A thermal detetor combines an absorband a
temperaturesensor
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thermal balance equation: C.dT /dt + (L/K) T4=P
(as an RC paralledircuit) or, TdT/dt+T,;=K,P
whence f,= 1/2mt =1/21K,C,




(b) (©)

responsiviy:

thermopile: pyroelectric

R= VU/P :th bolometer R= Q/P: pK(
R=AR/P =aRK,




in electrical circuit, deriative operatopdT,/dt (pyroelectric) cancels
out integraon of thermal circuit (F>1h)

E(L/C) [ Pdt
then | = p dT/dt = (p/C)P

short-arcuit current is propdional to P (een at f >>11)
or, responsivy is

RI/P =p/C




relative
responsivity

R(w)/R(0)

I I I
100 1k 10k 100K
FREQUENCY (Hz)




K,= dT/dP = 1/(4A0T3)

AT, = [KT2C]Y?

NEP =AT, /K, = [KT2C]¥2 / K,

= [KT221B] 2 V(4ACT3)
D* = VAB / NEP = 1/[8TokT5]1/2

typical values: D*=1.8.18 W-lcm HZ? at T=300K, and
D*=5.2.101* W-t cm HZ2 at T=77 K,
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Temperature signal

received poer: P =T\, T) TNAZA AA
ris blackbody radiaree r(A,T) =2h&/TtA> (exp /KT-1)

Ap = (dp/dT)AT= [dr(\)/AT dT] TTNA2A A\ =
ENAZA AN K r(\) AT/T
where K = (hv/KT) [exp h/KT /(exp WIKT-1)]

=~ hc/MkT= 47.88(1m) /A br h>kT
(or, A <48um, the break-point beeen hermal and quantum)
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Noise

In a BLIP-limited detetor:
in(bg) = o NEP =0 NAVAB/D BLIP

= N 2120 r(A\)ANAB]
but signals 1 =0 Ap =0 TINAZ2A AN K r(A) AT/T
then S/IN =k (AT/T) NA V[1io Ar(A)AAN/2eB]

and the NEDT noise equivalent dierential temperate -
AT @ S/IN=1:

NEDT = (T/KNA) V[2eBbTtr(A)ANA]
= 2KT2 Dy ;p (LINNA)V(B/A)
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n=0.5, NA=0.5
A=0.01 cm?
Dgyp =610
(WicmvHz)
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NED in real detectors

If deteaodr is real (not BLIPIimited):
by = O NEP =0 NAVAB/D**, signal is the same

SIN =Aifi ) = TINA V(A/B) K r(\) A\ (AT/T) D**

and
NEDT =T [ItNA K r(A) AA D**] '1\/(B/A)

2KT2 (D2 o/D**) (LINNA)V(B/A)
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Effect of non-unity emissivity

If emissvity is € <1, total radiance is sum of
 blackbody term scaled lgyand
sambient re-difused contribution (1g):

ol A T) = €r(A,THAT)+(1-€) r(A,T) = r(A,T)

thus, background noiss about theame,and radiant
measurement ademperatursupplies a signatAT.
CORRECTIONS:

* by a separateonventional thermometric calibration
(typ. accuracy:1% or dd.05°C for AT<50°C)

* by estimate £ from propreties of sirface undetest
(typ. accuraey0%for AT<50°C)
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An infrared thermom eter
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Correcting against non-unity emissivity

If temperaturd= T_,+AT is large enough to makkéd
ambient contribution negligie, i.e.

ol A T) = (AT, ot AT) +(1-€) r(A, T,0
= (A, T o) + €[dr(A, T, )/dT ] AT
= g[dr(A,T,,,)/dT ] AT
then ve can orrect agmst € by looking at thecurrent
J =0 (A, T) found at tw wavelengths\; andA, .
This is called two-olor pyrometry.
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Two-color pyrometry

using 2A channels:

J,(\y) =&, 0; A, TNAZ2h@/A, 5(exp heh,kT -1)
3,A\,) =€,0, A\, TINA2 2h/A,5(exp hch kT -1)

ratio of the detected signals

R = A2 dg(A)
= £,/6,)(\/A)5(0,AN /T8N ) exp[hc(Lh,-1/A)/KT]

taking the logarithm of Rin R=In C,+C,/T, T is solvwed as:

T=CJ/INR-InCJ = (g,/e,)(hc(1A,-1/A )/k

109 [3,(Ax)/Jg(A)I+510g(AJA)+ 09O, AN /T,AN,)

iIndependent from erssivity (if €= const. inA\; —A))
and is selfcalibrated (in absolute temperar
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Therm ovisions

Spectral range of operation: RJA=3-5um or FIR, A=8-141m

GENERATIONS:
O-th: pioneer’s work: Spectan (oil -film camera), 1950

1st: LN-cooled hSb scan camera (AGA, Huges¢c.) 1970 -
- general purpose

2nd: LN-cooled CMTand LTT FPA,1980 - miltary

3rd: TEC-cooled Bolormater, 1985 - portable
4th: uncooled Pt-Si and V(bolometer 1990 - camcorder

from:”Photodetetors”, by S.Donati, Rrentice Hal 2000 18



Equipment

Avio LN-cooled
InSb-APA
high-performance
thermovispn

Inf rametrics
uncooled CAM corder
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Fields of application

sindustrial appli@ations visualization oftemperatur@attern
br application in:electronics, powesngineering air-
conditioningautomotive, construction
medical apptations early diagnosis oforeast ancer,
spotting necrotized aseter severburning,reveal
circulatory diseases
sremote sensingseveral earth resoursatellites carry aboard
multspectrasensorg12 channels in Vb and 1-2 in
MIRFIR) to reveal pollition, cropsgetc.
Military: the most important drivingdrce of IR techniques, as
THV B a passive vien systemworking at night or in
the darkitih no need or ill umination,revealing
thermal signatures
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