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Section 1—J20/7J20

SPECIFICATION

Descriplion

The J20 Spectrometer and the 7J20 Spectrometer
Plug-In form a Rapid-Scanning Spectrometer system
capable of scanning the optical spectrum from 250 nm
(ultraviolet) to 1100 nm (near infrared), The resulting
spectral display is time-resolved spectral power (Iincident
optical powar versus wavelength) in calibrated absolute
terms.

The J20 Spectrometer uses a Czerny-Turner grating
monochromator without an exit slit. The spectral output of
the monochromator is focused onto the target of a vidicon
tube where the spectrum is stored as an electrical charge
image. An electron beam periodically scans across the
vidicon target converting the charge image into an
alectronic signal that is in turn processed by the 7J20
Spectrometar Plug-In. Design of the J20 Spectrometer
features two switchable diffraction gratings, selection of
entrance slit widths, and a choice of several optical filters
any of which can be placed in front of the entrance slit. The
two switchable gratings in the J20 Spectrometer allow
scanning wide (400 nanometars) or narrow (approximate-
ly 40 nanometers) portions of the 250 to 1100 nanometer
spectrum.

The 7J20 Spectrometer Plug-In is a two-hole-wide
plug-in designed to operate in the Tektronix 7000-series
family of oscilloscopes, It functions as an electronic
signal-processor and controller between the J20 Spec-
trometer and the 7000-series oscilloscope. Design of the
7420 Spectrometer Plug-in features some controls that
allow signal manipulation to provide a variety of
meaningful displays.

The VERTICAL GAIN switch provides three types of
vertical deflection; linear, logarithmic, and inverse
logarithmic (absorbancae). The GAIN position of the
switch displays a ramp signal on the crt to allow setting the
output signal amplitude of the 7J20 to match the input
sensitivity of the oscilloscope being used. The
TIME/SCAM switch selects the mode and time of scanning

@

the vidicon target to provide either repetitive scanning or
integration modes of operation. The DISPLAY DISPER-
SI0N switch provides crt display horizontal expansion to
increase crt display dispersion. Expansion is centered
around the intensified wavelength marker. The MARKER
control allows horizontal positioning of the intensifled
wavalangth marker in the crt display to permit wavelength
identification of specific portions of a spactral display.
The SPECTRAL NORMALIZER switch selects between
normalized and un-normalized operation. Mormalized
operation provides radiometric calibration of the spec-
trometer system,

The 7J20 Spectrometer Plug-In, though it will operate
in any 7000-series oscilloscope (even those without crt
readout), is primarily intended to be operated in a 7613,
The 7613 offers adequate vertical amplifier bandpass to
ensure optimum spectrometer performance, and crt
readout to take advantage of spectrometer operational
features such as the wavelength MARKER control, Ad-
ditionally, the storage capabllities of the 7613 allow
retention of multiple displays to permit direct waveform
comparisons in real-time terms. Because the same signals
used to scan the widicon detector are used to provide
horizontal deflection in the crt display, no additional plug-
ins are necessary for spectrometer operation. The 7J20
Spectrometer Plug-In also features an Interface connec-
tor ({located on the bottom of the plug-in) to facilitate
signal interconnection between the spectrometer systam
and a recorder, a computer, or a digital signal processor
such as the Tektronix 7000-serles DPO system.

Specification

The following instrument specifications apply over the
ambient temperature range of +15*C to +35°C unless
specifically noted otherwise. Warm-up time required to
achieve these specified accuracies is 20 minutes. Those
characteristics having their limits listed in the Primary
Limit calumn are instrument specifications. Data listed in
the Secondary Limit column does not constitute instru-
meant specifications and is provided for reference use only.

1-1



Specification—J20/7J20

SYSTEM OPTICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Spectral Sensitivity Range

250 nm to 1100 nm inclusive
300 nm to 1100 nm first order
250 nm to 330 nm second order
with internal first order blocking filter

Display Spectral Interval

Grating A 400 nm, 4 nm (4:1%) full scan
200 nm, +6 nm {+3%) expanded
100 nm, +3 nm (+3%) expanded
40 nm, +£1.2 nm {-£3%) expanded
Grating B 300 nm' 650 nm' 900 nm’ 1000 nm'
40 nm 46 nm 40 nm 34 nm 30 nm
(Full Scan) +2% 2% +2% 2%
20 nm 23 nm 20 nm 17 nm
(Expanded) 4% +4% +4%
10 nm 1.5 nm 10 nm 8.5 nm
(Expanded) +4% +4% +4%
4 nm 4.6 nm 4 nm 3.4 nm
(Expanded) +4% 445 +4%

Marker Wavelength Accuracy

Measured over the center two crt graticula
divisions only

Grating A
At +26°C

+10 nm

From +15°C to +35°C

+12 nm from 300 nm to 500 nm
+13 nm from 500 nm to 900 nm
+14 nm from 900 nm to 1100 nm

Grating B
At 2570

+3 nm

Typically +2 nm

From +15°C to +35°C

+5 nm from 300 nm to 500 nm
+6 nm from 500 nm to 900 am
+7 nm from 200 nm to 1100 nm

Wavelength Mechanical
Repeatability’

Grating A

+4 nm

Grating B

+0.4 nm

'Display Center Wavelength.

‘Fixed temperature, includes grating change and wavelength interval adjustment, not including digital readout.

1-2



SYSTEM OPTICAL SPECIFICATION (cont)

Specification—dJ20/7J20

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Wavelength Repeatability’

Grating A +1 nm
Grating B +0.5 nm
Resolution (Bandwidth At Half
Amplitude)
Grating A =4 nm
Grating B <0.4 nm
Stray Light =1% at 600 nm to a notch filter with

tungsten illumination

Steradiancy

0.02 steradians,
+0.006 steradians {+3%)

Field of View (Full Angle}

Horizontal 8.2 degrees
Vertical 8.5 degreas
Equivalent f-number fi8.3

Ambient Light

10,000 LUX (1000 footcandles) or less of
sunlight at all positions around the instru-
ment excluding the optical field of view. No
detectable effects.

GENERAL (UN-NORMALIZED) SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

E|5pia‘f Vertical Drift
(VERT GAIN 200)

=1.5 major crt graticule divs/minute
(=0.75 nA/min) at +25°C

=3 major crt graticule divs/
minute at +35°C

Display Baseline Flatness
(VERT GAIN 200)

=86 major crt graticule divs
p-p (=3 nA p-p) at 425°C

Display Moise
(VERT GAIN 200)

=0.4 major crt graticule divs p-p
(=0.2 nA p-p) for 10 ms and 20 ms scan
rates

Typically =0.2 major crt
graticule divs p-p (=0.1 nA
p-p) at +25°C

Vertical Linearity Using Switched

Attenuation (Linear Gains)

+4% of light level with oscilloscope crt
linearity excluded

+2-1/2% crt linearity addi-
tive to Vertical Linearity
specification

'Fixed temperature, nol including grating change, wavelength interval adjustment, or digital readout.

@
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Specification—J20/7J20

GENERAL (UN-NORMALIZED) SPECIFICATION (cont)

CHARACTERISTIC PRIMARY LIMIT SECONDARY LIMIT
-
Lagarithmic Gains Accuracy
(300 nA Reference Level)
True Log | Measured Log | Error %
—-1.0dB -1.04 dB to —0.918 dB +3-1/2, -8.2
-2.0 dB —2.07 dB to —-1.58 dB +3=1/2, —21.1
3.0dB —3.11 dB to —1.78 dB +3-1/2, —40.7
Absorbance Gains Accuracy
(300 nA Zero Absorbance
Referance Lavel)
True Absorbance Measured Absorbance Error %
0A 0 i)
0.3A 0,211 to 0.284 A +3-1/2, —5.3
0.6 A 0.621 to 0.563 A +3-1/2, —6.2
1.0A 1.04 to0 0.918 A +3-1/2, —-8.2
1.3 A 1350116 A +3-1/2, —10.8
1.6 A 1.66 10 1.37 A +3-1/2, —14.4
20A 207 to1.58 A +3-1/2, —211
30A 3Mto178 A +3=1/2, —40.7
Vertical Deflection 100 nA
Electrical Sensitivity — | per div, +5% Typically +3%
{Linear Gains) VERT GAIN
Typical Response Times (Lag) From
Initial Signal Level lgto Iy 0.9 A
Far 10 ms & 20 m= Scan Hates Initial Signal Intensity Level, I,
Signal Change (A 1) 500 nA 200 nA 100 nA 50 nA 20 nA 10 nA
500 nA 40 ms"
200 nA, 80 ms*
100 nA 43 ms 82 ms’
a0 na 35 ms 46 ms 87 ms’
20 nA 34 ms 44 ms 64 ms 250 ms’
10 nA 36 ms 47 ms 65 ms 135 ms 350 ms'
“To ull off,
1-4 @



Specification—J20/7J20
NORMALIZED OPERATION

CHARACTERISTIC PRIMARY LIMIT SECONDARY LIMIT

All normalized operation limits are specified
with a 20 ms scan rate.

All radiometric measurements are made to
a ribbon filament radiance lamp traceable
to NBS.

Specification limits arrived at by quadrature
(square root of sum of sguares).

Radiometric

Spectral Range 400 nm to 987 nm for Grating A
367 nm to 900 nm for Grating B

Vertical Scale Factor Readout Wi (nm - div) of crt deflection as detected at
J20 entrance slit.

Radiant Power Accuracy Graling A Grating B
400 nm—800 nm +20%
GO0 nm—967 nm +12%
367 nm—600 nm +12% B
600 nm—200 nm +11%

Radiant Power Repeatability (To Indi-
vidual Calibration Curve Available For
Each Instrument)

400 nm—EB00 nm +13%
600 nm-—8967 nm +3.6%

367 nm—~B00 nm +5.5%
600 nm—800 nm +3%
Speciral Flatness +15% p-p +15% p-p
Maoise Equivalent Power 50 pW/nm 500 pWinm
{20 pm Slit, VERT GAIN 200} {one div) (one div)
Linearity +6% not including oscilloscope linearity

error over the range of noise level to 0.7 of
saturation current.

Dynamic Range =1500:1 Lower limit of dynamic range
iz Noise Equivalent Power
Level for each grating.

@ 15



Specification—J20/7J20

NORMALIZED OPERATION (cont)

CHARACTERISTIC

PRIMARY LINIT

All normalized photometric limits are speci-
fied using an external normalizer with the
system normalized to 400 nA vidicon signal
current over a wavelength interval using a
quartz iodine lamp.

SECONDARY LIMIT

Photometric Accuracy

Linear Gains

+4% T un-normalized

+6% T normalized

Mot including linearity
error of oscilloscope

Absorbance Gains

Un-normalized

Refer ta limits specified in General Opera-
tion Specifications

Mormalized

Random error of 2% additive to un-
normalized tolerance,

J20 SPECTROMETER OPTICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Entrance Slits

Height

7 mm, +£0.05 mm

Widths

10 pm, £5%

20 pm, +£2-1/2%
50 pm, +3%
100 pm, +2%
200 pm, H1%
500 pm, +1%
1000 pm, 1%

Spherical Mirrors

Coating

Aluminum reflective coating with mag-
nesium fluoride overcoating.

Plane Flat Mirrors

Coating

Aluminum reflective coating with mag-
naxium fluoride overcoating.

Diffraction Gratings

Grooves/mm
Grating A Approximately 150 grooves/mm
Grating B 1200 grooves/mm

16



J20 SPECTROMETER OPTICAL SPECIFICATION (cont)

Specification—J20/7J20

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Meutral Density Filters

Variation In Density

+5% of specified density from 400 nm to

1000 nm inclusive.

Dimensions
Height 15.8 mm, 40, —0.38 mm
Width 7.9 mm, +0, —0.38 mm
Thickness 2.8 mm to 3.3 mm inclusive

Monopass Filters

Peak Wavelength

Within 1 nm of specified value.

Dimansions

Same as for Neutral Density Filters.

Llitraviolet Cutoff Filters

Dimensions

Same as for Meutral Density Filters.

Ultraviolet Pass Filters

Dimensions

Same as for Neutral Density Filters.

J20 SPECTROMETER ELECTRICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LINMIT

Readout Circuits

Center Wavelength
Readout Signals

Grating A 2V, +3V, +4 ¥, +5V, and
+6V (switched steps; all +0.75%)
1 ¥/100 nm, +0.2%*
Grating B 0 to +8 volts
continuously variable.
1 V/100 nm, +0.2%’
Preamplifier
Gain 2 mv/nAa, 12-1/2% loaded
Bandwidth 150 kHz, +25%

Transiant Responsa

23 pst, T25%

‘Referenced to < B V power supply.

@
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Specification—J20/7J20

J20 SPECTROMETER ELECTRICAL SPECIFICATION (cont)

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Moise

1 mV p-p. 1 kHz—300 kHz
at —3 dB

Target Voltage

+8V, £5%

Horizontal Deflection Amplifier

Input Signal

Ramp voltage wavetorm
0 to 8 volts,

Output

Avarage Plate Potential

250 V', 41 ¥ (adjustable)

Voltage Differential

Approximately 95 V p-p
each plate,

Gain Range

+10%

Position Range

+7 ¥ differential each plate.

Slew Rate =6.3 volls/us

Vertical Oscillator
Frequency 1 MHz, +25%
Amplitude 68 V, 4V on one plate

Amplitude Range

256 to 70 volts p-p

Amplitude Stability

+4 volts p-p, 0 to +50°C

7420 SPECTROMETER PLUG-IN
ELECTRICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Vertical specifications apply only when
HORIZ CAL, ATTEN BAL, HORIZ POS,
and GAIN adjustments are correctly
adjusted.

Vertical
Linear Deflaction

Gain Accuracy

Within 1% betwean any two switch positions.

Sensitivity

0.2 W/div, £1% with
VERTICAL GAIN setto 1and
SPECTRAL MORMALIZER
set to OFF,

1-8



7J20 SPECTROMETER PLUG-IN
ELECTRICAL SPECIFICATION (cont)

Specification—J20/7J20

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Vertical Position Range

Can position display baseline to above the
center horizontal graticule line and to he-
low the bottom horizontal graticule line.

Step Attenuator Balance

+0.4 division baseline shift

Displayead Moise (Input Grounded
VERT GAIN 200, TIME/SCAN 10 ms)

Mormalizer On

=1 div p-p

Mormalizer Off

=0.2 div p-p

Deflection Linearity

Maormalizer On

+1% of full scale deflection

Maormalizer Off

+0,5% of full scale deflection

Transient Response

10 ms Scan | Other Scans

Risetime
Mormalizer On 10.8 us 168.2 yus
+10%% +10%
Marmallizer Off 10.2 us 148 s
+10% +10%
Aberrations =0.2 div =0.2 div

Offset
Hange

0—1000 nA of signal current

Sensitivity (Normalizer Off)

100 nA, +£3%, +1 nA signal current/turm

200mV, 2%, +1nA per
turn at the input to the 7J20

Drift

1.5 nA/minute at +35°C

Baseline Restore Range

0500 nA minimum

Logarithmic Deflection
{(BASELINE RESTORE
Recently Pushed)

Input To Log Converter
(Referred To 7J20 Input)

Signal current plus 2 to 6 nA

Log Gain Accuracy Referred
To Log Converter Input

+3-1/2% excluding oscllloscope linearity
errar

2-1/2% oscilloscope
linearity error additive

Offset

One turn = one decade

Offset Accuracy

+2% of dial referenced to graticule




Speclfication—J20/7J20

7J20 SPECTROMETER PLUG-IN

ELECTRICAL SPECIFICATION (cont)

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Inverse Logarithmic {(Absorbancea)

Deflection Referred To Log
Converter Input

Gains Accuracy

+4-1/2% excluding oscilloscope linearity
errar

2-1/2% oscilloscope
lingarity error additive

Offset

One turn = one absorbance unit

Offsel Accuracy

+2% of dial referenced to graticule

ABSORBANCE ZERO Range

Saturation to =10 nA equivalent

Wavelength Marker Readout

Center Wavelength Readout

With Test Point 966 Grounded

5964 In Ground

300nm, +1nm

5964 In +B Y

1100 nm, +3 Am

Change In Readout From Left

Edge To Right Edge Of
Graticule

400 nm, +1 nm for Grating A.
40 nm, 43 nm for Grating B.

Harizontal

Scan Time Accuracy

+1% for 10 and 20 ms scan intervals

+3% for integrate mode scan intervals

Variahle Time/Scan
Control Range

Increases scanning speed by a factor of at
least 2.6:1.

Holdoff and Reseat 60 us, +3 s
Time
Ramp Lavels
At Holdoft —0.2Y, 101V
At Paak 825V, +0.25V

Ramp Reset Time

=0V in less than 25 ps from
trailing edge of SCAN pulsa.

Restore Pulse

A30us, +3 pswide pulse
that goes positive 24 us,
+2.6 ug after the end of sean.

Position Hange
(DISPLAY DISPERSION In
Unexpanded Position)

At least a total of one div ad-
justment.

1-10



7J20 SPECTROMETER PLUG-IN
ELECTRICAL SPECIFICATION (cont)

Specification—J20/7J20

CHARACTERISTIC

PRIMARY LIMIT

SECOMNDARY LIMIT

Horizontal Amplifier Gain

0.8 W/div, £15% front panel
calibration range.

DISPLAY DISPERSIONM

Expansion Accuracy 2%

Wavelength Marker Stability =0.2 major crt graticule div
variation with MARKER con-
trol fully cw, DISPLAY DIS-
FERSIOM expandad.

Wavelength Markar Width Less than 0.3 div of intensifi-
cation with DISPLAY DIS-
PERSION set for 10X ex-
pansion,

DISPLAY TRIGGER IM

Connector

Input Impedance 11 k2, +10%
Maximum Input Voltage +50

Signal Reguirements For
Display Triggaring

Ground-closure logic or negative-going TTL
{0 to -+0.8 V = on; +2.4 V to +5 V = off)
with a minimum pulse width of 1 us.

-8 Valt Refarance

Cutput Accuracy

+0.04 V

Stability

10mV output variation over
the +15° C to +35° G tem-
perature range.

SCAN Contral Input

Signal Requirements

Positive-going signal with a minimum pulse
width of 1 ys with the most positive excur-
sion to a DC level between +2.4 V and

+5 W,

ENVIRONMENTAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Temperature

Operating

+16°C to +35°C

Monoperating

=30°C to +50°C

Instrument will operate
over 0°C to +40°C

range but measurement
accuracies are unspecified,

@
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Specification—J20/7J20

ENVIRONMENTAL SPECIFICATION (cont)

CHARACTERISTIC

SECONDARY LINMIT

PRIMARY LIMIT

Altitude
Oparating To 15,000 feet
MNonoperating To 50,000 feet

Humidity =05% relative humidity, noncondensing
from +15°C to +35°C, operating or non-
operating for four hours,

Vibration 15 minutes along each of the 3 major axes

at a total displacement of 0.015 inch, p-p
with frequency varied from 10 to 55 to
10 Hz in one-minute cycles. After sweep
vibration in each axis, hold frequency
steady at each major resonance for 3
minutes, or if no such resonances are
found, hald at 55 Hz for 3 minutes.

Transportation

Tested to Mational Safe Transit Committee
procedure 1A with a 36 inch drop,

PHYSICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

J20 Spectrometer

Height 8 inches
Width T inches
Depth 13 inches
Met Weight (With Connection 16.5 pounds

Cable)

Domestic Shipping Weight

Approximaltely 21.6 pounds

Expori-Packed Weight

Approximately 29.6 pounds

TJ20 Spectrometer Plug-In

Height 5 inches
Width §.5 inches
Depth 14.5 inches
Met Weight 4.3 pounds

Domestic Shipping Weight

Approximately 9.3 pounds

Export-Packed Weight

Approximately 16.5 pounds

1-12



Specification—J20/7J20

PHYSICAL SPECIFICATION (cont)

CHARACTERISTIC PRIMARY LIMIT SECONDARY LIMIT

J20/7J020 System (Packed Together)
Domaestic Shipping Weight Approximately 34 pounds

Export-Packed Weight Approximately 49 pounds

@ 1-13






Section 2—J20/7J20

OPERATING INFORMATION

Introduction

This section of the manual is intended to familiarize the
operator with the instrument's controls and connectors
and provides instructions for obtaining one of the basic
displays of which the instrument is capable. For more
complete operating information, refer to the J20/7J20
Rapid-Scanning Spectrometer Operators Instruction
Manual.

CONTROLS AND CONNECTORS

General

The controls and connectors essential to the operation
of the Rapid-Scanning Spectrometer are located on the
front panel of the 7J20 Spectrometer Plug-In and the rear
panel of the J20 Spectrometer. A brief description of each
control and connector follows. Refer to the appropriate
instruction manual for the oscilloscope used for os-
cilloscope cperating instructions,
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Fig. 2-1. 7420 Spectrometer Plug-in controls and connectors.
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Operating Information—J20/7J20

7J20 Spectrometer Plug-In
1. VERTICAL GAIN Switch

2

This is a 16G-position rotary switch that selects
calibrated vertical deflection factors for the crt display.
Three types of deflection are provided.

Iin the 1 through 500 positions of the switch, vertical
deflection in the display is linear. The switch-position
numbers indicate amplification factors {i.e., in the 10
position, the vertical signal is amplified ten times that in
the 1 position). Vertical deflection in terms of
nancamperes of vidicon signal current is

100 nA
VERTICAL GAIN.

In the LOG positions, vertical deflection is
logarithmic and each vertical division in the display
represents a spacified number of decibels.

in the ABSORBAMCE positions, vertical deflection
is inverse logarithmic and each wvertical division
represents a specified number of absorbance units,

The lower-left portion of the crt readout indicates
the vertical sensitivity.

VARIABLE Control

This is a combination pushbutton switch/rotary
control. When the switch is set to the uncalibrated
(button out) position, the vertical deflection is un-
calibrated. The rotary control provides uncalibrated
deflection factors continuously variable betweean the
calibrated settings of the VERTICAL GAIN switch. In
the calibrated (button in) position, the vertical deflec-
tion factor is calibrated and the rotary VARIABLE
control has no effect.

. VERT UNCAL Indicator

This is a lamp to indicate when the vertical deflec-
tion factor is uncalibrated. The lamp will be lit when the
vertical VARIABLE control is in the uncalibrated (but-
ton out) position, when the FILTER switch on the J20
Spectrometer (s not in the 0, 1, or 2 positions, when the
TIME/SCAMN switch on the 7J20 Plug-In is in the 10 ms
position, when the SPECTRAL MORMALIZER switch
on the 7J20 Plug-In is not in the INT position, ar when
the SLIT WIDTH switch on the J20 is in the OPEN
position.
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4. GAIN Adjust

A screwdriver adjustment used to set the vertical
output signal amplitude of the 7J20 to match the input
sansitivity of the vertical daflection system of the
oscilloscope in which the plug-in is installed. Provides
calibrated vertical deflection system operation.

5. ATTEN BAL Adjust

A screwdriver adjustment to minimize baseline shift
in the crt display when switching between adjacent
pasitions of the VERTICAL GAIN switch.

6. VERT POSITION Confrol

Controls the vertical position of the crl display.

7. ABSORBANCE ZERO Control

This control vertically positions the zero absor-
bance (100% T) referance line in the crt display. The
control functions only in the three ABSORBANCE
positions of the VERTICAL GAIN switch and is in-
dependent of the VERT POSITION control.

8. OFFSET Contral

This is a multi-turn control used to offset high-
amplitude, vartically-overscanned displays to bring the
area of interest back within the limits of the crt graticule
arad.

9. BASELINE RESTORE Pushbutton

This pushbutton switch, when pushed, closes the
entrancea-slit shutter in the J20 Spectrometer, This
provides a zero-light level reference baseling in the crt
display and resets the dark-current restoring circuit.

10. SPECTRAL NORMALIZER Swilch

This three-position lever swilch allows selection of
internal normalization, external normalization, or no
normalization at all. When the switch is in the INT
position, the system is radiometrically calibrated
(provided the VERT UNCAL indicator is not lit).

11. MARKER Control

This is a horizontal positioning control for the
intensified wavelength marker in the crt display. The
upper-left portion of the crt readout indicates in
nanometers the wavelength being highlighted by the
intensified marker.



12. DISPLAY DISPERSION Switch

This is a four-position switch that selects the
different calibrated dispersion factors for the horizon-
tal axis of the crt display. When using Grating A, the
dispersion factors are 40 nmfdiv, 20 nm/div,
10 nm/div, and 4 nm/div. For Grating B, the dispersion
factors are 4 nmfdiv. 2 nm/div, 1 nm/div, and
0.4 nm/div. The upper-right portion of the crt readout
indicates in nanometers the wavelength span dis-
played over one horizontal division of the crt graticule,

13. TIME/SCAN Switch

This seven-position rotary switch selects the mode
and interval of scanning the vidicon target inthe J20. In
the 10 ms and 20 ms positions, the vidicon is scanned
by successive sweeps, one immediately following
another. In the 50 ms through 1000 ms positions, the
vidicon is scanned by 20 ms sweeps, the start of each
sweep separated from the start of the next by the
amount of integration time selected. The lower-right
portion of the crt readout indicates in milliseconds the
time/scan selected by this switch.

14. VARIABLE Control

This is a combination pushbutton switch/rotary
control. When the switch is set to the uncalibrated
{button out) position, the time/scan is uncallbrated.
The rotary control provides uncalibrated time/scan
continuously variable between the calibrated settings
of the TIME/SCAMN switch, The VARIABLE control
reduces the fastest scan interval to 4 ms or less. In the
calibrated (button in)} position, the time/scan is
calibrated and the rotary VARIABLE control has no
effect.

15. HORIZ CAL Adjust

This screwdriver adjustment sels the horizontal
output signal amplitude of the 7J20 to match the input
sensitivity of the horizontal deflection system of the
oscilloscope being used. Provides calibrated horizon-
tal deflection system operation.

16. HORIZ POS Adjust

A screwdriver adjustment that controls the horizon-
tal position of the crt display.

@
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17. DISPLAY TRIGGER MODE Switch

This four-position lever switch selects the mode of
triggering a display. In the FREE RUM position, a
display is continucusly provided. In the TRIG'D posi-
tion, a display is provided only when ground-closure
logic is present at the DISPLAY TRIGGER IN connec-
tor, In the SINGLE SCAN position, one, and only ona,
scan is presented upon receipt of a ground-closure
trigger signal. Two things are necessary for correct
SINGLE SCAM operation. The DISPLAY TRIGGER
MODE switch must be in the SINGLE SCAN position,
and the circuit must be armed prior to receipt of the
triggering signal, To arm the circuit, set the DISPLAY
TRIGGER MODE switch to the RESET position briefly,
than release it to return to the SINGLE SCAN position.

18. TRIG'D Light

This lamp indicates when a display trigger signal is
present at the DISPLAY TRIGGER IN connector.

19. READY Light

This lamp indicates when the system is waiting fora
trigger.

20. DISPLAY TRIGGER IN Connector

This is a BNC connector for application of external
display-trigger signals. Negative-going trigger signals
at least 1 us wide with the most negative excursion toa
dc level of between +0.8 WV and O V will trigger a display.
Ground-closure logic will provide adequate triggering.

21. MARKER INTENSITY Adjust

This screwdriver adjustment provides the ability to
vary the relative intensity level of the wavelength
marker in the crt display.

Interface Connector (Underside of instrument; not
shown)

A 25-pin connector used to facilitate signal inter-
connection with a computer or data tape recorder.

Pin 1—Marker output; a TTL (transistor-
transistor logic) signal that goes HI at the marker
point. Capable of driving two TTL load units or less.

Pin 2—Grating number output; a TTL signal that
goeas HI for B grating and LO for A grating. Capable
of driving two load units or less.
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Pin 3—Wavelength center signal output; signal
represents wavelength at the center of the vidicon
scan area. Zero volts represents 300 nanometers,
One volt change in output signal represents
100 nanometers change In center wavelength, £2%
{e.g., 2.5 V¥ = 550 nm).

Pin 4—Ramp output; positive-going linear ramp
signal with an amplitude of 0.8 V/horizontal division
of deflection, £10%. Maximum loading is 50 k()
paralleled by 500 pF.

Fins 5 6, and 7—Binary-coded TTL output
signals; indicate TIME/SCAN switch position. Fin 7
output signal (output A) is the most significant digit;
pin 5 cutput signal {output C) is the least signiticant
digit. Each outpul is capable of driving two load
units or less,

TIME/SCAN

1000 ms
500 ms
200 ms
100 ms

50 ms
20 ms
10 ms

a* | B | o

) Ry N P =1~

e e =1 k=1 I [=]
] ] Y

Pin B—SCAN output: a TTL signal that goes HI
when the vidicon target is being scanned. Output is
capable of driving one load unit or less.

Pin 9—Z-Axis output; a TTL signal that goes HI
when a display is being presented. Output is capable
of driving two load units or less.

Pin 10—SCAN Control input; a TTL signal that
causas normal scanning when it is HI. When LO, the
ramp Is held in reset. The ramp will start when
"SCAMN Control” goes HI. Minimum pulse width (HI)
is 1 ps. Loading is equal toone load unit or less (51 (2
paralleled by 1000 pF}.

Pin 11—Wavelength Marker Count Gate output; a
TTL signal. While the Wavelength Marker Count
Gate is HI, counting the negative transitions of the
Wavelength Marker Clock will yield the Wavelength
Marker readout in nanometers. Output is capable of
driving two load units or less paralleled by 20 pF.

Pin 12—Wavelength Clock output; a TTL signal
approximately 100 kHz in frequency. Counting the
negative transitions of this clock signal while the
Wavelength Marker Count Gate is HI will yield the
Wavelength Marker readout in nanometers, Output

“1 represents the HI state,
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is capable of driving two load units or less paralleled
by 200 pF.

Pin 13—Ground.

Pin 14—Vertical Signal output; positive-going
analog signal 2 mv/nA, +5% in amplitude referenc-
ed to ground. Signal includes Mormalizer and dark
current  correction  but  excludes switched
attenuators. Output is capable of driving 5 kD
paralleled by 500 pF.

Pin 15—S5hield for center conductor of coaxial
cable connected to pin 14.

Pin 16—Uncorrected Vertical Signal output:
positive-going analog signal 1 mVW/nA, +5% in
amplitude referenced to ground. Does not include
Marmalizer or dark current correction. Output is
capable of driving 5 k() paralleled by 500 pF,

Pin 17—Shield for center conductor of coaxial
cable connected to pin 16.

Pin 18—Display Vertical Signal output; positive-
going analog signal 75 mV/div, £10% in amplitude,
Output is capable of driving 10 k(Y paralleled by
500 pF.

Pin 19—5hield for center conductor of coaxial
cable connected to pin 18,

Pin 20—MNot used.

Pin 21—Uncal Bus output; a TTL signal that,
when HI, indicates that radiometric calibration is
valid.

Pin 22—Baseline Restore. This is a combination
input-output pin terminal.

Output: the output signal is HI (approximately
+15 V} when the BASELINE RESTORE pushbutton
is not pressed, and LO (zero volts) when the button is
pressed. Peak output current is one ampere.
Average output current is approximately
400 milliamperes.

Input: ground-closure logic at pin 22 causes the
J20 Spectrometer shutter to close and also activates
the dark-current restoring circuit in the 7J20 Spec-
trometer Plug-In.

Fin 23—Slit Wheel Position output; an analog
signal that, in conjunction with the "Drop Zero”
signal (pin 24), indicates which entrance slitis being
used in the J20. DC voltage levels output at this pin
are accurate within 0.2 volt. Maximum loading for
this output is one megohm.



DC Level | "Drop Zero” | Slit Position
140V 1 OPEN
135V 1 10 um
130V 1 20 pm
125 1 50 prm
120V 1 100 g
13.0V i) 200 um
125 0 500 prm
120V 0 1000 gm

Operating Information—J20/7J20

Pin 24—Drop Zero output; a TTL signal that is LO in

1000 gm, 500 ym, and 200 ym slit positions and Hi
for the remaining slit positions of the slit wheel in the
J20. This cutput is capable of driving two load units
or less,

Pin 25—Ground.

24

J20 SPECTROMETER

oy

TERFAQNIE ¢

SUT WIDTH [mx)
LT HEIGHT= T mm

PEN W

oea

L~

Bag

WAVELT RGN
L
WOAVENUMNERS [0 10
X 50 jpe =)

GRATING B

DPEN
v:.;:. ra
ND 30
S00nm MOKOPASS
BOnm MONOPASE

O L e

Li]

i

2

3

4

L] U BLOCE = alines |
[ vemorzsonm ] |

U PASS 260-380nm

WAVELENITH
L]

WANE HOMATEE
AW -1}

FRIG (TH|

GRATING A

PURGE MILET

/..

WARNING

TURN POWER OFF
WHEN CONMECTING
CHECONNECTING

25

164103

Fig. 2-2. J20 Spectromeler controls and conneclors,

2-5



Operating Information—J20/7J20

420 Spectrometer
22. SLIT WIDTH Switch

This is an 8-position switch used to select various
dimensions for the entrance slit to the J20 Spec-
trometer. All slits have the same (7 mm) helght. Shit
widths that can be selected are 10 pm through 1000 pm
in 1=2-5 steps, and fully open (5 mmj).

23, WAVELENGTH SPAN Switch

This 2-position switch selects one of two diffraction
gratings. Grating A has a 400 nm wavelength span in
the display with 32 nm/mm reciprocal linear disparsion
at the vidicon target. Grating B has a 40 nm wavelength
span in the display with approximately 3.2 nm/mm
reciprocal linear dispersion at 650 nm at the vidicon
target.

24. FILTER Switch

This 8-position switch determines which optical
filter is placed in front of the spectrometer entrance slit.
The selection containg the following filters:

Qpen (no filter)

Meutral Density 1.0

Meutral Density 2.0

500 Manometer Monopass

BOO Manometer Monopass

Lilitraviclet Block <400 Manometers
Ultraviolet Block <500 Manomeaters
Ultraviolet Pass 250 nm—330 nm Second
Order

= h &N O

The neutral density filters will not vary in specified
density more than £5% over the 400-1000 nanometer
range (+12% from 250 nm to 400 nm and from 1000 nm
to 1100 nm). The monopass filters exhibit very narrow
bandpass characteristics with peak wavelength being
within £1 nm of the specified value. Transmission at
peak wavelangth is at least 25% with a half bandwidth ot
less than three nanometers, The artwork shown in
Fig. 2-3 depicts the typical transmittance
characteristics of the wultraviolet blocking and
monopass filters,

25. GRATING A WAVELENGTH INTERVAL Swilch

This rotary switch selects one of five fixed
wavelength intervals to be scanned when using diffrac-
tion Grating A. The five intervals are 300-700 nm, 400-
800 nm, 500-900 nm, 600-1000 nm, and 700-1100 nm,.
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26. GRATING B WAVELENGTH Control

When using Grating B, this multi-turn control deter-
mines where in the instrument’s 300-1100 nanometer
spectral range a 40-nanometer interval will be scanned.
The 40-nanometer interval is continuously varlable
throughout the spectral range of the instrument.

OBTAINING A BASIC DISPLAY

Introduction

The following procedure 18 designed to assist an
operator, unfamiliar with the J20/7J20 Rapid-Scanning
Spectrometer system, to put the system into operation.
Using this procedure allows the operator to obtain one of
the basic displays of which the Instrument is capable, This
basic display can be used as a starting point for becoming
familiar with the effect the various instrument controls
have on the spactrometer display.

NOTE

To avoid unnecessary vidicon-defector aging and
daegradation, turn the instrument off when not
actually being used,

Operation

To place the J20/7J20 Rapid-Scanning Spectrometer
into operation, proceed as follows:

1. Connect the J20 Spectrometer to the TJ20 Spec-
trometer Plug-In using the interconnect cable provided
with the instrument. Lock the cable onto the Spectromater
connector (on the bottom of the 7J20) using a small tool
{such as a small-bladed screwdriver) to push the connec-
tor lock into place. Slide the cable retainer into place on
the bottom of the 7J20.

2. Install the 7J20 Spectrometer Plug-In into the
oscilloscope. Make sure the plug-in occupies one
horizontal and one vertical plug-in compariment of the
oscilloscope.

3. Set the following oscilloscope controls to the
positions indicated,

VERTICAL MODE

HORIZONTAL MODE
(if applicable) A

STORE (if applicable)  Button out {non-store)

RIGHT
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Fig. 2-3. Typical transmission characteristics lor the ultraviolel-blocking filters used in the J20 Spectrometer.
4. Set the following J20 Spectrometer controls as 5. Set the following 7J20 Spectrometer Plug-In con-
indicated, trols as indicated.
SLIT WIDTH 20 pm VERTICAL GAIN 1
WAVELENGTH SPAN  A400 nm VARIABLE CAL IN
FILTER Position #3 TIME/SCAN 20 ms
(500 nm monopass) VARIABLE CAL IN
GRATING A WAVE- DISPLAY DISPERSION 30 nm/div
LENGTH INTERVAL 300-700 nm OFFSET 0.00 and locked
SPECTRAL
NORMALIZER OFF
DISPLAY TRIGGER
MODE FREE RUN
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6. Turn the oscilloscope power on, adjust the 7J20
MARKER contrel for a reading of 500 nm, and allow 20
minutes warmup.

7. Using the VERT POSITION control, position the
digplay baseline on screen and adjust the oscllloscope
INTENSITY and READOUT INTEMSITY controls for a
comfortable viewing level. Adjust the oscilloscope
FOCUS control for a well-focused display.

8. Push the BASELIME RESTORE pushbutton briefly
and release,

9. Vertically position the display baseline to the bot-
tom crt graticule line,

2-8

10. Position a tungsten light source (such as a 60-watt
incandescent lamp) In front of the spectrometer entrance
sfit. Observe the spectrometer display and position the
lamp to obtain maximum signal amplitude.

11. Adjust the VERTICAL GAIM switch to a linear gain
position that will provide approximately four divisions or
more of vertical deflection.

The spectrum present in the spectrometer display is the
transmission spectrum of a narrow bandpass filter. Use
this display as a starting point while reading the explana-
tion of instrument controls given in this manual, and
observe the effect the various instrument controls have on
the display.
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CIRCUIT DESCRIPTION

This section of the manual contains a detailed descrip-
tion of the electrical circuitry used in the J20/7J20 Rapid
Scanning Spectrometer. This description starts with a
discussion of the instrument using the block diagram.
Then each circuit is described in detail using simplified
diagrams where deemed nacessary,

Complete schematics of each circull as well as an
overall instrument block diagram are given in the
Diagrams section at the rear of the manual,

The detailed circuit descriptions are organized in a by-
diagram order beginning with Diagram 1. Refer to the
diagrams at the rear of the manual throughout the
following circuit descriptions for electrical values and
relationships.

BLOCK DIAGRAM

General

The following description is provided to aid In un-
derstanding the overall concept of the J20/7J20 Rapid-
Scanning Spectrometer {(RS3) belore the individual cir-
cuits are discussed in detail. A basic block diagram of the
RS5 is shown in the Diagrams section at the rear of this
manual. Only the basic interconnections between the
individual blocks are shown. Each block represents a
major circuit within the instrument. The numbar on each
block refers to the complete circuit diagram, which is also
in the Diagrams section.

Vidicon Tube

The spectrometer focuses the dispersed spectrum onto
the target of a vidicon detector. The silicon-diode array
target in the vidicon converts the spectral informationinto
a storad charge. Scanning an electron beam across the
vidicon target converts the stored charge into an electrical
signal current.

Vertical Oscillator

The Vertical Oscillator circuit is an approximately
1 MHz sinewave oscillator whose push-pull output signals
provide vertical axis deflection of the scanning beam in the
vidicon. The frequency of the vertical scanning signal is
considerably faster than the horizontal scanning signal,
which results in a scanning beam similar in shape to the
spectrometer entrancea slit (narrow and tall).

@

Horizonlal Deflection Amplifier

The Horizontal Deflection Amplifier converts the
single-ended input ramp signal {generated in the 7J20)
into push-pull output ramp signals of the proper amplitude
and dc levels required by the wvidicon for horizontal
deflection of the scanning beam.

Vidicon Regulator

The Vidicon Regulator circuitry provides vertical and
horizontal alignment currents and a focusing current to
provide proper alignment and focus of the scanning
electran beam. The Vidicon Regulator also contains the
vidicon cathode-current regulator.

Vertical Preamplifier

The Vertical Preamplifier in the J20 is basically a
feedback amplifier that converts the input signal current
from the vidicon into an output signal voltage. Cutput
signal amplitude from the Vertical Preamplifier is ap-
proximately 2 mV per nancampere of input signal current.

Mormalizer Circuitry

The MNormalizer circuitry produces gain-correcting
signals to be used by the Multiplier circuit in the 7J20
Vertical Amplifier. The Multiplier circuit uses these gain-
correcting signals to achieve radiometrically-calibrated
vartical deflection in the spectrometer display. The Nor-
malizer circuitry consists basically of two sections, each
saction containing a driver circuit and a programmahble
function generator. One section functions in conjunction
with Grating A and the other in conjunction with Grating
B.

Vertical Input Amplifier

The electronic signal representing the spectrum to be
displayed connects to the input of the Vertical Input
Amplifier Circuit in the 7020, The Vertical Input Amplifier
circuit contains the Baseline Correction Amplifier and the
Multiplier circuit,
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Baseline Correction Amplifier

The Baseline Correction Amplifier sets the reference
baseline in the spectrometer display to a level equal to the
average level of vidicon dark current during the middle
approximately 30% of the scan. Baseline correction
occurs when the BASELIME RESTORE pushbutton is
pressad, In the INT position of the SPECTRAL NOR-
MALIZER switch, the Multiplier circuit alters the gain of
the Vertical Input Amplifier using a gain-correction signal
from the Mormalizer circuitry in the J20, This gain-
correction signal compensates for the varying spectral
response of tha system at different wavelengths and
results in a displayed spectrum that represents spectral
power in calibrated absolute terms. In the EXT position of
the SPECTRAL MNORMALIZER switch, the gain-
correction signal comes from an external device (such as
the Tektronix 016-1000-00 External Mormalizer) con-
nected to the SPECTRAL NORMALIZER input connector,
Gain correction in this mode is arbitrary and does not
result in radiometrically-calibrated vertical deflection.

Vertical Output Amplifier, Log Converter, and Ab-
sorbance Amplifier

The Vertical Output Amplifier provides the final
amplification of the vertical-deflection signal before it is
connected to the oscilloscope. The amplifier provides
three types of vertical deflection: linear, logarithmic, and
inverse logarithmic {Absorbance). For linear deflection,
the wvertical signal from the Vertical Input Amplifier
connects directly to the Vertical Qutput Amplifier. For
logarithmic deflection, the lingar signal passes through a
logarithmic converter prior to application to the Vertical
Output Amplifier. For Absorbance measurements, the
vartical deflection required is the inverse of logarithmic
deflection. In the ABSORBANGCE positions of the VER-
TICAL GAIN switch, the vertical signal passas through the
log converter and an inverting feadback amplifier (Absor-
bance Amplifier) with a gain of one pricr to application to
the Wertical OQutput Amplifier, The Vertical OQutput
Amplfier contains the VERTICAL GAIN switching, the
OFFSET control, the ABSORBANCE ZERO control, the
ATTEM BAL control, the VARIABLE VERTICAL GAIN
control, the GAIN adjustment, and the VERT POSITION
control. The Vertical Qutput Amplifier has six signal
outputs: + and — deflection signals, + and — trigger
signals, a sample of the vartical signal taken prior to the
log converter (sent to the Interface connectar), and a
sample of the + deflection signal (sent to the Interface
connector).

Horizontal Ramp Generator

The Horizontal Ramp Generator is a free-running
integrator circuit that produces a linear sawtooth output
signal. This ramp signal provides horizontal deflection in
the spectrometer display as well as the horizontal scan-
ning deflection in the vidicon detector, The slope of the
ramp and the mode of scanning are controlled by the
TIME/SC AN switch. In the 10 ms and 20 ms positions, the
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start of one ramp is separated from the start of the next by
the scan time selected. In the INTEGRATE positions of the
TIME/SCAN switch, the scanning ramp is a 20 ms ramp
with the start of one ramp separated from the start of the
next by the amount of integrate time selected by the
TIME/SCAN switch. The Scan Contral input allows syn-
chronizing ramp generation with events external to the
7J20. A sample of the ramp signal is sent to the os-
cilloscope where the signal is made available at the A
Sweep connector. The Auxiliary £ Axis portion of the
Marker Amplifier produces a pulse that connects to the Z
Axis circuit in the oscilloscope, This pulse brightens up
the trace in a small spot and provides the intensified
wavelength marker in the spectrometer display.

Horizontal Amplifier

The Haorizontal Amplifier in the 7J20 is a switchable-
gain feedback amplifier that provides the ability to achieve
increased dispersion in the spectrometer display. The
circuit does this by expanding (controlled by the DISPLAY
DISPERSION switch) the display horizontal-deflection
signals but does not affect the actual vidicon-target
dispersion. Expansion ocours centered around the inten-
sifled wavelength marker in the display. The circuit
converts the single-ended input signal into the push-pull
output signals required by the oscilloscope.

Z Axis Circuit

The £ Axis circuit in the 7J20 controls unblanking and
presentation of the spectrometer display. The DISPLAY
TRIGGER MODE switch selects one of three operating
modes for the circuit. In the FREE RUN mode, displays are
continuously presented, one immediately following
another. In the TRIG'D mode, the £ Axis circuit allows
display presentation only as long as an adequate trigger
signal is present at the DISPLAY TRIGGER IN connector.
In the SINGLE SCAN mode, one, and only one, display will
be presented following receipt of an adequate trigger. The
RESET position of the DISPLAY TRIGGER MODE switch
"arms" the circuit in preparation for single-scan mode
operation.

Vertical Readout Circult

The Vertical Readout circult controls presentation of
the Vertical Sensitivity portion of the spectrometer-
display readout. In the linear deflection (1 through 500)
positions of the VERTICAL GAIN switch, vertical sensitivi-
ty is given In terms of W/{nm ' div). In the LOG positions
vertical sensitivity is given in terms of a specified number
of decibels per division of vertical deflection. In the
ABSORBAMNCE positions, vertical sensitvity is given in
terms of a specified number of Absorbance units per
division of vertical deflection.



Horizontal Readout

The Horizontal Readout circuit contains two separate
circuit functions, both associated with spectrometer-
display readout. One portion of the circuit controls
presentation of the Display Dispersion readout with
dispersion given in terms of nanometers per horizontal
divislon. The remaining portion of the Horizontal Readout
circuit controls presentation of the Scan Time partion of
the readout with scan times given in terms of milliseconds
per scan,

Marker Readout

The Wavelength Marker Readout circult controls
presentation of the Wavelength Marker portion of the
spectrometer-display readout. That portion of the readout
indicates in nanometers the wavelength being highlighted
by the intensified wavelength marker in the spectrometer
display.

VERTICAL AMPLIFIER

Introduction

The voltage signal from the Preamplifier circuit (shown
on Diagram 9 at the rear of this manual) in the J20
Spectrometer connects to the input of the Vertical
Amplifier. This signal represents the spectrum to be
displayed and is used to provide vertical deflection in the
spectrometer display. Diagram 1 at the back of this
manual shows a detailed schematic of the Vertical
Amplifier circuit.

Input Paraphase Amplifier

Q2, Q8, and Q12 form a paraphase amplifier. This stage
changes the single-ended input signal from the J20 into a
double-ended, push-pull output signal. Q8 is a constant-
current source for Q2 and Q12.

The video signal representing the spectrum to be
displayed on the oscilloscope crt is connected to J10
(located on the 7J20 Vertical circuit board) via the
specirometer connector J100 (located on the under side
of the 7J20). The center (signal carrying) conductor of the
coaxial cable {internal to the 7J20) connects to the base of
Q2 while the coaxial shield (grounded in the J20 Spec-
trometer) connects to the base of G12.

A second signal source is available to the input of this
stage. Moving jumper P2 from pins 1 and 2 to pins 2 and 3
disconnects the video signal and applies in its place the
sawlooth ramp signal generated in the 7J20. This a
troubleshooting convenience and can be readily used to
verify correct Vertical Amplifier circuit operation.
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Circuit Description—J20/7J20

The output signals from the Input Paraphase Amplifier
are connected to the bases of Q16 and Q18 in the Active
Filter Amplifier.

Active Filter Amplifier

Q16 and Q18 along with their associated components
form the Active Filter Circuit. Basically they are emitter
followers that with C10, R13, C14 R14, C16,R16,C17, and
R17, form 3-pole active filters. These filters limit the —3 dB
bandwidth of the stage to approximately 62 kHz. The
output signals from this stage are connected to the gates
of Q224 and Q228 in the DC Restorer Amplifier clireult,

DC Restorer Amplifier

Transistors Q20, Q22A, Q228, Q24, Q26, and 428,
along with their associated components, form the DC
Restorer Amplifier. Q224 and Q228 are source followers
and Q24 and Q26 are constant-current sources for the
source followers. Balance adjustment R25 adjusts the
output do balance of this stage to achieve a zero-volt leval
at “Output I" test point TP 33 under no-signal conditions.

The signal path from the emitter of Q16 to the base of
Q224 is de-coupled while the complimentary signal path
from the emitter of Q18 to the base of Q228 is ac-coupled
through C18. This configuration eliminates the effects that
any de drift, occurring in any of the stages preceading this
one, might have on the dc level of the display, However,
with this configuration it is necessary to “artifically”
maintain the proper dc level at the base of Q228 to keep
the stage in dec balance. FET 020, along with switching
transistor Q28, does this in the following manner.

Duiring the tima the scanning rampis runningup, Q28 is
an. The collector current of Q28 through R21 sets the gate
of (320 negative enough to turn G20 off. The voltage level
at the base of Q228 will be whatever the charge level is on
C18. Then, when the scanning ramp resets to zero, a
positive-going rectangular pulse approximately 30 us in
duration is applied to the emitter of Q28 through C28. This
turns off Q28, which lets the gate of Q20 go positive to
approximately the same dc level as that present on the
source of Q20. 020 now turns on and effectively becomes
a short circuit connecting the bases of Q224 and Q228
together. During this time, C18 charges to the average do
level present on the gate of Q224 After the Restare pulse
lerminates, Q28 again conducts, which causes Q20 to turn
off: The charge leval on ©18 acquired during the restore
time maintains the de level on the gate of Q22B at a lavel
that provides dc balance for this stage.

The output signals from this stage connect to tha
positive inputs of U324 and U328 in the Voltage Followers
stage.
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Circuit Description—J20/7J20

Vollage Follower Amplifiers

324 and U328 are feedback amplifiers connected as
voltage followers, The input signals are connected to the
positive inputs of the amplifier cells with the outputs fed
directly back to the negative inputs. This configuration
provides a voltage gain of one and features high input
impedance and low output impedance. The stage provides
the necessary isolation between the source followers in
the preceeding stage and the stages following this ona.

The output signals from this stage are connected to
First Differential-To-Single-Endad amplifier U48 and to
the bases of Q720 and Q728 in the Gain Setting Amplifier,

First Differential-To-Single-Ended Amplifier

48 and its associated components form the First
Differential-To-Single-Ended Amplifier stage. This stage
converts the push-pull input signals into a single-ended
output signal, The input signals applied to the stage
through R32 and R37 are equal in amplitude but opposite
in phase. The signal applied to R32 is connected to the
negative input of U48 and the signal applied to R3T7 is
connected to the positive input of 48, The gain of the
stage is equal to:

'Egg'}[( R37 ) (HSEI HGS)]_
| Raz]| " |\RE7 + R3a Aa2
[25], [( 2.5 ) (25+1n)]_
| 3 25+ 10 10

38]-18) (5]

025 + (0.2}(1.25) = 0.25+0.25=05

Since the signal connected to R32 isinverted through L148
while the signal connected to R37 is not, the output signal
from L48 will be in phase with the signal applied to R37
and approximately equal to one-half its amplitude,

The output signal from U48 is connected to pin 16 of the
Interface connector J200 (located on the under side of the
7J20) and has an amplitude of 1 mV/nA of vidicon signal
current.

Gain Setting Amplifier

Q72A, Q72B, and Q74 with their assoclated com-
ponents form the Gain Setting Amplifier stage. Q724 and
Q728 are configured as an emitter-coupled, push-pull
amplifier with the gain of the stage adjusted by variable
resistor R75. Q74 functions as a switch and is either on or
off depending on the position of the TIMESSCAN switch,
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In the 10 ms position of the TIME/SCAN switch, a
negative level is applied to the gate of Q74 through CRY2
which turns off Q74. Thus, G74 alone is connected
between the push-pull signal paths. In all positions of the
TIME/SCANM switch other than 10 ms, the gate of Q74 is
allowed to go in a positive direction to a voltage level
approximately equal to the voltage level at its source. This
allows Q74 to turn on very hard, which in turn connects
C73 in parallel with C74.

AR50 and R51 along with the value of capacitance (C73
andC74) connected between the push-pull signal paths
farm a one-pole filter to limit the bandpass of the amplifier
stage. In the 10 ms position of the TIME/SCAN switch,
bandpass of the stage is limited to approximataly 72 kHz,
In all other positions of the TIME/SCAN switch, bandwidth
of the stage is limited to approximately 30 kHz.

The output current signals from the Gain Setting
Amplifier are connected to the Second Differential=To=-
Single-Ended Amplifier, U120B.

Baseline Correction Amplifier

Q82a, 828, and Q86 and their associated com-
ponents form the Baseline Correction Amplifier stage.
Q824 and Q82B are common-source amplifiers that
conduct offset currents into the push-pull signal paths.
)86 is a constant-current source for Q824 and Q82B.

CIB2A has its gate setto a fixed voltage level determined
by the divider R81-RB2. The gate of Q828 sits at a vollage
leval determined by the charge present on C83. The
baseline correction signal (available only when the
BASELINE RESTORE pushbutton is pressed) from the
Baseline Restore Circuit determines what the charge level
will be on CB3. Thus the amount of offset current
conducted by QB2A and QB2B is determined by the
baszeline correction signal. For a complete explanation of
baseline correction, refer to the circuit description for the
Baseline Restore Circuit.

Baseline Restore Circuit

54, VRSY, 58, 92, and U988 along with their
associated components comprise the Baseline Restora
circuit. This circuit generates the baseline correction
signal used to charge C83 in the Baseline correction
Amplifier.



54, YRE7, and Q58 form a switching circuit. This
circuit generates a positive-going, rectangular-pulse out-
put at the collector of Q58 that is time-related to the
scanning ramp and is used to turn Q%92 on and off. The
positive-going scanning ramp is applied to the top of R52
and to the cathode of VRST. As the ramp starts to run up,
Q54 is on very hard and VRS5T is off. The collactor of Q54 is
near ground, which {through the divider R57-R58) turns
on Q58 The collector of Q58 goes to a level negative
enough to turn off 92 which prevents Q22 from deliver-
ing its correction signal to switch 592.

When the scanning ramp waveform rises to alevel more
positive than approximately +2.5 volts, (354 turns off. The
collector of Q54 goes negative which turns off Q58 This
allows Q92 to turn on and deliver the baseline correction
signal to switch S92, As the scanning ramp waveform
continues to go positive, the voltage across VRST begins
to develop. When the ramp reaches a level of approximate-
ly +5 volts, Q58 again turns on which turns off Q92. Q58
remains off until the reamp resets and again rises to
approximately +2.5 volls. Q54 turns on again when the
ramp resets. As a result of this switching-circuit action,
292 is allowed to conduct only during approximately the
middle 30% of the scanning ramp time.

The baseline correction signal from Q92 is applied to
C83 only when the BASELINE RESTORE pushbutton is
pushed. Also, when the BASELINE RESTORE pushbutton
is pushed, the entrance slit shutter in the J20 Spec-
trometer closes. Under these conditions, the signal
applied to the plus input {pin 3) of U%8 represents the
vidicon baseline and any slgnal variations are caused by
leakages in the vidicon-target silicon-diode array.

U298 is configured as a non-inverting feedback amplifier
for the vidicon-baseline signal. It has a gain of

R94 + R97 10000 + 10 10010 1001
RS7 10 10

X Zero adjustment R100 is an offset adjustment used to
set the voltage level at the "X" test point (TP 101) to zero
volts under no-signal conditions when the BASELINE
RESTORE pushbutton s pushed. The output from U298 is
connected to Q82. Q92 is a high-impedance current
source and Is turned on and off by the switching signal
fram Q58. The current signal from Q92 charges C83 which
sets the de balance in the Baseline Correction Amplifierto
make the zero reference level in the display equal to the
average signal level of the vidicon baseline during ap-
proximately the middle 30% of the scan.
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Second Differential-To-Single-Ended Amplitier

L1208 and its associated components form the Second
Differential-To-Single-Ended Amplifier stage. The stage
is a differential-input feedback amplifier that converts its
push-pull input signal currents into a single-ended outpul
voltage signal. The output signal from this stage will be 1
volt in amplitude for each 1 milliampere of differential-
input signal currant,

The output signal from the Second Differential-To-
Single-Ended Amplifier is connected to Multiplier Circuit
J102, the Baseline Restore Circuit previously described,
and to switch 5120 for application to the Vertical Output
circuitry.

Multiplier Circuit

102 with its associated components form  the
Multiplier Circuit. U102 is a monolithic 4-quadrant mul-
tiplier integrated-circuit device. A dynamic variable-
voltage signal from the Normalizer Circuit in the J20
Spectrometer varies the gain of this stage. This allows the
output signal from U102 (which represents the spectrum
to be displayed) to be used to provide spectrometer-
display vertical deflection that represents spectral power
in calibrated absolute terms.

The signal input nodes to U102 are differential pairs
(pins 6 and 9 for the ¥ inputs and pins 10and 13 for the X

inputs). A single-ended voltage input signal (from U1208)

is connected to the X-axis input at pin 10. A single-ended
dynamic "gain-correcting” voltage signal from the Nor-
malizer Circuit inthe J20 Spectrometer is connected to pin
9 of 02 when the SPECTRAL NORMALIZER switch is
set to the INT position, R108, R109, TP107, TP108, and
TP109 are calibration aids to facilitate adjustment of the X
and ¥ offsets, The X and ¥ offset adjustments adjust for no
valtage difference between pins 10 and 13, and pins 6 and
g respectively for quiescent, no-signal conditions.

The resistor (R101) connected to pin 1 of U102 sets the
value of a reference current internal to U102, The resistor
connected between pins 7 and 8 (R111) determines the
gain of the Y inputs in U102, and the resistor connected
between pins 11 and 12 (R112) determines the gain of the
X inputs, Pins 2 and 4 are regulated-voltage outputs from
U102, R106 sets a current level batween these regulated
voltages to improve temperature stability of the device. Pin
3is a ground return, pin 5 is the minus V.. connection, and
pin 15 is the plus V. connection. Pin 16 is not used.

The single-ended output signal current from pin 14 is
connected ta the Multiplier Current Converter circuit.
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Circuit Description—J20/7J20

Multiplier Current Converter

U120A and its assoclated components comprise the
Multiplier Current Converter circuit. It is configured as a
teedback amplifier and converts the cutput signal current
from U102 into a signal voltage.

The voltage gain of the circuit from the input of U102
(pin 10) to the cutput of LIT20A (pin 1) is adjusted by Mult
Gain R120, and Is set to be 1 when the amplitude of the
gain correcting signal applied to pin 9 of U102 is zero,
Then, when the amplitude of the gain correcting signal is
at its maximum (approximately 5.5 volts), the X-input
signal will appear at the cutput of U120A (pin 1) attenuated
by a factor of at least 6:1 (typically greater than 7:1).
Output voltage at pin 1 of U120A is calculated by the
formula:

_ . 835—V
Vo=V =552

whera Vi, = the differential voltage between pins 10 and
13 (which approximately equals the signal
voltage from LI120B).

Ve = the amplitude of the gain correcting signal
from the Normalizer circuit in the J20 (0 to
+5.5 volts).

6.25 = the maximum amplitude of differential
signal that can appear between pins 9 and
13 of U102 iwhen V. = G}.

Mult Offset R115 adjusts offset in the Multiplier Current
Converter so the dc level at the output of U120A (pin 1)
matches the dc level at the input of U102 (pin 10). G115,
C114, and R114 are an RC filter network to limit the
bandpass through the Multiplier Current Converter. 114
functions as a switch and is either on or off depending on
the position of the TIME/SCAN switch.

In the 10 ms position of the TIME/SCAN switch, a
negative level applied to the gate of Q114 by Q120 turns off
Q114 which removes C114 from the circuit. C115and R114
then limit the bandpass of the circult to approximately
145 kHz. In all positions of the TIME/SCAN switch other
than 10 ms, the gate of Q114 is allowed to go positive
toward the same level present on its source, which turns
Q114 on very hard and connects C114 in parallel with
C115. Mow, the parallel value of C114 and C115 in
conjunction with R114 limits the bandpass of the stage to
approximately 38 kHz.
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The cutput signal from the Multiplier Current Converter
is connecled to switch 5120 whose switching action is
controlled by the SPECTRAL NORMALIZER switch $130,
Switch 5120 selects an output signal from U1204 or
U120B to be connected to the Vertical Output circuit.

Bandpass Switching Circuit

120, G124, and Q128 along with their associated
components comprise the Bandpass Switching Circult.
Limiting the bandpass of the Vertical Amplifier integrates
out any intensity variations that might be detected along
the vertical axis of the vidicon target. Bandwidth limiting is
switchable because the frequency of the scanning signals
in the 10 ms position of the TIME/SCAN switch is above
the bandwidth limit established for the other scan rates.
Additional bandwidth limiting is provided in the Multiplier
Current Converter circuit to reduce the effects of noise
generated in the Multiplier circult.

In the 10 ms position of the TIME/SCAN switch, a
positive voltage is applied to the junction of R124 and
R126. This turns on G124, which turns on Q120 and causes
the output switching signal from the collector of Q120 to
go negative. Al the same time, Q128 is turned on and its
collector goes to a LO logic level, The collector of Q128
connects to an internal uncal bus line. Whenever this
uncal bus line goes LO, the front-panel UMCAL lamp
comes on to indicate the system is radiometrically un-
calibrated.

In all positions of the TIME/SCAN switch other than
10 ms, the junction of A124 and R126 is grounded, which
turns Q120, Q124, and Q128 off. The outpul switching
signal from G120 goes positive, and Q128 allows the uncal
bus line to go HI provided it is not held LO by another
sourca,

VERTICAL OUTPUT AMPLIFIER

Introduction

The Vertical Output Amplifier on Diagram 2 contains
the stages that provide final amplification of the vertical
deflection signals. Included in these stages are the vertical
positioning control, OFFSET control, ATTEM BAL adjust-
ment, and a front-panel GAIN adjustment to match output
signal amplitude of the 7J20 to the Input sensitivity of the
oscilloscope. The VERTICAL GAIN switch alters the gain
of these stages to achieve the calibrated deflection
sensitivities indicated on the 7J20 front panel. Also
included in the Vertical Output Amplifiar is the circuitry
that converts the linear, vertical-deflection signals into
logarithmic  and inverted-logarithmic  (Absorbance)
signals. Diagram 2 at the back of this manual shows a
detailed schamatic of the Vertical Output Amplifier circuit.
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Interface Vertical Signal Amplifier

L1648 and its associated components comprise the
Interface Vertical Signal Amplifier, It iz configured as an
inverting feedback amplifier with unity gain, Cutput signal
amplitude is 2 mV/nA of vidicon signal current.

The output signal from U1684B is connected to pin 14 of
the Interface connector J200 (located on under side of
TJ20).

—8-Volt Power Supply

U1E0B and its asspciated components comprise the
—B-Volt Power Supply. Basically, it is a unity-gain, inver-
ting, feedback amplifier with the regulated +8-volt power
supply connected to its input.

The —8-volt output also has limited use in the Vertical
Amplifier circuitry on Diagram 1,

Ofiset Amplifier

1504 and its associated components comprise the
Offset Amplifier. The stage is configured as a non-
inverting, voltage follower with unity gain. The input signal
to the stage is a variable offset voltage, the amplitude of
which is determined by the setting of the front-panel
OFFSET control. This offset voitage is used to bring over-
amplified areas of interest back to within the limits of the
spectrometer display. When the BASELINE RESTORE
pushbutton is pressed, the input to the amplifier goes to
ground, which sets its output to zero, This provides a zero-
reference baseling in the display that contains no offset,

The output from the Offset Amplifier is connected to
the Signal-Source Selection Amplifier through R151.

Logarithmic Converter

U1g4A, LM1T8, Q1824A, 1828, U190, and LNM92, along
with their associated components, comprise the
Logarithmic Converter circuit. The Logarithmic Converler
circuit changes the linear input signal into a logarithmic
output signal that has a scale factor of 1 volt per decade.
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Circuit Description—J20/7J20

U164A Is a feedback amplifier that inverls the Input
signal and hali-wave rectifies the output, Positive signals
applied to R161 are inverted at pin 1 of U164A, which
causes CR166 to turn off and CA164 to turn on and clip the
positive signals. Megative signals applied to R161 appear
at pin 1 of U1644A as positive signals that turn CR164 off
and TR166 on. For negative input signals, the stage hasa
gain of

R164
R161

_ B.09 kO _ 1

9.09 ki '
Positive input signals are rectified and are not available to
the following stage. R165 and the resistor network con-
nected to pin 3 of U164A (R160, R162, and R183) adjust
offset of the stage to prevent the ocutput of the converter
from ever going negative.

The remainder of the circuitry forms the actual log
converter, Q1824 iz a non-linear feedback element forthe
differential comparator U192, U190 buffers the base
current of Q1824 from the input signal current through
resistor A166. Q1B2B is the feedback element for
operational amplifier U178, Negative feedback Is applied
ta the emitter of Q182A through the voltage divider
between pin 6 of U192 and ground, and the emitter-base
junction of @1828. This forces the collector current of
Q182A to equal the current through input resistor R166,
and the collector current of Q1828 to remain constantand
be equal to the current through R176. Since the collector
current of 01828 remains constant, the emitter-base
voltage also remains constant. Therefore, only the
emitter-base voltage of Q182A varies with a change in
input signal. Circuit output voltage is a function of the
difference in emitter-base voltages of Q182A and Q1828,
Since the emitter-base voltage in a transistor varies
lagarithmically with linear changes in current, the circuit
output voltage will vary logarithmically, Thermistor RT187
changes value with changes in ambient temperature to
compensate for changes in emitter-base voltage thal
ocour in Q182A and Q182B with changes in ambient
temperature.

Inverse-Logarithmic Amplifier

U196A and its associated components comprise the
Inverse-Logarithmic Amplifier, The stage is configured as
a unily-gain, inverting, feedback amplifier. ABSOR-
BANCE ZEROD R200 is an offset control for the stage, and
is used to wvertically position an absorbance display
independent of the VERT POSITION control.

The output signal from this stage is connected to the
Signal-Source Selection Amplifier through R197, and is
used to provide vertical deflection for absorbance dis-

plays.
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Circuit Description—J20/7J20

Signal-Source Selection Amplifier

UM96E and its associaled components comprise the
Signal-Source Selection Amplifier. It iz configured as an
inverting, feedback amplifier with the gain of the stage
dependent upon the signal source selected for amplifica-
tion. The output from the Offset Amplitier is always
connected to this stage. Additionally, the VERTICAL
GAIN switch selects one of four other signals to be applied
to this stage with the offset signal. The four selectable
signals are;

(1) The video signal from Diagram 1 through R154,
(2) The ramp signal from Diagram 1 through R156,

(3) The log signal from the Logarithmic Converter
through R193.

(4) The inverse logarithmic signal from LU196A
through R197,

Ag different signal sources for L1968 are selected, gain
through the stage changes because differing values of
input resistance are selected. For the offset signal, the
stage has a gain approximately equal to the ratio of R211
and R151

(Ekﬂ

mmﬂzﬁﬁ

Faor the four selactable signals, the stage has the following
gains:

_ ; ; R211 _  65kD i
{1} Video signal: R154 5 k{2 1
: ; RE1l _ 5k —
{2) Ramp signal: F156 Baska 0
5 = oy, BRO.
(3) Log signal: R193 ~ 2505k <0
R211 _ _5kD

4 !nmrsa-logsignai:mgT " 7505 k(i = o)

C211 limits the bandpass of the stage to approximately
105 kHz.

The output signal from the Signal-Source Selection
Amplifier is connected to the base of U212A in the Galn-
Switching Amplifier.

Gain-Switching Amplifier

U212A, U2128, U212C, U2120, and U212E with thair
associated components comprise the Gain-Switching
Amplifier. The gain of this stage is switchable to provide
the various vertical sensitivities indicated by the VER-
TICAL GAIN switch,
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U212A and L2128 are configured as a paraphase
amplifier and convert the single-ended input signal into
push-pull output signals. U212C is a constant-current
source for U212A and U2128. U212D and U212E are
emitter followers to provide isolation between the gain-
switching clreuit and the following stages,

VERTICAL GAIN switch 5190 controls the gain of this
circuit by selecting varicus values of resistance between
the emitters of U212A and U212B in conjunction with
switchable values of load resistance between the collec-
tors of U2124 and U212B. Forexample, inthe 1 position of
the VERTICAL GAIN switch, the differential voltage gain
of the circuit is approximately 0.04. In the 2 position of the
awitch, the resistance between the emitters of U2124 and
U212B is reduced by a factor of 2, which doubles the
differential voltage gain of the circuit to approximately
0.08,

R230 adjusts dc balance of the stage, and R235 allows
precise adjustment of stage gain for the 100, 200, and 500
positions of the VERTICAL GAIN switch. ATTEN BAL,
R220 adjusts for no baseline shift when switching between
positions of the VERTICAL GAIN switch,

The push-pull output signals from the Gain-Switching
Amplifier are connected to the bases of Q2444 and Q2448
in the Vertical Position Amplifier,

Vertical Position Amplifier

Q2444 02448, and Q254 with their associated com-
ponents comprise the Vertical Position Amplifier. Q2444
and Q2448 are configured as an emitter-coupled, push-
pull amplifier. VARIABLE VERTICAL GAIN control R245
is connected in series with A244 between the emitters of
Q2444 and Q244B. In the CAL IN switch position, R245 ig
shorted out by S245A and has no effect on stage gain. In
the uncalibrated {(button out) position, 52454 is open.
With S245A open and R245 adjusted to its maximum value,
the gain of the stage is reduced by a factor of at least 2,51,

0254 is a constant-current source for Q244A and
Q244B. VERT POSITION control R255 adjusts the de
balance of the stage ta achieve vertical positioning in the
spectrometer display.

The push-pull output signals from the Yertical Position
Amplifier are connected to the bases of Q262 and Q282 in
the Vertical Output Amplifier,



Vertical Output Amplifier

262, 268, 282, and Q284 with their associated
components comprise the Vertical Output Amplfier. Q262
and Q282 basically are emitter followers that {in conjunc-
tion with C260, R260, G261, R280, and C281) form 2-pole
active filters to limit the bandpass characteristics of the
stage. 0268 and Q284 are an emitter-coupled, push-pull
amplifier with the gain of the stage adjusted by GAIN
adjustment R275. This provides the ability to match the
output signal amplitude of the 7J20 with the input vertical
deflection sensitivity of the oscilloscope in which the 7.J20
is being operated. Differential voltage gain of the stage is
adjustable fram slightly above to slightly below unity.

The push-pull trigger and vertical-deflection output
signals are taken from the collector circuits of G268 and
2284 and connect to the plug-in compartment connectar
of the T000-series oscilloscope in which the 7J20 is
installed.

HORIZONTAL RAMP GENERATOR
AND AMPLIFIER

Introduction

The Ramp Generator on Diagram 3 produces a saw-
tooth voltage that is used to provide horizontal scanning
deflection in the vidicon and horizontal deflection in the
spectrometer display. Normally, this sawtooth signal is
genarated in a repetitive, free-running manner, but the
circuitry of the Ramp Generator provides the ability to
synchronize ramp generation with events external to the
spectrometar. The Ramp Generator also produces several
output pulses that synchronize other circuit functions in
the spectrometer with ramp generation (e.g., display
unblanking). The Horizontal Amplifier contains a
switchable-gain stage to achieve the calibrated, display-
dispersion factors indicated on the instrument front panel,
and a variable-gain stage that matches the output-signal
amplitude of the 7J20 fo the input sensitivity of the
oscilloscope horizontal-deflection systern. Diagram 3 at
the back of this manual contains a detailed schematic of
these circuits.

Ramp Generator

L3464, U360, 0362, and Q364 with their associated
components comprise the Ramp Generator circuit. The
output of the circuit is a linear, positive-going, voltage
ramp approximately 8.5 volts in amplitude. This ramp is
used to provide horizontal scanning in the vidicon detec-
tor, and horizantal deflection in the spectrometer display.
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Circuit Description—J20/7J20

Timing Veoltage Amplifier. Basically U346A is a non-
inverting, feedback amplifier with a voltage level con-
nectad to its plus input through an input resistance and the
feedback connected to its minus input. The stage has a
gain of approximataly 5 in the 10 ms position of the
TIME/SCAN switch, and approximately 2.5 in all other
swilch positions. Because of the switchable gain, the
stage generates two switchable fixed voltages (with the
VARIABLE TIME/DIV control set to the calibrated
[button-in] position) that are applied to the timing
resistance in the integrator circuit. Ramp Timing adjust-
ment A345 provides the ability to adjust the output voltage
level of the stage to achieve precise ramp-timing ac-
curacy., G351 limits the bandpass of the stage to ap-
proximately 10 Hz to ensure the output voltage will be
relatively insensitive to noisa in the stage's input circuitry,

Integrator. U360 iz a feedback amplifier with a
capacitor used for the feedback element, This configura-
tion forms an integrator whose output signal is a positive-
going, linear voltage ramp when a fixed negative voltage is
applied to the timing resistance (R357 plus R358). Tha
voltage level of the ramp at holdoft is approximately
—0.2 volt (set by R360/R361) and the voltage level at the
ramp peak is approximately +8.25 volls (set by the End-
Of-Ramp Switching Gircuit). During the time the ramp
wavefarm is running up, Q364 is on and Q362 is off. When
the ramp reaches its most positive level, Q364 is turned off
and Q362 turns on, which discharges C362 and resets the
ramp.

End-Of-Ramp Switching Circuit

U346B and Q370 with their associated components
comprise the End-0f-Ramp Switching Gircuit. The circuit
generates a switching pulse used to initiate resetting the
Ramp Genearator.

3468 iz a differential comparator. As the ramp starts
to run up, the output of L3468 tries to go positive. CR3T0,
however, turns on and limits the positive movement o
approximately +0.6 volt, This sets the base of Q370 and
ping 5 and & of U3468 a few millivolts above ground
because of the ratip of the divider made up of B375 and
RAT7. With the base of Q370 near ground and its emitter at
approximately +0.8 volt, Q370 is biased off. As the ramp
goes positive, it will reach a de level (determined by R372
and R373) where the output of U3468 goes negative, Q370
turns on and conducts briefly, generating a short-
duration, negative-going pulse in its collector circuit. This
pulse triggers the Holdoff Timar Multivibrator, which
causes the ramp to reset. When the ramp resets, U346B
becomes biased on and Q370 turns off.
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Holdoft Timer Multivibrator

368 and its associated components comprise the
Holdoff Timer Multivibrator. It generates a positive-going
resat pulse approximately 60 gs in duration that ter-
minates ramp generation and resets the Ramp Generator
to its holdoff level.

U366 functions as a monostable multivibrator. Pin 2 s
the trigger-input terminal and pin 3 Is the pulse-out
terminal. Since Q370 is turned off during the ramp tima,
pin 2 of U368 is pulled HI through R370. The ocutput of
U368 at pin 3 is LO at this time. Upon receipt of the
negative pulse from Q370 at the end-of-ramp time, the
output of U368 goes HI and remains there for a period of
fime approximately equal to 1.1RC wheare R — 60.4 k)
(R36T) and C = 880 pF (C368). Approximately 60 us after
the output of L1368 goes HI it goes LO again and awaits
receipt of the next trigger.

The output of the Holdeff Timer Multivibrator is
connected to the Restore Pulse Multivibrator and to the
Ramp-Reset Logic Circuit.

Ramp-Resel Logic Circuit

L4504, U450C, and US40D form the Ramp-Reset Logic
Circuit. The circuit provides the logic that controls the
sequence of events surrounding the initiation and ter-
mination of ramp generation. There are three basic modes
of operation for the circuit.

{1) Repetitive-scan mode (10 ms and 20 ms scan
rates)

(2) Integrate-scan mode (50 ms through 1000 ms in-
tegrate scan rates)

{3} Scanning externally synchronized (all rates)

3-10

The output logic level at pin 12 of U450A (SCAN)
determines whether the Ramp Generator will be allowed
to run or will be reset. When pin 12 is HI, the Ramp
Generator will run, and when pin 12 is LO, the Ramp
Generator will be reset, The SCAN signal connects to
three other circuits in the spectrometer. The three are:

(1] Pin 8 of the Interface connectar

{2) U560 in the £ Axis Circuit (display unblanking)

(3) 01482 in the Vidicon Regulator Circuit (vidicon
unblanking)

Repetitive-Scan Mode. The first mode of operation to
be discussed is the repetitive-scan mode. In this mode,
one scanning ramp is immediately followed by another
with only negligible holdoff between ramps. Fig. 3-1
illustrates the sequence of logic for this mode of scanning.

In the 10 ms and 20 ms positions of the TIME/SCAN
switch, pin & of U450C is pulled HI through R332
therefore, pin 8 of U450C and pin 13 of U450A will be LO
and will remain LO until integrated scanning is selected,
The Scan Control input {pin 11 of U5S40D) Is pulled HI
through R446, so pin 13 of U5400 and pin 2 of U450A will
be held LO, If pins 2 and 13 of L4504 are held LO, the
cantrolling input to 4504 is pin 1.

For purposes of explanation, assume the Holdoff Timer
output has just stepped LO to initiate ramp generation. All
three inputs to U450A ara LO; therefora, pin 12 of L4504 is
HI. 2364 is turned on, which turns off Q362 and the Ramp
Generator starts to run up.

When the ramp waveform reaches its maximum
amplitude, the output from the Holdoff Timer goas HI and
pin 12 of U450A goes LO, Q364 turns off and Q362 turns
on, which shorts out C362 and resets the Ramp Generatar.
Since the output of the Holdoff Timer remains HI for
approximately 60 us, the Ramp Generator will be reset for
the same period and allow sufficient time for the Ramp
Generator o settle to guiescence prior to generating the
next ramp. After 60 ps, the output of the Holdoff Timer
steps LO again, which causes pin 12 of U450A to go HI,
0364 turns on a-d Q362 turns off, which allows ramp
generation to stert again.
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5V
R3az2

! |
To 1 T;
L4504 w4s0c
1 | 2 |13 [12] 9|10 |1]| s

Ts o lo| o 1|1 ]| e | 1| ofSTART OF RAMP

T 1o | o |o]l1]| ¢ [ 0] o|ENDOFRAMP(RESET | HOLDOFF =60 s)

- vl e | o [1]l1 | e | 1| 0|START OF RAMP

# = HAS NO EFFECT SR

Fig. 3-1. Repetitive-sean logle sequence in Ramp-Reset Logic Circuil.
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Integrale-Scan Mode. In the integrate pasitions of the
TIME/SCAN switch, pin 9 of U450C is grounded and no
longer has independent control of L450C as it did in the
normal-scan mode. Fig. 3-2 illustrates the sequence of
logic for this mode of operation, For purposes of explana-
tion of integrate-mode switching logic, assume the Ramp

Genearator has been reset and the holdoff time has elapsed
but the integrate time has not. All three inputs to U450C
will be LO, which sets the output (pin 8) of U450C HI and
causes the output of U450A to be LO. The circuit will
remain in this condition until the integrate time selected by
the TIME/SCAM switch has elapsed, At the end of the

PIN 10

uwasoc

|

INTEGRATE
TIMER

—— e — —

_‘ -——— ] ———————— — — —

SCAN
RAMP I} |
|
| I
PR | T
et T: + 60us
U450A [ wasoc
1l 2]13f2ffn|w]os | 8
Tao ol o 1 |o || o | o | o | 1|HOLDOFF JUST PRIOR TO SCAN START
T oflo| o |1 1|1 | 0| ola TRIGGERED: SCAN STARTS
T ol o] o |11 |0 | o0 | oairTurnsorr
% 1 o] 1 |o|o]| o |o| 1|EnNDoOFscan; u3ss TRIGGERED
T4 60 o]l o| 1 |o]|lo | o | o | 1|u3ssresers
16842.02
Fig. 3-2. Inlegrate-scan logic sequence In Ramp-Test Logic Circuit.
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integrate time, a short-duration, positive-going pulse is
applied to pin 10 of U450C. The output of U450C goes LO
and the output of U450A goes HI, which initiates ramp
generation. The HI from pin 12 of U4504 is coupled back
to pin 11 of U450C, which ensures the circuit will stay in
this condition until ramp generation is completed. The
output from the Holdoff Timer circuit steps HI at the end-
of-ramp time to reset the Ramp Generator in the same
manner as for normal scanning. The output of U4504
steps LO, which switches the output from U450C HI and
the circuit again waits for expiration of the integrate time.

Externally-Triggered Scan. The Scan Control input
from pin 10 of the Interface connactor provides the ability
to synchronize ramp generation with an external signal.
Upon completion of a ramp-generation cycle, the Ramp
Generator will be held in reset if the Scan Control input is
LO. This is true for both the normal-scan and the
integrate-scan modes.

In the normal-scan mode, the Ramp Generator will be
held in reset after the holdoff cycle is completed as long as
the Scan Control level is LO. Then, when the Scan Control
level goes HI, ramp generation begins immediately. In the
integrate-scan mode, the same is true except ramp
generation will not start until the next positive pulse from
the Integrate Timer circuit is received by pin 10 of L4500
after the Scan Control level goes HI.

Restore Pulse Multivibrator

(3436 and U440 with their associated components form
the Restore Pulse Multivibrator circuit. The output logic
signal from L440 triggers the between-scan, dc restora-
tion that occurs in the DC Restorer Amplifier on
Diagram 1.

For purposes of explanation, assume a ramp is being
generated bul has not yet reached its maximum
amplitude. The output logic level from the Holdoff Timer
Multivibrator will be LO, which turns off Q436. The
collector of Q436 will be positive and C440 is charged to
+5 volts through R438 and R440, The output logic level
from U440 will be LO. Mow, when the logic level from the
Holdot! Timer Multivibrator goes Hl at the end of the ramp,
2436 turns on, causing its collector to be very near zero
volts. Application of this LO to pin 2 of U440 is delayed by
the combination of R440 and C440. Pin 2 of U440 will not
go LO enough to trigger U440 until C440 discharges
through R440 to a level approximately equal to 1/3V.. This
discharge time is approximately equal to 1.1 RC where R
equals R440 and C equals C440 (1.1 x 24 k{1 x B90 pi
=24 ps). Approximately 24 us after the start of holdoff,
U440 is triggered and its output (pin 3) steps HI. The
length of time the output stays HI is approximately equal
to 1.1 RC where R eqguals R441 and C equals C441 (1.1 x
30 kO x B90 pF =30 us).

@
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When the output of U440 goes HI, CR442 turns on and
charges C440to slightly below the HI level present on pin 3
of U440, Since the emitter of Q436 is connected to the
output of U440, Q436 turns off when the output of L1440
goes HI and C440 starts to charge positive again toward
5 volts. After the output of U440 returns LO, Q438 comes
back Into conduction but there is not sufficient time for
C440 to discharge low enough to trigger LI440 again, Thus
the output of U440 goes HI approximately 24 us after the
starlt of holdoff, The output of U440 remains HI for
approximately 30 ps and returns LO approximately 6 us
before the end of holdoff.

Variable Time/Scan Amplifier

Q328 and Q344 with lheir assoclated components
comprise the Variable Time/Scan Amplifier. The circuit
provides the ability to obtain uncalibrated scan times that
are continuously variable between the calibrated
positions of the TIME/SCAN switch.

When the VARIABLE TIME/SCAMN control is in the
calibrated (button-in} position, the base of Q328 is
returned to the same voltage level present on the emitter.
Thus, the base-emitter junction of Q328 has zerc bias and
does not conduct. This, in turn, means the base-emitter
junction of Q344 has zero bias because there is no current
through R343, and Q344 will not conduct. As a result, the
clreuit has no effect on the reference voltage supplied to
pin 3 of U346A by the voltage divider made up of R343,
R345, and R348,

When the VARIABLE TIME/SCAN control is in the
uncalibrated (bution-out) position and rofated slightly,
the base-emitter junction of Q328 becomeas forward
biased and Q328 begins to conduct. As Q328 conducts,
344 is biased into conduction. The reference voltage
supplied to pin 3 of U346A by R343, R345, and A346
becomes more negative, which causes the timing voltage
supplied to the Ramp Generator by U346A to hecoma
more negative, resulting in a shorter-duration, steeper-
slopad, ramp waveform.

For an explanation of Q330 and the Integrate Timing
adjustment R320, refer to the Integrate Timing Circuit
description.

Integrate Timing Circuit

2330 and Q332 with their associated components
comprise the Integrate Timing Circuit. This circuit con-
trols the initiation of ramp generation when aperating in
the INTEGRATE positions of the TIME/SCAM switch,
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(1332 is a programmable unijunction transistor and
operates as a relaxation oscillator. The programmabie
unijunction used for 332 becomes biased into conduc-
tion whenever the voltage on the anode reaches a level
approximatley 0.6 volt more positive than the level at the
gate. When Q332 conducts, the current through Q332
discharges the capacitance cannected to the anode of
332 until the value of current through Q332 falls below
the level necessary to maintain conduction, Q332 then
turns off and the anode capacitance starts to charge
toward 15 volts again. The amount of calibrated integra-
tion time is precisely adjusted by Int Timing adjustment
R320, which controls the reference level at the gate of
332. The VARIABLE TIME/SCAN control has ap-
proximately the same range of adjustment for the gate
reference voltage as it does for the timing reference
voltage to maintain the same ratio of scan time to integrate
time for any setting of the VARIABLE TIME/SCAN contral.
The output trigger signal from the Integrate Timing Circuit
is developed across R338 in the cathode circuit of Q332,

0330 controls whether Q332 will be allowed to free run
or nol. In the 10ms and 20 ms positions of the
TIME/SCAM switch, the junction of R332-R331 is un-
grounded and Q330 turns on very hard. The collector of
1330 comes down very near to ground, which sets the
referance level at the gate of Q332 low enough to prevent it
from free running. In all positions of the TIME/SCAN
awitch other than 10 ms and 20 ms, the junction of R331
and R332 is grounded, which turns off Q330. Now the gate
of 0332 is allowed to rise to its reference level and the
circuit free runs,

A Sweep Amplifier

L416B and its associated components comprise the A
Sweep Amplifier. The stage is configured as an inverting
feedback amplifier with a gain of less than one. The output
signal of this stage provides the signal available at the +
Sawtooth output connector on the front panel of the
oscilloscope in which the 7J20 is being operated.

Display Wavelength Marker Generator

U3asA, U332, 398, and G400 with their associated
components comprise the Display Wavelength Marker
Generalor. The circuit generates the signalz used to
present the wavelength marker and the wavelength
readout in the spectrometer display.
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U392 is a differential comparator. The positive-going
ramp waveform is connected to the plus input and a
voltage level, variable between ground and +8 volts {from
the MARKER control), is connected to the minus input,
The dc level of the ramp waveform will always start aut at
some level negative with raspect to the referance lavel
connected to pin 3 of U392, As long as the ramp level is
negative with respect 1o the referance level, the output of
U392 will be LO. After the ramp waveform rises to a de level
positive with respect to the reference level, the output of
L1392 steps HI and remains HI until the Ramp Generator is
reset at the beginning of holdoff.

The output of U392 is connected to pin 1 of the
Interface connector and to the base of (398, C396 in
conjunction with R395 and R387 differentiates the positive
step that occurs at the marker point into a short-duration,
positive-going pulse. This positive-going pulse turns
(398 off briefly, which allows the Auxiliary £ Axis output
to go LO. This provides additional unblanking to brighten
up the wavelength marker spot in the spectrometer
display. In the 10 ms position of the TIME/SCAN switch, a
smaller value of resistance is selected for the differen-
tiator. This ensures that the width of the intensified marker
spot in the display will remain approximately the same
regardless of the scan rate selected. Q400 is turned on
during the ramp holdoff time to ensure there will be no
display unblanking during the inter-scan interval,

L3384 is an inverting, feedback amplifier with unity
gain. The input signal to the stage is the variable voltage
level from the MARKER control. The inverted outpul is
used in the Display Dispersion Amplifier on Diagram 3,
and in the Wavelength Readout circuit on Diagram 7.

Display Dispersion Amplifier

U416A, Q420, Q424, and Q426 with their associated
components comprise the Display Dispersion Amplifier.
The stage is an inverting, feedback amplifier with
switchable gain to achieve the expanded display-
dispersion factors indicated by the DISPLAY DISPER-
SI10M switch.

Q420, Q424, and Q426 are field-affect transistors used
as switches with their switching action controlled by the
DISPLAY DISPERSIOM switch S420. The FET switches
altar the value of feedback resistance for U416A to change
the gain of the stage. The gain of the stage in the 4 {.4)
nm/div switch position is unity, and is reduced to 0.1 in the
40 {4) nm/div position, In the 40 (4) nm/div position of the
DISPLAY DISPERSION switch, HORIZ POS adjustment
R385 provides the ability to adjust the harizontal position
of the spectrometer display by varying the value of an
offset current applied to U4164. In the other positions of
the DISPLAY DISPERSION switch, the output of U3B8A is
used lo provide the offset to U416A. This scheme provides
display expansion centered arcund the wavelength
marker spot with the marker spot fixed centrally in the
display.



Display Horizontal-Deflection Output Amplifier

U3gaB and U410 with their associated components
comprise the Display Horizontal-Deflection Output
Amplifier, L3888 is an inverting, feedback amplifier with
adjustable gain (via HORIZ CAL R435) to match the output
signal amplitude to the input sensitivity of the horizontal
deflection system of the ocscilloscope in which the TJ20 i
installed. Diodes CR413 and CR414 limit the maximum
output signal amplitude when the display is expanded to
prevent overdriving the horizontal deflection system of the
oscilloscope. U410 is an inverting, feedback amplifier with
unity gain. The output signal from U410 is equal in
amplitude but opposite in phase to the output from U388E.
The two output signals comprise the push-pull input
signal required by the oscilloscope's horizontal deflection
system.

Grating Change Logic Circuit

Q310, Q312, Q314, Q316, and Q318 with their
associated components comprise the Grating Change
Logie Clreuit. The circuit controls the prasentation of the
uncalibrated indicator {an X) in the Display Dispersion
portion of the display readout. The circuit also controls
ilumination of the Grating A and Grating B lamps that
backlight the DISPLAY DISPERSION switch,

When the WAVELENGTH SPAMN control on the J20isin
the B40 nm position, the |ogic level applied to the base of
Q310 is HI. Inthis switch position, the following conditions
exist:

(1) Q310 and Q312 are on.

{2) Q314, Q316, and Q318 are off.

{3) D5312 will ba lit to indicate Grating B display
dispersion factors, and DS5314 is off.

(4) The oscilloscope's readout system generates an
uncalibrated indicator (an X) in front of the Display
Dispersion portion of the display readout,

When the WAVELENGTH SPAN control on the J20isin
the A400 nm position, conditions are reversed. The
Grating A display dispersion factors areindicated, and the
readout system does not generate the uncalibrated in-
dicator (provided dispersion is calibrated).

(@
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TIME/SCAN Switch Binary Logic

Cam sections 9, 10 and 11 of the TIME/SCAN switch
generate a binary-coded, 3-digit, logic signal that is
connected to the Interface connector and indicates
TIME/SCAMN switch positions. Cam 9 generates the most-
significant digit (digit A) and cam 11 the least-significant
digit {digit C).

A* | B* | C* | Swilch Position

10 ms
20 ms
50 ms
100 ms
200 ms
500 ms
1000 ms

O | [ [k o | | i
O | [k D D | =t [
Y ) T LY

*1 represenis a HI

Cam 12 of the TIME/SCAM switch generates a logic
signal used to switch bandpass in the Vertical Amplifier
circuitry of Diagram 1. In the 10 ms position, the logic
level Is HI and the bandpass of the Vertical Amplifier is
increased. In all other switch positions, the logic level is
LO and the bandpass of the Vertical Amplifier is reduced.

Z AXIS CIRCUIT

Introduction

The £ Axis Circuit on Diagram 4 generates the logic
signals associated with unblanking the oscilloscope crt,
There are three modes of oparation for the circuit.

(1) Free run {[continucus displays)

(2) Triggered presented only when

triggered)

(displays

(3) Single scan (only one display presented following
receipt of a trigger)

Diagram 4 at the back of this manual contains a detailed
schematic of the £ Axis Circuit.

Z Axis Outpul Logic Circuit

u448B8, Q570, Q572, and Q576 with lheir associated
components comprise the £ Axis Output Logic Circuit.
Q572 is an inverting amplifier that provides the Sweep
Gate logic signal to unblank the oscilloscope crt via pin
A1, A HI at pin A1 unblanks the display; a LO blanks the
display. In arder to get a Hl at pin A1, the output logic from
U448B (pin 6) must be LO.
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2570 is an emitter follower that provides the Holdoff
legic signal sent to the oscilloscope via pin B4, The output
logic at pin B4 is in phase with the output of L4488, and is
used to derive the alternate switching signal in the
oscilloscope.

Q578 is used as a switching amplifier. When the 7J20 is
installed in a 7000-series oscilloscope correctly, pin AB is
commaon (ground), and pin A16 connects to -5 volts. The
signal connected to BT controls channel blanking
associated with chopped and alternate oscilloscope
modes. When the logic level at B7 is HI, the 7J20 £ Axis
output is disabled; when LO, the Z Axis output is enabled.
The logic level at BT is a fixed LO when the oscilloscope is
not operating in the alternate or chopped modes, For this
condition, the output logic signal from pin 9 of U560
exercises independent control of U4488.

Synchronizing Multivibrator

LUSE0 with its associated components comprises the
Synchronizing Multivibrator circuit. The circuit syn-
chronizes display unblanking with the genaration of the
scanning ramp.

U560 is a D-type, edge-triggered flip-flop with a data
input, a direct preset input, and complementary outputs. A
LO input to the clear input (pin 13) sets the pin 9 output LO
and the pin 8 output Hlindependent of the clock pulse (pin
11). The logic level present at the data input {pin 12} is
transferred to the pin 9 output on the positive edge of the
clock pulse. After the clock input threshold voltage has
heen passed, the data input (pin 12) is locked out,

The Scan pulse that originates in the Ramp Generator
cirguitry is used to clock U560, The Scan pulse steps LO at
the end of a ramp and steps Hl at the beginning of the next
ramp. The LO coincident with the end of the ramp is
capacitively coupled to the clear input (pin 13} through
C562. This sets the pin 8 output LO, which blanks the
display, Then, when the clock pulse steps positive, the
logic level on pin 12 is transfarred to pin @, Ifthe logic level
is HI, the display will be unblanked: if LO, the display
remains blanked. After the clock pulse steps HI, the data
input (pin 12} is locked out so any variations at the data
input will have no effect on the display until the next time
the clock pulse steps HI.

When the pin & output of USE0 steps LO to terminate a
display, the LO is coupled to that portion of the Display
Wavelangth Marker Generator circuit (Q400) on Diagram
3 that controls the Auxiliary Z-Axls input to the os-
cilloscope. This ensures there will be complets blanking of
the spectrometer display during the ramp holdoff time.
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Trigger Lateh Circuit

U4508, US40C, and Q554 with their associated com-
ponents comprise the Trigger Latch Circuit. The clrouit
recognizes and stores the first adequate trigger signal that
occurs following the beginning of a scan. This will enable
display presentation commencing with the start of the
next scan, The output logic level at pin 6 of U4488 must be
LCYif the oscilloscope crt is to be unblanked to present a
display. There are three modes of operation to consider
when examining Trigger Latch Circuit operation: free-run,
triggered, and single-scan.

Free Run. In the free-run mode, pin 8 of U540C is
always H|, which represents a constantly-triggered condi-
tion to the Trigger Latch Circuit, Therefore, pin 10 of
L5400 will always be LO. The output logic level from the
Single-Scan Logic Circuit (connected to pin 4 of U4508)
also will always ba LO during free-run operation. The logic
level applied to pin 3 of LI450B by the collector of Q554 is
always LO except for a brief period (approximately 6 us)
just after the keginning of a scan. As a result, the output of
U4488 (pin B) is always LO at the beginning of each scan
resulting in displays being continually presented.

Triggered. Prior to reception of a trigger signal, pin 8 of
LE40C is LO, Just after the beginning of the previous
display, Q554 set pin 3 of U4508 HI, which causes pin 9 of
U540C to step LO. With both inputs to US40C LO, the
cutput at pin 10 steps HI. This HI at pin 5 of U450B holds
the cutput of U4508 (pin 8) LO until the next trigger signal
is recelved. When the trigger signal is received, pin 8 of
US540C steps HI, pin 10 of U540C steps LO. Now, all threa
inputs to U450B are LO and the output of U450B (pin 6)
steps HI to enable adisplay. Just after the beginning of the
display, (554 applies a Hl to pin 3 of U4508 and the output
of U508 (pin 6) steps LO. This LO is coupled back to pin 9
of US40C. It the trigger signal is no longer present, both
inputs to US40C will be LO and the Trigger Lateh Circuit
will reset in preparation for accepting the next trigger
signal. The output LO at pin 6 of L4508 prevents display
presentation until receipt of another trigger signal.

Single Scan. The circuit action of the Trigger Latch
Circuit in the single-scan mode is the same as for the
triggered mode with the additional condition that pin 4 of
U4508 steps HI just after the beginning of a display. This
allows display of only one scan at a time and prevents
display of subsequent scans until the Single-Scan Logic
Circuit is reset,



Trigger Input Circuit

602, Q504, O510, and Q534 with their associated
components comprise the Trigger Input Circult. This
circuit provides the ability to synchronize display presen-
tation with external trigger signals when the DISPLAY
TRIGGER MODE switch 5520 is in the TRIG'D or SINGLE
SCAN positions,

In the FREE RUN position of 5520, the base of Q534 is
grounded, which will set the collector of Q534 HI and
cause the circuit output to continuously register a
triggered condition. In the TRIG'D and SINGLE SCAN
posiitons, the base of 0534 is ungrounded and the level at
the collector of Q534 is controlled by the signal connected
to the DISPLAY TRIGGER IN connector J500. Whena TTL
(transistor-transistor logic) LO level {or ground-closure
logic) is applied to J50O, the emitter of Q510 goes LO, This
turns off 534 whose collector goes Hi to register a trigger
in the Trigger Latch Circuit, The LO level at the emitter of
Q510 also turns off G504, which causes Q502 to turn on
and conduct through DS500. The TRIG'D lamp DSS00
becomes illuminated to indicate the presence of an
adequate, external, trigger signal. When the level at J500 s
HI, the emitter of Q510 is HI, which lurns on Q534 and sets
the collector of Q534 LO. A LO at the collector of Q534
prevents registering a trigger in the Trigger Latch Circuit.
At the same time, Q504 turns on and Q502 turns off
preventing DS500 from illuminating.

Display Enable Circuit

@550, 582, and Q586 with their associated com-
ponants comprise the Display Enable Circuit. A logic
signal from the oscilloscope connects to the emitter of
(586 and determines whether the 7J20 £ Axis circuit
function will be enabled or not. When the logic level at pin
BB is LO, pin 2 of US404 is also LO and normal £ Axis
circuit action is enabled. When the level at B8 is HI, pin 2 of
US40A will be HI and the 2 Axis circuit action is inhibited
{dizplay blanked).

Single-Scan Logic Circuit

L4484, U44BC, U4480, 514, Q518, 0524, US40A, and
LIS40B with their associated components comprise the
Single-Scan Logic Gircuit. The primary circuit function is
to ensure that, upon receipt of an adequate trigger signal
in the single-scan mode, there will be one, and only one,
scan displayed.

1514 and 0518 originate a logic signal that informs the
oscilloscope logic circuitry when the spectrometer is
operating in the single-scan maode, When the DISPLAY
TRIGGER MODE switch 5520 is in SINGLE SCAN or
RESET, pin 5 of LUS408 is hald LO. This turns off G518,
which turns on 2514, This generates a Hl at pin A15. A HI
at A15 indicates single-scan operation; a LO indicates
non-single-scan operation.,

@
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Priar to presentation of a single scan, the Single-Scan
Logic Circuit must be reset. A LO from the oscilloscope
logic circuitry applied fo the base of Q524 via pin B15, or
selting the DISPLAY TRIGGER MODE switch briefly to
the RESET position, will reset the circuit, In the SINGLE
SCAN mode prior to reset, pin 8 of U448C is LO and pin 11
of U448D is HI. Upon receipt of a reset LO, the outputs of
448C and U448D switch states (pin 8 of U4480 goes HI,;
pin 11 of U4480 goes LO). During the presence of a reset
LO, pin 2 of U448A is held LO, which forces pin 3 of U448A
HI to prevent display presentation. Pin 8 of U540C is also
held LO during reset to prevent undesired premature
display triggering.

After reset is completed, pin B of US40C returns to the
level at the collector of Q534, and the output of U448A
goes LO. Under these conditions, the next scan following
receipt of an adequate trigger will be displayed. When the
display Is unblanked at the heginning of a scan, a LO is
coupled through C546 to pin 13 of U4480, which causes
pin 11 of LI44BD to go Hl and pin 8 of U448Cto go LO. The
output LO from U448C causes the output of LIS40B to go
HI. The cutput of US404 goes LO, which causes the output
of U448A to go HI and prevent the display of subseguent
SCans.

Ready Circuit

0538, 0590, and Q592 with their associated com-
ponents comprise the Ready Circuit. In the triggered and
single-scan modes of operation, the Heady GCircuit lights
READY lamp DS594 and provides a logic level to the
oscilloscope to indicate the circuit is prepared to accepta
display trigger.

Far triggered mode operation or when the Single-Scan
Logic Circuit has been reset in the single-scan mode, the
logic level at pin 1 of US404 is HI. After a single-scan
display is initiated, the logic level at pin 1 of U540A goes
LO. A HI al pin 1 of U5404 turns G592 on, which causes
READY lamp D5594 to be lit. Also, when Q592 is on, Q590
conducts and creates a HI logic level at pin A10. When a
trigger is received, the HI that occurs at pin 8 of U540C
turns on $538, which puts a LO on the base of (592, This
turns off Q592, 590, and 05594 to indicate a triggered
{not ready) condition. The LO that ococurs at pin 1 of
L5404 after a single-scan display is initiated maintains the
Ready Circuit in the not-ready condition until the Single-
Scan Logic Circuit is reset.
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VERTICAL READOUT CIRCUIT

Introduction

The Vertical Readout circuit on Diagram 5 encodes the
signal currents required by the 7000-series oscilloscope
readout system to display the Vertical Sensitivity readout
and a portion of the Marker Wavelength readout. The
signal currents associated with the Vertical Channel 1
Row and Column information lines contral the Marker
Wavelength portion of the readout. The signal currents
associated with the Vertical Channel 2 Row and Column
information lines control the Vertical Sensitivity portion.

It is necessary to have an understanding of the 7000-
series oscilloscope readout system in order to fully
understand the readout circuitry in the 7J20. Readout
encoding in the 7J20 is not done In the standard format.
The display of decimal points and zeros is accomplished
in a slightly different manner. Diagram 5 at the back of this
manual contains a detailed schematic of the Vertical
Readout Circuit.

Marker Wavelength

The Marker Wavelength portion of the readout oc-
cupies the Right Vertical Channel 1 position in the display.
There are five components on Diagram 5 associated with
the Marker Wavelength readout, For purposes of explana-
tion, the circuit function of these five componants will be
digcussed in lime-slot sequence.

TS 1: AG38 encodes a SKIP signal in time slot 1, and
provides compatibility with the 7000-series
DRO system,

TS 8. R640 and RG42 encode the letter n.

TS 9 A641 and R644 encode the letter m.

The remainder of the Marker Wavelength readout
encoding circuitry is shown on Diagram 7.

Vertical Sensitivity

The Vertical Sensitivity portion of the readout occuples
the Right Vertical Channel 2 position in the display.
Sensitivity Is Indicated in terms of watts (units are actually
watts per nanometer). All of the Vertical Readout circuit
components located on the Readout Board {except for
CHA739 and CR757) encode the readout displayed for the
linear-deflection positions of the VERTICAL GAIN switch.
The Vertical Readout circuit components on the Vertical
Board encode the readout displayed for the remaining
VERTICAL GAIM switch positions.
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Uneal Clreult. Q670, Q674, and Q676 comprise the
circuit that controls display of the uncalibrated indlcators.
Whenever the vertical sensitivity is uncalibrated, the Uncal
Bus (signal line that connects to the junction of REB0 and
RE82) will be LO., This turns off O6TE, which allows Q874
to turn on. When Q674 conducts, it causes UNCAL
indicator lamp DS674 to be lit, and also turns off Q&70.
CRE69 and CRGE670 form a current gate. When Q670 is on,
the column current that flows through RE69 is conducted
by 670 and does not reach the oscilloscope readout
system. For this condition, R&36 by itself encodes a SKIP
signal in time slot 3. When Q670 is off, the column current
through RE69 Is conducted through CRE6S to the os-
cilloscope readout system. For this condition, R636 and
RE69 encode the uncalibrated indicator X in the readout
display.

Absorbance Readout. In all positions of the VERTICAL
GAIN switch other than the ABSORBANCE positions,
(656 is biased on and conducts the column currents that
flow through RG48, R650, and RE52. In the ABSORBANCE
positions, the VERTICAL GAIN switch grounds the junc-
tion of R654 and RE56, which turns off Q656. Now, the
column currents through RG48, RE50, and RE52 flow
through CRE48 to the oscilloscope readout system.
Character encoding occurs as follows:

TS 1; RE32 encodes a SKIP signal, and provides DPO
compatibility.

TS 2: A634 and AG48 encode a decimal point.

TS 4: ABS0 encodes the number 1. To ancode a 2,
RB47 is connected in parallel with R650. Fora 5,
RG46 and RE47 are connected in parallel with
R&50.

TS 9 RE37 and RE52 encode the |etler A,

SKIP signals are encoded in all the other time slots.
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Logaritlhmic Readoul. In all positions of the VERTICAL
GAIN switch other than LO{E, Q666 and Q668 are biased
an and conduct the column currents that flow through
RE58, RG60, and REG2, and the row current through REGS.
In the LOG positions, the VERTICAL GAIN switch
grounds the junction of R664, R6ET, and AE66, which turns
off Q866 and OB68. Mow, the column currents through
RE58, RGE0, and RE62 flow through CRE5T and the row
current through RG668 flows through CRE68 to the os-
cilloscope readout system. Character encoding ocours as
follows:

TS 1. RB32 encodes a SKIP signal and provides DFO
compatibility,

TS 2 R634 encodes a SKIP signal.

TS5 4 RE62 encodes the number 1. To encode a 2,
RE47 is connected in parallel with R662. Forab,
RE46 and RG47 are connected in parallel with
REGE2,

TS 8 RG58 and RE68 encode the letter d.

TS 8 HE37 and RE60 encode the letter B.

SKIP signals are encoded in all other time slots,

Circuit Description—J20/7J20

GAIN Position. In the GAIN position of the VERTICAL
GAIN switch, cam 16 opens the Channel 2 Column signal
line, which prevents display of sensitivity readout.

Linear Deflection Readoul. When the VERTICAL GAIN
switch is in one of the linear positions {1 through 500) and
the TIME/SCAM switch iz not =zet to one of the
INTEGRATE positions, all of the inputs to U734B will be
HI. The output of U7348 then will be LO, which biases
736 on. When Q736 is on, Q726 and Q750 are biased on
and the row and column signal currents are allowed to
flow to the oscilloscope readoul system. If the VERTICAL
GAIM switch is in one of the ABSORBAMNCE or LOG
positions, or the TIME/SCAMN switch is in one of the
INTEGRATE positions, at least one of the inputs to UT348
will be LO. This sets the output of UT34B HI, which turns
off G736, Q726 and Q750 become biased off and the row
and column currents from U736 and U710 are not allowed
to flow to the oscilloscope readout system,

U712 is an analog-to-digital converter. The device has
ten output lines, only one of which will be LO at any one
time. The remaining lines will be HI. The amplitude of the
voltage connected to pin 10 determines which of the ten
output lines will be LO. The voltage divider switched by the
SLIT WIDTH switch in conjunction with voltage divider
R714-R730 (switched by cam five of the VERTICAL GAIN
switch) determines the amplitude of the voltage applied to
pin 10 of UT12. Table 3-1 defines the output logic versus
the input voltage for U712,

TABLE 3-1
U712 Output Logic Defined

Cam 5 Switch Open Cam 5 Switch Closed
Siit Width Pin 10 Volts Qutput Line LO Pin 10 Volts | Qutput Line LO
OPEMN 14.0 Pim 11 {W1) 1168V Pin 4 [W&)
10 M 135\ Ping (W2) 1.0V Pin 14 (WT)
20 uM 130V Pin 12 (W3) 105 V Pin 3 (Wa)
50 uM 125V FPin 5 (Wd) 10,0 V¥ Pin 15 (W3)
100 M 120V Pin 13 {W5) 95V Pin 2 {W10)
200 uhd 13.0V Fin 12 {W3) 1056 WV Pin 3 (Wa)
500 ud 125 W Pin 5 [W4) 100 vV Pin 15 {W9)
1000 b 120V Pin 13 [W5) 8.5V Pin 2 (W10
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Whenever Pin 4 orpin11o0f U712is LO, the Uncal Bus is
pulled LO through CR732 or CRTET to indicate the vertical
sensitivity Is uncalibrated. The vaoltage from the divider
switched by the SLIT WIDTH switch is connected to pin 23
of the Interface connector J200. The logic at the base of
Q7968 (also controlled by the SLIT WIDTH switch) is
connected to pin 24 of the Interface connector. The
comblination of the two provides SLIT WIDTH position
information to the device connected to the Interface
connector,

L7368 iz a digital-to-analog converter whose output
siggnal current at pin 19 provides row encoding. The output
current from pin 19 will either be 0uA or 900 phA,
depending on which of the word Inputs is LO, and what 4-
bit decoding logic is present at pins 14, 15, 16, and 17,
ap0 A of row current encodes a blank in the readout
dizplay. The occasional insertion of blanks keeps the
characters displayed in correct decimal relation. 0 uA of
row current puts the readout system in that portion of the
character matrix that generates numbers, Table 3-2 shows
all the combinations of decoding logic possible for U736
during each time slot.

TABLE 3-2
U736 Decoding Logic®
VERTICAL GAIN Cam 6/ VERTICAL GAIN Cam &
Switch Closed Swileh Open
Time
_Slot DCBA DCBA
1 11 14 1110
2 7111 1110
3 1111 1110
4 1101 1100
5 1011 1010
L] 1111 1110
T 1111 1110
3] 0111 0110
a 1111 1110
10 1111 1110

*1 represents a HI.

Table 3-3 shows the cutput current of U736 for each
decoding logle/word input combination. U736 will provide
the output currents shawn only when the associated word
input is LO.

TABLE 3-3

U736 Quiput Current As A Function Of
Word Input And Decoding Logic

Decoding Logic*

1111 1110 1101 1100 1011 1010 1001 1000 0111 0110
W1 900 pA | 900 pA 800 uh
wa 800 A,
W3 800 uA
W Q00 wpd | 900 pA 00 wh
Waord W5 800 pA | 900 pA
Inputs WG 800 pA
W7
W8 200 pA
wa 800 pA
W10 00 uA

*1 represents a HI,
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U710 also is a digital-to-analog converter whose output
signal current al pin 19 provides column encoding. The
output current from pin 19 will be discrete current levels
that will vary between 0 and 900 gi in 100 gA increments.
The actual value of output current will depend on which of
the word inputs is LO, and what 4-bit decoding logic is
present at pins 14, 15, 16, and 17. U710 encodes the
numbers displayed in the sensitivity readout for linear
deflection, and, for certain sensitivities, encodes a decimal
point during time slow 2. Table 3-4 shows all the com-
binations of decoding logic possible for UT10during each
time slot.

TABLE 3-4
U710 Decoding Logic*

VERTICAL GAIN Cam 6 \VERTICAL GAIN Cam &
Switch Closed Switch Open

Timej

Slot DCBA DCBA
1 1111 1110

2 1101 1100

3 1111 1110
4 1011 1010

5 1001 1000
G 0111 0110

7 1111 1110
B 11171 1110
k] 1111 1110
10 1131 1110

“1 represenis a HI.

Circult Description—J20/7J20

Table 3-5 shows the output current of U710 for each
decoding logic/word input combination. U710 will provide
the output currents shown only when the associated word
input is LO.

Q7ad, UTT4, UT34A, and UT340C comprise a decade
circuit that controls the display of prefixes, the decimal
point, and one additional zero. The biasing on the base of
1794 establishes an approximate +5 \ level at the emitter
of Q794. Current through Q794 is altered by connacting
additional resistors in parallel with R794. The SLIT
WIDTH, FILTER, WAVELENGTH SPAN, and VERTICAL
GAIN switches control the addition of these parallel
resistors. These discrete variations In current through
Q794 establish voltage levels at pin 10 of U774 that occur
in 0.5-voltl increments.

LI774 is an analog-to-digital converter of the same type
as U712, The device has ten output lines, seven of which
are used in this application. The amplitude of the voltage
present at pin 10 of U774 determines which of its output

TABLE 3-5

U710 Output Current As A Function Of
Word Input And Decoding Logic

111 1110 11

1100 1011 010 1001 1000 0111 0110

w1 300 pA 100 ph | 500 wh

W2 300 pA 100 phA | 500 pA | 100 pA | 100 uh,

wa 200 pA 100 pA | 300 A 100 pA ] 100 w4

w4 500 ph, 100 pA | 900 uh,
Word Ws 300 ph 100 pA | 500
Inputs W& 200 uA 100 A

W7 200 A 100 pA 100 pA

Wa GO0 ph, 100 A

wa 300 ph 100 pA

W10 200 ph 100 uA

W11 500 pwA | 500 oA

*1 represents a Hi.

@
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lines will be LO. Table 3-6 shows the parallel resistances
possible, the current that will flow through Q794, the
voltage that will be present at pin 10 of U774, and which
output pin of U774 will be LO.

TAELE 3-6

Current/Voltage Conditions
For Q794 and U774

Parallel Qrga U774 uvva
Resistance Current Pin 10 "E" Pin LO
4.99 k 1.0 mA 13.0V 12
4k 1.25 mA 125V 5
3.333 k 1.5 mA 120V 13
2.857 k 1.75 mA 115V 4
25k 2.0 mA 110V 14
2222 k 2,25 mA 105V K
2k 2.5 mA 10.0 vV 15

When pin 12,4, 0r150f UT74is LO, UT10 in conjunction
with RG34 will encode a decimal point during time slot 2,
R762 and RT76 encode the symbol g4 (micro) during time
slot 8. Q7E6 and CRTB3 form a current gate. When Q786 is
on, it conducts the column curent that flows through R782.
When Q786 is off, the column current through R782 is
conducted by CRTAS to the oscilloscope readout system.
This added column current in conjunction with the
column current through RYTE encodes the letter n (nano).
The circuit action of Q784 and CR781 is the same as that
for Q786 and CRT83, When Q784 turns off, RTE0 causes
sufficient column current to flow o encode the letter p
(pico). Whenevar pin 12, 5, 0or 130f U774z LO, the prefix p
will be displayed. When pind, 14, or 3is LO, the prefix n will
be displayed. When pin 15 is LD, the prefix g will be
displayed. When pin 13 or 15 is LO, Q768 will turn off and
R766 will ancode a zero in time slot 7.

HORIZONTAL READOUT

Introduction

The Horizontal Readout Circuit encodes the signal
currents required by the 7000-series oscilloscope readout
system to display the DISPLAY DISPERSIOMN and
TIMESSCAM switch-position information. The signal
currents associated with the Horizontal Channel 1 Row
and Column information lines control the Display Disper-
sion portion of the readout, and the signal currents
associated with the Horizontal Channel 2 Row and
Column information lines control the Time/Scan portion.
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[t is necessary to have an understanding of the 7000-
series oscilloscope readout system in order to fully
understand the readout circuitry in the 7J20. Readoutl
encoding in the 7J20 s not done in the standard format,
The display of decimal points and zeroes is accomplished
in a slightly different manner. Diagram & at the back of this
manual contains a detailed schemmatic of the Horizontal
Readout Circuit.

Display Dispersion

The Display Dispersion portion of the readout occuples
the A Horizontal Channel 1 position in the display. Display
Dispersion is indicated in terms of nanometers per
division of horizontal deflection. For purposes of explana-
tion, the circuit description for Display Dispersion readout
iz given in the time-slot sequence commencing with time
slat 1.

TS 1: RA813 encodes a SKIP signal in time slot 1, and
provides compatibility with the T000-series
DPO system,

TS 2: Decimal pointencoding is accomplished in time
slot 2. With the DISPLAY DISPERSION switch
in the .4 nm/div position and the
WAVELENGTH SPAN switch in the B40 nm
position, a decimal point is encoded. In all other
positions of these two switches, a SKIP signal is
generated. Q836, CR837, and CRB3E form a
current gate. When Q836 is on, the column
current that flows through RB37 is conducted by
Q836. When QB36 is off, the column current
through RB37 is conducted through CREB38 to
the oscilloscope readout system. Q836 is off
anly when generating a decimal point.

TS 3: Timeslot 3 generates the uncalibrated indicatar
{an X) as explained in the circuit description far
the Grating Change Legic Circuit porfion of
Diagram 3.

TS 4: Time slot 4 generates the characters 1, 2, or 4.
H832 generates the 4, RB30 the 2, and RB31 the
1.

TS 5 When the WAVELENGTH SPAM switch is in the
A400 nm position and the DISPLAY DISPER-
SION switch isnotinthe 4 nm/div pesition, time
slot 5 encodes the zero In 10, 20, or 40, G842,
CR843, and CR844 form a currant gata. Whean
842 iz on, the column current that flows
through RB43 is conducted by QB42. When
Q842 is off, the column current through RB43 is
conducted through CRE844 to the oscilloscope
readout system. Q842 is off only when
genarating a zero, When Q842 is on, time slot 5
generates a SKIFP signal.



TS 6 SKIP signals are generated in these time slots
and for the Display Dispersion portion of the
TS 7. readout.

TS 8: RB17 and RA21 encode the letter nintime slot B,

TS 9: RB16and RA22 encode tha letter mintime slot 9.

TS 10: Mo connections to this time slot cause a SKIP
signal to be encoded.

Time/Scan

The Time/Scan portlon of the readout occupies the A
Haorizontal Channel 2 position in the display. Scan time is
indicated in terms of milliseconds per scan. Again, for
purposes of explanation, the circuit description for
Time/Scan readout is given in time-slot sequence com-
mencing with time slot 1.

TS 1: RBO1 encodes a SKIP signal in time slot 1, and
provides compatibility with the 7000-series
DPO system,

TS 2: No conneclions to this time slot cause a SKIP
signal to be generated.

TS 3: When the VARIABLE TIME/SCAN switch
S325B is in the uncalibrated (button out) posi-
tion, RB04 and RB0OT7 encode the uncalibrated
symbol <, When the switch is in the calibrated
{button in) position, R80T is disconnected from
the circuit leaving R804 to generate a SKIP
signal.

TS 4: Time slot 4 encodes the characters 1, 2, or &,
RBOS by itself encodes a 1. RBOY in parallel with
RB27 encodes a 2. RB09 in parallel with RB26
encodes a 5.

TS 5 RB20 encodes the zero in 10, 20, or 50.

TS 6: RE23 encodes the last zero in 100, 200, or 500,

TS 7: RB25 encodes the last zero in 1000,

TS 8: RBO05 and RE10 encode the lettar m.

Circuit Description—J20/7J20

TS 9 HAB06 and A812 encode the letter s,

TS 10: Mo conneclions to this time slot cause a SKIP
signal to be encoded.

WAVELENGTH MARKER READOUT

Introduction

The Wavelength Marker Readout circult encodas the
signal currents required by the 7000-series oscilloscope
readout system to display the numerals in the Wavelength
Marker portion of the readout. The units-of-measure
portion (nm) of the Wavelength Readout is encoded by
several components shown on Diagram 5with their circuit
function explained in the Marker Wavelength portion of
the VERTICAL READOUT circuit description. The signal
currents associated with the Vertical Channel 1 Column
information line control the Wavelength Marker Readout,
Diagram 7 at the back of this manual contains a detailed
schematic of the Wavelangth Marker Readout Circuit.

Variable Voltage Amplifier

U862 and its associated components comprise the
Wariable Voltage Amplifier stage. The stage generates a
variable output voltage that represents the wavelength of
the marker in the display.

U962 is configured as a feedback amplifier with the
gain-determining resistorz in the minus Input and a
voltage divider in the plus input, The A. voltage connected
to R964 represents the wavelength at the center of the
vidicon scan area. Stage gain for this voltage is

_R9631\ _ 1
Ro964 '

The Ax voltage connected to R966 represents the location
of the marker spot in the display in relation to center
screen. The voltage is controlled by the MARKER control
and will vary between 0 and 8 volts. The voltage divider
made up of R965, A966, and AYET limits the movement at
pin 3 of U962 to between +1 volt and —1 volt when
operating on Grating A. When operating on Grating B,
R968 is connected in parallel with R9E7 o change the ratio
of the divider and limit the movement at pin 3 to between
+0.1 valt and —0.1 volt, The voltage gain of the stage for
the voltage at pin 3 is
RO63 + RO64 ) iy
RaB4 i

R962 adjusts offset for U982,
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The +8/MORM/GND switch S964 is a calibration aid to
facilitate adjustment of circuit wavelength range. The A,
voltage is also connected to pin 3 of the Interface
connector. Zero volts represents 300 nm; each 1 V varia-
tion in A represents a 100 nm change in wavelength.

Grating Switching Circuit

Q970, Q874, and Q976 and their associated com-
ponents comprise the Grating Switching Gircuit. When
operating on Grating A, the logic level at pin 1 of plug PS70
is LO. This turns off Q970, Q974, and Q9768 When
operating on Grating B, the logic level at pin 1 of plug P970
is HI. The HI level turns on Q970, Q974, and Q976. Q970
acts as a switch to connect R968 in parallel with R967,
which reduces the voltage-swing capabilities at pin 3 of
U862 to betwean +0.1 voltand — 0.1 volt. Q976 also acts as
a switch to connect R977 into the Decade Circult (on
Diagram 5). which modifies the Vertical Sensitivity
Readout. The logic level at pin 1 of plug P970 connects to
pin 2 of plug P380 on Diagram 3 and to pin 2 of the
Interface connactor,

Integrator Circuit

Las04 and US50B and their associated components
comprise the Integrator Circuit. U950A is configured as an
integrator and US50B is a constant-current reference
source (=1 mA) for L950A. CR947 and CR954 form a
current gate for the reference current. When the output
logic at pin 11 of U420 is LO, CR947 turns on and
conducts the reference current, which turns off CR954
preventing application of the reference current to the
Integrator. For this condition, the output of the Integrator
will be a positive-going ramp whose slope will be a
function of the current through R956 and R960. When the
logic output of L8420 is HI, CR847 turns off and CA954
conducts applying the reference current to the integrator,
Mow, the output of the integrator will be a negative-going
ramp whose slope will be a function of the referance
current minus the current through R856 and R960.

Integrator Gating Circuit

Ug42A, LIS428, 8420, and US420 and their associated
components comprise the Integrator Gating Circuit.
Lad2a, U842B8, and R949 form a trigger circuit that
generates a short-duration LO pulse to tarminate the
negative slope of the Integrator, When the negative-going
slope of the Integrator output crosses the threshold
voltage of U424 (==+1.4 volt), the output of U428 steps
LD, which causes the output of U842C to step HI. Now,
both inputs to L9420 are Hl and its output steps LO. This
turns on CR947 and removes the reference current from
the input to tha Integrator. The output of the Integrator
now goes in the positive direction and sets pin 9 of U942C
Hl again but pin 8 of UB42C remains H| because of the LO
an pin 10, When the Four-Decade Counter U220 reaches
full count, C244 capacitively couples a short-duration LO
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to pin 13 of UB42D. The output of U420 goes HI, the
output of UM2C goes LO, and the Integrator output goes
in the negative direction. Q940 is a comman-emittar
amplifier that operates in the otf-to-saturated mode. The
output signal of Q940 is Inverted with respect to the logic
signal present at pin 8 of U242C, and connects to pin 11 of
the Interface connector,

Four-Decade Counter

Q834 and Q932 form an astable multivibrator with a
frequency of approximately 100 kHz. The output of this
circuit is used as the clock for the 4-decade counter, 2938
is & common-amitter amplifier that oparates in the off-to-
saturated mode. The inverted clock signal at the collector
of 0938 connects to pin 12 of the Intarface connector,
2918 and VR913 with their associated components com-
prise a —5-volt power supply that is derived from the —15-
volt decoupled supply.

920 is a 4-decade counter with integral latching,
multiplexing, and digital-to-analog conversion. The clock
signal connects to pin 1 of U920 through CH23. The reset
input (pin 2} is held LO by R921 connected to —5 volts and
performs the reset function only at instrument turn on.

While the 4-decade counter |s counting toward 9999,
the logic level at pin 5 of U920 is LO. One-half of a clock
cycle after the counter reaches 9999, pin 5 steps HI. Then,
when the counter goes to 0000 on the next negative
transition of the clock, pin 5 steps back LO. This LO
movement is capacitively coupled from amitter follower
Q946 to pin 13 of US42D by C944, Pin 11 of U9420 steps HI
and turns off CR947, which causes CR954 to turn on and
reapply the reference current to the Integrator. The output
of the Integrator had been positive going prior to this but
now switches and becomes negative going. The Integrator
output goes in the negative direction until it reaches the
threshold level of U9424. At this point, pin 9 of U942C
steps LO and pin 8 of U342C steps HI, A short-duration HI
is capacitively coupled to pin 10 of U920 from pin B of
Ug42C by C920. This brief HI transfers the count ac-
cumulated in the counter portion of U920 to its digital-to-
analog converter section, which stores it, The digital-to-
analog converter section converts the stored number into
discrete current levels where a 100 & output current
equals 0, 200 uA output equals a 1, 300 wA output equalsa
2, ete. Time slots 4. 5, 6, and 7 interrogate each decade in
the fellowing manner, When fime slot 4 steps LO, it
interrogates the fourth decade circuit, which represents
thousands. The number in this decade can only be alora
1. If the number is a0, pin 15 of U920 will remain LO. With
both time slot 4 and pin 15 LO, Q808 will be biased off,
which sets pin 9 of U220 HI, A HI at pin 9 inhibits current
output from pin 6 of US20. If the number in the fourth
decade is something other than a0, pin 15 of U220 will step
HI and Q908 will be biased on. This will set pin 9 of U820
LO and the fourth decade digital-to-analog converter will
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output 200 A of column current from pin 6. Each decade
digital-to-analog converter is interrogated sequentially.
The zero-suppression circuit (Q908) only inhibits display
of zeroes in the fourth decade. For example, if the number
to be displayed were 905 nm, the ocutput currents from pin
6 of U820 would be as follows:

Time Slot o 9 0 5

0

1000 pA

100 1A

] =23 Ll =

600 A

The Reference Current adjustment R925 adjusts the
absolute level of the analog output currents from pin 6 of
L1920. The CAL/MNORM switch 5801 and test paints TP 801
and TP 903 are calibration aids to facilitate adjustment of
RE25.

HIGH VOLTAGE SUPPLY

Introduction

The circuitry on the High Voltage Supply circuit board
generates two voltage supplies required by circuitry inthe
J20 Spectromater. The two supply voltages are +350 volts
and +6.3 volts. The +§.3-volt supply provides filament
power to the vidicon in the J20, and the +350 volt supply is
used by several circuits in the J20. Diagram 8 contains a
detailed schematic of the High Voltage Supply.

Primary Circuit

The Primary Circuit of the High Voltage Supply con-
sisis of a two-transistor oscillator and an overload protec-
tion circuit, Q1012 and Q1014 comprise a free-running
oscillator with a frequency of approximately 50 kHz.
CR1012 and CR1013 provide reverse-breakdown protec-
tion for Q1012 and Q1014 respectively, The base-drive
signal for @1012 and Q1014 is referenced to the output
level of U1022 through YR1016 and R1017.

Q1002 and U1008 provide protection for the primary
circuit when the secondary circuit is overloaded. Under
secondary-overload conditions, Q1012 and Q1014 will
conduct abnormally high amounts of current which will
develop sufficient voltage across R1002 to bias Q1002 on.
When Q1002 conducts, its collector moves negative,
which functions as a trigger for U1008. R1004 and C1004
delay application of this LO trigger to pin 2 of U1008 for a
period of time approximately equal to 1.1 RC where R =
22 k01 (R1004) and G = 2.2 uF (C1004). L1008 functions as
a monostable multivibrator. Pin 2 is the trigger-input
terminal and pin 3 is the pulse-output terminal. When
1002 is off, pin 2 of L1008 is pulled HI through R1004 and
R1006. The output of L1008 at pin 3 is LO at this time.
Upon receipt of a LO trigger from Q1002, the output of

@

Circuit Description—J20/7J20

U008 goes HI and remains there for a period of time
approximately equal to 1.1 RC where R = 220 k{1 (R1008}
and C = 2.2 uF (C1008). Approximately one-half second
after the output of U1008 goes HI, it goes LO again. While
the output of U1008 is HI, Q1008 is biased Into saturation
which removes the base drive from Q1012 and Q1014 and
shuts down the oscillator. When the output of L1008 goes
LO, Q1008 turns off, which returns base drive to G012
and Q1014. If the secondary overload has disappeared,
operation resumes as normal, If, however, the overload
has not disappeared, Q1002 triggers 1008 and the
protection cycle begins again.

Secondary Circuit

The Secondary Circuit of the High Voltage Supply
consists of the +350-volt supply, the +6.3-volt supply, and
a feedback regulator. CR1026, CR1027, CR1028, and
CR1029 with their associated components comprise a full-
wave, voltage quadrupler. The quadrupler is a +320-volt
supply referenced 1o 50 volts so the absolute voltage
levael at the junction of CR1029 and R1036 is approximately
+370 volts, Q1042 and Q1044 are a shunt regulator that
sets the supply outpul at test point TP 1041 to +350 volts,

L1022 is the feedback regulator, It is configured as a
comparator with +8 volts connectad to the plus input
{through R1023), and a sample of the variations in the
guadrupler output connected to the minus input. When
the output of the quadrupler varies, U1022 genaerates an
error signal at pin 6 that changes the base drive of Q1012
and 21014, The change in base drive alters the amplitude
of oscillation to maintain the proper veltages In the
secondary circuil, C1022 and R1022 limit the bandwidth of
L1022 to prevent unwanted circult oscillations

The +6.3-valls supply is actually a +1.3-volt, full-wave
rectified supply referenced to +5 volts. The regulation
action of U1022 also achiaves a measure of regulation for
the +6.3-volt supply.

8-Volt Power Supply

J1102 and Q1106 with their associated components
form the +8-Volt Power Supply. U1102 is a comparator
with the zener voltage developed by VR1100 ({ap-
proximately +6.2 valts) connected to the plus inputand a
sample of the supply output voltage connected to the
minus input. R1101 and G1101 limit the —3 dB bandwidth
at the plus input to U1102 to approximately 40 Hz to
suppress noise and oscillation. R1110 adjusts the ratio of
the divider made up of R1108, R1110, and R1112 to
precisely adjust the output level of the supply. 1106 isan
emitter follower whose base is controlled by the output of
comparator L1102,
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VIDICON DEFLECTION CIRCUITS

Horizontal Amplifier

The Horizontal Amplifier in the J20 converts the single-
ended, input ramp signal from the 7J20 into push-pull,
output ramp signals of the proper amplitude required by
the vidicon, Fig. 3-3 shows a simplified diagram of the J20
Horizontal Amplitier. Refer to the simplified diagram and
Diagram 8 in the Diagrams section while reading this
circuit description.

Basically the Horizontal Amplifier in the J20 consists of
two feedback amplifiers, one inverting and the other non-

inverting. In the simplified diagram, Feedback Amplifier A
consists of U1328, Q1344, 01350, and Q1352. Feedback
Amplifier B consists of L1328, G1342, 1358, and Q1360
Amplifier A is non-inverting and has a gain of

By

Hi
where Ry = R1346 and R; = R1315 + R1317. Amplifier B is
inverting and has a gain of

Ri

Ri
where R, = R1340 and R = A1319 in parallel with the sum
of R1315 and R1317, Fesdback Amplifiers A and B have
output signals equal in amplitude but opposite in palarity.
H Gain adjustment R1315 adjusts the gain of both
amplifiers to maintain egquality.

RAMP '
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g R1317
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My
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RAMP « . 1/201328 01344 ./I_
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01312 P
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1642-03
Fig. 3-3. Simplified diagram of the J20 Horizontal Amplifier.
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21302 and Q1312 are constant-current sources that
provide offset currents to the Feedback Amplifiers. R1310
varies the value of the offset currents, which varies the
average voltage level of the output signals. Centering
adjustment R1325 controls the bias level at the input of
Feedback Amplifier B to match its average output voltage
level with that of Feedback Amplifier A. R1352 reduces the
impedance of the emitter circuit of 1352 to improve the
ability of that output to move rapidly in the negative
diraction during scan retrace.

Verlical Oscillator

There are two circuits on the Vertical Oscillator Board.
One is a +265-volt power supply and the other is a sine-
wave oscillator with a freqguency of approximately one
megahertz.

Q1374 and CH3T78 are emitter followers that regulate
the +265-volt power supply. The horizontal deflection
signals from the Horizontal Amplifier are connected to
R1370 and R1371. The average dc voltage level at pins J
and K is adjusted to be +250 volts. The voltage divider
made up of R1370, R1371, and R1373 set the base of Q1374
at approximately +265 volts. Since Q1374 and Q1378 ara
both silicon devices, the voltage level at the emitter of
1378 will be the same as the level at the base of Q1374.
Voltage divider R1378-R1379 sets the center tap of the
secondary of T1380 to approximately +250 volts.

Circuit Description—J20/7J20

1382, 01386, and the primary of T1380 form a tuned
oscillator with a frequency of approximately one
megahertz. 01388 is a constant-current source for 31382
and Q1386. C1384, CR1384, and CR1390 form an ac-
coupled, half-wave rectifier that samples the amplitude of
oscillation and stores the sample as a negative charge in
C1390. This stored sample is fed back to the plus input of
J1394 via R1393. The output of U1394 contrals the level on
the base of Q1388. Varying the base level of Q1388 will
vary the amount of current provided to Q1382 and Q1386
This, in turn, controls the amplitude of cscillation in the
primary of T1380, which regulates the output amplitude in
the secondary of T1380,

Preamplifier

The Preamplifier Circuit in the J20 converts the input
signal current from the vidicon into an output signal
voltage. Output signal amplitude at P1450 is 2 millivolts
per nanoampere of input signal current, Fig. 3-4 shows a
simplified diagram of the Preamplifier Circuit. Refer to the
simplified diagram and Diagram 9 in the Diagram section
while reading this circuit description

L1496 and Q1488 with their associated components
comprise the Focus Current circuit. The circuit is a
constant-current supply whose output is variable between
20 mA and 40 mA approximately, Focus Current adjust-
ment R1485 sets the vollage level at the plus input of
L1496, L1496 and 91498 set the voltage level at test point
TP 1497 equal fo the voltage level at the plus input to
U1486. The amount of focus current flowing through
(1498 is determined by measuring the voltage developed
across precision resistor R1487,

a1420 Q1429
Q01426 Q1436
INPUT SIGNAL 014368 Q1440
CURRENT

FROM VIDICON

OUTPUT SIGNAL

9_( VOLTAGE TO TJ20

1642-04

Fig. 3-4. Simplitied diagram of the J20 Preamplilier.
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The Preamplifier Circuit s basically a feedback
amplifier whose output drives an emitter follower. R1443 is
the feadback element betwsen the output and the minus
input. The feedback amplifier converts the input signal
current into an output signal voltage. Q1446 is a constant-
current source that provides dc-level shifting through
Rid44, Q1448 is an emitter follower to provide isolation
and a relatively low output impedance. Oulput signal
amplitude from emitter follower Q1448 is approximately
2 mV per nancampere of vidicon signal current.

VIDICON REGULATOR
AND
NORMALIZER CIRCUITS

Vidicon Regulator Board

The Vidicon Regulator Board contains two alignment-
current supplies, a focus-current supply, and the vidicon
cathode-current and grid-voltage supplieas, Q1472 and
Q1476 (Diagram 10) with their associated components
comprise the Vertical Alignment Current circuit. The
circuit is a constant-current supply whose output is
variable between approximately +10 mA and —10 mA
with respect to ground, CR1471 and CR1476 compensate
for changes in output current that would occur with
variations in ambient temperature, 1462 and Q1466 with
their associated components comprise the Horizontal
Alignment Current circuit, which is identical to the Vertical
Alignment Current circuit.

Q1482, 01484, Q1488, U1488, and Q1490 with thelr
associated components comprise the Vidicon Cathode
Current and Grid Voltage supplies. Q1484 and Q1488
function as switches whose switching action is controlled
by (1482. The SCAN pulse connects to the emitter of
1482, When the SCAN pulse is HI {during ramp genera-
tion), Q1482 turns on, which biases Q1484 and Q1488 into
saturation and connects R1485 into the circuit. When the
SCAN pulse is LO (during holdoff}, Q1482 turns off, which
hiases (11484 and Q1488 off and disconnects R1485. This
circuit action blanks the vidicon during ramp retrace,
which occurs during holdoff,

Cathode | adjustment R1481 varies the voltage level at
the plus input of L1488 between zero and +0.2 volls
approximately. The minus input of U1488 will seek the
same levael as the plus input, which will also be the level
present at test point TP 1485. The voltage across R1485
determines the amount of vidicon cathode current allowed
fo flow, The output of L1488 (pin 6) controls the current
through 01490 whose collector voltage sets the voltage on
the vidicon control grid, If, for example, the vidicon tries to
increase conduction, the voltage level at test point TP 1485
will try to go positive. This will set the minus input of 1488
more positive than the plus input, and the ocutput of U1488
(pin 8) will go negative. This more negative level will
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reduce the currrent through 1490, which in turn will
reduce the grid drive to the vidicon. Lower grid drive
results in less conduction in the vidicon.

Mormalizer Driver Board

L1542 and Q1544 and their associated components
form an adjustable constant-current supply. The supply
provides a referance current of approximately 2 mA to the
40 nm Mormalizer Programming Board. The plus input of
LN5424 is connected fo ground, which sets the minus
input to zero volts. The amount of current that flows
through Q1544 is determinad by the adjustment of B1540.
U15428 and Q1538 form another identical constant-
current supply that provides a reference current to the
400-nm Mormalizer Programming Board.

L1522 is a voltage follower with unity gain. The output
voltage at pin 6 of U1522 represents the wavelength at the
center of the vidicon target. Zero volts equals 300 nm,
Each 1-volt changein voltage represents a 100-nm change
in wavelength,

15244 is a non-inverting feedback amplifier with a
aain of
R1542 + R1526 12k +10 kuq

Ri524 5k 8.

The input signal to the stage is the ramp waveform from
the Ramp Generator on Diagram 3, and is offset by the +8-
volt supply through R1524. The output voltage swing from
this stage represents the difference in wavelength from the
left edge to the right edge of the vidicon scan area.

L5344 and (21534 with their associated components
form a voltage-to-current converter. The circuit converts
the voltages from U1522 and LI15244 into a ramp current
that represants the wavelength region being scanned. The
output current from Q1534 connects to pin 5 of U15390 on
the 400-nm Mormalizer Programming Board. U15248 and
11532 form a similar voltage-to-current converter whose
outpul current change is 0.1 that of the U1534A-01534
output change. The output current from 1532 connects
to pin 5 of U550 on the 40-nm Normalizer Programming
Board and has a smaller change because of the 10:1 ratio
in wavalength scanned between Grating A and Grating B.

Mormalizer Programming Boards

The 40-nm and 400-nm MNormalizer Programming
Boards contain identical circuitry. For purposes of ex-
planation, anly the circuitry on the 400-nm Mormalizer
Programming Board will be discussed,

U1580 is a programmable, function-generator, in-
tegrated circuit. It has 19 discrete output-current nodes,
each capable of supplying a current approximately equal
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to half the value of the reference current connected to pin
7. The amplitude of the current connected to pin 5
determines which one of the output nodes will be conduc-
ting. Each node comes into conduction ina gradual, linear
fashion. Between each of the 19 discrete conduction
points, the value of output current will be shared between
wo adjacent output-current nodes. A1628 adjusts the
ratio of some currents internal to U1590.

Circult Descriplion—J20/7J20

LU15348 Is a current-to-voltage converter. The output
voltage signal from U1534B wvaries the gain of the
Multiplier Circuit {L102) on Diagram 1 to provide
radiometrically-calibrated, vertical deflection in the spec-
trometer display. The amplitude of the output signal from
15348 is adjusted at 19 discrete points in the spec-
trometer's 300-1100 nm operating range by variable
rasistors R1590 through R1626,
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MAINTENANCE

Cover Removal

WARNING I

Dangerous poteniials exist at several points
throughout  this  Instrument.  Tektronix, Inc,
recommends that the instrument not be operated
with the covers ramoved. Disconnect power before
cleaning the instrument or replacing parts,

The interior of both the J20 Spectrometer and the 7J20
Spectrometer Plug-1n are readily accessible by removing
the instrument covers, However, if it is necessary to gain
access to the interior of the J20 Spectrometer, Tekironix,
Inc. recommends the J20 covers be removed only in a
room having a relatively clean atmosphere (no smoke,
dust, etc.). The J20 contains delicate optical components
whose performance could be adversely affected by any
humidity or other accumulation of foreign matter on their
surfaces. To remove the covers from the J20, use a 5/64-
inch Allen wrench and remove the four Allen-head screws
that secure the covers to the end castings. Pull the covers
away from the handle and remove the bottom edge of each
cover from the slotin the battorn side rails. To remove the
covers from the 7J20, grasp the rear of one of the side
covers and pull it from the slots in the corner rails.

PREVENTIVE MAINTENANCE

General

There are no preventive maintenance routines
recommended for the J20 Spectrometer. The delicate
nature of the optical components contained in the J20
make it imperative thal no spray cleaners or lubricants ba
used in the intarior of the J20. If the covers of the J20 are
kept in place and the Instrument is operated and stored in
properly clean atmospheres, the instrument should
operate reliably for extended periods of time. The 7420,
however, can benefit from certain preventive maintenance
routines,

Preventive maintenance consists primarily of cleaning
and visual inspection. The severity of the enviranment to
which tha RSS is subjected will determine the frequency of
maintenance. A convenient time to perform prevantive
maintenance is just prior to recalibration of the instru-
ment.
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Cleaning

Generally, Tektronix, Inc. recommends no cleaning of
any portion of the interior of the J20 Spectrometer. The
external panels of the J20, however, can be cleaned as
often as operating conditions require. Loose dust ac-
cumulated on the outside of the J20 can be removed with a
soft cloth or small paint brush. The paint brush is
particularly useful for dislodging dirt on and around
external controls, Dirt that remains can be removed with a
soft cloth dampened in a mild detergent and water
solution. Abrasive cleaners should not be used.

Dust in the interior of the 7J20 Spectrometer Plug-In
should be removed occasionally due to its electrical
conductivity under high-humidity conditions. The bast
way to clean the interior is to blow off the accumulated
dust with dry, low-pressure air. Remowve any dirt that
remains with a saft paint brush or a cloth dampenead witha
mild detergent and water solution. A cotton-tipped
applicator is useful for cleaning in narrow spaces or for
cleaning circult boards.

The switches used in the 7J20 are installed with proper
lubrication applied where necessary and will only rarely
require any additional lubrication,

& large portion of the switching in the 7J20 is ac-
complished with cam-actuated contacts mounted on
circuit-boards. Care must be exercised to maintain the
switching action of these contacts. An acceptable contact
cleanar-restarer is Mo Moise (Electronic Company). If
lubrication is required, use Silicone Versilube {General
Electric Co.), Rykon R (Standard Qil), or WD-40 (Rocket
Chemical Co.) as switch lubricants,

Transistor Checks

Periodic checks of the transistors and olther semicon-
ductars in the J20/7J20 Rapid Scanning Specirometer are
not recommended. The best check of semiconductor
performance is actual operation in the instrument.
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Recalibration

To ensure continued accurate measurements, check
the calibration of the instrument after each 1000 hours of
operation or every six manths if used infrequently. In
addition, replacement of components may necessitate
recalibration of the affected circuits, Complete calibration
instructions are given in the Calibration section.

The calibration procedure can also be helpful in
localizing certain troubles in the instrument, In some
cases, minor troubles may be revealed or corrected by
recalibration.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component
replacement and instrument repair. Special technigues
required to replace components in this instrument are
given hera,

Obiaining Replacement Parts

Standard Parts. All electrical, mechanical, and optical
parl replacements for the RSS can be oblained through
your local Tektronix, Inc. Field Office or representative.
However, many of the standard electronic components
can be obtained locally in less time than is required to
order them from Tektronix, Inc. Before purchasing or
ordering replacement parts, check the parts list for value,
tolerance, rating, and description,

NOTE

When selecting replacement parts, it is important to
remember that the physical size and shape of a
component may affect its performance in the instru-
ment. ANl replacement parts shouwld be diract
replacements unless it fs known that a different
companent will not advarsely affect instrument
performance.

Special Parts. In addition to the standard electronic
components, some special componenis are used in the
R35. These components ara manufactured or selected by
Tektronix, Inc. to meet specific performance re-
quirements, or are manufactured for Tektronix, Inc. in
accordance with our specifications, These special com-
ponents are indicatad in the Electrical Parts List by an
asterisk preceding the part number, Most of the
mechanical parts used in this instrument have been
manufactured by Tektronix, Inc. Order all special parts
directly from your local Tektronix, Inc, Field Office or
representative.
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Ordering Parts. To order replacement parts, see the
ordaring instructions given at the beginning of the ap-
propriate parts list (mechanical or electrical) section.

Soldering Techniques

WARNING I

Always disconnect instrument power bafors attemp-
ting lo solder in the instrument. When soldering in
the J20, use a fan to pull any smoke out of the
instrurmemt 1o prevenl! contaminating the oplical
elements.

Ordinary 80/40 solder and a 35- to 40-walt pencil-type
soldering iron can be used to accomplish the majority of
the soldering to be done in the RSS. If a higher wattage-
rating soldering iron is used on the etched circuit boards,
excessive heal can cause the etched circuit wiring to
separate from the board base material. Use care when
soldering in the J20, or when soldering in the general area
of any cam-switch contacts. Clean the contacts after
completion of the soldering.

Circuit Board and Component Replacement

Always disconnect the fnstrument power prior to
attempling to replace componants,

Occasionally it may be necessary to gain access to the
reverse side of a circuit board or to remove one circuit
board to gain access to another. The following procedures
outline the ncessary steps to facilitate instrument dis-
assembly. Most of the connections to the circuit boards in
the instrument are made with pin connectors, Howevar,
some conneclions may be soldered to the board, Observe
the soldering precautions given under Soldering Techni-
ques in this section.

7J20 Vertical Circuit Board Removal.

1. Remove the instrument side covers.

2. Remove the knobs from the VERTICAL GAIN switch
and the VARIABLE VERTICAL GAIM control.

3. Remove the eight screws securing the plug-in rear
plate to the corner rails and remove the rear plate.



4, Disconnect all cable connections from the Vertical
Circuit Board.

5. Remove the five screws securing the Vertical Circuit
Board in the instrument.

6. Spread the comer rails slightly and lift the Vertical
Circuit Board out of the instrument, Exercise caution so as
not to bend the interconnect pins to the Readoul Circuit
Board,

To reinstall the Vertical Circuit Board assembly,
reverse the order of the ramoval steps.

7420 Readoul Circuit Board Remaoval.

1. Remove the Vertical Circuit Board as outlined
previously.

2. Disconnect all cable connections to the Readout
Circuit Board,

3. Using a 1/4-inch nutdriver, memove the two hex-
head screws that secure the Horizontal Circuil Board to
the aluminum blocks attached to the Readout Circuit
Board,

4. Remove the two screws that secure the two
gluminum blocks to the corner rail and lift the Headout
Circuit Board out of the instrument.

To reinstall the Readout Circuit Board, reverse the
arder of the removal steps,

7420 Horizontal Circuit Board Remaoval,
1. Remove the instrument side covers,

2. Remove the knobs from the TIME/SCAMN switch and
the VARIABLE TIME/SCAN contral,

3. Disconnect all cable connections to the Horizontal
Circuit Board.

4. Remove the eight screws securing the plug-in rear
plate to the corner rails and remove the rear plate.
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5. Using a 1/4-inch nutdriver, remove the four hex-
head screws securing the Horizontal Circuit Board in the
instrument and lift the board out of the instrument.

To reinstall the Horizontal Circuit Board, reverse the
order of the removal steps.

7J20 High Voltage Circuit Board Removal.

1. Remove the metal cover over the High Voltage
Circuit Board.

2. Dizconnect all cable connections from the High
Voltage Circuit Board.

3. Using a 3/16-inch nutdriver, remove the four posts
securing the High Vaoltage Circuit Board and lift the board
out of the instrument.

To reinstall the High Voltage Circuit Board, reverse the
arder of the removal steps.

J20 Circuit Board Removal. There are nine circuit
boards in the J20. Eight of the nine are installed in a
module just above and behind the entrance slit. Remove
the side cover on the same side as the entrance slit to gain
access to this module. The Vidicon Regulator Board,
Horizontal Amplifier Board, Vertical Oscillator Board,
Mormalizer Driver Board, and the two MNormalizer
Programming Boards disconnect from the Interface
Board readily by pulling evenly on both upper caorners of
each board. Exercise caution whan removing the boards
50 as not to bend the intercannect pins on the Interface
Board. To remove the FPreamplifier Board, remove the
handle as well as the side cover over the circuit-board
module. Remove the metal cover over the Preamplifier
Beoard and disconnact the input- and output-signal coaxial
cables from the board. Slide the board out of the
instrument in the same manner as the previous six boards.
To remove the Interface Board, remove all seven boards
mounted on It and disconnect all cable connections to the
Interface Board. Remove the securing hardware and lift
the Interface Board out of the instrument.

The ninth circult board in the J20 is the Vidicon Socket
Board. This board plugs onte the rear of the vidicon and Is
difficult to remove due to inadequate mechanical
clearance. The board contains only a minimum of circuitry
and replacement should seldom, if ever, be necessary.
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Semiconductor Replacement. Most of the semiconduc-
tors used in the RSS are of the plug-in variety. Occasional-
Iy, it may be necessary to remove some of these devices for
checking and/or replacement. Fig. 4-1 shows the elec-
trode configuration for the various devices used in the
RS5. Refer to Fig. 4-1 to ensure proper lead identification
and device reinstallation.

J20 Optical Component Replacement, Tektronix, Inc.
recommends that replacement of the optical components
in the J20 (other than the optical filters) be accomplished
only by Tektronix, Inc. Field Service Centers or the
Tektronix, Inc. Factory Service Center. Contact your local
Tektronix, Inc. Field Office or reprasentative for further
information.

Filter Replacement. The optical filters associated with
the FILTER switch in the J20 may occasionally requira
replacement, or the spectrometer operator may desire to
replace one of the standard filters with one of his own
choosing. Refer to the following procedure for filter
replacement instructions,

1. Set the FILTER switch half way between the 0and 1
positions.

2. With a 3/32-inch Allen wrench, remove the Allen-
head cap screw visible through the entrance aperture in
the front of the J20,

3. Setthe FILTER switch completely to the 0 position.

4, With a small-bladed screwdriver, reach through the
entrance aperture and hold the shiny plate in place while
turning the FILTER switch. Turn the FILTER switch until
the desired filter is placed in front of the entrance slit.

5. With a pair of tweazers or small needle-nose pliers,
reach through the entrance apertura and remove the filter,
Touch only the sides of the filter with the tweezers,

6. Install the new filter in the filter-holder whael, Whean
replacing one of the monopass filters, install the new filter
with the shiny side out. For neutral density filters, the shiny
side of the filter goes on the inside. The remainder of tha
filters can be installed in either direction,

7. Gontinue to hold the shiny plate in place whila
setting the FILTER switch half way betwe=n the 0 and 1
positions.
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8. Align the screw hole in the shiny plate with the screw
hole in the filter wheel,

9. Replace the Allen-head cap screw in the filter wheel.

Recalibration After Repair

After any electrical component has been replaced, the
calibration of that particular circuit should ba checked, as
well as the calibration of other closely related circuits,
Since the power supply circuits affect all circuits, calibra-
tion of the entire instrument should be checked if work has
been done to the power supplies,

INSTRUMENT STORAGE

Occasionally, periods of inactivity may allow tem-
porary storage of the RSS. The delicate nature of the
optical components used in the RS5 makes certain
precautions necessary prior to instrument storage. The
actual precautions taken depend on the length of time the
instrument will be stored,

If the instrument is to be stored only briefly (one or two
days for example), all that is necessary is to make sure that
the instrument is kept in a clean, dry atmosphera. Ambiant
temperature during storage should be kept below +30° C,
If. however, the instrument is to be stored for an extended
period of time, or the instrument is being repackaged for
shipment, obsarve the following precautions.

1. Purge the interior of the J20 with dry nitrogen gas.

2. Replace the cap over the J20 antrance-slit aperture.

3. Setthe S5LIT WIDTH switch and the FILTER switch
to their CPEN positions. Make sure the WAVELENGTH
SPAN contral is positively set ta either the A400 nm ar the
B40 nm position.

4. Place the J20 and a goo dessicant in a plastic bag.

5. Purge the plastic bag with dry nitrogen gas and tie
off the plastic bag.

6. Store the instrumeant in a room having an ambient
temperature between H10°C and +20°C.
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Fig. 4-1. Electrode configuration for semiconduclors used in the RSS.

4-5






Section 5—J20/7J20

CALIBRATION

Calibration Interval

To ensure continued instrument measurement ac-
curacy, Tektronix, Inc. recommends that the calibration of
the J20,/7J20 Rapid-Scanning Spectrometer system be
checked every 1000 hours of operation, or every six
months if used infrequently, MNormal preventive
maintenance and any corrective maintenance deemed
necessary should be performed prior to the recalibration
procedure,

Tektronix Field Service

Tektronix, Inc. provides complete instrument repair
and recalibration servicas at local Field Service Centers
and the Factory Service Center. Contact your local
Tektronix Field Office or representative for further infor-
mation.

Using This Procedure

The following calibration information is given in the
form of two separate procedures. One procedure is glven
for the J20 Spectrometer, and the other for the 7J20
Spectrometer Plug-ln. Because of the technical dif-
ficulties involved, Tektronix, Inc. recommends that
callbration of certain portions of the J20 Spectrometer
{such as optical component alignment and radiometric

calibration) only be done at Tektronix Field Service
Centers or the Tekironlx Factory Service Center,
Therefore, the calibration procedure for the J20 Spec-
trometer provides calibration information only for those
portions of the J20 that are readily adjustable. Calibration
of the J20 Spectrometer requires a correctly operating and
calibrated 7J20 Spectrometer Plug-in. If the callbration
status of the 7J20 to be used is unknown or suspect, a
recalibration procedure should be performed on the 7J20
before attempting to calibrate the J20.

Test Equipment Required

There are two lists of test equipment reguired to
accomplish the accompanying calibration procedures.
The calibration procedures are based on the equipment
recommended. When other equipment is substituted,
control settings or calibration setups may need to be
altered slightly to meet the requirements of the substitute
equipment. Any test equipment substituted must meet the
minimum requirements listed In the Equipment Required
lists,

Special Tektronix calibration fixtures are used in these
procedures only where they facilitate instrument calibra-
tion. These special calibration fixtures are available from
Tektronix, Ine. Order by part number through your local
Tektronix Field Office or representative,

J20 SPECTROMETER
TEST EQUIPMENT

Description Minimum Specifications

Usage Example

1. Test Oscilloscope | Bandwidth, de to 10 MHz;
deflection factor, 5 mV to
5 V; accurate within £3%.,

Check and adjust vidicon
deflection signals,

Tektronix 465 Oscilloscope
and one PB0G5A Probe.

2. Precision Digital
Multimeter

Range, 0-300 V dc and O-

50 mA dc, accurate within
+0.1% dc volts and +0.2% dc
current; inpul impedance, at
least 20,000 (Q/volt for do
voltage.

Check and adjust various
de levels in the J20.

Tektronix DM 501 with Th 503
mMainframe and test leads.

3. Low-Pressure
Mercury Lamp

Wavelength alignment and
checking.

Pen-Ray Lamp Model 115C-1C
with SCT-1 Fower Supply.

4, Screwdriver Four-inch shaft with 3/32"

Used throughout procedure
bit. to adjust variable resistors.

Xcelite R3324

@
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Preliminary Procedure

NOTE

The J20/7420 Rapid-Scanning Specirometar system
should be calibrated at an ambien! temperature of
257 C, +58°C to achieve specified accuracies. For
optimum resulls, the 7J20 Spectrometer Pilug-in
should be calibratod in the 7000-series oscilloscope
it which it will primarily be operated.

1. Remove the J20 side panel that covers the circuit
board.

i
E cCAUT HJ'H’E
i

The J20 Spectrometer side covers should ba remoy-
ad only in a room having a clean almosphere (no
smoke, dust, aic),

2. Connect the J20 Spectrometer {o the 7J20 Spec-
trometer Plug-ln, using the cable provided with the
instrument for this purpose,

3. If the 7J20 Spectrometer Plug-in is to be
recalibrated, remove its side panels and install the plug-in
in its oscilloscope using the 067-0616-00 Flexible Plug-In
Extender calibration fixtures {two required). If the 7J20 is
not being recalibrated, install it directly into the os-
cilloscope.

4. Preset the Rapid-Scanning Spectrometer controls
as given under Preliminary Control Settings.

5. Connect the oscilloscope to an appropriate power
source and turn the oscilloscope on. Allow a minimum of
20 minutes warmup before proceeding.

6. Connect all test aquipment to an appropriate powar
source and allow its specified amount of warmup before
starting calibration,

Preliminary Control Settings

Presel the instrument controls to the settings given
below when starting the calibration procedura.

b-2

TJ20
ATTEN BAL As is
VERTICAL GAIN 1
TIME/SCAN 20 ms
MARKER Ceanterad
VERT POSITION Centerad

ABSORBAMNCE ZERO Centerad
OFFSET Locked at (.00
DISFLAY DISPERSION AdD/B4

DISFLAY TRIGGER MODE FREE RUM
SPECTRAL NORMALIZER OFF

MARKER INTENSITY As is

HORIZ POS As is

HORIZ CAL As Is
J20

SLIT WIDTH (um) 200

WAVELENGTH SPAN B 40 nm

FILTER OPEN

GRATING A WAVE-
LEMNGTH INTERVAL 300-700 nm
GRATING B WAVE- 500 nm on indicator
LEMGTH tape

INDEX TO J20 SPECTROMETER
CALIBRATION

1. Adjust Vidicon Horizontal Centering

and Plate Potential Page 5-2
2. Adjust Vidicon Vertical Deflection

Signal Amplitude Page 5-3
3. Adjust Vidicon Focus, Alignment,

And Cathode Currents Page 5-4
4. Adjust 7J20 HORIZ CAL, HORIZ

POS, And Vertical GAIN Page 5-5
5. Adjust Grating A Display Wavelength

Alignment Page 5-5
6. Adjust Grating B Display Wavelangth

Alignment Page 5-6
7. Check Grating A And Grating B

Resalution Page 5-7

J20 SPECTROMETER CALIBRATION

1. Adjust Vidicon Horizontal Centering And Plate
Potential

a. Connect the negative meter lead from the DVM to
ground and the positive meter lead to H1 test point TP1352
on the Horizontal Amplifier circuit board. See Fig. 5-1.

@
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b. Mote the meter reading at H1 test point TP1352.

¢, Remove the positive meter lead from H1 test point
TP1352 and attach it to H2 test point TP1360. See Fig. 5-1.
Mote the meter reading at H2 test point TP1360.

d. CHECK—Meter readings taken at H1 test point
TP1352 and H2 test point TP1360 should match within

0E V.

e. ADJUST—Horizontal Centering R1325 for equal
voltage readings at H1 test point TP1352 and H2 test point
TP13€0.

f. CHECK—After ad|usting for matching voltage W T " - T ===
readings, the voltage reading at either test point referenc- : 198207
ed to ground should be +250 V, £1 V.

Fig. 5-2. Location of +265 V tesl paint.

g. ADJUST—Avg. Plate R1310 (see Fig. 5-1) for a

meter reading of +250 V, £1 V. '|
h. Move the positive meter lead to pin 4 of plug P1395 Tasl PolEC .'l,rm mm!t o Vﬁrllcﬂ{"ana'luplllude

on the Interface Clreuit board. See Fig. 5-2. (TP1382) (TP1380)

i. CHECK—Meter reading of +265 ¥, £2 V.

j. Remove the meter leads from the J20,

2. Adjust Vidicon Vertical Deflection Signal
Amplitude

a. Connect the negative meter lead from the DVM to
ground and the positive meter lead to test point C Fig. 5-3. Location ol Verlical Osclllator test points and ad-
(TP1382) on the Vertical Oscillator Board. See Fig. 5-3. justments.
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b. CHECK—Meter reading of approximately +248 V.

c. Remove the meter leads from the J20,

d. Connect a X10 probe from the test oscilloscope to
test point C (TP1382) on the Vertical Oscillator Board. See
Fig. 5-3.

8. CHECK—Test oscilloscope crt display for a
sinewave frequency of 1 MHz, £25%, with an amplitude of
B8V, £3V.

f. ADJUST—Vertical Amplitude R1390 for a test os-
cilloscope display of 68 V, £3 V,

g. Move the X10 probe from the test point C (TP1382)
to test point D (TP1380) an the Vertical Oscillator Board.
See Fig, 5-3.

h. CHECK—Test oscilloscope crt display for a
sinewave frequency of 1 MHz, +25%, with an amplitude of
68V, +3 V.

i. Remove the X10 probe from test point O (TP 1380).

3. Adjust Vidicon Focus, Alignment, And Cathode
Currents

a. Removetheside cover from the J20 aver the vidicon,

b, Thevidicon has a tag on it that lists values of current
in millamperes for the focusing coil, the horizontal

alignment coil, the vertical alignment coil, and the vidicon
cathode current. These values are called Iy, lu, Iv, and lgp
respectively. Record these values on a separate piece of
paper and replace the side cover over the vidicon.

c. Set tha DVM to measure dc volts and connect the
meter leads to the Mag Focus test points {minus lead to
TP1498 and plus lead to TP1497). See Fig. 5-4.

d. CHECK—The Mag Focus current, called Ir and
listed for the specific vidicon installed, Is adjusted by
measuring the voltage developed across a precision 100 0
resistor. For example, 30 m& of focusing coll current
would result in a voltage reading of 3 V, 35 mA equals
35V, etc. Check for a meter reading equivalent to the
listed focusing current for the vidicon Installed in the J20.

. ADJUST—Mag Focus R1495 (see Fig. 5-4) for a
metar reading exactly equal to the recommended focusing
current.

f. Remove the DVM meter leads from the J20,

g. Connect the plus meter lead of the DVM to the |y test
point TP1485 and the negative meter lead to ground. See
Fig. 5-4,

h. CHECK—The vidicon cathode current, called lap,
listed for the specific vidicon installed is adjusted by
measuring the voltage developed across a precision 100 O
resistor. For example, 1 mA of cathode current would
result in a voltage reading of 100 mV, 1.3 mA equals
130 mV, 1.5 mA equals 150 mV, etc. Check for a meter
reading equivalent to the recommended cathode current
for the vidicon installed in the J20.

Il TP1485

x Vert Align
. R1475 (%)

Mag Focus R1495

i TP1497 ff.

— /4

. |
. =
A 3 ¥ | |

i ¢ L 1
il = . |

ot Il.:.--‘n g

\ : b ]
(il o,

| g : :
[ JUI‘I‘IpEr Horiz Allgl‘l

Fig. 5-4. Localion of Vidicon Regulator test points and adjustments,
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i, ADJUST—Cathode Current R1481 (see Fig. 5-4) for
a meter reading exactly equal to the recommended
cathode current.

j. Remove the meter leads from the J20.

k. Remove the H: jumper (see Fig. 5-4) from the
Vidicon Regulator Board. Set up the DVM to measure dc
current and install the meter leads in the empty H:
conneclors (plus meter lead to the + connector and the
minus meter lead to the — connector).

I. CHECK—Meter reading of the proper value and
polarity of horizontal alignment current (k).

m. ADJUST—Horiz Align R1465 (see Fig. 5-4) for a
meder reading exactly aqual to the listed value of horizon-
tal alignment current (lu) for the vidicon installed in the
J20.

n. Move the DVM metar leads from the H; connectors
to the vV, connectors on the Vidicon Regulator Board. Be
sure to remove the V, jumper and reinstall the H; jumper.

0. CHECK—Meter reading of the proper value and
polarity of vertical alignment current (V).

p. ADJUST—Vert Align R1475 (see Fig. 5-4) for a
metar reading exactly egual to the listed value of vertical
alignment current (V) for the vidicon installed in the J20,

g. Remove the DVM meter leads from the J20 and
reinstall the ¥V jumper on tha Vidicon Regulator Board.

4. Adjust 7J20 HORIZ CAL, HORIZ POS, And
Vertical Gain

a. Press the BASELIMNE RESTORE pushbutton an the
7J20 for three seconds and then release,

b. Rotate the MARKER control on the 7J20 fully
clockwise and then fully countercliockwise.

¢, CHECK—The spectrometer display for ten horizon-
tal major graticule divisions of movement of the intensified
wavelength marker. The intensified wavelength marker
should align with the extreme right and extreme left
vertical graticule lines at the extremes of rotation of the
MARKER control.

@
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d. ADJUST—HORIZ POS R385 and HORIZ CAL R435
so the intensified wavelength marker aligns with the
extreme right and extreme left vertical graticule lines at the
extremas of rotation of the MARKER control.

2, Setthe 7J20 MARKER control to the fully clockwise
position,

f. Set the 7J20 VERTICAL GAIN switch to the GAIM
position and the DISPLAY DISPERSION switch to one of
the expanded-display positions.

g. Using the Vertical POSITION contral, align the
intensified wavelength marker in the display with the
horizontal ert graticule line one major division up from the
bottom,

h. Rotate the MARKER control fully counterclockwise.

i. CHECK—The intensified wavelength marker should
be one major division down from the top horizontal crt
graticule line (a total of six divisions of deflection) within
1% (0.06 major crl graticule division).

|. ADJUST—Vertical GAIN R275 on the TJ20 for
exactly six major crt graticule divisions of vertical deflec-
tion of the intensified wavelength marker when rotating
the MARKER control from fully clockwise to fully coun-
terclockwise.

5. Adjust Grating A Display Wavelength Alignment

4. Sel the 7J20 DISPLAY DISPERSIOM switch to
A40/B4 position and the VERTICAL GAIN switch to 5.

b, Onthe J20, set the WAVELEMGTH SPAN control to
A400 nm, the GRATING A WAVELEMGTH INTERWVAL
switch to 400-800 nm, and the SLIT WIDTH switch to
20 pm.

¢. Place a Low-Pressure Marcury lamp in front of the
J20 Spectrometer entrance slit and turn on lamp power.
Allow two minutes warm-up far the lamp.

d. While observing the spectrometer display, position
the mercury lamp to obtain maximum signal amplitude in
the display.

e. Rotate the MARKER control to abtain a wavelength
readout of 583 nm.
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f. CHECK—Spectrometer display for 8.9 major crt
divisions, +0.1 division between the 405 nm and 761 nm
spectral lines.

g. ADJUST—MHorizontal Gain R1315 for exactly 8.9
major crt divisions between the 405 nm and the 761 nm
spectral lines.

h. CHECK—The intensified wavelength marker in the
spectrometer display should align with the peak of the 593
nm spectral line.

i, ADJUST—Remove the plastic plug from the front
panel of the J20 Spectrometer. Using a 3/32" Allen
wrench, reach through the hole in the front panel and
adjust Grating A to align the peak of the 593 nm spectral
line with the intensitied wavelength marker in the spec-
trometer display.

j- Rotate the MARKER control to align the intensified
wavelength marker with the peak of the 405 nm spectral
line.

k. CHECK—Marker readout should read 405 nm, +10
nm.

I, Rotate the MARKER control to align the intensified
wavelength marker with the peak of the 761 nm spectral
line,

m. CHEGCK—Marker readout should read 761 nm, &
10 nm.

n. Set the GRATING A WAVELENGTH INTERVAL
switch to the 300-700 nm position and rotate the MARKER
control to align the intensified wavelength marker with the
peak of the 507 nm spectral line.

0, CHECK—Marker readout should read 507 nm,
+10 nm.

p. Set the GRATING A WAVELENGTH INTERVAL
switch to the 500-800 nm position and rotate the MARKER
control lo align the intensified wavelength marker with the
peak of the 730 nm spectral line.

q. CHECK—Marker readout should read 730 nm, £10
nrm.

5-6

r. Set the GRATING A WAVELENGTH INTERVAL
switch 1o the 600-1000 nm position and rotate the
MARKER control to align the intensified wavelength
marker with the peak of the 802 nm spectral line.

5., CHECK—Marker readout should read 809 nm, £10
.

. Set the GRATING A WAVELENGTH INTERVAL
switch to the 700-1100 nm position and rotate the
MARKER control to align the intensified wavelength
marker with the peak of the 872 nm spectral line.

u, CHECK—Marker readout should read 872 nm, =10
nm.

v. Leave the test set-up in place for the following step.

6. Adjust Grating B Display Wavelength Alignment

a, Setthe WAVELENGTH SPAN control to the B40nm
positian,

b. Rotate the GRATING B WAVELENGTH control to
align the 302 nm spectral line with the center vertical
graticule line in the spectrometer display.

c. Rotate the MARKER control to align the intensified
wavelength marker with the peak of the 302 nm spectral
line.

d. CHECK—Marker readout should read 302 nm, £+3
nm.

e. ADJUST—Loosen the setscrews (use 1/16" Allen
wrench) in the gear on the rear of the GRATING B
WAVELENGTH INTERVAL potentiometer R1630 and
move tha gear away from the potentiometer to disengage
the gear from the remainder of the gear train. See Fig. §5-5.
Using a pair of needle-nose pliers, turn the shaft that
extends out of the rear of R1630 until the wavelength
marker readout reads 302 nm. Re-engage the gear with the
agear train and tighten the gear setscrews,

f. Rotate the GRATING B WAVELENGTH control to
align the 1014 nm spectral line with the center vertical
graticule line in the spectrometer display. Set the FILTER
switch to position 5 to ensure a display of only the 1014 nm
spectral line.

g. Rotate the MARKER control to align the intensified
wavelength marker with the peak of the 1014 nm spectral
line,



s Selscrews (2)

1642-10

Fig. 5-5. Locatlion of gear-train adjusiment for Graling B
wavelength,

h. CHECK—Marker wavelength readout should read
1014 nm, 3 nm.

i. ADJUST—A-B R1505 (see Fig. 5-6) on the Vidicon
Regulator Board for a marker wavelength readout of
exactly 1014 nm.

j. CHECK~—Theara is interaction between the calibra-
tion adjustments at 302 nm and 1014 nm. Repeat this
procedure as necessary to achieve calibrated operation,

! A-B R1505

164211

Fig. 5-6. Location of A-B adjustment.

k. Set the FILTER switch to the OPEN position and
rotate the GRATING B WAVELENGTH control to align the
730 nm spectral line with the intensified wavelength
marker.

I. CHECK—The Grating B readout dial tape should

match the digital wavelength marker readout within
10 nm.

@
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m. ADJUST—Using a 5/64" Allen wrench, remove the
bottom plate from the J20 Spectrometer. Loosen the two
setscrews (use a .050" Allen wrench) in the front coupler
to the tape-drive unit, Hold the grating-drive side of the
coupler while turning the GRATING B WAVELENGTH
knob to make the indicator tape read the same as the
digital wavelength marker readout. Re-tighten the two
setscrews in the tape-drive coupler and replace the
bottom plate on the J20,

7. Check Grating A And Grating B Resolution

a. Rotate the GRATIMNG B WAVELEMGTH control to
align the 546 nm spectral line with the center vertical
araticule line in the spactrometer display.

b. Position the Low-Pressure Mercury lamp in front of
the entrance slit to obtain maximum amplitude and
sharpness of peak of the 546 nm spectral line. To achieve
proper results in this check, the amplitude of the spectral
line should be between 100 nA and 300 nA. Signal current
per division equals 100 nA divided by the relative gain
setting selected by the VERTICAL GAIN switch, If the
amplitude of the signal is teo high, move the mercury lamp
away from the J20 slightly and reposition for maximum
amplitude and sharpness of peak until the proper
amplitude is obtained.

c. Setthe DISPLAY DISPERSION switch to the A4/B .4
position,

d. CHECK—The spectral line displayed should be =<
ane division in width at the 50% amplitude level.

a. Set the WAVELENGTH SPAN control to the A 400
position, the GRATING A WAVELENGTH INTERVAL
switch to the 300-700 nm position, the DISPLAY DISPER-
SION swilch to the A40/B4 position, and rotate the
MARKER CONTROL to align the intensified wavelength
marker with the peak of the 546 nm spectral line.

f. Set the DISPLAY DISPERSION switch to A4/B.4
position.

g. Reposition the mercury lamp in the mannerexplain-
ed in step b to obtain the correct signal amplitude.

h. CHECK—The spectral line displayed should be one
division in width at the 50% amplitude level.

This completes thecalibration of the J20 Spectrometer,
If the instrument still exhibits uncalibrated operation, the
problem may lie in the optical components of the J20.
Return the complete J20/7J20 RSS system to the
Tektronix, Inc. Factory Service Center for service or
repair.
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7J20 SPECTROMETER PLUG-IN CALIBRATION
TEST EQUIPMENT

Description

Minimum Specifications

Usage

Examples

1. Test Oscilloscope

Bandwidth, dc to 10 mHz; def-
lection factor, 5 mV to 1 V per
div; deflection accuracy, within
+3%; capable of alternate

vertical and delayed sweep opera-
tion; +B Gate output signal

TTL compatible.

Check and adjust various volt-
ages and waveforms throughout
the instrument.

Tektronix 465 Oscillo-
scope and two PEOG2A
probes.

2, Precision Digital
multimeter

Range, 0—400 V dc and 0-2 mA
de; accuracy, within £0.1% dc
volts and +0.2% dc current;
display 4 1/2 digit.

Check and adjust various levels
in 7J20,

Tektronix DM 501 with
test leads,

3. Universal Counter

Interval range, 4 ms to 1000 ms.

Check and adjust time/scan
function,

Tektronix DC 503,

4, Signal Generator

Output signal, approximately 1 kHz
squarewave with adjustable ampli-
tude (2 mV¥ to 1 V); frequency
adjustable.

Vertical aplifier signal
source.

Tektronix FG 501,

5. Power Module

Capable of powering DM 501,
DC 503, and FG 501,

Tektronix TM 503,

6. Standard Ampli-
tude Calibrator

Approximately 1 kHz square-wave
cutput signal with amplitude
switchable from 1 VW to 2 mV in
1-2-5 steps; amplitude accuracy,
within £0.25%.

Checking and adjusting ampli-
fier gains,

Tektronix calibration
fixture, Tektronix Part
Mumber 067-0502-01.

7. Interconnect
Cable

Impedance, 50 (J; connectors,
one BNC and one special
Tektronix, Inc, interconnect,

Connecting signals to the in-
put to vertical amplifier system.

Tektronix calibration
fixture, Tektronix Part
Mumber 067-0502-01.

8. T Connector

Connectors, BNC,

Used for signal interconnection,

Tektronix Part Numbear
103-0030-00.

8. Adapter

BMC female to alligator clips.

Used for signal interconnection.

Tektronixz Part Mumber
013-0076-00,

10. Termination

Connectors, BNG, impedance,
50 0; accuracy, within +3%.

Used for signal interconnection.

Tektronix Part Number
013-0076-00,

11. Attenuator

Connactors, BNG; impedance,
50 00 attenuation, 5X.

Checking and adjusting gains.

Tektronix Part Number
011-0060-01,

12. Attenuator (two
required)

Connectors, BNG; impedance,
50 0; attenuation, 10X,

Checking and adjusting gains.

Tektronix FPart Mumber
011-0059-02.
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7J20 SPECTROMETER PLUG-IN CALIBRATION
TEST EQUIPMENT (cont)

Description Minimum Specifications Usage Examples
13. Cable (thrae Length, 42 inches; impedance, Used for signal interconnection, | Tektronix Part Mumber
required) 50 {1, connectors, BNC. 012-0057-01.
14, Screwdriver Three-inch shaft, 3/32-inch bit. Used throughout procedure to | Tektronix Part Number

adjust variable resistors. 003-0192-00,

15. Flexible Plug-In
Extender (two
requiraed)

Used throughout procedure to | Tektronix calibration
connect 7J20 to oscilloscope. fixture, Tektronix Part
Number 067-0616-00.

INDEX TO 7J20 SPECTROMETER PLUG-
IN CALIBRATION

(1) Check And Adjust DC Power Supply

Levels Page 5-8
(2) Adjust Scan Timing And Check

YARIABLE TIME/SCAMN Range Page 5-11
(3) Check DISPLAY DISPERSION Switch

Accuracy Page 5-12
{4) Check Secanning Ramp DC Levels Page 5-13
(5) Check Ramp Raset Time And Holdoff-

Reset Time Paga 5-14
(6] Check Restore Pulsa Page 5=14

(7) Adjust Wavelength Marker Readout
Circuit Reference Current Page 5-14

(8) Adjust Wavelength Marker Readout
Circuit Calibration Page 5-15

{9) Check Display Center Wavelength
Readout Page 5-16

(10) Check Vertical Sensitivity Readout Page 5-16
(11) Adjust HORIZ POS And HORIZ CAL  Page 5-17

(12) Check Wavelength Marker Balance
And Width And Adjust Intensity Page 5-17

{13) Check DISPLAY TRIGGER MODE
Switch Operation Page 5-17

{14) Check Intarface Connector Scan
Control Input Page 5-18

@

(15) Adjust Input Wertical Amplifier

Balances Page 5-18
{16) Adjust VERTICAL GAIN Switch

Balances Page 5-18
{17} Adjust Vertical GAIN Page 5-20
(18) Check OFFSET Control Accuracy Page 5-20

{18) Adjust Vertical Input Amplifier Gain
And Check VARIABLE VERTICAL GAIN

Range Fage 5-20
{20) Check VERTICAL GAIN Linear
Deflection Accuracy Page 5-22
{21) Adjust Logarithmic Amplifier Offset
And Zero Page 5-23
(22} Adjust Logarithmic Gain And Check
Absorbance Gain Page 5-24
(23) Adjust Multiplier Circuit Balances
And Gain Page 5-25
(24) Check Displayed MNoise Page 5-26

7J20 SPECTROMETER PLUG-IN
CALIBRATION

1. Check And Adjust DC Power Supply Levels

a. Turn instrument off and remove the cover over the
High Voltage Circuit Board.
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b. Turn instrument power on and connect the DVM
test leads between the +8 V power suppy test point and
the ground test point TP 1044 on the High Voltage Clrcuit
Board. See Fig. 5-7.

c. CHECK—Meater reading of +8 V, £0.04 V.

d. ADJUST—+8V Adj R1110 (see Fig. 5-8) on the
Horizontal Circuit Board for a meter reading of exactly
+8 W,

e. CHECK—Refer to the following chart and check the
listed power supplies to be within the required tolerances.
See Fig. 5-7 for the location of the power supply test
paints,

SUPPLY TOLERANCE
350 VW +3.5 V
+15 W 05V
6.3 V* 0.2V

+5 V 0.2 V
—15V +05 V
+50 ¥V +1 ¥

*The J20 Spectrometer should be connected lo the 7J20 to
provide proper power supply loading.

f. Remove the DVM test leads from the 7J20. Turn
instrument power off and replace the cover over the High
Voltage Circuit Board. Turn instrument power on,

Fig. 5-7. Locatlon of power supply test poinis.

18 V Adj
R1110

1642-13

Fig. 5-8. Localion of +8 V Adj R1110.
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2. Adjust Scan Timing And Check TIME/SCAN
VARIABLE

a. Connect a 42-inch, 50 £2, BNC coaxial cable to the
Channel B input of the DC 503, Universal Counter.

b. Connect a BMC female to alligator clip adaptor to
the end of the 42-inch BMC cable,

c. Connectthe red alligator clip to the Ramp test point
TP 378 (see Fig. 5-9) and the black alligator clip to ground.

d. Set the following DC 503 controls to the positions
indicated.

Chan B Atten X10

Chan B Level For flashing Gate light
Chan B Slope

Avg'd Over N Cycles of B 10

Function Period B

a. CHECK—DGC 503 display for a reading of 20 ms,
+0.2 ms.

@ TPa42
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f. ADJUST—Ramp Timing R345 (see Fig. 5-9) for a
reading of exactly 20 ms.

g. Set the VARIABLE TIME/SCAN control to the
uncalibrated (button out) position and rotate fully
clochkwize,

h. CHECK—DC 503 display for a reading of 8 ms or
less.

i. Set the VARIABLE TIME/SCAN control to the
calibrated (button in) position.

j. Set the TIME/SCAN switch to the 50 ms position.

k. CHECK—DC 503 display for a reading of 50 ms,
+1.5 ms.

I, ADJUST—Int Timing R320 (see Fig. 5-9) for a
reading of exactly 50 ms.

amp TPA7T8 |

Fig. 5-9. Location of ramp timing adjustments and test poinis.
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m. Refer to the following chart and check each
position of the TIME/SCAN switch far the indicated scan
time accuracies,

TIME/SCAN TOLERANCE
10 ms +0.1 ms
20 ms +0.2 ms
50 ms +1.5 ms
100 ms -3 ms
200 ms +6 ms
500 m=s +15 ms
1000 ms +30 ms

n. Remove the test setup from the 7J20.

3. Check DISPLAY DISPERSION Switch Accuracy
a. Setthe TIME/SCAN switch to 20 mas.

b. Connect the output of the FG 501 Function
Generator to the Channel 1 vertical input connector of the
test oscilloscope via a BNC T and a 42-inch 50 {1, BNC
coaxial cable.

¢. Connect the unused output of the BNC T to J10 on
the Vertical Circuit Board in the 7J20 via a 067-0709-00
Interconnect Cable. See Fig. 5-10.

d. Connect the +B Gate output connector of the test
oscilloscope to the Scan Control lest point TP 447 (see
Fig. 5-11) on the Horizontal Circuit Board of the 7J20viaa
42-inch, 50 01, BNC coaxlal cable and a BNC to alligator
clips adapter. Connect the red alligator clip to TP 447 and
the black clip to a convenient ground point,

1642-15

Fig. 5-10. Location of J10 on Vertical Circuil Board.

Scan Conltrol

Flg. 5-11. Locallon of Scan Conirol lest polnt TP447.
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e, Set the test oscilloscope vertical sensitivity to
0.5 V/idiv, the A Time/Div to 2 ms, the B Time/Divto .2 ms,
the Horizontal Display Mode to Mix, and the Delay Time
control fully clockwise.

f. Set the FG 501 for a square-wave output with a
frequancy of approximately 1 kHz and an amplitude of
approximately 1V (most negative excursion to 0 V; most
positive excursion to +1 V).

g. Trigger the A Time Base of the test oscilloscope on
the positive-going slope of the signal from the FG 501.

h. Set the test oscilloscope B Triggering controls to
Starts After Delay.

i. Adjust the frequency of the FG 501 for exactly 2
cycles per division in the spectrometer display. Rotate the
Delay Time control on the test oscilloscope to align the
rising portions of the square-wave signal with the vertical
graticule lines in the spectrometer display.

i. Set the DISPLAY DISPERSION switch to the 20 (2)
nm/div position.

k. CHECK—Spectrometer display for 1 cycle per divi-
slon, +2% over the eight horizontal divisions. Rotate the
MARKER control to provide horizontal positioning in the
display.

I. Set the DISPLAY DISPERSION switch to the 10 (1)
nm/div position,

m. CHECK—Spectrometer display for 1 cycle per 2
divisions, £2%, over the center eight horizontal divisions,

n. Set the DISPLAY DISPERSION switch to the 4 (.4)
nmy/div position.

0. CHECK—Spectrometer display for 1 cvcle per 5
divisions, +2% within the center eight horizontal divisions.

p. Remove the test setup from the ¥J20 and set the
DISPLAY DISPERSION switch to the 40 (4) nm/div
position.

@
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4, Check Scanning Ramp DC Levels

a. Connect a X10 probe between one of the vertical
inputs of the test oscilloscope and tha Ramp test point TP
378 on the Horizental Circuit Board in the 7J20, See Fig. 5-
g,

b. Set the test oscilloscope for a vertical deflection
factor of 200 mV/div. Trigger the test oscilloscope on the
negative slope at a sweep rate of 5 ms/div.

. Set the 7J20 TIME/SCAN switch to 20 ms,

d. Set the input coupling switch on the test os-
cilloscope to ground and position the free-running trace in
the test oscllloscope display to the center horizontal
graticule line.

e, Set the input coupling switch on the test os-
cilloscope to de.

f. CHECK—Teast oscilloscope display to see that the
most negative excursion of the scanning ramp goestoadc
level between —0.1 V and —0.3 V.

g. Change the vertical sensitivity of the test os-
cilloscope to 1 Widiv.

h. Remove the X10 probe from the Ramp test point and
connect the tip of it to a 4 V calibrator signal from the
oscilloscope in which the 7J20 is installed,

i. Vertically position the top of the 4 V calibrator signal
1 major divislon up from the bottom of the test os-
cilloscope crt graticule.

ji. Remove the X10 probe from the 4 V calibrator signal
and reconnect it to the Ramp test point TP 378,

k. Horizontally position the ramp waveform in the test
oscilloscope display to align with the center vertical
graticule line,

|. CHECK—Test oscilloscope display to see that the
peak of the ramp waveform rises to an amplitude of at least
& divizions but no more than 5.5 divisions up from the
bottom of the test oscilloscope crt graticule, This indicates
a peak dc level of +8 V to +8.5 V.
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m. Leave the X10 probe connected to the Ramp test
point for the following step.

5. Check Ramp Reset Time And Holdoff-Reset
Time

a. Make sure the X10 probe connecled to the Ramp
lest point connects to the Channel 2 Vertical Input
connector on the test oscilloscope.

b. Connect a X10 probe from the Channel 1 Vertical
Input connector of the test oscllloscape to the Scan test
point TP 445 (see Fig. 5-9) on the Horizontal Circuit Board
in the 7J20.

c. Set the test oscilloscope for alternate sweep opera-
tion with the trigger source switch set to the Channel 1
position.

d. Set the test oscilloscope time base for a 10 ps/div
sweep rate.

&, Adjustthe test oscilloscope triggering controls fora
stable display triggered on the negative-going slope of the
Scan pulse.

f. Set the test oscilloscope channel 2 input coupling
switch to the ground position and vertically position this
channel's ground reference line to the center horizontal
graticule line.

g. Sel the test oscillescope channel 2 input coupling
switch to dc and the channel 1 vertical sensitivity to
1 Widiv.

h. CHECK—Test oscilloscope crt display to ses that
the negative-going slope of the Ramp waveform reaches a
0V do level in 25 us or less after the negative-going slope
of the Scan waveform.

i. CHECK—Test oscilloscope crt display to see that
the Scan pulse is a negative-going rectangular pulse
approximately 4 V in amplitude with a pulse width of 57 us
to 63 us,

j. Leave the probes connected lo the 7J20 for the
following step.
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6. Check Restore Pulse

a. Remove the X10 probe from the Ramp test pointand
connect it to the Restore pulse test point TP 442 (see Fig.
5-9).

b, CHECK—Test oscilloscope crt display to see that
the positive-going slope of the Restora pulse occurs 24 us,
+2.5 s after the negative-going edge of the Scan pulse.
Duration of the Restore pulse must be 30 gs, +3 s,

. Remove the test setup from the 7J20.

7. Adjust Wavelength Marker Readout Circuit
Reference Current

a. Rotate the MARKER control so the last 2 digits
displayad in the wavelength marker readout are 95 (i.e.,
395, 495, 505, ete).

b. Connect the negative lead from the DVM to ground
test point TPE01 (see Fig. 5-12) and the positive meter lead
to the decoupled +15 V supply side of Refarence Currant
R925 (see Fig. 5-12).

c. Mote the meter reading of the decoupled +15V
supply as accurately as possible.

d. Move the positive meter lead of the DVM from the
decoupled +15 V supply to the | Cal test point TP 903 (see
Fig. 5=12) and set the DVM to measure dc current,

a. Sel the Cal/Norm switch 5901 (see Fig. 5-12) to the
Cal position.

f. CHECK—The amount of reference current
measured depends on the exact level of the decoupled
+15 V power supply measured in step ¢, If the supply Is
exactly +15.00 V, the reference current measured should
be exactly 1.000 mA. For each 15 mV of variation in supply
voltage, the reference current should vary by 1 uA. For
example, if the supply voltage is +15.106 V, the reference
current should measure 1.007 ma,

g. ADJLST—Reference Current R925 (ses Fig. 5-12)
for the correct reference current as determined in step f,

h. Set the Cal/Marm switch 5301 to the Norm position
and remove the DVM test leads from the 7J20.
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Fig. 5-12, Location of Wavelength Marker Circult relerence current lest points and adjustment.

8. Adjust Wavelenagth Marker Readout Circuit
Calibration

a. Rotatethe MARKER control fully counterclockwise.

b. Set switch S984 (see Fig. 5-13) to the ground
position.

c. CHECK—Wavelength marker readout in the crt
display should read 100 nm.

d. ADJUST—Zero adjust R962 (see Fig. 513} for a
wavelength marker readout of 100 nm. Center the adjust-
mantwithin the small range that provides 100 nm readout.

€. HAotate the MARKER control fully clockwise and set
switch S064 to the +B V position.

f. CHECK—Wavalength marker readout in the crt
display should read 1300 nm.

Fig. 5-13. Location of Wavelength Marker Circuit calibration adjustments.
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g. ADJUST—DVM Cal R280 {see Fig. 5-13) for a
wavelangth marker readout of 1300 nm.

h. Rotatethe MARKER control fully counterclockwise,

i. CHECK—Wavelength marker readout in the crt
digplay should read 900 nm.

j. Rotate the MARKER control fully clockwise and set
switch 5964 to the ground position.

k. CHECK—Wavelength marker readout in the crt
display should read 500 nm.

. If all of the readout checks were satisfactory, set
switch 5964 to the Morm position and proceed to the next
step. If, however, all of the readout checks wera not
satisfactory, repeat the procedure as necessary to achiave
calibrated operation.

CALIBRATION NOTE

Once DVM Cal adjust R960 is set to provide the 1300
nm readout correctly, it will probably not be
necessary to readjust R960 o get the other readout
checks fo read corractly, If the 500 nm and 500 nm
readouts are stighlty off, adjust Zero R962 for correct
readout.

9. Check Display Center Wavelength Readout

a. Turn instrument power off and connect the J20
Spectrometer to the 7J20 Spectrometer Plug-In with the
cable provided with the instrument for this purpose. Turn
instrument power on.

b. Set the J20 switches to the following positions:

WAVELENGTH SPAN A400 nm
GRATING A WAVE-
LENGTH INTERVAL 300 to 700 nm

. Rotate the 7J20 MARKER control to obtain a
wavelength marker readout of 500 nm.
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d. CHECK—Rotate the GRATING A WAVELENGTH
INTERVAL switch through all of its positions and check to
see that the readout indicates as follows:

SWITCH POSITION | READOUT
300 to 700 nm 500 nm
400 to 80O nm G600 nm
500 to 900 nm 700 nm
600 to 1000 nm 800 nm
700 to 1100 nm 900 nm

@, Leave the J20 connected to the 7J20 for the
following step.

10. Check Vertical Sensitivity Readout
a. Setthe following controls to the positions indicated:

TJ2o

TIME/SCAN 20 ms
VERTICAL GAIN 500
SPECTRAL NORMALIZER INT
DISPLAY DISPERSION 40 (4) nm/div

J20
SLIT WIDTH OPEM
FILTER DOPEN
WAVELENGTH SPAN A400 nm

b. CHECK—VERT UNCAL light is not on.

c. CHECK—Refar to the following list of control
settings and check for proper vertical sensitivity readout
displayed.



WAVE-
VERTICAL | SLIT | LENGTH
GAIN |WIDTH | SPAN | FILTER|READOUT
500 OPEN A400 OPEN | X.4 pW
500 10 um A400 OPEN | 40 pW
200 10 pm A400 OPEN | 100 pW
100 | 10 um A400 OPEN | 200 pW
50 10 um A400 OPEN | 400 pW
20 10 um A400 OPEN | 1000 pW
10 10 um A400 OPEN | 2000 pW
5 10 um A400 OPEN | 4.0 nW
5 20 um A400 OPEN | 2.0 nW
5 50 ym A400 OPEN | .8 nW
5 100 pm | A400 OPEN | 4nW
2 100 ym | A400 OPEN | 1.0 nW
2 50 pm A400 OPEN | 2.0 nW
2 20 pm A400 OPEN | 50 nW
2 10 um A4D0 OPEN | 10.0 nW
1 10 pm A400 OPEN | 20.0 nW
1 10 um B40 OPEN | 200 nW
1 10 pm B40 1 2000 nW
1 10 um 840 2 20.0 W
AA 10 um B40 2 1A
2 A 10 pm B40 2 2 A
5A 10 pm B40 2 5 A
1dB 10 pm B40 2 1dB
2 dB 10 pm B840 2 2 dB
5de 10 ym B840 2 5 dB

d. Turn instrument power off and disconnect the J20
from the 7J20. Set the VERTICAL GAIN switch to the 1
position, the SPECTRAL NORMALIZER switch to OFF,
and turn instrument powear on.

11. Adjust HORIZ POS And HORIZ CAL

a. Alternately rotate the MARKER control fully
elockwise and then fully counterclockwise.

b. CHECK—CRT display to see that the intensified
marker aligns with the extreme right and left graticule
edges when the MARKER control is fully clockwise and
fully counterclockwise, respectively.

¢. ADJUST—HORIZ CAL and HORIZ POS to align the
intensified marker with the left and right graticule edges at
the rotational extremes of the MARKER control.

12. Check Wavelength Marker Balance And Width
And Adjust Intensity

a. Rotate the MARKER control fully clockwise and set
the DISPLAY DISPERSION switch to the 20 (2) nm/div
paosition,

@
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b. CHECK—Rotate the DISPLAY DISPERSION switch
from 20 {2} nm/div to 4 (.4) nm/div and check for no more
than 0.2 major divisions of horizontal movement of the
markear.

¢. CHECK—Marker width should be no more than 0.3
major division with the DISPLAY DISPERSION switch set
to 4 (.4) nm/div.

d. Set the DISPLAY DISPERSION switch to the 40 (4)
nm/div position and rotate the MARKER control to the
middle of its range.

. ADJUST—MARKER INTENSITY (located on instru-
ment front panel) for a visible, well-focused spol thal does
not exhibit blooming.

13. Check DISPLAY TRIGGER MODE Switch
Operation

a. Set the DISPLAY TRIGGER MODE switch to the
FREE RUN position,

b. CHECK—There should be a crt display and the
TRIG'D light should be off,

c. Connect the center conductor of the DISPLAY
TRIGGER IN connector to the outer shell (ground) of the
connector via a short plece of bare wire.

d. CHECK—There should still ba a crt display but
additionally the TRIG'D light should be on.

e. Set the DISPLAY TRIGGER MODE switch to the
TRIG'D position,

f. CHECK—When the center conductor of the
DISPLAY TRIGGER IN connector is not connected to
ground there should be no cridisplay and the READY light
should be an. When the center conductor of the connector
is connected to ground, there should be a cri display and
the TRID'D light should be on.

g. Remove the wire from the DISPLAY TRIGGER IM
connector.

h. Set the DISPFLAY TRIGGER MODE switch fo the
SINGLE SCAN position, Momentarily hold the switch in
the RESET position and then allow it to return to the
SINGLE SCAM position,
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i. CHECK—There should no be crt display and the
READY light should be on.

j. CHECK—Momentarily connect the center conduc-
tor of the DISPLAY DISPERSION TRIGGER IN connector
to ground and check to see that there Is one and only ane
scan presented in the display. The READY light should go
out and the TRIG'D light should comea on. When the center
conductor of the connector is no longer connected o
ground, hoth the TRIG'D and READY lights should be out,

k. Set the DISPLAY TRIGGER MODE switch to the
FREE RUN position.

14. Check Interface Connector Scan Control Input

a. Connect pin 10 of the Intarface connector to
groumnd,

b. CHECK—Thereshould be no spectrometer display.

€. Remove the ground connection from pin 10 of the
INTERFACE connector.

d. CHECK—There should again be a spectrometer
display.

15. Adjust Input Vertical Amplifier Balances

a. Set the DVM to measure dc volts on the most
sensitive scale.

b. Connect the negative meter lead of the DVM to the
ground test point TP 75 (see Fig. 5-14) on the Vertical
Circuit Board, and the positive meter lead to the | Qut test
point TP 33 (see Fig. 5-14) on the Vertical Circuit Board.

c. CHECK—DVM for a meter reading of 0V, £2 mV.
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d. ADJUST—Balance R25 (see Fig. 5-14) for a meter
reading of exactly 0 V.

&. Move the positive DVM meter lead from test paint TP
33 to the X test point TP 101 (see Fig. 5-14).

f. CHECK—Press the BASELINE RESTORE pushbut-
ton and hold. Check the DVM for a meter reading of OV,
2 mV.

g. ADJUST—X Zaro R100 (see Fig, 5-14) while press-
ing the BASELINE RESTORE pushbutton for a meter
reading of exactly 0V,

h. Release the BASELINE RESTORE pushbutton and
remove the meter leads from the 7J20.

16. Adjust VERTICAL GAIN Switch Balances
a, Sot the VERTICAL GAIN Switch to 100.

b, CHECK—Spectrometer display for 0.4 major crt
graticule division or less trace shift as the VERTICAL
GAIM switch is switched from 100 to 500,

c. ADJUST—ATTEN BAL R220 (located on instru-
ment front panel) for notrace shift asthe VERTICAL GAIM
switch is switched from 100 to 500.

d. CHECK—Spectrometer display for 0.4 major crt
graticule division or less trace shift as the VERTICAL
GAIN switch is switched from 100 to 50.
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r'...,lr;._r' = TIn
7 '}Il" - Ground TP75

1642189

Fig. 5-14. Location of Input Vertical Amplifier balance lest points and adjustments.
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e. ADJUST—X10 Bal R230 (see Fig. 5-15) for no trace
shift as the VERTICAL GAIN switch is switched from 100
to 50,

17. Adjust Vertical GAIN

a. Set the VERTICAL GAIN switch to the GAIN
position and the DISPLAY DISPERSION switch to the 20
{2) nm/div position.

b. Rotate the MARKER control fully counterclockwise
and vertically position the intensified wavelength marker
spot in the display to the graticule line ane division down
from the top edge of the cri graticule.

c. Rotate the MARKER control fully clockwise.

d. CHECK—The intensified wavelength marker spotin
the spectrometer display should have been vertically
deflected downward 6 divisions, £0.08 division.

e. ADJUST—Vertical GAIN R275 (located on the in-
strument front panel) for exactly 6 divisions of vertical
deflection of the intensified wavelength marker spot in the
spectrometer display as the MARKER SPOT is rotated
from one extreame to the other.

f. Set the VERTICAL GAIN switch to 1 and the
DISPLAY DISPERSION switch to the 40 (4) nm/div
position.

18. Check OFFSET Control Accuracy

a. Connect the positive meter lead of the DVM to test
point TP 211 (see Fig. 5-16) and the negative meter lead to
the ground test point TP 227 (see Fig. 5-16).

b. Set the OFFSET control to read 2,00 and press the
BASELINE RESTORE pushbutton for 3 seconds.

¢. CHECK—Refer to the following list of control
settings and meter readings and check the OFFSET
contral for correct operation,

OFFSET VOLTMETER
SETTING READING .
2.00 —400 mV, £12 mV
4.00 —800mY, £20 mV
.00 —1.2V, £28 mV
8,00 —1.6 ¥, =36 mV
10.00 —2.0V, £44 mVY
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d. Reset the OFFSET control to 0.00 and remove the
DV test leads from the 7J20.

19. Adjust Vertical Input Amplifier Gain And Check
VARIABLE VERTICAL GAIN Range

a. Connect a 50 (1 5X BNC attenuator to the output
signal connector of the FG 501,

b. Connectas0 0 BNC feedthrough termination to the
5X attenuator.

c. Connect a BNG T to the 50 {1 termination.

d. Connect one output of the BMNC T to the Unknown
Input connector of the Standard Amplitude Calibrator via
a 42-inch 50 {1 BNC coaxial cable,

e. Connect the remaining ocutput of the BNC T to J20
(see Fig. 5-10) on the Vertical Circuit Board in the 7J20via
a 067-0709-00 Interconnect Cable.

f. Connect the Output connector of the Standard
Amplitude Calibrator to the Channel 1 vertical input
connector on the test oscilloscopevia a 42-inch 50 O BNC
coaxial cable.

g. Connect the +B Gate output connector of the test
oscllloscope to the Scan Control test point TP 447 (see
Fig. 5-11) viaa 42-inch, 50 0 BNC coaxial cable and a BNG
female to alligator clips adapter. Connect the red alligator
clip to TP 447 and the black alligator clip te a convenient
ground point.

h. Set the test oscilloscope vertical sensitivity to
2 V/div, the A Time/Div to 2 ms, the B Tima/Div to
.2 ms/div, the Horizontal Display Mode to Mix, and the
Delay Time control fully clockwise,

i. Set the Standard Amplitude Calibrator Amplitude
switch to .1 V and the Mode switch to square wave with
chopped operation.
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Fig. 5-15. Location of X10 Bal R230.

X100 G AN,

ﬁnu\

Fig. 5-16. Location of OFFSET conlrol test paints,

j- Set the test oscilloscope B Triggering controls to
Starts After Delay and the A Triggering controls to trigger
on the positive slope of the signal displayed.

k. Adjust the FG 501 for an approximately 1 kHz
square-wave output signal with an amplitude of 100 mV
{most negative excursion to 0V, most positive excursion
to +100 mV). Observe the test oscilloscope display while
adjusting the FG 501 and match the amplitude and the dc
levels of the FG 501 output signal to that of the output
signal from the Standard Amplitude Calibrator.

m

. Set the VERTICAL GAIN switch to 10, the
TIME/SCAN switch to 20 ms, and push the BASELINE
RESTORE pushbutton briefly.

m. Set the output signal lever switch on the Standard
Amplitude Calibrator to the Unknown position,

n. CHECK—Spectrometer display for a square wave
signal 5 divisions, £1% (+0.05 divisien) in amplitude,
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0. ADJUST—Input Gain R75 (see Fig. 5-17) for exactly
5 divisions of vertical deflection.

p. Set the VARIABLE VERTICAL GAIN contral to the
uncalibrated (button out) position and rotate the control
fully clockwise.

q. CHECK—Spectrometer display for a signal
amplitude of 2 divisions or less, This indicates a variable
range of at least 2.5:1,

r. Set the VARIABLE VERTICAL GAIN control to the
calibrated (button in} position,

g Change the VERTICAL GAIN switch to 100 and
change the Amplitude switch on the Standard Amplitude
Calibrator to 10 mV.

t. Sel the output signal lever switch on the Standard
Amplitude Calibrator to Chop and adjust the output signal
from the FG 501 for 10 mVY amplitude in the same manner
used in step k. Add attenuators to the FG 501 cutput signal
as necessary 1o obtain the correct output signal
amplitude.

. Set the output signal lever switch on the Standard
Amplitude Calibrator to the Unknown position.

v. CHECK—>S5pectrometer display for a signal

amplitude of & divisions, +1% (£0.05 division).

w. ADJUST—X100 Gain R235 (see Fig. 5-17) for
exactly 5 divisions of signal amplitude in the spectrometer
display.

¥. Leave the test set up in place for the following step.

20. Check VERTICAL GAIN Linear Deflection
Accuracy

8. CHECK—Use the test equipment setup given in the
previous step and check each linear-deflection gain
position (1 through 500) of the VERTICAL GAIN switch for
correct deflection accuracy. Refer to the following chart
for required signal amplitudes and the resultant display
deflections.

Fig. 5-17. Location of lnpul Amplifier gain adjustments.
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VERTICAL | INPUT DISPLAY
GAIN SIGNAL | DEFLECTION Tm

1 1V & divisions +0.05 division
2 05V 5 divisions +0.05 division
5 0.2V 5 divisions +0.05 division
10 01V 5 divisions +0.05 division
20 50 my 5 divisions +0.05 division
50 20 mv 5 divisions +0.05 division
100 10 mv 5 divisions +0.05 division
200 5 my & divisions 10,05 division
500 2 mv & divisions +0.05 division

b. Remove the test equipment setup from the 7J20.

21. Adjust Logarithmic Amplifier Offset And Zero

a. Connect the negative meter lead of the DVM to the
ground test point TP270 {see Fig. 5-18) and the positive
meter lead to the junction of CR166, R164, and R166 (see
Fig. 5-18) on the Vertical Circuit Board.

b. Set the VERTICAL GAIN switch to &5 dB/DIV LOG,
the TIME/SCAM switch to 10 ms, and the SPECTRAL
NORMALIZER switch to off.
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c. Press the BASELINE RESTORE pushbutton briefly
and release,

d. CHECK—DVM for a meter reading of +6.2 m\V,
+ 1mV.

e, ADJUST—Log In Offset R160 (see Fig. 5-18) for a
meter reading of exactly +6.2 mV.

f. Move the positive meter lead to the Log Zero test
paint TP 166 (see Fig. 5-18).

g. Press the BASELINE RESTORE pushbutton briefly
and release.

h. CHECK—DVM for a mater reading of 0V, £2 mV.

i. ADJUST—Log £ero R190 (see Fig. 5-18) for a meter
reading of exactly O V.

j. Remove the DVM test leads from the 7J20.

Junclion CR166,
R164, R166

1642-23

Fig. 5-18. Location of Legarithmic Amplifier balance lest points and adjustimenis.
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22. Adjust Logarithmic Gain And Check
Absorbance Gain

a. With the VERTICAL GAIN switch set to the
2 dB/DIV LOG position, remave jumper P165 (see Fig. 5-
19) from the Vertical Circuit Board and install the jumper
on the square pins between 8 V and R169 (7.5 k() zes
Fig. 5-19).

b. Press the BASELINE RESTORE pushbutton briefly
and release.

€. Using the OFFSET control, vertically position the
trace in the spectrometer display to the horizontal
graticule line 1 division down from the top of the crt
graticule.

d. Remove the jumper from R168 (7.5 kQ2) and install it
on the sguare pins between +8 V and R168 (75 k(); see
Fig. 5-149).

e. CHECK—Spectrometer display to sea that the trace
has moved down 5 divisions, £0.15 division {+3%).

1642-24

Fig. 5-19, Locatlon of Logarithmic Amplifier gain test points and adjusiments,
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f. ADJUST—Log Gain R185 (see Fig. 5-19) for exactly
5 divisions of trace deflection between jumper positions.

g. Set the VERTICAL GAIN switch to the .2 ABSOR-
BANCE UNITS/DIV position.

h. Press the BASELINE STORE pushbutton briefly
and release,

i. Using the OFFSET control, vertically position the
trace in the spectrometer display to the horizontal
graticule line 1 division down from the top of the crt
graticule,

j. Remove the jumper from R1688 (75 k{2; and install it
on the square pins between +8 V and R169 (7.5 k{2; see
Fig. 5-18).

k. CHECK—Spectrometer display to see thatthe trace
has moved down 5 divisions, £0.15 division (+3%).

|. Replace jumper P165 on the original square pins
from which it was removed in step aand set the VERTICAL
GAIN switch to the 1 position.

m. Set the OFFSET control to 0.00.
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23. Adjust Multiplier Circuit Balances And Gain

a. Setthe SPECTRAL NORMALIZER switch tothe INT
position and the VERTICAL GAIN switch to 200,

b. CHECK-—Spectrometer display for no trace shift
while intermittently shorting test points TP 108 and TP 109
(see Fig. 5-20) together.

c. ADJUST—X Offset R105 (see Fig. 5-20) for no trace
shift in the spectrometer display while intermittently
shorting test points TP108 and TP109 together.

d. Set the TIMEfSCAN switch to 20 ms,

e. Connect the output of the FG 501 Function
Generator to the Channel 1 vertical input connector of the
test osclllscope via a BNC T and 42-inch 50 £, BNC
coaxial cable.

f. Connect the unused output of the BNC T to J10 (see
Fig. 5-10) on the Vertical Circuit Board in the 7J20 via a
0B67-0709-00 Interconnect Cable.

Fig. 5-20. Location of Multipller Circull balance and gain lest points and adjustments,
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g. Connecl the +B Gate gutput connector of the test
oscilloscope to the Scan Control test point TP 447 (see
Fig. 5-11) on the Horizontal Circuit Board of the 7J20viaa
42-inch, 50 01, BNC coaxial cable and a BNC to alligator
clips adapter. Connect the red alligator clip to TP 447 and
the black clip to a convenient ground point,

h. Set the test oscilloscope vertical sensitivity to 50
mW//div, the A Time/Div to 2 ms, the B Time/Div to .2 ms,
the Horizontal Display Mode to Mix, and the Delay Time
control fully clockwise.

i. Trigger the A Time Base of the test oscilloscope on
the positive-going slope of the signal from the FG 501 and
adjust the FG 501 for a square-wave output with a
frequency of approximately 1 kHz and an amplitude of
100 mV (most negative excursion to 0V, most positive
excursion to +100 m\y).

j. Set the test oscilloscope B Triggering controls to
Starts After Delay.

k. Short test points TP 108 and TP 109 together,

|. CHECK—Spectrometer display for no more than 0.5
major division of signal amplitude,

m. ADJUST—Y Offset R110 (see Fig. 5-20) for
minimum signal amplitude in the spectrometer display.

n. Remove the short circuit between test points TP 108
and TP 109,

o, Setthe VERTICAL GAIN switch to 10 and adjust the
FG 501 output signal amplitude for exactly 4 divisions of
vertical deflection in the spectrometer display.

p. CHECK—Switch the SPECTRAL MNORMALIZER
switch back and forth between INT and OFF and check the
spectrometer display for no more than 1% difference in
display amplitude.

g. ADJUST—Mult Gain R120 (see Fig. 5-20) for no
difference in display amplitude when switching the SPEC-
TRAL NMORMALIZER switch back and forth between INT
and OFF.
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r. Remove the input signal from J10 on the Vertical
Circuit Board and set the VERTICAL GAIN swtich to 200.

5. CHECK—Spectrometer display for no more than 0.5
major division of trace shift when switching the SPEC-
TRAL MORMALIZER switch back and forth between INT
and OFF.

t. ADJUST—Mult Offset R115 (see Fig. 5-20) for no
trace shift when switching the SPECTRAL NORMALIZER
switch back and forth batween INT and OFF.

u. There is interaction betweean the Mult Gain (R120)
and the Mult Offset (R115) adjustments. Repeat their
adjustment as necessary to achieve calibrated operation.

v. Aemove the test setup completely from the 7J20. Do
not reconnect the signal lead from the Spectromater
connector J100 to J10 yet.

24. Check Displayed Noise

a. Set the VERTICAL GAIN switch to 200, the
TIME/SCAN switch to 20 ms, and the SPECTRAL NOR-
MALIZER switch to OFF.

b. Connect the Calibration Fixture Interconnect Cable
067-0709-00 to J10 (see Fig. 5-10) on the Vertical Circuit
Board with a BNC 50 (0 feedthrough termination con-
nected to the BNC end of the cable.

o, CHECK—Spectrometer crt display for 0.4 division
or less of displayed noise.

d. Set the SPECTRAL NORMALIZER switch to INT.

g, CHECK—Spectrometer display for 0.4 division or
less of displayed noise.

f. Remove the Calibration Fixture Interconnect Cable
067-0708-00 from J10 on the Vertical Circuit Board and
connect the normal internal signal lead back to J10.

This concludes the calibration procedure for the 7J20.



Section 6—J20/7J20

REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or rapresentative.

Changes to Tektronix instrumenis are sometimes made to accommodate improved
components as they bacome avallable, and to give you the banefil of the latest circull
improvements developed In our enginesring department. It is therefore important, when
ardering paris, to include the lellowing Information in your order: Part number, instrument
type or number, serial number, and modification number if applicable.

I & part you have ordared has been replaced with a new or improved part, your local
Tektranix, Ing. Fleld Office or representative will contact you concerning any change in part
nurmbar,

Change informaticn, il any, s located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS

KOO0 Part first added at this serlal number
00X Part ramovad after this seral number

ITEM MAME

In the Paris List, an Item Mame |s separated from the description by a colon (3}
Becausa of space limitations, an llem Name may sometimes appear as incomplete. For
further Nem Mame identification, the U.S. Federal Cataloging Handbook HE-1 can be
utilized whare possible,

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY oTz QUARTZ
CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
GKT CIRCLIT RF RADID FREQUENGY
COMP COMPOSITION BEL SELECTED
CONN COMMECTOR SEMICOND SEMICONDUCTOR
ELCTLT  ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND  INCANDESCENT Ww WIREWOUND
LED LIGHT EMITTING DIODE KFMA TRANSFORMER
NONWIR  NON WIREWOUND HTAL CAYSTAL
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Electrical Parts List—J20/7J20

CROSS INDEX MFR. CODE NUMBER TO MANUFACTURER

MFR.CODE MANUFACTURER ADDRESS CITY STATE.ZIP
0000n Lemo USA 2015 2nd St. Berkley, Ch 94710
o077e AMP, Inec. F. ©. Box 3608 Harrisburg, PA 17105
0853 Bangamo Electrie Ce,, 2. Carolina Div. F. O. Box 128 Pickens, 8C 29671
01121 Allen-Bradley Co. 1201 2nd St. South Milwaukes, WI 53204
01295 Texas Instruments, Ine.,

Semiconductor Group P, 0. Box 5012 Dallas, TX 75222
03508 General Electric Co., Semi-Conductor

Froducts Dept. Electronice Park Syracuse, NY 13201
04713 Motorola, Inc.,; Semlconductor

Products Div, 5005 E. McDowell Rd. Phoenix, AZ 85036
07263 Fairchild Semiconductor, A Div., of

Fairchild Camera and Instrument Corp. 464 Ellis st. Mountain View, CA 24042
079140 Teledyne Semiconductor 12515 Chadron Avae. Hawthorne, CA 20250
11237 CTE Keene, Inc. Paso Robles, CA 93446
12040 Hational Semiconductor Coxp. Commarce Drive Danbury, CT DEB10
12697 Clarostat Mfg. Co., Inc. Lower Washington 5t. Dover, HH 03R20
14099 Semtech Corp. 652 Mitchell Road Hewbury Park, CR 81320
15818 Teledyne Semiconductor 1300 Terra Bella Ava. Mountain View, ChR 94040
18324 Signetics Corp. 8l1 E. Argques Bunnyvale, CA 94086
18583 Curtis Instruments, Inc. 200 ¥isco Ave. Mount Kisco, WY 10549
21845 Solitren Devices, Inc.,; Transistor Div. 1177 Blue Heron Blwd, Fiviera Beach, FL 33404
24731 General Supply and Machine Co. 208 19th Ave. Meridian, M5 39301
27014 Hational Semi-Conductor Corp. 2900 san ¥Ysidro Way Santa Clara, CA 95051
SOLST M. L. Industries, Inc., Elactronicse

Dept. P. 0. Box 787 Muskegon, MI 49443
50522 Hensanto Co., Electrenic Special

Products 10131 Bubb Rd. Cupertino, CA 95014
56289 Bprague Electric Co. Horth Adams, MA 01247
B3T43 Ward Leonard Electric Co., Inc. 31 Bouth Bt. Mount Vernon, N¥Y 10550
T2136 Electro Motive Corp., Sub of

International Electronics Corp. South Park and John Streets Willimantic, CT 06226
72982 Erie Technological Products, Inc. bdd W, 12th 8¢, Erie, PA 16512
T3l3s Beckman Instruments, Inc., Helipot Div. 2500 Harbor Blwd. Fullerten, Ch 92634
75042 THW Electronic Components, IRC Pixed

Fesistora, Philadelphia Division 401 H. Broad 5t. Philadelphia, BA 19108
79727 C=W Industries 550 Davisville Rd. Warminster, PA 18974
BOOOS Tektronix, Inc. P. 0. Box 500 Beaverton, OR 27077
B0294 Bourns, Inc., Instrument Div, 6135 Magnolia Ave. Fiverside, CA 92506
Bl483 International Rectifier Corp. 9220 Sunset Blvd, Los Angeles, CR 90069
B2104 Standard crigsby Co., Div. of Sun

Chamical Corp. 920 Rathbone Ave. Rurcra, IL 60507
BE684 RCA Corp., Elactronic Components 415 5. 5th B, Harrison, WJ 07029
90201 Mallory Capacitor Co., Div. of

P, R. Mallory Co., Inc. 3029 E. Washington St. Indimnapolis, IN 46206
91le3? Dale Electrenles, Inc. P. 0. Box 609 Columbus, NB 68601
93790 Corpell-Dublilier Electrenics Division

Fedaral Pacific Electric Corp. 1605 Rodney French Blwvd. Hew Bedford, MA 02741
97979 Recn Resistor Corp. 63 Lincoln Hwy. Fraser, PA 19355
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Electrical Parts List—J20/7J20

Tekironix Serial/Model Me. Mfr

Ckt Me.  Part Me.  Eff Dscont Nome & Descriplion Code Mfr Part Number
7320

Al 670-2264-00 BOLO100 BO10117  CKT BORRD ASSY :==VERTICAL 80009 6&T0-2264-00
Al 670-2264-01 CKT BOARD ASSY:--VERTICAL BO00% 670-2264-01
Az 670-2265-00 CKT BORRD ASSY :——HORIZOHTAL 80009 670-2265-00
A3 £70-2281=00 CKT BOARD AESY :=~=READOUT BOOD® &670-2281-00
nd 670-2662=00 CKT BORRD ASSY:--HIGH VOLTAGE 80003 670-2662-00
c3 290-0523-00 CAP. ,FXD,ELCTLT:2. 2UF, 20% , 20V 5628% Ll96D2Z5X00ZSHAL
clo 2B3-06T0=00 CAP. ,FXD,MICA D:375EF,1%, 5007 00853 DL5-5P3IT50FD
ci4 283=-0634=00 CAP. ,FXD,MICA D:65PF,5%,500 00853 DL5-1EG50F0
cis 280-0523=00 CAP, ,FXD,ELCTLT (2, 2UF, 20% , 20V 552853 196D225RO02SHAL
Cl6 2B3=0624=00 CAP. ,FXD,MICA D:l300FF,2%,500V 72136 DML9EL32G0
c17 2B3-0624-00 ChP. ,FXD,MICA D:1300FF,2%, 500V 72136 DM1SE132G0
c18 285-0808-00 CAP. ,FXD,FLSTC:0. 1UF, LO% 50V 56289 LPEEALALO4KORY
€19 290-0523-00 CAP. ,FXD,ELCTLT:2. 2UF, 20% , 20V BE2E%  196DZE5X002Z5HAL
£28 200-0523-00 CAP. ,FXD,ELCTLT 2, 2UF, 20%, 20V 56289 196D225X0025HAL
o5z 2B83-0239=00 CAP. ,FXD,CER DI 0.0220F,10%,50vV 72982 B131-050WSR2IZIK
c73 283-0604-00 CAP. ,FXD,MICA Di304PF,2%,300V 00853 DLS-3F3040G0
c74 283-0625-00 CAP. ,FXD,MICA D:220PF,1%, 500V 93790 CDlOFD2ZLF03
cB3 285-0809-00 CRF. ,FXD, PLETC: 1UP, 10% , 50V 56289 LPGEALALOSK
oo 283-0094-00 CAP. ,FXD,CER DI:27PF,10%,200V 56289 40CEZT
c10l 283-0111-00 CAP. ,PXD,CER DI:0,1UF,20%,50V 72982 B131-050651104M
cloz2 283-0239-00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 BLlIL-050WSRIZIK
cLa7 283-0239=00 CAP. ,FXD,CER DIt0.0220F,10%,50V 72982 Bl31-050WSR223IK
cliz 2B3-0111-040 ChP. ,FXD,CER DIi0.1UF,20%,50V 72082 B131-050651104M
cll4 2B3-0604-00 CAF. ,FXD,MICA Dt304EF,2%,300V 00B53  DLS=3F3040G0
clls 283-0630-00 CAP. ,FXD,MICA D:110PF,1%,100V OOBS3  DLS-1E111F0
cl17 283-0239-00 CAP. ,FXD,CER DI:0,.022UF,10%,50v 72982 ©131-D50WSRIZIK
C150 283-0239-00 CAP. ,FXD,CER DI:0,0220F,10%,50V 72982 @131-050WSR223K
€163 2B3-0239-00 CAF. ,FXD,CER DI:0.0220F,10%,50V 72982 8131-050WSR223K
C167 283-0094=00 CAF. ,FXD,CER DI:27FF,10%,200V 562689 400627
77 283-0032-00 CAP. ,FHD,CER DI:4TOPF,5%,500V 72982 831-DD0ZS0O47LT
C178 283-0094-00 AP, FXD,CER DI:27FF,10%,200V 56289 40CE27
claz 281-0501-00. CAP. ,FXD,CER DI:d,7PF ,+/-1PF,500V 72082  30L-000S2HO4TIF
clas 290-0523-00 CAF. ,PXD,ELOTLT 2, 2UF, 20%, 209 56289 1960225X0025HAL
€211 283-0604-00 CAP. ,FXD,MICA D304EF,2%,300V DOB53  Dl5-3F3040G0
©216 290-0523-00 CAP. ,FXD,ELCTLT 2. 2UF, 20% , 20V SE2EG  1960225X0025HAL
c2az 280-0523=00 CAP. ,FXD,ELCTLT :2. 2UF, 20% , 20V 56280 196D225X0025HAL
c242 280=0523=00 CAP. ,PXD,ELCTLT : 2, 2UF ,20%, 20V 56289 1960225X0025HAL
C260 283-0630-00 CAP. ,FXD,MICA D:110PF,1%,100V 00B53  DLS-1ELLLFO
261 283=0604~00 CAP. ,FXD,MICA D:304PF,2%,300V 0OB53  Pl5-3F3040G0
cz28l 283-0604-00 CAP, ,PXD,MICA D:304FF,2%,300V DOBS3  D15=3F3040G0
£30l 283-0000-00 CAP, ,FXD,CER DI:0.0010F ,+100-0% 500V 56289 400626
€302 2B3-0000-00 CAP. ,FXD,CER DI :0.00LUF ,+100-0% 500V 56289 400626
£303 283-0000-00 CAP. ,FXD,CER DI :0.00L1UF ,4+100-0% 500V SE2RG  40CEZE
C338 295-0168-00 CAF.SET,MTCHD: 0. 22UF AND 2UF 80009 225-0lE68-00
£339 285-0168=00 CAP.SET,MTCHD:0.22UF AND 2UF BOQO09  295-0168=00
£351 290-0534=00 CAP. ,F¥D,ELCTLT:10F , 20% , 35V 56289 LOEDLOSHO03ISHAL
CI62 2685=0919=00 CAP. ,FXD,FLSTC 0. 22UF, 10% , 100V 55288 LPEEALB224K002
368 283-0666-00 CAP. ,FXD,MICR D:B90PF,2%,100% 00B53  DLS1PE9LGO
C3I69 283-0080-00 CAP. ,FXD,CER DI (0.0220F +B0-20% 25V 72982 5835-515E223F
£390 290-0523-00 CAP. ,FXD,ELCTLT: 2. 2UF, 20% , 20V 56289 196D225X0025HAL
£I96 283-0180-00 CAP. ,FXD,CER DI :5600PF,20%,200V 72982 Bl21NMZ04ES62M
ca40 283-0666-00 CAF. ,FXD,MICA D:BSOPF,2%,100V OOBS3  DLS1PA%1GO
44l 2B3-0666-00 CAP, ,FXD,MICA DiBS0PF,2%,100V 00853 DLS1PB91GO
ca42 2B3-0080-00 CAP. ,FXD,CER DI:0.0220F,+B0-20%,25V 72982 5835-515E223%
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Electrical Parts List—J20/7J20

Tektronin  Serial/Model Mo, MEr
Ckt No.  Part No. Nome & Description Code Mfr Part Number
C446 283-0000-00 CAP. ,F¥D,CER DI :0.0010F,+100-0% 500V BE2E0 400626
c507 283-0060-00 CAP,. ,FXD,CER DI :l00PF,5%,200V 72982 B55~-53502J101J
C£533 283-0032-00 CAP. ,FXD,CER DI:470PF,5% 500V 72982 B31-000Z5D04T7LT
C546 Z2B3-0000-00 CAP. ,FXD,CER DI:0.0010F ,+100=-0%, 500V 56289 4qO0CE26
0558 283-0000-00 CAP. ,FXD,CER DI :0.001UF,+100-0% 500V G289 4Q0CE26
C562 283-0028=-00 CAP. ,FXD,CER DI :0.D022UF,20%,50V 56280 550144
565 283-010%9=00 CAP,. ,FXD,CER DI:27PF,5%,1000V 56289 200376
c710 283=-0080-00 CAhF. ,FXD,CER DI 0.0220F ,+B80-20%,25V 72982 5H35-515E223%
C713 28 3=-0080=-00 CAP,. ,FXD,CER DI:0.0220UF ,+80-20%,25V 72982 5835-515E223%
c728 283=0080-00 CRAP. ,FXD,CER DI:0.0220F +80-20%,25V 72982 5835-515E223%
C736 283-00B0-00 CAP. ,F¥D,CER DI:0.0220F +80-20%,25V 72982 58315=515E223Z
Cc773 283-00B0-00 CAP, ,FXD,CER DI:0.0220F ,+80-20%,25V 72982 GEB3I5-G15E223Z
Cal4 290-0526-00 ChP, ,FXD,ELCTLT16.8UF ,20% 6V 50201 TDCEBSMODGEL
cala 283-0080-00 CAP. ,FXD,CER DI:0.0220F ,+80-20%,25V 72982 5B35-515E2233
920 283=-0077=00 CAF. ,FXD,CER DI:330FF,5%,500% 56289 J40C94R3
922 290-0526=00 CAP, ,FXD,ELCTLT :6. 8UF , 20% , 6V 20201 TDCEBSMOOGEL
Cc923 2B3-0000-00 CAP. ,FXD,CER DI:0.0010F ,+100=-0% ,500v 56289 40CE26
c924 283-0080-00 ChP. ,FXD,CER DI:0.023UF ,+80=20%,25V 72982 5BI5-515E2233
c933 Z2B3-0077-00 CAP. ,FXD,CER DI:330PF,5%,500W SG280  4DCD4RD
CS34 283=0077=00 CAP. ,FXD,CER DI :330FF,5%,500V 56289 J40C94R3
Ccod4d 283=-0077=00 CAP. ,FXD,CER DI :}30FF,5%,500V 56289 400043
C851 2B83-0164-00 ChP. ,FXD,CER DIL:2.2UP,20%,25V 72982 Bl4lN03B651225M
ca57 283=0080=00 CAP. ,FXD,CER DI:0.022U0F ,+B0-20%,25V 72982 5B35-51SE2232
Cclool 290=0312=00 CAP. ,FYD,BLCTLT : 470F , 10% , 35V 56289 150D476X803582
Cl1o04 250=0523=00 CAP. ,FXD,BLCTLT: 2. 2UF, 20%, 20V 56289 196D225X0025HAL
Cl005 283=0010=00 CAP. ,FXD,CER DI 0.050F,+100-20% ,50v 56289 273C20
Cc1008 290-0523-00 CAP, ,FXD,ELCTLT: 2. 2UF, 20%, 20V E6289 196D225X0025HAL
Clol6 283-0010-00 CAP. ,FXD,CER DI:0.05UF ,+100=-20%,50V 56289 273C20
c1l022 283-0198-00 CAP. ,FXD,CER DI:0.220F,20%,50V 72982 BlIINOTSEZIZAM
C1023 290-0523-00 CAP. ,FXD,ELCTLT 2. 2UF ,20% , 20V 56289 196D225X0025HAL
Cl024 2B83-0008-00 CAP. ,FXD,CER DI:1UF,500V 72982 BLl51INS0LELOAM
C1025 283-0008-00 CAP. ,FXD,CER DI :0.1lUF, 500V 72982 BLl51NS01ELO4M
Cclogé 2B5=0919=00 CAP. ,FXD,PLSTC: 0, 220FP,10% , 100V 56289 LPEGALEZZ4K0O02
Q1028 283-0208-00 CAP. ,F¥D,CER DI:0.220F,10%,200V 72982 BLSIN2I0C224K
C1029 2B3-0208-00 CAP. ,FXD,CER DI :0,22UF,10%,200V 72982 BlS1INZIOCIIAK
CL032 220=-0532-00 CAP, ,FXD,ELCTLT  1500F, 20% , 6V 90201 TDC15TMOOGBCL
c1033 290-0524=00 CAP. ,FXD,ELCTLT:4.70F, 20% , 1OV Q90201 TDC4TSMOLOEL
CLo3d 290-0420-00 CAP. ,FXD,ELCTLT: . EBUF, 20%, 75V 56289 1500684X0075A2
C1036 283=-0008-00 CAP. ,FXD,CER DI:0,lUF, 500V 72982 BLS1NSO1ELO4M
cloie 283-0008=-00 CAP, ,FXD,CER DI:0.1UF, 500V 72982 Bl51N501ELO4M
cl075 290-0527-00 CAP. ,FXD,ELCTLT:150F, 20% , 20V 90201 TDC15EMOZ0FL
CLO7E 290-0830-00 CAP. ,FXD,ELCTLT:6BUF, 208 ,6V 90201 TDCEAGMODEFL
clo77 290-0527-00 CAP. ,FXD,ELCTLT:15UF , 20% , 20V 90201 TDC1SEMOZOFL
1079 290-0524-00 CAP. ,FXD,ELCTLT :4.TUP, 20% , 10V 90201 TDC4TSMOLOEL
L1080 283-0080-00 CAP. ,FXD,CER DI:0.0220F,+80-20%,25V 72982 G5A3IS-515E2232
clo8l 283-0080-00 CAP. ,FXD,CER DI:0.0220F ,+80-20%,25V 72982 5815-515E2232
Cl083 290-0523=00 CAP. ,FXD,ELCTLT: 2, 20F, 208 , 20V 56289 196D225X0025HAL
Cclogd 280-0523-00 CAP. ,FXD,ELCTLT:2, 2UF , 20%, 20V 56282 1DED225X0025HAL
Clo88 283=0080=00 CAP, ,FXD,CER DI0.0220F ,+80=-20% 25V 72982 5835-515E223Z
cloaT 283-0080-00 CAP. ,FXD,CER DI:0.0220F,+80-204, 25V 72982 5835-515E2232
cloes 290-0523=-00 CAP, ,FXD,ELCTLT 2. 2UF, 208 , 20V EG289 196D225X0025HAL
cloB9 290=0523=00 CAP, ,FXD,ELCTLT:2.2UF, 20%, 20V 56289 196D225X0025HAL
Clogl 283=-0080-00 CAP. ,FXD,CER DI :0.0220F,+80-20%,257 72982 5R3G-515E2232
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Tektronix  Serial/Model Mao. Mfr
Chkt Mo,  Part Mo, Eff Discont Mame & Description Code Mir Part Number
cla92 283=-0080=-00 CAP. ,FXD,CER DI:0,0220F,+B0-20%,25V 72982 5835-515E223%
clogd 283=0080=-00 CAP. ,F¥XD,CER DI:0.0220F,+B0-20%,25V T2982 5B835=-515E223%
C1095 283-00E0-00 CAF.,FXD,CER DI:0.0220F,+B0-20%, 25V 72982 5B835-515E123%
clo9s 200-0524-00 CAP. ,F¥D,ELCTLT:4.7UF,20% , 20V 90201 TDCATSMOLOEL
cliol 290-0523-00 CAF. ,FXD, ELCTLT: 2, 20F , 20% , 20V 56288 1960225x0025HAL
clloz 283-0080-00 CAP, ,F¥D,CER DI:0,023UF,+80-20%,25vV 72982 5835-515E2232
c1ln3 283-0080-00 CAP, ,FXD,CER DI:0.0220F,+80=20%, 257 72982 5B35-515E123%
Cl1o5 2B3=-0000=-00 CAF, ,FXD,CER DI:0.001UF ,+100=-0%, 500V 56289 400626
clloe 283-0080-00 CAP. ,FXD,CER DI10.022UF ,+80=-20%,25V 72082 5B35-515E223E
cl121 290-0523-00 CAP. ,FXD,BLCTLT:2. 20P , 20% , 20V E6289 196D225X0025HAL
cli2z2 290-0523=-00 CAMP. ,FXD,ELCTLT: 2, 20F , 20% , 20V 56289 19ED225X0025HAL
cllil 290=0527=-00 CAP. ,FXD,ELCTLT:150F, 20%, 20V 90201 TDRCLS6MOZ0FL
cliiz 290=-0530-00 CAFP. ,FXD, ELCTLT 168UF , 20%, 6V 90201 TODCEBEMOOEFL
Ccl133 290=0527=00 CAP. ,FXD,ELCTLT : 15UF, 20% , 20V 90201 TDCLlS56MOZOFL
c1137 283-0080-00 ChP. ,F¥D,CER DI:0.022UF,+80-20%,25V 72982 5835-51GEI23E
cl138 283-0080-00 CAP. ,FXD,CER DI:0.022UF,+80-20%,25v 72982 5835~-515E2232
1139 283-0080=-00 CAFP. ,FXD,CER DI:0,022UP,+80-20%,25V 72982 5835-515E2232
CL140 2B3-0080-00 CAP. ,FXD,CER DI:0.0220F,+80-208, 25V 72982 G5835-51G5EI23E
Cl145 283-0080=00 CAP. ,F¥XD,CER DI:0.022UF,+80-208,25v 72982 5835-515E223E
1147 290-0532-00 CAP. ,FXD,ELCTLT : 150UF, 20% , 6V 90201 TOC1LSTMO0ECL
clzol 290-0527=00 CAP. ,FXD,ELCTLT:150F, 204, 20V 90201 TDCLl56MOZOFL
cLznz 290=0523=00 CAP. ,FXD,ELCTLT 2. 2UF , 20% , 20V 56289 196D225X0025HAL
claod 283=0239=00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 B131-050WSRI23K
Cl205 283-0239=-00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 6131-050WSRAZIE
clioa 283=0239-00 CAP. ,F¥D,CER DI:0.022UP,10%,50V 72982 Bl31-050WSRI2IK
clzoo 283=-0239-00 CAP. ,P¥D,CER DI:0.022UP,10%,50V 72982 B131-050WSRIZIK
cl2lz 283=0239-00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 Bl3A1-D50WSR223K
£1l213 283-0239-00 CAP. ,FXD,CER DI:0,0220F,10%, 50V 72982 Bl31-050WSR22IK
cl2le 283-0239-00 ChP. ,FXD,CER DI:0,022UF,10%, 50V 72982 Bl31-050WSR22IK
c1217 283-0239-00 CAP. ,FXD,CER DI:0.0220F,10%, 50V 72982 B1l31-050WSR223K
claio 283=0239=00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 Bl3il-050WSR223K
clz221 2B83-0239-00 CAF. ,FXD,CER DI:0,0220F,10%, 50V 72082 B131-050WSR22IK
£1223 283-0239-00 CAP. ,FXD,CER DI:0.022UF,10%, 50V 72982 6131=-050WSRI2IK
clz224 283-0239=00 CAP, ,FXD,CER DI:0,022UF,10%,50V 72982 B8131-050WSR22IK
cla27 283-0239-00 CAP. ,FXD,CER DI:0.022UF,10%, 50V 72982 Bl3il-050WSR223K
Cclaza 283=-0239-00 ChP. ,FXD,CER DI:0.022UF,10%,50v 72982 Bl31-050WSR22Z3K
cl23z2 283-0239-00 CAP. ,F¥D,CER DI:0.0220F,10%,50V 72982 B8l31-050WSRI2IK
cl233 283-0239-00 CAP. ,FXD,CER DI:0.0220F,L10%,50V 72982 B8131-050WSR22IK
cl216 283-0239-00 CAP, ,F¥D,CER DI:0.022UF,10%, 50V 726982 B131-050W5R223IK
c1237 283-0339=00 CAP. ,FXD,CER DI:0.022UF,10%, 50V 72982 B81l31-050WHRIZ2IK
1240 283=023%=00 CAP. ,FXD,;CER DI:0.022UF,10%,50V 72982 Bl3al-050WSR223K
cl241 283-0239-00 CAF.,FXD,CER DI:0.0220F,10%, 50V 72082 B131-050WSR2I23K
clagdz 290=0527=-00 CAP. ,FXD; ELCTLT : 15UF , 20%, 20V 90201 TDC156MO20FL
Cl1246 290=0572=00 CAP. ,FXD, ELOTLT 0. 1UF , 208 50V 56289 196D104X0050HAL
CR33 152=-0333-00 SEMTCOMD DEVICE:SILICON, 55V, 200MA 07263 FDHAOLZ
CRi4 152=0333-00 SEMICOND DEVICE:SILICON,55V,200MA 072632 FDHEOLl2
CRT1 152=0141-02 SEMICOND DEVICE:SILICOM, 30V, 150MA 07910 CDB2Z0
CR72 152=-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA 07910 cCDpA220
CR92 152=-0141-02 SEMICOND DEVICESILICON, 30V, 150MA 07910 CDB2I0
CR93 152-0141-02 BEMICOND DEVICE:SILICOM, 30V, 150MA 07910 cCDB220
CR114 162=-0141-02 SEMICOND DEVICE:SILICOM,30V,l50MA 07910 cDBI20
CR120 152-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA 07910 cpe220
CR13I0 152-0141=-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 cCDB220
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CR164 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 <pe220
CR1G6G 152=0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDE220
CR172 152-0333-00 SEMICOND DEVICE:SILICON,SS5V,200MA 07263 FDRHEOLZ
CR173 152-0333-00 SEMICOND DEVICE:SILICON,55V,200MA 07263 FDHGOL12
CR234 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 07910 CDA220
CR23IE 152-0141-02 SEMICOKD DEVICE:SILICON,30V,150MA 07910 cDA220
CR31E L52=-0141-02 SEMICORD DEVICE :SILICON,30V,150MA 07910 CDB220
CR3I1T7 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 079l CDB220
CR31l8 152-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA o7Ts1l0 CDe22o
CR319 152-0141-02 SEMICOND DEVICE:SILICON,20V,150MA 07910 CDB220
CR3TO 152-0141-02 EEMICOND DEVICE:SILICON,30V,Ll508A 07910 CDE220
CR413 152-0141-02 SEMICOND DEVICE:SILICON,30V,l508A 07910 CDE220
CR4A14 152=0141=02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDE220
CR442 152=-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB220
CRED9 152=-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB220
CRE522 152-0141-02 SEMICOND DEVICE:SILICON,30V, 1508 07910 CDB220
CRS2E 152=-0141-02 SENICOHD DEVICE:SILICON,30V,150MA 07910 CDB220
CR529 152-0141-02 SEMICOND DEVICE:SILICON,30V, 1508 07910 CDB220
CR542 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 07910 CDB220
CRS74 152-0141-02 BENICCHD DEVICE:SILICON,30V, 1508 07910 CDB220
CREBE 152=0141=-02 SEMICOND DEVICE:SILICOM,30V,l150MA 07910 CDE220
CREAE 152-0141-02 EEMICOND DEVICE:SILICOM,30V,150MA 07910 CpB220
CRE4T 152-0141=02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CpE220
CRE4B 152-0322=-00 SEMICOND DEVICE:SILICOM,15V 01295 Allo8
CRE53 152=0141=02 SEMICOND DEVICE :SILICON,30V,150MA 07910 CDR22G
CREST 152-0322-00 SEMICOND DEVICE:SILICON,15V 01295 Alloa
CREG3 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MR 07910 CDA220
CREGT 152-0141=-02 SEMICOND DEVICE :SILICON,30V,150MA 07910 CDA220
CREEE 152-0141-02 SEMICOND DEVICE:SILICON, 30V, LS0MA 07910 Cpe220
CREGS 152=0141-02 SEMICOHD DEVICE :5ILICON,30V,150MA 07910 CDB220
CRETO 152=0141-02 BEMICOND DEVICE:SILICOHN,30V,150MA 07910 CDE220
CRTO1 152=-0141-02 EEMICOND DEVICE :SILICON,30V,150MA a79l10 CDA220
CRTO2 152=0141-02 BEMICOND DEVICE :SILICON,30V,150MA a79l0 CDez2zo
CRTO04 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 07910 CDA220
CRT0S 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA a79l0 CDe2Z0
CRT10 152-0322-00 SEMICOND DEVICE:SILICOW, LSV 01295 Alloa
CR72E 152-0141=02 SEMICOND DEVICE:SILICON, 30V, 1S0MA Q7910 Cnazzo
CR736 152-0322-00 SEMICOND DEVICE:SILICON,15V 01295 Alloa
CR739 152=0141-02 SEMICOND DEVICE SILICOH,30V,150MA 07910 CDA2I0
CR750 152=0141~-02 SEMICOND DEVICESILICON,30V,l50MA Q7910 CDB2Z0
CE757 152-0141-02 SEMICOND DEVICE:SILICON,30V,l50MA 07910 CD8220
CRTE6 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB220
CR7&7 152=-0141-02 SEMICOND DEVICE:SILICOW,30V,150MA 07910 CDB220
CR773 152-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA 07910 CDB220
CRT81 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 cDB220
CR783 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 130MA 07910 CDe220
CR785 152-0141-02 SEMICOND DEVICE:SILICON, 30V, l50MA 07910 CDe220
CR786 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB220
CR787 152-0141-02 SEMICOND DEVICE:SILICON,30V, l5S0MA 07910 CDB2I0
CR791 152-0141-02 SEMICOND DEVICE:5ILICON,30V,150MA 07910 CODB2Z0
CRB3T 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 cDp82io0
CRB38 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 07810 CDB2I0
ChE43 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 07910 cpa220
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CREd4 152-0141-02 SEMICOMD DEVICE:SILICON, 30V, 150MA 07910 CDB220
CRAO2 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB220
CR903 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CoA220
CRANS 152=0141-02 SEMICOND DEVICE:SILICON,30vV,150MA 07910 CbB220
CROOT 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB320
CRA0E 152-0141-02 SEMICOND DEVICE:SILICON,30V,;150MA 07910 CcpB220
CR910 152-0141-D2 SEMICOND DEVICE :SILICOM,30V,150MA p7910 CDB2RO
CR924 152-0322-00 SEMICOND DEVICE:SILICOM,Ll5V 01295 Aplloe
CRI4% 152-0141-02 SEMICOND DEVICE:SILICOM,30V,150MA 07910 CDB220
CRO47 152-0141-02 SEMICOKD DEVICE:SILICON,30V,L150MA 07910 cCDe220
CR350 152-0141=02 BEMICOND CEVICE:SILICON,30V,L150MA 07910 CDe22o
CRI54 152-0141-02 SEMICOND DEVICE:STLICON, 30V, 150MA 07910 CDB220
CR1012 152-0107-03 SEMICOND DEVICE:SILICON ,400V,400MA 80002 152-0107-03
CR1O13 152-0107-03 SEMICOND DEVICE :SILICON, 400w ,400MA BOOO®  152-0107=03
CR1014 152-0141=02 SEMICOND DEVICE SILICON,30V,150MA 07910 CDE220
CR1015 152=0141-02 SEMICOND DEVICE:SILICOH,30V,150MA Q7910 CDE2Z0
CRLOZE L52-0107=-03 SEMICOND DEVICE:SILICON 400V, 40080 80009 152=0107=-03
CR1027 152=0107=-03 SEMICOND DEVICE SILICON,400V,400MA B0009 152=-0107-03
CRLOZE  152-0107-03 EEMICOND DEVICE:SILICCOH, 400V, 400MA 0009 152-0107-03
CRlOZ2 152-0107=03 SEMICOND DEVICE:SILICON,400V,400MA Bo009  152-0107-03
CRLO30 152=-0333-00 SEMICOND DEVICE:SILICCN,S55V,200MA 07263 FDHEOLZ
CR1031 152=0333-00 SEMICOND DEVICE:SILICOM,55V, 200MA 07263 FDHEOL2
CcrR1047  152-0107-03 SEMICOND DEVICE:SILICOMN,400V,400MA 80008 152-0107-03
CR107S 152-0107-03 SEMICOND DEVICE:SILICON,400v,400MA goo0e  152-0107-03
CRLO77 152=-0107-03 SEMICOND DEVICE:SILICON,d400V,400MA BOOODS  152-0107-03
D831z 150-0048-01 LAMF , IRCAND: 5V, 608A  SELECTED 80009 150-0048-01
Ds3l4 150-0048-01 LAMP , IHCAND : 5V, 60MA , SELECTED 80009  150-0048-01
0500 150-0048-01 LAMP , THCAND : 5V, 60MA , SELECTED BOO09 150-0048-01
DS594 150-0048-01 LAME , THCAND : 5V, 60MA , SELECTED Bo00e  150-0048-01
DSET4 150-0048-01 LAMP , INCAND : 5V, 60MA , SELECTED BO00e  150-004B8-01
J130 131-1011-00 COMM, RCPT, ELEC:4 CONTACT FEMALE Q000R  RA=1304TFX
J200 131-1461-00 CONN, RCPFT,ELEC: 50 FEMALE CONTACT 00779 205207-1
J500 131-0955-00 COMH , RCPT , ELBC : BNC, FEMALE 24731 28Jm200-1
K92 1ua~u-:|.w-nq COIL, RF:REED DRIVE,&Y SINGLE 80009  108-0499-00
rlzol 148-0035-00 RELLY , ARMATURE : SPDT , 15VDC , 600 OHM BO009 148-0035-00
L1001 108-0473=00 COIL,RF: 150UH 80009 108-0473-00
Llo0z 108-0473-00 COTL, BF: 150UH BO009  108-0473=00
Lioay 108-0245-00 COIL,EF:3.90H BO00S  108-0245-00
L1l03l 10B-0245-00 COIL,BF:3.9U0H BOODS  108=0245-00
L1G75 108-0245-00 COIL,FF1 3. 9UH Bop09  108-0245-00
L1076 108-0245-00 COIL,FF:3.9UH 80009 108-0245-00
L1077 108-0245-00 COIL,FF:3.0UH BO0O0S  108=0245-00
L1078 108-0245-00 COIL,RF:3,90H 80009 108-D245-00
L1079 108-0245-00 COIL RF:3,9UH BO00% 108-0245-00
L1131 108-0245=00 COIL,RF:3.9UH 80009 108=0245-00
L1132 108=-0245-00 COIL,RF:3.9UH a000% 108-0245-00
L1133 108=0245-00 COIL,RF:3,9UH BO00S 108-0245-00
L1147 108=0245-00 COIL,RF:3.9UH BO00S  108-0245-00
L1201 108-0245-00 COIL,RF: 3. 90H BOO09 108=-0245-00
L1202 L08-0245=00 COIL,RF:3.9UH 80009 108-0245-00
L1242 10B=0245=00 COIL,FF:3.9UH Boo0s  10e-0245-00

lpurnished as a unit with S120.

6-7



Electrical Parts List—J20/7J20

Tektronix  Serial/Model No. Mir
Ckt No. Part Mo.  EFf Dscont Mame & Description Code Mfr Part Number
P10 131-1003-00 CONN ,RCPT ELEC:CET BD MT,3 PRONG BOOO9 131-1003-00
BP502 131=-1003=-00 COMN ,RCPT ,ELEC:CKET BD MT,3 FRONG BOOO9 131-1003-00
Q2 151-0341-00 TRANSISTOR: SILICOM, NFH 07263 2M3I5S65
QB 151=-0341=-00 TRANSISTOR: SILICON , HFH 07263 2H3IS6ES
Q12 151-0341-00 TRANSISTOR: SILICOM , HFN 07263 2W3AEE5
Q16 151=-0341=-00 BOLO10OO BO1OL1L7 TRANSISTOR: SILICON, HFN 07263 2N3ISES
Q16 151-0192-00 BOLlO11B TRANSISTOR: SILICON, NFH, SEL FROM MPRESZL 80009 151-0192-00
ola 151-0341-00 BOlOl00 BO10O117 TRANEISTOR: SILICON,NFN 07263 2HA565
Qla 151-0192-00 BOl0118 TRAMSISTOR: SILICON, HPN,SEL FROM MPS6521 B8000% 151-0192-00
fala] 151-1025-00 TRANSISTOR: SILICON, JFE, N=CHANKEL 01295 sSBAB129
Q22A,B 151=-1049=-00 TRANSISTOR: 81 ,JFE,N~-CHAN ,5EL FROM ZNM3G622 8000% 151=-1045%-00
024 151-0341-00 TRANSISTOR:SILICON, HPH 07263 2M3IGES
26 151-0341-00 TRANEISTOR: SILICON , NEH Q07263 IMISED
fued ] 151=-0341-00 TRANSISTOR: SILICON , HFN 07263 2M3I5ES5
Q54 151-0410-00 TRANSISTOR: SILICON , FHP 04713 SPSETES
Qsa 151=-0341-00 TRANSISTOR: SILICON , NEFH 07263 2H3I565
Q72h B 151-0261-00 TRANSISTOR: SILICON , PHF , DUAL 12040 HST410
074 151-1078-00 TRANSIETOR: SILICON , JFE ; N-CHANNEL 80009 151-1078-00
Qa2 151-1037-00 TRANSISTOR:EILICON,JFE ,H CHANNEL 21845 ED1553
Q8E 151-0341-00 TRANSISTOR: SILICON , HPN 07263 2MISES
Qaz 151=-1004-00 TRANSISTOR:SILICON,JFE , H=CHANNEL 15818 Ul48%
2114 151-1078-00 TRANBISTOR:SILICON , JFE  N-CHANNEL BOO0S  151-1078=00
Q120 151-0341-00 TRANEISTOR : SILICON  HPH 07263 2NM3I56E5
o124 151-0410=00 TRAWEISTOR: SILICON, FHP 04713 SPS6TES
plis 151=0341-00 TRANSISTOR: SILICON, NPN 07263 2N3565
ple2a, B 151-0309-00 TRANSISTOR: SILICON , NPH , DUAL BOD09 151-0309-00
R3dd4n,B  151=0261=00 TRANSISTOR: SILICON , FHF , DUAL 12040 HWST410
D254 151-0410=00 TRANSISTOR: SILICON, FNP 04713 SPS6T76S
p2e2 151=0410=-00 TRANSISTOR:SILICCH , FMNF 04713 SPS6TES
Q2Ge 151-0192-00 TRANSISTOR1SILICON ,NPM,SEL FROM MFS6521 BOOD9 151-0192-00
Q282 151-0410-00 TRANSISTOR: SILICON , PNF 04713 SPBEEVES
Q284 151-0192-00 TRANSISTOR:SILICON,NFN,5EL FROM MPSG5Z1 80009 151-0192-00
Q310 151-0190-00 TRANSISTOR: SILICOM , NFH 04713 2H3904
Q312 151=-0302=00 TRANSISTOR: SILICOMN,NFN 04713 2N2222n
Q314 151-0302-00 TRANSIETOR: SILICCH HFH 04713 2NH2222A
0316 151=-0410=-00 TRANSISTOR: SILICON , FHEP 04713 SBPS6TEE
Q3le 151=0410=00 TRANSISTOR: SILICON, FHP 04713 SP56T765
g32a 151=-0410-00 TRANSISTOR:SILICOM , PHP 04713 8PSET7ES
Q330 151=-0341=-00 TRANSISTOR: SILICOH ,NEH Q7263 2N3565
2332 151-0508=00 TRANSISTOR: SILICON  HFH, UNIJUNMCTION 03508 X13TE20
0344 151-0341-00 TRANEISTOR: SILICON , NEN 07263 2N3I5E5
Q362 151=0190=-00 TRANSISTOR:SILICCH,NEN 04713 2H3904
Q364 151-0190-00 TRANSISTOR:SILICOM, NPH 07263 2M3904
Q3ITo 151-0254-00 TRANSISTOR: SILICON ,HFN 03508 2N5308
p3aae 151-0410=-00 TRANSISTOR: SILICON, PNP 04713 SPSETES
Q400 151-0410-00 TRANSISTOR: SILICON, PHP 04713 SP56765
Q420 151-1021-00 TRANSISTOR:SILICOM ,JFE,N CHANHEL 50522 MANT3I
0424 151-1021-00 TRANSISTOR: SILICOMN,JFE,N CHANNEL 50522 MANTI
Q426 151-1021-00 TRANSISTOR: SILICON,JFE,N CHANNEL 50522 MANT3
436 151-0341-00 TRANSISTOR: SILICON , HEN 07263 2N3565
Q502 151-0302-00 TRANSISTOR:SILICOM ,NPFNH 04713 2N2222R
Q504 151-0341-00 TRANSISTOR: SILICON, NFH 07263 2N3IS565
Q510 151-0341-00 TRANSISTOR: SILICON ,NEN 07263 2H3565
Q514 151-0341=00 TRANSISTOR: SILICON , NEN 07263 2N3I565
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psle 151-0341-00 TRANSISTOR: SILICON  HEH 07263 2M3565
G524 151-0410-00 TRANEIETOR SILICON  FNP 04713 SPSETES
534 151-0190-00 TRARSISTOR: SILICON , HPH 04713  ZN3904
538 151-0341-00 TRANEISTOR: BILICON  HENH 07263 2M3565
Q550 151-0410=-00 TRAREISTOR: SILICOM, PNP 04713 SPS6TES
Q554 151-0341-00 TRANSISTOR: SILICON , HEN 07263 IHISES
Q570 151-0341~-00 TRANSISTOR: SILICON, NPN 07263 2IMISES
Q572 151=-0410=-00 TRANSISTOR: SILICON, FIF 04713 SPS6TES
ps7e 151-0341-00 TRANSISTOR: SILICON , NFH 07263 2IM3ISES
Q582 151-0341-00 TRAMSISTOR: SILICON ,HEN 07263 2H3565
QEBE 151-0188=00 TRAMEISTOR: SILICON , PHFP 04713 2H3906
P590 151-0301-00 TRANSISTOR: SILICON , PHF 04713 2KI90TA
Q592 151=0302-00 TRANSISTOR: SILICON, NFN 04713 2INHIZ22A
Q656 151=-0410-00 TRAMSISTOR:SILICON, FHP 04713 EPSETES
RBEE 151-0a10=-00 TRANSISTOR:SILICON, PHP 04713 SPSETES
Re6E 151-0410-00 TRANSIETOR: SILICON, FHP 04713 BPSETES
RETD 151-0410-00 TRANSISTOR SILICOH , PHP 04713 BPESETES
pE74 151-0302=00 TRANSISTOR: SILICON , NPN 04713 2M2222A
QETE 151-0341-00 TRANSISTOR: STLICON , NFH 07263 2M3ISES
Q726 151=-1021-00 TRANSISTOR : SILICON ,JFE, N CHANNEL 50522 MANT3
o736 151=-0410-00 TRAMEBISTOR: EILICON , PHP 04713 SPSETES
750 151-1021-00 TRAMEISTOR: SILICOM,JFE, N CHAMMEL 50522 MANT3
QTR 151-0410-00 TRAMEISTOR: SILICOH , PHE 04713 SPEETES
2764 151-0410-00 TRAMSISTOR: SILICON, PNP Q4712 SPSETES
QTeE 151-0410-00 TRANSISTOR: SILICON, PHP 04713 SPSETES
aTed 151-0341-00 TRANSISTOR: SILICON, NPH 07263 2H3IBES
Q788 151-0341=-00 TRANSISTOR: SILICON , NPH 07263 23565
gh36 151-0410-00 TRARNSISTOR  SILICON , FHF 04713 BPSETES
Qa4 151-0410-00 TRANSISTOR : SILICON , FNF 04713 EBPEETE5
QBdG 151-0341-00 TRANSISTOR: SILICON , NPN 07263 2INHIEES
Qo0a 151-0341-00 TRANSISTOR: SILICON, NFH 07263 2HIBGES
Qol8 151-0301-00 TRANSISTOR: SILICON , PHP 0d713 2NZ90TA
Q932 151-0L20-00 TRANSISTOR: STLICON, HPN 04713 2K3I904
0934 151-0190=-00 TRAMSISTOR: SILICON, HPH 04713 2N3904
{938 151-0190~-00, TRANSISTOR: SILICON, NFN 04713 2HIB04
Q940 151-0190-00 TRANSISTOR: SILICON , HEN 04713 2M3904
pad6 151-0410-00 TRANSISTOR 18 ILICON, PHF 04713 BFSETES
Qa70 151-1021-00 TRANSISTOR: SILICON,JFE, N CHANNEL 50522 MANT3
pat4 151-0410=00 TRANSISTOR:S ILICON, FNP 04713 EPSETES
pe7e 151-0341-00 TRANSISTOR: 8 ILICON , WPH 07263 2IHIEGES
Qio02 151-0190=-00 TRAMSISTOR:SILIOON, HEN 04713 2H3I904
Qlo0s 151=-0190=-00 TRANSISTOR: SILICON, NEK 04713  IN3IS04
Qlolz 153-0611-00 THRANSISTOR : BILICON, NEN, MATCHED FAIR 80009 153-0611=00
plola 153=-0611-00 TRARSISTOR: BILICON, NP, MATCHED FAIR 20009  153-0611-00
Qglo42 151-0350-00 TRANSISTOR: SILICON , FHF 04713 sSPS6700
plod4 151-0350-00 TRAHEISTOR: SILIOCON , FHP 04713 SPEETO0
pll06 151-0302-00 TRANSISTOR :SILICCH , HFN 04713 ZN2222A
pl24e 151-0410-00 TRAHSISTOR:SILIOON , PHP 04713 =PE6T6S
Rl 321-0277=-03 BES. ,F¥D,FILM:7.5K OHM,0,25%,0.125W 916317 MFFLBLEDTO00C
B2 321-0626=-01 RES. ,FXD,FILM:2.51K OHM,0.5%,0.125W 75042 CEATO-2511D
R3 315-0272-00 RES. ,PXD,COMP:2, TE OHM,5%,0.25W 01121 CB2725
Fd 321=-0251-00 RES. ,FXD,FILM:4.02K OHM,1%,0.125W 75042 CERTO-4021F
] 321-0221-00 RES. FED,FILM:1. 96K OHM,1%,0.L125W 75042 CEATO=1961F
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R7 315-0201-00 RES. ,FXD,COMP:200 OHM,5%,0.250 a1121 CBIOLS
RB 321=0234=00 RES. ,FXD,FILM:2.6TK OHM,L1%,0.125W 75042 CEATO=2671F
RO 321-0221-00 RES. ,FXD,FILM:1,96K OHM,1%,0.135W 75042 CEATO-1961F
k1l 315-0222=00 RES. ,FXD,COMP:2.2K OHM,5% ,0.25W 01121 CB222%
R12 321=-0251=-00 FES. ,FXD,PILM:4,02K OHM,1%,0.125W 75042 CEATO-4021F
R1l3 321-0249-00 RES. ,FXD,FILM13.83K OHM,1%,0.125W 75042 CEATO-3B3LF
Rl4 321-0249-00 RES. ,FXD,FILM13.83K OHM,1%,0.125¥W 75042 CERTO-3B31F
R1E6 321-0249-00 BES. ,FXD,PILM:3,.BIK OHM,1%,0.125W 75042 CEARTO=3831F
R17 321-0249-00 RES. ,FXD,FILM:3.83K OHM,1%,0.125%W T5042 CERTO=-3831F
18 315-0153-00 FES. ,FiD,COMPB: 15K OHM,5%,0.250 01121 CB153S
R19 315=0153=00 RES. ,FXD,COMP:15K OBHM,5%,0.25wW 01121 CB1535
E2L1 315=0104=00 BO10100 BO10117 RES. ,FXD,COMP: 100K OHM,5%,0.25W 01121 cCBlO45
R21 315-0224-00 BO1O11E RES, ,FXD ,COMP: 220K OHM,5%,0.25W 01121 CB2245
R22 321-0297-00 FES. ,FXD,PILM:12.1K OHM,1%,0.125W 75042 CEATO=-1212F
R23 321-0297=00 FES. ,FXD,FILM:12.1K OHM,1%,0.125W T5042 CERTO-1212F
R24 315=-0224=-00 XBO1O1l8 RES. ,FXD,COMP:2208 OHM,5%,0.25W 01121 CB2245
R25 311-1560-=00 RES. ,VAR,NONWIR:5K OHM,5%,0,50W T3l3g 9la-5000M
RIE 315-0223-00 FES. ,FXD,COMP:2. 2K OHM,5%,0.25W 01121 ©CR2235
R27 315=-0222=00 RES. ,FXD,COMP:12,2K OHM,5%,0.25W Qll2l cCB2225
R28 315=0222=00 RES. ,FXD ,COMP:2.2K OHM,5%,0.250W 01121 CB2235
R32 321=-028%9=-03 KES. ,FXD,FILM: 10K OHM,0.25%,0.125W 75042 CEAT2-1002C
R33 321=-0626=01 BEE. ,FXD,FILM:2,51K OHM,0.5%,0.125W 75042 CEATO=2511D
R34 321-0626-01 BES. ,FXD,FILM:2.51X OHM,0.5%,0.125W 75042 CEATO-2511D
R37 321-0289-03 RES. ,FXD,FILM: 10K OHM,0.25%,0.1325%W T5042 CEAT2-1003C
R3B 315-0101-00 FES. ,FXD,COMP: 100 OHM,5%,0.25W 01121 cCBlOlS
RS0 321-0260-00 RES. ,FXD,FILM:4,99K OHM,1%,0.125W T5042 CEATO=-45%31F
RS1 321-0260=00 RES. ,FXD,FILM:4.99K OHM,1%,0.125W 75042 CERTO=4931F
RS2 315-0622-00 FES. ,FX¥D ,COMP16. 2K OHM,5%,0.25W 01121 CBG&6ZIS
RS3 315-0303-00 REE. ,FXD ,COMP 30K OHM,5%,0.25W 01121 CB303S
RS54 315=0303-00 FES. ,FXD,COMP: 30K OHM,5%,0.25W 01121 CB3035
R5T 315=-0472=-00 RES, ,F¥D ,COMP:4.7K OHM,5%,0.250 01121 cCB4T725
R5& 315=0472=00 REE. ,FXD,COMP: 4, 7K OHM,5%,0. 250 01121 CB4725
RT1 321=05810=00 BREE. ,F¥D,FILMi2M OHM,1%,0.125W 75042 CEATO-2004F
R72 321=-0510-00 RES. ,FXD,FILM:2M OHM,1%,0.125W 75042 CEATO-2004F
R71 321-0251-00 RES. ,FXD,FILM:4.02K OHM,1%,0.125W 75042 CEARTO=-4021F
R74 321-0262-00 RES. ,FXD,PILM:5,23K OHM,1%,0.1250 75042 CEATO-5231F
RS 311=1560=00 HES. , VAR, MONWIR:5K OHM,5%,0.50W 73138 9LA-5000M
R7& 321=-0281=-00 RES. ,FXD,FILM:4.02K OHM,1%,0.125W 75042 CEATO-4021F
RAL 3115-0223-00 HES. ,F¥D,COMP:2. 2K OHM,5%,0. 250 01121 CB2235
RB2 315=0303=00 RES. ,FXD,COMF:30K OHM,5%,0,25W 0llZl CB303S
EB3 315=-0471-00 RES. ,F¥D,COMP:470 OHM,5%,0.25W 01121 CB4A715
EB4 315=0471-00 RES. ,FXD,COMP:470 OMM,5%,0.25W gll2l CB471S
EB& 321-0234-00 RES. ,FXD,FILM:2.6TK OHM,1%,0.1250 75042 CEATO-2671F
RET 315-0201-00 HES. ,FXD,COMP 200 OHM,5%,0.25W 01121 cR201S
RBE 321=0193=03 REE. ,F¥D,FIIM:1K OHM,Q.25%,0,1250 75042 CEAT2-1001C
RES 321-0193-03 RES. ,FXD,FILM: 1K OHM,0.25%,0.1250 75042 CEAT2-1001C
E92 315-0475=00 RES,. ,FXD,COMP:4.7M OHM,5%,0.25W 01121 cCB4755
R93 315-0104-00 RES. ,FXD,COMP: 100K OHM,5%,0.25W 0l121 CRLO45
RO4 315=-0103=00 RES. ,FXD,COMP:10K OHM,5%,0.25W pl12l ©Blo3s
RO% 315=-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0.25W 0ll21 ©R103S
Ra7 315-0100-00 RES. ,FXD,COMP:10 OHM,5%,0.25%W 01121 CBLOOS
RLOOQ 311-1556-00 RES . , VAR, HONWIR: 50K OHM,20%,0.50W F3138 9lAa=50001M
R101 321-0309=00 RES. ,FXD,FILM:16.2K OHM,1%,0.125W 75042 CEATO=-1622F
R10Z 321=0182=09 RES. ,FXD,FPILM:768 OHM,1%,0.125W 91637 MFF1Bl6CT&BROF
R1032 321-0298-00 RES. ,FXD,FILM:12.4K CHM,1%,0.125W 75042 CEATO-1242F
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RLOS 311-1336-00 RES. , VAR, HNOWWIR:100K OHM,10%,0.50W 80294 3006P-1-104
R106 321-0283-00 BES. ,FXD,FILM:8.66K OHM,1%,0.125W 75042 CEATO-BG6G1F
R1O7 321-0289-03 RES, ,FXD,FILM:10K OHM,0.25%,0.125W 75042 CERT2=-1002C
Rl08 321-0236-00 RES. ,FXD,FILM:2.BK OHM,1%,0.125W 75042 CEATO-2801F
R109 321-0289-03 RES. ,FXD,FILM:10K OHM,0.25%,0.25W 75042 CEAT2-1l002C
RL1D 311-1560-00 RES, , VAR, NONWIR:5K OHM,5%,0,50W 73138 91A-5000H
R11l 321-0344-00 RES, ,FXD,FILM:37.4K OHM,1%,0.125W 75042 CEATO-3T742F
Rl12 321-0272-00 RES. ,FXD,FILld:6.65K CHM,1%,0.125W 75042 CEATO-G651F
Rl1l3 315-0104=00 RES. ;FXD ,COMP : 100K OHM,5%,0. 250 01121 CBlQ45
R1l4 315-0103-00 RES. ,PXD,COMP : 10K OHM,5%,0.25W 01121 cCBl035S
115 311-1336=-00 RES. VAR, HONWIR: 100K OHM,10%,0.50W0 80294 300EP-1-104&
Rl16 321=-0646-00 RES, ,FXD,FILM: 200K OHM,0.5%,0.135W0 TE042 CEAT2-2003D
R117 321-0298-00 RES. ,FND,FILM:12.4K OHM,1%,0.1250 75042 CERTO=1242F
R118 321-0285-00 RES. ,F¥D,FILM:%, 09K OHM,1%,0,125W 75042 CERTO=-2091F
R120 311-1560-00 RES. , VAR, HONWIR:5K OHM,5%,0.50W 73138 91p=5000M
Rl122 315-0473-00 RES. ,FXD,COMP : 47K OHM,5%,0.25W 01121 CB4TIS
R124 315-0223-00 REB. ,FXD,COMP 122K OHM,5%,0.25W Q1121 (B2235
Rl26 315=-0223-00 REE. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB223E
E128 315=-0473-00 RES. ,FXD,COMP :4TF. OHM,5%,0.25W 01121 CB4735
R130 315-0153-00 RES, ,FXD,COMP 115K OHM,5% ,0. 250 01121 CBLS3S
R150 311-1685-00 RES. VAR, WW: 50K OHM,3%,2W 80294 350085=D14=503
Rl151 321-0316=-02 RES. ,F¥D,PILM:20K OHM,0.5%,0.125W 75042 CERTZ-200ID
R152 321-0289-03 REE. ,F¥D,FILM:10K OHM,0.25%,0.125W 75042 CEAT2-1002C
R153 321-0289-03 RES. ,FXD,FILM:10K OHM,0.25%,0.125W 75042 CEAT2=1002C
R154 321-0816-03 RES.,F¥D,FIIM:5K CHM,0.25%,0.125W 75042 CEAT2-5KC
Rl56& 321-0992-01 REE. ,FXD,FILM:33.33K OHM,0.5%,0.125W 91637 MFFlB16G3331D
R157 321-0992-01 RES, ,FXD,FILM:33.33K OHM,0.5%,0.125W 91637 MFFlB1653331D
R158 321-0755-03 RES. ,FXD,FILM:65K OHM,0.25%,0.125W 75042 CBAT2-6502C
R159 315-0182-00 RES. ,FXD,CoMP:1.BK CHM,54,0.25W 01121 CBLEZS
R1&0 311-1555-00 RES. VAR, HONWIR: 100K OHM, 204 ,0.5%W 73138 91la-10002M
Rl&1 321-0285=00 RES. ,FXD,FILM:9.09K OHM,1%,0.125W 75042 CEATO-9091F
Rl62 315-0475-00 RES. ,FXD,C0MP 4. TH OHM,5%,0.25W 01121 cCB4755
R163 315-0472-00 RES. ,FXD,COMP':d. TE OHM,5%,0. 250 01121 cCB4725
Rlod 321=-0285-00 RES. ,FXD,FIIM:9.09K OHM,1%,0.1250 TE042 CERTO-9091F
RLGE 315=-0226-00 RES, ,FXD,COMP 1 22M OHM,5%,0. 250 01121 CB2265
RlGE 321-0221-00 RES. ,FXD,FILM:1,.96K CHM,1%,0.1253W 75042 CERTO=-1961F
R167 315-0203-00 RES. ,FXD,COMP : 20K OHM,5%,0.25W 01121 CB2035S
FlEH 321-0373-03 RES. ;FXD,FPILM: 75K OHM,0.25%,0.125W 91g37 MFF1BlEDT75001C
El6% 321-0277-03 RES. ,FXD,FILM:7.5K OHM,0,25%,0.1250 61637 MFFLB1EDTO00C
RLT7O 315-0275=00 RES. ,PXD,COMP:2.7TM OHM,5%,0, 25W 01121 cB2755
R171 321-0280=-00 RES. ,FXD,FILM:B.06K OHM,1%,0,125W 75042 CEARTO-BOE1F
R172 321-0280-00 RES. ,FXD,FILM:B.06K OHM,1%,0.125W 75042 CEATO-BDELF
E173 315-0101=00 RES. ,FXD,COMP: 100 OHM,5%,0.25W 01121 CBLOLS
BE176 3121-0277T=-03 KES. ,FPX¥D,FILM:7.5K OHM,0.25%,0.12 W 91637 MFFL BLEDTOO0C
R177 315=0102-00 RES. ,FXD,COMP : 1K CHM,5%,0.25W 01121 CBLOZS
Rl78 315-0102=00 RES. ,FXD,COMP:1K OHM,5%,0.25W 01121 cB1025
RLBS 311-1563=-00 RES. VAR, NOMWIR:1K OHM,20%,0.50W 73138 91n-10000M
ELBG 321-0214=-00 RES, ,FXD,FILM:1.65K O, 1%,0.125W 75042 CEATO-1651F
R1B7 321-0193-00 RES. . PXD,FILM:1K OHM,1%,0.125W 75042 CEATO-1001F
RLBE 321-0116-00 RES. FXD,FILM:158 OHM,1%,0.125W 75042 CEATO-1580F
RL30 311-1563-00 RES, VAR, HONWIR:1lK OHM,20%,0.50W 73138 91a-100008
RLS93 321-0745-03 RES. .PXD,FILM:25. 05K OHM,0.25%,0,.125W 75042 CEAT2-25051C
R194 321-0816-03 RES. ,FXD,FILM:5K OHM,0.25%,0.125W 75042 CEAT2-5KEC
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R196 321-0816-03 RES. ,FXD,FILM:5K CHM,0,25%,0.125W 75042 CEARTZ-5KC
R157 321-0745-03 RES. ,FXD,FILM:35.05K OHM,0.25%,0.1250 75042 CEAT2=-25051C
k138 315-0222-00 RES. ,FXD,COMP:2.2K OHM,5%,0,25%W 01121 CB2225
R199 315-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB223%
R200 311-0580=-00 RES. VAR, NONWIR: 50K CHM,20%,0.500 11237 41695
RI11l 321-0816-07 RES. ,FXD,FILM:5K OHM,0.1%,0.125W 75042 CERT9-5001B
R212 321-0913-03 RES. ,FXD,FILM:2.22K OHM,0.25%,0.124W 91637 MPPLBLED22200C
R213 315=0201-00 RES. ,FXD,COMP : 200 OHM,5%,0.25W 0Ll121 CB2015
214 315=0103~-00 RES. ,FXD,COMP: 10K OHM,5%,0.25W 01121 CBlO3s
RZ1lE 321-0234-00 RES, ,FXD,FILM:2.67K OHM,1%,0,125W T5042 CERTO-2671F
R2Z17T 321-0913-03 RES. ,FXD,FILM:2, 22K OHM,0.25%,0, 124W 91637 MFFP1BLlED22200C
R2le 315=0220~-00 RES. ,FXD,COMP:22 OHM,5%,0.25W 01121 CB3205
R21% 315-0153-00 RES, ,FXD,COMP:15K OHM,5%,0,25W 01121 cCBl535
R220 311=0580=00 RES. , VAR, NONWIR: 50K OHM,20%,0.500 11237 41695
R222 321-0193-03 RES. ,FXD,FILM:1X OHM,0,25%,0,125W TE5042 CEAT2-1001C
R2I23 315-0430-00 HES, ,FXD,COMP:43 OHM,5%,0,.25W 01121 CB4305
R224 331-1254=03 REB. ,FXD,FILM:4.37K OHM,0.25%,0.125W 91637 MFF1Bl6D43700C
R226 315-0914-00 RES. ,FXD,COMP: 910K OHM,5%,0.25W 01121 CEe145
BR228 321=0222=-03 RES. ,FXD,PTLM:2K OHM,0.25%,0.125W 75042 CERT22KC
R229 321=0126-03 REE. ,FXD,FILM: 200 OHM,D,25%,0.125% 75042 CERT2=-200R0C
R230 311-1565-00 RES. , VAR, MNONWIR: 250 OHM,20%,0.50W 73138 91A250R0M
R231 321-0632-00 BEES, ,FXD,FILM:9. 41K OHM,0.5%,0.125W T5042 CEAT2-9411C
R232 315-0102-00 RES. ,FXD,COMP 11K OHM,5%,0.25W 01121 (¢B1O25
R233 321-0632-00 RES, ;FXD,FILM19.41K OHM,0.5%,0.125W 75042 CERT2-9411C
R234 315-0223-00 BEE. ,FXD,COMP: 22K OHM,5% ,0.25W 01121 ©om2235
R235 311-1550=00 RES. ,VAR,MONWIR: 24 OHM,20%,0.500 73138 91n-20003M
R236 315=0244=00 RES. ,FXD,COMP 1 240K COHM,5%,0,25W 01121 CB2445
B23% 315=-0223-00 HES. ,FX¥D,COMP :22¥. OHM,5%,0.25W 01121 ©CB2235
R242 315=0182=-00 RES. ,FXD,COMP1 L. 8K OHM,5%,0,25W 01121 CBlB25
R243 321=-0272=-00 RES. ,FXD,FILM:6.65K OHM,1%,0.135W 75042 CEATO-B8651F
R244 321-0181-00 REE. ,FXD,FILM: 750 OHM,1%,0.125W 75042 CEATO-7500F
Rr2asl 311=1158=00 RES. ,VAR,NONWIR:2K OHM,10%,5W 12697 3Bl-CH-40378
R246 321-0272-00 RES, ,FXD,FILM:6.65K OHM,1%,0.1250 75042 CERTO=-665LF
R250 321=-0229-00 RES. ,FXD,FILM:2, 37K OHM,1%,0.125W 75042 CERTO-2371F
R251 321-0327-00 EES. ,F¥D,FILM124.9% OHM,1%,0.125W 75042 CERTO=2492F
E252 321-0385-00 RES. ,FXD,FILM: 100K OHM,1%,0.125W 75042 CERTO=1003F
R253 321-0225-00 RES. ,FXD,FILM:2. 15K OHM,1%,0.125W 75042 CEATO=-2151F
R255 311-0095=00 RES. ,VAR,NONWIR:500 OMM,10% 11237 41022
R2I56 321=-0231-00 RES. ,FXD,FILM:2.49K OHM,1%,0.125W 75042 CBATO-2491F
R260 321-0272-00 RES, ,FXD,FILMiG6.65K OHM,1%,0.125W 75042 CEARTO=-6651F
R262 315-0223-00 RES, ,FXD,COMP+22K OHM,5%,0.25W 01121 CB2235
E264 322-0210-00 REE. ,FXD,FILM:1l. 5K OHM,1%,0.25W 75042 CEBTO=-150LF
RIEE 331-0097-00 RES. ,PXD,PILM:100 OHM,1%,0.125W TE042 CEATO=1000F
R2ET 321-0097-00 RES. ,FXD,FILM:100 OHM,1%,0,125W 75042 CEATO-Ll000F
R270 321-0097-00 RES. ,FXD,FILM:100 OHM,1l%,0.125W 75042 CERTD-LO00O0F
271 322-0202-00 RES. ,FXD,FILM:1.24¥ O8HM,1%,0.25W 75042 CEBTO=-1241F
R2TS 311-0169-00 RES. VAR, HONWIR:100 OfM,20%,0.50W 01121 wWISE4B
R280 321-0272-00 REE. ,FXD,FILMt6.65K OHM,1%,0.L125W 75042 CEARTO=HG51F
R2B82 J15-0223-00 BES. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB2235
R2B3 322-0202-00 RES. ,F¥XD,FILM:Ll. 24K OHM,1%,0.25W 75042 CEBTO-1241F
R2B4 321-0097-00 RES. ,FXD,FILM:L00 OHM,1%,0.125W 75042 CERTO-1000F
H2B87 321-0097-00 RES. ,FXD,FILM:100 OHM,1%,0,125W 75042 CEATO-L000F
RIBE 321-0097=00 RES. ,FXD,FILM:100 OHM,1%,0.125W T5082 CEATO-1000F

lrurnished as a unit with 5245R,B.
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R289 322-0210-00 RES. ,FXD,FILM:1. 5K OHM,1%,0.25W 75042 CERTO-1501F
RIOL 315-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0.25W 01121 CBlO3S
RIOZ 315=-0103-00 RES. ,FXD,C0MP 10K CHM,5%,0. 25W 01121 CBl03S
R3IO3 315-0103-00 RES, ,FXD,COMP : 10K OHM,5% 0. 250 01121 CBlO3s
RI0& 315-0103-00 RES. ,FXD,COMP : LOK CHM,5% ,0.25W 01121 <C€BlO3S
R310 315-0471-00 RES. ,FXD,COMP : 470 OHM,5%,0.25W 01121 CBR47LS
R3I14 315-0102-00 RES. ,FXD,COMP:1¥. OHM,5% ,0.25W 01121 CRLO25
R315 315-0392-00 RES. ,FXD,COMP 3. 9% OHM,5%,0.25W 01121 (B3935
R3I1E 321=0354~-00 FES. ,FXD,FILM:47.5K OHM,1%,0.125W 75042 CEATO-4752F
R3LT7 315-0302-00 RES. ,FXD,COMP : 3¥. OHM,5% 0. 250 01121 CB302S
Rale 321-0333=00 RES. ,FXD,FILM:28.7K OHM,1%,0.125W 75042 CEATO-2872F
R3320 311=15&61-00 RES. ; VAR, BONWIR:2.5K OHM,20%,0.50W 73138 91A-25000M
Ri2z 315-0682-00 FES. ,FXD,C0MP :6.BE OHM,5%,0.25W 01121 CBEBIS
R323 315=0392-00 RES. ,FXD,COMP 13,9 OHM,5%,0.25W 01121 CB3925
113251 111-11568-00 RES. ,VAR,HOMWIR: 2K OHM,10%,5W 12697 381=-CM=-40378
R3I26 315-0162-00 RES. ,FXD,COMP:1.EK OHM,5%,0, 250 01121 CB1l625
R327 A15=0133=00 RES. ,FXD,COMP: 13K OHM,5%,0.25W 0Ll21 CB1335
R330 A15=-0223-00 RES, ,FED,COMP:22¥ OHM,5%,0.25W D112l (CB2235
R331 315=0473-00 RES. ;FXD,COMP:4TK OHM,5%,0.25W 0L121 CB&735
R332 315=0103-00 RES. ,PXD,COMP: 10K OHM,5%,0. 25W 0ll21 CBL1O3E
R333 321-0481-00 REB. ,FYD,FILM:1M OHM,1%,0.1250 75042 CEATO-1004F
R334 321=-0452-00 HEB. ,FXD,FILM: 499K OHM,1%,0.125W 75042 CEATO-4993F
Ride A21=-0452-00 FES. ,PXD,FILM : 490K OHM,1%,0.125W 75042 CEATD-4993F
R338 315=-0100-00 RES. ,FXD,COMP: 100 OHM,5%,0,25W 01121 CBlO1S
R335 315-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB2235
R342 315-0333-00 RES. ,FXD,COMP: 33K OHM,5%,0.25u 01121 (CB3335
RI43 315-0103-00 BES. ,FXD,COMP : 10K OHM,5%,0,25W 0ll21 cmlo3s
R344 31E-0333-00 RES. ,FPXD,COMP: 33K OHM,5%,0, 256 01121 CB3335
RI45 311-1560-00 BES. , VAR MOWWIR: 5K, CO#M,5%,0.50W T3l 91a-5000M
RI4E 315-0184-00 BES. ,FXD,COMP: 180K OHM,5%,0. 250 01121 CBLB4S
R348 315=0361-00 RES. ,FXD,COMP 360 OHM,5%,0.25W 01121 cCB361S
RI49 321-1263-02 RES, ,F¥D,FILM:15. 42K OHM,0.5%,0.125W 75042 CEAT2-5421D
R3S0 321-DE03=00 BES. ,FXD,FILMt15K OHM,0.25%,0,125K 75042 CEART2=-1502C
RISL 321-0637=-00 RES. ,FXD,FILM:9.9% OHM,0.5%,0.125W 75042 CERT2-0001D
R332 315-0752-00 RES. ,FXD,COMP:7.5K OHM,5%,0,25W 01121 CBTS25
R3ES 315=0101-00 RES. ,FXD,COMP :100 OHM,5%,0.25W 01121 CBRlOlS
R3IST 321-0643-00 RES, ,FXD,FILM:22,1¥ OHM,0.25%,0,125% 75042 CEAT9=2212C
R358 315=0121-00 RES, ,FXD,COMP1120 OHM,5%,0,25W 01121 CB1215
R3I60 315-0102-00 RES, ,FXD,COMP: LK OHM,5%,0. 25W 01121 CBlo2s
RIGL 315-0753-00 RES. ,FXD,COMP: 75K CHM,5%,0.25W 01121 CBTS53S
R3IG3 315-0102=00 RES. ; FXD,COMP : 1K OHM,5%,0.25W 01121 CBlO25
RI64 315-0392=-00 RES. ,FXD,COMP:3, 9K OHM,5%,.0.25W 01121 CR3I92S
RIGE 315=0223=00 RES, ,PXD,COMP (22K OHM,5%,0. 25W 01121 CB2235
R3I6T 321=-0364-00 RES. ,PXD,FILM:60. 4K OHM,1%,0,1250 75042 CERTO=E042F
RIT0 315=0472=-00 RES, ,FXD,CoMP 14, 7K OHM,5%,0, 25W OLll21 CB4725
Ri72 121-0289-00 FES. ,FXD,FILM:10K OHM,1%,0.125W 75042 CEATO-1002F
R373 321=-0314-00 REE. ,FXD,FILM:108. 2K OHM,1%,0.125W 75042 CEATO-1822F
R375 315=0103-00 RES. ,FXD,COMP :10¥% OHM,5%,0.25W 01121 CBLO3S
R3IT7 315-0101-00 RES. ,PXD,C0MP:100 OHM,5%,0.25W 01121 CBLOLS
Ri78 321-0289-013 RES.,FXD,FILM:10¥ OHM,0,25%,0.125W 75042 CEAT2-1002C
RI79 321-0289-03 RES. ,F¥D,FILM:10K OHM,0.25%,0.125W 75042 CEART2-1002C
R3B2 315-0223-00 RES. ,F¥D,COMP : 22K OHM,5%,0.25W 01121 CB2235
R3BS 3111-0546-00 RES. ,VAR,HONWIR:10K OHM,20%,0.75%W 97379  TEDS46G
lE'Ltrni;uhad as a unit with S3Z5A,B.
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RIBE 315-0243-00 RES. ,FXD,COMP : 24K OHM,5%,0.25W 01121 cCB2435
R3ET 321-0756=-04 RES. ,FXD,FILM:50K OHM,0.1%,0.125W 75042 CERT2=-5002B
R3gs 321-0756-04 RES, ,FXD,FIIM: 50K OHM,0.14%,0.125W 75042 CEAT2-5002B
R340 311-1197-00 RES. VAR, HONWIR: 20K OHM,10%,1W 12697 381=CM39696
R3G1 315=-0222-00 RES. ,FXD,00MP:2,3K OHM,5%,0,25W 01121 CB2225
R39S 315-0133-00 RES. ,FXD,C0MP:13K OHM,5%,0.25W 01121 CB1335
RI97 315-0223-00 RES. ,FXD,C0MP : 22K OHM,5%,0.25W 01121 CB2235
R30E 315-0102=00 RES. ,FXD,COMP:1¥K OHM,5%,0.25%W 01121 ©B1O25
R399 315-0222-00 RES. ,FXD,COMP:2.2K OHM,5%,0.25W 01121 ©B2225
R402 315-0302-00 FES. ,PXD,COMP: 3K OHM, 5% ,0.25W 01121 CB3I02S
R405 311-0580-00 RES. VAR, HOMWIR: 50K OHM,208%,0.500 11237 416495
R40G 321-0290-00 RES, ,FXD,FILM:10, 2K OHM,1%,0.1250 75042 CEATO-1022F
408 321-03092-00 RES. ,FXD,FILM:16.2K OHM,1%,0.125W 75042 CEATO-1622F
R410 321-0193-00 RES, ,FXD,FILM:1K OHM,1%,0.125W 75042 CEATO-1001F
pdlz 321-0193-00 REE. ,F¥D,FILM:1K OHM,1%,0.125wW 75042 CEATO=-1001F
R413 321-0251-00 REE. ,F¥D,FILM:4.02K OHM,1%,0.1250 75042 CEAT0-4021F
R4l4 315-0102-00 REE. ,FXD,COMP: 1K OHM,5%,0.25W 01121 CB1025
Rdl6& 321-0289=-00 RES. ,FXD,FILM: 10K CHM,1%,0.1250 75042 CEATO=100ZF
RilB 321-0272-00 RES. ,FXD,FILM:6.65K OHM,1%,0.125W 75042 CEATO-6651F
R4 20 315-0224=-00 RES. ,F¥D,COMP: 220K OHM,5%,0.25W 01121 CB2245
Ri2l 315-0224-00 RES. ,FPXD,COMP: 220K OHM,5%,0. 250 01121 CB2245
R423 315-0224-00 RES. ,FXD,COMP: 220K CHM,5%,0.25W 01121 CB2245
R4 25 315=-0470-00 RES. ,FY¥D,COMP:47 OHM,5%,0.25W 01121 CB4705
R428 321-0250=-00 RES. ,FXD,FILM:3.92K OHM,1%,0,125W 75042 CEATO-3921F
R429 315-0180-00 RES. ,PYD,COMP:18 OHM,5%,0.250 01121 CB1BOS
R432 321-0221-00 RES. ,FXD,FILM:1.96K OHM,1%,0.125W 75042 CEATO-1961F
R435 311-0095-00 RES. , VAR, NOMWIR:500 OHM,10% 11237 41022
R4 36 315=0473=-00 RES. ,FXD,COMP : 47K OHM,5%,0, 250 01121 CB4735
R437 315-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0. 250 01121 C©B223%
R4 38 315=-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0. 250 01121 ©BlO35
E440 315=0243-00 RES. ,FXD,COMP 24K OHM,5%,0. 25W 01121 CB2435
R441 315-0302-00 REE. ,FXD,COMP: 30K OHM,5%,0.250 01121 CB303S
R445 315-0222-00 RES. ,FXD,COMP:2.2K OHM,5%,0.25W 01121 CB2225
R446 315-0103-00 RES. ,FXD,COMP:10K ©OHM,5%,0.25W 01121 CB1O3S
R447 315-0510=-00 RES. ,FXD,COMP:51 OHM,5%,0.325W 01121 CBE1DS
Rd55 315=-0510=-00 RES. ,FXD,COMP:51 CHM,5%,0.254W 0ll2l CBSLOS
R456 315-0510-00 RES. ,FXD,COMP:51 OHM,5%,0.25W 01121 CB5105
R502 315-0180-00 RES. ,FXD,COMP:18 OHM,5%,0.25W 01121 <CB1BOS
RS04 315-0472-00 REB. ,F¥D,COMPi4.7E OHM,5%,0.25W 01121 CB4725
RE06 315=0223-00 RES. ,F¥D,COMP 122K OHM,5%,0.25W 01121 CB2235
RSOT 315=-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB2235
R50B 302-0103-00 RES. ,FXD, COMP : 10K OHM,10%,0.50W 01121 EB10O3l
ES10 315-0472-00 FES. ,FXD,COMP:d. 7K OHM,5%,0.25W 01121 CB4725
R511 315-0223-00 RES. ,FXD,COMP 22K OHM,5%,0.25W 01121 CB2235
R514 J15=0223-00 REE. ,F¥D,COMP:22K OHM,5%,0.25W 01121 CB2235
RSL16 315-0153-00 RES. ;FXD,COMP : 15K OHM,5%,0.25W 01121 CBlE3S
R518 315-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB223%
R521 315-0682-00 RES. ;FXD,COMP 6. BK OHM,5%,0.25W 01121 CBEB25
R522 315-0473-00 RES. ,FXD,COMP: 47K OHM,5%,0, 250 01121 CR4T3S
RE24 315=-0103-00 RES. ,FXD,COMP 1108 OHM,5%,0.25W 01121 CB103%
R331 315-0103-00 RES. ,FXD,COMP ;10K OHM,5%,0.25W 01121 <¢B103s
R533 315-0222-00 RES. ,FPXD,COMP:2.2K OHM,5%,0, 256 01121 ©BR2225
R534 315-0472-00 RES. ,FXD,COMP 4. 7K OHM,5%,0.25W 01121 CB4725
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R535 J15-0473-00 RES. ,FXD,COMP:4TK OHM,5%,0.25W 01121 CBAT3E

R538 315-0104-00 REE. ,FXD,COMP:100K OHM,5%,0.25W 01121 cCBLO45

R542 315-0472=-00 RES. ,FXD,COMP 4. 7K OHM,5%,0. 25W 01121 ©R4725

R546 315=0472-00 RES. ,FXD,COMP:4 . 7K OHM,5% 0. 25W 01121 cB472E

R550 315-0103-00 RES. ,FXD,COMP 10K OHM,5%,0.25W 01121 ©B103S

R552 315-0222-00 RES. ,F¥D,COMP:2. 2K OHM,5%,0.25W 01121 cm2225

R5E3 315-0222=00 RES. ;FXD,;COMP:2.2K OHM,5%,0. 25W 01121 cB2225

RS54 A15=-0472-00 RES. ,FXD,COMP:4. 7K OHM,5%,0.25W 01121 CB4725

R556 A15=0103=-00 RES. ,FXD,COMP:10K OHM,5%,0.25W 01121 CBLOAE

B557 315-0471-00 RES. ,FXD,COMP 1470 OHM,5%,0.25W 01121 CR4T1S

BSEL 315-0472-00 REE. ,F¥D,COMP 4. TE OHM,5%,0. 25W 01121 CB472S

R562 315=-0472-00 RES. ,FXD,CoMP 4. 7K OHM,5%,0, 25W Dll21l CBR4AT2S

REE3 A15-0103-00 RES. ,FXD,COMP : 10K OHM,5%,0.25W 01121 CBl0O3S

REG4 315-0472-00 RES. ,FXD,COMP 4. 7K OHM,5%,0, 25W 01121 CB4T25

RSBS5 315-0473-00 RES. FXD,COMP: 47K OHM,5%,0.25W 01121 CB4TIS

BREE 315-0682=-00 RES. ,FXD,COMP: 6, BE OHM,5%,0. 256 01121 CBE8I5S

RSET 315=-0473=-00 RES. ;FXD,CO0MP: 47K COHM,5%,0.25W 01121 CB47T3S

RST1 315=0752~-00 RES. ,FXD,C0MP:7.5K OHM,5%,0. 250 01121 CB7525

R573 315=0752=00 RES. ,FXD,COMP:7.5K OHM,5%,0.250 01121 CBT7E2S

RETE 315=0103-00 RES. ,PXD,00MP : 10K OHM,5%,0. 250 01121 CH1035

EST8 315-0103-00 RES. ,FXD,C0MP : 10K OHM,5%,0.25W 01121 CB1lO35

R582 315-0103-00 RES. FXD,COMP: 10K CHM,5%,0.25W 01121 c©Bl035

REE3 315=-0182-00 RES. ,PXD,COMP 1, BE OHM,5%,0. 250 01121 CB1825

RS04 315=-0752-00 RES. ,FXD,COMP:7.5K OHM,5%,0.25W 01121 CRB7515

RSHG 115-0223-00 BES, ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB2235

R587 315-0153=-00 BRES, ,FXD,COMP : 15, OHM, 5%, 0. 25W 01121 CBl53%

R588 315-0470-00 RES. ,FXD,00MP : 47 CHM,5%,0.25W 01121 CB4TOS

R5401 315-0152-00 RES. ,FXD,COMP:1.5K OHM,5%,0. 25W 01121 CBL525

R332 315-0180-00 RES. ,FXD,C0MP:18 OHM,5%,0.25W 01121 CBlAOS

RG32 315=0753=00 RES. ,F¥D,COMP: 75K OHM,5%,0.25W pLl2l CB7S535

RE34 321-0327-00 BES. ,FXD,FILM:24.9K OHM,1%,0,125W 75042 CEATO-2492F
E636 315-0513-00 BREE. ,FXD,COMP : 51K OHM,5%,0.25W 01121 CB513S

8317 321-0344-00 RES. ,FXDFILM:37. 4K OHM,1%,0.125W 75042 CERTO-3742P
FE38 A21-0327-00 RES. ,FXD,FILM: 249K OHM,1%,0.125W 75042 CEATO-2491F
RE40 315-0513=00 RES. ,FXD,COMP:51K OHM,5%,0.25W 0l121 CB5135

RE41 315=-0513=-00 RES. ,FXD,CoMP: 51K OHM,5%,0.25W 01121 CB5135

FE42 315-0513-00 RES. ,FYD,COMP; 51K OHM,5%,0. 25W p1121 CB5135

EEdd 315=0154~00 RES, ,FD,CoMP1 150K OHM,5%,0, 25W 01121 cBl545

RE4E 321=-0356-00 RES. ,F¥D,FPILM:49.9K OHM,1%,0,.125W 75042 CERTO=-4932F
RE4AT 318=0154-00 RES, ,FXD,COMP 1 150K OHM,5%,0.25W 01121 CB1545

RE4E 315=0473-00 RES. ,FXD,COMP: 47K OHM,5%,0.25W 01121 CBATIS

RG4S 315-0222-00 RES. ,FXD,COMP:2.2% OHM,58,0.25W 01121 CB2225

RG50 321-0371-00 RES, ,PXD,FILM:71.5K OHM,1%,0.125W 75042 CEATOD-T152F
RES2 315-0473-00 BES. ,FXD,COMP: 47K OHM,5%,0, 25W 01121 CB4TIS

RES4 315=0123=00 RES. ,FXD,COMP 112K OHM,5%,0.25W 01121 ©CBm1235

RE56 315=0472-00 RES, ,FXD,COMP 4. 7K OHM,5%,0, 250 01121 cCB4T25

RE5H 321-0325-00 BES, ,FXD,PILM: 23, TK OHM,1%,0.125W 75042 CEATO-2372F
RE6D 321-0319-00 RES. ,FXD,FILM:20.5K OHM,1%,0.125W 75042 CERTO-2052F
RE62 331-0371-00 . PYD,PIIM: 71,58 OHM,1%,0.125W 75042 CEATO-T152F
REE4 315-0512-00 RES. ,FXD,COMP:5.1K OHM,5%,0.25W 01121 CB5125

REGE 315=0332-00 RES, ,FXD,COMP:3, 3K OHM,5%,0.25W 01121 CB3325

REET 315-0332-00 BEES. ,FXD,COMP 3. 3K OHM,5%,0.25W 01121 CB2325

REGHE 321-0342-00 FES. ,FXD,FILM:35.7K OHM,14,0.125W 75042 CEATO-35TIF
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REGT 321-0333-00 RES. ,FXD,FILM: 28,7k OHM,1%,0.125W 75042 CBATO-2872F
RE70 315-0472-00 RES. ,FXD,COMP:4. 7K OHM,5%,0.250 01121 CB4725

RE72 315-0472-00 RES. ,FXD,COMF:4. 7K OHM,5%,0. 25W 011zl CB4T2S

RE74 315-0100-00 RES., ,FXD,COMP: 10 OHM,5%,0.25W 01121 CBLOOS

RG676 315-0152-00 RES, ,FXD,COMP:1.5K o#M,5%,0,250 01121 CBlE2S

RE7E 315-0473-00 RES. ,F¥D,COMP 147K OHM,5% ,0. 250 01121 cCB4735

REBO 315-0223-00 RES, ,FXD ,COMP:22K OHM,5%,0.25W 01121 CB2235

REE2 315-0123-00 RES. ,F¥D,COMP: 12K OHM,5%,0. 25w 01121 cBl23s

REBE 321-0289=03 BES. ,FXD ,FILM:10K OHM,O0.25%,0.125W 75042 CEAT2-1002C
REBE 321-0318-02 RES, ,F¥D,FILM: 20K OHM,0.5%,0.135%W 75042 CEAT2-2002D
REED 315-0472=-00 RES, ,FED,COMP:4.TK OHM,5%,0.25W 01121 ¢B4725

R701 315-0473=00 RES, ,FXD ,COMP:47K OHM,5%,0.25W 01121 CB4735

R706 315-0473=-00 RES. ,FXD,COMP 147K OHM,5% ,0.25W 01121 cB4735

R708 315-047 3-00 FES. ,FXD,COMP: 47K OHM,5%,0.25W 01121 cCBR4735

R710 321-0344-00 RES. FED ,FILM:37.4K OHM,1%,0.125W 75042 CEATO-3742F
R712,A-H 307-0387-00 RES, ,FXD,FILM:13 RESISTOR HNETWORK 73138 899-1-R8.2ZK
R714 321-0289-00 FES, ,FXD,FILM:10K OHM,1%,0.1250W T5042 CEATO-1002F
R726 315-0153=-00 RES, ,F¥D,COMP : 15K OHM,5%,0.25W 01121 ©Bl53s

730 321-0356-00 RES. ,FXD,FILM:49. 9K OHM,1%,0.125W 75042 CERTD-4992F
732 315-0153-00 RES. ,F¥D,COMP:15K OHM,5%,0.25W 01121 £m1535

K736 321-0344-00 RES. ,FXD,FILM:37.4K OHM,1%,0,125W 75042 CERTO=-3T42F
R738 315-0103-00 RES. ,FXD,COMP : LOK OHM,5%,0, 25W 01121 <CBLl0Q35

H744 315-0682-00 RES. ,PXD,COMP: 6,8 OHM, 5% ,0.250W 01121 CBEB25

746 315-0104-00 RES, ,FXD,COMP 1 LO0K OHM,5%,0.25%W 01121 CBLO4S

R756 315-0472-00 RES. ,FXD,COMP 4. T OHM,5%,0.25W 01121 CB4725

R760 321-0344=-00 RES. ,FXD,FILM:37.4K OHM,1%,0.125W 75042 CENTO=3T742F
R762 321-0356-00 RES. ,FXD,FILM:49.9K OHM,1%,0.125W 75042 CEMTO-4992F
R7E4 315-0222-00 BES. ,F¥D,COMP:2.2K OHM,5%,0.25W 01121 CB2225

R765 A15-0472=-00 FES. (FXD,COMP :4. 7K OHHM,5%,0,25¢W 01121 CB4725

R766 315-0154-00 RES. ,FXD,COMP : 150K OHM,5%,0.25W 01121 CBL545

R768 315-0473=-00 RES. ,FXD,COMP :4TK OHM,5%,0,25W 01121 <CB4735

RT70 315-0753-00 RES. ,FXD,COMP: 75K OHM,5%,0,25W 01121 CB7535

RT71 J15-0822-00 RES. ,FXD,COMP:8, 2¥, OHM,5%,0.25W 01121 CBB125

RTT2 315-0822-00 RES. ,FXD,COMP : 8. 2K, OHM,5%,0,25W 01121 CB8225

R773 J15-0822-00 RES. ,FXD,C0MP 8, 2K OHM,5%,0, 25W 01121 <CBB225

R774 321-0222-00 RES. ,FXD,FIIM: 32X OHM,1%,0.125W 75042 CEATO-Z001F
R776 321-0373-00 RES. ,FXD,FILM: 75K OHM, 1%,0.125 75042 CEMRTO-7502F
R778 315-0222=-00 RES. ;FXD,COMP: 2. 2K OHM,5%,0.25W 01121 CB2225

RTBO 321-0371-00 RES. ,FXD,FILM:T1.5K oHM,1%,0,1250 75042 CERTO-T15ZF
R782 315-0154=-00 RES. ,FXD,COMP: 1508 OHM,5%,0.25W 01121 CB1545

R7E4 315-0104-00 RES, FXD,COMP : 100K OHH,5%,0.25W 01121 CBLO45

R7BS 315-0153-00 RES. ,FXD,COMP 115K OHM, 5% ,0. 25¢W 01121 CB1535

RTBE 315-0104-00 RES. ,FXD,O0MP 1 100K OHM,5%,0.25W 01121 CBLlO45

RTET 315-0153-00 RES. ,FXD,CoMP : 15K OHM,5%,0.25% 061121 <CB1535

R7BE 315-0822=00 RES. ;FXD,COMP:8.2K OHM,5%,0.25%W 01121 CEB225

RTB89 315-0822=-00 RES. ,FXD,00MP 18, 2K OHM,5%,0,25W 01121 CBB225

RT50 321-0315-00 RES. ,FXD,FILM:16. 7K OHM,1%,0.125W 75042 CEATO-1872F
782 321-0289-00 RES, ,FXD,FILM:10K OHM,1%,0.125W 75042 CERTO-100ZF
R794 321-0260-00 RES, ,FXD,FILM:4.99K OHM,1%,0.1250 75042 CEATO-4991F
R795 321-0318-00 RES, ,FXD,FILM: 20K OHM,1%,0.125W 75042 CEATO-2002F
R796 315-0472-00 RES. ,FXD,COMP:4.7TK OHM,5%,0,25W 01121 CB4T725

R798 315-0473-00 RES, ,FXD,C0MP :4TK OHM,5%,0, 26W 01121 CB4T735

RBOL 321-0327-00 RES. ,FED,FILM:24.9K OHM,1%,0,125W 75042 CEAT(-2492F
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REO4 315=0154=-00 RES. ,FXD,COMP: 150K O#HM,5%,0.25W 01121 CBl545
RBOS 321-0356-00 RES. ,FXD,FILM:49,9K OHM,1%,0.1250 75042 CEATO-4992F
REOE 321=0344=00 RES. ,FXD,FILM:37.4K OHM,1%,0.125% 75042 CEATD-3742F
REOT 315-0753-00 RES. ,FXD,COMP 175K OHM,5%,0.250 01121 CR7535
REOG 315=-0753=-00 RES. ,FXD,COMP: 75K OHM,5%,0.25W 01121 CB7535
BBLO 315=-0154-00 RES. ;FXD,COMP t 150K OHM,5%,0.25W 01121 CB1545
RBL12 315-0154-00 RES. ,FXD,COMP ¢ 150K OFM,5%,0.25W 01121 CBl545
REL3 315-0753-00 RES. ,FXD,COMP: 75K OHM,5%,0.25W 01121 CB7535
RELlE 321-0356=-00 RES. ,FXD,FILM:49.9% OHM,1%,0,125W T5042 CEATO-4992F
REL7 321=0356=00 RES. ,FXD,FILM:49,. 9K OHM,1%,0.125W 75042 CEATO-4992F
RELE 3Z1-0327-00 BES. ,FXD,FILM124.9¥ OHM,1%,0.125W 75042 CEARTO-2492F
RE20 315-0154-00 REE. ,FXD,COMP:150¥K OHM,5%,0.25W 01121 cCB1545
RE21 321-0356-00 BES. ,FXD,FILM:49.9% OHM,1%,0.125W 75042 CEATO-4992F
RB22 315=0154=-00 RES. ,FXD,COMP: 150K OHM,5%,0.25W 01121 cCBl545
RE23 315-0154-00 HRES, ,FXD,COMP:150F, OHM,5%,0.25W 01121 cCBl545
RB25 3L5-0154-00 RES. ,FXD,COMP1150K OHM,5%,0.25W 01121 CB1545
RABZ6 311-0344-00 RES, ,FXD,FILM:37.4K OHM,1%,0.125W 75042 CEATO-3T42F
RE2ZT 3L5-0154-00 RES. ,FXD,COMP1 150K OFHM,5%,0.25W 01121 cCB1545
FBIR 321-0356-00 RES, ,FXD,FILM:149.9K OHM,1%,0.125W 75042 CEATO-4992F
RE3L 315-0753-00 RES. ,FXD,COMP: 75K OHM,5%,0.23W 01121 CB7535
RB832 321-0335-00 RES. ,FXD,FILM:30.1K OHM,1%,0.125W 75042 CEATO-30LIF
RE33 315=-0472=00 RES. ,FXD,COMP:4 . 7K OHM,5% ,0.25%W 01121 CB4725
RE35 315-0332-00 RES, ,FXD,COMP:3, 3K OHM,5%,0,25W 01121 cm332s
REB36 315-0222-00 RES. ,FXD,COMP 2, 2K OHM,5%,0.25W 01131 CB2I225
RB3T 321=-0354=-00 HES, ,FXD,FILM:147. 5K OHM,1%,0.125W T5042 CEATO-4752F
R840 315-0323-00 RES. ,FXD,COMP : 39K OHM,5%,0.250 01121 cCB3Sas
RE41 315-0223-00 RES. ,FXD,COMP:22K OHM,5%,0.25W 01121 CB2235
RB4Z 315-0223-00 BRES. ,FXD,COMP:22K OHM,5%,0.250 01121 cB2235
FB43 315=0154=00 RES. ,FXD,COMP: 150K OHM,5%,0.25W 01131 CB1545
901 315-0222-00 RES. ,FXD,COMP:2.2K OHM,5%,0,25 01121 Cm2228
ra02 315-0223-00 RES. ,FXD,COMP:22K OHM,5%,0.250 01121 CcE2235
Ra03 315=0223=00 RES. ,FXD ,COMP1 22K OHM,5%,0.25W 01121 cCB2235
K905 315=-0223=-00 RES. ,FXD,COMPY22K O#HM,5&,0.250 01121 CB223S
RA06 315=-0473=-00 RES. ,FXD,COMP 47K CHM,5%,0.25W 01121 ©B4735
R907 315-0473-00 RES. ,F¥D,COMP:47K OHM,5%,0.25W 01121 ©B4735
ROO&E 315-0223=-00 RES. ,FXD,COMP 122K O#HM,5%,0.250 Q1121 CBIZ3S
R209 315-047 3-00 RES. ,FXD,COMP 47K OHM,5%,0,25W 01121 CB4T735
RS10 315-0223-00 RES. ,FXD,COMP:22K OHM,5%,0.250 01121 cCB2235
RO12 315=0223-00 BES. ,FXD,COMP: 22K OHM,5%,0,25W 0ll2l CR2235
R9l4 315-0680-00 RES. ,FXD,C0MP:68 OMM,5%,0.25W 0l1Z1 CBEBOS
RALl5 315-0272-00 RES. ,FXD,COMP:2. 7K OHM,5%,0. 250 01121 CR2735
R917 302-0221-00 RES. (FED,COMP:220 OHM,10%,0,50W Qllzl EB2211
Raz0 315-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0.250 01121 <CB1O3S
R921 315-0224=00 RES, ,FXD ,COMP 1220 OHM,5%,0.250 01121 CB2245
R922 315-0223=-00 RES. ,FXD,COMP 22K OHM,5%,0.250 01121 CBI235
R924 321-0303-00 RES. ,FXD,FILM:14K OHM,1%,0.125W 75042 CEATO=1402F
R925 J11-1561-00 FES. VAR, HONWIR:2.5K OHM,20%,0.50W 73138 91lA-25000M
R931 315-0472-00 RES. ,FXD,COMP:4.7K CHM,5%,0,250 01121 CR4725
R933 315-0223-00 RES. ,FXD,COMP 22K OHM,5%,0.25W 01121 cB2235
R34 315-0223-00 RES. ,P¥D,COMP 22K OHM,5%,0.250 01121 CB2235
R935 315-0472=00 RES. ,FXD,COMP:4. TE OHM,5%,0.250 01121 CB4725
R237 315-0473-00 FKES, ,FXD,COMP t4TK OHM,5%,0.235W 01121 cCB4735
R93B 315-0472=-00 FES. ,FXD,COMP:4. 7K OHM,5%,0.25W 0l1Z1 CB4725
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R940 315-0472-00 RES, (FXD,COMP :4.TK OHM,5%,0.25W Q1121 CB4725
F941 315=-04T72=00 RES, ,FXD,COMP :4.TE OHM,5%,0.25% 01121 Cp4T2s
R942 JLE=-0472=-00 RES, (FHD, COMP :4.TE OHM, 5% ,0,25W Qll2l CBR4725
Rod4 315=-0473=00 BEE. ,FXD,COMP:47K OHM,5%,0.25W 01121 CB473s
RO45 A15-0153-00 RES. ,FXD,COMP: 15K OHM,5%,0.25W 01121 cCB1535
RO46 315-0472-00 RES. ,FXD,COMP 4. TE OHM,5%,0, 25W 01121 CB4725
RO48 A15-0472-00 RES. ,FXD,COMPd, 7K OHM,5%,0.25W 01121 CB4725
L 315-0103-00 RES. ,FXD,00MP 1 10K OHM,5%,0, 25§ 0llzl CBLO3S
E350 315=0101=00 RES. ,FXD,COMP:100 OHM,5%,0.25W 01121 CBLlOlS
R351 321-0281-06 RES. ,FXD,FILM:8.25K OHM,0.25%,0,125%W 75042 CEATO-B251C
R952 321-0281-06 RES. ,FXD,FILM:8. 25K OHM,0.25%,0,1254 75042 CEATO-BIS1C
R253 3Z21=0281=06 BEE. ,FXD,FILM:8. 25K OHM,0.25%,0.125W 75042 CERTO-B251C
RIS4 321-0281-06 RES. ,FXD,FILM:8.25K OHM,0.25%,0.1254 75042 CEATO-B251C
R955 321-0644-00 RES. ,FXD,FILM1 100K OHM,0.25%,0.125W 75042 CEATS=1003C
RO56 32L-0644-00 RES. ,FXD,FILM: 100K OHM,0.25%,0.125W 75042 CEAT9=1003C
ROS7 3L5=0683=00 REE. ,FXD,COMP:GBK OHM,5%,0.254 01121 cCB&B3S
F959 321=-0720-03 RES. ,FXD,FILM:G60K OHM,0.25%,0.125W 91637 MFFlBLEDE00IC
F960 Jl1=1560-00 REE. ,VAR,HOMWIR:5K COHM,5%,0.50W 73138 91A=-5000M
ROG2 311=-1559=-00 RES. , VAR, NONWIR:10K OHM,20%,0.50W 73138 91lAR-10001M
k] 321=0289=07 BES. ,FXD,FILM:10K OHM,0.1%,0,.125W 75042 CEATS-1002B
ROG4 321-0289-07 RES. ,FXD,FILM 10K ONM,0.1%,0.125W 75042 CEATR-1002B
F265 J21=-0T720-03 RES. ,FXD,FILM:60K OHM,0.25%,0.125W B1l637 MFFlBLEDE0DIC
RIGE 321-0604-00 RES, ,FXD,FILM:30¥ OHM,0.25%,0.1250 75042 CEAT2-3002C
Rae7 321-1296-07 RES. ,FXD,FILM:12K OHM,0.1%,0.125W 75042 CEAT9-1202B
ROGE 321-0184-00 RES. ,FXD ,FILM:B06 OHM,1%,0.125W 75042 CEATO-BOGOF
RS71 315=0104=00 RES. ,F¥D ,COMP: 100K ©OBM,5%,0.250 01121 CBlO45
Ra73 315-0223=-00 REB. ,FED,COMF:22K OHM,5%,0.25W 01121 CB223s
RATS 315=0472=00 RES. ,FND,COMP:4 . 7K OHM,5%,0.250 01121 CB4725
R2TE 315=-0104=-00 RES. ,FXD,COMP 100K OHM,5%,0.25W Ql121 cCBRlo4S
ROT? 321=0318=00 RES. ,PXD,FILM:20K OHM,1%,0.1250 75042 CERTO-2002P
R1002 307-0104-00 FES. ,FXD,COMP:3.3 OHM,5%,0.25W 0l121 CB3I3GS
RLO03 315=-0392=-00 RES. ,FXD,COMP13, 9K CHM,5%,0,25W 01121 cR392s
R1004 315-0223=-00 RES. ,FXD,COMP : 22K OHM,5%,0.25%W 01121 (CB2235
R1006 315-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0.25W 01121 CBlO3S
R1008 315-0224-00 RES, ,FXD,COMP: 220K OHM,5%,0.25W 01121 CB2245
R10049 315-0223-00 RES, ,FXD,COMP 22K CHM,5%,0.25W 01121 (CR2235
RLO16 315-0101-00 RES. ,F¥D ,COMP : 100 OHM,5%,0.25W 01121 CBLOLS
R1OL17 315=0222=00 REEZ. ,FXD,COMP:2, 2K OHM,5%,0. 250 01121 CB2225
R10Z2 315-0473-00 FES. ,FXD,COME 147K OHM,5%,0, 25W 01121 CB4TIS
RLOZ3 315=0223=00 RES, ,FXD,COMP: 22K OHM,5%,0.25W 01121 CB2235
RLO3Z 323=-0481=-03 RES, ,FXD,FILM:1M OHM,0.25%,0.50W 75042 CECT2-1004C
R1033 321-0643-00 FES. ,FXD,PTLM:22.1K OHM,0.25%,0.125W 75042 CERT9-2212C
R1034 315=-0470-00 RES, ,FXD,COMF:47 OHM,5%,0.25W 01121 CBR4705
RLO3E 308-0421-00 RES. ,FXD,WW: 3K OHM, 5%, 3W 63743 36216
R1038 321-0370-00 EES. ,FXD,PILM: 69,8 OHM,1%,0.125W 75042 CERTO=-6982F
R1039 315=0103=00 EES. ,FXD,COMP: 10K OHM,5%,0.25W 01121 CBlO3S
R1040 322-0481=00 RES. ,FXD,FILM:1M OHM,1%,0.250 75042 CEBTO-1004F
El041 J15=04T2=00 EES. ,FXD,COMPF :4. 7K OHM,5%;0.25W 01121 CB4T725
RF1047 315=0105=00 RES. ,F¥D,COMP:1M OHM,5%,0.25W 0l121 CBlOSS
EL10C 315=0122=00 RES. ;FXD,COMP:1. 2K OHM,5%,0.25% 01121 cBl225
RL101 315=0182-00 RES. FXD,COMP:1.BX. OHM,5%,0.25W 01121 (CBLlA25
RL106 301=-0471-00 RES. ,FXD, COMP : 470 OHM,5%,0.5W 01121 EBLVLS
R1l0B 321-0222-09 BES. ,FXD,FILM:2K OHM,1%,0.125W 75042 CEART®=-200LF
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R1110 311-1563=-00 BEE. , VAR, NONWIR:1E OHM,20%,0.50W 73138 91lA-10000M
R1112 3121=0278=00 FEE. ,FXD,PILM:7.68K OHM,1%,0.125W 75042 CEATO-TEBLF
R1121 315-04T70=-00 REE. FXD,COMP :47 OHM,5%,0.250 01121 CB4705
R1122  315-0470-00 RES. ,FXD,C0MP 147 OHM,5%,0. 250 01121 CB4705
BR1202 315=-0100=-00 RES,. ,FXD,COMP:10 OHM,5%,0.25W Qll2l CBlOOS
R1236 J15-0100-00 RES. ,FXD,COMP:10 OHM,5%,0.25W 01121 CBlOOS
R1237 315-0100-00 RES. ,FXD,COMP:10 OHM,5%,0.25W 01121 cBl00S
R1240 315-0100-00 RES. ;FXD,COMP:10 OHM,5%,0.25W 01121 CBlOOS
R1Z241 315-0100-00 REE. ,FXD,COMP:10 OHM,5%,0,25W 01121 ©cBLOOS
BL244 321-0288-00 RES. ,FXD,FILM:2.76K OHM,1%,0.125%W 75042 CERTO-9T6lP
R1245 321-0282-00 REE. ,FXD,FILM:5.23K OHM,1%,0.125%W 75042 CEATO=-5231F
R124E 315-0223-00 FES. ,FXD,COMP:2.2K OHM,5%,0.25W 01121 CB2225
ET187 307=0127=00 REE. ,THERMAL:1E OHM,l% 50157 2DL596
892 260=1237=00 SWITCH,REED:5PET BOOOS 260=1237=00
595 1 260-1548-00 BWITCH, PUSH 1 BASELINE RESTOERE 80005 260=1548=00
5120
Elj-'}l 260-0831-00 EWITCH , LEVER:SPECTRAL HORMALIZER 82104 OBD
5190 263-1034-00 ACTR AEBBY,CAM S:VERTICAL GRIN B000%  263-1034-00
s245a,8°
5325A,8
5350 263=1035=00 ACTE. ASBY,CAM Bi1TIME/SCAN 80008 263=1035=00
5420 260=-1549-00 SWITCH, ROTARY :DIEPLAY DISPERSION 80009 Z260=1549=00
5520 260=1550-00 SWITCH,;LEVER: DISPLAY TRIGGER MODE 80009  260=1550=00
5901 260=0723-00 SWITCH,SLIDE:DPFDT,0.5A,;125VAC BODOS  260-0723-00
EDE4 260-0984-00 EWITCH,SLIDE :DPIPOSH,0.5A, 125VAC-DC 79727 Gl285-PC/MODT140
T1020 120-0896-00 XFMR, POWER 1 BOO09 120-0896-00
u32 156-0158-00 MICROCIRCUIT LI:DUAL OPERATIONAL AMPLIFIER 18324 55558V
ert) 156-0067=-00 MICROCIRCUIT LI:OPERATICONAL AMPLIFIER 07263 UAT4L
vse 156=-0105=00 MICROCIRCUIT LI:OPERATICHAL AMPLIFIER 07263 UOTT1O01393
vioz2 156=-0461-00 MICROCIRCUIT DI:4 QUAD ANALOG MULT 04713 MCL594L
ulzo 156-0158-00 MICROCIRCUIT LI:DUAL OFERATIONAL AMPLIFIER 18324 S5588v
ulsg 156=0188=-00. MICROCIRCUIT LI:DUARL CPERATIONAL RMPLIFIER 18324 ShESEBY
Ule4d 156=-0158=-00 MICROCIRCUIT LI:DUARL CPERATIONAL RMPLIFIER 18324 E5558V
ul7a 156~-0105-00 MICROCIRCUIT LI :OPERATICHMAL AMPLIFIER 07263 UATT101393
(#hR:14] 156-0060~-00 MICRCCIRCUIT LI:VOLTAGE FOLLOWER 12040 LM30IH
iez L56-0105~00 MICROCTIRCUIT LI:QFERATICNAL AMPLIFIER 07263 USTTLOL3G3
UleE 156-0158-00 MICROCTIRCUIT LI:DUARL COPERATIONAL RMPLIFIER 18324 S5558V
w212 156-0259-00 MICROCIRCUIT LIS TRANSISTOR ARRAY BEG584 CAI0E3
Uide 156=0158=00 MICROCIRCUIT LI:DUAL CPERATICMNAL AMPLIFIER 18324 g55558V
U3ed 156=0067=02 MICROCIRCUIT LI:OFNL AMPLIFIER,SELECTED BOOOD  156-0067-02
U3lse 156=0402=00 HICROCIRCUIT DI:TIMER,8 FIN DIP 18324 MNESS5V
ulge 156-0158-00 MICROCIRCUIT LI:DUAL OPERATIONAL AMPLIFIER 18324 5558V
Uasz 156-0096-00 MICROCIRCUIT LI:VOLTAGE COMEARATOR 27014 ImM3illH
U410 156=-0067-00 MICROCIRCUIT LI vQPERATIONAL AMPLIFIER 07263 UAT4l
udle 15e-0158-00 MICROCIRCUIT LI:DUAL OPERATIOHAL RMPLIFIER 18324 s5558v
U440 156-0402-00 MICROCIRCUIT DI(TIMER,8 PIN DIP 18324 MES55V
U448 156-0030=00 MICROCIRCUIT DI:QUAD 2-INPUT FOS MAMD GATE 01295 BHT400M
0450 156-0178=00 MICROCIRCUIT DI:TRIPLE 3-INPUT HOR GATE 01295 BEWT42TH
US40 156=0043=00 MICROCIRCUIT DI :2-INPDT HNOR GATE 0Ll295 SHT402H
use0 156=-0041=-00 MICROCIRCUIT DI :DUARL D-TYPE FLIP-FLOP 27014 DHMTATAM
uTlo 155=0104=00 MICROCIRCUIT :MONOLITHIC, LEGEND GEN 8000% 155=-0104-00

lpyrpighed as a unit with K120,
2gee Mechanical Parts List for replacement parts.
Furnished as a unit with R245.
dpyrpighed as a unit with R325.
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U712 155-0014=01 MICROCIRCULT DI (ML, ANALOG TO DECIMAL CONV 80009 155-0014-01
U734 156-0047-00 MICROCIRCULT DI :3-INPUT HAND GATE 01295 sSH7410M
0736 155-0105-00 MICROCIRCULT :MONOLITHIC, LEGEND GEN 27014 LM3IDLAMN
U774 155-0014-01 MICROCIRCUIT DI :ML,ANALOG TO DECIMAL CONV BOOO09 155-0014-01
uazo 155-0090=00 MICROCIRCUIT DI :MOWOLITHIC,4 DECADE OOUNTER BO009 155=0090=00
ua42 156=0030-00 MICROCIRCUIT DI QUAD 2=INFUT POS MAND GATE 01295 SN7400H
uass 156-0158-00 MICROCIRCUIT LI:DUAL OPERATICMAL AMPLIFIER 18324 85558V

U962 156=0067-02 MICROCIRCUIT LI:OFNL AMFLIFIER,SELECTED 80009  156-0067-02
D1o0s 156-0402-00 MICROCIRCUIT DI:TIMER,B FIN DIP 18324 MHESS5EV
nilpzaz 156~0067=02 MICROCIRCUIT LI:OPNL AMFLIFIER,SELECTED 80009 156=-0067=-02
ullga2 156=0067=02 MHICROCIRCUIT LI :0FNWL AMFLIFIER,EELECTED B8000% 156=-0067-02
VER57 152=0304=00 SEMICCOHD DEVICE:ZENER,O.dW,20V,5% 04713 1NDEBB
VRA13 152-0175-00 BEMICOMD DEVICE :ZENER,O0.4W,5.6V,5% 04713 1NT752h
VR1016 152=0280=00 SEMICOND DEVICE:ZENER,0.d4W,6.2V,5% 04713 1NT53A
VELO44 152-0295-00 BEMICOMD DEVICE:ZEHWER,1W, B2V, 5% 04713 1M3042B
VR1046  152-0295-00 SEMICOND DEVICE:ZENER,1W,B82V,5% Q4713 1N3042B
VR1047  152-0295-00 SEMICOND DEVICE:ZEMER,1W,B2V,5% 04713 1H3042B
VRLLOO  152-0317-00 SEMICOMD DEVICE :ZEWER,0.25W,6.2V,54 81483 1M3497
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J20

AS 670-2275-00 CKET BORRD ASSY :—-IMTERFACE BOOOD E70-2275-00
RE 670-3012-00 CKET BORRD ASEY:—~HORIEONTAL AMPL Bo00e B70-3012-00
A7 670=-3014-00 CET BORRD ASSY:—-VIDICON SOCKET BOODS E70-3014-00
1] 670=3011-00 CKT BORRD ABSY1==-VERTICAL OSCILLATOR BOOOY 670-3011-00
ha 670-2274-00 CKT BORRD ASSY:—-PREAMPLIFIER BOOOS 670-2274-00
R0 &70-3013-00 CKT BORRD ASSY:--VIDICON REGUALTOR BOOOY 670-3013-00
All 670-2271-00 CKT BORRD ASEY:--HORMALIZER DRIVER BODOS &70-2271-00
Rl2 6T0-2270-00 CKT BOARD ASSY:--40NM HORMALIZER FPROGRAMMER B0O0O09 &T0-2270=-00
All 6T0-2270=00 CET BOARD RSSY r==400KM NORMALIZER PROGRAMMER BOQO9 &T70-2270-00
€l325 290=-0526-00 CAP. ,FXD,ELCTLT i 6. BUF , 20% ,6V 90201 TDCEBSMOQBEL
claze 283-0180-00 CAF. ,FXD,CER DI:S5600PF,20%,200V 72982 Bl2INZ04ESEZM
Ccl3il 290-0523-00 CAP. ,FYD,ELCTLT:2. 2UF , 20% , 20V 56289 196D225X0025HAL
13y 283-0180-00 CAP. ,FXD,CER DI:5&00PF,20%, 2000 72982 BLZINZ0AESGIM
Ccl3i40 281-0610-00 CAP. ,FXD,CER DI:2.2PF,+/=0.1FPF,500V 72982 374-001C0J02298
cligz 2B1-0564=00 CAF. ;FXD ,CER DI:24PF,5%,500V 72982 301-000C0E02407
Cl344 2B1-0564-00 CAF. ,F¥D,CER DI:24EF,5%, 500V 72082 301=-000C0G0240J
Cl346 281=0610=-00 CAF. ,FXD,CER DI:2,2PF,+/-0.1FF,500V 72982 374=-001C0J02298
1351 283-0000=-00 CAP, ,F¥D,CER DI:0.001UF,+100-0%, 500V 56289 d40CE26
1155 283=0187=00 CAF. ,F¥D,CER DI:0.,047TUF,10%,400V 72082 BLl31-400X5R4TIE
1357 283=-0187-00 CAF. ,FXD,CER DI:0.047UF,10% 400V 726982 B8131-400X5RATIE
cl373 283=-0008-00 CAF. ,FXD,CER DI:1UF,500V 72982 B8151N501E104M
Ccl3iTa 283=0187-00 CAP. ;F¥D,CER DI:0,047UF,10%, 400V 72082 B131-400%5R4T3K
Ccl3g3 283-0177-00 CAP. F¥D,CER DI:1UF,+80-20%, 25V 72982 BL3IINOISELOSE
clied 283=-0060=00 CAP. ,FXD,CER DI:LOQPF,5%,200V 72882 855-5350271010
£1385 281=-0656-00 CAP. ,FXD,CER DI:23PF,5%, 500V 72982 374-000C0G02207
cliga 2B3-0115-00 CAP. ,P¥D,CER DI:47EF,5%, 200V 72982 BOS-509C0G470J
cliso 283=-0000-00 CAP. ,F¥D ,CER DI:0.00LlUF ,4+100-0%, 500V 56289 400626
cliss 283-0268-00 CAF. ,PXD,CER DI:0.0L5UF,10%, 50V 72982 BLl3INOTSWSRLSAK
Ccl40l 290-0135-00 CAP. ,FXD ELCTLT : LSUF, 20% , 20V 56289 150D156X002082
L1403 283=-0008-00 CAP, ,FXD ,CER DI:lUF,500V 72082 B151NSO1ELO4M
Cl4nd 283=0008-00 CAP. ,FXD,CER DI:1UF,500V 72982 BLl51N501LEL1D4M
1406 283-0008=00 CAF. ,F¥D,CER DI:10F,500V 72982 BLlS1INSO0LELO4M
cLdo7 290-0397=00 CAF. ;F¥D,ELCTLT 1 LUF (+50-10% , 450V 56289 34D1O0SFASOEE4
cl408 283-0008~-00 CAP,. ,F¥D,CER DI:lUF,500V 72982 B151HS50LELOQ4M
cl416 290-0534-00 CAP, ,FXD,ELCTLT : LUF , 20% ,35V 56280 198D105X0035HAL
C1430 290-0534=-00 CAP. ,FXD,ELCTLT : LUF , 20% , 35V 56289 1960105X0035HAL
cl432 290-0523-00 CAP. ,FXD,ELCTLT : 2, 2UF, 20% , 20V 56289 196D225X0025HAL
C1447 281-0721-00 CAP, ,FXD,CER DI:7T2PF,5%,500V 72982 301-000P3KT20J
Cl46l 283-0111-00 CAP. ,FXD,CER DI:0.10F,20% 50V 72082 BALIL-050651L04M
CL466 283=0111-00 ChP. ,FXD,CER DI:0.10F,20%,50V 72082 BLl3L-050651L104M
Cl4e8 283=-0177=00 CAF. ,FXD,CER DI :lUF,+B80~-20%,25V 72982 B8l3LN039E105Z
cl471 283-0111-00 CAP. ,F¥D,CER DI «0.1UF,20% 50V 72982 B131-050651104M
Cl476 283=-0111-00 CAF. ,F¥D,CER DI 0. 1lUF,20%,50V 72982 8131-050651104M
£1478 283-0L77=-00 CAP. ,FID,CER DI :1UFF,+80-20%,25V 72982 Bl3IINQISELOSE
cl4e6 283-0203=-00 CAP. ,FXD,CER DIO.47UF,20%, 5000V 72982 8131-050651474H
Cl4B88 281=0504-00 CAP. ,FXD,CER DI 10FF,+/-1FF,500V 72082 301-000C080100F
cl4ss 283-0010-00 CAP. ,FXD,CER DI:0.050F +100=-20%,50V 5628% 272C20
Cl458 290-0523=00 CAF, ,FXD,ELCTLT 2, 3UF, 20% , 20V 6285 1960225X0O025HAL
Cl587 283-0178-00 ChP. ,FXD,CER DI:0,1UF,+80-20%,100V 72982 B131-10085110432
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Ccle2? 283-0178-00 CAP, ,FXD,CER DI:0,10F ,480-20%, 100V 72982 B131-1006511042
Cl650 290-052T=-00 CAP, ,FXD,ELCTLT:150F, 20% , 20V 90201 TOCLSEMO2O0FL
C1651 280-0527-00 CAP, ,FX0O,ELCTLT; L5UF, 20% , 20V 20201 TDC1SEMD2OFL
Cle53 290=-05T72=00 CRP. ,FXD,ELCTLT:0, 1UF, 20% , 50V 56280 196D104X00S0HAL
1654 290-0572-00 CAP. ,FXD,ELCTLT: 0. 1UF , 20% , 50V 55289 196D104X%0050HAL
C1656 290-0572-00 CAF. ,F¥D,ELCTLT: 0. 1UF , 204,50V 56289 196D104X0050HAL
cles? 290-0572-00 CAP. ,FXD,ELCTLT: 0. 1UF, 20% ,50V 56289 196D104X0050HAL
Cl659 280-0527-00 CAP, ,FXD,ELCTLT : L5UF , 20% , 20V 90201 TDC1S5EMOZ0FL
Cclesl 290=0523=00 CAP, ,FXD,ELCTLT:2. 2UF, 20% , 20V 56289 196D225X0025HAL
cles2 290-0523-00 CAP. ,FXD,ELCTLT: 2, 2UF , 20% , 20V 56289 196D225X0025HAL
Cle64 290-0527-00 CAP. ,FXD,ELCTLT : 150F , 20% , 20V 90201 TDC156M020PL
Cl666 290=0527=00 CAP. ,FXD,ELCTLT : 150F , 20% , 20V 90201 TDCLS56MOZ0FL
ClE67 250-0530-00 CaP. ,FXD,ELCTLT + 68UF , 20% , 6V 90201 TDCEBEMO0EFL
16648 290-0527-00 CAP. ,FXD ,ELCTLT 1 150F , 20% , 20V 90201 TDClS56MOZOFL
CLlE70 290-0527-00 CAP. ,FXD,ELCTLT: 150F , 20% , 20V 90201 TDCl56MO20FL
€ls71 290-0827-00 CAF. ,F¥D ,ELCTLT : 15UF , 204 , 20V 90201 TDCl56MOZ0OFL
Ccl673 290-0266-00 CAF. ,FXD ELCTLT : 2900F , 15V 56289 600D297G0L15DG4
Cle74 280-0266-00 CAP. ,F¥D ,ELCTLT : 200UF , 15V 56289 E00D297G015DG4
CR1306 152-0141-02 BENICOND DEVICE:SILICOM, 30V, 150MA a79l0 Cpe220
CR1374 152-0141-02 EEMICCHD DEVICE:SILICON,30V,150MA 07910 CDBE220
CR1384 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 1S0MA 47910 CDe220
CR1390 152-0141-02 SEMICOMD DEVICE:SILICON,30V,150MA 07910 CpDe220
CR1461 152-0141-02 BEMICOMD DEVICE:SILICON,30V,150MA 07310 CDE220
CRLd66 152-0141-02 SEMICOMD DEVICE:SILICON,30V,150MA 07310 CD8220
CR1471 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 cCDe220
CR1476 152=-0141-02 BEMICOMD DEVICE:SILICON,30V,150MA 07910 <CDB220
CR14B4 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 CDB2i0
CR1532  152-0141-02 SEMICOND DEVICE:SILICOM, 30V, 150MA 07910 CDB220
CRL534 152-0141-02 SEMICOMD DEVICE:SILICOM,30V,150MA 07910 CDB220
CRL538 152-01l41-02 SEMICOND DEVICE:SILICON,30V,1508M 07910 Coezio
CR1544 152=0141-02 SEMICOND DEVICE:BILICON,30V,150MR 07910 CDBA220
CRL&72  152-0066-01 SEMICOND DEVICE:SILICON,400V,750MA 13099 BC4
CR16T3 152-0066=01 SEMICOND DEVICE:SILICON, 400V ,750MA 14098 5C4
L1629 108=0T775=00 COIL, RF:POCUS BO00S 108=0775-00
L1630 108-0776-00 COIL, RF | ALIGHMENT BOOOS 108-0776-00
L1661 108=0245=00 COIL,RF:3,9U0H 80009 108-0245-00
L1662 1l08-0245=-00 COIL,RF:3.90H BO009 10B-0245-00
Mil401 149-0030-00 METER,T TOTAL:CIRCUIT BOARD MOUNT,DC 18583 120-LC
Pil405 131-1468-00 COMTACT , ELEC : VIDICON BOOOY 131-1468-00
F1410 131-1003=-00 COMM , RCFT ,ELEC:CET BD MT,3 FRONG B0009% 131=1003=00
BL450 131-1003-00 CONN , RCPT, ELEC:CKT BD MT,3 PRONG 80009 131-1003-00
Q1302 151-0192-00 TRANSISTOR :SILICON, NEN, SEL FROM MPSE521 BOOD®  151-0192-00
1312 151=-0192=00 TRANSISTOR:SILICON,NPN,SEL FROM MFS56521 B0O009 151-0192-00
21334 151-0410-00 TRANSISTOR:SILICON , FHF 04713 SPE6TES
Q21342 151=-0347=-00 TRANSISTOR:SILICON , HFN 04713 2INWS551
21344 151-0347-00 TRARSISTOR:BILICON  HFH 04713 2ME551
$1350 151-0347-00 TRANSISTOR:BILICON ,KFH 04713 2M5551
Ql3s2 151-0347-00 TRANSISTOR 1SILICON , HEH 04713 ZM5551
01358 151-0347-00 TRANSISTOR tSILICOM , NFN 04713 2HS551
Ql3s0 151-0347-00 TRANSISTOR:SILICON, HFN 04713 2IWS551
Q1374 151-0410-00 TRANSISTOR:SILICON, FNF 04713 SPSETES
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Q1378 151-0347-00 TRANSISTOR : SILICON ,NFH 04713 2ZHS551
QL1382 151-0190-00 TRANSISTOR: SILICON PN 04713  2M3904
Qliec 151-0190-00 TRANSISTOR : SILICON , PN 04713 2N3904
plias 151-0190-00 TRANSISTOR:SILICON  MFN 04713  2M3904
0ld420A,8 151-1071-00 TRANSISTOR:SILICON,JFE,N CHANHEL,DUAL 17856 DN1120
Q1424 151-0410-00 TRANSISTOR:SILICON, FHP 04713 SPSETES
Q1426 151-0410=-00 TRANSISTOR :EILICON , FRP 04713 SPEETES
01436 151=-0341~-00 TRANSISTOR (SILICON HPN 07263 2N3565
0l438 151-0341-00 TRANSISTOR: SILICON ,HPN Q72631 2INISES
Q1440 151-0341-00 TRAMSISTOR : EILICON  HFH 07263 2N3I565
Q1446 151-0341-00 TRANSISTOR : SILICON,NEN 07263 2M3565
pl448 151-0410-00 TRANSISTOR:SILICON , FRP 04713 SPSETHES
Q1462 151-0410-00 TRANSISTOR: SILICON , FNP 04713 SPSETES
01466 151-01%0=-00 TRANSISTOR :SILICON NFN 04713 ZN3IS04
Q1472 151-0410-00 TRANSISTOR:SILICON, FHF 04713 EBPSETES
01476 151-0190-00 TRANSISTOR: SILICCH NPH 04713 2H3504
gl4e2 151-0410=00 TRANSISTOR:SILICON ,FNP 04713 SPSETES
0l484 151-1058=00 TRANSISTOR: SILICON,JFE M CHANNEL 15818 ULBSTE
01488 151-10569-00 TRANSIETOR : SILICON,JFE ;N CHANNEL 15818 ULBSTE
QL4590 151-0350-00 TRANSIETOR  SILICON , PHP 04713 sSPS6TOO0
plage 151=-0254=04 TRANSISTOR: SILICON  NFN 03508 2N5308
Q1532 151 =0410=00 TRANSISTOR: SILICON  FNP 04713 sSPSETES
01534 151=0410=-00 TRANSISTOR :SILICON , PP 04713 sSPSETES
Q1538 15 1=04 10=00 TRANSISTOR :SILICON , FHE 04713 SPSETGES
01544 151=0410-00 TRANSISTOR : SILICON , PHP 04713 SPSETES
R7l6 315-0102-00 RES. ,FXD,COMP 1K OHM,5%,0.25W 01121 CBlOZS5
R718 315-0511=00 FE§. ,FXD ,COMP:510 OHM,5%,0.25W 01121 cCB511S
R720 315-0511-00 RES. ,FXD,COMP 510 OHM, 5% 0. 250 01121 CB511lS5
R722 315-0511=00 FEE. ,FXD,COMP: 510 OHM,5%,0.25W 0112l CB511S
R724 315-0511=-00 REE, ,FXD ,COMP: 510 OHM,5%,0.25W 01121 CB5115
R740 321-0297=-00 RES. ,FXD,FILM:12.1K OHM,15,0.1250 75042 CEATO=-1212F
RT42 321-0289-00 RES. ,FXD,FILM: 10K OHM,1%,0.125W 75042 CEATO-1002F
R758 321-0289-00 BEE. ,FXD ,FILM: 10K OHM,1%,0.125wW 75042 CEATO=1002F
R1302 321-0603-07 FEE. ,FXD,FILM:15% OHM,0,1%,0,125¢W 75042 CEAT®-15028
R1306 315-0272-00 BEE. ,FXD,COMP:2. 7K OHM, 5% ,0.25W 01121 CB2725
R1308 321-0193-00 RES. ,FXD,FILM:1K OHM,1%,0.125W 75042 CEATO-1001F
R1310 311-1239-00 RES. , VAR, WONWIR: 2. S¥OHM, 10% ,0. 500 73138 72¥-26-0-252K
R1312 321-0603-07 FES,. ,F¥D,FILM: 15K OHM,0.1%,0,125W 75042 CERT9-1502B
R1315 311-119%E-00 RES, , VAR, HOWWIR:20K OHM,20%,0.500 BO204 33B9H
R1317 321-0346-00 RES. ,F¥D,FILM:39.2K OHM,1%,0.125W 75042 CERTO=-1921F
R1319 321-064B8-04 RES. ,FXD,FILM: 500K OHM,0.1% 0. 125W 91637 MFFlBLEDSQ002E
R1321 315-0102=-00 RES. ,F¥D ,COMP:1¥ OHM,5%,0.250 61121 cCBl025
R1322 315-0382-00 RES. ,FX¥D,COME 3, 9K OHM,5%,0.25W 0ll21 CBR3925
R1324 321-0356-00 RES. ,FXD,FILM: 49, %K OHM,1%,0.125W 75042 CEATO-4991F
R1325 311=-1198-00 RES. ,VAR ,NOWNWIR: 20K OHM,20%,0.50W 80294 3389H
R1327 321=-0356=-00 RES. ,FXD,FILMi49.9% OHM,1%,0, 1254 75042 CEATO-4992F
Rl3za 315-0391-00 HES, ,F¥D,COMP: 390 OHM,5%,0.250 01121 CB3SLS
R1329 315-0752-00 BES, ,FXD,COMP:7.5K OEM,5%,0.250 01121 CB7525
R133l 315-0472-00 RES. ,FXD,COMP:4. 7K OHM,5%,0.25W 01121 CB4725
R1333 315-0123=00 BES. ,FXD,COMP : 12K OMM,5%,0. 250 01121 <CBl1235
R1335 315=0183=00 RES. ;FXD,COMP : 18K, OHM, 5% ,0. 25W 01121 CBlB35
R1337 315-0391-00 RES. FXD,COMP 390 OHM,5%,0. 250 01121 CR391S
R1338 315=-0752-00 RES. ,FXD,COMP:7.5K OHM,5%,0.25W 01121 CB7S525
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R1340 321-0648-04 RES. ,FXD,FILM: 500K CHM,0.1%,0.125W 91637 MFF1B16D500028
R1342 315=-0152-00 BES. ,F¥D,COMP:1.5K OHM,5%,0.25W 01121 (CBl525
R1344 315=-0152-00 RES. ,FXD,00MP:1, 5K OHM,5%,0.25%W 01121 ©B1525
Rl346 321-0648=04 RES. ;FXD,FILM: 500K OHM,0.1%,0.125W 91637 MFF18l6D500028
R1350 315-0334=-00 RES. ,P¥D,00MP = 330K OHM, 5% 0,250 01121 CB3345
R1351 315-0153-00 RES. ,FXD,COMP : 15K OHM,5%,0. 250 01121 ©B153S
R1352 315=0334=00 RES. ,FXD ,COMP : 330K OHM,5%,0.25W 01121 CB3345
R1358 315=0364-00 RES, ,FPXD,COMP : 360K OHM, 5% ,0.25W DL121 CB3E4dS
R13ET 315=0364-00 BES. ,FHD ,COMP : 360K OHM,5%,0.25W 01121 CB3g4d5
R13549 315-0334-00 RES. ,FXD,C0MP: 330K OHM,5%,.0.25W 01121 CB334E
#1370 321-0481-01 FES. ,BP¥D FILM:1M OHM,0.5%,0.125%W 75042 CEATO-10040D
R1371 321-0481-01 RES. ,PXD,FILM:1M OHM,0.5%,0.125W 75042 CEATO-1004D
R1373 322-0524-01 RES. ,FXD,FPILM:2.BM OHM,0.5%,0.25W 91637 MFFl412G28003D
R1376 315-0185-00 RES. ,FXD ,COMP:1,.8M OHM,5%,0.250 01121 CR1BSS
R1377 315=0333=00 RES, ,FXD,COMP: 33X OHM,5% ,0.25W 01121 CB3335
R1378 321-0481-01 RES. ,FHD,FILM:1M OHM,0.5%,0.125%W 75042 CERTO=1004D
R1379 321=-0364-00 BES. ,FED ,FILM:60.4K OHM,1%,0.125% 75042 CERTO-G042F
R1381 315-0203-00 RES. ,FXD,COMP: 20K OHM,5%,0.25W 01121 (CH2035
Rl382 315-0103-00 EES. ,FXD,COMP:10¥ OHM,5%,0.25W0 0l121 CB1O35
Rl383 315-0101-00 BES. ,FXD ,COMP:100 OHM,5%,0.25W 01121 CBlO1s
R1385 315-0104-00 BES. ,F¥D,COMP: 100K OHM,5%,0.25W0 01121 CBLO45
Rrl387 315-0331-00 RES. ,FAD ,COMP: 330 OHM,5%,0.25W 01121 ¢B3aals
R13B8 315-0272-00 FES. ,FXD,COMP:2.TK OHM,5%,0,.25W 01121 CB2725
R1389 315-0752-00 RES. ,FAD ,COMP:7.5K OHM,5%,0.25W 01121 CB7525
R1390 311-11%98-00 HES. , VAR, MONWIR: 20K OQHM,20%,0, 500 BDO294 338%9H
R1352 315=0102-00 EES. ,FXD ,COMP :1¥ OHM,5%,0.25W 01121 CBlO25
R1323 321-0356-00 RES. ,FXD,FILM:49.9¥ OHM,1%,0.125% 75042 CERTO-4992F
RL394 321-0376=00 FES. ,FXD,FILM:80.6K OHM,1%,0.125W 75042 CEATO-8062F
R1396 3L5-0L03-00 HES. ,FXD ,COMF: 10K OHM,5% 0. 250 01121 cCELO3G
R1401 315-0475-00 RES. ,FXD,COMP:4.7H OHM,5% 0. 25W 01121 CB4755
R1404 315=0104=00 HES. ,F¥XD,COMP 1 100K OHM,5% ,0.25W 01121 CBLO45
R1ld08 3L5-0104=00 RES. ,FXD ,COMP1L00K OHM,5%,0.25W 01121 CBl045
R1415 315=0105=00 HES. ,FXD,COMP:1M OHM,5%,0.25W 01121 CBLOSS
Rl4zZd 321=0135=00 BES. ,FED,FILM1 249 OHM,l4,0.1250 75042 CEATO-2490F
Rl421 323=-0204-00 HRES. ;FXD;FILM:1l. 3K OHM,1%,0,50W 75042 CECTO-1301F
Rl422 321-0135-00 RES. ,FRD,FILM:249 OHM,1%,0.125W 75042 CEATO=-2490F
R1424 . 315-0512-00 RES. ,FXD,00MP15. 1K OHM,5%,0.25W 01121 CBS125
Rld26 315-0512=00 RES. ,FXD,COMP:5, 1K CHM,5%,0.25W 01121 CBS5l2E
R1430 321-0248-00 RES. ,FXD,FILM:3, 74K OHM,1%,0.125W 75042 CEATO-3T41P
R1431 315-0223=00 RES. ,FHD,COMP 122K OHM,5%,0.125W 01121 CB2235
R1l432 315-0562=00 RES. ,FXD,COMP:5.6K OHM,5%,0.25W 01121 CB5E1S
R1437 315-0331-00 RES. ,FXD,COMP :330 OHM,5%,0.25W 01121 <CR331S
R1438 315-0331=00 RES. ,FXD,COMP 330 OHM,5%,0.25W 01121 <€B3315
R1439 315-0362=00 RES, ,FXD,COMP 3, 6K OHM,5%,0.25W 01121 CB362S
R14440 315-0202=00 RES. ,FXD,COMP : 2K OHM,5%,0.25W 01121 CBR2025
R1443 323=-0512=-01 REB. ;FXD,FILM:2.1M OHM,0.5%,0.50W
Rl444 315=-0163-00 RES. ,PED,COMP : 16N, OHM,5% 0. 25¢W 01121 <CBl63S
Rl4de 315=0752=00 RES, ,FXD,COMP:7.5K OHM,5%,0,25W 0L121 CB7525
11447 315-0102-00 RES, ,FXD,C0MP : 1K OHM,5%,0. 250 01121 CB1l025
Rld4d8 315=-0152=00 FES. ,FXD,COMP:1.5K OHM,5%,0,25W 01121 CBl525
Rld&l 315-0432-00 RES. ;FXD,COMP:4. 3K OHM,5%,0.25W 01121 CB4325
R1462 321=-0129-00 RES. ,FED,FILM:215 OHM,1%,0.125W 75042 CEARTO-2150F
Rl463 315-0223-00 RES. ,FXD,COMP: 22K OHM,5%,0.125W 01121 CB2235
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R1ldE5 311-1241-00 RES. , VAR, HONWIR:100K OHM,10%,0.50W0 B0294 33PGH-M3II-104
R146E I15-0432-00 RES. ,FXD ,COMP 4,38 OHM,5% 0. 25W 01121 CB43I2E
Rl467 321-0129-00 RES. ,FXD ,FILM: 215 OHM,1%,0.125W 75042 CEATO-2150F
Rl468 315-0151-00 RES. ,FAD,COMP: 150 OHM,5%,0. 25W 01121 CR1515
R1471 315-0432-00 RES. ,FXD ,COMP:4. 3K OHM,5%,0.25W 0ll21 cCB4325
Rl47T2 321=0125=00 RES. ,FXD,FILM:215 OHM,1%,0.125W 75042 CEATO-2150F
R1473 315=-0223-00 FES. ,FXD,COMP 2% OHM, 5% ,0. 1250 01121 CB2235
R1475 311=-1241-00 RES. , VAR, HONWIR: 100K OHM,10%,0.50W 80294 33BEH-M33-104
R1l476 315-0432-00 RES. ,FXD,COMP 4. 3K OHM,5%,0,250 0L121 <CB4325
R1477 321-0129-00 RES. ,FXD ,FILM:215 OHM,1%,0,125W 75042 CEATO-2150F
R1478 315=-0151-00 RES. ,FXD,COMP:150 OHM,5%,0,25W 0li2l ¢B1515
R1480 315-0683-00 RES. ,FXD,COMP:GBK OHM,5%,0. 25W 01121 CBG6BE3S
Rl481 311=-1237-00 FES. ,VAR,NONWIR: 1K OHM,10%,0.50W B0294 3386H-TO7-102
Rl4B82 315-0103-00 RES. ,FXD,COMP 1 10K OHM,5% ,0.259 01121 ¢Bl035
R1483 315=-0272-00 FEE. ;FXD ,COMP:2, 7K OHM,5% ,0.25W 01121 CB2725
El484 315-0104-00 RES. ,FXD,COMP 100K OHM,5% ,0.25W 01121 CBlOo4s
R1485 321-0087-07 RES. ,F¥D,FILM:100 OHM,0.1%,0.1250 75042 CEATS=1000B
R1486 315-0101-00 RES. ,FED COMP:100 OHM, 5% ,0.25W 01121 celOls
R1487 315-0203-00 HES. ,F¥D ,COMP: 20K OHM,5%,0.25W 01121 CBR2035
Rl4B8 315=-0104=-00 FES. ,F¥D ,COMP 3 100K OHM,5% 0. 25W 01121 CBlO45
R1489 315-0B22-00 RES, ,FXD ,COMP:8.2K OHM,5%,0.25W 01121 CEB225
R14581 315-0272-00 RES, ,FXD,COMP12.TK OHM,5%,0,25W 01121 CB2725
R1492 315-0392-00 RES. FXD,COMP13,9¥ OHM,5%,0.25W 01121 c©B392s
R1495 311=-1339-00 HES. ,VAR,MONWIR: 5K OHM,10%,0.50W 01121 43p502
Rl496 315=-0472-00 REES. ,FXD,COMP:14.TK OHM,5%,0.25W 01121 CB4725
R1l497 A21-0097-07 RES. ,FXD,FILM:100 OHM,0.1%,0.125W 75042 CEARTS=1000B
R1505 311-1246=00 RES. ;VAR,NONWIR:50% OHM,10%,0.50W B0294 3386H-M3I-503
R1S06 315=0103=00 RES. FXD,COMP: 10K OHM,5%,0. 250 01121 CBlO35
RL50T 315=0471=-00 FES. ;FXD,COMP: 470 OHM,5%,0.25W Qll21 cCB471S
R1521 321=-0264-00 HES. ,FXD,FILM:5. 49K OHM,1%,0.125W 75042 CEATO=5491F
R1523 315-0103-00 RES. ,FXD,COMP: 10K OHM,5%,0,250 01121 CBl035
R1524 321=-1296-07 FES. ,FXD,FILM:12K OHM,1l%,0,125u 75042 CEAT9=-1202B
R1526 321-0289-00 RES. ,F:ﬂ:-..rILH':lﬂlK OHM, 1% ,0.125W 75042 CERTO=-1002ZF
R1527 331-0268=00 RES. ;FXD,FILM:G. 04K OHM,1%,0.125W 75042 CEATO-G041F
R1528 321-0268-00. RES. ,FXD,FILM:6. 04K OHM,1%,0.125W 75042 CEATO=-GO41F
R1529 321-0322=00 FES. ,FXD,PILM:22.1K OHM,1%,0.125W 75042 CEKTO-2212F
R1531 315=-0224=-00 FES. ,FXD,COMP : 220K OHM,5%,0.25W 01121 CBZ245
R1532 321-0389=-00 FES, ,FXD,FILM: 110K OHM,1%,0.125W 75042 CERTO=1103F
R1533 321=0289=00 FES. ,FXD,FILM: 10K OHM,1%,0.125W 75042 CEATO=-1002F
R1535 311-1239=-00 RES. ,VAR ,HONWIR: 2, 5K OHM,10% ,0.50W 73138 72¥-26=0-251K
R1536 315=-0302-00 HES. ,F¥D,COMP: 3K OHM,5%,0.25W 01121 CB3ID2S
RL540 311=1239-00 RES. , VAR, NOMWIR:2,5K OHM,10%,0.50W 7313 72¥-26-0-252K
R1542 315=-0302-00 HES. ,FXD,COMP: 3K OHM,58,0.25¢W 01121 <R3IO2S
R1550 31li-1268-00 RES. VAR, NONWIR: 10K OHM,10%,0.50W 73138 E&2PT-3151-0=-103K
R1552 311-1268-00 RES. VAR, NOMWIR: 10K OHM,10%,0.50W 73138 6&2PT-351-0-103K
R1654 311=-1268-00 RES. VAR, NOMWIR: 10K OHM,10%,0.50W 73138 62PT-351-0-103K
R1556 311-1268-00 RES. ,VAR,NOWWIR: 10K OMM,10%,0.500 73138 62PT-351-0-103K
R1558 311-1268-00 RES. VAR, NONWIR:10¥ O#HM,10%,0.50W 73138 62PT-351-0-103K
R1560 31l-1268-00 RES. ,VAR,NONWIR:10x OBM,10%,0.50W 73138 62PT=-351-0-103K
Rl562 311-1268=-00 RES. , VAR, NOMWIR: 10K OkM,10%,0.50W T3l3e 62PT-351-0-103K
R1564 311-1268-00 RES. , VAR, NONWIR:10K OHM,10%,0.50W 73138 62PT-351-0-103K
RL56E 311-1268-00 RES. , VAR, NOWWIR: 10K CHM,10%,0.50W 73138 62PT-351-0-103K
R156E8 311-12&8-00 RES. VAR, NONWIR: 10K OHM,10%,0.50W 73138 62PT-351-0-103K
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R1570 311-1268-00 FEE. , VAR, NOWWIR: 10K OHM,l0%,0.50W 73138 6&2PT-351-0-103K
R1572 311-1268-00 RES. , VAR, NONWIR: 10 OHM,10%,0.50W 73138 6IPT=351=0=103K
R1574 311-1268-00 RES. , VAR, NOWWIR: 10X OHM,10%,0.50W 73138 BIPT-351-0-103K
R1576 3111-1268-00 BEE. , VAR, NOWWIH:10K OHM,10%,0.500 73138 E2DT=-351=0=103K
R1578 311-1268-00 RES. , VAR, NOMWIR:108 OHM,10%,0.500 73138 62PT-351-0-103K
R1580 311-1268-00 RES. VAR, NOMWIR:10K OHM,10%,0.50W 73138 62PT-351-0-103K
Rl582 311-1268-00 RES. , VAR, NONWIR: 10K OHM,10%,0.50W 73138 G2PT=351l=0-103K
R1584 311-1268=00 RES. VAR, NCHWIR: 10K OHM,10%,0.50W 73138 G62PT-351-0-103K
R1586 311-1288=-00 RES. , VAR, NONWIF: 10K OHM,10%,0.50W 73138 G2ZPT=351-0=103K
R1587 315-0101-00 RES, ,FXD,COMP:100 OHM,5%,0. 250 01121 cplols
R1588 311-1267=-00 RES. VAR, NONWIER: 5K OHM,10%,0.50W 73138 G2PT-3500-502K
R1590 311-1268=-00 RES. , VAR, NOMWIR: 10K OHM,10%,0.50W 73138 &2PT-351=-0-103K
R1582 311-1268-00 RES. , VAR, NONWIR: 10K OHM,10% 0,508 73138 E2PT=-351=-0=103K
RL594 311-1268-00 RES. , VAR, NOWNWIR: 10K OHM,l0%,0.50W 73138 GE2PT-351-0-103K
R1596 A11l-126E-00 REE. ,VAR ,NOHWIR: 10K OHM,l0%,0.50W 73138 &2PT-351-0-103K
Rl598 311-1268-00 RES. ,VAR,HNOMWIR: 10K OHM,l0%,0.50W 73138 B2PT-351-0-103K
RLEOO 311-126E-00 RES. , VAR, NONWIR: 10K OHM,10%,0.508 73138 E2PT-351-0-103K
R1G02 311-1268-00 RES. , VAR, HOMWIR: 10K OHM,10%,0. 50 73138 E2PT-351-0-103K
R1604 311-1268-00 RES. , VAR, NOWWIR: 10K OHM,10%,0.50 73138 B2PT-351-0-103K
R1606 311-1268-00 FES. , VAR, NONWIR: LOK OHM,108,0.500 73138 B2PT-351-0-103K
Rle08 311-1268-00 RES. , VAR, NOMWIR: 10K OHM, 10%,0.50W 73138 62PP-351-0-103K
R1G10 311-1268-00 RES. , VAR, HONWIER: LOK OHM, 10%,0. 500 73138 G2PT-351-0-103K
R1E12 3111-1268-00 RES. , VAR, HONWIR: 10K OHM,10%,0.500 73138 62PT-351-0-103K
R1GL4 311-1268-00 RES. VAR, HONWIH: LOK OHM,10%,0. 500 73138 62PT-351-0-103K
R1ELE 311=1268=00 RES. , VAR, NONWIR: 10K OHM,10%,0.50W 73118 &2PT-351-0-103K
RIE1E 311-1268=00 RES. , VAR, NCHWIR:10K OHM,10%,0,50W 73138 62ZPT-351-0-103K
R1E20 311-1268=-00 RES. VAR, NONWIR10K CHM,10%,0.50W 73138 62PT-351-0-103K
R1622 311-1268-00 RES. , VAR, NONWIR: 10K OHM,10%,0. 50W 73138 62PT=-351=0=103K
R1624 311-1268-00 RES. ,VAR,NOMWIR:10K OHM,10%,0.50W 73138 E2PT-351-0-103K
R1626 311-1268-00 FES. , VAR, NONWIR: 10K OHM,10%,0.50W 73138 62PT-351-0-103K
RlG27 315-0101-00 RES. ,FXD,COMP:100 OHM,5%,0. 250 0ll2l CBlO1S
RlE28 311-1267-00 BES. ,VAR,NONWIR:5K OHM,10%,0.50W 7313 €2PT-3500-502K
RLE3D 311-0342-00 FES. , VAR, WW:50K OHM, 3% 80294 35005-110-503
RlE3z 321-0288-07 RES. ,FXD, PILM:10% OHM,0.1%,0.1250 75042 CEAT9-1002B
RLG33 321-0BLl6=07 RES. ,F¥D,FILM:5K OHM,0.1%,0.125W 75042 CEAT9-5S001B
R1634 321-0B16=07 KES, ,FXD,FILM:5K OHM,0,1%,0.125W 75042 CERT9-5001B
R1635 321-0816-07 RES. ,F¥D,FPILM 5K 0HM,0.1%,0.1250 75042 CEATS-50018
R1636 321-0816-07 RES. ,FXD,FILM:5K OHM,0.1%,0. 1250 75042 CEAT9-5001B
R1637 321-0289-07 RES, ,FXD,FILM: 10K OHM,0.1%,0.125K 75042 CERT9=1002B
R1650 315-0100=00 RES, ,FXD,COME 110 CHM,5%,0.25W 01121 CBlOOS
R1651 315=0100=00 RES. ,FXD,COMP 110 OHM,5%,0.25W 01121 CBLO0S
1659 315-0100-00 RES. ,FXD,C0MP :10 OHM, 5% ,0. 256 01121 CBLOOS
1664 315-0100=-00 RES. ,FXD,COMPF:10 OHM,5%,0. 250 01121 cEBlOOS
R1G66 315-0100-00 RES, (FHD,COMP 110 OHM, 5% ,0. 250 01121 CE100S
R1E6H 315-0100=-00 RES, ,FXD,COMP (10 CHM,5%,0. 250 01121 CBlOOS
RIETO 315=-0100=-00 RES, ,FHD,COMP:10 OHM,5%,0.250 01121 CBLODS
RIET1 315-0100-00 FES. ,FXD,COMP:10 OHM,5%,0. 250 01121 CEBlOOS
R1672 301-0331-00 RES, ,FHD,COMP: 330 OHM,5%,0.50W 01121 EB3315
87154,B 260-1540-00 EWITCH,ROTARY :SLIT WIDTH BO00Y  260-1540-00
8742 260-1541-00 EWITCH, ROTARY : PILTER 80009  260-1541=00
51632 260-1543-00 EWITCH, ROTARY 1 WAVELENGTH INTERVAL BOD0Y  260-1543-00
81640 260-1542-00 SWITCH , ROTARY :WAVELENGTH SPAN 80008  260-1542-00
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Electrical Parts List—J20/7J20

Tekironix  Seriol/Model Mo, Mfr
Chkt Me. Part Mo. Mame & Description Code Mir Part Number
T1380 120-0897=-00 EFMRPOWER BOO0O  120=0897-00
Ul32e  156-0095-00 MICROCIRCUIT LI::DURL 20MHZ DIFF AMPL BEEE4 CAIOEL
uling 156=0067=-00 MICROCIRCUIT LI:OPERATIOHAL AMPLIFIER 07263 UAT41
ul4es 156-0105=00 HICROCIRCUIT LI OPERATIONAL AMPLIFIER 07263 U9TT101393
uldgss 156=0067=00 MICROCIRCUIT LI:OFERATIOHAL AMPLIFIER 07263 UAT4L
Ul522 156=-0067-02 MICROCIRCDIT LI:OPHL AMFLIFIER,SELECTED BOO0D9 156-0067=02
Uls24 156-0158-00 MICROCIRCUIT LI:DUAL OPERATIONRL AMPLIFIER 18324 s5558V
uUlsid 156-0158-00 MICROCIRCUIT LI:DUAL OPERATIONAL AMFLIFIER 18324 s5558V
ul542 156-0158-00 MICROCIRCUIT LI :DUAL OPERATIONAL AMPLIFIER 18324 s5558v
Uls50 155=0106= 00 MICROCIRCUIT : MOMOLITHIC  MORM CET B000% 155-010&6-00
Uls90 155-0106=-00 MICROCIRCUIT :MONOLITHIC  HORM CKET 8000% L155=0106-00
w1405 154=-0707-01 ELECTRCH TUBE:CRT BO003 154-0707-01
VRLI0E 152=0411=00 SEMICOND DEVICE:ZENER,O.25W,9V,5% 4713 1K937
VR134l  152-0427-00 SEMICOND DEVICE:ZENER,0.4W,1000,5% 04713 1H985B
YR1345 152-0427-00 SEMICOND DEVICE 1ZENER, 0. 4W ,100V,5% 04713 1No85E
VR1490 152=-0317-00 SEMICOND DEVICE :ZEMER,D.25W,6.2V, 58 Bl483 1W3497






Symbols and

Section 7—J20,/7J20

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Reference Designators

Electrical components shown on the diagrams are in the following units unless noted otherwise:

Capacitors= Values one or greater are in picofarads [pF).
Values less than one are in microfarads (uF),
Resistors=  Qhms {£2).

Symbaols used on the diagrams are based on ANSI Standard ¥32.2-1970,

Logic symbology is based on ANSI ¥32,14-1973 in terms of positive logic. Logic symbols depict the logic
tunction performed and may differ from the manufacturer's data.

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams,

A Asgambly,

[eircuit board, ete.)
AT Anrenuator, lixed or variable HA

B Mator
BT Battary

C Capacitor, fixed or variable
cB Circuit breaker
CR Dioda, signal or rectifier

(5] Dalay line

oS5 Indicating device (lamp)

E Spark Gap
F Fuse
FL Filter

Heat dissipating device (heat sink,
heat radiator, etc,}

Heatar

HY Hybrid circuit

d Connector, stationary portion

[ Felay

L Inductor, fixed or variable

LR Inducter/resistor combination
M

P

5]

spparable or repairable H

Mever

Connector, movebla portion
Transistar or silicon-controlled
ractifier

Resistar, fixed or variable

The following special symbols are used on the diagrams:

+

PIG
+12v —;':];,T_/-W
Ii ]
A L RIS
If|32|—""'.:5mc
=12V — Y

To DIAG @

Jin 1 FI3 g
[falat 3
P-HFL) =12y |[
PARTIAL Al VERTICAL BOARD | +

VERTICAL AMPLIFIER & &

RT
5

T
TC
TP
u

W
VR
¥
F4

Thermistor

Switch

Transformer

Thermocouple

Test point

Szzembly, inseparable or nen-repairabla
[integraved cireuin, et}

Electron tube

Valtage regulator [zener diode, etc,)
Crystal

Phase shif ter

Internal Screwdriver Adjustment
Test Woltage
Plug to E.C. Board

Panel Adjustment

Plug Index

Modified Component—See Parts List
Refer to Waveform

Refer to Diagram Number

Coaxial Connector
Panel Connector

Assembly Mumber

Beoard Mame

Etched Circuit Board Cutlined
im Blue

Schematic Mame and Number

SWYHDYIO L MOILD3S



VOLTAGE TEST CONDITIONS

J20/7J20

Voltage Test Conditions

Typical voltage measurements were obtained under the following conditions using a 7013 digital
Multimeter operated in a Tektronix 7000-series oscilloscope. The voltages given on the diagrams are not
absolute and can vary between instruments because of compaonent tolerances and differing calibration

settings.

J20 Spectromeler

WAVELEMNGTH SPAN

SLIT WIDTH

FILTEHR

GRATING A WAVELENGTH INTERVAL

GRATING B WAVELENGTH

A 400 nm
10 pm
OPEN
300-700 nm

500 nm indicated on tape

7J20 Spectrometer Plug-In

VERTICAL GAIN
VARIABLE VERTICAL GAIN
ABSORBAMNCE ZERO
OFFSET

SPECTRAL NORMALIZER
MARKER

DISPLAY DISPERSION
TIME/SCAM

VARIABLE TIME/SCAN
DISPLAY TRIGGER MODE

VERT POSITION

,
Calibrated (button in)
Fully counterclockwise
Locked at 0.00

OFF

Fully counterclockwise
40 (4) nm/div

20 ms

Calibrated (button in)
FREE RUN

Trace centered in display
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Fig. 7=1. P/O A1. Partial Vertical circuit board.
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Fig. 7-2. P/O A1. Partial Vertical circuit board.
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Fig. 7-3. P/O AZ2. Partial Horizontal circuit board.
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Section 8—J20/7J20

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Replacement parls are available from or through your local
Tektraonix, Inc. Field Office or representative.

Changes o Tekironix ingtruments are sometimes made (o
accommaodate improved companents as they bacame availabla,
and to give you tha benelit of the latest circuit improvements
developed in our engineering department. It Is therelore
important, when ordering parls, to include the following
Information in your order: Part number, instrument type or
numbear, serial number, and modification number if applicable.

I & part you have ordered has been replaced with a new or
improved parl, your local Tektronix, Inc. Field OHice or
reprasentative will contact you concerning any change In part
number,

Change information, If any, s located &l the rear of this
manual,

SPECIAL NOTES AND SYMBOLS
X0oo Part first added at this serial number

00X Parl remaved aller this serial numbar

FIGURE AND INDEX NUMBERS

Items in this seclion are referenced by flgure and index
numbers to the illustrations.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate ltem
relationships. Following is an example of the indentation system
used in the description column.

12345 Name & Description

Assembly and/or Companent
Attaching partz for Assembly and/or Componant

Detail Part of Assembly and/or Component
Altaching parts for Detall Parf

Parts of Detail Part
Attaching paris for Parts of Derall Bart

Attaching Parts always appear in the same indentation as
the Item it mounts, while the detail parts are indentad to the right,
indented items are part of, and included with, the next higher
indentation. The separation symbol - - - * - - - indicates the end of
attaching parts.

Attaching parts must be purchased separalely, unless olherwise
specilied.

ITEM NAME

In the Parts List, an llem Mame is separated fram the
dascripticn by a colon (1), Because of space limitations, an Item
MName may somelimes appear as incomplete, For further [tem
Mame identification, the U.5. Federal Cataloging Handbook HE-1
can be utilized whera possibla,

ABBREVIATIONS

o NCH ELCTRM  ELECTRON

4 MUMBER SIZE ELEC ELECTRICAL

ACTR ACTUATOR ELGTLT ELECTROANTIC
ADFTR ADAPTER ELEM ELEMENT

ALIGN ALIGHNMENT EFL ELECTRICAL PARTS LIST
AL ALUMINLM EQPT ECQUIPMENT

ASSEM ASSEMBLED EXT EXTERNAL

AG3EY ASSEMBLY FIL FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE

AW AMERICAN WIRE GAGE FLH FLAT HEAD

BD BOARD FLTH FILTER

BRKT BRACKET FR FRAME or FRONT

BR=E BRASS FSTHR FASTEMER

BRZ BROMEIE FT FOOT

BEHG BUEHING FXD FIXED

CAR CABINET GSKT GASKET

cap CAPACITOR HOL HANDLE

CER CERAMIC HEX HEXAGON

CHAS CHASEIS HEX HD HEXAGOMNAL HEAD
CHT CIRCLIT HEX 80C HEXAGOMAL 3DCEET
COMP COMPOSITION HLOPEE HELMZAL COMPRESSION
COMNM CONMECTOR HLEXT HELFCAL EXTEMEIDN
coy COVER Y HIGH YOLTAGE

CPLG COUPLING c INTEQRATED GIRGLIIT
CAT GCATHODE RaY TLBE (s} INZIDE DIAMETER
DEG DEGREE IDENT IDENTIFICATION

OWwA DRAWER PR IMPELLER

N HCH SE SINGLE END:
INCAMD  INCAMDESCENT SECT SECTION

INSLIL INSLULATOR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD

LPHLDR  LASMPHOLDER SHLOR  SHOLULDEAED
MAGH MACHINE SKT SOCHET

MECH MECHANICAL 5L SLIDE

MTG MOUNTING SLFLKG  SELE.LOCKING
P HIPPLE sLva SLEEVING

HON WIRE MOT WIAE WoUND amR SPRING

O8O ORDERA BY DESCRIPTION 50 BOLUARE

oD OUTSIDE DIAMETER 55T STAIMLESS STEEL
ovH OVAL HEAD aTL STEEL

FHEBRZ  PHOSPHOR BRONZE s SWITCH

L PLAIM aor PLATE T TUBE

PLETC  PLABTIC TERAM TEAMINAL

P BART NUMBER THD THREAD

PHH PAM HEAD THK THIGHK

PWA POWER THSM TENSION

ACPT RECEFTACLE PG TAPPING

AES RESISTOR TRH TRUSS HEAD
AGD AIGID v VOLTAGE

ALF RELIEF VAR VARLABLE

ATHA AETAINER wr WITH

SCH SOCKET HEAD WEHR WASHER

SCOPE OSCILLOSCOPE XFMRA TRAMSFORMER
SCA SCREW HETR TRANSISTOR

8-1



Mechanical Parts List—J20/7J20

CROSS INDEX MFR. CODE NUMBER TO MANUFACTURER

MFR.CODE MANUFACTURER ADDRESS CITY,STATE,ZIP
Q000R Lemo USA 2015 2nd BE. Berkley, CA 94710
oo779 AME, Ina, F. 0. Box 3608 Harrisburg, PR 17105
0L285 Texas Instruments, Inc.,

gami conductor Group P. 0. Box 5012 Dallas, TX 75222
Q5129 ¥ilo Engineering Co. 2015 D La Verne, CA 91750
05820 Wakeafiald Enginesring, Inc. Auduban Road Wakefield, MA OLlEEBO
08261 spectra-Strip Corp. 7100 Lampson Ave. Garden Grove, CR 92642
09133 Kierulff Elactronics, Inc. 2585 Commerce Way Los hngeles, CA 90015
12136 Fhiladelphia Handle! &., Ine, 1643 Haddon Ave. Camden, KJ 08103
13257 Amarace Ltd. 10 Esna Park Dr. Markham, Ontario, Canada
22528 Berg Electrenics, Inc. Youk Expressway Hew Cumberland, PR 17070
23499 Cavitt Wire and Cable, Division of

RSC Industries, Ing. 455 M. Quince St. Escondido, CA 92025
24931 Specialty Connector Co,., Ino. 1560 Madison Ave. Indianapoclis, IN 46227
2E365 Gries Reproducer Co., Div., of Coats

and Clark Inc. 125 Beeschwood Ave. Hew Rochelle, WY lOBO02
34114 pak Industries Inc. 8. Main St. Crystal Lake, IL 60014
Ep2a3 General Electric Co., Installation and

Service Engineering Dapt. 1 River Rd. Bochenectady, MY 12306
70276 Allan Mfg. Co. P. 0. Drawer 570 Hartford, CT 06101
70278 Allied Steel and Conveyors, Div. of

Sparton Corp. 17333 Healy Detroit, MI 48212
T1550 Centralab Electronlecs, Div. of

Globe-Union, Inc. 5757 M. Green Bay Ave. Milwaukes, WI 53201
73743 Fischer Special Mfg. Co. 446 Morgan St. Cincinnati, OH 45206
T4445 Holo=Krome Co. 3l Brook St. West Hartford, CT 06110
TEES4 oak Industries, Inc., Switch Div, E. Main Bt. Ceyetal Lake, IL 60014
781849 Illinois Tool Works, Inc.

Shakeproof Divisieon 5t. Charles Road Elgin, IL 60120
79136 Waldes, Kohineor, Ina. 47-16 pustel Flace Long Island City, NY 11101
79727 &= Industries S50 Davisville Rd. Warminster, PA 18974
BO009 Tektronix, Ing. F. 0. Box 500 Beaverton, OR 97077
B2104 Standard Grigeby Co., Div. of Sun

Chemical Corp. 920 Rathbone Ave. Aurors, IL 60507
B2647 Texas Instruments, Inc.,

Control Products Div. 34 Forest Bt. Attleboro, MA 02703
BIIBE Central Screw Co. 2530 Crescent Dr. Broadview, IL &0153
B3594 Burroughs Corp., Electronic

Components Division P. 0. Box 1226 Flainfield, WJ 07061
87308 H. L. Industries; Inc., Southern Screw

odw. P. 0. Box 1260 Statesville, WC 28677
BEZ4S Litton Systems, Inc., USECO Diw. 13536 Baticoy St. Van Wuys, Ch 9140%
55760 Brotective Closures Co., Ine. 2150 Elswood Ave Buffalo, WY 14207
98291 Sealectro Corp. 225 Hoyt Mamaroneck , WY 10544



Mechanical Parts List—J20/7J20

Fig. &
Index Tekbronix Serial/Model Meo. o Mfr
Mo,  Part Mo, Eff Dscont ~'7 12345 Mame & Descripfion Code Mfr Part Mumber
7320
1-1 1317-1064-04 2 SHIELD,ELEC:5IDE Boo0s  337-l064-04
-2 366-L1EE-00 2  KMOB:RED W/SETSCREW BO009  366-1166-00
—mmes mmaes - . EACH ¥NOB INCLUDES:
213-0153=00 1 , BETSCREW:5-40 X 0.125 INCH,HEX S0C STL 74445 OBD
=3 I66=1057=00 2 KNOB1GRAY BOOOS 366~-1057-00
—— ————— = ., EACH KNOB INCLUDES:
213=0153=00 2 . SETSCREW:5=40 X 0.125 INCH,HEX S0C BTL 74445 OBD
e ] 366=0392=-00 2 KNOB:GRAY 20009 366-0392-00
=5 366=0497-00 1 KNOB:GRAY WITH SETSCREWS BOCO2  366-0497-00
———— ———— - . KNOB INCLUDES:
213=0153-00 1 . BETECHEW:5-40 X 0.125 INCH,HEX S50C BTL 74445 0©BD
-6 AeE-1190-01 1 ¥NOB:SRAY 20009  366-1190-01
B m—— = , KNOB IMCLUDES:
213-0153-00 2 ., SETSCREW:5-40 X 0.125 INCH,HEX S0C STL 74445 OBD
=7 331-0247-00 1l DIAL,CONTROL:10 TURN pslza 77131
-B 131=1011=00 1 COMMECTOR,RCPT,:4 CONTACT,FPEMALE DOOOR  RA=1304TPX
=5 366=1058-~49 1 KHOB:LATCH BOOD9 366=1058-49
(ATTACHING PARTE)
=10 214=1095-00 1 PIW,S8PG,SPLIT:0.094 OD X 0Q.187 IHCH LONG 13257 52=-022-094-0187
- o ww W= =
=11 214-1280=-00 1 SPRING,HLCPE:D.14 0D X 1.126"L,0.16"DIAR W B0009 214-1280-00
=12 105=0076=00 1l REL BAR,LATCH:PLUG-IN UNIT BO009 105=-0076=-00
=13 366-0215-02 2 FKHOB:LEVER SWITCH Bo00% 366-0215-02
=14 34E-0115-01 2 GROMMET,PLASTIC: B0009  348-0115-01
=15  131-0955-00 1 CONMECTOR,RCPT, :BHC,FEMALE 24031 28JR200-1
=16 426-0681-00 3 FR,PUSH BUTTON:GRAY FPLABTIC Bo00a  426-0681-00
=17 358-0378=-00 5 BUSHING,SLEEVE:FPRESS MOUNT Bp00a 358-0378-00
-18 358=-0487=00 2 GROMMET,FLRSTIC: 8009  358-0487-00
=19 333-1377=-02 1l FROWT PAHEL: 80009 333-1377-02
=20 348-0235-00 2 BHLD GBKT,ELEC:d.734 INCH LOMG BOOO9  348-0235-00
=21 260=1550-00 1l ESWITCH,LEVER: B00048 260=1550-00
(ATTACHING PARTS)
-22 220-0413-00 2 MNUT,SLEEVE:4-40 X 0.562 INCH LOWG apooe 220-0413-04
- = W= m o=
=23  mmem== s 1 PRESISTOR WAR: (SEE RIBS EPL)
(ATTACHING PARTS)
213=-0020=00 1 SETSCREW:6-32 X 0.125 INCH,HEX.50C STL T0276 OBD
= m om W m o =
=24  mmm————me—— 2 RESISTOR,VAR:(SEE R435 & RAS5 ErL)
(ATTACHING PARTS FOR EACH)
213-0020-00 1 BSETSCEEW:6-32 ¥ 0.135 INCH,HEX.S0C STL 70276 OCBD
= = = ¥ m om o=
=25 200-0935-00 4 B?LEE,LMIPHDLD‘ER:CI.ES ob X 0.19" L,BX PLSTC BOOOS 200-0935-00
=26 352=-0277=00 2 LAMPHOLDER: Boo0e  352-0277-00
=27 378=0690=05 1l LEWE,LIGHT:AMBEER--FEADY 80009 378-0690=~05
378=-0690=06 1 LENS,LIGHT:AMBER--TRIG'D BOO09 37E-0690-06
=28 === m——— 3 RESISTOR,VAR: (SEE R200, R220 & R405 EPL)
(ATTACHING PARTS FOR EACH)
213-0020-00 1 SETSCREEW:6-32 X 0.125 INCH,HEX.S0C STL To276 OBD
- w W = = -
=29 378-0715=-01 1 DIFFUSER,LIGHT: BOO09 3TE-0725-01
{ATTACHING EARTS)
213=0153-00 1 EETSCEEW:5=40 X 0.125 INCH,HEX S0C STL Td4d445 OCBD
= = om W o om o
=30 260=-1549-00 1 BWITCH,ROTARY: 76854 5-24521-416
=31  352-0L57-00 2 LAMPHOLDER:WHITE PLASTIC 80009  352-0157=00
=32 407-1146=00 1 BRACKET,SWITCH: 80009 407-1146=-00
{ATTACHING PRRTS)
=33 129=0098-00 3 POST;ELEC=MECH:0.250 HEX.X0.406 INCH L,BRS 80009 129%=-0098-00
=34 166=-0233-00 2 SPACER,SLEEVE:0.312 X 0.12% ID 34114 2295
PR - p—
=35 131-0775=00 1 TERMIMAL,STUD: A8245 Lle0l-p
=36 210=0202-00 1 TERMINAL,LUG:SE #6 78189 2104-06-00-2520H
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Mechanical Parts List—J20/7J20

Fig. &
Index Tektronix Serial/Model Mo, Q Mfr
MNo. Part Mo. Eff Dscont Y 122345 Mame & Description Cade Mir Part Mumber
1=31 s=m== —emee 1 REEISTOR,VAE:{SEE R3IO90 EPL)
{ATTACHING PARTS)
=38 210=0583=00 1l NUT,PLAIN,HEX:0.25=25 X 0.312 INCH,BRS T3743 ZX20319=402
[ —— :
=39 ——— 1l RESISTOR,VAR: (S5EE R275 EPL)
(ATTACHING PRARTS)
213=0020=00 1l SETSCEEW:6=-32 X 0.125 INCH,HEX.50C S5TL 70276 OBD
- W o =
=40 200=0935-00 1 BASE,LAMPHOLDER:0.29 0D X 0.19" L,BK PLSTC BOOOS  200-0935=-00
=41 3768-0602-01 L LENS,LIGHT:AMBER BOO09 378-0602-01
=43 352=0157-00 1 LAMPHOLDER:WHITE PLASTIC BOOD9 352-0157=00
-43 I66-1257-00 1  PUSHEIMTON: BOOO9  366=125T7=00
=44 260-1548-00 1 SWITCH,PUSH: 62104 OCBD
{ATTACHING PRRTS)
-45 211-0086-00 2 BCREW,MACHINE:d-40 X 0.75 "L,100 DEG FHS B3385 OBD
=46 I61-0802-00 2 EPMER,SLEEVE:0.469"L X 0.115 ID 34114 10918-230
TR re—
4T mmmm e 1 RESISTOR,VAR: (SEE R150 EPL)
=48 260=-0931=-00 1 SWITCH,LEVER: B2104 CBD
(ATTARCHING PARTS)
-43  220-0413-00 2 WUT,SLEEVE:4-40 X 0.562 INCH LOWG BOOOS  220-0413-00
= o o W om om -
=50  3BG6-1858-05 1 SUBPAKEL,FRONT: BOO009  3BG-1EB58-05
(ATTACHING FARTS)
=51 213-0192-00 B SCR,TPG,THD FOR:6-32 X 0.50 IMNCH,FNH STL B7308 QBD
N mo= =
-52  343-0503-00 1 RETAIKER,CABLE : INTERCONNECT 80009 343-0503-00
=531 384-1197-00 1 EXTERSICH SHAFT:7.38"L ¥ 0.50 0D BOOOY  384-1157-00
{ATTACHING PARTE)
354-0392-00 1l RING RETAINIHG: 79136 &B555=-12MD
= om om W om om om
=54  384-1195-00 1 SHAFT,CAM SW:2.0 L X 0.248 0D BQO09  384-1195-00
=85 376-0145=-00 1 CPLG,SHAFT,RGD:0.625"L X 0.50 OD BOOOD  3Té-0143=00
mmmm— === = . COUPLER INCLUDES:
213-0005=00 2 . SETSCREW:8-32 X 0.125 INCH HEX 70276 OBD
67 2=0071=00 1 CET BOARD ASSY :TIME/SCAN
{RTTRCHING PARTS)
=56 213=0316=00 4 THUMBSCREW:4-40 X 0.52 INCH LONG 80009 213=0316=00
e
=57 mm——— —— 1 . CET BORRD ASSY:HORIZONTAL(SEE A2 EPL)
mm——— e —— - . CKET BOARD ASSY INCLUDES:
=58 L31-0604~-00 le . . CONTACT,ELEC:0,025 50 X 0.365 INCH LONG 80009  131-0604-00
-53  131-0&08-00 51 ., . CONTACT,ELEC:0.365 INCH LONG 22526 47357
=G0 131-1003-00 1 . . CONMECTOR BODY,:CKT BD MT,3 PRONG 80009 13l-1003-00
=61 136-0252-04 45 , ., CONTRCT,ELEC:D.l1B8 INCH LONG 22526 T5080
=62  136-0514-00 8 . SOCKET,PLUG=IN:MICROCIRCUIT,B CCOHTACT #2647 C930802
=63 136=0269=02 4 . . SOCKET,PLUG-IM:14 CONTACT,LOW CLERRRMCE 01295 C931402
=64  214-0579=-00 11 . . TERM.,TEST PT:0.40 INCH LONG 80009 214-0579-00
=B5  mmmmm mma——- 1 . . BESISTOR,VAR:{SEE R325/5325 EPL)
=6E J61L-0422-00 2 . . SPACER,PUSH SW: TL590 J642B87
263-1035-00 1l . ACTE ASSY CAM 5:TIME SCAN
(ATTACHING PARTS)
-&7 211-0116-00 4 . BCR,ASSEM WSHR:4-40 ¥ 0,312 INCH,PHH BRE 83385 OBD
- = N o= omom
——— = 4 «» ACTURTOR ASS5Y INCLUDES:
=58 200=-09%6=00 1 .+ « COVER,CAM EW: 80009  200-0996-00
(ATTRCHING PARTS)
=62 211-0022-00 2 . . BCREW,MACHIHE:2-56 X 0.188 IMCH,PNH ETL B3385 OBD
=70 210-0001-00 2 . WASHER, LOCK:INTL,0.092 ID X 0.18"0D =2TL TE1ES 1202=00=-00=-0541C
[P T I
=71 214-1126-02 1l . . SPRING,FLAT:RED COLORED 80009 214-1126-02
=T2 214-1127-00 1l . . ROLLER,DETENT:0.125 DIA X 0.125 INCH L BODO9 214-1127-00
=73 210-0405=00 2 . MUT,PLAIM,HEX.:2-56 X 0.1B8 INCH,BRS 73743 2X12157-402
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Mechanical Parts List—J20/7J20

Fig. &
Index Tektronix Serial/Model Mo, at Mfr
MNa. Part Mo. Eff Dscont Y 13348 Mame & Description Code MFr Part Mumber
1-74 210-0406-00 1 . NUT,PLAIN HEX. :4=40 X 0.188 INCH,BRS 73743 2X12161=-402
=75  401-0058-00 : . BERRING,CAM SW: BOO0YS  401-0058-00
{ATTACHING PARTS)
=76  354-0219-00 1 . . RING,RETAINING:FOR 0.25 INCH SHAFT 79136 5103-25-MD-R
: - o W om om o=
=77 407-0714-00 1l . . BRACKET,CAM SW: 80009 407-0714-00
=Ta 105-0444-00 1 . . ACTUATOR,CAM S5W:TIME/SCAN BO00%  105=0444-00
=79 210-0405-00 1 . . WUT,PLAIN,HEX.:2-56 X 0.lB88 INCH,BRS 73743 2x12157-402
~B0 210-0406-00 1 . . NUT,PLAIN,HEX.:4=40 X 0.188 INCH,BRS T3743 iX12161-402
=81 401-0061=00 1 . . BERRING,CAM 5W: BO00S  401=-0061=00
=32 337=-1752=00 1l BSHIELD,ELEC: BODOS  337=1752=00
{ATTRCHING PARTS)
-B3 211-0007-00 4 SCREW,MACHINE 1 4-40 X 0.1B8 IMCH,PHH S5TL 83385 OBD
-- e B oa = =
=B eeose ceses 1 CKT BORED ASSY:HIGH VOLTAGE(SEE Ad EPL)
{ATTRCHING PARTS)
=g5 129=-0404-00 4 BPACER,PDST:0.853 "L X 0,188 HEX BOO0S  1259=0404-00
- e B
mm——— e ——— - . CET BOARD ASSY INCLUDES:
-86  131-0589-00 16 . COMNTACT,ELEC:0.46 INCH LONG 22526 47350
-87  136-0252-04 12 . CONTACT,ELEC:0.188 INCH LONG 22526 75060
-8B 136-0514-00 2 .« SOCKET,PLUG-IN:MICROCIRCUIT,B COMTACT 82647 C930802
-89 214-0579-00 3 . TERM.,TEST PT:0.40 INCH LONHG 80005  214-05T79=00
=20 131-1461-00 2 CONNECTOCR,BODY : Q0779  205207=1
(ATTACHING PARTES)
=51 131=08T76=00 2 CONN,SLIDING LOi 09133 DS301B
P S ——
-92  210-0201-00 2 TERMINAL,LUG:SE #4 TBLES  2104=04=00=2520H
(ATTACHING PARTS FOR EACH)
=23 213-0138-00 1 BCR,TPG,THD FOR:4-40 X 0.188 INCH,FNH STL B3385 COBD
- o W e -
-84 407-1141-00 1 BRACEET,CONM :FROBE BOO09  40T7=-1141-00
{ATTACHING FARTS)
=45 211=0595=01 4 BSCREW,MACHINE:6=32 X 0.25 S0C HD CAP BOO09 211-0595-01
- o= W o= o= =
=0f  mm——— —me——— 1 CKT BORRD ASSY (READOUT (SEE A3 EPL)
{ATTACHING PARTS)
=g7 21 1=0007= 00 4 SCREW,MACHINE:4=-40 X 0.188 INCH,PNH STL H3385 OBD
- o o W om om
———mm e - . CKT BOARD ASSY INCLUDES:
=38 131-0580-00 17 . COMTACT,ELEC:0.46 INCH LOHG 22536 47350
=59 131=-1261=-00 22 . CONTACT,;ELEC:1F=8HRFED 00779 1=-380953-0
=100 13&-0514-00 2 BOCKET , PLUG-IM :MICROCIRCUIT B CONTACT 82647 C930802
=101 13&-0269-02 2 . BOCKET,FLUG-IH:1l4 CONTACT,LOW CLEARANCE 01285 C93al4q02
=102 136-0252-04 77 . COMTRCT,ELEC:0.1BB INCH LOKG 22526 75060
=103 13e-0260-02 2 . BOCKET,PLUG-IN:l6 CONTACT,LOW CLEARANCE 01295 C93le0z2
=104 214-0579-00 & . TERM.,TEST PT:0.40 IMCH LONG BOOO0S  214-0579-00
=105 2e0-0984-00 1l . SWITCH,ESLIDE:DP3IPDSH,0.5A, 125VAC-DC 79727 GL2B5-PC/MODTL40
=106 260=-0723=00 1l . SWITCH,SLIDE:DPDT,0.5h,125VAC BOODS  260=0723=00
=107 343-0088=-00 1l CLAMP,LOOF:0.062 INCH DIA BO0DE  343=-0088=-00
=103 343-0213-00 1l CLAMP,LOOF:PRESS MT,PLASTIC BOO02  343-0213-00
=109 384-1154-00 1l EXTENSION SHAFT:9.08" L X 0,1247 oD BOO09 3B4-1154-00
{(ATTACHING BARTS)
354-0392-00 1 RING RETAINING: T9136 5555-12MD
= omom W om = o=
=110 384-1195-00 1 SHAFT,CAM SW:2™ L % 0.248 0O BO009  384=1195=00
=111 376=0149=00 1 CPLG,SHAFT,RGD:0.625" L ¥ 0.50 0D A0009  3T6E=0148=-00
——— m—— - . COUPLER IMCLUDES:
213=0005=00 2 . SETSCREW:B=-32 X 0.1B8 HEX 58 CAD 74445 5305-21-B55-3257
672=-0072=00 1 CKT BOARD ASSY :VERTICAL/GAIN 80009 &72-0072-00
(ATTACHING PARTS)
=112  211-D007-00 5 SCREW,MACHIME:4-40 X 0.188 INCH,PMH STL 83385 OBD
- W
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Mechanical Parts List—J20/7J20

Fig. &
Index  Tektronix Serial/Model MNo. Mfr
Mo.  Part Mo. Eff Dscont ) 123 4 Name B Description Code Mfr Part Number
1= semme seeew - . CKT BOARD RSSY INCLUDES:
=ll3 =m———————— 1 . CKT BOARD ASSYiVERTICAL(SEE Al EFL)
=114 131=0157=00 3 . . CONTACT,ELEC: 98291 STSMLC2
=115 131=-0604-00 18 . . COMTACT,BLEC:0.025 80 X 0.365 IHCH LONG 80009 131=0604=00
=116 131=-0608-00 33 . . CONMTACT,ELEC:0,365 INCH LONG 22526 47357
131-0589-00 3 . . COMTACT,ELEC:0.46 INCH LONG 22526 47350
=117 131-1003-00 1l . . COMMECTOR BODY,:CKT BD MT,3 FRONG 80009 131-1003-00
=118 136-0252-04 136 . . CONTACT,ELEC:D.188 INCH LONG 22526 75060
=119 136-=0499-06 2 . . COMMECTOR,RCPFT:& CONTACT 00778 3-380949-8
=120 136-0499-10 1l . . COMMECTOR,RCPT,:10 CONTACT 00779 4-380949=0
=121 136-0514-00 9 , . SOCKET,PLUG-IN:MICROCIRCUIT,B CONTACT 82647 930802
=122 136-0260-02 2 . . SOCEET,PLUG-IM:16 COMTACT,LOW CLEARANCE plzes C93le02
=123 214-0579-00 9 ., . TERM.,TEST PT:0.40 INCH LOWG BOOOS 214=-0575-00
=13] s m—— 1 . . RESISTOR,VAR:(SEE R245/524% EFL)
=125 36l-0492-00 2 . . BPACER,FUBH EW: 71590 J64287
263-1034-00 1 . ACTR ASSY,CAM S:VERTICAL GAIN BOODD  263-1034-00
{ATTACHING PARTE)
-126 211-0116-00 4 . BCR,ASSEM WSHR:4-40 X 0,312 INCH,PHNH BRS 83385 OFD
= e am W o owwm ow
-------- — = . BRCTUATOR ASSY IMCLUDES:
=127 Z00=-121%-00 l . . COVER,ChM SW: BOOOS 200-121%-00
(ATTACHING PARTS)
=128 Z11-0022-00 2 . . SBCREW,MACHINE:2-56 X 0.188 THCH,FPHH STL B335 OBD
=12% 210-0001-00 2 . . WASHER,LOCK:INTL,0.092 ID X 0.18"CD STL 78189 1202-00-00-0541C
- e W e
=130 214=1126=02 1 . . SPEING,FLAT:RED COLORED BOODS 214-1126-02
-131 214-1127-00 1 . . ROLLER,DETENT:0.125 DIA X 0.125 INCH L H0009 214-1127-00
=132 210-0405=00 1 . . WUT,PLAIN HEX.:2-56 X 0.188 INCH,BRS 73743 2K12157-402
-133  210-0406=00 2 . MUT,FLAIN,HEX. :4-40 ¥ 0.188 INCH,BRS 73743 2x12161-402
=134 401-0058-00 1 . BERRING,CRM SW: BO00S  401-0058-00
{ATTACHING PARTS)
=135 354=0219-00 1 . RING,RETAINING:FOR 0.25 IHNCH EHAFT 79136 5103-25-MD-R
- o W m w o=
=136 407=-0714-00 1 . BRACKET,CRM 5Wi 80009 407-0714=00
=137 105-0445-00 1 . . ACTUATOR,CAM SW:VERT GAIN BO0OS  105-0445-00
=128 210-0405-00 1 . . HUT,PLAIN,HEX.:2-56 X 0,188 INCH,BRS 73743 2x12157-402
=139 210-0406-00 2 . . WUT,PLAIM,HEX.:4-40 X 0.1B8 INCH,BRS 73743 2X12161-402
=140 401-0061-00 1l . . BEARING,CAM EW: BOOOS  401-0061-00
=141 351-0284-00 1 GUIDE,SLIDE: A0009  351-0284=00
[ATTACHING PARTS)
=142 213=-0192-00 2 BCR,TPG,THD FOR:6-32 ¥ 0.50 IMCH,PHH STL 87308 OBD
- W
=143 386-2755-00 1 PAMEL,REAR: BOOO9  386-2755-00
{ATTACHING PARTS)
=144 213-0192-00 8 SCR,TPG,THD FOR:6-32 X 0.50 INCH,FNH 5TL 87308 GBD
=145 361-0326-00 1 SPACER,SLEEVE:0.18 ID X 0.25 ob ¥ 0.10"L BOOODS 361-0326-00
= m o= N om om =
-146 351-0217-00 2 GUIDE,CKT BOARD:PLASTIC BOOOS  351-0217-00
-147 391-0111-00 2 BLK,CRT BD MTG: BOO09  391-0111-00
(ATTACHING PARTS FOR EACH)
=148 211-0007-00 1 SCREW,MACHINE:d4-40 X 0.1BH INCH,PHH STL B3385 OBD
T I e—
=149 220-0547-01 3 WUT,BLOCK:0.38 X 0.25 X 0.282"0R 1 80009 220-0547-01
{ATTACHING PARTS FOR EACH)
=150 211-0007=00 1 SCREW,MACHINE:4-40 X 0.188 INCH,FNH STL 83385 OBD
- o W e = =
-151 214-1061-00 1 SPRING,GROUND :FLAT 80009 214-1061-00
-152 426-0939-00 2 PR SECT,PLUG-IN:UPPER LEFT 80009 426-0932-D0
-153 214-1054-00 1 BPRING,DETENT:LATCH 0009 214-1054-00
-154 105-0075-00 1 BOLT LATCH: 80009 105-0075-00
=155 426=0840-00 1l FR SECT,PLUG-IN:LOWER LEFT 80009  426-0940-00
=156 426~0038-00 1l FR SECT,PLUG-IN:LOWER RIGHT BO00%  426-0038=-00



Mechanical Parts List—J20/7J20

Fig. &
Index Tektronix Serial/Model Mo, at Mir
Mo,  Part Ma. Eff Dscont =7 123 a8 Mame & Dascription Code Mfr Port Mumber
1-157 012-0424-00 1 CABLE,INTERCON: 80009 Ol2-0424-00
—— e = .+ CABLE IHCLUDEE;
=158 354-0528-00 1 . RING,PROTECTOR:1.130 ID X 1.430" OD 80009 354-0528-00
=158 179=-2082-00 1 WIRING HARMNESS :CHASEIS
__________ = . WIRING HARNESS INCLUDES:
=160 131-0707=-00 Bd . CONTACT,ELEC:0.48"L,22-26 AWG WIRE 22526 47439
131-0708=-00 3 . CONTACT,ELEC:0.48"L,28-32 AWG WIRE 22526 47437
=161 352=-0161-00 3 . HOLDER,TERM.CONi3 WLIRE BLACK BOQOD2 352-0161-00
=162 352-0162-00 9 . HOLDER,TERM.COM:d WIRE BLACK BOOO0O 352=0162=00
=163 352-0163-00 1l ., HOLDER,TERM.COM:5 WIRE BLACK 80009 352=-0163-00
-164 352-0164-00 2 . HOLDER,TERM.COMN:& WIRE BLACK BO009 352-0164-00
-165 352-0165-00 1 . HOLDER,TERM.COM:7 WIRE BLACK BOD0S  352-0165-00
=166 352-0166-00 1l . HOLDER,TERM.COCH:8 WIRE BLACE BOOOS  352-0166-00
=167 352-0169-00 5 . HOLDER,TERM.CONi2 WIRE BLACK BOODS 353-0169-00
=168 352-0168-00 1 HOLDER,TERM.CON:10 WIRE BLACK BO009 352=0168=00
=169 175-0832-00 FT WIRE,ELECTRICAL:S WIRE RIBBON 23499 TEK-175-0832-00
=170 175-0830-00 FT WIRE,ELECTRICAL:7 WIRE RIBBON 08261 TEK-175-0830-00
352-0165-00 2 HOLDER,TERM.CON:7 WIRE BLACK B0009 352=-0165-00
=171 210=-0775=00 2 EYELET,METALLIC:0.12& OD X 0.23 INCH L,BRS 80009  210-0775-00
=172 210-0774-00 2 EYELET,MBETALLIC:0.152 oD X 0.245 INCH L,BRS G000 210-0774-00
=1 070-1642-00 1 MANUAL,TECH: INSTRUCTICH (NOT SHOWH) BOOO9 0T70-1642-00
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Mechanical Parts List—J20/7J20

Fig. &
Index Tektronix Serial/Model MNe. Qi MFr
M. Part Mo. EFff Dscont Y 1234 Mame & Description Code Mir Part Mumber
J20
2=1 200-1693-00 1 PLUG,HOLE:PRESS-IN MT,BLE PLSTC 5760 BFF
=2 213-0098-00 1 BECREW,MACHINE:0=80 X 0.128" LONG,PHS STL B7308 OBD
=3 0l4-0043-01 1 ADAPTER,MCCESS BO00%  0l4=-0043=-01
(ATTACHING PARTS)
-4 213-0214-00 3 SCEEW,CAP SCH:2-56 X 0.375"HEX HD STL 70278 OBD
-eomeom ¥ om o= om
=5 333-1637=-00 1 PRNEL,FRONT: BOODS  333-1637=-00
=5 37T8=0713=-00 1 PILTER,LIGHT:HND 1 B000%  378=-0713-00
378-0714-00 1 PFILTER,LIGHT:ND 2 80009 378-0714-00
378=-0T715=-00 1 FPILTER,LIGHT:300 RM 80009  3ATE=0715=00
17B-0716-00 1 FILTER,LIGHT:400 KM BOODY 378-0716-00
378=-0717-00 1l FILTER,LIGHT:i550 HM BOOO9  3TE-0T717-00
378-0718-00 1l FILTER,LIGHT:700 NM BoOO9 3178-0178-00
=7 426=0922-00 1l FRRME SECTION iRIGHT BOO0D9  426-0922-00
(ATTACHING PARTS)
=8 211=0626=00 2 BCHREW,CAP.,S5CH:6=-32 X 0.31Z IMCH L,HEX.,STL B7308 OBD
U PIEE | R
=9 426=0921-00 1l FRAME SECTIOH:LEFT BOODS  426=-0921=00
[ATTACHING DARTE)
Z11-0626-00 2 SCEREW,CAP, ,SCH:16=32 X 0.312 INCH L,HEX.,STL 87308 OBD
e e Wt T
=10 344-0098-00 2 CLIF,DECORATIVE: 12136 OBD
(ATTACHING PARTS) . .
=11  212-0518-00 1 SCREW,MACHIME;10-32 X 0,312IRCH,PNH STL 83385 OQED
e o B == o=
=12 36T=0037T=-00 1 HAKDLE, LUGGAGE : DECORATIVE ,TEK BLUE 12136 O0BD
=13 426~0920-00 1l PFRAME SBECTICH:TOP CERTER BOCOS  426=0920=00
{ATTACHING PARTS)
211-0626-00 4 SCHEW,CAP.,SCH:6-32 X 0.312 INCH L,HEX.,STL 87308 OBD
== m W = = o=
=14 200-1545-00 1l COVER,CONN:VIDICON BOO09  200-1545-00
{ATTACHING PARTS)
-15  211-0040-00 2 ECREW,MACHINE :4=40 X ©.25" ,BDCH PLSTC 26365 621112
- ik W o= o= o=
=16 IG1-0046-00 2 BPACER,NOMMETAL:0.25 X 0.50 INMCH L,BAKELITE BOOOS  IEL-0046-00
{ATTACHING PARTS)
=17  211-0040-00 1 SCREW,MACHINE:4-40 X 0.25",BODCH PLSTC 26365 921112
- - e W = =
=18 s mmse 1 CET BOARD ASSY:VIDICON SCCKET(SEE AT EPL)
=19  131-0608-00 2 . CONWTACT,ELEC:0.365 INCH LONG 23253¢ 47357
=20 136=0250=00 1l . BOCKET,PLUG-IN:READOUT TUBE,CKT BD MT,l4 PIN 83594 BK-125
3] emm——— 1 . METER:BUNHNING TIME{SEE M1401 EPL)
=22 337=1958=-00 1l SHIELD,CKT BD: 80002 337-1958-00
(ATTACHING PRRTS)
=23 211-0007-00 3 SCHEW,MACHINE:4-40 X 0.188 INCH,PMH STL B3385 OBD
- o W o= = -
=24 337-1691-00 1 SHIELD,ELEC :PREAMP,FRONT 8000  337-1681-00
(ATTACHING PARTS}
=25 213=0055=00 2 BCR,TPG,THD FOR:2-32 X 0.188 INCH,PHH STL B3385 OBD
=26 210=0201-00 1 TERMIRAL,LUG:SE #4 Tales 2104-04=-00=-2520H
e W e
-27 ———— - 1 CKT BOARD ASSY:PRE AMP(SEE A9 EPL)
=28 131-1003-00 2 . CONHECTOR BODY,:CKT BD MT,3 PRONG B00o0e  131-1003-00
-39  136-0252-04 79 , CONTACT,ELEC:0.188 INCH LONG 22526 75060
=30 136-032B-02 5 . CONTACT,ELEC:HORIZONTAL 00779 BE2BI-2
=31 214-0579-00 2 . TERM.,TEST PT:0.40 INCH LONG anpooe  214-0579-00
=33 memes ce— 1 CET BCOARD ASSY HORIZ AMP(SEE A6 EPL}
=33 337-1959=00 1 . BHIELD,CKT BD:HORIE BOCO9  337-1959=00
=34 136=-0269=-02 1 . BOCKET,PLUG-IN:1l4 CONTACT,LOW CLEARRAMNCE 01295 (C931402
=35 136-0252-04 27 . CONTACT,ELEC:0.l1BE INCE LONHG 22526 THOBOD
=11 136=0328-02 B . CONTAMRCT,ELEC:HORIZONTAL 00779 Be2E2-2
=37 136-0544-00 1 . JACK,TIP:HORIZ CKT BD MT,WHITE 80009 136-0544=00
136-0545=00 1l . JACK,TIP:HORIZ CKT BD,MT,RED 80009 136-0545-00
g
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2-38 200-1167-00 1 . COVER,XSTR:TEMP STAR FOR 2 TO=1B CE STYLE 05820 259=18-40
=30  =eesm= mmoa- 1 CKT BOARD ASEY:VERTICAL OSC(SEE AB EPL)
=40 337=1959-00 1l . SHIELD,CET BD:VERT QSC B0009  337=1959=00
-41 136-0514-0:0 1 . BOCKET,PLUG-IN:MICRQCIRCUIT,8 CONTACT 82647 C930802
=42 136=0252=04 15 . CONTACT,ELEC:0.l188 INCH LONG 22526 75060
=43 136-0328-02 10 . CONTACT,ELECiHORIZCHTAL 00779 BE282-2
=44 136~-0544-00 1 . JACK,TIP:HORIZ CKT BD MT,WHITE BO009  136-0544-00
136-0545-00 1 . JACK,TIP:HORIZ CET BD,MT,RED Boooe  136-0545-00
=45  ————= mmmea 1 CET BOARD ASEY:WIDICON RGLTR(SEE nl0 EFL)
=46  136-0514-00 2 , SOCKET,PLUG-IN:MICROCIRCUIT,B CONTACT 82647 930802
=47 Li6-0252-04 27 . COMTRCT,ELEC:0.1BE8 INCH LOBG 22526 75060
-48 13e-0328-02 15 . COMTACT,ELEC:HORIZONTAL 00779 BB2B2-2
e ] 136-0544-00 1 . JACK,TIP:HGRIZ CKT BD MT,WHITE BOO09 136-0544-00
136-0545-00 2 . JACK,TIP:HORIZ CKET BD,MT,RED BOOOD 136-0545-00
11 348-0074-02 2 FOOT,CAB:RIGHT FRONT & LEFT EERR BOOOS 348-0074-02
348-0073-02 2 FOOT,CAB:LEFT FRONT & RIGHT REAR BOODS  348-0073-02
(ATTACHING PARTS FOR ERCH)
=51 211-0541-00 2 BCREW,MACHINE:6-32 ¥ 0.25"100 DEG,FLH STL 83385 ©BD
- e om W o = =
=52 377-01192-00 4 INSERT,FOOT:0.352 ¥ 0.832 X 0.934"L BOOOS  3T77=011%-00
=53 348-0245=00 1 FLIP=-STAND,CAB:U-SHAPE,7.247 X 3.028 OA 80009  348-0245-00
=54 390-0283-00 1 CABINET,BOTTOM: 80009 390-0283-00
{ATTRCHING PARTS)
-55  211-0626-00 & SCREW,CAP:8-32 X 0.312 IMCH L,HEX.,STL 87308 OBD
B [ ——
=56  386-1028-00 4  FMOB:W/SETECREW 80009 366=1028-00
213-0153=00 2 . BETSBCREW:5-40 X 0.125 INCH,HEX 50C STL 74445 O©OBD
=57 366-1007-00 1 ¥NOB1W/SETSCREW 80009  366-1007-00
213-0153-00 2 . SETSCREW:5-40 X 0.125 INCH,HEX S0C 5TL 74445 O©DBD
~58 200-0103=00 1 HUT,PLATH, EHURL:0.25-28 X 0.375" OD,BRABS BOOOS  200-0103-00
=59 129-0076=03 1 STUD,SHOULDERED:(0.938 INCH LOKG BOOOS  129-0076-03
{ATTACHING PRRTS)
=60  210=-0410=00 1 HUT,PLAIN,HEX. :10-32 X O.312INCH,BRS 73743 2X20003-402
-1  210-0010-00 1 WASHER,LOCK:INT,0.20 ID X0.378" OD,STL 78189  1210=-00=00-0541C
o W
=62 3BE=-2335-00 1 PANEL,RERR: BOOOY  386=-2335-00
(ATTACHING PARTS)
-3 211-0007-00 2 BCREW,MACHINE:4-40 X 0,188 INCH,PNH STL 83385 OBED
- o B = = o
=64 214-1881-00 1 PpLUG,PIPE THD:0.l25 WPT,ETL SCD 50223 o©aD
=65 378-0731-00 1l LENS,TAFE DIAL: Bo0oos  378-0731-00
(ATTACHING PARTS)
=66  211-0105-00 2 BCFEW,MACHIME:4-40 X 0.188"100 DEG,FLH STL 833as OBD
- om W momom
=67  348-0145-00 1 GROMMET,PLASTIC:U-SHP,1.0 X 0.42 INCH 80009  348-0145-00
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MANUAL CHANGE INFORMATION

At Tektranix, we continually strive to keep up
electronic developments by adding circuit and
improvements to our instruments as seon as they
oped and tested.

Somefimes, due to printing and shipping requirements, we
can't get these changes immedialely into printed manuals,
Hence, your manual may confain new change information on
following pages.

A single chonge may affect several sections. Sactions of
the manual are often printed at different times, so some of
the information on the chonge poges may olready be in
your manual. Since the change information sheets are carried
in the manual until ALL changes are permonently entered,
some duplication may occur. If no such change pages aoppear
in this section, your manual is correct as printed.
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