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Temperature distribution of semiconductors under
rectangular laser pulse irradiation

ZUO Weihan, CHEN Zhaojiang, FANG Jianwen, LIU Shiqing
(College of Mathematics, Physics and Information Engineering, Zhejiang Normal University, Jinhua 321004, China)

Abstract: In order to study three-dimensional photo-generated carrier density and temperature field distribution in
semiconductor materials excited by the rectangular laser pulse, the analytical expressions of the temporal and space
distributions of plasma wave and thermal wave were obtained by using the eigen function method. The time evolutions of the
plasma and thermal wave for different characterized parameters of semiconductor samples and the radial diffusion
characterizations of thermal wave in semiconductors were numerically simulated. The simulation results show that the
characterized parameters of semiconductor samples such as surface recombination rates, lifetimes and diffusivity have
important influences on temporal characteristics of plasma wave and thermal wave, especially at the stage of step changes.
In addition, the sensitivity and correlation analysis of multi-parameters estimation shows that the characterization of single or
two semiconductor parameters can be realized by fitting step response curve. The theoretical study provides the guidance for
parameters measurement of semiconductor materials by the pulsed photothermal techniques using step optical excitation.
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Fig. 1  Theoretical model of semiconductor materials irradiated with rec-

tangular laser pulse
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Fig.2 Time evolutions of photo-generated carriers density at the surface
center for different material parameters
a—different surface recombination rates S; b—different photo-
generated carriers lifetimes 7 c—different photo-generated car-
riers diffusivity D,
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Fig.3 Time evolutions of temperature variation at the surface center
a—different surface recombination rates S; b—different photo-generated
carriers lifetimes 7 c—different photo-generated carriers diffusivity D,

d—different thermal diffusivity D,
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Fig.4 Temperature distribution at the sample surface along radial dis-
tance

a—different spot radius @ b—different time ¢
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Fig.5 Sensitivity coefficients of step response signal of plasma wave for
surface recombination rates S;, photo-generated carriers lifetimes
7 and photo-generated carriers diffusivity D, ( among them S; =
40m/s, 7 =10 ’Ss,De =1.5x10 3 m?/s, other paramelers are

the same as above)
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