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RAPID-SCANNING SPECTROMETER SYSTEM

DESCRIPTION

The J20 Spectrometer with the 7J20 Spectromeler
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 manochromator i1s focused onto the target of a vidicon
tube where the spectrum is stored as an elecrical charge
image An electron beam periodically scans across the
vidicon target. converting the charge image into an
electronic signal that is in turn processed by the 7J20
Spectrometer Plug-Iln. Design of the J20 Spectrometer
features two switchable diffraction gratings, selection of
entrance sht widths, and a choice of several optical filters,
any of which can be placed in l.ontof the entrance slit. The
two switchaple gratings in the J20 Spectrometer allow
scanning wide (400 nanometers) or narrow (approximate=-
Iy 40 nanometers) portions of the 250 to 1100 nanometer
spectrum.

The TJ20 Spectrometer Plug-In is a two-hole wide plug-
in designed to operate in the Tektronix 7000-series family
of oscilloscopes. It functions as an electronic signal-
processor and controller betwean the J20 Spectrometer
and the 7000-series oscilloscope mainframe. Design of the
7J20 Spectrometer Plug-In features some controls that
allow signal manipulation to provide a variety of
meaningtul 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 crt to allow setting the

output signal amplitude of the 7J20 to match the input
sensitivity of the oscilloscope mainlframe being used. The
TIME/SCAN switch selects the mode and time of scanning
the vidicon target to provide either repelitive scanning or
integration modes of operation. The DISPLAY DISPER-
SI0OM switch provides crt display horizontal expansion to
increase crt display dispersion. Expansion occurs
centered around the inlensified wavelength marker. The
MARKER contro! ailows horizontal positioning of the
intensified wavelength marker in the crt display 1o permit
wavelength identification of specific portions of a spectral
display. The SPECTRAL NORMALIZER switch selects
between normalized and un-normalized operation. Mor-
malized operation provides radiometric calibration of the
spectrometer system.

The 7J20 Spectrometer Plug-In, though it will operate
in any 7000-series oscilloscope mainframe (even those
without crt readout). is primarily intended to be operated
in a T613. The 7613 offers adequate vertical amplifier
bandpass to ensure optimum spectrometer performance,
and crt readout to take advantage of spectrometer
operational features such as the wavelength MARKER
control. Additionally, the storage capabilities 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 vidicon detector are used to
provide horizontal deflection in the crt display, no ad-
ditional plug-ins are necessary for spectrometer opera-
tion.

The 7J20 Spectrometer Plug=In also features an Inter-
face connector (located on the bottom of the plug-in) to
facilitate signal interconnection between the spec-
trometer system and a recorder, a computer, or a digital
signal processor such as the Tektronix 7000-series DPO
system. Inquiries concerning specific applications of the
Rapid-Scanning Spectrometer should be directed to the
Marketing Group of Analytical Products at Tektronix, Inc.
{refer to the Applications section of this Instruction
Manual).

SPECIFICATIONS

INTRODUCTION

The fallowing is a list of spectrometer system
specihcations. These specifications apply over the am-
bient temperature range of +15°C to +35°C (unless
specifically noted otherwise) after a minimum warm-up
tirme of 20 minutes. For additional speci‘ications concer-
ring individual elements of the spectrometer system, refer

()

to the Specifications section of the J20/7J20 Rapid-
Scanning Spectrometer Service Instruction Manual.

The specifications that follow are divided into three
categories: Optical, General, and MNormalized. Those
characteristics having their limits listed in the Primary
Limit column are instrument specifications. Data in the
Secondary Limit column does not constitute instrument
specifications and is provided for reference use only.
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CATEGORY 1

Optical Speclfications

Characleristic

Primary Limit

Secondary Limit

Spectral Sensitivity Range

230 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 (£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 Am'
40 nm 46 nm 40 nm 34 nm 30 nm
(Full Scan) +2% 2% 2% +2%
20 nm 23 nm 20 nm 17 nm
{Expanded) +4% 4% +d%
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 Wavelangth Accuracy

Grating A
At =25°C

Measured over the center two graticule
divisions only.

=10 nm

From +15°C to +35°C

+12 nm at 300 nm
+13 nm at 500 nm
+14 nm at 1100 nm

Grating B
Al +25°C

+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 nam from 900 nm to 1100 nm

Wavelength Mechanical Repeatability’

Grating A +4 nm
Grating B +0.4 nm
Wavelength Repeatability’
Grating A +1 nm
Grating B =0.5 nm

‘Display Cenler Wavelangth

Fived lemperature. includes graling change and wavelength Interval adjustment, not including digital readout.

Fized temperature, not Including grating change, wavelength Interval adjustment, and digital readout.

2



Characteristic

Resolution
(Bandwidih at Half Amplitude)

CATEGORY 1 (cont)

Prlma-r',r Limit

A A, i L
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- aw—- -

Grating A 4 nm
Graung B 0.4 nm
Stray Lighl - 1% at 600 nm to a notch lilter with

Steradiancy

tungsten illumination

0.02 steradians, + 00006 steradians { = 3%)

Field of View (Full Angle)

Harnzontal 8.2 degrees
Vertical 95 degrees
Equivalent f-number /6.3

Ambient Light

10,000 LUX (1000 foot candles)
or less of sunhght

CATEGORY 2

General Specifications
(Un-Normalized)

Characteristic

Primary Limit

Secondary Limit

Display Vertical Dnift
I(VERT GAIN 200)

1.5 major crt graticule div/minule
at -25°C. (0.75 nA/min)

=3 major crt graticule
div/minute at +25°C.

Display Baseline Flatnass
(VERT GAIN 200)

+ 6 major crt graticule div p-p
(-3 nA p-p) al +25°C.

Display Monse (VERT GAIN 200)

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

Vertical Lineanty Using Switched
Attenuation (Linear Gains)

= 4% of light level with oscilloscope
crt linearity excluded.

=2 1/ 2% crt linearity
additive 1o Vertical
Linearity specification.

Logarithmic Gains Accuracy
(300 nA Reference Level)

True Log | Measured Log | Error %
10dB 1.04dB to 0918 dB +31/2, -8.2
20dB 207dBto -1.58dB 3172, -
indB J11dBto 1.78dB 312, -407

REV. B, APR_ 1976
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CATEGORY 2 (cont)

Characteristic

Primary Limit

Secondary Limit

Absorbance Gains Accuracy (300 nA
Zero Absorbance Reference Level)
True Absorbance Measured Absorbance Error %
oA 1] 0
0D3A 0.311-0.284 A +31/2, -5.3
06 A 0.621-0563 A +31/2, -6.2
10A 1.04—-0.918 A +31/2, -B2
13 A 1.35-116 A +3 1/2, —10.8
16 A 1.66—1.3T A +31/2, -14.4
20 A 207-158 A +31/2, -211
30A IN=1.78 A +3 1/2, —40.7
Vertical Deflection Electrical 100 nA —
Sensitwity (Linear Gains) VERT GAIN ) Per div. 5% Typically +3%
Characteristic Secondary Limit
Typical Response Times (Lag) from
Initial Signal Level L, to 1, —0.9 Ai Initial Signal Intensity Level, .
Signal Change (Ai) 500 nA 200 nA 100 nA 50 nA 20 nA 10 nA
200 nA 40 ms'
200 nA 60 ms’
100 nA 43 ms 82 ms’
50 nA as ms 46 ms 97 ms'
20 nA 34 ms 44 ms 64 ms 250 ms'
10 nA 36 ms 47 ms 65 ms 135 ms 350 ms’
CATEGORY 3
MNormalized Operation
Characteristic Primary Limit Secondary Limit

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

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

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

Radiometric
Spectral Range

400 nm to 967 nm for Grating A
367 nm to 200 nm for Grating B

Vertical Scale Factor Readout

L s

W/ (nm-div) of crt deflection

“To full off.



Characleristic

Radiant Power Aﬁ;urncy
400 nm 600 Am

600 nm 967 nm
367 nm 600 nm

600 nm 900 nm

Radiant Power Repeatability

{To Indwidual Calibration Curve

Avallable for Each Instrument)
400 nm 600 nm

e e ——
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CATEGORY 3 (cont)

Primary Limit

o ———— —————————

B00 nm 967 nm

367 nm 600 nm

800 nm 900 nm

Secondary Limil

Spectral Flatness

MNose Equivalent Power

-_G'rnl.'irlg A ! Graii-ng B
- 2P |
|_. —— R T |1
- 12% |
| - 12%
| I i t1ﬂ°
*13%
*3.5%
+5.5%
3%
*15% “15%
50 pW/nm 500 pW/'nm
(1 div) (1 div)

20 pm Shit. VERT GAIN 200)

Lineanty

+ 6% not including oscilloscope
linearity error

Ower the range of noise
level to 0.7 of saturation
current.

Dynamic Range

1501

Lower limit of dynamic
range i1s Noise
Equivalent Power Level
for each grating.

Photometnc Accuracy

Linear Gans

All normalized photometric limits are
specified using an external normalizer
with the system normalized to 300 nA
vidicon signal current over a wavelength
interval using a quartz wdine lamp.

* 4% T un-normalized
6% T normalized

Naot including hinearnity
error of oscilloscope.

Absorbance Gains
Un-narmahized

Refer o imits specified in General
Operation seclion.

MNormalized

Random error of 2% additive to
un-normalized tolerance
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CONTROLS AND

INTRODUCTION

The controls and connectors essenhial 1o the operation
ot the Rapid-Scanning Spectrometer are located on the
front panel of the 7J20 Spectrometer Plug-In and the rear
panal 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-

cilgscope operating nstructions

CONNECTORS

NOTE

All wavelorm dlustrations thal appear in this manual
are artist’s reproductions of actual photographs
taken of the spectrometer display usmg a Teklronix,
Inc. camera system. The wavelength marker readout
mn the wavelorm dlustrations always indicales the
wawvelength represented by the center verlical crt
graticule hne.

READOUT

E/SCArS (M8}

=

TIM

11 vIRT Kl EN
TNCAL [ I8
¥ WARIABL | (CAL IN
MERRLR
» VERTIC |L GAIN wl AVILENGTH
Ly “'IO('I VERTICAL

SUNEITRATY
W e - i

BASELINE
RESTORE

RAPID
OPTICAL SPE

MARK'

FREE I
RUN .
—_ 4-@
SINGLE l
RESET B
DISPLAY 3
SRk TRIGGER IN .
ICAN INTENSITY
TROMETER €

Fig. 1. 7J20 Spectromeler Plug-In controls and conneclors.
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7J20 SPECTROMETER PLUG-IN
1. VERTICAL GAIN SWITCH

This 15 a 16-position rotary switch that selects
cahibrated vertical deflection factors for the crt display.
Three types of deflection are provided

In the 1 through 500 positions of the switch, vertical
deflection wn the display 15 hinear. The swilch position
numbers indicate amplification factors (ie. in the 10
position, the vertical signal is amphfied 10 times that in the
1 posihon)

In the LOG positions. vertical ‘eflection i1s logarithmic
and each vertical division in the display represents a
specified number of decibels.

In the ABSORBANCE positions. vertical deflection is
inverse loganthmic and each vertical division represents a
specified number of absorbance unmits. The lower left
portion af the crt readout indicates the vertical sensitivity

2. VARIABLE CONTROL

This 15 a combination pushbutton switch/rotary con-
trol When the switch 15 set to the uncalibrated (button out)
position, the vertical deflection is uncalibrated. The rotary
contral provides uncalibrated deflection factors con-
nnuously vanable between the calibrated settings of the
VERTICAL GAIM switch. In the calibrated (button in)
position, the vertical deflection factor is calibrated and the
rotary VARIABLE control has no effect.

3. VERT UNCAL INDICATOR

This 15 a lamp to indicate when the vertical deflection
factor is uncahbrated The lamp will be lit when the vertical
VARIABLE control is in the uncalibrated (button out)
position. when the FILTER swiich on the J20 Spec-
trometer 13 not 0 the 0. 1. or 2 positions. when the
TIME SCAN swilch on the 7J20 Plug-in is in the 10 ms
position, when the SPECTRAL NORMALIZER switch an
the 7J20 Plug-In 15 not in the INT position. or when the
SLIT switch on the J20 Spectrometer is in the OPEN
positon

4, GAIN ADJUST

A screwdnver adjusiment used Lo set the verlical outpul
signal amphitude of the 7J20 10 match the inpul sensitivity
of the vertical deflection system al the oscilloscope in
which the plug-in s installed. Provides caliSiateo vertical
deflection system operation

RSS System - J20/7J20 Operators

5. ATTEN BAL ADJUST

A screwdriver adjustment to minimize baseline shift in
the crt display when swilching between adjacent positions
of the VERTICAL GAIN switch

6. VERT POSITION CONTROL

Controls the verlical position of the crt display

7. ABSORBANCE ZERO CONTROL

This control positions the zero absorbance (100% T)
reference line in the cridisplay. The control functions only
in the three ABSORBAMNCE positions of the VERTICAL
GAIN switch.

8. OFFSET CONTROL

This is a 10-turn control used to offset high-amplitude,
vertically-overscanned displays to bring the area of in-
lerest back to within the limits of the crt graticule area.

9. BASELINE RESTORE PUSHBUTTON

This pushbutton switch. when pushed. closes the
entrance shil 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 SWITCH

This three-position lever switch allows selection of
internal normahization, external normalization, or no nor-
malization at all. When the swilch isin the INT position, the
system is radiometrically calibrated (provided the VERT
UNCAL indicator is not lit).

11. MARKER CONTROL

This 15 a positioning control for the intensified
wavelength marker in the crl 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-posihion switch that selects one of four
calibrated dispersion factors for the horizontal axis of the
crt display. When using Grating A, the four dispersion
factors are 40 nm/div, 20 nm/div. 10 nm/div. and
4 nm/div. when using Grating B, they are 4 nm/div,
2om/dw. 1 nm/div. and 04 nm/div. The upper nght
partion ol the crtl readout indicates in nanometers the
wavelength span displayed n one horizontal division of
the crt graticule
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13. TIME/SCAN SWITCH

This seven-position rotary switch selects themode and
mnterval of scanning the vidicon target in the 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 1 s positions, the vidicon 1s 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 units of time the time/scan selected by this
swilch

14. VARIABLE CONTROL

This 15 a combination pushbution switch/rotary con-
trol When the switch is set to the uncalibrated (button out)
position. the time‘'scan s uncalibrated. The rotary control
provides uncahbrated times/scan continuously variable
between the calibrated settings of the TIME/SCAN switch.
The VARIABLE control reduces the shortest scan interval
(10 ms) to 4 ms or less. In the calibrated (button in)
position the tme'scan 15 calibraled and the rolary
VARIABLE control has no effect.

15. HORIZ CAL ADJUST

This screwdriver adjustment sets the horizontal oulput
signal amplitude of the 7J20 to malch the input sensitivity
of the norizontal deflection system of the oscilloscope
being used Provides calibrated horizontal deflection
system operation

16. HORIZ POS ADJUST

A screwdriver adjustment that controls the horizontal
pasit.on of the crt display

17. DISPLAY TRIGGER MODE SWITCH

This four-position lever switch selects the mode of
Inggerning a display. In the FREE RUN position. adisplay is
continuously provided. In the TRIG'D position, adisplay is
praviged only when ground-closure logic is present al the
DISPLAY TRIGGER IN connecior. In the SINGLE SCAN
position, one. and only one. scan is presented upon
receipt of a ground-closure trigger signal. Twe things are
necessary for correct SINGLE SCAN operation. The
DISPLAY TRIGGER MODE switch must be in the SINGLE
SCAN position, and the circuit must be armed prior to
receipt of the triggerning signal. To arm the circuil, set the
DISPLAY TRIGGER MODE switch to the RESET position
briefly. then release it 1o return to the SINGLE SCAN
posihion

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 for a
trigger.

20. DISPLAY TRIGGER IN CONNECTOR

This iz a BNC connector for application of external
display trigger signals. Negative-going trigger signals, at
least 1 us wide with the most negative excursion to a DC
level of between 0.8V and 0V, will trigger a display.
Ground-closure logic will provide adequate triggering.

21. MARKER INTENSITY ADJUST

This screwdriver adjusiment 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 conneclor used to facilitate signal inter-
connection with a computer or data tape recorder.

Fin 1 — Marker output; a TTL signal that goes Hl at the
marker point. Capable of driving one load unit or less.

Pin 2 — Grating number outpul: a TTL signal that goes
HI for B grating: LO for A grating. Capable of driving
two load unils or less

Pin 3 — Wavelength center signal outpul: signal
represents wavelength at the center of the vidicon scan
area. Zero volts represents 300 nanometers. One volt
change in output signal represents 100 nm change in
center wavelength, +2% (e.g.. 2.5V — 550 nm).

Pin 4 — Ramp oulput; 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

Pins 5, 6, and 7 — Binary-coded decimal TTL output
signals; indicate TIME/SCAN switch position. Pin 7
output signal (output A) is mos! significant digit; pin 5
output signal (output C) is least significant digit. Each
outpul capable of driving two load units or less.



Ar B* c* TIME/SCAN

0 1 1000 ms
1 0 500 ms
1 1 200 ms
0 0 100 ms
0 1 50 ms
1 i 20 ms
1 1 10 ms

. ===

*1 represents the HI stale.

Pin 8 — Scan output; a TTL signal that goes HI when
the vidicon target i1s being scanned. Capable of driving
one load unit or less.

Pin 9 — Z-Axis cutpul,a TTL signal that goes Hl when a
display 15 being presenled. Capable of driving two load
units or less.

Pin 10 — Scan Control input; a TTL signal that causes
normal scanning when it 13 HI. When LO. the ramp is
held in reset. Ramp will start when “Scan Control” goes
HI. Minimum pulse width (HI) is 1 us. Loading is equal
to one lpad unit or less (51 0 paralleled by 1000 pF).

Pin 11 — Wavelength Marker Count Gateoutput;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. Qutput is capable of driving two load
units or less paralleled by 20 pF.

Pin 12 — Wavelength Clock output; a TTL signal ap-
proximately 100 kHz in frequency. Counting the
negative transitions of this clock signal while the
Wavelength Marker Count Gate is HI will yield the
Wavelength Marker readout in nanometers. Output is
capable of driving two load units or less paralleled by
200 pF.

Pin 13 — Ground.

Pin 14 — Vertical Sianal output; positive-going analog
signal 2 mV/nA, +*5% in amplitude referenced to
ground Signal includes Mormalizer and dark current
correction but excludes attenuators. Output is capable
of driving 5 k(} paralleled by 500 pF.

Pin 15 — Shield for center conductor of coaxial cable
connected to pin 14,

REV. B, APR, 1976
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Pin 16 — Uncorrected Vertical Signal output; positive-
going analog signal 1 mV/nA, 5% in amplitude
referenced to ground. Does not include normalizer and
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. Qutput is
capable of driving 10 k(} paralleled by 500 pF.

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

Pin 20 — Mot used.

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

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

QCutput: the oputput signal is high (approximately
+13 V) when the BASELINE RESTORE pushbutton
is not pressed, and low (zero volts) when the button
is pressed. Peak output current is one ampere.
Average oulput current is approximately 400
milliampeares.

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.

Pin 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 Spectrometer. DC voltage levels output at this
pin are accurate to within 0.2 volts.

DC Level “Drop Zero" Slit Position
14V 1 OPEM
135V 1 10 uym
130V 1 20 pm
125V 1 50 pm
120V 1 100 pm
130V 0 200 pum
125V 0 500 um
120V o 1000 pm

Maximum loading for this output is one megohm.
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Pin 23 — Drop Zero output: a TTL signal that 1s LO in
1000 gm. 500 gm. and 200 g shit posihions and HI far
the remaming shit positons of the shit wheel in the J20
This output 15 capable of driving two
or less

3 Ground

J20 SPECTROMETER
22. SLIT WIDTH SWITCH

This 13 an 8-position swilch used to select various
dimensions for the entrance shit to the J20. All slits have
the same (7 mm) height. Shit widths thal can be selecled

SUT WIDTH (ma)
BT HMGHT T mm
[ L] L]

OFEN

HD B

MO 30

SOnm MONDPASS

WO MONOPALS

U BLOCK < 400w

.

EAR A LA AL AL AR -]

U BLOCK = SO00ww 1
U FASE TS0 3E:Dven |

| wavsLmame be e WAL T
1 —
| A e g ! '
Py Wkl B e
P T 4 TS
TR s | PlEG i THa

®

@)

Fig. 2. J20 Spectromeler conlrols and conneclors.
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are 10 pm ( =5%), 20 gm (=2.5%). 50 pm (=3%). 100 um
{ = 2%). 200 um (=1%), 500 gm (=1%), 1000 gm (= 1%), and
fully open (5 mm).

23. WAVELENGTH INTERVAL SWITCH

This two-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 dispersion at the
vidicon target. Grating B has a 40 nm wavelength span in
the display with 3.2 nm/mm reciprocal linear dispersion @
650 nm at the vidicon target.

24. FILTER SWITCH
This B-position switch determines which optical filter is
placed in front of the spectrometer entrance slit. The
selection contains the following filters:
0 Open (no lilter)
1 Neutral Density 1.0
Neutral Density 2.0
500 Manometer Monopass
BOO Manometer Monopass
Ultraviolet Block << 400 Nanometers
Ultraviolet Block << 500 Nanometers
Ultraviolet Pass 250 nm-330 nm Second Order

M th f W M

|
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The neutral density filters will not vary in specified
densily 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 nanomeler of the specified value. Transmission
at peak wavelength is at least 25% with a half bandwidth of
less than 3 nanometers. The artwork shown in Fig. 3
depicts the typical transmittance characteristics of the
ultraviolet blocking and monopass filters.

25. GRATING A WAVELENGTH INTERVAL
SWITCH

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

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 variable
throughout the spectral range of the instrument.

INITIAL OPERATION

INTRODUCTION

The following procedure is designed to assist an
operator unfamiliar with the J20/7J20 Rapid-Scanning
Spectrometer system with putting the system into opera-
tion. Using this procedure will allow 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
lor becoming familiar with the effect the various instru-
ment controls have on the spectrometer display.

NOTE
To avoud unnecessary vidicon-detector aging and
degradation, furn off the spectromelar system when
nol being used.

OPERATION

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

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

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

3. Set the fellowing oscilloscope controls to the
positions indicated.

VERTICAL MODE Rigint
HORIZONTAL MODE
{If applicable) A

STORE (If applicable) Button out (non-store)

4. Set the following J20 Spectrometer controls as
indicated.

SLIT WIDTH 20 pm

WAVELENGTH SPAN A400 nm

FILTER Position #3 (500 nm
Monopass)

GRATING A WAVE-

LENGTH INTERVAL 300-700 nm

1
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Fig. 3. Typical iransmission characteristics for the uliraviolei-blocking filters used In the J20 Specirometer.

5 Set the following 7J20 Spectrometer Plug-In con-

Irols as ndicated

VERTICAL GAIN
VARIABLE

TIME SCAN

VARIABLE

DISPLAY DISPERSION
OFFSET

SPECTRAL NORMALIZER
DISPLAY TRIGGER MODE

12

1

CAL IN

20 ms

CAL IN

40 nm/dv

0.00 and locked
OFF

FREE RUN

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 conlrol, position the
display baseline on screen and adjust the oscilloscope
INTENSITY and READOUT INTENSITY controls lor a
comfortable wviewing level Adjust the oscilloscope
FOCUS control for a well-focused display.

8 Push the BASELINE RESTORE pushbutton briefly
and releass



9 Verhically position the display baseline to the bot-
tom crl graticule hne

10 Position a tungsten hight source (such as a 60-watt
incandescent lamp) in front of the spectrometer entrance
shit Observe the spectrometer display and position the
iamp to abtain maximum signal amphitude

RSS Syslem - J20/7J20 Operalors

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

The spectrum present in the spectrometer display 1s the
transmission spectrum of a narrow bandpass filter. Use
this display as a starting point while reading the explana-
tion of nstrument controls given in this manual. and
observing the effect the various instrument controls have
on the display.

13
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CHARACTERISTICS OF THE RSS

INTRODUCTION

The J20 7J20 Rapid-5Scanning Spectrometer functions
as a rapid electronically-scanned spectrometer optimized
tor winetic studies. and also as a general purpose
anabylical instrument with fealures new 1o spectroscopic
instrumentation The tollowing discussions briefly gutline
details of nstrument operation and some of the
operational frage-offs 1o be considered when using the

spectromeler

Tne spectrometer system can electronically scan a
<00 nm (2000 angstroms) segment of the spactrum {using
Grating A)in less than 10 ms. This wide range s useful for
obtaming an overview of the spectrum. For delailed
analysis. an approximately 40 nm segment can be scann-
ar using Grating B) with resolution of at least 0.4 nm (4
angstroms)n firstorder The 40 nm scanned segment can
pe continuously vaned over the spectra’ range of 300 nm
to 1100 nm (first order] Varnable scan rates allow slow
scanning modes with integration of up to one second (for
scanming low hght-level spectra) without using digital
techmgues

The outpul spectral display on the crt can be
automatically corrected for the spectral response of the
optical system and detector. Automanc spectral correc-
ton can also be made for external optical devices such as
hght sources hiters, collechion optics, etc. Absorption
measufemants made n this manner do not require dual-
beam  lechmigues  In addition. the nstrument is
radiometrically cahbrated. therefore. direct real-lime
measurements of spectral rachant power are possible with
this instrument Figure 4 shows a spectrum containing the
385 nm Mercury triplet as it appears in the display on the
psoillpscope ort Mote that the important scale factors
such as spectral power. scan time, marker wavelenglh,
and wavelength span apoear in the crt display along with
the scanned spectrum The intensified wavelength marker
spot can be moved honzontally across the displayed
specirum by rotating the front panel MARKER control

The Czerny-Turner grating specirometer provides high
through-put. coma correction. and 15 nonvignetting. Non-
vignetting means that every pointin the entrance slit (even

14
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Fig. 4. Spectrum display of 365 nanometer mercury triplel.

top and botlom) will accept the full /6.3 aperture. This is
essential 1o making accurale radiomeltric measurements.
As a poinuof reference, if this system were specified in the
often used manner of focal length divided by the diameter
al the entrance mirror, it would be an /3.8 system.

In lieu of an exit slil. the spectrometer images the
dispersed spectrum onto the target of a vidicon image
tube. The photosensitive target of the vidicon consists of
an array of photodiodes on a silicon substrate. Incident
photons are absorbed into the silicon substrate, creating
hole-electron pairs, Absorption of ultraviolet light occurs
near the surface of the silicon, while infrared penetrates
deeply belore being absorbed. The holes. which are
minority carniers. diffuse into the space charge field and
are immediately swept across the photodiode junclion
into the p-type region. The p-lype region, which had been
charged by a previous scan of an electron beam. 15
discharged proportionally to the number of photon-
induced holes. When the scanning beam again sweeps the
region, it will have to supply current to recharge the diode.
This current llow is thus proportional to the number of
photons incident an the vidican target and becomes the
video signal.

(‘é‘:
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SYSTEM COMPOUENTS

SILICON-TARGET VIDICON

Use of a siicon-1arget vidicon as the detector in the
spectrometer olfers the lollowing advaniages

1 Wide spectral response (250 nm to 1100 nmj)

2 High sensiivity (guantum efficiency greater than
80 at © W nm)

3 Imperious to damage due to tugh hight levels
4 Charge storage (multiplex advantage).

5 Fast response and low lag.

6 Linear responss to ophcal intensity

7 Wide dynamic range

8 WVarnable scan rates and modes

The last feature results from electrostatically deflecting
the scanning electron beam. The vidicon gun structure isa
urmigue Tektromix, Inc. design. A special deflectron con-
higuration. i conjunction with magnetic focus, resulls in
excellent resolution in addition to little “shading™ error
due to beam landing

The charge storage feature of asilicon-target vidicon is
guite advantageous for spectroscopy applications, par-
ncularly rapid scan. As a spectrometer deteclor. the
sihcon wicheon 15 analogous o a super-sensilive spec-
trograph plate that can be exposed for the desired lime,
then rapdly developed (scanned electronically) with the
resultant optical spectrum displayed on an oscilloscope
crl

The widicon can scan the spectrum rapidly or slowly.
Slow-scanming offers the advanlages ol increased sen-
sitivity and the smoothing out of fluctualing spectra when
tme resolution s not desred (such as with arc or spark
spectral Highest sensiivity 13 achieved by holding off
scanming thewvidhcon for as long as one second to integrate
thencident photons. then the vidicon is rapidly swept and
the spectrum displayed in 20 ms. Low hight-level optical
spectra not normally detectable with rapid-scanming are
maore easily detected in the integrate mode. Conversely,
bBecause the intrinsic response of the silicon-diode target
15 gquite fast. the tube can be rapidly sweplt lor lime-
resolved apphcations. Rapid scanning and immediate
display are very usetul tor routine spectral analysis and for
previewing expenments. Expenimental apparatus can be
quickly checked outl, and small changes are readily
detectod whan the spectrum s contmuously displayed

Scanming more rapidly than 10 ms is possible with a
vidicon detector; however the time resolution of the tube
15 himited by intrinsic lag. Lag is a phenomenon that occurs
in charge storage type tubes, 1e., when the hight input s
removed. it takes a fimite amount of time for a charge
storage detector to tully return to its uncharged or dark
condition. The time response of the storage delector then
becomes hmited by this lag phenomenon

If the rapid-scan spectrometer used a mechanical
method of scanning with a photomultiplier-tube detector,
or glectronic scanning with an image dissector tube. the
multiplex advantage would be lost. Vith these sorts of
devices, a short-lived fluorescence or laser pulse oc-
curring at a wavelength other than the exact wavelength
the detector is sampling would not be detected. However,
a storage detector such as the silicon vidicon will detect ali
speciral events. even of picosecond durations. though
time resolution will be limiled by the lag characteristics of
the detector. The multiplex advantage of the storage tube
detector system. coupled with the high quantum efficien-
cy of the silicon vidicon target, results in sensitivities on a
par with the besl photomultiplier systems for rapid-
scanning spectroscopy.

In the J20 Spectrometer, the projected spectral image
from the monochromator is scanned off the vidicon largat
in the following manner. A two-megahertz sinusoidal
signal is applied to the “vertical” plates of the vidicon so
that the electron beam is rapidly deflected in a direction
parallel to the shit image. Simultaneously, a much slower
scanning ramp is applied to the honizontal plates so that
the slit-shaped eleclron beam s scanned along the
wavelength axis of the spectralimage. This same scanning
ramp signal is also used to provide horizontal deflection in
the display on the oscilloscope crt. The bandwidth of the
vertical preamplifier in the 7J20 is hmited so that any
intensity variations that might be detected along the shit
length will be integrated oul. The signal from the low-
noise preamplifier is next electronically processed and
normalized for spectral response. The resulting signal,
representing spectral intensity, drives the vertical axis of
the oscilloscope crl.

MEASURING VIDICON SATURATION

A sihicon-diode widicon exhibits a  hght-transfer
response such as that shown in Fig. 5. Vidicon satura..on
{a non-lineanty or “leveling off” of response) occurs at
high light levels. Cccasionally saturating the vidicon will
nol permanently damage the tube. The saturation level of
the widicon can change as the tube ages and should be
measured perniodically (o prevent unwanted measuremeant
errors that occur at or above saturation

15
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The following procedure provides instruclions for WAVELENGTH SPAN A 400 nmidiv
determiming vidicon saturation level and when a measure-
ment level 15 near saturation GRATING A WAVE-
LEMGTH INTERVAL 400-800 nm
| |
1 Pre-set instrument controls to the following set- ARNT BT et
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TJ20
VERTICAL GAIN 1
VARIABLE VERTICAL
GAIM CAL IN
OFFSET Locked al 0.00
TIME SCAN 20 ms
VARIABLE TIME SCAN CAL IN
DISPLAY DISPERSION 40 nm/div

SPECTRAL NORMALIZER OFF

2 Press the BASELINE RESTORE pushbution and
hold Using the VERT POSITION control, position the
display baseling to the bottom cri graticule line. Release
the BASELINE RESTORE pushbutton

3 Place a tungsten incandescent lamp in front of the
spectrometer entrance sht. While monitoring the spec-
trometer display. position the lamp to achieve a signal
amplitude to the poinl where further movement of the
lamp produces httle further increase in signal amplitude.
Also. note that the charactenstic curve of the lamp will
change and narrow spectral lines will broaden above this
level

As a tinal check for saturation, change the TIME/SCAN
swilch 1o 10 ms. The vidicon will saturate at a higher signal
current level at this scan rate. Non-saturated signals will
not sigmificantly change their levels when the scan rate is
increased

4 Determine the saturation level of the vidicon by
counting the number of divisions up from the boltom cri
graticule hine to the level at which the lamp's characteristic
curve became distorted and ceased to increase in
amplitude. If the saturation level is above eight divisions,
rotate the OFFSET control to bring the display back into
the crt display area

5 Multiply the aumber of divisions counted times
100 nA isignal current sensitivity — 100 nA/div in the 1
position of the VERTICAL GAIN switch) to determing
vichcon saturation current. Take into account any offset
provided by the OFFSET control (one revolution
100 nA)

INTERCHANGEABLE GRATINGS

Often it is desirable to initially scan a broad spectral
range. then. later investigate specific regions of interest
using greater dispersion and improved resolution. The use
of two interchangeable gratings in the J20 Spectrometer
allows this zoom-in capability. as illustrated in Fig. 7. The

RSS Charactleristics —J20/7J20 Operators
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Fig. 6. The effect ol vidicon saturation on line and continuous
spectra.
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top sat of spectra was obtained using Grating A, which
images a 400 nm segment on the vidicon Grahing B scans
only a 40 nm sagment of the spectrum. but offers a ten-
folg improvement in resolubion over Grating A In Fig 7,
full-scan displays for each grating are shown to the lefl,
while slactromcally expanded displays are shown on the
rignt The numbers i the upper nghl-hand portion of the
crt readout indicate the wavelength span for each dlsplay,
poth full scan and when glectromically expanded

A sodhum lamp and a low-pressure marcury lamp were
Jsod to obtamn these spectra The wavelength readout
nmcates the wavelength at which the intensified marker
spot s et As the display 1s electromically expanded, the
intenstfied marker spot automatically moves to the center
of the display and expansion occurs centered around this
spot Switchung to Grating B provides a dramatic increase
n rezolution for detailed analysis As with Graling A. the
display expands around the intensified marker spot with
manimum expansion providing a display with a tolal scan
of 4 nm In the Grabing B spectra examples, the triplel
around which the display 15 expanded s the 365 nm
mercury triplet Note that throughoul all of the examples
shoawn. the amphitudes of the hines remain constant as
would be expacted in a radiometrically calibrated system

ELECTRONIC NORMALIZER

An mportant feature of the Teklronix J20/7J20 Spec-
trometer system s a umgue electronic method of correc-
ting for the spectral response of the system. Specially
designed integrated circunls detect wavelenglhs at every
instant the alectron beam is scanning the vidicon target.
and amphfy the signal in such a way that the displayed
output signal 15 equivalent 1o one coming from a
plackbody detector and perfect ophcal system. This
results in the system being automalically radiometrically
corrected and cahbrated The crl display readout in-
cicates vertical scale factors of spectral radiant power in
rerms of apthical power per spectral bandwidth interval
microwatts per nanometer) within the solid angle sub-
tended by the instrument Swilching the gain of the
mstrument. changing entrance shtwidth dimensions.
changing gratings etc . 15 all taken into account
automatcally and the cri display readout changes accor-

il

SELECTABLE SLIT WIDTHS

For hest radant energy transter (throughput) and
resoluption. the optmum sht width 15 one where the
projected sht image approximalely equals the smallest
ittt that the vidicon can resalve For tne J20 Spec-
rrometer s optimum sht andth s 20 pm. In special
ases bt s desirable o sacnfice either resolution ar
sensitivity 1o gam the other

o 10 e shit wadth improves resolution shightly over the
sht although sensilvity will be decreased by one-

RSS Characleristics —J20/7J20 Operators

half. This 15 useful with bright monochromatic sources
such as lasers. gas discharge lamps, elc.

Above 20 um, doubling the slit width doubles sensitivity
while resolvable bandwidth is halved (less resolution)
Wider shis can be used when detecting broad-band
emissions such as some molecular phosphorescence and
fluorescence spectra where there 15 no ine datail. To
determine the best slit-width compromise for low light-
level detection. begin with 20 pm and increase the slit
width until the spectral characteristic under study begins
o lose spectral detail.

SELECTABLE FILTERS

All filters used in the J20 Spectromeler are placed in the
optical path in front of the monochromator entrance slit
and can be easily inlerchanged by rotating the FILTER
switch. Typical filter response curves are shown in Fig. 3
in the seclion entitled CONTROLS AND CONNECTORS.

The following is a description of all of the positions of
the FILTER switch.

0 — Open position. Mo filters are placed in the optical
path. Used when making radiomelry
measurements and during normal operation,

1 — Meutral Density 1.0. This filter transmits only 10%
of the incident light and is used to allenuate bright
sources. Neutral-density accuracy is = 5% of N.D.
1.0 from 400 nm to 1000 nm (‘e transmission
could be between 11.22% and 8.91%). and * 12%
from 250 nm to 400 nm and from 1000 nm to
1100 nm

2 — Neutral Density 2.0. This hiter transmils only 1% of
the incident light and is also used to attenuate
bright sources. Neutral-densily accuracy is * 5%
ol ND 20 from 400 nm to 1000 nm and - 12%
from 250 nm to 400 nm and from 1000 nm to
1100 nm,

3 — 500 nm Monopass. This filter transmits only a very
narrow hand of wavelengihs centered around
500 nm. It i1s used lor spectral calibration when a
spectral cahbration emitler 15 not available. The
spectral source used must contain 500 nm racha-
hon (such as a tungsten lamp. fluorescent lamp,
elc.)

4 — 800 nm Monopass. This filter transmits only a very
narrow band of wavelengths centered around
800 nm. Also used as a calibration aid as was
position =3

19
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5 — UV Block 400 nm. This hiter attenuates
wavelengths below 400 nm and passes those
vavelengths above 400 nm  relatively un-
altenuated. It 15 used lor blocking higher order
ultraviolet wavelengths below 400 nm

& — UV Block 500 nm. This filler atlenuates
wavelengths below 500 nm and passes those
wavelengths above 500 nm  relatively un-
attenuated. It 1s used for blocking higher order
radiation below 500 nm,

NOTE

The UV block filters cut-on over a wavelength band
ol approximately 50 nm with 50% Iransmission
occurring af the specified wavelength. When using
these hiters near the “cint™ knee. use caulion mn
interpreting measurements and consult the typical
filter curves shown in the sechon enhilled CON-
TROLS AND CONNECTORS.

7 — UV Pass. This order-sorter filte, passes ultraviolet
wavelengths [ -50% trar-mission) belween
250 nm and 400 nm and blocks radiation from
440 nm to 660 nm. To avoid confusing first and
second order speclra, use this filter only in o
wavelength range of 250 nm to 330 nm

SYSTEM OPERATIONAL FEATURES

DISPLAY DISPERSION

The DISPLAY DISPERSION control electronically ex-
pands the display centered around the intensified
wavelength marker spot. Using display expansion can
clarity a complex display by displaying only the region of
interesl, or it can be used to detect or measure narrow
spectral ines

NOTE

The DISPLAY DISPERSION control affects only the
crt display and there 15 no change in the sysiem
resolulion when if 15 used.

By using both gratings and the display expansion
control, the J20 TJ20 Rapid-Scanning Spectrometer can
e used to wmhally scan a broad spectral range and then to
imvestigate specific regions of interest using greater
dispersion and improved resolution.

VERTICAL GAINS

LINEAR GAINS. With the VERTICAL GAIN switch set
1o 1. the display verhical current sensitivity i1s 100 nA/div.
This gain setling will display spectral signals from 0 nA fo
BOO nA in amplhitude when the baseline is positionad to the
izwest graticule hne For other gain settings. determine
dispiov current sensitivity by using the formula

100 nA div
Relative Gain

Use hinear mode vertical deflection whenever an accurate

representation of spectral amphtudes s desired or when
making radometric measurements

20
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Vichcon response becomes non-linear when
operated al or above vidicon saturahion level
{typrcally around 500 nA imilially ). See the instruc-
tions given in the section entitied SYSTEM COM-
PONENTS for deterruning vidicon saturation level.

LOGARITHMIC GAINS. Three logarithmic gain
positions of the VERTICAL GAIN switch give sensitivities
in terms of decibels (dB) per division (10 dB ane
decade). These logarithmic sensitivities facilitate
simultaneous display of both weak and strong spectral
emissions. Use of the optional accessory 016-1000-00
RASS External Normalizer. in conjunction with logarithmic
vertical deflection. permits display of the logarithmic
transmission characleristics of filters. solutions, elc.

Because baseline vanations represent a “false” signal
to the logarithmic amplifier circuitry. the accuracy of the
logarithmic display depends on the current level of the
measured signal. From the logarithmic gains accuracy
specifications, it 15 evident that loganthmic display ac-
curacies improve at higher signal current levels. The
greatest %7T measurement accuracy occurs when the
100%T level is as high a signal current as possible. yet still
below vidicon saturation.

ABSORBANCE. Absorbance i3 the inverse of
logarithmic  transmission.  Three absorbance gain
positions on the VERTICAL GAIM switch provide deflec-
tion calibrated in terms of absorbance units (1 A one
decade)

As with loganthmic gain, baseling vanahons represent
“false” signals to the logarithmic amphifier circuitry which
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results in larger measurement errors at high absorbance
values Greatest absorbance measuremenl Accuracy oc-
curs when the zero absorbance level is sel as high as
possible yet still below the widicon saturation level

SCAN RATES

CONTINUOUS SCAN. When the TIME/'SCAN swilch
wn the 7J200s set 1o 10 msor 20 ms. the RSS continuously
scans the widicon targel with neghble hold-ofl time
scans This mode of scanming provides the

P o eaesr

widest dynamic range of detectable signal levels and the
most rapid ime response 1o changing optical events. For
these reasons, this scanning mode 15 preferred for the
majorily of general purposc uses

The 20 ms scan rate oflers a better signal-to-nose ratlio
than the 10 ms rate. Additionally, all radiometnc cabbra-
tion 15 done with the TIME/'SCAN switch set to 20 ms;
therefore. the spectrometer system radiometnc calibra-
tion specifications apply only when making radiometnc
measurements al a 20 ms scan rate. When the
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TIME/SCAN switch is sel to 10 ms, the VERT UNCAL light
will be on to indicate that the system is not radiometrically
cahbrated {Vartical Sensitivily deleted from readout in
integrate mode)

The 10 ms scan rate offers slightly faster time response
than the 20 ms scan rate. The 10 ms rate also produces
larger maximum usable signal levels below vidicon satura-
tion than the 20 ms rale. The large variations in baseline
level remain the same but noise will increase slightly. As a
resull, the 10 ms rate offers an increased dynamic signal
range (defined as the difference between baseline
vanations and vidicon saturation) over the 20 ms rate. This
feature facilitates delection of strong signals when an
“apparently” flatter baseline is desired. This feature is
banelicial when searching out weak spectral lines in the
presence of very strong lines (while using logarithmic
vertical gains) and with most absorbance applications.

INTEGRATE SCAN. Photons absorbed into the vidicon
silicon-diode target induce a charge into the target. The
target stores this charge in much the same manner as a
capacitor stores a charge. It the optical emission is
continuous, the amphtude of the vidicon signal current
increases directly as the time between scans is increased,
provided the signal level remains below target saturation.
Simultaneously, however, the target leakage level in-
creases as the ime interval between scans increases. The
net result 1s an increased signal-to-noise ratio (increases
with the square root of the integrate time), and a decreas-
ed dynamic range.

The numbers adjacent to the INTEGRATE TIME
positions of the TIME/'SCAMN switch refer to the total time
interval between sequential examinations of a single point
on the vidicon target. In the 100 ms position, for example,
the 100 ms is made up of 80 ms of holdoff time between
20 ms scanning ramps. Using the integrate scanning
mode facilitates detection of low light levels whicih would
be difficult in the rapid-scan mode. The integrate mode
also provides time averaging of a fluctuating light source.
For example, the inlegrate mode of scanning will largely
reduce the jitter present in a gas-discharge light source
that is powered by 60 Hz ac. The integrate mode is useful
when a computer memaory or a storage crt display is being
Cluttered with unneeded scans.

NOTE

The speclrometer syslem is nol radiomeirically
cahibrated when operating in the integrate mode. In
this mode, the Vertical Sensitivity numbers will be
aliminated from the crt display readoul.
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VARIABLE TIME/SCAMN. In the uncalibraled (button
oul) position, the VARIABLE TIME/SCAN control can
increase scan rates by a factor of at least 2.5:1. The lastest
uncalibrated scan rate achievable using this control is
4 ms

NOTE

A slight loss in system resolution can occur when the
VARIABLE TIME/SCAN conirol is in the un-
calibrated (button out) posiion and rotated fully
clockwise. The loss occurs because the frequancy ol
the scanning signals approaches the bandwidth
himit of the preamplifier circwitry in the 7J20 Spec-
trometer Plug-in.

TRIGGERING MODES

The spectrometer normally operates in a free-run
scanning mode. Continuous scanning of the vidicon
eliminates any extraneous charges stored in the target
prior to measuring a signal level. Without benefit of this
pre-measuremen! discharge scanning, effects could oc-
cur thal would make calibrated use of the spectrometer
difficuit. External trigger signals connected to the
DISPLAY TRIGGER IN connector can turn the spec-
trometer display on and off, however, the spectrometer
will continue to scan the vidicon target, even in the
absence of a display. Unusual applications requiring
actual control of the vidicon scan can be accomplished by
application of TTL logic signals to the proper pins of the
Interface connector located on the underside of the 7J20.

TRIGGERING THE DISPLAY. The free-run mode of
display presentation is useful for most situations. Oc-
casionally, however, an operator may desire to present
display scans only while a certain segment of an experi-
ment is in process. A trigger signal from a stopped-flow
apparatus. for example. could trigger the spectrometer to
display only those scans that occur during solution
mixing. This mode of triggering would keep a storage crt
display free of unnecessary cluller, or would lacilitate use
of a camera to photograph the display using the camera’s
"bulb” shutter mode. Similarly, single-scan triggering
could be used whereby one and only one scan is
presented following receipt of an adequate trigger signal.

TRIGGERING VIDICON SCANNING. A TTL
(transistor-transistor logic) logically LO level applied to
pin 10 of the Interface connector disables generation of
the vidicon scanning ramp waveform. When the logic level
at pin 10 goes HI, scanning ramp waveform generation
resumes. This design feature offers the ability to syn-
chronize vidicon scanning with events external to the
spectrometer. For example. the 10 ms scan rate can be
readily synchronized to the 60-Hz ac power-line frequen-
cy. This would constitute a mode of operation similar to
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the integrate mode of scanming where the integrate ime
would be 167 ms with 67 ms of hold-off between the
10 ms scannming ramps

NOTE

The spectrometer will no! make calibrated
radiometric measurements while vidicon scanning
i5 being externally triggered.

OPTICAL COUPLING

POSITIONING OF SOURCE. The optical system of the
J20 Spectrometer has a relatively large field of view.
Complete filling of the field of view and the spectrometer
entrance slit area produces the highest system
throughput. Detection of low light-level events (such as
phosphorescence, fluorescence. or astronomical events)
reguires high throughput. Best resolution, however,
results when only the center portion of the field of view or
the center of the entrance slit are utilized.

RSS Characteristics—J20/7J20 Operators

Non-vignetting of the entrance slit requires a non-
eircular field of view. Figure 9 shows the actual field to
which the J20 Spectromeler responds. |f the field of view
of the J20 were circular, its f-number would be equivalent
to 1/6.3. If an external circular optical system is used to
image onto the J20 entrance slil, the aperture required is
/6.0 or faster.

EXTERNAL OPTICAL SYSTEMS. Camera lenses
readily available from commercial sources provide the
most common means of external light collection for the
J20. The bayonette ring on the J20 fits Petri lenses or those
T-mount lenses adapted to the Petri mounting system.
The Petri ring was chosen for mounting lenses onto the
J20 primarily because of its built-in indexing feature. It
should be noted that most commaon camera lenses will not
pass UV below approximately 300 nm.

The optional accessory 016-0580-00 RSS Fiber Oplics
Probe facilitates transferring light to the entrance slit of
the spectrometer from as far away as 36 inches. Dueto the

Spectrometer Aperture (/6.3

i) i
Ao C N | .
D‘-"ﬁﬁ a{\\\‘ \ J-"“"‘"Haquwed external aperture to fully fill
L \\ / spectrometer aperture (f/6.0)
!
N P
- -

Flg. 9. J20 Spectromater field ol view.

®
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properties of fiber optics. the distribution of the light
output from the fiber optics probe will be over a much
wider angle than the J20 field of view. Additionally, the
output end of the fiber optics probe is spaced away from
the spectrometer entrance slit, thereby causing further
loss. These features result in a low efficiency of light
transter using the probe, but this is unimpaortant for many
appheations {such as stopped flow, process control, and
most absorbance applications).

The J20 can be coupled to Celestron series telescopes
and any other telescope that uses the T-mount adapter.
For maximum light transfer. the telescope being used
should be {/6.0 or faster and the desired image should fill
the J20 entrance slit.

NOTES ON SPECTRAL ORDER

Diffraction gratings cause a wavelength A, to be dif-
fracted at an angle that also equals the angle of diffraction
of wavelengths 24, 34, 4A;,. . . . ., mA; where m is an in-
teger and is called diffraction order. For example, a
250 nm spectral line will also show up in second order at
500 nm, in third order at 750 nm, etc. In the J20 Spec-
trometer., filters eliminate higher orders (lower
wavelangth) when the higher orders are not desired, or
conversely pass them when they are desired.

Twao shortwave blocking filters and one shortwave pass
filter are provided in the J20. Filter position #5 blocks
wavelengths below 400 nm while filler position #6 blocks
below 500 nm. If the source spectrum does not emit below
these points, use of these UV-blocking filters is not
required. If, however, there is some doubt about the
content of the source spectrum, these filters can be
switched into the ophical path.

NOTE

These ophical liters are not swilched into the optical
path during radiometric calibration because of the
low UV emission of tungsten filament calibration
lamps.

Occasionally it is desirable to use higher orders of
diffraction. The J20 Spectrometer 15 sensitive 1o at least
250 nm. but neither Grating A nor Grating B can
mechanically track below 300 nm. Therefore, second
order must be used to detect between 250 nm and 330 nm.
This has two advantages.

1. Ditfraction efficiency of the gratings is near its peak
at 500 nm first order which means 250 nm second order
will also have a maximum diffraction efficiency.

2. Because dispersion doubles in second order (triples
in thard order, etc.), resolution in second order also

24

doubles. Second order resolution at half-intensity
becomes 2 nm instead of 4 nm for Grating A.

Filter position #7 blocks radiation from 440 nm to
660 nm, and passes wavelengths from 250 nm to 400 nm.
This filter should be used when examining second order
wavelengths from 250 nm to 330 nm.

FALSE SPECTRA

Occasionally, the J20/7J20 Rapid-Scanning Spec-
trometer display will exhibit false spectra that a spec-
trometer user could construe as being real spectral
emission. This discussion concerns itself with two types of
false spectra that can occur in the J20/7J20 spectrometer
that a spectrometer operator should be aware of and able
to identify. False spectra caused by stray light are not
included in this discussion.

FIXED-POSITION FALSE SPECTRA. One type of false
spectra that can occur appears when observing the
characteristic baseline signal (no light input) of the RSS.
The baseline can contain narrow, positive-going spikes
similar to narrow spectral lines. These spikes are caused
by leaky diodes in the vidicon target, and will remain fixed
in position in the spactrometer display when adjusting the
display center wavelength.

Opague or non-conductive diodes in the vidicon target
can also cause false spectra. These will appear as “dark"
spols (similar to absorption lines) while viewing a con-
tinuous spectrum and will also remain fixed in position in
the spectrometer display when adjusting the display
center wavelength. Some “dark” lines can occur when
viewing infrared radiation at wavelengths above ap-
proximately 700 nm. These are caused by spots in the
silicon substrate of the vidicon target that exhibit reduced
infrared sensitivity.

NOTE

Real absorption bands often occur in the spectrum
of incandascent lamps at wavelengths above ap-
proximaltely 700 nm. These absorption lines will
mova in the display when adjusting display center
wavelangth and can be readily differentiated from
vidicon target IR spols using this method.

VARIABLE-POSITION FALSE SPECTRA. The basic
design of the Czerny-Turner monochromator used in the
ASS can cause false spectra to be exhitited under certain
operational conditions when using Grating B. For exam-
ple, when examining the radiation from an incandescent
iamp, a false spectra step (negative or positive-going) can
appear in the displayad spectrum when the unaxpandad-
display center wavelength is approximately 385 nm,
425 nm, or 680 nm.
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APPLICATIONS

INTRODUCTION

This section of the manual provides information con-
cerming specihic apphcations of the J207J20 Rapid-
Scanning Spectrometer. The applecations hsted here
reprosent only a few of theinstrument’s capabilities. Users
naving gueshons concerming specific measurement

applications not included n this section should direct
thewr ingquiries to the Marketing group of Analytical
Products at Tektromx, Inc.. P.O. Box 500. Beaverton.
Oregon, 97005, As new applications are documented, they
will be made available to interested customers and can
subseguently be added to this section of the manual.

TRANSMITTANCE & ABSORPTION MEASUREMENTS

INTRODUCTION

Spectrophotometry 15 a very convenient and accurate
method of observing relatively fast chemical reactions. It
reguires of course. that the absorphon spectrum of the
material being examined must change durning the reaction
ana that the changes can be related 1o the concentration
of a chemical species, whether it be reaclant, product. or
immtermed:ate Following chemical kinetics
spectrophotometnically 15 nonperturbational. that s, it
does not measurably affect the reaction to make spectral
absorption measuremeants

A very useful and popular method of studying chemical
reactions is stopped-fiow kinetics where the reactants are
very guickly mixed and placed in a light path 1o observe
the changes in absorpbon that occur in time. The reac-
tants tiow together 'n a mixing chamber and then into an
absorption cell Tne flow s then stopped suddenly and
spectral changes are observed. Normally monochromatiz-
e hight 15 passed through the reaction cell in a spectral
region of interest 1o observe the reactants or products as
thonr absorphion changes Such observations can be quite
peak being observed follows Beer's Law
Thiz requires that there be no wavelength shifls, no

nanges 0 bandshape. and no nterlerning absorplions
during the reaction

accurate f the

T

he J20 7020 Rapd-Scanning Spectrometer System
allows such observalions i a single experiment by
onserving a relahively large spectral region and i1s ime
volution n real tme I there are wavelengih shifts,
pandshape changes. or ntermediate absorptions that
ccur they can be viewed directly Such observations can
give information regarding the mechamsm of a reaction as
werll as guantitative dala for determuming the relevant
it constants The intertace of the J20 7J20 Rapwd-
xcanning Spectrometer with stopped-flow kinelics in-
strumentation can be readily accomplished whether this
instrumentaton 15 cuslom-made o  commercially
Ywaiianle

MAKING MEASUREMENTS

Basically. 1o measure the absorbance (or transmit-
tance) of a sample, the sample is placed between the
spectromeler and a light source. Physical imitations may
nal permit a direct optical placement, in which case fibre
oplics can be employed. The choice of plastic. glass. or
gaartz fibre oplos depends on the wavelength range
being studied. Generally, wavelength studies in the ul-
traviolet region require the wuse of quartz hibre optics.
Either absorbance or transmittance can be displayed by
selecting the proper switch position of the VERTICAL
GAIN switch on the 7J20 Spectrometer Plug-In. The linear
gain positions (1 through 500) are used for transmittance
and the ABSORBANCE positions (.1 through .5) are used
for absorbance

TRANSMITTANCE. Making a transmittance measure-
ment reguires knowledge of what the measurement
extremes can be. These extremes are 100% transmission
ithe hght reaches the specirometer unatlenuated. no
sample in the optical path) and 0% transmission (no light
reaches the spectrometer). To establish these measure-
ment extremes. set the OFFSET control to 0.00 and the
VERTICAL GAIN swilch to linear position 1. Push the
BASELINE RESTORE button and set the display baseline
to a convenient reference line in the lower portion of the
crt graticule area (5uch as the bottom horizonltal graticule
ling} using the Vertical POSITION control. Release the
BASELINE RESTORE butlon and allow light from the light
source to enter the spectrometer enirance sul un-
allenuated (no sample in the optical path). Select a linear
VERTICAL GAIN switch position that allows maximum
vertical deflection with the display remaining within the:
limits of the crt graticule area. Do not readjust the Verhical
POSITION cantrol except to ensure that the 0% transmis.-
sion reference remains at the reference hing. The numbor
of divisions of deflection between the 0% T and 10 @ T
lines at a given wavelength divided into 100 represents® T
per division al thal wavelenglih
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ABSORBANCE. Making absorbance measurements,
like transmittance measurements, requires the establish-
ment of sorne reference points in the display. To establish
these references, sat the VERTICAL GAIN switch to the
linear gain 1 position and the OFFSET control to 0.00.
Push the BASELINE RESTORE button and set the display
baseline to a convenient reference line in the lower portion
of the crt graticule area (such as the bottom horizontal
graticule line) using the Vertical POSITION control.
Release the BASELINE RESTORE button and set the
VERTICAL GAIN switch to one of the ABSORBANCE
positions (.1, .2, or .5). Allow the light from the liaht source

to enter the spectrometer entrance slit unattenualea (no
sample in the optical path). Using the ABSORBANCE
ZEROQ control, vertically position the wavelength area of
interest in the display to the same horizontal graticule
reference line used when the BASELINE RESTORE
button was pressed. Specific wavelengths of interest can
be readily identified by using the MARKER control to
horizontally position the intensified wavelength marker in
the crt display. Each vertical graticule division of deflec-
tion from the reference line at the specific wavelength area
of interest now represents a specified number of absor-
bance units as indicated by the VERTICAL GAIN switch.

LUMINESCENCE MEASUREMENTS

INTRODUCTION

The Tektronix J20/7J20 Rapid-Scanning Spectrometer
system has the capability of performing virtually any
spectral measurement associated with ultraviolet-visible-
near infrared luminescence. The general term
“luminescence” describes any emission of light {not
necessarily visible) from any source. This discussion
concerns itself with the luminescence associated with
fluorescence and phosphorescence in  chemical,
biological. and physical systems of interest. These
luminescences span the full ranges of intensities, spectral
regions, spectral shapes, and lifetimes of decay. The
Tektronix spectrometer system can detect a significant
proportion of these luminescent phenomena.

MOLECULAR LUMINESCENCE

The two types of molecular luminescence most often
encountered are fluorescence and phosphorescence. For
large unsaturated organic molecules and transition-metal
maolecules and ions, these emissions generally occur in
the ultraviclet and visible regions with a few occurring in
the near IR. We are dealing with the emission of light as the
result of the relaxation of an eiectronically excited
species. The means of excitation may vary. It could be the
result of light irradiation (luminescence), electrical dis-

charge (plasma emission), chemical reaction
{chemiluminescence, bicluminescence, or
eglectroluminescence), or physical stimuli

{thermoluminescence or triboluminescence). The spectra
from these sources can be line spectra, broadened line
spectra, unresolved band spectra, or continua. The quan-
tities of interest are wavelength of spectral peaks or
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features, intensities, overall shape, separation of peaks,
and decay characteristics. The J20/7J20 Rapid-Scanning
Spectrometer can measure these quantities, provided
there is a spectral flux of at least 50 pW of spectroradiant
power for Grating A and 500 pW for Grating B entering
the effective aperture of the spectrometer,

Generally, luminescence is measured from an extend-
ed source. As an example, let us consider a
phosphorescence or fluorescence. The sample is often
about 1 cm by 2 or 3 cm. The emission emanates from a
rather large volume. In order to record the spectrum of this
light, it must be focused on the aperture of the instrument.
A lens can be used but its f-number should be /6.0 or
faster. All external optics for focusing the sample onto the
entrance slit, including any mirrors used to reflect the
luminescence back on itself, should be 1/6.0 or faster. The
image-to-object size ratio should be optimized so that the
image is very nearly the size of the entrance slit aperture of
the J20 Spectrometer. The entrance slit height is 7 mm,
with widths selectable {'om 10 gm to 1000 pm in 1-2-5
steps. The entrance slit width should be chosen to provide
sufficient resolution to yield an accurate spectrum, but no
narrower. This is usually done by selecting successively
rarrower entrance slit widths until no further sharpening
of the spectrum occurs. The spectral bandwidth of the
instrument varies with the entrance slit width selected
down 1o a slit width of 20 um. Below this point, the vidicon
delector becomes the limiting factor in determining
resolution. Decreasing the entrance slit width further
merely attenuales the amplitude of the spectrum. To get
radiometric power readings of lines narrower than the
spectral bandwidth of the instrument, it is necessary to
integrate the spectral peaks.
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RADIOMETRIC MEASUREMENTS

INTRODUCTION

Optical spectral power measurements in calibrated
apsolute terms. while seemingly simple wn principle, are
somewhat difficult to accomglish. The design of the
J20 TJ20 Rapid-Scanming Spectrometer alleviales some
of these difficuities. The spectrometer measures power
entenng the entrance sht and a spectrometer operator can
rélate this meéasurement back to the actual source
mathamatically

Knowing only relative spectral power will sullice for
most radiometric applications. For example, a spectrally
flat” spectrometer that does not have calibration
rraceable 1o the National Bureau of Standards can still
provide companson of spectral power distribution of
lamps or comparison of one phosphor luminescence to
another. For these applications it is necessary to ensure
only that the positions of the samples and of any external
optics are not altered between measurements. Spectral
power measured in this manner will probably not be
absolutely accurate and would be referred 1o as relative
speciral power

Ceccasionally. however, spectral power needs to be
measured n absolute terms traceable 1o a standard. The
J20 7J20 Rapwd-Scanning Spectrometer becomes a
calibrated spectroradiometer with calibration traceable to
the Mational Bureau of Standards when the SPECTRAL
NORMALIZER switch is set to the INT position. While in
principle the instrument detects spectral radiance, the
throughput (area of slit multiplied by sohd angle subtend-
aa) of the 120 optics s internally calculated oul. resulting
in displayed sensitivity in terms of spectral power
iwatts nanometer) Therefore. no instrument measure-
ment error will occur if the entire field of view of the
instrument s not hilled or of the entrance slit is not Tully
dluminated It so desired. a user can calculate spectral
raciance af the source from the displayed spectral power.

Radiometrnic cahbrabon for the J20/7J20 Rapid-
Scanming Spectrometer extends over the wavelength
range of 400 nm 1o 967 nm for Grating A, and 367 nm to
200 nm for Graling B. For greatest accuracy (with two
exceptions). make all radiometnic measurements within
tne center two crt divisions. On Grating A, exclude the lwo
center ot diwvisions  when  making radiomelric
measurements for wavelengths of 400 nm to 460 nm and
930 nm o 967 nm

DISPLAY READOUT

The spectrometer system automatically corrects the
Jertical Sensitivity portion of the crt readout for changes
in vertical gain settings, and filter selection. The readout

HEV. B, APH. 1976

will display an X in front of the sensitivity numbers when
the system is radiometrically uncalibraled, and deletes the
sensitivity portion of the readout when operating in the
integrate scanning mode. The formula used to calculate
spectral sensitivity is as follows:

(D~—8)

10 waltts/[nm-div)
Grating A G

‘ICI[D" 7
Grating B - G watts/ (nm-div)

where D Meutral Density (0, 1. or 2)

G = Relative linear gain

RSS RADIOMETRIC CALIBRATION

The J20/7J20 Rapid-Scanning Spectrometer is
radiometrically calibrated using a tungslen ribbon-
filament lamp that is traceable to the National Bureau of
Standards. RSS radiometric calibration and inter-lamp
comparisons are accomplished in the manner described
by Stair, etal’, and the Mational Bureau of Standards” . The
only significant variations to their procedure reguired in
calibration of the RSS are;

1. The angular field of view is 5.5 instead of 2.5° half
angle.

2. Seven milimeters of filament ribbon is detected
instead of five millimeters.

The effect of both of these changes is carefully measured
for each lamp. and corrections are made on spectral
radiance. Uncertainties which result are accounted for in
error analysis.

‘Stair. R.. Johnston, R.G. and Halback, E.W., Standard of
Speciral Radlance for the Reglon of 0.25 to 2.6 microns, J. Res.
HNat. Bur. Stand. (U.5.) 64A, No. 4, 251-296 (July. Aug. 1960).

"Instructions for using the NBS Slandards of Spectral Radiance,
Nat. Bur. 5tand. (U.5.), unpublished, Issued with purchase ol
slandard lamps (Feb. 1961).
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Figure 10 gemcts the layout of the RSS calibration
apparatus Some of the important features are

1 Spectral radance standard tungsten rnibbon-
filament lamp with guartz window: equivalent to G E_ type
oA T247

2 Concave sphencal mirror 20 cm in diameter, 36 cm
tocal length, mounted on a rotatable mount. The spherical
murror 15 masked to 1 47 (RSS internal masking limits
steracance)

3 Inconel neutral optical density hiters: indwidually
calibrated. spaced and tilted ( 4°) to prevent muitiple
reflections

4 Ahgnment laser used to ahgn lamp filament, lamp
window, mirrar, and the J20 entrance slhit

5 Current momitor used to control lamp current to
“0 2% This current vaniation will cause a 1% hght output
change at 400 nm. and a 04% light output change at
1200 nm

Mormalized radiomelnic accuracies listed under the
heading SPECIFICATIONS at the front of this manual
include the following uncertainties

1. NBS iamp
2. Secondary lamp inlercompansons
3 Mirror reflectivity

4. MNeutral-densaty fillers

o

Lamp drift

6. Vanance from NBS procedure

|

J20 throughput

8. J20/7J20 linearity and electronic transfer accuracy
9. Wavelength accuracy

10. Oscilloscope display linearity and readability

11. Calibration solidarity

12. Interpolation between calibration wavelength
points

20 cm Mirror
Masked to
15 cm

{Used for initial
set-up alignment)

J20

Neutral Density
Filters

Ribbon Filament
Lamp

AC Differential
Voltmeter

35V,35A
Variable AC
Power Source

0.01 02

Fig. 10. Equipmen! sel-up required lor RS5 radiomelric calibration.
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Using the method recommended by NBS, total uncertain-
tes are determimed by quadrature (square root of sum of
squares) for random errors

MAKING RADIOMETRIC MEASUREMENTS

A spectrometer operator can measure spectral power
of continuous spectra directly from the amplitude observ-
ed in the crt display. For monochromatic lines, however,
e spectromeler wiil spread out the emitted spectral
power withun the resolution imits of the instrument. One
mustintegrate the total intensity within a ine to determine
absolute spectral power emitted by such a line.

CONTINUOUS SPECTRA. To make a radiometric
measurement of a continuous spectrum. proceed as
foliows

1 Pre-set the instrument confrols to positions that
provide radiometric calibration. For example:

J20
SLIT WIDTH 20 pm
FILTER OPEN
TJ20
VERTICAL GAIN 1
VARIABLE VERTICAL GAIN CAL IN
TIME SCAN 20 ms
VARIABLE TIME SCAN CAL IN
SPECTRAL NORMALIZER INT

2 Periurm a quick wavelength calibration check. Any
convement linge source (such as the mercury lines in the
flugrescent larap spectrum) or the 500 nm and 800 nm
monopass filters will suffice Cenler the emission source
on the optical axs of the J20 Spectrometer. The two 1/4-20
mounting holes on the bottom of the J20 Spectrometer

see Fig 11} align with the J20's optical axis and provide a
convenient method of ahgring external optics with the J20
optical aas when the system 15 mounted on an optical
pench

i Setthe OFFSET control to 0.00 and lock

4 Press the BASELIME RESTORE pushbulton and
nolg Adjust the VERT POSITION control io position the
fisplay baseline to a convenient reference point in the cri
fhisplay Release the BASELINE RESTORE pushbutton

HREV. B, APA. 1976
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5. Begin the measurement with the FILTER swilch in
the OPEN position and the SLIT WIDTH set to 20 um.
Measure deflection on the crt between the baseline (no
light) level and the spectrum of the source at each
wavelength. Switch in the nzutral density filters lo provide
light source attenuation if the light source intensity 15 high
enough to cause vidicon saturation. Should the source
spectrum be low in intensity. increasing the entrance slit
width  will increase sensitivity. however. resolution
becomes worse with larger slit widths.

€. Calculate the spectral power entering the entrance
slit by multiplying the number of divisions of deflection by
the spectral sensitivity. This calculation yields spectral
power in terms of watts/nanometer.

LINE SPECTHA: The precise dimensions of the selec-
table entrance slits facilitate direct power measurements
of line spectra. To measure line spectra, select a slit width
of 200 pm or 500 pm. Again, switch in neutral density
filters as required to ensure signal levels below vidicon
saturation. Measure the amplitude of the spectral line and
multiply this amplilude by the spectral sensilivity in-
dicated in the crt readout. Mext, multiply the result by the
optical bandwidth of the grating/slit width combination
being used. The result will be power in terms of watts.

As an example, assume the 456 nm line in the mercury
spectrum is being examined using Grating A with an
entrance slit width of 500 um, a VERTICAL GAIN setting of
2. and a signal amplitude of 4.5 divisions. This combina-
tion of control settings results in a spectral sensitivity of
5 nW/{nm-div) and an optical bandwidth of 16 nm (see the
lollowing chart for oplical bandwidths). Spectral power of
thee 546 nm line for these conditions will be:

&, |5 nW/inm-div)] [4.5 div] [16 nm] = 360 nW

J20 OPTICAL BANDWIDTHS

Slit Width Graling Grating B
(um) A (@ 650 nm)
=
10 0.32 nm 0.032 nm
20 0.64 nm 0.064 nm
50 1.6 nm 0.16 nm
100 3.2 nm 0.32 nm
200 6.4 nm 0.64 nm
500 16.0 nm 1.6 nm
1000 32.0 nm 3.2 nm

The optical bandwidth charl provides bandwidth
ligures for Grating B when the unexpanded display center
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—0.520" Recess of slit
behind front panel

3.125

Optical Axis~
Center Line

Center of Gravity

\V

2.078

1.650

3

/,

1/4-20 Mounting Holes

Fig. 11. Localion of J20 Specirometer mounting holes and center ol gravily.

wavelength is 650 nm. Since the reciprocal linear disper-
sion (one of the determinants of optical bandwidth) for
Grating B varies as the display center wavelzngth is varied
inotsa for Grating A), those bandwidth figures for Grating
B are approximately accurate only when the display
center wavelength is 650 nm. A spectrometer operator
can. however. readily calculate other Grating B optical
tandwidths by multiplying reciprocal linear dispersion (in
terms af nm/mm) by the width of the entrance slit {in terms
ol mm) being used. Grating B reciprocal linear dispersion
versus display center wavelength is plotted in the graph
gwenn Fig 12 The display center wavelengths given in
the graph are those wavelengths represented by the
center vertical crt graticule line in an unexpanded display
using Grating B
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As an example, assume Grating B is being used in
conjunction with a 50 gm slit to display a wavelength
segment having a center wavelength of 870 nm. Referring
to the graph in Fig. 12 yields a reciprocal linear dispersion
figure of 2.8 nm/mm. Calculated optical bandwidth for
this combination of components is:

{510  mm) (2.8 nm/mm)

| (nmj) | _
o [leiom]

1410 “ nm = 0.14 nm.
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Hecprocal Linear Doapessiomn (rm - mim)
Display Duspersien inm o D)
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Fig. 12. Typical Graling B display dispersion plolled as a funclion of display center wavelength.

SOURCE RADIANCE

It the image of the emission source fills or exceeds the
sht area and the angular hald of view of the J20 entrance
sht. the spectrometer operalor can calculate the spectral
radiance of the source as measured at the J20 slit. The
tormula for calculating source radiance for these con-
2ihions 15

@A) [7T.14] [@ (A)]
WoH0 W,
with the answer given in terms of W/ (inm-mm sr) wherg
$ (A} measured spectral power in W/nm
W, - shit width in mm
H.  sht height inmm (7 mm)
1 soha angle of acceptance n steradians (0.02 sr)
The operator can directly relate spectral radiance al the

J20 st to source spectral radiance f there are no optical
clements between the emission source and the J20

i

entrance slit. However, il there are intervening ophical
elements, the operator must take inlo account spectral
transmission and magnification of these elements 1o
determine source speciral radiance.

If the source image does not completely fill theshitarea
or the J20 angular field of view, the specirometer operator
can still calculate source speciral radiance, using a
shghtly different but similar approach. As an example,
Fig. 13 shows a spherical source locused onto the J20
entrance sht with an external lens. The image diameter (d,)
projected onto the slit multiplied by slit width (W.) equals
the area of image (A) detected (A, =W, d)). The solid angle
{1 lor the semi-vertex angle # equals 27 (1-cos #). The
spectral radiance (L.) of the source image at the J20
entrance slit equals

@ (A)
L. —_—
(A (01)
in terms of W/ inm-mm -sr). Again the operator must take
inlo consideration the effect of any optical elements
positioned between the emission source and the J20
entrance slit

N
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Semi-vertex Angle ES

d, = Image Diameter

Ws = Slit Width

Fig. 13. Calculaling radiance of a light source that does not complelely 1l the J20 field of view.

WAVELENGTH MEASUREMENTS

INTRODUCTION

When using the J20/7J20 RSS system, there are
basically three methods of making wavelength
measurements of spectral events. The three methods are:

1. Using ihe calibrated wavelength MARKER control.

2 Using the calibraled dispersion of the spectrometer
display

3 Comparing unknown spectral event to a spectral
event of known wavelength.

The following discussion examines these methods and the
different accuracies they provide.

DIGITAL WAVELENGTH READOUT

Specific spectral wavelengths can be determined by
posihoning the marker spot in the spectrometer display to
the spectral area of interest and reading the digital
wavelength readout directly from the spectrometer dis-
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play. It is sometimes beneficial to expand the display in
order lo more precisely position the marker spot to the
area of interest. The position of the marker spot in the
specirometer display in the non-expand mode determines
the absolute wavelength accuracy when measuring
wavelength in  lhe expanded mode. Wavelengths
measured within the center two unexpanded divisions of
the spectrometer display will be the mast accurate.
Qutside of these two divisions, the dispersion tolerances
of both the oscilloscope and the optics in the spectrometer
reduce the absolute wavelength measurement capabilities
of the spectrometer system. Resulting wavelength
meaasurement accuracies using the marker spot with tha
spectrometer operating in a 7704A Oscilloscope will
typically be:

Measurement Rnglc;] Accuracy
Grating A
DivD-div2 &
Div 8 - div 10 +12 nm
Div2-divd &
Div 6 - div 8 +11 nm
Divd-dive =10 nm




Measurement Reglon Accuracy
o Center A | Center A | Center A
Grating B 300 nm | 650 nm | 900 nm
DwvlO-dw2 &
Div 8 - div 10 16 nm 3.5 nm +7 nm
Div2-diva &
DivE-dwv 8 +45nm | 3.3 nm +5 Am
Div 4 - div B +3 nm =3 nm +3 nm

WAVELENGTH DETERMINED BY DISPLAY
DISPERSION

If th2 oscilloscope in which the spectrometer is in-
stalled lacks crt readout, absolute wavelengths can be
determined directly from the spectrometer display with
reasonable accuracies. This method, however, requires
that the HORIZ CAL and HORIZ POS adjustmenis be
accomplished as accurately as possible immediately prior
to making a measurement, and that an unexpanded
display be used.

Basically, the operator determines an unknown
wavelength by selecting a scan interval that contains the
area of interest and counting the number of divisions
between the left edge of the crt graticule and the spectral
event in the display. Multiply the number of divisions
counted by the display dispersion factor ana add the result
to the wavelength represented by the left edge of the crt
graticule For example, assume Grating B is selected with
a display dispersion factor of 4 nm/div, the Grating B
WAVELENGTH INTERVAL dial tape indicates a scan
interval of 800 nm to 640 nm, and the spectral wavelength
in question i5 6.4 divisions from the left edge of the
graticule. The wavelength in question would be:

600 nm + (6.4 div) (4 nm/div) =

600 nm - 25.6 nm = 625.6 nm

The accuracy of this method is a function of the
linearity of the horizontal deflection system of the os-

>
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cilloscope. the optical dispersion and machanical
repeatability of the J20 Spectrometer, and the accuracy of
the dial tape readoutl (for Grating B only). With the
spectrometer instalied in a 7704A Oscilloscope, typical
accuracies for Grating A will be the same as those
possible when using the digital marker wavelength
readout. For Grating B, errors will be approximately 2 nm
greater than normal due primarily to the dial tape
readability.

COMPARISON AGAINST KNOWN
WAVELENGTHS

The most accurate way of measuring unknown
wavelengths is by comparing them directly against known
wavelengths. Second order as well as first order
wavelengths are acceplable for comparison. To use this
method, project on to the entrance slit a light source
having two known vavelengths within the spectral area of
interest. The exactdisplay dispersion can be calculated by
dividing the difference in wavelength between the two
reference wavelengths by the number of divisions in the
display separating the two reference wavelengths. Coun-
ting the number of divisions from one of the reference
wavelengths to the unknown wavelength and multiplying
this distance by the calculated display dispersion factor
results in the wavelength difference between the reference
and the unknown wavelength. Typical accuracies using
this method are +5 nm for Grating A and +0.5 nm for
Graiing B.

Comparing the digital wavelength marker readout with
a known wavelength improves wavelength marker
measurement accuracies. For example, display a spectral
event of known wavelength. Then, position the marker in
the display to this spectral event and check the wavelength
readout in the display. Subtract the readout from the
known wavelength of the spectral event to determing
readout error. Now, position the marker in the display to
the spectral event of unknown wavelength and take the
readout error previously determined into consideration.
Unknown wavalengths can be determined routinely using
this method with accuracies of =3 nm on Girz ing A.
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GLOSSARY OF TERMS

INTRODUCTION

The following glossary of terms is inlended to give the
spectrometer user a better understanding of the definition
of terms as they are used in Tektronix publications. The
glossary 15 orgamized in alphabetical order,

ABSORPTION SPECTRUM

The spectrum absorbed when gas. liquid, or solid are
interposed between a continuous emitter and the spec-
irometer. This absorplion spectrum appears dark on 2
light background. It can resemble a line or continuous
spectrum. An example is low-pressure monoatomic gas at
a lower tlemperature than the light source. This is the case
with the Fraunhofer lines in the solar spectrum.

600 nm -

40 nm

R e N & e

: Transmission Curve
Of Green CRT Filter

"y
LE

Basalinef 4.0 pW : 20 ms

BAND SPECTRUM

Band spectra occur throughout the optical spectrum as
a result of vibrational and rotational structure. For large
molecules in condensed media, only the wvibrational
structure appears and is broadened over the gas-phase
spectrum. Such structuie occurs in both absorption and
emission. For small molecules (such as diatomic
molecules), both rotational and vibrational bands are
present. Vibrational structure is shown in the emission
spectrum (phosphorescence) of quinoxaline in Fig. 15.

ek

100 ms

Fig. 14. An example of an absorption spectrum. The difference
beiween the guariz iedine lamp spectrum and the lransmission of
the green crt filler is the absorplion curve of the filter.

ANGULAR DISPERSION

This is defined as A# AA where Af is the difference in
the diffraction angles of two frequencies which difler by
AA in wavelength. For a diffraction grating.

AR m

AA d cos 8
where ms the order of diffraction. d is the space belween
the grating rulings, and # is the average angle of the

diffracted ight measured from the grating normal. Typical
urnits of measure are degregs/nanomeler.

Fig. 15. Vibralional structure In phosphorescence spectrum of
biphenyl.

COLLIMATED LIGHT

Parallel or non-diverging beam of light. Lasers can
produce the most collimated beams.

CONTINUOUS SPECTRUM

These spectra appear as smooth variations in intensity
as a function of wavelength. They may contain
suggestions of structure such as in the spectrum of a high-
pressure xenon arc. The emission from a heated tungsten
filament is a good example of a continuous spectrum and
such spectra are characteristic of thermal sources.
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Fig. 16. Example ol a continuous spectra (lungsten light source).

DIFFRACTION GRATING

A grating of finely ruled parallel grooves used o
disperse hight into the optical spectrum. There are many
types, two of which are:

1. Blazed Cratina — the greting rulings are slanted in
such a way that most of the diffracted light is concen-
trated in one urder, rather than spread out over all
orders.

2. Plane Grating — a grating or grating replica
mounted on plane (flat) backing material. This type is
the most common in use today. It has a general
advantage over the concave grating in that no focus
adjustment is necessary when the spectrum is scanned.
Also. the mountings are stigmatic and thus more
efficient with the available light. Further, the cost is
lower than concave gratings. However, plane gratings
always require additional focusing optics.

DISPERSION

The separation of white light into its component colors
(or spectrum). There are two ways of defining dispersion
in optical instruments: lingar and angular. In addition,
dispersion of an oplical spectrum as seen in the display is
called Display Dispersion.

DISPLAY DISPERSION

The final dispersion of the entire optical system as seen
in  the oscilloscope display, expressed in  either
wavelength/dwision or wavenumbers/division.

]
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EXTENDED SOURCE

A source that is spread over an emitting area that is
large compared to the distance belween source and
detector. A ground glass plate illuminated by a lamp is an
example of an exlended source.

LINE SPECTRUM

Line spectra occur in the absorption and emission
spectra of many atoms, ions, and molecules. The spectra
appear as sharp. discrete spikes in an intensity versus
wavelength display. Such spectra can be obtained from
gaseous systems, crystals, and condensed media at very
low temperalures.
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Fig. 17. An example of a line spectra (neon light source).

LINEAR DISPERSION

Defined as Ayx/AA where Ay is the linear spacing of two
frequencies which differ by AA in wavelength. When a lens
or mirror of effective focal length f is used to transform
collimated beams of angular dispersion AS/AA into an
image dispersed linearly, the linear dispersion will be

Ax ;A8

AA AA

Typical units will be mm/nm. The reciprocal of thisterm is
conveniently used to calculate optical bandwidth.
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MONOCHROMATIC LIGHT

In practical terms. light which is composed of a very
narrow band of frequencies 15 considered to be
monochromatic. The spectrum of monochromatic light is
aspike ora peak. The width of the peak is a measure of {he
monochromaticity

MONOCHROMATOR

Thisis an instrument that accepts broad-band radiation
and transmits only a very narrow band. The wavelength of
maximum transmission is usually adjustable.

500 nm

|
|

Incandescent Light
F Input -

(RERERT AR R

FrrrErrrE T mE T B e L e T R R P R

Monochromator
Output

F:qg. 1Iﬂ. The ouwtpul signal of a monechromator versus its input
signal.

OPTICAL BANDWIDTH

The image of a monochromatic light at the exit plane of
a spectrometer contains a range of wavelengths deter-
mined by the optical bandwidth of the spectrometer.
Optical bandwidth is calculated using the equation

AA
Bw e
where W 1s the width of the entrance slit and AA/AY 15
reciprocal linear dispersion. When slit width is given in
terms of millimeters and reciprocal linear dispersion is
gwen n terms of nanometers/millimeter, optical
bandwidth s calculated in terms of nanometers. See the
Optical Bandwidth discussion in the Radiometric
Measurement portion of the APPLICATIONS section of
this manual

OPTICAL SPECTRUM

The wavelength distribution of light from an optical
emitter or absorber. The resulting spe trum of the ab-
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sorber or emitler can pe classed in one of three ways:
continuous, line, or band spectrum. The spectra of
materials is often useful in identification and quantitation
ot chemical substances,

ORDER SORTERS

A means of isolating a desired wavelength range to
reduce overlapping orders in a grating spectrometer
system. Can be another low-dispersion spectrometer or
filters placed in front of the primary spectrometer.

PHOTOMETER

in visibie light measurements, this 15 a device that
measures the brightness of sources or reflecting surfaces
in units of measure which are based on the spectral
response (photopic) of the human eye. Typical quantities
are luminance and illuminance in analogy with radiance
and irradiance.

In spectrometric measurements, a spectrophotometer
i5 a device that measures relative iight levels without
regard to human eye response. The unils of measure,
called photometric units, are transmittance and absor-
bance. Transmittance is a ratio of radiant (or spec-
troradiant) powers impingent upon, and transmitted by a
substance. Absorbance is the negalive common logarithm
of transmittance. See the definition of
SPECTROPHOTOMETER.
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Fig. 19. CIE photopic curve depleting relative sensitivity of the
human eye.

POINT SOURCE

A source whose emitting area is small compared lo the
distance from source to receiver. A star is a good exan.ple
of a point source.



RADIOMETER

A radiometar is an instrument which measures various
guantities associated with radiant power. The most com-
man gnes are radiance and irradiance. Irradiance is the
amount of optical power incident upon a surface per unit
area (i.e., watts/cm’). Radiance is the amount of optical
power radiated through a surface per unit area into a solid
angle [i.e., watts/(cm steradian)].

RAPID-SCAN SPECTROMETER

A device that rapidly displays a spectrum. The in-
struments can be:

1. Conventional spectrometers which are modified to
rapidly scan a spectrum by means of rotating mirrors,
prisms, or gratings.

2 Devicesthatfocusaspectrum onto an electronically
scanned detector such as an image tube.

RESOLUTION

The smallest element that can be resolved by an optical
system, expressed in wavelength, wavenumber, frequen-
cy. et al. With films, image tubes, elc., it is expressed in
lines/mm. which are just resolvable.

——
0.85 div x 4 nm/div = 3.4 nm resolution

Fig. 20. Spectromeler system resolution definition llustrated
using 546 nanometer spectral line from mercury light source.

SPECTROGRAPH

The instrument that separates the wavelengths for
producing a spectrogram (photographic image of a
spectrumy).

o]

Glossary of Terms—J20/7J20 Operators

SPECTROMETER

The instrument used to determine optical spectra,
usually with wavelength readout

SPECTROPHOTOMETER

This is a device that measures absorption spectra. It
can cover any spectral region from the far infrared to the
vacuum ultraviolet. The quantities measured are transmit-
tance and absorbance.

SPECTRORADIOMETER

This is a device that measures radiance or irradiance,
like a radiometer, but the light is spectrally dispersed. The
radiant power integrated over the spectral bandwidth of
the instrument and the units are now
watts/(cm -nanometer) for spectral irradiance and
watts/(cm’-steradian-nanometer) for radiance. The J20
Spectrometer measures spectral radiance and has a
steradiancy of 0.02 steradians with fixed slits. The net
quantity read out therefore is spectral power measured in
walts/nanometer with the acceptance angle and slit area
being aulomatically taken into account.

SPECTROSCOPE

The instrument used to separate the wavelengths for
visual observation. This is like the spectrograph, excepl
that the spectroscope has an eyepiece where the film
would be.

SPECTRUM

A visual display, a photographic record, or a plot of the
energy or wavelength distribution of the intensity of a
given kind of radiation.

THROUGHPUT

The capacity of a system to collect light. It isameasure
of the amount of light collected (or transmitted) by an
instrument of a given aperture accepting a given solid
angle. The formula to calculate throughput is:

T=A-Q=m -sr
where A equals the area of the field slop in meters’ (which
equals the entrance slit area of the J20 Spectrometer), and

01 equals the solid angle subtended by the field stop in
steradians.
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VACUUM WAVENUMBER g R g
A c he
The reciprocal of the wavelength in centimeters in a
vacuum. It is given the symbol v and is given in terms of where v = frequency in Hz. ¢ = the speed of light in cm/sec,
cm  units. The formula for deriving vacuum wavenumber E — energy in ergs. h = Planck’s constant in erg sec, and
15 A = wavelength measured in a vacuum.
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ANNOTATED BIBLIOGRAPHY

INTRODUCTION

The following bibliography provides the spectrometer
operator with a few good reference sources concerned
with spectroscopy and its instrumentation.

Bair. E. J., "Introduction To Chemical Instrumentation”,
MeGraw-Hill, 1962

An overview of analytical chemical measurements with
grimary emphasis on elactronic instrumenlalion,

Bauman. Robert P.. "Absorption Spectroscopy”. John
Wiley, 1962,

Good treatment of the whaole hield of absorption spec-
troscopy. including matrix method of analysis,
molecular spectroscopy, and electronic spectroscopy.

Bausch & Lomb. "Diffraction Grating Handbook”, Bausch
& Lomb, 1970.

A& good paperback booklet on diffraction grating
manufactunng techmiques and grating error evalua-
tion. An interesting elementary level booklet,

Girard, A.. Jacquinot, P., "Principles Of Instrumental
Methods In Spectroscopy”, Chapter 3 of Advanced
Optical Technigues, 'Wiley, 1967.

An excellent theoretical treatment of spectrometers
and use of them elfectively.

Harrison, Cord. and Lodfbourow, “Practical Spec-
troscopy”. Prentice-Hall, Inc., 1948,

A very comprehensive book on the technology of
spectroscopic measurements Covers the fields of
interferometric spectroscopy. IR spectroscopy. quan-
litative analysis, atomic and molecular spectra, spec-
lroscop'c equipment, and Raman, although most of
these topics are not covered in much depth. The
equipment mentioned is out of date, although many
technigues are still used today.

Hercules, David M., "Fluorescence And Phosphorescence
Analysis”, Wiley, 1966.

This boak illusirates the experimental technigues and
thearetical foundation behind molecular spectroscopic

techriques. It is probably the only book available that
even alludes to experimental methods

James, J.F, Sternberg, R. S.. "The Design Of Optical
Spectrometers”, Chapman and Hall, Ltd., 1969,

A recent treatment of the spectroscopy instrumonta-
tion field. It includes Fourier transform spectrometers
and recent grating spectrometers.

MecGlynn, 5. P, “Molecular Spectroscopy Of The Triplet
State”, Prentice-Hall, 1989.

Thig book deals mainly with the molecular mechanisms
of luminescence but contains much useful data about
specific molecules (lifetimes, intensities, etc.) plus
many published spectra.

Meehan, E. J., "Optical Methods Of Analysis”, John Wiley
& Sons, Interscience Publishers, 1969.

This is a coilege level paperback that discusses ail
analytical methods of analysis mostly from an ex-
perimental standpoint.

Sawyer, Ralph A., "Experimental Spectroscopy”. Dover,
1944, Revised 1951.

A very complete review of experimental methods of
spectroscopy and spectroscopic instruments as they
existed 20 to 30 years ago. Because this field has
changed so rapidly since this time, this book should be
taken very cautiously.

Wilfen, D. H., "Spectroscopy”, John Wiley and Sons. 1966.

A good review of the theory of spectroscopy. Very little
experimental treatment. About college level.

Jobin-Yvon Optical Systems, "Handbook of Diffraction
Gratings, Ruled & Holographic”, Jobin-Yvon, 1973.

An up-to-date primer on the manufacturing procedures
of diffraction gratings, diffraction grating physics, and
comparisons of holographic with ruled diffraction
gratings.
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