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8p-1. General. Radiation detectors can be classed as either thermal detectors or
quantum- "detectors. In the former the radiation is absorbed and transformed into
heat in the detector, producing a temperature rise in the device. Some characteristic
of the detectpr changes as a function of temperature, and this characteristic can be
measured to determine the quantity of radiation striking the detector. In this type
of receiver, then, the quantity actually measured is the temperature change. In the
quantum detector on the other hand, the incident photons change the detector
characteristic dxrecth

There can be as many thermal detectors as there are material characteristics which

change with temperature. Table 6p-1 lists some of the fundamental processes that
are used in thermal detectors.

TasLe 6p-1. THERMAL DETECTORS

Dervice Measured characteristic
Bolometer ................... Change of electrical resistance with temperature
Thermocouple. . ............. Peltier effect or change of contact potential at a junction
- as a function of t.emperature
Pneumatic detector........... Change of gas pressure in an enclosed chamber as a func-

tion of temperature

Various kinds of quantum detectors are mentioned and described briefly in Table
6p-2.
TABLE 6p-2. QUANTUM DETECTORS

Derice Measured characteristic

Photoelectric cell...... e The emission of an electron from a surface when struck
by sufficiently energetic photons

Photoconductor cell. . ........ The resistance of the cell changes directly as a result of
photon absorption

Photovoltaic cell . ............ A voltage is generated directly as a result of the absorption
of a photon

Photographic plate........... A silver halide is reduced to silver by photon absorption

Both types—thermal and quantum detectors—are manufactured in single elements,
multiple elements, and image detectors. The important characteristics of radiation
detectors are:

Spectral Response. The reciprocal of the amount of monochromatic incident
radiant power that it takes to produce a given detector output response (e.g., electri-
cal signal or photographic density), plotted against radiation wavelength. For
thermal detectors, the response is generally independent of wavelength over a range
from the ultraviolet to wavelengths which approach the dimensions of the detector.
Quantum detectors show a long-wavelength cutoff, related to the energy gap of the
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detector material (Fig. 6p-1). Table 6p-3
shows the characteristics of detectors In
Fig. 6p-1. The spectral defectivities in
Fig. 6p-1 were measured under g 60-deg
field of view and with a 295 K background
temperature. The theoretical values of
peak D* lie on the dashed curves.

Noise. The fluctuation in the output
of the detector when the incident radiation
is steady.

JOHNSON NoISE, due to thermal agita-
tion, is present in any electrical circuit,
as follows:

rms noise voltage = V4TR(f: — f1)

(6p-1)

where k = Boltzmann's constant (1.374
X 107%3 joule/K)
T = Kelvin temperature
R = resistive component of circuit
element .
f2, /1 = bandwidth limits
SHOT NOISE, arising from statistical
fluctuation in electron tube current, is
given by

U= V2I(f; = f1)

where T = rms noise current
¢ = electroric charge (1.50 X 10-19
coulomb
I = direct electron current, amp

Key to Detector Manufacturers in Table 6p-3

Aerojet-General Corp.

Barnes Engineering Co.
Block Engineering, Inc.
Catron Electronic Corp.

E. G. and G.

Avco Corporation, Electronics Div.

Azusa, California -
Cincinnati, Ohio

Stamford, Conn..

Cambridge, Mass.

Genevs, IlI.

Boston. Mass.

Electronic Corp. of Anierica
Electro-Nuclear Laboratories, Inc.
Honeywell Radiation Center
Infrared Industries, Inc.

Mithras, Inc.

Networks Electronic Corp.
Philco-Ford Corp.

Raytheon Co.

Santa Barbara Research Center

Peoddmrusrenanaen

Elteck Corp.)

Sensor Precision Ind.

Texas Instruments Inc.

3. United Detector Technology

A

SAT—Paris, France; (U.S. Representative:

Cambridge, Mass.
Menlo Park, Calif.
Boston, Mass.
Waltham, Mass.
Cambridge, Mass.
Chatsworth, Calif.
Spring City, Penn.
Waltham, Maass.
Goleta, Calif,

Larchmont, N.Y.
Medfield, Mass,
Dailas, Texas

Santa Monica, Calif.
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‘Other sources of noise are current noise, photon noise, and flicker noiss. Since
reige limits the detection of weak signals when unlimited amplification is available,
gensitivity of a detector is often expressed as noise equivalent power.

Noise Equivalent Power (NEP). The incident radiation that it takes to produce a
detector output signal equal to detector noise in a specified bandwidth (generally
1 Hz). Generally the incident radiation is chopped and expressed in watts as the
rms value of the fundamental component of the chopped radiation.

Specific detectivity D* is the reciprocal of the noise equivalent power of the detector
referred to unit area and 1-Hz bandwidth.

D* = %’f watt~! em sec=? (6p-3)
where A = detector area, cm?
af = effective noise bandwidth, Hz

Time Constant. Dynamic response of many detectors to a step function can be
approximated by a single exponential of the form (1 — €*7), in which ¢ is time and
is the time constant. The frequency response is then approximately

3 1
VIt o

where f is the electrical frequency of the signal.

The signal and noize as a function of frequency for a typical lead sulfide detector
and a typical lead selenide detector are shown in Figs. 6p-2 and 6p-3.

(6p-4)
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TspLE 6p-4. PHoTOoTUBE TYPES, PHOTOSENSITIVE-DEVICE CLASSIFICATION CHART

Phototubes
Single-unit Twin-unit
R Multipli
esponse Vacuum Gas Vacuum Gas uwtipher
917 1P40 920 7120
919 1P41
922 868
925 918
6570 921
923
S-1 '
927
928
930
6405/1640
6953
S-3 926 1P29
1P39 1P37 5652 5584 1P21
929 5581 931-A
S-4 934 5582 6328
5653 5583 6472
7043 7117
S-5 935 1P28
S-8 1P22
S-9 1P42
S-10 6217
2020
5819
. 6199
S-11 6342-A
. 6655-A
6810-A
7264
Extended
S-11 7046
S-13 6903
8-17 7029
S-19 7200
8-20 7265

7326
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TaBLE 6p-4. PHOTOTUBE Types, PHOTOSENSITIVE-DEVICE CrassiFicaTion
CuarT (Continued)

Camera Tubes

Image orthicons Vidicons Iconoscopes
5820 6198 1850-A
6474 6326
6849 7038
7198 7262
7513 7263

Image-converter Tubes

Infrared-sensitive Ultraviolet-sensitive

. Response types types

L

6032
6032-A
S-1 6914
6914-A

6929

s21 7404

6p-2. Photoemissive Detectors. A tabulation of photoemissive detector tubes of
single, twin, and electron multiplier types is shown in Table 6p4. The multiplier
types Lave sensitive surfaces ranging in diameter from about 1 to 11 em with 6, 10,
or 14 stages. Table 6p-5 shows dark noise equivalent power data of some of the more
sensitive types (ref. 4) with various spectral characteristics. The spectral character.

istic curves of various photo surfaces are shown in Fig. 6p4.

TABLE 6p-5. THE Dark Noise EQuivaLenT Power
OF VARIOUS PHoToEMISSIVE DETECTOR TUBES

Dark NEP at response pe k
Type No. Spectral
response At +25°C, At temp. shown,

watts watts at °C
1P21 S+4 5 X 101 5 X 10~17 -85
7102+t S-1 1.7 X 10—12 5 % 10— —60
7200 S-19 5 X 10™1s 3 X 10—17 —78
7264 S-11 4 X 10-1s 1.2 X 10~15 -0
7265 S-0 1.6 X 1073¢ 2.3 X 10-1e —80

t NEP figures are for long-wavelength response peak at 0.8 um,

The dar¥*NEP dats apply only if there is no substantial amount of unchopped
effective radiation reaching the photocathode. Otherwise the phototube becomes
dominated by shot noise, and the NEP is then given by

. QeW,
NEF = Neri =
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where ¢,f2,f = quantities defined under shot noise

W, = unchopped background radiation reaching the photocathodc, effec-
tive watts

C = cathode sensitivity, amp per effective watt

6p-3. Germanium Photodiodes and Silicon Cells. The characteristics of ger-
manium photodiodes are shown in Fig. 6p-5. Silicon photovoltaic cells (ref. 2) are
used largely for the conversion of solar energy into electrical energy. Typical data
are shown in Fig. 6p-6.

6p-4. Cadmium Sulfide, Cadium Selenide, and Selenium Detectors. CdS and
CdSe cells (ref. 3), listed in Table 6p-6, are available in photoconductive surfaces,
areas 1 to 100 mm?, potted in transparent resin or sealed in glass envelope. Some
CdSe cells have very low dark conductance:‘ <10~¢ yumho per square surface. Low

ductance values. Series 400, 400L, and 600L have a rectangular sensitive surface of
approximately 5 by Tx in. Spectral performance curves are given in Fig. 6p-7.
Conductances at various illumination levels are given in Fig. 6p-8. The spectral
response of a typical selenium cel is shown in Fig. 6p-9.

6p-5. Image Converters or Image Intensifiers. Available types (ref. 4), shown in
Table 6p-7, have a semitransparent photeemissive cathode at the input end of an
evacuated glass envelope (ref. 5). Electrons emitted in a pattern corresponding to
the image falling on the surface are accelerated and focused onto an output surface of
electroluminescent phosphor at high potential to produce a bright picture. Types
6914 and 6929, having a silver-oxygen-cesium pbotocathode, can be used to convert
an image formed in near-infrared radiation to g visible image. If g fast optical sys-
tem is used to image a visible Scene on the photosurface, the output phosphor image
can be made brighter than the scene. For 2870 K tungsten llumination of noncolor
selective objects, the screen brightness/scene brightness ratio is given by

' Conversion index
43

where f = f/ratio of optical system
M = magnification (output/input image)
For all three types listed: Magnification (output/input image size) = 0.8; screen
phosphor = P20, _
6p-6. Vidicons. Available types (ref. 6) have a photoconducting layer on the
inside of & window at the input end of an evacuated glass envelope (ref. 7). The

equipment.

Other types 6326, 7038, 7283, 7290, 7325 have similar resolution, sensitive ares,
relative spectral response, and generally similar characteristics. Vidicons have
also been made with Infrared sensitive PhS Photocathodes (ref. 13). Figures 6p-10
and 6p-11 and Table 6p-8 show characteristics of Vidicon Type 7262.

6p-7. Image Orthicon. The image orthicon (ref. 8) is a television pickup tube
that has a semitransparent photocathode, a mesh screen, and a thin dielectrie target
of high resistivity. Electrons emitted by the cathode are focused on the target,
causing secondary emission which leaves the rear face of the target with a positive
charge pattern. This is'scanned by an electron beam whose signal currentg are ampli-
fied by electron multiplier stages to provide a high-level output current.
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Fi16. 6p-6. Characteristics of silicon solar cells.
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Fi6. 6p-7. Spectral response of CdS and CdSe photoconductive cells.
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N

cL-402

L

Imace OrTHIcON TYPE 7198 DaTAt

Sensitive area.............. Approximately 1.1 X 1.4 in.

Spectral response.......... S-10

Resolution................ Limited at high light level to approximately 600 lines;
'y

diminishes to approximately 75 lines at 2 X 10~% ft-c
1 See ref. 6, .

The light-transfer characteristics of this tube are shown in Fig. 6p-12; the effect of
photocathode illumination on the signal-to-noise ratio is given in Fig. 6p-13. Other
types (ref. 10)(5820, 6849, 7389A, 7513, 7611, and 4401) have similar sensitive area,
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F1G. 6p-9. Spectral response of selenium photocell.

TABLE 6p-7. IMaGE CONVERTERS

Resolution
Note 3
Cathode ) (Note 3)
Type | Spectral | Screen diame- Conversion Screen
no. |response; volts ter. in. index At At 0.3 in.} background
T from
center
center
6914 S-1 16,000 1.00 15 (Note 1) 28 13 0.16 (Note 4)
6929 | S-1 12,000 0.75 10 (Note 1)] 33 9 0.21 (Note 4)
7404 | S-21 12,000 0.75 {6,000 (Note 2)l 33 9 10~1°(Note 5)
Notes:

1. Ratio of output iumens to incident lumens at photocathode (2870 K).
2. Number of output lumens produced by one incident watt at 2,537 4.
3. Resolution in line pairs per millimeter at photocathode.

4. Equivalent screen background input in incident microlumens/cm?,

$. Equivalent screen background input in incident watts/cm?,
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TABLE 6p-8. Vipicon Type 7262 Data
(Sensitive area, § by 4 in.; limiting resolution, 600 to 730 lines)
g T ;

Max Avg Min
sensitivity | sensitivity lag
operation operation operation

Highlight illumination, ft-e.............. 2 15 100
Target voltage......................... 60-100 30-50 15-25
Dar} current, pa....................... 0.2 0.02 0.004
Higl 'ight target current, pa............. 0.4-0.5 0.3-0.4 0.3-0.4
Signal current, peak pa................. 0.2-0.3 0.3-0.4 0.3-0.4
Signal current, avg ua.................. 0.08-0.1 0.1-0.2 0.1-0.2
_ %
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F16. 6p-10. Typical light-transfer characteristics of Vidicon Ty pe 7262.
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Fig. 6p-11. For Vidicon Type 7262, curve for equal values of signal-output current at all
wavelengths. Signal-output microamperes from scanned ares of 4 by § in. = 0.02, dark
current (pa) = 0.02.
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Fic. 6p-12. Basic light-transfer characteristics of Ty pe 7198.
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Fi1c. 6p-13. Effect of photocathode illumination on signal-to-noise ratio of typical 7198.

resolution, and relative spectral response. Some later types (25294 and C74037)
have a thin film target, giving better than 300-line resolution at 10-% ft-c. Type
25395 has an S-1 photocathode. The developmental Type C73477 has an image-
intensifier stage.

6p-8. Photographic Emulsions. Characteristics of various photographic materials
manufactured by Eastman Kodak Company are shown in ref. 11.

6p-9. Commercially Available Thermal Detectors. Characteristics of some avail-
able thermal detectors are shown in Table 6p-9. Another thermal detector is the
evaporograph (ref. 12). The sensitive element here is a transparent membrane
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.about 2 em in diameter on which is formed an oil ilm. When infrared radiation falls
on this film, the oil evaporates. The difference in thickness of the film can then be
seen with white-light interference colors, "The room-temperature device can detect
temperature differences of the order of 1°C.
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