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Thermal Analysis of High Power Density Laser Diode Stack Cooling Structure
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Abstract; High-power narrow spacing array stack is an effective solution to improve the power densi-
ty of diode laser pumping sources, and its heat-sink structural design for package plays a vital role in
cooling capacity management. Several important factors affecting thermal effect, such as stack spac-
ing, ceramic thickness, the distance between ceramic and heat-sink thermostatic surface eic. , were
analyzed in this paper. The maximum temperature rises of the devices under different structure pa-
rameters were simulated using ANSYS finite element analysis method to get the variation laws and
optimize these three parameters. According to the optimization results, an efficient cooling heat-sink
structure suitable for high power density laser diode stack pumping source was designed. It can sig-

nificantly improve the cooling effect and reduce consumption of cooling water pump-power.
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Fig. 1  Structure model
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Tab.1 Parameters of material performance

k/ c/ o/
Material
Wem ™ KU ke™ KT (kgem)

Cu 390 395 8 900
GaAs 44 325 5330
BeO 260 1 088 3 030
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Fig.2 Temperature distributions under different stack spacing
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Fig.3 Curve of stack spacing and device maximum temperature
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Fig.4 Schematic diagram of heat transfer
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ramic thickness
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Tab.2 Maximum temperature under different ceramic thickness

Ceramic thickness/mm Maximum temperature/°C

0.4 23.113
0.6 23.554
0.8 23.968
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Fig.6 Temperature distribution at different distance between ceramic and heat sink thermostatic surface
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Fig.7 Distance between ceramic and heat-sink thermostatic
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Tab.3 Rate of maximum temperature change under different
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distance  between ceramic and heat-sink

thermostatic surface

Decreased rate/

Number Region/mm
(C -mm™")
1 1-2 0.88
2 2-4 0.736
3 4-6 0.547
4 6-8 0.489
5 8 -10 0.465
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Fig.9 Device temperature distribution at inlet water velocity

of 0.07 m/s
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