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120 x 120 100 x 58 0.2 1.2 2.0 100 3 10 1.27 1.32 3.8
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E 10 (a)200 wm BIC FPA 5 (b)120 um #LIG FPA ;(c¢) 60 pm H.5C FPA( I T IFE)

o ILIERHIE T TR LA

FPA Ir(ary Gy, o’ Sy’ SN/80 SLIAE/ HHLESRN IR N R -
L M ] Hy/% - IRZE/ %
% AT:) (10 °W/K) (10 *rad/K)  (gray/(°)) IR/ (gray/K) (gray/K)
1 1 0.128 0.227 6.45 4.25 9000 14. 1 15.3 7.8
2 2 0. 309 0. 403 4.53 9.07 10000 23.5 25.0 6.0
3 50 0. 980 32.7 8.85 18 8000 71. 4 71.0 0.6

BARZ T M x M ABRRZ R0 S A N
CM,Lolal =M [pSiNchiNztSiN'\ (A + A]eg
+ Aframc) + pAuCAutAuA /2

+ P uCaulmiv anAie 1 5 (16)
K, p, e, t Z0E XS RHRE 14 b R 25 B, L
PSREE ) 1, 0 NEOUH SRR A N5
BaNiL & ITE A
BT Gy BH(13) G T3
JCEEIE FPA (R R I ) 7y R
Cot o
Tvar = GM’tom]. (17)
S EE S AR, FRATT R e S AS )
WIS B IOH R TCHE R FPA(IE 1) %134
W 7 JioR. A LAG XA AR 07 s ) w1243 3 5
B 5 AR B L0 AR ) T B A Ry 42°C, Y K
B T, RIRTELLIMNE 5 AR R Ge Z [l A — 1
TR E P AR (R R = ). B 12 e T
PO AR IXAE CCD b 3K BE AR Rt s [] 1) 722 Ak, el 161 7]
DAF H DU A D3 g o 97 B ] R S80AH [R). i) 7

L A BA AR BTSE FPA B X8

] ) 22 3L, PUAS X s 17 Y CCD R BE I/ 2 1/42
A5 IR AR A et i B I TRT B A FPA (8 i) Jo Fisf ]
TS 2 4 DX e 7 B[R] 9 7E 0. 18 s Z2 4. MR ¥
(17) 0] LK H B i o s (], T H 55 45 5181 1346 8
o AT DL S S AT A AR AR G T I LI BIS
BR324 5 15 S B 17 Bof () A 3 4000 1) iR
25— UEI T JCIEE FPA BRSRERL % IE 6 1 A
S

T AR X B BEHSE(FEFIR/N A 100 x 100)

TR/ pm? FICAR ALY wm? PR/ wm B/ pm HESYE pm AuJRJE/ pm SiN, JEE/ um
X 1 60 x 60 41 x9 41 2 3 0.2 0.7
X 2 60 x 60 42 x18 42 1.5 3 0.2 0.7
X 3 60 x 60 52 %28 52 1.5 3 0.2 0.7
X 4 60 x 60 51x19 51 2 3 0.2 0.7
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3400

3200 F R —a— X3
L —— [X4
3000 | —— X2
1 L —v—[X1
& 2800 -
[m] L
o
O 2600
24{1{1_— “,_‘_‘_‘_'__Lﬁ‘% .
2200 |
0.0 0.2z 04 06 08 Lo
i [E] /s
E 12 PUAS AR XX R CCD MK B2 Rl A 1] 1) 56 3R
28 PUAASIR] AG X1 o S )
X 1 X 2 X3 X 4
BB I E] /s 0.15 0.16 0.17 0.16
S ] /s 0.18 0.18 0.18 0.18

AR B E] /s 0.010  0.016  0.028  0.019

6.3. SHritie

TCHEE FPA 1 HEZE R PR 518 I, 76 W3R )
[ s 0 e 5 A S P AR . AR 3 RS AR fB X FPA
IR AL A B B, 2R 200 wm B, HE
2RI AU 10 pm x 2 pum, G REIEOR A
KGR AL 38 B HE b HE SR TS, R T 5
SOEHIR TR R 12, 8% , HEZLATS AT I L5 50h
R, LR FPA 1 L3 < i 17 -5 i 38 56 P A
RUFHZEAN 24 FPA AR 3R RSP T FEH] 60 pum 1,
TAERESR R AL RN 3 um x0. 5 pm, T
IR SR T B, AR R RE S AL 8 B U AE I HE
DR TR, AE RS KOG MR T R E T E
98% , B. 5% AT A fE IR L AR A (1) 25 A8, 28 3 7T

DI RT3 | i A% A F 2k 1 284k, Y
FPA M2 R ~F M 200 pm FRER 60 wm B, B
HRNAT 6, ST 6 W ILEH 0.92 LF
F10.7, WHELE UL, FPA #iE A4 36 1) £ 2R 12 i 4R
LI R R R IE T B /IME R R, K
Sy IR AR I R L B THESE |k R i
S E TR T R g 114 T %) A

FEX T BROCBUE T30 7, A SCHE H ) JE 3k
JI§ FPA B RBIRIAE 1155 K BE 51 FPA me iz B B A 41
PO EEZ, TR BB a] DUAR 4 Br 215k
SN NLE IS5 6 FPA Z5H 58 B 2R X FPA g
WO R e HE SR A RSE AT R 1) BT
Ak, FPA ATV SR AL B0 JE Rl T A 7
R A BR TG/ W AN 5 BRI 1Y)

7. % 7w

TCHLNK FPA KBR THEIRILIE , #5158 K il 1 HE4L
Fe AR SE MR, A B IC o B 2 B, 25 6] 43 B e 4 K
iF HESRIR T o5 BOGAR IR T+ 1Y 80% LA I, B &5 4
AN B T 2L 903 PSS 28 114 i 2 A . AR S X e 3
JIE FPA (RS, 254 B LU ADLI0 7 i, % 8 T HE 4
R TAG R E MR, H T —EH g
AT AL, BRI R4S R S5 E BRI r s
R SERGaE R IEAT T B, 158 25 7 W] 552 1) 3 TRl 1A
I FH VSRR B FPA ¢ R w7 A i) 1 5 552
B 07 ] (] A 5 $2 30T, 1R 22 [ FEFE 109% 2245 AT LA
HERA e A R ) SE AT SE Y, mT LR TR G
FEIK FPA BEZ w1 A 8. AR A BRJTIHHR., %
PSARRIRR T AE 1T KRS FPA BB bRt vl 5
b3 REAEAR 7 (58 A AR Al R 2 119 e [0 2R % FPA 3
FFR T S Ak REE T % B AR (I ek
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Analysis of theoretical model of thermal infrared imager
based on the substrate-free focal plane array”
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Abstract

Based on thermal deformation of bi-material microcantilever, the focal plane array ( FPA) of uncooled optical readout
infrared (IR) imaging system has undergone a development from substrate array to substrate-free array. The experimental
imaging result and finite element method (FEM) analysis indicated that the substrate-free focal plane array ( FPA) did not
accord with the condition of constant frame temperature. This paper proposed a new theoretical model on thermal
transmission of substrate-free FPA with electrical analogy method. Considering the system as a whole, the analysis of
complex thermal interaction of adjacent elements could be averted while the heat absorption and transmission of frame
could be considered. The temperature of outer frame was set to be equal to the ambient temperature as a boundary
condition. Although it was not so flexible compared with FEM analysis when dealing with the boundary condition, the
theoretical model was proved to correspond with the experimental result, and could be used as an approximate formula in
thermal response calculation of substrate-free FPA. The model avoids the complication of FEM analysis, especially for
large arrays. Further more, the model can be used for substrate-free FPA dimensions design and optimization under certain

response target.

Keywords; optical readout, substrate-free, uncooled infrared imaging, focal plane array
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