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ABSTRACT

In this research, we focus on the free-surface deformation of a one-dimensional elastic semiconductor medium as
a function of magnetic field and moisture diffusivity. The problem aims to analyze the interconnection between
plasma and moisture diffusivity processes, as well as thermo-elastic waves. The study examines the photo-
thermoelasticity transport process while considering the impact of moisture diffusivity. By employing Laplace’s
transformation technique, we derive the governing equations of the photo-thermo-elastic medium. These equations
include the equations for carrier density, elastic waves, moisture transport, heat conduction, and constitutive
relationships. Mechanical stresses, thermal conditions, and plasma boundary conditions are used to calculate
the fundamental physical parameters in the Laplace domain. By employing numerical techniques, the Laplace
transform is inverted to get complete time-domain solutions for the primary physical domains under study.
Reference moisture, thermoelastic, and thermoelectric characteristics are employed in conjunction with a graphical
analysis that takes into consideration the effects of applied forces on displacement, moisture concentration, carrier
density, stress due to forces, and temperature distribution.

KEYWORDS

Moisture diffusivity; semiconductor; photothermoelastic; rotation; thermomechanical waves; laplace transform

1 Introduction

The study of how mechanical and thermal processes interact with one another in a material is
known as thermoelasticity. The impact of rotation on material behavior is one of the fascinating
features of thermoelasticity. In thermoelasticity, rotation is the result of mechanical or thermal forcing
on a solid substance. The rotation might be calculated as part of the solution or specified, depending on
the particular situation. For instance, in a thermally induced situation, the moment brought on by the
non-uniform thermal strain might create a rotation because of the material’s differential expansion. A
torque applied to the solid body in a mechanically generated situation has the potential to spin it. The
behavior of materials, especially the distributions of stress and strain, is significantly influenced by
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rotation in thermoelasticity. Thermal stress, or stress resulting from a temperature differential in the
material, is a key idea in this context. The thermal stress distribution of a rotating solid body varies,
which may lead to non-uniform deformation and eventual collapse. The impact of rotation on natural
frequencies and vibrational modes is a significant additional factor in thermoelasticity. The modes of
vibration of the material vary as it rotates, potentially leading to instability or even deterioration of
the material’s qualities. As a result, while assessing and creating thermoelastic systems, the influence
of rotation must be taken into account.

Diffusion in thermoelasticity refers to the process where mass or heat is transferred between two
or more materials due to the differences in temperature and pressure between them [1]. Recently,
considerable research has been conducted on the diffusion processes in thermo-elastic materials. This
research has focused on understanding the mechanisms that control the diffusion process, as well as
the factors that affect the rate of diffusion. One area of intense study has been the effect of defects,
such as cracks, pores, and dislocations, on the diffusion process in thermo-elastic materials. Several
theoretical models have been proposed to describe the diffusion process in thermo-elastic materials.
For example, the Arrhenius model assumes that the rate of diffusion is exponentially dependent on
temperature and that the activation energy for diffusion can be estimated based on the energy barrier
that must be overcome for diffusion to occur. Another model, the Fickian model, assumes that the
speed at which diffusion occurs is directly related to the difference in concentration of the substance
being diffused [2]. Overall, Diffusion in thermo-elasticity has improved knowledge of mechanisms.
that control the transfer of mass and heat in these materials. The study of material properties and
behavior under extreme conditions, as well as the design and development of energy conversion
devices, are all significantly affected by this understanding. As research in this area continues, new
models and techniques will likely be developed that further enhance our understanding of this complex
phenomenon. Szekeres [1,2] investigated how generalized heat transport and moisture interact.
According to Gasch et al. [3], changes in temperature and moisture levels might cause more damage
than actual loads. To create equations that control the behavior of coupled hygrothermoelasticity.
Povstenko [4] used the thermal stresses theories to study the time-fractional telegraph equations in the
context of thermoelasticity theory.

In recent years, the photothermal (PT) technique has gained recognition for analyzing the
electrical and thermal properties of semiconductor materials. These materials, increasingly important
in industries like sensors, solar panels, and advanced medical equipment, are essential for renewable
energy production. Semiconductors possess moderate conductivity, and when light energy interacts
with them, electrons and holes are stimulated, creating electronic deformations (ED). Thermoelastic
deformation (TED) refers to structural alterations caused by the excitation of electrons through
light impact, leading to the creation of an electron cloud exhibiting characteristics akin to plasma
waves. Heat generated in this process contributes to TED. Researchers have explored innovative
methods to study how semiconductor samples react to a laser beam, including sensitivity analysis using
photoacoustic spectroscopy. These explorations incorporate the application of thermoelasticity theory
as well as the PT theory [5,6]. To ascertain the precise values of temperature, internal displacements,
thermal diffusion, and other electrical properties of nano-composite semiconductor materials, PT
techniques were applied in several physical experiments [7—10]. Electronic deformation is directly
related to changes in the density of free carriers, which are in turn caused by the thermal wave
generated by laser or sunlight pulses within the material’s internal structures [11]. In their research,
Hobiny et al. [12] examined the phenomenon of PT waves in a limitless medium by utilizing a cylin-
drical cavity filled with semiconductor material. These topics have been explored in various studies
[13,14]. Mahdy et al. [1 5—-18] extensively investigated the concept of photo-thermoelasticity by studying
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the influence of external elements like magnetic fields and rotation on the interplay of thermal-plasma-
elastic waves in semiconductor materials. Wave propagation in a photo-thermoelastic semiconductor
medium is studied, together with the effects of humidity, magnetic field, and rotational field.

Sur et al. [19] studied the fibre-reinforced magneto-thermoelastic medium subjected to a moving
heat source and took some applications according to the thermal therapy of cancer cells. Changing
a material’s temperature can substantially affect its mechanical and thermal properties. Since the
expanded theory of thermoelasticity has been the subject of multiple investigations, many researchers
have studied the effect of the temperature gradient, which has been largely disregarded in the past
[20-24]. Understanding how temperature affects material characteristics is extremely important
because we cannot assume that the characteristics of a material remain constant as temperature
changes [25]. Since earlier discussions on coupled and uncoupled theories did not match up with
practical tests, the thermoelasticity theory was established. This issue was fixed by the novel theory
of connected thermoelasticity suggested by Biot [26]. Biot [26] proposed a dynamic theory of
thermoelasticity (CD theory) that utilized The Fourier law of heat. The behavior of thermal waves
moving at limitless velocities was the focus of his theory. Adding a single relaxation period to the
heat equation was an innovative approach introduced by Lord et al. [27]. This was expanded upon by
Green et al. [28], who added two relaxation intervals to the heat conduction equation. Multiple studies
[29,30] have made use of GL’s proposed generalized thermoelasticity theory. The theory explores how
several types of waves behave and interact within a solid medium, including heat waves, electric fields,
and mechanical vibrations. Lata et al. [31] investigated the impact of multi-dual-phase-lag heat for
isotropic thermoelastic medium according to a couple stress model with two temperature theory. On
the other hand, Lata [32] used fractional calculus to study the magneto-thermoelastic rotating material
according to GN-II theory. Marin et al. [33] applied a new model according to Some results in Moore-
Gibson-Thompson thermoelasticity with biological application for skin tissue. Roy et al. [34] studied
the fractional heat order for a thermoelastic medium under the impact of voids according to three-
Phase-Lag thermal memory.

This problem is investigated in the context of one-dimensional thermo-elasticity, with special
attention paid to the role that mechanical force and the diffusivity of moisture play in the photo-
thermal transport process. An answer is found in the research, but only at the free surface of a semi-
infinite semiconducting medium. Important physical quantities have analytical solutions found by
applying Laplace transforms to the governing equations. Using a powerful programming language,
the inversion of the transforms is carried out numerically. The study is completed by numerically and
graphically computing several properties, such as normal displacement, normal force stress, moisture
concentration, carrier density, and temperature distribution.

2 Basic Equations

Assume that the object being studied is rotating evenly. In such circumstances, the angular velocity
can be denoted as = Qn, where n is a unit vector describing the axis of rotation. There are two
supplementary terms added to the motion equation in the rotating reference frame:

(1) Acceleration of Coriolis’s 282 x i, u is the displacement vector.
(2) Centripetal acceleration, £ x (Q X g) since motion over time is the only cause.

In a problem that involves only one dimension, every variable is solely dependent on the coordinate
x and time 7. considered the angular velocity as Q@ = (0, 2, 0). On the other hand, when there is no
rotation, these terms are absent in the medium.
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In addition, the magnetic field must be adjusted so that H = H,+ h, H = (0, H,, 0) is the initial
magnetic field and /4 (x, y, z) is the magnetic field generated in a way that is aligned with the y-axis.
To start our analysis, we will focus on the linearized version of electro-dynamics in which only slow-
moving mediums are considered, and there is no consideration for the electric charge density. Here is
an application of Maxwell’s equations, which describe the behavior of electromagnetic fields [15,16]:

J = curliz — 802, (h
curl E = — o H, )
E=—pu (ﬁxﬁ), 3)
divH = 0. )

In these equations, we have the magnetic permeability represented by a symbol u,, the electric
permeability represented by a symbol ¢, and the particle velocity of the medium represented by the

symbol u. We also assume that any small effects of temperature gradients & can be ignored. The
equations are written with a dot notation to indicate differentiation to time. Additionally, we can

express the components of the vector £ (which is assumed to have the same direction as the current

density vector J = (J,, J>, J3)) in terms of displacement. The components of current density are
ah . .7
J,=0,J,=0and J. = e + wuoH,e,it when eliminating the quantities 4 and E from Eq. (1).
X
A medium’s magnetic intensity is a vector whose components are [15]:

H\':Os Hz:()’ H1:H0+h(x5 y’ Z)' (5)

Let’s pretend we have a homogeneous, transversely anisotropic semiconductor material with linear
elastic characteristics. Here, we explore this material’s behavior throughout the PT transport stage
of its life cycle. We also account for the fact that moisture and plasma-thermal diffusion within
the semiconductor material often coincide. In this study, the displacement vector u (r,, ¢), moisture
concentration m (r,, t), temperature distribution 7T (r,, t), and carrier density distribution (intensity)
N (r, t). The following tensor representation of the equations describes how moisture diffuses in a
plasma subjected to thermal-elastic waves [35-37]:

8N is t N i !
# = DNy )= 2D, (6)
T
oT (r;, t E ou;; (r;, t
p C(» (DTTii (r,‘, t) + D';mﬁ,',- (V,«, t)) = p Cp% - ?gN (rb t) + leO%ﬂ (7)
a i t E' a i, i [
Ky (Do (i 1)+ DIT, (1 1)) = m% — ZEN (@, 1)+ ymm00m$. ®)
T

In this scenario, the effects of Lorentz force and moisture diffusion are factored into the equations
of motion for a plasma wave that is subject to both a rotating field and a magnetic field [15,35]:

p(it(r, t)+Qx(QxB)+2QXZ)=

R . R )
WV 1)+ (L + M)V (V. u) — VT —8,VN — y,Vm+F
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The following equation describes the displacement and strain tensor:
1

The relationship between plasma temperature, displacement, stress, and moisture concentration

using a tensor form can be represented as follows [37]:
O',y = Cijklgkl - ﬂlj (Ol,T+ CZHN) - ;;lm, i, j, k, l: 1, 2, 3. (11)

The equation includes several parameters such as temperature diffusivity D, the diffusion
coefficient of moisture represented by D,,, D7 and D! the coupled diffusivities. The carrier diffusion
coefficient is represented by D, and the reference moisture and moisture diffusivity are represented
by symbols m, and k,,, respectively. The tensor Cy, representing the symmetric isothermal parameters
of an elastic medium and the strain tensor is represented by ¢;,. The material coefficient of moisture

concentration is represented B; and g7, respectively. The thermal activation coupling parameter that is

. IN, T I . . o
non-zero is Kk = 8_T0 —, the equilibrium carrier concentration is denoted by N, [10,12], « is disregarded
T

when the temperature is comparatively low. However, in the majority of cases. Assuming that the
thermal activation coupling parameter is not zero, we discuss the issue at hand., although it may
be neglected in certain cases where the temperature is relatively low. E,, v, p, n, A, and T, are
known as the energy gap, carrier lifetime, density, Lame’s elastic constants, and absolute temperature.
Also, ¥, = (3A + 2u) oy is the volume thermal expansion, where «r is the linear thermal expansion
coefficient, C, is the specific heat coefficient at constant strain for a solid plate, the conductive
deformation potential and valence band difference are represented by §,. The semiconductor’s (in the
form of a rod x = £1) elastic surface boundary conditions. Because of the thermal insulation imposed
by the surface boundary conditions, closed circuits, isothermal conditions, and stress loads can all be
applied without interference. Since the physical variables are independent of the yz-coordinates, all

studies are performed along the x-axis. The Lorentz force is represented by F= o (j x H ) in 1D:
- - = oh L, 00U -
F: ,LLO (J X H) = (_/_,L()Hoa_x _EOMOHoﬁ’ 0, 0 EF\.I. (12)

We can define the basic physical quantities in one dimension (1D) using the following
expressions [35]:

oN N N T (13)
_ = _ K 5
at Faxt 1
9°T 9’m oT E de
C,\D D =pC— — =N+y T,—, 14
P ( "o T Taxz) Pl — 7N Hrhyg (14
9’m °T om E de
k"’l Dl'”_ DT_ = km_ - _gN m Diﬂ_' 15
( o T ’"8x2) ar 7 YDy (15
The form of the motion Eq. (9) is as follows:
0%u 0%u oT oN om oh 0’u
Q) = QrAN) — —y e — 8 — o — o Hy— — ey iHA—, 16
g (812 u) @Crth o ox ax oy Moty T O Mogn (16)

where y, ,, = B, r, 68, = Bd,, B =3u+ 21, and h = —H,e.
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The equation that defines the relationship in one dimension can be expressed as:

ad
X

3 Mathematical Formulation of the Problem

To make it simpler, new simplified variables are introduced that have no units associated with
them.
X, U T, §,N t h o
( ),Q’zt*Q,(T’,Nﬁ:u,m/:m,e’:e,t’:—,h’: ,o =— (18)
Crtr 2u + A t pC2 "

x, u)=

In Eqgs. (13)—(17), the dashes are omitted for convenience. Using Eq. (18), when the strain in 1D
is e = u,, yields:

0
(Vz—al—azg)N‘i‘égT:O, (19)
s Gl s de
V _bl_ T+b2vm+b3N_8]_:0, (20)
at at
5 Gl 5 de
V2 — by ) m + bV>T + bN — by— =0, Q1)
at at
82
(aV2 ~ R — 92) e— V2T — V2N — byV?m = 0. (22)

The stress component in one dimension appears in the non-dimensional form in the following
way:

0w =by(e— (T + N)) —bym=o. (23)
where
kt* k Cir D7y, E,tr ot
051:—:052:—,[91:;; 22;}’,82:0&5,’b3:£2b181:)’t0’
DiptC, DipC, Dy Dr Q2u+2) td,pC, kp
Cr DI Qu+ 1) E,2Qu+ 1) tb, Vultly CHE Vin d kit
b=—,bs=-2— " bj=——"— b, = , by = & = ,
Dm Dmyt kmant km 2/-’L + )\' anCeDE
2u+ A ' 21+ A k
by= Ll by =l = R s Qua3d, = — = 14 o HE Qut ),
Iz P pC.C3

Ry=1+ SoleéHg/p-
The parameters &5, ¢, and ¢, can be called the thermoelectric coupling parameter, the thermoe-
lastic coupling parameter, and the thermo-energy coupling parameter, respectively.

One way to approach solving an analytical problem involves taking into account certain initial
conditions that exhibit homogeneity properties. These conditions can be expressed as follows:

ad t oT (x,t ad t
e(x, ), = e(x,r) =0,T(x,0)|_ = L)' =0, m(x,0)|_, = M =0.
ar |, at o ot . o,
ad t ON (x,t
o (xa t)|t:0 = M = 0’ N(x, Z)|,:() - & = 0
i |, ot o
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4 The Solution to the Problem

Using Laplace transformation, which is a mathematical technique that can be utilized on any
function J(x, ¢), according to its definition:

L(x, ) =3(x, 5)= / I (x, H)exp (—st)dt. (25)
0

Using Eq. (25) for the basic five Eqs. (19)—(23), yields:
<D2 - O{;) N + 83T - 0, (26)
(DZ — 064) T + szzm + b}ﬁ — O(5E = 0, (27)
(DZ — 066) m + bsDZT + bGN — 0575 = 0, (28)
(ozD2 — ag) e — DT — D*N — byDm = 0, (29)
Exx = bg (E — (T + N)) — b]om = 6, (30)

d
where D = o oy = oy + oS, oy = bys, as = 58y, g = bys, o; = bys, ag = Rys* + Q2.
x

Eliminating 7', e, N and i between Eqs. (26)—(29), yields:
(D' —©,D°+0,D' —0,D*—0,){m, N, T, ¢} (x, s) = 0. (31)
where
6 1 ooy — ab,bso; + aoy + as — bsbgas

' (_a + ab2b5) +aa6 - b2a7 + bga7 + Olg - b2b5a8
— 0030 — Q305 + bsbgorsos — o0l — aorgorg — OUsCe
+by0301; — bgasor; — byorya; — orz0ty + bybsorsog—
® C(4ag - 056068 + Olb383 - ab2b783 - 05563 + b2a783
2 = )

(—O( + Olbzbs) 5 (32)

Q03000 + Q050 + Dty arq0t; + 0300400 + Q300600 + 0,000l
+b,bgosey; — abyages + asogss — bybga,ey — byoges + byboages

3 =

b

(—o + ab,bs)

O, — (T + by}
) (—a + abybs)

Using the factorization technique, the original ordinary differential equation (ODE) (31) may be
solved, as shown below:

(D—k)(D=k) (D -k)(D*-k){T, e, N, m}(x, s)=0. (33)

where k7 (i = 1, 2, 3, 4) stands for the potential roots in the positive actual component when x — oo.
Given the problem’s linearity, the solution to equation (ODE) (33) looks like this:

T (x,s) = z D, (s) e7"~. (34)
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The other quantities’ solutions can also be stated as:

4 4

N(x,$) =2 D(s)e" =3 HD,(s)e’"", (35)
41’:1 i=1 )

e(x.) = > D, ()exp(—kx) = > Hy D (s) exp (—k.x), (36)
i=11 ,'=i

m(x,s) = > D/ (s)exp (—kx) = D" Hy D, (s) exp (—kx), (37)
i:l i=41

G (x,8) = > D (s)exp (—kx) = D Hiy D, (s) exp (—kx) . (38)
i=1 i=1

where D, D, D/, and D,",i = 1, 2, 3, 4 vary depending on the parameter and are unknown

parameters s. The connection among the unknown parameters D,, D, D/, and Dim can be obtained
When utilizing the primary formulas (26)—(30), which describe the subsequent correlation:

Hy=—
1i = miz — a3 >
0 — (bz (b7 + b3bg) klz - b%k;‘ + (k,z - ot4) (—b7bg + kl-z - 016) + b3 (—klz + 01(,))
27 (K (a5 (—babg + k2 — ag) + by (—K2ay + by (ak? — atg))) + bs (aser (aak? — atg) + k2 (—ak? + bgar7 + atg)))”
Hy — - ((—1)3](,2 + kiz (klz — Ol4)) (brkijas — b3kiar) — (b2b3kl2 — by (klz - 054)) (—k?as + b3ks (Otkl2 - Oég)))
I L

((=b3bsk? -+ bak) (brkiers — bskiarr) — (—babrk? + bs (k} = ae)) (—kjers + bski (ok? — as)))
Hy = by (Hyj — (1 + Hyp)) — bioH3;.

In the domain of unknown parameters D, (s), the preceding equations provide us a solution for
Laplace’s main variable transform. The boundary conditions will provide us these values.

5 Boundary Conditions

To specify D, (s), consider the following example: an elastic semiconductor material’s outer
surface is exposed to various mechanical, plasma, and thermal stresses. In every scenario, the Laplace
transforms are employed:

(I) When x = 0, a system is thermally isolated, the free surface experiences thermal shock and
serves as the isothermal boundary condition:

T, s)=T,. (39)
Therefore,
4
T
D, (s) = —. (40)
S
1

n=

(IT) To evaluate the condition of the mechanical normal stress components on the surface when
x = 0, Laplace transformation is used:

7. (0, 5) = 0. (41)
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Therefore,

z {b9 (Hy — (1 +H,)) — b10H3i} (D) = 0. (42)

i=1

(IIT) When the diffusion of carrier density and the photo-generation during recombination
processes are being transported, the plasma boundary condition at the free surface (x = 0) can be
expressed differently by using the Laplace transform. Here, the plasma condition takes the form of
the following:
A

N(0,s) = D

R (). (43)

In contrast, we found the following relationship:
A
sD;

4
ZHliDi (x, 5) =

i=1

(44)

(IV) Free-surface boundary conditions for displacement when x = 0.
u(0, s)=0. (45)

alternatively, the following relationship was derived:
4

> %D,. (x,5) =0, (46)

i=1

The equations above use symbols % (f) Z (s) R (s) that indicate the Heaviside unit step function,
with a chosen constant 2. We can obtain the unknown parameters D; via resolving these equations
using the parameters.

6 Transforming the Fourier-Laplace Transforms in Reverse

Laplace transform inversion can be used to derive the dimensionally-free physical fields in the time
domain. To get an approximate estimate of the Laplace transform, one can use numerical approaches
like the Riemann-sum approximation method [38]. Any function J (x, s) in the Laplace domain may
be derived as follows:

_ 1 n+ioo .
S, ) =L"{S(x, 9} = 3 / exp (st) 3 (x, s) ds. 47)
Tl n—ioo
In the case of s = n 4+ iM (n, M € R), then the inverted Eq. (47) can be rewritten as:
Z/ [o¢]
3 1y = 2D / exp (i) 3 (x, n -+ iB) dp. (48)
T —00

Extending the function over a closed interval [0, 2¢] with the Fourier series yields the following
formula J (x, ¢):

nt'

1— t ik
J(x, 1) = et/ [Es (x,n) +Re D3 (x,n n %) (—1)’} . 49)
k=1
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where Re and i represent the real part and the imaginary unit, respectively, in this case, the sufficient
N can be chosen free as a large integer but can be selected in the notation nt’ ~ 4.7 [38].

7 Numerical Results and Discussions

The physical quantities in this problem such as displacement, temperature, moisture concentra-
tion, stress distribution, and carrier density are represented by numerical values for a brief duration.
Materials are utilized for numerical simulations and SI units and constants are utilized, with software
such as MATLAB used to plot the physical constants. Table 1 provides the physical constants of the
semiconductor media for Si and Ge, as indicated in references [39-42].

Table 1: Material constants for Ge and Si

Name (unit) Symbol Ge Si

Absolute temperature (K) T, 723 800

Density (kg/m?) 0 5300 2330

Lamé’s constants (N/m?) A, 0.48 x 10", 6.4 x 10",
m 0.53 x 10" 6.5 x 10"

The energy gap (eV) E, 0.72 1.11

The coefficient of linear thermal o, 34 x 1073 4.14 x 10-¢

expansion (K™')

The coefficient of electronic d, —6 x 1073 -9 x 107

deformation (m?)

The thermal conductivity of the k 60 150

sample (Wm—'K™)

The carrier lifetime created by T 1.4 x10°¢ 5x107°

photos (s)

The diffusion coefficient of carriers Dy 102 2.5x 1073

(m?*/s)

Particular heat under continuous C, 310 695

stress (J/(kg K))

The speeds of recombination (m/s) s 2

The diffusion constants of moisture D, 0.35 x 102

(m’s™")

Reference moisture my 10%

Coupled diffusivities D 2.1 x 107

(m* (%H,0) 5(K)),

(m?s (K)/(%H,0)) D! 0.648 x 10~

Moisture diffusivity (kg/msM) k,, 22 x 1078

Temperature diffusivity Dy LC

Thermodiffusion constant of o, 5)6§ x 1073

moisture (cm/cm (%H,0))
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7.1 The Impact of Thermoelastic Coupling Characteristics

According to the principles of photo-thermoelasticity, the representation of physical fields con-
cerning horizontal distance (x) is shown in the first group in Fig. 1. This depiction incorporates
the impact of magnetic and rotational fields on moisture diffusivity. The calculations are based on
moisture diffusivity for (Si) material, and three examples of the thermoelastic coupling parameter
are presented throughout all figures. The red line ( ) represents g, = 0.001, the blue line (.......... )
represents &, = 0.002, and the green line (_ _ _ _) represents ¢, = 0.003. In the realm of thermoelastic
coupling, Fig. 1a illustrates the spatial variation of thermodynamic temperature. To ensure thermal
insulation, a minimum positive temperature is necessary. Initially, temperature rises rapidly, eventually
plateauing near the surface due to photo-excitation and moisture diffusion. In the subsequent phase,
temperature declines to a minimum at a short distance from the surface. Fig. 1b depicts carrier density
across varying distances, influenced directly by thermoelastic coupling parameters, maintaining
consistency. Fig. lc illustrates displacement distribution on a rough surface, affected by moisture
diffusivity and photothermal excitation, exhibiting an increase towards the surface followed by an
exponential decrease. In Fig. 1d, strain distribution due to moisture diffusivity and photo-thermal
extinction unfolds, starting positively, peaking negatively, then exponentially declining to zero across
different thermoelastic parameter values. Fig. 1e¢ showcases the augmentation of stress force intensity
and thermoelastic coupling parameters by mechanical stresses. Lastly, Fig. 1 presents the horizontal
distribution of moisture concentration. All three cases have positive moisture concentrations. For the
case when ¢, = 0.001 the distribution takes a smooth reducing exponential behavior. However, when
g, = 0.002 and &, = 0.003. The distribution experiences a significant decrease initially, followed by
due to the dispersion of moisture, an exponential spread until it approaches a minimum point near to
zero [43,44].

7.2 The Effect of the Thermoelectric Coupling Parameter

According to the photo-thermoelasticity theory, Fig. 2 displays the main physical fields in connec-
tion to the horizontal distance (x), including moisture diffusivity, magnetic fields, and rotational fields.
The moisture diffusivity is taken into account during all calculations. when H, = 10° and m, = 10%
for (Si) material. Three different thermoelectric coupling parameter situations are examined in each
of the subfigures. The red line (___ ) represents &5 = —7.23 x 107* the blue line (....... ) expresses
g3 = —8.23 x 107 and the green line (_ _ _ _) shows &; = —9.23 x 107, Altering the dimensionless
thermoelectric coupling configurations leads to distinct temperature distributions at varying distances,
depicted in Fig. 2a. Initially, temperatures begin at a modest positive level, meeting the criterion for
thermal insulation. Subsequently, they swiftly ascend within the first range, peaking near the surface
due to photo-excitation and moisture diffusivity. In the succeeding range, temperatures diminish to a
minimum well beneath the surface. Fig. 2b illustration demonstrates how carrier density evolves with
distance under different thermoelastic parameters. Nevertheless, slight adjustments in thermoelectric
coupling parameters have negligible effects on carrier density, which displays consistent behavior.
Fig. 2¢ depiction showcases the horizontal displacement distribution induced by moisture diffusivity
and the thermal effects of PT stimulation on a rugged surface. Starting at 0, displacement increases to
maximum values close to the surface for all three thermoelectric coupling parameter cases. After then,
it drops sharply till it almost reaches zero. The strain distribution with respect to horizontal distance
is depicted in Fig. 2d, which is impacted by moisture diffusivity and the thermal consequences of
PT stimulation on a rough surface. Commencing from a positive value, strain gradually diminishes
to nearly zero levels at the surface across all three scenarios of thermoelectric coupling parameters.
The amplitude of the rising stress force brought on by mechanical stresses is depicted in Fig. 2e.
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Higher thermoelectric coupling parameter values tend to increase this force. Fig. 2f displays the
distribution of moisture content for horizontal distance. Within the first range, the concentration drops
off dramatically before growing exponentially and eventually reaching a low value close to the zero

line. The main factor affecting this behavior is moisture diffusivity.
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Figure 1: The variation of physical field distributions with distance with the effect of thermoelastic
coupling parameter &, under the effect of magnetic field H, = 10° and Q = 5
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Figure 2: The variation of physical field distributions with distance at different values thermo-electric
coupling parameter &, under the effect of magnetic field H, = 10° and ¢, = 0.001

7.3 Influence of Rotational Filed

Fig. 3 illustrates the relationship between the horizontal distance and the main physical fields in
the third category. It showcases different values of rotational field constants, taking into account the
influence of magnetic and moisture diffusivity. All calculations are conducted within the framework
of thermally induced mechanical deformations. &, = 0.001, &5 = —7.23 x 107, and magnetic field
H, = 10° for (Si) material. Fig. 3 illustrates how the physical fields change concerning distance x
for three different scenarios of constant rotational field. The first represents the case of rotational
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felid when Q = 0 (without rotational field) ( ), the second case of rotational felid when © = 0.2
(cevernnne ), and the third case of rotational felid when Q2 = 0.4 (_ _ _ _). This category depicts how the
rotational field has a significant impact on the propagation of displacement, strain distribution, stress
force, temperature distribution, moisture concentration, and carrier density distribution [45].
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Figure 3: The variation of physical field distributions with distance with the effect of rotational field
when ¢, = 0.001
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7.4 Influence of Reference Moisture

Fig. 4 displays the primary physical fields plotted against the horizontal distance. It depicts the
variations in moisture constant along with the influence of magnetic and rotational fields in different
scenarios. Thermal and elastic coupling are taken into account when conducting all calculations
e = 0.001, &5 = —7.23 x 107 for Silicon (Si) material. FFig. 4 exhibits the variation of the physical
fields relative to the distance in three cases of reference moisture m,. The first when m, = 10% (_),
the second when m, = 20% (......... ) and the third when m, = 30% (_ _ _ _). This category provides
evidence that the presence of moisture affects the distributions of temperature, carrier density, stress
force, displacement, strain, and moisture concentration as well as how waves propagate.
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Figure 4: Shows how physical field distributions vary at different distances. The steady state of moisture
m, under the effect of magnetic field H, = 10° when ¢, = 0.001
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7.5 Influence of Magnetic Field

The basic physical fields are displayed against a horizontal distance x in Fig. 5, together with
various values of the magnetic felid constant and the influence of moisture diffusivity and the
rotational field. Every computation is run using thermoelastic couples. &, = 0.001, &; = —7.23 x 107,
and magnetic field Q2 = 5 for Silicon (Si) material. The fluctuation of the physical fields with respect
to distance is shown in three situations of magnetic field constant H, in Fig. 5. The first represents
the case of the magnetic field when H,, = 0 (without magnetic field) ( ), the second case of the
magnetic field when Hy,, = 10° (....... ), and the third case of the magnetic field when H;, = 5 x 10°
(__ __). The given information indicates that the magnetic field has an impact on various aspects
such as the movement of waves, the concentration of moisture, the force of stress, the distribution of
temperature, the distribution of strain, and the density of carriers.
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Figure 5: The variation of physical fields distribution under the effect of magnetic field H, when ¢, =
0.001 and &; = —7 x 1073¢
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7.6 The Comparison between Ge and Si Materials

Comparison of the elastic semiconductor materials (Si) and (Ge) is shown in Fig. 6. The values
of the physical fields under inquiry have been numerically analyzed in this category. when &, = 0.001
and &; = —7.23 x 107 under the impact of moisture field when m, = 10%, magnetic field H, = 10°,
and rotational field Q = 5. The given diagram clearly illustrates that there is a significant contrast
in the physical constants of Ge and Si materials, which greatly impact the wave propagation across
dimensionless distributions for 7', e, u, o, m and N.
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Figure 6: The comparison of physical field distributions with distance under the influence of a magnetic
field in Si and Ge materials H, = 10° when &, = 0.001
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8 Conclusion

This study investigates how various factors influence the transmission of PT-elastic waves in solid
semiconductors, particularly focusing on the impact of electron deformation on the material’s defor-
mation potential and wave generation. Using photo-thermoelasticity theory, the research analyzes
wave dynamics in semiconductor media, exploring the effects of thermoelasticity, thermoelectricity,
magnetic and rotational fields, and moisture concentration on wave propagation. The practical
significance of photothermal theory lies in understanding material deexcitation and light absorption.
The findings highlight the significant influence of medium properties on the studied aspects, benefiting
physicists, material designers, thermal engineers, and geophysicists. The methodology developed offers
a tool for addressing various photo-thermoelasticity and thermodynamic challenges. Understanding
diffusion phenomena in thermoelasticity has wide implications in engineering, materials science, and
biology. Further research in this area promises enhanced comprehension and practical applications.
Additionally, studying rotational effects in thermoelasticity is crucial across industries like aerospace,
energy, and biomechanics, offering safer solutions to real-world problems.
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