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THERMAL RESPONSE SIMULATION OF MICROBOLOMETER
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Abstract ; Two-dimensional thermal simulations of the microbolometer with a micro-bridge structure by finite element method
were done. The effects of pixel size, suspended film thickness, length and width of suspended leg, down-lead, vacuum
package on the temperature changes and thermal time constants of pixels induced by infrared radiation were analyzed. To

compare, the performance of microbolometer with a cavum structure was also discussed.
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Fig.1 Schematic of micro-bridge structure
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Table 1 Thermal constants of materials

p( x10°Kg/m*)  e(J/KgK) K(W/mK)

SiyN, 2.40 691 1.0(3]
Vo, 4.34 465 22[5]
Al 2.7 908 237
Ni/Cr(20% Cr) g.41 466 13

URMEL, Si,N, E, K 2 4 Si,N, X#Z,
VO, SRR, B ARk, Si,N, IRIZ, X4 3 64 Si;N,
FREAEIK. IR ITTALLINEH T, IR REET A
EAEIMBEAT=AT.(1 —e™") , SHAERTT UL
& B 2 TR T IR 4 A6 F O, 1B B 4 A Rt —
SERTE B BIRE. AR E B 7 S S HOTIR
FREIFEER (1 - 1/e) B B T S Ay BifA].
FEATEEXT 50um x S0um R THEREHFT T
SRHT. R S D E 100W/m®, 4T ShIR UK 7 B
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m*K"®! SRR T, =300K, U2 Si;N, K /5B B
0.05um. [ 3 BELSMEH T BT EFRTEEN
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Fig.2 Planform of Simulation elemet
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Fig.3 Temperature distribution of detector with microbridge
structure
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Table 2 Temperature change and thermal time con-
stants of 50pm x 50pm pixel with Al down-
lead

Sl W R VO, IR S1 B P A
BE BE RE EF RE (K) (ms)

(pm) (pm) (pm) (pm) (pm) =5 HE 55 HS

1 0.2 0.1088 0.1142 2.6 3.0

1 0.1 0.1147 0.1206 2.6 3.0

0.5 0.1 0.1236 0.1304 2.0 2.4

0.5 0.05 0.1314 0.1390 1.8 1.9

0.5 0.05 0.1356 0.1433 2.0 2.0

0.5 0.05 0.2401 0.2662 3.0 3.0

0.05 0.5 3 0.05 0.3792 0.4498 4.3 5.2

=3 JAINICr 3| £89 S0pm x 50pm {8 7o .0 Kigagia
0 B 2 e ()
Table 3 Temperature change and thermal time con-
stants of S0pm x 50pm pixel with NiCr down-
lead

A% MR HE VO, M Bl BI AN
BE ORE ORE mE RE (K (ms)
(pm) (pm) (pm) (pm) (pm) x5 Ko 55 K3

0.1

W W Lh Lh Lh LA
_—= NN

1 5 0.2 2 0.3943 0.4972 13 15

1 5 0.1 2 0.5005 0.6445 13 16

0.1 1 5 0.05 2 0.5119 0.6620 13 16
0.5 5 0.05 2 0.6326 0.8794 10 14

0.5 3 0.05 2 0.7786 1.1826 10 16

0.5 3 0.05 1 0.9794 1.6728 12 20

0.05 0.5 3 0.05 1 1.0998 2.0585 13 25
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Fig.4 Schematic of detector pixel with shorten down-lead
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Table 4 Influence of leg length on temperature changes
and thermal time constants

S NKE (um) 80 50 30
HHA(K) 2,525 1.6728 1.0353
LB F) R (ms) 32 20 12

®5 Sl&kEHHRE
Table 5 Influence of down-lead length on temperature
changes and thermal time constants

G (pm) w7t (K) A ] (ms)
50 +48 1.6728 20
50 +20 1.7729 21
50 +10 1.7845 2

HTHRE &2 BB, SLHA AR £ T R 71 1
TR F% 0 /AN, 4500 R B HOR B9 AR i i
AN AR TR E R A TZMERBH. & 6
BREXR)ZO Sum B, X H#E 3um T, CEBHE
50pm $,1pm $,0. Ipm JE#) NiCr 5]£%,0.05um JE
VO, BEMZEWSET , ARIRTHBOTIR A EN.

FE—BIERT, IHEERK BB, Xt
FRFERXBE, NE 6 WERAERE A EGET
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TREMFRT LRGN/ D LR T B H — SRR
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DASR B R

DA bR MR R BoR RIS R R A
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. HTHE RN HORE NS U ERAE
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Bt (6] 7 %t KR BE A 4R
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Table 6 Temperature changes and thermal time con-
stants of pixels of different sizes
BTERF (pmxpm) 100 x 100 50 x50 30 x30
BFAHK) 0.9794 1.6728 0.6756
BT R R # (ms) 11 20 9.5

2 FH=R4EWH
2.1 148

I R S SR T 1 B 7 B SUBR 45 48 T LB
BRENRRGER HHET L LR,

AR AR R IR E R — &, AP T
B K2R X P45 ) & B B AL PLLL A MR 3 e
FEWRRE 9 10°V/ W B 5 5 AR 23 i 454 B SR 40
A e . AR AT B B s ISR 2. Sum, TR
I E R, X IR BR T NiCr 5148
K35k, FARFRAF B LT 1 IR Ui R B 85% , B AME
AR A BB S S — B, EE R, XHER
B4 0.5um,NiCr 5|2 % 1pm, B 0. | um, VOx SR
BEJEL 0. 05um, K/J> 50pum x 50um.
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Fig. 5a Side elevation of detector with a cavum structure
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Fig. 5b  Planform of detector with a cavum structure
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Fig. 6 Temperature distribution of detector with cavum
structure
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RN, H RN T — 25 3R B 4T b ma R SR
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Table 7 Temperature changes and thermal time con-
stants of pixel with cavum structure

FWER (um x um) 100 x 50 84 x 50
RO KRR (K) 0. 1045 0. 065
Bt ] B 3 (ms) 1.3 1.0

X BBIMBT A T ZRMERE N, M TE
AR 2 AR 2 S A OB AR S T e g T
BEUTE TE SR B BUR IR I8 BE 70 A A an
PR E5/5 , IR BE T R BE AR T R .
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