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Transient Thermal Characteristic Analysis of Tunnel Regeneration
High-Power Semiconductor Laser
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Abstract Heat source of tunnel regeneration high power semiconductor laser has been discussed. Two-dimension
transient thermal distribution of this kind of laser diode at pulse work is simulated by using the finite element
method, and the wavelength shift is measured and converted to temperature rising value at different time, the
calculated results are in agreement with the measured data. It is found that the temperature rising of the active
region close to the substrate is higher than that of the active region close to the heat sink, and using the diamond-
copper heat sink to replace the copper heat sink could reduce the inner temperature rising of laser diode greatly, and
make tunnel regeneration high-power semiconductor laser working with high efficiency.
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Fig.1 Schematic diagram of tunnel regeneration semiconductor laser with two active regions
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Fig. 2 Waveguide structure and near field of tunnel

regeneration semiconductor laser with two active regions
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Table 1 Material parameter of every layer used for

the calculation

Material K Cr P
/(W/m+K) /(J/kg+K) /(kg/m®)

GaAs 46 322 4318
In, ; Ga, s As 7.19 336.4 5389
Aly 35 Gao. g5 As 11.4 363 4774
In 83.7 239 7310
Au 301 132.3 19320
Cu 385 385 8960
Diamond 1800 6200 3510
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Table 2 Resistance index of every layer for

the calculation

Material p/Qm
p-Alg. 35 Gag 65 As 3.1E-5
n-Aly. 35 Gao. 65 As 1. 19E-5
n" -GaAs tunnel junction 6E-6
pT-GaAs tunnel junction 1E-5
GaAs substrate 9E-6
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Fig. 3 Temperature distribution vs injecting current time

of every layer inner laser diode with copper heat sink
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Fig. 4 Transient temperature distribution of laser diode
from 20 ns to 1000 ps along the y-axis with copper

heat sink
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Fig.5 Transient temperature distribution of first active
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x-axis with copper heat sink
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Fig. 6 Temperature distribution vs injecting current time
of every layer inner laser diode with diamond-

copper heat sink
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