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Abstract

The thermal effects model of anisotropic slab crystal was built based on the practical operation
condition of the solid-state laser. The analytical solution of the heat equation for an anisotropic
cubic cross-section solid-state crystal is presented. And then the expressions that are reported
were applied to a slab Nd:YVO, crystal. And the results showed that thermal lens effect enhanced
with the increase of the pump power density. Thermal deformation produced by thermal lens ef-
fect play leading roles in Nd:YVO, crystal in this time. When the product of crystal length and dop-
ing concentration was a constant value, the thermal focal length kept basic consistent. However,
the slab laser crystal should be decreased doping concentration or increased crystal length mod-
erately in order to relieve the thermal effects.
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Figure 1. The thermal model of an anisotropic slab crystal
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Figure 2. The temperature distribution of the Nd:YVO, anisotropic crystal. (a) X =0, YZ plane; (b) Z=—-L/2(Z
=L/2), XY plane
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Figure 3. The temperature distribution of the Nd:YVO, crys-
tal center axis under the different pump power
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Figure 6. The temperature distribution of the Nd:YVO, crys-
tal at Z = —L/2 (Z= L/2) and X = 0 planes along Y axis (the
product of crystal length and doping concentration is constant)

6. HEHKE - REFRTNEYVO, &K Z=-L2 (Z=L)]),
X=038YHRE D HHIZ%

DOI: 10.12677/app.2018.86036

292

L 4 2


https://doi.org/10.12677/app.2018.86036

4. g

ASCHET % [0 AR SLTT WO B SE Br AR 2 AR S0 1 & ) v 0T AR B 27 7 A B o SR
CET e N (U NTTRVE I (s W2 s S 1 B YA LYo R T DR = 2 PN SO I Y Kt VA
MEINA:YVO, Bot itk £, BRI EER: R SEEmy, BB G RN FEAR I D) 53 B 13
MG RBEULRP AR IREE BN NEYVO, SR ESMEM: AR R KE-REPONEMN,
BRI AR B AL, (A7 7538 24 B AR S AR 15 AR I 3G 00 A B DLIK BIR S b /I i 1 Y AR
FERRRE, SRfi SR RN o 1245 AR LU MU 3 Nd:Y VO, OGRS 1S A SRR E, kM Rl Y
BOH SR UL EAR SR, (R 22 0 A5 R th m] o HLA 2% 17 S PR ST 7 dl AR IR A A 1) — 52 98 2 R

SE

[1] Clarkson, W.A. (2001) Thermal Effects and Their Mitigation in End-Pumped Solid-State Lasers. Journal of Physics D:
Applied Physics, 34, 2381. https://doi.org/10.1088/0022-3727/34/16/302

[2] Brown, D.C. (1998) Heat, Fluorescence, and Stimulated-Emission Power Densities and Fractions in Nd:YAG. [EEE
Journal of Quantum Electronics, 34, 560-572. https://doi.org/10.1109/3.661467

[3] Guy, S., Bonner, C.L., Shepherd, D.P., e al. (1998) High-Inversion Densities in Nd:YAG-Upconversion and Bleach-
ing. IEEE Journal of Quantum Electronics, 34, 900-909. https://doi.org/10.1109/3.668778

[4] Yan, RP., Yu, X., Chen, D.Y., et al. (2012) The Thermal Effect in Diode-End-Pumped Continuous-Wave 914-nm
Nd:YVO, Laser. Chinese Physics B, 21, 338-344.

[S1 Zhou, Y., Dai, Y., Yao, S.N., et al. (2013) Three-Dimensional Thermal Effects of the Diode-Pumped Nd:YVO, Slab.
Acta Physica Sinica, 62, 709-712.

[6] Li, S., Li, Y., Zhao, S., et al. (2015) Thermal Effect Investigation and Passively Q-Switched Laser Performance of
Composite Nd:YVO,, Crystals. Optics & Laser Technology, 68, 146-150.
https://doi.org/10.1016/j.optlastec.2014.11.025

[71 Kwiatkowski, J., Jabczynski, J.K., Gorajek, L., et al. (2011) Investigation of Thermal Effects in Nd:YAG Ceramics
under High Heat Load. IEEE Lasers and Electro-Optics Europe, 1.

[8] Mukhopadhyay, P.K., George, J., Ranganathan, K., ef al. (2002) An Alternative Approach to Determine the Fractional
Heat Load in Solid State Laser Materials: Application to Diode-Pumped Nd:YVO,, Laser. Optics & Laser Technology,
34,253-258. https://doi.org/10.1016/S0030-3992(02)00008-7

[9] Z=9E, FEIE, k&, REBRNMEE TSI, F5FE TR, 2017, 31(5): 62-65.

Hans Xth
PR RN R

1. FTJF5AM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
FRSIRHELEEE: [ISSN], HIAWIT] ISSN: 2160-7567, HI] 2 i)
2. FTHFHIM B 7T http:/cnki.net/
Fofl B FRSCEk AR 3t FINSCEARA, RITTE

hEE S http://www.hanspub.org/Submission.aspx

HATIMEFE: app@hanspub.org

DOI: 10.12677/app.2018.86036 293 I EEY/BEH


https://doi.org/10.12677/app.2018.86036
https://doi.org/10.1088/0022-3727/34/16/302
https://doi.org/10.1109/3.661467
https://doi.org/10.1109/3.668778
https://doi.org/10.1016/j.optlastec.2014.11.025
https://doi.org/10.1016/S0030-3992(02)00008-7
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	The Research of the Thermal Effects in Anisotropic Laser Crystals
	Abstract
	Keywords
	各向异性激光介质热效应分析
	摘  要
	关键词
	1. 引言
	2. 各向异性激光介质热模型
	3. 仿真结果分析
	4. 结论
	参考文献

