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Table 1-1. Properties of thermal mode infrared sensors
) Wavelength Detectivity Chopping Operation
Mode Device ( um) (cmHz"W™") x 10" frequncy(Hz) Temp.{ °K)
Thermal Thermocouple 1.0~40 0.1 30 295
ermal
mgge Blometer 02~40 0.02 20 "
Pyroelectric 02~40 0.05 1,000 "
Table 1-2. Application of pyroelectric sensors
Infrared detection Imaging devices Others

Atmospheric temperature Bimedical imaging Calorimetry

Engine analysis
Fire alarm

Gas analyzer
Pollution detection
Radiometer

Electronic testing
Forest fire detection
Industrial process
Military use

Optical device

Emissivity absorption
Heat transfer
Microwave detector
Thermal diffusivity
Thermometer
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Table 2-1. Figure of merits of modified PZT ceramics and other materials

Composition | eftan 8| p| F | Fv | Fo | Co| @ |t | @
x y z{efl) (100Hz) X_B Xﬁg X_B %107
10 10 10
0.00 0.50 050 | 700} 5.0 1101 45 | 064 0.76
0.05 065 0.30 |390] 1.3 56 2'1 0'53 093 |031} 7.8 |1.21]394
0.05 056 0.39 {680 0.7 7'4 3'0 0'44 137
0.10 027 0.63 }380] 1.4 17'9 7‘4 1'95 3.21
. 43 - 18 1055] 1.29 -
a0y || ~ | o loms| e | - |0%]74]%1|%2
LiNbOs 0.635| 4.64 {24.8148.1
TGS 35 - 40 116 | 40 - 0971694431268
PbTIO3 200 - 6.0 ]1.88] 094 -
SroasBagsaND:06 | 380) - 65 |3.13]|0823| - 04 | 52 1336|339

(ref.1)  xPb(SmzSbip)0s+yPbTiOs+zPbZrOs

g, ' dielectric constant
tan ¢ dielectric loss [%]

£ pyroelectric coefficient [ Cf cm

C,  specific heat {J/gC]
d : density [glom® ]
F;= p/Cha [C-cml]
Fy= p/C,de, [C-cml]
Fd— I)/C,,a &, tané
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[C+ cm/J]
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Table 5.1 Uncooled microbolometer infrared sensor?]

Table 5.2 TIAF2] uncooled IR focal plane

=4 array sensor?] &4
Parameter Typical Anticlpated Parameter Typical Planned
Mass 13107 gm Detector Material| (BaSr)TiO3
. 2
Thermal Mass 1x10™ J/¢C le(;?leslf;rtl{lc 630 nC/em’/C
Thermal Conductance to PR 2 . Dielectric 10,000
Sustrate 13107 W/TC <Ix10°7 W/C constant
Thermal Response Time 10ms Capacitance 3 pF
Operating Temperature {Room Temperature teorrll)sggt%r;e 22T
Vacuum <100 mTorr Bias voltage 15V
FIII-Factor 50% 75-85% Responsity 85,000 V/W
Shock Tolerance >20,000 G Pixel pitch 485 pm  |48.5um X 35im
Absorption(?—lﬁlum 80 % Pixel thickness 25um Sgm
band
Pixel Size 2% 2 mil 1%1 to 3%x3 mil| |Thermal isolation 200,000C/W | 2,000,000C/W
The i 15
Blas voltage 15V Crg‘(isf‘me Sms
Resistance 5k Q Optical fill factor 1009
TCR 9 9%/ C Absorber 95%
° efficiency
Responsivity 70,000 V/W 25% to 3%/T Array size 245% 328 245% 454
Noise 10 uv rms 250,000 V/W ROIC 1pgm CMOS | 0.8m CMOS
Sensitivity(NETD) 01T 5 pV rms NETD <0.08C 0.03C
Array Dimensions 240 % 340 Pixels 0.015C Defects <100
Dead Pixels <25 per Array Larger
Uniformity 20% per Pixel 0 per Array
access HWAlo® A AAHoZ 1) Toshiba : 19973 2¢¥ 0.6 um QeTe AAE7IHE dlojaE
pan/zoom/windowing 715 & %<& CMOS 71&<g °l83td 1318 mayrjzg ogs Aastz,
% 9l 2719 digital A4 X 1030 Pixel& #x +EA Nz e Al A, Bz A 3 2
CMOS¢Y 71&& analogil].?:% ¥ & 33V AHAE 30mWY 7&e] WwAZe esd NETD
3tH 3 one-chip/dollmuiti funci CMOS Image sensor chip 71 (exrase ou)7t @A 00
tion block® ATt custom3  2) Polarcid @ 1997%d 0.8un CMOSE oo o]z x gtk
H CMOS(ASIC) 71&z w43 o] &3l 768 X 512 sensor = % =
5 o = a¥55 (a)e A& JHgE
gk 2% nEAE, AFEF 7wt e .
o) FMow st CCDEAo Tt HAMdAAM B AEAY
(ol 0} 3 CCD% 4] o] 3) HP(1997): 0.35um 640 < 48071 & B9 mechanical chopper %3
== - o . =
FEoldT oA digital image  4) IMEC(1995, W@ @ =) - 0.5m 3 (b BFAZ QP LEBYR
- 2= — x Lo gl
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P 2 } i = 2|
A o ey Co ¥ ad 538 A3AA s 4ol s ool AE thebact
Z - el R = LU .
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Table 6.1 IR image system market
Unit |IR sensors Revenue/| . RC :
Year | il Revenues | Growth 1" 2 ‘
illion) e - (%) | Revenues| ,
™1 ($Million) {Rate(%6); Y 631 SR
; | (SMillion) Fm{&) Bolormeter QW (S
1997 5.1 720.2 46 26.2 188.8 456 245 29.9
58.4 325
1998 9.1 809.6 124 26.1 2114 (@%3000)|  (@%5000) 91
1999 16.3 991 .4 225 27.0 2679 587 38.6 2.7
2000 30.3 1202.0 21.2 316 379.8 57.8 40.6 1.6
: 64.6 34.1
&)01 56.1 1447.9 205 373 504 |(@s1000)| (@$1600) 13 J
A a3 FAE $ewdA A =9 sHAE Ry Hide A aplication JEEE Trans.Industrial
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AM3% thermal imaging®l Mg s1A FRAE EPP G7 Appl.27(1991)834-829
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