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ABSTRACT

Among the many new technigques which have become of
significance in applications beyond the laboratory is tho
INFRARED technique. The term infrgrad is generally applied
to devices which depends for their basic information upon
the electromagnetic energy of wavelength betweén 0.7 and
1000 um, which is reflected from, absorbed by, or emitted

by objects of interest.

The present dissertation is a critical review td the
infrared theory and its applications. Different types of
infrared sources, targets and backgrounds are discussed; .
fundamental physics and optics are discusaéd; this discussion
leads to the design of'basic infrared instruments and systems.
The choice of detectors is one of thé most critical part éf
infrared instrument or Syatem.. Characteriostics and applica-
tions of wvarious types of detectors; thermal type, gquantum

type and nonconvefitional types, are discussed.

be -
An analyser for infrared detectors has, developed which

has got three major advantazes ¢ firstly, no additional pre-
amplifier is required from outside; secondly, it can measure
cell reesistance from 104 to 1 M4 ; and thirdly, it is very
inexpensive as the costly wave analyser has been replaced

with a built in electronic filter.



One of the most useful advantage of infrared
techniques is remote sensing of temperature. An infra-
red temperature scunner, which can scan approximately 400
points in one second has teen developed by the author.
This has the advantage that thermal maps of heated bodies

can be obtained.

In addition, a scheme of great interest to the
manufacturers and users of large rotating machinea for
scanning temperature of stator bore surfaces has been

proposed.
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1. INTRODUCTICN :

During the last million years, man has been success-
ful in increasing his abilities and in enlarging his under-
standing of the world where he lives in. The t00l responsible
for such progress is an outstanding computer (usually called
the brain), which receives the outside information through
senses, conmpares it against the éEred information (experience
and/or knowledge), and makes decision and orders their impli-
mentation. Contrary to the general behaviour of living beings,
man has shown no patience and no willingness to keep himself
within the original limitations of the human system as des-
cribed above. In his unrelenting drive for progress, he has
becn constantly striving to widen the range of his capabilities

and performance.

First came the improvement in the action of area
(i.e. with his fare hands, man made tools, and with the tools
he made dqvices capable of expanding greatly the range of
physicai performance); then came the effort to isprove the
decision making mechanism and recently man has attacked the
third area; expanding the input information acquisition. It
seems logical that the widening of the limits of human senses,
or the addition of new ones, should enable the brain to receive
more informaticrn for a more complete evaluat10p of the out

side world.
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Among the lateat advances in this area has been
tho developmont of senses to detect and measure infrared
radiation and the capability of presenting this information

in a way that is understandable to the human mind.

With the help of infrared techniques and systems
developed 80 far, now it is possible to perceive the infrared
radiation exitted by all physical matters. The amount of
information that infrared radiation can yleld is trdmendous
and possibly a sizeable fraction of it is yet to be understood.
The present day research in the field of infrared radiaticns is
to measure these radiations more and more accurately and with
higher and higher sensitivities, and to give meaning to overy
detail of this measurement. The aim of present dissertation
is to review the uptodate developments in therinfrared detectors
sources and instrumentation and to develop a few instruments
with an aim of making an humble contribution in the advancement

of knowledge and tocls in this field.

A review of the laws governing the infrared physics
is made in Chaptor II. The next five chapters are devoted to
a deop study of the engineering aspects of the elements that
comprise the infrared system. In Chapter III sources are
discussod in detail. Chapter IV and V cover the infrared
sensors, thermal, quantum and the nonconventional sensors, the

thermal and yuantum types being the major ones.
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The instrumehtation aspects are discussed in
Chapter VI briefly. Some of the important acplications of
infrared aystems are discussed in Chapter VII. An exhau-

stion 1ist of the applicaticn is also included.

The author has developed two schemes : analyser for
infrared detectors, and the 1nfrared temperature scanner.
Although, analysers re already available, the scheme developed
by suthor has three advantages, firstly, if a cell (thermistor,
photoconductive, Yolometer, etc.) type detoctors is to be
teated and if its cell reuistance 1s in letween 1000 - 1k,
the analyae:i;hle_ta tell this information. Jecondly, no
additional ureanplifier is required from'outhnk. which is a
significunt provision. The analyser swailable always need
different type of preamplifiers for different detectors, but
here this problem is solved. Thirdly, the cost of analyser is
appreciably reduced because the expensive electrict wave 2nalyse
is not needed. A simple electronic band pass filter is used
for this purpose. The scheme is discussed in detail in

Chapter VIII.

The second instrument -, namely the temperature
scanndr, developed by author has one major advantage that
here by using a strip-chart recorder or any other recorder,
thdrmal mapping in two dimensions can be done. The scheme has
got other advantages also which are discussed in detail in

Chapter IX along with the scheme.
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In Chapter IX, one scheme is proposed for
measuring the stator and btre surface temperatﬁre which is
a current problem faced by many manufacturers ani users of

large and rotating machines.

In Chapter X, the future trenis and the scope of
using infrared radiations is discussed. In short, 1t-cén
be said, the fingl infrared world has not been spoken, the
final work has not been performed, and the final goal is not
achieved. Infrared as a new technique just starts here. The
little progress done so far is almost nothing when compared

with the future developments anticipated in this new field.

’
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2. REVIEW OF BASIC CCHCEITS :

2.1 INFRA RED BEFECTRUM'’® : Fig. 2.1 shows the

spectral distribution of electromagnetic radiation starting

at the right and with so called audio frequenciea,it progresses
through the radiowaves (long, medium, short, VHF, UHF, XHF, and
milimetre waves) to infra-red regions. There is an overlap
between the shortest frequencies of thé infra-rel spectrum and
" the higher frequency end of milimetre waves. At the high
frequency end of the infra-red region, there is a visual
radiation (light), next ultra-violet, and then as the energy

contained increases, X-rays, VY-rays, and cosmic rays.

These radiations are different in a way they a'e
generated : by electromagnetic generators (alternators) at
tne low-freguency end, all the way to nuclear radiations and

mesone  decay at high frequency @end. Infra-red radiation is
reducod by the rotational and vibrational movements of the
atonic and sud-atormic particle of which physical matter is
made. Since atomic and subatouic pérticies are always in
motion, infra-red radiation is always emitted by physical
matter, at freguencies corresponding to resonant constants of
the oscillator. Since there is a great variety of different
particles, different frequencies are generated in great
variety, covering the range of whai is known as infra-red

gpectrum.
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6
Fig. 2.2 shows the detailed infra-red spectrum. The total
spectrum 1is divided into three areas : the near infra-red,
the intermediate infrared and the far infra-red.Although at the
present time there does not seem to be real.need for dividing
the infrared band in any number of sub-areas. On the basis of
mass, infrared radiators (sources) are divided into three

groups:

(1} Sub-atomic particles , whose ‘jumps' supply
most of the radiation in the near infrared

region.

{(11) Atomic particles whose movements produce

mn
radiation | intermediate infrared region.

(1ii) Molecules whose vibratiuns and rotations

generate radiation in far infrared region.

In Fig. 2.2 elements of interest are the sources
of infrared radiations and the spectral areas covered by them.
By the science cf spectroscory it can be underatood as to how
molecule of certain types have their resonant frequencies
limited to certain areas. Every molecule has its3 own resonance
profile, a string of different frequencies i.e. unigue, since
it is geneiated by the elementry rarticles of which molecule
is made. The frequencies generated by a particular wolecule

is like a finger print, and by spectroscopic analysis these



T

finger prints are recognised, thus identifying the chemical

com. osition of the substance under examination.

2.2 INFRA-RID ~ TEMPERATURE RELATIOMSHIktz One
more olement of interest in Fig. 2.2 is the temperature scale.
Temperature is defined as the measure of level of heat
contained in a physical body. And heat is energy, kinetic
energy of basic elements of which physical matter is made;
molaculeq,atoms, sub-atomic particles. On the basis of
definition ¢f heat the temperaturd can be defined as the level
of agitation of these particles (molecule almost atomic parti-
.cles). The greater the agitation the higher will be thé energy
contained and the heat level of temperature. Alsp for larger
agitation, the greater the variations of electromagnetic figld
generated by these oscillators. In other words, the.highe;
the temperature, the greater the power emitted by radiations.
Furthermore, the greater the agitation, the higher the frequenc&
of peak of the emitted radiation band.

2.3 BLACK BODY : . Before defining black body it is
necessary to understand three terms which are commonly

used' 21314 & 5.

(1) Reflectivity (£ ): It is a measure of an

object's ability to reflect incident enerxrgy.
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(1i) Absorptivity () : It is & measure of an

object's ability to transmit incident energy.

(£i1i) Transmissivity (C ) : It is a measure of an

object’'s ability to transmit incident energy.

Transmission, reflection, absorption of infrared

energy are shown in Fig. 2.3.

The sum of absorpfion reflection, and transmission

must be equal to 1C0#% of the total incident energy, i.e.
1 =/0+0§+"(q} e e (2.1)

(iv) Emissivity (€ ) : It is a measure of ability,
or ease, with which an object, or surface emits

tnfrared radiation.

Emissivity is the ratio of radiant energy of a
body at T°K temperature to the radiant energy emitted by
a black body at the same'temperature ™ K. This may be

written as :

E = _.._cl__ eee (2.2)

whaere, Wo = <total energy emitted by an cbject at a given

temperature 4

“bb = total energy emitted by a black body at the

same temperature %k
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4 perfect mirror will have a reflectivity of 1.0,
thme o MO
a verfect absorber will heve an absorptivity of 1.0, perfect

i
absorbers reflectors or transmitters found in nature.

Consider a physical body having infinite number of
different particleowhose natural or resonant frejquency are
differunt in such a way that the spectrum emitted out from
that is covering the whole infrared spectrum. This imaginary
body i3 known as 'Black-body' Black body, in chart, is the-
ideal abdsorber which‘éz;ég every frequency. In the Fig. 2.4
black body radiation is shown on logarithmic ordinates;

FiBin Fig. 2.4, ths following is concluded :

(1) The radiation amplitude is different for every
frequency and its envelope (the radiation cufve)
shows continuity, with one single peak vwhere the

intensity is maximun.

(i1) For every temperature of the emitting body there

is a single emission curve corres-.onding to it.

(1ii1; Kc curve ever intersects any other curve, but for
inzreasing temperatures, every curve runs above

all the curves corresponding to lower temperature

(1v) Ae temperature increasess the peak of the

radiation curve uzoves towards shorter wavelengths
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(v) £8 temperature incre .ses, the amplitude of
enitted radiation increases according to an

exponential law

2.4 B.3IC RADIATION Laus''?*4
2.4.1 HRirchhoff's Law : Vvhen the object is
at thermal eguilibrium, the amount of absorption {(or absorpti-
vity,« ) will equal to the emount of emission (or emissivity, ).
This may be written as : K= ¢ eee (2.3)

and by substituting from eq. (2.1)
= 1“'( p""ﬂ) e e (204)

2.4.2 Emissivity : already discuésed in 2.3

2.4.3 Stefan Boltzmann's Law : The hatter
an object becomes the more infrared energy i+ emits. The
total energy emitted by an object and its temperature

relationship is :
w:::ec' T4 se e (2.5)

where,
w = energy in watts/sq.mom.-
¢ = enmissivity factor

Stefan Roltzmann's constant (5.67 x 10“12

5
u

watt per cm sq. per €rY )

T = temperature in °g
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If two objects are placed near each other then the
amount of radiant energy emitted from the hotter object to the
colder objedt 1e proportional to the difference of the fourth

pover of their absolute temperatures, i.e.

4 4
v = 6" a (T1 - Tz) e (2.6)

whaie, T = temperature of hotter body in ox
1 = tem.orature of colder dbody in Ox
2¢444 rweir's Displucement lLaw ¢ As the temperature

increasea, the wavelength, at which the maxinum amount of

enorgy is radiatod, tecomes shorter, i.e.

‘ -3
: 2.89 x 10 m 5 oy
A max T M * (2.7)
where,
% cax = max: wavelength in um
o
T = tempe in Tk

Spoectral emissivity is the emissivity value of an
odject for a given wavelength ¢, or wave length interval
Le%r*‘n « It i8 1.ls0 noted that for some materials,

emissivity also varies with temperatura.

2¢4.5 PlancH's kqu.tion : The relationship

betwoen cpectral emission,. temperature, and radiant energy
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13 given by PlanciH's eqﬁation :

€ ¢
!-’,'/\ )g_ Cﬂ(";_/}._ i) L (2-8)
where,
Wy = Radiation emitted by an object at a given
wavelength (» )
= Lmis.ivity of the object at the same
wavelength (A )
01 = tlanch's first radiation constant
(3.75 x 10-12 '.’a-cmz) .
02 = Jlanch's second radiation constant
(1.38 cm in k)
= uavelength ings~
= base of natural logarithm
T = Temp. in °k

2¢4.6 Lambert's Law : The amcunt of radiant
energy from a given surface varies with the cosine of angle

from which it level that surface, Fig. 2.4 :

g = W Cos 6 ... (2.9)
where,
wg = energy emitted at angle ©
W = energy emitted at normal (right angle) to

the surface (6=¢)
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e = Angle between the direction of energy
beirg emitted and the normal (L ) of the
surface from which the energy is teing

emitted,

Stefan'. Toltzranmh's Law and Planch's equation are for the
total amount of energy emitted by a surface (of a given

area into a sclid angle of 7 steradian (the total hemisphere
of space surrounding that surface). Now let I, the intensity
of radiation emitted by a surface, is the radiant energy per

steraiian normal to the surface, i.e.

: Y
: = Tro *ae (2010)

and by substituting from eq. (2.5)

. 4
cag T
I = E—— (2.11)

2.4.7 Inverse Square Law2 : The intensity of radia-

tion emitted by a Point source varies as the inverse square of
the distunce from that point source. The filux density (F) of
radiation from a surface at a distance (L) islamount of
radiant energy passing thdhrough an area perpendicular to the

line of right of the emitting surface. Mathemztically, this

may be 'ritten as

F WA

H

2 XX (2-12)
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From equation (2.5)

e o4 4 vee  (2.13)
T Dz

r
again from eq. (2.10)

IA (2 14 >
F o [P L A— oo .
D2

where,

& Flux density

i

& Area of emitting surface
D = distance from the emitting surface to
the receiving surface.
The equations 2.5, 2.6 and 2.8 can also be
expressed in terms of photon flux. The photon distribution is

&iven by :

€€ '
g)\ = ! 'K (2-15)
AT (2C2/aT-1)

whereas, g, is the photon flux emitted by an otject
at a (iven wave length ( » ), and all other symbols are the

s.me as those used in figure (2.8).

.

vhen the function O is integrated over the total
spectral region from zero to infinity, the total number of

emitted pnotons becomes,

. 11
& =¢ T° —1—125——“—-’-9 ee. (2.16)

where,

4 is the totul number ¢f emitted photons pér sec.
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2.5 OrERATIEG PARAI-ETER OF INFRA-RED DETECTCRSZ®-

(1) BSignal(S) : The signal is the voltage
generatod by an infra-red detector that is related to the
infrared energy striking the detector. The signal generated
by an infrared detector may vary with detector size,

temperaturo, bias, and time constant.

(11) Responsivity (Rv) : Responsivity is the ratic
of signul G/r to the incident radiant flux. It is expressed

as volts/watt and may be written as :

ﬁu = S/d
wh re,
RV = Responsivity,
8 = r.m.s. voltage from detector
J = r.m.s. value of energy flux striking the

detector.

(i1i) Noise (N) : ©Noise is the voltage generated
by an inf{rared deteoctor as a result of its resistance,
temperature, band width and bias. There are five following
source:s of electrical noise that cccur in infra-red

detector.

(a) Johnson Noise (or Thermal Noise) : Noise
caused by thermal fluctuations in the electron within a

resistivce clezent. Johnson n.ise is indepindent of frequenc
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(b) Current Noise : It is produced by the
fluctuations in a wesistive element caused by current. Current
noise is inversely proportiocnal to the frequency and is some-

times referred to as 1/f noise.

(c; Fhoton Noise : This is caused by fluctuations
in the ratc at which photon arrive at the sensitive area of the
detector. Fkhoton noise is frequency dependent and follows the

sane curve as the freguency response of the detector.

(d) Shot Koise : Caunsed by random emission of elec-
trons. Jhot noigse ia frequency dependent and is proporticnal

to the responsivity of detector.

(ej Eackground Noise : Radiation originating froi
the detector environment includes background radiation noise.
The extent of background radiation noise is Jependent on
tewperaturevs,emissivities and the gecmetry of such of elements
of detector wallg, window, ahd media as seen by detector

elementsa,

{(iv; Sicnsl-to-loise Ratio (5/N) : The S/N ratio

is the ratio of signal to noise. The higher the (i/N) ratio,

the better the detector.

(v) DNoise rquivalent Input (Hcl) : The noise equiw

valent input is the amount of incident raiiation (measured in
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watt per cm2) or. an infrared detector that will produce a

signal to noise ratioc of 1 (unity), i.e.

—dIN__

EC;I == - S “eon (2.17)
where,
J = r.n.s. incident energy flux
N = r.m.s. noise voltage

U = r.m.3. signal voltage

(vi) Loise Eguivalent lower (NE¢) : The NRP is

similar to NI except the incident energy is measured in watts

rather than watts/cm® i.e.

Nﬁok’ = _-J:Eé-- L] (d018)

-~

where,

A = area of detector element.

(vii) Detectivity (D) : The detectivity is the
reciprocal of NEF or

1 ,
D = NEP * e (2.19)

The detectivity D* (called D - Star) is called a
figure of merit used to determine thelquality of infra-red
detector. D' is normalised to unit areas and unit band width.

It is measured-in om/watt, i.e.
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P 3
vhere,
AF = Noise band width in liertz. TLetectivity is

gsometimes expressed as D* (500 X, 90,: 1) Qhere, 500 K is
the black body temperature used to measure D*, 9C is the
frequency at which the infra-red radiation was modulated and

1, the band width used to measure noise (in Hertz).

(viii) Spectral ihesponse (oA ) ¢ The different

types of infra-red detectors respond differently to wvarious
wavelen?ths of incident radiation. In Fig. (2.6), typical
spectral response curvé for some of popular infra-red

detectors are shown.
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3. INFRA-RED SCURCEJ, TARGETS & BACKGROUNDS :

.1 BLaACK BODY TYrbk BSOUURCES : Ihese are widely used
for the absolute calibratioh of infrared equipment. 4 blac:
body represents a theoritical concept, i.e., it is an ideal
thernal radiator to which all other thermal radiators can be
compared. Practically, an ideal black body source can not be
constructed (having emissivity of unity). The black body type
sources used for calibration purposes have an emissivity
somewnat less than unity (and probably independent of wave-
length) and should thus be called gray bodies or, perhaps,

black body simulatorsB.

3+.1«1 Theoritical Principles : In 1860 Kirchoff sta
ed that the radiation within an isothermal enclosure is black
body radiation; therefore if a small hole is cut through the
wall of the enclcosure, the radiation lecving this hole should
clos.ly simulate that from a black body. Jeither the geome-
trical form of the enclosure nor the material of which it is
constructed affect the result.‘ The important point is that
the area of the hole should be very much less than that of
the internal surface of the enclosure. The difficﬁlty in
‘applying this idea lies in detérmining the relationship between
the relutive size of the hole and t&e accuracy with which the
emorgent radiation simulates that from a black-body. The

acciracy of simulation is called 'effective emissivity'.
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This is a function of the size of hole, the shape and
constrictionaul material of the resulting cavity, and the
extent to which the cavity departs from a true isothermal

condition.

The best known analysis of the black body design
problem is that by GOUFFE. On the assumption that the walls
ara diffuse reflectors, Gouiffe finds that the effective

emigsivit, of a cavity is

E_/ _ ¢ (1 ‘ + K)
= e (1 - &/8) + A/S
where,
¢’ = effective emissivity of the cavity
¢ = emissivity of the cavity walls
A = area of the opening through which radiation
leaves the cavity, gmz
N] = total surface area of the cavity, including
that of opening, m2
K = 1 - €/(4/S - +/S) eee  (3.1)
SO = ourface area of sphere whose diameter 1is equal

to depth of the cavity (measured from the plane
of the opening to the deepest point of the cavity).

for convenience eq. (3.1) is written as -

f/.: &O<1 +K/ 2 e (302)

The numerical value of K is small i for a spherical

cavity K = G 1.e. ¢ = ¢o
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| Some typical configuration are shown in Fig. 3.1. for

design purpose, rather than making éalculations for each of
these confijurations, it is simpler to use the momogram shown
in rig. 3.2. UVirections for using nomoi,ram are also given

thereinz.

For most commercially available blackbody type
gources anda those buiit in laboraicry, the values of L/r
are usuul.y greater than 6 and the wall emissivities usually
exceed (.85, Under these conditions one can not desend on
the , resent treories to predict the effective cmissivities
of such sources to an accuracy of bﬁtter than + 1 per cent.
As a r sult, it is not presently possible to have a primary
standard blackbody type source whose rédiating chafacteriatice
are «nown to on accuracy commensurate with those of other

primary physical standards.

312 Congtruction of a black-body tyce sourcez’4 e

flost of the black body. type éources used for calibration of
infrared equipment are of the cavit, type, have :n o,ening of %
1.75 e or less, and operate in the temperature range of

400 to 1300 g, The -design problem of such sources include

the choice of a cavity configuration, the means of échieving ar
1so~thermal.condition‘in the cavity, theprovision of a high

wall emisasivity, and the means for ensuling that the cavity is

maintained at a known and stable Semperature. The chotce of
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cavity configuration usually involves ccnsideration of a
cbne, spLere, cylindrical or a reentrant conical cavity.
Although for a given L/r ratio the spherical caﬁitg has the
highest effective emmissivity, but it is difficult to
fabricate and to heat it uniformly. A cylindrical one
is éasy to fabricate but too difiicult to heat uniformly.
A conical shape is the best shape among the three but the
greatest heat loss occurs near the open end of a cavity and
it is generally recommended that the number of heater turns
be inserbted in this area so as 10 increase the ha2at input.
The recntrant conical cavity (Fig. 3.1 D) is often used
because ¢f it 1s less susceptible to exccessaive coéling at
1ts o.en end and probably~has a higher effective enissivity

than does a simple conical cavity.

-

r.r tewpecratures upto 14000 K the core is usually
made of wetzl; above 140C° ¥ graphite or a ceramic is used.
Copper is the ideal metal for this purpose, but because of
unstable oxide layer formed becausg of heating (continually
scales off at temperature above 6CL° K), the strainless steels

in 18-8 series are used.

Thevcore is heated by a wmicronme wire. To improve
the uniformity of the cavity temperature, the designer can
vary the outer contour of the core so that the cross sectional

area of metal at any point is conatant. If the heater winding
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is uniform, each turn has a constant volume of metal to heat.
Alternatively, an arbitrary outer contour can Le.uaed with a
non-uniform heater winding adjusted so that each turn heats

"a constant volume of metzl. OStill another precaution is to plac
a therm:lly isoclated limiting aperture in frornt of opening

in the covity.

To increase the emissivity of the cavity walls,
a ro.gh macinined finish should be specified, and no attempt
should be made tc smcothen and polish it. <or 13-8 series of
stainles. steel, heating to 600° ¥ causes the surface to
tarnish and increases & emissivity to 0.5. Treating the
surface with cronic and sulfuric acid results in an emissivity
of O.6. leating the surface to 10C0° X will form a stable
oxide filn havin, an emissivity of 0.85., If the operating
temperature is not higher than 1000 C, the cavity may be coated
with a blacs cnumel, such as Sicon-blackz, to give a wall

enissimit, of G.93.

To sernse the core temperature platinum resistancev’
tharmoxeter 1s used., Ideally, the thermometer should sense
the cavity temperature rather than that of the core. This
difficulty can be overcome by adjusting the set point of the
tew; erature cortroller with reference tc a percisely calibrated

thermocouple intc the cavity {but not so as to touch the walls).
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A complete blackbody type source that can be built
is shown in Fig. 3.3. The type 18-8 stainless steel core is
about O«.1 m long, and Las a conical cavity fOor which the
value of L/% is equal to 8 (an included cone angle of about 15°,

' .

The constant pitch heater winding (michrome wire) is insulated
from the core by a thin sheet of agbestos. If one value |
has happy disposition, he should be sure to anneal the michrome
wire prior te¢ winding'the core (passing enough curre#t through
the iro to bring it to a red heat will anmeal it). The heater
rejuires an input power of about 125 . in order to maintain
the cavity at é temperature of 80¢° XK. Under thase conditioné.
it is estimated that the temperature vayiaticns in the cavity
do not exceed 5°C. Moét of this variation is neaf the open
end of the core and is effectivélyﬁmliminated by the limiting
aperture placed in front of the source. If the source emissivi
of the cavity walls is assumed to be 0.8%5, the effective
emissivity of the cavit, is C.995. For convenience, most
black body type sources used for calibration contain a séries
of apertures. The area of the apertures are fouand by an
‘op:ical'comparator and the accuracy o¢f the aperture is

checked radiometrically"z.

3.2 3STAuDarDs FGR_SOURCES OF RADIAMT 4KERGY :

In 1467 the National Burezu of Standards (NB3)

United otates nade a standard. The black bodies cores are
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heated by immersion of core in a bath of molten metal held
at the temperature of the freezing point of the metal. 8ince
the frezzing poinf of wost metals are known to a small fraction
of a degree, this arrangement offers a convenient means of
holding black body core at a precisely known temperature.
Other dimensions for core etc., are also specified by N.B.S.

The N.B.S. has developed four iypes of

incandescent lamps for use 28 standards1’2’4.

1. The standard ¢of thermal radiation
2. The standurd of spectral radiance
3« The new standard of spectral irradiance, and

4. The new standard for total irradiance

The standard of thermzl Radiation was developed in
1913'by Cobledtz for those who wanted to measure visible
light in absolute physical units. It is 5 seascned 115 V
carbon-filament lamp calibrated‘i terms of the irradiance,
produced at a distance of 2 m. she original lamps were
calibrated against a black body type 3_urece operated at
temperatures between 1270° K and 1420°K. The estimated

experimcnt .l errors in tnese measurements are 0.5 per cent.

THe standurd of spectr.l @adiance is a lamp with
a tungsten ribton filament and was first available in 1960.
The values of spectral radiance are given at intervals of
0.05 Mm from 0.25C to 0.750 4 m and at iantervals of 0.1 m from
0.8C to 246 sm.
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The new standard of spectral irradiance was
introdaccd in 1963 and it is a 200 VW quartziodine lamp with
a colled-coil tungusten filament. The values of the spectral
irradiance are given for the intervsl from C.28 to 2.6 m.
The o¢stinated uncertainties in the ce2libration of both lamp
range frow 3 per cent at the long wavelength C to € :er cent

at the short wavelengths.

The new standard of total irradiance was introduced
in 1966. 1t is a tungsten filament iamp and is qvailaﬁle in
three siges (10C, 5CC and 1000 W). The new st.ndards appear

to be in close agreement with the original Coblentz lamps.

3e3 COM:.OUnL: USED 30U .CEUL

The French tlectrical Heating Committee has

suggested that the artificial infrared sources c¢ian be divided

into tnree, dopending upon the peak wuvelen,th of their spectral

emission curve.

1« hort wave infrared scuﬁdes ~ beloxw ZJum

2. ..edium wave infrared scurces - between 2 to 4 um.

3« Long-wave infrared sources -~ above 4 pm.
These limits may seem arbitrary, but in fact they

do correcp.nd guite well to cerxtain warked differences in the

node of operation and manufacturing technique cof different

sources.,
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Analytical instruments most commonly used are
a Nernst glower, a Globar, incandesent wire sources (lamyps),

flames, lasers etc.2'4’5’6

3e3¢1 HNernst Glower2'6 ¢ A Nernsat glower is made

from rore e.rth oxides. _It is generally shaped as a cylinder
upto a few millimeters in diameter and a few centimetres long,
ani is fitted with platinum leads. Thus, it is conveniently
shaped for focusing efficiently on a monochromator entrance
slit. [t generally operates in the 1400 to 1600° K range.
Except for a deficiency in its emissivity below 5 am, which
is partly compensated by the proximity to its peak radiance,
the Nernst lower is an efficient radiator. In utilizing

a Jdernst lower one must tauke into account it8 large negative
teupecature ccefficient of resistance. At room temperature
its resistance is so high that 1t is not feasible to heat it
by passing a current thr.u:h it. Instead, instruments
employing We:rst glowers provide an indirect means of pre-
heating the glower to a dull red temperature, after which the
direct heating takes over. lernst glowers do not deteriorate
on exposure to the atmosphere but are subject to nechaniecal

distortion, which is their most severe practical limitation.

Je3e2 GLOBAR3’4 : A glodwr is made f£fom silicon
carbide or carborundum. It operates generclly ima alightly

lo.er temperature ran e rather than a Nernst glower.
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For wavelen_ths shorter than about 7 p it has a significantly
higher snissivity than a Nernst glower. Bgyond thie the

two are comparable except for a drop in the Globar emissivity
between 1L and 14 p; Globars are not troubled by the negative
tenperature coefficient and the.susceptibility t0 mechanical
distortion of the Nernst glower. The most serious problem in
working with Glolars is that large thermal gradients are

pro .uced aro.nd the electrical contacts which frequently
necescitates water cooling to avoid aréing problems.. In some
cases Jlotars have teen made with a large diameter in the
vicinity of the contacts and a smaller cross-section in the
area r.dalating to the slit. This minimises the problem and
in some cases reduces the requiremett for water cooling to
more convenient air cooliﬁg. In addition, it should be noteé
that .lobvar rous are generally of larger diameter than Nernst
olowers, thud reguiring a lar;er electrical power input for a
given rua .unt energy through the entrance slit. However, the
largey dianeter of a Glphar makes it easidr to illucinate wider

slits uniforymly with a Globtar than with a Nernst glower.

3.3¢3 Incandescent lamps : For all practical pur-

poses the radiation from tungsten has without doubt been more
thorou; hly investigated than the radiation produced by any
other wetal. ithe spectrul mission curves of tungsten have

Lore or less the same Jorw as those for the itlack body, but
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the emission factor of tungsten steadily decreases ar the
wavelen: th increases. Fig. 3.4 shows the emission curves

for tungsten and for black body both at 2450° K.

It is cle-ar from Fig. 3.4 that the tungsten
laaps can be used as infrared source but only for near
infrared since the glass envelop does not transmit radiant
énergy beyond 4 pm. These lamps provide a solution, although
not always a satisfactory one to the problem of finding‘a
suitable source for field calibration of near infrared
equipment. oince the radiant emittance changes rapidly with
changes in filament current, it is imperative that this

carrent be closely monitored during measurements.,

In tungsten lumps 10 of the input power to a
typical 100 ¥ household lamp is radiated beyond the bulb as
visible light, 7(:> is radiated in the near infrared, and 2C,.
is absorbed by the _as in the lamp and by its glass envelope.
1he glass envelope can reauily reach a temperature of 150o C.
As a result, equipment cperating in the intermediate and the
far infrared unay rececive strong, signals from tungsten lamps.
It is imjportunt to note that the signals are from the heated
envelope wnd not the filament, since the spdetral distribution
is nuite different for the two<' 42,6 &7

L

3¢3e¢4 seron irc Lamp : The Xenon arc lamp has

bden uscd in neer infrared communication system. Its particul:
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advantage is the ease with which the output can be modulated
by varying the current supplied to the lamp. DMost of the
energy from the ienon arc is radiated in visible and ultra-
violet, but there is a useful output in the near infrared,

extendirs, to a wavelength of about 1.5 pn.

3¢%545 Lager : The laser, an aeronym for 'light
anmplification of stimula*ed emission of radiatio..", represents
an entirely new family of quantum electronic devices. Lasers
provide coherent sources of extrerely hich radiaace in the
prortion ¢f the spectrum extending {rom the ultra viclet to
microwave laserc exit energy at specific wavelenths. The
wavelen;th at which a laser emits is dependent upcn the active

medium used by the laser.

A carbon-dioxide (002) laser emits energy at 10.6

Memlse -en watt 002 lasers are read.ly available. Some B8O

lagers ewit more than 1000 watts at 10.6 am.

2

Another commecnly usied infrared laser i3 the neodywium
doped yttrium aluminuc garnet3 (Fa : YAG). The Hd: YAG
lagers emit about 10 watts of energy at 1.06pm. Fost other

lasers emit visible radiation.

Ze3.6 Fiames : VWhen hydrocarbon fuels are burned in
the atmuophere, or with oxygen, two of the combuation products

produced are water vapour and curbondioxide., Both of these
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products emit energy in infrared spectrum. 320 at 2.7
um and CO, at 4.45 pm. There are numerous other weak bands

between | and 24 jum.

The effective eﬁittance of the flame depends upon
its thickness, temperature and pressure at which the exhaust
gases escape. Fi.. 3.5 shows the emigsion characteristics of
a natural gas flame. Other flame eﬁissions ray var, slightly
but the strons ewmission at 2.7 and 4.45 po will always Dbe

apparent,

3.3.7 The Sun : The sun approxitates a black body
at a temperature of about 550090. Uver 5 % of the solar
radiation is in the infrared pbrtion of the electromagnetic
spectrur.. The sun's peak energy is enitted at about (.5
‘micrometer. The sclar constant (the irraciance from the sun
meagsured outside the earth's atmosphere at the m=zan solar
(earth to sun) distance). V.lue is 0.140 W cx ° (or as it
is usually stated, 2.GC gm cal em™® win~'). The irradinnce
at the surface of the eurth is about two thirds of this
valﬁe, or, 0.09 weer 2. Since many infrared Byétems are
designed 4o detect targeta that produce an irradance of 1071C,

em™ 2 or less, an inadvertfint look at the sun may seriously

overload or even perranently damage these systems.

3¢3.8 P-N_ jurction infrared emitters : If the P-N

junction results from a iiff sion in galliun. arsenide (Gais),
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the rudiant energy in infrared with a typical peak at
0.9 um. This ideally matches the response of silicon

photodiodes and photo transistors.

The energy emitted from visible LEDs ind IR
emitters is spontanecus or nonccherent (random in rhase
and direction)}. If the level of current flowing through a
Ga A5 PN Juncticn is increased beyond a c¢. rtain threshold,
a lasin_ action takes place, in which the spuntaneous emission
stimulates an increase in the radiant powér. The 1light
ampliliczation by the stimulated emission of radiation
(Huadw i, is something similar to an avalanche effect. The
reéultant output ffom a s80}id state laser is invisible and
is not as coherent as that produced frem a ruby, gas, or dye
laser, but the clnmess is much more compaect. OCutput radiant
powers from 1 to 65 . -.re possitle £rom sin_le-diode lasers

vhen pulsed for 0.2 n Sec. with current from 10 to 250 A.

3349 Larbon .rc : A low intensity carbon arc
has been used as a speciromeiry source when a greater radiance
than that of the Glotar or Nernst .lower Qas needed. A
gource temperature of about 596603 is reached. A fTive told
decrease in cmissivity occurs as the wisve len_th increases

from 2 to 10 pn.

The high intensity carbvon arc, which operates at

5800 to 6Lbu°K ig used in solar stimulators. The arc current
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anert v
is three or ftimes greater than that of the low instensity
arc and the operating life §f the electrodes is proportio-

nately less.

3.4 TARGETH

7+.4¢1 ZTurbojet ang,inez’d”s : From turbojet there

is considerable radiant energy because of large juantity of
heat developed in combustion process. Measurement of the

- radiation from military Burbojets and civilian turbojets

iz imortani for security and other view yoints. There are
tw0o sources of radiation from a turbo engire : the hot metal
takd pire and the stream of exhaust gases, often known as the
plume. or ergineerin, calc latiuns, a turbojet engine can be
considered a8 u pray boly with an emissivity of 0.9: a
temperature equal to the EGT {exhaust gas temperature), and
an area egual to that of the ex.aust noz:le., 1t has been
proved that the plume radiance depends on the number and
temper iture of the gas molecuies in the exhaust stream. These
values depend, in turn, on fuel consun-tion, which is'a .
function of air créft flight altitude and throttle setting.

It is found for a particurar turbojit engine tpat the
raliance of its plume at an altitude of 35,000 ft is about

one half of ids--plume-at-an-alt.bude the vaiue at sea level.

Similar results can be concluded for the turbofan
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engine, Boeing the ramjet ,the rocket engine, and so on.

3e4.2 Aerodynamic Heating4’5 i+ 4An object moving

at highvspeed through the atmosphere becomes heated. At

speeds above Mach 2, the resulting high temperatures produce
sufficlent radiztion to be of interest tc the infrared asystem
designer. This happens to be the same speed regime in which
ram air compregeicn starts to reduce the temperature of the
exhaust gages from the after burning turbojet. Fig. 3.6 shows
equilibrivm susface ten erature crrused by Aerodynamic heating
(for altitudes above 37,000 £t and leminar flow). Space
vehicles reegrtering the earth's atsmoachere convert an enormous
amount of kinitic eneryy into heat, reaulting in surface

temperatures cf 200¢% C or even more” .

3«43 Ffersonnel : The emisaivity of skin is very
high, averaging 0.99 at wave liengths longer than a}x. It is
interesting to note that the valus iz inddoendent of skin colow
human okirs ere equally black beyond 2 a. Thus humean skin is
another excellent examplie of the inadvisabiility of eutibating
the emisnivity of a surface on the basis of its visual

appear \ce.

Skin temperature is a complex function of radiation
exckange between the skin and its surroundings. vwhen human
skin is iposed to severe coid, its temperature can drop to

as low as 0U°C. In a normal cuendition, with alr temperature
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of 3100, the temperature of the exposed skin of the face and

hands is about 32°C. In order to calculate the radiance

from a nude human bodj, 2t is necessary to know the radianting

area of the body. For analytical purposes, an average male

by an aasecblage of cylinders having a surface area of

1.86 mg. Un the agssumption that the akin is a perfect

diffuse radiator, the effectiVe radiating area is equal to the

projected arc. of'the body, or about 0.6 mz. with a skin

temperature of 3200, ~he radiant intensity of an average nude,
1

male (assuming him to be a point target) is 93.5 w;r . At

a iistance of 1CCC ft (if atwos heric absorption is ignored),

T 4 ™. ibout 324 of this

he produce.s an irradiance of 10~
energy lines in the 8 to 13 jum region and oniy 1+ in the 3.2
to 4.8 pm region. The presence of elothing reduces these

values since both the temperature and emissivity of clothing

are lower than those of the exposed skin.

3.4.4 Surface vehicles : Surface vehicles may

radiiate sufiicient energy to be of interest as target. The
paint used on .uch vehicles usually has an emissivity of 0.85
or . reater; wertkerding and natural deterioration of the paint
as well us accumulaticns of dust and dirt tend to0 increase

"he emisvivity. Because of their nigh temperature, exhaust
pipes and nufflers nay radiate several .imes as much energy

as the r»st of the vehicle does. In recent years, deginers
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have learnt the importance of keeping mufflers and exhaust pip«
well hidden beneath vehicles to limit their detection by infra.

red systemss

3+4.5 Stars _and lflanetsd"5 : Most of the brighter

stars are bvest detected by systems working in the visible or
near infrared portion of the spectrum. Fix. 3.7 kRix.
adapted from the oxtensive data of Ramsey shows the spectral
irradiance at the tup of the earth's atmospherse from some of
the brigiter stars. Fig. 3.8 shows the spectral irradiance
from the moon and planets. It includes only self emitted
thermal raliation and not reflected suniight. Infermation

on the nunber (f stars iving an irradiance above a certain

level ia found in Fig. 3.9.

3.5 BACKGROUNDS'*2 4>

Targets aie mest likely to appear in front ¢f scme
gort ol tackeround that will con.licate the detection process.
Of pardticular interest are u few back_rounds such as the earth
tue SKy, tne outer space, the sturs and the planétp etc.

There iz a little agreement on the most effective means of
degeribing a tackground. One might use an infrared or
thermal picture in which the brightness (more properly, the
lumirance} st any point in the picturé is rclated to the
raidiance ot that ;o0int in thé scene. Buet it is difficult to

obtain z .0o0d differentiation of fine detail with a short
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exposure time, an accurate correlation between brightness

and radiance, and coverage of wide range of temperatures on

a single picture. The sccond method may be that one could
present o series of single-line scans across the scene

showing scnse radiance as a function of azimuthal angle.

and hence by plotting a series of isoradiance contours super-
impused on an ordinary photograph of the sense, the effect of

background is known.

56%¢1 Lhe iuarth : During day time the radiation
from earth surface is a combination of reflected and scattered
sun.ight and the thermal emission from earth itself. The
nmaxiirwr cpectral radiance from the sun cecurs at 0.5 u; that
of earth, raiisting as a gray body at ZSOOE, cccurs at about
10};. Thus two peaks are there in épectrum; one short
wavelength is due to sunlight and long wavelength is due to
thermal radiance from the earth. Fig. 3.10 shows the spectral
ratiance of sncw, grass, soil and white sand., The spectral
distribution of ecaurth changes as it is viewed from a high
altitude, 7IThis informaticn is important for'satellites.

turbkojetu, rockets etc.

~

3.5.2 Zke sky @ The spectral radienca of the sky
is approxlwitely similar that frcm earth, i1.e. scattered

sunlight below 3 m and thermal radiation beyond. The
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The emissivity cf the path through atmosphere depends c¢n
the nmount of weter wapour, carbon dioxide, and ozone along
the path., Thus both the temperature of the atncsphere ef-%he
and the elevation angle of the line of sight must be known in
order to calculate the sky radiance. Fige. 3.11 shcws the
spectral radiance of a clear nigkt sky and its change with the
elevation. Lt is clear from the figure that as the elevation
anzle lncreases the path through the atmosyhere tecomes shorter
and at vavelzn ths where the absorption is lower the emisgsivity
becomes lower. ‘fhe spectral radiance curve of an overcast sky
matches'with black body. Mcat overcasts cccur at relatively
low agtituder , a few hundred to a few thousand feet, and
their temperatures are uswall, within a few degree of the

air temperature at the surface of the eart: .

%3+.5.3 ULuter Space : -Infrared systems operating
outside tﬁa earth's atmosphere will view a tac&grouhd of cold
space, ‘To a first approximaii#n, the temperatﬁre'of this
tackigreocund is absolute zerc. Eofe accurately, intag}ation of
the radiance of 'tha space tackground cver»whole of outer
space (including all ¢f the stars) indicatds that the effective

temperature is about 3.5°K.

%454 Stars_and Flanets : hen considered as

vackgrounds stars and planets are of interesi because they

may be mistaken for targets. Pig. 3.9 shous the number . f
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stars that wil produce a spectral irradiance at the top
of aarth's atmosphere in exceas of any selacted value. If for
instance, a particular infrared sensor will respond to a

=14y ™ ,uq at 2 u, thdre are

spactral irradiance of - 10
about 1000 stars that it will see. If this system had the
same response, but at 5 u, there are only about 50 stars

that it woula have to contend with.
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4., INFRA-RED DETECTCRS -~ Thermal & Juantum Types

An infrared detector is simply a transducer of
radiant energy, which converts it into some other measurable
form; this can dbe an electrical quantity, a change in some
physical property of the detector, or the blackening of a

| photographic plate.

Two groups of detectors are showh in Fig. 4.1.
Those in the upper bart of figure are imaging detectors and
those in the lower part are point or elemental detectors.
This grouping 1is conveniént when the objective i3 a system
yielding a picture-like rendition of a scene. An imaging
detector, such as photographic film, yields the picture
directly. ¥ith a point detector, however, it is necessary
t0 build up the picture by sequentially scanning the scene.
The point detector, when placed at an image plane, reéponds
to the everage irradiance at that particular point in the
image. In short, the imaging typé responds continuously to
the entire image, but the pcint type must examins it sequen-

tially.

The other basis of classification, which is more
widely accepted, is the physical mechanism involved in the
detection procees. In one group called thermal detectors, the

heating effect of the incident radition causes a change in some
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electrical property of the detector. In the other group,

called the photon or quantum detectors, there is a direct

interaction between the incidert photons and the electrons of
the detector material. Therefore the response of the thermal
detector is proportional to the energy absorbted, whereas that

of photon detector to the number of photons absorbed.
4.1 THERMAL DETECTORS :

The thermal detectors are distinguished as a class
by the observation that the heating effect of the incident
radiation causes a change in some physical property of the
-detector. Since most thermal detectors do not require cooling,
they have found almost universal acceptance in certain field
and space borne applications in which it is impracticable to
provide such cooling. Because (theoretically) they respond
equally to all wavelengths, thefmal detectors are often used
in radiometers. However, the practical limitations of availlabl«
blackening materials often force one to modify the simple
assumption that the detectivity of thermal detdctors, is
independent of wavelength. The time constant of thermal
-detectors is usually a few miliseconds of or even longer,

Hence these detectors are not used in search systems or in any

other appliéation where high data rate is réquired.

4.1.1 Thermocouples

practical means of sensing the increase in temperature due to

142+4,5:8,  (opne of the most
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the radiation of energy is the thermocouple, a function
betwoen two metals that have a large difference in their
thermo-electric power. Most commonly used combinat;ons are
bismuth-silver, copper-constantun, platinum-rodium and
biomuth-bismuth tin alloy. Fine wires of the two metals,
having 3 to 4 mm lenyth and about asum in diameter, are joined
at one ond to form thermoelectric jugction. This junction

is fastened directly to blackened receiver, which defines the
sensitive area of the detector. Quartz fibers are used to

give additional mechanical strength to the device.

Bacause of low resistance (1 ohm to 10 ohm only),
it becomes difficult to couple these detectors with tube
amplifiers. However, transistorized amplifiers are well
suited for this ,urpose. Because of their large time conatant
(few milisecon:s to several seconda). the chopping frequencies

are limited to 10 Hz or less.

The time constant of thermocouple can be expressed

as i

‘{’:-—ﬁ— ese (4.1)
where, C = thermal capacity of junction and receiver

0 = hate at which the aséembly loses energy.

Therefore a low time constant requires a low thermal capacity

and an ef{icient coupling of the detector to a heat sink.
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\ 4.1.2 Thermopiles ¢ Several taermocouples

can be connected in series to form a thermopile. The
advantage of such construction is that the voltage developed
at each Jjunction adds so as to increase the responsivity.
Similarly, the series connection increases the resistance

of the detector and make it easier to match it to an amplifier.
Since the time constant of most of thermopiles is several

seconds, it is impractical to use a chopper with them.

The thermopiles can be made by evaporating
overlapping films of antimony and bismuth. Because such a
construction is much more rugged than that of the traditional
thermopile, These are used in space applicaﬁions. The
ovarlapping éreae that make up the junctions are formed on a
thermally insulating layer set in the middle of one face of
an aluminum block. Thg reterence junctions are formed where
the evaporated films contact the aluminum block. Because
of low thermal capacity of junction, the time conastant of the
device can be made as low as 10 miliseconds. By evaporation
technique the thermopiles can be rwade in any shéﬁ&asize and

arrangement of junctions.

4.1.3 Bolometer82’4’8'9 ¢ The detectors, those
change their electrical resistance because of incident

radiation are called bolometers.
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(a) Hetal Bolometers : The metals used for

bolometers usually have temperature coefficient of resistance
of about 0.5 per cent per degree-centigrade. A blackenoed
strip defines the sensitive area of the detector. It is

a wheatstone's bridge so that any change in its temperature
unbalances the bridge. A typical bolometer consists two
identical elements. One, called the active elemant, is
allowed to expose to the incident radition, and the other
element, czlled the compensuting element, is carefully
shielded from the incident radiation. By this arrangement
slovw chunges in the ambient temperature will not affect the

bridge balance.

(b) Semi Conductor Boclometers : In these
bolometers the element used is thermésator, which has tempe-
rature coefficiert of resistance as high as 4.2 per centf
per degree centigrade. The elements used are thin flakes
formed by Giﬁtering a mixture of metallic oxides. These
flakes are mountéd on an electrically insulated substrate
which also acts as a metaliic heat sink. Therefore by
selecting substrates of different thermal characteristics
it 18 poesible to change the time constant of the detector
from 1 to50 miliseconds. Jemiconductor (thermistor)
bolometors are rugged (as compared with metal bolometers),

they require no coocling, and also their hig. rosistance
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makes it easy to match them to an amplifier., Because of
these jqualitios these detectors have found wide applicatiocn
in spacec vchicles. Since the thermistor materials are not

absorbor, they must be blackened during manufacture.

It 48 known that the detectivity varies inversely
to the square root of the detector area. Thus a reduction of
detector area, while maintaining full collection of radiation,
will improve performance. This can be achieved by "optical
immersion" of the detectors.

(c) Superccnducting bologeters1 ¢ These bolometers

are based on the principle that the tremendous change in the
resistance accurs in the transition of certain metals and
semiconductors from their normal to super conducting state.

In transition range, which is only a fraction of degree wide,
the temporature coefficient of resistance is about 5000

per cent per degree centigrate. At this temperature (that for
Niobium nitride is 15° K) the resistance variation becomes
sharply nonlincar with relation to the impinging thermal

energy, thus the bolometers/extremely high sensitivity.

Because cryogenic capabilities enable attaining
very low temporatures, the use of super conducting bolometers
is possibleo, although the problem of precisely holding the
transition otate tempoerature awakes it difficult to obfain

precise and repeatablo measuremenits.
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(d) Carbon Bolometers : These have been used
for spectroscopic inveatigations in the extreme infrared
range. The sensitive element is a slab cut from a carbon
resistor and cooled at 2.1° K. Its D* is at least an order

of magnitude yreater than that of a thermistor bolometer.

(e) Gezﬁanium‘bolometer ¢ It is a sin_le crystal of
gallium doped germanium cooled to 2.1° K. Its D* is nearely
two orders of magnitude greater than that of a thermistor
btolometcr, and since its spectral response extends beyond-
100C am, it is equally suitable for detecting either infrared

or microwaves.

(£) Ferroelectric bolometers : Certain dielectric

compounds, called ferroelectric materials, exhibit a sponta-
neous polarization, whose magnitude varles with temperature.
when thes¢ materials are subjected to heating, their
crystalline structure undergoes a rapid change at thé 80 called
Curie temperature. At this point, their polarization disappears

and their dielectric coefficidnt varies sharply.

It is obvious that a capacitor utilizing a
ferroelect.ic dielectric will undergo a large change in
capacitance when the temperature changes near the Curie
temperature. A number of ferrcelectric components are known

which cover a wide range of 260° ¢ to 570° c.
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Becuuse ferroelectric bolometer is essentially
a capacitor, it is immune from the danger of thermal runaway,
which 18 always present in the operation of thermistor
bolometers, and which forces their use at a point located

below the maximum efficiency pointa'g.

4.1.4 Pyroelectric detector : In this detector

ferroelectric naterial is used, speeimiiy specifically
triglycine sulfate (1638) crystal. A spontanecus polarization
(electric charge concentration) is exhibited by this natetial,
and this phenomenon is temperature dependent. 1In practice, a
very small capacitor is fabricated, which has 7G3 crystal as
the dielectric sandwitkhed between two metal plates. A4s
infrared radiant erergy is absorbed by the dielect}ic, a
voltage appears at the two poles of the capacitcr, proporticnal

to the ragnitude of the impinging radiation.

A major advantage of this detector is that it does
not need a bias voltage, with consequent absence of self
generated low~frequency noise which otherwise would be

unavoidable.,

4.1.5 Fneumatic or Golay Detector : This

detector is bvased on the principle of the gas thermometer.
It consists of a radiation absorber placed in a gas chamber.
The absorber is in essenc-, a broad-band radio antenna

designed to match the impodance of the free space., It is
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heated by the incident radiation, which in turn heats t.e gas
in the chamber. The resulting increase in pressure is observed
optically by the deflection of a small flexible mirror. These
detectors come within a half order of magnitude of the
theoreticzlly ultimate detectivity. They are, however,
extremely fragile and are essentially useless for field

applications.

4.1.6 Calorimetric detector : This was developed

éy Eiéenmana&é?zt£t is a black radiation detebtor, wvhich 18 used
as a bai blackness standard for determining the apec@ral
rearonse of other detectors. It is a fast responding miniature
calorimeter built in the form of a conical cavity. The
emissivity and hence the absorption of the detector is probably

greater than 0.995 from the visible to 40 u.

4417 ZProblems of blackening thermal detectors : The

materials which are used to form a thermal detector. are not

good absorbvers, therefore they are blakened by applying an

abaorbing coating. An ideal black coating rust have -~

te Uniformly high absorptance at all wavelengths,
2. Negligible thermal capacity, |
3. High thermal conductivity, and

4. Lo adverse effect on the electrical properties
0f the detector element.

5. It .ust be possible to apply this coating without
exposing the element to an undue danger of
breakage.
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A thin layer of soot from a candle flame or
burning camphor is effective from C.5 to 10 a only. The
t£0ld black has a relatively low electrical corductivity
and therefcre can be applied only to low resistance
detectors. For high resistance detector. the most satis-

factory blackening is done by black paints and 1acquer82.

Onc of the ussumed advantages of thermal
detector is that its .ete tivity is independert of
wavelength (though this condition is rarely achisved).
how-a-days photon or qu'::ntum detectors are more in use
because thermal detectors do not have high detectivity and
low time constants simultanecusly. Since Bkackening increases
the thermal capacity of the detector, the manufacture must
tread the narrow path btetween a thin coating which reduces
both the time constant and the detectivity and on every

thick co - ting that increases both quantities.

4.2 £nOTON OX GUANTU: DerBCTORs'?2030418:9210 4 nogy pnoton
detectors have a detéctivity that is one or two order of
magnitude sreater than that of thermal detectors. Because

of the direct interaction between the incident photons and the
electrons of the detector material, the response time of the
detectors is ver, short, most have time constmnt in few micro-
secondo or over. less as compared wvith few miliseconds of the

thermil dotectors. The spectral responsd of photon detectors
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varies with variations in wavelength. Also, many photon
detectors will not function unless they are cooled to

cryogenic temperatures.

when photon impinges on semiconductor material of
which the detector is made, electron hole pairs are produced;’

this sffect is known as a photo effect.

To scparate an electron from a 'hole' the photons
must have enough energy to accelerate the electrons to such
a speed that will rip them off their orbits around the
atom's nucleus, thus turning them into "free electrons"”,
which are able to mcve about, following the prevalent
electromagnetic field. Wwhen a photon splits the electron
hole pair, its energy is absorbed by the electron, thch
raises to the higher energy level called "23223; pand" where it
remains in a free state until the end of its 'carrier life-
time' when it recombines with a hole, losing in the process
the excess energy that was keeping it with the carrier band.
The energy so0 litrerated is in the form of a photon, and the
radiation composed of these photons is called recombination
radiatien ocomposes ef these photons t; catted récemb%aa#&o&
radiation because of the physical process by which it was

generated.

75324
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The enorgy region located between the valence

b nd_and the carrier band is called the "forbidden gap" of
the somiconductor to indicate that neither electrons nor
holes can remain in this regibn as long as the semiconductor
material is absolutely pure. DBec use of this region every
quantum detcctor has s long waveléngph‘limit beyond yhich
the incoming radiation produces no effect. hen a photon
impinges on a semiconductor material there may be following

affects.

when the incident ﬁhoton transfers its energy to an
electron inthe detector material, this electron may have
sufficiont energy to escapa from the surface. This is called
thae photocmissive effect. Since it is observable beyond the
confines of the detector material, it can be clasgsed as an
external’ photo effect. For wavelengths longer than about 1.2
microns, photons do not have sufficient energy to free an
slactron from the surface. There are, however, a number of
internnl prhoto effects in which the energy transterred from
the hoton raises an 6. ectron from a nonconducting to a
conducting stute and, in so doing, produces a charge carrier.
If the mdterial is an intrinsic, or pure, semiconductor, the
photon produces an electron-hole-pair. If the material is an
extrinsic, or impurity, scmiconductor, the photoans produces

charge carriers, of single sign, either positive or negative.

1
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Now if an electric field is applied by biasing detector

changes in tho number of charge carriers will vary the current
flouwing through the detector. This &s called the photo

conductive effect.

If the photon produces an electron-hole pair in
the vicinity of a p-n junction, the electric field across the
junction will separate the two carriers to give a photovoltage.
This is termed the photovoltaic effect. MNo external bias suppl;
is required for a photo voltaic detector since it is, in effect,

furnished by the p -~ n Jjunction.

tthen electron hole pairs are formed near the
surface of a semiconductor, they tend to diffuse deeper into
the materialin order to resestablish electrical nutrality.
During this process the charge carriers can be separated byva
strong magnetic field so as .to give a photo voltage. Thisis
known as the phctcelectromagnetic effect. Uome of the photon

detectors are discussed below :

4.2.1 Photoconductive detectors -

(i) Pulk type .hotoconductive cellsg’10 : Consider
a photo stricking the surface of a semiconductor (FIG. 4.2).
{f its energy, £1 = hf1 is greater than the energy gap between
the valence and conduction energy bands of tha}semib&nductor,

sufficient encr.y will be impatted to an electron to raise it

to the conduction level, leaving a hoie in the valence band.
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This electron hole pair is free to serve as currant

carriers, 80 that conductivity of the material increases,

with the increase irradiance and area.

Since bulk type cells changes their resistance as
the irradiance change., these are also known as photo
resistors. The spectral response of photoconductive cells
depends upon the basic material used, OSome of the materials

are discussed belowB.

(2) Lead Sulfide : The lead sulfide (Fb3)
detector is perhaps the most common of 'all infrared
photoconduective detectors. Lead sulphide detectors may be
chemically deposited or evaporated onto a subtrate (usually
quartz)* Lead sulfide detectors may be operated at
room temperatﬁres or may be cooled to increase their S/N

ratio.

(b) Lead Selenide : Lead selenide (PbSe) detectors
are photo conductive and may be produced in much the same

way a8 lead sulfide. But these are not in much use.

(¢) Indium Antimonide : Perhaps the most versatile of
all infrared detectors, indium antimonide (InSb) may be used
as photo conductive, photocoltaic, or phctoelectromegmnatic
detector. In-Sb detectors may be cooled or used at room
temperature.

(d) Doped Germasnium : A sensitive, long wave length
photo conductive detector may be made uaing G@rmaninm as the

host semiconductor and copper or mercury as the impurity atoms.
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Copper doped germanium {(Cu : Ge) detectors must
operate at temperatures below 10°K. Mercury doped germanium
(Hg : Ge) may pperate at temperatures upto 40°K. Germanium
may also be doped with gold (Au : Ge), Zinc (2n : Ge) and

cadmium (Cd : Ge).

(e) Mercury Cadmium Telluride : Mercury cadmium
telluride (HgCd Te) detectors are photoconductive and
operate at a temperature of 77° K.

(11) Junction type Photoconductive detegtorss'g’lo 3

The mechanism of current control through—easdiation
is similar to that for the photoconductive cell, whereby
photons create electron hole pair on both sides of the
junction. With no light applied, the reverse current is
the reverse saturation current due to the minority carriers,
holes in the N-type and electrons in P-type. When light is
ewitched on, the photoinduced electrons the conduction band
of P=type will move across the junction down the potential
hill with the thermally generated minority carriers.
S;milarly, holés produced in the valence band of the N-type
(by electrons being photoexcited into the conduction band)
are available to add to the current flow by moving across
the junction to the P side. The spectral response of the
diode to wave lengths is shown in Pig. 4.3. These can

operate at frequencies of the order of 1MHz or even higher.
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(b) PIN Photodiodes'® : Although the PN photodiode
provide a much higher frequency response than bulk type
photoconductive devices, an even faster response may be
achieved in PIN photodicde. This consists of adding a layer
of intrinsic silicon between heavily dopped deoppod P and N type
silicon materiels. By prcviding an adiitional layer of
silicon the transit or diffusion time of photoinduced
electron hole psirs reduces. That is, car;iers-breated by
photons incldent on the middle of the depletion region have
to travel lesser distance than if generated at one side or
the other of the depletion layer. The relatively thick
layer (2.5)p; of high resistivity intrinsic silicon ensures
the absorptiorn of most of the incident photons. It is found
that the signal gencrated by the PIN photo diodes is relatively
lower than P photo diodes. However, the response time of
the PIn photodicdes is ultrafast, with a switching speed of

tyleally 1 n sed.

(e) Avalanche Photodiode : Current sensitivity
may be increased fwom 30 to 10L times by operating a photodiode
in its reverse break down region. In the agalanche photodiode,
the construction is .such as to provide a very uniform junction
that ekhibita the avalanche effect at voltages between 30 to
200 V. %he dark current is typically 10 nA. The electron
hole pairs that are generated by incident photons are
accelerated by the high electric field to 'kick' new

elc.ctrons from the valence tc the conduction bani, In this
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way, a typical photomultiplication of 50 is obtained, so that
photo current may be 0,5 to 1 m.A. It is further noted that
this mechanism does not reduce the fast response as found in
PH photo diocdes. The avalanche photo diodes can be operated
at a modulation frequency of 2 GHZ with an excellent signal
to noise ratioc. The only disadvantage with this device at

present is thelr expense’o.

(d) HNPN photoduc diode : The current flow in the
photodiode is small. The NPN photoduoéiede is high current
device, which is #fnexpensive also. To fabricate phmtodqgiode
another junctiosr is mdded. This device resembles with
trandistor; only difference being 10 time wider tase. This
device has typical sensitivity of 20 u A/m#/cmz, roughly
10 times higher thén the previous devices. The qain advantage
with this device is tl.at they can berfabricatad in very small
8izes (typically 0.082 inch in diameter and 0.4 inch long).
Therefore these are well suited to punched cards nnd tape read

out apulication38'1o.

(e) KPN phototransistor : The phototransistors can
be used as an infrared detectors of higher radiation sensitivit
because it hau inherent current amplification. Any bipolar
transistor is affected by p..otons on its collector base junc-
tion, and for this re son transistors are encased in photon tig

(or lignt tigit) packages. However, photo transistors are
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conotructod to optimize their photon activating characteristics,
-nd often have o lens built into the backage to focus radiation
on tho collectar base Jjunction. The photoinduced current of
thio junction (like that in a photodiode), [ , serves as the
tagse current of the transistor. The amplification of current
gadn .f tho transistor then results in a collector curcent of

Ic = (hfe + 1) Ix .

The transistoer is connected in a conventional
manner, so that the collector-base junction is reversed biased..
The base lead ma& be provided in some packages ahd may be
left floating or used to bias the transistor into some
9,10

area of ope.ation

4

(£) _Other phototransistor txges’o ¢ By photo

transistors typically the sensiﬁivity of detectors varies from
O0.U2 to 0.8 m.A /mw/cmz. More economicallyvhigher sensitividy
ranging from 1 to 4 m.A/me/cm2 can be obtained by using
a phuto darlington amplitier. This contains a photo transis-
tor an. a direct coupled transistor amplifier stage. Symbol
i3 shown in c¢uu. §.@. The disadvantage of this device is
higher owitcidng time..
s rougl- ) ,
“he photo—FET} THOUGH a new device tc this field,

but it hiae 0 Ligh power gain and fast response. The device

hag J-tiwou zorc gu when it is cooled to 198° ¢ (in liquid
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nitrogen), and its rise time 1is only 30 n sec.

For controlling very high power photo SCRs are used.
The speed is reclatively iower than the previous devices. A
pulse of photons is enough to trigger the photo 3.C.R. in 'ON!
"state from 'OFF' state ﬁut onee the device is 'ON' its looses
control of current through it.

4.2.2 Photo voltaic semsors~*?!C

: Suppose a
specinen of semiconductor has been populated with impurities
that yield modile clectrons (or dopped n t_pe), and this is
joined to a sample containing hole yielding impurities

(dopped k-type). The excess electrons will diffuse into the
hole bearing material and conversely the excess holes will
‘diffuse into the electron bearing sample and the two parts will
take up,‘respectively, a positive and negative change,'giving
a small region of high electric field of the order of

6 1

102 -~ 10% va~! at the interface! In photovoltaic detector the

photon flux is allowed to fall on the surface of the junction

. v ars
bearing material and the excited eermers difiuse to the near by
junction. If each arm of the junction is connected to an -
external circuit a current will flow. FProvided the external
resistance as a resistance considerably smaller then that of
the junction then most of the excited carrier flux will appear

in it. The photovcltic effect can be also understood if the

characteris ics of photodiodes are examined, it is found that
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the curves (Fig. 4.5) do not pass through the origin but
" are shown terminating on the current axis. If the curves
were continued to the ‘'left' for fordward voltages, they
would have the form Fig. 4.6. This describes a hotovolt-
aic or photogepnerative quadrant of operation in which the
device can work without any applied voltage. That is, the
junction generates a vbltage and/or current depending upon
the {llumination and the load. This mode of operation is
&ery ugseful when a sensor is required to detect very low
levels of radiation since under complete dark conditions
the current is zero. (This is not true in the reverse
biased mode, where the dark current may.be comparable to

that generated by the radiation being detected).

Under short circuit conditions (or R very small),
the photovoltaic effect is very aensitive t0o radiation and
generates very littia noise. .Photovoltaic devices employing
diffused junction in the indium antimonide and operating at
1igquid nitrogen temperatures can be used to detect‘radiation
from the visible range of 6 microns. It is found that
silicon is the best material for infrared detection purpose,
its efficiency is about 14% (Efficiency n = Output power/
input) which is quite high.

4.2.3 Fhotoelectromagnetic Ce112'7*9 ; Tne
photoelectromagnetic détector (P.E.M.) is unusual,

but not unigue among the devices. It reguires
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an oxternal magnetic field of its operation (Fig. 4.7).
Suppose photor. flux is falling on one face of detector.

The curpent Shich is diffused is due t0 both by holes and
electrons. Lhis current will decay due to recombination of
the excited cérriera as it moves into tne device. This |
current is deflected by megnetic induction towards the sides

of the device giving a lateral current.

A photo electromagnetic detector consists of a
wafer cut from a slab of intrinsic semicdonductor material
and a magnet. In short, incident photons produce electron-
hole pairs, and these are separated by the externally applied
wagnetic field. sSuch detectérs show response to 7T a without
requiring cooling and have very very short time constants.
They have enjoyed little popularity and are rarely used,
princi ally because thelr detectivity is relatively low
compared to that of photcconductive and photovolﬁgé types.

4.2.4 FYhotomissive detectquf8 : The energy of

shoton is given by
E=h?Y = hech
where h = Plank's constant
Y = <frequency of photon
A = wuave length of pﬁoton

¢ = velocity of photon.

when a photon collides with an electron in a
metal, it may transfer its energy to the eiectron. If it

does, the clectron acquires all of this energy and the
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photon ceases to oxist. This acquired energy may be
sufficient to snable the electron to penetrate the potential
barrier at thec surface and to escape from the metal.
P.netration of this barrier requires an amount of energy
that is a characteristics of the material is called the work
function. Therefor¢, the kienetic energy of the photoelectron
as 1t leaves the surface is the difference between the energy

gained from the phcton and that used to over come the work

function.
mv2 - hC P
Y = S~ = hy -0 ="‘"‘§(‘"*§
'

where o is the mass of the electron and V is its
veiocity. oince the ensrgy of the photcn varies with
fragquency or long wave length time beyond which this energy
is i1ess than that reguired to overcome the work function.
The wavelength at which this occurs, called cut off wave

len_th, is

where ® is in electron vclts, of the elements that are

photoemiosive, the lower work functions are found among

the alkeli metals. Cesium with a work function of 1.9 e.V.
is the lowest and has a cut off wavelexgth 0.65 m. OSurfaces
compounded of more than one materi.l may have 8till lwer

work function. The loﬁest value, 0.98 .V, is observed with
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a silver oxygen cesium surface. This is commonly called
an 9=1 surface and its cut off wave length is 1.2}1.
Hence the response of photoelectric detectors extents
only a shots way into the near infrared, and they are

rarely used in the infrared systens.

In its simplest form a photoelectric detector
consi~ts of a photoemissive cathode and a plate, btoth housed
in an evacuated glass envelope. in ex%reéely externally
applied voltage maintains this plate at about £00 V. positive

with respect to the cathode, so that essentially all of the
photoelectrons are collecied by the plate. FPhotoemissive
surfaces with very low work functions also emit electrons by
thermal excitation. OSince these electrons ire indistinguis-
able from photoelectrons, they ultimately limit the minimum
detectable signal. The number of themmally émitted elecirons

can be reduced by cooling the photoemissive surface.

4.2.5 Detectof arrays : Infrared detactors may be
constructed in linear arrays or matrices using hundreds of
individual detectors closely spaced and in a wide variety

of configuraticns. /

Bicells or quaécells, causing of two or four
gections, are used for position-sensing applicition. The
signal out of such an detector is related to the position of

incident radiation relative to the center of the cell"j.
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linear arrays may be used for single line infrared
.canning systems. Area arraye‘are commonly used for two
dinensional scan techniquea. No moving oﬁtica are naeded
wvhen the detoector arrays are used making scanning system
more ruyged and reliable. Aren arréys of infrared detectors
méy ve usod to make infrared vidicon tubes for infrared telimaisvv

syste.us.
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5. INFRA-RED DETECTORS : UNCONVENTIONAL TYPE 3

The devices descridbed in this section cannot fit
into the two major families of thermal and electronic

detectors that have bteen examined 80 fare.

5.1 THE EVAPORAGRAFH (OR EIDO:HOR)'! ;

The evaporagraph is used to convert a pattern of
infrared radiation into a visible picture without the
intermefiiattes of detector, amplifier, and display system.
ﬁhe instrument consi&ts of a sealed chamber separated into
two parts by a plane membrane. The space on one side of
the memdbrane contains oil-vapour while that on the other
side is evacuated. The infrared image is focused onto the
side of the membrane facing into the evacuated space and
causes a temperature pattern corresponding to the infrared
imagé to be formed. THose parts of the membrane at higher
temperatures will allow less oil-vapour condensation than
other, cooler, regions and s a pattern of o0il disposition
builts up reproducing the radiation pattern, and, if the
| oil is 1lluminated with white light, then interference
colours depending on the oil thickness, will make the
pattern visible (Fig. 5.1). Modifications of this basic
idea ylelding faster, more sensitive systems have been

prdpared and examined pracrically. A more sophisticated



65

tochniquo ploces an opaguc grid in tho ndiation pattorn.
Corrcoponding to tho windows 4n tho ,ril uvill be a pattorn
of corparativoly icolateod regiond of hi nor tomporature oil
in which tho curfaco tonsion 10 lowcr than that of tho
surrounding oil and, because of tiis, thoso areap, those
arqgas doform into diwple liko schoapes. Clearly whoro no
radiation ic £ollin; thore will be no tomporature variation
botwocn tho oil unddr windou and that uande: the bars of grid,
thorofore the gurface wili remainflat. ‘Ihic surfacoe pattemn
is obocrved by & 'Schlicoren' oystom vhorein tho oil film io
illumicated and iight roflcected from it obsorved, uoirg an
cptical ayotom which otscures all light save that coring frono
rogular arrayc ¢f dimplen, where thoy aximt.' althouph the
rospongc of thioc type of inotrunment is olou, 1t produccs a
good optlcal image with a mechonically oimple and robust

apparatuo.

y |
5.2 ABSQWFTXOI=EMSL Iaen colv. s oM

$

The tranemission of vieibvle raiilation in a seni-
conductor ic usually large at long wavelon tho an& fallo
abruptly, ot o cortain critical wavelongth Acto a low value
vhich 1o madntoinced for a chorter wavelenfidh. The valuo of
io toppovaturo dcpendont, usually becoming longor with A¢
incronoing teorornture (L. 5425, <upposco now a lato of

auch uatori .l hac light of wavelon th juct lon_or thon e
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falling on 1it, then most of this visible light will b2
transmitted through the plate. If now infrarod radiation
falls on the elemsnt the temperature will rise, Ac will
increase, and light will no longer be transmitted. 1In

1

practice this absorption edge image converter has been

made by supporting a thin film of Sﬁgﬁgﬁﬁﬁif in an evacuated
enclosure to avoid convection currents, and foeuwsing the
image of an evacuated enclosure to avoid conmection
currents, and focuseing the image of an infrared q§h¢e onto
it through a suitably transmitting window. This heat pattern
reproduced as an_opacity pattern in the selenium, was made
visible by shining monochromatic sodium light through the
film, s0 giving a 'negative' image of the infrared pattern,
areas of intense radiation appearing dark and vicd versa
(Fig. 5.3). The device yielded recognisable pictures of
kxettle at 60° C and a human haad, presumably at a lower

temperature. The response speed is about 0.5 sec..

5.3 PREQU.NCY CONVERSION'!® ;

fnother way to detect infrared radiation is turn
to turn it into a visible signal : this frequency conversion
can be achieved in several ways, by taking advantage of
different phy=ical phencmena, such as

1. luminescence of phosphor compounds, further

subdividdd in (i) Photolumenescence and

(i1) hlectro~lumenescence.
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2, Soecondery emission of photons from primary
inpinging radiation.

3. Refractivity changes in cholesterol compounds

5.4 xills.DCil LULINESCENGE'

Yhe light emission by phosphor compounds is a
roco.binatior radiation phenomenon. 'Phosphor' is the
goneral deoignetion for certain dielectrics made of a
crystallinc gtruocture, dopped by impurities whose energy
lovelo aro located within the forbidden eneréy gap. Fig.
io an amnple of this comdition, the energy levels just above
tho condition : ithe energy levels juat above the condifion
band arc cal.cd activator levels, while those located just
undor the conduction band are called trapping levels. uhen
tho radiction of adoguate energy content (usually blue or
ultraviolot 1light) impinges upon a phosphor compound:
cloctron holo paire located in the valence band are sepa-
ratoed ond tho electrons are brought to the higher energy level
of tho conduction band. At the end of their lifetime, they
raconbine into the valgnce band, ufter having lost their
ox¢cus onuryy oelther by transfer to another particle or by
caiesion of a photon, in which case electromagnetic
radiotion of recdiation of wavelength corresponding, to the
photeno cncrey ie cmitted. ‘Vhen wavelength falls within the
viosiblc 1liht ranygo, the phenomenon takes the nume photo-

luminesoe neda



68

The impurities located ét energy levels within
the forbidden gap can affect the photolumenescence phenomenon i1
two ways : (a) those at activator levels contribute foee |
electrons whén struck by lower energy impinging photons,
(b) those at trapping levels act at ihtermediate energy steps
for electrons that are degrading from the conduction to the
valence band, thus reducing the energy level of the photons
emitted at each step. In this way the wavelength of the
emitted radiati-on is shifted out of the visible spectrum.
This is called "quenching effect" and for a certain grour

of phosphors is produced by impinging infrared radiation.

The opposite effect is called "phosphor stimula-
tionY It takes place for certain phos;hor when external
excitation is removed. At this point, a number of electrons
remain trapped at the tfapping levels, and impinging infrared
radiation raises their energy enough to liberate them, ®
that they can decay to the valence band, releasing photons

in the visible spectruun.

By careful choice of the doping elements, phosphor
can be produced that wilh exhibdbit qhenching or stimulation -
by infrared within well defined thermal limits.

5.5 BoLECTROLUMILKSCENCE! 3

Phos,hor excitation that will produce visible

luminescence can also be achieved by means of an alternating

(i.e. a.c.) field imposed across phosphor layer. In this'

instant, doping is not required, since the presence of
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activator and trapping levels is unwanted. The energy

needed to rise the electrons from the wvalance to the conduc-
tion band is supplied by the external a.c. field, and the
;brightnesa of the luminescence 1is proportional to the voltage

of the applied field and to its frequency (Fig. 5.5).

Electroluminscent panels can be used as infrared
to visible converters when an infrared image is focused onto
a surface .capable of modulating point by point the strength

of the a.c., signal applied across phosphor layer.

On converter is shown in Pig. 5.6. 1t makes use
of a photoconductive layer to modulate a.c. excitation at
every point of the phosphdr'a surface. Modulation fakes
place because the photoconductors d.c. resistance varies
inversely with the strength of the impinging infrared radia-
tion. +{hus for every point of the surface where the infra-
red is focused, the resistance variations of the photoconductor
cause inverse variations of the a.c. field applied, to that
same point. “his in turn cause inverse variations of the
induced luminescence of the phosphor, 80 thax the visible
image faithfully reproduces the infrared 1magé focused on

the opposite side of the converter.

A photographic film applied onto this surface

can record the image in a permanent way, and can also store
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/
the low level light emitted during a long exposure if

its instantaneous level 1is too low.

The thermal range of operation for this type of
converter is dependent on the charaeteristics of the
photoconductor used. It is very difficult to cool the
ph;toconduetor to cryogenic temperature. The;efore, photo-
conductors operating at ambient temperature are ised, and

therefore the converter is only sensitive ¢o0 the near

infrared.

5.6 PERROELECTRIC CONVER3ION'*2:8 ;

To operate in the far infrared spectrum, modulation
of the a.c. voltage can be achieved by replacing the photo-
conductive with a ferroelectric layer. In this case, the
modulilation takes place by capacitance variation, instead of
resistance variation, but the resistance is similar. The
ferroelectric layer is a compound of barium litenate and
istrontium titanate in .uch proportions as to make its
capacitance variations highcst in the desired temperaiure
range. Fig. 5.7 1illustrates the arrangement that solves the

problem of long wave image conversion.

5.7 INFRARED VI.Icok*S»1!

" The signal storage capability upon which is based

the operation of the vidicon tubes is especially useful in
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tho infrared range, where the oenergy content of the radiation
omitted by the targot becomeé prograssively lower as the
wavelongth increases. Filg., 5.8 ahoéa a schematic diagram

of vidicon tube. The video information is generated by the
current variations occuring in the scanning electron beam
whoen it roaches the area of the ratina that have been
partially discharged by leakage through the photocondﬁctive
m:terial of which the ratina is madé, focussing an infrardd
inape cn'tha front surface of the ratina creates different
d.c. resistanco values for every point, in inverse propor-
tion to the intensity of the 1mpinging radiation. An optical
system of reflective or refractive-elements is located in
front of the vidicon tube. The incoming radiation passes
through the infrared transparent window and is focussed on
the front surface of ratina. This surface is xept at a
pouitive potential with respect to the cathodet and as long
as no infrared radiation falle onto it, the‘photoéonductiva
matcrial of which the'}atina is made constitutes a barrier
betuyeen this positive-charged surface, and the back surface
vhich 1o negétively chargéd by the electron seanning beam
omitted by the cathode. When radiation falls on the ratina
olectrical leakage between front and back of ratina takes
placa, in direcct proportion té the amount of infrared energy

impinging on overy elementary area of ratina. Consequently,
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the oclectron scanning beam on its next passage will deposit
on tho depleted area just enough negative charges to
reestablish the cathode potdntial. As a result, the strength
of electron beam that returns to the anode G2D1 surrounding
the electron gun will vary in inverse proportion to the

infrared eneryy that illuminates every point of the ratina.

The path of the electron beam from the cathode to
the ratina and back is shown in dotted lines with arrows
pointing the direction of travel, focussing, alignment and
- deflection coils are wound around the tube's neck, but are
not shown in illustration. Grid 65 slows down the incoming
elaoctrons for better ianding characteristics, while G

3
gserves to control the path of electrons emitted by D1 and

approaching D,. The remaining dynodes are D3, D,s and D5'
which together rake the electron mu. tiplier of the return signa
At every dynode stage, several olectfons are ejected for

evary impincing electron, for the well-known principle of
secondary emigsion, until finally at the last dynode stage,

the amplified electron beam current travels the tube, via

tho anode. Viedosignals, or variations in beam current
correspondigg to infrared radiation on the vidicon target,

% also amplified and are capacity coupled into a pre-

amplifidr.,.
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The amplification provided by the electron
multiplier maintains a high signal to noise ratio and permits
the use of a lower gain preamplifier. Optimum performance is
obtained wvhen the output noise of the tube, composed of the
random noise of the electron beam amplified by the electron
multiplier, exceeds the preamplifier input noise. Cooling
of photoconductive material is done by liquid nitrogen in the
crygonic container located at the front end of the tube.

This tube is sensitive in the intermediatd infrared spectral

region and its performance specifications are classified.

5.8 LIQUID CRYSTALS

1,2,3,11 ,

Certain organic compounds, while in 1liquid form,
exhibit optical anisotropy tyuical of cryctalline sclids.
This behaviour is characterized by a difference in the
speed of lisht rropagatin along two different directicms,
s0 that reflection and refraction takeh placep according to
the laws of birefiingence. The phenomenon is due to the fact
that the molecules are ag;regated in orderly configurations
of groups or layers, where they are all stacked parallel to
each other. 7:cugh many organic compounds exhibit liquid
crystal properties, only those producing dicromism have been
used to convert temperature into colour information. The

phenomenon used for this conversionis the unegual absorption
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coafficient for the two polarized iight beam into which the
implinging rays are split. The nonabsorbed polarized beam is
eithor tranumitted or reflectod, after havin, rotated a
certain aw;lc, vhose magnitude depends on the temperature of
the compound. This produces various colours in the visible
spectrum, vhich are indicative of the tecperaturs of the
surface on vhich compound is adherirg. The derivatives of
cholestérol, called esters, exhibit the above mentiohed
phenomenon to & high degree. It is found that the molecules
of such organic compounds are stacked togethey, while the
moieculea axis are prOgrossively'rctated always the same
angle from 6ne layer to next. This configuration in turn
produces a rotation of polarizaticn plane of the incident
light. or ocxanple, at 20° C, 1 mm section of quartz will'
rotate lizht of a wavelen,th of 6560 A° (red) 17.25 degrees,
vhile ti:c same sample will rotatd blue light (wavelength
4480 2 . by 39.24 & grecs. Fiyf. 5.9 shows temperature
dépendance of different cholesterol esters mixtures.
F&gr—ﬁw4bdaheue~%emgaeature~degendunee~o£~éé££erea%-ehe&ee#eéel
eetere-ninsurcev--fige-46 Fig. 5.10 shows the colour range of :
the roflected light varies with -the number of carbon atoms

containoed in acid group of the cholesteric molecule.

Duo to tho fact that the colours are produced by
reflection and not by transmission, theme compounds should be

de_.oosited onto black surfacoa. Since a layer 10~ p thick is
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sufficient to produce accurate colour display, a single

gram of nmixture dissolved in adcquate volume of solvent

can cover 100C cm2 of surfac'. A good liguid crystal

changing its .ue by 1006° A for a temperature change of

one degree and taking a féw tenths of second to do so.

The rorking temperature of liquid cfystala is conveniently
around room temperature and much of thel r use has 'so far
been in the direct observation of an liquid crystal film painte
over a machine or component in order to show up the
temperature distribution.

5.9 HICRULAVE BiASnp PHOTOCONDUCTORS'! &

It is known that the difficulty in increasing the
signal by increasing the voltage applied to'the photoconduc~
tive sample arises fro.. the Pree carrier recombination at the
contacts. A higher electrical field mereiy drove holes and
electrons more gquickly into close proximit, at the contacted
ends of the device where they rapidly recombined and guenched
the signel. To overcome this difficklty impurities are added
which from traps immobilizing either all free holes or all
frae electrons. But these impurities show the discharge of
carriers from the traps giving a current long efter the

radiation signal had ceased.

The dilem ma of choosing speed or sensitivity

was resolved by sommers and Teutsch. By them, even without
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the one-carrier trapsk excessive recombination at the
contacts could be avoided if the electric field being
applied were reoversed just befofe the cloud of photo-
excited carriers reached A contact. The velocity of the
excited car.iers and the detector dimensions required the
field reversal to take place some 1010 times a second

which is a frequency in ﬁicrowave region. [ow microwaves,
that is tre electromagnetic radiation having a wavelength
falling between a millimeters énd tens of centimeters, do
not require the conventional  circuitry of low frequency
practice, with wires attached to contact regions on the
photoconductor specimen. It is possible to pass power
directly into the specimen merely by holdigg it in a microwave
beam which will produce within it the high frequi:ncy field
reguired, Tnere is a limitation‘on the microwave based
(M.%.B) .hctoconduction system which is imposed by the
rapidity with which the free~carrier population in the
detector can resygund to external field reversals. This
response rate is controlled by the dielectric relaxation
time of the material, equal to the ratio of the permitivity

to the electrical conductivity.

In actual system a beam of microwaves 1is led
through a tube or guide into a resonant chamber where the

photoconductive specimen is holding in a position of
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maximum electric field. The currents set up in the specimen
absorb power from the microwave beam and remaining power is
now radiated, then the consequent fall in ccnductivity will
ease it to absorb even more microwave power and the through

put of the re.onant chamber will decrease (rig. 5.11).

It is this variation that is used to absorbe the

presence of infrared radiation on the detector.

This system of‘microwave guide and resonant
chamber also acts in the manner of an electrical transformer
increasing the voltage that finally appears in the microwave
detector circuit. OCver that appearing across the photo-
conductive itself, by a factor of ten or more in practical

gyatems.

This system has be n most intensively developed
using room temperature photoconducting material sensitive
to 1.5 p m radiation, but 10 z m wavelength radiation has

been detected by a syatem operating at very low temperatures.

\

5.10 THE_JOSEPHSON JUNCTION DETECTOR?® ' ;

It consists of two superconducting electrodes
geparated by some 10 Agrof insulator. Palrs of electoons
can tunnel from electroﬁe to electrode through the insulator
without doing work. This means, microscopically, that a

finite current can flow acrosas the junction without an applied
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voliage difference and it behaves as if has no electrical
registivity. I1f the current through junction is increased
beyond a certain critical value then the bond between the
electron pafr fails and t..c junction behaves as a simple ohmic
resistance. If now electroma_netic radiation of frequency f
falls on the junction then the current voltage relationship
will show & normal ohmic resistance until a voltage V given
by hf = 2 Vg is reached when the bond reforms. (ilere h is
planks constant.) At this volta_e a sudden increase in
current appearé givin: another region of ze.0 resistivity
(Fige 5.12)¢ It is now clear that by moAitoring,the appro-
priate region of current voltage characteristic shown by the
Junction the présénce of incidegt radiation can be detected.
Although the dosephson junction was First used for millimetric
wavelengths it seems possible that it may be used to detect
radiation with a wavelength as short as 200 pm. ‘he device
response time is less than 107 ° second and will probably be
limited always by the time ccnstant of the electrical circuit
in which it 1s used. Rediation with a power of less than
16?1 watt has been detected by a junction using niobium
superconducting arms held at a temperature of 3.1°K. fthis
operating temperature draws attention to the practical dis-
advantage in using what is a fast and sensitive infrared
detector. The necessary super conducting state is achioved

only at a veiy low temperatures.
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0, 211

511 HMAGHETICALLY TUNED INFRARED DETLC H

Another long wavelength detector using indium anti-
monide at very low temperatures works on a mcre convesmitional
basis in which low energy photons free carriers from
impurity levels which’are, energetically, close to the
éonduction band. This sounds so standard a mechanism as to
be out ¢f place in a chapter devoted to the less orthudox
device but the interest lies in the reconciliation of
sengitivity and wavelength response. If only a few impurity
centres are added to the compouﬁd then the probability of
exci;ing carriers from them with any given radiation flux is
low. Kkow by increasing the number of centres this probability
becomes lar:er and it would be expected that the sensitivity
would do 80 as well but, unfortunately, tne enerzy level of
the cefiters now begins to spread, and may finally reach right
to the conduction band. The desired situsted situation with
a discreating well defined impurity level can be restored by
the presence of high magnetic field beading to a sensitive
long wavelength or small photon energy} detector. The effect
of the magnetfc field is not only to compress the btand of
energies that the impurities show but also to move it slightly
with relation to the conduction band (FiG. 3.%%). This 4

allows different wavclength radiations (0 be preferentially
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dotected as the magnetic field is varied and so the detector

is said to be tunable.

5.12 THE PHOTOL DiAG DETECTOR®’'' :

, The moment for a flux of photoms can be used to
drive free carriers down to one end of a semiconducting bar
with the consequent voltaze gradient along the semiconductor
-in the direction of the incident radiation (FPig. 5.14). This
effect 19 not to be comfused with simple photoconduction
where the energy of the photon frees a charge carrier for
subsequent manipulation by an exjernal electrié field. Here
it is the moment of the photon that pusnes along carcvier
that are already free. The sensitivity of theae 'photon»drég'
detectors is.low, gince the momentum associated with a photon
i3 very small even wken its energy is reasonatly large. It
may appear perverse to use momentum effects when the ruch
larger energetic phenomena are available but the response
speed of the rhoton drag detector is very great and probably
incommensurable since, in any complete detector gystem, some
other component will am almost certainly be slowep and ’
hence from the limitiné factor. %his fast, insensitive
device is used cheifly for monitoring the output of lasers
operated in very brief pulses as, in this situation, much
radiation power is available. Commercial devices develop a

signal of a few wmicrovolts for an incident radiation power of

a watt and re.pond in less than 10'9 second.
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§.13 [,0.1i. DETECTOR'' :

This device detect radiation with wave length
lying in the 10-2. pm range to which it responds in less
than 10~'2 second. Designated as M.0.M., or metal-oxide-
metal detector, the construction is simp.z, at least to
describe, consisting typically of a short, pointed tungsten
wire pressed against a nickel or steel block. The length
of tungesten does not seem to be critical 2-3 mm being
gsatisfactory ?ut the diameter of the proble must be appro-
ximately 10% .f the radiated wavelength, say 2 mm. This
probe resonates with radiation and the metal-oxide-metal
contact at the nickel reetifies the conseguent induced
currents. In fact the metal probe may be regarded as a
very high-frequency dipole receiving aerial. The normal
mode of use is to place the prcbe assembly in a microwave

beam so that when the infrared radiastion falls on it, the
excited condition of the device affects the microwave

pro, agation.

The characteristics and the applications of detec-

tors, discussed in Chapter 4 and 5 are summarised in
Table 1 . . ‘
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6. ELFMENTS OF INFRARFD JINSHRUMENTATION ¢

The common elements of infrared systems are |
shown in the block diagram of fig. 6.1. The target is
the object of interest and it radiates energy somevhere
in infrared portion of the spectrum. The system may be
designed to detect the presence of the target, to
track 4t as it moves, to glean information leading to
its indentity, or to measure its temperature. If the
radiation from the target passes through any portion of
the earth's atmosphere, it will be attenuated because
the atmosphere is not perfectly transparent. In case
if a known radiation from .source is projected to some
matter under test, the radiation attenuation depends
upon inatter. The optical rvec'e:l.ver, vhich is closely
analogous to a radar antenna collects some of the
radion from target ( or the source radion which is
passed through matter) and delivers it to a deﬁéctor
which converts 1t into useful electrical signal. Before
reaching the detector, the radiation may pass th;-ough
an optical modulator where it is coded with informaticn
concerning the detection of the target or information
to assist in the differentiation of the target from
unwanted dota:lls:t in the back ground. Since some of the
detectors must be cooled, one of the system elements
may be means of providing such cooling. The electrical
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signal from the detector passes to the processcr where
it is gmplified and the information about the target
or matter is extracted. The final step is the use of
this information to automatically coritrol some process
or- to diaplay the information for the iInterpretation
by a human observer. ‘

The targets and sources are already discussed
in chepter 3 and detectors are discussed in chapter &
& 5¢ In this chapter optical receivers, detict.or coolers,
attenuting atmosphere, signal processor, and display

and recorder are discussed.

6.1 ATTENUTING ATMOSPHFRE ¢t The most of the
infrared systcms view their targets through earth's

atmosphere. Before it reaches the infrared sensor, the
radiation flux from the target 1s selectively absorbed
by several of the atmospheric gases, is scattered away
from the line of sight by small particles suspended in
the atmosphere and, at times, is modulated by rapid
variations in some atmospheric property. The general
process by which radiant flux is attenuated in passing
through the etmosphere is called extinction. The
spectral transmittance measured over a 6000ft. horizonal
path at sea level is shown in fig. 6.2. The molecule
responsible for each absorption band either water vapour,
carbondioxide, or ozone, is shown in lower part of figure.
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The curve can be characterized by several regiona of high
transmission called atmospheric windows seperated by

inverting regions of high absorption.

Fogs and clouds are strong scatterers and are, in
effect, opagque to infrared radiation. As a consaquence, in-
frared'syetoma can not be considered to have a true all-
weathercapability. On the other hand, transmisaion
through rain is surprisingly good and should not be over-
looked in trade off studies of the usefulness §f radar
and infrared sensors. Reference 2 deals with this aspect

in detail.

6.2 C:TICAL RECEIVER : ,

6.2.1 QOFTICAL GAIN SYSTLM3 (UR MICROSCL:IC

N0 TELESCOrIC SYSTEMS) s+ The function of optical receiver
is to shape, direct, orand modify the infrared radiation
‘before it re:ches the infrared detéctor from target or
source. The optical syastem, used in infrared system, collect
and focus the inco ing radiation onto an infrared detector.
In fact the cptical syatgm magnifis the receiving area of a
bare detector yet maintain the noise level equivalent to

that from a detector of small receiviﬁg area. Thus the

effective "opticul gain" is the ratio of the optical;mgpdring
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arena to tho dotector area.

Infrarod systems can be categorigzed into telescopos
and cicroocopes, schematically repreaaﬁtod (refractiva typa)
in figuros 6.3 and 6.4 for each case it is soen that a
goneralized "objoctive" forma an image of the wource which
io then viowod by some colleecting elemont - an elemont vhich
transfers radiant energy to the infrared detector. This
collecting element, in evepy case, 18 aotually'- a colliméting
eloment vhich has the objaéﬁive focused source at its focal
point. The goal of optical desigr 18 to fill the dotoctor
uith collimated radiation which hae boen increasod in angular
dencity by the objective'?214e5e

Typical rofliecting teloscope 'odbjectives' are shown
in Pig. 6.5. These systems are also known as catioptric
systona. Fof perfect imagery, all utilisze a primary eloment/f
whicth i8 a parabola, while the parabola suffers £rom astigmatisn
off axis, for collimatod radiation it forme the theoretically
porfect i:.ago. [lo othor simple mathemafioally surface hap
a ainélo focal point for all rays, mhich are parallel to
tho axio. Lxamination of the provious aystom considerations
shows t.at overall systom performance depends upon focal length.
Thuo the variations of Fig. 6.5 demomd trato techniquos for
modifying focal length, while maintaining clemant dianctere

conotant for practical package designa. The Fig. 6.5(D) 1.0.
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Newtonian utilizes a simple flat mirror to devote the
focussed rays. Several flats could be used to achieve

fOldmg such as Figo 605(A).

The-Gregorian, long focal lengths can be achieved
with theoretically perfect performance for axial rays .
by utilizing a folding ellipsoid. The ellispsoid, a
surface with two focal points, is suated so that one focal
point coincides with the focal point of the rrinary parabola.
A modification of this technique is that of the cassegrain,
which utilizes a hypertoloid instead of an ellispoid.
Theoretically perfect performance is achieved for axial

raya1’2’3’4.

Fg. 6.6 1llustrates typical reflecting microscobe
designs. In as mPch as linear magnification, iz the ratio
of image to cbject distance, surfaces which allow ready
attainment of such real distances while permiﬁtiﬂg-theore-
tically perfect performance, must be used. In the first
example a parabolide is used with the object just ocutside the
focus. Unfortunately, astigmatism reéults when the parabola
is used because of the incident angles. However, the
astigmatic aberration can be minimized by ﬁtilising slow
oPtical oystems. The problem because of astigmatiem is
overcome by utilizing an ellipsoid with source and image

. » B "
at conjugate foci. AgainLa* mathenatical surface which
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inherently possesses desired optical propenkgbmplished by
a collimator of appropriate design, er the detector can be

‘B
placed at the-focua directly.

Reflecting demands are preferred by virtue of
their achromatic properties agd their relative ease of
fabrication. Reasonable image quality - if not theoretieally
perfect - can be achieved with minimal design effort.
Advantages and disadvantages of optical system made of

reflective and of refractive elements are summariged in

table - 2. (Page 95).

Refractive systems can be used for narrow spectral
banda, or when chromatic aberration can be dipregarded and
transmission losses can be afforded. Many materials having
good tranamissioé to infrared radiation are availableiihe
manufacture of lenses (fig. 6.7). Among the most widely

used are KR3~-5, germanium, silicon, sapphire, barium flouride,

and arsenic drisulphide.

In case of refractive systems it is interesting to
note that the distance of the target does not affect the

detector reading, as long as the field of view is contained
within the limits of target'.

&}
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All tho optigal systems of the type describad so
far have limitation of physical nature, dus to their
material size, weight, alignment, optical finish of the
sérfacea, and such that they all must comply with the
requiremont that the infrared dete&tor have a direct,
unimpeded viev of the tarjet - no opaque obstacles in
between, no surrounding envelopes, no hiding around
corners. ‘Unless the detector can view the object, it
cannot measure its radiation, light, and the term includes
1nfrared radiation, travels only in a straight line, and the
detector can not ook around corners or through solid

¥

obstacles, This problem can be overcome by using optical

" fibres,

1,13, 14,15,16 :

6.2.2 OFTICAL FIRERS Optical fibers

are transparent linear elements inside which light propagates
by total internal reflections. Fig. 6.8 shows the physical
principle on vhich the fiber operation is based. Most of the

fibers presently available are made of glasse.

In Pig. 6.8 all light rays that, after entering the
front surface, acquire an inclination smaller than critical
angle are totally roeflected insiis the fiber, and keep
travelling in this fashion until they :each the opposite and
or are totally absorbed, whichover coming first for a fiber

having critical angle 67°, Fig. 6.8 shows an accdaptance
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angle of 70°, which means that all rays incident onto

the fiter's front surface at 35° angle or less wkth its

axis will be trapped inside the fiber by total iaternal
reflection. On the other hand the rays entering the fiber
with an inclinetion larger than 36° angle will leave the
fiber at the first contact with its surface. This behaviour

is commonly called "spilling".

The critical angle 1s a function of the ratio beiween
the reflective indexes ny and n, of the g1ass of which
fiver is made énd of the medium surrounded it. Therefore;
by changing n1/n2 ratio acceptance angle can be changed to

get special performance characteristics.

To get the permanent n’/n2 ratio cladding is used.
Cladding consists of coating the fiver with a layer of
solid material (usually a different type of glass) having
the desired index of pefraction. Without this coating, two
fibters touching each other would 'spill’ iight into each
other, since theﬁ have the same refractive index. Common
material combination is lead glass for the core and boro-

silicate glass for the cladding.

woluek v ‘
Fige. 6.8 shows a fiber(enveloped by a layer of cladding

whose—out-layor—eofmateriar. This will prevent stray rays,



100

coherent once have the same identical geémétrical distributio
of the flbers at the two ends. Therefore the radiation
distortion picked up at the front end is exuctly duplicated.
at the output, with only degradation resulting from (a) the
transmission losses and (b) the resolution'allowed by the

size of the individual fibers and the spacing in between.

The incoherent fiber bundles, instead, have a
random distribution of the fiber at the two ends, and no imag
is transferred from one end to the other, Only light is
available at the output i1s quantity proportional té the

total lizght input, minus the transmission losses.

In tue transmission of images through coherrent
fiber bundles, the capability of controlling the acceptance
angle can te used to enhance resolution. It is already
sean how by reducing the difference between the refractive
indexes of the core and of the cladding it is proportionally
reduce the acceptance angle at the fiber front end. In this
way, every fiber see only what is in front of it, whieh— wiht

consequent finer resolution capability.

6.2¢3 E;;ﬁgggs’s b HMany infrared systems require
selection of certain wave lengths, spectral filtering
techniques can be used to observe specific wavelength

rogions or reduce background radiation. The most common
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such as those surpassing the critical angle (for'éxample,
where the fiber makes a cu;vé)from spilling out, the outer
coat will merely absorb them. Alsc, at a curve, rédiation
cahnot geét into the fiter from outside, and every change

of interference with the rays travelling along the fiber
is eliminated. The ratio of the band radius to the fiber
diameter tells how tight a curve can a fiber make without
spilling away most of the trapped radiation and this should
be above 40. The total number of internal reflections are
dependent on the average inclination of rays entering its
front end. And this inclination is a function of the n‘/n2
ratio. The.smaller will be angle made by the entering rays
with the fiter's axis, lower will be the number of internal
reflections per unit length. Core size is also iirected

by total number of internal reflections. For conventional
acceptance angle arpund 30° from the fiber axis, about 500
reflections per inch of length will be the average for thick
fivers (250 wu in diameter). For thin glass fibers (about
20.3 in diameter) as high as 4000 reflections per inch is

probably a realistic average.

Besides their capability to carry light around corners
and through an air tight walls, optical fibers can provide

quite large acceptance angles for incident radiation;
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thereby making them comparable to 'fast' converntional optical
systems i.e. system having large numerical aperture (NA).

2 2
NA = n1 - n2

n1 refractive index ¢of fiber

n, refractive index of coating

This NA is the numerical aperture number of an optical
system, and it is a measure of its ability to accept incident
light rays. This, of course, 1s the function of the limit
angle of'acceptance. The large is NA, the larger the cone of
radiation entering the optical fibers, transmitted along its-

length and out of its output end.

It is illustrated graphically in Fig. 6.9 that
optical fibers can capture appreciably higher radiation power.
For material selection and their transmission spdctrum pleace
Qee :u{-&n%ep_!..

Fiber Bundles‘q"‘s H A fiber bundle 1is an
assembly of a number of fibers, anywhere from just a few to
several hundreds, lined inside a containing pipe-that can be
either rigid or flexible. Th: ends of the flexidble bundles
are made rigid to hold firmly in plate the terminations
of all the fibers. Fig. 6.10 shows the geometrical

wbuel
represefitation of an end surface of a fiber bundles Jare

devided into two groups : coherent & incoherent. The
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coherent once have the same identical geémétrical distributio
of the fibvers at the two ends. Therefore the radiation
distortion picked up at the front end is exuctly duplicated.
at the output, with only degradation resulting from (a) the
transmission losses and (b) the resolution a;lowed by the

size of the individual fibers and the spacing in between.

The incoherent fiber bundles, instead, have a
random distribution of the fiber at the two ends, and no imag
is transferred from one end to the other, Only light is
available at the output is quantity proportional tb the

total light input, minus the transmission losses.

In tue transmission of images through coherrent
fiber bundles, the capability of controlling the acceptance
angle can be used to enhance resolution. It is already
seen how by reducing the difference between the refractive
indexes of the core and of the cladding it is proportionally
reduco the acceptance angle at the fiber front end. In this
way, evory fiker see only what is in front of it, wkich— wih

consequent finer resolution capability.

6e24% Filter83’5 © Many infrared systems require
selection of certuin wave lengths, spectral filtering
techniques can be used to observe specific wavelength

regions or reduce background radiation. The most common
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types of gpectral filtess are the absortion filters and the

interforence filter. In some prdcise instruments (such as
ama-

spactro»acopes) reflectiveArefractive dispursion type filters

ars used.

The absorption filter combines the natural transmi-
gasion characteristics of two or more optical materials.
Fig. 6.1] shows the transmission spectrum obtained by

coubining sapphire and indium arsenide.

The interference filter is made of multiple layers
of dielectric naterials of alternately high and low nre
refractive indices. Accurate control of the subatrate
material, absorption characteristics of the coatings, and
nunber of layers can provide filters for almost any desired
gspectral re.ponse. Spectral filters ﬁay be long pamy, short
papg,or band-papspas shown in Fig. 6.12. Narrow band pass

filters are sometimes called spike filters.

Reflective and refractive dispurtion type filters

are discussed in chpater 7 in the section of spectfoscopes.

6.3 Q2TICAL MODULATOR AND SCAKNING :

An optical modulator is used provide directioral
information for tracking and to suppress unwanted signal
from backsrounds. The optical modulator can assume many

forms, but basically each can be described as a patterng of
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altornatcly clear and opaque arca carriod on ac suitably
tranupagrent cubstrate. It is common practicoe to oull the

Tha
opticel modulator at‘g'chopper2.

GeFetl CuTICAL IODULEAR: The infrarod detector in a
iadiometor norunlly looks at a @arget that haes a constant
or olov-ch nging temper:ture. This resul$s in s very-slow
lovul Gece cignal from the detector Which is difficult to

-6

asplify. uetector outputs of a few microvolts (10~ wvolts)

ArS8 CcOmmon.

A chopper blade may be used to modulate tho incoming
radiation at a <fixed freguency. This produces an a.c.
signal vhich is easier to amplify. The mazimum frequency

that should be uscd is determined by the time constant of the

n —te

detcctor and may be expressed as p 4 X

max
wheroc fmax = maximum operating <f£reguency in liz
t = time constant of the detector, which is to be
used, in scconds.

The chopper disc 18 normally placed bbtuwoen tho

coliccting optics and thc detector. The chopper disc can be
elre
at a mininum size by placin. it as g to the detector ao

poasible.

A variable or synchronous notor is gonorally used to
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rotate the chopper blade. The number of blades (or
openings) on the disc and the speed of the motor determines

the chopping for modulation) frequency. Wsthsmatically,

f 60

ch

]

vhere fch

R.Pdle = regolutions per minute of motor

H

modulation frequency in hz

-y
a0

il

Humber of openings in chopper disc.

The selection of the best chopping fregquency, which
allows the highest sensitivity of the system, is done by
detectors characteristics. For therﬁistor beclometers of
current design, the chopping frequency can be as ilow as
10 Hz or as high as 100 Hz. TFor photo detectors, the
frequency is at least one order of magnitude higher, due to

their much faster tine response.

For high chopping frequencies, tuning forfs have
lately been rep.acing the driving motor-slotted wheel
asgemblies. The chopping action is performed by appropria-
tely shaped vanes attached to the end of the fork's times,
whose excursion can be 2 em. An electronié oscillator
drives the ilork at its resonance freguency, which can be

any where between 30 and 25,000 Hz.

The advantages of tunning forks are small sige, light
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weight, (reat accuracy, long term stability, very low

pouer drain, and negligible heat generation.

6.3.2 SCiNNING SYSTEM : When discrets measurement ie

s+ radiation emitted by differemnt areas of a two dimensional
LB
targoet sust- be made, some way of scanning the terget must be
implementcd. This can be achieved in one of the following

1
vAYBE .

1. Linear rastex scan similar to the TV picture system.

2. Jpiral scan similar to industrial TV imaging system

?. Froint to point scan following a pre determined
pattern that can be any configuration.

The seanning can be implemented byz’s s

t. loving the detector
2. Foving the target
3« Moving the optical field

4. A combination of the systems,|above.

The first one can be used only for slow speed
operation and has the drawback of subjecting the detector to
vibration that can increase the noise content of the output

signal,

The second one can bnly be implemented for only

omall targets : here too, the scanning speed is limited.

The third one is usually achieved with the use



— SCAANI/ING MRROR

GNGLE WASTED
TARGET

FIG.6 13 ROTATING SCANNING MIRROR

wgka\ — EXITING RAY WHEN PRISM
{ POSITION 18 IN POSITION NO-2

0.7 .

\

OISPLACEMENT
- A I
PRISM IN { ~ -

Posx T/ION 2 7

hadt
T A S e oy ——d

1 ’
PRISM
! TRAVEL
RAY FROM
TAREBET

16 - € 74 RAY pDrspPL ACEMENT THROUGH
PRISM MOVEMENT




105
of oscillating or rotating mirrors that are located along the
axis of the~0ptical field. High speed can b%est be attained
with rotating mirrors, althougzh their efficiency is low, since
during most 8f the rotation cycle the mirror reflects into the

detector the surrounding back grounds, as shown in Fig. 6.13.

For linear, TV-like rasters, one gsin;le mirror,
rotating and til{ing at the same time, has been used with

satiasfactory results.

"1 ) The optical fields can also be displayed by
moving transparent prismp oxr "wedges as shown in fig. 6.13
if the chromatic aberration, the reflection, and the vafiabla
transmission losses can be either tolerated or compensated
for. Mg. 6.14 shows a wedge system capable of scanning
a gurface in the x and y direction: If the speed rafio of the
ltwo Jgiﬁghcan be varied, the sjstem will have capability of
varying the number of lines per frame; trisms can be trans-
lated, as in the illustrations or rotated in a full circle
or in oscillating fashion. The lasﬁ two modes are also
typical 6f mirrors: the full rotation has the drawbgck of
low officiency, as already seen, since 1t consists of
accelerating, linear, and decelerating motions, gepédrated
by two riversals of directions. Since only the linear

pogition can perform scanning at even rate, acceleration,
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deceler.tion, steop, and return must be blanked ocut,
thus greatly reducing the efficiency of the oscillating

-

modec.

CORNE# _EFLECTGi. SYSTIN:

Using reflective system, the scanning motion having
linear wotion and almost no losses can be achieved. This
systom is known as 'corner reflector'. In its conveatiocnal
configuration, this system is ccmposed of two flat mirrors
rigidly tied together at 90° angle. It can be seen from\
Fig. 6.15 that horizontal mqtion of this pair of m?rrors
by one unit in length produces a two unit displacement of
the outgoing ray, without any changes in optical pgth length
(L.0. without shift of the focal plane). Such an optical
- arrangement could be used in a scanning system, Eut ﬁf’
course, in this configuration, it would have all the effi-
ciency luoses typical of the alternating motion. However,
all thesc¢ losses can be #liminated with the solution shown in
figure 6.16, where the corner reflector is formed by the
shaded area of two helicoidal surfaces. The pitch of these
helics equals the displacement that the mirrors of Fig.6.16
mugt travel to a complete the scunning motion.' The two

helics are rotating ét uniform speed and in'perfeét

synchromism and are pushed in such a way that two ‘'steps'
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face each other at every turn.

If one ebscerve the displacement of the reflecting
surfaces in the plane passing through thz axis of rotation
of both helics, one nmotice that for every turn (starting
fro.. the position where the two steps are facing ecach other)
the two reflecting surfaces move in the X direction at
uniform speed and at the end of a 3600 revolution of the

helics they fly back in no time to the starting nosition.

This solution achieves a perfect saw tocoth
displacement of the incoaing optical ray, with linear
speed and zerc return time. I1If the incoming optical field
is composed of many rays instead of single one, the time lost
for the return is equal to that pewt fraction that it takes
for the step in the helical surface to cross the whole

optical field.

The amount of distortion cén be largely compensated by
locating the two helics in such a way that the outside rfm
of one faces the inside rim of the other, and vice versa.
Extensive calculations of the residual amount of distortion
left in the system under this configuration have been made
and they show that this quantity is controlled by the ratio
between the pitch of the helica, the ilia.eter of the wheels

and the area intercepted by the optieal beam’.
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THE SCANNIAG OriICAL MIBER @

This system has got an advantage thzt it can be used
for very small targets. This composed of a single optical
fiver (or fiber bundle depending upon the size of the target),
made of infrared transparent glass. The front end of this
fiber, a light guide, scans the target, or, batter yet, the
image of the target in its focal plane. The infrared
energy entering the frdn£ end travels through the length of
the fiber and exits at the opposite _and towards the detector.
Due to the possibility of choosing any convenieht size for
the target inrage, the area resolution that cen be achieved

can vary within very wide limits.

Pigure 6.18 describes the fiver scan system. In
the illustration, the fiber motion im achieved by means of
two electromagnetic fields at 90° to eabh other, acting on

a magnetic wass located near the tip of the fitber.

COMPUTE: CORTHOLLED SCANNER :

Perha.s the mest exacting Pequirement for a scanning
system designer to yield perfectly repeatable infrared
signatures is the constant scan speed. Jhould this require-
.ment not Le met, the raster would be composed of lines of
ﬁarying len;th, spaced at varying intervals from each other,

and the location of the points of the target would
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correapondinél& change in any type of output display. For
imaging devices, this would result in a loss of detail.
fluch more serious instead is the condition fur those systems
vhere the analog signal from the detector is turned into
digital information. In these systems the data are taken
at proaddressed points, called ‘'window', located élong the ,8can
line in correspondence of those elements of the target that
are of interest. THis approach greatly simplifies the signal
processing by drastically reducing the number of points to be
mounted. In the éase of electronic printed board assemblies,
for instance the window's will be located in correspondence
of the center of every component part of the assembly. In
this way, only the information about these component partis is
processed, while all nonessential data related to the
mounting board, wires, and such are ignorea. (f céurse,xxs
to obtain repeatable results with this approach, it is nece-
ssary to assure perfect coincidence betyeen the point to be
monitored and the corresponding window. vhenever this was
not assured, serious difficulties were encountered due to the
fact that the speed of scaﬂning elements was not perfectly

constant.

The problem was solved in the inspect system where the
computer that o,ens the 'window' also controls the scanning

elements by means of a sha$t encoder mounted on the mirror's
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rotating axis. In this way, perfect coincidence between
pointc to be monitored and windows is assured and signature

repeatability is consistent.

1294517

6.4 COCLING DEVICE H

Many of the applications require detectors sensitivity i

the spectral region comprised between 5 and 15 a.

wuantum detectors able to meet this requirement musdt
be cooléd to temperatures approaching absclute zero. This is
due to the fact that the forbidden energy gap must be small
enough to allow the impinging low-energy photons to cause
electron transitions from the valence tc the carrier band.
Therefore,'the overall thermal energy content of the detector
must be ﬁéught low enough to avoid self geheration of these
transition becsuse of the detector's own temperature.
Otherwise, self saturation oc¢curs, and sensitivity to idw~

energy radiation impinging from outside would be lost.

For instance, the Ge:Au detector needs cooling to
77° K for a D*' peak at 5 while Ge:Cu has to b2 cooled to
»

40° X for a D* peak at 22 a.

To read these low temperatures, extensive use is made
of various liquified gases, utilized at their boiling point.
The wost used aron, these gases are nitrogen, »eon, hydrogen
and>“eliua, althqugh several others cover the same thermal

area, as chown in table below :



111

Boiling points of some of the gases
used in cryogenic systems :

Tabl-
o GAS Temperature in OKk
Helium 4.4
Hydrogen 20.5
Keon 28.1
XBnon 65.9
N;trogen | 77.2
Argon 87.3
Oxygen . '.90.0
Krngﬁ 120.7

To cool the detectors with liquid gases, lewar
flasks arc used. Thesé are similar to thermcs bottles with
‘the difference that they are often made of metal, and they
can be ot a two-sta e design, that is one thermos bottle is
contained inside a lar e thermos bottle. The two-step
thermal gradient thus obtained when the ingide bottile is
filled with a colder liquid while the enveloping bottle
holds a less cold liquid ensures better insulation of the
inner area and reduces its thermal losses. Longsr operation
is thus ensured since the ,;as eveporation takes place at

a slow rate. A double Dewar flask that allows an



7 2 g7 =
L] r U7
o4 FHSI TN
...'.|ct. ‘- — ! — H
— YaUoILTT >
NolrLYIavy <4 NOLLVIaVY | XOULIFLIT

YOLDFLICT 300/T QLOHd :
YO/ SNOIUVIIIINOD TYINYLOTTF D& 9 9/7

FO0W INIXYND (@)
FGOW FOVUTON (V)

€/ ¢7))

SYCY TS YYMIT 779700 b4 994

NOLOTLICT —- N - s M OONIM
XIONIS
a702
r Il wrr7TIy
M arnerr

7 3 ¢
wvzyooyiiNn ..W
aner7— s 0

—‘

{ i
ﬂ A S r—vanowa




112

uninterrui ted working period of about 8 hours when the

inside container is filled with liquid helium while the
outaidc chanber holds liguid nitrogen. (Figuie 6.19).

The infrared detector is mounted on the so called 'cold
fin_er' protruding from the inner container, which is
practically at liquid Helium ftemperature, and operates in a
vaceum. The inpinging radiation enters through a hermetically

sealed window located just in front of the detector.

A variation of the double - Dewar concept is the
gas shield dnit. In this case only one ligquid gas is used,
and the gas developing from its boilling condition is made to
circulate through the enveloping chamber of the double Dewar,
before bein; disch.rged to the outside atmosphere. Thermal
insulation of the liquid contained in the inner chamber is
thus achieved by its own xas, eliminating the complications

conBocted with the use of two different liguified gases.

Another n.ethod of cooling detectors to temperatures
as lou as 30° K is to use one of the many cryogenic refri-
gerators designed for infrared éooling. There are several
closed-cycle cooclers using Jule-Thoqgn expansion valwes, or
expansion enginec, to reach low temperatures; tut one recent
develo,ment that has done much to make detector refrigeration
more practical is the availability of coolers based on the

stirling cycle.
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6.5 SIGNAL FROCESSOR

The raw signal yielded by the detecinr must be
amplified and appropriately processed for adequate display
of the desired information. To this effect, the following

elements must be considered1’2.

1. 8X8f "“Electrical biasing of detectors.

2. Tloise characteristics and filtering methods

L}
L ]

Signal Band width

4. Amplifier characteristics

6.5.1 LILICTRICAL BIASING OF DETECTORS : r'or a dete-

ctor there will a optimum biasing condition whers t. at
detector will give the raximum signal to noise ratio., In
chapter &£, methods for obtaining optimum bias are discussed.
Al30 pame deves  can be used in both models : current mode

and voltage modes.

Plu. 6420 shoys the common connections for photo-
conductive type detectors. Fig. 6.20(a) shows the voltage
mode type of operation. A L.C. blas supply is connected
across the detector and lcad resistance R1. The impedance

of the detector is much higher than that of R The signal

1.
in a.c. coupled off the load resistor and connected into
and amplifying system. Radiation impinging on the detector

chances its resistance and current is produced through R1.
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The input impedance to the amplifying system muat be much
higher than R1. ‘he choice of R1lis decided by considera-
t.one of desired frequency response, tolerable noise level
and desirel gain. Now its equivalent circuit is 4rawn to

calenlate frequency respcnse and expected noise voltage.

Fig. 6.20(b) shows af current mode configuration.Signal
current produced by impinging radlation is coupled directly to
a tranpimpedance amplifier. THL input impedance is

2 = ;f + The 74 can typically be as low aa—éeatcxaion

At such a low impedance level the effective 3ignal band width
can te larger than in the voltage mode and noise levels at
the amplifier input can be significantly lower. Also for some
detectors the current nmode produces better stability in the
detector operating point and producesra siynal mach lower

in harmonic congént.

6.5.2 HCISE CONSIDERATION : The mzjor noise contri-
3,11

buters in the system are as fcllows

1« DbD:tector noise
2. Bias gupply noise
3. aAmplifier equivalent noise

4., hepister thermal noise

Detector noise is principally shot noise above 100
Hz, and below 10( lz the 1/f noise (also called flicker

noise) predominstes (Fig. 6.21).
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Bias supply noise is supply rectifier ripple and
varia tion with line and load. Obviously, in low signal
applications, tﬁE bias supply contribution to nolilse must
be controlled consistent with an acceptable signal to noise
ratio. To overcome the rirples p:obtlem de.c. batteries can
be used. Anplifier noise is shown by typical curve in
Fis. 6.22. ‘fhe region from d.c. to 10 Uz for the voltage
curve is the'flicker region'. The region above 10 Hz is
'shot noise' dominated. The 1n curve in iMic. 6.22 is domi-
nated by flicker noise upto about 80C Hz. This level
selection after the flicker region is shot noise. The
increasing; region =zbove 10 RHz is noise current iue to the
noise voltage divided by the cepacitive reactance due to
the amplifier irput capacitance. A particular amplifier
will have different noise characteristics from that shown

1

in M,,. 6.22 and therefore the selection of a proper ampli-

fier wust be determined by the constraints of the problem

at hand.

For white noiso [sho® noise and Johnson (thermal
noise) are both white noise] , the spectral density, e, ie
constant. The r.m.s. vhite noise in a given band width, En,

can be calculated as o /T, - f, . Flickeér noise can be

enl ;2 )

at 1 Hz. L

calculated as e, = K / where K is the value

ot e,
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desistor noise contributions are generated in
detector load resistors and in first slage ampplifier feed

back resistors.

All the above described noise sources must podk be
r.m.s8. summed and used to determine cffects on system

performance. Typical design techniques to improve signal

tc goise ratios are as follow52’4:

1. Chop the infrared radiatiocn at a fixed frequency
and pase the signal through a narrow band filter
centered at the chopping freguency.

2. Design a gated integrator that samples the during
the gate time and integrates ‘samples to enhance
the signal and average out the noise.

3. Jelect a signal frequency that utiliges a low noise
re;ion of the detector and amplifier characteris-
tics.

6.5.3 EAHND IDTH CONOGIDERATIONS : The applications

dictates the bLand width rdgquired. For instance, in a scanning
application, the spatial resolution required coupled with the
pcanning speed willi detemmine the upper limit of fréquency
response required. This limit is usually below £ KHz for ther
nal detector since their responase does not exceed 1 msec.

For guantum detectors used in fast scanning systems, the
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high frequency response might exceed 100 £ Hz. wow frequency
cut off is usually determined by the repetition frequency of
the signal. System band width should be kept as narrow as

iz feuasible.

6.5.4 ALPLIFILR CHARACTEAISTICS ¢ In addition to low

noise, amplificr systems must provide :

1. Gszin
2. Linearity

3. Wideh dynamic range

solid-state amplifisrs using discrete and integrated
circuits are available having a broad choice. Amplifier
linearity can be.assured by using high feed back factors in
amplifier design to make gain characteristics independent of

amplifier open loop nonlinearities.

To minimize stray signal pick up and cable losg the
preamgliiier rnust be located very close to the detector. Wnen
ev: impedance matching between detector and preamplifier
is a problem, an emitter follower {(or buffer stige of
operational amplifier) unit con be used. The preamplifier
drives a rower or shaping amplifier that must provide the
usual amplifier characteristics of large dynamic range,’adequa1

band width, and the like. Its noise characteristics are,
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however, not as critical. it must also provide the
interface match with the desired display medium and mezsures
for attenuation in systems having very wide signal input

variations.

6.6 DI.KLAY KD RECORDING o YSTEMS

.

6e6e1  LiSkaaY SYSTEHS1’2’4

LY

This is an area where

a variety of techniques is applied. The majer cnes are as
follows
1. Oscilloscope firace display

2. TV picture display {black and waite,
or codour)

3. Photographic imaging (black and white or
colour)

4. DNigital conversion .and print cut dieplay.

5. Lligital conversion und generation of iso-
thermal map.

First four rethods mentloned above are in common
use in eleciric instrumentation so they will not be discussed

here.

iso~thernal Mag1’2 ¢ The concept here is the same

as in gec_.raphical maps or sesather map, orly the quantity to
bs plotted is temperature instead of altitude or barometiric
pre.sure, +he comtour lines in this case ure called 'iso-
thermal’ and they connect all the points heving the same

temperature.
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An isothermal nap can easlly be displayed;on the
face of CRT, such an the one shown in Fig. 6.22(a) while
the CRT trace of the scan line sA' is shown in Pig. 6.22(b),
The analogy with the geographical map is complete, if only

altitudes are replaced by different voltage levels.

It will suffice here to say that every one of these
systeus tries LQ solve the problem of displaying the
electrical output of the detector with the approabh best
suited fur the evaluation of the thermal behaviour of the
chosen target. In general, this involves the problew of
reoraesenting cn a twe dimensional display a thres-dimensional
function that night even vary with time, heance the great

variety of solutions, ndéne of which is totally satisfactory.

6.6.2 RECORBDING SYSTE S : The most common recording

devices used within infrared instrumentation are ss
follows :

1. Chart recorders {(Pen recorders, visicorders,
electrocorders).

2. hagnetic tape recorders

3e ihctographic recorders

4. TFacsigmile recorders

5« Ligital pript out equipment

6. Lta.ched tape recorders
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4gain here, the choice is dictated by the systen's
performance churacteristicg, chart recorders are used for
point detectors or for slow scanning systens, while high
scanning speed requires the use of magnetic tape recorders
or gpecial photographic systems. Punched tape facsipmile
and print out equipment all reguire preliminayy conversion

of the ananlog output into digital information.
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7. INPRARED SYSTEMS AND THEIR APPLICATIONS :

7.1 JINFRARED SYSTEMS : Infrared systems are classified
as follows @ |
1. Search, track and rangp type systems
2. Radiometer (or radiometry)
3, Spectroscope (or spectroradiometry)
4. Thermal imaging
5. Reflected fiux systems

6. Cooperative source systems.

It is assumed that the target radiates at least some
of its flux in the spectral region of interest. Infrared
equipment has the potential capability of detecting the
presence of the source, detafmining its direction with
respect to some reference, and determinin; its distance.
Hence the first system is called 'search, track and range
system'., Infrared equipment can also measure the flux from
the target in a2 bdroad apeétral interval, an operation design-
nafed as ‘radiometry’ in the s8system classification, or it can
measure the flux in a narrow spectral intdrval, which 1s
called 'spectroradiometry'. If the target is an extended
source, the infrared equipment can also be used to determine
the geometrical or spatial distribution of the flux, which is

called 'thermel imaging’'.
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If the target is poor radiator in the spectral

- region of interest, perhaps because of its low temperature

or low emissivity, the infrared equipment can respond to the
flux that the target reflects from an auxilary source of
1llumination. A photographic system, for instance, reaponds:
to the sunlight reflected from a'Scene. THe system responding
to this scene 1is called ‘reflected flux system. A8 a

final alternative, one can place a source at the target,

at the observer, or at both locations and arrange to have

the infrared equipment sense such things as the motion or the
modulation of one or more of the sources. Examples of such a
mode of operation include tracking sysfems in which a

beacon is placed on the object to be tracked, and communicd-
tion systems. Thie function is designated as a cooperative

s0Uurce.

Generally speaking, all infrared equirment can be
classified in two classes : SPY.CTROMETERS and RADIOMETERS.
The spectrometers are capable 6: measuring the direct energy
content of the radiation emitted by the target at every
frequency of spectral band; the radiometers instead measure
the total energy contdnt of the radiation emitted by the

target within a predetermined spectral band.

T.1.1 RADIOMETER : Radiometers are those systems
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whose output can yield either absohute-or relative measure-
ment of the magnitude of the infrared radiation emitted by
the area viewed by the deteétor. The output signal is
usually an analog function, whose value can be prdcisely
measured either directly or through translation into digital

information.

Radiometers can be divided in various groups or
classes, according to their principle of operation, the mode
of viewing the target, and the optics type. Table 2 shows

the major groupings.

Table 4 - Classification of infrared

Radiometers!
Radiation Field of view Optics type DRscription
detector .
Incohereent Stationary Telescope Point detector
~do- Microscope Infrared micro-
scope
~-do- Single optical Point detector
fibrouser
Line scan Telescope Line scanner
Surface scan ~do~ Raster scanning
radiometers.
- =do- Microscope Scanning micro-
scope.
Two fre~ Stationery Telescope Imaging device
gquencies "wide field.
Stationery area -do- Two wave length
, raiiometer.
-do- Fiver optical Small area
bundle detector.
Recombina-~ Stationary Single optical Point detector

tion area fiver.
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The above classified radiometers can be equipped with
cooled or uncooled deteetdre of various types and they all
have a sophisticated optical éystem, either using conventional
optical elcments or fiber optica. The spatial resolution,
that is the ability to resolve two adjascent elements emitting
different levels of infrared radiation, varies between very

large areas to a few micrcns.

The thersal resolution requirements are dié??d by the
smallest temperature gradient to bYe detected. Also, in view
of the fact that radiometers measure infrared radiation and
not temperature, theretore-emiséivity factors must be taken
into acecount. Temperature rdsolution varies from a sméll
fraction of 1° ¢ (for‘targets around 300o K) to several degree

centigrade for infrared monitors.

Lastly, the time response reéquirements are dictated by
the apeed of the thermal transients to be detected, which for
semiconductors can be very fast. Further requirements are
set, for scanning systems, by the scan speed, which in tie
fastest systems might reach 1600 lines / sec. The limiting
factor, in the time response of systems using quantum detec

tors is to be found in the processing delectfonics.

Fig. 7.1 shows a simplified dblock diagram of a
typical radiometer. The solid block in FIs. J.% isidiéate

the compone:.ts or circuits, required for a basic radiometer
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be addod to increase the instrument's overall abilities.

(1) Infrared Point Detector : A point detector, some-
timescalled a ‘'staring' detoctor, is the simplest radiometric
systom. It is a small portable instrument, battery operated
and provided with a btuilt in 'light spot' finder that amsually
points out thd area viewed by the detector. A single
reflecting optical element, typically 5 cm. in diameter, is
the co;lector, and a thermistor bolometer is used as the
soensor, with ambient temperature compensation provided
by a twin shielded element . It is batteyy powered, and its
smallest spot size i 0.25 cm at 25 cm. distance (approxi-
mately). Emissivity correctly located on the side of the
instrument. Scanning a number of.elements can be carried
out by sequentially pointing on them the light beam of the
unit, and by recording the meter's indication for each of
them. Typically, by this instrument accuracy of 2% of full
scale reading can be obtained. A better accuracy can be
achieved by improving the electronics, but then the

mot
instrument will (be that much portabdle.

(i1) Point detector with Movdable target : In this

gystem the detector is stationary, while the target, mounted

on an a-Y téble. is moved in the horizontal plane according to
pro,ramme punched on a control tape, and designed to bring
into the area viewod by the detoctor every olement of interest,

as a predetermined sequence.
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This system has got following advantages over the

system discussed previouslyt32’4 (1.e. 1nfrared point

detdctor) :

1e

2.

3.

4.

5.

Fixed focus : for a particular planar target
the focal distance is always the same, since every

point is moved into the same viewing area.

No detector time wasted looking at back ground

or at areas between components.

Visually identifiable target area : a spot of
vigible light is projected onto 1t dufing the
operation.

Viewing the components can be programmed in any
desired sequence : for instance, a most desirasble
scanning sequence is one where the radiaﬁion level
steadily dacreases (or increases) from the first
of the last element . This distribution make it
easy to detect defective, since the uniformity of .
the detector output pattern 1is b;oken.

Yossibility &f manual, or of fully automated

operation.

The @ssentially, the system contains the following

major subgystens

1.

1,2,

The Radiometer containing the infrared detector,

optics, and signal amplifior.
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2. The equipment track containing all output
equipment, controls, and power supplisea.
3. The scanning system containing the tape

reader, positioning table and servo circuits.

There may be following four devices available at the

.

outjut

1. =~ logarithmic scale voltmeter c¢calibrated
above ambient.

2. An X-Y recorder which records temperature in a
,bar chart formed thus generating an infrared
éignature for each circuit.

3« A set of go, on-go lighto indicating whetherxr
the temperature readi. g falls between the pre-
programc ed minimum and mazinum for the particular

point or components.

is an alternative, the output equiyment can be
modified by the additiorn of a digital pointer which replaces

the a~Y recorder as the display medium.

(iidi) Line—Scanner3'4 :

Instruments of this type
move the detector field of view back and forth along a
stationa.y line. HMost of the timd they are used to monitor
moving tar_ets, such as rabbon of material (paper for

example ) moving alon_ rollers. In some applications the
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radiometer itself is moved either linearly or radially
to allow converage of a two-dimensional target. These can
be desig;ned and developed for special purposes. Pig. T.2
shows its optical schematic : the radiation from the target
is collectod by the off axis elliptical mirror after having
been folded by the scanning plane mirror. This radiation
is chopred by an element rotuting ét 4000 Hz at the primary
focal point, from wvhere it is transferred by a 1:1 relay
lens system to the infrared detector. then the chopper
is in such a position as to block the radiation from the
sample, it rdflects the radiation from the black body
reference source. In this manner the‘detector continously

compares the target's radiation with the reference.

The optics have three interchangable off—axis
ellipsoidal mirror which allow focussing targets located at
a distance of 6, 10 and 17 inck. The spot size is corres-
pondingly 0.6, 1.0 and 1.7 mm in diameter, while the scan
1line length is C.35, 0.59 and 1.0 inch, respectively

(typically).

The scanning mirror rate is 100 lines/sec. obtained
by oscillatory exclusion of 30 of.the mirror at its resonant
frequency : this makes it possible to use relatively low
power for the motion (about 20C mi), in spite of the fact

that the physical size of mirror is rabher large (2.5 inch
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diametor). The detector is a gold dopped germunium
photo conductive detector cooled to liquid nitrogen
temperature inside the Dewar flask. i{he noise equi-
valent temperature of the aystem 1is 0.5° Cwith a

target temperature of 50° c.

(iv) Raster scanning Radiometer : Raster scanning

adioweters find a wide rangé of applications in medicine,
earth sciences, night reconnaissance materials, and
electronics eavaluation. The system shown in FIG. T7.3.

is remarkable for its fast scanning speed for the use of

a silicon polygon whose rotation performs the line scan,
and for the use of refractive optics in addition to
reflective elecments. As shown in figure the detector &8s an
InSb cell housed in a 4-hour Dewar for ligquid nitrogen.

The focus can be adjusted anywhere bhetween 20 inch and
infinity. Scanring in the vertical direction is performed by
the front mirror Y, osciliating 16 times/sec.,.while the
radiating silicon pripm x Scans 16CO lires/sec. The
combined action thus yields 16 full frame shaving 100 lines

each. The optical resolution is about 100 points per line.

The védeo signal generated by the system is forwarded
to a Ceuw.T, viewing system where an intensity modu.ated
display is generated, either as a black and white, or a

colouraed picture of the target, or a quantized thermal map.
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Yyplical characteristics of the equipment are

as followus :

Field of view 119 x 11°
Temperature resolution 0.2° ¢
Thermsl range | Max. sersitivity 1° ¢

and ¥in. sensitivity 200°C

Target thermal range - 30 to + 200° ¢

Capability of super imposing isotherms onto the

C.1.T. modulated display.

(v) The infrared migroscoga3 ¢ When physical size of

the target ié very small, such as in the case of the semi-
conductor ‘'chips' on which transistors and integrated circuits
are deposited, the spatial resolution of the radiometers so
far déscmibed £ec0mes inadequate, and a change in the optics

must take place, from telescope 6D microscope.

The meduction in surface of the elementary area
upon which the detector is being focused, causes a

corres. onding reduction of the infrared signal reaching

the detector.

An infrared microscope consists of two major
elements: The detoctor unit, which includes the microscope,
subastage, detector cell, and coolant reservoir, and the

oelao—
control unit, which contains all of the seil-state circuitry
”~,
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for amplifying, filtering and demodulating thc
signal from the detector and displaying it on a

meter.

The infrared detector is an indium anti-
monide cell mounted in a Dewar fla®kwhich has a
liquid nitrogen capacity sufficient for 12 hours
of operation without refilling. The instrumeit is
capable of opera.ing continocusly for an indefinite
time, requiring only periodic refilling of liquid
nitrogen reserveoir. The reservoir may be refilled

without interppting operation.

The reflective optical system permits wvisual
observation and focusing ©of the object with the aid

of a built-in vertical illuminator. Reflective
objective lenses with nominal resolution of 0.0014,

0.00C7 and 0.0C003 inch are available. Fig. 7.4
'shows the optical diagr .o of a similar instrument,

equipped with a noncooled detector, namely, a
thermistor bolometer’.

The solid state control unit provides external
connections for sn X-Y plotter, strip chart recorders
or oscilloscope. The target is mounted on a micro-
metric subastago whose operation can be canual, a2mi,

or fully automatic. Sir.ce the microscope is
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egsentially a point detector, the scanning talkingz place
by moving the target, turning the micrometers controlling
the X and Y position of the substage.

(vi) Fast-scan microscone3'4 : Beyond a certain
speed, physical movement of target can not be achieved without
the danger of damage te it. But, the extrem}y close spacing
of the active elements deposited on a semiconductor chip

make. it desirable to scan the target during warmup tinme,
before thermal interaction between these elements takes place
It is at this point in time that elecirical, physical and
mechanical properties of each and every component of an
integrated circuit can best be evaluated by infrared, while
thermal contrast is still good. After the heat emitted by

the power dissipating elements has thermally flooded the unit,

much detail disappears and only the major gradients are still

visible.

Fig. T.5 is the block diagram of the instrument and
Fige T+6 outlines ihe optics and the scanning elements, An
tk'wmai_
approximate magnification ratioc 1:8 is obtained/the use of «
single @gs-pherical reflecting element of special design.
The maximum performance specifications of the inatrument are
as follows :

Area resolution % 100 B

Hunber-of-sean—tines
nar fyrame s Variable—apbo—200
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Temperature resoclution 20° ¢
Kumber of scan lines per Variable upto 200
frame

Number of frames per second Variable upto 4
Arca viewed in one frame 1 mm2

Detector response speed <1 n sec.

The design of the instrument had to reach the
very limits of the state of the art in the area of optics
scanning efficiency and detector sensitivity. As a result
the optics are diffraction limited the scanning employs the
unique system described in chapter 6 under heading 'Modified
corner reflector system’that reachés élcse to 100.: efficiency.
The ddtector is an In-8b cell cooled to 77° K by an 8-hour

supply of .liguid nitrogen.

To eliminate the incomveniences connected with the
use of liquid coolants, an optical feature of the instrument
is a cryogenic syster ‘equipped with a Ge-Hy detector whose
sensitivity approximates very closely the performance
regquirements in the themxmal range of interest. The use of
the instrument is thus simplified, since the detector cooling
takes luce sutomatically by simply turning the a.c. power
switch on. The system's output is an analog signal composed
of frequencies 8 high as 1COKHz and having a dynamic range ©

N
60 db, complete with line and frame syne. pules.
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(vii) ZTwo-wave length radiometer''2*4 2 (or two-colour

radiometer) 1 Singlie wavelenzth (ménochromatic) and total
radiation infrared radiometers measure the energy emitted by
an objoct and are subject to errors due to unknown or changing
enissivity values and environmental effects such as smoke or
haze. £ls0, the target must be completely resolved by the

radioaeter field of view for accuracy.

A=-two colour (two wavelength) radiometer can. reduce
or e¢liminate the effect of target emissivity and the trans-

misaion characteristics hetweer the target and radiometer.

» black body energy distribution curve for an object
is shown in fig. 7.7. also shown in the distribution curve
for an otject at the same temperature having an emmissivity

005-

If one is to neasure the eneryy emitted at two given

one. Casv
wavelen_th G ( Ay and A+ ) wo meuid find that a 1008 F

~ A

black body suits 0.71 #/cm’/p m at 2.5 i « (M) and
0.11 #/ca’/pm at 1.8 ym (M). Now consider the ratio between

these two energy levels.

W,
dh‘l..

R

ct
i

where R

]

Ratio (apparent temperature)
W oay = energy omittod utl)

W A= ener_y nmmitted at s
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‘ 0.11
Rt = 031 = 0.355

1000°F ~ |
If the/scurce were not a black body, but had an

emissivity value of 0.5 then the energy emitted gt A, would
be 0.055 u/cmzﬁpm and the eneryy -at . would be 0.155 Wfcm“/um
However, the ratio between a, and » _would still bve 0.355. The

o ovuadla'on
same ratio would also be measured if thore were 3some attempbati

of energy due to the trunsmiting mediu.

a8 the temperature increa.es, the slope of the
distribution increauses and the ratio between w,, and ¥W,, will

increass.

Both wavelengths selected for a two colour, or
ratio radiometer must be in the same slope of either side

4

of the energy distribution curve.

Fig. 7.8 shows a simplified optical diagram of a ratio
radiometerg It should be noted that the ratio.radiometer
depends upon the emissivity, or transmission, being constant
at all wavelengths, Unfortumately, thisis not always true;
many materials, or transmitting medium, have emissivity
valuea that vary with wavelength. This variation in wavelength
will affect the ratio measured and re ult in an error in

apparent temperature.

Tele2 LILCTROSCOXE : A spectroscope is an optical

instrument which produces a complete spectrome by separating
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dight or infrared radiation into individual wavelen,ths. The
spectroscope may use prisms, gratings, or interferometers to
produce the spectral separation. Frisms provide wavelength
separation by refractive dispersion, while grating work by

diffractive dispersion.

Prism-~ty, e spectroscopes are most common and typically,
resolve wavelength of 10"4 micrometers at 1.0 micrometer.

Gratings provide about 1Q-5 micrometer resolutioa and

interferrometric technigue can provide upto 1076

micrometer resolution at 1.0 micrometers.
, Y ,
They are many types and variations of spectroscoges.
Some are discussed in the following :

3

(1) Spectrometer A spectrometer is an instrument

that measures the angular deviation of light as it passes
through a prism or grating. Wavelength is usually deternined
by the angular position of the prism or ,ratin,g. A dial
connectéd to the rrism/grating basa‘can be calibrated directly

in wavelength.

Recording spectrometers automavrically rotate the
prism or gratine and record relative signal intensities
directly onto chart paper which may be calibrated in wave-
length. |
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(41) Spegtroghotometer" 3, 18 ;4 spectrophotometer

is an instrument that compares the intensity of a reference
beam to the 1ntensity of a sample beam at the same wave-~
len_ths. Fig. 7.9 shows a simplified optical schematic of

a typical spectrophotometer using primmsén.

The infrared source is modulated at 11 hexrtz
and deflected into two directions by the chopping mirrer.
The resulting reference beam and sample beam are recombined

and directdd to the dntrance slit.

If a detector is placed at the enterance s3lit it

would :

1. Mmasure no a.c. 8ing signal (at 11 H:) if there is r
sample or obstruction placed in the sample bean.
2. Ilieasure a maximum a.c. signal if the sample beanm

(or the reference beam) is completely blocked.

5. Il.easure an a.c. signal with an amplifier related to

optical attenuation of the sample beam;

The recombined beam is directed through a prism P1,
where it is digppersured and reflected back through the

same prism and redirected to another slit.

The optical components Between the entrance slit and
the fixed slit from a monoehrométer, which selects narrow
positions of the epeétrum. The beam is then focused onto a

thermocopule ,
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The signal from the thermocouple is amplified and
used to position the optical attenutor in the ieference beam
rath. The optlcal attenuator is condtantliy being positioned
30 tnat the reférence beam path. The cptical attenuator is
constantly being positioned s0 that the radiation energy

"

from the sample beam.

The position of optical attenuator is related to the
percent of transmission through the sample beam. The position
i: used to plot per recording of transmission versus wave-
length. ﬁévelength is determined by the position of prism PZ'

The pame purpose can be solved, but at a higher
precision, by the use of grating in plzce of prism. IR-20

spectrobhotometar18

manufactured 3ackman apecification by
optical coating laboratory. Fig.‘7~10-showé the optical
schematic 0f the same. In the cource compartment,

radiation from a Nernst glower is split into two equal beams.
These are directed alonb.parallel paths through the sanmple
compartment. Here the front beam passes through the sample the

eeampa- rare beam passes through the reference (e.g. air,

cell filled with solvent).

In the monochromator compartment, the rotating chopper,
mirror recombines the beams, throughout the reminder of their
traverse they follow a common path. The combined beam passes

through one of three band pass filters and thcn through
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entrance the slit. A collimating mirror now reflects
the beam onto grating., which are mounted back to back to

rotite about a common axis.

The dispurdsed beam is directed back to the
collimating mirror and onto the exit slit. The emergent
beam passes through either (a) one of two circular variable

interference filters (400 to 600 cm ™!

rangXé), or (b) an

open aperture (600 to 250 ™! range.). The rotating wheel
moves the filters through the beam in synchronization with

the grating, at every given angular position, the corresponding

filter passes the appropriate frequency but rejects all others.

The now essentially monochromatic beam is reflected
from a polished plane diégonal mirror (replaced.by a rough
ground scatter mirror for the 600 to 250 cm"'1 region) to a focu
ing mirror and onto the detector. The incident beam consists
of afternate pulse. of eptical ener_y, which contribute
opposite bulse component to the 10 Hz detector outgut signal.
In resp nse to this signal, the electro-optical servoloop
continuously adjusts the reference beam attenuator to maintain
optical null balance. The amount of reference beam energy
absorbed by the sample. The recorder pan is mechanically
coupled to the reference besm attenuator, to provide a read

out linear in % T.
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The above instrument can also be used in single
beam operation mode. In single beam mode, the reference
beam 1s blocked and doeos not contribute to the detecior output
signal. Jir.ce beam counterpart of the double beam reference
gignal is electrically gernerated 10 Hz component of proper
phase. The servoloop continuocusly adjusts the reference
voltage to maintain the electrical null balance with respect
to the 3 ..ple sigynal components. The balancing signal is
applied by a potentiometer mechanically coupled to the

recorder pen, to provide a read out linear in % T.

(iii) Sgectrogragﬂ3 : A spectrograph is an optical
instrument that ph.tographically récords the gpectral lines
emitted by a source. The resulfing‘photograph, or record, is

known as a spectro.ram.

(1v) gpectrchelgograph3 : A spactroheliograph is
a spgcial camera desgined to take solar phctographa. The
spectrohvliograph allows energy at a single wavelength toaggggé
the film. %Yhc reculting photogr ph, is called a spectrohelio-

gra..

7T.1.% THE THRNMAL INAGING (or the ivaporograph) *% :

The radiant power accumulated during a cert.in length of time
can be used when a relative, instead of abso.ute, radiation

measurencnt is desired. Just as in photograrhy the duration
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of the exposure controls the average tone of the picture,
8o in the evaporagraph the length of the time exposure
controds the coiour of the display picture, which is the
conversion, in the visible range, of the infrared image

of the target.

The colour, however, do not bear a univocal corre-
lation to the radiation of each point or target, since the
duration of the exposure has also an effect on their
formation. In cther ﬁorda, the same oﬁject always having
the same radiance, will appear in different colours in the
visible display, according to the length of exposure.
However, radiance gradients will-appear as colour differences,
and whenever absolute values are not required, thé\evaporo-

graph will display these gradients in bright colour.

when infrared radiation falls on thin film of oil,
a pattern is formed according to infrared radiation im-
pinging on it. In the same way that on '0il slick' on
water reflects different colours of spectrum according tc the
thickness of the oil layer, the evoporograph's oil memﬁrane,
when illuminated by white light, reflects different colours
related to thé thickness of the oil film left on it after
the partial evaporation produced by the infrared image
focussed upon 1it.

The operation of instrument‘is shown in Fi.. T-11.
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The opticalsystenx gathers infrared radiation fron
the field of view and focused as image of the field on the
membrane. A special coating on the front surface absorbs
| this radiation and changes temperature from point to point
in accordance with amount of radiation received by each
portion of the membrane. Thus temperature difference are
into differences of 0il thickpgess, which cause while light
to be converted into tnterference patterns of different
colours, giving a visible coloured thermal image of the

entire field of view.

Fige. 7-12 shows the heart of 1nstrumeﬂt; the evopora-
graph cell, which is described in the 5th chapter. The
performance characteristics of the instrument'vary with the
lens used and with other fabrication details : The fastest

model meets the fellowing apées H

Optics .ee 2.25 inch diameter, £/1.5
germanium.

Detector ... Evacuated 'membrane' cell

Readout eve Optical viewing of 35 mm

black and white or coloured
transparencies.

Minimum detectable 0.5° ¢ for black body at 25° C
temperature difference

Angular resolution ee. 1.0 m rad.
Maximum time tc obtain ee. 20 BecC,
Thermal image

Maximum spatial eee 10 lines/mm with a 10° ¢
resolution difference at 6 inch distance
from the lens,
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3ize, optical head complete ... 18 x 14 x 11 inch3
weight, optical head gcmplete;. 48 1bv
gcwer eee 800 W .

Supply voltage eee 115 V a.ce supply

Search, track and range instrument system is
bagically a radiometer, which has a facility of programming
also.

Inflected fux type systems an infrared source
and a radiometer or spectrascope is utilized to make the
syatem. More known radiation is projected on a body under
study and the refleéted radiaiion is measured by either

radiometer or by spectroscope.

Cooperative scurces are infrared source of'high

intensity. These are mostly used for communication purposes.

From above, it is clear that any infrared system
uses radiometer, spectrocope, or source or any combination

0of these three.

7.2 APELICATIONS OF INPRARED : Infrared applications are

summarigzed in Table J. Across the top of this table are
ligsted the potential users of such teehni@ues. Thése are
grouped into four categories that include the military,
industrial, medical, and scientific users. At side of

table and inducated the kinds of functions for waich infrared
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equipment is peculiarly well adapted.

Most of the applicationsdiscussed below are
industrial one. Jome important applications of the
g elundect-
field of Medicine, Military and Science are also induced

here,

7.2.17 TEMPERATURE MEASUREMENT : Temperature measurement

and control by infrared techniques is used in virutally
every industrial process. Infrared radiometers provide
quick, remote temperature measurement without affecting

the temperature of the object veing obsefved.

Operation of the radiometer is simple. Just gim
the unit, like a camera, and read the temperature. Most
| radiometers have an emissivity adjustment for absolute
temperature reading. Radiometers gencrally have a recorder

output for pen recorders or for temperature controllers.

Usually, infrared thermometers are restricted to
measurement of opaque surfaces. However, special combinations
of electro-optical components provide a means of noncontact

measurement of many transparent materials.

Hevma&ly;~£n$raréd—thermemeterawarerreatr&e%ed~
Normally, when en infrared thermometer observers a
trangparent object it not only senses the infrared energy

but the energy emitted by the surface directly behind it also.
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The resultant integrated temperature will be dif ferent

from that of the transparent object.

3

(1) Temperature Neasuremcnt of xlass” : Glass does

not emit inffared energy uniformly at the wavelengths. It
is desiradble, therefore, to measure the radiant energy only
at the longer wavelengths, beyond 45 micrometres to measure

the glags temperature.

rost of the coptical parameters operate at (.65
micrometers, where glass is highly transparent. Jome infra-
red thermometer look only at wavelength shorter than 4.5 mic-
roaetrec, whilb others look at wavelengths, above and below

4.5 nm, giving false glass temperature indications.

By the help of interference filters, infrared
radiation absorption take place beyond 4.5 micrometres.
By combining the proper interference filter with a long
wavelenpth detector, glass temperature variation of C.2
per cont whic.. occur for short duration can be detected
and recorded. One per cent accuracy is possible with

careful calibration techniques.

Thigeis essential )no transmission of infrared
energy through glass beyond a 45 micrometre. This means
hot sources such as ovens, behind the glass cannot influence

the temperature reading in any way.
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(41) PFlame Temperature Measurement'® ; ~when

hydrocarbon fuels are burned in the atmosphere or with
oxygen ratio of the combustion products produced are water
vapour and carbondioxide. Both of these products emitt
energy in the infrared spectrum : HZO at 2.7 micrometers
and 002 a t 4.45 micrometers. The width of the emission
bar depends sone what on the teusperature and presence at
which the exzhaust gases escape. Also transmission of the

flame depends on its thickness.

The termo éouple s can not be used because of
the extremely high teﬁperatures and relatively fast conta-
mination of the thermocopudpd itself. Infrared techniques
offer a distinct advantage of permitting temperature measure-
ment without disturbing the combustion process or influencing
the temperaturd in any way. ‘

(11i) Temperature Measurements of Plastics'? :

Plastics temperature (such as polyethylene temperature) may
be measured at 3.5 micrometres or by use of a total infrared

thermometre and black body radiation source.

Use of the black body is more applicable for control
appltcations varying thikkness or changes in the infrared
transmission of the transparent material will not affect the

control accuracy.
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Let us assume that we want to control the
temperature of the polythene during extrusion and that
the temperature must be maintained at 200° F. Fig. 7-13
shows a typilcal geometrical layout of to control polyethylene
temperature. In order to maintain the temperature at point A,
the black body source must be set at 200° F and radiometer
is sighted into its cavity. KNow the voltage output shown
by the radiometer is sayyx when nothing is placed in between
d#he radiometer and black body. The polyethene has an
emissivity value of 0.3 in the spectral region used at 200°F.
The voltage generated by radiometer be again x. This can be
shown mathematically #€¥F* 9% ¥ #9%¥ that the transmission
factor of the polyethylene has no effect on the voltagd
output when the temperature of the transparent material is
equal to'the temperature of the black body. Since trénsmi~
ssion is determined moétly by the thickness of ihe-material,
thickness will not affect the control voltage in any way.
In actual practice the source is sét at the desired control

temperature.

The output will not follow the desired set point,
however, the controller is not interested in the accuracy
of temperatures above or below its set point. An error voltage
related to the affset temperature will provide'the controller

with reiiable control temperature information.
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T¢2.2 Component part evaluatioh”19’20

¢ Electric
components and clrcuits performance can be Jjudged beautifully
with the help of infrared techniques. an infrared microscope
having adequate area and temperature resalution yould be

able to solve this prbblem. Conventional test equiprment cen
only supply information related to the overall operation

of the electronic components or circuits. But with the help
of infrared techniques one can detect hidden anomalies that

can make the .component or circuit unreliahle and likely to

become an early failure.

The components under ncrmal operating conditicns give
a particular radiation in-erse-of-any-#awdrd spectrum. In
case of any fault change in radiation czn be measured by
radiometpr or by infrared thermal map technique. The
programme or chart of a sound circuit ig alrcady available and
at each stage the output from infrared tester and programme,
is compared to detect the fault in the circuit. This method
is very usefulﬁzgrge scale integrdtion (18I) circuits and
samall scalc inte, ration (3SSI) circuits, otherwise it is not
possib{e to check the performance of each active element
with the heolp of conventional method, because of the

impossibility of reaching them through the outside connoection.

In short, when applied to semiconductor ddvices,

infrared techniques must be div.ded in two areas :
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1+ Information related to the radiation of thermal
origin.

2. Information related to the mecombination radiation

The data under step 1 carrieftis infor ation about
electrical power dissijation and adbout mechanical charac-
teristics related to the performance of the seuwiconductor
devices. ItA*s usefulness can be broken down in the

‘ 1,2
following areas 3

t+ Engineering design evaluation : The ability to

measure the true operating temperature of each and every
element of the circuit enables the design engineef ‘to
determine the electrical operating characteristics of
transyisters ard diodes, which are heavily tenperature
dependent. with this infgrmation, actual.stress levels and

déggting factors can be disclosed and corrected.

2. Reliability Calculation : Knowledge of the actual

operating temperature of components enables the relibility
engine:r to obtain the true failure ratios for all components,
80 that the reliability calculations can be trusted as being

really representative of the unit under evaluation.

5« gfanufacturing guality control : SO far the
following defects have be n detected through infrared

measurements : poor chip-to-header bonding; defective
metalizsation; reduced eer cross section of conducting elements;

hot-spots capable of including breakdown conditions; oxcessivo



150

or insufficient power dissipation by junctions or by
resistors. Investigation is still proceeding in other
aress of interést, such as semiconductor eracks and quality
of the bond between the chip and elemento attached to it
(wire bond) deposition onto it (resistors and metal

interconnect).

The data obtained under step 2 carries information
about electrical characteristics (other than power dissi-
pation) by Junction or by resistors. Investigation is still
proceeding in other aress of interest, such as semiconductor
cracks and quality of the bond vetween the chip and elements
attached to it (wire bond) deposited ontb it (resistors and

e

metal interconnect).

The data ¢cbtained under atop 2 carriocs information
about electrical characteristics (other than powsr dissipation)
Such as waveform and current magnitude of the signal flouring
through the junction of transistor and diodes. It also
contains information about carrier lifetime, orystal doping,
and degree of uniformity df~current density along the junction.

Such data is especially useful to :

1. The design engineer who can find how the sipggal
travels through the circuit}and it gets modified

in waveshape and'amplitﬁdo as it proceeds from

point to point.
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The quality control engineoer who can verify

how well the process kecps within the upper

and lower control limits established as a result
of the recombination radiation measuremetts.

0f course, this refers not only to the electrical
characteristics of the signals, but also to the
uniformity of current flow density along each

Junction.

The failure analyst who will be able to investigate
the circumstances and the effects related tc the

faulty condition under examination.

The physicist who will be able to actually ‘'see’
GM 'V\"Y
on the oscilloscope display the oarner lifetime

characteristics and other physical qualities of

the semiconductors that are the object of his study.

7.2.3 HECHANICAL BOND Q UALITY EVALUATION'? : Most of

the mechanical bonds used today's space-age handwave are as

follows

1
2

3

Fusion bond (solder, brazed, welds)

Adhesion bond obtained through the use of chemical
or mechanical bond agents.

Fonds cbtained through electrical deposition of

metallic materials (plating, motelizing).
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Bonds obtained through vaccum disposition of
elements or compounds (motalization in semi-

conductor devices).

Compression bonds, obtained through application

of pressure at the interface of metals to be joined.
The pressure can be steady or intermittent

(hamming, ultrasonié) and thé temperature of

the metals can be ambient or raised to a conve-

nient thermal level.

According to the applications, one of the following

gystems is used :

1.

Flooding the surface of the target with radiant
heat and'ﬁapping the temperature at every point

of 1it. This discloses how the heat diffuses
through the material locataed under the surface, thus
yielding information about the presence of hidden

anomalies along the diffusion path.

Soakihg the target in an oveﬁrlike en¥ironment at
a higher than amblent temperafure, and mapping the
thernmal distribution on. the surface, after removal
from the oven. Physical characterigstics along the
heat flow path from the core to the outside surface
will be reflected in a corresponding thermal distri-

bution that can reveal hidden anomalies.
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3. Introducing a thermal differential between two
points of the target chosen in such 2 way that the
heat flov between them will be affected by ?he
characteristics of the element under evaluation.
Therual mapping of the surface between the tuwo
points will depict how the heat flow takes place,
thus discleosing the presence of any anoraly hidden
under the surface., The temperature differential ca
be irntroduced by heat injection at one point, or

along a line conveniently chosen.

4. Developing heat due to friction generated in the
unbounded region. Thermal mapping 0f the outaide
surface of the Zeeadion-unere-thé targyet Qill show
a warm area in eorrespdndence to the location where

the fraction takes place.
TRANAVMESSTON LINE

7.3.4‘_RE£AIR3’19 i Defects in power line, trans-
mission insulators or conbectors and poor splices can be
detected before electrical service 1is 1ntamrupt§d or costly
repairs are needed. Any resistance to curirent through the
transmission cable will cause power to dissipate at the point
of pesistance, which will cause an increase in temperature.
This temperature incre.ase can easily be detected by infrared

radiometers.
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7.2.5 INFRARED PHOTOGRAPHY': HNear-infrared energy

may be detected by photographic means. Photographic emulsions
_are available tha£ allow to 'see' wavelengths as long as 1.4
micrometers. & major use for infrared film is adrial
photography, since the longer wavelengths penctrate the

atmospheric haze with.less attenuation.

Comparison of infrared photographs with normal
photographs can be used to identify certain objects or detect
comouflazed items. The comparison of photograrhic information
at two different wavelen,ths can yield much information con-

cerning landscapes, printings, and other documents.

Any camera can be used to take infrared photographs.
All that is needed is some infrared film and a special fil%er.
The filters dwt usedto attenuate all, or most of the visible

energy striking on film.

7.2.6 FOREST FIRE DETECTION®’'? : Infrared teckniques

appear to be attractiﬁe for the early detection of forest fires
3 aimple scanner placed on a high point in ths local terrain
could continuously scan many square miles of forest. The

time required for one complete azimuthal scan need only be of
the order of tens of minute. The use of integrated circuritary
would permit oyerétion from batteries that are rochargable by
solar cells. « comparison transistorized transmitter would

alert a central monitoring facility if a fire was discovered.
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Carl
conditions. Infrared survillance of earihh harigon cled-
 coveragd and hot air masses can aid in the forecasting of

rain, snow, thunderstorms, and huricanes.

Infrared radiometers abroad satellites have measured-

the surface temperature 6t'Mars and Jupiter. The Mariner

6 satellite, for example, measured the surfaqe temperature

in the equatorial region of Mars at + 20° C. It also
absorved a tenperature of - 120° C at a latitude of 77° south.
Infrared technique alsc helps in the evaluation of the mineral

content below the surface of a distant planet.

7.2.8 MILITARY APPLICATIONS®’> : Military uses of infr

red techniques are numerous. Some importent are as below :

Infrared communications are ideal for military use.
Bhey are wireless, relatively compact, and vary directional,
which ensures private communications. Infrared communication

system were first used in the World war LIL.

Infrared imsging systems containing of the snooper
gcope and sniperscope were also used in world war II. Newer,
more sophisticated imaging systems convert periscopes and
telescopes for use at night distinguish besiween natural and

conoflaged objects; and map target area at night.

k) .
nisele guidance is another interesting application of
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7.2.5 INFRARED PHOTOGRAPHY': Hear-infrared energy

may be detected by photographic means. Photographic emulsions
- .are available tha£ allow to 'see' wavelengths as long as 1.4
micrometers. A major use for infrared film is adrial
photography, since the longer wavelengths penctrate the

atmospheric hase with.less attenuation.

Comparison of infrared photographs with normal
photographs can be used to identify certain objects or detect
comouflayed items. The comparison of photographic information
at two different wavelen,ths can yield much information con-

cerning landscapes, printings, and other documents.

Any camera can be used to take infrared photographs.
All that is needed is some infrared film and a special filter.
The filters det usedto attenuate all, or most of the visible

enargy striking on film.

7.2.6 FOREST FIRE DETECTICN®?'? & Infrared techniques

appear 1o be attracti&e for the early detection of forest fires
A4 aimple scanner placed on a high point in the local terrain
could continuously scan many square miles of forest. The

time reguired for one complete azimuthal scan need only be of
the order ¢f tens of minute. The use of integrated circuritary
would permit Oyerétion from batteries that are rochargable by
solar cells. . cozparison transistorized transmitter would

alert a central monitoring facility if a fire was discovered.
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Since infrared guide missiles find a fire to bs a very
attractive turget, it is not surprising that some thought
have been given to having such missiles carry a fire suppressing

payload.

Infrared equipment is8 used for the early detection and
rapid extingulshing of fires in air craft fuel tanks.
Ruggedized load su@phide detectors mounted inside each tank
detect any flamwe and actinate an extinguishing gyatem. The
detonation time of fuel air mixture is from 5 to 8 m sec.
and typical infrared actuated extinguished system record

in 1t to 3 m sec.

7.2.7 SEACE TECHRO.OGY AFPLICATIONS'?’® : Infrared

radiometers are used with telescopes to track the sun, moon,
‘and stars for rositioning astronomical instruments for obser-
vations and measurements. The detection and tracking of

celastial objects is imyortant for space uavigation.

Setellites use the earth as a reference for bosition
'and altitude control. The carbon dioxide 1layer around the
earth produces a corona that makes wisual observation inaccurate
Infrered radiometers operating at about 12 micrometers greatly

incrdase the accuracy of gearth horizon.

The TIROS (television and Infrared observation Satellite)

satellite has been successfully used to plot and forecast weathe:
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Cordo
conditions. Infrared survillance of earhh hesxigon clod
coveragd and hot air masses can aid in the forecasting of

rain, snow, thunderstorms, and huricanes.

Infrared radiometers abroad satellites have measured
the surface temperature of Mars and Jupiter. The HMariner
6 satellite, for example, measured the surface temperature
in the equatorial region of Mars at + 20° ¢. It aleo
absorved a tenperature of - 120° C at a latitude of 77° south.
Infrared technique also helps in the evaluation of the mineral

content below the surface of a distant planet.

7.2.8 EILITARY APPL{CATIONS®’> : Military uses of infr

red techniques are numercus. Some important are as below :

Infrared communications are ideal for military use.
Bhoy are wireless, relatively compact, and vary directional,
which ensures private communications. Infrared communication

system were first used in the world war IIL.

Infrared imaging systems conﬁaining of the snooper
gcope and sniperscope were also used in world war II. Newer,
more sophisticated imaging systems converti periscopes and
telescopes for use at night distinguish be.ween natural and

comoflazed objects; and map target area at night.

) A
uisglle guidence is another interesting application of
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iinfrared technology. Infrared horning missiles such

as the Navy's sidewinder and the AIR Forces Falcon have
been operational for many years. The guidance systems
in these air-to-air miséil? provide continucus target
position information to constantly aim the missile on a
collision course. HMost airborne targets generate large
anounts of infrared energy provide strong signals for

the infrared-sensing missiles to 'home-in’ on.

-

Infrared radar systems are used for early warning
of aircraft and ballistic missiles., Fassive radar
systems do not transmit signals that may be detected
and iniicated its position. Infrared radar systems alsc
provide cearch, aquisition and tracking information for

sun fire control.

7.2.8 LiFRARED SIGNATURZ'Z : Lvery physical

object, from the simplest to the . ost complex one, from
the smallest to the lorgest one, has a viasible shape and
its surface exhibits visible colours. A coloured
picture of it will unequivocally identify it, the only
1im tation 41s the impossibility of differentiating

between idemtical copies of the object.

the mame is tru- with infrared. Inatead of visible
radiation, infrared radiation is the parameter being

monitored. as long as the object exhibits a different
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~radiation level than the background, its picture 'signature’
or 'pattermn' or ‘'profile’ will define its surface thermal
digstribution, as affected by its surface emissivity, and will
‘be consistently the same for identieal thermal conditionz. PFoa
any system, its infrared signature can bé recordied and used
as a standard, typical of that assembly during proper opera
ting conditions. Ali identical units operatin, in>the same
mode will exhibt:-an infrared signature that matches the

standard. OSomelthe intelligent use of infrared signature

for electron circuitg, LSI and MSI are listed below :

1« Electrical design verification

2;' Product design evaluation

3+ Component stress analysis

4. Reliability calculation

5. Inspection, test, and trouble shooting
6. Detection of hidden failure conditions

7. Detection of secondary overstresses

8. llovel maintenance policy

7.2.9 MEDICAL USES OF INFRARED''?'2! : Infrared

imaging techniques promise to enhance the already proven
roles of electronics in medicine. Within a short tiuwe,
infrareh instrumentation will be as valuable a tool to

doctors and hospitals as the X-ray machine is today.
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The medical profession has used infrared
photography for a number of gears. This method, however,
is limited by the fact that the film emulsions are sensi-
tive primaril; to rerlected energy at the vepy near

infrared wvavelengths.

New thermal imaging devices detect emitted radia-
tion and 'see' fur her into the infrared spectrum. These
devices enable the medical examiner to observe and record
skin temperature differentials without physical contract

with the patient.

Infrared scanners have been used for clinical studies
in %hke many countries. These 'cameras' have been utilized
experimentally as a basic research tool for the detection of
breast éﬁggg%f, deterniring the degree of skin burns and

frostbite, and for numerous other cliniccal studies.

Human skin at temperature 37° C cmitts more than 5C
per cent of its encrygy between 5 to 14 ricrometres. The

maximum ener,y is emitted at approximately 9.3 cicrometres.

The infrared emissivity of human skin, redardless of
colour, very clcsely approaches unity (&= 1). This one fact
means that relialle, remote plotting of skin-surface
teaperatures can be rade regardles. of skin colour, visible

light conditions, or ambient temperatures and its further
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insures a high degree of reproductivity. -

it is alco important to know that the heat generated
by an illness ér reaction must occur on or near tho surface

of the skin, ir order to be detected by infrared methods.

The tormm (tlLermography) is used to describe the
tochnique involving infrared 8canning cameras. The worad
‘thermograchy' generally is used to describe the final
picture. 0On the thermograph, black to white represent

about 1° C.

It has found that the identical symmeirical areas
of the body surface are almost always within elwawe-with

)

17 C unless there is a derangement of the vascular supply

or some pathological progress to explain it.

Hedical detectors have recognised that breast cancer
provokes varying degrees of loecal inflammatory reactions
asgociated with an increased blood and lymphatic supply.
Tests show tuat average temperature rise is either the area
of thg tumor or ipsilantleral aerala is 2.27° F. No
temperature rise has been assocliated with cysts or fibroa

denonata.

L.ore than a hundred patients, each having a lump in

one Lreast, wuwcre investigated in Lendon. All cases showing
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a rise more than 1- C over the contrulateral normal area
were designated as 'hot' while the others were 'ecold' group
contained degenerative lesions, such as cysts and duct

stasis, N

The values of infrared diagnosislies in its early
detection of symptoms.

Theyroids glso have been studied. It has been
obsérved that overactive toxic gosters are extrenely hot and

therefore emitt more infrared radiation than underactive ones.

More accurate and earlier evaluation of burn injuries
can also be made by infrared techniques. Destroyed or
devitallzed skin limit the amount of infrared radiation emitted

as compared with partially burned skxin.

Healthy adult dogs have becn used to test the usefulness

of infrared techniques for detection of degrees of skin burns.

An increase in skin temperaturse over the appendix
has been seen to occur several hours before the white blood
count rose, indicating a possible use of infrared in the earlie;

diagnosis of appendicitis.

Since any inflamation is associated with ineat and
therefore has an increased infrared emission, successful

treatment becomes obtvious by the reduction of heat.
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Infrared imaging also may be 0f great appastenee
to doctors in the study of congenital defects, viascular
inflammaticns ,drug reactions, and circulatory diseases.

7.2.10 INSTRUMLETATION LaLoIie'*'® i uhen the atwosph

becomes foggy or/and cloudy u to such a extent that the

air strip is not visible from aeroplane from a height of
about 300 metrec than aero;lane is landed with the he.p of
instruments. This job can be done oy either with the help
of microwave systems oxr with the help of infrared .ystemn.
Infrared techniques, are new comers to this field. with the

help of infrared technigques landing met:.od is more safe.

in mié&owave method information is sent from control
rooms to the gaeroplane and then by that information the plane
is landed manually. DIut in case of infrared techaique which
has 0t a rr0 erty that radiation region can be restricted
in direction and axr length bothe the landing becomes fully

automatic.

7.2411 LLFRARED HEATILG #7 : Infrared heating is

adgantageous in following ways :

1. directional efféct

2. Intensive effect

3. Losé thermal inertia
4. Cleaniiness and sufety
5. dpeed

6. Penetration of radiation (very much advantageous
varticularly in thick layers).

- e v L
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Some of the applications for infrared heating

are discussed below :

(i, For laint Drying4 : The object c¢f ififrared

"heating is to increase the temperature of paint so as to
accelerate the polymerization of the resin base giving a
macromolecular structure which wedwees renders the film
of painits particularly touch. Examples for the drying of

paint are as follows :

1. The drying of enamelled metazl plate (ensmmel)
before stoving. If the objects are dried in a
tunnel, they can be kept much free from dust, and
/ are not liable to damage resulting from manual

handling.

2. The drying of anti-dust warnish and various other

protective layers.

%2« The drying of insulating varnish im electrical
‘equirmer.ts. |

4. I£ has been found khat the insulating properties

| are improved in this way, because the drying is

nore through than other ..ethods.

(b) In D.oTILE INDUSTRY!:

In some cases, in which a lar.e amount of water has

to be removed from the fabrigthe use of infrered heating
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is advantageous, and very good results are obtained. The
gqualities inherent in the infrared drying'allow very uniform
treatment, and the quality of the sizing is improved so that
the¥e are zﬁﬁﬁl breaka es on the loom. Other applications
are the drying of flax after setting and the drying of

textile after bleaching and dyeing.

At present, however,the applications of infrared in
textile industry seems to be mainly concerned in the field
éf plastic treated textiles and synthetic fibres. There
are muny other special applications in textile industry
such as polymerisation>on :apér makin;, félts, vulcanisation
of rubber coating and the drying of adhesive priming on the

canvass for automobile tyres.

(¢) e .ib. . INDUSTRY! :

The drying problems are no£ with at all stages in
paper industry : during the manufacture, coating, primting
cumming, stitching, glazing, etc. %ﬁi?: problems do not only
occcur with printing paper, but alsc with wall papér, card

bo ird oL C.

A related problem in the drying of photographic paper
for photograph;ing paper , and copying by the irradiation of

thermosensitive paper.
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' (d) IN FOUNDRY WORK 3

The sand used for making moulds, must be dried
tc a depth of 10-15 mm, to prevent instantaneous vaporisation
% when the metal is run in,which could give rise to flaws in
casting of surface temperature of around 60° C is used for

this purpese. In this case the uniformity of drying is

achieved only by infrared heating.

3,7
(e) PLASTIC INDUSTRY :

In short infrared heating has got following applica-

tions :

1. The conditioning of gramophone records blanks.

2. Qg;ting sheets of plastics to soften them befofe
cutting shaping or stamping. |

3. The treatment of plastics coating on textiles.

4. The drying of plastics adhesives

5« The heating of plastics granular or pill form,

before mouldirng.

In some countries infrared heating is used on a large

scale in the menufacture of synthetic leather.

|
\

(£) IN FOOD INDUSTRY?:

«here electric cooling is econocmically justified, the
use of an i fra red oven will give its usual advanta.es.

¥ Because of penetrating and uniform heating properfy of A;~6ymi‘rd
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the quality of product is often>improved. In severel countries,
including India, such ovens are u.ed for £hevmanufacture of
biscuits, breads, etc. Infrarad‘lamps have_beén tried with
success. For such purposes as the cooking of fish, drying of

coffee and cocoa, drying of grains, etc.

To keep the food Rot, infra-red ovens are in general
uge. Tuc infrored heating is preferred for processing the
packagin~ in which food is sold.

(. iisgellaneous agglicaticn87 :

The following examples illustrate the vast range of

industrial_applications of infrared heating in various filelds :

1« The drying of metallic objects by
electroplating.

2. The drying of explosives
3. The drying of paint on glass (mirrors)
4. leatirg of grains, etc. to kill parasites

5« “he drying of glue apilied to weolon obdjects.
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8. AN ANALYSER FOR DETECTORS

The growing demand for infrared detectors has
created a need for improvement in production techniques
and better quality control., for the better function an
analyser detectors hame been developed here. It checks
and records qﬁickly ahd accurately all of the important

operating parameters of an infrared detector.

The various figures of merit used to describe the
performance of a detector were discussed in Chapter 2.
For convenience they are summarised in table §. Inspection
of this table shows that ohly five quantitiesvﬁéed to be
known in order to calculate these figures of merit; the
signal voltage, the noise voltage, the equivalent noise
bandwldth of the measuring circuit, the blocking area of the
pdetector, and thevirradiance. Infrared-In practice the
e;periment-or measures additional quantities in order to
-'determine other characteristics of the detector. One may
also bqinterested in recording certain details describing

the physical nature of the detector and the condition of

measurement.

DEAGRAMPOR

8.1 ZBLOCK ANALYSER

A block diagram of the components needed to make up
a typical detector analyser test set as proposed in the

references ( 223 ) is shown in Fig.®1. The descripiion
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of each block is given below :

4

(1) Black body rddiator &: The design, construction,
ITemperature controller

and calibration of these units are already'covered!in
chapter 3. Most of the measurements are done at a black
body temperature of 500° K to 900° K. After prcper
calibration incandescent lamps can also be ﬁsed as a source

in place of black body radiator.

(11) Limiting fppertures: These are used to

provide an accurately known radiating area for the black
body source. JSeveral apérture sizes are available, ranging

from 0.25% to 5 mm in diameter.

(;11) Variable speed modulator : These were
discussed in Chapter 6. For getting variable speed the

uge of a d.c. motor is idesal.

(iv) Freguency meter : Used to measure and monitor

the choppin, frequency.

(v) Shutter : An opaque shutter is used to block the
flux fpom the black body in order that the noise from the

detector can be measured in the absence of an input signal.

{vi) Detector : The principle requirement here is
a means of holding the detector during test. ’Such items are

usually custom made to fit the specific needs of the
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experimenter. It is particularly convenicent if the detector
mount can be mwoved either toward or away from the black body
source. In this way detectors can be so positioned that

the distance from the limiting aperture to the plane of the

reasponsive element remains constant and one calculation of

irradiance is valid for all measurenents.

(vii) Variable bias gsupply : It is a variable
stabilized d.c. supply and 1is used to get the optimum biasing

conditionr for a detector under test.

(viii) FPreamplifier : The preamplifier is one of
the most critiéal components in the entire test set. Unfor-
tunately, no single preamplifier can provide optimum
performance with all of the variable detectors. The primary
requirement is for noise figure that is so 1low that the
noise from the detector is the limiting source of the noise
inthe system. 2 low output impedance 1s deeirable in order
to permit the use of low-impedance ccnpecting cables. DMost
designers prefer to built their own preamplifidrs.

(ix) Shielded enclosure : At the very mininunm,

this enclosure should be a light tight box painted black
on the inzide so as to shield the detector from the ambient
illumination. In some test sets the black body source and

chopper are aisc placed within this box. However, for proper
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shielding, individuadl workers will have to find experimentally
just how much shielding is frequired in their particular

location.

(x) Calibrated sttenuator and audio oscillator
Thaese provide a calibrating voltage of known amplitude and
frequency for determining the voltage gain betwden the

detector and the output indicating device.

(xi) Amplifier : The level of the signal from the
preamplificr is ugually too low for direct application to
the final re.d-out device. Since most chopping frequencies

liaes in the audio‘range, any £004 audio anplifier can be used.

(xi1) Oscilloscope : This is used to ensure that no

overlecading occurs et any position in the test set. Any

geaeral purpose osclilloscope is suitable.

(xiii) wave analyser : This is a narrow band width
voltmeter tunable from 20 Hz to 50 KHz. The equivalent noise
band width varies with monmufacturer but it is usually about
5 to 6 lIz. Since this instrument is not true r.m.s.
responding, the correction factor must te applied when noise

voltu,e ixre read.

(xiv) Vzriable electronic filter : It is often
convenicnt to be able to sclect a particular bandwidth for

the measurin; circuit sc that tre noise can be weasured in
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a band width approximating that of the final system. Such
control of the band width can be had with the ampliifiers, or w:

with variable electronic fiiter.

(xv) True r.m.s, meter : This meter is used to measur:

both signal and noise.

(xvi) Refrigerator : :any types of detectors must e

cooled. Hetrigerators are discussed in chapter 3.

8.2 SCHENE Or ALaLYSLR

The block diagram of tho analyser developed by the
author is shown in figure 8.2. Details of each bdlock,

including design are discussed btelow individually.

8.2.1 LELPERATURE CONTROL & SOUHCE : THe incandescent
lanp of 2.2 V, having a lens and a reflector is used as an
infrared source. A calibration of incundascent lomp is done
by optical pyrometer. In lamp the different temperatures

are obtained by changin. the current through it (Fig. 8.3).

8¢2.2 MODULATCR : Opital mcdulator systems are

already discussed in section 6.3.1. lere a chopper disc,
having 36 slots in one position and two slots in second posi-
tion, 15 used to m.dulate the infrared radiation. The chopper

disc used is zhown in fig. 8.4.

Variable speed control of codulator is done by using-a

d.c. shunt motor; The speed control circuit for d.c. motor
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is shown in Fig. 8.5. 3Speeds higher than the rated are
obtained by decreasing field current, and speeds lower

tlian the rated are obtained by decreasing the armature
carrent. » variation of 150 r.p.m. to 4000 r.p.m. in opeect
is obtained by the motor, which gives a chopping frequency
variation 6f 10 Hz to 25nHz.

8.2,3 REGULATED D.C. SUPPLY (For Biasing) : The fixec

d.c. suprly, which is input to the voltage regu.ator is 12 V
battery. Thec circuit diagram for variable stabilised asupply
using LC 723 is shown in ¥ig. B8.6.

Degign:'{from Fig, 8.6)
Vzener (given) = 7 V
Variation required = 2V - 12 V

Short circuit current ISc = 3C mA

Take Vref = 1.0V

from Pig. (8.6)

Vrei, = T x R4/(R3 ; R4}
or 1.0 = T x E‘ﬁz”ﬁ‘

3 4
Take H4 = 1 KA
Therefore
R3+1 = 7 or RB#-GKW
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v T
XBC (Jnort circuit resistances) = ?“ = 0.6 -
SC 30 x 107%
PN RSC = 20N
where, ’
vﬁﬁ = Voltage drop across hase
to emitter.
| (R1 @+ Rz)
cht = Vigp X R, , Ry =17 K St{say)
where 51 = O3 Vougz = Vref
Vout = 1.0V
i — ¢ — -—1—0—;"——1-.—.
¥hen R1 = 10 KN vout = 1.0 x ‘ 3
= 11V

Therclore, the rinal wvalues are :

R' = 10 K Pot.; R2 = 1 Ko R3 = 5,6 KL 3 R, = 1 KN

c

8.2.4 PREAMPLIFINR AND AMPLIFIER : It is stated

in section 8.1 that preamplifier is one of the most critical
component in the entire test set. Every detector should have

its own preamplifierz’S.

The zauthor has provided two preamplifiers, one for
photo trarsistors type detectors, and other for cell type
detectors (such as photo conductive, thermistor. ete.),

having impedances 104to 1 M (L approximately.
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The preamplifier used for cell type c.ietectors is
basically a brid. e circuit. The arrangehk i: such a way
that the out of balance voltage from bridge becomes the
measurs of cell resistance. This btridge works as a pre-

amplifiar also for cell, under test.

(a) Pre-amplifier for rhoto transistor type detectors :

COHSiﬁ‘L‘I’ Fibo 8&7

Take load resistance R_ = 10 K
Voltage of point = ~ 3V
Supply voltage = - 10V

Therefore, current through Rc under ssturation

. o {=10 + 3)V B
| condition is = 0 x 103 = 0,7 m.A,

Therefore RE = = 4.3 EJv

0.7 MmeA

Take R, = 4.7 K -

Also take pot R1 = 10 K Jb Ninimum frequency at

which the transistor can be applied for operation is 100 Hz.

1 _ 1
2 m £ R ~ 2% 3.14 x 100 x 4700

Therafore CE»

_ 1072

g O 0.034 u.f.

c

(b) DBridge Circuit for Cell type deteg§9r322

Brid_e circuit for cell type detectors is shown in
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Rf = 1 Man , R‘1=10KJ‘L ,R251OKJ'L,

33 = 4.7 K and R4 = 10 Ko . By using these values
practically -ood results are obtained when Rx is varied

from 100ato {1 M.

(¢) Amplifier :

The amplifier is essential 80 as t¢ drive the final
output displayyg devices or recorders, ﬁecause preamplifiers

output is too low.

A simple a.c. amrlifier using one operational

amplifier is shown in fig. 8.9. The vaelue of C1 is decided

12
by the cut off frequency and the resistance R il.e.

1

] where, fc = cut off frequency

Por gettin, higher amplification two or more stages
of such amplifiers are used in cascade (M, . B.1C).

Design ¢+ From FIG 8.10

1ast stage @ Cat cff frequency = 100 Hz
take gain = 10

and R1 = 33]KJL

£ == R1 X 33 & 330 K
and &, = Ry = Ry 33 x 3%0_ _ 33 x 330

R, + Ry = %30 + 33 - 360 Ka

Tneresfore, R

2 30 K
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Fig. 8.8. with an adaitiond) of feed back circuit, the
output voitage of standard rvesistance bridge crn be made to
vary linearly for a change in bridie resistance. The
feedback circuit provides good sewsitivity for a wide
range of brid?e resistance variations, while maintaining
the f1ll scale linearity of the bridge output voltage
within 0.1, Furthermore an a.c. or d.c. voltage may be

) 1
used to excite the bridge' .

The output of the brid._e remains zero as long as
its four resistance arms are equal to each other.
One &rm of the bridge is variable from tuis resistance
null.

Rﬁ = H+ AR

vhere, A R represents the change in bridgze

registance, Now for standard bridge

vg' = v, R/(2 R + R)

This is not a linear relationship, since Ao R appears
in the dencminastor. Now by applying feedback the bridge
excita.ion voltage changes in such a way that the relation-
ship between output voltage and R becomes lirear

(Appendix - 1).

For test results Rk can be wvaried from O to 2 R.

The author has taken the values of R = 470 Ea,



Take R2 = 33 K
Now € 2' 1
1 2 fe R1
> L 5
2 % 3.14 x 100 x 3% x 10
\ > e 1Q:S.
< 6.28 x %%

1
2nd sta,e : It 1s a variable gain stage.

Take }{'1 = 10 K 9and take gain = 10GC

Therefordé R', = 10C x R, or R, = 1 M (Pot)

£ = 1 £
R 3
1P 10 x 10
[ — e ——
R'y = R, +R', = T1C = 1000 K2
v 10 K
Take .R'z = 10 X1
o L

v oz 7
17 2t R,

S, 1
4 4
2 X 3.14 x 100 x 10
-6
> 10
7 6.28

7/ 0016 P.f.

TQKG C'_‘ = 0.44)1.f‘

177
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3rd 3tage : Take R", = 10k and gain = 100

1

e’ R“f = R", x 100 = 10 x 100 E
== 1 M A »
Rt;g = 3"‘ X R"f a 19 x 103 KJL
R"f + R"1 - 16 + 1000
© 10Kk
Take R"z = 10K N
o 7 i

"
1 2 nfe R 1

» — 7
2 x 3.14 x 100 x 10
-6
10
b UL, S,
7 6.28
ks 0.16lp.f.
Také C" = 0044 MOfO

1

2.8.5 LOW PaSS _FILTER ¢ To measure the signal, noise

must be filtered out. For this purpose all frequency
appearing above 2.5 K Hz must be filtered out. #Fig. 11

shows a simple passive filter, By cascadin, these filters
effective filterin, €selectivély becomes higher) can be done.

Design : Max. frequency = 2.5 KMo

's Time constant = é.s x 1072 sec.

= C.4 m.sgec.
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TBkG C = 0.1 Pof.

Therefore Réf' time constant

6

or R x 0.1 x 10°° = 0.4 x 1072 .

or Rz4x103 = 4 K-
Take n = 4.7 K-“"

For Ligh selectivity author has mesed three such

filters.

Hext stage to filter is an amplifier . The amplifier

uged herc by author i¢ having a gain of 6 aprroximately.

2.8.6 IUinBLL BARD FASS PILTERZ?

It is desirable to plot noise spectrum of the
detector under test. For this rurpose a tungable band
pass fiiter is used by author. The circuit diagram for

such filter is shown in F{?» .12

Desim . weciyn equations are
(] .
- T -
I\1 = (hf C1R202) = 2rf.fo
K. = R.C, = 1
é 171 2 m B
- ¥
K3 = (ch1/3202)
= Ls 2.t
e
o max

Now filters time constant can be computed as
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R,G,l = K2
I1

R C L ——

272 K3
Rf01 = K,K3
f{£/;;1 S K‘g:aj

2
where, . fo = cgg¥roi frequency = 100 Lz

voa = QOutput voltage swin; of operational
amplifier = 20 V pk - pk

€5 max = maximum output voltage = 1V pw - pk
B.W = Pand width = 5 Hg
. _ -1 L
Therefore, K, = 2 £, T TZ2x3.14 x 100
= 1.59 x 107>
K. =R.C = 1 = 1
2 174 2 BW 2 %X 3.14 2 5
= 3.18 x 1072
Vos .2 2 20,2 E
B, = (922 g 7 L (@2
O Lax
= (399)7 = 19.99
| , -2
and R,C, = K, = 3.18 x 10
| ~ -5
RyC, = Ky/E, a  7.75 z 10
. L -2
RgC, = KKz = 3.18 x 10

Rf/Ri = K1K3/K2 = 1
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Take C1 = 0.1 n.f.
therefore ®, = g:laxx139;? = 3.18 x 10°
= 318 K v
Take K, = 330 KN
Therefcore, Rf = # Lx‘ R1q '
= 330 R0
Take Rf = 47C kS {(Fot)
Take €, = 0.001 n.f.
Therefore R, = 7.96 x 1On§6
0.001 2 10
= T.96 KSL
Take ky = 8.2 K L
final values are : 01 = O.1Jp.f.
R1 = 330 KM
R, = 8.2 K&
¢, = 0.001 m.1.

8.2 Poon 0C_sLAK REC,ONDING CIRCUIT?® : Circuit is

shown in 71 . 8.13.
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Input impedance of buffer stage is 1 K A= Ri~

Input <freguency ninimue. = 10 Hg

akin c, > 1/10

or 02

and C1 should be > 02

Take C1 = 10 u.?f.

a2lgo, take diodes D, and D, as ¥ u 204.

1 2

8.2.8 R.M.3, BEZSEL NDING CIRCUIT : R.M.3. responding

circuit has th¢ parts namely ¢ precision rectifier and r.m.s
circuit.

12

(a) Precision Fectifier {Appendix ~ 2)

Design from fig. 8.15

Take il = 1 K
Ti.erefore R/2 = S00kA take this as 4T0Hw
iodes : PSR 204

Operatioral amplifier = 741 C

With the help of the circuit shown in Fig. 8.15 voltage
above 0,2 V are pectified if germanium diocdes are used.
Still batter ructification i.e. for the rectification of
lower voltase than the 0.2 V, a gailn in last stage operational

amplifier 13 provided.
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(b) R.M.S. Circugt'® :

- Consider the forward biased diode characteristics
shown in Fig. 8.16(b). In cut off region the diode gives
8q uare Law characteristics. This is utilized in r.m.s.
respondingAcircuit (Fig. 8.16 a). Operationsl amplifier
is used am a current to voltage converter. when e, voltage
i9 applied at the input the current through diode (iD) will

have relationship :
2
ib o 8y

and eo o 1D

2
1.0. e o &

The e, is fed to a moving coil meter for indication

purpose.

8.2,9 STABILIZED POWER J3UrPLY : A d.c. stabiddzed

supply of + 14 V i required for operational amplifiers.

For this purpose two voltage regulators (723) are used.

Design : Circuit diagram using 723 regulator and SL 100

transistor is shown'in Fig. 8.17.

- s - ‘
vout - vret x R2 vref = 7V (given)
v = 14 V
R1 + R2 out
14 =7 X R
2
or 2 R, = R, + R, or = R1

2 1 2 2
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Take R2 = R1 = 1 K

Let short circuit current Isc = 200 m.A

. g VB8
e ' Sc 200 m-ﬂ'
= 0.6/200 x 10° = 6/2A = 3 A

Transistoy used is 3L 100,

8.2.16 Fulb ULLCY 'ETLR

To measure the cho.per frequdncy of optic:l modulator
en electronic frequency meter is uased. Fig. 8-1§ shows the

biock diagram for freguency meter.

(1) Fhoto sensor :

A photo sensor is used to sense the presence of
absence ot slots. The arrangement is shown in FIG. 8-19(a).
In this arrangement photo transistor is used to sense the

presence or abscnce of li.ht.

#ig. U.19(b, snows a rhoto transistor used ase a
switch, when light is present, than e, is zero and when
light'is absent ed is - 15 V. A preaset is used to bias the
base and to limit the current throush transistor a resistance
r@g is placei. Let the current through transistor under
saturation condition is 1.5 m.h. Therefore,

R = 15V = 10 X when surpply voltage

¢ 15 m.A
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(11) _Lero crossin; detecter :

e output from photo sensor is not perfect squere
and to uhape the waveform of ;hoto sensor a zero crossing
detector ic used. PFPig, 8.2C shows circuit diagram for the

same using one ouerational amplifier T41.

(11i) Differertiatgor :

TC drive zohostable negative pulsds are reguired.
The output of zexo crossin, detector is differentiated
and to get only nesalive pulses a dlode is used to block

the positive pulses. Eig.

Deﬁign H Prom Figo 8.21.

R e <1/2.5 K Hg Because max. chopper
e frequency is 2.50 K Hz
=3
: 10
. €
or « 2 < 2.5
-3 "~y -
2-5 x 10
..;.4
10
or R < 3.5
or R <4 K
Take = = 1 K

(iv) !onostable Multivibratcr24 :

¥Monostutle muitivibrator circuit is shown in

Fig. B.22.
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Design :
Také operation amplifier = T41

DRiode 1)1 = SR 204

o Vc = G.2 V (Since SR 204 is germanium diode).

In the Jubth state the output of monostable is

+ 12 V and the capacitor is clamped at

Pulse width of monostable T is given by
(1_+ Vi/YVo)
f] — w1

Take 82 = 1C KV
33 = 1 Ko
. P= H3/112 = 0.1
Tuke C = o.1 n.f. 0.2

i

% 1+ ( 12 ).]
R'x0.1 x 10 iIn 0.9

P o= R'¥10”7 1n ~139§——)

R' ¥0.122 x 1077 Take T = 1.22x10"%
seg

it

o, _0.122 % 1077
1.22 x 1074

10 K

i

= 107%107% -

Complete circuit for frequency meter is shown in Fig. 8.23.
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Photograph — 8.2

snalyser System (that includes
the analyser, chopper, d.c. poOwer
supplies and C.R.0.)
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Photograph - 8.3

Noise wave shape of phototremsistor 4.C. 132







Photograph - 8.5

Gutput of tunable bang 1683
filter at 10 L.
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Photograph. — 8.6

Output of tunable band pass filter at' 5 KHz




Photograph - 8.7

jave shape after precision rectifier
(high voltages at ingut)
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8.2.11 COGPLLTE CIRCUIT DIAGRANK : Complete circuit

diagram for analyser, developed i3 shown in figz. 8.24 and
plan for this circuit on printed circuit board is shown

in ‘f‘igo Exf,xﬁx 8025_.
8,3 RiLULTL 3

rhotograph 8.1 shows th- analyser devdloped for
infrared detectors and photograph xsxakxwm 8.2 shows
the complete analyser system that includes the analyser,

chopper, d.c. power supplies and C.K.U.

The photographs 8.3 to 8.8 shows the wave shapes
obtained on C.u.O. after different blocks of the analyser for
a photq§apister AGC 132, which was under test. FPhotograph
8.3. shcwz the ndise wave shape and photo.raph 8.4 18
output of low pass filter. [t is clear from the rhotograph
8.4 that noise compo ents of high frequency are filtered
out and very low freguency components of noise are present.
The output of tunable band pass filter is shown in photograph
8.5 and .6 Jor two different settings of centre frequencies
navely 10 ¥ .2 and 5 K Hz respectively. rhoto,raphs 8.8
and 8.8 chcys the wave ctape after precision rectifier. The
wave.hape swowp in photograph <.7 is perfect whereas that
in photo. raph 8.5 is distcrted. 1In the later cass, the two.
peaks are 'negual as the rectifier is not able to rectify

tha volta @35 less than about 0.2 V perfectly.
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The regquirement was to select between photodiocde
SI 100 and rhoto tranaistor AC 132 as the detector tempera-
ture scoenner scheme, which 1is discussed in chaptser 9.
The chopping frequency in temperature scanner scheme is
kept 42C Hz. SI 100 and AC 132 have given following results,

while the chLopping frequency of the analyser was kept 420 Hz.

g Current SI_100 AC 132
No throu:h Noise Signal S/N Noise Signal 3/I
*  incznde- . ’
sant lang. (N) () (N) ()
175 m.n C.855 oV 4.5 m¥  8.16 0.145aV 8.5zV &8
2 1ol med 0.055 mV 6.0 mV 10.90 0.145aV 10.CmV  6.¢
3190 m.. C.055 mV 9.0 mV 16.4C 0.145mV 13.5mV  9.:
4 2C0 ma.h 0.055 mV 13.5 mV 23.30 01145aV 18.0mV 11.]
photvdiects

It is clear from the above table that 18I 10C
will be a better choige because of higher 3/N ratio. 550
in expressiom of D* windoﬁ area of detector$ appears. It
was found that the photc diocde 51 10L has got smaller
ﬁindow zyea than the photo transistor AC 132. Accordingly,

SI 100 has been seiected for the temperature seanner.
8.4 AWVALTL LS of Analyser developed by author over the
previcusly existing analysers

(i) Ko additional preamplifier is required. The ana-

lysers available reguires different preamplifiers for
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different type of detectors under test. But in the developed

scneme this problem is approximately removed.

#8 gtated previously also the analyser developed
by author has two pre amplifierrone for phototransistor
type detector: and other for cell t,pe detectors. Fhoto-
transistor. can be testdd and their characteristics can be

e—
plotted at/load of 10 K <L .

IFFor ccll type detectirs, a bridge circuit is used.
By using simple feen btack principle and using the operational

| amplifierc a sersibive bridge is made,

{(ii, Cell resistance, if it is from 1 MA%o 10
can be measured by t{his analyser, whichLE important

provision.

/-
(iii) For plotting noise freguency stectrum)costly

elactric wave anzlyser is replaced by a simple e¢lectroaic
filter (tunable band pass filter), which uses only two
operational amplifiers. VWith this provision the cost of

analysor i considerahbly reduced.

(iv) Signel voltage is directly measured, this
could be achieved by using.a filter after th. rd stage.
¥her gi.nal is tozgéasurei,the iiiter is connected in
the circuit and when noise is to be ameagsured it is dis-
connectued by tie circuit. For this purpose a toggal switch

is used.
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Limitations of the Analyser :

(1} BPecause of norn-availability of optical rilters

: {
a spectral res,cnse can notLptotted.

(ii) NZ2I, NLY and D* gre alsc can not be calculated

because of nonavailability of instruments.

(11i) Faximum chopper freguency obtained is 2.5 KHz,
while detectors are supposed to be tested uoto 10 XHz. This
limitation can be overcome by using a chopper of higher

speed.

{iv}) In optical modulator dis¢, slots are made in
two positione, Tfor getting low and high chopping frequencies
regpectively. Therefore, %*o test a detector source and
detecﬁér both should be transferred from ore position to other
for different chopping frequency testm while it is desirable
not to touchh ithe .ource once it is fitted in the analyser
set up, and iy it is touchsd, then it should be calibrated

again.
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9. INFRARED TLMPERATURE SCANNER
9.1 SCH.IATIC : Hock diagram for tomporature

geanner dovcloped by author is shown in +i,_. 9.1+ Each block

io discussocd bolou.

9«1e1 OITIC3 ¢ To focus the ima e of targot at the
detoctor optics is used. There can be number of arrangements
for focuoing. Hore focusing is done by using a doublse
convox slass lens (Fio. 9.2). Since glass works as opaque
aﬁovo 3 pm uavelength radiations, the corresponding tempera-
ture at 3 um wavelongth radiation is 700° ¢ approximately,
thio scannor would be able to detect the temperture above

than tho 700° C.

9.1.2 OFTICAL HODDLATOR : A slotted disc having
18 slots, diven by an 110 V, 50 Hz a.c. supply having 400
r.p.m..is usad as optical modulator. Therefore, the chopping
frequency will be = 420 Hg.

9.1.3 DETLCTOR ¢ A photo diode is used as a infrared
detactor to0 sonce the temperaturo. As radiation falls on
Junction, rcverse leakage current increases and the same
boconeo the moaLure of radiastion, i.e. boeomo the measures
of temoorcture (Fig. 9.3). In Fig. 9.3 as the radiation falls
on photo-dicde, leakage current of photo tﬁ?:§§§$er ch.nges;
an oporational amplifier 1is used to convort this current into

ot
proportional voltago. SI 100 photo_tﬁafaéa$er is usod as a
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dotoctor. . foodback resistance pf 100 K L is usod in

oporational smplifier.

9.1.4 ERE-~-AMPLIFIER : Consider Fig. 9.4, here an
idontical photot&g§§i§$er is used to supproos the noise.
Tho zoin of differential amplifier is kopt unity. Becausd
tvo eimilar photodiodes will produce same typo of noise,
tho noice is cancelled out because of differential amplifier

stgge.

9e1.5 HOISE SUPPRECSION : Though moast of the compo-
pre- ann,b'.u'-t‘vr
nents ¢f noiso are suppressed by ueing noiee—ggppreeeien bioek
but than evon some noise is still present. 4 low pass filter
is used to filter out the remaining noise, having higher

fraequency components hhan 420 Hz.

Time constant for filter = 1/420 Sece = 2.4 X 10"3
3

From Fig. 9.5, R& = 2.4 x 10 ~ Sdo.
-3
or R = -2-2&—%—]_.0—-- m

Chaove € = 0.1 a.t.
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9.1.6 AMPLIFIER 3 The output after lov pass filter

ie not sufficient to drive the output i.e. or diasplay
device or recordor. Therefore an a.c. amplifidr is used
to umplify this signal. The amplifier used, in the developed

schomo, hao got throe ranges (Fig.9.6)

Three foed back resistance are t 10 Ku, {00 K o

and 1 . .

1 )
R2 = 10K n.
fow, €& = 1 vhers f = 420 Hz.
2nf R

1
2 x 3.14 x 420 x 104

. 1076 _ 078
628 % 4.2 264

= 00038 u.f- Take’ &: 0.2&? u-fo

917 Rectifier and filter : Tho mootification
.18 done by a single diode S. 204 ind for smoothing the

output a capacitor of 100 u.f. is used (Fig. 9.7).

9.1.8 COHPL ETE CIRCUIT DIAGRaN : Complete circuit

diagran is shown in Fig. 9.8 and plan of printed circuit

board for tho scheme is shown in Fi; . 9.9.

9«19 DiSPLAY AND RECCRD : Temporaturc is displayed

on moving coil rmeter and recording is done by a atrip-chart-

reccrder.



Photograph = 9.1

T

Temporature scanncr de.c;99qd




Photograph - 9.4

Wave - f : Noise of measuring detector

Wave - 2 : Output of diffefeﬁtial anpiifier




Photograph - 9.5
)

( Wave - 1 ; Cutput of differential amplifier

Wave - 2 ;

Output after low pass filter
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" Photograph - 9.6

- Output scannér after amplifier uhen
heater is under teast. Rl
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9.2 IEST REULTS

Photograph 9.9 2o 9xfi shows the temperature scanner
doveloped by the author; and phoSograph 9.2 shows the tempo-
rature scanner with strip chart recorder with a room heater

under test.

Fhoto_raphs 9.3 to 9.6 show outputs of the différent
blocks of the temperature scanner as re.orded on C.R.O.
The photcgraph 9.3 shows the noise produced by tho two
detectors(eackh 4 photo diode 51 200) measuring detector and
detector. 1In photograph S.4 wave <1 is the noise of
the measuring detector and wave-2 is the output of the
differential applifier. The wave-2 in phétograph 9.4 shows
how noise i3 cancelled out by differential amplifier stago.
In photograzh Q.S\the wave-1 is the output of differential

anplifier ata;e and wave-2 the output after the filter stage.

Photograph 9.6 shows the output of scanner after

anplifier stazc vhen heater is under tect.

Therial mapping of heater (Fi . 9.1C) is lone by the
temperat.re scanner and results as taken with a 3trip chart

racorder are given in Fig. 9.11.

The scanning curves for the heater (Fig. 9.1C)
aro shown in Mlg. 9.11. The two peaks appearing in ?1@. 9,11(

aftor scanning thoe heater along 1-1' bocause across 1-1' line
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{eepuse— _
lone coils is crossed, i.0. two times hixh temperature appears
and rost of places the temperature ia low because of absence

of 0 ¢coil., Sicilarly Fig. 9.11 (b) to (£) can be explained.

9.3 _ADV.NTAGES 3

1. ith the help of the temperature scanner degeloped

thormal mapping is possible.

’

2. Temperature measured by this method can be measured
with a higher accuracy as compared with any
otrer non-contacting method e.g. thermocouple,
pyrometer etc. By proper design the accuracy upto

o

17 € is possidle.

3« The calidbration of the scanner is not affected by
the distance of the object from the detector under

practical limits.

4. aximum object size that can be scanned is
L
55 cm x 25 om x 2% cm.

8. By applying a moveable plain mirror this system can

be converted into line scannerlzé.

9.4 LIGITATIORS :
1« THo scanner could not be calibrated accurately
because of non availability of thermocouple or an

accurate pyrometer. Therofore expected accuracy
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could not be achieved by the doveloped temperature
scannor. However,the calibration curve obtained

vith the available pyrometers is shown in I'ig. 9.12

2. Jcanning is done manually. Therefore, the object
speod cannct by maintained constant. To overcome

this problem automatic scannin, can be included1.

%« The system cannot scan temperatures}lower than
q&%oc because glass lenses are used hore to
concentrate the radiations emitted from object
to the detector; and below 7C0° C the radiations
emitted are having higher wave lengths than 4 um
(Fig. 2.2). Glass became opaque above 4 um.

wavelengths.

To overcome this problem lenses of other rtaterials

(discussed in chapter6) can be used.

9.5 8CA HLI.G UTATOR BGRE SUﬁFACE TEMYERATURE

n ocheme that can be used for scanning bore surface
tomp.r.ture ie shown in Fig. 9.13. Bach block is discussed

belov.

(a) Target : Lero target is stator bore surface of
which temperature is to be measured. The.bore surface tompo-
raturo varies from 100° C to 200° C and at this tomperature tr
corresponding infrared radiation is emitted by surface at 2mm

wvavolength.
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(b} ZIrensmission and Scannin; System : The infrared

radiation from the bore surface of stator is collected by
optical fibers, which are having proporty ﬁhat even &f the
tangent 10 not in the line of gight of detector, these

are able to concentrato the radiations emitted by the target
on to the détector, while this is nct possibdble with the

conventionéi optical metheds.

The optical fibers are placed on the rotor in such
a way that one end is facing to the statcr bore surface
and other end is in thd line of site of detector (¥ig. 9.14).
The fibors of different length are placed throughout the
peri hery of the rotdr in such s way that they cover

vhole axial length ©of the atator.

Nouy let detector be fixed at point 1. A8 the rotor
noves, detector will detect the radiation coming out from
eachvfiber i.0. at position 1 a strip is scanned having
length cquul to the stator bore depth and strip width
depends u,.on the distance of fiber frém the stator bore
surfaco. low,as the detector moves Zfrowm p;int 1 to 2 another
gtrip will be scanned in the ¢ ame way. In this way if

detector moves through out the periphery of the stator whole

of the stator bore surface area is scanned.

a3 the strip in one position is scanned, a
o
synchronizin;, sirnal 1s given to detector to move(to scan
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the second strip and s0 on. This synchronizing signal

can be given only by placing a lamp which gives a very high
‘mlmec. 8ignal to detector and the detector will

saturate. .. level detector is placed to detect this

and accordingly a signal is given to the detector~

movement controlling devi-ce to move it to next position.

(¢) Radiometer and display : Radiometer includes

optical system, detector, ampiifidr and signal processor
unit. iHere widion tube is cone of the best letectora1
and discusged in det:il in chapter 4. Other guentum detec-

toras can also be placed along with appropriate arrangement.

If a widicon tube is used, then it gives a

védio signal at its output, which can be displayed after

proper processing of signal"e.
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10. CONCLUSICNS AND PUTURE TR&=ID3

10.1 COUCLUCICHT :

et

In this dissertation the author has attempted to
discuse sevoral elements of the relatively new cngineering
tochnology 6f infrared instrumentation. Tho physical laws,
feaaible gtﬁdies, current applications and theoro¢tical
foundations applied to infrared techniques have teen deslth

with at length.

The author has developed two schemes : an analyser
for infrarod dotectors and a temperature scanner. The
develiopold anclyser, though similar type already eégating,
has three measure advantages which have been discussed in
chaptor &. Uith this enalyser phodo transistorp AC 132 and
photo- diode JI 100 have been teated succeasfully. Because of
nonavailebility of few instruments, D%, il, lizP, and L. could
not be measured. Howevor, the réquirement was to get the best
deteetor for tomperature scanner (which i3 thke gocond
instrument devcloped by author), and waich could be solved

with thioc an.l, ser.

The sccond scheme, rnamely temperature scaaner,
has beon gucccssfuily deveroped and has g iven required result:
The temperafiusre range which could be measured by this deanner
700° ¢ to 23%0@ 1300° ¢. The inetrument available to

calibaerato thie scanner wazs only ,yromctoer. The scannor
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doveloped has got a higher sensitivity and a highcer reso-

lution than the pyromoctor.

By using atrip chart recorder or any other recorder,

the thormal mapping of any target c¢an be done in two dimon-
oiond.wn'th Ak O(Z/U"f«tflbaal— Aomptrolire. Aearmer .

Author has also proposed one scheme for moasuring
the stator bore surfaco temperature which is a cuarrent
problem faced by many manufacturers and uscrs of large

rotating machines.

10.2 FUTURE_THLNDS AND SUGLESTIC. S

{t i3 clear from the previous chapters that infrarecd
tachnigues are oneg of the most powerful toolo in the
evolution of the materials, olectronics, ctce Thore cre
areas, for instance, where feafibility has not oven boen
triod inspite of the fact that both theory and common oenso
tells that the idea slould work. OUne of these arcas for

instance, igs the detection uvf wave gulde califunction.

Radio frequency losses in microwave uides manifest
thamsolves as heat sources. &4 study should be conductod to
determine hou to use infrgred detectinyg eyuipment &0 locate

the areu ¢F radio freyuoncy loss and ity mognitude.
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These techniques could be used both for the
evolution of new designs and for the control, t.et, and

trouble shooting of production equipment.

£ffective shielding of the radio frequency detector
agai: st radio frequency interference is a pre-regquisite

for proper infrared measurements in the application.

Another application of infrared may be to detect
the hidden stresses caused by vibrations, in electronic
and mechunical equipments. It is known that during vibration
teat, resonance is developed at different points, while
the vibration frequency is being varied, but many of these
resonance g0 undetected, unless they are visual, or so
distructive that as to cause a fallure. .ith the help of

infrared technigues, however, these defects may de detacted’.

Though much work is done on optical fibers but in
infrared 1t has got very small appliocations soc far. The
image transfer capabliity of éoherent fiber hundles can be
of immense significence in the conventional radiometers
deaigned for thermal measurements of olose targets.
Conventional optical systems are based on the principle of
raconstructing an image in a focaul piane. Also because of
the critical requirements of aligrment, focusing, aiming,
and the like, the conventional systems can work only if

the target can be directly viewed by the object, but
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in case of optical fibvars there is no such limitation;

the torget may not bBe directly visible to the dotector.

anothor advantage of optical fiber ic thut it
roduces the Scanning requirements from tuyo dimcnsions (area
scin) to one dimension (line acan), which ig of great

significance.

In infrared microscopy the optics can be roplaced
by & coherent fiter assemdbly of wvhich one single fiber,
located in the centre of tho bundle, igs made of infrared

transparent materials.

In U.s5.A. instrument landing of air crafts is
successfull-y done, but it still)l reguires some modification.
So far,lvery little work is done in the ficld of infrared
coaomunication for industrial uwse, though military is using
infrared communication in many of its applicatiocns aftor the

orld u.xr 1I.

The infrared techniques for trouble shooting,
tracking, guiding and for collecting many useful informations

from space craft has also started recently.
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APPENDIX - 1

Consider I'ig. 8.8

. A
Vo = Yo! - ”XL"'AL From Fig. 8.8 it
2 2R »AR is ciear that

V1 =V + Vd
(V + Vo) AR '

2R +AR

Here for calculation purposes take

Rfaﬂ

or VAR VoaR
Vo= 2 a + 8287F 3k vaR

AR V_AR
or Vo (1 - —Zg<7AR ) * I var

or Vo (2R + AR -AR) = V AR.

AR
or Vo = V¥V 5B

which 18 linear relation between output vdltage and

chamge in recistance Ri.



APPELDIX - LI

In precision rectifier circuit (Fig. 8.15 ),
the high open-loop gain of the operational amplifier ie
used to reduce the effect of the diode mon-linearity and
temperature sensitivity. The operantion of the circuit can bde
analysed by the usual techniques except that the relationship
of current and voltaze in the diodes must be taken into

accaunt.

Consider first operational amplifier : when e, > 0

diode D, will become forward btiased and therefore the voltag

1

at point 1 will be sero. At point 2 there will be e, voltage

i
appearing, operational amplifier - 2 is acting as a
adder and the voltage appearing at points 1 & 2 are

addede.

where
&

Therefore e e, + €

i 2

L

= voltaze at point

or a_ = Gx( - B Yy o+ oixet—,,—%)
92 = wvolta_e at point 2

o L/2

Row it ey < 0, D2 will become reverse blased and
Dz'will bo forward biasei. Therefore, ths voltage at point

1 will te

= - Bi('- R/R)

it

8y



Appendix - II (Contd .)

and voltage at point 2 i3 @

1 X ( - 1{52 ) + 32(" R/ﬁ,)

Therefors, e

i
o®

= - 291 - e,

U]
i

2(a,) - (- o)

:'
’-L
oy

Hence, clrcuit shown in Fig. Bflg'WOrkB as a

precision rectifier.
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