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Temperature field distribution and thermal distortion of thin
film coatings irradiated by~€O; laser

YANG Fu®?, HUANG Wei'®, ZHANG Bin', CHUI Xiao-liang" , LIU Zhi-guo®, CAI Bang-wei’
(1. College of Electronic Information ,Sichuan University ,Chengdu.610064 ,China ; 2. Department of Physics , Hebei Northern Col-
lege ,Zhang Jiakou 075028 ,Chian ; 3. Institute of Optics & Electionics ,the Chinese Academy of Sciences ,Shuangliu 610209 ,Chi-
na)

Abstract : The basic theory of the temperature, field of optical thin films is given. The temperature field distribution of
dielectric thin films irradiated by 10. 6um CQ, lasers has been simulated numerically and analyzed theoretically using alternating
direction-implicit technique. Using the Shack<Hartmann wavefront sensor ,the thermal distortion of the substrate ,the single-layer
dielectric thin films with different thickness ,and the multi-layer dielectric thin films with different multilayer thin films ( YoF3/
ZnSe) irradiated by CO; laser arg/studied experimentally. It can be shown that the temperature field distribution of thin film coatings
irradiated by lasers deperds,on’the field distribution ,power and irradiating time of lasers. For the 10. 6um laser , Ge is the most

suitable substrate materiah.
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Fig.1 Schematic of multi-layer thin film irradiated by laser
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Table 1 Optical .andthernophysical parameters[’!

heat capacity per wolume

heat conductivity

layer refractive index n thickness d/ nm
/@ (em K Y K (W -(cm -K) Y
substrate ( Ge) 4.01-i5.3 x10°7 1.66 0.27
SiO, 1.4-i2.83 x10° 1.899 0.062 1879
ZnSe 2.4-i1.76 X40¢ 1.79 0.18
YbF; 1.36 - i354.%10)° 3.61 0.051
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Fig.2 Temperature rise distribution at different time
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Fig.3 Temperature rise varies with time at different w
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Fig.4 Temperature rise vatieswith time at different P
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Fig.5 Schematic of thermal, distortion experimental setup
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Fig.6 Thermal distortion of single-layer thin film varies with time (left) and
isothermal diagram at t = 8s(right)

KEXT 10. 6um B9 CO, WOEHIR AR & R iTH G
FR BRI Sio, HURBEN 10. 6um FRRUF G2
I S IR LAC U ot T R ARAE B o

PE— 4 L 6a 5] 6b & €T LLE H AEAH
[ SEG 254 602 T ) Ry T ) ) 2 T
AR o RFE—FE i BOBTh R S R AR
R o U4 K ea T 6c S 4 25 H 9T
SR ZE R T EL AT T o 14 T A it o i
NS a iy N 1 = e 2 o7 N, A 1

B AL AR G A B AR B kA T 1 T SR 43
Mr o FEMCEERN b R FH 2 - P & R AL R XA
[ SR AN TR] JR B 25 2 M LA R A TR I 2R
1122 262 IRE i E 10, 6um SO HE IR R 1Y Bk
AT T SIS o BESTAE RR I ORI RO
PR ol B B 3 90 A 5 BRIOG Y 6340
WOCTI R LR BOG R RN R SFE R R A K. X T
10. 6um HOLIM 5 |, Ge i B ML R R . G 1S
FHEHIR) Sio, FUEARAT{ESN 10. 6um FE T 622
F S5 IR F ) E AR e ZEAH IR SR 58 4510 T
2 JEE AR ol R R A P AR AR K SO
ThAiBE R A AR K o B i TR A B
ST P R TR TN (H AR R &
O o o o
[1] ABRAHAM'E HALLEYJ M. Some calculation of tenperature profiles
in,thin fitms with laser heating [J]. Appl Phys,1987 ,A42:279~285.
LAXM. Temperature rise induced by a laser beam [J] J A P,1977 ,48
(9) :3919~3924.
T B AR, W TIEIELE CO, WOLSE [M]. Jbst: EBT Tk
Hi At ,2000. 3~6.
FO0N. PERF 2 WG BRI A [0]. A 2E 4R 1998 ,15
(2) :228~235.
MANSURIPUR M ,CONNE.L GA N,GOODMAN J W. Laser-induced
local heating of multilayers [J]. Appl Opt , 1982 ,21(6) :1106 ~1114.
EEE. G RBOC RO R S UGS [D]. i b E R
2Bt ERE MU BT 2001, 25~ 28.
KLOCEK P. Handbook of infrared optical materials [M].
York :Marcel Dekker ,Inc ,1991.155~191.

(2]

[8]

[4]

[5]

[6]

New

[7]

(226 250 )
B B &R ST R T HR v ot R AR R A A st T B
] ; (4) H &SRS PG R ARG 72 B3
R~ B Yl /0N T VCSBLs HH T A JIas 2 1 B A A
AT LABE = o

O o O o

BABIC D | ,STREUBH- K,MIRIN R P et al. Room temperature con-
tinuous-wave operation of 1.54um vertical cavity lasers [J]. IEEE Pho-
ton Techrol Lett ,1995 ,7 (11) :1225~1227.

R Y O REREG T VCSELs MR ZE ) 2 EL 1
WEFTE [3]. YT 80t 2003 ,14(6) :562~565.

[1]

[2]

AGRAWAL G P ,DUTTA N K. Semiconductor lasers [M]. New York :
van Nostran Reinhold ,1993.231~311.

WM ke Y W EE RO R BIR SR A
il [0]. WOt 545N 2002 ,32(1) 127~29.

NABIL M L. Relaxation oscillations and stability [J]. IEEEJ Q E,
1982 ,18(12) :1992~1994.

TKIEEEE W MY R et al. 2P SARGEROG AR RS W ) A
PTRFE AT 0], HOEEAR 2001 ,25(3) :221~224.

CHOA FS,LEE YH,KOCH TL et al. High-speed nodulation of ver-
ticakcavity surface-emitting lasers [J]. IEEE Photon Techrnol Lett,
1991 ,3(8) :697 ~699.

R BRAGE . 51 ST R ) 2 BRI - S RO R
TN [3]. Wy EaAR 1997 46 (9) 11731~ 1743.

[3]

[4]

[5]

[6]

[7]

[8]





