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Thermal effect of continuous laser diode end-pumped
Tm : YAG crystal rod
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Abstract ; In this paper,based on the analysis of the operation characteristics of laser diode end-pumped laser crystal,
a thermal model of laser diode end-pumped Tm : YAG crystal rod is established. The temperature field,thermal stress
field and end-pumped crystal rod are numerically calculated by finite element method using heat conduction theory.
The effects of laser beam with different laser energy distribution ( circular Gaussian spot, elliptical Gaussian spot, cir-
cular flat top spot, square flat top spot) , pump spot radius and Tm’* doping concentration on the temperature field dis-
tribution and end surface shape variables of laser rod are analyzed,and plotted in three-dimensional distribution dia-
grams. The results show that under the stable state,if the laser diode pump power is 30 W, and the pump spot radius is
400 wm,the maximum temperature rise of the pump surface of the Tm : YAG crystal rod with the doping concentration
of 3.5at. % is 124.55 °C ,and the maximum stress of the pump surface is 209 MPa along the crystal z axis. The maxi-
mum heat shape variable of the pump surface is 0. 888 pwm. This study provides theoretical guidance for the design of
Tm : YAG laser.
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Fig. 1 Tm : YAG crystal round rod and its heat sink experimental

device structure schema
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Tab. 1 Thermal performance of Tm : YAG crystal

Parameter Value
Density/ (g « cm~3) 4.56
Thermal conductivity/(W - m™ - K~1) 14
Specific heat/(J + g=! -+ K™!) 0.59
Crysta lrod radius/mm 1.5
Crysta Irod height/mm 6
Coefficient of thermal expansion/K ~' 8 x 10°
Absorption coefficient of 3. Sat. % Tm : YAG/cm ! 3.15
Initial temperature/K 291
Water cooling temperature/K 288. 15
Section:Temperature/degC
degC
A 125
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100
90
80
C 70
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40
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20
vi5
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Fig. 2 Tm : YAG crystal z axis temperature three-dimensional distribution
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Fig. 3 Three-dimensional diagram of spot energy distribution
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crystal under different beam conditions
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Fig. 6 3D temperature profile of Tm : YAG crystals with different doping

concentrations and absorption coefficients along the z axis
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z axis stress distribution diagram
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Fig. 9 3D diagram of pump surface shape variable distribution

of Tm : YAG crystal under different beam conditions
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