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Abstract. This paper is devoted to the investigation of fractional order photo-thermo-elastic waves in a
two-dimensional semiconductor using the eigenvalues approach. The formulations applied are based on the
fractional order generalized thermo-elasticity in the context of the new model of heat conduction. The
bounding surface of the plate is taken to be stress-free and exposed to a heat flux with the exponentially
decaying pulse. By using Laplace’s and Fourier’s transformations and the eigenvalues approach methodol-
ogy, the analytical solutions of variables have been obtained. A semiconducting material, such as silicon,
has been investigated. In the conclusion, the results are graphically represented to show the effects of the
thermal relaxation time and the fractional order parameters on the thermal, plasma and elastic waves.

1 Introduction

Basically, the investigation of semiconductor with band gap energy Eg is performed by using a laser beam with energy
E higher than Eg, and followed by an excitation process of electrons which will take place. The excited electrons will
transfer from the valence band to an energy level with the energy of (E −Eg) above the conduction band edge. Then
these photo-excited free carriers will relax to one of the unfilled levels nearby the bottom of the conduction band
(non-radiative transition). Following the relaxation process, there is electron and whole plasma, which are followed by
the formation of electron-hole pairs through the recombination process.

In semiconductors, there is a periodic of elastic deformation in the sample produced by the photo-excited carriers
known as electronic deformation (ED). The electronic deformation may cause local tensions in the sample which can
introduce plasma waves similar to the heat wave generated by local periodic and elastic deformation.

Previously, plasma field facilities, heat and micromechanical in one dimension had been analyzed experimentally
and theoretically as in Todorovic [1–3]. In this investigation, a theoretical analysis explaining these two phenomena
provides information on the recombination and carrier transport properties in the semiconducting. The changes in
plasma and thermal wave propagation due to the linear coupling between the transport of mass and heat (i.e., the
diffusion of heat) have been included. The local thermo-elastic deformations at the sample surface due to the excitation
caused by probe beam have been analyzed by Rosencwaig et al. [4]. Then, Opsal and Rosencwaig [5] investigated the
depth profiling of thermal and plasma waves in silicon [4]. Abbas et al. [6–8] studied the photo-thermal waves in
one-dimension semiconductor medium.

To overcome the first shortcoming in the classical uncoupled thermo-elastic theory, Biot [9] established the coupled
thermo-elastic theory which provided two inconsistent phenomena with the physical observations. By postulating a new
law of heat conduction to replace the classical Fourier law, the generalized thermo-elastic theory with one relaxation
time was established by Lord and Shulman [10].

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 attributed to
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several approaches, and some various alternative definitions of fractional derivatives appeared. In the context of gen-
eralized thermo-elasticity, Youssef [11,12] established the fractional order generalized thermo-elasticity of both weak
and strong heat conductivity. Based on a Taylor expansion of time-fractional order, Ezzat and El-Karamany [13–15]
presented another model for a fractional order generalized thermo-elasticity. By using the form of the heat conduction
law, Sherief et al. [16] studied a new model. Recently, Yang et al. [17–21] presented a new fractional operator of vari-
able order: application in the description of anomalous diffusion. Yang et al. [22,23] studied the exact traveling-wave
solution in fractal domain. As an important branch of mechanical properties of solid, in the literature review [24–34]
different problems have been investigated through numerical and analytical methods. On the other hand, Song et
al. [35] studied the generalized thermo-elastic vibrations in detail due to optically excited semiconducting microcan-
tilevers. They concluded that the waves are reflected in a semiconductor plane under photo-thermal and theories of
generalized thermo-elasticity [36,37]. In the Laplace’s domain and without any assumed restrictions on the actual
physical quantities, the eigenvalues approach gives the exact solutions. Recently, Abbas [38–41] investigated the frac-
tional order effects on thermo-elastic problems by using eigenvalues approach. Ezzat et al. [42] studied the fractional
ultrafast laser-induced thermo-elastic behavior in metal films.

This paper investigates the effect of the fractional order parameter in a two-dimensional semiconductor material
based on the coupled theory of thermo-elasticity and plasma waves with fractional order derivative. By using the
Fourier-Laplace transforms and the eigenvalues approach, the basic equations are processed using numerical-analytical
techniques. The physical interpretations are given seriatim corresponding to the distributions of the considered physical
variables which are observed in the present study.

2 Basic equations

The theoretical analysis of transport mechanism in a semiconducting medium is reflected simultaneously regarding
the coupled thermal, plasma and elastic waves. The main parameters are components of elastic displacement ui(r, t),
the density of carriers n(r, t) and the distribution of temperature T (r, t). For a homogeneous, isotropic and elastic
semiconductor, the governing equations of motion, heat conduction and plasma under fractional order theory can be
described as [2,10,43,44]
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The stress-strain relations are expressed as

σij = µ(ui,j + uj,i) + (λuk,k − γnN − γtΘ)δij . (4)

According to the above definition, it is possible to write
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where Iν is the fraction of the Riemann-Liouville integral introduced as a natural generalization of the well-known
integral Iνh(r, t) that can be written in convolution-type form:

Iνh(r, t) =
∫ t

0

(t − s)ν

Γ (ν)
h(r, s)ds, ν > 0. (6)

In eq. (6) Γ (ν) is the Gamma function and h(r, t) is a Lebesgue’s integral function. In the case h(r, t) is absolutely
continuous, and then it is possible to write
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