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Research of Nonlinear Absorption Effect of Pulse Laser Irradiation for GaAs
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Abstract; In order to research nonlinear absorption effect of pulse laser irradiation for GaAs.a physical
model of Gaussian distribution pulse laser irradiation for semiconductor material was established by
software COMSOL Multiphysics. The thermal effects of semiconductor material GaAs was analyzed
under irradiation of nanosecond pulse laser with wavelength of 1064nm. The temperature distribution
along radial direction and longitudinal direction of semiconductor material GaAs was calculated under
irradiation of nanosecond pulse laser with different power density by means of solving the thermal
conduction equations. The contribution of one-photon absorption, two-photon absorption and free carrier
absorption to temperature of the irradiated material was discussed. The calculation results show that
when the pulse laser power density is above 10" W/em”, Free Carrier Absorption played a leading role
and is more than that of One-Photon Absorption of material. When the pulse laser power destiny is below
10° W/em®, the temperature contribution of two kinds of nonlinear absorption of materials could be
ignored. The result is basically consistent with relevant experiments, which shows that physical model
constructed is scientific.
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Fig. 1 Theoretical model of GaAs irradiated by pulse laser
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Table 1 Thermal Physical Parameters of GaAs

Parameter Value or expression

Thermal conductivity £/
- 0.425(300/TH"!
(Weeme+ K™

Density p/(kg + m™*) 5 316

Heat capacity
c/(Jeg '+« K"
Energy gap E,/eV

0.307+7.25X107° T

1.575-0. 15X T/300
Two-photon absorption

. _ 0.019
coefficient 8/(cm « MW™1)

6.2X107"7 X {14+0.56X
(T/300) *Xexp [—3.5eV ' X
(1.17eV—0. 43eV)—11}

3.46X 10" X (T/300)"7 X
exp(—30.4X300/T)

Free carrier absorption cross

. 4 2
section ¢’ /cm?®

Free carrier density N/cm™*

Coefficient of heat transfer

h/(Wem?«K) 100
Decomposition temperature

T/K 800

Thermal radiation rate e 0.1

Laser radius a/cm 0. 04
Initial temperature T, /K 293.15

Reflectivity R 0.4

Absorption coefficient 10X exp (1.49X (1. 17+
a/cm”! 1.43—E,—1.38))
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Fig. 3 Carrier Density vs Temperature
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Fig. 5 Temperature distribution along longitudinal direction
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