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Temperature response of uncooled microbolometer irradiated by laser
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Abstract: The continuous innovation of infrared imaging technology has made uncooled microbolometers popular in
military reconnaissance equipment. The research of laser interference technology has become a hot spot,and the tem-
perature response of detector pixels irradiated by laser is the key to the success of interference. In this paper,the tem-
perature response of the microbolometer irradiated by chopping laser is studied. Based on the ULO1011 amorphous sili-
con detector, the model is established , and the effect on the temperature increment of modulation frequency, duty cycle
and laser power are studied through finite element analysis. Through analysis and derivation, it is concluded that,when
the uncooled micro-bolometer is irradiated by power-stable continuous laser modulated by chopping,the average value
of the oscillation of the cell temperature in the steady state is in a negative exponential relationship with the modula-
tion frequency it is positively proportional to the duty cycle;and is proportional to the laser power.

Keywords ; uncooled microbolometer;laser; temperature response ; chopping modulation

il

Vol. 50,No. 8
August,2020

- b R -

F18 L T S 2 S AT O TR IR AR G B o XX — T

UTARSR  TER AT A YK S T, Al v 2151
ARG LRAR A R o Rl JE Bl G T MEMS A
IR BRI AR 5 T, SEAR A IR R A
IR/ NS A 52 AT 75 R, WO 1 22 AR
RO AR EEE A L Sk R, T 4
{5 BAGAE SR i i 8, B LL AN DN 28 9 O T4
BRI, I B 28 0 T AT # £ A
TEANRI S BHOEH f FAE T, AR 20 A R0

BEE£MAE : EX B RBFE4L50 H (No. 61801507 ) 7T Bl
EE B A
EWifESE A
WS HH.2019-10-23

I IS, — 7 T O TP As A ik e 3 ik Bl ig
8%, 0 — I N ELAMITER R ST Rt T D RE #2
A , DA B R

FHEC T 18 S0 i 4 BRACR, Ik b ot 4 R AR
ol V4> TR 8 S a1y R )l W 7 S Ry R 2% e
S Ak v 5 A o A5 b AR S RO i IR AOR
ARSI R E T R . E—E I RE R T ]
P Bk Ot AT LA A I R ] 4 T SO S RO

vK(1976 = ) 55 it w0 At A SO, 2 2SR X DT AT SE . E-mail ; zhbgxge@ 163. com
(1989 — ), 5 BTSSR BB AR, F2E NSO BT AT S . E-mail :546391639@ qq. com



Bt 5 40 4 No.8 2020 A

IR A V& DR 5 S BT 52 30 R L 997

FET I, AT A A iV DI S R A ) R T
YEBLIR, 7347 T ARG BE e L BIL TR, N7 T 288
IR %) SOt R A v T A SR A R DA
JE4E IR ULO1011 RYHE S REZT AMRIN 28 2 6], XA [F]
WO E R BRI T 0 5%, R A BRI/t
B AT T, RS T — s iR, IR 9N
AR B E538 o
2 EBigath

AW i ¥ S0 it S R A LT AR I 2 ) A% O 7
P ARFE GO B 1) 223 ] F5OUL A5 #4) S 0 HR 5 559
G5 M G SR Thae . ML /MBI e IE 2
DGR , B85 5 A SR A RE B 2 A1, Bl )0k
RESE AL M RL B N . BOW B 2RI =
G BRI B P A I AL 5 B TR TS
BRI B S 5 R AT, BB b Re R . =&
IL[EAE A R TG, AR5 RE T I 45 0 T D
FREACTER X3 T A 801 e B, i
P OGO R 3R
2.1 REBERE

FE A I R S B =R O
ARG AIMETRIFESI R RS, WA RGBT
XS L AR R AL HAR . E PRSI 2L A4
6B B AR T AR R TS AR oT TR, F R
RAEAEAL SRS L PR AR A B O L R R BT R AR
Jofe S THTAL 3 5 G A BB L ok R R MG
GG — R G PR LA B A INEG . A T AR
Ui TAEYERE AR v RO 45 S Rt i Boc 2 o 1
RUGEAT 548, AL 1 s, 1 ik v = 3t
B LREGOTE R E S, SB35 H bR
IR LLAMNESR o Tl 3 L 20 BRI, #5150y
SeHLEREA BT 2= S IR A B AT AR S IR E,
515 A 15 T Xt B A X LTSN 5 S 0 i 1 1 i —
Ho AT HSGOTIAMEENS IR BT T
e E TR B4 IS (Substrate ) |, B 38 A 4 452 (19 B
e 7% (TEC) Aeszsl™

AN

" Monolithic
Bipolar
Transistor

B HaEoon 1R s

Fig. 1 T bridge structure of detector pixel

AR U B Oy R, D BHR E R R

(TCR) "'y
1 dR
=R ar (1)

XTI, o <O, H BB 5 8 T
o TEAR BT B AR, 5B OnE R MOS
R TRAEGOTE T RS o T B AR
FAFAE (o A T RN i L B PR TR Tt
TEAGOC B oy bt L B A A I A2 1k . i%H T
{54 MOS A LRNMEHOR, Fe A LA 5, SR 1
RS HOR G R . MOS A5 A MR H 1 2
SCHGICHIs T Uy, BEHIF R BLIE U, W P e
Uy 853 R H B FEFIRIE R THE, Uy AW,
MOS 78 9 i P L 0 -

B((Ux=U)U, —%21 O<R,<U,-U LTI

I, =3B(U, - U,)* osU,-U<U, MMM
0 2 U, -U,<0 Ik T
(2)

ZHLUR G Tl A B SR R A R R R EdE . N
TRIEBCA B IE R LA, MOS 48 i 4P TAEX I Y
B TTR R DX 8] Ry R I 28 () 00 T X[

2.2 &R

PR IC I Z AAF DLHEAT 3 A, TR I AR AR
BT, FLERHUT =5

() I ED B, X T 50 /s B 60
£/s BUBHLH PRI A5 , AR TTAH N Hh A 70 32 21 e 2 AR
JH 50 360 ¥, BEUAE A I K T 100 ps, T
Vi ]t izt /N 0 R 40, F ARG D R oo iR
FHEAK, A L2 AT

(2) PSR BCE T . — 5 i A& ot 3¢
PENB S0P IE 2, 2 TR G AT ) 4] S A% 2 A6
J3—J7 L 180T B B 0PGRS 3 T G R R
—REOL T AGOCHE, T LAME T S T 4R
PR ELAS PR, PR AT DL S SO 5

(3) BoOLE IR, A HGR T . Rty A
B CRRIIAT RN G, Z 0 PR S5 2% 1 BE
i, MIRIEN Py i IESHOCER T R4&oTht, A
PO 757

d(T-T,)
¢ dt :
Horp,m W T 2R OTI W IR TR E , 2wl K
RELHMET- T RS SR BER 2 R . X > — B st
G307 R AR BRI

+G(T-T,) =nP, (3)



998 5 RS AN

750 %

nP
T:TO+TO (4)

B AR TIROCHIBOEZ B 5 25 1L 6, 3008 f 1
Bris A, 2 S ERERE R AR A DL, e k=

L/ i A s
B2 AR REOE %

P
Py
O ok
Fig. 2 Chopped laser power

PIE, AL 55 n AR T PY, T 22 AL 1% B0 AT 4

1] ]

k (1+0)k 2k (2+0)k 3k (3+o)k ¢

dT

CE+G(T—TO) =nPy,nk<t<(n+d6)k
dT

{Cch+G(T_T°> =0,(n+8)k<t<(n+1)k

(5)

3 WMOMIRBRIMEL

FEF PR & S 5 TAE A%, FH Solid
works B E 7 = 4R AL, I 15 1 B AR, A
Ansys Workbench J& A FRIC/ T, 456 1% 25 K bx
9 TR KT 5 S R AR | S A
FOEDR AT BRI S5 1, WE T X Ee S 5000 i1 2
BRI S 330 8 W 7 P S o AR R IR
T 2ot R IR E R
3.1 BUMA

FF 3 E ULIS 2~ /¥ 1Ty ULO1011 %Y 320 x
240 o - Si RIS O B PO TR RIS S R g
ST 3 DB NE 3 prR . A T TR FR
TCR RS RT i N

2.5 pm}f; g‘:\i\z

5 pm
P 3 Al v DRl i 6 A ) 3-D A58

Fig. 3 3-D model of uncooled microbolometer
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Tab. 1 Typical parameters of ULO1011 320 x240 « — Si

uncooled microbolometer
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Tab. 2 Parameters of 1st simulation experiment group

No. Py/W | P/(W+mm™) 5 J/Hz
1 7.8 %1073 50 0.1 100
2 7.8 x107° 50 0.1 200
3 7.8x10°° 50 0.1 300
4 7.8 x10 73 50 0.1 400
5 7.8%x10°° 50 0.1 500
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Tab. 3 Parameters of 2nd simulation experiments group

No. Py/W P,/(W -mm™?) 5 J/Hz
7.8 x10 73 5 0.1 100

7 7.8 x107° 5 0.2 100

8 7.8 x10 73 5 0.3 100

9 7.8 x10 73 5 0.4 100

10 7.8x107° 5 0.5 100
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Tab. 4 Parameters of 3rd simulation experiments group

No. Py/W P,/(W - mm™?) 5 f/Hz
11 1.6 x10 73 10 0.1 100
12 3.1x107° 20 0.1 100
13 4.7%x1073 30 0.1 100
14 6.3 x1073 40 0.1 100
15 7.8 x107° 50 0.1 100
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Fig. 4 Model temperature of continuous laser heat source simulation
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Tab. 5 Steady-state temperature oscillation

values of 1st simulation group

No. Wi /K AR E/K FHIH/K
1 375.18 362. 1 368. 64
2 369. 22 362. 54 365. 88
3 367.22 362.72 364. 97
4 366. 21 362. 81 364. 51
5 365.6 362. 87 364.24
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Fig. 5 Curve fitting of temperature mean value and

modulation frequency in 1st simulation group
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Tab. 6 Steady-state temperature oscillation

values of 2nd molation group

No. g /K AR /K /K
6 315.04 312.42 313.73
7 326.76 322.27 324.52
8 335.96 330. 24 333.10
9 343.28 336.90 340.09
10 349.23 342. 69 345.96

P FE B A5 o 2 ek T i &S 15
FIE 6 MXARKX:
T =84.265f """ +285.5 (10)

345 -
® Simulation
——Curve Fitting
340
335
é 330

325

320

315

010 0.5 020 025 030 035 040 045 0.50
fIHz

K6 55 0 B EEIR G IS o 25 LU 2R 1005
Fig. 6 Curve fitting of temprature mean value
and duty cycle in 2nd simulation group
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Tab. 7 Steady-state temperature values of

3rd simulation group

No. Wi /K WAl /K THE/K
11 316.04 313.42 314.73
12 331.55 326.31 328.93
13 338.71 346.57 342.64
14 361. 1 350. 63 355.87
15 375.18 362. 1 368. 64
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and duty cycle in 3rd simulation group
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