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Thermal Effects in Partially Laser-Diode-Pumped Slab Lasers

Cheng Xiaojin Niu Jinfu Xu Jianqiu
(Shanghai Institute of Optics and Fine Mechanics, the Chinese Academy of Sciences, Shanghai 201800)

Abstract: Based on the heat conduction equations and the Gauss-Seidel numerical method, the distribution of
temperature, thermal stress and thermally induced refractive index in partially pumped slab lasers are analyzed and
comparied with single- and double-side pumped configurations. It is found that a partially pumped slab laser designed
appropriately does not suffer more thermal distortion than that in the uniformly pumped ones, meanwhile maintaining
high pumping efficiency. Whether the laser works in zigzag or straightforward path, good beam quality is achieved. If
Gaussian beam passes the central portion of the crystal in straightforward path, the beam quality factor M? is 1.4,

while in zigzag path M? is improved to 1.1.
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Table 1 List of constants and variables

Variables

Constants

k Thermal conductivity 0.014 W * mm™ ! « K™!
T Thermogenesis efficiency 0.3

P, Pump power 1000 W

1 Crystal length 50 mm

w Crystal width 10 mm

t Crystal thickness 5 mm

T. Cooling water temperature 15 C

by Photoabsorption coefficient 0.3 mm™?

v Poisson ratio 0.3

a Thermal expansion coefficient 5X107% K™*
Crmax Stress fracture limit 1. 7X10® Pa

dn/3T Thermally induced refractive index coefficient 7.3X107¢ K1

Q  Thermal loading power per unit volume

Q,  Thermal loading power per unit area

S Pump area

T Temperature

T,  Average temperature

T’ Deviation from average temperature
os0; Stress and stress components

n Refractive index

Aniemp Change in refractive index
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Fig. 4 (a) Distribution of thermally induced relative refractive index in partially pump configuration, (b) total varieties

of thermally induced refractive index in the three pump configurations
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