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Abstract

For engineers and physicists, it is important to investigate the excitement of thermoelastic vibrations by photothermal effects
since they are used in many fields. For this purpose, the photo-thermoelastic waves throughout the photothermal process for a
semiconducting half-space have been investigated in this work. In contrast to many scientists who ignore the coupling effects
between plasma and thermoelasticity, the influences of thermoelastic, carrier recombination and electronic elastic deformations
on the semiconductor solids have been studied here. One of the thermoelastic theories which is appropriate for the limited speeds
of heat waves has been considered. To solve the non-dimensional system resulting from generalized thermal elasticity theory
without dissipating energy, coupled plasma, elastic wave and thermal wave equations, the normal mode technique has been
applied. The amplitude expression for the field variables have been derived and graphically displayed. The numerical results have
been verified and the influence of various factors has been also studied. In addition, several special cases of interest have been
deduced. The analysis showed that the effective parameters have important effects on the physical fields by applying the

presented model.

Keywords Photothermal - Thermoelasticity - Plasma-elastic wave - Half-space - Carrier recombination

1 Introduction

Thermoelasticity is a phenomenon in which the temperature
changes through an elastic body leads to thermal stresses. The
physical changes in size and shape of the elastic continuum
arise due to the use of thermal energy or simply because the
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temperature changes are responsible for the above-mentioned
changes in the material. The conventional uncoupled
thermoelasticity theory (UCTE) predicts two incompatible
physical phenomena. First, the mentioned theory does not
involve elastic terms in the heat conduction equation.
Secondly, the parabolic heat equation, predicts an unlimited
rate of spread of the heat wave. Biot [1] developed the coupled
theory of thermoelasticity (CTE) to remove the contradiction
of UCTE theory which declared that elastic variations had no
influence on temperature. For both diffusion theories, the heat
equations forecast infinite propagation speeds for thermal
waves toward physical observations.

At present, several theories of hyperbolic thermal elas-
ticity have been advanced that allow finite speeds of heat
waves. Among these theories that have been presented in
this area, the theories of Lord and Shulman [2] and Green
and Lindsay [3] have been proposed. These models treat
the phenomenon of unlimited thermal wave propagation
speed. Green and Naghdi [4] formulated another general-
ized theory called the thermoelasticity theory without dis-
sipating energy. The gradients of thermal displacement
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are included within their constitutive variables and differ
from previous theories, as they do not allow heat dissipa-
tion. Tzou has proposed [5, 6] a model with dual-phase
lag (DPL) that defines microscopic-level interactions
among photons and electrons as sources that retard mac-
roscopic responses. The macro-structural effect on the
heat transfer behavior may be investigated using the
DPL mode for macroscopic formulation. The experimen-
tal findings have supplemented the physical significance
and applicability of DPL model [7]. Chandrasekharaiah
[8] and Tzou [7] are proposing this dual-phase lag
(DPL), which reflects a modified thermoelastic model in
which the Fourier theory has been superseded by an ap-
proximation to a modified one with two separate delay
times being, the heat flow phase delay and the thermal
gradient phase delay.

In order to be able to recognize the physical realization of
these materials, the interaction of light and nanoparticles be-
tween semiconductor materials is significant, because optical
energy is absorbed and its employment in contemporary tech-
nology and physics. The photovoltaic energy results in the
high vibrational behavior of particles so that the governing
equation of the model with the concept of thermoelasticity is
also explained. In photothermal theory, the influence of the
thermal field on the elastic deformations of the semi-
conductor is typically studied. The overlap between photoex-
cited and thermal spaces is very significant for understanding
the action of temperature distribution by the stress stream and
semiconductor that has a broad range of applications in plas-
ma physics.

The fundamental equations of the generalized theory of
thermoelasticity are implemented to analyze semiconducting
materials like an elastic body without taking into account light
impact (neglecting electrons and thermoelasticity coupling).
The interaction between thermal and elastic waves is explored
in this case. In the process of the carrier recombine with the
diffusion mechanism in a semiconductor medium, there are
several theoretical and experimental studies to explain the
superposition of thermal- elastic- plasma waves. The transmit-
ting method for optical/acoustic frequencies explains the pro-
cess of electronic distortions in one dimension in the sense of
semiconductor optical theory [9].

Song et al. [10, 11] investigated thermoelastic vibra-
tions due to microcantilevers of an optical semiconductor.
Moreover, the reflection in a semiconductor material of
plane waves into photothermal theories has also been
studied [12, 13]. Hobiny and Abbas [14] analyzed a 2D
problem for a semiconducting material using the energy
dissipation (GN III) model proposed by Green and
Naghdi. In a semiconductor medium with a spherical cav-
ity and infinite one, Alzahrani and Abbas [15, 16] applied
the Green and Naghdi model (Type III) under the two-
temperature hyperbolic model. In an isotropic,
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homogeneous semiconducting medium Othman et al.
[17] used Lord and Shulman model to investigate the time
effect on photothermal waves. Abo-Dahab [18] addressed
the influences of initial stress and magnetic field on
photo-thermal wave reflection in the semiconductor me-
dia, taking classical and dual-phase-lag (DPL) models into
consideration. In several external areas, several authors
have studied different problems with generalized
thermoelasticity with various boundary conditions with
and without using the effect of photothermal excitation
[19-28].

The expansion of spatially resolved study in situ to
conceptualize transport processes in solids has gotten a
lot of interest. While following a photothermal approach
that can be seen as expansions of the photothermal aber-
rations methodology, we strive to ensure that the transfer
process is established on the basis of photothermal beam
aberrations. These methods are distinguished by the fact
that they do not require any contact and immediately pro-
duce electronic and heat transport parameters on semicon-
ducting surfaces, at the interface, and within most semi-
conducting materials. Pure silicon is a real semiconductor
that is employed in a variety of applications in the semi-
conductor industry. Monocrystalline Si, for example, are
utilized to make silicon wafers.

The spread of waves into thermoelastic materials is of
great interest in various fields of science and technologies
such as nuclear, automotive, thermal and submarine engi-
neering, aerospace, chemical and pipeline technologies.
Many researchers investigated the impact of thermoelastic
and electronic deformation on the semiconductor media
without considering the combination of plasma and
thermoelastic effects. The contribution of this work is to
present the photothermal and thermoelastic interactions
within a solid half-space in the context of generalized
Green and Naghdi theory. Plasma control equations and
thermal behavior of the solid are given based on
thermoelasticity and photothermal theories. The process
of interference between elastic, thermal and plasma waves
occurs by considering the transfer of thermal process. In
addition, unlike many other contributions, the generalized
thermoelasticity theories have been used instead of solv-
ing steady-state temperature equation. As a result, an ex-
tended hyperbolic thermoelastic model, which admits the
propagation of thermal wave at a limited speed, is better
suited to model these important issues.

In this work, during the photothermal process, the ef-
fect of the thermal and mechanical force in a half-space is
studied. It is taken into account that the body is a two-
dimensional semiconductor medium and that its bound-
aries are stress-free and thermally insulated. The
governing equations of the problem are solved to provide
solutions to surface waves, whether thermal, optical or
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mechanical. The distributions of the density of the thermal
stress, carrier, temperature and displacements have been
attained and analyzed. Some comparisons showed in fig-
ures to investigate the influence of the plasma and thermal
waves on all the areas studied. In order to illustrate the
physical sense of the problem, the effect of thermoelastic
coupling and the lifetime of the photon-generated in the
physical field have been graphed and analyzed.

2 Basic Equations

For thermoelastic semiconductors with isotropic and homoge-
neous electronic, thermal and elastic properties, the equations
for coupled plasma, heat transport equation without energy
dissipation and elastic equations are [4, 12, 29]:

Equations of motion:

A+ ,u)ﬁ(div(u)) + pV*u—Vh—3VN = p%. (1)

Where 6 = T— T, indicates the temperature change, u dis-
placement vector, N is the carrier density, Ty is the reference
temperature, 7= 3\ +2u)ay, a; is the linear thermal expan-
sion coefficient, p is density, = (3\ + 21)d,, are the difference
in the conductive and valence band deformation potential, A,
1 being Lamés constants.

The generalized hyperbolic heat equation without energy
dissipation can be written as [4, 12]:

& E,ON 0Q
w2y . _-8 — =
KV = 7 [pCEH + 'YTO(dIV(u))] T ot ot

(2)

Where Cg is the specific heat at constant strain, £, is the
semiconductor gap energy, Q is the heat supplied, 7 is the
lifetime of photogenerated electron-hole pairs, K™ is a material

Eg oN
T Ot

covers the effects of carrier volume heat generation and sam-
ple surface excitation.

The coupled plasma wave equation is given by the equa-
tion [12, 29].

constant characteristic GN theory. In Eq. (2), the term

1 ON

VN--N—p LY =
DgV°N TN P K0 (3)

Where Dy is the diffusion coefficient and « is the thermal
activation coupling parameter.
The components of the strain tensor:

1

e[j = E (u,}j —+ ujJ). (4)

The constitutive stress equations are given by:

o = div(u))I + p(Vu + Vu'")~(10 + d,N)I. (5)

Where o is the stress tensor, 7r refers to the matrix trans-
position and 7 to the matrix identity.

3 The Problem Formulation

In this analysis, we examine a two-dimensional problem,
including a homogeneous photo-thermoelastic, isotropic
semiconductor solid, (z>0) with the z-axis indicating in-
side the half-space. This medium is subjected to a normal
force on the plane surface (z=0) depending on the time ¢
and the coordinate x, (—o0 <x<o). In addition, we sup-
pose that there is no body power or heat sources in the
body and that the surface (z=0) is at rest initially and
traction-free. Cartesian coordinate system (x, y, z) is used
to analyze the problem. Since the nature of the proposed
problem is two-dimensional, the present study will be re-
stricted to the parallel planes of the x-z plane (Fig. 1).
Thus all the studied functions will be dependent on x, z
and ¢ variables.

The displacement vector components and dilation can be

written in the form

u=(u,0,w), (6)
. ou ow

e—dlv(u)—a—i—a—z. (7)

To present the basic equations more simply, we will define
displacements u and w as functions in displacement potentials
® and ¥ as follows

b ov
“Ta o

oo ou
ox

W_O—z (8)

X-z section plane

—00

Photo-thermoelastic
semiconductor
solid

Fig. 1 Schematic of the proposed problem

@ Springer



4958

Silicon (2022) 14:4955-4967

Using potentials ® and W, then governing Egs. (1)—(5) can
be expressed as

C%qu)_q‘) = l (’79 + an)v % = At Zﬂ ) (9)
P p
vy -y, 2= |
3 =%, 6= 0’ (10)
&
K V29—ﬁ[p059+w0v P|- N (11)
1
DpV?N—pN——N = k0, (12)
T
o OU
O = AV2D +2”a_ax (‘Z—x %Jw d,N,
o [0V 0D
0. = AV + 2“8_1 (a_x + a_z) —0—d,N, (13)

5 o) N Fv P
Oxz = 2l — — =5 |-
T Maxar T\ a2
For simplicity, the non-dimensional variables illustrated
below are considered suitable for implementation.

{o.n} = p%%{vﬂ.,dw},

" 2
(1) B, -2 ot
I K

Co 7) /
{X,Z,M,W}Z*O{X,Z,M,W}, t:770[:

ij
(14)
The governing Egs. (9)—(13), after the dimensionless pa-

rameters are presented, take the following form, in which the
primes are dropped for convenience:

V2o-d =0+ N, (15)
V2O = 20, (16)
2 & 2 Y
VG:W[%G-{-&V ®|-e,N, (17)
VN = g\N + &N + g6, (18)
0 (00 ov
0 (0¥ 09
0. = (F2)V’0 +25 (6x+ % ) -30+N), (19)
o e
2—+— <.
* oxoz  Ox* 0
where
A+2 2T E,c?
I pK 7d,K
(20)
pc? a  kdyc}
' Dgng Denot Dgng -
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4 Solution of the Problem

Different methods and algorithms were introduced to ap-
proximate the behavior/solution of ordinary/partial differ-
ential eqs. (O/PDEs) using specific functions which are
explicitly designed to show certain desirable features
[30—40]. Deep Neural Networks (DNNs) have been uti-
lized as an alternative like those proposed by Samaniego
et al. [41]. They achieved remarkable success in different
areas such as visual recognition. In the subject of compu-
tational analysis to deal with different partial differential
equations, Rabczuk et al. [42] developed a novel nonlocal
operator theory based on the variational principle. In their
research, common differential operators and variational
forms were defined by employing nonlocal operators.
Using artificial neural networks and an adaptive colloca-
tion technique, Anitescu et al. [43] demonstrated a novel
technique for solving partial differential equations.
Initially, a crude grid of training points was utilized, but
when the residual value at a wider set of assessment sites
increases, additional points were then added.

Without any supposed constraints on field variables,
the normal mode analysis provides accurate solutions.
The normal mode analysis actually includes the search
for the solution in the Fourier domain, provided that all
field quantities on the real line are smooth enough for the
normal mode analysis to be carried forward. Cheng and
Zhang [44] proposed a standard method for modeling an
elastic heat treatment of an elastic waveform on an isotro-
pic plate.

for normal modes, the solution to the domain variables
under analysis can be imposed as follows

{M,W,G, (I)a \IJ7N7 O.ij}(x7 2, t)

{u w05, 0" U N o }( Jewrtiaz, (21)

e/

Where i = V-1, w is the frequency and a denotes the z-
direction wave number. Using Eq. (21), Egs. (15)—(19) can be
introduced as

d e e s
(dxz—g)@*:e‘JrN‘, (22)
£10* (di—zzaz)@* (;:2 g2> 0" 4 e3wN "™, (23)
(;:2 Ca)N* = g39*, (24)
(i—i—@ T =0, (25)



Silicon (2022) 14:4955-4967

4959

sk

O = [ zg—az(ﬂz—ﬂ]@ “ia= =3 (0" +N),

2L pele s W gy
0= [(B72) gz 0@ | @ +2ia———F (0" +N'),
. d . 4Rt
axz:a(Zla—i—a)(I) +W,

(26)

where ¢ =a*+w?, C2=a2+n0w2, C3=a2+g1w + g,.and

€2 =a*+w?B% Removing 0*(x) and N*(x) in Egs.
(22)—(24), we have

e dt d? .
—A—+B—-C|® =0 27
(dx6 dx4+ dx? ) ’ (27)
with
2
AZC]"‘&"‘?’ B=(g;+gs+d +gs, C:_a?g(,’
3 3
g5 =08 g =g, & =0G+G g =G+ awgs.

(28)

Factorizing the differential eq. (27), yields to:

& N/ E NP L) .
where kfl, n=1,2,3 are the roots of the equation

kS—Ak* + Bi*—C = 0. (30)

The general solution of Eq. (29) which is bounded at x —
oo, can be expressed as

P (x) = Y Cpe . (31)
In a similar way, we obtain
3 ! !
V.00 = T {C, et (32)
n=1

Inserting Egs. (31) and (32) into Egs. (22) and (24), we
obtain the following relation:

C,,, =H,C,, C;/ =L,C,y, (33)
where
2_ 2_ 2_
Hn _ &3 (i(n Cl) 7 Ln _ (kn Clz) (kn <3) ) (34)
kn_gs kn_gS

The general solution of Eq. (25) is given by

T (x) = Cae ™. (35)

Making use of solutions given in Egs. (31) and (35), one
gets

u*(x) == k,Cpe " —iaCye™®,
n=1

; (36)

w'(x)=ia Y C,e*™—£Cqe ™.
n=1
Substituting Egs. (31), (32) and (35) into Egs. (26), we
obtain

* 3 —, —
o = 21 P,Cre ™™ + 2iatCye™™,
n=

*

3
o (x) = ; R,Cpe ™ 2iatChe ™™, (37)

£ 3 —, -
O—:rz(x) — zl anne fenx + £2C4€ fx’

n=

where

R, =k2(3*2)-F(H, + L, +d), O, =2iak, + d*,
Py = Fly=B* (Hy + L + &) + 2a°.
(38)

5 Parameter Study

In this section, the parameters Cj, j=1,2,3,4 are determined.
We can suppress the positive exponentials in the physical
problem, which are unbounded at infinity. We assume that
on the bounding plane (x =0) of the medium thermally insu-
lated and subjected to a normal force that depends on t and x
variables. The non-dimensional mechanical and thermal
boundary conditions of the problem on the boundary surface
z=0 may be taken as

UZZ(O,Z, t) =-P= _POewHaz» GXZ(07Z7 t) =0. (39)
00

— h0(0,z,¢t) = 0. 40
axx:0+ (0,2,1) (40)

The carriers will enter the sample surface during the diffu-
sion process, with a limited potential for recombination. So
the boundary condition for carrier density may be expressed as

ON
£ ox

=s7N(0,z,1), (41)
x=0

Where the constant s,is the speed of recombination of the
surface.

The following equations are readily satisfied by the param-
eters Cj, j=1, 2, 3, 4 by substituting the expressions of the
field variables 0., 0., # and N into Eqgs. (39)—(41):

@ Springer
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3

S R,C,—2iatCy = —Py, (42)
n=1

3 2

Z ann—'_f C4:07 (43)
n=1

3 k

> G,Ce ™ =0, (44)
n=1

3

> U,C, =0, (45)
n=1
where

G, = H,(Dgk, +s7), U, = Ly(h—k,). (46)

In the form of a system of matrices, the solutions of the
equations can be expressed as

C Rl R Ry —2iat 17'( -Py

Gl oo o o & 0
G(=la 6 6 0 o (47
Cs U, U, Us 0 0

We have the values of the four constants C;, j=1, 2, 3, 4
after applying the inverse of the matrix technique.

6 Numerical Results

Numerical methods are used to anticipate the reaction or be-
havior of a system in a variety of applications including me-
chanical systems, structural reliability, material modelling,
and etc. [45]. Calibrating and validating the mathematical
models as well as determining how much the model output
is affected by changes in input parameters, is critical. For these
objectives, sensitivity analysis (SA) comes in handy [46]. As a
result, researchers in several disciplines, such as material
modelling and structural design, have lately been interested
in uncertainty and sensitivity analysis. For this purpose, esti-
mating the impact of altering several parameters on the model
outputs at the same time is more realistic. In order to build a
SA, it is critical to understand the relationships between the
unknown input parameters [47]. However, since our main
objective is to show the excitement of thermoelastic vibrations
by photothermal effects, the SA is neglected here for the sake
of clarity.

We are now presenting some computational numerical re-
sults to explain the theoretical findings of the previous section.
For a small-time value of £=0.02 s, the calculations are per-
formed. The value for the related parameters for the isotropic
thermoelastic solid at 7, =298 K is taken as [15, 16].

@ Springer

K=2510Wm 'K, p=1740kgm>,

dy=-9x 102" m* E; = 1.11eV, p=1.639 x 10"%gm's?,
X =2.696 x 10"%kgm's2,Cr = 1.04 x 10> Tkg K",

sf=2ms71, Dp=25%x107m?’s!, 7=5x%x10"s.

Since we have the angular frequency w in a complex form,
it can therefore be written on the form w=wqy+Ii§,
e = e“'[cos(&r) + isin(&r)]. We may take angular frequen-
cy as a real number for small values of time, and thus, we can
choose w=wp=2. Also, for the non-dimensional quantity
no = pCec? /K", we will consider the default value 7, =2.

In this analysis, we will use the above-mentioned parame-
ters to measure the numerical values of the real part for all
different fields. The behavior of the distributions of the com-
ponents of the normal displacement u, tangential displacement
w, normal force stress o, tangential stress o, temperature
distribution 6, carrier charge density N versus the distance
change x at the z=1 plane will be studied. Also during this
numerical discussion, we will study the effect of some factors
affecting the response of different fields. Comparisons and
studies were made between these dimensional physical quan-
tities through three different cases.

The variations in the fields examined are shown in Figs. 2-
19. By observing the given figures, it was found that the heat
wave front moves in the medium with a finite speed over time.
This phenomenon does not occur in the classical theories of
thermal elasticity, which is inherent in infinite propagation
velocity, and that all physical quantities studied at each point
in the medium have a non-zero value. These results indicate
that the presented model of hyperbolic photo-thermoelasticity
is more suitable than the Fourier model of thermal
conductivity.

8 0.5
0.45 ———— g =0.0021
£, =0.004
— £, =0.000
8 X 10

Fig. 2 The temperature ¢ versus x under the effect of the parameter ¢,
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6.1 Influence of the Thermoelastic Coupling
Parameter

The term T 3722 (div(u)) in the heat eq. (2) represents the
heat—strain coupling, and this term is neglected in the uncon-
ventional thermoelasticity theory. In the unconventional the-
ory, the effect of excitation on heat waves is ignored which
conflicts with physical experiences in the real world. In this
section, the influence of existence and absence of
thermoelastic coupling parameter £, on different physical dis-
tributions will be discussed. Their consideration has been
found to be important in many applications, such as vibration
modeling of resonant micro-electromechanical systems
(MEMS), dynamic crack propagation, thermal shocks, ultra-
fast laser heating in material heat treatment and wave propa-
gation [48-50].

The results obtained for the studied fields against positions
x in the range 0 <x < 10 are compared and plotted in Figs. 2 to
7. It is clear from these figures that as x tends to infinity, all
curves coincide and the field variables satisfy the assumed
boundary conditions.

Figure 2 displays the temperature change 6 across the dis-
tance x for three cases by taking the values £, =0, £, =0.002
and €, = 0.004, which investigates the effect of thermoelastic
coupling.

It is noticed that the temperature field begins with positive
values of 4.666 for the two theories; the Green and Naghdi
model (GN-II) and uncoupled theory (UCTE) respectively.
The Figure demonstrates that there is a significant influence
of the thermoelastic coupling parameter on the profile of tem-
perature 6. For the three cases, this constant has qualitatively
similar behavior. From the plot, it can also be shown that the
parameter ¢, acts to reduce the temperature field magnitude.

The variance of normal displacement variable u versus dis-
tance for various values of the thermoelastic coupling param-
eter is shown in Fig. 3. It can be seen from Fig. 3 that the
vertical displacement starts with its largest value at the bound-
ary surface x = 0 and then slowly reduces with increasing dis-
tance from this surface until it disappears completely.
Increasing the parameter of the thermoelastic coupling results
in an increase in the values of the displacement . Therefore, it
has a growing influence, but the qualitative behavior for all
three values is almost the same.

Figure 4 shows the distribution of the vertical displacement
w with the distance x. For all values of the parameter &5, the
behavior of w is nearly the same. It is also found that due to the
presence of coupling parameter, the displacement w has ap-
preciably significantly for e, = 0.002 and £, = 0.004 compared
to e, =0. An increase in the value of the coupling parameter ¢,
raises the values of the displacement w.

The differences in normal pressure o, at distance x are
shown in Fig. 5 for the values of the different coupling

4961
0.2
u N ————£,=0002]
0175 NN\ “
&, =0.004
Wiss ——— £, =0.000
0.125 |
01
0.075 |
0.05
0.025
0 1 1
0 2 4 6 8 X 10

Fig. 3 The normal displacement u versus x under the effect of the
parameter e,

parameters. In all three situations, the field of thermal stress
rises dramatically in the initial range and then decreases with
the passing of time to zero. All curves in this figure have a
starting point associated with the value o, = — 1, which indi-
cates that the boundary conditions are met. The figure also
indicates that the distribution of the stress o,, achieved for
the GN-II model (¢, =10.002, £,=0.004) has significant
values than those obtained for the UCTE (¢, = 0), which indi-
cates a lower influence of the coupled parameter on the ther-
mal stress o..

The thermal stress variation o, across the x-direction is
shown in Fig. 6. The coupling parameter ¢, is shown to raise
the magnitude of the tangential stress o,,. The curves of the
thermal stress variable o, begin with zero values and satisfy
the assumed boundary conditions.

———— £, =0.002)
---------- £, =0.004
— £,=0.000

0 é 4 6 8 X 10

Fig. 4 The tangential displacement w versus x under the effect of the
parameter £,
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0.2 0.12
0. _ N ———— £, =0.002
0 B e £ B e — 2 L e (P &, =0.004
Yy 4 6 8 x M -
= oos | ——— £,=0.000
02 I’ /
Y 0.06
{]
04 |
il
A / 0.04
06 [
// ————g = 0.0021 0.02
e £, =0.004
— £,=0.000 ’
-

Fig. 5 The normal force stress o, versus x under the effect of the
parameter e,

Figure 7 shows the distributions of the carrier density N due
to the effect of the thermo-coupling parameter €, along the x-
direction. Fig. 7 shows an important impact on the distribu-
tions of the carrier density N by the thermoelectric coupling
parameter ;. Also, all distributions except for a thermal stress
o0, have non-zero values only in a small half-space area. The
values disappear outside of this area, which corresponds to the
experimental results. This shows that the hyperbolic heat driv-
ing model concept is more physically practical than the
Fourier thermal driving model.

The values also disappear beyond this area, which corre-
sponds to experimental findings. It shows that a model based
on the hyperbolic model is more realistic than a Fourier mod-
el. By comparing the solutions, it is inferred that in the case of
the photothermoelastic model without energy dissipation
(Type II), the coupled photothermoelastic models are

0.1 ~—

; ——
[
0 / \“\\

———r——

Iz 4 6 8 . 1
-0.1 ’ A

0.2 “\ J

03 |\ [
04 \\\ '
= &, =0002
05 \\ II __________ 5= 0.004}
ol &, =0000

-0.7

Fig. 6 The tangential force stress o, versus x under the effect of the
parameter &,
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-0.02

Fig. 7 The carrier charge density N versus x under the effect of the
parameter &,

significant phenomena and have major impacts on the distri-
bution of field responses.

6.2 Influence of the Photo-Generated Carrier Lifetime
Parameter

Electrons can be excited to higher energy states by semicon-
ductors (for example, due to photon absorption), forming
electron-hole pairs, and the process called generation. These
electrons will fall back to their ground states through recom-
bination at some later stage. Usually, the charge-carrier life-
time is defined as the average time it takes after excitation for
electrons and holes to recombine. Since the lifetime of the
charge-carrier is defined as this statistical average-which in-
volves large populations of electrons and holes all
recombining through multiple pathways at different times it
cannot be precisely measured; in other words, it remains pro-
hibitively difficult to track individual charge-carriers, summa-
rize their individual lifetimes and calculate their average
accurately.

As such, lifetime must somehow be inferred from another
property in which both generation and recombination occur,
such as photoluminescence, photoconductance, or photovol-
taic response. One of the most significant primary parameters
in a solar cell is the charge carrier lifetime. The diffusion
length and, therefore, the likelihood of a photogenerated
charge carrier reaching the respective electrode is described
in combination with the mobility of the charge carrier.

According to the earlier explanations, the minority carrier
lifetime is an essential physical characteristic which is directly
connected to semiconductor recombination processes. A
good-quality semiconductor with few defects has a long mi-
nority carrier lifetime, whereas a bad-quality semiconductor
has a short minority carrier lifetime and high defect density.
The minority carrier lifetime of a semiconductor, for example,
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have a significant impact on the switching speed of a bipolar
junction transistor and the conversion efficiency of a p-n junc-
tion solar cell.

The variations of the studied fields due to the influence of
the photo-generated carrier lifetime parameter 7 against x are
displayed in Figs. 8-13. We can see that the parameter 7 has
major influences on all the studied variables. In Fig. 8, the
temperature distribution ¢ along the x-direction is presented
for different values of the parameter 7. The temperature
change 6 increases with increasing the parameter 7. In
Figs. 9 and 10, normal and vertical displacement distributions
u and u are presented with respect to the parameter 7. It is
noticed that with the rise of the parameter 7, the displacements
decrease.

The effect of different carrier lifetime parameters 7 on ther-
mal stress o, is shown in Fig. 11, where it is noted that the
influence of 7 for heat flux dominates here. In Fig. 12, versus
x, the tangential stress o,, shows oscillatory behavior. The
graph that shows the impact of the carrier lifetime parameter
7 is dominant here. The tangential stress o, values begin to
decrease to a minimum value in the range 0 <x <1, then in-
crease in the range 1 <x <3, and gradually decrease and go to
zero in the range 3 <x<6. In Fig. 13, the distribution of N
with respect to the parameter 7 is displayed with respect to
distance. The distribution of N increases with the increase of
the parameter 7.

6.3 The Influence of Time Instant

Figures 14-19 display 3D curves to investigate the distribu-
tions of the physical fields with the distance x and instant time
t changes. We can see that the instant time ¢ affects all of the
fields studied. In these figures, it is also observed that the
values of the field variables in each fixed point (x, z) increase
as the time ¢ increases. Figs. 18 and 19 display that thermal
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Fig. 9 The normal displacement u under the effect of the parameter 7

stress 0. and o, fulfill the limiting condition at x =0 having
different behavior.

It is found that all studied distributions have non-zero
values only in a limited spatial region. All values outside this
region disappear in early times of the reactions which means
that the region has not yet experienced thermal disturbances.

By comparing the illustrative results of these figures, it is
concluded that in the distribution of different fields, the time
parameter plays a significant role, because the amplitude of
such quantities varies as the time increases. Finally, it be-
comes clear that the physical quantities depend on the x and
z spaces in addition to time .

7 Concluding Remarks

A new major branch of research is the theory of generalized
optical thermoelastic theory with photothermal excitation.
There are only a few studies focusing on this concept in the
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Fig. 10 The tangential displacement w under the effect of the parameter 7
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Fig. 11 The normal force stress o, under the effect of the parameter 7

literature. In the current research, we analysis the coupling of
thermal waves, plasma and elastic waves in a thermoelastic
semiconductor medium under the generalized model of type II
proposed by Green-Naghdi. Based on the findings of this re-
view, the following conclusions can be drawn:

» Itis evident from all estimates that all field variables have
non-zero values in a confined area. The values vanish
symmetrically outside the region, which demonstrates that
there has been no thermal turbulence in the region.

* Presence of coupling term in the heat equation have influ-
enced all the studied fields. It decreases the temperature
and carrier charge density while increasing the amount of
displacements and the magnitude of thermal stresses.

*  We observed a finite diffusion of the heat propagation in
the medium from the temperature distributions. The
heatwave forehead goes along with a finite speed of the
medium, demonstrating that the Green and Naghdi model
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04 |
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Fig. 12 The tangential force stress o, under the effect of the parameter 7

@ Springer

Fig. 13 The carrier charge density N under the effect of the parameter 7

(GN-II) is very close to the physical performance of elastic
materials.

» It is proved that the values all field variables are highly
dependent on the carrier life parameter. There is also a
significant difference in values for different time values
in the studied fields.

* The method used in this work refers to a broad variety of
thermodynamic and photo-thermal problems. This inves-
tigation can analyze and design the materials covered by
thermal, plasma and a beat laser, as well as many engi-
neering performances relevant to boundary examination
and design.

8 Potential Applications

The stated results and analysis have significant importance in a
variety of scientific branches. The extracted results are beneficial
for any thermoelastic system that can be idealized as a semi-

0.1
Fig. 14 The temperature ¢ versus distance x and instant time ¢
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100
Fig. 15 The normal displacement u versus distance x and instant time Fig. 18 The tangential force stress o, versus distance x and instant time ¢

Fig.16 The tangential displacement w versus distance x and instanttime ¢~ Fig. 19 The carrier charge density N versus distance x and instant time ¢
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infinite medium. In principle, a semi-infinite solid (half-space)
continues to infinity in all directions except one. As a result, the
single surface characterizes the entire material. Most bodies can
be assumed as a semi-infinite system if the interest of the analysis
is limited to the immediate vicinity of the surface or the system’s
studied response is restricted to short periods. For instance, in the
Selective Laser Melting (SLM) system, field variables (e.g. tem-
perature field) can be studied by assuming the Powder-bed
(fig. 20) as a half-space medium.

Another example of using the proposed procedure is in the
heat generation of Lead-robber bearings. These kinds of bearings
are used to isolate seismic waves and are mostly implemented in
structural foundations to prevent earthquake damages. The lead
core dissipates energy by resisting motion; as a result of core
resistance, a significant amount of heat flows from the core to
top and bottom endplates (fig. 21). The heat conduction through
the circular endplates can be treated as a half-space problem as
these endplates are mostly attached to structural girders and steel
support. Therefore various field variables, for instance, the tem-
perature which affects the performance of bearing, can be studied
using the procedure explained in this study.
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