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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 (Incident
optical power 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
Spectrometer 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
speacirum,

The 7J20 Spectrometer Plug-In is a two-hole-wide
plug-in designed to operate in the Tektronix 7000-saries
family of oscilloscopes, It functions as an electronic
signal-processor and controller between the J20 Spac-
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 (absorbance). The GAIN position of the
switch displays a ramp signal on the crtto 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-
SION 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 intensified
wavelength marker in the crt display to permit wavelength
identification of specific portions of a spectral 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 amplifler bandpass to
ensure optimum spectrometer performance, and crt
readout to take advantage of spectrometer operational
features such as the wavelength MABKER 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-series 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% +20% +2%
20 nm 23 nm 20 nm 17 nm
(Expanded) T 4% +4% +4%
10 nm 11.5 nm 10 nm 8.5 nm
(Expanded) +4% +4% +4%
4 nm 4.6 nm 4 nm 3.4 nm
{Expanded) +4% +4% +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 nm
+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

Wavalength 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}

Herizontal 8.2 degrees
Vertical 8.5 degreas
Equivalent f-number fia.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.

GEMERAL (UN-NORMALIZED) SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Eiﬁpiav 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)

=6 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 readoul.

@
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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
-2.0dB —2.07 dB to —1.58 dB +3-1/2, =211
3.0dB —3.11 dB to —1.78 dB +3-1/2, —40.7
Absorbance Gains Acouracy
(300 nA Zero Absorbance
Referance Lavel)
True Absorbance Measured Absorbance Error %
04 0 (0]
0.3 A 0.311 to 0.284 A +3-1/2, —5.3
0.6 A 0.621 to 0.563 A +3-1/2, —6.2
1.0 A 1.04 to 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
20 A 207 to 1.58 & +3-1/2, —211
3.0 A 3M o178 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
Foar 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 &0 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 200 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 967 nm for Grating A
367 nm to 8900 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-—967 nm +3.6%

387 nm—600 nm +5.5%
600 nm—800 nm +3%
Spectral Flatness +15% p-p +15% p-p
Moise Equivalent Power 50 pW/nm 500 pWinm
{20 pm 3lit, 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.

@ 16



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 wavelangth 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, +1%
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

1-6



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/nA, 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

Average Plate Potential

250 V', 41 W (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, 14V on one plate

Amplitude Range

25 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 VW/div, £1% with
VERTICAL GAIN setto 1and
SPECTRAL NORMALIZER
set to OFF,

18



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 be-
low the bottom horizontal graticule line.

Step Attenuator Balance

+0.4 division baseline shift

Displayed 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

+00,5% of full scale deflection

Transient Response

10 ms Scan | Other Scans

Risetime
Marmalizer On 10.8 us 18.2 us
+10% +10%
Marmallzer Off 10.2 us 14.8 us
+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
error

2-1/2% oscilloscope
linearity error additive

Offset

One turn = one decade

Offset Accuracy

+2% of dial referenced to graticule




Specification—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

ABSORBAMNCE 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.

Horizontal

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

Position Range
(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

SECONDARY LIMIT

Horizontal Amplifier Gain

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

DISPLAY DISPERSION

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 11k}, +10%
Maximum Input Voltage +50 W

Signal Reguirements For
Display Triggaring

Ground-closure logic or negative-going TTL
{0 to -+0.8 V = on; +2.4 V1o +5 V = off)
with a minimum pulse width of 1 us.

-8 Valt Refarance

Cutput Accuracy

+0.04 VW

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 ¥,

ENVIRONMENTAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

Temperature

Operating

+16°C to +35°C

Monoperating

=30°C 1o +50°C

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

range but measurement
accuracies are unspecified,

@

1-11



Specification—J20/7J20

ENVIRONMENTAL SPECIFICATION (cont)

CHARACTERISTIC

SECONDARY LINMIT

PRIMARY LIMIT

Altitude
Oparating To 15,000 feet
Nonoperating 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 Sale Transit Committee
procedure 1A with a 36 inch drop,

PHYSICAL SPECIFICATION

CHARACTERISTIC

PRIMARY LIMIT

SECONDARY LIMIT

J20 Spectrometer

Height & 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

112



Specification—J20/7J20

PHYSICAL SPECIFICATION (cont)

CHARACTERISTIC PRIMARY LIMIT SECONDARY LIMIT

J2007J20 System (Packed Together)
Domestic 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 16-position rotary switch that selects
calibrated vertical deflection factors for the crt display.
Three types of deflection are provided.

In 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 contral provides uncalibrated
deflection factors continuously variable betwean 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. Tha
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
entrance-slit shutter in the J20 Spectrometer. This
provides a zero-light level reference baseline 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 targetinthe 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/SCAM 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 contral 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. Capabla
of driving two load units or less.

2-3



Operating Information—J20/7J20

Pin 3—Wavelength canter signal output; signal
represents wavelength at the center of the vidicon
scan area. fero 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,

A | B* | C° TIME/SCAMN
0 0 1 1000 ms
0 1 0 500 ms
0 1 1 200 ms
1 0 1] 100 ms
1 0 1 50 ms
1 1 ] 20 ms
1 1 1 10 ms

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—2Z-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
causes normal scanning when it is HIl. When LO, the
ramp Is held in reset. The ramp will start when
"SCAN 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. Qutput

“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 analeg signal 1 mV/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 slit is 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.
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Pin 24—Drop Zero output; a TTL signal that is LO in

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

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

Pin 25—Ground.
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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. Slit
widths that can be selected are 10 pm through 1000 pm
in 1=2-5 steps, and fully open (5 mmj).

23, WAVELEMGTH 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

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

= h &k =2 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,

26

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 Is 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 speactrometer display.

NOTE

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

Operation

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

1. Connect the J20 Spectromeater to the TJ20 Spec-
trometer Plug-In using the interconnect cable provided
with the instrument. Lock the cable onto the Spectromeater
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 Spectromater 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



Operating Information—J20/7J20
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Fig. 2-3. Typical transmission characteristics lor the ultraviolel-blocking lilters 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 RUNM
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6. Turn the oscilloscope power on, adjust the 7J20
MARKER control for a reading of 500 nm, and allow 20
minutes warmup.

7. Using the VERT POSITION control, position the
display baseline on screen and adjust the oscilloscope
INTEMSITY 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 baselina 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
maore of vertical deflection.

The spectrum present in the spectrometerdisplay is the
transmission spectrum of a narrow bandpass filter. Usa
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 circult 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
RSS 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 saction.

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 antrancea 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 currant to
provide proper alignment and focus of the scanning
electran beam. The Vidicon Regulator also contains the
vidicon cathode-current regulator.

Vertical Preamplitier

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
vertical 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 Gircuit in the 7J20. 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 comeas 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 s 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 Output 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 ABSORBANCE positions of the VER-
TICAL GAIN switch, the vertical signal passas through the
log converter and an inverting feedback amplifier (Absor-
bance Amplifier) with a gain of one pricr to application to
the Wertical Output Amplifier, The Vertical Output
Amplfier contains the VERTICAL GAIN switching, the
OFFSET control, the ABSORBAMNCE ZERO control, the
ATTEN 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/SCANM 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-
chranizing ramp generation with events external to the
7J20. A sample of the ramp signal is sent to the os-
cilloscope whare 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 adeqguate 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 awitch
"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 containg 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 portion of
the readout with scan times given in terms of milliseconds
par scan,

Marker Readout

The Wavelength Marker Readout clrcult controls
presentation of the Wavelength Marker portion of the
spectrometer-display readout. That portion of the readout
indicates in nanometers tha 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 Spac-
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
sawtooth 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 cireult,

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 de balance of this stage to achieve a zero-volt level
at “Output 1" 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 dc balance. FET 020, along with switching
transistor Q28, does this in the following manner.

During the time the scanning ramp is running up, Q28 is
on. The collector current of Q28 through R21 sets the gate
of 20 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 de
level present on the gate of Q224 After the Restare pulse
lerminates, Q28 again conducts, which causes Q20 to turn
off: The charga leval on ©18 acquired during the rastore
time maintains the de level on the gate of Q22E 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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Vollage Follower Amplifiers

L1324 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 one.

The output signals from this stage are connected to
First Differential-To-Single-Endad amplifier U48 and to
the bases of Q7T2A 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
thraugh 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 LI48, The gain of the
stage is equal to:

'Egg'}[( Ra7 ) (HSEI HGS)]f
| R3z| "|\R37 ~ R34 R32
[25], [( 2.5 ) (25+1n)]_
[ 25 + 10 10

38]-18) (5]

0.25 + (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 connecled 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 associated 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/SCAN 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 074 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
torm a one-pole filter to limit the handpass of the amplifier
stage. In the 10 ms position of the TIME/SCAN switch,
bandpass of the stage is limited to approximately 72 kHz.
I 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 QB82B are common-source amplifiers that
conduct offset currents into the push-pull signal paths.
)86 is a constant-current source for Q824 and Q82B.

(1824 has its gate setto a fixed voltage level determined
by the divider R81-R&2. The gate of Q828 sits at a voltage
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, VRG7, Q58, 82, and U988 along with their
associated components comprise the Baseline Restora
circuit. This circuit generates the baseline correction
signal used to charge CB83 in the Baseline correction
Amplifier.



054, YR57, and Q58 form a switching circuit. This
circuit generates a positive-going, rectangular-pulse out-
put at the collector of Q58 that is time-ralated 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 VRS7. 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 092 which prevents Q922 from deliver-
ing its correction signal to switch 592.

When the scanning ramp waveform rises to a level 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-
Iy +5 volts, Q58 again turns on which turns off Q92. Q58
remains off until the reamp resets and again rises to
approximately +2.5 volts. 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 condiliens, the signal
applied to the plus input (pin 3) of U%8 represents the
vidicon baseline and any signal 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

RS94 + 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 current,

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 varlable-
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 palrs
(pins & and 9 for the ¥ inputs and pins 10and 13 for the X

inputs). A single-ended voltage input signal (from L1208)

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 U102 when the SPECTRAL NORMALIZER switch is
sel to the INT position, AR108, 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 aground 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 to the Multiplier Current Converter circuit.
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Circuit Description—J20/7J20

Multiplier Current Converter

U120A and its associated 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 1204 (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:

i BBV
Vo=V =53¢

whera Vi, = the differential voltage between pins 10and
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. G114
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
114 which removes G114 from the circuit, G115 and R114
then limit the bandpass of the circuit 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 G114 and G115 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

0120, 0124, and Q128 along with their associated
components comprise the Bandpass Switching Gircullt.
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 levael, 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.

@



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 U164B is connected to pin 14 of
the Interface connector J200 (located on under side of
TJ20).

—8-Voli Power Supply

U1E0B and its asspciated components comprise the
—8-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 connectad to
the Signal-Source Selection Amplifier through R151.

Logarithmic Converter

U1g4A, LM1T8, Q1824, 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.

@

Circuit Description—J20/7J20

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

R164
R161

_ 809k _ 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 output of the converter
from ever going negative.

The remainder of the circuitry forms the actual log
converter. Q1824 is 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
to the emitter of Q182A through the voltage divider
between pin 6 of W192 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 constant and
be equal to the current through R176. Since the collectar
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 G182A 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 that
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 unity-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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Signal-Source Selection Amplifier

UM96B 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 Convertar
through R193.

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

Ag different signal sources for LNM968 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

5 KOEY_
(m m)‘ 0.25

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

_ y : R211 _ 5kD ir
{1} Video signal: R154 5 k{2 1
2w R211 _ 5 kO —
(2) Ramp signal: R156 = 3333k 10
g = R211 _ _ 5kD -
(3) Log signal: R193 ~ 2605k0 20
R211 . _5kD

4 1r'.-.-~E|rsﬂ=-I+::15:_|signili:H“.a_r " 7505 k(i = o0

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 U212B. 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 [oad 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
switch, the resistance between the emitters of U212A 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 serias with A244 between the emitlers 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,

Q254 is a constant-current source far Q2444 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 G260, 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 Q268 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 Generalor 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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Timing Voltage Amplifier. Basically U346A is a non-
inverting, feedback amplifier with a voltage level con-
nectad to its plus input thraugh 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 noise 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-0f-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
RAT77. With the base of Q370 near ground and its emitterat
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 U346B goes negative, Q370
turns on and conducts briefly, generating a short-
duration, negative-going pulse in its collector circuit. This
pulse triggers the Holdoff Timer Multivibrator, which
causes the ramp to reset. When the ramp resets, U3468B
becomes biased on and Q370 turns off.
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Holdoft Timer Multivibrator

368 and its associated components comprise the
Holdoff Timer Multivibrator. |t 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 LI368 goes HI and remains there for a period of
time approximately equal to 1.1RC whare B — 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 LQO, the Ramp
Generator will be reset, The SCAN signal connects (o
three other circuits in the spectrometer. The three are:

(1] Pin B8 of the Interface connectar

{2) US5E0 in the £ Axis Circuit (display unblanking)

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

Repetilive-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 8 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 U540D) 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 U450A 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 goeas 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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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 LI450C as it did in the
normal-scan mode. Fig. 3-2 jllustrates the sequence of
logic for this mode of operation, For purposes of explana-
tion of integrate-mode switching logic, assume the Ramp

Genearator has bean reset and the holdoff time has elapsed
but the integrate time has not. All three inputs to L450C
will be LO, which sets the output (pin 8) of U450C HI and
causes the output of U450A to be LO. The circuitl 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

3

INTEGRATE
TIMER

—— e —— —

_‘ - ——— i ——————— — — — —

SCAN
RAMP I} |
|
| I
G | 3
et T: + 60us
U450A [ uasoc
1] 2]13fi2ffn|wn]s | 8
o ol o 1 ]o || o | o | o | 1|HOLDOFF JUST PRIOR TO SCAN START
T ol o| o |1 1|1 | 0| ola3 TRIGGERED:; SCAN STARTS
T ol o] o |11 |0 | o0 | oairurnsoFr
T. 1 o] 1|0 o] o | o| 1|ENDoOFscan; u3ss TRIGGERED
T:160s 0]l o| 1 |o]|lo | o | o | 1|ussresers
1642-02
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 L4504 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 U450C
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 BS0 pf
=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 equals Rd441 and C equals G441 (1.1 x
30 kO x BA0 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 L1440 again. Thus
the output of U440 goes HI approximately 24 us after the
start 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

(328 and Q344 with their 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
clreult has no effect an the reference voltage supplied to
pin 3 of U346A by the voltage divider made up of R343,
R345, and R346.

When the VARIABLE TIME/SCAN control is in the
uncalibrated (button-out) position and rotated slightly,
the base-emitter junclion 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-
sloped, ramp waveform.

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

Integrate Timing Circuit

330 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,

313



Circuit Description—J20/7J20

(1332 is a programmable unijunction transistor and
operates as a relaxation oscillator. The programmabile
unijunction used for 332 becomes biased into conduc-
tion whenever the voltage on the anode reaches a leve|
approximatley 0.6 volt more positive than the level at the
gate. When Q332 conducts, the current through Q332
discharges the capacitance connected 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 control.
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-
arounded and Q330 turns on very hard. The collector of
(¥330 comes down very near to ground, which sels 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 G330. Now the gate
of 0332 is allowed to rise to its reference level and the
circuit free runs,

A Sweep Amplifier

LM416B 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 U382, As long as the ramp level is
negative with respect 1o the reference 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 R397 differentiates the positive
step that occurs at the marker point into a short-duration,
positive-going pulse. This positive-going pulse turns
(1398 off brieily, 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 valtage
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 DISPERSIONM 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 U4164A. In the other positions of
the DISPLAY DISPERSION switch, the output of U3B8A is
used to 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

U3BaB 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 oscilloscope 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 LU388E.
The two output signals comprise the push-pull input
signal required by the oscilloscope's horizontal deflection
systemn,

Grating Change Logic Circuit

310, Q312, Q314, Q316, and Q318 with their
associated components comprise the Grating Change
Logic Cireuit. 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 SPAN 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 onthe 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* | Switch Position
1 1 1 10 ms
1 1 1] 20 ms
1 0 1 50 ms
1 0 1] 100 ms
0 1 1 200 ms
] 1 1] 500 ms
0 0 1 1000 ms

*1 represenis a HI

Cam 12 of the TIME/SCANM 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 operation for the circuit.

(1) Free run (continuous displays)

(2) Triggered only  when

triggered)

(displays presented

(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

uU448B8, 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 order to get a Hl at pin A1, the output logic from
U448B (pin 6) must be LO.
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