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SPECIFICATIONS

SPECIFICATIONS

MODEL 427

RANGE: 104 to 10!! voits/ampere in eight decade ranges,
{10-1® ampere resclution to 10-3 ampere full output).

OUTPUT: =10 volts at up to 3 milliamperes.

QUTPUT RESISTANCE: Less than 10 ohms dc to 30 kHz.

QUTPUT ACCURACY: -:2% of reading to the 109 volts/
ampere range, 4% of reading on the 1019 and 10!
volts/ampere ranges exclusive of noise, drift and current
offset.

RISE TIME (109 to 90%): Adjustable in 1x and 3.3x steps
from “Fast Rise Time' listed below to 330 msec.

NOISE VS. RISE TIME*:

FAST RISE TINE WIGE DYNAMIC RANGE
Noisa Nolse
Gain Rise Time Dynamic (ampere | Dynamic (ampere Rlse Time
V/A (109%-90%%) Range rms) ange rms)  (109-90%)
101 1.5 ms 100 4xi0-12 1.3x100 3xlc-1s 330 ms
10 400 ps 200 2x10-12 2xi0s 2x10-44 100 ms
100 220 us 400 1x10-1 2xk04 2x10-12 10 ms
10# 60 us 200 §210-1 Pl 2x10-12 1 ms
107 A0 ps 2000 2x10-12 21104 2u10-11 100 s
1. 104 15 s 000 - PAtL — 100 s

*With 1p to 100 pF input shunt gapacitance. Noise and/or rise timeincrease asingut shunt
capacitance increases (1000 picofarads maximum),

STABILITY: Current offset doubles per 10°C above 25°C.
Voltage drift is less than 0.005% per °C and iess than
0.005%, per day of full output after 1-hour warmup.

OFFSET CURRENT: Less than 10-12 ampere at 25°C and up
to 70% relative humidity.

CURRENT SUPPRESSION: 10-1° ampere to 10-? ampere in
eight decade ranges with 0.1% resolution (10-turn poten-
tiometer). Stability is 4:0.2% of suppressed value per °C
+0.2% per day,

INPUT VOLTAGE DROP: Less than 400 pV for full-scale
output on the 10% to 10! volts/fampere ranges when
properly zerced.

EFFECTIVE INPUT RESISTANCE; Less than 15 ohms on the
104 and 105 volts/ampere ranges, increasing to fess than
4 megohms on the 10! volts/ampere range.

MAXIMUM INPUT OVERLOAD: Transient: 1000 volts on any
range for up to 3 seconds using a Keithley (or other 10
mA-limited) high-voltage supply. Continuous: 500 voits
on the 101! tg 107 volts/ampere ranges, decreasing to 200
on the 10%, 70 on the 105 and 20 valts on the 104 volts/
ampere ranges.

OVERLOAD INDICATION: Lamp indicates pre-filter or post-
filter overload.

DYNAMIC RESERVE: 10 (20 dB).

CONNECTORS: Input: (Front) BNC. Output: (Front and
Rear) BNC.

POWER: 50-125 or 180-250 volts (switch selected), 50-60 Hz, -

b watts,

DIMENSIONS ; WEIGHT : Style M 314" half-rack, overall bench
size 4 high x 814" wide x 12%" deep (100 x 217 x310 mm).
Met weight, 7 Ibs. (3,0 kg)-

iv
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MODEL 427 GENERAL DESCRIPTION

SECTION 1. GENERAL DESCRIPTION

1-1. GENERAL. The Model 427 Current Amplifier is a ¢, Built-in Current Suppression. Small changes in
high-gpeed, feedback-type amplifier with particular the signal level can be measured since large ambient
features useful for automated semiconductor testing, current levels can be easily suppressed.

mass spectrometry, and gas chromatography applications.
d. Overload Indication. Accurate measurements are
assured since overloads are automatically indicated.

1-2. FEATURES,
e. Variable Gain. The GAIN Switch is designated
a, Wide Dynamic Range. Selectable rise times permit in eight gain positions from 104 to 101! volts per
low-noise operation important when resolving small ampere - therefore gain adjustment is straight forward.
current levels.

f. Variable Rise Time. Optimum response can be

b. High Speed. Typical resolution iz 20 plcoamperes selected for each gain setting since a separate RISE
out of a 107" ampere signal with a 100 microsecond TIME switeh is provided on the front panel.
rise time,

SUPPRESSION - - RISE TIME
ANATE BES HOLARMTY LS CORIE 10

GVl QALY PUSH O
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GENERAL DESCRIPTION

MODEL 427
TABLE 1-1,
Front Panel Controls and Terminals

Control or Terminal Functional Description Paragraph
PUSH ON Power Switch (5302) Controls power to instrument. 2-4, al
GAIN Switch (5201) Sets gain in wvolts per ampere. 2-4, a2
RISE TIME (S101} Sets rise time in milliseconds. 2-4, a3
SUPPRESSION

MAX AMPERES Switch (S303) Sets maximum suppression. 2-4, a4

FINE Control (R333) Adjusts suppression. 2-4, a5

POLARITY Switch (5304) Sets polarity of suppression. 2«4, ab
ZERQ ADJ Control (R235) Adjusts output zero. 2-4, a7
INPUT Receptacle (J202) Input source connection, 2-3, a
OUTPUT Receptacle (J102) Output connection. 2-3, b
OVERLOAD Ind{icator {DS302) Indicates overload condition. 2-5, d

TABLE 1-2,
Rear Panel Controls and Terminals

Control or Terminal Functional Desecription Paragraph
Line Switch (S301) Sets instrument for 1L7V or 234V, 2-4, b
Power Receptacle (P305} Connection to line power. 2-3, ¢
Fuse (F301) Type 3AG Slow-Blow, 117V @ 1/4 A (Fu-17) -

234V @ 1/8 A (FU-20) -

OUTPUT Receptacle (JL03) Output Connection, 2-3, b

WARNING

Using a Line Power Cord other than the one supplied
with your instrument may result in an electrical

If the Line Power cord is lost or
damaged, replace only with Keithley Part No. C0-7.

shock hazard.
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MODEL 427

GENERAL DESCRIPTION

[ SUPPRESSTON ————————
GAIN MAX FINE  POLARITY
SWITCH AMPERES ADJUST SWITCH
520 R3_3? 330?
Ll
'
P

Rist #inte

RISE TIME
SWITCH
5101

| j ! .
H ' $ : i
i ! i i :
| ! i i i
INPUT ZERO ADJ OVERLOAD Power OUTPUT
J202 R235 DS302 5302 Jio2
FIGURE 2. Front Panel Controls.
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OFERATION

SECTION 2.

2-1, MEASUREMENT CONSIDERATIONS.

a, Current-Detection Devices. The measurement of
‘small electrical currents has been the basis for a
number of instrumental methods used by the analyst,
Ion chambers, high-impedance electrodes, many forms
of chromatographic detectors, phototubes and multipli-
ers are commonly-used transducers which require the
measurement of small currents. Devices used for this
measurement are often called electrometers.

be Current-Dekection Limitations. In any measure-
ment, if source noise greatly exceeds that added by
the instrumentation, optimization of instrumentation
is unimportant, When source nolse approaches theoret-
ical minimum, optimization of instrumentation charac-
teristics becomes imperative. To determine the cate-
gory into which this measurement falls, the researcher
needs to be famillar with the characteristics which
impose theoretical and practical limitations on his
meéasurement, Most researchers are familiar with the

theoretical limitations present in voltage measurements.

The noise increases with source resistance, and the
familiar equation for the mean-square nolse voltage 1s

en 2 = 4KTR Af Eq. 1

where k is the Boltzmann Constant, T is the absolute
temperature of the source resistance R, and MAf is the
noise bandwidth( % times the 3 dB bandwidth for a
single RC rolloff.} 1In the case of current measure-
ments it 1s more appropriate to consider the noise
current generated by the source and load resistances.
The mean square noise current generated by a resistor
is given by Eq. 2.

MODEL 427

OPERATION

From this equation it is immediately apparent that the
measurement of small current requires large values of
R, 1.e., high impedance levels, However, this gives
difficulties for measurements requiring wide bandwidths
because of the RC time constant associated with a
high-megohm resistor and even a few picofarads of cir-
cult capacitance. Figure 4 shows a current source
generating a voltage across a parallel RC., The fre-~
quency response of this current medsurement is limited
by the RC time constant. Figure 5 shows this response
and the -3 dB point occurs at a frequency

° TARC Eq. 3

Low noise and high speed, therefore, dare contradictory
requirements. To optimize a current-measuring system,
techniques must be used which obtain high speed using
high-impedance devices,

¢, High Speed Methods.

l. High speed can, of course, be obtained in a
shunt-type measurement by using a low value for the
shunt resistor. As pointed out above, such a small
resistor value introduces excessive noise into the
measurement.

2. A second method to achieve bandwidth ia to
keep R large, to accept the frequency roll-off
starting at F,, and to change the frequency reaponse
of the voltage amplifier as shown in Figure 6a, The
combined effects of the RC time constant followed
by this amplifier is shown in Figure 6b and it is
seen that the frequency response of the current
measurement has been extended to Fj. The frequency
at which the amplifier gain starts to increase must
be exactly equal to the frequency F, determined by

i, 2 = 4kT AS Eq. 2 the RC time constant in order for this approach to
R result in a flat frequency response, Therefore,
CURRENT VOLTAGE
SOURCE MPLIFIER SYSTEM
GAIN

| UPLFIER
I
I, T R 1— Vour

®
IHI a8

Fo LOG FREQUENCY

FIGURE 4, In the shunt method current is measured by
the valtage drop across a resistor.

FIGURE 5. The frequency response of the shunt method

is limiced by omnipresent shunt capacitance,
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MODEL 427 OPERATION

this method is useful only for applications where The rms thermal noise current (ip) generated by a
the shunt capacitance C is conatant, Aside from resistance R is given by
this drawback this is a legitimate approach which
is being used in low-noise, high-speed current- 1 - 4kT Af
measuring applications. In addition to current noise n R Eq. &
in the shunt and in the amplifier input stage, & q-
major source of noise Iin this syatem arises from The equivalent noise bandwidth (8f) of a parallel RG
the voltage-noise generator associated with the in- combination is &f = 1/(4RC) and the signal band-
put stage (reflected as current noise in the shunt width (3 dB bandwidth) F, = 1/(2aRC). For practical
resistor) caused by the high-frequency peaking in purposes peak-to-peak nolse is taken &s 5 times the
the following stages of amplification, More will be rims value. The peak-to-peak noise current can now
gaid about this in the discussion on noise behavior. be written as
3. A third method used for speeding up a current i = 2 x 10"9 Fo J C Eq. 5
measurement uses guarding techniques to eliminate npp
the effects of capacitances. Unfortunately only
certain types of capacitances, such as cable capac- In practice, a typical value for shunt capacitance
itances, can be conveniently eliminated in this is 100 picofarads. With this value the following
manner. To eliminate the effect of parasitic capac- rule-of-thumb is obtained. The lowest ratio of
itances associated with the source itseli becomes detectable current divided by signal bandwidth using
very cumbersome and may not be feasible in many in- shunt -techniques is 2-10~1%4 ampere/Hertz for a peak-
stances. The major sources of noise in this system to-peak signal-to-noise ratio equal to 1. A coroll-
are identical to those mentioned in the second ary for this rule-of-thumb expresses the noise cur-
system, rent in terms of obtainable risetime (10-90% rise-
time ty ® 2.2 RC). The lowest product of detectable
4, A fourth circuit configuration combines the current and risetime using shunt techniques is 7 x
capability of low-noise and high-speed performance 10-15 ampere seconds, In this derivation it has been
with tolerance for varying input C and eliminates assumed that the voltage amplifier does not contri-
need for separate guard by making the ground plane bute noise to the measurement,
an effective guard, This is the current-feedback
technique. This technique gives a typical improve- 2, Noise Behavior of the Feedback System. There
ment of 3 over shunt techniques, Again, the major are three sources of noise in the feedback system
sources of noigse are identical to those mentioned that have to be looked at closely. The first two,
in the second system. input-stage shot noise and current noise from the
measuring resistor, are rather straight-forward. The
d. Noise in Current Measurements. Noise forms a third, voltage noise from the input device of the
bagic limitation in any high-speed current-measuring amplifier, cauges some peculiar difficulties In the
system. The shunt system gives the simplest current measurement. Any resistor connected to the input
measurement but does not give low-noise performance, injects white current noise (Eq. 4). In the circuit
A properly designed feedback system gives superior of Figure 7 the only resistor that is connected to
noise - bandwidth performance, Noise in these two the input is the feedback resistor R, As in the
systems will be discussed next. shunt system, R must be made large for lowest noise.
Because this noise is white, the total contribution
1. Noise Behavior of the Shunt System. High can be calculated by equating Af to the equivalent
speed and low noise are contradictory requirements noise bandwidth of the system. The second source of
in any current measurement because some capacitance noise is the current noise from the amplifier input.
is always present. The theoretical performance This component is essentially the shot noise associ-
limitation of the shunt system can be calculated as ated with the gate leakage current (i,) of the input
follows: device. Its rms value equals «:.
SYSTEM
AMPLIFIER GAIN
GAIN | 4 () ~
I, dB \\
| N
[ i Fo F, LOG FREQUENCY
Fo Fy LOG FREQUENCY
FIGURE 6. By talloring the frequency response of the FIGURE 6b, Extended frequency response,

amplifier (Fig. 6a) the frequency response
of the shunt method can be extended.
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OPERATION

I, = J2e i, af Eq. 9

where ¢ 1s the elactronic charge. The contribution
of this noise generator is also white. Not only do
these two noise sources generate white current nolse,
the noise in a given bandwidth is also independent
of the input capacitance C. The major source of
noise in a feedback current measurement is the noise
contribution associated with the voltage noise of
the input amplifier. The voltage noise can be rep-
resented by a voltage noise generator (ep) at the
amplifier input as shown in Figure 8, This noise
generator itself is assumed to be white., However,
its total noise contribution to the current-measuring
syatem is not white, Inspection of Figure B8 will
reveal that at low frequencies & large amount of feed-
back is applied around the voltage noise source (ep).
However, the RC combination attenuates the high-
frequency components of V4, 80 that no feedback is
present at high frequencies. Thus, the nolse con-
tribution to the output voltage Vout from the volt-
age nolse source ep is no longer independent of
frequency., The noise is "colored" and increases in
intensity for all frequencies higher than F,. The
resulting noise spectrum is shown in Figure 9b, The
total system noise is related to the area under

this curve, Because the logarithm of frequency is
plotted on the horizontel axis, the area under the
curve at higher frequencies represents a signifi-
cantly larger amount of noise than a similar area

at low frequencies, For comparison, Figure %9a shows
the frequency response of the current measuring
system., Figure 9a is identical to Figure 6b., 1t is
interesting at this point to compare this noise
spectrum with the frequency response of the voltage
amplifier in Figure 4 as shown in Figure 6a. A volt-
age noise source at the input of the amplifier would
generate a noise spectrum according to the amplifier
frequency response as shown in Figure 6a. The noise
spectium of such a system, then, is identical to the
noise spectrum of the feedback system as given in
Figure 9b, This illustrates the well-known fact

that signal-to-noise performance of a measurement
cannot be improved by feedback techniques. At the
high-frequency end the voltage noise is limited by
the frequency F, which 1s the high-frequency roll-
off point of the operational amplifier. It should

MODEL 427

be noted that even though the useful bandwildth of

the system extends only to F;, there are noise com-
ponents of higher frequency present. To obtain

best wideband-noise performance, these high-frequency
noise components have to be removed. This can be
achieved by adding a low-pass filter section follow-
ing the feedback input stage. If the band-pass of
this low-pass filter is made ad justable this filter
can serve the dual purpose of vemoving high-frequency
noise and of limiting the signal bandwidth of the
aystem,

2-2., THEORY OF OPERATION.

a. Current Feedback Technique. The basic circuit
configuration used in the current-feedback technique
is shown in Figure 7. In this configuration the
current-measuring resistor R is placed in the feedback
loop of an inverting amplifier with a gain of A, . The
frequency response obtained with this circuit is iden-
tical to that shown in Figure 6b., F, again is the
fraquency associated with the RC time comnstant:

F, = 1
° % RC Eq. 6

The frequency response of the system 1s extended to a
frequency fj where

F, o= Ay F Eq. 7

Note that the frequency response is automatically flat
without having to match break points. However, the
total bandwidth of the system (F1) is still limited
by the value of the ghunt capacitance C across the
input, This improved frequency response of the feed-
back technique avoids the use of low values for R
which could generate excessive current noise.

rl

b. Refinements of the Feedback System. A major
difficulty of the feedback system arises from shunt
capacitance assoclated with the high-megohm resistor R
in the feedback path. If the shunt capacitance across
the resistor is Cp, then the bandwidth (Fp) of the
system is determined by the time constant RCp:

¢
I 5 T VOU?

FIGURE 7. Basic circuit configuration for the feed-
back method.

FIGURE 8, The voltage noise asgociated with the am-
plifier imput device is an important source
of noise in the high-speed feedhack system.
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SYSTEM
GAIN

(%)

dB

Fy Fa F, LOG FREQUENCY

L O

meiie—

FIGURE 9. The bandwidth of the high-speed feedback
system (Fig. 9a) can be limited by using
a filter with either a -6 dB/octave or a
~12 dB/octave roll-off. The effect of the
filter on the noise spectrum is shown in
Fig. 9b, Effect of input capacitance on
noise is shown in Fig. 9c.

NOISE
SPECTRUM
{1 AT

FIGURE 9b. Effect of filter on noise spectrum.

dB
spr[i%'%gw INCREASED €,
(1A \\\ -124B FILTER
N
\\ \
N \
~ \
\
L L N N
fo Fa F; Fa
FIGURE 9¢, Effect of input capacitance on nocise.
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FIGURE 10, Frequency compensation.

Fp = 1
2nRCy Eq. 8

A slight modification of the feedback loop can correct
this problem as showm in Figure 10, If the time con-
stant RjCy is made equal to the time constant R.Cp,

it can be shown that the circuit within the dotted

line behaves exactly as a resistance R. The matching
of time constants in this case does not become a draw-
back hecause the capacitances involved are all constant
and not affected by input impedance.

¢. -12 dBfoctave Filter.

1. Theory. To obtain optimum wideband noise per-
formance & filter with a single high~-frequency roll-
off (i.e., -6 dB/octave) is not sufficient and -12
dB/octave is required. The effect of a -6 dB filter
1s shown in Figure %9a and b. The filter is used to
limit the system bandwidth to a frequency F,, smaller
than F1. The effect of this filter on the noise
spectrum 1s shown In Figure 9b. It can be seen that
there are again high-~frequency noise components above
Fy, the useable bandwidth of the system. These can
be eliminated by using a filter with a -12 dB/octave
roll-off, The result of such a filter on neise per-
formance iz also showm in Figure 9b.

2. Model 427. The input amplifier is followed by
an adjustable low-pass filter having a ~12 dB/octave
roll-off and a voltage gain of 10X. The voltage
gain in the low-pass filter avoids premature over-
loading in the input amplifier which can be seen as
follows. The maximum output voltage V,, . is +l0
volts, The maximum signal level at the input of the
low-pass filter is, therefore, +1 volt., At this
point in the circuit, wide-band noise could still be
present and exceed the l-Volt signal level. The
voltage gain of 10 in the filter allows the total
pre~filter wide-band noise to exceed the full scale
signal by a factor of 10 (20 dB), The frequency re-
sponse of this filter is adjustable for variable
"damping" control.
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2-3. CONNECTTIONS,

4. Input. The input receptacle (J202) is a BNC
type which mates with coaxial cables such as Keithley
Models 8201 and 8202. The inner contact is circuit

high. The outer shell i1s low or chassis ground.
b. _Output, Two output receptacles are provided

{J102 on the fromt, J103 on the rear panel), These
are BNC types where the inner contact is output high
and the outer shell is chassis ground,

c. Power Input. The power receptacle (P305) on the
rear panel is a 3-prong connector which mates with
Keithley part number CO-6 line cord,

2-4, CONTROLS.

a. Front Panel.

1. Power Switch "PUSH ON" (5302). This switch
controls the line power to the instrument. °The
switch is a special pushbutton type with "Power On"
indicated by a self-contained pilot lamp.

2. GAIN (VOLTS PER AMPERE) (S201l). This switch
sets the overall gain in eight positions from 10%
to 1011, A “ZERO CHECK" position permits adjust-
ment of zero offsets.

3. RISE TIME Switch (S101l). This switch sets
the 10-90% rise time in 10 positions from .0l to
300 milliseconds (for the filter section only),

4, SUPPRESSION (MAX) Switch (S303). This switch
sets the maximum current suppression in eight posi-
tions from 10-10 to 10~3 A, When the switch is set
to "OFF" the current suppression circuit is disabled.

5, SUPPRESSION (FINE) Control (R333).  This con-
trol permits adjustment of suppression with 0.1%
resolution.

6. SUPPRESSION (POLARITY) Switch (S304). This
switch sets the polarity of the current suppression
(referred to the input).

7. ZERO ADJUST Control (R235). This control per-

mits adjustment of zero offset through the use of the
OVERLOAD indicator,

b. Rear Panel,

1. TLine Voltage Switch (S301).
for either 117 or 234 V operation.

Sets ingtrument

Fuse Requirements 3AG, Slo-Blo

117ve 1744

Keithley No, FUL7
234V: 1/8a

Keithley No. FU-20

MODEL 427

2-5, OPERATING CONSIDERATTONS.

a, Gain, The gain of the Model 427 is defined in
terms of volts per ampere. Since the output level is
10 volts for a full scale input, the gain could also
be expressed as sensitivity in amperes referred to the

input as in Table 2-1. Vout = - (I, x GAIN) Eq. 9
TABLE 2-1,
Galn or Sensitivity Referred to the Input
Full Scale Full Scale
GAIN Feedback Sensitivity Output
Setting Resistor {Ampares) {(Volts)
104 103 1 x 10-3 10
100 10 1 x 1074 10
108 103 L x 1072 10
107 106 1 x 10-8 10
108 107 1 x 1077 10
109 108 1 x 108 10
1010 109 1 x 1077 10
101! 10t0 1 x 16710 10

b. Rise Time, The rise time for each gain setting
is listed in the specifications as "FAST RISE TIME".
These rise times are obtained when the RISE TIME
switch 1s get to the positions indicated in Table 2-2,

TABLE 2-2,
Switch Settings for "FAST RISE TIME"

GATN Rise RISE TIME Dynamic

Setting Time Settings Range
104 15 s .01 ms 2000
104 15 us .01 ms 2000
108 15 ua .0l ms 2000
107 40 s .03 ms 2000
108 60 ua .03 ms 800
10? 220 us .1 ms 400

- 1010 400 us .3 ms 200
1011 1.5 ms 1 ms 100

c, Suppression. Current suppression is provided in
the Model 427 for suppression of input currents up to
1077 amperes, By suppressing background ¢urrents, small
variations in a larger signal can be observed. Currents
of either polarity can be suppressed, To suppress an
input current the SUPPRESSION should be set to supply
a cyrrent of opposite polarity. The FINE control permits
ad justment up to 1.5 times the MAX setting,

d. Overloads., The overload sensing circult detects
an overload at two places in the circuit: before and
after the "RISE TIME" filter circuit. The OVERLOAD
lamp ( DS302 } will indicate whenever the voltage sensed
is greater than full scale regardless of the RISE TIME
setting or the frequency.

e, Zero Adjust. The ZERO CHECK position grounds the
the input of the instrument and couverts the current
amplifier to a high-gain voltage amplifier. The ampli-
fied offset voltage will turn on the OVERLOAD indicator
whenever the input voltage offset exceeds +100 pv,
Therefore the ZERO control should be adjusted so that
the OVERLOAD i{ndicator is off when in ZERO CHECK wode,
vielding the specified input voltage drop.
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MODEL 427

SECTION 3.

3-1., CURRENT MEASURING SYSTEM. The typical current
measuring system consists of & current source, a cur-
rent amplifier, and a monitoring device. The current
source could include an ion chamber, photomultiplier,
or other high-impedance device. The current amplifier
such as the Model 427 provides sufficient gain to drive
a monitoring device such as a chart recorder or other
readout. The Model 427 in this case provides an out-

APPLICATIONS

APPLICATIONS

3-3. NOISE-IMPROVEMENT CONTOURS, The sensitivity
and speed of the Model 427 (for either d-c¢ or a-c
measurements) can be compared to the best perform~
ance obtainable with the shunt method of measuring
current. The best '"noise-risetime' product that

can be achieved for d-c measurements (with 100 pF
shunt capacitance) in a shunt system is 7 x 10715
ampere-geconds, However the feedback system achieves

put veltage which is calibrated in velts per ampere 2 x 10715 ampere~seconds (also with 100 pF shunt
a3 1n equation 10. capacitance), When used in a-c narrowband systems
Tin = - Vour / GAIN) Eq. 10 (lock-in, etc,)} the.degree of improvement is a func-
Example: tion of shunt capacitance and operating frequency.
GAIN = 106 volts/ampere The achieveable improvement over the shunt method
Vour = +300 mv can be plotted in a graph similar to a set of noise
The input current Ijn would be: contours, Figure 11 shows the measured improvement
Iy = - (5x10“1volts/105volts per ampere) (negative dB) that can be obtained with the Model
Ijin = - 5 x 1077 amperes 427 at a given frequency and shunt capacitance when
compared to an ideal (noiseless) amplifier in a shunt
system,
3-2. NOISE BANDWIDTH CONSIDERATIONS. Table 3-1 illus-
trates the trade-off between faagt rise time and dynamic 1600
range. TFor this application dynamic range 1s defined
as the ratio of maximum peak-to-peak current to peak- =
to-pedak current noise. Peak-to-peak current noise is Z
taken as 5-times the rms current noise. The maximum g @
peak-to-peak current is 2-times the maximum full scale %
current, §
NOTE g
When using current suppression the current-suppres- %
sion resistor should be considered as an additional @
current-noice generator. The values given in Table \\\\\\
3~1 do not include the contribution of the suppres- 1 | | I 0dB
sion resistor. Therefore the selected suppression ! 0 100 b o
FREQUENCY (Hz)
resistor Rg, should be as large as possible to min-
imize the contribution to current noise. FIGURE 11. Plot of noise-improvement contours.
TABLE 3-1,
RMS Noise Current (Typical}” as a Function of Cain and Rise-Time Setting
MAXTIMUM
FULL SCALE
GAIN CURRENT RISE TIME SETTING
V/A AMPERES 300 100 30 10 3 1 .3 .1 .03 .01
10% 1073 * * * * * * 1x10-8  1.2x10-8  4x10-8  1xl0-7
102 10~4 * * * * * i 1x107%  1,2x1079  4x10-9  1xio-8
106 1075 * * * * # * 110710 1,2%10-10 4x10-10 1x10-9
107 1076 * * * * * 1x10~1l 1 5x10-11 2510-11  1x10-10
108 1077 * * * # 1x10-12 2%10-12 s5x10-12  1x10-11  4x120-11 g
107 10~8 * * * 2%x10713  2x10-13 5x10-13 2x10-12  s5x10-12 X x
1010 09 * 1xl0-14 2410714 5x10-14 2x10-13 5x10-13  2x10-12 x x x
101l 10710 2x10715  4x10-15  1x10-14  4x10-14 1x10-13  4x10-13 x x x x
1 With up to 100 pF input shunt capacitance. Noise increases as input shunt capacitance Increases.
KEY:
X = Filter Bandwidth is greater than current-amplifier bandwidth.
3 =

Larger Rise Times are useful for increased filtering of the signal and noise inherent in the source.

They do not further improve the instrument noise contribution except when the input shunt capacitance

exceeds 100 pF.
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ACCESSORIES MODEL 427

SECTION 4. ACCESSORIES

4-1. GENERAL., The following Keithley accessories can 4-2, OPERATING INSTRUCTIONS. A separate Instruction
be used with the Model 427 to provide additional con- Manual is supplied with each accessory giving complete
venience and versatility. operating information.

Model 1007 Rack Mounting Kit

Description: Application:

The Model 1007 is a dual rack mounting kit with over- The Model 1007 converts any half-rack, style "M"
all dimensions 3-1/2 in. (64 mm) high and 19 in. (483 instrument from bench mounting teo rack mounting in
mm) wide. The hardware included in this kit consists a standard 19-inch rack. The kit may also be used

of two Angle Brackets, one Mounting Clamp, and extra for rack mounting 19-inch full rack width instru-
mounting screws. . ments,

The Model 1007 Rack Mounting Kit can be used to mount
instruments of 11 inch or 14 inch depth. The user
should decide the position of the instruments to be
rack mounted. The Assembly Instructions refer to
instruments positioned as shown and 1dentified as
instrument "A" and "B",

C C
\IAJI EIBII
o o}
Parts List:
Item Qty Keithley
No.  Description Req'd Part No.
22 Angle Bracket 2 274108
23  Screw, #6-32 x 5/8, 6 -
Phillips Pan Hd
24  Mounting Clamp 1 247988
25  Screw, #6-32 x 1, 1 -
Phillips Pan Hd
26  Kep Nut #6-32 3 -—
27  Screw, #6-32 X 1/2, 2 ——
Phillips Pan Hd
28  Screw, #6-32 x 7/8, 1 -

Phillips Pan Hd
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MODEL 427

ACCESSORIES

Model 1007 Dual Rack Mounting Kit

Assembly Instructions:

1. 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 ingtruments "A" and
"B" positioned as shown. For mounting 19-inch full
rack width instruments, disregard steps 2 through 3.

2., Once the position of each instrument has been
determined, the "side dress' panels on both sides of
each instrument should be removed. Removal is
accomplished by loosenling the screws (Item 8, orig-
inal hardware) In two places. &lide the '"side dress"
panels to the rear of the instrument to remove,

3. The mounting clamp is installed on instrument
"A" using the original hardware (Ttem 8). With the
screws removed, Insert the "mounting clamp" behind
the "corner bracket'" {(Item 7) and replace the screws
te hold the mounting clamp in place.

4. Tighten the screws (Item 8 on instrument "B".
Insert the "mounting clamp' behind the ''corner
bracket”™ (Item 7) on insatrument "B" as shown.

5. When mounting instruments having the same dept
a screw (Item 25) and kep nut (Item 26) are required
to secure the twe instruments together. When mount-
ing instruments of different depth, do not use kep
nut (Item 26) but substitute shorter screw (Item 28)

6. Attach an "angle bracket" (Item 22) on each
instrument using hardware (Ttem 23) in place of the
original hardware (Item 8). TFor 14 in. long instru-
ments use #6-32 x 5/8 Phillips screw (ltem 23) with
#6~32 kep nut (Ttem 26).

7. The bottom cover feet and tilt bail assemblies
may be removed 1f necessary.

8. The original hardware, side dress panels, feet
and tilt ball assemblies should be retained for fut-
ure conversion back to bench mounting.

h,

0777
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CIRCULIT DESCRIPTION

SECTION 6.

S5«1. GENERAL, The Model 427 is composed of a feed-
back amplifier, & X10 gain filter section, suppression
and power supply circuits as shown in Figure 12, The
feedback amplifier is located on the "Amplifier Board",
PC-289, The filter circuitry is located on the "Filter
Board'", PC-291, PC~-292. The power supply circuitry is
located on the "Mother Board", PC-290.

5-2. FEEDBACK AMPLIFIER (PC-289). The feedback ampli-~
fier is composed of a high-gain amplifier connected as
a feedback ammeter,
R227 are set by the GAIN Switch (S201). The high-gain
amplifier is composed of a dual FET input stage (Q20lA
and B), a differential amplifier (QA201), and an output
stage (Q203 and Q204). The feedback is connected from
resistor R201 to the output stage at Q203 and Q204,
Potentiometers R232, R233, and R234 are internal fre-
quency compens&tion controls for 109, 1010, and 101!
gains respectively. Potentiometer R235 is the ZERO
ADJ control, The full scale output of the feedback
amplifier i3 1 volt.

5-3. FILIER (PC-292). The filter circuit is composed
of a high-gain amplifier comnected as a 12 dB/octave
low pass filter as shown in Figure 13. The amplifier
consists of integrated circuit QAlOl and output stage
(Ql0l and Q102). Full scale output is 10 volts,

The gain is established at X10 by resistors R110 and
R112 + R113, Potentiometer R108 is an internal zero

The feedback resistors R220 through

MODEL 427

CIRCUIT DESCRIPTION

a. +15 V Regulator. AC power is tapped from one
secondary of transformer T30l, The ac is rectified by
a full-wave bridge rectifier (D30l). Transistor Q301
is the series pass regulator. Integrated circuit QA
301 18 & self«contained reference and regulating cir-

cult, Potentiometer R304 is an internmal voltage ad-
justment, Resistor R307 serves as a current limit de-
vice,

b. =15 V Regulator. AC power is tapped from one
secondary of transformer T30l. The ac is rectified by
a full-wave bridge rectifier (D302). Transistor Q302
is the series pass regulator, Integrated circuit QA-
302 is a self-contained reference and regulating cir-

cult, Potentiometer R309 is an internal voltage ad-
justment. Resistor R307 serves as a current limit de-
vice.

5-5. CURRENT SUPPRESSION CIRCUITRY (PC-290). The
suppression is applied at the input as shown in Figure
15. The MAX AMPERES Switch (5303) sets the current
suppression in decade steps from 10-3 to 10-1C amperes
(Resistors R325 through R332}, Potentiometer R333 is
the FINE Control which provides adjustment from O to
1.5 times the MAX setting. Switch S304 sets the pol-
arity {either + and - 15 volt source). Current sup-
pression is & function of Vgg/Reg,

where Vgg = Voltage at the wiper of R333,

adjustment., Potentiometer R113 is an internal gain Regs = Series Resistor (R325 through R332).
ad justment.
Example: If MAX AMPERES = 10-6
5-4, POWER SUPPLY {PC-290). The power supply provides and if Vpg = +15 ¥
+15 V de at up to 70 mA for the amplifier circuits.
The regulator circuits are composed of identical com- then Igg - #13V _ 3.5 4 10-6 amperes
ponents and are connected as shown in Figure 14, 10702
GAIN RISE TIME
r YT 1
Re
AN
FILTER
INPUT OUTPUT
L\ Pt &
[ d
RECORDER
SOURCE OR
DSCILLOSCOPE
”r OVERLOAD
)
SUPPRESSION

FIGURE 12.
12

Block diagram of a high-speed current amplifier
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MODEL 427 CIRCUIT DESCRIPTION

Ril6

RI9

FIGURE 13. Filter Circuit.

T30l
Q30 R0
ite by
‘P
W t Ly
. —pLOW INPUT S A ' T0 FILTER
oW J » 4x2 104
0302 RI07
UNREG
ol <
0302 o + QA302 $R300
3 T y
FIGURE 14. Power Supply Regulator. FIGURE 15, Current Suppression,

T (0"9%

CHn5

FIGURE 16, Component Layout - PC-291,
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COMPONENT LAYOQUTS

MODEL 427

—C203

s

,,,;v},.w%q}géiﬂ%_é%_%%
] : C g @

\iéa

%

~FR201—~C201

FIGURE 19,
Component Layout - PC-292,

FIGURE 18.
Component Layout - PC-289,
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COMPONENT LAYOUTS

MODEL 427

“
R225
¥
RZ

<+ PC-289

R232
R233
R234-

T301

00O
R304 -5V COM H5V  R309

PC-290

N —

jc2i4a}

W
AR222K
c217}

|
=
T maEt
Rz

{R3273
—{R331)

| I

e 4 — e — — g e & m—

PC-291—»

HR32E
1 R336)
R379|

R235

15303

+PC-292

16

FIGURE 20. Chassis - Top View.
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MODEL 427

REPLACEABLE PARTS

SECTION 6. REPLACEABLE PARTS

6-1. REPLACFABLE PARTS LIST: This section contains
a list of components used in this instrument for user
reference. The Replaceable Parts List describes the
individual parts giving Circult Designation, Descrip~
tion, Suggested Manufacturer {Code Number), Manufac-

turer's Part Number, and the Keithley Part Number.
Also included is a Figure Reference Number where
applicable, The complete name and address of each
Manufacturer is listed in the CODE-TO-NAME Listing
following the parts list.

TABLE 6-1.
Abbreviations and Symbols
A ampere F farad f ohm
Fig Figure
Chvar Carbon Variable p pico (10-12)
CexD Ceramic Disc GCb Glass enclosed Carbon PC Printed Circuit
CerTDB Ceramic Tubular Poly Polystyrene
Cer Trimmer Ceramic Trimmer k kilo (103)
Comp Composition Ref. Reference
I micro (10‘6)
DCb Deposited Carbon TCu Tinner Copperweld
Desig. Designation M Meg (106)
Mfr. Manufacturer v volt
EAL Electrolytic, Aluminum MtF Metal Film
ETB Electrolytic, Tubular My Mylar W watt
ETT Electrolytic, Tantalum W Wirewound
No Number WWVar Wirewound Variable

6-2, LLECTRICAL SCHEMATICS AND DIAGRAMS. Schematics
and diagrams are included to describe the electrical
circuits as discussed in Section 5. Table 6-2 ident-
ifies all schematic part numbers ineluded.

6-3. HOW TC USE THE REPLACEABLE PARTS LIST. This
Parts List is arranged such that the individual types
of components are listed in alphabetical order. Main
Chassis parts are listed followed by printed circuit
boards and other subassemblies.

b-4, HOW TO ORDER PARTS.

a. Replaceable parts may be ordered through the

Sales Service Department, Keithley Instruments, Inc.
or your nearest Keithley representative,

b.

When ordering parts, include the following in-

formation.

C.

VW N

Instrument Model Number
Instrument Serial Number

Part Description

Schematic Circuit Designation
Keithley Part Number

All parts listed are maintained in Keithley

Spare Parts Stock. Any part not listed can be made
available upon request. Parts identified by the
Keithley Manufacturing Code Number 80164 should be
ordered directly from Keithley Imstruments, Inc.

TABLE 6-2.
Electrical Schematics and Diagrams

—
Description Circuit Designation Schematic

Amplifier Board PC-289 24766D

Mother Board (Power Supply) PC-290 24768D

Filter Board PC-291, PC-292 24767D

0471
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REPLACEABLE PARTS MODEL 427
TABLE 6-3.
PC Board Designation Series
Series Description Designation Page No.
100 Filter Circuit PC-291 20
100 Filter Circult PC-292 20
200 Amplifier PC-289 21
300 Power Supply PC-290 23
300 Suppression Circuit PC-290 23
300 Overload Circuit PC-290 23
TABLE 6-4,
Mechanical Parts List
Item No, Description Qty. Per Agsembly Keithley Part No. Figure No
- Chassis Asgembly - - 21
- Front Panel Assembly - -
1 Front Panel 1 247560
2 Screw, Slotted, 6-32 x 3/8 4 -
3 Front Panel! Overlay 1 247588
4 Rear Panel 1 24760B
5 Side Extrusion Left 1 247540
6 Side Extrusion Right 1 247540
7 Corner Bracket 2 247458
8 Screw, Socket, 6-32 w 1/4 4 -
9 Screw, Phillips, 6~32 x 1/4 4 -
10 Clip for Side Dress 2 FA-101
11 Side Dress Panel 2 247558
- Top Cover Assembly - -
12 Top Cover 1 24732C
13 Screw, Socket, 6-32 x 5/16 4 -
- Bottom Cover Assembly - 247638 22
14 Bottom Cover 1 24733C
15 Screw, Socket, 6-~32 x 5/16 & -
- Feet Assembly - -
16 Feet 4 243228
17 Ball 4 FE-6
18 Tilt Bail 1 171478
19 Screw, Phillips, 6-32 & -
20 Kep Nut, 6-32 4 -
AN T -\oy

18

WARNING

Using a Line Power Cord other than the one supplied
with your instrument may result in an electrical
shock hazard. If the Line Power cord is lost or

damaged, replace only with Keithley Part No. CO-7.
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REPLACEABLE PARTS

o f

MODEL 427

Exploded View.

Chassls Assembly-

FIGURE 21,

e

¢

EMBLY DETAIL

Bottom Cover Assembly,

FIGURE 22.

19
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REPLACEABLE PARTS

MODEL 427
FILTER BOARD
('"160" SERIES, PG-291%, PC-292)

CAPACTITORS
Circuit Mfr. Mfr. Keithley Fig.
Desig, Value Rating Type Code Desig, Part No. Ref,
clol 150 pr 500 v Poly 71590 CPR-150J C138-~150P 19
cloz 680 pF 500 v Poly 71590 CPR-6807 C138-680P 19
€103 L0022 uF 500 ¥ Poly 71590 CPR-2200J Cl38-.0022M 19
Cl04 6800 pF 500 v Poly 71590 CPR-6800J Cl38-6800P 19
clos .022 R 200 Vv Poly 84171 2PJ-223G Cl08-,.022M 19
Cclo6 .068 uF 100 v My 88480 3FR-683-1E Cla6-,068M 19
C107 .22 iy 200 v My 13050 SM1A-.22yF C47-.22M 19
clos .68 WF 200 My 13050 SM1A-.68pF C47-.68M 19
Cl09* 2.2 W 200 v My 13050 SMLA-2.2UF C47-2.2M 16
Cl1lo% 6.8 F 200 v My 97419 M2WP-6 . 8uF €203-6.8M 16
Cllt 68 pF 500 v Poly 71590 CPR-68J Cl38-68p 19
cll2 330 pF 500 v Poly 71590 CPR~-330J C138-330P 19
Cl13 .001 uF 500 v Poly 71590 CPR-1000J C138-.001M 19
Clls .0033 yF 500 v Poly 71590 CPR-3300J C138-,0033M 19
Cll5%* .01 uF 200 v Poly 84171 2pJ-103G Ccl08-.01M 16
clle .033 uF 100 v My 88480 3FR-333-1E Cl46-,033M 19
cl17 .1 ufF 200 v My 13050 SMLA-.1pF Ca7-.1m 19
cl1s .33 uF 200 v My 13050 SMLA~.33uF C47-.33M 19
CL19% 1 uF 200 v My 13050 SMLA-1NF C47-1M 16
Clz0% 3.3 WF -~ 200 W My 130650 SMIA-3.3yF C47-3.3M 16
cl21 5 pF 1000 Vv CerD 72982 DD-050 Ch4-5P 19
cl22 5 pF 1000 v CerD 72982 DD-050 Co4-5P 19
cl23 33 pF 1000 v CerD 72982 DD-330 C64-33P 19
Cl24 100 pF 100 Vv CerD 72982 DD-101 C64-100P 19

MISCELLANEQUS
Circuit Mfr, Mfr, Keithley Fig.
Desig, Type Code Desgig. Part No. Ref.
J101 Connector, 10-Pin, Mini-PV 22526 20052 £s=-237 19
QA101 Integrated Circuit 12040 LM301AN IC-24 19
plol Diode, Rectifier 01295 IN914 RF-28 19
D102 Dlode, Rectifier 01295 IN914 RF-28 19
QglLol Transistor 04713 2N3903 TG=-49 19
Qloz Transistor 04713 2N3905 TG-53 19
510l Switch, Rotary, RISE TIME 80164 SW-338 SW-338 19
JLo2 Connector, BNC, UGLl094A/U C5-249 3
—_— Cap, BNC, mates with J102 02660 31-2221 CAP-18 -

RESISTORS

Circuit Mfr. Mfr, Keithley Fig.
Desig. Value Rating Type Code Desig, Part No. Ref,
R101 7.78 k@ 1%, 1/8 W MtF 07716 CEA-7.78KQ R88-7.78k 19
R102 8.41 ko 1%, 1/8 W MtF 07716 CEA-8.41KD R88-8. 41k 19
R103 51.7 kQ 1%, 1/8 W MtF 07716 CEA-51.7KQ R88-51.7k 19
R104 51.7 kQ 1%, ¥/8 W MtF 0771e CEA-51.7KQ R88-51.7k 19
R105 10 kit 1%, 1/8 W MtF 07716 CEA-10KR R88-10k 19
20 1072



MODEL 427 REPLACEABLE PARTS
FILTER BOARD (cont'd)
RESISTORS (cont'd)
Circuit Mfr. Mfr, Keithley Fig.
Desig, Value Rating Type Code Desig. Part No, Ref.
R106 1 kO 1%, 1/8 W MtF 07716 CEA~-1k{2 R88-1k 19
Rl07 1 kp 1%, 1/8 W MEF 07716 CEA-1k{2 R88-1k 19
R108 200 @ .75 W Comp 80294 3009P-200 RP-89-200 19
R109 1 Mn A%, L2 w MtF 91637 MFF-1MQ R169-1M 19
R110 536 ki A%, /2 W MtF 91637 MFF-5368 R168-536k 19
RL1L 1 kO 10%, 1/4 W Comp 44655 RCO7-102 R76-1k 19
R112 61.9 ki A%, 1/8 W MtF 91637 MFF-61,9kQ R168-61.9k 19
RL13 2 kD .75 W Comp 80294 300972k RP-89-2k 19
R114 10 k0 1%, 1/8 W MtF 07716 CFA - 10k RBB-10k 19
Rl15 470 0 10%, 1/4 W Comp L4655 RCO7-471 R76-470 19
R116 1.8 ko 1%, 1/8 W MtF 07716 CEA-~1.8k R88-1., 8k 19
RL17 10k 1%, L/8 W MtF 07716 CEA —10k§} R88-10k 19
R118 470 0 10%, 1/8 W Comp 44655 RCO7-471 R76-470 19
R119 200 0 1%, 1/8 W MLF 07716 CRA 2000 R88-200 19
R120 10 k& 1%, 1/8 W MLF 07716 CEA 10k R88-10k 19
AMPLIFIER BOARD
{""200" SERIES, PC-289)
CAPACITORS ( * Located on Switch $201, )
Circuit Mfr. Mfr. Keithley Fig.
Desig. Value Rating Type Code Desig. Part No. Ref.
c20l L0022 |F 1000 V¥ CerD 72982 1085-D22 C22-.0022M 18
€202 .001 pr 1000 Vv CerD 72982 BO1000X5F0102K C64-,001M 18
c203 1.5 pF 600 V¥ CerT 71590 TCZ-1R5 C77-1.5P 18
C204 001 uF 1000 ¥ CerD 72982 801000X5F0102K C64=-,001M 18
€205 L047  uF 200 ¥ My 13050 SM2A- . 047UF Cl43-,D47M 18
C206 L047 uF 200V My 13050 SM2A- 04TUF Cl43-.04™M 18
c207 470 pF 1000 Vv CerD 72982 DD471 C64=470P 18
€208 .0022 uF 1000 V CerD 72982 1088-D22 C22-,00224 18
c209 .00l uF 1000 v Cerd 72982 801000X5F0102K C64-,001M 18
c210 10 uf 20 v ETT 17554 TSD1-20-10UF  CLl79-10M 18
c211 .00l pF 1000 Vv CerD 72982 8010G0X5FD102K CH4-.001M 18
c212 10 uF 20 Vv ETT 17554 T8D1-20-10uF  CL79-10M 18
€213 L00L R 1000 ¥ CerD 72982 801000X5F01028 Ché&~.001M 18
% C214 LOOLT pF** 200 Vv MMT 97419 - CBE~, 00471k 20
c215 L0047 pF 1000 V CerD 56289 105S-D47 C22-,0047M 20
*# C216 470 pF 500 V¥ Poly 71590 CPR-470J C138-470P 20
%0217 47 pF 500 Vv Poly 71590 CPR-47] C138-47F 406 € £ 20
* (218 5 pF 200 W Poly 00686 E1013-1-5pF c31-5p - ) %%’
€219 1.5 pF 600V CerT 71590 TCZ~1RS £77-3:5pQ 783 -1
€220 0> 1.5  pF 600V CerT- 71590 TCZ-1R5 e77=t-5p ¢ >¥3-l5F
c221 033 F 100 ¥ My 88480 3FR3349-1F CLl46-.003M 18
c222 L0011 R 1000 ¥ CerD 72982 801000X5F0102K CH4-.001M 18
£223 .0033 uF 1000 v CerD 56289 1088-D33 €22-.0033M 18
Cc224 .0033 uF 1000 V CexD 56289 1088-D33 C22-,0033M 18

**Nominal Value, Selected in Factory Test
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REPLACEABLE PARTS MODEL 427
AMPLIFTER BOARD (cont'd)
DIODES
Circult Mfr. Mfr. Keithley Fig.
Desig. Type Code Deslg, Part No. Ref.
D201 Special BOle4 B SN :
D202 Special 80164 QU555k MEEEA g ;!
D203 Silicon, NPN, Case TO-106 07263 2N3565 TG-39 P18
D204 §ilicon, NPN, Case TO-106 07263 2N3565 TG-39 18
D205 - 01295 1N645 RF-14 18
D206 - 01295 1N645 RF-14 18
D207 Silicon 01295 1N9L14 RF-28 18
D208 S8ilicon 01295 1N914 RF-28 18
D209 Silicon 01295 1N914 RF-28 18
D210 Silicon 01295 1N914 RF-28 18
MISCELLANEQUS
Circuit Mfr. Mfr. Keilthley Fig.
Desig. Type GCode Degig. Part No. Ref,
QA201 Integrated Circult, Operational Amplifier 07263 MATL5C 1c-26 =X JixJ 18
8201 Switch, Rotary, GAIN 80164 SW-337 5W-337 L0y 18
J201 Not Used 18
J202 Receptacle, BNC (UG-1094A/U) 02660 31-2221 05-249 18
RESTSTORS ( * Located on Switch 8201, )
Clrcuit Mfr. Mfr, Keithley Fig.
Desig, Value Rating Type Code Desig. Part No. Ref.
R201 10 o} 10%, 1/4 W Comp 44655 RCO7 R76~10 18
R202 1 MQ 10%, 1/2 W Comp 01121 EB-IM R1~1M 18
R203 100 kQ 1%, 1/8 W MtF 07716 CEA=-100kS2 R88-100k 18
R204 23.2 kQ 1%, 1/8 W MtF 07716 CEA-23,2k{ R88-23, 2k 18
R205 22.1 ko 1%, 1/8 W MtF 07716 CEA-22.1kQ R88-22.1k 18
R206 10 k2 1%, 1/8 W MtF 07716 CEA-10kQ2 R88-10k 18
R207 18,2 k@ 1%, Lf2 W MtF 07716 CEC-18,2k R94~18,2k 18
R208 10 kQ 1%, 1/8 W MtF 0771le CEA-10k§) R88-10k 18
R209 12,1 k@ 1%, 1/8 W MtF 07716 CEA-12,1k{ R88-12.1k 18
R210 499 @ 1%, 1/8 W Mt¥ 07716 CEA-4999 R83-499- D-aMV<— g
R211 499 Q 1%, 1/8 W MtF 07716 CEA-4990 RBB-#99F Bl ¥ 18
R212 10 Q 1%, 1/8 W MtF 07716 CEA-108 R88-10 18
R213 470 Q 10%, L/4 W Conmp 44655 RCO7-471 R76-470 18
R2L4 10 1491 1%, 1/8 W MtF 07716 CEA-10kS RB8-10k 18
R215 470 Q 10%, L/4 W Comp 44655 RCO7=471 R76-470 18
R216 10 Q 10%, L/4 W Comp 44655 RCO7-100 R76-10 18
R217 10 o 10%, 1/4 W Comp 44655 RCO7-100 R76-10 18
R218 270 k& 10%, 1/2 W Comp 01121 EB-270kQ R1-270k 20
R219 100 Q 1%, 1/2 W MtF 07716 CEC-100%8 R94-100 20
R220 . 900 Q0 1%, 1/2 W DCb 91637 DCF-1/2-900Q R12-900 20
R221 10 kQ 1%, 1/2 W MtF 07716 CEC-10kQ R94-10k 24
R222 100 k& 1%, Y/2 W MtF 07716 CEC-100kf2 R%4-100k 20
R223 1 MO 1%, 1/2 W MtF 07716 CEC-1MQ R34~1M - 20
R224 10 MO 1%, 1 W DCL 91637 DC—I—IO%Q R13-10M< 20
R225 108 g 1%, 2 W DCb 91637 pc-2-10%0 R14-108 R 287 -/cu 20

22
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MODEL 427

AMPLIFIER BOARD (cont'd)
RESISTORS (cont'd)

REPLACEABLE PARTS

Circuit Mfr. Mfr & Kelthley Fig.
Desig. Value Rating Type Code Desig. Part No. Ref.
R226 109 G - GCb 63060 RX-l-lOiO R20-109 F2\38‘,_”:720
R227 1010 ¢ - GCb 53060 RX-1-10 R20-1010 43649 - /620
R228 %15 Q 10%, /4 W Comp 44655 RCO7-150 R76-15 18
R229 10 k@ 104, L/4 W Comp 44655 RCO7-103 R76-10k 18
R230 220 kO 10%, 1/4 W Comp 44655 RCO7-224 R76-220k 18
R231 330 k& 10%, 1/4W Comp 44655 RCO7-334 R76-330k 18
R232 100 ki 1/2 W CbVar 80294 3068P-100k RP89-100k 18
R233 L M0 1/2 W CbVar 80294 3068P-1M RP89-1M 18
R234 1 Mi 1/2 W CbVar 80294 3068P-1M RP89-1M 18
R235 500 @ Potentiometer Heldipot 77PR500 RP=64~500
*Nominal value, selected iIn test.
TRANSTISTORS
Circuit Mfr. Mfr. Keithley Fig.
Desig, Type Code Desig. Part No. Ref,
Q201 Dual, FET, Case T0O-71 80164 2N5452 25099A% 18
Q202 Silicon, NPN, Case TO-92 04713 2N5089= TG-62 18
Q203 8ilicon, NPN, Case T0-92 04713 2N3903 TG-49 18
Q204 PNP, Case T0-92 04713 2N3905 TG-53 18
*Selected TG~70
MOTHER. BOARD PARTS LIST
(''300" SERIES, PC-290)
CAPACITORS
Circuit Mfr, Mfr, Keithley Fig.
Desig. Value Rating Type Code Desig, Part No, Refl.
c301 200 pF 35 v EAL 90201 MTV-200LF Cl77-200M 17
c302 200 pF 35 v EAL 90201 MTV-200LF - Cl77-200M 17
€303 10 pF 20 ¥ ETT 17554 TSD1-20-100F  C179-10M 17 yp-r0
C304 10 uF 20 A ETT 17554 T8D1-20-10LF Cl79-10M 17
€305 2200pF L0000 v CerD 72982 DD-222 C64-2200P 17
Cc306 200 pF 35 v EAL 90201 MTV-200UF Cl77-200M 17
C307 200 uF 35 v EAL 90201 MTV-200uF Cl77-200M 17
c308 10 uF 20 v ETT 17554 TSD1-20-10UF C179-10M 17
c309 220CpF 1000 ¥ CerD 72982 pp-222 Cé4-2200p 17
c310 10 wr 20 v ETT 17554 TSD1-20-10uF C179-10M 17
c311 200 pF 35 v EAL 90201 MTV-200HF Cl77-200M 17
c312 10 pF 20 v ETT 17554 TSDL-20-10WF Cl79-10M 17
€313 N YA 20 v ETT 17554 TSD1-20-.47pF Cl79-.47H 17
C314 10 uF 20 v ETT 17554 TSD1-20-10F  C179-10M 17
€315 0.G1uF 500 Vv CerD ERIE 871-25U0-103M (€22-.01M 17
DIODES
Circuit Mfr. Mfr. Keithley Fig.
Desie. Type Code Desig Part No. Ref.
D301 Four Diode Bridge 83701 PD-10 RF-36 17
D302 Four Diode Bridge 83701 PD~10 RF-36 17
D303 Silicon 01295 1N&45 RF-14 17
D304 Not: Used - - - -
D305 Silicon 01295 1IN9L4 RF-28 17
D306 Silicon 01295 1N9L4 RF-28 17
D307 Silicon 01295 1N9L4 RF-28 17
0877 e L\Q,-V_, e f—TT< 9O ( C —3 &9 — 230 23



REPLACEABLE PARTS MODEL 427
MOTHER BOARD (cont'd)
DIODES (cont'd)
Circuit Mfr, Mfr., Kelthley Fig.
Desig, Type Code Desig. Part No, Ref,
D308 Silicon 01295 1N914 RF-28 17
D309 §ilicon 01295 1N914 RF-28 17
D310 S§ilicon 01295 1N914 RF-28 17
D311 Silicon 01295 1N645 RF-14 17
D312 Silicon 01295 1N914 RF-28 -
MISCELLANEQUS
Circuit Mfr, Mfr. Keithley Fig.
Desig, Type Code Desig. Part No. Ref,
J301 Connector, Mini-PV 22526 47439 CS-236 17
J302 Connector, Mini-PV 22526 47439 C58-236 17
QA301 Integrated Circuit, Voltage Regulator 07263 UGA7723393 IC-25 17
QA302 Integrated Circuit, Voltage Regulator 07263 UGA7723393 1C-25 17
QA303 Integrated Circuit 07263 AT49C Ic-27 17
5301 Switch, Line Voltage 80164 SW-318 5W-318 3
5302 Switch, "PUSH ON" Power with lamp 80164 PBL-5-BSA3C7A 8SW-340 3
$303 Switch, CURRENT SUPPRESS 80164 SW-339 5W~-339 20
Q301 Transistor 02735 40312 TG-54 17
Q302 Transistor 02735 40312 TG-54 17
Q303 Transistor, Silicon, NPN, TO~92 Case 04713 2N3903 TG-49 17
8304 Switch, POLARITY 80164 SW-236 SW-236 3
F301 Fuse, ll7V, .25A, Slo-Ble, 3 AG 75915 313,250 FU~-17 3
F30l Fuse, 234V, 1/84, Slo-Blo, 3 AG 71400 MDL FU-20 3
T301 Transformer 80164 TR-138 TR-138 20
P305 Receptacle, AC 82389 AC3G C8-235 3
- Line cord, mates with P305 70903 17258-S co-7 ——
D8=-301 Pilot lamp, neon (replacement for §302) 08806 C7TA(NE-2P) PL-58 —
D§-302 Pilot Lamp, OVERLOAD (07294 CFO3ACS1869 PL-51 2
' RESISTORS (#*Located on Switch $303.)
Circuit Mfr. Mfr. Keithley Fig,
Desia, Value Rating . Type Code Desig. Part No. Ref,
R301 634 Q 1%, 1/8 W MtF 07716 CEA-6340 RB8-634 17
R302 8.2 0 5%, 1/2 W Comp 01121 EB-8.28 R19-8.2 17
R303 1.37 k& 1%, 1/8 W MtF 07716 CEA-1, 37kR R88-1.37k 17
R304 200 0 0.3 W - 80294 3329P-200 RP-88-200 17
R305 1.24 k@ 1%, 1/8 w MtF 07716 CEA-1,1k& R88-1.24 17
R306 634 0 1%, 1/8 Wi MtF 07716 CEA-6348 RBB-634 17
R307 8.2 Q 5%, 1/2 W Comp 01121 EB-8.2¢ R19-8,2 17
R308 1.37 kG 1%, 1/8 W MtF 07716 CEA-1.37kQ R88-1,371 17
R309 200 Q 0.5 W - 80294 3329P-200 RP-98-200 17
R3L0 1.24 k{2 1%, 1/8 W MtF 07716 CEA-1.,1kQ RBB8-1.24 17
R311 9.09 k@ 1%, L/8 W MtF 07716 CEA-9 .09k R88-9.09%k 17
R312 14 kQ 1%, 1/8 W - MtF 07716 CEA-14k8 R88-14k 17
R313 1 kQ 1%, 1/8 W MtF 07716 CEA-1%kQ R88-1k 17
R314 10 Q 10%, L/4 W Comp 44655 RCO7-100 R76-10 ;17
R315 1 kQ 1%, 1/8 W MtF 07716 CEA-1kD R88-1k 17
R316 9.09 k 1%, 1/8 W MtF 07716 CEA-9.09k R88-9.09k 17
R317 1 kQ 1%, 1/8 W MtT 07716 CEA- k2 RB8-1k 17
R318 1 kQ 1%, 1/8 W MEF 07716 CEA-1Lk R88-1k 17
R319 14 k@ 1%, 1/8 W MtF 07716 CEA-14k( RB8-14k 17
R320 10 0 10%, /4 W Comp 44655 RCO7-100 R76-10 17
R321 10 k{ 10%, 1/4 W Comp 44655 RCO7-103 R76-10k 17
R322 10 kQ 10%, 1/4 W Comp 44655 RCO7-103 R76-10k 17
R323 330 Q 10%, 1/4 W .Comp 44655 RCO7-331 R76-330 17
R324 47 kD 10%, 1/4 W Comp 44655 RCO7-473 R76-47k 17
*R325 10 k 1%, 1/2 W MtF 07716 CEC -10kf2 R94-10k 20
24
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MODEL 427

MOTHER BOARD (cont'd)
RESISTORS (cont'd)

REPLACEABLE PARTS

Circuit Mfr, Mfr, Keithley Fig.
Desig, Value Rating Type Code Desig. Part No. Ref.,
* R326 100 ko 1%, 1/2 W MEF 07716 CEC-100k R94-100k 20
* R327 1 MR 1%, 1/2 W MtF 07716 CEC-1M52 R94-1M 20
* R328 10 MR 1%, 1 W DCb 91637 DC-1-10M0 R13-10M 0
% R329 100 M0 1%, 2 W  DCb 91637 DC-2-100MR  Ri4-toou YoBT %0
* R330 109 @ GCb 63060 RX-1-1090 R20-1el 428116 3
% R331 1010 g acb 63060 Rx-l-loﬁsz §20-1010 Roor-70C ;4
* R332 otl g 6Ch 63060 RX-1-10""Q R20-10ll Ry87-@6 g
R333 10 kO 2 W WW 12697 62JA- 10§ RP-92-10k 17
R334 33 kQ 10%, 1/2 W Comp 01121 EB- 33k 2 RL1-33k 17
R335 68  kQ 10%, 1/4 W Comp 44655 RCO7-683 R76-68k -
1176 25



CALIBRATTION

SECTION 7.

7-1. GENERAL. Thisg section contains procedures for
checking the instrument to verify operation within
specifications. The procedures and adjustments should
be performed in the exact sequence given to ohtain
satisfactory results.

7-2. TEST EQUIPMENT. Use the test equipment specified
in Table 7-1. Equivalent Ilnstruments may be substi-
tuted provided the accuracy tolerances are equal to or
better than the equipment specified,

NOTE
The Suppression Max. Amperes switch will be left
in the OFF posltion unless stated otherwise.

7-3. PROCEDURES.

a, Preliminary Calibration.

1. Power Supplies.

a). Connect Model 163 between the +15 volt test
point and chassis and adjust the +15 volt poten~
tiometer R309 for +15 volts *10 mV, Using the
oscilloscope check for less than 1 mV peak-to-
peak ripple,

b). Connect Model 163 between the -15 volt test
point and chassis and adjust the =15 wvolt poten-
tiometer R304 for -15 wvolts +10 mV. Check for less
than 1 mV peak-to-peak ripple,

MODEL 427

CALIBRATION

2, Line Regulation.

a), Plug the Model 427 line cord in to a Variac
with Line Monltor.

b). Check the *+15 volt supplies with the Varilac
adjusted for 90 and 125 volts. The voltages should
be *15V +20 mV with less than 1 mV peak-to-peak
ripple.

3. 234 Volt Qperation.

a). Set the 117-234 volt switch to the 234
volt position and plug the 427 line cord into the
234 volt line.

b). Cheeck the £15 volt supplles. They should
read *15 volts +10 mV with less than 1 nV peak-
to-peak ripple.

4. Overload Circuit Check.

a}. Connect Model 163 to the Model 427 output.
Set the Model 163 to the 10 volt range.

b). Set the Model 427 controls as follows:

GATIN: 106 volts/amperes
SUPPRESSTON: (-) 10~5 amperes
RISE TIME: 300 ms

c}. Turn the Suppression Fine control to obtain
a reading of approximately +9.5 V on the Model
163. The Model 427 overload light should be off.

TABLE 7-1.
Test Equipment

Instrument Type Specification

Mfr. and Model No.

Picoampere Source 10—14 to 1+1 x 107

Digital Volimeter +1 pV to 1000V,
Oscilloscope -
Function Generator -
Microvolt-Ammeter

Variable Transformer

Line Voltage Monitor
True RMS VIVM -

4

0.1% of reading

10 uV to 1000V, 10 o 1071
90-140V rms, 50-60 Hz

90-140V rms, 50-60 Hz

Keithley, Model 261
KeithleylmMpdel 163

Tektronlx, Mé).d‘%l;éo.l; or 5618 .-
Wavetek, Model 111 or 130
Keithley, Model 153 )

Variac . -

1

Ballantine, Model 320

26
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MODEL 427

d). Slowly turn the Suppression Fine control
CW until the overload light comes on. This
should occur between +10 and +11 volts,

CALTBRATTON

10" amperes and adjust the front panel pot R333 for
a reading of 1.000V. Connect DVM (10V range) to
output of 427 and adjust Filter Amplifier gain

pot (R113) for a reading of 10.00 volts.

e). Set the Model 427 Suppression Polarity A O uk)QG)
switch to (+) and repeat steps c and d. Readings ( 7. Input Voltage Drop.
on the DVM will now be negative. s

a). 8et the Model 261 to 107° ampere and the
5. Current Amplifier Zero. Medel 427 gain to 10 V/A and connect the test
set up as shown in Figure 23 using a BNC TEE

a). Set the Model 427 gain switch to zero check, connector on the Model 427 input,.
suppression to OFF and Rise Time to 300 ms.

b). With no input connected set up, the Model

b). Turn the 427 front panel zero control ceow 153 for CENTER ZERO and VOLT R-2M. Zero on the
until overload light comes on. Then very slowly 100 wV range then set the range to 1 mV.
turn the zero control cw until light goes off.

Continue turning contrel cw until light comes on c). _Mith the Model 261 output OFF increase

again. Then slowly turn control ccw and set in th del 153 sEns1t1v1Ly to 300 pV range while

region where overload light stays off. malnLalnfng a "0" indication on the Model 153
using the Model 427 front panel zero control.

6, Filter Amplifier Zero and Gain. Correct drift with the Model 427 zero control as
needed during checks.

a). Set the Model 427 gain to 10" V/A and Rise
Time to 300 ms. Connect the Model 163 DVM to the d). Switch the Model 261 between OFF and (+)
Model 427 output. Set the Filter Amplifier zero /fasmneeded to obtain a steady reading on the Model
pot (RL08) for ¢ zlmV at the Model 427 output. k\153 The reading should be less thaT -300 pv.

b). Set the 427 Gain to 10%° V/A and connect a e). Repeat step d but switch between OFF -and
DVM (1V range) te the output of the first stage amp- (=) on the Model 261. The reading should be
lifier (QA201, Q203, Q204) at location an PC-290 less thah +300 pv. Re-zero the Model 427.
{mother board) at jumper found directly below pot- A
entiometers R232 and R233. Set the Suppression to

YOLTMETER

0877

CURRENT l \q CURRENT
SOURCE ' » AMPLIFIER
FIGURE 23. Measurement of Input Voltage Drop.
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CALIBRATION MODEL 427
TABLE 7-2.

427 427 WAVETEK MAX 10-907% RISE TIME

GAIN V/A RISE TIME FREQUENCY RISE TIME ADJUSTMENT
1013 1.0 ms 100 Hz 1,50 ms S5lider & Pot
109 .3 me 500 Hz 0.40 ms Slider & Pot
108 .1l ms 1 kHz 0.22 ms Pot
107 .03 ms 2 kHz 0.60 ms None
106 .03 ms 10 kHz 0,40 ms None
105 0l ms 10 kHz 0.015 ms None
104 .0l ms 10 kHz 0.015 ms None
10 01 ms 10 kHz 0.015 ms None

8. Amplifier Rise Time.

a), Comnect Functlon Generator to the Model
427 input and connect the Model 427 rear panel
output to the Oscilloscope using the test set up
shown in Figure 24,

b). Adjust the 109 through 1011 ranges within
the specified 10% to 90% rise time using the tri-
angular wave frequency and adjustment listed in

9. Amplifier Noise.

a). Connect a 100pF capacitor between Model
427 input high and ground.

b). Connect the TRMS VIVM to the Model 427
rear panel output and check the Model 427 RMS
output noise for all settings in Table 7<3,

10. Filter Rise Time.

a). Set the oscilloscope controls as follows:

the table. Adjust the Function Generator as VERTICAL INPUT: 2V /Div.
needed to obtain a 10 volt peak-to-peak output COUPLING: hy
from the Model 427. Check the 10% through 108 TRIGGER: Ext.
ranges for the specified rise times. There should COUPLING: AC
be no overshoot on any of the ranges.
Shielded
= B
—— e MODEL 427
1 CURRENT OSCILLOSCOPE
GENERATOR | AMPLIFIER
100 pF |
b _ -
FIGURE 24, Measurement of Rise Time,
TABLE 7-13.
TRUE
GAIN V/A RISE TIME RMS MAX. RMS
!4272 !427! VIVM NOISE
1073 1.0 ms 100 mv 40 Wy
109 .3 ms 30 mv 20 mV
108 1 ms 10 mv 10 mV
107 .03 ms 10 mv 5 mv
106 .03 ms 3 mv 2 mV
105 .01 ms 3 mV 2 mv
104 .01 ma 3 mv 2 mv
10 .01 ms 3 mv 2 mV

28
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MODEL 427 CALIBRATION
TABLE 7-4.
Wavetek 427 Rise Time Max 10-90%
Oscilloscope Frequency Setting Rise Time
10 us 10 kHz 01 ms .015 ms
10 us 1 kHz .03 ms 040 ms
.1 ms 1 kHz .1 ms .15 ms
.1 ms 160 H=z .3 ms .37 ms
1 ms 100 Hz 1 ms 1.1 ms
1 ms 10 Hz J ms 3.7 ms
10 ms 10 Hz 10 ms 11 ms
10 ms 10 Hz 30 ms 37 ms
SERIES
FUNCTTON RESTSTOR Mgggi 427
GENERATOR P ENT OSCILLOSCOPE
10KQ LIFIER
FIGURE 25. Measurement of Filter Rise Time.

b). Set the Model 427 gain to 10° V/A. Using
the series reslstor (10%4) and the square wave fre-
quency listed, check the filter amplifier 10-90%
rise time. Set the Function Generator amplitude
as needed to obtain a 10 volt peak-to-peak output
from the Model 427. The overshoot and dipping or
a combination of both should not exceed * 10%.
Trigger the Oscllloscope from the Function Gen-
erator Sync output.

c). Set the Oscilloscope for .2V/Div and set
the Function Generator for 1 volt ocut of the
Model 427. Using the square wave frequency listed
below check the 10%-90% rise time of the filter
amplifier.

TABLE 7-5.
Wavetek
Oscilloscope Frequency
.1 sec 1 Hz
.1 sec 1 Hz

427 Rise Time Max 10-90%
Setting Rise Time
100 ms 110 ms
300 ws 370 ms

0574
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CALIBRATION

b.

Final Calibration.

1. Galn Accuracy.

a). Connect the Model 261 Plcoampere Source to
the input of the Model 427 and connect the Model
163 to the Model 427 output. BSet the Model 427
Time Constant to 300 ms.

b). Set the Model 163 on the 1 volt range and
step the Model 261 and Model 427 through the ranges
in Table 7-6, The DVM readings must be within the
range given. For positive current Ilnputs the volt—
age output is negative.

TABLE 7-6.
261 427 Gain Model 163
10 x 102 10? V/A 98V to 1.02V
L x 10 107 .98Y to 1.02V
1 x 105 108 .98V to 1.02V
L x 10 10 J98Y to 1.02V
1 x 10 10 J98Y to 1.02V
9 9
1 x 109, 103, J98Y to 1,02V
1 x 100 1019 .96V to 1.04V
1x 10 10 196V to 1.04Y

30

2., Offset Current

a), Re-check the current amplifier and filter
amplifier zero. Place a CAP-18 on the Model 427
input and set the Model 427 Gain to 1011 V/A and
Rigse Time to 300 ms.

b). Connect the Model 163 to the Model 427 out-~
put and set it to the 1 volt range. The reading
on the Model 163 should be less than 100 mV,

3. Current Suppression,

a). Place a CAP-18 on the Model 427 input and
set the gain to 1011 v/A.  Connect Model 163 to
the Model 427 output and set it to the 10 volt
range.

bi. Set the Model 427 Suppression switch to
107 0, set the Polarity to (+) and the Fine con-
trol te obtain a -10 wvolt +10 mV reading on the
Meodel 163.

MODEL 427

c}. Step the Suppression and Galn switches
through the positions in Table 7-7. The readings
on the Model 163 should be within the tolerance
glven:

TABLE 7-7.

GAIN V/a SUPPRESSION MODEL 163
1077 1073° ~10V £10 m¥
10} 107 ~10V £600 mv
109 1075 ~10V £600 mV
105 07} 10V +600 n¥
10 10 ~10V +600 my
108 w0, ~10V £600 nv
10; 107 ~10V £600 mV
10 10 10V £3 ¥

d). Repeat steps b and ¢ with the suppression

polarity switch 1n the (~) position. The Model
163 readings will now be positive.

4, Drift.

a). BSet the Model 427 controls as follows:

GATN: 10° v /4
SUPPRESSION: 1077 ampere
RISE TIME: 1 ms
POLARITY: (+) or (=)*

*POLARITY 13 (+) for setting recorder
printer left of zero and (-) for setting
printer right of zero.

b). Set the recorder sensitivity to 10 mV full
scale and using the suppression FINE control set
the recorder printer to a convenlent spot for
recording drift of the Model 427.

e¢). After a 1 hour warm-up the Model 427
should drift no more than 500 pV (five minor
divisions) in any subsequent 24 hour period
+£500 uv/ocC.
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Reference:

REPLACEABLE PARTS

CODE—-TO—NAME LIST

CODE TO NAME List of Suggested Manufacturers.
Federal Supply Code for Manufacturers, Cataloging Handbook H4-2.

00656

00686

oL121

01295

01686

02101

02660

02734

02735

02777

02985

03508

04009

04713

05079

05397

06751

06980

Aerovox Corp.
740 Belleville ave.
New Bedford, Mass. 02741

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

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

Texas Instrumenta, Inc.
Semiconductor-Components Div,
pallas, Texas 75231

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

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

Amphenol Corp.
2801 South 25th Ave.
Broadview, 111, 60153

Radio Gorp. of America
Defense Rlectromic Products
Camden, N.J.

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

Hopltins Engineering Co.
12900 Foothill Blwd.
San Fernando, Calif. 91342

Tepro Electric Corp.
5 8t. Paul S5t,
Rochester, N.Y. 14604
General Electric Co.
Semiconductor Products Dept.
Syracuse, N.Y, 13201

Arrow-Hart & Hegeman Electric Co.
103 Hawthorne St.
Rartford, Conn. 06106

Motorola Semiconductor Prod. Inc.
5005 E, MeDowell Rd,
Phoenix, Ariz. 85008

Tansistor Electronics, Inc-
1000 West Road
Bennington, Vt. 05201

Unior Carbide Corp.
Electronica Div.
New Yeork, N.,Y. 10017

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

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

07137

07263

07716

[11:3:3 8

09052

09823

09922

10582

11502

11837

12040

12065

12697

12954

13050

13327

13934

14655

Transistor Electronics Corp.
Huwy. 169 - Co. Rd. 18
Minneapolis, Minn. 55424

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

IRC, Inc.
2850 Mt Pleasant
Burlington, Iowa 52601

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

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

Burgess Battery Co.
Div. of Servel Inc.
Freeport, 111,

Burndy Corp.
Richards Ave.
Norwalk, Conn, 06852

CT5 of Asheville Inc.
¥ills Gap Road
Skyland, N.C.

IRC Ine.
Greenway Road
Beone, N.C, 28607

Electro Scientific Tndus., Inc.

13645 NW Scilence Park Dr,
Portland, Or. 97229

National Semiconductor Corp.
Commerce Drive
Danbury, Gonn. 06813

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

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

Dickson Electronics Corp.
302 8, Wells Fargo Ave.
Scottsdale, Ariz,

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

Solitron Devices, Inc.
256 Qak Tree Road
Tappan, N.Y. 10983

Midwec Corp.
602 Main
Oshkosh, Nebr. 69154

Cornell-Dubilier Electric Corp.

50 Paris Street
Newark, N.J.

14659

15238

15909

16170

17554

23020

24655

27682

28520

29309

35529

37942

44655

53201

54294

56289

58474

61637

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

ITT Semiconductors
Div. of ITT Corp.
Lawrence, Mass, 01841

Daven Div. of T.A. Edison Imd.
McGraw Edison Co.
Livingston, N.J.

Teledymne Systems Co.
Communicacions Div,
Los Angeles, Calif. 90066

Components, Inc.
Smith S¢t.
Biddeford, Ma. 04005

General Reed Co,
174 Main st.
Metuchen, N.J, 08840

General Radio Co.
22 Baker Ave,
West Concord, Mass, 0178%

Hathaway Instruments, Inc,
5800 . Jewell Ave.
Denver, Colorado 80222

Heyman Mfg. Co.
147 N. Michigan Ave.
Kenilworth, W.J.

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

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

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

Ohmite Mfg. Co.
3601 Howard Sk,
Skokie, I1l. 60076

Sangamo Flectric Co.
1301 North 1lth
Springfield, I1ll. 62705

Shallcress Mfg., Co.
24 Preatom St.
Selma, N,.C.

Sprague Electric Co.
North Adams,
Masgachusetts

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

Union Carbide Corp.
270 Park Ave.

Wew York, N.¥Y. 10017
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REPLACFARLE PARTS

CODE TO NAME Liat (Continued).

63060

70309

70903

71002

71279

71400

71450

71468

71590

71785

72619

72633

72699

72982

73138

73445

73690

74276

74970

Vietoreen Inetrument 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, I11. 60644

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

Cambridge Thermionic Corp.
430 Concord Avenue
Cambridge, Mass,

Bugsmann Mfg.
Div. of McGraw~Edison Co.
St. Louis, Mo,

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

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

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

Cinch Mfg. Co. and
Howard B. Jones Div,
Chicago, I11. 60624

Diakight Corp.
60 Stewart Ave,
Brooklyn, N.Y. 11237

G- Electronics Co.
400 8. Wyman
rRockford, I11. 61101

General Instrument Corp.
Capacitor Diviaion
Newarlk, N.J. 07104

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

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

Amperex Electronic Co., Div, of

North Amervicean Philips Co., Inc.

Hicksville, W.Y.

Eleo Reslistor Co.
1158 Broadway
New York, N.Y,

Signalite Inc.
1933 Heck Ave,
Neptune, N.J. 077533

Johnsen, E. F., Co.
297 Tenth Ave, S.W.
Waseca, Minn. 56093

75042

75915

76055

76493

76545

17764

79727

80164

80294

81073

81483

82389

83125

83330

83594

83701

84171

s
v 84411

84970

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

Littlefuse, Inc.
800 E, Northwest Huwy.
Des Plaines, Ill., 60016

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

Miller, J. W. Co.
5915 3. Main St.
Los Angeles, Calif, 90003

Mueller Electric Co.
1583 E. 3lst St.
Cleveland, Ohio 44114

Resistance Products Co.
9l4 8. 13th St.
Harrisburgh, Pa, 17104

Continental -Wirt
Electronics Corp.
Philadelphia, Pa.

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

Bourns, Inc.
6135 Magnolia Ave.
Riverside, Calif. 92504

Grayhill, Inc.
561 Hillgrove Ave.
La Grange, Ill, 60525

International Rectifier Corp..

1523 Fast Grand Ave.
El Segundo, Calif.

Switcheraft, Inc.
5527 N, Elston Ave.
Chicago, Ill. 60630

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

Swith, Herman H., Inec.
812 sSnediker Ave.
Brooklyn, W.¥Y, 11207

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

Electronic Devices, Inc,
Brooklyn,
New York

Arco Electronics, Inc.
Community Drive
Great Neck, N.¥. 11022

TRW Capacitor THv,
112 W, First St.
Ogallala, Nebr.

Sarkes Tarzian, Inc,
E, Hillside Dr.
Bloomington, Ind.

86684
87216
90201
90303
91637
91662
91737
91802
91929
93332
93656
9;1&4
94154
94310
34696
95348
95712
97933

99120

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

Phileo Corp.
Lansdale Div., Ghurch Rd.
TLansdale, Pa., 19446

Mallory Capacitor
3029 East Washington
Indianapolis, Ind., 46206

Mallory Battery Co.
Tarrytown,
Wew York

Dale Electronics, Inc.
B.0. Box 609
Columbus, Nebr, 68601

Elce Corp.
Willow Grove,
Pennsylvania

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

Industrial Devices Inc.
982 River Rd.
Edgewater, N.J. 07020

Honeywell Inc.
Micro Switch Div.
Freeport, T1l. 61032

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

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

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

Tung-So0l Electric, Inc.
Newark,
New Jersey

Tru=-Ohm Products
Memcor Components Div.
Huntington, Ind, 46750

_ Magnecraft Electric Co.

5579 Horth Lynch
Chicago, 111,

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

Dage Electric Co,, Inc.
Hurricane Road
Franklin, Ind.

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

Plastic Capacitors, Inc.
2620 N. Clybourn Ave,
Chicago, Ill,
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NOTE:
1. ALL RESISTAMCE & CAPACITANCE SHALL BE

DESIGNATED In OHMS £ MICROFAALDS UNEFSS
OTHERWISE MOTED.

2. O FRONT PAMNEL CONTROL.

3 o INTERVAL SCREWDRIVER ADu.

L. M MEGO

5. K 1000 OHMS

6. pF PHOFARNY

7. ’ CLOCKWISE ROTATION

B. * INDICATES MOMINAL VALUE DF TERHMINED
DURING FIMAL CALIBRATION.
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KEITHLEY

SERVICE FORM

Model No. SerialNo. _______P.O. No. Date
Name Phone

Company

Address

City State Zip

List all control settings and describe problem.

{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.

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

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

Any additional information. (If special modifications have been made by the user, please describe below.)

*Be sure to include your name and phone number on this service form.



Addendum
29103-C-1
KEITHLEY 11/8/83
Instruction Manual Addendum
Model 427 Current Amplifier

The following change information is provided as a supplement to this manual in order to provide the
user with the latest improvements and changes to the manual in the least amount of time, It is recom-
mended that this information be incorporated into the appropriate places in the manual immediatsly,

Replace the information contained in step 8, page 28, under Amplifier Rise Time, with the following
procedure:

8. Amplifier Rise Time

a. Connect the Function Generator to the Model 427 input and connect the Model 427 rear panel
output to the oscilloscope using the test setup shown in Figure 24,

b. Adjust the 10° through 10" ranges within the specified 10% —90% rise time using the triangular
wave frequency and adjustment listed in Table 7-2. Adjust the Function Generator, as needed, to
obtain a 10 Volt p-p output from the Model 427.

¢. Without altering the test set-up, verify that the 106 through 102 ranges meet the rise time
specifications in Table 7-2. Adjust the Function Generator, as required to obtain a 10 Volt p-p out-
put from the Model 427, There should be no overshoot on any range.

d. Remove the 100pF capacitor from the test set-up and connect the Function Generator directly to
the Model 427 input. Verify the 104 through 108 109% —90% rise time, using the square wave fre-
quency, per Table 7-2. There should be no overshoot on any range except for the 10% V/A which
should be less than 10% overshoot.



INSTRUMENTS
Model 427 Current Amplifier Addendum

INTRODUCTION

This addendum to the Model 427 Current Amplifier Instruction Manual is being provided in order to supply
youwith the latest information in the least possible time. Please incorporate this information into the manual
immediately.

Page 3; Note that in Figure 2 the dials on the knobs are now black.

25103-C-2/7-90



Page 20; Replace Table with the following:

FILTER BOARD
(*100" SERIES, PC-291*, PC-292)
CAPACITORS
Circuit Mir. Mfr. Keithiey Fig.
Desig. Value Rating Type . Code Desig. Part No. Ref.
ci01 150pF 500V Poly 71590 CPR-150J C138-150P 19
ci102 680pF 500V Poly 71590 CPR-680J C138-680P 19
C103 .0022pF 500V Poly 71590 CPR-2200J C138-.0022M 19
C104 6800pF 500V Poly 71590 CPR-6800J C138-6800P 19
C105 .022uF 200V Poly 84171 2PJ-223G C108-.022M 19
C106 .0B6BuF 100V My 88480 3FR-683-1E C146-.068M 19
C107 22uF 200V My 13050 SM1A-22uF C47-.22mF 19
c108 88uF 200V My 13050 SM1A-.68uF C47-.68mF 19
c109* 2.2uF 200V My 13050 SM1A-2.2uF C47-2.2M 16
ci110* 6.9uF 200V My 97419 M2WF-6.8.F C203-6.8M 16
Cin 68pF 500V Poly 71590 CPR-68J C138-68P 19
C112 330pF 500V Poly 71580 CPR-330J C138-330P 19
C113 .001pF 500V Poly 71580 CPR-1000J C138-.001M 19
Cl114 .0033pF 500V Poly 71590 CPR-3300J C138-.0033M 19
C115” O1pF 200V Poly 84171 2PJ-103G C108-.01M 16
Ci16 .033uF 100V My 88480 3FR-333-1E C146-.033M 19
Ct17 ApF 200V My 13050 SM1A-.1pF C47-1M 19
C118 J33uF 200V My 13050 SM1A-33uF C47-.33M 19
C119* 1pF 200V My 13050 SM1A-1uF C47-1M 16
cizo* 3.3uF 200V My 13050 SM1A-3.3uF C47-3.3M 16
ci1 SpF 1000V CerD 72982 DD-050 C64-5P 19
c122 5pF 1000V CerD 72082 DD-050 Cé4-5P 19
C123 33pF 100V CerD 72982 DD-330 C64-33P 19
C124 100pF 100V CerD 72982 DD-101 C64-100P 19
MISCELLANEOUS
Circuit Mfr, Mfr. Keithley Fig.
Desig. Type Code Desig. Part No. Ref.
J101 Connector, 10-Pin, Mini-PV 22526 20052 C8-237 19
QA101 Integrated Circuit 12040 LM301AN IC-24 19
D101 Diode, Rectifier 01295 1N914 RF-28 19
D102 Diede, Rectifier 01295 1N914 RF-28 19
Q101 Transistor 04713 2N3903 TG-49 19
Q102 Transistor 04713 2N3905 TG-53 19
S101 Switch, Rotary, RISE TIME 80164 5W-338 SW-338 19
Knob, Rise Time KN-46 2
J102 Connector, BNC, UG1094A/U C8-249 3
— Cap, BNC, mates with J102 02680 31-2221 CAP-18 —
RESISTORS

Circuit Mir. Mir. Keithley Fig.
Desig. Value Rating Type Code Desig. Part No. Ref.
R101 7.78kQ 1%, 1/8BW  MtF 07716 CEA-7.78KQ R88-7.78k 19
R102 8.41kQ 1%, 1/8W  MtF 07716 CEA-8.41KQ R88-8.41k 19
R103 51.7kQ 1%, 1/8W  MtF 07716 CEA-51.7KQ R88-51.7k 19
R104 51.7kQ 1%, 1/8W  MiF 07716 CEA-52.7K2 R88-51.7k 19
R105 10kQ 1%, 1/8W  MiF 07718 CEA-10KQ R88-10k 19

29103-C-2/ 7-90



Page 22; Replace Table with the following:

AMPLIFIER BOARD (cont'd)

DIODES
Circuit Mir. Mir. “Keithiey Fig.
Desig. Type Code Desig. Part No. Ref.
D201 Special 80164 24555A 24555A 18
D202 Special 80164 24555A 24555A 18
D203 Silicon, NPN, Case TO-108 07263 2N3585 TG-39 18
D204 Silicon, NPN, Case 07263 2N3565 TG-39 18
D205 — 01295 1N645 RF-14 18
D206 — 01295 1N645 RF-14 18
D207 Silicon 01295 1N914 RF-28 18
D208 Silicon 01295 1N914 RF-28 18
D209 Silicon 01295 1NG914 RF-28 18
B210 Silicon 01295 1NS14 AF-28 18
MISCELLANEOUS
Circulit Mir. Mir. Keithley - Fig.
Desig. Type Code Desig. Part No. Ref.
QA201  Integrated Circuit, Operational Amplifler- 07263 HA715C 1C-26 18
S201 Switch, Rotary, GAIN 80164 SW-337 SW-337 18
Knob, Gain KN-46 2

Jaot Naot Used

J202 Recaptacle, BNC {UG-1094A/U) 02660 31-2221 C8-249 18

RESISTORS (*Located on Switch S201)

Circuit Mie. Mfr. Keithley Fig.
Desig. Value Rating Type Code Desig. Part No. Ref.
Rz201 10Q 10%, 1/4W  Comp 44655 RCo07 R76-10 18
R202 1MQ 10%, 1/2W  Comp 01121 EB-1M R1-1M 18
R203 100k 1%, 1/8W,  MtF 07716 CEA-100kQ R88-100k 18
R204 23.2kQ 1%, 1/8W MtF 07716 CEA-23.2kQ R88-23.2k 18
R205 221k 1%, 1/8W MtF 077186 CEA-22.1kQ2 R88-22.1k 18
R206 10k 1%, 1/8W MtF 07716 CEA-10kQ R88-10k 18
R207 18.2k0 1%, 1/2W MtF 07718 CEC-18.2kQ R94-18.2k 18
R208 10k 1%, 1/8W,  MtF 07716 CEA-10kQ R88-10k 18
R209 12.1kQ2 1%, 1/8W MtF 07716 CEA-12.1kQ2 R88-12.1k 18
R210 4990 1%, 1/8BW MtF 07716 CEA-495Q R88-499 18
R211 4980 1%, 1/8W MtF 07716 CEA-495Q R88-499 18
R212 1082 1%, 1/8W MtF 07716 CEA-10Q2 R88-10 18
R213 470Q 10%, 1/4W, Comp 44855 RCO7-471 R76-470 18
R214 10kQ 1%, 1/8W MtF 07716 CEA-10k R88-10k 18
R215 470Q 10%, 1/4W  Comp 44855 RCQ7-471 A76-470 18
R2186 10Q 10%, 1/4W, Comp 44655 RCO07-100 R76-10 18
R217 10Q2 10%, 1/4W Comp 44655 RC07-100 R76-10 18
R218* 270kQ 10%, 1/2W  Comp o111 EB-270kQ R1-270k 20
R219* 1000 1%, 1/2W MtF Q7716 CEC-100Q R94-100 20
R220* 9000 1%, 1/2W DCb 91637 DCF-1/2-800Q R12-900 20
R221* 10kQ 1%, 1/2W,  MtF 07716 CEC-10kQ R94-10k 20
R222* 100k 1%, 1/2W MtF 07716 CEC-100kQ R94-100k 20
R223" 1MQ 1%, 1/2W MtF 077186 CEC-1MQ R94-1M 20
R224 10MQ 1%, 1W DCbh 91637 PC-1-10MQ R13-10M 20
R225 10%Q 1%, 2W DCbh 91637 DC-2-10%Q R14-10° 20

29103-C-2/ 7-90



Page 24; Replace Table with the following:

MOTHER BOARD (cont’d)
DIODES (cont'd)
Clrcult Mitr. Mfr. Keithley Flg.
Deslg. Type Code Desig. Part No. Ref.
D308 Silicon 01295 1N914 RF-28 17
D309 Silicon 01295 1N914 RF-28 17
D310 Silicon 01295 1N914 RF-28 17
D311 Silicon 012085 1NB45 RF-14 17
D312 Silicon 01285 tNg14 RF-28 —
MISCELLANEOUS

Cireult Mfr. Mfr. Keithiey Fig.
Deslg. Type Code Deslg. Part No. Ref.
J301 Connector, Mini-PV 22526 47438 CS-236 17
Jaoz2 Connector, Mini-PV 22526 47439 CS-236 17
QA301 Integrated Cireuit, Voltage Ragulator 07263 UGA7723393 IC-25 17
QA302 Integrated Circuit, Vollage Regulator 07263 UGA7723393 iC-25 17
QA303  Integrated Circuit 07263 A749C iC-27 17
3301 Switch, Line Voltage 80164 SW-318 Sw-318 3
5302 Switch, “PUSH ON" Power with lamp 80164 PBL-5-BSA3C7A SW-340 3
5303 Switch, CURRENT SUPPRESS 80164 SW-339 SW-339 20

Knob Amperes KN-46 2
Q301 Transistor 02735 40312 TG-54 17
Q302 Transistor 02735 40312 TG-54 17
Q303 Transistor, Silicon, NPN, TO-92 Case 04713 2N3903 TG-49 17
5304 Switch POLARITY 80164 SW-236 SW-236 3
F301 Fuse, 117V, .25a, Slo-Blo, 3AG 75915 313.250 FU-17 3
301 Fuse, 234V, 1/8A, Slo-Blo, 3AG 71400 MBL FU-20 3
T301 Transformer 80164 TR-138 TR-138 20
P305 Raceptacle, AC 82389 AC3G CS-235 3
— Line cord, mates with P305 70803 17258-5 COo-7 —
D5-301  Pilot lamp, neon (replacement for S302) 08806 C7A (NE-2P} PL-58 —
DS-302  Pilot Lamp, OVERLOAD 07294 CF0O3ACS1869 PL-51 2

Knob, Fine Adjust KN-58 2

RESISTORS (*Located on Switch S303)

Circuit Mfr. Mfr. Kelthley Fig.
Desig. Value Rating Type Code Desig. Part No. Ret.
R301 6340 1%, 1/8W MtF 07716 CEA-634Q R88-634 17
R302 8.20 5%, 1/2W Comp o1 EB-8.20 R19-8.2 17
R303 1.37kQ 1%, 1/8W MtF 07716 CEA-1.37kQ R88-1.37k 17
R304 2000 0.5W — 80294 3329P-200 RP-88-200 17
R305 1.24kQ 1%, 1/8W MtF 07716 CEA-1.1kQ R88-1.24 17
R306 8340 1%, 1/8W MtF 07716 CEA-634Q R88-834 17
R307 8.2Q2 5%, 1/2W Comp 01121 EB-8.2Q R19-8.2 17
R308 1.37kQ 1%, 1/8W MtF 07716 CEA-1.37kQ R88-1.371 17
R309 20002 0.5W — 80294 3329P-200 RP-98-200 17
R310 1.24kQ2 1%, 1/8W MtF 07716 CEA-1.1kG R88-1.24 17
R311 9,09k 1%, 1/8W MiF 07716 CEA-9.08k} R88-9.09k 17
R312 14k 1%, 1/8W MIF 07718 CEA-14kQ R88-14k 17
R313 1kQ 1%, 1/8W MIF 07716 CEA-1kQ2 R88-1k 17
A3t4 10kQ 10%, 1/4W Comp 44655 RC07-100 R76-1C 17
R315 1k 1%, 1/8W MIF 07716 CEA-1kQ R88-1k 17
R316 9.09kQ 1%, 1/8W MtF 07716 CEA-9.08k2 R88-9.09k 17
R317 1kQ 1%, 1/8W MtF 07716 CEA-1k( R88-1k 17
R318 1kQ 1%, 1/8W MIF 07716 CEA-1kQ R88-1k 17
R319 14kQ 1%, 1/8W MtF 07716 CEA-14kQ R88-14k 17
R320 10Q2 10%, 1/4W Comp 44855 RCO07-100 R76-10 17
R321 10k 10%, 1/4W Comp 44655 RC07-103 R76-10k 17
R322 10kQ 10%, 1/4W Comp 44855 RC07-103 R76-10k 17
R323 330Q 10%, 1/4W Comp 44655 RC07-331 R78-330 17
R324 47k 10%, 1/4W Comp 44655 RC07-473 R76-47k 17
R325° 10k 1%, 1/2W MtF a7716 CEC-10kQ R94-10k 20

29103-C-2/7-90



HOW TO INSTALL IC-382

SINCE THE [C-223 IS & 8 PINM DEVICE SET UP ACCORDING.

CUT PIN 3 OF THE IC-388.

b

fINM 1 OF THE OF a&MP GOES IMTO THE HOLE OF FIM

¥

FIM OF THE 0OF aAMP GOEZS IMNTS THE HOLE OF FIM 3.

70}
k3
*

FIN 2 OF THE COFP AMP GDES INTO THE HCLE QF PIM 4,

FIM 4 OF THz OF @MP GOES [NTC2 THE HOLE OF PIN

n

FIM & OF THE OF AMP GOES INTO THE HOLE OF PIM &.%=%

oo

PIN 7 OF THE OF AMP GOES INTC THE HOLE QF FIRM

@

FIN OF THE OF AMP GOES INTO THE HOLE OF PIM 10,

PIN HOLES 1,7,9 WILL REMAIN EMPTY.

oM THE REVERZSE SIDE OF THE FC-28% INSTALL & CAPACITOR

C—-83-22FF BETWEEMN FIMS 2 &ND & GF PC BORRD.,  ##
CHANGE R210 AND R211 FORM R-88-1K TO R-88-3.01K.

REMOVE CaPaCITORS C-207,C-208 wMND C-20% FROM THE

CIRCUIT BOwRD. THEY ARE MNO LONWNGER MEEDED.

SEE ATTACHED DRAWING.
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Component Layout - PC-289. Component Layout - PC-292,
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