35 % DR = R SR — LB A
2015 4 7 A ACTA OPTICA SINICA O

NIRRT R A ORI SRS IN) SN
PREGR (N E 52
ko ek mER ARE IER A K 4§ AEH

W LA ER TS B WOLR AP P L. 10T 4R EE 621900

WE W B N T AE A SR T3 AR R 7 IR R AR AR SRR . AR I8 i AR T R R
ARG R G HUTORL L R R RE A BRI RS 23 A1 LA R g 23 A1 B T E I AT SR 1 Ot SRR i 4 A O BRI
JCHUAFER TR EEK . AT RELE G A RE 7 T T B 29 R R OB IS & ok b AR
fei 308 1 06 IE S B B R BR R OR A B FABOR D B0 385 IS BT AR AR T BB N = AR IR T A 0 g o A
55 P G B 3R A S A R L A5 SRR R BOR R AE 5. 28040 /om T BUME S 0 25 R AU AR AL N AR D
A2 A 1A 1O 3 LA S5 SR AR /N 4 (8L 5 TR DU A A B Ak 19 07 3 LT S A T L R R IR R 2 D 0. 1304 %S R 5 57
AR 37 « 1) 9 5 I S 0 B S R 0 A Y 45 2R S AR — B K AN O T S A R AR T R RO A R IR i 0 T L K RE

AR B R
KB BOLILAE s IEO T IR s AORBOR G s BAS B SCIR BT 5
HESES 0436 MHEFRIRES A

doi: 10.3788/A0S201535.s114007

Investigation on Depolarization of Slab Amplifiers on
Integration-Test-Bed

Chen Lin Xie Xudong Chen Yuanbin Liu Jianguo Wang Zhenghui Hao Xin
Liu Yong Zheng Kuixing

Research Center of Laser Fusion . China Academy of Engineering Physics, Mianyang . Sichuan 621900, China

Abstract Xenon lamp-pumped Nd: glass will result in uneven temperature rise, which will produce thermal stress
birefringence and induce depolarization. Depolarization will directly reduce the system efficiency, beam quality. So,
it is important to confirm the temperature distribution and stress distribution, to accurately predict the resulting
depolarization of the beam, and to design rational beam filling factor. Based on the electro-optical conversion model,
we used three-dimensional ray tracing to obtain the distribution of thermal power source. with heat conduction
theory, we calculated the three-dimensional temperature distribution of the laser glass and the stress distribution and
the resulting depolarization distribution. The results show that the stress birefringence within the beam diameter is
small, but the four corners of square beam department of the stress birefringence are more serious, with the largest
depolarization about 0.13% . The results are consistent with the experimental results of Lawrence Livermore national
laboratory. The near field results of outputted laser show that the thermal induced depolarization of the slab amplifiers
satisfies the output design demand of high energy equipment.

Key words laser optics; depolarization; slab amplifiers; simulation; experimental research
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Table 1 Thermal parameters of Nd:glass

Thermal conductivity.« /(W/mK) 0.614 Mass density,p /(kg/m) 2.83X10°
Linear thermal expansion coefficient,a /K 107X10"" | Specific heat, C,/[J/(kg+K)] 0.75X10°
Temperature coefficient of refractive index, dn/dT /K —4.3X10 °|| Elastic modulus, E /GPa 64. 95
Index of refraction,n, 1.534 Poisson's ratio, p 0.2735

3.1 BRESHASH
AR DL b T S Y AU T B AT Bl B A = 4 3L T A 5 ) 2 A A 4~ 6 T R A e L T2

s114007-3



ot Ee 2 1l

0.85 C. i1 T B BEH A £ 30r 45 A0 HE A 1) fih oz 254 o B B3 IR T D AN 33 2 0 A s BT T I BE T 1) SR
W AR A B2 A1 o O A B B R R N A AR IR 7 B D R R IR 0 R SOOR B R AR N A - Y
U B i iz 45 TRA £ 10 B 43R T O R T R R i N RGIR T 20 3.2 C o T BE A R 7 A Y RN D A i R
BT R STIE ALY 3 A » [ B 7 A S0 IR i e 22

R— AN S—— AN
_ APR 17 2013 MAY 10 2013
STER=L 10:18018 || smEe= =L 10:36:25
suB =20 suB =8
TIME=.400E-04 TIME=.400E-04
TEMR (ave) =) (ave)
R RsYs:
sMx =.847918 sMx =3.251

I eeeeeS— oo — — — =
’ 2093271 000 pm0a13 Y ageass 0 o0 Leszesr T OO garans -35761 1.073 1.708 2.503 3.251
4 s i N BRI 23 Al 5 A3 Ik 25 T
Fig. 4 Transient temperature distribution in Nd: glass Fig. 5 Transient temperature distribution in

cladding glass

w10 2019 ar 10 2013 war 10 2013
frefrees froftt fivitir
(2) pm———— D) m— o -— =
-485509 -269404 -53299 162806 378911 -407534 -242397 -11259 87878 253016 -251615 -138545 -25476 87594 200663
-377457 -161351 54754 270859 496787 -324966 -159828 5310 170447 343091 -195080 -82011 31059 144128

Bl 6 B 38 B BN ) 43 A . () ey THTBY VI E ) 4345 5 (b) = TR 89 Y)W ) 434 5 (o) ez THI 89 D) J) 431
Fig. 6 Stress distribution in the Nd:glass. (a) xy-plane shear stress distribution ; (b) yz-plane shear stress distribution;

(¢) xzplane shear stress distribution
3.2 BRENT
I 4~6 @?ﬂ%@&%ﬁﬂwﬂnﬁwﬁ 5 00 IS A7 43 A K ST B 1 SO R LA 17 3R £ A 3
B 25 AR 400 mm X 400 mum ¥ 58 6 11 7 10 FEL P9 B3 3 M IR 108 IR B5URE 42 A 1 7 BT R, AT

0.15 1 (b)

ES
ES §010f
: -~
g g
g k|
E % 0.05
g =
%)
=)

0.
107 :
5 40 2z, o & =730
2% 20 o 30 10 >~ ) 10 =20
m 10 20 -20 ™\ 0
0 10 % e 3()"3’6’70’ =10 x lom

B 7 400 mm B AR AR BOR # AEON A7 3B . Ca) BRI BB i 43 A 5 (b) LLNL 5256 Il 42438 fi 43 A5
Fig. 7 Depolarization distributed in slab amplifiers. (a) Depolarization distributed by simulation;

(b) experimental measurements distributed depolarization in LLNL

s114007-4



ot ¥ 2 1

D s HEAS G IR A8 P B I 7 AT S-S B0 IR R AR FEAR /N L AEDG IR Y 4 A A 3 AL 1 R 7 AT 5 ™ L R R Y
B A 2 0. 13 %6 ARAR SR JE R F A% il IR S50 7 & 360 mm X 360 mm ST 42 | B il 22 R il K A
WA 2R, 53 LLNL 2375 19 #GR fi BB 3 A — 8,
3.3 RERHER

R A8 e il i B IR S 56 5 SR M T B 2 R OGRS I EOR S5 M L 6 R A2 Dy 360 mm X360 mm,
OGS R EE Ry 156 1, X0 HWEE Sy 0. 12, Q& 8 Jr 7 % R bR 0K 2 1F 5 T 3801 11 4% PR B0R i 250 1
™ B AN A L O R 3 O R B YA R B R RO A AESGR e RO R D A % K RE
SR 2 T PGB I R0 1 O RO A TR R R A Y

Near field Fluence distribution

-180 5 T T T
90 ¢
:
=] 3}
E0 3
> [
g
90 <
o=t

180 0 ‘

-180 -90 0 90 180 0 5 10 15
2 /mm Fluence /(J/cm?)

8 OB TR . (O IEFIEHE; (b) i i oA

Fig. 6 Near-field characteristics of the laser output. (a) Near filed spot; (b) fluence distribution

L T

F S 7 B 85— 4 SR 14l 1 e 7 0 OG0 8D 85— K A R R E S T AR BOK B 7
L AR 3 A o R0 AR S PR S O A AR L7 S R A £ 5
14 93 ST ST T 8K O B 0 249 0. 1396 3% S 15 LLNL S0 70 0 45 S A — 50 Ok o
FEHCK BRI T B B . I ELZE T S G0 0 T L0 A2 K o B 0K

2 £ X #
1 H T Powell, A C Erlandson, K S Jancitis, et al.. Laser Program Annual Report[ R]. Lawrence Livermore National Laboratory, CA,1986.
2 He Shaobo. Investigation on Amplification of Spontancous Emission in Laser Amplifiers[ D]. Changsha: National University of Defense
Technology,2002: 6—10.
P, WOLHK G A RGO 7L D]. Kb Ep R R4, 2002 6—10.
3 Zhang Hua, Fan Dianyuan. Study on amplification of spontaneous emission in Nd:glass slab amplifiers[ J]. Acta Physica Sinica, 2000, 49
(6): 1047—1051.
jk AT, SR AORBOL O B SR SO R R BFSELT ], W B4R . 2000,49(6) : 1047 — 1051,
4 Yu Haiwu, Zheng Wanguo, He Shaobo, et al.. Modeling of residual thermo-optical distortions of the main amplifier of SG-ll prototype[]J].
Chinese J Lasers, 2001, 28(5): 385—390.
TR R8T By, A O TIT A R T AOK A R Ay P A A SE LT ). RO . 2001, 28(5) ¢ 385—390.
5 Cao Dingxiang. Thermal Effect of High-Power Solid — State Laser Systems and Thermal Management Research[ D]. Changsha: National
University of Defense Technology, 2008. 147—172.
TR m YRR AR R RO XARE BT SELD]. Kb E B R R, 2008 157 —172.
6 Ou Qunfei, Chen Jianguo, Feng Guoying, e al.. Analyses of thermal depolarization in ring laser diode arry side — pump rod laser[ ] ].
Chinese ] Lasers, 2004, 31(7): 797—801.
WRAE G BRA 9, S PRBEOE TACE S BOB B A BGR 4y AT [I]. PO, 2004, 31(7) . 797 —801.
7 Li Gang, Feng Guoying, Li Wei, e al.. Depolarization loss in square sheets Nd: YAG laser medium induced by stress birefringence[ ] ].
Chinese J Lasers, 2010,37(1); 38— 43.
2N EESE, A 5L 5 Nd: YAG 5B # T WOL A BN 3 XU RGBSR (0], RO, 2010, 37(1): 38—43.

EERE: R4

s114007-5



e ¥ 2 e

SR 14 1
L. V75 1 3 i W o S 4 e R 9 3 SR LV T PR VR
2.V AE % 4y HECRS H 00 USRS RS H 0T S 40 L I
3. W ME 4 th B2 SOk — AN 19 1 % 9 %

s114007-6



