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PREFACE
For some time there has been concern over the lack of homegeneity in the
technical data reported on infrared detectors. To ensure thal such data are obtained
under the same conditions and reported in a universally acceptable manner, the de-
velopment of 2 ioint ol of standards »n infrared Lteutor measurements was con-
sidered to be hichly ‘esirable.

)

A werzinryane! composed of revresentatives from the United States, the
Urited Kinador:, and Canada was therefore established to prepare a joint standard
on infrared detector measirements, The par.el was requested to propose specific
tests for in 1‘:1r;>ri ’icte:‘tors, stardard test conditions, standard units of measure-
ment, and a stavdar nethod of presenting the test rehltu.

Mermbers appainto i to this workiny parel were:

“or the Uhited States

"

Ry, R
e United Kinedsm

Or. Servek W, Goodwin
Royal Radar Eglablighient
Treat Malve ‘Norcestersiire

=
Yol ]
oosllan

Dr, Jeorge T. Fuilan

Caradian Arwmarert Research and
Development Establishment

P. .. Box 1427

Pnebec, P.G., Canada

The worxing panel decided to exclude from: the stardard any consideration of
the means for meas:iring and describing the nonlinear properties of detectors--the
properties that describe the lack of ,)royortlonallty’ of the electrical output to the
radiation input. Also excluded from the standard is the specification of any par-
ticular modulation freqercy or ary particalar black-body temporature,

With respect to a particular modulation frequency, the position adopted is that
a knowledge of the way the responsivity and detectivity depend on [requency is an




essential vart of the description of the detector ty. that a statement of the peri: m-
ance for all detectors at the same modulation freque:.z, i= apt to be misleading.

With respect to a particular black-body tempei:iive, the position adopted i
that, important as black-body sources are in establisiiiry the absolute calibrauon
of the responsivity and the detectivity, the user desires information on the depead-
ence of these quantities on the wavelength rather than on the black-body tempereture.
A plot similar to that in figure 3 of Appendix A, ir which the abscissa were the
black-body temperatures of the sources, would be = u=~ful addition to the descriptive
curves, but such a plot would not be an acceptable sut=ti ~le for this figure 3. The
position is that a statement of the performance for .11 detectors at the same black-
body temperature is apt to be misleading.

The measurement of tne absolute responsivity as a function of the waveleagth
and frequency involves the use of a blaczbody whose absolute radiance raust be
Fnown and of a thermal dei-ctor whose relative absorptance must be krown as =
function of the wavelength. The opinion of the members of the working panel is that
the accuracy with which these vroperties can now he measured is not fully satis-
factory. Purther research is reed=d to establish reliable basic standards for
measuring the absolite resgorsivity of detectors,

The worring parsl feels that since the fileld <f irfrared detectors is rapidly
evolving, the methods recomernded in this stardard are unlikely to long remain
the best vrocedures. The workira ranel recomeends, therefore, that the tasz of
revising this staagard he begawm i

21 Decemher 1063,

o

Jariars LefE, the revisicn to be completed by

\nyone who may have saggestions or the 1003 revision sho idd send them to
e

1

the mew.ber who revresents ais cooitey oo the worzing pan

v
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1. INTRODUCTION
1.1  Purpose.

The purpose of this standard is to recommend the kind of tests to be made on
infrared detectors and the manner of presenting the test results, wilh the fellowing
two major aims:

(1} The wethod of presertatinn shail be such that reports of any testing
laboratory will be in.mediately inteilicible to infrared workers in all three countries.

(2) The test results shall have maximum utility for the users of detectors.
Tests primarily of interest to the munufactirers of radiation Jdetectors are not con-
sidered herein.

1.2 Scope,

Tnis standard is intewded Lrinarily to inel e all cormron types of visible and
£ meagire of the total radialion incident on the

i“..frareci detectors L.mt nrovide a e !
sronsive area hu ‘, devrices sl ay himate tibes and mosaie deteclors are rot
51,“1;1%“, considered in ihis stand “'i, altho :ah mary of the parameters herein

discassed an Lo used w Jdescrive U rerformarce of such devices,

The intent of this stardard is that cio wh neas.rements will be made and suf-
ficient data will o rresented to pernit 2 wer o estirate the performance of a
detecior ir a partiz lar appiication,

oinze this sladizmd is corl '“1':19.3 21y with delectors whose oatput is a con-
tinuc is functior of the radiant ipal, devicen sieh as conled waltiplier phototubes
that are cuerated for counting 1:;@1»1&.&1 phetors ars excluded.

Also excladed is anv consideration of (1) the nonlinear properties of radiation
detectors--that is, the proverties that describe the lack ~* nroportionality of the elec-
trical outrut to the radiation input--and (2) detectors whose outpit is not electrizal.

2. DEFINITIONS

2.1 The Deteztor and Its Components,

2.1.1 petecto*' The word "detector” is usea in this standard to dencte a
davice that provides an electric output that is & usefil measure of the radiation in-
cident on the device. It is intended to inclnde not only the responsive element, but
also the physical mounting of the responsive element, as well as any other elements
--such as windows, area-limiting apertures, Dewar flasks, internal reflectors,
ete. --that form an inteqral part of the detector as it is received from the manu-
facturer. If, as an inteqral part of the dsvice, the manufacturer includes




equipment for amplification or impedance transformation, then the term detzctor
applies to the combination of the respoansive element, the other elements listed in
the foregoing sentence, and the amplifier or transformer,

2.1.2 Responsive Element: The term "responsive element" indicates that
part of the detector which, when radiation falls; on it, undergoes a change in physical
properties that results in an elecirical signal.

2.1.3 Individual Detector: An individual detector is a single sample of a
given tyve of detector, Ar example is: indium antimonide cell No, 2483 manufactured
by X Corvoratinn,

2.1.4 Type of Detector: A type of dr'tcctor is a class of individual detectors
that have one or more relevant vroperties i commoa. Examples are: heat detectors,
boleretars, thermistor bolumetlers, photownductive cells, lead sulfide photocon-
ductive cells, cevaporated 12aa sulfide photoconductive cells with evaporated gold
clectrodes wourted in stuirless stecl capsales having silver chloride windows.
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This section i monrerned priparily with the radiation, not with the detector.

The radiation incide t 0w detestor i characzterized by the distribution of the
radiant vow r with rosneet b '.'«'aw:?‘r\"(_rth, nodzlation frequency, position on the

o1t

responmsive olnment, and the directicn of arrival,

1) The power et ie oot b by dncident on the responsive element of
2 detect v i derobe b oo i eaired In watts,

.

(2) The otwer per i ures intidont on the resoonsive element of the datec-

Ear ig callel the irrddier wr 0@ e 2oeahtred b watts Der sguare ceﬂtlmeter

) 12 1o be ivcident on the responsive
wlagd of the Hatmalcs & S 20 calpe 48 }J'm tho raciation is urifermly incident
:,lazw “Dthee etioctyr, tne radiation can be described also in terms
The cbnal power is ucaally modulated by a chopper.

Ia) 49 - - LI v
(.<\ In [( ‘*1' '."U.lu,‘_l nodele ctors, o

- 1 ~
on the rezueonciy

of the siemal irea

P
ey o, 30
el 2T ES

(4) Tue andbiont pow:r &y antthe ambient irradiance Hy describe the steady
radiation incident oo the detector, Exan.ples are: radiation emitted by the mounting
and the windows ar |l sleady radiation arising oulside of the detector. It is usually

O
not feasible to make tho anbient radiation zero.

(£) The siemal power and the anbiont power are completely described by
stating the distrivetion of t.'*.. iz.21iont power with respect to radiation wavelength
a, rodulation freqiency §, mlUO.. coordinates vy on the adopted responsive dlane
(see zestion 2. 4) and dnonlar cocrdinates @,

(a) The radiation wavelength . is the value in. vacaum and is mea-
sured in microno.

(b) The moudulation froquency f is measured in cycles per second.
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(c) The penk wavelenqth 1y, and the peak modulation frequency fp are
the values of » and f that simultaneousiy maximize the detectivities D1 and D* (see
section 2. 11).

(6) The distribution of the radiant power with respect to radiation wavelength
A is described by stating the spectral power P,, defined as the power per unit wave-
length interval. More precisely, if ~? is the power in the wavelength interval ax,
P\ is the ratio AP/aAx with Axsuitably small compared with ». P, is measured in
walts per micron.

(7) The power P normally incident on the detector is calculated oy multiplying
the irradiance H in the adopted resruusive plane of the detector by the adopied area
As.

P AgH (2.2 -7)

(8) The distribution of the irradiance with respect to radiation wavelength x
is described by stating the spectral irradiance H,, defined as the irradiance per
unit wavelength interval. More precisely, if aH is the irradiance in the wavelength
interval ox, Hy is the ratio AH/ax, Aabeing saitably small compared with . H,

is measirod in the urit: watt/cm2-micraon,

(9) In testing detectors, tne radiation incident on the detector is usually
modulated periodizally in time. The usual way to achieve this modulation is to

vlace a multibladed wheel betweern the radiation scurce and the detector and rotate
the whee!l at a constant angilar velocity. The mcdulating device is called a chopper. -
The basic repetition irequency produced by the chouper is denoted f. The instan-
taneous power =(%) incident on the detector carn be represented as the sum. of Fourier

comporents:
cos (2-it+71) «+ Pocos (4-it+39)+. . . (2.2 -9a)

where each cormponert has an amplitude Py and a phase 7., Each compcnent repre-
serts a sintsoldally modulated radiatior sioral, ara the components have the fre-
quencies f, 2f, 3, etc, The fundamerntal cormponent 15 the sinusoidal component
with the frequenzy f. The root-mear-square amplitude of the fundamental component
iz defined as the pean-to-peak amplitude of this component divided by 23/2:

/9
: = “‘1/‘ D
Ping = 274/4P1

(The peak-to-peax armplitude is 2P ) /

(10} In some special circumstanzes, expression of the input radiation in
terms of the nun:ber of photons per secornd instead of ir. watts may be desirable.
Responsivities and ietectivities with photons per secord as the measure of the input
radiation may be useful as an alternative method of describing those detectors that
have a responcivity (in volts per watt) that is proportional to the wavelength over a
substantial ranae of wavelengths.

2.3 The Electrical Jutput of the Detector.

It is convenient to distinguish two additive components in the electrical output
of the detector--the signal voitage Vg {or signal current Ig) and the noise voltage
Vp, (or the noise current L)). Over a sufficiently long period of time, the two




voltages (or currents) can be distinguished exactly by the criterion that the signal
voltage is fully coherent with the signal power, whereas the noise voltage ic com-
pletely incoherent with the signal power. The output can be described by giving
the distribution of the voltage (or current) with respect to time or frequency.

In this section and in sections 2. 8 and 3. 6 the fundamental frequency f of the
chopper must be distinquished from the frequency v of any component in the outp:t
of the detector. In all other sections to distinguish between f and v is unnecessary,
however, and the symbol f is used for both types of frequency. The frequencies f
and v are both measured in cycles per second.

(1) The electrical signal voltage Vg (or current I5) in the output of the de-
tector is the part of the cutput that is coherent with the signal power incident on th2
detector.

(2) In the special case where the radiation power is periodic in time, the
electrical signal output is also periodic in time. The instantaneous signal voltage
V(t) can b2 represented as the sum of Fourier components:

V(t) = Vo + Vicos (2-ft 1 4q) + Vocos (4t + a9) +. . . (2.3 -23)
The root-mean-square amplitude of the fundamental component is defined as the
peax-to-peak amplitude of this componernt divided by 23

- - _1 n- k)

P e (2.3 -2b)

e s JEEHE]
(‘The pear-to-pear arrlitude is 2V1.)

(3) In addition to the sicgnal voltage i appearing at the output of the detector,
elactrical roise also is always vresent, When there is ro signal power, the only

T

eleztrical cutput from: the detector is the electrical noise,

(4) Unlike the electrical simal which has components only at frequencies v
equal to f, 2f, i, etr., the clectrical noise has cowmwponents at every frequency--
that is to say, the spectrur: of the electrical noise is continuous. The magnitude
of the noise voltage as cbhserved by o siitable voltmeter depends on the range of
frequencies accepted by the voltmeter. To define the bard of frequencies accepted
by the voltmeter, we let ¢(v) derote the gain of the voltmeter as a function of the
frequency v. Then, the noise bandwidth ¢+ of the measuring equipment is defined
by: - 5

av= [t glv) 2dv/gg (2.3 -4)

v
~
-

where ¢,. is the maxinum value of the qain with restect to frequerrj v. The fre-
quancy V. that maximizes :(v) is called the center {requency of the passband.

5) The root-n.ean-square voltag: (or current) of the electrical roise is
defined as the square root of the time average of the square cf the difference between
the instantancous voltage (or current) and the time averaqe voltage (or current).

—

"~'n, rms = g (\n -V 'Av) ‘Av P
: . (2.3 -5a)

Inrms - |- {In-- 1y av
L.

3=




The average values of Vy and Ij; will nearly always be zero in practice, since the
voltage or current will usually have passed through an amplifier whose de gain iz

zero. When this condition holds, the above two equations reduce to

1
2

Vn, rms = ' <‘(Vn)2 ,‘)Avh!
: A (2.3 -5b)

: 1
i 2
In,rms = Il (1) ’AV}
(6) 'The power spectrum W(v) of the electrical noise is defined as the time
average of the square of the difference between the instantaneous noise voltage (or

current) and the time average voltage (or current), divided by the noise bandwidth
£v of the measuring equinment.

W) = (Vy ps)/as
(I, rms)?/c

In this definiticn, it is supposed that the vo ltn cter has & handwidth <v that is small
compared with v. W(v) i3 measured in volt2/cps or in arr.perez/cps.

(2.3 -6)
Wiv)

It

(7) I the distribution of the noise voltage (or current) aboul the time average
mean value is Gaussian and I the statistical properties are statiornary in time, then
the statistical rroverties of the noise are fully described by the power spectrum,
But if the distribuitior is not Gaussian, {irther description is necessary for a com-
plete characterization of trhe slatisticzl proverties of the roise.

~

(8) The root power spe:trun. N(v) is the square root of the power spectrum

1
W(v). N(v)ic measured in olt/( p3)% or iu ampere/(cps)e.

S

¢

(3). The term "voltimeter" as used in this section is equivalent to the com-
bination of the lou;-:;onh ampliifier, t:inable filter, and voltmeter, as described

eparately in sections 8.8, S.¢, and 3,

. % Geometrical roporting of the Detector,

(:) Tho respinsive properties of o delector are defined in terms of the radia-
tio:. inridernt on a selected vlane surface associated with the Jetector. The plare
selected o 7 tne testing labo rato: rv ic called the adonted responsive plane, and is

dar ot‘ g

Y sive clemant 1t._,eu i i the forn, of & thin flat ver, a5 with evaporated
vhotocond iotive frcl'.; or rmetal holen.eters, the adopted recuonsive plane is simply
the plane ir whi~h tho responsive element lies, But there are detectors where the
responsive pianc mnust be chosen otherwise. Fxan:ples: With doved germanium
detectors in which the responsive element is more or less cubical ard is located
withirn a chamber with reflecting walls, the adopted refer-uce plane S is the plane
that contains the ertrarce aperture cf the chamber. With photoemissive tubes with
curved photocathodes, the adopted reicrence plane is the plare that contains the
straight edges of the photocathode.

(°) Usually there ic no ambiruity in selesting the resgorsive plare S, If the
ra3LONS

cn




(3) With some detectors the selection of the adopted reference plane is
more or less arbitrary. With a detector that incorporates a number of refracting
elements, for example, the testing laboratory may find it convenient to refer the
measurements to the plane that contains the rim of the most accessible optical

element.

(4) Let a coordinate system X,y be established on the adopted responsive
plane 3. - - =

(5) Let the direction of incidence of a pencil of radiation that is incident at
the point x, y be defined by the two angles 5,9 of a spherical coordinate system,
with the polar angle € measured from the normal to the adopted responsive plane.

(6) Detector Area A. The several kinds of detector areas reasured on the
adopted reference plane reed to be distinguished:

(a) The ncminal area A, is any value of the responsive area, quoted
by a source other than the testing laboratory, that purports tc represent an approxi-
mation of the actual responsive area of the detector. Thus, for example, the nomi-
nal area may be the manufacturer's design-center value for the area of an evaporated-
film detector, or the rominal area may be an area quoted to one significant figure
that is used as a label tc distinguish between the given detector and other detectors
of widely different area.

(b) The adopted area A ic the area that is adopted by the test labora-
tory to convert the irradiarce 11 on the detector to the pcwer P incident on the de-

tector:
P e (2.4 -6b)

The test laboratory will oiten s2lect either the norminal area cr the effective area
as the adorted area, -

(¢c) The effective area A of a detector is defined by physical measure-
ments, as follows: The pesition or the adopted responsive plane 3 of the detector
is defined by a rectangular -artesian x, y coordirate system. The responsivity
R(x,y) is measured with a very small spot of radiation at each poirt of the plane.
The effective area Ag i defined by

Ag = [ 7 R(x,y)dxdy/Rmax (2.4 -6c)
S
whnere Rp.ax is the maximum value of R(x, y).

(7) Deteetor solid anqgle. It is often desirable to krnow the solid angle from
which the detector can receive radiation from ouatside the detector. This information
is needed to caleulate D¥* for at least two situations of practical interest: cooled
detectors equinped with cooled radiation shizlds and rocm temperature detectors
whose responsiive element is immersed in a lens of high index. Actually, the solid
angle that one wishes to know for a flat detector element is the 50lid angle weighted
at each angle by the cosine of the angle of incidence. This is called the weighted
solid angle and is denoted by 2. Several kinds of weighted solid angles need to be
distinguished.

[@>)




(a) The nominal weighted solid angle @ of a detector may be a value
used in the specification of the detector or it may be the value used to identify the
detector.

(b) The adopted weighted solid angle o, of a detector is the solid angle
that is adopted by the test laboratory to calculate the value of D*¥,

(c) The effective weighted solid anqgle q, of a detector is defined by
physical measuremernts, as follows: The responsivity at the point x, ¥ on the adopted
responsive plane S of the detector for radiation coming from the direction 6,7 is de-
noted R(x,y, ¢, 7). The angles 5 and - are the polar and azimuthal angles of a spher-
ical coordinate system with the axis normal to the surface of the responsive plane.
The effective weighted solid angle g of the detector in steradians is defined by:

de = I gy /Leos 6 sin s do 127 Rz, y, 8,5 )da/] AeRmax(O,C)-l
S 2 7 L !

(2.4 -7¢)

where Rp,q (G, 0) It the maxim.m value of R(x, 7, /, 0). Itis, of course, scarcely
contemplate i that a-y laboratory will ever measure R(x,y, e, - ) as a function of all
fo.ir variables and then perform the quadruple inieoration., But the above expression
for v, does indicate (in a way that no worls can) the exact conceptual meaning of the
affective welgnt=i solid andgle,

(8) I the raspensivity of a letertor is indercndent of the angles aand ¢, the
letestor 15 called 4 Tanr.bertia:. -ectector,

(9) With scree detecters, it is considered to he an adequate approximation to
suppose that the respensivity is indepe:. len of the azimuthal angle +. Then, the
iatector is caid b nuve ~ireilar LN el St

(13) '-"w detecters with <irclar symmetry, the total cone angle - may be used

nstewd of the welohted selid gasic .. The 'mial cope aryle - is defined in terms of
: by
2 )] )
L= osine(-/8) (2,4 -10a)
The relati» betwearn the total zone anale and the ordinary unweighted solid angle o
is: i =
w=d 0 l-208(-/2) (2.4 -10b)
' V

As the solid andgle . in equation C.4-10a i identified with the nominal, adopted,
or effective welihted - olm arncle, the equation iefines the nomiral, adopted, or
efloctive total cone andle, re Lor“t' ely.

(11) The weigated 20lit anvle of 1 Lambertian detector is 2= -, The un-

O

wolchited solld an .1@ Da Lanwertian detector 15 5= 2

2.0 The Detector as o Clreuit Element.

Msst detectors have two electrical terminals. When the radiation incident on
the detector is steady, the detector may be considered a circuit element and can be
described as a circuit element. It should be held in mind, however, that the




propertics of the detector as a cireuit element will usnally depend on the frequency
and will sometimes depend on the amount of ambient power Py and on the de current
I5 through the detector.

(1) The impedance Z of the detector is delined by:

7 = (2.5 -1a)
ar
where E is the instantaneous voltage across the terminals of the detector and I is
the instantaneous current through the detector. The inipedance Z is complex:

Z =Ryt iXy (2.5 -1b)

(2) The value of Ry, at zero freqiency is called the de impedance and is de-
noted Ry,.

(3) The unqualified terw resistance R is used to describe the ratio of the de
voltage to the de current:

B= B (2.5 -3)

(4) The irpedance Z, both its real and lvacirary parts, and the resistance

.t
e 1
1

r( are measured in onns.

(E) The iy edance 2 of some deteciors rey be 2onveniently represented by
an equivalent circait that is approvriate (o the detector in qiestion. Examples: As
a cagzacitarce C and dynamie rasistanie 3G in raraliel for nigh impedance photo-
2onductive cells; as an inductance Loand dynande resistance Ry in series for ther-
mistor holon ot(ﬂ"

(") When radiation deteciors are tested the dotector is connected to an am-
pliffer ard I some cases to nias sources. Tne load irpedance Zyp, is the impedance
of the exterral circuit as seen from the trrrinals 2f the detector. .”‘ften, the im-

vedance is alrost pirely re.':.iL_;_tive. I i ,_d-:L.;fz, the lcad impedance car be repre-

sented by the load resistance R, . Z. and 3. are measured in ohms
»

Iz o

2.€  The Detector Temperature,

Detectors that operate withont refrigeration have responsive elements that
nave a temperature equal to or slichtly hither thar the ambient temperature. The
actual temperature of the responzive elerent is ofter nonuniform and is difficult to

measure experimentally, The user of the deteztor nermally has little interest in
the actual temperature of the responsive eler.ernt,

In this standard, the terrm detector ten.peratire T indicates the an.bient
termperature if the ¢ eLector i3 not refrigerated or the ncniinal temperature of the

coolant if the detector is refrigerated.

The detector temperature 1 is meaiired in derrees Kelvin,
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2.7 The Bias.

Most kinds of individual detectors have externally adjustable parameters that
permit a variation of the responsivity (and of the detectivity). Examples of these
adjustable parameters are the biasing current in bolometers and photoconductive
cells, the applied potentials in multiplier phototubes and simple phototubes, the
biasing voltage in back-biased junctions, the emitter current in phototransistors,
the several adjustable parameters of the Golay detector, and the magnetic field in
photozlectromagnetic detectors. Indeed, only the thermocouple is free of such
adjustable parameters,

All of these paraneters have the effect of varying the performance of the de-
tector. The tern. "bias" will be used as a generic term to refer to any of these
adjustable parameters. Wher the bias is the biusing current of a photoconductive
cell, the recommended unit is the ampere and the recommended symbol is i.

(1) The optimum bias b) is the bias that maximizes the detectivity when it is
measured with radiation with it wavelencth near Ap and a chopping frequency near

fp.
(2) The maximum value of the bias by, is the maximum value recommended

by the manufacturer

2.5 The Test Equipment: Radiation Sources and Voltmeters.

&.£.1 Radiaticn Sources: In measuring the responsivity of radiation detectors,
it is customary tu use h ee differert zinds cf moduluted sources. All of the sources
are equipped with chcovers. Ore iz a black-body soaraee; the second is & mono-
caromatic soarce; and the Lnird is a variable "‘eq" ncy soure

(1) With the blaci-body s¢ ree, the waveleryth distribution from the
slack body 15 supposied to be zrnown or an absolute basis and is described by the
gp-» al irradianee £, rma.

(£) The roncchronatic source is characterized by the wavelength »

of its outsut.

(3) The /Lmaow frequency source is characterized by the fundamental

frequency f of its output. hn fundamental frequency of the chopped radiation is
denoted by £, and the amglitude of the power (or irradiance) of the chopped radiation
is nr.easured by the root— e ‘.-Qquare amplitude of the Fourier component with the

fundamental frequency.

2.6.2 Voltmeters: The term voltmeter as used in this section is equivalent to

the combination of the low-noise arplifier, tunable filter, and voltmeter, as de-
scribed in sections 3. &, 3.0, and 3.7.

The signal voltage (or currernt) in the outpul of the detector is measured with
a voltmeter such that the qain ¢(+) of the voltmeter has ils maximum value when v
is equal to the chopping frequency i, and such that the gain g{v) is negligible re-
lative to g(f) when v is equal to any of the harmonics of f--that is to say, when v
is equal to 2f, 3f, 4f, etc.
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The voltmeter 15 to be such that it indicates the root-mean-square voltage of
the component of frequency

(Note: Henceforth, in this standard except in section 3.6 it is unnecessary to

distinguish between the chopping frequency f and the frequency v of the electrical
output of the detector. The symbol f will be used to denote both v and {.)

2.2  The Responsivity.

The responsivity is here defined only for vericdically modulated radiation.
Furthermore, it is supposed that, as described in section 2.8, the electrical meas-
uring equipment has its maximum gain at the chopping frequency of the radiation
input and a negligible qain at the harmonic frequencies.

The responsivity of a detector is usually measured with an amplifier connected
betweern the detector output terminals and the instrument that measures the voltage.
If the output of the amplifier is (m.istakenly) taren as the outpuf of the detector, one
obtains a responsivity R,y that is increased by the qain ¢ of the amplifier and is in-
fluenced by the finite load impedance 7Z;

(1) The responsivit, in cereral is the ratio of the rms value of the furdamental
component of the electrical output of the detecter to the rms value of the fundamental
zemuonent of the ingut rad a*lor vower when the cower is incident normally on the
adopted responsive Llare, The respounsivity is reasared in volts per watt or in

amyeres por watt,

(2) The resycnsivity Ro is the rosponsivity referred to the terminals of the
but ipfloeson by e [T 1oard impedance 77 .

responsivity ref rreg to the terminals of the
load inLedarnce, = may be terried the open-

he responsivities dofired above may be called apsolute re"oomivities
e : ative responszivity, A relative responsivily is an

cBi3k e roi @ raletiy
adsolate resporoivity multizlied by & nonstant wnesg malue may or way not be kiown
:
(7) & sinpls, wiizly asad procedure rermils the measurement of R directly

[CH
1

3
witheut first measurigT : nye i procedure d volves the injection of a cahbratluv
voitare in seriel with the ~ tectzr inder test by the mechanism of a small resist-

1Co Wl o
arze betwann the deteeolor's ROk i trrminal and ’fl"OJTAC‘l. The details are ”1\/6" i

L

q o 4]
e S oae 3/

] [2CTOREN

ek . (=
SIZUONS 2

ennoraivity & oof ol individeel detzctor uscally depends on all of the

(a) Tha spectruwm of the radiaticn (=)
{t) The chopuing frequenzy (f)

(=) The detector temperature (7T)

{d)

\

The plas (b)




(7) The responsivity Ry (f) is the responsivity R at the peak wavelength i
The responsivity R and detectivity D have their maxima with respect to wavelength
at the same wavelength »

(8) The responsivity R, (*) is the responsivity R at the peak modulation fre-
quency f, which is defined as the frequency that maximizes the detectivity Dy with
respect Eo the modulation frequency f. The use of the subscript i instead of m is
intended to emphasize that Ru()‘) is not the maximum value of R with respect to the

modulation frequency f.

(9) The responsivity Ry, is the value of the responsivity R at the peak wave-
length A, and the peak modulation frequency fp. R has its maximum at the same
wavelength » ; as does D1, but unless the root power spectrum of the noise is flat,
the responsivity R and the detectivity Dy do not have their maxima at the same

modulation frequenc

2.10 The Detector Noise.

The electrical noise in the output of a detector is usually measured with an
amplifier connected between the detector output terminrals and the instruweat that
measures the noise. I the output of the amplifier is (mistakenly) taken as the out-
put of the detector, the mecasurement yields a root power spectrum M Zng that is in-
fluenced by the win g and the roise n of the amplifier and by the finite load im-

pedance Zp .

{1) The root power spectrurm. Moy 15 the root power svectrum referred to the
terminals of the detector but not corrected for the noise of the amplifier and not
referred to an infinite 1oad impedance.

(2) The root cower spectrun. N, is the root power spectrum referred to the
terminals of the detector and referred to an infinite load impedance but rot corrected

for the noise of the amplifier,

trum I, is the root power spectrum referred to the

(2} The root power spec
nd corrected for amplifier noise but not referred to in-

terminals of the detector a
finite load impedance.

(4) The root vower svestrum N is the root power spectrum referred to the
terminals of the "ietector, referred to an infinite load impedance, and corrected for
amplifier ncise

[

directly wl*ho”t first measuring I\sz This procedure involves the mjectlon of a
cahbratm(* veltage in series with the"detector under test, by the mechanism of a
small, xnown resistance connected between the detector's qground terminal and
ground, The details are given below ir sections 3 and 4.

(8) A simile and widely used procedure permits the measurement of N,

(6) The root vower spectrum N of an individual detector usually depends on
all of the followirq parameters:

(@) The frequency ()
(b) The detector temperature (T)
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(c) The ambient power (Py)
(d) The spectrum of the ambient power (1)
(e) The bias (b)

2.11 The Detectivity.

The detectivity of a detector can be defined in any of three equivalent ways:
as the reciprocal of the noise equivalent input, as the signal-to-noise ratio divided
by the incident power, or as the responsivity divided by the noise. The last defini-
tion is used in this standard.

(1) The detectivity D is defined, in general, as the ratio of the responsivity
to the rms noise: . :
D=_ R (2.11 -1a)
Vi, rms -
where R is in volts/watt, or
D-_% (2.11 -1b)
In, rms

where R is i, amperes/watt. This ratio does not depend on whether the right~hand
quantities are measured at the output of the amplifier or at the detector terminals,
rcr does it depend orn whether the quartities are referred to a finite or infinite load
resistance. But the value obtaired for D does depend on whether the rms noise is
corrected for the noise of the amplifier. If incorrected, the detectivity is denoted
Dy, and if corrected, D. D i5 measured in reciprocal watts.

(2) The detectivily Dy is called the detectivity for unit bandwidth of noise and
is corrected for the rcise of the an.plifier. The corresponding quantity not corrected
for the roise of the amplifier is written Dy,. One has:

R - R 3
D:I'- = a4 = Z = — (.[11)/Dr (2. 11 "28.)
- Mang Man Ny, '
and
R, R. R o
Dl =] Z"I = “o e i (‘/‘\ f)‘D (2. ]] ‘?n)
Npq Nz N

where Af is the noise bandwidth defired by equation 2.3 -4, D1 is measured in the
1

unit: (cps)2/watt. (The bandwicth aAv of section £. 3 is identical with #1 in this
section. )

(3) The detectivity D¥*, pronounced "D star," is the detectivity Dy reduced
to unit area by the root-area relation

1 1
D* = A, 7Dy = (AgAf) PD (2.11 -3)
1
D* is measured in the unit: cm-(cps)?/watt.

(4) The detectivity D**, pronounced "D double star," is the detectivity Dy re-
duced to unit area and to a weighted solid angle of  steradians.

1
D¥* — (Aana/;r)l'?Dl (2.11 -4)
D** is measured in the unit; cm-(cps)?/watt.
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(5) The detectivities D, Dy, D*, and D** of an individual detector usually de- \
pend on all of the following parameters:

(a) The spectrum of the radiation (1)
(b) The chopping frequency (f)
(¢) The detector temperature (T)
(d) The ambient power (P,)

(e) The spectrum of the ambient power (1)
(f) The bias (b)

The detectivity D devends also on the roise bandwidth .f used in the measurement.

(6) The detectivities D, D1, D¥, and D**, as well a3 the correspording quan-
tities not corrected for the roise of the amplificr, all differ by factors that depend
neither on the wavelencth x nor on the modulation frequency . Therefore, the wave-
length and frequency that maximize one of these detectivities maxin.ize all of the
others. The peax wavelength xj; and the peak modulation frequency fy, are the values
of x and f that siweultareously warinize the detectivity, The values of the detec-
tivities at the peak wavele::jth A, and at the neax modulaticn frequency {,, are
deroted by Dmm, Dius PPy D¥oom. )

(7) The detectivitie. mensared at the near modilation frequency 1”.,, are de-
noted by Dr(+), Din(s), D¥y (1), I/*jzr::(")'

(5) The detectivities measre i oal the rewk wayeleniath ., are denoted by

jl(f)y U-r*(f); Rk I"(r)) I)[v)(f)

&) (L

(&) The resiprocal of each of the detestivities 13 a noise eq:ivalent power.
Sor oxitet o) the noise squivalent newer 2,0 ray e fiefined as the reciprocal of D

P i (.11 -9)

. ) TRV | P N =t s
2.0 Ereror Detastivity,

(1) The cor:=pts of racponsivity and detestivity Jefined in the preceding sec-
tions have been formulated i terms of a reriodicall, modslated radiation algmal.
I LGsed tJ pe ir the forme of a nalse, E

1. this section, the mum,m sim u‘; is o
lerotes the L(,twl anorgy of the ',JL & and it weasurea in joules,
(2) The detector is g snosed to be ronnestad to 2 reiseless amplifier with

the wain a(f), At the o:trit of the amylifier, the total rms neise voltage is denoted
-n- The mavin o volla je of the + lﬂﬂtm al simal valse with respe:t to time is
deroted .‘:’.I}. The everqy detectivity 15 wefined by

—_

ot
BV,
The ererqy detectivity . is measured I recinvrocal joules.

(3) The encroy detectivity . is the reciprocal of the 1oise equivalent energy

[y, which is defined as the value of the pulse energy I that niases the signal-to-

noise ratio ~p ¥, equal to ity

13
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(4) The value of the energy detectivity 2 depends on the shape of the radiation
pulse and on the amplifier gain function ¢(f). It can be shown that the maximum
possible value of 4 is achieved if the following three conditions are satisfied:.

(a) The pulse is very short--specifically, the duration of the pulse is
very small compared with the detective lime constant 4.

(b) The gain g(f) is of the form:
g(f) = constant R/N2 (2.12 -4b)

(c) The sum of the phase shift in the detector and the phase shift of
the amplifier is directly proportional to the frequency.

When these three conditions are satisfied, the energy detectivity is given by

; W u . 2l _1-
amx) = 2| 1" D1, f)-zafJ! = Dy(a)/ +g? (2.12 -4c)

£ (1) is measured in reciprocal joules,

(£) The enerqy detectivity a*, prorounced "delta star," is the enerqy detec-
tivity & reduced to unit area by the root area relation:
il
A7Vgp

pka—E (2.12 -5)
/E

A¥ i measured in cm/fiotle,

(£) The creryy Jetectivity 2%, (1) is the enery detectivity & p,(x) reduced to
arit area by the root area relatior.
1

’

.‘,*I":.(Ix) = s J;‘C:D*(k;f):d‘ﬁ /a = D*m(k)//Td'ﬂ (2 12 '6)

oo

(7) The energy detectivity :* . 15 the enerqgy detectivity £¥,. (1) measured
at the pear wavelenzth &y,

.1& The Time Constant.

If the complex resporsivity depends on the frequerncy in azcordance with the
relation:

#(f) = R/ (L v 2-if 1) (2. 13)
then there i3 cereral zircemert that the (responcive) tinve constant is equal to .
Cther tnan in this paragraph, all of the responsivities dealt with in this standard
resresent the modulus of the complex responsivity rather than complex resyonsivity

per se,

When the resporsivity does not depend o1 the frequency in accordance with
the above relation, controversy sets in. Sorme persons believe that no effort should

14




be made to define a time constant. Others assert that some particular definition
should be used. Among the definitions that have been proposed are the following:

(a) The reciprocal of the angular frequency at which the responsivity
is 0. 707 times the zero frequency responsivity.

(b) The reciprocal of the angular frequency where the low- and high-
frequency asymptotes intersect (in a plot of log R versus log ).

(c) The reciprocal of the angular frequency where the slope of the log
R versus log f curve is minus one-half (minus 3 decibels per octave).

(d) The reciprocal of the angular frequency where the phase lag is
45 degrees.

(e) Any of the times required for approach to a steady state after a
transient radiation signal.

All of these time constants are equal when the above equation holds; otherwise
all of them may differ.

All of the time constants represent ar effort to measure the speed of response
of the detector or, in different words, to measure the pandwidth of the detector.
Accordinaly, the writers of this standard have elected to define the time constant
in terms of the pandwicdtn.

The time constants defined in (3) and (4) below involve measurements made
over the entire frequency rance of the detector, To determine whether a detector
satisfies a specification, such measurements are ot always desirable. Accordingly,
(5) ard (€) provide a pair of alterrative definitions for use only in specifications.
These two alternative definitions are based on measurements made at two pre-
assigned frequencies.

Chopping frequencies up to about 50, 000 cps are considered to be practical
for achievement in a small testing laboratory. Time constants greater than about
5 x 10-6 second car be measured or the hasis of the definitions given in (3) and (4)
below. Time constaris shorier than about £ x 10-C second are not easy to measure.
The only simple method to measure timne constants much shorter than 5 x 107
second is to observe the response to a square pulse of radiation. The pulse time
constant in (7) is based on this approach.

Because of the distributed and shuri capacity of the detector itself, all of the
time constants defined in this section will depend to a greater or lesser extent on
the value of the load resistor R;. Although the method of measurement recom-
mended in section 4. 1 completely eliminates the effect of the shunt capacity of the
input of the preamplifier, it does not eliminate the effect of the shunt capacity of
the detector itself.

(1) The responsive bandwidth (2f). is defined by:
(89)y = "[R()12d/ [ Rmax 12 (2.13 -1)

0

where R(f) is the responsivity and Ryax is the maximum value of R with respect to
frequency. Note that Ry,ay 15 not identical with R, (A). ‘
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(2) The detective bandwidth (af)y is defined by:

(a)g = 7 [D*a, £1%d8/ [D¥, ()12 (2.13 -2)
0
Both bandwidths are measured in cycles per second.

(3) The responsive time constant r, is defined by

= 1/(4(a0),) (2,13 -3)
(4) The detective time constant v is defined by:
T4 = 1/(4(af)y) (2.13 -4)

(5) The specification-type responsive time constant Tpg 1S defined by:
-

1
r 9 rgeyn 12
res =L | [REDI - (R2)1E (2. 13 -5a)
2T toR(£9)1 2 - [£R(E1) 2

where {1 and {9 are {requencies that must be included in lhe specification. (For
some specifications it may be converient to define {1 and f9 by:

f1=__1 fo=__1 (2. 13 -5b)

rs

Lo
(5]
4
-

4
[N}

where 715 is a specified design-center responsive tivie constant.)

(8) The specification-type detective time cunstant 45 is defined by:
1

—-

DMf)% - (DR 2 | (2.13 -6a)
| [faD¥{) 2 - [£1DX(f1)2

il = =

oY)

)

b

o

where f1 and f2 are frequencies that must be included in the specification. (For
some specifications it may be convenient to define f; and g by:

by = b fo = 1 (2. 13 -6b)
207hs e

where - §g is a specified design-center detective time constant.)

(7) The pulse time constant 7 _ is measured by exposing the detector to a rec-
tangular pulse of radiation. Because the pulse time constant is a type of responsive
time constant, the result depends on the gain-versus-frequency curve of the ampli-
fier used and on the magnitude of the resistance that is in shunt with the detector.
The gain should be flat up to frequencies that are large compared with 2 T/Tp. e
result usually depends markedly on the value of the shunt resistance. When the
shunt resistance is made 50 small that the RC time constant is small compared with
the value measured, the pulse tirme constant is called the intrinsic time constant.

The rise and fall times of the radiation pulse must be short compared with
the pulse time constant being measured. The rise time constant is equal to the
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time required for the signal voltage (or current) to rise to 0. 63 times its asymptotic
value. The fall time constant is equal to the time required for the signal voitage

to fall to 0. 37 of the asymptotic value. If the detector and amplifier are linear, the
rise and fall time constants are equal and are called the pulse time constant Tp- If
the rise and fall times are unequal, the detector-amplifier system is nonlinear and
the system lies outside the scope of this standard.

2.14 The Two Classes of Detectors.

The various types of radiation detectors tend to fall into one or the other of
two mutually exclusive classes according to the way that the energy detectivity
D*p,(x) of the given detector can be traded for detective bandwidth.

(1) In Class I detectors the detectivity D¥ (1) is independent of the detective
time constant rq. Examyles of Class I detectors are (a) those whose detectivity is
limited by radiation noise or generation recombination noise and (b) all photo-
emissive detectors.

(2) In Class I detectors, the energy detectivity a*mp()) is independent of the
detective time constant r4. Examples of Class II detectors are thermocouples,
bolometers, and some xinds of pnotoconductive cells that have a detectivity limited

by 1/f noise.

2.15 The Detective uantum Efficiency,

(1) I nearly monochromatic radiation from an unmodulated thermal source

is incident on a detector, the mean square flustuation in the power is given by:
) o
< (AP)e Ay - SEPg AT (2.16 -1)

where - is the Bose-Eirsteir coherence facter that way be taken equal to unity for

all practical purposes. (The formal cordition for  to be close to unity is that the

product of the wavelength and the temperature of the source be less than about 5000
micron-deqrees.) E is the ererqgy of a photon of the wavelength in question, P, is

the ambient power, ard ¢ { is the noise bandwidth.

(2) If there is no other radiation incident on the detector and if the power
emitted by the detector is nerligible compared with P, and if there is no other source

of noise in the detector, then the detectivity D is the reciprocal of - (AP)Z ’AV%:

D - 1/(2EPa;xf)"}' (21 15 -2a)
and the detectivity Dy is given by:

Dy 1/’(1;}*’.Pa)% (2.15 -2b)

In the presence of the given ambient radiation, the expressions 2.15 -2a and 2. 15 -
2b indicate the maximum possible detectivity. No actual detector can have a higher
detectivity, and all detectors in practice have a lower detectivity.
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(3) The detective quantum efficiency i defined in general by:

[ Measured detectivity D3 —12 (2.15 -3)

Op = | "Maxinum possible detectivity Dy

(4) 1In the special case of sections (1) and (2), where the incident unmedulated
radiation is nearly monochromatic, the detective quantum eificiency is give.. by:

Qp = 2EP, (Measured Dy)? (2.15 -4)

(C) When the incident radiation is not nearly monochromatic, the calculation .
{ the maximum possible detectivity becomes morce con.plex--the result depending
both on the way the delectivity depends on the wavelergth and on the spectrum of the
incident power. For the very special case in which the ireidert radiation has the
spectrure of a black body with temiperature Ty, and in which the detector has equal
detectivity for ali wavelengths, oo has:

[l

Ay - B ThE Py (Measured Dy) (2. 15 -D)
where ¥ is the Boltomann constant,

(6) The fetestive qrantun. efficiency Spp (+) i the detective guantum ef-
ficiency Gy measured at the peur noodulation f"nu Baiar b,

v
1}
il

(7) The ldetestive g antun. effizienczy 3., (f) i the detective quantum ef-
ticietey wip mratpraint the ndek g elmen

AN & & B

vetoctive quantum ef-
f: art at the peak wave-

(x) The dotcotive gantum

P A N S T S D A
LICHEIRCY oy my IR IR G CC md D
ool H
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2.1 The Fa-torability Proyerty,

'I'hx‘ facirability wrop »"“L' RN o RGO rsivity of nogetector, considered

as a funztion 1 the '.hh/“ﬂ\”"r hoainl the :"‘) 81 im“ frequoncy, to ne represented
as tne pr,f uct of two factors, one ;1 which derends o0l on the wavelength and the
other of which depei-is only on the frogaency:

R(\_, f) = constant LJ( )L‘w(f) (2. 16)

The factorability nroserty is 1 carly ilways assun.ed (often without comment) in the
crintion of the performi.ce of radiation (xete“t,rr,. p :

QJ
(.

(1) For a detector that has this vrovert; ,' a very ircortant simnplification is
possible in the weasurezent and defl:. 1tl\).‘ of the respon ;,1J1t It permits the
detector's resvonsivity to be completely’ determined by r.easirement of the re-
sponsivity as a fiintion of wavelenath at a sincle [roguency a:d by measurement of

responsivity as a function of the frequency at 2 single waveler-th.
(2) Many important detector:s have the fuctoranility vroverty, but there is an

important class of photoconductive detectors whose responsivity is not at all fac-
torable,
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(8) Every detector has a responsivity that is fuctorable if the radiation is con-
fined within one, two, or more wavelength bands. With some doped germanium de-
tectors, for ex amolo the responsivity is factorable if all of the radiation is shorter
than about 1.6 microns or if all of it is longer than about 2. 0 microns. The wave-
lenath bando are called factorability bands. With most detectors, the user will
usually be interested in the factorability band comprising the longest wavelengths.
For most purposes, it is cufficient to measire within this one band.

(4) A radiation filter that is opag:e to radiation not within a factorability band

is called a factorability filter

3. STANDARD TEST EQUIPMENT

The test laboratory shall wse equiprent that conforms with the requirements
of this ,eﬂtw* or hez- 1) tLVQ oqipnent that i canable of equivalent precision of

measuremert for the dele~tors nider test,
.00 Zalibratod 3imal Severater

“ne calibrated sitmal sererator snall nrodiee at its output terminals a sine

wave woltage nfwe wmratels Erown res amelitucs with a frequency adjustable over
the rance ovor whih the »osponsivity o to Lo newsred,  In o comprehernsive test

1_1')crat3ry, tnis man e will e frow. aboat T cps to about 100, 000 2ns.  The output
ottacre shout i bho o ',rv?:-'it'r.aw‘.;,’ gl n,

v T3 vy s P R TP, . Toem=. i5a o oo O & g , ]
dliorais ) wttor Losler manelwin @ sitral inom tne gigmal cenarator ang
gac ke G, M s e S ] o e
o L ML = R ——

Me ) 6 TR R U S

T Be Uy ety A8 - v COU D s ONCERIRE
i Jp b weniTa g dekeptor i3 EzL&C:'Z. L 015 Gl =
1]

| . : 8 g A e 4
e gireses s iSRG XSNITE, 2 mEEr O of RomEling the

: i SO AL "iwr Rag) to inject the
I ol N > the bias leveo, i

SIS e \'1tn 7 & l-onm re-
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J.n  wow-l.oise Anplificr,

~he low-noise amplifier amplifies the siqnal received trom the detector cir-
cuit to a level where it may be filtered and measured without appreciable introducticn
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of additioral noise. The low-noise amplifier shall have stable gain and, preferably,
uniform gain over the range over which the responsivity is to be measured.

3.6 Tunable !

The tunable filter shall have a center frequency vy, that can be varied over
the range over which the responsivity is to he measured. The tunable filter shall
have stable gain, and the maximum gain gy, shall preferably be independent of the
tuning of the filter and shall not vary irreqularly as the center frequency iz varied.
When used in connection with the measurement of the responsivity, the tunable filter
shall have a qain g(v) that is realigible compared to ¢(f) when v is equal to any of
the harmonics of f (see 5.8.2). Whern used in connection with measuring the power
spectrum of the detector ncise, the tunahle filter shall have a bandwidth 4v that is
not qreater than the larqer of ; cps and 0.232 vy, (The condition Av = 0.232 vy,
sorresponds to a one-third JCtJV\‘ filter.)

3.7 Mualtiranae Voltmeter

The nollirare solimeter measures the signal voltages and the noise woltages.
""" e malinrtion of the o"w oter shall he Dnown over the range over which the re-

spcneivity an.neise are to be measured.  This voltmeter preferably will be of the

trre that reads the true root-nmean-square amplitude of an arbitrary waveform.

(If the volineter is of the common type that is caliprated to read the rms amplitude

of & cine wava but that actually measures the time average of the absolute value of

the ifference botweern the inctantaneous voltage 'rd the time average voltage, the
i re w7t low by the factor 2%/0/- < 0.2002 or. a nolse with a Gaussian dis-

triczelon of aprlitudes. )

oot vy
S 1VE

”f13 noise bandwidth » f (defined by eqiation 2.3 -4) of the combination of low-
noise ar:riifier, tunanle ‘.ther 4anc v’f“’["“ct“" shall be kmown as a function of the

freqw@nny S r=+*1n~ ¢i the tu .uﬁ1~ filter, I the Uv' -noise amplifier and the voltmeter
have qains that are indevendent of frequercy > sver-all noise bandwidth is the

%)
san.e a3 the »nise hansdwidth of the tirable filter.

3.5 Raciatior. Source

The test laboratery shall se the following three radiation sourced.

3.72.1 Black-Body Source: The black-vedy source shall be chopred and stable
in temperature. The chopper may be for a single fixed frequency f.. The black-
body source shall produce an accurately known spectral irradiance in the adopted
refererce plare of the detector, and the irradiance shall be uniform over the area
of the detector. The measure of the spectral irradiance that shall be known is the
rms amplitude of the fundamentz]l component of the spectral irradiance. This am-
plitude is denoted H , IS [ the vrocess of determining H\) rms, the radiation
from the chopper mu: 23t be taxen into account. Furthermore, i radiation filters
are used to eliminate radiation outside of a chosen factorability band, the absorp-
tance and emittance of the filter must be taken into account. The result of cor-
recting for the chopper radiation (and for a filter, if used) is a spectral irradiance
that does not match exactly the spectral irradiance of any black body.
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I'he total irradiance H,,,g 1s given by:

123

Hems = J B \, rms A (3.8.1)
0

The means used to secure an accurate calibration of the black-body source iie out-
side the scope of this standard which requires only that the best available physical
procedures be used.

3.8.2 Monocchromatic Source: The monochromatic source shall consist of a
stable source of radiation and & monochromator (preferably double-pass) with a
chopper placed between the source ard the monochromater. The source shall be
capable of providing a wavelength band of radiation that is not wider than one-
thirtieth of the center wavelength. The chouper may be for a single fixed {requency
which shall be the same as the frequency f; of the black-body source. When feasible,
the irradiance produced by the monochromatic source shall he uniforir over the re-
sponsive surface of the detector.

3.8.2 Variable-Frequency Source: The variable-frequency source shall con-
sist of a stable source of radiation and a variable-frequency chopper. In most cases,
the source of radiation will be a black-body source equipped, when necessary, with
a factorability filter. Several source: way be ased to nover the entire frequency
range of interest; but, if several are useq, their frequency rarces must overlap.
The irradiarce produced by the variable-frequency source shall be uniform over
the responrsive surface of the detector. The frequency of the variable-frequency
source need not be continucusly adjustable; a series of fixed frequencies may be

used,.

3.5 Thermal Detector.

The test laboratory shall ise a thermal (ictector for calibration.

The variation with wavelength of the responsivity of the thermal detector shall
be xnown as accurately as rossible.  Althcuch the method of calibrating such a

detector is beyornd the 3cove of this standard, the following suggestions may be of
some value.

It is snggested that ore stanrdard laboratcry in each country establish a refer-
ence thermal deteztor. Each test laboratory can then calibrate its own thermal
detector against the reference detector. A possivle method of obtaining a reference

have an emissivity approximately independert of wavelength, This exercise can be
coupled with the calibration of a black-bedy source, The variation with temperature
of the spectral radiance of a black-body source is calculable, and the variation of
the total radiance with temperature and wavelength provides; possibilities for com-
parisor of the absorptance-versus-wavelength function of several thermal detectors,

3. 10 Equipment for Measuring Impedance and Other Circuit Elements.

The test laboratory shallhave the 1sual equipment needed to measure the im-
pedance of the detector and other circuit elements. It shall also have the equipment
required to keep the other equipment in calibration, In particular, the test labor-
atory shall have equipment to calibrate the output of the siqmal generator.
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3. 11 Equipment for Measuring Res ponsivity Contours.

The test laboratory shall have means for irradiating a very small spot on the
surface of the detector. This device shall consist of a source, a chopper, and a
microscope cquipped with a mechanical stage and shall have provision for inserting
factorability filters. Reflection-tvpe objeclives shall be used.

3. 12 Equipment for Moasuring Pulse ‘Mime Constants,

If pulse time constarts are to be ineasured, the test laboratory shall have
appropriatc equipment, including a wide-band amplifier and oscilloscope.

4. STANDARD TEST PROCEDURES

This sectlhn recomnmao:ds oostralght-forward set of test procedures that sum-
narize: the m t qd*.'un:ed methods of the current state of the art according to the
reoresentatives of a namber of tost laboratories, Other test procedures than those
reconarneonded hore ey be enployed; bit, i depar-tires are made [ron: the recom-
mended preocedures, b test laberatory naking the departures must assume the
burder. of establishirig, by actual test, that the rodified procedures give results of
equivalert accuray. Murthern.ore, if procediures cre emnloyed that differ from
those deseribed hereir, the devurtires shall be deseribed ir‘ the standard report or

in the explaration that u-'::‘r::; aries the stundara report (sec section £),
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L. ali of e mitskran.onls peuerined in ameddc:, 4. 1, [Hie sigel »a

adia
oo rorr.ally fned m‘:;t t‘m aete o .}‘)C?ltl\"itllj, the sicnal zuulatlo sh
T withis G Aenrgel\ Bl the = »r.al to the adooted v

nall of tne reascren.ent; deserinen i section 4 1 the amonnt of signal
radiatien shall be confined to the range 1o whizh He o ikt siimal (V or 1) is pro-

vorticnal to the ineident power 15, Jhodireation of this Huearity shall be obtaired

with each detector.

i L

(1) The measieement of the responsivily involves the use of the factorability
property.  or those detector:; where this vroverty decs not held for the enfire
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range of wavelengths that may be of interest, the black-budy source and the variable-
frequency source shall both be equipped with a factorability filter that confines the
radiation to one of the bands of wavelengths within which the factorability property
holds.

(2) The first step is to establish approximate values of the peak wavelength
My the peak modulation frequency f,, and the optimum bias by (or biases, if there
are more than one). Experience with similar detectors will usually indicate a first
appreximation for Ay and f,,. The determination of A, is easier than of the others
since no noise measurements need be made. Then, with tne variable-frequency
source, equipped with a factorability filter if needed, the modulation frequency and
the bias are adjusted independeritly until the values are found that simultaneously
maximize the detectivity Dy. Thus, one finds &y, f,, and b,. The detailed pro-
cedures to be used in this step are identical with those described in the sections
4.1 through 4. 3. It may be that the optimure bias by will exceed the manufacturer's
maximum recommended bias for continuous operation. In sich event, the maximum
recommended bias shall be used instead of b,. The actual value of f, may be
greater than the highest frequency fh available with the variable-frequency chopper.
In such event, the results shall be ¢iven for the freqiency {}, instead of f,;, and the
peak ,vawelerrfth +p and peak bias by, will then be redefined aJ the Wavplenwth and
bias that maximize D*(~, ).

(3) With the bias set al by, and the tunable filter et at {,, the black-body
source, equmuco with a factorability filter if reeded, is used to irrzdiate the de-
tector, with the siqmal ~ererator set at zerc cutput. The reading E of the multi-
rarge voltmeter is noted. Then the irradiation is5 reroved, the «uvmal generator i
set to the frequercy {,, and the atteruator i5 adjusted to the valie that gives the
same reading E on the m:ltirandge soltmeter. ".’hre open-circuit-det tector signal
voltage '."S’ prg 15 the voltage across the calibrating resistor Regy.

(4) The power Ppp.o incident or the af‘outed respcrnsive area of the detector
is obtained frow the inown irradiance Ryp, wron multislication by the adopted area
Ag:

Pros = Aalems (4.1 -4a)

The corresponding resvorsivity is ¢iven by

R = , LIS (4.1 -4b)
o TS

w

where the subscript :: is used (instead of the more cbvious bb) to emphasize that
the spectrum of the radiatior. produced by the hlaci-body source is not recessarily a
a black-body spectrun:.

(5) With the bias set at by and the tunable filter set at fe, the detector is
irradiated by the monochromatic source. The center wavelength of the mono-
chromator is then varied over the wavelength range of interest, and the relative
signal voltage ES rms indicated by the multirange voltmeter is recorded as a func-
tion of wavelength The detector under test is then replaced by the thermal detector,
and the relative signal voltage Es, rms, th Is recorded as a function of the wave-
length.
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(6) The relative responsivity is then calculated by:

L(,) = Es,rmselr) (4.1 -6)
Es, rms, th

as a function of the wavelength, where ¢ (1) is the relative responsivity of the thermal
detector if it is known to differ frowm a conslant,

(The determination of the ratio of voltages in the last equation is tedious if it
i done manually for each wavelength. GSeveral methods have been used to record
L(x) directly. One of these methodg uses a iodification of a commercial double-
beam infrared spectrometer. In this modification, the radiation falls alternately
on the two detectors, with a frequew:v of alternatlon equal to . The two output
(voltages are then compared and actuate a serve system that moves a nonselective
attenuator——a comb, for example~-in the path of the radiation to the thermal de-
tector, so that the two output voltages have a constant ratio. The chart of the spec-

trometer then records L(x) directly.)

(7) With the bias set at b, the variable-frequency source, equipped with a
faztorability filter if reeded is used to irradiate the detector. As the frequency
of the source is varied, the center ;rm"n*zcj of the tunable filter is continuously
adjusted to the c‘*.or:omr' fmq erey. The signal voltage Eg ppg read on the multi-
range voltn‘eter is rezorded as a function of the Ireo“enc,r The source is then
removecz, and the signal gererator with a fixzed attenuator setting is varied over the
same rarce of frequencies. As the frequency is varied, the center frequency of
t‘qe tunable filter is continuously adjusted to the same frequenzy. The voltage

Ee rms read on the multirange n‘t”oter is recorded as a function cf frequency.
413 5z chepper 1s employed that mod:lates the radiation sinusoidally, so:that Py, Psg,
P4, etc., of equation 2.2 -Ca are all zero, then the tunable filter may be removed
from the electronic system. This methed crovides an appreciable simplification

of the metnod of measuremrent.)
(S) The relative responsivity F(f) is then computed by:

o))
Esz rmsel(f)

f)
lal
— I

(4.1 -8)

P

]

(O]

where o(f) i5 the relative voltage vreduced by the sigral generator if the voltage is
not the same at all frequencies.

om the experimental results described in foregoing paragraphs (4),
(), and (8) the absolute responsivity as a function of the wavelength » and the modu-
t equency { is given by:

lation fr
I 3
;:(Mf) . R,i.\, . .“(X)Prrr.s L F@ (4.1 -9)
JL(\A)P)\,rde,\ F(f.)
where Py the spectral power of Ppys. Note that the value of R(x, f) is not

chanqed if elther L( ) or F(f) is multiplied by a constant. Nor is R(x, ) changed if
Prms and Py pms are multiplied by the same constant.




(10) The responsivity Ryn(f) at the peak wavelength rp (involved in figure 1
described in section D.4.1) is given by:

Rm{) = Raq L(’*p)Prms ) i(f_)_ (4.1 -10)

JLODP L, rmsda Fe)

(11) The responsivity ratio R, (1)/R,,.  involved in figure 8 described in sec-
tion £.4.1 i ¢iven by:
R.() = L(x) (4.1 -11)
R, L)

4.2 The Noise.

In the measrement of the noise of a radiation detector, qood judgraent and
experion:e are eqscntinl or ensuring that the only noise that appears at the multi-
PRNGE v ltn olor ic thal geonerated i Lhe vietector ard i the amghfler. Continuous
‘-117.11“:.2 > 15 required b prevent other zoirzes of 1oise fron. infliencing the results.

T

o.opartie dar, the bias zowplies moost aot contributs appreciable noise.

(1) “With the hias set at I'). with all of the radiation soarces rermoved, and
it the icewl Zux m'”t r ; rouc 1" v zers sicnal, the root-mear-cquare noise voltage
if‘.':l:ix et D t‘1~ slHranse oltmeter is rmorje«' 25 a fwction of the zenter fre-
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the effect of draft in the gain of the mieasuring equipment., At frequencies where
the cifference between k and unity cannot be measured reliably, the root power
spec:rum and the detectivity cannot be measured with the equipment used.,

4.3 The Detectivity.

The various kinds of detectivity are all calculated from the responsivity
R(A,f) (see equation 4.1 -9) and the root power spectrum N(f) (see equations 4.2 -4a
and b).

4.4 Specifications on the Data Plotted in Figure 4.

The data plotted in figure 4 of the standard report (see 5. 4.1 and Appendix A)
shall be measured with the variable-frequency source, equipped with a factorability
filter if needed, with the modulation frequercy fp.

The curve labeled R shall indicate the relative responsivity as the bias b is
varied, the arbitrary multiplicative constant to be the same for all of the biases.
If the impedance of the detector and of the other elements in the detector circuit do
net vary as the bias is varied, then the relative responsivity is proportional to the
output voltace Eg  TmS of the amplifier. But if any of these impedances do vary,
then both Eg rrrs and LC rms Shall be meas: 1reri at each value of the bias and the
ratio taken in accordance with equation 4,1 -8,

The curve labeled N shall indicate the relative root vower spectrum of the
noise at the frequency iy as the blas is varied, the arbitrary multiplicative constant
to be the same for all of the biases.

The curqe iabeled D1 shall be the ratio 7/ /N,

The values of the ias shall cover the range from a value not more than one-
tenth of the optimum bias by up to the maximum bias by,

4.t Measurement of Respousivity Contours,

The definition of the =ffective area Ay of a detsctor involves the measurement
of the responsivity B(x, y) for radiatior. that falls ¢rn a very small area centered at
the pomt ¥,y of the r espm.sive rlane.

The method of measuring R(x,y) is rnot yet ready for full standardization,
Scm.e steps toward the starndardization are given in this section, however.

(1) The microscope used to foris the radiation on the detector shall be of the
reflection type. Refractive microscopes cannot rass the long-wavelength radiation
that must ve uzed with some detectors whose longest wavelength factorability band
comprises ro wavelerngths shorter thar 2 or 3 microns,

(2) The =ffective size of the spot of radiation shall 2e 5 to 10 mizrons in
diameter,

(3) Extreme care shall be exercised to ensare that the detector is not respend-
ing nonlinearly to the radiation. The large numerical aperture that is usually used
with a microscipe makes it easy to produce a very high irradiation of the spot.
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4.6 Other Measuremonts,

The methods usedd to measure the impedance, resistance, and capacity of the |

detector are too well known to require detailed description here, These parameters
shall be measured at the optimum bias by,. ]
l

... The method of measuring the pulse time constant is not ready for standardiza-
tion, At present only rough valnes are quoted; and, until higher accuracy is felt to |
be needod standardization is not required. Pulse measurements are not recom- |
mended unlcm‘ the time constant is 50 short that it cannot be measured by the
methods described in 2, 13 (1) throngh (4). )

5. THE STANDARD REPORT

0.1 Description of Detector.

A, Descrivlion of Delector ir the stondard renort shall list as many of the
following itemns as is feasible:

(1) Tyre cf detector--e. a,, PbS evaporated film detector; thermistor
bolometer; I.Sb photeelectromac.ctic detector.

(%) Ilame and address of wanufacturer

(?) Identificatisn nnmber and serial rumber

(4) Date of marufacture*

(£) Date of test

(¢) Electrode material*

(7) Wir.dow x::a‘tf&ri'ﬂ (w;' thickness in om if Znown)*

(2) Yominal size and shawne of the responsive area (in e ard cmz)

(%) omimal ra‘z:;;*o sive area in cmé

(12 I\/.uzzuiacturor’ s renorenied bias for eptimun. sinnal/noise ratio*
(11) Manwfactirer': recommnended maziraum bias for contiruois operation*
£02) "'ﬂ"r’i*val ckef‘trlﬂ al resistar-e wnder recommended cperating conditions
(13) llomin "1 welghted solid arqle (in steradians)

(14) roducti stat w--e, a. Ia'v dor sarmple from production batch* e
(1%) DEscri tl")‘” of the hh‘“* szP ar.d chape Of the comyplete detector

L}ns 5ho . lu vreferably inclide ene or more pnotographs or sketches
( / ! Jrap
with the priveipal iimensions ir dicated)

5 Corditior.s of Measurement.

E. Conditions of Measurement in the standard report shall list the fsllowing
iterns with respect to the test conditicns:

(1) Detestor temperature 7 (tenneralirz of coolant in deqrees Kelvin if
detector is cosled or amrbient temperature in deqrees Kelvin if detector is not
cocled) /2.8

(2) Adopted area Ay ir square centimeters /2. 4(6)(b)/

(3) Position of adopted responsive plane if it is not obvious /2. 4(1) - (3)/

*As stated by the manufacturer.
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(4) Adopted weighted solid angle uy in steradians /2. 4(’7)(b_)7
(D) The bias used ir. the test, if ary /2.7(1), 4.1(2)/

(6) The temperature Ty b of the hlack hody source used in the measurement of
the absolute responsivity, in deqrees Kelvin /3.8. 1/

(7) Description of the way that the spectral irradiance provided hy the black-
body source differs from an ideal bl 1 od source: effect of mirrors and/or filters,
including the factorability filler, if /5 £7

(8) The chopping frequency f. of the black-hody sonrce /2.8.1/

the radiatior. i54d lu meas ire the relative-

(13) The chopping f.rog e1~ 2y i usod to nmeasure tne relative-responsivity -
versis-wavelenath curve / G

(12) Descriptior of the anbient radiation incidert or the detector. In many

o3, thiz wil. zonsist of the terwperatirs of the obiecls within the solid angle of

-

4), .47y

(12) The ehipoing feegueady [. et b oons e the dats in fidure 4 (see section

S
lotector /7. 5(

() 'R 8 5 P L SO <ot Ve Lmey e g e -~y
(12) Dasorirtin of the »adiisti o el do noasire the wte in fioare 4 (see sec-

17, 1 L' o e L
pegEotor U dnddt the areg thet is irradiated,
1250 zalteh, 1 feegssers
- 3 & gy
3 2 B Ol ROy

rgrert lhell el e = digirem of the inpat
¢ ile hias sugply, i
3P, = dlaqram shall also
6 i o ke wite mlnls of all im DOY‘t& it
(i'f s e a 2f Arrendie A siogests what is needed

yrrrers i
e, oaf e

] characteristics
ngposmenten Yhistis pwantivelanly ingontaat s t}.‘a:‘:s;". r.ors.  1he inpuat
traroforver shall »o stated at all {reaencies of interest.
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5.4 Standard Test Results.

5.4.1 Plots: In the standard report, section D shall contain four plots:

Figure 1--Responsivily vs Frequency: This is a plot with logarithmic !
scales, the ordinate to be the responsivity Ry, (f) in volts per watt and the abscissa )
to be the modvlation frequency f in cycles per second. The plot is to be for the
optimurr bias and for the peak wavelergth Ay,

Sigure 2--Root Power Spectrum of the Nojse: This is a plot with |
legarithmic scales, the ordinate to be the root power spectrum N in volts/(cps)?
and the abscissa to be the frequency in cycles per second. The zlot shall be for
the optimum bias,

Figure 3: This is a plot with a loga wic ordinate scale and a linear
or logarithm ic abscissa scale with the r @;mnswltv ( )/Rm. as the ordinate and
the wavelength i as the absicissa. The curve shall be for optimur: hias and for the
pear modulation frequency f. The curve shall have a maximum value of unity and
the crdinate shall be 1aoeled "Relative Scale for R and D." (Ontionally, a reciprocal
scale may be shown or. the richt-hand ordinate ard labeled "Relative Scale for Py,
Jones 3" if the tesl laboratory chocses to tabulate these guantities also. )

Figure 4--Determination of Optimum Bias: This is a plot with logarith-
wic scales. The anscissa i the bias for all of the ~urves. The vlot shows three
curves labe 1e; 2, I, arnd L1, The first curve shows the respornsivity R measured
in arbitrary wnitz at the frequency £, with racdiatior limited to the factoratility range.
The second » irve 30ws the root power spectrirn I measared in arbitrary units at
the fregency I, “he third curve, labeled Dy, shows the ratic B/M.

4.0 Tabalar Data: The standard report shall contain the following tabular
T

(1) Electrical resistarce R in chm: a! the optimurn: bias /2. £(3)/.

(2) Electrical capacity C iz microfarads at the ortimum ties /2. 8 5)7

(3) Wavelerth v In eicrons i@. 11(8), 4.1(2)/.

(4) Frequency fo in eps or the frequency fj ‘sed in the measurements

for figqures 2 ard 4 if the neax frequency Iy cannot be reached by the variable-ire-
quency source /%, 11(6), 4.1(2)/.

(£) Zesponsive tire :o“‘ta“t iz ir. seconds if it can be measured with

the chopping frequercies available [2. 13(9);.

(6) The detective time constant Tdin seconds if it can be measured
with the chopping frequencies available /2. 13(4)/.

(7) The pulse time constant ir seconds if the above two time constants
cannot be measured with the available chopping frequencies /Z. 13(7 7 Usually the
pulse time constant will be stated only when items (5) and (8) are not stated.
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(8) The shunt resistance used in measuring the pulse time constant.
(9) The responsivity Ry, in volts per watt /2.9(9)/.

1
(10) The detectivity Dimm for a unit bandwidth of noise, in cps?/watt

1
(11) The detectivity D¥y ., in cm-cps®/watt /2. 11(8)/.

1
delectivity D¥* v, in cm-cps’/watt if the detector is re-

frigerated or non-Lambertiar /2. 11(€)/.

(13) The ratio Xy, /R.. /2.9(9), 4.1(4)/

(14) The encrgy detectivity é%y - in cin/joule /2. 12(

0.5 Tutioral Data cr Test Results.

The standard repncrt may also contain any or all of the following optional data:

L

# + . o PT a9 2 -
() Aelditiena)l gorees i Somres ., &, =8
K RE

for nlaces greater than the
opbimara bigs; I» Barticxlar, &r the Maximiw Bias

(8) Arviotof o (D) versis the freq eney f (see fioure £ of Appendix A).

(8) ~:zer mace o afe i > resnonsirity Rz, v) as a fanetion of position
Crothe §izigee of the respnds

A o satantieora e b s 280 A A e T

(‘:) PRI O 1045 e Ch R S SR S IR

(0) The intrirsic time ccustant.

The ctardard zefer: Bhall nei tazulnte the rasgensivity or the detectivity for
an st v lererat ré or inr ary frequency or wavelength other than

5. arsl . coonticn war Lo rade whern the tenreratire, frequency, or wavelencth

(S R

) -

araard recort will ot be intelliqgible to the inexperienced user of de-
totor:s 1ot some explavation. Thus, a shert exnlar atlw snould accompany the

t-n dar re(ort The tect laboratory will ofter prefer to write its own explanation.
rizf explanetiny ic offerea for those whe Jdo oot wish to crepare their

—ac followine b

own version,
A, The two wost Duportart asvects of avy roaiation detector are its
responsivity (simal ot divided ny radiation in) aid the electrics
rolse 1 the ontpnt of the detoctor, Ther resy onsivity = depenas on
both the v,awle"f' h and the frequency, and the noise denends only on
the frequency. rigure L shows the roat nower spectrum 17 of the noise,

L
: i : il
in volts ver cuss ( y amperes ver cps©) plotted against the frequency.
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B. The responsivity indicates how much cleclrical signal is produced
for a given radiation signal, but does rot indicate how effective the
detector is for detecting small amounts of radiation. The ability of a
detector to detect is measured by the detectivity D, When the detec-
tivity 15 measured with a unit bandwidth of the noise, it is denoted

D1 and is equal to R divided by N:

= R/N (B)

C. The detectivity is usually expressed in terms of D¥ or D¥¥, which
are related to D] by

and Ly
Tykd = (Aaf‘ gt ’,/' )Dl (Cb)

where Ay is the adopted area of the detector, and .4 is the adopted
W makte(. solid ancle of the detector, both ta nolated in sectior. B of the
standard report.,

2. The resporsivity R, and s ]s: OF caof DFF L deperd hoth on the wave-
lenath v and on the frequency {. It is very awrward to show graphically

a fimeticr. that de vends on two variableg,  With radiation detectors,
nowavor, it is fortanataly *r > that by saitable restrictions on the 2orn-

Hiore: o meqsarenant, both the resionsivity and the detectivity can

ne anpressod as the o :;;t A Dwm fimcties, o oh depends anly
o the wavelen gth, ated the cther of which slgne: L;s ireq:ency.
Jnizr Dmoe cwaditio: A:, g ik ngiee fth amd the
frogaddt e ':,~.- ol TolclRn R ek nivmd 15s ‘wc “Llots.

0

E. Hhe .’i. wawelen 'rth ;:;i the peez frequency fy 5
the wavaler o Urequenzy that eimiltanatusly maximize the detec-
tivities D, J*, and D T e values of ?, D1, D%, and D¥* at Lhe wave-

lengthn o, and the fragaercy {0 are deroted Ree , Digon

Liscal?
D%, and are tab:late! in sextion D of the standard report
FooDInoorder to delermine the recnosivity R for a wavelength @ and
froguency Iy other than - and fv,, are wvrovee s as follows: The

razspansivity at the desired freqiency fa, but at a5, is read directly

fram fizire 3, in velts ver walt (or amperes per watt), The result
[l

is then noaltivlied by the ruiiter read off the ordinete of figure 8 fcr
e wavgle: Al ki in'guestion, The res 1‘ iz the responsivity o
the iocired wovelon 8l g and frequer o £

. The wethad of determining ”)1, D* or DF* for a wavelenath or
irequer.cy otheor than 3 and {,, is a httlo more complicated. To obtain
any of these g.antities at "1, Tbut at fy, the valuie of hmmu D*y ., oOr
D¥ toqr tabilated in section D is multiplied by the ordinate of fimire

3. The rasalt is then multinlicd by the ratio of the 'Jalje of Ry (E)/N

at f1, as calculated frem the cnrves in figires 1 an i , o the vale

of Rp(£)/15 2t £,,, as ~alznlated fron. fiouens 1 and .




E. [Figure 3 shows not only how R, Dj, D*, and D** depend on the

waverength, bulalso how D, &) and aA* depend on the wavelongth.,




APPENDIX A
Model Report

This part contains a model repcrt, whose purpose is to illustrate the ap-
pearance of a report that is prepared in a'"cordanco with this standard. For this

report we are indebted to the Infrared Division, U.S. Naval Ordnance Laboratory,

Corona, California.

This niodel report has one s bstantial inperfection: the measurements of
the responsivity and the root rower svectrim were carried out only to 10, 000 cps,
and the actnal peax freqwencv is slichtly above 10,000 cps.  The report supposes
that the peak frequen ”j is 10,000 crg, with the rosalt that the values of D*,p and
the peax frequercy are slightly L2orrect., ¥ orthermore, the abseance of data above
the peax frequercy a"

s impossible more thar a rough estinate of the detective
time constant and the enerqgy detectivity.

R4

Cre feature '3‘ the test cornditions o he noted i that the optirim bias current
is areater than the manufacturer's reroninmaded maximum bias, Since the test
labor ﬂtu ry i *‘ut wish to exzeed this reonananded maxin an Lias, the true opti-
nias could not he used in the lests,

T

e
MK

i

and C cf the ioiel revert 2otaln the data calied for in

The Tables A, cf {
tions £.1, £.8, ard .4(2) restectively :ig’ re A is the input circuit diagram

gaction. £.3, ami figures § thre .::1 4 are the f2 v ficires described in

<oy

tisn £.4(1). Figire &, which is ortioral, is the plot s:guested in section 5. 5(2).




A. DESCRIPTION OF DETECTOR
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B. CONDITIONS OF MEASUREMENT

Detector temperature, T - - - - - - - - - - - T7°K

N
)
.

- '
Adopted area, A = = = = = = = = = =~ = = = - - -2,25%x 10 " em
2
Asopted resvonsive piane (from wirdow) - - - - 0,5 ¢ tenind tne wirdow
L N 1

Awpted solia angle, Q- = == - - - - - - - - 1.8 steradian

r G \—6
- - 4,0z 10 7 ampere

Blag used, L -« » - -~ - - = - - - - - - -
g (3¢ voits across cell)

B s ae ol Eigenn EuEl Wil
. N e - z £
LlACATud) tuWlCe ~ = = = = = = = = = - ~ - - 3 mm Ge filter
pl -t Ol TR . - _"+ vy
Vil il IruQasil, olotaalAtedy Zdoarte, I o~ = LY CDE
Teads L B0 D W o s el e Tehig gt pocidi e Sererst Glower. 1800°K
Hani e Rles Moel v EELUre ITEQUSTey pegipMusc - GExmsT GREWER, 1800
: L ; 3
Liie 3 mm Ge filter
Cromuic g SpegL Oy ACE WA 18 nene@enIc-
.. ;
PTeT, I = = = = e - - - - - - - - - - - = = 40 CLE

- - - - I0L°K BE plus 3 mm Ge filter

Rafiasio: mel 0 measire SLtlmes Lids

o . P - . - ) o B
ot ey S TR SR T pnaEREl TG S TCu, L - v ZCL<
8
S L. s oo N - ° T
Acilient raxiniion L wiellor - - - = - - - - - 300°K cnly
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C. INPUT CIRCUIT

In additior. to Figure A, sample below, this section of the standard report will
include the data called for in section 9. 3 of the standards, as appropriate.

50K CELL 0.02mfd MV ® 45y

t___

TO GENERAL
RADIO 500 5  50megs
MICROVOLTER megs 1.Omfd
' | N TO TEKTRONIX

" 122 AMPLIFIER

TO BIAS
SUPPLY I0OK

1[}———-—
—

INPUT CIRCUIT

FIGURE A




Electrical resistance, R - - - - - - - -

Elecirical capacit,, € - - - - - - - - -

Pear wavelernouh, A

Peun requeney,

Responsive time

Buioe S HA

D. TEST RESULTS

Ny

- - - - - - = - b s
- - = - - - - - .
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