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Time-Varying Characteristic of Thermal Effect in Diode Laser Pumped

Solid-State Lasers

Song Xiaolu Guo Zhen Li Bingbin Wang Shiyu Cai Defang Wen Jianguo
(School of Technical Physics . Xidian University., Xi’an, Shaanxi 710071, China)

Abstract In laser diode (LD) pumped solid state laser, spatial and time distribution of temperature both exist in
crystal, spatial distribution is discussed much more than time distribution in many papers. The time distribution of
temperature lies on the pumped mode of laser such as CW pumped and pulsed pumped, time-varying process exists in
pulsed condition. Analytic method and finite element software are both used in the calculation of temperature time-
varying distribution in laser diode pumped solid state laser, the influences of heating and cooling process are
analyzed. The results show that heating process is influenced by pumped and cooling conditions, but mainly by
pumped conditions such as pumped power and beam waist, cooling process is influenced by crystal radius, thermal
physical parameters and cooling condition. Under the condition of pulsed laser diode pumped, radial temperature
gradient and the resonator periodically change with time. After reasonable designing the resonator, lasers can
periodically work in steady and unsteady states, which can obtain specifically laser output.
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Table 1 Parameters used in simulation

Parameters Value
Pump power / W 100
Pump pulse width /ps 200
Frequency /Hz 200
Nd: YAG radius /mm 4
Nd: YAG length /mm 10
Specific heat capacity of Nd: YAG /[J/(kge'C)] 590
Density of Nd: YAG /(kg/m’) 4560
dn/dt /K! 7.3X10°°¢
Heat conductivity of Nd: YAG /[ W/(me+C) ] 14
Nd: YAG absorption coefficient /mm ! 0.5
Heat transfer coefficient 0.4
Location of beam waist /mm 0
Beam waist /mm 0.4
Angle of divergence /rad 0.16
Geometrical parameters of Cu heat sink /mm 30X 30X 10

Heat conductivity of Cu heat sink /[ W/(m+C)] 391

Heat transfer coefficient of air /[ W/(m?+C) ] 10
Temperature of cooling liquid and air / C 20
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Fig. 1 Influences of heating process. (a) Pump power; (b) beam waist; (c¢) divergence angle
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Fig. 2 Influences of cooling process. (a) Thermal physical character; (b) crystal radius; (c) water temperature
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