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LD-End-Pumped Nd:YVO, Slab Laser and Its Thermal Effects

Shao Jie Li Xiaoli
(Shanghai Institute of Optics and Fine Mechanics . Chinese Academy of Sciences, Shanghai 201800, China)

Feng Yutong Lu Yutian

Abstract The use of slab geometric structure in laser can greatly reduce thermal effects of laser medium, but
further analysis of its impact is necessary for optimizing the efficiency of lasers. We analyzed the thermal effects in
the partially end-pumped slab laser with a hybrid resonator, using finite element analysis (FEA) method. The
calculated results of the thermal focal length match with the measured results. The thermal effect on mode-match was
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analyzed. The results are helpful for the optimization of laser efficiency and resonant cavity design. In the

experiment, an output laser of 41.5

W power is obtained with the input power of 110 W. Optical-optical conversion

efficiency is about 38% , and the slope efficiency is 58.8% , with M%=1.59 and M?% =1.55.
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Fig. 1 Experimental setup of laser. (a) Horizontal direction, (b) vertical direction
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Fig. 2 Schematic of partially end-pumped slab laser with

a hybrid resonator
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Fig. 3 Heat distribution in the crystal calculated by LasCAD using FEA method. (a) Heat load, (b) temperature

distribution, (c¢) heat stress distribution
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Fig. 4 Focal length of thermal lens versus pump power
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Fig. 5 Equivalent cavity with thermal lens
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Fig. 6 Beam radius versus focal length of thermal lens

in different cavity lengths
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Fig. 7 Output power versus continuous-wave pump power

of hybrid resonator

MYy 110 WB 3% 2240 o 41.5 W,
HE R AR Y 3800, RERU A 58.800., M7
A LU Bl 0 R 0 K i s A B A
MRS . FTLATIT . B il D R i 48 w6 i%
Bt it — iR

FIH Spiricon 24 &) 24E 7=y M*-200 %I o £ fii
S AT ASCI TR A I R RO R MR . AR
BV 110 WO BOBH B 23 41,5 W B, B AR K i
RS A M 43508 M2 =1. 59,
M, =1.55, Hith#HoLm iy ese R i 8 frs,
XU T G i R IR A OB .
JEAF AR RS B Oy 1) R I S AR AR I, B A
BRI S B B i 1) CRD o gD 6 HO AR
b ARJEFRATT BRI AT = R0y PN TT I M

[ 8 IR 5 R 12 I i OG0 7 DG BE B
Fig. 8 Output beam facula in the far-field of hybrid

resonator



34 [P

WO BB S AhE Nd: Y VO, AR 2530 & B H a0 501

BRI o T3 1) R B W EE y 7 1) 4 B A
2% R AT AR T AL AR AR By R Jh A R B 2R B
4+ T L AR A RS T A T R B IE . X
A e AR A 9 4 ) S (L

5 e

FI A LasCAD # i) FEA B3, 43 8 173
4 ity T 132 1) TR B Js W 2% SO 4 P i BN 1
1) B B A R 55 S 45 SR IR A AR AT . A0 BT T AR
Xof A 2 UG P Fr) 52 00 5 2 T 45 SR X T O AL OB R S50R
BRI IRIE RO R A — 2 S % L. i
fili b AT TR A ESER s T 110 Wi, 4k
S i ORI RO 41,5 WO R BUR Y
3895 Rk R ik 58. 8%, M? ¥ M?=1.59, M}
=1.55,

5 £ X W

1 G. D. Baldwin, E. P. Riedel. Measurements of dynamic optical
distortion in Nd-doped glass laser rods[J]. J. Appl. Phys. .
1967, 38(7). 2726~2738

2 L. M. Osterink, J. D.
transverserse mode control in a Nd: YAG laser[J]. Appl. Phys.
Lett. , 1968, 12(4) . 128~131

3J. D. Foster, L. M. Osterink. Thermal effects in a Nd: YAG
laser[J]. J. Appl. Phys., 1970, 41(9): 3656~3663

4 Cheng Xiaojin, Niu Jinfu, Xu Jiangiu. Thermal effects in partially
laser-diode-pumped slab laser [ J]. Acta Optica Sinica, 2006,
26(6) . 854~858
FEANED A & w AR GIRK. B0 il i 1 B % WO AR 19 0N 43 A
[J]. &% 54k, 2006, 26(6): 854~858

Foster. Thermal effects and

5 Wang Ning, Lu Yutian. Partially end-pumped Nd: YVO, slab
solid-state laser[ J ]. Chin. J. Lasers, 2006, 33(10): 1319 ~
1323

T BEFE . R4 1 S 1 Nd s YVO, AR IR EO6 8
[J). ¥ HE#k, 2006, 33(10): 1319~1323

Liu Jia, Fu Wengiang, Hu Qiquan. Dynamic thermal abberation

>

measurement of side-pumped slab laser medium[]J]. Chin. J.
Lasers, 2007, 34(4) . 511~514
XA SRR AR 0T S AR A O A T Bh A AR AR
/1], FESE, 2007, 34(4): 511~514
7 A. Giesen, H. Hiigel, A. Voss et al.. Scalable concept for
diode-pumped high-power solid-state lasers[ ] ]. Appl. Phys. B,
1994, 58(5): 365~372
William S. Martian, Joseph P. Chernoch. Multiple internal
reflection face-pumped laser[P]. U. S. Patent, 3633126, 1972
Keming Du, Yan Liao, Peter Loosen. Nd: YAG slab laser end-
pumped by laser-diode stacks and its beam shaping[J]. Optr.
Commun. , 1997, 140. 53~56
10 Ning Wang, Peng Shi, Yutian Lu. The intensity distribution and
thermal stability of InnoSlab laser[ J]. Chin. Opt. Lett. , 2005, 3
(4). 215~218
11 Wang Ning, Lu Yutian. Sensitivity to mirror tilt of off-axis
hybrid resonator for InnoSlab laser[J]. Chin. J. Lasers, 2005,
32(12): 1593~1598
ET B L RS v T A2 AR A% WO A R B SR ) 8T Y
[JJ. ¥ Esk, 2005, 32(12): 1593~1598
12 Zhang Xingyu. Zhao Shengzhi, Wang Qingpu et al/.. Study on
thermal lens of Nd** : YAG laser pumped by a laser diode[]J].
Chin. J. Lasers, 2000, 27(9): 777~781
AT B R R B AR, BOE RS S 1 EOG E HGE B
BERRFSELT]. F Bk, 2000, 27(9): 777~781
13 W. Koechner. Solid-State Laser Engineering [ M] . First
edition, Sen Wen transl. ., Beijing: Science Press, 2005. 184 ~
185
W. BATH/R. Bkt TREIM] S, X . dbst: #
2 R AL . 2005, 184~185

oo

©



