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ABSTRACT
In this work, the photothermal waves in an unbounded semiconducting 
medium with spherical cavity are studied. This problem is solved 
using the theory of coupled plasma, thermal, and elastic wave. An 
unbounded material, elastic semiconductor containing a spherical 
cavity with isotropic and homogeneous thermal and elastic properties 
has been considered. The inner surface of the cavity is taken traction-
free and subjected to an exponentially decaying pulse boundary heat 
flux. Laplace transform techniques and eigenvalue approach were 
used to obtain the analytical solutions. Numerical computations have 
been done for silicon-like semiconductor material, and the results are 
presented graphically to estimate the effect of time and the coupling 
between the plasma, thermal, and elastic waves.

Introduction

At the start, considering qualitatively, what is the effect of the incident laser beam on a 
semiconductor with band gap energy Eg? Electron will be excited from the valence band to 
an energy level (E−Eg, where E is the energy of the incident photon) above the conduction 
band edge only if E > Eg. The photoexcited free carriers will relax to one of the unfilled states 
near the bottom of the conduction band through non-radiative transitions. Then, a recom-
bination process will take place through the formation of electron-hole pairs. Before the 
recombination, there is electron and hole plasma. The density of this plasma is controlled 
by the diffusion behavior that similar to heat flow from the thermal source. Therefore, when 
the intensity of incident laser is modulated, in addition to the thermal wave, one would 
expect to observe a modulated plasma density whose spatial profile is that of a critically 
damped wave, i.e. a plasma wave.

In the literature, many researchers work in this field which enriches our knowledge about 
the semiconductor technology. Using the ion implantation for doping, semiconductor wafer 

© 2017 Informa UK Limited, trading as Taylor & Francis Group

ARTICLE HISTORY
Received 25 March 2016  
Accepted 20 September 2017

CONTACT Ibrahim A. Abbas   ibrabbas7@science.sohag.edu.eg

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f F

lo
rid

a]
 a

t 0
9:

48
 1

9 
O

ct
ob

er
 2

01
7 


