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Abstract Semiconductor laser cooling is to provide a low thermal resistance path between heat source and heat
sink. Its main purpose is to reduce the external thermal resistance (resistance between the laser chip and the cooling
space) to maintain a low temperature gradient and good thermal contact between the heating laser chip and cooling
surface. Experimental methods are used to solve the problem of contact resistance according to the study object.
Based on the single-chip combined beam module, a overall thermal resistance is analyzed gradually, software
simulation and the frequency with red shift method are described for the thermal resistance of laser diode
measurement. Single-chip combined beam module overall thermal resistance is less than 0.25 C/W. The cooling
modules can be used in the 100 W-class semiconductor laser cooling requirements.
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Fig. 1 Laser-moudle construction is shown with regard to (a) thermal conductivity and (b) thermal resistance
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Fig. 2 Laser chip to the heat sink simulation
£ 1 KUK # IR E

Table 1 Rectangular step heat sink resistance

Step height /mm 19.5 18 16.5

13.5 12 10.5 9 7.5

Resistance /('C/W) 0.234 0.219 0.200

0. 180

0.162 0. 144 0.126 0.110 0.09
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Fig. 3 Air-cooling module overall physical map
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Table 2 Heat pipe thermal resistance

Thermal name

Heat calculation Thermal resistance

Thermal resistance from heat source to evaporator of the

outer surface

Thermal resistance of evaporator wall

Thermal resistance of evaporator tube

Thermal resistance of steam flow

Thermal resistance of condensation tube segments

Thermal resistance of condensation wall

Thermal resistance from condensation section of the

outer surface to the cold source
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Fig. 4 (a) LD module simulation diagram and (b) actual object diagram
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Table 3 Parameters of LD

Current /A Voltage /V Wavelength /nm Power /W Heat dissipation /W
No. 1 Top U, A P, P
No. 2 Tope U, Az P, P

A ORFEARE TR B K

Table 4 Power, voltage and wavelength under different currents

Top /A U/V A /nm P,/W Tom /A U./V Ao /nm P,/W

No. 1 3.0 15.2 806. 294 16.15 3.5 15.6 806. 687 19.74

No. 2 1.0 16.1 807.310 24.30 4.5 16.5 807. 876 27.00

No. 3 5.5 17. 4 808. 756 34.30 5.8 17.7 809. 295 38. 30
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Fig.5 (a) Thermal simulation and (b) experimental testing
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Table 5 Chip temperature under different wind speeds
I,/A U,/V Heat sink temp. /C Wind /(m/s) Source temp. /C P.../W

Testl 5.5 17.4 32.65 7 41, 27 34.3
Test2 5.9 17.4 32.90 6 41. 54 34.1
Test3 5.5 17.4 33. 36 5 42.13 33.8
Test4 5.5 17. 4 33. 80 4 42.58 33.5
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