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Design and Fabrication of Optically Readable Infrared Thermal Imaging
Device Based on Fabry-Perotw Micro-Cavity Array
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and Information Technology, The Chinese Academy of Sciences, Shanghai 200050)
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Abstract: This paper presents the design and fabrication of a novel optically readable thermal
imaging device based on Fabry-Perot micro-cavity array made on silicon substrate, which directly
translates thermal imaging into visible imaging by using optically readable technology. The focal
plane array ( FPA) of this device is a Fabry-Perot micro-cavity array based on
microelectromechanical system (MEMS) technology. The structure and thermo-mechanical designs
of movable micromirror, and the design of the visible readable setup are completed. Theoretical
analysis indicates: the thickness of SiO, should be thicker than 0.3 pm, optimal thickness ratio of
Al/SiO, is 0. 598 and corresponding thermo-mechanical sensitivity can reach 107® m/K for the
bi-material beams made of Al and SiO,. The FPA containing 50 X 50 Fabry-Perot micro-cavity array
has been successfully fabricated by using bulk MEMS technology and demonstrated.

Key words: optically readable thermal imaging; Fabry-Perot micro-cavity; microelectromechanical
system; thermo-mechanical sensitivity

1 g = BEARAHNMRBEZ—, EBRIIBBEREFE
) F A8 P00 R AR » Fo i R A0 S =& AT A

I LIPRBRT MPEIRARIMEIN ot F T4, 5 B 7 R0 R 5 B 5 T 0
TR RGE . (55 M HIRR R G55 W 8 5T st |
—— P A | O e R R R (R T 4R LR R R
E-mail: fengfei507 @mail. sim. ac. cn A2 N LA B AL T 51 3 64 ek L 52 1 BB Y 22
YRS B 9 : 2003-04-29 ; Y EME Bk i B 39 2003-10-17 1, el A MG S AL AR S, FE T CMOS H

* R 973 1R £ B AL H &R G 5T (G1999033101)



1376 Xt = = i 24 %
BRI L A5 B N T A5 B B8R M5 55 B 05 5 R U 2% [ T 4+R,—2 /Ryr.cosd D
A Z 2 LR T 3 R B I ARy —2 /R cosd

LM BR T RES M B B S B AR L
Ah i 25| T Y B R B AR A, AR B R A L,
T, —F I FR AR RE—E H ARB
ARG AF I KA

Manalis %1 355 22380 R A Si/ Al XUM kHE B
BRI AR 21 48 7 T [ 51, 34 3 AR B0 TR K
4 0.78 pm BYLLAMNBOG s W05 i AN A8 32 F 4 A 1)
Majumder %5 #2386 T — 7 % % 2 MIRROR 9 1%
PUBRLL A G- [ 51, 3 3R 18 T A T B9 HLIE (9 215
B L Sk F e, ER R LB AL SER
PR TR MBS LR TR EES;
2002 4E Nikon 4% @] ) Tohro Ishiauya £ 4R E T
AATTBIE ] A9 6 152 H OBURE BT SME I 28 DA e 91 25 B 41
ShRUR AR . BRI A A0 AR A 1 B9 SR TR R AR
& PR P K R B0 2R KB A R ETE B B &
B BURR R R BRI 7, MR G R AR Y
it B2 A RE A Bl K A R A, AR T o R A R E Y
F R GEF IR G T3 A7 555 ) ¥ i 224k
A o BT OB R R AL . ARG AR
LG L NEG — B R — 1] WG ER, TR 4L
SME T BT IO E S, K Hird Bh A
FBfES G EL BT R FHRMMARE T
R, B—FE RS, KR KW BETEFE
155 SRR B, [F A AT FE 2 IR 451 T TAE .

A SO ST AR Y T — AR B R 06 5 D B RLR A
——F T A0 B30 B S [ B A9 £ 4 SRR AR
5 3CHRL4~7 ] e B i PO 2 1 19 B 2 X5
TR B B -5 s B 2 — R A
HLH RE B AR HIAE 8920 B- B s, B A E
RN REE., BAE-mPHMEN - R E
B — A XU RS YT R SR W BB, TEALSN R
FEERT WIS R E AL, AR Ok 5 45T T
22 [E) Y R B, o AT OO R AR AT A o AT 4L
SRR AL T T WOE ER .

2 fefF AR

HBATE - R — Rl A B A (B
[ S 5 2R 1 AT B M B T A B R — R 20k
WAL, B A BEE 7 5 2505 S e, DR R 3R g%
Wr . IR E -3 B 3 RO R R BB R
Zﬁ[ﬂﬂg

(D) N 6 R BPDCLR Z AL 2 5 o Rom A5t
38,7 Ry RNIEA - I LT AR WA
Him R, ¥ R, = 0.8,7, = 0.5,0.6.0.7.0.8
B, XY B ER Tew = Ix/ Lo BEFENLZE 0 BOZEALTE
HLANE 1 FR

1.0

0.8}

0.6

[RR

0.4H

0.2

Fig. 1 Relative reflective density vs. phase difference

of the Fabry-Perot interferometer
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Fig. 4 Real (n) and imaginary (k) parts of the refractive

index of Si0O; vs. wavenumber
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Fig. 7 Microfabrication process flow of a FPA chip
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Fig. 8 Optical picture of the movable micromirror array

Fig. 9 Scanning electron microscope (SEM) picture

of a movable micromirror
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