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Abstract
Purpose – The purpose of this paper is to study the wave propagation in a non-homogenous semiconducting
medium through the photothermal process using the fractional order photo-thermoelastic without neglecting
the coupling between the plasma and thermoelastic waves that photogenerated through traction free and
loaded thermally by exponentially decaying pulse boundary heat flux.
Design/methodology/approach – The analytical solutions in the transformed domain by the eigenvalue
approach were observed through the transform techniques of Laplace.
Findings – Silicon-like semiconductor was used to achieve the numerical computations.
Originality/value – Some comparisons are shown in the figures to estimate the effects of the fractional order
and non-homogeneous parameters.
Keywords Laplace transformation, Eigenvalue approach, Fractional order theory, Photo-thermoelastic theory
Paper type Research paper

Introduction
Initially, we consider qualitatively what happens when a laser beam with energy E incidents
on a semiconducting material that has forbidden gap of width Eg. If EWEg, then an electron
will travel in the valence band to an energy level equals to E−Eg, above the conduction band
edge. Then, such electron or carrier will relax to one of the empty levels which are nearby
the bottom of the conduction band; this transition is called non-radiative transition.
Relaxation process will followthe formation of electron-hole pairs through recombination.
Electron and hole plasma creates before recombination. The plasma density is controlled by
the diffusion behavior which is the same of the heat flow of the thermal source. Thus, on the
modulation of incident laser intensity behind the thermal wave, a modulated plasma density
can be observed, i.e. a plasma wave. In semiconductors, an electronic deformation (ED)
which is periodically malleable desaturation in material produced by the photoexcited
carriers may lead to local strain in the material which produce plasma waves. These waves
as well as the thermal wave are produced due to local periodic elastic desaturation.
In semiconductors, there is a periodic elastic deformation in the sample produced by the
photoexcited carriers known as ED. The ED may cause local tensions in the sample which
can introduce plasma waves which are similar to the heat wave generated by local periodic
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elastic deformation. Pure silicon is an intrinsic semiconductor and is used in wide range of
semiconductor industry, for example, the monocrystalline Si is used to produce silicon
wafers. In general, the conduction in semiconductor (pure Si) is not the same as metals. Both
the electrons and holes are responsible for the conduction in semiconductors as well as the
electrons that may be released from atoms by heat. Therefore, electric resistance for
semiconductor decreases with the increase in temperature.

Previously, Todorovic et al. (Todorović, 2003a, b; Song et al., 2008) introduced theoretical
and experimental results on the micro-mechanical structure of the plasma, thermal and
elastic fields, but their study is restricted to one dimension. Their theoretical analysis
describes the two phenomena that give information about the properties of carrier
recombination and transport in semiconductor. The changes in the propagation of plasma
and thermal waves due to the linear coupling between heat and mass transport (i.e. thermos
diffusion) were included. The effect of the thermoelastic and EDs in semiconductors was
studied by McDonald and Wetsel (1978), Jackson and Amer (1980), and Stearns and Kino
(1985), neglecting the coupling between the plasma and thermoelastic waves. When a probe
beam focuses on the material surface, local thermoelastic deformations occur due to the
excitation (Rosencwaig et al., 1983; Opsal and Rosencwaig, 1985).

Fractional computing has been used successfully to modify many existing models of
physical processes. In the second half of the nineteenth century, one can state that the
whole theory of fractional derivatives and integrals was established. The generalization of
the concept of derivative and integral to a non-integer order has been subjected to several
approaches, and some various alternative definitions of fractional derivatives appeared.
In the context of generalized thermoelasticity, Youssef (Youssef, 2010; Youssef and
Al-Lehaibi, 2010) established the fractional order generalized thermoelasticity of both
weak and strong heat conductivity. Based on a Taylor expansion of time-fractional order,
Ezzat and El-Karamany (Ezzat and El-Karamany, 2011a, b; Ezzat, 2011) presented a new
model of fractional heat equation. By using the form of the heat conduction law,
Sherief et al. (2010) studied a new model. As an important branch of solid mechanics, the
study of thermoelastic problems has long been prevailed in the literature (Santra et al.,
2015; Mashat et al., 2015; Hussein, 2015; Sur and Kanoria, 2014; Ezzat et al., 2014; Deswal
and Kalkal, 2014; Abbas, 2014c; Sarkar and Lahiri, 2013; Youssef, 2012; Ezzat et al., 2012;
Ezzat and El-Karamany, 2012; Zenkour and Abouelregal, 2015; Youssef, 2016; Wang et al.,
2015; Sherief and Abd El-Latief, 2015). On the other hand, Song et al. (2010, 2014)
studied in detail, the thermoelastic vibrations of the photoexcited microcantilever.
The photothermal and generalized thermoelastic theories were used to investigate the
reflection of plane waves in a semiconductor medium (Song et al., 2012a, b). Abbas (2016)
studied the dual phase lag model on photothermal interaction in an unbounded
semiconductor medium with cylindrical cavity. Abbas and Aly (2017) presented the
generalized model on plasma, thermal and elastic waves in a semiconductor medium.
Abbas et al. (2017) investigated the photothermal interaction in a semiconducting material
under two-temperature theory.

In the present work, we attempt to study the analytical solutions of plasma and
thermoelastic waves in a non-homogeneous semiconductor material using fractional order
theory. Based on Laplace transform and eigenvalues approach, the non-dimensional
equations are handled by employing an analytical-numerical technique. The physical
interpretations are given seriatim corresponding to the distributions of the considered
physical variables observed in this study.

Formulation of the problem
Generally, to understand the transport mechanism in a semiconductor, coupled plasma
and thermoelastic waves and their some parameters such as carriers density n(r, t),
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