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Thermal Lens Determination in Solid-State Laser by
Using Astigmatic Cavity
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Abstract A simple method using an astigmatic cavity to determine the thermal lens of laser crystals is reported. At
certain resonator parameters there is a certain thermal focal length, which meets the requirement of making the beam
size equal at the tangential and sagittal planes. Based on the ABCD matrix, the relation between the cavity length and
the focal length is obtained. The relation between the cavity length and the pump power can be established by
observing the spot pattern. Thus, the thermal lens length can be obtained by a middle parameter, that is, the cavity
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length.
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Fig. 1 Configuration of astigmatic resonator
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Fig. 3 Focus of accessorial lens versus cavity length
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Fig.4 Schematic diagram of the experimental setup
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Fig. 5 Light spot patterns of output beam
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at the pump power of 30.45 W

4 4k ®

P T — PR AR O DU 4 55 A G B AR
BB 7 ¥k . RS B 0 1 K A S b ] AR & 4 5
TR PGB B S K R DL K dhiE TR 5
KRR FHABREE SMEBIRNLR, BT
D375 20 38 45 0 B RGBS AE IR . R R g5 R
T A A A Nd s YAP 306 g 811, [8] B 3875
e 4.5 W B 5L 540 nm Otk A 1.5 W Y
1080 nmig e - . kOB ER OL i B S e

L5 2R L 23 M X L L 4 5 P W i 0 45 2L R T AR
B BeHOG AR S PR AR i RGBS AR . 7E AT
LI I HOEAR B TAERES 5 EOtS 2 et iy T
PER S AL 2 — b s AL ) A28 5 A B 7 56
JEHGE T 4 [ S IR R I B0 E A P O AR
BRI R (H R U] % T LAY
i A A T3 0 ARGE B R A A D R R Y B
R U R T R I B OFBOA B 4R
Il B S RGE SR P e E T A0 il
X R A A2 R A T

s & X #
1 W. Koechner. Solid-State Laser Engineering[ M]. Sun Wen,
Jiang Zewen, Cheng Guoxiang Transl. , Beijing: Science Press,
2002. 363~364
oA K. B R A M Fh
Ao B iRAL . 2002, 363~364
P. J. Hardman, W. A. Clarkson, D. C. Hanna. High-power
diode-bar-pumped intracavity-frequency-doubled Nd : YLF ring
laser[J]. Opt. Commun. , 1998, 156.(1-3): 49~52
W. A. Clarkson. Thermal effects and their mitigation in end-
pumped solid-state lasers[J]. J. Phys. D: Appl. Phys., 2001,
34(16): 2381~2395
B. Ozyfus, Q. C. Zhang. Thermal lens determination of end-

SCLLFES RERE B, L

oo

w

=

pumped solid-state lasers using primary degeneration modes[]].
Appl. Phys. Lett., 1997, 71(18): 2590~2592
B. Ozygus, J. Erhard. Thermal lens determination of end-

o

pumped solid-state lasers with transverse beat frequencies[]].
Appl. Phys. Lett. » 1995, 67(10): 1361~1363

Ai Qingkang, Chang Liang, Chen Meng et al.. Thermal analysis
of Nd: YVO, pumped by 808 nm and 888 nm[]J]. Chinese J.
Lasers, 2011, 38(4): 0402001

WPREH ZLBE B % 808 nm 45 888 nm fil1iE Nd: YVO, #4
OB HELT]. Bk, 2011, 38(4) . 0402001

W. Koechner. Thermal lensing in a Nd: YAG laser rod[ ] ].
Appl. Opt. . 1970, 9(11) ; 2548~2553

Geng Aichong, Zhao Ci, Bo Yonger al.. A method for measuring

o

-3

oo

thermal focal length of LD-side-pumped laser crystal[J]. Acta
Physica Sinica . 2008, 57(11): 6987~6991

BREM B 2,8 B — R A O T R ROk
RN TR LT]. B F R, 2008, 57(11): 6987~6991

F. Song. C. B. Zhang, X. Dinget al.. Determination of thermal

©

focal length and pumping redius in gain medium in laser-diode-
pumped Nd : YVO, lasers [J]. Appl. Phys. Lett., 2002,
81(12) . 2145~2147

Xiang Zhen, Fu Xin, Ge Jianhong. A method for measuring
thermal lens focal length of end-pumped Nd:GdVO, crystals[]].
Chinese J. Lasers, 2009, 36(11): 3031~3034

i R &L AEI. — R A2 Nd: GAVO, f# i
BEAEENFEO]. Bk, 2009, 36(11): 3031~3034

11 ]J. L. Blows, J. M. Dawes. Thermal lensing measurements in

1

(=)

line-focus end-pumped neodymium yttrium aluminium garnet
using holographic lateral shearing interferometry[J]. J. Appl.
Phys. , 1998, 83(6): 2901~2906

12 Pan Sungiang, Liu Chong. Zhao Zhigang et al.. Thermal effects
and thermal focal length measurement of laser diode end-pumped
solid-state lasers[ J]. Chinese J. Lasers, 2010, 37(10): 2445~
2450

0908006-5



H |

# ot

WEPhSE X G2 RN AE. WO T i T I R A EO6 R
BN RGBS AR BRI R (T ], P BBk, 2010, 37(10): 2445~
2450

13 Guo Ruixiang, Li Fengqin, Xie Changde et al.. Method for
indirect measuring thermal focal length of laser crystal [J].
Chinese J. Lasers, 2001, A28(8): 721~724
ST A REE R R SR, — IR 00 A O 2R AR B Y vk
[J]. P E#%.2001, A28(8): 721~724

14 Zheng Jia'an, Zhao Shengzhi, Wang Qingpu et al.. Thermal lens
measurement of LD-end-pumped solid state laser with stable
resonator[ J]. Chinese J. Lasers, 2001, A28(8): 717~720
B, k2, EH B S, Rk RO A 8 % i I B Y AR R
FME )], Bk, 2001, A28(8): 717~720

15 B. Neuenschwander, R. Weber, H. P. Weber. Determination

of the thermal lens in solid-state lasers with stable cavities[ ] ].
IEEE J. Quantum Electron. , 1995, 31(6). 1082~1087

16 Yang Yongming, Wen Jianguo, Wang Shiyu et al.. The thermal
lens focus of the end-pumped Nd: YAG laser[J]. Acta Photonica
Sinica, 2005, 34(12): 1769~1772
Bk B, SO, AR SF. LD SR IEHZE Nd: YAG JOG8 iy
POBBAIET]. & F F 4, 2005, 34(12): 1769~1772

17 Lii Baida. Laser Optics{ M]. Beijing: Higher Education Press,
2003. 386~390
Bk #ot k0] JUat. mEEE AL, 2003, 386~390

18 Y. J. Wang, Y. H. Zheng, C. D. Xieet al.. High-power low-
noise Nd : YAP/LBO laser with dual wavelength outputs[]].
IEEE J. Quanum Electron. , 2011, 47(7); 1006~1013

0908006-6



