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Transient distributions of temperature field and thermal stress field
induced by laser irradiation
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Abstract ; Electro-optical detectors are widely used in many fields. However, temperature rise
due to the absorption of laser and other phenomena may damage detectors. Using thermal elas-
tic theory, the investigation on K9 material radiated by CO, laser is done. According to the
two-dimensional planar model, the transient distributions of temperature field and thermal
stress field which result from laser radiation on semiconductor material are obtained by analyti-
cal calculation. The results show that the K9 glass damage threshold of laser radiation is de-
pendent on the radiation time and beam radius. Under the same conditions, the thermal stress

damage threshold is lower than the melting damage threshold, so the damage reason of K9

glass material is thermal stress damage.

Key words: electro-optical detectors; laser radiation effects; temperature field; thermal

stress field

518

BEE R ¥ BRI R R, S it i 3 K 88 I
RERERENSMUEERIE R HRE.
RMENSEHEZRIEFTRS L, ARKERAR
MRS HFE B A 5 Z B BOER BRI B4 .
LHEZBBOCHERUG, R EOLER

Wi A #:2010-02-08; #&E H#F:2011-04-20
ESWR:-EREAMFEES 60371019

BE— o SR AL BEE A O  BT R BCF
REWRB, &/a RANBF. 52 5B REOCE
HIRE R LR B IR, BB E R E R T .
MRAE B EE S BH RN, 58 BOL IR 5
TOLRFRUBAEBAMN S EENMNE. KX
BT AR LB R FE A IR B A R A i R 4k

EEBN:ERA77—), B, REEEA, TRM, TBAZOERR ST BE G M R4 TE.



. 802 - B2 2011.32¢4) F ML FOLWESIEMM LR ES MM I GBRESA
YIERRLAL, 0T T 2 R R 2 B B R IR R WA 251 -
B 35 W A8 Ak R AR 1 85 4 A B AR AL SR BRO6 T T To=T(r,0)=0 (3)

BB P H AR RS,

1 EipER

I (o) NEOCER SR BETh B35 B, A4 S0 it
WL BRI, B0 8O -

O L @)
1.1 BEHSH r~{o, r>a
3 B SR P AL N R o R B ST AT LI T 7 AR T R PR A PR G B 5 S0 0 A, o T

TR BE AR F7 0 R . AR BB AE B9 K A BN T
HAR L E S ROLE AT R 7 W B R AR R
T MURGS KA _HFPEBER, ¥42Ha

A 3 B ot S Rl A B R L A9 B BOE A
TEAE B4R R T X B A AT 38, 3F A R R 2

Be/ 3R AT . B A 75 B 5 AT 3% 5 e 5t 4
BT RO I S IATE R0 RB R,

A 2] \ /\9‘ ,\/d\/\o i Xj:
[T 7 S 6 XY AL AR AR R TR S5 D= R Y TC 0 -
AT BRI B0 < r < b (9 E RIS S B DA
B SR A A R S TR TG0 = B 5P TR0 (6)

o'T 10T  gr,t) 12T
ort - r or + K D ot

@y
(—=R) « I,

h
K D = K/ (o0 WRERREK. o MC 5
S0 bR BT BOR B AR 0 B B RN LGB

g(r,t):

CEHERGH R EGFRBR T, ERXP TSR R
7~ AR E R
RO:{JO(ﬁm,r), m7#0 N
1, m=0

e o Jl(ﬁmab)y m?ﬁo N
) HRGPR B b J AR M IR s R % %ﬁﬁﬂf{L - AR

MEER SR, KRS - RKAREZN B

F—RK—Br I ZE KRB AR, B N (B, BB

HOMRER A - 1 {Z/szoz(ﬂmb), e
I -
?)_r ,::I)ZO (2 N(B.) 2/6°, m=0

# =0 ygﬁ%ﬂtﬁ'ﬂzﬁﬁ%&j‘ZUaTo:T(V’O)
REEMVIRBE M. BERNRE, TLUAE

me:iLWm+ngﬁMuﬁuz

Bl o (Bub) I

1.2 BEHhESH
Xt T 8 FE AR SR 6, IR 4 Tl 6T R o3 A, B
feim KT R, HOR AR AL T A i N T R T

COKXBEFT R0 B, LM A RER,
WE re [0,6]mt, 453 2030 B 5 B AT Rk X

[1~exp(—ﬁiD¢)]J} (8

WRL A L. AR B 1 K 7 B I ) L 2 9
JUAa] 75 78 Be B 3 1o 728 84 1 S8 5 J7 72, AT A 1 B
TR 7 AL R 3R 1] S D R R

6y (ra 1) [ BT rdr+ I{)T(r,t)rdr—T(r,t):] (9)
A o E B HEMAKEIEKABNBERERE, BOXFAORXBE.
:ZaaE‘qI() = Jo (‘3 r) Ji(Bna) . o
0, (o) =2 mgl{[ = 1o r)]ﬁ—*—L[lemb)]ZD exp(—g.Dt) ] (10)



BERSEaE 2011,32(4)  E R 45 BOGHE B 51 & A A7 RHEL B3 AR L ) 3 0 B 43 A + 803 -

2 HEEGRMIE
%t CO, #t#E (A= 10. 6pm) 5 I8 K9 BE 344
BLEATOIE . RBOLCHRHEE =1 500 W/em?,
K9 WHBMWSRME 1 Pim.
1 KOWENHESH
Table 1 Physical parameters of K9 glass
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B Fig. 2 CO; laser radiates K9 material, radiating time:
1. 00 s, power density: 200 W/cm’
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Fig.1 CO; laser radiates K9 material, radiating time.1. Fig.3 CO, laser radiates K9 material, radiating time:

00 s, power density: 190 W/cm? 1. 00 s, power density: 250 W/cm?



+ 804 - RAIFE%E 2011,32(4)

£SO RS KA RHR B B 1 35 KBRS 4

HE I~E3REGFHBEDRINTTUEH,
FEERBFIENANERK . BE2EH LA BYE,
BASHERERFXR MEFRHRE L, BE
EHOCBERS, MERROBRELREILEN
F. XNTFRMAGHSAEE, B FHBE LMK,
SHEOCH X (FIRX) E RN 7 b fE, It
BEAMU (R B 5K IR A R XD B BB 1, B F 44
BHAPE R E K FHhras B, BT LU 1 8
B DT S IR B AR BEAMI . W 1 BR, AT
I BE SFES(E] 3 1. 00 s, THHEEF 190 W/ em® B,
ODBREBRETENEE T.194C, KX B AR
B RN ABEERH S HBERAN LR
ERAWERE. 2R 2 B, AT E A 1. 00 s,
BOLmEIIRFEE N 190 W/em® Bf, FLORFIER
FE B A T =224 C, FE BB E FE , BN
HEE BN HBERAN L/ N ER
A, & 3 &, BAoTET[E 0 1. 00 s, TH R % HF 250
W/em? , b B EERETT B E To.=416°C,H
PREBFEREE, S KRN J1 B 2T 7 8 i B
HEHRE. HEITES R S3C10-12] 58K
HERBXRAMBER FBB -, AU
CO, BOLER B KO M T, § A KL MR MAL
TR,

3 & i

Broc R, K9 SBbHE 1 45 1 2 5 48 FR B
EIRIEBE R R A%, R — AT, &R
RE 7458 45 10 180 8 4 48 495 O 46K » BT 1A KO BT A1 et
BRI 2 H B R . RS R
SYHT AR E 7E R % 5 £k 0T B A R 22
[ M 32 4T 3 4 R 28 B A 4545 1R £ 4 A
B, 4 S P A 6 3 % RO R 1 DA% 1

SEM:

[1] DIENER K, GERNANDT L, MOEGLIN J P. Study
of the Nd: YAG laser irradiation at 1. 3 pym on the
thermal mechanical optical parameters of germanium
[J]. Optics and Lasers in Engineering, 2005, 43;
1179-1192,

(2] seds, 4, R34, BBSMIK R BOG ST 88 81 4 vh
HHENEERREI] . g 5¥ET R, 2008,
37(3) . 481-484.

JIANG Nan, NIU Yan-xiong, ZH ANG Shu-lian.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Numerical simulation of thermal shock effect on Ger-
manium induced by out of band pulsed laser [J]. In-
frared and Laser Engineering , 2008, 37(3) . 481-
484. ( in Chinese with an English abstract)

ECE, £FE, TEW, EEMCEBESERG
B%CE LB R (T, B A K %, 2011, 32 (2):
267-271.

CUI Yun-xia, NIU Yan-xiong, WANG Cai-li. Nu-
merical analysis of CW laser damage in Germanium
(}]. Journal of Applied Optics, 2011, 32(2);267-
271. ( in Chinese with an English abstract)

B4R, HEE, BRYHE, %. He Ne BACRADEE
WAL G RAE(T]. B A B2, 2008, 29(1) .
131-135.

LOU Jun, SU Jun-hong , XU Jun-qi, et al. H e-Ne
laser light scattering detection optical damage thresh-
old of thin film [J]. Journal of Applied Optics,
2008, 29(1): 131-135. (in Chinese with an English
abstract)

EES b ARFERRNAM). b B T
MRt ,2008.

WANG Hai-yan, Principle and Application of Optical
Technology [M]. Beijing: National Defence Industry
Press, 2008. ( in Chinese).

Bripe i, 4 ek, 5 4. b 2 40B R BY BOL IR RN
ITERH AL R AE S H L] ¥4, 2004, 24 (8):
1057-1061.

DUAN Xiao-feng , NIU Yan-xiong, ZH ANG Chu.
Calculation of laser irradiation affect ion and analysis
of laser induced damage threshold in semiconductor
[J]. Acta Optica Sinica, 2004, 24 ( 8) : 1057-1061,
( in Chinese with an English abstract)

. BEEXERFENBHREHAEIML KE:
KEHEB TR AL, 2004.

GAQ Xun. Laser damage of the photoelectric detector
[M]. Changchun: Changchun University of Science
and Technology Press,2004. ( in Chinese)

B4, %8 MATLABG. 0 R X TEMAIM]. dt
IR Rb R, 2002,

SU Xiao-sheng. Master MATLABS. 0 and apply in
engineer[ M]. Beijing: Science Press,2002. ( in Chi-
nese)

RER. Y ER BE. MATLABIES REBRHE
[M]. dbx. 4K R AL, 2005.

ZHU Heng-jun, XIAO Yan-cai, QIU Cheng. MAT-
LAB language and practice tutorials [ M] Beijing: Ts-
inghua University Press, 2005. ( in Chinese)



RAIX%  2011,32(4) X R, 4. BOGERSE K HEHR B S MBS N 5 s B S o + 805 -

[10] F&.FHRIY,.FE. CO2 #6324 8 iK1 45 3%
RISKH 5 40 47 (1] ot e B R B A, 2008, 23(3):
18-20.
BIAN Jing; JIA Cheng-gong; XU Hong. Experi-
ment and analysis on damaging effect of COZ2 laser
to optics material [ J]. Electro-Optic Technology
Application, 2008, 23(3):18-20. ( in Chinese with

an English abstract)

(11] EEE, 28,8 L EZMEBOLH- N BIR

[12]

R[], Fe2 2 ,1997,17(1) : 20-24.

XIA Pu-jun, GONG Hui, CHENG Lei. CW laser
induced thermal and mechanical damage in optical
window materials[J]. Acta Optica Sinica, 1997,17
(1):20-24. ( in Chinese with an English abstract)
BARTOLI F, ESTEROWITZ L, KRUER M. Irre-
versible laser damage in ir detector materials[ J].

Applied Optics,1977,16(11):2934-2937.

(E#:58 760 D)
ion beam[J]. Journal of Mechanical Engineer-
ing, 2009, 45(7); 152-156. (in Chinese with
an English abstract)

[42] TRICARD M, DUMAS P, FORBES G, et al. Re-
cent advances in sub-aperture approaches to finish-
ing and metrology[J]. SPIE, 2006, 6149, 614903~
1-614903-19.

[43] FA#k, B—WA, BEE, % BN EHEXTE

PERFEIRAEKBREZLGMTHEELI] BHH
HRHEFR, 2009, 31(4); 1-4,

ZHOU Lin, DAI Yi-fan, XIE Xu-hui, et al. A no-
vel path used in computer-controlled polishing
process based on uniform-area-increment Spiral[ J].
Journal of National University of Defense Technolo-
gy, 2009, 31(4);: 1-4. (in Chinese with an English

abstract)



