise Contour shown in Figure 13a shows
a locus of data points for which the noise figure is
.05 dB. One set of conditions which constitute a data
point on this contour would be:

OPERATION

Condition 1. Source Resistance = 100 3
Frequency = 10 Hz

A second set of conditions would be:

Condition 2. Source Resistance = 1('15
Frequency = 300 Mz

The neise contour is a convenient way to specify the
noise performance of an amplitier for every source
resistance and frequency combination over which it
was designed to operate,

10“?
10 1B
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3dB
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FIGURE 13a. Neisc Contour Single-Ended Mode,
(Typical for the Model 103A)

j.  DC Offset Adjustment. Since the output of the
Model 103A is d-c coupled it may be necessary to ad-
just the d-c level fer zerc. Adjustment of the d-c
level can be accomplished using the DC OUTPUT ADJ
controls on the rear panel. The usefulness of these
controls can be illustrated by two examples, (The

d-c level can be adjusted only for gains of 1k and 10k.

Condition 1. The Model 103A has been preset to
within +100 mV (at gain of 10k) as the case of a
factory adjusted unit. When using the Model 103A
with a dc coupled oscilloscope to look at low fre-
quency signals the amplifier can be adjusted to per-

0371

FIGURE 13b., Koise Contour Differential Mode,
(Typical for the Model 1U37A)Y

mit display of 10 mV/division signals. For fine
ad justment control #l should be used; otherwise use
control #2.

Condition 2. T{ the output level is neot within
the nominal +100 mV at gain of 10k the following
procedure should be used.

a). Set gain at 10k (CAL) and LOW cut switch

to 100 Hz,
b). Adjust for output zero using control #2,
c¢). Depress and hold the OVERLOAD RESET.
d). Adjust for output zero using control =1,
e}. Release OVERLOAD RESET and repeat b),c),d).

11




APPLICATIONS

SECTION 3.

3~-1. GENERAL. Although the Model l03A can be used as
a general purpose instrument, a few specific applica-
tions can more fully illustrate the important features,

3-2, TYPICAL APPLICATTIONS.

4. Oscilloscope Preamplifier. When used as a pre-
amplifier for a dual input oscilloscope the Model 103A
can be connected as shown in Figure 14, The oscillo-
scope chassis should be connected to earth ground di-
rectly. The Model 103A outputs can he connect differ-
entially or single-ended if necessary. When connect-
ing the Model 103A output to a single input oscillo~
scope, the HIGH OUT receptacle should be used, Since
the Model 103A low is isolated by 10 chms above chassis
ground when powered by the Model 1031A, no other con-
nection is required. If another power supply is used
such 4as batterles, it is necessary to connect a 10 ohm
resistor between low and chassis.

b, Lock-in-System Preamplifier, When used with a
rhase-sensitive detector such as the Keithley Model
840 the Model 103A can be connected as shown in Figure
15. 1In this application the Model 103A outputs mate
with the differential input of the Model 840 thereby
minimizing the effects of ground loop connections. For
this application the Model 840 should be set for "DIFF"
input mode, Since the Model 840 accessory power output
provides low and ground as well as +18 volts, it is
not necessary to comnect the Model 1034 chassis to
earth ground,

12
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APPLICATIONS
OSCILLOSCOPE
A H1
SOURCEl MODEL i g
103A LOYL
+ow|-ev Lo|enp —e
Lo
MODEL
1031A A
it7¥ EARTH
POWER GND
FIGURE 14, Use as an Oscilloscope Preamplifier,
,~MODEL 1083 CABLE
~1evi 3 gl +IBY
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S
OURCE 103 [La, 5l 840
]
. H 17V
GND poweR
FIGURE 15. Use in System 84 Lockin Amplifier,
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SECTION 4.

4-1, GENERAL. The following Keithley accessories can
pe used with the Model 103A to provide additional con-
venience and versatility.

ACCESSORIES

ACCESSORIES

4-2, OPERATING INSTRUCTIONS. A separate Instruction
Manual is supplied with each accessory giving complete
operating informatien.

Model 2000 Rack Mounting Kit

Description:

The Model 2000 is a rack mounting kit which converts
any half-rack, Style M instrument from bench mounting
to rack mounting in a standard 19-inch rack. The
dimensions are 3-1/2'" high x 19" wide. The hardware
included in this kit consists of a blank panel which
can be mounted on either side of a half-rack instru-
ment.

FIGURE 16,

Parts List:

1t .. leit .
Ni? Description RBE‘d L:;thkg%
21  Angle Bracket L 24783A

22 Screws, #6-32 x 3/8, Pnillips I -
27 Staked Panel 1 250048

Model 2000 Rack Mounting.

Models 8201, B202 Coaxial Cables

Description:

These c¢ables are coaxlal types with BNC ¢onnectors on
each end., The Model 8201 cable is 10 inches lang
while the Model 8202 is 20 inches,

Application:

These cables mate with the BNC receptacles on the
Models 103A and 840,

Model 1083 Power Cable

Description:

This cable is a four conductor cable (3 feect long)
with Amphenol {126-1427, 126-142%}male and female con-
nectors, The pineg are identified as A, B, ¢, and D.

Application:
The Model 1083 can be used for power connections be-

tween: Model 1031A and Model 103A
or Model 840 and Model 103A.
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Model 1007 Dual Rack Mounting Kit

Description:

The Model 1007 is dual rack meunting kit with over-
all dimensions 3-1/2" high and 19" wide. The hard-
ware included in this kit consists of two Angle
Brackets, one Mounting Clamp, and extra mounting
screws,

Application:

The Medel 1007 converts any half-rack, style M instru-
ment from bench mourting to rack mounting in a stand-
ard 19-inch rack,

Installation:

a. Before assembling the rack kit, determine the
position of each instrument, Since the instruments
can be mounted in either location, their position
should be determined by the user's measurement. The
following instructions refer to instruments "A"
and "B" positioned as shown in Figure 17.

b, Once the pogition of each instrument has been
determined, the 'side dress' panels (Item 11) on
adjacent sides ghould be removed. Removal is accom-
plished by loosening the socket head screws (Ttem 24)
in two places. Slide the ''side dress' panels to the
rear of the instrument to remove,

¢, The "mounting clamp' (Item 23) is installed on
instrument "A'" using the original hardware (Item 24),
With the socket head screws removed, insert the "mount-
ing clamp" behind the "corner bracket'" (Item 7) and
replace the screws to hold the mounting clamp in place.

Parts List:

Ttem Qty Keithley
No. Description Req'd Part No.
21 Angle Bracket 2 26783A
22 Screw, #6-32x5/8, Phillips 4 -

23 Mounting Clamp 1 247983
24 Screw, #6-32x1/2, FH Socket 4 -

(original hardware)
25 Screw, #6-~32x1x1/8, Phillips 1 -
26 Kep Nut, #6-32

d. Tighten the socket head screws (Item 24} on
instrument "B". Insert the "mounting clamp" behind
the '"corner bracket" on instrument "B' as showm.

e, When mounting instruments having the same depth,
a screw (Item 25) and kep nut (Ttem 26) are required
to secure the two instrumentsg together.

f. Attach an "angle bracket' {Item 21} on each
instrument using hardware (Item 22) in place of the
original hardware (Ttem 24},

g. The bottom cover feet and tilt bail assemblies
may be removed if necessary.

h., The original hardware, side dress panels, feet
and tilt bail assemblies ghould be rerained for future
conversion back to bench mounting.

FIGURE 17,

Model 1007 Dual Rack Mounting,
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ACCESSORIES

Model 1031A Power Supply

Description:

The tModel 10314 is a regulated power supply which can

deliver - 18 volts d-¢ at up to a total of 150 mA,

Application:

The Model 1031A has been designed to cperate one, two,

or three Medel 103A amplificrs. Three power output
receptacles are provided on the rear panel to mate
with accessory Model 1083 power cables.

Model 1037

Description:

The Model 1037 is an impedance matching transformer
with a gain of 100, A criaxial type receptacle is
provided for the primary winding connections (high,
low, shield pround), A coaxial type receptacle ior
the secondary winding mates with Keithley Model 82072
coaxial cable.

Application:
The Model 1037 has been expressly designed for use

with the Model 103A for applications that require
optimum performance from source impedances below 100

ohms. Tt can also be used with the Model 840 directly

to give 100 nV full scale {1 k. input impedance at
100 Hz).

Specifications:

Turns Ratio: I to 100

Input and QOutput: Floating Differential

Input Impedance: 1 kilohm at 100 Hz (21)

Maximum Input: 200 mV P-P, 10 mV d-c

Frequency Response: +3% from 5 llz to 1 kHz (from a
10 ohm source)

Noise Figure: Better than 3 dB between 5 Hz and ! kHz
{from a 10 ohm source}

Noise{input shorted): Less than 0.4 nV per root iz
between 5 Hz and 1 kiz

CMRK : Greater than 110 dB {below 1 kiz)

CMV: 100 v P-P maximum

Recommended Load: Greater than 10 megohms

Connectors: Input, Triaxial; Cutput, Two BNC Types

Dimensions, Weight: 3-1/8 high x 4-5/8 wide x 3-5/8
deep inches (80 x 119 x 94 mm), Wet weight, 20 oz

Accessories Furnished: l- Model 6011 Triaxial cable

2- Model 8202 BNC cables (20')

Trans{ormer

Degaussing Procedure:

The input of the Model 1037 is direct coupled with a
d-¢ resistance of about two ohms. The transtormer
core will be saturated by a d-c current of approxi-
mately 5 mA, A higher current will tend to magnitize
the core and thereiore increase the microphonic noise
in the transformer. To demagnitize the core (degauss)
apply a 100 mV P-P sine wave at 20-30 Hz. Slowlwy
decrease the amplitude of the sine wave to rzero.

NOTIE:
Do not apply more than 1 volt d-¢ to the Model
037 since the transtormer windings may be damaved.
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MODEL 103A AMPLIFIER

SECTION 5. CIRCUIT DESCRIPTION

5-1. GENERAL, The Model 103A is composed of a wain
amplifier, overload sensing circuit, high and low
frequency adjust circuits, and supply-voltage filtar
circuits, The main amplifier and frequency adjust
circuits are located on the "Mother Board', PC-294,
The overload and filter circuits are located on the
"Overload Roard', PC-293,

5«2, MAIN AMPLIFIER (PC-294). The main amplifier is
composed of two identical input amplifiers (identified
as "A" and "B}, a differential amplifier stage ("C"},
a buffer srage ('D"), two stages of X10 gain ("E” and

a4, Stape "A". This amplifier stage is composed of
transistors Q203, Q204, Q20D6, Q208, Q210, Q213 and
0214, Gain is set by resistors RZ217 and R218 where;
Gain, _ RZ217 + R218 10
R217 '

Potentiometer R244 adijusts bias current through resig-
toers R213 and RZ14,

b. Stage "B", This amplifier stage is composed of
transistors (201, 202, Q205, Q207, Q209, Q211, and
Q212. Gain Is set by resistors R212 and RZ13 where:

Gain R212 4 R213

b= R217 = 10

“F"} and an ocutput buffer stage ("G") as shown in Potentiometer R237 adjusts the bias current through
Figure 18, R211 and R212Z.
COMMON
MODE CUTPUT
OVERLCAD OVERLOAD
PREFILTER
"pe OVERLOAD
| v
; INPUTE HIGH - LOW CUT FILTER
‘F o m T T g T T T
| : : HIGH OUT
| 3 1 .
[
INPUT A GAIN
T ADJ
COMMON
MODE
OMERLOAD
FIGURE 18, Overall Block Diagram,
f ap e
o—_ o
p——O —O
b AN —- AN
R217 R2I8 R212 R213

FIGURE 19, Non-inverting Stage ''A'.
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FIGURE 20, Non-inverting Stage "B'.
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c. Stage 'C". This amplifier is composed of inte-
grated circuit QA201A and various gain set resistors
which are connected for either single-ended or differ-
ential mode,

1. Single-Ended Mode. For this mode amplifiers

YA'" and "B" are connected as summing inputs to

amplifier "C" as shown in Figure 21. The gain of

amplifier '"C" is determined by resistors R247, R248,
and R249 as follows:

CIRCUIT DESCREIPTION

2. Differential Mode. For this mode, amplifiers
"A™ and YBY are connected to the non-inverting and
inverting inputs respectively of amplifier "C" as
shown 1in Figure 22, The gain of the non-inverting
input is set by resistors R250, R252, K253, R247,
R248 and R249 as follows:

Gaing (non-inverting)

_ ( K250 + R253 ) (R2&7//R249 + R248

© W R250 + R252 + R253 R247//R249
The gain of the inverting input is set by resistors

= 0.

Gaing {(with respect to "A") _ R248 _ 5 R247, RZ4B and R249,
R249
Gaing (inverting) - R248 - 10
Gaing (with respect to "B") = R248 _ g K247/ RZ249
R247
Potentiometer R253 i{s the low frequency c¢ommon mode
Total Gaing = 10. rejection adjustment
R248
RZ248 AN
A R247
o
R245
AANs
QAZO1A —0
aazal —-O
R243 '
e
Vead

FIGURE 21, Single-ended Mode.

d, Stage 'D'", This amplifier stage is a unity-gain
buffer amplifier composed of QA301l. This amplifier is
a self-contained voltage follower integrated circuit
package.

e, Stage "E". This amplifier stage is composed of
integrated circuit QA302A connected as a non-inverting
amplifier as shown in Figure 23. Gain is set by re-
sistors R308 and R313, where:

FIGURE 22, Differential Mode,

f. Stage "F'". This amplifier stage is composed of
integrated circuit QA302B connected as a non-inverting
amplifier as shown in Figure 24, Gain is set by re-
sistors R316 and R317, where:

ainge = 16 + 1
Gainp = I3 k317 - 10.
R316
g. Stage "G"., This amplifier is a unity-gain
buffer amplifier composed of QA303. This amplifier

Gaing = R308 + R313 . 15 is a self-contained voltage follower integrated cir-
R308 cult package.
“E X
—
e
QA0 aAa3028 p——0
R308 R313 R3l6 R3l7

[

”L—'vv\r——»——'v\m——

FIGURE 23. Non~inverting Stage "E".

0272

FIGURE 24, Non-inverting Stage "F",
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CIRCUIT DESCRIPTION

5-3, PREQUENCY RESPONSE ADJUST CIRCUITRY. (PC-294).
The Model 103A permits adjustment of overall frequency
response through the adjustment of separate '"HIGH CcUT"
apnd "LOW CUT" filter circuits.

4. HIGH CUT Filter. The high~cut filter circuit is
ad justable by means of switeh S530lA, This switch has
10 positions designated 10 Hz to 300 kilHz. Each posi-
tion represents the "3 dB Down" point on the overall
frequency response characteristic, The filter is
essentially a low-pass lilter as shown in Figure 25.
The response of the filter is approximately given by
the equation:

fH (3 dB) = g - lg- where C = value in uF,.

23RC

b, 10W CUT Tilter, The low-cut filter circuit is
ad justable by means of switch 8301B, This switch has
nine positions designated 0.1 Hz to 10 kllz. Each po-
sition represents the "3 dB Down" point on the overall
frequency response characteristic. The filter is
essentially a high—pass filter as shown in Figure 25,
The response of the filter is approximately given by
the equation:

fL (3 dB) = E%EE = %g where C = value in uF.

MIGH CUT FILTER
S

LOW CUT FILTER

€313
T0
R302 c3ll
© -
”
< Teso R306+R307
TO
c3I1

MODEL 103A AMPLIFIER

5-4., GAIN ADJUST CIRCUITRY. (PC-294). The Model 1034
provides gain in calibrated steps of 100, (40 dB) 1k,
(60 dB) and 10k (80 dB) by means of switch $302. Since
amplifier stages "B" and "C" provide a fixed gain of
X100 (single-ended mode) amplifier stages "E'" and "F"
must be switched in to the overall amplifier to pro-
vide gains of lk and lOk. The gain can be adjusted by

use ol an attenuater contrel designated GAIN ADRJ. (R306),

This control provides over 20 dB of attenuation.
(minimum gain is therefore just under 10)

5-5, DC BIAS ADJUSTMENT CIRCUIT, {PC-29%4). This cir-
cuit is used to adjust the output dec level. Two con-
trols on the rear panel are identified as DC QUTPUT
ADJ "' and M2,

a, Adjustment "1" (R312). This control adjusts the
d-c voltage offset of QA302A, Resistor R312 is con-
nected to the non-inverting input of stage "E'" as
shown in Figure 26,

b, Adjustment "2'"(R311l), This control adjusts the
d-c current offset of QA30ZA. Resistor R311 is con-
nected to the inverting input of stage '"B' as shown in
Figure 26.

4 R308
+C R332 ©—

FIGURE 25, High-Low Cut Filter,

5-6. OVERLOAD CIRCUIT. (PC-293). This circuit senses
an overload level at four points in the amplifier as
shown in Figure 18. The sense amplifier detects a
thresheld level of +5 or -5 volts de. A positive peak
detector is composed of inteprated circuit QALOlA, A
negative peak detector is composed of integrated cir-
cuit QALOLE. The threshold voltage is set by voltage
divider consisting of resistors R108 and R110. Tran-
sistor Ql03 drives the overload lamp D510l whenever an
overload is sensed at any of the sense points.

5-7. =15V FILTER CIRCUIT. (PC-293). This circuit

is an electronic filter which provides up to 60 dB of
rejection at 60 llz. The +15V derived is used to bias
amplifier stages "A'", 'B'", and "C". Transistors Q104
and Q105 form the *+" filter while Ql0& and QL0D7 form
the "-" filter,

18

FIGURE 26. DC Offset Adjustment,

5-8. ACCESSORY POWER SUPPLY. {(MODEL 1031A), The
accessory power supply provides regulated +18 volts
dc at up to 150 mA {sufficient to power up to 3 Model
103A Amplifiers simultancously). The Model 1031A is
composed of a '"Mother Board'", PC-295 and a ''Regulator
Board", PC-261,

a. Mother Board. Power for the +18V supplies is
provided by separate transformer windings and bridge
rectifiers as shown on schematic 24808D.

L. Regulacor Board. The +18V regulators are com-
posed of identical components. The regulators are
connected as shown in Figure 27,
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1., +18V Regulator. Transistor Ql0l is the series
pass regulator, Integrated circuit QALOL is a sell-
contalned reference and regulating circuit., Poten-
tiometer R104 is an adjustment control, Resistor
R102 serves as a current limit device,

CIRCUIT DESCRIPTION

2. -18V Regulator. Transistor Q02 is the series
pass regulator, Integrated circuit QALOZ {s a self-
contained reference and regulating circuit, Poten-
tiometer R109 is an adjustment centrol., Resistor
R107 serves as a current limit device.

201

O§ie)

RiO2 :

15 Qigz  RI0? 9
e s — = — i LOW
UNREG ,1

13

— 2 RIO!

T O.A10 9

i S BTy
-8V REG

FIGURE 27,

+ 18v Power Supply,

13

N

FIGURE 28,

Component Layout,

PC-293.
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SECTION 6.

6-1. GENERAL. This section contains information
necessary to maintain the instrument to published
specificatious.

6-2. REQUIRED TEST EQUIPMENT. Test equipment need-
ed for calibrating the Model 103A is described in
Tsble b-1.

TABLE 6-1.
Recommended Test Equipment For Calibration.
T;:;m Degeription Mfr. Type
A Oscilloscope Tektronix 504
B AC/DC Voltmeter Keithley 171
c Signal Generator Wavetek 1108
D Lock-in Amplifier Keithley 840
E AC Ratio Standard Gertsch 1011aA
F Attenuators, 20dB GR 874-G20C
G Termination, 500 GR 874-W50R
H Potentiometer 10k,
10 turn Keithley RP41-10K
I Power Supply Kelthley 1031A

6-3. ADJUSTMENT AND CALIBRATION PROCEDURE. This
procedure should be used whenever it is necessary to
calibrate the Model 103A to ensure that it meets
published specifications.

a. Initial Turn ON.

1. Place shorting caps on both INPUT A and B
and set INPUT switch (S201) to A-B.

2. Set both the LOW FREQ. and HIGH FREQ. switch
{8301) to the 1K pesition and set the GAIN to 100
and the ADJUST pot {R306) full CW (CAL).

3, Connect the power cable from one of the rear
panel outputs of the Model 1031A (Item I) to the
POWER INPUT connector (P301) on the rear panel of
the Model 103A and turn the Model 1031A on.

4, After about 3 to 10 seconds, the OVERLOAD
Lamp {(DS101) should be lighted and after about 1
to 2 minutes it should go off. If not, press the
QVERLOAD RESET switch (5201).

b, Bias Adjustment.

1. Set the Model 103A INPUT to A-B and connect
the DC Voltmeter (Item B) hetween TP-201 and TP-203,
DC Voltmeter must be floating.

2. Adjust BIAS ADJ pot "A"™ (R244) for a 50my
5mV reading on the DC Voltmeter.

3. Connect the DC Voltmeter between TP-204 and

TP-2(37 and adjust RIAS ADJ pot "B' (R237) for a
50mV + 5mV reading on the DC Voltmeter.
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c. Qutput DC Adjustment.

1. Set the Model L103A GAIN to 100 and connect
the DC Voltmeter to the Model 1034 output (HIGH
and 1LOW 0UT).

2. TtThe DC Voltmeter should read zero » 10mV.

3. Set the Model 103A GAIN to 10K and push in
and hold the Overload Reser Switch (58201),

4, Adjust the DC OUTPUT A #1 pet (R312) on the
rear of the Model 103A for zere & lUmV.

5. Release the Reset Switeh (8201} and adjust
the DC OUTPUT ABJ #2 pot (R311) on the rear of the
Model 103A for zero = 10mV.

d., Common Mode Rejection Adjust.
1. Set the Model 103A controls as follows:

Input - A-B
Lo Cut - 0.] Nz
Hi Cut - 300ki=z
Gain - 10K

2. Lonnect the Signal Gencrater (Item C) to both
Model 103A INPUTS (A and B) and set the Signal Gen-
erator amplitude to 1 volt peak-to-peak and {requen-
cy to 100 Hz.

3, Menditor the Model 103A OUTPUT (RIGH and LOW)
on Oscilloscope {Item A) and set the Low Frequency
CMER Pot (R253) for minimum deflection. It should
be less than 3 volts peak-to-peak and consist main-
ly of the second harmoniec of 100 Hz. Check at 10 Hz
for less than 3 volts peak-to-peak.

. Increase the Signal Generator frequency to
10kHz and adjust the High Frequency CMRR trimmer
capacitor (C211) for minimum deflection. It should
be less than 3 velts peak-to-peak.

5. Increase the Signal Gencrator amplitude
slightly. The Model 103A Overload Lamp (DSL0L)
should be lighted.

6. Decrease the Signal Generator amplitude to 1
volt peak-to-peak and set the Model 103A GAIN te
100,

e. High Cut Adjustment (300kle Gain),

1. Leave all controls set as In step d-6 except
set the Model 103A ioput to "-R",

2. Using the ILUKD Potentiometer (Item W), sect

the Signal Generator for 20V p-p at 300kHz as mon-
itored on the Oscilloscaope.
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3. Adjust the 300kHz trimmer capacitor (C311)
for 1.4 volts peak-to-peak at the Model 103A OUT-
PUT (~3dB).

6-4. CHECK-QUT PROCEDURE.

a. Gain Check.

1. Connect Potentiometer {Item 1) to the Signal
Generator output, connect the Potentiometer output
te the input of the AC Ratio Standard. Using the
Signal Generator variable-attenuator and the Poten-
tiometer (Ttem H), set the signal at the AC Ratio
Standard input for 100mV * 100pV RMS at 100 Hz as
monitored on the AC Voltmeter.

2. Connect the output of the AC Ratio Standard
to the -B INPUT of the 103A and set the 103A con-
trols as follows:

Input {(-) B
Lo Cut - 0.1 Hz
Hi Cut - 300z
Gain -~ 100

3. Connect the OUTPUT of the Model 103A to the
input of the AC Voltmeter and set the AC Voltmeter
Controls as follows:

Range Full Scale - 5 volts
Null Full Scale - 100mVv
Function - AC
Dials 1.0000

1

4. Set the AC Ratio Standard dials as follows:

101 1072 103 104 10-5 10-6 10-7

MODEL 103A

5. Set the AC Ratio Standard dials as follows:

10-1 102 10-3 10-4% 10-5 10-6 10-7
0o 0 0 0 o 0

and set the 103A gain to 1k.

6. The AC Voltmeter should read 1.0000 velt *
1dmV RMS,

7. Set the AC Ratio Standard dials as follows:

1071 1072 1073 1074 1075 1076 1077
0 0 1 0 0 0 0

and set the 1034 gain to 10k.

8., The AC Voltmeter should read 1.0000 volt %
10mV RMS.

G. Turn the Model 103A GAIN ADJUST (R306) full
CCW. The AC Voltmeter should now read less than
100mv.

b. Fregquency Response.

1. Connect the Signal Generator to the 20 dB pads
and 50 ohm termination as shown in Filgure 35 and set
the S5ignal Generator for 35mV x 350uV at the 50 ohm
termination as monitored on the AC Voltmeter.

2, Set the Signal Generator frequency to 15kHz,
the 103A GAIN to 100 and connect the test set up as
shown in Figure 35.

3. Set the AC Voltmeter controls as follows:

1 0 0 0 0 0 0 Range Full Scale - 5 volts
Null Full Scale - 100mV
The AC Voltmeter should read 1.0000 volts * 10mV Polarity - AC
RMS. Dials - 3.5000
TEE
CONNECTOR
- = 7"
SIGNAL 20 DB 20 DB | I MODEL
GENERATOR | PAD PAD | | 103A
0.3
508
TERM.

FIGURE 32. Test Set-up for Freguency Response Check.
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4, Set the Model 103A HIGH FREQ. (S301A) to 300¢
kHz and the LOW FREQ. (S301B) to 0.1 Hz.

5. Connect the AC Voltmeter to the Model 103A
OUTPUT. The AC Voltmeter should read 3.5000 volts
+ 35mV RMS,

6. Repeat this check at 20 Hz and 30kHz,

c. Noise Input Sherted.

I. Place a shorting cap on the Model 103A -B
INPUT and set the Model 103A controls as {follows:

lnput - -B

Lo Cut - 0.1 Hz
ni Cut - 300kHz
Gain - 10k

2. Connect rhe Model L103A OUTPUT to the Lock-in
Amplifier Signal Channel {+) INPUT and sct the Lock-
in controls as follows:

+ Diff - ~ ()
Sensitivity - 1oV
Sens. Mult. - X110
Tunad-Wideband - Tuned
Time constant - 300ms
Suppression - OFF
Phase - o°
Quadrature - (°
Freq. Band - 1-10 Hz
Trigger - (+)
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3. Set the Signal Generator for a 20 volr peak-
to-peak sinewave at 10 Hz as monitored on the Oscil-
loscope and connect the Sipnal Generator to the Locke
in Reforence Channel TXPUT,

4. Conuect the Lock-in rear panel DO QUTPUT to
the Osciltoscope vertical input and ser the Uscil-
logcope controls as follows:

Vertical input - 1 Valts/div
Coupling - AU

Sweep Speed - 1 sec/hivw
Tripper - Internal
Coupling - AL

5, Make certain that the Model 10324, Lock-in

and Oscilloscope are all plupped into a 117 VAC
line and turned on. The signal observed on the
UGscilloscope must not exceed 7.5 volts peak-to-
peak (7.5 major divisions).

6. Set the Lock—in TURED-WIDEBAND switeh ro
WIDEBARD, change the Lock-in FREQUINCY BAND ro
1K = 1OkHz and set the Signal Generator for a
20 volt peah-to-peak sinewave at ZrHe.

7. Set the Oscilloscope vertical input to .5
volts/div. and sweep speed to Sms/div, All other
controls to remain at the same settings.

8. The signal observed vn the Oscilloscope must
not exceed 2 volts peak-to-peak (4 major divisions),







MODEL 103A AMPLIFIER REPLACEABLE PARTS

SECTION 7. REPLACEABLE PARTS

7-1. REPLACEABLE PARTS TI8T: This section contains turer's Part Rumber, and the Keithley Part Number.
a list of components used in this instrument for user Also included is a Figure Reference Sumber where
reference. The Replaceable Parts List describes the applicable. ‘the complete nawe and address ot each
individual parts giving Circuit Designation, Descrip- Manutfacturer is listed in the CODE-TO-RAME Listing
tion, Suggested Manufacturer (Code Number), Manufac- following the parts list,
PARLE 7-1.
Abbreviations and Symbols
A ampere r farad " ohm
Tig Figure .
CbVar Carbon Variable p pica {10714
CerD Ceramic Disc GCh Glass enclosed Carbon PC Printed Circuit
Cer Trimmer Ceramic Trimmer Poly Polyscyrene
Comp Composition k kilo (10O 3)
Ref. Reference
DCb Deposited Carbon it micro (1076)
Desig. Designation TCu Tinner Copperweld
M Meg (100)
EAL Electrolytic, Aluminum | M{r, Manufacturer Y volt
ETB Eleetrolytic, tubular MtF Metal Film
ETT Electrolytic, tantalum My Mylar W wate
W Wi rewound
No. Humber WWiar Wircwound Variable
7-2. ELECTRICAL SCHEMATICS AND DIAGRAMS, Schematics Sales Service Department, Keithley Instruments, Inc.
and diagrams are included to describe the electrical or your nearest Keithley representative,
circuits as discussed in Section 5. Table 7-2 iden-
tifies all schematic part numbers included. b. When ordering parts, include the following in-

formation,

7-3. HOW TO USE THE REPLACEABLY PARTS LIST. This 1 Ilnstrument Model Humber.
Parts List 1s arranged such that the individual types 2. Instrument Serial RNumber,
of components are listed in alphabetical order, Main 3 Part Description.
Chassis parts are listed followed by printed circuit 4. Schematic Circuit Designation,
boards and other subassemblies. 5. Keithley Part Number.
c.  All parts listed are maintained in Keithley
7-4., HOW TO ORDER PARTS. Spare Parts Stock. Any part not listed can be made
available upon request. DParts identjfied by the
a. Replaceable parts may be ordered threough the Keithley Manufacturing Cade Number 80L64 should he
ordered directly from Keithley Instruments, Inc,
TABLE 7-2. TABRLE 7-3,
Electrical Schematics and Diagrams PC Board Designation Sceries
Circuit Series Description Besignation Page WNo.
Nescription Degignation Schematic
100 overload & Filter PC-2493 30
2 mput ifie W29 31
Mother Board, Part 1 PC-294 2647730 ;38 ;SE“HL\Tgliiirzr L?_jj; i
Mother Board, Part 2 PC-294 24730D : put ampitii e
il P - 24771 . . .
Filter & Qverload PC-293 ABITLD 100 Resulatar{I314)  PC-761 33
Regulator (1031A) PC-261 lgﬁlg) 260 Fower Supply Pe=94G5 16
Power Supply (10314} PC-295 8D 2 wwer supply -
(0874 27
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TABLE
Mechanical

7-4
Parts List

MODEL 103A AMPLIFLER

Modol 103A Nanovolt Amplitier,
] ltem No. Description Oty. Per Assembly Keithley Part No, Figure No.
; Chassis Assenbly - - 33
i - front fanel Agsembly - -
1 Front Panei 1 2487358
? Screw, Slotted, 6-32 % 3/8 4 -
3 Front Pancl overlay 1 247791
4 Rear Pane!l 1 247408
5 Side Extrusion left 1 2HTHLC
; 6 Side Extrusion Dight 1 247540
! 7 Corner Bracket ? 247458
8 Serew, Socket, 6-32 2 1/2 4 -
9 Serew, Piillips, 6-32 % 3/8 4 -
10 Clip For Side Dress 2 Fa-101
11 Side Dress lancl 2 247558
- Top Cover Assembly - -
12 Top Cover 1 247320
13 Serew, Socket, 6-32 x H/la 4 -
- Bottom Cover Assembly - 247631 34
14 Bottom Cover 1 24733C
15 Serew, Socket, 6-32 x 5/16 4 -
~ Feet Assembly - -
16 Feet [ 243228
17 Ball 4 FL-6
18 Tilt RBail 1 1714718
1% Screw, Phillips, 6-32 [ -
20 Kep Nut, 6-32 4 -
TABLE 7-5.
Mechanical Parts Lisc
Model 1031A Power Supply, .
Ttem No. Description Oty. Per Assembly Keithlew Part No, Figure No.
- Chassis Assembly - - 33
- Front Panel Assembly - -
! 1 Front Panel 1 248021
| 2 Screw, Stotted, 6-32 x 3/8 4 -
3 Front Panel Overlay 1 480118
4 Rear Panel 1 24804
5 Side Extrusion Left i 2483613
6 Side Extrusion Right 1 JLE3T
7 Corner Bracket 2 247458
8 Screw, Socket, 6-32 x 1/2 4 -
9 Screw, Phillips, 6-32 x 3/8 4 -
L0 Clip for Side Dress 2 Fa-101
11 Side Bress Panel 2 247558
- Top Cover Assembly - -
12 Top Cover 1 248271
b 13 Screw, Socket, 6-32 x 5/16 4 -
: - bottom Cover Assembly - 2476305 34
14 Bottom Cover 1 2477330
15 Screw, Socket, H-12 » 5/16 4 -
- Feet Assembly - -
16 Feet 4 243208
17 Ball 4 FE-b6
18 TilL Bail ! P714718
19 Serew, Phillips, 6-32 4 -
20 Kep Nub, 6-32 4 -
28 (874
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FIGURE 33. Chassis Assembly - Exploded View.

AT CoMEM RANLPABL Y

SEL Pt abbimasiy DETAIL

FIGURE 34. Bottom Cover Asscmbly,
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REPLACEABLE PARTS Y MODEL 103A AMPLIFIER
MGDEL 103A AMPLIFIER
OVERLOAD & FILTER CIRCUIT, "iQ0'" SERIES. PC-293
CAPACITORS
Circuit Mfr. Mfr. Keithlev Fig.
Desig. Value Riting Type Code Part No. Part Lo, e f,
Cl0l1 .1uF 250V Ml 73445 C280AL-0. LuF Cl7n-_ 1M 28
CL02 Looarf 250 vV MtE 73445 C2B0AL~0.1nF Cl7s-.1M 28
CL03 10 uF 20 v ETT 17554 TSD1-20-10.1 C179-108 28
clo4 10 ur 0 v ETT 17554 TSD1-20-10uF  C179-10M 28
Ccl05 1o 20 0V ETT 17554 TsD1-20-10.:F CI79-10M 28
€106 100 yF 25 v BAL 29309 JCB100258P £211-100M 28
CLe7 300 pF 25 v EAL 29309 JCL2500258P C211-500M 28
c108 100 uF 25 v EAL 29309 JC8100258P C211-100M 28
cl09 10 F 200V ETT 17554 TSD1-20-10,F  C179-10M 28
clio 500 uF 25 v EAL 29309 JC12500258P C211-500M 28
Clll 100 pr 25 ¥ EAL 29309 JC8100258P C211-100M 28
cl12 1o uF 20 v ETT 17554 TSH1-20-10uF  C179-10M 28
€113 100 pF 25 v HAL 29309 JC8100258P €211-100M 28
DIODES
Cireuit Mfr. Mfr. Keithley Fig.
Desig, Type Code Part Mo. bPart Ko, Rel.
D10l Silicon 01295 INGL4 BF-24 28
D102 Silicon 01295 INg9l4 RF-28 28
D103 Silicon 01295 INO14 R¥-28 28
D104 §ilicon 012495 IN9L4 RE-28 28
i D105 Silicon 01295 ING14 RF-28 28
D1Cé6 Silicon 01295 IN9l4 RE-28 28
D1G7 Silicon 01295 ING14 RIF-28 28
Dlos Silicon 01295 INg14 RIF-28 28
0109 Silicon 01295 ING4S RF-14 28
D110 Silicon 01295 INO4S RE~14 28
MISCELLANEOUS
Circuit Mfr, Mir. Keithley Fig.
Desig. Type Code Part No, Part No. Rei.
QA101 Operational Amplifier (Dual) 07263 AT4L9C 1C-27 28
DS1OL Pilot Lamp, Amber 07294 CFO3ACS1869 PL~5]
RESISTORS
Circuit Mir. Mir. Keithley Tig.
! Desgig, Value Rating Type Code Part No. Part No. Ref.
|
; R101 10 ki 10%, 1/4 W Comp 646655 CB-103~10% R76-10K 28
rR102 10 &k 10%, L/4 W Comp 44655 Ci-103-10% R76-10K 28
R103 I k% 0%, 1/4 W Comp L4655 CE~102-10% R76-1K 28
R104 L ki LO%, 1/4 W Comp Libhs CB-102-107% R76-1K 28
RLOS 49,9 ko 1%, 1/8 W MEF 07716 CEA-49,9K~1%  R88-49.9K 8
R106 4.99 ko 1%, 1/8 W MtF 07716 CEA-4.99K-1% R88-4. 99K 28
R107 12,1 k2 1%, 1/8 W Ml 07716 CEA-12,3IK-1% R88-17.1K 28
R108 4.99 kT T4, 1/8 W Ml 07716 CEA-4.,99K-1% RBE-4. 99K 28
R109 49.9 ki 1%, 1/8 W MEF 07716 CLEA-49,9K-1%  RE8-49.9K 28
1 RLIO 12.1 k2 1%, 1/8 W Mtl 07716 CEA-12.1K-1%  R88-12.1K 28
i
|
1 30 0874
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" MODEL 103A AMPLIFIER

OVERLOAD & FILTFR CIRCUIT, "100" SERIES, PC-29)

RESISTORS (cont'd)

REPLACEABLE PARTS

Circuit Mfr. Mfr, Keithiley Fig.
Desig. Value Rating Type Code Part No. Part No, Ref
R111 10 ki 0%, /4 W Comp 44655 C3-103-10% R76-10K 28
R112 10 k{ 10%, 1/4 w Comp 44655 CB~103~10% KR76-10K 28
R113 10 kit 10%, /4 W Comp 44655 CR-103-10% R76-10 28
R114 560 0 10%, 1/2 W Comp 01121 EB-560-107% R1-560 28
R115 10 @ 10%, /4 w Comp 44555 CB-100-10% R76-10 28
R116 100 @ 10%, 1/4 W Comp 44655 €B-101-10% R76-100 28
R117 1 kD 10%, /4 v Comp 44655 CB-102-10% R76-1K 25
R118 10 k& 1%, 1/8 W MeF 07716 CEA-10K-17 R88-10K 28
R119 100 kQ 1%, 1/8 W MtF 07716 CEA-100K-1% KB8-100K 28
R120 1 ko 1W0%, /4 W Conmp L4655 CE-102-10% R76-1K 28
R121 1 k& 107, 1/4 W Comp 44655 CB-102-10% R76-1K 28
R122 100 k@ 1%, 1/8 W MtF 07716 CEA~100K-1% REB-100K 28
R123 10 k{ 1%, 1/8 W MeF 07716 CEA-10K-1% R88-10K 28
R124 1 k@ 10%, 1/4 W Comp 44655 CB~102-10% R76-1K 28
R125 1 kQ 10%, 1/4 W Comp L4655 CB-102-10% R76-1K 28
R126 100 @ 16%, 1/4 W Comp 44655 CB-101-10% R76-100 28
R127 1 k& 10%, 1/4 W Comp 44655 CB-102-10% R76-1K 28
TRANSISTORS
Cireuit Mfr. Mfr. Keithley Fig.
Desig. Type Code Part No, Part No. Ref,
Qlol Silicon, NPN, Case TO-106 07263 2N3565 TG-39 28
Qlo2 Silicon, PNP, Case R-110 07263 517638 TG-33 28
Qlo3 Silicon, NPN, Case TO-106 07263 2ZN3565 1G6-39 28
Qloh Silicon, NPN, Case T0-92 04713 2N5089 TG-62 28
QLo5 Silicon, NPN, Case T0-92 04713 2N3904 TG-47 28
QL06 Silicon, PNP 04713 ZN3906 TG-84 28
Q167 Silicon, PNP 04713 2N3906 TG-84 28
INPUT AMPLIFIFER CIRCULT, "200" SERIES PC-294
CAPACITORS
Circuit Mfr. Mir. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
G201 10 uF 20 v ETT 17554 TSD1-20 CL79-10M 29
C202 0.1 uF 200 v My 13050 SM1A-0.1pF Ca7-.1M 29
c203 Not Used
C204 L0047 pF 600 V CerD 72982 801-Z500-472M  C22-.0047TM 29
C205 0.1 uF 200 ¥ My 13050 SM1A-0,1uF C47-. 1M 29
C206 100 uF 15V, 10% ETT 06751 TSDS15107A C205-100M 29
G207 100 uF 15V, 0% ETT De751 TSD515107A C205-100M 29
208 470  pF 1000 v CerD 56289 DD-471-10% C64-470F 29
C209 470 P 100¢ v CerD 36289 DD-471-10% Ce4-470P 29
€210 .00l uF 1000 v Cerd 72982 801000X570 Coh4-, 001 29
c211 7-25 pr 300 ¥ Var 72982 H38-037 Cl75-7/25P 29
€212 L0022 wF 1000 V CerD 72982 811000X5F0222K C22-.0022M 29
€213 L0022 pF 1000 V CerD 72982 8110Q0X5F0222K C22-.0022M 29
C214 100 wr 15V, 10% E1T 06751 TSD5L5107A C205-100M 29
c215 100 uF 10V, 10% ETT 06751 TSD515107A C205~100M 29
0874 31

15—



; REPLACEABLE PARTS MODEL 103A AMPLIFIER

INPUT AMPLIFLER CIRCUIT, "200" SERLES, PC-294
CAPACITORS (cont'd)

Circuit Mir. Mfr. Keithley Fig.
Desig, Value Rating Type Code Part No. Part Na. Ref.
C216 .01 ny 600 v CerD 72982 871-2Z500-103M (C22-.01M 29
c217y 10 na 20 \Y ETT 17554 TSD1-20-10upF Cl79-10M 29
c218 10 F 20 Y ETT L7554 TSDi~20-10wF  C179-10M 29
c219 L0047 F 600 ¥ Cerd 72982 801-25U0-472M C22-.0047M 29
c220 10 aF 20 v LTT 17554 TSD1-20-10uF  C179-10M 29
c221 .02 AF 600 v CerD 72982 811~-725U0-2034 (€22-.02M 29
c222 L0047 F 600 Vv Cern 72982 801~-7500-472M C22-,0047M™ 29

: DIODLS
Cireuit Mfr. Mfr. Keithley Fig.
Desig, Type Code Part No. Part No. Ref,
D201 Rectifier, 75mA, 75V 01295 IN914 RF-28 29
D202 Transistor, NPN, Case T(O-106 07263 2N3565 TG-39 29
1203 Transistor, NPN, Case T0-106 07263 2N3565 TG-19 29
D204 Rectifier, 400maA, 225V 01295 1N64S RF-14 29
D205 Rectifier, 400ma, 225V 01295 1N645 RF-14 29
p206 Rectifier, 75mA, 75V 01295 IN914 RF-28 29

MISCELLANEOQOUS
Circuit Mfr, Mfr, Keithley Fig.
Desig. Type Code Part No, Part No. Ref.
J201 Receptacle, BNC (UG-1094A /1) 02660 31-2221 C5-249 29
J202 Receptacle, BNC (UG-1094A /1) 02660 31-2221 C5-249 29
5201 Switch, Push Button "INPUT & RESET" 80164 SW~343 5W-343 29
QA201 Integrated Circuit, {Dual) 07263 UBE7739393 1C-28 29
RESTSTORS

Circuit Mfr, Mfr, Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref,
R201 15 k= 1%, 1/8 W MELF 07716 CEA-15K-1% R88-15K 29
R202 15 k= 1%, 1/8 W MELF 07716 CEA-15K-1% R88-15K 29
R203 100 k& 1%, 1/8 W MtF 07716 CEA-100K-1% R88-100K 29
R204 100 k0 1%, 1/8 W MLF 07716 CEA-100K~1% R88-100K 29
RZ205 1o M3 1%, 1/2 w DCh gi637z DCF-1/2-10M RIZ2-10M 29
R206 109 o 20%, 1/2 W Comp 75042 68T-109 ®37-109 29
R207 1.5 M3 1%, 1/2 W MEF 07716 CEC-1,5M-1% R9a—1.?M 29
R208 109 g 20%, 1/2 W Comp 75042 GRT-109 ®37-109 29
R209 10 k& 1%, 1/8 W MtF 07716 CEA=10K~1% REB-10K 29
R210 1 k! 1%, 1/8 W MEF 07716 CEA-1K-1% RBB-1K 29

: R211 301 It 1%, 1/8 W MtF 07716 CEA-301-17% KB88-301 29

i R212 200 0 0.1%, 1/8 W MtF 91637 MMF-1/8-200 R179-200 29

; R213 1.8 ka 0.1%, /8 W MtF 91637 MMF-1/8-1.8K R179-1.8K 29

: R214&4 10 e 17, 1/8 W MLTF 07716 CEA~-10K-1% RE8-10K 29

: R215 1 k:l 1%, 1/8 W MtF 07716 CEA-1K~1% RE88-1K 29

| R216 301 o) 1%, 1/8 W Mt ¥ 07716 CLA-301-1% REB-301 29
R217 200 0,1%, 1/8 W MtF 91637 MMP-1/8-200 R179-200 29
R218 1.8 k2 0,17, 1/8 W MeF 91637 MMF-1/8-1,8K R179-1, 8K 29
R219 30.1 ki 1%, 1/8 W MtF 07716 CEA-30,1K-17 R88-30. 1K 29

J R220 3001 k» %, 1/8 W MtF 07716 CEA-30.1K-1% REB-30. 1K 29

il

i

|
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MODEL 103A AMPLIFIER REPLACEABLE PARTS

INPUT AMPLIFIER CIRCUIT, ''200" SERIES, PC-794
RESTSTORS (cont'd)

Circuit Mfr. Mfr. Keithley Fig.
Desig, Value Rating Type Code Farc No. Part No, Ret,
r221 2,21k 174, 1/8 W MLF 07716 CEA-2.21K~1%  RER-2 . 21K 29
®222 30.1 ka2 1%, 1/8 W MCF 07716 CEA-30.1K~1%  RE8-30.1K 29
w223 30,1 kD L%, 1/8  w MEF 07716 CRA=30.IK-1%  REK-30. 1K 20
R224 2,21 kQ Va, 1/8 W MER 07716 CEA=2.21K~1%  R¥8-2.71K 79
R225 301 0 1%, 1/8 w MEF 07716 CEA-301-1% REE-101 29
R226 301 0 1%, /8 W MEE 07716 CEA~301~1% REE-301 29
R227 90.9 ki 1%, 1/8 W MeF 07716 CEA~90,9K-1% REB-00, 9K 24
R228 90.9 ko 1%, L/8 W MLF 07716 CEA-90.9K-1%  RH8-90, 9K 29
R229 10 k§ Ih, 1/8 W MEE 07716 CRA-10K-1% B8 UK 29
R230 20 k2 1%, 1/8 W MtF 07716 CEA-20K-1% REH-20K 79
R231 10 k0 V, /8 W MLF 071716 CEA-10K~1% A88- LUK 79
R232 20 ki 1%, L/8 W Mg 07714 CEA-20K~1% REB-10K 1
R233 174 ki 1%, /8 W MLl 07716 CEA-174K~1% REK-174K 29
R234 2 ko 1%, L/8 w MEF 07716 CEA-2R-1% RHE~2K 29
R235 174 2 Vi, /8w MEF 07716 CEA-174-1% RBB-174 29
R236 30.1 k@ 1%, 1/8 W MEF 7716 CEA-30,1-1% R88-30. 1K 29
R237 2 kil 1/4 W ChVar 37942 MTC~L4 RP67-PK 29
R238 49,9 9] 1%, 1/8 W MtF 07716 CEA-49.9K~1% RBE-49.9 29
R239 49,9 Q 1%, L/8 W Mck G7716 CEA~49,9K-1% REE-49.9 2
RZ240 Z ki1 1%, 1/8 W MEF 07716 CEA-2K-1% H88-2K 79
R241 174 2 1%, L/8 W MEF 07716 CEA-174-1% RBB-174 24
R242 174 0 1%, 1/8 W MEF 07716 CEA-174~1% R8K-174 249
R243 30,1 k@ 1%, 1/8 W MEF 07716 CEA-30.1K-1%  Rk88-30.1K 2a
R244 2 k 1/4 W ChVar 37942 MTC-L4 ®Pa7-7K 29
R245 49.9 o 1%, 1/8 W MtF 07716 CEA-49,9K-1% RE8B-49.9 29
R246 49.9 Q 1%, /g u ML¥ 07716 CEA-69.,9K-17% RBB-49.9 29
R247 2 kQ 0.1%, 1/8 W MEF 91637 MFF-1/8-2K R179-2K 29
R248 10 ki 0.1%, 1/8 W MEF 91637 MFF-1/8-10K R179-10K 29
R249 2 k0 0.1%, V/8 W MLF 91637 MF¥-1/8-2K R179-2K 29
R250 9.76 ki 1%, 1/8 W MEF 07716 CEA-9.76K-1%  R8B-9,76K 29
R251 10 k& % 1/8 W MEE 07716 CEA-10K~1% R88-10K 29
R252 1 k0 0.1%, /8 W Ml 91637 MFF-1/8-1K R179-1K 29
R253 500 0 1/4 W Chvar 37942 MTC-1.4 RP&7-500 29
K254 33 Q 0%, 1/4 W Comp 44655 CB-330-10% R76-33 29
R255 10 Q 10%, 1/4 W Comp 44655 CB=100~10% R76-33 29
R®256 10 kQ 10%, 1/8 W MtF 07716 CEA-10K-1% K88-10K 29
R257 10 9] 10%, /4 W Comp 44655 CR-102-10% R76-10 29

TRANSISTORS

Cireuit Mir, Mir, Keithliey Fig.
Desig, _Type Code Part No. Part No. Ref.
G201 J¥ET, Case TO-72 17856 2RABOIA TG-83 29
Q202 NPN, Case 10-92 04713 2N5089 TG-62 29
Q203 JFET, Case TO-72 17856 ZN4BHIA TG-83 29
Q204 NPN, Case T0-92 04713 2N5089 TG-62 29
Q205 NPN, Case T0-92 04713 2N5089 TG-62 29
Q206 NPN, Case TO-92 04713 ZN5089 TH-62 29
Q207 PNP, Case TO-92 04713 2N3905 TG-53 29
Q208 PNP, Case T0O-92 04713 ZN3G05 TG-53 29
Q209 PNP, Case TO0-92 04713 ZN3905 TH-53 2g
Q210 PNP, Case TO-92 04713 2N3909 TG-53 29
Q211 NPN, Case T0O-92 04713 2N3903 TG-49 29
Q212 PNP, Case TO-G2 04713 2%3905 TG-53 19

3 ase TO-— 04713 IN3903 TO 44 29
i pRp. Cane omas 04713 3N3905 TG253 39
0874 13



REPLACEABLE PARTS MODEL 103A AMPLIFIER
OUTPUT AMPLIFIER, "300'" SERTES PC-294
CAPACTTORS
Circuit Mfr. Mfr. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
301 10 uF 20 v ETT 17554 TSD1-20-10uFr  C179-10M 29
€302 1 my 20 v ETT 17554 TSD1-20-1pF C204-1M 29
€303 .33 WF 20 v ETT 17554 TSD1~20-0.33uF C204-,33M 29
G364 .1 my v
C305 033 @ 100 v My 88480 3FR3331LE Clae-,033M 29
C306 .01 WF 200 ¥ Poly 84171 2PJ-0.01wF C108-.01M 29
C307 L0033 F 1000 v CerD 14659 1085-D33 Ché-,0033M 29
¢308 .00L  uF 200 WV Poly 84171 2P3~0.001uF Cl08-,001M 29
C309 330 uF 1000 v CerD 72982 831000X5F Cb4-330P 29
c310 §2 pF 1000 v CerD 72982 831000XSF C64-330F 25
C3ll 7-25 p¥ 300 W Var 72982 538-037 Cl75-7/25P 29
€312 L0 WuF 20 v ETT 17554 T8D1-20-10uF  C1l79-10M 29
G313 100 ny 15 v ETT 06751 TSD515-100uF C205-100M 29
G314 10 uF 20 ¥ ETT 17554 TSDL-20~10uF  C204-10M 29
C315 i uF 20 vV ETT 17554 TSD1-20-1n¥F C204-1M 29
C3le .33 WF 20 W ETT 17554 T5D1-20~0.33uT C204-,33M 29
€317 .1 g
£318 033 wF 100 Vv My 88480 3FR3331E Cl46-.033M 29
C319 01 uE 200 V¥ Poly 84171 2PJ~0.01uF Cl08~,01M 29
320 0033 pF 1000 ¥V CerD 14659 1085-D33 C64~.0033M 29
c321 .00l uP 200 Vv Poly 84171 2PJ-0,001uF C108-.001M 29
c322 .01 600 V CerD 72982 871-75U00-1034 C2Z-.01 29
€323 i0 uF 20 v ETT 17554 TSD1-20-10nF C179-10M 29
C324 .01 uF 600 V CerD 72982 871-75U0-103% C22-.01 29
€325 10 WF 20V ETT 17554 TSD1-20-10uF  Cl79-10M 29
C326 10 iy 20 v ETT 17554 TSD1-20-10nF Cl79-10M 29
ciz7 10 WF 20 Vv ETT 17554 TSD1-20-10uF  CL79-10M 29
INTEGRATED CIRCUITS
Circuit Mfr. Mfr. Keithley Fig.
Desig. Type Code Part No. Part No. Ref.
QA301 Uperational Amplifier 12040 LM3L10H 1C-18 29
QA302 Integrated Circuit, (Dual) 07263 U6E7739393 I1¢-28 29
QA303 Operational Amplifier 12040 LM3IL1OH IC-18 29
MISCELLANECUS

i Circuit Mfr, Mfr. Keithley Fig.

f Degig, Type Code Part No. Part No. Ref.
J301 Receptacle, BNC 95712 6672NT34 C5-15 -
J302 Receptacle, BNC 95712 6672NT34 Cs5-15 -
J303 Connector, Housing 22526 20370 €5-251 -
J304 Connector, Housing 22526 20370 C8-251 -
P301 Receptacle, Male, & Pins 02660 126-1427 CS-162 -
5301 Switch, Retary, '"LO/HI cur" 80164 SW-342 SW-342 -
5302 Switch, Rotary, "GAIN" BOl6A SW-341 SW-341 -
D301 Diode 01295 1N914 RF-28 -
J305 Not Used
J306 Receptacle, 22 Pins 09922 P5C4882212 c5-182 -




MODEL 103A AMPLIFIER

OUTPUT AMPLIFIER, ''300" SERTIES, PC-294

REPLACEABLE PARTS

RESISTORS
Circuit Mfr, Mfir. Keithley Fig.
Desig. Value Rafing Type Code Part No, Parc Ko, Ret,
R301 10 y) 10%, /4 W Comp 44655 CB-10R-10% R76-10 29
R302 15.8 kG 1%, /8 W MtF 07716 CEA-15.8K-1% R¥8-15, 8K 29
R303 2 139)
k304 10 Q 10%, 1/4 W Comp 44655 CB-10R-10% RI6-10 29
R305 1.5 kQ 0%, /4 w Comp 44655 CB-152-10% R76-1, 5K 29
R306 15 k2 L0% Var 71450 X3r102B RPGI-15K 29
R307 ] ki 0,1%, 1/8 W MtT 91637 MMI-1/8-1K R179-1K 29
R3C8 1 |39) 1%, 1/8 W MLF 07716 CEA-1K-1% REH-1K 29
R309 10 MQ 1%, 1/2 w DCb 91637 DCF-1/2-10Y R12-10M 29
R310 10 MQ Y4, /2 W NCh 91637 DCF~1/2-104 RI1Z-10M 29
R311 50 ki 20%, 2 W Cermet 71450 550 RP74-50K 29
R312 50 k& 200, 2 W Cermet 71450 550 RPT4-50K 29
R313 9 ®§ 0.1%, 1/8 W MtF 91637 MMF-1/8-9K R179-9K 29
R3l4 33 $) 10%, 1/4 W Comp 44655 CB-33R-10% R76-31 29
R315 10 f 10%, 1/4 W Comp 44655 CB-10R-10% K76-10 29
R3le 1 kq 0.1%, 1/8 W MeF 91637 MMF-1/8-1K R179-1% 29
R317 9 kG 0.1%, 1/8 w MLP 91637 MFF-1/48~9K R179-9K 29
R318 33 i 10%, /4 W Comp h4655 CR-33R-10% K76-33 29
R319 10 Q 10%, Lt/a W Comp 44655 CB-10R-10% K76-10 29
R320 2 ke 1%, 1/8 w ML 07716 CEA-2K-1% H88-2K 29
R321 10 Q 10%, 1/4 W Comp 44655 CB-10R-10% R76-10 29
R322 1 k& 10%, 1/2 W Comp 01121 ER-102-10% R1-1K 29
R323 10 9] 10%, /4 W Comp 44655 CB-10R-10% R76-10 29
MODEL 1031A _POWER SUPPLY
REGULATOR BOARD, ''100" SERIES, PC-261
CAPACITORS
Circuit Mfr. Mfr, Keithley Fig.
Desig. Value Rating Type Code Part No, Part No, Ref.
clgl 10 pF 20 v ETT 17554 TS01-20 Cl79-10M it
c1o2 470 pF 1000 V Cerld 72982 80L000XSTO CH4-4700 31
¢1o3 10 pr 20 v Ty 17554 TSD1-20 cl79-10M 31
Cl04 10 pF 20 WV ETT 17554 TSD1-20 C179-10M 31
Cl05 470 pF 1000 v CerD 72982 801 000X5F0 Cha-470P 31
Ccl06 10 uF 20 v ETT 17554 TSD1-20 CL79-10M 3
MISCELLANECUS
Circuit Mfr. Mfr. Keithley Fig.
Desig. Type Code Part No. Part No, Ref.
Qlot Transistor, NPM, Power, Case TO-66 02735 40312 TG-34 31
Qio2 Transistor, NPN, Power, Case TO-66 02735 40312 TG-54 31
QAl01 Integrated Circuit, Reference Amplifier 07263 VSRY72339 1C-14 31
QAl01 Integrated Circuit, Reference Amplifier 07263 U5SR772339 1C-14 31
Ji01 Not: Used - - - -
3102 Test Jack B3330 430 TI-7 31
JL03 Test Jack 83330 K30 TI-7 31
JL04 Test Jack 83330 430 TJ=7 31
0874 i




REPLACEABLE PARTS ) MODEL 103A AMPLIFIER

REGULATOR BOARD, "100" SERIES, PC-261

RESISTORS
Circuit Mfr. Mfr. Keithley Fig.
Desig. Value Rating Type Code Part No. Part No. Ref.
R101 845 Q 1%, 1/8 W MtF 07716 CEA=-845-1% R88~845 31
R102 3.0 Q 5%, /2 W Comp 01121 EB-3.,0-5% R19-3 31
R103 A k& 1%, 1/8 wW MELF 07716 CEA~2K~1% R88-2K 31
R104 200 0 . 75W Comp 80294 3009Pp RPBY-200 31
R105 1.3 k@ 1%, /8 W MtF 07716 CEA-1.3K-1% k88-1.3K 31
R106 845 & 1%, 1/8 w MtF 07716 CEA~845-1% RBB~845 31
R107 3.0 Q 5%, 1/2 W Comp 01121 EB-3.0-5% R19-3 31
K108 2 Lkl 1%, 1/8 W MtT 07716 CEA-2R-1% R88-2K 31
R109 200 Q .75W Comp 80294 3009P ] RPE9-200 31
R110 1.3 k@2 1%, 1/8 W MtTF 07716 CEA-1.3K-17% R88-1.3K 31

MODEL 10314 POWER_SUPPLY

MOTHER BOARD, "200" SERIES, PC-295.

CAPACITORS
Circuit Mfr. Mfr. Keithley Fig.
Desig, Value Rating Type Code Part No. Part No. Ref.
c201 200 wF s v EAL 90201 MTV200N35 Cl177-200M 30
c202 200 uF 35 ¥ EAL 90201 MTV200N35 C177-200M 30
203 200 uF KETY EAL 90201 MTV200N35 C177-200M 30
C204 200 pF 35 v EAL 90201 MTVZO00N35 Cl77-200M 30
DIODES
Circuit Mfr. Mfr. Keithley Fig.
Desig. Type Cade Part No. Part No. Ref.
D201 Full-wave Bridge, 2A, 100V 83701 PR-10 RF~30 30
D202 Silicon 01295 IN&45 RF-14 30
203 Full-wave Bridge, 2A, 100V 83701 PD-10 RF-36 30
D204 Silicon 01295 1NG4AS RF-14 30
MISCELLANEQOUS
Circuit Mfir. Mfr. Keithley Fig,
Desig. Type Code Part No. Part No. Ref.
R201 Resistor, 104, 106%, 1W, Comp, 01121 GB-10R-10% R2-10 30
R202 Resistor, 100kQ, 10%, 1/2W, Comp. 01121 FB-104-10% R1-100K 30
J201 Connector, l0-Pin 22526 20052 CS5=-237 30
J202 Connector, 5-Pin 22526 20370 CS-251 30
J203 Connector, 10-Pin 22526 20052 ¢5-237 30
J204 Receptacle, 15-Pin 094922 PSC4551512 cs-175 30
J205 Socket (for D5201) 72619 7538XP50 50-58 30
J206 Connector, 5-Pin 22526 20370 €5-251 30
T201 Transformer a0164 - TR-136 30
DS201 Pilot Lamp 03797 CGO3ACSN1LO PL-52 3
8201 Switch, "LINE" 80164 SW-151 SW-151 3
5202 Switeh, "POWER ON" 80164 - SW-271 -
r201 Fuse, S5lo-Blo, 1/8 A, 3 AG 71400 MDL-1/84A FU-20 3
P201 Power Cord 70903 172585 CO-6 3
J207 Receptacle, 4-Pin 02660 126=-1429 £S5-163 3
J208 Receptacle, 4-Pin 02660 126-1429 C5-163 3
J209 Receptacle, 4-Pin 02660 126-1429 C5-163 3
36 0874




Reference:

REPILACEABLE PARTS

CODE—-TO—-NAME LIST

CODE TO NAME List of Supggested Manuiacturers.
Federal Supply Code for Manufacturers, Cataloging llandbook H&4-2,

01121

01295

01686

021¢1

02660

02734

02735

02777

02385

03508

04005

04713

05079

05397

06751

06980

Aerovox Cerp.
740 Belleville Ave,
New Bedford, Mass. 02741

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

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

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

RCL Electronies, Inc,
195 McGregor St.
Manchester, N.H. 03102

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

Amphenol Corp.
2801 South 25th Ave.
Broadview, I11. 60153

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

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

Hopkins Kngineering Co.
12900 Foothill Blwvd.
San Fernando, Califl. 91342

Tepre Electric Corp.
5 St., Paul St.
Rochester, N.Y. L4604

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

Arrow-Hart & Hegeman LElectric Co.
103 Hawthorne St.
Hartford, Conn. 06106

Motorola Semiconductor Pred. Inc.
5005 K. McDowell Rd,
Phoenix, Ariz. 85008

Tangistor Electronics, Inc.
1000 West Hoad
Bennington, Vt, 05201

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

Components, Inc,
Arizona Div.
Phoenix, Ariz. B50L9

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

07137

07263

07716

0BBl1!

09052

09823

08922

10582

L1502

11837

12040

12065

12697

12954

13050

13327

13934

14655

Transistor Llectronics Corp.
Hwy. 169 - Co. Rd. 1B
Minneapolis, Minn. 55424

Fairchild Camera & Inst, Corp.
313 Trontage Road
Mountain View, Calif.

IRG, Inc.
2850 Mt. Pleasant
Burlington, lowa 52601

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

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

Hurgess Battery Co,
Div. of Servel Inc.
Frecport, T1l.

Burndy Corp.
Richards Ave,
Norwalk, Conn. 00852

CT3 of Asheville Inc,
Mills Gap Road
Skyland, N.C.

IRC Inc.
Greenway Road
Boone, N,C., 2B607

LElectro Scientific Indus., Inc.

13645 NW Science Park Dr.
Portland, Or, 97229

National Semiconductor Corp,
Commerce Drive
Danbury, Gonn. 06813

Transitron Electronic Corp.
144 Addison St.
East Boston, Mass.

Clarostat Mfg. Co., lnc.
Lower Washington St,
Daver, W.H, 0382¢

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

Potter Lo,
Iighway 51 N.
Wesson, Miss, 39191

Seiitron Devices, Ilnc.
256 Oak Tree Road
Tappan, W.Y, 10983

Midwee Corp.
602 Main
Oshkosh, Nebr., 69154

Cornell-Bubilier Electric Corp.

50 Paris Street
Newark, N..J.

14659

15238

15909

L6170

17554

23020

27682

28520

29309

3552%

17942

44855

53201

54294

56289

58474

61637

Sprague Electric o,
P.0O. Lox L1504
Visalia, Calif, 93278

TTT Semiconductors
Div. of 17T Corp.
Lawrence, Mass, OlB4L

Baven Div, of T.A. Edison Ind.

McGraw BEdison o,
Livingston, X.J,

Teledyne Systems Co,
Communications BDiv.
Los Angeles, Calif, 90066

Compenents, Inc.
Smith St.
biddeford, Ma, 04005
General Reed Co,

174 Main Stc.
ietuchen, H.J., 08840

Gencral hadio Co.
22 Baker Ave,
West Concord, Mass. 217481

Hathaway lostraments, Inc.
5800 E. Jdewell Ave.
Denver, Colarado 80222

Heyman Mfg, Co,
l47 N. Michigan Ave.
Kenilworth, NW,J.

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

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

Mallery, P. R, and Co., Inc.
3029 E. Washington St.
indianapolis, Ind. 46206

Obmite Mig. Co.
3601 Howard St.
Skokie, I1ll. 60076

Sangamo Electric Co.
1301 Nocth 1llth
Springficld, 111, 62705

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

Sprague Electric Co.
dWorth Adams,
Massachusetts

Superior Electric Co., The
35 Muddle St
Bristol, Conn. 06012

Union Carbide {orp,
270 Park Ave.
New York, N.Y. 10017

0670




REPLACEABLE PARTS

GODE TO NAME List (Continued).

63060

70309

70903

71002

7127¢

71400

71450

71468

71590

71785

72619

72653

72699

72982

73138

73445

73690

74276

74970

Victoreen Instrument Co.
5806 Hough Ave,
Cleveland, Ohio 44103

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

Belden Mfg. Co.
415 So. Kilpatrick
Chicago, 111, 60644

Birnbach Radio Co., Inc.
147 Hudson 3St.
New York, N.Y.

Cambridge Thermionic Corp.
430 Concord Avenue
Cambridge, Mass.

Bussmann Mfg.
Diy. of MceGrau-Edisan Co.
St. Louis, Mo,

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

ITT Cannon Electric, Inc.
3208 Humbolt St.
Los Angeles, Calif. 90031

Centralab
Div. of Glebe-Union, Inec.
Milwaukee, Wisc, 53212

Cinch Mfg, Co. and
Howard B. Jones Div.
Chicago, I1l. 60624

Dialight Cerp.
60 Stewart Ave,
Brooklyn, N.¥. 11237

G-C Electronics (o,
400 5. Wyman
Rocklford, 111. 61101

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

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

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

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

Elco Resistor Co,
1158 Broadway
New York, N.Y.

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

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

75042

75915

76055

76493

765435

77764

79727

BOl64

80294

81073

81483

82389

83125

83330

83594

83701

84171

84411

84970

IRC Inc.
401 North Broad St.
Philadelphia, Pa. 19108

Littlefuse, Inc.
800 E. Northwest Hwy.
Des Plaines, Til. 60016

Mallory Controls, Div, of
Mallory P. R. & Co., Inc.
Frankfort, Ind.

Miller, J. W. Co,
591% S5. Main St.
Los Angeles, Calif, 90003

Mueller Electric Co.
1583 E. 31st St.
Cleveland, Ohio 44114

Resistance Products Co,
914 §, 13th St
Harrisburgh, Pa. 17104

Continental-Wirt
Electronics Corp.
Philadelphia, Pa.

Keithley Instruments, Inc.
28775 Aurors Road
Cleveland, Ohio 44139

Bourns, Inc.
6135 Magnelia Ave,
Riverside, Calif. 92506

Grayhill, Inc,
561 Hillgrove Ave,
La Grange, I1l, 60525

International Rectifier Corp.
1523 Bast Grand Ave,
El Sepundo, Calif.

Switcheraft, Ine,
5527 N. Elscon Ave,
Chicago, T11l. 60630

General Instrument Corp.
Capacitor Division
Darlington, S.C. 29532

Smith, Herman H., Inc.
Bl2 Snediker Ave,
Breooklyn, W,Y. 11207

Burroughs Corp,
Electronic Components Div.
Plainfield, N,J, 07061

Electronic Devices, Inc.
Brocklyn,
New York

Arce Electronies, Inc.
Community Drive
Great Neck, N.Y. 11022

TRW Capacitor Div.
112 W, First St.
Ggallala, Nebr.

Sarkes Tarzian, Inc.
E. Nillside Dr.
Bleomington, Ind,

B&6BA

B7216

90201

90303

91637

Q1662

91737

91802

91929

53332

93656

94144

94154

94310

%4696

95348

95712

97933

99120

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

Philco Cotpe.
Lansdale Div., Church Rd.
Lansdale, Pa. 19446

Mallory Capacitor
3029 East Washington
Indianapolis, Ind. 46206

Mallory Battery Co.
Tarrytown,
New York

bale Electronics, Inc.
P.0. Bax 609
Columbus, Nebr., 68601

Elco Corp.
Willow Grove,
Pennsylvania

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

Industrial Devices 1Inc,
382 River Rd.
Edgewater, N.J. 07020

Honeywell Inc.
Micro Switch Diwv.
Freeport, I1l. &1032

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

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

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

Tung-50l Electric, Inc.
Newark,
New Jersey

Tru-Ohm Products
Memcor Compenents Div,
Huntington, Ind, 44750

Magnecraft Electric Co.
23579 North Lynch
Chicago, IL1,

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

Dage FElectric Co,, Ine.
Hurricane Road
Franklin, Ind.

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

Plastic Capaciters, Inc.
2620 N, Clybourn Ave.
Chicago, Il1.




MODEL 103A SCHEMATIC DIAGRAMS

SCHEMATIC DIAGRAMS

Index of Schematic Diagrams.

Schematic Description { Pape

24773D Model 103A, Mother Board Circuitry 40
PC-294, "200" Series

24780D Model 103A, Mother Board Circuiltry 41
PC-294, "300" Series

24771D Model 103A, Filter & Overload Circuitry 42
PC-293, "100" Series

24813D Model 1G31A and 840, Regulator Circuitry 43
PC-261, "100" Series

24784D Model 1031A, Mother Board Circuitry 44
PC-295, "200" Series
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KEITHLEY INSTRUMENTS, INC.
28775 AURORA ROAD
CLEVELAND, OHIO 44139

SERVICE FORM

MODEL NO. SERIAL NO, P.0. NO. DATE R-

NAME PHONE

COMPANY

ADDRESS CITy STATE ZIP

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

{Attach additional sheets as necessary).

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

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

Describe input signal source levels, frequencies, etc.

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

[E] List and describe all other equipment used in the experiment. Give control settings
for eacnh.

LZJ Environment:
Where is the measurement being performed? (Factory, centrolled laboratory,

out-of-doors, etc.)

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

L§J Additional Information. (If special modifications have been made by the user,

please describe below.)
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